58 Maremartnune mozpemoBanHas Ne 2(45) 2021

MOAEJIOBAHHA TA OIITUMI3ALIA B
TEXHOJIOI'IT KOHCTPYKIIMHUX MATEPIAJIIB

‘;

DOI:

VK 621.45.046.4:620.22-419.8

O. Litot, postgraduent student, kbu.litot@gmail.com

Yuzhnoye State Design Office, Dnipro

T. Man’ko, doctor of technical sciences, professor, professor of the department of production
technology PTF

Oles Gonchar Dnipro National University, Dnipro

MODELING OF MANDREL FOR CREATION OF THIN-WALLED LINERLESS FUEL
TANKS OF ROCKET CARRIERS FROM COMPOSITE MATERIALS

The object of research is a mandrel for the manufacture of thin-walled fuel tanks from carbon
fiber by automated winding / stacking. The methodologies of substantiation of necessary conditions of
maintenance of manufacturability of the considered designs from composite materials on calculation
of requirements and constructive realizations of technological mandrel are considered in the work.
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06’exmom  00CHiOdCeHHs € ONpaska O BUSOMOBNIEHHS MOHKOCMIHHUX NAIUSHUX 0aKie i3
BY2NENIACUKA MEMOOOM ABMOMAMU308AHOI HAMOMKU/BUKIAOKU. B pobomi poszensaHymi memooonozii
OOIPYHMYBAHHS HEOOXIOHUX YMO8 3a0e3NeUeHHsT MEXHONOSTHHOCII PO32/ISIHYMUX KOHCIPYKYIL i3
KOMROZUYITIHUX MAMEPIanie i3 po3paxyHKy 8UMO2 i KOHCIMPYKMUBHUX peanizayill mexHon02iuHoi onpasKu.

Knwuoei cnosa: Ilanuenuil bak,; gyaneniacmux, Onpaska, mexHoni02is GUeOMoG1eHHs.

Problem’s Formulation

Increased requirements are imposed on structures and materials in rocket and space technolo-
gy in terms of not only strength, reliability, but also the accuracy of the mutual arrangement of indi-
vidual assembly units and parts in them.

Up to 90 % of the launch mass of rockets in their traditional configuration is the mass of the fuel. Ac-
cordingly, a significant part of the mass of the structure are fuel tanks, pipes and sealed cylinders.

One of the most important factors determining mass perfection is the creation of fundamental-
ly new technologies for manufacturing structural elements that can significantly reduce the mass of the
launch vehicle.

Analysis of recent research and publications

The minimum mass of fuel tanks, main pipelines and pressurized cylinders is achieved when
using materials with the maximum specific strength (the ratio of the ultimate strength of the material
to its density. The most promising and modern material is carbon fiber reinforced plastic. They are
used to make not only separate power structures, but also entire compartments of launch vehicles, in-
cluding fuel ones. Such designs are subject to increased requirements for geometric parameters.

Formulation of the study purpose

Of particular interest are the designs of fuel tanks, including large and long ones. Their crea-
tion requires the use of axisymmetric mandrels with a high degree of rigidity, onto which they are
wound with the subsequent possibility of their removal from the cavity of the reservoir [1]. Composite
structures such as composite fuel tanks use long, large axisymmetric mandrels with high rigidity. A
load-bearing shell is wound on them, followed by polymerization of the material. After that, it is re-
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quired to remove the fragments of the mandrel from the cavity of the tank. Depending on the location
and design of the fuel tanks, its geometry can be complicated by the presence of frames or by the
geometry of the bottoms or flanges. Since additional equipment is located in the tank cavity, it be-
comes necessary to provide access for service [2]. This requires making one or both pole holes in the
size of ¥460 mm, and ensuring the connection with the cover with a split joint. For light launch ve-
hicles, the cylindrical section of the hull is up to 1400 mm.
Presenting main material

In the work of research on the creation of high-precision thin-walled linerless shells of the fuel

tank body. At the same time, we considered the structural layout diagram shown in Fig. 1.
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Fig. 1. Mandrel design: 1 — Mandrel surface; 2 — mandrel shaft; 3 — support trunnion; 4 —
drive trunnion; 5 — support (machine steady rest); 6 — flange holder; 7 — drive cam;
8 — support cam

The surface of the mandrel includes many sections, which, after polymerization of the shell,
are removed through the pole hole 2. The support trunnion 3 and the drive trunnion 4 ensure the posi-
tion of the mandrel in the working area of the machine, resting on the supports 5. In the end parts of
the trunnions, they are fixed in the cams 7 and 8. The given block diagram is identical for all-metal,
sand-polymer and light frame mandrels. In the conducted research, we considered sand-polymer man-
drels with full filling of its cavity, collapsible with aluminum-prefabricated cards, as well as collapsi-
ble metal mandrels with one-piece milled elements. Additionally, a variant of the design of a collapsi-
ble frame mandrel with cards made of structural fiberglass is considered.

