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Abstract. Constructive designs used in shipbuilding of high-speed catamarans with a small
waterline area for increase of their operation reliability have been subjected to analysis.
The paper deals with possibilities of increasing the longitudinal stability and implementing the
constructional designs described in the publications of various authors. General dependencies
are devised for determining the main constructional elements of the equipment which allows
for increasing stability. Critical remarks on some defects of the mentioned designs are made.
Keywords: constructional designs, high-speed catamarans, small waterline area, operation
reliability.

AHHOTaHI/lH. AHaJ’II/ISy MOABCPIrHYTbl KOHCTPYKTUBHBLIC PCHICHUSA, HUCIIOJIB3YECMBIC B CY0-
CTPOCHNHU CKOPOCTHBIX KaTaMapaHOB C MaJIoi IO A0 BATCPIMHNUU CIIOCOOHBIE IIPUBECTH
K NOBBIMICHUIO HAACKHOCTHU HUX IKCILUTyaTallluu. Peun HUICT O BOBMOKHBIX ITYTAX MOBBIIICHUSA
HpOL[OJILHOﬁ OCTOfI‘II/IBOCTI/I, 0 peajin3allud KOHCTPYKTUBHBIX MEP, OIIMCbIBACMbBIX B JIUTCPA-
TYPHBIX UCTOYHUKAX. HOJ’Iy‘-IeHI)I O6HII/IC 3aBUCHUMOCTHU, IMO3BOJIAIOMINE OMPEACIATL OCHOB-
HbIC KOHCTPYKTHUBHBLIC DJICMCHTBI YCTpoﬁCTB, CIIOCOOHBIX IMOBBIIIATE OCTOMYUBOCTD. I[aHLI
TAKXKC KPUTUYCCKUEC 3aMCUYaHUs [0 HEKOTOPBIM HEJOCTATKaAM OIMUCAHHBIX KOHCprKHI/Iﬁ.
KaroueBrnie ciioBa: KOHCTPYKTHUBHBIC PCUHICHUSA, CKOPOCTHBIC KaTaMapaHbl, Majlad IJIOMadb
BAaTCPJIMHUU, HAACIKHOCTDb IKCILUTyaTalluH.

AHoTauisg. AHaJi3y TiBECHI KOHCTPYKTHBHI PIlIEHHS, SKi BAKOPUCTOBYIOTHCS B CYTHOOY-
yBaHHI IMBHUIKICHUX KaTaMapaHiB 3 MaJIOIO TUTOIMICIO BaTePIiHil, 3AaTHI MiABUITUTH HAIIH-
HICTB iX eKkcIrTyararnii. MoBa Hie ipo MOKITUBI IIUISTXH TT1IBUAIIICHHS ITPOIOBKHOI OCTIHHOCTI,
a TaKOXK TIPO peai3aliro KOHCTPYKTUBHUX 3aXO/IiB, IO OMHCAaHI B JIITEPATypPHUX JKepelax.
OTtpuMaHi 3araibHi 3aJIe)KHOCTI, SKi JO3BOJAIOTH BU3HAYUTH OCHOBHI KOHCTPYKTHBHI ee-
MEHTH MPUCTPOiB 3AATHUX ITiABHUIYBATH OCTIHHICTE. [IprBeIeHO TaKoK KPUTHYHI 3ayBaXKEeH-
HSI CTOCOBHO JICSIKMX HEJOMIKIB OMMMUCAHUX KOHCTPYKITIH.

Kiio4uoBi cjioBa: KOHCTPYKTHBHI pIIIeHHS, IIBUAKICHI KaTraMapaHW, Majia IDIOMIWHA
BaTepIiHil, HAMIHHICTh EKCILTyaTaIlii.
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Problem Statement. T Constructive designs pro-
posed in other publications are subjected to analysis as
a means of increasing the longitudinal stability of cata-
marans with a small waterline area, as well as other small
and high-speed vessels. For greater clarity, all the con-
structional designs concerned are illustrated in Fig. 1.

Latest research and publications analysis. General
view of the high-speed catamaran with a small waterline
area is shown in Fig. 1,a. Its design provides for two
underwater hulls, which are located below the waterline
and connected to a common surface platform by vertical
stands. Accommodation, cargo and office facilities are
located on the platform, while the main energy mecha-
nisms are in the underwater cigar-shaped hulls. Due to
the small waterline area, such vessels have a relatively
small longitudinal stability.

THE ARTICLE AIM is to determine the potential
possibilities for increasing the longitudinal stability of
small and high-speed vessels by means of constructive
measures. It is also intended to assess the basic dimen-
sions of the structures that can increase stability. Critical
assessment of the viability of constructive designs will
form a direction for the improvement of the suggested
solutions.

Basic material. Fig. 1,5 illustrates the position of
the underwater rudder on the operating vessel [1]. The
picture was taken in the motion mode, and it can be seen
through the clear water that the horizontal rudder of the
balancer type has a small elongation and a trapezoidal
shape in the plan view.

Horizontal rudders are directed from the underwater
hulls towards the center plane, so that the mooring does
not damage them. The desire to use the advantages of
the high-speed catamarans with a small waterline area in
small and high-speed shipbuilding has led to the emer-
gence of the constructive designs similar to that shown
in Fig. 1,c. Since these vessels have a higher draft than
conventional displacement ships, the underwater hulls
are made kinematically moving. In other words, if there
are no restrictions on the draft, the hulls are let below
the waterline and the vessel acquires the features of a
high-speed catamaran with a small waterline area. At the
limited draft or mooring, the hulls are lifted up like it is
shown in Fig. 1,c.

