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Preface 

The present report is the outcome of my final thesis within the framework of the study Technology and 
Development Study at the Eindhoven University of Technology. Field work for this research was 
executed within a company in the Philippines - on petition of the company they will remain anonymous. 
- and was concerned with the assistance in the installation of systematised and computerised quality 
assurance systems and setting-up of productivity standards for a production line of photovoltaic 
applications. The subject was brought to my attention by P. de Bakker too whom I am very grateful that 
this opportunity was offered to me via the university. By that time several months were lost in non
realisable projects. Accompanying me througho_ut the duration of the research was Prof. dr. A. Szirmai 
who caused me to approach the subject from different point of views during our discussions. I also thank 
Ir. A. de Ron and Drs. M. Timmer for their useful contribution. 

The initial project proposal involved a purely scientific research without aspects of practice assimilated 
into it. Following conversations with Mrs. T. Hizon, general manager of the company, and Mr. A. 
Tanseco, R&D manager it was decided that the research should have practical implications. Eventually 
this resulted in a balance between practical and scientific activities during my six months stay with the 
company. Scientific research was used as a base for the setting up of a quality system, initially used for 
photovoltaic applications. Ultimately this eventuated in an inventarisation of bottlenecks in the 
production process. Based on results from the scientific research, solutions are brought up to increase the 
quality of products and the production process, and productivity. Tools were developed to be able to 
monitor quality and identify problems. However, without the tremendous help of the taskforce this 
research could not have been carried out as it was. Members of the taskforce were the people who 
brought up viable information about the products and production methods. Mariuning saliunat! 

Finally I would like to thank my inmates who shared a roof with me during the project. They probably 
had to put up with quite some peevish and curtly moods during the duration of writing this report. 
Fortunately they always knew how to encourage me by making strong black coffee and taking me along 
to the pub when I was depressed. 

Mark Pantus, 2 December 1996 
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Summary 

This report is the result of a research conducted at an electronics company in Manila, the 
Philippines, for the final apprenticeship of my study for the masters' degree in Technology and 
Development Science of the Eindhoven University of Technology. The aim of this project is to 
design a system of total quality assurance which can be implemented in the company. Such a system 
should provide data which enables the company to improve the total quality of their products. For 
the purpose of this research the products of interest were limited to two photovoltaic applications 
from the company's product mix. 

The concept of total quality in this research is viewed as a triangle of product and process quality, 
productivity, and quality costs. These three are very closely related and should not be viewed 
separately. One side of the triangle has a direct influence on the other two sides. The main research 
question is 'how can the determinants of total quality be altered to arrive at an improvement of the 
product and process quality, a higher productivity, and lower quality costs of photovoltaic 
applications.' 

In this report a total quality assurance system is designed which tries, with a minimal amount of 
money and organisational changes, to provide management with information on total quality. Once 
this information is available, it becomes possible to improve product and process quality, a higher 
productivity, and lower quality costs. An increase in total quality is thus achieved within the present 
technological framework. The implementation of a total quality assurance system which 
incorporates the quality costs and productivity is necessary for the company to achieve higher 
customer satisfaction and, subsequently, improve their share on the electronics market. 

In this study it was found that the aggregate of nonconformities encountered in the studied products 
can be categorised by causes of nonconformities. These are in order of importance: printed circuit 
board assembly phase, design of the products, transformer department and components. A 
conclusion which can be drawn concerning the process quality of the production process is that the 
distribution of observations is within the control limit boundaries (±3-sigma limits in a Shewhart 
control chart). This means that the production process is in a state of statistical control with 
exception of the printed circuit board assembly phase. In this particular phase of the production 
process it was found that the majority of the nonconformities were generated by the personnel in 
this phase. Improvement of quality should be achieved easily as the cause of the nonconformities 
are minor, like wrong value of components, no components, shorted solder, et cetera. 

Furthermore, there is some empirical foundation for the relationship between man-hours per unit of 
production and product quality. An increase in the number of nonconformities, hence a decrease of 
product quality, results in an increase in the man-hours per unit of production. Furthermore, if the 
man-hours per unit of production is below the specification level this could result in an increase in 
nonconformities identified. 

Based on the results of the studied photovoltaic applications, several recommendations can be 
advanced to improve the product and process quality, to increase the productivity, and to decrease 
the quality costs. The company should try to reduce the number of suppliers so as to increase the 
quality and availability of intermediate inputs, which should result eventually in better quality 
products. Increase in quality could also be achieved by (further) reviewing the standards of product 
and design specifications and man-hours, which fit to the local conditions and environment of the 
company. Furthermore, a change of the production routines and lay-out of the production process 
so as to obtain shorter feedback loops. This could be a positive stimulation for the employees to 
reduce the number of nonconformities. If the quality of products increases to a level that the only 
task the Quality Control department is to certify units on a permanent base, management should 
consider merging the final testing phase and Quality Control (subsequent testing phases and the end 
of the production line) into one Quality Control department. 
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Introduction 

This paper has its origins in the final apprenticeship of my study for the masters' degree in 
Technological and Development study of the Eindhoven University of Technology. Subject of this 
apprenticeship is the quality of photovoltaics components of a company in the Philippines; the aim 
is the setting up of a system of quality assurance. The reasons for setting up such a system within 
the company concerned are varied. The most important aspect, however, is the amount of 
reworking of the units necessary in order to arrive at a product which is satisfactory for the 
customer. Reworking of units results in waste of man-hours, materials and other production factors 
resulting in higher production costs. Lowering the cost of reworking is one goal of the quality 
system; meeting specifications of technical product characteristics is another. 

Many techniques for controlling and measuring quality presented in literature only tend to look at 
measurement of technical product characteristics without any mention of the costs incurred if these 
specifications are not met. In this research the Taguchi approach is used to integrate the loss 
incurred by reworking with the technical product characteristics. By using this method the 
relationships between costs incurred and technical quality of the products becomes evident. 

1.1 · Historical and Economical Background · 

Asia is currently the fastest growing economic region in the world. Who is not familiar with the 
economic success stories of Japan, Taiwan, Singapore, and South Korea. Add to this the fast 
expanding south-east region of China and an economic bloc is formed, equally important as Europe 
and North America to the world market. An article in The Foreign Post presented an optimistic 
view claiming that in the year 2000 about two billion people in Asia will be part of the middle class 
income region. Even if this figure is not met, the potential in this region is vast. Some countries, 
however, are still trailing behind the above mentioned countries but are becoming more 
'prosperous' . One of these countries is the Philippines. 

The history of the Philippines may help to understand the current economic and cultural situation of 
the country (Peters; 1994, pp.12-16). In the 16th century the Spanish conquered the capital Manila 
and nearly the whole country. With the zeal typical of the Spanish at the time, churches were built 
and the propagation of Catholicism began. The Philippines is, therefore, unique for being the only 
Christian country in Asia - over 90 percent of the population claim to be Christian, more that 80 
percent of whom are Roman Catholic. In 1898, as a result of a dispute over Cuba, a war broke out 
between Spain and the United States of America. Under Admiral Dewey the Spanish fleet was 
decisively beaten in Manila Bay. The Filipinos, seizing their chance to strike against the Spanish, 
fought on the side of the USA, and on 12 June 1898 General Aquinaldo declared the Philippines 
independent. The Americans, however, ignored the role the Filipinos had played in the war and the 
struggle against foreign domination had to begin again - this time against the formidable United 
States of America. As a result of these influences, Philippine culture is for Westerns a 'dangerous' 
culture as it is a complex mix of Asian, European, and American influences. All the trappings of the 
American lifestyle are visible - Hollywood films, discos, English-speaking media with a press fond 
of American journalistic expressions, fast-food chains, supermarkets and shopping malls. Filipinos 
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2 CHAP'TER1 

are mysterious; sometimes familiarly W estem, sometime strangely Asian, always neither one nor the 
other (Roces; 1994). 

After World War II, the Philippines received their long awaited full independence on 4 July 1946. 
The first president of the republic was Manuel Roxas. In 1965, Ferdinand E. Marcos was elected to 
power and could continue his dictatorial form of government until the 'People Power' revolution of 
1986. A deciding factor in the surprising success of the opposition was not only the dissatisfaction 
of a large proportion of the population over the state of economy, but also the response of many 
voters to the murder of the liberal opposition politician and popular former senator Benigno Aquino 
upon his return from exile on 21 August 1983. This, more than anything, sharpened the political 
awareness of all levels of society and moved hundreds of thousands of people to protest. The 
opposition united for the first time under Aquino's widow, Corazon 'Cory' Aquino and her vice
presidential running mate Salvador Laurel. Following the election, both candidates claimed victory 
and both Ferdinand Marcos and Cory Aquino were sworn in as president in separate ceremonies on 
25 February 1986. Later that same day Marcos fled into exile in Hawaii and Cory Aquino stood 
unopposed. (Peters; 1994) 

This historic change of leadership was not really a revolution and it hardly touched the country's 
elite and the structures of power. Democracy was restored but the overwhelming majority of the 
population did not profit in any way from the short-lived period of economic expansion. Due to the 
instability of the country, Cory Aquino would not have survived until the last day of the six-year 
legislative period as head of state, without the support of her Defence Minister General Fidel 
Ramos and his influence on the military establishment. As a demonstration of her gratitude for his 
loyalty, she proposed Ramos to the Filipino voters as her candidate of choice to succeed her as 
president. Fidel Ramos took office on 1 July 1992. As president he has a five-point program: peace 
and stability, economic growth and sustainable government, energy and power generation, 
environmental protection and streamlined bureaucracy (Abueg; 1996). The turmoil which is 
characteristic for the past decade seems to take a tum for the better of which the agreement 
between Muslims of Mindanao and government is the latest example (Volkskrant; 3 September, 
1996). Voices are therefore raised to keep Fidel Ramos in power because a clear successor for 
presidency is not yet present to take the Philippines into the 21st century. 

Table 1 - Basic economic of the Philippines for the period 1972 until 1995 

1972-82 19~85 1986-89 199()..92 1993 1994 1995 

average real growth rate (%) 

GNP 6.1 -4.6 5.5 2.3 2.6 5.1 5.6 

Exports 16.5 -2.8 12.2 3.6 6.2 19.5 18.9 

Imports 16.1 -11 .6 18.4 6.0 12.2 17.9 12.7 

Inflation (year average) (%) 12.3 27.8 5.9 13.9 7.6 9.0 8.0 

source: A. Raha, A Manila Rhapsody: The Philippines is no longer singing the blues, Asian Economic Focus, 

March 4, 1996 

According to A. Raha (1996) economic growth in the Philippines has come to resemble the 
proverbial New Year's resolution - sooner or later it breaks down. However, the Philippines is 
present experiencing a substantial economic growth (Volkskrant, 22 November 1996). As is shown 
in table 1, between 1976 and 1983, GNP grew at more than 6 per cent annually and the Philippines 
verged on gaining membership to the exclusive East Asian Tiger Club. Unfortunately, if shot itself 
in the foot during the probationary period, from 1983 to 1985, GNP growth averaged a 4.8 per 
cent decline. But it tried to roar back: GNP growth between 1986 and 1989 averaged 5.5 per cent. 
This time too, the roar was not heard for long as GNP growth between 1990 and 1992 whispered a 
2.3 per cent annual average. Undeterred, the Filipino tiger has started clearing its throat again with 
GNP growth in 1994 and 1995 pushing the 5 per cent mark. Manufacturing exports now constitute 
more than 80 per cent of total exports __: electronic equipment and components contribute almost 
half of this - as compared with a 4 7 per cent share in 1983. Exports are bright, with preliminary 
estimates putting growth in value terms at about 30 per cent in 1995. And as indicated, the 
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composition of exports is also improving. It seems that the present growth path is a sustainable 
one.1 

As is mentioned in Fidel Ramos five-point program, energy and power generation is one of the 
points for improvement. Until two years ago the electricity situation in the Philippines was 
unacceptable for most of its citizens. People in the electrified cities suffered from regular and 
planned power cuts, the so called 'brown-outs'. When electricity was supplied, it mostly did not 
meet the standard of 110 or 220 Volts and 60 cycles. The main reasons were a structural capacity 
shortage of power generation and the use of obsolete capital goods. Under the so-called Build
Operate-Transfer program many of these problems are solved and regular brown-outs are a thing of 
the past. Incidentally brown-outs still occur, but these are less frequent. The electricity sector is 
even less developed in the rural areas. J. van de Ven ( 1994) concludes that about half of the rural 
households had no grid connection to the electricity grid in 1993 (table 2.1.a, pp. 22-24). Those 
rural households with a grid connection suffered from more severe electricity supply problems than 
the people in urban areas. Even if the government succeeds in accomplishing their challenging 
power development plans, about 20 percent of the rural households will still not have electricity in 
the year 2000. This unsatisfactorily situation leaves a potential for the development of other energy 
sources besides conventional power generation, transmission and distribution methods. Especially 
decentralised Renewable Energy Sources - e.g. photovoltaic systems, micro-hydroelectric power 
and wind turbines - seem promising options for rural electrification. These energy sources could 
be an economically feasible alternative for households in remote unelectrified areas Decentralised 
Photo-Voltaic systems (PY-systems) are technically mature enough for use on large scale as 
previous demonstration projects have shown.2 In his master of science thesis, J. van de Ven (1994) 
noted that the total market is estimated at 269,000 decentralised PY-systems until the year 2000. It 
has to be observed, however, that the actual number of PY-systems installed is lagging behind the 
projected installations from this 1994 report. The Environmental Improvement and Economic 
Sustainability program3 aims to install some 15,000 Solar Home Systems - a complete PY-system 
for the generation, storage, and use of solar electricity - in the Philippines over a period of three to 
five years. These systems should provide basic electrical power for individual private households. It 
is envisaged that some Solar Home System components will be manufactured locally under the 
EIES project. 

At present there are alternative potential producers active on the Philippine's photovoltaic market. 
All but one of them import all components used for PY-applications. The company which produces 
the electronic components itself is mentioned in the Environmental Improvement and Economic 
Sustainability program funded by the Dutch government to expand the PY-market as a potential 
local manufacturer for electronic components used in these systems. This is the company which is 
the subject of this research and the location where the data gathering during the field period was 
carried out. 

Through subsidising the PY-systems prices can be kept low thereby making it attractive for the 
domestic producers to participate in this project. Depressing the price for PY-systems is necessary 
as the price in the Philippines is about P20,000 compared to Pl0,000 for a 65 Watt peak system 
manufactured in Indonesia. Reasons for this price difference can be found in economies of scale, 
trade barriers and subsidies. In an interview with the manager of the marketing affiliate of the 
company, he reflected that a temporary lowering of the price by provision of a subsidy only has a 
short-term effect. A structural depression in price of 25 or even 50 per cent, in his opinion, can 
result in a sustainable market which can compete with the PY-systems produced in Indonesia. His 
statement is supported by M. van Deursen (1993) who declares that: 'As long as the Solar Home 
Systems are subsidised, either by grants, technical backstopping or monitoring, there is no chance a 

1 For an elaborate description of the Philippine's economic situation of the past two decades, consult appendix A. 

2 Projects concerning photovoltaic applications are carried out on Buria, Isla Verde, Iloile and Belance. Conclusions stated by M van Deursen 
(1993) regarding these projects are mentioned in section 1.4. 
3 The EIES program (Environmental Improvement and Economic Sustainability program) is an initiative of OOIS and ministry of foreign 
affairs, both Dutch governmental organisations. 
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free market situation for all PY-technology suppliers can be developed. Also in the solar world we 
experienced that "aid is business". On one hand the commercial stage of the technology is preached 
and on the other hand the market is protected by artificial prices.' In the long run, the consumers 
will only find benefit in a good quality product at affordable prices. 

1.2 The Company 

The company of interest is located in the capital of the Philippines, Manila. It is an economical 
viable, medium size4 family company and the number of personnel employed depends upon the 
number of job orders to be produced. The structure of the company is straightforward. There is 
general manager for the course of business of the company. The departments finance, marketing, 
manufacturing, research and development, and service have a department manager and (if 
necessary) several supervisors. In short, the company structure is one with four layers: general 
manager, department managers, supervisors and workers. 

The company is one of the few local electronic manufacturing corporations in the line of electro
industrial systems; specifically back-up power systems, voltage regulators, line conditioners and 
other related systems. For more than five years its main line of production has been: interruptible 
power systems, inverters, automatic voltage regulators, rectifiers/chargers, and emergency lighting 
systems. Its involvement in the electronic components of PY-applications as a manufacturer 
started in 1993 when it set up its marketing arm - an affiliate. Prior to that the company's 
engineers have had direct experience in experiments and actual production of PY-applications in 
another company. 

Considering the limited market of PY systems in the country and the competition of imports of 
complete systems, the company has to decide on whether producing for stock inventory is viable at 
the present time. The volume of production, therefore, is limited and non-continuous. A special 
production line is set-up only when a large volume order is placed. For smaller volumes an ad hoc 
task force is assigned and integrated with its regular production line. 

X-former 
assembly 

I PCB 
aseembly 

PCB 
testing 

pre 
assembly 

final 
assembly 

Figure 1 - Actual production process of all products manufactured at the company. 

final 
testing 

Quality 
Control 

In short the manufacturing of all units consist of the production of printed circuit boards , mounting 
these into a casing and connecting the different printed circuit boards (PCB), transformers and 
other components by wiring. The production of units manufactured by the company involves 
several phases before it is ready for shipment and these are shown in figure 1. These phases are 
X'former windings, PCB manufacturing, PCB assembly, pre-assembly and final assembly. The 

4 Tecson e.a. (1989) have defined the size of small and mediwn industries in the Philippines as a company with 10 to 99 employees. 

s X'formers is a generic term used within the company for all kinds of transformers produced. For the production process a distinction in two 
groups of transformers is necessaiy: small size transformers and large size transformers. Small size transformers are conveyed to the printed 
circuit board assembly department where they are mounted to the printed board. Large size transformers are conveyed to the pre-assembly 
department where they are mounted directly into the casing and connected to the electronic circuits by means of wiring. 



INTRODUCTION 5 

production of units is monitored by three separate testing departments in different phases of 
production. The first testing section is positioned after PCB assembly; the final testing is positioned 
after final assembly, and before shipment the quality of products is inspected in the Quality Control 
department. All testing carried out has a population of 100 percent which should signify that an 
actual defect free result should be obtained at the end of the production line. 6 The preparatory 
production process (not shown in diagram) starts with the customer who desires to purchase one of 
the company's products. In a meeting with the customer the sales department converts the 
requirements of the customer in specifications and features which are to be implemented into the 
product. The type of product and added customised features are submitted to production planning 
of the production process - the planning of when the unit should be in a specific section of 
production so the product is ready for shipment at the specified date. A comprehensive description 
of the process is given in appendix B. 

1.3 The Project 

Previous to the beginning of my field period, in consultation with the company and Ir. P. de Bakker 
(provider of the project), it was decided that the objective should be PY-applications. As is 
discussed in the previous section, renewable energy sources can play a role in the generation of 
energy in areas where it is economically not feasible to connect a household to the electricity grid. 
Through local production of these components, two development related interests are attended to: 
stimulating the local market and providing clean energy. Provision of energy in feasible areas 
enables households to use lighting, refrigerators, and audio and visual media receivers which are 
perceived as subjects of comfort and modernisation. 

The reasons for implementation of a system of quality assurance for products manufactured in the 
company are diverse. In the field of manufacturing electronic PY-components for solar home 
systems the company is the only one in the Philippines. Caused by the development relevance of 
renewable energy sources - of which PY-applications is one - foreign and local 
companies/organisations visit the company in order to establish contacts and purchase products. As 
mentioned before, under the Environmental Improvement and Economic Sustainability (EIES) 
program, they are mentioned as a potential local manufacturer of PY-components. It is therefore a 
necessity to deliver good quality products which could eventually result in successive orders after 
the program is finished. Another reason for the implementation of a quality system is the fact that 
for many of their products, standards regarding product costing and man-hours are not available. If 
these standards are available, they are outdated most of the time. As a result of the lack of accurate 
information it is seemingly impossible to analyse and control the production process (process 
quality) and quality of products (product quality). The lack of up-to-date documentation is also a 
cause of poor control methods. The company is manufacturing rather a lot of customised products 
which are based on standard products. Adding or changing features of the standard products 
according to specifications of the customer, is the road travelled to arrive at a product which fully 
accords to the requirements of the customer. In the present situation, problems ~se in servicing 
and follow-up orders. Most customised products leaving the plant are not documented extraditing 
manufacturing and service empty handed, when a customer requires maintenance of the product or 
when a customer is ordering the product again with the same customised specifications. 

The project is, therefore, a unique opportunity for the company to tackle these problems of 
documentation, (re)defining standards, and improvement of process and product quality. In order to 
achieve this it is necessary to implement a total quality assurance system embracing all departments 

6 In general tenns, defect free production is the state of production where dwing the production process nonconforming units can be identified 
either by measurement or statistics. Nonconforming units are scrapped or reworked. At the end of the production process, however, no 
nonconforming unit can be identified. This is in contrast to a zero defect production which is the state of production where dwing production 
no nonconforming Wlits can be identified either by measurement or statistics. In both cases, therefore, all the products leaving the plant are 
qualified units. 
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of the company to control the quality. Feigenbaum (1991) defined quality control as 'an effective 
system for integrating the qualify development, quality maintenance, and quality improvement 
efforts of the various groups in an organisation so as to enable marketing, engineering, production, 
and service at the most economical levels which allow for full customer satisfaction.' For purpose 
of this research, the boundaries of the definition are too wide - it embraces too many areas. 
Controlling quality of the production process is the important area. Relations to and from, for 
example, service and finance are, nevertheless, not spirited away. For the total quality system they 
are just as important as the quality control of the production process. Within this system the 
concept of total quality is therefore defined as a triangle with product and process quality as one 
side, productivity as another another side and quality cost as the third side of the triangle. 

During my field period from January till July 1996, a special task force was active to help with the 
collection of data necessary for this research and setting up of a quality system. This task force 
consisted of employees from different departments of the company: production (2), research and 
development (1), service (1), operating engineering (1) and finance (1); they are under direct 
supervision of the general manager. The aim of the task force was to collect existing product and 
process specifications which are used as base for standards of the quality system. A second aim was 
to collect knowledge concerning quality and to diffuse this knowledge among the rest of the 
employees via informal channels. The intention of this diffusion is to create a basis for the 
acceptation of the quality system. In order to accomplish these objectives the taskforce and I 
deliberated on a need-to-meet basis, which could vary from twice a week to once a month. The task 
force was set up after the general objectives of the system were determined by management. These 
objectives act as a general framework for the project and are reflected in the following objectives: 
less defective units, reduction in losses due to reworking, increase of productivity, reduction of 
costs, and better and consistent service to the client. 

One can question whether the choice for PY-applications is a right one as these products only cover 
a small part of the product mix of the company.7 It could be said that quality improvement of PY
products has none or minor effects on the quality of other products. Yet it can be established that 
quality improvement of aforesaid products is a two track policy: product quality and process 
quality. Improvement of process quality justly displays the strength of this system concerning the 
other products manufactured on the product line. Improvement of process quality of PY
applications results in an improvement of other products of the product mix as all products are 
made on the same production line. A second argument found is the interesting detail that the 
company is mentioned as potential local manufacturer for products used in the EIES project. It is 
clear that product quality is essential for a successful project. I want to stipulate, however, that a 
direct connection between this project and the EIES project is non-existent. 

Subject of this research are two PY-applications: PL-ballast and Battery Control Unit (BCU)- see 
next section for discussion of the products. An order for 120 PL-ballasts and 120 BCUs was 
received in March and were manufactured over a period of approximately three weeks. In this 
report these batches are denominated P 1 and B 1 respectively. After analysis of observations from a 
population research it was decided to produce additional batches of 50 units each specially for the 
purposes of this research .. These batches are denominated P2 and B2. Some changes were made for 
the second production run in order to verify if these changes had a positive effect on quality. Used 
methods and results will be discussed extensively in this paper. 

As stated before, productivity and quality cost are equally import to total quality as is product and 
process quality. Gathering data for this second part turned out to be more difficult than for product 
and process quality and partly not possible. Close relations of the company with the Netherlands, 
and the 'Asian way of doing business' is probably the explanation for this phenomenon. White areas 
in the necessary data are, if possible, completed with data from literature and acquired experience 
during my field period. 

7 It is not possible to present an exact percentage because the company produces on a job order base. Additionally, these figures were not 
available for this research. However, comparing the turnover of PY-applications (about Pl,000) to complex units as Interruptible Power 
Supplies and Automatic Voltage Regulators (up to 1 million pesos) the magnitude can not be more than a few per cent of total sales. 
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1.4 Photovoltaic Systems · 

Many households in developing countries are not connected to the electricity grid as is the case in 
the Philippines. They often use candles and gasoline lamps for lighting; electrical apparatus are 
supplied with energy through the use of a generator or car batteries. Solar energy is a clean source 
of energy for apparatus using limited power like lamps, radios and televisions. The total system for 
generation of electricity from the sun, storage and distribution thereof we call a Solar Home 
System. 

The utilisation of solar energy became possible with the development of semi-conductor 
technology. Like a diode, the solar cell consists of p and n doped semi conducting material. Part of 
the spectrum will penetrate into the p-n transition area, where the energy of the photon may be 
absorbed by an electron. This electron becomes available for conduction and is accelerated by the 
transition electrical field to the metallic contacts on both sides of the waver. By connecting the solar 
cells in series of parallel, the desired voltage and current output can be obtained. When a load is 
connected between the contacts, the electrical energy can, e.g. be converted into light or motion. 

solar panel plus 
mount 

battery bank 

---r--..,1 voltage regulator H apparatus 

Figure 2 - Relationship of components in a Solar Home System. Components of interest in this research are the 
Battery Control Unit and PL-ballast. These components are shaded grey. The other components mentioned 
are not part of the product mix of the company. 

The Solar Home System (SHS) was first used on a small scale in the United States by people who 
pioneered in this field of expertise. As the electronic components used for building PV-systems 
became cheaper and more reliable, the systems matured and are presently capable of generating 
enough electricity to reliably supply a modem household with all of its conveniences or a remote 
research station in the desert (Davidson; s.a.). Figure 2 displays the basic Solar Home System 
consisting ofmodules8 which can be roughly divided by the following categories:. 

I) Solar modules and mount - a panel consists of several cells connected together in series and 
each cell generates approximately 0.5 Volt output. The total of cells is mounted in an aluminium 
frame and covered to protect from outside influences. The panel should be mounted on a solid 
pole in such a way that it is not (partly) shaded. This seems obvious from efficiency point of 
view, but also the lifetime of the panel may be reduced significantly if not done so. If some cells 
are shaded, they will act as load to the cells which are directly exposed to the sun. The shaded 
cells will heat up, which can lead to irreversible damage. 

2) Battery Control Unit (BCU) - is normally used in charging the battery using solar panels. It is 
possible to operate the system without it but performance and lifetime of the battery may reduce 
rapidly. It is basically a shunt regulator and is composed of two comparators, N-channel mosfet 
and relay. The function of this component is to protect the battery from overcharging and 
overdischarging. It operates by shunting (shorting) the solar panels when the battery reaches 
predetermined full charge voltage. The protection for overdischarging is done by turning off the 
load when the battery reaches a pre-determined discharge voltage. 

3) Battery bank - one or several batteries for storage of energy generated by the solar panel. 
4) PL-ballast - the purpose of a ballast in general is to transform the direct current of 12 VDC 

from the battery into an alternating current of 220/110 VAC-60 Hz. With a PV system this is 

8 The components Battery Control Unit, PL-ballast, and minisox ballast are based on specifications from the company. Other components 
described are based on J. Davidson (s.a.) and M. van Deursen (1993). 
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necessary to provide power for the compact fluorescent lamp, which is part of the PL-ballast. It 
normally requires an input voltage of 9 to 15 VDC. Its basic function is to invert the input DC 
power to a higher AC power which is required by the compact fluorescent lamps. The unit 
operates at the frequency of 20 to 25 kHz to be able to reduce its physical weight and size to its 
minimum. 

5) Voltage regulator - The voltage regulator has the same purpose as the PL-ballast, it has to 
transform the input voltage to a different output voltage. The output, however, is not an AC 
voltage but a lower DC voltage. In this case the 12 VDC input can be transformed to a wide 
range ofoutput voltages, i.e. 9, 7.5, 6, 4, and 3 VDC. 

This configuration can of course be extended to several voltage regulators and/or PL-ballasts, 
depending on the capacity of the solar panel and battery bank. If too many components are 
connected to the system, an overload may occur damaging one or several Solar Home System 
components. 