To determine the initial imperfections of the geometric shape of the composite fuel tank, the
deformations of the mandrel were determined, the design diagram and the deflection diagram of which
are shown in Fig, 2.

They are associated with the deformation of the mandrel, namely, the misalignment of the
flanges, the flatness of the joints and the value of the deflection of the cylindrical part.

When calculating it, we used three options for the design of the mandrel (Fig. 3). In the first, a
sand-polymer mandrel with full filling of the mandrel cavity is considered. In the second, a collapsible
mandrel with aluminum-prefabricated cards is considered. In the third, metal with solid-milled cards.

When calculating all options for the mandrel, a number of assumptions were made. Since in
collapsible metal mandrels the cards that are located around the shaft are not connected to each other
and are fixed only on the base shaft, their rigidity can be neglected. The same as the rigidity of the
sand-polymer filling or the frame with the cards made of structural fiberglass. The base shaft for all
types of mandrels is of the same design.

In this work, the determination of the geometric parameters of the mandrel was solved as the
inverse problem of determining the weight and volumetric density for each type of mandrel. It was
found that when using a polymeric mandrel and collapsible metal mandrels, the required stiffness val-
ue is not provided, according to the criterion of the shaft deflection, which should be no more than
0.16 mm.
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Fig. 3. Design options for mandrels: a — sand-polymer equipment; b — collapsible steel
equipment; ¢ — collapsible aluminum equipment
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As a result of the calculation, it was found that for the accepted geometric parameters of the
tanks, the use of sand-polymer mandrels, as well as metal collapsible ones, does not allow providing
the required value of the accuracy of the relative position of the two flange planes. It is worth noting
that the washing out of the sand-polymer mixture from the cavity of a thin-walled fuel tank is accom-
panied by significant heating by steam, as well as the risk of collapse of large fragments, which can
lead to damage and leakage of the structure. Also, performing manipulations when turning over or in-
stalling a fuel tank in devices for extracting the shaft or flushing, when the weight of the entire filling
will be concentrated on the bottom or flange of one of the sides, leads to local loads, the value of
which can exceed the critical ones. The same risks exist when removing the metal card segments.

For the considered structures and the hollow cross-section of the shaft, obtained from standar-
dized rolled products with an outer diameter D = 300mm, axial moment of inertia J, and the moment of
resistance in bending W, determined:
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The following notations are used in the equations: d — maximum size of the inner cavity of
the equipment.

Having worked out several possible options and design implementations (Fig. 4, Tabl. 1), it
was determined that when choosing a mandrel for the manufacture of all-composite fuel tanks the
main criteria are:
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Fig. 4. Graph of fallowness of the deflection to the shaft from the installation
Table 1. Physical characteristics of mandrels of different types
Mandrel type Mandrel weight, Bulk density, | Deflection,
kg kg / m3 mm
Sand-polymer 4200 800 0,14
Collapsible steel 5400 1200 0,171
Dismountable with prefabricated aluminum cards 5550 1800 0,172
Dismountable frame with structural fiberglass cards | 1280 - 0,05
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The following notations are used in the equations: £ — modulus of elasticity of the first kind
of shaft material, EJ,= const; 8.4 — angle of rotation of the shaft on the supports; f__ — deflec-

tion of the shaft and structure of the card segment; / — the distance between the support dunes of the
machine, when modeling the accepted standard design for all mandrels, is 4000mm.

Based on the results of the calculations, as well as the described design features of the sand-
polymer and collapsible metal mandrels, it can be assumed that for the creation of large-sized thin-
walled fuel tanks it is preferable to use mandrels, the segments of which are made of composite mate-
rials. Elements of a collapsible frame mandrel, the elements of which are made of composite materials,
have not only less weight, but also less have close coefficients of linear thermal expansion, which al-
lows it to jointly deform and minimize thermal shrinkage [3].

Conclusions

The process of substantiating the necessary conditions for ensuring the manufacturability of
the considered structures made of composite materials is presented, using the example of different
types of mandrels for large-sized thin-walled fuel tanks, using the theory of elasticity, considering
practical examples of considering structural elements of different types of mandrels. A rational way of
creating new complex elements of rocket and space technology, such as thin-walled laneless fuel tanks
made of composite materials, has been determined with substantiation of the requirements for manu-
facturability and efficiency of using the applied technological equipment.

