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ABSTRACT

The NATO Seaway Mobility Specialist Team
is developing new ship design criteria to ensure
that ships are capable of supporting launch and
recovery operations over their life spans. This
paper describes factors that must be considered
in the development of these new design crite-
ria, with an emphasis on frigates and destroyers
with associated displacements of 3000 to 10000
tonnes.

INTRODUCTION

The evolution of naval priorities combined with
rapid technical advances make this a very ex-
citing time in the field of launch and recov-
ery. Among naval missions, search and res-
cue (SAR) of migrants along with humanitarian
aid and disaster relief (HADR) have become in-
creasingly important in the current geopolitical
landscape. These missions dictate a require-
ment for safe transfer of both military person-
nel and civilians from smaller boats to ships.
Counter-piracy and drug interdiction missions
require rapid deployment of boarding parties,
which can have 12 or even more personnel. He-
licopter operations continue to be an integral
part of naval ship missions. Unmanned vehi-

cles, both autonomous and remotely piloted,
are being increasingly used for air, surface, and
underwater operations.

The increasing importance of launch and recov-
ery within navies has stimulated much related
activity. The LAURA Joint Industry Project,
which has been in progress for several years, is
developing various designs for launch and re-
covery of waterborne vehicles from ships us-
ing cranes [1]. Navies have been collabora-
tively sponsoring additional work by industry
on launch and recovery of waterborne vehicles.
The European Defency Agency has performed
work on unmanned maritime systems, includ-
ing launch and recovery.

Among ship operators worldwide, the United
States Coast Guard appears to have the most
experience with launch and recovery of wa-
terborne vehicles. Fortunately, the US Coast
Guard has been very willing to share its experi-
ence and knowledge in the open literature, with
several references cited later in this paper. It
should be noted that there is significant over-
lap between missions of the US Coast Guard
and international navies, thus making lessons
learned highly valuable.

Due to rapidly evolving missions and technolo-
gies associated with launch and recovery, it
can be challenging to design ships that will
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be suitable for launch and recovery operations
throughout their long lives. To address this
problem, the NATO Seaway Mobility Specialist
Team is developing new ship design guidelines
with the goal of supporting launch and recovery
operations through ship life. The new guide-
lines are assimilating lessons learned to date
and are also aiming to anticipate future devel-
opments that will impact on design for launch
and recovery operations. This paper intends
to share the foundations for new ship design
guidelines and also to encourage feedback that
will enhance these guidelines.

SIDE LAUNCH AND
RECOVERY USING
LIFTING APPLIANCES

Launch and recovery of waterborne objects
from the sides of ships is commonly done us-
ing lifting appliances, which can include davits,
boom cranes, and articulated cranes. A review
of side launch and recovery has been performed
to provide information for development of asso-
ciated ship design guidelines.

Review of Side Launch and Recovery

Figure 1 shows a wave buoy being launched
from the side of a Royal Canadian Naval Mar-
itime Coastal Defence Vessel using a boom
crane. The launch and recovery of the wave
buoy is a relatively simple operation for the fol-
lowing reasons:

• The ship and buoy are both moving with
minimal speed;

• No personnel are being lifted as part of the
launch and recovery operation;

• The shape and size of the buoy make it
easy to handle for personnel on deck.

There are several factors that contribute to the
success of launch and recovery operations with
this combination of ship and crane:

• The deck at the crane location is a suitable
distance above the water, in close prox-
imity yet sufficiently high to prevent deck
wetness;

• Personnel on the bridge (not shown) have
excellent views of the crane;

• The crane is relatively simple;

• There is adequate space in the vicinity of
the crane for movement and storage of ob-
jects;

• Although the crane is located at the stern
of the ship, the vertical motions of the
crane relative to the water surface are
generally acceptable due to the moderate
length of the ship (49.0 m length between
perpendiculars).

