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Abstract 

The service department at ABB Robotics has low influence over product development 

projects at the R&D department. This low influence often results in that the R&D department 

develops products that are not optimal constructed and designed, to facilitate a good repair 

and planned maintenance process. This master thesis will investigate and propose changes so 

that, in future product development project, the R&D department considers the needs of the 

service department. 

 

The objective of the master thesis was to update the Pulse State Tool, a tool that was first 

developed to help the service department to identify product development project where the 

service department needs to be more involved in. Furthermore, the Gate-model that ABB 

Robotics uses, was updated to give the service department a higher possibility to influence 

product development project. Finally, the last objective was to develop a Checklist to identify 

service related aspects that the product development project should address to increase the 

reliability, maintainability, and serviceability of the resulting product. 

 

The purpose of the master thesis is to investigate the current process at the service department 

and how they currently are involved in product development project. Furthermore, a concrete 

Design for Service process was proposed. 

 

The DMAIC problem solving process found in the Six Sigma methodology inspired the used 

problem solving process for the master thesis.  During the master thesis, one revolution of the 

DMAIC process is called a circle. Several circles were used throughout the problem solving 

process. 

 

Both the objective and purpose of the master thesis was satisfied and the master thesis can be 

regarded as successful.  
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Glossary 

3DVia Composer 3DVia Composer is simulation and animation software developed by Dassault Systèmes. 

ABB ABB is a leading company in power and automation technologies. 

ABB Discrete Automation and Motion ABB Discrete Automation and Motion is one of five divisions of ABB. 

ABB Robotics ABB Robotics is a sub division of ABB Discrete Automation and Motion. ABB Robotics is a 

leading supplier of industrial robots. 

Accumulated Aftermarket Impact The Pulse State Tool calculates the Accumulated Aftermarket Impact so that the project 

manager at the service department can evaluate how involve the service department needs to 

be in a product development project.  

ASEA ASEA stands for Allmänna Svenska Elektriska Aktiebolaget and was one of two companies 

that in 1988 merged to create ABB. 

BBC BBC stands for Brown, Boveri & Cie and is one of two companies that in 1988 merged to 

create ABB. 

Beginning of Life Beginning of Life is the first life-cycle phase of a product. 

BOL BOL stands for Business Online and is a web based system at ABB Robotics where the 
customer can buy spare parts. 

BOM BOM stands for Bill Of Material and shows which materials are included in the spare part. 

Cause of Failure Cause of Failure describes why the failure mode occurred. 

Computer Aided Design (CAD) CAD refers to the use of computer technology during the design and design-documentation 

process. 

Computer Aided Engineering (CAE) CAE refers to the use of computer technology during the engineering process. 

Computer Aided Manufacturing (CAM) CAM refers to the use of computer technology during the manufacturing process. 

Concurrent Engineering Concurrent Engineering is a product development methodology where a project performs task 

and activities in parallel. 

Checklist The Checklist is one of three tools that were improved or developed during the master thesis. 

Circle A Circle refers to one revolution of the Design, Measure, Analyze, Improve and Control 
process. 

Design, Measure, Analyze, Improve and 

Control (DMAIC) 

DMAIC refers to the general problem solving process used for the Six Sigma methodology. 

Design for Assembly Design for Assembly is a process where designers design products with ease of assembly in 

mind. 

Design for Environment Design for Environment is a process where designers design products to minimize the impact 
on the environment. 

Design for Excellence Design for Excellence is the general methodology for all Design for X methodologies. 

Design for Maintainability Design for Maintainability is a process where designers design products with ease of 
maintenance in mind. 

Design for Manufacturing Design for Manufacturing is a process where designers design products with ease of 

manufacturing in mind. 

Design for Reliability Design for Reliability is a process where designers design products to increase the reliability 

of products. 

Design for Service Design for Service consists of Design for Reliability, Design for Maintainability, and Design 
for Serviceability, Product Life-cycle Management, Total Life-cycle Cost, and Service Mode 

Analysis. 

Design for Serviceability Design for Serviceability is a process where designers design products to increase the 
serviceability. 

End of Life End of Life is the third life-cycle phase of a product. 

Failure Mode Failure Mode is the description of the potential failure. 

Finite Element Analysis (FEA) Finite Element Analysis is a numerical technique of calculating the approximate solution for 

integral equations. 

Failure Mode Effect Analysis (FMEA) Failure Mode Effect Analysis is a process in product development to analyze the potential 
failure modes of a product. 

FMEA The FMEA sheet is one of five sheets in the Checklist. 
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Gantt Schedule Gantt Schedule is a bar chart, which illustrates the schedule of a project. 

Gate Owner The Gate Owner is the responsible employee of a product development project at ABB 
Robotics, who decides if the project should continue or not. 

Gate-model Gate-model is a project management technique in which a product development project 

consists of different stages and gates. The master thesis improved the Gate-model.  

Go, redo, and kill The three decisions the Gate Owner at ABB Robotics can take. 

IS project IS project is a project that develops IT solutions. 

IT IT stands for information technology and concerns technology that treats information. 

Hot Issue Hot Issue is a figure in the old Pulse State Tool that represented how involved the service 

department should be in a specific product development project. 

LCM document A document at ABB Robotics that shows in which life-cycle phase their products are. 

Lotus Notes Lotus Notes is the client for a complex client-server platform. 

Maintainability Maintainability is the ease of maintaining the product so that it functions correctly according 

to the set requirements. 

Mean Time Between Failures (MTBF) Mean Time between Failures is the predicted amount of time between predictable failures of a 

product. 

Mean Time Between Maintenance 
(MTBM) 

Mean Time between Maintenance is the predicted amount of time between maintenance of a 
product. 

Mean Time To Repair (MTTR) Mean Time to Repair is the predicted amount of time to repair the product. 

Middle of Life Middle of Life is the second life-cycle phase of a product. 

POL POL stands for Parts Online and is a system at ABB Robotics based on Lotus Notes where the 

customer can buy spare parts 

Product development process The product development process is the process where products are developed. 

Product development project The product development project is the project that develops products. 

Product development team The product development team is the team that is responsible for the product development 

project. 

Product Life-cycle Management Product Life-cycle Management is a system of system that manages the entire life-cycle of a 

product, which includes different product development tools but also gives the possibility to 
share data and information. 

Pulse State Tool The Pulse State Tool is one of three tools that were improve or developed during the master 

thesis 

Quality Function Deployment (QFD) Quality Function Deployment converts customer needs into engineering characteristics and 

prioritizes them. 

Release for Service The Release for Service sheet is one of five sheets in the Checklist. 

Reliability Reliability is the possibility that a product performs according to the set requirements, under 

stated conditions for a specific amount of time. 

Risk Priority Number Risk Priority Number is a figure that represents the Severity, Occurrence, and Detection of the 
Failure Modes. The Risk Priority Number helps the project manager to rank which Failure 

Modes has the highest priority. 

RI meeting The RI meeting is a regular meeting at ABB Robotics, with the purpose of approving new 
spare parts.  

SB – Business Development SB is a sub department that determines the margins and guidelines for the process of spare 

parts. 

SC – Supply Chain Management SC is sub department that binds and searches for new suppliers according to given 

requirements. 

Service Mode Analysis The Service Mode Analysis is a tool that will analyze how easy it is to service a specific 
product. 

Serviceability Serviceability is the ease of removing, replacing, replenishing, and/or repairing components to 

the original specifications. 

Serviceability Index The Pulse State Tool calculates the Serviceability Index so that the project manager at the 

service department can evaluate how involve the service department needs to be in a product 

development project. 
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Six Sigma Six Sigma is a business management strategy that strives to minimize the spread of quality of 

the products. Motorola developed Six Sigma in the 1980’s, as a response to the intense quality 
improvement work by many Japanese companies. Sigma is a Greek letter which often refers to 

the standard distribution, ±6 sigma, will have the probability in the range off 99.9966 percent 

yield or 3.4 defects per 1 000 000 units. The goal with Six Sigma is to achieve a high yield 
capacity of a process, in other words producing products with the right quality (Yang, 2008). 

SM – Global Planning A sub department that plans which materials should be on stock at the central and local 

warehouse. 

SMC – Supply Chain Management SMC is the old name for the SC – Supply Chain Management sub department. 

SO – Sales Support SO is a sub department that receives orders from customers and later orders the component 

from the warehouse that ships it to the customer. SO also determines the final price for the 
customer. 

SP – Purchasing SP is a sub department that buys material, according to the plan set by SM – Global Planning, 

from the suppliers set by SC – Supply Chain Management. 

Spare Parts Sales The Spare Parts Sales Sheet is one of five sheets in the Checklist. 

ST – Technology and R&D ST is a sub department that consists of four departments, STP, STR, STQ, and STRS. 

Stakeholders A stakeholder is an employee, department, or division that the enterprise affects by its actions. 

STP – Technical Part Support STP is a sub department that is responsible to develop new spare parts and ensure that spare 

parts are available for products that are in a late life-cycle phase. The department also gives 

support for technical parts of the robot. 

STR – Field Service Product Support STR is a sub department that helps the customer during the start up phase that the product 

works according to the requirements and performs service on the products in the field. 

STRS – PC Software Support STRS is a sub department that gives support for the PC software. 

STQ – Warranty and Recalls STQ is a sub department that receives warranty claims and addresses them. Can also initiate a 

root cause analyze to investigate major faults in the product. 

Total Cost of Ownership Total Cost of Ownership calculates the total cost for the customer that is associated of owning 
a product. 

Total Life-cycle Cost Total Life-cycle Cost calculates the total cost for a company during a products entire life-cycle. 

Undesirable Customer Effect of Failure Undesirable Customer Effect of Failure is the undesirable customer effect of the failure mode. 

Warranty Claims The Warranty Claims Sheet is one of five sheets in the Checklist. 

Work Packages The Work Packages Sheet is one of five sheets in the Checklist. 
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1. Introduction 
This is the report of the master thesis with the subject Design for Service at ABB Robotics. 

The master thesis proposes how ABB Robotics should work with the subject in the future. 

This report will analyze scientific papers, literatures, and the performed interviews. This 

report will also present and discuss the process of developing the three different tools, which 

are the result of the master thesis. 

 

A short presentation about ABB and the Discrete Automation and Motion division follows. 

Also presented is the background information, why Lars Östlund initiated this master thesis. 

1.1 Presentation of ABB 

ABB has a long history, ranging back to the early 1890s. Then there were ASEA, Allmänna 

Svenska Elektriska Aktiebolaget, and BBC, Brown, Boveri & Cie. In 1988, the two 

companies merged creating ABB with the headquarters in Zurich, Switzerland.  

 

Today, ABB is a world leader in many of their business areas; they have five main area of 

business: 

 Power Products include products such as transformers, switchgear, and cables. 

 Power Systems provides high-voltage direct current systems and other systems and 

services for power transmission, distribution grids, and power plants. 

 Discrete Automation and Motion provides industrial robots, modular 

manufacturing cells, and related services. 

 Low Voltage Products manufactures low-voltage circuit breakers, switches, control 

products, and other equipment products and systems that protect people, 

installations, and electronic equipments from electrical overload. 

 Process Automation provides customers with products and solutions for 

instrumentation, automation, and optimization of industrial processes. 

1.1.1 Presentation of ABB Discrete Automation and Motion 

The goal of ABB Discrete Automation and Motion division is to increase industrial 

productivity and energy efficiency by delivering products, solution, and related services. The 

products range from drives, power electronics, programmable logic controllers, motors, 

generators, and robotics. 

ABB Robotics is part of the Discrete Automation and Motion division. They are a leading 

provider of industrial robots, modular manufacturing cells, and related service. A strong 

focus by ABB Robotics on their customers will increase their productivity, product quality, 

and safety in the work environment. ABB Robotics has currently installed more than 190 000 

industrial robots over the whole world. The products of ABB Robotics present a range from 

industrial robots, software, robot controllers to application equipment, service, and support. 
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1.1.1.1 Presentation of the service department at ABB Robotics 

Below follows a short presentation of each sub department of the service department, and 

which area of responsible they have. When the term service department is used throughout 

the master thesis, it refers to the entire service department, including all sub departments 

listed here: 

 SB – Business Development determines the margins and guidelines for the prices of 

spare parts. 

 SC – Supply Chain Management binds and searches for new suppliers according 

to given requirements. 

 SM – Global Planning plans which materials should be on stock at the central and 

local warehouses. 

 SP – Purchasing buys materials according to the plan set by SM from the suppliers 

set by SC. 

 SO – Sales Support receives orders from customers. They further order the 

components from the warehouses, which ships it to the customers. The division also 

determines the final price for the customers. 

 ST – Technology and R&D consists of four sub departments: 

o STP – Technical Parts Support is responsible to develop new spare parts 

and ensures that spare parts are available for products that are in a late life-

cycle phase. The department also gives support for the spare parts. 

o STR – Field Service Product Support helps customers during the start up 

phase so that the product works accordingly to the requirements. The 

department also performs field service on the products and gives support. 

o STQ – Warranty and Recalls receives warranty claims and addresses 

them. The department can initiate a root cause analyze to investigate major 

faults of products. 

o STRS – PC Software Support gives support for the PC software. 

1.2 Introduction to the master thesis 

The service department at ABB Robotics feels that they have low influence over decision 

made in product development projects at the R&D department. This often results in that the 

product development team at the R&D department does not address important service related 

aspects, causing more work at the service department and a higher total cost later in the 

products life-cycle.  

 

The master thesis consists of three different objectives, improving the Pulse State Tool, 

suggest improvement for the Gate-model and developing a Checklist. Below follows the 

description of the three objectives and other relevant information. 

1.2.1 Presentation of the Pulse State Tool 

The service department at ABB Robotics developed the Pulse State Tool in the end of 2012, 

with the aim to examine the potential risk and threat each product development project has, 

according to the different sub departments involved in the product development project. The 

tool is new and is currently not in use at the service department.  
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The service department at ABB Robotics wants to adapt the current Pulse State Tool so that it 

takes account to a greater range of aspects, thus giving a more just risk score. Aspects such as 

the reliability, maintainability, and serviceability of the final product should influence the 

final score. 

1.2.2 Presentation of the Gate-model 

ABB Robotics uses three differently adapted Gate-models to guide and steer different types 

of projects in the right direction. The Gate-model is adapted to work with technology, 

product, and system development projects, process improvement projects, and IS projects. 

All projects must use the Gate-model. The Gate-model that is used at ABB Robotics is based 

on a standard sheet that has been developed at ABBs headquarter in Switzerland, but has 

been adapted to suite ABB Robotics. 

 

The master thesis will focus on the Gate-model for technology, products, and system 

development projects. During the second half of 2011, before Lars Östlund initiated this 

master thesis, the service department proposed changes to the Gate-model to include more 

service related questions. However, this work is not yet completed and will continue with this 

master thesis. 

 

The service department at ABB Robotics wants to continue to change the Gate-model so that 

it will include more service related aspects and consider aspects such as reliability, 

maintainability, and serviceability of the final product. The service department also wants to 

investigate if product development projects currently use the latest version of the Gate-model 

and if not; why it is not used. 

1.2.3 Presentation of the Checklist 

The service department at ABB Robotics wants to develop a Checklist containing service 

related aspects. The product development project should then address and work with the 

service related aspects to increase the reliability, maintainability, and serviceability of the 

resulting product.  
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2. Purpose and Objective 
The purpose of this master thesis is to investigate how ABB Robotics should develop and 

design products in the future, to increase revenue gained during each products whole life-

cycle, but especially from the aftermarket. By developing products and focusing on the 

aftermarket even earlier in the product development process, ABB Robotics can develop 

products that are more cost efficient in the later phases of the products life-cycle. More focus 

should lay on creating a reliable and affordable supply chain for spare parts, improving 

customer service, eliminating the need of or simplifying the maintenance process and 

examining if a new product or certain components of the product can be adapted to be 

forward and/or backward compatible. Mean Time between Failures (MTBF), Mean Time 

between Maintenance (MTBM), and Mean Time to Repair (MTTR) are important aspects that 

the R&D department should consider.  

 

The first objective is to study and propose improvements for the Pulse State Tool, a tool that 

evaluates how high the involvement of the service department has to be in a specific product 

development project. 

 

The second objective is to study and propose improvements for the Gate-model. The work of 

adapting ABB Robotics Gate-model to the aftermarket has already begun. Therefore, it is 

interesting to investigate if the R&D department uses the latest version of the Gate-model is 

in use or not. Dividing the second objective will give the following two smaller objectives: 

 Are there possible changes that will improve the Gate-model, resulting in that the 

product development process considers more service related aspects? 

 Investigate if the recently revised Gate-model currently is in use. 

 

Considering how the R&D department at ABB Robotics currently performs product 

development projects and should perform product development projects in the future, the 

third objective is to create a Checklist. The Checklist will act as a guide to help ABB 

Robotics R&D sites in China, Sweden, and Norway to execute product development projects 

with more focus on the aftermarket, especially on the aspects mentioned above, such as 

reliability, maintainability, and serviceability. 

 

The changes done to the Pulse State Tool, Gate-model, and the Checklist should correspond 

to credible and relevant scientific papers, literatures, and interviews performed at ABB 

Robotics. 
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3. Project Directive 
Lars Östlund, the initiator of the master thesis at ABB Robotics, has given the following 

directives for the master thesis:  

 Improve the product development process at ABB Robotics so that a higher 

involvement of the service department is possible: 

o Improve the Pulse State Tool so that it can predict if a product 

development project will have a minor or major effect on the service related 

aspects found in a product. The Pulse State Tool should be an indicator of 

when the service department needs to influence the purpose, objective, goal, 

and decision of the product development project. 

o Propose changes to the Gate-model so that the Gate-model incorporates, 

for instance, more service related questions. 

o Create a Checklist, a sheet of service related questions and/or statements, 

for the different components of a robot. The product development team at 

the R&D department should answer and/or address some of these questions 

and/or statements during each product development project. 

 

Since ABB is an international company, the report for the master thesis will use English as 

the main language. 
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4. Problem statement 
The master thesis consists of the following general problem statements, given by Lars 

Östlund: 

 What is the definition of Design for Service? 

 How should ABB Robotics in the future work with Design for Service? 

 

Lars Östlund agrees that the general problem statement is comprehensive and hard to answer. 

Instead, the general problem statement is divided into three minor problem statements to 

simplify the master thesis. By answering the three minor problem statements, the general 

problem statement for the master thesis will also be answered. In other words, the general 

problem statement will not be answered explicit during the master thesis. Below follows the 

presentation of the three minor problem statements. 

4.1 Pulse State Tool 

The problem statement for the Pulse State Tool is: 

 The current version of the Pulse State Tool does not take into account the reliability, 

maintainability, and serviceability of the concept. Improve the Pulse State Tool so 

that the tool reflects how involved the service department needs to be in a specific 

product development project at the R&D department. 

4.2 Gate-model 

The problem statement for the Gate-model is: 

 The current Gate-model considers only a few service related aspects, resulting in the 

service department having low influence over the product development process at 

the R&D department, concepts, and the final product. 

 Is the latest version of the Gate-model in use in current product development 

projects? If not, why not? 

4.3 Checklist 

The problem statement for the Checklist is: 

 Create a Checklist with service related aspects that the service department can use to 

influence the product development process at the R&D department and affect what 

the product development team should work with. 
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5. Project limitations 
This master thesis consists of 30 credits, which correspond to about 20 weeks of work; the 

finishing date of the master thesis is set for June 1 with presentation at Mälardalen University 

at June 15. The result of the master thesis will include neither training materials nor training 

courses.  

 

Priority lies on the master thesis presentation at Mälardalen University. The initiator of the 

master thesis and the mentor at ABB Robotics are of course invited to the presentation at 

Mälardalen University. If there is time to spare, the master thesis will also be presented to the 

service department at ABB Robotics. It is more important to present the master thesis at the 

service department then present it to the R&D department. 

5.1 Pulse State Tool 

The changes to the Pulse State Tool will be limited to modifying the Pulse State Tool to 

include an assessment of the serviceability, based on the definition of Design for Service, 

according to the problem statement above. The master thesis will not develop a new tool for 

evaluating the potential reliability, maintainability, or serviceability of new products. 

5.2 Gate-model 

The work on the Gate-model will be limited to adding or revising control questions for each 

gate, corresponding to the problem statement above. The master thesis will not adjust the 

purpose and objective of the gates. Neither will the master thesis modify the product 

development process at the R&D department. 

 

The objective, of investigating if the R&D department uses the latest version of the Gate-

model in their product development projects, is limited to a couple of short questions. 

5.3 Checklist 

The objective of the Checklist is to act as a guide, to help the product development projects at 

the R&D department to create products with a higher reliability, maintainability, and 

serviceability. The work on the Checklist is limited to developing a sheet with control 

questions and/or statements that the project managers must address, answers, or solve during 

the product development process. The questions will manly address service related aspects 

and will not incorporate other departments. Implementing the Checklist in current product 

development projects is not part of the master thesis and neither should the Checklist create 

or modify the product development process at the R&D department. The master thesis will 

only focuses on small scale testing of the Checklist to check the quality of the control 

questions and/or statements. Since many product development projects at ABB Robotics 

extend over multiple months, it is therefore not feasible to perform profound testing of the 

Checklist.   

 

Focus is mainly on developing good and quality assured control questions and/or statements 

and not measuring the result of the Checklist. Since many product development projects at 

ABB Robotics are long, it will be hard to follow a product development project during its 

whole life-cycle and analyzing the result of the Checklist. Therefore, this is not a priority. 
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6. Method of solution and theoretical 
frame of reference 

This chapter consists of several smaller topics. First presented is the chosen method of 

solution, including aspects such as planning of the master thesis. The definition of a literature 

review and interview method is also presented. 

 

Later, this chapter will present and summarize the theoretical frame of reference, based on 

different topics from a broad range of scientific papers and literatures. Also included in this 

chapter is the definition of Design for Service.  

6.1 Method of solution 

This chapter will present the method of solution, time management, process map, and the 

definition of a literature review and interview method. 

6.1.1 Time management 

The master thesis uses a Gantt schedule for time management, see Appendix 1.1. A Gantt 

schedule is a record of activities with allocated time and assigned responsible person 

(Eppinger and Ulrich, 2008). Using a Gantt schedule to plan activities for the master thesis 

will show the sequence for the activities. Updating the Gantt schedule each Friday will keep 

the Gantt schedule up-to-date in terms on allocated time and activities for the following 

week. Allocating time to each activity will give the ability to evaluate the time expenditure 

for each activity and will give a hint of how similar work will take. 

6.1.2 Process map 

The following process map will give 

a structure to the master thesis, see 

Figure 1. The problem solving 

process found in the Six Sigma 

methodology, Define, Measure, 

Analyze, Improve, and Control 

(DMAIC) (Yang, 2005), influenced 

the process map for the master thesis. 

The use of the word circle during the 

master thesis refers to one revolution 

of the DMAIC process. While the 

quality of the desired solution is not 

acceptable, the circle will repeat for 

an infinite number of times until the 

quality if satisfactory. The circle is 

adaptable to work with smaller 

problem statements such as the three 

problem statements for the three 

tools. 

 

 Figure 1 shows the process map of the master thesis 
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Here follows the description of the different activities included in the process map for the 

master thesis: 

 Plan the master thesis; when should which activity be performed. Create a Gantt 

schedule to keep track of the amount of time needed for each activity and other 

aspects. 

o Define what the objective and purpose of the master thesis is. Also, define 

the limitation of the master thesis and the problem statements. 

o Measure by gathering relevant information, either by studying scientific 

papers and literatures and/or by performing interviews with people involved 

in areas that are relevant for the master thesis. 

o Analyze the collected information and study the current tools, to get an idea 

of how the tools currently are used and which possibility they have for 

improvement. 

o Improve the tools that are subject for change. Adapt them so that they 

satisfy the problem statements. 

o Control the changes by testing that they are of good quality. 

 Deliver the solution to the mentor at ABB Robotics. 

6.1.3 Literature review 

Below follows the definition of a literature review. Also presented is the use of the literature 

review for the master thesis. 

6.1.3.1 Definition of the literature review 

A literature review is a process of selecting documents within the same category of 

information (Hart 1998).  

 

The following five criteria will evaluate the gathered literatures and scientific papers. The 

five criteria will check the quality of the literatures and the scientific papers and will sort out 

the good information sources from the bad (Backman, 1998): 

 Conditions and assumptions: Consider which assumptions the author presents and 

which are implied; check if the assumptions are realistic and credible. Investigate if 

the assumptions correspond to the conclusions that the author makes. 

 Validity: Investigate how the author supports the arguments and statements; check 

if they correspond to the literatures or scientific papers the author used as a 

reference. Check if the author presents and explains inconsistencies. 

 Consistency: Investigate if the statements and arguments are consistent and that 

they do not contradict each other. 

 Implications:  Investigate which implications lead to a statement and which the 

author disregards. Check if the implication enhance or weaken the statement. 

 Significance: Investigate which statements are important and which are 

insignificant; check if the author justifies why the specific statement is meaningful 

or meaningless. 
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6.1.3.2 Description of the literature review for the master thesis 

The literature review used different databases such as LibHub, Google Scholar, and Summon 

to gather a broad range of scientific papers and literatures.  

 

After a fair amount of reliable and good scientific papers and literatures were gathered, 

reviewed and sorted according to their respectively topics. After analyzing the gathered 

information and drawing conclusions of the information, the work of writing the theoretical 

frame of reference started.  

6.1.4 Interview method 

Below follows the definition of the interview method. Also presented is the application of the 

interview method on the master thesis. 

6.1.4.1 Definition of an interview 

An interview is not a conversation. A conversation is a living discussion where the topic is 

not set and both participants can change the topic during the entire course of the conversation. 

