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Table 7-8

el H - Nondimensional Stability and Control Derivatives,

MARBD Series Mod
and Stability indices for various H/T Values

Hull Constants.

{values are based on a 200,000 ton full load displacement
at a reference speed of 8 knots.)

Batio

Nondimensional Value to Teep Waker Value

| H/T = - 1.2
l YV' ~0.01165 -0.01218 -0.02811 -0, 06510 5.588
| N ! -0, 130665 -0,0081h ~0.0158%4 ~0.02603 3. 77
L0036 0.00355 0.00750 0,01106 3,197
0.00240 ~0.00265 -0.00395 0. 00ANTS = ,.h33

01218 1 -0.01315 _0.02169 ~0.05859 nL9LL

_n.00004 | -0.00003 0.000016 1 0.000155 -3.87%

_0.00035 | -0.0003% _0.00038 | -0.00105 3,000

0.000761 -0.0007RL -0.0010%3 -n.0014L 1,067

0.00335 1.00333 . 00340 n.O0ON1L3 1.727

~0.001TY ~0.0017H ~0.0017% -0.00186 1.009

3.01341 5.013h1 0.012N01 n.01341 1.9050

n.000838 0.000838 0, 000833 0.0008333 1,000

.9080 0.9806 1.617 4,369 5,211

1,003 0.4515 -0.,1591 ~0.752% ~1.8m82

-7.2970 ~2L U705 -2 .,61cH _p B66? 1.0

0.07e61 0.08513 | -0.02995 ~0, 1819 -1.753

0.5709 0.6683 0.56 7, oh0 0,711

0.241h 0,2690 2.3350 SRR

25, ERT

1.529h

-0.3993
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Table 7-10

Incremental contribution to Stability and Control Derivatives
of MARAD Series 200,000 Ton Ships Due to Change in propeller
Loading Coefficient at various H/T

— T
ship! H/T ] Yy ! N ! Yy ! N Y ! Iy !
vn v rn rn arn orn

E ® ~0.00316 | 0.00164 0.00159 | ~0.00085 0.00545 -0.00286

.5 -0.00310 | 0.00163 0.00162 | -0.00087 0.,00547 -0.00287

1.5 ~0.00466 | 0.00243 0.00246 | -0.00128 0.00773 1 -0.00405

1.2 ~0.00871 | 0.00392 0.00391 | -0.00L77 0.01538 | -0.00693

K o -0.00228 | 0.00118 0.00119 | -0.00062 0.0Ch560 -0.00238

2.5 _0.00236 | 0.00123 | 0.00121 ~0.00079 | 0.00475 -0.00251

1.5 -0.00527 | 0.00278 0.00276 | -0.00145 0.00748 | -0.0039=

1.2 ~0.01076 | 0.00434 0.00431 | -0,0020% | 0.01339 -0.00540

L ® -0.00154 | 0.00080 0.00080 | -0.00042 0.00359 | -0.00187

2.5 _0.0023% | 0.00088 | 0.00095 -0.00068 | 0.00372 -0.00186

1.5 .0.00564 | 0.00280 0.00283 | =0.0014L 0.00766 | -0.00383

1.2 ~0.01398 | 0.00510 0.00611 | ~0.0017H4 0.0200% | =0.00730

H ® ~0.00178 | 0.0009= 0.00093 | -0.00048 0.00335 | -0.00174

2.5 ~0.00191 | 0.00094 0.00101 | -0.00052 0.00339 | -0.00179

1.5 ~0.00372 | 0.001g4 0.00186 | -0.00097 0.00516 | -0.00270

L__ 1.2 -0.00645 | 0.00295 |0.00231 ~0.00161 | 0.01026 ~0.00462
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Table 7-11

Comparison of Dimensional Angular Acceleration Parameters for
200,000 Ton Displacement in Deep and Shallow Water of Various Depths

(Values are for an approach speed of 8 knots.)

t,, sec
Ship H/T cp, sec™® Col. 1 Col. 2
E o 0.9053 x 107* 52 52
2.5 0.9052 52 52
1.5 0.7735 55 55
1.2 0.6492 62 67
K - ® 0.9058 52 52
2.5 0.9022 53 53
1.5 0.8081 56 56
1.2 0.7185 61 U
L ® 0.8174 56 56
2.5 0.7804 57 57
1.5 0.6778 59 59
1.2 0.5981 6l 70
H ® 0.6740 61 61
2.5 0.6657 62 62
1.5 0.5748 67 68
1.2 0.5125 69 79

Notes: Col. 1 values are read from Figure 7-26.
Col. 2 values are from computer simulations.
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Table 7-12

MARAD Series Ship E - Nondimensional Hydrodynamic Coefficients
and Constants for Various H/T Values

(Vvalues are based on a 200,000 ton full load displacement
at a reference speed of 8 knots.)

(a

)} X-Equation

. . Value
Nondimensional
Coefficient H/T = e H/T = 2.5 H/T = 1.5 H/T = 1.2
¥ ~0.00133 -0.00168 -0.00350 -0.00629
Lot
YO 0.01608 0.01R88 0.03939 0.07051
vr
X 0, 002N 0.00395 (). 005 265 O.0hE 36
vv
X "(n=0) -0.00170 -0,00150 -0,001273 -0.00030
brbr
X ot 0.0 0.0 5.0 0.0
rr
e ' 0.00100 0.00336 0.,00864 0.01330
vvn
X ' -0.00138 -0.,00130 -0,00142 -0,00159
drornn
&y -0,000021 0.0 0.0 0.0
b, -0.,002054 -0.,001888 ~0. 001847 ~0.002516
¢, 0.002086 -.002061 0.002212 0.002774
a, -0,000838 -0.000892 -0, 001040 ~0.001251
b, -0,000849 -0, 000896 ~0,0010272 ~0,001149
c, 0.001687 0.001788 0.002063 0.002401
a, -0.000838 -0.000892 ~-0.,001040 ~-0.001251
by 0.001201 0.001127 0.0007273 0.000385
Cy ~-0,000054 -0.,000283 ~-0.0007385 -0.001434
a, -0,001291 ~-0.,001270C -0.001191 -0.001149
b, -0,000114 +0.000108 0.000386 0,000704
Ca -0.000316 -0.000924 ~0.000981 -0.001220
Note: Segments 1, 2, 3 and It for X' as a function of n corre-

spond to 2 s <=, 0= =2

.0,

—o = 11 s =1.0;, respectively.

-1.0 =

n < 0, and
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Table 7-12 {(Continued)
(b) Y-Equation
Nondimensional Value
Coefficient H/T = = H/T = 2.5 H/T = 1.5 H/T = 1.2
¥, ! -0,02017 -0,02547 -0.05304 -0.095473
¥
y*! 0.000084 0.000091 0,.000112 0.0001473
YAl ~-0.01506 -0,027014 -3,05231 -0.13271%
v
!1 -0.0534 ~0,07%10 -0, 159091 -0.361173
ViV
y 0.00538 0.00547 0.00659 0.01278
r
1 00,0020 0.00331 0.00560 0,N1600
riri
! 0.0 0.0 0.0 0.0
ribri
1 -0.01630 -0.01762 -0.06325 -0.15028
vir|
v -0.00035 -0.000473 -0.00125 -0,00300
T
v o 0.00545 0.00547 0.00554 0.00650
br
v 1 0.00545 0.00547 0.00773 0.01538
brn
vy 0.00159 0.00167 0.00246 0.00391
rn
y -0.00316 -0.00310 ~-0.,00066 ~-0.00871
\AL
vt 0.000084 0.000091 0.000112 0.000143
*n
m! 0.02267 0.002267 0.002267 0.002267
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Table 7-12 {(Concluded)
(c) N-Equaticn
Nondimensional Value
Coefficient H/T = = H/T = 2.5 | H/T = 1.5 H/T = 1.2
N.t -0.00136 ~0.00137 ~-0.00189 ~0.00255
Ir
N, ~0,000044 ~0.000049 | -0.000059 -0.000075
N ! -0.01098 -0.012803 | -0.02773 -0.05238
v
' 0.01327 0.,005091 0.0106¢2 0.0
VIV
N ! -0,00430 -0,00435 -0.00535 -0.00898
r
T -0,00018 -0.00039 -0.00054 -0.00153
riri
N t 0.0 0.0 0.0 0.0
ror
| ' -0.00515 -0.00624 ~-0.01683 -0.03675
lvVir
N, 0.,0000? 0.00004 0.00055 0.00201
v
NB i -0.00286 -0.00287 -0.00291 ~0.00293
r
N ~0.00286 ~-0.00287 -0.00405 -0.00693
brn
N 0.00164 0.00163 0.00243 0.00392
v
N -0, 000854 ~0.000865 | -0.00128 ~-0.001766
rn
N -0.00004 4 -0.000049 | -0.000059 -0, 000075
+*
n
Tt 0.,001417 0.001417 0.001817 0.001417
Z
Note:

Value of IZ' is based on kz' = 0.25.




7-104

Table 7-13

MARAD Series Ship K - Nondimensional Hydrodynamic Coefficients
and Constants for Various H/T Values

(Values are based on a 200,000 ton full load displacement
at a reference speed_of B8 knots.)

(a)

X-Equation

. . Value
Nondimensioconal
CoefTicient H/T = = H/T = 2.5 H/T = 1.5 /T = 1.z
YO -0.00107 ~-0.001435 -0.003139 -0. 005145
u
X o 0.01012 0.,01241 0.029673 0.04865
vr
Xt 0.00188 0.00204 0.004458 0.02167
AAY
X "(n=0) -0.000513 -0.000507 -0.00042681 ~0.000361
brbr
X oo 0.0 0.0 0.0 0.0
rr
X ' 0,000994 0.001095 0,003587 N.O1M1L
vvn
X ' -0,001167 -0.00119 -0.00139 ~-0,00215
drormn
a, 0.0 0.0 0.0 0.0
b, -0,001448 -0.001487 ~0.001424 ~0.,001761
c, 0.00165% 0.001660 0.001755 0.002052
a, -0.000906 -0, 000958 ~0.,001273 -0.001555
b, -0,000513 ~-0.000461 -0.000183 -0,000011
Cy 0.001419 0.001419 N.0N11ESA 0.0N1566
a, -0, 000906 ~0,000958 -0,001273 -0.001555
by 0, 000LTH 0.000455 0,0N0350 0.000525
Cy ~-0,000445 -0, 00007h -3, 000914 ~0,0014739
. -0.000741 ~0.000772 -0,000902 -0.001283
b, -0,00011¢2 -0, 000089 0.000350 0.000459
Ca -0.001196 ~0.001204 -0.00126G8 -0.001480
Note: Segments 1, 2, 3 and ¥ for X' as a function of n corre-
spond to 2 £ < », 0 << 2.0, -1.0 < nn< O, and

~o £ 15 -1.0,

regspectively.




