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1. Introducere
In  cazul

si preleveazd probe pentru a fi
transportate la laboratoarele de !
analize. Pentru o identificare fara
dubii a agentilor utilizati, este |
necesar ca trusa sd contina toate
echipamente pentru prelevare |
corecta a tuturor tipurilor de:
probe: solide, lichide, apa, aer, sol,
vegetatie, probe de pe tehnici. !
Scopul echipei de prelevare este !

evenimentelor :
CBRN, militarii din unitatile :
destinate apararii CBRN executa
cercetarea rapidi la fata locului, !
folosind echipamente de detectie !
CBRN disponibile sau vehicule !
specializate pentru a determina '
natura si intinderea contaminarii

1. Introduction

In case of CBRN events, the
military from CBRN defense
units perform rapid examinations
on the scene using available
CBRN detection equipment or
special vehicles, to determine
the nature and extent of the
contamination, and provide
samples to be transported to
the analysis laboratory. For an
indisputable identification of the
agents utilized, it is necessary
that the kit contain all equipment
for correct sampling of all types
of samples: solid, liquid, water,
air, soil, vegetation, samples
from equipment. The goal of
the sampling team is to provide

Abstract:
Desi este greu de acceptat
de catre lumea civilizatd,

fenomenul terorist a devenit o
realitate cu implicatii globale
greu de prevenit si gestionat.
Amenintarea unui atac
chimic,  biologic, radiologic
sau nuclear (CBRN) este o
problemd care a evoluat de-a
lungul timpului, incepand cu
utilizarea armelor chimice in
primul razboi mondial panad la
amenintdrile cu care lumea se
confruntd azi. Ultimii ani au
adus in actualitate incidente
ca cel de la reactorul nuclear
de la Fukushima, armele de
distrugere in masd utilizate in
Siria si epidemia de Ebola in
Africa de Vest.

In  stadiul  actual de
dezvoltare, cand se utilizeazd
sisteme moderne de identificare,
care au capacitatea de a furniza
informatii  imediate  privind
situatia din zonele suspecte
a fi contaminate RBC/TIM
(radiologic  biologic  chimic/
materiale toxice industriale),
este necesard utilizarea
completelor (truselor) capabile
sd preleveze probe contaminate
pentru  determinarea rapidd
a tipului de contaminare a
solului, apei, alimentelor etc.
Trusa va asigura prelevarea
si  transmiterea probelor la
un nivel sustenabil juridic pe
lantul de custodie, de la locul
prelevdrii pand la predarea la
laboratorul analitic.

Lucrarea prezintd cerintele
actuale privind realizarea unui
complet  pentru  prelevarea
manuald a probelor contaminate
RBC/TIM, in conformitate cu
standardele in vigoare.
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Abstract:

Although it is hard to be accepted
by the civilized world, terrorism
has become a reality with global
implications, which are difficult to be
prevented and managed. The threat of
a chemical, biological, radiological or
nuclear (CBRN) attack is a problem
that has evolved in time, starting
with the use of chemical weapons in
the First World War and up to the
threats the world is confronted with
today. In the past years, incidents
such as the Fukushima reactor
accident, the mass destruction
weapons used in Syria or the Ebola
outbreak in West Africa have turned
into topical matters.

In the current state of
development, when modern
identification  systems are able

to instantly provide information
regarding the situation in areas
suspected of being contaminated
RBC/TIM (radiological biological
chemical/ toxic industrial materials),
it is necessary to employ completes
(kits) that are capable of sampling
to quickly determine the type of
contamination in the soil, water,
food etc. The kit will ensure sampling
and delivery of the samples to be
sustainable against the law for the
whole chain of custody, from the
place of the sampling to the handover
at the analysis laboratory.

This paper presents the current
requirements regarding the creation
of a kit for manual sampling of
contaminated RBC/TIM samples,
according to the standards in place.

de a furniza probe complete si
reprezentative unui laborator
de analizd, pentru confirmarea
utilizdrii acestor agenti si
sustinerea unor decizii prompte
in ceea ce priveste raspunsul la
astfel de actiuni.

2. Caracteristici  tehnice
si de performanta ale unui
complet de prelevare probe
contaminate RBC/TIM

Caracteristicile tehnice si de
performanta ale unui complet
de prelevare manuald a probelor
contaminate RBC/TIM
trebuie sa fie in conformitate
cu manualul NATO AEP 66 -
NATO Handbook for sampling
and identification of biological,
chemical and radiological agents
(SIBCRA). Astfel, un complet de
prelevare probe trebuie:

e sa contina flacoane de
volume diferite, pungi de plastic,
cutii care sa asigure prelevarea
unei cantitdfi suficiente de
proba pentru fiecare tip de
matrice;

* sa confind un numar
suficient de recipiente de
prelevare pentru recoltarea a cel
putin 10 probe din toate tipurile
necesare;

e sa contind echipamentele
necesare pentru prelevarea
probelor lichide de la distanta,
in adancime, probe de sol de
adancime, probe solide de la
distanta;

e echipamenteledeprelevare
trebuie sa fie confectionate din
materiale complet inerte, usor
de curatat si sterilizat;

e sd dispuna de cantitati
suficiente de dispozitive de
manipulare, pentru a se evita
refolosirea instrumentelor la
prelevarea mai multor probe;

complete and representative
samplestoananalysislaboratory,
which can then confirm the
employment of these agents and
support with prompt decisions
on how to respond to these kind
of actions.

2.Technical and
performance attributes of a
sampling kit for contaminated
RBC/TIM samples

The technical and
performance attributes of a
sampling kit for contaminated
RBC/TIM samples must be
compliant with NATO AEP 66
- NATO Handbook for sampling
and identification of biological,
chemical and radiological agents
(SIBCRA). Thus, the sampling
kit must:

econtain vials of different
volumes, plastic bags, boxes
that ensure the sampling of
sufficient sample quantities for
each matrix type;

e contain a sufficient number
of sample containers to ensure
sampling of at least 10 samples
of all required types;

econtain all  necessary
equipment for sampling liquid
samples from afar or in depth,
soil samples from afar or in
depth;

e sampling equipment
must be made from fully inert
materials, which are easy to
clean and sterilize;

e contain sufficient quantities
of manipulation devices, to
avoid usage of instruments for
several samplings;

ebe compartmentalized
inside, to secure the containers
with contaminated samples;

Revista Tehnica Militard e Nr. 1/2019
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e sa file compartimentate la interior pentru
fixarea recipientelor cu probe contaminate;

e recipientele din compunere sa fie rezistente
la coroziune si temperaturi extreme si sa fie
prevazute cu sisteme etanse de inchidere.

Containerele pentru probe trebuie intotdeauna
etichetate imediat dupd introducerea unei probe
iar pe eticheta si pe fisa de insotire a probei se
vor inscrie informatiile relevante asupra locului
de prelevare, data si ora prelevarii probei, modul
de prelevare a probei, descrierea probei, persoana
care a prelevat proba, conditii atmosferice,
referiri la orice rapoarte conexe care furnizeaza
informatii cu privire la incident, simptomatologia
victimelor, daca este cazul (se vor include detalii
cu privire la orice imbolnévire care ar putea sa
ajute la identificarea agentului), data atacului
sau incidentului, rezultatele supravegherii
sau cercetarii contamindrii amplasamentului,
informatii cu privire la munitiile gésite la fata
locului, referiri la orice documente fotografice
sau video relevante, descrierea procedurilor de
pastrare temporara si cronologia acestora si orice
alte informatii considerat a fi relevante.

Sevor preleva probe de control corespunzatoare
fiecirui tip de probd contaminata i se vor
ambala si transporta in acelasi mod ca si probele
contaminate. Probele de control si probele
contaminate trebuie sa fie marcate clar.

3. Componenta unui complet pentru
prelevarea manuald a probelor contaminate
RBC/TIM

Un complet pentru prelevarea manuald a
probelor contaminate RBC/TIM trebuie sa aiba
in componenta urmadtoarele echipamente si
accesorii pentru:

- prelevarea probelor lichide: pipete de
unica folosinta sau seringi din plastic de diverse
volume, diverse tipuri de tuburi izolante din
PVC si PTFE, tuburi Vacutainer cu dopuri de
cauciuc, suporturi de ace Terumo Venoject din
polipropilend (sau echivalent), ace si capace de
siguranta, pard de cauciuc;

- prelevarea vaporilor sau aerosolilor:
pompa de aer cu debitul standard de 100 — 300
ml, tubugsoare absorbante din sticla;

- prelevarea probelor solide: clesti, pensete si
foarfeci de diferite marimi,

e have containers that are resistant to
corrosion and extreme temperatures and that
can be sealed.

The sample containers must always be labelled
immediately after the sample has been taken,
and the label and sample datasheet must be
filled in with relevant information on the place
of the sampling, date and time of the sampling,
method of sampling, description of the sample,
person who did the sampling, atmospheric
conditions, references to any connected reports
which provide information on the incident,
symptomatology of the victims if applicable (to
includedetailsregardinganydisease thatmayhelp
identify the agent), date of the attack or incident,
results of the surveillance or examination of the
establishment’s contamination, information on
ammunition found at the scene, references to
any relevant photographic documents or videos,
description of the procedures for temporary
storage and their chronological timeline, and
any other information which may be considered
relevant.

Proper control samples will be taken for each
type of contaminated samples, which must be
packaged and transported in the same manner as
the contaminated samples. Control samples and
contaminated samples must be labelled clearly.

3. Components of a kit for manual sampling
of contaminated RBC/TIM samples

A kit for manual sampling of contaminated
RBC/TIM samples must contain the following
equipment and accessories for:

- sampling liquid samples: single use
pipettes or plastic syringes of different volumes,
various types of insulating PVC and PTFE pipes,
Vacutainer pipes with rubber plugs, Terumo
Venoject needle holders made of Polypropylene
(or an equivalent), needles and safety lids,
rubber pear;

- sampling vapors or aerosols: air pump of
standard flow of 100-300 mL, absorbent glass
tubes;

- sampling solid samples: tongs, tweezers
and scissors of different sizes;
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- prelevarea probelor biologice: flacoane
cu solutie salina tamponata cu fosfat, pensete
arteriale de unica folosintd, tampoane sterile
uscate din celofibra, seringi hipodermice sterile
de 20 ml de unica folosints;

- ambalarea i transportul probelor:
flacoane de sticld/teflon diferite dimensiuni, cu
dop si garnitura, pungi de hartie acoperite la
exterior cu folie aluminiu sau folie cu bule de
aer, banda sigilare, pungi polietilend/poliamida
cu autoinchidere, etichete;

- decontaminarea  echipamentelor de
prelevare si a echipamentelor de protectie;

- protectia personalului;

- formular evidenta probelor.

4. Complete de prelevare manuala a
probelor contaminate RBC/TIM

Doua dintre modelele de complete de
prelevare probe analizate sunt prezentate in
continuare, respectiv Echipamentul avansat de
prelevare CBRN, produs de catre firma SAAB
Suedia (Fig. 1) si Kit de prelevare probe chimice
si biologice model QSA 102 Fulll FAC, produs de
catre firma Tradeways, SUA (Fig. 2).

- sampling biological samples: vials with
saline solution dabbed with phosphate, single
use arterial tweezers, rayon sterile dry swabs,
single use sterile hypodermic 20 ml syringes;

- packaging and transporting the samples:
glass/Teflon vials of various sizes, together with
plugs and gaskets, paper bags covered with
aluminum foil or air bubble foil on the outside,
sealing tape, self-closing polyethylene/polyimide
bags , labels;

- decontamination  of sampling and
protection equipment;

- staff protection;

- samples recording form.

4. Kit for manual sampling of contaminated
RBC/TIM samples

Two of the studied kits for manual sampling of
contaminated RBC/TIM samples are presented
as follows, CBRN advanced sampling equipment,
made by SAAB Sweden (Fig. 1) and Chemical
and biological sampling kit model QSA 102 Full
FAC, made by Tradeways, USA (Fig. 2).

Fig. 1 Echipament avansat de prelevare CBRN/Fig. 1 CBRN advanced sampling equipment
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4.1. Echipamentul avansat de prelevare CBRN

Echipamentul avansat de prelevare CBRN este
o colectie de echipamente pentru prelevarea
probelor in teren, care pot fi combinate si
ambalate pentru a satisface nevoile s§i cerinfele
precise ale echipei de prelevare. Kitul include tot
ce este necesar pentru prelevarea tuturor tipurilor
de probe contaminate cu agenti chimici de
razboi, agenti biologici sau radiologici, toxine si
substante chimice industriale. Acest echipament
contine mai mult de 300 de articole diferite pentru
prelevare probe din aer, apa, lichide, sol, pulbere,
obiecte, vegetatie.

Toate  echipamentele din  compunerea
completului sunt in conformitate cu manualul
NATO AEP 66 si indeplinesc cerintele pentru
prelevarea probelor suspecte a fi contaminate.

Echipamentul avansat de prelevare CBRN se
gaseste in dotarea fortelor armate din Suedia,
Germania si Australia.

4.2. Kit de prelevare probe chimice si biologice
model QSA 102 Fulll FAC

Kit-ul de prelevare probe chimice si biologice
model QSA 102 Fulll FAC este un model dinamic
pentru prelevare probe in teren. Cel mai
important avantaj al acestui kit de prelevare este
legat de asigurarea si controlul calitatii tuturor
elementelor ce intrd in compunerea acestuia.
Sunt achizifionate articole sterile care intra in
contact cu probele prelevate sau sunt sterilizate
si verificate pentru compatibilitate cu mai mult
de zece compusi chimici de razboi si o lista
reprezentativdi de compusi toxici industriali. De
asemenea, componentele din modulul bio al kit-
ului de prelevare sunt sterile.

Kit-ul de prelevare este un rucsac autonom
cu suficiente resurse pentru a preleva sase tipuri
de probe solide, lichide sau de pe suprafete plus
sase probe biologice. Toate instrumentele si
consumabilele sunt de unica folosinta si sunt
ambalate pentru a fi usor accesibile. Aceste kituri
de prelevare de probe si-au dovedit utilitatea in
teren si au fost special concepute pentru a evita
contaminarea incrucisata.

Sunt folosite in SUA de citre US Army
Technical Escort, Garda Nationala, echipele
EOD, pompieri, US Air Force, Centrul pentru
Promovarea Sanatatii si Medicina Preventiva.

4.1. CBRN advanced sampling equipment

The CBRN advanced sampling equipment is
a dynamic and customizable collection of field
sampling equipment that can be combined
and packed to suit precise customer needs and
requirements.

CBRN sampling equipment products are
designed for sampling of chemical, biological
and nuclear warfare agents, toxins and industrial
chemicals, biological and radiological substances.
The sampling equipment contains more than 300
different articles to collect the following types of
samples: air, water, liquids, soil, powder, objects,
and vegetation.

All products are based on NATO Standard AEP
66 and the equipment fulfils the requirements for
forensic samplings.

The advanced CBRN sampling equipment can
be found in the armed forces of Sweden, Germany
and Australia.

4.2. Chemical and biological sampling kit
model QSA 102 Full FAC

The Chemical and biological sampling kit model
QSA 102 Full FAC is a dynamic, field sampling
collection kit. The most significant advantage
of this sampling kit is the quality assurance
and quality control of all elements, which goes
into the assembly of this unique kit. Items that
encounter the chemical sample are purchased
either pre-cleaned (with certification) or cleaned/
screened for over 10 chemical warfare agents and
a representative list of toxic industrial chemicals.
Items supplied in the Bio Module of the sampling
kit are sterile.

The sampling kit is a self-contained backpack
with enough supplies to take six solid, liquid, and/
or wipe samples plus six biological samples. All
tools and consumables are conveniently packaged
for ease of access and single use.

These sampling kits have been field proven
and have been especially designed to avoid cross
contamination.

The sampling kit is use in USA by U.S. Army
Technical Escort Unit, National Guard WMD
CST’s, EOD Teams and Fire Dept. HazMat
Teams, Center for Health Promotion and
Preventive Medicine, US Air Force and Various
First Responders.
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Fig. 2 Kit de prelevare probe chimice si biologice
model QSA 102 Fulll FAC/
Fig. 2 Chemical and biological sampling kit
model QSA 102 Full FAC

5. Concluzii

Majoritatea structurilor din armatele
tarilor membre NATO preferd achizitia
individuald a echipamentelor necesare
pentru realizarea operatiunilor de prelevare
si constituirea truselor de prelevare in
conformitate cu cerintele standardului
AEP-66. Componenta trusei de prelevare
depinde de numarul si structura echipelor
de prelevare a probelor, precum si de
misiunea ce trebuie indeplinita.

Au fost identificate caracteristicile
echipamentelor ce sunt necesare pentru
prelevarea tuturor tipurilor de probe,
iar realizarea practicd, intr-o varianta
avantajoasd economic, se poate realiza prin
microproductie in cadrul CCSACBRNE.

) Bibliografie/References

[1] AEP 66 - NATO Handbook for sampling and identification of biological, chemical and

radiological agents (SIBCRA).
[2] www. saabgroup.com.
[3] www. tradewaysusa.com.

5. Conclusions

The majority of the army structures
in the NATO countries prefer acquiring
individual equipment for sampling
operations and manufacturing of sampling
kits in accordance with AEP-66 standard
requirements. The composition of the
sampling kit depends on the number and
structure of the sampling teams, as well as
the mission on hand.

The attributes of equipment required
for sampling all types of samples have
been identified, and the practical
implementation - in an economically
convenient manner - can be done through
a micro production within CCSACBRNE.
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1. Introducere

Avand la bazi senzori de !

intr-o carcasd compacta, cu baza |, , compact housing with

' 1nte.rsch1r‘nbab1lav, ' interchangeable mounting base,
sistemul de detectie perimetrala . . :

) ) . the wireless perimeter detection
wireless poate fi instalat pe orice .
. . . - system can be installed on any
tip de gard perimetral si pe | £ vers ¢ q
orice tip de poarta de acces. De type of perimeter fence and on

asemenea senzorii pot indeplini | a0y type of access gate. Sensors

si functia de geofence, prin | can also perform the geofence
atagarea acestora pe containerele

sau obiectele de protejat si |

de montaj

setarea unei arii de siguranta.

