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The results of modeling thin-walled carbon fiber tubes of square section are presented.
The task of the study is to determine and account for deviations during winding and
rejection of such products. Traditionally, carbon fiber winding tubes are used for
dimensionally stable structures, and circular tubes are used, which are easily wound, but
have significant bending during bending. To eliminate this problem, it is proposed to use
square carbon tubes. Such tubes have an advantage in gluing, since they include flat
surfaces. Bending also decreases. To eliminate this problem, it is proposed to use square
carbon tubes. Such tubes have an advantage in gluing, since they include flat surfaces.
Bending also decreases. However, square tubes require a new approach when winding a
carbon prepreg onto a square core. It is shown in the work that the main factor that leads
to a spread in wall thicknesses is the alternation of straight sections and sections on the
radii of rounding of a square mandrel. This cyclicity manifests itself with each revolution
of the mandrel and leads to a significant increase in the pressing pressure at the corners of
the square mandrel and the absence of such pressure in the straight sections of the square
mandrel. There is no way to avoid this phenomenon on existing equipment. Therefore, a
different approach was proposed. It consists in the fact that each manufactured element
before entering the assembly phase is subjected to statistical analysis in order to determine
the real moment of resistance to bending W. This analysis includes 4 steps. At the first
stage, all four faces of each square tube are marked. At the second stage, the actual
thickness of each wall is determined. At the third stage, the real moment of bending
resistance is calculated for each of the four positions of the tube relative to the main axis
of rotation. At the fourth stage, a map of the location of the tube inside the finished
structure is created. This article provides the actual thickness of the carbon fiber tubes in
the amount of 20 pieces. It is shown that such a method of taking into account thickness
deviations will make it possible to find a reserve for reducing the deflection of the finished
structure.

Keywords: carbon fiber, carbon plastic, prerpeg, carboplastic, tube.

DOI: 10.32434/2521-6406-2019-6-2-3-9

Statement of the problem

The modern development of science requires
ever more accurate measuring instruments. This task
becomes even more difficult if it is additionally
required to ensure other important factors, for
example, the minimum mass. Measuring instruments
are usually installed on supporting platforms, which
should also have well-predicted spatial stability
indicators. In addition, such devices and their
platforms often operate in conditions of a significant
temperature difference. All this requires
fundamentally new solutions, primarily in the field
of technology for the production of such structures,
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which are most often made from carbon fiber tubes.

This article is devoted to the study of
technological features of the production of carbon
fiber rod structures. Carbon fiber tubes are made by
winding a crude prepreg onto a collapsible core
(mandrel). The final assembly of the frame or truss
is done by gluing. Seats for attaching research
instruments are then attached to the finished rod
structure. As a result, the accuracy of the positioning
of the research instrument is the fifth or sixth stage
of ensuring accuracy. Given that any composite
structure has a natural variation in the output
accuracy parameters, it becomes clear that research
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should be continued.

Under the natural scatter of the output
parameters in this paper, we mean the scatter of the
wall thickness of the carbon fiber tubes, as well as
the scatter of the actual bending elastic modulus.
Thus, the real bending stiffness will be correlated
with both geometric properties and material
properties. Today it should be recognized that the
reserve of properties of geometric sections seems to
be higher than the reserve of properties of composite
materials.

Thus, the idea was formed to replace round
carbon fiber tubes with carbon fiber tubes of square
cross section. However, the production technology
and control of square tubes requires additional
research. The prototypes of square tubes have been
extensively tested, and these results are presented in
this article.

Analysis of recent research and publications

Most modern high-precision platforms are
made of carbon fiber [1—3].

This section of the analysis of publications is
devoted to two important aspects. The first is the
manufacture of carbon fiber tubes. The second is
the control and further use of the tubes in the finished
frame or truss.

An analysis of the available sources for the first
aspect showed that the cross-sectional shape is a
very important factor. Theoretical and practical work
shows that a thin-walled square tube has a 50% less
bending strain at the same profile height. A square
thin-walled pipe with the same profile height has
25% more cross-sectional area. This has a positive
effect on the strength and rigidity of the structure
under tensile and compressive loads. In the case of
square pipes, we have a jealous bonding surface on
the side of all the elements. As a result, we get a
well-controlled glue line. Adhesive bonding is better
than bonding with mechanical elements [4]. These
features give many advantages, however, they require
taking into account the spread of technological
parameters. Until recently, deviations of square tubes
were only taken into account as a margin of safety
or structural rigidity [5]. The article presents new
results that make the production of square carbon
pipes more advanced.

