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Abstract 
Due to Quality and Reliability problems in the catheterization labs, CV makes a lot of 
costs. These costs are called Cost Of Non-Quality (CONQ). In this report will be 
explained what the costs imply as well as what the biggest cost causers are. From 
there, the most logical improvements territories can be abstracted, to improve both 
profit as well as customer satisfaction. 
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Management summary 
Philips Medical Systems / cardio Vasculair develops, produces and maintains 
catheterization laboratories. These are used to view and intervene on vessel 
problems. The products use X-ray to view the internal vessels using a contrast fluid. 
For intervening in tight or wide vessels, catheters and stents are used. 

The problem PMS is facing is a low quality of the products. During the development 
of the systems, problems occur. If these problems are corrected in a late stadium, 
the costs are high. If all errors are to be corrected during development, the time-to
market is going to be too long. 
The low reliability is caused by many reasons: time-to-market is dominant, cost 
prices must be reduced, there is unclear responsibility, insight in the costs is not 
available, data is vague, not all data is accessible or known. The unknown effects of 
poor quality cause low management support. Therefore the assignment is: 

Make a Cost of Non-Quality mode~ and estimate the annual Cost of Non-Quality. 

Non-quality is defined as anything that disturbs or is not conform the ideal situation. 
Cost of non-quality is defined as: the costs made because something disturbs or is 
not conform the ideal situation. (In literature this is called "cost of non
conformance".) 

In the CONQ-model, the effects of non-quality are displayed. The effects depend on 
both the origin of the error as well as the phase where the error is found. The 
possible origins are: design, supplier, production, sales, service and use. The lifecycle 
phases where a fault can be found are: design, production and use. 

In design, two error types are considered: Project Change Control Board and 
Problem Report. A PCCB is used to change the design of a hardware component late 
in development. The annual costs for these kinds of changes are €1.974.900. An PR 
is used to report problems for both hardware and software components, during the 
whole process. However, most PRs are submitted in the later stages of the 
development projects. The annual costs are €5.460.000. These costs can be 
considerably lower as problems on component level are found earlier. The quality of 
designs will improve as well. Better testing in early phases of the development 
process therefore is recommended. 

In production the problems are administrated in Forest, a database. The costs made 
by the factory because of problems in production are €475.000. 

While the systems are installed at the customers' site, they might break. In those 
cases a customer will call to the helpdesk that might be able to fix the problem 
remotely, otherwise a service engineer is send to the site. The annul costs for 
corrective maintenance are €87.072.000. Systems that are under service contracts, 
or that still are in the warranty period get preventive maintenance as well. This costs 
PMS €9.103.650 per year. The corrective maintenance data is quite fuzzy. call data is 
available, but not all calls are failures. Therefore a panel is made, from which the 
failure-rate is determined for each component. Also the man-hours and material 
spent on repairing of certain components are visualized here. 
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Due to non-optimal designs many problems can occur in the factory and in the field. 
Then it might be interesting to optimize the design. The annual costs made for these 
kinds of improvements are €7.870.405. This includes costs of the improvement
projects self, as well as costs of FCOs, ECCB/SCBs, FPRs etc. 

These improvement-projects not only cost time, they disturb the normal 
development-process as well. Where engineers are supposed to develop new 
functionality and assure sales that way, they have to improve existing designs at the 
moment, and cannot generate new turnover. The opportunity costs from that are 
€20.000.000. Also goodwill of customers is decreasing because of reliability 
problems. They might go to competitors next time if the systems fail their 
expectations. 

Hospitals make costs as well if systems are not functioning right. They are in need of 
service contracts, or do they have to pay for their repairs, the doctors are unable to 
do their work while a machine is down. For hospitals these costs are some 
€240.000.000 per year. 

For PMS there is an upside on the quality problems, namely paid repairs and service 
contracts that would not have been sold if the systems had been very reliable. The 
income generated from this is €206.500.000. 

The quality problems have two major causes. First, there is no good quality develop 
and review method in the development department. Functions are created, and later 
on testing is done to see if they are reliable enough. A method should be introduced 
to design quality into the products. 
Second, quality problems are not analyzed unambiguously. There are a lot of 
analyzing teams that only treat a part of the data. This causes sub-optimization as 
each team is trying to clear its own problems. Therefore an instance should be 
appointed to overview the design-maintenance activities. They should be able to 
dedicate budget to certain activities, and to set up priority lists. Input should still 
come from the diverse teams. 
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Introduction 
In this report a method is given to determine the cost of non-quality for an 
organization. In this case the organization is Philips Medical Systems/ cardio 
Vasculair. The given method can be used in different organizations quite easily, 
which is already done at the business units: components and general X-ray. 
PMS needed this research, because there was hardly insight in the effects of quality 
and reliability problems. The presented model shows clearly where in the 
organization problems cause costs. Also it shows how earlier tackling of problems 
prevents cost from being over the top. 
In this report a description of PMS will be given first. After that, the problem is 
described and the approach explained. The definition of cost of non-quality is given 
in chapter four. From there the model is presented. In chapter six the various 
elements of the model are drawn. Next, some more costs are considered that do not 
fit logically into the business processes. For future cost analyses a simple formula is 
explained to calculate the cost of non-quality for an individual component in chapter 
eight. In chapter nine, some causes of non-quality and the unclear decision-structure 
to improve quality and reliability are explained together with an improvement 
proposal. Anally in chapter ten the condusion and a summary of the cost of non
quality is given. 
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1 Philips Medical Systems 
About 30.600 employees (19% of Philips) make Philips Medical Systems (PMS) the 
largest supplier of diagnostic imaging machinery, IT and similar services in the field 
of healthcare. The products are being sold in about 100 different countries. PMS 
headquarters are in Best and Andover (USA). 

The main business activities are: 
• Imaging systems - X-ray machinery, CT, MR, Ultrasound and nuclear medicine 

imaging systems, which are used to monitor different body parts in varying detail 
• Customer services - Consultancy, financing, maintenance and repairs 
• Clinical solutions - IT systems for healthcare and heart monitoring. 

PMS offers a robust portfolio of medical systems. The goal of each product is clear, 
fast and good diagnoses and treatment. The products are best in X-ray, ultrasound, 
magnetic resonance, computed tomography, nuclear medicine, PET, radiation 
oncology systems, patient monitoring, information management and resuscitation 
products. PMS also offers services like training, education, consultancy, finance and 
e-care business services. [1] 

1. 1 Philips NV 
PMS is a business unit of Koninklijke Philips Electronics N.V. Philips has a yearly 
turnover of over 30 billion Euros, which makes it the biggest electronics producer in 
Europe. Philips employs 160.900 people spread over 60 countries. [1] 

1.1.1 Mission 
Philips wants to improve the quality of people's lives through the timely introduction 
of meaningful technological innovations. [1] 

1.1.2 Vision 
In a world where technology increasingly touches every aspect of our daily lives, 
Philips wants to be a leading solutions provider in the areas of healthcare, lifestyle 
and enabling technology, aspiring to become the most admired company in its 
industry as seen by its stakeholders. [1] 

1.1.3 Strategy 
Philips wants to: 
• Increase profitability through re-allocation of capital towards opportunities 

offering more consistent and higher returns 
• Leverage the Philips brand and their core competencies in healthcare, lifestyle 

and technology to grow in selected categories and geographies 
• Build partnerships with key customers and suppliers, both in the business-to

business and business-to-consumer areas 
• Continue to invest in maintaining world-class innovation and leverage their strong 

intellectual property position 
• Strengthen their leadership competencies 
• Drive productivity through business transformation and operational excellence. 
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1.2 CardioNasculair X-Ray 
cardio/Vasculair X-ray is world leader on the area of heart and vascular imaging for 
diagnoses and interventions. This is due to continuing innovations that come forth 
from cooperation with customers. [2] 

1.2.1 Mission CV 
CV wants to be the leader in X-ray based minimal invasive solutions, designed 
around doctor and patient, standing out in clinical results as well as workflow 
efficiency. [2] This means that CV tries to minimize the effect of X-ray to body tissue, 
while investigating. Furthermore, the ease of use, as determined in the Sense and 
Simplicity campaign, is of major importance. Nevertheless the result is still the most 
important issue: a clear visualization of heart and vessels. 

