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Editorial

Ce poate oferi arta intr-un moment de criza? (1)

Pe ea 1nsasi, Intr-o imagine mediata a obiectului sau subiectului.

Suferinta si furia lumii ajung in artd si se intorc la privitor intr-o fragilitate
rezistenta care naste un moment de contemplare ce ne poate conduce la intelegerea
propriei finitudini, ca pretext in acelasi timp pentru intelegerea contextului
traumatic. [zolarea, moartea si singuratatea sunt lucruri de care niciunul dintre noi
nu este scutit.

Dintre numeroasele paradoxuri ale artei, poate cel mai frapant este acela de
combinare a comentariului social acut cu exprimarea si realizarea dorintelor complet
imposibile, in intentia de a crea o lume transformati sau o societate alternativa.
Orice reprezentare atrage dupa sine problema continutului ei.

Prin artd se poate atinge punctul post-contemplare, prin revizuirea
experientelor personale, ca mijloc de arhivare a emotiei pe cai obiective printr-un
dialog permanent cu memoria, cea personald si cea istorico-sociald. Pornind de la
aici 1 acum, se contureaza 1ntu1;1a spatiului. Raportul dintre om si spatialitate se
intemeiazd pe doud simturi aflate deopotriva in disputd si in complicitate: simtul
vazului si simtul tactil.

In exegeza crestind, acest conflict al determindrii existentei prin simturi ne
este infatisat prin intalnirea dintre Toma Necrednciosul si lisus: doar atingandu-I
coasta lui Iisus, Toma va crede. Perceptia vizuala curentd poate oricand sa fie
infirmata de o perceptie vizuala viitoare, dar atingerea ofera certitudinea
incontestabilului.

Spatiul publicului, al consumatorului de artd, este un spatiu al distantei,
caruia ii revine ca mod de intelegere doar vazul ca s1mt al distantei prin excelenti, in
acelasi timp perceperea celuilalt pastrandu-se in sfera vizualului.

Pentru Edmund Husserl* punctul de plecare in constituirea lumii ramane
trupul, dar trupul inzestrat cu simt tactil, caci un trup care are doar vaz este lipsit de
intelegerea si cuprinderea spatiala. El subliniaz clar ca punctul de orientare in lume,
in intelegerea si cuprinderea spatiald rimane propriului corp, iar primordial riméane
simtul tactil.

Estetica - stiinta neutilizarii sau relatia omului contemplativ cu latura
creatoare a realitatii, studiaza legile si categoriile artei si este consideratd drept
forma cea mai inaltd de creare si de receptare a frumosului, prin ansamblu de
probleme privitoare la esenta artei, la raporturile ei cu realitatea, la metoda creatiei
artistice, la criteriile si genurile artei.

*  Filozof si matematician, considerat fondatorul fenomenologiei, considera cd experienta este sursa
cunoasterii, 8 aprilie 1859, Prostéjov, Moravia, Imperiul Austriac — 26 aprilie 1938, Freiburg, Germania




Editorial

Ce poate oferi arta intr-un moment de criza? (2)

Termenul de esteticd este folosit in literatura stiintificd contemporand si in
viata de zi cu zi si intr-un sens diferit, pentru a desemna componenta esteticd a
culturii si a componentelor sale estetice. In acest sens, este vorba despre estetica de
desfasurare a unei activitati, caci experienta esteticd este inerentd evolutiei omului
din cele mai vechi timpuri, cand a descoperit expresia sa initiald prin practica, in
incercari de a crea acele fenomene care astdzi fac parte din sfera artei si totodata
printr-un efort de a-si infrumuseta viata, intr-o zbatere eliberatoare, prin realizarea
de podoabe ori obiecte utilitare sau apartinand ritualurilor religioase, militare ori
activitatilor sportive.

Potrivit lui Friederich Schiller**, experienta estetica, in special arta, ajutd o
persoana sa-si gaseasca libertatea si fericirea pe care omul le-a pierdut odata cu
dezvoltarea civilizatiei.

Civilizatiile, in dezvoltarea lor, au cunoscut crize. Criza se contureaza cel mai
adesea atunci cand se dezintegreaza sistemul de valori stabilit de secole. Criza apare
st atunci cand un frate se duce peste fratele sau, fiu al tatdlui sau, atunci cand copiii
sunt uitati de catre parintii lor iar cenusa stramosilor este imprastiatd de vanturile
razboaielor.

La cine se afla resortul eliberarii dintr-o criza ?

Eliberatorul prin excelenta este fiinta care s-a eliberat prima!

Ec. Elena Banea

**Scrieri estetice, traducere si note de Ciorogaru, Gheorghe, Ed. Univers, Bucuresti, 1981




Editorial

What can art offer during a crisis period? (1)

It’s the art itself, as a transposed image of the object or subject.

All the world suffering and fury are assimilated into art and get back to the onlooker
with a resilient fragility that triggers a moment of contemplation that may lead us to the
understanding of our own limitations and which may also serve as a pretext for the
understanding of a traumatic background. Isolation, death and loneliness are such situations
that none of us is exempted from.

Of various paradoxes of art, perhaps the most shocking of all is the mixture of keen
social comment with expression and fulfillment of utterly impossible aspirations, in an
attempt to create a transposed world or an alternative social environment. Any
representation entails the very problematic nature of its content.

Art helps us reach a post-contemplation moment, while re-examining personal
experiences, as a means of recording emotion in objective ways, through a permanent
dialogue with both the individual and socio-historical memory. It is from this very point
that the intuitive perception of space is starting to out-line itself. The connection between
man and space is based on two senses, which are in dispute and complicity all at once: the
sense of sight and the tactile sense.

According to the Christian exegesis, this conflict in determining the existence
through senses is artistically represented for us in the meeting of Faithless Thomas and
Jesus: the mere touch of Jesus’ rib will simply turn Thomas into a believer. The current
visual perception may be anytime denied by a future visual perception, but the touch offers
the certainty of the indisputable.

The environment of the audience, that is, of the art consumer’s, is a space of
perspective, which can be understood only by using sight as a main means of perspective
appreciation, while, at the same time, the perception of another individual is basically
placed within the visual area.

For Edmund Husserl*, the starting point in building up the world is the body itself,
but the one endowed with a tactile sense, since a body endowed with sight only is lacking
both spatial understanding and perspective. He clearly underlines the fact that the
orientation point in the world around, which is used for spatial understanding and
perspective, is an attribute of our own body, with the tactile sense having a primordial role.

Aesthetics - the science of inaction or the relationship of the contemplating man
with the creative side of reality, studies the art laws and categories and it is considered the
most elevated form of creation and reception of the beauty, due to the overall issues related
to the essence of art, to its connections with reality, the method of artistic creation or to the
criteria and genres of art.

* Philosopher and mathematician, considered to be the founder of phenomenology, who considers that expe-
rience is the source of knowledge, 8 April 1859, Prostéjov, Moravia, the Austrian Empire— 26 April 1938,
Freiburg, Germany




Editorial

What can art offer during a crisis period? (2)

The very term of aesthetics is being used in contemporary scientific literature, as
well as in every day life, and yet in a distinct sense in order to define the aesthetic
component of culture and of its aesthetic subparts. In this sense, we refer to the aesthetics in
the development of an activity, as the aesthetic experience is inherent to human evolution
since ancient times, when man discovered his/her initial ways of expresssion through
practice, in his/her attempt to determine those phenomena that are included today within the
art universe, and also through an effort to make his life more attractive, through a liberating
strife, by creating ornaments, utilitarian objects or things serving him in religious and
military rituals or sport activities.

According to Friederich Schiller**, aesthetic experience, arts in particular, helps an
individual to discover the liberty and happiness that man has lost during the development of
civilization.

Along their developing process, civilizations have encountered various crises. Most
often, a crisis occurs when the pre existent secular system of values disintegrates itself. A
crisis may also be represented by a brother’s attack over his own brother, that is, his
father’s own son or when children are being forgotten by their parents, and the ancestors’
ashes is vanished by the gales of wars.

Who does posses the resort of liberation in a moment of crisis?

Above all, the liberator is that very individual who has managed to release him/herself
first!

Ec. Elena Banea

**Aethetic Writings, translation and notes by Ciorogaru, Gheorghe, Universe Printing House, Bucharest,
1981
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ABSTRACT: This paper presents a methodology of testing
microjet engine that consists of instrumentation, data acquisition
& control system and graphical user interface. The presented
methodology applies only for general studies that are performed
on prototype engines. In order to provide all the necessary
facilities for the experimental campaign, a series of elements are
required (such as, a data acquisition & control system,
instrumentation for the engine & test bench and the specific
software program for testing in automated mode, using
LabVIEW). The main data acquisition and control system is a
cDAQ 9189 and 8 modules from National Instruments that can
acquire all the necessary data and control the auxiliary system
and the engine. The instrumentation consists of different types
of sensors, transducers and control elements that are
synchronized in cDAQ. The experimental campaign was
planned based on the specific testing procedure that considers
the startup regime, the working regime and the stopping regime.
The results were acquired using the specified instrumentation
and the data acquisition system. The most important parameters
are presented for the starting and idle regimes, in order to
validate the methodology.

KEYWORDS: microjet engine, instrumentation, acquisition, LabVIEW, experimental campaign

NOMENCLATURE

cDAQ Compact data acquisition
DACS Data acquisition and control system
UAV Unmanned aerial vehicle
APU Auxiliary power unit

NI National Instruments

VI Virtual Instrument
Nref Reference speed
Ncor Corrected speed

N Speed
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T4 Turbine outlet temperature
T3 Turbine inlet temperature
QcT Total fuel flow
QcM Combustion chamber fuel flow
QcU Lubrification flow
Pcb Fuel pressure
URTP Fuel pump control tension
IPC Fuel pump current
F Thrust
Ma—c Corrected air flow
N% Actual speed reported to the maximum speed
dQc The difference between the total flow and the sum of the combustion chamber and
lubrification flow
Pair Pneumatic starter air pressure
Pgas Gas pressure
VIB Engine vibration
TO Test cell temperature
PO Test cell pressure
dPv Intake bellmouth differential pressure
T1 Intake bellmouth total temperature
P1 Intake bellmouth total pressure
P2T Compressor outlet total pressure

1. INTRODUCTION

Generally, microjet engines are gas turbines at lower scale, that produces thrust force and also has
similar functional proprieties but with a few particularities. For example, compact dimension, high operating
speed, easier operability, lower NOx emission, lower maintenance costs [1]. To conduct different studies using
commercial or prototypes engines, it can be more convenient to perform the experiments on a specific test
bench, hence the costs are lower than the gas turbine engines. Some studies were made regarding the feasibility
on this category and even on ultra and nano gas turbine [2]. The micro gas turbines can develop an output in
range of 15 kW -+ 300 kW and even exceed the power of 1000 kW using special technologies [3].

