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Abstract 

The project presented in this report is the outcome of a Master of Science thesis project which 

has been accomplished at Sandvik Coromant in Sandviken, Sweden. This Master’s thesis is 

part of a long-term effort devised by Sandvik Coromant, related the European research project 

CAPP-4-SMEs, which is a function block based on approach for distributed process planning 

combined with cloud manufacturing.  The purpose of long-term version in Sandvik Coromant 

is to develop an industrial demo prototype system for agile process planning with embedded 

flexibility that also will enable implementation of functionalities for real time adaptation and 

control. This thesis project, as a part of the Sandvik Coromant major project, focused on 

operation planning part, analyzed and developed a demo software to implement it. 

Shop-floor uncertainty is an inevitable problem in manufacturing, especially in today’s market, 

the needs of customized products and service has greatly increased. How to improve production 

adaptability and reduce the time to deal with dynamic factors in production has become one of 

the core issues in the international industrial fields.  

In this Master of Science thesis project, the challenges of low adaptability in current process 

planning are discussed. In order to meet these challenges, the concept “Cloud DPP (Cloud - 

Distributed Process Planning)” combined with Function Block (FB) technology is applied to 

establish a process planning system that enables high degree of flexibility, automation as well 

as efficient resource sharing, scalability and accessibility regarding IT-systems and software 

applications. 

Taking a specific turning feature in aerospace engine as a case study, this project designs two 

schemes of integrated FB and distributed FB respectively. Two software demos are built, and 

the differences of modularization, accuracy and scalability are compared between the two 

systems. 

The result verifies the fact that the use of FB algorithm and cloud-DPP method significantly 

improves the adaptability of the process planning. In FB method, the distributed FB software 

system has better modularity and scalability. 
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Abstrakt 
Projektet som presenteras i denna rapport är resultatet av ett magisterprojekt som har 

genomförts på Sandvik Coromant i Sandviken. Mastersuppsatsen är en del av en långsiktig 

insats som Sandvik Coromant har utformat relaterat till det europeiska forskningsprojektet 

CAPP-4-SME, vilket bygger på en funktionsblocksbaserad strategi för distribuerad 

processberedning kombinerad med cloud teknologi. Syftet med magisterprojektet vid Sandvik 

Coromant är att utveckla en demonstratör prototyp för agail processberedning med inbyggd 

flexibilitet och möjlighet att implementera funktionalitet för realtidsanpassning och styrning. 

Behovet av kundanpassade produkter och tjänster kommer kraftigt att öka. Detta kommer i sin 

tur att medföra krav på hög flexibilitet, korta ledtider och förmåga att hantera dynamiska 

förändringar i produktionssystemen. 

I denna magisteruppsats addresseras utmaningarna i dagens produktionsberedningsprocesser 

som i hög grad kännetecknas av statisk karaktär med begränsad förmåga att snabbt anpassas 

till dynamiska förändringar. 

I syfte att möta dessa utmaningar tillämpas inom detta projekt konceptet “Cloud-DPP (Cloud 

- Distributed Process Planning)" kombinerat med Function Block (FB) teknologin för 

att upprätta ett beredningssystem som möjliggör hög grad av flexibilitet, automation, samt 

förmåga till bättre resursutnyttjande och skalbarhet avseende IT system, digitala tjänster och 

programvaror. 

En rotationssymmetrisk komponent inom flygindustrin har här används som fallstudie. Två 

mjukvarudemonstratorer har utvecklats avseende dels ett integrerat FB schema, dels ett 

distribuerat FB schema. Skillnader avseende modularisering, noggrannhet och skalbarhet 

mellan de olika scheman har analyserats.  

Resultaten verifierar det faktum att användningen av FB algoritm och Cloud-DPP signifikant 

förbättrar anpassningsbarheten i beredningsprocessen. Beträffande FB metoden så ger det 

distribuerade FB schemat bättre modularitet och skalbarhet. 
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1   Introduction 

This report presented the result of a Master of Science thesis project at Royal Institute of 

Technology(KTH). The project has been accomplished at Sandvik Coromant in Sandviken, 

Sweden. The objective with this master thesis is to develop an industrial demo prototype for 

cloud - distributed process planning based on European research projects CAPP-4-SMEs a 

function block approach. 

 

1.1 Background 

New trends in information communication technology(ICT) enable innovative solutions for 

knowledge sharing, big data analytics, cloud computing and Internet-of-Things, which increase 

the demand of support for digital cross-company collaboration and provision of services in 

industrial collaboration network. On the other hand, more and more customers tend to choose 

customized products and service so that the problem of improving the utilization of resources 

in job production is imminent1. It is precisely because of these small batch customized 

production and cross-national cooperation needs, so that the uncertainty of the entire workshop 

is greatly improved, such as machine failure, tool damage or shortage, urgent order, unavailable 

fixed device, short product lifecycle and so on. 

Beside promoting from the developing of science and technology in current era, the process 

planning system is also urgently needed to improve. The standards of different manufacturing 

machine are in riotous profusion, so the process plan of one certain kind of machine is not 

transplantable and replicable to other machines.  

Although research has been conducted in some areas, a major problem remains in the job 

manufacturing, especially for complex component, which results many theories are still in the 

research stage and have not put into actual production. There are several studies have been 

targeting this issue, providing the results in different direction. This study is based on the 

research results of the European CAPP-4-SMEs project Cloud-DPP (Distributed Processing 

Planning) system, which is involved in both Royal Institute of Technology and Sandvik 

Coromant.  

Over the past few years, in this age of accelerating technology, manufacturing solution, 

knowledge and expertise has become one of new productivity standards or valued-added 

product to customs beyond tools. Sandvik Coromant has been committed to a high-technology 

engineering company in manufacturing tools and its solutions for metal cutting, machines and 

materials in different kinds of industrial fields. Thus, this thesis project is initiated by Sandvik 

Coromant to study the theory of Cloud-DPP system and develop an industrial demo prototype 

for agile process planning with embedded flexibility and adaptability that can adjust itself to 

the real time changes. 
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1.2 Problem Analysis 

The industry is moving from centralized systems towards a more distributed paradigm, which 

means that large scale system central intelligent control can be converted to more decentralized 

systems. The smaller part of the system is intelligent, and it can communicate with each other 

smoothly, just like the behavior of the whole system. When this distributed system is applied 

in the process planning, the complexity of key processes and the uncertainty of whole system 

are greatly improved. Especially for Small and Medium-sized Enterprises(SMEs), which 

usually process complex and intensive process planning problems, especially in the field of 

processing and metal cutting, there are more uncertainties in workshop than ever before2. 

The research of traditional manufacturing system is based on the research of process planning 

and shop scheduling as an independent and sequential system, which leads to the following 

problems. 

1) Static state of traditional process planning.  

The working mode of traditional process planning system is static, and the decision of 

process planner is based on assuming that the workshop resources are unlimited or idle at 

any time. Therefore, the process planners often choose the best processing equipment 

without taking into account the real time resource states of the workshop. This leads to 

that the optimization of the process route in the eyes of the process planner is not 

satisfactory when it is being implemented in the workshop. 

 

2) Time difference between the process planning and the implementation. 

The formulation of the process route is completed before the production of the workshop. 

The time difference between the process planning stage and the implementation stage may 

also affect the feasibility of the process. Because the workshop that is considering during 

the planning period may have changed when process implement. The dynamic change of 

such constraints may make the original process plan lose the "optimized meaning". 

 

3) Shop-floor uncertainties.  

Traditional scheduling plan usually arises after process planning so that the original 

process route generated by process planning must be taken into consideration when 

planning scheduling in workshop. By this way, the scheduling in workshop is inevitably 

constrained by previous process planning to be optimal. At the same time, the limitations 

of the process planning by designers will directly affect the feasibility of the scheduling 

plan. The workshop production is often limited by the bottleneck of equipment failures, 

tools, materials and personnel in place, cancel orders, delivery time change due to the 

interference of interference factors, which has the characteristics of suddenness and 

unpredictability. If a process planning is implemented in a traditional way, its process 

planning system and scheduling system cannot quickly and efficiently respond to the 

above-mentioned events to avoid the interruption of production. 

 

4) Limitation of reproducibility. 

In current manufacturing technology, the process planning only can be manufacturing 

after transforming into the code which adapt to CNC (Computer numerical control) 

machine. However, the current situation is that all CNC machines do not use the same 

coding standard. For example, the ISO 6983 is often used in Asian, the DIN 66025 is used 

in Germany and the PN-73M-55256 were formerly used in Poland3. In this situation, the 
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process plan of one certain kind of machine is not transplantable and replicable to other 

machines. 

From the above problems, it is can be seen that the integration and simultaneous distribution 

of process planning and workshop scheduling is imperative. Through distributed process 

planning system, the resource utilization status of the current and even future processing site 

can be considered in process planning, which is of great significance for eliminating resource 

conflict, improving equipment utilization, shortening product manufacturing cycle, improving 

product quality and reducing manufacturing cost. 

 

1.3 Purpose 

This Master’s thesis is part of a long-term effort devised by Sandvik Coromant, related to the 

European research project CAPP-4-SMEs a function block based on approach for DPP process 

planning combined with cloud manufacturing.  The long-term version of whole project in 

Sandvik Coromant is to develop an industrial demo prototype for agile process planning with 

embedded flexibility and adaptability that can adjust itself to the real time changes. This thesis 

project, as a part of the Sandvik Coromant major project, analyzed and developed the operation 

planning(OP) part, which is described in chapter 4. 

 

1.4 Objective 

The objective of this Master thesis is to establish a development environment and create an 

industrial demo prototype for operation planning part and machine connection, which has been 

divided into mainly 3 stages according to. 

Stage 1: Establish a development environment and runtime environment for function block 

based on the situation in Sandvik Coromant. 

Stage 2: Feasibility analyze of aerospace engine component using function block method of 

cloud-DPP system. 

