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| NTRODUCTI ON

The solution of the probleemectfti de

generation vessels requires a prelimi
foll owi ng:
-compliance assessment of the tota

t hceonsildiemree,d and the volume of cargo ¢
the planned traffic vol ume;

-cal cul ation of the designed ship

-assessment of navigation safety i
maneuvering in confined areas, col |i
overtaking, I ssues of autonomous mo
i nspectiadamnofi nnawiegatondi ti ons;

-evaluation of propul sion and st e:
determination of parameters requiring
activities;

-analysis of the actual shipsp an
di mensi ons.

The analysis was performed at t h

provided below in this report.

This report contains first Ayadrurie
potenti al of I nl and wat efruMafyisl,| eldN Fhuy
Makarov SUMIS research tea@Octimbdrhe2 @k



1 STUDY OF NEEDS FOR NEW TYPES OF V
THE NEEDS FOR NEW CARGO FLOW St

11. Fl eet anal ysi siZ0®030the per.i

The great smajpserictuwremtl y i nvol vec
bet ween the pWadgtseron rtehgei oNnorafh Russi @
the Sai maa water sysTke Wwack ibnsghhepwb

expl ained, on t he otnltee haardr,y ibnyg tchaep a
involved is currently sufficient to
ot her hand, the fact t hat relatively

Sai maa water system wi Ifli ciineenvciyt acbd nyp a
ships operating on other I|ines.

The steady aging of ships that <co
over all di mensions of the Sai maa wat ¢
to the fact thatcarhgo coomisggs usuiitoanb lod
the Saimaa Canal Wwnl it hbe part hef aghe
made to predict the terms of disposa
capabl e of chorgemngtioamsipetosaen RuUuSSI
the Sai maa water system.

Currently the following existing
i nvolved in transport 8%i00n-In0 0Ba khhet ecnoi
(STK &id300.

ST7T00ype | sed elpyr eslkeinps of 276 and
Ger nbauni | t dry car go:fsohuirp sh o(l dvwt wdi Q-Ch th
engined and afPr opeaper 2t7Wc tiusr ec har ac
superstructufimfbeansti pstewepartuilt fro
from 1955 (Project 2760) Ytialrls D96 &;0n
completion from 1949 to 1968.



Ty pFei-h00i0s represented yw31p0A0d | dercyt s

cargo ships with dYeaadwe iogfhtc oonfs tir,uOcOtOi
1958 to 1965.

ProjFeem®00/ 540 is a dry cargo ship
kW), -deofgl-ecmngWwWwisthh pcyYpsesett@&lndgs nedf tar

2]

uper s tPruw ptosraen.sportati on of gener al
carRloace o6bl bmi hd: Wor ks O§hi(gridll asgd:,
ProjFem®@00O/ 800 is a dry c a80g0o hsph,i pt
screw =shigp,neaftand aft superstPurcp as e
ransportation of Rliamber®nnilaiglech:ee al
Finlan&hi puiCk aks s :
PropeltO i s a dry ca@aragotyhiog wWIOtOh

~—~~

single deck screw stkringi wetdh aotosadd
Purpdgeaensportation of gRihncal oy du
LaivateollisuusSAbp(®i asand, Turku).

Mot or shiBak ho&niitkh e p e, projects 3z
me d i-suinz e d dry car go-r isshergps c camtdai me K e
deadwei ght of -LypeéoO0hobds, twWwosadadcks
central 4+ amgt Yeamnmsl medfttr uct i on compl et i
Ship [C)l ass:

Dry car,Bopopsbdcips326 with tRvwoo jheod td s:
i s a modernized version adapted for t
on hat ch covers yanmodahareactetiuuedur
superstructulre tame %04 eopathe XX cen
moderni zation to increase the deadwe
deck were plated and highppebwar ks or

Mot or SFh3I®r oj ect 191, Pr-log 89cht) 1a9r¢
medi-suinced adgy shi psseaf dhialwvahsodidv ewi t h
covers, two decks, bow s ugamrst rod c tcuorn

compl &tfiroom831% o 1994. Il n the 1990s
5



moderni zed to increase the deadweigh
and high bulwarks on tCherfyyongddéeaealpt &t
t ons.

Esti mat isoenr vafc etdifa fsehi padgevas carri .
publi shedSbeopscwst h7h. known history
It i s assumed that the distribution
mai n charbbeeraivsetriacgse:e vabuoe apdn t Bq
acceleration.

To confirm the possibility of us.i
di stribueienyusedadtanwt lPe 03 e 9@B@ e r[ Wil i
capacfity, 08Dl tehsps of t hiys dpirsopjoescetd ,
makes it possible to obtain an wuntru

di sposal

1 ]
0
32 33 34 35 36 37 38 39 40 41 42 43 44
Age of ship, year

Fipg.Di.stribBerivocebkf dbee(dgseposal, Proj
At tahxed sxer vi ce /d@gief ef os hsipisp

at ytalk® sumber of disposed shi

| n ftdoattaal of 18 ships with a reliat
the operation peTfTheddwetr ei dceotnsidcdee oleid
before disposal | Bhes haoiwnt riinb uRii gonr ei s

6



>

or mal | aw wirtdmat lhe maptaircaamlet expect at
tandard deviation RMS = 2.7. To con

w

the consistency of theoretical -s@uar et
criterion Awasa urseesdd Itill@aft i bhe, cahe va

crite@dirs oaqual to 12.3 atpiwhil.h33.heByp

the mgsebhte( than 0.1), it can be sai
di stribution | aw does not contradi c
nor mal distribution | aw can be appl i e

The ships oftypbae WwWelt ¢loig 0§ iFd-2) ead,
S3Bakht(®@mK,rS#1)300.

