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Abstract - The functioning of systems and processes within industrial organizations depends 
on a wide variety of factors and their interdependencies. The methods of modeling systems 
and processes depend on the perspective of those who want to analyze them. Systems, 
processes and activities can be modeled by all known methods, but they will be understood 
differently - depending on the point of view of those who approach them. The aim of the 
paper is to highlight how the engineering process in the industrial field occupies a large part 
of the cumulation of organizations' processes, constituting the processes that have the most 
developed knowledge of manufacturing processes. These processes are the "lever" of 
industrial organizations, due to the impact they have on the manufacture of products and 
their level of quality. Another aspect highlighted by this study is the integration of product 
requirements in manufacturing processes, which is achieved through engineering processes 
depending on the capabilities and capabilities of organizations. Manufacturing processes for 
metal structural components are classified according to the applied technology. Once the 
requirements and the necessary knowledge have been established, it is necessary to analyze 
the process and analyze the interaction of the requirements. To analyze an existing process, 
an x-ray of the process is required. In the last part of the research, the deliverables of this 
global engineering process were analyzed, and those deliverables generated based on 
product quality requirements and existing knowledge were identified - which have the 
greatest influence on the whole process. 
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1. Introduction 
 

The engineering global process, represent the 
aggregation of all industrial organization 
processes responsible with manufacturing 
documentation preparation. These processes are 
those ones which manage product design 
documentation and convert to manufacturing 
documentation, inspection/ verification 
documentation. Also, in this group of processes 
can be found the processes which convert design 
data into technical data base having the purpose 
to support quality and commercial processes. 

International standardization organizations 
have developed a quality management system in 
order to facilitate organizations access to a 
reference structure on how to organize processes. 
How to make a process map is a concrete example 
of a method that can be used to model the 
systems and processes of organizations. 

However, the creation of the process map is 
done at a more general level, without highlighting 

the factors that influence the processes and the 
interaction between them [1], [2].  

Thus, some aerospace industry organizations 
use other methods of visualizing the process from 
different perspectives [3]: 

• Understanding sequences within processes 
or systems by making a flowchart that includes 
both processes and sequences within a process. 
This method helps to track process connections. 
It is a very useful method in managing non-
conformities due to the fact that these diagrams 
go through the entire manufacturing process - 
including quality control and engineering 
processes.  

• Control the inputs and outputs of different 
sequences of one or more processes following the 
moments in the process in which the deliverables 
are created. This approach uses input-output 
diagrams and block sequences.  

The engineering process, in an industrial 
organization in aerospace, is that process which 
is responsible for the transfer of product 
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requirements into manufacturing requirements 
[4], [5]. 

The manufacturing process is the 
complementary process to the engineering 
process, a process that deals exclusively with the 
manufacture of products and their control [6], [7]. 

 

2. Modeling of Engineering Systems 
and Processes in the Industrial Field 
 

Tracking the manufacturing time of some 
products through visual flow charts (VSM – Visual 
Stream Map). These diagrams are often used in 
aerospace, due to the fact that they allow 
customers to view all the steps necessary to 
manufacture products, from ordering the raw 
material to delivery to the customer, including 
time intervals allocated to logistics processes and 
waiting times (figure 1). 

The methods of modeling systems and 
processes depend to a large extent on the 
perspective of those who want to analyze them 
[8], [9].  

The same systems, processes and activities 
can be modeled by all known methods, but they 
will be understood differently - depending on the 
point of view of those who approach them. 

The visual diagram of the manufacturing flow 

is used, within industrial organizations, in order 

to visualize the entire manufacturing process of 

the product from the perspective of the 

manufacturing cycle. The visualization of internal 

and external processes allows industrial 

organizations to easily manage any improvement 

[10], [11]. Also, manufacturing and logistics times 

help in calculating product costs. 
 

 

Customer

Final 
Inspection

X

Inspection
AS & WHEN ASSEMBLIES 

ARE REQUIRED (SCHEDULE)

Fasteners 
Supplier

Raw Material 
Supplier

TIME AVAL 390 min per day

SET UP  30 min

CYCLE TIME 6,5  min

STAFF 1

TAKT  77 min

OEE ??

UPTIME 80%

SCRAP% ??

TIME AVAL 390 mins per day

SET UP   5 mins

CYCLE TIME  1,5 mins

STAFF 1

TAKT time 77 mins

OEE ??