The combination of the devices affecting the longitu-
dinal stability of the high-speed catamaran with a small
waterline area is shown in Fig. 1,d. Horizontal rudders
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IMocTtanoBka mpobiaembl. C IlpoaHanusupoBaHsl
KOHCTPYKTHBHBIC PELICHUs, Tpe/ularaeMble B JIMTEpa-
TYPHBIX HCTOYHHKAX, KaK CPEJCTBA CHOCOOHBIC IOBBI-
CUTh IIPOJIOJIBHYIO0 OCTOMYMBOCTD KaTaMapaHOB ¢ Majlon
TUTOIIA/IbI0 BAaTEPIIMHNY, a TAKXKe JPYTHX MajbIX U CKO-
poCTHBIX cynoB. [[ma Gomplnell HATIAOHOCTH BCe pac-
CMOTpPEHHBIE KOHCTPYKTUBHBIE PEIICHUS IPOUILTIOCTPU-
poBaHsbI Ha puc. 1.

AHAJIN3 N0C/IeIHUX UCCIIeJOBAHMIT M Iy OJIMKALIUIA.
OO6wmuii BuJ CKOPOCTHOTO KaraMapaHa ¢ Majol IUIola-
JIbIO BaTE€PIIMHUU [10Ka3aH Ha puc. 1, a. Ero koHCTpyKuus
MpelycMaTpUBaeT HaMYKe JIByX MOJIBOIHBIX KOPITYCOB,
pacroyiaraéMbIX HHUKe BaTEPIUHUH U COSTMHEHHBIX C 00-
el HaIBOJHOM 1iatdopmoii croiikamu. Ha Helt pacmo-
JIararoTCs JKUIIbIe, TPY30BbIC U CIY)KeOHbIE TTOMEIICHHUS,
B ITOJBOJHBIX CHUTAapOOOpPa3HBIX KOPITycaxX pPa3MEIICHBI
TJIaBHBIE DHEPreTUUYeCKUe MEXaHU3Mbl. 3a CUeT MaJloi
TUTOIIAAN BAaTEPIMHUU Takhe Ccyga OONaJaloT CpaBHU-
TEJIBLHO MaJION MPOIOJILHON OCTOMYNBOCTBIO.

HEJIb CTATBH cocTtout B onpeneseHuH MOTEHITH-
AJIIBHON BO3MOXXHOCTH ITOBBIIICHUS MPOIOJIBHOM 0CTOM-
YHUBOCTU MaJIbIX U CKOPOCTHBIX CYJOB KOHCTPYKTHBHbBI-
MH MepaMH{; IPEIIoyaracTes AaTh OLEHKY OCHOBHBIM
pa3MepeHHsIM KOHCTPYKILHUH, CITOCOOHBIX MOBBIIIATH
OCTOHYMBOCTb, UTO, B CBOIO O4YEPEb, IIOMOXKET BHIOPATH
HaNpaBJIEHUE B COBEPIICHCTBOBAHUM NPUHSATHIX pellle-
HUH.

H3ao:xenune ocHOBHOrO Matepuana. Puc. 1,6 mo-
Ka3bIBa€T MOJOKEHHE MOABOIHOTO Py Ha 3KCILTyaTH-
pyemom cynae [1]. CHUMOK clienaH B pexXuMe TBHKSHUS
U 4epe3 MPOo3payHyl0 BOAY BUAHO, YTO TOPHU30HTAIIb-
HBII Pyl OQJIAHCHPHOTO THUIA UMEET MAJIOe YUIMHEHHUE
U TpanenneBuIHyo GopMy B IUIaHE.

TopuzoHTaneHbie pynu OoOpalieHbl OT TOABOIHBIX
KOPITyCOB K JMaMEeTPaIbHON IIIOCKOCTH IS TOTO, YTO-
OBl MpH MIBAPTOBKE HE MOBPeAUTH UX. CTpeMieHue uc-
MOJIb30BaTh CKOPOCTHBIE IPEHMYIIECTBA KaTaMapaHOB
¢ HEOOJIBIION TUIONIA/IbI0 BaTEPIMHUN B MaJOM U CKO-
POCTHOM CYIOCTPOCHHM MPHUBEIO K IOSBICHUIO KOH-
CTPYKTHBHBIX DEIICHHH, IMOJOOHBIX, NTOKa3aHHBIM Ha
puc. 1, 6. IlockonbKy Takue Cy/a HMEIOT IOBBIIICHHYIO
0CaJIKy MO CPAaBHEHHUIO C OOBIYHBIMU BOIOM3MEIIAIOIIH-
MU, TO NOABOJAHBLIC KOPIyCa BBINIOJIHAIOTCA KUHEMATU-
YECKM NOABWXXHBIMHU. B cilydae eciu orpaHndeHuil 1o
ocaJike HeT, TO KOPITyca OIyCKaroTCs HU)KE BaTePIMHUY,
U CyAHO MPUOOpETaeT YepThl CKOPOCTHOTO KaTaMapaHa
C Majoil IUIOIAAbl0 BarepauHuu. IIpu orpaHuyeHHON
ocaJike M IIBapTOBKE KOPITyca MOJHIUMAIOTCS BBEPX, Kak
9TO MPEACTABICHO Ha pHC. 1, 6.

KomOuHanus ycTpoicTB BO3AEHCTBUSI HAa NPOAOIIb-
HYI0 OCTOWYMBOCTb CKOPOCTHOI'O KaraMapaHa ¢ Majoil
IUIOIIA/IbI0 BaTePJIMHUN M300paxkeHa Ha puc. l,e. B nx
COCTaB BXOJISIT TOPU30HTANIBHBIE PYJIH U CTPYHHBIC CHCTE-
MBI, CO3AIOLIUE YIIOP paclpeieIeHueM JUHAMUUECKOrO
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Fig. 1. Structural layouts of the equipment increasing the longitudinal stability of high-
speed catamarans with a small waterline area.

