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Building an EXpert System for the Basic Design of Ships

By Shinsuke AKAGIWember) and Kikuo FUJITA

An expert system for the basic design of ships is developed. The design process is
understood as determining the design parameters and the relationships among them.

The relationships among the design knowledges are represented by a network
model. The object - oriented knowledge representations are introduced in the computer
system to handle the design parameters such as the principal partxculars of a ship

in the network model.

The expert system build with the above concept provides the following functlons
(1) Flexible model building and easy modification.
(2) Effective diagnosis- of the deslgn process by using rule-based knowledge

representations.

(3) Hybrid function with both numerical computations and symbolic treatments of
the design knowledge by coupling the systems programmed with LISP and F ORTRAN

languages.

Finally the system is ascertained its validity and effectiveness by applying to the

basic design of a bulkcarrier ship.
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Fig. 1 Relational network for the basic
design of a ship
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.(RULEZI-Z : IF ( LGREATERP D¥ ( 1.05 # R-DV )} ),
THEN ( &CREATE-PREDICATE
( TOO-LARGE DV ( 1.05 = R-DV ) } ) )

(RULE32-1 : IF ( &LESSP HEIGHT-OF-DOUBLE-BOTTOH ( B // 16.0 ) )
THEN ( LCREATE-PREDICATE
{ TOG-SHALL HEIGHT-OF-DOUBLE-BOTTOH
(B /7 18.0) 1)) )

(RULE34~2 : IF { &GREATERP TRIM-ON-FULL- LOAD 0.30 )
THUEN ( &CREATE-PREDICATE
( TOO-LARGE TRIK ON-FULL-LOAD 0.30 ) ) )

'(RULHSA-Z :+ IF ( &LESSP TRIMN-OK-FULL-LDAD ~0.05 )
THEK ( &CREATE-PREDICATE
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THER ( &CREATE-PREDICATE
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.(RULESB'Z + IF ( LGREATERP (B // D ) 1.82)

THEK ( &CREATE-PREDICATE
( TOC-LARGE (8 // D) 1.82 ) ) )

Fig. 7 Knowledge representations with
rules for design
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AR L Sy FT -2

(DISPLAY <N><#F T2z hg>) | <N>
EHOBMT<A T2 ME>D/8T 4 — 2 DfE%
FRY A,

( GRAPHIC-DISPLAY <N > <FORTRAN 7 ®©
55 L RMEHEER> ) < N>EBODERMETFOR
TRAN 7 945 L 2L, BETERZRERRT
%,

Fig. 8 iz 5 DulE ﬂ&%ﬁ@ﬁﬁw%ﬁ? z
OFd @ OERICL H STEP 0 TEBEHEIRE « &
T, Gick h STEP 1 TEEKX K OHEELTON
THEFRIN, 3bic@ick b STEP 2 THHEBIDEHRS
DBEEBITON TANThERBRRENS, @
T4 b STEP 3 THAGBIZIK (RS &) wED 6,
BEERan s L5 —ED 7 9t A REHRL TH5,
D& S N RO L S LdEOHERICL YA
FED{ A T EHERET, Ba OEREHT v & ZDHER
TE5, TOE», HEHREOHER 2 BRERITHICEK
RUTZH, ASIRBRICIT S 1o OREES & b 2haR
HRB R, TELATE S, .

PLERS, R RF LiTET AHHER & 2 DR,
BLOFNITL W ERINZFESHEIETH S, 58,
AL RF MIKEIDUE 2 —4& ACOS1000.EiC LISP
BED—>THA UTILISP L hEgd e T A,

5. MROEERHTRAEREY ZF LAOETH

5.1 MOBEEERET7oEX
A BCHRIIA Y RT ADFMEER AT S C LT

{ Ship Owner's Needs |

[Deternination of Principal Particulars |
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[ Tull Resistance and Propulsion |
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Trim and Stability

[ Loading Plan |
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Fig. 9 Process of the basic design of a ship