To detersmirve cehod i tdhe( ade ps, dat a
were approximated by the normalFidius t
1.2 throupgéartls Sofshblwe i ntegr al functi
from t he begeaermwiingoloiffsd ihnfea g ¢ OSitnhceei rs o

ships ar e I n oper at iTome ttrhienclaawon s
approxi mated | awp esrhaotwisn gt htei mec toufal t hoe
di sposal, at t he Thenel aowWw pdaart aameptreorcse ¢
moment (actual operating time) are pr



Probability of

disposal TypeSTF700

0,80
0,70

0,60 —4— Approximation
0,50 —4— Statistics

0,40
0,30
0,20
0,10

0,00
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Further extrapolation of the disp
of the revealed parameters of the no
The calcul ation of deids pboys arl e doufc i snhgi ptsl
expectation by the val Alel o¢althel atcit al

matter of judgment
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Probability of
disposal

0,60

Type Bakhtemi(STHK

0,50 = Approximation

0,40 =¢-Statistics
0,30

0,20
0,10

0,00
0 10 20 30 40

Age of ships, year

Fibg.M4ntlegiranctiromncefdl sftei bagedn b eBaokrhet edmisr

(STX
Propability of Type STL300
disposal

0,60
0,50 - Approximation
0.40 =4 Statistics
0,30
0,20
0,10
0,00

0 5 10 15 20 25 30 35

ST
Fihg.l5nt egral stumctedhsbdbEei bagedn beST@BO0dI s

Tabl @ hreslul t s of stehrev iscteuddeyt €oenm (tahgel
at the end

Shi p] Ships Aver al RMS Actua

Type were | operati servic yea oper at
un. year g ti me,
ST/ 00 121 36 44,2 21, 57
Fi-n00O 32 24 54, 6 15 48




Bakht emi 6 6 45 45, 6| 14 40
STK
STL300 87 6 7 43,7] 14 34
Estimation of he number of ships
until 2050 i presented n Table 1.2
Tabl Bluimb2r of ship
Ship type 201§ 2026 2034 2042 2050
ST7/00 36 22 12 6 0
Fi-n00O 2 4 17 10 4 2
Bakht(®@mMKr 45 29 16 6 2
ST1300 67 48 29 14 5
Su 171 116 65 30 9
Number of
ships
70><
~ "-1300
0.
2018 2022 2026 2030 2034 2038 2042 2046 2050
Year
Fih.®%hi ps di sposal by years

The results presented in Table 1.z
1T s nthe assessment I's optimistic, i
more ships than those indicated in
fTthe assessment is biased due to t|
equal to eight year s, whi chmbat s @1
serviceabl e ships.

10



Thus by 2030 the number of ships
operation on |lines connecting the po
the ports watseyrbeeBawmbha be r@&idmiclear lay
tot al d €a dsvwa ipgshtwid | change.

The situation in the considered s
the modern Russian fl eet olft icnalnanbde ani
the measures taken by the Russi annggo
bring certain results [27, 28] ; howe
has been paid to modernization of I

effective from a commerci al point of

1.2. Determination of 't echancitcearli satnidc so p
optimized for the carriage of good
waterways of Russia and Fi

1.21.Det ermination of a round trip tim
considered | ines

Considering thapemastngfobhhehsehl pt

and Finland were built over thirty ye
cargo ships optimized for operation
i n the nTeoarasfsuetsusr et.hpett @acihhom&lal claada
generation ships, 1t Is necessary to
ships operation,.

The round trip duration depends nc
et ween the portsl ofbutepalrsarenaadna
that can hardly be affectSeud hby ashiop &
or exampl e, the unavoidable del ays
ti me of cargo handling doper atthengaqr tv
characteristics.

During the study, using the mar i

collected on 104 voyages of 28 ships

11



routes-L¥ppeergrant a alndatTlae p  eor 1l ami a
recotdee: (duration) of ship arrival,
The results of the stuudyp7ar adnilt d Qe 9t ¢
The analysis showed that the medi
equaloltloows: f
from St. Pet &rls3b unrogu rtso 2V bmoirmgut e s ;
from Vyborg t008 Lhaopuprese Mdr7anmianut es ;
from Lappeend @dnhaute Lfatnrautes.
The tot al median trip time from ¢

mi nut es.

2136 Saint-Petersburg -Vyborg

19:12
16:48

14:24

12:00
9:
7:
4:
2:
0:00

Ship(see legend)

Trip time, h:mm
N B = w
- oo N (<))

(=]

Fig.Tmrip time of ships énytblme gsecti on

BAk6y3aT1 WAKGysaT3 MAxGysar4 MAkbysar5 MAkGyar6 MAGyzat7 MCanagarl MCanasar2 M Canasar3
M(Canagar4 MCanasat5 MCanagat6 MVYdumeyl WYoumey2 ©ST1352 1 MWSTI1352 2 MMuzep 1  MlAuzep 2
BWuzep 3 MlUmzep 4  mlwxan 1  Wllmxan 2 Wlwxan 3 Wlluxan 4 ©AwTa 1 Aut3 2 Anta 3

A3 4 STK 1003 1 mSTK1003 2 mSTK1003 3 MSTK1003 4 WSTK1003 5 WSTK1003 6 WSTK1003 7 mSTK1003 8

STK1004 1 mSTK1004 2 ©STK1004 3 mSTK1004 4 mSTK1009 1 WSTK1009 2 mSTK 1009 3 mSTK1009 4 mSTK1009 5
BSTK1016 1 mSTK1016 2 mSTK1016 3 mSTK1016 4 = STK1016 5 © STK1019 1 mSTK1019 2 mSTK1019 3 mSTK1019 4
BSTK1019 5 WSTK1023 1 mSTK1023 2 WSTK1031 1 mSTK1031 2 MSTK1031 4 WSTK1036 1 MSTK 1036 2 MSTK1036 3
BSTK1036 4 mSTK1036 5 mSTK1036 6

16:48

Vyborg - Lappeenranta

14:24

12:00

W

Trip time, h:mm

9:36
7
4

2;
Ship(see legend)

Py
®

]
Y

Fig.Br.ip time of shi psL amp e ehner asretca i on
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mAkGy3saT2  m Akbysar 3 AK6y3aT4 mCanasaT_1l mCanagat_2 mMYdumely_2 W Ydumeu_3