Puc. 1. KoHCTpYKTHBHBIE CX€MBI yCTPOHCTB OBBIILICHUS TPOJOTBHON OCTOMYMBOCTH
CKOPOCTHBIX KaTaMapaHOB ¢ MaJIOH IJIOMIA/IbI0 BAaTEPIIMHHN.

a) — general view of the catamaran with a small waterline area/o0mwuii B
KaTaMapaHa ¢ MaJIo IUIOIIA/IbI0 BaTepIHHNN; b)—06) — general view of the horizon-
tal rudder (stabilizer) /o0y BUJI TOPU3OHTAIBHOTO PYJsl (YCIIOKOMTENSI KauKH);
c)—6) — layout of the catamaran with kinematically moving underwater hulls /cxema
KaramMapaHa ¢ KHHCMaTHYeCKH IMOJBIKHBIMH IOBOIHBIME KOpIycamu, d)—2) —
layout of the combined operation of the horizontal rudders and the jet system/cxema
J)—K) COBMECTHOI'O JICHCTBHSI TOPU30HTAJBHBIX PYICH M CTPYHHO# chUcTeMbl; e)—0) —
area of the possible location of additional buoyancy compartments in the midship
half-section of the catamaran/30Ha BO3MOYXXHOTO PaCIIOJIOKEHHUS JOMOITHUTEIBHBIX
OTCEKOB TUIABY4ECTH HAa MHJICIICBOM ITOJTYCCUCHUH KaTaMapaHa, f) —e) — layout of the
additional buoyancy with hard and soft hulls /cxema TOTIONHUTETBHON TUIABYYECTH
C )KECTKUM H MATKUM KOpIycamu; g)—aic) — layout of the extendable buoyancy com-
partment (the buoyancy compartment is not extended)/cxeMa BBIIBIKHOTO OTCEKa
IUIaBy4eCTH (OTCEK IUIAByYeCTH HE BBIABUHYT); h)—3) — the same layout with
the buoyancy compartment being extended Ta e cXema C BBIIBHHYTBIM OTCEKOM
IaByuecTH; j) —u) — layout of the elastic additional buoyancy compartment/cxema
9NIACTHYHOTO OTCEKa JOMOIHUTEIILHON IIaBydecTH; k) —«x) — layout with an expan-
sion shell cxema ¢ pacIIMPUTEIBHON 00OIOUKOH.
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and jet systems which create thrust force by distributing
dynamic flow of fluid can serve as such devices. For the
first time such a system was proposed for the longitudinal
stabilization of underwater transport vessels [2]. The con-
structive design is particularly important in the under-ice
navigation mode. Apart from the devices containing hori-
zontal rudders and jet systems, much attention is paid to
the construction designs that can change the longitudinal
stability of the catamaran by changing the underwater hulls
buoyancy in the area of their extremities. Fig. 1,e with its
example of the midship half-section of the catamaran with
a small waterline area demonstrates the possible locations
of additional means of buoyancy. As shown in Fig. 1,d—/
such devices can have several constructive variations. It is
recommended to pay special attention to the calculation of
such structures and their volumes in order to outline the
prospects of creating buoyancy to underwater hulls.

Fig. 1,f shows the general layout and basic dimen-
sions of the additional buoyancy compartment consisting
of a flexible shell connected to a hinged rigid cover [3].
As the air is received in the buoyancy compartment, con-
sisting of a rigid cover and a flexible shell, which in turn
connects it to the hull, the compartment volume and thus
its buoyancy are changed Changing buoyancy in one of
the extremities of the underwater part of the hull leads
to formation of the additional buoyancy force, which al-
lows adjusting the longitudinal stability of the vessel.

Let us assume that the underwater part of the hull of
the catamaran with a small waterline area has the radius
of R, while the width of the stand connecting the under-
water hull with the surface deck platform is equal to b,.
The condition of the agreed placement of the underwater
part of the hull and the shell of the buoyancy compart-
ment with the radius 7, is the presence of the common
tangent line. This condition will prevent the shell of the
buoyancy compartment from contact with the wall of the
berthing facility at the vessel’s mooring.

From the above mentioned conditions of arrange-
ment of the buoyancy compartment with a hinged rigid
cover and a soft pneumatic shell with the underwater part
of the hull of the catamaran with a small waterline area
of the radius R follows the condition for determining the
curvature radius of the inflated pneumatic shell 7.

()

The central angle ¢ can be presented with the follow-

b,
rOZRO_E'

ing expression:
2Ry — b

« .
4R,

Coordinates of the mounting of the hinged rigid cov-

¢ = arcsin [ 2)

er of the buoyancy compartment are determined given by
the expressions
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MOTOKA YKUJKOCTH. BriepBhIe Takoil crmocod MpeioKeH
JUTS TPOJIONBHOM CTa0MIN3aNH OIBOAHBIX TPAHCIIOPT-
HBIX cynoB [2]. Oco00 BaKHBIM TaKOE€ KOHCTPYKTHBHOE
pELICHHUE SBIISETCS B PEKUME TTOUIEIHOTO [UIABAHNUSI.

