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Abstract 
ITT Flygt is an international company that produces mixers and submersible pumps for 
a global market. The main production site is located in Sweden but there are other 
production plants all over the world, for instance in China. The plant in Shenyang, 
China, manufactures small and midsize pumps but in order to gain advantages on the 
Chinese market a project to start production of the largest pumps in China has been 
initiated. This thesis describes a study of possible alternatives for a production system 
dedicated to the production of large pumps in China.  
 
A study of the existing production system for large pumps in Sweden gives a chance to 
divide the production into smaller parts, processes, to facilitate the future work. The 
following processes are identified: 
 

• Order administration and supply 

• Machining 

• Main assembly 

• Washing and painting  

• Cable assembly  

• Additional assembly 

• Testing  

• Final assembly 

• Packing  

• Shipping 
 
The content of each process, the interfaces between the processes and the resources 
needed for each process are examined. These parameters and the list of existing 
resources in China are used in the process of generating alternatives for the new 
production system in China. The list of existing resources in China is created by the 
means of interviews and studies of Flygt’s factory in Shenyang. There is also another 
factory in China that can be used for the new production system. This plant, located in 
Nanjing, can also be used for testing pumps and for other processes, but it has not been 
visited. 
 
The possible alternatives include a solution where all the processes are performed in 
Shenyang and several different options where the work is divided among the two plants 
in order to utilize the existing resources in the best possible way. In the discussion of 
possible alternatives their strengths and weaknesses are discussed so that all the 
proposed ideas are compared relative to each other. 
 
The recommendations are based on practical aspects as well as theories presented in the 
theoretical framework. Much emphasis is given to the ability to use existing knowledge 
and resources in order to minimize the need for investments to compensate for the low 
volume of large pumps that initially will be produced in China. The recommended 
system is a solution where both plants are used. The machining and main assembly 
should be located in Shenyang and the testing and all the processes following the testing 
should be located in Nanjing. The location of the washing and painting process has to 
be analyzed further by comparing the costs for needed investments. The costs should 
also be compared to the advantages of locating the washing and painting process in 
Shenyang.  
 
The recommended solutions are discussed on a comprehensive level, mainly focusing 
on the location and the order of the processes. The next step for the company is to 
design the processes in detail in order to prepare for the production of large pumps in 
China. 



Sammanfattning 
ITT Flygt är ett internationellt bolag som producerar mixers och dränkbara pumpar för 
den globala marknaden. Den största produktionsanläggningen är placerad i Sverige men 
det finns ett flertal fabriker runt om i världen, till exempel i Kina. Den kinesiska 
fabriken i Shenyang producerar pumpar som tillhör det lilla och mellanstora 
sortimentet. För att vinna fördelar på den kinesiska marknaden har ett projekt startas 
med målet att komplettera den befintliga tillverkningen i Kina med tillverkning av de 
största pumparna. Denna rapport beskriver en förstudie av ett produktionssystem 
anpassat för tillverkning av stora pumpar i Kina. 
 
En studie av det befintliga produktionssystemet för stora pumpar i Sverige ger en 
möjlighet att dela in tillverkningen i olika mindre delar, processer. Följande processer 
kan identifieras. 
 

• Orderadministration och anskaffning 

• Bearbetning 

• Huvudmontering 

• Tvättning och målning  

• Kabelmontering 

• Kompletterande montering 

• Provning 

• Slutmontering 

• Packning  

• Skeppning 
 
Innehållet i varje process, gränssnitten mellan dem och de resurser som behövs för varje 
process kartläggs. Dessa parametrar tillsammans med en lista över befintliga resurser i 
Kina utgör grunden för att ta fram alternativ för det nya produktionssystemet i Kina. De 
befintliga resurserna i Kina kartläggs med hjälp av intervjuer och studiebesök till 
fabriken i Shenyang. Det finns ytterligare en fabrik i Kina som kan användas för 
tillverkningen av stora pumpar. Den är belägen i Nanjing och erbjuder en möjlighet att 
prova pumpar med befintlig utrustning.  
 
Bland de möjliga alternativen för ett nytt produktionssystem finns en lösning där alla 
processer görs i Shenyang men även flera alternativ där tillverkningen delas mellan de 
två fabrikerna för att utnyttja befintliga resurser så effektivt som möjligt. I jämförelsen 
mellan de olika alternativen belyses de möjliga lösningarnas fördelar och nackdelar för 
att ge en så god jämförelse mellan alternativen som möjligt. 
 
Rekommendationerna är baserade på praktiska aspekter och de teorier som presenteras i 
rapportens teoridel. Stor vikt har lagts vid förmågan att utnyttja befintliga resurser för 
att minimera investeringsbehovet och därigenom kompensera för de låga 
produktionsvolymer som blir aktuella för tillverkningen av stora pumpar i Kina. Det 
rekommenderade förslaget utnyttjar båda fabrikerna i Kina. Bearbetning och 
huvudmontering kan göras i Shenyang medan provning och de processer som kommer 
efter provningen bör göras i Nanjing. Målningens placering bör utredas ytterligare 
genom att jämföra kostnaderna för de investeringar som måste göras i de olika 
fabrikerna och väga dem mot fördelarna med att måla pumparna i Shenyang. 
 
Den rekommenderade lösningen beskrivs på en övergripande nivå där fokus lagts på 
ordningen i vilken de olika processerna utförs samt var processerna placeras. Nästa steg 
för företaget är att gå igenom förslaget på en mer detaljrik nivå och designa 
produktionssystemet mer i detalj för att förbereda för produktionen av stora pumpar i 
Kina.  
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1   Thesis Introduction 
The following chapter is a short presentation of the project described in this thesis. The 
presentation focuses on describing the project on a formal level. More detailed 
descriptions of the company, its products and the project dedicated to introduce 
production of large pumps in China will be presented in later chapters.  
 

1.1   Background 

ITT Flygt produces a wide range of submersible pumps and mixers. The main 
production site is located in Lindås, Sweden, where most of the total volume of pumps 
is manufactured. In 1994 Flygt started a production plant in China. Today the Chinese 
plant manufactures pumps from the small and midrange assortment to be sold in the 
Asia-Pacific region. The produced volumes in the plant in China have steadily been 
increasing but are still much lower than the volumes produced in Lindås.  
 
The pumps in the largest assortment, called great and grey or G&G, can be divided into 
two main series. The 7000-series is a collection of large submersible pumps that use 
propellers to move large volumes of water. The 3001-series is also a collection of large 
submersible pumps but they are designed with ordinary impellers that allow a higher 
lift-height. The two series share the same electrical motors and some other parts. 
Significant for the G&G pumps is that they are produced in low volumes and that there 
are a great number of possible variants. The great number of possible variants is 
achieved by combining modules to create pumps that fit the customers’ needs. No 
pumps are manufactured without a customer order. 
 

1.2   Problem definition 

The G&G-pumps for the Chinese market and the rest of the Asia-Pacific region are 
today manufactured in Sweden and shipped the customers. The transport from the 
factory in Lindås to China adds about eight weeks to an already long lead time. When 
competing for orders in China the price and the ability to fast deliveries are very 
important. Other worldwide companies that produce pumps in the G&G assortment 
already have production in China and there are also several domestic companies in 
China that are competing in the same segment. In order to compete with the other 
companies and to have a chance to increase the market share in the Asia-Pacific region 
Flygt has to lower the production costs as well as shortening the lead times. To achieve 
this Flygt needs to supplement the production of G&G in Sweden with the production 
of G&G in China. The pumps produced in China are to be sold on the Asia-Pacific 
market.  
 

1.3   Purpose 

The purpose of the project described in this thesis is to find alternatives for a possible 
production system for G&G-pumps in China. The alternatives should be kept on a 
general and comprehensive level but of course an understanding for details is necessary 
in order to find feasible solutions. Therefore, the production system for G&G in Sweden 
and the existing production in China has to be studied. The presented alternatives 
should be possible to implement and adapted to the G&G-project’s limitations. 
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1.4   Delimitations 

The new production system only has to be capable of producing pumps belonging to the 
G&G assortment. The production of small and midsize pumps is not considered. The 
study is limited to the actions taken from customer orders are received until the 
completed pumps are ready for transport to the customers. The transportation to the 
customers or shipping is briefly discussed but not analyzed in detail. 
 
Another limitation is the level of detail. In this thesis the level of detail is low in order to 
make a comprehensive analysis possible and to be able to discuss all processes from 
customer order until completed pumps. With a higher level of detail the time scheduled 
for this project would not be enough. The low level of detail implies that the 
recommended solutions have to be examined and designed in more detail if they are to 
be used.  
 

1.5   Outline 

In order to facilitate the reading of the thesis, the table below gives a short description 
of each chapter. 
 

Chapter: Description: 

1   Thesis Introduction A brief and formal introduction to the work presented 
in the thesis. 

2   Introduction to the 
Company and the G&G-
project 

A description of the company, the products and the 
company’s goals for the G&G-project.  

3   Methodology A description of how the work presented in the thesis 
has been done. 

4   The Production of G&G in 
Lindås 

A detailed description of the existing production 
system for G&G in order to create an understanding 
for how the large pumps are manufactured. 

5   Production in China A detailed description of the existing production in 
China with the purpose of creating an understanding 
for existing resources. 

6   Theoretical Framework A summary of a literary survey that presents theories 
that can be used for creating and evaluating alternative 
solutions for the production system. 

7   Alternatives for the 
Production in China 

An introduction to the analysis that lists restrictions 
and existing resources. 

8   Analysis of Possible 
Alternatives 

A survey of all the possibilities for the new production 
system in China. 

9   Conclusion and 
Recommendations 

A description of the recommended system based on the 
analysis and other theories discussed in the thesis. 

10   Discussion A discussion about the project on a more 
comprehensive level. 

 
Figure 1.1: The outline of the thesis. 
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2   Introduction of the Company and the G&G-project 
This part of the thesis is an introduction to the company, its products, the production 
plants in Sweden and in China and the project with the aim to produce large pumps in 
China to supplement the production in Lindås. The introduction to the company and its 
products is brief as the main focus is on the parts connected to the project for large 
pumps in China. The parts that introduce the project, the production of large pumps in 
Lindås and the existing production in China are illustrated in more detailed descriptions 
later in the thesis.   
 

2.1   Flygt and Water & Wastewater 

The company, formerly known as ITT Flygt, has recently changed name to ITT Water 
& Wastewater as a part in ITT’s strategy to reorganize the companies within the ITT 
Fluid Technology group into value centers. In the new value center, Water and 
Wastewater, Flygt has been united with another ITT company called AWT, Advanced 
Water Treatment. The production plant in Lindås is now a part of Water & Wastewater 
value center but the name Flygt will still be used for all the manufactured products 
within the old Flygt group. 
 
In this thesis the focus is only on the production of products with the Flygt brand and 
therefore the AWT part of the new value center is not included. The presentation of the 
company and products will only focus on the parts of the new value center that originate 
from the old Flygt group.  
 

2.1.1   Flygt 

The Flygt company’s history is over one hundred years old. In 1901 the blacksmith 
Peter Alfred Stenberg founded a small company in Lindås for the manufacturing of 
glass moulds. In a newspaper advertisement in 1929 the engineer Hilding Flygt was 
looking for a factory to produce pumps for his sales company. The two companies 
started to cooperate and the first pump manufactured in Lindås was sold the next year. 
The collaboration between the companies continued until 1947 when the sales company 
was sold to P.A Stenbergs children that had taken over after their father. This year is 
important since the first submersible pump was produced. Submersible pumps are now 
the most important part of Flygt. In 1968 the company was sold to the American 
Corporation ITT and the company grew fast in the seventies. During the eighties it 
changed its organization towards different workshops responsible for the complete 
manufacturing of a selected series of products. In the late years the Flygt group has 
grown fast by acquisitions of other companies as well as an increased demand for the 
products on the global market. (Från Lyckebyån mot vidare vatten, 2001) 
 
Last year (2006), before the integration in the new value center, Flygt group employed 
approximately 4500 people world wide and of them about 1100 were employed at the 
main plant in Lindås. The headquarter for the group and the department for research and 
development are located in Sundbyberg. In addition to the main plant there are a few 
production plants located around the world like the one in China. The Flygt group has 
44 fully or partly owned sales companies with global market coverage. In 2006 the 
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turnover for the entire group was approximately $ 1141 million. (Company 
presentation, 9 February 2007) 
 

2.1.2   Products 

The main products at Flygt are pumps. The company produces a wide range of different 
pumps of all sorts and sizes but most of the pumps sold are submersible. Flygt’s 
products are divided into four main categories. Drainage pumps that are designed for 
drainage of construction sites and dewatering in mines. Sewages pumps and mixers 
made mainly for treatmentplants and pumping stations. Propeller pumps that can be 
used for prevention of flooding and for irrigation. The fourth category is monitoring and 
control and contains systems for supervision and pump control. Another type of 
breakdown is done by looking at the actual product. All artifacts are divided into 
different types based on their design and function.  
 

• 2000-series contains different pumps made for dewatering and drainage. 

• 3000-series is a line of smaller pumps for waste and process water. 

• 3001-series include larger pumps for waste and process water.  

• 4000-series is a line of mixers made to stir a medium where there is a risk of 
sedimentation.  

• 5000-series contains pumps made for pumping slurry. 

• 7000-series is a series of propeller pumps. 
 

 
 
Figure 2.1: A collection of Flygt’s products. The G&G-pumps are located in the 

background behind the small and midsize pumps and the mixers are positioned to the 

left. (Company presentation, 9 February 2007) 
  

2.1.3   Market and Sales Segments 

The market for Flygt pumps is divided into four main segments: waste water, 
construction, mining and industry. The division into market segments is done by 
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looking to what type of customers there are and what their needs are. Different market 
segments share some products with each other. Flygt has sales companies all over the 
world. They are all responsible for a geographical part of the market.  
 

2.2   Great and Grey, G&G 

The largest pumps made by Flygt are called great and grey, G&G. In the G&G category 
there are pumps from the 3001- and 7000-series. G&G’s differ from the other pumps 
made by Flygt in many ways. The biggest difference is the high level of customization. 
It is achieved by a modular construction with several modules that can be combined in 
different ways. The customer can also choose different modules for installation type, 
different impeller types and materials and several versions for different types of power 
supply. The pumps are designed together with the customer by combining modules and 
other options and no pumps are produced without a customer order. 
 

  
 

Figure 2.2: Two of the largest pumps in the G&G-assortment. The C-pump 3800 to the 

left and the propeller pump 7121 to the right. The two pumps are also displayed in the 

picture with all the pumps where the 3800 is in the middle of the back row and the 7121 

to the left of it. The left pump is almost 3.4 meters tall and weighs about eight tons. 

(Flygt’s homepage, 2007) 

 

2.2.1   Sizes and Combinations 

The large pumps in the 3001-series are submersible waste water pumps mainly used for 
sewage pump stations, treatment plants and industrial applications. All pumps have a 
different set of characteristics concerning flow and height of delivery. The pumps in this 
series can together cover a range from 50 liter/second up to 2000 l/s with the height of 
delivery ranging from a few meters to approximately 80 meters. Each pump version 
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only contributes to a part of the total range of characteristics and the maximum flow can 
not be achieved at the same time as the maximum height of delivery. When the 
customer chooses a pump it is mainly done by looking at which pump has a 
performance curve that best suites for the application at hand. The performance curve 
shows a pump’s characteristics concerning pressure and flow. (Flygt’s homepage, 2007) 
 
The other part of G&G pumps, aside from the 3001-series, are the pumps in the 7000-
series. This is a series of submersible propeller pumps mainly used for irrigation, 
drainage, flood control and pumping of municipal storm and raw water. The propeller 
pumps do not have a high height of delivery. The pumps in this series range from about 
two to ten meters in height of delivery. On the other hand they can create a huge flow, 
from 200 l/s to over 5000 l/s. (Flygt’s homepage, 2007) 
 
The large pumps are based on two main modules or units, a drive unit and a hydraulic 
unit. The drive unit is an electric motor with a driveshaft to connect to the impeller. The 
drive unit has to be combined with a hydraulic unit that contains the pump housing, 
impeller and other parts. After choosing the two main modules there is a number of sub 
modules that has to be chosen to specify installation type, power supply and many other 
things.   
 
In the G&G assortment there are four main classes of drive units, and several different 
versions of each class. The division into the main classes is mainly based on the 
physical size of the drive units. The classes are called 6X5, 7X5, 8X5 and 9X5 where 
the 6X5 is the smallest and 9X5 is the largest. There is also an additional class, 9X5 
HV, which is based on the 9X5 class but is designed for a high voltage power supply. 
There are several different versions both standard and explosion-proof of each class. 
Each version can then be equipped with different types of stators to fit several different 
types of power supply.   
 
The drive units are combined with the hydraulic units. There are four main types of 
hydraulic units: C, N, L and P types. The C, N and L types belong to the 3001-series of 
pumps while the P type is propeller pumps from the 7000-series. All the different 
hydraulic units can not be combined with the all of the drive units but many hydraulic 
units fit more than one class of drive units. 
 

2.2.2   Production of G&G in Lindås 

The G&G pumps are only manufactured at the plant in Lindås and shipped to all the 
customers around the world. In Lindås a special workshop, PVT, is responsible for the 
complete manufacturing of large pumps. PVT is managing every thing from receiving 
an order made by the sales companies to the machining of parts, assembly, testing and 
delivery. A more thorough description of the production of large pumps in Lindås can 
be found later in the thesis. 
 

2.3   Production in China 

Today the plant in Shenyang only produces pumps from the small and midsize range. 
Most of the produced pumps are sold on the Asia-Pacific market. The production is 
designed much the same way as the production of the same type of pumps in Sweden 
but some adaptations have been made because the volumes are much lower. The 



7 

production employs around 200 people and the production was recently moved to a new 
factory. The production in China is more thoroughly described later in the thesis.  
 

 
 
Figure 2.3: A map of China with the three cities Shenyang, Beijing and Nanjing 

marked. The map is adapted from Google Maps.  

 

2.4   Project G&G in China 

Flygt has recently started a project with the aim of completing the production of small 
and midsize pumps in China with the manufacturing of the largest pumps called Great 
and Grey, G&G. According to the project plan the first pumps will be produced in the 
beginning of 2009. The production will be introduced in China in three waves. The first 
wave consists of propeller pumps since they are the hardest to compete with on the 
Chinese market today. Thereafter, the rest of the complete G&G segment will follow. 
The production of large pumps in China will not compete with the production in Lindås. 
It is just a supplementary production that will facilitate the sales in China.  
 
The Chinese market for submersible pumps is growing fast. Today one of the G&G’s 
main markets, submersible pumps for municipal applications, is worth some were 
around $ 200 million and Flygt has only a small part of this market. There are several 
companies that compete in the G&G range on the Chinese market. Some of them are 
international competitors with local production in Asia, but there are also several 
Chinese companies that compete in the same market segments as G&G. 
 
One of the goals for the G&G project in China is to be able to increase the sales in the 
Asia Pacific (AP) region. In order to do that, two key factors have to be improved. The 
time from customer order until delivery has to be shortened and the prices has to be 
lowered. Today, with all production of G&G in Sweden, the lead time from customer 
order until final delivery consists of three main parts. The first part is the time spent 
waiting for material needed for the pump. No main components are ordered without a 
pump order from a customer because of all the possible combinations it is not 
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economical or practical to keep a stock of material ready to be assembled. The second 
part is the time for assembly, painting, testing and packing. This time period is 
relatively short compared to the other two. The first two parts are the same for all 
markets all over the world. The third part is shipping time. All large pumps are being 
shipped by boat to China and the other countries in the AP-region. The transport takes 
between eight and ten weeks and gives a total minimum lead time of 16 weeks. The lead 
time has to be shortened in order to compete with local production on the Chinese 
market.  
 

Production
Assembly

Supply & machining Transport to customer

4-6 w. 2 w. 8 w.
Production
Assembly

Supply & machining Transport to customer

4-6 w. 2 w. 8 w.

 
 
Figure 2.4: The three parts of the delivery time, estimated times for each part noted in 

weeks.   

 
The other key aspect, concerning the price, can also be improved to become more 
competitive on the Chinese market. One of the main costs for producing a complete 
pump is the cost for the different components that form the pump. With local sourcing 
of material and components in China combined with local assembly the plan is to be 
able to reduce the manufacturing costs with approximately 30%. This will give Flygt a 
better chance to compete with the other companies that have lower prizes than Flygt.  
 
