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Abstract. The paper is devoted to the development of a method for determination of main
dimensions and characteristics of escort tugs designed for escorting tankers, gas carriers and
other types of vessels with hazardous cargoes. Classification Societies require a reasonable pre-
liminary calculation of the maximum holding force acting on a tug at the escort speed of 8 and
10 knots to be submitted in order to assign an escort class to a tug. The method for determina-
tion of hydrodynamic forces acting on the ASD escort tug during stationary escort operations
is described. The method is based on processing of the data collected during towing tests of
such tugs in the towing tank of the National University of Shipbuilding (NUOS). Processing of
the experimental data allowed to obtain regression dependencies for stationary hydrodynamic
forces acting on the escort tug on the drift angle ranging from 0 to 90 degrees. Towing tests were
carried out on request of design organizations, and escort tug projects by TransShip Corporation
were mainly used. These projects are TUG40, TUG50, TUGSS, TUG55TA, TUG60, TUG60L,
TUG60LA and TUG70 by E. D. Demidov, General Designer. The data obtained based on using
the developed dependencies was compared with the data of full-scale tests of escort tugs of this
series. Obtained dependences are included in the equations of motion of escort tug operational
purpose, which is an integral part of the optimization problem of determination of escort tug
main dimensions and characteristics. A method for solving the transcendental equations of the
tug stationary motion during escort operations is proposed, similar to the method for solving an
optimization problem. Using the obtained method for determination of hydrodynamic forces
and the operational purpose, the problem of determination of escort tug main dimensions is de-
fined with solution oriented to optimize dimensions based on escort tug serving a random stream
of vessels arriving at the seaport.

Keywords: escort; towing tank; towing tests.

AHortanisi. Po3poOneni MeToq BH3HAYEHHS TOJOBHHX pO3MIpIB Ta XapaKTEPUCTUKH
€CKOPTHHX OYKCHPIB, IPU3HAYCHUX ISl CYTIPOBO/DKEHHS TAHKEPIB, I'a30BO3IB Ta IHIINX THUITIB
CYlIeH, sIKi TepeBO3iTh HeOe3leuHi BaHTaxi. 3a BUMOraMu KJacHU(iKaliiiHUX TOBapuCTB
JUTST HaZaHHSA OyKCHpPY €CKOPTHOTO KJIacy HEOOXiJTHO 3MIHCHUTH TOMEpeAHId po3paxyHOK
MaKCUMAJIBHOTO yTPUMYBAJIBHOTO 3yCHIUIA OyKCHpa NpH IIBHIKOCTI €CKOPTYBAaHHS § Ta
10 By3miB. BukiiazeHo MeTON BH3HAUCHHS TiIPOIUHAMIYHHMX CHJI, SKi JIFOTH Ha KOPIYC
€CKOPTHOro OyKCHpa B yMOBAaX CTaI[lOHAPHUX SCKOPTHHUX ormepaliii. Meroa nodyaoBaHO Ha
OCHOBI 00pOOKH JJaHUX OyKCHPYBaJbHUX BUIIPOOYBaHb IIMX OyKCUPIB y I0CIITHOMY OaceiiHi
Hamionansnoro yHiBepcuteTy KopabieOymyBanus (HYK). O6pobka nanmx OyKcHpyBaTbHIX
OCIIDKEHb  JI03BONIMNIA  MTOOYMyBaTH pErpeciiiHi  3aJeXHOCTI JUIA  CTaIliOHAPHUX
T1IpOJMHAMIYHHX CHJI, SIKI TIFOTh Ha OyKCHp y aiana3oHi KyTiB apeidy Bix 0 1o 90 rpaxycis.
BykcupyBanbHi BUNpoOyBaHHsI Oy/ny NpPOBEICHI Ha 3aMOBJICHHS MPOEKTHUX OpraHizaiii,
OisTpIIIa KUTBKICTD SIKMX BUKOHAHO 32 MMPOEKTAaMH €CKOPTHUX OykcupiB koproparii TransShip.
Ie npoextn O6yxcupiB TUG40, TUGS0, TUGSS, TUGSS5TA, TUG60, TUG60L, TUG60LA
1 TUG70 renepanbHoro koHcTpykTopa €./1. JleminoBa. BukoHaHO MOpIBHSHHS pe3yibTaTiB,
OTPUMaHUX Ha OCHOBI BHKOPHUCTAaHHS MOOYJIOBaHMX 3aJICKHOCTEH, 3 pe3yJbTaraMu
HaTYpHUX BHUIIPOOYBaHb €CKOPTHHX OyKCHpIB wiei cepil. OTpuMaHi 3aJeKHOCTI BKIIIOUEHI
B pIBHSHHS pyXy 3amaqi (QyHKI[IOHYBaHHS ECKOPTHOTO OyKcHpa, fKa € HEBiJ €MHOIO
YaCTHHOIO ONTHMI3allifHOI 3a/1adi BHU3HAUCHHS TOJOBHUX pO3MIpPIB Ta XapaKTePHCTHK
ecKopTHOro Oykcupa. byB 3armpornoHoBaHui MeTO pO3B’sI3aHHS TPAHCLCHICHTHUX PIBHSHb
CTalliOHApHOTO pyXy OyKcMpa B yMOBaX €CKOPTHHMX OIEpalliif, aHaJOriYHHi MEeTOoxry
PO3B’sI3aHHS ONTHMI3aMiiHOl 3a7avi. 3a JOIMOMOTO MOOYZOBAaHOIO METOMY BH3HAYCHHS
TiApOAMHAMIYHUX CHII Ta 33191 QYHKITIOHYBaHHS c(hopMOBaHO 3a/1a4y BU3HAUEHHS TOJIOBHIX
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po3MipiB OyKCUpa 3 OPIEHTYBaHHM ii p0O3B’sI3aHHSI HA ONTHUMI3AIliF0 PO3MIpPiB HA OCHOBI 00CITyTOBYBaHHS €CKOPTHUM
OyKCHUPOM BHITaJIKOBOTO ITOTOKY CY/ICH, sIKi BiZIBIIylI0OTh MOPCBHKHUH MOPT.

