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A ~ Use of HDF5 format on board of power
. ’ generators for marine and terrestrial
applications
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Isotta Fraschini Motori
- The company history -
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Isotta Fraschini was founded in

1900 as "Isotta Fraschini & C.

by Cesare Isotta and the
brothers Vincenzo Oreste
Antonio Fraschini. The

company began to design and
produce all the parts of vehicles
on its own and in 1904 it
became "Isotta Fraschini S.p.A.
no"

For many years Isotta Fraschini designed
and produced exceptional engines for
aeronautical, naval and vehicle use both
for civil and military use. In the 1930s the
factory moved some of its factories to
the Saronno area and at the end of the
war, however, the conversion of the
company from military to civil failed
and the company was placed in
liquidation.

Important were

products
designed and manufactured
in the railway, shipbuilding

and  industrial  sectors.
At the beginning of the
1960s a plant to produce
highly successful Diesel
engines was founded in
Bari.

At the end of the 1980s
Isotta Fraschini was merged
with Fincantieri (100%).
Today in Bari , research and
development, production
continues and is the only
world headquarters of the
Isotta Fraschini Motori brand.

a FINCANTIERI Company



Isotta Fraschini Motori

- The company Today -
Isotta Fraschini Motori today deals with design and production of the following assets:
ON BOARD INDUSTRIAL SPECIAL

GENERATOR ENGINES APPLICATION

IFM is specialized in providing systems in
which the engines are used for generator
sets in non-standard applications pumps.
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Isotta Fraschini Motori has started the IFuture program aimed to
= design a new engine compatible with actual standards in terms of emissions, power requirements and able to
work with different fuels, also renewable,
= develop and integrating new technologies on board, such as Al/ML and loT systems for
* improving performances,
* improving maintenance operations, especially when mounted in "strategic" location,
e optimizing the whole engine-life.
T

CM% 6.%:.
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Isotta Fraschini Motori
- Typical use-case - A typical application for power generation is a complex

scenario where lots of information travels around:
_______________________________________________________________________________________________________________ ) =  Two main logical modules:
* ECU (Engine Control Unit)
* Automation system based on PLC for aux

Automation :
System operations
]| *  huge amount of sensors such as:
*  pressures,
*  temperatures,
pre *  Viscosity,
§VIB§ m * Rpm,
e *  Flows
Sensor . Electrical parameters

Different protocols such as:
* CAN bus,

' - MODBUS,

—O

Automation|

u w!"_l.‘lgm@. o Etc.
=7

' | Automation

Sensor - ———— o Ftc
?Jé On-field application ®  Between 100 and 500 time-variant variables (with
L SECU N _ (loads) different sample rate), based on engine
ensor c Automation H 1
A sensor configuration.
D e =  Between 200 and 300 events/day (such as logical
Engine on-filed (power generator configuration) status, Boolean information, warnings, alarms),

based on engine configuration.

=  QOperative scenarios could require a power
generator in working mode for 24 hours/365 days
per year.

oot Gasehini otors
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On-board Data Recorder project
- Goals -

N3
ECU
Sensor : Automation

________________________________________________________________________________________________________________

%= Sensor

Engine on-filed (power generator configuration )

Soolta Fraschiné Motord

(@

e d

mﬁ!-_!-!ﬁmﬁl.

®
In-field application
(loads)

The main need of the project was to equip the
assets with a custom system for continuous data
recording:

VI.

highly reconfigurable based on power
generator configuration and application.
Easily to integrate on new assets and
already on-field assets.

Highly reliable in terms of data storage,
data protection, data availability and data
integrity.

Fully autonomous in terms of response to
working conditions such as reboot states,
etc.

Easily accessible and usable (no-expert
users oriented such as maintenance
operators).

Capable to natively organize a huge amount
of data for a ready-to-use interpretation.

