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Abstract 

The thesis aims to describe the path that our team has completed over the last few months to carry 

out a project that is about using the tools and theoretical knowledge that we obtained during our 

master studies in Industrial Management/Management Engineering at Politecnico di Milano. In 

particular it regards the application of Lean principles to reduce the inefficiencies in the “Probe 

Head Productive Unit” in Technoprobe. 

We held the kick-off meeting on 28th of October; due to the pandemic we have started a month 

later after attending the training in all the departments alternately. We finished the project on 26th 

of February. 

To develop the project, we exploited the A3 Thinking, Microsoft Excel, Visual Basic, Windows 

Presentation Foundation, Value Stream Map, Gemba Walk, Pareto Analysis, Minitab, Variability 

Analysis, expertise of the company and methodological tutor, professor of the Industrial 

Management course and eventually the knowledge and experience of the operators in the Probe 

Head Front End department.  

The project is developed in the A3 framework structure. 

The result is a reduction of lead time by 3.18% and labor cost reduction of 101,000€ in a year 

considering only the incremental countermeasures, while these numbers are expected to become a 

lot more after the implementation and continuous usage of the radical countermeasures as one of 

them is a structural change that will need rather considerable amount of investment. 

The company tutor and head of the department was very happy with the results since the 

countermeasures introduced have been considered quite useful for their day-to-day operations. 

Apart from these, it is noteworthy to mention that through the regular implementation of the tools 

Technoprobe will be able to win more customer orders since the tools will help to reduce the 

possible delays and problems in the production. 

 

 



6 
 

Semiconductor industry 
The field in which Technoprobe has to compete is wide and highly variable. Semiconductor 

industry took advantages of a world phenomenon that include the utilization of electronic 

equipment and technological instruments as Artificial Intelligence, Machine Learning and Internet 

of things that are in exponential growth.  

The graphs below show the continuous improvement and expansion of the semiconductor market, 

demonstrating the incredible importance it has assumed over the years with the advancement of 

technology. As anticipated, it is possible to see how it has increased considerably from 2017 in the 

following years.  

 

 

Figure 1 Global semiconductor market 

Semiconductor companies play a primary role in the development and research of new 

technologies, field of utilization are numerous, all characteristics suited to attracting investment. 

Figure 2 shows the billions of sales of the major players in the semiconductor field in recent years 

in order to understand how the market share varies in different years.  
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Figure 2 Sales in billion 

As we can see from these numbers representing the sales of the major players in the semiconductor 

market, the environment is highly unstable. Even industry giants such as Samsung recorded a 

decrement in sales from 78 billion in 2018 up to 55 billion in 2019. The changes are difficult to 

predict and so some companies, like in this case, lose market share for not being quick in the 

change, remaining on market sectors generating less sales.  

 

 

Figure 3McKinsey prediction image 2021 
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These variations are determined by global technological changes, as in the case of the personal 

computer which in recent years has recorded a decline in favor of other products such as 

smartphones, tablets, smart TVs, and automotive devices. For example, the automotive sector 

(where growth from 28 to 36 per cent is expected for 2021) are favored as the government will 

incentivize the purchase of cars, as in the case for example of electric cars.  

The criticality for these companies lies in the fact that they compete in increasing number of sectors 

and what is required is not only a greater production capacity to meet the demand but at the same 

time also a certain technological advancement to remain in the market. In this perspective for 

example characteristics important for the chip correspond to size and performance. A constant 

evaluation of the investments is a fundamental aspect for these companies because increasing 

capacity requires investments as it happens for interventions that are required in the different steps 

of the supply chain.  

Company Overview 

Technoprobe is a leading company in the semiconductor industry providing the most advanced 

wafer testing solutions. The company manufactures leading-edge wafer probe cards offering 

design and development.  

Technoprobe was born in a small garage in 1993 in Merate near Milan, Italy. Their vice president 

in one of his interviews said that in the garage they had installed a cutter, a welder, two microscopes 

and a small oven for heat treatments, all of them being recycled equipment and have been 

recovered from the other companies without being charged. They started to make their first 

products - electronic boards which was quite simple compared to today’s sophisticated ones. He 

also said that his dad, suffering from insomnia, spent nights in the garage designing and making 

these cards with a passion. Afterwards some collaborators and employees arrived. After some time 

while they were growing, in 1999 they decided to buy a shed of nearly 1000 square meters in 

Cernusco, near Lecco. Therefore, Technoprobe evolved to be one of the major players in the 

industry working for the high-tech giants.   
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Nowadays Technoprobe is operating in many countries worldwide. In 2001 Technoprobe has 

opened its first expansion outside Italy, Technoprobe France located in Rousset (Provence, South 

France). Then in 2002 taking the opportunity formed in Asia Pacific region, being strategically 

important for the microelectronic industry it launched its expansion in Singapore, which was the 

second largest Technoprobe site with 120 employees at the end of 2019.  

In 2007 Technoprobe introduced first Vertical MEMS technology Probe Head ever sold to the 

market and it has been awarded for “Most Innovative Technology” at Semiconductor Wafer Test 

Conference in San Diego as they presented a revolutionary manufacturing approach for Probe 

Head construction, based on MEMS needles assembled in a vertical configuration. Later, the year 

2008 had been especially successful year for Technoprobe as they expanded into United States 

which is the primary market for technological research and development. Not to mention all, 

Technoprobe followed a quite successful path throughout the years and has been astonishingly 

achieved a number of milestones; recent this year, in 2020, it has inaugurated its China Center to 

service the world’s biggest market by providing local support. In the same year Technoprobe 

jumped to be 2nd worldwide probe card manufacturer with an annual revenue of USD 264M and 

1000 employees.  

Figure 4 Tecnoprobe in world 
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Looking at its revenue chart 

illustrated, we can observe its huge 

success throughout the years by 

increasing its revenue every year. 

In 2017 Technoprobe becomes the 

3rd largest probe card manufacturer 

worldwide with an annual revenue 

of USD 180M. Eventually, in 2020 

it has skyrocketed to its highest 

value raising the company’s ranking to the second place among the probe card manufacturers 

worldwide. 

Technoprobe Highlights 

• Technoprobe nowadays has 850 employees worldwide, 650 of them being in Italy which 

is the headquarters. 

• Technoprobe has planned an investment of more than 100M Euros in the period of 2019/20 

• It has 500+ active patents, about 40 new deposits per year. 

• Company has been awarded several times with: 

o Industrial Felix 

o Financial Attractiveness 

o Best Semiconductor Test Supplier 

• Technoprobe serves many companies most of them being the high-tech giants 

Looking at Technoprobe’s values and its business strategy it is undeniable that customer 

satisfaction and product quality are at the center of their operations. We have made a small research 

and found an approval of Technoprobe’s customer satisfaction which is embedded in high quality 

according to VSLI Research Inc. They also claim that Technoprobe’s customers reveal high levels 

of support and trust with growing market share. Customer’s honor Technoprobe with 5 VLSI Stars 

Figure 5 Technoprobe revenue chart 
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according to VLSI research made in 2020. It has obtained exceptional 9.9 points out of 10 in the 

Field Engineering Support rating.  

Technoprobe has carried out some diversification and expansion strategies as well. First of all, in 

2017 it acquired DA-TOR for 18M Euros which is the Italian company specialized in 

manufacturing fittings and nuts for the automotive industry. Later, in April 2019 it has signed a 

definitive agreement to acquire Microfabrica Inc for USD 100M. M&A deal with Microfabrica 

Inc. being the leader in high-volume production, microscale additive manufacturing marked a 

strategic step in Technoprobe’s growth plans according to the CEO Stefano Felici. He also said: 

“As technological leaders in our fields, joining forces will accelerate both organizations’ 

development efforts, so we can launch a variety of breakthrough products aimed at the SOC and 

memory market segments. Our plan to further invest in Microfabrica will help the company expand 

its capabilities and achieve its global market potential.” 

Taking a glance at the company’s management system we can also see that they place a huge 

importance in respect, protection, and improvement of the environment in which it operates as a 

part of their business responsibility. All the operating processes and facilities are constantly 

reexamined to identify all possible improvements that would reduce environmental impact.  

Just as importantly, Technoprobe perceives the significance of its role in the community and hence 

is committed to development of charitable projects. 

Probe Card  
A probe card is a device used for electrical testing of a large-scale integrated circuit chip on a wafer 

test system, verifying chip functionality. In order to understand the possible utilization of the PCs, 

it is better to explain some essential phases of the chip process. Chip production is divided in 2 

steps: 

• Construction of a multi-layer silicon wafer chip where all the chips are together  

• Chip cutting and consequent packaging  

Also, the testing phase, as in the case of production is divided into two stages:  

- A first test is performed when the chip is not separated, and chip is still on the silicon wafer. 

In this case an electrical impulse is given, and you check how it responds.  

- A second step when the chip is already assembled. 
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Considering these two phases, the probe card is used to control and test the chip when are still at 

the wafer level, so the first type of test. 

The wafer test system is made by 3 different parts:  

- The prober, this disposal has the task of moving the structural wafer and brings it into 

contact with the probe card.  

- The probe card, that is electrically connect to the chip is positioned on the wafer that 

change many times the position in order to test all chips. The number of chips tested in a 

given time interval will depend on the type of probe cart used and characteristics of the 

chip as the technology and size.  

- The tester, that is connected with a computer and a software that is used to do the different 

test routine depending on the type of chip. 

The probe cards must be very resistant; in fact they can work from -40 degrees up to 200 degrees 

and must also guarantee the customer one million touches, i.e., contacts with the wafer. 

Typology of probe card  

The main typology of probe cards produced by the company corresponds to:  

Cantilever probe card composed by:  

- Main PCB  

- Mechanics that uses a spider that is directly soldered in the main PCB  
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This solution responds to the need of the semiconductor market that requires a more performing 

product with reduced dimensions and it is less affected by the high variations in temperature during 

the tests. 

Vertical Probe Card is composed by: 

- Probe head  

- PCB  

- Interconnection 

 

In this solution having short needles and vertical contact with the wafer, this type of probe card is 

used to test very small chips and its sensitivity is more suitable for the measurement of small pads 

and high frequency devices. The interconnections can be of different types according to the needs 

and the types of chips to be tested, so they can be customized according to the customer's requests.  

In general, there are 5 main types of interconnections:  

- Space transformer  

- Interposer  

- Hybrid interposer  

- Direct attach  

- MLO/MLC 
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The probe card market now corresponds to a mature market, therefore new entrants are struggling 

to overtake companies that have been operating in the sector for some time both in terms of design 

and reputation. In a general perspective, the major drivers for this market that lead to growth 

perspectives is an increasing demand in integrated circuit market that correspond directly to an 

increase in the wafer size, in order to test more products at the same time.  

Probe head  

The probe head is the part that remains more external in the probe card, the one that goes to contact 

the chip directly. The probe head is very delicate and requires attention in handling and exposing 

critical temperatures. The material is a ceramic layer, but inside the probe head also metal parts 

(housing) and spacer frames are positioned between layers. This is because the probe head must 

have certain dimensions and weight, so it is not possible to fill the entire volume of ceramic layers. 

 

In the department all these processes are carried out with a margin of error at the micron level, 

which is why the machines present in the department are highly precise and operators are highly 

specialized. Represented here the internal structure of a probe head, including components just 

mentioned.  
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As it can be seen from the figure, precision is highly important because the needle must be inserted 

manually or automatically inside, so the holes must have the right trajectory for the insertion. An 

important thing to take into consideration is the fact that within the company not all needles are 

inserted in the probe head back-end department, most needles are assembled directly by the end 

customer once the probe head is received. 

A3 Thinking 
The project of Industrial Management Lab focuses on the Probe Head Front End department, 

following the company direction that has already approached the lean direction. Under this 

perspective the project to which we are assigned has been addressed following the A3 thinking. 

The A3 thinking is a methodology used in companies to support problem setting and problem 

solving. It underlies the basis of the lean methodology and its popularity made it even today one 

of the most widely used methods. Focusing on the method, the robustness of it is given by the fact 

that its output is objective and rational, so it is possible to share results and interpretations among 

people affected, without the influence of who wrote it and with no risk of misinterpretation.   

The reason behind this fact stays within the approach, the method is profoundly scientific because 

it is based on direct observations and data collected on the field to understand the problem 

addressed, with the help of visual charts and tools, for the purpose of developing countermeasures 

with solid foundations.  
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The A3 takes inspiration from the previous PDCA cycle that shares the idea of the continuous 

improvement of the processes following this cycle.  

The model is based on the essential phases of:  

- Plan: in this phase you have to understand the nature of the problem, understand which 

resources you have and what it is needed in order to solve the problem. It corresponds to a 

critic phase because it requires the involvement of people with different roles in the 

department. Because usually problems comprise processes that require technical 

knowledge, people that it is more dedicated to a specific phase is also more aware of the 

problematic that are addressed daily. 

- Do: this is the phase to put in practice what has been defined in the plan phase, sometimes 

something unconsidered can occur for this reason an implementation in a small 

environment is in some case preferable, where you can better control the different variable. 

In fact, it is the phase where you can practice the method and make adjustments where 

needed and also measure the response variables of the action taken.  

- Check: this is the phase where you have to check the result achieved in the previous phase, 

understanding what is working and what’s need some corrective action. 

- Act: this is the final phase, if everything seems correctly developed in this phase it is 

required to implement the solution but the important aspect to keep in mind is that it is not 

a point of end, but the improved process becomes the starting point for new actions.  

