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Introduction 
This report describes the activities conducted by Wroclaw Centre for Technology Transfer 

WCTT of Wroclaw University of Technology within the programme "E-productivity and 

qu@lity e4pq" co-financed by UNIDQ. The activities included trainings and pilot actions in 

the enterprises within the area of "Lean Manufacturing supported by e-technologies". The 

report is divided into seven parts. Part I "Lean Manufacturing supported by e-technologies" 

includes short description of Lean Manufacturing philosophy and its importance for 

developing economies, In this part the connections of Lean Manufacturing and e-technologies 

is clarified, At the end the goal for the project area "Lean Manufacturing supported by e- 

technologies" is defined, 

Part II "Methodology of the project" explains the methodology chosen to realize the project. 

Part III describes the trairung "Lean Manufacturing Simulation" performed for 33 managers 

from several production SMEs. Part IV "Value Stream Mapping analysis in ASSQ Filter" 

reports the analysis performed in ASSQ Filter company to estimate the benefits of potential 

improvements after I, ean Manufacturing implementation. Part V "Lean Manufacturing 

implementation in Inter Mind Wroclaw" describes the implementation actions conducted in 

Inter Mind company and the achieved results. Part VI "Dissemination actions" presents the 

activities undertaken to disseminate e4pq programme and achieved results, The last part of the 

report siunmarizes achieved results. 

Realisation of the planned activities required substantial financial and human resources. 

Project personnel have been provided by Wroclaw Centre for Technology Transfer WCTT at 

Wroclaw University of Technology. The core part of the activities have been substantially 

supported by UMDQ (65% of core activities). The rest of the funds have come from the 

engaged SMEs. Core activities encompassed Lean Manufacturirig Simulation training, Value 

Stream Mapping analysis in ASSQ company and implementation activities in Inter Mind 

company. Some tasks have been financed by European Cornrnission within the framework of 
LeanXeur project (survey about lean knowledge and access to e-learning technologies among 

SMEs in Poland as well as development of software modules for e-learr'ing courses about 

Lean Manufacturing), Development of software applications necessary for implementation 

activities in Inter Mind have been financed by Inter Mind company itself. 

Lean Manufacturing is a worldwide proven approach for the improvement of production 

processes through eliminating wastes. The res~Its are better quality, lower costs, and shorter 

lead-time, It also includes decreasing manufacturing lot sizes, which allow enterprises the 

ability to reach a higher level of flexibility [Wo96]. 
"Lean" philosophy is still successfully exploited in industry, although it has been known for 

30 years, first in Japan as Toyota Production System [Sh89] and then in '90 in USA and other 

countries, It does not mean that requirements for production have not changed. Qn the 

contrary, nowadays the business enviromnent changes dynamically and forces enterprises to 

react faster and faster to these changes, 

Qne of the major recent changes is the application of e-business solutions. E-business 

encompasses a set of ICT solutions, as well the ideas based on extensive exploitation of wide 

area networks (including internet) to support business processes. It includes also activities 

within the supply chain. Generally "e-business" gives the potential for better fiexibility of the 

production enterprises, and more collaborative way of co-operation, or in broader perspective 

for nianaging the whole supply cha, ins, 



LC os " ' so lutions being currently developed for prod«tzon enterprises b o ERP d 

d 
SCM schemes and are not applicable for "I. ean" val vaue a ing c ains, Example could be 

istributed supply chain made of independent organizat' SCM niza ions systems provide functions 

for centralized planning or for paperless order realizati . A 

a one, thanks to intensive information 'exchange through wide area networks WAN, could 

n ory eve s in Distribution Centre). On improve some crucial performance measures (e. g, invento 

the contrary "Lean Manufacturing" focuses on shop fl — t - h fl 
ad 

op oor — to - shop floor communication, 

an exchanging simple data like "electronic kanban ". It n ans . t assumes also that only better 

le 
communication system within supply chain is not enou h t noug o improve such measures as total 

ead time'or cost per unit. Firstly the internal productio t f uc ion system of companies participating in 

supply chain have to be changed. Then the logistics syste b tw sys em etween companies shall to be 

improved. All &e changes will result in the new inform t' ormation ows, In consequence a new "e" 
business solution for "Lean" supply chain have to folio ll th b o owa t e a oveznentioned changes. 

Taking into account the outlined problems the analysis will be 'erform 

follov'ing questions: 
ysis wi e per ormed according to the 

en w ic ecide how production e What are the elements of nowadays environment which d *d 

enterprises work' ? 

environment'? 
~ Is Lean Manufacturing applicable concept for production value addin h 
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uc ion va ue a ing c ains in such 

~ Are the available e-busine'ss solutions applicable to "L " 
1 e o ean value adding chains? " va ue a ing chains ? ~ How to create e-business solutions for "Lean" valu dd' h 
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This part of the report is based on the experiences from th, om e. projects and consulting provided 

by the %'roc Jaw Centre for Technology Transfer WCTT t th P 1' o e o ish enterprises and 
international companies investing in Poland [So02] [Na02] as welf 

sources [So02] [Fe02]. 
a ] as we as on the other published 

The 'business environment of t' he productiori enterprises 
~ ~ 

In Europe, as well as in the whole world, 'manufacturing t ring enterpxises have been suffering from 

growing pressure to cut the costs and improve flexib'1 t . Th z" exi iiy. e zzrst issue is crucial for 

manufacturing companies, especially if the product 
' 
is not complex and its market value is 

easy to evaluate, (e. g, suppliers in automotive industry). The flexibili 

s The narrow sense of flexibility means shorter produ t' 
1 t d b' uc ion ots an bigger variety of 

products and, in consequence, better reactiveness n th k d d 
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ess on e market demand in short tenn 

(the key issue here from the shop floor perspective is short lead time), 

to the market 1 

~ The broader sense of flexibility means the ability of f t t d 
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i y o ast intro ucing the new products 
to t e marketplace and, in consequence, better reactiveness on the market demand in 

ong term (it sets the strong requirements for pr d t' or pro uction system as well as for the 

Next 
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product development process /including research/ d 
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d c, esign an production preparation). 
ext important issue of today's business is to see prod 
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e pro uction from the perspective of the 

business roc 
whole value adding chains, not only the single ente 

' 
. Th' e nerprise. is means optimization of the 

sim le su 

usiness processes performed between co-operating enterprises. It ld b f erprises. t cou be seen from the 

we as rom the whole value creating simp e supplier-customer relation point of view as well s f h h 1 

stxeam point of view, beginning at the raw material tier thr 

final assembly and further to the distribution. Anyw th 
zer, oug components suppliers, to the 

nyway e optimization of the supply chain 

has to be supported by improvement actions in the sin I ing e enterprises. 
In the result production companies . have to cut the 
Add' ' 

u e costs and improve . the flexibility, 

itionally they have to implement more collaborative b ive usiness models with their customers 
f 



and suppliers. The goal is still to lower overall cost and improve flexibility within the whole 
value adding chain. . It could not be forget that quality is also important but it is rather 
prerequisite to stay in business and not the competitive advantage. 

The concept of Lean Manufacturing 
The Lean Production expression was first introduced by an M. I, T, international te~ of 
researchers, who carried out the International Motor Vehicle Project, which studied world- 
wide auto production. The findings of these studies were published in 1990 in the book "The 
Machine that Changed the World". The book gave the following characteristics af Lean 
Manufacturing: 

it "uses less of everything compared i~~ith mass production — half the human 

effort in the factory, half the manufacturing space, half the investment in 
tools, half the engineering hours, to develop a new product in half the time. 

Also it requires keeping far less than half the needed inventory on site Pand J 
results in . . . fewer defects. . . " 

An iinportant milestone in the understanding of Lean Manufacturing was the 

publication of the book "Lean thinking" [Wo96], by the same authors. The book stated that 
Lean Manufacturing principles could be applied to any industrial sector (not only to 
automotive). and in different cultural em ironments (not only Japanese) In the book the main 

principles of Lean Manufacturing were defined: 

"precisely specify value by specific product gros the custome~ point of view J, 
identify the value stream for each product, make valuegow without 

interruptions, let the customer pull value Pom the producer, and pursue 
perfection 

"' 

A key issue in Lean Manufacturing is contrasting value added activities with wastes. 
The activities the customer is willing pay for have value adding characteristics (e. g. 
machining, painting, designing the product, payroll processing). If an activity adds no value, 
then it is waste. Taiichi Ohno, the main designer of Toyota Production System identified 7 
forms of waste: overproduction, inventory, correcting defects or errors, unnecessary 

processing, unnecessary movement of material, excess motion, and waiting. This list should 

be completed with the most dangerous waste: lost of creativity. In conventional plants only 
about 15-20% of process steps contain any value added activities, In most factories, the value 

added time is less than 0. 2% of the total time material is in the factory. A lot of wastes mean 

high costs, and also long lead-times, that eventually cause long delivery time. Eliminating 
waste leads to improvements in both costs and lead-time. So waste elimination is crucial for 
competitive advantage, 

The first step in waste elimination is the understanding of the Value Stream and 

learning how to apply the method called Value Stream Mapping. The Value Stream is all 

activities (both value added and non-value added) from raw material through delivery to the 

customer, involved in the production of product or product family. Value Stream Mapping is 
a method that helps to see and. understand the flow of material and information as a product 
makes its way through the value stream [Ro99]. Mapping the value stream means following a 
product's production path from customer to supplier, and carefuHy drawing a visual 

representation of every process in the material and information flow (flg. 1), 
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Figure 1. The sample of current Value Stream Map according to tRo99]. 

The carrent value stream map forms a basis to implementing different lean 

manufacturing methods„ tools and approaches (Table I) as well as to draw the future state 

map. 

Quality  the source 
. , Table 1 Lean Manufacturin methods, tools and a roaches 

Cellular Production / Layout planing 
Total Preventive Maintenance (TPM) 
Visual Control 
Continuous Aow / One piece flow 

Pull system 
Kan ban 
Takt time / Cycle Time 
Just In Time 
Production Levelling / Mixed product 
Set-u reduction (SMKT) 

Andon control 

Mistake-proofmg (Poke- oke) 
Continuous lm rovement / Karen 
Standardised Work 
Km loyee empowerment 
Team work 
Internal supplier-customer 
Process orientation 

Taking a value stream perspective means analysing and improving the big picture not just 
individual processes. Many managers trying to implement lean prlncrples le~ed that 

optimisirrg a single part of manufacturing system did not lead necessarily to rmp«ving « 
overall performance of the company. 

Several companies who implemented Lean Manufacturing philosophy achieved 
essential improvements in various performance indexes; 

9 Decreasing the lead time from weeks to days (70% or more) 

~ Reducing inventories 50'do or more (RM, %IP, k FG) whil'e increasing;customer 
service levels 



~ Increasing capacity 50% or more in current facility 

~ Maintaining or increasing throughput. 

The Lean Manufacturing can be seen as journey or process of change from traditional 

manufacturing to highly reactive, customer oriented and therefore competitive manufacturing. 
This journey goes through waste reduction and continuous improvement guided by vahie 
stream mapping. The process of transition should be facilitated and made safer through people 
empov erment, skilled technical implementation and risk reduction (Table 2}. 

Table 2 How to facilitate and make safer the transition racess toward LEAN 

Employee empowerment Technical implementation Risk reduction 

Extensive training 
(lean concept, Kaizen, em power- 
ment, ongoing reinforcement) 

Kaizen Im p rovements team 

Improvement: Everyone's Job 

Suggestionllm plementation 
system 

Workstation/Cell improvement 

Visual/Andon control 

INultiskilted members in 
Workteams 

Value Stream INapping (VSII) 

Continuous product flow 
(through: physical rearrangernent 
e, g. cells, Material handling 
solutions, System structure 8 
controi mechanisms) 

Single-piece flowismall batches 
{min. WIP) 
(through: set up time reduction, 
preventive maintenance, orderly, 
clean work place) 

Pull production f JiT inventory 
control (min. RM & FG) 

Phased implementation 

Benchmarking against 
others in industry 

If consultants support— 
carefully choice 

Road Map: 
- changes driven by VSIN 

results 
- big hits first 

save time 8 capital 

Computer simulation to 
predIct performance before 
implementation 

Open communication Use combination of both 
employee empowerment and 
proper method, toots & 

techni ues 

Is "Lean" suitable for noN adays business environment? 
The basis af "lean" is to 6nd and eliminate waste, This very simple idea contams several 

concepts, which built the "lean" strategy (see IWo96j). The main notion is "takt time", This 
means the period of time in which (statistically) the customer buys one product. So to react on 
customer's needs the company should produce one product within every takt time. Again it 
sounds simple, but to apply this concept to a complex production system could be a challenge. 
The understanding of the importance of takt time is first step to gain main goals of "Lean" 
which are; 

~ short lead time, 
~ high quality, 
~ low inventory level, 
~ large variety of products, 
~ law cost, 

These goals are stronglv related one to anather Short lead time usually depends on the level 

of WIP. Product variety depends on set-up times, but also on lead time (short lead time allows 

the ability to produce to demand). Finally the costs depend an the quality, inventory level, and 

lead time (more detailed analysis of these relations is presented in I SI95]} . This description of 
"lean" is simplified but gives overall understanding of where to ga, 



The "Lean" p»iosophy has to be evaluated from the business environment requirements point 

of view; 

Lower Costs 
Reduced costs are a main result of eliminating wastes. In a lot of cases after implementing 
"Lean" the companies lowered the unit costs by dozens of percent, It is usually the result of 
reduced inventories (raw materials, VIP as well as finished goods), less machine down times 

(thanks to Total Productive Maintenance — see [Si92]), shorter lead time, producing "on 

time", rather than "on forecast", lower quality costs (thanks to the quality at the source rule) 

and better workers assignment. , 

B~Rl *t I it i 

The growing variety of products generates more inventories ih all areas — finished goods, 

VIP, raw materials (or components), Yo avoid increased inventories, enterprises have to 

produce "just-in-time", and/ or to improve forecasting. "Lean Manufacturing" focuses on the 

first approach. Producing large variety of products on time requires. very short lead time, and 

very effective scheduling and control system for the shop-floor. It encompasses the next key 

technique of "Lean" . 
— visual control. The known examples from the industry show that' 

inventories could be reduced by up to 80% and the same with lead time [Sh89][Fe02]. Of 
course it depends on each particular case, but usually the reduction is significant. 
Next, the flexibility of production system is related also to the ability of continuous 

improvement. "Lean" realizes it by team work and exploitation of worker's creativity on each 
organizational level. (Kaizen [Im97]). 