Kuro4oBi ciioBa: eckopTyBaHHS; TOCTiAHAHN OaceifH; OyKkcupyBaibHI BUTIPOOYBaHHS.

Annoranusi. PazpaboTanel MeTO/l ONpeieNeHHs NIABHBIX pa3sMEpPEeHHH M XapaKTepHUCTHKH ICKOPTHBIX OYKCHPOB,
npeaHasHAYCHHBIX JJIA COIMPOBOXKACHUA TaHKEPOB, I'a30BO30B U JAPYI'HMX TUIIOB CYJ10B, KOTOPLIC IICPECBO3AT OIIACHBIC
rpy3sl. [1o TpeboBaHMsIM KiIacCH()UKAIMOHHBIX OOIICCTB ISl IPUCBOCHHS OYKCHPY 3CKOPTHOTO Ki1acca HEOOXOAMMO
OCYIIECTBUTh OOOCHOBAaHHBIM MPEABAPUTENBHBIA pacdeT MaKCHUMAaJbHON YIepXKHBAIOUIEH CHIBI OyKcHpa IpH
cKopocTH 3ckopTHpoBanus § u 10 y3mos. M3moxeH METo[ OonpeaeneHus THIPOJMHAMUYECCKUX CHII, JEHCTBYIOIINX
Ha ACKOPTHBIN Oykcup Tuma ASD B yCIOBHSX CTalMOHAPHBIX ICKOPTHBIX omeparwii. MeTos MoCTpoeH Ha OCHOBE
00paboTKM JTaHHBIX OYKCHPOBOUHBIX HCIIBITAHWH Takux OYKCHpPOB B ONBITOBOM Oacceiine HarmonansHOTO
yauBepcurera kKopabdmectpoenust (HYK). OOpaboTka MaHHBIX SKCIIEPUMEHTAIBHBIX HCCIEIOBAHUH ITO3BOJIMIIA
MIOCTPOUTh PErPECCHOHHBIE 3aBUCHUMOCTH JUIsl CTAlMOHAPHBIX TUAPOAMHAMUYECKHUX CHJ, JEHCTBYIOIIUX Ha
9CKOPTHBIN OyKcHp B quana3oHe yrioB apeiida ot 0 1o 90 rpanycoB. BykcupoBouHbIe HCIIBITAHUS OBUIN TIPOBE/ICHBI
[0 3aKa3aM IIPOEKTHBIX OpraHu3alui, HauOOJbILIEEe YHCIIO KOTOPBIX OCYLIECTBIEHO MO MPOEKTaM 3CKOPTHBIX
OykcupoB kopriopauuu TransShip. 9to npoekrst OykcupoB TUG40, TUGS0, TUGSS, TUGSSTA, TUG60, TUG60L,
TUG60LA u TUG70 renepansHoro koHcTpykTopa E. JI. JlemumoBa. BemoaHeHO cpaBHEHHE TaHHBIX, MOJYyYEHHBIX
Ha OCHOBE HCIIOJIb30BaHUS MMOCTPOCHHBIX 3aBUCHMOCTEH, C JAHHBIMHM HATYPHBIX HCIBITAHUN 3CKOPTHBIX OyKCHPOB
9T0M cepun. [lomydeHHbIEe 3aBUCUMOCTH BKJIIOUCHBI B YPAaBHEHUS JBIDKCHUS 331a9M (DYHKIIMOHHPOBAHMUS 3CKOPTHOTO
Oykcupa, KoTopas sIBISIETCS] HEOThEMIIEMON YacThiO ONTHMHU3AIMOHHON 33/1a4 OIIPEACIICHHS TIIABHBIX Pa3MEepeHNI
1 XapaKTepPUCTHK 3CKOPTHOTO Oykcupa. [Ipeanoken MeTo | pelieHns TpaHCHEHCHTHBIX YPaBHEHNH CTAIIMOHAPHOTO
JBIDKCHUSI OyKCHpa B YCJIOBHSX OCKOPTHBIX OIEpallii, aHAJOTMYHBIH METOAY PELICHUS ONTHMH3ALMOHHON
3a7a4n. C MOMOIIBIO TIOCTPOSHHOTO METO/a OIPEACIICHHS THAPOIMHAMUYECKUX CHII U 3a7a4n (DYHKIIMOHUPOBAHUS
copMHUpOBaHa 3ajaya OIPEACICHHs IVIaBHBIX pa3MEpEeHHH ICKOPTHOro OyKCHpa ¢ OpHEHTalUel ee peleHUs