 

Figure 6 PDCA cycle developed by Deming 
(1990-1993) 
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The PDCA cycle is just the logic that stands behind the A3 thinking because the sections of A3 

thinking are: 

1. Problem background  

2. Problem background-current situation  

3. Target  

4. Analysis of Root Causes 

5. Develop Countermeasures 

6. Implement Countermeasures 

7. Monitor Result and Process  

8. Standardize and Share Success  

 

 

Figure 7 A3 thinking template 

The important elements that are part of A3 thinking are:  

1. Logical Thinking Process, it promotes the way of thinking typical of scientific approach, 

it requires to not jump to the solution driven by intuition but to think in a cause-effect logic. 

2. Objectivity, the process has to be supported by data, take measure on site when it is required 

and understanding through analysis quantitative data, in few words, it is required to be 

more objective as possible. 

3. Result and Process, the focus of the A3 thinking embodies also the process followed not 

only the result, in order to have a more schematic setting in solving actual problem. In this 
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way paying attention to the process, allow to avoid the risk of facing similar problems again 

in future. 

4. Synthesis, Visual, Distillation the graphical communication and the utilization of visual 

tool is encouraged because correspond to a direct communicative method that remark 

instantly the problem more than texts and long lists of details described in words.  

5. Alignment, it highlights the importance of the collaboration and sharing of information 

between various employee with different background and knowledge from different areas. 

It underscores the importance of different point of view in the evaluation of problematics 

and in the way to develop solutions. 

6. Coherency and consistency: the different sections are not separated one from another, the 

element and the facts reported in a determinate section are directly link to what is reported 

in the previous section. 

7. System viewpoint: it is not related to a single function in the company but includes in its 

preparation connection of different processes till the big picture that is comprehensive of 

dynamics in it. 

Productive Process 
Laser processes 
The production process of the department Probe Head Front End represents different operations in 

sequence where the final product can be very different depending on customer requirements. The 

biggest differentiation that is possible to consider in this manufacturing area is the one relative on 

Machine and the Manual one. The Laser part is not completely automatic, and it is essential the 

presence of operators to accomplish programming operations on the machine, the piece positioning 

on the machine and in addition other intermediate operations. 

 microscope. 

 

 

1. The first step corresponds to the selection of the raw material, there are two warehouses of 

raw material, the biggest one is downstairs and the other is positioned in the department 

near laser machines. The larger has the function of warehouse for the smaller one and an 

        RS MODE        LASER  
     LOWERING 

    LASER 
DRILLING AND 

CUTTING  
   MEASUREMENTS      PLATE 

WASHING  
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operator has the task to refill the one in the department, usually this operation is 

accomplished in the morning. Before drilling, the operator goes to the warehouse, select a 

new layer of ceramic material or one with some parts already consumed in other projects. 

In order to avoid problems after other operations in the later stages, the operator measures 

the width and the thickness of the plate using a microscope that is shared also with other 

areas of the department. 

2. The second step consists of lowering the plate using a dedicated machine, it is not an 

operation that is always necessary for all types of plates, but the majority of customers 

requires it. We have considered the forecasted data that we have which is around 60% of 

the total corresponding to lowered plates. In this case the height of the plate is not the same 

but it is lowered in some part, so the surface is not completely uniform, the operation is 

quite fast, and operators are only partially dedicated to this operation.  

3. The laser drilling operation corresponds to the operation that requires more specialization 

because product and process is very variable. This phase represents also the phase with 

higher time required in the entire department. The operator in this case, takes the plate 

manually and positions it in an auxiliary metallic tool which is called GIG. After the plate 

is inserted in the laser machine and the technical parameters are set in the machine with 

respect to the sheet model run, the machine can start its operation by using the drilling file 

present in the computer near Laser machines. The process requires a high number of hours, 

given the average performance of the laser machine (2100 holes/hours) and plate with 

number of holes in some case is superior to 50000 holes.  Laser machine also performs the 

cutting operation before the drilling, in this case the time required is less but not only plate 

are cut in the department. For this reason, it is possible to find 2 machines in the department 

entirely dedicated to the operations of cutting the frames, in this case the pool of lasers can 

be more flexible in case of a last-minute customer requirement. At the end of the laser 

operation the operator is required to perform the unloading of the operation by positioning 

the plate outside the machine another time on a specific jig positioned on a cart to take it 

to the next step.  

4.  The following operation is consisted of the washing of the plate coming out from the laser 

machine. In this process water and ultrasound is used in sequence in order to remove 

particulates of the ceramic material – residue of the drilling process. Operators are not fully 
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dedicated to this process, often an operator waits for the end of some steps of process from 

different laser machines, so plates are accumulated, and operator can make the cleaning 

and the drying of more plates in single time.  

5. The final step of the process related to the laser side of the department includes a detailed 

checking regarding the quality and the size of the holes in the plate. Plates are positioned 

on a machine with a precise microscope because of the low tolerance in the measure of 

holes. At the moment it is possible to find 4 measurement machines in the department, 3  

of these machines are positioned side by side and the other one occupies an arbitrary 

position in the department.  

The microscope check is automatic, but it is required at the same time the presence of 

operators that control the machine during the process. Operators have to control the proper 

functioning of the microscope and it is important to be ready to intervene in case something 

is detected. In addition, he performs the placement and the setup of the machine. The 

control is based on a system of cartesian axes so the plate during the process, thanks to 

mechanical devices, plates can change position different times compared to the initial 

position. In case the data of the control process for the plates respects specifications for the 

typology of probe head, plates can go forward to the next step.     

Manual processes in the department 

As we have already mentioned it before, there is also a set of processes in the department which is 

mostly manual. This set of processes consists of acid washing, gluing, sandblasting, and chemical 

washing, parylene and sandwich phase. 

Acid Wash 

After measurement and control there is another washing phase which is acid wash that is performed 

with hydrofluoric acid solution. This process is done in order to remove the residual impurities 

through acid-based washings. Moreover, the air can enter the holes during the drilling, and this 

can cause the decrease of energy by some oxygen molecules and if not removed, it can lead to 

short-circuits or leakages. It can take several seconds or maybe sometimes a couple of minutes 

depending on the material of the probe head. Then another washing with demineralized water and 

ultrasound machine is performed. Later the drying of the plates and manual measurement of the 

thickness of the plates that make up the probe head is done. 
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Gluing 

Gluing is the most critical process in the PH FE department as it is 100% manual. This process is 

yet to be automatic too as it is already in the test phase and will be installed soon. In this part of 

the process operator glues the plates which make the upper and lower package according to the 

technology. There is a working station where the pieces are put on the working pallet near the 

operator, and he/she takes the corresponding document to make the packages aligned with the 

specifications. The gluing takes nearly 20-30 minutes per sandwich, but this can take even longer 

or shorter according to the size and type of the sandwich. After having glued the plates, the operator 

inserts a jig on it and he uses a striker that applies 1 Newton force on the plates. After this step, 

the sandwiches are put in an oven for 2-3 hours with a temperature of 200 degrees Celsius. 

Currently there are 4 ovens in the department with two of them having a capacity of 12 PH at one 

time, one with 8 and one with 4 PH.   

Sandblasting 

Depending on the type of ceramic, for some of them sandblasting process is realized. This process 

is executed by means of the appropriate machine and it is done in order to remove the extra glue 

that can come out of the edges after the gluing process. The sandblasting cleans this extra glue and 

helps to avoid aesthetics issues applying pressure with bicarbonates on the piece. Later the pieces 

are washed in demineralized water with the ultrasound machine to remove the bicarbonate 

residuals. After this point all the pieces have to undergo some activities depending on some points: 

• The thickness of the different pieces is measured with a measuring tool and if the thickness 

is not within specifications, it is sent to the engineering department to define whether to 

register them as scrap or to move it forward. 

• It is needed to check if the holes are closed or if they have some dirt inside the holes. This 

is done by means of an optical tool. 

• The lineup of 4 reference holes has to be verified by means of W**** control as these holes 

are used to assemble different pieces together which is carried out in sandwich phase. 

• The pieces are washed with an ultrasound machine and then are dried in the oven. 

Parylene 
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The next and the last phase before the sandwich, is parylene. Parylene is a thin film that is applied 

to lower and intermediate layers to facilitate the smoothness of the needles and to avoid short 

circuits between the needles as they have to pass through the holes of probe head. This process is 

quite a delicate process and takes a fixed 90-120 minutes that varies considering whether the 

machine goes empty or not.  

Sandwich 

The last activity before sending the set to probe head backend department to insert the needles is 

sandwich phase where the set is assembled together with housing that comes from the mechanical 

shop. After measuring the thickness of collected parylene on the surface it goes to sandwich phase 

if everything is according to the specifications. Normally there are two operators working on 

making sandwiches in the department. They deal with assembling lower and upper layers with 

housing. The operator takes the document from the shelves and uses the respective run-sheet to 

make them aligned with specifications. After putting all parts together operator checks the final 

thickness of the sandwich to see if everything is under specifications or not. When everything is 

under control and met with specifications it goes to backend department and initially 5 needles test 

is performed to understand the showdown and running characteristics of the needles. If there is a 

problem with sandwich when performing this test, the set has to go back to the frontend 

department. After the 5 needles test, the insertion of needles has to be realized. If the number of 

needles is less than 5000 then this process is manual, otherwise automatic, but only in Technoprobe 

Italy worldwide. Following the insertion of needles lapping is done for the needles to have the 

same height. After that probe head is completely ready to be assembled with PCB. 

A3 Framework 
Problem Background 
Our project focus was Probe Head Productive Unit which consists of two departments: Probe Head 

Front End and Probe Head Back End. In front end department the sandwiches are made and in 

back-end department needles are inserted onto them. After discussions with our company tutor, 

we have decided to select Probe Head Front End department as the main area of our focus because 

the optimization of the back-end department depends on the performance of the front-end 

department since only less than 20% of what front end produces continue to back end, 80-90% of 

them go directly to the customer as most of the clients prefer to insert the needles themselves. 
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However, we will show some radical implementations where we have taken into consideration 

also the back-end department. 

The project we have been assigned is as the following: 

Looking at this and taking into consideration some necessary points we have to define the problem 

statement.  

First of all, the main thing that the company cares about is the application of lean practices within 

departments. Another point is that the problem that we focus on should be in a size that is 

manageable in a time period we have available which has been affected by the ongoing pandemic. 

Instead of starting in October we have started in mid-November which was due by mid-February.  

Taking into consideration the abovementioned point we have decided to select the following to be 

the main ones among 7 wastes of Lean having impact on high lead time and also the ones that we 

can deal with by implementing some countermeasures.  

• Motion – the kind of waste encompassing the movements of employees which are 

unnecessary as a result of which some injuries and damages can occur leading to extended 

production time. 

• Waiting – the waste occurred whenever tasks are not moving. It is the easiest waste to 

identify.  
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• Defects – the kind of waste that causes rework or scrap which in turn leads to need of 

production again or from any point in production flow and this certainly comes with 

additional labor and machine hours.  

According to all abovementioned, we can define the problem statement: 

There are some inefficiencies in PH FE department of Technoprobe in terms of motion, waiting 

and defect and the lead time is high in the department. 

Problem Breakdown 
In order to understand the problems that are present in the department, two different methods were 

used: 

I. Inefficiencies detected through the use of GEMBA walk inside the department, observing 

an everyday situation and talking with operators taking notes on the details detected.  

II. Inefficiencies detected through the use and interpretation of the Value Stream Map  

 

Gemba Walk 

The term “Gemba” comes from a Japanese term used in Lean Manufacturing and its meaning is 

simply “the real place”, this is to emphasize the reference to the most important place, the 

department, because it is the place where the work is physically done.  

 

 

 

 

Figure 8 Fundamental of GEMBA: Observe, Recognize and Communicate 
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Movements 
The first thing observed in the department was the redundancies of movement carried out by 

operators, the direct consequence is a waste in terms of time. However, the impact of movements 

is not only time related but also it has consequences in the quality of the finished product.  

In fact, holding a plate makes you realize the delicacy of the material, for this reason handling the 

ceramic plates around the department as well as climbing and descending stairs can bring to 

qualitative problems. Moreover, in the transfer from one area to another the change in temperature 

may have an impact on the final quality of the product. Firstly, we performed a quantification of 

the time waste as a consequence of redundancies in movements. Consequently, we decided to 

follow an entire process from the beginning so from the first phase (incoming material warehouse) 

till the end corresponding to the Final Assembly of plates (Sandwich Phase). The department 

actually is organized on two different floors, this organization was considered addressing safety 

reasons as well as space constrain. For analyzing the redundancies in movements, we used a visual 

tool very frequent in mapping processes in manufacturing areas: The Spaghetti Chart.  

 

A spaghetti chart uses the layout of the department where activities are carried out and it is used 

in order to map a path followed by the material in the different steps of a process. The first floor 
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where the greater part of the department is situated, includes both processes performed with 

machinery and the manual ones and in the ground floor there is the sand phase and the acid phase. 

We decided to make a distinction based on the critical level of the track walked by the operator 

Black movements: the movement takes place in the same floor, time required for it that remains 

lower than a minute and a not elevated handling of the ceramic plate.  

Red movements:  different floors, the operators use stairs in order to accomplish the task of acid 

attack and the sandblasting phase after the gluing process, time spent is greater than a minute and 

the handling also is critical. In this case, additional instruments are also used for transportation as 

trolley and cases for the material.  

