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The final stage of designing a cable network of spacecraft (as well as any other product) is the release of design and 

operational documentation. The automation of this process allows to improve the quality of documentation and de-
crease the manufacturing time of spacecraft. 

The JSC ”Information Satellite Systems” (ISS) uses its own integrated software complex ”ALCAB” for releasing 
design documentation package for a cable network. For the assembly drawing development, the company uses CAD 
without integration with ”ALCAB”. In this regard, adding or removing items in the specification leads to the further 
refinement of the drawing. 

We propose the technique of solving a problem connected to the automation of the assembly drawing development 
for a cable network produced on a plane. The main task is to create associative link between the specification items and 
the cable network drawing. In this article we present the results of the analysis of the structure of the cable network 3D 
model designed in ”CATIA V5” CAD. There are schematic examples of harness topologies. The analysis identified the 
list of data to be extracted from the 3D model. 

We described the most interesting tools of ”CATIA V5” CAD that allow you to automate many processes including 
the development of your own software solutions. The analysis identified the tools for automated uploading of all re-
quired data from the model. The examples of these tools are ”Knowledge Expert” and external programming environ-
ment ”CAA RADE”. The analysis of their performance showed that the extraction of data using an algorithm developed 
with ”CAA RADE” was faster than using ”Knowledge Expert”. 

We described the potential of drawing tools in ”CATIA V5” CAD such as ”Electrical Harness Flattening” and 
”Drafting” that allow you to automate the assembly drawing development. 

The paper proposes the method of automating he assembly drawing development of a cable network developed with 
the use of three-dimensional technology using the tools of ”CATIA V5” CAD and software designed at the JSC ”ISS”. 
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Завершающим этапом процесса проектирования кабельной сети космического аппарата, как и любого дру-

гого изделия, является выпуск конструкторской и эксплуатационной документации. Автоматизация процесса 
выпуска комплекта документации на кабельную сеть позволяет повысить качество документации и сокра-
тить сроки изготовления космического аппарата. 

Выпуск комплекта конструкторской документации на кабельную сеть в АО «ИСС» производится в интег-
рированном программном комплексе ALCAB собственной разработки. Разработка сборочного чертежа  
осуществляется вручную с применением двумерных чертежно-ориентированных САПР, не имеющих интегра-
ции с ALCAB. В связи с этим внесение или удаление позиций в спецификации ведет к доработке чертежа. 

Предложена методика решения проблемы, связанной с автоматизацией процесса формирования сборочно-
го чертежа на кабельную сеть, изготовление которой производится на плоскости. Главной задачей, которую 
необходимо решить при таком подходе к выпуску чертежно-графической документации, является организа-
ция ассоциативной связи между позициями спецификации и сборочного чертежа. Приведен результат анализа 
структуры 3D-модели кабельной сети, спроектированной в САПР CATIA V5. Представлены схематичные 
примеры топологий жгутов. Анализ позволил выявить перечень данных, которые требуется извлечь из трех-
мерной модели. 
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Приведено описание наиболее интересных инструментов, предоставляемых пользователю САПР CATIA V5 
и дающих возможность автоматизировать многие задачи, включая разработку собственных программных 
решений. Анализ позволил выделить инструменты, которые автоматизируют процесс выгрузки всех требуе-
мых данных из модели. К таким инструментам относятся Knowledge Expert и внешняя среда программирова-
ния CAA RADE. Анализ их быстродействия показал, что выгрузка данных с помощью алгоритма, разработан-
ного в CAA RADE, происходит быстрее, чем с помощью Knowledge Expert. 

Перечислены возможности чертежно-графических инструментов САПР CATIA V5, таких как Electrical 
Harness Flattening и Drafting. Они предоставляют возможность автоматизировать процесс формирования 
сборочного чертежа. 

Предложена методика автоматического формирования сборочного чертежа кабельной сети, разрабаты-
ваемой по трехмерной технологии, с применением инструментов, предоставляемых САПР CATIA V5, и про-
граммных решений собственной разработки. 

 
Ключевые слова: космический аппарат, кабельная сеть, автоматизация, конструкторская документация, 

сборочный чертеж. 
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Introduction. Introduction of software and hardware 

automation tools reduces manual work; it allows to sig-
nificantly increase the quality of science-intensive prod-
ucts, reduce time and financial costs as well as provide 
the company competitiveness in the high tech segment. 

