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The manufacture of parts and assembly units of the aerospace industry is characterized by a small product range,
but a significant changeability of their shape and size. In these circumstances, the use of the elements of universal as-
sembly devices (UAD) allows to reduce the number of special devices significantly. Based on the results of a complex
research on the analysis of design and manufacturing technology of elements of UAD, and on the known principles of
construction of group technologies the algorithm for the formation of technological groups of UAD details of the
“prism support” type was developed. The 3D-model of the complex details, the classification of surfaces proposed for it
and the database on all 16 details of the group are the basis for the development of an algorithm for a route group
technological process (GTP). In the new GTP and control program it is proposed to combine in one operation practi-
cally all draft types of processing: milling, drilling, thread cutting on the multi-task machine with the palletization of
complex details on a technological plate. The effectiveness of the constructive-technological decisions is confirmed by
the reduction in the number of operations and equipment (from 7 to 4 machines) thus reducing the labor content and
cost. The use of the developed techniques of development the GTP allows significant expansion of the possibilities for
automation of technological preparation of production, simplifies the development of control programs, reduces the
labor content of the preparation of technological documents and its translation into digital form.
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Jns uzeomoenenusn demaneti u cOOPKU Y3106 AIPOKOCMUYECKOU OMPACIU XAPAKMEPHA HeOONbUAS HOMEHKAAMYPA
uz0enuti, Ho 3HAYUMENbHASL CMEHAEMOCMb UX NO hopme u munopasmepam. B smux ycrnosusx ucnonvzoeanue snemen-
mos yHusepcanbHo-coopuvix npucnocobnenuti (YCII) nosgonsem cyuecmeenHo cokpamumes KOIULECME0 CReyuaibHbix
NPUCROCOONEHULl 3 CYem UCNONb308AHUSL CIMAHOAPMHBIX IJIEMEHMO8 6 PAMKAX ONpeOeNeHHbIX 2pynn Oemaiel.
Ilo pesynomamam kKomniekca pabom no ananu3y KOHCMPYKyuil u mexnonozuu uzzomoenenus snemenmog YCII u na
OCHOBAHUU U3BECHIHBIX NPUHYUNOG NOCMPOEHUS 2PYNNOGIX MEXHOA02UL pa3paboman aneopumm Gopmuposanus mex-
nonoeuyeckux epynn demaneti YCII muna «npuzma onopuasy. Cihopmuposannas 3D-modens KomniexcHou oemanu,
npeonodicennas 0isl He€ Kaaccugurayusi nogepxHocmetl u 6aza OanHwvix no gcem 16-mu oemansim epynnvt (6KIOUEHHbIM
6 COCMA8 KOMNIEKCHOU N0 0OWHOCMU KOHCMPYKIMUGHBIX U MEXHOIOZUYECKUX NPUSHAKOB) S6ISIOMCSL OCHOBOUL OISl PA3-
pabomxu arzopumma nOCMpOEHUs. MAPULPYIMHOZ0 2PYNNOB020 MEXHOI02UYEecK020 npoyecca. B nosom epynnosom mex-
HOJIO2UHECKOM npoyecce npeonazaemcsi COBMecmumy 6 00Hy ORePayuI0 NPAKmMuiecKu 6ce YepHogule 8Ubl 00paboOmK:
@peseposanue, ceepienue, Hapesanue pe3vbvl Ha MHo2oyeregom cmanke ¢ YIY ¢ ycmanoekoii komniekcHoti demanu
HA MeXHOIOSUYecKyIo naumy. Ynpaeiaiowas npozpamma Oasi MexaHudeckou 00pabomxu pezanuem KOMNIEKCHOU
oemanu 1e2ko a0anmupyemcsi K u32omosieHuio 1oboi demanu epynnul. Ipgexmuenocms nPUHAMbIX KOHCMPYKIMUGHO-
MEXHON02UHECKUX PEUWEHUL NOOMBEPHCOAemcst COKpaujeHuemM Koaudecmea onepayuil, obopyodosanus (¢ 7 0o 4 cman-
KO8) U MENCONEPAYUOHHBIX NEPEX0008 8 CMPYKMype Npoyecca Mexanudeckou 00pabomku pe3anuem, d 3HA4Um,
CHUDICEHUeM mpyooemkocmu u cebecmoumocmu. Takum o06pazom, npednodiceHvl U 000CHOB8ANbL KOHCMPYKIMOPCKO-
mexHon02uYecKue npuemsl NO8bluleHUst IPPEKMUBHOCTNU MEXAHUYECKOU 0OpabomKu demanei YHUGepCaIbHO-COOPHLIX
NPUCROCOONEHUL 3a CHem NPUMEHEHUsl 2PYRNOGLIX MEeXHOI02UYeCKUxX npoyeccos. Mcnonvzosanue paspabomanuvix me-
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MOOUK NOCMPOEHUs. 2PYNNOBBIX MEXHOIOSULECKUX NPOYECCO8 NO3B8OIAEN ZHAYUMENLHO PACUUPUTNG BOZMONCHOCIU OIS
ABMOMAMU3AYUYU MEXHOIOSUYECKOU N0020MOBKU YUPPoso2o npouseodcmsa, ynpowaem npoyeoypy paspabomru
VAPABTAIOWUX NPOSPAMM OJisl MHO2OYENEBbIX CIAHKOG C YUCTIOBBIM NPOZPAMMHBIM YAPABIEHUEM.