To be able to produce G&G pumps in China a lot of issues have to be solved. Local 
suppliers of castings, electrical motors and other components have to be found and 
casting models have to be produced. A workshop for machining of castings has to be 
built. The assembly part of the process needs storage, assembly areas, spray painting 
shop and testing facilities. Therefore, a lot of people are engaged in the project with 
responsibilities for the different areas.  The project team consists of employees from 
both Sweden and China and it is headed by the project manager Jan-Olov Nilsson that 
also is one of the tutors for this thesis. 
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3   Methodology 
During the design process of a new production system, four different stages can be 
identified. The first is to gather knowledge about the present situation. The information 
is used for creating a set of possible alternatives. In order to evaluate the possible 
alternatives a study of ideas and theories connected to the design of production systems 
and lean manufacturing is made. Finally, in the fourth process the alternatives are 
compared against each other in order to find one or a few solutions that can be 
recommended to Flygt. The methods used in each of the separate processes are 
described below. All of the methods used are qualitative methods. According to Bell 
(2000) a qualitative method focus on examine phenomenon and how people experience 
them rather than focusing on a statistical analysis. A quantitative method on the other 
hand focuses on collecting data and examines the relations between them by the use of 
scientific techniques in order to be able to make general conclusions.  
 

3.1   Collection of Data 

In order to understand the current production system in Sweden, the possible resources 
in China and the products several methods are used. For creating an understanding of 
the products primary sources are used for technical specifications. According to Bell 
(2000) a primary source is a source with information that is created during the current 
project or an existing source that is found during the project. A secondary source on the 
other hand is an interpretation of things that have occurred and is based on a primary 
source. Additional information about the products is also found by means of 
unstructured interviews. Bell defines an unstructured interview as a conversation on a 
certain topic.  
 
To understand the production of large pumps in Sweden observations with participation 
have been used as well as in-depth interviews. According to Wallén (1996) observations 
by the means of participation is when the scientist observes a phenomenon while 
participating at the same time. This can, according to Wallén, give a good inside 
knowledge and an understanding of relations that can be considered obvious and 
therefore runs a risk of not being mentioned in interviews. Wallén describes in-depth 
interviews much in the same way as Bell (2000) defines unstructured interviews. 
Wallén defines it as a qualitative interview where the questions are adapted for each 
individual and can be followed up with new questions in a conversation rather than 
prepared questions on a question-form.  
 
When trying to understand the production and the existing resources in China the same 
methods are used. Interviews with the staff and managers are performed in an 
unstructured way and the existing production is observed but without participation in 
the actual production. 
 

3.2   Generation of Possible Alternatives 

The study of the existing production in Sweden and China and the interviews generate a 
list of restrictions and usable resources already present in China today. The restrictions 
include the way a pump must be built and the possible order of different processes. 
With the restrictions and the usable resources it is possible to generate a wide range of 
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possible alternatives for a new production system in China. Four main alternatives can 
be identified and completed with several sub alternatives for each main alternative. 
 

3.3   Literary Survey 

In order to find ideas and theories that can be applicable for the project a literary survey 
is made. It also serves as a theoretical framework for the thesis. The literary survey 
focuses on lean manufacturing and other theories for designing and running a 
production system as well as quality and logistic aspects. Because of the many 
restrictions caused by the products, manufacturing processes and existing resources 
many of the theories presented in the theoretical framework can not fully be utilized but 
they still serve as an inspiration and a guide for comparing possible alternatives. 
 

3.4   Comparing Alternatives 

With the list of possible alternatives, ideas generated and discussed during the project 
and the ideas presented in the theoretical framework it is possible to compare all the 
possible solutions. Much emphasis in the comparison is dedicated to the idea of 
utilizing the existing resources in China in the best possible way to lower the need for 
investments as much as possible. Much attention is also dedicated to the idea of a good 
flow through all the processes to promote an effective logistic situation. The comparison 
is done on a comprehensive level by discussing advantages and disadvantages of each 
solution. In order to maintain a system perspective the detail level is low and no detailed 
calculations have been performed. The evaluation of the alternatives generates a 
proposed alternative that the company can develop further.  
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4   The Production of G&G in Lindås  
The only production of large Flygt pumps is located in Lindås, Sweden. One workshop, 
PVT (Produkt-Verkstad Tunga pumpar), is responsible for the complete manufacturing 
from order to delivery. The workshop only produces G&G products, but there is an 
exception. The PVT workshop also produces the 2400-type that is designed for the use 
in mines and gives a very good height of delivery. This pump is not an ordinary part of 
the G&G assortment and is only a minor part of the total production in the workshop. 
The established production system is producing exactly the same pumps that the G&G 
project plan to produce in China. Therefore, a study of PVT’s production has been made 
to form the basis of the new system in China. The study gives information about the 
difficulties associated with the manufacturing of the highly customized G&G products. 
However, the new production system that is being planned in China is not supposed to 
be an exact duplicate of the system in Sweden. It has to be adapted to fit the conditions 
at hand in China, for instance a different culture, new suppliers and a much lower 
annual production volume.   
 

4.1   Basic Facts 

Within the PVT workshop there are about 100 employees working in different 
production processes and with administration. The two main departments within PVT 
are machining and assembly. The machining department only contains the machine 
shop and its processes and all other production processes are organized within the 
assembly department. They are then supported by other functions such as engineering, 
logistics, order handling and administration. The goal for PVT is to produce about 2800 
pumps next year. 
 

4.2   Processes 

The manufacturing of a pump can be broken down into smaller processes. This can be 
done in many ways that can differ in level of detail. In this thesis the production systems 
are described in several levels of detail depending on the purpose. The breakdown 
below is on a fairly aggregated level but based on a more detailed description that can 
be found in the flowchart in appendix A. The flowchart gives a good picture of how the 
different processes are connected to each other. The processes listed below are 
presented in the same order as the processes occur at PVT. The order of the processes 
listed below and the order illustrated in figure 4.1 represents the standard order. When 
dealing with highly specialized products the order sometimes change in between the 
processes and extra operations sometimes have to be done between the normal 
processes.      
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Figure 4.1: The standard order of the processes in Lindås. 

 

4.2.1   Order Administration and Supply 

The sales companies work together with the customers to find a pump suitable for the 
customers needs. Then the sales representatives put together a Technical Order 
Specification or TOS and send it, together with an order and a requested delivery date, 
to the order administration at PVT.  
 
At PVT the customer order and TOS are verified and different modules are chosen to 
build the requested pump. The chosen modules form the basis for the component list 
that is the list of all components needed to assemble the pump. Additional parts and 
special equipment also have to be specified in order to be supplied. If the pump that the 
customer requests is not possible to build by choosing modules and other standard 
components the order administration can create a special order together with the 
construction department. When all the modules and equipment are chosen the pump is 
given a product and order number. If the customer wants a more thorough inspection 
than the ordinary testing before delivery this is decided and arranged together with the 
customer at this time.  
 
The order is passed from the order administration to supply and logistic. After verifying 
the order and the material needed a date for the assembly is set based on the planed 
production and the delivery times for the components. At the same time a delivery time 
is sent back to the customer. The supply of material and machined castings is initiated 
by booking a production date in the computer system. The order is then put aside until 
about a week before assembly, when the component list is examined to se if all 
component are about to be delivered or has been delivered to the stock. When all the 
material is in stock and there is free production capacity the supply and logistic unit 
sends a signal for the assembly to start.  
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Figure 4.2: A general outline of the order administration and supply process. 

 

4.2.2   Machining 

In the appended flowchart for PVT, machining is not mentioned as a separate process 
but is a part of the internal supply process. That is because the main focus of the 
flowchart is the processes that involve the whole pump, not separate parts of it. On the 
aggregated level however it is a separate process since it is an important part of the 
project.  
 
The workshop in Lindås has two different flows that are used for different types of 
parts. One flow is specialized on the machining of smaller parts such as impellers and 
oil housings and the other is used for larger components such as stator frames, pump 
houses and cooling jackets. Both product flows contain several machines like lathes and 
machining centers of different designs that fit a certain range of products. When the 
supply of material is initiated by booking an assembly date it will automatically produce 
a need for the components that are machined within PVT. The machine shop is 
responsible for the supply of castings that needs to be machined. When the castings 
arrive to the shop they are sent to the right product flow and machined into parts that are 
ready to be assembled. The produced parts are held in storage until the assembly starts. 
 

4.2.3   Main Assembly 

The main assembly includes several steps in which the pump is assembled. Because of 
all the different pumps that can be built the assembly differs between the pump types 
but the main steps are almost always the same. The main assembly is stationary, the 
material is moved to the assembly area and the pump does not move until all the steps in 
the main assembly process are completed. The only exception to this is the preassembly 
of the stator into the stator frame.    
 
In the PVT workshop there are seven assembly areas. The assembly stations are built in 
the same way and only differ in a few tools and some equipment. The stations have a 
storage rack on one side and a workbench and tool cabinets on the other side. In the 
middle there are three holes or pits, the size of a pump, with lifting tables beneath. 
There are also three stations designed for assembly on the shaft units. In each assembly 
area two assemblers cooperate to complete the pumps. Experience has shown that the 
assembly work can be equally divided between two workers and that the efficiency in 
the assembly operations increase compared to just having one assembler on each 
station. There are also a few actions that require cooperation. Having two assemblers on 
each station reduce the assembly time by half compared to only one worker and that 
leads to shorter total processing times and less work in progress. 
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The assembly areas have responsibilities for different types of pumps. The division is 
made by the pumps drive units which also gives a division in pump sizes. Two 
assembly areas focus on the production of pumps based on the smaller 6X5 type of 
drive units, two on the 7X5 units and one station each for the larger 8X5 and 9X5. One 
of the assembly areas is mainly assembling old 600-types and the mining pump 2400. 
Since the assembly areas are equipped in much the same way it is possible to produce 
other pumps than the main ones on the different stations but some tools and equipment 
might need to be borrowed from the original station. The people working in one 
assembly area are specialized on the pump types with the drive unit that is usually 
assembled in the station. However, many of the assemblers can work on other types as 
well. Since the products that are being assembled are very complex and with a high 
level of customer specialization it is hard to learn to manufacture all the different 
versions. Therefore, the assemblers specialize in a few types of pumps. To help the 
assemblers there are instructions for all types of pumps. The instructions contain 
drawing of the pumps and more detailed drawings for certain components or parts of the 
assembly. They also contain complete bills of material for each possible module. There 
are also instructions that, in a more general way, describe the different steps in the 
assembly process.   
 
All of the stations are designed to allow three pumps to be assembled at the same time. 
This is because the average order quantity of one type of pump from the same customer 
is between two and three pumps. The order quantity determines how many pumps that 
will be assembled at the same time. Only pumps of exactly the same version and 
ordered by the same customer are being assembled at the same time. If a customer order 
is larger than three pumps of the same type it is split into smaller assembly orders. The 
reason to not mix different versions is that it will increase the risk of errors made during 
assembly. The differences between two versions can be so small that they are easily 
overlooked.  
 
The assembly process begins when all material to an assembly order is in stock, with a 
signal from supply and logistics. The material is then picked from the storage and 
delivered to the assembly area. Small parts like bearings and o-rings are picked by hand 
to a small portable shelf that is placed in the assembly area after picking. One worker is 
responsible for all the material handling and delivers material to all the assembly areas. 
One of the main reasons for assembling as many pumps as possible at the same time is 
that it saves time in the material handling process. It takes much less time to pick 
material for three pumps at the same time than it takes to pick material for three pumps 
separately. The signal to start a new assembly is given when there still are a few 
operations left to do in the assembly area that is going to start the new assembly. This is 
done so that the person responsible for the material handling has time to pick all the 
components before the assemblers run out of work on their old order. 
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Figure 4.3: A detailed breakdown of the main assembly process. 

 
The first real assembly process is the assembly of the stator in the stator frame. The 
stator frame, which is made of cast iron and machined to the correct dimensions, is 
heated in an oven so that it expands. The stator is then placed into the frame and when 
the frame cools down the stator is locked inside the stator housing. This step of the 
process is made at a special area equipped with an oven and lifting equipment for the 
stators. One employee is responsible for this process for all the assembly orders. The 
stator housing is left to cool down for a while and then delivered to the main assembly 
area.  
 
At the main assembly area the assembly process begins on two separate subassemblies 
at the same time. One of the assemblers is working on the assembly associated with the 
shaft, or rotary, unit in one part of the station. The other starts to work on the stator unit 
at the assembly pits. When all the work is done on the shaft and stator units the rotary 
unit is moved and connected to the stator frame. More assembly work is done on what is 
now forming the drive unit of the pump. At the same time the other assembler starts to 
work on the pump housing. The drive unit is tested for leakage. If it passes the test the 
final parts of the drive unit are assembled and the drive unit is docked with the 
hydraulic unit. If the drive unit leak parts have to be demounted, checked for errors and 
replaced. When the pump is completed in the main assembly process it is placed on a 
temporary packing and taken to the paint shop. 
 
The cable is not assembled in the main assembly process. Instead covers are mounted 
on the cable entries. This is done to protect the pump during painting. The cable, that 
can weigh as much as 13 kg/m, is not practical to deal with during the painting process.  
 

4.2.4   Washing and Painting 

All the pumps included in one assembly order, between one and three pumps, arrive at 
the paint shop at the same time. The paint shop can only handle one pump at the time in 
the washing and painting steps. Therefore, a queue is formed prior to the first operation, 
washing. One pump at the time is washed in an automatic washing facility. All grease 
and other contaminations are removed in order to get the paint to stick to the pump. 
When the washing cycle is completed the pump has to dry before the spray painting can 
begin. The pump is then moved from the drying area to the spray painting boot where it 
is painted at the same time as a new pump is being washed. The pump is hung in an 
overhead crane during the painting to allow the painter easy access to all parts of the 
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pump. The paint job starts with priming the machined areas of the pump. The primer 
dries in ten minutes and then the pump is painted with a coat of grey paint.  When the 
paintjob is done the pump is moved into an oven for about six hours for the paint to 
harden. The paint shop at Flygt can not work with epoxy paint. If the customer wants 
the pump painted with epoxy the pump is taken to a subcontractor for painting. The 
process of epoxy painting at a subcontractor adds one to two weeks to the standard lead 
time.     
 

4.2.5   Cable Assembly 

When the paint has set in the oven the pump is ready to be cabled. The first step in the 
cabling process is to remove the covers in the cable entries and open the top of the 
pump. The cable is delivered to the cable assembly area from the cable cutting process. 
The cable cutting process is mutual for all the workshops in Lindås and it gets an order 
to cut the right cable in the right lengths when the assembly starts. The cable is 
connected to a connection block inside the pump and the cable entries are sealed off. 
The pump is then closed and sealed ready to be tested.  
 
The cable assembly area is located close to the paint shop. It has room for three pumps 
at the time. Two pumps can be wired from a platform that can be adjusted to the right 
height and the third can be wired while lowered into a pit much like the assembly 
benches in the assembly area with a lifting table under the pump. The tools used for 
wiring are basic and consists of screw drivers, cutters and air driven assembly tools.  
 

4.2.6   Additional Assembly 

A few of the pump types require additional assembly after the painting. Some parts have 
to be painted separately from the pump. They are then assembled to the pump after 
painting, but before the testing. This assembly is done by the operators working in the 
cable assembly area.  
  

4.2.7   Testing 

The test plant is located in another building. Therefore, the pumps are placed in a 
storage area after wiring, waiting to be transported to the testing facility. The transport 
is done by a forklift and one employee is responsible for all the transports between the 
two buildings. When the pump has been transported to the testing plant it is placed in 
another storage area waiting to be tested.  
 
There are two different test plants for G&G, both of them are located in the same 
building. One of the testing facilities is only used for most of the propeller pumps and 
the largest impeller pumps. The other is used for the smallest propeller pumps and the 
majority of the impeller pumps. Each test plant can only test one pump at the time. Both 
the testing plats consist of a large basin filled with water and pipes of a great variety of 
dimensions to connect the pumps to. The pipes can be closed with valves to control the 
flow and the pressure and a flow meter registers the flow that the pump produces. Since 
there are several types of possible power supplies the test plants are equipped with 
transformers and power feed to the pump is measured. To handle the pumps the test 
plants are equipped with overhead cranes.      
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A basic test is done to all the pumps produced. The customers can however request 
additional tests and inspections. In the basic test the pump’s outlet is connected to a pipe 
and the pump is lowered into the basin. The pump is started and the flow and pressure 
(height of delivery) are measured while the valves change the opening in the test plant’s 
pipes. At the same time the power fed to the pump is measured and the efficiency is 
calculated. Customers have often specified a pressure-flow curve and specific parts of 
the curve that have to be met. The pump is left to run for about forty minutes and all the 
sensor readings are checked. During this time the pump is also checked for vibrations, 
noise and other signs of potential errors. If the sensor readings are within limits and the 
pump passes the criteria that the customer has specified the pump passes the inspection. 
If it fails one or many parts of the test the pump has to be inspected, adjusted and tested 
again. When the pump has passed the test it is moved to a storage area and awaits 
transport back to be packed in the same building where it was assembled. The transport 
is done in the same way as the transport to the testing facility is done.    
  

4.2.8   Final Assembly 

A general assembly area with one experienced employee is located close to the test 
plant. This area is used for two purposes. The first and main reason for this assembly 
station is all the pumps that do not pass the tests. In average 10% of the pumps fail the 
first test. They are taken to this station to be examined and corrected. There are many 
different reasons for a pump to fail the test. One of the most common is that the pump 
can not provide the specified height of delivery which means that the pump does not 
provide enough pressure to lift the water to the specified height. That is often caused by 
the impeller casting not being cleaned enough but it is easily corrected by grinding 
certain areas of the impeller. There are more difficult errors to deal with. Electrical 
errors are hard to find the reason for and if the stator has to be changed most of the 
pump has to be dismantled and the stator frame has to be heated in order to get the old 
stator out and to put a new one in because of the shrink fit between the stator and stator 
frame. After the errors have been corrected, the pump is tested again if it still can not 
pass the test it is sent back to the final assembly station for more adjustments and if it 
passes it is sent to the packing process.  
 
The other reason for the general assembly station is the final assembly. Not all of the 
pumps need final assembly but some have a few parts that have to be assembled to the 
pump after the testing. The test facility has no capability to test pumps that are mounted 
to a stand for horizontal installations therefore the stands are assembled after testing. 
Other parts that are assembled in the final assembly are zinc anodes for extra protection 
against corrosion and very long cables. If the customer wants very long cables they are 
not practical to handle during the testing and therefore a short test cable is used during 
the test and is then replaced with the real one in the final assembly. The final assembly 
can also be made by the people working in the cable assembly or packing processes.    
 

4.2.9   Packing 

The pumps arrive at the packing station, located in the main building, from the testing 
or final assembly stations. The pumps are put in a storage area until they are packed. 
There are two people working with the packing process and they are responsible for the 
packing procedure as well as the paperwork to report the order as completed.  
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Most of the pumps in the G&G-series have different transport packages to protect the 
pump during shipping. The packages can also differ depending on where the customers 
are located, transport in some countries need another type of box. The customer can also 
specify the package if the standard ones does not fit. The packages and boxes are 
ordered from a sub-supplier when the pump order is processed and delivered a few days 
before the pump is packed. The all of the packagings are made of wood and they are 
only used once, no packagings are reused.   
 
The packing process starts by collecting the right transport package and the pump from 
the storage area. The pump is then lifted from its temporary transport casing to the 
delivery one with an overhead lifter. The pump and the cables are fastened and secured 
to the transport package with straps. If there are any scratches or other defects to the 
paintjob they are retouched. Accessories and documentation are also attached to the 
pump. When everything is packed the case is weighted and the pump is reported as 
completed. The last step is to move it from the package area to an outdoor storage area 
where it awaits the transport to the customer. 
 

4.3   Project to Improve Logistics within PVT 

In order to simplify the internal logistic within PVT a new project has recently been 
initiated. The project is not connected to the project described in this thesis but the ideas 
for improved logistics can, if possible, be used for the Chinese production system. The 
main part of the project is to build a new test pit in the building where the main 
assembly is located in order to avoid the transport between buildings that is necessary 
today. The new test pit will be used for most of the pumps built at PVT, but the largest 
pumps will still need to be tested in one of the old test plants. The new test pit is 
designed to be able to test more than one pump at the time. For the most common 
pumps there are two connections to the test stations and if the mix is right it will be 
possible to test two pumps at the time, all the time.  
 

