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I Preface 

Preface 
 

This thesis is submitted in partial fulfilment of the requirements for a bachelor in mechanical engineering 

degree at The Hague University of Applied Sciences. It contains work done from May to August 2015. 

This thesis has been made solely by the author, with text and philosophies based on the research and 

knowledge of others, for whom I have done my best to provide with proper reference. 

During my previous internship and working experience at SKF Machine Support in Ridderkerk I have had 

the pleasure to meet and work with Mr. Schnäckel, who has commissioned this research. The idea for 

the research was to create an overview of the requirements to share the knowledge and experience 

between all the service stations. 

At the end of May I have had the honour to travel to one of their Asian service stations in Shanghai, 

China. Here I have conducted research on the requirements for that office in order to implement the 

services performed by SKF Machine Support. I have had the pleasure to experience the work ethics and 

work methods of the Chinese culture. 

The actual writing of the thesis has been done at the head office of SKF Blohm+Voss Industries, where I 

had all the resources I required to come to a sufficient result. 

The writing of this thesis has been a difficult yet satisfying process, in which I have learned a great deal in 

both theory and life experiences. 

Since this text has been written as the final thesis of the bachelor’s degree in mechanical engineering, 

the text is aimed at teachers in mechanical engineer at The Hague University of Applied sciences in Delft. 

But I hope it will be of interest and support for the future SKF Marine business group and will support in 

future choices to be made. 
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III Abstract 

Abstract 
 

In this report a description is given of two implementation concepts for the implementation of shaft 

alignment, vibration measurement and on site machining in the Asia market. The entire analysis process 

has been described including an actor analysis, process analysis and market analysis. 

The two concepts are based on two different business cases; the main concept is based on the concept 

off full implementation of all services and knowledge. The alternative concept is focussed on 

implementing the services that directly support the current services, mainly consisting of on-site 

machining supported with geometric measurements. 

The first concept would take approximately 9 months to fully implement, of which a total of one month 

consists of training. The remaining months are planned for marketing, sales and building experience. The 

planning for the stages is summarized in Table 0-1: Overview planning main concept. (Days are workdays 

without weekends and holidays) 

Table 0-1: Overview planning main concept 

Main concept planning Duration 

Total 150 days 

   Stage 1 10 days 

   Stage 2 40 days 

   Stage 3 40 days 

   Stage 4 20 days 

   Stage 5 40 days 

   Stage 6 0 days 

 

The costs for the main concept range between 241.729,00 € and 244.229,00 € depending on the choice 

of equipment supplier. The costs have been summarized in Table 0-2: Investment costs main concept 

Table 0-2: Investment costs main concept 

  

  

Description Costs

Stage 1 1.395,00 €

Stage 2 No investment required 0

Stage 3 31.240,00 €

Stage 4 1.795,00 €

Stage 5 207.299,00 €

Stage 6 0

241.729,00 €

Current suppliers

Total investment:

Description Costs

Stage 1 1.395,00 €

Stage 2 No investment required 0

Stage 3 101.240,00 €

Stage 4 1.795,00 €

Stage 5 139.799,00 €

Stage 6 0

244.229,00 €

Alternative suppliers

Total investment:
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The alternative concept would require approximately 6 months to implement with an equal amount 

required for training. Most of the extra time required is for introducing new personnel and waiting time 

for equipment. The planning for this concept is summarized in Table 0-3: Overview planning alternative 

concept 

Table 0-3: Overview planning alternative concept 

Alternative concept planning Duration 

Total 145 days 

   Stage 1 20 days 

   Stage 2 40 days 

   Stage 3 5 days 

   Stage 4 40 days 

   Stage 5 40 days 

 

The costs for the implementation of the alternative concept range between 179.939,00 € and 240.939,00 

€ these costs are summarized in Table 0-4: Investment costs alternative concept. 

Table 0-4: Investment costs alternative concept 

 

  

Description Costs

Stage 1 195.499,00 €

Stage 2 No investment required 0

Stage 3 1.395,00 €

Stage 4 15.545,00 €

Stage 5 28.500,00 €

Total investment: 240.939,00 €

Current suppliers

Description Costs

Stage 1 134.499,00 €

Stage 2 No investment required 0

Stage 3 1.395,00 €

Stage 4 15.545,00 €

Stage 5 28.500,00 €

Total investment: 179.939,00 €

Alternative suppliers
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1 Introduction 

Introduction 
 

The ship building industry has changed significantly over the last few decades. With the rising 

demand for products from far away countries, the demand for mass transportation has increased. 

Due to this demand the size of transport ships has increased substantially. 

The demand for larger ships results in the installation of larger more powerful propulsion systems. 

This propulsion power is in effect transferred over longer distances. Shaft alignment is becoming 

more important in order to keep vibration and wear of equipment to a minimum.  

The current marine service market has limited knowledge and experience in the field of shaft 

alignment. During the design phase an immense amount of research and thought is put in the proper 

alignment of the propulsion line. During the lifetime of a ship the alignment of components changes 

due to wear in parts and hull deflection. 

A regular inspection of the alignment will increase the efficiency of the ships and will lower the 

amount of wear of all the components in the drive train. This is a main concept that follows the 

philosophy of planned maintenance and condition based maintenance. Both of these philosophies 

are already the standard in most industrial situations and will soon enter the marine maintenance 

world. 

With the acquisition of SKF Machine Support, a significant amount of knowledge on shaft alignment, 

condition monitoring and on-site machining has been added to the SKF Blohm+Voss Industries 

service portfolio. In an effort to expand their service offset market and knowledge on this service 

field SKF Blohm+Voss Industries is searching to invest in the implementation of these service fields in 

the Asia market. 

The implementation plan will consist of a multiple stage implementation aimed towards full 

knowledge transfer. The implementation plan has been divided in stages in order to keep flexibility in 

the implementation process, and to minimize the risks. For each stage of the implementation plan a 

time planning and financial overview is created based on estimated training times and costs based on 

offers by supplier and the local market. 

The goal of the research is to provide the reader with a basic knowledge on the three main services, 

and give a clear description of the requirements to implement these services into a new business 

environment. 
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1 Research description 
 

In this chapter the task and foundation of the project will be described. De project will be defined by 

a question schematic consisting of a central question, which will be supported by background 

questions and core questions. The questions defined in the schematic will be answered and 

elaborated in the further chapters. 

1.1 Question schematic 
 

The starting point for the question schematic will be provided by the main subject of the project and 

research. The project subject will lead to the central question, followed by the background and core 

questions. 

Subject 

The implementation of a new expertise in the service department, and the creation of the associated 

secondary conditions. The expertise will consist of condition measurement, shaft alignment and on-

site machining 

Central question 

“What is the best method to implement shaft alignment, condition measurement and on site 

machining in the Asia service stations?” 

Background questions 

o What methods of shaft alignment exist? 

o How is shaft alignment applicable to the current services? 

o What methods of vibration measurement exist? 

o How is vibration measurement applied to the services? 

o What methods of on-site machine are applicable? 

o What types of service jobs are currently executed? 

o What is the level of expertise on the new service subjects? 

o What are the restrictions of this new field of expertise? (Laws, regulation societies 

etc.) 

Core questions 

 Can the service jobs be combined? 

 What materials/tools are used for this method? 

 How much time is required to implement this concept? 

 What are the implementation costs?  



 
3 Research description 

1.2 Motivation 
 

A part of understanding the end goal of the project, is to ask why this project is a topic. 

This paragraph will elaborate the main motivation for this research. The motivation will be a 

definition of why this project is of importance and will help the research to fit the needs of the 

commissioning party. 

Background 

The problem lying at the basis of this project comes forth out the recent addition of the SKF Machine 

Support office to the SKF Blohm+Voss Industries (Hereafter referred to as SKF BVI) portfolio. SKF 

Machine Support has specialized in the field of shaft alignment and vibration measurement since 

their establishment; therefore a great deal of experience is present in this part of the newly acquired 

office. 

SKF BVI wants to start the implementation of this field of expertise in the BVI Shanghai Ltd. office. 

The execution of this implementation however has not been fully researched and the application of 

these techniques will be different for the Chinese market. 

Problem 

The definition of the problem is that the experience on shaft alignment and vibration measurement 

is available, but not yet transformed to a concept that can be utilized by the Asia service stations. 

The research will focus on the requirements for the implementation of the knowledge and expertise 

in the Asia service stations, starting with the BVI Shanghai Ltd. office 
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2 Business profiles 
 

In this chapter the business profile of the concerned parties is described. The reason for this is to give 

insight in the connection between each actor. This will also serve as a foundation for the actor 

analysis performed to define the demands and wishes for this project. 

All of the connections of the parties are visually represented in Figure 2-1: Business connections, 

visible here is that all three parties are part of SKF Marine with SKF BVI GmbH as a controlling 

structure for SKF Machine Support and BVI Shanghai Ltd. 

 

Figure 2-1: Business connections 

  



 
5 Business profiles 

2.1 SKF Blohm+Voss Industries GmbH1 
 

SKF BVI is the main investor for this project. SKF BVI has been acquired by the SKF Global concern in 

order to open the marine market for SKF products. 

SKF BVI is a worldwide renowned producer of ship parts producing: 

- Intermediate shaft bearings 

- Stern tube seals 

- Oily water separators 

- Stabilizers 

SKF BVI will be the main controlling office for all of the recently acquired business subsidiary in the 

field of marine products. Starting September 2015 SKF BVI and all marine subsidiaries will become 

part of the new business group SKF Marine. 

2.2 Blohm+Voss Industries Shanghai ltd.2 
 

Blohm+Voss Industries Shanghai ltd. (hereafter referred to as BVI Shanghai) is a subsidiary office for 

SKF BVI. The BVI Shanghai office operates as a service station for the Asia market. They are currently 

the largest service station in Asia performing over 500 service jobs yearly with a team of 17 field 

engineers. 

Their main activities consist of the repairing and commissioning of the SKF BVI products with a yearly 

account of nearly 200 stern tube seal services. 

Besides working as a service station for the SKF BVI products they also function as a service support 

hub for the Fuchs3 marine cranes and Hatecke4 life-boats. 

  

                                                           
1
 http://www.bv-industries.de/  

2
 http://bv-industries.com/company/locations/china.cfm  

3
 http://www.fuchs-cranes.de/en/  

4
 http://www.hatecke.de/  

http://www.bv-industries.de/
http://bv-industries.com/company/locations/china.cfm
http://www.fuchs-cranes.de/en/
http://www.hatecke.de/
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2.3 SKF Machine Support5 
 

SKF Machine Support is a specialized company on the field of drive train services, with their main 

field of expertise consisting of three topics: 

- Shaft alignment 

- Condition monitoring  

- On-site machining 

Having 30+ years’ experience in this service field they have acquired a large amount of knowledge 

and experience on these topics. Having a team of approximately 15 field engineers they currently 

offer their services all over the world. 

With the start of SKF marine they will become a service station to the likings of the BVI Shanghai 

office and will share the knowledge of the BVI field as well as the knowledge of the SKF group. 

2.4 SKF Marine6 
 

The SKF marine group is the future marine segment consisting of all the business offices with their 

main focal point on the marine segment. SKF BVI will become the controlling office for the business 

unit marine. 

With the official coupling under the SKF Marine business unit the former described companies will 

start sharing their knowledge and therefore expand the total offset market for their marine services 

and marine focused product. 

The process has currently been set in motion by the SKF BVI group by training engineers from all 

subsidiary offices in the field of sealing service etc. And the SKF Machine Support crew has started 

training some of the service engineers from the SKF BVI team in the field of shaft alignment. 

  

                                                           
5
 http://www.machinesupport.com/contact/ridderkerk.html  

6
 http://www.skf.com/group/industry-solutions/marine/index.html?alias=www.skf.com/marine  

http://www.machinesupport.com/contact/ridderkerk.html
http://www.skf.com/group/industry-solutions/marine/index.html?alias=www.skf.com/marine
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3 Demands and wishes 
 

Because we are dealing with a multiple actor project, it is important to map and analyse each actors 

influence on this project. The influence of each actor will support the definition of their demands and 

wishes and will give a better image of the variables that influence the implementation.   

3.1 Actor analysis 
 

Before executing the actor analysis a visual overview of all the actors has been created as is shown in 

Figure 3-1: Actor diagram. In this image each party influencing the eventual product/service is shown 

in respect to their actor group. 

 

Figure 3-1: Actor diagram 

The customers and executive offices are each describes as individual actors because they have 

differing influence on the project. The suppliers and registration office are defined as singular actors 

because their influence on the process is equal. 

After defining the different actors their position in the project has been defined using the actor 

analysis as shown in Table 3-1: Actor influence table. 
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Table 3-1: Actor influence table 

 

After stating all the actors and their position and role in this project their separate demands and 

wishes can be described. 

3.1.1 Executive office 

 

The executing offices are the main parties in this project; they request the research to be pursued 

and its outcome to be taken as an advice for the further progress. Because the different actors take 

different roles in the end product/project their individual demands are different. 

SKF BVI GmbH 

The SKF BVI GmbH office is the most influential actor in this project. Their role is that of the 

managing and controlling party; they are the ones who requested this research. 

Their demands and wishes for this project are the red line in the project as the project is executed in 

their request. 

Demands: 

- This project will provide a clear concept for the integration of the new service business 

- This project can be used to start the new project 

- This project provides a better insight in the capabilities of the actors involved 

- This project describes all necessities for the service to be executed 

Wishes: 

- This research will create a better understanding on the new service field 

- The project will lead to new opportunities in the current service market 

-  This research will provide better understanding of the shaft alignment and on site machining 

service market 

  

Leading Using
Provide work 

& resources
Execution + 0 - ? Indispensable Important Unimportant

SKF BVI GmbH x x x x

BVI Shanghai x x x x

SKF Machine Support x x x

New build shipyard x x x

Ship owner x x x

Repair shipyard x x x

Suppliers x x x

Registration offices x x x x

Actor

Role Attitude Contribution
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BVI Shanghai Ltd.  

BVI Shanghai will be the first service station to start catering the Asia service market with the new 

services. Therefore they will serve as a trial stage in order to see what the possibilities are and what 

the market value will be for this new service field. 

As they have the executive role in this project but no previous experience their demands and wishes 

are the following. 

Demands 

- A clear overview of the capabilities 

- A well-defined training and implementation plan 

- Defined theory and training material 

- Proper support structure 

Wishes 

- To become a self-supporting service station 

- To expand their capabilities and market 

- To expand knowledge 

 

SKF Machine support 

The role that SKF Machine support fills is the role of teaching and training support office. They have 

to provide in the training and sharing of knowledge as well as support for the fresh starting offices. 

They have the following demands and wishes. 