M. van Deursen (1993, pp. 27-40) summarised the drawbacks and advantages of Solar Home 
Systems. The main drawbacks of such systems are that: 

• The initial investment of a SHS which can in some rural areas still be high in comparison to 
power generation alternatives. 

• Only low power applications are economically viable in order to keep the system easy 
maintainable and economically feasible. 

• Detailed experiences over an extended period of time is still lacking (McNelis, 1988 and 
Derrick, 1989).9 

The major advantages of Solar Home Systems can be summarised as: 

• The systems can operate entirely autonomous and have no fuel requirements. The panels and 
electronic components used have a long lifetime and no moving parts; therefore, they suffer 
practically no wear or tear and are highly reliable provided that proper components are used and 
well installed. 

• Solar Home Systems are relatively simple to install and to operate compared to diesel 
generation sets and require, as a consequence, little skilled manpower. 

• Low running and maintenance costs of these systems compared to conventional power sources 
which need regular fuel hauling, repair and fuel. 

• Solar Home Systems are environmentally benign as far as harmful pollution. 

It is not possible to give a clear pro or contra, but if initial investment can structurally be kept low, 
the Solar Home System can provide some 'urban luxury' in households where connection to the 
electricity grid is economically not feasible. 

1.5 A Preview 

The aim of this report is to present a technique for observing and analysing quality and productivity 
of products manufactured at the company. This technique, unlike many other techniques advanced 
in literature, establishes a connection between the observations of technical product characteristics 
and the costs incurred if these specifications are not met. It integrates the losses due to reworking 
with the technical product characteristics and the connection between costs and technical quality 
becomes evident. The first part of this report present the theories of quality, quality control systems, 
techniques and economics of quality control systems. Empirical data is presented in the next two 
chapters and discusses the observations of quality, costs of reworking and productivity. 

9 Results on projects in which the company participated are not WIY satisfactorily. Complaints about PY-products were received from projects 
which are only one to three years old. If solutions for this problem are found is not known to the author. 
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Chapter 2 presents the research framework. It contains the research question for the technical 
section (technical characteristics of products) as well as for the economical section (productivity 
and loss of reworking). Subsequently the relevant concepts of quality and productivity are 
discussed as well as practicability of the concepts for the company. This chapter also contains a 
discussion of methods used. 

Chapter 3 and 4 present the results of analysis needed for improvement of product and process 
quality and productivity of the company. Chapter 3 contains the results and analysis concerning 
technical data of the PL-ballast and battery control unit. It is divided into an analyses which is based 
on the Taguchi method and an analysis to determine whether or not the production process is a 
state of control. Chapter 4 examines the labour productivity and loss of reworking of the researched 
batches. The latter examination used the Taguchi method and extend the analysis of data of chapter 
3 into an economical analysis. The final part of chapter 4 places the results on productivity within a 
broader context. 

Conclusions and recommendations are presented in chapter 5 of which the following is a summary. 
The conclusions based on this research are: 

• the aggregate of nonconformities encountered in the studied batches can be categorised by 
causes of these nonconformities as, in order of importance: PCB assembly department, design of 
product, X'former department and materials; 

• assessing the distribution of observations to the control limit boundaries (3-sigma limits) that the 
production process is in control with exception of the PCB assembly department; 

• there is a foundation for the relationship between the man-hours per unit of production and 
product quality; an increase in the number of nonconformities, hence a decrease of product 
quality, results in an increase in the man-hours per unit of production, and a reduction in the 
man-hours per unit of production below the specification level could result in an increase in 
nonconformities encountered. 

Based on the research and conclusions, the following recommendations are given to the company 
which could increase the level of process and product quality, decrease the costs of reworking and 
increase their productivity: 

• the implementation of a company-wide quality assurance system in which incorporates the costs 
of reworking and productivity is necessary for the company to achieve high customer 
satisfaction; 

• if the quality of products increases to a level that the only task the quality control department is 
to certify units on a permanent base, management should consider merging final testing and 
quality control into one quality control department; 

• the company should try to reduce the number of suppliers so as to increase the quality and 
availability of intermediate inputs which should eventually result in better quality products; 

• a (further) review of standards of product and component specifications, and man-hours; 
• a change of the production routines and lay-out of the production process · so as to obtain 

shorter feedback loops which is a positive stimulation for the employees to reduce the number 
of nonconforming units. 
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2 

Research Framework and Method 

This chapter discusses the framework in which the research was carried out and the research 
method used. The first section deals with the research questions for both technical and economical 
part of the research. The second and third section discusses the concepts and definitions used in the 
research questions and presents the methods and tools used for both parts. 

2.1 Research questions 

Due to the remote locations where PY-applications will be installed, it seems crucial to have high 
quality products with a defect free performance during the lifetime of the product. In order to reach 
this goal it is necessary to have a production system able to produce reliable products; preferably a 
zero-defect production system. The setting up of a quality control system together with a review of 
production routines could enable this goal. The main research question to be studied is therefore: 

In order to arrive at an improved product quality it is significant to be acquainted with the 
determinants of quality in the fields of intermediate inputs, personnel, method of production, 
equipment and environment. Intimate knowledge of the relationship between these determinants 
and quality is the key of success in improving the quality of products. 

Besides the technical goal of the research, there is an economic research goal consisting of a labour 
productivity analysis. With the production analysis I will tiy to find the determinants of labour productivity in 
the production line. Using these determinants it should be possible to calculate the labour 
productivity at the company. 

As for the first research question it is necessary to be acquainted with the determinants of labour 
productivity in various fields together with their relation to labour productivity. After the 
determinants and their relations are defined, the study will examine how labour productivity can be 
improved through alteration of these determinants. Furthermore, we can inquire into the influence 
of the setting up ofa quality control system on labour productivity. 

11 
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2.2 Quality 

The term quality is a key characteristic in this research. In its general form it is widely used in all 
fields of profession and layers of society and it is, therefore, that this concept has acquired many 
meanings and definitions. Consequently it is important to describe how we define the term quality 
related to products and production processes as will be used in this report. This is done in the first 
paragraph of this section based on some advocates of quality. Another item addressed in this 
section is the history of quality. This will give an insight in what forms of ' quality control' have 
been developed through time starting as early as 2000 BC. 

Quality techniques were already in use in ancient times. 1° Four thousand years ago, the Egyptians 
measured the rocks used in their pyramids. Then the Greeks and Romans measured buildings and 
aqueducts to ensure they conformed to requirements. Later, craft guilds in Renaissance Europe 
specified, measured, controlled and assured the quality of paintings, cloth, tapestries, sculpture and 
architecture. To assure uniformity, guild students went through exhaustive apprenticeship programs 
overseen by accomplished masters. 

Modem quality started in the 1920s. The first quality groups were inspection departments. During 
production, inspectors measured products against specifications. These departments were not 
independent so they could not prevent a batch, which did not meet the standard, going out of the 
factory. This sent a 'production at any cost' message to the organisation instead of a 'quality is job 
number 1 ' message. In the 1940s, inspection groups evolved into quality control departments which 
we now identify as statistical quality control. The start of World War II required that military 
products be defect-free. Product quality was crucial in winning the war and could only be ensured if 
the inspection department could control production processes. Quality was controlled during 
production instead of being inspected into the products. Responsibility for quality was transferred 
to an independent quality control department, which was now considered the 'guardian' of quality. 
Also, the quality control department was now separated from manufacturing to give it autonomy 
and independence. 

Quality control evolved further into quality assurance. The quality assurance department focuses on 
assuring process and product quality through executing operation audits, supplying training, 
performing technical analysis, and advising operational areas on quality improvement. Quality 
assurance consults with the departments where the responsibility for quality actually rests. Quality 
control is still alive in some organisations where quality assurance has not evolved. It is considered 
to be a functional area, which is responsible for inspection of products, calibrating instruments, 
testing products, and inspecting incoming material. The job being done was still basically the shop
floor inspection job, which could never get its arms around the really big quality problems as 
business management itself saw them. As the issue of quality becomes more prominent, quality 
assurance is evolving into a company-wide quality management function. Corporate quality groups 
are small with more authority but less direct responsibility for quality: e.g. the quality group has 
authority to stop defective units from leaving the plant, while the responsibility for quality control is 
pushed to the manufacturing department operator. 

The concept of quality is used in a variety of ways and several definitions have been offered. Quality 
is not a property which has an absolute meaning. The word is often used to signify 'excellence' of a 
product, service, person, action, et cetera. When one is, for example, buying a product it is not 
unlikely that the salesman says: 'This product has a Rolls Royce quality and is the best you can 
buy! ' So, how can we use the term quality within the framework of this thesis? The most basic 
concept of quality is simply about meeting the customer's requirements and current and future 
expectations. This has been expressed in many ways by many authors and advocates of quality. 
Juran (1988) defined quality simply as the 'fitness for purpose of use.' And the British Standard 
Organisation (1987) notes that quality can be described as 'the totality of features and 

10 This paragraph is based on G.B. Hutchins (1993) and A.V. Feigenbaum (1991 , pp. 15-17). 
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characteristics of a product or service that bear on its ability to satisfy stated or implied needs. ' In 
his book Total Quality Control Feigenbaum (1991 , p. 7) presents the following definition: 'The 
total composite product and service characteristics of marketing, engineering, manufacturing and 
maintenance through which the product and service in use will meet the expectations of the 
customer.' 

No matter which definition is adopted, the bottom line is that quality is a measure of customer 
satisfaction. But still, this leaves us with an unidentified concept if we look it from the viewpoint of 
the consumer. In the popular sense of the word, particularly as applied to consumer products, the 
word quality means general excellence. More particularly, it may mean excellence in relation to 
certain things that a consumer wants in a particular product. There are a number of different types 
of reasons why a product may have unsatisfactory quality in this popular sense. Grant and 
Leavenworth (1980, p.338) expressed the customer viewpoint oflack of quality as: 'There may be 
certain characteristics desired by a consumer that were not designed into the product because the 
manufacturer did not intend to do so. Or the characteristics may not have been achieved by the 
product designer even though they were intended by the manufacturer. Or they may have been 
designed into the product but the design specifications may not have been carried out [properly] 
when the product was manufactured.' 

Combining the concepts from literature and requirements of the quality assurance system, quality 
can be looked at from three different viewpoints - namely from the viewpoint of the: customer, 
product and process. The definitions of quality adopted for this research are therefore: 

Product quality is the totality of characteristics of a product that bear on its ability to conform to 

specifications stated in the blue print of the product. 

Process quality is the totality of characteristics of a production process to manufacture a product 

that bear on its ability to conform to specifications stated in the blue print of the product. 

Customer quality is the maximum achievable level of product quality in proportion to the cost of 

the product incurred by the customer. 

Comparing the three definitions of quality it turns out that these are, of course, intertwined. 
Assuming that quality is a measure of customer satisfaction it can be established that product 
quality is strongly related to the costs incurred by the customer; or, in other words, the higher the 
quality to price ratio is, the higher the satisfaction of customer is expected to be. 

2.2.1 Quality Control System 

Now that we reviewed the concepts and definitions of quality, there is an important question. What 
is a quality control system and how can it be implemented into the company? The implementation of 
a quality control system is a long process which should not be underestimated. In order to arrive at 
a quality product which satisfies the requirements of the customer, we should observe that every 
department of the company is involved in order to achieve this goal. Not only production is 
important, but also inspection, research and development, sales and service. All departments are 
involved in reaching the goal of quality. Accepting this we recognise that total quality can only be 
achieved with a total quality assurance system which is defined by Feigenbaum ( 1991) as: 

'an effective system for integrating the quality development, quality maintenance, and quality 

improvement efforts of various groups in the company so as to enable marketing, research and 

development, production, and service at the most economical levels which allow for full customer 

satisfaction.'11 

11 A complete overview of the principles of Total Quality Control is presented in appendix C and is adapted from Feigenbaum (1991 ). 
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It is already said that the implementation of such a program is a long process and should be 
developed carefully. Considering the limited period in which this research is carried out, it is wise to 
concentrate on a limited field. The focus of the research is therefore restricted to product and 
process quality of two PY-products, together with related economics - i.e., labour productivity, 
man-hours and materials per produced unit. The fields of sales, service and layout of production 
process fall outside the framework, and the design of the products is only incorporated in this paper 
during the discussion upon how to improve product quality. Figure 3 exhibits a graphical 
presentation of the research framework as is used in this paper. 

Under the limited time span of the research it would be impossible to implement a full total quality 
assurance system. Consequently, restrictions on this system are necessary. As mentioned in the 
research questions the main goal is the alteration of determinants of quality in order to improve the 

Figure 3 - Graphical presentation of research focus. The major aspects of the total quality assurance system are 
product and process quality, productivity, and quality costs. Documentation and product design are, for this 
research, qualified as minor aspects of quality and are, therefore, situated on the edge of the framework. The 
aspects marketing, layout of production process and service fall outside the framework of this research. 

quality of PY-products. Many determinants exert influence on quality, but two of them are major 
determinants of total quality as is defined for this research. These determinants are technical process 
control and product costing. Technical process control is a generic term for 'techniques' used to 
monitor and control the process instead of being inspected after the fact to catch nonconformities. 
Control of a manufacturing process is the process of being in control of production at all times. It is 
concerned with the measurements of an object and comparing those measurements with standards. 
After measurement, a decision is made whether actions are going to be taken on the basis of 
comparison. 

Techniques used in this research are described in sections 2.2.3 till 2.2.5 and applied in chapter 3. 
Product costing is an integral part of the total quality concept. Reworking and scrapping products 
brings about higher costs for materials, man-hours, et cetera; in other words, higher product costs. 
As a consequence, these higher costs yield less profits or result in higher sales prices. Both of which 
are unacceptable for the company. Description of product costing is offered in section 2.4 and 
applied in chapter 4. 

Quality has been defined in the previous paragraph. The question is how can it be translated into a 
total quality control system; how can such a system be used to improve the quality of products and 
processes? 



RESEARCH FRAMEWORK AND METHOD 

A total quality control system is the total system of techniques and personnel that is capable of 

identifying, analysing and improving the totality of characteristics of a product that bear on its 

abflity to conform to specifications stated in the blue print of the product at the most economical 

levels which allow for customer satisfaction. 
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A number of techniques for the improvement of quality is advanced by various authors, some are 
more applicable to the local situation of the company than others. For this research three techniques 
are used: (a) the Ishikawa diagram to identify determinants of quality, (b) the Taguchi method for 
measurement and analysis of technical data, and (c) the Shewhart control chart for verification of 
stability of the production process. An important aspect to remember, however, is that these 
techniques are only one part of improving the quality of products and processes. A frequently 
quoted statement by H.F. Dodge says that 'statistical quality control is 90% engineering and only 
I 0% statistics.' 12 The techniques described in the last three paragraphs of this section, unaided 
cannot put the finger exactly where the cause of trouble can be found. An intimate knowledge of 
the particular manufacturing process to which the techniques are applied is needed together with an 
understanding of the tools used. 

In any discussion about quality performance of a product or production process, the concept of 
specifications is inevitable. It is this concept that ultimately enables the quality engineer to specify 
whether or not an inspected unit or lot is acceptable in terms of performance, conformance to 
design and conformance to requirements of the customer. Or it enables the engineer to evaluate if a 
production process is effective in terms of man-hours per unit, materials used and quality costs. It is 
the concept of specifications that is, consequently, discussed in the next section. 

2.2.2 Some Aspects of Specifications 

During the lifetime of a product different specifications are utilised by different groups of people. It 
is helpful to recognise the distinction between inspection specification, design specification and 
customer specification. 13 Inspection specification deals with the means of judging whether what is 
desired by the manufacturer is actually obtained in the product; design specification deals with what 
is desired of the manufactured product by the research and development department. In contrast, 
the customer specification is the set of properties of the product desired by the user. We can 
perceive that the relationship between those specifications should be strong in order to manufacture 
a product which contains the properties intended by the design engineer and customer. According 
to a quotation from Darwin in Nature magazine (1942, pp. 573-575), however, this seems not 
always to be the case. 

'It looked as if some of the tolerances were assigned much closer than should be necessary, and I 
started to try to find out how they had been fixed ... To exaggerate the picture which I got as the 
result of my inquiry, I concluded that in designing a new machine the chief of engineer drew it 
freehand with dimensions to the nearest inch, and sent it to the draughtsman to work out the detail 
to the nearest thousandth, who then gave it to his junior assistant to mark in the tolerances. 
Instructions were certainly always given that tolerances should be as easy as possible, but only lip 
service was done to them, and the junior assistant, anxious not to get himself into trouble, would, 
as a general rule, think of the smallest number he knew and then halve it.' 

12 When statistics - by means of control chart or otherwise - points to the need to hunt for trouble, it is often true that 90"/o of the hard work 
remains to be done; the tough engineering job of hunting for causes and eliminating them is still ahead. In cases where this trouble shooting 
has led to spectacular reductions in scrap and rework, these cost reductions would not have been made without the hard engineering work. It is 
sometimes forgotten that neither would have been made without the statistics. A fair analogy is to think of the use of statistics in trouble 
shooting as a chain with ten links. One of them is the statistical link; the other nine are engineering links. From the standpoint of the strength 
of the chain, weakness in the statistical link is just as serious as weakness in one of the engineering links. (Feigenbaum; 1991) 
13 In this section three kind of specifications are discussed; customer specification, design specification and inspection specification. As is 
described, the customer specification is the set of properties of the product desired by the user and the design specification is necessary to 
determine the conformance of the product to design. Inspection specification on the other hand, is concerned with the ability of the production 
process to manufacture a conforming unit Unless explicitly stipulated, the remainder of the thesis will treat these specifications as being one, 
meaning that the specification is concerned with the ability of the production process to manufacture a unit conforming to the design, which in 
turn complies with the customer properties. 
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Of course, the experience of Darwin is embroidered but design tolerances set too tight may 
eventually result in the creation of lack of respect for specifications on the part of production and 
inspection personnel. Sometimes it is critically important that particular design specifications are 
met. Production and inspection personnel, tending to ease up a bit on any tolerances that are 
difficult to meet, and not understanding the reasons behind the designer's specifications, may ease 
up as readily on the critical ones as on those less important. On the other hand, enforcing tolerances 
that are really too tight tends to increase costs as production can slow down or even stop. A trade 
off between increasing tolerance specifications and intended product attributes should be made in 
order to achieve a satisfactory product at defensible costs. Once the specification is set at a certain 
level so manufacturing can produce units which are conforming to the blue print and customer, 
another aspect of specifications has to be discussed: 'How to relate the level of quality to 
specifications.' 

In his book Quality is Free, Crosby (1979) supports the position that a product made according to 
the blue print, within permitted tolerance, is of high quality. Products outside the permitted 
tolerance are disqualified units, defined as low quality. There are merely two possibilities embracing 
only the designers and the makers; this is called the 'goalpost' syndrome. What is missing from this 
philosophy is the customer expectations during the lifetime of the product. A product may initially 
meet the blue print specifications and customer requirements, but if the blue print does not meet 
customer requirements in the long run, then true quality cannot be present. 

goalpost point of view 

high quality / 
r--------:-::-------i 

customer point of view 

/ 

low quality ----
lower tolerance 

limit 

largetvalue upper tolerance 
limit 

characteristic 

Figure 4 - Quality level associated with deviation of characteristic from target value according to goalpost and 

customer point of view. This diagram demonstrates the level of quality as a function of the deviation of the 

characteristic from the target value for both goalpost and customer point of view 

What then is the difference between the goalpost point of view and customer point of view in terms 
of measured characteristics and quality? In figure 4, we can see that a product outside the 
specification tolerance is still a disqualified product from the viewpoint of the customer. In 
contradiction to the goalpost point of view, however, a product within the permitted tolerance is 
not always of high quality. It can be perceived that a product just inside the tolerance limit (A) is of 
a lower quality than a product well inside the same tolerance limits (B). The highest possible quality 
which can be achieved is the unit meeting the target value exactly. In that specific case the deviation 
from the target value is equal to zero. The larger the deviation from the target, the lower quality a 
product has. Presumable, the specifications are related to the reliability14 of the product; as 
specification limits are approached the product is less likely to provide satisfaction to the customer. 
By definition this results in a lower quality of the product. Because of the attribute of determining 
the level of quality even if a unit falls inside the tolerance limits, this research uses the customer 
point of view. 

14 The reliability of a product is the probability that the product will meet a set of specifications for a given period of time. One important aspect 
of any product is the deterioration of materials and components causing characteristics too change dwing the life time. Resulting in a shift from 
a certain point within the limits to, eventually, a point outside the limits causing the product not to perform according to specifications. It seems 
e\ident that a characteristic already approaching the limits during production would tend to decrease the time to failure in most cases. 
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If a unit falls outside the tolerance limits, we usually label this unit as defective. The technical 
meaning of the words defective and defect as used in the manufacturing industries differ from the 
common meaning of these words as used in everyday speech. This difference between the technical 
and popular meanings of these words has been a source of misunderstanding in legal proceedings, 
particularly in product liability suits. A manufactured part or article is defective if it fails to conform 
to specifications in some respects. Similarly, a defect is a failure of the part or article to conform to 
some specification. A manufactured item that is defective may contain only one defect or it may 
contain two or more defects. In the popular sense of the word, a defect of a manufactured article is 
some characteristic of the article that makes it unsatisfactory for its intended purpose. Grant and 
Leavenworth (1980, pp. 18-20) present a solution. An article that does not conform to 
specifications in some respect can be described as nonconforming rather than defective. A failure to 
conform to a particular specification can be called a nonconformity rather than a defect. This paper 
follows the definition as presented by Grant and Leavenworth. 

2.2.3 Ishikawa Diagram 

The Ishikawa diagram - also called a cause-and-effect or fishbone diagram - is a picture 
composed of lines and symbols designed to present a meaningful relationship between an effect and 
its causes (Ishikawa, 1972). The term effect is reserved for any characteristic that needs to be 
improved (e.g. product quality, labour productivity, energy use). Major causes are subdivided into 
several minor ones. Some of the major causes usually include some of the following items: method 
of production, management, personnel, materials, environment, equipment and maintenance. The 
major causes can be determined by management or an external expert. The minor causes should be 
determined by the people who work and live with the effects on a daily basis. 

equipment personnel 

materials 

Figure 5 - Ishikawa or fishbone diagram 

environment 

method of 
production 

Quality 

One way of establishing this is by organising a brainstorm session with the employees. In this 
research, the Ishikawa diagram is used to resolve the determinants of quality and labour 
productivity. The major causes were already set by the researcher before brainstorm sessions with 
task force were held. 

2.2A Taguchi Approach to Quality 

Professor Genichi Taguchi (1989, 1990) developed an approach to improve quality and lower costs 
by optimising product design and manufacturing process. Hutchins (1993) states that the essence of 
the Taguchi's philosophy is that any loss to quality is a 'loss to society'. Loss may mean customer 
dissatisfaction, warranty costs, loss of market share, deterioration of safety and health or failure to 
meet customer's expectations. Quality control as a science should strive to reduce the costs to 
society of poorly designed products and develop products, services and projects that satisfy the 
customer. Subsequently, customer satisfaction eventuates in increase sales and subsequent increase 
in market share and income. Product quality, however, must also be balanced against cost 
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improvement. If a customer is given a choice between two equally process products but of differing 
quality, the customer will always choose the perceived quality product. Likewise, if a customer is 
given a choice between two equal quality products but of differing price, the customer will always 
choose the lower priced product. 

The Taguchi approach to quality improvement asserts that the lowest loss to society represents the 
product with the highest quality. Higher product quality by definition means less variation of a 
product characteristic. The loss to society is composed of the costs incurred in the production 
process and the costs encountered by the customer. The loss function is a mathematical way of 
quantifying the cost as a function of product variation. The Taguchi method recognises the 
customer's desire to have products that are more consistent, part to part, and the producer's desire 
to make a low-cost product. 

In a previous section it is explained that two viewpoints to quality can be adopted. The first is the 
goalpost approach and the second is called the customer approach. The difference between these 
approaches is the number of levels of quality which can be identified. The goalpost approach has 
only two levels of quality, low and high quality. For product characteristics where the number of 
possible outcomes is low this method would be appropriate. In the case of electronic products, 
however, the number of possible outcomes is infinite and a strict boundary between high and low 
quality is not satisfactory as the following example will show. Suppose a certain PY-application has 
an expected output of 24.0 ± I.SY, signifying that every unit with an output higher or equal to 
22.SYand lower or equal to 25.SY is of high quality. A unit, however, with an output of25 .500IY 
is of low quality according to the goalpost point of view. This division is too strict to apply for 
these type of products. It is for that reason that in this research the viewpoint of the customer is 
used. A few requirements are necessary to eventuate in a quantifiable analogously figure of quality. 
The first requirement is for reasons of comparison. The measurement of quality has to be analogous 
in order to compare the quality of (a) subsequent production phases of one batch, (b) batches 
within the same production phase and (c) finished batches. Furthermore, the quality figure has to be 
a reliable representation of the deviation from the measured mean to the target value, and the range 
of measured data. These requirements are supported in the approach defined by professor Genichi 
Taguchi. 

The mathematical form of the loss function as is modelled by Genichi Taguchi is given in the 
following equation. A further elaboration on the realisation of this equation is given in appendix D. l 
and D.3 . 

I • 2 

-L(Y, -m) v2 
L = A~n'"'"'"-=-0---= A-
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L loss associated with a particular characteristic of a batch 
A constant cost of reworking a unit at tolerance limit 
n number of units sampled 

number of individual unit 
y; observation of characteristic of ilh unit 
m target value of characteristic 
2.:\ ''"idth of tolerance 
.; mean squared deviation of the batch observations from the target value 

The above equation calculates the fictional loss associated with a particular characteristic of a batch 
depending on the cost of reworking a unit at tolerance limit (A), mean squared deviation of the 
batch observations from the target value (v2) and the squared tolerance (!12

) . For purposes of 
technical process control - measurement of technical characteristics of units without integration of 
costs - a modification of the above equation is used to measure the product quality of units. The 
ratio of the mean squared deviation with the squared tolerance comply with the requirements set for 
the quality figure. This figure will henceforward be called the Normalised Mean Squared 
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Deviation1
' (NMSD) as it is derived from the mean squared deviation which is standardised for 

purposes mentioned above. A mathematical form of the calculation is given in the following 
equation. 

1 • ( )2 
;;~ Y. - J.lo v2 L 

NMSD= - 2 =-2 =-
ll. ll. A 

NMSD Nonnalised Mean Squared Deviation 
J.l-0 target value of product characteristic 

Comparing the two equations we can summarise that the loss associated with a particular 
characteristic of a unit is equal to the constant cost of reworking a unit at tolerance limit multiplied 
with the Normalised Mean Squared Deviation; or that the NMSD is equal to the loss of reworking 
(L) with the constant cost of reworking (A) equal to one (1). Loss of reworking is part of the 
economical analysis of chapter 4. In the chapter of technical process control the normalised mean 
squared deviation is used to analyse the gathered observations and measure the level of quality. 

In figure 6, a graphical presentation is given of the mean squared deviation (v2) as a function of the 
characteristic. How should we interpret a specific NMSD-value? A unit has the following 
specification: f./-0 ± ll.. In the case of perfect quality, the mean squared deviation of one batch equals 
zero - meaning that all data points are equal to f.1-0 . In the case of a NMSD of 'l ', on average all 
measured deviations are equal to the tolerance. This indicates a poor quality product. The level of 
quality which we would like to achieve is NMSD = 0.11 This signifies that if f.1-0 = µ and normal 
distributed, 99. 73 per cent of the products fall within ±3cr from the target value. 16 

0 

lower 
tolerance limit 

target value 

characteristic of unit 

Figure 6 - Quality level as a function of characteristic of a unit. 
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The following conclusion can be drawn; the lower the normalised mean squared deviation, the 
higher the quality of the product is, with zero as the absolute perfect product quality. The average 
deviation of the measured data from the target value can be obtained by taking the root of the 

" The tenn 'normalised' refers to the standardisation of the quality figure, for reasons of comparison between characteristics which cany 
different specifications. It does not refer to the normalisation of the distribution of measured data as is done in different statistical analyses. 

16 A comparison between the NMSD figure and normal distribution is however quite unsatisfactory. Reason for this is the lack of proper 
distinction which can be made once the quality of the product becomes 'good' - when the average deviation from the target is nearing 1/~ 
which is approximately equal to the standard deviation cr. In this case, the area of the normal distribution within the tolerance is about 99. 73 
per cent. Further attempts to reduce the average deviation. and thus the range, would not be significantly apparent in a such a percentage 
figure. 
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NMSD and multiplying this figure with the tolerance. By doing this, we can establish a relationship 
between a NMSD figure and parametric statistics. Making the assumption that data used to calculate 
the quality figure is normally distributed and the calculated mean is equal to the target value (µ = 
µo), the average deviation can be compared to the so-called z-value. A further elaboration of this 
subject is given in appendix D.2. 

