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Abstract

This paper describes an investigation in which piloted flight simulation has been used to study the effect of

turbulent air flow on helicopter recovery to an offshore platform. A helicopter flight simulation environment has

been developed in which the unsteady air flow over a full-scale offshore platform has been modelled using

time-accurate Computational Fluid Dynamics. Real-time piloted helideck landings have been conducted in

a six-degree-of-freedom motion flight simulator where a flight dynamics model representative of a Sikorsky

SH-60B Seahawk helicopter was integrated with 30 seconds of unsteady computed air flow. A test pilot was

instructed to perform landings to the helideck of the platform for wind speeds of 20 to 50 kt. Ratings of pilot

workload and turbulence were obtained during the trial which, along with the recorded pilot control inputs

and helicopter states, were used to analyse the effect of the platform’s airwake on the helicopter and on

pilot workload. The results show that as the freestream wind speed increased, the turbulence intensity and

pilot workload also increased. The workload ratings, along with the corresponding pilot control activity and

helicopter positional accuracy, are discussed in relation to the airwake to which the helicopter was subjected.

The paper demonstrates how flight simulation with time-accurate airwakes could be used to support helicopter

operations to offshore platforms.

1 Introduction

Helicopters are routinely employed on offshore plat-

forms to provide crew and freight transportation, equip-

ment inspection, and, in emergencies, evacuation and

search and rescue missions. While rotorcraft are ver-

satile and offer a wide range of capabilities for offshore

services, the environment in which they operate can

be challenging [1]. If flying conditions deteriorate to

a level at which the helicopter is unable to conduct

missions, operational capability of the offshore plat-

form may be reduced, leading to significant commer-

cial penalties. Pilots may have to contend with adverse

weather conditions, exhaust gas from the platform’s

gas turbines and flarestacks, low visibility and, once in

close proximity to the platform, the unsteady air flow

generated by the wind moving over and around the

platform’s structure; this turbulent air flow is known as

the ‘airwake’. Figure 1 shows the typical position of

a platform helideck in the vicinity of several large top

deck structures [2].

In a survey of pilots [3], the principal safety hazard

and source of the highest pilot workload during heli-

copter operations to offshore platforms was attributed

to airwake turbulence. To ensure safe operation, a set

of restrictions are defined for each offshore platform,

known as the Helicopter Limitations List, HLL, by an

agency responsible for the certification of the helideck

[4]. Entries to the HLL are specific to particular com-

binations of wind speed and direction, and either re-

strict helicopter weight, or prevent flying altogether. To

reduce the possible operational restrictions placed on

an offshore platform by the HLL, due to environmen-

tal effects such as the unsteady airwake, guidelines

are available to platform designers [5]. Furthermore,

in preparation for helicopter operations to new offshore

helidecks, or platforms with recently modified topside

structures, the Civil Aviation Authority, CAA, andNorsk

Sokkels Konkurranseposisjon, NORSOK, both require

that the helideck must be subject to appropriate wind

tunnel testing or Computational Fluid Dynamics, CFD,

analysis to establish the wind environment in which he-

licopters will be expected to operate [1,6]. While there

is a requirement to model the air flow over the flight
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deck, the type of CFD turbulence modelling is not stip-

ulated and is therefore often limited to low-cost time-

averaged analyses [7–11]. Winds passing over the

complex and non-aerodynamic geometry of offshore

platforms typically generate unsteady airwakes dom-

inated by both quasi-periodic, large-scale structures

and chaotic small-scale turbulent features which are

not well captured using time-averaged CFD analysis,

leading to more emphasis and reliance on wind tun-

nel testing [12–14]. Steady CFD-generated airflows

have been integrated with piloted flight simulation in

an attempt to analyse the effect of the airwake on pilot

workload; however, it was necessary to add synthetic

turbulence to the computed mean airwake velocities to

simulate the unsteadiness [9]. Airwake data measured

in a wind tunnel has also been integrated with piloted

flight simulation but, due to restrictions on computa-

tional memory, only the vertical velocity component of

the airwake was processed by the helicopter flight dy-

namics model [15].

Figure 1: Offshore platform helicopter operations [2].

While the number of studies into the effect of tur-

bulent airwakes on helicopters operating to offshore

platforms is limited, there have been many studies into

helicopters operating to naval ships, such as frigates,

destroyers and aircraft carriers [16–18]. These studies

have shown that unsteady computation of the airwake

is essential for high-fidelity flight simulation [19]. In this

paper, time accurate CFD method Delayed Detached

Eddy Simulation, DDES, was used to generate the air-

wake of a typical semi-submersible offshore platform

at one wind heading. The effect of the airwake on

pilot workload during helicopter recovery to the plat-

form’s helideck was analysed by integrating the three-

component unsteady velocities of the airwake with a

helicopter flight dynamics model within a simulated en-

vironment in which a piloted flight trial was conducted

at different wind speeds. This paper describes the de-

velopment of the simulation environment and presents

some of the results from the piloted flight trials.