Knroueswvie cnosa: zpynnoeoﬁ MEeXHON02UUeCKULl npoyecc, yHu@epCdﬂbHO—C60prl€ npuCi’lOCO6]l€Huﬂ, KOMNJIEKCHAA

demainv, mpyooemMKoCmb, cebeCmoumMoCmp.
Doi: 10.31772/2587-6066-2018-19-2-355-364

Introduction. In the conditions of small- and me-
dium-scale production in the manufacture of parts in
small batches (which is typical for enterprises of the aero-
space industry), with a large change in form and size,
there are significant losses of time caused by adjustment
of machine tools in the transition from manufacturing one
part to another. In these conditions it is expedient to use
the group method of processing [1; 2]. It is known that
this method takes into account not only the similarity of
structural features of details, but also precision, techno-
logical, instrumental, organizational and planned charac-
teristics [3—7]. A key position in the construction of group
technology is the stage of designing an integrated part.
The solution of the problem of creating a complex part is
accompanied by the fact that in the classification of parts
the possible methods and sequence of machining of tech-
nological surfaces (installation, guiding, supporting) are
already taken into account, as well as the necessity of
observing the well-known principles of engineering tech-
nology — the agreement of the basic design, technological,
measuring bases [8; 9]. Route technological process
should provide the possibility of processing any part of
the group without significant deviations from the general
technological scheme. Since the research is aimed at in-
creasing the efficiency of manufacturing components of
specialized universal assembly devices, it is necessary to
note a number of significant features of such specialized
equipment. Its application is justified if the range of prod-
ucts produced using UAD is small [4]. It is this type of
production that is typical for manufacturing parts and
assembling products of the aerospace industry in a small
amount, but with a high turnover in shape and size. A
similar approach is used in the manufacture and use of
equipment at the factory of Airbus (UK) [5], where the
range of products produced in the enterprise is ten. At the
same time, the use of UAD can significantly reduce the
number of devices needed in the presence of a wide range
of manufactured products, by using standard elements
within certain groups of parts (fig. 1).

A distinctive feature of the technological preparation
of the manufacture of UAD parts is the need for simulta-
neous creation of routing, operational technological proc-
esses and a control program for multi-purpose machines
that are part of the production structure of the enterprise.
Therefore, the efficiency of the use of group technologies
for the manufacture of the entire range of parts included
in the UAD requires the creation of a database of their
three-dimensional models in conjunction with the
corresponding technological processes and control pro-
grams for the manufacture of products manufactured us-
ing UAD [6].

The main drawback of the existing traditional ap-
proaches of such design and technological preparation of
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production is the high laboriousness in the development
of individual 3-D models and technological processes for
each part of the UAD and complicates the procedure for
technological changeover when replacing one part for
another [7-9]. For these reasons, the use of group tech-
nologies for manufacturing the range of UAD parts is
topical and practically significant, especially in the spe-
cific production conditions of small-scale production of
aerospace enterprises.