Ha ONTHMH3AIMI0 pa3MEpeHHH Ha OCHOBE OOCIYKHMBaHMS SCKOPTHBIM OYKCHPOM CIIy4ailHOrO MOTOKa CY/OB,
MOCEIIAOIINI MOPCKOH TOPT.

KiaroueBrbie cioBa: OCKOPTHUPOBAHUC, OITBITOBBIN 6aCC€ﬁH; 6yKCI/Ip0BO‘lHLI€ HCIIbITAHUAA.
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Problem statement. Determination of escort tugs Separation of previously unsolved parts of the
main dimensions and characteristics is a recent problem | general problem. The following usage of methods for
of tug resource supplement of the modern seaports. determination of steady forces acting on a tug during sta-

The solution to this problem is usually carried out | tionary escort operations, described in the papers [2, 3],
at conceptual design stage (design study). At the same | indicated the possibility of substantial refinement of their
time for the modern seaports the ASD escort tug is the | values based on experimental data on positional handling
most effective tug class in terms of power and maneuver- | characteristics of escort tugs collected during tests in the
ability [1]. Small size (maximum length up to 35 meters) | NUOS towing tank. The tests were carried out using
allows ASD escort tugs to escort tankers, gas carriers, | special equipment that was designed, manufactured and
chemical carriers and other types of vessels carrying | used in experimental tests of the forces acting on the es-
hazardous cargoes with displacement of 100—120 thou- | cort tug models with direct participation of the author of
sand tons. Classification Societies require calculation of | this article [6, 7].
the maximum steering force at the escort speed of 8 and The most presentable group of escort tugs, undergone
10 knots to be submitted in order to assign an escort class | the towing tests in the NUOS towing tank, is a range of
to a tug. To calculate the steering force and to determine | escort tugs designed by E. D. Demidov, TransShip Ge-
escort tugs main dimensions and characteristics, a meth- | neral Designer. This group includes the following es-
od was developed that allows these values to be deter- | cort tug projects: TUG40, TUGS50, TUGSS5, TUGSSTA,
mined at conceptual design stage. TUG60, TUG60L, TUG60LA and TUG70, that present