Kpome ycTpoiicTB, comepkaluXx IOPU3OHTAJIbHBIE
PYJIH U CTPYHHBIE CUCTEMBI OOJIBIIOE BHIMAHHE YEIsIeT-
CA KOHCTPYKTHUBHBIM PCUHICHUAM, CIIOCOOHBIM M3MEHSITH
MIPOIOTBHYI0 OCTOWYMBOCTH KaTamMapaHa 3a C4eT MOJHU-
(hUKaIMK TUIABYYECTU MOABOIHBIX KOPITYCOB B paiiOHE
nX okoHeuHocTei. Ha puc. 1,0 Ha mpuMepe MHIEIeBOTO
MOJTyCeUeHHsI KaTaMapaHa ¢ MaJIoH TUIOIAAblo BaTepIin-
HUM TMOKa3aHbl MECTa BO3MOKHOTO PACHOJIOKEHHS HO-
MOJIHUTENBHBIX CPEACTB IuaByuecTH. Kak m300paskeHo
Ha puc. 1,e—«x mogo0HBIE yCTPOICTBA MOTYT UMETh He-
CKOJIBKO KOHCTPYKTHBHBIX Pa3sHOBUAHOCTEH. Pacuerom
TaKUX KOHCTPYKLHUH C IEJBI0 OMNPENEeNeHUs] MOTeHIU-
AJIEHON BO3MOXKHOCTBIO CO3/IaHUS TUIABYYECTH U X 00b-
€MOB 11e1ec000pa3Ho yIeIuTh 0c000e BHUMaHNUE.

Ha puc. 1, e mpeacrasnena odmast cxema pactoyoxe-
HUSI 1 OCHOBHBIC Pa3MEPEHUS! IOTIOIHNTEIBHOTO OTCEKa
TUTaBY9ECTH, COCTOSIIETO M3 TMOKOH 000JI0YKH, Coenu-
HEHHOM C JKEeCTKOH, MTapHUPHO OTKUIHON KPBIMIKOH [3].
[To Mepe momaun Bo3yxa B OTCEK IUIAByYECTH, B COCTAB
KOTOPOM BXOAWT JKECTKasl KPBIMIKA W 3JIACTUYHAsT 000-
JIOYKa, CBSI3BIBAIONIAS €€ C KOPITYCOM CY/IHA, H3MEHSETCS
00BeM OTceKa, CIENOBATENbHO, U €T0 IuIaBydecTb. Ilo-
100HOE M3MEHEHWE B OJHOW M3 OKOHEYHOCTEH ITOHBO-
JTHOM 4acTu KOpITyca MPUBOJUT K JOTIONHUTENBHOM cHie
IUIaBY4ECTH, MO3BOJISIOIIEH KOPPEKTUPOBATh MPOAOIb-
HYI0 OCTOMYMBOCTB CyJHA.

By}leM CYUTaTh, YTO MOABOAHAA YaCThb KOpITyCa Ka-
TamMapaHa ¢ MajoH IJIOIIAIbI0 BaTEPIMHUN HUMEeT pa-
IMyc R, IMpUHA CTOMKH, OOBEIMHSIONIEH MOIBOAHYIO
4acTh KOpIlyca C HaJABOJHOM mnayyOHOH ruiardopmoii
b . YcnoBuem cornacoBaHHOTO pa3MEIEHHs TOIBOAHOM
YacTH CyJOBOTO KOpITyca W ODOJIOYKH OTCEKa IUIaByye-
CTH pajuyca r, JIOIKHA ObITh 0OIIast KacaTesibHas, 9To
MPEOXPAHUT OT KOHTAKTa 000JI0UKY OTCEKa IUIaBy4eCTH
CO CTEHKOM MPHUYAIBHOTO COOPYXKEHUS IPU IIBapPTOBKE
Cy[Ha.

[Ipu U3N0XKEHHBIX BBIIIE MapaMeTpax KOMIOHOBKH
OTCEeKa IIIaBYy4YECTH, MMEIOIIETO XECTKYI0 OTKHIHYIO
KPBIIIKY ¥ MATKYIO ITHEBMaTHUECKYI0 00O0JIOUKY C I1O[-
BOJHOW YacThIO KOPITyca KaTamapaHa ¢ Majoil IJolma-
IBIO BAaTEPIIMHAM M PagnycoM R, BBITEKAET YCIIOBHE
OIIpeAEIICHNsI PaJyca KpUBU3HBI, HA/lyTONH ITHEBMOO0OO-
JIOYKH 7).

rOZRO—%.

(M

L{eHTpaNbHBINA YyTOMI (0 MOXKET OBITH MPEACTABICH Ta-
KHUM BBIPAKEHUEM:

KoopanHaTsl KperuieHns: OTKUAHOM KE€CTKOM KpbILI-
K1 OTCEKa IJIaBy4YECTH ONPECISIOTCS 110 (hopMyie:

:ldygfﬁ.

2

2R, - b,

4R, @

¢ = arcsin [

3)

Vp
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— ARS8 (3)
b
x, :70 . 4

The sectional area of the buoyancy compartment S
(its layout is shown in Fig. 2) is a function of the pa-
rameter of the angle o (the value by which the hinged
rigid cover can be opened) and is calculated using the
expression

B nrozon
360

)

The required volume of the buoyancy compartment
is determined by the product of the sectional area S from
expression (5) and the compartment length. The com-
plete description of the buoyancy compartment layout
shown in Fig. 2 should also include the coordinates of the
mounting of the soft pneumatic shell to the underwater
hull of the catamaran with a small waterline area. These
coordinates are equal to

1
v (4R§—r§>(4R§—b3>+bc[2—41‘;3j. (6)
b,
" [2-4RJJ R s ()

Dependencies (1—7) allow setting the basic param-
eters of the additional buoyancy compartment shown in
Fig. 1,f at the initial stages of designing. That, in turn,
allows assessing the potential possibility of increasing
the longitudinal stability of the catamaran with a small
waterline area.