While developing a cable network, engineers of the 
JSC ”ISS” use two designing methods: 

1. The first method uses a 3D modeling technology 
with the use of ”CATIA V5” CAD. A designer develops a 
cable network with a 3D model of spacecraft (SC): he 
lays the cables, counts lengths and diameters of segments. 
A designer uses inputs in the form of connection spread-
sheets describing connectors and connections between 
them (names of connectors, electrical circuits, etc.). Then 
by using the integrated software complex ”ALCAB” he 
releases a package of design documentation for cables 
based on a 3D model of a cable network. The detailed 
description of the integrated software complex ”ALCAB” 
is presented in the publications [1–4]. 

Cable networks are made in full size model of SC ac-
cording to a 3D-model of a cable network (3D-CN) [5]. 
The technology reduces consumption of wires and mate-
rials, provides necessary bending radii, it optimizes the 
length of electrical circuits, and thus it reduces the cables 
weight. The model with produced cable network allows 
transporting it to the assembly workshop without any de-
formation. This method is suitable for developing a cable 
network based on a single electrical circuit [6]. 

2. The second method is standard. The design is car-
ried out using two-dimensional drawing-oriented CADs 
(nanoCAD, AutoCAD, MS Visio), and production is car-
ried out using an assembly drawing of a cable network on 
a plane[6]. 

At present assembly drawings are made manually us-
ing two-dimensional CADs without integration with the 
integrated software complex ”ALCAB”. In this regard, 
adding or removing of items in the specification leads to 
the further refinement of the assembly drawing. This 
causes the need for a tool for automatic assembly drawing 
development which is pegged to specification items. 

To achieve the goal we need to perform the following 
tasks [6]: 

1. Analyze the 3D-CN structure. 
2. Analyze abilities of automation tools for data ex-

traction of 3D-CN and two-dimensional graphic design in 

”CATIA” CAD to organize the automatic development of 
the assembly drawing of CN. 

3. Develop a method of development of drawing and 

associative connections with the items of specification. 

The drawing being developed must meet the requirements 

specified in [7]. 

The structure of 3D model of a cable network in 
”CATIA” CAD. SC CN has dozens of cable assemblies. 

Depending on the requirements, each cable assembly may 

contain several harnesses combining sets of wires and 

cables separated in SC. Apart from electromagnetic com-

patibility, the reason of detachment may be materials with 

low flexibility (elasticity) which a cable is made of; this 

makes it difficult to set this cable on the product in one 

harness with other wires and cables. 

We developed a topology of CN by using a 3D model 

of SC in ”CATIA” CAD in the modules ”Electrical Part 

Design” and ”Electrical Assembly Design” of the work-

ing environment ”Equipment and Systems Engineering”. 

In ”CATIA” CAD 3D-CN structure is treelike. The har-

ness (Multi-branchable object) consists of branches 

(Branchable object). Branches, in their turn, consist of 

segments (Bundle Segment object).  

Wires (Wire object) after wiring in module ”Electrical 

Wire Routing” are in the ”Electrical Bundle”  

object. They have a hidden connection to the bundle  

segments, through which they were laid. Fig. 1 shows  

3D-CN containing three bundles (highlighted in different 

colors). 

When a designer lays a cable in a 3D-model of SC, he 

may develop several topologies for the same cable assem-

bly to determine the most optimal version of the harness 

laying on a product. Changes in the devices arrangement 

of SC can be the reason for developing a new topology as 

well. 

For example, the fig. 2 and 3 show possible situations 

when topology of the harnesses changes. In the first case 

(fig. 2) S2 segment moves to the branching position of 

segment S1, consequently, S2 becomes longer (as a result 

of the movement); S3 becomes longer as well (combined 

with S5 segment). The total length of wires of the seg-

ments may not change. In the second case (fig. 3) we de-

scribed unlikely situation when two harnesses H1 and H2 

were combined into one H3.  
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Fig. 1. 3D-model of SC CN 

 

Рис. 1. 3D-модель КС КА 
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Fig. 2. Schematic representation of CN bundle: a – topology of CN harness before conversion;  

b – topology of CN harness after conversion, where С1–Сn – connectors, S1–Sn – segments of bundle 

 

Рис. 2. Схематичное представление жгута КС: а – топология жгута КС до преобразования;  

