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Abstract

As part of the DRDC 03AC research project SHOLAS (Ship-Helicopter Operational Limits
Analysis and Simulation), a sea trial is planned for a HALIFAX Class frigate where the
airwake at the flight deck will be directly measured using an array of twenty 3D ultrasonic
anemometers. The data will be used to validate model scale wind tunnel experiments and
numerical simulations. The airwake measurements are to be performed for a range of
relative wind angles in both calm and rough sea conditions. The document describes the
required instrumentation, data collection, and test plan for the sea trial.

Significance for defence and security

The airwake of a ship at the flight deck can be composed of sudden velocity changes and
heavy turbulence. These can be so severe as to limit the ability of a helicopter to perform
certain operations. Determining these limits requires extensive at-sea trials with test pilots
exploring the envelope in an incremental and methodical manner. This is an expensive and
time-consuming process. The SHOLAS project’s goal is to develop tools that will allow
the airwake characteristics of a ship for helicopter operations to be evaluated using model
tests and/or numerical simulations. These tools can be used to identify issues with a new
ship designs or modifications that could reduce limits for helicopter operations before they
are made, thus allowing time for improvements. The tools could also be used to reduce the
test matrix required for the at-sea trials used to determine limits, allowing the trial to be
conducted much more efficiently.

DRDC-RDDC-2018-D075 i



Résumé

Dans le cadre du projet de recherche 03AC de RDDC sur l’analyse et la simulation des
limites opérationnelles de l’hélicoptère embarqué (ASLOHE), un essai en mer est prévu
pour une frégate de classe Halifax afin de mesurer directement le sillage aérodynamique sur
le pont d’envol au moyen d’un réseau de vingt anémomètres ultrasoniques 3D. Les données
recueillies serviront à valider les simulations numériques et les expériences réalisées en
soufflerie sur des maquettes. Le sillage aérodynamique doit être mesuré selon différents
angles du vent relatif dans des conditions de mer calme et agitée. Le document présente une
description de l’instrumentation nécessaire, de la collecte des données et du plan de l’essai
en mer.

Importance pour la défense et la sécurité

Le sillage aérodynamique sur le pont d’envol d’un navire peut être caractérisé par de
brusques changements de vitesse et de fortes turbulences suffisamment importants pour limi-
ter la capacité d’effectuer certaines opérations en hélicoptère. L’établissement de ces limites
nécessite des essais en mer poussés avec l’aide de pilotes d’essai qui vont progressivement
et méthodiquement chercher à repousser les frontières. Il s’agit là d’un processus coûteux
qui nécessite beaucoup de temps. L’objectif du projet ASLOHE consiste à élaborer les outils
qui permettront d’évaluer, grâce à des essais sur maquette et/ou des simulations numériques,
les caractéristiques du sillage aérodynamique sur un navire lors d’opérations en hélicoptère.
Ces outils pourraient servir à déterminer les problèmes relatifs à la conception d’un nouveau
navire ou aux modifications permettant de diminuer les limites des opérations en hélicoptère
avant qu’elles n’apparaissent, ce qui laisserait le temps d’apporter les améliorations souhai-
tées. Les outils pourraient également permettre de réduire la matrice d’essai nécessaire pour
établir les limites, ce qui permettrait de procéder à des essais en mer plus efficaces.
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1 Introduction

This document presents the plan for the wind-over-deck (WOD) sea trial on a HALIFAX
Class frigate (HFX). The goal of the trial (see Maritime Evaluation Request [1]) is to
quantify the wind flow characteristics over the flight deck of the HFX for a range of
conditions by direct measurement using an array of 3D ultrasonic anemometers. The data
will be used to validate model scale wind tunnel experiments and numerical computational
fluid dynamics (CFD) simulations.

This work is being performed as part of the DRDC 03AC SHOLAS project [2] the aim of
which is to develop modeling and simulation (M&S) tools that can be used to analyze ship
design effects on helicopter operations within the ship airwake. The data collected on this
sea trial is critical for the validation of these M&S tools so that they can confidently be used
for other ship/helicopter pairings such as the new ship classes scheduled to enter service for
the Royal Canadian Navy (RCN).

The required instrumentation for the trial is discussed in Section 2, followed by a description
of data formats in Section 3. A description of the trial activities including a list of the
required runs and conditions are given in Section 4.

1.1 Ship requirements

This sea trial is to be carried out on a HALIFAX Class frigate (HFX) which has completed
its life-extension refit and has a flight deck configured for the CH-148 Cyclone helicopter.
Significant changes to the topsides and main mast were made during refit which can have
an effect on the wind flow over the flight deck. Model scale wind tunnel tests and CFD
simulations were made using the post-refit geometry so comparisons will only be valid if
the full-scale measurements are made on a ship with a matching composition.

The ship’s flight deck will be fitted with four ~10 m tall anemometer support masts (ASMs)
each holding five 3D ultrasonic anemometers. The ASMs will be designed to attach to the
deck using the existing tie-down points for the CH-148 flight deck configuration, so there
will not be any requirement for deck modification (e.g. no welding of brackets, etc.). The
CH-124 Sea King flight deck configuration has different tie-down locations, so a ship with a
CH-124 flight deck cannot be used for this trial.

Note that the ship will not be able to conduct helicopter operations while the ASMs are
fitted to the flight deck. Prior to the embarkation, several days will be needed to install the
ASMs and properly align all of the anemometers. At the end of the trial, the ASMs could
potentially be removed within a single day.

