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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 sofiware 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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3asepwarowum smanom npoyecca npoeKmupo8anus KabeabHoOl cemu KOCMU4ecKo20 annapamd, Kax u 1obozo opy-
2020 U30enus, AGNAEMCs 6bINYCK KOHCIMPYKMOPCKOU U IKCHIYAMAYUOHHOU OOKyMeHmayuu. Aemomamusayus npoyecca
8bINYCKA KOMNJIEKMA OOKYMEHMAayuu Ha KAOEeIbHyI0 cemb N0360J5en NOSbICUMb KA4eCcm8o OOKYMEHMAayuu u coKpa-
MUMb CPOKU U320MOGIEHUS KOCMUYECKO20 annapama.

Buinyck komnnexma koncmpykmopckoul ookymenmayuu Ha kadeavryro cemov 6 AO « UCCy» npouszsooumcs 6 unmee-
puposanrom npoecpammuom xomniekce ALCAB cobcmeennou paspabomku. Paspabomka cbopounozo uepmedica
OCYUeCmBIIsLemcst 6PYUHYIO ¢ NPUMEHEHUeM 08yMepHbIX Yepmedicho-opuenmuposannvix CAIIP, ne umerowux unmezpa-
yuu ¢ ALCAB. B c6s3u ¢ smum 6Hecenue uiu yoaieHue nosuyuil 6 cneyuuxayuu eedem Kk 0opabomie wepmedrcd.

Ipeonosicena memoouxa pewienus npobIeMbl, C6A3AHHOL C AGMOMAMuU3ayUel npoyecca Gopmuposanus cOOpouHo-
20 uepmedica Ha KaOeIbHyIo cenb, U320MOoGIeHUe KOMOPOll Npou3eooumcst Ha niockocmu. Inaenoii 3adaueti, Komopyio
Heo0X00uMO peuwums npu MaKom nooxooe K 8bINYCKY YepmetCHO-ePpaduueckol OOKYMeHMayuu, si8isemcs opeanu3a-
Yusi ACCOYUAMUBHOL C8S3U MENCOY NOZUYUSMU cneyudurayuu u coopounozo yepmedica. [lpueeden pezyromam ananusa
cmpykmypul 3D-modenu xabenvnou cemu, cnpoexmuposannou ¢ CAIIP CATIA V5. Ilpeocmasnenvt cxemamuynvie
npuMepsbl MONOOSUL HC2YMO8. AHANU3 NO360NUNL BbISIGUNb NEPeYeHb OAHHBIX, KOMOopble mpedyemcs usgieyb u3 mpex-
MEPHOU MOOEU.
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Tlpusedeno onucanue Haubonee UHMEPECHbLIX UHCMPYMEHMO08, npedocmasisemuvix noavzogamento CAIIP CATIA V5
U OQIoWUX BOZMONCHOCHb ABMOMAMUIUPOBAMb MHO2UE 3a0a4l, GKIIOYASL paA3PAOOMKY COOCMBEHHbIX NPOSPAMMHBIX
pewenul. Ananu3 no38oaUN GbIOENUMb UHCMPYMEHNbl, KOMOPble a8MOMaAmuUUpyIom npoyecc 8blepy3Ku ecex mpedye-
MbIX Oannwlx u3 mooenu. K maxum uncmpymenmam omuocamces Knowledge Expert u 6newinss cpeda npoepammuposa-
nust CAA RADE. Ananuz ux dblcmpooeiicmeusi NOKasa, Ymo blepy3Ka OAHHLIX ¢ NOMOUWbIO AI2OPUMMA, pa3padoman-
Hoeo 6 CAA RADE, npoucxooum ovicmpee, uem ¢ nomouvio Knowledge Expert.

Hepeuucnenvr 6o3moocnocmu uepmedsicno-epagpuueckux uncmpymenmos CAIIP CATIA V5, maxux kax Electrical
Harness Flattening u Drafting. Onu npedocmagisiion 803MONCHOCHb ASMOMAMUUPOSAMb NPOYECC PHOPMUPOBAHUSL
cOopouH020 uepmedica.