7-105

Table 7-13 (Continued)
(b) Y-Equation
Nondimensiocnal Value
Coefficient H/T = o H/T = 2.5 | /T = 1.5 | /T = 1.2
Y.! -0.01349 -0.01876 -0.03958 -0, 06487
A%
Y, 0.000086 0.000084 0.000090¢ 0.000098
y ! -0,01031 -0,01399 ~-0.03885 -0,11135
v
1v1' -0,03718 -0.048573 -0.,085909 -0,18113
v
Yy ! 0.00335 0.03685 0.00659 0.,01105
r
1 ' 0.00107 0.00161 0.00791 0.00994
rir)
' 0.0 0.0 0.0 0.0
rior|
1 -0.,0163 ~0,0160 -0.020473 ~0.05241
Viry
Yo ~-0,00024 ~0.00041 -0.00105 ~0.0021%
r
v 0.00456 0.00451 0.00477 0.00657
or
v 0.00456 0.00475 0.00748 0.01339
orn
Yy ! 0.00119 0.00121 0.00276 0.00431
rn
y ~-0.00228 -0.00236 -0.00527 -0,01076
v
Y, ! 0.000086 0.000086 0.000090 0.000098
n
m! 0.01813 0.01813 0.01813 0.01813
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Table 7-13 ({(Concluded)
(c) N-Equation
Val
Nondimensional a-ue
Coefficient H/T = = H/T = 2.5 H/T = 1.5 H/T = 1.2
N, ' -0.000857 -0.000865 -0.00121 -0.00166
r
N, -0.000045 ~-0.000045 | -0.000047 | -0.000052
N ! -0.00728 -0.00766 -0.01907 -0.039073
v
1 0.00895 0,00658 0.001136 0.0
VARS
Nt ~-0.00314 -0.00325 -0,00411 -0.00717
r
t =-0,00074 -0,00078 -0.00145 -0.00191
rir|
N 1 G.0 0.0 0.0 0.0
rbor
' -0.0051% ~-0.00839 -0.02609 -0.03491
ivir
N, ~0.00016 -0,00007 0.000596 0.00250
2
N -0.00238 -0.00238 -0.00250 ~-0.00265
r
N6 1 -0,00238 -0.,00251 -0,00392 -0.00540
r
N ! 0.00119 0.00123 0.00278 0.00434
AL
N ! -0.00062 -(G.00079 ~-0.00145 -0.00204
rn
N* i -0.000045 -0, 000045 -0.000047 -0.000052
N
IZ' 0.001133 0.001133 0.00113273 0.001133
Note:

Value of IZ' is based on kz' = 0.25.
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Table 7-14

MARAD Series Ship L - Nondimensional Hydrodynamic Coefficients
and Constants for Various H/T Values

(Values are based on a 200,000 ton full load displacement

at a reference speed of 8 knots.)

(a) X-Equation
Nondimensional Value
Coefficient BE/T = o B/T = 2.5 H/T = 1.5 H/T = 1.2
X! -0.000883 -0.001025 ~0,0024083 ) ~0,00453"
u
X ! 0.00736 0.007N1L n.0z071 N.03757T
vr
X oo 0.000657 0.00128 n,0066G N.02HGN
vV
! = -0.00Ch3z ~-0.00040h72 ~.00033205 ] -0, DNN3E07Y
Xﬁr@r (ﬂ 0) '
' 0.0 0.0 0.0 0.0
rr
' 0.00097 0.00167 NLONHTT 0, 0090
vvn
1 -0.00154 -0.001672 -0.00177 ~-0,00251
brornn
a, 0.0 0.0 0.0 0.0
b, -0.0013581 -0.00141% ~-0,001787 -0,00z20073
C, 0,.001515 0.0015731L 0.001546 0.002304
a, -0.000649 -0.000686 -0.,0011326 -0,001554
by -0.000674 ~0.000651 | -0.000%00 | -0,00027*%
Cy 0.001324 0.001352 0,001536 0.00152%
aq -0.000649 -0.000686 -0.001136 ~-0.001554
by 0.000578 0.000563 0.000362 0.000135
Cq -0.,000189 -0.000198 ~-0.000248 -0.00030¢
a, -0,000537 -0.000535 ~-0.000409 -0.000347
b, -0.000164 -0,000151L 0.000149 0.000319
Cq -0.001042 -0.001053 -0.001188 -0.001325
Note: Segments 1, 2, 3 and 4 for X' as a function of n corre-
spond to 2 = n < «, << 2.0, -1.0s n < 0, and

-» £ < =-1.0,

respectively.
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Table 7-14 {(Continued)

(b) Y-Equation

. . Value
Nondimensional
Coefficient H/T = » H/T = 2.5 H/T = 1.5 H/T = 1.2
Y.! -0,00081 -0.01379 -0,02760 -0.05009
v
Y*' 0.000086 0.000075 0.000077 0.000096
v o -0,00751 -0,01269 ~0.03724 -0,09881
v
L -0.07622 -0,0k935 ~-0.,1093 -0.34113
ViV
Y ! 0.00251 0.00271 0.00555 0.012273
r
' 0.00115 0.00193 0.0047Y 0.00698
rir!
! 0.0 0.0 0.0 0.0
ridr!
1 -0,01673 -0.01942 ~-0. 0609 -0.1551
viri
Y. ! -0,00011 ={,00021 0.001C33 0.002217
T
Y@ ! ,00359 0.00361 0.00414 0.00581
r
YB 1 0.00359 0.00372 0.00766 0.02002
rn
vy ot 0.00080 0.00095 0.00283 0,00611
rn
y ! -0.00154 ~-0.,00234 -0,00564 -0.01398
v
v oo 0.000086 0.000075 0.000077 0.000096
*
n
m! 0.01511 0.01511 0.01511 0.01511




1
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Table 7-14 (Concluded)
(c) N-Equation
“Tondimensional Value
Coefficient H/T = = B/T = 2.5 H/T = 1.5 | B/T = 1.2
=Ni' -0.000586 ~0.000663 | -0.00110% | -0.001433
At -0.000045 ~0.000041 | -0.0000%0 | -0.000051
:-yvf -0 ,00475 -0.00635 -0.01984 ~0.03721
Nv‘v" 0.00k23 0.00342 0.000910 | -0.002213
Nr‘ -0,0025 -0.00259 -0.007350 -0,00632
Nr;ra' ~0,00028 ~0.00042 ~0.000561 | -0.000961
Nr&r' 0.0 0.0 0.0 0.0
tvtr‘ -0.00515 ~-0.00811 ~0.022306 | -0.06672
N ~0.00016 -0.00015 0.00037T4 0.001117
N ~-0.001865 -0.00187 -0.00z207 0.00212
Narn' -0.001865 -0.00186 ~0.00383 ~0.00730
N 0.000803 0.000875 0.00280 0.00510
N n| -0.00042 -0.00068 ~0.00144 -0.0017H
r
N%ﬂl ~-0.000045 _0.000041 | -0.000040 | -0.000051
Iz? 0.000944 0.0000Q4 4 0.000G44 0.000944

Note: Value of IZ‘ is based oOn kz' =

0.25.
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Table 7-15

MARAD Series Ship H - Nondimensional Hydrodynamic Coefficients
and Constants for Various H/T Values

(Values are based on a 200,000 ton full load displacement
at a reference speed of 8 knots.)

(a) X-Equation

. . Value
Nondimensional
Coefficient H/T = = H/T = 2.5 H/T = 1.5 H/T = 1.2
X&' ~-0.0005671 -0.000689 -0.,001125 ~0.,003228
er' 0,.00914 0,00933 0.,01627 0,0h 304
X 1 0.00197 0.00199 0.00s10 N0,0109
vv
1 = -0.00087 -0, 0002 -3, D00 -0, Onnh D
X@rﬁr ('r] O) { _.
oot 0.0 0.0 0.0 0.0
rr
X 1 0.001073 0.00121 n,007A1 0.0157
vvn
X ! -0.001009 -0.001L10 -0.00117 -0,00109
brornn
a, 0.0 0.0 N, 0 0.0
b, ~-0.001169 -0,001187 -D.,00177 -0.001417
N 0.00130M 0.001319 0.00110" 0.0N16E7
a, -0.000641 -0.000660 -0,0007 74 -0.,001119
b, -0.0004738 -0.,000409 -0, 000275 0,000291
Ca 0.001030 0.001081 0.0N01101 0,0011z2
ag -0.,000641 -0.000660 ~0.000275 ~0,001419
by 0.000133 0.000E55 0.0005707 N1.000150
Cqy -0.000285 ~-0.000297 -0.,000421 -0, 0006093
2, -0.001189 -0,001122 -0, 000952 ~-0,000885
b, -0.000272 -0,000268 0.000091 0.,000332
C, -0.000892 -0, 000893 -0, 000245 -0.001001

Note: Segments 1, 2, 3 and 4 for X' as a function of n corre-
spond to 2 £ s o, 0 < n= 2.0, -1.0 £ nn= 0, and
- = 15 -1.0, respectively.
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Table 7-15 {Continued)
(b) Y-Equation

Nondimensional Value

Coefficient H/T = @ H/T = 2.5 H/T = 1.5 H/T = 1.2
Yv' -0.01218 -0.01315 -0.02169 -0.05859
Y, 0.00006 0.000058 0.000058 0.000075
sz -0,00924 -0.01055 -0.0283% -0.06636

vyt -0,03702 ~0.05092 -0.10319 -0.19233
v 0.00335 0.00368 0.00750 0.01046

—_— 0.00230 0.00295 0.00633 0.00907

P 0.0 0.0 0.0 0.0

. ~0.0144 -0.0199 -0.02898 -0.05769

viri
Y, -0.,00035 ~-0.00035 -0.00038 -0.00105
Yﬁr' 0.00335 0.00333 0.00340 0.00413
Yﬁrn! 0.00335 0.00339 0.00516 0.01026
Yr i 0.00093 0.00101 0.00156 0.00231
Yvn' ~-0,00178 -0.00191 -0.00372 -0,00645
Y*:! 0.00006 0.000058 0.0000548 0,000075
m! 0.01341 0.01341 0.01341 0.01341
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Table 7~15 (Concluded)
(c) N-Equation

Nondimensional Value ——

Coefficient H/T = o H/T = 2.5 | B/T = 1.5 | H/T = 1.2
N, ~-0.000761 -0.000781 | -0.00108 -0,00141 N
N, -0.000031 -0.000031 | -0.000031 | ~0.000040
N -0.00515 -0.00738 ~0.01691 ~0.02893

S 0.0020 0.00179 0.0007515 | 0.0
N -0.00240 -0,00265 -0.00396 -0.00611

rtrtl -0.00044 -0.00089 -0.00133 -0,00181
Noop 0.0 0.0 0.0 0.0

- ~0.00483 ~0.00995 ~0.021563 | -0.038427
N, ! -0.00004 -0.00003 0.000016 0.000155
N ~-0.00174 -0.00174 ~0.00178 -0.00186
Nﬁrn' -0,0017Y -0.00179 -0.00270 -0.00462
an: 0.000923 0.000936 0.001938 0.00295
N ! ~0.00048 -0.00052 ~0.000969 | -0.00161

I
N*:, ~-0.000031 ~0.000031 | -0.00003L | -0.000040
T 0.000838 0.000838 0.000838 | 0.000838

Note:

Value of IZ‘ is based on kz' = 0,25.
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Table 7-18

Comparison of Numerical Measures from Steady Turning Maneuvers
of 200,000 ton Ships in Deep and Shallow Water

(Values are for an approach speed of 8 knots.)