Figure 1: Launching of Wave Buoy from Side of
Ship Using a Boom Crane
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Further insight can be gained by considering
the launch and recovery of boats, such as that
shown in Figure 2. A crane is connected to the
boat at a conventional single lift point on the
boat. The interface between the crane and the
boat significantly influences engineering aspects
of both the ship and boat, and also greatly in-
fluences launch and recovery operations. Con-
figurations with a single lift point, such as that
shown in Figure 2, are widely used because of
their simplicity, versatility, and proven reliabil-
ity. In such configurations, a painter line usu-
ally runs from the bow of the boat to a point
forward on the ship deck. Personnel on the ship
deck often use tag lines connected to the bow
and stern of the boat to maintain desired yaw
orientation of the boat during launch and recov-
ery. When performing launch and recovery of
a boat using a single lift point, it is imperative
that the lift point be located sufficiently high
on the boat to ensure roll and pitch stability.

More sophisticated lifting appliances can limit
yaw motions of the small craft, with the ben-
efit of reducing the need for tag line hanlders.
Figure 3 shows a lifting appliance that includes
restraint of the the boat in yaw using a rigid
lift connection. Such connections are usually
designed to allow some initial yaw of the boat
during the connection process. Another com-
mon approach for restraining yaw is to use a
dual point lift system, such as that shown in
Figure 4. The lifting appliance has two cables
connected to fore and aft points on the boat.

The selection of connection type between the
lifting appliance and boat is often the subject
of much deliberation. A conventional single
lift point on the boat enables usage of a rel-
atively simple lifting appliance, such as a boom
crane or articulated crane. A rigid lift connec-
tion requires a more sophisticated lifting appli-
ance and a tailored connection on the boat. A
dual lift point system also requires a sophisti-
cated lifting appliance. Operational experience

Figure 2: Boat Attached to Crane with Single Lift
Hook (courtesy of Welin Lambie)

Figure 3: Boat Attached to Davit with Rigid Lift
Connection (courtesty of Vestdavit)

Figure 4: Boat Attached to Davit with Dual Lift
Points (courtesty of Vestdavit)
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with dual lift point systems has highlighted
dangers associated with unintentional release of
one connection point while the other connection
point is still attached to the lifting appliance;
thus, care must be given to ensure that both
connection points are released simultaneously,
and only when expected. A single point con-
nection has proven to be adequate for launch
and recovery at lower speeds (e.g., 6 knots and
less). Experience of the United States Coast
Guard [2] has led to modification of the Na-
tional Security Cutter to use dual point davits
for side launch and recovery, enabling opera-
tions at higher ship speeds.

The painter line plays an important role in
side launch and recovery at forward ship speed.
When the boat is attached to the lifting ap-
pliance and has contact with the water, the
painter line should normally be connected. Op-
erational experience has led to increasing usage
of a lateral boom such that the fore end of the
painter line is attached to a point extended lat-
erally from the side of the ship. The usage of a
boom helps to maintain a suitable gap between
the boat and the side of the ship during launch
and recovery. Good directional stability of the
boat is important for maintaining this gap and
overall safety during launch and recovery.

Figure 5 shows a boat launch and recovery sys-
tem situated within an alcove on a ship. Ship
stealth and protection of crew from harsh en-
vironments are among the reasons for situating
a launch and recovery system within an alcove.
The limited space available within an alcove can
introduce challenges for design and operation.

Launch and recovery systems continue to evolve
rapidly. To reduce risk to personnel, automated
mechanisms are being increasingly used for con-
nections between lifting appliances and objects
being launched and recovered. This rapid evo-
lution of systems highlights the importance of
ships having the ability to be refitted with new
systems during their lives.

Figure 5: Boat Launch and Recovery System In-
side Alcove on Ship (courtesty of Vestdavit)

Preliminary Ship Design Guidelines
for Side Launch and Recovery

Table 1 gives main areas for ship design guide-
lines to facilitate side launch and recovery.
Each area is discussed in greater detail below.

Ship motions will be dependent on the ship
itself and also on the location onboard ship
selected for launch and recovery. Table 2
shows RMS ship motion limits developed by
the United States Coast Guard [3]. Note that
the originally published values were given as
significant single amplitudes, which have been
divided by 2.0 to give RMS values, which are
commonly used by NATO. Fortunately, ship
motions at launch and recovery locations can
be reliably evaluated using available numerical
tools.