Ilpeonooicena memoouxa agmomMamuyecko2o Gopmuposanusi cCOOpoyHo20 wepmedica KabeabHou cemu, papadamoi-
8AEMOU NO MPEXMEPHOU MEXHON02Ul, C NPUMeHeHuem uncmpymenmos, npedocmasisiemvix CAIIP CATIA V5, u npo-
2PAMMHBIX peuenuti cCOOCMBEeHHOU pa3pabomKu.

Kniouesvie crosa: kocmuueckuii annapam, kabenvHas cemv, ad8MOMAMu3ayus, KOHCMPYKMOpPCKas 00OKyMeHmayus,
cOopounblLl Yepmedrc.
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Introduction. Introduction of software and hardware = ”CATIA” CAD to organize the automatic development of
automation tools reduces manual work; it allows to sig-  the assembly drawing of CN.

nificantly increase the quality of science-intensive prod- 3. Develop a method of development of drawing and

ucts, reduce time and financial costs as well as provide associative connections with the items of specification.

the company competitiveness in the high tech segment. The drawing being developed must meet the requirements
While developing a cable network, engineers of the  specified in [7].

JSC ”ISS” use two designing methods: The structure of 3D model of a cable network in

1. The first method uses a 3D modeling technology ~ ”CATIA” CAD. SC CN has dozens of cable assemblies.
with the use of "CATIA V5” CAD. A designer develops a Depending on the requirements, each cable assembly may
cable network with a 3D model of spacecraft (SC): he  contain several harnesses combining sets of wires and
lays the cables, counts lengths and diameters of segments.  ¢caples separated in SC. Apart from electromagnetic com-
A designer uses inputs in the form of connection spread-  patibility, the reason of detachment may be materials with
sheets describing connectors and connections between |gw flexibility (elasticity) which a cable is made of; this
them (names of connectors, electrical circuits, etc.). Then  akes it difficult to set this cable on the product in one
by using the integrated software complex "ALCAB” he  arness with other wires and cables.
releases a package of design documentation for cables We developed a topology of CN by using a 3D model
based on a 3D model of a cable network. The detailed ¢ gc in "CATIA” CAD in the modules “Electrical Part
fiescription qf the integ_rate_d software complex "ALCAB” Design” and “Electrical Assembly Design” of the work-
is presented in the publications [1-4]. ing environment “Equipment and Systems Engineering”.

Cable networks are made in full size model of SC ac- | “CATIA” CAD 3D-CN structure is treclike. The har-
cording to a 3D-model of a cable.network. (3D-CN) [5]. ness (Multi-branchable object) consists of branches
The technology reduces consumption of wires and mate- (Branchable object). Branches, in their turn, consist of
rials, provides necessary bending radii, it optimizes the segments (Bundle Segment objéct) ’

1ength of electrical circuits, and thus it reduces the cables Wires (Wire object) after wiring in module *Electrical
weight. The model with produced cable network allows . . . v . v
.o . Wire Routing” are in the “Electrical Bundle
transporting it to the assembly workshop without any de- . . .
. . L . object. They have a hidden connection to the bundle
formation. This method is suitable for developing a cable . . .
segments, through which they were laid. Fig. 1 shows

network based on a single electrical circuit [6]. .. . I
2. The second method is standard. The design is car- 3D-CN containing three bundles (highlighted in different

. . . . . . lors).
ried out using two-dimensional drawing-oriented CADs co . .
(nanoCAD, AutoCAD, MS Visio), and production is car- When a designer lays a ca.tble in a 3D-model of SC, he
ried out using an assembly drawing of a cable network on MY develop several topologies for the same cable assem-
a plane[6]. bly to determine the most optimal version of the harness

laying on a product. Changes in the devices arrangement
ing two-dimensional CADs without integration with the ~©f SC can be the reason for developing a new topology as
integrated software complex "ALCAB”. In this regard, ~Well

adding or removing of items in the specification leads to For example, the fig. 2 and 3 show possible situations
the further refinement of the assembly drawing. This when topology of the harnesses changes. In the first case

causes the need for a tool for automatic assembly drawing (fig. 2) S2 segment moves to the branching position of