Latest research and publications analysis. The  large part of power and displacement range of escort

papers by N. B. Slizhevskiy, A. S. Markov [2] and
V. A. Pozdeev, V. A. Nekrasov, A. P. Yastreba [3] are de-
voted to determination of the forces acting on the ASD
escort tugs during stationary escort operations. The effect THE ARTICLE AIM — development of a method
of unsteady forces on the ASD tug is explored in the pa- | for determination of escort tugs main dimensions and

tugs. These projects are presented on the of CraneShip
website [8] and in the “Shipbuilding and Ship Repair”
magazine [9].

per by A. I. Nemzer, A. V. Yurkanskiy, M. A. Kuteynikov, | characteristics at the conceptual design stage.

M. E. Zakharov [4]. In the paper [2], the determination To develop this method, a number of objectives were
of steady forces is carried out from a perspective of the | achieved. Received solutions were applied in this paper.
hydrodynamic vortex theory of the flow of fluids around The first objective was to develop a new method for
the bodies. In this paper a tug and a skeg are considered | determination of forces acting on a tug during stationary
as a whole. In the paper [3], steady forces acting on a | escort operations based on data collected during towing
tug are determined based on the consideration of the tug | tests of escort tug models of TUG40-TUG70 projects in
hull and its skeg as separate units, followed by using the | the NUOS towing tank.

experimental data on blow-downs of ship-shaped bodies The second objective of the proposed method for
in the wind tunnel, summarized by N. I. Anisimova [5], | determination of the escort tug main dimensions and
for these parts of the hull. characteristics was to improve its operational purpose,
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consisting in re-orientation of this purpose from a de-
terministic approach with fixed characteristics of the
escorted vessel to the escort tug being able to serve a
certain stream of escorted vessels, i.e. consideration of
the escorted vessel to be of random displacement value.
For the first time such a re-orientation was carried out by
the author of this article in the report by V. A. Nekrasov,
A. P. Yastreba [10].

Finally, the main goal of design study is to define and
solve the optimization problem of determination of tug
main elements and characteristics based on the described
operational purpose of the escort tug. At the same time
the definition of the optimization problem for tug main
elements described in the paper [10] requires additional
consideration of Classification Societies requirements to
safety of escort operations in terms of handling capabili-
ties of the escorted vessel, stipulated due to the escorted
vessel limitation in performing zigzag maneuver during
escort operation [11].

Methods, object and subject of research. In this
study a method was used to determine the forces act-
ing on the tug hull during escort operations, based on
processing of the data collected during towing tests of
escort tug models in the towing tank; Powell's method —
one of the non-linear programming methods was used to
find a global minimum in the optimization problem of
the objective function. The object of the research is the
design process, the subject of the research is the method
for determination of the escort tug main dimensions and
characteristics.

Basic material

1. The method for determination of forces acting on
the tug during stationary escort operations

The method is based on the data from a number of
ASD escort tug projects, undergone the towing tests in
the NUOS towing tank. This range consists of the fol-
lowing escort tugs: TUG40, TUG50, TUGSS, TUG-
S5TA, TUG60, TUG60L, TUG60LA and TUG70, that
present a large part of the power and displacement range
of the ASD escort tugs, currently used in seaports.

The method is designed to use the obtained expres-
sions for the forces acting on the tug as part of the equa-
tions of stationary escort operations represented by Fig. 1
and equalities (1), used in determination of steering force
and braking force required for the Classification Society
to assign a class [12] to escort tug.