Demands: 

- To not lose their market or projects 

- To keep control of their knowledge 

- To use the tools they are familiar with 

Wishes 

- To have BVI Shanghai as a sales channel for their services 

- To improve and expand their market and  business 
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3.2 Customers 
 

A customer is defined as the beneficiary of the service. In the business case handled in this research 

this will always be the ship-owner. However the service can be performed in request of other parties 

with the end beneficiary being the ship owner. Therefore we define the customer as one of the 

following parties: 

- Repair shipyard 

- New-build shipyard 

- Fleet manager 

- Ship owner 

The customers have a very direct influence on the project. The main goal of offering any product is to 

cater to the needs of the customer. This is one of the driving factors for any research or investment 

in new products and services. 

Because of this the customer has a lot of influence on the eventual outcome of the research/ 

product. As their wishes and demands shape and affect the product. 

The customer defines the following parts of project: 

 Possible off set market 

 Installation size 

 Project potential 

Demands 

- Fast service 

- High quality service 

- Service on demand 

Wishes 

- Cheap service 

- Experienced service engineers 

The wishes and demands have been estimated at the start of the research, during the research the 

visits to the repair shipyards and multiple conversations with the general manager of the BVI 

Shanghai office have confirmed these expectations. 

  



 
11 Demands and wishes 

3.3 Suppliers 
 

The suppliers can be seen as one actor consisting of several stakeholders. The suppliers have 

influence on the project in the following fields: 

- Investment costs 

- Product support 

- Training and knowledge support 

The investments costs are directly affected by the investment price into the product bought by the 

suppliers. But besides the purchasing cost the training and knowledge transfer can also influence the 

investment costs. 

Because of this the initial investment costs are just as important as the support covered by the 

different suppliers. 

 

3.4 Registration/legislation offices 
 

The registration offices have a large influence on the execution and the desired results linked to the 

project. The registration offices have the influence to change requirements for currently sailing ships 

and new build ship in the following areas: 

 Maximum allowed vibrations 

 Maximum allowed misalignment 

 Required machinery checks 

 Allowed wear on support structures 

 Etc. 

Due to their influence on the legislation for the ship owners they can influence the offset market for 

this service. When the registration and legislation offices adjust requirements for the shipping 

industry it will not affect the working process. 

(Enserink, 2010) 
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4 Law and legislation 
 

Every large ship in the world has to be classified by a classification bureau. These bureau’s test the 

vessels according to several rules which are set by the IMO, Classification bureau’s and the national 

organisations for shipping law and legislation. 

As there are many classification offices it would mean a research on its own to check all of the laws 

and guidelines for the services. In this research the 4 most important classification bureaus have 

been used as a basis for the guidelines and laws for the three main service activities being: 

- DNV 

- Class NK 

- ABS 

- Lloyds register 

Additional references are made toward the rules set by the IMO and standards according to ISO as 

global organisations defining the requirements. 

4.1 Shaft alignment 
 

For the execution of shaft alignment of marine vessels there are nearly no documents or rules that 

state the process or the requirements. The reason for this is the fact that shaft alignment procedures 

differ extremely per vessel. The guidelines for the alignment are therefore usually defined on the 

basis of allowed vibration and noise in a vessel. 

Class NK and ABS have created guidelines for the execution of shaft alignment, in these guidelines it 

is assumed that the alignment is tested during the design phase.  With the goal to deliver service on 

existing ships the guidelines don’t fully apply to the executed services but still serve as an important 

reference. 

The guidelines are described in the following publications: 

- Class NK, June 2006, Guidelines on Shafting Alignment 

- American Bureau of Shipping, APRIL 2006 (Updated February 2014), Guidance Notes on 

Propulsion Shafting Alignment  

- DNV, July 2008, Rotating Machinery Power Transmission, Pt.4 Ch.4 Sec.1 – Page 20, F400 
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4.2 Vibration measurement 
 

On the field of vibration measurement and condition monitoring there are a substantial amount of 

rules and regulations. Each of these rules applies to a different part of the ship and thus are not 

relevant for all the services that are to be executed on the ship. 

Out of all the regulations the following are of interest for the services to be performed: 

- IMO, 19 November 1981, Resolution A 468 (XII) Code on Noise Levels on Board Ships 

- ISO, 05 December 1996, ISO 2923 acoustics – measurement of noise on board vessels 

- ISO, 15 December 2000, ISO 6954:2000 Mechanical vibration -- Guidelines for the 

measurement, reporting and evaluation of vibration with regard to habitability on passenger 

and merchant ships 

- ISO, 01 June 2014, ISO 10816: Mechanical vibration -- Evaluation of machine vibration by 

measurements on non-rotating parts 

- Class NK, July 2011, Noise and Vibration Guideline 

- Lloyds register, July 2006, Ship Vibration and Noise Guidance Notes 

- DNV, January 2011, Newbuilding Special equipment and systems – additional class Vibration 

class 

- ABS, April 2006 (Updated February 2014), Guidance notes on Ship vibration 

The abovementioned publications all describe the guidance notes and requirements for the vibration 

measurement. There are however separate publications for the field of condition measurement in 

the marine world some of the publications of interest for this field are: 

- Lloyds register, February 2010, Condition monitoring of marine machinery 

- DNV, October 2008, Guidance for Condition monitoring 

4.3 On site machining 
 

As on-site machining covers a vast amount of work procedures executed on board, there is no 

specific publication or rule prescribed for this type of service. When performing machining operation 

on board, it is important to have safety certified handling of equipment. 

In Germany this is described by the SCC and in the Netherlands a VCA is required for all the 

operations. Each country normally has its own safety instance controlling the risk management for 

machining operations. 

A standard reference point for the portable machining is to follow the ISO regulations. The various 

regulations can be found under: 

- ISO/TC 39 conditions. 

- ISO standards catalogue 25.080.01: Machine tools in general. 
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5 Service operations 
 

In this chapter the service operations are described. The description is based on the standard 

procedure that is followed when currently performing the services. The service operations are 

followed in chronological order to have a logical overview. 

Every step of this process is described and the requirements and methods will be described in each 

of the steps. 

5.1 Service request 
 

Every service project start with a service request by a customer, any of the three main services can 

be requested but usually the request is a combination of all capabilities. The root cause to request 

the services can come forth out of several situations off which the following are the most common: 

- New build situation  

- Drive train adjustment 

- Planned maintenance 

- Critical failure 

These situations are based on the description of situations as discussed with the SKF Machine 

Support team as well as the descriptions made in: 

 (K.H. Low, 2003) 

 (Piotrowski, 2007) 

In order to cover as much of the required methods and possibilities, planned maintenance will be the 

type of request described in the further service process. In this case an existing set-up shows signs of 

oncoming failure, or is scheduled to undergo standard maintenance. 

The request starts with a definition of the installed machinery and a situation description. Usually a 

blueprint of the ships machine room is sent providing with the necessary information. In some 

situations a blueprint is not available in those cases a standard form is filled in by the customer 

describing the situation.  

An example of this information is shown in Appendix D: Service data sheet. 
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5.2 Planning and modelling 
 

In order to plan a service job properly the actual situation and optimal situation for the installation 

has to be defined. The current situation will be modelled based on the information provided by the 

customer during the request. This information preferably consists of: 

- Ship blue print 

- Optimal situation (Design stage) 

- Component age and state 

- Complaints and current errors 

- Previous maintenance reports 

- Repair/ Service planning (Time in dry dock, anchorage etc.) 

With the use of this information a current state model is usually created by the back office support 

engineer. With the use of CAD software package an overview image can be created of the current 

situation. An example of such an image is shown in Figure 5-1: CAD situation model. 

 

Figure 5-1: CAD situation model (NK, 2006) 

When dealing with an emergency situation a quick sketch can be made by the field engineer using 

graph paper. However dealing with high tolerances a CAD situation is preferred.  
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After creating the current model showing each component in respect to one another the optimal 

situation will be modelled in order to set the goals for the field engineers. 

The goal of the service is to create a properly aligned drive train. Because a properly aligned drive 

train will give the least vibration and have the best running condition. However creating a properly 

aligned drive train on a ship is dependent on many variables of which the greatest variable is the hull 

deflection. 

The hull of a ship will deform and change shape under different conditions. A visual representation of 

this phenomenon is shown in Figure 5-2: Hull deflection. 

 

Figure 5-2: Hull deflection (Naval, 2015) 

In order to reach acceptable alignment in standard conditions the hull deflection is usually calculated 

during the design phase. And in many conditions the actual hull deflection is measured and recorded 

during the sea trial. 

However in many cases this information is not provided by the customer and therefore these values 

have to be defined by the back office engineer. In order to create this data a FEM (Finite Element 

Method) software package is used to model the hull deflection based on the technical data. An 

example of such software is the SKF owned Shaft designer or the ABS hull inspection software. 
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With the use of this software the vertical and horizontal movement of the drive train components 

can be modelled and recorded. 

With the use of the SKF Shaft designer software more variables can be modelled in order to provide 

with a full alignment plan this software can model: 

- Hull deflection 

- Thermal growth 

- Shaft deflection 

- Shaft whirling 

When the required data is prepared an alignment plan is provided to the field engineer. An example 

of an alignment plan is shown in Figure 5-3: Alignment plan. 

 

Figure 5-3: Alignment plan (ABS, GUIDANCE NOTES ON PROPULSION SHAFTING ALIGNMENT, 2006) 

In this plan each node shown on the graph is a component, where the red line represents the shaft 

line, the green line the reference line for the foundation, the blue line the hull deflection influence 

and the green beams represent the required movements to have the best support for the shaft. 

With such an alignment plan the required gap and sag values for the offline alignment can be defined 

and the service can be performed resulting in proper alignment. 

(NK, 2006) (Piotrowski, 2007) (K.H. Low, 2003) 
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5.3 Work preparation 
 

Before actually performing the service the field engineer has to assess the situation on board. This 

has to be done in order to ensure a good starting position resulting in the most precise 

measurements and efficient work flow. To ensure a proper starting situation the engineer performs 

the following checks: 

- Situation check 

- Component check 

- Run-out check 

- Shaft deflection check 

- Foundation and base plate check 

5.3.1 Situation check 

 

When arriving at the location a first situation check is of high importance not only to check whether 

or not the previously described situation is correct but also to check if the ship is in laden condition 

or empty and if the ship is currently bunkering etcetera. 

Then when the ships situation is familiar, the engineer will have to assess the situation on board 

measuring the distance between the components and referencing this with the alignment plan. Due 

to the fact that after several years in use the ships components tend to be altered and installations 

changed a new situation sketch might be required and the alignment plan has to be altered to the 

actual situation. 

If anything in the installation has changed a new situation sketch will be made and the optimal 

alignment will have to be calculated again using the FEM software package. 

(This process is based on standard procedures as performed by the SKF Machine Support team. 

References can be requested in the form of the work instructions at SKF Machine Support) 

5.3.2 Component check 

 

The components themselves can cause many problems both on the alignment and the vibration 

levels of the machinery which will be discussed in later chapters. In order to perform an effective 

measurement all possible deviations have to be found and taken in account. 

When checking the components it is important to check for signs of excessive wear due to vibration 

or wrong operations. Such as leaking seals, tears in component housings, cracked welds or worn out 

bolt holes. 

All these sign are to be noted and reported to the superintendent, and preferably resolved before 

the actual alignment job. 

(Piotrowski, 2007)  
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5.3.3 Run-out check 

 

When dealing with shafts and flanges the field engineer is dealing with seemingly round objects that 

have a centre of rotation. However it can never be assumed that the round objects are actually 

perfectly circular. Due to several factors a flange or shaft can in fact be slightly asymmetrical a 

phenomenon than will cause false measurements. 

The definition of shaft run out defines this phenomenon: 

 

Before starting the actual measurement the run-out of the shaft, flange or coupling has to measured 

and noted. And if possible the run-out situation has to be fixed before performing the actual 

alignment procedure. 

The shaft run out is measured using dial gauges in a setup as is shown in Figure 5-4: Run-out 

measurement set up. In Figure 5-5: Visual representation of run-out a theoretical measurement of 

run-out is shown. 

 

Figure 5-4: Run-out measurement set up 

 

Figure 5-5: Visual representation of run-out 

(Piotrowski, 2007) (Riddle, 2013)   

“Run out is defined as the degree to which a shaft or coupling deviates from the true circular rotation” 

(Riddle, 2013) 
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5.3.4 Shaft deflection check 

 

When dealing with longer shaft lines, the shaft is influenced by gravity, which causes the shaft to 

bend. Due to this phenomenon the measured alignment could deviate from the actual occurring 

alignment. In order to measure the shaft deflection a similar method is used as is used when run-out 

is measured. 

One measures shaft deflection by measuring the run out on several points over the length of the 

shaft as is shown in Figure 5-6: Shaft deflection measurement. 

  

Figure 5-6: Shaft deflection measurement 

Only by measuring the run-out on several points over the length of the shaft the actual deflection can 

be measured in Figure 5-6: Shaft deflection measurement several shaft deflections are shown each 

with a different outcome in the actual alignment measurement. 

It is important to note the shaft deflection in order to adjust the alignment plan to these deviations. 

(ABS, GUIDANCE NOTES ON PROPULSION SHAFTING ALIGNMENT, 2006) (Piotrowski, 2007)  
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5.3.5 Foundation and base plate check 

 

The foundation and base plates can have a large effect on the components. When dealing with so 

called soft-foot the machine has a foundation that is not fully connected to the supporting structure. 

Soft foot is the cause of excessive stresses, vibration and misalignment in drive trains. 

When starting the alignment it is important to check whether the components foundations show no 

signs of corrosion. A flatness measurement is recommended in order to ensure a straight fully 

supportive foundation. 

 

Figure 5-7: Soft foot (Case, 2010) 

 

The soft foot has to be taken in account when chocking the component especially in the case of 

angular soft foot in which case the chock has to be adjusted to the angle of the soft foot. An example 

of both types of soft foot is shown in Figure 5-7: Soft foot. 

(Piotrowski, 2007) (Case, 2010) 
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5.4 Vibration monitoring 
 

“Vibration monitoring involves the acquisition of vibration data which can then be compared over a 

period of time” (LR, 2013) 

Vibration measurement is a preferred and proven method for finding mechanical for rotating 

equipment. With the use of vibration analysis and the search for common vibration signatures a lot 

of root causes for machinery failure can be recognized and resolved. 

It is also possible to identify shaft misalignment without interrupting the ships normal operation with 

the use of vibration analysis. This makes it a great tool in order to support the shaft alignment 

service.  

The vibration measurement is mostly part of a CBM approach and is therefore not part of the regular 

service process. It is however a great tool to be used, and assists in offering a complete service to the 

market.  