At present assembly drawings are made manually us-

development which is pegged to specification items. segment S1, consequently, S2 becomes longer (as a result
To achieve the goal we need to perform the following ~ of the movement); S3 becomes longer as well (combined
tasks [6]: with S5 segment). The total length of wires of the seg-
1. Analyze the 3D-CN structure. ments may not change. In the second case (fig. 3) we de-

2. Analyze abilities of automation tools for data ex-  scribed unlikely situation when two harnesses H1 and H2
traction of 3D-CN and two-dimensional graphic design in ~ were combined into one H3.
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Fig. 1. 3D-model of SC CN

Puc. 1. 3D-monens KC KA

@@ A

Fig. 2. Schematic representation of CN bundle: a — topology of CN harness before conversion;
b — topology of CN harness after conversion, where C1-Crn — connectors, S1-Sn — segments of bundle

Puc. 2. Cxemarmunoe npencrasienue xxryra KC: a — rononorus xryra KC no npeobpazoBanus;
6 — romoorus xryta KC mocie npeodpazosanmi, rae C1-Crn — pazsemsbl, S1—-Sn — cerMeHTHI KryTa

% @ V\/C’L
52

a 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-H#n — harnesses,
C1-Cn — connectors, S1-Sn — segments of harnesses

Puc. 3. Cxematnunoe npezacrasinerue xryroB KC: a — Tononorus xryros KC no o0beanHeHus;

6 — tononorus xryra KC nocne o6venunenus xryros H1 u H2, rne H1-Hn — xryTsl,
C1-Cn — pa3bemsl, S1-Sn — CerMeHTHI XIyTa
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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
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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. 5. The graph comparing the speed of algorithms on large models

Fig. 6. 3D-model of SC CN: a —in 3D; b — on a plane surface

Puc. 6. 3D-mozens KC KA: a — B TpexMepHOM KOHTEKCTE; 6 — Ha IIIOCKOCTH

255



Cubupckuii scypnan nayku u mexnonozuu. Tom 19, Ne 2

fosugvenus J40T Q02 P OCMA 375 M8 FD
Haumewobawue. Pogemee 361 XT3

Doagwavesve: Bundle Segment.d
Auaremp: 4. 13m0
Awie: 57

Ofoawauener: F40 037 325 BAMA AP NHE FO
Houmswofowoe: K37 X754-1

Ofcasrvewe: FAET 007 025 DAMA 26F WHE FO
Hrumewofonue. K37 _X764-F

Oforuguenue; Bumdle Seqment &
Audwemy 25220
dauwa. 4§03 14 5mm

Ddinwavewoe cesmewnn;  Boodle Segment 6
Auarenp: 2 2
755, 936 mm

etuwi
Ogamea vewor: Burwa G0 CHTAZT-4 2BMTIZA-3-T
Mounewafiorue: 63 AEZ-A_X734

Daanasewce: J4i 677 159 g § L1
Haumewoldmwwe: K3 X753

dpanirpage:  Sunife Segmentd
fjeamem: &, TEEmm

fncwa: 128 Semm

Ofoawavewse: Bundle Segment?
y Hvarremp. 3 3Tms
aome 3o

Fig. 7. Drawing of a cable network according to orientation

Puc. 7. Yeprex KC no packnanke

| ALCAB
CATIA CAD /" Reference information
\ database
Model l
desvription Importof | | Specification R
I data formation —, ||
I
Developing * t et |
3D- €9 3D.CN / !
model orSb- | Database of project solutions <> |
I
v 8 |
I
CNona Assembly [EEEEEREREERRRRR |
plane >  drawing 5 Assembly
surface formation drawing
|

Fig. 8. The interaction pattern of the integrated software complex ”ALCAB”
and "CATIA” CAD

Puc. 8. Cxema B3aumopeiicteus CAIIP CATIA
Y MHTETpUPOBAaHHOTO IIporpaMmHoro kommiekca 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-
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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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