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AHoTtanis: Crarrsi cpsMOBaHa Ha BHpIIICHHS HPOOJIEMH aHAIi3y HPOCKTHHX MapaMeTpiB MOOLIBHOI BEXi 00CIyroByBaHHS,
110 B JaHUi 4ac po3poOisieTses [IpuaHInpoBChKO Iep)KaBHOIO akajeMieto OyiBHUILTBA Ta apXiTEKTYpPH y CIIBIpALll 3 JepKaBHUM
nignpuemcrBoM «Koncerpykropebke Oropo «IliBrens» iM. M. K. SHrens». OCHOBHOIO Memor NaHOTO AOCIHIKEHHS Oyl10 3HAWTH
Taki mapaMeTpu KOHCTPYKIii MOOinNbHOI Bexi 00CIyroByBaHHs, SIKi JONOMOXYTb 3HM3UTH i1 Bary, a TaKoXX MaTHMYTb JIOCTaTHIO
HaJi{HICTD JUIS NPOJOBXKEHHS PoOOTH micis BIUIMBY yparany. Lls mpoOnema Oyna BupilleHa HaMM 3a JIOIIOMOIOK CKiHYEHHO-
eJeMeHTHOro aHanizy. Hamu Oynu cTBOpeHi 36 NMpOCTOPOBHX aHAIITHYHUX MOjeNel B mporpamHomy 3abesnedenti "Jlipa-CAIIP
2013". V mmx momensx Oynma BimoOpakeHa 4YacTHHA MOXJIMBHX KOMOiHamiid mapamerpiB KoHCTpykuii. OcoOiuBy yBary Oyno
NPUIUICHO aHali3y KoMOiHalil, AKi BKJIOYaIM BIUIMB yparaHy 3i MBHAKICTIO BiTpy 50 M/c. B pesynmbraTi aHamizy HpocTOpOBHX
KOHLIETIII# MOOLIBHOTrO BeXi 00CIYroByBaHHS MU OTPUMAJIM 3HAUHY KiJbKICTh JAHUX, SIKi NOTIM Oy/M 3Ba)KeHI Ta IIPOaHAIII30BaHi.
Pesynvmamu 1oka3yroTh, 110 TUII CUCTEMU ONMPAHHS MOXKE 3HAYHO BIUIMBATH HA e(EKTHBHICTh criopynu. Bys 3pobnennii ananis i
OLlIHKAa BCIX TpeJCTaBIeHMX BapiaHTiB. Byno mpencraBieHO MOSICHEHHS KiHIIEBOro BHOOpYy KoHuemnmii cropymu. byno takox
JIOBEJIEHO, IO EeKCTPeMalbHI YMOBH BITPY MOXYTb CTQHOBUTH CEpHO3HY 3arpo3y Ul KOHCTPYKLil, sfKi He 3aKpiIUleHi 10
bynnamenry. Pe3ynbraTy, sIKi Haar0ThCsl JOBOIUITH NEPBICHY riNoTe3y, 10 BUTPUMYBATH HABaHTAXEHHS BiJl yparaHHOro BiTpy 0e3
JIOIATKOBUX KOHCTPYKTUBHHUX 3aXO/IiB KOHCTPYKIIisl [IOBUHHA OyTH 301IbIICHA.
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"