The values of the above characteristics of the sta-
tionary movement mode of the escort tug and escorted
vessel are determined by solving the following system
of equations [10]:
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Fig. 1. Chart of escort configuration:

Ry — towline pull; x; — distance to the bow towing eye; o —
towline angle; f — drift angle of the escort tug; 6 — tilt angle
of the azimuth thrusters; X, — longitudinal hydrodynamic
force acting on the escort tug hull; Y. — lateral hydrodynamic

force; M, — hydrodynamic momentum; X, — longitudinal
component of the effective pull of two azimuth thrusters, acting

on the tug hull as it moves at speed V and with angle of in-
flow to the azimuth thrusters (B—3) created by this movement;

Y7 — lateral component of the effective pull of two azimuth

thrusters, acting on the tug hull as it moves at speed V; and
with angle of inflow to the azimuth thrusters (f—9) created by

this movement; x,7 — distance to the vertical axes of azimuth
thrusters

R, cos(ﬁ+oc)+ XC(B)+ XAT(B—S)ZO
—R,sin(B+a)+7Y,(B)+Y,,(B-8)=0

-R; Sin(B + 0‘)xT +MC(B)+ YAT(B _S)XAT =0

(D

In this case, the projections of active forces X .(B),
Y.(B) and momentum M(B) on the axes of oxy z, co-
ordinate system linked to the tug are determined by the

expressions below

Xc (B) =Cy (ﬁ)pvz /124,
Y(B)=C,Bpv /24, .
Mc(ﬁ) =Cy (ﬁ)p\’2 124, L

2

where p — fluid density; v — tug speed; 4, — lateral un-
derwater area; L — waterline length.

As a result of experimental tests in the NUOS tow-
ing tank, it was found that the structural dependence of
the coefficients of the active forces Cy(p), Cy{(p) and mo-
mentum Cj,(PB) on the drift angle § ranging from 0 to 90
degrees can be represented by the following approximate

expressions:
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C, (B)=-0,075sin{{x —arcsin(C,, /0,075)[1 - B/ w]}
C,(B)=0.5C,; sin 2B cosP + c,sin isinf
Cy(B)=C,;sin2p

(3

where C — drag coefficient of the tug ahead going at
speed v; y = y, + y, — trim angle (y, — static trim
and y, — running trim, determined according to the
data [S]); C,y,
lateral force coefficients and momentum coefficient with

and Cp— positional derivatives of the

respect to drift angle .

Positional derivatives C , ¢, and C, ; depend on the
geometric characteristics of the hull. When considering
the main body of the tug hull and tug skeg as a whole, the
following characteristics are selected:

o, — lateral area coefficient;

d/L — ratio of average draft d to waterline length Z;
d/B — ratio of average draft d to waterline beam B;
L/B — ratio of waterline length L to waterline beam B;
¢, — prismatic coefficient.

Selection of these characteristics is determined by
simplicity of their determination by using Maxsurf pro-
gram [13] at conceptual and preliminary design stages.

The structural dependence of positional derivatives
C, ¢, and C  on the characteristics of the tug hull with
the skeg included is adopted by analogy with the struc-
tural dependence of the forces and momentum coeffi-
cients specified in the vessel handling theory [14]:

Cyp=n(d/L)(a/Cp)"(2,5)((L/B)/a,)"
A(O,33)+(0, —a3)
Cz=bl(3(d/B))A(O’5)(b2/CP)A(1’5)+ ’
+b3(0, —b4)
C,,=d(d/L)d,(d,-C,)+(d,~c))

“

At the same time the processing of the data presented
by the above-mentioned range of design solutions for the
escort tugs resulted in the following values of the coef-
ficients ai, biand di (i =1, 2, 3, 4):

a, =0,720; a,=2,941; a, = 0,962;
b,=0,722; b,~ 0,853; b, = 0,851; b, = 0,953;
d, = 0,383;d,~0,104; d, = 0,602; d, = 0,904.

)

The approximation quality of the experimental data
on the forces acting on the hull of the TUG60L tug
(“Pantera”), obtained by the described method in the ab-
solute OXYZ coordinate system at speed of 6, 8 and 10
knots, is shown on Fig. 2. The Figure is based on ex-
perimental data similar to given in the paper [3] for the
TUG60 tug project.