1.2.2 Vision CV 
In a world where 
• There is a strong growth in therapeutic interventions 
• The primary diagnose more and more is based in non-invasive imaging 

techniques 
• Medical care taking becomes more integrated and complex ... 
... the BU cardio/Vascular X-Ray builds and expands 
• An enduring, global and regional nr. 1 market position - as well financial as in 

customer perception - based on professional, clinical co-operations, cutting edge 
innovation and superior customer support 

• An organization, which is respected and appreciated by all stakeholders, existing 
of proactive people and professional processes. [2] 

1.2.3 Strategy CV 
• Improve innovation speed through partnering, decoupling and outsourcing. 
• Improve profitability through cost price reduction. 
• Integral approach to customer support business. 
• Grow volume through new market segments: electro physiology and economy. 
• capture market share in China. 
• Explore opportunities for accelerated growth. 
• Partner with best in class peers (recognized opinion leaders). 
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1.2.4 Organization 
In the schedule below, the organizational structure of the business unit C.V is 
presented. In this project several departments will participate. 

BU Cardio 
Vasculair 

HRM FC&A 

PM TQM 

I I I I 

SC&SC Development Marketing I Project I 
Management 

A&CS 

Figure 1: Organization schedule Cardio Vasculair [2] 

I 

In the marketing department customer wishes are translated into new functions and 
improvements. Application & Clinical Science also participates in this process. This 
department occupies mainly medical doctors. Development designs new apparatuses 
and modules. Almost the complete production is outsourced, together with most of 
the component designs. Development main business is software design. Furthermore 
they coordinate suppliers, highly supported by purchasing. Project management 
ensures the orderly management of projects throughout the departments. Supply 
Chain & Customer Support assembles the products, ensures the correct setup and 
installs these in the hospitals. Furthermore they enable the sales organizations to 
support their customers, by providing spare-parts etc. 
The departments Human Resource Management, Purchasing Management, Total 
Quality Management and Finance Control & Accounting support the line
departments. 
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Because the assignment will largely take place in the development department, this 
will be further outlined. 

System 
Design 

Wtravision 

Systems 

Service 
Innovation 

Development C/V 
Management 

OiiefTM 

Secretary 

Jrtegration & 
Test 

Motion& 
Cnotrol 

Acq.Jisition 

Dellelopment 
Process 

Development 
Support 

SW Architect/ 
serurity 
officer 

SQA SW Support 

Figure 2: Organization schedule Development [2] 

Interview 

E&M 
Hanlware 

De Systems group is responsible for the system as a whole. They take care of the 
design and testing of the complete product. The physical components are developed 
by Hardware, mainly in cooperation with suppliers. Software Development creates 
the software for the apparatuses. Within Development, Software Development is the 
largest group. 
System Design is the department in which the project officially lies. Guillaume 
Stallman, the initiator of this assignment, is employed here as KSF Manager 
Reliability & Manufacturability CV. Head of the Systems Design department and the 
Systems department is Jaap de Stigter. 
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1.2.5 Products 
This paragraph will explain the functionality of the various end products. 

Figure 3: Allura Xper FD 20/10 [2] 

1. 2. 5. 1 Function 

PHILIPS 

CV's systems are mend to generate images of the heart and the vascular system of 
patients. These Catheterization Laboratories (Cath labs) use X-ray to get an inside 
view of the body. Since vessels are invisible for X-ray, a contrast increasing fluid 
(barium) is injected into the vessels of a patient. Thereafter an X-ray beam is sent 
through the body and detected on the other side. This beam is that concentrated 
that the operators and doctors can stay in the treatment room. Therefore it is 
possible to keep on generating images during operations, and to track the stent 
during interventions. 
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Figure 4: Examples of images [2] 

1. 2. 5. 2 Building blocs 

PHILIPS 

The latest product line, Allura Xper, is developed using "functional building block" 
product development method. This method treats every Allura system as a 
combination of five building blocks: geometry, X-ray generation, image detection, 
user interface and viewing. 

Geometry x_,.., G-ration User Interface lmap Dececdon 
Figure 5: Building blocks 

With geometry the table and the arcs are meant. This enables movement of the 
system to ensure pictures can be made from various angles and also that a good 
work environment for the hospital-crew is created. X-ray generation is basically the 
tube. This provides the system with X-ray beams that can be detected by the image 
detection block. Image detection detects the X-ray beams, and digitalizes them to be 
displayed. In the last couple of years, a revolutionary breakthrough is made by the 
development of the flat detectors. Until then it was necessary to transform the X-ray 
into light and then detect it with a camera. Nowadays X-ray can be detected directly. 
This has great advantages for image quality, yet reliability is suffering. The user 
interfaces enable the user to control the system. Viewing ensures that the images 
are displayed on monitors. 
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1.2.5.3 Variations 
Cardio/vascular makes one product with multiple variations. Often customers have 
specific demands. Since products are constructed from modules, it is possible to offer 
a great deal of different products. In fact, there are more varieties possible, than 
there will ever be delivered. There are specializations for various body parts and 
patient types. 

1.2.6 Finance 
The total sales revenue of CV is 747,8 M EURO. Resulting is a profit before taxes of 
178.6 M EURO. This income is generated from sales of the systems (541,3 M) and 
from customer support (206,5 M). The income from customer support comes from 
service contracts with customers and from paid repairs. 
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1.3 Processes at PMS CV 
PMS CV defined their processes according to standards of the American Food and 
Drug Administration, which are mainly based on ISO specifications. The figure below 
shows the divers processes in their mutual dependency. 

I st.f<eholder & Market lnform.11:ton I 

JL 
,/ 

BS&PP 
I I 

j~ 
Strategi c Plan I AO P ~l ~~ ~~ 

D"R OAP i~ 
0 I'\ 

Ordersv 

A 0 
p R J\.. 

Pr oducts V Mairtained Products p 
p C 

C s 
OMR ORP~ p p 

.I'\ 
DMR CSP 1'V 

Supporting Processes 

Figure 6: Business process [2] 

In the next paragraphs the diverse processes from this figure will be discussed. 

1.3.1 BS&PP 
In the Business Strategy & Planning Process the strategy of the business unit is 
determined. Inputs for these decisions are trends and market information. The main 
outputs are the strategic plan en the Annual Operating Plan (AOP). [XDV-02001] 

1.3.2 PCP 
The Product Creation Process leads to the creation of new products or changes 
within existing products and is executed in projects. Design History Files (DHF) are 
maintained from these projects. The outcomes of the PCPs are in Device Master 
Records (DMR), which are used as an input for later processes. A DMR contains all 
information of a product, how it should be made, which components it has, etc. Parts 
of the product creation process are taken care of by (internal) suppliers and other 
groups of PMS. [XDV-03001] More about the PCP can be found in appendix 5. 
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1.3.3 OAP 
The Order Acquisition Process takes mostly place in the Sales & Service Districts 
(SSD) of the different Sales & Service Regions (SSR). Within CV only preparation and 
supporting activities take place. The existing marketing channels and procedures at 
PMS level take care for a good interaction between the BU CV in Best and the sales 
organizations. [XDV-04001] 

1.3.4 ORP 
The goal of the Order Realization Process is to install and upgrade systems and 
components, so they meet the desires of the customers. The delivery of spare parts 
is also part of this process. For a timely delivery and installation the processes 
logistic, procurement, production, product checks, quality assurance in converting 
orders to products, labeling, packaging, sending and installing are also in the scope 
of this process. [XV-050001] 

1.3.5 CSP 
After installation and handover of the system to the customer the Customer Support 
Process takes care of the maintenance of the systems. This includes preventive 
maintenance, corrective maintenance, helpdesk, training and support, installed base 
management, reporting and negotiating with governmental instances if needed. The 
CSP is mainly done by the SSD, although some supporting and preparing activities 
are taken care of by the quality management system. [XDV-06001] 

1.3.6 BSP 
The Business Supporting Process describes the parts of the organization that take 
care of quality demands and obligations. These includes Total Quality Management 
(TQM) [XDV-07001], Human Resource Management (HRM) [XDV-08001], Finance 
Accounting & Control (FA&C) [XDV-09001], Purchasing Management (PM) [XDV-
14001] and Information Technology Management (ITM) [XDV-10001]. 
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2 Problem description 
The business unit c.ardio/Vasculair X-ray has a lot of costs (€118.000.000 per year), 
because of quality related problems. These kinds of problems are costing money 
during the whole lifecycle of the products. Meanwhile, there is no insight in the 
causes and effects of these problems. Therefore, PMS does not know what the root 
causes of the problems are, and how they can be tackled. 
Since the systems operate in the healthcare sector, it is important that mistakes are 
being corrected. If these faults are being corrected in a late stadium, costs increase 
heavily. On the other hand, if all errors are being corrected during development, the 
time-to-market is going to be too long. 