There are several solutions for measurement of vibrations, the most important being: 

- Permanently installed systems 

- Semi-permanent systems 

- Portable monitoring systems. 

For this project only the portable monitoring is covered, due to the fact that the other measurement 

options are not to be performed by a field engineer. 

(LR, 2013) 

5.4.1 Measurement process 

 

The vibration is measured with the use of accelerometers combined with portable analysing 

equipment. Measurements are performed on the supporting structures of the drive train. The 

accelerometers can either be connected to the components with the use of a magnetic base or they 

can be connected with the use of special connection points. The accelerometers output can be 

processed to provide with the acceleration, vibration and displacement of the vibrating component. 

This makes them ideal for the analysing process of vibrations 

There is also the possibility to measure the vibration with the use of non-contacting proximity probes 

these come in handy when the measurement points are hard to reach. They can however only 

measures the relative displacement between the rotating and non-rotating elements of the machine.  

The actual process of placing the vibration sensors and performing the measurement is described in 

Appendix A: Work instructions. 

(LR, 2013)  
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Requirements 

 The requirements for this type of measurement consist of: 

- Accelerometers 

- Signal converter 

- Analysing software(Optional but recommended) 

- Portable vibration analyser 

There are enormous amounts of suppliers of accelerometers, signal converters, software and 

vibration analysers on the market. SKF is one of the world leaders in this equipment and being part of 

the SKF concern it would be logical to use this equipment. 

Prüftechnik offers a competing range of vibration analysis equipment and might serve as an 

alternative to the vibration measurement equipment. 

 

 

Figure 5-8: Vibration measurement (Staykov, Accelerometer mounting, 2014) 
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5.4.2 Measurement analysis 

 

The analysis of vibrations and vibrations is a wide field of expertise and has been subject of research 

for many years. The offering of vibration analysis is on its own an entire service field to the industrial 

and marine market. 

In this project the vibration analysis serves a support function therefore only the recognition of  

certain vibrations as an effect of misalignment are described. A common misconception of vibration 

caused by misalignment is that the vibration increases due to the misalignment. This however is not 

always the case normally the signature of the vibration changes but the vibration level itself does not 

increase. 

The vibrations are measured as is described in Paragraph 5.4.1 these measurements are to be 

transformed into a format that can be analysed. A standard format for this is the Fast Fourier 

Transform (FFT) in this format the amplitude is set out to the vibration frequency. With the 

amplitude of the higher order frequencies can be analysed. A theoretical example of the Fourier 

transform is shown in Figure 5-9: Fourier transforms. 

 

Figure 5-9: Fourier transforms  (Cornelios Scheffer, 2004) 

(LR, 2013) (Cornelios Scheffer, 2004) 
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When a theoretically perfect situation occurs the vibration signature would display only the 

fundamental frequency of the driving component. To translate this to the real life situation when a 

drive train is driven by a diesel engine running at 600 RPM, a perfectly aligned and constructed drive 

train would show a vibration of 600 Hz with small amplitude. Such a perfect situation is depicted in 

Figure 5-10: Vibration signature ideal. 

 

 

Figure 5-10: Vibration signature ideal (Piotrowski, 2007) 

 

When dealing with misaligned shafts the forces acting on the shaft force the shaft to bend. As an 

effect the amounts of nodal points on the shaft increase due to the bending. When the amount of 

nodal points increase the frequency is amplified, this result in a vibration signature as shown in 

Figure 5-11: Vibration signature misaligned. 

 

Figure 5-11: Vibration signature misaligned (Piotrowski, 2007) 
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With this knowledge the analysis of vibration signatures can be used to identify misaligned 

machinery. When searching for misaligned situations the vibration signature would show increased 

amplitude on the higher harmonic frequencies. The heightened amplitudes are a result of resonation 

of the components and surroundings 

The previously depicted signatures are theoretical approximations of real life vibrations. The 

vibration signatures of real life measurements often show more white noise and are set out over 

time. This makes the analysis somewhat more difficult, but as is shown in Figure 5-12: Real life 

vibration signature the higher harmonics are clearly visible and the white noise is rather limited. 

 

Figure 5-12: Real life vibration signature (Cornelios Scheffer, 2004) 

Lloyds register has released a standard table in which the typical interpretations of causes for 

vibration levels are listed. This interpretation tool is a good method of analysing the occurring 

vibrations. This table is shown in Table 5-1: Vibration interpretation. 

(Cornelios Scheffer, 2004) (Lei Shi*, 2010) (LR, 2013) 
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Table 5-1: Vibration interpretation (LR, 2013) 
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5.5 Bearing load measurement 
 

The loads on and reactions forces of the bearings are good indications for many machinery 

conditions. High loads on bearings can be an indication of improperly installed shafts and misaligned 

components. The standard for measuring the bearing loads is to perform a bearing reaction 

measurement with the jack-up method. 

The jack-up method basically means that the shaft is lifted from the bearing. Considering the basic 

laws of physics the required force to lift the shaft out of the bearing is equal to the force that the 

shaft exerts on the bearing. 

In reality the situations are often not as simple as more forces come into play such as the suction 

force of the used oil film between the bearing and shaft, or the amount of force that shaft will take 

up due to bending.  

Process 

The process of measuring the bearing load is basically setting up the hydraulic jack as near to the 

bearing as possible. With the use of a load cell or calculation table that converts the hydraulic 

pressure to force, the amount of force exerted to lift the shaft is measured. 

This force is set out to the vertical movement of the shaft, this results in a so called Jack-up curve as 

is shown in Figure 5-13: Jack-up curve. 

 

Figure 5-13: Jack-up curve (ABS, GUIDANCE NOTES ON PROPULSION SHAFTING ALIGNMENT, 2006) 

  



 
29 Service operations 

With the use of such a Jack-up curve the forces acting on the bearing can be calculated and analysed. 

Another option is to use strain gauges in order to measure the bending moments of the shaft near 

each bearing. The bending moment is measured during each point of rotation of the shaft. These 

forces can then be transformed to the bearing loads with the use of analysing software. 

The shaft designer software is capable of analysing and processing these loads. 

Requirements 

The requirements to perform a bearing load test are: 

- Hydraulic jack (at least 50t capacity) 

- Load cell 

- Strain gauge set 

- Analysing software (Not required but recommended) 

  

(ABS, GUIDANCE NOTES ON PROPULSION SHAFTING ALIGNMENT, 2006) (Murawski, 2005) 

(Piotrowski, 2007) (NK, 2006) 
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5.6 Measuring the alignment 
 

When a proper starting point is ensured by performing all the on-site checks the actual measurement 

of the alignment can be performed. There are several methods to perform alignment measurements 

which will all be described in this chapter. 

In this report a basic description of the methods will be made, the actual processes are described in 

Appendix A. 

The measurement of the shaft alignment is in fact the comparison of the centrelines of rotation of 

both shaft components. The proper definition of shaft alignment is: 

“SHAFT ALIGNMENT IS THE PROCESS WHEREBY TWO OR MORE MACHINES ARE 

POSITIONED SUCH THAT AT THE POINT OF POWER TRANSFER FROM ONE SHAFT TO 

ANOTHER, THE AXES OF ROTATION ARE COLINEAR IN NORMAL RUNNING 

CONDITIONS” (Piotrowski, 2007) 

The shaft alignment is measured using several techniques all differing in execution and outcome. The 

method used is chosen depending on de situation and on the required tolerance.  

The following methods are the most common, sorted from least precise to most precise 

measurement. 

 Sight through measurement 

 Feeler gauge measurement 

 Dial gauge measurement 

 Laser measurement 

Each of these techniques has a different process and all have different requirements and outcomes. 

Which will be described in the following paragraphs. 

(Piotrowski, 2007) 
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5.6.1 Sight through measurement 

 

The sight through measurement is performed by defining the centrelines of rotation of the beginning 

of the component line and the ending of the component line. In this case this means that a straight 

line is being defined between the engine and the stern tube. The straight line can be made using 

several methods. 

In short lines a piano wire or other wire type is tensioned between the two components in order to 

indicate the centre line. In longer set ups however a laser is normally used to indicate the centreline 

as a laser has no influence by gravity and will not sag over longer distance. 

Each component will be placed with its consecutive centreline of rotation concentric to the straight 

line. Using this method each component can be placed within range of perfect alignment.  

Pros 

- Quick method 

- Low labour intensity 

Cons 

- Low accuracy 

- Only new building or retrofit situation 

 

Process 

The process of performing a sight through measurement is started by defining the centreline of the 

stationary component. In the case of marine vessels the stern tube will be the stationary component. 

The laser will be placed in the centre of the stern tube projecting a straight line towards the main 

engine. This line will act as the reference line to align the components to. This reference line has 

been described earlier in the chapter planning and is shown in Figure 5-3: Alignment plan. 

Requirements 

For this method the shaft should not be installed therefore this method is only useful when dealing 

with new built situations or complete overhauls.  

In order to perform this method of alignment the following equipment is needed: 

- Laser transmitter 

- Laser receiver 

- Centreline bracket 

These can be bought separately, or the transmitter and receiver from the laser alignment set (As 

described in Appendix F) can be used in order to perform this method. 

(LR, 2013) (Piotrowski, 2007) (NK, 2006)  
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5.6.2 Feeler gauge method 

 

Using the feeler gauge method to measure the shaft alignment is normally used as a method to make 

rough alignment. This is not a useful method of performing the end alignment but essential in 

preparation for alignment. With the feeler gauge alignment the components can be placed in 

positions close to the alignment, thus checking if the required machine movements are possible. 

Feeler gauge alignment is also good for use in situations where accuracy is not of highest priority and 

minor misalignment is allowed. Usually this method is used when flexible couplings are used or in 

case of cardan drives as these types of coupling have a greater tolerance and can disperse more 

force. 

Pros 

- Quick 

- Low labour intensity 

- Minor knowledge required 

- Works in small spaces 

- Low costs 

Cons 

- Low accuracy 

- Human error 

- Coupling alignment/not shaft alignment 

 

Process 

The process of measuring the alignment with the feeler gauges is 

to place the feeler gauges on top or between the coupling flanges 

in order to measure the distance between the flanges. A visual 

representation of this method is shown in Figure 5-14: Feeler 

gauge measurement. 

Requirements 

For this method of measurement only a set of feeler gauges is 

required. 

(Piotrowski, 2007) 

  

Figure 5-14: Feeler gauge measurement 
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5.6.3 Dial gauge method 

 

The dial gauge method is the method that is widely used for shaft alignment, most alignment jobs 

are still performed using this method. This method will correctly measure the differential in axial and 

radial direction of the shaft components. 

Using some calculations the GAP and SAG of the shaft can be defined and with the proper training 

and experience the required adjustments can be calculated and executed. 

Even though this method is widely practiced common, the execution requires a lot of knowledge and 

experience.  

Pros 

- High accuracy 

- Cheap material 

- Light weight tools 

Cons 

- Time consuming 

- Requires extensive experience 

- Requires intelligence (Relatively speaking) 

Process 

There are multiple methods of performing alignment measurement with dial gauges. Each of the 

methods applies to a different situation and with different calculation methods. 

The reverse indicator is the most performed method of alignment as it provides both the angular as 

well as the parallel misalignment. Therefore the process of performing a face rim measurement is 

described. The dial gauges are to be installed as is shown in Figure 5-15: Reverse indicator 

measurement.  

 

Figure 5-15: Reverse indicator measurement (Piotrowski, 2007) 

The shafts are then to be rotated with 90° increments. At each increment the measurements are 

noted. With the use of the following calculations the alignment can be calculated.  
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VO = (S6-S0+SS)/2-(S6-S0+SS+M6-M0-MS)C/2D 

VA = (S6-S0+SS+M6-M0-MS)/2D 

HO = (S9-S3+SS)/2-(S9-S3+SS+M9-M3-MS)C/2D 

HA = (S9-S3+SS+M9-M3-MS)/2D 

 

Where: 
   VO Vertical offset M0 Right rim reading at 12 o'clock 

VA Vertical angle M3 Right rim reading at 3 o' clock 

HO Horizontal offset M6 Right rim reading at 6 o'clock 

HA Horizontal angle M9 Right rim reading at 9 o'clock 

S0 
Left rim reading at 12 
o'clock D Distance between left and right dial gauges 

S3 Left rim reading at 3 o' clock C Distance between left dial gauge and coupling center 

S6 Left rim reading at 6 o'clock SS Sag of left rim indicator 

S9 Left rim reading at 9 o'clock MS Sag of right rim indicator 
 

Requirements 

For the dial gauge methods the following tools are required: 

- 2 dial gauges 

- 2 shaft brackets 

- Set of mounting rods 

 

(Piotrowski, 2007) (K.H. Low, 2003) (Prüftechnik, 2002)  
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5.6.4 Laser measurement 

 

Laser measurement is a refined measurement method that has been based mostly on the dial gauge 

method. By rotating the shaft and measuring the differentials a linked computer performs the 

required calculations for the adjustments. 

The laser method is the most user friendly method and requires the least training due to the easy 

GUI and the calculations performed by the computer. 

Pros 

- Fast method 

- Highly accurate 

- Immediate adjustment plan 

- Efficient 

Cons 

- High cost 

Process 

The laser alignment kit consist two laser transmitter/receivers one for the stationary machine and 

one for the moveable machine. With the more advanced kits the laser transmitter/receivers are 

equipped with Bluetooth but usually the connection is made with cables. 

The two laser units are placed on the shaft as is shown in Figure 5-16: Laser alignment set-up. 

 

Figure 5-16: Laser alignment set-up 

The shafts are then rotated while the laser units perform the measurement. This measurement is 

sent directly to the analysing computer. 
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The computer immediately analyses the alignment and shows the current alignment state in angular 

and axial misalignment. It also has the option to show the needed adjustments immediately. 

An example of such a measurement is shown in Figure 5-17: Digital measurement. 

 

Figure 5-17: Digital measurement 

Requirements 

All that is needed for this type of measurement is a laser alignment tool kit. 

The laser alignment toolkits come in complete packages ranging from very simple systems to fully 

stocked kits with alignment, vibration and geometrical measurement capabilities. 

Some examples of such alignment kits are: 

- Fixturlaser NXA 

- Prüftechnik Rotalign 

- SKF TKSA 

A detailed description of these alignment sets can be found in Appendix F. 

(Fixturlaser, 2014 (5th edition))  
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5.7 Correcting the alignment 
 

When misalignment is measured using one of the described methods in paragraph 5.6, the next step 

is to correct the misalignment. In most cases an alignment goal is described before the service is 

executed. 

