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Sammanfattning 

Det är vetenskapligt bevisat att mjölkning i herringbone-stall skapar belastning på arbetarens 
kropp och med tiden ger belatningsskador, detta på grund av de monotoma rörelserna som är 
repetativt utförda. DeLaval erbjuder i dagsläget ingen support-arm i deras medium duty segment, 
vilket många av deras konkurrenter gör. I ett tidigare projekt utfört av studenter från KTH 
konstruerades ett första koncept på en support-arm. Support-armen behövde dock vissa 
omkonstruktioner och förbättringar.  
 
Målet var att leverera ett nytt koncept på en medium duty support-arm. Armen skulle visualiseras 
i en 3D-cad modell som var baserad på det tidigare projektet. För att kunna utföra detta behövdes 
det kunskap gällande området såväl som kunskap om DeLavals nuvarande produkter. 
Informationen samlades in genom interna databaser, studiebesök, laborationer och vetenskapliga 
artiklar. Fem delkoncept skapades och utvärderades separat tillsammans med personal från 
DeLaval. De fem delkonceptet slogs sedan samman för att skapa det slutliga konceptet på 
support-armen. 
 
Resultatet blev en trelänkad support-arm där mjölkaren kan hantera klustret i ett 
jämnviktstillstånd, vilket minskar belastningen på arbetaren och gör arbetet mera ergonomiskt. 
Jämnvikten uppnås genom en motviktslösning. När mjölkningen starar växlas motvikten och 
klustret får en nedåtriktad kraft, detta behövs får att få en optimal mjölkning och för att inte 
skada kon. Support-armen fungerar tillsammans med existerande produkter från DeLaval. 
Tilbakadragningen av armen utförs av den existerande retraction cylindern. Man kan antingen ha 
retraction cylindern externt eller modulärt intergrerad för att få ett enhetligt utseende. Samma 
comfort start mekanism används och den aktiveras genom att lyfta armen från dess viloposition.  
 
Resultatet på projektet mötte de uppsatta målen. 

Nyckelord 
DeLaval, support-arm, ko mjölkning, konstruktion
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Abstract 
Parlour miking is scientifically proved to cause stress on the farmers’ body as the operation is 
monotonous and repeatedly executed. DeLaval does not offer a support arm for their medium 
duty segment which many of their competitors do. A previous project conducted by students 
from KTH delivered an initial concept which needed remodelling and improvement.  
 
The objective was to deliver a new concept of a medium duty support arm visualized in a 3D-cad 
model based on the initial concept. In order to achieve the objective, theoretical basis of 
DeLaval’s product were needed. The information was gathered through internal databases, 
excursions, laborations and scientific reports. Five sub-concepts were created and evaluated 
separately together with personel from DeLaval. The sub-concepts were merged together into the 
final concept.  
 
The result is a three linked support arm that enables the farmer to operate the milking cluster in a 
equlibriated state, which decreases the stress on the farmers’ body and makes the milking 
process more ergonomic. The equilibrium is achived by using a counterweight solution. When 
the milking of the cow initiates, the counterweight is alternated to obtain a downward force on 
the cluster equivalent to the cluster weight which is needed for optimal milking and the cows 
health. The support arm is functional with existing milking equipment from DeLaval. The 
retraction of the arm is performed by an existing retraction cylinder and can either be placed 
externally or modular integrated for a uniform appearance, it uses the same comfort start 
mechanism and is triggered by lifting the arm from its idle position.  
 
The result of the project reached the set objectives. 
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1 Introduction 

1.1 Background 

This thesis was formulated by DeLaval because of  the lack of  a support arm for parlour 
milking in medium duty farms (see appendix 1.1 for medium duty definition). Farmers on 
heavy duty farms are offered a support arm solution but it is too expensive for medium duty 
farmers to invest in. Many of  DeLaval’s competing companies already offers support arms in 
the medium duty segment for parlour milking, and therefore DeLaval feels the need for 
providing the same options for their customers. 

In an earlier project conducted by students from The Royal Institute of  Technology a 
medium duty support arm prototype was developed. When the project was performed the 
focus laid on the arm itself  and not the other products in the farm which the arm shall 
collaborate with. There were also parts of  the support arm that need further investigation 
and redesigning. 

The heavy duty segment has a cluster support arm that helps the farmer when applying the 
cluster to the teats. The medium duty segment does not offer this solution which means that 
the cluster attachment has to be performed manually. From an ergonomic point of  view, the 
work load from lifting the cluster while attaching it to the cow is essential to minimize, as the 
operation is monotonous and repeatedly executed it causes stress on the farmers’ body. 

In a previous project executed by students from the Royal Institute of  Technology a concept 
regarding the design and construction of  a medium duty cluster support arm was developed. 
A prototype was also manufactured to illustrate the functions. 

1.2 Problem description 

1.2.1 Forces acting on the arm 

Measure the forces acting on the cluster and arm during the entire milking- and dish 
sequence, also during standby, for choice of  materials and dimensions. 

After the vertical adjustment, the arm is fixated with an electromagnet until the start of  
milking. During the cluster attachment to the udder the S-motion is performed, which results 
in an increased downward force. 

1.2.2 Force from the cluster to the udder 

Each cluster model differs in weight. The weight of  the specified cluster shall affect the 
udder. This means that the counterweight must be adjustable to fit every type of  cluster. And 
a different fastening of  the cluster to the arm is required, than the chain link that is currently 
used. If  the cluster is affecting the udder with its weight, stripping and slip will not occur  
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1.2.3 Comfort start 

Examine whether the cluster can be activated with the built-in comfort start in the ACR or is 
modification needed to work in combination with the arm? Investigate different solutions in 
order to achieve this function. 

1.2.4 Automatic cluster removal 

The arm shall work with different kinds of  already installed automated equipment, some has 
built-in ACR and some doesn’t. The arm shall function with both kinds.  

The interface is to be modular and follow the directions of  DeLaval’s design language.  

1.3 Objective 

• Deliver 1-3 concepts on the comfort start function. 

• Deliver 1-3 concepts where the ACR is modular integrated with the arm. 

• Deliver 1-3 concepts where the arm is cooperating with MP units that already has 
integrated ACR 

• Deliver 1-3 concepts for different cluster fastenings. 

• Deliver 1-3 concepts for the weight adjustment from equilibrium to cluster weight. 

• Deliver a final concept that consists of all solutions. Visualise the concept with a 
3D Cad model. 

• Deliver a final report in English.  

1.4 Requirements 

1.4.1 Functional Requirements 

Ability to mirroring the arm at assembly 

The arm must have the ability to be mounted on both the right- and left side of  the parlour. 

Connection of  support arm to cluster and tubes 

The cluster and tubes must be connected to the support arm in a way that allows an optimal 
cluster alignment to the udder from a milking performance and udder health point of  view. 
This must work with all movements the cow may take in the parlours in question. 

The cluster and tubes must be able to mount on and dismount from the support arm quickly 
and without tools. 
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Support cluster and milk- & pulse tubes 

The support arm must balance the weight of  the cluster and milk- and pulse tubes vertically 
and remain on the height where the milker is positioning the cluster, both with cluster in idle 
position and by the udder before milking. The support arm will follow the vertical 
movements of  the cow during the milking.  

During attachment, the arm shall also support the force created by bending the short milk 
tube (s-motion) in the cluster.   

The support arm must move freely horizontally with negligible counter forces to not affect 
the cluster alignment negatively. 

Align milk- and pulse tubes 

The support arm must guide the milk- and pulse tubes so they don’t interfere with the 
milking. 

Attaching cluster 

Usage of  the support arm must lower the stress on the upper body for the milker, compared 
to milking without the arm. 

The milker must be able to work freely when attaching the cluster or adjusting at the udder 
without arm/elbow is interfering with the support arm  

The time for attachment should not exceed the time for normal attachment with 
conventional ACR in medium duty HB30 parlour. 

The release of  the cluster and the start of  milking must be possible to activate with the 
normal routine on the MPC user interface and with the comfort start function. No other 
actions to activate milking equipment must be taken. 

Detaching cluster 

At detachment, the cluster must be moved smoothly to its idle position without the arm 
hitting the cow.  

There must be no assistance needed from the milker at take-off. 

Position cluster in cluster cleaner 

The positioning of  the cluster in the cluster cleaner should not take longer time then in a 
parlour without the support arm. 

It should be possible to place the cluster in the cluster cleaner without disconnecting it from 
the arm.  
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Interaction with cow 

Cluster, support arm and tubes must be out of  the way for the cow when the arm is in idle 
position. It must not affect the cow traffic, disturb the cow in its milking position and don’t 
interfere with the milkers work with the udder. 

1.4.2 Non-Functional Requirements 

Parlour stalling 

The Support arm must be possible to fit to today’s (CQT v.29) assortment of  HB30° 
parlours (See appendix 1.2 for pictures of  the different parlours): 

• Straight deported rump rail 

• Staggered deported rump rail 

• Staggered deported rump rail with splash guard 

The support arm must be compatible with the type of  pit edges (bolted and cantilever) and 
type of  frame constructions in the parlour (CQT v29), if  these components have any effect 
on the arm design. 

Cluster 

The Support arm must work with following clusters (See appendix 1.3 for pictures of  the 
different clusters):  

• MC3 series 

• MC5 series 

• MC7 series 

• MC9 series  

Tubes 

The Support arm must handle the milk- and the pulse tubes provided for the specified MC 
series. 

Milk point controllers 

The Support arm must work with following Milk point controllers (pictures of  MP and 
MPC in appendix 1.4): 

• MPC 510 & 580 

• MPC II & 610 & 680 

• MPC100 series 

• MP 700 & 780 

• MP 400 

• MP 300 
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Post milking sanitizing devices 

The arm must be compatible with the Back flush system supported by PA Milking.  

Cluster Cleaner 

The Support arm must work with DeLaval cluster cleaners.  

Target Cost and Volume Estimation 

• Cluster Support Arm for MD HB systems (ACR excluded):  140 € (FGP) 
Estimated sales volume (pcs/year):     1500 

• Cluster Support Arm for MD HB systems (ACR included):   155€ (FGP) 

Applicable regions 

Medium duty systems worldwide. 

Industrial design 

The design must be made in accordance with DCS 840 DeLaval design guidelines (Flow 
concept). 

The support arm unit should have an integrated design with the parlour. 

1.4.3 System and Products related Requirements 

Power supply 

If  power is needed:  

• Electrical power 12 V AC and 24 V DC. 

• Vacuum 42-50 kPA 

Serviceability  

The most critical components included in the support arm should follow the service 
methods and the synchronized service intervals 2000h, 4000h & 8000h. 

Lifetime, reliability and Frequency of  Faults  

The system shall be designed to have a technical lifetime of  15 years if  served according to 
service plan. 

Backward Compatibility 

The support arm should be compatible with interfacing DeLaval products/components that 
is produced 2002 or later. 
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1.5 Delimitations 

• The cluster support arm will only be suitable for the 30 degrees Herringbone 
parlour (HB30). 

• The ACR will not be modified or redesigned. 

• The cluster will not be modified or redesigned other than the attachment point.  

• The cluster support arm will not use air-pressure as power supply. 

1.6 Budget 

1.6.1 Time budget 

800 hours budget for the entire project. 

1.6.2 Financial budget 

The project is financed by DeLaval and covers the following areas: 

• Travelling costs 

• Prototype 

• Material for drawing and sketching 

• Unforeseen expenses 

The group sends a purchase proposal to the mentor at DeLaval. If  it’s ok, he places an order. 

1.7 Initial methods 

• Excursion to Hamra farm, Tumba. 
Examine the environment which the support arm will be used in, and gather relevant data.  

• Questionnaires 
Gather thoughts and ideas from farmers who are using the DeLaval's HD cluster support arm, 
and from farmers who have the herringbone 30° parlour, and also find out how the milking 
process affects the farmers body from an ergonomically point of  view. 

• Sketches 
Illustrate the ideas, functions and concepts to get visual image 

• Cad 
Illustrate the final concept with rendered pictures and drawings to get a visual image of  the 
product. FEM-analyses to evaluate how the forces affect the construction. Usage of  the 
mechanism tool to evaluate motions of  the support arm during the milking process. 
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• Calculations 
In order to make the appropriate dimensioning and functioning. 

• Evaluation of ergonomics 
Objective and subjective measures for the workload on the farmer during milking, with and 
without support arm 

• Previous studies 
Review past results and examine the existing prototype. 

• Studying competing products 
In order to see what the market has to offer regarding MD cluster support arms.  

• Building prototypes 
In order to evaluate the theoretical functions on the concepts. 

• Literature 
Literature about materials, manufacturing, mechanics etc. 

• Methods to generate and evaluate the concepts 
Evaluation methods such as brainstorming, Weighted PUGH and Kesselring. 

• Electronic databases 

1.8 Final methods 

Revisions of  the initial methods were made during the work. 

• The ergonomical questionnaires and evaluation of ergonomics to the farmers were 
replaced by scientific reports of the same case. This decision was taken together 
with the mentor to save time on something that already been done.  

• In the beginning, the group were to interview HD farmers, but due to the lack of 
personal data on the HD farmers, the method was excluded. 
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2 Company status report 

Here is a short description of  the company, the step in current medium duty HB30° parlour 
milking and how the support arm shall adapt to the process. 

2.1 About the company 

From DeLavals’ homepage:“DeLaval is a leading supplier of  solutions that improve the performance of  
farms for professional food producers. We support our customers in reducing their environmental footprint 
while improving food production, profitability and the well-being of  the people and animals involved. We offer 
products, systems and services for all steps of  milk production. Our solutions are used by millions of  dairy 
farmers around the globe every day. 

DeLaval was founded more than 125 years ago in Sweden, when the visionary Gustaf  de Laval patented 
the cream separator. Today, DeLaval has 4500 employees and operates in more than 100 markets. 
DeLaval, alongside Tetra Pak and Sidel., is part of  the Tetra Laval Group. 

DeLaval is a full-service supplier to dairy farmers. DeLaval develops, manufactures and distributes 
equipment and complete systems for milk production and animal husbandry. Service, sales of  a wide range of  
accessories, knowledge sharing and consultancy are also key aspects of  our operations.”1 

This thesis was executed at DeLaval HQ in Tumba, Sweden. The group has had daily 
contact with the mentor and mechanical designers at DeLaval. In order to test functions and 
take measurements, the group had access to the local vacuum lab and Hamra farm 
(Herringbone 30° parlour). The local prototype workshop was available if  prototypes were 
needed. 

Final decisions for the thesis were taken together with the mentor at DeLaval. 