 

 

 

 

 

 

 

 

 

 

 

 

 

The result shows us that on average for an entire process 6.55 minutes of operators are required, 

this value corresponds to movements accomplished for only one sandwich. The time indicated is 

Initial  Arrival Time required 

 
Incoming material Set Up  27 sec 

Set Up Lowering 13 sec 

Lowering Laser 10 sec (avg 

Laser Clean and dry 15 sec 

Clean and dry Acid phase 75 sec 

Acid phase Measurement and control 85 sec 

Measurement and control Gluing 12 sec 

Gluing Oven cycle 10 sec 

Oven cycle Sand phase 66 sec 

Sand phase Measurements 67 sec 

Measurements Parylene phase  5 sec 

Parylene Sandwich 8 sec 

 

Total seconds 393 

 

 

Total minutes 6.55 

 

Figure 9 Spaghetti Chart PH Front End Department 
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not charged on a single operator because the tasks are not assigned to the same operator because 

everyone is only partially dedicated considering the entire process.   

Based on the actual data received by the company we estimate a daily production around 24.4 

sandwiches daily. A number that can only increase in the future taking into consideration the 

positive trend in demand for the department.  

It is also important to consider that the represented one is an optimal situation because it represents 

the case that an operator accomplishes each line only one time. On the contrary, the availability of 

equipment (es. microscope, documentation), instruments that are not duplicated increases the 

incidence of this type of waste, as sometimes the movements are performed only to check if the 

equipment is occupied. 

Based on the previously defined output rate and the number of minutes waste in movements that 

have been calculating with the Spaghetti Chart it is possible to find the overall value in a day of 

activities:  

𝑇𝑇 = 𝑡𝑡 �
𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑡𝑡𝑚𝑚𝑚𝑚
𝑚𝑚𝑠𝑠𝑚𝑚𝑠𝑠𝑠𝑠𝑚𝑚𝑠𝑠ℎ�

∗ 𝑚𝑚 �
𝑚𝑚𝑠𝑠𝑚𝑚𝑠𝑠𝑠𝑠𝑚𝑚𝑠𝑠ℎ
𝑠𝑠𝑠𝑠𝑚𝑚𝑑𝑑𝑑𝑑 � = 6,55

𝑚𝑚𝑚𝑚𝑚𝑚
𝑚𝑚𝑠𝑠𝑚𝑚𝑠𝑠𝑠𝑠𝑚𝑚𝑠𝑠ℎ

∗ 24,4
𝑚𝑚𝑠𝑠𝑚𝑚𝑠𝑠𝑠𝑠𝑚𝑚𝑠𝑠ℎ

𝑠𝑠𝑠𝑠𝑑𝑑
= 159,82 𝑚𝑚𝑚𝑚𝑚𝑚/𝑠𝑠𝑠𝑠𝑑𝑑 

Total amount of movement time/day  159,82 min/day 

Hours waste in the movement/monthly 79,91 hour/month 

  3,329583333 days/month 

  40 days/year 

 

In a yearly perspective, a total around 40 days corresponds only in movements of operators. 
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Gluing inefficiency 
As we have already mentioned before, gluing is one of the most critical processes in the department 

as it is mostly manual. The company already bought an automatic gluing machine, but currently 

only one of them is in use and it is located on the ground floor. However, as the process is mostly 

manual for the moment and the layout of the area is not well-structured, there are a lot of not value-

added activities during the full procedure. We have made direct observation to understand the 

overall process and movements within the area better that is not value added on an average basis 

and we have built a spaghetti chart to be able to see it visually. 

  

Two colors used represent both operators, the black line shows the movements completed by the 

manual gluing operator and the red one shows the operator dedicated to the automatic one in the 

bottom floor. We have observed and recorded the time for every activity that takes to finish up 

only one set for both of the processes together. Results can be seen here in this table: 

Manual: Time in seconds 
from station to incoming material 15 
from incoming material to drawer 7 
from drawer to station 11 
from station to material out 27 
from material out to station 9 
from station to pressure 10 
from pressure to carrello 34 
from carrello to oven 90 
from oven to pressure (disassembly) 75 
from pressure to drawer 14 
from drawer to station 14 

  
Automatic:  
from first floor to pressure 125 

N. EQUIPMENT 

 

 

The plates to be glued are positioned 
altogether in a shelf, in the same place with 
material utilized in the sandwich area 

  

The drawer contains the jig for both processes: 
manual and automatic gluing without any 
differentiation 

 

 

 

The pressure systems are placed on two desks 
without logical order and on different lines, that 
makes it difficult and long to reach the ones in 
the back. The positioning of these is performed 
on the trolley used for moving them to the oven 
area.  Figure 10 As-is Gluing Workstation Spaghetti 
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from pressure to oven 97 
from oven to pressure 75 
from pressure to drawer 12 
from drawer to first floor 130 
Total (minutes) 12.42 

                                                                            Table 1 As-is Gluing Workstation Activities 

We have also calculated the average cycle time of the gluing process and it resulted to be 24 

minutes. This means that 12.42 minutes and thus about 52% of the overall cycle time consists of 

not value-added activities1. 

Apart from this, we have been told by the operators that there can happen some damages during 

the gluing phase and that can increase the rework cases. These reworks/repairs in the gluing are 

mainly caused by the critical handling of the plates and the manual operation itself. 

Following this, to understand the impact of these redundant activities in gluing phase we decided 

to calculate corresponding labor cost. To do that, we have used the target plan for next year (from 

October 2020 to December 2021) where we have the data of the target sandwiches out weekly. We 

have found the monthly numbers of product out from there. Then we have calculated the time 

wasted in gluing phase by multiplying the monthly number of sandwiches by 12.42 which is the 

not-value added time we calculated for one sandwich in gluing phase. Following this, considering 

30 Euros of hourly labor cost we have estimated monthly cost and then found the average of all 

months to be around 5,600 Euros monthly. 

 
Sandwich inefficiency 
One of the critical areas in the department is sandwich as the process is fully manual and everything 

has to be done attentively based on the specifications that operator read from a paper. In order to 

analyze the current situation in this phase we have again performed a direct observation which 

enabled us to witness the process closely and to notice the inefficiencies. We have made the 

observations for 4 different sandwiches from the beginning of the phase till the end. We have listed 

this time all the not value-added times happened during the operations of each set. These activities 

were: 

 
1 This percentage has been assumed to be the NVA percentage of only manual operations (for one sandwich) since 
in the direct observations of manual gluing we have measured quite variable percentage of NVA, in some 
observations being higher than 60%. 
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 Going for the control microscope and back 

 Searching for the name of technology in the dimensional specifications table (sometimes, 

especially when it is a rare technology, it takes some time to find it) 

 Registration of the data on the paper manually 

 Waiting 

 Clarifying the problem occurred with other operators etc. 

As we have recorded all these times, we have then calculated the average time that these redundant 

activities take and estimated the percentage of NVA time over average total time spent for all 4 

sandwiches. 

 

 

                                                                                Table 2 Sandwich VA & NVA time 

It resulted to be around 60% of the total time, which is quite an important number to consider. 

Taking into account the daily sandwiches we can estimate monthly approximate wasted time due 

to the redundant activities in sandwich phase: 

23.4 ∗ 24.4 ∗
30
60

= 285.48 ℎ𝑜𝑜𝑚𝑚𝑜𝑜𝑚𝑚/𝑚𝑚𝑜𝑜𝑚𝑚𝑡𝑡ℎ 

Therefore, building a direct correlation between the wasted hours and monthly demand we have 

estimated the numbers for each month from November 2020 to August 2021 and considering 30 

Euros of manhour cost we calculated the labor cost impact of this phase in the department to be 

nearly 10,000 Euros per month. 

 

 VALUE STREAM MAP  

 With regards to the second methodology that we have mentioned before, first thing we did was to 

understand which type of technology is to consider. The evaluation of technology is a critical step  

Average NVA Average VA % of NVA over Total time spent 
23.40 16.10 59.23 
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because since the product is highly customizable, the department produces more than 78 

technologies in terms of production processes. Having the table with the characteristics of all 

technologies, in order to choose one of those we have taken into account technologies where the 

process phases are shared because some technology has less stages. We also decided to take into 

account a product highly required and a technology that is critical because the number of holes is 

considerable (51,000 holes) for each plate. The different WIP before the laser was represented.  

After asking the daily WIP to send every day the planning to the department with all processes 

that have to be made during the day.  

Regarding the cycle time of the different phase the 

measures have been taken directly from us in the 

department, asking to the various operators to signal us in 

the moment that they had to perform the task on 

technology earlier mentioned.  

The time for the lowering was taken directly from the data 

present in the computer that is next to the machine that records the different time regarding 

products worked within the machine. 

Figure 11 Value Stream Map of the department 

From the Value Stream Map, it is possible to observe that a high WIP is present in some stages, 

for example: directly before the drilling process carried out by laser machines, that corresponds to 

Colors in WIP 

  Prj measurement done, ready for gluing 

  Prj ready for drilling 

  Prj drilling under way  

  Prj already drilled ready to be measured   

  Prj On-Hold 

  Prj Engeen Group 
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the same time to the most burdensome procedures in term of cycle time for the high number of 

holes in the plate.  

Idle time2  
An important component that directly affects the WIP before the laser machines is stand-by time 

of the machines. The laser machines are provided with a computer that can monitor and store data 

about performance which are periodically controlled. 

There are different situations where the idle time can be manifested in the area for laser machines. 

We will only talk about the following ones: 

Stand-by No product: in this case the laser machine is in stand-by because there is not any 

technology to process or just because of the lack of demand. Laser machines are not all the same, 

characteristics are different and also the internal instrumentation can be different. Example of this 

fact is that in the current situation 5 laser machines in the actual pool of machines because of lack 

of long axles and cameras inside cannot work lowered plates. The demand of lowered plates 

corresponds also to the majority of plates in production; we can mention weekly production of 869 

plates, 517 plates correspond to lowered plates, so around 60% of plates are lowered.  Another 

aspect connected to technologies to consider is the fact that a specific technology is needed for 

calibration of the laser machine before being drilled so the action taken always is to allocate 

technologies to the same specific laser machines, but this can mean to increase the value of standby 

of other machines. In general, standby no product percentage is considered to be 14.5% after 

making some adjustments. 

Considering the actual performance in terms of number of holes: 

Table 3 Idle time no product 

The delta difference in this case represents the difference in terms of a single hole that the 

department could reach in case of removing the idle time no product.  

 
2 All the data used in this section has been extracted from a report of a specific week 

Actual 

Performance 

Performance 

without no 

product 

Number of 

operators 

Total 

Operator 

Hours 

Total cost of 

operators 

Optimal 

Performance 

Cost Actual Cost 

Delta 

Difference 

19191212,00 21973937,74 15,99 2686,76968 80603,0904  €            0,0037  

 €            

0,0042  

 €          

0,00053  
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Ideal labor cost saving related to this factor would be around 21,000€ monthly considering the 

future demand, however reducing this value by a considerable amount is not achievable given the 

difference in terms of technology of laser machines. That is why we can achieve to save only some 

part of this cost.  

Pareto of technologies 

In order to estimate the variation in demand we have been provided the forecasted data of 

sandwiches for technology. In fact, the standby values can be related to repercussion of the 

variability of the demand. As it is possible to see from the image, volume for technology does not 

have a fixed value monthly, this type of industry requires a high capacity for the department to 

satisfy the change in demand in a short time. In order to understand which technology impacts the 

most in the actual production of the department we decided to divide the products actually in 

production to 3 different categories: A, B and C. The A are the technology produced more 

considering the number of sandwiches out, followed by the B category and C. In order to divide 

the production in class we decided to implement the marginal approach technique, always using 

the forecasted trend data that we have been given by the company. 

 

Figure 12 Pareto for technology 
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Variation of technology 

The sandwich requests also considering the same customer is not uniform taking into consideration 

different months. Starting from the forecasted data, our team performed an analysis in order to 

estimate the impact as a percentage of the total production of the department. The variation 

connected to the period corresponds to an important factor to take into consideration for the 

department as the capacity and the characteristics of laser machines shall be in line with the 

variations. It is also possible to consider the purchase of new laser machines considered for 

example that the TECHN 1 shown in the table consists of lowered plates. For this reason, it is 

necessary to increase the drilling capacity of the laser machines provided with camera.  

 

 

Setup time 

The performance of laser machines is affected also by the setup time in the department. As we 

have already mentioned the product is not standardized at all. So, also the parameters of the 

machine have to be set in relation to the type of technology to process. 

The machines are not standardized and sometimes it could be that some machines are indicated 

more for a certain type of technology, the tendency therefore is to work with a higher frequency 

on a determinate laser machine for a particular technology. In case of a higher number of holes to 

perform on each plate, with drilling times that can pass 20 hours, it is also possible for example 

that the lower, middle, and higher plates are assigned singularly to different machines. 

In fact, in case a machine works a specific technology in 2 months but in the following period does 

not perform the same technology, the setup on the machine has to be performed by the operators. 

A problematic situation emerges in case of wrong choice of laser machine to perform the drilling 

Figure 13Technology variation monthly 
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phase not considering the past production or the adaptability of laser-technology. Another case 

where a setup is required is after the machine has been maintained, but in this report, we will not 

focus on the setup from this aspect. Value of setup provided by machine corresponds to 1.9% of 

the total time available that corresponds to around 384 h/monthly used in setup. It is important also 

to consider the actual condition of the laser before planning the setup, in particular the actual power 

of the laser machine selected has to be higher than a determinate level.  

Setup corresponds to the time required to set the characteristics of drilling, doing the calibration 

of the machines, performing some tests and check the outcome of the test with the microscope. 

The time related to the loading and unloading operation falls in idle time no operator category and 

it is related to the manual activity of positioning the plate on the jig before inserting it in the 

machine. We decided to evaluate the actual incidence of the setup, in order to evaluate the impact 

in monetary terms for a single hole. 