(a)

10 Degree Right Rudder Angle Turn

Time to Time to Speed
Change Change Remaining Steady
Heading Heading in Steady Tactical { Turning
Snip| H/T 90 Deg 180 Deg Turn Advance | Transfer | Dlameter | Dlameter
seconds seconds knots feet feet feet feet
E @ 403 gl2 4,58 ohB 1813 4sh1 hgg
2.5 399 748 4,03 4005 054 b3 4lhz3y
1.5 433 804 5.99 hoot 2567 5265 5259
1.2 898 1721 7.51 7995 ABR2 13652 13308
K - 458 938 5.01 linln 2289 56138 5718
2.5 498 983 5.31 4813 2688 6185 6168
1.5 54z 1021 6.26 5051 3415 TOT72 6779
1.2 921 1796 7.51 8097 7108 14327 14073
L @ 532 1084 5.18 5e6Y ST07 6624 6661
2.5 528 1017 5.78 5131 2971 6706 6712
1.5 593 1122 6.83 SHT2 4037 8231 8076
1.2 1143 1373 7.58 9875 8983 18133 17996
H = 534 1044 5.24 5265 2799 fh1p Bl
2.5 738 1087 5.71 5393 2195 7105 Tou2
1.5 767 147y 7.11 6986 L] 11135 10906
1.2 1150 2581 7.63 11439 8617 20820 20518
(b} 20 Degree Right Rudder Angle Turn
E @ 305 675 3.58 2998 1234 3358° 3254
2.5 357 589 3.79 2301 1405 3113 2016
1.5 314 600 4.86 2991 1757 %09 3u7e
1.2 515 973 6.42 4575 3559 7032 6343
K @ 291 TTH 3.96 3396 1625 4196 4121
2.5 368 788 4,14 3508 18213 4469 hogh
1.5 391 763 .91 3561 2325 4842 4303
1.2 712 1022 6.36 4636 3752 7461 6855
L @ 400 879 3.99 3829 1821 4756 4608
2.5 390 805 h.sh 3718 2027 4801 41681
1.5 hoo 820 5.59 3810 2639 5487 5167
1.2 634 1207 6.80 5372 4502 9040 8603
H @ 395 B840 4,05 3761 1875 hyy3 4319
2.5 403 B70 4, kg 3955 2037 5134 4gyp
1.5 514 1007 5.88 4601 3349 6923 6514
1.2 726 1803 6.59 6392 5232 10345 9530
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(Concluded)

35 Degree Rlght Rudder Angle Turn

Time to Time to Speed
Change Change Remaining Steady
Heading Heading in Steady Tactical | Turning
90 Deg 180 Deg Turn Advance | Transfer | Diameter | Diameter
seconds seconds knots feet feet feet feet
E o 248 615 2.50 2375 901 IR 2314
2.5 239 493 2.61 2212 g4s 2181 2003
1.5 246 478 3.53 2258 1212 2481 o204
1.2 348 643 4. 42 3051 2086 4090 3120
K ) o83 691 2.76 655 1099 3104 2880
2.5 2973 685 2.81 2712 1284 3235 2R87
1.5 07 631 3.16 2701 1607 308 2876
1,2 363 703 b 23 3091 2241 3354 3445
L = 316 735 2. 74 2915 1201 3379 3047
2.5 311 706 2,78 2839 1386 3h05 3076
1.5 306 657 3.54 2834 1797 3719 3161
1.2 403 763 4.86 34y 2498 4743 3855
H @ 309 695 2,64 2830 1233 3031 2761
2.5 342 751 3.00 3031 1565 3655 2278
1.5 388 778 3.72 3312 2201 4515 3919
1.2 4a7 930 4, 4g k101 3004 5719 Hh20
{d) 45 Degree Right Rudder Angle Turn
E @ 2925 620 1.88 2110 71z 2071 1858
2.5 217 by 1.98 2024 794 1804 1586
1.5 228 43y 2.79 2065 1005 2040 1672
1.2 308 574 3.24 2741 1701 3203 ool
K @ 261 692 2,05 2419 890 2656 2283
2.5 269 672 2.06 2458 1021 2741 2286
1.5 285 605 2.15 2457 1363 2848 2195
1.2 317 623 2.56 2725 1750 3387 2817
L ® 293 830 1.57 2627 951 2779 2197
2.5 289 709 1.67 o561 1124 0815 2232
1.5 200 655 2.30 2551 1458 3024 2291
1.2 37 627 3.43 2886 1895 3428 2404
H o 287 737 1.82 2551 984 0512 2088
2.5 318 The 2,06 2741 1268 3020 2503
1.5 357 718 2.55 2968 1828 3626 2785
1.2 433 8ol 3,16 3696 o412 IPIES =865
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Table 7-19

Comparison of Nondimensional Tactical and Steady Turning Diameters
for 200,000 Ton Displacement in Deep and Shallow Water at H/T = 1.2

Rudder Ratio to
T ) dnter Va
Angle ™m/L DT Deep ter Value
Ship deg R H/T = » | H/T = 1.2 H/T = =« | H,T = 1.2 Th/T, /L
B 10 5,33 16.03 5,28 15.63 3.01 .96
20 3.94 3.26 3.8¢ T.h5 2L09 1.95
35 .87 k.80 PLTE 3.66 1.67 1.735
hg 2,43 3.6 .18 2.60 1.55 1.19
K 1 6.15 15.65 £.03 165, 2 oLn! = N6
Z0 y.57 2,13 s P b 1.67
35 3.38 .75 3.11 3.76 1.40 1.2
be .90 3.69 .U 2.63 1.2% 1.06
L 10 6.79 18.60 LBA 18, 16 z, 74 2,70
0 h.88 9,27 N3 a,=12 1,00 1.27
35 24T b BT 2.13 2.5 1,07 1.27
h5 2.85 3.52 7.25 20T 1.2 1.09
B 10 &.37 Z0,52 ST =y, T3 2,05 2,19
z 4,38 17,50 b, ot 4,27 2,23 Z,21
35 2.9% 5.6% S.TE L, 3 1.84 1.4
LS o L8 h, 33 2,06 oL, 0z 1.77 1,37
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Table 7-20

Comparison of Numerical Measures from Stopping Maneuvers for
200,000 Ton Displacement in Deep and Shallow Water at H/T = 1.2

Rudder Held at Angle
Rudder Fixed at Zerc of 35 Degrees Right
Depth Time to Time to
Draft Head Side Reach Heading || Head 3ide Reach Heading
Ratio Reach | Reach | Zero Speed | Change Reach | Reach jZero Speed | Change
Ship H/t feet feet seconds degrees | feet feet seconds degrees
E @ 5555 -360 670 =47 2860 | 1279 490 109
1.2 6234 -138 955 -5 4z7e | 2887 880 71
K ® 71k ~129 619 -28 3135 1050 519 84
1,2 6020 -114 883 -4 Yool | ffar gz4 TH
L ® 5227 ~145 679 -28 3507 | 1184 530 81
1.2 5913 ~111 841 -3 atel 2606 790 70
H ® 5408 -126 759 -18 3405 1345 569 95
1.2 6237 -69 958 -1 5030 £552 fsjele kg
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CHAPTER 8
NUMERICAL EXAMPLE

Introduction
The numerical example presented in this chapter is intended

to provide guidance to the user of the data given in the previous
chapters. In addition, the performance of a MARAD series hull
form is compared with the performance of an equivalent
conventional hull form representative of existing full-form
vessels in current service.

The selected design example is the 390,000 deadweight ton
U.S. flag tanker U.S.T. ATLANTIC, with proportions and form
characteristics that lie within the MARAD Series matrix of hull
form parameters. The resistance, propulsion, and PMM maneuvering
tests of the 24 foot model were carried out in the Hydronautics
Ship Model Basin (HSMB) in 1975, and results were reported in
Reference 40. Full scale Raydist trials conducted in 1979, were
reported in Reference 41. The availability of these reports
provided the opportunity to compare performance predictions by
use of the MARAD Series data charts with model test predictions
and full scale trial results.

Model-Ship Characteristics
Principal characteristics of the U.S.T. ATLANTIC, MARAD
design designation Tll-S-116a, are summarized in Table 8-1.

Characteristics of the equivalent HSMB model 7530-1 are also
included in the table. The hull form of the "T11" design
consists of a cylindrical bow, similar to that of the NSMB
Series, Reference 10, and the MARAD Series, and a conventional
transom stern with semi-balanced rudder and supporting shoe
piece. The primary difference between the "T11" and MARAD Series
hull forms is in the afterbody geometry, with the Series forms
having the characteristic buttock-flow run with open stern
configuration and spade or horn rudder.
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Speed-Power Predictions

The speed-power predictions were prepared using the computer
program developed in 1977 and reported in detail in Reference
42. The complete listing for this program is included in
Appendix D. Program descriptions included in this chapter are
limited to brief discussions of applying the resistance and
propulsion data to design studies, including interpoiation
methods incorporated in the program. The charts included in
Chapters 4 and 5 for prediction of resistance and powering
characteristics can be used manually in the traditional manner,
employing linear interpolations as appropriate. However, more
sophisticated interpolation methods were incorporated into the

program.

Resistance - For a given combination of values of B/Y, L/B,
Fy, and Cg, the program provides for the following
interpolation and computation sequence to obtain Cp:

- Interpolate on B/T, using a three-point parabolic fit.

« Interpolate on L/B using a three-point parabolic fit.

« Interpolate or extrapolate on Fy.
If the Fy value falls in the range of 0.13 to 0.19, a fourth
order polynomial fit is used. If Fy is less than 0.13, then
the Cp is set equal to the Cp value at Fy = 0.13. If Fy
is greater than 0.17, a linear extrapolation is used, based on
the slope of Cp between Fy = 0.185 and Fy = 0.190, as
determined by a 4th order polynomial.

- Interpolate on Cp.
Due to the shape of the Cp versus Cg curve, three different
interpolation methods are used, depending on the value of (g.
When Cg falls between 0.80 and 0.85, a weighted average of
linear and 2nd order polynomial estimates is used. If Cg lies
between 0.850 and 0.875, the interpolation is made using a second
order polynomial.
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Effective Horsepower, EHP - Estimated values of EHP are

given in Table 8-2, the computer program output.

Assumptions and modifications to the principal characteris-
tics summarized in Table 8-1, as required for the resistance
estimates for this example, are summarized in the following
notes:

(1) Wetted surface - The wetted surface coefficient, Cq =
s/(vL)1/2, corresponding to the actual wetted surface, Table
8-1, is 2.754. However, the existing form of the computer
program only provides for a wetted surface coefficient based on
the equivalent MARAD Series model. For this case the value
computed was 2.805.

(2) Appendage drag - Results of the Series resistance tests
indicated that the increased resistance due to presence of the
rudder was essentially in direct proportion to the increased
wetted surface. Since wetted surface of the series model exceeds
the actual wetted surface by about 1.9%, this correction was
ignored in the example.

(3} Correlation allowance - Based on experience with
earlier expansions of model test results for large full-form
hulls, a value of Cy = O was assumed.

(4) Frictional resistance - Frictional resistance coeffi-
cient, Cp, was obtained from the 1957 ITTC line, Reference 13,
corresponding to the appropriate values of Reynolds number, Ry.

EHP was computed for a range of speeds, by means of the
following relationships:

cT CR + CF * Gy

P 3
CTX *2- Sv
E50 ft-ib/sec

EHP

Powering Estimate - Values of (1-t), (l-w), and ep, were

taken from the data given in Chapter 5 and interpolated in the
same manner as the Cp values. These factors are functions of



8-4

B/T, L/B, and Cg, and are constant with Froude number. In the
computer program, (1-t), (l-w), and e, are each arranged in a
separate array made up of a matrix of values of B/T, L/B, and
Cg. For given values of B/T, L/B, and Cg, the interpolation
sequence in the program is as follows:

« Interpolate on B/T, using a three-point parabolic fit.

. Interpolate on L/B, using a three-point parabolic fit.

« Interpolate on Cg as follows:

For 0.80 < Cg > 0.850, a weighted average of linear and
second ordef polynomial interpolation;
For 0.85 < Cg < 0.875, a second order polynomial
interpolation;
Then hull efficiency, ey = {1-t)}/(1-w), and propulsive
coefficient, PC = (ep)lep)lepy).

The propeller efficiency in open water is calculated using
the results of the open water tests conducted with four and five-
bladed propellers of the Wageningen B-screw series results as
reported in Reference 43. The propeller is optimized for the
design speed with respect to operating rpm, blade-area ratio,
pitch-diameter ratio (P/D), and diameter (D). Required shaft
horsepower, SHP, is computed from the expression:

EHPTOtal

SHP = BT

Results of the powering calculations are summarized in the
computer printout of Table 8-2.