Senzorul Accelerometru

Unul dintre cei mai populari
senzori intalniti in dispozitivele | sensors
' vibration
accelerometrul. Acesta este un '
senzor hardware ce permite |

precum |

de detectie a vibratiilor este

diverse traduceri

1. Introduction

solid-state
fixed

Based on
Sensors

function by attaching them to
containers or objects to protect

" and setting a safe area.

The Accelerometer Sensor

One of the most popular
encountered in
detection  devices
is the accelerometer. It is a
hardware sensor that allows
various translations such as

Abstract:

Sistemele perimetrale de detectie
a intruziunii alcdtuiesc primul inel de
senzori din componenta unui Sistem
Integrat de Securitate §i contribuie
in mod esential la protectia valorilor
obiectivului alaturi de Sistemele de
Evaluare a Alarmelor si de Intarziere a
atacatorului in drumul sdu cdtre tintd.

Detectia timpurie a intruziunii
se confruntd cu trei aspecte majore
de luat in considerare la alcdtuirea
solutiei  tehnice:  1-functionarea
neintreruptd si in  parametrii
proiectati in orice conditii de mediu,
2 - alimentarea cu energie electricd a
echipamentelor si 3 - cerintele/modul
de amplasare/fixare a elementelor
componente pe/de-a lungul sau in
exteriorul imprejmuirii perimetrale.

Aceastd  lucrare  reprezintdo
propunere de dezvoltarea unuisistem
de detectie perimetrald wireless
mobil si autonom energetic prin
implementarea la nivelul fiecarui
element de detectie a unor facilitdti
de alimentare cu energie electricd
solard, pozitionare GPS si accesorii
interschimbabile de fixare pentru
orice fel de imprejmuire perimetrald
cdt si pentru protectia obiectelor §i
a obiectivelor care nu dispun de o
imprejmuire fizicd sau dispun de o
imprejmuire fizicd partiald.

Scopul  implementdrii  acestor
facilitdti il reprezintd obfinerea
unui sistem de detectie si localizare
a intruziunii  mobil, autonom
energetic, robust, compact, cu
posibilitati  de  discriminare  a
alarmelor generate de factori de
mediu si care poate fi usor instalat
pe orice fel de suport fizic perimetral
existent sau direct pe sol, in lipsa
oricdrei imprejmuiri fizice.
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Abstract:

Perimeter Intrusion Detection
Systems make up the first sensor
ring of an Integrated Security System
and essentially contribute to protect
values along with the attackers
Alarm  Assessment and  Delay
Systems in its path to the target.

Early intrusion detection is
confronted with three major aspects
to be considered when designing the
technical solution: 1 - uninterrupted
functionality and maintain the
operational  parameters  under
harsh environmental conditions,
2 - power supply of equipment and
3 - requirements/location/fixation
of the elements on/along or outside
the perimeter fence.

This paper represent a proposal to
develop a mobile and autonomous
wireless perimeter detection system
by implementing at the level of
each element solar power supply
facilities, GPS positioning and
interchangeable fixing accessories
for any kind of perimeter fence
and for the protection of objects
and objectives that do not have
a physical fence or have a partial
physical fence.

The purpose of implementing
these facilities is to achieve a mobile,
self-contained, rugged, compact,
intrusion detection and target
localization system with the ability
to discriminate against alarms
generated by harsh environmental
factors and which can easily be
installed on any existing physical
fence or directly on the ground, in
the absence of any physical fence.

detectarea  pozitiei,
inclinatiei, socurilor, vibratiilor,
masurarea acceleratiei, etc.
Accelerometrul  este  un
senzor electromecanic de
dimensiuni extrem de reduse,
fapt pentru care a primit
denumirea de MEMS (Micro
Electro Mechanical System). De
exemplu, accelerometrul tri-
axial din smartphone are latimea
de 2 mm si indltimea de 0,9 mm!

miscarii,

Principiul de functionare

Senzorul accelerometru arela
bazd o structura mobila de siliciu
care se deplaseazd in interiorul
dispozitivului in functie de
migcarile aplicate acestuia. In
functie de marimea deplasarii si
de directia actiondrii, senzorul
produce variatia cumulata a mai
multor valori capacitive.

Accelerometrul este sensibil
pe toate axele la acceleratia
gravitationala a Pamantului,

care are intotdeauna
directia  verticald. Deoarece
accelerometrul lucreaza

concomitent pe toate axele fizice
(x, y i z), aplicatiile software
care gestioneaza sistemul vor
controla in orice moment care
sunt unghiurile de inclinatie
ale dispozitivului §i care sunt
acceleratiile instantanee
produse pe axe de catre fiecare
migcare in parte.

2. Descrierea Sistemului de
Detectie Perimetrala Wireless

Structura

Sistemul va fi destinat pentru
detectarea pozitiei, miscarii,
inclinatiei, socurilor, vibratiilor,
masurarea acceleratiei si va fi
alcatuit din:

2.1. Senzorul de vibratie

Fiecare senzor va fi protejat

position, movement, inclination,
shock, vibration, acceleration
measurement, etc.

The accelerometer
is an  extremely  small
electromechanical sensor,
which has been called the Micro
Electro  Mechanical  System
(MEMS). For example, the
tri-axial accelerometer in the
smartphone has a width of 2 mm
and a height of 0.9 mm!

The operating principle

The accelerometer sensor
is based on a mobile silicon
structure that moves inside
the device according to the
movements applied to it
Depending on travel size and
drive direction, the sensor
produces a cumulative variation
of capacitive values.

The accelerometer is sensitive
on all axes to the gravitational
acceleration of the Earth, which
always has the vertical direction.
Since the accelerometer works
simultaneously on all physical
axes (x, y and z), software
applications that manage the
system will control at any time
the angles of deviation of the
device and the instantaneous
accelerations produced on the
axes by each movement.

2. Description  of  the
Wireless Perimeter Detection
System

System Structure

The system will be designed
position, movement,

inclination, shock, vibration,

for

acceleration measurements and
will be composed of:
2.1. The vibration sensor
Each sensor will be protected
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Figura 1. Senzorul accelerometru/Figure 1. The accelerometer sensor

intr-o carcasa speciald rezistenta la socuri
mecanice §i intemperii care se pozitioneaza rigid
cu ajutorul bazei pentru fixare multifunctionala
(cleme de prindere, tarus, magnet) la nivelul
imprejmuirii  perimetrale direct pe gard,
implantata in sol sau lipita direct de obiectele de
protejat in configuratie geofence.

GPS Antenna

in a special housing that is resistant to mechanical
shocks and harsh weather, which is rigidly
positioned with the multifunctional fixing base
(clamps, Earth pin, magnet) at the level of the
perimeter fence directly on the fence, implanted
on the ground or directly glued by objects to be
protected, in geofence configuration.

Transmission/reception Antenna

A

_l Photocell
=
GPS Power Supply
Module E 3 IN/OUT
Battery Interface
Module

Internal Controller

T

Accelerometer sensor

Multipurpose base for fixing

Figura 2. Diagrama functionald pentru senzorul de vibratie/

Figure 2. Functional diagram for the vibration sensor
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Legenda

m=) Comunicatie parametri de functionare
pentru senzorul accelerometru si pentru alfi
senzori externi anexati;

m=) Comunicatie ~coordonate
pozitionare a senzorului;

m=) Alimentare cu energie electrica.

GPS de

2.2. Controller desistem cuanalizor de spectru

Semnalele de alarma, descalificare sau
defect provenite de la senzorii de vibratie sunt
transmise in timp real la aplicatia software de
management prin intermediul controller-ului de
sistem, la randul sau avand in alcdtuire un senzor
de vibratie propriu si o fotocelula.

Pentru evitarea bruiajului radio deliberat cu
intentia de sabotare a functiondrii sistemului,
controller-ul de sistem are in alcituire un
analizor de spectru radio de banda largd cu
rol de comutare automata a comunicatiei intre

GPS Antenna

Reception Antenna

Legend

m=) Communication for the operating
parameters for the accelerometer sensor and
other attached external sensors

m=) GPS coordinate communication for
positioning the sensor

m=) Power Supply
2.2. System controller with spectrum
analyzer

The alarm, disqualification or fault signals
from the vibration sensors are transmitted in real
time to the management software application via
the system controller, which in turn consists of a
vibration sensor and a photocell.

To avoid deliberate radio interference with
the intent of sabotaging system operation, the
system controller consists of a broadband radio
spectrum analyzer to automatically switch

Transmission/reception Antenna

Photokell

| {

GPS Power Supply Module Sfe':ltrum Tx/Rx PC Interface
Module Ed Nalyeer
Module

Internal Controller

Module I
| IN/OUT

Interface

T

Accelerometer sensor

Multipurpose base for fixing

Figura 3. Diagrama functionald pentru controller-ul de sistem/
Figure 3. Functional diagram for the system controller

toate elementele componente pe cea mai putin
afectata frecventa radio.

Tehnica de comunicatie radio intre toate
elementele componente ale sistemului de
securitate este de tip ,Iehnicd de transmisie cu
spectru impragstiat prin salt de frecventd FH-SS”

Legenda

m=) Comunicatie parametri de functionare
pentru senzorii de tip accelerometru, pentru
alte tipuri de senzori externi anexati si pentru
comenzi externe

communication between all components on the
least commonly affected radio frequency.

The radio communication technique between
all components of the security system is
~Frequency-Hopped Spread-Spectrum - FH-
SS”.

Legend

==) Communication for the operating
parameters for the accelerometer sensor and
other attached external sensors
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m=) Comunicatie =~ coordonate ~GPS de
pozitionare a senzorului

m=) Alimentare cu energie electrica

2.3. Modul interfatd cu alte sisteme

Este constituit dintr-un mini PLC cu
intrari/iesiri programabile care poate fi direct
interconectat la Controller-ul de sistem.
Interactiunile intrari/iesiri se pot defini din
aplicatia software de management.

In acest fel, sistemul de senzori de vibratie
poate activa comenzi externe in caz de alarma,
descalificare sau defect citre dispozitive de
alarmare sau catre alte sisteme de securitate
integrate. De asemenea, prin intermediul
modulelor de interfata intrdri/iesiri se pot realiza
comenzi/activari/actionari in timp real din orice
echipament in orice punct al perimetrului.

2.4. Unitate centrala cu aplicatia software de
management

Controller-ul de sistem se conecteazd direct
la Unitatea Centrala cu aplicatia software de
management sau prin intermediul unui router
wireless. In aplicatia software de management
se pozifioneaza pe harta toti senzorii de vibratie
si controller-ul de sistem prin intermediul
coordonatelor GPS transmise de fiecare element
in parte.

Sunt disponibile functii de configurare
parametri de functionare sistem pentru fiecare
tip de senzor de vibratie in particular.

De asemenea, in aplicatia software de
management se pot urmari in timp real
evenimentele sistemului, cu afisarea pe harta
a elementului aflat in alarma, descalificare sau
defect, precum si starea intrarilor si iesirilor.

Mod de functionare

Senzorii de vibratie se instaleazd usor pe
orice fel de tip de imprejmuire perimetrald sau
direct pe sol in lipsa imprejmuirii. Elementul de
detectie este senzorul de tip accelerometru pe 3
axe care detecteaza toate miscdrile imprejmuirii
perimetrale sau iesirea unui obiect protejat
dintr-o arie presetata (functia ,,geofence”

Senzorii de vibratie nu necesita cablare si vor
functiona la temperaturi intre -30° C si +75° C.

Senzorii de vibratie comunica intre ei radio
si isi transmit de la unul la celalalt pozitia si

m=) GPS coordinate communication for
positioning the sensor
m=) Power Supply

2.3. Interface module with other systems

It consists of a mini PLC with programmable
that
interconnected to the System Controller. Input/

inputs  /outputs can be directly

output interactions can be defined from the
management software application.

In this way, the vibration sensor system
can activate external commands in the event
of an alarm, disqualification or fault to alarm
devices or other integrated security systems.
Also, through the IN/OUT modules, real-time
commands /activations/drives can be made from
any equipment at any point in the perimeter.

2.4. Central unit
Software Application

The system controller it connects directly
to the Central Unit with the management
software application or via a wireless router. In
the management software application, all the
vibration sensors and the system controller are
positioned on the map via the GPS coordinates
transmitted by each element.

Features are available to configure system
operating parameters for each type of vibration
sensor in particular.

Also, in the management software
application, you can track real-time system
events by showing the map on the alarm,
disqualification, or failure element on the map,
as well as the IN/OUT status.

with Management

Working mode

Vibration sensors are easily installed on any
type of perimeter enclosure or directly on the
ground in the absence of enclosure. The detection
element is the 3-axis accelerometer sensor that
detects all perimeter flicker movements or the exit
of a protected object from a preset area (geofence
function).

Vibration sensors require no wiring and will
operate at temperatures between -30° C and
+75° C.
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starea (informatii despre alarma, taria vantului,
sabotaj, descalificare, alarme tehnice, etc.) Viteza
de transmisie a starii depdseste 400 de senzori pe
secunda.

Transmisiile se efectueazd la fiecare 3
secunde. Daca unul dintre senzori nu comunica,
acesta va fi descalificat iar mesajul radio va fi
preluat si retransmis de catre senzorul invecinat.
Acest proces se desfigoardin mod automat si nu
afecteaza functionalitatea sistemului.

In cazul in care se modifici pozitia unui senzor
de vibratie in mod deliberat sau a unei portiuni
de gard cu tot cu senzor, se declanseazd alarma
de sabotaj care ajunge la Unitatea Centrala de
Management unde se activeazd scenariile de
alarmare (pozitionare camere video mobile exact
in locatia senzorului sabotat pentru evaluare
amenintare, activare forta de raspuns, alarmare

localasi la distantd, actiondri in consecinta).

INTRUDER
-

The vibration sensors communicate between
each other and transmit position and status to
each other (alarm information, wind strength,
sabotage, disqualification, technical alarms, etc.).
The transmission speed of the status exceeds 400
sensors per second.

Transmissions are done every 3 seconds. If
one of the sensors does not communicate, it will
be disqualified and the radio message will be
retrieved and retransmitted by the neighboring
sensor. This is an automatically process and does
not affect the functionality of the system.

If the position of a vibration sensor or a fence
with sensor are deliberated changed, the sabotage
alarm is triggered to the Central Management
Unit where the alarm scenarios are activated
(positioning the PTZ Cameras exactly in location
of the sabotage sensor for threat assessment,
activation of the rapid intervention, local
and remote alarm, actions accordingly to the
situation).

DETECTED SIGNAL LEVELS WHEN THE
INTRUDER IS CLIMBING OVER

[D=001 1D=002 1D=003 1D ntu.j ID=005 1D=006 1D=007 ID=008 ID=009

NN A AN\ AR S

LEGEND

’ DEMOUNTED VIBRATION SENSOR

INTRUSION AT THE FENCE
VIBRATION SENSOR

VIBRATION SENSOR IN ALARM

NON FUNCTIONAL VIBRATION SENSOR

CUTTING THROUGH THE FENCE

SABOTAGE DETECTED

UMP OF NON-
] DEMOUNTED DETECTOR

FUNCTIONAL SENSOR

Figura 4. Principiul de detectie alarma si sabotaj si retranslatie semnale peste un senzor defect/
Figure 4. The principle of detecting intruders and jumping

In cazurile de vant puternic, ploaie, furtuna
sau alte evenimente meteo nefavorabile, precum
si trafic auto intens in apropierea imprejmuirii
perimetrale, miscarea senzorilor de vibratie este
evaluati in acelasi timp. In acest fel se pot corecta
si discrimina miscarile imprejmuirii perimetrale
datorate acestor tipuri de evenimente.

In cases of severe wind, rain, storm or other
adverse weather events, as well as intense car traffic
in the vicinity of perimeter fencing, vibration
sensor movement is evaluated at the same time.
In this way, the perimetral fencing movements
due to these types of events can be corrected and
discriminated.
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STRONG WIND DETECTED
DETECTABLE LEVELS OF WIND EXPOSURE

1D=001 [D=002 1D=003 1D=004 1D=005 1D=006 1D=007 1D=008 [D=009
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L L L W W L

LEGEND t ' f
. VIBRATION SENSOR WIND WIND WIND

Figura 5. Principiul de detectie in cazul conditiilor meteo nefavorabile/
Figure 5. Detection principle of the climatic influences

LOOSENED PART OF THE
FENCE, GREATER VIBRATION IN

/ THE WIND

Figura 6. Mdsurare inteligentd a calitdtii mecanice a gardului - Principiul de discriminare a alarmelor
prin corectie software in cazul deteriordrii mecanice a unor portiuni din imprejmuirea perimetrald/
Figure 6. Intelligent measurement of the mechanical quality of the fence

3. Avantajele Sistemului de Detectie 3. Advantages of Wireless Perimeter
Perimetrald Wireless Detection System
3.1 Instalare usoara fara cabluri.

.1 Lightweight installati ith les.
3.2 Protejeaza orice model de imprejmuire 3.1 Lightweight installation without cables

perimetrald. 3.2 Protects any perimeter fence model.
3.3 Sistem de masurare inteligentd a calitatii 3.3 Intelligent measurement system for
mecanice a gardului. mechanical fence quality.

3.4 Rezistent la conditii meteo nefavorabile.

3.5 Anuntarea fortei de raspuns in caz de
alarma cu indicarea pe harta a locatiei acesteia, 3.5 Announcement of the response force in
comanda automatd a camerelor video mobile case of an alarm indicating the location on the
pentru orientare pe zona alarmatasi a altor
activari/actionari conform scenariilor de atac
asupra obiectivului.

3.6 Functie de verificare a efectuirii serviciului /actions according to the attack scenarios.
de patrulare. 3.6 Verification of the patrol service function.

3.4 Resistant to adverse weather conditions.

map, automatic control of the PTZ video cameras
for evaluate the alarm area and other activations

SCIENTIFIC RESEARCH _




B CERCETARE STINTIFICA

3.7 Mobilitate — poate fi oricand demontat si
reinstalat in altd parte intr-un timp scurt.

3.8 Capabilitate de detectie sabotaj la mutarea
deliberatd a oricarui element component al
sistemului.

3.9 Protectia (paza) obiectelor, tehnicii
militare, activelor si alarmarea in cazul iesirii
acestora dintr-o arie prestabilita - functia
“geofence”.

3.10 Costuri minime de instalare, mentenanta.

3.11 Tehnologie cu durata de viata mai mare
decét sistemele cablate.

3.7 Mobility - can be dismounted and relocated
elsewhere in a short time.

3.8 Sabotage Detection capability when
deliberately moving any component of the system
from its place.

3.9 Protection (security) of objects, military
equipment, assets, and triggering alarming when
they leave a pre-set area - geofence function.