VIl. Data correctly time-referenced.
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On-board Data Recorder project
- High level architecture -

SERVER SIDE

(On-board data recorder)

Network switch
RJ45 connector $

o000 O0

HW - Data recorder
device

o

P_\tbon READER

B Parallel Python

CABLED connectj

///\

SWon i)oard

On-Board Data recorder

©24 Vde

— o Control IN/OUT

Ik

MOTORI

Local protected
rocess > PLOCESS 5 area
(MODBPUS CAN, etc.) HDFs file : gtfor B
: s S GENERATOR orage
A

A

-

DataRec_config.ini

[ —

J\

-

Variable_list.csv

HDF5 Pre-allocated
data structure

¥/\

2

Always available
WEB server for
interfacing platform
managing

WIR

\ELESS co

fon via Ethernet cable

| CLIENT SIDE
(custom SW for data manipulation) |

/-C Secure Connection to On-Board data recorder )

nnection

Laptop on field

Custom SW on board

of Laptop

)

Connection Show available file
to Data-recorder on Data-recorder
device device

via WEB interface

READER unit
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Show HDF5 file

hierarchy
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Select variable
to analyze and plotting




On-board Data Recorder project
- HDFS5 file structure -

Our typical HDF5 structure for MODBUS data recording is:

Root folder "/"

GROUP "/Timestamp_group"

DATASET "/Timestamp_dataset”

10

t1

1y

dimension: yx1

Attributes_Timestar ]

L AN

« Aftr_0 = Time_reference

DATASET "MODBUS_Variable 1" | DATASET "MODBUS_Variable 2"| DATASET "MODBUS_Variable i"

Compressed
Dataset

GROUP "/MODBUS_Variables"

LY

Attributes Variable 1

- Altr_0=Unit
- Allr_1 = Factor
. AITf_HT"ESIam.’) = Recorded_Alarm

dimension: yx1

value0

Compressed g Compressed value0
valuel Dataset value1 Dataset value1
vakiey ? valuey valuey

dimension: yx1 dimension: yx1
Attributes Variable 2 -
Al Variables_i
o Attr_0=Unit
I A « Altr_0 = Unit

« Aftr_1 = Factor
« Allr_timestamp = Recorded_Alarm

« Allr_1= Factor
« Aftr_timestamp = Recorded_Alarm

The whole MODBUS register is caught at each acquisition with same sample-rate.

MOTORI

Soolta Sraschuné Motors

DATASET "MODBUS_Variable n"

Compressed value0
Dataset
value1t
N
=| valuey

dimension: yx1

Attributes_Variable n

L

« Alr_0=Unit

« Allr_1=Factor

« Afir_timestamp = Recorded_Alarm
.

For each acquisition the threshold-algorithm is
applied and the last timestamp associated to alarm
condition is stored.

a FINCANTIERI Company




Our typical HDF5 structure for
J1939-CAN bus data recording is:

Each CAN packet has a variable number of
information (so called signals) inside. Each packet
travels on the bus with its own sample rate and
the data recorder must follow them and store
the correct acquisition time for a right post-
analysis.

Kol
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n-board Data Recorder project
- HDF5 file structure -

Compressed
Dataset

Compressed
Dataset

— value1

Root folder /"

GROUP "/CANbus_PKT_1"

DATASET "/SGN_1"

value0

valuet \
[ valuey

Attributes_SGN_1

dimension: yx1 At 0=Troe

Attr_1 = Factor
Attr_2 = Min_value
Attr_3 = Max_value
Attr_4 = Unit

Attr_5 = Description

DATASET "/SGN_2"

‘\]

value0

[.2) valuey

v Attributes SGN_2

Attr_4 = Unit
Attr_5 = Description

DATASET "/SGN_j"

Compressed
Dataset valued
valuet
[ valuey
dimension: yx1 Attributes_SGN_j
- Attr_3 = Max_value
- Attr_4 = Unt
- At S
DATASET "/SGN_Timestamp"
0
e t1

dimension: yx1

Attributes_Timestamp_1

« Attr_0 = Time_reference

GROUP "/CANbus_PKT_n-1"

DATASET "/SGN_1"
Compressed valueo
Enra valuet \l
[2) valuey
— Attributes SGN_1
dimension: yx1
DATASET "/SGN_2"
Compressed
S valued
F—  value
[ valuey
v [ Attributes _sen 2
. .
. .
. N
DATASET "/SGN_j"
Compressed
Dttt valueo
value1
[2) valuey
dimension: yx1 Attributes SGN_j
« Altr_0=Type
« Aftr_1=Factor
« Attr_5 = Description
DATASET "/SGN_Timestamp"
0
L u
[2v
dimension: yx1

Attributes_’