& o THRDEREEHBRED = F 2%~ b 257 L2 £ IUMOEEB /s E2ED B o2 Th 17, Fig.
BT AT ETES, 2ETHNZLIIC, BOEER S D—FITH 3D, COL 5 ZMBORIT, Fifk
BEHBIZ, BRSNAMOVA OB RMITE  Day U — 2 MEEORE, B, REERS S 0E
HiTHLMEREN 2 R N E OFHIEERHEILT 3 AENT—HEOEE o v AR I N3,

—— ~~~ STEP 8 DESIGN START =cmmecececcccacmmoncneannenn <=~ DESIGN RESULTS ~--=-
DBCIDE FDLLD\IXNG OBSIGN VARIABLE PAST 1

STEP & | moeoce TIKE & 2 mmeeocmeenon
NOW

. :;;gg: 23"{"?;%‘.!5"' WEIGHT 7482.95

axx & ORDINARY - ~WE{GHT ,... 864.985

BULK TYPE = APPROX~MACHINERY-PART-VE 689,864

b33 KOU HUCN VYEIGHT 1S REQUIRED DEAD WEIGHT [ TON 1 ¢ APPROX~DEAD-WEIGHT .
LN

. . 37832.8
NEEDED-VG-ON-GREN~FULL.:

LENGTH BREADTH DEPTH A?PROX-I’ULL-LDAB nmucznenr FULL~LOAD~DRAFT KIND=OF=SHIP .........(. i1 BULK~CA 1
Agngx-s{u ICIE REQUIRED-DEAD-VEIGHT ... t i 368988 |
e REQU{RED-SERY{CE-SPEED . 1o 14,8909 ¢
APPROX-FULL-LOAD-DISPLAC  <8788.4 (Gl 47990.2 1

73> HOW DO YOU WANT TO DECIDE PRINCIPAL PARTICULARS 1 LENGTH L....oiuiieiaii, 187,379 1 1 192,185 |
3¥> 1 - BY-TYPE-SHIP , 2 - BY-STATISTICAL-DATA , ) BREADTH ..........u. . 11271517
R DEPTR Crereraaa. Vo) 15.2180 10
248 NETHOD-OF -DECIS{ON-OF-PRINCIPAL~PARTICULARS » BY~STATISTICAL-DATA FULL-LOAD-DRAFT ... .. b 51.1892
— APPROX-BLOCK=~COEFF I CIENT 11 8.88765 1

>>> WHAT KIND OF SHiP DO YOU WANT TO DESIGN 1 APPROX-GH-ON-FULL=LOAD .. 2.83139 | I 2.67485 |
33> (1 - CARGO-SHIP , 2 - BULK-CARRLER . 3 - CONTAINER-SHIP , ) APPROX-GN-ON-BALLAST .... 2.35716 | +1 3.96671 1
[P P~VALUE~ON-FULL-LOAD . 6.18646 1| -t €.13599 |
#2# KIND-OF-SHIP = BULK-CARRIER P-VALUE-ON-BALLAST ., 6.31874 1 -1 5.25510 ¢
TYPE-OF~| uumwcmz . LOW-SPE | | LOY-SPE 1

2> VHICH TYPE 15 BULK-CARRIER ? . APPROX-PS-NCC .. . B658.56 1 -1 8598.05 !
221 ¢ 1 - ORDINARY , 2 - OPEN-BULK , ) . APPROX-LIGHT-WEIGHT ..... 8987.73 | +1 9245.61 |
N 1 '

1 1

' i

i i

b ]

' i

.ll REQUIEEDvDeQD WEIGHT = 280890, APPROX-~VG-¥ITH-TOP-SIDE~ 537134 1 52B14.9

#x# APPROX~FULL-LOAD-DISPLACEMENT = 46790. 45

X¥x LENGTH » 187.3796 D - NEXT STEP DESIGN , ! - |NFERENCE , C - CORRECT 8 UPDATE , E - END
#2¥ FULL-LOAD-DRAFT = 11.18924

