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CHAPTER 1 INTRODUCTION
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Background Survey
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M8 B35t MARAD Hg AE X2

o #HE TAE stdeled £ o gawygE
Atz gt y] 29 Serlesi—— Taylor Stan-
dard Series[5], Series 606, BSRA Series 7], SSPA

Series[8], SRI Series 9., NSMB Series(10), FDS
(19 A¥AY Ast So) glod 2o HPA 59
B E e o
Series 1.D. ‘ Cy Range ‘L/B Range'B/T Rangc
Series 60 0.60 ~0. Qo 5.5~8.5 4 2.5~3.5
BSRA 0.65 ~0.85 5.8~8.4 | 2.1~3.45
SSPA 0.725~0.80. 7.2~8.1 ' 2.3~2.5
Ship Research | 0.80 ~0.82 5.5~6.7 | 2.6~3.6
Inst. of Japan |
NSMB 0.80 ~0.85] 6.5 | 2.65
FDS 0.85 6.6 2.7

Selection of Parameters
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 ZE AgA T Y E AR A
0.80<C5<0. 875, 4.50<L/B<6.50
3.00<B/T<4.75
Program Scope
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CHAPTER 2 HULL FORM DEVELOPMENT

Parent Hull Form Selection
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Fig. 2-2 Diagram showing range of series geometric
paramters
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Series Hull Form Parameters and Offsets
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CHAPTER 3 TEST PROGRAM
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2 AFsle AEZAHJER A& 3¢,
AAA2E 299 studsE AHgerde. 479
Z-Z49 (B/T=0.30, 3.75, 4.5)°] =3l A 3% =
Ferot w2 g gy 31 9 3-2).
Deep Water Test Program

A4 AY 5L ¥ 34 FEeP o L
2 HEo] z AAZ T A

L 167 2349 2S5 FerEsoldel 1y
A ALEA

2. B2EE 2d 2E 2P49) dAEFAL A

3. Z&EE B ZE 2349 HnAETFAAY =
FEY

4. EFee zFzes0E £ 134 2349 =
FEpoale] FAFTHTA AF

5. 2Fetel Tz s £ RE 2849 =1
AZTAAe] PR 2F45 A4E AT =
Lin iy

6. 15719 vAA 2P A9 =hA Aefol A LFIA

4 HE A% =¥ %

Shallow Water Test Program

A 2545 AT FL £ 2 E ot

71 98 £ Qe AFHEL FE 2o

Ag 23 A 4% (E, K, L, H)

Ag 5 A%, A%, PMM

70 /%5(H/T) 1.5, 1.2(E, K, L, H)

2.5 (E)

CHAPTER 4 RESISTANCE DATA

Analysis and Format of Data Presentation
AFAY A2E & HJoz Ao JogH YA
F(Cp)9 F 2 Tt

Cr=Crm—Crn= lRT"' —~—Cpm
»2—pS ‘7.2

A7 A Crgke 1957 ITTC =84 AAARTAL
Argslgd s A4EEA L E 3-1d FolA FE AE
stE k. Fayst RyE 7317 1% SAAREE Ler¥
Argstgd et dEAe AP AAE 29 4-14 B
At

Preliminary Studies

LCB 1A & AAFS H3) % 4-104 FoA A
A7y LCBYA (25, 3.0, 3.5% fwd)7} o9& 3749
EH AL AFste] AFPALL shdct. 29 448 45

KRB EEE $26% £ 35 19384 94

zaade 2E A4¥9 LCB I & 4AsHg
Resistance Data Presentation
2 Aol e Ca~FyFAL ¥5 BolA HoFsx
Ach AgA o Wad AT JAAE FAL 2H
4-6~4-15¢] TAFG om oL R JEoR T4
ol At

i 1‘ Draft

Fig No.| L/B ‘ Cr B/T Fall | Ball
Load | B2 ast

4-6 Variable" 0.875 | 3.00 | x

4-7 Variable 0.875 | 3.00 Pox

4-8 Variable] 0.850 | 3.00 X

4-9  [Variable 0.850 |Variable X

4-10 5.00 0.850 |Variable] x

4-11 5.00 0.850 |Variable 4

4-12 6.00 0.850 |Variable] x

4-13 6.00 0.850 Variable X

4-14 5.00 0.800 [Variable] x

4~15 5.00 0. 800 {Variable X

9 EEEE A AYAS wAH 2 A9

& 7% F ok AA A ' 8% £ g
Appendage Resistance

BE 2o RPAFE TEE BE ALsd AL
o A3 AN FPeAct. HAHd FHE 2
FA7 AH ArzHd oz Ceard A4T AAE
Axel g Ceatst wi$ F dAsHFo=E AHA
EHP= v AA 9 EHPol A4 AFZaA74 AAA
FraAe] v & Fato THAE FoE FAYA.

