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The honeycomb filler is an integral part of the spacecraft's sandwich panel. Currently, a honeycomb filler made of
aluminum alloys is used. The proposed technology makes it possible to replace the honeycomb filler material from alu-
minum alloys with polymer composite materials (PCM). The main difference between the developed technology for the
production of honeycomb filler by the RTM method is that corrugated tape is glued during the formation of the composite
material. This is a separate process in the existing methods for the production of honeycomb cores from PCM. This
paper presents the results of creating a prototype of a honeycomb filler by the RTM-method, a technological process
has been developed.
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Comosblii 3anoaHUmMensb AGIAEMC HEOMbEMAEMOU YACHbIO MPEXCLOUHbIX naHenell KOCMUYeCKUx annapamos.
Ha oOanneiti momenm ucnonv3yrom comosvlil 3anoaHument U3 ailOMUHUESbIX CHagos. IIpednosicennas
MexXHON02Us NO3BOAAEH 3AMEHUMb MAMEPUATL COMOBO20 3ANOJHUMENS C AIOMUHUESIX CHAAB08 HA NOJUMEPHDbLE
Komnosuyuonnvie mamepuanvt (IIKM). Ocnognoe omauyue paspabomanuoti MexHOI02UU U320MOGIeHUs
comogozo 3anonnumens RTM-memodom 3axniouaemcs ¢ mom, 4mo 3a nepuod opmosanus KOMROUYUOHHOZO
Mamepuana npoucxooum CcKielika eogporenm. B cywecmegyiowux memodax u320moeneHusi COmosbix
sanoanumeneti uz IIKM smo sigisiemcs omoenvHbim npoyeccom. B oannoii pabome npedcmasnenvt pezynomanmul
€030anusl OnbIMHO20 00pasya comogozo sanoanumens RTM-uwemoodom, paspaboman mexnonrocuueckuil npoyecc.

Kntouegule crnosa: comosbiii 3anoaiHumenb, ROJUMEPHbIL KOMno3uyuonnsi mamepuai, RTM-uwemoo.
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Introduction

The three-layer structure (TS) is one of the main power elements of modern spacecraft (SC). TS consists
of two load-bearing layers, filler, located between the load-bearing layers, and frame elements. Bearing lay-
ers perceive longitudinal loads (tension, compression, shear) in their plane and transverse bending moments.
The main feature of three-layer structures with a filler is that as a result of the separation of the bearing lay-
ers at a certain distance from each other, a greater ratio of the structure's stiffness to its mass is achieved [1-
6].

At the present time, in the elemens of SC honeycomb filler from aluminum alloys are most widely used,
this is connected with the simplicity of their production and their low cost, but they have disadvantages asso-
ciated with the strength and physicochemical characteristics [7-12]. Also, polymer composite materials
(PCM) are used as a material for honeycomb fillers. At the present moment, there are several technologies
for the production of cellular core from PCM:

1) stretching the glued package - the method consists in gluing dry reinforcing layers, stretching them in a
technological device to obtain the shape of a honeycomb cell, dipping into a binder, drying and polymeriza-
tion in an oven. This method can be used to produce a large humber of honeycomb products, which are
mainly used in aircraft and helicopter construction. The precision characteristics of this honeycomb fillers
are not suitable for space technology application;

2) gluing corrugated sheets - the method consists in making a single or double corrugated strip in a hex-
agonal molding tooling and gluing them together in an oven. This method has low efficiency and requires a
lot of auxiliary equipment;

3) the method of volumetric weaving - the method is similar to the method of stretching a glued package
with the difference that the honeycomb package is formed not by gluing sheets, but by weaving on a Jaccard
shuttle loom. As a result, the layers are fastened together by interweaving the threads along the lines in a
checkerboard pattern, depending on the layer [13-15].

Experimental part

The aim of the work is to develop a process diagram and technology for manufacturing a honeycomb fill-
er from PCM using the RTM (Resin Transfer Molding) method. The RTM method consists in placing a dry
reinforcing filler in a special sealed mold, the inner surfaces of which repeat the outer surface of the product
(in the impregnation of the resin filler under pressure), and polymerization in the mold. The RTM method
has the following advantages in comparison with other methods: the ability to manufacture parts of complex
shapes; tight dimensional tolerance; mechanical properties are comparable to autoclave molding; high per-
formance.

A scheme is proposed and a technological process for manufacturing a honeycomb filler from PCM is
developed (Fig. 1).

Reinforcing material 2 (Fig. 2) is cut out according to the size of the product, taking into consideration
the curvature of the cellular strip. Dry reinforcing material 2 (fiberglass, carbon fiber) is laid on the hexago-
nal surface 1. The first layer of fiber 2 is pressed by rigid hexagonal rods 3. The next layer of fiber 2 is laid
on top and similarly pressed by rods 3. This is repeated until the structure is fully loaded. The last layer is
pressed by the lid to the hexagonal surface 4.