Focus on the whole su 1 'chain 

Building a. close "win-win" relation between partners of supply chain is the, base of the 
"Lean" concepts. But to improve the whole value adding chai~, first the participants have to 
achieve internal readiness. Internal readiness is usually seen as'an ability to exchange data 

between internally integrated IT systems. Actually the main focus of readiness is on the 

production system and not exclusively on information flows, An example could be a customer 

that requires frequent deliveries in small transport batches, "just-in-time", The supplier could 

profit from such requirements, . if he had a flexible production system, Otherwise he will need 

to increase the finished goods inventory and finally to manage the higher costs. Similar 

situations could be described for the bigger chains of several co-operating partners. 
"Lean" is seen today as very useful concept to address key problems which production 

companies have to manage: lower costs, improved flexibility as well as high quality level. 

Are "e" solutions applicable for "Lean" companies and their va1ue adding 
chains 7 

To optimize the whole value stream, one of the key issues is the information flow and 

processing [Ko01], It means the fiow among the enterprises. This is obvious that exchanged 
data has to be previously captured and processed inside the enterprises, That is why the 

performance of the IT system for the supply chain is strongly dependent on the internal IT 
systems of the companies participating in the chain, 
E-business gathers many tools and. concepts based on internet network or generally on latest 

ICT solutions. %'e can enumerate many business processes recognized as reasonable to be 

supported by e-business tools:, 
~ . Customer relationship management (advertisement, service, sales, collecting 

marketing data, pricing), 
' 



~ Electronic exchange marketplaces (goods exchange between enterprises, 
searching new business partners, information flow between members, auctions 
and customer's auctions), 

~ Product development (concurrent engineering, engineering data exchange, 
project management in distributed team), 

o Supply chain management (collaborative forecasting and planning, forecasts 
back propagation, paperless order realization, Available-To-Promise technique, 
order realization tracing). 

Below some examples will be given that shows the potential of "e" solutions to address the 

issues of lower cost and improved flexibility. 

Lower Cost 
Realization of a closer customer-supplier relationship like CPFR (Collaborative Planning, 
Forecasting and Replenishment [Vi99]) or VMI (Vendor Managed Inventory) has a positive 
impact on such measures like inventory level, forecasts accuracy, and order realization. time, 

All of them have a positive impact on the product costs, and for e. g. on opportunity loss. Of 
course the closer collaboration in forecasting, distribution, production plarimng and control 
requires "e" solutions to capture appropriate data (e, g, on the inventories in the particular 
warehouse), aggregate them and exchange within the chain. 

Ftexibititv 
[CT technologies and particular Internet network gives the possibility to build very flexible, 
re-configurable and relatively cheap applications for supply chains, It means that potentially 

. these applications could follow the changes in the structure of the supply network. It is crucial 
to create flexible organizational structures like "virtual enterprises" [Mu99] [Me98]. This is 

also obvious that "e" applications enable organizations to perform product development 

processes in a distributed environment according to concurrent engineering concepts, v hich is 

crucial to reduce "time-to-market" and consequently to improve flexibility in a broader sense. 

Software providers offer a lot of e-business applications like SCM systems, CRM systems, 
ERP systems, "e" marketplaces, 
Several of the above listed processes are aided by IT solutions available in the marketplace. 
Among them most popular are CRM svstems, SCM systems, and some functioris of the latest 
ERP systems, and e-marketpIaees. In the following analysis, only the SCM and ERP systems 
will be considered from the perspective of the production area. Both solutions derive the MRP 
or APS (Advanced Planmng and Scheduling) planning approach both for single enterprise and 

supply chain (for examples see [Le02][Ro00]), For distributed (made from independent 

companies) supply chains, the systems provides the paperless purchase/sale functions which 

improves purchasing/sale processes between supplier and customer however the process is 

still performed outside of the shop-floor (trough purchase/sales departments) and basing on 

forecasts and medium-term plans (MRP planning procedure). For distributed production sites 

of one corporation the centralized planning procedures are implemented which often 

concentrates on accumulation of production lots according to the EOQ rule. 
Lean Manufacturing, as was mentioned in section 1 of this paper, focuses on direct shop fioor 
— to - shop floor communication. The data exchanged are very simple, The single kanban card 

means that customer needs one bin of particular components in the next several hours (for 
discussion on "electronic" supplier kanban see [Jo02b], [Lo97]). The optimization of the 
"Lean" supply chains encompasses making leaner the participants and then the whole value 

adding chain. It encompasses decreasing the lead time in the companies as well as decreasing 
the transport batches and increasing the replenishment frequency in the supply chain (e. g. 



through implementation of milk run replenishment. loops IJo02b]), It resiilts in decreased 

overall lead time and improved flexibility of the whole value chain and is in the opposition to 

the concept of EOQ and accumulated orders. 

To recapitulate the e-business gives real potential to implement I„ean Manufacturing within 

value adding chains however the current solutions provided by IT vendors does not suit 

"Lean" requirements. In the next section the analysis of information flows in "Lean" 

enterprises wiH be performed. On this basis the approach to create of e-business solutions for 
"Lean" value adding chains will be proposed. ' 

Information flows in the "lean" enterprise und value adding chain 

To define requirements for information systems in the "lean" value stream it is necessary to 

analyze the production process, production planning, and control within the single enterprise 

and the whole value adding chain, The first step is to map the value stream within single 

enterprise, The main result is the future state map (fig. 2). 
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Figure 2 Future state map - example [Ro99]. 

In the presented example the pace of production is given by shipping area. The production 

takt time and the sequence depend on the customer's demand, and are set by Production 

Planning. This is opposite to classical MRP algorithm where the production schedules are 

made according to forecast, over a longer time period and based on economical order quantity 

(EOQ). In the system shown on figure 2, the goals for planning and control process are short 

lead tirade, low inventories, and increased reactiveness on changing demand, Consequently the 

planning is oriented on the shipping area. From this point the replenishment signal is 

propagated back using kanbans and supermarkets. How production control is performed in the, 

system? The material flows between the welding&assembly cell and the stamping is 

controlled by a supermarket, which has minimal-maximal levels of NIP for components. The 
' 

average level could be calculated, It represents the component inventory needed for particular 



time of production (e. g. an hour). For products sold rarely both levels could be set to zero and 

special kanban card or visual signal could be used. 
The scheme of the material flows and production control through a supermarket is as follows; 
taking the bin of components is signaling the previous cell to produce them, and after some 
time the components are replenished in the supermarket (which is also a signal not to produce 
thein in that moment). 
In the case of very expensive components, or when the variety is large the broadcasting 
technique is suggested (fig. 3), 

s s e 

10 min 

Sroad sting 
signal 

Component 

Nachinning 

Figure 3 Broadcasting technique in lean nianufacturing. 

In the areas of production system where continuous flow was implemented the information 
flow is very simple. All the workplaces within the cell produce one part in the same pace and 

every event is immediately visible for the operators. Here the big difference between MRP 
and Lean approaches can be seen, In the "lean" production system the scheduling is really 
performed in time units like minutes, tens of minutes or hours. In fact as a base scheduling 
value the processing time of one tniit is used, In a MRP driven production system batch 
processing time is used and it includes also the machine set-up times. However even in such 
factories operators see the importance of processing time of one unit. This could be noticed 
when producing the lot of the products taking several weeks, but in some urgent cases 
producing the short batch of that products is made within several days. 
The perspective of the whole value adding chain could be analyzed using Macro Value 
Stream Mapping. The example shown in figure 4 includes car distributor, producer, and the 

value adding chain for the car wipers. Like previously, the focus is on the short logistics lead 

time, low costs (what means also the low level of all the inventories) and high reactiveness on 
the market demand for the final product, 

10 
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In'the upper part of the map the information flows are shown. As could be seen on the figure 

the pace maker for the whole value adding chain is the car assembly company (Alpha, 
Motors), It receives the information from the distribution network and defines the daily 

schedule for' its own shipping area. Also the demands are sent to Beta snipers and then 

upstream to the raw material suppliers. In fact the production scheduling and control in the 

value adding chain uses the kanban technique. The "electroriic kanban" is implemented here, 

The component bin taken from the inbound area of the customer is electronically scanned, 

and the signal is sent to the suppliers shipping area via wide area network. There the 

. electronic message could be changed into a paper card put in the heijunka box; Thus the 

simple information controls the replenishment cycle within the whole value adding chain. 

Electronic kanban could also initiate the payment between co-operating parties. Unfortunately 

the offered SCM systems follow rather a different direction. The focus is in the paperless 

ordering process or logically centralized planning procedures, 
It has to be underscored that the structure of the information system in fig, 4 is part of the 

overall optimization strategy focused on shortening of overall lead time, and decreasing 

production lots in the co-operating factories (e, g. through set-up time reductions) as well as 

among them (e, g. through milk run replenishment loops in transportation). It should not be 

forgotten also that the activities on the strategy level are more like a "win-win" orientation in 

customer-supplier relationship, 

l The goal for "Lean Manufacturing supported by e-technologies" area of 
E4I'Q project 
E4PQ project is focused on Small and Medium Enterprises SMEs, The "Lean Manufacturing 

supported by e-technologies" area is dedicated. to improve internal production processes of 
SMEs to achieve productivity improvement. The problem is that such companies lack of the 

knowledge from both Lean Manufacturing and e-technology areas. The latest e-. solution for 

production enterprises are too expensive for most SMEs. But from the other side' large 

companies, like e. g, Toyota (see [Se05]) criticize the usage of advanced IT, solutions in 

production, area arid impl'ement more effective, manual methods for 'such, processes 'as 
' ' 

production control interruptions management or work-in-process inventory control. %roclaw' 



Centre fax Technology Transfer proposed to combine lean philosophy with IT solutions to 
create very simple, cheap but effective production organization methods for SMEs. The 
general rule is to simplify inforination exchange procedures instead of automating the 

existing, but complex and not efficient information fiows. The practice proves that in many 
cases, especially in SMEs, the automation of existing information Flows by usage of complex. 
IT systems of ERP or SCM class is too expensive and does not result in radical productivity 
improvement. On the contrary simplification of the information flows using simple lean 
techniques and basic office applications (such as MS Excell or MS Access) gives surprisingly 

good results of productivity increase. Such approach was used in chosen Polish SME - Inter 
Mind company. The results of implementation actions are described in part V of this report, 
The goal of the "Lean Manufacturing supported by e-technologies" area has been defined as 

below: 
"To improve productivity and quality of production SNIEs by implementing modern 
lean manufacturing tools and simple, but effective IT solutions. " 

Implementation of lean manufacturing concept in SME requires transferring expert 
knowledge to the company, Usually it is realized through consulting companies, High 
consulting rates are usually the barrier for SMEs. To eliminate this problem WCTT research 
team concurrently conducted research on developing eFfective e-learning caurses with 

interactive content for managers of SMEs about Lean Manufacturing. This works have been 
financed by European Commission within the framework of "Lean across Europe LeanXeur" 
project. The second goal af realized activities was: 
"To develop effective e-learning tools about Lean Manufacturing for SMKs to minimize 
the need of consulting services during implementation process. " 
The result of this part of activities is described in appendix A. 

PART II Methodology of the project 

The project activities have been divided in 3 parts: 
1. Survey about consciousness of Lean Manufacturing and e-learning tools among Polish 

SMEs. 
2. Lean Manufacturing Simulation warkshop far 33 managers of SMEs. 
3, Analysis of the chosen enterprise using Value Stream Mapping method. 
4. Implementation of the Lean Manufacturing tools in chosen enterprise. 

Objective of the first task was to contact 20 polish SMEs and indetify their needs according to 

the productivity improvement based on Lean Manufacturing methods (see Appendix A), The 

goal of the second task was to train a group of managers and owners of Polish SMEs in the 

area af Lean Manufacturing. From this group of enterprises two companies were chosen for 

implementation actions, The first company was ASSO Filters in Ostrow Wielkopalski. This 

company begins the process of lean implementation. That is why the first step there was the 

analysis of the cturent state and designing of the future state (after reorganization) using 

Value Stream Mapping method. Basing on the results of the analysis the lean toals were 

recommended for implementation. These tasks belonged to the third part of the project, The 

second company Inter Mind in %raclaw started lean transformation 2 years ago. During e4pq 

project the next phases of lean implementation were conducted to gain more benefits from the 

lean tools, Because ASSO Filter did not decide to implement recommended lean tools the 



financial res'ources planned for implementation actions w d t 'd 
p 

' 
ns were use to caen the scope of 

implementation actions in inter Mind. 

PART III Lean Manufacturing Simulation Training 

8'orkshop Overview 

Lean Manufacturing Simulation is a licenced version of th t 
' ' 

d 1 e raining eve oped within the 

Centre for Robotics, and Manufacturing, Systems Unive 't f K. k 
' 

h 'versi y o entuc y with support of 
Toyota Georgetown Plant — a major US-based div's f T ivison o oyota Motor Corporation, 
Simulation is a powerful hands-on approach designed t f '1' ' f o ami iarize manufacturers with the 

concepts and benefits of lean manufacturing the philo h f fj i osop y o e iciency that;, when, 

implemented, shortens the time between customer order d h' b 1' er an s ipment by eliminating waste, 

The training provides participants with overviews case ex 1, ' d h 
' f xamp es, in- epth information in key 

areas, and team interaction make this a powerful two-day 
' 

th 
' 

h o- ay session that gives the participants 

much more than just theoretical knowledge. Participants will actually feel the effectiveness of ' 

men s can e incorporated into their lean manufacturing and learn how lean manufacturing ele t b 
' 

d 
' 

future work environment, 

~4+jjj~ ~ 
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Figure 5 The layout of the simulated factory during first simulation round. 

Manufacturing a product on a simulated factory floor in or in severa intensive rounds, they' ll be 

able to see, feel, and measure the effects of different lean m f ean manu acttu. ing principles as each is 

incorporated into the process. These principles include c u e concepts such as built-in equality, 

visual control, 'ust-in-time ull s e , j -' -, p yst m, work levelling, continuous improvement, and 

teamwork. Following performance indexes will be measured d h 
' 

1 d asure uring the simulated work-shiA: 
direct' and overhead costs, NIP costs, defects costs mate 1, d 

and c sto 
, ma eria costs, pro uct c'ost, lead-time, 

an customer satisfaction. After completing the simulation, participants will' be able to 
differentiate between a push and a pull system list the eight t h b I' ' 

d , 
* 

e eig wastes that must be eliminated to 
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make the manufacturing process lean; explain how those wastes reduce a company's profits; 

explain the kaizen process, understand how a kanban works, and make more effective use of 

the employees that become available through waste elimination. 

, ! 

/%~~A~@ 

k 

, yfQ 

Figure 6 Participants during simulation round. 

Lean Manufacturing Simulation is designed for: 
~ senior manufacturing executives/managers 

~ operating managers 
~ manufacturing engineering managers 

~ materials and/or quality managers 

~ first level supervisors 
~ manufacturing or industrial engineers 

~ training managers 

shop-floor operators 



a 

Program 
It takes two days to perform Lean Manufacturing Simulati'on. The following table presents 

' 

training agenda. 