The method of determining the normalised mean squared deviation for one technical characteristic 
in a particular phase of production is defined as the ratio of mean squared deviation to the squared 
tolerance of this characteristic. Taguchi explains in his books that in order to calculate the overall 
quality of a unit the NMSDs of different characteristic should be added. This, however, is 
unsatisfactory for use within the company and a modification of the Taguchi method is needed 
without altering the thought behind it. Observing the characteristics in the three testing phases of 
production (table 3.a and 3.b on page 25, and in appendix F), one has to conclude that the 
characteristics measured are not congruent and/or have unequal number of characteristics. 
Supposing that the unchanged method of Taguchi is used, quality figures cannot be compared to 
each other. To solve this incongruenty a minor and valid change of the method is put forward. 
Instead of add up the individual NMSDs a solution is found in averaging the quality figures to 
comprise a quality figure per testing phase. In this fashion the quality figures per testing phase can 
be compared with each other - complying with the requirement of comparability stated in the 
beginning of this section. Formalising this into equation we arrive at 

_!_ ±(y, - Por 
NMSDc = 11 

•=
0 tl.2 quality figure of characteristic C 

1 • 
NMSDP = - L NMSDCJ quality figure of production phase P 

C J=O 
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NMSD7 = -:LNMSDPt quality figure of production process T 
P k=O 

The equation for the quality of characteristic C (NMSDc) we have already seen on page 19. The 
quality figure of production phase P (NMSDp) is equal to the average of c NMSDcs, that is to say, the 
quality of all observed characteristics in one production phase. Analoguously, the quality figure of 
production process T (NMSDr) is equal to the average of p NMSDps. Quality figures of the 
production phase and production process are modifications of the Taguchi method. 

2.2.5 Shewhart Control Chart 

One important and widely recognised tool in statistical quality control is the Shewhart control chart, 
in spite of its apparent simplicity. In their quality control book, Grant and Leavenworth (1980, p.1) 
note that 'measured quality of manufactured product is always subject to a certain amount of 
variation as a result of chance. Some stable "system of chance causes" is inherent in any particular 
scheme of production and inspection. Variation within this stable pattern is inevitable. The reasons 
for variation outside this stable pattern may be discovered and corrected.' The power of the 
Shewhart technique lies in its ability to separate out these assignable causes of quality variation. 
This makes possible the diagnosis and correction of many production troubles and often brings 
substantial improvements in product quality and reduction of spoilage and rework. Moreover, by 
identifying certain of the quality variations as inevitable chance variations, the control chart tells 
when to leave a process alone and thus prevents unnecessarily frequent adjustments that tend to 
increase the variability of the process rather than to decrease it. 

The objective of control charts is to reduce the variation which is inherent in most processes. To 
achieve this it is first necessary to establish whether or not a process is in a state of statistical 
control. If it is not, it must be brought under control by eliminating the so-called assignable or 
special causes of variation. Assignable or special causes are unpredictable. They are usually the 
result of an individual event or occurrence and, in general, can be detected and corrected without 
too much difficulty. Typical examples are changes in raw material or position of equipment, 
damaged equipment and errors of an (inexperienced) employee. The next task is to reduce and then 
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eliminate the random or common causes of variation so that the output of the process is more 
closely centred around the target value. This is a continual activity in the pursuit of continuous 
improvement. Common or random causes are a regular feature of the process; they are predictable 
and will remain so unless action is taken to eliminate them. They produce the natural or random 
pattern observed in data when the process is free of special causes of variation. This natural 
variability is typical of a process when it is in a state of statistical control. Common causes can be 
difficult to identify and corrected. Typical examples are badly maintained equipment, equipment 
requiring refurbishment, inadequate operating instructions, the quality of raw material on which the 
process is being performed and poor operating environment. 

Shewhart Control Chart 

Date 0?>'2&1996 Discharge cut-off voltage 

Unit Type 6attery Control Unit Specifica.tion 10.4 Volt 

Department Final Teeti"!I Weasured IT19an 10:!>7 Volt 

Job Order l>atch 61 Standard deviation 0.013 Volt 

Unit number 1 2 3 4 5 8 1 8 9 10 

Value lOA-7 10A-2 10.:36 1032 10.213 lOA-1 10:!>2 1025 10.4-13 10.:36 

Deviation 0.10 0.05 -001 -005 -009 0.04 -005 -0.12 0.11 -001 

10.60 
• 10.55 
J 10.50 
g 10.45 

~ 10.40 1--~~~_.::::.--.:::--~~~~~-r'---.:...~~~~~-r-~~--'-. 
5 10.35 
: 10.30 
~ 10.25 
a 10.20 

6 10.15 
10.10 +--~-----~----------~-~--~ 

1 2 3 4 5 6 7 8 9 10 

+3sigma 

IT1!an 

-3 sigma 

Figure 7 - Example of a Shewhart Control Chart for ten Battery Control Units. The chart shows observations and 
their deviations from the target value (10.40 Volt). A graphical presentation is given of the observations 
together with the measured mean and the natural tolerance limits (mean ± 3cr). This production process is in 
control because all observations fall inside the natural tolerance limits. 

A control chart expresses the measured values of product characteristics by numbers and simple 
diagrams. These simple diagrams represent the mean and distribution of the measured product 
characteristic and show if the distribution is within the control limit boundaries - also called 
natural tolerance limits; these limits are the distinction between an in-control process and out of 
control process. Any rule for establishing control limits for use in manufacturing should be a 
practical one based on economical considerations. In this thesis we follow the common practice in 
the United States of using the so-called 3-sigma limits. Experience indicates that in most cases 3-
sigma limits do actually strike a satisfactory economic balance between a type I error and a type II 
error17

. Once a control chart has been made, what possible courses of action could be taken? 
(Adapted from Grant, 1980; pp. 154-155) 

1) No action. If the natural tolerance limits fall well within the specification limits, usually no 
action will be required. Frequently in such cases, control may be relaxed. 

17 When using a control chart we make the hypothesis that an observation inside the control limits indicate that a production process is in 
control. If such conclusion is not made, (economical ) endeavours are utilised to bring the process under control again. Rejecting the 
hypothesis when in fact it is true is a Type I error - i.e. deciding that an obsen"ation is outside the control limits when in reality it is inside the 
control limits. Failing to reject the hypothesis, if it is false is a Type Il error- i.e. deciding that an observation is inside the control limits when 
in reality it is outside the control limits. Making a Type I error is adversely for the manufacturer as economical endeavours are utilised when 
they or not essential. Customers are put in a disadvantage when a Type II error is made because the product quality is not as high as it is 
expected. Experience indicates that 3-sigma limits do actually strike a satisfactory economic balance between these type of errors. (Mendenhall, 
1991; pp. 328-333) 
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2) Action to adjust centring. When the natural tolerance range is about the same as the 
specification range, a relatively simple adjustment to the centring of the process may be all that 
is necessary to bring virtually all product within specifications. 

3) Action to reduce variability. This is usually the most complex action. A complex analysis of the 
sources of variation may be required resulting in changes of methods, tooling, materials and/or 
equipment. 

4) Actions to change specifications. This is a design decision but one that should not be ignored by 
quality control personnel. Simply because specifications are stipulated in writing does not 
necessarily mean they are inviolate. On the other hand, quality control and manufacturing 
personnel cannot callously ignore them without running the risk of causing real trouble. There is 
a limit, however, to the amount of time and investment that should be put into the types of 
analyses and adjustments discussed in action (3) before design groups should be made aware of 
the problem. In some cases, specifications may be set tighter than necessary. In others, slight 
design changes may be loss costly, or more feasible, than changes in machinery or tooling. It 
may be feasible on occasion totally to redesign the product unit within the manufacturer's 
capability to produce. Needless to say, there are important economic trade-offs between action 
items (3) and (4) that require close co-ordination among design, manufacturing, and quality 
control functions. 

5) Resignation to losses. When all else fails, management must be content with a high loss rate. 
Attention, at this point, focuses on scrap and rework costs, the economical level of control that 
should be exercised over the production process, and the cost associated with screening all 
product realising that some nonconforming product still is likely to be accepted. It is most 
important in this case to have good estimates of the form and shape of the distribution of 
product as an aid to proper process centring. 

Summarising the last two sections it can be said that the NMSD quality figure is used for reasons of 
comparison between production stages, product lines and separate units. Control charts are to help 
the quality engineer to determine whether or not a production process is a state of statistical 
control. But, like it is stated before, these are merely tools to be used. Even with good quality 
control tools and competent technicians, there is an art of identifying and remedying production 
defects; and it is largely a learned art depending on experience. A conscious management policy of 
insisting on high performance at each phase of production is necessary to arrive at a good quality 
product. 

2.3 Productivity and Quality Costs 

New work patterns in today's offices and factories, together with today's marketplace demands for 
quality, are broadening the concentration of productivity from the traditional primarily factor
oriented attention to more product and service output per unit of resource input. The patterns are 
instead progressing toward a market oriented business productivity concept measured by more 
saleable, good quality product and service per unit of input - which is a fundamentally different 
management objective, managerial performance measurement and productivity program focus. No 
company is likely to be profitable today with high productivity but a bad product. Feigenbaum 
(1991, pp. 44-47) argues that even in many highly organised factories, there now exists what might 
be called a 'hidden plant' -amounting to 15 percent to as much as 40 percent of productive 
capacity, depending upon the particular circumstances. This is the proportion of plant capacity that 
exists to rework unsatisfactory parts, to replace products recalled from the field, or to retest and re
inspect rejected units. There is no better way to improve productivity than to convert this hidden 
plant to productive use or to eliminate this hidden plant. 

Productivity may in general be thought of as the effectiveness with which the resource inputs - of 
personneL materials, machinery and information - in a plant are translated into customer
satisfaction-oriented production outputs and which today involve all the relevant marketing, 
engineering, production, and service activities of the company. Labour productivity analysis is one 
form of productivity analysis. Within the concept of the quality control system and the company, 
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this seems to be the most suitable. Production output is, when all intermediate inputs and capital are 
available, determined by the amount of employees working in production. Machines are available, 
but they only perform secondary tasks. They are merely tools to be used by employees: e.g. drills, 
hand operated winders for winding transformers and soldering equipment. Due to lack of 
production capital, physical output is determined by the number and quality mindedness of 
employees, and therefore also total qualified units produced during a specific time laps. It is very 
likely that the relation between those variables is direct. An increase in the number of employees 
means an increase in total physical output. ·An increase in the quality mindedness of employees 
means an increase in percentage qualified units produced. This, of course, all under the assumption 
that intermediate inputs are freely available and no other restrictions hold production back. 

Due to the dependence on manual labour, loss of reworking has a major influence on labour 
productivity. Employees have not the same invariability in level and quality of output as machines 
do. Their achievement fluctuates during production time and results in a number of nonconformities 
which are in need of correction in the same or other departments. Hence, non-value adding 
production has to be done depressing the outcome of labour productivity but increasing product 
quality. In order to illustrate the trade-off between increased labour productivity and increased 
product quality, productivity will be calculated with two different sets of variables: ideal 
productivity in a best case scenario and actual productivity using actual production of batches as 
base. The following assumptions are made to arrive at meaningful values of productivity. 

1) Employees can be divided into separate categories depending on their task within the company: 
(a) value adding personnel, (b) supporting personnel, and (c) testing personnel. 

Ideal Situation 

2) There are no disqualified units identified during production. The output volume is therefore 
equal to the production volume. Manufacturing is a state of zero-defect production (see 
footnote 6, p. 5). 

3) Resulting from the previous assumption, no testing personnel is needed in an ideal production 
situation. Only value adding and supporting personnel are accounted for. 

4) The output volume is solely dependent on the number of value adding employees, assuming that 
intermediate inputs are freely available at all times of production and there are no other 
restrictions holding production back. 

5) There is no need for extra intermediate inputs and man-hours as there are no nonconforming 
units. 

Actual Situation 

6) There are nonconforming units identified during production but at the end of the production 
process, due to the Quality Control department, no disqualified units can be identified. Part of 
the total production volume is destined for stock. The output volume is the total production 
volume minus disqualified units and units for stock. 18 

7) Resulting from the previous assumption, testing personnel is needed in order to identify the 
nonconforming units. 

8) The output volume is dependent on the number of value adding employees and testing 
employees, assuming that intermediate inputs are freely available at all times of production and 
there are no other restrictions holding production back. Output volume is also dependent on 
testing employees as they have the ability to identify nonconforming units. 

9) Extra intermediate inputs and man-hours are needed so as to rework nonconforming units. 

Quality costs in companies are accounted so as to include two principle areas: the costs of control 
and the costs of failure of control. The costs of control are measured in two segments: prevention 
costs keep defects and nonconformities from occurring and include the quality expenditures to keep 
unsatisfactory products from coming about in the first place. Included here are such cost areas as 

11 From observations of the production process it is established that production for stock is not used in a subsequent batch of the same product. 
Consequently, these units are treated as waste and do not contribute to the value added. 
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quality engineering and employee quality training. Appraisal costs include the costs for maintaining 
company quality levels by means of formal evaluations of product quality. This include such cost 
areas as inspection, test, outside endorsements, quality audits and similar expenses. The costs of the 
failure of control, which are caused by materials and products that do not meet quality 
requirements, are also measured in two segments: Intemal failure costs, which include the costs of 
unsatisfactory quality within the company, such as scrap, spoilage and reworked material, and 
extemal failure costs, which include the costs of unsatisfactory quality outside the company, such 
as product performance failures and customer complaints. 

~ '~-p-re_v_e_nti_·o_n_c_osts_~lr= 
.____co_s_t_of_c_o_ntr_o_i _ _,, ~ 

appraisal costs 

~ I internal failure costs h 
cost of failure of control ~ 

I external failure costs h 
Figure 8 - Quality costs segments of quality Improvement 
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Experience has demonstrated the effectiveness of total quality control systems in improving the 
quality of products and services while reducing quality costs. The reason for the satisfactory better 
quality results is fairly clear from the very nature of the prevention centred, step-by-step, technically 
thorough program. But the explanation may not be nearly so obvious for the accompanying by
product of lower overall quality costs. Feigenbaum assumes that he is not far off that internal and 
external failure costs may represent about 65 to 70 per cent out of every quality costs dollar and 
that appraisal costs probably range in the neighbourhood of 20 to 25 cents. In many businesses, he 
states, prevention costs probably do not exceed 5 to 10 cents out of the total quality dollar. 19 A 
small increase in the prevention cost segment results in a larger cut in the two major segments of a 
company's quality costs, internal and external failure costs. In a nutshell, this cost analysis suggests 
that we have been spending our quality dollars the wrong way; a fortune down the drain because of 
product failures; another large sum to support a sort-the-bad-from-the-good appraisal screen to try 
to keep too many bad products from going to customers; comparatively little for the true defect
prevention technology that can do something about reversing this vicious upward cycle of higher 
quality costs and less reliable product quality. A doubling or tripling of prevention costs results in a 
substantial reduction in the cost of quality and an increase in the level of quality. Another positive 
effect is the reduction or elimination of the hidden plant resulting in higher labour productivity. As 
can be seen from this discussion, the triangle productivity, quality and quality costs are very closely 
related and should not be viewed separately. One side of the quality triangle has a direct influence 
on the other two sides. 

19 Is has to be noted that Feigenballlll has no solid base for these asslllllptions in the absence of formal studies of these operating quality costs 
in various businesses. It is therefore impossible to generalise about the relative magnitude of these quality cost segments throughout industry or 
to make a comparative analysis of these costs spent in industrialised and developing country industries. However, for the explanation of the 
spenditure of the quality dollar 'it would probably not be far wrong' to make these asslllllptions. 
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2.4 Design and Enforcement of Research 

The initial intention of the project was a mere scientific research without practicable subjects 
assimilated into it. Following conversations with the general manager and research & development 
manager it was decided that the research should have more practicable implications. This resulted 
eventually in a balance between practical and scientific activities during my six month stay with the 
company. The scientific research was used as a base for the setting up of a quality system, initially 
used for the photovoltaic applications PL-ballast and battery control unit. Ultimately this eventuated 
in an inventarisation of bottlenecks in the general production process. Based on results from the 
scientific research, solutions were brought up so as the quality of products, and production process 
and productivity can be increased. 

Following the practise of the company, research is based on the entire population of manufactured 
photovoltaic applications during the field period. This amounts to 120 PL-ballast units and 120 
battery control units produced in March 1996 (nominated Pl and Bl respectively) and 50 PL
ballast units and 50 battery control units produced in May (nominated P2 and B2 respectively). 
Table 2 shows the number of units of the studied batches tested in the testing phases PCB testing, 
final testing and Quality Control. Looking at the table a remark has to be made. The difference 
between the number of units tested in PCB testing and the other two testing phases is due to the 
fact that some units are produced for stock and do not enter the assembly phases of production (see 
figure 1 for the scheme of the production process). This, however, is not applicable to batch P2 as 
no units for stock were produced. 

Table 2 - Number of units of batches P1 , P2, 81 and 82 tested in testing phases PCB testing, final testing and 
Quality Control 

PCB testing final testing Quality Control 

PL-ballast 

P1 130 120 120 

P2 50 50 50 

Battery Control Unit 

81 130 120 120 

82 60 50 50 

Characteristics utilised for the calculation of the NMSD quality figure, measured in the three testing 
phases of production are given in table 3.a and table 3.b. A complete overview of all characteristics 
and measurement procedures for the studied products are given in appendix F. It has to be noticed 
that due to unknown circumstances no observation were received from the final testing phase 
concerning batches P2 and B2. 

The production runs of May 1996, batches P2 and B2, were specially produced for purposes of this 
research. These batches were produced with improvements compared to the production of batches 
P 1 and B 1. The applied improvements had their origin in the largest cause of nonconformities 
encountered during production of batches Pl and Bl. Improvement in batch Pl was that during 
production of the X'former of the PL-ballast more emphasis was given on the drying of the varnish 
coating of the X'former. In batch B2, the improvement consisted of the use of resistors with a 
lower tolerance than the ones used during production of batch B 1 (1 per cent tolerance resistors for 
batch B2 compared to 5 per cent resistors for batch B 1 ). As a result of the improvements in batches 
P2 and B2, the largest cause of nonconformities were (virtually) eliminated resulting in a quality 
improvement compared to batches P 1 and B 1. 

Observations of the studied batches was carried out by the employees of the testing phases PCB 
testing, final testing and quality control. In these production phases use is made of observation 
sheets where the personnel was required to fill in the measured data on these sheets. The 
observation sheets used are presented in appendix G. Upon completion of the tests, data was 
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validated and analysed with the aid of methods described in this chapter. Considering that this was 
the first time testing personnel were required to record the measured data, no problems of any 
magnitude were encountered. The only disturbing factor was the large time-delay between finishing 
the test and receiving the completed observation sheets. 

Table 3.a - Observed characteristics of PL-ballast in testing phases PCB testing, final testing and Quality Control 
utilised for calculation of the quality figure 

PCB testing final testing Quality Control 

start-up current - variable power supply ,/ ,/ ,/ 

start-up current- battery ./ 

drain current with load ,/ ,/ ,/ 

drain current without load ,/ ,/ ,/ 

vr-« ,/ 

period time ,/ 

illumination ,/ 

total test characteristics per testing phase 6 3 4 

total number of observations in batch P1 780 360 480 

total number of observations in batch P2 300 -· 200 

Due to unknown circumstances 110 observations were received from the final testing phase concerning batch P2 

Table 3.b - Observed characteristics of Battery Control Unit in testing phases PCB testing, final testing and Quality 
Control utilised for calculation of the quality figure 

PCB testing final testing Quality Control 

discharge cut-off voltage ,/ ,/ ,/ 

cflSCharge cut-in voltage ,/ ./ ,/ 

shunting cut-off voltage ,/ ,/ ,/ 

shunting cut-in voltage ,/ ./ ./ 

total test characteristics per testing phase 4 4 4 

total number of observations in batch B1 520 480 480 

total number of observations in batch B2 240 -· 200 

Due to unknown circumstances 110 observations were received from the final testing phase concerning batch B2 
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3 

Analysis of Product and Process Quality 

In March 1996 the company received an order to produce two of their PY-application products, the 
PL-ballast and battery control unit (BCU). Of both products 120 units were required and are 
denominated Pl and Bl respectively. After analysis of these job orders it was felt that a second 
batch of both should be produced with some alterations in order to test if quality improvement 
could be achieved. For batch P2 these alterations consists of more emphasis given on the drying of 
the varnish coating of the X'former. Resistors determining the voltage level upon which the BCU 
takes action was changed from 5 per cent tolerance used in batch B 1 to 1 per cent tolerance used in 
batch B2 Production of these second batches, both a size of 50 units20

, was run in May 1996. 
These batches are denominated P2 and B2 respectively. 

From earlier discussion it is established that a total quality assurance system can be viewed as a 
triangle productivity, quality and quality costs. One side of the quality triangle has direct influence 
on the other two sides. In order to study these 'relationships' it is important to know which 
variables present at the company determine the sides of the quality triangle. This is done is section 
3 .1 with the aid of the taskforce and the Ishikawa diagram. Product and process quality is the 
subject of section 3 .2. Here, the observations made by testing personnel of the testing phases PCB 
testing, final testing and Quality Control are used to perform a technical analysis of PY-applications 
and arrive at quality figures for the studied batches and to establish whether or not the production 
process is in a state of control. Chapter 4 discusses the productivity and quality costing aspects of 
the quality system. 

3.1 · Determinants of the Quality Triangle . 

It became evident in section 2.1 concerning the discussion about quality that the general concept of 
quality is a very broad one; ranging from product quality and quality of service to consumers to the 
perceived quality of the product by the market. For the purpose of this research I have generally 
defined quality as conformance of the product to inspection specifications assuming that this set of 
specifications conform with the design specification which in turn conform with the requirements of 
the customer. The latter requirements are of the utmost importance as for consumer goods, quality 
eventually boils down to a measure of customer satisfaction and should, therefore, taken into 
account when explaining the determinants of quality. Limiting the concept of quality to this narrow 
bounded framework a considerable amount of determinants influencing the total quality of the 
product can still be identified. 

For identification of variables, use is made of the Ishikawa or fish-bone diagram which is composed 
of lines and symbols designed to present a meaningful relationship between an effect (total quality) 
and its causes (determinants of total quality). The major causes of quality are chosen to be method 
of production, equipment used for production, personnel, intermediate inputs and environment. 
These major causes are subdivided into several minor causes and are determined in several 

20 For batch Pl and batch Bl, 130 PCBs were produced in order to make 120 end products using the 10 extra PCBs as spare in case one or 
several boards should be disqualified. Batch B2 used the same strategy of 10 extra spare boards. For the production of batch Pl only 50 boaros 
were produced for 50 end products. . 
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brainstorm sessions by the taskforce. The taskforce is formed by employees who are working for 
quality on a daily basis and who are well equipped with knowledge about the production process 
and its influences on the quality, costs and productivity of products and production process. Not all 
variables are equally important as some of them will only have a minor or neglecteble influence; 
there is weak link between cause and effect. 

In figure 9 the determinants of quality identified together with the taskforce are shown. The 
determinants of quality are divided into categories of intermediate inputs, personnel, method of 
production, environment and equipment. These are, subsequently, subdivided into subcategories. 
Intermediate inputs, for example, is divided into half-fabricates, raw materials, components and 
energy. Although this segmentation is useful for identifying the influence of a specific determinant 
on the physical 'production structure' of the company, it is not practicable to establish the influence 
of the determinant on quality triangle. Quality is a measure of customer satisfaction. The customer 
can observe this through, e.g. low retail prices, good service, reliable product and therefore a low 
level of maintenance. To achieve this, the manufacturer can define quality through the adoption of 
categories which are in line with the adopted definitions of quality. 
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Figure 9 - Determinants of quality categorised in intermediate inputs, personnel, method of production, 
environment and equipment. These determinants are presented by the taskforce during several brainstorm 
sessions. 

From the requirements of the company and the definition of total quality, the categories to classify 
the determinants of quality from figure 9 are: 

1) product and process quality 
2) quality costs 
3) productivity 
4) documentation of product for internal use 
5) layout of production process 
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All these categories are part of the concept total quality. The first three categories have a strong 
relationship with each other. Altering a detenninant of one category can have an influence on a 
detenninant of another category. 

1 +-+ 2 Feigenbaum (1991) defined quality costs so as to include two principle areas: the costs of 
control and the costs of failure of control (see discussion on page 23). He established 
that the costs of failure of control and quality are negatively related to one another. For 
example, i the technical characteristics of a unit is not meeting the specification then this 
results in an increased internal failure costs which in turn results in higher quality costs. 
But than again, because of the purchase of better quality intennediate inputs, higher costs 
are carried for this purchase. The advantage of higher quality intennediate inputs is that 
less defective units can be identified and hence less cost for reworking of products. To 
put it in other words, because higher prevention costs are carried resulting in higher 
product quality, the overall quality costs are lower as the cost of failure diminish more 
than the increase in prevention costs. The cost of control and quality are, up to a certain 
point, positively related to one another. 

1 +-+ 3 If the technical characteristic of a product is not meeting the specification, rework has to 
be perfonned in order to correct the nonconfonnity. This will result in an increase in the 
man-hours per perfonned task resulting in lower labour productivity. If more man-hours 
are spent to perfonn a specific task on the other hand, there is a probability that the 
technical characteristic of the product is meeting the specification more often. That is to 
say, a balance has to be found between the number of man-hours used to rework a unit 
and the man-hours used to prevent a nonconfonnity from occurring in the first place. 

2 +-+ 3 If productivity is low due to reworking of units the costs of failure of control are 
expected to be high. But on the other hand, if higher cost of control are carried -
resulting in less nonconfonnities and hence less rework - productivity would increase. 
Just as is the case in the relationship between quality and quality costs, one has to strike a 
balance between quality costs and productivity. 

The fourth category (documentation) has a more hidden and indirect influence on the quality of 
products manufactured. It is therefore quite hard to establish the exact influence of these 
detenninants on total quality. That is, if there is any noticeable influences at all. It is, however, of 
major influence on the quality of data flow through the company as it is exactly these documents 
that represent the quality of data flow. The last category (layout of production process) has also an 
indirect influence on total quality. These detenninants are very rigid and static and are hard to alter. 
It is for this consideration that this category is dicarded as a detenninant of quality for this report. 

Product and process quality 

specifications 

observations 

notes on events 

Quality costs 

Specifications of half fabricates, raw materials, components and manufactured 
product. These specifications are the standards against which to compare the 
quality. 
Measured characteristics of the units. The smaller the range and variation 
from the specifications, the better the quality of the unit is by definition. 
This is not a real detenninant of quality, but a system to monitor if special or 
common causes of the production process can be identified. 

competitor prices The retail prices of competitors related to the retail prices of the company for 
the same type of products with the same product quality are important from 
the viewpoint of competitiveness. The higher the ratio competitors/company 
price, the less likely it will be that units produced by the company will be 
purchased. 

cost of int. inputs Costs of half fabricates, raw materials, components and energy. If the costs of 
these inputs increases, it would signify from the viewpoint of marketing, an 
increase of the retail prices of products. Quality is a measure of customer 
satisfaction. Consequently, a higher retail price would mean a lower ratio of 
quality to price of products. 
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loss of reworking Amount of capital lost caused by reworking of a defective or nonconforming 
unit. Two definitions for this variable can be adopted; (a) the loss calculated is 
an actual figure of money and can therefore be related to the production cost 
of the unit; (b) the loss calculated is a statistical figure of money (Taguchi). It 
is an indication of quality calculated with the deviation of observation to 
specification and the actual capital involved for reworking at the tolerance 
limits. 

Productivity 

self control 

wage per hour 

hours per job 

In an address before the Electronic Industries Association in 1957, Air Force 
Lieutenant General C.S. Irvine noted that 'heretofore, regardless of how 
carefully drawn and specified on paper, a finished of piece could not be any 
better than the [operator's] interpretations.' The single most important aspect 
of quality control during the production process is 'operator self control'.21 

This signifies that the operator, the one closest to a specific part of 
production, is capable of controlling the quality of his own production. The 
purpose is letting the operator compare his produced results with the 
standards given by management. The shortest possible feedback loop. 
Determinants of self-control are motivation, commitment, education, on-site 
training and skill. 
Wage of personnel per hour of work. The higher this wage, the higher the 
motivation of the personnel to get the job well done, but it also increases the 
possibility of, for example, absenteeism. 
Number of hours necessary to perform a job. 

In this section the most important determinants of the quality triangle are discussed. A 
comprehensive discussion about all the determinants is given in appendix E. 