3.10 Minimum installation and maintenance
costs.

3.11 Technology with longer life than wired
systems.

PERIMETER PROTECTION
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Figura 7. Exemplu de protectie a unui obiectiv cu sistem de detectie vibratii wireless -
model de amplasare elemente componente/Figure 7. Example of perimeter protection
with a wireless vibration detection system - component location pattern
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1. Concluzii i recomandari

Sistemul  autonom de tip
wireless pentru detectia intruziunii
— (SAWDI) prezentat mai sus se
constituie in propunere de dezvoltare
la nivel de prototip, omologare si
inaintare la executie de serie in
fabricapentruinzestrarea MApN
prin integrarea acestui produs in
orice "Sistem Integrat de Securitate
in Obiectivele Militare — SISOM”,
existent, in dezvoltare sau in cele noi
ce vor fi realizate pentru protectia
unitatilor militare din cadrul SMAp,
SMFA, SMFT, SMEN, DGIA, CLIL.

) Bibliografie/References
[5.1] https://www.ronyo.eu/en/

1. Conclusions and
recommendations
The Wireless Automatic System
for Intrusion Detection — (WASID)
presented above is a proposal for
development at the prototype level,
obtain approval and advance the
sistem to the factory execution
for the endowment of the MoND
by integrating this product into
any ,Integrated Security System
in Military Objectives - ISSMO
» existing, in development or
new ones to be developed for the
protection of military units within
General Staff, Air Force Staff, Land
Force Staff, Navy Logistic Staff,
Military Intelligence Staff etc.
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ATENUAREA UNDELOR DE SOC SUBACVATIGE
GCUAJUTORUL BULELOR DE GAZ

UNDERWATER SHOCK WAVES ATTENUATION
USING GAS BUBBLE GURTAINS
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1. Introducere

Principalele amenintari asupra ecosistemului :

maritim si a viefii subacvatice sunt exploziile : and sea life are explosions and wind farm

in api si instalarea fermelor eoliene.In urma ! jpstallation.

detonatiei unui material energetic in mediul |

acvatic este generatd o undid de compresiune ' jp water environment, an intense compression

intensa. De asemenea tehnicile de instalare a - wave is generated. In the same manner during

fermelor eoliene pe mari si oceane produc $i ' ying farms installation, an important noise

transmit - apa unde de‘co‘mp TESIUNE Care S€ | yollution is transmitted into the water and
propaga pe distante mari si polueazd mediul ! . .
; o : - intense compressive waves would propagate
inconjurdtor. Poluarea sonord are ca efecte | at lare distances. The sound exposure can
directe migrarea unor specii maritime precum | 5 . . . . P . .
mamiferele, ducand la distrugerea locald a provoke migration of animal species like marine
biotopului (Koschinski et al. 2009; Slabbekoorn mamm.als a.nd thus, devastate the local biotope
- (Koschinski et al. 2009; Slabbekoorn et al. 2010).

et al. 2010).

Nevoile societitii actuale includ gi producerea

de energie obtinuti din surse nepoluante. Pe de | Of producing clean and safe energy. On one hand,

o parte, centralele eoliene reprezinti o metoda offshore wind farms are an efficient solution,

eficientd de producere a energiei regenerabile,  being increasingly used along coasts. On the
fiind folosite din ce in ce mai des maiales in zonele |
de coastd. Pe de altd parte, legile internationale |
sunt severe privind tolerarea activitdtii umane pe

' to be limited by severe regulations.

madri §i oceane.

1. Introduction
The main threats for underwater ecosystem

After the detonation of an energetic material

Nowadays society has to withstand the need

other hand, human activities in the oceans and
seas are less and less tolerated by international
laws so sound exposure levels are now intended
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Atenuarea undelor de soc subacvatice cu ajutorul bulelor de gaz

Cercetarile experimentale furnizeaza unele
rezultate privind mediul bifazic, precum ecrane
sau perdele de bule de gaz in ap4, ca solutie pentru
atenuarea undelor sonore si de soc din mediul
acvatic. In 1910, Mallock si apoi in 1950 La Prairie,
au propus utilizarea perdelor de bule pentru
atenuarea undelor de detonatie (Mallock 1910),
(La Prairie 1950). Alte incercéri experimentale
au inclus studiul comportamentului cortinelor de
bule la propagarea undelor de soc in apa(Ando
et al. 2011), prin intermediul tubului de soc. In
acest studiu au fost variati doi parametri $i anume
fractiunea volumului de gaz si intensitatea undei
de soc.Kameda a utilizat de asemenea tubul de soc
care era prevazut cu o sectiune umpluta cu apa in
care erau generate bule de gaz printr-un singur
orificiu (Kameda et al. 1998). Studiile legate de
atenuarea undelor de soc includ si configuratii
precum blindaje multistrat(Hawass et al. 2015),
materiale compozite (Latourte et al. 2011),
materiale poroase (Saito et al. 2003) sau structuri
de tip sandvis (Espinosa et al. 2006). In acest
ultim studiu, Espinosa a utilizat un tun cu gaz
comprimat pentru accelerarea unui proiectil care
loveste o tinta sub forma unei placi amplasate intr-
un acvariu cu apd, in vederea generarii unei unde
de soc. Croci a propus un dispozitiv similar care
genereazd un impuls situat ca amplitudine intre o
unda de soc generatd de explozie si una generata
la instalarea pilonului centralei eoliene pe mare
sau ocean. El a dezvoltat de asemenea un sistem
de generare a bulelor de gaz prin intermediul
unei tevi poroase. Acesta a reusit sa caracterizeze
perdeaua de bule de gaz prin intermefiul
unei probe optice dispusd intr-o configuratie
experimentald in laborator.In experimentele sale,
perdeaua generatd printr-o teava poroasa a facut
dificila observarea si interpretarea rolului pe care
il au dimensiunile bulelor si fractiunea volumului
de gaz asupra modului de propagare si atenuare a
undelor de soc in apa.

In lucrarea prezenta se studiazi din punct
de vedere experimental modul de propagare si
atenuare a undelor de soc prin mediul bifazic
format din bule de gaz si apd i are ca scop
conceperea unei configuratii experimentale de
generare a mediului bifazic prin care sa se poata
varia parametri precum fractiunea volumului de
gaz in lichid, dimensiunea gaurilor generatorului
de bule si debitul de gaz. De asemenea se
urmdregte masurarea presiunii dinamice prin

Experimental research provided some results
regarding the use of biphasic media like bubble
screens or curtains as a solution for underwater
noise and shock wave mitigation. In 1910 Mallock
has proposed the use of bubble curtains for blast
wave mitigation (Mallock 1910) ). In 1950 La
Prairie has patented the use of bubble curtains as
mitigation method for underwater shock waves
effects (La Prairie 1950). Other experimental
work has included the study of curtain mitigation
capacity after shock wave propagation (Ando et
al. 2011).Therefore, the behavior of a biphasic
medium under shock wave loading has been
investigated in an experimental configuration
using a shock tube. In this study (Ando et al.
2011) the volume fraction and shock intensity
were varied in order to evaluate the influence over
shock intensity and velocity.

Kameda used a shock tube ended with a liquid
filled section in which mono dispersed bubbles
were generated (Kameda et al. 1998). Studies on
underwater shock wave mitigation have included
attenuation configurations such as multi-layer
protective armor (Hawass et al. 2015), composite
panels (Latourte et al. 2011), porous materials
(Saito et al. 2003) or sandwich structures, having
core materials between two face sheets (Espinosa
et al. 2006). In this last approach, Espinoza used
a gas gun for impacting a plate on a liquid filled
tank in order to generate a tailored impulse
that can match a blast wave temporal profile.
Croci proposed a comparable device than can
induce a series of mechanical impulses that are
between a blast profile and a pile driving (Croci
et al. 2014). He also developed a bubble curtain
generator based on a porous pipe coupled with
a digital flowmeter. Croci performed a local
characterization of the bubble curtain by the
use of an optical probe at the laboratory scale.
He then evaluated the peak pressure mitigation
achieved by the curtain itself. In his experiments,
the curtain generated by a porous pipe was not
structured, making difficult the observation and
the interpretation of the role played by the bubble
size and the void fraction.

This paper shows recent experimental results,
aiming the design of equipment that generates
a bubble curtain in water and to characterize its
compression wave mitigation capability when
varying air fraction in liquid, bubble size and
gas flow rate. The design also tackles the matter
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intermediul a doi senzori de presiune §i anume
PVDF si hidrofon. In prima parte a studiului
este prezentat sistemul de generare a bulelor
de gaz. In partea a doua este evidentiat studiul
experimental privind atenuarea undelor de soc
de cétre perdeaua de bule de gaz. Sunt prezentate
in acest context amplitudinea presiunii in timp
madsuratd cu senzorii de presiune PVDF ,,Bauer”.
Partea a treia este destinata studiului din punct
de vedere numeric al modului de propagare si
atenuare a undelor de soc, precum si corelarea
tuturor observatiilor.

2. Studiulteoretic privind generareabulelor
de gaz prin intermediul tevilor perforate

Bulele de gaz in lichide au fost studiate din
punct de vedere teretic pornind de la formarea
acestora in conditii de presiune sau debit
constante §i pand la analiza comportamentului
lor dinamic si termic. Bulson a propus o teorie
cu privire la perdelele de bule bazatd atat pe
consideratii teoretice cat si practice. (Bulson
1968). Totusi, a fost ales un generator de bule
simplu in vederea obtinerii unei distributii
cit mai uniforme a bulelor in perdea. In
literatura de specialitate gasim studii teoretice
si experimentale care iau in considerare
viscozitatea, tensiunea superficiala si densitatea
unui lichid Newtonian la stabilirea modului de
formare al bulelor de gaz. Ramakrishnan descrie
formarea bulelor de gaz printr-un singur orificiu
printr-un model mathematic (Ramakrishnan et
al. 1969). In acelasi an, Satyanarayan a observant
formarea bulelor de gaz in conditii de presiune
constanta. (Satyanarayan et al. 1969). El a descris
formarea bulelor pe parcursul a doud stagii
printr-un singur orificiu, cu luarea in considerare
a proprietatilor lichidului asupra dimensiunilor
bulei. (Ramakrishnan et al. 1969; Satyanarayan
et al. 1969) Deformarea bulelor de gaz in diferite
tipuri de lichide, corespunzitoare numerelor
Morton () cuprinse in intervalul 10"'+10°a fost
studiat recent. (Legendre et al. 2012) In acest
studiu deformatia bulelor de gaz a fost surprinsa
printr-o ecuatie simpla si apoi comparata cu
rezultate propuse in lucrarea lui Moor in 1959.
Formarea bulelor de gaz prin intermediul
dispozitivelor cu orificii multiple a fost studiata
de Xie atat din punct de vedere numeric cat si
teoretic (Xie 2003). Unul din scopuri a fost

of dynamic underwater pressure measurement
by the use of the Polyvinylidene fluoride (PVDF)
technique and hydrophone.

In the first part of the study, a simple bubbling
system is presented. The second part highlights
the shock mitigation by the bubbly media in two
impact conditions. It also shows the time resolved
pressure measurement by the use of PVDF “Bauer”
shock gauges. The third part shows finite element
calculations that illustrate the shock propagation
occurring during the experiments and correlate
all the observations.

2. Theoretical study regarding bubble
generation through immersed perforated pipes

Gas bubbles in liquid have been studied from
the theoretical point of view, starting with their
formation in constant flow or constant pressure
condition and ending with their dynamics and
thermal behavior analysis. Bulson proposed the
theory of bubble curtain based on analytical
and experimental considerations (Bulson 1968).
However, a simple bubble generator has been
chosen in order to obtain a bubbly medium
as monodisperse as possible. Theoretical and
experimental approaches considering the
influence of viscosity, surface tensions and density
of a Newtonian liquid on bubble formation can be
found in the literature. Ramakrishnan described
the bubble formation through a single orifice by a
mathematical model (Ramakrishnan et al. 1969).
Inthesameyear, Satyanarayan observed thebubble
formation under constant pressure conditions
(Satyanarayan et al. 1969). He described the
formation of thebubbles during two stages through
a single orifice, taking into account the effects of
physical properties of the liquid on the bubble
size. Their models (Ramakrishnan et al. 1969;
Satyanarayan et al. 1969) were considered only
for spherical bubbles that are rather deformed in
operational conditions. Gas bubble deformation
in different types of liquids, for Morton number
() varying between 10" and 10°, has been studied
recently (Legendre et al. 2012). In this study
a simple equation for bubble deformation has
been proposed and compared with results given
in (Moore 1959). Bubble formation through
multiple orifices has been investigated by Xie
from theoretical and experimental point of view
(Xie 2003). One of the purposes of that study
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propunerea unui model matematic prin care sa se
determine frecventa bulelor, raza bulelor de gaz
si volumul camerei de gaz in conditiii diferite.

In prezenta lucrare a fost considerata formarea
bulelor de gaz in conditii de presiune constanta
in interiorul dispozitivului de generare a bulelor
de gaz. Formarea si detasarea bulelor de gaz pe
parcursul a doud stagii include expansiunea bulei
de gaz cand tensiunea superficial joaca rolul cel
mai important §i apoi deplasarea acesteia sub
actiunea fortei arhimedice, agsa cum e descriei in
Figura 1.

was to propose a mathematical model able to
predict bubbling frequency, bubble radius and
gas chamber volume under various conditions.

In the present study, it has been considered
that the bubble formation respects the condition
of constant pressure inside the pipe. The bubble
formation and then detachment is a two stage
process which includes the expansion of the
bubble when the superficial tension plays the
main role and secondly the upwards movement
of the bubble under the action of buoyancy force,
as described in Figurel.

Fig. 1 Stagiile de formare a bulelor de gaze (Ramakrishnan et al. 1969; Satyanarayan et al. 1969)/

Fig. 1 Bubble formation stages (Ramakrishnan et al. 1969; Satyanarayan et al. 1969)

Volumul bulei, este determinat de relatia:
Ve = Vg + Qt.

unde este volumul la finalul celei de-a doua
etape de formare, este volumul bulei la sfarsitul
primei etape, este debitul de gaz sieste timpul
de desprindere. Dupa luarea in considerare a
fortelor care actioneaza asupra bulelor (Fig.2) pe
parcursul formadrii si desprinderii acestora, raza
este datd de relatia:

"T200G+1) AQ

unde:

96m1.251:
11p,Q

_16g
110

_ 16mDy cos 6

11p,Q
si 0 este unghiul de contact.

C
WVE—=VE)—— Ve

The bubble volume , is determined as:
Ve = Vg + Qt,

where is the volume at the end of the second
stage, is bubble volume at the end of the first
stage, is gas flow rate and is detachment time.
Taking into consideration the forces actions
on the bubble (Fig.2) during its formation
and detachment the bubble radius is characterized

by:
. — VE) — ﬂi].__.(vs/3 _ VEZ/B)
20(4~3)
where:
Q

b= 3\/3

121 (E)

24n

G = —

(4;.1-) P

and 0 is the contact angle.
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gas Mow ’
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Fig. 2 Fortele care actioneazad asupra bulei de gaz pe parcursul formadrii si desprinderii acesteia/
Fig. 2 Forces acting on a single bubble during its formation and detachment

Perdeaua de bule de gaz a fost generata
prin introducerea unei tevi perforate in apa,
cu gaurile executate la aceeasi distanta (Fig.3),
la diferite debite de aer (4 I/min si 6 1/min) si
cu diferite configuratii de tevi. Parametric
caracteristici tevilor sunt: materialul (PVC
si Al), spatiul dintre gauri (10 mm, 12 mm),
diametrul gaurii (0,8 si 1,2 mm) si numarul de
gauri (21 si 14). Acesti parametrii au permis
obtinerea a doud tipuri de perdele de bule,
caracterizate ulterior in functie de capacitatea
lor de atenuare a undelor de soc.

compressed %} } }

J

Constant pressure conditions

The air bubble curtain was generated by
immersed pipes that are perforated at equal
distances (Fig. 3), at different flow rates (4 1/
min and 6 l/min) and with different pipe
configurations. The bubbler parameters were
respectively: the pipe material (Polyvinyl chloride
- PVC, Al), the holes spacing (10 mm, 12 mm),
hole diameters (0.8 mm and 1.2 mm) and the
number of holes (21 and 14). These parameters
allowed two types of controlled bubble curtains to
be obtained, that finally were characterized with
respect to their shock wave mitigation capacity.

}}}}}

Fig. 3 Reprezentarea schematicd a sistemului de generare a bulelor de gaz/
Fig. 3 Schematic representation of the bubbling system

3. Configuratia experimentala de caracte-
rizare a perdelei de bule de gaz

In vederea determindrii razei medii a
bulelor, perdeaua de bule a fost caracterizata
prin utilizarea unei probe optice (Croci 2014),
corelata cu filmarile video si rezultatele furnizate
de senzorul acustic. In Figura 4 este prezentata
configuratia experimentald i echipamentele
folosite pentru caraterizarea perdelei de bule.

3. Experimental set-up for bubble curtain
characterization

In order to determine the bubble mean radius,
the bubble curtain has been characterized by
the use of an optical probe like in (Croci 2014),
correlated with video and acoustic observations.
Figure 4 shows the experimental set-up with the
equipment used for the bubbler characterization.
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Fig. 4 Configuratia experimentald pentru caracterizarea perdelei de bule/

Fig. 4 Experimental set-up for bubble curtain characterization

Experimentele au fost efectuate in vederea
caracterizdrii perdelei de bule generatd de doud

tipuri de tevi perforate, descries in tabelul de mai jos.

Experiments conducted in order to characterize
the bubble curtain included two types of pipes,
described in the following table.