 
 
Figure 4.4: A simplified view of the consequences of the proposed changes at PVT. The 

existing system showed on top and the goal of the project showed below. 

 
At the same time as a new test pit is built the other processes will be moved around to 
create an easier flow through the workshop. The main assembly will remain the same 
but the following operations will be affected. After the main assembly the pumps will 
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be placed on a new type of temporary packing that is designed to carry the pump 
through all the processes until it is packed. The pump is then taken to a small buffer in 
front of the new paint shop. The buffer is used to control the mix of pumps to the 
remaining processes. The new paint shop will be built and designed so that all parts of 
the painting process, washing, drying, painting and hardening are connected in one 
flow. The pump will travel through the painting process on its temporary casing. 
 
After the painting the pump will be taken to the cabling station and the cabling will be 
done with the pump standing on its casing. The pump is then moved to the test pit close 
by. It is lowed into the basin and tested the same way as the pumps are tested today. If it 
does not pass the test it is taken to the adjustment station to be reworked and tested 
again. If it passes the test the pump is taken from the test pit over to the packing area 
just a few meters away. At the packing area the pump is taken from the temporary 
casing and packed on a delivery box and the temporary casing is taken back to the main 
assembly. 
 
All the operations are located close to one another and with a new type of casing many 
of the operations can be preformed without using overhead lifting equipment to move 
the pump. Therefore, the internal logistics will be simplified and as a result the number 
of pumps that are work in progress throughout the value flow will be reduced. That 
results in shorter throughput time and lower inventory costs. At the same time it reduces 
the need for transport between buildings.  
 

4.4   Observations made at PVT 

The products in the G&G range are highly specialized and demands flexibility within 
the production system. The order process is designed to deal with customer orders and 
since no pumps are produced without a customer order the production is based on the 
demand from the customers. The demand for different pump types fluctuates over time 
and the demand for the largest pumps can sometimes reach a high level. The largest 
pumps take up the most resources per pump from both the suppliers of castings and the 
internal machine shop and if the demand for large pumps is high the production system 
have problems to deliver with normal lead times. This situation is hard to prevent if the 
workshop is not designed with over-capacity.  
 
The delivery of castings to the internal machine shop is essential if the promised 
delivery time is going to be met. If the delivery of castings is late the machined part 
made from the casting will be delivered late to the assembly storage. That mean that the 
assembly can not start the planned date and the delivery date to the customer can be 
jeopardized. Moreover, the other parts for the assembly have to be stored a longer time 
and takes up space in the storage as well as produce higher costs for inventory. The 
resources used to make the other parts in the assembly could have been used for other 
parts if the delay had been known and the production rescheduled. Therefore, it is 
imperative to find suppliers that have very high delivery accuracy and to work with the 
suppliers of castings to get delivery plans and a notice if the deliveries are late.  
 
When all the material needed to complete a pump is in store and when there is free 
capacity in one of the assembly areas a new assembly starts. The first step in the 
assembly process is to move all the material that is needed for the assembly to an 
assembly area. This is an unnecessary handling operation. If the delivery of components 
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could be timed better with the planned assembly date more of the material could be 
stored in the storage close to the assembly area. That would require much higher 
delivery accuracy from the suppliers and from the internal machine shop but would 
reduce the times that goods had to be moved before assembly.  
 
If the delivery of material is more accurate and the unnecessary handling operations 
could be reduced it would be easier to move from batch production, assembling several 
pumps at the time, to the production of one unit at the time. The other processes, after 
the assembly are designed to handle one pump at the time and therefore cues form in the 
production system. Many pumps are waiting within the system to be processed. The 
amount of work in progress is also increased by the logistic problem caused by the 
location of the test pits. Having much work in progress causes longer processing times, 
inventory costs and makes it harder to create a flow through the production system.  
 
Another observation in today’s system is the high rate of pumps that have to be tested 
more than one time in order to pass the tests. The pumps are very complex products and 
there are many different versions available but nevertheless there are over 10% of the 
pumps that fail the first test. They take up resources both in the test process and in the 
final assembly process. There should be a follow-up of the errors recorded in the test 
facility and a target-list to reduce the most common errors. There is work done in this 
area but it seems like the resources for working with quality improvements are not 
enough.  
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5   Production in China 
In China there are two factories that can be used for the production of G&G-pumps. The 
plant in Shenyang is producing Flygt products today and the plant in Nanjing, that is an 
ITT factory, produces other types of pumps. Both plants are presented below.  
 

5.1   The Plant in Shenyang 

Flygt started the production in China in 1994 as a joint venture with Chinese authorities 
but since 1996 the company is fully owned by Flygt.  The production recently moved to 
a new factory in Shenyang that fits the companies needs better then the old factory did. 
The new production plant consists of offices, a large workshop that contains most of the 
operations and storages, a smaller workshop for pump service and wood working and 
some additional storage areas outside covered with a simple roof. The factory employs 
around 200 people.  
 
The factory in Shenyang is now an ITT factory and produces both Flygt and Robot 
pumps. The Flygt pumps that are produced in China today are smaller submersible 
pumps mainly used for wastewater handling. The Robot pumps are also small 
submersible pumps and they are not very different from the Flygt pumps. The total 
production of both Flygt and Robot pumps in 2006 was close to 13 000 pumps and the 
plan is to produce more than 20 000 pumps in 2007. Most of the pumps produced in 
Shenyang are sold to the Asia-Pacific sales region but there are also some that are 
exported to the European market. In addition to the manufacturing of pumps the 
company act as a sourcing and distribution gateway for Chinese goods to factories in 
high cost countries. That means that the factory in China buys castings locally, machine 
them and send them to other ITT factories to be assembled. 
 
The main difference between the production in Lindås and Shenyang is that the factory 
in Shenyang produces a greater variety of pumps but in smaller volumes than an 
individual workshop at the Lindås plant. Therefore, the equipment and machines are 
more flexible and the individual assembly lines are smaller.  
 

5.1.1   Management and administration 

The production in Shenyang is supported by several functions located in Shenyang and 
that have established contacts with their Swedish counterparts. The operations 
management with responsibilities for machining and assembly are also responsible for 
purchasing and logistics. They are supported by staffs with responsibilities for finance, 
human resources, quality and engineering. The engineering department works with 
product engineering as well as industrial engineering and there is also a function 
responsible for maintenance of machines and buildings.  
 
The plant in Shenyang uses a different computer system than the plant in Lindås but all 
the information about the products, pumps, and the parts are the same in both systems. 
If a construction update is made to one part the new information is sent both to Lindås 
and to Shenyang to be changed in the computer system. That ensures that the pumps 
produced in China are exactly the same as in Sweden. If an engineer in Shenyang wants 
to change a part a proposal for change is sent to Stockholm to be reviewed and if it is 
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approved the change is communicated to both Shenyang and Lindås and updates in the 
computer system are made.  
 

5.1.2   Material handling and logistic 

The assembly is initiated by customer orders and no pumps are produced without a 
customer need. Since the lead time from customer order until delivery is short it is 
necessary to keep a stock of material ready to be assembled. The pumps produced in 
Shenyang today are standard products and they do not have nearly as many possible 
combinations as the pumps that belong to the G&G assortment. Therefore, it is possible 
to keep a stock of material ready to be assembled with a lower risk for a low inventory 
turnover rate or the risk of parts being obsolete before they can be assembled.  
 
Some of the material is not sourced locally in China. These parts are ordered from 
Lindås that handles the contacts with European suppliers and coordinate the supply 
from Europe to gain advantages in transport coordination. The parts are packed in 
Lindås and shipped to Shenyang and the transport from Sweden to China takes about 
eight weeks. There is also a flow of machined parts from Shenyang to Sweden as a part 
of the factory’s role as a sourcing gateway.   
 
The material that is used for the assembly is placed in storages close to the assembly 
lines and most of the components are reachable from the assembly lines. The material 
used to replace the reachable components is stored above for easy replacement.  
 

5.1.3   Quality 

The quality from the suppliers is mainly good, although there have been some problems 
with various castings. The material is inspected and checked for errors when it arrives to 
the factory and the operators make quality controls of the material that is machined. The 
assembly quality is verified by product tests. All pumps are tested in one of the 
company’s testpits and several parameters are measured in order to verify that the pump 
performance is within the specified tolerances. In addition to the product test there is a 
program for additional quality control of assembled products. Products are randomly 
selected and investigated more thoroughly to discover quality deficiencies that do not 
show in the product tests. This is done to guarantee good product quality to the 
customers and that all pumps produced in China comply with the same standards as the 
pumps produced in Sweden.  
 

5.1.4   Machining 

The workshop is equipped with modern machines for machining cast iron parts and the 
machines are arranged in groups that are specialized in the manufacturing of certain 
products. Some of the products have to be machined in more than one group in order to 
be completely machined, but the goal is to be able to machine the parts completely in 
one group in order to reduce unnecessary flows of material in the machine shop. It is 
hard to succeed in a division into groups that performs all the necessary processes in 
order to complete the machining. The production has to be flexible because of the many 
different products that are produced with relatively low volume of each type.  
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5.1.5   Assembly 

The production in Shenyang has to deal with a great variety of products in small 
volumes. Therefore, the assembly process has to be flexible to deal with constant 
changes in the product mix. The assembly is arranged in five different assembly lines 
for pump assembly and one line that work with the production of control equipment for 
the pumps. Each of the five lines is specialized on a certain part of the total mix and in 
order to achieve mix flexibility the operators are educated on several lines so that they 
can move in-between the lines. There are two types of lines. In the first type of line the 
pump is moved between stations in order to get completed and in the second type the 
pump is stationary during the whole assembly. The material and the tools needed for the 
assembly are stored as close to the assembly operations as possible. In the lines with 
several stations the pumps are moved between the stations on trolleys and each station 
is configured with tools and material for a certain range of operations.  
 

5.1.6   Testing 

In order to test every pump before delivery there are three different testpits. They are 
much smaller than the ones needed for the G&G-pumps and each testpit is designed for 
testing a certain part of the standard assortment that is produced in Shenyang today. The 
biggest testpit is used for testing pumps produced in one assembly line while the other 
two test plants are supplied with pumps from two assembly lines each. The tests are 
done according to the same standards as in Lindås in order to make sure that the pumps 
comply with the same requirements.  
 

5.1.7   Painting 

The paint shop in Shenyang is capable of using both epoxy and standard paint. In the 
shop there is one station where the pumps and parts are cleaned with high pressure 
water. They are then left to dry in room temperature before they can be painted. For 
painting there are three spray-painting booths. One, smaller booth, is used for painting 
parts and the two others are used for painting assembled pumps. The two bigger booths 
can be used for the smaller G&G pumps and for painting separate parts for the G&G 
assortment. In order to paint the largest pumps they have to be painted with the 
hydraulic unit separated from the drive unit. There are two ovens to expedite the drying 
process next to the spray-painting booths. The painting of both parts and pumps is done 
according to Flygt standards.  
 

5.1.8   Packing 

The packing area is located next to the paint shop. There are several packing stations for 
different products and overhead lifting equipment for each station. Most of the lifting 
equipment is suited for smaller pumps but there is also a larger overhead crane for 
heavier goods. The packages that are used are manufactured in the company’s own 
woodworking shop.   
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5.2   The Nanjing Plant 

In Nanjing, about 1400 km to the south of Shenyang, ITT has another factory for pump 
assembly. The factory is new and has recently been completed. Today it houses some 
production of smaller pumps but the big factory is far from occupied and there is room 
for all the necessary operations in G&G assembly. The plant has two very large spray-
painting booths that with small modifications will be suitable for the painting of G&G-
pumps. There is also a large system for pump testing that with modifications will be 
usable for the pumps in the G&G assortment. The test equipment is designed for the 
small pumps produced today as well as large pumps. In the large workshop there are 
also several large overhead cranes that can be used for the G&G-pumps. 
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6   Theoretical Framework 
This part is a short synthesis of different theories that must be considered when 
designing a production system. The theories and discussions are based on a study of 
literature done in several fields such as quality, economics and logistics. Many of the 
theories are inspired by the production system that the Japanese company Toyota has 
developed. Therefore, the first piece is a short introduction to lean production and 
Toyota’s 14 management principles.  
 

6.1   Toyota Production System, TPS 

According to Liker (2004) Toyota started the ideological transformation of their 
production system after the Second World War. The new system was inspired by Fords 
production in the United States but was adapted to a more diverse production with 
lower volumes and a larger mix of different products in the same system. The process 
towards what now is known as TPS or lean production took long time as different ideas 
and strategies were tested and then added to the system. Toyota’s production system 
spread to other companies when Toyota decided to teach their suppliers lean 
manufacturing in an effort to evolve from isolated lean manufacturing plants to an 
extended lean enterprise.  
 

6.1.1   14 Toyota Way Principles  

In the book “The Toyota Way” Liker discuss fourteen principles that serve as a base in 
the Toyota production system. All of the principles are presented below to give a 
comprehensive picture. Liker emphasize the importance of understanding and 
implementing all principles as well as all parts of the TPS-hose, that will be discussed in 
later chapters, in order to succeed with lean production. The principles are divided in 
four different sections. The first section, long term philosophy, only contains the first 
principle. Principles two to eight belong to section two, the right process will produce 
the right results. The third section, add value to the organization by developing your 
people and partners, consists of principle nine to eleven. The last three principles are 
gathered under the fourth section; continuously solving the root problems drives 
organizational learning. The principles and the sections are presented according to Liker 
and the short descriptions of each principle are summaries based on Liker’s discussion.   
 
Principle 1: Base your management decisions on a long-term philosophy, even at the 

expense of short term financial goals.  
 
The task of generating value for the customers, society and economy is important and 
all functions within the company should be evaluated in their ability to achieve this. 
Toyota also recommends a more philosophical sense of purpose that supersedes a short-
term decision making. It is important to do what is right even if it leads to a short term 
disadvantages. 
 
Principle 2: Create continuous process flow to bring problems to the surface.  
 
The processes should be designed to achieve a high value adding flow. No item should 
have to be stored in-between operations. The flow of information and material should 
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be fast and people and processes should be linked together in a manner that allow 
problems surface right away. 
 
Principle 3: Use pull systems to avoid overproduction.  
 
The production should be based on what the customer wants instead of production 
plans. The work in progress and stocks of material can be reduced by frequently 
restocking small amounts to cover what the customers actually consume. It is important 
to always provide the downline customers with what they want, when they want it and 
in the amount that they want.  
 
Principle 4: Level out the production.  
 
In order to succeed with lean production the unevenness in production and overburden 
to people and equipment has to be leveled out. This is done as an alternative to the start 
and stop approach that is common in companies working with batch-production.  
 
Principle 5: Build a culture of stopping to fix problems, to get quality right the first time.  
 
The culture in the company should allow stopping or slowing down the production to 
get quality right the first time in order to enhance the productivity in the long run. The 
right quality to the customer is very important and in order to achieve it all modern 
quality assurance methods can be used. Production equipment can be designed to detect 
problems. If a problem is detected the machine should stop automatically and in a 
simple and visual way alert personnel to the problem.  
 
Principle 6: Standardized tasks are the foundation for continuous improvement and 

employee empowerment.  

 
Stabile and repeatable methods should be used everywhere to maintain predictability, 
regular timing and regular output of the processes. It is the basis in a pull system with a 
good flow. The best practice should be documented and used by all and it should be 
updated when a better way of performing the work is found.  
 
Principle 7: Use visual control so no problems are hidden.  
 
By using simple indicators it should be easy for people to determine if things are in 
standard condition or deviating from it. The visual indicators have to be simple in order 
to not take focus away from the workplace and should be placed where most of the 
work is done. Reports to support decisions should be simple and short, even for the 
most important decisions.  
 
Principle 8: Use only reliable, thoroughly tested technology that serves your people and 

processes.  

 

New technology is often unreliable and hard to standardize therefore it should be 
extensively tested before adopted in the production process. A proven process is 
generally better than a new and untested technology. If a technology conflicts with the 
company’s culture or if it might disrupt sustainability, reliability and predictability it 
should be modified or rejected.  
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Principle 9: Grow leaders who thoroughly understand the work, live the philosophy and 

teach it to others.  
 
To grow leaders from within is better than buying them from outside the organization. 
A good leader must understand the daily work in detail in order to be a good teacher of 
the company’s philosophy and a role model of the company’s way of doing business.  
 
Principle 10: Develop exceptional people and teams who follow your company’s 

philosophy.  
 
It is important to create a stabile culture in which the company values are understood 
and used. The people and teams should be trained in the company’s philosophy as well 
as in teamwork. Teamwork is important since a cross-functional team is an effective 
tool to improve quality and productivity. 
 
Principle 11: Respect your extended network of partners and suppliers by challenging 

them and helping them improve.  
 
To keep a good relation with partners it is important to respect them and treat them as 
an extended part of the business. One way to help them grow and develop is to set 
challenging targets and assist the partners in achieving them.  
 
Principle 12: Go and see for yourself to thoroughly understand the situation.  
 
When trying to solve a problem or improving a process it is better to go to the source 
and personally observe and verify data instead of basing the decisions on theoretical 
data. If high-level managers go and see things for themselves they get a more concrete 
understanding of the situation.  
 
Principle 13: Make decisions slowly by consensus, thoroughly considering all options; 

implement decisions rapidly.  
 
In finding a solution it is important to consider many alternatives in the beginning 
instead of just picking a single direction to go down. A discussion about the potential 
solutions should be held with all people that can be affected. This helps to broaden the 
search for solutions and contribute to a faster implementation once a decision is made.  
 
Principle 14: Become a learning organization through relentless reflection and 

continuous improvement.  

 
Once a stabile process is established continuous improvement should be used as a tool 
to further enhance the performance of the process. The process should be designed to 
make insufficiencies and waste visible to all and when detected continuous 
improvements focus on eliminating waste and to find countermeasures against 
insufficiencies.  
 
The fourteen principles listed above serves as the basis for the Toyota production 
system according to Liker (2004).  
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6.1.2   The TPS-house 

The Toyota production system or lean production is today widely spread across the 
world. Many companies are working with tools as Kaizen and Just-in-time. Liker 
(2004) states that far too many companies only focus on the different tools in the lean 
theories instead of utilize the complete TPS structure which is necessary for a company 
that wants to succeed with lean production. Toyota gathers all the ideas in lean 
production in a presentation called the TPS house. The presentation of the ideas in the 
house below is focusing on the theories that are interesting to the project. Details about 
people and teamwork are not viewed in the figure of the house. The details about waste 
reduction are not included in the figure, instead they are discussed in a separate chapter. 
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Figure 6.1: The TPS-house (Adapted from Liker, 2004) 

 
The roof consists of the goals that the company has to fulfill in order to be attractive 
among its customers but also to be respected in society and by the employees. There are 
two pillars that carry the roof. The first pillar represents just-in-time that contains 
theories and tools to deliver the right part, in the right time and in the right amount. In 
order to succeed in the drive towards just-in-time there are some main ideas that have to 
be considered. One idea is to adapt the production to a pull-system. Many companies 
today are using push-systems where work is initiated by plans instead of actual 
consumption. This can create high levels of work in progress and long lead times. In a 
pull-system items are produced when they are needed. The production is initiated when 
a customer order creates a need and this need pulls goods through the production 
process. In order to be successful with a pull-system there has to be a good flow of 
information and material through the workshop. A good flow helps to shorten lead 
times and lower the level of work in progress and is created by the use of small lots, fast 
replenishment and by having the processes close to each other. Liker (2004) 
recommends a one-piece flow and identifies the following benefits of working with a lot 
size of one: 
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• Builds in quality  

• Creates real flexibility 

• Creates higher productivity 

• Frees up floor space 

• Improves safety 

• Improves morale 

• Reduces the cost of inventory 
 
A good flow that makes it possible to reduce the work in progress and other storages 
has yet another effect. Storages in production processes hide problems and imbalances. 
If a machine often breaks down and all other machines that are dependent on the broken 
one can continue to produce due to buffers the problem with the broken machine is not 
likely to be prioritized and to be permanently solved. If all other machines also have to 
stop as a result of the broken machine the problem becomes clear and enough resources 
are allocated to fix the problems so that the machine is permanently fixed and the waste 
is reduced.     
 
The other pillar symbolizes Jidoka that means never to let a defect pass to another 
station. Problems and bad quality should be detected as fast as possible in order to find 
the cause before more faulty products are produced. Jidoka also deals with separation of 
people from the machines. If an abnormal situation occurs in a machine the machine 
should stop and send a signal to an operator that can solve the problems. In the Toyota 
philosophy it is important to find the real root of the problem in order to make sure that 
the same problem does not occur again. 
 