The second aspect of the manufacture of carbon
fiber structures is the subsequent control. An example
of non-destructive testing using the method of
holographic interferometry is given in [3]. This is a
good method for determining the imperfection of a
composite element. However, this method does not
allow to establish the actual values of the modulus
of elasticity in bending.

The next important task is where and how to
place the carbon fiber tube in the finished structure.
To date, the design documentation does not regulate
the sequence of the assembly process from existing
tubes. But we know that each tube has its own unique
modulus of elasticity. This suggests that the place of
each tube in the finished structure must somehow
correspond to its individual stiffness characteristics.
Unfortunately, it was not possible to find works on
this subject in the public domain.

Research objective

As an object of research, the manufacturing
process of a carbon fiber square tube is considered.
The manufacture is made by winding a carbon fiber
impregnated with epoxy resin, which we will call
prepreg on a square core (mandrel). Before starting
production, it is necessary to develop a mathematical
model of winding the prepreg on a square mandrel,
since existing models are applicable only for round
tubes.

It is believed that the process of winding carbon
fiber will be carried out on the same equipment on
which the traditional round tubes are wound. The
only difference is that the core will be square, not
round. The carbon filament winding angles will be
the same for the two types of tubes.

An additional research factor is the need to
control the external crimping of a square tube. This
is very important, since on such surfaces the
installation of connection elements between the
platform and the research equipment takes place. If
the outer surface will be of high quality, then the
glue connection with the seat under the device will
be durable and have good control of all sizes in space.

In addition to the absolute advantages of a
square carbon fiber tube, relative advantages should
also be taken into account. For example, the
adequacy of the mathematical model of a round tube
is considered higher than for a square tube. It should
be noted that the spread of technological parameters
for a round tube will be less than that of a square
tube. This is due to a simpler cross-sectional shape
in terms of winding processes. In addition, to date,
not enough experience has been gained in operating
detachable square cores, especially with prolonged
use. These factors should be taken into account both
in the mathematical model and in engineering
practice.

Thus, the consideration of structural and
technological factors in the manufacture of the core
structure from carbon fiber tubes of square section
is part of the overall process of obtaining a high-
quality and dimensionally stable structure.

The aim of the work is to develop a
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mathematical model for winding carbon fiber tubes
of square cross section.

Main material of the research

A mathematical model for the manufacture of
carbon fiber rods

As experience shows, the shape of the cross
section is a factor that is very poorly appreciated.
Theoretical and practical work shows that a thin-
walled tube of square cross section has 50 % less
bending at a bend at the same profile height. A square
thin-walled pipe with the same profile height has
25 % more cross-sectional area [1]. Hubble telescope
elements are made from such material [2]. This has
a positive effect on the strength and rigidity of the
structure under tensile and compressive loads. In
the case of square tubes, we have a jealous gluing
surface on the side of all elements. As a result, we
get a well-controlled glue line. Adhesive bonding is
better than bonding with mechanical elements [3,4].
These features give many advantages, however, they
require taking into account the spread of
technological parameters [4]. Until recently,
deviations of square tubes were taken into account
only as safety margins or structural stiffnesses. The
paper presents new results that make the production
of square carbon fiber tubes more perfect.

In the manufacture of carbon fiber tubes and
of circular cross section:

1, Ncosa

P =+
0 = 2mnR

(1)
In the manufacture of carbon fiber tubes of a
square cross section:

n

Ncosa

P =% SN
= n(R]+ ‘]

cosa

(2)

where P,, — the force acting on the core when
winding a carbon thread on a round core; P, — the
force acting on the core when winding a carbon
thread on a square core; n — the number of layers of
winding; N — carbon thread tension; o — angle of
winding carbon thread; R — radius of the cross section
of the round core; R, — rounding radius at the corners
of a square core.