The obtained dependences of hydrodynamic forces
(2)—(5) were used to solve the transcendental equa-
tions of tug motion during stationary escort operation
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Fig. 2. Dependences of hydrodynamic forces XX and YY acting
on the hull of the TUG60L tug (“Pantera”) on the drift angle:

—o0— — XXV =6kn, —— — YYV =6kn;
—t— — XXV =8 kn; —0— — YY V =8 kn;
—x— — XXV =10 kn; —— — YY V = 10 kn;

— XX V_ = 6 kn, NUOS test; —e— — YY V = 6 kn,
NUOS test; —#— — XX V= 8 kn, NUOS test; —a— —
YYV =8 kn, NUOS test; —x— — XXV =10 kn, NUOS test;
—a— — YY V=10 kn, NUOS test

modes (1). With given value of speed v and towline
angle a, the solution to these equations of motion is ob-
tained by finding a global minimum (zero) in the uncon-
strained optimization problem of the following objective
function F(B, 6, R,) of the independent variables f3, 5, R :

Fear)=-CF S +-EFf+EM). ©

by one of the methods of nonlinear programming —
Powell's method [15]. In the expression for the objective
function (6), the components XF, IF and XM_ are the
right sides of the equations (1).

The solutions to the equations of escort operations (1)
obtained by the method described were compared with
the data of full-scale escort tests of existing tugs.

For the above TUG60L escort tug (“Pantera”), the
solutions to the equations of motion (1) with values of
the steering force FS, while using the data from the stated
experimentally valid method for determination of hydro-
dynamic forces acting on the tug hull, are shown on the
Fig. 3. The results of full-scale tests of the TUG60L tug
[16] are shown on the same Figure.
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Fig. 3. Dependence of the steering force FS of the TUG60L
escort tug (“Pantera”) on the towline angle o
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2. Improvement of definition of the escort tug
operational purpose

Modern seaport’s significant problem of tug resource
supplement is to orient the ordered tug towards special
group of vessels arriving at the seaport. The reason for
this is that vessels with hazardous cargo arriving at sea-
port are serviced by few escort tugs of different power.
Small escort tug is not able to escort large vessels. Mean-
while, using powerful tugs for escorting small vessels is
not of economic benefit. Due to the fact that displace-
ment or deadweight of vessels with hazardous cargo ar-
riving at the port are random values, the orientation of
the ordered escort tug should be carried out based on
the assumption of the displacement or deadweight of
the served group of vessels being a random value deter-
mined by distribution law based on empirical data. The
generation of such random variable is carried out using
the Monte-Carlo method.

3. Further development of determination and solv-
ing of the optimization problem of selecting the escort
tug main elements

In general terms, such escort tug optimization prob-
lem is defined and solved in the papers by V.A. Nekra-
sov, A. V. Bondarenko, A.P. Yastreba [17].

The problem consists in minimization of the objec-
tive function (OF)

OF{U, x} => extr

32

N°2 (10) 2018
CYOQHOBY1YBAHHA

subject to the constraints:

En(x)>0, n=1,2,3;

Fk(x)>[Fk], k=1,2,..,K;
PCI[PAI<[PCI, I=1,2,...,L;
x <xq, q=1,2,...,0,

where En(x) > 0 — constraints providing the necessary
level of tug efficiency (constraints on buoyancy, capac-
ity, performance, etc);

Fk(x) > [Fk] — reliability constraints — indicators of
reliable performance of functional operations related to
the implementation of such nautical qualities as stability,
unsinkability, strength, handling capabilities and seawor-
thiness of the tug;

[Fk] — normative values of these indicators, regulated
by Classification Societies and standards;

PCI[Pt] < [PCI] — functional constraints on design,
construction and operation budgets of the tug, as well as
reimbursement for damage caused by the tug;

[PCI] — limit values of these budgets;

U — vector of geographical and climatic environment
parameters and requirements of the terms of reference;

x — vector of independent variables (of main elements
of the tug);

xg — vector of constraints on independent variables.

Solution scheme to this optimization problem at de-
sign study stage is shown on Fig. 4.