The room between the pillars is representing continuous improvement, waste reduction 
and teamwork. Waste reduction will be discussed in a later chapter and the need for 
team work is emphasized in 14 management principles. Continuous improvement, 
kaizen, means taking continuous, incremental steps in improving the production process 
in order to fulfill the goal of creating value for the customers and reducing waste.  
 
All parts of the house rest on a base that contains the ideas of leveled production, the 
need of stabile processes, visual management and the Toyota philosophy. Heijunka 
means to level out the production schedule in both volume and variety. A leveled 
schedule is necessary to keep the system stable and allow small levels of inventory. Big 
variations in volume or distribution between different products can generate shortages 
unless lots of inventories are added to the system.  
 
It is imperative that all the theories represented in the house are implemented in order to 
be successful in lean production. (Liker, 2004) 
 

6.1.3   Reduction of Waste 

One of the most important parts in order to create value for the customers is to find and 
eliminate non-value-adding activities. Toyota calls the activities Muda or waste and has 
identified eight different categories of waste. Waste can be necessary or unnecessary. 
The necessary waste is activities that have to be done in order to keep the production 
running and can be defined by the processes. The unnecessary waste is the type of waste 
that the company first should focus on eliminating. Liker (2004) lists eight categories of 
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waste and Baudin (2002) agrees with the first seven but does not mention the eight. In 
the list below the first paragraph under each category summaries Liker’s more general 
comments on different types of waste and the second paragraph states Baudin’s 
opinions that are more focused on waste in assembly processes.  
 
Overproduction 

Producing items that there are no orders for leads to overstaffing, high storage and 
transportation costs and hides problems in the production process. 
 
If an operator is making subassemblies even if there is a sufficient buffer just to have 
something to do it is a clear case of overproduction. It indicates that the operation has 
overcapacity and a failure to design a job that can keep the operator busy doing useful 
tasks.  
 
Waiting 

Workers that merely serve to watch a machine and wait for it to finish is a waste of 
resources. Other types of waste associated with waiting can for instance be time spend 
to wait for the next step in the process to finish or caused by lack of raw material. It also 
includes waiting caused by capacity bottlenecks, processing delays and equipment 
downtime.  
 
The most common reason for assemblers to wait is the lack of parts or subassemblies 
but there can be other reasons. A failure to balance the workload in-between stations 
can generate a situation where one assembler has to wait for the next to finish a task. 
When machines are used it is always a risk that the operator has to wait for the machine 
without something useful to do. This is also a failure to plan the use of the operator’s 
time.  
 
Unnecessary transport 

Some transportation might be necessary but it should always be reduced to a minimum. 
Carrying work in progress long distances between processes or creating complex flows 
of material can lead to waste. If items are stored in storages in-between processes it 
causes an unnecessary need for transportation.  
 
There is a transportation waste if operations that are designed to flow do not flow. The 
main issue that can identify an unnecessary transport in an assembly process is if a 
transport requires the involvement of the material department.   
 
Overprocessing or incorrect processing 

This type of waste includes taking unnecessary steps to process parts and inefficient 
processing due to poor tools and bad product design.  
 
Baudin (2002) takes a broader perspective on this type of waste and calls it process 
waste. Process waste includes all types of waste that are associated with an insufficient 
process. It can include badly designed fixtures that makes assembly inefficient, poor 
sequencing of steps that can force assemblers to move one part several times in order to 
assemble the other parts and unnecessary steps done by the assembler. This is the most 
difficult waste to detect since it requires detailed knowledge about the process.  
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Excess inventory 

The excess of raw material, work in progress and finished goods causes long lead-times, 
an extensive need for transportation and storage areas and a risk for obsolescence and 
damaged goods. The biggest problem however is that a high level of inventory hides 
problems with the processes such as imbalances, delays from deliverers and even 
quality problems. If the inventory level is low most problems surface and improvements 
can be made in order to make the production process more stabile and productive. 
 
If there is material stacked on the shop floor that no one can explain the purpose for, it 
is most likely a case of excess inventory caused either by overproduction or by material 
management pushing parts on to the production system. A cause of excess inventory 
particular to assembly operations is the assembly of products that are almost complete 
and only lack one or two parts. This inflates the work in progress and transforms the 
assembly of missing parts from an assembly operation to a repair operation that requires 
more work and causes a greater risk of errors.  
 
Unnecessary movement 

Time spent looking and reaching for equipment and tools and for stacking material 
should be considered as waste.  
 
This is the easiest waste to observe in an assembly operation. The most common form is 
multiple handling caused, for instance, by operators picking parts and setting them 
down on the work station instead of assembling them right away. It can also be caused 
by placing bins or racks too far from the workstation or a design that requires the 
operator to turn around.  
 
Defects 

The production of defect parts leads to the obvious waste of scrap parts, repair and 
rework as well as the production of replacement products. It also creates less obvious 
waste like extra handling, rescheduling of the production and time spend to assess the 
faulty part and decide how to replace it.  
 
The most common source of defects in assembly operations is errors in picking or 
labeling. This poses a particular risk when different products are made in the same 
production line.  
 
Unused employee creativity 

This type of waste was introduced in the philosophy later than the other seven. It 
implies the value of listening to the employees. The employees often have a lot of ideas 
for improvement and experience and skills to help the company to develop in to a more 
lean organization.  
 
Baudin (2002) does not mention unused employee creativity as a source of waste. The 
author only list the first seven categories.  
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6.2   Lean Assembly 

According to Baudin (2002) much of the value for the customer in an assembly 
operation is based on the responsibility for the product. The customer relies on the 
assembly process to deliver products with good quality. Therefore, many assembly 
operations are combined with inspections and tests. In many assembly operations the 
material assembled provide most of the products value for the company and the 
assembly and tests are only a small part of the total cost of manufacturing. This poses a 
risk of focusing too much on the price and supply of parts. Baudin (2002) states that 
there are two main factors in assembly performance. The most important factor is part 
supply. Without a well designed supply system the assembly will face shortages that 
heavily reduce its performance. The focus on supply should however not come at the 
expense of the other main factor, the design of assembly work.  
 
Without an effort to design assembly work there is a risk that the assemblers use much 
of their time to other activities than assembly and testing. A bad design can also lead to 
imbalances between stations multiple handling of parts, unnecessary transports, 
increased risk of picking errors and the production of defect parts. The design should be 
based on using the assemblers time to assembly instead of doing other activities that can 
be done by supporting organizations. In order to create productive assembly work 
Baudin (2002) gives the following list of areas to focus on. 
 

• The structure of the subassembly. 

• The sequencing of assembly steps.  

• The division of assembly steps among the available assembly stations. 

• The design of the assembly stations and the equipment. 

• The design of assembly procedures. 

• The means of controlling the quality of the assembly work. 
 
When planning an assembly operation there are two main types of design that can be 
used. In bench assembly all steps in the assembly sequence are made at the same 
station. This requires the assemblers to know all steps in the whole assembly. All the 
tools and material needed for the complete assembly have to available at the bench. In 
the other type of design, an assembly line, the complete assembly sequence is divided 
into smaller steps. Each step in the assembly is done at a different station and all the 
stations are connected to each other and the material flows from one station to the next. 
Each station only requires a certain range of tools and material and the assemblers only 
have to learn a short sequence of steps. The workload has to be leveled in-between the 
stations in order to get a high productivity. When comparing bench and line assembly 
Baudin (2002) concludes that the only advantage the bench assembly has over line 
assembly is workers satisfaction. In all other aspects, productivity, quality etc. the line 
approach is superior. Therefore, line assembly is recommended in almost all cases but 
Baudin mentions three exceptions where it is an advantage to use bench assembly. The 
exceptions are; very simple assemblies with few components and low workload, 
products that are too large to move and in cases of prototype production when the 
assembly operations are customized. In all other cases Baudin recommends to use line 
assembly. Olhager (2000) takes a different approach when discussing production on a 
more general level. He recommends the use of line production only when the demand is 
high and continuous over a long period and when the production system only has to deal 
with a limited variety of products.  
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6.3   Quality 

A clear definition of quality is hard to find. Quality has different meanings in different 
situations. Sandholm (2001) defines different aspects of quality for different cases. A 
products quality is described as its suitability for use and it should not only include the 
final customers use but also the use in earlier activities such as manufacturing. If formal 
specifications are made the quality can be defined as the products ability to comply with 
the specifications. A broader definition is the products ability to meet the customers’ 
expectations and according to Sandholm a higher price automatically increases the 
expectations. Bergman and Klefsjö (1991) mention different aspects of product quality 
than Sandholm. They describe product quality as variation in performance and other 
characteristics that are important to the customer and they emphasize the products 
reliability, the ability to easy maintenance and product safety as important indicators of 
good quality. According to Bergman and Klefsjö the quality level in the production is 
very dependent on the design of the production system. The same quality aspects that 
are considered when designing a product should be reflected on when designing a 
production system.  
 

6.3.1   Reasons for Increased Quality 

Sandholm (2001) concludes that many companies have neglected the alternative to 
increase profitability and cost efficiency by focusing on quality. Efforts to increase 
quality will, according to Sandholm, affect both costs and revenue positively. 
According to Sörqvist (2001) increased quality leads to increased productivity and 
lower costs but also to increased demand. Berman and Klefsjö (1991) point out that 
increased quality have several advantages. It gives the company a better position on the 
market, shortens lead-times and increase productivity. Increased quality also reduces the 
cost for cassation as well as lowers the costs for rework. The authors also call attention 
to the fact that increased quality drastically reduces the need for stock and reserves. 
 
Sörqvist (2001) discusses quality costs thoroughly and argues for a reversed discussion 
where the cost for lack of quality should be considered. The use of the term quality cost 
could lead to a perception that good quality costs but instead it is the lack of good 
quality that generate high costs for many companies. Sörqvist argues that it is possible 
to calculate the costs associated with the lack of quality and that the cost can constitute 
10-30% of a company’s turnover. Costs for lack of quality are costs that would 
disappear if all products and production processes were perfect. Sandholm (2001) 
indicates that the 80-20-rule or pareto rule is applicable when it comes to costs 
generated by lack of quality. The pareto-rule imply that a small part of the cost affecting 
factors vouch for a large part of the total cost. Therefore, a small effort can affect a large 
part of the costs.  
 
According to Sörqvist (2001) the costs for lack of quality can be divided into four main 
categories; preventive costs, costs for inspection and costs for errors discovered 
internally or externally. The preventive costs include the costs associated with actions to 
improve internal and external quality and have to be used with care. If an organization 
focuses too much on the estimated preventive cost it will not be profitable to take 
actions to improve the quality although it is the right step in most situations. The cost 
for errors discovered externally, problems that affect the customers, can be greatly 
reduced by the use of more thorough inspections. Therefore, the costs associated with 
inspections also have to be measured to assure that a company does not raise the 
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customer quality level by increased inspections instead of improving the production 
process. The real power in the method of measure and estimate costs connected to the 
lack of quality lies in the possibility to discover what the lack of quality costs and to use 
that insight to change the way that the management and the employees work with 
quality. 
 

6.3.2   Ways of Improving Quality 

Improving quality takes a lot of effort, systematic work and the support of the whole 
organization. There is no quick and easy way. Sandholm (2001) identifies four main 
strategies that companies have to work with in order to succeed in the effort to raise the 
quality level. The first approach is to get the full support and commitment from the 
management. This is very important in order to get the proposed changes implemented 
and it also highlights the importance of quality work among the other employees. The 
next step is then to educate the management in quality work. After the management has 
been educated key employees get special and thorough training and the rest of the 
employees get basic training so that all people know how to incorporate quality into 
their daily work. The key employees with extensive training act as coaches for others. 
The third strategy is a focus on the market and the world around. It is important to know 
what the customers demand and what the competitors can offer. The last tactic is to 
continuously improve the business and always work to improve quality. Bergman and 
Klefsjö (1991) also list basic elements that have to be fulfilled in order to succeed with 
improving quality. Their five elements are discussed below. The first aspect is to focus 
on the customer. It is important to find out what the customers want and all actions that 
are made should be aimed at fulfilling their needs and improving the relation to them. 
The term customers is used for both external customers and internal customers for 
instance, different processes within the company. Secondly all decisions have to be 
based on facts. Many decisions in companies are based on insufficient information and 
assumptions but in order to make the right choices it is important to look at hard facts. 
The third element is described as working with processes. Almost every activity in a 
company can be viewed as a process with the goal of producing services or goods to 
meet the customer’s need. All processes and how they are connected to each other have 
to be identified to enable improvements and benchmarking between different processes. 
The work with processes forms a basis for the fourth element, continuous improvement. 
Berman and Klefsjö believe that there is always a way to achieve higher quality to a 
lower cost. The drive toward higher quality is caused by pressure from the customers 
but also by a desire for a more cost-efficient production. Finally, the authors share 
Sandholm’s view that everybody in the company have to be engaged in order to be 
successful in raising the quality level. The management has to be involved in and 
committed to the work as well as everybody else in the company. 
 
Sandholm (2001) defines a process as a limited amount of coordinated activities that 
together serves a defined purpose. All activities occur in processes and all processes 
have three parts input, refinement and output. The input part is delivery to the process 
from another internal or external process, the refinement phase is the actual value 
adding work and the output part is delivery to another internal or external process. 
Traditionally a company is organized in specialized functions but the work with 
products often follows a flow across several functions. The organization with functions 
can lead to departmentalization of work. According to Sörqvist (2001) a general reason 
for errors and deficiencies is different apprehensions about specific situations or 
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properties in different parts of the process. This commonly occurs in the interfaces of 
traditional functions. Therefore, it is better to focus on the processes and how they are 
connected to each other.  
 
All processes have to be capable of performing what is specified by the customers. The 
performance in each process can be followed with statistical process control, SPS. 
Defined parameters are measured for each process and if the result deviates outside the 
decided limits actions are taken to bring the process back to a normal level with smaller 
fluctuations. It is a way to detect if something is wrong. (Sandholm, 2001)  
 
Sörqvist (2001) argues that accidental problems occur in all processes and are daily 
corrected to get back to a normal quality level again. The real challenge in trying to 
improve over all quality is to discover chronic problems. These problems are many 
times accepted as a part of the production process and in many cases hard to detect. 
Reducing chronic problems take much more effort than fixing accidental problems but 
can yield a much greater economic return. According to Bergman and Klefsjö (1991) 
the connection between process parameters and quality outcome should be investigated. 
If the correlation is known the process parameters can be monitored to find quality 
deviations. This approach enables a faster response to problems that can lead to poor 
quality.  
 
When discussing improved quality Sandholm (2001) highlights continuous 
improvement as an important part of the strategy to improve processes and better meet 
the customers needs. Continuous improvements are small improvements that in many 
cases are easy to implement and that leads to better quality. Many continuous steps can 
raise the quality level significantly. Sandholm mentions several requirements that have 
to be met in order to be successful in the work with continuous improvements. The 
work has to be structured and governed by routines. The people working with 
continuous improvements have to be educated in methods and techniques so that the 
situations are analyzed correctly and all decisions are based on facts. They need time set 
a side especially for the work with improvements and the support by other functions to 
implement changes. The most important part is that all actions are followed up so that 
the experiences can be used in other projects.  
 
According to Sörqvist (2001) the cooperation between customer and supplier is a basis 
for long-term profit. If the customer wants to make an economic gain by demanding 
unreasonable high quality from the supplier the customers profit is much lower than the 
cost for the supplier. Therefore, it is important to cooperate when it comes to quality so 
that both companies have a chance for long-term economic development. When 
discussing the cooperation with suppliers Sandholm (2001) points out several factor that 
have to be considered in order to succeed. The cooperation regarding quality should 
always be directed by a quality policy and every change in the policy should be notified 
as soon as possible. It is also important to share essential information with the suppliers 
to help them plan their processes. The customer should require the suppliers to work 
with quality control and improvements and make audits to revise the suppliers’ quality. 
If a problem occurs that the supplier can not solve the customer should assist if possible. 
The problems and the solutions should be followed-up later.  
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6.4   Production Systems in General 

In the Toyota Production System, TPS, many ideas for how a production system should 
be designed are introduced. The ideas are in many cases focusing on high volume 
production although many concepts can be used for low volume production as well. 
However, there are several other, more traditional, theories of how production should be 
planned and executed and some of them are presented below.  
 

6.4.1   Material and Production Planning  

According to Segerstedt (2001) an efficient and suitable production and material 
planning forms the basis in a successful company and contributes to several advantages. 
It can enable shorter delivery times and high reliability in promised delivery times. The 
short lead times affects the inventory levels and work in progress positively and 
therefore reduce the cost of inventory that in turn gives a higher utilization of invested 
capital. A good material and production planning can also lead to low costs for 
administration. 
 
Main planning constitutes a base for the more detailed planning. It focuses on a longer 
perspective for material supply and production capacity. Much of the decisions are 
based on predictions. If it looks like the capacity will be exceeded in the future actions 
to increase the capacity have to be taken in order to prevent problems to deliver within 
promised delivery-times.  
 
Material planning deals with a shorter time-frame and focus on secure delivery of 
components in the right order with no disturbances for the production processes, short 
throughput times and the lowest inventory levels possible (Segerstedt, 2001). Stocks are 
often a necessity but since they are not creating value. Problems should, if possible, be 
solved without increasing the inventory. According to Segerstedt (2001) a confined 
stock can lead to disturbance of the production while an extensive stock generates 
unnecessary costs such as transport, handling and investment costs. The resupply of 
inventory has to be based on quantities that are adapted to the given situation to avoid 
shortages or situations with too much material in stock. The material has to be delivered 
to the processes in a manner and in quantities that are adapted for the process. Some 
processes require restocking in big batches but others might need kitting.  
 
When discussing production planning Segerstedt (2001) emphasize that it is very 
important not to initiate a new production order to fast. The capacity should instead be 
focused on completing the work within a production process in order to keep a low level 
of work in progress, WIP. Production should not be initiated in order to create work in 
certain processes but be initiated by customer demand. If the customer demand is 
causing overcapacity in some processes other items should be made there or the 
recourse should be disposed. The production lots should be as small as possible in order 
to keep a low WIP, but they have to be adapted to the different processes. The author 
also concludes that one important part of production planning, the estimation of delivery 
times, can be hard to do since the future capacity and demand always change. It is 
important to be able to deliver when promised to keep the customer satisfied and a short 
delivery time can justify a higher price.  
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6.4.2   Single Minute Exchange of Die, SMED 

Large batch sizes or order quantities have many disadvantages. It will lead to long 
process-times in machines where a machine is tied up for a long time with the 
production of just one type of product and can not be used for other parts. That leads to 
large cues between processes that generate long throughput times and a high level of 
work in progress. Long set-up times often generate a situation where it is economically 
justified with large batches. Therefore, the reduction of set-up times has an 
extraordinary importance to the effort of reducing batch sizes. (Segerstedt, 2001)   
 
According to Andersson and Blücher (2006) the set-up time is critical factor for success 
when the customers demand flexibility and rapidity. The set-up time is defined as the 
time that passes from the last part of one order is produced until the first correct part in 
the next order is manufactured. Furthermore, the authors describe Single Minute 
Exchange of Die, SMED, as a method to analyze and reduce set-up times. The most 
important part of the SMED method is to separate internal and external operations. The 
external operations can be made while the machine is still running and the internal 
operations require the machine to be shut down. In the first step all external operations 
are made while the machine is still producing other parts. That can in many cases save a 
lot of time. The next step is then to transform internal to external operations. In many 
cases that can be done with fairly easy changes and can furthermore reduce the time that 
the machine has to stop in order to change from the production of one part to another. 
Other important parts in SMED are to prepare every set-up operation so that nothing 
goes wrong and no parts are missing when the machine has stopped and to keep the 
workplace well organized to facilitate the work.  
 

6.4.3   Design of Production Systems 

Olhager (2000) expresses the opinion that the goal of production system design is to 
create a system with high utilization of resources, short throughput time and high 
flexibility. The author describes two types of flexibility. Short term flexibility is a 
company’s ability to react to changes in volume and product mix. The long term 
flexibility is the capacity to introduce new products into the existing production system. 
Olhager also concludes that the design of a production system and the processes has to 
be adapted to the products that will be produced and the main characteristics that 
influence the design is volume and the number of different variations. If the system is 
designed with overcapacity this should be placed in the last processes to create a flow 
through the system.  
 