In present, the microjet engines are used for applications, such as, UAV [4], as auxiliary power unit
APU [5] or as low power plants, for electrical generators [6]. The first appearances of microjet engines
happened around the years 1950-1970 in the field of automotive fields [7] although they were developed for
other purposes, such as generators of electrical energy in stationary rocket launchers, engines for buses or other
methods of transport [8].

One of the most important phases of developing an microjet engine, consists in the experimental
campaign that validates all the necessary features and establishes the working regimes and performances.
Microjet engines are suitable for these types of applications, mentioned earlier, due to their high power-to-
weight ratio, where the performances of the main components dictate overall engine performance [9].

The experimental campaign needs to satisfy a series of requirements, especially when is monitored at
different ambient conditions at the test bench, due to the modifications that are present in the atmosphere and
also, while using the transient process, acceleration, in both ways, such as, normal acceleration and sudden
acceleration [10]. Developing a testing procedure for a prototype engine is different than using a manufactured
engine, since it’s not based on an engine manual and needs to be determined in other ways [11].

To carry out the experimental campaign based on the defined facilities, a data acquisition and control
system was proposed. Furthermore, the instrumentation is extended in order to obtain sufficient data to
determine the characteristics and performances for the engine.
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2. DACS AND INSTRUMENTATION FOR ENGINE/ TEST BENCH

In order to provide all the necessary facilities, the test bench is divided in three parts. The first part
contains the mechanical assemblies and subassemblies to install the engine and the auxiliary system required.
The second part consists of the data acquisition system that manages the information taken from the engine,
the auxiliary systems and the test cell and sent it to the main computer in real time that stores it to create the
post-processing element. The third part is formed by the instrumentation for the engine, for test cell and for
auxiliary systems in order to monitor all the parameters and have control over the systems.

To monitor all the parameters, a series of different types of sensors and transducers were used. Due to
the fact that the system is designed to have a prototype engine for testing, the instrumentation is extended for
different sections of the engine.

Based on the general scheme provided in Fig. 1, the system was built in order to use the compact DAQ
chassis 9189 from National Instruments [12] due to the specifications in terms of precision, high acquisition
rate of the modules/ chassis. The LabVIEW software was used due to its main characteristics that covers from
the channel settings to the storing settings, and also can create a particularly automated command and control
algorithm. The cDAQ 9189 has 8 slots and the configuration is the following: for thermocouples NI 9213 [13],
for resistance temperature detector NI 9216 [14], two for voltage input NI 9205 [15], for vibration and sound
NI 9232 [16], for voltage output NI 9264 [17], for digital output NI 9474 [18].

LabVIEW VI

- OPERATOR -

NI cDAQ 9189 (8 slots)

-PLC-

Signal Adapters ( Sensors, transducers Command elements

-PR4114, PR 4184, - Pressures, temperatures, speeds, - Relays, valves, fuel
PR 5225 - vibrations, flows - pump -

MICROJET

- ENGINE -

Fig. 1 - General schematic of the data acquisition system and instrumentation

The pressure transducers, the flow meters and the speed sensor were connected with signal adapters in
order to convert from current (for pressure and flow meters) or frequency (for speed sensor) to voltage. These
voltage signals are connected to the NI 9205 module. The thermocouples and resistance temperature detector
(RTD) were connected directly to their specific module, the NI 9213 and NI 9216. The measured tension from
different equipment’s, was directly connected to the first and second NI 9205. In order to control the engine, a
fuel pump and a series of valves were used as a part of the auxiliary systems.

The test cell is equipped with a pressure and a temperature sensor to monitor the ambient parameters. It

also has a video system, in order to record any unforeseen situation.

The auxiliary systems are composed of:

- The fuel system that is designed for fuel supply and lubrification. Also, the instrumentation on the fuel
line is: three supply valves, one located at the exit of the fuel tank, one located at the entrance of the
engine for fuel supply and the third one, for the lubrifaction, a pressure sensor before the flow meters,
three flow meters, one for the fuel supply of the engine, one for fuel lubrification and one for the total
flow, a temperature sensor and a fuel pump. Also, the fuel lines have a bypass system, in order to
decrease the fuel pressure;
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- The air system that is designed for starting the engine. Also, the instrumentation on the air line is: a
supply valve and a pressure sensor at the engine inlet;

- The gas system that is designed for fuel supply at the start of the engine. Also, the instrumentation of
the gas line is: two supply valves, one located near the gas tank and one locate at the entrance of the
engine, a pressure and temperature sensor at the engine inlet.

The engine instrumentation is divided based on the section of the engine:

- On the section of the inlet, a differential pressure was used in order to determine the air flow, a static
pressure and a total temperature;

- On the section of the compressor, a total pressure, a static pressure and a total temperature was used,;

- On the section of the combustion chamber, a total pressure, a static pressure, three total temperatures
and determined for the average temperature;

- On the section of the turbine, a total pressure, a static pressure and three total temperature and
determined for the average temperature.

Based on the instrumentation and the control system, a program was created using LabVIEW DAQmx
programming environment. The VI presented in Fig 2. has the capability of monitoring the parameters in real
time using Front Panel function, to use different types of controlling methods in automated capabilities and to
record the input and output parameters at a designated acquisition rate. Every panel is envisioned with a specific
usefulness, one for the starting phase (named “Starting regime”), one that contains every parameter recorded
and calculated (named “Parameters”) and one for the working regime (named “Working Regime”). When the
test begins, all the parameters are recorded in real time with the defined acquisition rate, configured in the
Block Diagram.

w0

b)
Fig. 2 a) The operator interface for starting regime; b) The operator interface for Working regime



Instrumentation and data acquisition system for microjet engines — prototypes

The starting phase consist of using some parameters as inputs and setting different commands for the
digital output and the fuel pump in a successive algorithm. Before it runs on the cold start or the hot start, a set
of conditions are need to be met, especially regarding the fuel, gas and air parameters (the process is named
the “Initialization in progress”). If the conditions are met, the starting is visible on the operator front panel and
can the process can begin.

After the starting procedure and thermal stabilization, the “Working regime” interface is ready to control
the engine from idle to the maximum using Nref. The experimental error of the instrumentation is generated
by the sum of: the sensor/transducer error plus the signal adapter error, if it is used, plus the module of the main
chassis error.

3. EXPERIMENTAL CAMPAIGN

The experimental procedure is based on a successive algorithm that is using the input parameters as
conditions to be met and set the commands and controls for the fuel, gas and air lines and controls the fuel
pump in accordance with the imposed conditions. The starting process is automated and it begins with the air
supply on the compressor, in order to spin the rotor, then begins the burning phase with butane gas and after a
certain speed, the kerosene starts to be injected in the combustion chamber in the same time as the butane gas.
After a certain speed, the butane gas and air supply are stopped, working only on kerosene and can reach the
idle regime. The prototype installed on the test bench is presented in Fig 3. with the instrumentation and the
auxiliary system.

Fig. 3 The prototype instaled on the test bench

One of the most important parts of experimenting with a microjet engine is the starting regime, hence it
only contains transient process. In this regime, the parameters vary significantly in a relative short time and
must be carefully monitored in order not to exceed the defined limits. If the limit is exceeded, a set of algorithms
must be established to stop the engine operation in a short time without damaging the components. This
algorithm must be in pair with the most important parameters, such as speed, turbine temperature, vibration
and also, with the control of the fuel pump. Before the experimental campaign was carried out, a set of
verifications and pre-tests were conducted in order to verify the functionality of the instrumentation and
software. Also, the software was simulated in order to check the data flow and the order sequence for the
control algorithm that was used in the starting and working phases.

The engine was tested only in the starting and idle regimes, in order to validate the automated algorithm
and the testing program. The parameters were acquired at specified acquisition rate of 10 Hz and recorded
with the same rate. The specified acquisition rate was set in order to use the high measuring precision [19].

4. RESULTS

Based on the experimental campaign, a series of results are presented in Fig. 4. After the completion of
the experiments, the data was stored as excel files in order to perform the post-processing of the data.

10
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To validate the methodology, the raw data for the speed and other important parameters are presented
below for starting regime and idle regime. The speed has a sudden slope at the starting, in order to reach idle
regime around half of minute. The main purpose of this is to exceed all the transient process that occurs. After

this, the engine is stabilizing around N = 40000 rpm.

45000

40000
35000 [
30000 -
= 25000 [
=
Z 20000 -
15000
10000 -

5000 -

0.8

Pcb, Pgas [bar]

0.4

0.2

Rotor speed vs time at the starting and idle regime
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Time [s]
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Fuel pressure, gas pressure
vs time at the starting and idle regime
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d)

Fig. 4 a) Rotor speed vs time for the starting and idle regimes; b) Average combustion chamber and
turbine temperature vs time for the starting and idle regimes; c) Fuel and gas pressure vs time for the
starting and idle regimes; d) Total fuel flow vs time for the starting and idle regimes

The average combustion chamber and turbine temperature has a slower rise at the beginning due to
starting with butane gas and when the kerosene is introduced in the combustion chamber, the slope has a more
sudden rise. At the idle regime, the temperatures stabilize and can be considered constant.

The high gas pressure indicates the valve is closed. When the engine starts, the gas pressure decreases
to a certain value and is maintained constant. There is a moment, when the fuel pressure starts to increase and
the gas pressure is constant, both gas and kerosene are introduced in the combustion chamber. When the gas
pressure rises back to 0.8 bar, the gas is turned off and the engine runs only on kerosene. The total fuel flow,
indicates when the kerosene is actually introduced in the combustion chamber. The variation at the idle mode
it can be considered low, compared to the variations from the starting regime.

11
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5. CONCLUSIONS AND FURTHER WORK

This article presents a study for the methodology regarding microjet engines instrumentation, data
acquisition and control system and experimental campaign in order to obtain sufficient data for evaluating the
performances and the functionality of a prototype engine, as well as the auxiliary systems. It describes the
general schematic for a DACS system, using cDAQ 9189 with their specified modules and a specific set of
instrumentation. The LabVIEW program developed was made based on a specific testing procedure in order
to realize the automated algorithm for starting the engine and to control it, after the idle regime to the maximum
regime. The results, were presented as raw data in order to visualize the capabilities of the system and the
programming logic behind.

For future work, the LabVIEW program will include a sequence that controls the “Emergency Stop” in
order to prevent the damage to the prototype engine when an unforeseen situation occurs. Furthermore, the
control of the fuel pump can be improved by using PID methodology and a comparison study can be made,
with the current methodology using proportional control.
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1. INTRODUCTION

One of the largest sources of air pollution in urban areas is generated by transportation. For the
development of national sustainability strategies, governments have started to promote bicycles as an
alternative mode of transportation to replace private cars, since the very beginning of this century [1], especially
in urban areas where the terrain and the roads allow it [2]. One of the alternatives that have started gaining
popularity due to its efficiency is using photovoltaic panels (PV) for multiple applications [3]. One of the
applications that are still being exploited is using the capability of harvesting solar energy through the solar
cells of the PV [4] and storing it into batteries, therefore being able to use this energy to power up the motor
for an electrical vehicle (EV).