Stage 3: Focus on developing operation planning system by function block algorithm and 

verify the aerospace engine component that analyzed in stage 2. 

1.5 Scope definition 

The project presented in this article is a 30 credit Master of Science thesis, which covering 20 

weeks work in Sandviken. Since the acquisition of information and knowledge is influenced 

by time and geography, the delimitations of this project are listed below: 

• All tools and machines are considering from Sandvik Coromant, which are the series of 

“C6-CRSNL” for tool and the machine of Five Axis Multi-Task Machine with Mazatrol 

640T pro control system. And all of tool information can be found in Sandvik Coroment 

website and its Tool Guide System. 
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• As this thesis project is part of a long-term effort by Sandvik Coromant, it only covers the 

operation planning part and it does not test with another part yet.  

 

• The programming code and detailed component do not display from a corporate 

confidentiality point of view. 

 

1.6 Outline of the Thesis 

This section clarity the structure of this thesis report which includes each main chapter in this 

article and the main contents of each chapter listed. 

Chapter 1: Introduction – This chapter explains the theme of the research, including the 

background of research, the motivation of research questions, the purpose and objective of this 

research. 

Chapter 2: Literature Review – This chapter lists the theoretical definitions involved in the 

project or mentioned in later article and reviews the results of previous research in the same 

field. 

Chapter 3: Methodology – This chapter described the research approach used to carry out the 

thesis. It also provides the author’s thinking and decision-making steps in chronological order. 

Chapter 4: System Architecture – In this chapter the two different system architectures are 

presented. 

Chapter 5: Case Study – Verify the system architecture by actual cases. 

Chapter 6: Conclusion – Conclude the project and present some discussion and evaluation of 

report. It also mentions the future recommendations about this project. 
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2 Literature Review  

This chapter contains two sections, the first section lists the theoretical definitions involved in 

the project or mentioned in later article. The second section collects and reviews the results of 

previous research in the same field. 

 

2.1 Theory 

This section contains a summary of abbreviation and definition of theory that are mentioned 

within this article so that readers can have a better understanding for this article. 

2.1.1 IEC 61499 

IEC 61499, issued by International Electrotechnical Commission(IEC) in 2005, is an 

international standard based on triggered function block for industrial process measurement 

and control system.  

The standard provides a generic model for distributed system based on IEC 61131, which 

includes processes and communication networks as an environment for embedded devices, 

resources and application4.  

2.1.2 Function Block 

Function block (FB), is an abbreviation of Function Block Diagram (FBD), which is a graphical 

language for Programmable Logic Controller (PLC) design supported by standard IEC 61499 

and IEC 61131-1. And there are 3 different types with its own distinctive characters5. 

As shown in Figure 1, it includes event inputs and outputs as well as the more traditional data 

inputs and outputs, to provide for synchronization between data transfer and program execution 

in distributed systems.  

 

 

Figure 1 FB prototype 

Usually, the inputs are on the left and the outputs are on the right, and the interfaces are divided 

in events and data. The events trigger the functionalities of FBs, and the data inputs are the data 

use by these functionalities. What is noteworthy is that events and data connections are not 

compatible, which means that they cannot be connected. However, the small squares and lines 
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that connect an event with data represent the data inputs/outputs that will be refreshed when an 

input/outputs event arrives/leaves. 

2.1.2.1 Basic Function Block(BFB) 

 

Figure 2 Basic Function Block6 

In the BFB, the state of function block is defined by ECC (Execution Control Chart), which 

decides which algorithm to execute7. The gray boxes in the right image are the algorithms 

encapsulated inside the FB. The algorithm is usually written in one of the IEC61131-1 

programming language or other languages such as Java or C++.  

As the Figure 2 shown, the FB is in the START state at the beginning, when a EI1 event arrives, 

it jumps to the STATE1 state, executes algorithm ALG1, triggers EO1 output event. When EI2 

event arrives, it has a judgment of V1 variable. If V1>5, it goes back to START state. If V1=5, 

it jumps to the STATE2 state, executes algorithms ALG2 and ALG3, triggers EO2 output event, 

and then follows the 1 back to START. That is how the ECC works. One important thing need 

to more declare, the ECC cannot be an infinite loop, which means that the transition “1” must 

be tread carefully. 
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2.1.2.2 Composite Function Block(CFB) 

 

Figure 3 Composite Function Block 

The CFB is consist of an internal network of other FBs. This is done by specifying the event 

and data interfaces of the composite type, then filling it with a diagram showing how its internal 

function blocks are connected. In CFB, execution of the algorithms in the internal function 

blocks are controlled by the flow of events from one component to another. 

2.1.2.3 Service Interface Function Block(SIFB) 

 

Figure 4 Service Interface Function Block 

Since the standard IEC61499 is oriented for the distributed system, the application can run on 

several devices. So, when the application is deployed to several devices, the application needs 

to access inputs or outputs, even access the specific hardware to communicate at some points8.  

2.1.3 CAPP-4-SMEs 

CAPP-4-SMEs is abbreviation of Collaborative and Adaptive Process Planning for Sustainable 

Manufacturing Environments, charged by the consortium that is comprised of eleven partners 

(four universities, 1multi-national manufacturing company and six SMEs) from five European 

countries. The goal of the thirty-six months project is to reduce the cost and improve 

manufacturing process adaptability, responsiveness and robustness based on the Computer 

Aided Process planning (CAPP) approach, to enhance the competitiveness of European 

companies, especially small and medium-sized enterprises 9. 
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The main contents of this CAPP-4-SMEs project include the development and innovation of 

adaptable process planning services and efficient simulation services. By using cloud 

computing and embedded tool like function block, improves the intelligence of process 

planning and monitoring services under the new trend of information and communication 

technology10. 

2.1.4 Cloud-DPP system 

DPP is an abbreviation of distributed process planning system. As shown in Figure 5, the DPP 

system through 2 level, a high level supervisory planning and low-level operation planning in 

parallel. First, machining feature(MF)-based product data are analyzed in supervisory planning 

which generate a meta function block network according to machining feature database and 

machining technology database. The generated FB network will be distributed into CNC 

machine and each FB network is consist of different FBs from its library. For each FB, it 

contains the strategy of tool selecting and tool path generating 11. 

 
Figure 5 Distributed process planning (From reference 21) 

For cloud-DPP system, it combines cloud and service-oriented computing approach based on 

the original DPP system. Using the dynamic resources jointly provided by cooperative 

enterprises on the Internet, a service platform will be established to enable SMEs to develop 

independent and portable CAPP systems. This topic will be described in detail in the chapter 3 

methodology. 

2.1.5 Machining Feature 

Machining feature is also called manufacturing feature. The definition was provided by Gupta 

in 1995, “A manufacturing feature corresponds to the volume of material that can be removed 

by a machining operation”12. It is also mentioned in 2003 by Benhabib that “features can be 

seen as specific geometric shapes on a part that can be associated with certain fabrication 

processes” 13. 
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2.2 Previous Research 

Many researches have been conducted in the field concerned to be of interest to this project. 

These articles can be divided into the following section based on the hierarchy of process plan. 

2.2.1 General process planning 

According to Sormaz and Khoshnevis(2003), the integration of design, process planning and 

scheduling functions is the vital factor to improve availability of alternative process plans. In 

this paper, a methodology is introduced for alternative process plan, which includes several 

steps, selection of alternative machining processes, clustering and sequencing of machining 

processes and generation of a process plan network14. The characters of this method are that 

similar processes are included in the network of process planning, not only analyzing the 

original machining feature, but also considering alternatives of each feature so that it can 

provide several alternative implementations of optimization algorithms. 

To define the sequence of machining processes, one hybrid approach uses knowledge-based 

rules and geometric reasoning rules15. Another approach defines a new revised enriched 

machining feature concept that has not only information of machining feature itself but also 

the format of data 16. Both these two methods are applicable to the cloud-DPP system. 

2.2.2 Adaptive process planning 

Adaptive process planning includes two main parts, roughing planning, including all possible 

alternatives for the manufacture of a given component. The required resources for the priority 

process chain are in Enterprise Resource Planning(ERP). During the detailed planning stage, 

this hierarchy is evaluated parallel to (rolling, gliding) the current and prior to the potential 

subsequent operation 17. 

Adaptive process planning merge advantages of three original process planning approaches: 

hierarchic process planning; non-linear process planning; dynamic process planning. The focal 

point in the adaptive process planning is the representation of non-linear process plans and the 

resulting dynamic assessment of technologically appropriate process chains18. 

2.2.3 Computer Aid Process Planning(CAPP) 

Process planning, as a vital link between design and manufacturing in production, is often 

handle by experts’ experience and knowledge in traditional approach. However, a component 

will have different process planning in this case by different experts. To avoid redundant work 

and keep consistence in complicated problem, the application of computer technology in 

process planning was came up19.  

The concept of computer aid process planning was first proposed by Niebel in 1965. After that, 

numerous studies stress that CAPP is more practical in manufacturing than computer-aided 

design(CAD) and computer-aided manufacturing(CAM)20. 

In general, there are two types of CAPP, generative type CAPP and variant type CAPP. The 

former does not have many manual interventions, which generates process planning by 

decision logic and machining knowledge, and the latter requires operators to classify parts, 

enter the parts information as inputs, and make modification of retrieved alternative process 

plans from system, so the advantage of variant is maintenance 21. 
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With concept CAPP developing, lots of different CAPP system were developed. However, the 

applications are less than satisfactory. For example, an object-oriented manufacturing resource 

modelling and agent-based process planning was proposed by Zhang Y, Feng SC22. 

According to article, a common weakness of most of the reported CAPP systems is that they 

act as stand-alone functions and do not have a link with either CAD, CAM, MRP II or 

scheduling modules. Because of the unidirectional communication, these systems generally 

run in the batch mode and are not suitable for real-time integration23. 