During an interview, the interviewer sets the topic, the interviewer asks the questions, and the 

interviewee answers them. Before the interview begins, the objective and purpose of the 

interview should be clear for both the interviewer and interviewee. It is important that the 

interviewer is prepared and has a clear vision about which data and information the interview 

will gather (Lantz, 1993). 

 

A correctly performed interview provides information and data that satisfies the following 

three requirements (Lantz, 1993): 

 The interview must provide reliable results. 

 The results must be valid. 

 It should be possible that other individuals can critically examine the conclusions 

made from the gathered information and data. 

 

In addition to the three requirements above, a correct performed interview should also 

provide data and information that is useful for future work. The collected data and 

information should also reflect the source. Four different types of interview methods exist; 

see Table 1 for more detail (Lantz, 1993): 

 Open interview 

 Targeted interview 

 Semi-structured interview 

 Structured interview 
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Table 1 shows the different types of interview methods (Lantz, 1993). 

Interview 

type 

Open Targeted Semi-structured Structured 

Starting 

points 

Pre-understanding Model that specifies 

a phenomenon 

Model for a 

phenomenon and the 

relationship between 

them 

Theory about and the 

relationship of the 

phenomenon 

Question 

formulation 

The purpose is to 

investigate the 

individual’s 

experience of the 

quality and 

significance of the 

phenomenon. The 

interviewer is looking 

for context specific 

knowledge about the 

quality of the 

phenomenon. 

The purpose is to 

investigate the 

individual’s 

experience of the 

quality of the 

phenomenon. The 

interviewer is looking 

for context specific 

knowledge of the 

quality that the 

interviewer has 

predefined. 

The purpose is to 

investigate the 

individual’s 

perception of the 

quality and quantity. 

The interviewer is 

looking for 

information about the 

quantity and eventual 

connection between 

different 

phenomenons. 

The interviewer is 

looking for 

information about the 

relationship between 

different 

phenomenons. 

Determined 

context 

Empathic Some aspects are 

empathic 

Formal Formal 

Interview 

structure 

The structure of the 

interview is open. 

The interviewer 

follows up the 

subject with not yet 

specified follow-up 

questions. The 

contender will 

prioritize answers 

that he/she thinks are 

meaningful. 

The structure of the 

interview is open. 

The interviewer 

follows up the 

subject with 

predefined follow-up 

questions. The 

contender will 

prioritize answers 

that he/she thinks are 

meaningful. 

The structure is 

predefined. The 

interviewer has 

predefined the 

subject with 

predefined follow-up 

questions with a 

combination of open 

and predefined 

answers. The 

interviewer will 

prioritize answers 

that he/she thinks are 

meaningful. 

The structure is 

predefined. The 

interviewer has 

predefined the 

subject with 

predefined follow-up 

questions with 

predefined answers. 

The contender will 

give his/here view on 

questions that the 

interviewer thinks are 

meaningful. 

Analyzes Several interviews on 

the same subject 

show different 

results, which is a 

benefit for the 

qualitative analyze. 

An open interview 

can analyze the 

quality and meaning 

of a phenomenon  

Several interviews on 

the same subject 

show partial different 

results, which is a 

benefit for 

understanding the 

quality of the 

phenomenon. The 

qualitative analyze is 

limited to the quality 

of the phenomenon. 

Several interviews on 

the same subject 

often are comparable, 

a condition for a 

quantitative analyze. 

The possible open 

answers give limited 

potential for 

qualitative analyze of 

the quality of the 

phenomenon. 

The interview are 

comparable and 

quantitative analyzes 

are possible. 
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6.1.4.2 How the interviews were performed 

During the master thesis, both open and semi-structured interviews were used. The evaluation 

sessions for the Pulse State Tool, Gate-model, and the Checklist used semi-structured 

interviews. Groups of two to four employees from the service department evaluated the 

current state of the different tools. For each evaluation sessions, different employees 

evaluated the current state of the different tools. Because of input from multiple employees, 

the result of the evaluation sessions was a broad picture of the current state of the tool. 

 

During the evaluation sessions, the chosen group of employees from the service department 

gained knowledge about the motivation and purpose of the changes. After each employee 

understood the proposed changes, they critically discussed the proposed changes and gave 

suggestions for further improvement. The goals of the semi-structured interviews were to 

gain input of the current state and to gain suggestions for future work. The evaluation 

sessions always achieved the goal and purpose. Before the next evaluation session, during a 

new DMAIC circle, the tool was improved accordingly to the gained suggestions from the 

previous evaluation session. Since it was difficult to spot the right solution for the problem 

statement the first time, performing a number of different evaluation sessions would 

guarantee good quality of the solution and resulting tool. 

 

If a semi-structured interview method was not suitable for the situation, the evaluation 

session used an open interview method instead. Such situations occurred when it was 

interesting to learn how the service department uses the current version of the Pulse State 

Tool, and Gate-model. If it only was interesting to gain input on smaller improvements, the 

use of an open interview method was more suitable than a semi-structured.  

 

It is sufficient to question only one employee during an open interview to give suggestions 

for improvement. No predefined goals are set during an open interview and neither was an 

assumption made. 

6.2 Theoretical frame of reference 

Below follows the presentation of the different topics that concern the master thesis and 

Design for Service. The use of different scientific papers and literatures will give a broad 

summary of the different topics.  

6.2.1 Design for Excellence 

Design for Excellence is often incorrectly referred to as Design for Manufacturing and 

Assembly (Cooper, Gupta, Hayes, Herrmann, Ishii, Kazmer, Sandborn, and Wood, 2004), 

which just includes Design for Manufacturing and Design for Assembly. In addition to 

Design for Manufacturing and Design for Assembly, a product development team should 

consider the following three design methodologies, Design for Reliability, Design for 

Maintainability, and Design for Serviceability (Yang and El-Haik, 2008). The definition and 

presentation of Design for Reliability, Design for Maintainability, and Design for 

Serviceability follows in Chapter 6.2.4. 
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Design for Excellence is adaptable to many different aspects, depending on what the goal is 

with the product development project. Aspects can vary from Design for Inspectability, 

Design for Dimensional Control, Design for Material Logistics, Design for Ease of 

Recycling, Design for Total Life-cycle Cost, and Design for Design for Human Factors (Yang 

and El-Haik, 2008). A product development project should use the different methodologies 

included in Design for Excellence, since these methodologies will help the product 

development team to reach the goal faster and more time and cost efficient. 

 

There are no strict tools for each Design for Excellence design guidelines. To help the 

product development team, the Design for Excellence methodologies gives thought paths that 

will help the product development team to make the right decisions. The use of Design for 

Excellence is an effective approach to implement Concurrent Engineering at an enterprise 

(Yang and El-Haik, 2008).  

 

Typical obstacles that prevent the implementation of Design for Excellence in the work 

environment are (Huang, 1996): 

 Lack of leadership 

 Resistance to change 

 No budget 

 Poor product development team selection and training 

 The Design for Excellence methodology is not understood 

 Lack of commitment and participation 

 Resistance from design engineers 

 Fear of new responsibility 

 Lack of data that will support Design for Excellence decisions 

6.2.1.1 Design for Manufacturing 

Design for Manufacturing is one of the most common Design for Excellence methodologies. 

When working with Design for Manufacturing, the purpose is to choose the right material, 

right surface treatment, right quality level, and the right construction. By looking at these 

variables, the product development team can develop the optimal manufacturing process 

(Yang and El-Haik, 2008). The Design for Manufacturing methodology should also evaluate 

the feasibility and cost of manufacturing the product. When working with Design for 

Manufacturing, designers usually selects processes and materials based on their own 

experiences. This could make the product unnecessary expensive. Quality Function 

Deployment (QFD) and Computer-Aided Design (CAD) are helpful tools that will ease the 

design process. It is important that the designers and engineers have detailed knowledge 

about up-to-date available manufacturing processes and materials so that they can make the 

right decisions (Cooper, et al., 2004). Using cross-functional product development teams is a 

good way to approach a hard solvable problem. Cross-function product development teams 

usually approach the problem from a different angle, thus ignoring predefined solutions, 

resulting in a more creative solution (Doll, Koufteros, and Vonderembse, 2001). 

6.2.1.2 Design for Assembly 

Design for Assembly is the second of the two most common Design for Excellence 

methodologies (Cooper, et al., 2004). The aim is to simplify and to streamline the assembly 

process so that the assembly process becomes more time and cost efficient. Minimizing the 

amount of different components, using standardized components, maximizing component 
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symmetry, and inserting new components from a single direction, preferable vertically and 

from the above, will increase the profitability of the products, since wasteful activities are 

scrapped (Abdullah, Hasim, Ripin, Yusoff, and Wahab, 2007). Design for Assembly can also 

increase the quality of products (Dalgleish, Jared, and Swift, 2000). 

6.2.2 Design, Measure, Analyze, Improve, and Control  

Design, Measure, Analyze, Improve, and Control (DMAIC) is a common problem solving 

process found in the Six Sigma methodology. The DMAIC process has the potential to 

improve existing processes, where it will focus on problems, which impacts on financial 

results of an enterprise. The DMAIC process is a closed circuit. As soon as the situation is 

under control with an improvement, the process should start from the beginning. The five 

steps in the DMAIC process are (Yang, 2008): 

 Define the opportunity. The objective is to identify the improvement opportunities, 

develop the business processes, define critical customer requirements, and prepare 

the product development team to become more effective. 

 Measure the performance. The objective is to determine what should be measured 

and how.  

 Analyze the opportunity. The objective is to analyze the opportunity to identify the 

problem. The goal is to identify the root cause of the problem and eliminate it and 

not just to prevent the side effects of the problem from happening. 

 Improve the performance. The objective is to identify, evaluate, and select the best 

solution for the problem. Another objective is to change the approach of 

management team, this will help the organization to adapt to the propose change. 

 Control the performance. The final objective is to control the improvement so that 

the process will not change back to the previous and worse way.  

6.2.3 Product Life-cycle Management 

Many of today’s products are complex and need numerous designers and engineers to 

accomplish good results during the product development process. In addition to designers and 

engineers, many other stakeholders are involved in the product development process. Each 

stakeholder will contribute to the product development project by adding important and 

useful knowledge. Stakeholders could be customers, vendors, service suppliers, spare parts 

suppliers, maintenance shops, dealers, and resellers; probably anyone, internal or external, 

that encounters the product has an opinion about it. Since the information and knowledge 

base increases rapidly with the enhanced complexity of the product, it gets harder to maintain 

a good overview of all the collected data. Each stakeholder has its own perspective of the 

product. A supplier might, for instance, produce the right spare part, but needs the right 

version of the service supplier, which in turn needs information about the component, which 

requires the drawings from the product engineer, and so on (Bouras, Dutta, Garetti, Kiritsis, 

and Terzi, 2010).  

 

A product’s life-cycle consists of three different phases; those are (Bouras, et al., 2010): 

 Beginning of Life is the design and manufacturing phase. During the design phase, 

the focus lies on identifying requirements, defining reference concepts, creating a 

detailed design, developing prototypes and performing tests. During the 

manufacturing phase, focus lies on producing the product and planning internal 

logistics at the production plant. The product is usually in the hand of the company. 
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 Middle of Life is the distribution, use, and support phase. During this phase the 

product is being distributed, used, and supported. Here the product is in the hand of 

the customer. Collecting knowledge about distribution routes, usage conditions, 

failure rates, and maintenance will create reports about the status of the product. The 

product development team can use these reports to improve future products. There is 

also a potential to use remote diagnostics during this phase. 

 End of Life is the phase where products are collected, disassembled, refurbished, 

recycled, reassembled, reused, and/or disposed. Through reusing or reviewing 

valuable components or materials, future product development projects can gain 

knowledge about the current state of the product and further improve future 

products. 

 

In the past, an enterprise used to add the value to the product during the manufacturing phase, 

see Figure 2. This makes Design for Manufacturing and Design for Assembly important tools 

for a product development team to master (Bouras, et al., 2010). It was usual that materials or 

products were refined through the manufacturing phase, for instance making furniture out of 

timber. To save money, save time, and to increase the turnover and profit, an enterprise often 

optimized the manufacturing and assembly process. 

 

Figure 2 shows the trend, were in the future, an enterprise would add the value to a product (Bouras, et al., 2010). 

 

Nowadays, the trend show that the focus has shifted towards value adding activities during 

the design phase, Middle of Life phase, and End of Life phase; making Design for 

Manufacturing and Design for Assembly less important, but not unnecessary. Instead, Design 

for Reliability, Design for Maintainability, and Design for Serviceability are getting more and 

more important (Bouras, et al., 2010). Raw materials are getting cheaper and more accessible; 

mass production is common. This results in that an enterprise should focus more on activities 

that promote good design and service. The description of Design for Reliability, Design for 

Maintainability, and Design for Serviceability is located in Chapter 6.2.4. 

 

Product Life-cycle Management consists of four areas of information (Bouras, et al., 2010): 

 Procedures and techniques, provided by the enterprise, support designers and 

engineers during the product development process so that the result of the product 

development project corresponds with the goals and objectives of the enterprise. 

Examples of such procedures and techniques are QFD and Value Analysis and 

Engineering. 
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 Rules and procedures based on earlier experiences, to help the designers and 

engineers to evaluate the needs and constraints that exist in the different product life-

cycle phases. Design for Excellence is a methodology that includes common product 

development tools used for the product development projects.  

 Techniques used by designers and engineers can evaluate the needs of a product 

that occur during the different life-cycle phases. Failure Modes Effect and Analysis 

(FMEA), Fault Tree Analysis and Fishbone Diagram are common tools that the 

product development team can use. 

 Management approaches and rules that support the enterprises continuous 

improvement work, for instance the Six Sigma methodology.  

 

Product Life-cycle Management is a collective name for many good and useful product 

development tools. Product Life-cycle Management is also a system of systems where the 

different product development teams can share information, knowledge, and experience 

throughout the entire enterprise. Most product development tools are standardize and are 

already common at many enterprises, therefore the secondary objective of the Product Life-

cycle Management is the most important; namely the system of systems for information, 

knowledge, and data (Bouras, et al., 2008).  

6.2.4 Design for Service 

The initiator of the master thesis and mentor at ABB Robotics helped creating the definition 

of Design for Service. In Design for Service, focus should lie on the reliability, 

maintainability, and serviceability of products. Focus should also lie on how the product 

development team at the R&D department can utilize knowledge from market studies, old 

designs, and from feedback from customers and service technicians. Trying to reduce the 

Total Life-cycle Cost of new products is also an important goal when a product development 

team works with Design for Service. An enterprise can either reduce the Total Life-cycle Cost 

by increasing the reliability, maintainability, and serviceability of products, or by taking 

important decisions earlier in product development projects (Yang, 2005). The Service Mode 

Analysis calculates the Serviceability Index of a product, a measurement of how serviceable a 

product is (Gershenson and Ishii, 1993). 

 

The description of the different methodologies that are included in Design for Service follows 

below. 

6.2.4.1 Design for Reliability 

Reliability is the probability that a product functions correctly and accordingly to predefined 

specifications, under the right conditions, and for a predefined period. The following five 

aspects will improve the reliability of the design (Yang and El-Haik, 2008): 

 Minimizing the damage the product receives from shipping and the repair and 

maintenance process. 

 Neutralizing or preventing that environmental factors and degradation factors will 

damage the product. 

 Simplifying the design, construction, and increase the use of standard components. 

 Finding all root causes for failures and defects, not just the symptoms. 

 Documenting all yield and defect rates from internal and external data sources and 

developing strategies that will address them. 
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The first activity that the product development team should perform, to reduce the probability 

that the failure occur, is to study and classify all possible failures. The product development 

team should investigate why the failures occur and which events triggered the failures. 

Typically, the product development team performs and documents the Design for Reliability 

study on a prototype or during rapid prototyping. This may seem late in the product 

development process since it is not cost and time efficient to implement major design or 

construction changes to the product late in the product development process. The product 

development team should instead use documentation of yield and defect rates from similar 

products and other available and reliable sources of information to perform a reliability study 

earlier in the product development process (Yang and El-Haik, 2008). Comparing the results 

from the first yield and defects rates studies to similar studies on the prototype will evaluate 

the credibility of the first study. 

 

The product development team can use the early predictions of the reliability of the concepts 

to estimate the MTBM or MTBF. The product development team should update the 

estimations of the reliability continuously during the entire product development project. The 

updated estimations of the reliability can control, if the figures for MTBM and MTBF 

increases or decreases. Having good understanding of the physical properties of the materials, 

processes, and technologies used in each concept and how those aspects can interact with the 

entire construction and design, is critical. Good understanding will help the product 

development team to develop and choose the most suitable concept that will comply well 

with customer needs and that in the end will increase the reliability of the product (Crowe and 

Feinberg, 2001).  

 

The product development team could use a FMEA to investigate the reliability of the product. 

The product development team can identify the weakness of the design and construction by 

simulating hazardous environments or environments where components are prone to fail. 

Reverse engineering investigates how competitors are solving a similar problem. The product 

development team should analyze which design changes the competitors have implemented 

to increase reliability (Crowe and Feinberg, 2001). By minimizing the amount of components 

or simplifying them, the reliability of the product will increase, since the amount of 

components that can fail are smaller. To further increase the reliability, the product 

development team should balance the difference of the probability that the different 

components of the product fail (Stephenson and Wallace, 1996). 

 

The following five activities will increase the reliability of the product (Yang and El-Haik, 

2008): 

 Perform scientific correct calculation to ensure the reliability of the used 

components. 

 Use components with higher specification than needed. 

 Try to make the design and construction insensitive to uncontrollable failure sources. 

 Search for alternative ways to prevent the occurrence of failures. 

 Introduce backup systems for critical components, which will ensure that the product 

continues to work even after a critical component fails. 

6.2.4.2 Design for Maintainability 

The objective with Design for Maintainability is that the design and construction of the 

product should function agreeably to the specifications set throughout the products life-cycle, 

with minimum effect on budget and production time. An effective use of the Design for 
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Maintainability methodology will minimize the downtime during maintenance, time for user 

and service technician to perform maintenance, injuries of employees during the maintenance 

process, cost linked to unnecessary maintenance, and the need of logistics for replacing 

components, backup units, and employees (Yang and El-Haik 2008). 

 

The following five-step maintenance-reduction program will simplify and minimize the 

maintenance process. The program includes the following activities (Mallon, 1999): 

 Analyzing the current failures and maintenance requirements. 

 Redesigning or replacing components that have a high probability to fail. 

 Testing maintenance early on prototypes. 

 Refining the design. 

 Performing long-term testing of production models. 

 

The product development team should analyze failure reports, warranty claims, service calls, 

and spare parts sales to identify components that should be included in the maintenance-

reduction program and to pinpoint their current problem. Components that have high 

probability to fail, or need extra attention during service, for instance components that need 

lubrication and mechanically complicated components should have a high priority during a 

maintenance-reduction program. Components with low probability to fail should be included 

in a maintenance-reduction program, if access to them is complicated and hard. The result of 

the maintenance-reduction program should be components with lower or no failure rates or 

greater access for maintenance. Major design, construction, and process changes should be 

tested and examined closely to predict unforeseen events (Mallon, 1999). 

 

Design changes during production cost 100 to 1000 times more than the same change would 

have cost, if the product development team made the changes in the concept stage. Therefore, 

it is important to involve Design for Maintainability as early as possible in the product 

development process (RIAC, 2004). Today’s new products at ABB Robotics are often 

redesigns of precious versions, with improvements to the old design. The product 

development team should therefore review, analyze, and base the resulting concepts on 

service manuals, service reports, warranty claims, and spare parts sales.  

 

The following six activities will increase the maintainability of a product (Yang and El-Haik, 

2008): 

 Minimizing the quantity of components that need maintenance. 

 Having easy access to components that often need maintenance. 

 Using common fasteners and attachment methods instead screws and bolts. 

 Designing the product so that as few hand tools as possible are needed. 

 Providing the possibility for safety devices such as guards, covers, and switches. 

 Designing the product for easy access to adjustable components. 

6.2.4.3 Design for Serviceability 

Design for Serviceability is the ability to, with relative ease, diagnose, remove, replace, 

replenish, and/or repair components to the original specifications (Yang and El-Haik, 2008).  
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Design for Serviceability will also measure (Cavalieri, et al., 2008): 

 How often a service technician needs to perform the service process. 

 With which ease a service technician can perform the service process. 

 How long the service process will take. 

 What the service process will cost. 

 

The cost associated with bad Design for Serviceability will negatively influences the Total 

Life-cycle Cost. Total Life-cycle Cost is the cost that usually influences the sales price to the 

customers. Therefore, the lower the cost of service is, the higher the customer satisfaction 

will be (Cavalieri, et al., 2008). Design for Serviceability will help to determine and 

optimizing future service tasks, raising customer satisfaction levels, reducing the Total Life-

cycle Cost, and improving the total life-cycle span of the product (Hamalides, Hugo, Lunau, 

Mollenhauser, Renata, Roenpage, and Staudter, 2009).  

 

If the product development team uses Design for Serviceability, customers and service 

technicians should be involved early in the products development process. A product 

development project should consider the following aspects when working with Design for 

Serviceability (Yang and El-Haik, 2008; Gershenson and Ishii, 1993): 

 Customer service attributes 

 Labor time 

 Spare parts cost 

 Service simplification  

 Safety  

 Failures caused by the service 

process  

 Service frequency and occurrence 

 Need of special tools 

 Diagnosis 

 

The product development team should perform the following eight activities when they use 

the Design for Serviceability methodology during the product development process (Yang 

and El-Haik, 2008): 

1. Review assumptions, critical customers, functional requirements, and Six Sigma 

targets. In other words, study and understand customer needs and what the 

customers expect from the design and construction of the product. The product 

development team should use tools such as QFD to rank customer needs. 

2. Check old, good, and proven designs and constructions. Use the gained data to 

predict the impact the new design and construction will have on customer 

satisfaction levels. The product development team should perform market surveys to 

benchmark best-in-class competitors. The surveys will collect knowledge on which 

actions the product development team has to undertake to exceed customer 

satisfaction levels, and to beat the competitors. 

3. Identify what different types of service the product needs, such as standard 

operation, scheduled maintenance, and/or repair. Classify the service types 

accordingly to the corresponding customer segments. 

4. Understand all currently available service process to the smallest detail. 

5. Estimate total labor time. Total labor time consists of repair recognition time, 

diagnostic time, logistic time, and the actual repair time. The goal should always be 

set so that the best-in-class labor time is beaten.  

6. Minimize each problem by reviewing customer reports, determining and eliminating 

the root cause, addressing the problem according to order of priority, searching for 

scientific proven solutions, and lastly trying to predict future trends. 
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7. Determine design solutions approached in steps one to six. The information 

extracted from the gathered data will lead to the formulation of a serviceability 

design strategy. The product development team should address every separate 

component, critical or not, for its unique serviceability requirements. 

8. Introduce special design parameters into the product development process. The 

parameters can be categorized as followed, so that they answer the following 

questions and/or consider the following statements: 

a. Orientation: 

I. Does the component have an easy removal path? 

II. Does the service process require re-orientation? 

b. Contamination: 

I. Is the service process responsible of contaminating fluids? 

II. Is the service process responsible of contaminating components? 

c. Access: 

I. Ability for Assembly: Is it possible to group components to simplify 

the service process? 

a. Is the disassemble process intuitive? 

b. Can an asymmetric component only fit one way? 

II. Reachability: Can the service technician reach the component by 

hand? Does the service technician need a tool? Is the component 

removable from the product? 

III. Layerability: Does the rank in the assembly layer correspond to how 

often the component is in need of service? 

IV. Real estate: Is there a possibility of moving or resizing components 

to optimize the service process? 

V. Efficiency: Are there components that obstruct the visibility or the 

service process? 

VI. Diagnostics: Can the service technician access the component for 

diagnostics without disassembly? 

VII. Service reliability: Address potential damage of serviced or removed 

components. Have all possibilities for component minimizations 

using Design for Manufacturing and Design for Assembly been 

exhausted? Consider the use of standard components. 

d. Simplicity – Customer considerations: 

I. Tools: Design for standard tools and minimize use of specialized 

tools. 

II. Adjustment: Reduce customer intervention through tuning and 

adjustment. Use robustness techniques. 

III. Poka-yoke: Design the product so that it uses color codes to simplify 

the service process. Produce clear instructions for the service process.  

6.2.4.4 Difference between Design for Maintainability and Design for 
Serviceability 

At the first sight, the Design for Serviceability methodology and the Design for 

Maintainability methodology may seem to be identical. They are however not the identical; 

the difference between them is small but important. When working with Design for 

Maintainability the product development team develops the product so that it will have 

maximum uptime by, either eliminating the need for maintenance or, streamlining it. Design 

for Serviceability should on the other hand improve the ability to perform service on the 
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product. The product development team will accomplish this by creating easy access to 

exposed components with high failure rates but also by simplifying the service process.  

6.2.4.5 Product Life-cycle Management 

Product Life-cycle Management is part of the Design for Service definition. The description 

of Product Life-cycle Management is located in Chapter 6.2.3. It is important to mention that 

focus should lie on the information and data sharing aspect of Product Life-cycle 

Management. Since many product development projects consist of different departments, it is 

important that information and data may flow freely between the different departments. 

During a product development project, all departments should have the possibility to 

influence the decision making process. It is important that each department has access to the 

same information and data. This will make the different decisions in a product development 

project as fair as possible, since they will consider the interest of all departments. This will 

also create a big cross-functional product development team where the marketing, R&D, 

service, production, and other departments can influence the final decisions (Johansson, 

2004). 