3.2 Product and Process Quality of PV-applications 

This section deals with the analysis of product and process quality ofthe PL-ballast (section 3.2.1) 
and the Battery Control Unit (section 3.2.2). Each analysis has the same build up. First the quality 
performance, as is introduced with the discussion about the Taguchi method, and then the control 
charts to identify whether or not the production process is in a state of control. Causes of 
nonconformities adversely influencing quality are identified and solutions are presented. 

3.2.1 PL-ballast 

In this section the data gathered in the production of the PL-ballast PL-1 lW (batch Pl and P2) is 
discussed. The first section is dedicated to the quality performance of this product together with the 
analysis of nonconformities encountered and their possible causes. The control charts of these job 
orders are discussed in the second section to determine whether or not the process is in a state of 
statistical control. 

Product Quality Performance 

The PCB testing section is the first section where the printed circuit board is tested intensively. In 
these batches for 130 printed circuit boards and 50 printed circuit boards (PCB), respectively, a 
large number of problems were encountered ranging from minor defects, like shorted or open 
copper, to larger problems like nonconforming components. Table 4 shows that in the first batch 
103 nonconformities were identified in 84 PCBs resulting in 1.22 nonconformities per 
nonconforming unit. The second batch has 1.17 nonconformities per nonconforming unit; 14 

21 The term 'self control' is used by J. Heggelman, 1995, p. 41 and A. Ron, 1994, p. 49 
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nonconformities identified in 12 PCBs. Breaking these problems down into categories give a 
specified view what the causes are. Results obtained from the PCB testing phase are given in table 
H. l of appendix H of which tables 5 and 6 are summaries. 

Table 4 - Relation between produced PCBs and nonconforming PCBs encountered in PCB testing of batch P1 
and batch P2 

batch testedPCBs nonconforming nonconformities nonconl per nonconl per 
PCBs tested PCB nonconf. PCBs 

{A) {B) {C) {C)l(A) {C)l(B) 

P1 130 84 (64.4%) 103 0.7924 12167 

P2 50 12 (24.0"Ai) 14 02334 1.1667 

source: observations made by PCB testing personnel for the purpose of this research 

note - number of units tested in PCB testing are 130 units for batch P1 and 50 units for batch P2 

Crosby (1979) points out in his book Quality is Free that companies in general incur enormous 
costs by not doing the job right the first time. He states that a system of quality assurance should 
emphasise prevention instead of inspection. His statement is supported by Feigenbaum (1991). This 
seems to be the case for the production of PL-ballast PCBs in the assembly section and production 
of X'formers. If more emphasis was given to prevention instead of inspection, most 
nonconformities would probably not have occurred and, hence, a reduction of work and decreased 
production costs. This could eventuate in a potential reduction of encountered problems of 69 per 
cent for the first batch and a staggering 86 per cent in the second batch, resulting in a reduction of 
boards to be repaired from over 64 to less than 25 per cent and from 24 to 4 per cent respectively.22 

As a consequence, less man-hours and materials would be spent repairing the boards or sending 
them back to the responsible section ofproduction23

, achieving a reduction in quality costs. 

Table 5 - Nonconformities encountered in PCB testing for batch P1 and batch P2 

nonconformities encountered batch P1 

number percentage 

hissing sound without load 30 29.1 

change mosfet 24 23.3 

no/Shorted/Cold solder 17 16.5 

open/Shortened copper 12 11.7 

reverse polarity diode 6 5.8 

other material nonconformities 4 3.9 

other assembly nonconformities 4 3.9 

unknown causes 6 5.8 

total number of nonconformities 103 100.0 

source: observations made by PCB testing for the purpose of this research 

batch P2 

number percentage 

6 

6 

14 

42.9 

7.1 

42.9 

7.1 

100.0 

note - number of units tested in PCB testing are 130 units for batch P1 and 50 units for batch P2 

This leaves us with a further 31 and 14 per cent of nonconformities respectively caused by 
disqualified materials or unknown causes. It is important to note that the materials were probably 
not the sole cause of the nonconformities. A combination of causes could bring it about to occur, 

22 The data concerning the number of boards to be repaired are determined from the observation sheets filled in by testing personnel. These 
observation sheets, however, are not assimilated into this report due to company secrecy. The number of boards in need of rework are the 
printed circuit boards containing a nonconformity not caused in the PCB assembly phase or X ' former phase. 

n This happened only during production of batch Pl where the transformer on the board caused a hissing sound without load. These PCBs 
were returned to the X'former section and replaced with another transformer. The cause of the problem was the varnish coating on the 
transformer protecting it from outside influences. Evidently, becau5e of the short time frame in which the units had to be produced the coating 
was not given enough time to dry out completely. 
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showing itself in this specific component. One of the major problems for the company is the 
purchase of materials and components. Due to lack of reliable availability of components in the 
Philippines it is not always certain that a specific component used for the product is available. 
Explanation and further comment on the purchase of products is given in chapter 5. 

Table 6 - Nonconformities encountered in PCB testing per cause of nonconformities for batch P1 and batch P2 

cause of nonconformities batchP1 batchP2 

number percentage number percentage 

PCB assembly phase 39 37.9 12 85.7 

X'former phase 32 31 .1 

materials 26 252 7.1 

unknown causes 6 5.8 7.1 

total number of nonconformities 103 100.0 14 100.0 

source: observations made by PCB testing for the purpose of this research 

note - number of units tested in PCB testing are 130 units for batch P1 and 50 units for batch P2 

Upon repairing all the nonconforming boards in PCB testing, the average quality performance 
increased dramatically from 0.7354 to 0.1244 NMSD points for the batch Pl. Batch P2, however, 
only achieved an improvement from 0.4227 to 0.2404 NMSD points. A total overview of the quality 
performance of both studied PL-batches is given in figure 10. Detailed information about the NMSDp 

for these batches is given in table H.3.a and H.3.b in appendix H. In these tables, measured means 
±5 per cent of target value and sigma-values larger than X fl. are identified. Especially the 

characteristics drain current wlo load, Vp:ak. and period time causes to lower product quality. 
Referring to section 2.2.4 we can identify some possible causes of action for these problem 
characteristics. If the natural tolerance, defined as 3 times a, is larger than the specification 
tolerance (which is the case in Vpcak and period time) action to reduce variability could be taken. 
This is true for the period time. However, for V peak the problem is not the variability of the 
measurements -relative to the first batch the range has decreased - but the skewed distribution of 
the observations with its mode equal to the maximum allowed value pushing the quality figure 
upwards. 
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Figure 10 - Quality performance in NMSD points per production phase and total quality performance of batch P1 

and batch P2. Quality performance of pre-PCB testing is the quality of a batch before repair of 

nonconformities measured in the PCB testing phase. Quality performance of post-PCB testing is the quality of 
a batch after repair of nonconformities measured in the PCB testing phase. The average quality (last colomn) 

is the average of quality performances measured in the three testing phases of production. 
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Observing the quality in the final testing phase related to the PCB testing phase, it becomes evident 
that during the assembly phase the results of measurements have been affected resulting in a lower 
quality. Comparing the three common characteristics of these phases, the normal variability is equal 
or decreased significantly. How then is it possible that a lower quality is obtained in the final testing 
phase? Considering that these distributions are about normal, the answer should be found in the 
mean of the characteristics. A . relation can indeed be established between a lower quality and a 
shifted natural mean from the target value for the characteristics power supply start-up current and 
drain current wlo load. The same is true for the observations of both batches in Quality Control. In 
this case the characteristic drain current wlo load is the major negative influence on product 
quality. 

Two possible actions can be taken in order to arrive at an increased product quality. The first one is 
changing the specifications; action 4 on page 21. Just because specifications are put in writing does 
not mean that they are unchangeable. By simply altering the target value, quality of the product is 
improved. Nevertheless, it may not be possible to change specifications as this could violate the 
principle working of the unit - yet it is working properly with this set of variables. A second 
course of action could therefore be to adjust centring; action 2 on page 21 . With some products this 
could be a simple and straight forward task, e.g. the adjustment of the width of a shaft. One variable 
of a electronic circuit cannot be altered easily as it effects other variables as well. Considering the 
circumstances and the fact that the units are working properly anyway, changing specifications 
could be a sound decision. Table 5 shows the proposed specifications based on the data collected in 
batch PI and batch P2. 
Just because the specifications are put in writing does not mean that they are irreversible. Based on 
the data given in appendix H, specifications are proposed for the characteristics drain current 
without load and period time. Upon changing the specification for these characteristics the total 
average quality for batch Pl increased from 0.2865 to 0.239 NMSD points. Batch P2 attained an 
increase from 0.2828 to 0.1765 NMSD points. 

Process Quality Performance 

Like it is stated in section 2.2.5, the control charts provides us with valuable information concerning 
the performance of the production process. Calculating the Lower Control Limit (LCL) and Upper 
Control Limit (UCL) for each characteristic show that the difference between those limits is 
becoming smaller throughout the production process. This indicating that measurements are more 
centred around the measured mean which also can be seen, of course, in the standard deviation. 
Upon strictly applying the rule that it is virtually impossible for a measurement to be outside the 
control limits - hence, indicating that the process is out of control - the production process for 
this product is constantly out of control, even at the stage of final testing and quality control 
implying that assignable causes can be found. 

Table 7 - Number of observations outside Control Limits at the three testing phases of production for batch P1 

PCB testing before PCB testing after Final testing Quality Control 
repair repair 

belowLCL 293 (37.56%)" 4(0.51%) 8(1.67%t 

above UCL 7 (0.90%) 6(0.77%) 1 (028%) 8(1.67%)b 

total observations 780 780 360 480 

source: observations made by testing personnel for the purpose of this research 
• Figure includes non-value units or in other words, units which are nonconforming and show no value during 

measurement. (293 for this batch) 
Special consideration has to be made for this department as their method of measuring the illumination 
characteristic caused the majority of observations outside the control limits. The specification for this 
characteristic has a range of 135-145 lux and their equipment measures with steps of 5 lux (i.e. 135, 140 or 
145 lux). As most measurements turned out to be 140 lux, the standard deviation is quite low causing the LCL 
and UCL to be 135.2 and 144.7 lux respectively. Hence, observations which equal 135 or 145 lux have to be 
considered outside the control limits. 

In table 7 the number of observations found outside the control limits are given for each phase 
where quantifiable measurements were made. The data obtained in PCB testing before repair -
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which shows the performance of the production process in PCB assembly and X'former phases -
clearly indicate that this process is out of control (38.46 per cent of observations outside control 
limits). Using the data provided in the previous section, a strong indication can be given what the 
most important causes are. First of all there is the subject of personnel in the PCB assembly phase. 
Nonconformities like no solder, shorted copper, wrong components and even lack of components, 
could and should be avoided. No matter how good a design, how detailed the specifications, in the 
end it is the human factor that makes the difference. The single most important aspect of quality 
control during production is operator self-control. The one closest to a specific part of production 
is capable of controlling quality - the number of nonconformities in this case - of his own 
production. The nonconformities generated by PCB assembly personnel can be detected visually 
without any equipment necessary. It is, therefore, that these problems could be avoided or 
corrected by assembly personnel before PCBs enter the testing phase. The problem which occurred 
with the transformer is the second cause which can be detected. Following the sequence of events, 
three sub-causes can be identified: (a) Especially if the time given for production of products is 
short, special emphasis should be given to proper scheduling of production. This to avoid time 
pressure under which problems, like the one with the transformer, are bound to occur; (b) Adequate 
communication between different sections to identify possible problems before they occur or to find 
solutions on the shortest possible notice.24

; (c) Operator self-control also has a part in this cause. It 
is, nevertheless, not as important as for the nonconformities arising in PCB assembly. A third cause 
can be found in the frequent change of suppliers of materials and components used. Not all 
suppliers maintain the same standard of quality and differences in specification of components can 
arise, especially when the usual brand of components is not available and a similar component of a 
different brand has to be purchased. A final cause could be the poor and inadequate operation 
environment in which production is carried out. Substantial evidence for this cannot be found as it 
is impossible to alter the present situation within the concept of this research, but assessing the 
situation it might well be a reason why observations exceed the control limits. 

Table 8 - Number of observations outside Control Limits at the three testing phases of production for batch P2 

PCB testing before PCB testing after Final testing Quality Control 
repair repair 

belowLCL 36 (12.0%)" n.a. 5(025%t 

above UCL 4 (1.34%) 1 (0.34%) n.a. 2(0.10%t 

total observations 300 300 200 

source: observations made by testing personnel for the purpose of this research 
• Figure includes non-value units or in other words, units which are nonconforming and show no value during 

measurement. (35 in this batch) 
Special consideration has to be made for this department as their method of measuring the illumination 
characteristic caused the majority of observations outside the control limits. The specification for this 
characteristic has a range of 135-145 lux and their equipment measures with steps of 5 lux (i.e. 135, 140 or 
145 lux). As most measurements turned out to be 140 lux, the standard deviation is quite low causing the LCL 
and UCL to be 135.3 and 144.0 lux respectively. Hence, observations which equal 135 or 145 lux have to be 
considered outside the control limits. 

Except for the second cause, they are also applicable to batch P2. Data for this batch is given in 
table 6. Comparing the batches, a decrease of observations outside the control limits from 38.46 to 
13.34 per cent in the first phases can be observed, indicating an improvement in process quality of 
the second batch. From the discussion in the previous section we know that there are still problems 
caused by simple defects like no solder or wrong values of components. Virtually eliminating these 
defects, a further reduction could be achieved to only 2 per cent caused by unknown factors and 
materials. The last three phases where measurements are taken are, according to the strict point of 
view, also out of control. If we consider the percentage of observations above or below the control 
limits it can be questioned if it is worth the time, money and effort to find out what the assignable 

2~ Identifying problems or finding solutions for problems already occurred should not be done in regular planned meetings. Usually such 
meetings are counterproductive and involve too many people who have no involvement with it A proper communication method for such 
subjects should be on an ad-lib basis; communication with the people involved if a problem is bound to occur or has already occurred Tilis 
way the 'meetings' are productive and solutions can be found on short notice. 
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causes could be in these stages of production. Since the method of production is manual labour, we 
might be looking for other trouble that does not exists. 

3.2.2 Battery Control Unit 

In this chapter the data gathered during the production of the battery control unit BCU 6A-12 
(batch B 1 and batch B2) are discussed. The first section is dedicated to the quality performance of 
this product together with the analysis of nonconformities encountered and their possible causes. 
The control charts of these job orders are discussed in the second section to get a perspective 
whether the production process is a state of statistical control. 

Mention has to be made that from the observation sheets it becomes evident, as is the case for 
production of the PL-ballast, that no nonconformities were encountered in phases other than PCB 
testing. It has to be noted, however, that during production of the battery control unit . a small 
amount of units were indeed returned from final testing to PCB testing for trouble shooting, 
indicating that a nonconformity had arisen. Nevertheless, these nonconformities did not show up on 
the observation sheet. It is expected that validity of data is not diminished to a point that reliable 
conclusions cannot be made anymore. 

Product Quality Performance 

As for all the other products PCB testing is the first section of the production process where the 
PCB is tested intensively for the first time. In these particular batches of 130 (batch B 1) and 60 
units (batch B2) a number of problems were encountered but none of the problems were a surprise. 
They seem to be inherent to the type of unit and production process. Table 9 shows that in the first 
batch 97 nonconformities were identified in 41 PCBs resulting in 2.37 nonconformities per 
nonconforming unit. The second batch has 1.23 nonconformities per nonconforming unit; 27 
nonconformities identified in 22 PCBs. Breaking these problems down into categories gives a 
specified view what the causes are. Results are given in table H.5 of appendix H of which tables I 0 
and 11 are summaries. 

Table 9 - Relation between produced PCBs and nonconforming PCBs encountered in PCB testing for batch B1 
and batch B2 

batch produced PCBs nonconfonning nonconformities nonconf. per nonconf. per 
PCBs produced PCBs nonconf. PCBs 

(A) (B) (C) (C)/(A) (C)/(B) 

batch B1 130 41 (31.5%) 97 0.7462 2.3659 

batch B2 60 22 (33.7%) 27 0.4500 1.2273 

source: observations made by PCB testing personnel for the purpose of this research 

note - number of units tested in PCB testing are 130 units for batch B1 and 60 units for batch B2 

Unlike the nonconformities encountered in the PL-ballasts the category scoring highest is design, 
although this is only true for the first batch. The problem is caused by the choice of materials 
specified in the design of the product. A set of fixed resistors with a certain tolerance determine the 
voltage levels upon which the BCU takes action. Because of the resistor tolerance used (5 per cent 
for most resistors) and the required design tolerances for the voltage levels (2.5 per cent) problems 
are bound to occur, which is evident from the data. Up to and including batch B 1 the problems 
were solved by highly experienced PCB testing employees changing one resistor so the required 
resistance was met. Although the replacing resistor was often of a 1 per cent tolerance, the total 
tolerance is still exceeding the design tolerance for threshold levels. This can cause problems during 
!if etime as the actual resistance change during use by deterioration of the components resulting in a 
voltage level outside the specifications. Hence, a lack of quality required by the consumer. The 
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straightforward solution is limiting the tolerance of resistors from 5 per cent to 1 per cent25 

resulting in a narrower range of measured threshold levels. And consequently lowering the number 
of nonconforming units and improving product quality. The change of strategy resulted in a 
decrease from 48.5 to 3.3 resistors used per 100 units and an improvement in overall quality from 
0.2535 to 0.1370 NMSD points. The second category in need of discussion is the nonconformities as 
a result of the PCB-assembly section - a subject already discussed at length. But especially in 
batch B2, a great deal of apparently unnecessary mistakes were made. Problems like wrong value of 
components and reversed diodes are easy to detect and should be prevented from happening in the 
first place. Signifying the extent of these problems, elimination of PCB assembly nonconformities 
would eventuate in 3 boards to be repaired. Near zero defect production would be the result for this 
particular batch. 

Table 10 - Nonconformities encountered in PCB testing for batch B1 and batch B2 

nonconformities encountered batchB1 batch B2 

number percentage number percentage 

voltage levels out of range 63 64.9 2 7.4 

no/shorted/cold solder 14 14.4 7 25.9 

shorted copper 4 4.1 2 7.4 

reverse polarity 5 52 5 18.5 

wrong value of components 4 4.1 10 37.0 

other assembly nonconformities 1.0 

material nonconformities 5 52 3.7 

unknown 1.0 

total number of nonconformities 97 100.0 27 100.0 

source: obseNations made by PCB testing personnel for the purpose of this research 

note - number of units tested in PCB testing are 130 units for batch B1 and 60 units for batch B2 

Table 11 - Nonconformities encountered in PCB testing per category for batch B1 and batch B2 

nonconformities per category batch B1 batch B2 

number percentage number percentage 

PCB assembly 28 28.9 24 88.9 

design 63 64.9 2 7.4 

materials 5 5.2 3.7 

unknown 1.0 

total number of nonconformities 97 100.0 27 100.0 

source: obseNations made by PCB testing personnel for the purpose of this research 

note - number of units tested in PCB testing are 130 units for batch B1 and 60 units for batch B2 

Equivalent to production of PL-ballasts we observe a significant increase of product quality for 
both batches upon repairing the nonconforming boards. The average quality performance per phase 
of production is given in figure 11 and detailed information about calculated parameters for these 
batches are submitted to tables H.7.a and H.7.b of appendix H. In the first batch the variance of the 
last two testing phases is increased in relation to PCB testing. A phenomenon not observed in 
observations of the PL-ballast. For the latter we established a decrease of variability for both 

2
' During meetings about quality, several others solutions were mentioned such as the use of variable resistors with heat compensation. 

Nevertheless, the design they are using now has earned its credits in use in the field and therefore there is little or no incentive for altering the 
design. The aspect of component costs is also a reservation against alteration. A trade-off between possible options is made and resulted in the 
change of the resistor tolerance. In comparison with other solutions it seemed that this strategy resulted in the highest quality improvement 
relative to the increased component costs. From the data which shall be discussed shortly it appears that the results are even better than 
expected. 



ANALYSIS OF PRODUCT AND PROCESS QUALITY 37 

batches. Now we see an increase of variability in general. Returning to the PCB testing phase we 
have discerned above that the two major causes of poor quality being design specification for 
components and PCB assembly. A decrease in product quality is attained in final testing on 
completion of the assembly of the units. In Quality Control a slight increase is demonstrated 
resulting in a final quality performance of 0 .13 70 NMSD points. This trend raises some questions as 
the quality in Quality Control is higher than the previous phase. 
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Figure 11 - Average quality performance in NMSD per production phase and total average quality performance of 

batch B1 and batch B2. Quality performance of pre-PCB testing is the quality of a batch before repair of 
nonconformities measured in the PCB testing phase. Quality performance of post-PCB testing is the quality of 
a batch after repair of nonconformities measured in the PCB testing phase. The average quality (last colomn) 

is the average of quality performances measured in the three testing phases of production. 

Breaking performance down into individual characteristics we observe an increase in quality for the 
discharge cut-off voltage from PCB testing to final testing, and for the discharge cut-in and 
shullling cut-in voltages from final testing to quality control. How could this be possible if both 
supervisors confirm the observations that no reparation has been performed in their departments? 
The adorning of measured data to 'cover up' repairs seems highly unlikely as this would have 
affected other characteristics as well, which apparently is not the case. Some explanations, 
however, are offered for this phenomenon. 

• Adding components, casing and wiring to the tested PCB alters the performance of the board 
as, for example, output resistance changes. This in effect is causing an alteration of the 
measured values. Especially when we realise that the kind of wire, length of wire, et cetera used 
for final production is different than that used in PCB testing. 

• In final testing and later in quality control, the unit is subjected to a so-called burn-in test in 
which the unit is operated continuously for a period of several hours and an on/off test for 
several hours. During this test the unit is 'worn in' causing the components to 'settle'. After 
completion of the burn-in test it is found for most characteristics that the measured mean in final 
testing/Quality Control differ from the measured mean in PCB testing. Explaining this 
phenomenon requires an in-depth study in the technical relationship between components and 
behaviour of components during a burn-in test. Such a study could provide answers in 
explaining the change in measured data. 

These explanations and assumptions are meagre without any further theoretical or practical research 
and the outcome would probably differ from product to product making it difficult to make 
generalisations about it. In establishing the specification during design of the product - with its 
own burn-in tests - these effects are probably taken into account and counterbalanced. 
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Observing the second batch of BCUs (batch B2) we cannot establish the same pattern as the one 
observed for the first batch. No measured mean is off the target value by more than 5 per cent and 
the standard deviations are also within the limits. Furthermore, for every single characteristic we see 
a steadily increase of product quality throughout the production process resulting in a product 
quality in Quality Control infinitely near to 100 per cent. 26 During the discussion about causes of 
nonconformities we saw that virtually no differences exist between both batches except for the 
difference in resistor tolerances. This being the only variable altered before producing the second 
batch, this has to be the cause of the increase in product quality and steadily increase of product 
quality throughout the production process. Although one should observe that relations between 
electronic components are vast and complex. However, indications are ubiquitous to conclude that 
a reduction of the resistor tolerance resulted in a higher quality product and we can discard for this 
product the hypothesis above as not vitally important for the explanation of the phenomenon 
observed in the first batch. 

Process Quality Perfonnance 

Corresponding the production of the PL-ballast, the production process for the first batch of battery 
control units is out of control. Not only in the PCB assembly phase but throughout the whole 
production process including final testing and quality control as can be seen from table 12. This 
implicates that assignable causes can be found. As with the PL-ballast, however, it is probably not 
worth the time, effort, and money to determine these causes for phases other than PCB assembly 
because of two reasons. The first one being the fact that the number of observations outside the 
control limits being so low and the nature of the production process - even though statistics show 
us that there is only a 99. 73 per cent chance of a observation with a normal distribution pattern falls 
outside the control limits. A second reason, causes found in the PCB assembly phase might also 
positively influence the number of observations outside limits for other phases. 

Table 12 - Number of observations outside Control Limits at three testing phases of production for batch 81 

PCB testing before PCB testing after Final testing Quality Control 
repair repair 

belowLCL 78(15.0o/ot 5(0.96%) 1 (0.56%) 

above UCL 12(2.30%) 2(0.38%) 1 (0.56%) 2 (0.42°/o) 

total observations 520 520 480 480 

source: observations made by testing personnel for the purpose of this research 
• Figure includes non-value units or in other words, units which are nonconforming and show no value during 

measurement. (77 for this batch) 

The data obtained in PCB testing before repair - which shows the performance of the production 
process of PCB assembly - clearly indicate that this process is out of control (17.3 per cent of 
observations outside control limits). Using the data provided in the previous section a strong 
indication can be given what the most important causes are. First of all there is the subject of 
personnel in this phase. Since this subject is discussed several time already it will not be discussed 
further. The next reason became also evident during the discussion about the observations: 
tolerance of resistors higher than tolerance of design. If one could eliminate these causes the 
number of observations would be largely reduced and might be eliminated. 

A different resistor tolerance is used for the production of batch B2 - the second batch of battery 
control units - and this becomes evident in the number of observations outside the control limits. 
Except for the PCB assembly phase, all other phases are in a state of statistical control. Meaning 
that no assignable causes can be found and only natural variability exists in these stages of 
production. This leaves us with 78 observations outside limits in the first phase which are all caused 

26 Although in footnote 16 and appendix D.2 objections are made concerning the relation between NMSD and nonnal probability distribution it 
can be said safely that this figure is not exaggerated. Earlier comment about the possible psychological misleading of the percentage value can 
be dismissed as further improvement of the product is economically not reasonable at this point in time at this phase of production. 
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by characteristics showing no value during measurement. Indicating mostly to nonconformities like 
shorted solder, reversed diode, wrong value of components et cetera. Summarising these 
nonconformities we have to conclude that PCB assembly caused these. 

Table 13 - Number of observations outside Control Limits at three testing phases of production for bat~ 82 

PCB testing before PCB testing after Final testing Quality Control 
repair repair 

belowLCL 78 (23.5%}" n.a. 

above UCL n.a. 

total observations 240 240 200 

source: observations made by testing personnel for the purpose of this research 
• Figure includes non-value units or in other words, units which are nonconforming and show no value during 

measurement. (78 for this batch) 
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Analysis of Productivity and Quality Cos1s 

Chapter two provided an overview of the concept quality and how interested parties adopt various 
definitions of quality during the lifetime of a product. Productivity and quality costing are two sides 
of the quality triangle. Reworking and scrapping products brings about higher costs for materials, 
man-hours, et cetera; in other words, higher product costs. As a consequence, these higher costs 
yield less profits for the manufacturer or result in higher sales prices. Both of which are 
unacceptable for the company and will not serve the interest of the customer. Today' s marketplace 
demands for quality are broadening the concentration of productivity from the traditional primarily 
factor-oriented attention to more product output per unit ofresource input. No company is likely to 
be profitable today with high productivity but bad products. 

This chapter is divided into three sections. Due to lack of primary production capital, production is 
dependent on manual labour to fabricate their products. Product and process quality, productivity, 
production time: all are primarily determined by employees. The analysis of product and process 
quality is carried out in the previous chapter. It is established that there is ample space for 
improvements on both accounts. An analysis of labour productivity and value added per man-hour 
is carried out in section 4 .1. Section 4.2 deals with the costs of reworking caused by a lower 
product quality of the studied PY-applications. Meso and macro influences on productivity are 
discussed in the final section of this chapter. 

4.1 Labour Productivity · 

4.1.1 Man-hours per Unit of Production 

Labour productivity is the number of man-hours needed for production of one unit in the respective 
phases of production. Prior to this research, the standard man-hours needed for production planning 
were based on a time-motion study conducted some years ago. It was felt by management, 
however, that the results from the time-motion study were obsolete and outdated due to the 
'learning by doing' effects. New and tightened standard-man-hours were needed in order to fit 
production of batch P 1 and batch B 1 in the time available for production. Immediate action was 
required as production of these batches was bound to start within one week after detection of this 
incongruity. Due to lack of documentation on this subject, the research instrument chosen by 
management was that of interviews with supervisors. Table 14 shows the man-hours from the time
motion study and interviews with supervisors for both studied batches. 

It was expected that man-hours given by supervisors would show a downward bias compared to the 
time motion study in order to flaunt with their productivity.27 However, comparing the time-motion 
study with these man-hours it turned out that the supervisors generally declared more time then 

27 Basis for this assumption is the affair with time sheets in 1994/95. Tue company tried to monitor the man-hours needed to perform a job 
order with the use of time sheets. On these sheets the employees were required to fill in the amount of time needed to perform a certain task. 
These observations were compared with the time clock cards to measure the efficiency of manufacturing. It twned out that production had a 
300 per cent efficiency which is odd as overtime is recorded and paid for. Even still, 300 percent efficiency signifies a 3 times 8 hour shift per 
day per employee. 