DAY ONE. 

Roots of Lean Manufacturing 
Value added activities versus muda (waste) 
Conventional manufacturing system 

I 

~ ~ 

Kaizen 
Visual Control 
Parts flo'w 

DAY TWO 
~ s 

Quality at the source 
Standardized work 
Pull system, kanban 
Continuous improvement 

' s ~ 

One-piece flow 
Work balancing 
Built-in quality 
Build-to-order 

Realisation of the E, ean Manufacturing Simulation training within e4pq 

proj ect 
Lean Manufacturing Simulation were advertised through the web-pages of Lean 
M I 'IP0. I . '. 1). PI I 0 I T I III T I 

~ I I« «00 I . Tl I II I 0 I pp dl H. 

The training took place in %roclaw Centre for Technology Transfer on 18-19 October 2004. 
Thirty three owners and managers from Polish SMEs took part in the simulation. Appendix C 

includes the list of participants. During the training representatives of several companies were 

discussing the possibility of beginning the implementation actions, Two companies decided 

for further cooperation ASSO Filter and Inter Mind. 
The materials provided to the participants during the simulation are presented in Appendix D. 

PART IV Value Stream Napping analysis in ASSO Filter 

Overview of Value Stream 3fapping tool 
Value Stream Mapping VSM'is a tool to analyse and improve the production system 

according to the Lean Production principles, VSM is based on the tool called mapping the 

material and information flows, used in Toyota company, for continuous improvement on the 
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factory level. VSM has been elaborated as a systematic method for enterprises, to recognize 
the current state of the production system, identify the wastes and propose the changes. The 
method was published in 1999 by Lean Enterprise Institute (M. Rother, J, Shook, "Learnirig to 
see") and during next years have been used successfully in thousands of the enterprises 
worldwide. 
VSM helps to select the right areas to improve, in the right sequence and the right tools, 
in the right sequence, to achieve the benefits for the production enterprise as a whole. 

%'hat is the value stream? 
Value Stream encompasses ail the actions (both vaiue added and non-value added) currently 

required to bring a product from raw materials to finished product. Value Stream 

perspective is the "big picture" from door {raw materials) to door (finished products), not the 

single process, The reason is to avoid the risk of optimizing the single process without the 

benefits for the production system as a whole. The map contains the delivery conditions from 

the suppliers, all the steps made in the factory to deliver finished product, and the conditions 

of shipment to the customers. Map includes both the material and information flows. 
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Figure 7 Value Stream Map - the current state map, an example fRo991. 

Value Stream Mapping - A. Method 
Value Stream Mapping is a pen and pencil tool used directly on the shopfloor, to understand 

how the flov of production really looks like. The mapping is done by the managers and 

operators facilitated by the experts. They follow a product's production path from beginning 

to end, and draw a visual representation of every process in the material X information flow. 

Creating the first map — Current State Map {see fig. 7) — they use as much as possible the data 

measured directly on the shopfloor not taken from the engineering documentation or ERP 

system. The next step is the creation the future state map by identification and elimination of 
the wastes, The future state map is created in systematic way by answering the set of 
questions and implementing the lean principles — continuous flow and pull system, using the 



lean tools (production cells, supermarkets, FIFO queues, production leveling, production 
control at pacemaker, quality at the source, KaIzen, SMED, TPlul etc, ). The potential benefits 
are evaluated using such measures as Lead Time, Cycle Times, RMl WIP/ FG inventoiies, 
'processing times, batch sizes etc. The example of future state map is presented in the fig. g, 
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Exercise; Drawin the current state ma for the sim le exam le 
Ma in the current state for the chosen roduct farnil within pp g p y the company. 

Lectures: Impleinenting Lean Manufacturing in the company, creating the future state map of 
the Value Stream. 
Exercise: Drawing future state ma for the sim le exam le 
Creatin the future state ma on the basis of current state ma made during DAY l. 
Pre arin the im lementation lan 

(Optionally: resenting the results to the corn any director) 

r 

Figure 8 Ualue Stream Map - the future state map, an example [Ro99]. 
. r 

The mapping process ends with elaboration of the implementation plan and assignment of the 
responsibilities to the defined tasks. . 

I 

Value Stream Mapping — a Workshop 
Company usually starts using VSM method during 2 days workshop led'by experts 
experienced in this method and in Lean Manufacturing concept. The role of the experts is to 
teach the participants how to map and to facilitate them during their first mapping in the 
company. The workshop gathers usually 8-12 staff members mostly from production but also 
logistics, purchasing and sales departments. The workshop agenda is presented in the table 3. 

Table 3 The agenda of the Value Stream Ma ping worksho . 
I 3 

Lectures; Introduction and Value Stream Ma of the current state, 



VSNI in a nutsheH: 
~ Pen and paper method, 
~ Ciives a clear view of the whole value stream - "door-to-door", 
~ Common language for the employees of different levels and areas to share their 

knowledge about the production processes. 
~ First step of introducing "lean" flow of materials and information. 
~ Easy to learn and use. 

Helps to improve the production system in systematic way. 
~ Focuses on the elimination of non-value added steps, 
~ Helps to select the right areas of improvement and the proper tools to gain the benefits for 

the production system as a whole. 

VSM Workshop objectives: 
~ To learn the concept of the "lean" flow of production and the potential benefits of 

implementing it. 
~ To leam the Value Stream Mapping method — lectures and exercises. 
~ To map the Value Stream in the company for the chosen product family. 
~ To learn how to see the wastes in the Value Stream, how to eliminate them, and how to 

create the future state map. 
To design the future state map for the value stream of the chosen product family. 

s To recognize problem and obstacles for implementation of the future state, propose the 
solutions. 

~ To elaborate the plan of implementation of the Rture state. 

Value Streani Mapping in ASSO 
ASSO Filter was founded almost 100 years ago by Spitalniak family in Ostrow Wielkopolski 
(south-western Poland). At the beginnirig company produced wheels for carriages. In 70s 
ASSO begun to produce filters for cars. Now company provides filters as spare parts for 
different car models for Polish and foreign marketplaces. ASSO employs about 100 workers, 

Products made in ASSO are divided into 3 product families: oil filters for cars, air filters for 

cars, and air filters for paint shops. For Value Stream Mapping analysis the oil fiLter product 
family was chosen. Oil filters are fabricated in several production stages: paper bending, sheet 

metal cutting, threading the bottoms, stamping, painting, and assembly. 
The Value Stream Mapping analysis was performed in ASSO in the form of 3-day workshop 
(22-24 January of 2005). During first day the owners of the company as well as about IS 
workers received the Lecture about Lean Manufacturing, During second day WCTT 
consultants provided introduction to Value Stream Mapping method and then the group 
started to draw the current state map. 
The mapping team was divided into two groups, The first one analysed the main value stream. 

The second one analysed the sub-stream of bottoms. The bottom is one of the three main 

components of the product beside filter insert arid housing. 
Drawn maps are shown in the fig. 9 (main scream map) and fig. 10 (sub-stream of bottoms), 
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The current-state inaps exposed several problems of the company, It was measured that total 

processing time for the main stream (fabrication of housing and assembly) is only 22, 8 

minutes but the overall lead time L/T=96 1 days. In th d 1 dd' ays. n ot er words value adding activities 

constitutes only O, Q5% of total time material spends in the factory. The rest 99 95% is waste 

eaningful part of this waste has to be eliminated. The raw material inventories fo d un were 

ry ig (, 6) days, Also work-in-process inventory was considerably high, e, g. it was 8, 3 
days of inventory between stam in and p g and assemibl. But surprisingly although inventories are 

I 

high they do not hold the right components for assembly and often assembly has to change its 

schedule because of lack of housings needed to reahze the original schedule, This situation 

decreases productivity of the assembly process. Additionally it was found that the work 

ce . en some stations can. not, produce on content of the assembly workstations is not balanced. Wh 
time, the other ones make overproduction. The balancing of the workstations for the whole 

assembly process could improve productivity of the process significantly. 

The third day of the value stream mapping was dedicated for creation of the future state map. 
This encompasses designin~ the changes basing on th t t t d C7 e current state maps and using the lean 

tools. The team chose the'main stream for the first phase of the Lean Manufacturing 

implementation and future state mapping focused on th' . Aft 
' 

d n is area. er introduction provided by 
consultants form WCTT the teain started to design fut t t o esign ure state according to the future state 

questions elaborated by John Shook and Mike Rother (see IRo99]): 
1. What is the rate of demand (Takt Time)? 
2. How much does demand vary (produce to buffer or „to order")? 
3. Where and how can You combine operations to create the areas of continuous flow? 
4. Where and how have You to install pull mechani "t ' 

fl ec anisms to connect continuous flow areas 

together? (use supermarkets or FlFO) 
5. Which one and only one process will receive the sch d I ? ( h sc e ue. (c ose pacemaker) 
6, How You will filter orders and level the production? 
7. How can you increase the frequency of production to make smaller batches of each product 
in line with demand? (define the production pitch) 
8, What improvements are required to reach the future state, how to implement them? 

At the end of the day the mapping team elaborated the future s 
oi i ters shown in the fig. l I. 'lflt h h f. e e re state map for the main stream of 





I 

The changes proposed on the future state map encompassed; 
implementation of the new continuous flow areas: cuttin +stam in' c e 

' + mg+ p g, 1 an g p g) 
i n o e pu system within the whole stream using supermarkets or FIFO 

queues, 
implementation of the leveled schedule for assembl bl sem y, assem y was chosen for a 

pacemaker, the only point of the value stream wh' h w ic receives the schedule, 
work balancing for the assembly and packaging line, 

The potential benefits were estimated basing on th fut 
' 

g on e ture state map: 
reduction of the lead time L/T from 96 I to 67 8 d (29'/ d o, ays (29% reduction), 
reduction of work-in-process inventory from 15 45 t 5, 25 d o ays (66%) 
improvement of assembly line productivity by work balancin an y, ng p 

n, ime using pu system by about 20%. 

p p 
' 

o the participants are attached in Appendix E. The materials for VSM Worksho rovided to t 
Filter after internal discussions among owners d d 

t he implementation actions planned after Value Stream Isa in anal sis b 
ers an managers did not decide to realize 

th reso r es (i le nt tio t ). Th 

project were relocated d 
' 

d t b d 
p men a ion team . e resources available within e4 

an 'use o roa en the sco e of ro'ect 'n p pro~ec m another company Inter 

PART V Lean Manufacturing implementation in Inter Mind 
%roclaw 

Inter Mind company was founded in 1988 by two P 1' h y wo o is entrepreneurs. Current1y corn an 

employs 110 employees and gains turnover of 40 min PLN, C 
accessories for computer printers under the trademark Bl kp 

' 
ompany produces cartrid es and 

the Polish marketplace. The vast number of cartrid es is rod 
ra emar ackPoint and is one of the leader in 

r o cartri ges is produced by utilization of used 

c ri ges, w ic are e-assembled, cleaned bl d, d, assembled and packed. Last years'corn an 

increased its sales in the foreign marketplaces. 
p y 

R. ecently company observes growing number f d r o omestic and foreign comnetitors as well 

as higher customer expectations according to the product variet e pro uct variety, product price and quality as, 
as service eve. o react on these requirements corn an be un to seek o 

production orgaruzation methods, The efforts of ' 
i e o s, e e orts of improving effectiveness undertaken in Inter 

in in ast years are shown in the fig. I I. 'I 
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Improvement of the pull system 
and continuous flow (part of 
e4oo oroiect'I 

Implementation of Total 
Quality Management 
System 

Beginning of Lean Thinking 
i mpletnen tati on 

Certification of 
Quality Management System 
according to ISO 9001:2000 

Inter Mind Quality 
Management System 

Foundation 

1988 1990 2002 2003 2004 

year 

Figure 1 l. Inter Mind's pathway of' organizational improvement. 

The first step was the implementation of own, internal rules of quality management for 
products and processes-. This encompassed strict procedures. ;for. internal. processes as well as 

standardized methods of cartridge testing according to the standard STMC. (Standardized Test 
Methods Comity), The final step of building the quality management system was certification 
according to ISO 9001:2000 standard. In 2003 Inter Mind begun implementation of the first 
elements of Lean Manufacturing System. The company performed Value Stream Mapping 
analysis and implemented the first version of the pull system for finished goods working with 

experts from Wroclaw Centre for Technology Transfer, Jn 2004 company joined e4pq project 
and started to work on implementation of the other lean tools such as continuous flow, 
standardized work, visual control, production according to the pitch and improved version of 
pull system based on kanban cards and demand leveling. 

Lean 3fanufacturing imp/ernentation actions before 2004 year 
At the beginning of 2003 the management board of the company decided to start 

implementation of „lean management" philosophy. The first step was to train 33 staff 
members by the trainers from Wroclaw Centre for Technology Transfer WCTT during the 
workshop called Lean Manufacturing Simulation. There were representatives of all the 
functional areas of Inter Mind among &e participants of the workshop, The main objective of 
the training was to familiarize and convince employees to the concept of Lean Management to 
ensure the engagement of all the departments during the process of implementation. The next 

step was Value Stream Mappirig workshop conducted in Inter Mind to analyse current state of 
the production processes and design the future state. During mapping process three value 
streams were identified; 

~ Laser printer cartridges, 
~ Ink printer cartridges, 

Ink tapes. 



Then for every value stream the current state map was drawn for both material and 

information flows from „door-to-door" perspective C'from raw materials to finished goods). 
The analysis were performed by Inter Mind's managers and engineers supported by the 

consultants from WCTT, During analysis main improvement areas were identified, potential 

benefits were evaluated and future state maps were drawn, These maps became the basis for 
creation of the implementation plan. The complexion of the planned actions forced the 

implementation team to divide implementation plan into several projects and start with more 

important ones, which focused on the laser cartridge value stream (the stream with the biggest 
sales vol uric}, The main objectives of the implementation actions were: 

~ Reduction of the finished goods inventory level, reduction of the required storage area, 
and improvement of the cash flows through the changes of the information flows; 

~ Reduction of the lead time, product quality improvement, reduction of 'the required 

production area, and improvement of the production system flexibility through the 

changes of the material fiows. 

. I 

The pull system as key element of Lean Maniifactnring 

Most of the actions undertaken in Inter Mind before year 2004 focused on implementing pull 

system for finished goods. Pull system differs from traditional system based on Enterprise 

Resource Planning software I'often called push system). In the pul1 system pmticular 

production cell does not receive any production schedule from planning department. Instead it 
receives the replenishment signal &om the next process and produces sinall batch of products 

according to this signal. There are two kinds of pull system: 

replenishment pull system (often called supermarket pull system), which is used for 
repetitive production, 
sequential pull system (often called FIFO queue), which is used for' liigh'mix 
production. 

i 

Inter Mind decided to implement supermarket pull . system for its finished goods. To 
implement such kind of system the kanban cards are used. The concept of supermarket pull 

system and kanban card circulation is shown in the fig. 12, 

Production KANSAN card 
Withdrawal KANSAN card 

Supp(ier 
process 

Customer 
process 

— Cl 
Replenished 

product 

SUPERMARKET 

pulled 
product 

Figure 12, Supermarket pull system. 