Annoramus: CraThs HalpaBlieHa Ha pelIeHre NpoOIeMbl aHAIN3a IPOSKTHBIX MapaMeTPOB MOOMILHON OallHu 00CIy)KUBAHUS,
KOTOpasi B HacTosIIee BpeMs pazpabaTbiBaeTcsi [IpHIHENPOBCKOI rocylapCTBEHHON akaJeMHel CTPOHUTEIbCTBA U apXUTEKTYpHI
COBMECTHO C TrocyaapcTBeHHbIM npemnpusitieM «KoHcTpykropckoe Oropo «fOxuoe» mm. M. K. Surens». OCHOBHOH Lielbio
JTAaHHOTO HCCIIEAOBAaHUs ObUIO HAWTH TakWe MapameTpbl KOHCTPYKIMM MOOMIBHOW OallHH OOCIY)KHUBAaHUS, KOTOPHIE MOMOTYT
CHH3UTH €€ BeC, a TAKKe MMETh JIOCTATOYHYIO HaJIe)KHOCTh ISl IIPOIOJDKEHUST PaOOoTHI IOCe BO3ACHUCTBUS yparaHa. Jta npobiema
ObuIa pelleHa HAMU IPU HOMOIIM KOHEYHO-JIEMEHTHOro aHann3a. Hamu ObumM co3paHbl 36 MPOCTPAHCTBEHHBIX aHATHTHYECKHX
Mozened B mporpaMmHoM obecriedennn "Jlupa-CAITP 2013". B stux mopensx Obula OTpakeHa 4acTh BOSMOXKHBIX KOMOWHAIMI
rapamMeTpoB KOHCTpYKIMH. Ocoboe BHUMaHME OBLIO YISJICHO aHAIN3Y KOMOWHAIIMI, BKIIIOYAIOIINX BIIMSHHE yparaHa co CKOPOCTBIO
Betpa 50 M/c. B pesymprare aHanmmza HpPOCTPAHCTBEHHBIX KOHIENIMH MOOWIBHOrO OamrHW OOCTYXHMBAaHHS MBI ITOTYYHIN
3HAUMTENIFHOE KOJIMUECTBO JaHHBIX, KOTOPBIE 3aTeM ObLIM CTPYKTYPHUPOBAHBI M IPOAHAIN3UPOBAHBL. Pe3ynbTaThl MOKa3bIBAIOT, YTO
THI CHCTEMBI OIMPAaHUsI MOXKET 3HAUYUTENBHO BIUATH Ha 3()(EKTUBHOCTH COOPYKeHWs. BBUT clenaH aHamW3 M OIEHKa BCeX
MIPE/ICTAaBICHHBIX BapHaHTOB. DBBUIO TpencTaBieHO OOBSCHEHHE KOHEYHOro BBIOOpa KOHLENIMH COOpyXeHus. Bbuio Taroke
JI0Ka3aHO, 4YTO JKCTPEMaJIbHbIE YCIIOBHMSA BETPa MOIYT IPEACTAaBIATH CEPbE3HYK Yrpo3y JUld KOHCTPYKLMMH, HE 3aKpeIUIeHHBIX K
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(byHL[aMeHTy. PeSyJ'[BTaTBI, KOTOpBIC MNPEAOCTABIIAIOTCA, AOBOIAT IICPBOHAYAIIBHYIO I'MIIOTE3Y, 4YTO I TOI'O YTOOBI BBLACPKUBATH
Harpy3ku OT yparaHHoro BeTpa 0e3 JOINOJHUTEIIbHBIX KOHCTPYKTUBHBIX MEP, KOHCTPYKIUS JOJKHA OBITh yBEJIMYCHA.
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Abstract: This paper tackles with the problem of analysis of the design parameters of the mobile service tower, that is being
devised by Pridneprovs’k State Academy of Civil Engineering and Architecture in collaboration with the «M. K. Yangelya state
enterprise «Design Bureau «South»». The main goal of this study was to find such design parameters which will minimize the
weight of the mobile service tower, and also have sufficient reliability for continuation of operation after the case of a hurricane
impact. This problem was solved by us with the help of the finite element analysis. 36 spatial analytical models were created in the
software "Lira-SAPR 2013". In these models part of the possible combinations of design parameters that defined the scheme of
support for mobile service tower was reflected. Special attention was paid to the analysis of combinations that included hurricane
impact with wind speed of 50 m/s. As a result of structural analysis of spatial frame concepts of mobile service tower we obtained
significant amount of data that was subsequently evaluated and organized. Results show that supports type can significantly influence
performance of the structure. Evaluation and assessment of all the presented options was made. Explanation of the final structural
concept choice was presented. It was also proven that extreme wind conditions can pose significant threats to structures that are not
significantly restrained by the foundation. Results that are provided prove the initial hypothesis that to withstand hurricane wind
loads without additional restraints structure prime dimensions has to be increased.