B A §

3>> HOW MUCH SPEED { XNOT ) IS SERVICED Y
o TP ===== APPLY DIAGNOSIS RULE ==+n-avemccnn memmmemmmaa -

cee ¥ .9
#2% REQUINRED~SERYICE-SPEED = §4.89999 VG-W{TH- TOP-S!DE*\'ANK ¥ILL BE TOO SNALL AS CONPARED WITH

XEH R-VS = 7,864559 NEEDED-¥G-ON-GREN=FULL~LOAD
#%8 FROUDE~NUNBER « B.1788051 =
#28 MEAN-CB-BY-VATSON » 8.88766 D - NEXT STEP DESIGN . | - INFERENCE , C - CORRECT & UPDATE , E - END
#48 APPROR-BLOCK-CORFFICIENT = 8. 3076588 -- ———
%48 BREADTH = 27.16178 see 7€
¥#% DEPTH = 15.21814
??> PLEASE INPUT YARIABLE NAWE YANTED TO CORRECT 1 ¢ E - RE-DESIGN )
- DESIGH RESULTS ------ STEP = 9 ~---n- TINE % | mommmmmommens et
KIND-OF~SHIP ,........ LX-CA t
HEQU‘Niﬁﬂ'ﬂEAD"EIGHT re.. 28R8.8 1 M PLE:S% INPUT VARIABLE NANE WANTED TO CORRECT ¢ { B - RE-DPESIGN )
REQUIRED-SERYICE-SPEED .. 14.8999 t s
APPROX-FULL-LOAD-DISPLAC  46790.4 | e eceeeecees DELETE & SET-UP DESIGN VARIABLES <--nnmnomemeoa —
TH o0 i vivneevensnes, 187,379 & 248 P-VALUE-ON-FULL-LOAD [S DELETED
ohrADT | Ceseeeees 2701617 € 405 APPROX-GH-ON-FULL-LOAD 1S BELETED .
DEFTH ... seesene 16,2181 1 . *¥% APPROX-KG-ON-FULL-LOAD IS DELETED .
FULL-LOAD-DRAFT 11,1892 ¢ it _ : _
APPROX-BLOCK-COEFFICIENT 8.30765 1 . N 4%# APPROX-VG-TOP-SIDE-TANK 1S DELETED .
D - NEXT STEP DESIGN , | - INFERENCE , C - CORRECT & UPDATE , E - END NNECBEFTR 13 DELETER o
N - 37> BO YOU WANT TO INPUT DEPTH € 1 ) . OR SET UP BY PROCEDURE ( 5 ) 7
. o >33 v LoNG € METER 3 13 perTH ¢
o APPLY DIAGNOSIS RULE e 35 rnz 2 18, @
D - NEXT STEP DESIGN , | - INFERENCE , C - CORRECT 8 UPDATE , E - END e _
... 1D ===« DESIGN RESULTS ~---ux STEP & | =mmwe~ TIHE » o
- PAST ¢ PAST 2 ]
--------------------------- STEP 1 DESICN START =-wvomemcescammcomoonenmnond KIND-OF=-SHIP ............ " o sut:-tu .
DECIDE FOLLOWING DESIGN YARIABLE REQUIRED-DEAD-VEIGHT . ... [ t 1 38¥0e.6 1
L-LOAD LLAST Al BIGHT REW”‘BD~SERV|CE—SYEED . [ P 14,8999 ¢
P-VALL L-LOAD P-VAL LAST NEEDED L=LOAD APPROX-FULL-LOAD-DISPLAC 46798, 4 1Co1 U1 47990.3 1
APPROX~-VG-¥1TH~TOP-31DE-TANK 187.379 1 1 Pt §92.186 1
- atey Lot 2TIEIT
2181 iCsl 15,66
53> HOY MANY SCREW®DOES THE SHIP HAYE t F ~ORAFT ... ... I 1 ey |
P 1 SINGLE L2 - KTz ) APPROX-BLOCK-CORFFi CI ENT [ i1 e.80765 1
rox NUNDER-OF-SCREN » SINGLE APPROT-DEAD-VEIGRT ..., 37837.5 1 “1 J8704.7 | -1 38616.1 | -
Ea¥ APPROX-WATERPLANE-COEFFICIENT = ©0.5382088 NEEDED~VG-ON-GREN-FULL~L [ i1 83199.9 1
428 APPROX-DRAFY-ON-FULL-LOAD » 11,18924 APPROX-VG-WITH-TOP-SIDE~  $B713.4 | +1 62614.0 | +1 50661.0 |
#x8 APPROX-XB-ON-FULL-LOAD » §.818456 -1
#8% APPROX-BM-ON~FULL-LOAD » §.(16898 , . D - NEXT STEP DESIGN , | ~ INFERENCE ., C - CORRECT & UPDATE , E - END
##% APPROX-KG-ON-FULL~LOAD » 3.682866
484 APPROX-GN-ON-FULL-LOAD = 2.631397 et
DESIGN RESULTS ST STEP = § memeen TUKE = meomomoemoiee --==~=~ APPLY DIAGNOSIS RULE
KIND-OF-SHIP ... c00cv BULK-CA | -
REQUIRED-DEAD-WEIGHT . o i D - NEXT STEP DESICN , | - INFERENCE , C - CORRECT & UFDATE . £ - END
REQUIRED-SERYICE-SPEED .. 14.8999 {
APPROX~FULL-LOAD-DISPLAC  46799.4 | ot