6.2.4.6 Total Life-cycle Cost 

The Total Life-cycle Cost for a product consists of three different cost carriers, enterprise, 

customers, and society. The cost associated with an enterprise consists of (Alting, 1991): 

 Market recognition 

 Development 

 Materials 

 Energy 

 Facilities 

 Wages 

 Transportations 

 Storage 

 Waste 

 Warranty claims 

 Service activities 

 

The cost associated with the customers consists of (Alting, 1991): 

 Transportation 

 Storage 

 Energy 

 Materials 

 Maintenance 

 Disposal cost 

 Recycling cost 

The cost associated with the society consists of (Alting, 1991): 

 Waste 

 Pollution 

 Health damages 

 Packaging 

 Waste handling 

 

An enterprise can greatly influence the cost that is associated to maintenance. By developing 

products that claim less resources and money, and by simultaneously maintaining or 

increasing the quality, an enterprise can increase both the profit and customer satisfaction 

levels (Alting, 1991). To increase the customer satisfaction, an enterprise could decrease the 

different costs for the customers, resulting in a lower Total Life-cycle Cost. The customers 

will see this as a better-valued product and would likely be willingly to pay more for the 

same product. 
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6.2.4.7 Service Mode Analysis 

Service Mode Analysis is comparable to FMEA. Instead of focusing on predicting the possible 

failures, evaluating the consequences of the failures, and propose measures to prevent that the 

failures will occur again, the Service Mode Analysis will analyze how easy it is to service a 

specific product. There are two ways to calculate the Serviceability Index. The difference 

between the two ways is if the component, that is prone to failure, is known or not 

(Gershenson and Ishii, 1993).  

 

A product development team can calculate the Serviceability Index by using factors such as 

labor time (   ), labor rate (   ), necessary tools (  ), necessary training materials (  ), spare 

parts cost (   ), and spare parts availability (   ). f is the frequency range and N the total 

number of labor operations taken into account. The formula used to calculate the 

Serviceability Index is: 

                     
 

 
                             

 

   

 

Other factors are relevant for the Serviceability Index; but they are not necessary for the 

calculations. The factors above are specific for malfunction repair and incorporate most of the 

cost associated with service. By improving any given factors from above, the Serviceability 

Index will enhance, which in the end will result in a more cost efficient product (Gershenson 

and Ishii, 1993). 

6.2.5 Gate-model 

Below follows the definition of the Gate-model. Also described is how ABB Robotics has 

adapted the definition to suite their work environment.  

6.2.5.1 Definition of a Gate-model 

Gate-model, also often referred as Stage-Gate, is a product development process that moves 

products from the idea stage to the launch stage and beyond (Cooper, 2008).  

 

The Gate-model consists of a number of subsequent stages, where the product development 

team performs the different tasks and activities, analyzes the result, draws conclusions, and 

makes decisions. After each stage follows a gate, where a responsible employee takes the go, 

redo, or kill decision. The decision represent if it is feasible to continue to invest in the 

product development project or not. Normally the Gate-model consists of five stages and five 

gates; see Figure 3 (Cooper, 2008): 

 Stage 0 – Discovery    

 Stage 1 – Scoping    

 Stage 2 – Build Business Case  

 Stage 3 – Development   

 Stage 4 – Testing & Validation  

 Stage 5 – Launch    

 Gate 1 – Idea Screen    

 Gate 2 – Second Screen   

 Gate 3 – Go To Development  

 Gate 4 – Go To Testing   

 Gate 5 – Go To Launch   

 Post-Launch Review 
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Figure 3 shows the five stages and five gates of the Gate-model with the optional discovery stage and post-launch review 

gate (Cooper, 2008). 

6.2.5.2 Description of the stages 

A more detailed description of the different stages follows below (Product Development 

Institute Inc., 2012; Cooper, 2008): 

 Stage 0 – Discovery: The product development team uses different tools to discover 

opportunities for new products and market segments. The product development team 

also uses tools to generate new product ideas that comply with the discovered 

opportunities and market segments. 

 Stage 1 – Scoping: The product development team performs a quick and 

inexpensive assessment of the opportunities for new products and market segments.   

 Stage 2 – Building business case: This is the most important stage, since this stage 

will determine and set the bar for the potential result. Technical, marketing, and 

business feasibility is investigated and analyzed, which is later summarized in three 

main components: 

o Product and project definition: The product development team lists 

potential threats and opportunities for the product.  

o Project justification: The product development team presents arguments 

why it is important that the enterprise should spend time and money on the 

product development project. Further, they explain what the benefits are for 

the enterprise in term of potential profit and potential new and/or enhanced 

market shares and customers.  

o Project plan: The product development team plans the product 

development project in detail. They associate employees to the respectively 

activities and allocate resources to the activities. Further, they plan the 

launch date for the new product. 

 Stage 3 – Development: The product development team executes the project plan, 

which they made during the previous stage. The product development team develops 

concepts, evaluates different manufacturing processes, and formulates the marketing 

plan. Further, they plan the production of prototypes for the next stage. 

 Stage 4 – Testing and validation: The product development team evaluates the 

entire product development project, including the product, production, and 

manufacturing process, customer acceptance, and economics. 

 Stage 5 – Launch: The product development team starts the production and 

launches the product, hopefully according to the project plan.  

 Launch: Post Launch-Review: This stage is an optional stage that the product 

development team can use when the enterprise produces the product and/or after the 

enterprise sells the product. Here, the product development team looks back and 

considers what problems they meet during the product development project and 

reviews the decisions they made. The product development team should learn from 

experience to, in the future, optimize, and streamline the product development 

process. 
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6.2.5.3 Description of the gates  

After each stage, there is a gate. The gate is a meeting where the product development team 

presents the decisions they made during the stages. The purpose of the five gates is identical. 

A gate owner is obliged to make a fair decision if the enterprise should continue to work with 

the product development project or killing the product development project. The gate owner 

usually is a stakeholder and is not included in the decisions during the stages. The gates 

consist of the following three items (Cooper, 2008): 

 Deliverables: The deliverables are usually a standard range of questions and/or 

statements that the product development team has to solve, address, and/or present to 

the gate owner during the gates. During the gates, the gate owner and the product 

developed team decides which deliverables they must solve and/or address during 

the next stage. 

 Criteria: Is a checklist that includes questions and/or statements that the product 

development team must answer and/or address during the next stage. The checklist 

will easily target bad product development projects and helps the gate owner to take 

a fair decision. The purpose of the criteria is not the same as for the deliverables. 

 Outputs: The decisions from the gate owner are go, kill, or redo. The outputs 

include an approved action plan, consisting of a timeline and resources committed 

for the next stage and a list of deliverables and date for the next gate. 

6.2.5.4 How ABB Robotics uses the Gate-model 

ABB Robotics calls the stages in the Gate-model for gates and the gates as gate meetings. 

From now on, the master thesis will use the same naming as ABB Robotics uses. 

 

The product development team at ABB Robotics has to answer between 22 and 95 questions 

and fulfill between 13 and 39 deliverables depending of the gate, see Figure 4, Figure 5, and 

Figure 6. Since entire ABB must use the same Gate-model, many standard questions are not 

relevant for ABB Robotics. Therefore, the product development team has a possibility to 

adapt the Gate-model, either by hiding or by adding extra questions to each gate. When the 

project manager downloads the Gate-model for the first time from ABB Robotics intranet, it 

comes with a couple of predefined questions and deliverables that the management team 

recommends that the product development project should use. The management team further 

urges each product development team to unhide more questions and deliverables and/or write 

their own questions and deliverables and answering them (Forssander, 2012a).  

 

In total, there are 486 different questions, including both hidden and visible questions, for the 

entire Gate-model at ABB Robotics. There are in total 98 service related questions of which 

59 percent are visible as standard. The spread is relative equal: 

 Gate 0 has 47 questions of which 23 are visible as standard (49 percent). 

 Gate 1 has 72 questions of which 37 are visible as standard (51 percent). 

 Gate 2 has 95 questions of which 53 are visible as standard (56 percent). 

 Gate 3 has 70 questions of which 39 are visible as standard (56 percent). 

 Gate 4 has 88 questions of which 41 are visible as standard (47 percent). 

 Gate 5 has 61 questions of which 32 are visible as standard (53 percent). 

 Gate 6 has 22 questions of which 16 are visible as standard (73 percent). 

 Gate 7 has 31 questions of which 17 are visible as standard (55 percent). 
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In total, there are 187 different deliverables, including both hidden and visible questions, for 

the entire Gate-model at ABB Robotics. The spread is relative equal: 

 Gate 0 has 13 deliverables of which 11 are visible as standard (85 percent). 

 Gate 1 has 21 deliverables of which 13 are visible as standard (62 percent). 

 Gate 2 has 39 deliverables of which 17 are visible as standard (44 percent). 

 Gate 3 has 23 deliverables of which 12 are visible as standard (52 percent). 

 Gate 4 has 34 deliverables of which 13 are visible as standard (38 percent). 

 Gate 5 has 31 deliverables of which 13 are visible as standard (42 percent). 

 Gate 6 has 13 deliverables of which 9 are visible as standard (69 percent). 

 Gate 7 has 13 deliverables of which 10 are visible as standard (77 percent). 

 

 

Figure 4 shows some of the items that the product development team must fill out during, in this case, gate 0 (ABB Internal 

Document, 2011a). 

 

 

Figure 5 shows some of the deliverables that the product development team must present during the gate 0 meeting. Note 

that those are the standard deliverables; the deliverables can be adapted to suite a specific product development project. 

(ABB Internal Document, 2011a). 
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Figure 6 shows some of the questions that the product development team must answer during gate 0. Note that those are the 

standard questions for gate 0; the questions can and should be adapted to suite a specific product development project (ABB 

Internal Document, 2011a). 

 

Instead of the five standard stages and the one optional post-launch review stage, the standard 

Gate-model at ABB has eight different stages; see Figure 7. The description of the eight 

stages follows below (ABB Internal Document, 2012b): 

 Gate 0 – Agreement to start: Here the product development team coordinates the 

start up of the product development project and explains to the management team 

why they want to run this product development project. 

 Gate 1 – Agreement on scope: Here the product development team agrees with the 

management team on the requirements. The product development team also states 

what should be included in the product development project. 

 Gate 2 – Agreement on start project execution: Here the product development 

team presents the project plan and describes how they will carry out the product 

development project. The project plan must be realistic and should include items 

such as differently planned activities, a time schedule, necessary resources, and 

potential risks. 

 Gate 3 – Confirm execution: Here the product development team insures 

themselves that they are following the project plan and that they are trying to 

minimize the risk. The product development team can use this gate several times 

during the product development process.  

 Gate 4 – Agreement on readiness for introduction: Here the product development 

team starts to test the acceptance of the result of the product development project. If 

there is a new market to consider, for example for a new product, the responsible 

department starts the market introduction with the appropriate activities. 

 Gate 5 – Release/Handover: Here the product development team releases the result 

and readies the product for serial production and sale. When the production has 

started, the line-organization takes over the responsibility of the product. 

 Gate 6 – Close project: Here the product development team closes the product 

development project with, hopefully no remaining quality problems, all documents 

finished, people trained, and completed other relevant aspects. 

 Gate 7 – Capture return on investment: After six months, the product 

development team checks the result of the product development project, if the 

product development project was and still is successful or not. 
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Figure 7 shows the overview of the Gate-model and the general purpose and objective of the different gates at ABB 

Robotics (ABB Internal Document, 2012b). 

 

Here follows the description of the decision-making process during the Gate-model at ABB 

Robotics, see Figure 8. 

 

If the next gate is approaching in a product development project, the gate owner assesses if 

the product development project is ready to perform the gate meeting. If the gate owner finds 

the product development project not ready, the gate owner postpones the gate meeting and 

the same procedure starts again (ABB Internal Document, 2011a). 

 

If the gate owner believes the product development project to be ready to perform the gate 

meeting, the project manager gives a self-assessment of his product development project to 

the gate owner. The gate owner considers if the product development project needs an 

external assessment; an external assessment is mandatory if the product development project 

exceeds one MUSD in total product development project cost. The employee that performs 

the external assessment is usually a member of the management team and has no links to the 

product development project. If the gate owner believes that the product development project 

does not need an external assessment, the project manager distributes the deliverables of the 

gate to the different gate participants (ABB Internal Document, 2011a). 

 

If the gate owner determines that, the product development project needs an external 

assessment, the project manager, the gate owner, and the gate assessor agree on time schedule 

and inform the other gate participants, such as the product development team and other 

stakeholders. During an external assessment, the gate assessor has the final word and decision 

(ABB Internal Document, 2011a). 

 

The gate meeting is an open meeting where everybody relevant for the product development 

project can participate. The number of attendants should however be kept to a minimum. It is 

here where other employees, in addition to the project manager, the gate owner, other 

stakeholders, and a potential gate assessor are involvement in the gate decision. During the 

gate meeting, the project manager presents the deliverables and the gate owner makes the 

gate decision. The gate decision should be a consensus decision, but the gate owner has 

always the final word. If the decision is go, the entire decision-making process starts from the 

beginning. If the decision is kill, the project owner terminates the product development 

project. If the decision is redo, the product development team has to redo the previous gate 

(ABB Internal Document, 2011a). 
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Figure 8 shows the process that the product development project uses to make the decision for the product development 

project (ABB Internal Document, 2011a). 

6.2.6 Pulse State Tool 

The Pulse State Tool is a newly developed tool that helps the service department at ABB 

Robotics to identify product development projects where the service department needs to be 

more involved. The service department currently does not use the Pulse State Tool. The tool 

will however be a great addition to the Design for Service process (Östlund, 2011). 

 

The purpose and objective of the Pulse State Tool is to evaluate product development projects 

and thereby identifying product development projects where the service department needs to 

be more involved. Each product development project at the R&D department should be 

investigated accordingly to which sub departments of the service department are included, 

see Figure 9. The employee using the Pulse State Tool should rank the different sub 

departments from zero to ten, where zero represents no involvement and zero represents high 

involvement. The Pulse State Tool evaluates other aspects, if the product development project 

will result in a new product or if it will replace a current available product or component. The 

Pulse State Tools also evaluates if the product or component will be backward compatible or 

not (Andrée, 2011).  

 

Based on the answered statements, the Pulse State Tool will calculate a figure that the service 

department considers if they should allocate more resources towards the product development 

project or not. At the top of the Pulse State Tool, there are links to the service related 

questions found in the different gates of the Gate-model (Andrée, 2011).  
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Figure 9 shows the original Pulse State Tool (ABB Internal Document, 2011b). 

 

The Pulse State Tool shares other important information (ABB Internal Document, 2011b): 

 The reference number of the product development project  

 The name of the product development project  

 In which country the product development project is located 

 When the product development project should be completed 

 In which gate the product development project currently is in 

 The name of the project manager at the R&D department 

 Other important comments 
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7. Applied solution method 
The description of the path to the final solution follows below. Throughout the problem 

solving process different issues occurred, often resulting in a new and redefined problem 

statement. 

 

The description of the problem solving process regarding the Pulse State Tool, Gate-model, 

and Checklist follows below. The Pulse State Tool used four circles, the Gate-model two 

circles, and the Checklist two circles. 

7.1 Plan 

The description for the process map for the problem solving process follows below.  

7.1.1 Time management 

Creating a general Gantt schedule will help to plan the master thesis and to estimate the 

amount of time each problem solving process will take, see Figure 10. The general Gantt 

schedule will not include detailed activities for each problem statement. It was hard to 

anticipate which activities were involved in the different problem statements. Since it was 

hard to predict the estimate amount of time for each activities further than a week ahead, the 

Gantt schedule is kept up-to-date each Friday.  

 

 

Figure 10 shows the first draft of the Gantt schedule. The Gantt schedule is kept up-to-date every Friday. 

7.1.2 Process map 

The master thesis uses a process map based partly on the DMAIC process from the Six Sigma 

methodology. The problem solving process uses the same process map; see Figure 11. As 

soon as the initiator of the master thesis and the mentor at ABB Robotics has approved the 

definition of the problem statements for the three different objectives included in the master 

thesis, the problem solving process began. The problem solving process is a closed circuit, 

meaning that the solution will continually improve during the master thesis. Only when the 
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solution is of acceptable quality, 

the mentor at ABB Robotics will 

receive the solution and the 

problem solving process stops. 

This often occurs at the time when 

the solution has been field tested 

with good feedback. The problem 

statement for each part is 

comprehensive. Dividing the 

problem statement into smaller 

problem statement will therefore 

simplify the problem solving 

process. 

 

As stated above, the master thesis 

will deal with a general problem 

statement, consisting of three 

minor problem statements. Using 

the problem solving process 

described below will allow 

working on the three minor 

problem statements simultaneously.  

 

The description of the different steps of the problem solving process follows below: 

 Plan the objective, purpose, and goal for the circle. 

o Define – Identify the problem. 

o Measure – Search for information. 

o Analyze – Study the gathered information and the current solution. 

o Improve – Develop a solution. 

o Control – Verify and evaluate the solution. 

 Deliver the solution to the mentor at ABB Robotics. 

 

The problem solving process, beginning with Define, continuing with Measure, Analyze, 

Improve, and ending with the activity Control, refers to a circle. Depending on how 

comprehensive the problem statements are many circles can follow. 

 

A table is located before each chapter. The table gives the reader a short summary of the next 

circle. The table is split into the five activities found in the problem solving process, Define, 

Measure, Analyze, Improve, and Control. 

7.2 Pulse State Tool 

During 2011, an employee at the service department developed the current Pulse State Tool. 

The purpose of the tool is to identify product development projects that need more 

involvement from the service department. Since the tool is new, is has not found acceptance 

at the service department and is currently not used. There is however a great potential in such 

a tool; it will give the service department a concrete method to early predict how involved the 

service department needs to be in the evaluated product development project (Östlund, 2011). 

Figure 11 shows the visualization of the problem solving process of the 

master thesis and for the problem statements. 
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7.2.1 Pulse State Tool – Circle one 

The work during circle one of the Pulse State Tool will mainly focus on to getting to know 

the current state of the Pulse State Tool, searching for relevant information in scientific 

papers and literatures, and creating a rough first solution.  

 

Chapter 7.2.1 will describe Table 2 in detail. 

Table 2 shows the summary of circle one for the Pulse State Tool. 

Define  The Pulse State Tool does not evaluate the serviceability of the concept. 

Measure  ABB Robotics uses prototypes late in the product development process.  

 The Service Mode Analysis evaluates the serviceability of a product. 

Analyze  ABB Robotics uses prototypes to evaluate the serviceability of a product. 

 ABB Robotics has design and construction meetings, where for instance the R&D, 

production, marketing, and service department can suggest improvements. 

 One project manager at the R&D department proposed that his product development 

project should provide videos of critical service processes. 

Improve  The Pulse State Tool should use a modified version of the Service Mode Analysis to 

evaluate the serviceability of the concept. 

 It is more suitable to use yes, partly, and no when answering the statements in the Pulse 

State Tool. 

 Fourteen statements evaluate the serviceability of the concepts. 

 The Pulse State Tool uses color-coding to represent good respectively bad figures. 

Control  The employees that attended evaluation session thought that is was a good initiative of 

adding a modified Service Mode Analysis. 

 New questions and statements surfaced during the evaluation session. 

7.2.1.1 Define – Identify the problem 

At the start of the master thesis, the initiator of the master thesis and mentor at ABB Robotics 

help to define the problem statement for the Pulse State Tool. The result of this problem 

solving process should satisfy the general problem statement for the master thesis and the 

specific problem statement for the Pulse State Tool. Since the problem statement is 

comprehensive, the problem solving process will divide the problem statement into minor 

problem statements and answer them separately. During the course of the problem solving 

process for the Pulse State Tool, difficulties and problems occurred, that the problem solving 

process addresses, before the work continued. 
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To simplify for the reader, the definition of the problem statement for the Pulse State Tool 

follows again below: 

 The current version of the Pulse State Tool does not take into account the reliability, 

maintainability, and serviceability of the concept. Improve the Pulse State Tool so 

that the tool reflects how involved the service department needs to be in a specific 

product development project at the R&D department. 

7.2.1.2 Measure – Search for information 

ABB Robotics uses prototypes to evaluate and test the product or service. Since prototypes 

usually are expensive, ABB Robotics produces them after the product development team 

chooses the final concept. The closer the product development process comes to the final 

product, the more comprehensive the prototypes will be. As the product development process 

evolves, the prototypes can be tested and studied more in detail, giving more knowledge to 

the product development team. With the help of computer software such as CAD, Computer 

Aided Engineering (CAE), and Computer Aided Manufacturing (CAM) the product 

development team can create digital prototypes. Using digital prototypes to simulate and 

evaluate the concepts even earlier in the product development process will save time and 

money for the product development project (Eppinger and Ulrich, 2008). 

 

The Service Mode Analysis is a tool that evaluates how serviceable a specific product is. 

7.2.1.3 Analyze – Study the gathered information and the current solution 

ABB Robotics uses prototypes to evaluate the serviceability of a product. The product 

development team at the R&D department produces the prototypes late in the product 

development process, normally after they have chosen the final concept. The service 

department needs access to prototypes to evaluate the serviceability of the product and to be 

able to give feedback for the design and construction. Since the product development team 

produces the prototypes after they have chosen the final concept, the service department has a 

low ability to influence the design and construction of the final product (Sandell, 2012). 

 

During each product development project, the R&D, production, service, marketing, and 

other involved departments evaluate the design and construction during a couple of meetings 

called design review meetings. The goal of these meetings is to critically review the design 

and construction of the suggest concepts. Only lately, the R&D department has invited a 

representative from the service department to these meetings. The service department is not 

involved in the development of concepts and it is hard for them understand the provided 

concepts. A probable reason is that they do not use CAD, CAE, or CAM software in the same 

frequency during their daily work as the R&D department (Sandell, 2012).  

 

One project manager at the R&D department has proposed that his product development team 

should provide shorter videos of critical service processes, such as oil change and 

replacement of often-changed components. In this way, the service department can easier 

familiarize them self with the different concepts; which means a higher possibility to 

influence the concepts during the design review meeting (Lövemark, 2012).  

 

The current Pulse State Tool evaluates which sub departments of the service department are 

involved in the product development project and some other aspects (Andrée, 2011). The 

Pulse State Tool however lacks an important aspect, namely evaluating the serviceability of 

the proposed concepts. 
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7.2.1.4 Improve – Develop a solution 

The work during circle one for the Pulse State Tool incorporated a modified version of the 

Service Mode Analysis into the Pulse State Tool; see Figure 12. The original formula for the 

Service Mode Analysis took into account how often the possible failures could occur, total 

number of labor operations needed to restore the failures, labor time, labor rate, and some 

other statements. Because of the available information about the developed concepts is scarce 

early in a product development project, labor time and labor rate were hard to predict and 

therefore not used in the modified Service Mode Analysis. The same applies to how often 

possible failures could occur and the total number of labor operations needed to restore the 

failures. Two new statements replaced these four statements. The two new statements are 

Repair and Planned Maintenance. Remote diagnose is an accessory for ABB Robotics 

products that increases the serviceability. The statement Ability to Diagnose Remotely will 

evaluate if it is important that the final product should have the function that lets a service 

technician diagnose the product remotely.  

 

The review of the original Pulse State Tool showed that it was hard for employees at the 

service department to assume numbers for the different statements found in the original Pulse 

State Tool. The assumed numbers could range from zero to ten; it was hard to know what 

represented a zero or a ten. This part was simplified and it was now sufficient to only answer 

the statements with yes, partly, or no, see Figure 12.  

 

The twelve statements on the left in the Pulse State Tool represents the figure Hot Issue, see 

Figure 12. Since yes, partly, and no is used to answer the twelve statements, numbers are 

assigned to yes, partly, and no. Yes is used to represent the number five, partly the number 

two, and no the number zero. The figure Hot Issue sums the following twelve statements: 

 New Product Program 

 Replace Product 

 Replace Component 

 Backward Compatibility on new 

Parts 

 Needs of Service Business Case 

 SMC – Supply Active Parts 

 SMC – Supply Classic Parts 

 ST – Product Support 

 STS – Training 

 STP – Spare Part Program 

 LCM 

 S – Services Availability 

 

 

Figure 12 shows the first version of the revised Pulse State Tool. To evaluate the changes to the Pulse State Tool, the 

employees attending the evaluation session assigned number to the different statements. The final version will not include 

numbers. 
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The equation that calculates the figure for Accumulated is located below. The intention 

behind the equation is; the lower the Serviceability Index gets the worse the figure for 

Accumulated will be. Accumulated is a combination of Hot Issue and Serviceability Index, the 

equation being: 

                      
                     

 
                                 . 

 

An employee working with the Pulse State Tool can assign numbers ranging from zero to ten, 

to the fourteen statements below. These statements are located on the right side in the Pulse 

State Tool. The seven statements under probability will investigate if the statements will 

increase the serviceability of the product or not. The seven statements under impact will 

investigate how high the impact on the final design and construction these statements have. 

The Serviceability Index is an average of these items: 

 Probability 

o Repair 

o Planned Maintenance 

o Necessary Tools 

o Necessary Training 

o Replacement Part Cost 

o Replacement Part 

Availability 

o Ability to Diagnose 

Remotely 

 Impact 

o Repair 

o Planned Maintenance 

o Necessary Tools 

o Necessary Training 

o Replacement Part Cost 

o Replacement Part 

Availability 

o Ability to Diagnose 

Remotely 

 

To clarify which figure of the Serviceability Index and Accumulated is good respectively bad, 

the Pulse State Tool will visualize the figures in different colors. Green represents a good 

figure, orange a neutral figure, and red a bad figure. Note that a high figure for the 

Serviceability Index is good, but a high figure for the Accumulated is bad. 

7.2.1.5 Control – Verify and evaluate the solution 

During the evaluation session for the first proposed changes for the Pulse State Tool, a group 

of employees from the service department evaluated the tool. The group used the tool to 

evaluate three ongoing product developed projects from the R&D department, see Figure 12. 