Key words: mobile service tower; vertical assembly building; finite element modeling, design optimization; LIRA-SAPR

Introduction rocket assembly directly on the launch pad. Second
possible solution is to assemble missile horizontally,
deliver the launch vehicle to the starting pad in such
position and then start set it upright on the start. Third
possible solution is to assemble rocket vertically
elsewhere and then deliver it to the launch pad in vertical
. ) position. Combination of these options is also a valid
Depending on the purpose and design of technology ST solution to the problem. We have considered the first

may vary mgmﬁcaqtly. . , . option that involves the use of the mobile service tower
For an explanation of these differences, let’s consider (MST)

the fundamental technology of assembly of the rocket.
First of all, the launch vehicle and the payload is
delivered to the launch site. Boosters almost always are
delivered unassembled due to the transportation
requirements. Then the rocket and payload are assembled
into one body. After that they have to undergo certain
maintenance in the facility, which for different missiles
in different countries has many different names: ATF
(assembly and testing facility), technical position,
technical complex, VAB (Vertical Assembly Building,
Vehicle Assembly Building), assembly building, etc.
Then launch vehicle usually combined together with the
payload is transported to a special site from which the
launch is triggered.

The task of transporting missiles to the launch pad
has many possible solutions. Each one of them has both
its benefits and drawbacks. First possible solution is

Due to the development the aerospace industry a
variety of tasks related to the needs of this sphere arises
before engineers and designers. One of such tasks is the
development of service tower (ST). This building is one
of the important components of the launch complex.

Mobile Service Tower (MST) is required for vertical
assembly of the launch vehicle and the installment of the
additional equipment. MST also protects launch vehicle
and satellite from the environment; it provides access to
all systems of the launch vehicle for the staff and is
designed in such a way to ensure rapid evacuation of
personnel from all levels of the MST to the areas beyond
the zone of possible explosion of the launch vehicle.

Mobile tower is not an isolated phenomenon. They
are used at almost all space centers worldwide. Examples
of towers are presented in Table 1.

Each of the towers has certain features in common,
but due to different technology of launched missiles,
different factors of external influences, each new tower is
a unique structure with its own technical solutions.
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This paper tackles with the problem of analysis of the
design parameters of the MST, that is being devised by
Pridneprovs’k State Academy of Civil Engineering and
Architecture in collaboration with the «M. K. Yangelya
state enterprise «Design Bureau «South»».

Methodology

The scope of this study was to find such design
parameters which will minimize the weight of the MST,
and also have sufficient reliability for continuation of
operation after the case of a hurricane impact. This
problem was solved by us with the help of the finite
element analysis software "Lira-SAPR 2013". For these
tasks, this approach allows us to estimate the impact of a
wide range of changes in various design parameters on
the MST general stress-strain state (SSS).

Structure-wise MST is a spatial metal frame
consisting of plane frames, united into a single
constructive volume by a system of structural ties. Frame
of ST provides the ability to perform all work on the
installation and assembly of the rocket within the hull of
the tower, and is as well designed to provide normal
working conditions for all staff irrespective of external
weather conditions. MST is equipped with an overhead
crane with lifting capacity of 50 t, a lift with carrying
capacity of 1t, external and internal technological
ladders, maintenance platforms, system of gates and light
well insulated outer fence plates. Construction is sitting
on the launch site on a system of trucks.

Table 1

Examples of existing service towers worldwide

"Buran". Baikonur

Mobile service tower LV «Vega», GSC

The mobile service tower complex "Energia" -

Mobile service tower launch vehicles "Proton", Baikonur
Mobile service tower for LV «Kosmos-3M" Plesetsk
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Continuation of table 1

Dhawan Space Centre
Redstone 3» Cape Canaveral

MST for the first manned mission «Mercury-

2» (draft)
Mobile service tower LV «Union», GSC

Mobile service tower for missile type "Soyuz- | Mobile service tower for PSLV rockets in Satish

The main parameter, the effect of which was
analyzed in this paper, was a design of a support system
of ST. This parameter was chosen due to the sensitivity
of SSS of tower to the bearing system design. Special
attention was paid to the analysis of combinations that
included hurricane impact with wind speed of 50 m/s. To
ensure the stability of the structure in such a scenario
several measures to prevent overturning of the tower
were developed. The use of one or another approach is
dictated by the design parameters such as the distance
between the outer edges of bogies and the total weight of
the design.