Electric bicycles (e-bikes) are becoming a sustainable alternative to traditional automobile
transportation. An electric bike [5-7] includes all the benefits that conventional bicycles have to offer, as well
as faster, more comfortable and longer trips, and less effort for the user [2]. The use of electric bicycles is a
non-polluting eco-friendly means of transportation. However, recharging the batteries might be inconvenient
and costly, considering the rising price of electricity. Coming in response to this issue, we propose an e-bike
with solar panels [8-10] for battery recharging. There are numerous different things that affect the energy use
of e-bikes. The energy requirements will vary heavily depending on the choice of route, the rider's weight, the
e-bike's specifications, etc. A few of these parameters were identified in the literature review but some are
dependent on actual system design [9].

In this paper, we propose and discuss a design for an EV system powered by PVs in a manner that is
efficient for energy harvesting, displacing from one location to another in the urban area and has a non-
intimidating and easy to use hardware structure. The components proposed for this study, as well as the most
effective placement of the PV panels and the results obtained after the acquisition of data will be discussed for
maximum power point tracking (MPPT), in the most optimal conditions and for a normal power point tracking
(NPPT), representing the influence of multiple possible factors, such as time of the day and shading.

This is a relevant direction for new product development since PV technology can contribute to
improved features of electric mobility systems not just in terms of emissions reduction but also regarding
product aesthetics and user experiences [10]. Since mounting of an additional rooftop to place the PV on [8],
makes it difficult to the rider to have the same mobility in urban traffic, and placing these ones underneath the
rider [9] would be both uncomfortable and less efficient due to shadowing, we deem worthy to bring a design
resembling [11], which was practically proven effective, but with enhanced stability due to the proposed
mounting of solar panels on both front and rear fenders.

2. MATHEMATICAL MODEL FOR MOTOR DIMENSIONING

The first step for system design is to establish the objectives of the work according to the energy
consumption and the performance of the vehicle for individual use. To estimate the power required by this type
of vehicles, we have considered that the forces applied to the vehicle are, as represented in Fig. 1, are calculated
with the following relations [7].

F,=m-a (1)
F,=m-g-sin6 )
Fair = %P'CD -Ag - v(t)? ©
F,=m-g-Cg-cosO (4)

where: m [kg] — total mass; a [m/s?] — acceleration speed; & [°] — slope angle; v [m/s] — vehicle speed; Fa [N] -
resulting force; Fq [N] — gravitational force; Fair [N] — air friction force; Fr [N] — wheels friction force; p =1.29
[kg/m3] — air density; As [m?] — frontal area of the vehicle; Cp [ND] — air friction coefficient (typically 0.9 for
a scooter and 0.8 for a bicycle [7]); Cr [ND] — wheels friction coefficient (usually between 0.008 and 0.014

[7D-
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Hine= 1.756 m

Ve
<N

Lint=0.625 m

a) b)
Fig. 1 a) Forces applied to the vehicle [7]; b) The estimated dimensions of the frontal area

From Fig. 1a, we extract the following balance equation:
Fa=Fg+Fair+Fr (5)

We will choose the desired operating parameters in accordance with the desired speed of the vehicle,
meaning that we will choose a maximum weight m of 100 kg, a speed v of 4 m/s and an acceleration a of 1
m/s?. It is worth mentioning that the EV system was designed to operate at a Omax = 10°. Considering that the
vehicle runs with the speed v, the power required by the system [7] can be calculated with the following relation:

PVE:Pa+Pg+PaiT+PT(_)PVE:

1 6
=m-a-v+m-g-v-sin0+§p-CD-Af-v3+m-g-CR-v-c050 ©

Assuming that the vehicle speed is equal to the angular speed o of wheels with radius R, the torque
of the traction system can be estimated as [7]:

TVE=Ta+Tg+TaiT+TT(_>TVE=
1
=m-a-R+m-g-R-sin0+Ep-CD-Af-vZ-R3+m-g-R-CR-v- @)
- cos0

The chosen operating parameters for calculating the power of the EV according to equations (1)-(7)
are displayed in Table 1 below (where R is the radius of the bike wheel).

Table 1. Pre-established parameters for calculating the power of the EV system

m a g sin(10°) cos(10°) p Co Cr As v R
[kgl  [m/s?]  [m/s’] [ND] [ND] [kg/m*] [ND] [ND] [m’] [m/s]  [m]
100 1 9.8 0.17 0.98 1.29 0.8 0.01 0.76 4 0.3

In order to determine the frontal area of the assembly, a rough estimation was required. We considered
the case of an average male, with the height Hinit of 1.765 m and a shoulder length Lini: of 0.625 m. The total
frontal area was divided in six smaller areas.

The estimations that were made for As, Ay, As, As, As and Ag are presented in

Table 2. The areas were calculated based on the dimensions in Fig. 1b (An = Ly - Hy).
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Table 2. Pre-established parameters for calculating the power of the EV system
A1 Az As Aq As As

[m?] [m?] [m?] [m?] [m?] [m?]

0.045 0.008 0.096 0.248 0.351 0.013

Given these parameters and using equations (1)-(6), we were able to calculate the necessary power for
the EV, but also the forces applied to our system. The results are presented in Table 3. In doing so, we can
determine that, according to the data preestablished in Table 1, a motor with a power of 3.5 kW can be used.

Table 3. The resulting forces, motor power and torque of the EV system

Fa Fq Fair Fr Pve Tve
[N] [N] [N] [N] [W] [Nm]
100 166.6 6.27 9.6 1129.91 91.67

3. THE HARDWARE COMPONENTS
3.1. The motor

For this study, a brushless DC electric motor (BLDC motor) with the power of 3500 W was considered
(Fig. 2). The 3500 W BLDC 125/6D MOTOR has a total length of 225 mm, flange size of 140 mm, a mounting
diameter of 50 mm and a weight of 12.5 kg.

Fig. 2 The 3500 W BDLC 125/6D Motor [12]

The motor will be attached to the front on the EV and in doing so, we are ensuring enough power to
overcome the F, Fq, Fair and F; forces established in Section 2.

3.1. The battery

In choosing the battery for this study, the ergonomic productivity of the system was one of the aspects
that need to be prioritized. Bearing this in mind, we have chosen a battery from a series that specializes in
electrical bike batteries. The 24 V ODM Series Aluminum Case Model KL2497 battery [13] in Fig. 3a was
considered, of 89 x 87 x 232 [mm] and weighting 2 kg. The main components of a battery pack for an electric
bicycle are shown in Fig. 3b.

Nickel Plates

Cylindrical 18650
Battery Cells

Discharging 101 1 4 14 Battery Cell
e S I Holder

Plastic Casing

Safety Protect Circuit
a) b) Board (PCB)

Fig. 3 a) 24V ODM Battery Model KL2497 [13]; b) Exploded view of a battery pack [13]
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There are a few commonly used places for battery mounting (Fig. 4), offering accessibility and at the
same time providing minimum of inconvenience for the cyclist. The mounting place will be established
subsequently, after a proper computation of the weight distribution of the other components.

b)
Fig. 4 Possible mounting places for the battery [13]

3.2. The solar panels

Another main concern for the assembly is that it should be easy to use in urban areas, which implies
that the total width of the system should be kept at a minimum. When choosing the PV panels, we took into
consideration the pre-determined Lin in Section 2. Therefore, the Sunpal SP50M-36 Monocrystalline Solar
Panels [14] were considered, each panel having a peak power value of 50 W and a maximum voltage of 18.32
V.

L]

Fig. 5 The SP50M-36 Monocrystalline Solar Panel [14]

4. ESTABLISHING THE INSTALLATION PLACE OF PHOTOVOLTAIC PANELS

When designing the EV system, two PV panels will be used for storing the solar energy into the battery.
Even though mounting the panels on the top tube or frame of the bike might seem the easiest and sturdiest
option (Fig. 6a, Fig. 6b), the installation would only obscure the light to properly reach the PVs. Furthermore,
it will represent an inconvenience for the user.
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a)

c)

'! S

\ N4

Fig. 6 Placing the PV panels on the top tube (a) or frame of the vehicle (b); Placing the PV panels on
the fenders of the vehicle (or with a custom-made support) (c)

Since the weight of the panels may cause collisions of mechanical nature, this will influence the way of
mounting them. The panels will be placed either on the fenders of the wheels, or with a custom-made support,
as presented in Fig. 6c.

5. BATTERY CHARGING TIME VIA SOLAR PANELS

With the help of professional and reliable websites [15-19], we can calculate the battery charging time.
After introducing the initial data known from the data sheets of the chosen components, we calculated the
charging time of the battery using the two solar panels. It is worth mentioning that the calculations hereinafter
for the charging time were realized for a Lead Acid type battery and an MPPT (Maximum Power Point
Tracking) type of solar charge controller.

We know that one solar panel has a power Psojar_panet OF 50 W and a voltage Usolar panet OF 18.32 V, while
the battery has a voltage Upatery OF 24 V and a capacity Qpattery Of 8.8 — 11.6 Ah (we consider Qpatery = 10 Ah).
Knowing these, we will calculate the charging time in six steps, keeping in mind that we are using two solar
panels electrically connected in series.

a) Calculating the battery capacity:

Cbattery = Ubattery ) Qbattery =240 Wh (8)

Estimating how much of the battery’s power capacity is discharged by multiplying the battery power
capacity with battery depth of discharge (DoD). A DoD of 100% is assumed since the ODM Series are lithium
batteries [15]:

Caischarge = Chattery * DOD = 240 Wh ©9)

b) Calculating the amount of energy required to fully charge the battery after factoring in losses
during charging, by dividing the discharged battery power capacity by the charge efficiency factor
(lead acid: 85%; lithium: 99%):
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Caisch
Efull_charge = mearee =242.42 Wh (10)

nefficiency_battery

c) Estimating the solar power output by multiplying the solar panel power with charge controller
efficiency (PM: 75%; MPPT: 95%):

Psolar_output = Psolar_panel ’ nefficiency_battery =95W (1)

d) Calculating the solar power output by taking into account the system losses (14.08% is considered
a default value for system losses, according to The National Renewable Energy Laboratory’s
PVWatts Calculator [20]):

Pagjusted = Psolar output * (100% — 14.08%) = 81.62 W (12)

e) Estimating the charging time by dividing the amount of energy required to fully charge the battery
(in watt hours) by the adjusted solar power output:

E (13)
Full_ch
teharge = _Jurcharge _ 2 96 h

P adjusted
The system losses account for performance losses one would expect in a real system that are not

explicitly calculated by the PVWatts model equations. The default value for the system losses of nsyst = 14%
is based on the categories in Table 4, and is calculated with relation (13) [20].