The ship will also be fitted with various other sensors, cables, and instrumentation as
described in Section 2. Some of these components, such as network cable runs, are also
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used as part of the DRDC Prototype Flight Deck Motion System (FDMS-P) [3] used to
support Ship-Helicopter Operational Limits (SHOL) trials, or the Interim Flight Deck
Motion System (FDMS-I) used for operations. If the target ship for the trial has either
FDMS-P or FDMS-I, then these components can be used for the current trial, simplifying
the installation. The preference is that the trial be conducted on HMCS MONTRÉAL
(MON) as it has already been fitted with many of the required components as part other
DRDC trials for the Experimental Ship (X-Ship) program.

Several DRDC (estimate of 3 engineering technicians, 1 computer scientist, and 1 defence
scientist) and one National Research Council (NRC) staff will embark with the ship in order
to maintain the equipment and to conduct of the trial runs.

1.2 Weather requirements

Three phases of testing are planned, each requiring different weather conditions. This first
phase will be in low sea states (‘low’) and used to measure the airwake with minimal ship
motions. These should be conducted with significant wave heights less than approximately
2.5 m. To have sufficient air flow over the flight deck, sustained wind speeds of at least
15 knots are required while conducting the trials runs for this phase.

The second phase (‘moderate’) will be in sea states (HS ≈ 2.5–4.5 m) to measure the
airwake with moderate ship motions. As with the first phase, sustained wind speeds of at
least 15 knots are also required.

The third phase (‘rough’) will be in sea states (HS ≈ 4.5–6 m) to measure the airwake with
large ship motions. As with the previous phases, sustained wind speeds of at least 15 knots
are required.

The anemometers used on the flight deck are affected by heavy rain, snow, and ice accumu-
lation which can either corrupt or inhibit the sensor’s measurements. If these conditions
occur during trial runs, the data may not be usable. The sensors are not generally affected
by fog, mist, or light rain. Heavy icing on the ASMs could exceed their design load limits
and should be avoided.

The three phases of testing require different weather conditions which are unlikely to occur
in a manner that would allow the phases to be conducted one immediately after the other.
It is therefore requested that the trial be conducted over a larger time window where the
ship performs other activities. When the appropriate weather conditions occur, the ship
can then conduct a block of runs as time permits and then return to those other activities.
This can continue until all runs have been completed. A window of 10–14 days would give
a reasonably high probability of achieving the objectives of this trial. The trials runs (see
Section 4) may be conducted at night, if there are no issues with safety.
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1.3 Operational area

The trial is expected to take place off the coast of Nova Scotia with the ship departing
from, and returning to, Halifax harbour. In early December 2017, DRDC deployed two
TRIAXYSTM directional wave buoys [4–6], off the coast for wave measurement during
several planned sea trials over the winter of 2018 – the buoys would be recovered in April-
May 2018. Part of the current trial requires performing runs in seas with various wave
heights. These buoys can provide accurate detailed measurements1 of the sea conditions
which would be beneficial for the trial. It is preferred (but not required) that the trial be
conducted in the vicinity of one of these buoys. The locations of these buoys, labelled
WB3 and WB4 are given in Figure 1 and Table 1 along with other permanently moored
oceanographic buoys in the nearby area.

If the trial ship is or can be fitted with a wave radar system (MON has one as part of another
DRDC X-Ship trial), then this can be used to help supplement the wave measurement
requirements of the trial which would be in addition to the wave buoys, meteorologist
forecasts, and visual observations.

In order to minimize wind distortions from land, the ship should be at least 5 nmi from
shore while conducting the trial runs. Wind data will not be usable if the ship is conducted
replenishment at sea (RAS) operations or is downwind of another ship as the airwake from
the other ship adversely affect the measurements.

Table 1: Selected list of east coast oceanographic buoys.

Buoy Name Buoy ID Operated By Latitude, Longitude
TAB03212/TAS06672 WB3 DRDC 43.9324◦N, 063.2342◦W
TAB03222/TAS06682 WB4 DRDC 43.0450◦N, 062.8346◦W
Northeast Channel 44024 NERACOOS 42.3120◦N, 065.9270◦W
East Scotia Slope 44137 Environment Canada 42.2340◦N, 062.0180◦W

La Have Bank 44150 Environment Canada 42.5050◦N, 064.0180◦W
Halifax Harbour 44258 Environment Canada 44.5020◦N, 063.4030◦W

1 Buoy data is broadcasted via satellite to a host which then makes it openly available on the internet.
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Figure 1: Wave measurement buoy locations.
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2 Instrumentation

The instrumentation required for this trial will be installed partly by Fleet Maintenance
Facility (FMF) Cape Scott and partly by DRDC.

FMF will be responsible for the following (see Figure 2 for cabling diagram):

i. Installation of a fibre-optic network cable (W1) connecting the Aft SIS com-
partment with the bridge. Note that this cable will already be installed if the
ship is fitted with the DRDC FDMS-P or FDMS-I.

ii. Installation of a fibre-optic network cable (W2) connecting the Aft SIS com-
partment with the hangar.

iii. Installation of a fibre-optic network cable (W3) connecting the Aft SIS com-
partment with FLYCO. Note that this cable will already be installed if MON
is the trial ship.

iv. Installation of a Global Positioning System (GPS) antenna on the hangar top
with cable (W4) connecting it to FLYCO.

v. Installation of a fibre-optic network cable (W29) connecting the bridge with
the EWER. Note that this cable will already be installed if MON is the trial
ship.

vi. Design and fabrication of the ASMs (see Section 2.2).

vii. Installation of the ASMs, including fitting and the proper alignment of all of
the ASM anemometers.

viii. Removal of the above components after the completion of the trial (with the
possible exception of item ??).

DRDC will be responsible for all of the other components as described in the following
sections.