To solve the fore mentioned problem 36 spatial
analytical models were created in the software "Lira-
SAPR 2013". In these models part of the possible
combinations of design parameters that defined the
scheme of support for MST was reflected. Brief
description of these options is presented in table 2.
Where: a, b, ¢, d — distances between elements. Values of
this parameters are presented in table 3.

Table 2
Brief description of considered design options
% Distance between axes of, Mmm
s <
2 =
= outside inside
15 =)
B
4 g columns | supports | columns | supports
<
1 4 a c b d
2 4 a c b d
3 2 a G b -
4 2 a - b d
5 2 a c b -
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Table 3
Parameter value

Parameter name Parameter value, mm
a 18000/16400
b 10500/9000/7000
c 18000/16400/15000/12000
d 10500/9000/7000

sd=trogsdea

¥
|
i
T
|
1t
i
i
i
I

paN
1

Fig. 1. Analytical models of MST transverse frames

an

JEE

O

Jx1100

Fx1000

Fx1000

7

2250 3000
17600

@ & ®

Fig. 2. MST typical floor plan
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The analytical model was assembled on the basis of
finite beam element typel0 in «Lira-SAPR 2013»
software. This is a spatial beam element with 6 degrees
of freedom in a node. Depiction of the element is
presented in fig. 4. Beam has a local coordinate system
X1, Y1, Z1. Axis X1 is located along the axis of the
beam element. Axis Y1 and Z1 are the principal central
axes of inertia [11].
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Fig. 3. Finite element model of MST in 3 dimensional
presentation
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Fig. 4. BEAM 10 representation [11]

Results and discussion

As a result of structural analysis of spatial frame
concepts of mobile service tower we obtained significant
amount of data that was subsequently evaluated and
organized. After these arrangements all the calculated
data can be summarized in-to following categories:

a) MST displacement levels due to the loads and
action;

b) Forces in the frame column elements;

¢) Overall weight of structure;

d) Load demand and general type of the MST
trucks.

Since one of the main functions of an MST is to
provide protection to the launch vehicle and expensive
equipment necessary for the technological processes that
take place inside the tower, its hull displacements
limitation are of paramount importance to the safety of
structure. The results are summarized in the table 4. The
averaged and maximal between structural options results
are presented in fig. 5. From these results it can be
observed that displacements caused by the storm with
wind speed 50 m/s have great influence on the structure.
Displacements at the top level in the direction normal to
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the rail tracks (X - direction) can reach 325 mm
(fig. 5 a)), 40.6 mm (fig. 5 b)) in the direction of the rail
tracks(Y - direction) for option 4. Most rigid design
options are 1 and 2 with respective displacements equal
to 84.4 mm and 81.1 mm in X-direction, and 23.9 mm
24.6 mm. in Y- direction. These results show that
supports type can significantly influence performance of
the structure.

300

250

200
W average 21 m/s

150 B max21m/s
W average 50 m/s

100 B max 50 m/s

50

0

a)
45
40
35
30
® average 21 m/s
25
Emax21m/s
20
™ average 50 m/s
15 W max 50 m/s
10
5
0 .
1 2 3 a4 5 6

Fig. 5. Displacements in the roof level of MST due to
wind action in accordance to the design principal
options, mm:
in direction normal to the tower tracks

in direction of the tower tracks

a)
b)