41 
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measured in the time-motion study. Considering the fact that man-hours from the time-motion 
study are due for revision, this is quite odd. Some reasons can be advanced, however, in order to 
explain this phenomenon. In PCB testing, for example, time for trouble shooting was allowed; 
partially explaining the upward bias. For the final testing phase, however, this hypothesis could not 
be validated as man-hours given for the PL-ballast was too short for any trouble shooting. Another, 
more plausible explanation is that supervisors - with exception of the final assembly and final 
testing phases - do not keep written records of productive man-hours. It is therefore not 
surprising that man-hours from other production phases, given during inquiries are merely an 
estimate instead of an accurate figure. The new specification man-hours given in table 14 are 
defined by taking the lowest man-hour estimates for each production phase from the time-motion 
study or interviews. These new specifications are used for the scheduling of production whereas 
before, use was made of data from the time-motion study. The old specifications (man-hours from 
the time-motion study) are approximately 70 per cent higher than the new specifications. 

Table 14 - Effective man-hours needed for production per studied PV-application unit per production phase (time 
figures in hours) 

product X'former PCB PCB pre- final final total man-hours 
assemblt testing assembly assembly testing (specification = 100%) 

PL-11W 

time motion 0.34 ~1.00--+ 0.50 1.00 1.00 3.84 164.1% 

interviews 1.00 2.50 0.75 1.00 0.17 0.08 5.50 235.0'% 

specification 0.34 1.00 0.25 0.50 0.17 0.08 2.34 100.0% ------------------------------------------------
batch P1 0.56 0.59 0.25b 0.46 0.08 0.08b 2.02 86.3% 

batch P2 0.34b 1.00b 0.25b o.5ob 0.1~ 0.08b 2.34 100.0% 

BCU6A-12 

time motion ~1.00--+ 0.50 2.00 2.00 5.50 169.2% 

interviews 2.50 0.75 1.00 0.25 0.75 5.25 161.5% 

specification 1.00 0.75 0.50 0.25 0.75 3.25 100.0% ------------------------------------------------
batch 81 1.00b 0.75b 0.50 0.18 0.75b 3.18 97.8% 

batch 82 1.00b 0.75b o.sob 0.25b 0.75b 3.25 100.0% 

source: figures of time-motion study and batches are taken from company data files and figures of specification 

are taken from the company data files and interviews with supervisors. 

note - rows entitled time-motion are the old specifications from the time-motion study; rows entitled interviews 

are the man-hours given by the supervisors of the production phases X'former, PCB assembly, PCB testing, 

pre-assembly, final assembly and final testing; rows entitled specification are the new specifications defined by 

taking the lowest man-hour estimates for each production phase from the time-motion study or interviews; 

rows entitled batch P1, P2, B1 or B2 are the measured man-hours for batches with the same name. 

Time includes all activities need for the production of PCBs (e.g. etching, cleaning, punching, assembly) 

Man-hours for these phases of production are not available. Specification man-hour figures are used to fiH in 

the blanks. 

Although the measured man-hours are deficient, some conclusions can be made. The man-hours per 
unit of production measured in the X'former phase for batch Pl are approximately 64 per cent 
higher than the specification. Remembering the fact that problems with the X'former did occur 
during production of this batch (hissing sound without load) and was subsequently repaired in the 
X'former phase, this might well be the cause of the higher man-hours. Extra man-hours had to be 
carried in order to rework the transformers which were not properly produced the first time. This 
hypothesis cannot be tested in batch P2, were no problems occurred with the transformers, as no 
measured man-hours for this batch are available. A second conclusion is that production of the 
printed circuit boards of batch Pl happened 41 per cent faster than required from the specification. 
It is established that the largest cause of nonconformities is the PCB assembly phase and that these 
nonconformities have simple causes like shorted solder, no components or wrong components. It is 
assumed that these nonconformities can be eliminated with a little amount of extra time in the PCB 
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assembly phase resulting in a gain in man-hours in the PCB testing phase (for which no measured 
man-hours is available to test this hypothesis). Assuming this hypothesis to be true, the gaining in 
time in the PCB testing phase would be greater than the extra man-hours consumed in the PCB 
assembly phase, resulting in an overall gaining of time in these two production phases. The third 
conclusion is that for production of batch P 1 and batch B 1, lesser time is consumed in the pre
assembly and final assembly phase than given in the specification. This could point to the fact that 
the specification man-hours are to high; that is to say, time needed for production of the studied 
products is lesser than the specification time for production. It should be noticed, however, that not 
all man-hours are available, making it precarious to draw generalising conclusions. 

Based on the measured data, foundation can be given for the relationship between the man-hours 
per unit of production and product quality. An increase in the number of nonconformities, hence a 
decrease of product quality, results in an increase in the man-hours per unit of production due to 
reworking the nonconforming units. Furthermore, a reduction in the man-hours per unit of 
production below the specification level could result in an increase in nonconformities encountered. 
It should be kept in mind, however, that these conclusions are based on deficiently data. 

4.1.2 Labour Productivity and Value-Added per Man-Hour 

Within the present structure of the company, labour is the major determinant of productivity as 
capital is scarcely available in the production process. In her final thesis about productivity in 
spinning, ten Brinke (1995) defines labour productivity as the aggregate value added divided by the 
total number of employees. Employees are all people who contribute to the production process, no 
matter what their contribution is. They are assembly personnel, testing personnel, administration, 
management, et cetera. Strict application of this definition poses a problem caused by the mode of 
production and the extent of the research - manufacturing of products on a job order basis and 
investigation of only two products out of the product mix. These restrictions and strong reservation 
of the company to provide in-depth economical data makes it necessary to make assumptions in 
order to calculate labour productivity as reliably as possible. 

Fabrication of products on a job order basis poses some problems concerning the number of 
employees involved in production. It is not possible with this type of production method to bluntly 
use the total number of employees in the company. They can not be allocated to a specific batch as 
would be the case with calculating labour productivity on a yearly basis. A. de Ron (1994, p.28) 
presents a solution concerning the period of reference. The considered period is the time interval 
that the production system is observed. Legal regulations and industrial conventions reduce the 
considered period into the available period. During the available period, production is stopped 
because of planned or previously known interruptions; the remaining time is called the operational 
period. The loss of time because of starting, cleaning, conveying products, et cetera reduces the 
operation period; the remaining time is called the production period. All possible unplanned stops 
reduce the production period into the effective production period which is the sum of all time 
intervals during which production really occurs; unplanned stops include the waiting time due to 
lack of materials and time needed for trouble shooting of nonconforming units. In figure 12 and 
table 14, measured man-hours refer to the concept 'operational period' as defined above. Labour 
productivity is therefore expressed per man-hour. 

The difficulty with labour productivity per man-hour is the fact that labour consumed by value 
adding and testing personnel (direct personnel) for production of a particular batch can be 
measured. Determining the time allocated for a batch by supporting (indirect) personnel is not 
possible. A solution could be found by means of distributing a portion of the total time consumed 
by indirect personnel to the studied batches. Calculation of the distribution key could be done either 
by using physical ratio or economic ratio of studied units to total manufactured units. In this, the 
physical ratio is the number of studied units related to the total number of manufactured units; the 
economic ratio is the, e.g. value of output of studied units to the value of output of all 
manufactured units. However, the necessary data concerning yearly production of the company is 
not available for this research which. As a consequence, indirect labour cannot be allocated to 
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considered batches. Summarising the above thoughts we arrive at labour productivity per man-hour 
based on the operational period of direct personnel (i.e. value adding and testing personnel). 
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Figure 12 - Operational scheme of labour productivity at the company 

note - (1) The continuous line in this diagram represent the direct relationship between the connected variables; a 

discontinuous line in this diagram indicate that the variables are related indirectly to each other via some sort of 

calculation - the relations are presented in this or the previous section. 

(2) The output volume is defined as the total production volume minus disqualified units and units produced for 

stock. From observations of the production process it is established that production for stock is not used in a 

subsequent batch of the same product. Consequently, these units are treated as waste and do not contribute 

to the value added. 

Due to reservations of the company against providing economical data, real material costs per unit 
are not available. Ideal material costs per unit of production28

, nevertheless, are known and can be 
used as base for an assessment of the real material cost per unit. Determination of the ratio of real 
to ideal material costs (conversion factor A.) can be done with either of two methods: (a) man-hours 
or ( b) nonconformities per produced printed circuit board. The first method uses the ratio of real 
man-hours to ideal man-hours per product as conversion factor. This ratio is then multiplied with 
the ideal material costs per unit to obtain the real material cost. Central idea in this method is that 
an increase in material costs is direct proportional with an increase in man-hours. All the same, as 
discussed in the previous section, ideal man-hours is not a fixed point of reference. It is merely a 
standard used to schedule the production process. Employees on the production floor can work 
faster than the given standard as is the case in batch Pl; real material costs, however, cannot fall 
under a certain minimum except if prices for intermediate inputs went down. This, however, would 
affect real material costs to the same extent. It is for this reason that a conversion factor based upon 
man-hours is not suitable for this issue. 

211 Ideal material costs per unit of production are the costs of materials which are used in a unit if no materials are defective. In other words, the 
minimal costs of materials in order to produce a specific unit. 
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Nonconformities per produced PCB is the second method to determine the conversion factor. 
Central idea in this is that each nonconformity in the unit has to be repaired at a certain cost for 
used material. Problem with this is that information about material costs per component is not 
available for this research. An alternative for this has to be found assuming that costs for substitute 
intermediate is made - hence, a worst case scenario. Scrapping the whole unit is not a valid option 
as this would do no justice to the production process and the employees of the company if we 
consider the fact that of the 370 studied printed circuit boards only one is scrapped completely. I 
have chosen to use the ratio of real material costs to the number of components on a PCB so as to 
calculate the average material cost of each component. The conversion factor A. can now be 
calculated with the following equation: 

cidell 
= c deal + x nonconf./PCB 

1 # components 

( 
nonconf./PCB) = cdoal 1 +-----

• # components 

= cidoal x JI. 

JI. = 1 + nonconf./PCB 
# components 

Creal 

Cid.,.) 

Cextra 

nonconf./PCB 
# components 
). 

real material costs per unit of production 
ideal material costs per unit of production 
extra material costs per unit of production caused by reworking of unit 
nonconformities per produced printed circuit board 
number of components on printed circuit board 
conversion factor 

The operational scheme of labour productivity presented in figure 12, only contains two 
determinants of labour productivity: man-hours and nonconformities. The others are not 
determinants of labour productivity but do, however, determine the value-added per man-hour. The 
remainder of this section will examine the value-added per man-hour unless it explicitly concerns 
labour productivity per man-hour in which case explicit mention will be made. In order to improve 
value-added per man-hour one could improve one or more determinants. However, apart from 
influencing the value-added per man-hour they might influence each other. The possible relations 
between different determinants are already discussed in section 3.1. All this should be taken into 
account when improving certain determinants in order to achieve higher value-added per man-hour 
levels. Some determinants have a higher impact on the value-added per man-hour than other 
determinants. Examination of the impact is done by simulation of improvements of the different 
determinants. By means of altering each determinants by IO percent a positive effect on the value
added per man-hour can be observed. Calculating the increase in percentages we are able to state 
which determinants are of relatively more importance on the value-added per man-hour than others. 
Table 16 and figure 13 show the outcome of this analysis. Appendix I discusses the calculation of 
the labour productivity per man-hour extensively. 

Table 15 - Value-added per man-hour calculated with output volume without and with units for stock 

output volume 

without units for stock 

with units for stock 

ideal 

150.03 

150.03 

PL-ballast 

batch P1 batch P2 

156.17 

175.62 

149.44 

149.44 

Battery Control Unit 

ideal batch B 1 batch B2 

132.31 

132.31 

114.12 

131.73 

88.19 

131 .03 

Assessing the measured labour productivity and value-added per man-hour we observe some 
interesting details. From the table we notice that the value added per man-hour for the PL-ballast is 
higher than for the battery control unit. With the present set of data the differences between the 
ideal situation and studied batches are to a large extend caused by the man-hours and units 
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produced for stock29 as all other variables are approximately constant. In table 15 it is shown that 
value-added per man-hour is, of course, higher where units produced for stock are assimilated in 
the output volume. This becomes most evident in batch B2 where the share of units produced for 
stock is the highest (total volume of 60 units of which 10 units are produced for stock). Except for 
batch Pl the value-added per man-hour calculated with the units produced for stock assimilated 
into the output volume, is almost equal to the ideal situation. This is not surprising as the 
determinants of value-added show small deviations from the ideal situation. That is to say, except 
for the man-hours per produced unit. This phenomenon becomes most evident in batch Pl where 
labour productivity is 17 .1 percent higher compared to the ideal situation despite the high rate of 
nonconformities per produced PCB of 0.79 (64.4 percent nonconforming PCBs). It could be 
expected to observe the same phenomenon to a lesser extent in batch B 1, but the positive effect of 
reduced man-hours on labour productivity is nullified by one scrapped unit. 

Table 16 • Impact of changes in the determinants of value-added per man-hour (percentage increase of 
value-added per man-hour associated with a ten percent alteration of a determinant of value-added per man

hour) 

PL-ballast Battery Control Unit 

ideal batchP1 batchP2 ideal batch 81 batch82 

measured labour productivity (Pesos) 150.03 156.17 149.44 132.31 114.12 88.19 

intermediate inputs 24.9 26.7 25.0 16.2 19.7 25.5 

material costs in PCB assembly 6.0 7.0 6.1 11.4 142 18.7 

materials costs in other prod. phases 17.1 18.0 172 2.8 32 3.8 

overhead per man-hour 1.7 1.7 1.7 2.0 2.3 3.0 

ex-factory prices 34.9 36.7 35.0 262 29.7 35.5 -------------------------------------------------
nonconformities 0.0 02 0.0 0.0 0.2 0.1 

man-hours 13.0 13.0 13.0 13.3 13.7 14.4 

X'former 1.7 3.4 1.7 

PCB assembly 5.2 3.6 52 3.8 4.1 4.5 

PCB testing 1.3 1.5 1.3 2.8 3.1 3.3 

pre-assembly 2.6 2.6 2.6 1.9 1.9 1.8 

final assembly 0.9 0.4 0.9 0.9 0.7 0.9 

final testing 0.4 0.4 0.4 2.8 2.8 2.8 

source: company's data files and measurements made by testing personnel for the purpose of this research 

note - the first five rows under the heading (intermediate inputs till ex-factory prices) solely influence the 

value-added per man-hour. The last eight rows of the table are determinants of labour productivity and, 

therefore, have affect on the labour productivity per man-hour. 

The 10 per cent reduction of the determinants is calculated over the aggregate determinant of 
value-added per man-hour. Where necessary and possible this determinant is divided up into smaller 
elements; total man-hours, for example, is divided up into man-hours per phase of production. 
According to table 16 and figure 13 the most important determinants are in order of importance: 
ex-factory prices, intermediate inputs and man-hours. Influence from a reduction of 
nonconformities of 10 per cent is barely detectable as they are expressed in average material costs 
per nonconformity. These material costs for reworking are minor compared to the overall material 
costs of a unit and have, consequently, little influence on the value-added per man-hour. A ten 
percent reduction of nonconformities generates an increase in value-added of only 2.0 per mill 
maximum. If nonconformities are completely eliminated an increase of 3.9 to 16.6 per mill is 
achieved. Compared to other determinants a neglectable rise in value-added. An important aspect of 
reduction in nonconformities, however, is not taken into account when calculating the increase in 

29 See footnote 18, page 23. 
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value-added. The determinants nonconformities act upon the amount of man-hours needed to 
perform a task. Although solid data is not available to support this hypothesis it is expected that 
lowering the nonconformities result in a reduction of man-hours. A closer look of the technical 
analysis reveals that all encountered nonconformities are brought about in the PCB assembly or the 
X'former phase and repaired in PCB testing. A reduction of 10 per cent in man-hours in the latter 
phase would result in an increase in labour productivity of 1.3 to 3.3 per cent. Reduction in man
hours - 10 per cent reduction over the entire production line - results in an increase of around 13 
per cent in labour productivity. 
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Figure 13 - Impact of changes of determinants on value-added per man-hour 

Summarising the analysis of labour productivity and value-added per man-hour it can be concluded 
that the major determinants of value-added per man-hour are the ex-factory prices and costs of 
intermediate inputs. Major determinant of labour productivity is man-hours. The determinant 
nonconformities alone has a minor influence on labour productivity, but the viewpoint is expressed 
often that product quality has influence on the amount of man-hours. It is expected that the gain in 
man-hours in testing phases due to not having to rework nonconforming units is greater than the 
'extra' man-hours in assembly phases to prevent the nonconformity from occurring in the first 
place. If the assumption is made that the gain in man-hours over the entire production process is I 0 
per cent, than this would result in an increase of labour productivity per man-hour of about 13 per 
cent. 

4.2 Loss of Reworking 

Due to the dependence on manual labour, loss of reworking has a major influence on product 
costing aspects. Employees have not the same invariability in level and quality of output as 
machines do. Their achievement fluctuates during production time and result in a number of 
nonconformities which are in need of correction in the same or other departments. Hence, non
value adding activities are required depressing the outcome of labour productivity and quality of the 
product. 

As is discussed in section 2.3, quality costs in companies are accounted so as to include two 
principle areas: the costs of control and the costs of failure. The costs of control are measured in 
two segments: appraisal and prevention costs. The costs of the failure of control - which are 
caused by materials and products that are not meeting quality requirements - are also measured in 
two segments: external failure costs, which include the costs of unsatisfactory quality outside the 
company and internal failure costs. Genichi Taguchi has developed a method to calculate the 
internal failure costs; the expense which include the costs of unsatisfactory quality within the 
company such as scrap, spoilage and reworked material. In the section about the Taguchi approach 
to quality is discussed how to adapt his method to be used for measurement of technical data as is 



48 

applied in chapter three. The method for calculation of the loss of reworking uses the original 
method described by Taguchi. The economic loss is associated with a particular value of a 
characteristic to the target value of that characteristic, i.e. the deviation of the characteristic to the 
target value. Consequently, data other than NMSDs of individual characteristics cannot be used as 
these other dcwa are mere averages. An extensive discussion about the loss function approach is 
given in section 2.2.3 and appendix D and results in the following equation: 

I A I 

L = L A; v,
2 = .LA; x NMSq 

I U 1 I 

L loss of reworking of one production phase 
t total number of characteristics 
A; cost of reworking at specification limit of a nonconfonnity of ith characteristic 
2~; width of specification tolerance of ith characteristic 
v? mean squared deviation of product values from the target value of ith characteristic 
NMSD; normalised mean squared deviation of i111 characteristic 

The data needed for calculation of the loss of reworking is presented in table H. 4 (column 3 to 6) 
and H.7 (column 6). The characteristics observed are presented in table 3 on page 26. A summary 
of table 3 is presented in table 17. 

Table 17 - Number of observed characteristics in PCB testing, final testing and Quality Control 

product 

PL-ballast 

Battery Control Unit 

PCB testing 

6 

4 

filial testing 

3 

4 

Quality Control 

4 

4 

As is noticed in the previous section, company data concerning costs of rewoi;king are not available 
for this research. Utilising the rate of nonconformities and ideal prices of intermediate inputs, an 
average loss of reworking can be established. For this method the worst case scenario is chosen. 
The hypothesis is made that on occurrence of a nonconformity the component in question is 
defective and should therefore be removed from the printed circuit board. The costs <1f' reworking 
the board is cost for a new component. Restriction of this method is that all nonconformities have 
the same weight; something which is not true of course as different components have different 
prices. The cost of reworking for the PL-ballast is calculated to be 6.045 Pesos and for the battery 
control unit 9.283 Pesos. 

Before calculation of the loss of reworking, quality figures for the final testing phase of batches P2 
and B2 have to be determined. Otherwise the loss would be lower than actually achieved. 
Determining these quality figures is done by means of calculating the ratio of quality in final testing 
to the total quality for batches Pl and Bl. Using this ratio in batches P2 and B2 the quality figure 
for final testing can be calculated. Results of these calculations are found in table H.4 and H.7.b in 
appendix H. Mathematically this is shown in the fellowing equations: 

p x ( NMSDPCB.. + NMSDl'C8,.,, + NMSDQC) 
NMSD" = ( ) quality figures batches P2 and B2 

1-p 

NMSDFT h d P = NMSD quality figures bate es Pl an B 1 -
Figure 14. a shows the share of four production phases in the loss of reworking. As expected from 
the discussion about normalised mean squared deviation (chapter 3) the share of PCB assembly is 
the largest - ranging from 48 to 82 per cent. A straight forward pattern cannot be observed if 
batches Pl and P2 and batches Bl and B2 are compared. There is no tendency in the share of 
production phas<Jli and they will develop if another production run would be made. Figure 14.b, 
however, displays a clearer tendency. Comparing the first production run (Pl and Bl) with the 
second production run (P2 and B2) we observe a decline in the loss of reworking. A strong decline 
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in the loss is even present in the production of the battery control unit. Reasons for a quality 
improvement in the second production run is given in the discussion about technical quality in 
section 3.2. 
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Figure 14.a - Share of production phase in loss of reworking 
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In the beginning of this section the statement is made that non-value adding activities for reworking 
of units will depress the outcome of labour productivity. However, comparing the measured labour 
productivity (table 16) with the loss of reworking (figure 14.b), evidence is not present to support 
this statement. Section 3.1 described the relationships between product and process quality, and the 
labour productivity per man-hour. On one hand it is expected that low initial man-hours result in a 
high rate of nonconfonnities resulting in a substantial amount of man-hours needed for reworking 
and a high loss. On the other hand, if more initial man-hours are spent for production, the rate of 
nonconf onnities are lower and less man-hours would be spent on reworking resulting in a 
diminishing loss of reworking. As man-hours for the second production run are not available, 
neither of the two scenarios can be accepted or rejected for these products. 

4.3 Productivity Explained beyond Micro Level 

Although the analysis is conducted on micro-level, reference can be made to industry and national 
level. Superficially even to cross country productivity differences. In his case study in textiles, 
Howard Pack (1987, p. 41) notes the following on differences between labour productivity in 
developed and developing countries: 'A firm's productivity may be affected by (a) conditions 
determined at the national and industry level, (b) the managerial capacities of the firm, and (c) the 
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task-level productivity of individual workers.' If we reflect this on the case of the company, we 
arrive at the following. 

Because of the short time span between production runs and short time of production runs, there is 
no influence to be expected between productivity figures due to alteration of government policies 
or market changes. National economy will, however, impinge on micro level productivity. 
Inadequacies in the educational system, for example, will increase training costs of the firm; this in 
tum may lead to provide less instruction than they would otherwise and lower the productivity of 
operatives or managers. 

Economies of specialisation can be another influence on the productivity. The current situation of 
the company is that production of PY-applications is only a small share of their entire production. 
The product line comprise about 12 categories of products subdivided into roughly 130 standard 
products -not counting customised products. As described earlier, these products are 
manufactured on a job order basis where the size depends on the requirement of the customer. 
Normally the batch size is between 1 and 50 units, more often than not in the lower part of the 
range. Any firm that moved toward specialising in a small range of products would enjoy a cost 
advantage compared to diversification. 30 Even the failure to specialise does not necessarily imply 
the short production runs that currently prevail. Pack argues that there are two key questions. (a) 
Why does the company typically produce a large range of products, given the decrease in unit 
production costs obtainable by greater specialisation? (b) Given a decision to manufacture a wide 
spectrum of products, why does the company not attempt to realise longer production runs by 
producing for inventory? Answers to the first question can be posited: the role of risk aversion, 
customisation of products, particular market structure that has evolved and historical development 
of the company. Given the fact that the company has decided to produce a large range of products, 
it is nevertheless possible that production for inventory would permit a significant proportion of the 
benefit from large individual lot sizes to be realised. 

Managerial and technical skills in production engineering can have a major influence on productivity 
at the firm level. Important factors include inadequate motivation of employees to produce quality 
products, timed purchase of materials and components, and adequate scheduling of production. 
Inadequate knowledge of or ability to implement these and other aspects of production engineering 
may lower labour productivity. They may be aware of the required changes in managerial practice 
but have decided that they are too expensive relative to expected benefits. 

Task-level productivity will depend on worker skills and motivation. These in tum may be affected 
by the care with which workers are recruited, the quality and extent of firm-level instruction. Most 
efforts to explain low industrial productivity in developing countries emphasise task-level 
productivity. 

30 Production cost are said to rise with product variety even when output is such that the plant is fully utilised Average and marginal cost 
curves shift upward because of shorter average production nms as variety increases even though - for a given product mix and for a given 
plant and labour force - average cost may decline as fuller utilisation occurs. The precise engineering bases for postulating these upward 
shifts are rarely specified, but this appears to be a combination of optimal batch size and the cost of attaining routinised production. Part of the 
upward shift in cost curves is attributable to increased set-up times and lack of specialisation degree due to short production nms and large 
product variety. 



Conclusions and Recommendations 

The lifestyles of consumers and the business effectiveness of companies now depend upon reliable, 
consistent perfonnance of products and services with no tolerance for lost time due to failure of the 
product and costs of any failures. Today's buyers recognise that the price paid is only the beginning 
of the product's cost to the user and that product life cycle costs must be a major buyer 
consideration in an era of higher prices. For any company pursuing quality, the key is recognition 
that quality is what the consumer - not the company - says it is. Quality has become the 
fundamental strategy for competitiveness today. In its simplest tenns, the keystone concept of 
modern quality thinking may be described as follow: 'quality must be designed and built into a 
product; it cannot be exhorted or inspected into it.' This recognition is an important concept for the 
setting up of a system of quality assurance within the corporation in order to improve the quality of 
their products and improvement of the quality of their production routines and production process. 
This research has concentrated on two PY-application products: the PL-ballast and the battery 
control unit. The recommendations I give in this chapter covering the field of product quality 
cannot be transferred directly to other products. It can, however, give an indication where product 
quality improvements can be achieved. Recommendations given in the field of process quality do 
have a direct affect on other products as they make use of the same production process. 

Actions already taken to improve product quality of the studied PY-applications are twofold. The 
first one - concerning the battery control unit - is a change of material specifications fonnulated 
in the design of the product. Instead of mostly using a resistor tolerance of 5 per cent for the first 
batch a resistor tolerance of 1 per cent is used in the second batch. Quality of the product increased 
significantly. Changing inspection specifications is the second action taken; this time to improve the 
product quality of the PL-ballast. For both PL-ballast batches the measured mean of two 
characteristics shifted from the target value resulting in a lower product quality. Improvement of 
process quality can be achieved through a reduction of nonconfonnities generated in PCB assembly. 
This task, however, requires a longer time period and calls for a change in attitude among the 
employees. These and other possible actions to improve quality are discussed in this chapter based 
on the analyses and infonnation provided in previous chapters. The recommendations to improve 
total quality cover the fields of: 

1) changing product design 
2) changing inspection specifications 
3) scheduling of production 
4) improving quality mindedness of employees 
5) purchase of intennediate inputs 
6) Quality Control department 

Changing Product Design 

As indicated at the beginning of this chapter, an alteration of material specifications defined in the 
blue print could increase product quality. This becomes most evident in the problems encountered 
in the battery control unit. As is described in the analysis of the BCU, changing the tolerance of 
resistors from 5 to 1 per cent has a major positive influence on the quality of the product. 
Consequently, the loss of reworking is also reduced substantially. Mostly because the threshold 
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voltage levels31 which are determined by these resistors, have an inspection specification of 2.5 per 
cent. Up to and including the first batch, nonconformities encountered in the printed circuit boards 
were solved by experienced testing personnel changing one resistor so the required voltage level 
was met. Although the replacement resistor were often of a I per cent tolerance, the total tolerance 
of the group of resistors was still exceeding the inspection tolerance for threshold levels. This could 
cause problems during lifetime as the actual resistance changes during use by deterioration of the 
components, resulting in a voltage level outside the specifications. Hence, a lack of quality required 
by the customer. Using I per cent tolerance for all 'resistors results in a narrower variability of 
observations. Not only during production but also during the life time of the product. 

Changing Inspection Specifications 

As is discussed in chapter two and three, specifications are as vitally important on product quality 
as the 'physical' determinants. Without specifications it is impossible to establish if the product is 
meeting requirements of the design and, hence, of the customer. We observed in analysis. of the PL
ballast that observations of two characteristics were not centred around the target value, causing an 
unnecessary decrease of product quality. It is also determined that these products were operating 
satisfactorily giving sufficient evidence that a modification of some specifications improve product 
quality without violating the proper operation of the product. Just because the specifications are put 
in writing does not mean that they are irreversible. Based on the data given in appendix H, new 
specifications are proposed for the characteristics drain current without load and period time. For 
these characteristics, table 18 displays the current and proposed specifications. When applying these 
new specifications an improvement in product quality can be observed. The relation between 
product quality per section with current specifications and proposed specification is given in table 
H.4. However, if products are not working satisfactorily- signifying that the current specification 
is important and should be met during production of the units - action should be taken to adjust 
centring of observations. This could be a tedious job as electronic circuits can be complex where a 
modification of one characteristic could influence another characteristic; an undesired effect. In this 
particular case, nevertheless, a modification of the current specifications is a sound and simple 
operation improving product quality without pulling one's weight. 