2.2.4 Cloud distributed process planning 

There are basically four types of level in cloud services: infrastructure as a service(Iaas), this 

service is used for servers, storage, CPUs and other devices that supports production process; 

Platform as a service (Paas) support the service or tools for development of application; 

Software as a service (Saas) is a kind of service for end-users of application; the last part, 

Business Process as a service(BPass), is the automatic service or back-office supported services 

are provided directly in the customer’s business process. All levels are constituted as 

integration as a service, which is stored in cloud environment.  

For cloud-DPP system, Givechi (2016) has pointed out that the proposed framework can be 

presented in a shared cloud environment where different partners have access to different 

modules of the system. It also said that the difficult problem is how to solve the complex 

iterations between interim feature geometry and process parameters in each individual 

machining operation and transformation among different machining operations, especially for 

mill-turn machining 24. 

Distributed process planning(DPP) is also called the just-in-time process planning, the basic 

principle is shown in figure 6.  In this system, the process planning and scheduling are 

completed synchronously. It divides the process planning and scheduling plans into two stages. 

The first stage is the initial planning stage, at this stage, mainly analyzes the relationship 

between feature and characteristics and the characteristics of the preliminary processing 

method is determined according to the features of parts, at the same time for processing 

resources (such as raw materials, processing equipment, etc.) for preliminary calculation to 

estimate. 

The second stage is the detailed planning stage, the main work is the plant processing 

equipment and production information, job information, process route and schedule and 

generate a complete. 
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Figure 6 Distributed Process Planning System 

Process planning and workshop scheduling are two very important subsystems in the computer 

integrated manufacturing system (CIMS). Process planning is to determine the role of 

processing methods, processing sequence, process parameters and product manufacturing 

required for manufacturing resource and time, is a bridge between product design and 

manufacturing; scheduling is about to enter or has already entered the processing of parts were 

optimized in the manufacturing environment under the constraints of link production 

preparation and specific process of implementation process25. 

The basic concept of DPP is stratified planning. This system takes into account the integration 

problem of process planning system and shop scheduling system at the very beginning, at the 

same time, the process planning and scheduling plan is always parallel. The two systems reflect 

interaction, coordination and cooperation in the whole integrated decision-making process. 

However, its overall optimization of process route and scheduling plan is insufficient in this 

situation so that why Cloud-DPP system was created. 

Function block, as a programming language with high modularity, can be integrated with 

cloud-DPP to improve adaptability, modularity and controllability of whole system, especially 

for small and medium enterprises (SMEs) have high uncertainties today because multi-tiers 

outsourcing, customized product demand and shortened product lifecycle26. 

The examiner of this thesis work, Professor Lihui Wang, mentioned function block enabled 

adaptive process planning in many journals, which various approaches by introducing FBs as 

a core technology in articles 272829. Also, in the article16, the web-DPP system was validated by 

two case studies. The character is that process decision is divided into two parts: low level 

control operation planning and machine control event-driven function; high level control all 

kinds of information integration and selection of machines that can maximize the utilization 

rate. The different point compared to previous research is that: separate generic process 

planning information from machine-specific ones, and therefore is portable to different 

machines and capable of runtime fine tuning to a change, efficiently. 
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Figure 7  System architecture of cloud-DPP (From CAPP-4-SMEs project) 

Cloud-DPP system improve its overall optimization ability by not only concern original 

process planning but also including execution monitoring. The figure 7 from previous CAPP-

4-SMEs illustrate the system architecture. Cloud-DPP system model includes 3 parts: 

supervisory planning, which will generate a machining sequence plan; execution control, 

which mainly used for gathering schedule information and monitoring events in shop-floor; 

operation planning, a real-time execution environment of operation function blocks30. 

In the other hand, cloud-DPP system can store and share information like FB with cooperated 

company by cloud technology. Different systems store in cloud and communicate with each 

other by integration engine(IE), each module inside cloud could be easy expand to suit 

environment and update. As the character of FB, it would be easy to distribute whole system 

into many CNC machine, each module could connect with several CNC machines which 

include modularization of function blocks. Also, it can monitor machine and update real-time 

situation and data to cloud. 

The first part, supervisory planning, is equivalent to the initial design layer in DPP system, 

which analysis the received product data includes part geometry or feature based on general 

knowledge of machining technology and constraints and generate a FB network that 

correspond with machining feature31. Supervisory planning only generates machining 

sequence plans based on datum references and critical manufacturing constraints, leaving those 

non-constrained operations in parallel. In other words, it generates non-linear process plans at 

this stage, portable to all capable machines. All of FBs are created in advance and each of FB 

includes MF corresponding algorithm to get suggested cutting tool and tool path or even NC 

code32. The input of supervisory planning is enriched machining features and output is meta 

function block. Since this project focus on machining process sequencing, it’s assumed that the 

machining feature list of part is given. Such a feature list can be obtained either by adopting 
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third-party feature recognition solutions or incorporating machining feature based on design 

methodology. 

Scheduling information and monitoring information are collected by second part, execution 

control after supervisory planning. The high adaptability and controllability make execution 

control become the highlight of whole cloud DPP-system. The function of execution control 

includes set-up merging and dispatching, monitoring of workshop information like tool 

machine, and what’s more, it can monitor the status of current manufacturing, send it back to 

system and make a corresponding adjustment to FB. In this step, the flexibility and adaptability 

are greatly improved, in another hand, the time of making changes is dropped off and all this 

information can be stored to contributed to next process planning33. 

After an available machine is chosen, detailed operations are planned, which includes cutter 

selection, tool path planning and cutting parameters determination. Operation planning is a 

real-time execution environment of function blocks. In other word, operation planning is 

equivalent to an adaptive machine controller that can be dynamically changed according to real 

time manufacturing situation. Since the current CNC machines on the market do not have the 

ability to identify FB. It is necessary for the FB to eventually generate NC code that can be 

applied to the CNC machine.  
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3   Methodology 

In order to realize the purpose and objectives for this thesis project in a structured way, a 

methodology is stated in this chapter, which contains five main parts: software tools, cloud 

distributed process planning system, test component analysis, machining feature selection and 

definition of machining feature data format. The first part software tools, Integrated 

Development Environment (IDE) and Runtime Environment (RTE) analyze the requirement 

according to IEC61499 and compare pros and cons of different FB software tools; the second 

part illustrates the research of cloud-DPP system; the third part compare optional component 

for development in Sandvik Coromant and a feasibility analysis is carried out for it; the fourth 

part selects a machining feature(MF) as the development object for the turning technology 

based on the analysis result of component in third part; the last part designed a prototype and 

its data format according to the selected MF, it is also described the mathematical calculation 

that how to get the contour of MF through the designed data format. 

 

3.1 Software tools, IDE and RTE 

Function block uses graphical methods to describe the logical behavior of industrial control 

programs, which is one of standard PLC programming language based on the IEC614331-3. 

To be mentioned that, not only the implementable reference architecture is defined in standard, 

but also defines request of software tools to support the required engineering tasks. The 

following three attributes are the software tool that support the distributed system must have 

according to IEC 61499: portability, configurability and interoperability. Portability is that the 

software can implement application that is not developed by it. Similarly, the application 

developed by itself can be executed in other distributed and embedded industrial control and 

automation system. Configurability is an attribute which based on the standard that oriented 

for distributed system. The application does not need to be running in only one device(PLCs). 

Not only that, many applications can be distributed over many devices. Interoperability means 

many devices in system configuration can be operated in same time. 

In addition to the necessary conditions above, there are several advantages to the development 

environment of FB in author’s opinion. 

• A friendly program editing interface which can help users to write FB programs quickly 

and simplify. 

• Syntax check for users’ input program, including a nonstandard programming or 

effective prompt and fault localization for program error. 

• The middle language according to the PLC’s control logic support. So, the correct FB 

program can be checked into it which facilitates the conversation of the program 

language. 

Following table shows the information and comparison of different IEC 61499-related software 

tools. Such tools should meet the requirements defined in IEC61499-2: Function Block – Part 

2: Software tool requirement and should also have their characteristics defined in a compliance 

profile as specified in IEC 61499-4: Function Block – Part 4: Rules for compliance profiles. 
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Table 1 Runtime environment comparison 
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Since programing language C and C# are mainly used in implementation of digital R&D, like 

cloud manufacturing, it is a priority to use the C series language to increase the interactivity of 

this project with others in the future, which means that HBDK is excluded first.   

It is good to mention that software ISaGRAF is described that can support CNC machine 

directly on its official website, as figure 6 shown below. 

 
Figure 8 Introduction of ISaGRAF (From IsaGRAF official website) 

As the legacy CNC controllers are of closed architecture, they do not recognize function blocks 

yet. In order to utilize the legacy machines already installed on a shop floor, conventional G-

code is generated directly by function blocks in previous project. So, it would be a particularly 

good new if it can support CNC machine directly, then the FB system does not need to transfer 

FB to G code.  However, functionality of supporting CNC directly has not been demonstrated. 

Anyway, this situation is worthy to keep sustained attention. Once this function can be realized 

or confirmed, the advantage of the software will be undoubtedly obvious. 

As this thesis project is still in a preliminary stage right now, it would be better to start with an 

open source software rather than commercial one. From author’s opinion, the 4diac is the most 

suitable choice for this thesis work. Even if the future work is limited by open source, the 

project can be transferred to NXTcontrol software easily since NXTcontrol is built based on 

the open source solution of 4diac. 
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3.2 Test component analysis 

In order to make the system effectively, a specific machining feature is needed. Sandvik 

Coromant prefer to select one part from aerospace engine since aerospace is one of the most 

demanding engineering arenas. The following table is the analysis for different component 

inside aerospace engine. 