The production system always has to be designed with the products in mind. Segerstedt 
(2001) states that products with a high volume can carry large investments in 
customized production equipment. If the volume is low the production equipment has to 
be of a more general nature. The number of product variations also influences the 
design but it has other affects as well. If the number of variations increase the cost for 
inventory and WIP also increases. To cut inventory cost and to simplify production 
processes Segerstedt suggests a focus on standardization and modularization. The aim is 
to work with modules and standard parts until the point where the customer places an 
order for a specific variant. The requested variant is then created from standard parts 
and modules. In order to be successful with the modularization and standardization 
process new products have to be designed with this goal in mind.  
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In every production system there are bottlenecks, processes where the capacity first will 
reach the maximum limit if the demand increases. The bottleneck process can shift 
depending on what type of product is being produced. In order to increase the capacity 
for the whole production system the bottleneck has to be identified and eliminated. 
Another operation then becomes the bottleneck and then has to be eliminated. 
(Segerstedt, 2001)  
 
Another way of improving a production system that Segerstedt (2001) recommends is to 
merge several operations into one single operation. That eliminates the need for 
transport and cues between simple processes and the aim is to reduce throughput times 
within the system. Sometimes the processes have to be redesigned in order to merge 
several operations into one. This can require a change in the order of which different 
operations are made. It can also call for design changes of the products.  
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7   Alternatives for the Production in China 
The production of G&G-pumps is complex and includes many different operations. As 
discussed in the chapter describing the production at PVT the operations can be divided 
into processes of various levels of detail. The content of some of the processes can be 
changed to facilitate for an alternative order in-between the processes. Some operations 
can belong to one process when looking at one alternative but belong to another process 
in another alternative. The level of detail in this chapter is the same as in the chapter that 
describes the production in Sweden. This chapter includes a discussion about the 
processes and in what order they can be preformed and about the existing resources in 
China that can be used for the production of G&G-pumps. The chapter serves as an 
introduction to the analysis of possible alternatives in chapter eight.  
 

7.1   Processes and Restrictions 

When looking at the existing production in Sweden there is a natural division of 
operations into processes on an aggregated level showed in figure 4.1. This division is 
also suitable for the discussion about alternatives for a production system in China but 
in order to find more usable alternatives some operations can be moved in-between 
processes. This will be discussed below where the processes are presented. The order in 
which the processes can be connected to each other is determined by restrictions. Some 
of the restrictions can be obvious, the pump has to be assembled before it can be tested, 
but others demand more knowledge about the processes and the operations in order to 
be apparent. The restrictions are presented together with the processes. 
 

7.1.1   Order Administration and Supply, O/S 

This process is always the first step in the production of a pump. The order is received 
from a sales company and transformed to a production orders for the machining and 
assembly processes. The supply of material that is not machined at Flygt in Shenyang is 
initiated and the castings for the machine process are ordered. The administration 
process also initiates the main assembly when all the material for the pump is 
accessible. 
 

7.1.2   Machining, M 

When castings are available the machining process starts producing parts for the 
assembly process. The machining process is always a part of the supply process as an 
internal supplier and naturally the machining of parts needs to be done before assembly 
since no parts are produced without a customer order. 
 

7.1.3   Main Assembly, MA 

The main assembly process is initiated when all the material for an assembly order is 
accessible and when there is free capacity in the assembly area. The first step is to pick 
all the parts for the assembly and take them to an assembly area. In the assembly area 
the assemblers do the main part of the assembly. Depending on the pump type parts 
sometimes have to be assembled later on, after painting or testing, but the pumps are 
almost completely assembled in this process. In the standard case the cable is not 
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assembled before painting but it can be possible to add the wiring operation to the main 
assembly if the paining process is modified so that the pump can be painted with cables. 
As for the order in-between the first three processes it can not be changed, the processes 
have to be preformed in the order that they are listed above.    
 

7.1.4   Washing and Painting, WP 

The pumps have to be washed before they are painted to assure that the paint sticks to 
the pump. The washing is the first operation and after that the pump has to dry and cool 
down before the painting. After the painting the paint has to dry, preferably in an oven. 
All these operations and all the handling in-between the operations are included in the 
washing and painting process. It is possible to change the standard order a bit when it 
comes to the WP process. It has to be done after the main assembly and preferably 
before the testing. If the pumps are tested before the painting there is a great risk of poor 
painting quality due to rust. A pump that is not painted is very exposed for corrosion, 
especially on the machined surfaces, and therefore it is better to paint the pump before 
testing it in water.  
 

7.1.5   Cable Assembly, C 

In the cable assembly or wiring process the pump is opened and covers that were used 
for covering the cable entries during the painting are removed. The electrical cables are 
connected to the pump that is then sealed again. This process can, as discussed above, 
be incorporated in the main assembly if changes in the painting process are made. If it is 
not a part of the MA process it can be done after the painting but before testing. Another 
option is to use a special test-cable that is a short cable that is easy to handle during the 
testing. The pump needs cables for power supply during the test but the cables that the 
customers want can be very long and hard to handle. Therefore, a test-cable can be 
connected by the test engineers during the test and the real cable can then be connected 
as a part of the final assembly. This would simplify pump handling during testing but 
generate several non value adding activities 
 

7.1.6   Additional Assembly, AA 

There are only a few pump types that require additional assembly. The assembly 
process has to be preformed between the washing and painting process and the testing 
process since the AA process is the assembly of parts that can not be assembled before 
painting but have to be assembled before the testing.  
 

7.1.7   Testing, T 

All of the produced pumps are tested. In a standard test the pump is lowered into a 
water filled basin and connected to the test plant. The pump is started and run for some 
time while different parameters are measured. For the testing the pump has to be almost 
completely assembled. Therefore, the test has to be performed after the main assembly 
and additional assembly. For the pumps that do not need additional assembly it is 
possible but not recommended to test before painting. The cable assembly can, as 
discussed above, be done both before and after the testing.  
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7.1.8   Final Assembly, FA 

Some pumps have parts that can not be assembled before the testing. These pump types 
are completed in the final assembly process. The FA process is also responsible for 
adjusting pumps that do not pass the tests. Therefore, the process has to come after the 
testing and it is an advantage to locate the FA-process close to the testing area. The two 
different operations, adjusting faulty pumps and completing assembly combined in the 
final assembly process require very different levels of competence. The completing 
assembly is a fairly simple operation while the task of adjusting pumps needs highly 
experienced personnel. The different operation within the FA-process can be split and 
added to other operations. The final assembly can for instance be incorporated in the 
packing process and the responsibility for adjustments can be transferred to the testing 
process. 
 

7.1.9   Packing, P 

The packing process is the last step to complete an order inside the factory. The pump is 
placed on the delivery packing and secured. The process also includes the 
administrative work to report orders as completed. This process has to be preformed 
after all the assembly processes are completed and the pump has passed the testing.  
 

7.1.10   Shipping, S 

When a pump is completed and packed the shipping process takes over. The shipping 
process coordinates the transport of finished goods to the customers. Naturally this has 
to be the last process.  
 

7.2   Possible Locations of Processes 

For the production of G&G-pumps in China there are two possible factories to use. 
They have different advantages and disadvantages and none of them is perfect for all the 
processes. A solution that can utilize the best advantages of both plants is to divide the 
processes between the two plants but this solution generates a need for transport some 
where between two processes. The advantages of each plant and the need for transport 
between the two plans are discussed below. Not all of the processes in the production 
system are discussed below. The main focus is on the processes where the plants 
already have some equipment or knowledge that can be used for the production of 
G&G-pumps.  
 

7.2.1   Existing Resources in Shenyang 

The plant in Shenyang is a former Flygt factory. The employees are used to work with 
Flygt products and even though large pumps have never been produced there the 
employees are familiar with Flygt’s way of working. Quality system, routines for 
product changes, financial systems and general standards are in place and are usable for 
the G&G production. The infrastructure, computer systems and other functions are well 
established and adapted for Flygt-products. The knowledge about pump production in 
general is high and the personnel have established contacts for cooperation with 
Swedish engineers. In addition to the employees knowledge and the existing 
infrastructure that support the production there are also well established functions such 
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as human resources, economy, purchasing and management that can be used to support 
the production of G&G.   
 
The supply of material is important in the G&G production. The purchasing department 
in Shenyang has established contacts with many suppliers in China. Since the factory 
acts as a sourcing gateway some of the material needed for the large pumps are already 
being bought in China and sent of to Sweden for assembly. The department is also used 
to work with Flygt in Sweden for the supply of parts from European suppliers.  
 
The machining department is used to machining cast iron according to Flygt standards 
and demands. They are also used to working with the same type of drawings and 
technical information that will be used to G&G-parts and have routines for the 
managing of technical information, programs and tools. The operators working with the 
machines are familiar with the necessary quality inspections of parts and there is 
existing equipment that can be used to verify the quality of the produced parts. The 
machines in the shop are modern and some of the existing machines can be used for the 
manufacturing of G&G-parts. Some G&G-parts are already machined in Shenyang 
today and sent to Sweden for assembly but in order to be able to machine all types of 
parts for the large pumps two more machines have to be purchased. There is enough 
room in the existing shop for the new machines and they can be placed close to the 
other machines that are used for G&G-parts. The supporting functions, like transport 
and storage can be shared with the existing production and the production can also be 
supported by experienced industrial engineers and repairmen. The production of parts 
for the large pumps is mainly done in very small batches, often one or two parts at the 
time. The operators in the machine shop are used to work with small batches but not 
with one piece flow that can be the case of G&G production. Therefore, it can take 
some time to get used to the very small volume of each part.  
 
The assembly process is very dependent on experienced personnel. The assemblers that 
work in Shenyang today are used to building Flygt pumps but there is a big difference 
between the large pumps and the small and midsize pumps. The assemblers are, on the 
other hand used to Flygt standards and routines and have a good basic knowledge about 
pump assembly. In the Shenyang factory there is an area that can be used for G&G 
assembly and it will allow a good layout of the assembly process as well as a good flow 
of material to and from the assembly stations. It is possible to use an existing overhead 
crane in the proposed area but in order to get an effective assembly process it needs to 
be supplemented with another crane. To support the G&G assembly the existing 
logistics department can be used but it will need to be enlarged.  
 
The paint shop in Shenyang is fully equipped for washing, spray painting and it has 
capabilities for faster hardening in ovens. The problem is that the equipment is designed 
for small and midsize pumps. The washing booth is small and is only equipped for cold 
water washing. The booth can be used for the smallest G&G pumps but in order to 
manage the whole G&G assortment it has to be rebuilt. The construction is fairly simple 
and there is enough room at the current location to build a bigger booth. Experience 
from the production in Lindås shows that in order achieve a good paint quality it is 
better to wash the pumps with hot water. Therefore, a system for hot water washing is a 
necessary investment.  
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The spray painting booths are smaller than the ones used in Sweden. There are no 
problems to use them for the smallest G&G-pumps but they are not big enough for the 
largest pumps. If the largest pumps should be painted in the existing booths they have to 
be painted in several pieces for example the drive unit can be painted separate from the 
hydraulic unit. The existing equipment is also usable for painting parts that have to be 
painted before the pump is fully assembled. Ovens are used to reduce hardening time of 
the paint. The ovens are also designed for small and midsize pumps and will be too 
small for the largest G&G-pumps. To be able to handle the larger pumps in the 
hardening process a new oven has to be built. It is possible to use the existing 
equipment in the paint shop for the smallest versions of the G&G-pumps and with some 
make shift solutions the equipment, even the oven, can be used for the larger pumps as 
well but if the plant is to produce a larger volume of the biggest pumps the paint shop 
needs new investments. Some advantages in using the paint shop in Shenyang are that 
the paint shop is used to Flygt’s painting standards and uses the same paint today that 
will be used for G&G. The paint shop can also provide a special epoxy paint that 
sometimes is requested for the large pumps.  
 
In a small volume production the cable assembly process can be kept very simple. Many 
of the tools needed for cable assembly can be found in the main assembly process. 
Other equipment needed for wiring is lifting equipment for pump and the cable that 
sometimes can be very heavy and some kind of platform or pit that enable the 
assemblers access to the top of the pump. When dealing with a very small volume the 
cable assembly can be made in the same area as the main assembly but with the 
calculated volume in China it is better to make the wiring in a separate station. There is 
enough room for a separate station in the factory in Shenyang. If an elevated platform 
where the assemblers can stand while working with the pumps is used instead of a pit it 
is easy to prepare such an area but some of the possible locations can create a 
disadvantageous flow and need of extra transportation. The cable for the large pumps is 
bought from European suppliers and sent to China via Flygt in Lindås. Therefore, it is 
an advantage to place the cable assembly in Shenyang so that the transport of cable can 
be coordinated with other transports from Sweden.  
 
At the Shenyang plant there is a woodworking shop. The shop is equipped with all the 
necessary tools and machines for building the packaging for the G&G-pumps. The 
packagings are adapted for each version of the pumps and sometimes customized which 
generates a large selection of different packaging and therefore it is easier to build them 
within the company rather then buying them from a supplier. 
 

7.2.2   Existing Resources in Nanjing 

The production plant in Nanjing is an ITT-factory but even though Flygt is a part of ITT 
the two factories are somewhat different. The plant in Nanjing is focusing on assembly 
and there is only one small machine shop for balancing and rework of impellers. The 
plant have all the necessary supporting functions like human resources, finance, 
engineering and logistics but they use a different computer system than the factory in 
Nanjing. The employees are used to pump assembly but at the moment they only 
assemble pumps for dry installation and no submersible pumps are produced at the 
plant. Another difference is that they are working with other standards and routines than 
the ones used for the production of G&G-pumps. Although no large submersible pumps 
are produced today some of the equipment in the factory like the test plant and the paint 
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shop is adapted for the production of pumps of the same type as the ones in the G&G-
assortment.   
 
The Nanjing plant is far from fully occupied. There are several large areas where it is 
possible to locate the G&G assembly and many of these areas have access to large 
overhead cranes that are important to the assembly of large pumps. There is also enough 
room for a large storage of material that will be necessary for the main assembly 
process.  
 
There is a paint shop in Nanjing that is used for the production of other ITT-pumps. The 
washing area is just an open area with a floor constructed to drain of the access water 
but it can easily be enclosed in a simple booth. There is no need for a booth for the 
pumps that are washed today but for the washing of G&G-pumps it is better to have an 
enclosed area. There are two spray painting booths within the plant. They are much 
bigger than the ones used for the painting of large pumps in Sweden and therefore more 
than adequate for Flygt’s need. The booths have to be somewhat modified in order to be 
able to use a crane during the painting and a height adjustable platform for the painter 
has to be constructed. Today the pumps are left in room temperature for the paint to 
harden because the paint shop has no oven. According to Flygt’s standard for painting it 
takes three days for the paint to harden enough for a short test in fresh water and it takes 
seven days for the paint to harden completely in room temperature. Therefore, the paint 
shop has to be completed with an oven to shorten the time for hardening significantly. 
Hardening in an oven also generates a better quality of the paintjob.   
 
The Nanjing plant has a big testing facility for pumps. Today it is used to test the 
smaller pumps that are assembled in Nanjing but it has capabilities to test large pumps 
as well. The test plant can, with some modifications, be used for all the G&G-pumps. 
The modification includes adapters that fit the G&G-pumps outlets, some new testing 
equipment and software and the cost for modifications will be substantially lower than 
the cost for a new test plant. The test plant has enough space for G&G-products and 
overhead cranes that can handle the heaviest Flygt pumps. There is also enough room 
close to the test plant for the final assembly process.  
 

7.3   Transport between Shenyang and Nanjing 

In order to utilize the advantages of each factory it will be necessary with transport 
between the two locations. The transportation between the two factories has to be 
handled as effective as possible since it affect the throughput time within the system as 
well as the lead time to the customers. Because of the long distance between the 
factories the actual transport time is long but in many cases the transport time only 
makes up a small part of the total time for a transport. It is important to minimize the 
time spent waiting for transports and reloading. The best way to reduce the non value 
adding time associated with transport is to transport the goods from one factory directly 
to the other without reloading the goods several times at logistic hubs. This also reduces 
the risk of lost goods that can not be allowed when transporting assembled pumps or 
parts for the G&G-pumps. The use of door to door delivery is more expensive than to 
use a logistic net with hubs but since the lead time to the customers is important it can 
be justified. On the other hand a shorter delivery time reduces the cost for work in 
progress.  
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One strategy to get a cost-effective door to door transport is to wait until there are 
enough goods to fill the truck completely. The more the truck carries the lower the cost 
is for each part. This strategy can be hard to apply on the transportation of pumps or 
parts in the G&G production, especially when transporting assembled pumps. In order 
to keep a short lead time it is not possible to wait for more pumps to be assembled so 
that the truck can be fully loaded. The main assembly of a complete pump can take 
several days. 
 

 
 
Figure 7.1: A map of the north-east corner of China. The line between Shenyang and 

Nanjing represent the shortest possible distance of 1400 km. The actual road is much 

longer. The map is adapted from Google earth.  

 
One possible alternative is that the assembly and all the following processes are made in 
Nanjing and the machining is done in Shenyang. This will require transport of 
components from the plant in Shenyang to the assembly processes in Nanjing. In order 
to coordinate transport of parts from European suppliers via Lindås all European 
products can be sent to Shenyang. The components for the G&G-pumps will only stand 
for a small part of the imported goods and therefore coordination with parts to the 
smaller pumps can be a more cost effective solution than separate transports from 
Sweden to Shenyang and to Nanjing. The imported goods can then be sent from 
Shenyang to Nanjing together with the machined castings. For the transport of material 
from Shenyang to Nanjing ordinary logistics companies can be hired. In order to keep 
low inventory levels the transports have to be frequent and very well planned so that all 
material to a pump is available when the assembly starts. The transport has to be 
weather protected since the machined casings are very sensitive for moisture and rust 
easily.  
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Another scenario is that the pumps are assembled in Shenyang and shipped to Nanjing 
for painting and testing. In that case a pump can be packed on the same packing that is 
used for delivery to the customer and the packing can be built in the woodworking shop 
in Shenyang. The transport of imported goods will only have to go to one place and can 
be coordinated with parts to the smaller pumps. The transport of the assembled pumps 
needs to be weather proof if the pumps are not painted, just like the castings the 
unpainted pumps corrode easily. If the pumps are painted they are much more resistant. 
 

7.4   Four Main Alternatives 

For the new production system in China there are many possible alternatives as a result 
of two possible locations and the possibility to change the order of some processes. 
However, four main alternatives can be identified and completed with sub-alternatives. 
The four main alternatives are based on the location of the four main processes; 
machining, main assembly, washing and painting and testing. The main processes are 
characterized by several of the following criteria. They need expensive and specialized 
equipment, make a significant impact on product quality, represent a large part of the 
value adding time and all types of pumps have to pass through the process. The other 
processes; order assembly, cable assembly, additional assembly, final assembly and 
packing are easier to adapt to existing conditions and do not require substantial 
investments. The main alternatives presented below can be found in appendix B. In the 
appendix each of the main alternatives are completed with some sub-alternatives where 
the order and location of the simpler processes, that not are main processes, have been 
changed. There are more possible sub-alternatives than the ones presented in the 
appendix but the appendix shows some of the possible alternatives. 
 
In the first alternative, alternative A, all the processes are preformed in the factory in 
Shenyang. The factory in Nanjing is not used at all. In alternative B three of the main 
processes machining, main assembly and washing and painting are done in Shenyang. 
The pumps are then transported to Nanjing for the testing. This alternative can generate 
several sub-alternatives where the order and location of the simpler processes are 
altered. Alternative C represents a division where the machining and main assembly is 
done in Shenyang and washing and painting and testing are done in Nanjing. In the last 
of the main alternatives, alternative D, the only main process done in Shenyang is the 
machining and the rest are done in Nanjing.   
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8   Analysis of Possible Alternatives 
For the future production processes in China there are several alternatives for each 
process. Some of the alternatives can be combined with each other but in some cases the 
choice of one process will directly affect possible choices for the other processes. In 
addition to the location and order of the production processes there are other aspects that 
can be considered as well such as the content in some of the processes. The following 
chapter presents a discussion of alternatives, advantages, drawbacks and general tips for 
each process. The analysis presented below is based on the production in Sweden and in 
China, theories presented in the theoretical framework and ideas from the author and 
other people involved in the G&G-project.   
 

