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In general ships and FPSOs, roll damping is very small and consequently roll motion is very large at the roll resonance

frequency. Proper evaluation of the roll damping coefficient at the resonance frequency is an important task in the study of roll
motion and usually it is done by the analysis of free roll decay tests, The relative decrement method based on energy relation
has been used mainly for the evaluation of roll damping coefficient from the roll decay test so far, As another method, the
logarithmic decrement method based on equivalent linear decay assumption can be used for the same purpose and it is
relatively simple, In this paper, both of the relative decrement method and the logarithmic decrement method are used for the
evaluation of roll damping coefficient including quadratic damping from the free roll decay tests, and their results are
cross—checked for verifying the obtained damping coefficients, Through applications to a box—type floating body equiped with

bilge keels, it is shown that the two methods give almost the same damping coefficients in a practical view point and the
cross—check of their results is to be a good tool to prevent a possible error, And also the quantitative effects of the bilge keels

on the roll damping of box-type floating body are shown and discussed.

Keywords : Free roll decay test(AF7 E52 Z4|AlS), Relative decrement method(AHZHA(E), Logarithmic decrement method(CH
ZAH) Roll damping coefficient(BSR Z84(A=), Quadratic damping(2x+ & Z44]), Bilge keel(&X|Z)
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Fig. 3 Relative decrement vs. roll amplitude
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Table 1 Principal particulars of model ship

length Z(cm) 100
breadth B(em) 25
depth D(cm) 16
draft d(cm) 8
bilge radius r(cm) 2.5
displacement A (kgf) 19.73
K_B(cm) 4.15
BM(em) 6.51
K—G'(cm) 7.7
G’—]W(cm) 2.96

Fig. 6 Photo of the finished model ship
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Table 2 Cases of the free roll decay tests

bilge keel target repeat
model name start angle
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(L =0) 1(5) ;
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(Lpe=0.25L) 12 ;
K2 5"0 2
(Lp=05L) 1(5) ;
K3 5"0 2
(£ 100) 1o :
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Fig. 7 Time histories of the free roll decay tests
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Table 3 Summary of the free roll decay tests for

Table 4 Summary of the free roll decay tests for

model KO model K1
Relative decrement Logarithric Relative decrement Logarithmic
decrement start decrement
start |, method 7, method hod
test # |angle| "¢ method test # | angle
[sec] [sec]
[deg] [deg] : -
9 p q r S P q
[1/deg] [1/deg] [1/deg] [1/deg]
K00501| 5.60 | 1.20 | 0.0628 | 0.0008 | 0.00999 | 0.00013 K10501| 5.43 | 1.21| 0.0782 | 0.0181 | 0.01245 ) 0.00289
K00502| 5.81 | 120 | 0.0523 | 00026 | 000832 | 0.00041 K10502| 5.83 | 1.21| 0.0808 | 0.0171 | 0.01286 | 0.00273
K01001 11067 1.21 | 0.0567 | 0.0015 | 0.00903 | 0.00024 K11001(10.19|1.21| 0.0902 | 0.0131 [ 0.01435| 0.00210
K01002110671 1.21 | 0.0479 | 0.0024 | 0.00762 | 0.00038 K11002|10.43|1.21| 0.0863 | 0.0144 | 0.01372 | 0.00231
K01501115.431 1.20 | 0.0502 | 0.0022 | 0.00799 | 0.00034 K11501(16.09|1.21| 0.0911 | 0.0138 | 0.01446 | 0.00220
K01502 | 15.51| 1.20 | 0.0490 | 0.0021 | 0.00781 | 0.00034 K11502115.40| 1.21| 0.0874 | 0.0142 | 0.01388 | 0.00228
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Fig. 8 Linear regression of data points for the test
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Fig. 9 Linear regression of data points for the test
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Table 5 Summary of the free roll decay tests for