# Name Material Main part 
Machining 

Technology 
Figure 

1 Fan disc Titanium 

Deep internal 

chambers; Large 

tulip grooves 

Bored; Milling 

 

2 Shaft 

High 

alloy 

steel; 

HRSA 

Chamfering of 

holes; Scallop 

surface 

Drilling; 

Milling 

 

3 Blisk Titanium Blade Milling 

 

4 Fan casing Titanium - Turning 

 

5 Spool HRSA 
Blade groove on 

spool 
Turning 

 

6 
Turbine 

disc 
HRSA Seal fins 

Turning; 

Milling 

 

7 
Combustion 

casting 
HRSA 

Helical ramping 

hole 

Turning; 

Milling 

 
Table 2 Component analysis of aerospace engine [From Sandvik Coromant, All Rights Reserved] 
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Based on the aim of this thesis work, turning technology is the main direction of research. 

Combining the recommendation of the Sandvik Coroment R&D department and considering 

the feasibility of the follow-up test, turbine disc is selected. A further detailed discussion of 

feasibility by using the cloud-DPP system combined with FB will be implemented according 

different machining features in turbine disc. There are two major problems that need to be 

discussed: 

• Can the part be described by using set of MFs? 

• Has the technology, methodology and automatization of each MF already been prepared 

for feasibility check? 

 

Figure 9 MFs of turbine disc 

As shown in the figure 9, there are six kind of distinct machining features in turbine disc. For 

the first question mentioned above, each MF needs to be known that which machining 

technology can be used in it. For example, diaphragm needs to be machining by turning 

technology, dovetail slot needs milling and drilling, fir tree needs milling and drilling, fastener 

hole needs drilling and so on. Beside knowing what processing technology is using, how to 

define MF is another one of most difficult problems in this case. For the second question 

mentioned above, each MF needs to be detailed analyzed. Since the process planning of MF 

need to be generated automatically, the entire analysis needs to be quantified, which means 

that all decisions inside generating process planning can be implemented by using 

programming techniques without the help of expert experience. Taking the MF “diaphragm” 

in figure 9 as an example, suppose different radians need to be machined with different angles, 

from the known radian to the result for angles of machining, whether the intermediate process 

can be automated and determined by programming? If the answer is yes, is there enough 

technology to support the complexity of programming? In conclusion, for each MF, if the 

process of generating a process planning can be automated and the programming technology 

supports that process, then it can be argued that the MF can be applied to the Function Block 

technology with Cloud-DPP system. 
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Since FB must be defined according to the actual MF from CAD file instead of any semi-step 

MF like roughing MF in CAM system or traditional process planning, the combination and 

separation of MFs is a vital problem. Take machining feature, seal fins, as an example, is it 

better to use only seal fins a MF of FB or combine it with diaphragm? Usually, the split of MFs 

depends on the relationship between them. If a single processing of MF affects another MF, 

then they can't be separated. However, once the part becomes very complex, there is not 

obvious dividing line between MFs. If many MFs are distributed into one FB, the relationship 

between different MF will not be lost, but in this situation, FB does not have the enough 

representativeness to become more general FB, which is deviating from the theory of cloud-

DPP system. 

The second difficulty is the change of tool and machine direction during progress, especially 

for some special tool, the tool direction and machine direction are different, like figure 10 

shown below.  This is also one of the main research directions of whole system in the future. 

 

Figure 10 The tool with distinct processing direction 
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3.3 Machining Feature Selection 

As the focal point of project is turning technology and based on the analysis of whole aerospace 

engine and its inside components in the previous chapter, a case study of machining feature in 

turbine disc is carried out. 

 
Figure 11 Turbine disc 

The challenges of manufacturing Turbine Disc is the withstanding extreme temperatures and 

pressure difference, which means the selection of material types and the processing technology 

are critical to the performance and the quality of the turbine34. 

For material types, there are several material options for turbine disc in industry, for example, 

titanium alloys, special steels, super alloys and so on. Nageswara has point out that super alloy 

is extensively used in turbine disk applications, for example, A286, an austenitic iron-base 

alloy has been used for years in aircraft engine applications. Another super alloy 718 has been 

used for manufacture of discs in aircraft engines for more than twenty-five years35. In this thesis 

project, the material used is also a kind of HRSA (Heat Resistant Super Alloys). However, the 

project will not focus the relationship between material and the quality of component, instead, 

it will be placed in the second part of the impact factors which mentioned before, processing 

technology. 

Based on the functionality of whole turbine disc, the most important machining feature is 

sealing fins or labyrinth seals as they are also called, which is usually composed by many 

grooves. For productive seal fin machining, there are two basic ways to machining in Sandvik 

Coromant. One way is entering the feature material from both sides by a profiling tool which 

is a patented strategy called Scoop Turning. By using this special strategy, the feed force on 

the material can be reduced to the maximum extent so that the process can get more accurate 

geometrical sizing and deliver better chip control. At the same time, cycle time can be reduced 

by 80% which has already been realized by experiment36.  Another way is Trochoidal Turning 

by using the front edge line and continuously changing the contact point between insert and 

material. By choosing trochoidal turning over the more traditional ramping method, 

productivity can be doubled with improved security and tool life 37. Because of the complexity 

of turbine disc, it does not fit the requirement of just testing system. So, it would be better to 

choose a relatively simple machining feature rather than key feature to test and it will be 

guaranteed if the NC code by function block can be compared with the previous traditional one. 
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Figure 12 Scoop turning   

 

Figure 13 Trochoidal turning 

Base on the aim and purpose of this project, turning operation is the objective in this study. 

Finally, the machining feature of roughing step is chosen as the object in this case study. 

 
Figure 14 Roughing- Machining feature 

As shown is figure 14, the grey area is the final component, turbine disc, the slashed area is the 

machining feature, the red area is the expected result part in this case study. 
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3.4 Definition of machining feature data format 

Before developing function block, one important step among other things is defining 

machining feature which focus on the material volume geometry of example that is to be 

removed. Since the object that FB can deal with is a class of MF instead of a specific MF, 

which means that FB can still operate it and generate tool path correctly even if the parameters 

change. So, creating a generalized machining feature demo from specific sample feature is 

instantiated. 

3.4.1 Generalized machining feature demo 

The level of generalization capability for MF is the most noteworthy problem in this step. The 

level of generalization capability can be very general and broad or very specific and narrow so 

that it is vital to find a balanced level. If the MF demo is overly generalized, some detailed 

features may cannot be mentioned even if this FB will cover more MFs in actual production 

process, and vice versa. However, significantly in this step, the designed level should be known 

and familiar for process planners. Although it might be not readily familiar by name but the 

concept and key content should be a consensus by discussion so that process planners will 

know this type of MF if one kind of strategy and tool path are being suggested.  

Based on previous dialectical discussion, the best way is to define MFs in several levels of 

generalization and inherit more specific ones from the more generalized one, which is also a 

kind of suggestion for future work.  

In this case, MF demo build in a generalized level because of the complexity level of this MF 

is not high. So the profile of MF demo consists of a set of ascending outer diameter values in 

addition to the corner radius values. 

 
Figure 15 Machining feature demo 

3.4.2 Crucial parameters in generalized machining feature demo 

The irregular blank shape is an additional designed point in demo besides the irregular contour 

and fillet so that the parameters are basically composed of 2 parts, blank parameters and parts 

parameters. 
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Figure 16 Parameters in MF demo 

As shown in figure 16, each point in the part contour corresponds to 4 variables,  , 

which respectively represent blank diameter (outer diameter), part diameter (inner diameter), 

depth according to original point, radius value and point type. It is worth noting that the R value 

not only represents the radius value, but also represents the type of this point, see below table.  

# Value Type Example 

1 0 Point in straight line Point 4,5 

2 -1 Point only in blank Point 2 

3 >0 Point in fillet Point 3,6 
Table 3 R Value in demo 

In conclusion, all parameters can be turned into a point array set for whole component. 

 
 

3.4.3 Calculation in fillet 

Based on chapter “Crucial parameters in generalized machining feature demo”, the parameters 

are discussed. Since actual fillet corner point data is not mentioned in parameter, so it is bound 

to calculate the coordinated of the actual point of the fillet based on existing data in the 

subsequent calculation and programming. 

 
Figure 17 Detailed points relation in fillet 

do,di ,Z,R

Parameters = {Pi}

Pi = {doi ,dii ,Zi ,Ri} i =1,2,3...n



24 

According to figure 17 and preceding discussion, the point  are known. So a math 

function is set to calculate position of . Take  as a tutorial to illustrate the steps. 

A. Calculate slope of straight line L according to  and . 

The function of line L is y=kx+b. 

B. Calculate the distance between  and  according to  and r. 

 

The angle of the two lines, , can be determined by the tangent theorem of two triangles. 

Based on the value of , the distance L can be calculated by a triangle that consists of 

point  and the center of circle. 

C. Calculate the location of desired point  . 

 
According to the Pythagorean theorem of the triangle, equation 1 can be calculated.  The 

equation 2, is obtained by the linear function in step A. 

Combining two equalities and simplifying them, the following formula is gotten. 

 
It can be considered as 

 
 

In the above equation, the solution of X is fixed and can be calculated by 

 
Although the value of X has 2 options in the solution of this formula, the value of X must 

between points  and  in this case. So one of two solutions is obligatory to be discarded 

and the another is the actual X value of the point . 

 

Finally, the value Y can be obtained by the linear function in step A. 

 
 

In the same way, the value of  can be calculated. 
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4 System Development 

In this chapter, the two version of system architecture and their used FBs will be presented. In 

version 1, an integrated FB is mainly used to implement various functions in operation planning. 

In version 2, different functions in the integrated FB is partitioned and refined, for example, 

changing tools, roughing and finishing are created as separated FB. These two ways both can 

achieve the same result of operation planning if using same component data, but by comparison, 

the degree of adaptability and modularity is higher in version 2, which can better reflect the 

advantaged of FB method.  

 

4.1 System architecture – version 1 

The system architecture of version 1 covers 3 core parts, format transition of resource data, 

operation system and an interface for it. 

 

Figure 18 System architecture – version 1 

1) Format transition of resource data 

The separated program represent data from supervisory planning and execution control, which 

can transform the geometric data of component to the standard format that can be 

communicated with other system and can be identified with CNC machine38. 