Deck wetness events can pose significant haz-
ards to personnel during launch and recov-
ery operations. Consequently, it is proposed
that a very low incidence of deck wetness in-
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Table 1: Main Areas for Ship Design Guidelines
for Side Launch and Recovery

Ship motions

Deck wetness

Proximity to water

Visibility for launch and recovery system
operators

Communication with bridge

Space for launch and recovery appliances and
personnel

Ability to move objects away from launch
and recovery area

Table 2: United States Coast Guard RMS Ship
Motion Limits for Side Launch and Recovery

Roll angle 4.0 deg

Pitch angle 1.25 deg

Vertical acceleration 0.1 g

Lateral acceleration 0.1 g

cidence be specified (e.g., 0.1 deck wetness
events per hour). The evaluation of deck wet-
ness incidence is challenging due to the influ-
ence of steady scattered waves arising from ship
forward speed, radiated waves, and diffracted
waves. To account for modelling errors, a possi-
ble approach is to specify that the deck wetness
incidence criterion be satisified for a location at
a specified distance below the actual deck level
(e.g., 1.0 m below deck level).

Launch and recovery operations become more
challenging if the distance between the ship
deck and water is large. As this distance in-
creases, launch and recovery times increase. In
addition, there will be greater variations in the
clearance distance between the boat and the
side of the ship. To mitigate such problems,
a maximum distance could be specified for the
height of the deck above the water (e.g., 15 m).

Good visibility for launch and recovery sys-
tem operators is essential for safe operations.
Achievement of this requirement could be chal-
lenging on ships with launch and recovery sys-
tems confined to alcoves.

Communication between the bridge and launch
and recovery area is required for a variety of
reasons, including ensuring that the ship trav-
els at appropriate speed and heading for op-
erations. Visual line of site, electronic video
transmission, and audio transmission can all
contribute to successful communications. Ship-
borne aircraft operations have provided valu-
able lessons in this area.

Area on deck for a launch and recovery system
must include clearances for all operational and
maintenance envelopes. In addition to the main
launch and recovery area, additional space for-
ward can be required for booms or other equip-
ment used to handle painter lines. When de-
signing a new vessel, consideration should be
given to future equipment that might require
more space than original installations.
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It is recommended that a ship have the ability
to move objects away from launch and recovery
areas as required. For example, if a boat be-
comes unexpectably inoperable, then the ship
should ideally be able to move the inoperable
boat away from the launch and recovery sys-
tem and move an operable boat to the launch
and recovery system. A crane with 3 transla-
tional degrees of freedom (DOF) (e.g., boom
crane or articulated crane) can be well suited
to this task. If the main launch and recovery
appliance has limited degrees of freedom (e.g.,
rigid attachment system of Figure 3 or dual
point system of Figure 4), then addition of a
separate crane with 3 DOF should be consid-
ered.

STERN LAUNCH AND
RECOVERY USING WELL
DOCKS AND STERN
RAMPS

A well dock or stern ramp is often used for
launch and recovery from the stern of a ship.
Sheinberg, Minnich, Beukema, Kauczynski, Sil-
ver and Cleary [4] give an overview of stern
launch and recovery systems.

Figures 6 and 7 show well docks with craft in-
side them. Most well docks are designed to op-
erate with landing craft. A well dock can typ-
ically accommodate a wide variety of organic
vehicles, including subsurface vehicles. A ma-
jor disadvantage of a well dock is that it has a
drastic influence on the size and design of the
mother ship. Furthermore, launch and recov-
ery operations from a well dock are usually time
consuming and require many trained personnel.

Figure 8 shows a stern ramp with a RHIB.
Stern ramps are commonly used to provide fast
launch and recovery of organic vehicles, most
commonly RHIBs. A stern ramp is usually

Figure 6: Landing Dock During Operations with
Landing Craft and Rigid-Hulled Inflatable Boat

Figure 7: Landing Dock in Dry Condition with
Landing Craft
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Figure 8: Stern Ramp with Rigid-Hulled Inflatable
Boat

designed for a specific vehicle, but can often
handle other vehicles of similar or smaller size.
Much progress has been made recently in devel-
opment of automatic systems for launch and re-
covery from stern ramps. Note that automated
capture mechanisms are often only operational
with very specific vehicle geometries. To facili-
tate operation in colder climates, the sill of the
stern ramp can be placed above the waterline
to prevent ice entry. Operations using such de-
signs can utilize a hinging stern door or cradle
to ensure safe recovery. A stern ramp will be a
major driver in the design of the mother ship
due to demands for space, weight, and specific
placement.