By using the same calculation method, we have estimated the following: 

𝐷𝐷𝑚𝑚𝑑𝑑𝑡𝑡𝑠𝑠 𝐷𝐷𝑚𝑚𝐷𝐷𝐷𝐷𝑚𝑚𝑜𝑜𝑚𝑚𝑚𝑚𝑠𝑠𝑚𝑚 = 𝐴𝐴𝑠𝑠𝑡𝑡𝑚𝑚𝑠𝑠𝑑𝑑 𝑃𝑃𝑚𝑚𝑜𝑜𝐷𝐷𝑜𝑜𝑜𝑜𝑚𝑚𝑠𝑠𝑚𝑚𝑠𝑠𝑚𝑚 − 𝑂𝑂𝑂𝑂𝑡𝑡𝑚𝑚𝑚𝑚𝑠𝑠𝑑𝑑 𝑂𝑂𝑚𝑚𝑜𝑜𝐷𝐷𝑜𝑜𝑜𝑜𝑚𝑚𝑠𝑠𝑚𝑚𝑠𝑠𝑚𝑚 (𝑠𝑠𝑚𝑚𝑡𝑡ℎ𝑜𝑜𝑚𝑚𝑡𝑡 𝑚𝑚𝑚𝑚𝑡𝑡𝑚𝑚𝑂𝑂) = 0,00008€/ℎ𝑜𝑜𝑑𝑑𝑚𝑚 
 

Considering trends for future months the set-up time will have a great impact, we have calculated 

the cost related to it and it resulted to be around 3,000€/month. 

Rework 
Another main problem leading to high lead time is the number of reworks that should be redone 

from the certain phase of the production flow. We have decided to estimate the average time 

required for required by using a unique way since there was no data about the time of rework 

historically.  

Table 4 Rework numbers 

 

Rework  Number 
week 

Number month 

Rs mode errato 6 24 
Dimensioni fori fuori 
specifica 

4 16 

rottura  2 8 
scaricato file errato 2 8 
traiettoria errata  1 4 
marcatura lower errata 1 4 
Totale 16 64 

REWORK CAUSES

Rs mode errato Dimensioni fori fuori specifica

rottura scaricato file errato

traiettoria errata marcatura lower errata

Figure 14 Causes of Rework 



36 
 

Firstly, we have figured out that there are nearly 16 reworked plates per week (data is for Wk45) 

and it can be caused by different reasons shown in the pie-chart here.  

As we have seen here the reasons can be: 

 Run sheet mode error. 

 Holes dimension out of specification. 

 Breaks 

 Downloaded file error. 

 Trajectory error 

 Lower marking error etc. 

We have been told by our company tutor and other engineers in the company that the average 

occurrence of rework and repair together in the production can be considered to be 10% 

considering the variability of demand. This will help us to calculate the average time needed for 

rework. Later to understand how much time rework takes on average, we have used the data about 

different reasons of rework that we had. Here we had also the number of each type of rework that 

have happened in the specific time duration. In order to get a reasonable estimate, we have divided 

the whole flow of production into three areas: 

 From RS to Laser drilling (initial phase) 

 From Plate washing to Gluing (intermediary phase) 

 The rest till sandwich (final phase) 

 Thus, we have counted all the rework types and assigned them to the abovementioned phases to 

understand the incidence of rework in each phase, respectively. 

 

 

 

 

Table shows the number of reworked plates3 in each phase and the respective time of those 

corresponding phases from VSM. As we see from the table most of the breaks/damages happen in 

 
3 The number of reworks shown here covers a duration of more than one month – 5 weeks 

 Initial phase Intermediate phase Final phase 
Number of plates 12 16 53 
Time from VSM (min) 2282.6 8163.3 12797.4 
Percentage of occurrence 0.148 0.198 0.654 
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the last phase percentage being about 65%, while that of intermediate and initial phase is nearly 

20% and 15% respectively. From these numbers we can compute the approximate rework time 

that is needed taking into account all the percentages and times we have calculated: 

0.148 ∗ 2282.6 + 0.198 ∗ 8163.3 + 0.654 ∗ 12797.4 = 10324.3 𝑚𝑚𝑚𝑚𝑚𝑚 

Nevertheless, this time is not sufficiently accurate since not all the reworks occurred within any of 

the 3 phases happen in the end of the phase, some of them can happen in the middle of the flow, 

or maybe even in the beginning. Considering this fact, we have introduced a corrective factor to 

reduce the impact of this deviation and decided to set it as 1.5 also following the instructions of 

company tutor to get to more realistic result. 

10324.3
1.5

= 6882.85 𝑚𝑚𝑚𝑚𝑚𝑚 

Subsequently, as we have the average time needed for rework and the percentage of occurrence of 

rework, we can compute the overall approximate time needed: 

0.1 ∗ 6882.85 = 688.28 𝑚𝑚𝑚𝑚𝑚𝑚 

However, for calculating the labor cost of the extra time that this problem leads to, we decided to 

use the number of reworks per month which we had from the weekly report of week 45. 

Considering the capacity of operators being nearly 15 sandwiches per week per operator and 

applying direct correlation to the number of reworks with the total number of plates monthly we 

have calculated the average monthly labor cost of 1,500 Euros.  

As there is also a substantial amount of material cost related to the broken/damaged pieces, we 

have also calculated that cost to be roughly 19,000 Euros per month. However, as this is a rough 

estimation and can be quite different for different scenarios, we have decided to focus on the labor 

cost merely. 

As we have nearly estimated the excess time that is wasted as a result of each problem we have 

defined, we can build a summary table showing the impact of each one and that of total on the lead 

time: 

 

 

                                                                                  Table 5 Impacts of each problem on LT 

Current impact Minutes % 
Rework 688.28 5.38 
Idle Time 826.2 6.46 
Gluing inefficiency 12.42 0.1 
Sandwich inefficiency 23.4 0.18 
Total impact 1550.3 12.11 
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TARGET 

After collecting all the information throughout direct observations, data collection and analysis, 

use of different tools, we have defined the targets of the project following the indications of our 

tutor who is working for the company for many years and has all the necessary information about 

all the KPIs of the department.  

The design of target requires a goal for improvement which will be generated as a result of the 

further proposed changes. About the problems of Gluing and Sandwich that we have observed 

through Gemba walk to understand the value stream and its problems, we have set must have and 

nice to have targets and the former is expected to be achieved by means of the countermeasures 

implemented by mid-February. These countermeasures can be considered quick-wins or light 

interventions with minimum investment required. However, for the movement of operators a 

structural intervention is needed such as a layout change which is shown in the radical 

countermeasures part. 

Regarding the inefficiencies found by means of Value Stream Map we have targeted to reduce the 

WIP before laser machines by applying some light interventions while the WIP before Sandwich 

phase is not something that can be solved by light interventions since most of them are connected 

to the Mech Shop for the provision of the Housing and needs structural interventions to be reduced. 

Thus, our target is to reduce the lead time by 1.37% as a must have and 1.77% as a nice to have 

target, trying to achieve the former by mid-February.  

Gluing inefficiency 
In the gluing phase we have defined 12.42 min of NVA time, and it is 52% of the total time spent 

for the process. We have set a target to reduce this percentage to 39% as must have and 23% as 

nice to have target. As this reduction in the overall time needed for gluing process, cycle time of 

gluing phase in VSM and thus the lead time will be reduced. This reduction can be seen small 

considering the high lead time, however if we consider the approximate daily demand of 24.4 

sandwiches, must have target of 122 minutes and nice to have 220 minutes per day can be deemed 

considerable. 

Achieving must have target means nearly 

1500 Euros monthly cost saving for the 

department.  

 
LT LT reduction% 

AS IS 12797.4 
 

MUST HAVE 12792.4 0.04 
NICE TO HAVE 12788.4 0.07 
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Sandwich inefficiency 
When we have made direct observations in the sandwich phase, we have defined nearly 60% of 

NVA time in the overall process of sandwich which is quite a significant amount of time. We 

aimed to reduce this percentage to 35% as must have, and to 30% as nice to have target. As this 

inefficiency has direct impact on lead time, and current cycle time for sandwich phase in our VSM 

is 55 minutes, we target to reduce this time to 49 minutes and 44 minutes, respectively. Therefore, 

this is 0.04% reduction in lead time as a must have target. We aim to achieve this reduction by 

decreasing the time the operators spend to identify the problem and register it on the paper, about 

which we will talk about in the countermeasures section. 

 

 

 

Rework 

For the rework problem we have calculated the time of the rework and repair 10324.3 minutes, 

corrective factor of 1.5 and the occurrence of them in the department to be 0.1 and we have set a 

target of changing the corrective factor to 1.7 as a must have and 1.9 as a nice to have by being 

able to detect the problems in advance. 

Later, considering the same occurrence of the rework, but this time new corrective factors we have 

calculated the impact of each on the lead time and therefore computed 0.633% of must have and 

1.132% nice to have target of reduction in LT. 

  
LT reduction 

LT actual  12797.4 
 

Lt must have  12791.9 0.043% 
Lt nice to have  12786.95 0.082% 

 
As-is must have nice to have 

rework% on LT 5.38 4.75 4.25 
Lead time 12797.4 12716.4 12652.5 
Lead time reduction%  

 
0.633 1.132 
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Idle Time 

Since we have focused on the idle time problem starting from the WIP before the laser machines 

we have set a target of reducing the WIP by 13% as a must have and 20% as a nice to have target. 

We have followed the instructions of our company tutor as well in order not to set an unrealistic 

target. Thus, the numbers we have set are reasonable and achievable by means of the 

countermeasure we will introduce. Therefore, starting with a direct correlation between the number 

of inventories before the laser machines and the percentage of idle time for each component (no 

product, no operator, setup & maintenance) we have identified new reduced idle time percentage 

of laser machines to no product 12.615% (was 14.5% before), no operator 13.137% (was 15.1% 

before), setup 1.653% (was 1.9% before). Thus, the calculation taking into account the WIP 

reduction targets have been made and 1.29% of must have reduction in LT has been identified. 

 

 

 

Consequently, after having identified specific targets for each problem we can build a summary 

table to understand the overall target on lead time reduction: 

 

 

 

 

                                                                                           Table 6 Targets for each problem 

As it is depicted from the table the overall target reduction in LT is nearly 1.4% must have and 

1.8% nice to have. This is 175 minutes of saving as must have target.  

 

 

 

 
as-is must have nice to have  

time inventory  826.2 660.96 619.65 
LT  12797.4 12632.16 12590.85 
LT reduction % 

 
1.29 1.61 

TARGET Must have Nice to have 
Rework 0.633 1.132 
Idle Time 1.291 1.614 
Gluing inefficiency 0.039 0.07 
Sandwich inefficiency 0.039 0.082 
Total reduction % 1.369 1.766 
Final LT 12622.2 12571.4 
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Root cause analysis 
Root-cause analysis is often used in proactive management to identify the root causes of a problem, 

that are factors that correspond to the main cause of that problem. 

It is customary to refer to the root cause in singular form, but one or several factors may in fact 

constitute the root cause(s) of the problem under study. In order to go more in detail in the 

understanding of the different root causes we decide to implement the Ishikawa diagram, it is a 

typical diagram used in manufacture to show the causes of an event. 

Ishikawa diagram: in the diagram here presented the main problem is stated on the head at right 

side and the different causes in the left side of the diagram. The causes are in the left side but there 

is some order that it is used to group the different causes of the problem and it is represented by 

the 4M, the different problematics are analyzed under 4 categories: 

-         Machine: this section includes the entire group of machines, facilities, and tools that 

we find in the department, sometimes the management and the disposition of this type of 

equipment is not aligned to reach the desired output. 

-         Man: this regards the incidence of managing people inside the department, the man 

is the element that performs the operations, programs the machines, and checks the 

products. The final output depends on the experience of operators and the problem can 

emerge by actions of operator not performed correctly.  

-         Method: the section related to method contain procedures, documentations and 

specifications used in the department to accomplish the job. It refers to the degree of the 

clearness and functionality of the type of documentation considering the type of job 

specified. This section take account also the procedures followed for performing manual 

process. 
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-          Material: the section regards the components and consumables used to satisfy the 

production; the root cause can regard the adequacy of the lots in terms of conformity. 

Moreover, it is considered also the choice of material occurred during the design phase and 

the conditions of storage of material.  

 

 

 

 

Figure 15 Ishikawa diagram 
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The 5 Why’s method 
In order to go more in detail to the different causes of the problem we decided to perform the 5 

whys method methodology. This method was introduced by Sakichi Toyoda, a Japanese that 

following the age of innovations in the field of lean manufacturing developed this technique in 

order to make a well-informed decision. It is important that these questions are done to people with 

practical experience on the field. The tool is effective in finding the root cause of a specific problem 

by asking a series of why one after the other, the number of why it is not fixed in fact could be a 

number even different from 5.  In this section we analyzed each principal branch that is part of the 

method, however, not all the problems are here analyzed but anyone that requires a superior 

analysis to get to the root cause. 

Material 

The material is another critical issue because measure and condition of the plate must respect 

standard and also without any error from operator, it is possible that the plate present damage that 

finally is reflected in a case of noncompliance and the customer send it back again:  

 

- Why? the material is very delicate, and its characteristics and dimension may vary along 

the process. 

- Why? the process is characterized by a transportation of the plate though different area and 

it face different temperature that directly affect the final output. 

- Why? the space organization of the area does not take into account that some process has 

to be performed in a precise temperature and as an open space it is not possible to regulate 

temperature to the exact value considering the type of process. 
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Man 

The man section is really important because although the drilling and cutting are performed 

entirely in the laser machine, other activities are entirely manual, and it is possible to find 

inefficiencies resulting from operator activities. The high number of redundant movements of 

operators inside the department it is critical because it does not represent only a waste in terms of 

time, but it affects the output quality of the product because it is delicate, and it can suffer a great 

handling of the plate. It is important in this sense to analyze and find the root cause of movements.  