2. 1 Analysis 
As can be seen in figure 7, the problem 0/ is facing is the poor reliability of its 
products. This problem is twofold: the designs are not reliable, and PMS has no clear 
program for continuous improvements of existing designs.1 

JllSlllicient 
data 

No 
ma,__-.t 

support 

No data 
analysis-.,,-....------------~ 

manager 

No reliabiity 
r,quirements 

Noq.,ality 
creation tools 

Unclear 
rnpro,emen11-----~ 
reoponsilllly 

Figure 7: Problem analysis 

Noreiabte 
designs 

The unreliability of the products is a result of shortcomings in the design process. No 
requirements for the reliability of products are formulated at the start of a project. 
Furthermore, no reliability-tests take place at the end of projects. Since requirements 
are not formulated, there is no need for project teams to design reliable products. 
They are not given the possibility either, because no tools or instructions are in place 
to support them in reliability-design. There is also a cost price reduction (CPR) 
program, which encourages the engineers to use cheaper, possibly less reliable, 
components. Since time-to-market is a dominant factor in the PCP, reliability tests do 
not take place. Because there were no requirements at the start of the project, these 
tests could not provide very useful information anyway. The reason for time-to 
market dominance is the functional yield to the competitors in the last decade. 
Furthermore, management does not have a good insight in the costs caused by the 
poor reliability of the products. 

1 See appendix 3 for more detailed information. 
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The lack of a clear improvement program for unreliable components has multiple 
reasons as well. The first is the vagueness of data. Because data is collected at 
several places, there is no good overview of the quality of a product. This makes it 
hard to make business-cases, to see whether or not a product should be improved. 
For product-owners, it is difficult to collect all data, when they are going to do an 
improvement project. Another issue is that it is not clear who should take the 
initiative for improvements. 

2. 2 Problem-thesis. 
The true problem cause appears to be the lack of data and the lack of data analysis 
on a business unit wide scale. It is not generally known which data is available, and 
where to find it. It is very important to get an overview of this. Furthermore an 
overview of the costs resulting from non-quality is missing. Therefore the problem
thesis becomes: 

Due to vague data of quality-problems, the Cost of Non-Quality is unknown. 
Therefore management lacks information to decide about improvements. 

From this problem-thesis various sub-questions can be formulated: 
What is the annual CONQ? 
What data is missing to c.alculate the CONQ? 
How can quality data be monitored in the future? 
What are the root-causes of non-quality? 
Which processes c.ause non-quality? 
What are the biggest improvement areas? 

2.3 Goal 
The goal of the project is to estimate the cost of non-quality and to create a method 
that ensures the cost of non-quality can be calculated per time interval. With this 
method, management must be enabled to set targets on the various elements of the 
CONQ, as well as the total CONQ. Furthermore, the effects of improvement projects 
throughout the organization can be monitored over time. 
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3 Approach 
Since there is no insight in the costs caused by quality related problems, a model 
should be created that gives the different cost types in the organization. These cost 
types should be researchable for each product, and must be estimated for the whole 
organization. 

Make a Cost of Non-Quality modei and estimate the annual Cost of Non-Quality. 

To get there some steps can be identified. 
1. Find the most relevant processes. 
2. Identify what data is available and where it is. 
3. Register what data is missing and find ways to retrieve it. 
4. Determine the CONQ from the available data. 
5. Enable continuous monitoring of the cost of non-quality. 
6. Find the non-quality root-causes. 
7. Describe possible improvements. 

In figure 8, this is graphically noted. 

"' " ~ "' 

I·~,~ I Selection 
Enable ·r Coocl..,;oas and continuous most relevant measurement 

: reconmandations 
processes 

r+ ~ " i------. ' 
-~. 

1-1 
EnableCONQ 

Cost of non target-setting 
Quality model 

, . 
... -=-:--- _) ·- _ ·,''.,;; 

l1-~1 
., 

I .. " 
;!' 

Cost of non-
Quality I 

1~-"'1 ' ~ !,o-

,..l 
-

Root cause 
analysis 

Cost of quality ..... ' theory 

Quality 
engineering 

theory 

" 
" 

Figure 8: Approach 

In the next chapter the theory on non-quality costs will be discussed. In chapter five 
the most relevant processes are given in a model. The costs of non-quality are given 
in chapter six and seven. In chapter six cost root-causes will be analyzed as well. To 

I 
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enable continuous measurement for components, a model will be given in chapter 
eight. Recommendations will be given in chapter nine, and the conclusion is written 
in chapter ten. 
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4 Non-Quality 
In this chapter first non-quality is defined, then cost of non-quality is defined. 

4. 1 Definition of non-quality 
To be able to measure the cost of non-quality, it is important to understand what 
non-quality is. There are three kinds of quality [3]: 

1. Dissatisfiers: these are quality-aspects the customer does not ask for, but 
which are expected. Missing these aspects leads to dissatisfaction. 

2. Specified quality: these are the quality aspects the customer explicitly asks 
for. 

3. Unexpected quality: aspects of the product that are immediately recognized 
as value added. These aspects give an advantage to the competition as long 
as there are no dissatisfiers and the specified quality is met. 

In this research non-quality is considered as the lack of the first two. 

4. 2 Definition of cost of non-quality 
Each project costs money to be done. However, not all costs are related to creating 
functionality. Haley [4] defines cost of performance as all the costs absolutely 
needed to create a product in an error-free environment. These are the minimal 
project costs. Cost of quality therefore is defined as: costs that are made to ensure 
that employees do their work right all the time (prevention costs) and the costs to 
conform the output (appraisal costs) as well as the costs made by the company and 
the customer because the output is not conform specifications and expectations 
(costs of non-conformance). If the non-conformance is found in the organization 
itself, it is called internal failure cost; otherwise it is called external failure cost. [5] 
See also figure 9. The costs of non-conformance are the costs of non-quality. 

Project Cost 

I • • 
Cost of Quality 

Cost of 
Petionnance 

I • • 
Cost of Cost of Non-

Confonnance Confonnance 

I I • • • • 
Prevention Cost Appraisal Cost 

Internal Failure External Failure 
Cost Cost 

Figure 9: Cost of a project [4] 

In the ideal situation everything is done right the first time, and the products never 
fail. A product is designed first time right, produced and installed first time right and 
works perfect for its entire life. In this report, non-quality is defined as anything that 
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disturbs or is not conform the ideal situation. The costs of conformance are not 
considered in this report, since interest goes to the effects of problems, not to the 
cost of preventing problems. 
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5 CONQ model 
PMS suffers from many quality problems. These problems do not only decrease 
customer satisfaction, but cost money as well. The effects of non-quality are 
· illustrated in figure 10. 
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Improvement 
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Figure 10: CONQ model 

There are six origins of non-quality (NQ), in this figure. Non-quality testing is not in 
the figure, because it is not a ground-cause and it would decrease readability. Poor 
testing results in the late findings of the other non-quality types and therefore 
ensures that their effects are more severe. 
In the PCP non-quality designs can be made. This means that the designs are not as 
good as they should be. Therefore, they might bring along extra costs in each phase 
of the products lifecycle. Suppliers can make a NQ Design as well. 
In the OAP, customers' wishes are not always translated into the right product (NQ 
Sales). This might result in extra work for the production department or the SSDs. 
In the ORP production problems can occur (NQ Production). Furthermore, suppliers 
can send stocks that are not conform specifications (NQ supplier). 

DA Daris 24/66 



CONQ at PMS/CV PHILIPS 

In the CSP, service engineers can make mistakes, while servicing a system. This is 
modeled as NQ Service. 
Of course customers can break the system by using it wrong (NQ Use). 

There are three life cycle phases where a problem can be found, and can be 
corrected. 

1. In the design phase, there are no big consequences for mistakes. They result 
in problem reports (PR) and change requests (CR). They are only caused by a 
non-optimal design. 

2. In the production phase there are different problems. These problems are 
noted in the data management system Forest. Material and man-hours are 
needed to correct these problems. If designs need to be changed in this 
phase, change suggestions (via the ECCB/SCB) need to be made, which will 
cause more material losses than changes in an earlier stage. 

3. In the use and service phase, when products are already in the field, 
corrective maintenance (CM) will be needed to solve problems. This costs a 
lot of material and man-hours. Design-changes that have to be made will 
result in field change orders {FCO) and are very expensive as well. The sales 
and service organizations report their problems using field problem reports 
{FPR). 

During the whole lifecycle of a product, things are done inefficiently, since non
optimal designs are difficult to produce, maintain and repair. The designs will also 
need preventive maintenance {PM). Whether or not inefficiency should be addressed 
as CONQ, is subject of discussion. 
Costs depend more on the place where the problem is found then on the place 
where the problem is caused. In the next chapter, each cost occurrence will be 
addressed. 

DA Daris 25/66 



TU/e lodu-•n!,ol>lr.li ..,.11•-

CONQ at PMS/CV PHILIPS 

6 CONQ per life-cycle phase 
In this paragraph, the costs of non-quality will be explained. First, the costs for the 
initial development are explained. Second the costs of production problems will be 
treated. The use and service phase is split-up in use and service and in redesign, 
because redesign projects largely happen at PMG while use and service take place at 
the SSDs. 

