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Shore-Based Pilotage of a Vessel in Reallime by use of
Navigational Simulator and Contemporary Methods of
Communication

lvaylo Yankov Ivanov

Faculty of Shipbuilding, Department of Navigation, Transport Management and Protection of the Cleanliness of
Maritime Roads, Technical University of Varna, 1 Studentska Str., 9000 Varna, Bulgaria

Corresponding author: ivyanivanoff@gmail.com

Abstract. In the context of coronavirus (COVHD9), the imposition of restrictions for political, religious or cultural
reasons, as well as due to the increased dynamics in transport services, and the complexity of the movement of
people around the world, it is wepossible that some professionals will not be able to reach their working places.
Concerning the above mentioned, this presentation offers a way for pilotage of a vessel, approaching for mooring by
use of navigational simulator during a real maneuverjeémepntation of a simulation of the maneuver in advance

and training of the participants in the procedure. The benefits of the experiment will present a method for remote
steering and will remove boundaries in the pilotage services offered around the regaldiless of the area of
navigation, the presence of conflict in the certain area, type of cargo, type of ship, etc.

INTRODUCTION

This paper provides information on telemetry contr
during her mooring opetiains on Rubis Terminal in Stubbs Bay, USA [1]. The management of the ship was
performed remotely by the pilot due to the fact that it was not possible for him to move to the ship, in
accordance with the restrictive travel measures [2], rised due to thengrpandemic of COVIBL9. The
maneuver was performed in several stages:

1. Creating a model of the vessel in a navigational simulator [3, 4].

2. Creating a suitable environment [5], identical to this in which the vessel will sails and will be moored.

3. Creation 6 suitable meteorological conditions, similar to those of the actual environment in which the

ship will sail and will be moored: waves, wind, current, fog, rain.

4. Creating a model of the location of the buoys by coordinates to which the ship will be tied.

Carrying out a risk assessment of possible unpleasant situations that may arise during the maneuver.

Training of the ship's crew and all participants, using a navigation simulator and simulating the

maneuver in different conditions of weather and waterasetf

7. During the maneuver, use of an internet connection with a video image and a telephone line for
communication of the pilot with the captain and his mates [6].

8. When performing the maneuver in real time, all the orders of the Master of the MV Salome were
transferred to the navigational simulator and followed, during the use of the created model of the ship,
sailing in the created surrounding environment.

9. Assessment of the correct conduct of the maneuver and the berthing of the ship.

oo
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The mentioned preparation consist preparation of the ship’s model and creation of the environment in which
the vessel will sail and will be moored. The technical specifications of the real vessel are used [7], (Fig. 1) and
entered in the simulator and also information for the ship’s machinery and propulsion [8], (Fig. 3) and also for

PREPARATION OF THE N AVIGATIONAL SIMULATOR

ship’s thrusters [9], (Fig. 2).

Dimensions

1.27

Length overall (LOA)

120,96 m|

1.28
128

Length between perpendiculars (LBP):
Extreme breadth (Beam)

115.38 |
1720

1.30

Moulded depth

8.0 m

131

Keel to masthead (KTM) / Keel to masthead (KTM) in collapsed condition, if

applicable:

3564 m| m

132

Distance bridge front to center of manriold

36.00m

133

Bow to center manifold (BCM) / Stem 1o center manifold (SCM)

65.00 m| 64.00m

134

Farallel bady distances:

Lighiship Normal Ballast Summer Dwd

Forward to mid-point manifold

3300m 35.00 m| 55.00m

At to mid-point manifold.

34.00m 36.00 m| 30.00m

Tonnag

Parallel body length:
es

67 m 71m| 94m

1.35

Net Tonnage.

2,374.00

1.36

Gross Tonnage ! Reduced Gross Tonnage (i applicable):

5.242.00

137

Suez Canal Tonnage - Gross (SCGT) / Net (SCNT)

1.38

Panama Canal Net Tonnage (PCNT.