In some cases however the amount of data presented is insufficient to prepare an alignment plan 

and the alignment has to be executed with the use of theoretical approximations for correct 

alignment. When encountering a liking situation it is important to execute the measurement and 

correction in conditions as close as possible to the standard operational situation. 

With the use of the graph as shown in Figure 5-18: Alignment graph an approximation of the 

required alignment can be made. 

 

Figure 5-18: Alignment graph (Piotrowski, 2007) 
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5.7.1 Moving the machinery 

 

The rule of thumb is to align the machinery starting with the stationary machinery and adjusting the 

movable components to align to the centreline of rotation of the stationary machinery. 

When translating this rule of thumb to the marine situation one usually aligns from the motor to the 

stern tube, starting off course with aligning the motor to the stern tube. Normally the motor is 

already aligned to the stern tube starting from the new built situation.  

When moving the machinery one must resolve two types of alignment the angular alignment and the 

axial alignment. Both require different actions and executions. Resolving the axial misalignment is 

the easier part resolving the angular misalignment is usually more difficult to execute due to the fact 

it requires more spatial awareness. 

Process 

In order to move the machinery it has to be lifted from its foundation. In most cases the machinery is 

already places on chocks from the first installation, these have to be removed and cleared before 

proceeding. 

The lifting of the machinery is normally done with the use of on board cranes or with the use of 

hydraulic jacks. In the case of these service jobs the hydraulic jacks are favoured because the 

machinery can be moved on all support points with better precision than with the use of the crane. 

The hydraulic jacks system consists of multiple jacks powered by a hydraulic controller which 

disperses the pressure to the right jack in order to lift or lower the component at the respective 

support point. 

After the component is placed in the right position the support bolts, or chocks are placed under the 

support feet of the component and the lifting equipment is removed from the machinery.  
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Axial adjustment 

When adjusting the components axial alignment the entire machine is moved along the horizontal or 

vertical axis in order to adjust the alignment. A visual representation of these movements is shown in 

Figure 5-19: Machine movement. 

 

Figure 5-19: Machine movement (Piotrowski, 2007) 

 

 

Angular adjustment 

When adjusting angular misalignment one has to adjust the component around a chosen pivot point. 

One of the bolts connections to the foundation can be used as a pivot point in order to adjust the 

horizontal angle. And the vertical angle is adjusted by adjusting the height on only one side of the 

machine. A visual representation of these movements is shown inFigure 5-19: Machine movement . 

Requirements 

For the adjustment of the machinery the only requirement is proper lifting equipment to move the 

machinery. Usually the following equipment would suffice: 

- 6 hydraulic jacks (4 would suffice 6 are recommended) 

- Hydraulic pump + controller 

- Component supports 
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5.7.2 Re-measuring and chocking 

 

After the alignment situation has been corrected according to the correction plan the alignment 

should be re-measured as described in paragraph 5.6 in accordance to the appropriate procedure. 

When the alignment is found to be within tolerance, the machinery is to be fixed into place. There 

are several products and methods used to chock the machinery some of which are: 

- Steel blocks 

- Shims 

- Concrete(Not used in the marine world) 

- Epoxy grout 

- SKF Vibracon 

In order to be able to cater the market with quick and responsive service it is recommended to have 

a small stock of steel shims and epoxy grout. The Vibracon can be ordered for the planned jobs as it 

can save a lot of time because of the easy adjustment. 

When the component is chocked either proceed to the following component following the previous 

defined steps or finish up the alignment correction. And clear the machinery for operation. 

(Appendix A) (Piotrowski, 2007)  
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5.8 On-site machining 
 

In many the cases the service jobs performed require an adjustment of the components or other 

parts in order to reach proper alignment. It is also possible that parts have become damaged due to 

the improper working conditions and heightened vibration levels. In these cases the on-site 

machining tools and capabilities are used to perform these adjustments without having to move or 

extract the components. 

The main required on-site machining operations consist of: 

- Line boring 

- Flange facing 

- Milling 

There are many more operations that can be performed with portable machinery, these four 

however cover most of the needs in order to provide a service package needed in this field. 

(As based on the service jobs that are currently being performed) 

5.8.1 Line boring   

 

With the use of line boring equipment the inner diameter of any metal part can be machined. The 

main use for this method of machining is the machining of consecutive holes making them exactly 

concentric for example machining the holes for the rudder shaft to make them aligned and 

concentric. 

Another possibility is to us the line boring bore out a worn circular part in order to fit in a 

replacement bushing or perform other repair operations requiring the increase in bore size. It is also 

possible to use the line boring equipment to weld on a new layer of material instead of placing a 

bushing; this is more suitable for quick fixes for tailor made solutions. 

The final possibility is to us the line boring equipment to perform surface treatment, when pitting 

corrosion etc. forms on the inner diameter of parts, the line boring equipment can be used to 

smoothen the surface with the use of grinding equipment.

 

Figure 5-20: Line boring equipment (Redd, 2010) 
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5.8.2 Flange facing 

 

Flange facing equipment is mainly used to machine the flanges in order to create a flat surface that 

will connect seamless to the connecting flange. Having flat flanges is highly important in order to 

prevent angular run-out on the shaft connection. When the shaft connection is not fully straight and 

an angular misalignment is caused by run-out, a proper alignment cannot be reached. 

The main use for flange facing is to machine connection point in order to provide a fully seamless fit; 

this is off high importance with closing connections between the water and the vessels bilge. The seal 

covers of the stern tube seals have to be equally seamless in order to keep the lubricating oil in the 

system and prevent it from leaking into the environment. 

 

Figure 5-21: Flange facing equipment (SKF, 2013) 
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5.8.3 Milling 

 

The used milling equipment for on-site machining is basically the same as regular milling equipment 

with the main difference being the flexible and modular set-up. The equipment can be set up and 

used in basically any space and situation in order to perform basic milling operations. 

The milling is often used in order to create perfectly flat surfaces to support the components on. 

Another application for the milling would be the machining of steel block chocks on site. This creates 

the opportunity to make quick adjustments to existing machinery foundations. 

 

Figure 5-22: Portable mill (Safetech, 2015) 

5.8.4 Other applications 

 

Besides these large machining operations the following support capabilities are also part of the 

machining and support package offered in the service portfolio: 

- Drilling 

- Bolt tensioning (Hydraulic bolt tensioning) 

These applications are not specific to any of the services provided but are however normal part of 

the on-site machining jobs and therefore worth mentioning. 

Each of these methods is specifically adjusted for the marine market and required application for 

example the drilling equipment is capable of drilling holes up to 100mm requiring heavy and 

powerful equipment. The same goes for the hydraulic bolt tensioning, with bolts exceeding 

diameters of  85 mm and required torques of 145 Nm and higher the demand off the equipment is 

higher than regular applications.  
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5.8.5 Requirements 

 

The required tools and knowledge to offer the on-site machining options is dependent on the 

situations in which the tools will be used and what is required of the tools. 

In order to figure out which tools are required, an analysis of the performed seal services in shanghai 

has been conducted. Out of this research came forth that the minimum seal size and therefore shaft 

size serviced has been one of 400 mm the largest seal size is one of 1000 mm. the most common size 

is that of 500mm. 

This means that for the circular machining tools the range has to go between 400 and 1000 mm but 

in order to perform most of the jobs a machine capable of machining 500mm would be sufficient. 

For the line boring equipment this means that the following tools would suffice: 

- Climax bb5000 

- Climax bb6100 

- Hydratight 8200 

For the flange facing equipment: 

- Climax ff5000 

- Climax ff6300 

- Hydratight MM1000i 

For the milling: 

- Climax PM4200 

- Hydratight portable mill 

Extended information on the equipment can be found in Appendix G. 
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5.9 Additional services 
 

Besides the main service offered in the form of the drive train maintenance, SKF machine support 

currently offers several extra services. These services have been added as a support for the 

alignment and CM service.  

These services are: 

- 3d measurement 

- Foundation calculation 

- Geometric measurement 

5.9.1 3d measurement 

 

The 3d measurement is performed with a 3d laser scanner; this machine uses specific reference 

points and a laser to create a 3d image of a space. This technique is often used to create an image of 

the ship engine room of another important space. 

With the use of the acquired data in the form of a 3d image, a research can be done to several topics. 

But the main research is the checking of the space for new components or to check the current 

spacing between components in order to create an alignment model. 

It can also be used to measure the hull deflection in different situation which is a great support for 

the alignment service. 

5.9.2 Foundation calculation 

 

Because of their extensive experience and knowledge on machine foundation, SKF Machine Support 

acts as a consulting partner on machine foundation. 

With the use of proven calculation models they calculate the required tightening of the bolts and 

projected compression of the chocks due to the acting forces. With this data a shipyard can service 

the machines foundation. Or a design for the foundation can be made. 
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5.9.3 Geometrical measurement 

 

The geometrical measurement is a service that is part of the capabilities of the laser alignment 

system. With the use of special attachments the following geometrical measurements can be 

performed: 

- Flatness 

- Concentricity 

- Parallelism 

- Distance  

- Angle 

With the use of these measurements a lot of data can be acquired on the machines operational 

environment. When the operational environment is improved the aligned and serviced situation will 

be preserved longer and the services will be easier to execute. 

5.9.4 Requirements 

 

For these additional services the main requirement is knowledge on the situations. As they come as a 

support for the main service they have to be utilized in the proper manner, elsewise they become an 

unnecessary investment. 

For the geometrical measurements and 3d measurements the following tools are required: 

- Sokkia 3d scanner 

- Fixturlaser NXA Ultimate or, 

- Prüftechnik Optalign advanced 

The investment costs for these types of equipment are high and therefore recommended for when 

they are specifically required or can improve the quality of the offered service. 
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6 Market research 
 

In order to offer the right method for the implementation of the new service activities it is important 

to adjust the advice toward the current and potential market. As described in the demands and 

wishes the customer has a significant influence on the eventual product/service. 

In order to create an image of the market the following has been researched: 

- Current customer/market 

- Potential market 

- Competition 

- Potential partner 

Each of the subjects has been researched during the 2 months in Shanghai, and is mainly based on 

the experience during the service jobs as well as the experience of the local colleagues. 

6.1 Current market 
 

BVI Shanghai is a service station as has been described earlier. It is of importance to analyse their 

current market in order to create a fitting solution to start offering the new services to the market. 

The BVI Shanghai office currently offers the following services to the market: 

- New build sealing (installation + commissioning) 

- Sealing repair/service 

- OWS commissioning 

- Fuchs cranes (commissioning + repair) 

- Hatecke life boat service 

The percentage of yearly job per service is shown in Figure 6-1: Service spread diagram. 

 

Figure 6-1: Service spread diagram 
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6.2 Potential market 
 

In order to research the potential market visits to the biggest repair shipyards have been planned 

and several service jobs have been attended. These visits are described in Appendix C. 

During the visits to the repair shipyards it became clear that alignment, condition monitoring and on 

site machining isn’t part of the regular businesses performed during repair services. With an 

approximated maximum of 15 to 20 liking service jobs performed yearly the current market for these 

types of service is rather limited. All the services are currently performed on request of the ship 

owner and are not part of the regular overhaul job such as the seal repair business. 

Knowing that the repair shipyards do not perform these services nor get requests for it, it can be 

concluded that the services have to be sold directly to the ship owner. This is where the current 

customers become important for the implementation and potential market. 

Currently the following 15 companies are the biggest customers for BVI Shanghai: 

1 Hapag-lloyd AG 

2 CMA Ships 

3 Clipper fleet management A/S 

4 MISC BERHAD 

5 MSC Shipmanagement ltd 

6 Norddeutsche reederei H schuldt GmbH 

7 Offen reederei 

8 Peter Doehle schiffarts KG 

9 Reederei Nord GmbH 

10 Onetech Services 

11 Thome Sip management Pte 

12 V. Ships 

13 F.H. Bertling Reederei GmbH 

14 Columbus ship management 

15 Hyundai heavy industries 

Each of the current customers either owns a fleet of ships or has responsibility on the maintenance 

of a fleet. Having a combined total of over 1000 ships under their responsibility the potential of 

selling the services to one of these companies is rather high. 

The optimal situation for the new market is when a full service contract is formed with the current 

customers. This ensures a constant amount of service requests. 

 

More information on the market research can be found in Appendix C. 
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6.3 Competition 
 

The current competition is small but consists of firmly represented companies in the service market. 

The two main competing companies are: 

- Wärtsilä 

- Goltens 

Both offer full service and maintenance services to the market and research has shown that they are 

the most renowned companies in the field of on-site machining, shaft alignment and condition 

monitoring. Besides these companies some local companies, Prüftechnik and metal machines also 

offer some competition these companies however do not have significant influence on the BVI/SKF 

marine market. 

Wärtsilä 

Wärtsila is a company that forms a direct competitive position for both the BVI and SKF marine 

companies as they offer both the same products and services with the same target customers. They 

currently have a service contract with the HRDD shipyard which means they get first choice on 

service jobs performed in the HRDD shipyard. 

Even though they have a firm position in the market they have only one alignment service mechanic 

working in the Shanghai region. This can be interpreted in some ways off which the following are 

most likely: 

 There are little to none service jobs to be performed 

 Their goal is to offer service mainly for their product, offering this service as a secondary 

option 

 The service is performed by mechanics from elsewhere 

(Appendix C)( (Wärtsilä, 2015) 

Goltens 

Goltens us a company offering services on diesel engines and drivetrain for the worldwide marine 

market. They have service stations all over the world and are internationally renowned for their 

services. They offer many types of support and solutions that are alike to the services offered by SKF 

Machine Support. 

Their workforce based in Shanghai consists of 5 engineers which is a rather small group, but as they 

are represented by small local crews all over the world they cater a big market which makes them 

market leader in this field of service. 

(Appendix C) (Goltens, 2014)  



 
50 Bachelor thesis: Implementation concept new services 

6.4 Potential partner 
 

A partner with knowledge and experience in the local market could be a fast method of 

implementation of the new services. This research however was quickly concluded as the local 

companies where not fully known to the colleagues of the BVI Shanghai office. 

A possibility could be to form a partnership like Wärtsila and HRDD have formed, this would mean 

setting up a contract with a repair shipyard in order to receive all requests for the corresponding 

service possibilities and therefore expanding the market. 

A potential partner would be CSIS for they have their own shipping fleet, and they offer repair 

services to a lot of ship owners. With an approximated amount of 300 ships in repair yearly of which 

approximately 180 ships require repair jobs on the drive train the potential market could be 

increased by offering a condition check as an option. 

(Appendix B/C) 
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7 Concepts 
 

Two concepts have been made for the implementation. Each of them with a different starting point 

and each constructed from a different philosophy. The main concept is constructed as a direct 

solution to implement all service fields and the alternative concept constructed towards the BVI 

Shanghai office capabilities. 