UPTIME 90%

SCRAP 0% 

TIME AVAL 390 min per day

SET UP   5 min

CYCLE TIME 1,5  min

STAFF 1

TAKT 77  mins

OEE ??

UPTIME 90%

SCRAP 0%

1 min

3 min

6150 mins

5 min

390 m

49 mins

9100 m

11520 min

Transfer to 
Location A 

EPICOR

Organization

Assembly

TIME AVAL 390 mins per day

SET UP  10  min

CYCLE TIME   1,5 min

STAFF 4

TAKT Time 77 min  

OEE 

UPTIME 90%

SCRAP%

TIME AVAL 390 min per day

SET UP   10 min 

CYCLE TIME  1,5 min

STAFF 1

TAKT  77 min

OEE 

UPTIME 90%

SCRAP%??

Inspection

Warehouse

 Packing

TIME AVAL 390 min per day

SET UP 5 min

CYCLE TIME   1,5 min

STAFF 1

TAKT  77  min

OEE ??

UPTIME 90%

SCRAP 0%

Intermediar 
Organization

Machining

1 min

3 min

6150 mins

5 min

6150 mins

5 min

6150 mins

5 min8 WK

1 day

45 min

5 min

20 min

1 WK

1 Wk

 1 WK

15 min

390 min

25 min

5 min

30 min

5 min

10 min

 1950 min (1 
wk)

Process 
Time Sum of min

Sum of min

Transfer to 
Location B 

Packing Boxes  
Supplier

Bottleneck 

It is in approve Process 
Secondary Supplier

Deliv Doc., 
CoC

PO

Deliv Doc., 
CoC

Semifinishgood 
Extrusion

Additional operation

Semifabricat extrudat

ERP SYSTEM

 
Figure 1: Visual Stream Map of aerospace structural product  

 
The industrial engineering process occupies a 

large part of the cumulation of organizations' 
processes, constituting the processes with the 
most developed knowledge of manufacturing 
processes [12], [13]. These processes are the 
"lever" of industrial organizations, due to the 
impact they have on the manufacture of products 
and their level of quality [14], [15]. 
Manufacturing and engineering processes, in 
manufacturing organizations, work only together 
and the capabilities of each type of process, 
individually, affect the other [16]. The capability 
of an engineering process in an industrial 
organization can be quantified by the level of 
technical knowledge it has at a given time 
through the available resources. The capability of 
manufacturing processes is given by the level of 
technology in an industrial organization. As can 
be seen in Figure 2, engineering processes can 
only be applied if there are manufacturing 

processes with technology and technological 
equipment capable of taking over the 
“engineering” generated by the engineering 
processes.  

High-capacity manufacturing processes 
cannot be valued if the level of technical, 
mathematical knowledge and applied logical 
thinking are not present. 

Industrial engineering processes can be 
represented by: 
• Product design processes; 
• Execution documentation processes: 
• The processes of configuring the technical 
data management systems; 
• Technological process design processes; 
• Quality engineering processes.  

Design processes - occupy the most important 
place in engineering processes, due to their main 
purpose - to use technical knowledge and not 
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only for the development of products required by 
customers.  

These processes are found in organizations 
dedicated to product design but are largely found 
in manufacturing organizations. Their purpose is 
to design the technology needed to manufacture 
the products. This area includes the design of 
devices necessary for technological equipment, 
devices that ensure the connection between the 
technological equipment and the product being 
made. 

The manufacturing documentation processes 
are based on the conversion of the product 
documentation as designed, into documentation 
specific to the manufacturing organizations. 
These processes are specific to the manufacturing 
organization, being developed within them, most 
often, depending on the requirements of the 
manufacturing processes. 

 

 
Figure 2: Correlation of engineering processes with manufacturing ones 

 
The manufacturing documentation can be 

considered as: 
• Technical execution drawings derived 

from those designed; 
• Visual aids on the shape and dimensions of 

the products; 
• Files for installing/uninstalling devices and 

products along the technological route; 
• Programs for coordinate processing 

machines, equipment for thermal processes, 
plastic deformation processes, painting 
processes, etc.  

The processes of configuring the technical 
data management systems, represent those 
processes that establish and control the flow of 
technical data of the products, necessary for the 
manufacturing processes. 