Another structure that can contribute to the increase
of the longitudinal stability of the catamaran with a small
waterline area is demonstrated in Fig. 1,g—h. According

b/2
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X =% (4)

[Tomags MOMEpPEYHOro CeYeHUs! OTceKa IuIaByde-
cTH S, YKa3aHHOTO Ha pHC. 2, ABnseTca (QpyHKIHEH ma-
paMeTpa ymia o, Ha BEJIMYMHY KOTOPOTO MOAHUMAETCS
OTKHMJJHAS JKECTKasi KPBIIIKA M HAXOOHUTCS CIEAYIOINM
o0pazom:

2
_mpo

360

©)

TpeOyemblii 00beM OTCEKa IUIABYYCCTH OIpPEHCIs-
€TCsl POU3BEJCHUAEM IUIOMIAN CCUCHHS S U3 BBIpaKe-
Hus (5) Ha ero MPOTSHKEHHOCTH. J[JIsT ITOTHOTO ONMCcCaHus
CXEMBbI, TOKa3aHHOM Ha PUC. 2 CIIEAYeT yKa3aTh Ha KOOp-
JUHATH! KPEIUICHHS MATKOW IMTHEBMATHIECKONH 000IOYKH
K TIOIBOJTHOM YacTH KOpIIyca KaTamapaHa ¢ Majoi IUio-
Ia6I0 BATEPIIMHUU. DTH KOOPINHATHI PABHEIL:

2
xyy =0 J(ARZ — 2 )ARE —b7) +b,| S-S0
H (4R — 15 )(4R; ~b7) 2 Rk ) (6)
Yo == \/4 Ry - r0b2 \/4R§—”o2 . 7
2 4R0 Rg
[IpuBenennsie 3aBucumoctd (1—7) MO3BONAIOT

YCTQHOBUTH OCHOBHBIE MHapaMeTpbl JOIOJHHUTEIHEHOTO
OTCeKa IUIaBY4eCTH, M300paXEHHOIro Ha pHc. 1,e yike
Ha HAaYallbHbIX CTAAMAX MIPOCKTUPOBAHMS, YTO AAET BO3-
MOXHOCTh OIICHHUTh TMOTEHIIHAJIFHOE MOBBIIICHHE MpPO-
JIOJIbHOM OCTOMYMBOCTM KaTamapaHa ¢ Majod Iuiouia-
JIIO BaTEPIMHUH.

Eme ongHa KOHCTpYKHuWsi, CHOCOOHAsh TPHBECTH
K YCWICHHIO MpPOJOJIbHOW OCTOMYMBOCTH Karamapa-
Ha C MaJIoW IJIOMIAaJ b0 BaT€PIMHUU, IPEACTaBICHA Ha
puc. 1,0c—3. CormacHo 00miedl KOHCTPYKTHBHOU CXe-
Me [4], yBenuueHHe IUIaBy4eCTH OKOHEUHOCTEN MOABO-
JTHOTO KOPITyCa OCYIIECTBISIETCS 3@ CUET BBIIBIDKCHHS,
1ojiaBaeMbIM Bo3ayXoM [1-o06pa3Horo kopoGuaroro mnpo-
¢mma. OOmras pacyeTHas cxeMa Takoi KOHCTPYKIIUH T10-
Ka3aHa Ha puc. 3.

e

'

I VH

Y

Fig. 2. Estimated compartments scheme buoyancy shown in Fig. 1,f.

Puc. 2. PacueTHas cxema oTceKa IIaBy4ecTH, IPUBEICHHOTO Ha puc. 1, e
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Fig. 3. Estimated compartments scheme buoyancy shown in Fig. 1,g—A

Puc. 3. PacueTHas cxema oTceka Ij1aBy4ecTH, IPUBEIEHHOT0 Ha puc. 1,ac—3

to the general layout [4], increasing the buoyancy of the
underwater hull extremities is realized through extend-
ing the U-shaped box profile by means of air pumping.
The general calculation layout of such a structure is pre-
sented in Fig. 3. The kinematic mobility of the U-shaped
box profile provides a flexible goffered seal which con-
nects the profile with the underwater part of the hull of
the high-speed catamaran of a small waterline area. For
clarity, Fig. 1, g shows the U-shaped box profile in the ini-
tial and not the extended position. In Fig. 1,4, the same
profile is shown in the extended state.

In Fig. 3, the sectional area formed by extension of
the box profile defines a potential addition to buoyancy
in case of using the structure under consideration.

Like in case of the previous structure, we assume
that the underwater part of the hull of the catamaran with
a small waterline area has the radius of R, and the width
of the stand connecting the underwater part of the hull
with the surface deck platform is 6. The condition of
the agreed placement of the underwater part of the hull
and the U-shaped box profile in the position extended
by the value § is their common vertical line correspond-
ing to the position of the moorage wall. This condition
will prevent the shell of the buoyancy compartment from
contact with the moorage wall when mooring the vessel.
The sectional area of the buoyancy compartment, which
can affect the stability of the vessel (this area is shaded in
Fig. 3) is determined by the following expression.

8§ =20Rysing.