The idea for the implementation construction has been formed with the use of several meetings and 

dialogues with the general manager of BVI Shanghai. Besides these dialogues the opinion SKF 

Machine Support has discussed on this matter has been taken in account. 

As a disclaimer for the concepts counts that the market research has not given an unambiguous 

answer for how many jobs may be performed. Thus all of the time estimates are made based on the 

approximations of the market by the sales team of BVI Shanghai. 
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7.1 Main concept 
 

The main concept for the implementation of 

the new service applications is based on the 

research performed in the BVI Shanghai Ltd. 

office. For the main concept the current 

knowledge of the BVI Shanghai personnel and 

the current offset market have been analysed 

Using the knowledge acquired during the 

research on shaft alignment, vibration 

measurement and on-site machining an 

implementation plan is created.  

Due to the fact that the Shanghai office has 

zero to none knowledge on any of the three 

main service applications (General Manager 

Mr. Kudruz excluded), the knowledge has to 

be taught and implemented starting with the 

basics. 

A plan has been constructed consisting of six 

steps of implementation; this plan has been 

visually represented in Figure 7-1: 

Implementation plan. 

 

  

Figure 7-1: Implementation plan 
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7.1.1 Stage 1 

 

During step one the knowledge on shaft alignment and CM is to be transferred to the Shanghai 

office, in this stage the actual execution of the service will not be performed yet.  

The first step is mainly to arrange training for the personnel and share knowledge. The choice to do 

this comes forth out of the knowledge that the BVI Shanghai team is inexperienced in this field of 

service, but also out of the fact that the SKF Machine Support team has shown to be reluctant in 

providing the training. 

The knowledge fields to be shared are: 

- Basic alignment 

- Condition measurement 

Each of these subjects has its own requirements which will be described in the following paragraphs. 

 

Basic alignment 

The sharing of the knowledge on shaft alignment will have to start at the basic principle of alignment 

and the consequences that misalignment has on your machinery. Following by training in how to 

recognize situations where misalignment occurs, specifically how to recognize it with the products 

that are currently being services; being the Simplex seals and intermediate bearings. 

The basic measurement of shaft alignment will be covered as well in order to present a basic 

knowledge on how to perform a proper situation check and be capable to recognize misalignment 

using the following techniques: 

- Feeler gauge measurement 

- Dial gauge measurement 

- Laser measurement 

- Bearing load measurement 

These techniques have been chosen as a reference because they are the basic progression of used 

techniques starting with the most basic method. The time required to teach and train the theory and 

technique for these methods has been based on the amount of theory and personal experience in 

the amount of training. 

The estimated amount of time required for the training in basic alignment: 

 2 to 3 days of full time training 
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Condition measurement 

Condition measurement effectively covers the entire analysing procedure for the drive train 

components. This analysing procedure lies at the basis of all the service jobs to be performed, it is 

therefore of high importance to train the personnel that will perform the services in the field of 

condition measurement. 

For the training of the basic knowledge on condition measurement a choice can be made between 

the official training with certification and the in house training at SKF Machine Support. With the goal 

of executing the services in mind the certification of the personnel is highly recommended. 

The estimated time for regular training is estimated on: 

 4 to 5 days full time 

The time required for cat. I certification: 

 4 days training including exam 

  6 months execution according to ISO regulations 

 

7.1.2 Stage 2 

 

In step two of the implementation offering the service to current customers is important in order to 

find out the actual yearly demand. As described in the Chapter Market analysis the current Asian 

market for shaft alignment service is not yet sure in yearly offset market. 

Therefore the offering of the service to current customers with SKF SFMS as executing office and BVI 

Shanghai as support is a good method in to opening the market and researching the possibilities 

without mayor investments. 

In order to start this step in the implementation previously described knowledge has to be in place 

and at least one executive worker has to be capable of performing basic support. Currently a service 

salesman has been assigned to actively offer the simplex service to market. This person has to be 

trained and informed on the possibilities in order to open the sales channels. 

The second step is more of a scanning situation in which the Shanghai office can seek out the 

possibilities and adjust to the new sales.  

The recommended time for the second step would be: 

  2 to 3 month depending on the demand (Starting directly after step 1) 
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7.1.3 Stage 3 

 

When a sustainable amount of jobs have been generated during the second stage and sufficient 

experience has been gathered by the field engineers. The services can be executed by the Shanghai 

engineers without the support of the SKF Machine Support engineers.  

With the start of this phase own measurement equipment is required. The investment in this 

equipment will be done during the third phase. 

Standard shaft alignment 

With standard shaft alignment a standard condition is assumed where the goals and situation are 

clear before the start of the measurement and alignment process. When inadequate data and 

preparation is in place the jobs cannot be performed in short time without sufficient experience. In 

this case the jobs are best performed by the SKF Machine Support engineers, with the support of the 

BVI Shanghai team. 

In this case the earlier taught techniques can be applied with minor experience and with the most 

basic of tools. The required tools for the shaft alignment will consist of the following equipment: 

- Feeler gauges 

- Dial gauge set 

- Laser alignment set 

- Hydraulic jacks 

- Jack-up bearing load set 

Vibration measurement 

The vibration measurement is part of the condition measurement and in this stage they represent 

the same thing. The engineer has to go on board in order to perform a vibration measurement and 

perform a situation check in order to collect the data required to make a service report. 

This data collection will then be sent towards the controlling office. In this stage of implementation 

SKF Machine Support will still control the data and plan the work to be executed. The engineer will 

need to be able and certified to perform the measurement in the correct methods and will need at 

least Cat.I vibration analysis at this stage of the implementation. 

The required equipment for this service: 

- Complete vibration measurement set (SKF microlog + sensors & cables) 
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7.1.4 Stage 4 

 

During the execution of basic service activities the required experience for more advanced 

techniques is acquired. When proficient experience is acquired the knowledge of CM and alignment 

can be expanded toward more advanced techniques. 

During the fourth step more advanced measurement techniques are to be learned and implemented 

mainly consisting of: 

- Geometrical measurement 

- Advanced alignment 

With these advanced techniques some more controlling capabilities are required from the supporting 

office employees this includes: 

- Situation modelling 

- Alignment modelling 

- Vibration analysis 

Geometric measurement 

The method of performing geometrical measurement is shortly covered in Paragraph 4.9 the main 

measurements to be performed are: 

- Straightness measurement 

- Flatness measurement 

- Parallelism measurement 

Each of these measurements can be performed using the more advanced laser alignment kits and 

therefore no extra equipment is required. The training for this is rather straightforward and should 

be covered in 2 to 3 days. 

Advanced alignment 

The performing of advanced alignment is basically the performing of alignment in non-standard 

situations such as multiple machinery drive trains and the aligning of high RPM shafts. 

For the advanced alignment more experience and extended knowledge is required. This can basically 

only be implemented by performing the basic alignment techniques and gaining insight and 

experience in aligning machinery. 

However training on the theory of advanced alignment is needed in order to understand the 

differences and requirements in order to perform the service in a right manner. 
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Controlling 

As the service activities advance in difficulty the required level of control has to improve as well. The 

personnel providing support and planning from the office require more knowledge on the service 

jobs performed.  

The main goal of the training of the controlling personnel is to improve their analytical capabilities in 

order to support the service personnel as much as possible. The controlling personnel would 

preferably have knowledge at a state of Cat.II vibration analyst. 

The amount of time required for the Cat.II training is the same as the time required for the Cat.I 

training: 

 4 day training required for Cat.II 

 

7.1.5 Stage 5 

Include on-site machining 

During the fifth step the learned service methods are to be offered to the market and performed by 

the service personnel. This includes the implementation of on-site machining; this however is 

dependent on the capabilities of the personnel. 

For the on-site machining knowledge on metal working is essential, the current personnel has no 

knowledge on metal working and therefore acquiring  new personnel with previous experience in 

machining workshops would be recommended. 

It is also possible to start training in the field of on-site machining in this step this is not 

recommended due to the required time to train and gain experience which would extend the roll out 

time for the new services.  
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7.1.6 Stage 6 

 

When all previous steps have been completed all the necessary equipment and knowledge should be 

in place and the company would be ready to start selling, controlling and executing the service jobs 

without support of the SKF Machine Support office. 

This would mean that the office has the following skills: 

- Full shaft alignment knowledge 

- Full vibration measurement and analysis capabilities 

- On-site machining capabilities for shaft components 

- Geometrical measurement 

- Offline to online alignment modelling 

- Condition monitoring 

The office personnel is capable of supporting their field personnel on these jobs and has acquired 

both knowledge and experience of all the subjects. The jobs can be performed with the guarantee 

that the end product will be a qualitative and fast service and full service on the drive train can be 

provided.  
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7.2 Alternative concept 
 

 

The main concept as described in chapter 6 is a concept created in 

order to fully implement all the services offered by the SKF Machine 

Support. In the previous concept the investment risks are slowly 

increased during the project and the personnel and office is slowly 

prepared for the new services. 

An alternative to the main concept is to implement only a part of 

the service activities. The part that has been chosen for this 

concept is the on-site machining, as the on-site machining has the 

most market potential to be implemented and offered quickly. 

This requires greater investments and new personnel to be hired. 

However the projected time to market and therefore income is a 

lot faster. 

A visual overview of this concept is shown in Figure 7-2: Alternative 

concept. 

 

Figure 7-2: Alternative concept 
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7.2.1 Stage 1 

For the first stage of the alternative concept the on-site machining business is to be offered as soon 

as possible. The on-site machining will be offered as support for the current services performed 

mainly concentrated on the commissioning of the BVI products. 

At first the investment will be in the following on-site services: 

- Line boring 

- Flange facing 

- Drilling 

- Bolt tightening 

These services can be easily offered to the current customers, and knowledge on machining is 

currently in place due to the knowledge of Mr. Kudruz (General Manager) and Mr. Sun (Service 

manager). 

In order to offer it consistently however a proper trained machine worker would have to be hired 

and instructed on the use of the equipment. 

This step will approximately take 3 weeks to fulfil with the main time consuming step being the 

delivery time for the equipment. 

7.2.2 Stage 2 

During the second stage the on-site machining service will be offered to the market, in the first step 

the preparations have been made to make it possible. The second step is mainly focused on the sales 

and controlling of the services. 

The requirements for this stage are mainly the support of the back office and a good sales team to 

offer the services. 

An estimate of the time required to bring this service to the market has been set at 3 to 4 months 

based on the current progression of the active sales and investments. 

7.2.3 Stage 3 

In stage 3 three the basic knowledge on alignment is implemented as is described in paragraph 5.1.  

The knowledge transferred will consist of the basic background of shaft alignment and CM. And 

further knowledge on vibration measurement. 

The third step is only to be taken if there is sufficient market offset. The goal of the alternative 

implementation concept is to ease into the market and allow for more research to be done on the 

potential offset market. 
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7.2.4 Stage 4 

The fourth stage would consist of offering the alignment services to the market. The idea for this is to 

offer the service to the market commissioned and controlled by the SKF Machine Support office. This 

means that the sales of the CM and alignment jobs are to be controlled on a different location. 

For the execution of measurements only basic alignment equipment is required and the reports are 

to be created by the field engineers. The back office at SKF Machine Support will analyse and process 

the measurement in order to provide the customer with an alignment correction plan. 

7.2.5 Stage 5 

In the fifth stage the alignment knowledge is to be expanded in order to create a bigger support for 

the SKF machine support team. Being capable of performing more advanced alignment and 

geometrical measurements as well as offering solutions would be the next step. 

In this stage a supportable amount of service jobs should be arranged, the investment cost in 

knowledge and equipment would be useless elsewise. 

As described in paragraph 5.4 the amount of support required for the advanced measurement and 

analysis services require expensive training and require a significant amount of time and experience 

to execute. 

7.3 Planning 
 

In this paragraph the planning for both concepts is covered. The planning has been based on the 

required time to fulfil each stage of the implementation. 

7.3.1 Main concept planning 

 

In order to implement the new services some time is required to implement each part and plan the 

training. The following planning has been made on the estimated time required for the training and 

experience.  

 The planning as a whole can be used as a guideline, and is off course highly dependent on several 

variables encountered during the implementation such as: 

- Learning curve personnel 

- Amount of jobs sold and performed 

- Budget 

- Delivery time equipment 

Because of all these influences the planning has been made using MS project making it flexible and 

easy to adjust to the reality. 
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At first a global planning has been made in order to define each stage of the implementation as 

described in the chapter: Main concept.  

The stages where the different jobs are executed and experience is gathered are estimated at 2 

months and the training times are estimated on the amount of theory and training time provided by 

SKF Machine Support. 

Table 7-1: Planning main concept 

  

Task Name Duration 

Total 150 days 

   Stage 1 10 days 

      Alignment training 3 days 

      CM training 3 days 

      Vibration training 4 days 

   Stage 2 40 days 

      Start active sales 2 mons 

      Assist services 2 mons 

      Create/collect service reports 2 mons 

   Stage 3 40 days 

      Invest in basic equipment 5 days 

      Condition monitoring start 5 days 

      Perform alignment jobs 2 mons 

   Stage 4 20 days 

      Advanced alignment training 3 days 

      Advanced vibration training (CAT II) 4 days 

      Geometrical measurement training 3 days 

      On site machining training 10 days 

   Stage 5 40 days 

      Invest in on-site machining products 5 days 

      Invest in advanced alignment equipment 5 days 

      Invest in advanced software 5 days 

      Perform advanced alignment 2 months 

      Perform on site machining 2 months 

      Sell expanded services 2 months 

   Stage 6 
 

      End of implementation 
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7.3.2 Alternative concept 

 

The alternative concept is based on offering the service to market as soon as possible. Therefore the 

choice has been made to start the implementation with the on-site machining business. Based on the 

provided offers for the equipment as shown in Appendix E 

Table 7-2:Alternative concept planning shows the actual performing of the services can be 

implemented rather quickly. However the difference in time to executing the combined services does 

not differ a lot from the main concept. 

Table 7-2:Alternative concept planning 

Task Name Duration 

Total 145 days 

   Stage 1 20 days 

      Invest in machining tools 4 weeks 

      Hire new personnel 4 weeks 

   Stage 2 40 days 

      Start active sales 2 months 

      Perform machining jobs 2 months 

      Collect service reports 2 months 

   Stage 3 5 days 

      Alignment training 5 days 

      Investment basic alignment equipment 5 days 

   Stage 4 40 days 

      Advanced alignment training 5 days 

      Geometric measurement training 5 days 

      Offer alignment to market 2 months 

   Stage 5 40 days 

      Invest in advanced equipment 5 days 

      Invest in software 5 days 

      Perform advance alignment 2 months 
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7.4 Equipment comparison 
 

In the previous paragraphs multiple choices for the suppliers of equipment have been mentioned. As 

has been stated each of the suppliers has their own advantages. Usually this chapter is used to make 

a choice between suppliers and give a definitive statement on which supplier is best. 