Table 18 - Proposed specifications for PL-ballast 

characteristic production phase 

drain current w/o load PCB testing 

other 

period time PCB testing 

Scheduling of Production 

current specifications 

0.110±0.0SA 

0.135 ± 0.065A 

61 .0±3.0µS 

proposed specifications 

0.100 ± 0.09A 

0.100 ± 0.06A 

60.0±6.0µs 

A third recommendation is concerned with the time pressure for finishing the products. This is the 
cause of lack of product quality of the transformers in batch PI . If the batch would have been 
produced under lager time span, this problem would probably not have occurred. It could be 
avoided by letting the varnish dry for a little time longer and still saving time compared to the 
current situation as the transformers had to be brought back to the X' former phase, repaired there 
and brought back to the PCB testing phase. All this rework caused an increase in man-hours, 
materials used and, therefore, a higher cost is carried for production of this batch. This is also 
substantiated by the data in table 14. Man-hours noted for the X'former phase for production of 
batch PI is 64 per cent higher than the specification. A trade-off between both options would be in 
favour of doing it right the first time. Adequate communication between different sections to 
identify possible problems before they actually occur makes it possible to find solutions on the 
shortest possible notice. With it, production time can be limited to the shortest possible time. 

31 A threshold voltage level is a certain voltage level detennined by a set of resistors. The battery control unit changes its function upon 
reaching such a voltage level from, for example, enable the battery to recharge to preventing the battery to recharge. 
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Improving Quality Mindedness of Employees 

The very nature of the Philippine electronics industry tends to be very labour-intensive in some 
important parts of the production chain (UNCTC; 1988, p.41 and Yearbook of World Electronics 
Data; 1991, p. 115). Consequently, it has to be considered that the single most important 
production factor of the company is the human factor. The employees in assembly sections are the 
only means the company has for production of its units and depends heavily on them in order to 
produce a good quality product. These employees, however, are only human with their own 
capabilities; a set of skills, experiences, commitment, worries about their children and family, suffer 
from the 'Monday morning blues' and the 'sabado excitement'32

. This causes a fluctuation in the 
quality of output they produce during the week and during the day. Unlike machines, their output 
of production is not constant and should be taken into consideration when looking at the quality of 
produced units. Nevertheless, the high nonconformities caused by PCB assembly could and should 
be considered too high, even taken the above considerations in mind. An increased awareness of 
quality and a higher level of self-control could reduce the amount of nonconforming units 
drastically as most nonconformities can be corrected with a little effort and time. Better still, 
preventing the problem from occurring in the first place. 

In order to prevent nonconformities from occurring in the first place, the production process as it 
presently exists should be changed to improve the quality mindedness of employees. The present 
situation is that the testing phase of circuit boards is 'off-line' with manufacturing. This section is 
not located in production on the first floor, but on the second floor in the R&D department. Upon 
completion of a batch, the PCBs are transferred to the testing phase where these boards are tested 
intensively. With this procedure, immediate feedback to assembly employees is not guaranteed. 
Especially not to individual employees as it is not possible to trace who assembled a specific board. 
The latter one is important for reasons of education and improvement of skills of these employees. 
In order to achieve this requirement, testing has to be physically integrated at the end of the 
assembly phase so each finished board can be tested and, if necessary, corrected immediately. 

QUALITY BIG BOARD 

production phase Mon. Tu. Wed Thu Fri Sat week to /a st 
date week 

X'former - 6.4 52 5.:3 6 .1 5.7 5.5 

PCB manufacturing 2.4- 4.:3 4.:3 7.5 6.5 6 .1 5.9 

PCB assembly 6.5 10.:3 9 .4 /:J.7 3.5 3.5 92 

pre-assembly 1.5 1.9 2.5 :;.1 2.4 1./:J 22 

final assembly 10 1.2 1.9 2.4 2.4 1.:3 1.6 

AVERAGE PRODUCTION 4.1 6 .4 52 5.4 5.:3 5.:3 5.5 

production norm is 4% 

Figure 15 - Example of a Quality Big Board. The board shows the percentage of nonconformities during 
manufacturing in a particular phase of the production chain. Percentages are shown for every working day of 
the week, average nonconformities of week to date and average nonconformities of last week. 

Upgrading individual assembly skills can be achieved by colour coding circuit boards to identify the 
station at which the task was performed. With this method, it is relatively easy for the supervisor to 
determine which station is in need of further education to reduce the produced nonconformities. 
Because of customisation and still high nonconformity rates, the assemblies should still be 100 per 
cent tested for performance and 100 per cent inspected for mechanical nonconformities at the end 
of the bench and at the end of the production line. Daily nonconformity charts should be kept for 

32 Literally translated 11abado means Saturday and is Philippine's last day of the working week. The 11abado excitement is the Philippine 
equivalent for the industrialised 'Thank-God-It's-Friday' feeling. 
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immediate feedback to the employees. By doing this, the problems in production can be resolved as 
they arise. A further advantage is that employees gain information about how their performance is 
in production. These nonconformity charts could also be used for a 'quality big board' showing to 
all employees the current state of production on daily, weekly or monthly basis. Such a board could 
look something like is shown in figure 15. 

Purchase of Intermediate Inputs 

A recurrent problem for the company is that of the quality, availability and cost of intermediate 
inputs. The suppliers of the company cannot always deliver the desired components. Such a 
component has to be purchased elsewhere in order to keep production going, even when the 
purchased good is of another brand, but with the same or almost the same specification that would 
normally be used in the unit. This problem mostly occurs when a component is needed within a 
short period of time which is quite often the case. Inventory management is trying to keep the stock 
on all intermediate inputs as low as possible with the intention of a low amount of non-moving non
value adding capital. This is also a healthy decision considering the large number of different units 
produced by the corporation without knowing in advance when a certain product has to be 
produced. Combining the two facts, the problem becomes evident and serious. What possible 
strategies are there to solve this problem: 

1) A solution could be found in following the same strategy as used in many industrialised 
countries and large companies: a reduction in the number of suppliers and only maintaining a 
relationship with those suppliers who have a reliable stock and delivery system. For the 
company, this would mean shopping around as it apparently does not has such a supplier right 
now. One should nevertheless remember that the Philippines is not an industrialised country by 
Western standards and this solution might not be the best solution for this particular case. 

2) Increase in the number of suppliers to an amount where supply of the components is guaranteed 
in most of the cases. This would signify a large number of suppliers, where it would still be 
possible to purchase other brands in order to keep production going. It would also signify a 
large number of accounts for finance and a large number of component identification codes33 in 
inventory management. In other words, the delivery of specified components would be 
guaranteed at the cost of an increase in administrative work for purchase, cost accounting and 
inventory management. 

3) A third strategy could be to purchase components in advance without a job order. Again the 
availability of components would be guaranteed if and when a job order is received for a unit 
which uses those components. It is stated before, however, that inventory management is trying 
to reduce non-moving capital which is the opposite strategy than the one proposed here. Such a 
strategy would only be useful for mass production. All the same, popular approaches like 
Material-Requirement-Plans and Just-In-Time strategies stress the fact of acquiring materials 
only when they are needed, hence, keeping inventory to a minimum. 

4) The last option is the strategy of no change. Just stay with the current suppliers and finding an 
ad-lib solution when a problem occurs. From the viewpoint of quality this is not advisable. 

The decision on what strategy to adopt lies ultimately with management. Changing the current 
situation should ultimately result in production where units are equal in the components and parts 
used, resulting in better quality. This would be beneficially to manufacturing, service and customer. 
The alternatives are ranked above in order of preference. 

Quality Control Department 

The Quality Control department is vital for the production process as they certify the units and 
make certain that no unit is leaving the plant with some sort of detectable nonconformity. It can be 
questioned, nevertheless, what the usefulness is of two sequential 'testing' phases at the end of the 
production process. If the nonconformity rates should drop to a level where the only task of the 

33 With the term component identification code is meant the code given by inventory to each component and half-fabricate in order to trace back 
the sort of component used in a specific unit and for use of cost accounting. The more different brands are used, the larger the nwnber of 
component identification codes should be made. 
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Quality Control department is to certify units - meaning that no nonconformities can be identified 
in this production phase - management should consider merging the final testing phase into the 
Quality Control department. 

5.1 Implementation of a Total Quality Assurance System 

The outcomes of this research is based on a provisional total quality assurance system of which the 
focus is given in figure 3 (page 14). The centre of this focus is the so-called quality triangle of 
which the sides are defined as product and process quality, productivity, and quality costs. In the 
periphery are the related areas of documentation and product design - areas which were only 
partially used in the provisional system. Outside the focus of the system are the areas marketing, 
service and the layout of the production process. It is a provisional system as some important areas 
to company wide quality were not yet assimilated into the system. It is also a provisional system as 
during most of the field period, it was not yet formalised and certainly not institutionalised into the 
structure of the company. 

In the final month of the field period, formalisation of the total quality system was commenced by 
personnel of the company. Upon completion of this formalisation, database structures and analysis 
tools should be combined into a computer program which is capable of analysing product and 
process quality based on the entered observations from the different production phases. It should be 
possible for the company to determine the performance of a particular batch, and the types and 
causes of encountered nonconformities. An even more attractive option of such a program is the 
ability to analyse if quality performance show a certain tendency. By monitoring the performance of 
the production process it is possible to solve recurrent problems and, hence, increasing product and 
process quality. 

The institutionalisation of the total quality assurance system into the structure of the company could 
be a long process. The best way of having a good and properly functioning quality system is to 
insure that the employees on the workfloor are standing behind the system as they are the ones who 
have to produce quality products. Without their support it is unlikely that a quality system is going 
to succeed. 

The total quality assurance system will pay off for the company as the quality of products increases 
and subsequently production costs will diminish. Both these trends positively influences the quality 
to price ratio and, consequently, will be beneficiary for the customers. Even now, positive results 
are already achieved for the two studied PY-applications with the use of the provisional quality 
system. Implementation of a total quality assurance system should definitely be aimed for by the 
company as this would improve the perceived quality of their products and, subsequently, improve 
their share on the market. 
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Appendix A - A Manila Rhapsody 

This appendix gives a summary of the paper" A Manila Rhapsody: The Philippines is no longer 
singing the blues" written by Antp Raha. It was published as an· Asian Economic Focus article 
dated March 4, 1996. The summary contains an overview of Philippines' economic past and 
present and an outlook of the future. 

A Legacy of Policy Inconsistencies 

An indication of the constraints on economic growth can be found as early as the years following 
independence. In the 1950s, the Philippines averaged nearly 5 percent annual growth. But growth 
was also volatile; primary exports-sugar, timber, and copper-were the main engine of growth. 
This was a problem. Primary commodities are not very sensitive to changes in importers' incomes 
and thus the growth potential stemming from exporting them is limited. Further, primary 
commodities are extremely susceptible to price shocks. Consequently, while commodity booms 
meant high growth for the Philippines, they also initiated an unfortunate sequence of events: import 
surges; external payment problems; currency depreciation and lower growth. Clearly, the 
availability of foreign exchange was the binding constraint on growth. The foreign-exchange 
constraint was also aggravated by trade policy and a fixed exchange rate regime. The restrictions, 
combined with an overvalued currency, favoured the production of import substitutes and 
contributed to an anti-export bias. Recognising this, quantitative restrictions were slowly replaced 
by tariffs. But the exchange rate policy remained unchanged. Thus, so did the anti-export bias. 
International reserves declined at an unsustainable pace and in 1962, the Philippines faced an 
external crisis. A second crisis of declining international reserves hit in 1970. A large step 
devaluation followed. 

The 1970s saw many developments on the policy front. Investment and exports incentives 
introduced in the late 1960s were further developed. But the government's emphasis remained 
misplaced: Rapid industrialisation was to be led by the state sector and financed by foreign 
borrowing. The period from 1973 to 1976 was dominated by the oil shock and subsequent global 
recession. It would be unfair to test the effectiveness of policy during that period. But, after that, 
there were no excuses. For the next seven years, GNP growth averaged about 6 percent, the share 
ofinvestment in GNP rose by nearly six percentage points to 30 percent and exports grew by nearly 
10 percent annually. Plus capital inflows were at a healthy 5.3 percent of GNP. It appeared as ifthe 
foreign exchange constraint on growth was being loosened. All was well? Not quite. While growth 
was clearly investment-led, the investments were undertaken by the wrong entity and were in the 
wrong areas. Public investment increased form 1. 7 percent of GNP to about 8 percent of GNP from 
1975-80 and a fair amount of this investment was in high-risk ventures. These subsequently 
collapsed. 

Policy remained confused and inconsistent. While incentives had been put in place to promote 
exports, the currency remained overvalued. The permanent deterioration in the terms of trade 
caused by the oil shocks were not fully reflected in the peso's value; foreign borrowing was used to 
support the peso. And even inflation was not fully accounted for. The anti-export bias remained. 
Consequently, the current account deficit averaged about 6 percent of GNP and investment 
continued to flow toward the non-traded sector. These problems in the external sector and real 
economy were compounded by the overall macro-economic framework. Fiscal and monetary policy 
were doing their best to emulate th~ confusion of exchange rate policy. As growth was public 
sector led, public expenditure increased. Without a commensurate increase in revenue, the budget 
deficit increased, averaging 4.5 percent of GNP during this period. Monetary policy kept step: 
Reserve money increased nearly 16 percent annually and broad money nearly 21 percent annually. 
Both represent a substantial expansion. Consequently inflation was high, averaging more than 12 
percent annually. But perhaps worst of all, growth was financed by foreign borrowing: from about 
20 percent in 1960, the external debt-to-GNP ratio had crossed 80 percent in 1983, while the 
domestic savings rate had barely moved. So what do we have at this stage? A fast growing-but 
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distorted and public sector led-economy without macro economic stability. The path was clearly 
unsustainable; the economy was living on borrowed time. In trying to lift the foreign exchange 
constraint on growth, an impending public finance crisis had been put in place. In October 1983, it 
broke: The Philippines faced a 90-day moratorium on external debt payments. 

The Philippines' policy makers were back to crisis management. The usual prescription of a sharp 
devaluation was applied. Some other extraordinary measures were also undertaken. But most 
important, monetary and fiscal policy was tightened and consequently the current account deficit 
was held back. However, problems still remained: The central bank was making losses and the fiscal 
measures undertaken were clearly short term in nature. Nonetheless, these measures, along with 
some debt rescheduling, gave the country breathing room. A heavy price was paid: GNP declined 
an average of 4.8 percent decline a year for the next three years. 

Disinheriting the Legacy 

The first signs of a real recovery appeared in 1986 with The People Power Revo/utio11. From this 
time on, reform was directed at the structure of the economy: tax reform, institutional reform, 
removing price distortions and privatisation. Yes, you guessed it, the Philippines was engaged in 
serious dialogue with the IMF and the World Bank. To a large extent, structural adjustment 
worked. Between 1986 and 1989, GNP growth averaged 5.5 percent and was now private sector 
led. Real private investment between 1986 and 1989 grew by more than 13 percent annually. 
Exports were also responding with the value of non-traditional exports growing more than 23 
percent in the same period. Finally, things appeared to be on the right track. Key macro economic 
variables enraged nearly 83 percent and were being reined in. After a peak of more than 50 percent 
in 1984, inflation was back in single digits. The current account deficit was below I percent of 
GNP, and reserves covered more than 2. 5 months of imports. It did not last. A series of exogenous 
shocks-a major earthquake, a coup attempt, a volcanic eruption, a major typhoon and the Gulf 
War-caused policy slippage between 1989 and 1992. The bad run of luck was magnified because 
the Philippines was at an unfavourable stage in the business cycle. Thus, while GNP declined in 
1991 by I percent, an important distinction can be made between this decline and previous 
episodes. Before, the fall in GNP was the result of structural problems and policy manoeuvres that 
had created an unsustainable growth path. This time around-while policy had failed to respond 
smartly-the problem was created externally and was a cyclical issue. A turnaround was in the 
cards. Positive changes and increased political stability saw to it that the Philippines has received a 
vote of confidence from international capital markets. In 1993, it regained access to international 
bond markets. In 1994, investment registrations rose to US$19 billion, which represents a five-fold 
rise from the previous year. Foreign direct investment and portfolio investment are also increasing. 
The Philippine economy is on the right track and has the foundation to remain there. 

Challenges and Current Outlook 

While the economic revival has been built on a solid foundation, endurance will need continued 
reform. National savings are still low, the fiscal position needs further consolidation and 
infrastructure must continue to be enhanced. All three are connected. 

Private savings are essentially a function of economic growth. Thus continued macro economic 
stability is needed. And to ensure that these savings are in financial form, confidence in the financial 
sector is needed. Thus financial sector reform must continue. Increased public savings-which 
come from the fiscal side-pose more of a problem. And while the overall budget deficit is hardly at 
dangerous level, a closer look shows that the fiscal accounts are far from strong. Currently nearly 
one-third of all tax receipts come from tariffs. With agreements to further liberalise the external 
sector, these revenues are bound to decline. The tax net needs to be broadened and tax 
administration improved. Policy makers are aware of this; Congress is currently considering a large 
fiscal package. Essentially, one hopes a simplified and less discretionary system will emerge. The 
fiscal side is important for another reason. The ability of a country to deal with a permanent shock 
to the current account depends, in part, on its degree of fiscal flexibility. And the Philippines' fiscal 
accounts are not flexible. Interest payments account for about 35 percent of total expenditure. And 
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if one adds other non-discretionary expenditures, the number reaches 70 percent. This must change. 
The first step-already being followed, but needs acceleration-would be to use privatisation 
revenues to retire debt. The issue of civil service reform must also be addressed. 

The need for infrastructure-especially water, sanitation and transportation-is a much trashed 
topic. While the Philippines have run one of the most successful Build-Operate-Transfer programs 
in the region to provide infrastructure facilities, more can be done. It is now well-established that 
public investment complements rather than substitutes private investment. Thus public savings must 
rise; we are back to the fiscal story. While not a panacea, structural fiscal consolidation is the 
highest medium-term priority. 

The fiscal picture notwithstanding, the medium term outlook is positive. The Philippines is in the 
expansionary phase of the business cycle. And although growth momentum is pointing downward, 
it is high. One can safely expect that annual GNP growth will remain in the 5-6 percent range for 
the next couple of years. After that, if structural change continues and the policy envirorunent 
remains smart, an upgrade to the 6-7 percent range is possible. The road to adjustment was 
travelled in a declining inflationary envirorunent, with inflation back in the single digits throughout 
1993, 1994 and most of 1995. It has recently crept above the IO percent mark but that has mainly 
to do with flood damage. Core inflation remains pretty much under control. Plus monetary policy, 
under the IMF program, is targeting inflation. Barring a series of serious exogenous shocks, it is 
unlikely to get out of control. The external accounts continue to strengthen. Exports are buoyant, 
with preliminary estimates putting growth in value terms at about 30 percent in 1995. And the 
composition of exports is also improving. However, Philippine exports-electronic parts and 
components-are conducive to future growth. Consumer goods comprise less than 10 percent of 
total imports. Nonetheless, given the importance of import growth, implies that a current account 
deficit will persist. At about 2.7 percent of GNP, the deficit is sustainable and thus provides no 
pressure on the currency to depreciate in real terms. In a nutshell, the peso will depreciate just 
enough to reflect the inflation difference between the Philippines and its trading partners; expected a 
4-5 percent depreciation in 1996. 

In his paper, Arup Raha closes with the following statement: "That was the medium-term outlook: 
solid. The longer-term prospects will depend on continued reform for the country is not fully out of 
the woods. Should one believe in the Philippines? Well, it is on the right track. It has the 
fundamentals to remain on this track. And this track is called sustainable high growth. Believe in it." 
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Table A.1 - Basic economic indicators 

1976-82 1983-85 1986-89 19~92 1993 1994 1995 

average real gcowth rates(%) 

GNP 6.1 -4.6 5.5 2.3 2.6 5.1 5.6 

exports 16.5 -2.8 12.2 3.6 62 19.5 18.9 

imports 16.1 -11.6 18.4 6.0 12.2 17.9 12.7 

share of GNP (%) 

tax revenue 10.2 10.6 12.1 14.5 15.1 15.5 15.6 

national government balance 22 -20 -3.2 -22 -1.4 ~.3 ~.1 

consofidated public sector -3.7 -2.9 -2.0 -1 .0 ~.3 
balance 

gross national saving 23.3 18.2 18.1 18.5 18.5 20.1 212 

gross domestic investment 29.4 22.5 18.7 21.6 23.8 24.4 23.9 

exports 21.6 22.3 25.4 25.8 28.3 30.2 34.5 

current account balance -0.1 -4.3 ~.7 -3.1 -5.3 -4.3 -2.7 

external debt 82.1 81.2 62.0 612 56.9 54.0 

other 

inflation (year average)(%) 12.3 27.8 5.9 13.9 7.6 9.0 8.0 

real eff. exch. rate (1990=100) 144.4 129.1 99.4 102.8 107.4 114.0 116.8 

debt service ratio(%) 35.4 30.5 21 .3 18.7 17.8 15.7 

gross reserve/imports (months) 2.9 12 2.7 2.7 32 3.1 3.0 

source: A. Raha, A Afa11ila Rhapsody: The Philippines is 110 longer singing the blues, Asian Economic Focus, March 4, 
1996 

Table A.2 - Key financial indicators (quarterly data) 

Quarterly (end of quarter) 

Key financial indicators 9frl/ 9frl/I 95./V 96-1 96-11 96-111 96-IV 97-1 

91-day-T-biD rate(%) 12.82 11.00 12.80 12.80 13.00 13.00 12.70 12.60 

Prime lending rate(%) 16.50 14.25 1525 15.50 15.50 15.00 14.60 14.60 

Exchange rate (P:US$) 25.54 26.00 26.50 26.15 26.60 27.00 27.50 27.80 

source: A. Raha, A Manila Rhapsody: The Philippi11es is no longer si11gi11g the blues, AsilDI Economic Focus, March 4, 
1996 



Appendix B - Production Process within the Company 

The production of units manufactured by the company involves several phases before it is ready for 
shipment. These phases are X'former winding, PCB manufacturing, PCB assembly, pre-assembly, 
and final assembly. The production of units is monitored by three separate testing sections in 
different phases of production. The first testing section is included after PCB assembly; the final 
testing is included after final assembly, and before shipment the quality of the products is inspected 
in the Quality Control department. All testing carried out have a population of 100 per cent what 
should signify than an actual defect free result should be obtained at the end of the production line. 1 

A schematic overview of the production process is given in figure B. l and each will be described 
briefly. 

The whole production process starts with the customer who's desire it is to purchase one of the 
company's products. In a meeting with the customer the sales department converts the 
requirements of the customer in specifications and features which are to be implemented into the 
product. The type of product and added customised features are submitted to production planning 
and operator engineering who are responsible for the purchase of needed materials and planning of 
the production process - the planning of when the unit should be in a specific section of 
production so the product is ready for shipment on the specified date. This is a crucial part of 
production because if production is not finished on time, penalties have to be paid to the customer. 
The preparatory phases of production are now completed and on the scheduled date physical 
production of the units starts. 

X'former 
assembly 

PCB 
assembly 

PCB 
testing 

pre 
assembly 

Figure 8.1 - Production line of units manufactured at the company 
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The first phase of physical production is the winding of X'formers2 needed for insertion on the 
printed circuit boards (small X'formers) and insertion in the unit (large X'formers). The 
manufacturing of X'formers is basically wrapping two windings on an iron core. The winding 
connected to the source voltage is called the primary winding, and the one connected to the load is 
called the secondary winding. Energy is transferred from the primary to the secondary winding 
through magnetic induction which results in an output voltage at the secondary winding. In the case 
of the company, winding of the X'formers is done manually where insulated copper wire is wound 
around an iron core. After winding of the different layers the X'former is varnished to protect it 
from environmental influences. Inspection is the last phase of X'former production where it is 
tested for proper varnishing, absence of bubbles in the X'former and if the magnet wire is isolated 
from the core. 

1 Defect free production is the state of production where dming the production process nonconfonning units can be identified either by 
measurement or statistics. After reworking identified nonconforming units, however, no nonconfonning units can be identified. 1bis is in 
contrast to a zero defect production which is the state of production where dming production no nonconforming units can be identified either by 
measurement or statistics. In both cases, therefore, all the products leaving the plant are qualified units. 

2 X'formers is a generic term for all kinds of transformers produced. Different types of X'formers can be classified by their application. For 
example, distribution transformers are used in delivering the appropriate levels of voltages and currents throughout a system. Transformers 
may by designated as control or signalling. Another application are coupling transformers used to transfer signals from one circuit to another, 
and the list is almost endless. The size of X'formers differs also a lot. In the case of the company the range is from about Scm to 30cm 
diameter. 
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The second phase of production and parallel to the first phase is the manufacturing of printed circuit 
boards (PCBs ), layout with components and soldering these in there proper places. Manufacturing 
of boards is a process which can roughly be divided into two steps: (a) Etching of board where the 
circuit image is transferred onto the board - dielectric base with copper on one or two sides of this 
base - after which redundant copper is removed using a chemical process. The result is a circuit 
board with the desired circuit image in copper. After etching (b) punching of the board is the final 
step. This allows the components to be inserted onto the board. Various types and configurations of 
components are attached to a printed board in the second phase of PCB assembly to make the 
board a functional electronic device. This process consist roughly of the following steps: (a) Job 
put-up which is the gathering of all parts required; (b) board assembly where all the parts are 
inserted in the proper places on the board after which (c) the parts are hand-soldered to the board; 
(d) one hundred percent visual inspection - properly etched boards, standard hole size, copper 
continuity, proper insertion of parts, reverse polarity of parts, check on solder, and aesthetic board 
appearance - is the final step of assembly. The board is ready to be inspected on appearance and 
performance in the PCB testing section. 

At PCB testing a 100 per cent visual and performance inspection is conducted to ensure that the 
boards are working properly and meet designer specifications. If testing employees identify PCBs 
which do not conform to specifications, these boards are further inspected to determine what the 
cause of the nonconformity is. After identification the circuit board is reworked to ensure that 
specifications are met. A complete list of test characteristics for studied products is listed in 
appendix F. Upon inspection, testing, and reworking, the boards are stored until a job order is 
received for further production. If, however, the time span for production is short, boards are 
directly sent to the next phase of production. 

This phase of production is the assembly of components and parts to a complete product. In pre
assembly the various components and parts - PCBs either received from inventory or PCB testing, 
X'formers, casing, and purchased parts - are assembled into an almost complete product. Points 
to be checked in this section are simple of nature - i.e. if boards are properly mounted, bolts, nuts, 
and screws are properly tightened, boards are isolated to the cabinet, physical appearance of 
cabinet, correct sticker information, et cetera. Final phase of physical production consists of wiring 
the various boards and parts to make the unit a functional electronic unit able to perform its 
intended purpose. In this department also various check points have to observed - i.e. correct 
wiring connection and polarity, correct wire coding, and physical appearance of the whole unit. 

Final section of the manufacturing department is the final testing section where the product go 
through a extensive testing program. The complete testing program of this section - together with 
PCB testing and Quality Control - is listed in appendix F. One important aspect of the final testing 
procedure is the incorporation of a burn-in test in which the unit is operational for several hours. A 
unit found to be nonconforming is trouble shooted to identify the problem. If necessary, circuit 
boards are sent back to the PCB testing section in order for rework - economically permitted -
or substitution with a new board. Upon completion of I 00 per cent testing of units, they are sent to 
the Quality Control department. Here the units go through virtually the same test program as the 
one conducted in the final testing section. After satisfactorily completion of the quality test 
program, units are marked as qualified units and are ready for packaging and shipment to the 
customer where it is installed. 



Appendix C - Principles of Total Quality Control 

1. Total Quality Control may be defined as: 

An effective system for integrating the quality development, quality maintenance, and 
quality improvement efforts of the various groups in an organisation so as to enable 
marketing, engineering, production, and service at the most economical levels which 
allow for full customer satisfaction. 

2. In the phrase 'quality control', the word quality does not have the popular meaning of best in any 
absolute sense. It means 'best for certain customer requirements'. These requirements are the (a) 
actual use and (b) selling price of the product. 

