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SUMMARY 

The United States Marine Corps current Amphibious Assault Vehicle (AAV7A1) was used to evaluate a 
newly developed ship motion model, named “Digital, Self-consistent, Ship Experimental Laboratory 
(DiSSEL).” This model can predict the wave-induced motions at various water depths in both displacement 
and planing modes. The program is self-consistent, based on the dynamic equations derived from first 
principles. DiSSEL models the increasing nonlinear wave-wave and wave-body interaction with decreased 
water depth. This allows an improved prediction of ship motions in the littoral regions, where there are 
strong depth-induced nonlinear phenomena.  

The displacement test case using the AAV7A1 is reported. We focus on the “plow-in” phenomenon, the 
submergence of the bow near hull speed. Comparisons of the crafts performance, with and without a bow 
vane, are presented. The vehicle’s operational speed range in calm water is examined to determine the 
critical conditions where dynamic pitch instability resulting in “plow-in” occurs. We also show how 
motions induced in irregular seas affect the operational envelope of safe operation. These results are 
correlated to experimental and trial results.  

 

1. INTRODUCTION  
The Navy and Marine Corps need to operate in more 
demanding conditions in the littoral region with high-
speed vessels has pushed the envelope of the current 
numerical tools. As Naval Architects design more 
complex hull forms in these more complicated situations, 
the nonlinear, especially the strong nonlinear phenomena 
often occur. Therefore, the need to develop a ship motion 
model that can study the nonlinear ship motion 
phenomena have growingly attracted scientists and 
engineers’ attentions, i.e., Liu et al. (1992), Lin et al. 
(1990, 1994), and Xue (1997).   

These studies have significantly improved our 
understanding of the nonlinear impact on ship motions.  
But these studies are in the weak nonlinear regime. 
Strong nonlinear ship-wave and wave-wave interactions 
have not been resolved (Lin et al. 1994).  It is very 
possible that nonlinear interactions between incident 
waves and the ship are comparable to or even stronger 
than the linear terms (e.g. Lin and Segel, 1988).  In other 
words, the nonlinearity effect can be on the order of one 
or greater, outside the domain of applicability of the 
weakly nonlinear studies.  

Recently Lin and Kuang (Lin et al., 2005, Lin and 
Kuang, 2006 2007) developed a nonlinear ship motion 
model named the “Digital, Self-consistent, Ship 
Experimental Laboratory (DiSSEL) Ship Motion 
Model”. The program is self-consistent, which implies 
that this model is dynamically consistent, and is based on 
the dynamic equations derived from first principles. No 
empirical parameterization is introduced in the model 
(Lin et al, 2005; Lin and Kuang, 2006). DiSSEL models 
the increasing nonlinear wave-wave interaction, and 
wave-body interaction with decreased water depth. This 
allows an improved prediction of ship motions in the 

littoral regions, where there are strong depth-induced 
nonlinear phenomena. 

With the help of the United States Marine Corps, two 
tracked amphibious vehicles were used to evaluate this 
newly developed ship motion model. This model can 
predict the seakeeping performance accounting for water 
depth in both displacement and planing modes.  

The intent of the first effort was to validate DiSSEL’s 
ability to predict the wave-induced motions in all 6 
degrees of freedom in shallow water and at planing 
speeds. The predictions for the Propulsion System 
Demonstrator (PSD) are correlated to experimental and 
trial results. The displacement test case used the 
Amphibious Assault Vehicle (AAV7A1), results of 
which are partly reported in this study. The AAV7A1 is 
the currently fielded amphibious tracked vehicle used by 
the United States Marine Corps (USMC) and is the major 
troop transportation asset for the USMC in the littoral 
region. As the name implies, the AAV is amphibious, 
carrying the troops from the assault ships to shore, where 
it then operates as a tracked armored personnel carrier. 

The “plow-in” phenomenon (pitch instability) was 
observed when the AAV7A1 is moving in calm water at 
4.2 knots and for the PSD at 6.3 knots. Strong nonlinear 
phenomena can occur even when a vessel is slowly 
moving in calm water if the vessel’s natural frequency is 
near to the frequency of the vessel motion generated 
Kelvin Wave.  Therefore, to develop a nonlinear ship 
motion model that can study both weak and strong 
nonlinear phenomena is very important.  

