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Introduction

The transport and launch container is used to launch rockets, which can be carried out from a car. In
addition, the rocket launch is also possible from a subsonic mothership aircraft. The main purpose of the
transport and launch container for launching a rocket from a car is storage, transportation of the rocket and
its launch, and during the launch of the rocket from the mothership aircraft - the exclusion of mechanical
shock effects on the rocket, thermal and electromechanical effects, launch and transportation of the rocket. In
addition to the above, the transport and launch container is also used to launch rockets by police officers for
humanitarian purposes [1].

The transport and launch container is a composite guide tube. During its design, the calculations of
the following factors should be made [2, 3]:

1) shock wave and gas dynamic loads acting on the transport and launch container by numerical
methods of gas dynamics;

2) the strength of the composite body of the transport and launch container, which should ensure the
rocket launch and protect the rocket from lateral overloads.

Fiberglass was used for the container production. Much effort has been devoted to the study of the
mechanical characteristics of fiberglass. They are discussed in detail in papers [4-7].
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This paper describes the method of the composite rockets transport and launch containers strength
calculation based on the ANSYS software complex. The loads acting on the container are determined from
the gas dynamic calculation, which is also presented in this paper. Conclusions about the strength of the fi-
berglass container were drawn.

Calculation of aerodynamic loads

The results of numerical modeling of the leakage of a supersonic jet into the semi-closed space of the
launch tube (cylindrical tube) are considered. According to the results of this calculation, the gas flow pa-
rameters along the tube are studied depending on the relative sizes of the nozzle and the tube, as well as
thermodynamic and gas dynamic characteristics of the supersonic jet. The gas dynamic flow is axisymmetric
and does not depend on the circumferential coordinate.

The parameters of the gas dynamic calculations were chosen as follows: Mach number is Ma=2.5-3;
non-nominal value is n=pa/p.=3.5; relative elongation of the tube is L/D=25 the gap between the tube and the
rocket is D/D,=1.004, where L, D — length and diameter of the tube; D1 — rocket diameter; p. — atmospheric
pressure.

Fig. 1 shows the values of the absolute static pressure distribution on the inner wall of the tube at the
time of the rocket exiting the tube, depending on the relative elongation of the tube.
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Fig. 1. Pressure on the inner wall of the tube

The results show that a wave-like structure is formed. It is characteristic of the jet flowing into the
semi-closed space of the tube. Downstream, the parameters on the tube walls have peculiarities depending on
the tube length. It can be seen that the first zone with the maximum value is formed at a distance of (1-
1,2)xD,, where D, — nozzle diameter; the second zone is on the lower part of the tube.

Based on the obtained results, it is possible to propose the following formula for calculating the pres-
sure on the inner wall of the tube in the nozzle area: P=1.5-n-p,_.

The maximum values of the pressure on the inner wall of the tube at the moment the rocket exits the
container are calculated as follows: P, =3-n-p,. .

Let's construct an approximation of the pressure distribution acting on the inner wall of the contain-
er. To do this, we derive a fairly accurate function approximating the pressure distribution (Fig. 1). For the
case of the nozzle completely exiting the tube, this function consists of five piecewise linear sections. This
function is marked by bold lines on Fig. 2. Approximation of pressure depending on the longitudinal coordi-
nate of the container x can be imagined as follows:

X+Dby; X, < X< X
P(X) = 2N s Xo 1 .
ax+b; X <x<X,;i=1..4

1)

Some parameters of expansion (1) are as follows: xo=bo=a,=0; xs=L. Other parameters acquire the
following values:

x1=0.06; x.=1.1; X3=4.5; x4=4.8; L=5m;
a0=16.67; a;=-0.577; as=0.5; a;=-2.75 MPa/m; 2
b1=1.0347; b,=0.4; bs=-1.85; bs=13.75 m.
Bold line in Fig. 3 indicates the approximation of the pressure distribution acting on the container if

the rocket nozzle is located in the middle. This approximation consists of five piecewise linear sections,
which is well described by (1). The parameters of relation (1) are as follows:
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Xo=0; x1=0.01; x:=0.7; x3=2.24; x4=2.62; Xs=2.7m;
a0=300; a;=-0.2898; a,=-0.026; a3=0.368; as;=-2.5 MPa/m; 3)
bo=0; b;=0.303; b,=0.1182; bs=-0.76; bs=6.75m.

We will use the ANSYS package for strength calculations. In this package, the pressure approximation
(1) is extremely difficult to implement. It is much easier to apply pressure expansion (1) in the Fourier series:

P(x) =a—2°+2{an cos(zn—fx}rbn sin(annXﬂ. (4)

Expansions (4) are indicated by a thin solid line in Figs. 2, 3. 20 harmonics of the Fourier series are
present in these expansions. These lines are extremely close to the bold lines that show the approximations (1).
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Fig. 2. Approximation of the pressure on the container Fig. 3. Approximation of the pressure on the container
when the nozzle exits the tube when the nozzle is located in the middle of the tube

Stress state of the container

We will consider the stress state of the container in the cylindrical coordinate system. x coordinate is
placed in the longitudinal direction of the cylindrical tube; ¢ coordinate — in the circumferential direction,
and z coordinate — in the radial direction.

The mechanical characteristics of fiberglass were chosen as follows [4-7]: Young's moduli
E,=2.69x10° Pa; E=2.2x10° Pa; shear moduli Gx,=4.07x10° Pa; G,,=Gx=5.0x10° Pa; Poisson's ratios 14,=0.11;
Vor==0.3.