APPFOX~DEAD-WEIGHT ...... 37832.6 ’””PLE:SE INPUT VARIABLE NAME WANTED TO CORRECT t ¢ E - RE-DESIGN )

NEEDED- Y. IN-GREN-FULL-L 53195.9
APPROX~VG-¥]TH-TOP~SIDE- 6B713.4 1 - - - .
- N . POATE . £ - END weummsn== DESIGN RESULTS -~--ev STEP = 1 =menee ST IT R S ——
D ~ MEXT STEP DESIGN , | - INFERENCE , C - CORRECT & UPDATE , £ LTS o LA prine » po
Ty KIND=OF-SHIP ........ [ LI t | BULK-CA 1
naqumag-oam-vemm P I [ 38860.0
REQUIRED-SERViCE-SPEED .. Vot to ot 14,8999 3
eseeemmemmccmmocacseoccaoa APPLY DIAGNOSIS RULE
DEAD-YEIGHT ¥ILL BE 700 SWALL AS CONPARED WiTH REQUIRED-DEAD-WEIGHT . APPROX-FULL-LOAD-DISPLAC  46790.4 iCet [ |1 d7998.3 1
VG-¥ITH-TOP-SIDE-TANK ¥ILL BE TOO SHMALL AS COMPARED WITH 187.379 : ‘: : ; 192.188 :C ] ;3!;::: :
NEEDED-YG-ON-GREN-FULL-LOAD . U1 15,2188 1kt 111506999 1
z - NCE , C - CORREGT & UPDATE , E - END [ (] £ 11892
D - NEXT STEP DESIGN . | - INFERENCE R . R
e APPROX-GK-ON-FULL-LOAD .. 2.63139 [ +1 2.67485 | -1 2,48384 | -{ 2.8629 1|
) APPROX-GHON-BALLAST ... 3.83716 1 +i 3.98671 1 -1 3165723 4 -1 3.63693 |
ME WANTED TO CORRECT ! ¢ B - RE-DESIGN ) P=VALUE-ON-FULL-LOAD .... 6.)18646 | -1 6.13539 § +1 6,58487 1ol 6.61384 1
23 P T Y ARIABLE NAKE WANTE P-VALUE-ON-BALLAST ..[... 6.31874 | ~1 6.25518 | +1 6.62629 1 +1 6,64475 |
TYPE-OF-MAIN-ENGINE 1111 LOV-5PE | I 1 LOY-SPE | | LOV-SPE |
v CORRECT 1 € E - ME-DESIGN ) AP S-HCO ....... 8650.56 1 - U1 8598.85 1 +i 8645.64 |
2> PLEASE INPUT VARIABLE NANE VANTED TO CORRECY APPROX-LIGHT-WEIGHT ..... 8987.73 1 +1 9285.81 § +1 9374.23 | ~( 9294.50
APrROX- gs#k;srnuuamnr T4B2.95 | +i 7792.36 1 +| 7888.98 | -| 7803.37 |
oEC OTHER NAIN DIMENSION VARIABLE . APPROX-OUTFIT-WEIGHT .... 864.906 | +1 1 887.638 | -1 Bal.617 1
¢4 f“,‘s‘.“b;w“m‘!zuf"s L ORO ARt 3 ARPnCN o BLOCKACOREEICIENT APPROX-NACHINERY-PART-VE 609,864 | -1 |1 696.163 | I 699.817 |
i -nm\nm' y APPROX-DEAO-WEIGHT ...... 37832.6 1 I 36704.7 | -1 38616.1 | +i 38698.8 1