Because SKF Machine Support already has the equipment range of both Fixturlaser and Climax 

portable they will be taken in consideration for the further project regardless of the outcome of the 

comparison. This comparison will act as a recommendation and as an argument to possibly use 

different equipment by different suppliers. 

The comparison is performed based on a grading system grading the equipment on several topics. 

The grading is done on a scale of 1 to 5, where five is the highest grade and one being the worst 

grading. Each topic has its own weighing factor based on the amount of influence on the eventual 

usability of the equipment for this project. 

 

7.4.1 Line boring equipment 

 

Table 7-3: Comparison chart line boring 

Line boring equipment 

 Price 

(5x) 

Support 

(2x) 

size range 

(3x) 

Flexibility 

(2x) 

Dimensions 

(3x) 

Accuracy 

(4x) 

Transportability 

(2x) 
Total 

Climax bb 5000 4 3 2 2 4 4 4 3,43 

Climax bb 6100 4 3 4 2 3 3 3 3,29 

Hydratight 8206 3 4 5 4 3 3 3 3,48 

 

7.4.2 Flange facing equipment 

 

Table 7-4: Comparison table flange facing 

Flange facing equipment 

 Price 

(5x) 

Support 

(2x) 

size 

range 

(3x) 

Flexibility 

(2x) 

Dimensions 

(3x) 

Accuracy 

(4x) 

Transportability 

(2x) 
Total 

ff5000 4 3 2 2 4 4 3 3,33 

ff6300 4 3 4 3 3 3 3 3,38 

Hydratight MM1500i 3 4 5 4 3 3 4 3,57 
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7.4.3 Portable milling tools 

 

Table 7-5: Comparison table portable milling 

Portable milling 

 Price 

(5x) 

Support 

(2x) 

size range 

(3x) 

Flexibility 

(2x) 

Dimensions 

(3x) 

Accuracy 

(4x) 

Transportability 

(2x) 
Total 

Climax PM 4200 3 3 5 4 4 3 4 3,57 

hydratight 6T mill 3 4 5 2 3 5 5 3,71 

 

7.4.4 Laser alignment 

 

Table 7-6: Comparison table laser alignment 

Laser Alignment 

 Price 

(5x) 

Support 

(2x) 

Capabilities 

(4x) 

Ease of use 

(2x) 

Accuracy 

(4x) 
Total 

Prüftechnik Optalign Standard 2 4 4 4 5 3.18 

Prüftechnik Optalign Advanced 2 4 5 4 5 3.41 

Fixturlaser NXA Pro 5 3 3 4 4 3.59 

Fixturlaser NXA Ultimate 4 3 4 4 4 3.53 

SKF TKSA 5 3 1 2 3 2.65 

 

7.4.5 Vibration measurement 

 

Table 7-7: Comparison table vibration analysers 

Vibration analysers 

 Price 

(5x) 

Support 

(2x) 

Capabilities 

(4x) 

Ease of use 

(2x) 

Accuracy 

(4x) 
Total 

Prüftechnik 3 4 5 5 4 3.59 

SKF Microlog CMXA 75 4 5 5 5 5 4.12 

 

7.4.6 Conclusion 

 

For the on-site machining the tools by Hydratight score the highest, mainly due to the fact that they 

are capable of covering the entire required range with one machine. Increasing the flexibility of the 

field engineers with multiple machines to cover the same range of services. 

For the measurement tools the Fixturlaser equipment has the best ratings in this case the price 

performance ratio is what makes them the best for the project. In the case of the vibration 

measurement the SKF equipment is the best, scoring high on all topics making them the best choice 

for this project.  
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7.5 Finance 
 

To implement the new services several investments have to be made, in this chapter a summary of 

all the costs has been made. Expenses such as travel cost, pay rates and personnel accommodation 

during training have not been calculated. 

An investment plan for both of the implementation concepts has been made. In order to give 

multiple options for the investment a cost estimate with different suppliers has been made. Each of 

these plans has different pros and cons which will be described in the investment description. 

 

7.5.1 Main concept  

  

In this paragraph the investments for the main concept will be described. Starting with the costs for 

the equipment as is used by the SKF Machine Support team. An overview of these costs is shown in 

Table 7-8: Main concept investment Current. 

SKF Machine Support tools  

The main advantage for the use of the same equipment as is used by SKF Machine Support is the fact 

that the experience with this equipment is already in place. This means that when encountering 

problems there is always a support line. 

A second advantage is the fact that there is already a longstanding contract with the suppliers which 

gives the possibility of special offers when buying more equipment. The long standing contract has 

the extra advantage of extensive support. 

The disadvantage for this equipment is the fact that the on-site machining equipment consists of 

multiple tools in order to perform a single job. The line boring and flange facing equipment does not 

have a size range capable of catering the current requirements. 

The biggest disadvantage is the fact that different suppliers are used or different tools Climax 

portable does not offer an extensive range capable of performing all the service required. The same 

applies with the Fixturlaser equipment they only supply measurement equipment for the geometrical 

measurements. 
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Table 7-8: Main concept investment Current 

Current suppliers 

  Description Costs 

Stage 1   1.395,00 € 

  Training   

  Vibration cat I. 1.395,00 € 

      

Stage 2 No investment required 0 

      

Stage 3   31.240,00 € 

  Alignment equipment   

  Fixturlaser NXA Pro 15.000,00 € 

  Strain gauge set 695,00 € 

  SKF microlog (CMXA 75) 15.000,00 € 

  Bearing load kit 545,00 € 

Stage 4   1.795,00 € 

  Training   

  Vibration cat II. 1.795,00 € 

Stage 5   207.299,00 € 

  Alignment equipment   

  Upgrade NXA ultimate 6.500,00 € 

      

  On-site machining equipment   

  Climax bb 5000 27.000,00 € 

  Climax bb6100 60.000,00 € 

  Climax ff 5000 39.000,00 € 

  Climax ff 6200 65.000,00 € 

  Euroboor 100 699,00 € 

  Hytorc hydraulic tensioners 3.800,00 € 

  Cylinder jacks 2.800,00 € 

  Hydraulics controller 2.500,00 € 

Stage 6   0 

      

Total investment: 241.729,00 € 
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Alternative suppliers 

When researching the local suppliers in Shanghai alternate suppliers for both the on-site machining 

equipment as well as for the laser alignment and vibration measurement have been found. The 

suppliers are respectably: 

- Prüftechnik 

- Hydratight 

Both suppliers offer a full range that can cater to the demands of the service jobs, providing with a 

wider range of capabilities. 

The main advantage for this equipment is the fact that less equipment is needed to perform the 

same jobs, making the field engineers more versatile. An extra advantage for these suppliers is the 

fact that their large product line makes it possible to expand the service possibilities in the future. 

The disadvantage for these suppliers is the fact that their products are currently unknown and all 

knowledge has to be reacquired. This will also mean that the offered support and the prices will be 

less preferable than to use the same equipment. 

Table 7-9: Main concept investment alternative 

Alternative suppliers 

  Description Costs 

Stage 1   1.395,00 € 

  Training   

  Vibration cat I. 1.395,00 € 

Stage 2 No investment required 0 

Stage 3   101.240,00 € 

  Alignment equipment   

  Prüftechnik Centralign 55.000,00 € 

  Strain gauge set 695,00 € 

  Prüftechnik Vibxpert II 45.000,00 € 

  Bearing load kit 545,00 € 

Stage 4   1.795,00 € 

  Training   

  Vibration cat II. 1.795,00 € 

Stage 5   139.799,00 € 

  On-site machining equipment   

  Hydratight 8206 80.000,00 € 

  Hydratight MM600i 50.000,00 € 

  Euroboor 100 699,00 € 

  Hytorc hydraulic tensioners 3.800,00 € 

  Cylinder jacks 2.800,00 € 

  Hydraulics controller 2.500,00 € 

Stage 6   0 

Total investment: 244.229,00 € 
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7.5.2 Alternative concept 

 

As described in chapter 6 the alternative concept is based on the implementation of the services 

starting with the implementation of the on-site machining business. This means that the largest 

investment will have to be done in the beginning of the project.  

However the investments in the field of condition monitoring and vibration measurement are lower 

and extended measurement training is not required. 

Table 7-10: Alternative concept investment current 

Current suppliers 

  Description Costs 

Stage 1   195.499,00 € 

  On-site machining equipment   

      

  Climax bb5000 27.000,00 € 

  Climax bb6100 60.000,00 € 

  Climax ff5000 39.000,00 € 

  Climax ff 6200 65.000,00 € 

  Euroboor 100 699,00 € 

  Hytorc hydraulic tensioners 3.800,00 € 

Stage 2 No investment required 0 

      

Stage 3   1.395,00 € 

 Vibration cat I. 1.395,00 € 

     

Stage 4   15.545,00 € 

  Alignment equipment   

  Fixturlaser NXA Pro 15.000,00 € 

  Bearing load kit 545,00 € 

      

Stage 5   15.000,00 € 

  Alignment equipment   

  SKF microlog (CMXA 75) 15.000,00 € 

Total investment: 227.439,00 € 
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Alternative suppliers  

For the alternative concept the choice for alternative suppliers has been limited to merely the on-site 

machining tools. Measurement tools have been added to this concept but because the requirements 

for this equipment are low, therefore a basic Fixturlaser package will be sufficient for this cause. 

The total overview of the costs is shown in Table 7-11: Alternative concept alternative 

Table 7-11: Alternative concept alternative 

Alternative suppliers 

  Description Costs 

Stage 1   134.499,00 € 

  On-site machining equipment   

      

  Hydratight MM600ie 80.000,00 € 

  Hydratight 8206TI 50.000,00 € 

  Euroboor 100 699,00 € 

  Hytorc hydraulic tensioners 3.800,00 € 

Stage 2 No investment required 0 

      

Stage 3   1.395,00 € 

 Vibration cat I. 1.395,00 € 

     

Stage 4   15.545,00 € 

  Alignment equipment   

  Fixturlaser NXA Pro 15.000,00 € 

  Bearing load kit 545,00 € 

      

Stage 5   15.000,00 € 

  Alignment equipment   

  SKF microlog (CMXA 75) 15.000,00 € 

Total investment: 166.439,00 € 
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8 Conclusion 
 

In this chapter the main research questions are reviewed and concluded based on the research and 

thesis. 

Central question 

“What is the best method and execution to implement shaft alignment, condition measurement and 

on site machining in the Asia service stations?” 

- There is not a best method of implementing the service knowledge into the service stations. 

However based on the experience in Shanghai and the research done, the main concept suits 

the requirements in the most logical way. 

Background questions 

o What methods of shaft alignment exist? 

- There are many methods of performing shaft alignment. However the real question that 

became important is which method suits the requirements for the current market. For this 

both the laser alignment and the method based on the bearing loads are the best methods. 

Where the laser alignment gives a direct view on the actual alignment, the bearing load 

alignment gives the possibility to align towards the best spread of loads in order to minimize 

the wear of components. 

o What methods apply to the current services? 

- Basically all methods apply to the current services, as each method has its own specific 

application in the entire service field. However dial gauge and therefore consecutively laser 

alignment are the best applicable to this situation. 

 

o What methods of vibration measurement exist? 

- The basic two measurements are performed with either strain gauges or with the use of 

accelerometers. Both methods suit the requirements. The use of accelerometers is however 

the recommended method due to the basic ruggedness of the equipment used. 

o What methods apply to the current services? 

- In basis the Fast Fourier transform analysis will be sufficient for the goals set. The strain 

gauge measurement and advances vibration simulation will not be required. 

 

o What methods of on-site machine are applicable? 

- Basically all types of metal machining are applicable to the drive train maintenance. Line 

boring and flange facing however are methods of machining that are a direct support for the 

BVI products. The investment in these techniques is therefore most recommended. 
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o What is the level of expertise on the new service subjects? 

- The knowledge on condition measurement and therefore shaft alignment is currently very 

limited. The knowledge on machining is already in place as both the general manager as the 

service manager has knowledge and experience in this field. 

 

o What are the restrictions of this new field of expertise? (Laws, regulation societies 

etc.) 

- The services are restricted to the same rules and restrictions as the currently executed 

services. Only the field of vibration measurement is subject to different expectations and 

rules. 

Core questions 

 Can the service jobs be combined? 

- In basic understanding the services have no direct connection; however the improving of the 

conditions of the drive train serve as a direct support for the services executed on the stern 

tube seals. After the seal installation or service a general condition check can be added as a 

supporting service thus improving the total state of the drive train. 

 

 What materials/tools are used for this method? 

- An overview of all the required materials is described in the finance chapter. 

 

 How much time is required to implement this concept? 

- The amount of time required for the implementation is stated in the planning of both 

concepts. These are however estimates and the actual required time for full implementation 

is dependent on a large amount of variable which are difficult to calculate therefore a 

specific answer to this question is not within the reach of this research. 

 

 What are the implementation costs? 

The total costs for the implementation are dependent on the chosen concept. They can range 

between approximately 200.000 euro and 250.000 euro. 
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9 Recommendations 
 

Based on my experience in the BVI Shanghai office and in the Asia market overall, I would 

recommend to invest in a broad service package to be offered. The current competition is well 

represented and offers a wide range of drive train services. 

Both Goltens and Wärtsila offer the full package of Diesel engine, shaft alignment, vibration 

measurement/analysis and on-site machining to the Chinese market. They are thoroughly 

represented which makes the competition more difficult. 

The only way to compete fully is to offer an equally broad service, preferably invest in a more 

extended service capability. The investment in extended knowledge on drive train maintenance is a 

good start to develop a wide range of service capabilities with a large potential market. 

My recommendation would be to first invest in the main concept of implementation, slowly offering 

the services to the market as a support for current services. After the basic services are familiar in the 

market to expand the service capabilities towards more advanced techniques. 

The field of Condition Based Maintenance is a smart capability to develop, when you offer the 

condition measurement to the ship owners the required maintenance will result in on-site machining 

service jobs. Therefore the measurement and analysis is the basis for the further services. 

As the investment in on-site machining is both expensive and requires new personnel with entirely 

new knowledge this implementation step can be taken at any time in the implementation process. I 

however recommend it at the end of the implementation, due to the fact that the market of 

maintenance and service has already been opened and extension of capabilities in line with these 

new service possibilities is easier. 
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10 Competences 
 

As a part of the graduation process certain competences have to be developed and tested during the 

graduation process. During the process I have followed with this project I have developed the 

following competences: 

- Professionalize 

- Research 

- Advise 

Professionalization 

I believe I have developed my professional competences to level three during this project. During this 

project I have worked in international environments where I had to work and perform research in 

foreign cultures. 