- Why? operators in charge of some plates in order to follow the entire process has to cover 

a great area of the department as well as changing the floor to accomplish mandatory 

operations for each plate. 

- Why? machines are distributed randomly in the department, without a correlation with the 

flow of the probe head and the change of floor is due to safety reasons for some specific 

phase of the process. 

- Why? operators are not specialized in some specific technology of plates and each one 

follows his flow without any restricted area and moving in the department perform only 

some operations. The consequence is that one single plate can switch several hands 

covering a lot of space of the department till the end of the process. 

- Why? the actual distribution of the machine is the result of limitation in space. 

Machine 

In the downtime of the machine a higher percentage of the time is constituted by the standby time 

no operator  

- Why? the operator is not there to accomplish the load and unload operations 

- Why? the personal of the area in doing different type of tasks and the operator does not 

notice that laser has finished to work  

- Why? the personal of the area is not dedicated to some technologies so they have to manage 

the entire area of laser machine, lasers are positioned randomly so it is difficult know in 

advance where to perform the load and unload operation.  
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 Method                                 Machine 
WHY? 

The space dedicated to this task 
and its organization make it 
difficult to find and reach the 
right set to accomplish the 
operation. 

The reporting system is not 
appropriate to identify and 
collect detailed information 
of problematics faced. 

 

A single laser machine in the 
department has to perform 
different technologies. 

 

The machine remains stopped without any plate to 
perform 

 

WHY? The operator accomplishes 
movements without knowing 
before how to find the right 
instruments and plate. Essential 
tools have the pressure system 
accessible only by getting up 
off the chair each time a set of 
plates is glued, and they are 
reachable only by walking. 

The registration is done by 
operators responsible for the 
identification of Rework in 
the department, but the 
timing and the frequency of 
the registration do not allow 
us to intervene quickly.  

 

From the planning plates that rely 
on different technologies to 
perform daily, different 
technologies are assigned in 
sequence to the same laser 
machine. 

 

The reason can come from both a lack of demand from 
the planning phase, because they receive daily the plates 
to perform and the number is not fixed. Another reason 
could be also the fact that there are no laser machines 
with characteristics adapted to work on the plate. 

 

WHY? 
The shelves organization does 
not follow the flow of the 
process and are organized 
without a logical order.  

Operators record the date 
manually and they do not 
follow a fixed scheme that 
permit a collection of data for 
analyze what is happening to 
act quickly to solve the 
problem before operator 
faces it again 

The selection of machines is not 
regularly based on past production 
that could in the case of recent 
operations on the same technology 
avoid the hole test. 

 

In the planning phase of the drilling, operation customer 
specifications are not considered relation of the actual 
technical characteristics of laser machines in an overall 
view of the department at the moment of assignment of 
the laser. 

WHY?  
 
 
 
 

The description relative to 
the type of defects is very 
simple, it is not detailed and 
not aligned with the process  

 
The operator has in this sense to understand which laser 
is better to use for the task without losing sight on the 
sequence of processes to perform on a single loser to 
avoid leaving the machine unload. 

 

WHY?  
 
 
 
 

  
The laser machines were bought in different times and 
also the advancement in terms of technology is 
different, for example the length of mechanical axes 
inside or the presence of a camera and the operator need 
to know which tasks it is possible to shift in these 
machines in order to avoid undesirable machine 
stoppage. 

 

Root 
causes 

Reaching the plates and tools Reporting system Set up time Standby time 
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Management Type: Incremental Vs Radical Innovation  
In this chapter, before addressing singularly the different countermeasure, it is possible to 

understand the different approach considered in the moment of a proposal of change inside the 

department. First of all, it is important to make clear the distinction between incremental and 

radical innovation. Incremental changes take place gradually in the company, it refers for the major 

part of the case to adjustments and do not require an alteration of the company structure or the 

strategy followed. These types of changes include for instance modifications in procedures, tools 

and in the technology used in the production environment. This type of change occurs more 

frequently than the radical ones.  The implementation of changes of this category it is not sufficient 

to have a radical shift in the performance because the effect is limited. However, through the 

frequent implementation of incremental improvement permit to the effect of this type of changes 

to lead the department in a perspective of a continuous improvement. Starting from this point our 

team has developed firstly tools moving on this direction, which have as starting point technologies 

and resources already available in the department.  

The radical changes are also considered by our team, in order to suggest a direction for the 

company for future reconfigurations of the department as the demand will grow in the coming 

months and customer will require process more complicated.  

 

The radical change, for its nature can concern all the company so all the departments, a similar 

case can happen in the moment that a new product is introduced, or a new technology is introduced. 

In this case structure and connections inside the company have to change in the same direction. 



47 
 

This is because all the phases of the process are strictly connected and therefore changes in the 

product require interventions at different steps of the process in the department. In other context 

the radical change can refer to a single area as in this case the PH FE department. In this case it is 

easy to observe that some innovations as the incremental one is related to some modifications in 

the process are applicable in reduced terms. Radical changes, for the level of investment required 

and technical changes to be made require a greater effort at several company levels. 

Develop Countermeasures 
Incremental Countermeasures 

After having defined the root causes of the problem, we will implement some countermeasures 

acting on the most important ones taking the project scope and time constraints into the 

considerations as well. We tried to avoid the wrong approach of selecting the countermeasure, 

focusing on the real root cause of the problems which is something that is the part of daily routine 

in the department. 

Three countermeasures have been developed with the support of methodological and company 

tutors.  

Rework Identification Tool 

Taking as a reference the Fishbone diagram, we have developed a single countermeasure for three 

different root causes in the Method branch: 

• Data collection 

• Identification of problems 

• Manual registration 

As noticed during the direct observations we have made, there are a lot of redundant activities 

within the completion of each process, especially in the sandwich and gluing phases, most of them 

are related to the understanding of the type of problem and registering it manually. To tackle this 

issue and reduce the impact to the lower level, we have decided to build a digital tool where a list 

of possible types of problems is shown according to the previous records. Firstly, we have collected 
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all possible types of rework and repair that can happen in the department throughout all the 

processes as shown in the table below. 

 

Then by using WPF (Windows Presentation Foundation), an interface has been built to insert the 

input data such as type of rework, plate type, ID code, PH name, number of holes and the windows 

for possible options of reworks to select among, as well as a window to insert notes and finally 

name and surname of the operator in charge. 

Figure 16 Different causes of rework 

Figure 17 Example of Excel sheet 

Figure 18 Main Window of the Tool 
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All the inserted data is saved in the database each time an operator registers a new problem through 

the application. (By means of “Generate Excel File” button). SQLite has been selected as the 

database. The example of a list of problems in an Excel sheet will be in the following way: 

By means of this tool it is possible to decrease the amount of time required to identify and register 

the problem in gluing, sandwich, and laser drilling operations. Apart from this, the main benefit of 

the tool is reducing the cost of poor quality in terms of number of plates needed to be reworked, 

as it provides a good record of previous problems which helps to understand the most problematic 

activities in the department and act mostly on them to reduce the occurrence. 

Another additional feature of the tool shown in the figure below, is a dashboard which is developed 

by means of Pivot tables through the medium of Excel. It is a very practical element to give an 

overall view of the recorded data for further uses, especially to provide a quick visual situation 

analysis for the head of department and top management. The graphics in the dashboard are 

automatically updated once the operator presses the button in Excel “update pivot tables”, 

precisely showing the current situation. It is possible to easily understand what the most occurring 

type of problem in the department is as it is connected to the data that is generated with the help 

of tool. It is also possible to see the most relevant technology that corresponds to the problem 

occurrence as well as showing the area which should be focused on more.  

Figure 19 Dashboard 
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Laser Optimizer 
1st version 

Laser Optimizer consists of an instrument that in an automatic way guides the operator in the 

choice of the laser machine to process a specific technology of plates and at the same time gives 

to the operator a quick overview of the process scheduling in the department. As we analyzed in 

the root cause analysis section, the selection of the laser machine impacts both the quality of 

drilling as in the obligation to perform or not the hole test before starting the process. Since it 

represents a fundamental test to ensure a good quality, for each technology that works in the 

department it has been conducted at least once the hole test in each laser machine used for its 

production. However, some machines that are usually used for the production of other type of 

technologies that never processed this type of plate have to accomplish this test before starting the 

drilling. The test has a quite relevant time because it includes not only the time required to drill 

the plate but also the time for checking the results of the test under the microscope and also the 

hole test washing. It is also important to understand in this sense when the hole test was done, 

because in the case of a technology has been worked in a date more than 2 months before, it is not 

necessary to perform it again by using the same laser machine. Considering this, a first version of 

the program was implemented only taking into consideration the past production file already used 

in the department.  

Figure 20 First version of the Tool 
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In this version the functioning of the macro is quite simple because the data used is part of the 

same file, also the format was maintained unchanged because the laser operators are already used 

to it.  In this case the operator inserts manually the name of the technology and the program will 

show directly on the green table the identification number of the last laser that performed a plate 

of the same technology also providing the exact date. The identification of the laser works 

singularly, in fact not all the time it is required to work all plates for a technology, for this reason 

it is possible to narrow the search only to some plate, confirming or refusing the selection: In this 

case for example the choice is related only to the medium (MDM) plate of the inserted technology. 

From the outcome of the program, considering the difference in days from the actual date it is 

possible to understand instantly if the hole test is required or not.  

Final Version  

After receiving great feedbacks from the company side for the logic of the functioning we decided 

after a comparison in the department to make the program more functional. In order to make the 

right choice of the laser machine, not only the time is a constraint, but the laser machine also has 

to be aligned in terms of technology and current performance with the plate to work. For this 

reason, we decided to include two other sources of data in the 

program:  

Technical characteristics of the laser machine 

As we have already mentioned the presence of camera inside the 

laser machines corresponds to an important factor to take into 

consideration in the choice of laser. Lowered plates correspond to 

the typology more processed in the department and it is not 

possible to perform the drilling operation in a laser without a 

camera. We decided to include in the tool a simple table that 

resumes the presence of the camera inside the machine. The 

 

Figure 22 Technical characteristics of 
the machine  

Figure 21 Message box of the program 
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presence of camera is identified considering the 3rd column and like the previous file it is possible 

to add new laser machines that the tool will work in the same way.  

 

Actual Performance Data 

 

The performance of laser machines in the 

department does not remain stable at all, it is 

important to always monitor the actual 

performance. 

A plate drilled with low power of the laser 

machine will probably achieve a low quality of 

the output. In addition to this, a quality in the 

drilling phase that does not comply with 

specifications required to perform again all the 

phases before the drilling. The table above 

represents the actual power for each 

identification code that represent a laser 

machine. The operators in charge of the registration takes the data directly from the computer to 

the side of the laser machine and collect it in a sheet that is shared with all the department. 

Finally, we decided to put together all sources of data in the same excel file in a way to link those 

with the main functioning of the program. 

Figure 23 Power Selection of machines, Actual Performance 

Figure 24 All excels in one 
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FINAL OUTCOME 

The team developed the final version of the program that can be used by opening just a single file 

in Excel; the interface of the program is represented here: 

Input 

The program has a simple and understandable interface, the information to insert manually is 

limited and familiar for all operators of the area. In fact, the program requires as input:  

- TECHNOLOGY: the name of the technology is easily selectable from a dropdown menu 

that contains all the technology present in the historical data. 

- NUMBER OF HOLES: it is required to insert the number of holes that are required in each 

plate of this technology. 

- LOWERED: the operators indicate if it is a case of lowered plate or not. 

- LIMITE POTENZA: in this field it is possible to customize the value relative to the power 

of laser that is acceptable to assign working on the laser machine. 

 

 

Figure 25 Final outcome 
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Output 

The program works as the first version, but in searching the laser machine it takes in account both 

technical characteristics and the actual performance of the laser machine. It shows in a graphical 

way the characteristics of the laser found and in case a laser machine does not respect one of the 

two condition the selection goes directly to the second choice in date order. 

The indication relative to the need to perform or not the hole test is given directly considering the 

difference in day from the last process in the laser machine and the actual data. 

Actual Production Scheduling Data 

Once finished the final version of the Laser optimized, concerning the root cause of the stand-by, 

considering the percentage relative to no product, we decided to complete it with an upgrade that 

Figure 26 Case 1 
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will help operators in charge of the planning phase to have an overview and to improve the 

scheduling activity. Maintaining the same interface of the Laser Optimizer, we upgraded it by 

adding 4 buttons that permit once you find the laser to confirm the selection and having 

immediately an overview of the production active in the department with the relative finishing 

time. In the same program, once the operators press the confirmation button relative to the different 

plates, all the data will go directly in the sheet in the same file called “Actual Production”, in order 

to have an overview of the scheduling for laser machines. The program also shows the estimated 

end date taking into account the actual date and current time and starting from these the hours that 

are necessary to the drilling process are added, considering a rate of 2100 holes/hour for machine. 

In the case just presented once the operator presses the “upper” button, the following message will 

appear: 

 

 

In this case, the answering the question “do you want to substitute?”  was “no”, so in the “actual 

production” sheet the row will contain both types of plates. Considering that there are two 

operations in series on the same laser machine, the end date will include the drilling time of both 

plates. In this case each operator will be always informed on the sequence of product to perform, 

having at hand the distribution of production in the area, decreasing the incidence of standby of 

the machine. In fact, knowing that a machine is going to stop, it is possible through the program 

to understand if another technology in the daily WIP can be loaded on the laser machine, otherwise 

it is possible to dedicate one operator for the hole test on that machine to decrease the time of 

standby for the lack of product. 