Customer process maybe internal process, e. g, assembly line, 'and supplier process maybe e g' 
machining cell; When customer process needs a container of particular parts for production « 
takes the container from the supermarket using withdrawal Kanban, Every container in the 
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supermarket has the production Kanban card attached, Material handler, after receiving- 
withdrawal Kanban from customer process (e. g. from assembly operator) goes to the 

supermarket at looks for the parts specified on the Kanban card. Then he takes the container 
from supermarket, takes the production Kanban off the container and places it in the Kanban 
box. Then he attaches the withdrawal Kanban to the container and moves the container to the 

customer process. After some time production Kanban cards from the Kanban box are taken 

by the material handler responsible for moving parts from supplier process to the 

supermarket, Then production Kanaban card are brought to the supplier process (e. g, 
machining cell) and becomes the new production order for supplier process. To summarize 

supermarket works according to 2 rules; 

1) Customer process takes from supermarket vI hat he needs and when he needs. 

2) Supplier process replenishes only this, what has been taken from supermarket. 

In Inter Mind supermarket was implemented between production process (supplier process) 
and external customers (customer process), Kanban cards were only implemented virtually in 

the computer system, 

Implementation actions 

On the basis of the implementation plan the Manager of Laser Printer Cartridges worked out 
the detailed action schedule. The main tasks and results measured after completion of the 

tasks are given in the table 4, 

Table 4. Main tasks of the implementation and their results. 

Task 

Changing the 

production planning 

system 

Changing the 

production scheduling 

procedure 

Reduction of finished 

goadsinventory 

Shortening time of 
moving goods from 

production shop floar 
to the finished goods 
warehouse 

Elimination of some 

activities: 

- material inspection 

after receiving, 

- foil packing of the 

cartridges 

Status at the beginning of 
2003 

Planning performed once per 2 weeks 

based on the forecast 

tVeekly schedule 

18 days 

1 day 

First inspection after receiving in the 

warehouse, second inspection during 

material inovement to the shop tloor 

and third one before execution of the 

production order. 

Fail packing of every product. 

Status at the beginning of 2004 

Planning performed every day using kanban 

signals according to the real market demand 

(finished goods inventory reduced) 

Daily schedule based on replenishment kanban 

signals 

9 days, 50% reduction calculated in money 

4 hours 

Inspection in the warehouse and before execution 

of the production order 

New packaging does not require additional foil 

package for every product. 



Changing the layout 

of the shop floor 

Increasing material 

delivery frequency 

Layout not efficient 

Deliveries one per l-3 weeks 

Implementing of continuous flow for pre- 

assembly process, implementing FIFO queues 

between pre-assembly and assembly as well as 

between assembly and packing. Elimination of the 

material transport on the shop floor, reduction of 
work-in-process inventory, simplificat'ion of the 

productior process. 

Deliveries one per I-2 weeks. 

Improved flexibilit, faster replenishment of 
materials. 

In the beginning of the 2004 year all the tasks were completed. The great leap was the 

implementation of the pull system f' or finished goods in the form of supermarket. From this 

time production was not planned according to the weekly forecast but according to the daily 

replenishment signals from the supermarket. Production started to replenish'only what was 

taken from . the supermarket by the shipping department. The time of finished goods 
movement from the production shop floor to the finished goods warehouse (supermarket) was 

reduced. The inspection of the raw materials during movement from the warehouse to the 

shop floor was eliminated. Earlier this activity took &e material handlers 2 hours every day. 
The frequency of material deliveries for the production process was increased after detailed 
cost-benefits analysis. This improved the availability of the components for the production 

process, 

Product family of hser printer cartridges was carefully analysed to. elaborate new procedure 

of production order executions. In the result the new algorithm of order execution was 

established to react on real, daily market demand and not, as it was practiced earlier, to follow 

, uncertain weekly forecasts, Also the analysis was performed to determine the possibility to 
reduce production lots for all the produced types of cartridges. The goal was to miniinize 

production lots because the size of the lot is crucial factor influencing the level of inventories. 

Then the new system of order scheduling was. built based on the kanban system, where one 
kanban card represents one lot'of particular type of products'sold. The new system allowed 

the constant number of kanabn cards for particular type in use. Kanban cards might be in 

finished. goods warehouse or iri the production area. The number of kanabn cards determined 

the maximal work in progress inventory. The system allowed to add or withdraw the kanban 

cards according to the changing external and internal conditions, The kanban cards were 

implemented only virtually in the. 'computer system. Every day sales were analysing the 

number of sold products of particular type. Daily sales was divided by lot size to calculate the 

number of virtual kanan cards which. had to be released for production, This was done by 
Logistics department. This department additionally had to balance production volume and 

adjust it to available daily capacities. The result of that changes was the reduction of finished 

goods inventory by 50'/o (in value). 

I ' 

&ean Manufacturing impIementation actions within e4pq project 
In June 2004 representatives of Inter Mind management board met with representatives of 
UNIDO and WCTT during IV Lean Manufacturing Conference. The sides found out further 

possibilities of improvements in Inter Mind and the chance that the company could be good 
examp1e for other SIvIEs from central and eastern Europe. 

At the beginning the results of previous improvement was reviewed and then the next possible 
mprovement areas were defined. . 

" 



Planning process based on virtual kanban cards reduced finished goods inventories but 
still required significant planning effort which increased lead time by 3 days. It v as 
found that planning process might be simplified and shortened. 
The time of assembling the lot differs between different operators because of the lack 
of standardized work. This affects negatively workcells productivity. 
The production lead time is still too long because of long assembly lead time and too 
long FIFO queues between deassembly and assembly. 
The production status is controlled every shift which is too rarely to react quickly on 
the problems. It was recommended to implement hourly production boards and visual 
control, 
Poor organization of the material delivery process from the warehouse to the 
production cells. Materials moved in daily lots, material handlers overburden in the 

morning and underutilized in the afternoon, It was recommended to balance work of 
material handlers and reduce the quantity of materials provided to the ceHs by the 

usage of milk run concept. 

production and planning processes before beginning iniplementation actions within 

e4pq project 

Prodaction planning process 
The level of finished goods inventories is determined for longer period for every type of 
product to ensure optimal rotation of the products according to the sales and lead time, The 

production lot size equals to the one kanban card and may be different for different product 

types. The available workcells capacities are defmed, Logistic, specialist analyses dailv sales 

recorded in the internal computer system (warehouse management system), Basing on these 

data specialist moves kanbans on the warehouse-production board (see fig, 13), 
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Figure 13. Kanban 
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anbans located in 
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planning board in logistics department (on the left k 
house, on the right kanbans moved to the production 



Logistics specialist then inputs the production kanbans (located on the right 'production" side 

of Kanban planning board). After several weeks. the planning board was implemented in 

virtual form in the computer system. 

The same day production'manager creates production plan on the basis of the production 

kanbans entered by the logistics specialist. Production plan is created using MS Excell 
v orksheet, The example of the production plan. is shown in the tab1e 5. 

Table 5. Example of the production plan, 

PRODUCTlON PLAN: LASERS 
ot no ype Qty Order no roduction hase Sales date our 

60 

3 I 

69 ' 

75 

81 

*HP 1100 ECO 
*HP 2100 
*HP 1200 
~HP 4200 
*HP 2100 
'HP 2100 
*HP, 1200 . 

*M 1200 
*HP. 1300 
~HP 4000 A ECO 
~HP 1100 
~HP 5L 
'CANON E 30 

Sp 
P 1100 
P 1100 

1100 
1200 

P 1200 
1200 

YOCERA TK 1? 
P 4100 X 

58 5745 
2 5747 

51 5746 
11 5586 
32 5776 
32 5777 
51 5773 
Sl 5774 
51 5775 

6 5778 
60 5772 
56 5328* 
9 5531' 
0 5820 

60 S823 
60 S824 

0 5825 
51 5826 
51 5827 
51 5829 
33 5677" 
17 5829 

14. 10 
14, 10 
14, 10 
14. 10 
15, 10 
15. 10 
15. 10 
15, 10 
15, 10 
15. 10 
15, 10 

18. 10 
18;10 
18. 10 
18, 10 
18. 10 
18. 10 
18. 10 
18. 10 
18. 10 
18. 10 

10. 00 
12. 00 
10. 00 
19. 00 

LEGEND; S- preparation, D- deassembly, U- steming, M- assembly, P- packing 

The plan is sent to the production supervisors between 10, 00 — 1 1. (}0 a. m. 

Process of roduction order realisation 
Production supervisor uses Excell plan to fill out the production cards and material 

requirement cards |'in MS Word files) and prints the cards one time per day. Then he gives the 

material requirement cards to the material handler, Material handler brings the pallets with 

materials to the shopfloor in several lots between 12. 00 and 18, 00. Especially at the beginning 

(between 12, 00 and 13. 00) he is overburden. 

The lead time for production order realisation from the moment of sending the plan to the 

production to the moment of moving finished goods to the warehouse is. assumed to be 3 
days. But after completion of the given order the finished goods wait 4 hours to be moved to 

the warehouse, . 
I 



1. Planning procedure too complex and time consuming, 
The lead time of the planning particular production order took 2 days which increased overall lead 

tisane meaningfully (froin 3 to S days), Several persons are engaged in planning process often repeating 
the same or similar activities (see fig. 14), 

MMiKFEji~~~&& 

'~IA), GIRA 

V ~~~NW++fj%, 

M4 

Figure 14. The production planning process. 

2. Production order lead time too long. 

It was assumed that production order lead time equals to 3 days (6om sending production 
order to the supervisor to moving finished lot to the warehouse). But the real lead time was 

longer because it encompasses as well planning time (from the moment of shipping lot to the 

customer to the moment of sending production order to the production supervisor) and the 

delay betv een registering movement of finished goods to the warehouse in the computer 
system and the real movement (which took 4 hours), In result the overall lead time was 5 or 
more days. 

3. Assembly cells and operators not Aexible. 
In the first phase of lean implementation (before 2004) deassembly line was modified, 
Thanks to this all deassembly operations are made in one continuous flow line (see fig. 15) 
and all w'ork elements were standardised. The lead time of deassembly was reduced to 120 
minutes for the whole lot and is reasonably short. 
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Figure l5. Continuous flow line of deassetnbl, eassetn y, 
But second part of the production process — assembly — 'll th workstations (see in fig. 16). Because the assembl le d 

y — was stil the grou of isolated 
1noP y ea time is much longer and equals to 00 'minutes, the meaningful work-in-process invent ' 

d b ory is stored before assembly stations. 

)k7&Q 
g gy 

'":gt. '. 
", : . . j'« ~~g$ 

Figure 16. Assembly, stations before changes undertaken within e4pq project. 
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This inventory adds additional waiting time to the production lead time. Figure 17 presents 
main addends of the production lead time. 

PRODUCTION LEAD TIME 
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PRODUCTION STAGES 

H DEASSEMBLY 

II ASSEMBLY 

E! WAITING D-A 

D TOTAL 

1?, Times of the production stages, 

Figure 

The result is great numbers of kanbans in production. Figure 18 represents the queue of 
kanabns waiting for production in February and March 2005. The queue longer then 15 
kanbans means that order realization lead time is too long to meet marketplace demand. 

KANBAN QUEUE 
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Figure 18. Queue of Kanbans. 

4. Lack of work standards for processes between warehouse and production. 
The result were too high material inventories on fhe shop floor. 

5. Sales not balanced. 
Sales department works according to the traditional (not lean) methods of marketing. Sales 

representatives have to meet montMy and yearly targets. This results in lower sales at the 

beginning of years and months and enormously high sales at the end of months and years. The 

sales is not coordinated with production capacity. Such situation confuses production 



I 

department. which can not'fully utilize the capacities or is not able to meet the expectations 

higher then available capacity even using buffer inventories in the fmished goods supermarket- 

(see fig. 19). 
PRODUC71ON YOLUiII1E YS. SALE VOLUNiE 

1 700, 00 
1 600;00 
1 500, 00 
1 400, 00 
1 300, 00 
1 200, 00 
1 100, 00 
1 QOQ, OQ 

900, 00 
800, 00 
700, 00 
600, 00 
500, 00 
400, 00 
3OO', QO 

200, 00 
100, 00, 

0, 00 

~ SALES 

~PROOUCTION 

AVERAGE PROOUCTION 

AVERAGE SALES 

DATE 

Figure 19. The pikes of sales. 

I 

The changes implemented during reahsation of e4pq project 
After analysis of the complex planning process there were two possible improvement options 

considered. The first one assumed implementation of modern Enterprise Resources Planning 

system in hope that it could automate some activities; But a, fter reviewing some large 

corporations it was stated that even after using complex ERP system the'meaningful part. of 
planning activities is still made manually by using customized Excell worksheets; The second 

option was to eliminate some planning activities at ail by implementation of simple, manual 

Kanban system and automate. the rest ones by usage of simple and cheap MS Excell 
worksheets. The team was encourage to chose the second option because of its low cost and 

positive effects reported. by Toyota corporation (see [Se05j) and leading lean experts (see 

[Jo02bj). 

The manual Kanaban system 
The goal of implementing the manual Kanban system was to reduce plaruiing effort, reduce 

overall lead time and balance work of material handlers. The new system has to integrate the 

sales process, . production planning process, production process and material handling process. 

The kanban cards previously registered mainly in digital form in computer systems currently 

are real paper cards . which are attached to the every pallet of fmished goods. When given 

pallet of products is shipped the Kanban card is taken off and placed in Kanban postbox. 

Material handier brings Kanban cards from postboxes directly to the production shop floor to 

the production supervisors. 5 times per day and places them in the supervisor's Kanb'an box 

(see fig. 20). Kanban cards are not registered in computer planning system at all and work 

made previously by logistics specialist was completely eliminated. 



Figure 20. The Kanban box in the production supervisor's desk, 

Production supervisor takes Kanban cards and for every card prepares production orders and 
material Kanbans using templates, The material Kanbans are placed. in the material handler 

scheduling board. The production orders are placed on the production board {see description 
below), Thanks to that changes the p/anning work performed previously by production 
manager was eliminated at all, 

The material handler's work organization was changed significantly as weH. He works now in 

the same pace for the whole day according to the material kanbans placed in the material 
handler scheduling board {see fig. 21). This board divides all the material required for 
production for the whole day into 2 hours periods. Thanks to this material handler's work is 
balanced into 2 hours intervals, Every 2 hours material handler prepares material required for 
production for the next 2 hours {and not for the whole day like before), then he transports 
materials to the workcells, brings kanban cards {from shipped pallets) to the supervisor*s 
kanban box and takes material kanbans for the next two hours from the material handler 

scheduling board. Material handler repeats this cycle 5 times per day. The result is lower 
material inventories on the shopfloor and balanced material handler's work for the whole day 
{no overburdening). 