Evaluation

vl 4= 350, 000tons, £ &4 % 16 knotsel Aol =
H4 vlze Y9 167 2 AsEd 44
Aol=lA S 2Fe] 350,000tonse] A4S FAA+E
T 4-40) 895 e] gk, #3" EHPFE 43 A9
#*e AFozd wEzA A ddz ad
4-1691 & Cp=0.875, B/T=3.00¢1 A& E o3& L/
B zko] wizlel W3 EHPH3E ZAsglew L/B
2 6.50lA 5.5% ZolwdA 15%¢ EHP7: Z49 L
ot 4 ik ukRpA R g Agule dHEd #E
EHPY wWa s ogst 22 Loz Aed 29 4-
16~4-200. 288 47 st 5 gl



Figure ] c: | B/T L/B S —— 20015
4-16 0.875 3.00 variable owa oot Amoes, [t N ;“
417 0. 850 3.00 variable i I (5 g
4-18 | 0.850 variable 5. 00 £z B el 3
T -3 1 it
4-19 0.850 variable 6.00 e H
4-20 0.800 | variable 5.00 e mme e T 5
Series Comparisons uu s : ;
FdG Ao} el chE Series datar} 7] E4 9 O] i
AFEH} vjnd Hoz4 B Seriesd 54-¢ spop 7 o0 o O'I:vouo:.::mssl::7
il i Ao AFEA] A AFEA A

golemz o7 A Series 609 AEx2 FE gk
350, 000tonsol] W& 4% EHPS ¥ melglch, 2 =

2ole] 28 A A, F, G9 Series 608 A YA 4=
= T4 7
! Series 60 Marad Series
|
i Hull [ Hull | Hull
- | Model 4260 G | F | A
Cs 0.80 0.80 0.85| 0.875
L/B 5.50 5.00] 5.50] 5.50
B/T 3.00 3.00, 3.00] 3.00
. 2.50 2. 50‘ 2.501 2.50

Al da) #4%d EHPE 284 A9l EHP=

L0 g & w vy Tt ok,
Speed [Series 60 MARAD Series
> |

Knots Model 4260 pyjj ¢ | Hull F | Hull 4
14 1.061 0. 802 0.848 1.000
15 1.052 0. 800 0.841 1.000
16 1.008 = 0.775 | 0.831 | 1.000
17| 0932 | 0.732 | oo 1. 000
18 | 0.8 | 0.607 | 0.749 | 1.000

2o Cpztks z+E A% MARAD Series® HE 3
A= EHP7 Series 60 A 32 He FA45 EHPR ¢}

18~21% #¢& & 4 AP EF e el R

i MARAD Series| NSMB Model

Hull H 3343 and 3343c
L/B i 6.50 6.50
Cs ‘ 0.85 0.85
B/T i 2.00 2.65
LCB percent fwd! 2.50 2.83

Fig. 4-1 Typical curve of residuary resistance coe-
fficient versus froude number

LENGTH BETWEEN PERPEMNDICULARS

DRAFT

LHP KATIC

65 6.0 T
LENGTH-BEAM RATIO
Fig. 4-16 Effect of length-beam ratio variation with
Cp=0.875 and B/T=3.00 on bare hull
EHP and principal dimensions for J=
350, 000tons
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CHAPTER 5 PROPULSION DATA
AFAE L FtE WY S
FA A b -4-%’ Ae FAse Yy $25 24
A7z 2y Zzade AdsE wWalAA LaA S
(loading coefficient, Cr;/) & wHHA7 = wfoz 4
Aetdch, 28 5-1 2 5260 Fydt Crlell W4
FE FAo e uFAs, FHAL AF, AANEE
(er), AR AEE(e) S ol gt B 5-145-2
oA S Wdo] RE Xy e} Al T AUk

Trends in Propulsion and Hull Efficiency
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Factors
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ANEE(enANE G729 ¥aE Holz gk (1—
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E BE F¥E Holx glvh. 29 544 A e B/TY
Wil wel FAAF 2 AgeLEE Holx gth
(I—w) 2 (1—8)% B/T=3.75004 <7t & <& n
olv] es= B/T7} 3.000141 4.75% #H el wat AA
HoR Zadte A% ¢ F vk oHG A W
GulHA ok L/BY) #Hile] el A= TEFFHE 1}
e B/T7 574% <] wet %7k F7F

1A AstA o @ g Ao A
7t Aid ez velal A

F=te dele Adv *i%l
iatgy]) WEoz A
gk o] Zola E4 *‘_U] AYgrc A & EHP=

rio

B

sl SF2 350,000tons, SFEE 16
Aol Wex = EHPS SHP & F39
Idaé A(CB"—‘OS/B, B/T:g_(), L/B:5.5)4 %k% 7]