 

 

 

 



56 
 

CASE 2: 

Here on the contrary to the previous 

one, the answer selected by the operator 

is “si” and it is possible to observe as in 

the column relative to the “laser8” the 

lower already confirmed has been 

replaced by the higher 1, so in this case 

the laser will perform only the upper1 

plate by removing from the line the 

plate previously selected with the 

program. 

  

 
New Gluing Workstation 
 

The goal in this is case is to understand and analyze the activities that are redundant and try to 

remove them. Our countermeasure in fact includes a modification of the actual layout of the area 

to reorganize the area and reduce the movements. In addition to modifying the current 

configuration of the area, it is important to consider the possibility of adding instrumentation inside 

the work cell to reduce non-value-added activities and reduce the possibility of error on the part of 

operators. In this perspective, the gluing area will be independent from the other processes as the 

integration of the automatic gluing machine will be required in it. An arbitrary position was 

considered for the position of the oven because in the future development of the area these elements 

will be positioned in the same plane. Taking into account this condition we have decided to propose 

2 alternative layouts.  

Figure 27 Actual production sheet 
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Table 7 Hypothesis descriptions 

 

Hypothesis (1) Time 
needed 
(sec) 

Hyopthesis (2) Time needed 
(sec) 

Automatic: 
 

Manual:  
from machine to in/out 11 from station to incoming material 4 
from in/out to drawer 4 from incoming material to WH 4 
from drawer to pressure 14 from WH to station 6 
from pressure to working desk 6 from station to working table 6 
from working desk to machine 5   
from machine to working desk 9 Automatic:  
Manual: 

 
from station to incoming material 4 

from station to in/out 7 from incoming material to WH 4 
from in/out to drawer 8 from WH to machine 5 
from drawer to station 15 from machine to working table 5 
from station to pressure 8   
from pressure to working desk 12 3rd operator:  
Combined: 

 
from closing process to WH 4 

from working desk to oven 70 from WH to other WH 6 
from oven to pressure 100 from WH to closing process 4 
from pressure to working desk (disassembly) 15 from closing process to working table 4 
from wroking desk to drawer 7 from working table to closing process 4 
from drawer to working desk 5 from closing process to carrello 9 
  from carrello to oven 50 
  from oven to disassembly 40 
  from disassembly to WH 4 
  from WH to closing process 5 

Figure 28 Suggested hypotheses 



58 
 

Hypothesis 1 

In the first hypothesis the layout of the cell is a typical u-shaped cell, the two operators in this case 

share the same working table. In this case the input material warehouse and the dresser for the jig 

remains in common. The layout in this case allows to combine the trip to the oven station, because 

considering the cycle time of the automatic machine that is considerably lower than the manual 

process, the operator of the automatic machine can do the travel to the oven also taking the plate 

of the other one. In a situation like this the number of plates performed by the automatic one will 

be higher so considering a daily production of 14 sandwich for the automatic and 10 for the manual, 

the cost will be: 

manual 0.83 second/sandwich 10 sandwich/daily 

automatic 0.82 minutes/sandwich 14 sandwich(daily 

combined  3.28 minutes/travel 4 trips/daily 

manual 130 €/monthly 1560€/yearly 

automatic 371 €/monthly 4705.4€yearly 

yearly cost  
 

6021.4€ 

Table 8 Hypothesis 1 cost 

Hypothesis 2 

In this second configuration is considered in the area additional equipment to make the two type 

of gluing process separated and independent. In addition, in this case it is considered a third 

operator that does not perform the gluing operation but only take the glued plate from the other 

two operators and perform the montage of plates on the jig, closing the pressure system and after 

getting the trolley to arrive to the ovens. It is considered also the disassembly operation after the 

trip to the oven in order to put the tools utilized for the gluing as the jig and the pressure system in 

the initial position, making them available for the following process. 

 

     

 

 

 

    Table 9 Hypothesis 2 cost                

Manual 0.33 minutes/sandwich 10.4 

Automatic 0.30 minutes/sandwich 14 

third operator  2.16 minutes/sandwich 4.1 number of travel 
Manual cost 52 €/monthly 

 

Automatic cost 63 €/monthly 
 

Third operator cost 132.16 €/monthly 
 

Total and total yearly cost 249.97 €/monthly 2999.6 €/yearly 
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Radical Countermeasures 
 

Final Washing Defect Identifier 
Starting from the root causes of referring to another operator about a problem and hard 

identification of responsible person we have come up with another countermeasure which is 

actually for the use of back-end department in final washing phase, but the benefit of the tool is 

expected directly in the front-end department.  

Firstly, we have collected all types of problems happened till today while doing the final washing 

in back-end department. The example of that is shown here on excel sheet: 

 

Figure 29 Defect types 

The interface of the tool has been developed by the use of WPF (Windows Presentation 

Foundation) and it is possible to fill some information such as: 

 Type of set: Assembled/Kit 

 Name of project 

 ID code 

 Type of defect: 

o Parylene 

o Graffio 

o Macchia 

o Sbeccatura 

o Gap 

o Others 

 The dimension(s) of the defect 

 Type of layer (changes according to the first selection) 

 Top/Bottom Layer 

 Image of the defect (if needed) 
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 Set limits of dimensions (for engineers) 

According to the limits set by engineers beforehand and the data input by operators, the tool 

either decides that the set is appropriate to move to the next stage, or in case of some specific 

cases shows directly the next needed operation to proceed, or it automatically sends an email 

to the engineer including all the input data. 

This email either can be related to the borderline cases where it has to be decided by engineers to 

proceed or not, or it can also be some cases that have never happened before, or even the cases 

that was not present in CP. 

Figure 30 Defect Identifier Main Window 
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Below there are shown two types of response example provided by the tool. 

Here it is also shown the example of automatic email generated by the tool, this time being about 

the problem that has to be reworked. By means of this tool it is possible to proceed immediately 

without waiting for the instructions of responsible person in some certain cases. 

 

 
 
 

Figure 32 Email example 

Figure 31 Examples of some selections 
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New Layout of the Department 
The layout corresponds to a radical change for the company as it takes a long time to implement 

as well as a large investment and the involvement of operators and personnel from different areas. 

In addition to this, technical assessments must be made to determine the exact location of 

machinery and equipment in the department, as the machinery uses facilities that are not available 

on the entire department. An example of that fact is that laser machines must be powered by pipes 

that cannot reach the whole area but only in specific positions, the same happens with the parylene 

machine that must be able to exchange the internal liquid after completing the operation and it is 

possible only in determined areas.What we have noticed from the initial situation is that the current 

position of the areas within the department does not respect the production flow of the probe head, 

many movements are overlapped and without added value. For this reason, having soon available 

new space for the department, we thought of a reconfiguration of the present areas using the 

ALDEP method. This method is used to make a layout starting from scratch.  

As a starting situation, ALDEP uses as data: 

- the measure of the department which is converted into blocks 

- the size of the various areas within the department  

- the width to be used in the filling process when implementing the method  

- the relationships between the various areas present  

 

Figure 33 Actual layout configuration 

 

Manual 
area of the 
department 
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Determination of Number of Blocks Available 
The size of the department and the areas inside it are expressed in blocks, so the first operation to 

do was to measure the exact square meters of the current area in the department. We did not do the 

same with machines present in the department because the space occupied by laser, lowering and 

kapton machines depends on the number and this will be determined by considerations regarding 

the production capacity to be achieved in future. The percentages shown here refer to the meters 

occupied by the different areas within the manual part of the department.  

 

 
Actual proportion in the area  Area  

Control and measurament 16,4% 16,3692308 

Laser Drilling  
  

Kapton Cutting 
  

Ultrasound Washing  3,0% 2,3232 

Assembly 11,0% 10,9846154 

Gluing  10,9% 10,8923077 

Oven  18,5% 18,4615385 

Parylene  10,5% 10,4615385 

Acid Not move 
 

Sandbllasting  Not move 
 

 

Understanding what the relationships between the areas in terms of size are we can determine what 

will be the space to be allocated in the future layout. In addition to this, during the first visit to the 

department, we took steps to take an inventory of all the tables and equipment in the department, 

in the part relating to gluing that will be transferred together with the workstations in the new 

layout. It is important to identify this type of equipment as all the manual processes will be place 
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in another area, so it is relevant to allocate some space in the consideration for the layout for 

positioning the equipment that are used by operators as desks and inventories for the department.  

The equipment actually present in the department is listed here: 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Starting from a possible space available for the department, we have reproduced the layout 

proposal by calculating the number of blocks destined for the new layout. Therefore, starting from 

the elements required by the ALDEP, we represent here the space available for the new layout to 

be filled. In general, what matters the most is not the exact area but the logic of the method that 

can be applied to different shapes without any constraint. The one represented here therefore 

represents a company area but can also be considered taking into account other spaces. 

Name Number Notes 

Small desk 8   

Regular desk 41   

Big desk 4   

Big oven 2   

Small oven 3 on desks 

Washing station 

(ultrasound station)  3 1 strange near s*** 

Plasma 1 on a small desk 

Inventory shelf 17 1 outside 

Drawer 4   

Small inventory shelf 3   

S*** 1   
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Listening to the suggestions given by the operators and company tutor having two separate areas 

available, we have assigned one of these to laser machines, some of which have already been 

bought but not yet positioned and the other part, the lower one, to manual processes.  

 Having more space available for the manual department, i.e. the lower part of the layout shown 

in the figure, we have decided to relate the current situation to the growth in demand expected for 

the next few months so that the manual departments also have a related capacity to this. In this 

way we have come to estimate the square meters to be used for each manual area in the new layout 

and subsequently convert this into number of blocks.  

 

 

 

 

 

 

 

 

 

 

New Area Number of blocks 

22,91692308 187 

 

0 

 

0 

 

0 

 

0 

3,22 26 

15,37846154 126 

15,24923077 124 

25,84615385 151 

14,64615385 120 

 30 

 52 

  Actual Area  

Control and measurament 16,4% 16,3692308 

Laser Drilling 

  
Laser Lowering 

  
Cutting Frames 

  
Kapton Cutting 

  
Ultrasound Washing 3,0% 2,3 

Assembly 11,0% 10,9846154 

Gluing 10,9% 10,8923077 

Oven 18,5% 18,4615385 

Parylene 10,5% 10,4615385 

Incoming material    

Final Washing   
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For the other elements present in the department we have not considered a direct correlation as in 

this case because the evaluation of the number of machines to be placed in the department includes 

technical evaluations by the company. 

 

Determination of Relation Of Different Areas  

After having determined the number of blocks, in order to proceed with the positioning, the 

ALDEP algorithm requires to calculate the relationships existing between the various areas and 

each of these relationships will be classified with a letter indicating the importance of the proximity 

between two areas. The type of relationship is subsequently assigned to a score, which added 

together for each relationship present in the "to be" layout will determine the total score for the 

proposed layout.  

 

RELATION DESCRIPTION POINTS 

A 
- Flow related 

- Need to stay in the same area (in contact) 
64 

E 

- Flow related 

- Highly liked 

- Also in a different area (not in contact) 

16 

I 
- Flow related 

- Closeness not so important 
4 

U 
- The closeness it’s not important 

- No flow connection 
0 

X 
- Undesirable 

- Process constrain to stay in different areas 
-1024 

 

Based on the relationship between a generic department x and department y, this proximity will 

be evaluated in points which will contribute to the total score of the layout. In order to move 

forward  to the evaluation of the relations present in the layout, with the help of the company tutor 

and the operators specialized in specific phases of the process, we have assigned a score for each 

possible combination; 
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 These relationships can be observed in the diagram below, where the relationship of each area is 

compared with all the other areas present in the department:  

 

Figure 34 Aldep relationships 

 

In this diagram there are all the possible relationships within the department, to interpret it just 

follow the diagram up to the corresponding box, for example the "A" present at the crossing point 

between laser drilling and lowering means that it is very important that these two elements are 

close together from a layout perspective because the two process are highly related. Contrary to 

this, in the case of the relation “x” it is important to keep the two areas apart, as happens in the 

case of the oven area which due to the heat emitted is important not to be positioned near areas 

which are sensitive to temperature variations.  
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Legend of The Areas  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Legend 
 

 

C Control and measurament  

D Laser Drilling   

L Laser Lowering  

F Cutting Frames   

K Kapton Cutting  

U Ultrasound Washing   

S Assembly  

G Gluing   

O Oven   

P Parylene   

A Acid  

B Sandbllasting   

I Final Washing  

M Incoming Material  

In order to easily identify the areas that will be 

present in the layout to be, we have created a legend 

where each area will have associated a certain color 

and a letter. These colors will be used in the "to be" 

layout to fill the area of the new available space, in 

order to make more evident the distinction of the 

areas present in the layout.  

 

Insertion process and various hypotheses  

The insertion method consists in choosing the first 

department to be inserted randomly and always 

starting to insert from the same side of the layout. 

After entering the first department we must go and 

consider the department that has the highest score 

ratio and place it next to it. For positioning, a 

predetermined width of two blocks has been 

considered in the layout, so from top to bottom the 

layout will always be filled with two blocks in two, 

once you get to the bottom of the layout at the 

bottom you go back to the top always keeping the 

width of two blocks.  In these cases, starting from 

different initial situations, the algorithm can 

therefore generate different solutions depending on 

the initial choice. The number of combination 

possible is high and each one of the combination 

generated will have a different score.  
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Hypothesis 1  

In hypothesis 1 we started the insertion starting from the "parylene" department on the left. The 

following department that will be positioned corresponds to the one with the best relationship with 

the "parylene" and so on proceeding, always taking into account the last department inserted.  