The group thought that the possibility of evaluating the serviceability of concepts is a good 

addition to the Pulse State Tool. The overall modification of the Pulse State Tool got a good 

reception (Lundqvist, Sandell, and Östlund, 2012).  

 

During the evaluation some questions and statements surfaced (Lundqvist, et al., 2012): 

 How should the employee working with the Pulse State Tool interpret the fourteen 

statements? What represents a zero or a five? 

 What does LCM stand for and what is the purpose of the statement? 

 What does S – Services Availability stand for and what is the purpose of the 

statement? 

 The title for Accumulated is misleading; change it to something more appropriate. 

 The layout of the Pulse State Tool is confusing. 

 The ability to diagnose remotely is optional for the customer; hence, the statement 

Ability to Diagnose Remotely is not important to evaluate in the Pulse State Tool. 

 Add the item need of Service Business Case – Construction to evaluate if there is a 

need the update the business case for construction. 
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7.2.2 Pulse State Tool – Circle two 

The implementation of Service Mode Analysis was a good first step to update the Pulse State 

Tool. The second circle will largely deal with layout changes and creating support questions. 

The support questions will simplify the process of answering the, now twelve, statements, so 

that the employee working with the Pulse State Tool can answer them as correctly, fairly, and 

similarly as possible.  

 

Chapter 7.2.2 will describe Table 3 in detail. 

Table 3 shows the summary of circle two for the Pulse State Tool. 

Define  The layout of the Pulse State Tool is confusing. 

 Create supporting questions so that the employee working with the Pulse State Tool can 

answer the statements as correctly, fairly, and similarly as possible. 

 Add some statements and change the purpose of some statements. 

Measure  LCM stands for Life-cycle Management and refers to a document that lists the current life-

cycle phase of all products at ABB Robotics. 

 There are four different aspects affecting the serviceability of products. 

Analyze  The description of the four different statements is a good starting point for creating the 

supporting questions for the Pulse State Tool.  

Improve  The layout of the Pulse State Tool was changed.  

 The statement Ability to Diagnose Remotely was removed. 

 Supporting questions were created. 

Control  The employees that attended the evaluation session thought that is were a good addition 

with supporting questions. 

 New questions and statements surfaced during the evaluation session. 

7.2.2.1 Define – Identify the problem 

The problem statement for circle two is the following: 

 Change the layout so that it becomes clearer, which statements the employees 

working with the Pulse State Tool have to fill in. Move the statements that evaluate 

the concepts more to the left. 

 Create supporting questions so that it becomes clear how to fill out the statements 

that evaluate the concepts. 

 Remove the statement Ability to Diagnose Remotely, since it is irrelevant. 

 Investigate the meaning of the statements LCM and S – Service Availability. 

 Change the name of the statement Accumulated. 

 Add the statement Need of Business Case – Construction. 
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7.2.2.2 Measure – Search for information 

LCM stands for Life-cycle Management. LCM refers to a document that lists the current life-

cycle phase of all products of ABB Robotics and some complex components. When a new 

product is developed and introduced to the customers, the service department updates the 

document. The service department revises the document several times a year to change the 

life-cycle phase of the products. The statement S – Services Availability evaluates if there 

currently are any services available for the new or a similar product (Andrée, 2012). 

 

Below follows the description of four different statements that affect the serviceability of a 

product (Gershenson and Ishii, 1993): 

 Necessary tools – Investigates which types of tools a service technician needs for 

the repair and maintenance process. There are three categories, new basic tools, 

essential tools, or new essential tools. 

 Necessary training materials – Investigates which types of training materials the 

enterprise needs to develop, to support the product. There are three categories, new 

manuals, new basic courses, or new special courses and training materials. 

 Replacement parts cost – Investigates the total cost for the spare parts that the 

service technician replaces during a standard repair and/or maintenance process. 

 Replacement parts availability – Investigates where the spare parts are available. 

7.2.2.3 Analyze – Study the gathered information and the current solution 

The criteria listed above are a good starting point to create the supporting questions. The 

Pulse State Tool uses a modified version of the Service Mode Analysis, therefore the criteria 

needs adjusting to suite the modified Service Mode Analysis. 

 

The name for the statement LCM is confusing, since no employees, during the evaluation 

session, knew the meaning of the statement. The work during circle two should change the 

name of the LCM statement and statement S – Services Availability.  

7.2.2.4 Improve – Develop a solution 

During circle two, the layout of the Pulse State Tool changed to correspond to the new 

problem statement; see Figure 13. It is now easier to see what the employee, working with the 

Pulse State Tool, must fill in and what the result is.  

 

The work during circle two of the Pulse State Tool removed the statement Ability to 

Diagnose Remotely. Changing the title of the statement LCM to Need to Update LCM 

Document will clarify the purpose and objective of the statement even further. In addition, the 

function of the statement changed. Before, the employee, working with the Pulse State Tool, 

would put yes if the service department needs to update the LCM document. The Pulse State 

Tool will instead calculate, according to some previous statements, if there is a possibility 

that the service department needs to update the LCM document. Further circle two changed 

the name of the statement S – Services Availability to S – Need of Service Involvement and 

added the statement Need of Business Case – Construction.  

 

The work during circle two of the Pulse State Tool also renamed the statement Accumulated 

to Accumulated Aftermarket Impact. The new name reflects more the figure the statement 

represents. The accumulated impact that the product development project will have on the 

aftermarket is equal to how involved the service department needs to be, see Figure 13. 
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Figure 13 shows the revised layout of the Pulse State Tool and a couple of other minor changes. To evaluate the changes to 

the Pulse State Tool, the evaluation session assigned numbers to the different statements. The final version will not include 

numbers 

 

The work during the second circle also created supporting questions to help the employees 

working with the Pulse State Tool to fill in the Pulse State Tool; see Figure 14 and Figure 15. 

There are two different product development projects, one where the R&D department 

develops a new product for a new market segment, and the other where a new product or 

component will replace an old product or component. Some questions in both sets of 

supporting questions are identical and some have a small but important difference.  

 

 

Figure 14 shows the supporting questions for product development projects that develop a product or component that will 

replace products and components. 
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The difference between the supporting questions is the statements that evaluates the repair 

and planned maintenance process. In a new product development project, the supporting 

questions will investigate if it is important to streamline or to simplify the repair and/or 

maintenance process. For product development projects that will replace a product or 

component, the product development team can investigate if the time for the repair and/or 

maintenance process will increase or decrease. By comparing the new product with a similar 

or older product, the employee, working with the Pulse State Tool, can investigate if the time 

for the repair and/or planned maintenance process will increase or decrease.  

 

 

Figure 15 shows the supporting questions for product development projects that develop new products. 

7.2.2.5 Control – Verify and evaluate the solution 

During the second evaluation session of the Pulse State Tool a different range of employees 

from the service department evaluated the tool. The group attending the session noted that the 

supporting questions were simplifying the process of using the Pulse State Tool and the 

purpose of the tool got clearer. The group interpreted the supporting questions differently. 

During the evaluation session, it was hard to classify the definition for repair and planned 

maintenance. It was also hard to interpret what the result meant; at which figure the service 

department needs to allocate more resources towards the product development project. The 

group also thought that the statement S – Need of Service Involvement is unnecessary, since 

the Serviceability Index and Accumulated Aftermarket Impact represent the same 

recommendation (Andersson, Bauer, Burman, Frössling, Hjärne, and Sandell, 2012). 

7.2.3 Pulse State Tool – Circle three 

The Pulse State Tool got an even better reception during the second evaluation session. Circle 

three will mostly deal with fine-tuning the tool, so that the employees working with the tool 

will interpret the different statements similarly. 

 

Chapter 7.2.3 will describe Table 4 in detail. 
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Table 4 shows the summary of circle three for the Pulse State Tool. 

Define  Create examples to simplify the Pulse State Tool. 

 Define all undefined aspects of the Pulse State Tool. 

Measure  An employee proposed that the example should clarify the purpose and objective of the 

Pulse State Tool.  

Analyze  The examples will help the employees working with the Pulse State Tool to interpret 

undefined aspects. 

Improve  An example was created. 

 The purpose and objective of the supporting questions were defined. 

Control  The example and the definition of the purpose and objective of the supporting questions 

defined all uncertainties of the Pulse State Tool.  

 A new question surfaced during the evaluation session. 

7.2.3.1 Define – Identify the problem 

The problem statement for circle three is as following: 

 Create examples that include fabricated product development projects so that the 

process and objective for the Pulse State Tool gets clear. 

 Define every aspect of the Pulse State Tool. 

7.2.3.2 Measure – Search for information 

During a discussion after the second evaluation session, an employee mentioned that it is 

important to define everything that can be misinterpreted (Andersson, 2012). An example 

will clarify the purpose and objective of the Pulse State Tool. The example will also help the 

employee, working with the Pulse State Tool, to decipher the Serviceability Index and 

Accumulated Aftermarket Impact. In the current state, it is very important to define 

everything, since nobody has used the tool before. Over time, the knowledge about the Pulse 

State Tool will increase and the definitions will become less important. 

7.2.3.3 Analyze – Study the gathered information and the current solution 

An example will become useful to clarify uncertainties and explaining the thought process 

when selecting the numbers for the six different aspects under probability and impact.  

7.2.3.4 Improve – Develop a solution 

The work during circle three created an example; consisting of four fictive product 

development projects, see Figure 16. The purpose of the four examples is to show the 

difference between the statement Serviceability Index and the statement Accumulated 

Aftermarket Impact. Both statements are important and the employees working with the Pulse 

State Tool should consider both statements, when drawing the conclusion if the service 

department needs to have a high involvement in the product development project or not. 
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Product development projects and/or products can, for instance, have a low Serviceability 

Index, but a high Accumulated Aftermarket Index or the other way around. With each 

number, the example gives a motivation to show the thought process. 

 

 

Figure 16 shows a section of the example for the Pulse State Tool. For the complete example, see Appendix 1.3.2. 

 

The work of circle three also defined the purpose and objective for the supporting questions. 

The purpose and objective of the supporting questions will clarify for the employee, working 

with the Pulse State Tool, how to use the tool to evaluate the serviceability of concepts and 

products. See Table 5 for an extract of the purpose and objective of the supporting questions. 

See Appendix 1.3.5, Appendix 1.3.6, Appendix 1.3.7, and Appendix 1.3.8 for the complete 

purpose and objective of the supporting questions. 

Table 5 shows a section of the purpose and objective for each question. For the complete document, see Appendix 1.3.5, 

Appendix 1.3.6, Appendix 1.3.7, and Appendix 1.3.8 

 Repair: Will the time that is needed for the repair process increase or decrease? 

Purpose: 
Investigate if the repair process will increase or decrease in 
time, when the product is replaced. 

Objective: 
Compare the new product to the old product and 
investigate if the time for the repair process has increased 
or decreased. 

 Definition: A failure or breakdown of a product or component. The product or component has to be repaired 
immediately so that product or component can function correctly again. For instance, exchange of a broken gearbox 
or cabling. 

 

The work during circle three removed the statement S – Need for Service Involvement, see 

Figure 17. The statement is redundant since the statement Serviceability Index and the 

statement Accumulated Aftermarket Impact highlights the same recommendation.  
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Figure 17 shows the third version of the Pulse State Tool. To evaluate the changes to the Pulse State Tool, the employees 

attending the third evaluation session assigned numbers to the different statements. The final version will not include 

numbers. 

7.2.3.5 Control – Verify and evaluate the solution 

During the third evaluation session of the Pulse State Tool, a different range of employees 

from the service department evaluated the tool. The group confirmed that the Pulse State 

Tool was nearly completed. The examples are a good addition to the Pulse State Tool. The 

example will give a deeper understanding of the purpose and objective of the different 

statements found in the Pulse State Tool. The example will also show the employee, working 

with the tool, how to use it. The purpose and objective for the supporting question was also a 

good addition and the employees attending the third evaluation session thought that it was 

now easy to interpret the questions (Andersson, Burman, Hjärne, and Sandell, 2012a).  

 

It is required that ABB Robotics calculates the Total Life-cycle Cost of the resulting or a 

similar product, if this is not the case, the employees working with the Pulse State Tool 

cannot answer the supporting questions. The Total Life-cycle Cost was however, a question 

mark; it is uncertain if ABB Robotics calculates the Total Life-cycle Cost and which aspects 

are incorporated in the calculation. There is also a possibility that ABB Robotics uses a 

different method of calculating the cost of new products (Andersson, et al., 2012a).  

7.2.4 Pulse State Tool – Circle four 

The work of the fourth circle for the Pulse State Tool focuses mainly on the questions mark 

regarding the Total Life-cycle Cost, if ABB Robotics calculates the Total Life-cycle Cost or 

uses a different method. Investigate if there is an alternative for the statement Serviceability 

Index that does not need the calculation of the Total Life-cycle Cost. 

 

Chapter 7.2.4 will describe Table 6 in detail. 



52(143) 

 

Table 6 shows the summary of the circle four for the Pulse State Tool. 

Define  Investigate if ABB Robotics calculates the Total Life-cycle Cost of their products. 

 Update the service related questions found in the Pulse State Tool. 

Measure  ABB Robotics does not calculate the Total Life-cycle Cost; they use different method 

called Total Cost of Ownership.  

Analyze  ABB Robotics does not use Total Life-cycle Cost; change the supporting questions that 

need the calculation of the Total Life-cycle Cost. 

Improve  The new supporting questions do not need the calculation of the Total Life-cycle Cost. 

 The service related questions, found in the Pulse State Tool, were updated. 

Control  The employees attending the fourth evaluation session consider the Pulse State Tool as 

complete.  

7.2.4.1 Define – Identify the problem 

Since the Total Life-cycle Cost is vital for many supporting questions, it is important to 

investigate if ABB Robotics calculates the Total Life-cycle Cost of their products or uses a 

different method. The Pulse State Tool includes some service related questions from the 

Gate-model, these are however not up-to-date. The problem statement for circle four is: 

 Investigate if ABB Robotics calculates the Total Life-cycle Cost or not. 

o If ABB Robotics does calculate the Total Life-cycle Cost: Define how the 

Total Life-cycle Cost affects the supporting questions of the Pulse State 

Tool.  

o If ABB Robotics does not calculate the Total Life-cycle Cost: Adjust the 

supporting questions so that they do not consider the Total Life-cycle Cost. 

 Update the service related questions found in the Pulse State Tool with all service 

related questions found in the Gate-model. 

7.2.4.2 Measure – Search for information 

ABB Robotics does not calculate the Total Life-cycle Cost of their products. Instead, ABB 

Robotics uses a slightly different method of calculating the life-cycle cost. They calculate the 

Total Cost of Ownership, accumulated during the products whole life-cycle, a figure that 

represents the total cost that a potential customer needs to invest to own the product. Total 

Cost of Ownership does not consider the development of new tools, training materials and 

neither the cost of spare parts. Total Cost of Ownership and Total Life-cycle Cost are not the 

same. The Total Life-cycle Cost represents the total accumulated cost for ABB Robotics of 

one product; included aspects such as development, production, sales, marketing, and 

aftermarket. Total Cost of Ownership represents the total cost for one of ABB Robotics 

customers of owning one product (Östlund, 2012). 
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7.2.4.3 Analyze – Study the gathered information and the current solution 

The employees working with the Pulse State Tool need a figure of the Total Life-cycle Cost, 

for similar products, when evaluating the serviceability of a product and using the supporting 

questions. Since ABB Robotics does not calculate the Total Life-cycle Cost and instead 

calculate the Total Cost of Ownership, evaluating the statements for necessary tools, 

necessary training materials, and spare parts cost is not possible. The statements have to be 

changed.  

 

The necessary tools, necessary training materials, and necessary spare parts affect the 

serviceability of a product in three ways (Gershenson and Ishii, 1993): 

 If there is a need for new tools, training materials, and/or spare parts. 

 If the Total Life-cycle Cost is affected by the development of the new tools, training 

materials, and spare parts. 

 If the availability of the new tools, training materials, and spare parts is acceptable 

for the customers. 

7.2.4.4 Improve – Develop a solution 

The purpose of some of the supporting questions was changed. Instead of investigating the 

impact on the Total Life-cycle Cost, the supporting questions now investigate how available 

the necessary tools, necessary training materials, and spare parts are for the customers. 

Merging spare parts cost and spare parts availability into necessary spare parts will reduce the 

number of statements, investigated in the Pulse State Tool, to five. Below follows the 

objective of each statement:   Probability   Impact 

 Repair:    Time spent on process  Impact on design 

 Planned maintenance:  Time spent on process  Impact on design 

 Necessary tools:   Need of new    Availability 

 Necessary training materials:  Need of new   Availability 

 Necessary spare parts:  Need of new   Availability 

 

Since the number of investigated statements is lower than before, circle four also updated the 

supporting questions and the document that describes the objective and purpose of the 

supporting questions. See Appendix 1.3.3, Appendix 1.3.4, Appendix 1.3.5, Appendix 1.3.6, 

Appendix 1.3.7, and Appendix 1.3.8 for the updated version of the supporting questions and 

the document that describes the objective and purpose of the supporting questions.   

 

During the beginning of 2012, some sub departments of the service department changed their 

tasks and names. The left part of the Pulse State Tool was therefore changed to reflect the 

changes in the department. The statements that the Pulse State Tool will evaluate, in addition 

to the statements that evaluate the serviceability of the product are, see Figure 18: 

 New Product Program 

 Replace Product 

 Replace Component 

 Backward Compability 

 Need of Business Case – Service 

 Need of Business Case – 

Construction 

 SC – Supply Active Part 

 SC – Supply Classic Part 

 ST – Product Support 

 STS – Training 

 STP – Spare Part Program 

 SQ – Warranty and Recalls 
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Figure 18 shows the fourth version of the Pulse State Tool. To evaluate the changes to the Pulse State Tool, the employees 

attending the fourth evaluation session assigned numbers to the different statements. The final version will not include 

numbers. 

 

Part of the performed work, during circle two of the Gate-model was to identify all service 

related questions. The ordinary Pulse State Tool included some service related questions, 

mostly the visible service related questions found in the Gate-model. The work during circle 

four updated this list of service related questions so that it now represents all service related 

questions found in the Gate-model. See Appendix 1.4.1, Appendix 1.4.2, Appendix 1.4.3, 

Appendix 1.4.4, Appendix 1.4.5, Appendix 1.4.6, Appendix 1.4.7, and Appendix 1.4.8 for the 

complete list of all service related questions found in the Gate-model. The question that are 

market yellow are visible as standard in the Gate-model. 

7.2.4.5 Control – Verify and evaluate the solution 

During the fourth evaluation session of the Pulse State Tool, a different range of employees 

from the service department, evaluated the tool. The employees thought that the changes 

were acceptable and they considered the Pulse State Tool as completed (Frössling, Hart, 

Sandell, 2012). It remains that the service department starts to use the Pulse State Tool and to 

define the Design for Service process.  

7.3 Gate-model 

Based on feedback from the service department, the management team at ABB Robotics 

recently updated the Gate-model. The changes incorporate more questions to highlight 

different service related aspects of a product or a component. ABB Robotics improves the 

Gate-model continually to meet with, for instance, requirements from the R&D department. 

The service department has however had low influence over the Gate-model and the different 

product development projects at ABB Robotics.  

7.3.1 Gate-model – Circle one 

The work during circle one will mainly focus on getting to know the current state of the 

Gate-model, searching for relevant information in scientific papers and literature, and 

creating a rough first solution. The first solution will be the starting point for future work and 

the final solution will evolve during the following problem solving process. 
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Chapter 7.3.1 will describe Table 7 in detail. 

Table 7 shows the summary of the circle one for the Gate-model. 

Define  The Gate-model considers only a few service related aspects. 

Measure  A project manager at the R&D department should use the Gate-model to direct the 

product development project towards the right goal. 

 Six aspects affect the serviceability of a product. 

Analyze  New questions were added during the recent update of the Gate-model. 

 The reliability, maintainability, and serviceability of the product are not considered.  

Improve  New service related questions for gate 0, gate 1, gate 2, and gate 3. 

Control  The Gate-model gives the possibility to hide and unhide many questions making the 

formulation of new questions unnecessary. 

7.3.1.1 Define – Identify the problem 

At the start of the master thesis, the initiator of the master thesis and the mentor at ABB 

Robotics helped to define the problem statement for the Gate-model. The result of this 

problem solving process should satisfy the general problem statement for the master thesis 

and the specific problem statement for the Gate-model. Since the problem statement is 

comprehensive, the problem solving process will divide the problem statement into minor 

problem statements and answer them separately. During the course of the problem solving 

process for the Gate-model, difficulties and problems occurred, that the problem solving 

process addresses, before the work can continue. 

 

To simplify for the reader, the definition of the problem statement for the Gate-model follows 

again below: 

 The current Gate-model considers only a few service related aspects, resulting in the 

service department having low influence over the product development process at 

the R&D department, concepts, and the final product. 

 Is the latest version of the Gate-model in use in current product development 

projects? If not, why not? 

7.3.1.2 Measure – Search for information 

A project manager at the R&D department should use the Gate-model to direct the product 

development project towards the right goal. During each gate, the product development team 

has to answer predefined questions and deliver them to the gate owner. The gate owner 

determines, considering the deliverables, if the product development project should continue, 

be killed, or if the product development team should redo the last gate (ABB Internal 

Presentation, 2012a). 
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The serviceability of a product depends on six different aspects (Gershenson and Ishii 1993): 

 Labor time 

 Labor rate 

 Necessary tools 

 Necessary training materials 

 Spare parts cost 

 Spare parts availability 

7.3.1.3 Analyze – Study the gathered information and the current solution 

After reviewing the standard questions of the Gate-model, it was noted that many questions 

regarding service were not available. The latest version of the Gate-model added the majority 

of service related questions. The objective of the master thesis is to increase the ability, for 

the service department, to influence product development projects at the R&D department, so 

that the resulting products have a higher reliability, maintainability, and serviceability. The 

six different aspects that affect the serviceability should act as a base for the new service 

related questions. Reliability, maintainability, and serviceability are important aspects of a 

product that the product development team should consider during the product development 

process.  

7.3.1.4 Improve – Develop a solution 

Below follows the added questions for the respective gate, these will supplement the other 

service related questions already available in the standard Gate-model: 

 New questions for gate 0 

o What are the short-term, middle-term, and long-term goals of the product 

development project? 

o What is the pull effect from the market? 

o Are there any new possible services that can be associated with the 

concept? What are they? 

 New questions for gate 1 

o Which goals are set for MTBF, MTBM, and MTTR? Is it possible to achieve 

these goals? How can the product development project achieve the goals? 

Are the goals realistic and doable? 

o Make an estimation of the Total Life-cycle Cost. What affects the Total 

Life-cycle Cost? Which components affect the Total Life-cycle Cost? Which 

design decisions are the most beneficial? Check service reports, warranty 

claims, supply chain management, and consult service technicians, and 

fitters. 

 New questions for gate 2 

o Have service technicians evaluated the prototype? What are their 

comments? 

o Hardware product: Is there a need for new software? 

o Software product: With which additional hardware does the software work? 

o Are there other solutions that in the end will lower the Total Life-cycle Cost 

for ABB Robotics? Check service reports, warranty claims, supply chain 

management, and consult service technicians and fitters. 

o What modifications can the product development project do to the concept 

to promote remote diagnostics? 

o Has the product development project improved the reliability of the new 

product when comparing it to a similar or older product? How did the 

product development project achieve this goal? If the goal was not 

achieved, why did not the product development project achieve this goal? 
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o Which component is the bottleneck in the design? Which component has 

the lowest reliability, low maintainability, and/or high repair cost? How can 

the product development project overcome this obstacle? 

o Does a service technician need new tools to perform repair and planned 

maintenance? 

o Has the product development project achieved the goals for MTBF, MTBM, 

and MTTR? How did the product development project achieve these goals? 

o Which spare parts will become unnecessary? Which spare parts will 

exchange old spare parts? 

o Is there a simpler solution to the problem? If yes, why did the project 

development team not choose that solution?  

 New questions for gate 3 

o Can a service technician easily disassemble the product? Does a service 

technician need any special tools or procedures? Approximately how long 

will regular maintenance take? Is the time feasible? 

o Has a service technician investigated the reliability, maintainability, and 

serviceability of the prototype? Has a service technician given suggestions 

for improvements concerning the components and the assembly? What 

other suggestions did a service technician have? 

 

The current service related questions for gate 4, gate 5, gate 6, and gate 7 cover the service 

related aspect well. 

 

During circle one, six project managers at the R&D department were interviewed to gain 

knowledge about, if the latest version of the Gate-model is in use in product development 

project. Since the project managers are responsible for more than one product development 

project simultaneously the answers was yes, if the product development project was initiated 

after the release of the latest version of the Gate-model. 

7.3.1.5 Control – Verify and evaluate the solution 

The employees attending evaluation session for the new service related questions stated, that 

the new questions would supplement the current service related questions well. It was also 

noted that the current questions can be hidden and made visible, making more questions 

available than before. This resulted in that many of the new questions, but with different 

formulation, already are available in the Gate-model, but was not visible from start for the 

product development team (Forssander and Östlund, 2012). 

7.3.2 Gate-model – Circle two 

The work during circle two will approach the problem statement for the Gate-model from a 

different angle. Instead of adding more service related questions, that mostly already are 

available but hidden as standard; the focus will lie on investigating why many questions are 

hidden, how the product development process functions, and how it can be changed so that it 

allows to be more influenced by the service department. 

 

Chapter 7.3.2 will describe Table 8 in detail. 
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Table 8 shows the summary of the circle two for the Gate-model. 