Analysis of the nomenclature of UAD details and
the creation of a 3-D model of an integrated part. As
initial data for determining the prospects for the use of
group technologies in the conditions of modern digital
production, drawings of the main parts of universally as-
sembled devices (UAD) used at JSC “ISS” Reshetnev
Company”. For the development of group technological
processes, the most representative (by structural and tech-
nological features and applicability) details of the hull
group of the prism type are selected. Fig. 1 shows an ex-
ample of the integrated use of such elements of UAD for
gluing the skeleton of the satellite.

As a result of a complex of works on the analysis of
structures and technology of manufacturing elements of
UAD ’Prism support” carried out jointly with the special-
ists of ISS-Reshetnev Company, the main technical re-
quirements for the accuracy of the executive dimensions
of the parts (tolerance fields for the dimensions of the
mounting surfaces, U-shaped grooves, prismatic surfaces,
connecting surfaces, the accuracy of the relative position
of the surfaces in terms of flatness, parallelism and per-
pendicularity, surface roughness from Ra 0.32 to Ra 0.63)
were determined. The need for additional chemical-
thermal treatment of these details — cementing to a depth
of 0.6—1.2 mm and quenching (hardness of HRC 57-63) —
was also taken into account. It imposes correspondingly
stringent requirements on the technology of their machin-
ing after quenching. In a generalized form, the results of
the analysis of the accuracy characteristics are presented
in table.

The existing technology of surface machining at the
five-axis machining center HERMLE C-40 with the use
of imported cutters @10-EC-D6 10-22C10H72 (ISCAR)
provides the actual roughness Ra0.32-0.63 (according
to the requirements of the design documentation (DD)
Ra 0.32 is necessary); the actual value of the asymmetry
tolerance of the grooves (12H7) with respect to the sides
0.01-0.025 (according to the requirements of the DD 0.01
is necessary). Therefore, in order to achieve the required
parameters of the accuracy of the dimensions and surface
roughness, it is also necessary to grind to the H7 grade
with a surface grinding machine — FS 420 SD of increased
accuracy. For the manufacture of all elements of UAD in
accordance with the requirements of the DD, it is neces-
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sary to equip the machine tool with a precision flat grind-
ing machine type BLOHM PLANOMAT HP 408 with
Easy Profile CNC with micron feeding on all axes (cost ~
500,000 EURO).

Therefore, one of the main research tasks is to study
the possibilities of increasing the accuracy of machining
due to the use of group technological processes and prom-
ising precision forming methods with basing on a techno-
logical plate.

Based on the known principles of group technologies
formation, an algorithm for creation of technological
groups of parts of UAD of Prism type was developed (fig. 2).

When combining the UAD parts into groups, we pro-
ceeded from the condition of similarity of the surfaces to
be machined or their combinations, while the group often
includes parts of various shapes and sizes, but any of
them by the range of linear and angular dimensions and
arrangement of the surfaces, the methods for obtaining
them during machining by cutting corresponds (has
analogies) and can be built into the structure of the com-
plex part. The analysis of structural and technological

features and surfaces, the features of the existing techno-
logical processes of machining at the enterprise, made it
possible to form a complex part from a number of similar
parts. Fig. 3 presents a model of a complex detail of
”prism” type, consisting of a number of elementary sur-
faces (1-45).

Proceeding from the existing at the enterprise routing
technological process of machining, the main surfaces of
the complex part can be defined as: execution surfaces —
7, 8; basic design bases — 1-6; auxiliary (connecting) de-
sign surfaces — 10—45; free (technological) surface — 9.

Fig. 4 shows the data on the main geometric parame-
ters that were necessary and used in the development of
the group process and control programs for processing the
main surfaces of the complex part.

The resulting 3D-model of the complex part, the pro-
posed classification of surfaces and the database created
for all 16 parts of the group selected according to the
similarity of design and technological features, were taken
as a basis for the development of an algorithm for con-
structing a route (group) process.