Author’s contribution to development of the optimi-
zation method of the escort tug design study, described
in the report [17], is:

— development of the stated above method for solv-
ing transcendental equations of the escort tug motion;

— inclusion of this method in the process of finding
the optimal design solution for the escort tug designed to
service defined group of vessels arriving at the seaport;

— consideration of Classification Societies require-
ments to the safety of escort operations, stipulated due
to the limited handling capabilities of the escorted ves-
sels at relatively low speed of escort operations. These
requirements, depending on the deadweight and type of
the escorted vessel, establish the required steering forces
for the escort tug to be not less than the values specified
for those two most typical types of escorted vessels at a
speed of 10 knots as it is shown on the Fig. 5.

As a result of solving the optimization problem of
determination of main dimensions and characteristics of
the escort tug serving a random stream of vessels with
hazardous cargoes of displacements specified by the
distribution shown on the Fig. 6, arriving at the seaport,
such as the Yuzhny port, the design of tug was obtained
with dimensions and characteristics relatively equal to
corresponding values of the above TUG60L tug project
(“Pantera”).
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Fig. 4. Block diagram for finding the optimal solution to the problem of the escort tug optimal synthesis for its operation conditions
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This solution is presented by the following data:
CHARACTERISTICS OF THE OPTIMAL ES-
CORT TUG

Escort tug length (ET) L, m 31,63
Beam B, m 1,07
Draft 7, m 4,01
Moulded depth H, m 5,85
Block coefficient 0,505
Midship section coefficient 0,853
Waterplane area coefficient 0,915
Displaced volume, m? 644,54
Main engine type 3516
Maximum engine power, kW 1201
Maximum speed, kn 11,94
Escort speed, kn 10,00

OPERATIONAL-ECONOMIC FIGURES
Average time of escort voyages

requested by port, days 0,18
Average duration

of completed voyages, days 0,20
Required average value

of the steering force for a selected

stream of vessels arriving

at the seaport, tons 56,9
Maximum steering force

of the tug, tons 69,9
Corresponding braking pull, tons -69,9
Towline angle corresponding

to maximum steering force 45,0

GENERAL OPERATIONAL-ECONOMIC
FIGURES

ET daily expenses at cost, $ / day 3384,9
Minimal time charter

equivalent for ET charter, $ / day 5412,6
ET design and building cost,

million $ 5,77
ET life span cost, million $ 45,67
Efficiency factor of ET

life span, million $ 46,35

Discussion. The performed study allows to obtain
values of forces acting on the escort tug hull during es-
corting at conceptual design stage, to determine the op-
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timal characteristics of escort tugs with distribution of
the escorted vessels displacements taken into account.
Calculation results were compared with the data of full-
scale tests and showed a match at the estimated speeds
of 8 and 10 knots.

CONCLUSIONS. As aresult of development of the
described method for determination of the escort tugs
main dimensions and characteristics, the following re-
sults were obtained:

— for the first time, based on the data of escort tugs
towing tests in the NUOS towing tank, a method was
developed for determination of the hydrodynamic forces
acting on the tug hull, that establish the dependencies
of these forces on the orientation of the tug relative to
the inflow, flow velocity and characteristics of the hull
shape, and that is required for compiling and solving the
equations of tug motion based on its operational purpose;

— method for solving the transcendental equations of
tug motion was defined. It is similar to the method for
solving the optimization problem of determination of tug
main dimensions;

— operational purpose of the escort tug was improved
by orientation of its main functional operation towards
servicing the group of vessels of various types and dis-
placements arriving at the seaport, that allows the escort
tugs of certain capacities to serve vessels of certain dis-
placement range more efficiently;

— for the first time the requirements of Classification
Societies to safety of escort operations, stipulated due to
the need to compensate the lack of handling capacity of
the escorted vessels at relatively low speed of escort op-
erations with the high level steering force of the escort
tug, were included in the definition of the optimization
problem;

— based on the inclusion in the optimization problem
of the following points: determination of main dimensions
and characteristics of the escort tug, refined definition of
operational purpose of the tug, proposed methods for de-
termination of the hydrodynamic forces acting on the tug
hull and solutions to transcendental equations of tug mo-
tion, as well as new requirements of Classification Societ-
ies to safety of escort operations, method for conceptual
design of escort tugs received further development.
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