2.2 Herringbone 30° milking process 

In modern dairy farms, a common way to milk the cows is using Herringbone parlours 
(HB). This means that the cows are milked in batches standing next to each other with their 
rears facing the farmer at a varying angle depending on the Herringbone type. While milking, 
the dairy farmer stands on a height adjustable floor. 

Dairy farms that use Herringbone milking parlours are classified in two different groups 
depending on the level of  operating hours. The two classes are heavy duty (HD) and 
medium duty (MD). On a medium duty farm the operating time is 2-12 hours a day and 
every cow is milked 2-3 times. A heavy duty farm operates more than 12 hours a day. 

                                                 

 

 
1 Delaval – Global, ’The Company’, [web page] (2012), < http://delaval.com/en/About-DeLaval/The-

Company/>, accessed 7 Jun. 2012. 



10 

In a Herringbone parlour cows are milked from the side, in front of  the hind legs. During a 
milking work routine the farmer starts by cleaning the udder and pre-milk it in order to 
control the quality. The next step is to attach the cluster to the teats to start the milking. 
When the milking is done the cluster is removed and a disincentive solution is applied to the 
udder. In many milking parlours, automatic cluster removals (ACR) are used. The ACR also 
includes the function ”comfort start”. When the cluster is lifted before applying it to the 
teats the ACR automatically initiate the start of  the suction in the cluster. 

To ease the work for the farmer, DeLaval has a function called comfort start. As the cluster 
is lifted from rest, it initiates a start signal for the suction in the cluster, no buttons or other 
actions are required.  

2.2.1 Steps in the milking process and behaviour of arm 

1. The clusters are removed from the washers and put in idle position.  

 

Figure 1 Cluster removed from washer 

2. Cows are led into the parlour and stacked in a 30° angle relative to the pit edge. 

 

Figure 2 Cows in a HB30° parlour 

At this moment the support arm needs to be completely folded. It has to be out of  reach for 
the cows so that they do not hurt themselves or the arm. 

3. The udder is cleaned with cloth to remove dirt and stimulate the teats before milking. 

 

Figure 3 Cleaning the teats 

During this moment the arm shall be in a position where it does not interfere with the 
farmer, in order to prevent irritation and make for a smooth workflow. 
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4. Pre-milking. In order to control the quality of  the milk a pre milking process is performed 
by hand. 

 

Figure 4 Pre-milk 

During this moment the arm shall be in a position where it does not interfere with the 
farmer, in order to prevent irritation and make for a smooth workflow. 

5. The cluster is placed on the udder, holding on to the teats with vaccum. 

 

Figure 5 Attach cluster to teats 

The arm shall be able to activate the comfort start function by using the same work motion 
as the farmer always does. No extra action shall be needed, hence the comfort start. Placing 
the cluster on the udder using the support arm must not take more time than doing it 
manually by hand. The support arm shall not during the attachment interfere with the 
movement of  the farmer.  

6. The milking is preformed. 

 

Figure 6 Milking phase 

During the milking the arm should follow the movement of  the cow as much as possible, 
both horizontally and vertically. The support arm must be able to sustain eventual kicks from 
the cow without being damaged.  

7. The cluster is removed from the udder. 
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Figure 7 Cluster removed by ACR 

If  the farmer is already using an ACR system the support arm must act cooperative along 
with the ACR. The removal of  the cluster shall not in any way hurt or make the cow 
uncomfortable. The arm must be positioned in the fully folded position after removal, away 
from the cows, to prepare for the next batch. 

8. Sanitization of  the teats to prevent bacterial diseases.  

 

Figure 8 Sanitation of  teats 

During this moment the arm shall be in a position where it does not interfere with the 
farmer, in order to prevent irritation and make for a smooth workflow.  

9. Placing of  the cluster in the washer. 

 

Figure 9 Place cluster in washer 

When the last cows have been milked, the cluster is placed in the cluster washer. The arm 
must be able to rotate out to the milking pit in order to be positioned over the washer. The 
cluster must then be able to be lowered into the washer.  
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Overview on the behavior of the arm during milking 
  Ready for milking Positioning Attachment Milking Detachment Idle position Washing 

Signal   Start milking      

Pulse vacuum Off On On On Off On Off 

ACR vacuum On Off On Off On On Off 

Milking vacuum Off On On On Off Off On 

Arm horizontal pos. Retracted RetractedExtended Extended Extended ExtendedRetracted Retracted Retracted 

Arm vertical pos. At the top ? Correct Correct Correcttop At the top Bottom 

Arm fixed/unfixed Unfixed Unfixed Fixed Unfixed Unfixed Unfixed Unfixed 

Cluster position Arm Arm Arm Arm Arm Arm Rotated 180°

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

Table 1 Behavior of  the arm 

* [A] = Arm, [C] = Cluster, [T] = Tubes, [S] = S- motion, [M] = Milk vacuum,  
[R] = Retraction cylinder 

2.2.2 Milk point controllers 

There is a wide range of  milk point controllers (MPC) and milk point units (MP) which all 
serve their purpose, ranging from simple designs that only monitor the milk process, to 
advanced ones that monitors the whole herringbone parlour and the cows. An MPC is only 
the control system while the MP unit has the controller and provides an integrated ACR with 
retraction cylinder. 

  

Figure 10 MPC150 with extern retraction cylinder (Left picture) MP780 with integrated retraction cylinder (Right picture). 

The main function of  the milk points is to supervise and execute the milk process. It 
monitors the milk flow and controls the vacuum level. Advanced MPC:s can also observe 
personalized settings such as delayed milking, inactive teats and if  the cow gets nervous 
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during milking. With some you can also open and close gates in the parlour. 

2.2.3 Clusters 

The cluster is the connection between the cow and the milking unit during milking. It’s the 
part of  the system that does the milking.  

The cluster consists of  a milk claw (A), four shells (B), four liners (C) and four short pulse 
tubes (D) 

 

Figure 11 Cluster 

At the beginning the teats are massaged, this by vacuum collapses the liner wall. After the 
massage, the milking phase starts. The vacuum is now applied both inside the liner and 
between the liner and the outer shell, expanding the teat opening and the extraction of  milk 
starts. 

 

Figure 12 Massage and milking, Atmosphere (A), Vacuum (V) 

During milking, the milk claw collects the milk and transports it out in to the milking system. 
The claw also ensures that there are minimal vacuum fluctuations at the teats end. A stretch 
in the teat is important to ensure the optimal massage and milking and is achieved by the 
weight of  the cluster. A negative weight contributes to stripping, meaning the liners climbs 
further up the teats which have a negative impact on the milking. A too high weight 
contributes to the opposite risk, the slipping, which means that the cluster is too heavy and 
slips off. 

DeLaval has a wide range of  clusters, divided in five groups (see appendix 1.3) that varies in 
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weight.  

 

Figure 13 Diagram on cluster weights 

Cluster Harmony Harmony+ MC50 MC30 MC53 MC70 MC93 MC71 MC11* MC31 

Weight 1610 1690 1810 1900 2090 2090 2170 2370 2570 2660 

Table 2 Cluster weights [g] 

*The support arm will not take the MC11 in consideration. 

2.2.4 The S - motion 

The S – motion is a motion that is used when attaching the cluster teat cups to the teats. The 
motion prevents the vacuum channel in the cluster to be opened before attachment. If  
opened to early, there’s a risk that dirt and particles are sucked in to the milking system. 

1. Grab the cluster in the tube arms. At this point, the vacuum is throttled by the tubes. 

2. Make the S – movement by bending the tubes in a shape of  an “S”, this keep the vacuum 
throttled. 

3. Attach the teat cups to the teats. Now the tubes open and the vacuum are released. 

 

Figure 14 The S - motion in steps 
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2.2.5 Tube support arm 

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 is DeLavals current solution for parlour milking assistance in the 
medium duty segment. 

 

Figure 15 Tube support arm 

2.2.6 Automatic cluster removal 

The automatic cluster removal is the function in the MPC that starts the milking, monitors 
the milk flow and pulsator, and removes the cluster when the milking is done. 

 

Figure 16 ACR with extern retraction cylinder 

The start signal to the milking can be either activated manually or automatic, manually with a 
button on the control unit or automatically by raising the cluster from its idle position. The 
automatic function is called “comfort start” (see section 2.2.7.).  

When the milk flow is decreasing during the end of  the milking (~0.3 kg /min), the cluster 
removal sequence starts. First the flow sensor sinks to the bottom with a preset delay. The 
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delay prevents the take off  to trigger if  there was a minor abrupt in the milk flow. After that, 
the milk line shutoffs, the vacuum reduces and after a minor delay the retraction of  the 
cluster starts. This ensures a smooth removal. 

The retraction of  the cluster is made by the retraction cylinder. When activated, a vacuum 
(A) is pulling a piston (B) with the cluster connected cord (C), in the cylinder upwards. The 
retraction speed is adjustable with a valve (D). 

 

Figure 17 The retraction cylinder and its functions 

2.2.7 Comfort start 

Comfort start is an alternative start function to the ACR that eases up the work for the 
farmers during milking. By removing the need of  pushing a button to start the ACR, one less 
moment is needed during the cluster attachment. 

The function is triggered when the milker lifts the cluster from its idle position to transport 
it to the udder. During that movement; a slack in the cluster cord (A) is achieved which leads 
to a positive upward force in the piston (grey) created by the vacuum. A magnet (B) triggers 
a reed relay (C) that signals to start the milking. 

 

Figure 18 The comfort start function 
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3 Theoretical reference 

In this chapter we describe the methods used for conducting the thesis. 

3.1 Concept generation and evaluation methods 

To generate and evaluate concepts, the following methods were used. 

3.1.1 Brainstorming 

Brainstorming2 is concept generation method. The group is gathered together to solve the 
given problem. All ideas are good ideas and are written down. The goal is to generate as 
many ideas as possible with discussion, sketches and illustrations. 

3.1.2 Weighted PUGH matrix 

The weighted PUGH matrix3 is an evaluation method. This decision matrix is based on 
comparing different concepts with each other in certain criterions. One concept or already 
existing product is chosen as a reference to the other concepts. The concepts then get 
compared with the reference concept in the criterion and are given a plus-, minus- or zero 
sign. If  a concept was considered to exceed the reference in the given criterion it is rewarded 
a plus sign, and if  it was considered to be inferior, it is given a minus sign. In extreme cases 
if  the difference was significant, two plus or minus sign were given. If  no difference was 
registered a zero was given. 

Each of  the criterions is weighted, meaning it was given a multiplier from 1 – 5 depending 
on the importance of  the criterion. The multiplier is multiplied to the given sign i.e. A 
criterion with a plus sign and a multiplier of  5, gets 5 points to the total score, if  a minus it 
gets -5 points to the total score. 

After adding the multiplier to the given sign, a total score of  all criterions are summed 
together for the concept. If  the total score is higher than the reference which has a score of  
zero, the concept is considered better.  

3.1.3 Kesselring matrix 

The Kesselring matrix is an evaluation method similar to the weighted PUGH. The different 
is that it lack of  a reference concept or product. The criterions are weighted and now instead 
of  giving plus-, minus- or zero sign 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 who got the greatest score is chosen. 

                                                 

 

 
2  Mats Boghard et al., Arbete och teknik på människans villkor, (Prevent, 2010), 502 - 503 

3  D.G. Ullman, The mechanical design process (McGraw-Hill, 2010), 221-225 
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3.2 Pughsley safety factor approach 

The Pughsley safety factor approach is a model on how to theoretically set a safety factor for 

the detail. The safety factor “ns” is determined as a product of two factors: ns1 * ns2. 

The two factors are depending on specified criterions and on how much knowledge the 
evaluator has in them. E.g. one criterion is: control over load applied to part, if  the evaluator 
has control over the forces, the criterion is set to very good (VG). 

After the five criterions are set with the correct value, the two factors are determined and 
multiplied together to the safety factor value. 

3.3 Mechanical calculations 

For basic calculations are handmade mechanical calculations a good way to see if  a part is 
properly dimensioned or if  the material can handle the forces. The mechanical calculations 
are moment calculations, tensile- and shear strength calculations etc.  

3.4 CAD – Computer-aided design 

A 3D CAD program is used for constructing products in an artificial environment. In the 
3D CAD you can get a good overview of  the product and its components. By assembling all 
components to the final product you can find out if  they are interacting in the expected way 
or if  they for example do not fit each other. Behavior of  the product can also be investigated 
by simulating movement. In this thesis the 3D CAD program Creo / Pro Engineer was used. 

3.5 FEM – Finite element method 

The finite element method is computer based a method used for performing complex stress 
and strain analysis on mechanical constructions. With the method you can analyze entire 
assemblies of  details and locate possible weaknesses in the construction. It is a great 
assistant for dimensioning and choosing suitable material for products and details. In this 
thesis the finite element method was used in the 3D CAD program Creo / Pro Engineer.  

When analyzing in the 3D CAD program a number of  parameters is used. All forces acing 
on the arm are stated, the detail or assembly is constrained, and all materials used are 
assigned to the details. In this way you can come close to the reality even before any 
manufacturing is initiated, thus finding possible problems and misconstructions early in the 
product development. 

3.6 Laboratory work 

When necessary values were needed which couldn’t be found in descriptions nor be 
calculated, laboratory work was performed with existing- and prototype details to determine 
the values. 
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3.7 Excursions 

To gain more understanding about the environment the support arm shall be implemented 
in and to take measurements in the parlour, excursions to Hamra gård were performed. 

3.8 Competing products 

To get a good overview of  what the market has to offer when it comes to support arms for 
parlour milking; a market research on the competing companies support arms was done. 

3.8.1 GEA Posicare 

The Posicare4 support arm is made for MD duty usage and consists of  a three linked arm 
with two joints that is vertically adjustable. A spring in the connection between the vertical 
pipe and the arm allows the arm to absorb sudden shocks that a kick from a cow may 
generate. At the end of  the arm, there is a joint that allows rotation of  the cluster. Problems 
with twisted vacuum and milking tubes may occur when rotating the cluster. The cluster is 
also connected to the arm via a rapid coupling for quick and easy attachment as well as 
detachment. The last link of  the arm differs from the other two; it looks weaker and may be 
deformed if  subjected to the force of  a cow kick. In order to adjust the height of  the arm 
the milker must push one of  two buttons for up or down. Automatic cluster removal 
systems can be used with the arm. 

  

Figure 19 GEA Posicare arm5 

                                                 

 

 
4 GEA – Westfalia surge, ‘The PosiCare multifunction arm’, [web document] (2007), < http://www.gea-

farmtechnologies.com/Images/BRO_GB_1131-010_PosiCare_tcm79-20521.pdf>, accessed 18 Apr. 2012. 