Comparison of Results - EHP, SHP, PC, and RPM values for
speeds of 12 to 18 knots are summarized in Table 8-3 and compared

graphically in Figure 8-1 for the computer model prediction,
model test, and full scale trials. The following should be noted
when making comparisons:

(1} Optimum propeller selected in the computer model, based
on the Wageningen "B" Series data bank, resulted in the selection
of the propeller characteristics summarized in the following
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tabulation. Characteristics of the propeller used in the model
test and installed on the ship are also listed.

MARAD Series Model and
[tem Optimum Full Scale
Diameter 30.5 ft 31.5 ft
Number of blades 5 6
P/D 0.776 0.614
BAR 0.672 0.599

(2) EHP data are not available from the trial analysis.

(3} Trial speeds did not exceed 16 knots.

A comparison of the predicted EHP values from the MARAD
Series computer program and from the model tests indicates that
resistance of the MARAD Series is lower for the range of speeds
investigated. However, PC is significantly greater for the model
than for the MARAD Series. The low value of PC for the series
results from the Tow values of e, which are inherent
characteristics of the MARAD Series hull form. The significant
difference in RPM prediction, comparing the trial and model test
results with the Series prediction, results from the unusually
low values of wake fraction characteristic of the MARAD Series
hull form.

The trial and model test SHP curves are essentially
parallel. However, at the maximum continuous power level of
45,000 SHP, speed predicted by model test is approximately 0.3
knots higher than measured on trials. The MARAD Series SHP curve
is significantly steeper than either the model or trial curves,
though the curves intersect at the nominal 16 knot design speed.

As in the case of this example, the Series data and computer
model are expected to be used frequently for speed-power predic-
tions of conventional hull forms having the Series parameters.
Development of EHP ratio “worm curves" with experience will
increase the utility of the Series for this purpose. For the
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current example, EHPpode]/EHPMaRAD Varies from 1.13 at Tow
speeds to about 1.10 at design speed. Development of such
empirical data with experience has been common practice for
application of the earlier Taylor and Series 60 data for predic-
tion purposes.

Predictions of Maneuvering Characteristics

Predictions of ship maneuvering performance of the U.S.T.
ATLANTIC using the MARAD Series data were carried out in three
steps:

(1) Estimation of the nondimensional coefficients and
constants used as an input to the maneuvering simula-
tion model.

(2) Limited simulations of the standard definitive
maneuvers such as turns, zigzags, and stops.

(3) Analysis and comparison of the simulated results with
the available resuits from the sea trials and from
computer predictions based on the model test data
analysis.

Estimation of the Hydrodynamic Coefficients - Results of the

captive model! tests presented in Chapter 6, were used to predict
the nondimensional hydrodynamic coefficients for the U.S.T.
ATLANTIC ship in surge, sway, and yaw. Three models from the
MARAD Series, designated E, G, and K, respectively, have similar
values of B/T, L/B, and Cg, as shown in the following

tabulation:
Ship/Model B/T L/B Cg
U.S.T. ATLANTIC 3.081 5.073 0.816
Series Ship E 3.000 5.000 0.850
Series Ship G 3.000 5.000 0.800
Series Ship K 3.750 5.000 0.800
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Values of L/B ratio are nearly identical and B/T ratio for
Ships E, G, and the U.S.7. ATLANTIC are close. For further
interpolation, Ship E was selected as the best candidate vessel
for the following reasons:

(1} values of B/T and L/B are close to those of the U.S.T.
ATLANTIC. Difference in block coefficients will have relatively
minor effects on ship maneuvering coefficients for the full scale
vessels.,

(2) Testing and analysis for the Ship £ hull model was the
most comprehensive and is considered very reliable.

Analysis of the test data and maneuvering performance of the
MARAD Series carried out in Chapter 6 indicates that in the range
of variation of block coefficients from 0.80 to 0.85 the
nondimensional hydrodynamic forces depend primarily on the ratio
B/T and, to a lesser degree, on the ratio L/T. Variation of Cp
for the Series models had only a secondary effect on the
hydrodynamic forces.

Corrections to the hull forces due to differences in B/T,
L/B, and Cg values were determined using the appropriate
charts, figures, and tables in Chapter 6. The values of these
corrections were quite small, rarely exceeding five to seven per-
cent of the total value of the coefficient.

Due to the significant differences in the size of the rudder
and propeller for both vessels, the corresponding corrections to
the terms related to the performance of the rudder and propeller
were significant. The values of the U.S.T. ATLANTIC rudder and
propeller coefficients are less than the corresponding values for
Ship E by an average 20 to 30 percent. A summary of the hydro-
dynamic maneuvering coefficients for the U.S.T. ATLANTIC is
compared with the Ship E coefficients in Table 8-4.

(1) As expected, the values of the hull hydrodynamic linear
and nonlinear coefficients, for all three sets are very close.
Some of the differences between predictions and model basin
measurements can be attributed to differences in curve fitting
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procedures which determine the linear and quadratic terms as a
function of ship motion parameters. For example, nondimensional
values of the total yaw damping moment estimated by predictions
from the MARAD Series and measured in the model basin are very
close in the practical range of ship rates, r' = rL/U, between
0.5 and 0.9. The linear and quadratic yaw damping coefficients,
N-' and Np FL‘, respectively, are given in the following

tabulation, for the interpolated and model test values:

Data Source Coefficient, N,.' | Coefficient, errl‘

Prediction from
MARAD Series
Interpolation -0.004150 -0.000262

Experiment from
PMM Model Tests
and Analysis -0.003682 -0.000650

The values differ significantly due to the different emphasis on
the relative contribution of the linear and nonlinear terms
defining the total yaw damping force coefficient.

(2} The hydrodynamic forces due to the rudder and propeller
were estimated from the MARAD Series data by taking into account
the relative dimensions of the rudder and propeller on the U.S.T.
ATLANTIC, which are about 25 percent smaller than in MARAD Series
models. The resulting predicted and measured values of the
rudder forces are very close, hence the proposed procedure seems
reasonable.

(3) Resistance and propuision hydrodynamic forces are
determined by the coefficients aj, by, and cj. Again some
of the differences between predicted and measured values of the
coefficients could be attributed to the curve fitting technique.
In addition, the limiting values of the ship propulsion ratio
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value, n, defining four segments of resistance and propulsion
terms, differed in the following manner:
. Segments 1 and 2 in the MARAD Series interpolation were
defined as:
Segment 1: 1 < n< =
Segment 2: 0 < n < 1.0
. Segments 1, 2, and 3 in the PMM model test data were

defined as:
Segment 1: 2.0 < n < w
Segment 2: 0.2 < n< 2.0
Segment 3: -1.0 < n < 0.2

Limits for Segment 4 were similar.

(4) In the PMM model test data, hydrodynamic forces due to
variation in the propeller loading are described by the original
simplified mathematical model which assumes only the 1inear
dependence of these forces from the propeller revolutions, n, on
the ship propulsion ratio, n. Then any force component is

expressed by the sum:

F=Fl )+ (o) [F )

where F corresponds to X, Y, and N components of the rudder and
asymmetric forces. The first term corresponds to the coefficient
at self propulsion point (n=1) and the second term gives the
linear contributions proportional to the n-derivative coeffi-
cients. The following values were derived from the PMM model
test data:

H

0.000045

Vo 0.00442 Vit

Ngp, = -0.00230 Na'

Y,

H
H

N,' = -0.000023

Simulations of the Definitive Maneuvers -’ Simulations of the

standard definitive maneuvers were performed for full-ahead and
half-ahead forward speeds. Comparison of the simulated results
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obtained from the MARAD Series interpolation with the numerical
results based on the model tests shows that both predictions are
quite close, with differences no greater than six to ten percent
for all simulations. Selected results are given in Tables 8-5
and 8-6.

The ship maneuvering trial data of the U.S.T. ATLANTIC
reported in Reference 41 includes the trajectory plots for turns
with 35 degree rudder, time history of the rudder and heading
angle for 20-20 zigzag and trajectory of the crash stop maneuver
from full-ahead speed. These results without correction for wind
and speed are shown on Figures 8-2 through 8-5. It should be
emphasized that the weather conditions during trials were such
that the recorded ship trajectories were strongly influenced by
environmental conditions, particularly the wave drift forces.

For comparison of the simulated and trial maneuvers, the ship
trial trajectories were corrected for the influence of wind and
waves using a two step "reverse" simulation procedure. The
initial step invoived the attempt to simulate the trial record as
closely as possible. The actual values of environmental
disturbances were determined by an iteration process. In the
second step these values were used again in reverse for the
specific trial turns. The principal numerical measures of the
corrected trial turning maneuver are tabulated in Table 8-5
together with the results of the simulations. The corresponding
ship trajectories are shown in Figures 8-6 and 8-7, indicating
good agreement between predictions and measurements.

The results of 20-20 zigzag maneuvers are given in Table 8-6
and the time history of the ship heading angle is shown on
Figures 8-8 and 8-9. The simulated and measured results are also
in close agreement. The results of the simulated crash stop
maneuver are shown on Figure 8-9 together with the uncorrected
trial measurements. The main characteristics of this maneuver,
head reach and time to stop, are in satisfactory agreement with
the trial records. The measured value of the side reach,
however, is significantly larger than the simulated value,
probably due to the influence of wave drift on the vessel,
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particularly at the last stages of the maneuver.

Results of the analysis of the simulated and measured
maneuvering performance at the U.S.T. ATLANTIC, can be briefly
summarized as follows:

(1) The comprehensive ship maneuvering information obtained
from the MARAD Series results provides a good basis for. predic-
ting ship maneuvering characteristics for hull forms similar to
those of the Series. The surge, sway, and yaw hydrodynamic
forces acting on a ship hull in a maneuver can be reliably
estimated from the results of Chapter 6 by considering the
effects of variation of Cg, L/B, and B/T. Predicted values can
be used for further simulation studies based on the mathematical
model described in Chapter 6.

(2) In the prediction of the rudder and propulsion forces,
consideration should be given to the dimensions of the rudder and
propeller of the studied ship and the MARAD Series equivalent.
It can be reasonably assumed that the basic hydrodynamic
interaction between ship hull, rudder, and propeller will be the
same for the Series form and the hull form under study.

Although the environmental effects during the U.S.T.
ATLANTIC sea trials were significant, results of measured and
predicted maneuvers are in reasonably good agreement.