Nsyst = 100 [1-A—-n) - A—-nsp)  A—1mp) - A1—1my) - 1—7n) -1 (14)
—n) (1 =15) - (1 =1,)]

Table 4. Default values for the system loss categories [20]

Category Symbol Default Value

[%6]
Soiling Ns 2
Shading MNsh 3
Mismatch Mm 2
Wiring Nw 3
Connections Ne 0.5
Light-Induced Degradation ull 1.5
Nameplate Rating Mn 1
Availability MNa 3

6. RESULTS

The results can be seen in the two subsequent figures. The parameters and mathematical relations
discussed previously were introduced into Matlab Simulink Online using mathematical operations and
introducing the numerical values via constant blocks for computing the power required by the system (Fig. 7a),
as well as the torque of the traction system (Fig. 7b). As calculated with the software, we can also charge the
24V battery in 2.96 h of direct sunlight, which would be the ideal case whether the vehicle is being used.
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Fig. 7 The Simulink models for the required power, Pve (a) and torque of the traction system, Tve (b)

Keeping in mind the pre-established parameters discussed in the mathematical model for the motor
dimensioning and the weight of each hardware component, we conclude that at the current state of the study,
in order of achieving the best performance for our system, the user should weight at around 61 kg, given by
the rough estimations of the EV’s weight displayed in Table 5.
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Table 5 The estimated weight of the EV

22

Electric Motor Battery PV Panel  Auxiliary Equipment  Bicycle
[ka] [kal [k] [k] [ka]
12 2 6.5 1.5 10

The charts in the figures hereinafter aim to present the power required by the system in order to provide

the traction torque, calculated for three stages of acceleration, namely 1 m/s? (Fig. 8), 1.2 m/s? (Fig. 9) and 1.5
m/s? (Fig. 10) respectively.
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7. CONCLUSIONS

In this study it has been established that, for our pre-determined parameters of the electric vehicle with
PV panels, a motor with a power of 3.5 kW is required, alongside a 24 V battery and two 50 W solar panels,
those conditions being applied for an average male, with a height of 1.765 m and estimating the total weight of
the system and the user reaching 100 kg.

It has also been established that, since the vehicle will be used in urban areas, the maximum slope
angle that the calculations were executed was Omax = 10°, while being able to maintain an acceleration a of 1
m/s? and a maximum speed v of 4 m/s, with the exemplification of the power and torque necessity of the system
if the maximum speed of the vehicle would have been increased to 5.5 m/s and 7 m/s.

The optimal placement of the PV panels has been decided in Section 4. Seeing that the solar cells
should collect the maximum amount of solar radiation, they have been placed on the fenders of both wheels of
the bike. Another option would be to use custom-made mounts for the solar panels in order to avoid mechanical
failures caused because of the weight of the PVs.

Using available resources, we were able to calculate the charging time tcharge Of the system, at around
3 hours. Charging a 24 V battery with two 50 W solar panels is possible, however, we will need a solar charge
controller to regulate the voltage and prevent overcharging. Since the maximum power voltage of a solar panel
is 18.32 V per panel, it may not be sufficient to fully charge a 24 V battery, so we will have to consider
additional panels or a different battery.

Future research will focus on a weight distribution analysis, as well as simulations regarding the power
produced by the photovoltaic module and battery charging time. The required circuitry and a voltage boost
converter will also be addressed. Since the motor power corresponds to a scooter rather than a bicycle,
recalculating the power required without the starting part will be considered, as the starting is realized by
pedaling. The proposed design is a starting point that needs a lot of improvement and work, this being the
reason behind choosing low-cost components regarding a future prototyping of the solution, without funding.
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ABSTRACT: Recent developments in the field of schlieren
image velocimetry (SIV) are presenting an increase in
measurement accuracy due to the higher computational power
available. The present paper aims at providing data regarding
the velocity profiles of an encapsulated, round, turbulent
exhaust jet. The data obtained from an FFT-based commercial
cross-correlation solution is analysed, together with the direct
cross correlation of the schlieren images. The methods applied
here yield results which follow the classical trend regarding
velocity distributions. An investigation regarding how the
software settings affect the results, is conducted. Working
hypothesis are formulated and future work suggestions
regarding the improvement of the measurement’s accuracy are
made.

KEYWORDS: SIV, PIV, cross correlation, FFT, DCC, measurement accuracy.

NOMENCLATURE

Al=Aluminum

DCC-= direct cross-correlation
EDH= electrohydrodinamic
EFL= effective focal length
FFT = Fast Fourier Transform
fps=frames per second
H=hidrogen

O= oxygen

PIV=Particle mage velocimetry
PTV=Particle Image Tracking
Px=pixel

RGB= color channels (Red, Green, Blue)

ROls=regions of interest
RPC=robost phase correlation
RTJ= round turbulent jet
SIV=schlieren image velocimetry
SNR=signal to noise ratio
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1. INTRODUCTION

SIV has been known to represent, in the last decades, an alternative to the most commonly used
Particle image Velocimetry (PIV) method, which uses particles introduced in the flow as tracers and provides
velocity data of the whole 2D/3D flow field. The main issue with PIV is that it assumes that the tracer particles
introduced into the flow, follow the flow perfectly. Seeding can be challenging or even impossible in different
flow media, such as compressible flow [1] or electrohydrodynamic (EDH) flows [2], [3]. PIV measurements
in turbulent or supersonic flows are prone to return faulty results unless considerable actions regarding the
following issues are taken. These errors, in the case of supersonic flows, can be caused by particle slip in the
areas where shock waves develop, improper seeding mechanisms, or the inadequate particle distribution within
the studied flow [4].

These issues caused a spike of interest in SIV, which is hon-intrusive and uses the flow’s fine turbulent
elements to describe its motion. Eddies formed within the flow replace the tracer particles used in PIV. The
small eddies (which have proper dimensions to be considered as tracking elements, and therefore can be
investigated with the intended SIV method) length scale decrease with the Reynolds number, which becomes
very important in SIV measurements. These self-seeded images are recorded with a short time-delay to be
further cross-correlated, yielding information about the flow field [5].

One of the first authors to apply high-speed imaging for SIV at the 100.000 kHz magnitude is Fu [6],
who used the recording speed of to extract velocity field information, with help from the digital particle image
velocimetry algorithm, developed at the end of the twentieth century [5]. Flow field information has been
computed by using the background oriented schlieren (BOS) method, by Raffel [7], Scarano [8], Elsinga [9]-
[10] and Kindler [11]. The idea of using a commercially available software to post-process SIV images was
confronted by Jonassen and Settles and applied to an axisymmetric helium jet and a 2D supersonic turbulent
boundary layer [12]. The study concluded that the “schlieren PIV” technique yields valid velocimetry data for
a 2D compressible turbulent boundary layer and an axisymmetric turbulent helium jet in air. The center plane
velocity data for the round jet was extracted by performing the Invers Abel Transform, given the assumption
that the velocity has a path-integrated character. At the present time, this hypothesis has been disproved by
Schmidt and Page [13], which successfully showed that schlieren velocity fields are rather path-averaged, than
line integrated. The “schlieren PIV” experiment conducted by Johansen and Settles had the evolutionary scale
of the turbulent eddies larger than the separation time between the recorded frames, allowing proper sampling
of the turbulent elements. It showed a very good premises for future system optimization, starting with a simple
set-up which used classical schlieren optics coupled with a commercially available software. [5] performs a
statistical assessment of three different SIV set-ups, comparing the vertical and horizontal knife-edge schlieren
methods with the shadowgraph method. The test case is a high velocity helium jet (Mach 0.3-0.6), whose
images are post processed with the robust phase correlation algorithm (RPC) [14], for its enhanced
measurement capabilities, reduced signal to noise ratio (SNR), peak locking, etc. The schlieren methods
deployed used two SIV cameras to account for the high velocity of the flow, testing the flow for two different
Reynolds numbers. The study concluded that the horizontal knife-edge (with a cut-off of 40%) and the
shadowgraph method yielded results in good agreement with the PIV measurements, while the vertical cut-off
performed poorly and provided inconsistent signal content. The method applied here was concluded to be
adequate for 2D turbulent flows.

The present paper investigates the flow field velocity of an H, — 0, exhaust jet, captured by means
of schlieren, with a high-speed camera. The jet analyzed is formed out of water vapors after the chemical
reaction took place. The investigated jet is not a chemically reactive jet.

The images of the jet’s plumes are post processed with PIVIab [15]. The purpose of the paper is to
help optimize a visualization method to yield quantitative results regarding the encapsulated exhaust jet,
without intruding the phenomena. The data regarding the velocimetry profiles yielded by SIV can provide
insight into the working parameters of the thruster that generates the analyzed exhaust jet. More information
about the development of the micro thruster generating the investigated exhaust jet can be found in [16].

2. EXPERIMENTAL SETUP

The images of the exhaust jet have been recorded with a schlieren system which makes use of 2
identical parabolic mirrors, a high-speed camera and an LED as a light source. Their specifications can be
found in Table 1.
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As mentioned before the jet forms in an enclosure meant for vacuum testing, but for this study the
images were recorded with the jet dispersing in air. Given certain space limitations, the classical Z-type
schlieren configuration was adapted to form a U-turn, as it can be observed in Fig. 1. The glass windows of the
vacuum chamber have a smaller diameter in comparison to the diameter of the parabolic mirrors.

Fig. 1 Schlieren experimental set-up: 1- light source;2- first parabolic mirror; 3- light rays deflected by
the vacuum chamber’s casing; 4- vacuum chamber; 5- vacuum chamber glass windows; 6- axisymm
etric exhaust jet; 7- second parabolic mirror; 8- iris diaphragm; 9- high-speed camera.

The circular knife-edge cut-off has been chosen specially to avoid having intermittent evolution of the
tracking elements, given the fact that the horizontally and vertically placed knife cut-offs work by eliminating
X ory density gradients.

A standard 50% cut-off has been applied, to account for both high and low-density areas of the jet. In
literature, this cut-off level is considered to represent a moderate amount [17].

The light rays propagate from the light source and are uniformly distributed onto the parabolic mirror,
which projects them onto the vacuum chamber’s outer casing. Given the dimension of the glass windows, some
of them are reflected back, while others continue to collimate against the second parabolic mirror. The second
parabolic mirror is turned in a U shape to focus the rays onto the circular knife-edge, oriented in the video
camera’s direction.

The thruster pulse was 0.5 seconds, and the exhaust plume was recorded on its entire duration. The frames used
to conduct the studies were assumed to be taken when the jet was fully developed.