Fig. 1. Elements of UAD: a — a set of parts and assemblies of the UAD;
b — a reflector on the tooling of UAD elements

Puc. 1. Dnementsr YCII: a — nabop aetaneit u coopounsix equnun Y CII,
6 — pediektop Ha ocHacTke u3 dneMenToB Y CIT

Precision requirements to parts of “prism” type

Accuracy degree/
limit deviation

Roughness, Ra Shape accuracy

Main execution surfaces
(dimensions)

S 0008

js6 0.32 ‘ L
002
U-shaped grooves 7H 0.63 ‘L 00> ‘
Hol *
i
Angular surfaces of the prism 90° + 5' 0.32

*Alignment in relation to the reference surface of the central hole @13 (base A).
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Justification and development of a group techno-
logical process of machining parts of UAD of Prism
type. The service purpose of parts of the group, their de-
sign, the material of workpieces, the classification of sur-
faces and the accuracy requirements were taken into ac-
count when selecting and justifying the routing techno-
logical processes of group processing.

The analysis of the existing technological processes
for the production of a group of UAD of the Prism type

made it possible to establish that, in spite of the common
shape and size, there is a considerable loss of time during
their manufacture due to the readjustment of the machines
during the transition from the manufacture of one part to
another. The routing technology adopted at the enterprise
assumes a considerable number of re-installations, inter-
operational transitions, sometimes even in one techno-
logical operation of shaping, for example, milling planes,
grooves, drilling holes.

Analysis of UAD details

Type of treatment Tooling

Route of CD processing se-
— quence

Classification of sur- Ana?ys'is
faces of existing
equipment

Formation of a group of details
of ”Prism” type

Formation and analysis of possible options
for CD processing

Fig. 2. The design algorithm for the group technological process

Puc. 2 AJIFOpI/ITM MPOCKTUPOBAHUSA IJIS IPYIIIIOBOI'O TEXHOJIOTHUYECKOI'O IIpoIecca

P -

—eh

Fig. 3. Model of complex part and typical parts of the group: a — complex part with designated surfaces;
b—g — details of the group

Puc. 3. Mozenb KOMIUIEKCHOW JIeTaln U THIIOBBIC ICTalM TPYIIBL: ¢ — KOMIUICKCHAS JIeTallb
¢ 0003HauYEHHEM NTOBEPXHOCTEH; 6—orc— IETaIH TPYIIIBI
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Obosmauenme | H, | B, | L, o | b, |hl,
TIPH3M MM | MM | MM MM | MM
15275-7033-1201| 45 | 60 | 45 | 90 | 5 | 17
1202 60 | 90 | 45 | 90 | 30 (275

1203 45 | 60 | 45 | 120 | 30 | 275
1204 60 | 90 | 45 | 120 | 5 |275
15276-7033-2946| 60 | 120 | 60 | 90 | 30 | 22
2947\ 60 | 120 | 60 | 120 | 30 | 22
15277-7033-2441| 30 | 30 | 45 | 90 155
2442140 | 30 | 45| 90 275
24431 40 | 45 | 525 90 153
2444 45| 60 | 525 90 155

2445065 | 75 | 60 | 90
2431) 30 | 30 | 45 | 120
2432) 40 | 30 | 45 | 120
2433 40 | 45 | 525 120
2434) 45 | 60 | 525 120
2435] 65 | 60 5251120

L WL W RN Y R ) L )
—_
[
im

Fig. 4. Parametrized model and table for the dimensions of the complex part

Puc. 4. HapaMeTpmeOBaHHaﬂ MOZICIIb U Ta6nnua TUIIOPAasMEPOB KOMIUIEKCHOU JIeTaJIn

Taken together, this leads to an increase in labor in-
tensity, a violation of the principle of constancy of the
bases, and hence to a possible decrease in the accuracy
of processing, and therefore to inclusion of additional
finishing operations in the route technological process.
In addition, the output cycle is disrupted, the inter-
operational costs of auxiliary time increase and the utili-
zation factor of the equipment decreases (according to the
enterprise data from 0.28 to 0.42). Together, the effect
of these factors leads to an increase in the cost of parts
included in the UAD. The cost of one complex part of the
UAD 107-7099-0100-04 Prostavka” can reach 43-48
thousand rubles, the estimated cost of a typical part of the
UAD of the ”Prism” type ranges from 4—12 thousand ru-
bles (a similar level of selling prices is given in the mate-
rials of some firms of manufacturers of equipment, such
as Shunk, Iscar and the Tool “Favorite” [10—-12].