Figure 21, Material handler s sched 1 b d u ing oar with material kanbans 
S uinmarizing the planning process was simplified and hu p ie an human effort was dramati a y 

e ogis ic specia ist and production mana er wer Manager now onl ' 
th 

ager were eliminated from the process. n w on y supervises the process to check if it wor pop y 

L 
y s worksheet to rnatch capacity with 

or e p arming is now capacity anal sis wor is unction is realized by the sim le 
is t' ' ' 

y 'mple MS Excell worksheet prepared by Inter 
in . specia ists. The new planning pr6cess is presented in the fig. 22. . 

WN aii +o'tk. e ~~~M~a&4K~ 
8~~86popvllil~~-'~ 

matej. iah f 
ikcejls'", 

~" C. „''' 

Figure 22. The production plaiming process afte h er c anges (compare to the figiue 14). 
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Work standardization for Kanban system 
Work standardisation is powerful lean tool which ensures that work is performed every time 

in the same and optimal. way. Production manager is an owner of Kanban system; AH the 

persons involved in the Kanabn system received their standardized work instructions. 

Visual Control 
Previously production plans and daily production reports were "hidden" in the computer 
system. Operators didn't know if the production plan is realized on time or not. Production 
manager new the production delays after receiving the report from the previous day. 
Production supervisors undertaken the reaction on delays after receiving the infoimation from 

production manager. This situation is typical for traditional ERP systems. WCTT consultants 

suggested to implement hourly production board placed on the shopfloor close. to the 

workcells. Such production boards are the core element of visual control. Because Inter Mind 
managers were not convinced to such kind of production control they visited nearby Remy 
plant in Swidnica, Remy is world-wide corporation producing components for. automotive 

industry. Remy is famous as a company advanced in the lean manufacturing production 
concept. After the visit Inter Mind managers decided to implement visual control system in 

their own company. Production board in Inter Mind is a paper worksheet (flipchart) with the 

hourly schedule for assembly and deassembly processes (see fig. 23), Operators registers 
immediately the time of completing Ne production order and compares it with planned 

completion time. If order is not completed on time the operator has to note the reason of the 

delay, 

Xk7l WZI M~ 

pp4 p~Qd 

Figure 23. Visual production board in Inter Mind. 
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After implementing the visual production board eve k 
if rd 

ar every wor er on the shopfloor knows exactly 

i pro uction is on time or not in every momerit. Production' su ervi 

d 1 i ditl h dl 'mme ia e y w en clay occurs, %hen they are not able to react ~e. ', extra 

shift on Saturday has to be run) they notify the production mana er. a 
~r . g, ex ra 

obl hnk to h fdl y opera ors on the production board. o e reasons o e ays reported b o erator 
s o is manager ows what 'kind of countermeasures 

improve productivity. 
res have to be undertaken to 

Implementation of the flexible and rapid ass bI assem y workcells 
The assembly workcells created a lot of problems for d~~t~~~ process. They were, not 

exi e, a ong lead time and required high k-'- 
process. Also &e productivity of the ass bl 

wor -in-process invento 
' 

before assem 
e assem y process was not sufficient. 

The implementation team decided to implement three im ortant po o p 

~ Continuous How flexible workcells to r d 1 d 
capacity of the given workcell b dd' 

o re uce ea time and to chan e easil th 

workcell has to be designed for 1 2 or 3 operators 

or ce y a ing or subtractin, the 0 erator . ' 

~ Standardized work for operators to define o ti 1 e op ima way of performing every assembl 

step to ensiue better productivity and quality of the workcell. 
5S and parts presentation to organize workcell d ce s an points of material use in the most 
efficient way to improve workers' productivity. 

Continuous Aow workcelts 
Continuous flow is the most efficient method of d 

' 
y 

bat h Co ti uo flo ll' db 
o o pro ucing voodsandis 

ow ce is create y physical movin sever 
Th od t' bt h ro uc ion etween these work laces is p p yp ( 

a} 

work-in-process 
inventory 

Figure 24. Comparison of a) production in b t h d } a c es an bj continuous flow. 

In Inter Mind continuous, flow-assembly cell was created b c'onn 

I 
p, 
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Figure 25. Continuous flow assembly cell in Inter Mind. 

To make cell flexible in the sense of capacity it was designed for l, 2 or 3 operators. Cell 

capacity depends on the number of operators working. In this way production manager may 

increase or decrease the assembly capacity as needed. There were two flexible assembly 

workcells created. 

Standardised work 

One of the basic rules of lean is standardized work, This is an excellent method to increase 

continuous flow cell capacity and improve quality, Standardised work is a kind of instruction 

for operators which ensures that production steps are performed every time in the same, 

optimal way. The procedure of implementation of the standardized work for the workcell is 

shown in the fig. 26, 
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Figure 26, Implementation of standardized work for the workcell IRo02]. 

L 
Analysis begins with identification and listing of all work elements needed for producing a 
product. Next you should time all work element several times and calculate number of 

i 
operators needed for doing this job. Next step is designing a layout of the cell in sich way that 

one operator could work in the cell efficiently. All work elements (after elimination of these 

no-value-added) should then be distributed among operator using Operator Balance Chart 

The last step is'testing new work standard and improving if, 
. In Inter Mind'every work element for most poplar products have been analysed. Then three 

work standards were elaborated for three situations: 3 operators in the cell, 2 operators in the 

cell, and 1 operator in the cell. 

SS and arts resentation 

SS is the basic method of visual control. It consist of five simple terms, beginning with an S 

sound, describing workplace practices conducive to visual control and lean manufacturing, 

The five terms in Japanese are: 
1. SEIRI: Separate needed from unneeded items — tools, parts, materials, paperwork — and 

discard the unneded. 

2. SEITON: Neatly arrange what is left — a place for everything and everything in its place. 
3. SEISO: Clean and w'ash. 

4. SEIKETSU: Cleanliness resulting from regular performance of the first three Ss, 
5, SHITSUKE: Discipline to perform the first four Ss, 

Part of 5S method is proper. presentation of parts in the workcell in the way most suitable for 
operators. 



In Inter Mind all the tools and parts required in the continuous flow workcell were analysed 

and then the area of the cell were divided into fields reserved for particular tools or parts. The 

workcell after implementation 5S is shown in the figures 27 and 28. 

5k". p, , . , mi, 4g 

Figure 27. A11 tools and parts needed placed in the most efficient way. 

!. y 
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Figure 28. Fields reserved for particular parts and tools. 
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The results of implementation actions within e4pq proj ect 
. Implemented lean tools gave very good results and improvement of several key indicators of 

the production system. Planning process lead time was reduced from 2 days to several hours. 

Production lead time I. /T was dramatically reduced from 690 to 290 minutes (see fig. 29). In 

many cases overall lead time equals to one day which means that company is very flexible 

and able to react rapidly to the changing market demand, 
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Figure 29. Times of the production stages 
t 

l 
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During first month after implementation of standardized work the' assembly workcell 

productivity increased from 17. to 20 pieces per hour which is more then 15%. Implementation 
team expects furthe~ increase to 24 pieces per hour in the next months. Also sales pikes were 
reduced by changing sale target reporting period from one month to two weeks (see fig. 30), 
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. 'Figure, 30. ' Balanced sales synchronised with production capacity (compare with fig. 19). 



The results of the changes implemented d~ng realization of e4pq projects were gathered in 

the table 6. 

Table 6, Results of the im lementation actions &n Inter Min d 

Indicator Before changes Af'ter changes Improvement 

%] 
Plannin rocess L/T 

Production L/T 
Assembly cell 

roductivity 
Sales amplitude/ 
production volume 

amplitude (equals to 1 

for ideal 
synchronisation) 

2 days 
690 min. 
17 pcs/hr 

2 hours — 1 day 
290 min. 
20 pcs/hr 

1, 33 

50% 
58% 
15% 

33% 

The project was realized by the team containing managers and supervisors from Inter Mind and 

consultants from WCTT. Figure 31 shows part of the implementation team responsible for 
implementation of continuous flow assembly cells. 

l4 

Figure 31. Group responsible for implementation of the continuous flow assembly cells, From the left 

product engineer, production manager, two production supervisors, and consultant from O'CTT. 



PART I Dissnnination actions 

Dissemination of the projects activities and results. is important task to broaden the rou of 
enterprises willing to use modern production or ion organization methods to im rove the. 

productivity. Another goal'of dissemination aetio 
p 

'on ac ions was to involve some foreign artners 

from central and eastern Elope in the next phases of the ro'ect. To dis 

performed by WCTT's team th 
p ases o t e project. To disseminate the activities 

used, 

s earn t ere were web- a es s earn t b-p g s, conferences and networking meetings 

Dissemination activities through internet b 

Th 

ne Are -pages 
e information about the project and its results we bl' h s were pu is ed on several web-pages: 

This page belongs to Lean Manufacturing Program, which is Polis 
1 ok oodi db L E i e y ean nterprise Institute (see www. lean. or }. }'} ' d 

ec e o e pq activities (e, g, the announcin of the e 

Manufacturing Simulation workshop}. 

This page belongs to Centre for Advanced Manufacturing Technolo ies CAM ea 
research centre for manufacturin t hn 1 

' 
g ec o ogies, recognized b the 

of E ll ce. The web-page was used to in o e we -page was used to inform about the research activities of the 

www. e4, or 
The web-page ofe4pqprogramme wasusedt 

' f ro 
' 

Le 
concept, e-technologies connected to Lean Man 

o in orrn enterorises about Le 
ec e o ean anufacturing and lean tools. Also events 

organised during project realization were announ d ounce using this web-page. 

t 
Dissemination during conferences 
The first presentation of the project for the ind try t k p 

' 

Co nf i W o 1 22-24 J 2004 
e in us took place durin V 

une . About 300 mana ers fro 
f L d' ld 1 ing wor ean experts were special uests 

h fb t ll "L Th'nk " d" an i ing an " Machine that chan ed the world" C 

( o-author of "Makmg materials flow" b k) J hn 

l 
book). Project coordinator Ouse h Padickakud' ' 

e ro 
w oo, ohn Shook (co-author 

to the audience. Also national project coordinator Jaroslaw Papis took art in the event. 

f UNIDO representatives met th 
roc aw en e or Technolo Trans 

bl of 1 It M d i n er in wi in the project, 
Thanks to the meeting the iinplementation project started in Inter M' 

M 2005 h ood 1 fth ' 
1 u s o e imp ementation actions were o 'h d 

t 
Conference, which took 1 

' 
W 

' 
e o pu is an present fhe results du 

' 

oo p ace in roclaw on 15-17 June of 200'. 
s during V Lean Manufacturing 

member) and Pawel Sawicz (production man 

pull system' and continuous flow in Intermind". Th 
z ro uction manager) provided presentation titled "I ion i e mplementing, 

conference proceedings was th b f d 

n n ermm . The paper under the e. same title, published in 

' ' 
Mind in thi s report. 

' 

e ase or escription of the i implementation actions in Inter 
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Networking Meetings 
The first networking meeting took part in WCTT in December 2004. Representatives of 
WCTT (prof, Tomasz Koch, dr Remigiusz Horbal), Centre for Business Development CSBD 
from Russia (Svetlana Goodkova, Wolodymir Morskoy) and Slovak Productivity Center 
SLPC from Slovakia (prof. Milan Gregor). National e4pq programme coordinator Jaroslaw 
Papis from UNIDO presented e4pq programme. Prof. Tomasz Koch presented the activities 
connected to Lean Manufacturing within e4pq programme. Partners from Russia and Slovakia 
confirmed they interests in participation within the programme in the next phases, 
The second meeting took place during V Lean Manufacturing Conference. The main goal of 
the meeting was to built the new nodes of Lean Global Network in central and eastern Europe 
but also the e4pq programme was discussed. Beside representatives from CSBD and SLPC 
also guests from Ukraine, prof. Kateryna Maksym, National University "Kyiv-Mohyla 
Academy", Romania Mariana Prica, Andrei Viorel PRIMA Consulting, and Byelorussia 
Sergey Parmon, Minsk were present. During the meeting representative from Ukraine 
confirmed the will of the University to participate in the next phases of e4pq programme. 

PART II Conclusions 

During the year of activities more then dozen of enterprises took part in trainings about Lean 
Manufacturing, several dozens of enterprises contacted with WCTT. Two enterprises decided 
for closer cooperation, ASSO Filter was analysed and potential benefits after implementation 

of the Lean Manufacturing were. estimated, Inter Mind realized dynamic implementation 

program and gained impressive resets. The experiences from Inter Mind are very good case- 

study, which could be very convincing for the other SMEs in the region. Also the e-learning 

tools (LeanXeur) have been developed during the project thanks to additional financial 

resources from European Commission. LeanXeur e-learning tools accelerate the learning of 
Lean Manufacturing in SMEs and dramatically reduces the need for expensive consulting 
services cluring implementation of the lean concepts (see Appendix A), 
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Appendix A 
Lean Across Europe LeanXeur — Project Description 

During preparation phases of e4pq programme it was stated tliat e-learning tools could 
significantly speed-up the process of implementation Lean Manufactruing in SMEs and 

reduce or even eliminate the consulting costs involved in the implementation process, %CTT 
team begun to contact with its foreign partners to look for a consortium able to develop 
required e-learning tools. Such consortium were created by University of Limmerick in 2003 
and developed the project proposal named LeanXeur (see www. leanxeur. coin), The 
consortium. received significant support from European Commission within Leonardo 
programme. 

uvww. leanxeur. corn 

o ~ e i a c 1:-o a:8. 4 a'. i i 

LeanXeur encapsulates best practice in LEAN education and training in a user based, on-line 

format for SMEs. The project builds on the following capability and-strengths of the 

partnership: 
l, extensive experience in working with SMEs across European countries 
2, subject matter expertise in the apphcation of Lean Thinking, 
3. development and delivery of e-learning and training for users in Europe and 

4. application of mobile technologies for point of use delivery of learning, when and as 

needed. 
The focus on adapting LEAN training to SMEs, coupled with the use of highly accessible 
learning methodologies are the key innovative features of LeanXeur. 

The project research methodology is as follows: 
l. Survey among SMEs in the partner countries and in the selected sectors to discover why 

LEAN is poorly applied. %hat is stopping its application among SMEs? 
2, Research the most optimum ICT technologies to use in the delivery of training, bearing in 

mind the technical, financial and cultural restrictions of the general SME environment. 

3. The encapsulation of Step 1 into a simplified, adapted core methodology for the 
introduction of a LEAN programme in SMEs. 