RPM

EHP/SHP

20

Be

70

60

70

60

50

8-12
- : N : IJ F | |
11 » ¥
L bl |~
1 ; >
RPM - MODEL TEST T==pi I’ I’ ]
1
Z i SHP - MARAD SERIES
| l 1 ¥ ettt TT 50
I TP Ty Trrrrrrrrree
RPM - TRIAL ~ SHP - MODEL TEST
! } 44 ] -
= 4
1
> - 4
i
=RPM - MARAD SERIES A
’ 40
A y
A
¥
y;
7 y y
¥
7
% 35
4 A
' d
4 F
t 7
; — EHP - MODEL TEST 1
; A 30
- 4
y, 7
p
;1_ ! -] y EHP - MARAD SERIES
il S | 7 ya y 1 I
B . i 1 T Y. y F k) T
I SHP - TRIAL == 7 4 A )
- g 4 ~* 25
] ¢ /. A
iy £
I
|
I
1 LA i ’f T
. P 4 = EHP/SHP - MODEL TEST 20
-
r P % T
L] » EHP / SHP MARAD SERIES 17
" = is
1 1 T f
— - Jd.1
Notes: 1. Triel data corrected
for wind and sea 10
2. Estimated SHP from MARAD
Series date based on
30.5 ft propelier diameter
5
12 13 i% i5 16 17 18
V - KNOTS
FIGURE 8-1 - COMPARISON OF ESTIMATES AND TRIAL PERFORMANCE

390,000 DWT U.S.T. ATLANTIC

ST

HORSEPOWER / 1000



8-13

o g’
Y%,
5\
5 \%
o+
‘?'u ” .i:‘..!: . %
%, IMITIATE % O %
LAT. 36° 47° 02.7° N - @
LON. 73° 57 355° W %o % %
(‘g, S A
» 2 @
0:06:32.4 '
.. N ! heis2i31.
16:0 : 3\ 10081460 : .. 131.6
10:03:04.6 ,, \ |
> 1010:01.0
10216
¥ 101145.7
09/5343.6 —
08093 ¥ 1043300 ¥
¢ g3 T\
09155110.0 \ o

\ T _09:56141.2
N 10:15:14.9 ©

&

789 o 750 1500
FT, Poypoun ot i i
N I_| L] Li L) I l l
306 ] 300 600

WIND : 12 KTS., FROM 350 ¢ T 2 TITLE: RIGHT TURNING CIRCLE
ENGINE: 89 RPM AHEAD
BALLAST: 74 FT. = FULL LDAD
RUDDER: HARD RIGHT (35° RIGHTY
ID: NNSDDCO HULL 613 UST ATLANTIC

DATE: 12 FEB. 72
AYDIST ANTENNA
-CENTER OF GRAVITY

TELEDYNE HASTINGS - RAYDIST FEB 79

HB-10837 SHEET L OF 5

FIGURE 8-2 - VESSEL TRAJECTDRY FOR 35° RIGHT RUDDER ANGLE,
FULL AHEAD SPEED



8-14

TASTICA g
1106:20.9, =
? \ae” |uwsus2 -
1107149.3 Wi =" s - e
[ [ 7/ X\ 11042
110919.8 <Y A\
110548 = F-1103:33.7
@ \ Y - 11521:07.6 |
1120322 —4
/S 1119188
g - et . N N e 3
e’ 2 L7 ]
o f 11|02'1517

LAT. 36° 46° 50.6°

N

LON. 73° S50° 012° W

/D
WIND: 12 KTS. FROM 330 ¢ T >

IMITIATE

11:15n525 D 11171344

TITLEY LEFT TURNING CIRCLE
ENGINE: 89 RPHM AHEAD
BALLAST: 74 F1. - FULL LDAD

750 1300 RUDDER: HARD LEFT ¢ 35° LEFD
' ! I NNSDDCO HULL 613 UST ATLANTIC

FIGURE 8-3

&do DATE: 12 FEB. 79
O-RAYDIST ANTENNA
A-CENTER OF GRAVITY
TELEDYNE HASTINGS - RAYDIST FEB 79
HB-10857 SHEET 2 OF 5

T
300

VESSEL TRAJECTORY FOR 33° LEFT RUDDER ANGLE,
FULL AHEAD SPEED



950 e

900 =

850 —

B0O

750

700

650

600

400

330

Joo

250

200

1s¢

100

50

8-15

0-__._‘_“.
~—
~—
| \‘-c\
-
1 \q
| ™~
i
'
i +320 HAXIHUM
DEFARTURE
1
= o ,
RUDDER 20°L & - - — _ . _ _§_ _ L 20°RUDDER T
-~ "‘3//,
e
-
o ;/' |
e
@ - |
8 " '
g — '
ul ’/‘ i
= |
I
2
5 o '
= =36 MAXIMUM DCPARTURE
a |
[
% |
v {
u —_ C 0°R
\n\R 207RUDBLR _ ] - == — - — ~oRUDKLR ?
=
‘-..,____‘_.
‘ \b\\
|
1
I
|
i
| +360 MAXIMUM
i DCPAPRTTRE
o [}
RUDDER 20°L o — — _ . _ _|_ _ 1. 20CRUDDLEA
T T m e = -0
_.—=T§ RUDDER 20°R
e =" ' TRUE {IEADING
2?0 2!50 2‘70 280 2po. "7 __}lﬂﬂ._..l—- 3N 320 310 3-1'0
+ + } | i o T-TIT e——o } ¢ —— ' ———t
40 30 20 1o 4] 10 20 JO 40 50
INITIATL DCVIATION FROM
BEPARTURE FROM DASL COURSEC DASE COURSGE
nUDDER I\NELC* : -,- SEA SVATE 3.4 fram 1509 (T)
DASE COUR3ZC: 2300 (T} LTHD SPEED 12 kta. from 13500 (T}
FIGURE 8-4 -~ 20-20 ZIGZAG MANEUVER, FULL AHEAD SPEED



FIGURE 8 -5

;’4 /i 0811005

DY 0en;:40.4

1V oenxz0.9
i/ 4

0813006
0BAQN40.3

1803206

R 0B0:00.9

el 7.7

02:07:40.6

0806513

LN 0805463
t INITIATE

3\
‘%%
/N

j{f "~ 0B1204

L, REATH

CRASH ST0OP

08:27400.8° & &

24208
BV

DISTANCE TRAVELED THROUGH WATER T REACH = 10,880 FT,
DISTANCE TRAVELED THROUGH WATER TD DEAD IN WATER = 11,580 FT

LAT. 36° 47297 N
LON, 74° 03" 24.2° W

759 1500

300 600

TITLE:r QUICK REVERTAL ASTERN
ENGINEY 83 RMM AHD T S8 RPM ASTN
BALLASTY 74 FT. -~ FULL LOAD

RUDDPER: AHIDIHIP

IDr NMSDDCD HULL 613 UST ATLANTIC
DATE 12 FEB. 79

O-RAYDIST ANTENA

A-CENTER DF GRAVITY
TELEDYNE HASTINGS - RAYDIST FEB 79
HB - 10937 SHEET 3 OF S

TRIAL STMULATDR
TIME TO STUP | 12 10 cec 14n 15 sec
REACH PaI4 8929

SIMULATION BASED ON MARAD SERIES
PREDICTIONS

VESSEL TRAJUECTORY OF CRASH STOP MANEUVER,

FROM FULL AHEAD TO FULL ASTERN




8-17

@33dS QY3HY 1IN4 "3TIONV 300Ny LHOIY .GE ¥0d

SANRDLJ3Arvdl JdIHS d3aNSV3IW ONY J3L12Id3dd - 9-8 33yN9oid
( Y35 aNY ONIA 04 QRLS3EN02 ) vlyl
NOILYTIWIS
1334 HMOVE 37118
00os ooat aoas 003z Qa0 ¢ o0~
| | ; : I | I |
— ¢
b 000
- 0002
syow 3 WA | oooe

IvIdl

1334 HIY3IY Qv3H




8-18

@33ds a¥3HY T1INd 379NV ¥30aNd 1437 .SE Al4

SIMNOLI3CYYL JIHS T33NSY3W ONY Q31310334 - £-8 33N9Id

( Y35 NV ONIA W04 T2I03800 ) WIdL
NIILYTINIWLS

L334 HOY3Y 3TI2

gaoot o o007 - poGz~ Q00T ~ 000% -
! | | ] ] |

— 0001

1= 0002

~ 000E

1333 HOv3Y a¥3H




8-19

SLS3L 7300W WWd NO a3svd SNOLLDId3¥d a3alLvinwis

SANQODIT NI aw!

8-8 J3UNDIL

0l X8l 91 ¥l Al 0l 8 rA
0t~
0c-
-
O
=
—
OtL-
0 —
— - ol
v
—f
>
=]
O
0¢ M

L@I

1013

$33¥O3A0 NI 49 ITONVY ¥300MNY ANV A F1ONY ONIJVIH



STIVIYL VYIS ANV
NOILDI(3¥d 40 NOSIHVYJWOD - HIANANYW DVYZOlzZ 0I-0Z - 6-8 IHNDIL

§PUOD3S Ul auUII]

8-20

0001 008 009 007 002 0
| | { ] | ! 1437
y3aany
IVIYL v3S
‘ITONY ONIQYIH ® ¢ @ L 0-
310N -
L DNI
=
e |
0 =
=
- 02
(NOILYINWIS)
JIONY WIAANY
(NOLLYINWIS) / o
I1ONY ONIAVIH
LHOIY

43adny



8-21

Table 8-1

Principal Geometric Characteristics of
390,000 DWT U.S.T. ATLANTIC
Full Load Condition

Item Ship Model
L, ft 1,143 24.191
B, ft 228 4.825
T, mean, ft 74 1.566
FP 74 1.566
AP 74 1.566
4, mld 449,840 tons 4,264 1bs
S, appended,
sq. ft. 369,440 165.478
L/B 5.013 5.013
B/T 3.081 3.081
Cy 0.816 0.816
Cp 0.818
Cw 0.899
LCE aft of Fp, ft 547 .5
% fwd amidships 2.123 2.123
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Tabte 8-4

Nondimensional Hydrodynamic Coefficients
for Ship Maneuvering Simulations
390,000 DWT U.S.T. ATLANTIC

Data Source

Nondimensional MARAD Series 390,000 DWT MARAD Series Data
Coefficient Ship E Model PMM Tests Interpolation
Xu' -0.00133 -0.001233 -0.00129
er' $.01608 (¢.01436 0.01559
X ! 0.00248 0.0 0.00243
vV
X ! -0.00290 -0.00225 -0.00196
or &r
er Gg.0 0.0 0.0
X ' 0.00100 0.0 0.00088
vV n
a, -0.000021 -0.0003199 -0.000250
b, -0.002054 -0.0009317 -0.001000
(o 0.002097 0.0012458 -0.001300
as -0.000838 -(0.0006399 -0.000750
b, -0.000849 -0.0004412 -0.000350
Co 0.001687 0.0010811 0.001100
a3 -0.000838 -0.0007296 -0.000750
b, 0.001201 0.0003765 0.001200
C3 -0.000054 -0.0007660 -0.000850
a, -0.001291 -0.0007487 -0.000750
by -0.000114 0.0002911 0.001100
Cy -0.000916 -0.0008314 -0.000850
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Continued

Data Source

Nondimensional | MARAD Series 390,000 DWT MARAD Serjes Data
Coefficient Ship E Model PMM Tests Interpolation
YV' -0.02017 -0.01915 -0.01956
Y, ' 0.000084 0.000045 0.000080
YV' -0.01506 -0.01554 -0.01487
Yoty ' -0.05340 -0.051745 -0.0535
Yr' 0.00538 0.005936 0.00530
L ’ 0.00200 0.00310 0.00191
Yolr ' -0.01630 -0.01630 -0.01610
Yh' -0.00035 -0.00040 ~0.00034
Yarl 0.00545 0.00384 0.00395
an' 0.00159 0.00126 0.00125
YVn' -0.00316 -0.00192 -0.00229
m' 0.022679 0.021086 0.021086
n>0 0.280 - 0.280
‘ n <o 0.280 - 0.280
n>0 0.345 - 0.345
¢ n<o0 0.200 - 0.200
n>0 0.065 - 0.0715
' n <0 -0.001 - -0.001
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Table 8-4 - Concluded

Data Source
Nondimensional MARAD Series 390,000 DWT MARAD Series Data
Coefficient Ship E Model PMM Tests Interpolation
Nr' -0.00136 -0.001090 -(.001296
N, ' ~-(0.000044 -0.000023 -0.000042
Nv‘ -0.01098 ~-0.008875 -0.00998
Nviv ' 0.01327 0.009072 0.01287
Nr' -0.00430 -0.003682 -0.00415%
Nr[r ' -0.00018 -0.000690 -0.000262
Nvlr ‘ -0.00515 -0.00515 -0.00511
NV' 0.00002 -0.000193 -0.0000185
Nsr' -0.00286 -0.001992 -0.00200
an 0.001064 (.000976 0.001180
Nrn‘ -0.000854 -0.000659 -0.000650
I 0.001417 0.001017 (0.001017
z
d, n>0 0.0 - 0.0
n <0 0.0 - 0.0
n>?~o 0.450 - 0.275
e, =
n <90 -0.149 - -0.110
£ n>90 0.117 - 0.110
N z
n<ao -0.282 - -0.235
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APPENDIX A
TEST APPARATUS, TESTING TECHNIQUES, AND PROCEDURES

The model test program was conducted in the Hydronautics
Ship Model Basin (HSMB) Tlocated in Laurel, Maryland. Principal
characteristics of the HSMB are summarized in the following

tabulation:

tength .. .ooiveennniinne. Chieicaseearaesaaaaa 418 feet
Width .. .oovieivaans eeeteseseeseansssasnasnsas 25 feet
Operating Water

Depth tivieenenirneenenarnnienervrsnosonnns 0-13 feet
Towing Carriage Speeds

o Main Carriage ....iiiiiiiiiaiiieiaraaann 0-20 ft/sec

High speed Carriage ...ccceeececosancros 0-30 ft/sec

Wave Maker
« Hydraulically driven, wedge plunger type
Wave Characteristics
« Regular or irregular
(Pierson Moskowitz, JONSWAP, or
other spectra, as reguired)
- Heights up to 20 inches
« tengths up to 50 feet
A beach consisting of a grating fabricated from rectangular
steel tubing is installed at one end of the basin to minimize
wave reflection from deep water towing tests and waves generated
by the wavemaker in seakeeping tests.