Operational Guidelines for Stern
Ramps

For launch and recovery using a stern ramp,
the recovery operation is generally the limiting
factor. Horizontal motions and relative vertical
motions of the stern ramp strongly influence
operations. These motions are dependent upon
various aspects of the mother ship, including
size, speed, heading, and motion control sys-
tems. Operational limits are typically Sea State
5 or lower.

Stern launch and recovery usually occurs in
head seas at speeds between 3 and 6 knots. For
launch and recovery of RHIBs with waterjets,
the operational speed may be higher due to di-
rectional stability concerns with the RHIB.

Preliminary Ship Design Guidelines
for Stern Ramps

Many of the factors relevant to side launch and
recovery (Table 1) are also relevant to stern
ramps. Stern ramps introduce additional chal-
lenges that must also be considered. References
by Sheinberg, Minnich, Beukema, Kauczynski,
Silver and Cleary [4] and Sheinberg, Cleary, De-
Bord, Thomas, Bachman, St. John and Min-
nich [5] provide useful guidance regarding de-
sign of stern ramps.

The ramp sill depth (the submerged depth at
the aft end of the ramp) will determine the
ramp availability time in a seaway. A minimum
availability time (the time the water level at the
sill is high enough for the vehicle to enter the
ramp) is needed for a safe recovery. A greater
sill depth gives higher ramp availability time
and therefore greater operability in waves; how-
ever, the transom immersion associated with a
greater sill depth can adversely affect ship re-
sistance.

The shape of the ramp opening should be de-
signed to prevent damage to the organic vehicle
during entry and exit, and must consider fac-
tors such as the limited durability of the inflat-
able portion of a RHIB.

The slope of the ramp must be sufficiently steep
for the organic vessel to overcome its own static
friction for launching, but flat enough to ensure
that the organic vehicle is able to power itself
up far enough during recovery. The ramp sur-
face plays a role in overcoming the static fric-
tion of the organic vehicle, with low friction ma-
terial being benefical. Low friction material will
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also reduce forces during recovery when the or-
ganic vehicle is driven into the ramp.

The clearances around the organic vehicle play
an important role in the safety of the crew on
board. Sufficient overhead clearance is critical,
and must account for wave induced motion of
both the mother ship and organic vehicle. The
side clearance must be large enough to have
some tolerance on both sides, but should re-
strict excessive lateral motions. When the stern
ramp is designed for a variety of organic vehi-
cles, adjustable side fendering should be con-
sidered.

The stern doors or gates must be designed such
that they do not impede safe operations. For
example, overhead clearance is important for
upward hinging gates. For downward hinging
gates, the ability to withstand wave loads is
critical.

A water management system can contribute
greatly to safe operation of a stern ramp, es-
pecially in higher sea states. The water man-
agement system should mitigate hazards, such
as waves rolling up the ramp and flushing out
the organic vehicle. Wave damping and water
dissipation are proven solutions.

The capture of the organic vehicle can be done
automatic or manually. When a vehicle is op-
erated from a stern ramp that was not de-
signed for that vehicle, the automatic system
will probably not work; thus, a capability for
manual capture should always be available.

Roll, pitch, vertical acceleration and lateral
acceleration of the mother ship will influence
stern ramp launch and recovery. These mo-
tions must be considered when evaluating ramp
availability time.

AIR VEHICLE LAUNCH
AND RECOVERY

Modern frigates and destroyers include the
capability to launch and recover helicopters.
Many ships include sophisticated mechanical
systems that include a cable with automated
tension between the helicopter and flight deck,
increasing the operational envelope for launch
and recovery operations [6].