3. In the phrase 'quality control', the word control represents a management tool with four steps: (a) 
setting quality standards, ( b) appraising conformance to these standards, ( c) acting when the 
standards are exceeded, and (d) planning for improvements in the standards. 

4. Several quality control methods have been carried on in industry for many years. What is new in the 
modern approach to quality control is (a) the integration of these often uncoordinated activities and 
an engineered, operating system framework which places the responsibility for customer oriented 
quality efforts across all the mainline activities of an enterprise, given quality organisational wide 
impact, and (b) the addition of the time tested methods used of the new quality control technologies 
which have been found useful in dealing with and thinking about the increased emphasis upon 
reliability in product design and precision in parts manufactured. 

5. As a major new business strategic area, quality is explicitly structured to contribute to business 
profitability and positive cash flow. Total quality programs are highly cost effective because of their 
results in improved levels of customer satisfaction, reduced operating costs, reduced operating losses 
and field service costs, and improved utilisation of resources. 

6. The need for such programs is underscored by changing buyer-producer relationships and major 
marketplace demands for quality. These are reflected in mounting product and service liability trends 
and consumer pressures which impact strongly upon producers. In addition, there are new social and 
economic demands for more effective materials use and production processes to turn out increasingly 
technologically based products, new working patterns in factories and offices, and a growing trend 
toward internationalisation of markets. 

7. The factors affecting product quality can be divided into two major groupings: (a) the technological 
- that is machines, materials, and processes and (b) the human- that is operators, supervisors, and 
other company personnel. Of these two factors, the human is of greater importance by far. 

8. Total quality control is an important aid to the good engineering designs, good manufacturing 
methods, and conscientious product service activity that have been required for the delivery of high 
quality articles. 

9. Quality control enters into all phases of the industrial production process, starting with the 
customer's specification and the sale to the customer through design engineering and assembly to 
shipment of the product and installation and field service for a customer who remains satisfied with 
the product. 

10. A Total Quality System may be defined as: 

The agreed companywide operating work structure, documented in effective, integrated 
technical and managerial procedures, for guiding the co-ordinated actions of the people, 
the machines, and the information of the company in the best and most practical ways to 
assure customer quality satisfaction and economical costs of quality. 

The quality system provides integrated and continuous control to all key activities, making it truly 
organisationwide in scope. 

11 . The target of the quality program attention is to control product quality throughout the process of 
design, manufacture, shipment, and service to prevent the occurrence of unsatisfactory quality. 

12. Benefits often resulting from total quality programs are improvements in product quality and design, 
reduction in operating costs and losses, improvement in employee moral, and reduction of product 
line bottlenecks. By-product benefits are improved inspection and test methods, sounder setting of 
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time standards for labour, definite schedules for preventative maintenance, the availability of powerful 
data for use in company advertising, and the furnishing of a factual basis for cost accounting 
standards for scrap, rework, and inspection. 

13. Quality costs are a means for measuring and optimising total quality control activities. 

14. Operating quality costs are divided into four different classifications: 

a) Prevention costs which include quality planning and other costs associated with preventing 
nonconformities and defects. 

b) Appraisal costs or the costs incurred in evaluating product quality to maintain established quality 
levels. 

c) Internal failure costs caused by defective and nonconforming materials and products that do not 
meet company quality specification These include scrap, rework, and spoilage. 

d) External failure costs caused by defective and nonconforming products reaching the customer. 
The include complaints and in-warranty product service costs, costs of product recall, court 
costs, and liability penalties. 

15. Costs reductions - particularly reductions in operating quality costs - result from total quality 
control for two reasons: (a) Industry has often lacked effective, customer oriented quality standards. 
It has, therefore, often unrealistically titled the scales in the balance between cost of quality in a 
product and the service that the product is to render. Furthermore (b) an expenditure in the area of 
prevention can have a several fold advantage in reducing costs in the areas of internal failure and 
external failure. A saving of many dollars for each dollar spent in prevention is often experienced. 

16. From the human relations point of view, quality control organisation is (a) a channel for 
communication for product quality information among all concerned employees and groups; and (b) 
means of participation in the overall quality control program by these employees and groups. Quality 
control organisation is a means of breaking down the attitude sometimes held by factory operators 
and functional specialists that "our quality responsibility is so small a part of the whole that we're 
really not a part of the plant quality control program nor are we important to it". 

17. Total quality control programs should be developed carefully within the company. It is wise to select 
one or two quality areas, to achieve successful results in attacking them, and to let the program grow 
step by step in this fashion. 

18. Necessary to the success of the quality program in a plant is the very intangible but extremely 
important spirit of 'quality mindedness', extending from top management right to the men and 
women at the bench. 

19. Whatever may be new about the total quality control program for a plant must be closely coupled 
throughout the entire plant organisation so a s to obtain willing acceptance and co-operation. 

20. A quality control program must have the complete support of top management. With lukewarm 
management support, no amount of selling to the rest of the organisation can be genuinely effective. 

21 . Management must recognise at the outset of its total quality control program that this program is not 
a temporary quality improvement or quality cost-reduction project. Only when the major problems 
represented by the initial quality improvement and costs reduction are out of the way can the quality 
control program take over its long range role of the management control over quality. 

22. Statistics are used in an overall quality control program whenever and wherever they may be usefu~ 
by statistics are only one part of the total quality control pattern; they are not the pattern itself The 
point of view represented by these statistical methods has, however, had a profound effect upon the 
entire area of total quality control. 

23. The statistical point of view in total quality control resolves essentially into this: Variation in product 
quality must be constantly studied - within batches of product, on processing factor, between 
different lots of the same product, on critical quality characteristics and standards. 

24. An important feature of a total quality program is that it controls quality at the source. An example is 
its positive effect in stimulating and building up operator responsibility for, and interest in, product 
quality through measurement taken by the operators at the station 



Appendix D - Taguchi Explained 

0.1 Calculating Quality 

In section 2.1.1 of this thesis it is explained that two approaches to the measurement of quality can 
be adopted. The first is the goalpost approach and the second is called the reliability approach or 
the Taguchi approach to quality. The difference between these approaches is the number of quality 
levels which can bedistinguished. The goalpost approach has only two levels of quality, low and 
high quality. This was not satisfactory for characteristics which have an infinite number of possible 
outcomes. The Taguchi approach to quality - with an infinite number of possible quality levels -
is more suitable for electronic products. This appenidx will explain this approach to quality 
extensively. 

Requirements for the measurement of quality within the company production line are the following: 

1. The first requirement is comparability. The quality figure has to be standardised in order to be 
able to compare the quality of different production phases within a batch, different batches 
within the same production phase and the total quality of batches. 

2. A deviation around the target value has less effect on quality than the same deviation around the 
tolerance limit. 

3. The quality figure has to be a reliable representation of the deviation from the measured mean to 
the target value and the range of the measured data. 

We will use these requirements to model the equations needed. The deviation from the measured 
mean to the specification is defined by: 

d deviation from target value 
y observation value 
µo target value of observation 

The fulfillment of the second requirement means that a large deviation from the specification mean 
worsens the quality more than a small deviation form the specification mean. In order to achieve 
this we use a parabolic function to model the equation for average deviations and we call this the 
mean squared deviation. 

V'- mean squared deviation 
n number of observations 

For reasons of comparability we use the ratio of the mean squared deviation to the tolerance. Doing 
this, we achieve a figure showing the average relative deviation from specification and batches with 
different specifications can be compared with each other. This figure we call the Normalised Mean 
Squared Deviation and is equal to the mean squared deviation divided by the squared tolerance: 

1 • ( )2 
v2 ;t; y, -.uo 

NMSD = 112 = 112 

2~ width of specification tolerance 
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By using this fomula it is achieved that quality figures obtained - even if the specifications are 
different - can be compared with one another. We can also perceive that the larger the deviation 
from the specification mean the larger negative weight is given that for smaller deviations 
depressing the quality of the characteristic. 

D.2 Quaflly Approach and Nomlal ProbablTlly Distribution 

Comparing the quality approach described above and normal probability distribition we have to 
assume the measured data to have a normal distribution. As the measured variables of manufactured 
products is always subject to a certain amount of variation as a result of chance we presume this 
assumption to be true. In the previous part, the mean squared deviation is defined as the average 
squared deviation from the target value. From statistics we know that the population variance is 
defined as the average squared deviation from the population mean. If the population mean is equal 
to the target value, the mean squared deviation is equal to the population variance. 

v2 mean squared deviation 
cl variance 
Xi ith measured data point of characteristic 
µo target value of characteristic 
µ normal mean of characteristic 
n number of observations 

Using the above equation as base, we want to prove that two equal distributions with a different 
centering have a different quality level. Let x be a normal random variable with mean JJx = JJo and 
variance a,./. The second normal random variable (y) has the same shape as x but the mean is shifted 
from the specification by tin. thus distributed with mean J.ly = µ0 + tin and variance a:/ = a{ (See 
also figure D. l) The Normalised Mean Squared Deviation can be calculated in the following 
manner using ll (the tolerance limit) as standard unit for both distributions. 

!; L(x, - Jlor 1 
r( r (}'l 

!. (µ,,a;)~ NMSD, = 
-;; x, - µ, . 

Ill = Ill =tr 

!,(µ,,a;)~ NMSD, = 
; r[Y. - Jlor ; L[(x, +eJ-µ0 ] 

where e. = µ, - Jlo Al = Al 

;r[(x, -JJof +2e.(x, -JJo)+e;] 
=~~~~~~~~~~~~-

N 
a2 + 2& D + el . . . = N 
(}'l &l &l 

NMSD, = ;, + A~ = NMSD, + A~ 

fx normal random distribution \\ith mean Jlx and variance u.,2 (see figure D. l .a) 
fy normal random distribution with mean µy and variance e1y

2 (see figure D. l.b) 
~ deviation of specification mean from population mean 

D average deviation of measured variable from population mean 

This gives proof to the assumption that a difference of tin between the population mean and 
specification mean signifies a decrease in the quality of the product as the quality figure increases 
with the ratio of tin2 to A2

• Converting this theory to real production situation we should note that 
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the average deviation of measured variable from population mean ( D ) is always unequal to zero 
adding this depressing factor of quality. 

/quality function /quality function 

f(x) 

(a) (b) 

Figure D.1 - Quality approach related to normal probability distribution 

A final comparison between the quality approach and normal probability distribution is made in 
order to convert the NMSD in a percentage figure where 100 per cent is the ultimate quality. For this 
we have to assume that the population mean equals the specification mean like distribution f(x) 
above, were NMSD is a ratio between d and A 2. The variance is our point of departure as with this 
figure a certain area under the normal curve can be calculated. This area is bounded by µ ± A where 
the tolerance is equal to zu. Combining this, we obtain that NMSD is equal to the inverse of z2 and a 
relationship between NMSD and the percentage of products within the tolerance limit can be 
established. 

~ 
;;; 
& .. g 
£ 

x-µ µ±A-µ ±A 
z=--= =-

u (]' (]' 
2 2 I 

NMSD = !!____ = _!!_ = -
Ai (zu)2 z2 

z the z-score for a value x of a data set is the distance that x lies above or below the mean, 
measured in units of the standards deviation 

NMSD Normalised Mean Squared Deviation 
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Figure D.2 - Relation between NMSO and products within tolerance Umit 
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The standard nonnal variable z is the distance between the value of the nonnal random variable x 
and its mean µ. measured in units of its standard deviation CT. Numerous tables and computer 
programs exist to calculate on basis of these variables the area under the nonnal curve. The result 
of this calculation is given in figure D.2. 

Establishing this relationship give us an insight in products presumable within tolerance limit related 
to measured quality. For pratical use, however, there are a few objections. It is very likely that the 
population mean is not equal to the specification mean; a deviation of hin is present. Besides a 
negative effect on the quality figure, a decrease of the products inside the tolerance limit is detected 
as the z-score is now calculated with the boundries J.rl:.b.-hin shifting the NMSD function in figure D.2 
downwards. The observed effect is that a certain NMSD value cannot be related to a certain 
percentage figure without making errors in the result. A second objection is the possible 
psychological misleading of the percentage value. Suppose the NMSD is 0.25 - signifying an 
average deviation of ±Ylli - this results in a percentage figure of 95.4 per cent. Such a high figure 
seems to show no more (economical) room for quality improvement as there is, in fact; room left 
for improvement. 

0.3 Loss Function Approach 

One important aspect of product and process quality is the relative widths of the distribution of 
product characteristics and the specification limits of the product. If the distribution is narrower 
than the specification limits, then it is possible to make all or nearly all of the parts to match the 
printed specifications. This is especially true if the distribution is centered within the specification 
limits. All of this is very desirable from the goalpost point of view; however, what about the 
customer viewpoint? An example will demonstrate the application of the loss function. 

The typical discharge cut-off voltage of the battery control unit is 10.40 ± 0.25V. The Taguchi loss 
function quantifies the variablity present in a process. If a part reaches the end of the manufacturing 
line with a cut-off voltage exceeding the upper or lower limit, the part should be repaired at a cost 
assumed to be P50. This is only aspect of loss to society. Presumable, the specifications are related 
to the reliability of the product; as the specification limits are approached, the product is Jess likely 
to provide satisfaction to the customer. If the product fails to perfonn satisfactorily, the other losses 
are incurred by the manufacturer or the customer which makes Joss of reworking a conservative 
(low) estimate of loss to society. Using this cost as reference value, a loss function can be 
constructed for this situation. Taguchi uses the mathematical equation to model this picture of cost 
versus cut-off voltage: 

L = k(y-m)
2 

L loss associated with a particular output voltage y ,m 
k constant depending on the cost at tolerance limits (A) and the width of the tolerance (2A) 
y particular output voltage 
m nominal or target value of characteristic 

In this equation, L is the economic loss associated with a particular voltage value y; m is the target 
value of the specification. If the cut-off voltage y equals the value at USL or LSL the constant k can 
be calculated as all other variables are know at that point of the loss function: 

L = k(LSL-m)
2 

k= L A 
(LSL-m)2 = Li2 

LSL Lower Specification Limit of characteristic 
A cost of reworking at specification limit 
2A width of specification tolerance 
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Now the loss associated with any part can be computed depending on the value of its output 
voltage. The average cost per part for a particular group of parts also can be determined from this 
loss function. This can be accomplished by estimating average loss per part using the loss equation 
in a slightly modified form. Mathematically, this calculation is equivalent to using the average value 
of the (y-m)2 portion of the loss function. Expanded this is: 

L=~v2 
!J..2 

n number of parts sampled 
y. ith measured data point of characteristic 
v2 mean squared deviation of the product values from the target value 

If all the deviations are squared, added together, and divided by the number of items and multiplied 
with the constant factor, then the result is the desired value. 

DA Inspection Tolerances 

One attribute of the loss function is to help to determine what inspection tolerances should be. For 
example, the discharge current of the PL-ballast is supposed to have a certain functional current to 
operate properly. The PL-lamp connected to this ballast will not operate ifthe functional current is 
not met. Lets say that it cost the producer P200 to adjust the regulator under warranty when the 
current is not correct. From the information the engineers have available, the average appliance will 
not work ifthe current is off from the target by 0.125A. The loss function is then: 

L = k(y- m)2 
<=> P200 = k( o.12s)2 

k = Pl2,800/ A2 

At the factory the adjustment can be made before shipment at a much lower cost, approximately 
PSO. This is comprised of the labour expense for time required to adjust the current and rerun the 
test. What should be the limit that defines when an adjustment should be made at the factory? 

L = k(y-m)
2 

so= 12,socxy-m)
2 

(y-m)
2 

= ~ = 0.00391 
12,800 

(y-m) = .Jo.00391 = ±0.0625A 

Therefore, if the current of the PL-ballast is further than 0.0625A from the desired nominal, it is 
cheaper to adjust it at the factory than to wait for a complaint and subsequent adjustment under 
warranty. The cost is always lower to make it right at the factory than to find a poor quality part 
when the customer has it in hand. 
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The general equation for calculating the factory tolerance can be derived by the following method: 

Loss incurred at use of product 

Lo loss associated v.ith a particular functional characteristic yo, m 
Yo particular functional characteristic 
Ao cost at functional specification limit 
2L\o width of functional specification or functional tolerance 

Loss incurred at production and calculation of factory tolerance 

; safety factor 

The optimal factory tolerance is equal to the ratio of the functional tolerance limit to the safety 
factor. The safety factor is derived from the ratio of the functional cost ofa defective product to the 
cost of a defective product before is leaves the factory. 



Appendix E - Determinants of the Quality Triangle 

In order to determine, evaluate and improve the quality of products and productivity of the 
manufacturing process it is necessary to know the influences upon these. These influences or 
determinants which exert influence on the company are largely resolved by the taskforce appointed 
to this research. During several brainstorm sessions we established the determinants, structured 
with the use of a Ishikawa or fishbone diagram. Such a diagram is a picture composed of lines and 
symbols designed to present a meaningful relationship between an effect and its causes. The term 
effect is reserved for any characteristic that needs to be improved, e.g., product quality, labour 
productivity or energy use. Categories of causes proposed by Ishikawa ( 1972) are intermediate 
inputs, personnel, method of production, environment and equipment. For the brainstorm sessions 
we used the same categorisation. These major causes are subdivided into minor ones and the latter 
ones are determined and defined by people who work and live with the effects on a daily basis. 
Result of the brainstorm sessions is found in figure E. 1 and definitions of the determinants are given 
in table E. l . 

...--- I determ·nants of total quality 

intermediate inputs 

"i i 
supplier supplier l! supplier availability J! c 
quality rl! quality .. quality ~ cost c 
delive!y time ~ delive!y time &. delive!y time .. .c ·c c .0 specifications specifications E specifications • J! E 0 
costs costs u costs 

-rsonn@I 

g on-site training lemployMS 

~ 
previous education I!? absenteeism 

u motivation § wage per hour .. commitment job time = skill productivity 

method of oroduction 

loss of reworking ~ job order slips i layout prod phases 
C:l 

.. 
specifications J! bill of material • prod phases 8 ;e 
observations i parts list :J ~ flow between phases u E ""8 c: 
notes on events :J hours per job 

~ a 
size of batches 
I job orders 

environment .. competator prices climate Inside u c .. requirements of clients I!? layout of building c • ~ ex-factory prices § c 
technical capability .• 

E system configuration 

eauioment 

maintainability 
~ 

layout of equipment 
1i records of maintanance instruction on operation 
i! age of equipment ;g availability of testing equipment 
~ .a 

Figure E.1 - Determinants of quality and productivity categorised in intermediate inputs, personnel, method of 
production, environment and equipment. These determinants are presented by the taskforce during several 
brainstorm sessions. 

From the requirements of the company and definition of total quality, the categories to classify the 
determinants of quality are as follow: 

1) product and process quality 
2) quality costs 
3) productivity 
4) documentation of product for internal use 
5) layout of production process 
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Table E.1 - Definition of determinants of quality and labour productivity. These determinants and definitions of are 
presented by the taskforce during several brainstorm sessions. 

Product and Process Quality 

observations 

age of equipment 

climate inside 

instruction on operation 

maintainability 

motivation 

notes on events 

Measured characteristics of a units. The smaller the range of variation 
from the target value, the better the quality of a unit is by definition. 
Age of equipment used for the production of units. The older the 
equipment, the less 'productive' and 'reliable' they will be. 
If temperature and/or humidity inside the building it is harder to work 
and, as a result, to produce according to standards. 
Instructions given to the employee when he or she first uses a specific 
type of equipment or a production routine. The greater the knowledge 
of the employee about the task the higher the produced quality is likely 
to be. 
Maintainability of a specific equipment. Well maintained equipment 
reduces the change of a common cause identified with a Shewart 
control chart (see section 2.2.5). 
Motivation of personnel to produce according to the targets. No 
matter how good a plan, how detailed a policy, in the end it's the 
human factor that makes the difference. The single most important 
aspect of quality control during production is operator self control. 
This means that the operator - the one closest a part of the process 
- is capable of controlling the quality of his own production. 
This is not an actual determinant of quality and productivity, but a 
system to monitor if special or common causes of production can be 
identified. 

on-site training Instructions given to a employee when he or she first has to perform a 
new production routine. The greater the knowledge of the employee 
the higher the produced quality is likely to be. 

previous education Previous education of the employee, either on a previous job within the 
same area or on school. The higher the education the better the 
understanding of what he or she is doing. 

quality of intermediate inputs Quality of half-fabricates, raw materials and components. The higher 
the quality of these intermediate inputs the higher the quality of the 
end-product can be. The chain is as strong as its weakest link. 

requirements of clients Requirements of the clients concerning the standards of the sold unit. 
As quality is a measure of customer satisfaction the requirements of 
clients are one set of standards to take into account. 

skill of employee The higher the skill of the employee the higher the quality of the output 
can be. 

specifications Specifications of half-fabricates, raw materials and components. These 
specifications are the standard against which to compare the quality. 

target value Standards of the characteristics of products. These are the standards to 
compare the observations of the characteristics of products. 

supplier Supplier of the different components, raw materials and half-fabricates. 
At present time the company encounters problems in the specifications 
of components from different suppliers. The result of which is that ad
hoc modifications are made during final testing. Consequently, there 
are units which have a different parts list as the 'standard' units. This 
complicates the product costing and rises problems for the service 
department. 

system configuration System configuration requested by the client. If the client does not 
want a standard but a customised unit. 
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Table E.1 - Definition of determinants of quality and labour productivity (continued) 

Quality Costs 

competitor prices 

costs 

ex-factory prices 

loss of reworking 

wage per hour 

Productivity 

availability of energy 

The prices of competitors related to retail prices of the company for 
the same product are important from the viewpoint of competitiveness. 
A high ratio competitor/company price will make it less likely that units 
from the latter will be purchased. 
Costs of half fabricates, raw materials, components and energy used 
for production. If the costs of these inputs increases it would signify an 
increase of retail prices if profits remain the same. Quality is a measure 
of customer satisfaction. A higher retail price would therefore mean a 
lower quality of the product. 
Ex-factory prices of units are important compared to the prices of 
competitors. If the ex-factory prices of units are higher than those of 
the competitors it is a great loss for the customer to purchase the 
product. Consequently the customer will perceive it as a lesser quality 
product. 
This is the amount of capital lost caused by reworking of a defective or 
nonconforming unit. Two definitions for this variable can be adopted: 
(a) the loss calculated is an actual figure of capital and can therefore be 
related to the production cost of the unit; (b) the loss calculated is a 
statistical figure of capital (Taguchi). It is an indication of quality 
calculated with the deviation of observation to specification and the 
actual capital involved for reworking at the tolerance limits. 
Wage of personnel per hour of work. 

Especially in the situation of the Philippines with regular brown-outs 
- although the frequency of brown-outs is decreasing - which can be 
major burden on the production process. Without it the ,e.g., soldering 
stations will not work and therefore no production. 

availability of testing equip. In the present situation there is not enough testing equipment if several 

commitment 

delivery time 

hours per job 
job time 
number of employees 

Documentation 

bill of material 

job order slip 

number of job orders 
parts list 

employees are conducting the same test at the same time. This causes 
delays as a lack of equipment signifies an increase in man-hours. 
With a low commitment there is less interest of the personnel to 
produce according to standards. Therefore, the product characteristics 
are less liable to meet the standards. 
Time of half-fabricates, raw materials and components from ordering 
to receiving the requested inputs. If the delivery time is longer than 
planned for in time schedules, production will stagnate and increasing 
the hours per job above the target. 
Number of man-hours necessary to perform a job. 
Hours worked per shift. 
Number of employees presently working with the company. This 
number also includes employees not directly involved with the actual 
production of units but also management, sales and service. 

List of materials actually used for production of a unit. This bill is used 
for cost accounting of a unit. 
A job order slip is a written job order from operator engineer to 
production for the assembly of a specified unit. This does not include 
the production of printed circuit boards - see appendix B. 
Number of job orders to be made in a specified period. 
List with parts needed for production of a unit. 
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Table E.1 - Definition of determinants of quality and labour productivity (continued) 

Layout of production process 

flow between phases Flow of (half finished) between the different phases of production and 
flow of data between the different departments. 

layout ofbuilding Physical layout of the different departments within the building or, as is 
the case with the company, between several buildings. 

layout of phases Physical layout of the different production phases with the production 
process. Another layout of the phases than now can give a more clear 
view for the employees where there department ends and where the 
next department begins. This can give a greater identification with 
there own department and a more structured way in which the 
manufactured unit flow through the production process. 

number of prod. phases Number of phases within the production process. If there are several 
phases, this would signify that more actions have to be take to arrive at 
a certain point. More actions would stipulate that more errors can be 
made along the line of production. 



Appendix F - Test Characteristics and Testing Procedures 

F.1 PL-Ballast11W 

Table F.1 - Test characteristics and procedures in PCB testing for PL-ballast 

test characteristic 

wiring polarity 

supply voltage 

start-up current-variable power supply 

start-up current-battery 

drain current with load 

drain current without load 

start-up voltage 

v,,,. 
v~ 

periodetime 

Vu 

means for testing 

osciDoscope 

digital meter 

power supply and battery 

visual testing 

.- r. - SOµs1 

I ! J 
Vpeak ~ 

I 

(a) 

specification dimension 

12.0j~ Volt 

3.00 max/ 1.50 nom Amp 

3.00 max/ 1.75 nom Amp 

o.n5±0.125 Amp 

0.110 ± 0.09 Amp 

11 .0 min Volt 

20.0 Volt 

60.0 max/ 55.0 nom Volt 

61 .0±3.0 µs 

280 max/ 250 nom Volt 

for output wave form 

for drain current and start-up current 

for testing 

for wiring and appearance 

(b) 

Figure F .1 - Oscilloscope pictures of output wave forms 
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remarks 

refer to parts lay-out; not recorded 

minimal start-up voltage 

refer to figure F .1 .a 

refer to figure F .1.a 

refer to figure F .1 .b 

refer to figure F .1 .c 

(c) 
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Table F.2 - Test characteristics and procedures in final testing for PL-ballast 

test characteristic 

wiring polarity 

supply voltage 

start-up current-variable power supply 

drain current with load 

drain current without load 

start-up voltage 

on/off test 

bur-in test 

means for testing 

power supply 

digital meter 

visual testing 

specification dimension 

12.0:~.~ Volt 

3.00 max/ 1.50 nom Amp 

0.825 ± 0.075 Amp 

0.135 ± 0.065 Amp 

11.0 min Volt 

no faOure 

no failure 

for testing and bum-in 

for drain current and start-up current 

for wiring and appearance 

Table F.3 - Test characteristics and procedures in quality control for PL-ballast 

test characteristic 

wiring polarity 

supply voltage 

start-up current-variable power supply 

drain current with load 

drain current without load 

start-up voltage 

IUumination 

bum-in test continous 

bum-in test on/off 

means for testing 

power supply 

digital meter 

visual testing 

lux meter 

specification dimension 

12.0~~ Volt 

3.00 max/ 1.50 nom Amp 

0.825 ± 0.075 Amp 

0.135 ± 0.065 Amp 

11.0 min Volt 

140.0±5.0 lux 

no failure 

no failure 

for testing and bum-in 

for drain current and start-up current 

for wiring and appearance 

for ilumination 

APPENOIXF 

remarks 

refer to parts lay-out; not recorded 

minimal start-up voltage 

on/off for 3 times for 10 sec. interval . 

bum-in time is 8 hours 

remarks 

refer to parts lay-out; not recorded 

minimal start-up voltage 

bt.m-in time is 4 hours 

bt.m-in time is 2 hours 
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F .2 Battery Control Unit 

Table F.4- Test characteristics and procedures in PCB testing for battery control unit 

testcharacterisffc 

wiring polarity 

supply voltage-battery 

supply voltage-array 

discharge cut-off voltage 

discharge cut-in voltage 

red led 

shunting cut-off voltage 

shunting cut-in voltage 

green led 

proper mosfet shunting procedure 

means for testing 

digital meter 

dummy load 

power supply (1 OA) 

specificaffon dimension remarks 

refer to parts lay-out; not recorded 

12.0 Volt not recorded 

12.0-18.0 Volt not recorded 

10.40±0.10 Volt 

11.60± 020 Volt 

on red led fight Wring discharge 

14.50±0.10 Volt 

13.35±0.15 Volt 

on green led fight during charging 

- place dummy load (+lead) to arry input in series with ammeter, and (-
lead) to negative 

- set power supply-in replace of battery- to 14 Volt 
- set load to 6A 
- vary the power supply input to cut-off point -+ array voltage shorted to 

ground 
- at cut-in point, vary voltage from cut-off voltage down to 13.2-13.3V and 

array voltage will appear 

for voltage and current setting 

for loacfing 

for testing 

Table F.S - Test characteristics and procedures in final testing for battery control unit 

test characterisffc 

wiring polarity 

supply voltage-battery 

supply voltage-array 

discharge cut-off voltage 

discharge cut-in voltage 

red led 

shunting cut-off voltage 

shunting cut-in voltage 

green led 

bum-in test 

proper mosfet shunting procedure 

means for tesffng 

digital meter 

dummy load 

power supply (1 OA) 

specificaffon dimension remarks 

refer to parts lay-out; not recorded 

12.0 Volt not recorded 

12.0-18.0 Volt not recorded 

10.40±026 Volt 2.5% tolerance 

11.55±0.29 Volt 2.5% tolerance 

on red led fight during discharge 

14.50±0.37 Volt 2.5% tolerance 

13.35±0.33 Volt 2.5% tolerance 

on green led lght durilg charging 

nofabe bum-in time is 8 hours 

- place dummy load (+lead) to arry input in series with ammeter, and (-
lead) to negative 

- set power supply-in replace of battery- to 14 Volt 
- set load to 6A 
- vary the power supply input to cut-off point-+ array voltage shorted to 

ground 
- at cut-in point, vary voltage from cut-off voltage down to 132-13.3V and 

array voltage wi1 appear 

for voltage and current setting 

for loading 

for testing and bum-in test 
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Table F .6. - Test characteristics and procedures in quality control for battery control unit 

test characteristic 

wiring polarity 

supply voltage-battery 

supply voltage-array 

discharge cut-off voltage 

d'IScharge cut-in voltage 

red led 

shunting cut-off voltage 

shunting cut-in voltage 

green led 

bum-in test 

proper mosfet shunting procedure 

means for testing 

digital meter 

dummy load 

power supply (1 OA) 

specification dimension remarks 

refer to pans lay-out; not recorded 

12.0 Volt not recorded 

12.0-18.0 Volt not recorded 

10.40±0.26 Volt 2.5% tolerance 

11 .55±029 Volt 2.5% tolerance 

on red led light during discharge 

14.50±0.37 Volt 2.5% tolerance 

13.35±0.33 Volt 2.5% tolerance 

on green led light during charging 

nofaffure buriMl time is 2 hours 

- place dummy load (+lead) to arry input in series with ammeter, and (-
lead) to negative 

- set power supply--in replace of battery- to 14 Volt 
- set load to 6A 
- vary the power supply input to cut-off point~ array voltage shorted to 

ground 
- at cut-in point, vary voltage from cut-off voltage down to 13.2-13.3V and 

array voltage wift appear 

for voltage and current setting 

for loading 

for testing 



Appendix G - Observations Sheet 

After determinantion of the test characterisitics and testing procedures, observation sheets are constructed. These 
sheets are used in the testing phases of production - PCB testing, final testing and quality control. Use of the 
observation sheets is relatively simple. The top row show the testpoint which coincides with a point on the layout 
of the printed circuit board. 1 In the second row the unit of measurement is displayed to ensure the reliability of 
the observation. Data is measured for each and every unit of the batch and recorded in the row with the 
corresponding PCB number or serial number. (Recollect that in the pre-assembly phase the printed circuit board is 
joint with the casing and each unit receives a unique serial number.) The following figures exhibit the utilised 
observation sheets for the PL-ballast and battery control unit for aforementioned production phases. 