Loadling

e Information

139

Loadiine

Summer

Freeboard

Draft

686m

Deadweight
7,915 MT|

Displacement

1952 m 10,886.60 M

Winter

2,095m) 6717 m 7,650 MT 10,650 MT

Tropical

1,809 m 7.003m 8,150 MT | 11,120 MT

Lightship:

681m 205m Not Applicable 2,627.00 MT

Normal Ballast Candition

368m 512m 3.571.60 MT| 6,523.20 MT

Using the above mentioned information, the existing model of a ship from the navigational simulator (Fig. 4)
was tuned to the existing real vessel [10]. The deadweight of the real vessel is set in the simulator according to
the technical specifications of the ship and the simulator calculates automatically the draught of the vessel’s
model of MV Salome. Also, maximum speed which vessel could reach is 12.5 corresponding to 13 kn according

Segregated Ballast
Condibon:

FIGURE 1. Technical specifications of the ship.

368m 512m 3.571.60 MT 6,523.20 MT

[ MAIN PARTICULARS (EACH UNIT)

Power applied to input shaft
Input speed
Service factor/torque load

Gear reduction

Direction of input flange rotation,
when looking on flange from

upside for thrust generation

Direction of input flange rotation,
when looking on flange from

upside for flushing at -50% input rpm.

Well diameter

Impeller material

Casing material

Loss of displacement
Weight of unit

Steering time for 180°
QOuter well

Well fastening material
mounting :

400 kW

1747 r.p.m. 2%

97 % of the max. Input torque
(at the specified power)
2,8095: 1

counter-clockwise

clockwise

1680 mm

NIRESIST

GGG 40

about 1350 kg

about 3000 kg

approx. 7 sec.

not SCHOTTEL supply
; SCHOTTEL supply
from below

FIGURE 2. Stern thrusters information.

([TN] Speea LU — Economical
Ballast speed: 13 Kis (WSNP) 11 Kts (WSNP)
Laden speed 13 Kts (WSNP) 11 Kts (WSNP)
10.2 | What type of fuel is used for main propulsion / generating plant IFO 380 cst MDO
10.3 | Type / Capacity of bunker tanks: Fuel Oil: 364 40 m3
Diesel Oil: 111 m3
Gas Oil- 0 m3
10.4 |ls vessel fitted with fixed or controllable pitch propeller(s): Controllable
10.6 |Engines No Capacity Make/Type
Main engine: Kw
Aux engine: 3 Kw
Power packs: m3
Boilers: 2 MT/Hr
Bow/Stern Thruster
Y
106 |What is brake horse power of bow thruster (if fitted): |YES, 365.00 bhp
107 |Whal is brake horse power of stern thruster (if fitted): |Yes, 589.00 bhp
Emissions »,
10.8 |Main engine IMO NOx emission standard:
109 |Energy Efficiency Design Index (EEDI) rating number: N/A

FIGURE 3. Information aboush i ppropilsionsystem

to the ship’s technical specifications, which matches minimum requirement for such simulation.

11
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FIGURE 4. |l mage of the shipbds model, mat ching the techni

MYV Salome has two 360 degrees turning “Shottel” Thrusters, located on the stern, each of them with 400 kW
power and main engine with propeller and rudder, the simulated vessel has also two 360 degrees turning thrusters
each with 400 kW power, reached it at 1747 rpm, same as these of the real ship, (Fig. 5).

Propulsion_0

TEngine & Fuel ¥

Max Engine RPM [1747 RPM increase (RPW/s) |
Idle Engine RPM [0 RPM decrease (RPW/s) [120

Total propulsive efficiency (%) 100

Specific fuel consumption (g/kWh)
1dle fuel consumption (kg/h) 35.0

snip Ship controls

FIGURE 5. |l mage of the shipbés model, mat cdfthergalvesket t ec hni c al

(Propulsi Propulsion_1 Eropul:
YEngine & Fuel ¥ E XT

Max Engine RPM [1800 RPM increase (RPM/s) [100 Gear ratio [0.2000
Idle Engine RPM [0 RPM decrease (RPM/s) [100

