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TIGHTNESS OF THE FLANGE CONNECTION OF AN ALL-COMPOSITE
FIBER FUEL TANK

The article is devoted to the issue of ensuring the tightness of the flange connection of an all-composite
carbon fiber fuel tank. Based on the presented studies, the feasibility of individual structural and technolo-
gical solutions of flange joints has been established. The conclusions on the work and evaluation of the

results are presented. [dx.doi.org/10.29010,/89.4]
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In the modern world, composites have confidently
taken their place in all industries. The maximum value
of the specific strength of carbon plastics increasingly
raises the question of their use in such a complex node
of the launch vehicle (LV) as fuel tanks. Under-
standing that fuel tanks occupy a significant part of the
dry weight of the rocket is a matter of critical impor-
tance when it comes to reducing the weight of the
upper stages of the launch vehicle, as well as the entire
light class launch vehicle, where it is technologically
possible to implement effective composite structures.

To reduce costs and research time, it is advisable to
apply them in stages, confirming or discarding certain
structural and technological solutions (STS). The
strength and tightness of the power shell of the fuel
tanks is investigated and made of a material of suffi-
cient thickness. And the tightness of the flange con-
nection, as well as the tightness of the flange housing in
the area of contact with the power shell and in the field
of built-in fasteners are poorly understood. The design
problem is especially difficult when predicting the
interaction of all structural elements under conditions
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of cryogenic temperatures and requires many additio-
nal studies.

Ensuring the operability of the structure under
conditions of cryogenic temperatures imposes a num-
ber of fundamental limitations. This preservation of
strength and ensuring a sufficient level of stiffness of
the material when exposed to cryogenic temperatures.

flange, its sealing and the need to work at cryogenic
temperatures. Due to the limited information on the
design of the flange and the flange joint made of CFRP,
an experimental design adapted to another seal was
prepared for testing (Fig. 1).

The results showed a leak in the flange connection
and, as a result, the inoperability of the adopted struc-
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Fig. 1. The design of the flange joint during the preparation and testing of the experimental design for:
a — water pressure, b — gaseous nitrogen, ¢ — liquid nitrogen.
1 — Pole flange; 2 — cover; 3 — fasteners; 4 — sealing element

A large difference in the linear thermal expansion coef-
ficients of the contacting structural elements signifi-
cantly affects the tightness of the fuel tanks. This
makes it impossible to use composites with metal.
Metals are used only as fasteners.

The aim of this work was to study a number of
structural forms of the flange connection of the fuel
tank and the use of composite materials designed to
work at cryogenic temperatures.

For research, materials resistant to kerosene and
cryogenic temperatures were selected. Preliminary
tests were carried out on unidirectional samples. Based
on the test results, materials were selected for the
manufacture of the fuel tank design. For the power
sheath, it is carbon fiber based on high strength fiber.
For composite flange and covers, this is a carbon fiber-
reinforced plastic (CFRP) based on a simple weave
fabric.

Based on the results obtained, it was found that
both materials are highly resistant to thermal deforma-
tion along the reinforcement and low in the direction
perpendicular to the reinforcement [1]. Taking into
account the operating conditions of the fuel tank and
its design, the implementation of its basic elements
from carbon fiber will allow full use of the capabilities
of plastics reinforced with carbon fiber.

Given the design features and operating conditions
of the fuel tank, an experimental design with a compo-
site flange has been developed taking into account
existing developments in the design of individual ele-
ments. Particular attention was paid to the composite
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tural solutions and seals. The limited sealing surface, as
well as the low and weakening torque of the fasteners
did not allow ensuring the quality of the connection.
Also to the possible places of leaks can also be attribu-
ted to the adhesive joint fasteners. Since viewing this
area is difficult, this is just an assumption. Since only
the flange connection was problematic, and the whole
structure was the object of testing, it was decided to
change it as part of the structure. The increase in the
bearing capacity of the fasteners and the moment of
their tightening made it possible to ensure the tight-
ness of the connection at operating pressure and to
carry out leak tests with excess pressure of water and
liquid nitrogen (Fig. 2).

The problem was solved using a structurally similar
assembly, made in full size with partial use of the exis-
ting technological mandrel. Not only has the sealing
principle changed, but also the structural and techno-
logical design of fasteners [2]. High safety factor,
tightening torques and surface resistance of carbon
fiber and structural damage were taken into account.
The main criterion for evaluating the provision of
effective compaction was the study of tightness at
excess air pressure before and after the process of ther-
mal cycling in liquid nitrogen.