EST1352 1 MEWH3ep 2 B NH3ep_3 M Wuxan_1 WuxaH_2 WwnxaH_3 N WwuxaH_4

W Wwuxan_5 W luxaH_6 W AHTA 1 B AHTS_2 W AHTS_3 MELKEW_ 1 ®ELKE W 2
mSYLVIA 1 SYLVIA 2 SYLVIA_3 EGON W RMS GOOLE = ANDREA B PANTA RHEI
m LIANNE B SUSANNE W ADAMAS W NATHALIE = MERELV mSTK 1003_1 STK 1003_2

STK1003_3 WSTK1003_5 WSTK1003_ 6 MWSTK1003_7 MWSTK1004_2 MWSTK1009_1 MWSTK1009_2
W STK 1009_3 STK1016_1 STK 1016_2 STK1016_3 STK 1016_4 STK1019_2 mSTK1019 3
mSTK1023_1 mSTK1031_1 STK1031_2 mSTK1031_3 mSTK1036_1 mSTK1036_3

6:00
Lappeenranta - Imatra
4:48

0 |‘| |||||I|||| |‘||||||| |||‘||‘ |I|

Ship(see legend)

3

w
@

2:

Trip time, h:mm

1

o
~

0:

=)

Fig.®Br.ip time of ships ohmaheasecti on

W Ak6ysaT1l M AKbyzaT2 m Akbyszar3 Akbyzatr4 mAkbysat5 mAk6yszatr6 MW Canaear 1
M CanaBaT_2 M Canaeat_3 M Canasat_4 HYdumey_1 HEYdumeu_2 HVYdumeu_3 M Youmeu_ 4
Yéumeu_5 [ VYdumew 6 B Youmeu_7 MHYdumeu 8 MEST 1352 1 MST 1352 2 M Uuzsep_1

W UHzep_2 M NHz3ep_3 M NH3ep_4 W Wuxan_1 Wuxan_2 LunxaH_3 LLunxaH_4
WwnxaH_5 Wuxan_6 M Llnxan_7 MElWuxan_8 MWAHT_1 B AHTa_2 W AHTS_3
B AHTS_4 M ELKE W SYLVIA_1 SYLVIA_2 SYLVIA_3  WSYLVIA_4 WSYLVIA_S

Saint-Petersburg - Sviritsa

W Wuxan o Wwxan WH3ep o WHsep M AHT3 M AHT3 W Ybumey
W Ydumey, W CanaBat W CTK-1003 W CTK-1007 W CTK-1008 | CTK-1008 CTK-1009
CTK-1009 m CTK-1016 m CTK-1016 m CTK-1016 m CTK-1016 m CTK-1016 m CTK-1016
m CTK-1019 m CTK-1019 m CTK-1019 CTK-1023 CTK-1023 CTK-1031 CTK-1036
CTK-1036 B CTK-1036 M Kyabma 2 W Hesckuii-4 B Omckunin-134
38:24
E 33:30
= 2848
Iy
E 24:00
=
2
=
=

19:12
14:24
9:36
4:48
0:.00

Ship(see legend)
Fig.T0.ip time of ships oé6rmBvtire tseacti on

To analyze the movement of ships
Federation, data were ucBal tt hAadimiwnelrset
website in tRkRerptutbhki codomai ence of al
ports and settl ements @nSwvtihrei tsad t 1 SO
Vytegra,d Npyhegslkiy Most, o Khreegrepoiveg t

13



AnnenskbdbyyWoMasotma werlen rieamtbanlccevadd.bt ai ned
voysagef 75 ships, the overall di mensi
moderni zed | ocks of the SaDmbaa Ganalh
the ships pass al oBgl tsiect Wanher wdry tah
Fiug #gstihr dludis.

Sviritsa - Vytegra

I I I b I I

ECTK-1016 m(CTK-1016 ® CTK-1016 CTK-1019 W CTK-1019 M OmcK1it-141

48.00
43:12
38:24
33:36
2848
24:.00
19:12

Trip time, h:mm

14:24
9:36
4:4

co

0:00

Fig. Trxip time of sdh\VWyptse gorna tsheec tSivoinr i t
Vytegra - Annenskiy Most

48:00
43:12
38:24

33:36

28:48

24:00

19:12

14:24
9:36 20:05
4:48
0:00

M Kynbma 3 W CTK-1019  ® WUH3ep AHT3  ECTH-1001

Trip time, h:mm

Fipg.T2ip time of sohAmprse mxnkityheMoytt ege at

Annenskiy Most - Cherepovets
33:36

28:50 2900 00 27:55

28:48 26:40
E 24:00 22:45 23:00
< 191
E
= 1424
a
= 936
4:48
0:00

B Kynbma 1 B HeBcKMIA-11 B OKCKMIA-2 B OKCKMIA-48 B OKCKMIA-48 B OKCKUiA-48 B OMCKMIA-20

Fig. TOT3.ip time of Nb®OPCh earte pAonvneetnss ksieyc t i

The analysis showed that the total
in particular, i s:

T on the routé@ CEBer ePpew8e thscbwurrsg 19 mi nt
14



T on the routé MBnd dRAT elrsbrug g51 mi nut

As et lanal ysis showed, the actual t
moving alormBgplthe Waltea way, I n gener
routing standar dsoBmrlds eAdtneidni eann r lhée o N
coll ected dataeostaheofl enbehcohsitder