Table 1. Specifications of the equipment used for schlieren image acquisition

No. | Equipment Type Important specifications

1 High speed camera Phantom Veo 710L | Recording speed 33.000 fps at the
resolution of 512x384 pixels

2 2 twin parabolic mirrors | Edmund Optics Al-plated, 25cm diameter,
EFL=1524mm

3 Knife-edge Iris diaphragm Circular cut-off, 1.5mm diameter

4 Light source Singular LED 3mm, equipped with small biconvex
mirror
Wavelength 440 mm
Output power: 85 lumens

5 Data acquisition system | Laptop Alienware m15
Processor: intelCore i7

3. SIV IMAGES PRE-PROCESSING

The raw images recorded presented a high-level of natural convection. At the exit of the jet, pressure
waves can be observed. These are propagating for a couple of frames as seen in Fig. 2 a), after which they hit
the vacuum chamber casing and they return Fig. 2 b), interfering with the schlieren background.

However, the image of the pressure waves is only used as an example to help with the understanding
of how the natural convection is amplified by the vacuum chamber’s casing which doesn’t allow a fast
temperature dispersal either.
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The studied jet is considered as fully developed and at nominal working regime when the analyzed
images are recorded. The pressure waves are therefore not present in the analyzed image sequence and the
study of their forming mechanism goes beyond the goals of the present paper.

(@) (b)

Fig. 2 Schlieren raw images with enhanced contrast: (a) dispersing pressure shockwaves at the
thruster’s exit; (b) weak pressure waves reflected by the vacuum chamber’s casing.

The images were post processed before being introduced in the cross-correlation algorithms, for several
reasons. Firstly, the background needed smoothening. Eliminating the elements that don’t belong to the jet but
can be found in the near vicinity is important. Having “rogue” elements can affect the overall accuracy of the
tracking mechanism. Despite the schlieren camera’s capabilities of recording at very high speeds, while
keeping the RGB character of the image, the image of the jet remains a schlieren image, in which the main
colors represented will be white to black, going through as many shades of gray as the camera’s sensor is
capable of rendering and as many as the number of density variations found in the experiment. In this case, the
camera is a 24-bit camera, hence it can render up to 22* shades of gray. Given the fact that the images will be
cross correlated later, their binarization must be avoided, doing so causes data regarding subpixel interpolation
to be lost. Most high-speed cameras present a green tint when the light entering its sensors has low intensity.
This is a saturation issue and is preferable to remove it by gray scaling the images rather than binarizing them.
Other operations taken into account after performing the background smoothing and gray scaling can be
adjusting the image size to only include the phenomena and designing a special mask to cover up the rest of
the physical set-up. In the case of the commercially available software (PI1VIab), the mask option is available,
allowing customized coverage, otherwise, it should be created to help reduce spurious vectors appearing in
regions outside of the investigated ROIs. Fig. 3 is presented below to serve as a visual comparison of the
preprocessing effort.

(@)

Fig. 3 Schlieren frames of the exhaust jet: (a) before and (b) after pre-processing

(b)
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4. PIVlab IMAGE CROSS-CORRELATION

Image cross-correlation has been related to the PIV method and the principle’s basis was established
and described by many fundamental papers. Fundamental studies in the PIV domain, followed the work of
Meynart [18], are represented by Adrian [19], Westerweel [20] and Willert [21]. The cross correlation principle
has been described by a numerous amont of authors, in various forms, but the fundamentals of the statistical
process involved in the cross correlation principle is highlighted in the outstanding works of Adrian [22] and
Raffel et al. [23].

A compact explanation behind the cross-correlation principle and the correlation method, is found in
[24]. As the present paper presents an FFT cross-correlation, achieved by PIVIab, the usefulness of applying
the classical FFT standard functions [25] is further explained.

4.1. The cross-correlation principle

Let C be considered the particle concentration per unit of volume, and being randomly distributed. If
it’s randomly distributed, we assume the k to be the number of particles situated in the volume V. Therefore,
the distribution follows the Poisson rule:

If Az, is considered to be the thickness of the light sheet used for acquiring the planar PIV images, the mean
distance between two neighbor and a nearest particles in the planar projection of the light sheet can be expressed
as:

Ty = 5 (CAzg)™Y/? @ [24]

If we consider L, to be the square interrogation area and M? the total image surface, the image density
will be defined as:

_ CAZOLI
Ny =23

(3) [24]

If there are many particles per interrogation area (N, = large), then a good estimation of the statistical
displacement can be achieved. Unlike PTV, where no statistical displacement can be determined, as the goal
of the technique is to individually follow particles, in the case of PIV, if a structure moves as a whole, the
correlation peak will be situated at the shift corresponding to the translation [24].

The correlation method can be simplified by considering the correlation between two functions, f(x) and
g(x). The correlation between these two functions is described by (4).

frg=Crgax) = [7 f(x)g(x + Ax)dx (4) [24]

The correlation of the functions is, therefore, the product of the functions f(x) and g(x), with g(x) shifted
on a Ax distance. For each Ax shift, a new value of the correlation is obtained.
If one further equals f (x) = 6(x — xf) and g(x) = §(x — xg), their correlation can will be Cr,(Ax) =

8(x — x74). From this, the correlation peak can be extracted:

Xfg = Xg — Xf (5) [24]

From (5) it can be determined that the correlation peak is found at x4, with the correlation value of 0
everywhere else.

As described above, the correlation of the two functions must be calculated. If each function has N
points, the correlation evaluation has N2 operations. For example, for a 2D plane, there will be a number of
N x N collocation points, and the number of operations will become N*. The number of operations can increase
significantly, and this is the main reason behind the use of FFTs.

The explanation behind the use of FFTs is further found in the analysis of the correlation theorem. Assume k
as a number of wavelength, and as a function of A.
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k=1/2 (6) [24]

Then, the correlation theorem can be written as:

Crg=["7 F0)g(x + Ax)dx () [24]
From (7), by applying the inverse Fourier transform (F 1), the correlation theorem becomes:
Crg(Ax) = FHF(K)G(K)] (8) [24]

For 2D, the values of x and k can be replaced by the vector equivalents. If an FFT is applied on a 2D
discrete set of data, the correlation becomes O(2N?%log,N), which presents a reduction factor of 256/3, for a
value of N=32, compared to the previous O (N*) solution.

P(k,v) = E eV (1) [24]

4.2. SIV images post-processing with PIVIab

PIVIab [15] is a commercially available application, which can be installed within the Matlab software.
It represents a good alternative for PIV images post-processing. Most PIV studies rely on in-house developed
software whose functions can be less optimized than the ones performed by a commercial software, given the
less hours invested into its development.

PIVIab offers the possibility of analyzing the PIV images using 3 options: direct correlation, FFT
correlation and ensemble. For the post processing of the SIV images studied in this paper, the FFT option has
been selected. A pair of two consecutive images has been analyzed in 3 different sessions. The sessions’ settings
are presented in Table 2.

For each cross-correlation session, a series of dimensions for the interrogation window area must be
provided. In classical PIV, the interrogation windows and the interrogations steps are defined as squares.

The interrogation windows are set to be scanned with the interrogation step, resulting into a correlation
peak, which creates the displacement vector.

Scanning in the vicinity of the step area (hence, in the interrogation window), represents a faster way to
determine the correlation peak than the method of scanning the entire image. One pass refers to a single
interrogation window, scanned by a single step. As mentioned in Table 2, the sessions applied here are defined
by 3, 2 and respectively 1 pass.

The number of the displacement vectors resulted is related more to the dimension of the step and the
interrogation window, and less to the number of the passes, as it can be observed in Fig. 4, where image (a)
contains the same amount of vectors as image (c), because the input of the last pass is the same (16x8), while
image (b) contains a larger vector sample, due to the smaller pass setting (8x4).

The subpixel interpolator is a mechanism which determines the correlation peak with subpixel precision.
The principle of the Gaussian 2-3-point fit implies that the subpixel precision is achieved by fitting a one-
dimensional Gaussian function to the integer intensity distribution of the correlation matrix for both axes
independently [15].

Table 2. Settings used in the PIVIab post processing sessions.

Session no. | Number of passes | Interrogation  window | Other specifications, available for
area Vvs. interrogation all of the sessions
step
1 3 64x32; 32x16; 16x8 Subpixel interpolator: Gauss 2x3-
2 3 32x16; 16x8; 8x4 point
3 2 32x16; 16x8 Magnification factor: 1px = 0.00054m
Coordinates: X increases towards right
y increases towards top
Contrast stretch - active
4 1 (DCC) 16x8 Raw image analysis
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5. RESULTS

The first 3 correlating sessions used the same mask on both frames, which was kept throughout the
study in order to avoid differences in vector computing. The 4™ session had a different mask, identical on both
frames, placed in a similar way to the first sessions.

(a) (b) (c) (d)
Fig. 4 Resulted vectors from the consecutive sessions: (a) session 1 — FFT 3 passes, (b) session 2 — FFT
3 passes, (¢) session 3- FFT 2 passes, (d) session 4 — DCC 1 pass.

The results from the PIVIab analysis are interpreted in relation to the general theoretical evolution of
axisymmetric hot RTJs. As SIV can only render line-averaged values, the generated U and V curves by PIVIab
along a few inspection lines such as the purple ones which can be observed in Fig. 4, are used for data
interpretation. As SIV can only render line-averaged values, the generated U and V curves by PIVIab along a
few inspection lines such as the purple ones which can be observed in Fig. 4, are used for data interpretation.
Fig. 5 depicts a very similar round, turbulent jet recorded by schlieren interferometry and its expected center
line velocity map, resulted from the Jonassen and Settles investigation [12].

X (mm)

Fig. 5 Axisymmetrical helium RTJ in air [12].

The values obtained here will therefore not account for the center line velocity of the jet, as the one
presented in Fig. 6, given the line-averaged character of the schlieren method, as determined by Schmidt [13]
and explained in the Introduction section of this paper. In order to determine the jet’s center plane velocity
profile, an Inverse Abel Transform must be performed.
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The first interrogation session performed 3 passes of different window sizes and steps, as specified in
Table 2. It can be observed that the magnitude of the background vectors is too high to be eliminated by setting
a velocity limit, as working with such a limit would also affect the vectors which can be found in the flow. As
expected, due to the high speed at the exit of the RTJ, the resulted vectors closer to the thruster are of greater
magnitude, denoting a higher velocity, while the jet’s plumes are dispersing with less velocity at the superior
limit of the jet.

Fig. 6 Measurement lines accros the RTJ.

The control lines from Fig. 6, are placed as follows: L1- 1mm, L2- 24mm, L3- 68mm, L4- 122mm.

The coordinate system used was the predefined system from PIVIab, where y increases towards the top,
and x increases towards the right (determining U to be the lateral velocity and V the streamwise velocity), in
relation with Fig. 6 and as displayed in Fig. 7).
The profile of the V(y) velocity (in the y direction) along the control lines for session 1, should follow a
gaussian distribution , evolving from a very low value found at the outer layer of the jet, to reach a peak when
crossing the jet’s centerline and afterwards descending to the other jet’s limit. This is caused by the jet’s
dispersing mechanism, described by Fig. 7. The U(x) velocity should present an anti-symmetric profile, with
the displacement vectors following the axisymmetric character of the jet

Fig. 7 RTJ’s structure: (left) graphical representation of the theoretical centerline velocity profile and
(right) the light crossing through the outer layer a, comapred to the integrated path found in the center
plane (b).
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For all the post processing sessions, the y increases towards the top, while the x increases towards right. The
images have been processed as in Fig. 4 , with the same coordinates as in Fig. 7, (left). Data was extracted on
4 lines that split the jet, in order to form a conclusion about the information offered per each jet section.
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Fig. 8 U and V velocity profiles of the first session, along the integration lines.