Table 6 Summary of the free roll decay tests for

model K2 model K3
Relative decrement ogeritme Relative decrement Logarithmic
start |- method decremernt start | 7 method decrement
test # | angle [sei] method test # | angle | [sec method
[deg] o g r s [deg]| ] p q r s
[1/deg] [1/deg] [1/deg] [1/deg]
K20501| 5.18 | 1.24| 0.0915 | 0.0334 | 0.01455 | 0.00534 K30501| 5.76 | 1.26| 0.1406 | 0.0565 | 0.02231 | 0.00912
K20502 | 5.39 | 1.24| 0.0854 | 0.0352 | 0.01357 | 0.00564 K30502| 5.99 | 1.27| 0.1405 | 0.0548 | 0.02231 | 0.00885
K21001(10.24|1.24 | 0.1033 | 0.0286 | 0.01641 | 0.00459 K31001|10.61|1.27| 0.1744 | 0.0478 | 0.02763 | 0.00779
K21002|10.60| 1.24 | 0.1089 | 0.0281 | 0.01730 | 0.00452 K31002|10.89| 1.27 | 0.1822 | 0.0454 | 0.02886 | 0.00740
K21501(15.50 | 1.24 | 0.1190 | 0.0282 | 0.01773 | 0.00455 K31501(15.30| 1.27| 0.2000 | 0.0465 | 0.03160 | 0.00766
K21502|15.58 | 1.24 | 0.1163 | 0.0273 | 0.01844 | 0.00441 K31502|15.58| 1.27| 0.1994 | 0.0470 | 0.03149 | 0.00774
average 1.241 0.1041 | 0.0301 | 0.01634 | 0.00484 average 1.27] 0.1729 | 0.0497 | 0.02737 | 0.00809
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Table 7 Comparison of the nondimensional damping
coefficients for model KO

Relative decrement
method, (,[%]

Logarithmic decrement
method, ¢;[%]

$,=5" | $,=10°| $,=15"| ¢,=5" | $,=10"| =15’
K00501 | 1.063 | 1.128 | 1.192 | 1.064 | 1.128 | 1.192
KO0502 | 1.036 | 1.241 | 1.446 | 1.037 | 1.241 | 1.445
KO1001 | 1.020 | 1.138 | 1.256 | 1.020 | 1.138 | 1.256
K01002 | 0.954 | 1.145 | 1.337 | 0.954 | 1.146 | 1.337
KO1501 | 0.971 | 1.143 | 1.315 | 0.971 | 1.143 | 1.316
K01502 | 0.950 | 1.119 | 1.288 | 0.950 | 1.119 | 1.289

test#
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Table 8 Comparison of the nondimensional damping
coefficients for model K1

Relative decrement Logarithmic decrement
test method, (,[%] method, ¢, [%]

0,75 | 9,=10°| 9,=15°| 9,757 | 9,=10°| $,=15
K10501 | 2.686 | 4.127 | 5.569 | 2.690 | 4.135 | 5.580
K10502 | 2.645 | 4.004 | 5.363 | 2.649 | 4.011 | 5.373
K11001 | 2.479 | 3.523 | 4.566 | 2.483 | 3.530 | 4.578
K11002 | 2.522 | 3.671 | 4.820 | 2.526 | 3.680 | 4.834
K11501 | 2.544 | 3.639 | 4.733 | 2.548 | 3.649 | 4.751
K11502 | 2.523 | 3.656 | 4.789 | 2.527 | 3.667 | 4.807
average| 2.567 | 3.770 | 4973 | 2570 | 3.779 | 4.987

Table 9 Comparison of the nondimensional damping
coefficients for model K2

Relative decrement Logarithmic decrement
test method, ¢,[%] method, ¢, [%]
?,=5" | 9,=10°| §,=15"| ¢, 75" | $,=10"| ¢,=15"
K20501 | 4.111 | 6.765 | 9.419 | 4124 | 6.792 | 9.460
K20502 | 4.164 | 6.969 | 9.774 | 4177 | 6.997 | 9.817
K21001 | 3.921 | 6.197 | 8.473 | 3.937 | 6.233 | 8.528
K21002| 3.974 | 6.214 | 8.453 | 3.991 | 6.252 | 8.512
K21501 | 4.026 | 6.270 | 8.515 | 4.047 | 6.321 | 8.594
K21502 | 4.028 | 6.204 | 8.380 | 4.049 | 6.253 | 8.457
average| 4.037 | 6.436 | 8.836 | 4.054 | 6.474 | 8.8%5

Table 10 Comparison of the nondimensional damping
coefficients for model K3

Relative decrement Logarithmic decrement
method, ¢,[%] method, ¢, [%]
?,=5" | 9,=10°| §,=15"| ¢, =5" | $,=10"| ¢,=15"
K30501 | 6.734 | 11.230 | 16.725 | 6.792 | 11.352 | 15.912
K30502 | 6.601 | 10.965 | 15.330 | 6.655 | 11.079 | 15.504
K31001 | 6.581 | 10.386 | 14.191 | 6.657 | 10.551 | 14.445
K31002 | 6.512 | 10.124 | 13.736 | 6.586 | 10.285 | 13.984
K31501 | 6.883 | 10.582 | 14.280 | 6.991 | 10.822 | 14.652
K31502| 6.910 | 10.646 | 14.382 | 7.019 | 10.888 | 14.758
average| 6.703 | 10.655 | 14.607 | 6.783 | 10.830 | 14.876

test#
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Fig. 12 Comparison of the nondimensional roll damping
coefficients by the relative decrement method
and the logarithmic decrement method for the 4
models
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