Define  Investigate why many service related questions are hidden, how the product development 

process functions, and if there is another way for the service department to influence the 

product development process. 

Measure  The documentation for the Gate-model states that product development teams should 

adapt the standard Gate-model. Only one of six interviewed project managers knew of this 

possibility. 

 The service department is currently involved, in product development projects, after gate 

2.  

Analyze  Only 57 percent of the service related questions are visible as standard. 

 It is preferable that the service department is involved as early as gate 1, preferable gate 0. 

Improve  Assign a project manager at the service department. 

 Add the Stakeholders OK deliverable to the Gate-model. 

Control  The amount of service related questions are not the cause of the low involvement of the 

service department. The management team will implement the proposed changes to the 

Gate-model during the second half of 2012. The service department will implement the 

proposed solution during 2012. 

7.3.2.1 Define – Identify the problem 

The new problem statement will investigate the following aspects: 

 Why are many good service related questions not visible as standard in the Gate-

model?  

 How does the product development process work? 

 Are there other ways to a greater extent involve the service department in the 

product development process? 

 

Expanding the new problem statement for the Gate-model to involve all departments at ABB 

Robotics is not relevant for the master thesis; focus should and will lie on the service 

department. It is however recommended, for future work to investigate how other 

departments and stakeholders can increase their influence over the decisions made in 

different product development projects at the R&D department. It is preferable to create a 

true cross-functional product development team, not just consisting of different knowledge 

fields, but also representing different interests from different departments at ABB Robotics 

such as service, production, manufacturing, supply chain management, and so on. 

7.3.2.2 Measure – Search for information 

Product development teams are encouraged to adapt the standard Gate-model either by 

making additional questions visible or hiding them. The product development team can 

always add relevant questions that currently not are available, neither as standard nor as 

hidden. It is encouraged to formulate new questions that are specific for the product 

development project. The number of questions should on the other hand be kept low, since 
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they are time-consuming to answer and often do not add value to the resulting product. Since 

answering questions is time-consuming, this is the probable cause why many service related 

questions, and other good questions, are not visible as standard. The gate owner should 

consider the opinions of other departments when making the go, redo, or kill decision; this is 

however voluntary since the gate owner has the final word (Forssander, 2012a).  

 

There are currently 486 questions in the Gate-model, 258 questions are visible as standard. Of 

these 486 questions, 98 are service related questions and 59 of them are visible as standard. 

There are 187 deliverables and 98 of them are visible as standard. 

 

The service department is only lately present at design review meetings, a meeting where the 

R&D department presents the design and construction of the proposed concept. Here the 

service department can suggest improvements and influence the decision of the R&D 

department. This meeting is not the same as the gate meeting, where the gate owner makes 

the go, redo, or kill decision. The service department has low or no influence in the gate 

meeting since they usually are not present (Sandell, 2012). 

 

It is preferable that the service department is involved in the different product development 

projects during gate 0, as long it is before gate 1 is initiated. It is between gate 0 and gate 1 

the service department can make the biggest impact on the product development project, 

since they can influence what the product development project should accomplish. However, 

the service department is usually involved at the end of gate 2, see Figure 19; thus making it 

hard for the service department to influence what the objective of the product development 

project is. At gate 2, the concept usually is complete and it is therefore costly to modify the 

concept to meet with the requirements from the service department. This will result in that the 

demands of the service department are overseen, resulting in difficulties to influence the 

product development project and eventually the final product (Forssander, 2012b). 

 

 

Figure 19 shows when the service department usually is involved in a product development project (ABB Presentation, 

2012a). 
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Six project managers at the R&D department were interviewed to investigate if they knew of 

the possibility to adapt the Gate-model. The majority of the project managers did not know of 

this possibility. Only one project manager knew of this possibility; but because of adapting 

the Gate-model is time consuming, he chose not to adapt the questions. All interviewed 

project managers agreed that keeping the number of questions to a minimum is important. 

Because many product development projects are under time pressure, the project managers 

agreed that the number of questions should be kept to a minimum. 

7.3.2.3 Analyze – Study the gathered information and the current solution 

When opening the document containing the Gate-model, it is not clear that there is a 

possibility to adapt the Gate-model. Neither is there an existing process that lets other 

departments nor stakeholders influence the choice of questions that the product development 

project at the R&D department must solve and/or address. Neither is there a process that lets 

other departments and stakeholders influence the final decision of the gate owner.  

 

During gate 0, the project manager at the R&D department informs the management team 

why the product development team should perform this product development project. Gate 1 

informs the management team what is included in the product development project. Gate 2 is 

the execution phase of the product development project. It is important that the service 

department can express their requirements and interest before the product development team 

decides what should be included in the product development project. 

 

Only 59 percent of service related questions are visible as standard. It is not certain that the 

questions, that are visible as standard, are relevant for the product development project. Many 

questions, which are not visible as standard, could be relevant for the product development 

project and should be considered to be answered. 

7.3.2.4 Improve – Develop a solution 

A project manager should use the Gate-model to guide a product development project to the 

right direction and not to steer it in that direction (Cooper, 2008). Instead of adding more 

questions to the Gate-model, that the product development team can hide anyway, the service 

department should appoint a project manager. The project manager will be responsible to 

address the service related aspect of the product. The project manager should act as an 

extended arm of the service department; working simultaneously with service related 

questions and should be involved in every aspect of the product development project.  

The project manager should have the following duties: 

 Address service related questions so that the entire product development project will 

consider the requirements of the service department. 

 Be a specialist in service related questions, or have access to employees that can 

provide the needed knowledge, so that the product development project can easily 

identify and solve service related problems. 

 Influence the selection of service questions in the Gate-model and if needed, 

formulate new questions. 

 If the service department is not satisfied with the concept, the project manager 

should be able to influence the decision of the gate owner. 

 Schedule regular meetings at the service department, where the entire service 

department can express their interests. 

 The project manager should update the Pulse State Tool and Checklist regularly.  
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There is currently no process or tool that lets the different departments and stakeholders at 

ABB Robotics influence the decision of the gate owner. The gate owner should however 

consider the opinions of other departments and stakeholders when making the final decision. 

The gate owner has always the possibility to overrule the standpoints of the other departments 

and make the final decision based on other aspects or personal interests.  

 

An enterprise could implement scoreboard to evaluate the entire product development 

project; ranging from financial issues to time spent (Product Development Institute Inc., 

2012). It is however more interesting to evaluate the satisfaction levels of the different 

departments and stakeholders, especial the service department. The Gate-model has been 

adapted so that the different departments and stakeholders can utter their standpoint on the 

gate decision; see Figure 20. If needed, the amount of stakeholders could be adapted and 

extended for the different gates. The following stakeholders should always be able to express 

their standpoint for the gate decision: 

 Product Management 

 Sales and Marketing 

 Development 

 Production 

 Supply 

 Service 

 Quality 

 

 

Figure 20 shows the layout over the proposed changes of the Gate-model. The major change is the inclusion of the 

Stakeholder OK deliverables. 

 

The project manager at the service department should have regular meetings at the service 

department. The purpose of these meetings is to work with the Pulse State Tool and Checklist 

and choosing which service related questions the product development team should use 

during the next gate. By answering the following six questions during the meeting, the 

objective of the next gate will get clear. The six questions will also allow the service 

department to define their interests. The project manager at the service department should 

present the interests along with the chosen service related questions to the project manager at 

the R&D department before the next gate starts. This will give the project manager at the 

R&D department time to plan the following gate and include more service related questions 

and aspects.  
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The service department could use the following six questions during their regular meetings: 

 What should we focus on during the following gate? 

 Why should we focus on those objectives during the following gate? 

 Who will have which responsibilities during the following gate? 

 When is the next gate meeting? 

 Where is the next gate meeting? 

 How are we going to achieve the objectives before the next gate meeting? 

 

The idea behind the Stakeholders OK deliverable is that each department can give their 

opinions what the decision at the gate meeting should be: go, redo, or kill. The different 

stakeholders should also justify why they gave that decision by adding an explanation. The 

gate owner should consider the different standpoints when making the final decision. This 

requires that each stakeholder has a representative that is participating in the gate meeting. 

 

The latest version of the Gate-model is currently in use in all product development projects 

that started after the release of the up-to-date version of the Gate-model. However, almost no 

project manager knew that adding more or hiding questions could adapt the Gate-model. The 

service department has a huge potential here. If the stakeholders justify the questions of their 

choice, there will be a high probability that the project manager at the R&D department will 

add the chosen questions. By making the questions visible, the project development team 

must answer the questions during the product development project. The amount of added 

questions should be reasonable. Since a product development project usually is under time 

pressure, the project manager should focus on activities that add value to the product and only 

answer questions that actually are relevant for the product development project.  

7.3.2.5 Control: Verify and evaluate the solution 

The quantity of service related questions is not the cause of the low involvement of the 

service department in product development projects. The cause is instead the product 

development process itself. The Gate-model always gives the possibility to the project 

manager to hide and add more questions; it is therefore not feasible to increase the quantity of 

service related questions. Instead, the process that allows the service department to influence 

the R&D department is insufficient. The work during circle two for the Gate-model will 

develop a process that allows the service department to influence the decisions made during 

product development process. 

 

The employees attending the evaluation session thought that, visualizing the standpoint of the 

different stakeholders during each gate is a good way to increase the ability to influence the 

final gate decision of the gate owner. A project manager at the service department should 

therefore have the possibility to influence the questions answered during the Gate-model, 

independently if the questions are already available or not. The questions should preferably 

be identified during a meeting at the service department and later presented to the project 

manager at the R&D department, where such aspects and other aspects can be addressed 

(Forssander, Hjärne, and Sandell, 2012. 

 

ABB Robotics will update the Gate-model during 2012, which will include the Stakeholders 

OK deliverable. The service department can and should implement the other propose 

changes, selecting a responsible project manager and having regular meeting, as soon as 

possible. 
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7.4 Checklist 

One purpose of the master thesis was to develop a Checklist, which will include service 

related aspects that can influence the product development process at the R&D department so 

that the product development project creates products that have higher reliability, 

maintainability, and serviceability. 

7.4.1 Checklist – Circle one 

The work during circle one of the Checklist will mainly focus on obtaining knowledge and 

finding service related aspects of ABB Robotics products that are not optimal designed for 

supporting products with high reliability, maintainability, and serviceability. Findings from 

the interviews will make the base for the first version of the Checklist. 

 

Chapter 7.4.1 will describe Table 9 in detail. 

Table 9 shows the summary of the circle two for the Gate-model 

Define  Identify service related questions and/or aspects that the product development projects 

should solve and/or address. 

Measure  A workshop with four service technicians was performed. 

 An email was send to the entire service department to find more service related aspects. 

 Two employees, who have contact with customers, were interviewed. 

 Warranty claims and statistics over spare parts sales were investigated. 

Analyze  Many good sources of knowledge are available. 

Improve  A solution based on the found service related aspects was developed. 

Control  The service related aspects must be correct, even after a longer period. 

7.4.1.1 Define: Identify the problem 

At the start of the master thesis, the initiator of the master thesis and mentor at ABB Robotics 

helped defining the problem statement for the Checklist. The result of this problem solving 

process should satisfy the general problem statement of the master thesis and the specific 

problem statement for the Checklist. Since the problem statement is comprehensive, the 

problem solving process will divide the problem statement into minor problem statements 

and answer them separately. During the course of the problem statement for the Checklist, 

difficulties and problems occurred, that the problem solving process addresses, before the 

work can continue. 
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To simplify for the reader, the definition of the problem statement for the Checklist follows 

again below: 

 Create a Checklist with service related aspects that the service department can use to 

influence the product development process at the R&D department and affect what 

the product development team should work with. 

7.4.1.2 Measure: Search for information 

A workshop with four service technicians from the service department was held where each 

service technician was given post it notes and a pen. Each service technicians should then 

write down their thoughts of components that are not optimal design and/or constructed. The 

service technicians then stuck the post it notes on a large picture of one of ABB Robotics 

robots. The purpose of the workshop was to identify components that negatively affect the 

serviceability of the product and with which areas the component is associated. The 

workshop identified over 20 different areas of improvement that affect, not just the 

serviceability negatively, but also affect the reliability and maintainability of ABB Robotics 

products. 

 

An email, with a similar objective as the workshop, was also send to the entire service 

department at ABB Robotics. The questions in the email were: 

 If ABB Robotics were to develop a brand new industrial robot, which aspects should 

the product development project focus on to increase the reliability, maintainability, 

and serviceability of the new product?  

 

The response to the email identified another 20 or 30 aspects, many of which already were 

identified by service technicians during the workshop. The email confirmed that there is a 

need to concretize the service related aspects and create a Checklist that the project manager 

at the service department can use to affect the purpose and objective of a product 

development project. 

 

During the work of circle one, two employees that have a lot of contact with customer, were 

interviewed. The purpose and objective was to gain first hand information from ABB 

Robotics customers. The customers often compare the products of ABB Robotics to other 

competitors and single out, which areas are better and simpler with the robots of the 

competitors. The interviews identified a couple of interesting aspects (Aineskog, 2012; Hart, 

2012). 

 

Below follows a brief summary of some service related aspects found during the workshop, 

interviews, and in the corresponding email (Ananjev, Holm, Lundholm, and Westerlind, 

2012). The complete list of service related aspects can be found in Appendix 1.6. 

 The product development project should improve MTTR. 

 Avoid screws and bolts that are too close to other components. This results in a need 

of special tools. 

 The spread of different motors types is too wide. It is preferable to use fewer motor 

types.  

 Stickers with the correct oil type should be located at the fill hole. 

 The entire robot should only use one type of oil.  

 The service technician should be able to change motors without the need of first 

emptying the axis of oil. 
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The work during circle one for the Checklist also investigated warranty claims from the past four years to single out reoccurring problems. See 

Figure 21 for an example over how such statistics about reoccurring defects could look like. The actual spread is very similar to the example. 

 

 

Figure 21 shows a fictive distribution of the different defects when looking at all, both accepted and rejected warranty claims between 2008 and 2012. The actual distribution of the real 

warranty claims is very similar 
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7.4.1.3 Analyze – Study the gathered information and the current solution 

Different sources are available, which the project manager at the service department can use 

to search for aspects that negatively affect the reliability, maintainability, and serviceability 

of the product. Checking warranty claims will identify components of ABB Robotics 

products that are prone to fail. The project manager can compare data to the statistics over 

spare parts sales to assure the found data is correct. It is also interesting to use the knowledge 

of service technicians, which perform service on ABB Robotics products daily. 

7.4.1.4 Improve – Develop a solution  

A basic solution for the Checklist would be to show a graph with the spread of warranty 

claims, see Figure 21, along with the service related aspects found during the workshop, 

interviews, and in the responds to the send email. This will however present static data. The 

data will wary from product to product and shift over time.  

7.4.1.5 Control – Verify and evaluate the solution 

The Checklist must be a dynamic document that can be adapted to the different robot types 

and should continue to work even after a period of time when, for instance, the warranty 

claims have changed or the planned maintenance process has improved. 

7.4.2 Checklist – Circle two 

The work during circle two will mainly focus on developing a unified solution that will 

produce good data about aspects that negatively affect the reliability, maintainability, and 

serviceability of the products. The project manager at the service department should then 

present the identified aspects to the product development team at the R&D department.  

 

Chapter 7.4.2 will describe Table 10 in detail. 

Table 10 shows the summary of the circle two for the Checklist. 

Define  Simplify the Checklist and make it more adaptable for future product development 

projects. 

Measure  Three suitable sources of information are available.  

Analyze  Warranty claims and statistics over spare parts sales produce comparable data. 

 Use FMEA to define undefined service related aspects. 

Improve  Sheet 1 – FMEA 

 Sheet 2 – Warranty Claims 

 Sheet 3 – Statistics over spare parts sales 

 Sheet 4 – Work Packages 

 Sheet 5 – Release for Service 

Control  The Checklist has other areas of use, in addition to the Design for Service process. 
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7.4.2.1 Define – Identify the problem 

There are plenty of good sources of information available. However, the Checklist has to 

become easier to use, now and in the future. Therefore, the new problem statement for the 

Checklist is the following: 

 Simplify the Checklist and make it more adaptable for future product development 

projects. 

7.4.2.2 Measure – Search for information 

Three suitable and different sources of information are available that the project manager at 

the service department can use to identify aspects that negatively affect the reliability, 

maintainability, and serviceability of ABB Robotics products. These sources are: 

1. Knowledge from service technicians  

o Defined service related aspects  

o Undefined service related aspects  

2. Warranty claims 

3. Statistics over spare parts sales 

 

The STQ department at ABB Robotics is responsible for updating the data over warranty 

claims every month with the latest warranty claims. The project manager at the service 

department can obtain up-to-date data over the statistic of spare parts sales when needed; an 

updated version over the statistics is available from SAP. Defined service related aspects are 

easy to obtain, the project manager just has to ask a service technician from the STR 

department. In contrast to undefined service related aspects, theses aspects can be hard to 

obtain.   

 

It is also important to define which activities the service department should perform so that 

product development projects at the R&D department proceeds successfully.  

7.4.2.3 Analyze – Study the gathered information and the current solution 

The data over warranty claims shows, which component of the robot fail during the warranty 

period and what the causes of the failures were. The statistics over spare parts sales will show 

a similar picture; which components of the robot fail after the warranty period. Assuming that 

every sold component is a component that needs replacing due to failure, wear, or 

consumption, the statistics over spare parts sales for a specific product correspond well to the 

warranty claims for the same product. 

 

To gain knowledge about the undefined service related aspects from the service technicians; 

the project manager from the service department should perform a FMEA. 

7.4.2.4 Improve – Develop a solution 

The unified Checklist consists of five different sheets. The names of the five different sheets 

are: 

 FMEA 

 Warranty Claims 

 Spare Parts Sales 

 Work Packages 

 Release for Service 
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The description of the purpose and objective for the different sheets of the Checklist follows 

below. Also described is how the project manager at the service department should use the 

Checklist. 

Common information of the Checklist 

The project manager should specify information about the project name, project manager at 

the R&D and service department, gate status, release plan, and date created. 

 

Unifying the design of the different sheets will simplify the use of the Checklist; see Figure 

22, Figure 23, Figure 24, Figure 25 and Figure 26. The description for the four different 

colors follows below: 

 Dark orange represents a static box that normally describes another box. 

 Light orange represents a dynamic box that requires input. 

 Light blue represents a dynamic box that presents the output. 

 Grey represents the background of the document.  

Sheet 1 – FMEA  

The project manager at the service department should use the FMEA sheet to identify service 

related aspects that are undefined and unknown to the service technicians. It is important that 

the project manager is impartial and critical towards the product when performing a FMEA. 

The project manager performs the FMEA sheet from left to right, see Figure 22. Starting with 

defining which component the possible failure mode affects. Specifying the failure mode, 

cause of failure, undesirable customer effect of failure, and the current control method will 

clarify the potential failure. By ranking the failure mode according to occurrence, severity, 

and detection, the risk priority number is calculated. The risk priority number is a figure that 

will help the project manager to rank the different failure modes and tackle those with the 

highest risk priority number, which represents the highest priority. 

 

 

Figure 22 shows the layout over the FMEA sheet of the Checklist. 
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The recommended action and planned action should, together with the responsible employee 

be specified. The responsible employee should carry out the planned action before the 

specified follow up date. After performing the planned action, the responsible employee must 

evaluate the failure mode again, according to the occurrence, severity, and detection. 

Normally, the risk priority number will be lower this time. The responsible employee verifies 

that the service department has performed the planned action by signing under verification-

sign. 

 

The FMEA sheet will help to identify the status of the different failure modes by assigning 

different colors to each failure mode. Using the different statues will further help the project 

manager at the service department to prioritize the different failure modes. 

Sheet 2 – Warranty Claims 

The document from the STQ department, which contains the data over the warranty claims 

ranges from 2008 to 2012, includes about 18 000 warranty claims, and is very 

comprehensive. The document with the warranty claims includes, but is not limited to, 

information about: 

 Delivery year 

 Type of warranty  

 Product 

 Defect type 

 Article number 

 Item 

 Part serial number at warehouse 

 Revision 

 Warranty claim number 

 Quantity 

 Issue number 

 Warranty filed date 

 Product model 

 Product controller 

 Located in which country 

 Sold in which country 

 Delivery date  

 Shipped from which production 

plant 

 Date when warranty expires 

 End-user 

 Failure description 

 Hour meter 

 Cause code text 

 Cause text 

 Cause description 

 Who is responsible 

 When the responsibility started 

 When the responsibility ended 

 Type of warranty claim 

 Warranty approved yes/no 

 Supplier 

 Warranty check started 

 Warranty check ended 

 

With the help of the Warranty Claims sheet the project manager at the service department has 

the possibility to investigate, which component fails during the warranty period, see Figure 

23. Because of multiple robot types share a common range of components; it is interesting to 

investigate those robots that share the common components to identify if other products need 

to be modified to increase the serviceability. By specifying up to five different robot models 

or robot controllers, choosing the year of the warranty claim, and several other aspects, the 

Warranty Claims sheet will calculate and present the warranty claims according to the choose 

criteria.  
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When the customer fills in a warranty claim, the customer needs to specify the component 

that failed and the failure mode. The customer has the ability to choose other locations and 

other defects when specifying the component that failed and the failure mode. If other 

locations and other defects represent a higher number of warranty claims, the statistics will 

become inaccurate. Therefore, the possibility to sort out other location and other defect and 

ignoring them is available. Since other defects represent nearly 30 percent of all warranty 

claims, the sheet gives the possibility to search for keywords in the failure description.  

 

To analyze which component fails, with which failure mode, the project manager can choose 

a component; the Warranty Claims sheet will then list the failure modes that are associated 

with the chosen component. The Warranty Claims sheet gives the possibility to ignore 

defects that represents a low number of warranty claims. This will increase the weight of the 

more often-occurring failure modes. Further, the sheet gives the possibility to sort out and 

ignore rejected warranty claims. 

 

 

Figure 23 shows the layout over the Warranty Claim sheet of the Checklist. 

  



71(143) 

 

Sheet 3 – Spare Parts Sales 

The data over the statistics over spare parts sales, ranging from 2008 to 2011 is very 

comprehensive. In total ABB Robotics has over 32 000 different spare parts and ships over 

100 000 orders each year. With the help of this sheet, it is easy to search after relevant data. 

 

By choosing up to five different robot types or robot controllers and specifying the range of 

years, the sheet will calculate to which family the spare parts belongs to, see Figure 24. The 

Spare Parts Sales sheet will further specify to which type and category the spare parts 

belong. Those two aspects are interesting to investigate because ABB Robotics has different 

margins on the different types and categories; some are more profitable than others are. The 

margins of the spare parts is also calculated and presented.  

 

Figure 24 shows the layout over the spare parts sales sheet of the Checklist. 
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Sheet 4 – Work Packages 

When the project manager has performed the first rating of the FMEA and investigated 

warranty claims and statistics over spare parts sales, the project manager should create work 

packages for the product development project, see Figure 25. The work packages should 

consist of aspects that the product development project should address so that the resulting 

product will increase in reliability, maintainability, and serviceability. 

 

In the Work Packages sheet, the project manager at the service department should specify 

what the product development project at the R&D department should do and why they should 

address and/or solve the work packages. It is also important to specify if the action in the end 

will save money for ABB Robotics or decrease the need of time when performing service 

related activities. The product development team at the R&D department should later 

particularize what their action was to solve the statement. 

 

The Work Packages sheet will also show the status of each work package, that is if the 

product development team has addressed the work packages or not. The project manager 

from the service department should further specify from where the data, which created the 

work packages, came. This will make the work packages traceable backwards and the 

product development team can easily investigate if the work packages are true or not. The 

project manager can reuse the work packages from old and/or closed product development 

projects, if they are relevant for the new product development project. 

 

 

Figure 25 shows the layout over the Work Packages sheet of the Checklist. 

Sheet 5 – Release for Service 

The Release for Service sheet of the Checklist, lists activities that the service department must 

perform so that the product development project will be successful from the side of the 

service department. The Release for Service sheet will include predefined activities, which 

the service department must perform, and gives the possibility to add other important 

activities, see Figure 26. The project manager from the service department should specify the 

responsible employee along with the planned completion date and the actual completion date. 

There is also room for comments. 
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The following activities are predefined. The service department must perform these activities 

during each product development project: 

 SB – Business Development: 

o Update the LCM-document. 

o Send the newsletter concerning new spare parts to the different sale 

companies around the world. 

 SC – Supply Chain Management 

o Choose from which supplier the service department should buy the spare 

parts. 

o Have the possibility to attend gate meetings. 

 SP – Purchasing 

o Place orders for spare parts. 

o Place order for tools. 

o Come with input from existing suppliers. 

 SM – Global Planning 
o Gather information to set the purchase interval for spare parts. 

 SO – Sales Support 
o Set price for spare parts. 

o Set price for tools. 

o Ensure that the information in POL is correct. 

o Ensure that the information in BOL is correct. 

 STP – Technical Parts Support 

o Attend product development meetings at the R&D department. 

o Create the Pulse State Tool. 

o Update the Pulse State Tool. 

o Identify important service related questions from the Gate-model. 

o Create the Checklist. 

o Update the Checklist. 

o Attend RI meetings. 

o Create the project plan. 

o Schedule regular project meetings at the service department. 

o Define the Stakeholders OK deliverable for the different gates. 

o Attend the gate 0 meeting. 

o Attend the gate 1 meeting. 

o Attend the gate 2 meeting. 

o Attend the gate 3 meeting. 

o Attend the gate 4 meeting. 

o Attend the gate 5 meeting. 

o Attend the gate 6 meeting. 

o Attend the gate 7 meeting. 

o Create BOM for spare parts. 

 STR – Field Service Product Support 
o Source of information. 