®)

Expression (8) includes two unknown quantities, the
central angle ¢ and the value of the U-shaped box profile
displacement 6. One of these quantities should be taken
as a parameter, namely ¢. Then & is calculated with the
use of the following dependency:

80

Kunemarnueckyro moaBmxHOCTH [1-00pa3Horo ko-
pobuaroro npoduist odecnednBaet rudkoe roGprupoBaH-
HOE YIZIOTHEHHE, KOTOPOE COeUHSIET IPO(HUIIB C ITOABO-
JTHOM YacThIO KOPITyca CKOPOCTHOTO KaramapaHa Majloi
IUIOINAN BaTepiauHUU. J{s HAMISIHOCTH, Ha puc. 1,
[1-00pa3ublii kopoOuaThlii NMPopuIL 0TOOpPaKEH B HC-
XOJJHOM, HE BBIIBUHYTOM MojiokeHnu. Ha puc. 1,3 aToT
Ke TMpoQHiIb M300paKeH B BBIIIBUHYTOM COCTOSTHHH.
OO6nacte ceueHus, 00Pa3yrOIIErOCs IPU BBIIBUTAHHH
KopoOuaroro npouisi, onpeaesnsieT NOTeHIHaIbHO BO3-
MOXKHOE JIOTIOJTHEHHE TUIABYYECTH B CIIy4ae UCII0b30Ba-
HUS paccMaTpUBaeMOl KOHCTPYKIUH (puc. 3).

Kak u B mpenpiayniel KOHCTPYKIMU CUUTAEM, YTO
MO/IBOJIHASI YacTh KOpIlyca KaramapaHa ¢ Majoil Iuio-
b0 BATEPIMHUU UMEET paauyc R, LIMpHHA CTOMKH,
COCIMHSIONIEH MOABOAHYIO YacTh KOPITyca ¢ HalBOXHOM
nanyOonol nmargopMoi b,. YcIOBHEM COIIACOBAHHO-
ro pa3sMeIIeHUs IOJBOJHOW YacTH CYJOBOTO KOpITyca
u II-o0pa3Horo xopoGuatoro mpoQuis B BEIABHHYTOM
HIOJIO)KCHUH Ha BEJIUYUHY O SBISCTCS MX 00IIast, BepTHU-
KaJIbHAsI TIpsiMasi, OTBEYAIOLIasi IOJIOKCHUIO ILBAPTOB-
HOI IPUYaIbHOM CTeHKH, YTO IPESAOXPAHUT OT KOHTAKTA
000JI04Ky OTCEKa ILIaBYYECTH CO CTCHKOH MPHYaIbHOTO
COOpYIKEHHs1 [P IIBapTOBKe cynHa. [lnomans ceueHus
OTCEKa IUIaByYeCTH, CIIOCOOHOrO MOBIUATH HA OCTOM-
YHBOCTH Cy/JHA (3Ta 00NacTh 3alITPUXOBaHA Ha pHUC. 3,
OIIPEAEIIETCSI TAKUM 00pa3oM:

S =28Rysin¢g.

®)

B Belpakenue (8) BXOIAT /BE HEHM3BECTHBIC BEIH-
YMHBI, IEHTPAJbHBIH Yrod ¢ U BeJCUMHA CMEUICHHS
[1-o6pa3noro kopoGuaroro mpoduis 6. OxHy U3 HUX
CIeAyeT MPUHATH B BUJE ITapaMeTpa, a UMeHHO ¢. Torma
d XapaKTepHu3yeTcs 3aBUCHMOCTBIO:

8= (Ry—,)" + (v~ ). 9)
I'ne Bxomsue Beu4uuHbI B (9) paBHBI
2
%, 2R, ; (10)

b.cos@+sin (p\/4R§ -B?
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8=y(Ro=x,)2 + (5~ 1) . 9)
Where the input quantities for (9) are equal to
X = 265 ; (10)
b, cos¢-+sin gyJ4RZ — b7
_ Bycosto+P) . (11)
sin(@+f)
e = R{ctg(wﬁ)—%} . (12)

The angle P is calculated depending on the stand
width b using the expression

B:arcsin(zl;; ] . (13)
0

The given dependencies (8 —13) allow setting the ba-
sic parameters of the additional buoyancy compartment
shown in Fig. 1,g—#A at the initial stages of designing.
That, in turn, enables assessing the potential possibilities
for increasing the longitudinal stability of the catamaran
with a small waterline area equipped with such a device.

The structure, which can also adjust the stability of
the high-speed catamaran with a small waterline area
is presented in Fig. 1,i [5]. The calculation layout of
the buoyancy compartment given in Fig. 1,i is shown in
Fig. 4. Additional buoyancy is created by the tensile defor-
mation of the elastic membrane which is a part of the outer
cover of the underwater hull of the catamaran. The tensile
deformation occurs at the excess pressure air supply to the
cavity between the rigid housing and the membrane itself.
The elastic membrane is made of a rubber-like material.

Devising the calculation procedure of the assessment
of the operational characteristics of the device, which is
shown in Fig. 4, one should consider the particularities
of the deformation of elastic structures. Thus, the ten-
sile deformation of the elastic membrane should not ex-
ceed 20 %. On the basis of this condition, the ratio of the
elastic membrane arc length before and after deforma-
tion is equal to.

b2

i~
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:ROCOS((PJrB). (11)
" sin(@+p)
B 3 sin @
Vi = R0|:ctg((p+[3) 7cos((p+ﬁ)} . (12)

VYron B onpenensiercsi B 3aBUCUMOCTH OT ILIHUPHHBI
CTOHKH b, BHIPa/KEHHEM:

B= arcsin[ Zblg ) . (13)
0

[IpuBenennsie 3aBucumoctu (8—13) mMO3BONIAIOT
YCTAaHOBHUTH OCHOBHBIE INapaMeTpbl JOMOJHUTEIHLHOTO
OTCeKa TUIABYYeCTH, M300pakeHHOTO Ha puc. l,oc—3
y’Ke Ha HAa4aJIbHBIX CTAIMAX IIPOCKTUPOBAHMS, YTO TO-
3BOJISIET OLIEHUTH MOTEHIIMAIBHYIO BO3MOKHOCTD TTOBBI-
LICHMSI IPOAOJIBHON OCTOMYMBOCTH KaTaMapaHa ¢ Majlou
TUTOIIA/IbI0 BaTEPIIMHHUN, CHAOKEHHOTO TaKHM YCTpOM-
CTBOM.