4. The encapsulation of Steps 2 and 3 into a training curriculum for Lean in SMEs, 
including e-learning, exercises, network support services and on-the-job facilitation. 

5. Recruitment of a panel of SMEs in the specific sectors to test and validate the 

methodology. 
6. Adaptation of the methodology as appropriate, Analysis of its possible use by individual 

learners. 
7. Translation of the methodology into the languages of the partners — Swedish; Spanish and 

Polish. 





Dissemination materials, including Case Studies, 
promotional literature, press releases, published papers, 
presentations 

User Interest Group electronic conference where 

individuals can address topics related to the 

implementation of Lean in SMEs. 

eneral S~s 
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MEs and from 
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hich support 
MKs. 

Both hard copy 
and on the web 

Web media 
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2004 

The first "demo" versions of the developed e-learning tools are available on the web-page 
www, leanxeur. corn. 
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Wroclaw, 28 wrzesnia 2004 

SXKOI, KNIK Z DOFINANSOWANIKM 

Szanowni'Panstwo 

Symulacja Lean Manufacturing, to jedno z najchqtnie' na 
d'b' k l 

' I 
miesigcach po wprowadzeniu do c klu roduk 

' " ' en' 

mterzalne oszczqdnosci wykorzystywa 
i o cy u pro u cyjnego zasad „szczu le o" m slen' 

ywanego czasu i zasobow. 

'Dlatego z prawdziwg przyjemnoscig pragnq zaproponowac Panstwu 
k 1 J d t 1 I j o y e szczego na, ze dziqki dofinansowan' 

s. ozwoju rzemyslowego- mo gg mm st o y, 
o jego ceny, czyli 312 zI. Dofinans 

s ic aye i re nich Przedsigbiorstw z m sl o 
konkurencyjnosci i efektywnosci. 

s z mys g o podruesieniu ich' 
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Mam nadziejq, ze zarowno atrakcyjnosc n k 1 
' ' 'e 

h„P't oko 
aszego sz o enia ak i fakt 'e 

s orzys ac z naszej oferty. 

Zapraszam serdecznie 

Prof. Tomasz Koch 
Lider Prograrnu Lean Manufacturing 



Poiitechnika A', roclawska 

Wroc$avrskie Centrum 
Transferu Technologii 

i~i~A%t~l 

Formuiarz Zg)oszeniawy 
SYMULAC3A LEAN MANUFACTURENG 

Wroclaw, i8 — 19 paidziernika 2004 

Informacje o firmie 

Pelna nazwa fitmy: 

Miejscowosc: 

Tel: 

Odpowiedzialny za kontakt z O'CTT: 
e-mail: 

Zg4szamy udzial nastqpujqcych osob: 

I. . I'. Imiq i nazwisko Stanowisko Cena 

312 zl 

312 zl 

Upowazniatoy Politechnikq %roctawskg do jednorazowego wystawienia faktury VAT bez podpisu odbiorcy 

Piecz c firm Pod is osob u owaznione' 

Zgloszenie prosimy przeslac pocztg lub faksem lub dorqczyc osobiscie na adres: 

%roc4wskie Centrum Transferu Technologii, ul. Smoluchowskiego 48, 50-372 %roclaw 

Telefon (071) 320-39-12 fax (071) 320-39-48 

50 



Appendix C 
The participant hst of I ean Manufacturing Simuiation training 







Appendix D 
Participant materials for Lean Manufacturing $jggglaf ion, 

Under the licence of University of Kentucky. 
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Plan symulaqi 
9:00 do 2:50, dzien 1 
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~Przebie 

Przebieg 
pod stawowy 

Rozmieszczenie 
konwencjonaine 

Prze I d rzeb. 1 

13:20 do 17. 00, dzieA 1 
P~rzebie 2 

P rzepiyw czqsci 
Sterawanie wizualne 
Kaizen 

9;00 do 12:60, dzien 2 
~Przsbi b 

Jakosc u zrodfa, 
Standa ryzacja 

Pracy 
System ssqcy 

Prze i d rzeb. 3 
l 

13:20 do 1T:00, dzien 
P~rzebie 4 

Ciaigty przeplyw 
' 

Zrownowazoffe obciqieffi 
INontai na zamdwieffie 
Ciagfy Kaizen 

Podsumowanie 



G)opine zafozenia Lean lNanufacturing: 

Maksymaiizacja Jakosci 
Cingle doskonaienie z uzyciem cahj 
dost|;pnej wiedzy i rnozliwosci, 

Iiinimaiizacja kosztow 
Dotychczas: Cena = Koszt + Zysk 
Lean Manufacturing: Zysk = Cene - Koszt 

Minimalizacja Czasu 
Proclukcyj ny czas realizacji 

& Oczekiwany przez klienta czas dostawy 

Grupy okreslajq swoje oczekiwania 

Wybierz liderow grup 
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Lean Manufacturing jest filozofiq wytwarzania, ktora przez 
eliminacjq rnarnotrawstwa, pozwala na skrocenie czasu 
pomiqdzy ztozeniem zamowienia, a wysianiem produktu, 

Konwencjonalne wYbvarzanie 

m4 n~ 

Lean Manufacturing jest filozofiq wytwarzania, ktora przez 
eliminacjq marnotrawstwa, pozwala na skrocenie czasu 
pomiqdzy zlozeniem zamowienia, a wystaniern produktu, 

Lean Manufacturing 



, Sfrumieri wartQSct to wszystkie dziaiania poczgwszy od 
dostawy surowcow az do wysytki do khenta, ktore sq 
podejmowane dta wyprodukowania wyrobu iub rodziny wyrobow. 

Odiewnia Obrobka Montai Dystrybucja Sprzedawca 

Surowiec 

II I I 

Bodawanie Wartoiei 
Dziakania za ktore kHent chce zaplacic, 

Przyklady z produkcji: 

obrobka 

odlewanie 

formowanie 

malowanie 

montaz 

opracowanie 
technologii, 

Przyklady z ushg: 

projektowanie produktu 

tworzenie listy plac 

ekspresowa dostawa 

diagnostyka 

patentowanie ~ 3 
dostqp do internetU 





MARNOTRA%ST%'0 
~ Nadprodakcja 

XspBsv ZAPASY UKRYWAJQ . 

INARNOTRAWSTWO 

PRACA S 
NIATERIAZ MORZE ZAPASQW PRODUKTY 

StABE 
ZNOWNOWA 
ZENIE PRACY 

NIEPORZPIOEK 

SEZPRODUKTYWNA 
OS%VGA 

SULSA 
JAKDSS 

NADEEERHE 
CZASY 

PIQEZBRO JE 

NIEDOSTATECZNA 

KOEI UN IKAC JA 

OCZEKIWANIE 

MARNOTRA%'ST%0 
Nadprod ukcj a 

Xapasy' 

. popyg~ignie bl'skow 01hz b~gdO&v 



MARNOTRAWSTWO 
~ Nad produkcja 

Zapasy 
~ Poprawianie brakow oraz biqdow 

~ Xbqdne przetwarxanie 

Ir ~ 
li 

) 

-'. I 
l 

Nadprodukcja 

Xapasy 

Poprawiauie brakow oraz biqdow 

Zbqdue przehvarzanie 

Zbqdne przemieszczanie materiaku 



MARNOTRAWST%0 
~ 

' Wadprodukcja 
~ Zapasy 
~ Poprawianie brakow orax blqdow 

~ Xbqdne przetwarzanie 

~ Xbqdne przemieszczanie materialu 

~ Nadmieray ruch 

MARNOTRA%STWO 
Xadprodukcja 

Zapasy 

Poprawianie brakow oraz blqdow 

Zbqdne przetwarzanie 

Zbqdne przemieszczanie materia@: 

Nadmierny ruch 

~ Ocxekiwanie 



Nadprodukcja 

Zapasy 

Poprwvianie brakow oraz b/endow 

Zbqdne przetwarzanie 

Zbqdne przemieszczanie materiaiu 

h Nadm&erny ruc 

Oczekiwanie 

~ Straeona kreatvw @otic 

MARNOTRAWSTWO 

Zorientowanie szczupfego podejscia 

WEJSCIA 
SYSTEM 

PROCESY 

WYJSCIA 

Pracownik 
IIIIaszyna 

Mate riai' 

lnformacja 
Srodowisko e 

Produkt 
/Usiuga 

EFEKTYWNOSC SYSTEMU 

I r t o s c 8 a r I | O t ra W S 4 V O = K O S Z t Nieefektywnosc w 
Strumieniu Wartosci 



Wartosc dodana, a marnotrawstwo 
w konwencjonalnej fabryce 

Praca dodajqca wartosc 

Przezbro]enia 

Awarie 

Zbqdny ruch 
narzqdzia ' 

'Produkcja 
niepotrzebnych 
produktow 

~ )~yjI& 

+~areo re~ 
nqnaszyn. 

-' 

Braki 

. Wadiiwe 
Prod ukty 

'Nag azynowanie 

Uszkodzen&a i 

Zepsucie 

Zbqdny ruch Niepotrzebna praca papierkowa 

Oczekiwanie Zmarnowana kreatywnosc 

i 

japoriski 

Praktyki 5 S 

angielski polski 

seiri 

seiton 

seiso 
seikets0 

shitsuke 

sort 

systemiz~ 

sweep 

sanitize 

self-discipline 

selekcja 

systematyka 

sprzqtanie 

schludnosc 

samodyscyplin 



Praktyki 5 8 
- Selekcja — oddzielenie i uprzqtniqcie rzeczy 

niepotrzebnych 

SQSt6lll8bfk8 - poukIadania i stworzenie 

uporzqdkowanego systernu u(ozenia pozostaQch rzeczy 

- SPrZqtani8 - wyczyszczenie, wysprzqtanie i cafkowite 

uporzqdkowanie miejsca pracy i jego otoczenia 

SChlUC!nOSC — utrzyrnanie czystosci, porzqdku i 

schludnosci woke siebie i wobec siebie 

' SamOdySCyplina - stosowanie sarnodyscypliny 
(w)asnego przykfadu), szkolenie i rozpowszechnianie 58, 
dbanie o srodowisko i BHP 

Totalne Produktywne Utrzymanie Ruchu 
Total Productive Maintenance - TPM 

zapobieganie awariom urzqdzen, przez 
poszukiwanie i usuwanie przyczyn ich 
uszkodzen i potencjalnych zakfocen 

zwiqkszenie cakkowitej efektywnosci i 

skutecznosci maszyn i urzqdzen 

obejrnuje kaidego pracownika, caky zakfad, 
od sprzqtaczki po dyrektora naczeinego 





Mercury Marine Video 
Pokaz filmu dziqki uprzejmosci 

firmy Mercury Marine z Brunswick 

Studium przypadku: 
~ Produkcja siinika przyczepnego do &odzi 

~ Forma mapy strumienia wartosci na produkcji 
~ Udokumentowanie stanu aktuajnego przed 

zrnianami 

MERCURY MARINE 

Produkcja obudowy wa/U napqdu 
: 122 kroki, 
: 27 krokow produkcji - tylko 20'/0 wszystkich krokow, 
:-: pokonywana odlegfosc 6339m 

1496 godzin w procesie - okofo 19 tygodni 
:: 106 ludzi zaangazowanych w montaz lub pracq 

"papierkowq" 
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Produkcja I narzedziawnla 
ln spekcja 
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Niesprzedane 
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SIZSONI CZAS IZEALIZACJI 

Dostawy do klianta 
Zarndwiane~ 

Z edna+0 62n. +Nledosl. 

11 min. 40 

Z odne 
0 dzntane 

Nledastarox. 

oak. 

12 

11: 4(j 
Sctysraacar knccta 

Zgaana r Zamowlane 

1$% 
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Rezultaty przebiegu 1 
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~ to ~ ~ 

Przebieg 2 

Trening na temat: 

Kaizen 



Dwa rodzaje Kaizen 
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Bezposrednio 
prodokcyjni 

" K8fz&A rx&~v 
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. -. Kaizen wymaga: 
ciqgIego, stopniowego, bezustannego doskonalenia, 

przez pracovvrlikow na wszystkich poziomach. 

Konwencjonalny model 
doskonalenia 
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Szczuply model doskonalenia 

S 
C I 
0 
fh o 

Cl 

Model 
L'ean Manufactuiing 

Model 
konwencjonalny 

Czas 

Idee Kaizen 

Porzqdek 
Eiiminacja zagracenia 

Organizacja stanowiska 

Czystosc 

Sterowanie wizualne 
Kodowanie kolorem i 
etykietowanie 

Szablony i wzorniki 

Sygnaiizacja 

Narzgdzia 
Szybkie przezbrojenia 
Uodparnianie na b&qdy 

Qprzyrzqdowanie 

; hhetody pracy 
Uproszczenia 
Techniki 

Rownowazenie 

~ Przeorganizowanie 
Przeplyw pracy 

' 

Podawanie / 

manipuiowanie 

Rozmieszczenie 
materia&ow, narzt;dzi, 
osob 



KAIZEN DLA WYPOSAZENIA 

PRZED: Obie rqce uzyte do pozycjonowania czqsci, 
Potrzeba siqgania aby wtqczyc urzqdzenie 
prze&qcznikiem na skrzynce sterujqcej. 

KAIZEN DLA WYPOSAZENIA 

&POTEM: VVfqczenie urzqdzenia stops. 



KAIZEN DLA STANOWISKA 

+ypP 

k pRZED: ElektroniczrIe obwody eiastyczne trudno 
pobrac z palety. 

KAIZEN DLA STANOWISK 

&PIERWSZY KAIZEN: (I) Grzebien do pobierania 
obwodow. 



KAIZEN DLA STANOWISKA 

&PIER'AI'SZY KAIZEN: {2) Grzebien uk(ada obwody 
eiastyczne w uchwycie 
montazowym. 

KAIZEN NA STANOWISKA 

VDRUGI KAIZEN: Ma/a paieta uk/adana bezposrednio 
w uchwycie montazowym. 



KAIZEN DLA STANOWISKA 
j:::5+lH~s&5%Ww— 

Nj 
9 

I 

k odchodzi ze s a 0:P &PRZE racowni t nowiska rnontazu 
na drugs strong regafu aby urniehcic kartq 
kanban w pude)ku. 

KAIZEN DLA STANOWISKA ' 

&POTEM: Pracownik spuszcza karty kanban po 
pochyini prowadzqcej do pude1ka. 



KAIZEN DL B „„E Z N TWA 

&PRZED: Wyginanie sip i siyganie w ceiu 
podniesienia szyby, 

KAIZEN DLA BEZPIEGZENSTWA 

CC~l 

) POTEM: Rega) umoziiwia bezpieczne i szybsze 
podniesienie szyby. 





KAIZEN DLA STANOWISKA 

VPRZED: Wyrnagane jest wygit;cie sip w celu 
pobierania czt;sci. 