Total propulsive efficiency (%) 80

Specific fuel consumption (g/kwh) 250.0

1dle fuel consumption (kg/h) 0.0

Engine break power (kW): 284
Fuel consumption (kg/h): 71
Engine RPM: 1800

FIGURE6.l mage of the Shipbés Model, matching the technical

12
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MV Sal ome was equi ppeeRowicteld amwd t3r6r5u sbthepr,s tfhRo Idlisa me t
MmSi mul ated shipbébs model is adapted to have bow thrust

Bearing in mind all/l menti oned above, the created

technical specifications of the real gesMV Salome, including the propulsion system of the mentioned vessel
(Fig. 6), which means that the model of the ship is ready for the operation.

PREPARATION OF THE STATIC PART OF THE ENVIRONMENT

For the performance of the procedure of mooring, the preliminary prepared environment of the simulator is
used, created by the producer of the software of the navigational simulator and electronic charts (Fig. 8). Only
the dynamic part of the environment was created by the team for implementation of the procedure, which
means, location of the buoys for mooring (Fig. 7) and meteorological conditions of the environment (Fig. 9).

e~

AR |
) oeenei Jit

s hi

FIGURE7.Cal cul ati on ab FIGURE 8. Position of the buoys on the electronic chart.
position.
Accordingtotheposi ti on of the buoys, given by the portos

performed for matching the correspond position of them on the electronic charts (in accordance with World

Geodetic System 1984: WGS84) and by use of appropriate toBIC8S (Electronic Chart Display and
Information System), their location was fixed on the simulator [11].

By

FIGURE 9. Image of the surrounding environment in the navigational simulator.

13



BulTrans-2021 Conference Proceedings Sozopol, 0-13 September 202

PREPARATION OF THE DYNAMIC PART OF THE ENVIRONMENT

For betterreadiness of the crew, an evaluation of the risk was prepared for different conditions of the
meteorological environment, during the manoeuvring operations, the evaluation has the following criteria:

1 Frequency of appearance.

91 Probability of appearance.

1 Result of appearance.

For a simulation of the mooring procedure with different level of difficulty, the following conditions were used:
Appearance of rain and rain force.
Appearance of wind and wind force.
Appearance of fog and fog dense.
Appearance of sweand its force.
Appearance of current and its force.
Different combinations of the above mentioned.

The evaluation of the different meteorological conditions is based on the information given in the Pilot Book
for the region [12], after that the appragig training of the crew was performed.

=A =4 =4 =4 -4 -9

TRAINING OF THE SHIP'S CREW AND ALL PARTICIPANTS, USING A
NAVIGATION SIMULATOR AND SIMULATING THE MANEUVER IN
DIFFERENT CONDITIONS OF WEATHER AND WATER SURFACE

Bef ore performance of the real maneuvering, the tr
performed for mooring of the vessel by use of the certain navigational simulgtdvin Hughes, the weather
conditions were simulated according to theated risk evaluation for the most inappropriate condition for
sailing and mooring [13].

For instance, several successful approaches to the mooring position were performed by the Captain of MV
Salome and the Pilot for the region, using simulator with woaste scenarios of weather conditions, for
approval of safe berthing:

1 Wind: Directioni SE, Forcé 20 kn; Wave: Directiori SE, Height' 2 m; Swell: Directiori SE, Height

T3m.

1 Wind: Directioni SE, Forcd 20 kn; Wave: Directiori SE, Height' 2 m; Swdl: Directioni SE, Height
T 3 m; presence of dense fog and heavy rain.

I Wind: Directioni SW, Forcei 20 kn; Wave: Directioi SW, Heighti 2 m; Swell: Directioni SW,

Heighti 3 m.

Wind: Directioni SW, Forcei 20 kn; Wave: Directiori SW, Heighti 2 m; Swvell: Directioni SW,
Heighti 3 m; presence of dense fog and heavy rain.

Before the operation a preliminary discussion with the tug master was kept, about the specific moments of

the maneuvering, concerning the certain technical specifications of MV 8alom

The following essential conclusions were reached, taking into account the severity of the weather conditions,
during the training operation, for provision of safe berthing:

T I't is always better to approach t heachitBer cageptbed Bay

operation will be complicated and the safety of the operation will be in danger.