Resistance and Propulsion Test Apparatus

The towing system used in the HSMB for resistance and
propulsion tests is shown in the schematic diagram of Figure
A-1. The resistance or X-gages are 4-inch variable reluctance
block gages. Each gage is sensitive to only a single component
of force exerted in a direction normal to the flexural face of
the cube; interaction effects from other force components are
negligible. For ship model resistance and propulsion tests,
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X-gages rated for a range of #50 pounds with a sensitivity of 100
millivoits per pound are typically used.

The measurement system for propulsion tests shown in Figure
A-1 consists of a 3/4 horsepower DC motor with gear box which
drives the propeller through a transmission dynamometer in direct
line with the propeller shaft. Propeller shaft revolutions are
measured by a magnetic pulse pickup unit located between the
motor and gear box.

The variable reluctance transmission dynamometer used for
propuision tests is designed to measure torque and thrust on a
rotating armature shaft without the use of slip rings. This is
accomplished by the use of "magnitorque" and "magnithrust®
elements that rotate with the dynamometer shaft concentrically
within each of two variable reluctance coils fixed to the
stationary housing. The transmission dynamometer has a measure-
ment range of #50 pounds thrust and #50 inch-pounds torque and
is usually operated at sensitivities of 100 millivolts per pound
and 50 millivolts per inch-pound, respectively. The same
transmission dynamometer installed in a strut-pod system is used
for theopen water propeller tests associated with propuision
experiments.

Planar-Motion Mechanism System
The Planar Motion Mechanism (PMM) system used at the time of

the deep water test program had the following characteristics:

Sway amplitude + 2.9 inches
Frequency range 0.085 - 3.0 Hz
Yaw table rotation + 15 degrees

Prior to conduct of the shallow water PMM tests a new Large
Amplitude Planar Motion Mechanism {LAHPMM) system with the
following characteristics was installed:

Sway amplitude + 3.0 feet
Frequency range 0-0.25 Hz
Yaw amplitude + 30.0 degrees

Captive model tests to determine the dynamic stability and
control characteristics in deep water were carried out by means
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of the PMM system shown schematically in Figure A-2. The PMM
system incorporated in one device a means for experimentally
determining all of the hydrodynamic stability coefficients
required for the equations of motion of a body moving on the
surface in three degrees of freedom, including the three
categories of static, rotary, and acceleration coefficients. The
basic PMM system, described in detail in References 1 and 2, is a
complete system that embraces all mechanical, electrical, and
electronic components necessary to perform all functions from
model handling to final processing of data preparatory to
analysis.

The PMM system adaptor, yaw table, and the rest of the
system necessary to produce the motions and to make the force
measurements in the horizontal plane is shown in the schematic
sketch in Figure A-2b., The resulting forced-motion mechanism had
the capability for oscillating large surface ship models in
swaying and yawing motions over a continuous range of
frequencies.

The same 4-inch variable reluctance block gages used in the
resistance test apparatus were also used for the PMM. The gages
were installed in the model so that force components were
measured with respect to a body axis system with the origin at
the model center of gravity (CG). Thus, the Y and X gages sensed
the lateral and longitudinal force components, respectively.

With the arrangement shown in Figure A-2, the total Y-force
exerted on the model was experienced as pure reaction at each of
the gimbal centers, i.e., the moment about each of these centers
was zero. The reaction Y-forces were measured by block gages Y,
and Y, and the total Y-force equaled the sum. These forces were
then resolved with respect to the CG to obtain yawing moment.
Because of symmetry, the yawing moment was the difference between
Y, and Y, times the distance from one gimbal center to the CG.
The total X-force exerted on the model was also experienced as
pure reaction forces at each of the two gimbal centers. The sum
of the forces measured by the X, and X, gages was equal to the
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total X-force. Since the reaction X-forces were aligned with the
tongitudinal axis, there was no contribution to the yawing
moment. For standard PMM tests on ship models, the Y-gages were
rated for a range of 500 pounds with a sensitivity of 50 milli-
volts per pound and the X-gages were rated for a range of

+b0 pounds with a sensitivity of 100 millivolts per pound.

The specific apparatus used for the shallow water tests was
the Large Amplitude Horizontal Planar Motion Mechanism system,
(LAHPMM) described in detail in Reference 38. The LAHPMM system,
1ike its predecessor PMM system, is a complete system which
includes all mechanical, electrical, and electronic components
necessary to perform ail functions associated with PMM testing.
A diagram showing the towing arrangement and principal electro-
mechanical components of the overall system is given in Figure
A-3.

For the static yaw mode, drift angle settings are made in
two degree increments and cover a range of #30 degrees. For the
dynamic modes, the sinusoidal motions are produced by two
separate servo-motor drive systems controlled through a signal
generator using a single cup sine-cosine potentiometer.
Sinusoidal motions can be produced to cover a range of
frequencies from about 0.01 to 0.20 Hertz with swaying (single)
amplitudes up to 3.0 feet and yawing (single) amplitudes up to
30 degrees. LAHPMM system dynamometry is the same as described
for the earlier PMM system,

Resistance Tests

Standard procedures for conducting resistance tests in the
HSMB and for reducing the data are in general accordance with the
recommendations of the International Towing Tank Conference
(ITTC). A1l tests were conducted with the model equipped with
appropriately located turbulence stimulation studs. Selected
tests were also made with studs removed to determine if a
correction was necessary to account for parasitic drag of the
studs exclusive of the turbulence stimulation effect.




The procedures for reducing the resistance test data to
nondimensional coefficient form and extrapolating the results to
obtain values of effective horsepower, EHP, for the full scale
ship are essentially as given in Reference 38. However, an
additional step was taken to account for the tank blockage
correction and the ITTC 1957 Line was used for the frictional
resistance coefficients both in the model and full scale ship
ranges. The Hughes tank blockage correction, Reference 12, used
at HSMB was the most widely used among the modern formulations
and is relatively simple to apply. In the event that a new
frictional resistance coefficient formulation and/or tank
blockage correction is adopted in the future, the resistance data
may be readily converted accordingly.

The Hughes method provides for an effective velocity
increase based on the following relationship:

sv m

— = k [Al]
V _m_FNh

where: v is the towing carriage speed,

sv  is the effective speed increase,

m is the mean area blockage ratio, equal to v/LAr,
is the model displacement volume,
is the model length,

At is the cross-sectional area of the towing tank,

Fyn 1s the Froude number based on towing tank depth,
h, equal to v/~/gh, and

k is an empirical constant equal to a mean value of
1.7, based on test data reported in Reference 12.

The MARAD Series models have approximately equal maximum
section areas at the full load and ballast conditions.
Accordingly, the speed corrections to account for tank blockage
effects are approximately the same for all models and amount to
about 2.7 and 1.5 percent effective increase in speed for the
full load and ballast conditions, respectively.
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The procedural steps for the reduction of the resistance
test data in the model range are as follows:

1) Multiply towing carriage speed for each run by the
calculated value of 1 + &v/v to obtain tabulated values of model
resistance in pounds versus effective speed based on tank
blockage corrections for each model test condition.

2} Using the corrected data, calculate values of the total
resistance coefficient

C,. = [A2]

where v is the corrected speed.

3) Calculate model Reynolds number vL/v using corrected
speed and towing tank water temperature to obtain the values of
model frictional resistance coefficient, Cgyp, for each of the
data points from the tables of Reference 12.

4) Calculate values of residuary resistance coefficient,
Cr, as follows:

[A3]
o
2

5) Plot values of Cp versus Froude number, v/AfgL, based
on corrected speed and fair the plots to obtain curves such as
those presented in Appendix B.

6) Cross-fair values of Cp at equal values of Fy, as
functions of pertinent geometric parameters for the series, to
obtain the design charts of the type given in Figures 4-4 through
4-16. _

7) Calculate values of Fy corresponding to even speeds in
knots for the full scale ship and enter the appropriate curve of
Cp versus Fy to obtain values of Cgp.

8) Calculate Reynolds number for the full scale ship at
each selected speed and at standard conditions of salt water of



3.5 percent salinity and 59 degrees F, and obtain values of ship
frictional resistance coefficient, Cpg, from the tables of
Reference 13.

9) Calculate values of total resistance coefficient for the
full scale ship at each speed as follows:

CTs = C

+ CFS +C, = [A4]

R A

where Cq 1s the correlation allowance coefficient, assumed
equal to 0.00015 for the 350,000 ton full scale designs.

10) Convert values of Cyg to EHP at each speed using full
scale dimensions and sea conditions as follows:

SY
- = 3
EHP = Ty CTS —E5g (1.689) [A5]

]
<
Mo
< w

where Vi is the ship speed in knots.

Propulsion Tests

Standard procedures at the HSMB for conducting propulsion
tests are in general accordance with procedures recommended by
the ITTC. Two basic methods of conducting propulsion tests were
used for each model. The first is the standard method used in
the United States for evaluating the propulsion characteristics
of specific surface ship designs. The method consists in
propelling the model at full scale "ship propulsion point" at
each of several speeds covering the design range scaled in
accordance with the Froude Law of Similitude. Thus two
conditions must be satisfied:

1} The model speed in each case must correspond to the
speed of the particular full scale ship of specified dimensions,
i.e., at equal Fy.

2) The model propeller rpm at each Fy value must be
adjusted so that the delivered thrust overcomes a model
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resistance derived from the predicted full scale resistance,

~i.e., Cy versus Fy for ship and model are equal.

In the current state of the art it is assumed that the wake
fractions and thrust deductions for model and full scale are
equal when these two conditions are met. Various procedures have
been advocated in an attempt to correct for scale effects on the
propeller-hull interactions. In the absence of general
acceptance, however, none of the proposed corrections were
incorporated in the HSMB model test and data reduction
procedures.

The second method used is similar to that recommended by the
British Towing Tank Panel. Here the model speed is held constant
and the model propeller RPM is varied in discrete increments
through a range of overloads and underloads with respect to
either the model or ship resistance or loading coefficients.

This method is particularly advantageous in connection with
systematic series studies since it produces generalized data
which can be used to predict the propulsion characteristics of
any size geometrically similar ship at any service condition that
falls within the range of overloads and underloads.

Step by step procedures used in conducting the propulsion
tests are given in detail in Appendix D of Reference l.

The procedures for reducing and analyzing the data derived
from the propulsion tests were divided into three stages.