DRDC-RDDC-2018-D075 5





Figure 3: Ship coordinate system: Aft-Port-Down (APD).

Table 2: Positive directions for APD coordinate system.

Axis/Rotation Aft-Port-Down

x-axis bow to stern

y-axis stbd. to port

z-axis downwards

Roll (φ) stbd. up / port down

Pitch (θ) stern up / bow down

Yaw (ψ) turning to stbd.

Table 3: Reference locations* (approximate).

Instrument x [m] y [m] z [m]

NDDS Reference Position (OSRP) 64.87 0.02 -6.56
NRC Reference Position** 95.5 0.0 -11.4

Designated Landing Area (DLA) 109.5 0.0 -11.4

* The (x,y,z) origin is at the intersection of the FP, centreline, and keel. The FP is defined at the intersection
of the bow with the waterline at a level draft of 5.00 m.

** The point on the ship’s centreline where the back of the closed hangar door meets the flight deck.
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Table 4: Instrument locations* (approximate).

Instrument x [m] y [m] z [m]

NAV440 in the Aft SIS compartment 105.50 0.00 -11.00
Ship’s Port Anemometer (SPA) 42.90 3.75 -28.70

Ship’s Starboard Anemometer (SSA) 42.90 -3.75 -28.70
Bow Reference Anemometer on 5 m mount (BA5) -7.10 0.00 -17.80
Bow Reference Anemometer on 3 m mount (BA3) -7.10 0.00 -15.80

Mast Reference Anemometer (MRA) 36.40 0.00 -28.20
Flight Deck Anemometer: C1 109.50 0.00 -16.90
Flight Deck Anemometer: C2 109.50 0.00 -17.90
Flight Deck Anemometer: C3 109.50 0.00 -18.90
Flight Deck Anemometer: C4 109.50 0.00 -19.90
Flight Deck Anemometer: C5 109.50 0.00 -20.90
Flight Deck Anemometer: P1 109.50 5.00 -16.90
Flight Deck Anemometer: P2 109.50 5.00 -17.90
Flight Deck Anemometer: P3 109.50 5.00 -18.90
Flight Deck Anemometer: P4 109.50 5.00 -19.90
Flight Deck Anemometer: P5 109.50 5.00 -20.90
Flight Deck Anemometer: S1 109.50 -5.00 -16.90
Flight Deck Anemometer: S2 109.50 -5.00 -17.90
Flight Deck Anemometer: S3 109.50 -5.00 -18.90
Flight Deck Anemometer: S4 109.50 -5.00 -19.90
Flight Deck Anemometer: S5 109.50 -5.00 -20.90
Flight Deck Anemometer: A1 114.50 0.00 -16.90
Flight Deck Anemometer: A2 114.50 0.00 -17.90
Flight Deck Anemometer: A3 114.50 0.00 -18.90
Flight Deck Anemometer: A4 114.50 0.00 -19.90
Flight Deck Anemometer: A5 114.50 0.00 -20.90

* The (x,y,z) origin is at the intersection of the FP, centreline, and keel. The FP is defined at the intersection of
the bow with the waterline at a level draft of 5.00 m.
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2.2 Flight deck airwake measurements

Four anemometer support masts (ASMs) will be fitted to the flight deck. Design require-
ments for the ASM are given in Annex A. They will be located so as to achieve the following
(nominal) measurement positions on the flight deck as indicated by the red circles in Figure 4.
Note that these positions refer the measurement positions not the ASM positions. As the
sensors may need to be offset from the ASM structure, the deck locations for the ASM may
be slightly different, see Figure 5.

C: Centred on the Designated Landing Area (DLA). This is on the ship cen-
treline, 14 m aft of the hangar door. See Section 2.1 for ship coordinates.

P: 5 m to port of the DLA.

S: 5 m to starboard of the DLA.

A: 5 m aft of the DLA.

As shown in Figure 5, each ASM will each hold five 3D ultrasonic anemometers (model
81000 [7] by the R.M. Young Company) at the following elevations from the flight deck.
The elevations refer for the measurement point within the sensor frame (see Section 3.5).
The flight deck has a camber such that the sides are slightly lower than the middle. The
dimensions given below are referenced to a horizontal plane through the highest point
(centre) of the flight deck camber.

1: 5.5 m above the flight deck.

2: 6.5 m above the flight deck.

3: 7.5 m above the flight deck.

4: 8.5 m above the flight deck.

5: 9.5 m above the flight deck (rotor level at nominal high hover).

Four ASM each with five anemometers results in 20 separate measurement positions. Each
position can be referenced by using the deck position from Figure 4 together with the vertical
elevation label number from Figure 5. For example, the measurement position at the DLA
that is 7.5 m above the flight deck would be ‘C3’.

The model 81000 anemometers do not have heating elements and are known to have
difficulty functioning in conditions where ice and/or snow can accumulate on the sensor
heads. This should be a consideration when planning how runs are scheduled during the
trial period.

The anemometers must be mounted vertically with respect to the ship. They must be aligned
such that the 0◦ reference (‘north’) of the anemometer (see Section 3.5) points forward,
with their north/south axis parallel to the ship’s centreline. The tolerance for positioning

DRDC-RDDC-2018-D075 9





Figure 5: Sensor heights above flight deck.
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2.3 Reference anemometers

In addition to the anemometers measuring the flight deck airwake, the trial will also use
reference anemometers to measure relative wind. These are as follows:

SPA: Ship’s Port Anemometer. Ship’s propeller-vane anemometer on the port
side of the mast.

SSA: Ship’s Starboard Anemometer. Ship’s propeller-vane anemometer on the
starboard side of the mast.