. . NEEDED~VG-ON~GREN-FULL-L Vot I U1 531999 1
ves -4 APPROX-VG-WITH-TOP-SIDE~ BB7i3.4 | i 52814.8 | +f 83861.8 | -t 53339.6 |
- - SET-UP DESIGN YARIABLES =n-=-=momeu=n S -1
oy ”w!_ON_MLU“”%E;EL;,“ K D - NEXT STEP DESIGN , | - INFERENCE , C - CORRECT 8 UPDATE . E - END
#%¢ APPROX-GN~ON-BALLAST 1S DELETED . - .
#47 APPROX-KB-ON-BALLAST 3 DELETED .
483 APPROX-BN-ON-BALLAST IS DELETED .
#a8 K-VALUE-ON-BALLAST 1S DELETED . APPLY DIAGNOSIS RULE wmc--wommmvoaooanon g
T e e 13 DE_LETED " @ D - NEXT STEP DESIGN . | - INFERENCE . G - CORMBCT 3 UPDATE . & - END
884 APPROX-PS-HCO 1S DELI TV
%4 APPROX-FULL-LOAD-DISPLACEKENT 15 DELETED A
333 MOV MUCH VEIGHT ( TON 3 15 FULL LOKD DISPLACEMENT 1 [ amceenen STEP 2 DESIGN START -omnmeme. T
) PREVALUE s 467 ) DECIDE FOLLOWING DESIGN VARIABLE
N ENGIN
ren’ FROUOENUNBER 1S DELETED . - AIN-ENCINE
- - - ®NN ETA-RPM » 0.4599599%
....................... STEP 1 DESIGN START --vermmecmcmcoccnmnrencaaa.} BN RPN v 89.92938
DECIDE FOLLOWING DEsiGN VARLABLE ¥9¢ CHECK-RPN-LIST-KeE 1§ DECIDED .
AD LAST 1GHT ##¥ CHECK~POWER-LIST-NeE 1S DECIDED .
P-VALUE-ON-FULL-LOAD P-YAL LAST NEEDED t.-L0AD )
APPROX=YG~Wi{TH~TOP~81 DE~TANK . 22> DO YOU DESIGNATE HAKER 7
23 ¢ 1 - SULZER-RTA , 2 - UE-LA , 3 - “AN « 4 - NO-DESIGNATED , )

%% LENGTH = 192.1851
%32 APPROX-KG-ON-FULL-LOAD » 6.559407 428 NAKER-OF-NaE » NO-DESIGNATED
#9x APPROX-GN-ON-FULL-LOAD = 2,674857
¥8® APPROX-DRAFT-ON-BALLAST » §.564823
¥&% APPROX-KB-ON-BALLAST « 2.989228

Fig. 10 Sequential representation of the design process
for a bulk-carrier



22> 9Kt | FOUND CANDIDATE OF NAIN-ENGINE.
9 ENOI!;ZS SATISFY THE REQUIRENENT.
DA’ -

C-MeE-] e SUECSOLA
C-NeE-2 - 4RTATS
C-Heg-3 - 4RTAGS
C-NoE-4 = BRTASS

C-Meg-5 -- 4RTAB2
C-NeE-8 == BERTAS2
C-NeE-7 -~ 8RTAB2
C~HoE-8 TRTABZ
C~NogE-9 == 3RTABZ

33> 1 RECOMMEND NEXT CADIDATES FROM POINT OF FUEL-CONSUNPTION
¢ GRAN/PS/HOUR ) .
C-NeE-1 BUECSOLA 118,8230
C-HoE-7 S6RIABZ 121.9111
C-NeE-2. 4RTA7S  121.3728