Distanta dintre

Teava/  Material/ debit Nr. de giuri/ gaurl Diametrul
, ) 1/min/ mm/ gdurii mm/
Pipe Material . Nr. of hol .
Flow rate I/min \I- oI holes Distance Hole diameter/mm
between holes mm
A PVC 4 21 10 0.8
B Al 6 14 12 1.2

Tabelul 1 Caracterizarea generatorului de bule/Table 1 Bubbler characteristics

Debitul din interiorul tevii perforate a fost
controlate prin intermediul unui debitmetru
Bronkhorst. Curgerea bulelor de gaz a fost
inregistrata cu o camera de inregistrare
ultrarapidd Photron® APX, cu 1000 images/s timp
de 2 s. Cel de-al doilea capit al tevii perforate a
fost conectat la un microfon Bruel&Kjaer® cu
sensibilitatea 12.000 mV/Pa si banda de fecventa
cuprinsa in intervalul 0.1 Hz si 50 kHz. Avand
un scop similar, activitatea acusticd din mediul
acvatic este monitorizatd cu hidrofonul care
are sensibilitatea 0.102 pC/Pa. Toate semnalele,

Inside the immersed pipe, the flow rate was
controlled by a manual controlled valve and
measured with a Bronkhorst flowmeter. The
bubble curtain has been recorded with a high
speed camera, Photron® APX, at 1000 images/s
during 2 s. The other end of the pipe was
connected to a Bruel&Kjaer® microphone set at
12.000 mV/Pasensitivity,and bandpass between
0.1 Hz to 50 kHz. For a similar purpose, the
underwater acoustic observation, a hydrophone
set to 0.102 pC/Pa used. All the signals, given
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oferite de macrofon si hidrofon, au fost stocate
pe un osciloscop de tipul Odyssey Nicolet cu o
ratd de achizitie de 50 kSample/s.

In Figura 5 sunt prezentate imagini cu
perdeauadebule de gaz generatd prinintermediul
tevii perfoarate de tip A si B la debite de 4 I/min
si 61/min.

by the microphone and hydrophone were
stored on an Odyssey Nicolet oscilloscope with

50 kSample/s acquisition rate.

Figure 5 shows the bubble curtain

I/min and

and B at 4

6 1/min respectively.

for pipe A

Fig. 5 Perdeaua de bule pentru debite de 4 I/min (feava A) si respectiv 61/min (teava B)/
Fig. 5 Bubble curtain for 4 I/min (pipe A) respectively 6 I/min (pipe B)

4. Configuratia experimentald generarea
undelor de soc si atenuarea acestora prin
intermediul mediului bifazic

Studiul experimental al undelor desoc a fost
posibil prin utilizarea tunului Taylor, calibru
50 mm care utilizeaza proiectile de aluminiu,
ghidate in interiorul fevii prin intermediul
unor cilindri din polimetil metacrilat. Au fost
efectuate trageri intr-o tintd tot din aluminiu cu
diametrul de 60 mm si 80 mm lungime. (Fig. 6)

4. Experimental set-up for shock wave
generation and mitigation in biphasic media

The experimental study of underwater
shock wave has been possible by the use of a 50
mm diameter Taylor gun capable of shooting
Aluminum projectile, guided by a polymethyl
methacrylate (PMMA) sabot at an Aluminum
anvil, which has 60 mm diameter and 81 mm
length. (Fig. 6)

Fig. 6 Generatorul undelor de soc subacvatice/Fig. 6 Underwater shock wave generator

Intreaga configuratie experimental (Fig. 7)
include de asemenea si celelalte echipamente
folosite pentru masurarea parametrilor undei
de soc de la transmiterea acesteia in interiorul
acvariului si in ulterior la propagarea acesteia
in mediul lichid. Dimensiunile acvariului se pot
observa in Figura 7.

The entire experimental set-up (Fig. 7) also
includes the rest of equipment used in order to
measure shock wave parameters starting with its
transmission inside the water tank and afterwards
its propagation in liquid media. The inner
dimensions of the water tank are: 24.5 cm (length),
33 cm (width), and 20 cm (depth). The aluminum
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Photodiodes Anvil
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projectile & —
Taylor Gun

A

200

Fig. 7 Vederea de sus a configuratiei experimentale de generare a undelor de soc
si atenuare in mediul bifazic/Fig. 7 Top view of the experimental layout without the bubble curtain

Presiunea undei de soc subacvatice este
masurata prin intemediul a doua tehnici: cu
hidrofonul T11 Sonar Neptune® si cu senzorul
de presiune PVDF cu grosimea 25 pm in modul
current (Bauer 2000).

Primul sensor PVDF este plasat la interfata
dintre tintd si apa. Acest PVDF presiunea in timp
a undei de soc transmise in apd, fiind conectat la
osciloscopul LeCroy® cu ldtimea de banda de 500
MHz si o ratd de achizitie de 1 GSample/s.

projectile is a 40 mm diameter cylinder with
a 40 mm length. The projectile velocity is
measured by two photodiode barriers.

The underwater shock wave pressure is
recorded by two measuring techniques: with
a T11 Sonar Neptune® hydrophone and 25 um
thick PVDF pressure sensors in current mode
(Bauer 2000). The first PVDF sensor is placed
at the water/anvil interface. It provides the
pressure time history related to the pressure

waves transmitted from the anvil into the water.

Fig. 8 Configuratia senzorilor de presiune/Fig. 8 Pressure sensors set up. Top view

Al doilea sensor PVDF este amplasat in
interiorul acvariului, in lipsa perdelei de bule
de gaz in modul ”plutitor” asa cum se observa
in Figura 8.

This PVDF sensor was connected to a LeCroy®
oscilloscope with a bandwidth of 500 MHz and

an acquisition rate of 1 GSample/s.
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Cel de-al doilea PVDF a fost conectat in modul
current (50 Ohm) la un osciloscop Tektronix®
cu lagimea de bandd de 350 MHz si rata de
achizitie 1GSamples/s. Hidrofonul T11 este
conectat la acelasi osciloscop prin intermediul
unui amplificatory de sarcina Miiller®, util
pentru masurarea suprapresiunii in frontal
undei de compresiune cu si fiara perdea de bule
de gaz. Coeficientul care exprima sensibilitatea
senzorului, utilizat in prelucrarea semnalelor,
este 3 MPa/V.

Scopul experimentelor a fost sa caracterizeze
capacitatea perdelei de bule de gaz de a atenua
efectele undei de soc. In vederea cuantificarii
modului de atenuare a undei de soc au fost
analizate suprapresiunea si impulsul undei de
soc atat in prezenta mediului bifazic cét si fard
acesta. Unda de compresiune a fost generata
de impacul cvasi-planar intre proiectil si tinta.
Aceasta unda are o crestere rapidd pe prima
portiune, dupa care se atenueaza gradual. Undele
de reflexive sunt generate pe suprafetele laterale
ale tintei si datorita existentei interfetele libere
ale proiectilului.

Unda de compresiune este transmisd apei
prin intermediul tintei in timp ce undele de
expansiune genereazd cavitatia apei in apropierea
tintei asa cum se poate observa din filmarea cu
camera ultrarapida.

The second PVDF sensor is placed inside
the water tank, when there are no bubbles in a
floating set up as shown in Figure 8.

This floating PVDF was connected in current
mode (50 Ohminput) toa Tektronix® oscilloscope
with a bandwidth of 350 MHz and an acquisition
rate of 1GSamples/s. The hydrophone T11 is also
connected to this oscilloscope through a Miiller®
charge amplifier and is supposed to measure
the compression wave overpressure, with and
without the bubble curtain. The pressure sensor
transformation coeflicient used for the signal
processing is 3 MPa/V.

The purpose of the experiments was to
characterize the bubble curtain shock wave
mitigation capacity. In order to quantify the
attenuation, the ratio of the peak overpressure
and the ratio of the total impulse were used,
with and without the curtain. The compression
wave was generated by a quasi-planar impact
between the projectile and the anvil. This wave
has a sharp compression front and releases
gradually. The release comes from the sides
of the anvil and later on from the back of the
projectile. The compression phase of the wave is
transmitted from the anvil to the water, whereas
the expansion phase causes water cavitation
near the anvil, as this was observed by fast video

camera.

N,

%

™

h;,fdroph one

Eubble curtain

Fig. 9 Cavitatia cauzatd de propagarea undei de soc in interiorul acvariului/

Fig. 9 Cavitation caused by shock wave propagation inside the water tank
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5. Rezultate experimentale

Semnalele furnizate de microfon si hidrofon
au fost procesate prin intermediul transfomatei
Fourier (Fast Fourier Transform (FFT))
obtinandu-se astfel spectrul de putere ca raspuns
alformeiundeioriginalein domeniul de frecventa.
Rezultatele au fost intepretate ca fiind frecventele
de formare ale bulelor de gaz. Aceste rezultate
sunt prezentate in Figura 10 si Tabelul 2. In figura
10 a) au fost correlate rezultatele furnizate de
microfon cu cele furnizate de hidrofon pentru
teava de PVC in timp ce in Figura 10 b) au fost
correlate rezultatele celor doi senzori pentru feava
de AL Din analiza rezultatelor a fost observata o
buna corelare dintre cei doi senzori. Se observa
de asemenea cd o data cu cresterea debitului de
aer, semnalele obtinute de la microfon si hidrofon
sunt mult mai bruiate, datorita vibratiilor
generatorului de bule de gaz.

x10”
3 T T T

5. Experimental results

The signals obtained from the microphone
and hydrophone measurements have been
processed by means of the Fast Fourier
Transform (FFT) to get their power spectrum
as a response of the original waveform in the
frequency domain. It was assumed that the
maximum frequencies correspond to the bubble
formation frequency. Bubbling frequencies
observed for a given configuration are presented
in Figure 10 and Table 2.

Microphone results, for the PVC tube, have
been compared with the hydrophone data in
Figure 10a while in Figure 10b is shown the
same comparison but for the Al pipe. A good
correlation between the values of the bubble
formation frequencies has been observed. It is
also obvious that the increase in the flow rate
results of a noisier signal might be due to the
pipe vibrations during the bubbling process.

——FFT of hydrophone signal/PVC pipe |

1 2 -
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ol TI— kil N N e
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— FFT of microphone signal/PVC pipe
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Fig. 10 Frecventa de fomare a bulelor de gaz mdsuratd cu hidrofonul (albastru) si microfonul
(magenta) corespunzdtoare:a) 4 I/min, b) 6 I/min/Fig. 10 Bubble formation frequency measured
with the hydrophone (blue) and the microphone (magenta) corresponding to: a) 4 I/min, b) 6 I/min
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Tabelul 2 Frecventa de formare a bulelor

Teava B;bl;t Senzorul Frecventa Hz

A 4 Microfone(Fig. Sa) 29.8
Hidrofone(Fig. 5b)  29.6
Microfon(Fig. 5a)  28.0

B 6 Hidrofon (Fig. 5b)  27.6

Figura 11 furnizeaza tensiunea obtinuta
de la semnalul PVDE pentru trei trageri
ale caror caracteristici sunt prezentate in
Tabelul 3. Senzorul PVDF a fost izolat astfel
incat sa poatd fi evitat bruiajul electrostatic
si electromagnetic. Senzorul a fost conectat
cu o iegire la osciloscop si cu cealalta la un
amplificator de sarcinda Kistler tipul 5011
cu sensibilitatea 15.4 pC/M.U si domeniul
50 M.U./V,
rezultate similar. Datele experimentale oferite
de senzorul PVDF (Fig. 11), la interfata dintre
tintd §i apa, ofera reproductibilitatea tragerii
la viteze de impact de 16 m/s.

ambele masuratori oferind

shot 1 in 50 Ohm regime g
/ shot 1 with kistler charge amplifier~ shot 2 in 50 Ohm regime

10

Table 2 Bubble formation frequency

Flow rate

Pipe Vimin Sound sensor Frequency Hz
A 4 microphone (Fig. 5a) 29.8
hydrophone (Fig. 5b) 29.6
microphone (Fig. 5a) 28.0
B 6 hydrophone (Fig. 5b) 27.6

Figure 11 shows the stress obtained from the
PVDF signals, for three shots characterized by the
parameters given in Table 3. The PVDF gauge was
shielded against electrostatic and electromagnetic
parasites. The gauge was connected with one exit
to the oscilloscope in current mode. Records
were compared with the voltage signal given
after connecting the second exit of the PVDF
to a Kistler charge amplifier type 5011, with a
sensor sensitivity set at 15.4 pC/M.U and a scale
of 50 M.U./V. Both current and charge amplified
modes gave similar results. The experimental data
given by the PVDF measurements (Fig. 11), at the
interface between the anvil and the water, show
the reproducibility of the shots at the impact
velocities of approximately 16 m/s.

shot 2 with kistler charge amplifier

P e

Stress, MPa

; /'/ ,
T 4 \N

=2

@00/ 001 002 003

0,04 0,05 0,06

/" shot 3 with kistler charge ampiifier Time, ms

shot 3 in 50 Ohm regime

Fig. 11 Suprapresiunea furnizatd de mdsurdtorile cu PVDF-ul s interfata
tintd/apa pentru viteze de impact mic/Fig. 11. Overpressure resulted from PVDF measurements
at the anvil/water interface for low velocity shots
Data acquisition has been realized by

Diferenta dintre profilele presiunii in timp

se datoreaza cel mai probabil impactului triggering from the amplified PVDF channel.

The difference between the pressure profiles

imperfect sub diferite unghiuri de impact de la ) ) ] o
corresponding to different impact velocities occurs,

o tragere la alta. most likely, due to the defective planarity causing a

different impact angle from a shot to another.
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Tabelul 3 Vitezele

de impact pentru

masuratorile cu PVDF-ul fix

Table 3 Impact velocity for measurements with

fixed PVDF
Terminal velocity Presssure inside
Shot # m/s the tank bar
1 16,5 2
2 16.5 2
3 15.5 2

Trage- Viteza finala .
Presiunea bar
rea # m/s
1 16,5 2
2 16.5 2
3 15.5 2

Aceeasiabordare a fost adoptata pentru PVDEF-
ul mobil, din interiorul acvariului, la distanta de
100 mm fata de tinta.

shot 4 with kistler charge amplifier
shot 4 in 50 Ohm regime

The same approach was carried out with the
floating PVDE, vertically positioned into the water
(Fig. 8), with its sensitive area corresponding to
the barrel and the anvil axis at 100 mm of the free
surface of the anvil.

shot 5 witfTRiStier charge ampiifier

20

Stress, MPa

0.01

L T
0.02 0.03
Time, ms

Fig. 11 Suprapresiunea furnizatd de mdsurdtorile cu PVDF-ul Is interfata {intd/apd
pentru viteze de tragere mari/Overpressure resulted from PVDF measurements at the anvil/
water interface for high velocity shots

Tabelul 4 Viteza de impact corespunzitoare
tragerilor 4 5i 5

Table 4 Impact velocity corresponding to shots
4and 5

Trage- Viteza finala Presiunea Terminal velocity Pressure inside
rea # m/s bar Shot # m/s the tank bar
4 50.69 7 4 50.69 7
5 46.79 7 5 46.79 7

Rezultatele experimentale in termini de
presiune in timp prezentate in Figura 12 a) si b)
sunt furnizate de hidrofon si PVDF-ul mobil.
Desfasurarea in timp a presiunii este in accord
pentru ambele semnale, dar amplitudinea este de
doud ori mai mare in cazul hidrofonului. Acest
lucru poate fi explicat prin faptul ca unda de soc
se reflecta la contactul cu hidrofonul.Aceasta
diferenta este si mai semnificativa pentru viteze

Time resolved pressure measurements shown
in Figure 12a and b are given by hydrophone
and floating PVDF measurements. They are in
good agreement regarding the timeline, but the
pressure measured by the hydrophone is about
50 % higher than the one measured by the PVDE.
This can be explained by the reflection of the
pressure wave on the hydrophone holder. The
difference is even more distinct at high pressures
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de impact mai mari, asa cum reiese din Figura
12 b). Desi semnalul inregistrat de hidrofon a
avut durate mult mai mari de 10 ms, nu au fost
observate amplitudini semnificative dupa aceasta
valoare de timp. Valorile pentru suprapresiunea
in frontal undei de soc masuratad de hidrofoneste
de 4.0 £ 1.5 MPa pentru viteze de 45 m/s si 1.5
+ 0.4 MPa pentru viteze de 16 m/s, in timp ce
suprapresiunea masuratd cu PVDF-ul mobil este
de 2.55i 1.1+£0.1 MPa. Pe parcursul perioadei de
timp a inregistrarilor, prima valoare maxima a
presiunii corespunde undei de compresiune apoi
este urmata de oscilatii care preced un minim
negativ a presiunii corespunzatoare cavitatiei
asa cum este surprinsd si cu camera de filmat
ultrarapidd. Masa bulelor de cavitatie vor atenua
cel de-al doilea maxim al presiunii asa cum se
poate observa din Figura 12. Dinamica bulelor
de gaz in apa produce oscilatia semnalului
presiunii in timp.
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(Fig. 12b). The signal given by the hydrophone
was recorded during a much longer time than
that shown in Figure 12, of about 10 ms, and did
not exibit additional significant pressure peaks.
From these experiments, the generated pressures
corresponding to the impact velocities of 45 m/s
and 16 m/s measured with the hydrophone were
of 4.0 £ 1.5 MPa and 1.5 + 0.4 MPa, respectively,
while measuring with the floating PVDF they
were of 2.5 and 1.1+0.1 MPa. During the recorded
period of time only one positive peak appeared
and then moderate oscillations of pressure
occurred, that started with a negative peak, which
induced a cavitation cloud as observed by the fast
camera (Fig. 9). This cavitation cloud generates
bubbles that mitigate the second peak of the
pressure observed in Figure 12. Oscillations of
a shorter period are due to the reemission of
the compressive waves caused by the bubble
dynamics.
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Fig. 12 Suprapresiunea in frontal undei de soc furnizatdi de hidrofon si PVDF-ul mobil/
Fig. 12 Shock wave overpressure measured using PVDF and hydrophone

Durata celor doud semnale pe prima portiune
corespunzitoare maximului presiunii este
similar pentru cei doi senzori. Desfasurarea in
timp a presiunii corespunde momentului in care
unda de soc ajunde in dreptul celor doi senzori.
Semnalele au fost prelucrate astfel incat sa se
poatd observa cd partea ascendentd corespunde
undelor de copresiune iar cea descendenta
corespunde undelor de destindere provenite
de la reflexia la suprafetele libere. Capacitatea

The duration of the first pressure peak remains
more or less the same for both measurement
techniques, for the floating PVDF and the
hydrophone respectively. Pressure profiles
presented in Figure 12a are obtained with the
impact velocity given in Table 4. Table 5 gives
the impact velocities for the shots 4 and 5,
corresponding to the signals on Figure 12b and
11. The time variation of the pressure illustrated
on Figure 12a and b show the arrival time of the
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Atenuarea undelor de soc subacvatice cu ajutorul bulelor de gaz

de atenuare a perdelei de bule a fost analizata
prin intermediul masuratorilor cu hidrofonul.
Experimenmtele s-au desfasurat in prezenta si in
absenta perdelei de bule generate cu {eava A si B
la debite de 41/min si 61/min.

shock wave at the pressure sensor. The signals
have been processed as described by Figure
12, in order to analyze the increasing front
corresponding to the compressive waves, and the
decreasing profiles due to the release waves from
the reflection surfaces or edge effects.