2) Operation planning 

Operation planning is the real-time environment for whole system. Based on theory of Cloud-

DPP system which is described in section 2.2.3, create operation planning and operation FB.  

The operation planning receives the information like cutting tool selection, machining 

sequence optimization, machining sequence from pervious steps, which represents the separate 
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program “format transition” in this project. The input of operation planning is part information 

in XML format and tool & machine library. The output of operation planning is step status that 

is sent to interface and G code that is sent to both interface and executor in CNC machine. 

It is worth mentioning that all FBs used in this project is service interface function block so 

that each one of FB can be an independent individual to be distributed in any devices in case.  

 
Figure 19 Levels of adaptability for Version 1 

Three different degrees of adaptability are set in this system. The first degree is real-time that 

only takes a few milliseconds. The change comes from CNC machine or interface, and the 

amount of change is simple parameter like cutting speed and feed rate which does not affect 

tool path so that the whole algorithm does not need to be run again. The adaptability of second 

degree is from server of system, like the change of input data or any change related with tool 

path. The change of last degree is from cloud, called long term change, which usually takes 

several minutes even several days. 

3) User interface design 

As the previously selected software tools, FORTE, does not have their own interfaces. To 

demonstrate the result and detail parameters of the project, create an interface for this project 

by library of Immediate Mode Graphical User Interface(Imgui). The interface is based on open-

source library Imgui with Glfw and OpenGL2, using fixed pipeline. 

 
Figure 20 GUI -- Version 1 
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As shown in the figure 20, there are three windows in interface. One window shows the 

machine and tool library being used right now. The second window shows the NC code that 

received from server. The last is a table which can show the detail information and parameters 

during processing planning. The highlight of this interface is that parameters can be changed 

inside interface and the signal will be sent back to server, then the server will make an 

appropriate change in time, which is the real-time change that mention in last section. In chapter 

of case study, it has been tested that the NC code will automatically adjust to the latest state if 

the button “update information” is pressed. 

4.2 Function Block Design in Version 1 (Integrated) 

After selecting target machining feature, a special function block for this machining feature 

will be generated. Once function block is tested and added into runtime environment, the FB 

can be identified and reused by the process planning system, which greatly increases the 

modularity and automatic adjustment ability of the whole manufacturing process. 

Usually, FB needs to have a name with an identity or a distinct feature. Since the distinction 

between different FBs is based on machining feature in the entire application, so in this case, 

the function block is named as “Round_Steps_ExternalTurning”. “Round_Steps” represents 

the machining feature, “ExternalTurning” represents the machining type and its technology. 

4.2.1 Function block framework design 

As mentioned in the methodology, service interface function block, representing the interface 

to services provided by operation systems or hardware of the embedded device 39, will be the 

only function block type used in this case so that each function block is convenient to 

communicate with any device in distribute system without any additional function block. 

After determining function block type, function block framework should be designed based on 

requirements. In this case, the function block should have basically 5 functionalities. 

- Initialization: Check events status and set output data as zero. 

- Reception: Receive information, like data of machining feature, which is XML file in this 

case, and information of tool and machine since this function block doesn’t have functionality 

about selecting tool by itself. 

-  Analysis: Analyze received data and transform to tool path and NC code by its own strategy. 

- Transmission: Send output data after analysis, for example, tool path, cutting speed, feed 

rate, cutting depth, NC code.  

- Adaptability: Update output data according to any change about input information or 

parameters in machining. This functionality will be divided into 2 parts based on the type of 

update. 
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4.2.2 Function block interface design 

The function block interface includes 2 parts, event and data, each of them has inputs and 

outputs, to provide for synchronization between data transfer and program execution in 

distributed systems 40. 

Based on the determined framework and its functionality, create a new FB and add required 

interface according to the requirements. 

 

Figure 21 FB interface of Round_Steps_ExternalTurning 

As shown in figure 21, red interface represents “Event” and blue interface represents “Data”. 

The line between data and events means the data will refresh when a connected event occurs. 

The detailed information, see Table X, is illustrated the name, comment, type, connection of 

each FB interface. 

# Name Comment Input/Output Data Type Connection 

Event 

1 INIT Service Initialization Input - - 

2 RUN Service Request Input - 7,8 

3 INFOUPD Resource Information Update Input - 7,8 

4 PARAUPD Parameters Update Input - 9 

5 INITO Initialization Confirm Output - 10 

6 DONE Confirmation of Requested Service Output - 11 

Data 

7 MACH Machine & Tool Information Input String 2,3 

8 PARTINFO Part Information Input String 2,3 

9 PARAMETERS Machining Parameters Input String 4 

10 INITDONE Initialization Qualifier Output Bool 5 

11 DATAOUT Service Status & NC code Output String 6 
Table 4 FB Interface of Round_Steps_ExternalTurning 

Event description: 

INIT: when INIT is triggered, FB service initialization starts. Then the inside algorithm of 

initialization will start to run. If initialize succeed, INITO event is triggered and data input 

INITDONE become true. 
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RUN: when RUN is triggered, FB check initialization status and receive data of MACH and 

PARTINFO to run relevant algorithm inside. After run is completed, output event DONE is 

triggered and send output data STATUS and GCODE. 

INFOUPD: this signal is from server, for example, some information is changed after 

monitoring. When INFOUPD is triggered, FB will run the main algorithm again which is same 

as RUN. After completed, output event DONE is triggered and send output data STATUS and 

GCODE. 

PARAUPD: this signal is from machine, only change detailed parameters manually, like feed 

rate, depth, cut speed. The inside algorithm will not run. When input data PATAINFO is 

received, output event DONE is triggered and output data STATUS and GCODE will be 

updated. 

The one of biggest difference between INFOUPD and PARAUPD is response time. The 

response time of PARAUPD is in level of real-time, and the response time of INFOUPD is in 

the level of near real-time, and the last level is any change from cloud which take more time 

than level 1 and 2, which is present in chapter 3. 
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4.2.3 Function block inside algorithm design 

Before developing the inside algorithm, the FB framework designed in the section 4.2.1 can be 

updated by combining interface information that designed in the section 4.2.2. 

 

Figure 22 Detailed FB Architecture of Round_Steps_ExternalTurning 

As figure 22 shown, the entire FB can be divided into four modules. The red interfaces 

represent “Event” and black interfaces represent as “Data”. 
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1) Algorithm_Initialization 

In first module, “Algorithm_Initialization”, the event INIT should connect with previous FB 

which is the first part of the whole FB module to be triggered. When INIT is triggered, the 

status of events will be checked, and output data will be set as 0. After finishing initialization, 

the output event INITO will be triggered so that the connected output data INITDONE will 

turn into true. 

2) Algorithm_Main 

Tool path programming is geometric programming oriented automatic programming method, 

generate tool path position after determining the corresponding processing method, processing 

route and processing parameters, and then convert it into NC code through the post-processing 

program. For the same MF, different process planning directly defines the generation time, 

efficiency of processing and quality of product surface. Therefore, it is very important to 

analyze the processing characteristics of processing method. In this case, this main module 

contains most of complex algorithms and generate the valuable output information: tool path, 

steps status and NC code, which can be divided into several steps. 

A. Receive and analyze the part data 

When event RUN is triggered, the data input MACH and PARTINFO will be refreshed. In 

step A, there are mainly 3 operations need to execute. 

- Check the data of PARTINFO (string) can be read successfully or not. 

- Check the consistency of type between FB type and data type, for example, the type is 

“Round_Steps_ExternalTurning” in this case. 

- Analyze string data and transform parameters to variables. 

B. Build coordinates relationship 

In the FB of distributed system, there are at least 3 coordinate systems, MF coordinate, Part 

coordinator, Machine coordinate. This problem is a particularly complicated matrix 

transformation problem in the milling MF. 

Relationship equation need to use in transformation of 3-dimenstional coordinate system: 

 
 

On the contrary, the conversion of 2-dimenstional coordinate system is quite simple in 

turning technology, which only using translational computation as usual. 

 

Figure 23 Conversion of 2-dimenstional coordinate system 
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C. Calculate round point  

The detailed steps have already described in chapter 3.4.3.  

D. Divide process into roughing and finishing 

The following figure describes the detailed process in this step. 

 

Figure 24 Algorithm for dividing steps 

Roughing steps are used to remove large amount of material from the blank part as rapidly 

as possible. For example, operation with a large cutting speed and feed rate, in order to 

manufacture a shape close to desired form but leaving some material on the piece for 

subsequent finishing operation 41.  

 

The finishing technology manufacture material at recommended cutting speed to get 

desired performance surface. That is why finishing will be divided into several steps again 

that each step can only has no more than one fillet to keep quality of surface in the strategy 

of this Round_Steps_ExternalTurning FB. 

In this master thesis project, the default feed rate and cutting speed depends on the situation 

of selecting tool. The default roughing cutting speed is 80% of maximum cutting speed of 
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tool and finishing is settle as 60%. The default roughing feed rate is 0.5 and finishing feed 

rate is 0,2, but all these cutting data can be changed later in the interface of software. 

 

E. Calculate tool path according to contour and tool & machine data. 

In this case, the method of equidistance is used to calculate the trajectory of tool simulation. 

 

 Equidistance method 

As shown in the figure 25, there is a smooth curve L in the plane and point P is a random 

point on it. Then take another point Q on the plane which has constant distance between 

it and point P. So, when the point P moves along the curve L, the motion track of Q 

simulate a new curve L’ on the plane that is the equidistance line of line L. 

 

Figure 25 Equidistance method 

When using this method to deal with the straight line like this case, the problem and its 

calculation can become much simpler. 

 

 

Figure 26 Equidistance method - straight line 

a) Calculate line L1 equation 

Suppose it as Ax+By+C=0 according to position of points A & B. 

b) Since line L1 and L2 are mutually perpendicular lines 

The distance d  

 (1) 

c) Calculate the line L2 equation Bx-Ay+m=0 

and  

Therefore,  (2) 

d) Based on equation (1) and (2), the position of P can be calculated. 