Assessment of the bearing capacity of the fasteners,
as well as an assessment of the nature of the damage,
was carried out on a sample flange of a similar design
with one built-in metal element.

As a result of tests of a structurally similar speci-
men of a flange with one integrated metal element, the
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Fig. 3. The process of determining the bearing capacity of an individual metal embedded element and its design.
1 — flange body; 2 — fastener sleeve; 3 — threaded fasteners

pulling force of the studs from the housing of the inte-
grated metal sleeve is determined. The destruction
occurred by crushing the threads of the fasteners.
There were no permanent deformations or visible da-
mage on the surface of the composite flange. The axial
fracture force was 9830 Newton (Fig. 3).
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The next stage of research was the manufacture of
a structurally similar unit, repeating the basic elements of
the flange connection of the fuel tank. Structurally, the
assembly precisely repeats its performance in the fuel tank,
except for the presence of a preformed front wall, which is
part of the flange and closes the sealing circuit (Fig. 4).
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Fig. 4. Assembly design for model testing.
1 — CFRP flange; 2 — CFRP cover; 3 — sealing element; 4 — metal fasteners; 5 — pressure connection; 6 — sealing circuit
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The conducted leak tests consisted of preparing
and assembling the assembly, conducting its thermal
cycling using liquid nitrogen (¢ = minus 196°C) and
checking the tightness at an air pressure of 0.81 MPa
with a holding time of 15 minutes (Fig. 6). The results
of a set of tests for flange connections for leaks, inclu-
ding in the framework of the experimental design, are
shown in table 1.

The reduction in free volume, as well as testing of
one unit, made it possible to carry out the necessary
number of experimental designs safely and with mini-
mal training costs. The test results are confirmed by
the effectiveness and correctness of the developments
of structural and technological solutions. The imple-
mented design is easily scalable for any type and size of
fuel tanks, and research and methodology will serve as

Fig. 6. Flange assembly after thermal cycling

the basis for further developments.
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Table 1

Flange joint test results

Ne Test object Test conditions Result
Experienced design Processing medium —
1 FT with CFRP flange air pressure 0.81 MPa, Hermetic, no pressure drop.
version No. 1 excerpt 15 minutes
9 Fl:i*xv?/?s}lleg(iflig eﬂs:ine Processing medium — water Leak at refueling pressure (0.2 MPa),
version No. 2 8 pressure 1.52 MPa extensive leaks at operating pressure.
. . Processing medium — water The upper flange is leaky at a pressure
3 FrEvaI;ftr}llegC;gS efis.flne pressure 1.52 MPa, 3 cycles | of more than 1.2 MPa, drop at maximum
version No. 3 8 pressure / decline, pressure 0.02 MPa/min. Pressure drop
' excerpt 15 minutes up to 1.24 MPa.
Experienced design Processing medium — liquid | The upper flange is leaky when being pres-
4 FT with CFRP flange nitrogen pressure 1.52 MPa, surized with nitrogen gas, after thermal
version No. 4 (in liquid 10 filling / draining cycles, | cycling proceeds at a pressure of more than
nitrogen) excerpt 15 minutes 0.85 MPa. Maximum pressure drop.
Experienced design FT Pizscsjinf 51361(\1/}111;: ??cwjltg Extensive leakage at operating pressure.
5 | with CFRP flange version p i Jecli Y Destruction of the power shell of the fuel
No. 5 (destruction) pressure / decline, pressure tank
’ destruction of 6.08 MPa. ’
Liquid nitrogen thermal
Structurally similar flange | cycling. Processing medium — .
6 joint assembly air pressure 0.81 MPa, Hermetic, no pressure drop.
excerpt 15 minutes
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TEPMETUYHOCTDb ®JAHIEBIO CTbIKA HEJIbHOKOMIIO3MHOTO
TOIIINBHOTO BAKA

Cmamusa noceaujena 60npocy odecnenenus 2epmemutHocmu GAanyue6020 CMvlka UelbHOKOMNOIUMHOZ20
monauenozo 6axa u3 yenenaacmuxa. Ha ocnosanuu npedcmasnennoix ucciedosanuil ycmanosiena ueJe-
C000pasHOCMb OMOENbHBIX KOHCMPYKMUBHO-MEXHOT0ZUMECKUX peuleHUll (paanyesbix cmotkos. [lpedcmas-
Jletvt 6b1600bL N0 padome u ouenKa noayuennvix pesyaomamos. [dx.doi.org/10.29010,/89.4]
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