In the developed new group technological process, it
is proposed to combine almost all roughing operations of
milling, drilling, threading on a multipurpose CNC ma-
chine with the installation of a complex part (and there-
fore any other part of the group) into a single operation on
the technological plate (fig. 5) on surfaces of the planes
of the base | and fixing using a nut 4 and a pin-bolt 3
through the calibrated hole (surface 21).

A reliable orientation of the workpiece relative to the
axis of symmetry is provided by making a fit along the
surfaces of the hole 13H7 and the pin bolt 13h6. Addi-
tional fixation from the rotation (in addition to the clamp-
ing force of the nut) under the action of cutting forces is
realized on the mating surfaces of the grooves on the
workpiece and counter-protrusions on the technological
plate. Since the sizes of the base holes 13 (surface 21 on
the complex part) and the guiding grooves (surface 12 on
the complex part) on the base plane for all the parts of the
group included in the structure of the complex part coin-
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cide, the technological plate is unified, and the principle
of complete interchangeability is in action. The process
of machining all free surfaces by cutting (2-9, 14-17,
24-45) is performed without re-setting on one milling-
drilling-boring operation with basing on the surface 1 on
the technological plate, which in turn is clamped in the
vice of the machine table, but does not interfere with all
the shaping movements of the tools.

Fig. 5. The scheme of basing of a complex part on
a technological plate: 7 — part; 2 — technological plate;
3 — pin bolt; 4 — nut

Puc. 5. Cxema 6a3upoBaHUs KOMILICKCHOM JETalTH
Ha TEXHOJIOTUYECKOH TuTe: / — JIeTab,
2 — rexHonormyeckas mwmra; 3 — mtudr-00nT; 4 — raiika

In addition, it is proposed to use new designs (devel-
oped in SFU jointly with JSC "ISS") for high-speed turn-
ing and milling tools equipped with interchangeable geo-
metrically-complex elements [13-15] on the basis of
nanostructured hard alloy composites [16—18] at finishing
machining of prism planes. The application of the new
cutting geometry and kinematics of rotary cutting, com-
bined with the use of dispersed hard alloy carbide com-
posites with ultra fine carbide grain, allows the grinding
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operations to be replaced with fine milling without com-
promising the quality of the surface treatment. The struc-
ture of the routing group technological process in com-
parison with the basic one applied at the enterprise is
shown in fig. 6.

Efficiency of the adopted design and technological so-
Iutions (in accordance with the block diagrams of the
routing technological processes of processing parts
7033-4734 prism support”: a) basic — according to the
technology of the enterprise; b) the new one, based on
group technology) is clearly supported by a reduction in
the number of transactions in the structure of the process,
which means a reduction in labor intensity and cost of
production.

Formation of the structure of transitions in the manu-
facture of individual parts of the group within the group
process is illustrated graphically by the data shown in fig. 7.

p
1 Rough milling of grooves.

Surfaces 15, 16
*
Rough milling of grooves.
Surfaces 13, 14
¥
Rough milling of grooves.
Surfaces 9, 10, 11

L i
Milling with CNC.
Surfaces: 7, 8, 17

¥
Cementation
)
Milling with CNC (drilling).
Surfaces: 25

-

J/

2

~N

/ L

[7 Milling with CNC.
Surfaces: 21, 23
¥
[g Metalwork.
Surfaces: 22, 24

Thermal (hardening)
¥

Profile grinding.
Surfaces: 3,4,5,6
¥
Profile grinding.
Surfaces: 1, 7, 8
¥

)(
J
J
J
]
)
)i
)

[ 12 Thermal (aging)
¥
13 Finishing grinding.

Surfaces: 3,4, 5, 6
¥
Finishing grinding.
Surfaces: 1, 7, 8

1
J

a

Based on the results of the complex design and tech-
nological work conducted jointly ISS-Reshetnev Com-
pany a variant of the group technological process for a
complex part of the UAD of “prism support” type and a
control program for the machining of its main surfaces
with installation on a technological plate were developed.

Fig. 8 shows the setups and trajectories of the tool
moving on the preparation operations of the base surfaces
a) milling the base plane, grooves and drilling holes; b)
rough milling of the technological groove and surfaces of
prisms; c) trajectories of the tool moving with installation
of the workpiece on the technological plate. As an illus-
tration of the use of group technologies in digital form, a
fragment of the control program for one of the transitions
(rough milling of the base 1) of machining of the complex
part on a five-axis machining center HERMLE C-40
is given.