0.07 0.08

The velocity maps obtained by cross-correlation provide a smaller magnitude of the velocities, when

compared to the expected velocity values. The thruster was designed to expel the jet at a speed over 1000m/s,
while the measurements, except for a few points present on the DCC map, present much lower values, which
prove to be irrelevant for the velocity study.

Disregarding the values for the velocity, and focusing only on the shape of the graphs, it can be

concluded that for the first session, the V profile closer to the ideal gaussian shape, can be found in Line 2,
while the U velocity profile can be found for Line 1. However, all graphs present limited scattered data, and

therefore fitting a progression curve for the vectors can be quite challenging. These results have not benefitted
from the interpolation of missing values.
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Fig. 9 U and V velocity profiles of the second session, along the integration lines.
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The second post processing session, using 3 steps, but adding a smaller interrogation window of 8x4
pixels, presents an increase in the vector population. As specified before, if the data sample is larger, the results
are more accurate. However, in this case, the jet reflects out of the vacuum chamber’s casing, causing the
appearance of stray elements in the background, that cannot be eliminated.
These elements are perceived as signals and result in false correlation values, and are also amplified
with the vectors. This session benefitted from missing data interpolation, and the vectors generated by this can
be observed as bright orange arrows, in Fig. 4, the third image from left to right. For this session, Line 1 presents
the best U profile, while the best V peak can be found in Line 4, as depicted in Fig. 9.
The third session rendered good results on the first line for the U velocity, and on the 3™ line for the V
velocity, as depicted by Fig. 10.
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Fig. 10 U and V velocity profiles of the third session, along the integration lines.

Although the data sample has been smaller than that obtained by session 1 and session 2, the
interrogation window and pass size were more appropriate, by looking at the 4™ interrogation line. Here, the U
velocity varies by another law, as the vorticities of the jet’s plumes no longer vary similar to the ones at the
jet’s exit.
The DCC analysis was performed on a raw set of the schlieren images, as no color index was necessary
to performed the measurement and it was observed that the image saturation does not play a role in the cross

correlation of the images.
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While the DCC performed very well in determining more accurate values of the flow velocities than the
ones provided by the FFT cross-correlation, it presents the expected issue of data scarcity, as it only applies a
singular pass, equal to the size of the image. The resulted velocity at the exit of the flow, calculated from the
image, with the specifications provided in Table 1, were close to 900m/s. The thruster was designed to reach
over Mach 3.5, but several sources of errors can be encountered in this measurement, such as the delay between
frames, which can be enough for some sections of the jet where the flow is slowed down, but it could miss the
turbulent elements propagating at high speed. Secondly, the line-averaged character of the schlieren technique,
which impairs such measurements must be taken into account. These two sources of errors are also valid for
the FFT cases.

6. CONCLUSIONS AND FUTURE WORK

The main conclusion of the present study is that while the velocity magnitude couldn’t be determined
within reasonable accuracy limits, a graphic profile description of the velocity profiles along 4 interrogation
lines which horizontally section the jet, has been obtained.

The main reason behind the lack of accuracy in velocity magnitude measurements when performing
SIV is caused by the path-integrated character of the schlieren images, which represent a projection of the
integrated density field and can only be post processed to render line-averaged values of velocities.

Most papers, such as [1,5,6,12], find that SIV methods can provide a data accuracy between 20%-
100%, depending on the type of the studied flow and the post processing method.

For the present test case, SIV was performed by analysing the axisymmetric jet through image cross-
correlation. Four post processing sessions with different settings were performed. The first three sessions used
an FFT approach, with different interrogation windows and steps.

It has been observed that the second session provided a larger sample interval, due to the dimension of
the last step applied, which involved a smaller interrogation window and step. However, the resulted velocity
map also contained an amplified number of spurious vectors, generated by the natural convection developing
in the background. Reducing the interrogation area has a negative effect on the vectors generated at the outer
extremities of the jet’s shear layers. The shear layer’s elements can be mistaken by the algorithm with elements
resulted from the natural convection. This leads to false values of the correlation peaks, generates false vectors
and increases the overall error of the measurement.

The first and third sessions rendered similar results, given the similar size of the smallest pass applied.
They also present spurious vectors in the background, but at a smaller scale compared the ones found in the
second session. An advantage of the larger interrogation windows used here is that the distinction between the
vectors can be achieved easily. Nonetheless, for the images presented here, velocity limits cannot be imposed
in order to totally eliminate the spurious vectors because it would also brush off real vectors, and therefore
reduce the sample size. The sample size is given by the Central Limit Theorem which states that for a sample
size to be relevant, it needs to account for 30-50 measurement points [26].

The DCC measurements computes the correlation matrix in the spatial domain. The DDC method’s
settings were adapted by considering the previous sessions’results. Therefore, an interrogation area of 16x8
was used, as this was proven to be the best compromise between having a relevant sample size and the spurious
vectors impact. Providing data very close to the expected value of the jet’s exit velocity, the DCC method has
been proved to be unreliable given the data scarcity resulted from the method’s character which only allows a
single pass computation.

In order to improve the results of the method, there are two important aspects which can and must be
improved.

The first aspect is providing better schlieren images, which can be achieved by providing a recording
speed fitted to the turbulent element’s development time. Another possibility is performing two separate
sessions, the first one concentrated on the lower part of the jet, where the jet’s density is higher, and recording
images with a lower contrast, and a second recording session on the upper limit with a slightly higher contrast.
This could reduce the level of the natural convection in the first recording session’s case.

The second aspect to be taken into consideration is providing a theoretical profile of the flow’s center
plane velocities and compare it with a statistical method, such as the Abel Inverse Transform, to account for
the 3D character of the flow.

Data gathered by physical instrumentation introduced in the flow, such as a hot-wire rake probe or even
a comparison with data obtained from applying different visualization methods should be provided in order to
better assess the error and accuracy of the SIV method.
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DEVELOPMENT OF A STRATEGIC MANAGEMENT
PERFORMANCE METRIC FOR PROJECTS FINANCIAL
MONITORING

Maria-Cristina ARVINTE!

. When you can measure what you are speaking about, and express it in numbers,
you know something about it; but when you cannot measure it, when you cannot express
it in numbers, your knowledge is of a meagre and unsatisfactory kind....”

William Thompson (Lord Kelvin)

Received: 17.05.2023 ABSTRACT: The purpose of this study is to identify a metric
Qﬁg?i‘;ﬁgc;,lfziogfggfg to assess the financial monitoring of a project financed from
T Romanian budget state using Balanced Scorecard. The
Copyright: The article is an Open Access article ~ assessment of the monitoring process will be implemented on
and it is distributed under the terms and conditions  34SOL/2021 project, title: ,,.Development and implementation
Creative Commons Alttribution (CC BY) license ¢ 5 modern solution to replace Romanian Naval Forces Fast

(https://creativecommons.org/licenses/by/4.0/). .. .
Patrol Boats (Missile) propulsion systems”, acronym
NAVYPROM, having the implementing duration of 24 months
7 (1st of October 2021-30th of September 2023). This project was
chosen to develop a Balanced Scorecard in order to assess the
financial monitoring due to the large amount of financial data, a
great number of human resources used and the multiple
verifications foreseen in the procedure of the contracting
authority, namely the Executive Unit for Financing of Higher
Education, Research, Development and Innovation
(UEFISCDI). There was designed a contract map with clear
established objectives, measurements and targets. The
computed Balanced Scorecard on established periods shows a
proper direction of contract management meaning a good

project monitoring.

KEYWORDS: Balanced Scorecard, financial management, financial reporting, performance, continuous
improvement

1. INTRODUCTION

Projects that imply a lot of human and material resources need to be financial monitored in an accurate
way and to achieve continuous improvement during the implementation phase. Moreover, research projects
like 34S0OL/2021, financed by UEFISCDI, from budget state, have a lot of financial constraints imposed
through contract. This study identifies a method to measure the efficiency of financial monitoring process that
will show if the project converges in a good direction. The method consists in developing a Balanced Scorecard
based on contract and resources needed. Balanced Scorecard is a representative metric of strategic management

1 Romanian Research and Development Institute for Gas Turbines COMOTI
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performance. It is developed having the starting point the strategy of a company. This metric will show the
positive or negative direction for that organisation.

The most common tools for financial assessment are Key Performance Indicators (KPIs) and Balanced
Scorecard. KPIs are a set of independent indicators that don’t reflect any correlation between them. Balanced
Scorecard has the advantage that is a composed indicator that offers the information if the project is on a good
track or on a neutral track and some measures need to be done in order to improve the situation or on a bad
track that requires serious and urgently measures to be taken. The implementation of both approaches was
studied during an internship in the Planning Department of Hungarian Central Statistical Office (HCSQ), in
2008. Balanced Scorecard was designed in the frame of the strategy and an IT application was ensured in order
to calculate the indicator. The strategy for the period 2005-2008 ([1]) was structured respecting the project
management principals and one of its objectives was to implement tools as Balanced Scorecard. In the present
study, the Balanced Scorecard will be developed for 34SOL/2021 research project that is implemented by
COMOTI Romanian Research and Development Institute for Gas Turbines (COMOT]I) as coordinator and has
not only a huge budget, but also a very ambitious scope, reflected by the title of project, namely ,, Development
and implementation of a modern solution to replace Romanian Naval Forces Fast Patrol Boats (Missile)
propulsion systems”. The current geopolitical situation adds much importance to the project scope and relays
on the successful finalised project 4SOL/2017, that smooth the path for the biggest technological transfer in
Romania, implemented by COMOTI.

The risk in any research activity was not taken into account in the present study due to the fact that
research contracts financed from budget state have clear provisions regarding the above-mentioned risk.
UEFISCDI assumes this risk together with the contractor. In the overall system of established measurements
for Balanced Scorecard there are several that can be indirectly linked to this risk, mostly the ones for the
perspective Employee Learning and Growth.

2. 34S0OL/2021 A CHALLANGE FOR FINANCIAL MONITORING PROCESS

34S0L/2021 has a budget of 10 million lei (over 2 million in Euro), financed from state budget and
around 800 thousand lei co-financing (over 150 thousand in Euro). The consortium, led by COMOTI,
encompasses six different organisations: two national research institutes, three universities and one enterprise,
from private sector, all spread among all macro regions of Romania, at NUTS 1 level according to Regulation
(EC) No 176/2008 of the European Parliament and of the Council of 20 February 2008. Figure 1 captures some
impressive numbers related to 34SOL/2021 ([2]).