KAIZEN DLA STANOWISKA 

VPOTEM: Palety z czt;sciarni sq podwyzszone i opisane, 
koniecznosc wyginania sip zostata 
wyeliminowana. 



Doskonalenle 

~ Zasadrticze dta przetrwania przedsiqbiorstwa 

~ 8qdzie powodowac zmiany 
- 2miana przedmiotu pracy 
- Przekwalifikowanie na inny rodzaj pracy 
- 2orientowanIe pracownikow na: 

~ wieie specjalizacji, 
~ Iepsze wyszkolenie, 
~ wiqkszq kreatywnoM i 

~ cia stycznosc. 

~ Wymaga systematycznego podejscia 

CYKL ZWYCI /ZAJ- 
ZWYCI/ZAJ - ZWYCIFZAJ 

0 

Q 

Inwestuj w Pracownikow 
Szkolenia 
Poczucie wtasnoCci 
Stabilne zatrudnienie 

O 0 
0 
+r 

Powoduj wzrost Firrny 
Rozszerz rynek 
Zwiqksz udziai w rynku 

Pozyskaj nowe rynki 

Sprzedai 

Zadowalaj Klienta 
Koszty (Produktywnosd) 
Jakosc 
Dostawy 





Rezultaty przebiegu 2 
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Rezultaty przebiegu 2 
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Przebieg 3 

Trening na temat: 

Jakosc u irod)a 
Standaryzowana praca 

System ssqcy 

Od owiedziajnolc 
doda' ce owartosc 
~ Qsobi4ci klienci 
~ Udoskonalaj cingle pracy 

~ Wyjasnia problem 
~ Zatrzymuje i rozwiqzuje 

problem 
~ Lokalizuje i eliminuje 

przyczynq 

JAKOSC U 
ZRODKA 

~sssem 

~ Zarzqdzanie wizuaine 



Jakosc u zrod/a 
Zrnniejsza koszt oraz wysi/ek . 

Koszt 
dla flrrny 

WI. ASWY ' 

PROCES 

lysi/ek rnajqcy 
na celu 

znalezienie i 

wyelirninowanie 
wady lub 
probiernu 

KONIKC KONTROLA 
L11VII KQXCOWA ' 

Film 

przedstawiaj icy 
standaryzowanq pracq 



STANDARYZOWANA PRACA 

~ Podziel pracq na elenenty nastqpujqce 
po sobie 

~ Sprwvdz szczegNowo kaidy element 
- ~ Okresl najlepszq melody dla kaidego 

elementu, korzystajqc z zasad oraz 
wskainikow 

~ Utworz oraz nauczaj standardu 
~ Wspieraj standard poprzez zwracanie 

uwagi i powtarzanie 
~ Ulepszaj standard, gdy znaleziona 

zostanie lepsza metoda 

STANDARYZOWANA PRACA 

Podstawe jakoici u zrod1a 

0 0 





Narzqdzie do sterowania systemem ssqcyrn; 

Przenosi informacjy na temat: 
-Co 
- Kiedy 
- Gdzie 

Moze przybierac wieie form 

Film prezentujqcy 
system ssqcy 

Prelegent: Ken Wantuck 
CEO, Ken Wantuck Associates, inc. . 



SYSTEM SSQCY 

='- System dla wydzia/U produkcyjnego 
oraz dostawcow 

Wszystkie procesy polqczorie 

Samoreg Ulujqcy sip, rnanualny 

Wyrnaga dyscypliny 

Gzas Taktu a Czas Cyklu 

Czas Taktv 
to dopuszczainy jednostkowy czas na wyprodukowanie jednego wyrobu w 

tempie wynikajacyrn z zamowien kiientow. 

Catkowity Czas Qperacyjny np. 1 zrniana 
Czas Taktu = 

Ca)kowita VVymagana i(0M 

Na przykfad: 
11:40 czas produkcji = 700 sekund 
dia zrealizowania 50 zlecen klienta 

Czas Taktu = 700 sekund/50 zlecen = 14 sekund 

Czas Cykiv 
to rzeczywisty czas zwykle uptywajqcy rniqdzy chwiiami zakonczenia 
procesu nad koiejnymi dwiema czqsciami 

Czas Cyklu rnusi byc mniejszy lub r5wny od czasu taktu. 



Plan symulacji 
'~ 42. 50, dzien 1 

$4~ 4f'". 9 A@+ 

'l3:20 do 17:00, dzien 1 
~Przebie 2 

Przepiytrtr czqsci 

'I 

rp 

Izing 

Zr6wnowaz &;:l '~ ~', ni 
llllnn tea n a za 
Ci~iy Kaizen 

Pod sumowanie 

9:00 do 12:50, dzien 
~Przebie 3 . 

Jakosc, u 2rodia 
Standaryzacja 

Pracy 
System ssqcy 

F2rz i d rzeb. 3 

Sterowanie wizualne 

e 

Kanban dostawcy 

Wielkasc partii = 15 

I'rzetqcznik 
Uiywany w gnieidzie 4 



Rezultaty przebiegu 3 

~ I 'I ~ 

' l l 

Rezultaty przebiegu 3 

~ t ~ 

~ r ~ ~ ~ ~ 

4 



PIan symulacji 
9:00 do 12:50 dzien 1 

W~st: '4 13:, , ~;00, dzien 1 

akosc u irodta 
Standaryzacja 

Pracy 
System ssqcy 

13:20 do 17:00, dzien 
~Przsbie 4 

Ciqgg przepiyw 
Zrownowaione obcigzeni 
Montaz na zam6wienie 
Ciqgiy Kaizen 
Prze t d rzeb. 4 
Podsumowanie 



Metoda Kick-Out 
=-' Metoda ta jest potrzebna dla zapewnienia, 

kolejnosci na linii w przebiegu 4. 
- Czlonkowie grupy powinni wzywac lidera 

grupy w przypadku pojawienia sip . 

problemu na linii. 

-;. ; Tylko lider grupy rnoze usunqc czqsc z linii 

jezeli staje sip to konieczne. 

'; Lider bqdzie odpowiedzialny za zwrot 
czqsci, jezeli jest to moz(iwe, w 
odpowiednie miejsce na linii. 

Oceny 



Rezultaty przebiegu 4 

~ 'I ~ ~ I ~ ~ ~ 

Rezultaty przebiegu 4 

~ a e 



Strategia Lean Manufacturing 

Doldadnie tak jak zyczy sabie klIent. 

Produkcja jednej sztuki. 

Eliminacja mamotrawstNfa. 

Cingle doskonalenie strumienia wartoscI. 

To wymaga czasu i zaangazowania 
poczqwszy od najwyzszego 

kierownictwa, a skonczywszy na 
kazdym pracowniku. 

Uwagi koncowe 
I 



Appendix K 
Participant materials for Value Stream Mapping %'orkshop. 

Based on the book "Learning to see" translated into PoIish under the translation agreement 
with Lean Enterprise Institute. 



MaPOWafiie r 

Program Eean Nanufacturing 
Nfroclae Cenfre for Techno!ogy 7ransfer 

Napowanie Strumienia Narfosci 
Narsztaty 

Oparte na ksiqrce Nauru sip widziec N. Pother, J. Shook 
Lean Enterprise Insti tute 

I 

Mapowanie strumienie wartosci 

Napowanie Sfrurnienia kVarfosci 
kVarszfaty Szkoleruol4re ~ 

l 

Mapow'anie Stanu 
Aktualnego 

~ Mapowanie strumienia wartosci 
— wprowadzenie 

~ Mapa stanu obecnego na 
przykhdzie firmy ACME 

Stamping 
~ Cwiczenie praktyczne- 

mapowane strumienia wartosci 
w przedsiqbiorstwie 

Mapowanie Stanu 
PrzyszIego 

~ Szczupfe techniki wytwarzania- 
sesja wykfadowa 

~ Mapa stanu przysz$ego dla 
ACME Stamping 

~ Mapa stanu przysziego dla 
przedsiqbiorstwa 

1 
Afapowanie strumieoia wartogci 



L8'BH HBBLffBctNl'llfg - g8'IMzB 

i Taichi Ohno i sukces Toyoty, 
o International Motor Vehicle Study Group w NIT 
~ Womack, jones, Shook 

— „Maszyna ktora zlTiieniIa swiat" 1990 
— „Szt:zup/e myslenie" 1996 

~ Lean Enterprise Institute LEI 

~ 60% firm produkcyjnych w USA wdraza Lean 
~ l ean Manufacturing Program w Polsce od l999 

alIapowanie Sterna'enia Warlodci 

ROCIZBjB rIlBI110tl BWS'tW 

l(~~oOO~~N 

b 

, To ostaan~'oWwwtpf 

, „vv;k6nvrenc)orI aine 
Narrprodvkcla 

Z8paSJ' 
POpretIIeanie brakom oraZ Rqa-;;-p'rOduke, . 'jiiy'CCh&& 

~@dye p~efyygggggge g+~~&g'Bc cgg&MM4MMM~&&~, -'~~~~~~&$ 

Ãacfmiemy rich 
* Qczekhvanie 

Stracona kreatywn048 

Mapowania Shun;mania LVarfodci 



Hapotrtranie Strumienl'a  
S'artois ci 0 . 0 

Cel szkoienia 
~ Zapoznanie uczestnikow z technikq mapowania 

strumienia wartosci, 
~ Rozwiniqcie umiejt, tnosci widzenia przepgwow 

oraz projektowania ksztaKu przyszQch 
(pozqdanych3 strumleni wartosci 
z wykorzystaniem metod i technik Lean 
Manufacturing. 

IWaporrrrsnie Strrrmisnia Wartosci 

DoskonaIenie strumienia warIosci, 
a 

doskonalenie poj ed''nczych operacji 

StrumieA wart04ci 

Operacja I Operacja 2 Operacja 3 

~ ~ 

~ ~ 

Klient 

Surorrrriec Wyrdb gotowy 

Maporrrrsnie Strrrmienis !rVsrtokci 



INapowanie 

Haporirranie Sfrumienia 
Narfoici 

— przesledz marszrutq produkcyjnq wyrobu od konca d~k, p *I *Y "i I k y 
na dostawcy (w gory strumienia wartosci), 
szkicujqc logikq przepiywu materiatow i informac i 

zs pomocct ustalonych s~mboh, 

— naszkicuj maps stanu przyszfego (wskaz pozqdany 
przeptyw strumienia wartosci). 

Meposranie Str~mienia Wartoeoi 

I 

o~lv 

rum 

pi 

p ~crssrsrm o~P ~@~mr g 
tooss ~ 

Mapotranle Strtrmiertia Wartoboi 



Niapowanie 

Roditrta 
produktbw 

2ak korzystac 
z mapowaniaP 

Napa stanu 
obecnego 

Zrozumienie zasad funkcjonowania 
systemu wytwarzania w obecnej 
formic. Punkt wyjscia dia stanu 
pa+danego. 

Projekt szczupiego przepiywu. 

Atapoivenie Stntntienia Wattoict 

SkoncenfrJ usiq na jednej rodzinie 
prodaktow 

Okresi rodziny produkfow po przez: Ce same iub podobne procesy 
(operacje Cechrtoiogtczne) wykonywane na tych samych 

urzydzeniach 

(a nie cechy wyrobu) 

Ppawonl ~ 
pan fnowa 

kpowanl4 
clado 

llalcrl olll ~ 
Iloowarl ~ 
kpaIcolnr 

INonlak 
oprw/lak Tow oloklr 
donariia 

I 
IPklad 

klolorwdckp 

Vklad 
kionnanlary 

Takllea 
plkprkkdpw 

X X X 
X X X 

Udrrrpl 
kdorcaka 

AfaPOckdnle Stndinienia Waltcioi 

n 



Mapowanie 

Nenedzer ski umienia wartosci 
gaidy strumieri wartosci (rvdzina predvktviej poOzebuje menedzera 

Afehlie~ea 
S TRVAfil8hflA 
l4'ARTCC/ . 

Vlyznacz: :i rnianuj NANEDZERA STRUMIENIA 
WARTOSCZ. 

. . '. :: Przyqisz rnu odpowiedziainosc za stworzenie 
mapy stanu przysz(ego i przeprowadzenie 
wdrozenia zawartych w niej pomyskjw. ': Powinna byc to osoba upowazniona do 
wprowadzania zmian na poziomie 
pojedynczych qrocesow jak i migzy nimi- 
na poziomie cargo strumienia wartosci. 

Osoba ta powinna bezposrednio raportowac 
osiqgane postqpy dyrektorowi firmy. 

h4npowanie Sirumienin Wartosci 

Poziomy Strumieai Nfa&osci 

poziom operacji 

tu rozpocznij 
~ ~ ~ ~ 

I ~ ~ ~ 

grupa zak$adow 

fancuch dostaw 

Mapawani e Strumienia !Varfosci 



I 

, Mapowanie 

Rodzirta 
produktbw Napa stan@ obecnego 

NlaPa stafiti 
obecnego 

, . gs', . ' PiZ'ySZkegt2'g':„; 
' 

Zsozvm/enie zasad frrnkcjono wan/a 
systemu wytwarzania w oheonym 
kszta/cie. 

& Uwzgiqdnlamy przepiywy 
materlalowe i lnformacyjne 

& Rysujemy uiywajac ustaionych 
symboli graficznych na kartce papieru 

& Zaczniemy od przeplywu w 
perspektywie ~d drzwi do drzwl 

r Przemieszczamy sly w g6re 
strumienia i zbieramy faktyczne dane 

~ Nie korzystamy z czas6w 
za(oionych z g6ryl 

~ Rysujemy rycznie, przy utyciu 
of6wka I gurnkil 

Piapa stanu obecnego brtdzte 
podstawe ma py stanu przyszlego. 

/rtaporrani e Strtrmierria Wartotci 

STUDIllN PRZVPADKlJ- ACNE 
if C/ttE jest prociucentem seri/produktdw dla przemyslu, motoryzacyjnega 
Przykladciotycry Jednej rodziny produktdw finny: stalowejkonstrukcj/nosnej 
do mooorrrania konsoii. Produkowana jest ona w dwclch odmianach: prawn i 
/ewagtronnej dla telfo same//o per jazdu. Podzespoly wysylane sa do klientar 
ktcirym fest 5tate Stneef Vehicle Assemtr/y plant. 

WY friAGANIA KLIKNTA: 

18, 400 sztuk/mleslqc 
+ 12, 000 szt/rose trpu t (lowoctrorrny) 
+ 6, 400 act/arse typo P (prowastronoy) 

Zaklad klienta pracuje w systemic dwuzrnlanowym 
Spos6b pakowanla: pojemnikl zwrotne, ukiadane na palecie. Do katdhgo z 
pojemnikdw pakowane jest po 20 panelL Na palecle motna ufoiy6 do 10 
pojemnik6w. Kllent zamawla wielokrotno66 palet. 
Dostawa do klienta: raz dzlennle cietar6wiut. 