| matra and Lappeenranta are present ec
Tabl 8hilp3berthi

I n the ports of | mat
| matr a Lappeenrant a
UFI METS ( 21: 07| STK 1 7: 48
UFI METS ( 8:56 STK 1( 15: 42
UFI METS ( 19: 33| STK 1( 4. 28
AKBUZAT ( 33: 17| STK 1 8:17
AKBUZAT ( 9: 31 STK 1 12:18
AKBUZAT ( 15: 47| STK 1( 8:51
SHI KHAN ( 10: 42| STK 1( 11: 05
SHI KHAN ( 33: 08| STK 1 9:17
SHI KHAN ( 11:47] STK 1¢( 22:51
SALAVAT ( 21: 00| STK 1 8:51
SALAVAT ( 13: 23] STK 1( 16: 24
ANTE (1) 10: 05| SALAVA 11:58
ANTE (2) 20: 07| SALAVA 13:32
SYLVI A (] 25: 00| STK 11 11: 43
SYLVI A (! 20: 13| STK 1 8:32
SUSANNE ( 17:53] STK 1( 19:52
CASE3 9:30 STK 1( 8:37
ADAMAS 42:52 LI ANN 12:13
ST 1352 17: 30| NATHAL 13:40
| NZER 28: 46 Medi a 11: 43
Medi an 18: 43
Tabl 8hilpdberthi
i n the por-Wesobfot hBL
Mo ndo ma Bely Ruch Vytegr a
Shi kh 14: 24 STHO0O 13:2( STHO02 21: 0(
Shi kh 26: 0 STHKOO 12: 44 STHO03 13: 4
| nze| 19: STH 03 10: 3 Medi a 17: 24
Ant e 22 Medi a 12: 44

Ant e 34:
Uf i me 17:
Medi a 21:

R OINOIIW|IO|IN
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Data on the berthing t-Wamet eatn trheeg
Russipa easreent ed Uinf oTfTahlulneatle.l4., t he pres
separately determine the time of car

as mooring, from the ship downti me.

1.22.Det er minati on of the constructic

Ships of new projects are buildt (
view of i ndustry,; t hey ar e product s
Di fferences in the <cost of equi pmen

features of vYaei puodskcitploni lodi ng ent
the <cost of buil ding ships with sim
di fferent yards Foan exampl i, grihfei carstt|
RST27 project iagtyatride i @k 2l0dyYya asnount ed
and the cost of building a tanker fo
year | ater was only 532.8 million ru
the first ship of 25% fsieghers tclaaan bteh
ships of the series.

As a rule the cost of building a
and a trade sdor etthei sc ocuamssei doefr etdhe w
coll ected andcoamnalayczte dv adu et hogd-saan |l @amic
for wvarious purposes buil't over the
staffhse. data obtained were <considere
constructi on, excl udiamsg | ceuasstinngs pdawtm
paymelnnt scases where the ship constru
dol I ar s, It was converted into euros
Centr al Bank of the Russian. Federat i c

I n Table 1.5 and in Figure 1.14 t
of dry cargo sbhbapsa ane tpeeseomtsdad.uct
depending on the power of t he main
cargo barges ar e presented I n

16



Tabl e 1.
Constomuctoist of dry
1x sh
L
Proie Shi buil d Cl ass Spee enrgg Brea¢ DraftfDeadw No. 1x enCYoenasrtconstr
J P knot| '’ m ht, |engi| power, on cost
ml n |
Qi ngdao Hyl KM (*) d
DCV36 Shipbuil d SUT 1 12 89. 14.95 6.4 5026 1 2640 2011 6. 13
Sosnovsikkwyi ISd sf(*) | 4
DCV47 yard (Russi|[1] R1 9 42, 8. 872 2 203 2 265 2012 3.20
RspDa4a4| Okskaya Sh 1'(1102602)’ 10.5139., 16.8 3.52 5439 2 1200/ 2011 10. 4
RsDag| Lotosbwihlidin o ool 19 5139 16.8 4.7| 7154 2 1200/ 2012 10.0
oosrsg Onezhskwisdhd KM(*)) 45 g 108| 16.58 4.79 5467 2 1020 2009 7. 46
yard l ce2[ 1
RSD17 Krasnoye SS’((q)l)'J 11.5 121 16.9 5.0 6271 1 2450 20068 11. 4
Chi,naHuaxi a [(*)
RSD18 Business t|S:22¢Urr3 10.5123. 16.7 4.2 5189 2 956 2011 8. 42
LTD( WuhaWhQ1
00101 Saigon Shij KM( *)
(RuS | Industry C [v2[4] 11 128| 16.7 4.34 5190 2 1140 2009 9.20
O?égii Krasnoye S R1 11 128 16.7 4.2 5190 2 1140| 2004 7. 46
VerkhnekarKM(*)
17605 Shipbuildin “\Fjre 11.3 127 16. 6 5 6826 2 1150 2012 9.52

17
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Dry cargoship
cost, mln euro

14.0

12.0

10.0

8.0

6.0

4.0

2.0

0.0

2000

4000

Fihg. Theonstruction

Tug cost, min euro

16.00
14.00
12.00
10.00
8.00
6.00
4.00
2.00
0.00

Fihy. The

6000

cost

8000

Deadweight, t

of

y = 0.000000541x%+0.000432592x+2.53

QOGO O

1000

construct.

Dry cargo barges cost, min euro

3.50

Fihy. The

2000

3000

0]

4000

5000

Main engine power, kWt

n cost

y = 0.000006795x1°™

of

1000

construct.

2000

3000

(0]

4000

5000

Carrying capacity, t

n cost

of

dry

tug

dry

cargo

S V'S

o
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1.23.Determination of shidpmensplbaser

The pur pose of t his phase of W |
characteristics of the new generatio
Water &ysataeamd Waterways of Russi a.