2 The Offshore Platform

A three-dimensional model of the offshore platform

used in this study was created to represent a typical

semi-submersible. Shown in Figure 2, the CAD model

is characterised by a large clad drilling derrick located

at the centre of the platform, which is supported by six

legs. (The two submerged supporting pontoons were

not included as they are beneath the water surface).

The helideck is positioned off the corner of the plat-

form and there are a number of characteristic features

on the platform such as cranes, gas turbine exhaust

stacks and structural modules. The platform is 83 m

wide, 117 m long with the top of the clad derrick reach-

ing a height, H, of 100 m above sea level. The height

of the helideck above the sea surface is 36 m.

Figure 2: CAD Model of Offshore Platform.

It is evident from the geometry of the offshore plat-

form in Figure 2, that when the wind direction is such

that the helideck is in the lee of the drilling derrick,

the air flow over and around the helideck will be tur-

bulent due to separation of the flow from the large

upstream superstructures, particularly the clad der-

rick. Winds approaching the rig which put the helideck

downstream of the derrick are therefore more likely to

present a challenging environment in which the heli-

copter pilot must operate during take-off and landing

(launch and recovery). To assess the effect of the dis-

turbed air flow on the helicopter and on pilot workload,

the airwake was computed with the rectangular geom-

etry of the platform positioned at 45° to the oncoming

wind, U , with the helideck downstream of the derrick.

2.1 Time-accurate CFD Method

To adequately model the offshore platform’s airwake

for piloted flight simulation, particularly in terms of he-

licopter handling qualities and pilot workload, a time-

accurate CFD approach is required [19]. The irregu-

lar time-varying velocities in the computed airwake will



then be applied to the aircraft flight dynamics model

in the simulation to create the unsteady loads on the

aircraft, which the pilot will experience.

DDES is a time-accurate CFD method suitable for

modelling unsteady flow dominated by both quasi-

periodic large-scale structures and chaotic small-scale

turbulent features typical of bluff body geometries [20].

Similar computational methods have been previously

used to model ship airwakes for aircraft flight simu-

lation and have been validated against experimental

measurements for both frigates [21] and aircraft carri-

ers [22]. DDES uses a hybrid approach to turbulence

modelling where Large Eddy Simulation, LES, is used

away from the surfaces of the platform to directly re-

solve the larger-scale turbulent structures, while un-

steady Reynolds-averaged Navier–Stokes, URANS,

is applied closer to the surface [23]. The DDES air-

wake analysis was carried out using ANSYS Fluent

with a Shear Stress Transport k–ω based turbulence

model and third order accuracy momentum discretiza-

tion. This hybrid method of computation is particularly

suited to airwake modelling of the offshore platform as

in regions of interest, such as over the helideck, the tur-

bulent features of the flow are explicitly resolved with

a reduction in computational time required compared

with ‘pure’ LES. Also, when compared with a ‘pure’

URANS approach, DDES produces less dissipation of

turbulent kinetic energy in the flow shed from the bluff

superstructure. To adequately resolve the turbulent

length scales within the airwake over the helideck us-

ing LES, and to reduce artificial dissipation, it is nec-

essary for the mesh size in the CFD region of interest,

or ‘focus region’, to be sufficiently refined. Grid gen-

eration over the helideck was therefore carefully con-

trolled to maintain a sufficiently dense mesh.

The offshore platform model, Figure 2, was placed

in a rectangular domain 15 H long, 9 H wide and

5 H high. The cell size at the surface of the off-

shore platform was set at 0.35 m. Twelve prism lay-

ers were applied on the non-slip surfaces. Using a

non-dimensionalised first layer height y+ of 30 and a

growth ratio of 1.2, the height of the next layer was cal-

culated using the exponential prism growth law. The

resulting total unstructured mesh size, including the

more dense focus region over the flight deck, was

about 50 million cells. At the inlet to the CFD domain,

a velocity profile was applied to represent an oceanic

atmospheric boundary layer, ABL, using Equation 1,

where Uref is the reference windspeed measured at a

known height above sea-level, zref , and z0 is the sea-

surface roughness length-scale which can be taken

as 0.001 m for oceanic conditions, according to Gar-

ratt [24].

U = Uref

(
ln( z

z0
)

ln(
zref
z0

)

)
(1)

Each surface of the offshore platform was modelled

as a zero-slip wall. The sides and top of the rectangu-

lar domain were set as symmetry walls and the outlet

was set as a pressure outlet. The sea-surface of the

domain was set as a slip wall, thereby allowing the pre-

scribed ABL to be maintained throughout the domain.