5 GEA – Westfalia surge. Loc. Cit. 
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3.8.2 GEA Comfort Arm 

The Comfort Arm6 is made for HD duty usage and consists of  a three linked arm with three 
joints that is vertically adjustable. This construction uses squared profiles instead of  round, 
which results in no rotation along the y-axis. Just as on the MD arm from GEA the Comfort 
Arm uses a spring to absorb sudden shocks. For the automatic cluster removal the unit uses 
a chain that is lead through the links of  the arm. The cluster is not directly attached to the 
arm 

 

Figure 20 GEA Comfort arm7 

                                                 

 

 
6 GEA – Westfalia surge, ‘Comfort arm detachers’, [web document] (2005), 

<http://www.westfalia.com/Images/54-723%20Cmfrt%20Arm%20Dtchr_LO_tcm92-35341.pdf>, accessed 

18 Apr. 2012. 

7 GEA – Westfalia surge. Loc. Cit. 
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3.8.3 Remanufactured Germania SB 

This support arm8 from Germania is designed and constructed for HD usage and consists 
of  a three linked arm with three joints with an air pressured height adjustment. The 
construction is robust in order to withstand the high level of  usage hours per day. Because 
of  its size and weight the support arm may be seen as unwieldy. In order for the ACR to 
function properly with the arm it must, during milking, maintain a ”z” liked position (as seen 
in figure 21). A very smart function on the Germania arm is the hook that directs the tubes, 
it also functions as a joint between the second and third link in the arm and makes the tube 
directing very flexible. On this unit the cluster is connected with a chain. 

 

Figure 21 Remanufactured Germania SB9 

                                                 

 

 
8 Technology for agriculture LLC, ‘Arm TakeOFF’, [web page] (2007), 

<http://www.techforag.com/AutomaticTakeOffsDesign.html>, accessed 18 Apr. 2012. 

9 Technology for agriculture LLC, ‘Arm TakeOFF’, [online image] (2007), 

<http://www.techforag.com/AutomaticTakeOffsDesign/sm_JHookonATOlg.jpg>, accessed 18 Apr. 2012. 
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3.8.4 Srangko Handy comfort arm 

The Handy comfort arm10 from Strangko is developed for usage in herringbone parlours. 
The construction and design of  the arm is simple and uses very few components, giving the 
arm a low price, and according to the company itself, the best cost/benefit arm on the 
market. For height adjustment there is a handle. For shock absorbing there is a vertical 
mounted spring. The vertical profile that is connected to the arm is squared, plastic rollers 
are used for smoother movement. The automatic retraction string is led on the upper side of  
the arm and may interfere with the milker and/or cause malfunction.  

  

Figure 22 Strangko Handy comfort arm (Left picture11), (Right picture12) 

                                                 

 

 
10 Strangko, ‘Milking Equipment – Handy oomfort arm’, [web page] (2012), 

<http://www.strangko.com/pages_uk/products_milkingequip_handy.html>, accessed 18 Apr. 2012.  

11 Strangko, ‘JsGruppen’, [online picture] (2005), <http://www.strangko.dk/danish/pdf/Jsgruppen.pdf>, 

accessed 18 Apr. 2012. 

12 Strangko, ‘Handy comfort arm’, [online image] (2012), 

<http://www.strangkosupplies.dk/log/Komponentbilleder/handy%20comfort%20arm%202.jpg>, accessed 

18 Apr. 2012. 
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4 Execution 

4.1 Initial working process 

To administrate the thesis, a time schedule was created and time reports for each member of  
the group. The time reports shall always be filled in and up to date with the time schedule. 
The time schedule would be seen as a living document where every phase and every moment 
was planned in with corresponding hours. This was a good tool to see how the moments 
were distributed along the day 

The 800 hours was planned in five phases: Problem analysis, gathering of  information, 
concept generation, final concept and reporting. After each phase, a phase closure meeting 
(UM) was planned before moving into the next phase. 

In the problem analysis phase we planned to set up and decide the background, problem 
description, objectives, requirements, delimitations and budget. We also planned on doing an 
introductory excursion to Hamra farm. 

The gathering of  information phase was planned to gather information about following 
topics: 

• The competing products on the market, how their support arm is built and its 
technical solutions. 

• The equipment in the parlour that the support arm shall interact with. 

• How the milking process is conducted and how the arm shall behave in every 
moment. 

• Different quick fastening methods for the cluster. 

• How to adjust the counterweight. 

• Forces acting on the arm during milking 

• How to calculate if mass inertia is enough for locking the S-motion instead of an 
electromagnetic brake. 

• Ergonomic questionnaires to farmers about milking in HB 30° parlour. 

The third phase was planned to be the concept generation phase. In that phase, the concepts 
will be generated and evaluated. It was planned that one concept at a time was generated, 
evaluated and together with the mentor chosen, and if  necessary, a prototype would also be 
built to evaluate the function further. After all concepts were evaluated, a final concept 
composed of  all the winning sub-concepts will be created to continue with. 

 In the fourth phase shall the final concept be realized with proper materials, dimensioning, 
and CAD-modeling. Here are necessary calculations made and FEM-analyses.  
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The last phase was planned for report writing and presentation. 

4.2 Final working process 

In the first phase of  the thesis the problem description and objectives were reviewed, 
discussed and specified together with the mentor from DeLaval. The requirement for the 
project was given by the company and the parts that did not seem relevant for the project 
was removed in consultation with the mentor. At the phase closure meeting with the 
mentors from DeLaval and KTH a few adjustments on the introduction chapter were 
discussed and later changed. 

The second phase of  the thesis was about to get knowledge about all the products that 
would collaborate with the support arm, and gather other significant information that was 
needed to be able to execute the project. In this phase two excursions to Hamra farm in 
Tumba was done in order to see the environment in which the support arm would be used 
and to gather data of  cow positioning. Two laborations were done because the information 
needed could not be found or did not exist. 

In the beginning of  the project there were plans to do interviews with farmers and hand out 
questionnaires in order to find out what the thought of  their current working conditions and 
how it affected their body. Instead of  doing interviews and handing out questionnaires the 
answers to the questions we needed were found in scientific reports performed by the 
Swedish University of  Agricultural Sciences. At the phase closure meeting with the mentor 
from DeLaval it was considered that sufficient information was gathered to continue into the 
next phase.   

In the third phase, which was the concept generation phase, all the concepts were developed. 
Instead of  doing concepts on the entire support arm it was decided to split the problem into 
different smaller sub-concept developments, and then choose the best concept in each area 
and merge them into a final concept. The different smaller concepts were evaluated 
individually before they were merged. Initially it was planned to create prototypes of  the 
winning concepts in each sub-concepts to further evaluate the function of  them. But since 
the concept phase took too long to execute it was decided to only evaluate the most 
important concept with a prototype, and that was the cord director concept. The positioning 
of  the cord director could not be designed in theory, it needed to be subjectively evaluated 
by tests on a prototype.  

The phase closure meeting was held together with the mentor, a system specialist, 
manager/mechanical engineering and an assortment manager from DeLaval. During the 
meeting the construction and design of  the concepts were discussed and reviewed. At this 
moment a new objective of  great importance was also specified. This new objective was 
replaced with another objective and a problem description that was considered to be less 
important because there would not be enough time to achieve them both. Since the objective 
appeared this late into the project it would only be presented as a theoretical concept with 
drawing. 

It was previously planned that the project would consist of  five phases, but phase four and 
five were later merged because there was no apparent reason for separating them. In this 
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phase the CAD-model was created, some already existing CAD-parts could be taken from 
the previous concept, but they were usually partly or completely changed. During the phase 
the report was also completed. The writing of  the report did not start in phase four, it has 
been worked on throughout the entire project, this because of  the risk of  forgetting essential 
details if  the writing was postponed. 

4.2.1 Changes in the problem description and objectives 

During the work process of  the project, changes in the problem description and objectives 
were made. 

• A misunderstand regarding which forces that shall affect the cluster during milking 
were made. At first it was decided that all cluster should have the same downward 
force acting on the udders during milking. This statement proved later to be 
incorrect since the teat cups on the different clusters are designed to function 
optimal when the clusters own weight is pulling them downwards. 

• At the closure meeting in phase three it was decided that a new objective was 
needed to be achieved, this led to the removal of a less important objective and a 
part of the problem description that was, agreed to, hard to evaluate. The added 
objective was a mechanical solution to the alternated counterweight. The removed 
object was the prototype building for the different concepts and the removed 
problem was the evaluation if the electromagnetic brake was necessary. 

4.2.2 Analysis of the working process 

By doing a thoroughly time schedule early in the project it was always clear on what to do 
and when it was needed to be done. It was also easy to see if  something took too long and 
would affect the work to come. Due to changes in the problem description and objectives 
section, the project became too extensive for the planned working hours. With help from the 
time schedule we could anticipate this early in the project before it was too late.  

In order to get more understanding of  the project and its environment, excursions to Hamra 
farm was a huge help for us. Excursions are always necessary to be sure that you are 
construction a product that can be used in that environment. 

Brainstorming was chosen as method to generate concepts. The method is preferred when 
working in small groups. Many other concept generation methods requires more than two 
persons, therefore this method was best suited.  

The concept evaluation methods were chosen because they are easy to understand and can 
be modified to fit almost every case. A risk with the methods is that the criterions can be 
chosen to favor certain concepts and therefore make them the winning concept. Because of  
this, the most favored one will win instead of  the best concept. 

At DeLaval, the mentor was always available for assistance which helped a lot along the 
project. Whenever the group got stuck or needed quick answers from DeLaval, the mentor 
was always there to help and discuss. He made it clear in the beginning that the group could 
ask anything, no matter how stupid it sounded. 
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By using CAD as a tool, it was easy to give the support arm the proper dimensions and to 
see that every detail fitted each other. The rendered pictured was a great help when 
describing the constructions both at the presentation and in the report and also see how it 
looks mounted in the parlour. Complicated calculations that could not be done by hand were 
solved by using the finite element method in Pro/Engineer. The method helped us 
dimension and chose material that are necessary for the construction. 

The report was continually written throughout the project. By doing this, the risk of  
forgetting essential details was eliminated as well was the risk to put ourselves in a time 
pressured state. The report was also continually read by the mentor at DeLaval for 
comments and feedback. 

 

4.3 S-motion lab 

In order to dimension the support arm and the counterweight, the cluster weights are 
needed. The first lab was to weigh the different cluster types with connected tubes (i.e. pulse- 
and milk tubes), with and without vacuum pressure, to see if  there was any change in weight. 
For two of  the four clusters there was an increased weight (<0,5N) that could be neglected. 

The second part of  the lab was to measure if  the S-motion affects the downward force of  
the cluster. During the cluster attachment, the S-motion is performed (see section 2.2.4 for 
instruction) and can be done with one or both hands when using a support arm. The test 
resulted in an increased downward force (up to 129%) during the S-motion, for every cluster 
both with one and two hands (see table 3). 

 Harmony Harmony + MC70 MC30 

Weight with tubes [N]: 19,45 20,55 23,45 30,30 

Mean value [N]: 35,20 42,57 34,92 46,99 41,68 49,40 40,45 51,25 

percentage increase in force: 81% 119% 70% 129% 78% 111% 33% 69% 

Table 3 S-motion lab results 

The whole lab report and results can be found in appendix 1.5. 
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4.4 Excursion 1 – Hamra farm 

Since no prior knowledge or experience regarding milking in Herringbone 30 parlours 
existed, an excursion to Hamra farm in Tumba was conducted early in the project. The 
objective was to obtain an understanding of  the milking process in HB 30 parlours, how the 
support arm were required to act in every moment of  the process, and of  course how this 
would affect the work of  the person milking. 

The population in the HM30° barn consists of  50 cows that are milked two times a day. This 
puts the barn in the MD farm classification, which is the target group for the project. 

At the HB 30 parlour on Hamra farm 14 cows can be milked at the same time, this means 7 
cows on each side of  the parlour.  

The equipment that is currently being used at Hamra farm HB 30 parlours is the Milk Point 
Controller 700 (MPC) with a built-in Automatic Cluster Removal (ACR). The setup also 
includes the MD tube support arm which is the alternative solution to a support arm in the 
MD segment, and a dish unit.  

4.5 Excursion 2 – Hamra farm 

A second visit to Hamra Farm was executed in order take measures on the HB 30 parlour, 
cow placement, and investigates possible installation places for the support arm. The 
placement of  the support arm is crucial because it has to cooperate with the MPC and/or 
the ACR in a satisfying manner.  

Measures were taken on udder heights and the length to the udder. The udder height was 
measured from the parlour floor to the start of  the udder (see figure 23), and the length to 
the udder was measured parallel with the parlour floor from the placement of  the tube 
support arm that is currently used (see figure 23). A total of  30 cows were measured. The 
measurement gave results as seen in table 4. The measures were taken to gather background 
data for the dimensioning of  the support arm. 

 Min. value Max. value Mean value 

Udder height [mm] 310 640 527 

Length to udder [mm] 700 950 800 

Table 4 Min, Max and Mean values of  the measures 
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Figure 23 The measuring points 

It was observed that the placement of  support arm should be on the left side of  the MPC 
(see placement of  the MPC in figure 24) which means the right side on the opposite side of  
the parlour, in order to obtain the smoothest transaction of  the ACR wire. This result in a 
closer positioning to the udder compared to the tube support arm that is currently used. 
Since the length value from table 4 was measured from the attachment point of  the tube 
support arm, the length values will decrease if  the MD support arm is used and placed at the 
mentioned position.  

 

Figure 24 Placement of  MPC at HB30° parlour 

Relevant measures were taken on the HB 30 parlour (see figure 25). 

 

Figure 25 Measures on HB30° parlour, Hamra farm 
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4.6 Scientific reports 

1. According to the scientific report ”The effect on workload by using a support arm in 
parlour milking”13 from the Swedish University of  Agricultural Sciences, the workload on the 
person milking is decreased when using a support arm instead of  manually milking.  

When attaching the cluster the milker usually holds the entire cluster weight in the palm of  
one hand while using the other hand to attach the teat cups one by one to the udder, the 
report stated. It also said that during this moment, the arm has to reach about 60 
centimetres, which causes a strenuous work position for the upper extremities. To measure 
the muscle activity during the attachment phase, they used electromyography (EMG). 

The support arm that was used in the report was a prototype and was described as follows: 

”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.” 