 STQ – Warranty and Recalls 
o Source of information. 
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Figure 26 shows the layout over the Release for Service sheet of the Checklist. 

7.4.2.5 Control – Verify and evaluate the solution 

The result of circle two of the Checklist was presented to two employees at the service 

department. The reception of the Checklist was higher than expected, no tools are currently 

available that analyzes and sorts out important and good information of all the warranty 

claims and statistics over spare parts sales. To concretize the information gained during the 

FMEA sheet, Warranty Claims sheet, and Spare Parts Sales sheet into work packages is a 

good way to ensure that the information about the proposed improvement areas gets handed 

over to the product development project at the R&D department and that they will consider 

the comments. 

 

The two questioned employees noted that other processes than the Design for Service process 

could use Checklist, especially the warranty claims sheet and spare parts sales sheet. For 

instance, could the management team at ABB Robotics investigate the warranty claims of 

specific products to identify products that are overrepresented in the statistics. This 

information could then initiate new product development projects in order to decrease the 

failure rate of that specific product (Chateau and Nispeling, 2012). 

7.5 Handover 

Below follows the description of how the mentor received the improved Pulse State Tool, the 

proposed changes to the Gate-model, and developed Checklist. 

7.5.1 Pulse State Tool 

The mentor at ABB Robotics received the Pulse State Tool, and placed the tool on the 

network hard drive so that the tool became available for the entire service department. Each 

employee who uses the Pulse State Tool must make a private copy to preserve the original 

copy. The presentation of the Design for Service process at the service department is located 

in Chapter 8.5. 
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7.5.2 Gate-model 

The employee responsible for the Gate-model received the proposed changes along with the 

motivation why it is important to implement the changes. The employee will consider the 

suggested changes during the following months and will possibly implement them during the 

second half of 2012. The presentation of the Design for Service process at the service 

department is located in Chapter 8.5. 

7.5.3 Checklist 

The mentor at ABB Robotics received the Checklist, and placed the tool on the network hard 

drive so that the tool becomes available for the entire service department. Each employee 

who uses the Checklist must make a private copy to preserve the original copy. The 

presentation of the Design for Service process at the service department is located in Chapter 

8.5. 
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8. Result 
A short summary of the definition of Design for Service and the presentation of the result of 

the master thesis follows. Since the general problem statement was divided into three minor 

problem statements, corresponding to the general problem statement; the general problem 

statement will be answered implicit by answering the three minor problem statements. 

Together with the proposed Design for Service process, ABB Robotics received a description 

of how they should work with Design for Service in the future. Also described is how the 

result corresponds to the general problem statement and the problem statements of the three 

objectives.  

 

Also presented is, which part of the Design for Service definition complies with Pulse State 

Tool, Gate-model, and/or Checklist. 

 

The Pulse State Tool will help the service department to identify, which product development 

projects needs higher focus and influencing of the service department.  

 

The changes to the Gate-model, having regular meetings, and nominating a project manager 

at the service department will help the service department to influence, which questions that 

should be answered during the different gates and influencing the outcome of product 

development projects. 

 

The Checklist will help the service department to set requirements that the product 

development projects at the R&D department should work with, so that the resulting products 

have higher reliability, maintainability, and serviceability. 

8.1 Summary of the definition of Design for Service 

During the master thesis, the initiator of the master thesis and the mentor at ABB Robotics 

assisted in creating the Design for Service definition. Below follows a short summary of the 

definition: 

 Design for Reliability: The designers and engineers will design and construct 

products so that the products functions correctly according to predefined 

specifications under the right conditions and for a predefined period of time (Yang 

and El-Haik, 2008). 

 Design for Maintainability: The designers and engineers will design and construct 

products so that the products functions agreeably to the specification set throughout 

the products entire life-cycle, with minimum effect on budget and production time 

(Yang and El-Haik, 2008). The product development team should develop products 

so that the product will have maximum uptime by, either eliminating the need for 

maintenance or, streamlining it. 

 Design for Serviceability: The designers and engineers will design and construct 

products so that service technicians can diagnose, remove, replace, replenish, and/or 

repair the components of the products to the original specifications with relative ease 

(Yang and El-Haik, 2008). During Design for Serviceability, the product 

development team should improve the ability of performing service on the product. 

 Product Life-cycle Management: Product Life-cycle Management usually refers to 

a system of system, where the entire enterprise can share information, knowledge, 

and data with different department and stakeholders (Bouras, et al., 2008). 
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 Total Life-cycle Cost: Three different cost carriers affect the Total Life-cycle Cost: 

company, users, and society. By reducing the cost of market recognition, 

development, materials, energy, facilities, wages, transportation, storage, waste, 

warranty claims, and service activities, the part of the total life-cycle that the 

company is responsible for, can be lowered (Alting, 1991). Lowering this part of the 

Total Life-cycle Cost often results in higher margins for the company or a more 

aggressive pricing strategy. 

 Service Mode Analysis: Service Mode Analysis is comparable to a FMEA. Instead of 

focusing on predicting the possible failures, evaluating the consequence and 

proposed measure to prevent that the failures will occur again, the Service Mode 

Analysis will analyze how easy it is to service a specific product (Gershenson and 

Ishii, 1993).  

8.2 Pulse State Tool 

The original problem statement for the Pulse State Tool is: 

 The current version of the Pulse State Tool does not take into account the reliability, 

maintainability, and serviceability of the concept. Improve the Pulse State Tool so 

that the tool reflects how involved the service department needs to be in a specific 

product development project at the R&D department. 

 

The changes to the Pulse State Tool consist of four categories: 

 Implementing an equation based on a modified Service Mode Analysis. 

 Creating supporting questions to simplify the use of the Pulse State Tool. 

 Defining the purpose and objective for the supporting questions. 

 Creating an example. 

 

To be able to evaluate the serviceability of the resulting product of a product development 

project, the Pulse State Tool uses a modified version of the Service Mode Analysis. The 

supporting questions, purpose and objective for the supporting questions, and the example 

will simplify the use of the Pulse State Tool. The supporting questions will further guarantee 

that the project manager at the service department will evaluate the product development 

project as similar as possible and to obtain comparable results.  

8.2.1 Calculating the Serviceability Index 

The original version of the Pulse State Tool evaluated only one part of the product 

development projects that affects the service department; namely, which sub department of 

the service department is involved in the product development project. A modified version of 

the Service Mode Analysis was build into the existing Pulse State Tool to evaluate how 

serviceable the final product would be.  

 

The modified Service Mode Analysis determines the serviceability of products based on the 

following five aspects. 

 Repair process 

 Planned maintenance process 

 Necessary tools for the repair and planned maintenance process 

 Necessary training materials  

 Necessary spare parts 
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To investigate the serviceability of a product, the modified Service Mode Analysis can 

analyze the five aspects above, in three different ways: 

 If there is a need for a new repair and/or planned maintenance process, tools, 

training materials, and/or spare parts. 

 If the repair and/or planned maintenance process, tools, training materials and/or 

spare parts are expensive in comparison to the Total Life-cycle Cost. 

 If the repair and planned maintenance process is time-efficient and the tools, training 

materials and spare parts are widely available to the customers. 

 

Since ABB Robotics does not calculate the Total Life-cycle Cost of their products, it is not 

possible to investigate if the repair and planned maintenance process are cost-efficient and if 

the tools, training materials, and spare parts are cheap or expensive to develop. Instead, one 

part of the modified Service Mode Analysis will investigate the need of an improved repair 

and planned maintenance process, tools, training materials, and spare parts. The other part 

will investigate if an improved repair and planned maintenance process will influence the 

design of the product and how available the tools, training materials, and spare parts are for 

the customers of ABB Robotics. 

 

The modified Service Mode Analysis calculates the Serviceability Index of a product. The 

Serviceability Index reflects how serviceable a product is, based on the following ten 

statements; see Figure 27: 

 Statement    Shortening Examines 

 Probability 

o Repair          Time spend on process 

o Planned Maintenance         Time spend on process 

o Necessary Tools         Need of new tools 

o Necessary Training Material        Need of new training 

o Necessary Spare Parts         Need of new spare parts 

 Impact 

o Repair          Impact on design 

o Planned Maintenance         Impact on design 

o Necessary Tools         Availability 

o Necessary Training Material        Availability 

o Necessary Spare Parts         Availability  

 

The formula used to calculate the Serviceability Index follows below. The figure that 

represents the number of active statements is the sum of used aspects to evaluate the 

Serviceability Index multiplied with five. For instance, if   ,   , and     are in use, the 

number of active statements will represent the number 5. If the project manager at the service 

department places an X in one of the statements, the formula will ignore the whole statement, 

resulting in a lower figure for the number of active statements. The formula that calculates 

the Serviceability Index is:   
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Figure 27 shows the different statements that the project manager at the service department needs to fill out to get a 

complete and fair evaluation of how serviceable the product is. 

 

To calculate the Accumulated Aftermarket Impact the Pulse 

State Tool needs to first calculate the subtotal called Hot Issue, 

see Figure 28. The following twelve statements represent the 

subtotal Hot Issue: 

 New Product Program 

 Replace Product 

 Replace Component 

 Backward Compability 

 Need Of Business Case – Service 

 Need Of Business Case – Construction 

 SC – Supply Active Parts 

 SC – Supply Classic Parts 

 ST – Product Support 

 STS – Training 

 SPT – Spare Part Program 

 SQ – Warranty And Recalls 

 

It is only possible to answer those statements with yes, no, or 

partly. Yes corresponds to value five, partly to the number two 

and, no to zero. The subtotal Hot Issue is the sum all twelve 

statements.  

 

The equation that calculates the Accumulated Aftermarket 

Impact is the following: 

                                

          
                      

 
                              

   
  

  

Figure 28 shows different results of 

the Serviceability Index and 

Accumulated Aftermarket Impact. 
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Depending on the calculated figure of the Serviceability Index and Accumulated Aftermarket 

Impact, the service departments needs to have a higher priority for the product development 

project and must therefore allocate more resources to the product development project: 

Serviceability Index   Accumulated Aftermarket Impact  Priority 

High     High      Medium 

High     Medium     Medium 

High     Low      Low 

Medium    High      High 

Medium    Medium     Medium 

Medium    Low      Low 

Low     High      Medium 

Low     Medium     High 

Low     Low      High 

 

Note that a high Serviceability Index is good and that a high Accumulated Aftermarket Impact 

is bad. The project manager should consider both the Serviceability Index and Accumulated 

Aftermarket Impact when making the final decision if the product development project has a 

high priority, which is requiring higher involvement of the service department. 

8.2.2 Supporting questions 

The supporting questions are guidelines for how to answer some of the statements found in 

the Pulse State. It is important to readjust the Pulse State Tool if the project manager from the 

service department obtains new data and information.   

 

The supporting questions differ slightly, depending if the resulting product from the product 

development project will replace a product or component or if the resulting product will be a 

new product that creates and operates in a new market segment. The supporting questions for 

the repair and planned maintenance processes are different; see Figure 29 and Figure 30. 

When the resulting product will replace an existing product or component, it is easy to 

compare the time needed to perform the repair and planned maintenance processes for the old 

product and the new, thus exposing if the time for the processes will increase or decrease. For 

a new product, it is on the other hand hard to compare such data since no similar and old 

product is available. Therefore, the questions will instead investigate if it is important to 

streamline or to simplify the repair or planned maintenance process, see Figure 30.  

 

 

Figure 29 shows the supporting questions that the project manager at the service department should use, when the objective 

of the product development project is to replace a product or component. 
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The other supporting questions are identical. They will investigate if a service technician 

needs new tools to be able to perform the repair and maintenance work and if there is a need 

for new training materials and spare parts. Further it is investigated how available the tools, 

training materials, and spare parts are for the customer.  

 

 

Figure 30 shows the supporting questions that the project manager at the service department should use ,when the objective 

of the product development project is to create a new product. 

8.2.3 Purpose and objective 

A different document describes the purpose and objective for each supporting questions, this 

will further simplify the Pulse State Tool. The purpose part of the document defines what the 

project manager should investigate, when the project manager tries to answer statements with 

the help of the supporting questions. The objective part defines how the project manager 

could gain the needed information. Also included in the document are the definitions of 

repair, planned maintenance, necessary tools, necessary training materials, and necessary 

spare parts. 

 

The idea behind defining the purpose and objective for the supporting questions is that, 

regardless of who uses the Pulse State Tool and which assumptions the employee makes, the 

answers will be similar and comparable.  

 

See Appendix 1.3.5, Appendix 1.3.6, Appendix 1.3.7, and Appendix 1.3.8 for the document 

containing the purpose and objective of the supporting questions. 

8.2.4 Example 

The example will visualize the different outcomes the Serviceability Index and Accumulated 

Aftermarket Impact can have. The example also provides justifications why the different 

numbers were set for the probability and impact part of the Service Mode Analysis.  

 

See Figure 31 and Appendix 1.3.2 for the overview over the example.  
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Figure 31 shows the final layout and design of the Pulse State Tool, here the example. 

8.2.5 Connection to Design for Service 

The Service Mode Analysis is the base for the Pulse State Tool. Some aspects of the Service 

Mode Analysis are not used. The equation that calculates the Serviceability Index was 

changed. The majority of aspects that influence the Serviceability Index are however present. 

 

The first drafts for the Pulse State Tool included supporting questions to help ABB Robotics 

to calculate the Total Life-cycle Cost of the potential products. ABB Robotics does not 

calculate the Total Life-cycle Cost; they instead calculate the Total Cost of Ownership. The 

Total Cost of Ownership does not consider the cost of developing spare parts, tools and 

training materials. It is desirable that, in the future, ABB Robotics will calculate the Total 

Life-cycle Cost and that the Pulse State Tool and the supporting questions are changed to 

consider the Total Life-cycle Cost of the product. This will give a more just calculation of the 

Serviceability Index since cost is a larger factor for customers than the need for new tools, 

training materials, and/or spare parts.  

8.3 Gate-model 

The original problem statement for the Gate-model is: 

 The current Gate-model considers only a few service related aspects, resulting in the 

service department having low influence over the product development process at 

the R&D department, concepts, and the final product. 

 Is the latest version of the Gate-model in use in current product development 

projects? If not, why not? 

 

The solution for the problem statement concerning the Gate-model consist of four categories: 

 Project manager at the service department 

 Regular meetings at the service department 

 Stakeholders OK 

8.3.1 Project manager at the service department 

The service department should appoint a project manager, responsible to influence the 

product development projects at the R&D department. This will result in that the product 
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development project will work more towards Design for Service and address aspects that will 

increase the reliability, maintainability, and serviceability of the resulting products. To 

simplify the process, the project manager will have access to two different tools, the Pulse 

State Tool and the Checklist. The description of the Pulse State Tool is located in Chapter 8.2.  

 

The description for the Checklist is located in Chapter 8.4 

 

The project manager should have the following duties: 

 Address service related questions so that the entire product development project will 

consider the requirements of the service department. 

 Be a specialist in service related questions, or have access to employees that can 

provide the needed knowledge, so that the product development project can easily 

identify and solve service related problems. 

 Influence the selection of service questions in the Gate-model and if needed, 

formulate new questions. 

 If the service department is not satisfied with the concept, the project manager 

should be able to influence the decision of the gate owner. 

 Schedule regular meetings at the service department, where the entire service 

department can express their interests. 

 The project manager should update the Pulse State Tool and Checklist regularly.  

 

Since the service related aspects of products require a wide range of knowledge, the project 

manager at the service department should create a project group to be able to delegate work 

to other employees, who have the right competence and knowledge. This requires that the 

project manager has regular meetings, at least, every second week to keep the project group 

up-to-date. The Release for Service sheet in the Checklist will help the project manager to 

delegate the workload. The Release for Service sheet will further describe which activities the 

service department has to perform during a product development project.  

8.3.2 Regular meetings at the service department 

The project manager from the service department should schedule regular meetings and invite 

responsible employees from the different sub departments of the service department. During 

the meetings, the project group should choose questions that the product development team 

should answer during the next gate. 

 

The project manager can pose the following six questions during the meetings at the service 

department to further plan the objective and goal of the next gate. The questions will help the 

project manager to concretize the interest of the service department so that the interest 

becomes easier to understand. The project manager should later present the interest for the 

project manager at the R&D department during a meeting, before the next gate is initialized. 

 What should we focus on during the following gate? 

 Why should we focus on those objectives during the following gate? 

 Who will have which responsibilities during the following gate? 

 When is the next gate meeting? 

 Where is the next gate meeting? 

 How are we going to achieve the objectives before the next gate meeting? 
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8.3.3 Stakeholders OK 

Different stakeholders should have the possibility to influence the final decision of the gate 

owner. By adding this possibility to the deliverables, these deliverables will become a 

mandatory activity for the product 

development project. The product 

development team must therefore evaluate 

the Stakeholders OK deliverable during each 

gate; see Figure 32. Each stakeholder should 

give a recommended gate decision, go, kill, 

or redo. The stakeholders should also 

motivate why they recommend that specific 

decision. The gate owner should consider 

those recommended gate decision when 

making the final decision. 

The following stakeholders should always 

be able to give their recommended gate 

decision: 

 Product management 

 Sales & Marketing 

 Development 

 Production 

 Supply 

 Service 

 Quality 

 

Since the recommended stakeholder decisions are documented, they will be archived and it 

will become harder to later blame the different departments and stakeholders if the part of the 

product development project that they were responsible for, failed. The gate owner will also 

gain knowledge about problems that other departments face during the product development 

project. The product development team should always consider the problems before they 

initiate the next gate.  

8.3.4 Adaption of the latest version of the Gate-model 

Six different project managers at the R&D department were interviewed to investigate if the 

latest version of the Gate-model is in use or not. The result from the interviews also showed 

that the latest version of the Gate-model is in use at the R&D department. However, only one 

of interviewed project managers knew that the Gate-model could be adapted through hiding 

or adding more questions. The project manager who knew of this possibility responded that 

he choose not the adapt the Gate-model since it is a time consuming task and adding more 

questions to each gate would result in that the gate would take longer to perform. The 

instruction for the Gate-model however recommends that the Gate-model should be adapted 

to hide or add more questions. 

 

The project manager at the service department has a huge potential here to influence the 

questions in the Gate-model. By motivating why a specific question should be added or 

hidden and presenting this to the project manager at the R&D department, provides a high 

probability that the change will be made. 

Figure 32 shows the proposed changes to the Gate-model. The 

proposed change is the possibility to for the different 

Stakeholders to give their recommended gate decision. 
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8.3.5 Connection to Design for Service 

The Gate-model connects to the Design for Reliability, Design for Maintainability, Design 

for Serviceability, and Product Life-cycle management. 

 

Many of the service related questions found in the Gate-model address the different Design 

for Excellence methodologies, but focuses on reliability, maintainability, and serviceability. 

The assigned project manager at the service department should try to incorporate own 

questions to address specific areas where to product development team should focus more on; 

for instance reliability, maintainability, and serviceability. 

The Stakeholders OK deliverables uses the Product Life-cycle Management methodology to 

share the recommended gate decision to, uppermost, the gate owner, but also the entire 

product development team at the R&D department and other stakeholders. 

8.4 Checklist 

The original problem statement for the Checklist is: 

 Create a Checklist with service related aspects that the service department can use to 

influence the product development process at the R&D department and affect what 

the product development team should work with. 

 

The Checklist should include specific and defined statements that the product development 

project at the R&D department should work with. Because of the big spread of different 

products, predefined statements are not feasible. Interviewing service technicians during the 

master thesis and assembling the Checklist according to the gained information will only 

gather static information about the current state of the products. The Checklist is therefore 

dynamic and adaptable for future products and trends. Checking warranty claims will 

highlight areas where a robot often fails, before the component actually should fail. Statistics 

over spare parts sales will highlight, which areas will fail after the warranty period runs out, 

but where the robot still can be operational. Using a FMEA, with focus on service related 

aspects, will help the project manager at the service department to find service related aspects 

that the product development team did not consider. The project manager should also 

regularly interview service technicians and important customers to find service related 

aspects that the project manager from the service department did not find during the FMEA. 

The statements found during the FMEA are usually not present in warranty claims and the 

statistic over the sale of spare parts. 

 

The Checklist consists of the following five sheets, FMEA, Warranty Claims, Spare Parts 

Sales, Work Packages, and Release for Service. The description why those five activities are 

included in the Checklist and how the project manager should use each sheet follows in 

Chapter 8.4.1, Chapter 8.4.2, Chapter 8.4.3, Chapter 8.4.4, and Chapter 8.4.5. 

 

For the FMEA, Work Packages, and Release for Service sheets, the project manager from the 

service department should declare the following information: 

 Project Name 

 Project Manager at the Service 

department 

 Project Manager at the R&D 

department 

 Gate Status 

 Release Plan 

 Date Created 

 Time Updated 
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The design of the different sheets uses the same design language; see Figure 33, Figure 34, 

Figure 35, Figure 36, and Figure 37. The description of the four different colors is: 

 Dark orange represents a static box that normally describes another box. 

 Light orange represents a dynamic box that requires input. 

 Light blue represents a dynamic box that indicates the output. 

 Grey represents the background of the document.  

8.4.1 The FMEA sheet 

The R&D department does perform a FMEA, but those are generally not about service related 

aspects. The service department should therefore create and perform their own FMEA to find 

failure modes that have service characteristics. Even if the failure modes with service 

characteristics are know from before, it is important to perform a FMEA to document the 

failure modes. This will give a possibility to perform a second rating of the failure modes. 

When reviewing the failure modes for a second rating it will get clear that the performed 

planned action did correct the failure modes, thus increasing the reliability, maintainability, 

and serviceability of the resulting product. 

 

The project manager should perform the FMEA from left to right. The description of the 

twelve steps for the FMEA sheet is located below; see Figure 33 for an overview of the sheet: 

1. Specify which function, component, or operation of the product the failure mode 

affects. It is important to be specific and to use the correct function, component or 

operation and not the overall function, component or operation where the real 

function, component, or operation is part. 

2. Specify the failure modes of the function, component, or operation. If the function, 

component, or operation has several failure modes, divide the entry into multiple 

entries. 

3. Specify the cause of the failure modes. It is important to list every cause for the 

failure modes. The more specific the descriptions of the failure modes are, the easier 

it will be to find a good solution to fix the failure modes. 

4. List the undesirable customer effects of the failure modes. 

5. Describe the current process of detecting the failure modes. 

6. Perform the first rating of the failure modes. Assign a number for the occurrence, 

severity, and detection according to the table in the lower part of the FMEA sheet. It 

is important to be critical and impartial to get a fair number of the risk priority 

number. The risk priority number is the product of the numbers set for occurrence, 

severity, and detection. 

7. Specify the recommended action so that the failure modes will not occur again. The 

recommended action should be feasible in both economically, time, and not alter the 

construction in a major way. 

8. Specify the planned action. The planned action does not need to correspond to the 

recommended action. If the risk priority number were low, it would be acceptable to 

specify no action as the planned action. 

9. Specify the responsible employee to ensure that the service department performs the 

planned action. 

10. Specify the follow up date where the project manager or project group performs the 

second rating of the failure mode. 

11. The project manager or project group should perform the second rating of the failure 

modes, in the same manner as the first rating. Assign a number for the occurrence, 

severity, and detection according to the table in the lower part of the FMEA. It is 
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important to be critical and impartial to get a fair number of the risk priority number. 

The risk priority number is the product of the numbers set for occurrence, severity, 

and detection. 

12. The performer of the FMEA should sign each column. 

 

The FMEA sheet will automatically calculate the risk priority number for the first and second 

rating and sum the total amount of high, medium, and low risk priority numbers. Further, the 

FMEA sheet will visualize the status of each failure. The status will consider the specified 

information about failure modes, cause of failures, recommended actions, and planned 

actions and so on; see Figure 33 

 

 

Figure 33 shows the layout of the FMEA sheet of the Checklist. 

 

The project manager should use the most critical failure modes, found during the FMEA, to 

create work packages for the product development project at the R&D department. 

8.4.2 The Warranty Claims sheet 

It is also important to investigate the warranty claims, to find areas where the product often 

fails during the warranty time. From 2008 to 2011 there were approximately 12 000 different 

warranty claims spread over ABB Robotics whole product line. Each month a new document 

is created, which includes all warranty claims from 2008 to the current date. The excel 

document consists of a lot of information and data. It is hard to gain a good overview. The 

document includes, but is not limited to, information about: 

 Delivery year 

 Type of warranty  

 Product 

 Defect type 

 Article number 

 Item 

 Part serial number at warehouse 

 Revision 

 Warranty claim number 

 Quantity 

 Issue number 

 Warranty filed date 
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 Product model 

 Product controller 

 Located in which country 

 Sold in which country 

 Delivery date 

 Shipped from which production 

plant 

 Date when warranty expires 

 End-user 

 Failure description 

 Hour meter 

 Cause code text 

 Cause text 

 Cause description 

 Who is responsible 

 When the responsibility started 

 When the responsibility ended 

 Type of warranty claim 

 Warranty approved yes/no 

 Supplier 

 Warranty check started 

 Warranty check ended 

 

By choosing up to five robot types and/or robot controllers, in the top of the sheet, the sheet 

will only consider the warranty claims regarding the chosen robot types and/or robot 

controllers, see Figure 34. Furthermore, the year can be specified, if rejected warranties, other 

defects or other location should be included in the statistics, and defects with less than X 

number of items can be ignored. The Warranty Claims sheet will present the data in two 

ways, first sorted by defects per group and secondly defects per type. The sheet will also 

present this data in two pie charts to easily visualize the spread of the different defects. There 

is also a possibility to search for defects in a specific group, for instance axis or wrist units. 