L/B Variation with C3=0.850 and B/T=3.00

ship 1D.| z/8 [FHEL  SHPL | pC
D | 45 | 118 ' 1074 | 0.650
E . 50 | 0.95 | 0.909 | 0.65
F | 5.5 ‘ 0.831 = 0.782 0.661
H 6.5 | 0.80 0.843 | 0.589
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Fig. 5-1 Typical variation of hull efficiency factors.
with froude number
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Fig. 5-2 Typical variation of hull efficiency factors
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B/T Variation with Cp=0.850 and L/B=5.00

Ship LD.| B/T EH’;;/HPASH%HPA] PC
E 3.00 0.955 0.909 | 0.654
K 3.75 0. 846 0.858 ‘ 0.613
L 450 | 0.900 | 0.908 | 0.614

B/T Variation with Cz=0.800 and L/B=5.00

ship 1D.| B/ [EREL SHPL | PC
G 3.00 | 0.775 | 0.769 | 0.628
N 3.75 | 0.801 | 0.825 | 0.604
0.840 | 0.894 | 0.583

P 4.50
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CiE Ef-FX7 S22 51 o]gA AeR ¥F $AAL, AW A wst
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Table 6-1 Nondimensional Stability Derivatives, Hull Constants,

>

48 2% A9E A%
o2 243 A% Adeln. o AgezyEE
Brs 44Ee $E(Yaw Rate) Ato)s) I Aol o

Displacement-Bare Hull

42 444 B4E 4

5° Zig-Zag® %]
A E Fad
o) 7} A o] A 7k, Overshoot 4

B RS
43 Azt doe
47k gl
and Stability Indices for 350, 000T ons

4

o] NP o2 HH
7o
34 9] Overshoot

[al

L=

i i

Designation

! A | B c D E F G H
v, | —o 01285‘ 0.0105 | —0.00875 | —0.0202 | —0.01575| —0.0124 | —0.0145 | —0.00850
N | —0.01069  —0.0091 | —0.00777 | —0.0l44 | —0.0123 | —0.0103 | —0.0L16 | —0.00755
Yo o 00068\ 0.000576  0.000494 —0.000972  0.000786  0.000661  0.000748 ~ 0.00048
N | —ooo0154 | —0.00131 | —0.00112 | —0.00220 | ~—0.00178 —0.00150i —0.00169 | —0.00109
Y/ | —0.01701, —0.01440 | —0.01236 | —0.02420 | —0.01986 | —0.01652| —0.01869 | —0.01201
N | —0.000034 —0.000054 —0.000054 000009 —0.000016 0. 000024\ —0.000036] —0. 000044
Y/ | —0.000270, —0.000270 —0.000270/ —0.000370] —0.000370 —0.000370 —0.000530 —0.000370
N/ | —0.001127 —0.000932 -—0.000781 —0.001622 ~—0.001311 —0.001061] —0.001154] —0.000735
w | 0.0l928| 0.01620| 0.01381 | 0.02798 |  0.02267 |  0.01873 | 0.02133|  0.01341
L/ | 0.001208  0.001013  0.000863  0.001749 0.001417,  0.001171  0.001333  0.000838
“}’;‘n, " 0.8820 0. 8890 0. 8950 0. 8680 0.8670 0.8820  0.8760 0. 8956
o 1.047 1.065 1.075 0.977L | 1.030 1.052 1.059 1.088
o | —2.020 | —2.0%6 | —2.026 | —2.000 | —2.017 | —2.023 | —2.082 [ —2.032
oW 0.2228 0.2139 0. 2047 0.235¢ |  0.2314 0.2217 ' 0.2331 0. 2052
W 0.8319 0. 8666 0.8880 0.7120 |  0.7810 0.8306 |  0.8000 0.8882
I/ 0.0828 |  0.0838 0. 0841 0.0815 s 0.0813 0.0830 |  0.0821 0.0843
I/ —0.7491 | —0.7820 | —0.8039 | —0.6314 | —0.6997 | —0.7476 | —0.7179 | —0.8039

Notes: Values of hydrodynamic stability derivatives for Hull A are extrapolated.
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Table 6-1 (Concluded)