The results from the study showed that muscle load on the biceps decreased with an average 
of  24%, while the load on the forearm flexors decreased with 17% when using the support 
arm. 

2. In the scientific report “Physical workload on upper extremities in various operations 
during machine milking”14 from the Swedish University of  Agricultural Sciences they stated 
that: 

”The highest values on the biceps muscle were found for the “Attaching” task, left hand (i.e. holding the 
milking unit). The high muscle loads in combination with extreme positions and movements of  the hand and 
forearm might contribute to the development of  injuries among milkers.” 

                                                 

 

 
13 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 23 Apr. 2012. 

14 Stefan Pinzke, Marianne Stål and Gert-Åke Hansson, ’physical workload on upper extremities in various 

operations during machine milking’, Ann Agric Environ Med [online journal], 8 (2001), 63 – 70, 

<http://www.aaem.pl/pdf/aaem0110.pdf>, accessed 23 Apr. 2012. 
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5 Concept generation 

Here are the created concepts presented and evaluated. 

5.1 Cluster fastener 

There were certain criterions for the fastening method of  the cluster:  

• Simple attach and detach 
Attaching and detaching of the cluster should be done by using as few moments as 
possible. For example one push and one pull motion to detach, this sums up to 
two moments.  

• Tool free 
When attaching and detaching the cluster there must be no need to use a tool. 

• Accidental detach or failure 
The risk of accidental detach should be minimized or preferably removed 
completely, as well as the risk of failure of the coupling.  

• Estimated cost  
The details in the construction of the coupling should not be complex and 
therefore expensive to manufacture, and the number of details should be 
minimized in order to keep the cost down. 

• Loose parts 
It is desirable that the coupling does not consist of any loose part that may be lost. 

• Risk of  pinching  
The risk of injury in form of pinching should be minimized. 

• Size of  mechanism 
The mechanism should be as small as possible in order not to interfere with the 
farmer and cause irritation during milking. 

5.1.1 Cluster fastener concept evaluation 

To generate a large amount of  concepts the method of  brainstorming (see section 3.1.1) was 
used. In an open discussion ideas were created and sketched. A total of  ten concepts were 
generated and then evaluated. PUGH’s decision matrix with weighted criterions (see section 
3.1.2) was used to evaluate the concepts. The concepts were evaluated with a coupling from 
the competing product PosiCare by GEA Farm Technologies as reference (see figure 26 for 
picture of  the coupling). 
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Figure 26 GEA PosiCare cluster coupling15 

The entire PUGH matrix of  the coupling evaluation can be seen in table 5.  

Criterions 
Importance 

multiplier 
 

Vertical 

snap  

Horizontal 

snap 

The 

slider

The 

Pincher

Bicycle 

coupling

The 

bucket 

Spring 

plunger 

Ball 

coupling

The 

sprint

The 

hose 

Amount of moment attach 3 REF + + 0 + 0 0 0 + - + 

Amount of moment detach 3 REF 0 0 0 0 0 0 0 0 - 0 

Tool free 5 REF 0 0 0 0 0 0 0 0 0 0 

No loose parts 1 REF 0 0 0 0 0 0 0 0 - 0 

Overall estimate cost 3 REF - - 0 0 - 0 + - - + - 

Durability 5 REF - + + - - + 0 + 0 + - 

No risk of pinching 2 REF - - - 0 0 - - 0 0 0 0 

Size of mechanism 2 REF 0 0 0 0 - - - 0 0 0 

 Result: 0 -7 3 3 -7 0 -6 6 -3 1 -5 

Table 5 PUGH matrix of  coupling evaluation 

The three concepts that reached the best score in the evaluation were: Spring plunger  
(figure 27), Horizontal snap (figure 28) and the Slider (figure 29).  

Winning concepts 

Spring plunger 

The spring plunger supports the weight of  the cluster via a sprint. The sprint uses a spring 
that contracts when the round handle is pulled, which makes the sprint retract itself. The 
sprint connection allows the cluster to rotate along one axis. In discussion with the mentor 

                                                 

 

 
15  GEA - milking equipment, 'The posicare', [online image] (2008) 

<http://www.westfalia.com/Images/BRO_GB_1131-010_PosiCare_tcm55-20519.pdf>, p.5, accessed 12 

Jun.2012. 
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from DeLaval it was determined that rotation of  the cluster was not desirable, because of  
the possibility that it may tilt the cluster during milking. Tilting of  the cluster has a negative 
effect on the milking, because air might slip into the teatcup and interrupt the suction from 
the vacuum on the teat. Because of  the risk of  tilting the concept was excluded. 

 

Figure 27 The Spring plunger 

Horizontal snap 

The concept consists of  two different sized profiles that slides into each other and is fixated 
by a locking mechanism. The bigger profile is placed on the cluster. When the bigger profile 
slides onto the smaller it pushes the spring loaded mechanism to the side. As the hole on the 
bigger profile passes the mechanism the compressed springs rebound the mechanism and 
lock the profile. To release the cluster the mechanism is pushed so that the springs are 
compressed and the bigger profile is pulled out.  

 

Figure 28 The horizontal snap 

The Slider 

The concept is a combination of  the two previous concepts. It uses the same spring loaded 
sprint as the Spring plunger and similar profiles that slides into each other as the Vertical 
snap. To attach the cluster you pull the sprint and slide the cluster until the sprint rebounds 
and locks the cluster.  
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Figure 29 The Slider 

5.1.2 Cluster rotation 

When changing from the milking phase to the washing phase the cluster needs to be rotated 
180 degrees. The washer is placed 350 mm below the edge where the cows’ stand, the cluster 
must reach that far in order to be washed. If  the arm is attached straight into the current 
cluster fastening position, this distance will never be reached (see figure 30). The solution to 
this problem was to construct the cluster bracket so that a height difference would be 
achieved upon rotation (see figure 31). 

   

 Figure 30 Straight attached cluster Figure 31 Height varied cluster 

For a smooth direction of  the tubes there is a hole in the bracket where the tubes can pass 
through. To make the rotation possible, a bushing is placed in the connection between the 
bracket and the support arm profile. 
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 Figure 32 Cluster in milking position Figure 33 Cluster in washing position 

5.2 Comfort start 

To trigger the comfort start function, when applying it on the support arm, can either be 
done by the signal relay in the ACR retraction cylinder, as it does without a support arm, or 
by using a different trigger mechanism. 

Rotation trigger 

This concept was to trigger the signal when the arm is horizontally swinging into position. 
To place a signal relay on the aluminium profile in a fixed angle, and the magnet that triggers 
the relay in the vertical pipe. When unfolding the arm and swinging it into position, the 
magnet will pass the relay, signal the ACR, and the milking sequence will begin.  

Lifting trigger 

This concept was to trigger the present signal in the retraction cylinder. When the arm is in 
idle position the weight of  the cluster holds the magnet down to prevent the vacuum from 
lifting it (see figure 34). As the arm is lifted the magnet comes i contact with the relay, which 
triggers the signal (see figure 35). 

   

 Figure 34 The cord is stretched pulling the magnet down.  Figure 35 The tension of  the cord is released and the  
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  vacuum pulls the magnet up to the relay 

5.2.1 Comfort start evaluation 
The two concepts were evaluated against each other together with in a discussion with a 

mentor. 

Rotation trigger 

The problem was that the relay will trigger twice during a milking, when the arm passes on 
the way out and on the way in. Another problem was that the arm in its idle position has the 
retraction cord stretched with a 42-50kPa constant vacuum pressure, which must be 
counteracted in order to rotate the arm. This will damage the retraction cylinder and cause 
unnecessary strains on the farmer. 

Lifting trigger 

To achieve the same function as it is today, the support arm needs to, in idle position, have a 
resistant force or a downward weight larger than the lifting force on the magnet. To trigger 
the function from idle position, a reduction of  the resistant force or downward weight is 
needed enough to lift the magnet. To achieve this, the milker needs to raise the arm vertical 
from its idle position, which gives a slack in the retraction cylinder cord that holds the arm in 
its position, which reducing the downward force, raising the magnet to the relay (pink) and 
the signal is triggered.  

5.3 Retraction cord director 

When retracting the arm after milking by using the ACR there are a few things to take into 
consideration: 

The arm and/or cluster shall not hit the cow. This is achieved by retracting the first- (the one 
attached to the vertical pipe) and second link before the third one is retracted (see figure 36). 
The rotation of  the vertical pipe must also be initiated when the arm is fully retracted.  

 

Figure 36 Correct support arm retraction sequence 
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By doing this the arm is prevented from hitting the cow’s hind legs as seen in figure 37: 

 

Figure 37 Incorrect support arm retraction sequence 

Another important issue is to not lift the vertical pipe before the arm is fully retracted. If  the 
arm is lifted before it is fully retracted I might hit the bottom of  the cow. 

When fully retracted, the arms position shall not interfere with the next batch of  incoming 
cows. It is desirable that the arm when fully retracted is facing the pit edge and the farmer, 
this makes for an easy access when the next batch of  cows are to be milked. It also makes it 
easy for the farmer to attach the cluster to the washer when the milking is done. This means 
that the arm is not allowed to over rotate when retracted. 

The vertical pipe shall not be retracted to its top position, this to be able to trigger the 
comfort start upon the next milking.  

Different direction of  the retraction cylinder cord were tested and subjectively evaluated 
with a support arm prototype and an active retraction cylinder. The movement of  the arm 
during retraction was documented by photo and video. During the experimentation it 
became clear that the positioning of  the rings, which leads the cord on the arms links, affects 
the retraction order of  the three links. If  the rings were positioned far out on the link the 
moment arm becomes longer, which means easier retraction. This was used in order to get 
the desirable retraction order of  the links. 

On the first link; the ring was positioned close to the vertical pipe, on the second link; the 
ring was positioned far out towards the first joint, this placement made the retraction of  the 
first- and second link easy. On the third link, the ring was positioned close to the second 
joint. This made the moment arm short, thus harder to retract. It was observed that this 
positioning of  the rings would make the first and second link retract first followed by the 
third link, as intended. 

Another thing that became clear was that in order to keep the cord from being swirled 
around the vertical pipe, some kind of  cord director should be placed underneath the pipe. 
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The roller 
In this concept the cord is directed via a roller. Using a roller (see figure 38) leads to low 
friction on the cord, but different incidence angle could be a problem. 

 

Figure 38 The roller concept 

The ring 
The concept is a low friction thermoplastic ring (see figure 39) with a bracket holding it. 
Because of  the circular shape it can direct the ACR cord despite the incidence angle. 

 

Figure 39 The ring concept 

The pipe 
A bent pipe (see figure 40) directs the cord. Since the openings of  the pipe are quite small 
the concept does not handle different incidence angle very well. The concept is estimated to 
have a low cost. In this concept the cord will have a large contact area on the pipe, which will 
cause friction. 

 

Figure 40 The ring concept 
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The pulley 
The concept directs the cord via a pulley (see picure 41). Using a pulley leads to low friction 
on the cord, but different incidence angle could just as on the roller be a problem, because 
there is a possibility that the cord disengages from the pulley.  

 

Figure 41 The pulley concept 

5.3.1 Retraction cord director evaluation 

The evaluation was made with Kesselring’s evaluation matrix. The method is described in 
section 3.1.3 

The given criterions: 

• Low risk of  retraction cord failure 
If there is a chance for the cord to jam or get stuck between parts of the detail 
during the movement. 

• Low friction 
The detail should have a low friction surface and a small contact area. 

• Functioning in different angles 
As the support arm rotates during the movement, so will the detail. Therefore it’s 
important that it work in different angles because the cord will constantly change 
incidence angle.  

• Estimated cost 
How much the estimated cost is for the detail. 

• Withstanding the environment 
How the detail withstand the environment regarding loose parts, jamming and dirt 
pockets. 
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The results of evaluation of the cord director concepts can be seen in table 6. 

Criterions 
Importance 

multiplier 
Ideal  The roller The ring The pipe The pulley 

    
Given 

value 

Total 

value

Given 

value 

Total 

value

Given 

value 

Total 

value

Given 

value 

Total 

value 

Given 

value 

Total 

value

Low risk of retraction cord failure 5 5 25 4 20 5 25 4 20 3 15 

Low friction 3 5 15 5 15 4 12 3 9 5 15 

Functioning in different angles 4 5 20 3 12 4 16 2 8 2 8 

Estimated cost 3 5 15 4 12 3 9 4 12 4 12 

Withstanding the environment 2 5 10 3 6 5 10 3 6 3 6 

 Result:  85  65  72  55  56 

Table 6 Kesselring evaluation matrix 

 

5.4 Alternated counterweight 

While positioning the arm, it must be equilibrated. After attachment, during the milking 
phase, the cluster must hang in the udder with its own weight to prevent stripping, which 
means that the arm and cluster can no longer be equilibrated. To achieve this, a weight 
reduction corresponding to the cluster weight needs to affect the counterweight under the 
milking phase. After the milking, the retraction cylinder pulls the arm to its idle position 
where it needs to regain the reduced weight and the positioning for the next cow begins with 
an equilibrated arm. 

Spring loaded weight 

The concept builds on an added temporarily resistance on the counterweight achieved by a 
spring. When the arm is in its idle position and the milker raises it to trigger the comfort 
start, the counterweight is lowered and a bottom mounted electromagnet fixates a spring to 
the counterweight. The spring will hold the counterweight down with the force of  the 
cluster (the sequence can be seen in figure 42). To achieve a constant force during 
positioning, the spring needs to be a constant-force spring16; otherwise its force increases the 
longer it’s extended.  

                                                 

 

 
16 Sodermann – Industrifjedre A/S, ‘Teknisk information – Konstantkraftfjädrar’, [web page] (2012), 

<http://www.fjadrar.se/online-butik/tekniske-beskrivelser/konstantkraftfjedre.aspx>, accessed 8 May. 2012. 
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Figure 42 Spring loaded weight sequence 

When the cluster is attached to the udder and the milk flow starts, a signal switch off  the 
electromagnet which releases the spring and a downward force equal to the cluster is applied 
on the udder (see figure 43).  

 

Figure 43 The spring is released 

Additional weight 

The idea with the concept is to add an additional weight to the counterweight when the 
support arm needs to be in equilibrium, and then remove the additional weight during 
milking in order to achieve a downward force on the udder (equal to the cluster weight). The  
weight is connected to the counterweight via an electromagnet. 

When in idle position, the arm is almost at its top position, the ACR cord is stretched, and 
the additional weight is not connected to the counterweight (picture xx). 