References

[1] Hahauz P.M., Hahauz F.M., Karpov Ya.S., Kryvenda S.P. (2015). Proektyrovanye y konstruyro-
vanye yzdelyi yz kompozytsyonnykh materyalov. Teoryia y praktyka. [Design and construction
of products from composite materials]. Kharkov: Nat. aerospace Univ. N.E. Zhukovsky [in
Ukrainian]

[2] Karpov Ya.S. (2010). Proektyrovanye detalei y ahrehatov yz kompozytov [Design of parts and
units from composites]. Kharkov: National Aerospace University "Kharkiv Aviation Institute" [in
Ukrainian]

[3] Manko T.A., Husarova Y.A., Kozys K.V. (2017) Kontrol sostoyaniya vizualno nedostupnyih po-
verhnostey tehnicheskih obektov [Monitoring the state of visually inaccessible surfaces of tech-
nical objects]. Sistemnyie tehnologii - System technologies, 2(109), 87-94 [in Ukrainian]

MOJIEJIOBAHHA OITPABKU J1J151 CTBOPEHHSA TOHKOCTIHHHUX
BE3JEMHEPHUX MAJIMBHUX BAKIB PAKET-HOCIIB I3 KOMITIO3ULIMHUX
MATEPIAJIIB

Jiror O.B., Manbko T.A.

Pedepar

CraTTs TpUCBAYCHA TIPOIECY MOJICIIOBAHHS KOHCTPYKTHBHUX CXEM OIPABOK JUIS BUTOTOB-
JICHHSI TOHKOCTIHHUX OOOJIOHOK 3 KOMIO3UIIiHUX MartepianiB. [Tpu po3poOrri peraneii 3 KOMIIO3HTIB
MTPOEKTYBAaHHS KOHCTPYKIlii, CTBOPEHHS MaTepialdy i TEXHOJOTis HOro BUTOTOBJICHHS € HEBiJ €MHOIO
YaCTHHOIO OJTHA OJHOT0. BpaxoByOYH 1110 OCOOJIMBICTH KOMITIO3HTIB, BUOIP TEXHOJIOTIi BUTOTOBJICHHS
Ta TEXHOJIOTIYHOI MiArOTOBKH € OJHUM i3 HAWBAXJIMBIIIUX aCIEKTiB, IO BU3HAYAIOTh OOJNIK YCi€l
KOHCTPYKIIii.

Ha movatkoBux eramax MpoeKTYBaHHS PO3IIISIAE€THCS MUTAHHSI OOTPYHTOBAHOTO BUOOPY TEX-
HOJIOTIYHOTO 00JIaTHAHHS JIJIsl BATOTOBJICHHS KOHCTPYKIIIH 13 KOMITO3UIIIHHUX MaTepialiiB, y TOMY YHUC-
Ji manuBHI Oaku. CydacHHM HaIrpsiMOM PO3BHTKY IILOI'O HAIPSIMKY € MOJICIIOBaHHS PO3PaXyHKOBUX
CXEM 3a JIOHOMOTOI0 MPOrPaMHHUX 3aC00iB. IX BUKOPUCTAHHS J03BOJISAE HE TUILKU CIPOCTUTH PO3YyMiH-
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HS TIPOIECY CTBOPCHHS JIeTalIel 3 KOMITO3UTIB, a i MPH BHCOKIiM aBTOMATH3aIlil 00pOOIIATH BEIHKY Ki-
JIBKICTh KOHCTPYKTHBHO-TEXHOJIOTIYHHX pealtizalliii 00J1aJJHaHHS Ta KOHCTPYKTUBHUX KOMITOHYBaHHSI.

Kpim Toro, MozieroBaHHs JO3BOJISIE MTOTIEPEAHBO OLIHUTH MOXKJIMBI HETOCKOHAJIOCTI JACTaeH,
BH3HAUCHI TEXHOJOTTYHIUMH OOMEKeHHsIMU. Lle 103Bosie eheKTHBHO pO3pOOIIATH 00IalHAHHS Ta Te-
XHOJIOTIF0 BUTOTOBJICHHSI Ha €Talll MPOCKTYBAHHS 3 ypaxyBaHHSM TEXHOJOTIYHHUX 1 KOHCTPYKTUBHUX
ocobnuBocTeil. Po3riisiHyTo mpoiiec HayKOBOTrO OOTpyHTYBaHHS BHOOpY Ta peaizailii pi3HUX BapiaH-
TiB KOHCTPYKIIii onpaBok. Benuky yBary mpuautsuin po3risjay KOHKPETHHX peaii3alliii Ta BUKOpPHC-
TaHHIO PI3HOMAaHITHUX CTPYKTYPHUX CXeM OOJiaJHaHHS. BU3HAUYCHO palioOHaNbHUHN TUISX CTBOPEHHS
HOBUX CKJIQJJHHX CJIEMEHTIB paKETHO-KOCMIYHOT TEXHIKH, TAKMX SIK TOHKOCTIHHI O€3JIeHHEpHI MaTuBHI
0aKu i3 KOMIIO3UIIIMHUX MaTepialliB 3 ypaXyBaHHSM BUMOT IO TEXHOJIOTTYHOCTI 1 €pEeKTHBHOCTI BUKO-
PUCTaHHS TEXHOJOTIYHOI'O OCHAIICHHS IO 3aCTOCOBYETHCA. lIpefcTaBlieHO OIMIHKY OTPUMaHHUX pe-
3yJIBTATIB Ta BACHOBKH PO TIPOBENEHY POOOTY.
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