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Introduction to operability

4. The operability limiting 

boundaries combined with the 

specified wave scatter diagram are 

summed up over the sea states to 

obtain the percentage operability.

1. ShipX calculates the motion 

transfer functions in six degrees 

of freedom for your ship at the 

specified speeds and headings.
2. The Postprocessor combines the 

RAOs with the specified wave spectra 

to obtain the response spectra (short 

term statistics).

3. The response spectra are combined 

with the specified seakeeping criteria 

to obtain operability limiting

boundaries.

Response spectrum

𝑆𝜁 𝜔 = 𝑅𝐴𝑂 𝜔 2 × 𝑆(𝜔)

Response amplitude 

operator

Sea spectrum

Note:

Taken from Fathi (2015) ShipX Vessel Responses (VERES)- User’s Manual



Step 1: Preliminaries

• First, create a new database.
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• Consulting the user 
manual is always a 
good idea!



Step 2: Ship geometry

• Import the required ship hull.

• Check that your imported file matches the requirements.
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Step 3: Editing the ship particulars

• If the input does not 
match the requirements, 
you may edit the design 
loading condition as 
shown.
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Step 4: Ship principal characteristics

• ShipX’s plot program may 
require several attempts to 
open.

• Check that all parameters 
match your required input.
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Step 5: Loading condition

• Ensure that you design 
loading condition matches the 
requirements, set out in the 
coursework.

• Indicates an automatically 
calculated value

• For catamarans, the 
Breadth must be entered as 
twice that of a demihull.
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Step 6: Define a response calculation

• Create a new vessel 
response calculation.

• Name your case suitably.

• Select Edit Input – this 
may require multiple 
attempts.
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Step 7: Edit the response calculation

• Name you case.

• The default theory for 
seakeeping calculations is of 
2D strip theory of Tuck and 
Faltinsen (referenced in the 
manual and lecture notes).

• Select Vessel Description.

• Change the radial button 
accordingly.
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Step 8: Edit the vessel description

• Input the radii of gyration as 
required by the coursework.

• Edit the VCG and LCG if 
necessary.

• If you do not complete this step, 
the analysis will not run.

• Ensure that R44 is correctly 
specified depending on your ship.

• Select Ok to return to the pre-
processor window. 
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Step 9: Set the conditions

• Select Condition Info.

• Set the ship speeds depending on 
the requirements.

• You may specify the wave periods 
individually, or generate them all at 
once. 

• The limit is <100 wave periods.

• Ensure that your curves have a  
sufficient number of periods near 
the resonant frequency.

• Remember to check the headings: 0°
is head seas.
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Step 10: Check that roll damping is enabled

• Although this is enabled by default, 
it is a good idea to check that the 
viscous roll damping correction has 
been applied.

• Go to Roll Damping etc.

• Leave the wave amplitude as 1m.

• This is used in making the RAOs 
non-dimensional.

• Return to the pre-processor window. 
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Step 11: Run a data check

• Run a “Data Check”.

• If successful, ShipX’s plot 
program will open and display the 
ship particulars and sections 
(remember this might not work 
well and could require multiple 
attempts).

• You can now run the full 
calculation.
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Step 12: Set-up a post processor

• You are now ready to perform the 
operability analysis.

• The first step is to create a post-
processor for your calculation. 

• Then, select your calculation and 
press Ok.

• Once ready, progress to Transfer 
functions/statistics
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Step 13: Plot the RAOs

• Highlight the required degrees of 
freedom, speeds and headings, and 
select Plot Data

• Sample result shown below (heave 
displacement RAO for 0° heading 
and 0 kn speed):
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Step 14: Edit and export data 

• If necessary, you can edit the x
and y axes of the plot by 
selecting Preferences.

• To export the information used 
to produce the data, ensure that 
the “To plot file” box is ticked 
as shown.
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Step 15: Interpret exported data
• Open the .mpl file as shown

Units of 1st column 
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Units of 2nd column 

Identifying information

Data

Number of data points. If 
you have exported more 
than one parameter, these 
will be listed sequentially 
and grouped by the 
number of data points for 
each parameter.

x data y data



Step 16: Short term statistics

• Set the radial button to Short term statistics and select Spectrum

18

• Define the spectrum as directed 
by the coursework. In this 
example, the long-crested 
version of the JONSWAP 
spectrum is used.