F. Generate steps status and NC code. 

When above algorithms are all executed, the relevant data of roughing and finishing and 

NC code will be sent to interface by string from as output data. 

 

3) Algorithm_UpdatePartInformation 

d =
Ax + By+C

A2 + B2

m = A*y0 - B*x0

Bx- Ay+ (Ay0 - Bx0 ) = 0
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Only when the input file that is XML file in this case, has any changed, this event will be 

triggered, and executed all Algorithm_Main again. However, this event will not be triggered 

because only operation planning is being tested. 

4) Algorithm_UpdateParameters 

Since the operation parameters can be shown on the interface and CNC machine and the 

information is adaptable, the tool path and its result must ensure real-time changing. When 

event PARAUPD is triggered, the data PARAMETERS will be refreshed.  

• Judge which step information is changed, roughing and finishing 

• Judge which information is changed, if only feed rate and cutting speed is changed, execute 

only step 6 and 7 in Algorithm_main, on the other hand, if depth or tool is changed, execute 

step 5,6 and 7. 
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4.3 System architecture – version 2 

 

Figure 27 System architecture—Version 2 
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As shown in figure 27, the demo of version 2 has four main layers, GUI (Graphical User 

Interface), Software, Function Block and G code.  

GUI: This layer is responsible for displaying status of operation planning and adjusting. The 

adjustments include not only the change of tool and machine from XML file before running 

FB network but also the parameters like depth, cutting speed in different steps after running 

FB network. 

Software: This layer is a hub of whole software to control the rest layer and it is also can be 

considered as a communication layer between GUI and Function Block. The function of this 

layer includes reading and analyzing input information, launching FB runtime environment, 

creating FB network. 

Function Block: This layer is running FB network based on the FB runtime environment. 

G code: This layer is used for storing G code and generate final TXT file as output of demo. 

For the entire demo, XML file is input and TXT file for G code is output. The XML file offers 

the demo FB types that will be used and its corresponding part information, which means that 

the following information needs to be included in each XML file: 

• Function block ID & Type 

• Tool & machine selection 

• Blank parameters 

• Geometric information of part 

• A pointer referring to next function block 

 

Figure 28 Structure of XML file 

The next paragraph will explain how demo runs in a chronological order, following the digital 

order in the figure 27.  

1) Launch the software demo. 

2) The GUI window will be automatically open. The library of tool and machine is now 

available on GUI, figure 29. 

3) Select a XML file from computer. 

4) The XML file information will list in GUI, it includes the serial number of process steps 

and used tool and machine in each step. 

5) Before generating operation planning, the tool and machine can be adjusted from its 

library. These modifications will also save in XML file to maintaining synchronization. 
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Figure 29 Tool & Machine library in GUI 

 
Figure 30 XML file display in GUI 
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6) In this step, software will analyze the confirmed XML file. Checking whether the content 

provided in XML file fits the requirements of the program, for example, whether the FB 

type exists in the library, whether the tool needed is in the library. If everything is going 

well, the program will continue. Otherwise the error will be reported. 

7) Generate FB network according to XML file 

8) Launch FB runtime environment (using FORTE in this project) 

9) Execute FB network and generate G code and the status of steps. 

10) The generated G code will be saved in the same folder of opening file as the TXT format. 

If any parameter will be changed in step 11, the software will generate one new TXT file 

with different name to distinguish with the original one. 

11) The G code and status will be shown in GUI respectively. In the status window, the 

parameters like cutting speed, federate, depth, offset and so on can be changed. Once the 

modification is confirmed, the information will be resent to the software layer, and the 

corresponding FB will be re-executed to generate the new G code and the status. 

 
Figure 31 Machining Sequence window in GUI 

 
Figure 32 G code window in GUI 
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4.4 Function Block design in Version 2 

In order to have better modularity and adaptability in whole system, each function inside the 

original integrated FB is separately divided. In this way, each step can be adjusted individually 

and it also can be combined freely in the FB network to achieve high flexibility. In other words, 

the fewer features each FB carries itself, the higher the degree of freedom in generating FB 

network. In version 2, there are 5 FBs with smaller functions instead of one integrated FB in 

version 1. 

1) Machine_Init 

 
Figure 33 FB of Machine_Init 

Since each machine uses a different G code standard, in order to distinguish between them and 

make it easier to change the machine when process planning, especially when the machine is 

broken or the machine type is temporarily changed. This FB can be used to quickly change the 

machine without having to readjust the other process plan. 

When event “INIT” is triggered, the data “MACH” and “TOOL” will be refreshed. The 

machine data is using the control system name to identify, like “Mazatrol 640M” and the tool 

data is using tool ID. Then the FB “Machine_Init” outputs different G code based on the 

different machine and tool in the data input. 

2) Machine_terminate 

 

Figure 34 FB of Machine_terminate 

The function of this FB is similar as the first one, and it is made to generate the terminal G 

code of different machines. 

In this FB, when event “INIT” is triggered, the data “MACH” will be refreshed. The machine 

data is always using same kind of information as control system in this system. After executing 

the inside algorithm, the “Machine_terminate” FB will generate the corresponding termination 

G code of the machine. 
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3) Tool_change 

 

Figure 35 FB of Tool_change 

This FB will be used when changing the tool. The data “TOOL” represents the tool ID that will 

be used in next step. The data “MACH” represents the machine in use. 

When event “INIT” is triggered, the data “MACH” and “TOOL” will be refreshed. After 

executing inside algorithm, the “Tool_change” FB will generate the corresponding termination 

G code of the machine. 

4) Step_roughing 

 

Figure 36 FB of Step_roughing 

The FB “Step_roughing” is used to generating G code of roughing for machining feature “step”. 

As the figure 36 shows, the FB interface design is still the same with the first version, but there 

are two differences: the first point is that this FB is only responsible for generating G code of 

roughing part, which means that it only contains a part of the functions and algorithms in FB 

“Round_Steps_ExternalTurning” in version 1; The second point is that the internal algorithm 

has been improved, in version one “Round_Steps_ExternalTurning” can only deal with 

“STEPS” composed of several “step”, and this FB can handle not only the original steps, but 

also the only one “step”. Both of these differences are intended to further enhance the 

modularity and adaptability of the system when generating FB networks 

5) Step_finishing 

 

Figure 37 FB of Step_finishing 
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The FB “Step_finishing” is used to generating G code of finishing for machining feature “step”, 

which is similar with previous “Step_roughing”. In this FB, the internal algorithm has also 

been improved to deal with only one “step”. 

The inside algorithm of “Step_roughing” and “Step_finshing” is same as the FB 

“Round_Steps_ExternalTurning” except it is divided into roughing and finishing separately.  

A detailed description of the algorithm for the machining feature “step” is explained in section 

4.1.1.3, about how to design the strategy about transforming from geometry data to machining 

G code. 

In the next chapter case study, the actual case will be used to show how to use the FB designed 

in version 2 to form a more modular FB network.  
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5   Case Study 

In this chapter, two versions of the software demo are tested respectively and the similarities 

and differences of two schemes are compared between them. These cases are not only the proof 

of the previous theory, but also the cornerstone of the evaluation and conclusion of the project, 

hence it is one of the most important parts of the whole work conducted. 

 

5.1 Test result for system version 1 

After finishing development of FB, it will be added into its runtime environment and tested in 

software architecture which is illustrated in chapter 4. 

In this case study, 2 similar parts with different geometric parameters were tested in Vericut. 

The selected machine is Five Axis Multi-Task Machine (X, Y, Z, B, C, W) with Mazak e410H 

as machine manufacture and model and Mazatrol 640T pro as control system. The 

configuration of machine and axes is shown in figure 38. 

 
Figure 38 Machine in case 1 

The selected tool is C6-CRSNL-45065-12ID from Sandvik tool guide system with the 

indexable insert “RNGN 120700 T01020 6060”.  The relative parameters are listed in 

following table X. 

 
Figure 39 Tool in case 1 
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Figure 40 Insert of case 1 

 

# Name Value 

Tool 

1 DCON(connection diameter/shaft diameter) 63mm 

2 LF(function length) 65mm 

Insert 

3 IC(inscribed circle diameter) 12.7mm 

4 Cutting depth(ap) 0.1-3.6mm 

5 Cutting feed rate(fn) 0.19-2.25mm/r 

6 Maximum cutting speed(vc) 265m/min 
 Table 5 Parameters in tool 

The application is distributed over 2 devices in this case study, one represents a manufacturing 

machine, the other represents a server and front-end as PC. However, what is noteworthy is 

that it is acceptable if the server and the front-end are separated in 2 different PC. In other 

words, machines, devices, FBs can be freely assigned in desirable way except that split a FB 

into several devices. The system configuration in this test is shown below. 

 
Figure 41 System configuration in case 1 
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Figure 42 FB network in case 1 

In this case study, the FB of “PUBLISH” and “SUBSCRIBE” in the FORTE runtime 

environment are used as communication FBs. In these two FBs, the IP and port are adaptable 

and visible. 

After running FB network, the interface is shown like figure 43. All the parameters in window 

of “machining sequence” can be adapted, after clicking the button “Update Information”, the 

algorithm inside FB will execute again according to the changes and the new version of G code 

will automatically show in the interface. The NC code is tested in Vericut as figure 44-46. 

 

Figure 43 Interface in case 1 
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Figure 44 Test Screenshot 1 in Vericut 

 
Figure 45 Test Screenshot 2 in Vericut 

 
Figure 46 Test Screenshot 3 in Vericut 
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5.2 Test result for system version 2 

The case study was conducted at KTH instead Sandvik Coromant, so it differed from the 

machine and simulation environments in case one, but the data in whole test like tool library, 

machine library, component data were continued to use in software for testing in case 2. 