CZAS PRACY: 
20 dni w miesiqcu 
praca na dwle zmiany na wszystkich wydzialach produkcyjnych 
zmlana trwa 8 godzin. jekli zachodzl take potrzeba, praca wykonywana jest 
w nadgodzinach. 
Na katdy zmtane przypada 20 min. przerwy. Operacje wykonywane recznie 
sR przerywane podczas przerw, 

Mapowanie Strtrrnienia Wartotoi 



Mapowanje 

t?ane dotyczace procesow wytwdrczych: 

Koiejne operncje nastepvjR w przedstawlonej ponlief kolejnoici. Kaida cz 
wymle nlone op era cje. 
1. YkOCZEN IE (presa tioczy czsyjd dla wielu 

produktdw ACRE) 
»' Avtomatyczna, 300 (onoura prana z 

nutomatycznym podajniklem surowca 
w Czas Cyklu: is (6D czeicl na mlnutrj). 
»' Czss przezbrajania: 1h 
»' Niezawodnoid maszyny (dostqpnoid): $5(yo 
»' Proces obsiugiwany przez jednego operators 
»' Zaobserwowane zapasy miqdzyoperacyjne: 

~ S dni w zapasach przed operacjh 
tloczenfa 

0 4, 600 czexd typu L po zakoxjczonej 
operacjj 

Cl ~0 czeid typu P po zakoiczonej 
operacji 

2, SPAWANIE Pt)NKYOWE SYANOW(SKO i 
(stsnowisko dedykowane onsawianej rodzlnie 
wyrobdw) 

»' Proces wykonywany rstcznje przez jednego 
operators 

r' Czas cyklul 390 
w Czas przezbrajania: 1D min. (zmiana 

zamocownnja) 
»' Nj(mawodno& maszyny (doshamoii)l 100o/e 
r' Zaobserwowane zapasy mjedzyoperacyjne: 

(3 1, 100 Caead tyPu 1PO ~j)itj Sir(jrj?ienia War'OiCi 
operacji 

(3 600 cz I u P zskonczon 

tie przechodzi przez wszystkie 

rk an?sano rsonTazows x(dedykowaoe omawlorwj rsdziol» 
wyrsbowl 

pmcss wykoaywsey rscsola prxox iedoeaa eperaloos 
Czas cyklor 4 Zs 

» Czso prxezbrajeo\m os 
el»sow»do»ii (daatguay+): 4004e 

& zeobserwewaea sapasy mlsdzyoperacyJner 
cr s, zoo rosird (ypu L po xurodczonej op»mali 
Q 040 cxsdcj lypu p po ralrmlcaooej operacjl 

S. Onjasno Honyai(rxyy 1 (dedykowaoe oouou»osj roddolo 
wyrrdrdw) 

P Proces wykooywaoy npuola przas le)ossa operators 
P Csas cyklu: 40s 
» ossa przexjuajeaier ss 

Mlasawodoodc (do»tear»wc): Xobea 
P Zsobserwowaoe zspasy w maeesyeu wyrobdw 

salon'nsl: 
z?00 cayju typo k 

0 la40 ccajrd Xypu p 
a. ozzar. Wysytxz 

prxeoosl «sad«I s n eaazyau Wyrob(iw Oolxorrcb ores ~oja do wysyal de keeala. 

STUDIUN PRZYPADEU — ACNE (e. d. 

Nskazoavki dja zespoIu 
Mapa stanu bieiqcego 

Mapowanie stanu obecnejjo: 
~ Przypomnjjmy Sable blejj(CO krokl produkzyjne I eblivrmy CZ)S hjkju 

(w pomjeszczeniu szkoleniowym). 
~ Wszyscy rysuja mapt podclas pobytu na wydilale produkcijnym, 
~ Rysvjemy przepiyuly materiajowe I lnformacyjne. 
~ Zawsze przedstawde sjc opelatorom i powiedzcie, co bcdzissz rob(lb rysowanie przeplywdw w 

yabryce w ramach odbywajgcego jig szkolenla. pokaicie im swoje szkice. 
~ Naleiy wytypowac jeans osobc, ktdrd narysvje maps na tablky na podstawle jysunkdw 

sporzkdzonych przez grvpe na wydziale produkcyjnym. 

~ Naleiy obliczyc calkowiti prodvkcyjny czas przejkia oraz sumaryczny czas przetwarzania. 

jxreaentOWanie ynapy Stanu Dbecnejjo: 
Naleiy wytypowac osobq prezentujaca. 

podczas prezentacji naleiy przedslawic wybrank rodzine pmduktow omz obliczony czas taktu. 
~ Naleiy rozpocu(c od kjlenbj I przeplywu Informacjl w llrmie. 

~ Nash„pnie naleiy przedstawlc wyuikl obllczen sumzrycznego czasu przetworzenia I calkowitego 
czasu przejida czesd, 

~ Jakje sk probjemy, ktore widzimy? Gdzie znaleziono obszsry . pchanla' produkcji I obszary 
nadprodukcjiy 

~ Przedyakutujde pomyaly dntyCZRCe Stanv przyazlegO. 

ltyapomanla Sir(jmia(?is y)ra(", Oioi 



Mapowaoie 

Rodzirla 
Produjtt6W 

Napa stanu 
obecnego 

Proj eke ppanie szcrupPego przepIjtrppu 
~ Ostatecznym cetem mapowanla jest stworzenie 

mopy pobtdanego stanu jald chcemy osiatgnrtc w 
p ray sxlodci. 

~ Wystarczy 70tye wledzy o stnrmleniu w obecnym 
ksztaide- cingle aktuagzuj, Uiywaj ol6wkar 

~ Wiele sxczegdltjw zostanie dopracowanych 
podcxas wdroienia. 

~ Hapuj prxeplywy matertalowe i tnformacyjne. 
~ stapa ~ate stanowi4 Podstawq twojego planu 

wdrofen, 
~ Nofesx rdwnolegfe rozpoczac mapowanie 

(kreslenie ideij stanu prxysxlego (np. lnnym 
kolorem). 

~ Pierwsze podejdcle Pow'moo uwzgfednlaC 
istniejgce krokl produkcyjne i wyposafenie 
(magna przemiesxczat! maszyny, tworzyi:. 
kombinacje stanowisk, prxewidywai drobne 
xaku py) 

MAN Y JEDNAIC PROBLEM! 

Mapoerani e Sirttmienta Wanotci 

Pl'odllkcJB B18ggyyg 
Duie partie, produkcja pchana, nyentaInosc odizolowanych geyser 

Surowee 

"Mapr' 

Zamewlenle 

Cxas dodawanla wartoeei; 
Cxaa prxebywanla w zaldadzle: 

all esty 
Yygodale 

Tower 

Qotawka 

Atapowanta Stntrniania Wartofci 



Mapowanie 

' ' = '-": «g~&--, . "!Warner'a&i 'stwo'do'ifagej'edJrftie czisi koiztj &P. "g, w. :-+ 

Naleiy pamiqtac, ze: 
~ Marnotrawstwo jest raczej symptomem 

problemu nii faktycznq jego przyczynq 
~ Objawy marnotrawstwa wskazujq 

problemy w obrqbie systemu (zarowno 
na poziomie operacji jak i w strumieniu 
wartosci) 

~ Musimy znaleic i okresiic przyczyny 
marnotrawstwa. 

trrtaporrranie Stnrrnr'eni a WartoSoi 

Nadprodukcga, ezyli: 

0 Produkowanie wiqkszej liczby czgsci, niz jest to 
wyrnagane przez nastqpny proces. 

3 Produkowanie za wczesnie w stosunku do potrzeb 
kolejnej operacji. 

Q Produkowanie szybciej w stosunku do kolejnej 
opera cji. 

5fapovuanie Stnrrnienia !Vartofci 



INapowi vie 

Efektytwnosc pojedynczej operacji 
B 

efelrrytttrnosc calego sysremu 

jak szybka jowinnismy produkowac? 

tutapowanie Stntmienia WartoSci 

l Czas take 
a aaron&g~~~&7~~. . . ", &~~Viz'g ~~i. +~~a;~p~m~&~j, &', p~ r: ~~~g~ 

y p p 

g~yD 
' 

to "'i '-i, yiei ';. a zt 
' "', kt' ci ny, K„"' a~yDo'sutosow'uie'-iernpo, :w'jot''arzania. 'aozti. rnpa':zamowj'en', , iictaaerIyc~hptx 

-~ ' t~~Wjiz'nacia':temp™o, 'montazu'na'; jodstivge'. tempa*! epriedazy, , " 

Dostttpny czas pracy przypadajqcy na jedng zmianq 
Gzas taktu = 

Zapottzebowanie kllenta przypadajqce na jednq zmiane 

27 000 s = aa s 
460 sztuk 

tea peweni e Situ mi eni a tVattodcl 



Mapowanie 

Produkcga do supennarketow' 
czy na wysyPkq7 

Mantes 

Na wysy tkj 

Wysylks 

' illlootsk 

Do stt permaIketv 

~'~w~y~. ::, :, ~': 
IMapowanie Stnrmienia Wartosci 

przeppyw ciqgIy (przeppyw j ednej czqsci) 

Produkcfa PP partiachi pchanie 

QtKRH ~ RMc~' — kf+ 
Proces A: tQ mlnut Proces B: 10 mlnut Proces C: 1Q mlnut 

t r ~ 

przeplyw ciygly predulmj jedny sztukg, przemieszczajjednq sztukq" 

Atapowani e Sinrmrenia i@an'ofci 



lVlapowani'e 

Iriytyczty e ptjttkty ptzepIlntafty 
Tam, gdzie kohczy sit; przepiyw j ednej sztuki 

~~a ggggz mme 
Klient 

' 

~ jak sterowac produkcjq pomit„dzy etapaml o ciqgh/rrl 

przeplywie? 

e CZy StOSOWaC prOgriOZy baZujqce na SyStemach MRP? 

ittapcwanie Strumienia Wartozci 

System suey typu supermarket 
1) proces kllenta pobiera z supermarketu to czego potrzebuje i kiedy potrzebuje 

2) Proces dostawcy uzupelnia to co zostalo pobrane 

Karta KANBAN Prcdtatoyirat ' Karta KANBAN wyofagana - — ' ~ —. — ~ r. —. . ~ — —- 
Procss 

dostawcy Procss klier ta 

Nowy Prodvkt 

SUtoERM AR KET 

Prodttkt 
wycisswtrty 

Ceh Sterowanie prod ukcj q mi+zy etepami o ciqgjym przeplywie 
Sterowanie produkcjq procesu dostawcy bez uiycia 
harmonogramu 

l 
Mapowani e St rumi eni a Wartcdci 



Mapowanie 

Sprobuj harmonogramowac produkj cq 
tylko w jednym punkcie w przepIywie 

I: . ::". . I 

Proces 2 . . . . ". " . Plooee 3 

C — FIFO — FIFO 

Plooes 4 

: SUpaIMRfk8t 

Mapowanie Sirumienia Wartozci 

Nieszanie (poziomowanieg produkcji w' 

stymulatorze (montaz) 
Ziy spos6b mieszania: 

Plan rnorttafu 

Poniedzlalek. . . , . 400 A 

Wtorek. . . . . . . . . . . . . . , 100 A, 300 8 

Croda. „. . . . . . . . . . . . . . . 200 8, 200 C 

Czwartek„, . . . . . . . . . 400 C 

Piqtek. . . . . . „. . . 200 C 200 A 

W stymlliatorze 
procesII powlnny byc 
rnozliwe czqste 
przezbrojenia oraz czas 
przezbrojenia b!iski 
zero, 

Lepiej: wsrystkie typy jednego dnia 

Poeledzlaleic 140 A, 100 8, 160 C 

Veszcze lepiej: wszystkle typy na 
1 wysylklt 

Ponladzlelek 

668, 76A, BOG 60B, 70A, SOC 

IHapowanie Sfrumienia Wanofci 



. INapowanie 

Co zdarzy sip w' odchodzonym 
pep/ywie . . . 

G3 
. . . jesii lnaszyna sip zepsuje&+~ 

i ~ . . jeswi brak dostarlie sty do pojemnika 
z dobryml czqsciarol'? 

1 
Afapawanie Saumi enia Wanosci 

Tempo odbierania produkcji ze stymuiatora 

yet jaklch porcjach wieIkosc produkcji jest harmonogramowana i 

odbierana ze stymulatora'? 

, ~ Porcja ta = ustalona podzia&ka czasowa sterowania produkcjq 
(jak czqsto mo2esz porownac wyprodukowanq ilosc z 
zamowieniami klientow'?). 

Czy posIugujecie sip wizualizacjq taktu7 

Yydaian 

Mapowanie Stmmienia Warfodci 





Mapowanie 

Nfskazowki dIa zespofU 
Napa stanu przysztego, ". :"= ' . 

' (: &!ie 
la 

uzyj listy pytaii pla stats ptzyszlsps 
~ Zacznij rysowac na kopiach mapy stanu obecnego 
~ Harysuj wizjq pozqdanego stanu przysziego 

prexentacja rnapy stanu przyszlego: 
~ Ornawia@c poniisze punkty wyjasnij podstawy dokonanego wyboru: 

Czas taktu? 
Produkowac na wysyikj, czy do supermarketu? 

Gdzie pilanujetny qrzepiyw ciqgiy, gdzie zajdzie potrzeba ssania? 
Ktory z procesow zasta! wybrany na styrnuiator strumienia wartosci? 

Gdzie znajduje sip punkt harmonogramowania produkcji i iie wynosic 
bgzie podziaika czasowa sterowania produkcjq? 

Czy zaplanowano poziomowanie mieszania produktdw na montazu? 

Czy wymagane sq dodatkowe usprawnienia procesow? 
3akie sy spodziewane wyniki w zakresie caikowitego produkcyjne 
czasu przejscia? isa@ 

Mapoytyenia Stnymienia Waytoti. i 

I 
Plan osi y @nigeria stanu przyszIego 

Plan wdroien 
~ Nie zwlekaj! 
~ Aby zarzqdzac zmianami potrzebujesz planu! 

— Powiqz go z ceiami biznesowymi army. 
— Podziel maps stanu przysztego na pt;tie. 
— Stworz plan Strumienia Wartosci: Co ma zostac zrobione i do 

kiedy, 
— Teraz sprobuj odniesc swojq maps do faktycznego rozkiadu 

maszyn w firmie (layout'u). 
— Menedzer strumienia wartosci powinien dokumentowac 

przegtqd strumienia wartosci 
— Przeprowadzenie przegiqdu strumienia wartosci 

przeprowadza sip przemieszczajqc haiq produkcyjnq i sledzqc 
przepiyw. 

Mapcttyanie Stytjnjienia Waifcaci 