—— shot 1, without bubble curtain
| |==shot 2, with bubble curtain, A
| |—— shot 3, without bubble curtain

|| |===shot 5, with bubble curtain, A

shot 4, with bubble curtain, B—1

The bubble curtain mitigation capacity

has been also analyzed from hydrophone
measurements. The experiments were carried

out with and without the bubble curtain,

Shock wave overpressure, MPa

with A and B bubble generators at 4 I/min and
6 1/min flowrate, respectively.

0,00 0,04

Time, ms

0,08

Fig. 13 Capacitatea perdelei de atenuare a undelor de soc evidentiatd prin utilizarea hidrofonului/

Fig. 13 Bubble curtain mitigation capacity given by hydrophone measurement

Asa cum se poate observa din figura 13,
in prezenta perdelei de bule de gaz, profilul
presiunii in timp este semnificativ influentat de
interactiunea dintre unda de soc si bulele din
mediul bifazic. Rezultatele experimentelor legate
de atenuarea undelor de soc sunt prezentate in
Tabelul 5.

Tabelul 5 Parametrii undei de soc obtinuti prin
utilizarea hidrofonului

As it can be seen in Figure 13, in the presence
of the bubble curtain, the pressure profile is
significantly influenced by the interaction
between the shock wave and the bubbles in the
water. Experiments regarding the shock wave
generation and attenuation are gathered in
Table 5.

Table 5 Shock wave parameters achieved using
hydrophone measurements

Viteza Presiu 1 Impul
trage- de nea Perdea | Pmax 513
rea# | impact de bule | MPa
bar MPa'ms
m/s
1 16 2 off 1.41 0.01
2 15.7 2 A- 0.19 0.001
’ 4 1/min ’ )
3 50.7 7 off 7.02 0.06
B
4 42 7 6 U/min 0.76 0.009
A
5 51.5 7 4 Umin 1.37 0.01

Impact Pressure 1 Positive
Shot pa inside the . Pmax .
4 velocity tank Curtain MP impulse
m/s a a MPa'ms
bar
1 16 2 off 1.41 0.01
A-
2 15.7 2 4 Vmin 0.19 0.001
3 50.7 7 off 7.02 0.06
B
4 42 7 6 I/min 0.76 0.009
A
5 51.5 7 4 Umin 1.37 0.01

Coreland viteza de impact cu presiunea din
interiorul acvariului, rezultatele experimentale
legate de capacitatea de atenuare a mediului bifazic
sunt prezentate in Tabelul 5. Pentru aprofundarea
aspectelor anterior mentionate, tabelul 6 prezinta
atenuarea undelor de soc in termini de presiune
maxima si impuls.

Correlating the impact velocity with pressure
inside the gun tank, experimental results in terms
of shock wave mitigation are presented in Table
5. The first analyses are at low impact velocity
obtaining the maximum pressure, P, and total
impulse I. The same analyses are performed for
high impact velocity, but both pipes were tested.
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Tabelul 6 Capacitatea de atenuare a perdelei For a more comprehensive approach, Table
de bule de gaz 6 shows the bubble curtain mitigation capacity
for both impulse attenuation and pressure
Viteza de Genera- .Atenuarea. Atenuarea P attenuation.
. torul de impulsului o max . L. .
impact m/s bule % % Table 6 Bubble curtain mitigation capacity
16 m/s A 86.5 89 Impaf: t Bubble Impuls.e P attenuation
velocity attenuation max
/ generator o %
45 m/s A 83 80 s o
16 m/s A 86.5 89
B 85 89 A 83 20
45 m/s
B 85 89
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1. Introducere

Capacitatea de supravietuire |

reprezintd un concept larg
ce cuprinde caracteristicile
autovehiculelor militare care
permit protejarea integritatii

fizice a membrilor echipajului
si mentinerea capacitatii tehnice
a autovehiculului de a indeplini
misiunile alocate.

Datorita importantei asigu-

rarii ~ capabilitatii in luptd
alautovehiculului militar pe
senile, realizatd prin putere

de foc si mobilitate, rezulta ca
acestea pot fi puse in operd
numai prin pdstrarea integritatii
functionale a autovehiculului si
a integritatii fizice a echipajului.
Aceste obiective dificile nu se pot
realiza exclusiv prin utilizarea
unui singur sistem functional, ci
impune realizarea unor sisteme
specializate  in  combaterea

1.Introduction

Survevability is a broad
- concept that includes the
- characteristics  of  military

- vehicles that allow the protection
- of physical integrity of the
crewmembers and maintain the
 technical capability of the vehicle
' to perform assigned tasks.

Due to the importance of

' ensuring the combat capability
. of the tracked military vehicle,
- achieved through the power
' of fire and mobility, that these
' can be used into operation only
' by preserving the functional
' integrity of the vehicle and the
- physical integrity of the crew.
 These difficult objectives cannot
- be achieved solely by using a
' single functional system but
- requires the development of
- specialized systems to combat
those threats to the functional

Abstract:

De-a  lungul timpului,
solutiile de constructie pentru
blindajele
militare  au
functie de misiunile la care
participau acestea. Nivelul
tehnologic de productie al
blindajelor progreseazd
odatdi cu  diversificarea
metodelor de combinare a

autovehiculelor
variat in

noilor materiale.

Cercetdrile experimentale
vor pune in evidentd
capacitatea acestor materiale
ce sporesc nivelul de protectie
al blindajului utilizat pentru

fabricarea  autovehiculelor
militare.

Rezultatele  finale vor
prezenta caracteristicile
de performantd ale
diferitelor ~ variante  de

blindaje suplimentare, si vor
propuneunele solutii pentru
imbundtdtirea  capacitdtii
de protectie a blindajului
utilizat in prezent pentru
autovehicule

(blindate).

militare
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Abstract:

Over the time, the
construction solutions for the
armor of military vehicles
varied according to the
missions they participated
in. The technological
level of production of the
armor progresses with the
diversification of the methods
of combining new materials.

Experimental  research
will highlight the capacity of
these materials to enhance
the level of armor protection
used in military vehicle
manufacturing.

The final results will
show  the  performance
characteristics of  the
different armor variants, and
will propose some solutions
to improve armor protection
currently used for military
armored vehicles.

acelor amenintdri la integritatea
functionala aautovehicululuisila
integritatea fizica a personalului.

Odaté cu aparitia tancurilor,
a devenit evidentd capacitatea
acestora de a realiza efecte
notabile in economia luptei.
Primele mijloace de combatere
a tancurilor au fost tunurile de
camp prin efectuarea tragerilor
directe. Din punct de vedere
structural, aceastd solutie a
impus deplasarea bateriilor de
artilerie in primul esalon al
apararii, precum ¢i instruirea
adecvata a servantilor. Acestea au
reprezentat solutii nemateriale la
rezolvarea amenintarii create de
tanc.

Tipuri de amenintdrila adresa
tancurilor:

 tunuri montate pe tanc cu
capacitatea de a efectua trageri
cu munitii perforante;

e armament portativ pentru
lansarea rachetelor cu efect
cumulativ;

o lansatoare de rachete
dirijate de calibru mare, dispuse
pe autovehicule usoare sau pe
elicoptere;

« tunuri dispuse pe elicoptere
si avioane de sprijin nemijlocit.

Proiectilele antitanc
contemporane pot fi grupate in
doua mari categorii in functie
de mecanismul de penetrare a
blindajului:

« proiectile cinetice;

« proiectile cu efect cumulativ.

Aldturi de proiectilele de
calibru 100-125 mm tip APFSDS,
trase de tunurile tancurilor si de
incarcaturile cumulative, exista
o paletd larga de amenintéri la
adresa autovehiculelor militare,
dupd cu urmeaza:

» gloante trase de mitraliere
si tunuri de aviatie cu calibru de

integrity of the vehicle and to
the physical integrity of the
personnel.

With the emergence of
tanks, their ability to achieve
remarkable effects in the struggle
economy became  obvious.
The first means of fighting
tanks were field guns by direct
firing. From a structural point
of view, this solution required
the displacement of artillery
batteries in the first echelon of
the defense, as well as the proper
training of the servants. These
were non-material solutions to
solving the threat created by the
tank.

Types of threats to tanks:

« cannons mounted on the
tank with the ability to shoot
with perforating ammunitions;

o portable rocket launcher
with cumulative effect;

. large-caliber rocket
launchers mounted on light
vehicles or helicopters;

o cannons disposed on
helicopters and direct support
airplanes.

Contemporary anti-tank
projectiles can be grouped into
two broad categories depending
on the armor penetration
mechanism:

« kinetic projectiles;

o projectiles with cumulative
effect.

Alongside APFSDS-type
rockets projected by tank guns
and cumulative loads, there is a
wide range of threats to military
vehicles, as follows:

« bullets drawn by machine
guns and aviation guns with a
caliber of up to 30 mm;

« explosive anti-tank
projectiles with 60-125 mm
gauges;
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pana la 30 mm;

« proiectile antitanc explozive cu calibre de 60-
125 mmy

« proiectile antitanc perforante cu calibre de
60-125 mm;

« proiectile antitanc cu jet cumulativ cu calibre
de 60-125 mm;

« rachete antitanc dirijate cu calibre de pana la
154 mm;

« mine antitanc (de presiune, de proximitate,
cu declangare comandata, etc.);

« subproiectile si fragmente ale bombelor de
atac vertical.

Principalii parametri folosifi in criteriile
decisive de evaluare a echipamentelor de protectie
colectiva sunt:

e Masa;

emateriale utilizate in realizarea blindajului,
corelate cu costurile impuse;

erezistenta la impact conform STANAG 4569;

eprotectia antimina conform AEP-55 vol.2

2. Stadiul actual

De-a lungul timpului, solutiile de constructie
pentru blindajele autovehiculelor militare
pe senile au variat in functie de misiunile la
care participau acestea. Nivelul tehnologic de
productie al blindajelor progreseaza odata cu
diversificarea metodelor de combinare a noilor
materiale, astfel prin propunerea unor solutii
pentru imbunatatirea capacitatii de protectie
a blindajului utilizat in prezent pentru MLI 84
si tancul TR-85 M1, vor putea fi minimizate
problemele pe care le intdmpina acestea pe
campul de lupta.

Stadiul actual de protectie oferit de MLI
84, in momentul de fatd, este nivel 3 ,conform
STANAG, pentru partea frontala, nivel 2 pentru
partile laterale si nivel 1 al plafonului. Nivelul de
protectie al tancului TR-85 M1este nivel 4 frontal
si nivel 3 al blindajului lateral.

Prin propunerea unor solutii de blindaje
suplimentare se pot solutiona problemele privind
protectia antiglont dar si antimind intampinate
de autovehiculele pe senile aflate in dotarea
armatei romane, in special MLI si tancul TR-85
M1. Aceste solutii vor putea fi utilizate functie de
tipul misiunii si vor fi realizate astfel incat sa nu
afecteze mobilitatea autovehicului.

« perforating anti-tank projectiles with 60-125
mm gauges;

o cumulative jet anti-tank projectiles with 60-
125 mm gauge;

« guided anti-tank missiles with a caliber of up
to 154 mm;

o anti-tank mines (of pressure, of proximity,
with commanded triggering, etc.);

o sub-projectiles and fragments of vertical
attack bombs.

The main parameters used in the decisive
criteria for the evaluation of collective protective
equipment are:

* Mass;

» materials used in the realization of the armor,
correlated with the imposed costs;

« impact resistance according to STANAG
4569;

o antimine protection according to AEP-55
Vol.

2. The current state

Opver the years, the construction solutions for
armored military vehicles varied according to the
missions they participated in. The technological
level of production of the armor progresses with
the diversification of the methods of combining
new materials by proposing solutions for the
improvement of the armor protection capacity,
currently used for MLI 84 AFV and the TR-
85 M1 tank, will minimize the problems they
encounter on the battlefield.

The current state of protection offered by
MLI 84 AFV is currently level 3 according to
STANAG for the front, level 2 for the sides and
level 1 of the roof. The level of protection of the
TR-85 M1 tank is level 4 for the front and level 3
of the side armor.

By proposing additional armor solutions, the
problems regarding the anti-bulletand anti-mine
protection encountered by the tracked military
vehicle on the Romanian army, especially the
MLI and the TR-85 M1 tank, can be solved.
These solutions will be usable according to the
type of mission and will be designed in such a
way that they do not affect the mobility of the
vehicle.
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Blindajul care se afld in momentul de fata pe
MLI 84 si tancul TR-85 M1 aflat in inzestrare
indeplineste cerintele de performantd specificate
in Tabelul 2.1. De asemenea, sunt prezentate
propuneri pentru nivelurile de protectie ale celor
doud masini de lupta, avand in vedere nivelurile
asigurate de produse similare dezvoltate la nivel
international.

The current armor on the MLI 84 AFV and
on the TR-85 M1 tank, meets the performance
requirements specified in the Table 2.1. Also,
proposalsare presented for the levels of protection of
the two combat machines, given the levels provided

by similar products developed internationally.

Tabel 2.1. Nivelul de protectie balisticd pentru MLI-84 si TR-85 M1.

Tip de masini . Valoare nivel STANAG 4569/ AEP-55
NNr. de lupta Zona protejata
cert. blindati a autovehicului Existenta Propusi
blindajul frontal | Nivel 3 (antiglont) | Nivel 4 (antiglont)
blindaj lateral Nivel 2 (antiglont) | Nivel 4 (antiglont)
11 MLI 84 blindajul plafonului | Nivel 1 (antiglont) | Nivel 3 (antiglont)
bhnda.ljul Qm - - Nivel 1 (antimind)
partea inferioara
22 Tancul blindajul frontal | Nivel 4 (antiglont) | Nivel 5 (antiglont)
6 TR-85 M1 blindaj lateral Nivel 3 (antiglont) | Nivel 4 (antiglont)
Table 2.1. Level of ballistic protection for MLI-84 and TR-85 M].
Armored Value level of STANAG 4569/ AEP-55
NNr. . Protected area
cert fighting of the vehicle i A a
. machine type Existenta Propusa
Front armor Level 3 (bulletproof) Level 4 (bulletproof)
Side armor Level 2 (bulletproof) Level 4 (bulletproof)
Ceiling armor Level 1 (bulletproof) Level 3 (bulletproof)
11 MLI 84

Underside armor

Level 1 (antimine)

” TR-85 M1 Front armor

Level 4 (bulletproof)

Level 5 (bulletproof)

Side armor

Level 3 (bulletproof)

Level 4 (bulletproof)

Blindajul existent pe MLI 84 are urmatoarele
caracteristici:

- blindajul frontal din tabld de otel cu
grosimea de 20 mm (inclinare 60° NATO) nivel
3 STANAG 4569

- blindaj lateral din tabla de otel cu grosimea
de 13 mm nivel 2 STANAG 4569

- blindajul plafonului din tabld cu grosimea
de 6 mm nivel 1 STANAG 4569

- blindajul din partea inferioara din tabla
4-5 mm.

The existing armor on MLI 84 AFV has the

following features:

- front armor, 20 mm thick steel sheet

(60° NATO inclination) level 3 STANAG 4569

- side armor, 13 mm thick steel sheet level

2 STANAG 4569

- ceiling armor, 6 mm thick sheet level

1 STANAG 4569

- underside armor, 4-5 mm thick sheet
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Blindajul existent pe Tancul TR-85 M1 are
urmatoarele caracteristici:

- blindajul frontal din tabld de otel cu grosimea
de 80 mm + placd suplimentard 100 mm nivel 4
STANAG 4569

- blindaj lateral din tabld de otel cu grosimea
de 80-100 mm nivel 3 STANAG 4569

Blindajele metalice, utilizate pentru protectia
antiglont si antimind, au constituit, mult timp,
cea mai exploatata clasa de materiale pentru
blindaje si este, incé, solutia cea mai raspandita
pentru protectia balistica in zilele noastre. Desi
materialele pentru blindaje metalice sunt de
inalta calitate, ca rezultat al unei munci intense
de cercetare si experimentare, au aparut sisteme
de blindaje noi si inovative avand la baza diverse
tipuri de ceramica, in diverse combinatii, cu rolul
de a imbunatati protectia balistica, reducand in
acelasi timp masa totala.

Evaluarea performantelor balistice asigurate de
catre aceste blindaje au fost evaluate prin analiza
comparativa a urmatorilor parametri:

® masd;

¢ materiale utilizatein realizareablindajului,
corelate cu costurile impuse;

e rezistenta la impact conform STANAG
4569;

e protectia antimind STANAG 45609.

In cadrul structurii autovehiculelor blindate,
principalele elemente componente ale MLI 84 si
ale Tancului TR-85 M1sunt:

¢ Blindaj frontal;

¢ Blindaj lateral;

¢ Blindajul plafonului;

e Blindajul turelei;

e Blindajul din partea
autovehicului blindat.

In urma analizei comparative, ficuti pentru
diversele tipuri de blindaje, variantele de realizare,
propuse pentru blindajul suplimentar la MLI 84
si tancul TR-85 M1,vor fi de tip blindaj compozit,
deoarece s-a observat ca aceastd variantd de
blindaj este cea mai performanta, comparativ cu
celelalte solutii.

Pentru a ne putea alinia la tendintele actuale
de modernizare a blindajului pentru protectie
antiglont, s-au ales pentru testare urmatoarele
variante prezentate in Tabelul 2.2.

inferioara a

The existing armor on the TR-85 M1 tank has
the following features:

- front armor, 80 mm thick steel sheet + 100
mm additional plate level 4 STANAG 4569

- side armor, 80-100 mm thick steel sheet level
3 STANAG 4569

The metal armor used for bulletproof and
anti-mine protection has long been the most
exploited armor material class and is still the
most widespread solution for today’s ballistic
protection. Although the materials for the metal
armor are high quality, as a result of hard work
of research and experimentation, new and
innovative armor systems have been developed
based on various types of ceramics, in various
combinations, designed to improve ballistic
protection, reducing at the same time the total
mass.