BA5: Bow Reference Anemometer on 5 m mount. 3D ultrasonic anemometer
at the top of a 5 m post fitted in the bow’s jackstaff mount.

BA3: Bow Reference Anemometer on 3 m mount. 3D ultrasonic anemometer
3 m up on the 5 m post fitted in the bow’s jackstaff mount.

MRA: Mast Reference Anemometer. 2D heated ultrasonic anemometer to a
temporary support structure on the ship’s main mast. It is located on the
same horizontal plane as the ship’s native port and starboard anemometers,
but on the ship centreline approximately 2.45 m forward of the front
surface of the Electronic Support Measures (ESM) casing (see Figure 7).

The two bow anemometers (BA3 and BA5, see Figure 6) may need to be taken down in the
event of heavy seas which could lead to waves breaking over the bow or if the ship wishes
to conduct drills with the main gun. If the bow pole and anemometers are temporally taken
down during the trial, the data acquisition may be kept running, but notes should be kept in
the log so that this data during these periods can be disregarded for analysis.

The MRA has previously been used on other trials including: the SHOL trial for the CH-124
Sea King on HMCS FREDERICTON in 2013, the CH-148 Cyclone SHOL-2B trial in 2015
and the SHOL-2C trial 2016 on HMCS HALIFAX, and most recently for the SHOL-2D
trial in 2017 on HMCS MONTRÉAL. The installation from SHOL-2B is shown in Figures 7
and 8, although these show a 3D anemometer whereas the current trial will use a 2D sensor
at this position. Note that the MRA will only be used if the trial ship is already fitted with
this support.
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Figure 6: Bow reference anemometers.

MRA

2.54 m

Figure 7: Installation of MRA on HMCS HALIFAX for SHOL-2B (2015).
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Figure 8: Mast from the HAL for SHOL-2B (2015) showing the ship’s anemometers, MRA,
and MRA support.

2.4 Component layout

Trial instrumentation will be installed at the stern, flight deck, hangar, Aft SIS compartment,
bridge, and bow. The Aft SIS compartment will be used as the primary work area for the
trial team. The components installed here are shown in Figure 10. A data server computer
(AS2) will be used to log data from both the NDDS (AS1) and the NAV440 motion sensor
(AS3). It will broadcast selected data to the network for real-time display on the bridge
through cable W1. The data can be animated on a 3D virtual ship deck using custom
DRDC software. Computer AS5 will be used to back-up the data from all of the acquisition
computers, including the flight deck anemometers (through cable W2) to the external storage
(AS6). Other computers AS8 will be used by the trial team for analysis, trials logs, etc.

Time synchronization on all networked computers will be maintained by a CNS Clock II [8]
located in Flight Deck Coordinator (FLYCO) as shown in Figure 9. The clock will connect
to the network via cable W3 to a switch in the Aft SIS compartment. The clock requires
a connection to a GPS antenna which will be placed on the hangar top and connected to
FLYCO via cable W4.

The components on the stern, flight deck, and hangar are shown in Figure 11. The anemome-
ters on the ASMs have cables (W6-26) which feed into the hangar (under the hangar door
which must be closed for testing) and then connect to the ASM data acquisition array (H1).
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3 Data formats
3.1 Sensor coordinates

Sensors used on the trial employ different conventions how their coordinate system axes
may be oriented. These will be described in the following sections so that they may be
appropriately reconciled prior to analysis. All trial data will be logged in an unprocessed
form using the sensors’ native axes conventions.

3.2 Time

Time synchronization for data acquisition will be controlled by a time server which will
generate a Network Time Protocol (NTP) signal on the network. All computers on the
network will be set up to receive and synchronize their clocks to the NTP at regular intervals
(usually every 15 minutes). Without synchronization, the clocks used in laptops and R-Pis
are known to randomly drift up to several seconds per day.

All data recorded during the trial, including run logs (unless otherwise indicated), will be
timestamped to Coordinated Universal Time (UTC). Date and time strings in data files will
be written in accordance with the ISO 8601 format [9] (e.g. 2017-11-14T16:02:45.855)

3.3 NDDS: NMEA data

The Navigational Data Distribution System (NDDS) [10] is used to provide various naviga-
tional and environmental data streams throughout the ship. As part of the trial installation,
NDDS data will be logged from two ports; port 14041 streaming ASCII NMEA data dis-
cussed here, and port 15002 streaming binary SSNM data from the Ship Inertial Navigation
System (SINS) discussed in Section 3.4.

Although the data server in the Aft SIS compartment will log and append timestamps to all
messages on port 14041, the following (see also Table 5) are the most important for the trial
analysis:

$INGLL - Latitude and longitude2 (1 Hz).

$INHDT - Ship heading from gyro-compass (10 Hz).

$INVTG - course-over-ground (COG) and speed-over-ground (SOG) from inte-
grated navigation system (10 Hz).

$INXDR - Heading, roll, pitch from the gyro-compass (see Figure 13) (10 Hz).

$INZDA - UTC date and time (1 Hz).
2 Position data are with respect to the ship OSRP as defined in Table 4.
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$P1MWV - Ship’s Port Anemometer (SPA) apparent wind speed and angle (coming
from) w.r.t. the ship centreline (1 Hz).

$P3MWV - Ship’s Starboard Anemometer (SSA) apparent wind speed and angle
(coming from) w.r.t. the ship centreline (1 Hz).

$PAXDR - Air temperature, pressure, and humidity (1 Hz).

Table 5: Data required from the NDDS ASCII stream.