The results discussed in this paper using the AAV7A1 
focuses on the “plow-in” phenomenon. “Plow-in” is the 
submergence of the bow near hull speed. This paper will 
study the quasi-static as well as unsteady phenomenon. 
We will compare the crafts performance with and 
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without an added bow vane, as well as discuss the 
difficulties involving the modeling of the track system 
hydrodynamically.  

The vehicle’s operational speed range in calm water is 
examined to determine the critical conditions where 
dynamic pitch instability resulting in “plow-in” occurs. 
We also discuss how motions induced in irregular seas 
affect the operational envelope of safe operation in the 
littoral region. These results are correlated to 
experimental and trial results. 

DiSSEL can predict the seakeeping performance 
accounting for water depth in both displacement and 
planing modes Lin and Hoyt (2007). To use this model to 
test the ability to predict the “plow-in” phenomena is the 
major goal of this study. 

1.1 AAV7A1 

A United States Marine Corps tracked amphibious 
vehicle was selected to evaluate DiSSEL’s ability to 
predict performance in displacement mode. The 
displacement mode test case uses the Amphibious 
Assault Vehicle Personnel model 7A1 (AAV7A1), 
Figure 1. The AAV7A1 is the currently fielded 
amphibious tracked vehicle used by the United States 
Marine Corps (USMC) as well as several other countries 
around the world. This 8-meter craft has a nominal 
loaded weight of 23.8 metric tons with a top speed in the 
water of nearly 7 knots. It’s unique shape and features 
such as waterjet propulsion, open track system and bow 
vane provided an opportunity to press DiSSEL’s 
capabilities. 

 

Figure 1 - Amphibious Assault Vehicle (AAV7A1) 

1.2 DiSSEL PHILOSOPHY  

There are two fundamental differences between DiSSEL 
and other nonlinear ship motion models: 

1) DiSSEL calculates the time varying forces and 
moments based on the underwater geometry, and only 
calculates a total velocity potential, and a total free 
surface elevation, instead of eight velocity potentials and 
eight surface elevations.  In other words, the nonlinear 
effects of DiSSEL are based on the dynamic equations 
derived from first principles.                                                          

2) DiSSEL uses the finite difference or finite element 
method on the ship body, and the pseudo-spectral method 

on the far field. In each time step these two grid systems 
exchange information. Therefore, DiSSEL can handle 
complicated ship forms and strong nonlinear phenomena. 
To describe a complex ship, one must use a finite grid; 
however to calculate the nonlinear interactions, 
especially strong nonlinear interactions one must use the 
spectral method. The nonlinear interactions will generate 
waves with small wavelengths that are smaller than the 
grid size. These waves with small wavelengths will cause 
a computational instability. However, the spectral 
method can truncate these small wavelength waves.  
 2. DiSSEL SHIP MOTION MODEL 

DiSSEL includes two models: ship-wave interaction 
model (DiSSEL_SW) and ship solid body motion model 
(DiSSEL_SM) that are described in detail in Lin and 
Hoyt (2007) and reiterated as follows.  

2.1 SHIP WAVE INTERACTION MODEL 

 The DiSSEL_SW is based on the hydrodynamics and 
kinematic equations on the mean free surface and it 
moves with constant speed us. The dynamic and 
kinematic boundary conditions at z = η  is given as: 
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where p is the pressure, ρ is the fluid density, x is the 

position vector,
h
u  the horizontal ship transfer motion, 

!  is the fluid viscosity (including wave-breaking 
mechanisms). For a purely potential flow, the viscous 
dissipation in (1) vanishes. 

For an incompressible fluid, the base equation is: 
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! is the horizontal gradient, η  is the free surface 
elevation, and ϕ  is the velocity potential perturbation 
with respect to

s
u .  

The boundary conditions at the bottom z = -H is given 
as: 
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and the ship hull boundary is given as: 
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where n̂  is the unit vector of Γ  (outward is positive), ut 
is the total ship moving speed and us is speed plus ship 
response motions. The far field boundary conditions are 
based on radiation open boundary conditions, which are 
based on the wave propagation law.  

For the forward boundary b: 
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For the side and aft boundaries c:  
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where ϕ e and η e are the velocity potential and the 
surface elevation of the environmental waves, ϕs and ηs 
are the corresponding quantities of other waves 
associated with the ship (e.g. ship generated waves and 
the waves arising from ship-environmental wave 
interactions). The over bar means the spatial average of 
the quantities.  The boundary conditions are consistent 
with the mass conservation. In calm water, 

e
!  and 

e
!  

vanish.   