The reference wind speed, Uref , was set to a value of

40 kt (20.6 m/s) at a reference height, zref , of 44 m

above the sea surface, which is close to the height of

the main rotor during hover above the flight deck. Fig-

ure 3 shows the computed airwake with the derrick at

a 45° angle, to the oncoming wind direction, which is

in the x-y plane. The airwake is shown as contours of

u-velocity normalised by Uref and the vertical plane is

through the centre of the drilling derrick. Also included

in Figure 3 is the ABL velocity profile applied to the inlet

of the domain and the location of zref shown as a hori-

zontal red line. An initial steady solution was computed

using RANS. The solver was then switched to DDES

and allowed to run for a settling period of 20 seconds

before 30 seconds of unsteady data were recorded.

The total solution was computed over 5 days on 128

parallel nodes.

Figure 3: Contours of normalised u-velocity in a plane

through the centre of the main derrick, including the

ABL inlet profile.

Figure 4 shows the vortical structures in the CFD-

generated airwake, illustrated using the Q-criterion

vortex identification method [25], as iso-surfaces of

vorticity coloured by instantaneous streamwise u-
velocity. It can be seen that the helideck in the lee

of the derrick is immersed in highly turbulent air flow.

Figure 5 shows contours of mean velocity magni-

tude, normalised by Uref , in a horizontal plane 20 ft

above the helideck, which is approximately the height

of the helicopter centre of gravity when the main ro-

tor is at about 25 ft above the deck. The outline of

the helideck is also shown in Figure 5, with the landing

spot at it’s centre. A large region of separated flow, or

wake, is observed in the lee of the drilling derrick with

a reduction in the velocity magnitude over the helideck

varying between 20% and 70% of the freestream ve-



Figure 4: Airwake over the offshore platform presented

as instantaneous isosurfaces of Q-criterion coloured

by normalised u-velocity.

locity. Velocity differentials of this magnitude can cre-

ate significant aerodynamic forces and moments on

the aircraft, particularly when the helicopter is over the

helideck during launch and recovery.

Figure 5: Contours of mean velocity magnitude in a

vertical plane 20 ft above the helideck.

Figure 6 shows contours of instantaneous velocity

magnitude, normalised by Uref , again in a horizon-

tal plane 20 ft above the helideck. The instantaneous

image of the flow in this plane highlights the spatial

variation of velocity in the region over the helideck. At

this particular instant in time, a region of high velocity

flow of approximately 110% of the freestream veloc-

ity magnitude is observed at the edge of the helideck,

showing that the velocity differentials that can lead to

aerodynamic forces and moments on the aircraft will

be transient and will add to the pilot’s workload when

attempting to control the aircraft.

Figure 6: Contours of instantaneous velocity magni-

tude in a vertical plane 20 ft above the helideck.

Figure 7 shows contours of turbulence intensity in a

horizontal plane 20 ft above the helideck. Turbulence

intensity, Ti, is defined as the Root Mean Square,

RMS, of the turbulent velocity fluctuations divided by

the freestream flow velocity, i.e. not the local velocity,

and is calculated using Equation 2, where u′, v′, w′ are

the fluctuations in the three velocity components u, v,
w.

Ti =

√
1
3 (u

′2 + v′2 + w′2)

Uref
(2)

Figure 13 shows that in this wind condition, the plat-

form structure, particularly the lower section of the der-

rick, generates a large turbulent wake; the red areas,

with turbulence of about 25% are the unsteady shear

layers formed by the air flow separating from the verti-

cal edges of the structure. The air flow above the he-

lideck can be seen to have about two-thirds of its area

exposed to air with a turbulence intensity of about 10%

with the remainder of the deck in an air flow with a tur-

bulence intensity of about 25%. These turbulence lev-

els, and the uneven distribution, will again induce un-

steady aerodynamic loads on the aircraft and, to add

to the complexity, the distinct turbulent areas will them-

selves be moving around in the unsteady flow. These

high values and spatial variations of turbulence inten-

sity over the helideck can be expected to challenge the



Figure 7: Contours of turbulence intensity in a vertical

plane 20 ft above the helideck.

pilots during helicopter launch and recovery.

To further illustrate the unsteady nature of the flow,

Figure 8 shows the vertical velocity component, w, at
a point 20 ft above the landing spot. For a 40 kt wind

the vertical component fluctuates between about −9

m/s to +6 m/s. Such fluctuations will be present in

all three velocity components and they will vary sig-

nificantly throughout the airwake. It is therefore not

surprising that turbulence is a major factor when flying

over the helideck and that its inclusion in the simulation

is essential.

Figure 8: Computed w-velocity at 20 ft above the cen-

tre of the helideck.