Description Units Message Rate

Date and time stamp [UTC] $INZDA 1 Hz
Ship latitude [deg] $INGLL 1 Hz
Ship longitude [deg] $INGLL 1 Hz
Ship speed-over-ground (SOG) [knots] $INVTG 10 Hz
Ship course-over-ground (COG) [deg T] $INVTG 10 Hz
Ship roll angle [deg] $INXDR 10 Hz
Ship pitch angle [deg] $INXDR 10 Hz
Ship heading angle [deg T] $INXDR,$INHDT 10 Hz
Rate of change of ship heading angle [deg/s] $INROT 10 Hz
SPA relative wind speed [knots] $P1MWV 1 Hz
SPA relative wind angle [deg R] $P1MWV 1 Hz
SSA relative wind speed [knots] $P3MWV 1 Hz
SSA relative wind angle [deg R] $P3MWV 1 Hz
Outside air temperature [◦C] $PAXDR 1 Hz
Outside air barometric pressure [bar] $PAXDR 1 Hz
Outside air relative humidity [%] $PAXDR 1 Hz

[deg R] = Angles relative to ship centreline. [deg T] = Angles relative to true north.

Data on ship position and motions ($INGLL, $INHDT, $INVTG, and $INXDR) is also
available either directly or indirectly at a higher sampling rate from the NDDS port 15002
(Section 3.4).

Relative wind speed from $P1MWV (SPA) and $P3MWV (SSA) is reported in knots3 and
wind direction in degrees relative to the ship centreline (deg R), where: 0◦ represents
headwind, 90◦ for wind coming from the starboard side, 180◦ for tailwind, and 270◦ for
wind coming from the port side. As both the SPA and SSA move with the ship, their
measurements are with respect to a ship body reference frame.

Ship-based relative wind measurements are subject to bias caused by distortions to the air
flow as it passes over and around the ship. This applies to the ship’s anemometers as well as

3 1.0 knot = 0.514444 m/s.
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the additional reference ultrasonic anemometers used for the trial. A recent study [11] using
model scale wind tunnel testing and full scale trial measurements have quantified theses
biases and provides correction procedures for both the ship anemometer locations, as well
as several other reference positions.

3.4 NDDS: SSNM data

The trial data server will log the binary SSNM data on port 15002 [10]. This data mostly
consists of ship position and motion data as measured by the Ship Inertial Navigation System
(SINS). In addition to logging the raw binary data, the server will also generate ASCII files
containing selected channels from the SINS along with derived data such as body frame
accelerations at the OSRP. At a minimum, the channels listed in Table 6 will be needed
for the trial. NDDS SSNM data is all at 50 Hz. Position and motions are referenced to the
ship’s OSRP (see Table 4) in the North-East-Down world-frame coordinate system shown
in Figure 13.

Table 6: Data required from the NDDS binary stream.

Description Units

Date and time stamp [UTC]

Ship latitude [deg]

Ship longitude [deg]

Active SINS Unit [-]

Ship roll angle [deg]

Ship pitch angle [deg]

Ship heading angle [degT]

Rate of change of roll angle [deg/s]

Rate of change of pitch angle [deg/s]

Rate of change of ship heading angle [deg/s]

Roll angle acceleration [deg/s2]

Pitch angle acceleration [deg/s2]

Ship heading angle acceleration [deg/s2]

Ship velocity in northerly direction [m/s]

Ship velocity in easterly direction [m/s]

Ship velocity in downward direction [m/s]

Ship heave velocity. [m/s]
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Figure 13: NDDS coordinate system.

3.5 Ultrasonic anemometers

The 2D (Model 86004 [12]) and 3D (Model 81000 [7]) ultrasonic anemometers used for
the trial output a serial data stream that will be logged with appended timestamps by R-Pi
computers as discussed in Section 2. The dimensions and orientations of the 3D and 2D
sensors are given in Figures 14 and 15, respectively.

The 3D models output the data given in Table 7 at approximately 30 Hz. The 2D models
output the smaller data set given in Table 8 at a slower nominal rate of about 4 Hz. The
sampling rate for both ultrasonic models will vary in response to conditions. For example,
heavy rain may interfere with the ultrasonic sensing and result in a lower data rate. Snow or
ice accumulation can inhibit measurements entirely.
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APPENDIX  B: SENSOR ORIENTATION AND DIMENSIONS

NORTH

TOP VIEW

160 [6.3]

207 [8.1]

568 [22.4]

MOUNTING

DEPTH

114 [4.5]

ORIENTATION RING

SIDE VIEW

(U-V-W)

CARTESIANPOLAR

(WIND SPEED, WIND DIRECTION)

90°

180°

270°

0°

+V
(WIND FROM NORTH)

EXAMPLE:
WIND AT 45°

- ELEVATION ANGLE
WITH WIND FROM ABOVE

WITH WIND FROM BELOW
+ ELEVATION ANGLE

+W
(WIND FROM BELOW)

MOUNTING:
STANDARD 1" NPT PIPE
Ø34.0 [1.32]

WHEN PROPERLY
ALIGNED, JUNCTION
BOX FACES SOUTH

MODEL 81000 ULTRASONIC ANEMOMETER

+U
(WIND FROM EAST)

INSTALL VERTICALLY AS SHOWN TO AVOID 

MOISTURE DAMAGE TO CIRCUITRY.

NOTE: Dimensions: mm [in]

SENSOR RADIUS

Figure 14: Model 81000 3D ultrasonic anemometer orientation and dimensions [7].
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Table 7: Output data from the model 81000 ultrasonic anemometer [7].

Description Units Accuracy

Acquisition date and time stamp. [UTC] ±0.01 s

u velocity component (lateral). Positive for winds
coming from starboard. Negative for winds coming
from port.