Typically, the flight deck on a frigate or a de-
stroyer is at the stern, behind the deckhouse
and all of its mounted equipment, as shown in
Figure 9. As the helicopter approaches to land,
it encounters a complex air wake behind the
superstructure. The air wake contains time-
varying combinations of turbulence, vortices,
shear flow and downwash, for which the pilot
must compensate to keep the helicopter under
control. The ship is also rolling and pitching in
response to the seas it is encountering.

Figure 9: Helicopter on Approach to Land on De-
stroyer
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Flight test launches and recoveries are done for
every combination of helicopter and ship in or-
der to assure that these operations will be safe.
The ship is driven at various speeds and head-
ings relative to the wind and sea in order to
find relative wind limits beyond which the test
pilots determine it would be unsafe to take off
or land. The pilots are given a workload rat-
ing scale to rate each launch and recovery as
to its difficulty. The results are used to gener-
ate ship-helicopter operating limits (SHOL), in
terms of relative wind speed and direction, that
the ship operators and helicopter pilots can use.
A typical envelope is shown in Figure 10. Dur-
ing the test flights, the deck crew take readings
from the ships inclinometers of pitch and roll
amplitudes. At the limits of relative wind, the
maximum pitch and roll amplitudes are cited
as guidance for the ship operators.

Figure 10: Typical Ship-Helicopter Operating
Limits (SHOL)

Over the years, as shipboard helicopter oper-
ations expanded, it became apparent that the
ship designer needed sets of relative wind and

motion limits to assure that new ships would
be safe for these operations. Subject matter
experts from seven NATO nations assembled
to produce an updated seakeeping standard [7]
including more detailed treatment of air oper-
ations. The document contains limiting ship
motion criteria for a variety of missions. The
document also references ship motion predic-
tion programs that can be used to determine
which sea states will cause limiting motions to
be exceeded. For a ship that is required to carry
out a specific set of missions, the designer can
use sets of the criteria to refine the ship design
for best performance in the ocean wave condi-
tions that the ship might encounter in selected
operating areas of the world.

For fixed and rotary-wing aircraft launch, re-
covery and handling, the NATO seakeeping
standard contains generic limiting motion cri-
teria and generic relative wind envelopes. For
specific aircraft and ship combinations, each
with its unique limiting motion and relative
wind characteristics, the ship designer has to
rely upon the results of dynamic interface sea
trials on existing aircraft and ship combina-
tions, and hope that he or she can find com-
binations that are close enough to those of the
new ship being designed.

In the discussion which follows, fixed-wing he-
licopter operations will be used to show where
improvements can be made to the guidance
given in the existing NATO seakeeping stan-
dard. Limits for vertical and short take off and
vertical landing (VTOL and STOVL) opera-
tions are based on an air capable ship compar-
ison by Comstock, Bales and Gentile in 1982
[8] in terms of generic criteria, which could be
used as default values for any design study.
Specific criteria were not publically available
for many combinations of aircraft and ships.
Thus, generic criteria were presented in terms
of limits for roll, pitch, vertical velocity and
relative wind (see Table 3). These limits are
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defined to permit launch and recovery of air-
craft within established operational envelopes.
Observations during sea trials suggested that,
on an approach to landing, vertical accelera-
tion of the flight deck is of more concern than
roll or pitch. Indeed, vertical acceleration is a
manifestation of heave, roll and pitch and the
distance from the center of gravity of the ship.

Table 3: Generic Helicopter Launch and Recovery
Criteria Limits

Operation Performance limitations

Launch Roll 2.5o RMS

Pitch 1.5o RMS

Relative wind (Figure 10)

Recovery Roll 2.5o RMS

Pitch 1.5o RMS

Vertical velocity 1.0 m/s
RMS at flight deck

Relative wind (Figure 10)

The generic envelope shown in Figure 11 rep-
resents the limits of relative wind speed, with
respect to relative heading, into which the air-
craft may be launched or recovered. Launch or
recovery outside of the safe envelope results in
unacceptable crosswind or turbulence for safe
and efficient operation. By mapping this enve-
lope into the plane of possible ship speeds and
headings for the ambient winds associated with
each sea condition, wind envelopes satisfying
the relative wind requirements can be defined.
Figure 12 shows an example of this mapping
for mid Sea State 5 with a mean ambient wind
speed of 22 knots. The operating envelope is
the non-shaded region.