б – топология жгута КС после преобразований, где С1–Сn – разъемы, S1–Sn – сегменты жгута 

 

 

 

C
4

C
3

 
 

 

а 

 
 

 

b 

 

Fig. 3. Schematic representation of CN harness: a – topology of CN harness before combining;  

b – topology of CN harness after combining H1 and H2 bundles, where H1–Hn – harnesses,  

С1–Сn – connectors, S1–Sn – segments of harnesses 

 

Рис. 3. Схематичное представление жгутов КС: а – топология жгутов КС до объединения;  

б – топология жгута КС после объединения жгутов H1 и H2, где H1–Hn – жгуты,  

C1–Cn – разъемы, S1–Sn – сегменты жгута  
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To organize the association between assembly draw-

ing and specification of CN we are developing, we need 

to unload the data from the received model of CN, 

namely: 

– diameters and length of segments and wires; 

– lists of wires that pass through each individual 

segment; 

– list of segments included in the bundle; 

– coordinates of points of segment connection with 

neighboring elements (segments, connectors). 

Analysis of automation tools of ”CATIA” CAD. 
”CATIA” CAD has rich functionality, it provides a user 

with not only standard tools, but the opportunity to ex-

pand the functionality by developing their own software 

solutions as well. 
All tools can be grouped according to ease of imple-

mentation and application efficiency. The following list 

contains the most interesting tools, grouped in increasing 

order of complexity of implementation and effectiveness 

of their application [8–11]: 

1. Native tools: 

– parameters – characteristic that determines the 

property of an object or a document; 

– table of design parameters – the tool that allows 

you to manage document parameters by associating the 

developed document with a text file or ”MS Excel” table 

containing parameter values; 

– formulas – the function used to calculate or limit 

document properties; 

– templates – the document that stores some context 

and is used to generate new documents by changing pa-

rameters or replacing the geometry specification; 

– reports – the tool that allows you to export data 

about a document (for example, the lengths and diameters 

of segments from the CN model) in accordance with the 

specified layout of the final document. 

2. Knowledge-based applications (Knowledgeware): 

– Knowledge Advisor, KWA – the tool that allows 

you to embed knowledge into a project to automate re-

petitive design tasks and assist with technical decisions. 

”KWA” is a list of instructions necessary for the analysis 

of specific design conditions; 

– Knowledge Expert, KWE – similarly, ”KWA”  

allows you to embed knowledge into a project. The tool 

defines the way of setting and verifying the design rules 

that must be implemented throughout the project structure 

in order to comply with technical specifications and stan-

dards; 

– Product Knowledge Template – allows you to cre-

ate templates of individual objects, including geometry 

and elements of knowledge (rules, checks, etc.), for the 

purpose of further standard design. 

3. ”Automation API” is a set of objects (OLE, COM, 

ActiveX) providing a high-level interface with the  

”CATIA” CAD through built-in ”VBScript” and ”Visual 

Basic” languages or any language that supports ”OLE”  

or ”.NET” technologies [12]. 

4. External programming environment ”CAA (Com-

ponent Application Architecture) RADE” (Rapid Appli-

cation Development Environment). This programming 

environment provides a low-level access to the component 

architecture of all Dassault Systemes products. It allows 

you to develop programs of any complexity from exten-

sions (AddIn) directly built in ”CATIA”, ”ENOVIA” or 

”DELMIA” to standalone console or interactive programs 

including ”CATIA”-like environment [12]. 

Reports, ”KWE”, ”Automation API” and ”CAA 

RADE” are the most suitable for extracting geometric 

parameters (length, diameters) and configuration of CN 

model. 

The use of reports and the ”Automation API” in prac-

tice showed that their combined and separate use does not 

allow us to extract meaningful data about the configura-

tion of a CN model [12].  

But ”KWE” and ”CAA RADE” allow to solve this 

problem. Comparison of these tools on small models 

showed that the algorithm developed on ”CAA RADE” 

unlike ”KWE” allows reducing the data export time ap-

proximately by 48 % (fig. 4). This is due to the fact that 

”KWE”, in contrast to ”CAA RADE”, does not have 

flexible sampling of data. 

Unlike small models, in larger models the increase in 

the sampling rate of data is more significant (fig. 5). For 

example, for the model shown in fig. 1, consisting of 

more than 900 elements, sample selection using ”KWE” 

took approximately about an hour, while the algorithm 

developed in ”CAA RADE” took approximately 26 min-

utes. 