 

 

Calculation of relations hypothesis 1  

Once the entire layout has been filled, we proceed to calculate the score of the considered layout, 

counting the points relating to the upper (laser machines) and lower (manual area).  

 

Once the total points generated by the layout have been added, we divide by the number of present 

relationships to get the average score of the present relationships in the layout. In this case the 

average value of relationship presents in the layout is equal to 26.  
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Hypothesis 2 

 

 

 

The second hypothesis instead considers the area of the ovens as a starting point, consequently 

completing the lower part of the layout in this one, we will have in the upper part the microscopes 

in the same area of the laser machines.  

Calculation hypothesis 2  

 

 

 

The score in this case is lower than the previous case with an average value of 24 points and also 

in this considerations is possible to detect a negative effect on temperature by the part relative to 

the oven that is positioned near the area related to microscope, where conditions must be stable.  
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Hypothesis 3  

 

 

Calculation hypothesis 3  

 

 

 

In this case we achieve the higher average value, considering 14 relationships present in the layout 

the average value is 30. It corresponds to the higher value achieved using the ALDEP method. 

This value assures us that within the department the different areas have a good relationship of 

proximity and this favors the flow both in terms of movements and from a qualitative point of 

view. This is because in the calculation of the final score the letters take into account both 

positional and qualitative aspects. 
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Implement Countermeasures 
 
Rework Identification Tool 
After having the tool ready we have decided to implement it in order to see its benefits in the 

identification and registration part and then later to calculate its long-term impacts. Firstly, we 

showed the tool to our company tutor and asked his opinion about the tool’s applicability. He 

seemed very enthusiastic since the tool seemed to be very effective and easy to use. Therefore, to 

begin with, we have explained the tool and each step of it to one operator who was the main person 

to identify and register the problems when there are 

some. In the beginning he did not seem very happy 

as the operators do not like changes a lot since they 

think that it would be hard to get used to new 

operations. However, after explaining all the steps 

and showing also the excel file automatically 

generated, he was very surprised and satisfied with 

the result. Because now it was possible to register the 

problem by only making some selections which have 

already been listed without typing the problems 

manually. 

We have also showed the tool to the head of the 

department displaying the excel file and the 

automatic dashboard on the screen as well. He was very happy with the tool; since the excel file 

that is generated changes each time there is a new insertion of the problem and the dashboard is 

updated automatically it will help to manager and the engineers to visualize the problematic areas 

quickly which in turn will help them to intervene immediately and win the customer order 

increasing the customer satisfaction by reducing the possible delays as well as saving cost. 

Following this, we have installed the tool to the PC of the operator, and we have organized a small 

training to explain the usage of the tool in order to avoid possible mistakes and answer the 

questions that may arise during the utilization. The operator understood the procedure and noted 

that he could explain the tool for the other operators too, since it is quite simple and easy to use.  

Figure 35 Implementation of Tool 
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Laser Optimizer Macro 
 

The implementation phase was carried out directly in the department, because for this program the 

only equipment required corresponds to a PC and all those that are present in the department. There 

is no cost of implementation because additional software of equipment is not required. The only 

effort to implement this countermeasure is in terms of time, in fact for understanding the 

functioning of the program we have carried out the training activity. In order to facilitate the 

learning of the Laser Optimizer we have also built a quick manual where the principal functions 

of the program are listed with the operations to do.  

After some tests, a problem occurred in the program, in fact, in doing the searching activities the 

identification code of the laser shown in the table corresponded to laser assigned to other 

productions. In this case, it is not possible to interrupt the process so the program is no longer 

usable for this technology because it will always show the same result.  

We decided to upgrade the program by also inserting the possibility to set the different laser 

machines as “free” or in “busy” before performing the searching activity in a very easy way.  

OPERAZIONE DA EFFETTUARE SETTIMANALMENTE (SOLO 1  VOLTA RIMANE VALIDA PER TUTTI GLI OPERATORI) 
-aprire il file "program laser"  
-sullo stesso file selezionare il foglio "Potenze laser" 
-selezionare la colonna G e tasto destro, selezionare inserisci colonna  
-aprile il file contenente le potenze laser già usato in produzione  
-copiare e incollare le potenze relative all'ultima lavorazione nella colonna G del file "Macro" nel foglio "Potenze laser" 
-copiare e incollare dal file usato per registrare i sandwich completati nel reparto dal foglio “cerca laser”  
-inserire nella colonna lower,medium,higher1 e higher2 il laser utilizzato per la specifica lavorazione 
OPERAZIONE DA EFFETTUARE  
-aprire il file "macropro" 
-selezionare nella parte in basso il foglio "cercalaser" 
-selezionare tramite la finestra il nome della tecnologia  
-nella cella C3 inserire il numero di fori sulla plate  
-nella cella C4 inserire se la plate è ribassata o no  
-inserire nella cella B6 il limite di potenza minimo necessario per la foratura 
-premere il tasto evidenziato in rosso "esegui ricerca"  
-una volta apparsa la schermata con il lower con "annulla" si passa al medium direttamente mentre con ok si esegue la ricerca per il lower  
-ripetere ultimo passaggio per le altre plate  
ACTUAL PRODUCTION WINDOW  
-andare sul foglio "cercalaser" 
-se selezione acettata per lower 1 premere il pulsante in bassio "conf.low1"  
-procedere nello stesso modo per tutte le altre plate  
-aprire il foglio "actual production" 
-visualizza le attività nel reparto dei diversi laser 
CASO LASER IMPEGNATO:  
-possibilità di rimpiazzare la produzione con la nuova ricerca effettuata, in questo caso premere sostituisci "si" 
-volendo invece tenere le due produzioni in serie, rispondere "no" alla domanda sostituisci  
-andare nel foglio "actual production" che sarà stato aggiornato 
 

Figure 36 Manual for Macro 
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In this way setting a laser as “busy” before pressing the button “search” will exclude the lasers that 

are processing other plates and in this case all the laser machines found in the program are 

definitely available machines ready to start the drilling process.  

After the finalization, we showed the program developed to the head of the department and he was 

very enthusiastic because by having added this last function it is possible to use the program in the 

department maintaining the status of the laser updated. In the concern of operators, the program 

will help not only in the searching activity, but it is a forward step to the optimal scheduling of 

operations to assign the laser machine considering the daily WIP of the planning phase in the 

department. 

New Layout of the Department 
After showing the layout from a graphic point of view using the ALDEP, our team decided to 

show the layout found considering also the arrangement of the equipment. This was done to 

understand if there is enough space in the dedicated space to introduce the necessary equipment 

such as the presence in the same work cell of the manual and automatic gluing machine. 

Inside the layout, the flow is indicated with arrows of different colors relating to the process with 

the machines and the manual one. We decided to represent the two solutions with the highest score 

from the ALDEP relationships calculation.  

 

Figure 37 New addition to macro 
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Layout hypothesis 1 

 

 

In this first hypothesis all the machines are positioned in the upper part of the layout while the 

manual areas in the lower one, this layout also allows to keep separate the part relating to the 

microscopes which, not being affected by the influence of the machining of the machines, can 

make more precise measurements not altered by temperature changes that modify the structure of 

the ceramic inside the probe head. It is also possible to dedicate one area to the oven and to 

positioning a microscope in a strategic position because in this case can be used by operators of 

the sandwich phase without having to go to opposite side of the department.  

Layout hypothesis 3 

 

In this case, as in the previous, the area relating to the laser machines is separate from the manual 

one. The area of the ovens that affects the temperature is positioned at the end of the layout, thus 
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positively impacting the quality. In this case the flow respects the phases of the probe head without 

having to cover unnecessary movements. In this case having obtained a higher score through 

ALDEP, we have decided to also analyze the movements that are made for an entire process in the 

case of this disposition. For doing that we decided to follow the same method used for the actual 

situation, the spaghetti chart, representing movements with traits with similar dimension to be able 

to compare them.  

Analysis of movements 

 

 

 

 
 

 

Figure 38 Spaghetti Chart to be layout 
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Monitor Results and Process  
Starting from the layout that emerged from hypothesis 3, taking into account the square footage of 

the new available space, start from the evaluation of movements present in the Spaghetti Chart, 

we estimated the movement times for the entire process. 

As regards the times, we considered the same reference table used in the analysis of the spaghetti 

chart in the current situation chapter. In the tables are estimated times for an entire process 

respectively for the current situation and for the “to be” situation found with the ALDEP method.  

 

 

  

 

Considering the table, obtaining a reduction of 3,2 minutes, taking into account the current output 

of the department, which has already mentioned is estimated to increase for this year, the number 

of hours we would save in a year has a value equal to 470 hours.  

Assuming, as for the other calculations, an average hourly cost per operator of 30€ it is possible to 

achieve a cost saving of 14127€ in a year only considering movements. This number is 

significantly larger if we also consider the impact from a qualitative point of view, as the reworks 

TOTAL: 6,55 min  TOTAL: 3,3 min  
Figure 39 As is layout time for an entire process Figure 40 To be layout times 
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have a huge impact on costs as the extra time required and additional material, that being so 

delicate and precise has an high price for layer.  

Qualitative consideration 

We will have enormous positive impacts also in terms of quality as the handling of ceramics will 

decrease and the area divided in a different way. For this reason, it is useful to highlight the benefits 

of the layout also from a qualitative point of view.  

 

 

 

 
 

 

 

BENEFIT

• Less motion
• Less leadtime
• Less rework connected 

to handling 
• Better control 

parameters 
(temperature)

• Control Machine in a 
separate area

• Better scheduling of 
process 

• Less setup time of 
machines (dedication 
laser machine to 
customer)

• Less WIP inside the 
department 

• Higher dedication of 
operators (laser area-
gluing area) 

DRAWBACKS

• High cost of 
implementation

• Additional workforce
• Additional equipment
• Need of adaptation
• Need of coordination 

STRUCTURAL 
CHANGES 

• Automatic-manual 
gluing machine work 
cell

• Machine arrangement 
according to strategic 
customer 

• The control area 
(microscope) in a 
dedicated spaced 
without any 
interferences from others 
areas in the department

• Sandwich area 
dedicated only to this 
operations 
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Rework Identification Tool 
As we have installed and explained the procedure of using the tool to the operator, we have asked 

him to use the tool for the next 14 days instead of their conventional method in order to see the 

results of the tool. He agreed and started to use the tool for the problems arising within the 

department. We would be observing and measuring the time each time he registers the problem. 

In the first day of implementation, it took nearly 84 seconds to register the problem which was 

certainly higher than what we have estimated before. As it was the first day of the implementation, 

it was hard to get used to it immediately since they have to experience it more to find the right 

description of the problem which is written in the list and to find the excel file in the PC which is 

automatically generated. 

We could measure the usage of tool only for three days within 14 days’ time frame as it is not 

every day that there occurs a problem in the department. However, even for three days we achieved 

to see the result we were expecting as the operator was a fast-learner and found it very easy to use 

it.  

Since we were able to reduce 

the identification and 

registration time to 55 

seconds, we can now calculate 

the time and therefore the cost 

we are saving by this method. For doing so, we have estimated the average time needed to identify 

and register the problem in sandwich phase which we have observed during the current situation 

analysis. We have found the average of two most relevant observations considering only the time 

taken for the abovementioned activities. This resulted to be 6.24 minutes. This means 6.24 ∗ 60 −

55 = 5.33 𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑡𝑡𝑚𝑚𝑚𝑚 of saving per rework/repair and this means nearly 83% reduction in the 

activity. Starting from here we can calculate the lead time 

reduction of 0.08% considering the usage of tool in both Gluing 

& Sandwich and Laser Drilling operations and this is very close 

to our nice to have target of sandwich inefficiency problem which 

was 0.082%. The saved time can later be translated into 5.69 days in a month and the average 

number of rework/repairs saved can be taken as 4 per month. Therefore, we can estimate the benefit 

Day 1 84 seconds 

Day 2 62 seconds 

Day 3 55 seconds 

Table 10 Registered excel sheet 
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of the tool both considering the cost of labor and cost of poor-quality saving. The former resulted 

to be 49,000 Euros/year and the latter 14,400 Euros/year.  

As the tool, especially the dashboard helps to focus on the problematic areas and detect the 

problems beforehand we expect to increase the corrective factor that we have introduced before to 

2 from 1.5, since the engineers found the tool to be very useful to do so. This means that the overall 

time that rework/repair takes to be worked on, will decrease substantially from 6882.85 minutes 

to 5162.14 minutes which means 25% of reduction. As the rework time decreases this will 

definitely have the impact on lead time considering the occurrence of rework in the normal 

production. However, as it is mentioned before, tool will also help to reduce the occurrence of 

rework/repairs since it is possible to detect the focus area and prevent some of the possible 

problems thanks to the well-structured and organized records of previous problems. With small 

projection and also following the instructions of our company tutor we have defined the saving in 

the number of rework/repairs 4 in one month. This means that the new occurrence of the rework 

in the department will be 0.09 which was 0.1 previously. Therefore, we can calculate the impact 

of the tool on the lead time. Considering the new corrective factor and the occurrence of 

rework/repairs the lead time can be reduced to 1.60% 

by reducing the impact of rework/repair problem to 

3.78% from 5.38%. Since we have developed this 

countermeasure for reducing the occurrence of 

rework/repairs and solving the problem of manual 

operations in identification and registration of the 

problems this countermeasure addresses the problems of 

rework and sandwich together that we have identified during the current situation analysis. Nice 

to have target for them together was 1.214% and this means that by means of Rework Identification 

Tool we are able to reach and even surpass our nice to have target by having 1.68% of reduction 

in lead time. Furthermore, it is possible to see the productivity increase of 11% (30 sandwiches 

more in a month) in sandwich process with the same number of resources. 

