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EVALUATION OF EFFECT OF BOW FORM ON 
MODEL WAVE-INDUCED AND WHIPPING RESPONSES 

by 

John N. Andrews and 

Alfred L. Dinsenbacher 

ABSTRACT 

Random wave tests were conducted with a model of an air­
craft carrier and with the forward bow sections of the carrier 
model modified in the form of a V. The models were tested in 
random waves representing various sea states at speeds of 0 
and 13.8 knots (full-scale). Tests were conducted in head 
seas only. 

Response amplitude operators (RAOs) for wave-induced mid­
ship bending moment and pitch angle were derived from 
spectral analysis. Comparison of the RAOs showed little 
difference due to change in bow form. The comparison of 
whipping response for both models showed little difference at 
zero speed; however, at 13.8 knots, the whipping response for 
the carrier model increased greatly from the zero speed test 
while the V-form model showed little difference. 

ADMINISTRATIVE INFORMATION 

The work reported here was authorized by NAVSEC letter F013 03 01 
Serial 442-109 of 8 July 1963 and was funded under Subproject S-F013 03 01, 
Task 1973. 
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INTRODUCTION 

This report is one of a series on the results of tests of a seg­

mented model designed to correlate full-scale, model, and computer pro-
1 2 4 6 

grams. ' ' ' The objective of this report is to evaluate the effect of 

change iP bow form on ship response, i.e., the pitch angle, the wave-induced 

bending moment, and in particular, the whipping response of the hull girder. 

To accomplish the program, a 6-foot model of an ESSEX-Class carrier (scale 

ratio A= 136) was constructed together with two additional bow sections 

having V- and U-forms. A detailed description of the carrier model anJ the 

instrumentation employed to record the measurements is given elsewhere. 3•4 

The scaling laws applicable are based upon the well-known Froude principle. 3 

The three models were tested in the 140-foot basin for a variety of wave 

conditions, both regular and random, at speeds of O and 13.8 knots (full­

scale), Froude number of 0.14. The mass-elastic properties (i.e., the 

weight distribution and vertical bending r i gidity) for the three models 

were kept the same. Regular wave test results for the carrier model and 
4 5 

V-bow modification have been reported elsewhere. ' The U-bow regular wave 

test results will be published in a future NSRDC report. This report 

presents results for random wave tests of the carrier and V-bow models; 

their lines are shown in Figures 1 and 2. 

MODEL TEST PROGRAM AND DATA ANALYSIS 

The carrier and V-bow models were tested in the 140-foot basin at 

the Center. The models were free to heave and pitch but were constrained 

in yaw, sway, surge, and roll. 

Random waves corresponding to State 6, 7, 8, and 9 seas were generated 

by manually varying the frequency and amplitude controls of the wavemaker. 

The models were tested in each sea condition at speeds of 0 and 13.8 knots. 

Only head sea tests were perf~rmed. Since the random waves were generated 

manually, corresponding sea states for each mo ~1 vary to some degree in 

location of peak frequency and amplitudes (see Figures 3 to 12). 

1References are listed on page 16. 
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Data obtained for the carrier and V-bow models were subjected to 

spectral analysis from which response amplitude operators (RAOs) 4 for mid­

ship bending moment and pitch angle werf, derived. The RAOs are defined as 

the ratio of the response to the wave spectral densities at corresponding 

frequencies. The JfMO amplitudes for all wave conditions were then 
7 averaged. 

Inasmuch as model validity has been demonstrated in a previous re-
6 port, the results presented here are considered applicable to prototype 

ships with similar lir.cs. All values reported herein are given in terms 

of full-scale units as related to the carrier ESSEX. 

RESULTS AHO DISCUSSION 

ORDINARY WAVE-INDUCED RESPONSE 

Figures 13 to 16 present the average y'RAOs for wave-induced bend­

ing moment and pitch angle for 0- and 13.8-knot speeds, respectively, for 

the V-bow and carrier model. These figures indicate that these RAOs are 

independent of bow form. 
4 ./7E• In Figures 17 to 20, the root mean square amplitude (RMS) or rE 

of response is shown plotted as a function of RMS wave amplitude. These 

plots permit comparison of responses for the V-bow and carrier. Since the 

RAOs are virtually independent of bow form, the differences in y'E" response 

values for the V-bow and carrier model can be attributed to the difference 

in the wa~e characteristics, i.e., since the random waves were generated 

manually, it was difficult to obtain identical wave spectra. 