6.1 Design 
When a problem is found in the design phase of a product, two cost types can occur. 
First hardware changes (PCCB) will be discussed. Second, problem reports are 
described. 
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Figure 11: CONQ in development 
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6.1.1 Project Change Control Board 
The project change control board (PCCB) deals with changes of hardware 
components. These changes are often called "kleine zeef' procedures. Many of the 
PCCBs appear in a late state of the PCP. Most are submitted during production 
startup. 

The annual cost for PCCBs is: 

With: CONQPCCB 
#PCCB 
c.os~ 

Where: 

With: MHct 

CONQPccs =# PCCB x Cost Pees 

= The CONQ due to PCCBs 
= The annual number of PCCBs 
= The average cost of a PCCB 

Cost Pees = MH d x H d +Tool+ Mat 

= Man-hours used in development department 
= Hour-tariff for development ~ 

Mat = Cost made because materials can no longer be used or need 
adaptation 

Tool = C.OSts made for tool changing 

The history database of the PCCB shows the numbers in the graph below. This 
means an average annual number of 580 PCCBs. The average PCCB is a man-week 
work. Furthermore material will become obsolete, and tools will need changing. The 
same cost-estimation as for an ECCB/SCB is used here.2 
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Figure 12: History of amount of PCCBs 

This makes the average annual costs for PCCBs: 
CONQPccs = 580x (40x€78+€110+€175) = €1.974.900 

2 See appendix 7. 
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6.1.2 Problem Reports 
Problem reports (PR) are a way to manage faults and other problems as long as the 
design is still in the PCP. It is also possible that Field Problem Reports are. not 
considered urgent that there already is a project on improving the involved module. 
Then an FPR can be changed into a PR. · 
From the PR-database OearQuest, we know there have been 12500 PRs in 2005. 
Because older information is unknown, this will be used to determine the annual 
costs. In the representative Rocket Bl project a PR costs 5,6 hours on average. The 
annual costs from PRs then become: 

With: CONQpR 
#PR 
Cosl:pR 

Where: 

CONQPR =# PR x Cost PR 

= The CONQ made to handle Problem Reports 
= The annual number of PRs 
= The average cost of a PR 

Cost PR = WI d x H d 

= Man-hours used in development department 
= Hour-tariff for development 

The average annual costs are: 
CONQPR = 12.500 x (5,6 x €78) = €5.460.000 

6.1.2.1 Root cause analysis 
Problem reports contribute a significant part in the CONQ. Therefore a further 
analysis is done, to see where costs could be saved. To decrease the total costs for 
PRs, there are two possibilities: decrease the number of PRs, or decrease the costs 
per PR. Decreasing the number of design-mistakes is virtual impossible, because 
people do make mistakes. The only way to decrease the number of PRs would be to 
do less testing. This would give more quality-problems in the rest of the lifecycle 
however. The only improvement possibility therefore remains to decrease the costs 
per problem. Those costs are dependent of the phase a problem is found. First we 
look at the phases where PRs are submitted.3 

3 See appendix 5 for an explanation on the phases. 
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Phase PRs are submitted 

Figure 13: Phase PRs are submitted 
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The first reason why it is hard to analyze PR-data is that the data itself is hardly ever 
complete. In figure 13 is shown that half of the PRs have no phase of submission 
included. This results in high uncertainty for all further conclusions. The first step to 
make analysis possible should be to improve the completeness of the data. The best 
way to do this is to make it easy for engineers to submit data. There should not be 
too many possibilities to choose from. The data will then be less detailed, yet more 
accurate. 
What is wanted from this data is to determine if problems are found on the place 
where they should be found. As can be seen in figure 13, about a third of the PRs 
are submitted in the final test phase (System Test - FAT, FAT, System Test, System 
Validation). At that point it is much more expensive to solve a problem than in an 
earlier stage. However it is not always possible to find problems early. Therefore, an 
analysis was done to determine how many from the PRs submitted in final test stage 
were supposed to be found there. 
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Figure 14: Phase caused 
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In figure 14, for all PRs submitted in the final test phase is determined where the 
problem was caused. Here again it can be seen that the data is very unreliable, since 
about one-third is not filled in. Furthermore it can be seen that most of the problems 
found here should have been found in an earlier stage. The final test should be used 
to find problems on system level. Problems in components and subsystems have to 
be found in an earlier stage of the development program. 
As noted before, it is important to find problems as soon as possible. If problems are 
found late in development, there is not much time to correct and test them. This can 
result in flaws in released products and might even result in FCOs if the problem 
cannot be corrected before release. Furthermore the costs for solving problems are 
higher in late phases. Reasons for this are longer communication lines, more people 
involved, signed contracts with suppliers, material that needs to be scrapped, test
labs that need to be updated, more duplicate PRs, etc. 

On the whole can be concluded that many problems are found too late in the 
development process. The costs for solving problems at the end of the development 
route are higher. Furthermore, solutions that are made late are not tested as well as 
early solutions. Finding problems earlier in the process will generate savings while 
the quality of the designs will improve as well. 
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6. 2 Production 
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Figure 15: production CONQ 

Problems that occur in production are registered in Forest, a database tool. To 
determine the CONQ two things are important. First, the man-hours used to correct 
the problems. The man-hours used to correct those, are displayed in figure 16. A 
man-hours in production costs €35. 

DA Daris 31/66 



10000 

9000 

8000 

7000 

6000 

5000 

4000 

3000 

2000 

1000 

0 
2001 2002 

CONQ at PMS/CV 

2003 

Year 

2004 

I ■ Hours used ■ Production problems I 

2005 

Figure 16: # Production problems & Man-hours used 

PHILIPS 

Figure 16 also displays the number of registered production problems each year. The 
average material cost per entry is €100. Within this €100 are the costs for returning 
components to suppliers, trashing cheaper components, loss of value of still useable 
components, etc. 

The total annual CONQ following from production problems therefore is: 

With: CONQproc1uction 
#Forest 
MHp 
MC, 
Hp 

CONQ production =#Forest* MC 1 + MH P *HP 

= The CONQ made in the production phase 
= The number of Forest entries 
= Man-hours used to solve problems in production 
= Material cost per Forest-entry 
= Hour-tariff for production 

The average annual CONQ in production is: 

CONQproduction = 2750x €100+ 5675x €35 = €275.000 + €200.000 = €475.000 

For more details on CONQ in production, see appendix 6. 
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6.3 Use & Service 
If a problem is found after systems are shipped to the field, customers will call to 
service centers. This will result in corrective maintenance. Systems do need 
preventive maintenance as well, because not all components are made to last for the 
systems' entire lifetime. These two cost-types will be discussed in this chapter. 
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Figure 17: Use & Service CONQ 

6.3.1 Corrective maintenance 
As problems on installed systems occur, corrective maintenance must be done. The 
annual costs are dependent of: the number of systems in the field, the material used 
for corrective maintenance and the hours that service engineers spend on each 
system. 

With: CONQCM 

Where: 

#systems 
CostcM 

DA Daris 

CONQcM =#systems x Cost cm 

= The annual costs for corrective maintenance 
= The number of systems installed in the field 
= The average annual corrective maintenance costs of a 
system 
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CostcM = MH, x H, + SPC 

With: MHs = Man-hours used by service engineers 
= Hour-tariff for service 

Where: 

Hs 
SPC = Spare part costs 

sPc = L SP x MIN(RP: su) 

With: SP = Spare part 
RP = Repair price 
SLI = SLI price 

PHILIPS 

For each spare part must be determined if it can be repaired. If the spare part is a 
repairable, the repair price is used in the calculation. If no repair price exists, the SLI 
price is used. This is the price for which spare parts are sold to the service 
organizations. 
The average annual costs for corrective maintenance is: 

CONQcM = 6000x(67,2x €85 +(€8.800))= €87.072.000 

6. 3. 1. 1 Corrective maintenance analysis 
For corrective maintenance PMS only looks at call rate. Though this is a good 
measurement of customer satisfaction, it is not the only information about the 
quality of products. To determine whether or not components are in need of 
improvement, the costs involved might be as important as the voice of the customer. 
Therefore a research for the costs is done, and a method for continuous monitoring 
of the costs in corrective maintenance is created. 