Access to the Saimaa watetosclkst ¢
Saimaa Canal ), and as a result the m
system are | imited in |l ength to 2.5
to 4. 3AAfmetrertsh.e proposed moderni mat i
the ship I ength wild be 93.2 meters ¢

The waterways of the European-sRas:s
system, which ensures guar anTeaekidn gp ait
account tihred eerekgeue Ir edl ear ance, the de
operate on the considered I i nes shal/l

Il n accordance with the Rules of
designed to operat ¥ymar g hlei nSee N6 vReembedk!
shall have a ({dl-latsdsé sniogtn |waweer htehiagnht 3
ye-apund oimeortatlioopatrl dtélsamgn wave Hdi ghht
Russian Maritime Register of Shippin
ship shal/l have a-RGINas[ss]noftorl|l oawelro wter
consider edowmstiadreramega.t hat navigation
NorWehstern region of RusNowe me rwitna etr
April ) siisklinsehti ppso sfl eospiegroaend t he r egi on (
and I ce 40 of the Russian River Regi
Regi ster @afrrecSth i pptvonga bil e | wi shhakkewo
more thaen8D&é0e

Il n order to assess possible solut
for vari ous pur poses during the des
coll ected on the | ayout of modern dr

acceptablceonfsamr utchedn &&atmaacGansaglk. of
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anal ysi s, three functional zones we
presented in Figure 1.17:
- fopert | imited to the rear by the
- aftlpamited in front by the aft bu
- cargo area.
The analysis allowed to deter mine
1.17) , I ncl udindg etnlga naef treoroprgakas wel |
part (Fig. 1.17).

f b
H [ 1
o

i

Fore
Aft part part
length Hold length length

Fig.The scheme of division of ship i

The collected data on the specifi
class are present edndenncki goufr et hle. 1A8d na
Ca=F 'l¥s*Pson Blhoeck coeffpdcskenp, divBplk as emi
dvessel spgendai rnk neontgsi;nkeV.p ower
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Admiralty
coefficient

350 s R A e
1 1 1 1 1

00 | B

0.7 0.75 0.8 0.85 0.9 0.95 1

Block coefficient

Fihg. 2A@.mi ralty BloeedW iacaefnfti ovisent

A detailed analysis of design dat
ships and the weight of shi pl heeq uwiug rmeor
proposed depende-bwmirgas cter caheulaati at
designed rsdti pampr caxifmati on at t he in
structur al analysis of the metal con:¢

Il n order to assess the ship maint
divided into two categori es:

T variable cost s, i ncluding the cost
on the main engine power, t he powe
(100 kW was <calcul ated), as wel |
downtTihhues., varrabt eycdsependi on the
and the time of the ship stay in p

T fixed cost s, i ncluding salaries a
i nN‘cemwi se -maavdi gianttieorn repairs, proc
i nsurance andadewealelciag ipart char g
During the <calcul ations, It was a

consumption is 0.2196 kg/ (kWLh), and

sufficient to complete a round trip v
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The crew exxmpmensds be H#s9L58 mln eu
on the crew of 10 people and include:
vacation pay anldn tthhee cPusts ioafn nteead esr.a t
i n accordance with wha crhe dnacnadlatang
funds f or crew members of ships reg
Register are made by the state.

The cost-er wifs ei Aataedi gianttieorn r epai r s
supplies, Il nNnsur anges aarde deptrienataegd oa
t he csolgiep naviTdhet ivad.ue of port charges
voyalghee. costs of corporate management
of expenses for crew obpemandrabhsonante

The collected data on the organi z
construction cost, as wel |l as the <co
solve the problem of detasrhmipnionpgt i tmh
operation on tAe tlhhesobbdeereedi Venéunct
opti mal ship, the transportation <cos
adopltredt.hi s respect ships havingatnhhe
width (12.5 m) for the reconsDrrafctt ew
| i mited to 3.7 m, characterifrbBei scbhém
the designed cross section of t he G
Figur21l.
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6500
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12500

Fig.dilhe scheme of the designed cr os s
generati on

The block coefficient and thdheme e
di spl acement , required power aosf wehlel
wei ghheohull , equi pment, engines and
Upon determination of tkdhcmaisnrtue
cossatndper ation costs inclsudicmegsthmablsa
i nsurance, dempredi athiaom,e sf. uel and
The volume of cargo transported pi
to the characteristic route, taking I
Figure 1.22 and Table 1.6 show t
transgortiimber cargo wi t h o hd e nvsointdyo

Lappeenranta | ine at a design speed ¢

As follows from the results obta
coefficient iI's 0. 88. An i ncreaseitis
decrease to values | ess than 0.82 | ez
cosRisgure 1.22 also shows the result:
one ton of timber cargo by ships 2t ha
class of the Russian Mar isthonel dRebge sn
comparison iIis somewhat conditional S |
| i mited in accordance with the pract
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the MMWesthrn region of Russi a Aasndf oal nhoc

—eo— Without ice class

from the results obtained, the trans
ice class |l ce 2 increases by about 1.
Transportation } ; ' '
cost, euro/t Ship speed 10 kn
Ice 2 : :

15.0

14.0

0.70 0.75 0.80 0.85 0.90 0.95

Block coefficient

Fig.2he transportation ctolse MO bampceceomr amt a
depending on the block coefficient

Figure 1.22 compares the transpor
al ong t helL aNdgpredecnma nt a Il i ne by t he S
superstructure and the ship withAa r
ship with a ftreisstrheaedera, rbuwtrawhen m
has the ability to pass tAx fNealvlaovws i
reswlhbht 1ai sdhdyp tdd a restricted air dr e
commer ci al point of view, but this g
be di Fuetd&@det. research i s needed to dc¢

The concttustonsthmavisable to 1inc
i nl and and mi x ed navigati on ships i

corresponds to modern approaches to t
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Tabl e