1 The final approach should be done with the dropping of the anchor at about 150 m a beam of the
forward Starboard side buoy [14].

1 The tug master have toeep close conversation with the Master about the position of the anchor,
according to the position of the mooring buoys,
position.

1 The tug should remain inside buoys area and ready to assist to st@ssbein case of fast approach to
the mooring area.

1 It was checked by simulation, if the safety depths around the area are appropriate for the tug to go out of
AiStubbsd Bay Terminal in case ofopetivaange of positi c

1 For most of the cases the ropes were fixed as follow: first two lines to Starboard Forward Buoy, at same
time two lines were handed to Starboard Stern Buoy, after that two lines were handed to Port Forward
Buoy and at the end two lines were give Port Stern Buoy and to Forward Brest Buoy.

9 During the berthing of the vessel, it is recommended the tug to remain on board (Port or Starboard Side,
depending on the weather conditions) till the ship was safely berthed.

14
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In emergency situation, it Isetter always a tug to be available to assist, despite the dropped anchor.

During the mooring operation is always useful the thrusters of the vessel to be used by experienced
staff, depending on the weather conditions.

=a =4

FIGURE 10. Image of thesimulated procedure of mooring of the vessel.

Figure 10 presents the position of the vessel, fastened for the buoys, after performance of the procedure on
the shipbs navigational simulator, according to the
After the performance of the training, all participant of it, found it very useful and gave agreement with the

above mentioned conclusions, concerning the certain vessel, environment and weather conditions.

PERFORMANCE OF THE REAL MOORING OPERATION

For the implementation of the operation, the following means for navigation and communication were used,
part of these installed on board the vessel:

1 Navigational Simulator with ECDIS Console, the used was produced by Kelvin Hughes.

1 Stable Internet Connection.

1 Stable Phone Connection.

1 Stable Video Connection.

1 Stable Connection with the CCTV System of the vessel via Internet.

During the operation the pilot has constant communication with the Master of the vessel via reliable
telephone line, the internet ised for the video conference with the crew and for video surveillance of the
position of the vessel according to the surrounding environment. The communication was created between the
ECDIS, located on board the vessel and ECDIS, which is part of thgatiavial simulator used for the remote
control of the procedure, this is for comparison of the information, received from the means of navigation on
board the vessel with this [15], entered in the navigational simulator.

The team which is needed fionplementation of such an operation, includes the following specialists:

1 Research Team Leader for observing the requirement of the operation: vessel, environment, conditions,

etc.

1 Trainer for preliminary training of the crew and all participants.

1 Master ad Crew of the vessel.

1 Pilot.

15
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91 Ship and Environment Creator.

1 Technical Support for the both sides.

The conduction of the operation goes through the following stages [16]:

1 Pilot available at appropriate time and date.

1 Vessel heading to the Appropriate Wagi® for mooring, close to the buoys, the Pilot is online,
observing the situation. Fig. 11 below shows the correspondence between the image of the ECDIS on
board of the ship and the image of the ECDIS on the navigation simulator.

1 The operation was folloveeon the navigational simulator in front of the Pilot.

FIGURE 11. Proceeding of the vessel to the mooring position.

1 Vessel reached the mooring position, the starboard anchor was dropped in pd&isioackles in to the
water, the Pilot is online, slerving the situation.

1 The operation was followed on the navigational simulator in front of the Pilot.

1 At first, two lines to Starboard Forward Buoy were send, at same time two lines were handed to
Starboard Stern Buoy, after that two lines were hand&btoForward Buoy and at the end two lines
were given to Port Stern Buoy and to Forward Brest Buoy, the Pilot is online, observing the situation.

1 The operation was followed on the navigational simulator in front of the Pilot.

91 During the operation, all th&taff was very careful for the crossing of the rope lines.

1 The tug boat and mooring boats were in position, available for assistance.

1 After the vessel has been berthed, the depth under and around the vessel was measured by ships echo

sounder and it wasompared with this on the simulator for assurance the safety of operation.