First, the measured test values were processed, including
application of tares to T and Q, to obtain final model values of
v, T, Q, and n. These data were then reduced to nondimensional
coefficients and cross-faired against related parameters.
Finally, discrete values of the faired coefficients were
converted to obtain values of SHP and RPM for various eveniy-
spaced speeds in knots for the full scale ship of specified
dimensions. For systematic series work or where an arbitrary
stock propeller is used, the second stage is of most interest and
was performed as follows:
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1) values of Fy, Ja, Cr3', PC, 1-t, Ky, and Kg
were calculated directly using the final model values from the
propulsion tests, where

T

K. = [A6]
T pnzD“
_ Q
K, = [A7]
Q anDS

2} The values of Ky and Ky were used with the open
water characteristic curves for the same propeller as used in the
propulsion tests to obtain the true advance coefficients Jyt
and JtQ. These, in turn, were used to obtain the Taylor wake
fractions for thrust and torque identity, respectively, by the
following relationships:

1w ‘_J,iﬂl [A8]
Ja
_d
L-wy = 10 [A9]
EN

3} The values of the propeller open water efficiency, €ps
were also obtained from the propeller characteristic curve at the
corresponding values of J¢p. Then the hull efficiency, ey,
and relative rotative efficiency, ey, were obtained from the
following relationships:

PC
e = [ALl]

4) The coefficient data from the overload and under-
Toad test (1-t, 1-wy, 1-wg, PC, ep, ep, and epp) were
plotted as functions of Cyj'. The individual coefficient
curves were faired and these curves were then cross-faired until
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the relationship given in Equation [All] was satisfied over the
entire range of Cyj' values. The curves of e, and PC were
not presented in the final plots since, for a stock propeller,
these curves are arbitrary.

5) For the ship propulsion point type of test, the data were
treated similarly but were plotted as a function of Fy. For
the case of specific propeller designs, curves of Jy, PC, and
ep were given in the final plots. For the case of a stock
propeller, the curves presented for Jg, PC, and ep were
obtained from the propeller series data, for an optimal propeller
of the same diameter as the stock propeller.

The faired data of Step 5 can be converted to the
dimensional values for the corresponding full scale design as
follows:

6) At each value of Fy corresponding to a number of even
ship speeds in knots, read the values of PC and J3. At the
same speeds read the predicted values of EHP previously obtained
and tabulated, with an allowance included for the EHP added by
the rudder. Then,

i

SHP [Al2}

and,

RPM

i
—
o
et
I
o

k (A13]

where Vi is the ship speed in knots and
D is the diameter of the ship propeller in feet.
Planar Motion Mechanism Tests

Standard procedures developed at HSMB for conducting PMM
tests with large surface ship models generally follow the ITTC
recommendations given in References 18, 19, and 22. In all such
tests, the model has freedom in pitch and heave but is restrained
in all other degrees of freedom. The model propeller is operated
at the ship point of propulsion for all reference tests and the
force and moment data are taken with respect to a body-axis
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system with the origin at the ship Tongitudinal center of
gravity. The principles of operation, the general test
procedures to be followed, and the data reduction methods are
reviewed briefly in the following paragraphs. Detailed
discussion is included in References 1 and 2.

Three basic types of tests were conducted with the PMM to
obtain all of the hydrodynamic coefficients or derivatives
necessary to make an analysis of the directional stability
characteristics of a specific ship. These are called static
(steady-state), pure swaying, and pure yawing tests. The modes
of motion associated with each of these types of tests are shown
schematically in Figure A-4 and are accomplished as follows:

Static tests -~ The model was towed at constant velocity so

that its center of gravity moved in a straight path with discrete
settings of yaw angle held constant for each run. The yaw angles
were set remotely by means of the yaw bridge installed on the
towing carriage, Figure A-2. For a completely appended model,
the static stability tests were conducted with rudder fixed on
center and with the model propeller RPM set at the ship
propulsion point for zero drift angle and zero rudder angle. For
large full-form surface ship models, the Y,, Y,, X;, and X, force
companents sensed by the block gages during each run were
recorded after a 30 second integration period. A waiting period
of 10 minutes was usually allowed between each run.

Pure sway tests - While being towed at constant velocity,

the model was oscillated in the lateral direction so that the
centerline remained parallel to the direction of motion of the
towing carriage while the center of gravity moved in a sinusoidal
path. The desired forced motion was produced by oscillating the
two model support points in phase. The tests were conducted with
propeller RPM at the ship propulsion point and with the rudder
fixed at zero degrees. The range of oscillation frequencies was
kept below 0.3 cycles per second to avoid tank resonant standing
wave effects. Each run was made with both carriage speed and
oscillation frequency held constant while measurements were
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taken. The force component separator system of the PMM
instrumentation was used to directly resolve the periodic Y, and
Y, forces sensed by the block gages into in-phase and quadrature
force components. Integrations were made over a discrete number
of cycles. Usually, for large surface ship models, integrations
are made for one complete cycle at a time because of the low
oscillation frequencies involved. A typical run includes a one-
cycle integration in normal mode to simultaneousiy obtain both
the in-phase and quadrature readings on the Y, and Y, gages
followed by another one-cycle simultaneous integration in
“reverse"” mode {gage-signal polarity reversed) and subsequent
recording of readings. The normal and reversed readings are
combined to obtain the desired in-phase and quadrature force

components.
Pure yawing tests - While being towed at constant velocity

the model was oscillated so that its longitudinal centerline
always remained tangent to the path described by its center of
gravity. The desired forced motion was produced by oscillating
the two model support points with a predetermined phase angle
between them obtained by setting the phase-changer of the PMM
according to the following relationship:

2
1 - (EUE)
cos ¢, = :

2
o X
vy

¢ 1s the phase angle between support points,

w 15 the frequency of oscillation,
x is the distance of each gimbal point from the model
center of gravity, and
Y is the forward speed of the model.
The remaining procedures for conducting the pure yawing tests and
processing the data are essentially the same as described for the

pure swaying tests.
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In addition to conducting the basic PMM tests for inherent
{controls fixed) directional stabilility analyses, PMM tests were
performed to provide a complete set of hydrodynamic coefficents
for the equations of motion in three degrees of freedom, to
establish the mathematical models needed to perform computer
simulation studies of full scale ships. These tests are usually
performed concurrently with the basic PMM tests and cover a wide
range of kinematic variables to provide all of the hydrodynamic
stability and control coefficients, including the nonlinear and
coupling coefficients, to simulate the various calm water
maneuvers within the capability of the given ship. The tests are
predominantly of the steady state variety and usually include
discrete variations over the entire range of rudder angles
{6r = -5.0 to +40 degrees)} for each of several drift angles
ranging up to 15 degrees with propeller at ship-propulsion point
{n=1.0) and overload and underioad tests (n between -1.0 and
2.0) for selected values of ér and s.

Standard methods are applied to reduce the data obtained
from PMM tests to nondimensional coefficients and derivatives for
subsequent use in stability and control analyses and computer
simulation studies. The stability and control derivatives used
for analyses based on linearized equations of motion are obtained
as follows:

The values for the nondimensional static derivatives Y,',
Ny's Ygr' » and Ng.' are taken from the slopes through zero
of the appropriate faired curves of Y', N' versus g and ¢r,
respectively, such as those presented in Appendix C. In general,
the derivative is based on the average slope over at least #4
degrees of either g or sr. All angular measurements are in
radians.

The values of the rotary and acceleration derivatives are
derived by substituting into the values from the graphs of the
in-phase and quadrature force components, obtained as the result
of the pure swaying and pure yawing test reduction eguations
given in Table A-1.
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The foregoing stability derivatives can be used to obtain
the nondimensional directional stability indices o,4' and
o,h' by solving for the roots of the quadratic characteristic

equation
Ac? +Bo+C =0 [A14]
where
A= (Yv - m') (NP - IZ ) - Y? YP Nv
- 1 1 1 1 1 1 ] 1 i
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LAHPMM TESTS

Y N,

INTEGRATED SURFACE SHIP TOWING SYSTEM USED FOR
PROPULSION AND

RESISTANCE,

FIGURE A-3
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STATIC YAWED DRIFT ANGLE

PURE SWAYING

PURE YAWING

FIGURE A-4 - HORIZONTAL PMM MODES OF MOTION FOR SURFACE SHIP
MODEL TESTS
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TABLE A-1
Reduction Equations for Horizontal Plane
Rotary and Acceleration Derivatives

Derivative

DL . in in
Y\/ T av !
N.' - x,.'m ! X a[(Yli)in - ( 2 )in]
i CG m L v !
3 + '
' | 20(%) ut (Y2 )out]
Y - m
r m ar !
N ! - X 1m ! i{. a[ (Yl r )Out ) (Yg!)OUt]
r CG m L ar !
X, t 1 1
V. - X m ! 3! (Yl )in * ( 2 ):m
2 CG m ar !
o)
_a[(Y:‘)- - (Yz') } 1 S
Nt T X in in L 3P
r Zm L ap ! 2
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APPENDIX B
RESIDUARY RESISTANCE COEFFICIENT CURVES
FOR INDIVIDUAL SERIES SHIPS

350,000 Ton Displacement

NOTES:

(1) The values of Cp in this appendix are based on the use of
the 1957 ITTC Friction Line. A Hughes tank blockage
correction has been applied to the model resistance versus
speed measurements.

(2) Data points for Model A in the full load condition are not
available,
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APPENDIX C
PRINCIPAL NUMERICAL MEASURES AND SELECTED COMPUTER PLOTS
FOR TURNING AND ZIGZAG MANEUVERS IN DEEP WATER

Principal numerical results derived for all sixteen ships with
350,000 tons displacement, for 20-20 zigzag and turning maneuvers,
are summarized in Tables C-1 and C-2, respectively. Both maneuvers
were simulated for 8 knots approach speed. Selected graphical
computer plots are presented in Figures C-1 through C-12 for six
models having the following principal characteristics:

Mode]l
Designation D E F G N P
Ca 0.85 0.85 0.85 0.80 0.80 0.80
L/B 4.50 5.00 5.50 5.00 5.00 5.00
B/T 3.00 3.00 3.00 3.00 3.75 4.50

These selected plots illustrate variation in maneuvering character-

istics for variations in L/B and B/T, for block coefficients of
0.85 and 0.80, respectively.
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f !
! REACH [SECONDS) = 585,73 '
| SECOND OVERSHOOY HEADING ANGLE (DEGREES)} = 8,71 |;
1 THIRD OVERSHOOT HEADING ANGLE {DEGREES) = 6,71 !
1 PERIOD (SECONDS) = B67.2% 1
| FOURYH OVERSHOOT MEADING ANGLE (DEGREES) = 7:7% ]
1 !
! 1
! FICURE C-11 - TIME HISTOAY OF HEADING ANGLE aNO 1
f NUMERICAL CHARACTERISTICS OF ZIGZA6 MANEUVER i

! SHIP P !