We calculate the difference in pressure on the
round and square core. The initial parameters are
indicated as formula:

N=10 kgs; at45°; R=0.015 m; R;=0.005 m. (3)

The structure of the layers of the round and
square tube is the same. The tube consists of 7 prepreg
layers. Each layer has an estimated thickness of
0.13 mm, with a filament thickness of 0.06 mm and
an epoxy filler thickness of 0.07 mm. 1st layer wound
under. angle; then 2-6 layers are wound at an angle;
the last 7th layer is wound at an angle. The theoretical
prepreg thickness after winding is 0.91 mm. The
theoretical prepreg thickness after crimping is
0.9 mm.

The pressure on the core for one revolution of a
round mandrel according to formulas (2) and (4) is:

_ 10kg-cos45°
©2-3.14-0.015m

=743 kg/m. (4)

The pressure on the core for one revolution of the
square mandrel according to formulas (3) and (4) is:

10kg - cos 45°

=1842 kg/m. (5)

sq

3.14 O.OOS+M m

N

2

Comparing formulas (5) and (6), it becomes
clear that at the corners of square tubes the pressure
on the core is 2.5 times greater than when winding
around a round core. Moreover, on flat sections of a
square profile according to formula (4), this force is
kg/m, and at the fillet corners 1842 kg/m. This is a
very large unevenness.

Mathematical modeling of prepreg thickness

We see that at the corners of the square core
the pressure rises sharply. This means that the epoxy
matrix will actually be extruded from the prepreg.
Thus, the real prepreg of the prepreg at the corners
of the square core will be grassy with the thickness
of the carbon thread. We write this feature through
a change in the volume of the prepreg:

5 4H -8R, +27R
VT :Z 1 14
i=1

Y prpr

cosa. (6)
where V; —theoretical prepreg volume when wound
on a square core; n — number of winding layers;
H — square tube profile height; o. — angle of winding
carbon thread; R, — rounding radius at the corners
of a square core; t,, — prepreg thickness.

The real volume of the prepreg, taking into
account the fact that the epoxy matrix will be
extruded at the corners of the square tube, is written

Mathematical modeling of winding square carboplastic tubes



6 ISSN 2521-6406, Computer Modeling: Analysis, Control, Optimization, 2019, No. 2, pp. 3-9

as follows:

4H-t —(8R,+27R,)-t,
—Z :

cosa

(7)

where V, — actual prepreg volume when wound on
a square core; n — number of winding layers; H —
square tube profile height; o — angle of winding
carbon thread; R, — rounding radius at the corners
of a square core; t ... — prepreg thickness; t;— carbon
fiber thickness.

Next, we determine the scatter of prepreg
thicknesses for the first layer. The parameters of a
square tube are as follows: H=30 mm; a=145°;
R,=5 mm; t,,,=0.13 mm; t=0.06 mm.

We write it like this:

prpr

Vv, 4H-t, —(8R,+27R,) t
V,  (4H-8R +27R))-t =

4-30-0,13—(8-5+2-3.14)-0.006 B

(4-30—8-5+2-3.14)-0.13

The unevenness of the volume of the prepreg
on the radii of rounded and flat areas during winding
on a square core can exceed 30%. If we recalculate
the volume of the prepreg to its comrade, we get the
following values:

Ly 4H-8R,
‘1, 4H-8R,+271R,
4-30-8-5

1.646. (8)

T 4.30-8-512-3.14

It is seen that the spread of prepreg can exceed
60% for traditional production (Table 1).

To confirm the mathematical model, 20 carbon
fiber tubes were manufactured. Then they were
marked and the actual wall thicknesses t1, t2, t3, t4
were determined. The bending moment of resistance
W is calculated for four positions that reflect the rotation
of each bar relative to the main axis. In calculations of
the moment of resistance to bending W, this is expressed
through a cyclic permutation of the thicknesses. Step
1. Without turning — t1, t2, t3, t4. Step 2. Rotate 90
degrees — t4, t1, t2, t3. Step 3. Rotate 180 degrees —
t3, t4, t1, t2. Step 4. Turn 270 degrees — t2, t3, t4, tl.