MST structure is designed to work in three distinctly
different working conditions: the first two of these
conditions: positioning and usual operation form up non-
exceptional load case. And the third one: operation in
extreme weather conditions form up an exceptional load
case. Results for maximal force factors in the frame
columns are presented in table 5. The maximal positive
and negative axial force values are compiled in the
diagram on fig 6. Fig. 6 a) represents the results for non-
exceptional load case and fig. 6 b) represents the results
for exceptional load case. Results in fig 6 a) indicate that
options 4 to 6 do not provide for safe operation during
the non-exceptional load case since it is under the risk of
being toppled due to the wind actions. Results in diagram
in fig. 6 b) indicate that the structure needs to be
additionally constrained in case of extreme load case.
Option 4 has a least stability of all others maximal effort
for constraint design reaches 4144 kN. The results also
indicate that the first and second options show the lowest
values for axial forces in the columns.
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Fig. 6. Axial forces in frame columns:
a) in case of non-exceptional load case
b) in case of exceptional load case (storm with wind
speed up-to 50 m/s)

Another crucial point of the design of mobile service
tower is its weight. Maximal, minimal and averaged
spatial frame weight results for structural options are
presented in fig. 7. The results indicate that most cost
efficient options for structural concept are 1 and 3 with
corresponding weight of spatial frame 567.4 t and 576.2 t
respectively.

B Maximum

W Average

 Minimum

Fig. 7. Weight of MST frame in accordance to conceptual
options, t

Fig. 8 present the frame weight results for each type
of MST hull principal dimensions a and b. These results
indicate that although other parameters have their role,
but the most significant parameter that determines the
weight of structural frame if the type of support
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construction. The smallest influence of other parameter is
observed for option 3 and the greatest for the option 6.
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Fig. 8. Dissipation of frame weight in accordance to the
hull principal dimensions and type of support

Fig. 9 presents weight - inner span — support type
dependencies. Fig. 9 a) represents results for outer
dimension of 18000 mm and fig. 9 b) represents results
for outer dimension of 16400 mm. The results represent
that option 6 and 4 show sensible decrease in weight in
case of less rigid frame. Smaller sized frames also exhibit
less bulky designs.
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b)
Fig. 9. Weight - inner span — support type dependency
for MST frame with primary dimension:
18000 mm
16400 mm

a)
b)

The last portion of design information consists of
load capacity of MST trucks. This results are based both
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on the construction mass and maximal loads that
columns are experiencing in case of extreme load case.
Different type of column truck joint requires two
different types of trucks to be devised. The main
difference between these two types would be the amount
of track one truck uses for a support. Depiction of the

offered truck types can be seen in fig. 10.

b)
Fig. 10. Types of MST trucks:
Type 1 — 2 tracks per truck
Type 2 — 1 track per truck

a)
b)

According to the diagram in fig. 11 it is clear that the
least load capacity is required for the track of type 2 for
option 3 (400 t) and the greatest load capacity is required
for type 2 truck for option 4 (660 t).

Fig. 11. Desired load capacity of MST trucks depending
on the design option

g

Desired load capacity of MST trucks (t)
Wtruck type 1

g

w truck type 2

=

g

Detailed numerical data on the conducted research is
presented in tables 4, 5 and 6. Line painted in light grey



CBOPHUK HAYYHBIX TPYJIOB CTPOUTEJbLCTBO, MATEPUAJIOBEAEHUE, MAIIMHOCTPOEHMUE. BBIII. 81 -2015

is the option that was finally accepted as a design
concept. The decision to choose this option was based
both on the satisfactory performance of option 3
(especially in the way of desired load capacity for tracks
and structural frame weight) and also on the ability to
provide for the new requirements presented to us in the
final stages of the conceptual design, which made some
of the considered options unsuitable.

Conclusions

Research has shown that the MST structure is very
dependent on the type of support construction. It was
also proven that extreme wind conditions can pose
significant threats to structures that are not significantly
restrained by the foundation. Results that were provided
above prove the initial hypothesis that to withstand
hurricane wind loads without additional restraints
structure prime dimensions has to be as great as
technologically possible.

Further research might be conducted to analyze shape
of structure influence on the possible wind load
magnitude. Another field of future research would be to
investigate the potential of usage of different kind of
dampers to decrease the influence of wind oscillation on
the structure.
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