A fiberglass container in the form of a cylinder has the following geometric dimensions: length
L=5 m; diameter D=20 cm; thickness h=6 mm.

The pressure acting on the container from the in- . A . 5

side is axisymmetric, therefore the stress state will be ax- 1 | e
isymmetric. The calculation of the fiberglass container o Y. 2o .
stress state is carried out under the action of gas dynamic 4 @ voce - 4@ na -,
pressure, presented in Figs. 2, 3, in the ANSYS software 5 @ sew > 5 @ senp 7.
complex. Its Static Structural calculation module was 2§ e 74 B e
used. The method of summoning the main subroutines of sttic Structral e ——

this block is shown in Fig. 4. The preprocessor of the Ge- ) . .

ometry program is shown in Fig. 5. Fig. 4. Working panel of the Static Structural module

The shell of the Model preprocessor is shown in Fig. 6. This figure also shows the finite element grid
of the structure.

The results of the calculation of the equivalent stresses in the container body are shown in Figs. 7, 8.
So, Fig. 7 shows the equivalent stresses in the body of the composite container, which arise under the action
of aerodynamic pressure (Fig. 2), and in Fig. 8 — equivalent stresses in a fiberglass container arising as a re-
sult of aerodynamic pressure (Fig. 3).
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Fig. 7. The distribution of equivalent stresses in the container under the influence
of aerodynamic pressure presented in Fig. 2
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Fig. 8. The distribution of equivalent stresses in the container under the influence
of aerodynamic pressure presented in Fig. 3

Now we will evaluate the static strength of the container. According to [6], the strength limit of fi-
berglass is equal to c+=1x10° Pa. The maximum equivalent stresses arising in the structure (Fig. 4, 5) are
equal to 6.=9.8x10° Pa; 6,=3.5%10’ Pa.

Conclusions

The option of the transport and launch container made of composite material (fiberglass) was con-
sidered. A methodology for calculating the stress state of such a container, which consists of two stages, is
proposed. At the first stage, the aerodynamics of the combustion products coming out of the rocket nozzle
and moving through the tube are modeled. As a result of this simulation, the pressure field acting on the in-
ner wall of the container is determined. At the second stage, a computer simulation of the stress state of the
container under the influence of the calculated pressure field is carried out.

To calculate the stress state of the container, it is suggested to use the ANSYS software package.
Based on the results of the stress state calculations, it was concluded that the fiberglass container with the
proposed geometric parameters meets the strength criteria with a large margin factor.
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MinHicTh KOMIIO3UTHOT0 TPAHCIIOPTHO-MYCKOBOT0 KOHTeliHepa AJI CTApTa paKeTH
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Po3zensioaemuvcs mpancnopmno-nyckoguti Konmetinep 0 cmapmy paxem i3 ckaonaacmuxy. OCHOBHOIO Memoro
cmammi € pO3PaxyHOK HANPYICEHO20 CMAHY Yb020 KOHMmelHepa U nepesipka ymoe miynocmi. Po3paxynox muckie
nPOOYKMi6 320PHHSA NPOBOOUMbCSL 07151 OKIILKOX NOJLONCEHb CONIA pakemu 8 Konmetnepi. Posensdaromobcs dsa eunaoxu:
KOJIU CONTIO 3HAX00UMbCS ROCEPeOUHi KOHmelHepa i Ha uxodi 3 Konmetinepa. Maxcumanvii 3HauenHs mucky, wo oic Ha
GHYMPIWHILL  OIK KOHmelUHepa, Cnocmepieaiomvcst npu 6uxodi conia pakemu 3 kKowmeunepa. Ilone muckie €
ocecumempuyHum. 3 020y Ha ye Ol anpoKCUMAyii nojisi MUCKY 80HO PO3KIAOAEmbCst 6 psi0 Pyp'e 3a no30062iCHbLOIO
Koopounamoio pakemu. Hanpyoicenuii cman kowmetinepa makooc € ocecumempuunum. Kpim moeo, 6in maxooic
PO327180aEMbCsi OIS 080X BUNAOKIB 3AEMHO20 POZMAULYBAHHS CONAA | KOHmelHepa. [lisk pO3PAXYHKY HANPYICEHO20 CIAHY
BUKOPUCOBYBABCSI MEMOO CKIHUEHHUX eleMeHmis, AKull peanizo08ano 6 npoepamuomy xomniexci ANSYS. Haibinvwi
3HAYEHHS. HANPYIICEHb CTIOCNEPI2AOMbCsl N0 4ac 6uxody COnaa 3 KoHmetlinepa. Ak Uniueac i3 CKiHUeHHO-eIeMEeHMHUX
PO3DAXYHKIB, HAUOIILUUMU HANPYIHCEHHAMU € OKpYICHI. [lIs ananizy miynocmi Konmeunepa GUKOPUCTNOBYEMbCS MexHca
MIYHOCII CKAONAACMUKY. SIK 6UOHO 3 PO3DAXYHKIE, KOHMEUHED 3A0080JIbHAE YMOBAM MIYHOCMI 3 8eUKUM KOe@iyieHmom
3anacy.

Kniouosei cnosa: aepoounamiuna Haganmadicerts, HanpyslCceHui CmaHn, CMapm pakemu, KOMRO3UMHUL Mamepiai.
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