The simulation software was using “CNCSimulation Pro”, which provides the CNC 

community with a versatile and contemporary Full 3D CNC Machine Simulator with 

CAD/CAM capabilities.  

This case will be introduced by the sequence of steps of system architecture in following figure, 

which is already shown in section 4.3. 

 

Figure 47 System architecture in version 2 

The part of XML file information in this case is shown in figure 48. It describes which FB will 

be used and offer the relative parameters for it. 

 
Figure 48 XML file in case study 2 
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After launch the software and select the XML file, the interface will show like following figure. 

The tool and machine are selectable from tool and machine library and its information is listed 

in left window. 

 

Figure 49 GUI for listing file information in case 2 

After confirming the changes and pushing the button “Generate Working Steps”, the new XML 

file will generate to cover the original one and move on to next stage. The FB network that is 

generated in Function Block layer of software is shown in figure 50 and the GUI in step 11 is 

shown in figure 51. In the status window, the parameters like cutting speed, federate, depth, 

offset and so on can be changed. Once the modification is confirmed, the information will be 

resent to the software layer, and the corresponding FB will be re-executed to generate the new 

G code and the status. 

 

Figure 50 FB network in case 2 
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Figure 51 GUI for status parameters in case 2 

The generating G code was tested in software “CNCSimulation Pro” and desired result. 

 

Figure 52 Test screenshot 1 in case 2 
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Figure 53 Test screenshot 2 in case 2 

 

Figure 54 Test screenshot 3 in case 2 
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Compared to traditional process planning systems, the following advantages of Cloud-DPP 

system with function Block algorithms can be demonstrated in two case studies. 

• High adaptability and flexibility to deal with uncertainties in shop-floor 

If the problem of tool damage or shortage was encountered in the actual production, the 

damaged tool can be easily replaced by any tool in the library from system and it can 

quickly generate responsive G code according to changes. Similarly, the system has 

efficient reaction when the machine is replaced. So, if all the machines and tools in the 

floor-shop can be added to the system's library before production, the most machine 

failure, tool damage or shortage problem in practice will be solved quickly. 

• Decreasing the time of adjusting 

As a highly automated system, changes to the parameters or tools in the GUI take only a 

few seconds without having to rework the entire processing planning.  

• High modularity of system 

The system can quickly deal with personalized orders since it is a modularity system. Only 

some parameters of FB inputs or inside algorithm need to be modified, which makes the 

system can process customized order in time. 

• Cloud manufacturing offers the more chance to do multi-site collaboration 

Efficient resource sharing, scalability and accessibility regarding cloud-DPP systems and 

software offer more chance to do collaboration by sharing different function block with 

different embedded technology. Since each function block can be seen as a black box, 

different companies can create a function block library together. 

• IT security based on knowledge sharing between multi-site collaboration 

As mentioned in last point, function block can be seen as a black box to others, the user 

only knows its interface without knowing the internal algorithm, providing a high safety 

factor for resource sharing and FB sharing when collaboration. 

• Formulating a product service system by functional products and FB as a software 

service in the future. 

FB can be also considered as a software service for customer when they want to 

manufacture one specific machining feature. There is already a system called “Tool Guide 

system” in Sandvik for customers to select most suitable tool by selecting machining type 

and entering resource parameters. Function Block, can be added as a software service into 

this system in the future. 
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6   Conclustion 

In last chapter contains the conclusion of the work done during this thesis project, including 

the comparison between the two schemes of software demo and some author’s discussion. The 

chapter also contains a section with the possible future work that can be carried out using the 

research and development work done in this thesis. 

 

6.1 Evaluation 

The main contents of the project in accordance with the order of the article can be divided into 

the following parts: 

• The project first compares the current available software tool for FBs according to the 

standard IEC61499. Four of the major software, 4DIAC, NXTcontrol, HBDK, ISaGRAF, 

were selected to compare their programming languages, supported operating systems, 

supported devices, and communication layers, respectively. According to the current 

situation of Sandvik Coroment, the advantages and disadvantages of the software had 

analyzed, and 4DIAC was finally selected as the software tool that supports FB in this 

project. 

• Then the concept of Cloud-DPP system was introduced in detail and how it evolved from 

DPP system to Cloud-DPP system. 

• Next, author analyzed the suitability of each part in the aircraft engine for the Cloud-DPP 

system and selected one machining feature “round step” inside turbine disc as the test 

object for this project. 

• According to the selected "round step" MF, a data format that conforms to the 

programming environment was designed and mathematical knowledge was used to 

deduce the internal calculation contents to get the required component contour. 

• After that, using the concept of FB algorithm and Cloud-DPP system, two versions of the 

software demo were designed. In version 1, a multifunctional integrated FB was used to 

implement the various functions of operation planning, including selecting tools, 

generating tool path, G code and so on. In version 2, distributed FBs are used to separate 

each function. For example, functions such as tool selection and machine initialization are 

each used as a separate FB. 

• Finally, the two versions of the system were tested using the selected MF data, and the 

similarities and differences between the two schemes were compared. 

The purpose of the project, developing an industrial demo prototype for agile process planning 

with embedded flexibility and adaptability that can adjust itself to the real time changes, has 

been completed. According to the description in Chapter 4, the operation planning part of 

software demo for the Cloud-DPP system has been developed. In the software it is possible to 

freely select the desired tool or machine from the system's tool and machine library before 

generating tool path to generate G code that matches the machine's standard. At the same time, 

user can also make a timely modification to any parameters after the processing plan has 

generated. 

The adaptability of process planning has greatly increased throughout the software. As shown 

in Figure 19 of section 4.1, the adaptability of overall system is divided into three different 

levels: Level 1 "Real time" has a response time of only a few milliseconds to handle changes 



52 

in parameters displayed on the software's GUI, the FB network does not need to be changed 

and it only need to re-execute relevant FBs in Function Block layer of software; Level 2 "Near 

real time" has a response time of a few milliseconds to a few minutes to handle the change of 

the input file or change of the original data input, in this level, FB network needs to be 

regenerated in software; Level3 "long term" has a response time of several minutes to several 

days, with the change of FB cloud library, including FB increase or decrease in the library, the 

existing FB interface or internal algorithm change. 

Level of 

Adaptability 

Response 

time 
Response object Response location 

Real time Ms Function Block 
GUI layer and FB layer in 

software 

Near real time ms-mins 
Function Block 

Network 

GUI layer, software layer and FB 

layer in software 

Long term mins-days 
Function Block 

Library 
Cloud and whole software 

Table 6 System Adaptability in Version 2 

The main reflection setting this project apart from what have been previously done in the area 

is the usage of FBs. Since the application of FB in process planning is not clearly stipulated 

and there is no standard for it, there are many possibilities when applying this algorithm. How 

to use the Cloud-DPP system to bring more effective resource sharing, better modularity, 

adaptability and scalability? The discussion of the answer to this question will continue now 

and in the future. 

The significance or benefits of this project can be summarized as follows: 

• Increasing the level of automation of process planning and production scheduling 

• Process planning based on formalized knowledge and real time data 

• Modularized system 

• Increasing the level of adaptability and decreasing the time of changes 

• Cloud manufacturing offers the more chance to do multi-site collaboration 

• Formulating a product service system by functional products and FB as a software service 

In conclusion, the project made a significant contribution to enhance system adaptability in 

Sandvik Coromant. It provides a good start and many possibilities for the application of Cloud-

DPP theory in Sandvik and uses different software demos to validate the application of theory. 

It also explores ways to get higher value when theory is actually applied. The project will 

continue its research at Sandvik and the current results have been handed over to the company's 

colleagues. 
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6.2 Discussion 

In this section, the problems and dialectical thinking that some authors have encountered in the 

course of the project will be put forward. 

(1) The problem of tool and machine direction 

This problem is mentioned in Section 3.2. The current algorithms and research currently 

used are only for vertical or horizontal angle tools. Some tools that applied to special angles 

and special machining methods are not included. This is an issue to be solved for Sandvik 

Coromant with thousands of tools. Whereas, at the same time, the problem is that if the 

system needs to be able to identify a large number of tools and machines and use it to 

generate the process planning automatically, it will need more difficult algorithm to achieve 

it. 

 

Figure 55 Tools in Sandvik library 

(2) The definition of FB corresponding to MF part definition 

In this project, there are two schemes to deal with the MF of “step”. In version1, the MF 

corresponding to FB is the left component in Figure 56, but in version 2 it is the approach 

to the right in Figure 56. How to define the separation between MFs can be a complicated 

question for complex part, like the turbine disc in section 3.2. From the perspective of this 

thesis work, the scheme on the right seems has more modularity and flexibility but required 

on the other hand also proper interfaces that enables smooth tool path connections between 

the sub modules. However, in the actual production of complex parts, the definition of MF 

might need support from professionals or component designers. 
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Figure 56 Comparison of MFs 

(3) The accuracy of MF represented by FB 

Figure 57 on the left part is a specific model of a component, on the right to a more general 

model of the parts, how to define the accuracy of the FB’s MF?  

The author's current view is that the MF on simple component uses more general model 

and the precise model on complex parts. The reason is that for a more general MF on a 

simple part, the restriction of FB is limited, and the FB can be used repeatedly, even on 

other case or component. However, when fabricating FB on complex parts, the re-use rate 

is not high because the tool path is influenced by its other MF in component. The influence 

factor includes orientation, tool path, tool direction and so on. However, this view is only 

the author's thought, and it has no actual case to verify it yet. 

 

Figure 57 Comparison of FB accuracy 
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6.3 Future works 

Although the outcome of this project is considered as successful, there is still some work need 

to be done in the future since this project is a part of a long-term strategy devised by Sandvik 

Coromant. 

1) Finish supervisory planning and execution control part. 

If time and conditions allow, complete the whole Cloud-DPP system in the data flow order 

according to system architecture. By following the resource data, the details of system are 

not easily lost and it is also an efficient way if a new reader wants to understand the system 

architecture. 