6.3.1.1.1 cans 
To determine the call rate of a system, field data is needed. This data is available in 
the global data warehouse (GDW). It is not too hard to measure the call rate over 
time for all of the systems. The results can be seen in figure 18. 
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The first problem while analyzing calls is that not all calls are failures. It is very well 
possible that a failure is not solved within one call, and that a customer will call again 
with a similar complaint. Thus, the call-rate contains failures twice. It is also possible 
that a call embeds more than one failure. It is too much work to analyze all calls to 
determine whether or not those were failures. Therefore a panel is introduced to 
represent the entire population of systems. In this panel only systems with normal 
behavior are included. Systems that have an extremely high number of complaints in 
a period of a month or on average are treated individually, because obviously 
something strange has happened. This panel contains 50 systems in the USA. At this 
moment there are panels for X-per 10 and X-per 20. In the near future a panel for 
the new variant X-per 30 will be set up. Older system-types are not monitored this 
w.ay_, because improving those is harQly worthwhile. 

2005-Q1 2005-02 
I F llure A.-te Mf:BF 

F"agure 19: Failure rate 

From these systems the failure rate (figure 19) is determined. With this failure rate, 
the main customer dissatisfiers are identified. This might result in improvement 
projects. 
Most components have a random failure behavior. This means that the failure rate 
will remain the same over time. In figure 19 can be seen that the environment-part 
has a decreasing failure rate. This is due to start-up problems. Because the systems 
are complex and have to work on the hospitals' network, many communication 
problems with other systems will occur in the early lifetime of a system. Once these 
problems are solved they will not reoccur. This represents the first phase of the 
bathtub curve (figure 20). 
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I 
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Figure 20: The bathtub curve [6] 

A decreasing failure rate is no reason to worry. If the failure rate starts to increase, 
this might be a sign that the component is starting to wear out structurally. This can 
mean that soon all labs will start having problems with that certain component. 
Therefore it is useful to monitor the failure rate over time. 

6.3.1.1.2 Man-hours 
To determine if failures are important from a cost perspective as well, the man-hours 
needed in corrective maintenance are researched. To find the cost of a call, all the 
hours, including for example traveling costs, are included. In the GDW for each job is 
registered how much time a service engineer has spent. By linking jobs to sites, the 
following graph can be drawn. 
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Figure 21: Hours used over time 
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Here the average time spend on a system is monitored. Again, this can be done for 
each product family. It appeared that the results of the panel are not significantly 
different from the results for the entire population. From these numbers can be 
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concluded that the hours spend on new systems (X-per) slowly decreases. Although 
there are high variations, the tendency of both X-per 10 and X-per 20 is a diminution 
of hours used. This is quite explainable by the fact that service engineers learn better 
how to service new systems over time. Furthermore, the products become more 
mature by FCOs and other maintenance activities. 
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Figure 22: Time to repair versus Time elapsed 

One might expect calls that are open for a long time to have a long time to repair. 
However this is not true. In figure 22 the elapsed time to repair (ETTR), from the 
call-date to the close-date, is plotted versus the time spend by a service engineer. 
The average ETTR is 15 days, though there are some major exceptions. The mean 
time to repair (MTTR) is 7,78 hours; here also the variation is very high. 

6.3.1.1.3 Material 
Not only the costs of man-hours are important. Material that is used in corrective 
maintenance is the biggest part of the CONQ. Again the data on which material is 
used comes from the GDW. However, this gives only the material that is used, 
without considering the costs. Therefore the costs have to be retrieved from another 
source; if available the repair prices are used, if no repair price is known the SU
price is used. This is the price the service organizations pay to the PMG. 
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Figure 23: Material cost over time 

As can be seen, the variation between the months is very high. This is due to 
incidental failures of very expensive components. This is displayed in figure 24. 
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Figure 24: Material-cost breakdown for X-per 10 

What can be seen in this picture is that half of the material cost for X-per 10 comes 
from one component, the X-ray tube. This gives high insight in prioritizing 
maintenance projects. 

6.3.1.1.4Future 
In the figures 18, 21 and 23 is shown that the X-per systems have a higher call-rate 
and higher costs then the average system in the field. In table 1 an oversight is 
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given of the average calls, the average hours spent and the average material costs 
for each product family. 

•'A1mlfy At, Qls / Month: Av Qlit t f!fonth" .,.,,.Pt.Hours/ Mol'rl:h 
Integris 3000 0.63 € 667.00 5.00 
Integris 5000 0.61 € 693.00 4.36 
Allura (FD) 0.75 € 578.00 5.62 

Xper 10 0.97 € 1,227.00 8.24 
Xper 20 1.44 € 1,309.00 13.79 
Integris 3000 biplane 0.89 € 1,187.00 7.20 
Integris 5000 biplane 0.74 € 933.00 5.80 
Allura biplane 1.01 € 841.00 7.79 
All systems 0.72 € 733.00 5.60 

Table 1: Overview of the performance of different product families 

In this table can be seen that biplane labs have 1.5 times the costs of monoplane 
labs. Furthermore can be seen that X-per costs twice as much as older systems. This 
is mainly caused by the worsened reliability of the X-ray tube. 

To enable easy cost monitoring in the future, the panels as discussed in 6.3.1.1.1 are 
used. Except from the call rate, the hours used and the material costs are included in 
the overview. See figure 25. 

Figure 25: Overview of CM costs per module 
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6.3.2 Preventive Maintenance 
Preventive maintenance is CONQ as well as corrective maintenance is. The only 
difference is that failures are now predicted, and prevented. Because preventive 
maintenance can be planned, jobs can be clustered and time and money can be 
saved. Also rustomers will see planned maintenance as less annoying than corrective 
maintenance. 
The annual cost for preventive maintenance is: 

With: CONQpm 
#Contract 
Cosl:aintract 

CONQpm =#Contract X Costconlracl 

= The CONQ due to planned maintenance 
= The number of systems that have a service contract 
= The average cost per service contract 

Two factors determine the cost of preventive maintenance of a system. First, the 
time spent by service engineers, second, the materials that are used. The tariff for 
man-hours in the service organizations is €85. Material costs are €175 on average 
each year, for all systems. This makes: 

With: MHs 
Hs 
SPC 

Cosleontroc, = _M]f• x H , + SPC 

= Man-hours planned for preventive maintenance 
= Hour-tariff for service 
= Spare part costs 

An X-per system needs 16 man-hours for preventive maintenance, while an Integris 
needs 30 man-hours. With 483 X-per systems and 1884 Integris systems, this makes 
an average of 28 man-hours per system. 

Family MoBi # Systems 
lntegris 3000 Mono 842 
lntegris 5000 Mono 749 
Allura (FD) Mono 754 
Xper 10 Mono 348 
Xper 20 Mono 135 
lntegris 3000 Biplane 141 
lntegris 5000 Biplane 152 
Allura Biplane 229 
Total 3350 

Table 2: Systems under contract and in warranty (September 2005) 

As more X-per systems will enter the market, the average man-hours used will 
decrease in the future. For 2005 the CONQ resulting from preventive maintenance 
are: 

CONQP,,, = 3350 x (28 x €85 + €175) = €8.559.250 
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6. 4 Redesign 
It is very well possible that a product is not entirely satisfying the customers, or that 
it gives problems in production. The data coming from the factory and the field are 
analyzed in different ways, and might result in redesign projects for certain 
components. Not all of these projects deal with quality. It is possible that changes 
are needed because of component-obsolescence, to achieve cost price reduction, 
etc. If changes to a product are made, this results in ECCB/SCBs as the production 
needs adapting. If systems in the field are involved, and changes are critical, FCOs 
might take place. 
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Figure 26: CONQ due to redesign 

As can be seen there are many decision blocks in this part of the figure. These will 
not be discussed here, but in paragraph 9.2. 

DA Daris 41/66 



CONQ at PMS/CV PHILIPS 

6.4.1 Field Problem Report 
A Field Problem Report (FPR) is a problem report that comes from the installed base, 
instead of the PMG. This is a sign that products are not up to customers' 
expectations. Annually there are about 350 FPRs. However, most of them are solved 
in projects. Some 100 are solved directly. It takes 4 days to solve an average FPR. 
Depending of the severity, the throughput time can vary up to 90 days. 
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Figure 27: #FPRs per year 

CONQFPR =# FPR x Cost FPR x SD 

= The CONQ due to direct solving of FPRs 
= The average cost of an FPR 

2005 

SD = The percentage of the FPRs that is solved direct 

Where: 

With: MHd 
Hd 

Cost FPR = MI-Id x H d 

= Man-hours used in development department 
= Hour-tariff for development 

On average this makes: 
CONQFPR = 350 x (32 x €78) x 30% = €262.080 
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6.4.2 Viper 
Visual Philips Escalation Resolution (VIPER) is a system to enable service engineers 
to keep track of their escalated problems. They can ask the helpdesk for help if they 
do not know how to solve a problem. There are three kinds of VIPER-levels. Level 
one: the country organization handles the VIPER. Two: the regional organization 
handles the VIPER. Three: The VIPER is escalated to PMG. In case of a level 3 
VIPER, development might be involved to come with a solution. It is possible a 
VIPER becomes a FPR if more than one system is involved. 40 VIPERs are registered 
each month. Less then 10 become level 3. The costs of VIPERs are included in 
improvement projects (4.3.4.3), FPRs (4.3.4.1) and corrective maintenance (4.3.3.1). 