I did my research and communicated in these environments without accompaniment in an 

unstructured project. I have given shape and direction to the research and utilized the local 

personnel in order to reach my end goal. 

With this I have shown to be self-reliant in international work environments, capable of handling 

unstructured tasks and capable of working in unknown contexts and situations. 

I believe that being capable of functioning in different cultures and adapting to different 

requirements shows a professional capability of a high level. Thus worthy of level 3. 

Research 

In order to define requirements for the implementation, I have performed literature research on the 

three fields of service as well as a research on the required laws and legislation. In Asia I have done 

field research in order to acquire a clear image of the requirements of the local market and what the 

local market has to offer. 

I have interpreted the needs and capabilities of the foreign office and translated this into a concept 

for the implementation. The requirements and specifics of the Asia market and company where 

unclear and undefined at the start of the project.  

All of the research has been performed independently with the use of new research methods; with 

this I have developed my research skill towards level 3. 

Advise 

As my project was mainly to give advice on how to handle the possible knowledge, and service 

exchange I have developed this competence to the highest level achievable by creating a well-

rounded advice and concept for the implementation.  The creation of the advice and the possibilities 

I have created are worth of level 3. 
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Appendix A: Work Process 
 

Vibration sensor mounting 

 

Overview of threaded stud sensor mounting method (Table 0-1) 

Stud mounting requires a tapped hole drilled directly into the structure. A threaded stud provides 

electrical and mechanical connection between the sensor and the machine. The sensor requires a flat 

spot faced surface with a perpendicular tapped hole. The spot face must be 1.1 times larger than the 

diameter of the sensor housing to ensure flush mounting. For measurements above 1,000Hz (60,000 

CPM), the surface should be flat within 1 mil (0.025mm) and have a surface texture no greater than 32 

micro inches (Ra0.8). In all cases burrs between the sensor and the machine must be eliminated. The 

center line of the tapped hole must be perpendicular within 1° of the mounting surface to ensure no 

gaps are present between the base of the sensor and the structure. The tap drill and spot face can be 

machined in one stop with the proper tooling. 

 

Overview of sensor adhesive mounting method using mounting pads (Table 0-2) 

This method uses pads that are glued to the machine surface and afterwards the sensor has to be 

mounted on the pad. 

This method guarantees transmission of high frequency vibrations up to 30 kHz and very quick sensor dismounting and 

mounting again.  

The key factor in this method is to use the right glue and strictly to follow glue manufacture procedure to guarantee good 

adhesion.  

It is also possible to screw mount the pad. In this case you have to perform a similar procedure to that for stud mounting. 
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Threaded Mounting QWI 

Table 0-1 Stud Mounted Accelerometer - Mounting Procedure - QWI 

Step 

ID 

Step Note 

010 Mark the sensor locations on the 

machine 

 

020 Clean the mounting area with DREMEL 

abrasive brushes 

 

030 Flatten the surface with a file  

040 Select 5 mm drill. 

Fix the drill depth to 9 mm. 

 

050 Mark hole’s center with center tool and 

hummer. 

 

060 Drill initial hole with 3 mm drill. 

Drill main hole with 5 mm drill to 9 

mm depth. 
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Step 

ID 

Step Note 

070  

Select Counterbore 28 mm and mill 

the spot face. 

 

IMPORTANT: 

See step 090 about requirements to 

surface 

 

 

 

080 Using the tap stand, cut .250 inches (6.35 mm) of 

full thread (7 thread minimum). Use a bottom tap 

on holes less than .450 inches deep. Use cutting 

fluid. 

 

 

090 Check the surface requirements 

 

If the sensor axis is not perpendicular to the spot 

surface this could cause a Ski-slope effect in the 

FFT. 
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Step 

ID 

Step Note 

100 Clean the hole and mounting surface free of 

metal shavings and debris.  

 

110 Carefully test-screw the sensor in place, to 

ensure that good contact is made.  

 

 

If the sensor does not fit flat on the surface, and thereby 

makes bad contact with it - Drill a new hole!! 

 

120 Apply coupling fluid to the spot face taking care to 

avoid the stud. 

 

Coupling fluids should be used between the 

sensor and mounting surface interfaces. 

 

Coupling fluids include: 

Silicone Grease 

Oil 

Petroleum Jelly/ Beeswax 

 

Apply a service removable threadlock such as 

Loctite 2701 glue to the tapped holes in both the 

structure and the sensor. 

Screw the Sensor and tighten to 6 Nm. 
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Step 

ID 

Step Note 

130 Fix and protect the integrated sensor’s cable. 

Electrical cables attached to the sensor should not 

be excessively tight (under tension), nor left loose 

to flop around. In both cases, mechanical forces 

and contact resistance and coupling capacitance 

variations can result in unstable and inaccurate 

vibration response readings. 

It is recommended that the cable be firmly 

clamped to the mounting surface (tape, clamp, 

wax, epoxy, etc.) around six inches (15 cm) from 

the transducer; the cable run between the 

transducer and clamp should neither be very 

loose, nor under tension. 

Sealing the cable-to-transducer connector or 

attachment point with a silicone RTV type (or 

equivalent) sealant to prevent moisture 

intrusion may be advisable in some 

environments. 

 

 

The cable should not be bent into a radius less than 

approximately 50 mm (2.0 in.) and should be anchored to 

reduce stress at the cable 

terminations. When securing the cable, leave just enough slack 

to allow free movement of the accelerometer. Failure to leave 

enough slack will cause undue stress on the cable and 

dramatically influence the sensor’s output 

When assembling any cable/connector to the vibration sensor, 

application of a small amount of silicone grease to the pin 

contacts is recommended to ensure reliable operation over a 

long period. 

140 Glue close to the sensor a label with the 

CM Point ID. 

 

150 Document Sensor Installation in 

A02_QWF101 

Take picture for each sensor and put in the report 
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Adhesive Mounting QWI 

Table 0-2 Adhesive Mounted Accelerometer - Mounting Procedure - QWI 

Step 

ID 

Description Note 

010 
Follow A00_QWI102 to glue the stud for 

permanent sensor attachment 

The procedure is the same as for Quick connect 

studs installation. Only the stud design is different.  

060 

Fix and protect the sensor’s cable. 

Electrical cables attached to the sensor should not 

be excessively tight (under tension), nor left loose 

to flop around. In both cases, mechanical forces 

and contact resistance and coupling capacitance 

variations can result in unstable and inaccurate 

vibration response readings. 

It is recommended that the cable be firmly 

clamped to the mounting surface (tape, clamp, 

wax, epoxy, etc.) around six inches (15 cm) from 

the transducer; the cable run between the 

transducer and clamp should neither be very 

loose, nor under tension. 

Sealing the cable-to-transducer 

connector or attachment point with a 

silicone RTV type (or equivalent) sealant 

to prevent moisture intrusion may be 

advisable in some environments. 

 

 

The cable should not be bent into a radius less than 

approximately 50 mm (2.0 in.) and should be anchored to 

reduce stress at the cable terminations. When securing the 

cable, leave just enough slack to allow free movement of the 

accelerometer. Failure to leave enough slack will cause undue 

stress on the cable and dramatically influence the sensor’s 

output 

When assembling any cable/connector to the vibration sensor, 

application of a small amount of silicone grease to the pin 

contacts is recommended to ensure reliable operation over a 

long period. 

140 Glue, close to the sensor, a label with 

the CM Point ID. 

 

(Staykov, A02_QWI103, 2014 (A)) 
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Epoxy grouting procedure 

 

1. Planning: 

Prepare a materials list of all the required components (grout, wood, bracing, pump, hose, water, mixing 

tools, vibrators, etc.).  

Plan an adequate amount of time to perform the job. Instruct the personnel on the task at hand. Are 

there enough vent holes in the base or frame for venting trapped air? Has the concrete foundation cured 

completely? Is the machinery base in the position you want it in and is it leveled and not warped? Will 

the base lift up when grout is pumped under it? 

 

2. Machinery base, frame: and concrete preparation 

Insure that all contact surfaces on the undersides of the machinery base or frame are clean, rust free, 

and oil free. If possible, metal surfaces should be sand blasted and primed if you are using a cement-

based grout. The concrete surface should also be clean, dust free, and oil free. If you are using a cement-

based grout and do not plan on applying a concrete bonding glue to the top surface of the foundation, 

the concrete surface should be soaked with water for at least 24 h prior to grout placement to insure dry 

concrete does not extract the water in the grout mix at an excessive rate preventing proper cure. Prior to 

pouring grout, remove any puddles of water. 

 

3. Building the form:  

Construct a form (typically wood) around the perimeter of the machinery base or soleplate to be grouted 

(Figure 3.23). Insure that there is adequate clearance between the machinery base or soleplate and the 

form to allow for placement of grout and access for pumping or pushing the grout completely under the 

base. Build the form with a number of pouring points around the perimeter. Insure that there are 

numerous vent holes of adequate size (at least 1 in. diameter) to discharge trapped air during the pour. If 

you are using epoxy-based grouts, insure that there are at least two to three coats of paste wax on all of 

the wooden form surfaces that will be exposed to the grout so the form does not permanently bond to 

the grout. Insure that the forms are adequately anchored. It is suggested that the baseplate or soleplates 

be protected with plastic sheeting or masking tape. 
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4. Mix the grout:  

Carefully follow the manufacturer’s recommended mixing instructions. 

5. Pour the grout: 

 Insure that the grout is flowing under all areas of the form removing entrapped air at all points. 

Vibrators can be used with most of the cement-based grouts but not on epoxy grouts. 

6. Allow adequate time for the grout to cure. 

 

7. Remove forms. 

 

8. Torque the anchor bolts to their final value after the grout has cured completely. 

 

9. Tap the top surface of the baseplate with a hammer to detect any voids that may have occurred.  

Voids will have a distinctive hollow sound. There should be at least 80% adhesive surface contact. Voids 

larger than 3 in. in diameter should have epoxy injected into them. Define the perimeter of the void, 

drill, and tap a hole on one side of the void, and install a grease fitting. Drill a hole on the other side of 

the void perimeter to enable air to escape when injecting the void with an epoxy-filled grease gun or 

epoxy pump.  
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Bearing Reaction Measurements  

Bearing reactions are generally measured utilizing:  

- Hydraulic jacks, or  
- Strain gauges.  

Section 5: Alignment Measurements  

Jack up method 

Step 1: Set up the jack and load cell 

The hydraulic jack has to be placed under the shaft as close to the bearing as possible the load 

cell is to be placed between the shaft and hydraulic jack as is shown in the picture below. A dial 

indicator is to be placed on top of the shaft. 

 

 

Step 2: Lift the shaft 

The pressure in the hydraulic jack is to be increased until the shaft comes loose from the bearing shell. 

The top shell is preferably separated making it possible to move the shaft out of the bearing, if this is not 

possible movement of the shaft has to be monitored with the use of the dial gauge. 
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Step 3: Create jack up curve 

Create the curve using the load cell data and dial gauge movement readings. The requirements for the 

jack up curve are shown in the figure below. 

 

(ABS, 2006) 
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Dial gauge alignment measurement 

 

Step 1: Place dial gauges on shaft using the shaft brackets and support rods. Place the dial gauges on the 

shaft 180° apart as shown in the picture below. 

 

Step 2: Set both dial gauges at zero 

Step 3: Slowly rotate the shaft and bracket arrangement through 90 intervals stopping at the three, six, 

and nine o'clock positions. Record each reading (plus or minus).  

Step 4: Note the dial gauge readings 

Step 5: Return to the 12 ‘o clock position and check if the indicators show zero. 

Step 6: repeat step two to 5 to verify first measurement. 
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Step 1: Select one of the two machinery shafts and draw one of those shafts on top of the graph 

centerline. Figure 10.14 shows an example where the motor shaft was initially placed on the graph paper 

centerline and the pump shaft position was plotted from the reverse indicator measurements. Figure 

10.15 shows an example where the pump shaft was initially placed on the graph paper centerline and 

the motor shaft position was plotted from the same reverse indicator measurements. 

 

 

Step 2:. Start with the top to bottom or side-to-side dial indicator readings on the other shaft (i.e., the 

one you did not draw on the graph centerline). 

Step 3:. Plot the other shaft centerline position by starting at the intersection of the graph centerline and 

the point where the dial indicator was capturing the readings on the other shaft. If the bottom (or side) 

reading was negative, place a point half of the bottom(or side) readings from the graph centerline 

toward the top of the graph. If the bottom (or side) reading was positive, place a point half of the bottom 

(or side) readings from the graph centerline toward the bottom of the graph (the same as in the point-

to-point modeling techniques).  
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Step 4: Next, start at the intersection of the graph centerline and the point where the dial indicator was 

capturing the readings on the shaft that was drawn on top of the graph centerline. If the bottom (or side) 

reading was negative, place a point half of the bottom (or side) readings from the graph centerline 

toward the bottom of the graph. If the bottom (or side) reading was positive, place a point half of the 

bottom (or side) readings from the graph centerline toward the top of the graph (opposite of the point-

to-point modeling technique). 

Step 5: These two points marked on the graph at the dial indicator reading points define the line of sight 

(i.e., the centerline of rotation) of the other shaft. Draw a straight line through these two points from the 

coupling end to the outboard end of the other shaft.  
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Appendix B: Service job reports 
 

Bonding job on a COSCO ship 

 

The job was a supposedly simple job consisting of basic knowledge and output. The seal had been in use 

for a long time and had started to leak due to unknown causes (Potentially wear and tear). A spare seal 

package was in place on the ship therefore the job ought to be an easy fix. 

The spare part however had been on the ship for over 21 months far exceeding the 6 month time 

schedule and therefore the guaranty on the job could not be provided. Dealing with this situation 

required a time consuming back and forth between the superintendent and the engineer. After some 

troublesome waiting and time wasting. The superintendent accepted the situation and started the job. 

The bonding was a straight forward job afterwards and did not demand a lot of time compared to the 

jobs as seen in Hamburg. 

Knowledge perspective 

 

The knowledge needed and used in this job was of basic systematic structure and it was visible that 

roughly the same procedure had been followed as it is followed by Hamburg engineers. Therefore the 

conclusion can be made that the short training done in Hamburg by the engineer Andy has been 

effective and that the knowledge of the engineer is sufficient to do the job required in this situation. 

After concluding that the engineer fits within his current position the question for the willingness and the 

view towards improvement is the next step. Even though the engineer seemed interested in the subject 

of the studies, there was no further interest in developing their own knowledge on the subject and 

possibly grow within the company. 