• You may set specific 
combinations of Hs and Tp if 
necessary.



Step 17: Short term statistics #2
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• You may notice that standard 
deviation and RMS values are 
used interchangeably.

• This is the case because in linear 
frequency-domain calculations, 
the mean value of the response 
is zero, while the standard 
deviation is equivalent to the 
RMS value.



Step 18: Define points for analysis

• As the ship experiences motions 
resulting from the seaway, 
different parts of the ship will be 
characterised by different 
motions.

• For example consider the motions 
experienced by a person located at 
the CoG versus the motions 
experienced by someone on the 
deck above the AP.

• Points are defined selecting 
Define points/positions.
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Step 19: Define points for analysis #2

• Points for analysis are defined in two steps. First, name the point as shown below. Then, 
switch the radial button to “All points for one file”, and define its [x, y, z] coordinates.
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Step 20: Long term analysis

• ShipX enables the user to specify the waves observed at a 
particular area as input for the long term analysis. First, 
change the radial button to “Long term statistics” and set 
the required motion point as shown below.

• You must then specify the specific waves observed at the 
location where the ship will be located (this is known as a 
wave scatter diagram). The wave scatter data is coupled 
with the spectrum used to define the waves. To find the 
example wave scatter data, navigate to C:\Program Files 
(x86)\ShipX\PlugIns\Veres\Examples and open 
“a11an.sea”.

• A typical wave scatter diagram

is shown above.
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Step 21: Long term analysis #2

• You are now ready to define the 
criteria against which the 
operability assessment is to be 
conducted. To do this, return to the 
vessel response post-processor 
and select Operability/Regularity.

• Here, define the criteria as shown.

• You can define multiple criteria as 
required at multiple locations. 
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Step 22: Long term analysis #3

• In some cases, you may be interested in information 
relating to the sea state and the ship’s performance 
from a statistical point of view. This can be 
extracted by plotting the operability limiting 
boundaries. This can be achieved by setting the 
radial button to Operability limiting boundaries, 
specifying the Hs/Tp range suitably and plotting. 
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Waves cannot exist 

above this curve 

(because they break). 



Step 23: Long term analysis #4

• It is convenient to present operability data 
in terms of percentages. To do this, set the 
radial button to “Percentage operability”, 
highlight the criteria, speeds and headings.

• Plot your result.

25

• Exporting the data used to create the operability 
diagram is done in the same way as was 
demonstrated previously: Preferences > To plot file 
.mpl



Step 24: Long term analysis #5

• Add more criteria, depending on the 
specific requirements of your ship.

• Each condition will produce its own 
percentage operability.

• The total operability corresponds to the 
lowest operability across all criteria.

• For example, consider the following as 
applied to the FP:

o Vertical accelerations <0.15g.

o Maximum 3% slamming probability.

o Motion induced interruptions <2 per min.

o Motion induced sickness <3% per 2 hours.

• Criteria vary depending on ship type, 
function, etc. 26



Wave scatter data
• Open the wave scatter diagram, given as an example by ShipX. 

• You can find this by navigating to: C:\Program Files (x86)\ShipX\PlugIns\Veres\Examples

• It is advisable you make a copy of the original file, “a11an.sea”, to work on. Note: you may 
not be able to work in the same directory – make a copy in your H drive.

• Open the file via the Notepad. 

• Notice that significant wave heights are given as in a row above the period data

May differ on your PC

A matrix showing the number of 

occurrences of each height/period 

combination given above. 

8 columns → represent the periods

10 rows → represent the wave heights



Wave scatter data: Definitions in ShipX
• The first row in your Notepad contains the 

description of the file – you can modify 
this as you wish. This displays if you 
select “View…”
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• You will notice that the wave scatter diagram 
is not in given in peak wave periods, rather, 
in zero crossing periods.



Wave scatter data: Definitions in ShipX #2

• The type of period is controlled 
by changing the first number on 
the second row. 