8.1   Order Administration 

The order administration process is a critical and important process where the 
customers’ requirements are transformed to a pump model. G&G-pumps are complex 
and as discussed earlier it is possible to combine the many possible modules into a wide 
range of pumps. In addition to all the possible combinations of modules there is a 
possibility to create even more variants by the use of special parts. For the small and 
midsize pumps the order administration is simplified by a database that contains 
information about how the modules can be combined but it is not possible to build such 
a database for the G&G-pumps with the existing computer system. Therefore, the 
people working with order handling for G&G have less support from computer systems. 
The order-administrators need profound knowledge about the modules and all the 
possible pumps and it takes time to gain the experience needed for the work. In addition 
to technical knowledge the order-handlers also need to have a good understanding for 
the customers’ situations and a well established network of contacts to be able to deal 
with special requests and problems that arise after an order is placed. The customers 
demand flexibility and adaptability from the production of G&G-pumps and that forces 
the order-handlers to sometimes find unique solutions just for one order.  
 
The result of the order administration process is a completely specified pump with a list 
of all the material needed to build it, desired accessories and requested tests in addition 
to the standard tests. The list of material constitutes the basis for the part supply. If an 
error is made in the order administration there is a great risk that the wrong parts are 
obtained and the error is not discovered before the assembly process starts. When the 
error is discovered it is important to find replacement parts fast. Depending on the error, 
this can take several weeks due to long delivery times from the suppliers especially for 
complex parts such as rotor-units. It can cause a delay of customer delivery for several 
weeks and that is not acceptable. A mistake in the order-administration process can have 
disastrous consequences and the risk of errors has to be minimized as much as possible.  
 
Another important task for the order-handlers is to continuously monitor the progress of 
the customer orders. If a problem or a risk of delay is discovered the order-
administrator, that takes the customers perspective, has to find a solution to the problem 
so that the end customer is not affected. Only in the worst case scenario the order-
handler contact the customer to inform that a delay is inevitable and tries to find a new 
delivery date that will suite the customer. 
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8.1.1   Possible Scenarios for Order Administration 

The order administration process does not require substantial investments but is very 
dependent on skilled and experienced employees. The process does not need to be 
located at the same location as the rest of the production since it only manages 
information and another location does not involve extra transportation. It can however 
create a need for some extra activities at the production site.  
 
The first alternative is to place the order administration process in Shenyang. The 
employees in Shenyang are used to work with Flygt’s computer systems and products 
but it is very different to process customer orders for the smaller pumps and for the 
G&G. The new order administrators need extensive training in the new system and an 
education that forms a basis for the technical understanding of the G&G-products. The 
training can be managed by order-handlers from the site in Sweden and they can act as a 
supporting function after the training is completed. Since the planned production 
volume in China is low it will take a very long time to gain experience and to get used 
to all the different versions. The order-administrators in Sweden are very experienced 
but they still have not worked with all the possible combinations. Therefore, it is 
important to always be able to get support and to share knowledge with the Swedish 
employees. Initially there is a great risk for errors and the errors can, as discussed 
earlier, cause delayed deliveries to the customers. To avoid errors in the beginning, after 
the training period, all of the processed orders can be sent to Sweden for inspection and 
after a while the controls can be based on random selections.  
 
Another alternative is to use the existing organization that work with order 
administration in Sweden for the Chinese production. The orders can be processed in 
Sweden and the employees there can handle the difficult technical specification while 
the organization in Shenyang handles the contacts with the customers and follows the 
production until delivery. The order administration in Sweden would have to be 
enlarged and employ new colleagues but the education is simplified since the new 
employees will be located together with experienced personnel. This solution makes 
good use of the existing knowledge and is easy to implement but it also has a few 
problems. In a case where the order administration in Lindås is under pressure there is a 
risk that they focus on processing the orders for the Swedish production before 
completing the Chinese orders since they are still a part of the G&G production in 
Sweden. There is also a risk that the errors made in the administration process in 
Sweden are not sent back when discovered in China. The solution does not increase the 
competence at the plant in Shenyang and the plant in China will always be dependent on 
help from PVT. 
 
One alternative to the solution above is to create a new and global resource for order 
administration. The employees working with order administration in Lindås are 
transferred from PVT and form the basis of the new function. The new function is 
shared by both Shenyang and Lindås and can be used by sales companies all over the 
world. New orders arrive and depending on customer location, pump type and also the 
capacity in the two plants the order is prepared and sent to one production site. This 
solution will simplify the cost sharing between the two plants and also concentrate the 
technical knowledge in one function. The problem is that the function is distanced from 
the production sites and that it calls for a reorganization of the Swedish production.  
 



49 

 
 
Figure 8.1: A possible organization with a global resource for technical order 

administration. 
 
One more idea is to make a sales company in the Asia-Pacific region responsible for the 
technical part of the order administration. The sales companies are used to working with 
G&G pumps because their customers already order large pumps from Sweden. They 
have some of the technical knowledge necessary, but might need some additional 
training. The advantages are that they have daily contact with customers and understand 
their needs, have a basic knowledge about the G&G assortment and they have 
established contacts within the order administration for G&G in Sweden.  
 
In all the cases where the order administration is separated from the production there are 
some tasks that normally are made by the order administrators in Sweden that have to 
be done by another function located at the production site. This includes determining a 
possible delivery date and forwarding it to the customers, monitoring the orders during 
the production and to notify possible delays to the customers. The information system 
should be designed so that it is possible to report when a process is completed in order 
to simplify the task of monitoring the production. Sometimes customers want to visit 
the factory when the pump is produced in order to make inspections and witness tests 
and this also has to be coordinated by somebody at the production site.  
 

8.2   Supply 

The production of G&G-pumps is initiated by a customer order and no pumps are 
manufactured without an order from a customer. The same strategy is used for the 
supply of most of the material. Some simple parts like bolts and o-rings are bought in 
batches and stored but larger parts are purchased for a special order. Because of the 
great variety of parts that are needed for the assembly of different G&G-pumps it is not 
economically justified to keep a stock of standard components ready for assembly. The 
cost of running the storage and the interest rate for invested capital would be too high. 
This generates a situation where the time for supply of material to an order is a large 
part of the total lead-time from customer order to delivery of a complete pump. The 
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supply is therefore an important process in the production of G&G and an unreliable 
supply system can cause delivery delays since no extra parts are stored.  
 
For the production in China the supply can be divided into three categories. The first 
category is the supply of castings that are machined in the company’s workshop. The 
castings are ordered from the foundries when a customer order is received and the 
delivery time is four to six weeks if they are ordered from a Chinese supplier. In some 
cases a small amount of common castings are purchased based on prognoses and 
experience to limit the risk of delays. When the castings arrive another two weeks are 
needed for the machining before the parts are ready for assembly. The goal is to be able 
to source all castings from Chinese suppliers but initially it might be necessary to buy 
some castings from European suppliers and that will affect the delivery time heavily. 
The transport time between Lindås and Shenyang is approximately eight weeks for 
normal shipping. It is also possible to use air-cargo for faster transport but it is much 
more expensive.  
 
The second category is the parts that are sourced locally in China but do not need 
machining in the workshop in Shenyang. This category includes parts for the drive unit 
like stator and rotor and some other parts. In the beginning some of these parts might 
have to be purchased from European suppliers but most of the parts can soon be 
localized in China. The delivery time for this category can be allowed to be the total 
delivery time for machined castings since the parts in this category are ready to be 
assembled when they arrive from the suppliers.  
 
The third category includes all parts that have to be bought from European suppliers and 
that can not be sourced locally in China. In some cases it is highly specialized products 
that have very high quality requirement that are hard to find in China or that is not 
economical to purchase in China due to the small volumes required for the G&G 
production. This is the case for the cables and some of the sealing and bearings. There 
are also some products, for instance special bolts, where the desired standards can not 
be found in China.  
 

 
 

 
Figure 8.2: Three cases of material supply. 

 
Imported parts from European suppliers can be shipped via Lindås in order to win 
economical advantages in shipping costs both from the suppliers to Lindås and from 
Lindås to China. The problem is the delivery times. The shipping time is, as mentioned 
earlier, around eight weeks from Lindås to China but the lead time from the suppliers to 
Lindås are in some cases even longer than the shipping time. This makes it impossible 
to order material based on customer orders and at the same time keep reasonable lead 

Castings sourced
in China

Machining

European suppliers Lindås
Main

assembly

Chinese suppliers

Castings sourced
in China

Machining

European suppliers Lindås
Main

assembly

Chinese suppliers



51 

times for the production in China. The parts that have long lead times from suppliers to 
Lindås and then needs to be transported to China have to be purchased based on 
prognoses. A safety stock is also needed to compensate for fluctuations in the demand 
otherwise there is a great risk of shortages. The problem with stocks for the G&G 
production is that the production requires a great variety of parts but many parts are 
only used in very limited quantities. That leads to a low inventory turnover rate, a 
parameter that Flygt focus heavily on improving. 
 
There are several alternatives to secure the supply of parts with long lead times from the 
suppliers in Europe. One solution is to keep a stock in China with all the components 
needed. Depending on where the main assembly is made there can be several possible 
locations for the stock. If the main assembly is made in Shenyang the stock is held at 
the Shenyang factory but if the main assembly is located in Nanjing there are two 
alternatives. The big stock of material can still be held in Shenyang in order to 
coordinate transport from Sweden and parts can be sent to Nanjing when needed for 
assembly. The stock can also be held in the factory in Nanjing and the goods can either 
be transported directly from Lindås to Nanjing or via Shenyang. In all the cases 
mentioned above the stock is owned and managed by Flygt in China. 
 
Another alternative is to keep the stock in Lindås. It would lead to almost eight weeks 
shipping time but the resources in the store can be shared with the production at PVT in 
order to achieve a higher inventory turnover rate. One type of product where this 
solution is possible is the cables. They have a very long delivery time from the supplier 
and are already stored at Flygt’s factory Sweden today. A problem with a shared stock 
is how the cost of the stock should be divided between the two plants.  
 
The last alternative is to make a new deal with the suppliers. They keep a consignment 
stock of all the parts that they can not manufacture and deliver with a reasonable lead 
time. The parts will be more expensive to by but on the other hand Flygt does not need 
to carry the costs associated with storing the products. In order to not force the suppliers 
to keep a large stock or risk shortages it is very important to share updated prognoses 
for the consumption with the suppliers. The stock does not need to be located at the 
supplier. It can be located in Lindås or in one of the Chinese plants but the supplier is 
responsible for the parts until they leave the shelves.  
 
Some of the parts used for G&G assembly are also used for the production of the 
smaller pumps in the Shenyang plant. Smaller parts like nuts, bolts and o-rings are 
shared between the assortments but also some of the cables can be used for both midsize 
and G&G pumps. The standard paint is the same for all the pumps. The supply of parts 
shared with the smaller pump assortment is not a big supply problem since they are 
already kept in stock today and the higher volume of smaller pumps yields a higher 
inventory turnover rate than the parts only used for the G&G production.   
 
Because of the supply of Chinese castings for the assembly of G&G pumps in Lindås 
there is some experience of large castings from China. Flygt in Shenyang already have 
contacts with several suppliers that can deliver the castings necessary for G&G 
assembly in China. So far the quality of the larger castings is reasonable good but 
fluctuating and the delivery precision is not perfect. Flygt is not guaranteed to get the 
ordered amount at the right delivery date, which is very important in the G&G 
production. One problem with the castings is that every new article takes some time for 
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the foundries to get used to. During this time there is a risk of low quality and delivery 
problems. Since the G&G assortment has very many different castings that each has a 
very low annual volume it will take a long time before all the components are tuned in 
for the foundry process. There is already a project working with localizing more G&G 
castings in China as a part of the project to manufacture large pumps in China. The 
same project is also working on sourcing other components locally. The parts for the 
engine are also a very important part of the sourcing project. Engine parts like stators 
and rotors for the smaller pumps are bought in China today. The quality is good and the 
initial contacts indicate no problems with the larger engine components for G&G 
manufacturing. 
 

8.3   Machining 

For the location of the machining process the plant in Shenyang is much more suitable 
than the plant in Nanjing. The employees in Shenyang are used to machining parts for 
Flygt pumps and accustomed to production and quality standards as well as the 
technical systems and instructions. Some parts for the G&G-pumps are already 
machined in Shenyang with the existing equipment and there is enough room for the 
two new machines that have to be purchased in order to be able to machine all the parts 
for G&G. The plant in Nanjing on the other hand is not designed with machining in 
mind but rather built for assembly. Therefore, the machining process is located in 
Shenyang in all of the proposed main alternatives. 
 
As mentioned earlier many of the components for the G&G production can be machined 
with the existing equipment in Shenyang but it is not possible to use the available 
machines for the largest parts. One alternative for the machining of the largest parts is to 
hire another company for the machining but it is very hard to find businesses that are 
capable and willing to produce G&G-parts because of the very low annual volumes and 
the many versions of each article. It is also harder to guarantee good quality from the 
subcontractors. There are several advantages with manufacturing within the own 
workshop. It gives a good control of all technical documents and drawings, a possibility 
to fast responses to test results when introducing new articles in the production, a higher 
flexibility and a possibility to easy changes in production plans. Therefore, an 
investment in new machines for the Shenyang plant is necessary. The new machines can 
be used to machine not only the largest parts but also some parts that can be machined 
with the existing equipment in order to reduce the pressure on present machines and to 
be able to use their capacity for increased volumes of the smaller pumps. If the new 
machines have free capacity they can be used to increase the amount of parts that are 
machined in China and sent to Sweden for assembly. With the establishment of G&G 
production in China it will be more economical to machine parts for assembly in 
Sweden since the investments in tools and fixtures can be shared between the Swedish 
and the Chinese production.  
 
The lead time for the new machines, one lathe and one machining center, and some 
extra equipment like a washing machine for large parts is very long. Therefore, it is not 
possible to machine all castings in China when the initial assembly is scheduled in the 
project. As discussed earlier there is a problem with finding subcontractors for the 
machining in China and therefore it might be necessary to buy machined parts from 
Sweden in the beginning of the project. That will however lead to long lead times for 
machined castings. 
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Once the new machines are delivered it will take a huge effort and a lot of time to 
prepare for the machining of G&G-parts. The process of generating technical 
specifications, constructing fixtures and finding suitable tools can to some extent be 
based on machine specifications and begin before machine delivery in order to facilitate 
the production. When the machines arrive programs have to be generated and tested for 
all the possible versions of each article in the G&G assortment. This work can be done 
by the engineering department in Shenyang and it can be a good help to have support by 
experienced personnel from PVT that are used to the products and know possible 
problems that can arise in the machining process. 
 
During the first period of machining in Shenyang there is a great risk of problems with 
quality and productivity. It takes some time before all the common articles and variants 
have been tested thoroughly and before the personnel are used to the new products. 
During this time it might be necessary to have extended quality inspections but also to 
be aware of the risk for faulty parts when castings are ordered from the foundries. 
Because of the lead time for castings an incorrect machined part that can not be 
reworked can cause a long delay for delivery to the customer. A problem with the 
machining of G&G-parts is that many of the articles have a very low annual volume and 
therefore it takes time before all components have been in production long enough for 
the operators to learn how to handle each part.  
 
The production of parts based on castings is initiated by a customer order and no parts 
should be made in advance and stored. Therefore, only one or a few parts of the same 
variant will be machined at the same time and the machine shop has to be very flexible 
and it needs the ability to easily change from the production of one part to another. 
When designing each machining operation the need for fast setup has to be considered 
and this work can be based on or inspired by the SMED-method.  
 

8.3.1   The Effect of the Location of Main Assembly 

The way of working in the machine shop will be affected by the location of the main 
assembly. The most obvious change is the logistics to the main assembly but the quality 
work will also be affected by the location. 
 
The machined parts are worth much more than the castings and therefore it is more 
inexpensive to store raw material, castings, than completed parts. In order to reduce the 
cost for inventory the castings should be machined as close to the assembly date as 
possible. There is another more practical advantage with this approach as well. If the 
parts are machined a long time before the assembly starts they have to be stored in a 
rack away from the assembly area because the storage area close to the assembly 
stations is very limited. When the parts are needed they have to be moved from the 
storage area to the assembly process. If the machining is completed just before the parts 
are needed there is a possibility to store the material directly in the racks surrounding 
the assembly area and the assemblers can then get the parts themselves when they are 
needed. No extra transport is necessary. This is important to consider when the main 
assembly is located in the Shenyang plant but should also, if possible, be reflected upon 
when it is located in Nanjing.  
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If the main assembly is located in Nanjing the machined parts have to be transported by 
truck to the assembly process. The transport can be planned in several ways. One 
alternative is to use have regular trips planned, where parts are sent off with the next 
truck as they are completed. This means many transports and high transportation costs 
but can lower the demand for material storages. The approach requires very good 
planning so that the most needed parts are machined and transported. Another 
alternative is to use less frequent transports and send more goods each time. That can 
lower the transportation costs but on the other hand it will be necessary to keep a larger 
stock in Nanjing to avoid shortages in the assembly process. The transport of parts 
instead of partially completed pumps can reduce the cost generated by the interest rate 
for restricted capital since the parts are less valuable than the pumps.    
 
The quality work within the machine workshop will also be affected by the location of 
the main assembly process. If the process is located in Nanjing it will take longer time 
before an error that is made in the machining process is discovered. Some errors might 
be possible to correct but then the parts have to be sent back to Shenyang which causes 
a long delay. Another problem is that errors made in the machining process and 
discovered in the main assembly are not observed by the personnel in the machine shop. 
It is very important that all errors are analyzed so that the process can be improved and 
systematical problems can be solved. Since the location of the main assembly generates 
a delay from an error is made until it is discovered and poses a risk of bad 
communication between the two processes it might be justified with increased 
inspections. Errors should not be allowed to pass from one process to the next but in 
order to guarantee that all errors are discovered within the machining process thorough 
inspections are needed and that generates high inspection costs. If the main assembly is 
located in Nanjing the cost for an error that is sent to the assembly is even higher than if 
the two processes are located in the same building and therefore it can be more 
economical to increase the inspections in this case. 
 
The whole production system for large pumps has to be flexible in order to meet the 
customers’ demands but it also has to be flexible to deal with problems that occur 
without delaying the delivery to the customers. A problem for the production in Sweden 
is the delay of castings from the suppliers. This is a potential problem in China too since 
the foundry process is very unpredictable. The machine shop has to be fast in 
responding to delays of material and able to get the material trough the process fast 
when it arrives. If the main assembly is located in Nanjing it might be necessary with 
express transport between the two plants when delayed parts are machined and that 
increases the transport costs. The risk for express transports of complete pumps due to 
delayed castings is smaller because of two reasons. If the main assembly and the 
machining are located close together it is possible to determine when a casting is ready 
in the machine process and therefore it is possible to start assembly before the missing 
article is ready if it is not a part of the early assembly operations. The second reason is 
that with more processes made before the transport it is possible to make up for more 
lost time by letting the pump pass from process to process without the normal delay in 
stores. These two methods are not recommended to use since they can cause problems 
for other orders and generate waste but in some cases it might be necessary as a way to 
compensate for problems caused by the suppliers.  
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8.4   Main Assembly 

The main assembly is the process where the pump is almost completely assembled. It 
represent a large part of the total value adding time for an order and it has the longest 
individual processing time of all the processes. When looking at the existing production 
of G&G in Sweden the approximate assembly time is between seven and twenty-five 
hours depending on pump type. The calculated times are based on a case of one 
assembler working alone to complete one pump. In reality two assemblers are working 
together most of the time and if that is the case the calculated times can be divided in 
half.  
 

8.4.1   Equipment 

In order to be able to assemble large pumps a lot of equipment is needed. The assembly 
stations need to be equipped with lifting tables to allow the personnel easy access to the 
pump and a large overhead crane is needed to move the parts and the completed pumps 
in the assembly area. Apart from the large equipment a lot of smaller tools and 
equipment are needed. Some of the tools are standard machines like air driven assembly 
tools and sockets but there are also special tools and equipment to facilitate the 
assembly. The standard tools can be purchased in China. The special tools used to 
simplify the production at PVT can be copied and built in China but in the initial phase 
of the project the assembly can be done without some of them. Another important help 
for the assemblers is the drawings and assembly instructions. The instructions and 
drawings are available in Swedish and have to be translated to English or preferably 
Chinese. The instructions are only describing some of all the operations that have to be 
made in the assembly. To simplify the production of G&G in China a project should be 
started with the aim of better documenting and describing the assembly process. This is 
a huge project because of all the different versions of the pumps but it can facilitate the 
production and help to improve quality. The project of documenting the process can be 
viewed as a start of working with standardized processes as a tool for improvements.  
 