6.4.3 Improvement Project 
After release for production, the development is finished. However it is still possible 
that designs need to be changed due to various kinds of problems. The budget for 
these kinds of changes is €3.750.000. An average improvement project costs 
€37.500 on development effort. Most of those costs are Man-hours used in either 
designing or testing. The costs of a project can be estimated beforehand by counting 
the number of FPRs and PRs involved and by estimating the test time. How to 
estimate the costs of a PR and a FPR is explained in paragraph 6.1.2 and 6.2.1. The 
test time for a project is 3 weeks on average. Normally two to four people are 
involved in the final testing. 
The annual costs are €3.750.000. 

6.4.4 ECCB/SCB 
The ECCB/SCB (Engineering Change Control Board/System Control Board) deals with 
product design changes that affect current production. These changes can have 
multiple causes. 60% of the changes is due to improvements of the design, and 
therefore are considered cost of non-quality. 
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Figure 28: Number of ECCB/SCB per year 

The cost of non-quality caused by ECCB/SCBs therefore is: 
CONQEccBt SCB = 60%x# ECCB I SCB x Cost ECCBt scB 
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= CONQ caused by ECCB/SCBs 
= Annual number of ECCB/SCBs 
= Cost per ECCB/SCB 

PHILIPS 

With: CONQECCB/SCB 
#ECCB/SCB 
Cos~B/SCB 

Where: 

With: MHp 
MHd 
Hd 
Hp 
Tool 
Mat 

CostEccBtsCB =MHP xHP +MHd xHd +Tool+Mat 

= Man-hours used in production 
= Man-hours used in development department 
= Hour-tariff for development 
= Hour-tariff for production 
= Costs made for tool changing 
= Cost made because materials can no longer be used or need 
adaptation 

The average annual costs are: 
CONQECCBtscB = 60%x 450x (12,5 x€35 + 12,5x €78 + €110+ €175) = €458.325 4 

6.4.5 Field Change Orders 
A Field Change Order (FCO) is meant for problems occurring at installed products. 
There are four types of FCOs: Mandatory, Action for Performance - Pro-Active, 
Action for Performance - Retrofit on Failure, Service Recommendation. 
Over the past four years the average annual number of FCOs has been 17. 
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Figure 29: Number of FCOs per year 
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The costs of an FCO vary greatly. There are FCOs that cost €3.000.000 as well as 
FCOs that only cost €100. The average cost of an FCO is €200.000. 
The CONQ from FCOs is: 

CONQFco =# FCO x Cost Fco 

4 For detailed information on the man-hours per ECCB/SCB, see appendix 7. 
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With: CONQFCO 
# FCO 
Cosl:i,co 

Annually this makes: 

CONQ at PMS/CV 

= The CONQ due to FCOs 
= Annual number of FCOs 
= The average cost of an FCO 

CONQFCO = 17 x €200.000 = €3.400.000 

PHILIPS 

Although the costs for each individual FCO vary greatly, this number is quite stable 
over the years, as can be seen in figure 30. 
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Figure 30: Annual CONQ due to FCOs 
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7 CONQ continued 
In this chapter the CONQ not made at one point in the organization is considered. 
This includes loss of goodwill and opportunity costs. Also a brief discussion on the 
costs for hospitals is made. Finally the income from non-quality is analyzed. 

7. 1 Goodwill 
Although it is clear that bad quality prevents customers from buying new systems, 
there is no insight in the organization what the resale-rate is. Compared to 
competitors, Philips' quality is comparable to market standards: 

C 
0 

a, - :p 
u C _f3 Ill C C 

~ 
O C 0 ro -- a, :p Cl 

EE E= .!2E ltJ C 
a,~ - a, u ·-*.g ,B- = C ..... ·- a. ·-
~a; Ill Q. a.~ >- a, CE 

1./) a.. 1./) a:: ........ <C I-

GE 7.5 7.6 7.9 8.1 

PHIUPS 8.5 8.8 8.5 8.5 

SHIMADZU 8.4 8.7 8.4 8.5 

SIEMENS 8.9 9.2 9.1 9.3 

TOSHIBA 8.6 7.7 8.2 9.1 

Table 3: Supplier ratings 
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Figure 31: System performance 
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Figure 32: System reliability 

Looking at trending in figure 31 and 32, it occurs that PMS is losing its leading 
position to Siemens. Especially the reliability performance growth of Siemens is 
worth worrying. This might result in future loss of sales. 
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Compared to other divisions of PMS, CV is not performing well either: 

Call-rate 
10 
20 
7 

1.5 
Table 4: Call-rate of other Business Units 

Considering the fact that CV systems are used in interventions, the call rate is 
extremely high. Doctors find it unacceptable if a system fails during an intervention. 
Failures can result in a life-threatening situation for the patient, which is not the case 
in for example Magnetic Resonance and general X-ray. 

7. 2 Opportunity costs 
An engineer at CV should create new functions, so that customers are willing to buy 
PMS systems instead of the competitions' products. The time that is spent on fixing 
problems is not used to create new functionality. Therefore no extra turnover can be 
made. At Philips, an engineer should earn back his own costs times ten. This means, 
that each hour an engineer spends on maintenance projects, ten times his hour-tariff 
can be considered CONQ. The annual time spend is 56.825 hours. The costs are: 
56.825 x €78 = €4.432.350 . These labor costs are already in the CONQ above. What 
should be added are the costs for lost income. This is: 
€4.432.350 x 9 = €39.891.150. This is the missed turnover. The gross margin at CV 
is 50%. That would mean that about €20.000.000 would have been extra profit if 
engineers had developing new functionality instead of focing problems. 

7. 3 Costs for hospitals 
What is not included so far, are the problems customers have because of bad 
performance of the systems. The call-rate for an average system is 10 times per 
year. An average call costs 5,6 hours of the service-engineer to fix. Thus can be 
assumed that the time to repair from the hospitals point of view is one day. This 
means that the hospital has a not functioning system for ten days every year. A 
system normally is operated by five high-educated people. It is not exaggerated to 
state those people cost €100 per hour. With eight hours in a day and 6000 systems 
in the field, the annual cost for the hospitals is: 

5x 8x€100x6000x 10 = €240.000.000 

Note that this amount is over twice as high as the CONQ for PMS/CV, and that this 
does not include the costs for patients that have to return on another day to get an 
examination, the people that die, because they are in need of instant surgery and all 
other costs for extra administration. 

7. 4 Earnings of non-quality 
Not only does poor quality cost money, it brings in money as well. Due to service 
contracts and paid repairs PMS generates turnover. The earnings of a service 
contract are €60.000 per year per catheterization lab. Paid repairs contribute about 
three times their costs. This is very dependant of the type of repair. The total income 
of service contracts and paid repairs was 206,5 Million Euro in 2005. 
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8 CONQ of a component 
One of the ways to improve the quality of the systems is to improve the quality of 
the worst components. These components are called flagships. To determine if it is 
worthwhile to start an improvement project, the costs of the project and the possible 
savings must be determined. Furthermore it might be interesting to calculate the 
CONQ already made. This is: 

With: 

CONQcomponent =# Forest x €275+#systems x Age av x CostcM 

CONQc.omponent 
Ageav 
#Forest 
#systems 
Cosl:c:M 

= The CONQ for a component to date 
= Average age of the installed systems 
= The number of Forest entries 
= The number of systems installed in the field 
= The average annual corrective maintenance costs of a 
system 

A prediction for the future component CONQ is: 

# Forest x €275 
CONQexp = (-----)x#CPexp + (CostcM x Ageexp)x#SP,,xp 

#CP 

With: CONQexp = The expected CONQ for a component 
= The number of components produced so far 
= The expected number of components to be produced 
= The expected lifetime of the installed systems 

#CP 
#CPap 
Ageexp 
#SPexp = The expected number of systems to be produced containing 

the component 
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9 Non-quality root-causes discussed further 
In chapter two, the root causes for non-quality were discussed. There appeared to 
be two main problems. One: products are not designed for reliability. Two: feedback 
and improvement programs are not unambiguously treated. 