In aerospace, a special emphasis is placed on 
the management of the technical data of the 
products. These are necessary for the 
manufacturing and qualification processes, 
respectively the certification of each individual 
product. Therefore, the methods of configuring 
technical data are supported by dedicated 
electronic control systems, such as: ERP 
(Enterprise Resource Planning) applications, PLM 
(Product Lifecycle Management), PLM (Product 
Lifecycle Management), PDM (Product Data 

Management), DMS (Document Management 
System). All these applications have been 
developed by various organizations in order to 
help manufacturing organizations to minimize 
manual activities. However, the aerospace 
configuration product data is performed by each 
organization on the specifics of their activities 
using only as tools these applications. 

Technological process design processes are 
those processes that convert projected product 
and process requirements into technological flow 
requirements. 

 
As can be seen in Figure 3, in the industrial 

field, the design process of the technological 
manufacturing process, uses, in addition to 
product requirements and manufacturing process 
requirements. In aerospace, in addition to the 
process requirements defined in international 
standards, those defined by large manufacturers 
are taken into account for the design of the 
process and the interleaving of specific inspection 
operations. 

One of the most important aspects in the 
design of the technological process is that of 
knowing the capability of the processes within 
the organization. 

The processes of designing technological 
processes in industrial organizations in aerospace 
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with specificity in the manufacture of structural 
components include the processes of designing 
the strategy of processing and cold or hot plastic 
deformation of products, but also the processes of 
surface treatment and assembly. 

The more the manufacturing process within 
an organization comprises several stages of the 
product manufacturing process, the more 
complex and difficult the process of designing the 
technological process.  

On the other hand, from the point of view of 
the cost of the products, it is preferable for the 
whole technological process to take place within 
the same organization. A concrete example can be 
seen in Figure 4, where once the logistics 
operations are eliminated, a cost reduction of 
about 8% can be obtained. 

 

 
 Figure 3: The flow of requirements and their conversion into a technological manufacturing process 
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Figure 4: Comparison of two manufacturing processes in relation to the cost of the product 

 
An essential role in the process of designing 

the technological process is also played by the 
knowledge of engineers on the entire 
manufacturing process specific to structural 
components. This aspect is also valid when the 
capabilities of the organization are limited, 

allowing the adaptation or optimization of the 
process within the limits of the requirements. 

In aerospace, quality engineering processes in 
industrial organizations play a very important 
role due to the certification requirements specific 
to this field. In addition to these requirements, 
there are also requirements for product and 
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process control. The method of product control in 
aerospace manufacturing organizations is that 
which creates a product control plan in relation 
to technological operations, where all product 
requirements, both product and process, are 
defined (Figure 5). 

Due to the fact that this process collects and 
centralizes all product requirements, it is located 
at the end of the global engineering process.  This 

process, in addition to the process and product 
requirements, must also incorporate a response 
plan in the control plan if the measured values 
tend to exceed the control limits (tolerances). 
Some of the requirements also appear from the 
manufacturing processes, after the first batches 
manufactured, as preventive actions to control 
the processes. 

 
  

 
Figure 5: Example of the content of a control plan for structural products in the aerospace 

 

3. Methods for Integrating Product 
Requirements 
 

The integration of product requirements in 
manufacturing processes is achieved through 
engineering processes depending on the   
capabilities of organizations in aerospace. 

Manufacturing processes for metal structural 
components are classified according to the 
technology applied (Figure 6). Product 
requirements are segregated according to the 
process in which they are made and verified.  

 

 
Figure 6: Categories of manufacturing processes for mechanical structural products in aerospace 

 

Figure 7: Example method applied in industrial organizations for the integration of structural product 
requirements, requirements defined on the basis of 3D models without execution drawings 
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The integration method is based on the 
central engineering system of the organization, 
which after receiving the documentation from 
customers, makes available to all processes, 
respectively to the entire organization, the 
requirements of the products configured in a 
database. This database generally targets all 
organizations in the field and is integrated into an 
ERP application designed for this purpose.  

The database contains some of these 

requirements. Certain requirements do not need 

to be converted in the form of data, due to the fact 

that they are used in the designed form. 

Execution or assembly drawings and 3D models - 

as well as designed technical documentation of 

the product - contain clearly expressed 

requirements and are used in the same form in 

manufacturing processes. 

 

 
Figure 8: The flow of the global engineering process in aerospace industrial organization that processes 

metal structural components 
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Figure 7 shows visually a method of 
integrating the requirements in the 
manufacturing processes and those of 
certification / validation of some metal structural 
products, through the global engineering process. 
The integration of requirements is possible due 
to IT systems and the connections between them, 
which facilitates access to the same requirements 
in both engineering and production processes. 