2.2 SOLID BODY MOTION MODEL  
DiSSEL_SM is used to simulate six-degrees of freedom 
ship motions, such as surge, sway, yaw (translational 
motions), roll, pitch and yaw (rotational motions). The 
ship translational motion equation is following: 

 gp

strans
s

ship D
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d
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v
+=+ ,  (8)  

where
s
V is ship translational velocity vector, Dtrans is the 

damping coefficient for translational motion (Lin and 
Kuang, 2007c), Fp and Fg are the net pressure force and 
the net buoyancy force on the ship, respectively. 

The rotational motion equation is following:  
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where 

! 

" is the angular velocity vector, Drotat is the 
dissipation coefficient for the rotation (Lin and Kuang, 
2007b), I is the moment of inertia tensor relative to the 
mass center, Γp and Γg are the pressure torque and the 
buoyancy torque on the ship, respectively.  

 
3. CORRELATION  
Initially, the intent of the overall study was to investigate 
the correlation of the wave induced motions between 
DiSSEL simulations and experimental data for both the 
PSD and AAV7A1 vehicles. An early discovery was the 
programs ability to predict plow-in. Plow-in is the 
submergence of the bow near hull speed for craft with 

very low freeboard forward, as the AAV7A1. This 
phenomenon is a very limiting characteristic for this type 
of craft. Characterization of plow-in, along with the 
programs ability to accurately estimate the running trim 
and heave from displacement mode, through transition 
and into planing mode, reported in Lin and Hoyt (2007), 
has expanded the research into DiSSEL’s utility to the 
designer.  

3.1 ASSAULT AMPHIBIAN VEHICLE 
PERSONNEL (AAV7A1)  

The AAV has a very complex hull form made up of 
numerous intersecting flat surfaces. In addition there are 
two major appendages, the track laying road system and 
a deployable bow vane, that need to be modeled in some 
way. The AAV7A1 configurations, as shown in Figure 2 
are being used to evaluate DiSSEL’s ability to model 
complex shapes and appendages. Four conditions are 
being investigated: 

a)  Bare hull, without both track and bow vane. 

b)  Hull with track plane but without bow vane. 

c)  Hull without track but with bow vane.   

d) Hull with both track plane and bow vane. 

 
Figure 2 - Amphibious Assault Vehicle (AAV7A1) 

Numerical Models 

The bow vane is modeled, as is, a simple partially 
submerged plate. Experience with modeling the PSD and 
its very large bow vane showed that DiSSEL was able to 
model a plate initially wet on both sides, and predict the 
ventilation process as speed increased.  

The track system, however, is very complex consisting of 
porous track, wheels, and road arms as shown in Figure 
3. At this time the track is modeled as a simple plate 
representing the volume and weight distribution. An 
attempt was made to represent in a crude way, the 
longitudinal and transverse drag with plate area. A more 
complex shape was attempted; however, work is needed 
on improving DiSSEL’s grid generator to accomplish 
this, and is currently a work in progress. 

Bare Hull 

With Bow Vane Track & Bow 

With Track Plane 
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Figure 3 - Amphibious Assault Vehicle (AAV7A1) Track 

System 

The test cases for the AAV7A1 were made at the 
nominal Troop Loaded Condition. The simulation was 
run for salt water at 15° C. The particulars for the 
AAV7A1 for the nominal Troop Loaded Condition are 
shown in Table 1. 

Table 1 - AAV7A1 Troop Loaded Particulars

Weight: 23.83 metric tons

Length: 7.94 meters

Beam: 3.27 meters

Draft: 1.73 meters from ground

LCG: 3.76 meters from transom

LCF: 3.85 meters from transom

VCG: 1.32 meters from ground

VCB: 1.13 meters from ground

GML: 4.30 meters

GMT: 0.53 meters

Pitch Inertia: 29.41 % Length

Yaw Inertia: 30.97 % Length

Roll Inertia: 40.98 % Beam

Cruising Water Speed: 5.21 knots

Maximum Water Speed: 7.13 knots  
3.2 PREDICTION OF PLOW-IN IN CALM WATER 

The AAV7A1, without a bow vane, weighing 23.83 
metric tons and having an LCG of 3.76 meters forward of 
the transom, will have the onset of plow-in at a speed of 
4.2 knots based upon full scale trials. “Plow-in”, as it is 
experienced by the AAV, starts as the building of green 
water on the forward top deck. Initially the presence of 
this water is acceptable; however, at a speed of 4.2 knots 
for the Combat Loaded Condition the green water 
reaches the driver hatch as shown in Figure 4. Beyond 
this point normal operations are not possible. 