9. 1 No design for reliability 
In the development process in CV, no targets are set on reliability. Therefore, 
engineers have no focus at all to create reliable products. Furthermore, there is no 
clear tool available that can guide developers into a reliability mindset. 
The Cost-Price Reduction (CPR) program gives engineers the target to reduce the 
cost-price by more than the system market-price is decreasing. For reliability similar 
targets could be set, so that engineers know what is expected. 
By just setting targets, the designs will not get reliable. The design process should 
be given a method to create quality, and to decide which of the choices is best. At 
this moment no such method is used within PMS. The difficulty in reliability
development is the unknown effect of interactions of components. Where it is 
possible to determine the reliability of all components in a design, it is unpredictable 
what the effects are when these components need to interact. 
At the end of the PCP, the testing is done. Here, the reliability requirements should 
be tested as well, together with the functional requirements. At the moment, failures 
during tests are considered as incidents. They are not noted, so MTBF information is 
not generated. Therefore, MTBF information is only available when products start 
failing in the field. 

9.1.1 Cost of improving quality 
The need for reliable designs can be demonstrated by the costs of making design 
adaptations in various phases of a products lifecycle. Though the numbers in figure 
35 are very rough estimations, they do give a clear insight in the enormous extra 
costs of putting a non-quality design in the field. 
In the development phase, solving a PR costs €436,80. If the design was already 
released for production, an ECCB/SCB procedure must be executed. This costs 
another €1.697,50. If there are products installed in the field, a FCO might be 
necessary. Also an extra ECCB/SCB needs to be generated. The extra costs for an 
FCO are €200.000. 
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Figure 35: Cost for fixing a design error 
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It is not realistic to state that a FCO is done for only one PR. Most of the time 
between 50 and 100 PRs and FPRs are solved in one FCO. Even then the costs of not 
solving problems before field installation are a fivefold of solving problems in the 
development phase. 

If production problems are not found in the factory, corrective maintenance will 
eventually be needed. The costs of solving a problem in the factory are much lower 
than solving a problem in the field. This is due to less travel time, better equipment 
and more product-knowledge at the plant. Also the spare-parts for fixing problems 
are more often available at the plant, and communication lines to suppliers are 
shorter. In figure 36 the differences in costs are graphically shown. 
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Figure 36: Cost for fixing a production error 

5 For more details on the cost of a CM call, see appendix 8. 
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9. 2 Unclear maintenance program 
As stated in chapter 6.4, there is no clear decision-making organ that gathers all 
quality and reliability information and then decides what components or modules 
need to be improved. As can be seen in the CONQ-model, there are multiple 
decision-makers. The top-Q team analyses field data from calls, the QMCB analyses 
FPRs and issues FCOs. The ECCB/SCB decides if a changed design can be allowed 
into regular production. In figure 37, three decision blocks are left empty. It is 
unclear who decides whether VIPERS, production problems and PRs are considered 
important enough to start up an improvement project. 

ECCB/ 
SCB 

FCO 

Figure 37: Unclear maintenance responsibility 

With so many (unknown) information flows, it is very hard to combine information to 
get to an unambiguous priority setting. Therefore it would be advisable to centrally 
coordinate all maintenance projects. The most logical instance to do this is the 
Quality Maintenance Control Board. This would mean a large expansion of their 
responsibilities. The QMCB should be a larger organization to which the top-Q team 
should report. Also the VIPER level three escalations that are reported to 
development should be coordinated by the QMCB. If all these service information is 
accumulated, factory quality information and not-solved PRs should be handled by 
the QMCB as well. This would result in a transparent organization. Condition for a 
good functioning quality maintenance team is that capacity of the development 
organization is dedicated to maintenance. 
Another source of information, which is hardly used nowadays, is the field repair 
center (FRC). Here the components and modules that are exchanged in the field are 
repaired and analyzed. The information generated here is recorded in a database. 
This data is not used often. Valuable details on the problems with certain products is 
available here but not used. For improvement projects, this data could turn out to be 
very useful. 
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Figure 38: The QMCB as decision organ 

PHILIPS 

In above schedule a Factory Data Analyze (FDA) team is included. This team is 
responsible for decisions what data is important enough to escalate to the QMCB, 
since they are not very interested in incidents. For that same reason the top-Q team 
exists as a filter to prevent the QMCB from drawling in data. 
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10 Conclusion 
In this report a model is given how divers factors influence the cost of non-quality. 
This model provides insight in how to prevent problems to start causing a lot of 
costs. This can be done by early detection, because the phase where a problem is 
found is more important than the place where a problem is caused. The sooner a 
problem is discovered and taken care of, the lower the costs for fixing. 

10. 1 Cost oversight 
The cost of non-quality is €111.4 M, which is 15% of the turnover, and 20% of the 
total annual costs. 

BU CV Exel. CS cs 
Total sales 747.8 M 541.3 M 206.5 M 
Total costs 569.2 M 416.1 M 153.1 M 
Income From Ooerations 178.6 M 125.2 M 53.4 M 

Table 5: Turnover and margin for CV 

The CONQ can be split up in various ways. In this report the phase where the non
quality is found is said to be the most important differentiator. Next to that the type 
of problem is considered. In table 6 can be seen what the costs are for the various 
phases and problem types. 

Development Problem Reports 5.460.000 
CCB 1.974.900 

Production Forests 475.000 
Use Preventive 8.559.250 

Maintenance 
Corrective 87.072.000 
Maintenance 

Maintenance VIPER -
FPR 262.080 
Maintenance 3.750.000 
Proiects 
ECCB/ECB 458.325 
FCO 3.400.000 

Overall Goodwill -
Opportunity Costs 20.000.000 

Total 
Table 6: Summary of CONQ 

10.2 Recommendations 

7.434.900 

475.000 
95.631.250 

7.870.405 

20.000.000 

131.411.555 

Two fields of improvement are considered in this report. The first is to improve the 
quality of the initial design, by assigning reliability targets to projects, creating a 
method to reach this reliability targets and to start testing on reliability. 
Extra research is started to come to a useful method. 
Secondly the design maintenance organization is considered to be unclear and 
therefore ineffective. A draft for a more transparent design maintenance organization 
is given. The decisions about quality and reliability improvement projects should be 
assigned to one group. 
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Appendix 2: Abbreviations 
AOP 
BS&PP 
BSP 
BU 
cath Lab 
CONQ 
COQ 
CQ 
cs 
CSP 
CV 
DHF 
DMR 
ECCB 
ETTR 
FA&C 
FAC 
FCO 
FRC 
GDW 
GE 
HRM 
ISO 
ITM 
KPI 
KSF 
MTBF 
MTTR 
Lab 
OAP 
ORP 
PCCB 
PCP 
PM 
PMG 
PMS 
PQC 
PRP 
QMCB 
QSR 

SCB 
SU 
SSD 
SSR 
SW 
TQM 
TTM 
TTR 
XRD 

DA Daris 

Annual Operating Plan 
Business Strategy & Planning Process 
Business Supporting Process 
Business Unit 
catheterization Laboratory 
Cost of Non Quality 
Cost Of Quality 
ClearQuest 
Customer Support 
Customer Support Process 
cardio/Vasculair 
Design History Files 
Device Master Records 
Engineering Change Control Board 
Elapsed Time To Repair 
Finance, Accounting & Control Process 
Functional Area Coordinator 
Field Change Order 
Field Repair Center 
Global Data Warehouse 
General Electrics 
Human Resource Management 
International Standardization Organization 
Information Technology Management Process 
Key Performance Indicator 
Key Success Factor 
Mean Time Between Failures 
Mean Time To Repair 
catheterization Laboratory 
Order Acquisition Process 
Order realization process 
Project Change Control Board 
Product Creation Process 
Purchasing Management Process 
Program/Product Management Group 
Philips Medical Systems 
Poor Quality Cost 
Product Realization Process 
Quality Maintenance Control Board 
Quality System Regulations prescribed by American Food & Drug 
Administration 
System Control Board 
Service Logistic International 
Sales and Service Division 
Sales and Service Region 
Software 
Total Quality Management 
Time To Market 
Time To Repair 
X-ray department 
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Appendix 3: Reliability at PMS 
[Classified] 
In the internal reliability report [XDB-044-030239] of CV the actual reliability issues 
are described. The most common problems are: 

• Unsatisfied customer 
• To many direct reliability costs 
• To many Field Change Orders (FCO) 
• To much capacity for reliability related problems. 

Causes of these problems are threefold. Many problems occur because of lack of 
knowledge of reliable product design. Furthermore, the development process is far 
from ideal. Many problems would not occur if requirements were analyzed better, 
were fewer subject of (late) changes and various subprojects were performed better. 
Most of these subjects are already known, and so are their solutions. The third cause 
is the disability to learn from mistakes made in the past. The revolutionary aspect of 
the designs is of major importance in this issue. Nevertheless the evolving of existing 
products has great difficulties because of inadequate data recovery from production 
and the field. 
Reliability is one of the Critical Success Factors (KSI). The others are: ease of use, 
image quality, multi-modality and volumetric imaging. The market is asking for more 
intervention solutions from the systems of CV, Therefore the company's policy is: 

1. Show leadership in reliability, both in terms of (objective) performance 
indicators as well as in the customers' perception. 