Second place in the portofolio projects of COMOTI,
financed by UEFISCDI,
from budget point of view

Over 5.000 working hours during the first 3 46 activities to be carried-out and
months of the project foreseen in the Implementation Plan

Over 800 auxiliary
materials purchased in
Phase II ofthe project

Over 180 team Over 100 missions of the team
members members in Phase II of the project

Fig. 1 34SOL/2021 in figures
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3. PREMISES FOR DEVELOPING CONTRACT MAP, SETTING OBJECTIVES AROUND
THE FOUR PERSPECTIVES AND BUILDING MEASUREMENTS

Balanced Scorecard, developed by Robert Kaplan and David Norton, was presented in Harvard
Business Review in 1992 and it can be described as “a carefully selected set of quantifiable measures derived
from an organisation’s strategy” ([3]), as Paul R. Niven writes in his book “Balanced Scorecard Step-by-step:
Maximizing Performance and Maintaining Results ” ([4]). Itis currently used by over 70% of the Fortune 1.000
companies in U.S.A. to manage performance at every level of the company. This tool of strategic management
groups and quantifies strategy at different organizational levels, enabling the assessment performance and
improvement of internal processes.

When developing a Balanced Scorecard around the organisation strategy, there are four perspectives:
Customer, Internal Processes, Employee Learning and Growth and Financial. The Balanced Scorecard
developed for 34SOL/2021 financial monitoring assessment uses the contract between COMOTI and
UEFISCDI. The contract will serve as strategy for developing the Balanced Scorecard. First step is to map the
contract meaning objectives identification. Figure 2 illustrates the phases for developing Balanced Scorecard,
adapted to 34SOL/2021 contract after Matt Evans, trainer on Balanced Scorecard, presented on its online
courses ([5]).

~ontract

Building the 34SOL/2021 Contract Map

Map the objectives across the four performance perspectives

Quantify the 34SOL/2021 Contract - Develop measurements,
targets and calculate Balanced Scorecard

Fig. 2 Steps in the process of building a Balanced Scorecard for 34SOL/2021 project

When defining the strategic objectives around the four perspectives, there are envisaged the four
questions, presented in the figure below, after Matt Evans presented on its online courses ([5]), adapted to
34S0L/2021 contract.

» Contracting Authority-UEFISCDI and the contract director
S8 UG I «“If we succeed, how will we look to UEFISCDI?”

» Financial Internal Processes that sustain and optimize the objectives of 34SOL/2021
LUV EIY «“To satisfy our beneficiars in which processes must we excel?”

» Financial responsible, Economic Department and technical team
* “To carry out the internal processes, what skills are needed?”

*Financial responsible
«“In order to succeed, what infrastructure must be assured?”

Fig. 3 The four perspectives of strategy objectives of Balanced Scorecard
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When the objectives were developed, the following principals governed the process, presented by Matt
Evans on its online courses ([5]): relevant, specific, simple, attainable and ownership, while the measurements
had the following characteristics: useful, measurable, actionable and balanced.

Once that the objectives were set, the next steps, described by Matt Evans, trainer on Balanced
Scorecard, presented on its online courses ([5]), in order to obtain a Balanced Scorecard is presented below and
detailed in Table 1 of chapter 4 of this article on 34SOL/2021 Contract.

Objective

description

Fig. 4 Phases in developing Balanced Scorecard

4. CONTRACT MAP FOR BALANCED SCORECARD DEVELOPING

The designed contract map takes into consideration the performance dimension of Balanced
Scorecard. The objectives set on the four perspectives: financial, customer, internal processes and learning,
reflect the continuous improvement on long term, even after finalising the contract. Being in the last phase of
34S0L/2021 project implementation, it allowed to observe processes errors and correct. For example, one is
the assessment of partners who have no experience in managing such projects and from financial point of view,
financial reporting to UEFISCDI for such partners, implies a lot of assistance.

Figure 5 represents the Contract Map for 34SOL/2021 around the four perspectives, adapted from
examples given by Robert S. Kaplan and David P. Norton in their book ,, The Strategy-Focused Organization”
([6]). The objectives were established according to the restrictions imposed by contract and strategy of
COMOTI. The objectives set on the financial perspective take into consideration the cost-efficiency and value
for money. On the customer perspective, the objectives are set with regard to COMOTI’s partnerships, on one
hand and with UEFISCDI and on the other hand with all project partners. The objectives set on internal
processes are focusing on the efficiency of financial monitoring of the project and financial and accounting
procedures in COMOTI.

Endowment of
Reasearch Departments
Involved in Gas Turbine

Naval Applications

Increase Timeliness and
Punctuality of Payments

Reduce Budget

Create Value-Added !
Variance

Financial

Maximize Timeliness of
answers to requests of point
of contact of UEFISCDI

Customer

Strong Dissemination of the
Project Results

Strengthening
Partnerships

Assessment and
Increase Support to
Partners

Facilitate Cost
Management

Reduce Financial
Reporting Error

Descrease Invoice
Cycle Time

Maximize Timeliness of Cash

Flow Reporting

Internal Processes

Implement Best Practices

High Skill Levels

Learning

Optimum Average Years of
Experience

Increase Internal
Communication Rating

Cross Functional Teams

Fig. 5 34SOL/2021 Contract Map for designing the Balanced Scorecard
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Table 1 reflects the measurements for Balanced Scorecard according to 34SOL/2021 Contract Map and
presented in the standardised manner as in the examples given by Robert S. Kaplan and David P. Norton in
their book “The Balanced Scorecard Translating Strategy into Action” ([7]) and Robert S. Kaplan and David
P. Norton in their book ,, The Strategy-Focused Organization. How Balanced Scorecard Companies Thrive in
the New Business Environment” ([6]). For every objective were identified measures that have a serious impact
over the project and the following principles represented the foundation:

e Minimizing the ineligible costs;

Although it is desired to not have any ineligible costs, there is the subjective interpretation of
Contracting Authority in this matter. This is the reason for including a measure with a high weight in
the overall system (“Percentage of ineligible costs of the allocated budget”’) of measurements created
and detailed in Table 1.

o Endowment of Research Departments in order to assure the successful implementation of the
project;

It was necessary to ensure IT tools, both software and hardware for the technical staff that allow
to organise meetings at partners premises and to present to the beneficiary of the results of the project
working documents. Assets bought under the value of 2.500 lei were used mainly in micro production
unit.

¢ Minimizing the deviation of the planned costs versus actual costs;

The measurements “Percentage of the amount spend supplementary”, ‘“Percentage of
reallocation of amount planned for each category of costs: direct personnel costs”, “Percentage of
reallocation of amount planned for each category of costs: logistics”, “Percentage of reallocation of
amount planned for each category of costs.: delegations”, “Percentage of reallocation of amount
planned for each category of costs: indirect costs” and “Percentage of overall reallocation” were
designed in order to quantify the deviations from the planned budget and possible loops in the research
activities that consumes unpredicted budget.

e Establishing long-term partnerships both with UEFISCDI and partners involved;

Nowadays, in order to benefit from grants, establishing partnerships is crucial. Also, strengthening
the communication with the contact point with UEFISCDI and deliver punctual, accurate and timely
answers contribute to a good image of COMOTI. Objectives in this area were set in order to assign
the proper importance to this action.

Obijectives like “Maximize Timeliness of answers to requests of point of contact of UEFISCDI”,
“Assessment and Increase Support to Partners”, “Strengthening Partnerships” is considered a trigger
in the technical and financial reporting. Knowing the partners very well and their experience reduces
the risk of encountering a large type of errors.

e Optimizing the financial and monitoring processes related to 34SOL/2021 contract;

The objectives identified for the Internal Process perspective are focusing on the financial
monitoring of the project carried out in the Planning and Accounting Departments in order to ensure
a sound financial reporting. The dynamic of costs registered and planned on short term impose a
financial reporting with high frequency to the technical responsible. It was commonly agreed between
the technical team and financial team that at every two weeks, a situation with the encountered costs
and the sum available for spending to be transmitted. This is the reason for including the measure
“Number of reports with all registered costs and balances send to technical responsible” with an
important weight assigned. The measurement “Number of reports with personnel costs send to
technical responsible” is important because the technical responsible approves the number of hours
in the monthly timesheets for the staff working on the project. Both measures are designed for a proper
decision making. Including the measure “Number of times of confrontation between financial
responsible evidence and registrations in accounting system” is an important tool for identifying
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errors in primary accounting documents in terms of registration in the accounting system of COMOTI
and in UEFISCDI platform for the financial monitoring. The registration in the accounting system of
COMOTI and in UEFISCDI platform are made by different persons in COMOTI with different skills.
Both measures are considered a helpful tool in the financial reporting in an accurate manner. “Average
time of invoice cycle time” measure was included because it reflects the efficiency of processing bills
for payment and can directly impact the project as is stated in the article “Invoice Cycle Time: What Is
It and How to Improve It” from https://planergy.com ([8]). The cycle of an invoice starts with its entering
in COMOTI, it passes on different departments in order to ensure all the conditions foreseen in the
Romania lows and the final step is the payment phase. The longer is this cycle in every organisation,
the more money are spent. So, to decrease the above mention cycle is considered important. If the
invoice or other documents (like contracts) don’t specify a certain deadline for paying, the Romanian
low considers 30 days the term for payment of the invoice.

o Solid dissemination of the project results;

In 2022, UEFISCDI accentuated the dissemination of the results encountered. It is expected to
follow the European Commission politics to maximize the dissemination of the results. In Table 1
were included the two measures for every type of result requested by UEFISCDI.

e Very good internal communication;

The internal communication between teams with different background it turned out to be a major
factor in the decision-making process.

¢ High frequency of financial reports sent to the technical responsible;
e Continuous improvement assured;

The objective “Maximize Timeliness of Cash Flow Reporting ” takes into consideration the number
of corrections presented in the financial situations. The Economic Department requests regularly the
financial situation of the project in order to ensure a smooth process of the organisation’s liquidity,
flexibility and overall financial performance. Minimizing the errors in this reports are very important.

In order to ensure the continuous improvement, there were included the measures: “Percentage of
number of errors corrected regarding the financial monitoring process compared to the previous
phase” and “Number of errors corrected regarding the accounting primary documents compared to
the previous phase” under the objective “Implement Best Practices”.

e High-skilled human resources involved.

For every objective were set one or more measurements. The periods for collecting the data were split
as follows:

- 1st October-31st December 2021,

- 1st January-30th June 2022;

- 1st July-31st December 2022;

- 1st January-30th June 2023 (with estimated data).