The requirements for structural products in 
aerospace consist of: 

• Execution drawings of parts; 
• Designs or standards of standardized 

semi-finished products; 
• Lists of materials containing the 

requirements: 
o Numbers of standard drawings or 
material standards; 
o Dimensions of semi-finished products, 
where there are no standardized 
drawings; 
o Information in the form of codes 
required for surface treatments; 
o Code information on the safety class or 
functionality of the product in aircraft, 
used in establishing special inspection 
criteria. 

• Documentation approval lists from the 
point of view of: 

o Product design; 
o Structural analyzes (static, dynamic and 
fatigue); 
o Design of aircraft operation. 

• Special requirements for the delivery of 
products in addition to those designed or for the 
modification of certain requirements designed in 
order to facilitate assembly processes; 

• Contractual requirements; 
• Technological process requirements 

applicable to various product categories. 
All these requirements are used in the overall 

engineering process in various component 
processes, depending on their purpose. 

The designed technical documentation and 
the execution documentation is integrated in the 
ERP system so that it can be accessed and used in 
the production processes. 

Once all the documentation is integrated and 
completed, the technological sheets of the 
products are generated and distributed in the 
manufacturing processes together with the 
manufacturing documentation for the realization 
of the products ordered by the customers. 

Following the realization of the manufacturing 
and inspection processes, in addition to the 
physically made product, in the process of 
product validation, measurement sheets and 
inspection plans are generated. They are 
subsequently used in the product certification 

documentation, as can be seen in Figure 7, last 
block. 

This method is one of integrating 
requirements into manufacturing processes, 
generally applicable in manufacturing 
organizations, in all fields.  

The specificity of this method is given by the 
way of centralized use of the product 
requirements, from the receipt of the technical 
documentation to the certification, respectively 
the delivery of the product. 

Figure 8 shows the same process, but from a 
different perspective - from that of integration 
into the quality management system.  

This whole integration process is ensured by 
working procedures and instructions that 
describe the applicable activities in a more 
detailed or general form.  

These procedures and instructions ensure 
compliance of the process with the standard of 
the aerospace quality management system - 
AS9100: 2016.Following the study of process 
analysis methods and their integration, we came 
to the conclusion that the IDEFO methodology 
can be applied most easily and can identify 
process interruptions - which are currently 
solved by point solutions and not by system 
solutions. 

 

4. Conclusions 
 

Once the requirements and the necessary 
knowledge have been established, it is necessary 
to analyze the process and analyze the 
interaction of the requirements. 

To analyze an existing process, an x-ray of the 
process is required. By analyzing the deliverables 
of this global engineering process, one can 
identify those deliverables generated based on 
product quality requirements and existing 
knowledge - which have the greatest influence on 
the entire process.  

The deliverables that we have identified as the 
most frequently used as inputs for the whole 
process, are represented by the database of the 
ERP system and the virtual model of the product - 
the 3D model. This result is generated by the 
integration of existing processes through the use 
of an ERP system for product data management 
and manufacturing processes as well as the use of 
CAD / CAM / CMM methods. Industrial 
organizations in aerospace field and not only, use 
various methods of process analysis, depending 
on the purpose they have with this analysis. 
Regardless of the method used, the analyst aims 
to identify: 

• Name of the process; 
• Sequences within the process; 
• Process deliverables. 
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In addition, the inputs and outputs of each 
process, the interaction with external processes, 
the time required to go through the process, the 
checkpoints in the process and the decision-
making areas within the process can also be 
tracked. 

The analysis of the requirements on how they 
are integrated in the manufacturing processes, 
allow industrial organizations to identify 
alternative variants of technological 
manufacturing routes of products, in order to 
reduce risks, costs and manufacturing cycle.  

Following the path that product quality 
requirements have from the customer, the 
process of engineering, production, product 
verification and certification, customer approval, 
perspective on requirements management and 
their influence on product quality allows a very 
clear analysis of the influences and opportunities 
for improvement. 

The development of the matrix of structural 
product quality requirements in the aerospace 
field, so that it can be used in the process of 
validating product requirements in the process of 
preparing inspection plans necessary for the 
industrial manufacturing process, is a research 
direction.  

Likewise, the development of the global 
requirements analysis model, so as to allow 
industrial organizations to use this model prior to 
the manufacturing process, from the product 
bidding phase for the estimated calculation of 
product manufacturing costs is an additional 
research direction. 
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