 

Figure 44 Arm in idle position 
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In order to activate the vacuum with the comfort start you have to lift the arm. Since the 
additional weight is not attached, the milker must lift a weight equal to the cluster. This will 
make it difficult for the comfort start to be activated by mistake. When the arm is lifted, the 
counterweight comes in contact with the electromagnet and the additional weight is attached. 
This will put the support arm in a state of  equilibrium (Figure 45)  

 

Figure 45 The support arm is lifted and the additional weight is connected 

Now that the support arm is in equilibrium it can be freely moved when attaching the cluster 
to the cow (figure 46) 

 

Figure 46 Arm in equilibrium 

When the milk flow starts, a signal tells the electromagnet to deactivate. This leads to the 
weight being released from the counterweight, which will result in a downward force on the 
udder that is equal to the cluster weight (figure 47). 

 

Figure 47 The additional weight is released 
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5.4.1 Alternated counterweight evaluation 

The two concepts were evaluated in a discussion with the mentor. Early it became clear that 
the external weight was chosen before the spring loaded weight.  

Spring loaded weight 

Even though the constant-force spring has a more constant force than a regular tension 
spring the force is not entirely constant. The force still varies with +/- 20%. In order achieve 
equilibrium in the support arm the force in the spring has to be constant, which the 
constant-force spring, despite the name, cannot deliver.  

Additional weight 

If  an additional weight is used, the weight can be exactly matched to the weight of  the 
cluster, to achieve equilibrium. 

When the electromagnet is inactivated the additional weight is released. If  the farmer uses a 
MC31 cluster, an external weight of  2.66 kg will fall 400 mm when the weight is in the top 
position. All the kinetic energy in the weight will then have to be absorbed by the bottom 
mounted spring. To slow the fall down the weight will be attached to a bushing that causes 
friction to the casing in which it slides. 

5.5 Modular integrated retraction cylinder 

In farms that don’t already got MP-units, the retraction cylinder will be modular integrated 
with the arm and attached to the side of  support arm’s casing. The same retraction cylinder 
casing shall work for both sides of  the parlour, meaning that it can be attached on both sides 
of  the arms’ casing. The profile will either contain the existing retraction cylinder or be built 
to work as its own cylinder. It will also be designed to contain the vacuum valve or to have it 
placed externally for easy access. 

Symmetry, plastic, exposed 

The concept is symmetrical shaped profile. The plastic retraction cylinder is fitted inside the 
profile, keeping it fixed by a bottom lid and a top lid. The vacuum valve is placed outside the 
profile for easier serviceability (see figure 48). 

The profile slides into the support arm’s casing with outward “T-shaped” notches and is 
locked in place by the bottom lid on the support arm profile and the notches on the rear side 
which is used for mounting on the parlour (see figure 48). 

 

Figure 48 Cross section of  the symmetry, plastic, exposed concept 
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Symmetry, plastic, hidden 

The concept is a symmetrical shaped profile on the outside. The plastic retraction cylinder 
and the vacuum valve are fitted inside the profile, keeping it fixed by a bottom lid (see figure 
49). 

The profile slides into the support arm’s profile with outward “T-shaped” notches and is 
locked in place by the bottom lid on the support arm profile and the notches on the rear side 
which is used for the wall mounting (see figure 49).   

 

Figure 49 Cross section of  the symmetry, plastic, hidden concept 

Symmetry, aluminum, exposed 

The concept is a symmetrical shaped profile, which enables it to be attached on both sides 
of  the support arm’s profile. Instead of  a plastic cylinder, the aluminum profile itself  is the 
cylinder, keeping it fixed by a bottom lid (see figure 50). The vacuum valve is placed outside 
the profile. 

The profile slides into the support arm’s profile with outward “T-shaped” notches and is 
locked in place by the bottom lid on the support arm profile and the notches on the rear side 
which is used for the wall mounting (see figure 50). 

 

Figure 50 Cross section of  the symmetry, aluminum, exposed concept 
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Plastic, hidden 

The concept is a non-symmetrical shaped profile. By making it non-symmetrical, the support 
arm’s outer dimension doesn’t need to follow the retraction cylinders dimensions. The plastic 
retraction cylinder and the vacuum valve are fitted inside the profile, keeping it fixed by a 
bottom lid (see figure 51). 

The profile slides into the support arm’s profile with outward “T-shaped” notches and is 
locked in place by the bottom lid on the support arm profile (see figure 51). 

 

Figure 51 Cross section of  the plastic, hidden concept 

5.5.1 Modular integrated retraction cylinder evaluation 

The evaluation method used is a weighted PUGH’s matrix; the method is described in 
section 3.1.2, with the difference that a generated concept is used as the reference. 

The given criterions: 

• Number of  unique parts in detail 
The number of unique parts needed for the detail, both when attached on the right 
and left side.  

• Size – material consumption 
How much material the concept requires and if the dimensions of the support 
arm’s profile changes. 

• Encased/protected valve 
If the vacuum valve is encased in the profile or attached on the outside. 

• Fastening points 
How many fastening points for attachment and stability.  

• Number of  moments when integrating existing retraction cylinder 
Less moments is preferable while integrating with existing retraction cylinders 

• Serviceability 
How easy service is on the retraction cylinder and the vacuum valve  
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The results from the evaluation can be seen in table 7. 

Criterions 
Importance 

multiplier 

Symmetry. 

Plastic. 

Exposed  

Symmetry. 

Plastic. 

Hidden 

Symmetry. 

Alu. 

Exposed 

Plastic. 

Hidden 

Number of unique parts in detail 4 REF 0 + - 

Size - material consumption 1 REF 0 + + 

Encased/protected valve 3 REF + 0 + 

Fastening points 2 REF 0 0 - 

Number of moments when integrating existing 

retraction cylinder  
2 REF 0 - 0 

Serviceability 3 REF - 0 - 

Result: 0 0 +3 -5 

Table 7 Result of  the modular integrated retraction cylinder evaluation 
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6 Final concept 

At the concept presentation, the winning concepts were presented for following persons at 
DeLaval: 

• Fredrik Palmer; mentor/mechanical designer  

• Stefan Ihrsén; system specialist 

• Otto Hellekant; manager/mechanical engineering 

• Sofia Kjellqvist; assortment manager 

During the meeting, the following was decided: 

• The cluster fastener shall be fixed attached and have the ability for a 10° angular 
position in order to handle cows with varied teat height.  

• The cluster only needs to be detached from the support arm at a maximum of 
once per month. The quick fastening mechanism is too complex for the given 
interval of usage.  

• The cluster rotation concept was approved. 

• The cord director shall be the roller concept thus high friction affects the director 
negatively because of cord wear. 

• The comfort start solution was approved. 

• The Symmetry, Aluminum, Exposed, modular integrated retraction cylinder 
concept was chosen with the modification to make the vacuum valve hidden 
instead of exposed. This would be solved by milling in a post process. It was 
considered to be economically justified to do the post process because of the low 
expected production volume. 

• The counterweight concept solution shall be redesigned to be a non-electrical 
mechanism with a given time delay for release of the extra weight, instead of the 
electro magnet. This to avoid an electrical wire with vertical height movement. 

6.1 Redesign of the previous support arm 

Here will the changes made on the previous support arm concept be described. 

6.1.1 Design of the arm casing 

Due to the modular integrated retraction cylinder the design of  the support arm’s aluminum 
profile is changed. The size of  the profile is enlarged to make the transition to the retraction 
cylinder profile smooth. The profile has two inward notches on the rear side, these together 
with the notch on the retraction cylinders profile’s rear side creates the fastening point for 
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the parlour mounting bracket. The mounting bracket will be the MP700 bracket and the 
fastening devices between the profile and bracket is from MP400. 

The total length of  the casing is increased to 1.1 meter instead of  1 meter to make room for 
the adjusting height mechanism. 

The inner diameter of  the two tubes in the profile will remain at 60 mm.  

Analysis of the arm casing 

The size of  the arm casing is being larger than the original one, this to follow the design 
flow when the retraction cylinder casing is attached. Instead of  looking like two individuals, 
it will now look uniform. 

 

Figure 52 Cross section of  aluminum profile 

6.1.2 Vertical pipe 

The diameter of  vertical pipe that will slides inside the support arm casing will be changed to 
50 mm and the material will be changed from stainless steel to aluminum. 

Analysis of the vertical pipe 

The diameter of  the vertical pipe will be changed to 50 mm in order to fit with a standard 
plain bearing in shape of  a flange bussing, instead of  a self  manufactured bearing as in the 
previous support arm concept. To hold it in place, the plain bearing is placed inside the tube 
shaped hole in the arm casing with the flange outside, the flange is pressed from underneath 
by the bottom lid.  

 

Figure 53 Plain bearing between vertical pipe and arm casing 
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6.1.3 The plastic rollers 

The top bearing in the support arm was changed from the previous self  manufactured 
rollers to a standard component. The standard component is an Omniwheel (see figure 54) 
that can handle vertical as well as rotational movement. It’s made of  POM plastic (see 
material section 6.2.8) 

 

Figure 54Omniwheel 

The Omniwheel will be mounted on the vertical pipe of  the support arm. To be able to do 
this, a new part was developed: Omniwheel holder. It’s a solid, axial, symmetrical shaped 
detail which is inserted in the vertical pipe, locked with a slotted spring pin. The Omniwheel 
is placed around the new details smaller diameter and is locked in place with a radial inserted 
circlip. On top of  the circlip there is a drilled hole for the counterweight wire attachment. 
The detail is metal spinned stainless steel. 

   

Figure 55 Omniwheel mounting on vertical pipe 

Analysis of the plastic rollers 

When using the Omniwheel, the mounting time is expected to be significantly reduced, since 
it can be mounted in four steps (insert the omniwheel holder, lock it with the slotted spring, 
mount the omniwheel and lock it with the circlip) while the four the plastic roller must be 
mounted separately.  

With the plastic rollers, the arm’s rotational movement is achieved by sliding the bombarded 
shaped rollers against the arm casing which creates unnecessary sliding friction. The 
omniwheel rotates the arm around its own axis which means that its bombarded rollers don’t 
have to slide. 
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6.1.4 Counterweight 

The counterweight mechanism will be geared 1:1 instead of  1:2. The weight for the arm 
including the vertical pipe and cluster fastener is 5.8kg. By gearing 1:1, the counterweight will 
also have a weight of  5.8kg. 

Analysis of the counterweight  

By not gearing the counterweight with a 1:2 ratio as in the previous concept, the mass of  the 
counterweight will be cut in half. If  the mass is reduced by 50 percent the material cost will 
be reduced by 50 percent.  

While investigating the previous cad-model, we believe to have detected a design error. Their 
vertical pipe had been wrongly dimensioned which gave the pipe a misguided weight. The 
weight was half  what it was supposed to be. This means that the cost for their counter 
weight will be 280 instead of  188 SEK. Also theirs vertical pipe cost 800 SEK instead of  400 
SEK. 

6.1.5 Joints on arm 
The joints on the arm are constructed to only rotate 140 degrees.  

 

Figure 56 140° joint rotation 

Analysis of the joints on the arm 
The joints on the arm are set to only rotate 140 degrees in order to keep the arm in a “z-

shape” and thus ensure an optimal folding when retracted. The previous angle was set 170° 

which was considered to large an angle. During a test in the lab it was shown that an angle 

above ~150° could make the folding irregular or misbehaved. Therefore the angle was set to 

10° below 150°.  

6.1.6 Arm profiles 

The length of  the arm profiles will be decreased to 260 mm, also the third link is changed to 
a standard 30mm AW6060 – T6 aluminum pipe. The aluminum pipe has the length of  260 
mm. In the outer end of  the pipe is the rotation and fastening mechanism placed. 



53 

 

Figure 57 Arm profiles 

Analysis of the arm profiles 

The new fastening detail has some requirements on the design of  the arm profile. The last 
link is replaced by a rotational symmetrical pipe to achieve the 180° rotation that is needed 
for the fastening rotation. An alternative to keep the original look on the arm profile is to 
keep the third link and make a new bushing in form of  the link cross section with a 
rotationally symmetrical hole in it to achieve the rotation that is needed. The difference is 
that the last link must be milled to fit the bushing but the gain is that the last joint doesn’t 
have to be redesigned.  

6.2 New designs for the support arm 

6.2.1 The cluster quick fastener 

Functions of the cluster quick fastener 

The function of  the cluster quick fastener is to connect the cluster to the support arm and 
contribute to easy attachment as well as detachment. It’s mounted on the cluster in the same 
way as the existing arcs do i.e. by fixate it at the clusters inlet. 

   

Figure 58 The cluster fastener 
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Construction of the cluster quick fastener 

The quick fastening connection to the cluster rotation detail is an outward notch that slides 
into an inward notch on the cluster rotation and is locked in place with a spring-loaded pin. 
The pin17 is bought as a standard component.  

To achieve the wanted 10° angular position of  the cluster, the connection between the 
inward notch and the arc is constructed with an intentional gap. Calculations on the gap size 
can be seen in calculations section 8.1. The cluster is held in place with a M8 nut that is 
attached to the threaded shaft from the inward notch. 

Manufacturing of the cluster quick fastener  

The height adjuster is a solid 7mm stainless steel bar which is bended into shape and will be 
welded together. 

The plate which holds the fastening mechanism is welded to the height adjuster. The hole 
for the spring-loaded pin is drilled. The outward notch is welded to the plate. 

The inward and outward notches will be manufactured by machining in a multiple operation 
machine. The arc will first be punched in order to get the outtakes and the rounds and then 
bent. All five details will be constructed in UNS S30400stainless steel. (see materials section 
6.2.8) 

Analysis of the cluster quick fastener 

When using a fixed fastening for the cluster and, all handling of  the cluster will be done in a 
state where the cluster is experienced to be weightless, thus removing the stress caused on 
the farmer’s body, as previous stated in section 4.6 scientific report. 

By having the cluster fixed fastened enables the farmer to use both hands for the s-motion. 
In support arms where the cluster hangs in a chain, the farmer still needs to balance the 
cluster with one hand while performing the s-motion with the other.  

6.2.2 Cluster rotator 

Function of the cluster rotator 

The cluster rotator will make it possible to change from milking mode to washing mode 
without the need to detach the cluster from the arm. When rotating, the height difference 
between the two modes is xx mm (picture xx). The cluster rotator is allowed to rotate 180°, 
To prevent the milk- and vacuum tubes from being bent or get entangled they are directed 
straight through the height adjuster. 