Summing the achieved (A) and expected (E) benefits of the tool up, we can see the results in the 

figure shown here.  

 

LT reduction - A 

1.68% ---> 215 minutes

Rework time reduction - E

25% ---> 29 hours

Yearly labour cost reduction -E

≈49,000€

Table 11 Overall results of Tool 
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Laser Optimizer Macro 
The benefit of the program developed by our team consists of the reduction of the idle time of laser 

machines. The operator after an initial training can start to use the program in an autonomous way 

because the type of data needed in the macro is simple and easy to get.  

In this consideration the starting point present in the data provided by the computer near laser 

machine that shows the percentages related to different states of the laser machines. The hours 

related to the setup that are fully about the hole test operation are 96.86 h, that corresponds to 

387.44h/monthly. In total for the month that we decided to take in consideration 774 minutes/daily 

are used for the set-up activity consists of the hole test, without taking into account the unloading 

and loading operation of the operator on the machine. Performing the implementation activity in 

the department with the operators dedicated to the allocation of the plate to the laser machine, by 

using the daily WIP as a reference we realized that the number of new technologies required each 

month is highly variable depending on customer requests.  

On average, the operator searches for the laser machine 6 times a day.  

The previous method for understanding if the laser machine needs the hole test operation requires 

the operators to check visually row by row in the past production of the laser machine and to check 

in additional file for assuring the power and the characteristics of the laser machine. 

These operations are required every time that a plate is assigned, and it is inevitable to make a 

mistake.  

The average number of minutes to search for the laser that corresponds to the non-value-added 

time is on average 11.6 minutes/sandwich. In doing some test with the Laser Optimizer program 

the time required decreases to 1.9 minutes/sandwich because only few information has to be 

inserted. 

Considering the time saved every day in the searching operation for the laser machine, taking 30€/h 

as hourly cost for the operator, the yearly saving corresponds to 10476€. 

Considering the idle time of the machine, the decrement comes from the fact that from the “actual 

production” sheet it is possible to immediately understand at which times machines will end the 

process. In case a machine is not working because technologies available in the WIP require hole 

test on that machine and they can notice from using the program that the next machines that will 

end require the hole test as well, it is possible to dedicate an operator in advance to perform the 
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hole test on that laser machine and not waiting for the other machines finishing. After the hole test 

the machine will be usable for the production, decreasing the previous standby time. 

According to operators and also following the instructions of our company tutor, we can say that 

standby no product for each laser machine decreases from a value estimated as 26.2 h/weekly to 

24.4h/weekly on average. In this way, impacting the time required for the set up and the standby 

time of the machine it is possible to have a higher production capacity in the laser machines, 

decreasing the WIP of plate waiting for the laser machines to be processed. Considering an initial 

WIP of 14 plates and adding the production capacity in the laser machine, the WIP before laser 

machines decreases by 3.1 units, thus the impact is 1.42% reduction on the lead time. 

 
New Gluing Workstation 
Having selected the second hypothesis it is expected to reduce the NVA activities by nearly 77% 

which can be translated into 0.08% of lead time reduction and mainly 65% increase of productivity 

in gluing process meaning about 390 sets more in a month. 

 

 

 

 

 

 

 

 

 

Table 12 Gluing final calculations 

 

In this case considering the actual demand for sandwich it is possible to increase the capacity of 

13 sandwiches in a shift, instead maintaining it at the same level it is possible to have a save in a 

year equivalent to more than 40.000€ considering only labor cost saving.  

NVA before 12.42 min 
NVA after 2.8 min 
Extra time saving 9.62 min 
CT before 24 min 
CT now 14.38 min 
1 shift production before 20 sandwiches 
1 shift production now 33 sandwiches 
Productivity increase 65.00%  
Labor cost saving 3520.92 Euros/month 

 42251.04 Euros/year 
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Defect Identifier 
As we have already mentioned before, this tool will be implemented in the backend department 

while the main benefits are expected to be seen in the frontend department. It is quite difficult to 

measure the lead time reduction without implementing the tool and using it repetitively and 

regularly. However, we have identified a bunch of expected benefits of the tool even if not 

qualitatively. These are: 

 Reduction of lead time 

 Reduction of rework time 

 Easier identification of problem/the way to proceed 

 Customer delay reduction 

 Customer satisfaction 

 More reactive approach to reworks 

 Reduction in human reworks (more automatic process of procedure) 

 Reduction in time for training the operators of final washing 

 Elimination of need of learning CP (control plan) for the operators 

 Standardization of process 

 Making the unit department more independent from process engineers 

 
Standardize And Future Considerations 
Rework Identification Tool 
In order to achieve more benefits, it is fundamental to keep regular use of the tool and communicate 

the changes within the department as well as sharing the advantages that is provided through the 

medium of the tool. Since the tool contains the list of possible problems embedded into the 

program it will be needed to change the list adding the type of problems that have never occurred 

before and will happen more frequently due to the new configuration or new habits of the operators 

etc. or removing the ones that does not occur very frequently anymore in order to improve the 

applicability of the tool as well as reducing the time it takes to fill all the needed gaps to register 

the problem.  
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Laser Optimizer Macro 
The solution proposed for the choice of the laser machine represents a new direction for the 

planning regarding the technology to assign to the laser machine. The idle time of the machines 

increase also depending on the availability of other equipment in the department as the control 

machines. The operation of hole test requires in fact a following check in the control machine. 

Actually, the control machines in the department are 3 but operating on the whole production of 

the PH FE department, their capacity is always saturated and in case it is testing another plate the 

waiting time can be considerable. In this case the machine that was doing the hole test has to wait 

for the plate being checked in microscope, losing in this way useful production capacity.  

 The solution will be improving the tool for the selection of the laser machine taking into 

consideration also the present situation of control machines. In this direction it might be useful to 

assign the products to check the control machines depending on the technology or the pin count, 

taking a machine ready in a short time in case of a check required for the hole test. In case for 

example a control machine only performs plates with a lower pin count, the time interval between 

one control and another decreases, this machine will be ready in less time to check the plate of the 

hole test. Another direction that could be possible to follow in order to maximize the effect of the 

macro is to put the system connected in a direct way with the present state of the laser machine 

because in the program the actual presented status of the machine requires to be updated manually 

by the operator. This constitutes a limit because it needs an additional check by the operators to 

ensure the actual status of the machine. 

 

 New Gluing Workstation 
This layout takes in account three operators that 

are only partially dedicated to the gluing phase. 

In this case movements of two operators 

dedicated to the gluing are confined to a small 

area because the third operator performs the 

other operations that require longer 

movements. Some important considerations 

were made together with the operator that has a 

long experience in the gluing activity. 

 
 

The table serves as support for both the operators, the one of the manual gluing 
processes and the one of the automatic machines. In the table made by iron material 
are positioned the glued plates, they slide directly to the closing process and jig insertion 
table where there is the other operator. 

 
 

One operator that it is only partially dedicated to this operation, the other 2 operators 
don't have to change their position 
 

 

 

It is considered a table with two shelves, so the operator does not have to move to take 
the pressure system. The most used pressure systems are positioned in this shelf and 
the other one in the secondary pressure system warehouse. The operator can take the 
pressure systems from the upper shelf and start working.  
 

 

The operator dedicated to the assembly operation and the pressure system, after the 
oven phase can be positioned here for disassembly and put the gig again in the right 
warehouse. 
 

 

It is possible to put two incoming material warehouses, because the automatic process 
and the manual one work on different technology, in order to not have to search in 
the incoming material, the operators can easily access to this one 
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In this new layout it is possible to highlight some noticeable variation that is suggested in order to 

optimize the process in the gluing area, the equipment features are summarized as in the table. 

 

 

 

 

 

 

 

Layout change consideration 
The layout configuration in a new perspective will have to change taking into account the 

advancement of current processing technologies currently present. Some operations will have to 

be integrated into the production flow while others will be removed. Starting from the set of laser 

machines, the pool of laser will have to be modified also taking into account the integration of 

different machines because the required technologies have changed. Operations such as 

sandblasting, on the other hand, will gradually decrease, considering that the precision obtained 

by automatic gluing will allow to avoid the sandblasting process. By reducing internal handling 

through the layout proposal, it is also easier to delimit operators in certain areas, increasing their 

level of specialization. Another direction recommended for the company consists, once the 

available space will make it possible to integrate the machines already purchased, to dedicate a 

part of the machines to mass production and some others for particular technologies, for tests by 

the engineering team or for last minute orders. As regards the laser machines and microscopes 

area, it will be possible to dedicate some of these to specific customers, in order to increase the 

volumes by reducing the machine calibrations and to be more flexible in the event of an order or 

a specific requirement of this customers. 

 

Figure 39 New workstation for Gluing 
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Defect Identifier 
After having discussed with engineers and responsible operators for final washing/check phase, 

we have suggested some further suggestions in order to keep the beneficial use of the tool for better 

future results. In order to see the considerable result, it is suggested to utilize the tool regularly by 

filling all the needed information. “Set limits” button on the window is for the sole use of engineers 

to set the acceptable boundaries of the measures of each kind of defect. These boundaries help the 

tool to define and demonstrate the correct and necessary order to proceed accordingly. Moreover, 

it is also possible to set the tolerance limit for the defects to be accepted to proceed or to send to 

rework. Right now, it is set to 0.2, but according to the operations and demand requests it is 

possible to change it respectively.  
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Overview of Final Results 
 

These results are only based on the incremental countermeasures. More benefits are expected with the 
implementation of radical countermeasures as well. 

 

 

 

 

 

 

 

 

 

 

 

Root Cause Countermeasure Before Countermeasure After Countermeasure Reduction 

• Random selection of 

machines 

• Poor scheduling 

Laser Optimizer Macro 6.46% on LT 

0.57 days 

5.03% on LT 

0.44 days 

22.07% 

• Manual registration 

• Data collection 

• Identification of problems 

Rework Identification 

Tool 

5.56% on LT 

0.49 days 

3.92% on LT 

0.35 days 

29.46% 

• Workstation organization 

• Shelves in disorder 

New Gluing 

Workstation 

0.1% on LT 

12.42 minutes 

0.02% on LT 

2.8 minutes 

77.46% 

 
Achieved 

 
Expected 

 
TOTAL 

LT reduction 1.68% 215 
minutes 

+1.5% +190 
minutes 

3.18% 
(6.8 hours) 

Productivity increase in 
Gluing 

  
65% 390 sets 

more/month 

 

Productivity increase in 
Sandwich 

11% 30 sandwiches 
more/month 

   

«Rework LT» reduction 
  

25% 29 hours 
 

Yearly labour cost 
reduction 

  
101,000€ 

  

Yearly cost of poor- 
quality reduction 

  
14,400€ 
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Conclusion 
To sum up, it was very stimulating project with a lot of challenges and milestones. The results 

were quite substantial on a large scale considering the industry company operates in and the 

extremely expensive and time-consuming production even if it seems not very high looking at the 

numbers. Throughout the project we have encountered a lot of peaks and troughs and all of them 

motivated us to push our boundaries to achieve a significant result in the end. The outcomes have 

been positively accepted by the company and the applicability of the suggested countermeasures 

have been approved. We have grasped the true importance of teamwork, cooperation, 

communication with company members and university staff as well as acquiring a lot of 

professional and interpersonal skills that will definitely help us in our future endeavors.   
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A3 
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Experience 
In order to describe our experience, we have decided to a use a metaphor. Metaphor that we chose 

is the relationship between Sherlock Holmes and Dr. John Watson which imitates our team spirit 

and their way of solving the criminal cases replicates our approach to the handling of our project.  

The most outstanding part in how they solve the cases is the situational analysis Sherlock does 

which brings out the clues that plays a significant role in finding the solution. By means of this 

analysis and key points, Sherlock and John come up with possible ways to explain the incident and 

select the best and most accurate one that is the ultimate outcome. Likewise, in order to come up 

with potential countermeasures we have performed the current situation analysis to understand and 

solve the problem in the most logical and efficient way. To describe the metaphor, we chose in a 

better way, we are going to compare it with the specific case named “A Study in Pink”. 

When we started the project, the first task in front of us was to define the problem statement and 

perform the corresponding current situation analysis with the help of all the data that we have been 

provided. As how detectives did react, we analyzed the problem background which directed us to 

a number of problems causing the main issue of our project. This resembles the act of collecting 

all the clues in the crime scene and coming up with the explanation that Sherlock and John deals 

with a serial killer.  

As the target for the detective and the doctor was to prevent the next crime in the chain, we set our 

goal of decreasing high lead time to a reasonable amount. In order to reach the objective, we have 

performed a root cause analysis and currently we are working on suggesting and implementing 

countermeasures that will aid us in successfully completing our project. “A study in Pink” case 

represents the successful handling of a tricky case. Achieving the ultimate goal despite all the 

complexities and obstacles inspires us to implement our countermeasures to deal with the problem 

that we have defined in the very beginning of the project.  

Most of the detectives are capable of solving the cases if independent of time constraints, but the 

trick is to find the solution most effectively and in no time. This skill becomes more necessary in 

case of industrial management problems like our project as the soonest and most efficient response 

is desired from financial and operational point of view in practice. Therefore, successful handling 

of the project requires a number of skills that should not be underestimated: 

 Teamwork, reading emotions and motivations effectively 
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 Critical thinking 

 Attention to details 

 Prioritization 

Albeit the communication issues i.e., being based in different cities, sharing very distinct cultures 

and languages we are succeeding in managing the project as how Sherlock and John always 

support and back each other. Overcoming this challenge enhances our soft and hard skills which 

will assist us in the further steps of our project to tackle and deliver it on time and with excellence. 
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