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Optimized Trim and Heeling Adjustment
by Using Heuristic Algorithm
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ABSTRACT :

Many ships in voyage experience weight and buoyancy distribution change by various reasons such as change of sea water density and waves,
wenther condition, and consumption of fuel, provisions, etc.. The weight and buoyancy distribution change can bring the ships out of allowable
trim, heeling angle. In these case, the ships should adjust trim and heeling angle by shifting of liquid cargo or ballasting, deballasting of ballast
tanks for recovery of initial state or for a stable voyage. But, if the adjustment is performed incorrectly, ship’s safety such as longitudinal
strength, intact stability, propeller immersion, wide visibility, minimum forward draft cannot be secured correctly. So it is required that the
adjustment of trim and heeling angle should be planned not by human operators but by optimization computer algorithm.

To make an optimized plan to adjust trim and heeling angle guaranteeing the ship’s safety and quickness of process, we combined mechanical
analysis and optimization algorithm. The candidate algorithms for the study were heuristic algorithm, meta-heuristic algorithm and uninformed
searching algorithm. These are widely used in various kinds of optimization problems. Among them, heuristic algorithm A* was chosen for its
optimality. The A* algorithm is then applied for the study. Three core elements of A* Algorithm consists of node, operator, evaluation function
were modified and redefined. And we analyzed the A* algorithm by considering cooperation with loading instrument installed in most ships.

Finally, the algorithm has been applied to tanker ship’s various conditions such as Normal Ballast Condition, Homo Design Condition,
Alternate Loading Condition, Also the test results are compared and discussed to confirm the efficiency and the usefulness of the methodology
developed the system.
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Table 1 Properties of Test Ship

Ship Principal Particular Data
10A 274 m LBP 264 m
Depth 23.7m Breadth 482 m
CARGO TANKS BALLAST TANKS
NAME Vol(CuM) NAME Vol(CuM)
NO.1 (P) 10900.2 F.P.TK (C) 4266.8
NO.1 () 10900.2 NO.1 (P) 5022.7
NO.2(P) 15153.5 NO.1(5) 5022.7
NO2(S) 15208.3 NO.2 (P) 4116.6
NO.3 (P) 15208.3 NO.2(S) 4116.6
NO.3 (S) 15208.3 NO.3 (P) 4181.3
NO4 (P) 152083 NO.3 (S) 4181.3
NOA4 (S) 152083 NO.4 (P) 41813
NO.5 (P) 15208.3 NO4S) 4181.3
NOS5 (S) 15208.3 NO.5 (P) 4102.6
NO.6 (P) 13938.9 NOS5 (5) 4102.6
NO.6 (S) 13938.9 NO.6 (P) 4764.6
SLOP (P) 1674.9 NO.6 (S) 4764.6
SLOP () 1674.9 AP.TK(C) 1690.7
Criteria: Allowable Value

MaxSF |  1000% MaxBM | 1000 %

Min GoM 20 m

Min Prop. Immersion 100.0

Min DraftAtFP 4.5
Max BlindLength 500.0
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- Normal Ballast Condition (Intermediate)
- Homo Design Condition (Intermediate)
- Alternate Loading Condtion (Intermediate)
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Table 2 Ad]ustment for Normal Ballast Condition 1)

Disp. | Trim Hee!mg FP.DRaft
730819 -2.90 0.07 1 -0.45 -0.01 7.15
Propeller | Invisible | Max SF JMax BM| Propeller | Invisible | Max SF |Max BM
99.83 417.6 60.55 30.40 84.11 | 331.21 | 67.28 37.72
CARGOTANKS | BALLAST TANKS | CARGOTANKS | BALLAST TANKS
Name Vol Name Vol Name Vol Name Vol
C1(P) 0.0 B.(FP) 0.0 C.1(P) 0.0 B.(FP) | 27994
ClS) | 00 B.I(P) | 5022.7 | C1(S) | 00 BA(P) | 5022.7
c2P) | 00 B.I(S) | 5022.7 | C2(P) | 00 B.1(S) | 4789.4
c2s) | 00 | B2P) | 41166 | C2(5) [ 00 [ B2(P) [ 41166
c3(P) | 00 | B2S) | 41166 [ C3P) | 00 | B2AS) | 41166
C.3(5) 0.0 B.3(P) | 41813 | C3(S) 0.0 B3(P) | 4181.3
C4(Py | 00 | B3S) [ 41813 | c4®) | 00 | B3 | 41813
C45) | 00 | B4P) | 41813 | C45) | 00 | B4(P) | 41813
C5(P) | 00 | Bas) | 41813 | c5r@) | 00 [ Bas) | 41813
C5(S) | 00 | BS5(P) | 4102.6 | C5(5) 0.0 B.5(P) | 2702.9
C.6(P) 0.0 B.5(S) | 4102.6 | C.6(P) 0.0 B.5(S) | 4102.6
C.6(S) 0.0 B.6(P) | 4288.1 | C.6(S) 0.0 B.6(P) | 3121.7
CcspP)y | 00 | BeS) [42881 ) CsP) | 00 [ Be©S) [ 42881
CSS) | 00 {BAP| 00 [CS6) | 00 [B(AP)]| 00
CARGQ SHIFFING / BALLASTING /. DEBALLASTINGORDER" -
SOURCE TANK ADJUST ;| ADJUST TARGET TANK
Name | Vol | Full% | TYPE | vOL [ Name | Vol | Full%
SEA st | 27994 | B.(FP) | 27994 [ 656
B.1(S) | 5022.7 | 100.0 |]opesawast} 2333 SEA
B.5(P) | 4102.6 { 100.0 [ oesatast| 1399.7 SEA
B.6(S) | 4288.1 | 90.0 fjoesaiuast| 1166.4 SEA