15.3223mm’ The calculation results are shown in table 1 and table 2.
= 11 21 /Ao 1.366. The spread of the moment of resistance during bending
11.2164mm
is shown in table 3.
Table 1
Calculations of the moment of resistance to bending W. Step 1 and step 2
Tube Thickness, mm Thickness, mm
W W
number| tl t2 t3 t4 t4 tl t2 t3

1 1.05 1.00 0.95 1.15 810635.24 1.15 1.05 1 0.95 818813.08
2 1.10 1.1 1.05 1.1 824294.49 1.1 1.1 1.1 1.05 827047.64
3 1.20 0.95 1.2 1.1 840868.82 1.1 1.2 0.95 1.2 821501.77
4 1.00 1.15 1.05 1 814717.96 1 1 1.15 1.05 820183.44
5 1.10 1.1 0.95 0.95 812004.44 0.95 1.1 1.1 0.95 812004.44
6 0.95 1 0.95 1.05 799837.34 1.05 0.95 1 0.95 807934.16
7 1.25 1.05 1.2 1.15 849281.86 1.15 1.25 1.05 1.2 835310.72
8 1.10 1.1 1 0.95 816087.16 0.95 1.1 1.1 1 813361.20
9 1.05 1.05 0.95 1.1 810635.24 1.1 1.05 1.05 0.95 818813.08
10 1.20 1.25 1.25 1.25 857751.85 1.25 1.2 1.25 1.25 860587.66
11 0.95 1.15 1.15 0.95 817450.71 0.95 0.95 1.15 1.15 817450.71
12 1.10 1.25 1.15 1.1 836720.91 1.1 1.1 1.25 1.15 842295.68
13 1.05 1.05 1.05 1.1 818814.25 1.1 1.05 1.05 1.05 821553.79
14 1.05 1.05 1.1 1.15 824294 .49 1.15 1.05 1.05 1.1 827047.64
15 1.10 1.1 1.05 1.1 824294.49 1.1 1.1 1.1 1.05 827047.64
16 1.15 1 1.1 0.95 825648.65 0.95 1.15 1 1.1 809252.60
17 1.15 1.05 0.95 1.25 822904.89 1.25 1.15 1.05 0.95 833944.68
18 1.00 1.15 1.15 1 822924 .14 1 1 1.15 1.15 822924.14
19 1.25 0.95 1.1 1.1 836704.46 1.1 1.25 0.95 1.1 820145.01
20 1.05 1.05 1.15 1.1 827047.64 1.1 1.05 1.05 1.15 824294 .49
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Table 2
Calculations of the moment of resistance to bending W. Step 3 and step 4
Tube Thickness, mm Thickness, mm
W W
number] 3 t4 tl t2 t2 t3 t4 tl
1 0.95 1.15 1.05 1 810635.24 1 0.95 1.15 1.05 | 818813.08
2 1.05 1.1 1.1 1.1 824294.49 1.1 1.05 1.1 1.1 827047.64
3 1.2 1.1 1.2 0.95 840868.82 0.95 1.2 1.1 1.2 821501.77
4 1.05 1 1 1.15 814717.96 1.15 1.05 1 1 820183.44
5 0.95 0.95 1.1 1.1 812004.44 1.1 0.95 0.95 1.1 812004.44
6 0.95 1.05 0.95 1 799837.34 1 0.95 1.05 0.95 | 807934.16
7 1.2 1.15 1.25 1.05 849281.86 1.05 1.2 1.15 1.25 | 835310.72
8 1 0.95 1.1 1.1 816087.16 1.1 1 0.95 1.1 813361.20
9 0.95 1.1 1.05 1.05 810635.24 1.05 0.95 1.1 1.05 | 818813.08
10 1.25 1.25 1.2 1.25 857751.85 1.25 1.25 1.25 1.2 860587.66
11 1.15 0.95 0.95 1.15 817450.71 1.15 1.15 0.95 0.95 | 817450.71
12 1.15 1.1 1.1 1.25 83672091 1.25 1.15 1.1 1.1 842295.68
13 1.05 1.1 1.05 1.05 818814.25 1.05 1.05 1.1 1.05 | 821553.79
14 1.1 1.15 1.05 1.05 824294.49 1.05 1.1 1.15 1.05 | 827047.64
15 1.05 1.1 1.1 1.1 824294 .49 1.1 1.05 1.1 1.1 827047.64
16 1.1 0.95 1.15 1 825648.65 1 1.1 0.95 1.15 | 809252.60
17 0.95 1.25 1.15 1.05 822904.89 1.05 0.95 1.25 1.15 | 833944.68
18 1.15 1 1 1.15 822924.14 1.15 1.15 1 1 822924.14
19 1.1 1.1 1.25 0.95 836704.46 0.95 1.1 1.1 1.25 | 820145.01
20 1.15 1.1 1.05 1.05 827047.64 1.05 1.15 1.1 1.05 | 824294.49
Table 3
Pipe number and reduction W Conclusions
1. Developed a mathematical model of windin
Tube number W on a square colr)e. ¢
6 818313.08 2. It was found that the pressure of the prepreg
5 827047.64 at the radii of rounded square core significantly
8 840868.82 exceeds that in flat areas. This leads to extrusion of
11 820183.44 the epoxy matrix from the prepreg, which violates
1 812004.44 the quality of the square tube.
9 207934.16 3. Using the developed model, it was found
4 849281 .86 that the spread in the volume of the prepreg on the
3 81608716 radii of rounded and on a flat section of the square
T 218813 .08 core can exceed 30%.
- 4. Using the developed model, it was found
16 860587.66 that the spread of the prepreg thicknesses on the
2 817450.71 radii of rounded and on the flat sections of the square
14 842295.68 core can exceed 60%.
15 821553.79 5. The proposed mathematical model can be
20 827047.64 used for a wide range of square tubes.
17 827047.64 6. The increase in bending moment was 6.12%
19 825648.65 without increasing the mass of the finished
3 83394468 constructions.
12 822924.14
7 836704.46 REFERENCES
10 827047.64
Max W 860587.66 1. Caiim xypHana «CompozitesWorld» [DneKTpoHHBIi1
Min W 807934.16 pecypc]. — Pexum poctyny: https://www.compositesworld.com/
% 6.12 articles/composites-stabilize-space-based-telescope.
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MATEMATUYHE MOJEJIOBAHHA HAMOTKHA
KBAIPATHHUX BYIJIEINIACTUKOBUX TPYB