[m/s]

0 to 30 m/s:
±1% rms ±0.05 m/s

30 to 40 m/s:
±3% rms

v velocity component (longitudinal). Positive for winds
coming from the bow. Negative for winds from from
the stern.

[m/s]

w velocity component (vertical). Positive for winds
coming from below (updraft). Negative for winds
coming from above (downdraft).

[m/s]

Wind magnitude in the u-v plane. [m/s]

Wind magnitude in three dimensional space. [m/s]

Azimuth angle. The relative 0.0–359.9◦ degree wind
direction angle (coming from) in the u-v plane.
0◦ = from the bow, 90◦ = from the starboard side.

[deg R]

±2◦ (1 to 30 m/s)
±5◦ (30 to 40 m/s)

The ±90.0° wind elevation angle (coming from)
relative to the u-v plane. Values are positive when
wind is from below (updraft) and negative when from
above (downdraft).

[deg]

The speed of sound. [m/s]
0 to 30 m/s:

±0.1% rms ±0.05 m/s

The sonic temperature derived from the speed of
sound.

[◦C] ±2 ◦C (0 to 30 m/s)

The bitwise exclusive-or of all characters in the output
string.

[-]

Validity of the measurement. Any non-zero value
indicates an invalid measurement.

[-]
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Table 8: Output data from the model 86004 ultrasonic anemometer [12].

Description Units Accuracy

Acquisition date and time stamp. [UTC] ±0.01 s

u velocity component (lateral). Positive for winds
coming from starboard. Negative for winds coming
from port.

[m/s]
0 to 30 m/s:

±2% or 0.1 m/s
30 to 70 m/s:

±3%

v velocity component (longitudinal). Positive for winds
coming from the bow. Negative for winds from from
the stern.

[m/s]

Wind magnitude in the u-v plane. [m/s]

Azimuth angle. The relative 0.0–359.9◦ degree wind
direction angle (coming from) in the u-v plane.
0◦ = from the bow, 90◦ = from the starboard side.

[deg R] ±2◦

The bitwise exclusive-or of all characters in the output
string.

[-]

Validity of the measurement. Any non-zero value
indicates an invalid measurement.

[-]
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3.6 Flight deck accelerations

A NAV440 [13] Inertial Measurement Unit (IMU) will be mounted in the Aft SIS compart-
ment for measurement of the flight deck accelerations. These will be logged at 20 Hz in the
ship body frame using the APD axes conventions described in Section 2.1.

3.7 Trial log

A trial log shall be maintained by the DRDC trial team. It shall include the following:

• Weather forecasts and observations (at least twice daily).

• Ship GHS Load Monitor (GLM) reports [14] (once daily).

• Visual estimates of sea state, wave height, wave direction (at least twice
daily).

• Photos of the trial equipment as installed.

• Notes on operational issues related to the ship and data acquisition systems
(as appropriate).

• Run logs including times (date and time in UTC), run type, and other param-
eters as needed.

• Notes on issues encountered during runs (as needed).
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4 Trial activities and conditions

The trial will be conducted off the coast of Nova Scotia. The only requirement for the
operational area is that the ship be at least 10 nmi from shore while conducting runs to
minimize any land effects on the ambient wind. The runs for this trial can be performed
during the day or night as required to fit in with other ship activities.

The trials team will require wind and wave forecasts for the operational area at least twice
daily so as to best plan the execution of runs for the expected conditions. Heavy rain can
adversely affect the anemometer measurements although mist or light showers are usually
acceptable. The trials team may have to delay runs if the precipitation is too heavy. Snow
and icing can also inhibit measurements. Severe icing could result in the ASMs on the flight
deck to exceed their design load limits.

Approximately 22.5–30 hours will be needed to execute all of the planned runs. Depending
on actual conditions and/or the results of runs as they are performed, the run list may need
to be altered. The trials team will coordinate with the ship’s crew to best handle any changes
to the run list.

Runs are defined with respect to the relative wind (RW) angles measured by the reference
anemometers. These may also require corrections to account for ship-induced bias [11].
The ship speed and heading for each run will be determined based on the current conditions
in order to achieve the RW specified for that run.

RW are referred to using the notation illustrated in Figure 16. RW angles indicate the
direction the wind is coming from. For example, port beam winds cross the ship from port
to starboard. RW angles (coming from) are logged by the data acquisition systems from
0.0◦ – 359.9◦. However, when performing runs it is often more intuitive to use the short
hand as follows:

Headwinds: Headwinds are when the relative wind is coming from the direc-
tion of the ship’s bow (0◦).

Green winds: Green winds are relative winds coming from the starboard side of
the ship (1◦ to 179◦) using the shorthand notation ‘G’: e.g. G90◦

for starboard beam winds.

Red winds: Red winds are relative winds coming from the port side of the
ship (181◦ to 359◦) using the shorthand notation ‘R’. Red winds
are measured by their angle counter-clockwise from 0◦: e.g. a
RW angle of 270◦ (port beam winds) would be given as R90◦.
Likewise a RW angle of 315◦ would be given as R45◦.

Tailwinds: Tailwinds (or following winds) are when the relative wind is
coming from the direction of ship’s stern (180◦).
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Starboard Beam

Winds

G90° or 90°

G45° or 45°

Headwinds

 0°

R45°

-45° or 315°

Port Beam

Winds

R90°

-90° or 270°

R135°

-135° or 225°

Tailwinds

180°

G135° or 135°

Figure 16: Relative wind angles (arrows point to direction wind is coming from).