333 1 RECONNEND NEXT CADIDATES FROM POINT OF PRICE { YEN ) .
C-MoB-8  4RTABZ  +0.27885608BE+809
C-NeE-3  {RTAS8  +0.33040888E+809
C-NsE-8  7RTAS2  +8.34300080E+009

> INFUT PUZL PRICE ¢ YEN / KG ) FOR EXAMPLE §6.A @

. .8
(e FUEL-PNCB - 58.
¥»> INPUT VOYAGE DATAS ( DATAS / YEAR ]

393 VOYAGE-DATA-PER-YEAR » 2586.
899 VOYAGE-TINE « 6059.

) INPUT CAPITAL RECOYERY YEARS ( YEARS ]
(11 CAPHAL RECOYERY-YEARS = 15.
3> INPUT AN INTEREST RATE
fea 3!

are [NTEREST~RATE = 9.09959999 =
25> I RECOMMEND NEXT CADIDATES FROM POINT OF TOTAL-COST ( YEN 1 .

C-HeE-1  GUECGBLA +8.354574582+849

C-H2E-8 BRTAB2 +B.36192182E480¢

C-N®E-]  4RTA68  +B.3642865{E+289

> lNPUT NM(B OF MAIN ENGINE .

(11 MA!N ENGINE = C-MsE-}

-------------------- STEP 3 DESIGN START —-emwe-nmssmomressvumunamens |
brcive rcu.avmc DESIGN VARIABLE :

¥en FROVDE- KUMBER, - 3.1771024

#xx CM = 0.9832163

#ax D-BY-DF = 1. 413

rny NlDASlIlP—SEC‘HON Fonn IS DECIDED .
S#a AFT-B0DY-PLAN 15 DECIDED .