bop3zoe C.O.

Y oaniit pobomi nasodsimecs pesysvmamu moOderro8aHHs
MOHKOCMIHHUX 8Y2AeNnAacmUK0o8UX mpyooK KeaopamHozo nepemu-
HY. 3a60aHHAM 00CAIONCeHHS € BUBHAUEHHS ma 00AIK @i0XuieHb nid
uac HamMomyeauHs i omeepoiceHHs makux eupobie. Tpaduuyitio
HAMOMYBaNbHI MPYOKU 3 8YeNenaacmuKy 3acmoco8yomscsi 045 po3-
MIPOCMAOINbHUX KOHCMPYKYiL, NPUHOMY 8UKOPUCIOBYIOMbCS MPYOKU
Kpy2n0eo nepemuny, ki n1eeko HAMOMYIOMyCA, ane Maoms 3Ha4-
Hull npoeur npu eueuni. /lnsa ycyHeHHs yiei npobaemu 3anponoHosa-
HO BUKOPUCMOBY8AMU 8Y2AeNAACMUKO08] MPYOKU K8AOPAMHO20 ne-
pemuny. Taki mpy6ku maroms nepegaey npu ckAe8aHHI, MAK K
8KAIOMAIOMb NAOCKI noeepxHi. Takodc 3mMeHulyemocs npoeuH npu
seuni. O0nak Keadpammui mpyoKu eumazaioms H08020 nioxody nio
uac HAMOMY8AHHs 8y2neye0e0 npenpeeu Ha K8AOPaAmHULL cepoey-
Huk. B pobomi nokasano, wio oCHOBHUM hakmopom, AKUL npu360-
dumbs 00 po3KuUdy MOBWUHU CMIHOK, € Yepey8aHHs NPIMOAIHILIHUX
JinaHoK i OinsIHOK Ha padiycax 3a0KpyeneHHs K8adpamHoeo 00pHa.
115 yuraiunicmo nposeasemovcs NPu KOXCHOMY 0bepmi dopHa i npu-
3600ums 00 Cymmego20 3pOCMAaHH MUCKY NPeCy8ants HA Kymax
Keadpamuoeo 0opHa i 6i0CymHOCMi MaKoeo MUCKY HA NPIMOAIHIl-
Hux JiNsIHKax K6adpamuo2o 00pHA. YHUKHYmMU Ub02o S6Ula Ha iCHy-
r04omy 06naoHanHi Hemae moxcausocmi. Tomy 6ye 3anponoHosa-
Hull iHwULl nioxio. Bin noaseae 6 momy, wo KojiceH 8U20mo8AeHuUl
enemeHm neped HA0X00NCeHHAM Ha eman 30ipKu niddacmocs cma-
MUCMUYHOMY GHANIZY 3 MEMOK GU3HAYEHHS PedNbH020 MOMEHM)
onopy Ha eueun W. lleil ananiz exaouae 6 cebe 4 emanu. Ha nep-
WOMY emani GUKOHYEMbC MAPKYBAHHS BCIX HOMUPbLOX ePaHell KOc-
Hoi keadpammoi mpyoku. Ha opyeomy emani euxonyemocsi 6usna-
ueHHs1 pakxmuuHoi mosuyuru KoxcHoi cminku. Ha mpemvomy emani
PO3PAX0BYEMbCS PEANbHUTI MOMEHM ONOPY HA GUUH ON5L KOJICHO20 3
HOMUPLOX NOA0HCEHb MPYOKU w000 20406HOI oci nosopomy. Ha vem-
8epmomy emani CmeoproEmuCs Kapma po3mauty8ants mpyoxku ece-
peduri eomogoi koHcmpykuyii. Y dauniii cmammi Hagodsamocs pak-
MU4HI MOBWUHY BY2AeNnAACMUKO8UX MPY0oK 6 Kinvkocmi 20 wmyk.