The runs required for the trial are listed in Table 9, divided into four groups A–D. Groups
A–C each contain 14 straight track runs covering a range of RW angles from headwinds to
beam winds. These will be performed using the procedure described in Section 4.1. Each of
these groups is intended for a different range of sea conditions as indicated in the table; ‘low’
for group A, ‘moderate’ for group B, and ‘rough’ for group C. Note that the headwinds (RW
= 0◦) is repeated in each of the run groups. This is done in order to provide an estimate of
the repeatability of the data. The two headwinds runs in each group should not be performed
immediately after each other but should have at least an hour or more separating them.

Group D consists of two slow turning circle runs performed using the procedure described
in Section 4.2. These provide a useful check on characteristics of the wind and airwake
of the ship through a continuous range of RW angles. The circles are performed using a
low ship speed and a rudder angle such that a complete 720◦ turn should take nearly and
1.5–2.0 hours to complete. Additional repeat runs of these two circles would be helpful if
time permits.

A log of the runs performed should be kept that indicates the run, nominal conditions, and
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start time, and end time. An example run log is shown in Table 10. It may be possible that
useful data may be extracted from times the ship is operating but not performing dedicated
runs. For this reason, data acquisitions systems will log continuously while the ship is
at sea. However, there may be times when the data is not usable, such as if the ship is
alongside in harbour or in close proximity and in the wake of another ship. The trial log
(Section 3.7) should be used to explicitly identify these times so data during those intervals
can be excluded from any post-trial analysis.

Table 9: Run list.

Run
Group

RW
Speed
[knots]

RW Angles
[deg R]

HS

Range
[m]

Duration
per Run

[min]

Total
Time

[h]

A > 15
0◦, R10◦, R15◦, R20◦, R30◦, R45◦, R90◦,
0◦, G10◦, G15◦, G20◦, G30◦, G45◦, G90◦ 0.0–2.5 15 ~5

B > 20
0◦, R10◦, R15◦, R20◦, R30◦, R45◦, R90◦,
0◦, G10◦, G15◦, G20◦, G30◦, G45◦, G90◦ 2.5–4.5 30 ~8

C > 20
0◦, R10◦, R15◦, R20◦, R30◦, R45◦, R90◦,
0◦, G10◦, G15◦, G20◦, G30◦, G45◦, G90◦ 4.5–6.0 30 ~8

D > 15
Slow turning circle to port,

Slow turning circle to starboard
0.0–2.5 60 ~1.5

Estimated total time for all runs: ~22.5 h

Table 10: Example run log.

Run #
Run

Group
HS

[m]
Nomimal RW

[knots @ degrees]
Start Time

[UTC]
End Time

[UTC]

1 B 3.2 25 @ G15◦ 2018-02-15T15:30 2018-02-15T16:05

2 D 1.5 Port Circle 2018-02-15T18:00 2018-02-15T19:25

4.1 Straight track run procedure

These runs will be conducted with the ship holding a steady heading and speed for the given
duration. The runs will cover a range of relative wind angles.
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A list of the straight track runs is given in Table 9. Each run needs approximately 20–35
minutes; 5 minutes to set the appropriate steady ship heading and speed, and 15–30 minutes
to gather data. 14 runs are required for each run group for an estimated combined time of
22.5 hours.

These runs shall be carried out as per the following procedure:

i. Set ship heading and speed so as to achieve the required relative wind speed
and angle for the run.

ii. When the ship achieves the desired steady heading and speed, note the start of
the given run (date and time in UTC) and any other required parameters in the
log.

iii. Hold steady heading and speed for the indicated run duration. Heading should
be maintained with minimal rudder movements. Ship speed should not be
adjusted during this period.

iv. After the indicated step duration, note the end of the current run (date and time
in UTC) and any other required parameters in the log.

v. Adjust ship heading and/or ship speed so as to achieve the next relative wind
angle for the run. Ship speed should be adjusted so that the same nominal
relative wind speed is maintained (as close as possible) for each relative wind
angle run in the run group.

vi. Repeat items ii. to v. until all runs for the run group have been completed.

4.2 Turning circle run procedure

Turning circle runs will be conducted with the ship performing a standard turning circle at
slow speed. The purpose of these runs is to provide a continuous set of data for all possible
relative wind angles which is useful for exploring how the airwake evolves and changes.
These should be in performed in "low" wave conditions with ambient winds above 15 knots.

The turning circle runs shall be carried out as per the following procedure:

i. Set ship heading into prevailing wind (i.e. start with headwinds). A relative low
ship speed and rudder angle should be used such that one complete circle should
take approximately 40–60 minutes. The exact ship speed/rudder combination is
arbitrary.

ii. When the ship achieves the desired steady heading and speed, note the ‘Run
Start’ (date and time in UTC) and any other required parameters in the log.
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iii. Once a steady heading and speed are achieved, no engine, shaft speed, or
propeller pitch order shall be given for the duration of the run.

iv. Maintain steady heading and speed for a minimum of 5 min. This period is used
to define the mean wind conditions at the start of the run.

v. Order rudder over to required angle (see step i. for note on ship speed and
rudder angle selection) . Note the ‘Turn Start’ (date and time in UTC) in the
log.

vi. Maintain rudder angle until ship has completed at least two circles (720◦).

vii. After the completion of 720◦ of turning, note the ‘Turn End’ (date and time in
UTC) in the log.

viii. Set heading again into the prevailing wind (i.e. end with headwinds).

ix. Maintain steady heading and speed for a minimum of 5 min. This period is used
to define the mean wind conditions at the end of the run.

x. After completion of the headwinds interval above, note the ‘Run End’ (date and
time in UTC) and any other required data and/or comments in the log.

xi. Repeat turn, but to the opposite side.