 
Figure 4 – AAV7A1 Plowing In At 4.2 Knots 

 

The results of the DiSSEL simulation for this case, bare 
hull without bow vane, agree with the trial results. In the 
case of the real AAV, the drag increases markedly with 
the onset of plow-in. Obtaining a speed higher than 4.2 
knots is restricted by not only the drivers inability to see 
forward through the water-obstructed vision blocks, but 
is also limited by available thrust. DiSSEL can be used in 
a constant speed mode, essentially the real world case 
with unlimited thrust. As a result both inception and end 
of the “plow-in” region, in this case between 4 and 5 
knots as shown in Figure 5, can be defined. 

 
Figure 5 – AAV7A1 “Plow-In” Region 

An example of the graphical output of DiSSEL 
demonstrates the process of “plow-in” in Figure 6. It can 
be clearly seen that the simulation models the same 
phenomena as shown in the photograph of an actual 
AAV7A1 in Figure 4. 

 
Figure 6 – AAV7A1 Bare Hull “Plow-In” Simulation 

 

4 knots, no plow-in 

 5 knots, no plow-in  

4.25, 4.5, & 4.75 knots 
all plowed-in 
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3.3 MODELING OF THE AAV BOW VANE 

These findings were very encouraging; DiSSEL seems 
capable predicting plow-in for the simple bare hull case. 
The next issues were to determine if DiSSEL has the 
fidelity to simulate the addition of a bow vane, the 
solution to the problem for the real AAV, and to assess 
the sensitivity of modeling the track system. 

Our dilemma was that without modeling the track, the 
running trim appears too high relative to full-scale 
results. In order to evaluate the effectiveness of the bow 
vane and sensitivity to a seaway, modeling some 
representation of a track was required. We wanted to 
compare the hull with the track, and the hull with both 
the track and bow vane to the bare hull case.  

At this stage modeling of a porous road track with all of 
its features such as road wheels, track pads and an 
assortment of details that add roughness to this 
appendage is, as previously stated, a work in progress. 
We attempted to model the track system with a simple 
plate that was intended to provide both the drag and 
center of effort for both the longitudinal and transverse 
directions. The use of this method, although it allows the 
accurate modeling of the displaced volume and buoyant 
forces, represents the drag forces in a crude fashion and 
is unsatisfactory. Another approach is needed 

We did model the bow vane as used on the AAV7A1 
very successfully. Our previous experience, Lin and Hoyt 
(2007), demonstrated the programs ability to model a 
plate, initially wet on both sides, transform with 
increased speed to being fully ventilated on the back 
side. This added buoyancy created by the ventilation 
phenomenon, combined with the dynamic lift generated 
by the bow vane, provides the bow up pitch moment to 
eliminate plow-in. 

As before, the hull with a crude track modeled and 
without a bow vane plows-in; however the “plow-in” 
range appears the same, at least when using 0.25-knot 
speed increments. The AAV7A1, with a bow vane and 
track, again weighing 23.83 metric tons and an LCG of 
3.76 meters forward of the transom, does not plow-in. 
The results of the DiSSEL simulation for this case are 
shown in the trim curve, Figure 7.  

 
Figure 7 – AAV7A1 Trim With Bow Vane 

The bow vane provides enough bow up moment and 
additional freeboard to transition through the plow-in 
regime. The AAV7A1 in the Combat Loaded Condition 
and at the plow-in onset speed, a nominal 4.2 knots, is 
shown in Figure 8. The addition of the bow vane allows 
the AAV to reach speeds in excess of 6 knots, where 
before it was limited to only 4.2 knots. 

 
Figure 8 – AAV7A1 With Bow Vane At 4.2 Knots 

One of the capabilities of DiSSEL is to generate dynamic 
simulations in the form of QuickTime movies. Freeze 
Frames from this graphical output shown in Figure 9, 
demonstrates the avoidance of “plow-in” by using a 
deployable bow vane. The upper two illustrations show 
the AAV simulation just at the moment of plow-in. The 
modeling of the track has increased the bow down trim. 
By looking at the lower illustration, the simulation 
models the ventilated bow vane having no plow-in as 
shown in the photograph of an actual AAV7A1 with its 
bow vane deployed in Figure 8. 