#84 BODY-PLAN 1S DECIDED . —
~~~~~~~~~~ <-ev= DESICN BESULTS --o--- STEF « 3 mme=eem TINE 8 4 =omcmeeceon )
1 PAST 2 PAST 3 NOW
BLOCK-COEFFIC’SNT e 1 I + 1 9.799883 |
[ [ [EEENTHINE
P SRATICLCORFFICIENT L1 [T [ Tl 8.80433 1
FULL-LOAD-DI SPLACEMENT .. [ o 11 467811 1 @
D - NEXT STEP DESIGN , ! - INFERENCE , C - CORRECT & UPDATE , E ~ END

avam=mev APPLY DIAGNOS!S RULE -----~ .-

b - NEXT STEP DESIGN , 1 - INFERENCE , C - CORRECT & UPDATE , E ~ END

via 1D
etccaomememenaseeecec STED 4 DESIGH STARY -mememecemeossenasaecececes]
DECIDE FOLLOWING DESIGN YARIABLE

REQUIERD-P3 R-PS-¥ITH-SEA~MARGIN

Eww N = <9.12332033E+818

vs® CF = B.081439985

Kx® THEATA = 43.

s&8 FUNCTION-THEATA = 9. 5399”9

---------- -~~~ DESIGN RESULTS e STEP = 4 mmcomn TIME m 4 ~iommmeceean
1 AST 2 PAST 3 ©NOW

REQUIERD=PS .1.vvvrrss

. (] [ ] b1 o9263,90 1
R-PS~¥ITH-SEA-MARGIN ..., [ [ Do) 1965304 1
? 1o [ |1 B645.64 |
[ ] [ 1ot 12660.0 1
ot (] b1 57923.8 |
WAVE-RESISTANCE ... o [ Tl o4881.62 1
RESISTANCE «vvvee.s [ [ {1 52096.5 |
1o [ L1 os1z6.85 1
D - NEXT STEP DESIGN , | - INFERGNCE , C - CORRECT 8 UPDATE , E - END
et
oo APPLY DIAONOSIS RULE ~mm-m=ovooeoonomaae ot
D - NEXT STEP DESIGN , | - INFERENCE , C - CORRECT & UPDATE . £ ~ END -
see 1D
e w===~ STEP § DESIGN START ~~wmw- - e i e s )

§
DECIDE FOLLO'!NG DES!GN YARIABLE
LOADING-TABLE DEAD-WEIGHT FULL-LOAD-~DISPLACEMENT
vG vc~vlTH~1oP~le£ TANK
##2 NUNBER-OF - BULKKEADs =17
228 LA » 7.6388

¥ DIRTY-¥ATER = 68.09999
289 NECESSITY-CAPACITY-OF-WATER = 417.4787
#x® CONSTANT = 213.6636

##% LOADING-TABLE

1TEN use CAPACITY WEIGHT 0XG XG

FPT BALLAST 1264.73473 8.8 -87.7703568 7.8499999%
HOLD~1 CARGO 5388.40768 9.8 ~78.8791816 8.468471580
WBT-1 WB~BALLAST 298.414761 8.8 -~78.8791816 1.632295086
T8T-1 © TS-BALLAST 220,358882 8.9 ~78.879181% 14.0614983
HOLD-2 CARGO 6846,96228 0.0 ~5@.1442491  8,36218429
¥BT-2 - WB-BALLAST 825.856147 0.8 ~58,1442491 }.80772271
TST-2 TS-BALLAST 816.680070 8.8 ~56.1442491 12,9722528
HOLD-2 CARGO £986.82908 8.9 -28.4633794 B.48646727
wBT-3 WD-BALLAST 979.468164 8.9 -28.4633794 1.94941662
TST-3 T5-BALLAST 945.06i988 8.9 -28.4633794 12.7976895
HOLD-4 CARGO 6988,92361 8.9 -6.61849999 8.40691638
¥BT-4 WB-BALLAST 972.97375% ~6.61849999 1.95188242
TST-4 TS-BALLAST  947.852864 -6.61849999 12,7946488
HOLD-§ CARGO 6988.923681 8.8 16.2298714 8.40691638
¥BT-5 WB-BALLAST 972.973759 ¢£.2 15.2298714 1.95188242
TST-§ TS-BALLAST 947.852664 0.9 15.2290714  12.7946488
HOLD-6 CARGO §991.18467 8.0 37.8795548  B.48749657
¥BT-6 WB-BALLAST 9§75,781695 6.9 37.9796548 1.95455992
TST-6 TS~BALLAST 958,226948 8.9 37.8795548 12.7915584
HoLD-7 CARGO | 6562.16665 9.8 $8.4234767 8.35718766
¥BT-7 WB-BALLAST 622.198883 0.9 58.4234757 1.62714829
TST-7 TS-BALLAST 625,828556 9.8 68,4234757 13.2573429
c-0IL c-oiL 2807.43481 @.9 ~6.61849999 D.B4849283
A~OIL A-OfL 185,826632 6.8 77.7572832 0,84849263
WATER WATER 417.470799 8.9 75.8549549 14.1697492