 

Because of the possibility for the customer to specify the defect as other defects and to write 

a comment in the fault description instead, the Warranty Claims sheet gives the possibility to 

search for words in the fault description. The sheet also gives the possibility to only search 

for words in other defects, see Figure 34. This gives the opportunity to define the search and 

gaining a better result. The sheet will also present this result in a pie chart.  



89(143) 

 

 

Figure 34 shows the layout of the Warranty Claims sheet of the Checklist. 

8.4.3 The Spare Parts Sales sheet 

The Spare Parts Sales sheet will investigate, which spare parts the customer of ABB 

Robotics buy during the entire life-cycle and to which robot and category they belong. In 

other words, each sold spare part represents a defect, worn, or consumed component of a 

robot. The Spare Parts Sales sheet is a complement to the Warranty Claims sheet. By looking 

at both sheets simultaneously, aspects can be found where the robot often fails. For additional 

information, the Spare Parts Sales sheet includes the margins of the spare parts. It is 

preferable to decrease the occurrence of failures where the customer buys spare parts that 

have low margins for ABB Robotics. The customer satisfaction will therefore increase since 

the customer does actually not need to buy those spare parts. 
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Figure 35 shows the layout of the Spare Parts Sales sheet of the Checklist. 

By specifying, which products and during which years ABB Robotics has sold the spare 

parts, the sheet will sort the spare parts according different aspects. See Figure 35 for details 

over the layout of the sheet. 

 

There are six different categories of spare parts. General and key parts are preferable since 

ABB Robotics has the highest margins on them. The six categories are: 

 Commercial materials are materials that the customer also can buy from 

competitors. 

 General materials are materials where ABB Robotics owns the drawings for the 

material. Different producers can therefore produce the same material fast and easy. 

 Key parts are unique ABB Robotics materials or spare parts where ABB Robotics 

owns the patent. 

 Kit materials are assembled components from different materials or spare parts. 

 Standard materials are materials that are usually available over the counter in small 

quantities. The customer can also buy the materials in higher quantities from ABB 

Robotics. 
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 Blanks – Materials and spare parts that belong to this category do not fit in the other 

categories.  

8.4.4 The Work Packages sheet 

The project manager from the service department should summarize the information gained 

during the FMEA, Warranty Claims, and Spare Parts Sales sheet into work packages that the 

product development team at the R&D department must solve and/or address, see Figure 36.  

 

 

Figure 36 shows the layout of the Work Package sheet of the Checklist. 

 

It is important that the project manager specifies why it is important that the product 

development project addresses and solves the statements found in the work packages. The 

sheet will also show the status of each work package, that is if the product development team 

has addressed the statements or not. The project manager should further specify from where 

the data, that created the statements, came. This will make the statements traceable 

backwards and the product development team can easy investigate if the statements are true 

or not. The project manager can reuse the statements from old and/or closed product 

development projects, if they are relevant for the new product development project. 

8.4.5 The Release for Service sheet 

The Release for Service sheet includes all activities that the service department must perform 

during a product development project. See Figure 37 for details over the layout. The project 

manager at the service department should assign a responsible employee and the planned 

finishing date for each activity. The assigned employee is then responsible that the service 

department performs the activity correctly and accordingly to the time schedule. The project 

manager should update the Release for Service sheet during every regular meeting. By adding 

comments to the different activities, the project manager can further plan the activities. The 

sheet will indicate the status of the activity in three different colors, red, orange, or green. 
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The activities that the service department is responsible for are, see Figure 37: 

 SB – Business Development: 

o Update the LCM-document. 

o Send the newsletter concerning new spare parts to the different sale 

companies around the world. 

 SC – Supply Chain Management 

o Choose from which supplier the service department should buy the spare 

parts. 

o Have the possibility to attend gate meetings. 

 SP – Purchasing 

o Place orders for spare parts. 

o Place order for tools. 

o Come with input from existing suppliers. 

 SM – Global Planning 
o Gather information to set the purchase interval for spare parts. 

 SO – Sales Support 
o Set price for spare parts. 

o Set price for tools. 

o Ensure that the information in POL is correct. 

o Ensure that the information in BOL is correct. 

 STP – Technical Parts Support 

o Attend product development meetings at the R&D department. 

o Create the Pulse State Tool. 

o Update the Pulse State Tool. 

o Identify important service related questions from the Gate-model. 

o Create the Checklist. 

o Update the Checklist. 

o Attend RI meetings. 

o Create the project plan. 

o Schedule regular project meetings at the service department. 

o Define the Stakeholders OK deliverable for the different gates. 

o Attend the gate 0 meeting. 

o Attend the gate 1 meeting. 

o Attend the gate 2 meeting. 

o Attend the gate 3 meeting. 

o Attend the gate 4 meeting. 

o Attend the gate 5 meeting. 

o Attend the gate 6 meeting. 

o Attend the gate 7 meeting. 

o Create BOM for spare parts. 

 STR – Field Service Product Support 
o Source of information. 

 STQ – Warranty and Recalls 
o Source of information. 
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Figure 37 shows the layout of the Release for Service sheet of the Checklist. 

8.4.6 Connection to Design for Service 

Design for Reliability, Design for Maintainability, Design for Serviceability, Total Life-cycle 

Cost and Product Life-cycle Management are the base for the Checklist. There is a huge 

amount of information, knowledge, and data available at the service department. Service 

technicians working at the service department have first-hand information from customer 

complaints. Data of old and current warranty claims will show, which area of the products 

often fails. This information is comparable to the statistics over spare parts sales, which will 

show a similar picture.  

 

This information, knowledge, and data needs to be analyzed and put into work packages so 

that the product development team at the R&D department can handle specific areas to 

increase the reliability, maintainability, and serviceability of the new product. It is during the 

creation of work packages, the project manager at the service department uses the 

methodologies of Design for Reliability, Design for Maintainability, and Design for 

Serviceability. The project manager should consider the Total Life-cycle Cost of the product 

when creating the work packages. The proposed work packages will then not just improve the 

reliability, maintainability, and serviceability of the resulting precuts, but also lowers the 

Total Life-cycle Cost of the product. However, since ABB Robotics does not calculate the 

Total Life-cycle Cost, it is hard to incorporate the Total Life-cycle Cost when creating the 

work packages. 

8.5 The Design for Service process at the service department 

Below follows the description of the Design for Service process, see Figure 38, Figure 39, 

Figure 40, and Figure 41 for further detail. The Design for Service process will propose how 

the service department should work towards product development projects to effectively 

influence the goal and objective so that the product development team creates products that 

have a high reliability, maintainability, and serviceability. 
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Every Monday morning, at a meeting called Pulsen, the management team at ABB Robotics 

evaluates the risk of all product development projects. During this meeting, the project 

managers at the R&D department have the possibility to present new product development 

projects. An employee of the service department is always attending the meeting. This 

employee will have the possibility to identify new product development projects and schedule 

a meeting at the service department with the project manager of the new product development 

project. During the meeting at the service department, the project manager from the R&D 

department should present the product development project in detail for the entire service 

department. It is important to discuss how the service department needs to be involved in the 

product development project and to clarify that the service department will be highly 

involved in the product development project. 

 

The project manager from the service department should then schedule the first regular 

meeting with the different representatives of the sub department of the service department. 

During this meeting, the project manager should create a project group, project plan and 

assign employees from the different sub department to their responsible areas. The project 

group should then perform the first evaluation of the serviceability, creating the first draft for 

the FMEA, and start investigating warranty claims and statistics over spare parts sales. They 

should also choose questions for gate 0. 

 

The project group could use the following questions to give a better structure for the regular 

meetings at the service department: 

 What should we focus on during the following gate? 

 Why should we focus on those objectives during the following gate? 

 Who will have which responsibilities during the following gate? 

 When is the next gate meeting? 

 Where is the next gate meeting? 

 How are we going to achieve the objectives before the next gate meeting? 

 

The project manager from the service department should then present the questions, along 

with the motivation, to the project manager at the R&D department. It is important that the 

project manager at the R&D department understands why the service department chooses the 

questions. It is also important that the project manager from the R&D department carriers out 

the changes to the Gate-model. 

 

After each performed gate, the project manager should inform the project group about the 

decisions made in the gate. This requires that the project manager is attending, participating, 

and presenting the Stakeholders OK deliverable during each gate meeting. The project 

manager should attend all design review meetings and other important meetings at the R&D 

department and report to the project group.  
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Preferably, the project group must complete the FMEA, evaluate the warranty claims, 

examine the statistics over spare parts sales and created the work packages before gate 2. It is 

before gate 2 the service department has the highest possibility to influence the goal and 

objective of the product development project. The project group must update Pulse State Tool 

at least once before each gate, but preferably each time new data and information surfaces. 

 

After the concepts have been determined, which usually occurs after gate 3, the activities that 

the service department is responsible for can begin. The activities for SP, SO and SB can 

usually begin after gate 4. The activity for SM usually begins after gate 5. The procedure for 

the activities is: 

1. The STR department should, together with the STP department evaluate the 

concepts and prototypes of the product development project. 

2. The STP department should create BOM for spare parts. 

a) The STP department must attend RI meeting to approve the BOM for spare 

parts. 

3. The SC department should choose from which supplier the service department 

should buy the spare parts. 

4. The SO department should set the price for spare parts and tools. 

5. The SP department should place orders for spare parts and tools and come with input 

for new and existing suppliers. 

6. The SO department should ensure that the information in POL and BOL is correct 

and give support for orders. 

7. The SB department should update the LCM-document and send newsletters 

concerning new spare parts to the different sale companies around the world. 

8. The SM department should gather information to set the purchase interval for the 

spare parts. 

 

Figure 38, Figure 39, Figure 40, and Figure 41 show the mandatory activities for the service 

department. They do however not represent four other activities, namely: 

 The project manager from the service department should attend all project meetings 

that are relevant for the product development project. 

 The project manager from the service department should schedule regular project 

meetings at the service department with responsible employees. 

 The project manager from the service department should attend all relevant design 

review meetings at the R&D department. 

 The service department should continuously evaluate prototypes and concepts that 

the product development team creates during the product development project.  
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Figure 38 shows the proposed layout of the Design for Service process for the service department at ABB Robotics; visualizing activities that are performed before the service department is 

involved in the product development project and gate 0 and gate 1. 

 

 

Figure 39 shows the proposed layout of the Design for Service process for the service department at ABB Robotics; here gate 2 and gate 3. 
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Figure 40 shows the proposed layout of the Design for Service process for the service department at ABB Robotics; here gate 4 and gate 5. 

 

 

Figure 41 shows the proposed layout of the Design for Service process for the service department at ABB Robotics; here gate 6 and gate 7. 
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9. Analysis 
Below follows the analysis of the master thesis. The analysis of the master thesis consists of 

three parts. Each part corresponds to the three problem statements. This chapter will also 

analyze if the solution corresponds to the general problem statement. 

 

To simplify for the reader, the definition of the general problem statement for the master 

thesis follows again below: 

 What is the definition of Design for Service? 

 How should ABB Robotics in the future work with Design for Service? 

9.1 Analysis of the Pulse State Tool 

To simplify for the reader, the definition of the problem statement for the Pulse State Tool 

follows again below: 

 The current version of the Pulse State Tool does not take into account the reliability, 

maintainability, and serviceability of the concept. Improve the Pulse State Tool so 

that the tool reflects how involved the service department needs to be in a specific 

product development project at the R&D department. 

9.1.1 Why the Pulse State Tool corresponds to the problem statement 
of the Pulse State Tool 

The Service Mode Analysis evaluates the serviceability of a product. Calculating the 

serviceability and investigating which departments are going to be involved in new product 

development projects, will give the service department a hint on how involved they have to 

be. It is tough to investigate the serviceability of future products early in product 

development projects, since usually this early, no hard data is available, only ideas and early 

concepts are available. It is therefore vital to update the Pulse State Tool on a regularly basis 

during the entire product development project.  

 

Also vital is that the project manager from the service department has a high involvement 

early in product development projects. If the Pulse State Tool analysis shows an increasing 

Serviceability Index and/or a decreasing Accumulated Aftermarket Impact, the grade of 

involvement from the project manager could, but not necessarily, decrease.  

9.1.2 Why the Pulse State Tool is part of the solution for the general 
problem statement 

The main objective of the Pulse State Tool is to help the service department to identify 

product development projects where the service department needs to be more involved in. 

This first step in the Design for Service process is identifying product development projects 

that will result in a product with low serviceability. A product with low serviceability will 

increase the cost of the service department at ABB Robotics and decrease customer 

satisfaction.  

 

By using the Pulse State Tool, to identify product development project, where the service 

department needs to be more involved in, the next step in the Design for Service process can 

begin, namely to influence the objective and goal of the product development project.  
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9.2 Analysis of the Gate-model 

To simplify for the reader, the definition of the problem statement for the Gate-model follows 

again below: 

 The current Gate-model considers only a few service related aspects, resulting in the 

service department having low influence over the product development process at 

the R&D department, concepts, and the final product. 

 Is the latest version of the Gate-model in use in current product development 

projects? If not, why not? 

9.2.1 Why the Gate-model corresponds to the problem statement of the 
Gate-model 

It was found during the master thesis that only 59 percent of the 104 service related questions 

are visible as standard when the Gate-model is opened for the first time. Many of the hidden 

service related questions are good and should have the potential to be visible. Increasing the 

amount of questions for the different gates is however not feasible. The instruction for the 

Gate-model recommends adapting, which questions the product development project should 

answer during the different gates. The instruction were however hard to find and understand, 

therefore only one of the six interviewed project managers at the R&D department knew of 

this possibility. This is a major obstacle, since only one project manager knew of this 

possibility. It is rare that product development projects adapt the questions in the Gate-model. 

 

The project manager at the service department should therefore actively choose service 

related questions that are relevant for the product development project and present this to the 

project manager at the R&D department. This will increase the awareness of service related 

questions in the product development project and create a channel for further discussions.  

 

Having regular meetings at the service department, discussing the interest of the entire 

service department will increase the awareness of the project manager at the service 

department for other problems than just reliability, maintainability, and serviceability. 

 

The Stakeholders OK deliverables will further increase the possibility of effecting the 

decisions from the gate owner.  

9.2.2 Why the Gate-model is part of the solution for the general 
problem statement 

The changes to the Gate-model will mainly increase the ability to influence the questions, 

objective, and goal of the different gates found in the Gate-model. The second step in the 

Design for Service process is to influence the product development team at the R&D 

department so that they consider the interest of the service department.  
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There are three different ways for the assigned project manager at the service department to 

influence the project development project at the R&D department: 

 The project manager should actively participate in gate, construction and other 

important meetings at the R&D department. 

 The project manager should use the Stakeholders OK deliverable to present the 

recommended gate decision of the service department to the gate owner. 

 The project manager should choose, which service related questions that the product 

development team should answer during the different gates. 

 

If the Serviceability Index is high and the Accumulated Aftermarket Impact is low, the service 

department should not lower the grade of involvement in the product development project. It 

is important that the service department always is involved in the product development 

project. The project manager should always attend gate, construction and other important 

meetings at the R&D department. 

9.3 Analysis of the Checklist 

To simplify for the reader, the definition of the problem statement for the Checklist follows 

again below: 

 Create a Checklist with service related aspects that the service department can use to 

influence the product development process at the R&D department and affect what 

the product development team should work with. 

9.3.1 Why the Checklist corresponds to the problem statement of the 
Checklist 

The work during the master thesis found that only a few service related aspects have a 

connection to all current products of ABB Robotics. Theses service related aspects would 

with great certainty change over time.  

 

Therefore, the work during the master thesis shaped the Checklist in such a way that allows 

the project manager at the service department to find service related aspects. By using a 

FMEA, checking warranty claims and statistics over spare parts sales, the project manager 

will identify components that often break. The project manager should concretize these 

aspects along with interviews with service technicians into work packages that the product 

development team at the R&D department must solve during their product development 

project.  

9.3.2 Why the Checklist is part of the solution for the general problem 
statement 

The main objective of the product development team at the R&D Checklist is to help the 

service department to set requirements that the department should work with and solve during 

their product development project to. 
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9.4 Analysis of the Design for Service process at the service 
department 

The Design for Service process shows, which activities the service department must perform 

during which gate. It is important that the service department is involved at the beginning of 

the product development project to be able to influence the goal, objective, and purpose of 

the product development project.  
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10. Conclusions and recommendations 
The R&D department performs product development projects with low or no input from the 

service department. The turnover from the service department increases nearly every year and 

the importance of reliability, maintainability, and serviceability grows bigger for customers 

and clients, the service department needs therefore to be more involved in product 

development projects at the R&D department. 

 

During the master thesis, the updated Pulse State Tool now includes an evaluation of the 

serviceability of new concepts and products. The project manager at the service department 

should use the Pulse State Tool to identify how involved the service department needs to be 

in product development projects at the R&D department.  

 

ABB Robotics recently updated the Gate-model with new service related questions. The 

master thesis proposed additional changes to the Gate-model, such as the inclusion of the 

Stakeholders OK deliverables. The service department should also appoint at least one project 

manager that actively works, among other things, with including service related aspects in 

product development projects at the R&D department. 

 

The Checklist helps the project manager at the service department to identify areas that 

negatively affects the reliability, maintainability, and serviceability of the product. The 

project manager should present these areas in the unified template found in the Checklist to 

the product development team at the R&D department. Furthermore, the Checklist lists the 

most important activities associated to product development projects so that it becomes easy 

for the project manager at the service department to verify that the service department 

executes these activities in time. 

 

Below follows the conclusions of the master thesis concerning the Pulse State Tool, the 

changes to the Gate-model and the development of the Checklist. Also presented are 

recommendations for future work on the Pulse State Tool, Gate-model, and Checklist along 

with other recommendations that will further simplify the daily work of the service 

department and the Design for Service process. 

10.1 Conclusion 

Below follows the conclusions and recommendation for future work about the result and 

analysis concerning the Pulse State Tool, Gate-model, and the Checklist. 

 

The three proposed solutions to the problem statements are linked together. Therefore, ABB 

Robotics should implement all three proposed solutions to gain an effective Design for 

Service process. 

10.1.1 Pulse State Tool 

In conclusion, the Pulse State Tool will help the service department at ABB Robotics to 

identify product development project where they must be more involved in. However, the 

service department should always be involved in every product development project at the 

R&D department.  
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The addition of the Service Mode Analyze to the Pulse State Tool will give the service 

department a hint of how serviceable the resulting product of the product development 

project will be. The project group at the service department should actively work to increase 

the reliability, maintainability, and serviceability of concepts. This can be achieved by 

creating work packages and influence the construction during the design review meetings. 

The better the reliability, maintainability, and serviceability of the resulting product are the 

lower impact will the repair and planned maintenance process have on the Total Life-cycle 

Cost; thus increase the turnover of ABB Robotics products. 

 

When the service department identified the product development project, which needs more 

attention, the project manager should then influence the goal, objective, purpose, and 

concepts of the product development project. 

10.1.2 Gate-model 

In conclusion, the Gate-model will help the service department to influence the product 

development project. The project manager at the service department should always propose 

which questions the product development project at the R&D department must address and/or 

solve, attend gate, construction, and project meetings, and use the Stakeholders OK 

deliverable to influence the decision from the gate owner.  

 

Formulating new service related questions would not help the service department to affect the 

product development projects at the R&D department. The major problem with the product 

development process was that there is no process that allowed the service department to 

affect the decisions made during a product development project. With the proposed changes, 

including the Stakeholder OK deliverables and appointing a project manager at the service 

department, the service department will take the first step of increasing their influence over 

product development projects at the R&D department. 

 

When the project manager influenced the goal, objective, purpose, and concepts of the 

product development, he/she should then continue to set requirements that the product 

development project should work with. 

10.1.3 Checklist 

In conclusion, the Checklist will help the service department to set requirement that the 

product development project should work with. The data over warranty claims and statistics 

over spare parts sales is very comprehensive and therefore hard to interpret. The Warranty 

Claims sheet and Spare Parts Sales sheet will simplify this, making it easier for the project 

manager at the service department to analyze the comprehensive data.  

 

The project manager should concretize the analyzed data into work packages that the service 

department must address and solve. Furthermore, the project manager should schedule when 

which activities the service department must perform.  

10.2 Recommendations 

Below follow my recommendations for future work concerning the Pulse State Tool, Gate-

model, and Checklist. Also presented are other recommendations that will increase the 

productivity of the service department and the Design for Service process. 
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10.2.1 Pulse State Tool 

If ABB Robotics begins calculating the Total Life-cycle Cost of their products, ABB Robotics 

should change the questions for the Pulse State Tool so that the Serviceability Index is 

calculated based on the need, availability, and price of design changes, tools, spare parts, and 

training materials. This will give a more accurate Serviceability Index.  

 

Since there was no possibility, because of time constraints, to test the equations for the 

Serviceability Index and Accumulated Aftermarket Impact on real product development 

project during the master thesis, my recommendations are to do this as soon as possible. The 

service department, after a period of testing, should define a guideline at which figures for the 

Serviceability Index and Accumulated Aftermarket Impact, the service department needs to be 

more involved in product development project. 

10.2.2 Gate-model 

I recommend that ABB Robotics performs more changes to the Gate-model so that the Gate-

model stops steering the product development projects into the right direction and instead 

guiding them. Other department, in addition to the service department, need to be involve in 

product development projects. My recommendations are that the core of the product 

development team should not only consist of employees of the R&D department, but instead 

of employees from a wide range of different departments. This will create a cross-functional 

product development team that will tackle and solve problem more efficiently and faster. 

10.2.3 Checklist 

My recommendations for the Checklist are that the service department should update the data 

for warranty claims every month and statistics over spare parts sales every year.  

 

The ability for the customer to specify other locations and other defects when creating a 

warranty claim should not be there. ABB Robotics should create a unified number coding for 

the different failure modes and description. This will increase the certainty over warranty 

claims. Giving the STQ department the possibility to correct the failure description will also 

increase the certainty of the warranty claims.  

10.2.4 Other recommendations 

Below follow my other recommendations for future work, which has the potential to increase 

the efficiency and productivity at the service department. My recommendation could also 

improve and simplify the Design for Service process. 

10.2.4.1 3DVia Composer 

3DVIA Composer is a powerful product from Dassault Systèmes; Solidworks is another. The 

service department can use 3DVIA Composer to create documentation, technical illustrations, 

animations, and interactive 3D experience (Dassault Systèmes).  
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My recommendation is that the service department at ABB Robotics should use 3DVIA 

Composer in their daily work. By using 3DVIA Composer, it will become easier to search for 

specific spare parts. Instead of searching for specific spare parts in the different BOMs, the 

same search can be visualized by 3DVIA Composer, searching in the 3D-model of the robot 

where the different parts of the assembly are associated to the right serial number of the spare 

part. Optimizing the search process will decrease the time for support cases. 

 

The service department can use 3DVIA Composer in the Design for Service process. By 

developing and later visualizing the repair and planned maintenance process, before the 

product development project produces a physical product, the service department can identify 

areas or components that decrease the serviceability of the robot. The service department can 

further use this data in the Checklist to specify work packages for the R&D department. 

10.2.4.2 Calculating the time needed to replace a spare parts 

My recommendation is that the service department should calculate the time the service 

technician or customer needs to replace each spare part. The service department could use 

this information to optimize the repair and planned maintenance process. This in turn will 

increase the productivity of the robots, thus improving customer satisfaction. The service 

department can also use this data in the Checklist to further identifying areas or components 

that are bottlenecks in the repair and planned maintenance process. By creating specific work 

packages for the R&D department the service department can set requirements and goals for 

the product and result of the product development project.  

10.2.4.3 Calculating the Total Life-cycle Cost 

My recommendation is that the service department should calculate the Total Life-cycle Cost 

of the spare parts. Since most product development projects at ABB Robotics have the 

objective of cost cut, it is interesting to investigate if, when choosing a spare part with lower 

purchasing price, the Total Life-cycle Cost of the product will increase or decrease. The 

service department must identify aspects that will influence the Total Life-cycle Cost and how 

they will influence the Total Life-cycle Cost have. The service department can use this data to 

justify a purchase of a more expensive spare part if the Total Life-cycle Cost is lower. 

10.2.4.4 Introducing Pulsen at the service department 

Every Monday, during a meeting called Pulsen, ABB Robotics evaluates the risk of all 

product development projects. Every department and project manager will rate the different 

projects accordingly to red, orange, or green; red representing a major risk, orange some risk 

and green no risk. The employee responsible for the Pulsen, documents everything for easy 

monitoring and sharing.  

 

My recommendation for the service department at ABB Robotics is that they should 

introduce the same procedure for identifying risky product development projects. Scheduling 

a regular meeting, once every week, where the different sub departments of the service 

department should specify their risks with the different projects. This would increase the 

transparency of the different product development projects and the service department can 

identify product development projects that need to work more with. 
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The Pulsen at the service department is not the same as the Pulse State Tool. The Pulse State 

Tool will, based on the Serviceability Index and Accumulated Aftermarket Impact, help the 

service department to identify projects where the service department needs to be more 

involved in. Pulsen, on the contrary, will help the service department to identify risks with 

the different projects and create an opportunity, meaning a forum, where the service 

department can identify, discuss, and solve risks.  

 

Introducing the Pulsen is easy and straightforward; there are templates, documentations, and 

training materials already available. The two main hinders are to clarify the benefits of 

introducing the Pulsen to the service department, for the entire department, and to uphold the 

decision of using Pulsen to identify risky projects. 
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1. Appendices 

Below follows the different appendices for the master thesis.
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1.1 Gantt Schedule –Project Plan 
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1.2 Gantt Schedule – Cumulative man hours 
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1.3 Pulse State Tool 

1.3.1 Pulse State Tool – Overview  
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1.3.2 Pulse State Tool – Example 
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1.3.3 Pulse State Tool – Supporting questions for replacement of product/component 
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1.3.4 Pulse State Tool – Supporting questions for new product development 
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1.3.5 Purpose and objective for replacement for product/component – 

Probability 

 Repair: Will the time needed for repair increase or decrease? 