 

 

 
Figure 9 – AAV7A1 Bare Hull Plow-In Simulation 

 

No Track, No Bow Vane 
4.5 knots, plow-in 

With Track, No Bow Vane 
4.5 knots, plow-in 

With Track & Bow Vane 
4.5 knots, No plow-in 

Track Increases 
Running Trim 
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3.4 PREDICTION OF PITCH AND HEAVE 
MOTIONS IN IRREGULAR SEAS 

Our original goal was to evaluate DiSSEL’s ability to 
model wave-induced motions. The determination of the 
vehicle’s sensitivity to plow-in was an added bonus just 
as the estimation of running trim and heave were for the 
PSD study, Lin and Hoyt (2007). Both model data and 
limited full-scale measurements were available to 
compare with the motion predictions for the AAV7A1 in 
head seas. And after doing this, it was hoped to be able to 
apply this to the further study of the plow-in phenomena 
in waves. 

The pitch and heave motions for the AAV7A1 for the 
Combat Loaded Condition were estimated using both the 
DiSSEL simulation and the model-derived transfer 
functions. The test case was for a speed of 6 knots, in a 
head sea with a significant wave height of 3 ft. The sea 
was modeled as fully developed using the Pierson-
Moskowitz Distribution having a modal period of 4.79 
seconds.  

 A comparison of the AAV7A1 heave time history is 
shown in Figure 10. The heave motions for the same 
encountered wave profile are overlaid using the model 
derived transfer functions, and the DiSSEL predictions 
for a time period of 60 seconds.  

 
Figure 10 – AAV7A1 Heave Motions at 6 kts in 3 ft SWH 

The two sets of heave motion predictions compare well. 
The DiSSEL prediction appears to be somewhat higher at 
the peaks. This is also confirmed by comparing the 
predicted significant heave motion for the model 
experiments of 2.62 ft to the DiSSEL-predicted for 
significant heave motion of 2.83 ft. This is a 7.7% 
difference. 

A comparison of the heave transfer function as computed 
by the ratio of the component heave double amplitude 
motion to the wave height is shown in Figure 11. The 
predicted natural heave period and gain are very close, 
however there are differences in the overall shape. The 
obvious source of the differences in the predicted 
significant heave motion is the differences in phase. 
Unfortunately, discrepancies in the phase relationship 
cannot be quantified with the data we have at this time. 
However the poor modeling of the track system in the 
vertical direction is the most likely source of both the 
amplitude and phase problems.  

 
Figure 11 – AAV7A1 Heave Transfer Function at 6 kts 

A comparison of the AAV7A1 pitch time history is 
shown in Figure 12. Again the pitch motions are 
predicted for the same encountered wave profile using 
the model-derived transfer functions, and the DiSSEL 
predictions in the 3 ft head sea.  

Once again the two sets of motion predictions compare 
fairly well. The predicted significant pitch motion for the 
model experiments was 3.1 deg for this condition. 
DiSSEL predicted a significant pitch motion of 3.7 deg. 
Although this is only a difference of 0.6 degrees, it is a 
17.6% discrepancy.   

A comparison of the pitch transfer function as computed 
by the ratio of the component pitch amplitude to the 
wave slope is shown in Figure 13. The predicted natural 
pitch period and gain are very close; however, there are 
differences in the overall shape, primarily at resonance. 
The obvious source of the differences in the predicted 
significant pitch motion is the differences in this shape. 
The phase differences in the two methods appear the 
same as heave in the case of pitch. Unfortunately, again 
discrepancies in the phase relationship cannot be 
quantified with the data we have at this time. However, 
the poor modeling of the track system in the vertical 
direction and the resultant induced pitch moment through 
the integration along the length of the track is the most 
likely source of the magnitude problem.  

 
Figure 12 – AAV7A1 Pitch Motions at 6 kts in 3 ft SWH 
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Figure 13 – AAV7A1 Pitch Transfer Function at 6 kts  

3.4 USING DiSSEL TO DETERMINE THE AAV’S 
OPERATIONAL ENVELOPE  
We have started to investigate the use of DiSSEL to 
define the operational envelope for the AAV family of 
vehicles. It is hoped that the ability of the program to 
identify plow-in in calm water combined with its motions 
predictions can determine the safe load conditions over a 
range of operational parameters. Variations in vehicle 
mass properties, mainly weight and center of gravity, as 
well as sea state and heading will be used to define the 
limits of the vehicle. In order to do this, improvements in 
the modeling of the track system are required. 