APT BALLAST 1813.31785 0.0 96.1631233  11.1992475
LIGHT-¥EIG LIGHT-WEIG 7978.02021 10.7877234 9.73689639
CONSTANT CONSTANT 219.603051 69.6488088 17.2609999

~=emwewmcmecn-e DESIGN RESULTS ----=- STEP = § —---mn TINE 3 4 =memmcsecceon
AST 1 PAST 2 PAST 3 NOW

FULL-LOAD-DISPLACEMENT .. 1 [ 11 46781.1 1

RULL-STEEL-WEIGHT . ot [} 11 8491.48 |

QUTFIT-WELGHT ot v 11 881,817 1

WE{GHT-OF-NAIN: [ 1 11 466.198 1

. MACHINERY-PART-VWEIGHT ... o LI o1 684.948 1

[ [ i1 7978.02 |

[ [ 11 38723.1

ot (I} It 36228.8 )

1o [ P 46744.4 3

NEEDEh-VG-ON-GREN~FULL-L [ 1 11 83199.9 1

VG-WITH-TOP~SIDE=TANK ... [ [ 1' 1 62198.8 ¢

D - NEXT STEP DESIGN , 1 - INFERENCE ; C - CORRECT & UPDATE . E - END -
s 1D

R, TEP 6 DESIGN START =-msmenmcmmmrencmcmnonmnnne )
DECIDE FOLLOWING DESIGN VAR!ADLE
HYDROSTAT { C-CURYES

#a% HYDROSTATIC-CURVES 1S DECIDED .

--- =m=scenaas STEP 7 DESIGN START ==-mm=cesesccaesoscacnamnanS7)
DECIDE FOLLOWING DESIGN YARTABLE

LOADING-TABLE~ON-GREN~FULL~LOAD GZ-CURVE-ON-GREN-FULL-LOAD
TR{M-ON-GREN-FULL~LOAD DRAFT~1i~ON~GREN-FULL-LOAD
DRAFT-A=ON-GREN-FULL-LOAD GZ-NAX~ON-FULL-LOAD-CONDITION

kx¥ LOADING-TABLE-ON~GREN-FULL-LOAD

ITEN USE CAPACITY VE!GKT 0XG XG

FPT BALLAST 1264.71473 8, ~87.7793560 7.84959999
HOLD-1 CARGO 5388.407568 33‘3 14827 -75 8791816 8.48847188
¥BT-1 VB-DALLAST 298.414761 .8 ~76.8791816 1.63529506
TST-1 TS-BALLAST 226,358082 161 398630 ~T8.8791816 14.9614987
HOLD-2 CARGO 6846.05228 4898,83729 ~56.1441491 8.38219425
NBI-2 ¥B-BALLAST 825.855147 9.8 5B.1442491 1,80772271
T8T-2 TS-BALLAST 816.588079 583.211478 '50 1442491 12.9722528
c-otL c-olL 2987.43441 191:.6!5:5 ~6.61849999 ©.84849263
A-OLL A-O1L 185,828532  167.24567% 77.7572832 6.84849263
WATER WATER A17.478799  417.478789 78.8549549 14.1697492
APT BALLAST 1813.01706 8.9 96.1631233  11.1892476
LIGHT-¥EIG LIGHT-WEIG 7978.92821 18.7877234 9.73589639
CONSTANT CONSTANT 218.683851 69.8480809 17.2699990

#w# BM-CURVE IS DECIDED .
##% DRAFT-CURYVE 1S DECIDED
rus DISP'-ON'GREN-FULL‘LOAD » 47979.31
#24 DRAFT-ON-GREN-FULL-LOAD = 11.39331

--------------- DESIGN RESULTS ----=- STEP x 7 -=coex TIME = 4 <oonoocosoo
PAST 1 2 PAST 3 Now

DISP-ON~GREN-FULL-LOAD .. [ [} b1 47979.3 ¢t
DRAFT-ON~GREN-FULL~LOAD . i1 LI Pl 11,3933 Y
GH~ON-GREN-FULL-LOAD .... [ [ Eo)2.77787 &
TR{N-ON-GREN=-FULL-LOAD . |} bl Pl o8.72924
DRAFT-F~ON-GREN-FULL-LOA " o Vot b1 11,0080 1t
DRAFT-A-ON-GREN-FULL-LOA [ 1t Po1 11,7373 1
GZ-KAX-ON~-FULL~LOAD~COND o LI i1 1.63428 1
© - NEXT STEP DESIGN , | - INFERENCE , C - CORRECT & UPDATE , E - END

s 11

--------- memmwwmmmaoe APPLY DIAGNOS1S RULE ==rm=v=me=ro-=——esaswoccnn
VG-WITH-TOP-5IDE-TANK 1§ TOD SNALL AS CONPARED WITH
NEEDED-VG-0ON~GREN-FULL=LOAD

TRIN-ON-GREN-FULL-LOAD [3_T0O LARGE AS GONPARED WiTH 9,299 .
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Fig. 10 Sequential representation of the design process
for a bulk-carrier (continuation)
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