Purpose: 
Investigate if the repair process will increase or decrease 
in time, when the product is replaced. 

Objective: 
Compare the new product to the old product and 
investigate if the time for the repair process has increased 
or decreased. 

 Definition: A failure or breakdown of a product or component. The product or component has to be repaired 
immediately so that product or component can function correctly again. For instance; exchange of a broken gearbox 
or cabling. 

 
 

 Planned Maintenance: Will the time needed for planned maintenance increase or decrease? 

Purpose: 
Investigate if the planned maintenance process will 
increase or decrease in time, when the product is 
replaced. 

Objective: 
Compare the new product to the old product and 
investigate if the time for the planned maintenance 
process has increased or decreased. 

 Definition: Scheduled maintenance of a product or component. Daily, weekly or regularly planned maintenance to 
prevent minor or major failure or breakdown. For instance; oil change, tightening of screws or cleaning. 

 
 

 Necessary Tools: Is there a need for new tools? 

Purpose: 
Investigate what kinds of tools are needed to disassemble 
the product or component and perform repair and 
planned maintenance. 

Objective: 
Check which tools have to be used, if the current range of 
tools fit and if new tools have to be developed. 

 Definition: New essential tools are unique and expensive tools that have to be developed because the current 
essential tools do not fit. Basic equipments are also expensive tools but are widely available. Basic tools are screw 
drivers that are widely available and cheap. 

 
 

 Necessary Training Materials: Is there a need for new training material? 

Purpose: 
Investigate if new training material has to be developed to 
fit the replaced product or component. 

Objective: 
Investigate the current training material if they still are 
suitable for the replaced product or component. 

 Definition: Two types of training material exist; one for the service technician and the other for the customer. They 
could be manuals, updated training courses or new training courses.  

 
 

 Necessary Spare Parts: Is there a need for new spare parts? 

Purpose: 
Investigate if new spare parts have to be developed to fit 
the replaced product or component. 

Objective: 
Check if the old spare parts are forward compatible or if 
the new spare parts are backward compatible. How many 
percent of the spare parts need to be renewed? 

 Definition: A new spare parts is spare parts that is not backward or forward compatible.  
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1.3.6 Purpose and objective for replacement for product/component – 

Impact 

 Repair: What impact will the decisions, in the term of design, construction etc, have on the final product? 

Purpose: 
Investigate how the decisions (concerning repair), made 
during the project, will impact the final product. 

Objective: 
Compare the new product to the old product and 
investigate if the repair process has changed and what the 
impact was on the design, construction, etc. 

 Definition: A failure or breakdown of a product or component. The product or component has to be repaired 
immediately so that product or component can function correctly again. For instance; exchange of a broken gearbox 
or cabling. 

 
 

 Planned Maintenance: What impact will the decisions, in the term of design, construction, etc, have on the final 
product? 

Purpose: 
Investigate how the decisions (concerning planned 
maintenance), made during the project, will impact the 
final product. 

Objective: 
Compare the new product to the old product and 
investigate if the planned maintenance process has 
changed and what the impact was on the design, 
construction, etc. 

 Definition: Scheduled maintenance of a product or component. Daily, weekly or regularly planned maintenance to 
prevent minor or major failure or breakdown. For instance; oil change, tightening of screws or cleaning. 

 
 

 Necessary Tools: Are the necessary tools widely available? 

Purpose: 
Investigate how available the necessary tools will be for 
the customer. 

Objective: 
Investigate if the necessary tools are available. They could 
for instance still be under development or already 
available to the customers.  

 Definition: New essential tools are unique and expensive tools that have to be developed because the current 
essential tools do not fit. Basic equipments are also expensive tools but are widely available. Basic tools are screw 
drivers that are widely available and cheap. 

 
 

 Necessary Training Materials: Are the necessary training materials widely available? 

Purpose: 
Investigate how available the necessary training materials 
will be for the customer. 

Objective: 
Investigate if the necessary training materials are available. 
They could for instance still be under development or 
already available to the customers. 

 Definition: Two types of training material exist; one for the service technician and the other for the customer. They 
could be manuals, updated training courses or new training courses.  

 
 

 Necessary Spare Part: Are the necessary spare parts widely available? 

Purpose: 
Investigate how available the necessary spare parts will be 
for the customer. 

Objective: 
Investigate if the necessary spare parts are available at the 
warehouse. They could for instance still be under 
development or already available to the customers. 

 Definition: The price of spare parts that ABB has to pay and not what the customer pays in the end. 
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1.3.7 Purpose and objective for replacement for new product development – 

Probability 

 Repair: Is it important to streamline or simplify the repair process? 

Purpose: 
Investigate if there is a need to streamline or simplify the 
repair process. 

Objective: 
If the answer to one of these questions is yes; it is probably 
important to streamline or simplify the repair process. Is 
there a chance that the product needs to be repaired? Is it 
more expensive to buy a new product instead of repairing 
it? When the product fails, is the downtime long? Is the 
product complex? 

 Definition: A failure or breakdown of a product or component. The product or component has to be repaired 
immediately so that product or component can function correctly again. For instance; exchange of a broken gearbox 
or cabling. 

 
 

 Planned Maintenance: Is it important to streamline or simplify the planned maintenance process? 

Purpose: 
Investigate if there is a need to streamline or simplify the 
planned maintenance process. 

Objective: 
If the answer to one of these questions is yes; it is probably 
important to streamlining or simplifying the planned 
maintenance process. Is there a chance that the product 
needs to have regular maintenance? Are there any 
expendable materials used; for instance gear oil? Have 
some components shorter lifetime than the rest? Is the 
product complex? 

 Definition: Scheduled maintenance of a product or component. Daily, weekly or regularly planned maintenance to 
prevent minor or major failure or breakdown. For instance; oil change, tightening of screws or cleaning. 

 
 

 Necessary Tools: Is there a need for new tools? 

Purpose: 
Investigate what kinds of tools are needed to disassemble 
the product or component and perform repair and 
planned maintenance. 

Objective: 
Check which tools have to be used, if the current range of 
tools fit and if new tools have to be developed. 

 Definition: New essential tools are unique and expensive tools that have to be developed because the current 
essential tools do not fit. Basic equipments are also expensive tools but are widely available. Basic tools are screw 
drivers that are widely available and cheap. 

 
 

 Necessary Training Materials: Is there a need for new training material? 

Purpose: 
Investigate if new training material has to be developed to 
fit the replaced product or component. 

Objective: 
Investigate the current training material if they still are 
suitable for the replaced product or component. 

 Definition: Two types of training material exist; one for the service technician and the other for the customer. They 
could be manuals, updated training courses or new training courses.  

 
 

 Necessary Spare Parts: Is there a need for new spare parts? 

Purpose: 
Investigate if new spare parts have to be developed to fit 
the replaced product or component. 

Objective: 
Check if the old spare parts are forward compatible or if 
the new spare parts are backward compatible. How many 
percent of the spare parts need to be renewed? 

 Definition: A new spare parts is spare parts that is not backward or forward compatible.  
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1.3.8 Purpose and objective for replacement for new product development – 

Impact 

 Repair: What impact will the decisions, in the term of design, construction etc, have on the final product? 

Purpose: 
Investigate how the decisions (concerning repair), made 
during the project, will impact the final product. 

Objective: 
Compare the new product to the old product and 
investigate if the repair process has changed and what the 
impact was on the design, construction, etc. 

 Definition: A failure or breakdown of a product or component. The product or component has to be repaired 
immediately so that product or component can function correctly again. For instance; exchange of a broken gearbox 
or cabling. 

 
 

 Planned Maintenance: What impact will the decisions, in the term of design, construction, etc, have on the final 
product? 

Purpose: 
Investigate how the decisions (concerning planned 
maintenance), made during the project, will impact the 
final product. 

Objective: 
Compare the new product to the old product and 
investigate if the planned maintenance process has 
changed and what the impact was on the design, 
construction, etc. 

 Definition: Scheduled maintenance of a product or component. Daily, weekly or regularly planned maintenance to 
prevent minor or major failure or breakdown. For instance; oil change, tightening of screws or cleaning. 

 
 

 Necessary Tools: Are the necessary tools widely available? 

Purpose: 
Investigate how available the necessary tools will be for 
the customer. 

Objective: 
Investigate if the necessary tools are available. They could 
for instance still be under development or already 
available to the customers.  

 Definition: New essential tools are unique and expensive tools that have to be developed because the current 
essential tools do not fit. Basic equipments are also expensive tools but are widely available. Basic tools are screw 
drivers that are widely available and cheap. 

 
 

 Necessary Training Materials: Are the necessary training materials widely available? 

Purpose: 
Investigate how available the necessary training materials 
will be for the customer. 

Objective: 
Investigate if the necessary training materials are available. 
They could for instance still be under development or 
already available to the customers. 

 Definition: Two types of training material exist; one for the service technician and the other for the customer. They 
could be manuals, updated training courses or new training courses.  

 
 

 Necessary Spare Part: Are the necessary spare parts widely available? 

Purpose: 
Investigate how available the necessary spare parts will be 
for the customer. 

Objective: 
Investigate if the necessary spare parts are available at the 
warehouse. They could for instance still be under 
development or already available to the customers. 

 Definition: The price of spare parts that ABB has to pay and not what the customer pays in the end. 
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1.4 Gate-model – Service related questions 

Questions that are marked yellow are visible as standard in the Gate-model. 

1.4.1 Gate 0 – Service related questions 

G0Q07 Product/System Business Is the overall business concept covering the full system/product life cycle? 

G0Q14 R&D/Project 

Management 

Business 

Technology 

Have we looked at different Alternatives (incl. technical)? Why have we chosen this, and not another 

alternative? 

G0Q15 R&D/Project 

Management 

Technology Is the project based on available platforms? Does it deliver new/re-usable platform components? 

G0Q20 Production/Supply/Ser

vice/Support 

Project Will it be possible to develop, manufacture and maintain the resulting product/system? Should this be done by 

another organization? What is our organization proposal? 

G0Q25 All Organization Are competent resources available or is a buildup of competence needed (in R&D, manufacturing, service, 

maintenance etc.)? 

G0Q30 Production/Supply/Ser

vice/Support 

Project What opportunities for new service products or processes have been identified? 

G0Q31 Production/Supply/Ser

vice/Support 

Project How will serviceability and maintainability supported?  What opportunities for new service products or 

processes have been identified? 

G0Q32 Production/Supply/Ser

vice/Support 

Project Has SCM nominated project responsible for sourcing and inbound logistics? 

G0Q105 Project Management Scope RO: Have alternatives to develop product components internally been analyzed? (Make/Re-

use/Outsource/Buy) 
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1.4.2 Gate 1 – Service related questions 

G1Q16 R&D/Project 

Management 

Technology Is an evaluation of the alternatives for a technical solution available? Have other architecture and technology 

alternatives been considered? Why have we chosen this, and not another alternative? (update to G0Q14) 

G1Q20 All Project Does the project respond adequately to market requirements/customer needs and does it address development 

constraints such as e.g. quality, supply chain management, competence and capabilities and other 

requirements? 

G1Q22 All Project Have prioritization rules been decided for what is most important from a customer viewpoint e.g. time to 

market, functionality, quality and cost? 

G1Q23 All Project Cost targets confirmed for the whole process (development, maintenance, production, engineering, sub-

supplier’s prices, sales, training…) 

G1Q25 All Project Has a project team been built up and are project responsibilities defined? Note that this should include all 

different aspects such as product management, development, testing, production, service, support, training, 

etc. 

G1Q26 All Project Special development of Tools required for programming, configuration, maintenance service and support 

necessary? 

G1Q37 All Organization Does the organization have the required competence and commitment (up to G6)? 

G1Q39 Production/Supply Organization Has Supply Chain Management (SCM) approved the selection of potential suppliers? Are there suppliers or 

components outside of strategic supplier portfolio or standard component list?  

G1Q43 Service/Support Business 

Technology 

Have service business aspects (roughly) been discussed with service? 

G1Q44 Service/Support Business 

Technology 

Have the ideas from gate 0 been discussed with service? Is it clear which serviceability features and service 

products will be included? 

G1Q110b Project Management Concept RO: Are Compatibilities and Non compatibilities (both Forward & Backward) identified and discussed upon 

prior to finalization. 
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1.4.3 Gate 2 – Service related questions 

G2Q06 Product/System Business Is a detailed business case incl. service opportunities in place and is it confirmed with the receiver(s)?  

Are the Assumptions transparent and have you done a qualitative and quantitative analysis (incl. NPV/ 

Internal Rate of Return/ Pay-back) considering the improved estimates about: 

 Market prices and achievable volumes. 

 Product costs vs. Competitiveness. 

 R&D and product introduction costs. 

What is the conclusion: Can the R&D project be justified? 

G2Q14 R&D/Project 

Management 

Technology Is the System Requirement Specification available and reviewed? 

 Description of the whole relevant system 

 Interfaces with other systems / products  

 Architecture 

 Integration and test system test requirements 

 Engineering and commissioning 

 Platform description if relevant 

 Service procedure / requirements 

 Standards (IEEE, IEC, ANSI...) 

G2Q15 R&D/Project 

Management/ 

Production/ 

Supply 

Technology Technical realization of all features as per Market Requirement Specifications (MRS)? 

 Break down in subprojects including test plans 

 Manufacturing and assembly processes, tools and documentations considered? 

G2Q16 All Project Market Requirement Specification reviewed with potential customers and ready for change management 

including: 

 Opportunity window 

 Uniquely numbered features for R&D ref.  

 Backward compatibility requirements with existing products 

 Environmental considerations (incl. legal) available? 

G2Q28 All Organization Do the parties involved in or affected by the project and its outcome have confidence in the project and are 

they fully committed to it? 
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G2Q31 Product/System/ 

Production/ 

Supply/Service/ 

Support 

Organization  Life Cycle Concept available for: 

 Transport and installation 

 Upgrade and migration 

 Repair and service 

 Disposal 

 Phase-Out plan of existing product/offerings 

G2Q33 R&D/Project 

Management 

Technology In case a functional prototype or simulation model is available: Evaluation results? 

G2Q35 R&D/Supply Project Are critical components or suppliers identified, e.g. tools, service or special components and material?  

G2Q36 Production/Supply Organization Has Supply Chain Management (SCM) identified potential suppliers and estimated key component prices?  

G2Q37 Production/Supply Organization Are the suppliers that are needed as a resource for the R&D selected?  

For software suppliers: Is the type of required software license defined? 

G2Q38 Production/Supply Organization Is any new hardware component(s) planned, which will require new supplier(s)? Flexible Component 

Sourcing must always be taken into consideration. 

G2Q39 Production/Supply Organization Has the cost been estimated for all purchased parts?  

Are target prices for HW and SW specified? 

G2Q44 R&D/Training Project Is the need for training courses identified? 

G2Q47 Service/Support Business Which service features are presented in the requirements list? Have interfaces useable by service been 

discussed with service and added to requirements list? 

G2Q48 Service/Support Business Have hard- and software interfaces useable by service been discussed with service and added to requirements 

list? 

G2Q49 Service/Support Business What is the preliminary product offer including additional software and hardware tools for service needs 

(configuration, features, packing, services, support documentation, warranty)? Which non-standardized tools 

are required and/or must be developed?  
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G2Q50 Service/Support Business What preliminary service activities is the customer allowed to do as self service? What will be preliminarily 

delivered by ABB's supplier service? 

G2Q52 Production/Supply Organization Are the planned component/supplier selections according to the multiple sourcing target percentage? SCM 

statement included as a reference document. 

G2Q106 Project Management Scope RO: Have any alternatives to develop product components been considered? 

G2Q110b Project Management Concept RO: Are Compatibilities and Non compatibilities (both Forward & Backward) identified and discussed upon 

prior to finalization. 
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1.4.4 Gate 3 – Service related questions 

G3Q08 Product/System/ 

R&D/Project 

Management 

Technology Are detailed requirement specifications for all technical subprojects available? E.g. 

 Power electronics 

 Mechanics 

 Control hardware and software 

 Protection 

 MMI 

 Engineering, commissioning, maintenance and possible future upgrade 

 Tools 

G3Q13 R&D/Project 

Management 

Technology Is a functional prototype or simulation model available? Test results? 

G3Q14 R&D Technology Is there a MTBF calculation available? Have reliability and availability calculations confirmed the 

requirements? 

G3Q27 All Organization Is the project (incl. all sub-activities in product management, marketing, R&D, supply management, 

production, customer documentation, service, training) on track (cost, time, specification/quality) or does it 

need to be planned again?  

G3Q30 Production/Supply Organization Has Supply Chain Management approved the selection of the suppliers and obtained the prices? Are the 

critical external components identified and supply contracts established? 

G3Q31 Production/Supply Risk Are alternatives for critical components and critical suppliers identified? Has Supply chain management 

supported the identification?  

G3Q33 Production/Supply Organization Is it decided which parts are to be purchased and which are to be in-house manufactured on a total cost base? 

G3Q34 Production/Supply Organization Have assessments / audits for new suppliers covering quality, financial and performance aspects been 

performed? Was SCM involved? 

G3Q35 Service/Support Organization Is the service infrastructure able to maintain the future installed base? 

What are the services aspects for the product lifecycle? 

G3Q36 Service/Support Organization Are additional service aspects identified? 
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G3Q37 Production/Supply Organization Are there any non-ABB hardware components foreseen where ABB material would be available? 

G3Q38 Production/Supply Organization Are the planned component/supplier selections according to the multiple sourcing percentage target? SCM 

statement included as a reference document. 
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1.4.5 Gate 4 – Service related questions 

G4Q11 Service/Support Business Additional Services which will provide added value to the customer and ABB planned? 

G4Q11b Marketing/Sales/ 

Service/Support 

Business What are the services, which are planned after product release, is there a commitment by the service unit? 

G4Q21 All Project Are competent resources for validation, pilot application support, hand-over, project completion and market 

introduction allocated and committed? 

G4Q32 All Organization Are the necessary activities for preparing the organization to introduce the product on track?  

G4Q33 All Organization Are resources for product management, sales, maintenance, production, service and training allocated? 

G4Q34 Marketing/Sales/ 

Service/Support 

Organization Are responsibilities defined concerning the product introduction? (Marketing, Sales, Service etc.) New 

product? 

G4Q37 Production/Supply Organization Have supply chain management; production and logistics completed their preparations to introduce the new 

product? 

 Order definition / drawings etc.  

 Required test report, where receiving inspection is necessary 

 Documentation 

 Subcontractor etc. 

G4Q45 R&D/Project 

Management 

Technology Have prototypes been manufactured? Have they been tested by R&D? Have the test results been reviewed? 

Have deviations of these results from SRS/TRS been reviewed with Product management? 

G4Q46 All Organization Are customer training courses scheduled?  

G4Q47 All Organization Is the training of sales, engineering, testing, support and commissioning scheduled? 

G4Q49 Production/Supply Organization Are all suppliers selected and approved according to Supply Chain Management (SCM) guidelines and rules 

(strategic supplier base, multiple sourcing)?  

For software suppliers: Are software license agreements established and technical handling of licensing 

confirmed with R&D and Manufacturing? 
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G4Q50 Production/Supply Organization Have the final quotations - based on final review of specifications from the development project - from 

suppliers been received by SCM?  

G4Q51 Production/Supply Organization Have second source suppliers for critical HW and SW items been selected? Have safeguards for long-term 

supplies been established for SCM approved single/sole source components? 

G4Q52 Production/Supply Organization Are any new hardware component(s) used with suppliers not approved by SCM? 

G4Q53 Production/Supply Organization Is the list for deviations from standard components reviewed by SCM? 

G4Q54 Support Organization Are support documents being updated? 

G4Q63 Service/Support Business Are the service features confirmed? 

G4Q64 Service/Support Business Are failures mode and failure rate classified and documented? Is spare parts logistics developed? Are training 

and service tools in place? Is a product example delivered to service? 

G4Q65 Production/Supply Organization Are there any non-ABB hardware components foreseen where ABB material would be available 

G4Q67 Production/Supply Organization Are the component/supplier selections according to the multiple sourcing target percentage? SCM statement 

included as a reference document. 

G4Q122b Project Management Resources RO: Is maintainability engineering implemented prior to release of product? (Identify tools, procedures, 

MTTR, documentation etc.) 
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1.4.6 Gate 5 – Service related questions 

G5Q20 All Organization Are all user and system documentations ready and the system/product maintainable? 

G5Q21 All Organization Are necessary activities for preparing the Organization ready (system/product management, maintenance, 

production, service, training etc.) and have business Organizations been informed in writing? 

G5Q23 All Organization Have the actions from the phasing-out-plan of existing products/systems being executed or initiated? 

G5Q26 Product/System Organization Is the line Organization responsible for system/product maintenance appointed and are they prepared for the 

task? 

G5Q27 Production/Supply Organization Are all contracts (including pricing, T&C) with suppliers agreed and signed by SCM? Are all the supplier 

selections according to strategic supplier portfolio? 

G5Q29 Production/Supply Organization Is the ordering/delivery process verified? Is the ordering tool ready to be used? 

G5Q30 All Organization Have specialists (locally and in important target countries) of sales, sales support people, engineering, testing 

and commissioning, eventual supply chain management been trained to give support on the product to be 

released? 

G5Q31 All Organization Are customer-training courses for the product/system available?  

G5G37 Service/Support Business Is the Service Impact List agreed upon and are follow-up actions defined with the service units? 

G5Q38 Service/Support Business Is service able to react to customer calls? Is the Service Impact List agreed upon and are follow-up actions 

defined with the service units? How is self service and supplier service defined? 

G5Q40 Production/Supply Organization Are the component/supplier selections according to the multiple sourcing target percentage? SCM statement 

included as a reference document. 

G5Q120b Project Management Resources RO: Is maintainability engineering implemented prior to release of product? (Identify tools, procedures, 

MTTR, documentation etc.) 
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1.4.7 Gate 6 – Service related questions 

G6Q01 All Organization Has the system/product been handed over to the line organization responsible for system/product 

maintenance, manufacturing, service, training, etc.? 

G6Q02 All Organization Have experiences from the project been collected and stored for future planning of new projects from all 

project members and also from the line organization? 

G6Q10 Production/Supply/ 

Service/Support 

Organization Has it been proven possible to develop, manufacture, service and maintain the product? Experiences from the 

customer installations regarding quality are reported. 

G6Q11 R&D/Project 

Management 

Organization Have experiences / knowledge been handed over to the process owner / Support and Maintenance team and 

has the project organization been dissolved? 

G6Q13 Service/Supply Business What is the impact for service? Do you expect a need for new services or competences? Could you compare it 

to existing services?  

G6Q14 Service/Supply Business What are the differences in service requirements to the predecessor or a similar product? 

G6Q15 Production/Supply Organization What are multiple sourcing statuses and is it acceptable (multiple sources versus target)? Has the multiple 

saucing shares degraded due to internal or external reasons since product release? 
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1.4.8 Gate 7 – Service related questions 

G7Q05 Marketing/Sales/ 

Service/Support 

Business Does the product and service offering resulting from the project fit the targeted market? 

G7Q07 Marketing/Sales/ 

Service/Support 

Business Are the product and service sales as expected at G2 and G5? If not, any actions? 

G7Q13 Production/Supply/ 

Service/Support 

Business Has it been proven possible to develop, manufacture, service and maintain the product? Experiences from the 

customer installations regarding quality are reported. 

G7Q17 Service/Supply Business Which of the identified service opportunities have been realized? What are the lessons learned? 

G7Q18 Service/Supply Business Which of the identified service opportunities have been realized? What are the lessons learned? How did we 

meet the targets for the field failure rate? Where did we have the biggest deviations and for what reasons? 
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1.5 Checklist 

1.5.1 Checklist – FMEA 
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1.5.2 Checklist – Warranty Claims 
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1.5.3 Checklist – Spare Part Sales 
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1.5.4 Checklist – Work Packages 
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1.5.5 Checklist – Release for Service 
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1.6 Aspects that were found during interviews, workshops and 
in the response email 

 The repair and maintenance process of changing cabling is complicated. 

 The service technician needs to use brackets to lift the robot. The brackets are 

special spare parts, which are not integrated in the robot. 

 The wrist needs protection from wear that the cabling causes.  

 Mounting the cabling on the outside The cabling should be mounted on the outside 

for easy reach. This requires better protection. 

 Split cabling for easier assembly. 

 Basic processes should take shorter time, for instance battery and oil change.  

 Improving the MTTR will increase the uptime of the robot. 

 Having a sticker that specifies oil type by the filling hole will minimize the risk that 

the customer chooses the wrong oil type.  

 The service technician should investigate if components, that often are changed, are 

easy accessible if the robot is in full gear. 

 The service department should check the documentation together with a real robot. 

 Instead of later adapting a current product to different environments, the product 

development team should adapt the product to different environments during the 

product development project. 

 The design of the product should have screws and bolts that are easy to reach and 

access. 

 The service technician should be able to perform repair and maintenance on side 

without removing the entire robot or components of it.  

 Oil change should be possible even if the robot hangs upside-down.  

 Design the robot in such way that the service technician does not need special tools 

during the repair and maintenance process. 

 The service technician should be able to change components that are located on the 

outside of the robot with relative ease.  

 The robot should use more standardized components. 

 The color of the robot is peeling off to easy. 
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1.7 Design for Service Process 

1.7.1 Pre gate 0 acitivities, gate 0 and gate 1 
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1.7.2 Gate 2 and gate 3 
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1.7.3 Gate 4 and gate 5 
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1.7.4 Gate 6 and gate 7 

 