The evaluation of the ballistic performances
provided by these armor was done using the
comparative analysis of the following parameters:

* mass;

« materials used in the realization of the
armor, correlated with the imposed costs;

o impact resistance according to STANAG
4569;

e antimine
STANAG 4569.

Within the structure of armored vehicles, the
main components of MLI 84 AFV and TR-85 M1
tank are:

protection according to

« Front armor;

« Side armor;

o Ceiling armor;

« Turret armor;

« Underside armor.

After the comparative analysis, made for
the different types of armor, the design options
proposed for the additional armor of the MLI
84 AFV and TR-85 M1 tank will be of composite
armor type, noticing that this armor variant it has
the best performance compared to other solutions

In order to be able to comply with the current
modernization trends for the bulletproof armor,
we have chosen to test the following variants
presented in Table 2.2.
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Tabel 2.2. Variante de testare

Grosime | Grosime
. Masa | Dimensiuni | strat ce- totala
Varianta . y Structura
(kg) | (mmxmm) ramic placa
(mm) (mm)
Bllr}daj otel i 500x500 i 1 Tabla ARMOR X 500 fata de expu-
simplu nere + 5 mm +8 mm + 8 mm
Ceramica 14 mm + otel 5 mm + otel
| 42,72 | 500x500 14 32 8 mm + Spalliner 20 mm
ica +
I 23.62 | 400x400 16 39 Ceramica 16 mm + otel 8 mm
+Dyneema 15 mm
Tabla otel manganos de 8 mm + fi-
bra de sticla cu cauciuc siliconic +
. N . e
I i 500x500 48 16 cerar.nlca.2'4 mm fibra d@ ftlcla cu
cauciuc siliconic + ceramica 24 mm
+ fibra de sticla cu cauciuc siliconic
+ tabla otel manganos de 8 mm
Table 2.2. Test variants
Ceramic Total
. Weight | Dimension layer plate
Version (kg) (mm) thickness | thickness Structure
(mm) (mm)
S;Itlgglle ) 500 x 500 ) 71 ARMOR X 500 sheet exposure face
+5 mm+ & mm + & mm
armor
14 mm ceramic + 5 mm steel
I 42,72 1500 x 500 14 32 + 8 mm steel + 20 mm Spalliner
ic +
I 23.62 400 x 400 16 39 16 mm ceramic + 8 mm steel
+ 15 mm Dyneema
8 mm manganese steel sheet+ glass
fiber with silicone rubber + 24 mm
ceramic + glass fiber with silicone
m i 500x 300 48 16 rubber + 24 mm ceramic + glass fiber
with silicone rubber
+ 8 mm manganese steel sheet

In urma testirii variantelor de blindaj
suplimentar propuse, se trag urmdtoarele
concluzii:

- avand in vedere rezultatele obfinute
pentru variantele de blindaj suplimentar propuse
(varianta I si II), structurile compozite pe baza de
ceramicd, realizate si testate, indeplinesc cerinte
de performanta superioare, asigurdnd un nivel
de protectie superior fata de varianta care exista
in momentul de fata pe MLI 84, aflat in dotarea
armatei romane.

Following testing of the proposed additional
armor variants, the following conclusions are
drawn:

- having regard to the results obtained
for the proposed additional armor variants
(versions I and II), the composite ceramic
structures, made and tested, meet higher
performance requirements, providing a higher
level of protection than the currently available
variant on the MLI 84 AFV.
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Fig. 2.1. Varianta II propusd pentru blindajul suplimentar la MLI 84/
Fig. 2.1. Version II of the proposed additional armor for MLI 84

- rezultatele obfinute pentru varianta de
blindaj suplimentar propusa pentru tancul TR-85
M1, blindaj multistrat realizat si testat in cadrul
studiului, indeplineste cerintele de performanta
impuse nivelului 5 STANAG 4569, asigurand
protectie la impactul cu proiectilele perforante de
mare viteza.

Analiza comparativa a variantelor de realizare
s-a facut avand la baza performantele blindajelor
aflat in prezent pe tancul TR-85 M1 si MLI 84.
Dintre acestea, a fost aleasd ca solutie de referintd,
performanta blindajului de pe Puma PSM (pe
plan extern) si performantele blindajului de pe
MLI 84 (pe plan intern).

caracteristicile

considerare

Luand in
prezentate, a fost propusa, ca variantd optima,
blindajul suplimentar varianta II (ceramica
16 mm+ tabld blindaj 8 mm+ pachet Dynena
15 mm) pentru MLI 84.

Varianta III de blindaj suplimentar, fiind
singura varianta realizatd si testata este propusd
ca blindaj suplimentar pentru tancul TR-85 M1.

- the results obtained for the proposed
additional armor version for TR-85 M1 tank,
multilayer armor made and tested in the
study, meets the performance requirements
imposed on STANAG 4569 level 5, providing
impact protection with high-speed perforation
projectiles.

The comparative analysis of the variants
has been made based on the performance of
the currently available armor in the TR-85 M1
tank and MLI 84 AFV. Among them, the Puma
PSM armor performance (externally) and the
performance of the armor from MLI 84 AFV
(internally).

Fig. 2.2.Varianta III propusd pentru

blindajul suplimentar la tancul TR-85 M1/

Fig. 2.2. Version 111 of the proposed for
additional armor for TR-85 M1 tank

Considering the characteristics presented,
it was proposed, as the optimal variant, the
additional armor version II (16 mm ceramic
+ 8 mm armor sheet + 15 mm Dynena package)
for MLI 84.

The additional armored version III, the only
variant made and tested, is proposed as additional
armor for the TR-85 M1 tank.
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1. Concluzii

In urma studiului tehnic privind cresterea
protectiei, prin blindaj la MLI 84 si tancul TR-
85 M1-prin propunerea unor variante de blindaj
suplimentar, se pot trage urmatoarele concluzii:

- se pune accent pe utilizarea blindajelor
suplimentare modulare care asigura diferite nivele
de protectie in functie de tipul misiunii si tipul de
amenitari;

- in comparatie cu blindajele oferite de
senilate pe plan international, variantele propuse
ca solutii tehnice asigura un nivel de protectie
inferior, dar comparativ cu protectia oferita in
momentul de fatd de MLI 84 si tancul TR-85 M1
este sesizabil imbunatatita;

In proiectarea blindajului suplimentar trebuie
sa se ia in considerare stabilirea dimensiunilor de
gabarit, care este o etapa esentiala, acestea fiind in
concordantd cu misiunile specifice si cu cerintele
de bazd impuse de criteriile functionale.

In urma analizei efectuate asupra variantelor
de realizare propuse, rezulta cd varianta de
realizare recomandata a blindajului suplimentar
este varianta II, variantd ce poate fi propusd a fi
studiata si dezvoltata in continuare prin realizarea
modelului experimental pentru MLI 84. Aceast
tip de blindaj suplimentar poate oferi un nivel
de protectie superior in comparatie cu protectia
oferitd in momentul de fata.

Pentru tancul TR-85 M1 se propune ca si
variantd de blindaj suplimentar varianta a IlI-a,
care asigurd un nivel de protectie superior in
comparatie cu protectia oferita la stadiul actual.

Bibliografie/References:

1. Conclusions

Following the technical study on increasing
armor protection to MLI 84 AFV and TR-85 M1
tank by proposing additional armor variants, the
following conclusions can be drawn:

- emphasis is placed on the use of additional
modular armor that provide different levels of
protection depending on the type of mission and
the type of threat;

- compared to the offered armor of the tracked
vehicles internationally, the variants proposed
as technical solutions provide a lower level of
protection, but compared with the protection
currently offered by MLI 84 AFV and the TR-85
M1 tank is noticeably improved;

In the design of the additional armor,
consideration should be given to determining the
overall dimensions, which is an essential step, these
being in accordance with the specific tasks and the
basic requirements imposed by the functional criteria.

Following the analysis of the proposed variants,
it appears that the recommended version of the
additional armor is version II, a variant that can be
proposed to be studied and further developed by
the experimental model for MLI 84 AFV. This type
of additional armor can provide a higher level of
protection than the protection currently afforded.

For the TR-85 M1 tank, it is proposed as an
additional variant of armor version III, which
provides a higher level of protection compared to
the protection offered at the present stage.
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Introducere Introduction
Desfagurarea  programului The flight test program was

de testare in zbor a avut ca scop
verificarea sistemului BrightNite
(Fig.1) prin prisma evaluarii
imbunatatirii pilotabilitatii
elicopterului IAR-330L SAR in
conditii DVE. Acesta este un
sistem compus dintr-un senzor
video sensibil la lumina vizibild
si infrarosu apropiat. Imaginile
in domeniul vizibil si infrarosu
apropiat sunt combinate
(suprapuse) de un computer
rezultand o imagine mult mai
clard decat cea obtinutd de la
senzorii de imagine obisnuiti.

aimed at verifying the BrightNite
system (Figure 1) in terms of
assessing the IAR-330L SAR
helicopter piloting improvement
under DVE conditions. This is
a system composed of a video
sensor sensitive to visible light
and near infrared. Close-up
visible and near-infrared images
are combined (superimposed)
by a computer resulting in a
much clearer picture than that
obtained from ordinary image
Sensors.

Rezumat:

Evaluarea unei  aeronave
in scopul certificirii noilor
configuratii ~ de  echipare
reprezintd un element de
bazd pentru determinarea
influentelor induse de
prezenta  diferitelor  tipuri
de acrosaje sau utilizarea
unor echipamente noi asupra
caracteristicilor si calitdtilor de
zbor ale aeronavei. Lucrarea
isi propune sd  furnizeze
principalele categorii de teste si
metode utilizate in programul
de testare pentru determinarea
si evaluarea influentelor pe care
0 au aceste tipuri de acrosaje
sau  echipamente  asupra
principalelor performante  si
calitdti de zbor ale elicopterului
IAR-330L SAR.

Abstract:

Evaluation for certification
of new aircraft configurations
equipment represents a basic
element for determining the
influences induced by the
presence of different types
of stores or by the use of
new equipment on the flight
characteristics and qualities of
the aircraft. The paper aims to
provide the main categories of
tests and methods used in the
test program to identify and
evaluate the influences of using
new equipment or the influence
of these types of external storages
have on key flying performances
and qualities of IAR-330L SAR.

SCIENTIFIC RESEARCH _




BE] CERCETARE STIINTIFICA

Fig. 1 Sistemul BrightNite/Fig. 1 BrightNite System

Imaginea rezultatd este afisata pe HMD.
In acelasi timp, un computer genereaza o imagine
grid a reliefului terenului deasupra cédruia se
zboard care include si obstacole. Aceasta imagine
este de asemenea afisata pe HMD in acelasi timp
cu imaginea de la senzorul de imagine. In plus,
noaptea se pot folosi ochelarii de vedere pe timp
de noapte (NVG). Acest sistem cuprinde §i un
MEFD prin care se poate controla sistemul si pe
care se afiseaza imaginea de la EOP sau harta GPS.

Metoda de instrumentare

Sistemul de instrumentare utilizat pentru
configuratia  specifica  elicopterului  IAR-
330L SAR a constat in montarea unui rack cu
aparatura specializatd in compartimentul cargo
al elicopterului, care cuprinde un sistem de
achizitie si inregistrare date tip ACRA KAM-
500, utilizat pentru inregistrarea unor marimi
analogice, a unui canal (redundant) mux-bus
1553B si a sapte canale pe magistrala ARINC
429 si, in plus, pentru cresterea acuratetei de
masurarea pozitiei 3D a elicopterului s-a montat
un sistem GNSS-PPP de tip NovAtel PwrPak?7-
E1(SPAN).Etalonarea sistemului de achizitie
s-a realizat pe baza fiselor de etalonare existente
in cadrul CCIZ iar validarea parametrilor
achizitionati s-a realizat prin executarea unui
zbor in anvelopa.

Metode de prelucrare si analiza a datelor
utilizate:

Prelucarea si analiza datelor de interes aferente
testelor efectuate pentru verificarea etalonarii si
functionarii sistemului de achizitie si inregistrare
date de zbora presupus o comparatie a datelor
inregistrate din mai multe surse pentru aceeasi
mdrime fizicd, precum si verificarea functionarii
tuturor parametrilor selectionati.

The resulting image is displayed on the HMD.
At the same time, a computer generates a grid
image of the terrain relief, including obstacles.
This image is also displayed on the HMD at the
same time as the image from the sensor image. In
addition, night goggles can be used in night time
(NVG). This system also includes a MFD that
controls the system and displays the EOP image
or GPS map.

Instrumentation method

The instrumentation system used for the
IAR-330L SAR specific helicopter configuration
consistedintheinstallation ofarackwith specialized
equipment in the helicopter cargo compartment,
comprising an ACRA KAM-500 data acquisition
and recording system used to record analogue
signals, a redundant mux-bus 1553B and seven
channels on the ARINC 429 bus and, in addition,
a NovAtel PwrPak7-E1 (SPAN) GNSS-type system
was installed to increase the accuracy of measuring
the 3D helicopter position. Calibration of the
acquisition system was performed on the basis of
existing calibration data sheets in the RFTC and
the validation of purchased parameters was done
by performing a flight.

Data processing and analysis methods used:

Taking over and analyzing the data of interest
for the tests performed to verify the calibration
and operation of the flight data acquisition and
recording system required a comparison of
recorded data from multiple sources for the same
physical size as well as the verification of the
operation of all selected parameters.
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Analiza performantelor a fost efectuata pe
baza urmatorilor indicatori:
e Valoarea minima a setului de date ;
e Valoarea maxima a setului de date ;
e Valoarea medie a setului de date : ;
e Deviatia standard:

. /zi-“;l(xi—aé)z
S = N—1

Desfasurarea incercarii

Evaluarea s-a realizat pentru zborul la punct
fix si viteza micd a elicopterului in configuratia
standard de echipare a elicopterului IAR-330L
SAR (instrumentat) intr-un mediu vizual
degradat simulat.

Tipurile standard de manevre aeriene, stabilite
conform procedurii de testare si avind la baza
standardul ADS-33E-PRE au fost:

1. Repozitionarea longitudinala:
1.1 Obiective:

e Verificarea axei de tangaj si abaterile
(devierile) dupa aceasta axd, a calitatilor de
pilotabilitate pe parcursul unei manevre cu
agresivitate limitata.

e Verificarea cuplajelor nedorite dintre
comanda dupa axa longitudinala si axa lateral
directionala.

e Verificarea concordantei dintre axa de
tangaj si abaterile controlului dupa axa de tangaj.

e Verificarea capacitatii de restabilire a
pozitiei stabilizate la punct fix dupa schimbarea
pozitiei de echilibru.

e Verificarea capacitatii de a mentine
pozitia precisa, cursul si altitudinea in conditii de
mediu vizual degradat (sau simulat).

Performance analysis was performed on the
basis of the following indicators:
e Minimum value of data set;
e Maximum value of data set;
e Average value of : data set:;
e Standard deviation:

Z?’:l(x[_xl)z
N-1

S =

Running the test

Testing was performed for hover and flight
at low-speed in the standard IAR-330L SAR
helicopter configuration (instrumented) in a
simulated visual degraded environment.

The standard types of air maneuvers,
established according to the test procedure and

based on the ADS-33E-PRF standard, were:
1. Longitudinal repositioning:
1.1 Objectives:
e Verification of the

deviations and pilotability qualities during a

pitch  axis

maneuver with limited aggressiveness.

e Checking for undesired couplings
the the

directional axis.

between longitudinal axis and

e Checking the consistency between
the pitch and the deviation of the pitch control.
of

fixation capacity at fixed point after changing

e Verification fixed position
the equilibrium position.

e Verifying the ability to maintain
accurate position, course and altitude under
degraded (or simulated) visual conditions.

g marcaj = d &
-PS Pl - KR
*@) e e =
0 - - PF
=P V=0 Km/h - V=74 Km/h = —PV=0 km/h
D/2 \ D/2 b
N L] >
« Accelerare >« Decelerare >

Fig. 2 Manevra de plecare/abandonare/Fig. 2 Departure/abandon maneuver
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1.2 Date obtinute:
e Parametrii achizitionati in faza de

accelerare a acestei probe sunt prezentati in
Fig. 3:

1.2 Obtained data:
e The the
acceleration phase of this test are shown in Fig. 3:

parameters acquired in
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Fig. 3 Repozitionarea longitudinald - accelerare/Fig. 3. Longitudinal repositioning - acceleration

2. Repozitionare laterala:
2.1. Obiective:

e Verificarea axei de ruliu i
abaterile(devierile) dupa aceasta axa, a calitatilor
de pilotabilitate pe parcursul unei manevre cu
agresivitate limitata.

e Verificarea cuplajelor nedorite dintre
comanda dupa axa ruliu si alte axe.

e Verificarea capacitatii de a mentine
pozitia precisd, cursul si altitudinea in conditii
de mediu visual degradat (sau simulat).

2. Lateral reposition:
2.1.0bjectives:

e Verifying deviations along roll axis
and the pilotability qualities during a maneuver
with limited aggressiveness.

e Check for unwanted
between the roll axis and other axis.

e Verifying the ability to maintain
accurate position, course and altitude under
degraded (or simulated) visual conditions.

couplings

marcaj _

- A- : d d "
-PS Pl RO
2P V=0 Kmh —P V= 65Km/h gy
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- Da Dd

- > »

« Accelerare > Decelerare >

Fig. 4 Repozitionare laterald/Fig. 4. Lateral reposition
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2.2.Date obtinute:
e Parametrii  achizitionati faza de

decelerare a acestei probe sunt prezentati in
Fig. 5:

in

2.2.0btained data:
e The parameters acquired in deceleration

phase of this test are shown in Fig. 5:
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Fig. 5 Repozitionare laterald - decelerare/Fig. 5. Lateral reposition - deceleration
3. Zbor la punct fix: 3. Hover:
3.1. Obiective: 3.1.0bjectives:
e Verificarea capacititii de tranzitie de e Checking the transition capability

la zborul de translatare longitudinal la zborul
la punct fix stabilizat de precizie, manevra
executindu-se cu o agresivitate rezonabila.

e Verificarea capacitdtii de a mentine
pozitia precisa, cursul si altitudinea in conditii de
mediu visual degradat (sau simulat)

1.1. Date obtinute:
e Parametrii achizitionati in faza de
tranzitie de la zborul de translatare longitudinal
la punct fix stabilizat sunt prezentati in Fig. 7:

3.2. Rezultate obtinute

In urma executdrii zborurilor de incercare,
parametrii necesari evaludrii imbunatafirii
pilotabilitatii elicopterului IAR-330L SAR in
conditii DVE au fost determinati prin prelucrarea
datelor achizitionate in mediul de programare
MATLAB. Acestia sunt prezentati in tabelul
nr.l. Prin compararea parametrilor obtinuti
cu cerintele din ADS-33E-PRF/31.03.2000,
s-a demonstrat conformarea criteriilor de
manevrabilitate ale elicopterului IAR-330L
SAR echipat cu sistemul BrightNite la rigorile
standardului mai sus mentionat.

from the longitudinal translation flight to hover,
maneuvering with reasonable aggressiveness

e Verifying the ability to maintain
accurate position, course and altitude under
degraded (or simulated) visual conditions.