                                                 

 

 
17 J.W. Winco inc., ’Stubby hand retractable spring plungers - 6TSP2’, [webpage] (2011), 

<http://www.jwwinco.com/products/section10/sprp/index.html>, accessed 12 Jun. 12.  
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Figure 59 The tubes directed through the height adjuster 

Construction of the cluster rotator 

The cluster rotator consists of  the following parts: 

 

Figure 60 Exploded view of  the cluster rotator 

The bushing [1] with an outer diameter of  24 mm and inner diameter of  20 mm is placed in 
the third profile of  the arm [2]. Inside the bushing a 20 mm profile [3] is placed. The bars [4] 
that come from the height adjuster is attached to the 20 mm profile by one throughout screw 
with a nut [5], the heads and nut also prevents the profile from sliding into the arms third 
profile. To prevent the 20 mm profile from sliding out from the arm profile a locking lid is 
placed over the profile and threaded onto the end of  the arm [6]. A cavity on the part with 
the external thread allows the 20 mm profile to rotate 180 degrees [7]. A screw is placed on 
the 20 mm profile that runs in the 180° space [8]. The locking lid is mounted with a gasket 
[9] on the 20 mm profile to cause a slight resistance when twisting the cluster; this prevents 
the cluster from being unintentionally rotated.  
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Figure 61 Cross section of  the rotator 

Manufacturing of the cluster rotation 

The locking lid and outward thread are manufactured by injection molding with fiberglass 
reinforced amide as material. The bushing is manufactured in PA - 12 by injection molding. 
The 20 mm profile is in AW6060 –T6 and manufactured by extrusion. The end profile on 
the support arm is a standard AW6060- T6 profile with an outer diameter of  30 mm and 
inner diameter of  24 mm (see materials section 6.2.8). The gasket is a standard component. 

The height adjustment  

Analysis of the cluster rotator 

By making the rotation, the height adjustment needed to reach the washer is fulfilled. The 
rotation is hidden in the last link of  the support arm.  

Detachment of  the cluster from the cluster fastener eases the process when the tubes need 
changing.  

6.2.3 Modular integrated retraction cylinder 

Functions of the retraction cylinder casing 

The modular integrated retraction cylinder consists of  the aluminum profile, the bottom lid 
and the top lid. 

 

Figure 62 Modular integrated retraction cylinder, exploded view 

The profile contains all parts from the existing retraction cylinder and the vacuum valve 
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except the blue outer pipe and the bottom lid.  

Total length of  the profile is 820 mm while the part where the retraction function is placed is 
lowered to 670 mm. The vacuum valve is hidden inside the profile in the cavity above the 
670 mm mark. Symmetrically crew bores are placed on the profile for attachment of  top and 
bottom lid.  

On the rear side of  the profile, a notch is made for the mounting in the parlour. The notch 
combined with two on the support arm profile will together be used as attachment points 
for the parlour mounting bracket. 

The profile slides into the support arm’s profile with two outward “T-shaped” notches and is 
resting on the bottom lid off  the support arm profile. These together with the rear notch 
fixate and hold the profile. 

 

Figure 63 Cross section on modular integrated retraction cylinder 

Construction of the aluminum profile 

On the rear side of  the aluminum profile there is notch for mounting on the parlour. The 
notch is the same as used on the MP400 for parlour mounting.  

Manufacturing of the aluminum profile 

The aluminum profile will be manufactured in anodized AW 6060 – T6 (see materials section 
6.2.8) by extrusion. The cavity for the vacuum valve will be created by milling in the 
aluminum profile. 

Functions of the bottom lid 

The bottom lid of  the casing holds the retraction cylinders bottom lid. It’s screwed into 
place with six M4x1.5 screws. In the center is a hole for fastening the bottom lid to the 
retraction cylinder. It’s fastened with quick release latches which will loosen if  enough force 
is applied e.g. if  the support arm malfunction and gets stuck, the bottom lid will fall off  and 
the retraction force is zeroed.  
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Figure 64 Bottom lid, front and back 

Construction of the bottom lid 

To ease the injection molding of  the bottom lid there are relief  angles on the detail. The 
bottom lid is attached by five M4 screws which are counterbored. By constructing the 
bottom lid as a shell, the detail consumes less material. The bottom lid is constructed to 
easily fall into the correct position during mounting (see figure 65) 

 

Figure 65 Lips on top lid 

Manufacturing of the bottom lid 

The bottom lid will be manufactured in glass fiber reinforced amide (see materials section 
6.2.8) by injection molding.  

Functions of the top lid 

It seals the vacuum valve and retraction cylinder from the outside environment. It’s fastened 
to the casing in the same way as the bottom lid thus with six M4x1.5 screws. In the center 
there are two holes, one for the vacuum tube and one for the signal cable. 

 

Figure 66 Top lid, front and back 

Construction of the top lid 

To ease the injection molding of  the top lid there are relief  angles on the detail. The top lid 
is attached by six M4 screws which are counterbored. By constructing the top lid as a shell, 
the detail consumes less material. The top lid is constructed to easily fall into the correct 
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position during mounting (see figure 65). 

Manufacturing of the top lid 

The top lid will be manufactured in glass fiber reinforced amide (see materials section 6.2.8) 
by injection molding.  

Analysis of the modular integrated retraction cylinder 

The bores are placed symmetrically in order for the lids to be mounted on both sides of  the 
profile which is needed when installing the support arm on both sides of  the parlour. 

Depending on which side of  the parlour the arm will be installed, the milling for the vacuum 
valve cavity will change side. Due to the low production series of  the casing, less than 1500 
pieces per year, is milling chosen as manufacturing method. There was a discussion to 
manufacture the whole profile as two extruded aluminum profile with different height to 
achieve the same function as the milled extruded profile; one as an outer shell and one for 
the retraction cylinder (which slides to position in the outer shell profile). This requires more 
material, extra fastening points for the inner profile and one more extrusion die. If  the series 
would be larger, this manufacturing method would be a more beneficial. 

When attached to the support arm casing, the retraction cylinder is designed to look as one 
unit together with the arm casing. 

6.2.4 Retraction cord director 

Functions of the cord director 

A concave roller is placed at 90 degrees relative to the arm and 30 degrees relative to the 
vertical pipe. It will also be placed 30 mm below the vertical pipe and 65 mm horizontally 
offset the vertical pipe. 

   

Figure 67 The cord director 

The cord is directed through loops on each of  the three aluminum profiles on the arm. The 
first loop is placed at 65 mm on the first profile, 75 mm on the second profile and 140 mm 
on the third profile. 
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Construction of the cord director 

The bracket consists of  two parts; the fastener to the vertical pipe and the arc that holds the 
nylon roller, the two pieces are welded together. The cord director is attached at the bottom 
to the inside of  the vertical pipe with two M10 through screws. Through holes are drilled in 
the arc and the fastener and a M6 screw is inserted to function as the roller axis. A stainless 
steel pipe is placed between the screw and the roller to serve as protection for the roller 

 

Figure 68 Cord director mounting 

Manufacturing of the cord director 

The brackets that hold the roller will be made of  stainless steel (see materials section 6.2.8) 
and manufactured by bending. The roller will be manufactured in nylon by injection molding. 

Analysis of the cord director 

In order to figure out the placement of  the cord director roller a simplified prototype in a 
laboratory environment was set up. When the angle relative to the arm was greater than 90° 
the arm underrotated and did not point towards the pit as desirable, and when the angle was 
less than 90° the arm over rotated. Therefore the angle was set to 90 degrees. The roller was 
placed at a 30 degree angle relative to the vertical pipe to get the proper direction towards 
the retraction cord outlet. To not get the cord wrapped around the vertical pipe, the roller is 
vertically and horizontally offset relative to the vertical pipe. The horizontal offset also help 
the arm to rotate by creating leverage. 

The roller will for now be manufactured by injection molding, but it can be bought as a 
standard component. The important criterion is that it has to be concave to manage the 
rotation during the retraction.  

The retraction cylinder needs to have a traction force enough to fold the arm, swing it to its 
idle position and hold it there until the next batch of  cows. The traction force from the 
retraction cylinder was measured to 123.9 newton for a vacuum system with 50kPa (see 
appendix 1.6).  

6.2.5 Comfort start 

The comfort start will be triggered with the preset signal in the retraction cylinder. To active 
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the function, the farmer needs to lift the support arm before the extra counterweight is 
attached, i.e. with the cluster weight. The weight of  the cluster is holding the magnetic piston 
down in the retraction cylinder to prevent it from being pulled up by the vacuum and trigger 
the signal. The weight of  the cluster needs to have a weight larger than the lifting force of  
the magnet. The force to overcome was 1.56 newton (see appendix XX).  

To trigger the function from idle position, a reduction of  the resistant force/downward 
weight is needed enough to lift the magnet. To achieve this, the milker needs to raise the arm 
vertical from its idle position, which gives a slack in the retraction cylinder cord that holds 
the arm in its position, which reducing the downward force, raising the magnet to the relay 
and the signal is triggered. 

Analysis of the comfort start 

By using the same mechanism as before there is economical benefits. There is no need to 
develop a new signal trigger and redirecting the signal. 

The downward force from the cluster is necessary in order to get the function to work 
properly. If  the downward force shouldn’t exist, nothing would hold down the magnetic 
piston that triggers the signal. This moment is the only time that the farmer needs to lift a 
weight when operating the support arm. A decision has been made together with the mentor 
at DeLaval that a downward force is necessary to not trigger the signal accidentally.  

6.2.6 Alternated counterweight 

Functions of the mechanical alternated counterweight 

The purpose with the alternated counterweight is to make the support arm equilibrated 
when the milker operates it but non-equilibrated during the milking phase. By dropping an 
external weight the function is provided. 

The mechanism that will execute the function is a spring-loaded hook and a one-way 
damper. 

When the milker starts to operate the support arm and lifts it to trigger the comfort start, 
the counterweight will drop down XX mm. A mechanism mounted on the bottom of  the 
counterweight will trigger. As the counterweight is lowered, a sprung hook enters a track in 
the external weight, directing the hook horizontally; the spring tenses the more the 
counterweight lowers and the damper extracts. The hook then snaps in place, resting against 
the external weight. At this moment is the external weight attached and the support arm is 
equilibrated. 

While the milker is adjusting the support arm and attaching the cluster, the tensed spring will 
pull the hook horizontally to its initial position. The damper will hold back the spring from 
pulling with its maximum force on the hook and creates a specific withdrawal velocity and 
thereby a timed motion. When the hook returns to its initial position, it unhooks from the 
external weight and the weight is dropped, making the support arm non-equilibrated  

To damp the external weight on the way down is a plain bearing attached between the weight 
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and the aluminum casing it slides in. To damp it further is a compression spring attached to 
the bottom lid of  the aluminum profile. 

After the milking sequence is the support arm retracted and folded still with a downward 
force equal to the cluster until the next time the comfort start is about to trigger. 

    

Figure 69 Attachment of  the alternating weight 

Construction of the mechanical alternated counterweight 

The mechanism is mounted on a plate which is mounted on the bottom of  the 
counterweight with three screws. The hook is jointed to the plate with a downward initial 
direction, (perpendicular to the plate). Between the plate and the hook are the spring and the 
damper fastened and directed in the same angle. 

On the external weight is the track mounted where the hook is sliding. It’s mounted with 
three screws to the external weight. 

The spring will be a tension spring. 

The one way damper will be constructed as a rack and pinion mechanism with an inclined 
spur gear and an inclined rack. The spur gear will be spring-loaded that it gives way to the 
rack on the way out when the damper extends, at this moment faces the teethes on the rack 
and spur gear away from each other enabling a smooth passage.  

 

Figure 70  The one way damper mechanism 
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6.2.7 Parlour mounting 

The notches on the modular integrated retraction cylinder together with the notches on the 
support arm profile are constructed to fit to a MP700 parlour mounting bracket. Screws, 
lockwashers and nuts will be the same as used for mounting the MP400 on a parlour. 

 

Figure 71 Support arm mounted in a HB 30° parlour 

Analysis of the parlour mounting 

How to mount the support arm to the parlour wasn’t mentioned in the previous report. To 
avoid drilling in the profile and insert fixed fasteners, the support arm will use the same 
principle of  attachment as the MP400. This also contribute to vertical adjust the support 
arm in the parlour. 

The mounting bracket is the same as in the MP700 with the exception that the screw holes 
need to be enlarged to fit the fastening device between the bracket and the casing. The 
fastening device that is fixating the bracket to the casing is the same as in the MP400. 

    

Figure 72 Mounting bracket 

By choosing components that already exists in DeLavals product range, it decreases the 
manufacturing cost for the support arm. 
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6.2.8 Materials 

Anodized aluminum 

As aluminum for the profiles; EN AW-6060 [AlMgSi] - T6 will be used. It is an aluminum 
alloy that is often used for creating profiles by extrusion. The magnesium increases the yield 
and tensile strength and the silicon increases the aluminums castability and wear resistance18. 
The alloy is used by DeLaval in previous products. It can be produced with good surface 
quality and suitable for coating.  

Anodizing can be applied on all aluminum alloys and gives them a thicker oxide layer. The 
aluminum profiles get increased corrosive resistance. It also makes it more dirt repellant and 
wear resistant.19 

                                                 

 

 
18 Anders Sundman, ‘ Aluminium och aluminiumlegeringar’, Metalliska material [online journal], 1 (2011), 

<http://www.finishing.com/Library/andersmetals.html>, accessed 11 Jun. 2012. 

19 Ullman. Erik., Materiallära. (Liber AB 2003), p 282. 
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Stainless steel 

The stainless steel alloy used in the support arm is; UNS S30400, which is a widely used 
standard alloy that is also known as 18/8 steel meaning 18% Chromium and 8% Nickel. The 
alloy has a good resistance to corrosion and is suitable for oxidizing environments.20 

All parts of  the quick fastener and the height adjuster will be manufactured in this material. 
The material is also used in other products from DeLaval. 

Fiber glass reinforced amide 

The joints and the connection between the arm profile, the locking lid and outward thread 
of  rotator, the lids of  the retraction cylinder and the lids of  the arm profile will be 
manufactured in fiberglass reinforced amide [Amide plastic 66, reinforced, PA66-GF14-HI].  
This material has a young's modulus value of  3400 Mpa and can handle shear stress up to 66 
Mpa which is well over the maximum stress value that was calculated in the FEM analysis (se 
section xx). It is impact modified and reinforced with ~14% glass fibre. The amide is suitable 
for injection molding and can be colored. The material is for example used as bottom lid on 
the MP400 by DeLaval. 