KoHcTpykimsi, KoTopasi Takke CIIOCOOHa CKOppEK-
THPOBATh OCTOWYMBOCTH CKOPOCTHOTO KaTaMapaHa ¢ Ma-
JIOW TUIOUIANIBIO BaTEPIIMHUU, U300paxena puc. 1,u [3].
PacuerHas cxema oTceka MiaaBy4eCcTH, IPEACTaBIEHHOIO
Ha puc. 1,u moka3ana, Ha puc. 4. JlonoaHATENbHAS TITa-
BYYECTh CO3MAeTcs 3a c4eT AeopMaluil pacTsDKEHHS
2JIACTUYHON MEMOpaHBbI, SIBISIIOLIEHCS] YacThIO HapyK-
HOM OOIIMBKH IIOJIBOAHOIO KOpIlyca Karamapana. [le-
(hopMaru pacTsHKEHHS MIPOUCXOAAT TIPH MTOAAYe BO3MY-
Xa M30BITOYHOTO JABJICHUS B TOJOCTh MEKAY KECTKUM
KOPITYyCOM M HETIOCPEACTBEHHO IACTHYHON MEMOpaHOH,
KOTOpasi M3rOTaBIMBACTCS W3 PE3NHONOIO00HOTrO Mare-
puaa.

[Tpu popmupoBaHIH pacuETHOI MPOIIETYPHI OIICHKH
9KCIUTyaTallUOHHBIX IIOKa3aTeslell yCTPOMCTBA, IpUBE-
JNEHHOH Ha pHC. 4, CllelyeT yYUThIBATh 0COOCHHOCTH Jie-
(hopMUpPOBaHUSI HIIACTHYHBIX KOHCTPYKIUH: PACTSKESHHS
JIaCTUYHON MeMOpaHbl HEe AOIKHBI mpeBbimarh 20 %.
Hcxonst n3 3TOro ycioBHUsl COOTHOIIEHHE JUIMHBI JIyTH
2JIACTUYHON MeMOpaHbl 10 M mocie AehOopMUPOBAHUS
paBHO:

g

/1

=
©

=

Xn

v

Xy

Ry

Fig. 4. Estimated compartments scheme buoyancy shown in Fig. 1,7

Puc. 4. PacyeTHas cxema oTceka MIaBy4eCcTH, MPUBEAEHHOTO Ha puc. 1,u.
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Where
1, =121, (14)
1, =201. (15)
Iy = 20R,. (16)

Here, ¢ and a are the central angles of the membrane
before and after deformation. Transformation of the
expressions (14—16) allows receiving the radius of the
membrane deformed by the excess air pressure.
_ L2¢R,
==

(7

The condition under which the contact between the
elastic membrane and the berthing facility is excluded
requires them to have a common tangent line to the rigid
underwater hull of the vessel and the elastic membrane
in the deformed state. Then the coordinates of the center
of the deformed membrane are as follows:

Xo=Ry—1y. (18)
Yo = Xoctgp+P . (19)

The angle B is calculated with the use of dependen-
cy (13). If we take the undeformed elastic membrane arc
length [ as a variable parameter, then the angle ¢ can
be determined from expression (16). The angle o in the
expression (17) is determined from the correlation of the
deformed elastic membrane arc length 3 and its central
angle a.

o

3601
o=—=, (20)
2mr,
In turn, r, is determined from the condition that the
chords of the undeformed and deformed elastic mem-

brane are equal.

Rysing =rysina; 21
hence
7 =Ry STn - (22)
sina

Substituting (22) into (20) leads to the function:

sina. _ mR,sin@
2161,

(23)

o

The function > may be determined using the
a

tables 3M*

X
in «News of the Soft Shells Laboratory» (Vladivistok,
FEHEMC Publ., issue 4, 1968, pp. 4—68).

The coordinates for mounting the elastic membrane
to the underwater hull of the catamaran are described by
the following expressions. The upper mounting point of
the elastic membrane is located at the intersection of the
side surface of the stand and the underwater part of the
vessel’s hull.

by F.R. Nitochkin, which were published

1
¥y = VAR =07 . (24)
x, =% (25)

The lower point of the elastic membrane mounting
to the cylindrical surface of the underwater part is deter-
mined by the following coordinates.
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1, =12, (14)
1, =2arn. (15)
Iy =20R,. (16)

31ech ¢ U 0 HEeHTpaJIbHBIC YIIIbI HE 1e(h)OPMUPOBAH-
HOW MeMOpaHbI 1 Tociie Ae(opmMali cCOOTBETCTBEHHO.
[TpeobpaszoBanue Beipaxenuii (14— 16) mo3Bossier mnoiy-
YUTh 3HAUCHUS pajuyca aAehOpMUPOBAHHON MeMOpaHbI
071 ACHCTBUEM M30BITOYHOTO JaBICHUS BO3LyXa:

= 120k

)

YcmoBue, M0 KOTOPOMY HCKITIOUASTCSI KOHTAKT dJia-
CTHYHOU MEMOpPAHBI C TIPUYATBHBIM COOPYKCHUEM, Tpe-
Oyer OOIIyH KacaTeIbHYI0 K JKECTKOMY IOJBOIHOMY
KOPIIYCY Cy[IHA U 3JaCTUYHON MeMOpaHbI B 1e(hOPMUPO-
BaHHOM COCTOSIHWH. Torja KOOpAMHATHI IEeHTpa nedop-
MHPOBaHHOI MeMOpaHbI HAXONM Kak:

o

Xo=Ry—1p.