3 Piloted Flight Simulation

To assess the effect of the offshore platform’s airwake

on the helicopter and on pilot workload during recov-

ery to the helideck, a piloted flight trial was conducted

within a simulated environment. The HELIFLIGHT-

R fully reconfigurable research simulator [26], shown

on the left of Figure 9, has been used in several

studies to investigate the effects of CFD-generated

ship airwakes on a helicopter and on pilot workload

experienced during simulated at-sea deck landings

[27–29]. The twin-seat generic rotorcraft cockpit is

housed within a 12 ft diameter visual display dome

mounted on a standard hexapod motion platform with

six electric 24 inch stroke actuators. A third seat is

available to the rear of the cabin for an instructor or

simulator operator. Two wide-screen monitors pro-

vide the primary cockpit instrument panels and allow

straightforward reconfiguration for each simulated air-

craft. The force-feel characteristics of the cyclic, col-

lective and pedal controls can also be reconfigured

to represent a wide range of aircraft types due to a

four-axis electronic control loading system. Four Digi-

tal Light Processing projectors, each with a resolution

of 2,560 × 1,600 pixels, project the outside world im-

age from the view of the cockpit onto the inside sur-

face of the dome, as can be seen on the right of Fig-

ure 9. The projectors provide a vertical field-of-view of

100° (+30°/-70°) and a horizontal field-of-view of 230°

(+120°/-110°). Audio cues are provided to the pilot via

loudspeakers distributed throughout the cabin.

Figure 9: Visual Environment in the HELIFLIGHT-R

flight simulator.

A generic rotorcraft flight dynamics model, config-

ured to represent a SH-60B Seahawk using Advanced

Rotorcraft Technology’s FLIGHTLAB software [30],

was integrated with the HELIFLIGHT-R simulator. Al-

though it is recognised that the Seahawk helicopter is

not typically used in the offshore industry, this aircraft

model was used in this ‘proof-of-concept’ exploratory

flight trial, due the strong validation data available [31]

and its extensive use in previous ship airwake simula-

tion research at the University of Liverpool [16,27–29].

The helicopter flight dynamics model within FLIGHT-

LAB applies the local time-varying three-dimensional

velocity components to airload computation points,

ACPs, at various locations on the rotor blades and air-

frame, thereby allowing the CFD-generated airwakes

to interact with the aircraft’s aerodynamic model. A vi-



Figure 10: Integration of CFD airwake with helicopter flight dynamics model.

sual model of the offshore platform was created using

PRESAGIS software and integrated into the simulator

run-time environment to provide the pilot with an ap-

propriate visual scene generated. Thirty seconds of

computed unsteady three-dimensional velocity com-

ponents were looped within the simulation to provide

a sustained airwake. During the trial, real-time flight

data is monitored and recorded through FLIGHTLAB

which, together with recordings of the audio and visual

scene, are used for post-trial analysis.

The method by which the unsteady airwake is inte-

grated with the representative Seahawk flight dynam-

ics model is illustrated in Figure 10. Due to the com-

plex geometry of the offshore platform, an unstruc-

tured mesh was generated to solve the flow, as shown

in the top left of Figure 10 (which also shows the dense

focus region over the helideck). The air flow is com-

puted on the unstructured mesh at 100 Hz for 30 sec-

onds. As the region in which the aircraft will be oper-

ating during the flight trial is known, and to reduce the

airwake size, the time-dependent velocity components

from the unstructured mesh are interpolated onto a

structured grid and down-sampled to 25 Hz. The struc-

tured grid, extending downwind of the derrick and over

the helideck is shown in the bottom left of Figure 10.

The volume of the structured grid also incorporates the

approach path used in the trials, which was with the

aircraft facing into the oncoming freestream wind di-

rection and aligned with the landing spot at the centre

of the helideck. The volume containing the structured

grid measured 240 m by 100 m by 33 m, with a grid

spacing of 1 m.