PCB suppply 
number voltage 

v 

2 

3 

4 

5 

6 

startup current 

power 
supply 

A 

battery 

A 

drain current 

wl/oad !Mb load 

A A 

Figure G.1 - Observation sheet for PL-ballast I PCB testing 

startup drain current 
current 

startup 
voltage 

v 

serial suppply power wlload wloload startup 
number voltage supply voltage 

v A A A v 
96-xxxx 

96-xxxx 

96-xxxx 

96-xxxx 

96-xxxx 

96-xxxx 

Figure G.2 - Observation sheet for PL-ballast I final testing 

v,,,.. v,_ period v. 
time 

v v µs v 

on/off bum-in 
test test 

ok/failure Ok/failure 

1 Blue print of the electronic circuit is not assimilated in this report because this is classified company docwnentation. On the accompanying 
blue print, however, the place of measurement in the circuit is shown. This assures the person who analyses the data that the correct 
measurements are taken. 
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startup drain current 
current 

serial suppply power wlload wloload 
number voltage supply 

v A A A 

96-xxxx 

96-xxxx 

96-xxxx 

Figure G.3 - Observation sheet for PL-ballast I quality control 

PCB 
number 

2 

3 

4 

5 

6 

cut-off 

v 

discharge mode 

cut-in red led 

v on/off 

Figure G.4 - Observation sheet for battery control unit I PCB assembly 

discharge mode 

bumintest 

startup illuminati cont. on/off 
voltage on 

v lux Ok/failure ck/failure 

shunting mode 

cut-off cut-in green led 

v v on/off 

shunting mode serial 
number cut-off cut-in red led cut-off cut-in green led 

bum-in 
test 

v v on/off v v on/off ok/failure 

96-xxxx 

Figure G.5 - Observation sheet for battery control unit I final testing and quality control 



Appendix H - Data on PV-applications 

In this appendix the results are given of the gathered data on the PY-applications battery control unit and 
PL-ballast. 

H.1 PL-ballast 

Table H.1 - Nonconformities in batch P1 and P2 

nonconformitiy 

wrong value of resistor 

wrong value of capacitor 

wrong transistor 

no capcitor 

reverse diode 

no solder 

shorted solder 

cold solder 

shorted copper 

open copper 

hizzing sound w/o load 

transformer 

defective diode 

defective capacitor 

defective mosfet 

high current 

unknown 

total nonconformities 

description 

wrong value of resistor is inserted in the PCB 

wrong value of capacitor is inserted in the PCB 

wrong type of transistor is inserted in the PCB 

no capacitor is inserted in the PCB 

category 

PCB ass. 

PCB ass. 

PCB ass. 

PCB ass. 

diodes are polarity sensitive; inserting the diode PCB ass. 
reversed prevents the proper function of the 
component 

no solder is put on one spot of the board preventing PCB ass. 
a conection between the component and PCB 

solder between two intended seperate points PCB ass. 
causes an unintended shortening of those points, 
shortening a certain circuit 

caused when the component lead moves as the PCB ass. 
solder joint is freezing resulting in uneven freezing 
of the solder joint and ultimately the stress setup 
can cause a crack in the joint 

copper between two intended seperate points PCB ass. 
causes an unintended comection of those points, 
shortening a certain circuit 

no copper between two intended connected points PCB ass. 
causes an unintended <fisconnection of those 
points, breaking a certain circuit 

transformers producing a hizzing sound when the X'former 
board is without load is caused by the varnish 
coating of the transformer; the varnish coating is 
not dryed out completly 

unknown problem X'former 

diode is not meeting the specification withholding it materials 
from functioning properly 

capacitor is not meeting the specification materials 
withholding it from functioning property 

mosfet is not meeting the specification withholding materials 
it from functioning properly and causing a flickering 
of the PL-lamp 

unknown problem unknown 

unknown problem unknown 
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batch P1 

2 

2 

6 

7 

4 

6 

5 

7 

(1.9%) 

(1.9%) 

(5.8%) 

(6.8%) 

(3.9%) 

(5.8%) 

(4.9%) 

(6.8%) 

30 (29.1%) 

2 (1 .9%) 

(1 .0%) 

(1 .0%) 

24 (23.3%) 

5 (4.9%) 

(1 .0%) 

103 (100.0%) 

batch P2 

(7.1%) 

4 (28.6%) 

(7.1%) 

2 (14.3%) 

4 (28.6%) 

(7.1%) 

(7.1%) 

14 (100.0%) 
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Table H.2 - Relation between produced PCBs and nonconformaties in batch P1 and batch P2 

batch produced nonconforming nonconformaties nonconf. per produced nonconf. per nonconf. 
PCBs PCBs PCB PCB 

(A) (B) (C) (CY(A) (CY(B) 

P1 130 84 (64.6%) 103 0.7924 1.2167 

P2 50 12 (24.0%) 14 0.2334 1.1667 

Table H.3.a - Results from batch P1 

characteristic department specification µ CJ NMSD LCL• UCL• 

startup current PT-pr 3.00A max/ 1.50 nom 1.5494 0.3294 42n 

power supply PT-ar 3.00A max/ 1.50 nom 1.4686 0.2043 0.0022 0.856 2.082 

FT 3.00A max/ 1.50 nom 1.6088 02356 0.0236 0.902 2.316 

QC 3.00A max/ 1.50 nom 1.6209 02197 0.0228 0.962 2.280 

startup current PT-pr 3.00A max/ 1. 75 nom 1.7514 0.3189 0.5790 0.795 2.708 

battery PT-ar 3.00A max/ 1.75 nom 1.7761 0.3291 0.0431 0.789 2.763 

drain current PT-pr 0.775 ± 0.125A 0.7505 1.5996 2.587 

w/load PT-ar 0.775 ± 0.125A 0.7242 0.2867 0.594 0.855 

FT 0.825 ± 0.075A 0.8157 0.0164 0.0631 0.767 0.865 

QC 0.825 ± 0.075A 0.8178 0.0148 0.0477 0.774 0.862 

drain current PT-pr 0.110 ± 0.09A 0.1070 0.0283 0.3491 0.022 0.192 

w/oload PT-ar 0.110 ± 0.09A 0.1055 0.0296 0.1104 0.017 0.194 

FT 0.135 ± 0.065A 0.3870 0.046 0.151 

QC 0.135 ± 0.065A 0.3424 0.046 0.158 

Vpeak PT-pr 60.0V max/ 55.0V nom 0.8732 38.6 71.6 

PT-ar 60.0V max/ 55.0V nom 0.0005 40.3 63.9 

periodetime PT-pr 61 .0±3.0µs 0.6821 57.5 63.9 

PT-ar 61 .0 ±3.0µs 0.3393 55.5 65.8 

illumination QC 140.0 ± 5.0lux 139.9167 1.5856 0.1000 135.2 144.7 

quality perfonnance per production phase 

pre PCB testing 0.7354 

PCB testing 0.1244 

final testing 0.1597 

Quality Control 0.1282 

Significance of Lower Control Limit and Upper Control Limit is one more than measured data. 
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Table H.3.b - Results from batch P2 

characteristic department specification µ CT NMSD Lee UCL• 

startup current PT-pr 3.00A max/ 1.50 nom 1.2894 0.4331 0.0263 2.589 

power supply PT-ar 3.00A max/ 1.50 nom 1.3132 0.2142 0.0060 0.671 1.956 

FT 3.00A max/ 1.50 nom n.a. n.a. n.a. n.a. n.a. 

QC 3.00A max/ 1.50 nom 1.4218 0.1107 0.0004 1.090 1.754 

startup current PT-pr 3.00A max/ 1.75 nom 1.8319 0.3154 0.1888 0.886 2.778 

battery PT-ar 3.00A max/ 1.75 nom 1.7692 0.2251 0.0201 1.094 2.445 

drain current PT-pr 0.775±0.125A 0.7870 0.0344 0.2323 0.684 0.890 

w/load PT-ar 0.775±0.125A 0.7768 0.0309 0.0804 0.684 0.870 

FT 0.825 ± 0.075A n.a. n.a. n.a. n.a. n.a. 

QC 0.825 ± 0.075A 0.8232 0.0098 0.0172 0.794 0.853 

drain current PT-pr 0.110 ± 0.09A 0.1042 l~~~i~;~;§tz~:;;m~i 0.4062 0.248 

w/oload PT-ar 0.110 ± 0.09A 0.0154 0.0746 0.049 0.142 

FT 0.135 ± 0.065A n.a. n.a. n.a. n.a. n.a. 

QC 0.135 ± 0.065A ~f~11~~~~f~~ 0.0083 0.6317 0.059 0.109 

Vpeak PT-pr 60.0V max/ 55.0V nom 58.0233 0.6712 49.8 66.296 

PT-ar 60.0V max/ 55.0V nom 58.0200 0.6192 49.7 66.323 

periodetime PT-pr 61 .0±3.0µs 59.6512 1.0111 51 .7 67.651 

PT-ar 61.0±3.0µs 59.4600 0.6422 54.1 64.867 

Hlumination QC 140.0 ± 5.0lux 139.6600 1.4514 0.0872 135.3 144.0 

quality petfonnance per production phase 

pre PCB testing 0.4226 

PCB testing 0.2404 

final testing 0.1833 

Quality Control 0.1841 

Significance of Lower Control Limit and Upper Control Limit is one more than measured data. 
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Table H.4 - Comparison between NMSD according to current specification and proposed specification for batch P1 and P2 

batch P1 batchP2 

characteristic department current NMSD proposed NMSD current NMSD proposed NMSD 

startup current power supply PT-pr 0.3294 0.3294 0.0263 0.0263 

PT-ar 0.0022 0.0022 0.0060 0.0060 

FT 0.0236 0.0236 n.a. n.a. 

QC 0.0228 0.0228 0.0004 0.0004 

startup current battery PT-pr 0.5790 0.5790 0.1888 0.1888 

PT-ar 0.0431 0.0431 0.0201 0.0201 

drain current with load PT-pr 1.5996 1.5996 02323 0.2323 

PT-ar 0.2867 02867 0.0804 0.0804 

FT 0.0631 0.0631 n.a. n.a. 

QC 0.0477 0.0477 0.0172 o.01n 

drain current without load PT-pr 0.3491 0.3491 0.4062 0.4062 

PT-ar 0.1104 0.1104 0.0746 0.0746 

FT 0.3870 0.1220 n.a. n.a. 

QC 0.3424 0.1400 0.6317 0.1296 

Vpeak PT-pr 0.8732 0.8732 0.6712 0.6712 

PT-ar 0.0005 0.0005 0.6192 0.6192 

periodetime PT-pr 0.6821 0.6479 1.0111 0.3328 

PT-ar 0.3393 0.0934 0.6422 0.1183 

illumination QC 0.1000 0.1000 o.o8n o.o8n 

quality perfromance per production phase 

pre PCB testing 0.7354 0.7297 0.4227 0.3096 

PCB testing 0.1344 0.0894 02404 0.1531 

final testing 0.1597 0.0696 n.a. n.a. 

Quality Control 0.1282 0.0776 0.1841 0.0586 

overaU performance 02880 02416 0.2824 0.1738 
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H.2 Batterty Control Unit 

Table H.5- Nonconformaties in batch B1 and B2 

nonconformatiy 

wrong value of resistor 

wrong transistor 

wrong relay 

no capcitor 

reverse diode 

no solder 

shorted solder 

cold solder 

shorted copper 

defective capacitor 

defective mosfet 

always discharge 

voltage level 

unknown 

total nonconformities 

description 

wrong value of resistor is inserted in the PCB 

wrong type of transistor is inserted in the PCB 

wrong type of relay is inserted in the PCB 

no capacitor is inserted in the PCB 

cafegoty 

PCB ass. 

PCB ass. 

PCB ass. 

PCB ass. 

diodes are polarity sensitive; inserting the diode PCB ass. 
reversed prevents the proper function of the 
component 

no solder is put on one spot of the board preventing PCB ass. 
a conection between the component and PCB 

solder between two intended seperate points PCB ass. 
causes an unintended shortening of those points, 
shortening a certain circuit 

caused when the component lead moves as the PCB ass. 
solder joint is freezing resulting in uneven freezing 
of the solder joint and ultimately the stress setup 
can cause a crack in the joint 

copper between two intended seperate points PCB ass. 
causes an unintended connection of those points, 
shortening a certain circuit 

capacitor is not meeting the specification materials 
withholding it from functioning properly 

mosfet is not meeting the specification withhold"mg materials 
it from functioning properly 

materials 

design 

unknown problem unknown 

Table H.6- Relation between produced PCBs and nonconformaties in batch B1 and batch B2 

batch B1 

4 

5 

2 

(4.1%) 

(1.0%) 

(5.2%>) 

(2.1%) 

11 (11 .3%) 

(1.0%) 

4 (4.1%) 

(1 .0%) 

3 (3.1%) 

(1.0%) 

63 (64.9%) 

(1.0%) 

97 (100.0%) 

batchB2 

7 (25.9%) 

2 (7.4%) 

(3.7%) 

5 (18.5%) 

(3.7%) 

6 (222%) 

2 (7.4%) 

(3.7%) 

2 (7.4%) 

27 (100.0%) 

batch produced nonconforming nonconformaties nonconf. per produced nonconf. per nonconf. 
PCBs PCBs PCB PCB 

(A) (B) (C) (C)l(A) (C)l(A) 

B1 130 41 (31 .5%) 97 0.7462 2.3659 

B2 60 22 (33.7%) 27 0.4500 1.2273 
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Table H.7.a - Results from batch 81 

characterisitc department specification µ O' NMSD LCL• UCL• 

discharge cut-off PT-pr 10.40±0.260V 10.4468 0.6467 9.861 11 .033 

PT-ar 10.40±0.260V 10.3891 0.0800 0.1035 10.149 10.629 

FT 10.40±0.260V 10.4130 0.0726 0.0798 10.195 10.631 

QC 10.40±0.260V 10.4298 0.0760 o.09n 10202 10.658 

tflSCharge cut-in PT-pr 11 .55±0289V 11 .5817 0.7229 10.872 12292 

PT-ar 11 .55±0289V 11.5140 0.1075 0.1606 11.192 11 .837 

FT 11 .55±0289V 11.59n 0.1385 02547 11 .182 12.013 

QC 11.55±0.289V 11 .6188 0.1045 0.1867 11 .305 11.932 

shll1ting cut-off PT-pr 14.50±0.363V 14.5686 0.5644 13.843 15294 

PT-ar 14.50±0.363V 14.4888 0.0563 0.0326 14.320 14.658 

FT 14.50±0.363V 14.5410 0.1010 0.0897 14238 14.844 

QC 14.50±0.363V 14.5540 0.1037 0.1034 14243 14.865 

shunting cut-in PT-pr 13.35±0.334V 13.4528 0.6335 12.m 14.129 

PT-ar 13.35±0.334V 13.3828 o.ong 0.0713 13.143 13.617 

FT 13.35±0.334V 13.4025 0.1456 13.053 13.752 

QC 13.35±0.334V 13.4213 0.1619 13.078 13.764 

overall quality performance per production phase 

pre PCB testing 0.6419 

PCB testing 0.0920 

final testing 0.1425 

Quarrty Control 0.1374 

Significance of Lower Control Limit and Upper Control Limit is one more than measured data. 
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Table H.7.b- Results from batch 82 

characteristic department specification µ CT NMSD LCL• UCL• 

discharge cut-off PT-pr 10.40±0.260V 10.3729 0.0410 0.3250 10.250 10.496 

PT-ar 10.40±0.260V 10.3837 0.0435 0.0320 10.253 10.514 

FT 10.40±0.260V n.a. n.a. n.a. n.a. n.a. 

QC 10.40±0.260V 10.4018 0.0180 0.0048 10.347 10.456 

discharge cut-in PT-pr 11 .55±0.289V 11 .4838 0.0576 0.3645 11 .311 11.657 

PT-ar 11 .55±0.289V 11 .4870 0.0572 0.0867 11 .315 11 .659 

FT 11 .55±0289V n.a. n.a. n.a. n.a. n.a. 

QC 11 .55±0.289V 11.5478 0.0271 0.0086 11.467 11 .929 

shunting cut-off PT-pr 14.50±0.363V 14.4744 0.0410 0.3615 14.351 14;597 

PT-ar 14.50±0.363V 14.4745 0.0391 0.0165 14.357 14.592 

FT 14.50±0.363V n.a. n.a. n.a. n.a. n.a. 

QC 14.50±0.363V 14.4956 0.0296 0.0060 14.515 14.676 

shunting cut-ri PT-pr 13.35±0.334V 13.4049 0.0536 0.3843 13244 13.566 

PT-ar 13.35±0.334V 13.3998 0.0502 0.0448 13.249 13.550 

FT 13.35±0.334V n.a. n.a. n.a. n.a. n.a. 

QC 13.35±0.334V 13.3392 0.0316 0.0098 13245 13.434 

overall quality performance per production phase 

pre PCB testing 0.3588 

PCB testing 0.0450 

final testing n.a. 

Quality Control 0.0073 

Significance of Lower Control Limit and Upper Control Limit is one more than measured data. 



Appendix I - Data on Labour Productivity 

Labour productivity is defined as the aggregate value added divided by the total number of 
employees. The operational scheme used in this report for the calculation is given in figure I. l 
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Figure 1.1 - Operational scheme of labour productivity at the company 

Employees in this equation are all people who contribute to the production process, no matter what 
their attribution is. The are operators, testers, et cetera - direct labour - and administration, 
management, service, et cetera - indirect labour. Several problem arise when trying to account 
man-hours for production of researched batches. As discussed before, the production process of the 
company is a process-focus system with intermittent demand. Buffa and Sarin (1987, pp. 20-23) 
describe that each generic department and its facilities are used discontinuous as needed by the 
custom orders. Calculating labour productivity requires the assimilation of indirect labour. The 
share of indirect labour to researched batches could be accounted for by using the share of these 
batches related to the total yearly output volume of the company. Due to company policy this data 
is not available and, consequently, the share of indirect labour cannot be calculated in any way. We 
therefore have to resort to calculation oflabour productivity purely on direct labour. Table 1.1 show 
the man-hours in each production phase per unit of production. A further enfeeblement of 
productivity is the lack of data concerning the quality control department, batches P2 and B2, and 
several departments in batches Pl and Bl. 

The last row of table 1.1 demonstrates the average man-hours per unit of output. Ground for man
hours per unit of output instead of man-hours for unit of production is the production for stock and 
loss of disqualified units. One might oneself if units produced for stock in the previous production 
run are utilised for part of the output volume. For example, the ten units produced for stock in 
batch Pl could be utilised for part of production in batch P2. This I have not detected either on the 
actual production line or in company documentation. Consequently, as it is labour productivity per 
batch, units produced for stock are not incorporated in the output volume. Determination of the 
average man-hours per unit of output is done with the following equation. 
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( LX:FORMER + LPCB-ASS + LPCB-TEST) x ~AL + ( LPRE-ASS + LFINAL-ASS + LFINAL-TESF) x rPOUTPIJT 
L=-'-~~~~~~~~---''--~~--''--~~~~~~~~~-'-~~-

L 
L1<1cpar1men11 

t/JrOTAL 

</.bUTPUT 

rPOUTP1JT 

average man-hours per unit of output 
man-hours per unit of production in a department phase 
total units of production before PCBs for stock are removed in PCB assembly 
output volume at end of production line 

Table 1.1 - Average man-hours per unit of output (in hours) 

PL -ballast battery control unit 

ideal batch P1 batchP2 ideal batchB1 batch B2 

X'former 0.34 0.56 0.34" 

PCB assembly 1.00 0.59 1.00• 1.00 1.00" 1.00" 

PCB testing 025 025" 0.25" 0.75 0.75" 0.75" 

pre-assembly 0.50 0.46 0.50" 0.50 0.50 0.50" 

final assembly 0.17 0.08 0.17" 025 0.18 025" 

final testing 0.08 o.os• o.os• 0.75 0.75" 0.75" 

average man-hours/unit 2.34 2.14 2.34 3.25 3.33 3.60 

source: company data files 
a Man-hours for these phases of production are not available. Standard man-hours figures are used to fill in the 

blanks. 

Using this method we arrive at the average man-hours per unit of output or in other words, the time 
used for production of units for stock are accounted for in the time used for production of units for 
output. The output volume of researched batches is given in table I.2. 

Table 1.2 - Output volume of batches 

PL -ballast battery control unit 

ideal batch P1 batchP2 ideal batch B1 batch B2 

total units 130 50 130 60 

PCBs for stock 10 9 10 

d'asqualified unit 

output volume 120 50 1 120 50 

source: company data files 

In table I.3 the intermediate inputs per unit of production are presented. Intermediate inputs 
categorised as PCB assembly are the material inputs used for production phase PCB assembly. The 
category other production phases are the material inputs used for production phases X'former, pre
assembly and final assembly. The last category - overhead per man-hour - is a fixed amount 
which covers the expenses for secondary materials such as polish, cloth, glue, et cetera. The 
average intermediate input per unit of production is calculated with: 

C- = C PCB-ASS f rorAL +COTHER-ASS + CCWERHEAD • L 
'l"OU11'UT 

c
CPCB-ASS 

ComER_ASS 
CoVERHEAD 

average intermediate input per unit of production 
cost of intennediate inputs in PCB assembly phase 
cost of intermediate inputs in other assembly phases 
overhead costs per man-hour 
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Table 1.3 -Average intermediate inputs per unit of production (Pesos) 

PL-ballast battery control unit 

ideal batchP1 batch P2 ideal batchB1 batchB2 

PCB assembly 211.56 216.22 212.93 492.00 498.93 496.18 

other production phases 601.15 601 .15 601.15 120.00 120.00 120.00 

overhead per man-hour 26.10 26.10 26.10 26.10 26.10 26.10 

aver. intenn. inpJunit 873.78 891.15 875.16 696.83 747.31 809.37 

source: company data files and own calculations 

Intermediate inputs are only known for the ideal situation, the inputs as specified in the standards. 
For the category overhead per man-hour this is no problem as the figure is a fixed amount used for 
all products from their product mix. From the analysis in chapter three it is known that there were 
no nonconformities encountered in phases other than PCB assembly. We can therefore safely 
assume that extra costs for inputs were not required in these phases. In the printed circuit board 
section extra costs are made, but these figures are not available. Conversion of ideal inputs to real 
inputs is done with the aid of the amount of nonconformities per produced PCB. Central idea in this 
is that each nonconformity in the unit has to be repaired at a certain cost for used material. Problem 
is the given that information about material costs per component is not available for this research. 
An alternative for this has to be found assuming that costs for substitute intermediate inputs is made 
- hence, a worst case scenario. Scrapping the whole unit is not a valid option as this would do no 
just to the production process and the employees of the company if we consider the fact that of the 
370 printed circuit boards produced only one is scrapped completely. The method chosen for 
conversion is the ratio of standard material costs to the number of components on a PCB to 
calculate the average material cost of each component. The conversion factor can now be 
calculated with the following equation. 

crco1 = c_d + c...,. 
c 

= c_d + andard x nonconf./PCB 
# components 

_ (i nonconf./PCB) 
- cslllndard +----

# components 

=c,_d x A. 

A. = 1 + nonconf./PCB 
# components 

C,...i 

Clllondanl 

Ccxtra 

nonconf/PCB 
# components 
A. 

real material costs per unit of production 
standard material costs per unit of production 
extra material costs per unit of production caused by reworking of unit 
nonconformities per produced printed circuit board 
number of components on printed circuit board 
conversion factor 

With the conversion factor A. the actual material costs can be calculated by means of above equation 
and the results given in table 1.4. The higher the number of nonconformities per produced printed 
circuit board, the higher the conversion factor A.. Consequently this results in a higher real material 
cost per unit of production. 
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Table 1.4- Determination of actual material costs (Pesos} 

PL-ballast battery control unit 

variable batchP1 batch P2 batch 81 batch82 

nonconformities per PCB 0.7924 02334 0.7462 0.4500 

number of components 36 36 53 53 

1 1.0220 1.0065 1.0141 1.0085 

c- 211.56 211 .56 492.00 492.00 

c..., 21622 212.93 498.93 496.18 

Table 1.5 displays the labour productivity for observed batches of PL-ballast and battery control 
unit. The data in this table is constructed from the previous tables and used for calculation of labour 
productivity. Output volume is determined in table 1.2, data source for intermediate inputs is taken 
from table 1.3 and the total man-hours from table I. l. The following equations are used for the 
calculation of the variables in the next table following the operation scheme given. 

value of output = ex -factory prices x output volume 

intermediate inputs = average int. inp. x output volume 

value added = value of output - intermediate inputs 

total man- hours = average man - hours x output volume 

. . value added 
labour product1v1ty = 

total man - hours 

Applying these equation it results in the data presented in the following table. Labour productivity 
for the ideal situations (column 2 and 5) is constructed for a batch of I unit with no disqualified 
units or units produced for stock. 

Table 1.5- Labour productivity for researched batches 

PL-ballast battery control unit 

ideal batchP1 batch P2 ideal batch 81 batch 82 

output volume 120 50 120 50 

ex-factory prices 1,224.84 1,224.84 1,224.84 1,126.84 1,126.84 1,126.84 

value of output 1,224.84 146,980.80 61,242.00 1,126.84 135,220.80 56,342.00 

intermediate inputs 873.78 106,93821 43,757.78 696.83 89,6n.02 40,468.64 

value added 351.06 40,042.59 17,48422 430.01 45,543.78 15,873.36 

total man-hOlA"S 2.34 256.40 117.00 325 399.10 180.00 

labour productivity 150.03 156.17 149.44 132.31 114.12 88.19 