Table 3 Adjustment for Homo Design Condition 1)

,t&% e v
Disp. | Trim | Heeling| FPDRaft{ Disp. | Trim .| Heeling | FP.DRaft
167085.3| -0.17 0.08 15.74 11670853 -0.49 0.00 15.49
Propeller | Invisible | Max S [Max BM{ Propeller | Invisible'| Max SF-{Max BM
18438 { 175.68 | 70.08 7468 | 196.23 | 18194 | 69.54 78.76
CARGO TANKS BALLASTTANKS - CARGQO TANKS - { BALLAST TANKS
Name | Vol ‘| Name-{ .Vol ‘}'Name | Vol | Name | . Vol
C.1(P) | 10682.2 | BFP) | 00 | C.A(P) | 10682.2 | B.(FP) | 0.0
C1(5) |10682.2| BA(P) | 00 | C1(S) | 104489 | BA(P) | 0.0
C2(P) | 148504 BA(S) | 00 | C2(P) |14617.15] B1(S) | 0.0
C2(5) | 148504 | B2(P) | 00 | C2(5) | 148504 | B2(P) | 0.0
C3(P) | 149041 B2(S) | 00 | C3(P) | 14437.6 | B2(S) | 00
C3(5) | 149041 ] B3(P) | 00 | C3(S) |14904.1] B3(®) | 0.0
C4(P) | 149041 | B3(S) | 00 | CA(P) | 15137.4 | B3(ES) | 00
C4(S) [ 149041 BA(P) | 00 | C4(S) | 149041 B4(P) | 00
C5(P) | 149041 | B4(S) | 00 | C5(P) |15137.4| B4(S) | 00
C5(S) [ 149041 B5(®P) | 00 | C5() |15137.4 | B5(P) | 00
C6(P) [13660.1 | B5(S) | 00 | C6(P) |13893.4 | B5(ES) | 00
C6(S) | 13660.1 | B6(P) | 0.0 | C.6(5) | 13660.1| B6(P) | 0.0
CS(P) | 16414 | B6(S) | 00 | CS(P) | 16414 | B6(S) | 00
CS5(5) | 16414 16414 | B(AP) | 00
- . TARGET TAN

Name [ Vol Full% | TYPE VOL | Name | Vol | Full®%
C1(S) 106822} 98.0 SHIFT | 233.28 | C4(P) | 151374 | 995
C2(P) | 148504 | 98.0 | SHIFT | 233.28 | C.6(P) |13893.4] 99.7
C.3(P) | 14904.1 98.0 SHIFT | 233.28 | C.5(P) | 151374 | 995
C3(P) | 149041 980 | SHIFT | 23328 | C5(S) | 15137.4| 995

Table 4 Adjustment for Alternate Loading Condtion 1)

T

Disp. | Trim | Heeling | FP.DRaft| Disp. | Trim | Heeling | FP.DRaft
120602.6] -1.88 0.06 10.61 |120602.6| -0.48 -0.01 11.46
Propeller | Invisible | Max SF |Max BM{ Propeller{ Invisible | Max SF |[Max BM
14584 | 291.99 | 53.75 31.97 | 137.24 | 253.85 | 60.44 23.79

CARGOTANKS | BALLASTTANKS'| CARGOTANKS | BALLAST TANKS
Name | Vol Name Vol | Name | Vol Name { Vol
C1(P) | 00 | B(FP) | 00 | C1(P) | 18662 | B(FP) | 0.0
CLS) | 00 | BA(P) | 50227 | C.A(S) | 9331, | BA(P) | 5022.7
C2(P) | 148504 | BA(S) | 50227 | C.2(P) | 148504 | Bi(S) | 5022.7
C2(S) | 14850.4] B2(P) | 0.0 | C2(S) | 148504 ] B2(P) | 2333
C3(P) | 00 | B2(S) | 00 |C3@P) | 00 | B2S) | 2333

C3(S) | 00 | B3(P) | 41813 | C3(S) | 00 | BA®) | 37146.
CA4(P) | 14904.1| B3(S) | 41813 | CA(P) | 12338.1 | BA(S) | 30149
C4(S) [14904.1[ BA4(P) | 00 | C4(S) | 146709 | BA(®) | 0.0
C5(P) | 00 [ B4(S) | 00 | C5P®) [ 00 | B4S) | 00
C5(6) | 00 | B5P) | 00 | C565) | 00 | BSP) | 0.0
C6(P) [136601 | B5©S) | 00 | C.6(P) | 13660.1 | B5(S) | 233.26
C6(S) | 136601 | B6(P) | 0.0 | C6(S) |13660.1 | B.6(P) | 233.26
CS(P) | 00 | B6(S) | 00 | CSP) | 00 | B&(S) | 00
C.5(8) 0.0 B.(AP) 0.0 CS(S 0.0 B.(AP 0.0

SOURCE TANK ADJUST | ADJUST TARGET TANK

Name | Vol .} Full%.| TYPE | -VOL { Name | Vol { Full%
CA4(P) | 149041 980 | shuT | 18662 | CL(P) | 18662 | 17.1
C4(P) [130379| 857 | swer | 7000 | CAGS) | 7000 | 64
C4(S) | 149041] 98.0 SHIFT 2333 [ C1(S) | 9331 8.6

SEA Bauast | 7000 | B.(FP) | 700.0 16.4
SEA sawast | 2333 | B2(P) | 2333 | 57
SEA Batast | 2333 | B2(P) | 2333 5.7
SEA BALLasT | 2333 B.5(S) | 2333 5.7
SEA BALLAsT | 2333 | B6(P) | 2333 5.7
B.3(P) | 4181.3 | 100.0 |oesawast| 466.6 SEA
B3(S) | 41813 | 100.0 |oeeaisr | 1166.4 SEA
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