For each period there were calculated values for each measurement established. For the calculated
values were established ranges for the three categories: red, yellow and green. If the value of an indicator for a
period is on red it means that the financial management is not suitable and serious measures need to be
implemented in order to correct the situation, yellow a neutral state meaning that the financial management is
nor good, nor bed, while green signifies a good path and a good financial management implemented. For each
measure calculated was assigned a weight due to the fact that all objectives don’t have the same impact on the
financial management and don’t contribute equally in the final value of Balanced Scorecard. There were
established 17 objectives around the four perspectives of Balanced Scorecard. Strategic management implies
continuous improvement and that is the reason for including in table 1 initiatives for each measure.
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Table 1. Balanced Scorecard — Strategic Objectives, Measurements, Targets and Initiatives

Strategic Objectives Measurements

Create Value-Added
Percentage of
ineligible costs of the
allocated budget
Percentage of the
amount spend
supplementary

Endowment of
Research
Departments
Involved in Gas
Turbine Naval
Applications

Percentage of actual
purchased equipment
comparing fo planned
sitnation

Percentage of assets
less than 2.500 lei
(without VAT) from
overall assets
purchased financed by
UEFISCDI

Reduce Budget
Variance

Percentage of
reallocation of
amount planned for
each category of cosfts:
direct personnel costs

Percentage of
reallocation of
amount planned for
each category of cosis:
logistics

Percentage of
reallocation of
amount planned for
each category of cosis:

delegations
Percentage of
reallocation of

amount planned for
each category of cosis:
indirect costs

Percentage of overall
reallocation

Increase Timeliness
and Punctuality of
Payments

Percentage of overdue
payment for logistics
invoices from payment
deadline
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Range of values for 3
situations: red-bad, yellow-
neutral, green-good

Weight

Initiatives for continuous
improvement

0,5%-
1%

0%-
0,25%

5%

a) Permanent
communication between
technical responsible and
financial responsible;
b) Financial responsible
designated for financial
monitoring;

c) Financial monitoring by
department's economists for
research department's
involved;

7%-

10% 0%-7%

3%

a) Financial reporting on the
costs registered to technical
responsible  every  two
weeks.

80%-

90% >90%

3%

a) Purchase a major part of
planned equipment in the
design phase.

25%-

350% >50%

3%

a) Purchase assets less than
2.500 lei (without VAT) in
order to smooth the
activities related to contract
scope.

15%-

30% <I5%

1%

a) Financial reporting on the
costs registered to technical
responsible  every  two
weeks.

15%-

30% <I5%

1%

a) Financial reporting on the
costs registered to technical
responsible  every  two
weeks.

b) Financial reporting on the
planned acquisitions to the
technical responsible at
every quarter.

15%-

30% <15%

1%

a) Financial reporting on the
costs registered to technical
responsible  every  two
weeks.

15%-

30% <I5%

1%

a) Financial reporting on the
costs registered to technical
responsible  every  two
weeks.

15%-
30%

<I15%

4%

a) Financial reporting on the
costs registered to technical
responsible  every  two
weeks.

30%-
70%

<30%

4%

a) Check the status of
payment for logistics
invoices on a weekly base
and prepare the situation
with unpaid invoices weekly
for the payment responsible
and Economic Director.
b) Solutioned every issue
requested by Purchasing
Department and researchers
responsible for the
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Range of values for 3
situations: red-bad, yellow-

Initiatives for continuous

Strategic Objectives Measurements neutral, green-good ‘Weight improvement
economic order.
a) Monitoring the inputs in
the treasury account of
COMOTI on daily bases.
b)  Preparing all the
necessary documents in a
timely manner for the
Exceeding deadline of payment responsible.
payments from 34SOL ¢) Inform the partners about
contract by COMOTI 5-8 payment in order to prevent
fo pariners days 0-5 days 2% any disparity in the process.
Maximize Timeliness Percenfag ¢ of
of answers fo exceeding the
X deadlines of the point
requiests of point of
contact of of contact of . .
UEFISCDI UEFISCDI from ftotal 0%- a) Implement efficient time
requests 5% 0% 5% management.
Number of articles,
presentations at a) Offering assistance to all
conferences, chapters partners  with  scientific
Strong Dissemination in :frciem‘:'ﬁc booiks, backlgrcl)und in. ord.er .to
. published studies, maximize the dissemination
of the Project Resulfs number of patents 3-5 =5 4% dimension.
Regular update of
COMOTI web-site a) Name one responsible for
dedicated to 34SOL Yearly | Semesirial 4% updating the web-site.
Number of meetings a) Organise meetings with
Strengthening with  partners  per . partners  whenever  are
Partnerships contract phase : 1 2 2% problems encounter.ed. .
Number of missed a) Implement efficient time
requests from partners 3-5 <3 2% management.
a) Develop a check-list for
the assessment of partners
Assessment of regarding their experience
partners experience in in  project management
Assessment and projects wi:th budget contracts with budget state
stafe financing NO YES 4% finance.
Increase Support to .
Partners Support in the
financial reports for
the partners with no a) Checking all the
experience in projects accounting primary
with  budget  state documents and carry out the
finance NO YES 4% financial report.
Number of reports
with all registered
costs and balances a) Present all the financial
send to  ftechnical reports to the technical
responsible (financial responsible;
Facilitate Cost report carried out af b) Clom.munif:ate with
Management every two weeks c.ma‘ accounting  unit and all
send to the technical economists from research
responsible) 6-12 =11 5% departments.
Number of reports a) Present all the financial
with personnel costs reports to the technical
send to technical responsible;
responsible 3-5 >5 5% b)  Communicate  with
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Strategic Objectives

Measurements

Reduce Financial
Reporting Error

Number of times of
confrontation between

Sfinancial responsible
evidence and
registrations in

accounting system

Decrease Invoice
Cycle Time

Average time
invoice cycle time

of

Number of corrections

Years of Experience

Maximize Timeliness | presented  in the
of Cash Flow financial  situations
Reporting for  ensuring  the
payments  for all
categories of costs
Percentage of number
of errors corrected
regarding the
Sfinancial moniftoring
process compared fo
Implement Best the previous phase
Practices Number of errors
corrected  regarding
the accounting
primary documents
compared  fo the
previous phase
Percentage of
personnel with
experience on similar
prajects
Percentage of
High Skill Levels 34S0L2021
management with
PHD
Percentage af
management with
PHD candidate
Percentage of
executive staff with
Optimum Average optimum number of

experience years (5
years-15 years) in the
Economic Department
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Range of values for 3
sitmations: red-bad, yellow-
neutral, green-good

Weight

Initiatives for continuous
improvement

accounting unit and all
economists from research
departments.

5-10

times | = 10 times

5%

a) Financial situation carried
out and send to the technical
responsible  every  two
weeks.

30 -
60

days < 30 days

3%

a) Monitoring the
accounting registrations.
b) Collect copies of all
primary documents.
¢) Collaborate with the
accounting unit in order to
correct all errors.

3%

a) Monitoring the
accounting registrations.
b) Collect copies of all
primary documents.
¢) Collaborate with the
accounting unit in order to
correct all errors.

3% -

5% =5%

3%

a) Communicate  with
accounting unit and all
economists from research
departments.

10-15 =15

3%

a) Communicate  with
accounting unit and all
economists from research
departments.

60%-

85% >85%

5%

a) Maintaining the financial
and other  advantages
offered by COMOTI for
PHD researchers according
to intern regulations.

25%-

40% >40%

2%

a) Maintaining the financial
and other  advantages
offered by COMOTI for
PHD researchers according
to intern regulations.

10%-

15% =15%

2%

a) Involvement of young
researchers in the project;
b) Know-how transfer from
experienced researcher to
young researchers.

0% -
65%

>65%

3%

a) Maintaining the financial
and other  advantages
offered by COMOTI for
emplovees.
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Range of values for 3
situations: red-bad, yellow- Initiatives for continuous
Strategic Objectives Measurements neufral, green-good Weight improvement
Number of e-mail
messages and
g:::;:::;‘::;:;‘g:l presentations a) Maintaining the financial
Rating regarding the rules of and other  advantages
contract fo the offered by COMOTI for
technical staff 3-5 =5 3% employees.
Number of staff with
different
. specialisations in the
gzzjzslv“unctwnal Economic Departinent a) Maintaining the financial
(project management, and other advantages
accounting, offered by COMOTI for
controlling, auditing) 5-7 >7 3% employees.

For the first period Balanced Scorecard is on yellow, then all the periods are on green table 2 illustrates.

Table 2. Balanced Scorecard results on 34SOL/2021 contract

1 October-31 1 July-31 December 1 January-30 June
December 2021 1 January-30 June 2022 2022 2023 (estimated)
S 1,25xS 1,30xS 1,53xS

According to the measurements established and shown in table 1, there was calculated the value of
Balanced Scorecard for each period. The values for each measurement calculated for each period are considered
confidential due to the fact that the contract is not finalised and has clear provisions in this area. That is the
reason for which Balanced Scorecard values obtained for first period 1 January-30 June 2022 are notated with
S. The value of S is considered both confidential and preliminary. First period is on yellow meaning the
financial monitoring is nor bad, nor good. This result is caused by the very good values related to objectives
such as “Create Value-Added”, “Endowment of Research Departments Involved in Gas Turbine Naval
Applications” and “Increase Timeliness and Punctuality of Payments” but the measurements established under
the Internal Process perspective registered poor values. This outcome is considered normal being at the
beginning of the project implementation. Next Balanced Scorecards calculated show a good direction of the
project and of financial management process.

5. CONCLUSION

The financial management on 34SOL/2021 is going on a good path. The errors encountered were
corrected in order to apply continuous improvement in related processes. A positive path is due to experience
of management staff. Communication between internal teams has improved and needs also to be developed.
Assistance for partners with no experience in managing projects with financing from budget state should be
offered. Level of budget allocated to partner should be proportionated with the time spent on its financial report.

The designed Balanced Scorecard for 34SOL/2021 project dedicated to financial assessment sets the
foundations for strengthening the monitoring process of similar projects. It needs permanent improvements and
adjustments. The future research will be dedicated to the finalisation of the methodology presented in this
article. The project is not ended and therefore the final financial and technical assessment from UEFISCDI and
the beneficiary are expected and the present methodology will be adapted if it is the case. The target is to create
a solid methodology translated in an internal handbook that includes a list of standard objectives and
measurements, the sources for collecting data and basic templates for calculating Balanced Scorecard for each
research project implemented by COMOTI. Recommendations for future researchers that will develop a
methodology to implement Balanced Scorecard are:

- To implement a Balanced Scorecard methodology for the projects with a big amount of money
financed from state budget. For projects with less budget, a set of well-defined KPIs are considered
sufficient. Balanced Scorecard is consuming time and resources.
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- Toassure a standardise assessment of partners involved in order to know how to prevent possible risks
in the financial reporting. The assessment will be carried out having in mind the type of the partner
organisation and their experience in manging project financed from budget state.

- To collect potential risks and measures taken to solve these issues internally.

- To ensure a methodology or at list some standardised templates at organisation level.

The implementation of Balanced Scorecard represents the step to pass from the traditional control
management process to strategic management process.
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