Determi haei omaosSportation cost of

Mondedmegppeenranta | ine at

Bl ock coefficient 0.72 0. 76 0.8 0.84 0. 8¢ 0.92 0.914
Engine power, kW 745, 825.] 916.| 1020| 1142 1286 1368
Afterepagth (conventional propel | € 20. 7 20.8 21.0 21.2 21.5 21.8 21. 9
Forepart |l ength, m 12. 6 12.64¢ 12.6¢ 12.6 12. ¢ 12. 6 12. 6
Hol d | ength, m 59. 9 59.7 59.5 59.3 59.1 58.8 58.6
Hol d voll ume, m 4792 4779 47685 4748 4728 4705 4691
Efficient hull height, m 7. 73 7T.73 7.73 7.72 7.72 7.71 7. 71
Di spl acement, t 3103, 3276| 3448/ 3620 3793/ 3965| 4051
Steel hull weight, t 46 3. 489.| 5114 540.|] 565. 591. 603.
Superstructure weight,6 t 90. 4 90.4 90.4 90.4 90. 4 90. 4 90. 4
Addi tional ice zone construction, 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Foundati on weight, t 28. 6 28.6¢€ 28.4 28.6¢ 28. ¢ 28. 6 28. 6
Tackl e weight, t 13. 4 13.4 13.4 13.4 13.4 13. 4 13. 4
Coloring & isolation weight, t 58.0 58.(¢( 58.(¢ 58.¢ 57.9 57.9 57.9
Equi pment weight, t 26. 4 26.4 26.4 26.4 26.4 26.4 26. 4
Gears & systems weight, B t 184. 184.] 184.H 184.l 184. 184. 183.
Engine room equi pment weight,k t 82.0 90.§ 100.|] 112.| 125. 141. 150.
Fueki, htt 18.5 20.4 22.1 24.4 27.0¢ 30.1 31.9
Hul | wei ght , t 947. 981.| 1016 1053] 1092 1133 11514
Cargo weight, t 2138 2274 2410 2543 2674 2802 2865
Cartgwor nover per navigation, t 4489 4776 5060 5340 5615 5885 6017
Deadwei ght, t 2157 22948 2432 2567 2701 2833 2897
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Tabl eobht bnued

Bl ock coefficient 0.72 0. 76 0. 8 0.84 0. 84§ 0.92 0. 94
Ship cost, mln. Euro 5.009 5.23 5.3§ 5.52 5.6€ 5.80 5.817
Cargo vol ume, cu. m 4960., 52761 55901 5899|6203 6501, 6647.
Cargo height, m 8. 28 8.83 9.39 9.94 10.5 11.0 11. 3
Sal ary per navigation, mln euro 0.15 0.15 0.15 0.15 0.15 0.15 0.15
Il nttern p repair cost per navigatio 0.01 0.013 0.013 0.01 0.01 0.01 0.01
Regul ar repair cost per naviagat. 0.03 0.03 0.03 0.03 0.03 0.03 0.083
Consumables cost (0.1% of ship c 0.00 0.00 0.00 0.00 O0.00 0.00O0 0.00
l nsurance cost (0.1% of ship cost 0.00 0.00 0.00 0.00 0.00 0.00O 0.00
Management cost (3% of Salary+Co 0.00 0.00 0.00 0.00 O0.00 0.00O0 0.00
Depreciation deductions per navi 0.25 0.26 0.26 0.27 0.28 0.29 0.29
Fuel cost per navigation (600 eu 0.21 0.23 0.25 0.27 0.31 0. 34 0. 36
Port charges per navigati on, ml n 0.01 0.01 0.013 0.013 0.01 0.01 0.01
First cost per navigation, mln e 0.69 0.72 0.75 0.78 0.82 0.86 0.89
Transportation cost per ton, eur ( 15. 4 15.1 14.8 14.7 14.7 14.7 14. 8
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Transportation } ; ' '
cost, euro/t Ship speed 10 kn
6o | —e— Conventional superstructure
' Bow superstructure, low air draft
15.0
14.0
0.70 0.75 0.80 0.85 0.90 0.95

Block coefficient

Fibg.2he transportation cost ofd bappeemr @aft a
depending on the block coefficient

Figure 1.24 shows the-fooanspaoti@an
average weogbht abdng 6t-Mes doavwlpheee ma easnit gar
speed was assumed to be 12 knot s, bu
on the |ine increases by only 40% co
10. 8 kmios sdeaveasagei speed was envi sa
account the downtime of shi psAswhfeonl Int
from figure 1.24, the optimal wvalue
is 0.76. An i ncreasecompahedbWwbthk <€D
sharp increase in fuel cost s, and a

containers taken for transportation.
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600-0 1
Transportation Ship speed 12 kn ' '
cost, lce 2 i i :
euro/container 2200 | _ S S S
—eo— Without ice ' ' '

520.0

480.0

440.0

400.0

0.70 0.75 0.80 0.85 0.90 0.95

Block coefficient

Fig.2Zhe transportation cost of Mosmeowolhit ae
dependii nntche bl ock coefficient

CONCLUSI ONS PART 1

1.By 2030 the number of ships of t
|l i nes connecting the ports of th
the Swatsayast em wi | | be biyeschuedddr a
deadweight of ships will change.
2.The optimal value of the ship bl ock
An increase in the block coefficien
s than 0t i8Redlelae si nor@aasne® i n t he
essel with a restricted air dr af
nNspor Bati oviheomosno.wvi ng without dec
s the Neva bridilkess wathessel ows't
ft iI's more effective from a comn
i n practice the situation may b
opti mal val ue of the Dblock coe!
reaseblimckt hcoefficient compared
rease in fuel costs, and a decr
tainers taken for transportation

h e
e n
ly ma

s
O H®oT ~* >

O3>>35S - —
SO0 DAY MOV O®
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2DEVELOPMENT OF ANALYTI CAL TOOLS FOR
NAVI GATI ON ON ITNEIRAVMAY S WA

During devel opment a conceptual (
characteristics of perfor mance, econ

forget about t he navigati on safety

problTédmsspecially important i n condi
water area, suchl mscase dofaianafaue€lanap
ships, the adoen sda gsuaesn creosu sc.

|t I s possible to increasa&t imeqtuhie
preliminary consideration of a numbe
i ndependent maneuvering, possibility

values of wind speed (minimum and ma x
Calculation of mathomhpar asrmeatldr sb e

possi bl e.

2. Met hodol ogy f arhseaspesameny dbring
narrow conditions
2. IMalt.hemat i ctalhsehmad e | of

The mathemati cal mo d e | of t dhief fsenri epr

equations of the first order of the f

Mom+119 =4, (21)

dvy .. .

(Ttmeﬂzz):aYi, (2. 2)

dw, . ..