The interpolated velocity data of the airwake is con-

verted into lookup tables in Simulink to be read into

FLIGHTLAB and integrated with the helicopter flight

model. As described above, the airwake was com-

puted for a wind speed, Uref , of 40 kt (20.6 m/s). The

flight trials were conducted for freestreamwind speeds

of 20, 30, 40 and 50 kt and the velocities within the 40

kt airwake were therefore scaled accordingly for each

wind speed. The scaling was carried out by multiply-

ing each velocity component at every location in the

airwake and at every time step by the appropriate fac-

tor (e.g. for the 20 kt wind the 40 kt velocities were

halved) and, when the airwakes were run in the sim-

ulator, the speed at which the files were played was

also linearly scaled (e.g. for the 20 kt airwake the 40

kt airwakes were run at half speed). This method of

scaling is possible because the overall flow topology is

Reynolds number independent, and the shedding fre-

quency at different wind speeds follows Strouhal scal-

ing. The validity of the scaling method has been previ-

ously demonstrated for ship airwakes in [32]. The air-

wake for each wind speed therefore had its own lookup

table so the unsteady air velocities could be applied

to the helicopter ACPs in real time within FLIGHTLAB

as the helicopter moves around within the airwake; as

the aircraft has no effect on the airwake, this integra-

tion is known as one-way coupling. The 30 seconds

of computed airwake are looped to provide continu-

ous flow during flight simulation. The image in the top

right of Figure 10 shows the distribution of the 46 ACPs

on the SH-60B helicopter flight dynamics model. Ten

ACPs are located along each of the four main rotor

blades, with one at the centre of gravity, one on each

of the port and starboard stabilisers, two on the verti-



Figure 11: Helicopter Recovery Approach to the Offshore Platform.

cal tail and one at the tail rotor. Previous investigations

into the effect of ship airwakes on helicopter operations

have been conducted using the integration method de-

scribed above [27–29].

During the simulated flight trial, a helicopter test pi-

lot with extensive experience in operating to offshore

platforms, was instructed to perform a recovery to the

helideck at freestream wind speeds of 20, 30, 40 and

50 kt. The pilot performed an approach, which is il-

lustrated in Figure 11, starting from 3400 ft out, flying

directly into (freestream) wind at a 0° heading on a tra-

jectory aligned with the centre of the helideck. The

overall manoeuvre was split into four mission task el-

ements, MTEs, also illustrated in Figure 11. The first

MTE is the approach from the initial position 3400 ft

downwind of the helideck at a height of 500 ft above

sea level to the Landing Decision Point, LDP, which

is 150 ft above sea level approximately one rotor di-

ameter from the front of helideck. The LDP is the point

where the pilot must commit to the landing and be able

to land on the helideck in the event of critical engine

failure [33, 34]. The second MTE requires the pilot to

traverse the helicopter from the LDP across the he-

lideck and assume a position 20 ft above the landing

spot. For MTE 3 the pilot must maintain hover over

the landing spot for 30 seconds at a heading of 0° with

a ‘desired’ yaw of ±5° and height of ±3 ft; ‘adequate’

limits are defined as ±10° in yaw and ±5 ft in height.

Finally, the 4th MTE is the descent from the hover po-

sition, where the pilot should attempt to safely touch-

down the aircraft at the designated landing spot at a

heading of 0° with a desired yaw of ±5° and within ±1.5

ft of the spot; adequate limits are defined as ±10° in

heading and ±3 ft in position. The difficulty of the re-

covery task was assessed by the test pilot using three

subjective ratings scales: a workload rating was as-

signed to each MTE from the Bedford workload rat-

ing scale [35], the intensity of turbulence was given for

each MTE from the turbulence rating scale [36], and

a rating from the Deck Interface Pilot Effort, DIPES,

scale [37] was given for the whole task. The three

scales are shown in Figures 12, 13, and 14 respec-

tively.

The pilot’s perceived workload, based on the level of

spare capacity they have to perform additional tasks,

was assessed using the Bedford workload rating scale

shown in Figure 12, where workload is defined as the

integrated physical and mental effort generated by the

perceived demands of a specified piloting task [35].

After each MTE task, the pilot assesses their level

of spare capacity and assigns a rating from the ten-

point Bedford workload scale. A rating of 1-3 will be

awarded if the workload is satisfactory during the task.

Where the workload is unsatisfactory and reduced the

pilot’s capacity to perform additional task, a rating of 4-

6 will be awarded. Ratings of 7-9 indicate that while the



Figure 12: Bedford workload rating scale [35].

Figure 13: Turbulence rating scale [36].

task can be performed successfully, the workload was

regarded as intolerable. If the pilot is unable to com-

plete the task and it is abandoned due to high work-

load, a rating of 10 will be awarded.

The turbulence rating scale is used by pilots to re-

port conditions to Air Traffic Control when encounter-

ing turbulence. As shown in Figure 13, the turbulence

ratings scale has four levels that the pilot may award

depending on the intensity of turbulence experienced.

Light turbulence is defined as ‘turbulence that momen-

tarily causes slight erratic changes in altitude and/or at-

titude (pitch, roll, yaw)’. A rating of moderate is given

when the turbulence is of greater intensity than light

turbulence where ‘changes in altitude and/or attitude

occur but the aircraft remains in positive control at all

times’. Severe turbulence is defined as turbulence that

causes ‘large, abrupt changes in altitude and/or atti-

tude with large variations in indicated airspeed result-

ing in the aircraft being momentarily out of control’. A

rating of extreme turbulence is given when the aircraft

is ‘violently tossed about, is practically impossible to

control, and may result in structural damage to the air-

craft’.