(18)

Yo =Xoclgp+P . 19

VYron B ompenmensiercs 3aBucumocthio (13). Ecim
NPUHATh B KadecTBE MEPEMEHHOIO Iapamerpa JUIHHY
IyTH He ne(OopMHPOBAHHON B1acTHYHON MeMOpaHsI /,
TOTZA Yroil (@ MOXHO BBIYHCIHTH M3 (opmynsl (16).
Yron o, BXoAsmuii B BeIpaskeHue (17), HaxoauTces u3 B3a-
WMOCBSI3H JUTHHBI yTH lp ne(OpMHUPOBAHHON AIIACTHY-

HOW MeMOpaHbI U €€ [IEHTPAIbLHBIM YIJIOM 0.
o= (20)
2mr
B cBoro ouepenp 7, pACCUNTHIBAETCS M3 yCIOBHS pa-
BEHCTBA XOp[ HE e(hOPMHUPOBAHHOMN U 1e(hOPMHUPOBAH-
HOM 2IaCTUIHON MEMOpaHBI:

Rysing =rysina.; (21)
OTKyZa,
@)
[Moncranoska (22) B (20) mpUBOAMT K (PYHKITUH:
sina _ TRy sin@ (23)

o 2161,

s o
(I)yHKLII/Iﬂ — MOXET OBIThH OorpeaciicHa ¢ 1moMo-

sin x

mpto Tabmun @.P. Hurtoukuna , OITyOJIMKOBaH-

HbIX B «Co00IIeHus 1adopaTopur MATKHX 000JI0UYEK»,
JABUMY, Bbim. 4, Bnagusoctok, 1968, ctp. 4—68.

KoopnomHaThl KperuieHus >31acTHYHOW MeMOpaHBI
K ITOZIBOJTHOMY KOPITYCY KaTramapaHa OIHCBIBAIOTCS Clie-
JYIOLMMHU BBIpaXKEHUSIMU. BepxHsis Touka coeUHEHUs
AMACTUYHON MeMOpaHBl pacloyioKeHa Ha MepeceueHHH
OOKOBOI1 MOBEPXHOCTH CTOMKH M TIOABOJHON YacTH KOP-
mmyca cy/Ha:

v, = %J4R§ ey (24)
bC
L (25)

HmxHAS TOUka KperuieHHUs 3JIaCTUIHON MeMOpaHBI
K MWIMHIPUYECKOH IOBEPXHOCTH IIOJBOAHON YaCTH
OIpeNeNIAeTCsl KOOPAUHATAMH.
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= (%fsinzq)),MRg —b2 —b,singy/1-sin’¢@. (26)
x, = sin @y (4RZ —b?)cos® @ +bc[%—sin2 (p] . (27)

Expressions (14)—(27) allow performing basic de-
sign calculations of the buoyancy compartment shown
in Fig. 1,i.

CONCLUSIONS. The general analysis of the
means of improvement of the longitudinal stability of
some small and high-speed vessels has shown that these
techniques of the stability increase can be used in actual
structures and are already partly implemented. The stud-
ies determined the main parameters of the devices that
can improve the short-term longitudinal stability of small
and high-speed vessels.

The structural analysis of the means of improvement
of the longitudinal stability due to additional buoyancy
of high-speed catamarans with a small waterline area
showed some of their disadvantages. In particular, the
additional buoyancy structures are not so streamlined,
which will reduce the vessel’s speed in case of bring-
ing them into operation. If the buoyancy compartment is
brought into operation in only one of the hulls, there will
be lurching of the vessel.

Cnucok auTepaTryphbl
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= (%7sin2 @)W4R2 —b? —b,singy1-sin’ . (26)
x, =sin @y (4RZ —b?)cos’ ¢ +bc[%—sin2 (pj . 27

Bripaxernnss (14)—(27) TO3BONSAIOT BBIIOTHUTH
OCHOBHBIC MPOCKTHBIC PpacCYCThl OTCCKa IIJIaBy4€CTH,
MIPUBEACHHOTO Ha pHC. 1,u.

BBIBO/JbI. O6muii aHamu3 cpeaCcTB MOBBINICHHS
TIPOIOIFHON OCTOWYMBOCTH HEKOTOPBIX MAIlBIX M CKO-
pOCTHBIX Cy}IOB II0Kas3aj, 4TO TaKuec l'[pI/IeMI:.I MOFyT 6BITB
peanu3oBaHbl B COCTaBe peajbHbIX KOHCTPYKIMMA. YcTa-
HOBJICHBI OCHOBHBIE TTapaMETPHI YCTPOICTB, CIIOCOOHBIX
MOBBIIIATH KPATKOBPEMEHHO MPOI0JIbHYIO OCTOHYNBOCTh
MaJbIX U CKOPOCTHBIX CYHOB.

KoHCTpyKTUBHBIN aHAJIN3 CPENCTB MOBBIIEHUS IPO-
JIOJIbHOW OCTOMYMBOCTH 32 CUET JIOMOJHUTENILHOM Iija-
BYYCCTH CKOPOCTHBIX KaTaMapaHOB ¢ MaJOH ILIOIIAIbI0
BaTEPJIMHHUH BBISIBUAJI HX HEKOTOPHIE HEIOCTATKH, B 4acT-
HOCTH, KOHCTPYKIIMHM JIOTIOJIHUTEIbHON IJIaByYeCTH
TUIOXO 00TEKaeMBl, 9TO KPOME TOTO, BOSHUKHET PHICKITH-
BOCTb Cy/IHA, B CJIydae padOThl JOMOJHUTEIBHOTO OTCE-
Ka MJIaBy4YeCTH TOJBKO Ha OJJHOM U3 KOPITYCOB.
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