Tokazano, wo maxkuii Memod 004iKy 6i0Xu1eHb MOBUWUHU 00360-
AUMb 3HAUMU pe3epe 3MEHUeHHs. NPO_UHY 20M0B80i KOHCMPYKUii.

KmoyoBi cnoBa: Byrieuese BOJOKHO, BYIJIEIUIACTHUK,
Mpernperu, HAMOTYBaHHSI, BYIJIEIJIACTUKOBA TPyOKa.

MATEMATNYECKOE MOJEJINPOBAHUE HAMOTKI
KBAIPATHBIX YIVIEIIACTOBBIX TPYB

bop3soe C.A.

B dannou pabome npusoosmes pezysvmamot MOOeAUPOBAHUSL
MOHKOCMEHHbIX Y2AenAacmUuKo8blX mpyooK Keaopamuoeo ceeHus.
3adanuem uccaedosanus a6asemcs onpedeseHue U yHeém omKAOHeHUll
npu Hamomke u omeepoxcenuu makux uzdeaud. Tpaduyuouro
HAMOMOUHble MPYOKU U3 YeAeNnAacmuKka RPUMeHAIomcs 045
DPA3MepOCmabUAbHbIX KOHCMPYKYULL, NPUYeM UCHOAb3YIOMCS mpyoKU
KpYenoeo ceuenusi, KOmopwvie 1eeK0 HaMamvl@aiomcs, HO UMerom
3HauUmMenbHblil npoeud npu uzeudbe. /s yempanerus 3moii npobnemol
NPeonoAHCceHO UCNOAb3068aMb YeAeNnIacmuKosble mpyoKu K8aopamHoeo
ceuenus. Takue mpy6xu umerom NpeuMyuwecmeo npu CKAeUBaHUU,
MaK Kax exaouaom niockue nosepxnocmu. Takoce ymenvuwaemes
npoeub npu useube. O0nako keadpammwie mpyoKu mpe6yom H08020
nooxoda npu Hamomke yeaepoOHO20 npenpeea HA KAOPAmHbuLi
cepdeunuk. B pabome nokazano, 4mo OCHOBHbIM (haKkmopom,
Komopuili npueodum K pazopocy MOAUUH CMEHOK, A6ASemcs
uepedoeanue NPAMOAUHEIHbIX YHACMKO8 U YHACMKO8 HA PAouycax
CKpYeAeHUs K8aopamuo2o 00pHa. Ima yuKAUMHOCMb NPOSEASemCs.
npu Kaxcdom obopome O0OpHA U NPUBOOUM K CYULECHIBEHHOMY
603pACMAHUI0 0A6AeHUS NPECCOBAHUS HA YeAaX K8AOpamHoeo 00pHa
U OMCYMCmMeur0 maKoeo 0aeAeHUsi Ha NPIMOAUHELIHbIX YUACMKAX
ochacmku. H36exncamb 0aHH020 A6AEHUS HA CYUWECMEYIOUeM
obopydosanuu Hem 8o3moxcHocmu. [losmomy 6bi1 npednodicer opyeoil
nooxoo. OH 3aKawouaemcs 6 mom, Ymo Kaxncobili U3e0moeaeHHbIL
onemMeHm neped nocmynieHueM Ha cOOpPKY nodgepeaemcs
CMAamucmu4eckoMy aHAAUu3y ¢ Ueavlo onpedeseHusi peaibHozo
MOMeHma conpomuenenus Ha uzeu6 W. Bmom anaiu3z exarouaem 6
cebs 4 smana. Ha nepeom smane gvinoaHsemcs: MApKUpoSKa 6cex
uemulpéx epaneil kaxcoou keadpamuou mpyoxu. Ha emopom smane
8bINOAHSACMCs Onpedenerue (DaKmuveckol MOAUWUHbl KaAWCOOU
cmenku. Ha mpemvem smane paccuumoigaemcsi peanbHwiii MOMEHM
conpomuenenus Ha useub 0as Kaxcdoeo U3 4emvipéx NOA0NCEHUL
mpyoOKu OMHOCUMEAbHO 21a6HOU ocu nosopoma. Ha uwemeepmom
amane co30aémcsi Kapma pacnonoNceHuss mpyoKu GHympu 20mogoti
KoHcmpykyuu. B dannoli cmamve npueodsmcsa gakmuueckue
MOAWUHBL YenenaacmuKogsix mpyook 6 koauuecmee 20 wimyk.
Ilokazano, ymo makoui memod yuéma OMKAOHEHUL MOAUJUH
n0360Aum HaUmMu pe3epé yMeHblUeHUS npoeuba 2o0moeou
KOHCIMPYKYUU.