8.4.2   Education  

The G&G-pumps are very complex and because of the complexity and the many 
possible versions the assemblers need a high level of competence. The technical 
documentations can be a good help but well trained and experienced personnel are also 
very important in order to succeed with G&G assembly. Initially the assemblers that are 
going to work with the Chinese manufacturing need to be educated by experienced 
assemblers from Sweden.  
 
One or several of the assembler from Sweden can come to China when the first pumps 
in the project are to be assembled. They can teach their Chinese colleagues how G&G 
pumps are assembled and what tools and equipment are used. This approach has the 
advantage that the new assemblers are educated within their own factory which in some 
ways can differ from the production in Sweden. It is also an advantage to have 
experienced assemblers from Sweden helping in the production of the first pumps if 
something is wrong and fast solutions are needed in order to meet deadlines. The big 
disadvantage is that with the low volumes that will be produced in China initially it will 
take a very long time until all of the most common variants have been built. Therefore, 
the Swedish assemblers have to stay in China a long time before the Chinese employees 
have enough experience to be able to assemble all versions without help. 
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The other way of training Chinese assemblers is to send one or two from China to 
Sweden for education. In Sweden there are much higher volumes and it takes a shorter 
time to be introduced to most of the standard variants but it still takes a long time to 
learn to assemble each model. Another advantage is that the Chinese employees can be 
sent to Sweden long before the production system in China is completed and therefore 
have time to gain experience before the assembly in China is initiated. 
 
Of course the two alternatives can be combined. This is probably the best alternative. 
The Chinese assemblers gain some experience and learn a little about all the pump 
versions in Sweden before production starts in China. When the first pumps are to be 
assembled in China Swedish assemblers come to China to assist the assemblers there 
and give further education. They have to stay a fairly long time in order to make sure 
that the Chinese assemblers know how to assemble the standard assortment. 
 
The education of new assemblers would be simplified if the assemblers for the G&G-
pumps are recruited from the assemblers working in Shenyang today. They are used to 
Flygt’s way of working and Flygt’s standards and have a basic knowledge of pump 
design and the assembly methods. It is easier to educate inexperienced personnel to 
assemble the smaller pumps where they are surrounded by experienced assemblers than 
teaching them how to build the large pumps. If the assemblers for G&G are recruited 
among the assemblers working with smaller pumps today they can help with the 
production of smaller pumps if the G&G assembly temporarily have little work to do.  
 

8.4.3   Assembly Stations 

One alternative for the new assembly department in China is to build replicas of the 
assembly stations used by PVT in Sweden. They are thoroughly tested and work well 
for the production of G&G. By using the calculated times for the Swedish main 
assembly and the approximation that the mix of pumps ordered in China will be the 
same as for the Swedish production it is possible to estimate the number of assembly 
stations needed. For an annual volume of 400 pumps two assembly stations are needed 
if the production is planned for one shift. With two shifts it is possible to only have one 
assembly station but the rest of the assembly in the Chinese plants utilizes only a single 
shift. The engineering department and other supporting functions that are important in 
the assembly process are only present during the day and therefore there is a risk of 
lower productivity during the second shift. With two assembly areas it is possible to 
dedicate each area to a certain part of the total assortment. In that case both stations do 
not need all tools and it is easier to keep more of the frequently used tools and parts 
close to the assembly benches.  
 
When using the approach of assembly benches it is important to discuss the number of 
pumps assembled at the same time in one assembly station. In Sweden the assembly 
benches have a capability of three pumps at the time but for some of the largest pumps 
it is only possible assemble two at the time. There are two main reasons for assembling 
more than one pump at the time. The first reason is that there are coordination 
advantages in material handling. With the system used for material handling in Sweden 
it is more efficient to pick the material for three pumps at the time instead of picking the 
parts for the pumps individually. The other reason is that the assembly operations are 
more efficient when working with several pumps at the time since the tools and 
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equipment collected can be used for performing the same operation on several pumps. 
Since the pumps are very complex the assemblers often need to look at drawings and 
other technical documents and the time spent on this can be divided among several 
pumps. In China the maximum number of pumps assembled at the same time can be 
determined by the physical size of the area dedicated for G&G assembly. It is also 
important to analyze the number of pumps that the customer orders at the same time. 
Only pumps that are exactly the same should be built at the same time in order to avoid 
errors. Therefore, if the customers mainly order two pumps of each type at the same 
time it is not necessary to design the assembly station with room fore more pumps. The 
larger customer-orders can instead be split into several smaller assembly orders.  
 
Another alternative is to use the opportunity of designing a new production system to 
try new methods for performing the main assembly. For the main assembly this could 
mean to start working with the concept of an assembly line. The line concept simplifies 
material handling since each station only needs to be fed a certain range of components. 
The concept also simplifies the assembler’s job because each assembler is only 
responsible for a small part of the assembly operations. However, the use of line 
assembly for G&G in China is unsuitable for two main reasons, the low annual volume 
and the great variety of pump versions. The great variety of versions will make it very 
hard to balance the stations so that all stations have the same assembly times. It will also 
be hard to find a solution to the problem of very different assembly times for the pumps. 
If a pump that takes about twenty-five hours to assemble is followed by a small pump 
with a total assembly time of seven hours there must be buffers in the line or the 
assembler have to have other tasks to perform since the larger pump is slowing the 
smaller pump down through the line.  
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Figure 8.3: A comparison between assembly line and assembly bench concerning 

supply of material and the need for tools. 



58 

8.4.4   Logistics 

A G&G pump contains a large number of components, from small o-rings to very large 
castings. All of the material has to be presented to the assemblers in a way that reduces 
the time needed for material handling so that they can focus on the assembly operations. 
It is also very important to design the assembly area so there is a good flow of material 
into the process and so that it is easy to move the assembled pumps to the next process.  
 
The number of small parts that can be stored in smaller boxes like bolts and o-rings is 
too large to be able to store all of them close to the assembly benches. The most 
frequently used parts can be stored in a rack close to the assembly area but another 
solution has to be considered for the less frequent parts. At PVT the smaller, less 
frequently used, parts are stored in shelves spread out over a large area of the assembly 
department and material handlers pick kits of small parts for each new assembly order. 
Because of the layout where the parts are spread over a large area the picking takes 
longer time than necessary. In China the same solution of picking kits can be used but if 
it is possible the small parts should be stored within a small defined area in order to 
reduce unnecessary movements. The use of kitting can be considered as a waste but it 
brings an additional safety to the material handling and the assembly. Two different 
people are involved in the process, the material handler and the assembler, so that 
picking errors are easier to discover. There is also another quality advantage, when the 
pump is assembled all the material in the kit should be used. Therefore, it is easy to 
discover if the assembler forgets to assemble parts. 
 
Most of the larger parts are machined castings, except for the stator and rotor. If it is 
possible the castings should be completed and delivered from the machine shop right 
before they should be assembled. All of the large parts should be stored close to the 
assembly area so that the assemblers easily can move them to the assembly table when 
they are needed. If the production planning is good a pallet rack on one side of the 
assembly area can be used to gather all the material for assembly. The rack has to be 
able to store the material for at least two orders, one that is assembled at the moment 
and the next order. In reality it is hard to plan the production this tight. To avoid 
shortages it might be necessary to store more material than just the material for two 
orders. Since some of the parts are very large they take up much room in the rack it 
might be necessary with an additional storage. This storage should be placed close to 
the assembly process to simplify transports and should be used as little as possible. All 
of the material that can not be stored in a way that the assemblers can access it from the 
assembly area should be delivered to the area by the material handling department so 
that the assemblers can focus on assembly.  
 
After the pumps have been assembled in the main assembly process they have to be 
transported to the next process. If the next process is done in the same factory a 
temporary packaging can be used for the internal transport. The temporary packaging 
should be designed so that the pump is easy to access in the following operations and so 
that it takes as little room as possible. In many cases the easiest solution is to have the 
pump standing up and locked in place by supports on the packaging. If the pump is to 
be transported by truck to the next operation it can be placed on the same packaging that 
is used for the delivery to the customer. In this case the packing can be done as the last 
operation of the main assembly rather than as a separate operation. Most of the 
necessary tools and equipment needed for the packing operations are available in the 
assembly areas. 



59 

 

8.4.5   Location of the Main Assembly 

There are two possible locations for the main assembly. Both factories have free space 
that can be used for G&G assembly. The Nanjing plant have more room and some 
equipment like overhead cranes that can be used but it is possible to design good 
assembly stations in both factories with almost the same efforts and investments. 
Therefore, the discussion about the localization of the main assembly is based on the 
connection between main assembly and other processes as well as support systems. 
 

8.4.6   Supporting Organization 

As discussed earlier the assembly process is very complex both because of the 
complexity of the pumps and the high level of customization that leads to a large 
number of possible variants. Because of the complexity of the assembly operations the 
assemblers have to be experienced but they also need support from an engineering 
department. In Shenyang there is an established engineering department that is using 
Flygt’s systems and has established contacts with the Swedish colleagues. In Nanjing 
there is also an existing engineering department but it has never worked with Flygt’s 
products or systems. The use of the existing engineering department in Nanjing would 
require a substantial education effort. If the assembly process and all the processes 
following the assembly are located in Nanjing a lot of employees have to work with 
G&G production in Nanjing. They have to be supported by several functions other than 
just engineering such as human resources, finance and management functions. These 
resources are already present today to support the existing operations in Nanjing but 
they have no experience of Flygt’s routines and standards. There are alternatives to 
support the assembly process if it is located in Nanjing. One alternative is to enlarge and 
educate the existing functions but they would still belong to ITT Nanjing rather than to 
Flygt. Another alternative is to create a separate support-organization in Nanjing that 
only work with the production of Flygt’s products and have close contacts with the 
organization in Shenyang. Another possibility is to support and manage the production 
of large pumps from Shenyang with the help of the existing staff in Nanjing even 
though most of the processes are performed in Nanjing. A general comment is that the 
demand for an extensive supporting organization in Nanjing decreases with the number 
of processes located in Shenyang. 
 

8.4.7   Localization Depending on Other Processes 

The effects of the main assembly localization depending on the machining are discussed 
in the machining chapter above but the placement of the main assembly will have effect 
on the other processes as well.  
 
In a case where the main assembly is made in Shenyang and the rest of the processes are 
performed in Nanjing the pumps can be packed inside the assembly area without 
interrupting the flow of the other pumps in the Shenyang factory. If the painting is done 
in Shenyang before the transport the pumps will need to be merged into the flow 
through the paint shop together with the smaller pumps. The pumps are washed and 
painted one by one. If a production order contains more than one pump the pumps that 
are assembled together are then separated and have to be gathered again for the 
transport. Since the painting has to be shared with other pumps this can generate a long 
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throughput time from the first pump in a production order is ready for transport until all 
the pumps in the same order are ready to be transported. It is advantageous to transport 
all the pumps in one assembly order at the same time since they are delivered to the 
customer at the same time. If they are split between several transports on different days 
there is a risk that the throughput time for the complete order is elongated.  
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Figure 8.4: Illustration of how the flow of an order with three pumps is affected by the 

localization of the painting. The numbers of pumps that can be processed at the same 

time are showed on top of the processes. Painting in Nanjing is illustrated in the top 

flow and painting in Shenyang below.  

 
If the main assembly is done in Shenyang and the testing in Nanjing there is a potential 
quality problem. The testing process can discover errors made in the assembly stage and 
theses errors have to be brought back to the assembly operation so that it can improve. 
The assemblers need feedback on their work to avoid making the same mistake several 
times. If the processes are physically separated the information flow between the 
processes is slowed down or in the worst case the information from the testing does not 
reach the assemblers.  
 
No errors should be passed on from one station to the next according to lean theories 
but it is very hard to discover all the errors that can be made in the main assembly 
process without the use of a testing facility. However, there are errors that can be found 
by inspections within the main assembly. Some inspections like the leak-test are 
performed on every pump produced today. The inspections and their result allow instant 
feedback to the assemblers as well as reducing the number of pumps that do not pass the 
test in the testing facility. If the main assembly is located in Shenyang and the testing is 
performed in Nanjing it can be an advantage to increase the number of inspections made 
in the main assembly process to find more errors before sending the pump on to the next 
process. It allows the assemblers to learn from mistakes but the most important thing is 
that it can reduce the number of pumps that needs to be reworked after the testing 
process. The rework can be a problem if the main assembly and final assembly 
processes are separated. This will be discussed later when dealing with the final 
assembly. A problem with extra inspections is that it can generate waste by making the 
same tests several times in different processes. The inspections therefore have to be 
worked out so they are a good compromise between efforts and benefits. 
 
 



61 

8.5   Washing and Painting 

The washing and painting process seems like a simple process that does not affect the 
pumps performance but it is still very important. The result of the painting process is the 
first the customers see when a pump is delivered and a bad paintjob can result in a bad 
impression of overall quality. It is also very important since the paint protect the 
submersible pumps from corrosion. A problem is that the paint can be damaged during 
the handling that follows the process. 
 
It is, as discussed earlier, possible to use both plants for the washing and painting 
process. Both plants offer advantages and disadvantages and it will be hard to create an 
effective process by only using the existing equipment. The Nanjing plant has excellent 
spray painting booths but no oven and no booth for washing. The Shenyang plant has all 
equipment needed but it is too small for the largest pumps. An investment in Nanjing 
will probably be smaller than the investments needed in Shenyang but if the difference 
is not too large it can still be interesting to locate the washing and painting process in 
Shenyang. The investments made by Flygt in Shenyang can be used for other Flygt 
products but if it is made in Nanjing there is a risk of large over-capacity. Initially and 
with very small volumes it is possible to use the existing equipment in Shenyang but it 
calls for special solutions to make it work and it is not practical with increasing 
volumes.  
 
 Shenyang Nanjing 

Operations 

today: 

Painting Flygt pumps with both 
standard and epoxy paint 

Painting ITT pumps but not 
according to Flygt’s standards 

Existing 

equipment: 

A small washing booth (too 
small for most G&G-pumps) 
 
Two small booths for spray 
painting (can be used for the 
smaller G&G-pumps) 
 
One oven used for smaller 
pumps (too small for the G&G-
pumps) 

No washing booth, just an open 
area with drainage floor 
 
Two large booths for spray 
painting (more than enough for 
the G&G-pumps) 
 
No oven, just an open area where 
the pumps can be placed to dry 

Investments: A bigger washing booth and 
equipment for warm water 
washing 
 
A large spray painting booth  
 
An oven large enough for the 
G&G assortment 

Washing booth and equipment 
for warm water washing 
 
A large oven for the G&G-
pumps 

 
Figure 8.5: An outline of the existing resources for washing and painting and the need 

for investments in Shenyang and Nanjing. 

 
If the main assembly is located in Shenyang and the testing in Nanjing it is an 
advantage to have the painting done in Shenyang. The pumps are then protected against 
corrosion during the transport between the two factories. If the pumps are sent to 
Nanjing unpainted there is a risk that the pumps corrosion and dirt from the transport 
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causes extensive washing and other treatment before painting. In order to reduce this 
risk it is possible to paint the most exposed areas of the pumps with rust protective paint 
and to pack the pump in a large plastic cover to protect it from dirt. However, this calls 
for extra operations that do not generate value to the customers.  
 

8.6   Cable Assembly 

The cable assembly or wiring can also be viewed as a simple process but it is very 
important that standards and instructions are followed so that all the connections are 
right. Where in the value adding chain of processes the cable assembly is done can be 
determined by other processes. In the Swedish production the wiring is done after the 
painting to facilitate the painting process. This means that the pump has to be assembled 
without cable in the main assembly and then opened again after the painting so that the 
cable can be connected. The cable can be hard to handle during the painting especially if 
the customer request long cables.  
 
If the painting is done in Shenyang with the existing equipment it is only possible to 
paint small pumps with thin and short cables but if the large paint-booths in Nanjing are 
used it is possible to paint all the pumps with the cable attached. The cable entry and a 
short part of the cable have to be protected from paint, which adds an extra operation to 
the painting. The advantage with painting after the cable is attached is that the wiring 
can be done by the assemblers in the main assembly process where all the necessary 
tools are already found. If the main assembly is done in Shenyang and the painting in 
Nanjing it will be experienced assemblers in Shenyang that perform the process with 
full support from the engineering department. If the main assembly is located in 
Shenyang but the painting is done in Nanjing and the cable assembly is made after the 
painting there is less control over such an important process.  
 
If the painting is done in Shenyang the cabling can be done before or after painting 
depending on what new painting equipment is purchased. If it is done after the painting 
there needs to be a station with tools and a lifting table or a platform prepared to 
simplify the work.  
 
The cable need to be bought from European suppliers and will probably be transported 
to Shenyang together with other parts. Some of the cables used for G&G pumps are also 
used for the smaller pumps produced in Shenyang and therefore it is reasonable to keep 
the cable stock in Shenyang. If the cable assembly is done in Nanjing the cable can be 
cut in Shenyang and sent together with the pump. The delivery packing is designed for 
completed pumps with the cable attached but to transport a lose cable on the same 
packing is not a problem.  
 

8.7   Additional Assembly 

There are only a few pumps that need additional assembly and the process is fairly 
uncomplicated. It does not demand very much tools or equipment and it is easy to learn. 
The process can be performed by the employees working with paining, cabling or 
testing. Because so few pumps need additional assembly it is not necessary to build a 
station just for the process. The best solution is if the additional assembly is being 
performed together with the cabling because many of the tools needed for the assembly 
are also needed for the cabling operation. If the cabling is incorporated in the main 
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assembly the additional assembly can be performed together with the painting process 
which is to prefer if the painting is done in Shenyang and the testing in Nanjing so that 
as few loose parts as possible have to be sent together with the pump. With many loose 
parts there is a risk for losing parts during transport and there is an increased risk for 
damaged goods. If both painting and testing is done in Nanjing there is no big 
advantage for one over the other. The process with most time at hand and can perform 
the additional assembly.  
 
If the main assembly is done in Shenyang and the painting is done in Nanjing the 
transport between the factories can be simplified if the parts that are attached in the 
additional assembly are attached before transport. The normal delivery packing can then 
be used without modifications and no extra parts have to be sent on pallets. When the 
pump arrives in Nanjing the parts have to be disassembled and then assembled back on 
after the painting. This leads to several non-value adding activities. The waste created 
by the extra assembly should be compared to the efforts that need to be made in order to 
transport the pump with some lose parts.  
 

8.8   Testing 

In reality there is only one possible location for the testing. In order to be able to test the 
G&G pumps in Shenyang a completely new test facility would have to be built and that 
is a huge investment. The plant in Nanjing demands some modifications but the 
investments needed for the modifications are small compared to the cost of building a 
new plant. With the small annual volumes predicted for the Chinese production of G&G 
it is hard to motivate an investment in a new test plant especially when there is free 
capacity in the existing test pit in Nanjing. Therefore, the only real alternative is to 
locate the testing of the pumps in Nanjing. If the volumes increase in the future testing 
in Shenyang might be an option. From a pure production perspective it would be 
advantageous to have all operations in Shenyang where Flygt production is established 
but it is not economical. The investment cost could not be returned in a reasonable time 
without burden each tested pump with a very high cost for the testing process. With a 
larger volume of tested pumps the investment costs and the costs for running the testing 
facility can be divided among more pumps and therefore reduce the cost for testing a 
single pump.  
 
If the other three main processes; machining, main assembly and washing and painting 
are made in Shenyang there is no need for a large support organization for G&G in 
Nanjing but the personnel working with testing have to be thoroughly educated. In this 
case the testing can be administrated by ITT in Nanjing and Flygt only pay for the use 
of the testing facility. The same deal is possible even if the painting and washing 
process is located in Nanjing since it does not require a large supporting organization.    
 
Today the testing facility is used for testing large pumps for dry installations and no 
submersible pumps are tested. No Flygt pumps are tested so the employees working 
with testing in Nanjing are inexperienced when it comes to both Flygt’s products and 
standards. They have to be educated in testing standards and procedures. The education 
can be carried out by testing engineers from the Swedish plant and by the people 
responsible for the modifications of the plant in Nanjing. Routines for communication 
between Shenyang and Nanjing have to be established in a case where the main 
assembly and other processes are done in Shenyang. The testing process needs data 
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about the pump and what tests the customer has asked for and the result of the testing 
needs to be sent back to the order administration so they get a signal if something is 
wrong and the pump needs rework.  
 