The recovery of maritime helicopters to ships at sea



Figure 14: DIPES rating scale [37].

encounter similar challenges to helicopter recovery to

the helideck of an offshore platform, with the added

challenge of a moving landing deck. The helicopter

pilot in both instances often has to contend with the

unsteady airwake generated by upstream superstruc-

tures. To reduce the risk to the helicopter and pilot, op-

erational limits are defined for each ship-aircraft com-

bination. For naval ships, such limits are determined

by NATO member countries by conducting flight trials

and using the DIPES rating scale, which assesses the

difficulty of the overall landing task [37]. Unlike the

Bedford scale, which focuses on pilot workload, the

DIPES also accounts for the aircraft physical control

margins and identifies environmental factors such as

turbulence. While it is recognised that DIPES is not

typically used for assessing the difficulty of helicopter

operations to an offshore platform, DIPES was used

in this study due to its suitability for qualification test-

ing where, although pilot workload may be low, aircraft

control limits can be encountered. Figure 14 shows

the five-point DIPES scale used to assess the difficulty

of the complete launch/recovery task. A DIPES rating

of 1-3 ranks effort from slight to the highest tolerable

while still being considered within acceptable bounds

and the capabilities of an average fleet pilot. A rating

of 4 is given if the assessing pilot deems the task to be

unacceptable on the basis that an average fleet pilot

would not be able to complete the task in a consistently

safe manner. If the task cannot be safely completed by

fully proficient crews, even under controlled test con-

ditions, a rating of 5 is awarded.

During the simulated flight trials, the pilot was asked

to award Bedford workload and turbulence ratings for

each MTE of the helicopter recovery task. After com-

pletion of the recovery, a DIPES rating was awarded

and any pilot comments documented. Flight simula-

tion test data was recorded for each recovery task in

FLIGHTLAB, including the pilot inputs to cyclic, collec-

tive and pedals controls, as well as aircraft position,

attitude and accelerations in six degrees of freedom.

The airwake velocity components were also recorded

during the recovery task at each of the 46 ACPs within

the flight dynamics model.

4 Flight Trial Results

A selection of results from the flight trial are presented

and discussed in the following sections, beginning with

the pilot’s assessments using the three rating scales,

followed by recordings of the aircraft yaw and altitude

and, finally, the associated input activity in the cyclic

control during the hover MTE.

4.1 Pilot Ratings for Recovery Task

Table 1 presents the Bedford workload ratings

awarded for each MTE and the overall DIPES ratings

when landing to the helideck at wind speeds of 20,

30, 40 and 50 kt. For all wind speeds, during MTE

1 the workload was deemed to be satisfactory. For

the remainder of the recovery task, in a 20 kt wind, the

workload was tolerable but was not satisfactory with-

out a reduction in spare capacity. A DIPES rating of

2 was awarded for the whole recovery task in the 20

kt wind, which indicates that significant compensation



was required by the pilot. On completion of the recov-

ery task, the pilot commented that ”the modelling does

feel quite real” providing confidence in the simulation

fidelity. In the 30 kt wind condition, for MTE 2 the pi-

lot awarded a Bedford workload rating of 6, indicating

that the workload resulted in little available spare ca-

pacity and attention for additional tasks. Bedford rat-

ings of 7 were awarded for MTEs 3 and 4 in the 30

kt wind, indicating the workload was deemed intolera-

ble by the pilot with very little spare capacity available;

however, the maintenance of effort on the primary task

was not in question, leading to an overall DIPES rat-

ing of 3 which indicates that the effort required for the

task was the highest tolerable for the average fleet pi-

lot. Similar workload ratings were given for MTEs 2

to 4 in the 40 and 50 kt winds and show an increase

in workload from those given for a 30 kt wind. MTE 3

saw the highest workload in the trial with a rating of 9,

indicating extremely high workload with no spare ca-

pacity and serious doubts as to the ability to maintain

level of effort. The pilot, after completing the recovery

in a 40 kt wind, stated that the modelling ”felt very life-

like” and that they had ”flown to similarly cladded deck

and it [the airwake] felt like that”. The DIPES ratings

of 4 given for 40 and 50 kt indicate that operations by

an average fleet pilot would be inconsistently safe as

excessive compensation would be required.

For each wind speed in Table 1, the approach to the

offshore platform (MTE 1) resulted in low pilot work-

load, which is consistent with the lower turbulence in-

tensity values observed in Figure 7. Transitioning from

the LDP to over the helideck results in higher work-

load ratings; this is consistent with the aircraft entering

the region of high turbulence intensity shown in Figure

7. The maximum workload ratings are given for the

translation, hover and landing MTEs. The increase in

workload ratings awarded for MTEs 2 to 4 is consistent

with the conventional view of the CAA that the greatest

risk to helicopter operations is at the point at where the

helicopter arrives over the helideck and is required to

hover prior to touchdown [3]. Figure 5 and 7 show that,

at hover height, the main rotor will pass through two

distinct flow regions: one with a low mean velocity and

low turbulence close to the centre of the helideck and

a second region with relatively high mean flow velocity

and high turbulence towards the edge of the helideck.