• By default, this is set to (2), 
which the software interprets as 
zero crossing period.

• To tell the software that we are 
working in peak periods, modify 
this to (1).

• Save your copy of the wave 
scatter and view it in ShipX (see 
previous step) to confirm the 
change.
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Wave scatter data: Definitions in ShipX #3
• Next, we must ensure that the software reads 

the significant wave heights. 

• This is controlled by the second number on the 
second row.

• By default, this is (1), which tells the software 
to interpret the wave heights as the middle 
value of the highest one third of the waves.

• Thus, no change is necessary.

• The next two entries indicate the number of 
significant wave heights, and peak periods. You 
must modify these based on your data. 

• The case used here contains 15 peak periods 
and 20 significant wave heights. 
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Number of 

peak periodsNumber of 

significant 

wave heights

Wave height type

Type of period
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Taken from Fathi (2015) ShipX Vessel 
Responses (VERES)- User’s Manual



32Taken from Fathi (2015) ShipX Vessel Responses (VERES)- User’s Manual



Wave scatter data

• Navigate to the 
following website: 
https://app.metocea
nview.com/helm/#/

• Create an account 
or log in.

• Click on Hindcast.

• For this tutorial, 
assume we are 
asked to look at the 
North Sea.
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https://app.metoceanview.com/helm/#/


Wave scatter data

• Go to your area of interest

• Click on “Select a point for stats”

• Click on the location of interest

• Set the dataset to MSL WW3 Global ST4

• Click next

• Do not click on any of the boxes or lines in 
the map
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Wave scatter data

• Select the point you 
are interested in.

• Click Next.

• On the following
screen, select Data 
Matrices.

• Navigate to 
Significant wave 
height vs Peak 
period and download 
the data as a CSV 
(Comma Separated 
Value) file. 
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Save the file and open it with 

MS Excel
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Wave scatter data

• Excel interprets part of the data as dates 
– go to the webpage and replace the 
ranges with the relevant data. 

• Average the interval. 

• Repeat for peak period values. 36
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Wave scatter data
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• Now we must remove the <0.1% and 0% data.

• Use Ctrl+H to ‘find and replace’ as shown, or 
search for ‘replace’ using the search bar at the top 
of your screen. Repeat for <0.1%.

• Removing the <0.1% values means we lost 1.9% 
of the waves – this is acceptable.



Wave scatter data
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• Copy the height and 
period data as shown.

• Populate wave 
occurrences by 
multiplying the % by some 
large number. In this 
example, I used 100000.

• The number 100000 
represents how many 
waves have occurred.

• As long as the ratio is
preserved and all 
occurrences are integer 
numbers, the actual value 
(100000) does not matter
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Wave scatter data: Process data

• Copy the wave height 
column.

• Select the cell above the 
first period.

• Right click, and select 
“Transpose” under Paste 
Options.

• Create a copy of your 
“a11an.sea” and paste 
your wave occurrences in 
place of the existing data.

• Edit the number of heights 
and periods 
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Wave scatter data: Process data

• Check your data has been 
interpreted correctly in 
ShipX.

• Note that ShipX has
rounded up values
0.25m→0.3m.

• Open the wave scatter
diagram.

• Check the range of Hs/Tp

• Click View

• Check the interpretation.

1

2

3

4
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Tutorial end

• Adapt the techniques above to the specific problem you are tasked with.

o Change the ship hull and its particulars.

o Set the required headings, wave periods, and ship speeds.

o Specify the spectrum as instructed.

o Create and use the required wave scatter diagram as directed.

o Define the criteria as required for your ship, and apply them to the points of interest.

o Export the necessary information.

• If you have problems/questions:

o Email me: momchil.terziev@strath.ac.uk

o Check the user manual: 

❑ Help>Documentation>VERES Manual – for general help with the software.

❑ Help>Documentation>VERES Theory Manual – a more in-depth explanation of the theory.

• Visit https://momchil-terziev.github.io/tutorials if you are using ShipX for your own work. 

mailto:momchil.terziev@strath.ac.uk
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