Kimouesbie cioBa: yriiepogHoe BOJOKHO, YIJIETIACTUK,
Tperiper, HaMOTKa, YIJIeTUIacTUKOBasT TPyOKa.

Borzov S.0.



ISSN 2521-6406, Computer Modeling: Analysis, Control, Optimization, 2019, No. 2, pp. 3-9 9

MATHEMATICAL MODELING OF WINDING SQUARE
CARBOPLASTIC TUBES

Borzov S.0.

Ukrainian State University of Chemical Technology, Dnipro,
Ukraine

The results of modeling thin-walled carbon fiber tubes of
square section are presented. The task of the study is to determine
and account for deviations during winding and rejection of such
products. Traditionally, carbon fiber winding tubes are used for
dimensionally stable structures, and circular tubes are used, which
are easily wound, but have significant bending during bending. To
eliminate this problem, it is proposed to use square carbon tubes.
Such tubes have an advantage in gluing, since they include flat
surfaces. Bending also decreases. To eliminate this problem, it is
proposed to use square carbon tubes. Such tubes have an advantage
in gluing, since they include flat surfaces. Bending also decreases.
However, square tubes require a new approach when winding a
carbon prepreg onto a square core. It is shown in the work that the
main factor that leads to a spread in wall thicknesses is the alternation
of straight sections and sections on the radii of rounding of a square
mandrel. This cyclicity manifests itself with each revolution of the
mandrel and leads to a significant increase in the pressing pressure
at the corners of the square mandrel and the absence of such pressure
in the straight sections of the square mandrel. There is no way to
avoid this phenomenon on existing equipment. Therefore, a different
approach was proposed. It consists in the fact that each manufactured
element before entering the assembly phase is subjected to statistical
analysis in order to determine the real moment of resistance to bending
W. This analysis includes 4 steps. At the first stage, all four faces of
each square tube are marked. At the second stage, the actual thickness
of each wall is determined. At the third stage, the real moment of
bending resistance is calculated for each of the four positions of the
tube relative to the main axis of rotation. At the fourth stage, a map
of the location of the tube inside the finished structure is created.
This article provides the actual thickness of the carbon fiber tubes in
the amount of 20 pieces. It is shown that such a method of taking
into account thickness deviations will make it possible to find a
reserve for reducing the deflection of the finished structure.

Keywords: carbon fiber, carbon plastic, prerpeg, carbo-
plastic, tube.
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