(\;\;quz"'l%):a'vli’ (2. 3)
Whervg vy,wd |l ongi tudinal and | ater al

the coordinate systend atsisp dmmmeme wti t d
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i nertia of the shiplipriellggd atet @ owh d d ema

the nakedaxs@Binaimulvliect or of al | forec
pl agaeepP main vector of all forces acti
amMo main vector of moments of al/l fo

Il n the performance of the task tawd io
coordinateogYgpystoeame¢cOXd to the Earth
(OX1) <connected to the ship, the cent
gravity of the ship.

The North direction is cbheaXespdt
East direction is consi da&xiesl. the posi
The positive jdaixriesctiisont hoef ftohrewaX d
directi onaxoifs tihse tYhe directi o®i gowar
hydrodymaens cafe® considered positive I
The dri ft angle is considered positi

vector to the ship centerline plane.

Fi3g.Qoordinate systems adopted |

Theal ue and direction of the true
fixed coordheatempypyseems of the wind

of the coordinate aXé&e® &Ioea rysiesn sdnoghese ec

positive i1 f 1t iIs counted clockwise f
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The values of aerodynamic forces
on the relative wind angl e, I . e. t he
i nstantaneous posi tamen [olfl]Jt.he ship ce

Hydrodynamic and aerodynami ¢c momen

cl ockwi se.

2. 1Fo2r.ces and mothbsehtisp acti ng «

The components of the forces and 1

i n open water can be defetdniomwed i n tF
aXi=mp,+X5+Ty,, (2. 4)
ayY,=Ypn+Ya+Ygr, (25)
a M =Mpp + Mg + YR Og, (26)

Wh e rmg,, Ypn, Mpp 06 I ongi tudi nal and | at e

hydrodynamic force and the hydrm,drynar
, Mg O Il ongi tudi nal and | ater al compone
aerodynamic momwat e mpbd ¢hyeo melolveer d t hr
rudder | agtderwdddrorarem.

The hydrodynamic force components

naked Ishampe hwdl cul ated using dat abase

Mpp = beh(b,\TV)dD.Sl’ Vszh QT, (2 7 )
th :Hybh(b,\TV)dD.E)l’ VSZh aT y ( 28 )
M _ ( —\ 2 . 2

bh = Y mbh b,W).5I’ VSh(D- T, ( 29 )

Wh e mgnlb.w), dyonb.w), 4mpnbw) 8 nondi mensmpomént

the force and nondi mensi onal mo me nt
characteri stvgcoss hifp tehfeenehdu, bt ) densad t vy,

| ength and draft of the ship.
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Nondi mensidymalmi ky €¢dm@ar acteri stics a2

the drband atnlgd er el ati ve wurvature of

Structur al formul as for calcul atin
hull and rudder are as foll ows:
-l ongi tudi nal component of hydrodynam
Cx (b,w) =
CO +Ch b +CB R?+CY Gv+ CY WA +CD b we CB P 2w+ CB W f+CD P WPw?

(2. 10)

-l ater al component of hydrodynamic fo
Cy(b,w) =

CY+CY b +Ch "B2+CY Qv+ CY @A +Ch b w-C) P 2w+ CY Wb e+C) P WPwA

(211)
-hydrodynami c moment
C(b,w) =
9, +Ch, @+ CB, B2 +Cl Qv+ Y a2 +Ch, b w CB, P B2w+CB, Wt +CB, P WiPwA
(212)
The formul a for fcoarlcceu loant itnhge trhued dlear
Yr =CyrY@@5r VLT, (213)
WheCﬁdé derivative of the | ateral d or

drudderWhaennglceal cul ating theindsatalrladgd

the propeller, the speed of the fl ow
the speed caused by the propeller.

Propeller thrust is determined by
Tp = ke{Jp) - 1,,) & @2D,%, (214)

Whe klg,)d propel l er thodwpstopedé ffidi psipeepeed, |
di ame,tdetrhrrduesducti on factor.
The value of the propeller thrust

ki(Jp) = 0.453- 019243, - 0.1103,° (215)
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The values of the aerodynamic forc
t haecb owaet erc @m dlye cal cul ated according

-l ongi codpopaknt of aerodynamic force

Mo =t x Ok ) D5 windVasind Px (216)
-l ateral component of aerodynamic for
Yo=tyd o) D5 windVaaind Ry , (217)

-aerodynami c moment

Ma =tma (G ) D5 ingViing Gy Q. (218)

Wh e eg(o), 4vda), emdk) ® nondi mensi onal values
the force and nnoanteenrt boond yt h(ea earboodvyen a mi
hul I), depending on tvph,eo skil@gt mogei avn |
rwnd © @i r demasnidt d/As a Al area 1n the proj
frame plane and the centerline plane

The relative wind speed component ¢

system as the sum of tdhecamnpaoresmptondi r
Vie 2=V sh *+ Vicwing PV sh + Vy wina P (219)

Wh e ¥y, Vxwing® | ongi tudi nal components of
speed in a fixevwg,oQDdiartetreal s yotmpmo;ne

speed and the wind speed.

The values of the components of th
rel ationships
-ship speed

Vy sh = Vo @os - b) - Vo Gin(y - b) =V Gcosy - b) - sin(y - b)] (220)

Vyeh = Vo Giny - b) + Vo &osg - b) =V, dsinfy - b) +cosfy - b)] (221)
Whenwgo di spl acement speed of y ©hceurghein)
headi ngdoanmglfd, angl e.