1.1. Obtained data:

e The parameters acquired in transition
phase from the longitudinal translation flight to
hover are shown in Fig. 7:

3.2. Obtained results

Following the flight tests, the parameters
needed to assess the IAR-330L SAR helicopter
pilotability improvement in DVE conditions were
determined by processing the data acquired in
the MATLAB programming environment. These
are presented in table no.l. By comparing the
obtained parameters to the requirements of ADS-
33E-PRF / 03.31.2000, it has been demonstrated
compliance criteria for handling the IJAR SAR-
330L fitted with the BrightNite system, to the
requirements mentioned above.
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Fig. 7 Manevrd punct fix/Fig. 7 Hover maneuver
li\:::;:i:i ll{;I: t(g)iztil?doiz:;; Repozitionare laterald Zbor la punct fix
Faza 1: Faza 2: Faza 1: Faza 2: Faza 1: Faza 2: Faza 3:
Accelerare Decelerare | Accelerare | Decelerare | Tranzitie Punct fix | Punct fix
Medie 552.4532 554.224 554.1736 555.2139 547.422 553.9253 | 552.9304
% _ Minima 548.4495 553.6311 550.6974 555.0789 545.7444 550.2021 | 552.4881
_g é Maxima 556.2219 555.1551 555.879 555.4599 549.0591 558.8508 | 553.3263
= 5:;21‘2?;3 2.5206 0.5007 1.4374 0.1381 0.9541 27135 | 0.2385
Medie 23.2241 11.1097 24.9466 19.8849 2.2692 14.1088 5.2004
8 — Minima 2.4308 10.3018 3.9355 19.6775 0.1158 1.6205 2.6623
é E Maxima 43.1748 12.3853 38.7763 20.2563 3.4725 22.224 8.4498
5::1’3?;3 12.5741 0.6166 9.5918 0.1967 0.8975 6.4496 | 1.7208
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Manevra Rep oz 1thnar? Repozitionare laterala Zbor la punct fix
Parametri longitudinala
Faza 1: Faza 2: Faza 1: Faza 2: Faza 1: Faza 2: Faza 3:
Accelerare Decelerare | Accelerare | Decelerare | Tranzitie Punct fix | Punct fix
Medie -144.0372 -142.9318 30.6805 30.3552 -57.7446 -12.92 -23.4156
=
>§ = Minima -149.8096 -146.3214 25.8563 30.2344 -63.8965 -25.5597 -25.5597
L O
= go Maxima -138.4442 -141.6083 37.4304 30.4596 -52.6135 -6.1359 -19.7205
Q_‘ —_—
s ..
© Deviagia | ) 1 1¢ 1.478 2.3855 0.0626 3.6403 4.6654 1.608
standard
Medie 25.5309 25.5303 25.5307 25.5317 25.5327 25.5308 25.5316
(5
;5 i Minima 25.5302 25.5302 25.5298 25.5315 25.5327 25.53 25.5316
S
éb g.o Maxima 25.5317 25.5303 25.5317 25.5317 25.5327 25.5317 25.5317
g8
S .
Deviatia 0.0005 2.57E-05 0.0006 426E-05 | 8.67E-06 | 0.0006 | 2.57E-05
standard
Medie 45.7014 45.7007 45,7007 45.7016 45.6969 45,7009 45,7017
.% = Minima 45.7007 45.7007 45.7 45.7015 45.6968 45.7001 45.7016
S
é F‘?Q Maxima 45.7021 45.7008 45.7016 45.7016 45.6969 45.7017 45.7017
T = . ..
= Deviatia 0.0005 2.70E-05 0.0005 1.65E-05 | 3.00E-05 | 0.0006 | 5.52E-06
standard
Distanta dintre 199.9953 125307 | 227.414 11.1439 95144 | 217.806 | 7.1605
PS si PF [m]
Durata manevrei [s] 31 4 33 2 20 57 5
Deviatie mentinere 25 0.5 1.4 0.14 0.9 2.7 0.23
altitudine [m]
Deviatia mentinere
L 12.6 0.6 9.6 0.2 0.9 6.4 1.7
viteza [m/s]
Deviatie mentinere 22 14 24 0.06 3.6 46 1.6
cap adevarat [gr]
Distanta Punct de
Start la Punct 200 12.5 227 11.14 9.1 217 7.16
Final [m]
Distanta fata de
axa x a aeronavei - 3.6 - 3.77 34 - 2.1
(toleranta) [m]
Tabel nr. 1 Rezultate zbor
Maneuver Longitudinal repositioning Lateral reposition Hover
Parameters
Phase 1: Phase 2: Phase 1: Phase2: Phase 1: Phase2: Phase 3:
Acceleration Deceleration | Acceleration | Deceleration Transition Hover Hover
Med 552.4532 554.224 554.1736 555.2139 547.422 553.9253 552.9304
i Min 548.4495 553.6311 550.6974 555.0789 545.7444 550.2021 552.4881
S —
§ E Max 556.2219 555.1551 555.879 555.4599 549.0591 558.8508 553.3263
<
Standard |, o) ¢ 0.5007 1.4374 0.1381 0.9541 27135 0.2385
deviation
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Maneuver Longitudinal repositioning Lateral reposition Hover
Parameters
Phase 1: Phase 2: Phase 1: Phase2: Phase 1: Phase2: Phase 3:
Acceleration Deceleration | Acceleration | Deceleration Transition Hover Hover
Med 23.2241 11.1097 24.9466 19.8849 2.2692 14.1088 5.2004
< — | Min 2.4308 10.3018 3.9355 19.6775 0.1158 1.6205 2.6623
e
2E | Max 43.1748 12.3853 38.7763 20.2563 3.4725 22.224 8.4498
Standard | ), o) 0.6166 9.5918 0.1967 0.8975 6.4496 1.7208
deviation
Med -144.0372 | -142.9318 30.6805 30.3552 -57.7446 12.92 -23.4156
@ Min -149.8096 | -146.3214 25.8563 30.2344 -63.8965 | -25.5597 | -25.5597
T 8| Max -138.4442 | -141.6083 37.4304 30.4596 52,6135 | -6.1359 | -19.7205
£=
Standard |, )¢ 1.478 2.3855 0.0626 3.6403 4.6654 1.608
deviation
Med 25.5309 25.5303 25.5307 25.5317 255327 | 255308 | 25.5316
€ _ | Min 25.5302 25.5302 25.5298 25.5315 25.5327 25.53 25.5316
= oo
@3 | Max 25.5317 25.5303 25.5317 25.5317 255327 | 255317 | 25.5317
S Standard
ancar 0.0005 2.57E-05 0.0006 426E-05 | 867E-06 | 0.0006 | 2.57E-05
deviation
Med 457014 45.7007 45.7007 457016 456969 | 457009 | 45.7017
. Min 45.7007 45.7007 457 457015 45.6968 | 45.7001 457016
o]
S
£ Max 45.7021 45.7008 457016 457016 456969 | 457017 | 45.7017
5 —
Standard | ) 0 2.70E-05 0.0005 1.65E-05 | 3.00E-05 | 0.0006 | 5.52E-06
deviation
Distance betwin
199.9953 12.5307 227.2414 11.1439 9.5144 217.806 7.1605
SP and FP [m]
Time of 31 4 33 2 20 57 5
maneuver [s]
Menteining altitu- 25 0.5 1.4 0.14 0.9 2.7 0.23
de deviation [m]
Menteining speed 12.6 0.6 96 0.2 0.9 6.4 1.7
deviation[m/s]
Menteining
True HDG 2.2 1.4 2.4 0.06 3.6 4.6 1.6
deviation[deg]
Distance SP 200 125 227 11.14 9.1 217 7.16
to FP [m]
Distance to x axis
of the helicopter - 3.6 - 3.77 3.4 - 2.1
[m]

Table nr. 1 Results
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Concluzii

Rezultatele obtinute pe parcursul
desfasurdrii  activitatilor de testare
au permis determinarea s§i evaluarea
parametrilor ~de interes necesari
indeplinirii obiectivelor planificate si s-au
utilizat in scopul evaluarii elicopterului
in conformitate cu cerintele calitatilor in
standardul ADS-33E-PRF/31.03.2000.

Rezultatele obfinute au permis,
in aceiasi mdsura, o evaluare privind
capacitatea elicopterului de a opera in
conditiile unui mediu vizual degradat,
fara a fi afectate siguranfa si securitatea

Conclusions

The results obtained during the
testing activities allowed to determine
and evaluate the parameters of interest
necessary for the fulfillment of the
planned objectives and were used for
the helicopter evaluation according to
the quality requirements of the
ADS-33E-PRF/31.03.2000 standard.

The results also allowed an assessment
of the ability of the helicopter to operate
in a degraded visual environment without
affecting flight safety and security using

zborului, utilizind sistemul BrightNite. the BrightNite system.
Abrevieri: Abbreviation:
Aeronautical Standard on Perfor-

Standard .geronautic priVindv . ADS-33E-PRE | mance Speci.ﬁ'cations gnd

ADS-33E-PRE specificatiile de performanta si Mane}lyerablht){ Requirements
cerintele de manevrabilitate for Military Helicopters
pentru elicopterele militare DVE Visually degraded environ-

DVE Mediu vizual degradat ment

GVE Mediu vizual optim GVE Optimal visual environment

PS Punct start PS Start Point

PI Punct intermediar PI Intermediate point

PF Punct final PF Final Point

D Distanta D Distance

V. Viteza fata de sol vV, Ground speed

H Altitudinea fata de sol H Altitude

HMD Helmet Mounted Display HMD Helmet Mounted Display

MFD Multi-function Display MFD Multi-function Display

EOP Electrono-Optic Podt EOP Electrono-Optic Podt

GPS Global Positioning System GPS Global Positioning System
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Abstract:

Inregistrarile sau
analizele amprentelor
acustice ale navelor de
suprafatd care pot constitui
potentiale ameninfari
(precum ambarcatiuni

rapide deghizate in nave
de agrement sau pescuit)
la  adresa  obiectivelor
apartinand  infrastructurii
critice aflate in proximitatea
litoralului  romanesc  al
Marii  Negre prezintd un
interes deosebit. Tindndu-
se cont de prevederile
Codului International
pentru Securitatea Navelor
si a Facilitatilor Portuare -
ISPS, adoptat de Organizatia
Maritima Internationald -
IMO, in cadrul Centrului de
Cercetare Stiintificd pentru
Fortele Navale a fost realizat
un subsistem hidroacustic de
determinare a amprentelor
navelor ~ de  suprafafd.
Lucrarea prezintd o parte
din rezultatele obfinute pe
parcursul stabilirii ceringelor
si  configuratiei  acestui
subsistem.
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HYDROACOUSTIC SIGNATURES
OF SURFACE SHIPS
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Cpt.cdor.ing. Valerici ROSCA
Dr.mat. Elena-Gabriela CURCA
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Captain eng. Roxana-Gabriela DAMIAN, Phd student
Captain(N) eng. Catilin FRATILA
Commander eng. Valericd ROSCA
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1. Introducere

Din punct de vedere acustic,

0 nava reprezintd o sursa

radianta cu un

de

componente
determinate de functionarea
diferitelor ~ echipamente

specific, cum ar fi

restrans,

interes de peste 65 de ani.
Primele lucrari,
analizat zgomotul subacvatic
produs de nave au fost publicate

G. Wenz in 1962.

1.Introduction
From the acoustic point of

' view, a ship is a radiant source

spectru  de ' with a broadband spectrum

banda larg si cu o serie intreagd ' and a whole range of discrete

discrete, ' components,

determined

' by the operation of various
_ de 1a bord i 3! | on-board
mecanisme de la bord. Analiza | o popisms, Shipborne noise

zgomotelor si vibratiilor la nave | o .
o ] i ... rand vibration analysis have
prezintd anumite particularitati : specific
legate de modul de exploatare pect ,
spatiul ' specific operation mode, such

densitatea mare de ias limited space, high density
mecanisme §i echipamente de 30f on-board mechanisms and

la bord, amplasarea acestora - equipment, their location along

pe lungimea navei etc. Studiul | the ship’s length, etc. The study

zgomotului subacvatic prezinta of underwater noise has been

iof interest for over 65 years.

in care este  Knudsen et al.

G Wenz published the first
' papers,

de Knudsen et al. in 1948 si | underwater

by ships, in 1962.

equipment  and

features related to

in 1948 and

which analyse the
noise produced
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2.Cadrul general in
masurarea §si modelarea
zgomotului marin

Bruiajul  acustic  datorat
zgomotului  propriu  navei,
zgomotului  mecanismelor  si
maginilor navale, zgomotului

curgerii turbulente si celui dat de
valul de prova, soseste la antenele
hidroacustice ale unui sistem
hidoacustic cu antene montate
la bord pe diferite cdi. In Fig. 1
sunt reprezentate traiectoriile
urmate de zgomotele provenite
din diferite surse pand la antena
unui sistem hidroacustic (dispusd
pe o nava de suprafatd).

2. General frameworkfor
measuring and modeling
marine noise

The acoustic jamming due to
the ship’s own noise, the noise of
the naval machinery, the noise
of turbulent flow and that given
by the wave of the bow, arrives
on different paths at the hydro-
acoustic antennas of a hydro-
acoustic system with antennas
mounted on board. Fig. 1 shows
the noise trajectories from
different sources to the antenna
of a hydro-acoustic system

(disposed on a surface vessel).

5T
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Fig. 1- Traiectoriile urmate de zgomotele provenite din diferite surse
pand la antena unui sistem hidroacustic/Fig. 1 shows the noise
trajectories from different sources to the antenna of a hydro-
acoustic system (disposed on a surface vessel) dispusd pe o navd de
suprafata)/Fig. 1- The noise trajectories from different sources to the
antenna of a hydro-acoustic system (disposed on a surface vessel).

Traiectoria A reprezintd calea
aflatd in intregime in corp, cale pe
care vibratiile produse de masini,
mecanisme si de axul principal,
ajung in zona de amplasare a
antenei hidroacustice din prova
navei. Aceste vibratii sunt emise
de corpul navei sau determina
vibratia elementelor de fixare
a antenei hidroacustice si a
peretilor carcasei hidrodinamice.

Trajectory A is the path that
is entirely within the body, a
path that machine vibrations,
mechanisms,
shaft reach into the hydro
acoustic antenna located on

and the main

the ship's bow. These vibrations
are emitted by the ships body
or cause vibration to the hydro
acoustic antenna fasteners and
hydrodynamic housing walls.

W//A‘ﬁlf

Abstract:

The recordings or analyses
of acoustic signatures of
surface  ships  that can
become  potential  threats
(such as: fast boats disguised
as leisure or fishing boats)
towards objectives that are
part of critical infrastructure
sited in proximity of the
Romanian Black Sea Littoral
are of a particular interest.
Considering the provisions
of the International Ship
and Port Facility Security
Code - ISPS, adopted by
the International Maritime
Organization, the Research
Center ~ for ~ Navy  has
developed a hydro-acoustic
subsystem  for determining
the signatures of surface ships.
This paper presents a part of
the results obtained during
the definition of requirements
and configuration of this
subsystem.
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Traiectoria B este dispusd in intregime prin
apa si pe ea se propagd zgomotele produse de
elicile navei spre antena hidroacustica.

Traiectoria C reprezinta calea de trecere spre
antena hidroacustica a zgomotului elicelor prin
reflexie de la neuniformitétile aflate in acvatoriu.
Aceleasi neuniformitati produc si reverberatia
de volum.

Traiectoria D reprezinta calea prin care
zgomotul reflectat sau dispersat de fundul
acvatoriului poate ajunge la antena hidroacustica.
La navele de suprafatd care naviga in ape putin
adanci, aportul principal la zgomotul propriu il
are zgomotul care se propagad pe traiectoria D.
Zgomotul produs de valul de prova ajunge la
antena hidroacusticd pe traiectoria E.

Campul acustic subacvatic ridicat creeaza
mari inconveniente navelor de lupta, acestea
fiind descoperite cu usurinta de sistemele de
hidrolocatie inamice, de torpilele cu cap acustic
de ghidaj sau putand activa minele marine cu
canal acustic de garda. Tot acest cAmp acustic
propriu ingreuneazd detectia unor potentiale
tinte (mai ales in regim pasiv) si, nu in ultimul
rand poate altera informatiile despre ,,semnétura”
acusticd a contactelor submarine.

Trajectory B is entirely arranged by water, and
it spreads the noises produced by ship’s propellers
to the hydro-acoustic antenna.

Trajectory C represents the path to the hydro
acoustic antenna ejection through reflection
from the non-uniformities in the water. The same
irregularities produce the volume reverberation.

Trajectory D is the way the noise reflected or
dispersed from the bottom of the aquarium can
reachthehydro-acousticantenna. Onsurfaceships
sailing in shallow waters, the main contribution to
the noise is the noise that propagates on trajectory
D. The noise produced by the bow wave reaches
the hydro acoustic antenna on trajectory E.

The underwater acoustic field creates great
inconvenience to combat ships, which are easily
discovered by enemy hydro lock systems, acoustic
head torpedoes, or capable of activating seafront
mines with acoustic guards. This acoustic field
makes it difficult to detect potential targets
(especially passive) and, finally yet importantly,
can alter the information on the acoustic signature
of submarine contacts.