Polyamide 12 – nylon 12 

Poly amide 12 is a thermoplastic used for bushing and rollers. Its low coefficient of  friction 
makes it ideal for bearings. According to Omnexus – polyamides center: “If  they do not over-
perform in terms of  temperature resistance (HDT, peak temperature...), they exhibit outstanding retention 
of  performance over time. Their remarkable long lasting performance allows for their use in a wide range of  
conditions (temperature, pressure, chemical...). PA11 and PA12 are particularly suitable when reliability 
over time is needed.”21 

POM – Polyoxymethylenes 

According to Omnexus – POM center: “Polyoxymethylenes, also known as POMs, are notable for 
their high degree of  crystallinity, which gives them: high strength, stiffness and hardness, good chemical and 
environmental resistance and low moisture absorption.”22 

                                                 

 

 
20 Engineering alloys, ‘UNS S30400 & UNS S30403 Data Sheet’, [webpage] (2009), <http://www.engineering-

alloys.com/toolbox-material-data-sheets-uns30400-30403-304-304L.htm>, accessed 11 Jun. 2012. 

21 Omnexus ’Polyamides center’, [web page] (2012), <http://www.omnexus.com/tc/polyamides-

center/index.aspx?id=pa11>, accessed 11 Jun. 2012. 

22 Omnexus ’Polyoxymethylene|POM Center’, [web page] (2012), 

<http://www.omnexus.com/tc/pom/index.aspx>, accessed 11 Jun. 2012. 
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7 Calculations 

The following calculations were made. 

7.1 Angular position of cluster 

To determine the measures for the 10° angular position of the cluster fastener, a 

trigonometric figure of the gap have been drawn. The gap will be calculated for the worst 

scenario i.e. that the arc is aligning with the long side of the outer slider.  

  

 

In order to determine the gap between the outer slider and the lock nut, the length of B and 

C needs to be calculated: 

 Tan 10° = B/21 

B = tan 10°*21 = 3.7 

B = 3.7 mm 

 

 Tan 10° = C/3 

C = tan 10°*3 = 0.53 

C = 0.53 mm 

The arc is building ~ it own thickness = 2mm 

The total length of  the vertical gap is the sum of  A + B + Arc = 3.7 + 0.53 + 2 = 6.23mm 

The gap on one side of the M8 screw: 

 sin 10° = gap/2 

gap = sin 10°*2 = 0.35 

gap = 0.35mm 

This gap is equal on the other side, meaning the total gap = gap*2 = 0.7 mm 
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7.2 Forces acting on bearings 

To determine the forces on the bearings, (The omniwheel and the plain bearing in the 

bottom), calculations were made on the bearings. 

FC Cluster + cluster fastener: 30.75 N + 3.6N = 34.35N 

FS  S-motion  + safety factor = 20.5 * 2.65N 

FA+T Arm + Tubes = 37.3 N 

N1 Normal force on omniwheel 

N2 Normal force on plain bearing 

L1 Length of arm = 1m 

L2 Distance between the bearings = 0.5m 

 Moment around the point A 

 

Figure 73 Forces acting on bearing 

Horizontal equilibrium: 

→: N1- N2 = 0 

To calculate the moment in the point A from the arm is needed for point B: s calculation: 

: FA+T*0.5 L1+ FC+S* L1  

= 37.3*0.5+(34.35+20.5*2.65)*1 = 107.325 Nm 

 

: -  + N1* L2 = 0 

N1 = 107.325 /0.5 = 214.65N 

N1- N2 = 0 

N1 = N2 = 214.65 N 

The force acting on the bearings is 214.65 N =~22kg. 
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7.3 Finite element method 

Calculations of stress and strain on the support arm were done by using the Finite element 

method (FEM) analysis tool in Pro Engineer. 

Safety factor 

To know which safety factor (ns) to use in the FEM analysis Pugsley safety factor approach 
was used (see section 3.2). A safety factor of  2.65 was given. Complete calculation and 
motivations of  the choices made in the table can be seen in appendix 1.7. 

Vertical pipe 

Because the material in the vertical pipe was changed from stainless steel to aluminum it 
needed to be concluded whether the aluminum would sustain the forces without risk of  
deformation.  

The connection between the vertical pipe and the arm was mounted on the pipe. A leverage 
equivalent to the arm length was mounted to the same connection. In the analyze, the pipe 
was in its lowest point (extended 400 mm), therefore constrained at places where the 
bearings would be; at the top and at 400 mm from the bottom.  

Forces equivalent to the arm’s and hose’s weight (37.3 N) was placed in the middle of  the 
leverage. Forces from the weight of  the cluster (30.3 N) and quick fastener (3.6 N) were 
placed at the end of  the leverage. Forces from the s-motion was multiplied with the safety 
factor of  2.65 (54.3 N) and was placed at the end of  the leverage. The maximum stress 
established in the vertical pipe was 29.5 MPa and the maximum displacement was 0.3 mm. 

  

Figure 74 Vertical pipe 

  

The connection between vertical pipe and arm profile. 

This part was analyzed because it is exposed by the highest moment on the entire arm. The 
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same setup as in the analyze of  the vertical pipe was used. The maximum stress established 
in the connector was 29.5 MP and at the holes there was a stress of  18.7 MPa.  

 

Figure 75 Connection part 

Height adjuster 

The detail was constrained on 120 mm on the end of  the straight part (as it is when fully 
mounted). All the parts from the quick fastener was removed to speed up the analyze. Forces 
from the weight of  the cluster (30.3 N) and quick fastener (3.6 N) were placed at the end of  
the height adjuster. Forces from the s-motion was multiplied with the safety factor of  2.65 
(54.3 N) and was placed at the same position. The maximum stress established in the height 
adjuster was 0.93 MPa and the maximum displacement was 0.01 mm and therefore 
negligible. It is clear that the forces from the quick fastener, cluster and s-motion will have 
little effect on the height adjuster. 

  

Figure 76 Height adjuster 
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7.4 Cost estimation 

The cost estimation for the entire support arm is based on a manufacturing of  22500 pieces, 
i.e. 1500/year in 15 years. For the parts that doesn’t involve extrusion or injection molding, 
estimation in time required for construction in a mechanical workshop was made with an 
hourly rate of  ~700 SEK. 

According to the cost estimation, the support arm will cost ~1736 SEK including the 
modular integrated retraction cylinder. For detailed cost estimation on each part of  the 
support arm, see appendix 1.9 
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8 Conclusion 

The objective with the project was to further develop a previous concept of  a medium duty 
support arm for Herringbone 30° parlour milking, and to make it collaborate with other 
already existing farm equipment.  

The solution is a concept that functions with rest of  the barn equipment. The cluster 
attachment is fixed fastened with a quick release mechanism. Switching between washing- 
and milking mode is done by rotating the fastener and cluster. Comfort start can still be 
performed in the same way by lifting the cluster. Retraction of  the arm can be done by using 
MP units or external retraction cylinder and their cord is directed underneath the arm. The 
arm is in equilibrium during handling of  the cluster and when milking a downward force acts 
on the cluster. 

The connection of  the cluster to the support arm is changed from the previous chain to a 
fixated connection. Attachment of  the cluster is performed by sliding it into a notch and 
locking it with a spring loaded sprint. This will make for easy attach- and detachment of  the 
cluster without using tools. When having a fixed fastened cluster the milker doesn’t need to 
hold/balance the cluster with one hand while performing the S-motion with the other. 
Instead he/she can perform the motion with both hands and theoretically cutting the time 
for attaching the teat cups to the udder by half.  

A problem with fixed fastened connection is the height difference between milking- and 
dishing mode. This is solved with a mechanism that will adjust the height of  the cluster to 
reach the washer by rotating it. By rotating the cluster the farmer can change from milking 
mode to dishing mode without the need to disconnect the cluster. The cluster is only able to 
rotate 180° back and forth to prevent entanglement of  the milk and vacuum tubes and will 
be held with friction. 

The support arm is designed to function with the current comfort start mechanism, i.e. by 
triggering the relay in the retraction cylinder. To active the comfort start, the milker raises the 
arm from its idle position. In order not to accidentally trigger the function, the farmer has to 
lift a weight equal to the cluster weight. By using the same function that already exists, the 
development cost is reduced.  

For the parlours with external retraction cylinders, a modular casing has been designed to 
give the support arm a uniform appearance. The casing is attached by sliding it into the 
support arms profile. It can be attached on both sides for left and right parlour mounting. If  
a new farm is to be built, the casing can include the retraction cylinder parts, or if  he/she 
chooses, the parts from already owned retraction cylinders can be inserted. The vacuum 
valve is enclosed inside the casing for protection and cleaner appearance. 

The support arm shall function with both external-, modular integrated- and MP-integrated 
retraction cylinders, which was solved with a retraction cord director placed underneath the 
support arm. In order to achieve the proper retraction sequence of  the support arm is the 
cord director placement evaluated by prototype testing. The placement results in a retraction 
movement of  the arm that does not interfere with the cow, the placement also contributes to 
positioning the arm in the same idle position which is perpendicular to the pit edge with the 
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cluster facing the center of  the pit for easy access.  

When handling the cluster, it will be in equilibrium in order to relieve the weight of  the 
cluster for the farmer. This will minimize the stress on the farmer body when handling the 
cluster. During the milking, the cluster must a downward force equal to its own weight in 
order to function properly; this is solved with an alternated counterweight. As the comfort 
start is triggered, a locking mechanism adds an extra weight (equal to the cluster weight) to 
the counterweight to create equilibrium during handling. After a preset time is the extra 
weight released which causes a downward force to act on the cluster. 

Redesigning of  the previous concept of  the support arm has been made to collaborate with 
the newly developed details and mechanisms but also to reduce costs and weight, e.g. 
bearings and materials. 

The objectives and requirement has been reached except for two paragraphs: The 
Serviceability and Lifetime, reliability and Frequency of  Faults. In order to fulfill these 
requirements, it is considered that long-term tests should be performed.  

To withstand the harsh environment in the barn, the materials chosen are all previously used 
by DeLaval in other parlour products and are resistant to corrosion and harsh treatment. To 
reduce the weight of  the support arm is the arm mostly constructed in anodized aluminum 
and fiberglass reinforced amide. All exposed standard fastening elements are in stainless steel 
and at parts where the strength of  the aluminum is insufficient. 

8.1 Suggestion for further work 

In the project we have not investigated whether it is necessary to use a break to lock the 
motion of  the arm when the s-motion is preformed, or if  the inertia of  the system together 
with the resting friction is enough to lock the system. If  this is to be determined, a new 
prototype should be constructed where experiments with and without the brake are 
performed. 

The vacuum valve in the retraction cylinder casing is hard to reach after the installment has 
been done which leads to difficult serviceability of  the valve. In order to reach the valve, 
some kind of  hatch on the backside can be constructed to ease the maintenance and service. 

Investigate if  the alternated counterweight mechanism concept is possible to construct and 
get the proper functionality. Is the space enough to achieve the function or does the 
counterweight need to be enlarged in diameter. Investigate how to slow down the extra 
counterweight when it is dropped, maybe it is possible to brake it by making the extra weight 
fit perfectly in the casing and compressing air on the way down or is there need for some 
kind of  plain bearing and a compression spring at the bottom.  

Figure out where exactly to place the support arm in the HB 30° parlour. 
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1 Appendix 

1.1 Appendix 1 

Medium Duty 

Intensity (Animals/hour/MP):  7 

Hours/day:    2-12 

Number of  milkings/day/ cow: 2-3X 

Typical work routine:   Entry, Wipe, Foremilk, Attach, Post dip, Exit 

(HB & Tandem) 

Typical WRT (s)   20-40  

(HB & Tandem) 

Typical work routine:   Wipe, Foremilk, Attach  

(HBR rotary) 

Typical WRT (s)   8 - 24 

(HBR rotary) 

Breed: Holstein, Swedish Red, Simmental, Normande, 

Jerseys, Fleckvieh, mixed 

 

 

 

 

 



 

1.2 Herringbone 30° assortment 

There are three different HB30° types in DeLavals assortment. One type is with straight 

tubes, and two have curved tubes for easier positioning while stacking cows. 

1.2.1 Straight deported rump rail 

 

Figure 1 Straight deported rump rail 

1.2.2 Staggered deported rump rail 

 

Figure 2 Staggered deported rump rail 



1.2.3 Staggered deported rump rail with splash guard 

 

Figure 3 Staggered deported rump rail with splash guard 



 

1.3 Appendix 2 – Clusters 

1.3.1 MC3 Series 

MC30 MC31 

  

1.3.2 MC5 Series 

MC50 MC53  Harmony 

   

 



1.3.3 MC7 Series 

MC70 MC73 

  

1.3.4 MC9 Series 

MC93 Harmony Plus 

  



 

1.4 Appendix 3 – Milk point controllers 

As mentioned in the requirements the support arm has to work with milk control units. 

Some has built-in ACR while some have an extern ACR. 

1.4.1 Built-in ACR models 

MP400  MP700 

  

MP780 

 



1.4.2 Extern ACR 

MPC150 (100 series)  MPC 510 

  

MPC580 

 

MPC610  MPC680 

  



 

1.5 Appendix 4 - Laboration report, S-motion 

Introduction 

There were two purposes with the lab. The first purpose was to document the downward 

force acting on the support arm when four different cluster types were connected. To 

simulate normal working conditions the vacuum tubes were connected to the cluster and the 

vacuum pump was activated. The information about the different clusters weight are 

necessary in order to dimension the counterweight properly for each cluster to achieve 

equilibrium.   

The second purpose was to determine which downward force that was applied when 

performing the S-motion. Connected vacuum tubes and an activated vacuum pump were 

used here as well. It is desirable that the support arm is not set in motion because of  the 

force applied by the S-motion. Because of  this reason, the magnitude of  the preformed S-

motion was needed in order to se if  the support arms own mass inertia and/or possible 

jamming could counteract the force, or if  the arm must be locked by a break. 

Execution 

A number of  HB parlour parts was used to create a rack to hang the clusters from (see  

picture xx).  

To determine the force applied a newton meter was used. The meter was attached to the rack 

with the hook of  the meter facing down and the clusters were then hanged in the hook of  

the meter (see  picture xx). As earlier mentioned, four different clusters were used in the lab. 

The clusters were: 

• Harmony 

• Harmony + 

• MC70 

• MC30 

Pictures on each cluster can be found in appendix xx. 



   

The weight of  the clusters was measured with the vacuum pump at 50 kPa (see  picture xx)  

and without the pump. In order to achieve a reliable mean value, the s-motion was 

preformed 20 times with one hand, and 20 times with two hands on each cluster. Before 

every s-motion performed, the Newton meter was reset so that the weight of  the cluster 

would be neglected.  