! Designation
I S K L | M N 0 P

Y | —0.00645 | —0.00470 | —0.00955  —0.00670 | —0.00570 | —0.00895 | —0.00810 | —0.00630
N -0.00588 | —0.00426  ~0.0083 —0.00603} —0.00520 | —0.00784 | —0.00715 | —0.00568
Y, 0000374 0.000271 ~ 0.00053 | 0.000384  0.000331  0.000499  0.000455  0.000361
Ny 0.000848  —0.000614 —0.001202 —0.00087 | —0.00075 | —0.00113 | —0.00103 | —0.000819
Y | —0.00935 | ~0.00677 | —0.01326 | —0.00960 - —0.00827 | —0.01248 | —0.01137 | —0.00903
Ny 1 —0.000204  —0.000204 —0.000164 —0.000164 —0.000204 —0.000144 —0.000194) —0.000144
Y/” | —0.000260 —0.000130 —0.000260 —0.000130 —0.000140 —0.000420 —0.000140, —O0.000310
N7 —0.000855  —0.000376  —0.000825 —0.000562 —0.000493 —0.000729] —0.000708 —0.000497
m’ 0.01289 | 0.01049 |  0.01813 |  0.01511 |  0.01105 |  0.01707 |  0.01543 |  0.01422
I\ 0.000787 o 000656‘ 0.001133  0.000944  0.000690  0.001067  0.000964  0.000889
TRl 07430 | 0.6450 | 07310 | 0.6350 | 0.7480 | 0.7310 | 0.7370 |  0.6350

o | 1.158 1194 | 1120 1.160 1.153 1.146 1.126 1.184

o’ | —1.949 | —1.191 l —1.957 . —1.923 = —1.955 | —1.972 | —1.988 | —I.930

o’ | 0.2138 | 0.2075 |  0.2335 0.2276 0.2038 |  0.2342 | 0.2225 | 0.2277
L 0.9116 0.9064 | 0.8691 0.9000 |  0.9123 | 0.8760 | 0.8827 |  0.9016
L 0.0694 |  0.0601 ! 0.0683 |  0.0591 0.0700 |  0.0682 |  0.0688 |  0.0591

lf ] —0.8422 | —0.8463 | —0.8008 | —0.8409 | —0.8423 | —0.8078 | —0.8139 | —0.8425
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Table 8-1 Principal geometric
300,000 DWT U.S.T.

condition
Item Ship “ ’\Iodel
L, ft 1,143 ‘ 24.191
B, ft 228 4,825
T, mean, ft 74 l 1.566
FP | 74| 1.566
AP 74 1.566
4, mld 449, 840tons 4, 264lbs
S, appended, sq. ft. 369, 440 165.478
L/B 5. 013 5.013
B/T 3.081 3.081
Cs 0.816 0.816
Cp 0.818 —
Cwp 0.899 —
LCB aft of FP, it 547.5 —
9 fwd amidships 2.123 2.123
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Fig. 8-6 Predicted and measured ship trajectories for 35°
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Table 8-3 Speed-power prediction and trial comparison

EHP SHP PC RPM
Vi, lknots MARAD | podel |MARAD [ yoqey [ . | MARAD | yjoqet | MARAD | Model | -,
cries Test Series Test Trial | Series Test Series Test Trial
Prediction Prediction Prediction
12 11,189 12,650 19,349 19,200, 21,530 0.578  0.659 63.4 68. 3 68.6
13 14,128 15,990 24,393 24,230 26,500 0.583] 0.660, 68.6 73.7 74.1
14 17,535 19, 870 30,225 30,060 32,500 0.580] 0.661 73.7 79.3 79.6
15 21,597 24,310 37,288 36,720, 39,300 0.579 0.662 79.1 84.7 85.1
16 26, 768 29, 370 46,490| 44, 300] 46,550 0.576; 0,663 85.0 90. 0 90.6
17 32,820, 35,540 57,217 53,850 - 0.574, 0.660 90.9 95.8 —
18 39,797, 43,150 69, 725 65, 780 - 0.571 0.656 96.9 101.7 —

Table 8-6 Comparison

of numerical measures from zigzag maneuvers for 390, 000DWT U.S.T. Atlantic

First Overshoot
Execute :
Approach Rudder |Time to Rea-
Data Source Speed gﬁzi“t}g Angle, ch Execute| Overshoot HTodt?I
Knots De reg Degrees Heading Angle, Cﬁa ng
grees Change, Degrees D ange,
Seconds cegrees
|
Model PMM Tests 16 ' 20 20 79 13.4 33.4
Full Scale Trial 16 20 20 71 16.0 36.0
MARAD Series Data 16 20 20 81 15.3 35.3
First Overshoot Second Overshoot
p i Time to Rea-
Data Source W%,dtt}}ll °f " Overshoot Total | ch Execute| Overshoot H’godtfl
E a te Width of | Width of | Heading Angle, Cha ng
)i_?cu > | Path, Feet | Path, Feet | Change, Degrees ange,
eet | Seconds Degrees
Model PMM Tests 137 2,056 2,193 326 15.3 35.3
Full Scale Trial — - - 291 16.0 36.0
MARAD Series Data 122 1 2,356 2,477 306 16.1 36.1
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