P O wECECD P TP C PP ES S AT IRt PPl O RO AT C SR RN G P Do HD O DS Q DD 0D




Hend reach in feel
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3600

2000 -

1800 -
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Side rench in feel

1 !
i ]
! TURNING MANEUVERING CHARACTERISTICS 1
| SRORERA RGO L OCEE R @ REt AN SOPENRARSTE l
1 1
1 SHIP IDENTIFICATION: SHIP P MARAD SERIES 350 KV FULL LOAD |
! RUN IDENTIFICATION! TURN., MODIFIED HMATI ROQEL 1
! 1
1 RUDDER ANGLE (DEGREELS) = 3%5.00 R t
i APPROACH SPEED (KNOTS) = 8,00 1
! RPM z 40.05 !
! SHIP LENGTH, L. {FEET) = 1198.7¢ !
H TIHE TO CHANGE HEADING 90 DEGREES (SECONDSH = 396.15% t
! TIME TO CHANGE HEADING 180 OEGREES (SECONDS) = 913.18 t
i SPEELD REMAINING IN STEADY TURN (KNOTS) = 2.99 I
1 SPEED LOSS IN PERCENT = 62.61 i
! ADVANCE (FEET) = 3%32.59 1
! TRANSFER (FEET) = 15485.08 1
! TACTICAL DIAMEYER. TDe (FEET) = 4168.78 !
! NONDIMENSIONAL TACTICAL DIAMETER. TO/L = 5.86 1
1 STEADY TURNENG DIAMETER: Do (FEET) = 3%70.5% 1
1 HONDIHERSIONAL STEADY TURNING DIAM. DL = 2.58 t
i FINAL DRIFT ANGLE (DESREES) = 22.12 1
| 1

Lt L L L P L o P e e L L e L L S L L e L P L b L L ]

1 1
! FIGURE C-12 -~ TRAJECTORY PLOT AND !
! NUMERICAL CHARACTERISTICS OF TURNING KaNEUVER !
! SHIP P !
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APPENDIX D

HULL FORM GEOMETRY AND POWERING ESTIMATE COMPUTER PROGRAMS

Note: The following pages, D-1 through D-10, are an abridged

version of Appendix D. The full text with program
listings is included in microfiche form in an insert at
the back of this volume.




APPENDIX D

HULL FORM GEOMETRY AND POWERING ESTIMATE COMPUTER PROGRAMS

Introduction

The two computer programs described in this appendix provide
the means for development of hull form geometry and the deter-
mination of the resistance and propulsion data for a hull form
derived from the MARAD Series. This appendix was derived from
Reference (4).

Symbols not defined in this appendix are included in the
Notation section preceding Chapter 1.

Hull Form Geometry Program

The hull form geometry computer program was developed for
the definition of hull forms derived from the MARAD Series. The
characteristics of the derived hull form design must lie within
the matrix of model characteristics defined in Chapter 1.

The data base for the hull form geometry is described in
Chapter 1. Subseguent to the completion of the Series model
tests, lengthened versions of the Series hull form were designed,
for possible high L/B applications such as Great Lakes bulk
carrier hull forms, as reported in Reference (4). Accordingly,
the hull form geometry program can be used to develop lines for
the following extended range of form coefficients:

0.80 < Cg < 0.90
4.5 < L/B < 10.0
2.5 < B/T < 4.5

Hull Form Description

A preliminary body plan, waterlines and buttocks, can be
developed from the Series parent form data and algorithms for
given values of L, B, T, LCB Tocation, and Cg. The program
will not define the stern profile for the reasons discussed in
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Chapter 2. This Timitation is of little practical importance,
however, since the run and aperture geometry must be developed
independently to suit specific propeller and aperture
configurations.

Program Input Description

The following input data is required:
« L, B, T, LCB (defined as percentage of L, forward of
amidships}, and Cp; |

» Station, waterline, and buttock spacing and location.

Note that the stations are defined as follows: Station x is
jocated (x « L)/20 ft from FP. Thus x = 0,1,2,...,20 are the
standard stations. Fractional stations such as station 1.25 can
also be defined.

The maximum number of stations and waterlines are 30 each.
Maximum number of buttocks is 10,

[f the user does not supply the abovementioned information,
the program provides the following default conditions:

Stations at 0,1,2...,20

Waterlines at (i-1)xT/10 , i

Buttocks at  (B/2})xi/5 , i

1,2,...,16
1,2,3,4

Program Qutput

Depending upon the chosen option, the output includes:
Title page

« Summary of output options selected

- Input hull data

« Qutput station, waterline, and buttock locations

- Computed values of lengths of entrance, parallel middle

body and run

« Offset tables

- Scaled body plan offsets as plotted

+ Bow profile data

« Bow waterline data




. Plotted and listed offsets for bow waterlines and
buttocks

Piotted and listed offsets for run waterlines and
buttocks.

Resistance and Powering Estimates

The resistance and powering characteristics of any given
Series offspring hull form is based on the data included in
Chapters 4 and 5.

Algorithm Description

The powering estimates are obtained by interpolating over
tabulated entries for B/T, L/B, Cg, and FN, following the
interpolation sequence described in Chapter 8.

Correlation Allowance

Cp = Model-ship correlation allowance coefficient
= Ra/{1/20v2S)
Unless otherwise input, a zero correlation allowance is used.

Wetted Surface
The wetted surface is calculated from the expression:

s = o W

The wetted surface coefficients of the series are given in
Chapter 2 as functions of L/B, B/T, and Cg.

The following algorithms were developed for computation of
the C¢ values:

CS = D - [(0.008414 - 0.0023 B/T +

0.0004888 (B/T)2) L/B - 0.002666 Cy L/B]
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where
D = 3.15757 - 0.54846 B/T + 0.092 (B/T)?2
- (0.4189 - 0.588 B/T + 0.0816 (B/T)2) Cg
These algorithms approximate the Cg values within 1/2 percent
of the values given in Chapter 2. The variations of Csg with
respect to L/B and Cg are linear; the variation of Cg with
respect to B/T is parabolic.

Nondimensijonal Wetted Surface

The wetted surface algorithm producing a nondimensional
value 1is:

S

St = 2
IE

Effective Horsepower

The total effective horsepower is calculated as follows:

EHP = EHP

Total By * EMPapp

where

EHPBH = effective horsepower, bare hull = RT v/550

and

EHPAPP = effective horsepower, appended

(appendage allowance) - (EHPg,,)

Propulsive Factors

Values for 1-t, l-w, and e, are given in Chapter 5 as
functions of B/T, L/B, and Cg, and are constant with Fy.

For a given B/T, L/B, and Cg, the values of 1-t, l-w, and
epp are determined as follows:

+ Interpolate on B/T, using a three-point parabolic fit.

« Interpolate on L/B, using a three-point parabolic fit.
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. Interpolate on Cg as follows:
for 0.80 < Cp < 0.850, a weighted average of a
linear and a second order polynomial interpolation;
for 0.856 < Cg < 0.875, a second order polynomial
interpolation;
for 0.875 < Cp < 0.90, a linear extrapolation using
slope between Cg = 0.865 and Cg = 0.875 as deter-
mined by a second order polynomial.
(1-t)/(1-w)
= (ep){ep)lepy)

« Calculate e
- Calculate PC

The propeller open water efficiency is obtained from the
open water tests of the Wageningen B-screw series four and five-
bladed propellers, as stated in Chapter 5. The propeller is
optimized for the design speed with respect to operating RPM,
blade-area ratio (BAR), pitch-diameter ratio (P/D)}, and diameter
(D).

Shaft Horsepower

The shaft horsepower is calculated from the expression:

EHPTota1

SHP PC
Ballast Draft
The ballast drafts are defined in Chapter 3. The curves of
ballast draft/full load draft, as a function of B/T, have been
approximated by the following algorithms:

Draft at AP:

ballast draft
full Toad draft

= 0.8886 - 0.2305 B/T + 0.0893 (B/T}?

0.0112 (B/T)3 - 0.00064 (B/T)"
0.00017 (B/T)>

+
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Draft at FP:

ballast draft
full Toad draft

0.7083 - 0.2201 B/T + 0.0758 (B/T)?

0.00621 (B/T)3 - 0.0014 (B/T)*
0.00021 (B/T)S

+

Mean baliast draft:

ballast draft  _ - 2
FuTT Toad dratt 0.7290 - 0.1392 B/T + 0.0426 (B/T)

0.000178 (B/T)3 - 0.00182 (B/T)*
0.00021 (B/T)S

+

Ballast Displacement

Ballast displacement is calculated from the expression:

) Cq /(1/p)
Ballast

Ay = (LBP) (B) (T

B B,mean

where,

1/p = 35 for salt water and 36 for fresh water
Tg,mean = ballast condition mean draft, ft

CBRaitast - the ballast condition block coefficient.
CBRaliast is a function of the full load block coefficient
and is approximated by the following algorithm:

Cq = 2.3879 - 6.6224 C;  + 7.6145 (Cy )2

Ballast FL FL
- 6.8270 {C; )% + 10.4332 (c5 )"
FL FL
5
- 6.1172 (CB )

FL



where

“Bry

= the full load condition block coefficient

Ballast Wetted Surface

The ballast condition wetted surfaced is determined by the

expression:

where,
&g
AFL

=-hn
H 1 H] 1}

ballast displacement

full load displacement

full load wetted surface

factor which is a function of B/T and Cg, and is

approximated by the following equations for the

respective values of Cg:

0.800)

—
———
[e)

-n

[l
Il

| 1}

+

0.850)

[qp)
-1
—
H
1

+

0.875)

o
il

0

-n
—
]

1.0667 - 0.2713 B/T + 0.1552 (B/T)?2
0.0203 (B/T)3 - 0.00238 (B/T)*"
0.00049 (B/T)S

1.4759 - 0.7606 B/T + 0.3368 (B/T)?2
0.0338 (B/T)3 - 0.00688 (B/T)"
0.0011 (B/T)°S

0.4609 + 0.2668 B/T + 0.0184 (B/T)?2
0.0221 (B/T)3 + 0.00263 (B/T)*“
0.000005 (B/T)®

After the value of f is determined for each of the three

values of Cg, an interpolation is made on Cg to find the

final value of f. This interpolation is made using a three-point

parabolic approximation.

Ballast EHP

Ballast Ct, Cp, Cp, and EHP values are calculated in

the same manner as for
values for the ballast

the full load condition using the Cg
condition obtained from Chapter 4.



Powering Estimate Program Qutput

The program output consists of a summary of input ship
characteristics, and resistance and propulsion data. The
following table lists items and corresponding abbreviations
output by the program.

Full Load and Ballast Conditions

Abbreviation Item

Project number
Project title
Project engineer

Date

V, KNOTS Speed in knots

FN Froude number

SLR speed-length ratio

CIRCK (®)

EHP BARE HULL Effective horsepower, bare hull

EHP APP Effective horsepower, appended

EHP TOTAL Effective horsepower, total

REY NO. Reynoids number

CF x 1000 Frictional resistance coefficient,
x 1000

CA x 1000 Correlation allowance, x 1000

CR x 1000 Residuary resistance coefficient,
x 1000

CT x 1000 Total resistance coefficient, x 1000

CIRC-C (©)

Appendage allowance
Correlation allowance




Abbreviation

LBP
BEAM
DRAFT
W.S.
DISPL.
LCB

cB

L/B

B/T

CS

CIRC-S
PROP. DIAM.
PITCH/DIAM
BAR

NO. OF BLADES
SHP

PC

1-T

1-W

EH

ERR

EP

RPM

Full Load Condition Only

Item

Length between perpendiculars

Breadth

Full load draft

Wetted surface

Displacement

{ongitudinal center of buoyancy,
percent of LBP from amidships.
+ is fwd, - is aft

Block coefficient

Length-beam ratio

Beam-draft ratio

E?Sted surface coefficient

Propeller diameter

Propeller pitch-diameter ratio

Blade area ratio

Number of propeller blades

Shaft horsepower

Propulsive coefficient

Thrust deduction factor

Wake fraction

Hull efficiency

Relative rotative efficiency

Open water propeller efficiency

Propeller RPM



Abbreviation

F.L. DRAFT
F.L. DISPL
F.L. CB

BALLAST DRAFTS:

F.P.

A.P.

MEAN
BALLAST DISPL
BALLAST CB
BALLAST W.S.

D-10

Ballast Condition Only

[tem

Full load draft
Full Toad displacement
Full load block coefficient

Ballast draft at FP
Ballast draft at AP

Mean ballast draft
Ballast displacement
Ballast block coefficient
Ballast wetted surface
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