 

Results 

The weight of  each cluster with the vacuum pump turned on and off  can be seen in table 

xx. All results from every preformed s-motion on each cluster can be seen in table xx.  

Test clusters i newton 

 Harmony Harmony + MC70 MC30 

Vikt + slang utan vacuum 19,45 20,55 23,45 30,30 

Vikt + slang med vacuum  19,90 20,55 23,45 30,75 





Med vikt + slang + vacuum 

 Harmony Harmony + MC70 MC30 

 S-motion 1 arm S-motion 2 arm's S-motion 1 arm S-motion 2 arm's S-motion 1 arm S-motion 2 arm's S-motion 1 arm S-motion 2 arm's 

1 38,00 44,85 36,90 49,45 45,65 48,55 40,01 54,55 

2 34,30 44,55 35,15 45,60 40,90 47,15 40,95 54,50 

3 34,20 44,15 32,90 47,35 41,45 45,55 39,35 51,55 

4 33,90 40,85 33,90 48,35 44,15 46,80 40,55 52,55 

5 40,50 44,20 34,30 52,45 44,05 50,35 42,50 52,05 

6 41,05 44,80 34,70 49,90 38,95 47,40 40,35 52,05 

7 30,70 39,80 34,55 47,25 37,60 50,65 38,90 54,40 

8 35,25 40,75 34,20 44,65 41,15 48,70 38,25 48,90 

9 34,70 49,50 36,85 45,90 38,40 52,90 41,05 53,95 

10 33,95 42,65 36,65 50,85 43,20 51,60 39,90 50,50 

11 32,40 38,60 34,60 43,65 40,35 46,55 42,25 50,80 

12 32,45 39,60 32,50 46,10 42,20 50,25 39,85 50,50 

13 31,85 42,20 39,85 51,90 42,05 53,95 40,15 46,60 

14 32,90 39,45 34,30 47,95 40,00 49,25 41,05 53,05 

15 33,05 39,90 33,35 42,70 43,30 53,75 40,95 49,50 

16 37,40 44,45 34,30 42,95 41,25 48,15 40,95 46,40 

17 39,60 44,30 33,55 46,05 43,05 46,95 42,15 52,00 

18 35,10 41,00 37,40 48,00 42,70 51,10 39,90 55,25 

19 36,45 42,35 30,90 40,70 41,55 49,25 38,40 49,45 

20 36,20 43,40 37,50 48,05 41,60 49,20 41,45 46,40 

Medelvärde: 35,20 42,57 34,92 46,99 41,68 49,40 40,45 51,25 

Procentuell kraftökning: 81% 119% 70% 129% 78% 111% 33% 69% 

 





 

Discussion  

It is obvious that the force increased when using two hands to perform the s-movement. 

The weight of  the cluster changed very little or not at all when the vacuum was turned on 

and is therefore deemed to be neglected. 



 

 

1.6 Appendix 5 – Retraction cylinder 

Introduction 

The purpose of  this laboration was to find out the magnitude of  the retraction force from 

the ACR and the force which the vacuum is pulling the comfort start mechanism upwards. 

When the ACR cord is fully retracted the cylinder in the mechanism is at the top of  the ACR 

tube. This means that the vacuum is now pulling the comfort start mechanism upwards. 

Execution 

An ACR with integrated comfort start was mounted on a vertical pipe (see picture xx). The 

ACR was then connected to a vacuum system. In order to measure the retraction force from 

the ACR a newton meter was attached to the end of  the ACR cord. The newton meter was 

set to register the top value. Ten measurements were collected. 

The magnitude of  the force that pulls the comfort start mechanism upwards could be 

registered by pulling the cord slightly downward to place the comfort start mechanism at it 

lowest position, but without affect the placement of  the ACR cylinder at its top position, 

and then attaching the cord to a newton meter. The vacuum was active during the measuring. 

Ten measurements were collected.  

 



Results 

The result from the measurements can be seen in table xx. On the retraction force of  the 

ACR cord a mean value of  xx was given. The mean value of  the force pulling the comfort 

start mechanism was xx. 

 ACR retraction force [N] Comfort start trigger force [N] 

1 124 1,50 

2 124 1,60 

3 125 1,75 

4 123 1,40 

5 125 1,55 

6 124 1,60 

7 124 1,60 

8 124 1,50 

9 123 1,50 

10 123 1,55 

Mean value: 123,9 1,56 

 



 

1.7 Safety factor for FEM 

DeLaval is known for manufacturing products of  good quality materials that can handle the 

harsh environment of  a milking farm. Regular maintenance and inspections are also 

preformed on their product installations. Because of  this the “A-factor” in the table was set 

to “good”. 

During milking there is a risk that the cow will kick the cluster and thereby applying a sudden 

dynamic force of  unknown magnitude to the support arm. An effort to determine the 

magnitude of  the force has been done, but without any results. The “B-factor” in the table is 

therefore set to “poor”. 

The analysis will be performed with high accuracy, but the experience of  the students who 

are performing the analysis is limited. The “C-factor” in the table was because of  this set to 

“fair”. 

If  the support arm would fail, there will be no direct danger to any personal. The “E-factor” 

is therefore set to “not serious”. 

The economical impact is considered not be of  great magnitude if  the arm would break. 

The “F-factor” is therefore set to “not serious”. 

The A, B and C factors will give ns1 a value of  2.65 according to table 1.1. 

The E and F factors will give ns2 a value of  1 according to table 1.2. 

ns = ns1 * ns2 

ns = 2.65 * 1 

ns = 2.65 

 

The total calculated value of the safety marginal will according to the Pugsley safety factor 

approach be 2.65.







1.8 Standard components 

See attached file: Standard components.zip 

1.9 Cost estimation 

TOTAL: 1763 SEK 

Vertical pipe arm 162SEK 

 

Omniwheel holder  EN 1.4301 Round bar 50mm1  29.60 SEK/kg 

Ø 50 Material weight/unit 0.28kg 

 Material cost 8.3 SEK 

 Moments 

 Cutting, Spinned, drilled 

 Processing cost 20 SEK 

 Total 28.3 SEK 

  

Vertical pipe  AW 6082 – T6, 50x52 51.5 SEK/kg  

Ø 50x5 Material weight/unit 1.9 kg 

 Material cost 97.85 SEK 

 Moments 

 Cutting, 3x drilling 

 Processing cost 10 SEK 

 Total 107.85 SEK 

 

Flanged plain bearing  (Mecmove) 10 SEK 

Nylon 50-60x50-65  

                                                 

 
1 Tibnor, ’Art.Nr: 40850’, (2012), in Prislistor [online database], 
<http://prislistor.tibnor.se/Common/Frameset.aspx?&Profile=Sweden >, accessed 13 Jun. 2012. 
2 Tibnor, ’Art.Nr: 62052’ 

 



 

Omniwheel   16 SEK 

Arm 237.5 SEK 

 

Link profile x 2  AW 6060 –T6  50 SEK/kg  

 Material weight/unit  0.465 kg  

 Material cost 46.5 SEK 

 Moments 

 Extrusion 

 Processing costs  30 SEK 

 Total 76.5 SEK 

 

Third link AW 6082 –T6 30x3 bar3 51.50 SEK/kg 

Ø 30x3 Material weight/unit 0.163 kg 

 Material cost 8.4 SEK 

 Moments 

 Cutting, drilling 

 Processing cost 5 SEK 

 Total 13.4 SEK 

 

Plastic joint x3 Injection molding tool 300.000 SEK 

 Material costs 10 SEK 

 Processing costs 20 SEK 

 Total 43.3 SEK 

 

Last joint Injection molding tool 300. 000 SEK 

 Material costs 4 SEK 

 Processing costs 20 SEK 

 Total 37.3 SEK 

                                                 

 
3 Tibnor, ’Art.Nr: 14110’ 



 

Plastic inner fastening Injection molding tool 300. 000 SEK 

 Material costs 4 SEK 

 Processing costs 10 SEK 

 Total 27.5 SEK 

 

Plastic joint top x4 Injection molding tool 200. 000 SEK 

 Material costs 8 SEK 

 Processing costs 10 SEK 

 Total 26.9 SEK 

 

Inner aluminum axis AW 6082 – T6, 20mm bar 4 51.5SEK/kg  

Ø 20 Material weight/unit 0.048 kg 

 Material cost 2.47 SEK 

 Moments 

 Cutting, 2x drilling  

 Processing cost 10 SEK 

 Total 12.47 SEK 

                                                 

 
4 Tibnor, ’Art.Nr: 22438’ 



 

Fastener/Rotation 222.4 SEK 

 

Height adjust holder AW 6082 – T6 20mm5 51.5 SEK/kg 

Ø 18 Material weight/unit 0.546kg 

 Material cost 28.2 SEK 

 Moments 

 Cutting, 3x drilling  

 Processing cost 17.5 SEK 

 Total 45.7 SEK 

 

Outer notch EN 1.4301 30x20 bar6 38.05 SEK/kg 

30x17x50 Material weight/unit 0.138 kg 

 Material cost 5.3 SEK 

 Moments  

 Cutting, 2x Milling, Welding 

 Processing cost 10 SEK 

 Total 15.3 SEK 

 

Inner notch EN 1.4301 50x20 bar7 35.70 SEK/kg 

20x5x50 Material weight/unit 0.044 kg 

 Material cost 1.6 SEK 

 Moments 

 Cutting, welding (pin)  

 Process cost 5 SEK 

 Total 6.6 SEK 

 

Welded plate  EN 1.4301 2000x1000x5 sheet8 23.90 SEK/kg 

                                                 

 
5 Tibnor, ’Art.Nr: 22438’ 

6 Tibnor, ’Art.Nr: 24311’ 

7 Tibnor, ’Art.Nr: 11221’ 



53x5x68 Material weight/unit 0.1 kg 

 Material cost 2.39 SEK 

 Moments, welding 

 Cutting  

 Process cost 20 SEK 

 Total 22.4 SEK 

 

Height adjuster EN 1.4301 7mm rod9 29.05 SEK/kg 

Ø7 Material weight/unit 0.137 kg 

 Material cost 3.98 SEK 

 Moments 

 Cutting, bending, welding  

 Process cost 35 SEK 

 Total 39 SEK 

 

Cluster arc EN 1.4301 2000x1000x2 sheet10  24.25 SEK/ kg 

40x230x2 Material weight/unit 0.066 kg 

 Material cost 1.6 SEK 

 Moments 

 Cutting, punching, bending  

 Process cost 10 SEK 

 Total 11.6 SEK 

 

                                                                                                                                                  

 
8 Tibnor, ’Art.Nr: 24575’ 

9 Tibnor, ’Art.Nr: 11235’ 

10 Tibnor, ’Art.Nr: 70799’ 



 

Outward thread Injection molding tool 200. 000 SEK 

 Material costs 4 SEK 

 Processing costs 10 SEK 

 Total 22.9 SEK 

 

Locking lid Injection molding tool 200.000 SEK 

 Material costs 4 SEK 

 Processing costs 10 SEK 

 Total 22.9 SEK 

 

Bussing  10 SEK 

18-24x96-30   

 

Spring-loaded sprint  16 SEK 

 



Cord director 74 SEK 

 

Cord bracket EN 1.4301 2000x1000x3 sheet11 24.25 SEK/kg 

20x272x3 Material weight/unit 0.112 kg 

 Material cost 2.7 SEK 

 Moments 

 Cutting, bending, drilling  

 Process cost 40 SEK 

 Total 42.7 SEK 

 

Roller bracket EN 1.4301 2000x1000x3 sheet12 24.25 SEK/kg 

20x115x3 Material weight/unit 0.05 kg 

 Material cost 1.2 SEK 

 Moments 

 Cutting, bending, drilling 20 SEK  

 Process cost  

 Total 21.2 SEK 

 

Roller  10 SEK 

                                                 

 
11 Tibnor, ’Art.Nr: 22015’ 

12 Tibnor, ’Art.Nr: 22015’ 



 

Alternated counterweight 160 SEK 

 

Counter weight S235JR Round bar 50mm13 11.40kr/kg 

Ø 50 Material weight/unit 5.8kg 

 Material cost 66.12 SEK 

 Moments 

 Cutting, drilling, threading 

 Process cost 10 SEK 

 Total 76.1 SEK 

  

Extra weight S234JR Round bar 50mm14 11.40kr/kg 

Ø 50 Material weight/unit 1.61 - 2.66kg 

 Material cost 30.3 SEK 

 Moments 

 Cutting  

 Process cost 5 SEK 

 Total 35.3 SEK 

 

Omniwheel  16 SEK 

 

Plain bearing  10 SEK 

 

Stainless steel cable  10 SEK 

 

Cable fastening  10 SEK 

Break 86 SEK 

 

                                                 

 
13 Tibnor, ’Art.Nr: 25965’ 

14 Tibnor, ’Art.Nr: 25965’ 



Breakdisk 30 S235JR 2000x1000x4 sheet15 12.35 SEK/kg 

 Material weight 0.424 Kg 

 Material cost 5.2 SEK 

 Moments 

 Punching  

 Process cost 10 SEK 

 Total 15.2 SEK 

 

Cable wheel PA-12 Injection molding tool 200.000 SEK 

 Material weight 0.07 Kg 

 Material costs 10 SEK 

 Process cost 10 SEK 

 Total 29 SEK 

 

Magnet type 1033106A00 (pulsteknik.se) 20 SEK 

 

Magnet holder EN AW-1050A 2000x1000x416 45.20 SEK/kg 

48x90x4 Material weight 0.045 kg 

 Material cost 2 SEK 

 Moments 

 Punching, drilling  

 Process cost 10 SEK 

 Total 12 SEK 

 

Brons bearing  10 SEK 

Arm casing 506 SEK 

 
                                                 

 
15 Tibnor, ’Art.Nr: 75477’ 

16 Tibnor, ’Art.Nr: 30610’ 



 

Aluminum casing  AW 6060 405 SEK 

 Material weight/unit 8.1 kg 

 Methods 

 Extrusion 

 Processing cost 50 SEK 

 Total 455 SEK 

 

Aluminum casing lids Injection molding tool 250.000 SEK 

 Material costs 20 SEK 

 Processing costs 20 SEK 

 Total costs 51 SEK 

Modular integrated retraction cylinder 315 SEK 

 

Aluminum casing  AW 6060 – T6 214 SEK 

 Material weight/unit 5.35 kg 

 Methods 

 Extrusion 

 Processing cost 50 SEK 

 Total 264 SEK 

 

Aluminum casing lids Injection molding tool 250.000 SEK 

 Material costs 20 SEK 

 Processing costs 20 SEK 

 Total costs 51 SEK 
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