One important part, if the testing is administrated by ITT in Nanjing, is to guarantee that 
all the tests are performed according to Flygt’s standards and that no errors are made. If 
the pumps are not correctly tested Flygt can not guarantee that the customers get the 
right quality. Routines and standards for procedures can help but in order to be able to 
guarantee the testing the quality department in Shenyang might need to make 
inspections at the Nanjing site.  
 

8.9   Final Assembly 

The final assembly process includes two different operations. The first is the rather 
simple final assembly operation. Some pumps have parts that have to be assembled after 
the testing and they are assembled in the final assembly. The final assembly operation 
also includes a more difficult operation, the repair of pumps that do not pass the testing. 
In the production of large pumps in Lindås today there are about ten percent of the 
pumps that do not pass the testing process. The failed pumps are taken to the final 
assembly area to be troubleshot and repaired. The task of troubleshooting and mending 
faulty pumps is very qualified and demands highly experienced personnel. 
 
The employees working with correcting faulty pumps need to know all the pump 
versions and be able to use the data from the testing process to determine what needs to 
be done. The job takes a long time to learn because of the many versions and the huge 
number of possible errors that are possible. The employees have to be quality-conscious 
and careful so that the measures taken to mend a pump are right the first time and so 
that the quality of the pump is according to Flygt’s standards when it has been 
reworked.   
 
If the main assembly is located at the same factory as the testing process the assemblers 
can work with the mending of pumps as well since they know how the pumps are 
assembled and this can give a good feedback of their work in the main assembly. The 
faulty pumps can either be brought back to the main assembly for correction or to a 
special area dedicated for the final assembly which is to prefer in order to get a good 
flow through the factory. 
 
The final assembly operation requires an assembly bench that is equipped with general 
tools so that it is possible to work on all the pump versions. There is an advantage to 
keep the bench close to the testing facility to minimize the need for transport and to 
simplify communication with the test engineers. In Nanjing there is enough room close 
to the test plant where a station for final assembly can be built.  
 
If the main assembly is done in Shenyang and the testing in Nanjing the final assembly 
process can be a problem. It is not practical to bring the pumps back to the main 
assembly for rework in order to utilize the assemblers’ knowledge. It will take too long 
time and generate high transportation cots. In some cases the repaired pump is tested 
and another problem is found or the repair was not enough to make it pass the test. To 
deal with those cases it is important to have fast transportation between testing and final 
assembly so that the delivery date is affected as little as possible. Since the rework 
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operation needs experienced personnel it is necessary with a large education effort. The 
problem of teaching new employees the task is that it takes a very long time before all 
the common problems on all the versions have passed through the final assembly 
process. The education can be carried out in the same way as the training of employees 
for the main assembly. A combination of training in Lindås where the larger volume 
bring about more pump versions and errors in a shorter time and in depth training in 
China executed by personnel from PVT. If the testing and final assembly is 
administrated by ITT in Nanjing one person can be responsible for all the testing and 
rework of Flygt’s products. There is enough time for both testing and final assembly for 
one person with the predicted volumes although there is a risk of more pumps not 
passing the tests the first time when the production in China is initiated. This risk is due 
to unaccustomedness to the products and processes in all parts of the production system. 
 
To facilitate the work with final assembly a system for saving information about errors 
and the solutions can be implemented. In the system it should be possible to record the 
results from a failed test, the cause for the failure and how the problem is repaired. The 
system can be used both by the employees working with final assembly as a help to 
remember how to solve unusual errors or for training new assemblers but also by the 
assemblers in the main assembly to get feedback on their work.   
 
If a pump does not pass the test because of a failed component it can cause a long 
delivery delay to the customer. In some cases it is possible to make adjustments to the 
part so that the pump performs better. If that is the case it is an advantage to have access 
to a machine shop. In other cases the part can not be adjusted and a new part has to be 
manufactured. This will almost certainly cause a delay. A new component has to be 
bought from a supplier and if it needs machining the machine shop has to be flexible 
and put it through as fast as possible. In all cases where machining is needed it is an 
advantage to have the machine workshop close to the final assembly station.  
 

8.10   Packing 

The packing process is fairly simple. The packaging can be built in the woodworking 
shop in the Shenyang factory. If the main assembly is made in Shenyang the packing 
can be used to transport the pumps to Nanjing. If the main assembly and the rest of the 
processes are made in Nanjing it is still possible to build the packaging in Shenyang but 
the possibility to build them in Nanjing should be examined in order to avoid extra 
transports.  
 
If the division between the two factories is done somewhere after the main assembly but 
before the pump is ready for delivery to the customer the packing needs to be done 
twice. After the last operation in Shenyang the pumps are packed on the same packing 
that is used for delivery to the customer. When the pump reaches the plant in Nanjing 
the pump is carefully unpacked so that the same packing can be used again for the final 
delivery to the customer.  
 
If the painting is done in Shenyang the layout of the existing area used for the packing 
of smaller pumps might have to be changed in order to facilitate the handling of large 
pumps. In a case where the pumps are packed right after the main assembly the packing 
can be done in the main assembly area and the flow of smaller pumps will not be 
interrupted.  
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9   Conclusion and Recommendations 
The aim of the project is to study the existing production systems at Flygt’s factories in 
Sweden and in China as well as the products in order to find alternatives for a new 
production system for large pumps in China. The study is held on a comprehensive 
level. In this chapter a recommended production system is presented. It is based on the 
different ideas presented and discussed in the previous chapters and represent one of 
many possible solutions. The presented system is a recommendation mainly based on a 
production perspective. No real economical calculations have been made but the 
economical consequences have been considered. 
 
Because of the low annual volume that the new production system is designed for the 
ability to use existing resources has been emphasized when choosing the ideas 
recommended below. The low production volume and the complexity of the products 
imply that it is an advantage to base the new production on existing knowledge and 
therefore the presented system utilizes the plant in Shenyang as much as possible.  
 

 
 
Figure 9.1: The recommended alternatives. The green processes are located in 

Shenyang and the red in Nanjing. Since no firm recommendations concerning the 

localization of the painting are made two alternatives are showed above.  

 

9.1   Order Administration and Supply 

A global order administration that receives all orders for G&G pumps and based on 
pump type, customer location and available capacity at the production sites place a 
production order to one factory is a good solution to the problems associated with the 
order administration. It demands a small educational effort and gives good support and 
a smooth start for the production of G&G in China. With a global order administration a 
new function has to be created in Shenyang that handles all contacts with the order 
administrators and receives the production order. The function is also responsible for all 
contacts between Shenyang, Nanjing and the customers and to follow-up the 
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production. A global order administration demands reorganization in Lindås and if that 
is not possible the order administration should be made in Shenyang. In order to get a 
good start with order administration in Shenyang a huge education effort is needed and 
the order handlers need support from experienced personnel in Sweden for a long period 
of time. 
 
The supply can be handled by the logistic department in Shenyang that already have 
contact with many suppliers and are used to handling transports via Lindås. A more 
thorough study of all the components sourced from European suppliers needs to be 
done. All the European articles can not be treated the same. Groups of similar articles 
have to be identified and a sourcing solution for each group needs to be found. In 
general terms storage of material in China is the most reliable solution but it is not 
always economical. If it is possible the idea of consignment stock in Shenyang should 
be considered. 
 

9.2   Machining 

For the localization of the machining the factory in Shenyang is much more suitable 
than the one in Nanjing. The machine shop in Shenyang already manufactures some of 
the parts for the G&G assortment and the employees are used to Flygt’s standards. The 
existing equipment can be used for many of the parts but for the machining of the 
largest parts investments in new machinery are necessary. It is not a realistic alternative 
to let another company machine the largest parts because it is hard to find companies 
that can and are willing to machine the great number of versions and the small volumes 
needed for the G&G project. Keeping the machining of all components within the 
Shenyang plant also gives a better flexibility and a possibility to control the quality 
aspect that is very important. During the initial phase of the production experienced 
industrial engineers from Lindås can assist in the work of preparing for production by 
creating programs and fixtures. The quality yield can be lower in the initial phase and 
therefore increased quality inspections might be necessary and castings have to be 
ordered with the lower quality yield in mind.  
 

9.3   Main Assembly 

The best location for the main assembly is Shenyang. The existing supporting 
organization and infrastructure can be used which allows a smoother start of the G&G 
production. There are also logistic advantages with this location. The goods for G&G 
that have to be bought from European suppliers and sent to China via Lindås can be 
coordinated with transports of parts to the smaller pumps and the internal logistics from 
the machining process is simplified. Having the machining and main assembly 
processes in the same building can also gain the quality work as well as the flexibility.  
 
There is a free area in the present factory that will fit the needs for the main assembly 
process and the storages needed for G&G parts. The best alternative is to copy the 
principle with assembly benches used in Sweden. For the forecasted volumes two 
assembly benches are needed. The total assortment should be divided between the 
benches to facilitate logistics and reduce the number of tools and equipment needed at 
each bench. In order to determine how many pumps each station should be designed for 
a thorough investigation of orders from the Asia-Pacific region should be done. The 
number of pumps also has to be adapted to the physical size of the area intended for the 
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main assembly. There are several advantages that make the batch assembly an 
interesting alternative to working with one pump at the time.  
 
A big education effort is needed both for the assemblers and some of the supporting 
functions. The assemblers should begin their training in Sweden where they can learn 
the basics of G&G-assembly and get a chance to see many of the possible variants in a 
short time. The training should then be continued in China with the help of experienced 
assemblers from Sweden. If the new G&G-assemblers are recruited among the 
employees working with the assembly of smaller pumps the training will be simplified 
and if the G&G assembly has few orders to work on the assemblers can help with 
assembly of other models.  
 
Since the testing and final assembly processes will be located in Nanjing it is very 
important that as few errors as possible are passed on from the main assembly process. 
Errors discovered in Nanjing will be harder to correct because of the lack of machining 
in Nanjing but also because possible replacement parts are stored in the assembly stock 
in Shenyang. Therefore, the possibility to increase the number of tests in the main 
assembly in China compared to the tests made in Lindås should be investigated so that 
more errors are found at the source.  
 

9.4   Washing and Painting 

It is an advantage to send painted pumps between the two factories because they are 
more protected against corrosion and dirt. If the pumps are sent without paint extra non-
value adding operations have to be made to protect them. Therefore, it is better to paint 
the pumps in Shenyang before they are delivered to Nanjing. Painting in Shenyang also 
allows the possibility to locate cable assembly and additional assembly in Shenyang 
where the processes can utilize the existing knowledge and support.  
 
Because of the low predicted volumes of G&G in China it is an advantage to use 
existing resources as much as possible and the need for investments to get a good paint 
shop in Nanjing is probably smaller than in Shenyang. Therefore, a more thorough 
analysis of investment costs needs to be done. The difference in cost need to be weighed 
against the advantages of localizing the washing and painting in Shenyang before 
deciding where the process should be done.  
 

9.5   Cable Assembly 

The cable assembly should be located in Shenyang because it is a highly customized 
process that can require support from the engineering department and experienced 
assemblers and because the cable storage is located in Shenyang. If the painting is done 
in Nanjing the cable assembly should be made as a part of the main assembly process 
and the painting process will need to be adapted for painting with the cables attached to 
the pump. If the painting is done in Shenyang the cable assembly can be done either as a 
part of the main assembly or as a separate process after the painting. It depends on how 
the new spray-painting booths needed in Shenyang are designed.  
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9.6   Additional Assembly 

If the painting is done in Shenyang the additional assembly process should also be 
performed in Shenyang so that the pumps are almost completely assembled when they 
are sent to Nanjing and as few loose parts as possible needs to be transported together 
with the pumps. In a case where the painting is done in Nanjing the additional assembly 
has to be made there and the parts needed for the assembly should then be sent down to 
Nanjing together with the pumps.  
 

9.7   Testing 

Because of the low annual volume it is not an option to invest in a new and very 
expensive testing facility. Instead the existing test plant at ITT in Nanjing can be 
modified so that it is possible to test the G&G pumps there. By only using the Nanjing 
plant for testing and final assembly it is possible to reduce the need for a large 
organization dedicated to Flygt-products in Nanjing. With the predicted volumes one 
employee can handle both the testing and the final assembly. The person responsible for 
Flyg’s products needs extensive training in testing procedures and standards and the 
training should be performed by test engineers from Sweden and the people responsible 
for the modification of the test plant. A system for fast and reliable communication 
between Shenyang and Nanjing has to be implemented to support the functions in 
Nanjing and to get information about test results and errors back to Shenyang.  
 

9.8   Final Assembly 

The final assembly process location is decided by the location of the testing since it is a 
big advantage to have the two processes located close together. The assembly of parts 
after the testing is not a big issue it is simple and can be done with standard tools. The 
other part of the final assembly operation, adjusting pumps that do not pass the test, is 
harder and demands experience and knowledge. The person responsible for the final 
assembly in Nanjing needs extensive education and very good support from the 
engineering department in Shenyang. If failed parts are found when a pump is examined 
it is necessary with express transports between the plants if the part is in store in 
Shenyang and this will generate high costs for the rework of pumps.  
 

9.9   Packing 

The packaging used for delivery to the customer can be built in the woodworking shop 
in Shenyang. The same packaging can be used for the transport of the pumps from 
Shenyang to Nanjing since the pumps are almost completely assembled when they are 
transported between the factories.  
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9.10   Increased Volumes 

In the future when the production of G&G is established in China the solutions 
recommended above should not be considered as permanent. If the volume increases it 
might be possible to move the painting from Nanjing to Shenyang if the alternative of 
painting in Nanjing is selected. A larger volume in China can also make an investment 
in a test plant in Shenyang more plausible. The employees in the main assembly can 
start working shifts to increase the capacity and the machining will probably have some 
over-capacity in the largest machines that can be used for dealing with an increased 
volume.  
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10   Discussion 
During the process of designing the production system for large pumps in China a lot of 
reflections have been made concerning the design process on a more general level. The 
ideas discussed below are universally applicable but are based on the work done in the 
G&G project.  
 

10.1   Theories and Reality 

When a new production system is to be designed it seems like a great opportunity to 
make comprehensive changes in the methods of working. New ideas can be 
incorporated in the new system and it seems like a great chance to create a lean 
production system from scratch. This has showed to not be the case.  
 
The customers’ demands and the products’ design have a great influence on the new 
system. No design changes of the products are possible in the G&G-project and that 
instantly generate several restrictions. Standards created for the production of the pumps 
in Sweden have to be followed in order to guarantee that the pumps made in China are 
exactly like the ones produced in Sweden. The low predicted volume also reduces the 
ability to make drastic changes. With low volumes the resources for the new production 
system are smaller and much effort needs to be devoted to utilizing existing resources in 
the best possible way.  
 
Because of this the discussed and recommended alternatives are more based on given 
conditions rather than on theories dealing with lean production and production systems 
in general. When there is a possibility to choose between several possible alternatives 
theories from the theoretical framework and experiences from the existing production 
are consulted in order to determine the best alternative.  
 

10.2   Adapting the Production to Chinese Conditions 

The production of Flygt products in China today does not differ much from the 
production in Sweden. The only real differences are the lower volumes and the need to 
be flexible when it comes to variations in the product mix. Other than that the 
established production in China is mainly based on the production in Sweden. Of course 
small adaptations to the conditions and traditions in China have been done on a more 
detailed level because it is not possible to exactly copy the Swedish way of working in 
detail.  
 
In this thesis the level of detail is low in order to give a comprehensive survey of the 
whole production system for G&G pumps. On this level it is hard to find concrete 
examples where adjustments of the Swedish way of working to Chinese conditions are 
necessary. The short visit in China did not give enough detailed knowledge about the 
need for adaptation but rather a comprehensive overview and a conviction that it is 
possible to establish G&G production based on the existing production in Sweden.  
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10.3   Level of detail 

The thesis keeps all the discussions and the recommendations on a very general level. In 
order to be able to discuss different alternatives on a general level it is necessary with 
detailed knowledge as well. A lot of time, in a project like this, is spent on collecting 
more detailed data and to create an understanding for the processes on a more detailed 
level. In this project the production system for G&G in Sweden has been studied in 
detail to form a base of knowledge for the discussion of the Chinese production system. 
However, it is hard to find usable data and production times that can be used. The data 
has not been regularly updated and is not completely accurate for the Swedish 
production and because the new production system in China will be some what different 
the Swedish data might not apply there but it can be a base for estimations. The data is 
not included in the report since they have not been used for specific solutions but rather 
for estimations and as a way of understanding the existing system.  
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Appendix A 
A flowchart presenting the G&G-production in Sweden.  
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Appendix B 
List of alternatives for the production of G&G-pumps in China.
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Alternative A (all operations in Shenyang)

Nanjing:

SPFATAACWPMAMO/SShenyang:

S      ShippingC     Cable assembly

P      PackingWP   Washing and painting

FA    Final assemblyMA   Main assembly

T      TestingM     Machining

AA    Additional assemblyO/S  Order administration and supply

Nanjing:

SPFATAAWPCMAMO/SShenyang:

Nanjing:

SPFACTAAWPMAMO/SShenyang:
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Alternative B (painting in Shenyang and testing in Nanjing)

SPFATNanjing:

AACWPMAMO/SShenyang:

SPFATAANanjing:

CWPMAMO/SShenyang:

SPFATNanjing:

AAWPCMAMO/SShenyang:

S      ShippingC     Cable assembly

P      PackingWP   Washing and painting

FA    Final assemblyMA   Main assembly

T      TestingM     Machining

AA    Additional assemblyO/S  Order administration and supply

SPFATAANanjing:

WPCMAMO/SShenyang:

SPFATAACNanjing:

WPMAMO/SShenyang:

SPFACTNanjing:

AAWPMAMO/SShenyang:

 



83 

Alternative B:1 

Customer order
Order administration

and supply
Machining

Main 
assembly

Washing & 
Painting

Cable
assembly

Additional
assembly

Testing
Final

assembly
Packing Shipping

Material 
storage

Transport 
to Nanjing

 



84 

Alternative B:2 

Customer order
Order administration

and supply
Machining

Main 
assembly

Washing & 
Painting

Cable
assembly

Testing
Final

assembly
Packing Shipping

Material 
storage

Transport 
to Nanjing

Additional
assembly

 



85 

Alternative B:3 

Customer order
Order administration

and supply
Machining

Main 
assembly

Washing & 
Painting

Additional
assembly

Testing
Final

assembly
Packing Shipping

Material 
storage

Transport 
to Nanjing

Cable
assembly

 



86 

Alternative B:4 

Customer order
Order administration

and supply
Machining

Main 
assembly

Washing & 
Painting

Testing
Final

assembly
Packing Shipping

Material 
storage

Transport 
to Nanjing

Cable
assembly

Additional
assembly

 



87 

Alternative B:5

Customer order
Order administration

and supply
Machining

Main 
assembly

Washing & 
Painting

Testing
Final

assembly
Packing Shipping

Material 
storage

Transport 
to Nanjing

Additional
assembly

Cable
assembly

 



88 

Alternative B:6 

Customer order
Order administration

and supply
Machining

Main 
assembly

Washing & 
Painting

Additional
assembly

Testing

Final
assembly

Packing Shipping

Material 
storage

Transport 
to Nanjing

Cable
assembly

 



89 

Alternative C (main assembly in Shenyang,painting and testing in Nanjing)

SPFATAACWPNanjing:

MAMO/SShenyang:

S      ShippingC     Cable assembly

P      PackingWP   Washing and painting

FA    Final assemblyMA   Main assembly

T      TestingM     Machining

AA    Additional assemblyO/S  Order administration and supply

SPFATAAWPNanjing:

CMAMO/SShenyang:

 



90 

Alternative C:1

Customer order
Order administration

and supply
Machining

Main 
assembly

Washing & 
Painting

Cable
assembly

Additional
assembly

Testing
Final

assembly
Packing Shipping

Material 
storage

Transport 
to Nanjing

 



91 

Alternative C:2

Customer order
Order administration

and supply
Machining

Main 
assembly

Washing & 
Painting

Testing
Final

assembly
Packing Shipping

Material 
storage

Transport 
to Nanjing

Cable
assembly

Additional
assembly

 



92 

Alternative D (machining in Shenyang, all other operations in Nanjing

SPFATAACWPMANanjing:

MO/SShenyang:

S      ShippingC     Cable assembly

P      PackingWP   Washing and painting

FA    Final assemblyMA   Main assembly

T      TestingM     Machining

AA    Additional assemblyO/S  Order administration and supply

SPFATAAWPCMANanjing:

MO/SShenyang:
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