-wi nd speed

Vywind = Vwind @000 (222)
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Vywind = Vwind Gingy (223)
Whewggd wind speed in the ad8wl mtde anngad

a fixed coordinate system.
The apparenttenmd asgltéei s adeo of

speed compe nfeomitasaull camlfsotras f ol | ows

aVy <h + Vv wing @

ge = at Y sh YW|ndQ ( 2924 )

&Vxsh* Vxwind 2

I f the wind speed is zero, t hen t
equal to the drift angle and the shirg

To assess naoeardodmemamiomadhar acteri s

depending wat ¢eheoatblovee profile of th

Structur al formulas for <calcul atin
hull and rudder are as foll ows:

-nondi mensi onal Inad n gift wadeir madly ncaamhpco Mfeo r
Cya = - 0.051- [0.329CR0s(gy ) +0.045Gin(gy)]- [0.032¢0sQg, ) +0.267¢in(2gy )]

- [0.025¢20sBgy ) +0.1906in(3g )]- [0.023¢0s@g, ) +0.136(in(Ag, )] (225)
-nondi mensi onal | at er al component of
Cya =0.29+[- 0.017¢o0s(g) +0.453Bin(gy)]+[- 0.183@osgy) - 0.013Gin(2g)]

+[- 0.0056¢0sBg; ) +0.0216in(3gy )| +[- 0.061¢oség, ) - 0.017Gin(Agy)]

(226)
-nondi mensi onal aerodynamic moment

Cwma = - 0.00025+[0.039(0s (g ) - 0.001Gin(gy )]+ [0.0016¢0s Qg ) + 0.046Gin(2gy )]
+[- 0.024¢0s@gy ) +0.000983in(3g, )]+ [0.00004L20s@g, ) +0.0004 Ain(4gy )|

(227)

To <calculate the ship motion par
moments caiuccentl| Bpabbbbeltehe forces acti
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2. Mad.i datthmamn hefmat i c al model

The conclusion abodevéehepedr mathaes
i's made on the basis of a comparison
corresponding ship motion parameters
For this purpose t esTte scta lncoudleast iionncsl

-t he ship motion parameters at a st

-t he ship motion parameters when er
-parameters of ship motion i n unst e
To assess the test mat hemati cal n

di mensions corresponding to the futur

-maxi mum | ength 93.0 m
-l ength on waterline §LWL)m
-wi dt h 12. 6 m,

-construction waterl|l iched4dqg CML) dr af't
The ship was equipped with eantbearllai

pl ane behghd ctobnetartqintga bl @rhep e luldadrer ar
m>, the propeller diameter was 2.3 m.

The speeldoaoded uddtyi mated ship was

The calcul ations were pgerdlflooaadreed wio
ev&rel trim (draft of 4.45 m) and 1in
amidship of 2.45 m).

The hydrodynamic characteristics
Fiug 2 st2h r 2u ¢gdh

On the graxhsadttheshwefxthe rel ati ve
and ataxtlke thwme corresponding values

pl otted.
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Fig.2.5. The relative curvature of
trim options.
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|t foll ows fr om tlhoea dgerda pshhsi pthhead e pttl
does not halvienda hsktoambeiviairtgyh.he deggmal lo.
The critical rudder angl e does not
spontaneous turning motions with not

The relative diameter of steady tu
of 35A ITengthBshull

When in ball ast and trimmed 4y neh
stabThetmini mum di ameter of turning
qual tohudlsAgitshs3. 2

The magnitude of t hei2 @A) f wyipolgh Es
ships that do -lnione hatvabitlhiet ys.t rai ght

Q)

Cal cul ation of parameters ofFotrheh
val ues of the hydrodynamic character
controll abil ity fdinwogtriaom amdaj@rcitforri a
when the shipuremitm®eg i aigr ¢ In¢ .0

't was assumed i n t HKeedaldowlbatdiedn
i's of 4.thbaldBainpds a trim on the ste
midship is 2.25 m.
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When coampatitheegati cal model , It was

changing the ship trim, both geomet

chan@glked. calculation results in the f
still deep wat2er7.are shown in Fig.
N
B I -
/
N MO/ZVZYo’ma

Fi®g.T7he ship entry i-witmdhdrhi ngsc

The curves show that -ltcheededursnhinp ia
in ballast that is typical for displ e

The calcul ation results for steady
ot her .

Aerodynamic char altherdat acsneoés ssar
account the wind action was deter min

whi ch wer e sel ected from t he daa adbdbmra
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22. Procedure for analyzing the pos:

Sai maa Canal

The met hodol ogy for assessing the
Canal I S based on otpleg aa s ounmgtni ocormp etnh aw
possible provided that the foll owing
l.ship passage at a specified draft
2.ship paddagéde fairway curvatures;

3.ship movement at ias smpe emo sasgi bmhliicthy

ground;

4. shi p movement at a speed | imited L
mum speed and in an arbitrary dire
Checking the possibility of ship p

guaranteédedpopss&ibility of the ship

was checked by comparing the sHitp wdrs

thought tHhaelticéeamadace shall be mor
Provided ahateetthdeguhri sl dca e dn, s hair

i's 4.45 teetthelemdamce Iis 0.75 m, whi
Checking the possibility of ship

The assessment of pions stihbel |fiaiyr walwi schlir|
conditions was <carried out according
entering the turning dhreclfaiatwadgi frfeér
and the trajectory relpatoivia edurowa taunr
steering with rudder, were compared.

The <calculations wEpbadedlrhéeb r geeldc ufl
results ar &. ditthoewnc ailnc uHiagt.ed data ar e
relative ceshvpat urdej dthtebisggme gr aphs t
t hed are ve curvature of the fairway

The graph i nedvi mat eesoaftdniblayoded nshi p
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along the trajectory of maxi mum cur

degrees.

Thereforwel,ndi ncomai ti ons, an esti me
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The assessment of the probability
carried out wusing curves [14], [ 15]
this problAamoirdi dgt aiol .[] 15] t he val ue

speedscalacnnulb®et ed by the formul a

DLT:(0.027- 0.152anh+1.894CFnh2).01, (2.)28

DT . AY .
WheITeéshlp draanh-%%éfdfelpErheude number .

The probability of I mpact with th

bet we an dkeehesl cl earance and the draft
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Esti mated assessment of t he ship S
determination of t hTeh ep esrhmipsasmabti eeo @s hsi |

conditidesemwmirreed using the2.elgnZ.ti.oxh.
The i ntegration of equations was perf
The movement was vizuali zed on a

AMSUMITSHhh.e area map was prepared wusin
passpo2tl3)Fignd soun.dld)g. board (Fi g.
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