Figure 11: Generic Helicopter Relative Wind En-
velope

Figure 12: Generic Helicopter Wind Operating
Envelope for Sea State 5 with Mean Ambient
Wind of 22 knots
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During the time since writing of the NATO sea-
keeping standard [7], computational methods
have been developed to determine the effects of
various ship topside design features upon the
ship’s air wake, and in particular various fea-
tures of the air flow over the flight deck as an
incoming aircraft would encounter it. This in-
cludes combinations of turbulence, downwash
and shear flow for different ship speeds and
headings relative to the ambient wind. Aircraft
aerodynamics have been coupled to the ship’s
air wake in such a way that control margins
and variances, and thus pilot workload, can be
predicted. Model tests have been used to check
the results and to help refine the computational
methods. Though more work needs to be done
to validate the methods, the results have been
used successfully in flight simulators to predict
the relative wind envelopes for a few new com-
binations of aircraft and ships, even in early
design stages before physical models were built
and tested.

Since 2002, three successive research task
groups from the NATO Applied Vehicle Tech-
nology (AVT) Panel have assessed various as-
pects of the evolving science and technology of
aircraft launch and recovery in a ship air wake
environment. The third of these, NATO RTG
AVT-217, completed its program of work in De-
cember 2015, and submitted a technical report
on Modeling and Simulation of the Effects of
Ship Design on Helicopter Launch and Recov-
ery [9] to the NATO Collaboration Support Of-
fice for final editing before publication. The fo-
cus of this work was on critical technical areas
where details of ship design would affect the
performance of helicopter launch and recovery
from a flight deck at the stern of the ship. Crit-
ical technical areas included:

• Air wake – an evaluation of the methods
available to compute features of the air
flow behind the ship superstructure and its
interaction with the aerodynamics of the

helicopter, including shear flow, downwash
and turbulence. As to the design of the
superstructure, for the methods used, it is
possible to model the shape of the deck-
house and all appendages including anten-
nas, stacks, and weapon systems. It is also
possible to evaluate flow control devices
such as turning vanes and fences.

• Anemometer placement – an assessment of
the methods employed to locate anemome-
ters on the ship superstructure in order to
reliably determine relative wind speed and
direction for helicopter operations.

• Ship exhaust – an evaluation of the effects
of stack gas, including increases in temper-
ature, on power margins in the helicopter
and ways to mitigate the effect by better
placement and design of stacks and possi-
ble redirection of the gas plume.

• Ship motion – an assessment of the ability
to predict the motions of the flight deck
and their effects on launch and recovery
of different combinations helicopters and
ships.

The NATO RTG AVT-217 technical report also
included an assessment of the capability to in-
corporate the findings of each of the critical
technical areas into integrated modeling and
simulation of the effects of ship design on the
launch and recovery of helicopters. Once the
final draft of the technical report is approved
for release to NATO nations, it will be used
to prepare an Allied Naval Engineering Pub-
lication (ANEP) on ship design guidance for
safe launch and recovery of helicopters. The
ANEP will supplement guidance presented in
the NATO seakeeping standard [7] in order to
refine the flight deck wind and motion limits for
a variety of new aircraft and ship combinations.
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APPLICATION OF
MODELLING AND
SIMULATION

Modelling and simulation (M&S) can be very
useful when designing ships that will perform
launch and recovery operations. The maturity
of available tools depends largely on the com-
plexity of phenomena being investigated.

M&S for Ship Motions

Ship motion predictions are routinely per-
formed to support ship design and operation.
When applying ship motion predictions to ships
performing launch and recovery, the complex-
ities of ship motions are somewhat simplified
because operational conditions normally dic-
tate relatively small forward speed Froude num-
bers (e.g., U/

√
g L < 0.2, where U is ship

forward speed, g is gravitational acceleration,
and L is ship length between perpendiculars)
and moderate wave conditions (e.g., significant
wave height rarely exceeds 7 m).