1

Milling U-shaped grooves.
Surfaces: 9, 10, 11

|

¥
4 - .
2 Drilling holes and tapping
the base. Surface: 25
- J
¥
s . N
3 Flat profile grinding.
Surfaces: 1,9, 10, 11
J

¥

Milling-drilling and thread
cutting. Surfaces: 7, 8, 17, 3,
13, 14,4, 15, 16, 5, 6, 21,
22,23,24,26,27

*

[ 5 Cementation ]
¥

[ 6 Thermal (hardening) ]
L]

7 Profile grinding (semi-finished).

Surfaces: 2, 3,4,5,6

¥

Thermal (aging)

k

Profile grinding (finishing).
Surfaces: 2, 3,4,5,6

b

Fig. 6. Routing technological processes: a — basic; b —novel

Puc. 6. MapupyTHbIe TEXHOJIOTHYECKUE MTPOLIECCHI: @ — 0a30BbIil; 6 — HOBBIH
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Fig.7. The structure of operations of group technological processes

Puc. 7. Crpykrypa onepanuii rpynnoBoro TeXHOJIOTHYECKOro Ipouecca

Virtually all rough milling, drilling, tapping operations
are proposed to be combined in one operation on a CNC
multi-purpose machine with the installation of the part on
the technological plate. This will allow processing of all
free surfaces without re-setting in one operation, thus re-
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alizing the principle of constancy and unity of bases
known in engineering technology.

It eliminates the need for reinstallations and improves
the accuracy of processing and the relative location of
surfaces.
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Rough milling
of surface
S iy

a < . .
“-\_\_ e % ﬁ - X :-‘-\
ﬁ. L
«
b
Rough milling of prism

%

N30 GO G90 G94 G21
N31 G17 G80 G40
N32 GO G91 G28 Z0.0

Rough mllllng of grooves N33 (TOOL TYPE: ENDMILL )

N34 (TOOL ID: "FR_30")

" Drilling N35 (TOOL DIAMETER
3 :30.0 )

N36 (TOOL LENGTH:160.0)
N37 T3 M6

N N38 S1500 M3

N39 G90 G54

N40 (TOOLPATH:
CHERNOVOEFREZEROVAN
IETORCA(1))

N41 (ALLOWANCE: 0.5)
N42 (WORKPLANE: UST1 )
N43 G0 X105.0 Y10.0

N44 G43 79.067 H3

N45 M8

N46 74.067

N47 G1 Z0.0 F500.

N48 X-15.0 F1000.

N49 G0 Z9.067

N50 X105.0 Y35.0

N51 Z4.067

N52 G1 Z0.0 F500.

N53 X-15.0 F1000.

N54 G0 Z9.067

Rough milling N55 M9

/ of surface

Fig. 8. Schemes of adjustment: ¢ — milling and drilling of basic surfaces;
b — rough milling of technological surfaces; ¢ — milling of main surfaces

Puc. 8. CxeMsl HanmanoK: @ — hpe3epoBaHue U CBepIicHHE 0a30BBIX IOBEPXHOCTEH; 6 — 4epHOBOE (pe3epoBaHUE
TEXHOJIOTMIECKHUX TIOBEPXHOCTEI; 6 — ()pe3epoBaHie OCHOBHBIX TIOBEPXHOCTEH

Conclusion. The preliminary consolidated technical
and economic analysis shows that the developed new
group technological process of machining typical UAD
parts used at JSC ”ISS” provides the opportunity to re-
duce labor input, the number of machine tools used (from
7 to 4 machines) and interoperational transitions.
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The total laboriousness of manufacturing the USP ele-
ment (according to the enterprise’s data) is 130 hours,
according to the proposed new technological process,
labor intensity is reduced by 63 %. The technical and eco-
nomic effect is determined by preferential differences in
terms of manufacturability — GOST 14.201-83.



Texunonocuueckue npoyeccsl U mamepudiol

The use of methods for constructing group techno-
logical processes makes it possible to expand the possi-
bilities for automating the technological preparation of
production, simplifies the procedure for developing con-
trol programs for machining blanks on multipurpose ma-
chines with numerical program control, and reduces the
complexity of preparing technological documentation by
digitizing it.
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