Situation description 

 

The situation in the shipyard is rather simple this job had been described as a difficult place to enter for 

personnel however all that was needed was a trip to the immigration service with the right papers and 

my passport leaving me to be able to enter shipyard within half an hour. When the shipyard was entered 

the access was free and the possibility to enter all workplaces was not of an issue. 

On this ship the foundation of the machinery was already done by the SKF SFMS crew in 2002, this 

means that a follow up check on the machinery might be an easy way in and provides the Shanghai ltd. 

with a nice starting contact towards the customers. 
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Retracted shaft seal placement 

The job was a seal replacement on a ship where the shaft had been retracted, probably in order to do 

some work on the propeller. The reason for the retracting of the shaft however is not of importance to 

the job done. 

On this job a seal could be placed over the shaft without the use of bonding and therefore it should be a 

quick fix. This was the case with only some minor hiccups as the engineer supposed to do the job was ill 

and therefore one of the shipyards workers placed the seal over the shaft. 

The fact that an untrained engineer performed the job made the job different from normal situations. 

Knowledge perspective 

 

As the engineer involved was ill I had the opportunity to see the situation with Steven Sun in control this 

lead to a conversation on his knowledge and possibilities. The seal placement was done in a somewhat 

crude method and needed some influence from Steven which was fixed in a proper manner. Using wood 

blocks and cloth to protect the seal against damage during the placement. 

After the placement I got to talk a little more, and came to find out that Steven is a competent man and 

has knowledge on machining and the service jobs to be executed. There is on the other hand the 

knowledge and trust in being a manager. On that topic Steven misses some strength and it became clear 

that from his point of view more stability and self-confidence is needed. 

In this situation became clear that Steven Sun is lacking the confidence in control over the team as well 

as the oncoming possibilities in the service area. This is a minor limiting situation which should be easily 

fixed by proper training and some support from the ridderkerk crew base. 

 

Situation description 

 

The situation that was at this place was the thing that has he most interest for me, this is because of the 

fact that the shaft had been dropped and therefore realignment of the shaft line should be a critical 

point in the job. This however never crossed the minds of the engineers etc. If it is known to the office 

that a shaft is dropped. The simple and fast alignment analysis can be offered to the ship owner. This can 

then equally result in the alignment job to be carried out. And create quick turnover. 
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OWS commissioning 

This job consisted of the commissioning of a BVI oily water separator, it was in a new build shipyard. And 

with that being said the job is mostly described, the shipyard installed the OWS and added the piping. 

The engineer only came by to check the installation and to properly set up the machinery. 

In the description this sounds like an easy job the reality was slightly different though. 

Knowledge perspective 

 

The knowledge of the machinery was difficult to test and somewhat tricky to find out. However the way 

the engineer handled the gear showed that he had proper knowledge on the machinery and especially 

on the electronics. This should give a good opportunity for the more electrical steps in the shaft works 

such as: 

- Bearing load 

- Strain gauge measurement 

- Etc. 
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Appendix C: Market research 
 

HRDD 

Answers according to question model 

Shaft alignment 

 

Laser alignment jobs per year: 

10 

Who performs the alignment? 

- The shipyard performs basic alignment jobs, using feeler gauges and dial gauges. The claim is 

that approximately 500 workers can perform this type of alignment. (Personally I am sceptical 

about this number due to the required experience) 

 

- If more precise alignment is to be executed, HRDD will call Wärtsilä with whom they have a 

contract for these jobs. Wärtsilä uses the Prüftechnik optalign laser alignment system. And a 

total of 1 expert engineer 

 

Who request the laser alignment? 

The request is always from the ship owner, if the shipyard finds a problem they tend to place all 

components in the same situation again. They align within visually acceptable state using feeler gauges 

and dial gauge. 

This states that the overall precision in component alignment is low. 

Is vibration measurement performed after repair/service? 

No vibration measurements are specifically performed by the shipyard. 
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On site machining 

 

How many times per year are on site machining required? 

5 to ten times per year 

Who performs the on-site machining? 

Line boring/Milling and small flange facing is performed by: 

- Wärtsilla 

- Goltens 

Large flanges are machined by: 

- Metal machines 

What tools does the shipyard have? 

The shipyard has no tools for on-site machining themselves they cut out the part to be machined if 

necessary and machine it in their own machine shop. 

Who orders the on-site machining? 

Ship owner 

 

HRDD basic info 

Data Amount Percentage of total yearly jobs 

Vessels per year in dock 300 
 Amount retract the shaft 180 60% 

Amount of alignment jobs 10 3% 

Amount of on-site machining jobs 10 3% 

Bearing retrofits 30 10% 
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CSIC 

Shaft alignment 

Laser alignment jobs per year: 

Approximately 2 

Who performs the alignment? 

- Normally Goltens is the go to company for alignment which requires more precission 

 

- Regular alignment is done by the shipyard using feeler gauges and dial gauges 

Who requests alignment? 

The ship-owner 

Can the shipyard perform alignment? 

The shipyard is capable of performing basic alignment with dial gauges, they however rarely execute this. 

On site machining 

 

How many times on-site machining is required? 

10 to 20 times per year line boring jobs, flange facing maybe 2 times per year.  

 

Who performs the on-site machining? 

Line boring/Milling and small flange facing is performed by: 

- Wärtsilä 

- Goltens 

Large flanges are machined by: 

- Metal machines 

 

Who performs the on-site machining? 

Line boring/Milling and small flange facing is performed by: 
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- Wärtsilla 

- Goltens 

Large flanges are machined by: 

- Metal machines 

What tools does the shipyard have? 

The shipyard has a line boring installation. 

Who orders the on-site machining? 

Always the ship owner. 

 

CSIC basic info 

Data Amount Percentage of total yearly jobs 

Vessels per year in dock 380 
 Amount retracted shaft work 100 26.% 

Amount of alignment jobs 2 0.52% 

Amount of on site machining 20 5% 

Bearing retrofits - - 
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Visit Prüftechnik 

 

During the research for local tool suppliers, the Prüftechnik office came up as a complete supplier for the alignment 

lasers as well as the vibration measurement and analysis tools. Because this supplier can provide a full solution for 

the measurement and analysis part of the service job it has the interest. 

However during this meeting some interesting knowledge has been acquired on their market field and their 

customers. 

First of all tools will be described including the practicality for the job and the possibilities, after this their market 

and market position will be described. 

The tools 

 

For the tooling they provide the alignment measurement as well as the vibration measurement and analysis. Next 

to the tangible products they provide a full service with product support and complete training. 

This makes them a good partner and local solution for the alignment and monitoring business, and a good support 

structure for the jobs being executed. 

Alignment 

 

For the alignment they provide a wide range of laser alignment sensors and for this field of work they provide one 

analysing computer. This computer can analyze the following measurements: 

- Shaft alignment 

- Line bore straightness 

- Component concentricity 

- Basic parallelism 

- Flatness 

- Angular offsets 

The basic set is the computer in combination with the sensors and brackets in order to measure and analyse shaft 

alignment, and the set can be expanded by upgrading the software and the addition of new sensors. 

Besides the geometrical reference measurement the alignment computer is also capable of measuring and 

analysing basic vibration signatures. This analysis is only sufficient to check if the executed work is performed 

correctly and that any vibration problems have been solved. 
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Vibration measurement 

The vibration measurement tools consist mostly out of several types of sensors, with at the core a analysing 

computer. The computers range from a basic model only showing a basic vibration scale with no analysis. However 

the more advanced computer provides a higher efficiency and more precise reading. 

In the advanced system a analyzing logarithm show the parts in the vibration that are of interest and are not 

wanted. This analysis tool makes it faster and easier to analyze the machines situation and to implement an 

improvement. 

the market position 

With the above described tools, and the provided services Prüftechnik shows to be not only a very interesting 

partner for the execution of the work. But in the same way they are a direct competitor to the business. 

They provide the same tools and analysis structure as SKF offers, and provide the same alignment services to the 

market as the goal is to provide ourselves. So the question leads if this is a smart business decision. 

Even though they provide a nearby office and support section, I think that SKF can provide with the same 

knowledge and support in the vibration department. 

A list of their main customers consists of: 

- Goltens 

- MAN 

- Caterpillar 

- Wärtsilä 

- COSCO 

- Siemens 
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Appendix D: Service Data Sheet 
 

(Staykov, 2013)
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Appendix E: Tool quotations and offers 

Quotation Prüftechnik 
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Quotation Fixturlaser 

 

Due to the fact that rental laser already offers to the SKF Machine Support team the prices have been requested 

directly from the SKF Machine Support team. 
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Quotation Climax portable 

 

This quotation has been offered by the local dealer of Climax portable. 
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Additional tools 

 

http://www.omega.com/pptst/SG1-KIT.html (13-08-2015) 

 

http://www.alibaba.com/product-detail/RSM-Series-Enerpac-Flat-Jack-

Hydraulic_1709319112.html?spm=a2700.7724857.35.1.vDY44U (13-08-2015) 

  

http://www.omega.com/pptst/SG1-KIT.html
http://www.alibaba.com/product-detail/RSM-Series-Enerpac-Flat-Jack-Hydraulic_1709319112.html?spm=a2700.7724857.35.1.vDY44U
http://www.alibaba.com/product-detail/RSM-Series-Enerpac-Flat-Jack-Hydraulic_1709319112.html?spm=a2700.7724857.35.1.vDY44U
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http://www.alibaba.com/product-detail/Hytorc-Electric-Hydraulic-Pump-Factory-

Price_1975227758.html?spm=a2700.7724838.35.1.BQvSJO (13-08-2015) 

 

http://www.toolmax.nl/euroboor-eco32-kernboormachine-hcs-kit-8-kernborenset.html (13-08-2015) 

  

http://www.alibaba.com/product-detail/Hytorc-Electric-Hydraulic-Pump-Factory-Price_1975227758.html?spm=a2700.7724838.35.1.BQvSJO
http://www.alibaba.com/product-detail/Hytorc-Electric-Hydraulic-Pump-Factory-Price_1975227758.html?spm=a2700.7724838.35.1.BQvSJO
http://www.toolmax.nl/euroboor-eco32-kernboormachine-hcs-kit-8-kernborenset.html
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http://www.alibaba.com/product-detail/Single-acting-low-height-hydraulic-

lifting_1771668028.html?spm=a2700.7724857.35.1.USiLSO (13-08-2015) 

 

http://www.alibaba.com/product-detail/SC29FB-Low-profile-disk-typ-

load_60065030662.html?spm=a2700.7724838.35.1.wSlBbF(13-08-2015)   

http://www.alibaba.com/product-detail/Single-acting-low-height-hydraulic-lifting_1771668028.html?spm=a2700.7724857.35.1.USiLSO
http://www.alibaba.com/product-detail/Single-acting-low-height-hydraulic-lifting_1771668028.html?spm=a2700.7724857.35.1.USiLSO
http://www.alibaba.com/product-detail/SC29FB-Low-profile-disk-typ-load_60065030662.html?spm=a2700.7724838.35.1.wSlBbF
http://www.alibaba.com/product-detail/SC29FB-Low-profile-disk-typ-load_60065030662.html?spm=a2700.7724838.35.1.wSlBbF
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Vibration training 

 

 

http://www.skf.com/us/services/customer-training/classroom/WI211.html  (05-07-2015) 

  

http://www.skf.com/us/services/customer-training/classroom/WI211.html
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http://www.skf.com/us/services/customer-training/classroom/WI212.htm (05-07-2015) 

http://www.skf.com/us/services/customer-training/classroom/WI212.htm
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Appendix F: Laser alignment sets 
 

Fixturlaser 

 

Figure 0-1: Fixturlaser NXA Pro (1) 
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Figure 0-2: FIxturlaser NXA Pro (2) 
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Figure 0-3: Fixturlaser NXA Ultimate (1)  
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Figure 0-4: Fixturlaser NXA Ultimate (2)  
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Prüftechnik 

 

Figure 0-5: Pruftechnik rotalign 
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SKF 

 

 

Figure 0-6: SKF TKSA system
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Appendix G: On-site machining tools 

Climax portable 
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Hydratight 
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http://climaxportable.com/assets/CLIMAX-BB6100-Line-Boring-Machine.pdf 

http://climaxportable.com/assets/BB5-BB5000-E1.pdf 

http://climaxportable.com/assets/FF5000-Flange-Facer-E1.pdf 

http://climaxportable.com/assets/FF63-FF6300.pdf 

http://climaxportable.com/assets/PM4200-E5.pdf  

http://www.hydratight.com/sites/default/files/downloads/media/htbr0150315ukboringbarbrochurelres_0.pdf 

http://www.hydratight.com/sites/default/files/downloads/media/ht-td-mm1500i-us-08-12-flange-facing-mm1500i-

data-sheet-copy.pdf 

http://www.hydratight.com/sites/default/files/downloads/media/httl0590115ukportablemillingmachinedatasheet

hres_1.pdf 

 

  

http://climaxportable.com/assets/CLIMAX-BB6100-Line-Boring-Machine.pdf
http://climaxportable.com/assets/BB5-BB5000-E1.pdf
http://climaxportable.com/assets/FF5000-Flange-Facer-E1.pdf
http://climaxportable.com/assets/FF63-FF6300.pdf
http://climaxportable.com/assets/PM4200-E5.pdf
http://www.hydratight.com/sites/default/files/downloads/media/htbr0150315ukboringbarbrochurelres_0.pdf
http://www.hydratight.com/sites/default/files/downloads/media/ht-td-mm1500i-us-08-12-flange-facing-mm1500i-data-sheet-copy.pdf
http://www.hydratight.com/sites/default/files/downloads/media/ht-td-mm1500i-us-08-12-flange-facing-mm1500i-data-sheet-copy.pdf
http://www.hydratight.com/sites/default/files/downloads/media/httl0590115ukportablemillingmachinedatasheethres_1.pdf
http://www.hydratight.com/sites/default/files/downloads/media/httl0590115ukportablemillingmachinedatasheethres_1.pdf
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Appendix H: Vibration analysers 
 

SKF Microlog 
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Prüftechnik 

 

http://www.skf.com/binary/21-144316/CM-P1-14285-3-EN-SKF-Microlog-Product-Catalog.pdf 

http://www.pruftechnik.com/products/condition-monitoring-systems/portable-systems-for-condition-

monitoring/vibxpert-ii.html 

 

 

http://www.skf.com/binary/21-144316/CM-P1-14285-3-EN-SKF-Microlog-Product-Catalog.pdf
http://www.pruftechnik.com/products/condition-monitoring-systems/portable-systems-for-condition-monitoring/vibxpert-ii.html
http://www.pruftechnik.com/products/condition-monitoring-systems/portable-systems-for-condition-monitoring/vibxpert-ii.html