In order to reduce the internal stress of the dry reinforcing material during installation, it is molded in
such a way as to tightly contact the hexagonal surface. This happens until the snap-in is fully loaded. The
structure is closed with side covers and sealed, then a binder is fed into it under pressure, which impregnates
the fibers.
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Fig. 1. Scheme of manufacturing a honeycomb filler from PCM by the RTM method:
1 — structure body; 2 — hexagonal rod; 3 — a container with a binder; 4 — locking device; 5 — zone of impregnation
of dry reinforcing material with a binder; 6 —reservoir for excess binder

Puc. 1. CxeMa usrorosiieHust coroBoro 3amnonauTens u3 ITIKM merogom RTM:
1 — KOpITyC KOHCTPYKIUH; 2 — TeKCArOHaJIbHBIN CTEPIKEHD; 3 — EMKOCTh CO CBA3YIOIIMM; 4 — 3aMOPHOE YCTPOKUCTBO;,
5 — 30Ha MPOMUTKU CYXOr0 apMHUPYIOIIEro MaTepraa CBSI3YIOIUM; 6 — EMKOCTD JTsl U3JIHIIIEK CBS3YIOMIETO

0_0 LT

Fig. 2. Laying scheme for dry reinforcing material:
1, 4 — hexagonal surfaces; 2 — reinforcing material; 3 — hexagonal rods

Puc. 2. Cxema ykimagku cyxoro apMUpYIOIIETro MaTepuana:
1, 4 — wecTUTpaHHBIC TTOBEPXHOCTH; 2 — APMHUPYIOIINI MaTepHall; 3 — FreKCaroHaJbHbBIE CTEPIKHU

For the production of a prototype of a honeycomb filler, technological equipment was designed and con-
structed (Fig. 3), which consists of a body, side covers and a set of hexagonal rods (inserts). The design of
the equipment should ensure:

1) rigidity and strength;

2) hermitisation the internal cavity;
3) anti-adhesive properties.
The snap-in was made on a «Hercules 2018» 3D printer. Printing material: PETG plastic. Nozzle diam-
eter 0.5 mm. Layer height 0.15 mm.
The following materials were selected for the prototype of the honeycomb filler:
— reinforcing material - glass fabric T-11 (GOST 19170-2001);
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— binders — epoxy resin ED-20 (GOST 10587-84) with cold hardening agent ETAL-45 (TU 2257-045-
18826195-01).

The technological process of manufacturing a prototype consists of the following stages:

Application of a layer of release wax to the tooling to ensure anti-adhesive properties.

Cutting out the reinforcing material.

Laying reinforcing material into the body of the tooling with pressure with hexagonal rods.

Installation of the top and two side covers.

Rig-in sealing.

Connection of a vacuum system for supplying epoxy resin to the tooling.

Preparing the resin and feeding it under pressure into the structure.

Polymerization time of the resin in the rig-in (24 hours).

Removal of the honeycomb block from the tooling structure.

Processing on a grinding machine to remove excess resin from the ends of the product.

Removing the hex rods from the honeycomb block, finishing.

As a result, a prototype of a honeycomb filler was manufactured (Fig. 4), which confirms the realizability
of the technology.

Fig. 3. Technological rig-in:
1 —tooling body; 2 — top cover; 3 — side cover; 4 — hexagonal rod; 5 — side bar

Puc. 3. Texaonorudeckast OCHacTKa:
1 — kopryc OCHACTKH; 2 — BEPXHSS KPBIIIKA; 3 — OOKOBAasl KPBIIIKA;
4 — reKcaroHaJIbHBINA CTEPIKEHB; 5 — OOKOBOMW CTEPIKEHb

Fig. 4. PCM honeycomb filler:
a — model; b — prototype
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Puc. 4. Coroseiii 3anonaurens u3 [TIKM:
a — MOJIeNb; O — ONBITHBIN 0Opaser|

The characteristics of the prototype are presented in the table. The mass of the prototype is 45.03 g; the
volume mass is 220 kg/m3.
The characteristics of the prototype

The Characteristics The prototype

Cell Form Hexagon

HF Size

- length, mm 73

- width, mm 70

- height, mm 40

Cell size 8

Weight, ¢ 45,03

VVolume, m3 2:10-4

Bulk weight, kg / m3 220,15

Filler weight, g 21,834

Volume fraction of the filler, % 38
Conclusion

The results of the work show that the proposed method can be used to produce honeycomb fillers not only
with a hexagonal cell, but also with many different variations of shapes. The shape and size of the cell will
depend only on the shape and size of the insert. When using the technology of stretching a cellular package,
it is impossible to achieve this.

It is also possible to produce honeycomb fillers with different curvature and install embedded elements at
the molding stage, thereby not gluing them into the finished detail.

As a result, the technology for manufacturing cellular fillers from polymer composite materials by the
RTM method is developed. This method can be adapted for the mass production of industrial products.
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