2) Replenish tool & machine library 

The library of tool and machine is limited right now, which cannot suit some special tool 

that has distinct direction with machine. This consideration needs to be fixed in the future 

work. 

After algorithm prepared, it can suggestively connect the library with Sandvik Tool Guide 

System in cloud, whether put this part in server or creating one special FB to communicate 

and get access to the tool system. No matter which one may be chosen, there are both 

advantages and disadvantages. 

3) Test with more machining feature 

As discussing in last section, it needs to take a balance when MF decides. Whereas, it is 

also recommendatory to do an experiment with scientific control to test it and try to add 

more function block inside library. 

4) Show tool path in GUI 

The author tried to show the toolpath in the GUI in previous version of software during 

the project, but this function was not realized in final version due to the time problem, 

which author strong suggest adding this function in GUI to increase the visibility of 

process planning.  

5) Improvement of open file window 

In the GUI, the open file window cannot pop-up since author cannot add head file 

“window.h” into Visual Studio solution, maybe the reason is using Imgui library and some 

function are conflicting. This problem need to be improve in the future. 
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Appendix A : Generated NC code in case study 

A.1 Case 1 by system version 1 

O66055351 

G40 G90 

G21 G95 G96 G54 

T01 M06 

M202 

G92 S2000 R1 

G95 G96 S212 R1 M204 

G10.9 X1 

M108 

G90 G61 G0 B90 

M107 

F0.5 

G00 X230.000 Z-3.000 

G01 X24.000 Z-3.000 

G01 X24.000 Z5.000 

G00 X230.000 Z-0.000 

G00 X230.000 Z-6.000 

G01 X44.000 Z-6.000 

G01 X44.000 Z2.000 

G00 X230.000 Z2.000 

G00 X230.000 Z-9.000 

G01 X44.000 Z-9.000 

G01 X44.000 Z2.000 

G00 X230.000 Z2.000 

G00 X230.000 Z-12.000 

G01 X44.000 Z-12.000 

G01 X44.000 Z2.000 

G00 X230.000 Z2.000 

G00 X230.000 Z-15.000 

G01 X44.000 Z-15.000 

G01 X44.000 Z2.000 

G00 X230.000 Z2.000 

G00 X230.000 Z-18.000 

G01 X44.000 Z-18.000 

G01 X44.000 Z2.000 

G00 X230.000 Z2.000 

G00 X230.000 Z-23.000 

G01 X44.000 Z-23.000 

G01 X44.000 Z2.000 

G00 X230.000 Z-3.000 

G00 X230.000 Z-26.000 

G01 X164.000 Z-26.000 

G01 X164.000 Z-18.000 

G00 X230.000 Z-18.000 

G00 X230.000 Z-29.000 
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G01 X164.000 Z-29.000 

G01 X164.000 Z-18.000 

G00 X230.000 Z-18.000 

G00 X230.000 Z-32.000 

G01 X164.000 Z-32.000 

G01 X164.000 Z-18.000 

G00 X230.000 Z-18.000 

G00 X230.000 Z-35.000 

G01 X164.000 Z-35.000 

G01 X164.000 Z-18.000 

G00 X230.000 Z-18.000 

G00 X230.000 Z-38.000 

G01 X164.000 Z-38.000 

G01 X164.000 Z-18.000 

G00 X230.000 Z-18.000 

G00 X230.000 Z-43.000 

G01 X164.000 Z-43.000 

G01 X164.000 Z-18.000 

G00 X230.000 Z-23.000 

T01 M06 

M202 

G92 S2000 R1 

G95 G96 S159 R1 M204 

G10.9 X1 

M108 

G90 G61 G0 B90 

M107 

F0.2 

G00 X50.000 Z-5.000 

G01 X20.000 Z-5.000 M08 

G01 X20.000 Z-0.000 M08 

G00 X230.000 Z-0.000 M09 

G00 X230.000 Z-45.000 

G01 X161.300 Z-45.000 M08 

G03 X160.000 Z-44.350 K0.650 M08 

G01 X160.000 Z-39.350 M08 

G01 X164.000 Z-39.350 M08 

G02 X131.300 Z-23.000 I-14.350 M08 

G01 X164.000 Z-23.000 M08 

G01 X164.000 Z-39.350 M08 

G01 X160.000 Z-39.350 M08 

G02 X131.300 Z-25.000 I-14.350 M08 

G01 X40.000 Z-25.000 M08 

G01 X40.000 Z-5.000 M08 

G00 X230.000 Z-0.000 M09 

M02 
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A.2 Case 2 by software version 1 
O12620689 

G40 G90 

G21 G95 G96 G54 

T01 M06 

M202 

G92 S2000 R1 

G95 G96 

S212R1 M204 

G10.9 X1 

M108 

G90 G61 G0 B90 

M107 

F1.25 

G00 X315 Z-1 

G01 X44 Z-1 

G01 X44 Z5 

G00 X315 Z-0 

G00 X315 Z-4 

G01 X164.6 Z-4 

G01 X164.6 Z4 

G00 X315 Z4 

G00 X315 Z-7 

G01 X164.6 Z-7 

G01 X164.6 Z4 

G00 X315 Z4 

G00 X315 Z-10 

G01 X164.6 Z-10 

G01 X164.6 Z4 

G00 X315 Z4 

G00 X315 Z-13 

G01 X164.6 Z-13 

G01 X164.6 Z4 

G00 X315 Z4 

G00 X315 Z-15.46 

G01 X164.6 Z-15.46 

G01 X164.6 Z4 

G00 X315 Z-1 

G00 X315 Z-18.46 

G01 X250.21 Z-18.46 

G01 X250.21 Z-10.46 

G00 X315 Z-10.46 

G00 X315 Z-21.46 

G01 X250.21 Z-21.46 

G01 X250.21 Z-10.46 

G00 X315 Z-10.46 

G00 X315 Z-24.46 

G01 X250.21 Z-24.46 

G01 X250.21 Z-10.46 

G00 X315 Z-10.46 
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G00 X315 Z-27 

G01 X250.21 Z-27 

G01 X250.21 Z-10.46 

G00 X315 Z-15.46 

T0101 M06 

M202 

G92 S2000 R1 

G95 G96 

S159R1 M204 

G10.9 X1 

M108 

G90 G61 G0 B90 

M107 

F0.04 

G00 X183.3 Z3.35 

G01 X52.7 Z3.35 M08 

G01 X52.7 Z6.35 M08 

G00 X327.7 Z6.35 M09 

G00 X268.91 Z-11.11 

G01 X173.3 Z-11.11 M08 

G01 X173.3 Z3.35 M08 

G00 X327.7 Z6.35 M09 

G00 X326.7 Z-22.65 

G01 X258.91 Z-22.65 M08 

G01 X258.91 Z-11.11 M08 

G00 X327.7 Z6.35 M09 

G00 X327.7 Z-35.65 

G01 X316.7 Z-35.65 M08 

G01 X316.7 Z-22.65 M08 

G00 X327.7 Z6.35 M09 

M02 
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A.3 Case 3 by system version 2 
O85867288 

G40 G90 

G21 G54 G18 

T24M06 

M202 

G92 S2000 R1 

S212 R1 M04 

G10.9 X1 

M108 

G90 G61 G0 B90 

M107 

F0.5 

G00 X230 Z-3 

G01 X24 Z-3 

G01 X24 Z5 

G00 X230 Z0 

G95 G96 S212 R1 M04 

G10.9 X1 

M108 

G90 G61 G0 B90 

M107 

F0.5 

G00 X230 Z-6 

G01 X44 Z-6 

G01 X44 Z2 

G00 X230 Z2 

G00 X230 Z-9 

G01 X44 Z-9 

G01 X44 Z2 

G00 X230 Z2 

G00 X230 Z-12 

G01 X44 Z-12 

G01 X44 Z2 

G00 X230 Z2 

G00 X230 Z-15 

G01 X44 Z-15 

G01 X44 Z2 

G00 X230 Z2 

G00 X230 Z-18 

G01 X44 Z-18 

G01 X44 Z2 

G00 X230 Z2 

G00 X230 Z-23 

G01 X44 Z-23 

G01 X44 Z2 

G00 X230 Z-3 

G95 G96 S212 R1 M204 

G10.9 X1 

M108 
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G90 G61 G0 B90 

M107 

F0.5 

G00 X230 Z-26 

G01 X164 Z-26 

G01 X164 Z-18 

G00 X230 Z-18 

G00 X230 Z-29 

G01 X164 Z-29 

G01 X164 Z-18 

G00 X230 Z-18 

G00 X230 Z-32 

G01 X164 Z-32 

G01 X164 Z-18 

G00 X230 Z-18 

G00 X230 Z-35 

G01 X164 Z-35 

G01 X164 Z-18 

G00 X230 Z-18 

G00 X230 Z-38 

G01 X164 Z-38 

G01 X164 Z-18 

G00 X230 Z-18 

G00 X230 Z-43 

G01 X164 Z-43 

G01 X164 Z-18 

G00 X230 Z-23 

G95 G96 S159 R1 M204 

G10.9 X1 

M108 

G90 G61 G0 B90 

M107 

F0.2 

G00 X50 Z-5 

G01 X20 Z-5 M08 

G01 X20 Z-0 M08 

G00 X230 Z-0 M09 

G95 G96 S159 R1 M04 

G10.9 X1 

M108 

G90 G61 G0 B90 

M107 

F0.2 

G00 X170 Z-25 

G01 X40 Z-25 M08 

G01 X40 Z-5 M08 

G00 X230 Z-0 M09 

G95 G96 S159 R1 M04 

G10.9 X1 

M108 
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G90 G61 G0 B90 

M107 

F0.2 

G00 X230 Z-45 

G01 X160 Z-45 M08 

G01 X160 Z-25 M08 

G00 X230 Z-0 M09 

M02  
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Appendix B: System Manual for Sandvik Coromant 
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