Such velocity differentials can be expected to create

unsteady loads on the aircraft.

The overall DIPES ratings given by the pilot during

the simulated flight trial, shown in Table 1, specify that

in the applied wind condition the maximum wind speed

that a pilot would be able to consistently operate safely

is 30 kt. This maximum allowable wind speed may

be increased with further recovery manoeuvres per-

formed at varying incremental wind speeds between

30 and 40 kt. Overall the level of simulation fidelity

provided by the time-accurate unsteady airwake was

well received by the pilot.

Table 1: Bedford workload and DIPES ratings.

Wind, Bedford workload ratings

kt MTE 1 MTE 2 MTE 3 MTE 4 DIPES

20 3 4 5 5 2

30 2 6 7 7 3

40 2 8 9 8 4

50 3 8 9 8 4

Table 2 shows the turbulence ratings given by the pi-

lot for winds from 20 to 50 kt for eachMTE of the recov-

ery task. At 20 and 30 kt the pilot experienced low or

no turbulence until nearing the edge of the flight deck

at the LDP, where moderate turbulence was experi-

enced for the remaining recovery manoeuvre. The pi-

lot mentioned that the moderate turbulence rating was

due to the ”potentially large” turbulence disturbances.

The turbulence ratings for 20 and 30 kt are consistent

with the DIPES ratings shown in Table 1 as moderate

turbulence is defined as the aircraft remaining in posi-

tive control at all times. At 40 and 50 kt, the turbulence

rating for MTEs 2 to 4 increased from moderate to se-

vere, indicating that the turbulence was causing large,

abrupt changes in altitude and/or attitude and possible

large variations in airspeed which may have resulted

in the aircraft being momentarily out of control. The

corresponding DIPES ratings for 40 and 50 kt in Table

1 gave unacceptable levels of compensation, which is

consistent with severe turbulence.

Table 2: Turbulence ratings.

Wind, Turbulence Rating

kt MTE 1 MTE 2 MTE 3 MTE 4

20 N/A Moderate Moderate Moderate

30 Light Moderate Moderate Moderate

40 Light Severe Severe Severe

50 Light Severe Severe Severe

4.2 Aircraft Yaw and Height During Re-

covery Task

Figure 15 shows the aircraft yaw during the complete

recovery task in each wind speed. In the graph, the

time histories are split by two vertical dotted lines which

represent the start and end of the 30-second hover

task (MTE 3). The traverse task, MTE 2, was ini-

tialized by the pilot after reaching the LDP, approx-

imately 45-30 seconds before the start of the hover

task. The point at which the LDP was reached for each

wind speed is marked with a diamond symbol on each

time history. The two horizontal dashed lines show



Figure 15: Helicopter yaw during recovery.

Figure 16: Helicopter height above helideck during re-

covery.

the maximum/minimum desired yaw ±5° at a heading

of 0° required during the hover and touchdown task el-

ements of the recovery. Similarly, the two horizontal

dot-dashed lines indicate the maximum/minimum ad-

equate yaw of ±10° during the final two MTEs. For

the approach, MTE 1, it can be seen that for all wind

speeds there is not a large variation in aircraft yaw,

which is consistent with the low Bedford workload rat-

ings awarded in Table 1, and with the low levels of tur-

bulence some distance downstream of the helideck,

shown in Table 2. However, as the helicopter ap-

proaches the helideck, indicated by the LDP symbols

in Figure 15, the deviations in yaw becomes more er-

ratic, particularly at the higher wind speeds, and is

again consistent with the increased workload ratings

awarded for the Traverse, MTE 2, and with the high

turbulence intensities close to and over the helideck,

shown in Figure 7 and reflected in Table 2. During the

hover task, MTE 3, the pilot was able to maintain yaw

Figure 17: Longitudinal and lateral cyclic inputs during

hover at 20 kt and 30 kt.

within the adequate bounds for each wind speed and

within the desired bounds at 20 kt; however, the pilot

commented that they had ”difficulty in maintaining yaw

and height”. During the touchdown, MTE 4, the pilot

was able to maintain the aircraft within the bounds of

desired for each wind speed but, as indicated by the

high ratings awarded for MTEs 3 and 4 in Table 1, the

pilot considered the workload to be intolerable and, as

shown in Table 2, the turbulence to be severe.