1

« Atir_0 = Time_reference

Compressed
Dataset

Compressed
Dataset

GROUP "/CANbus_PKTI_n"

DATASET "/SGN_1"

valueQ

value1 ‘\
B valuey

Attributes SGN 1

dimension: yx1

DATASET "/SGN_2"

valued

value1
B = ‘\

¥ Attributes_SGN_2

DATASET "/SGN_j"

Compressed
Dataset

valued

value1
Bva\uey

dimension: yx1

Attributes SGN |

« Alr_0=Type
Altr_1 = Factor
Altr_2 = Min_value
Altr_3 = Max_value
Altr_
Altr_5 = Description

DATASET "/SGN_Timestamp"

a FINCANTIERI Company
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Attributes_
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On-board Data Recorder project
- SW architecture -

datalogger_service

Protocol_reading_process.py ]—’ [HDFs file with dimension control

|HDF5 Pre-allocated
data structure

B Enaroint P >

B Max HOFS fle dimension >
I Varizble_list_path >
B cororession Level HDES >
B sempie_time_woDBUS >
B Lccsi_storsge_patn >
etc..

HDFS5 file generation is managed with h5py library for

python language.
=

MOTORI

Soolta Sraschuné Motors

Upload Configuration File

Ping_endpoint
(PLC, ECU, ...)

Upload Variable list
mapping

filename_format = "UTC_end-point-name_log.hdf5"

Init_new_HDF5_file

Threshold

>
>

HDF3 Pre-all
data structure
OK

nsert attribute wit

algorithm

lOK

Check HDFS5 file dimension J_,

[ check alarm with threshold

(threshold settled
into DataRec_config.ini)

SW CALCULATOR INSIDE
WEB PLATFORM

The tool allows the user to

quickly calculate file

dimension based on input

conditions:

- Sample rates,

- Variable number,

exit from loop

-etc.

a FINCANTIERI Company



On-board Data Recorder project
- Benchmarking -

Test condition:

- Acquisition time-range 2 14 min

- Resolution time =2 = 1,5 sec

- Protocol > MODBUS (Automation System)

- Power Generator 2 16V170 G ENGINE (Industrial Application)
- Acquired metrics for each variable - = 560 time-variable

___ xtfile hdfs file

14.4 MB 3831.7 KB

Soolta Sraschuné Motors
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On-board Data Recorder project
- Web Interface and Client Tool for visualization-

Sections:

Soolta Fraschin Motord = v

a FINCANTIERI company

Variables: Selected Variables:
DGxFuel_Bef_Filter_Press a DGXEngine_Speed -
DGxFuel_AR_Filler_Press TOTAL_POWER
DGxFuel_Alarms_Summary DGxFuel_AR_Filler_Press
- x
- -

DATA-LOGGER

L:L;)j:ngw'ne);kwj

TOTAL_POWER

DGxFuel_Aft_Filter_Press

Client Tool: hdf5 upload and variable selection

e e e . qh' * A Cuiogout

Data Recorder: Log-in page

Sections
Oil section
Date start: Date stop: Resolution status Send request:
i e — ery: uests:
i e ELE TR Fresh Water 14 January 2022 - 04:15pm | X 14 January 2022 -05:15pm | % el By
10s v
e Historycal Data et
ot
Custom Memory Flash Fuel s [ TOTAL_POWER
£ 10 1
« oot ey Fien Charge Alr i 1
& o ! W Il : L I ! ! ! i ! R
320pm 3250m 330pm 335pm 340pm 345 pm 350pm 355pm 400pm 405 pm 410pm 415pm
[ ' Sxia g Timestamp
° Generator
° Parameter Values
Enclosure
== == 06x0lL_In_Sump_Temp ] DGxOH_Temp ] 0GxOI_AR_Fitter_Press [] DGXOM_Bef_Fitter_Press [] DGxOM_Crankcase_OIL_pressure
Engine Control Unit 7 I DGXO#_Turbine_A_Press [m] DGXOH_Turtine_B_Press
sama e [ — " 6
o e mwams a
] 5
s s T'% N
s e s en 3 5 ¢
[E— sz s : 2,
o" s
e 2 B e
- mremum o Sw g y
[—— mmzeemum K g 62 N
0
- o
Data Recorder: download hdf5 file page s

Client Tool: data visualization based on h5py library for python

Kol
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Thanks for your time
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