Based on the results of the analysis, we concluded that 

the application of the external programming environment 

”CAA RADE” will achieve the required result in the 

frame of the task being solved. 

Drawing-graphic tools of ”CATIA” CAD. Along 

with 3D design tools, ”CATIA” CAD provides the ability 

to develop drawing and graphic documentation.  

The ”Electrical Harness Flattening” module allows to set 

out the 3D model of the bundle (fig. 6, a) into the plane 

(fig. 6, b) and to be shared with such products as ”Electri-

cal Library”, ”Electrical Harness Installation” and ”Elec-

trical Wire Routing”. This module provides the following 

basic functions [8; 13; 14]: 
– flattening of bundle segments; 

– rotation or bending of the segments of the bundle 

at a certain point; 

– scaling of the segments of the bundle (setting the 

dummy length); 

– synchronization of the drawing with the model; 

– selecting the type of drawing view; 

– automatic annotation of the drawing. 

Using the functions provided by the ”Drafting”  

module, the user can make a drawing by generating a 

projection of the bundle put on the plane (fig. 7) and 

then indicate the dimensions and other textual informa-

tion [15]. 

Due to the fact that the existing technology of 3D de-

sign does not imply full description of the 3D model of 

CN, and it does not contain information about some of the 

materials in the composition of CN (for example, tags, 

threads, braids, tubes, printed circuit boards, nuts, etc.), 

information about them will not be depicted on the draw-

ing. This problem can also be solved using the ”Automa-

tion API” or ”CAA RADE” tools. 
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Fig. 4. The graph comparing the speed of algorithms 

on small models [6] 

 

Рис. 4. График сопоставления быстродействия алгоритмов 

на небольших моделях [6] 

 

 

 
 

Fig. 5. The graph comparing the speed of algorithms on large models 

 

Рис. 5. График сопоставления быстродействия алгоритмов на большой модели 
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Fig. 6. 3D-model of SC CN: a – in 3D; b – on a plane surface 

 

Рис. 6. 3D-модель КС КА: а – в трехмерном контексте; б – на плоскости 
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Fig. 7. Drawing of a cable network according to orientation 

 

Рис. 7. Чертеж КС по раскладке 

 

 

 

 
 

Fig. 8. The interaction pattern of the integrated software complex ”ALCAB”  

and ”CATIA” CAD 

 

Рис. 8. Схема взаимодействия САПР CATIA  

и интегрированного программного комплекса ALCAB 

 

The method of forming an assembly drawing. Tak-

ing into account the results of the analysis, we can organ-

ize the development of assembly drawing of CN in the 

following way (fig. 8). 
After completing the development of CN topology, a 

designer exports the data containing configuration and 

geometric parameters from the ”CATIA” CAD to the 

integrated software complex ”ALCAB”. The specification 

is generated automatically according to the received data 

from ”CATIA” CAD. In the module ”Electrical Harness 

Flattening” a designer puts the volumetric bundle in the 

plane. Then, in the ”Drafting” module, he generates the 

projection of the bundle and activates the process of 

automated arrangement of positions obtained from the 

specification. 

Conclusion. Currently, we are working on the integra-

tion of the functional of the ”Electrical Harness Flatten-

ing” module into the design process of the CN and auto-

mating the associative linking of the specification items to 

the drawing and a graphic document and bringing the 

final result to the requirements of Unified system for de-

sign documentation. 
We developed a tool for unloading geometric parame-

ters and configurations from the CN model, the control 

principle and the structure of the centralized storage of the 

received data. Thus, we optimized the selection of materi-

als for the segments and expanded the capabilities of the 

integrated software complex ”ALCAB” in the develop-

ment of new tools that automate such complex tasks as 

the selection of shipping containers for terrestrial CN ac-

cording to mass-dimensional characteristics. 

Thus, the developed method will allow to: 

– automate the process of issuing drawings and 

graphic documents for CN; 
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– provide the process of automated release of design 

documentation in the integrated software complex  

”ALCAB” with all necessary data; 

– reduce the labor costs for manual development  

of design documentation; 

– reduce the impact of the human factor and, as  

a consequence, improve the quality of the design docu-

mentation; 

– automate the annotation of the 3D model of CN. 
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