Frequency domain strip theory [10] is widely
used and gives good results for slender ships
(e.g., length-to-beam ratio L/B > 6) in typi-
cal launch and recovery conditions. For non-
slender ships, three-dimensional methods for
predicting hull forces [11] will give noticeably
better motion predictions than strip theory.
Due to challenges predicting viscous roll damp-
ing, vertical plane motions are easier to predict
than lateral plane motions [12].

M&S for Relative Vertical Motions
between Ship and Ocean Surface

Relative motions between the ship and the
ocean surface have a profound influence on
launch and recovery of waterborne objects. For
side launch and recovery, relative motions are

a major driver for locating launch and recovery
systems near midships. For stern launch and
recovery, experience has shown that operations
with longer vessels can be challenging due to
high relative motions at the stern.

When evaluating relative motions at a location
on a ship, it is common practice to consider
the rigid-body ship motions and incident waves,
but to ignore the radiated and diffracted waves
caused by the motions and presence of the ship.
Beck and Loken [13] provide insight into the
influence of radiation and diffraction on rela-
tive motions. The current high level of inter-
est in launch and recovery will likely stimulate
new work examining relative motions in greater
detail. Note that many ship motion predic-
tion methods use simplifying assumptions when
modelling the influence of ship forward speed
on the free surface. Although these simplifying
assumptions are quite acceptable for predicting
ship rigid-body motions at moderate forward
speed, their adverse influence on relative mo-
tion predictions are likely more pronounced.

Multi-body Simulation

Capabilities continue to progress for simulating
multi-body complex systems, such as launch
and recovery of an object from a ship. Complex
physical phenomena can be modelled, including
hydrodynamic interactions and collisions be-
tween entities. Henry, McTaggart, de Kraker,
and Duncan [14] describe a simulation of a
launch and recovery system for a NATO subma-
rine rescue vehicle which is deployed from the
stern of a ship using an A-frame. Söding and
Reppenhagen [15], McTaggart, Roy, Steinke,
Nicoll, and Perrault [16], and Carette [17] de-
scribe simulations of launch and recovery from
the side of ships.

Multi-body simulation presents various chal-
lenges, including the interoperability of vari-
ous simulation entities. Validation of multi-
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body simulations is challenging, with the tran-
sient nature of launch and recovery being a
contributing factor. Fortunately, progress con-
tinues to be made due to the high priority of
launch and recovery work among navies. Fig-
ure 13 shows a recent simulation of a RHIB be-
ing launched from a frigate. Multi-body simula-
tions can provide insight into various phenom-
ena, including crane loads and RHIB motions.

Figure 13: Simulation of RHIB Being Launch
from a Frigate

M&S for Air Vehicle Launch and
Recovery

The NATO AVT-217 Technical Report [9] dis-
cusses the state-of-the-art in modeling and sim-
ulation of manned and unmanned helicopter
launch and recovery, and how it is being used to
offer ship design guidance. M&S provides the
designer with the potential capability to eval-
uate a new ship design in terms of its impact
on the aircraft and pilot workload, including
the effects of air wake, ship exhaust and ship
motion.

Many different types of ship-aircraft simula-
tions exist, including computational, experi-
mental and flight simulation methods. These
methods are at varying stages of development
and verification and require different levels of
resources (computational, temporal, and finan-
cial) to execute them.

M&S can be used as a risk reduction tool for
ship design by identifying potential problems
for aircraft operations prior to ship build. Cur-
rently, the available tools can inform the design
process when used as part of an iterative design
cycle. For example, comparative analysis of a
new platform compared to an existing platform
can be used to estimate whether an improve-
ment to the air wake has been achieved with a
certain design change.

Post ship build, simulation can be used to iden-
tify limiting wind conditions to potentially re-
duce the time required for Ship-Helicopter Op-
erating Limits (SHOL) testing. Although this
process has yet to be fully validated, it could
be used in the near-term to inform the SHOL
process and assist in test planning.

CONCLUDING REMARKS

The NATO Seaway Mobility Specialist Team
continues its efforts to develop a new standard
to ensure that ships are able to support launch
and recovery operations throughout their lives.
These efforts will be supported by experiences
shared by others and also by new work, in-
cluding application of modelling and simula-
tion. Ongoing dialogue with the naval launch
and recovery community will be essential dur-
ing development of the new standard.
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