WHIPPING RESPONSES 

Figures 21 and 22 are sample oscillograms of slamming events for the 

V-bow and carrier models, respectively, in waves corresponding to those 

shown in Figure 8. Figures 23 and 24 show the ratio of maximum whipping 

response to the ye· of wave-induced response for each wave condition and 

speed. 

* Eis the mean square amplitude and is equal to the area under the 
spectrum. 

2 
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It may be noted in these figures that only four points are plotted 

for the V-bow results. The last point was omit t ed because during the 

highest wave test generated, the model struck the stops on the heave post, 

causing a vi olent impact which produced an erroneous response in the model. 

The fact that the second point in the carrier whipping response was larger 

than expected is attributed to the phasing between ship and wave motion 

and the past history of the whipping response which reinforced the next 

whipping event. 

There was little difference in the whipping response at zero speed, 

despite the marked difference in bow form (see Figures 1 and 2). The 

carrier bow has a large flare which begins above the design waterl i ne. 

Whipping response is considered to be primarily due to bow flare slammi ng 

and not bottom slamming. It is realized of course that bottom slamming does 

contribute to whipping but, since both models have the same form be ow the 

design waterline except at the extreme forward end, the difference in 

whipping response is attributed to the differences in bow form above the 

design waterline. The relative vertical velocity of the bow with respect 

to the waves was small for the zero speed tests, hence the impact force 

on the carrier flared portion was mild. However, it was quite evident at 

13.8 knots that the carrier exhibited larger whipping response than the V­

bow model (Figure 24). Actually speed appeared to have little effect on 

the whipping re sponse of the V-bow model. However, the increase in the 

whipping response with speed observed from the carrier results can be 

attributed in part to the larger relative velocity of the bow with respect 

to the wave which caused a much more severe impact force on the flared 

portion of the bow. 

An estimate of the structural damping, as determined from the log 

decrement, was 0.05 ! 0.01 for both models. This value agrees with that 

of 0.04 obtained from the prototype ship. 

The total double amplitude maximum moment (whipping plus wave in­

duced) is plotted in Figures 25 and 26, as a function of YE wave ampli­

tude for O and 13.8 knots, respectively. Plots in this form are useful 

since they give the ship designer an estimate of the total moment a ship 

may encounter in a given sea state. The predic ed maximum peak-to-peak 

wave-induced moment is compared with the measured maximum wave-induced 
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moments in Table 1. The predicted4 maximum wave-induced moment is obtained 

from the following: 

M = 2 VE log N max e 

where Eis the area under the spectrum and N is the number of variations in 

a record. The predicted values shown i n Table 1 were derived by assuming 

N is 200 or about half an hour in time. The horizontal line in the figures 

is the hog to sag moment for which the carrier was designed based upon a 

L/20 wave. This is shown to permit estimating the adequacy of ship design. 

At zero ship speed, the intersection of the design moment line with the 

total moment (for V-bow and carrier) occurs in a high State 7 sea (Figure 

25) whereas at 13.8 knots, the point of intersection for the carrier data 

occurs in a low State 7 sea (Figure 26). Thus an increase in ship speed 

causes the point of intersection to occur in a lower ~ea state. This type 

of presentation can provide a useful basis for design criteria. Of course, 

many more tests of prototypes and models need to be made befor e this method 

can be considered completely acceptable since only head sea tests were con­

ducted. 

CONCLUSIONS 

1. Bow form had little effect on the RAOs for bending moment. Al­

though Figures 13 to 16 indicated that the effect of speed on the RAOs 

was insignificant up to 13.8 knots, more information is required to 

determine the effect at higher ship speeds. However, the 140-foot basin 

is not well suited for random wave tests at higher speeds. 

2. Wave-induced bending moment and pitch angle response were not 

affected by ship speed or bow form (Figures 17 to 20). Any differences can 

be attributed to the differences in the generated waves. 

3. There was little or no difference in whipping response for the 

two models at zero speed. At 13.8 knots, however, the whipping response of 

the carr ier model was greatly affected whereas that of the V-bow showed 

little difference when compared with the zero speed results (Figures 23 and 

24). 

4 
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