Figure 16 shows the helicopter height during the

complete recovery task in each wind speed. As in

Figure 15, the time histories are split by two vertical

dotted lines that represent the start and end of the 30-

second hover task; the LDP is again marked by dia-

mond symbols. Similarly, the two horizontal dashed

lines show the maximum/minimum desired height of

±3 ft required during the hover MTE, and the dot-

dashed lines show the maximum/minimum adequate

height of ±5 ft. The increased variations in aircraft al-

titude as the pilot passes through the LDP and begins



Figure 18: Longitudinal and lateral cyclic inputs during

hover at 40 kt and 50 kt.

the traverse to the hover position is consistent with the

variations in yaw for the same MTE shown in Figure

15 and is due to the aircraft encountering the turbu-

lent airwake close to and over the helideck. During the

hover MTE, Figure 16 shows that the pilot was unable

to maintain the desired, or even the adequate height

for all wind speeds and they commented that as the he-

licopter came over the flight deck ”you could feel the

updraft and downdraft” resulting in over-control of the

collective to try and maintain height (consistent with

the positive and negative vertical velocities shown ear-

lier in Figure 8). Again, the reason for the difficulty the

pilot experienced in holding height is due to the air-

wake over the flight deck, shown in Figure 7 and re-

flected in Table 2.

4.3 Cyclic Control Activity During the

Hover Task

Figures 17 and 18 show the pilot’s cyclic control activ-

ity during the hover task, MTE 3, where the pilot was

asked to hold position for 30 seconds over the landing

spot at the centre of the helideck. The central graph

in each figure shows the lateral/longitudinal cyclic dis-

placement, while the outer time-based graphs show

how the lateral and longitudinal inputs changed with

time. To highlight the level of cyclic control activity,

a broken-line box has been used to bound the maxi-

mum displacement of each dataset. Figure 17 shows

the cyclic inputs for the 20 and 30 kt winds during the

hover task. An increase can be seen in the maximum

displacement from the held cyclic position in the higher

wind speed of 30 kt. The cyclic inputs recorded during

the hover task in a 40 and 50 kt wind are shown in Fig-

ure 18 and, consistent with the data shown in Figure

17, larger displacements from the held cyclic position,

both laterally and longitudinally, are observed at higher

wind speeds. The increase in control activity with wind

speed is consistent with the workload ratings provided

by the pilot for the hover task, the overall DIPES rat-

ings provided in Table 1, and the turbulence level rat-

ings given in Table 2. As in the discussions above, the

increased control activity in hover is because the air-

craft is immersed in the turbulent airwake over the flight

deck and the magnitude of the fluctuations and differ-

entials in the air velocities increase with wind speed.

5 Conclusions

This paper has described a study in which piloted

flight simulation has been used to investigate the

effect of an offshore platform’s unsteady airwake

on the helicopter and pilot workload during helideck

landings. Overall, the piloted flight trial was deemed

successful and was considered by the pilot to be

representative of the real-world experience. This

positive outcome opens up the possibility that piloted

flight simulation could be used to provide training, or

experience, for helicopter pilots before they fly to an

offshore platform. Furthermore, it is not an unrealistic

proposition that simulation could be used to explore

different approaches to platforms at different wind

conditions to identify the safest method for helicopter

launch and recovery.

The main conclusions are as follows:

• Time-accurate CFD showed the presence of a

large unsteady airwake being generated by the

offshore platform’s superstructure, resulting in ar-

eas of low mean flow velocity and two large shear

layers with high levels of turbulence intensity.

• The level of simulation fidelity provided by the

time-accurate unsteady airwake was well re-

ceived by the pilot who commented that the tur-

bulent airwake ”felt very lifelike”.

• During the approach task of recovery to the he-

lideck the workload rating was low with a turbu-

lence rating of ‘no to light’ for wind speeds of 20 –

50 kt.

• The study has shown conclusively that the aircraft

and pilot are most affected when the aircraft ap-

proaches the helideck and enters the highly tur-

bulent airwake created by the platform structure.

• The overall DIPES ratings given by the pilot during

the simulated flight trial determined that in the as-

sumed wind direction, the maximum wind speed

in which a pilot would be able to consistently op-

erate safely, is 30 kt.

• Aircraft heading was maintained within the

bounds of adequate for 30, 40 and 50 kt and within



desired for 20 kt; however, there were large varia-

tions in heading during the traverse to the helideck

due to the airwake.

• Aircraft height bounds of adequate were ex-

ceeded during hover over the landing spot for

wind speeds of 20 to 50 kt, again due to the tur-

bulent air flow over the helideck.

• Similarly, increasing wind speed resulted in an in-

crease in cyclic control activity during the hover

task above the helideck indicating that the pilot

was finding it difficult to hold the aircraft in both

yaw and altitude.
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