Our first looks into this problem indicated that although 
DiSSEL predicts the plow-in phenomena, some 
interpretation of the threshold of plow-in is required. As 
discussed, in the real world when the vehicle plows-in, it 
has a large increase in drag limiting speed, and usually 
results in the driver coming off the throttle after he has 
lost forward vision.  

In calm water, DiSSEL drives the vehicle at a steady 
speed with unlimited thrust so that when a plow-in is 
induced, the vehicle assumes a bow down pitch to very 
large angles. This is actually what does happen when 
there is excess thrust available, as was the case for the 
PSD and the current high-speed Marine Corps 
prototypes. Although the PSD was never over driven 
once plow-in occurred, succeeding high speed 
prototypes, with thrust available to attain planing speeds 
have “plowed-in,” driving the vehicle to bow down 
angles as great as 47 degrees, submerging the hull to ¾ 
of its length, a very serious situation. 

In rough water, DiSSEL drives the vehicle at a steady 
speed inducing a plow-in, followed by recovery due to 
the wave action, only to be followed by another plow-in. 
Unlike the calm water case, the plowed-in condition does 
not become steady state. Using the presence of green 
water on the upper surface as the criterion for plow-in for 
the DiSSEL simulation would allow the identification of 
the onset of the plow-in event over a range of load and 
sea conditions. With improvements in the track 
modeling, the fidelity to identify the load limits for the 
onset of “plow-in” should become possible.  

Figure 14 shows two DiSSEL simulations for the 
AAV7A1 in 3 ft irregular head sea at speeds of 4.5 and 
6.0 knots. These speeds represent the mid range of where 
the AAV would plow-in, and the safe speed above the 
plow-in region, respectively. The pitch motions of the 
AAV at 4.5 knots are about three times greater than those 
at 6.0 knots. This is expected since the speed of 4.5 knots 
is in the “pitch instability region” and 6.0 knots is not.  

 
Figure 14 – AAV7A1 Pitch Motions at 4.5 and 6 kts  

In this case, although the pitch motions are large, the 
AAV did not plow-in with its bow vane deployed, as per 
the before-mentioned criterion of green water on the 
forward top deck. Comparing the pitch motions with an 
AAV that has the bow vane retracted, Figure 15, the 
significant pitch motions have increased from 9.7 
degrees with a bow vane to 14.3 degrees without. Using 
the green water criterion, there were 5 potential plow-in 
events in the 30-second time period without a bow vane 
deployed. 

One observation, which is a concern, is that both the 
upward and downward pitch excursions without a bow 
vane deployed are greater than with a bow vane. It was 
expected that the downward travel would be greater, and 
the upward travel about the same for both with and 
without bow vane deployed. Perhaps the buoyant 
restoring force, or perhaps the entrapment of water 
behind the bow vane when deployed, are potential 
explanations. It is hoped that additional full-scale trials 
can be performed to investigate this. 

 
Figure 15 – AAV7A1 Pitch Motions with the Bow Vane 

Retracted and Deployed at 4.5 kts 
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 4. CONCLUSIONS 
The use of DiSSEL to simulate and then predict the pitch 
and heave motions for an Amphibious Assault Vehicle in 
head seas is very promising. In addition, DiSSEL appears 
to be useful in predicting the dynamic pitch instability in 
calm water near hull speed called plow-in, as well as 
characterize the operational envelope at which this 
instability will occur in a seaway.  

DiSSEL predictions of pitch and heave motions agree 
well with the experimental model data in irregular head 
sea when the vehicle speed is outside the pitch instability 
region. Previous investigators found that the AAV7A1 in 
the Combat Loaded Condition has the onset of plow-in at 
a speed of 4.2 knots without a bow vane deployed. The 
DiSSEL simulations indicate that there is a pitch 
instability that occurs between 4.25 and 4.75 knots in 
calm water as well as in irregular head seas, which is 
excellent correlation. The experimental data and full-
scale experience indicate that with a bow vane deployed, 
plow-in will not occur in calm water or head seas in the 
Combat Loaded Condition, as was also predicted by the 
DiSSEL simulation. 

There are still areas where both additional improvements 
and study are required. DiSSEL’s new grid generation 
method needs to be exercised to see if it can better model 
the complex track system found on these types of 
vehicles. Once the simpler case of head seas is fully 
validated, the use of DiSSEL in oblique seas will be 
studied, including an assessment of its ability to predict 
some other dynamic instabilities encountered in 
following seas. 
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