For supporting customer the best way, while they are doing their procedures and 
interventions, efficiency is determined as: 

2. Our systems shall be 100% reliable. 
This means no unexpected failures may occur. To keep product ownerships costs as 
low as CV defines: 

3. Our systems have world-class maintenance costs, with maintenance cost 
including planned and corrective costs. 

Focus in improvements is at the moment on: 
• Increasing knowledge of reliability engineering. 
• More rapid learning from mistakes. 
• Creating a context to support this. 

An important part in this is an early monitoring of quality. Therefore it is needed to 
have quality indicators in an early stage of a ( development) project. 
I/classified] 
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Appendix 4: Use of the system 
PMS is trying to find out how customers use their system. Toe field-monitoring 
project is set up to monitor customers' use of the system. It appears that the 
average system is online for 12,5 hours per day, and that an average user uses his 
system for 6 days a week. This makes 75 hours per week, or 3750 hours per year. 
4,38 Cases are done on an average day. This would mean that each patient needs 
about 3 hours. However, a normal case takes between 30 and 90 minutes. In that 
time a patient is only exposed to X-ray for 1.5 minutes. Toe rest of the online time is 
used for service, but is mainly inefficiency. 
On average there are 16.4 warnings each hour. On top of that there are 3.3 errors 
and 0.05 crashes. These crashes however do not come alone. Most of the crashes 
happen in groups. 
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Appendix 5: V-model 
The PCP has several phases. First roadmapping and programming take place. This is 
the long-term planning for development. The next step is the pre-study process. 
Here a rough estimation of the resources needed for the development of a function 
is done. Also is checked if a function can be created at all. The next step is the 
Product Realization Process (PRP). In this phase the function is designed, and 
preparations for sales, production and servicing are made. The design-process is 
called the V-model . 

...... --. Sllillfe Speclllcation ~ l'iffl Roleuefor 
GO C•,•••MComnJttlNntCe•••nt Orderinl 

"'l'TCM . 
1 

Figure 39: The V-model 
In the V-model the various phases of the design process are displayed. As can be 
seen they do not correspond with the phases PRs are submitted. The phases that are 
blue in figure X correspond with the left side of the V-model. Implementation 
corresponds with realization/implementation; the yellow and orange parts 
correspond with component integration and verification. The red phases in the figure 
correspond with system integration, verification and validation. 
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Appendix 6: CONQ Production 
In table 7, some detailed numbers on the CONQ in production are given. 

Year Hours used Entries Hours/Entry Channels/Year Entries/Channel Hours/Channel 
2001 5964 2969 2.01 671 4.42 8.89 
2002 6021 2972 2.03 652 4.56 9.24 
2003 5076 2412 2.10 686 3.52 7.40 
2004 5635 2584 2.18 711 3.63 7.93 
2005 5665 2753 2.06 837 3.29 6. 77 

Table 7: Production Figures 

As can be seen in figure 40, the CONQ per X-ray channel is decreasing. 
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Figure 40: Entries and Man-hours per X-ray channel 
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Appendix 7: Cost ECCB/SCB 
FU-Area Deblil 
Algemeen Voorzitter 

Secretaris 
Controlling 
Quality control 
Packaging design 
Seivice 
Marketing 
DevelopmentSystem engineering 

Approbation 
Component obsolence & DHF & PCB's 
Development engineering 
Configuration Management 

Operations Manaufacturing engineering 
Logistics 
Purchasing 

Hours used 

PHILIPS 

Other Costs Comment 
1.4 

1 
0.6 
1.6 
0.4 
3.2 

0 
0.2 
0.2 
1.6 
3.2 
1.6 

5€ 110.00 Tooling 
2 
3€ 175.00 Stock 

25 

Total € 1,400.00 € 285.00 
Table 8: Cost per ECCB/SCB 
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Appendix 8: Corrective Maintenance details 
JwC..t MQ.1:-.,. JwQIHour&Hours/ 

Family Monfh c.iJ:MG,ttt /Month C8Jl Maladar/CllllCoet/Cel 
lntegris 3000 0.63 € 667.00 5.00 7.94 € 1,058.73 € 1,733.33 
lntegris 5000 0.61 € 693.00 4.36 7.15 € 1,136.07 € 1,743.61 
Allura (FD) 0.75 € 578.00 5.62 7.49 € 770.67 € 1,407.60 
Xper 10 0.97 € 1,227.00 8.24 8.49 € 1,264.95 € 1,987.01 
Xper 20 1.44 € 1,309.00 13.79 9.58 € 909.03 € 1,723.02 
lntegris3000biplane 0.89€ 1,187.00 7.20 8.09€ 1,333.71 € 2,021 .35 
lntegris 5000 biplane 0.74 € 933.00 5.80 7.84 € 1,260.81 € 1,927.03 
Allura biplane 1.01 € 841.00 7.79 7.71 € 832.67 € 1,488.27 
All systems 0.72 € 733.00 5.60 7.78 € 1,018.06 € 1,679.17 

Table 9: Details on corrective maintenance per system type 

Av Calls / Month 
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Figure 41: Calls per month per system type 
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Av CM II/et cost I M>nth 
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Figure 42: Material cost per month per system type 

Av CM Hours / Month 
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Figure 43: Hours needed for CM per month per system type 
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Cost/Call 
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Figure 44: Costs per call per system type 

amil Annual c~t 
lntegris 3000 € 13,104.00 
lntegris 5000 € 12,763.20 
Allura (FD) € 12,668.40 
Xper 10 € 23, 128.80 
Xper 20 € 29,773.80 
lntegris 3000 biplane € 21,588.00 
lntegris 5000 biplane € 17,112.00 
Allura biplane € 18,037.80 
All systems € 14,508.00 

Table 10: Annual cost for corrective maintenance per system type 
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Annual CM cost 
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Figure 45: Annual cost for CM per system type 
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Appendix 9: Oversight of all formulas 
CONQPcca =# PCCB x Cost Peca 

Cost Peca = MH d x H d +Tool+ Mat 

CONQPR =# PRxCostPR 

Cost PR= MHd xHd 

CONQprodvct;o,, =#Forest* MC1 +MHP * HP 

CONQcM =#systems x Cost cm 

CostcM = MH, x H, + SPC 

SPC = ISP X MIN(RP: SL/) 

CONQpm =#Contract X Cost contract 

Costcon1roc1 = MH, xH, + SPC 

CONQFPR =#FPRxCostFPR xSD 

CostFPR = MHd xHd 

CONQEcCBtsca = 60%x#ECCB/ SCBx CostEcca isca 

Cost Eccaisca = MH P x HP+ MH d x H d +Tool+ Mat 

CONQFco =# FCO x Cost Fco 

DA Daris 

PHILIPS 
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Appendix 10: Abbreviations used in formulas 
#Contract 
#CP 
#CPexp 
#ECCB/SCB 
#FCO 
#Forest 
#PCCB 
#PR 
#SPexp 

#systems 

Ageav 
Ageexp 

CONQo-1 
CONQComponent 
CONQm:8/SCB 
CONQexp 
CONQFCo 
CON~R 
CONQpece 
CONQ..n 
CONQPR 
CON~utt1on 

Mat 

MC 
RP 
SD 
SU 
SP 
SPC 
Tool 

DA Daris 

= The number of systems that have a service contract 
= The number of components produced so far 
= The expected number of components to be produced 
= Annual number of ECCB/SCBs 
= Annual number of FCOs 
= The number of Forest entries 
= The annual number of PCCBs 
= The annual number of PRs 
= The expected number of systems to be produced containing the 
component 
= The number of systems installed in the field 

= Average age of the installed systems 
= The expected lifetime of the installed systems 

= The annual costs for corrective maintenance 
= The CONQ for a component to date 
= CONQ caused by ECCB/SCBs 
= The expected CONQ for a component 
= The CONQ due to FCOs 
= The CONQ due to direct solving of FPRs 
= The CONQ due to PCCBs 
= The CONQ due to planned maintenance 
= The CONQ made to handle Problem Reports 
= The CONQ made in the production phase 

= The average annual corrective maintenance costs of a system 
= The average cost per service contract 
= Cost per ECCB/SCB 
= The average cost of an FCO 
= The average cost of an FPR 
= The average cost of a PCCB 
= The average cost of a PR 

= Hour-tariff for service 
= Hour-tariff for development 
= Hour-tariff for production 
= Man-hours used to solve problems in production 
= Man-hours used by service engineers 
= Man-hours used in development department 

= Cost made because materials can no longer be used or need 
adaptation 
= Material cost per Forest-entry 
= Repair price 
= The percentage of the FPRs that is solved direct 
= SU price 
= Spare part 
= Spare part costs 
= Costs made for tool changing 
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