5 Concluding remarks

The wind-over-deck (WOD) sea trial is planned to be conducted on a HALIFAX Class
frigate (HFX) during the winter of 2018 in order to quantify the wind flow characteristics
over the flight deck. This document describes the instrumentation, data requirements, and
run matrix needed to achieve the trial objectives.

Given the nature of sea trials, changes may need to be made to the test plan in response
to the actual wind and weather conditions experienced at sea so as to achieve the overall
trial objectives. The DRDC chief scientist on the ship for the trial will be in regular
communication with the ship crew with regard to planning of runs or changes to the test
plan.
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Acronyms

APD Aft-Port-Down
ASCII American Standard Code for Information Interchange
ASM anemometer support mast
BA3 Bow Reference Anemometer on 3 m mount
BA5 Bow Reference Anemometer on 5 m mount
CFD computational fluid dynamics
COG course-over-ground
DLA Designated Landing Area
DRDC Defence Research and Development Canada
ESM Electronic Support Measures
EWER Electronic Warfare Equipment Room
FDMS-I Interim Flight Deck Motion System
FDMS-P Prototype Flight Deck Motion System
FLYCO Flight Deck Coordinator
FMF Fleet Maintenance Facility
FP Forward Perpendicular
FRE HMCS FREDERICTON
GHS General Hydrostatics
GLM GHS Load Monitor
GPS Global Positioning System
HAL HMCS HALIFAX
HFX HALIFAX Class frigate
HMCS Her Majesty’s Canadian Ship
HS significant wave height
IMU Inertial Measurement Unit
INS Inertial Navigation System
ISO International Organization for Standardization
M&S modeling and simulation
MON HMCS MONTRÉAL
MRA Mast Reference Anemometer
NDDS Navigational Data Distribution System
NERACOOS Northeastern Regional Association of Coastal Ocean Observing Systems
NMEA National Marine Electronics Association
NRC National Research Council
NTP Network Time Protocol
OSRP Own Ship Reference Point
SPA Ship’s Port Anemometer
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RAS replenishment at sea
RCN Royal Canadian Navy
R-Pi Raspberry Pi
RW relative wind. Also known as apparent wind.
SHOL Ship-Helicopter Operational Limits
SHOLAS Ship-Helicopter Operational Limits Analysis and Simulation
SINS Ship Inertial Navigation System
SIS Sonar Integrated Space
SSA Ship’s Starboard Anemometer
SOG speed-over-ground
SSNM Sperry Standard Network Message
UTC Coordinated Universal Time
WOD wind-over-deck
X-Ship Experimental Ship
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Annex A: Anemometer mast support requirements
A.1 Purpose

The objective of the trial is to directly measure the airflow at the flight deck for validation and
benchmarking of model tests and numerical simulations. This will aid in the development of
tools that could be used to assess operational limits for helicopters operating from existing
and future ships.

In order to make airwake measurements at the desired locations, a set of masts will have to
be designed and built that are tall enough to reach to the required level ( 10m), capable of
supporting multiple anemometers, strong enough to withstand ship motions in heavy seas,
and stiff enough to minimize mast flexing movements that would affect the measurements.

All sensors must be in the same vertical plane such that a single vertical line can extend
through the measurement point of all five sensors. The required locations for the anemometer
measurement points are discussed in Section 2.2. The position of the mast relative to the
measurement positions will be based on the size and geometry of the mast (and any other
supporting structures such as guy wires or braces), as discussed in Section A.2.

Four anemometer support masts (ASMs) will be required. Ideally, all masts will be identical,
although this is a preference not a requirement. The ASMs may be customized to their
locations should that be deemed necessary by the designers.

A.2 Aerodynamic considerations and stand-off distance

The masts must be designed such that their presence does not appreciably influence the
measurement of the wind over the deck. Therefore the sensors should be extended away
from the mast by a distance that is proportional to the aerodynamic influence of the mast
itself.

This is the procedure for ascertaining the aerodynamic influence of the mast. First, consider
the mast solidity. If the mast is a solid material, then the solidity is 100%. If the mast is
lattice-type, then the solidity is the percentage of the total mast projected area that mast
material itself occupies. The projected area should be viewed from the front. If the solidity
is less than 25% then the effective diameter is the width of the supporting lattice member(s)
close to the anemometer. If the solidity is greater than 25%, then the effective diameter is
the width of the entire mast.

The point on the anemometer nearest the mast should ideally be at least 10 effective
diameters ahead of the member(s) of the mast, and absolutely must not be closer than 5
effective diameters. Where practical, extending the anemometers farther away from the
structure is desired.
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The anemometers may measure winds up to 90◦ on either side of headwinds. Guys wires
immediately upwind of an anemometer may contaminate readings. Therefore guy wires, if
necessary, must be behind or far away from anemometer units.

A.3 Structural considerations

The trial may encounter heavy sea conditions (up to HS = 6m). Even in calmer conditions,
the ship may induce large roll motions if conducting high speed manoeuvres. The masts
must be able to withstand large ship motions without damage or excessive flexing.

The masts will be mounted in turbulent wind conditions. Some vibration and flexibility in
the system is acceptable provided the local induced speed at the anemometer locations does
not exceed 0.1 m/s.

Sensors may need to be accessed during the trial for maintenance, alignment, or replacement.
This should be considered in the design with written guidelines addressing how this could
be done and under what conditions.

A.4 Alignment

Alignment of the sensors is critical for the success of the trial. Section 3.5 describes the
required sensor mount and the required orientation. Marks, guides, and/or jigs should be
incorporated in the mast design (or deck, or alternative approach) to aid in installation and
alignment of the masts (at the correct position and to ensure a vertical stance) and of the
sensors (to ensure position and orientation of the measurement point).
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