The noise level for different ship classes
(according to the literature) is presented, at the
informational level, in the following figures:

30 1 I R AN B | IR ERLLLRIALE T ll]l.lllllill
. t'\III:n:n;}rI violrslst'iulr[sl e Smatll worships Merchant ships
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T 40| ~—— =419 — — cr=5.2\7_ =
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o — Aircroft -
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o oc=92
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Fig.2-Nivelul de zgomot propriu pentru diferite clase de nave/
Fig.2- Noise level for different ship classes
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200 <
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Fig.3 - Nivel de zgomot radiat in mediul marin de diferite nave de suprafatd la aceiasi vitezd/
Fig.3- Noise level radiated in the marine environment by different surface vessels at the same speed

Nivelul de zgomot propriu pentru diferite clase
de nave (conform informatiilor din literatura de
specialitate) este prezentat, la nivel informativ, in
figurile urmétoare:

Simularea in totalitate a caracteristicilor
campului  acustic este dificila  datorita
imposibilitatii descrierii cu exactitate (chiar si
probabilistic) a interactiunilor dintre corpul
navei si valuri si totodata a sensibilitétii extreme
a rezultatelor fata de modificarea unor valori de
intrare (turatia elicii, oboseala in timp a unor
amortizori etc.).

Pentru cdmpul acustic al navelor STANAG
1136 (Ed.3) stabileste un set de principii
procedurale si de metode aferente de masurare si
raportare a nivelului de zgomot radiat in mediul
marin.

STANAG 1136: 1995 - Standards for Use
when Measuring and Reporting Radiated Noise
Characteristics of Surface Ships, Submarines,
Helicopters etc. in Relation to Sonar Detection
and Torpedo Acquisition Risk. STANAG 1136
este singurul standard care se referd in detaliu
la metodologii si configuratii de madsurare a
zgomotului si este specific domeniului militar

CCSFN a coordonat grupul de lucru pentru
analiza STANAG 1136. Incepand cu septembrie
2008 se doreste implementarea prevederilor

The simulation of the acoustic field
characteristics is difficult due to the impossibility
of accurately (even probabilistically) describing
the interactions between the ship’s body and the
waves, as well as the extreme sensitivity of the
results to the change of input values (the speed
of the propellers, etc.).

For the acoustic field of ships STANAG 1136
(Ed.3) sets out a set of procedures and methods
for measuring and reporting the level of radiated
noise in the marine environment.

STANAG 1136: 1995 - Application standards
for the measurement and reporting of radiated
noise characteristics of surface vessels,
submarines, helicopters, etc. in connection
with sonar detection and the risk of torpedo
acquisition.STANAG1136 is the only standard
that refers in detail to noise measurement
methodologies and configurations and is specific
to the military domain

The Research Center for Navy has
coordinated the STANAG 1136 analysis working
Group. Since September 2008, STANAG 1136/
Ed3 (promulgated) “Standards for use when
reporting radiated noise

measuring and
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STANAG 1136/Ed3 (promulgat) “Standardas
for use when measuring and reporting
radiated noise characterisitcs of surface ships,
submarines, helicopters etc. in relation to sonar
detection and torpedo acquisition risk”.

Standardul stabileste un set de principii
procedurale si de metode aferente de masurare
si raportare a nivelului de zgomot radiat in
mediul marin de nave de suprafatd, submarine,
elicoptere etc. pentru statele membre NATO
care au acceptat si implementat acest standard,
in vederea realizdrii  interoperabilitatii
in domeniul aprecierii posibilititilor de
descoperire ale sistemelor sonar proprii si a
riscurilor la care se expun platformele contra
torpilelor si minelor marine. Prin raportarile
efectuale in conformitate cu STANAG 1136 se
obtin:

- informatii despre diferitele
caracteristicile zgomotului radiat de nava intr-o
formd corespunzatoare pentru utilizare in
ecuatia sonarului si de asemenea caracteristicile
acesteia ca tinta detectabila cu dispozitive de
tip sonar sau dispozitive de ghidare instalate pe
torpile.

- o posibilitate de comparare a caracte-
risticilor zgomotului radiat de alte nave din
aceeasiclasasisemnalizareaabaterile constatate,
urgenta remedierilor care se impun si cauzele
care le determing, la nivelul corespunzitor de
autoritate.

- inregistrari in detaliu ale
caracteristicilor zgomotului ca referinte tehnice
in special privind proiectarea viitoarelor nave.

Componentele majore ale unui sistem
conform cu cerintele din STANAG 1136 si
unele caracteristici relevante sunt:

e Nava suport:

- asigura dislocarea echipamentelor
si personalului in locatia unde vor fi executate
masuratorile;

- are capabilitate de a stationa cu toate
sursele de zgomot oprite;

- asigura suportul necesar lansarii/
recuperdrii  hidrofoanelor (cu  ajutorul
scafandrilor autonomi sau utilizand ROV-uri
de lucru);

characteristics of surface ships, submarines,
helicopters, etc. in relation to sonar detection
and torpedo acquisition risk. has been
implemented

The standard establishes a set of procedural
principles and related methods of measuring and
reporting the level of radiated noise in marine
environment of surface ships, submarines,
helicopters, etc. for NATO member states that
have accepted and implemented this standard
to achieve interoperability in assessing the
possibilities of discovery of their own sonar
systems and the risks posed to platforms against
torpedoes and mines.Reports according to
STANAG 1136 supply the following information:

- information on various characteristics
of the ship radiated noise in a state that can
be used in the sonar equation, and also its
characteristics as target detectable by torpedo-
mounted sonar and guidance devices.

- the possibility to compare the noise
characteristics radiated by same-class ships and thus
to transmit to corresponding authority level the
signal regarding the noise characteristics deviations,
to determine the degree of emergency of the
imposed reparations, and the determining cause.

- detailed
characteristics as technical reference, especially
regarding the further ships design.

recordings of  noise

Major components of a system according
to STANAG 1136 requirements and some
relevantcharacteristics are:

e The support ship:

that the equipment
staff are dislocated at the location where the
measurements will be carried out;

- it has the ability to stay with all the
sources of noise off;

- ensures and

- provides support for launching/
recovering hydrophones (using autonomous

divers or using ROVs);

- it has the necessary equipment for
monitoring the evolution of the vessel to be
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- are dotdrile necesare supravegherii
evolutiei navei supuse masurarii (drum, viteza etc.);
e Hidrofoane:

- hidrofon T - destinat studiului
detaliat al zgomotului radiat in banda: 10 Hz
...1200 Hz.

- hidrofon B - destinat studiului
detaliat al zgomotului radiat in banda: 10 Hz
...80.000 Hz.

e Cabluri pentru hidrofoane: culungimile
necesare amplasarii in condifii optime a
hidrofoanelor.

Datorita acestei cerinte se poate impune ca
hidrofoanele sd aibd preamplificator incorporat.

e Sistem de achizitie si prelucrare a datelor:
- asigura inregistrarea semnalelor cu

frecvente maxime de 100 kHz, pe cele doud
canale la care sunt cuplate hidrofoanele;

- permite analize in benzi de 1/1 si 1/3
octave astfel incat sa poata fi determinate:
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Working  Input : Input ; FFT ——— | Y=57848/1.00uPa
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144
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Fig. 4- Spectru zgomot pentru o nava cf. STANAG 1136/
Fig.4- Noise Spectrum for a ship according to STANAG 1136

measured (road, speed, etc.);

e Hydrophones:

the
the

-one ,I” track hydrophone, for
detailed study of the noise radiated in
frequency range: 10 Hz ...1200 Hz .

the
the

- one ,,B” band hydrophone, for
detailed study
frequency range: 10 Hz ...80.000 Hz.

of the noise radiated in

e Hydrophone cables: with the required
lengths for optimum hydrophone positioning.

Due to this requirement it is possible
requires hydrophones to have a built-in
preamplifier.

¢ Data acquisition and processing system:

- ensuring the recording of signals
of maximum frequency 100 kHz, on the two
channels to which the hydrophones are coupled;

- the system enables the analysis in
ranges 1/1 and 1/3 octaves so that there can be
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= vitezele de initiere a fenomenului de
cavitatie la elice;

= detalii despre domeniul de viteza si
severitatea «suieratului/singing» zgomotului
elicelor ori de cate ori acesta apare;

» detalii referitoare la incidenta si
severitatea semnalului periodic produs de palele
elicelor si atunci cand este posibil, incidenta
si adancimea modulatiei zgomotului de banda
largda (100...80000Hz) datoratd semnalului
periodic produs de pale.

* permite introducerea corectiilor de
calibrare specifice fiecarui hidrofon in parte;

* permite inregistrarea  semnalelor
receptionate pentru analize si prelucrari
ulterioare;

* functioneaza cu un consum energetic
redus.

Masurdtori ale nivelului de zgomot pentru
diferite tipuri de nave au fost efectuate de
specialisti ai CCSFN, in conformitate cu
prevederile STANAG 1136.

ig. 4- Spectru zgomot pentru o navd cf.
STANAG 1136

Pentru domeniul civil exista numai
standarde in curs de elaborare sau documente
de reglementare in domeniu (rapoarte,
recomandari):

e ISO/PAS 17208: 2012 - Acoustics -
Quantities and procedures for description and
measurement of underwater sound from ships.

e ICES - Cooperative Research Report
No. 209, Underwater Noise of Research Vessels
Review and Recommendations, 1995.

e ANSI/ASA S§12.64-2009/Part 1,2 -
Quantities and Procedures for Description and
Measurement of Underwater Noise from Ships.

e NPL Good Practice Guide No.
133, mart. 2014 - Good Practice Guide for
Underwater Noise Measurement.

In afard de aceste reglementiri de ordin
general au fost elaborate ghiduri pentru
masurdtori de zgomot pe tip de sursd
antropogenicd (prospectiuni cu retele de tunuri
pneumatice, foraje, amplasarea de piloni etc.).

ANSI/ASA $12.64-2009 “Quantities
and Procedures for the Description and

determined:
- the propeller cavitation start speed;

- details of the speed range and the
severity of “whistling/singing” the spike noise
whenever it occurs;

- details of the incidence and severity
of the periodic signal produced by the emitter
blades and, where possible, the incidence and
depth of the broadband (100 ... 80000Hz)
modulation due to the periodic signal produced
by the blades.

- permitthe introduction of calibration
corrections specific to each hydrophone;

- permits the recording of received
signals for further analyzes and processing;

- works with low energy consumption.

Noise level measurements for different ship
types were performed by Research Center for
Navy specialists in accordance with STANAG
1136.

In the civilian area there are only standards
in the process of elaboration or field regulation
documents (reports, recommendations):

e ISO/PAS 17208: 2012 - Acoustics -
Quantities and procedures for description and
measurement of underwater sound from ships.

e ICES - Cooperative Research Report
No. 209, Underwater Noise of Research Vessels
Review and Recommendations, 1995.

e ANSI/ASA §12.64-2009/Part 1,2 -
Quantities and Procedures for Description and
Measurement of Underwater Noise from Ships.

e NPL Good Practice Guide No. 133,
mart. 2014 - Good Practice Guide for Underwater
Noise Measurement.

Besides from these general regulations, there
have been issued guides for noise measurements
for types ofanthropogenic sources.

ANSI/ASA S12.64-2009 and

Procedures for the Description and Measurement

»Quantities

of Underwater Sound from Ships - Part 1: General

Requirements” is the first official document of
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GRADUL DE COMPLEXITATE A B C
Metoda Metoda R = =
Cerinta precisi Metoda inginereasca Metoda de supraveghere
Banda larga de frecventa 10 - 50000 Hz | 10 - 25000 Hz 50 - 10000 Hz
Rezolutie n banda larga 1/3 octava 1/3 octava 1/3 octava
Banda ingusta de frecventa 10 - 5000 Hz dupa necesitati dupa necesitati
Numér de hidrofoane 3 3 1
Mod de asezare hidrofoane Pe verticala, in fata directiei de mers a navei
Adancime de montare hidrofoane 15°, 30°, 45° 15°, 30°, 45° 15°
> 200 m sau > 150 m sau > 50 m sau

Adancimea minima a apei

2 x lungimea

1.5 x lungimea navei

0.5 x lungimea navei

navei
Distanta la punctul cel mai apropiat . .
al traiectului (CPA) > de 100 m sau 1x lungimea navei
Fereastra unghiulara de preluare date 1300 130° 4300

(+ CPA)

Senzitivitatea sistemului

<3 dB sub valoarea acceptata pentru gradul marii 0 (Knudsen)

4 Total 4 Total 4 Total. cel putin un
Numar de treceri 2 Bd 2 Bd 1 oBa d, qe p uf Tlii a
2Td 2 Td a siuna la
Starea marii <2

Masurdatori suplimentare

Turatie motoare,
viteza si directie

vant, SVP

Turatie motoare,
viteza si directie
vant

Turatie motoare, viteza

si directie vant

Complexity degree

A

B

C

Method
[Requirement

Accurate method

Engineer’s method

Surveillance method

Wide frequency range 10 - 50000 Hz 10 - 25000 Hz 50 - 10000 Hz
'Wide range resolution 1/3 ovtave
Narrow frequency range 10 - 5000 Hz on neccesity on neccesity
Number of hydrophones 3 3 1
Hydrophones placement Vertically, athwart from the ship course, at one ship length distance
Hydrophones placement depth 15°, 30°, 45° from the ship’s alignment 15° from the ship’s
alignment
Minimal water depth > 200 meters or 2 x the ship’s | = 150 meters or 1.5 x the | > 50 meters or 0.5 x the
length ship’s length ship’s length
Closest point of approach > 100 meters or 1 x the ship’s length

Angular range of data recording (= CPA)

+30°

System sensitivity

<3 dB below the accepted value of the sea state 0 (Knudsen)

Number of passes 4 1n total, 2 n the port side and 2 in the starboard side | 4 1n total, at least one 1n
each side
Sea state <2
[Supplementary measurements Engine revolution speed. wind | Engine revolution speed. | Engine revolution speed.
speed and direction, sound | wind speed and direction | wind speed and direction
velocity profile

Tabel nr. 1 - Cerinte de performantd pentru mdsurarea zgomotului subacvatic produs de o navdi de suprafatd

in functie de gradul de complexitate al metodei/Table 1. Performance requirements

for measuring underwater noise generated by a surface ship based on method complexity
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Measurement of Underwater Sound from Ships
- Part 1: General Requirements” este primul
document oficilal de uz civil care descrie
sistemele generale de masurare, proceduri si
metodologii pentru mdsurarea zgomotului
generat de navele de suprafatd in mediul
subacvatic. Reglementdri privitoare la definirea
parametrului standard reprezentativ (nivelul
zgomotului ambiant sau nivelul echivalent
la sursa - SL) si elaborarea procedurilor de
masurare §i analizd ce pot fi folosite pentru
masuratori in ape putin adéanci si ape adanci
sunt inca in curs de dezbatere in cadrul unor
grupuri de lucru la nivel international.

Prezentam in tabelul nr. 1 cerintele de
performantd pentru parametri si metodologia
de masurare a zgomotului subacvatic produs
de o nava de suprafatd in conformitate cu
prevederile ANSI/ASA $12.64-2009/Partea I
si ISO/PAS 17208, 2012/Partea I

3. Concluzii

Modelarea suficient de riguroasa
a semnalului radiat in mediul marin
de catre potentiale amenintari (nave,
mici mese rapide, scafandri etc.) este
extrem de dificild. In acest caz, este
mult mai util sd se efectueze masurdtori
ale amprentelor hidroacustice ale unor
astfel de tinte si sd se scrie algoritmi
pe baza rezultatelor madsuratorilor
pentru detectarea si
amenintarilor.

identificarea

Pentru navele de suprafata au fost
identificate reglementari care ajutd la
realizarea inregistrarilor de amprenta
hidroacusticd a navei, insd in cazul altor
tipuri de amenintari (scufundétori,
vehicule subacvatice etc.) nu exista
inca astfel de reglementari.

civilian use that describes the general systems of
measurement, procedures and methodologies
for measuring the noise generated by surface

ships in the underwater environment.

Further regulations regarding the definition
of therepresentative standard parameter (the
ambient noiselevel or the source equivalent
level) and the issue ofmeasurement and analysis
procedures which can be used in shallow waters
and in deep waters are stillunder debate within

international work groups.

In Table 1 there are presented the

performancerequirements for sensors and
the measuringmethodology of underwater
noise generated by asurface ship, according
to previsions of ANSI/ASAS12.64-2009/Part I
and ISO/PAS 17208, 2012/Part I.

3. Conclusions

Sufficiently  rigorous  modelling
of the radiated signal in the marine
environment by large classes of potential
threats (ships, small fast crafts, divers,
etc.) is extremely difficult.

In this case, it is much more useful
to performmeasurements of hydro-
acoustic signatures of such targets, and
based on the measurements results, to
design algorithms for threat detection
and identification.

If for surface ships there have been
identified regulations assisting in
performing recordings of ship hydro-
acoustic signature, there are no such
documents for other types of threats

(divers, underwater vehicles, etc.).
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In prezent, considerdm ci sistemul de
inregistrare a amprentelor hidroacustice
a amenintarilor de suprafatda i
subacvatice (nave, ambarcatiuni mici,
scafandri autonomi si vehiculelelor
autonome etc.) trebuie sd fie realizat
prin combinarea previziunilor STANAG
1136 si  ANSI/ASA  S$12.64-2009/
Parteal, 2.

Prin urmare, se impune ca in conditii
similare (starea marii, viteza navei
sd fie testatd etc.) sa se efectueze mai
multe seturi de mdsurdtori in conditiile
specificate de STANAG 1136 si ANSI
/ ASA S12.64 si sa fie stabilitd metoda
optima de determinarea aamprentelor
hidroacustice prin analiza statistica a
datelor masurate §i analiza comparativa
intre grupurile de date.

At the current time, we consider
that system of recording the hydro-
acoustic signature of surface and
underwater threats (ships, small crafts,
autonomousdivers and their vehicles,
etc.) must be attained by combining
the previsions of STANAG 1136 and
ANSI/ASA S12.64-2009/Part 1,2. It
is therefore imposed that in similar
conditions(sea state, underway speed
of the ship being tested, etc.), several
sets of measurements to be performed
in conditions specified by STANAG
1136 and ANSI/ASA S12.64, and the
optimal method of determining targets
acoustic signature to be established
by means of statistical analysis of
the measured data and comparative
analysis between groups of data.
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