Considering the activities, mentioned above, the operation was performed without any complications,

incidents and according to all local and international regulations, the follmeimgusions were made:

1 Always two pilots were needed to be online during the operations, one is engaged with the maneuvering
operations with the Captain, but the second pilot is engaged with mooring boats crew and with tug
coordination.

1 Always is betterweather buoy for data transmission to be installed in the area for actual weather
information, because it is recommended vessel not to enter the mooring area with Wind with force over
18 kn (Gusts of Wind, with force more than 20 kn) and with Swell mame 3m in height.

1 Itis always better such kind of mooring operations to be applied for vessels, which are equipped with
bow and stern thrusters.

1 It is better, mooring buoys to be equipped with ladder, quick release device and Racon for increasing
safety.

f For safety of the operation, all mooring boatséo
the procedure.

1 For safety precautions, the tug boat has to be equipped with firefighting capabilities and oil booms on
board.

1 The way of approach ofhé moored vessel and the tug position to be discussed, before the operation, the
vessels with high maneuvering capabilities not to be connected with ropes to the tug in advance.

1 The dropping position of the anchor has to be monitored, in order not testveation for the mooring
operation and for the rope lines.
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FIGURE 12. Mooring operation of the vessel.

Figure 12 represents photos from the real mooring operation of the vessel at birth in real conditions.

FIGURE 13. Berthing position of the vessel on the simulator, following the information from MV Salome.

Figure 13 represents information about the berthing of the vessel in the area on the simulator, according to
the information received from m/v Salome on live, this case, considering the weather conditions, the
simulator calculated that the ropes to the starboard side buoys are very tight, but the ropes to the port side buoys
are sagged. The service team recommends, in this case the position of the buoyddoatesl rlor better
positioning of the ropes and for increase the safety of the operation.
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tension of the headlines of the vessel [17].

To sum up all mentioned

CONCLUSION

above, the certain

FIGURE 14. New suggested positions of the buoys for better distribution of the tension of the headlines of the ship.
Figure 14 gives better location (@reen) of the buoys for mooring, which gives better distribution of the

presentat

remotely, wheran appropriate team of specialists and suitable equipment are used. These methods will be very useful
when in the context of coronavirus (COVID), the imposition of restrictions for political, religious or cultural
reasons, as well as due to the incréalygmamics in transport services, and the complexity of the movement of people
around the world, some professionals will not be able to reach their working places, then the methods for remote
control and operation will remove boundaries in the pilotaggécss offered around the world, regardless of the area

of navigation, the presence of conflict in the certain area, type of cargo, type of ship, etc.
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9 dHjdasdW dydteOdzj sts dzg@ s OMdesMmisdlsy d bk teQaafjprdzddj sts
(dLSdz6 yjdzdwlsO fls©o Ols ftcOo d dzO) .

1 10O0hdiled Mteipd L O LOMNdIO Miejhk tdmMStsajlsj, dO Ctsdlsts j
fteso Odzddzd L OteOHd HtetsBdzj B, dzj HEsMIsOLI YydzO J W j Cilsdo dats
Gtolziflgj m dzed ud MS d, ¢BEPE Ol ddzd .
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JlokasnHu NpUYnHNn,
3ano>xxeHu aedekTn,
Heobu4anHm ycnosusna

OnacHocTH

Ckputn
oTKasu Ha
ynpas JiIeHCKO
HUBO

TpaekTopus

OnacHun

nencreuva

McuxonornyHm
npeanocraskn

3awmTa B Aobnboy4mnHa

Ha BbB3MO>XH
npouvsLwuecTs

3arybn

( 99 ( B8[3,8,10]

[e Odzd L t OB tsls dzts 1 jtemsc 1 Oh d Ik
Vi LOo dzj > Vidzsp g w

ejh jddv—2|ftcj HEEOL § 1§ _
[tteOddL o 2 ¢ & ctoj ey L18©I"Ca <

fesyj g—> v dztsp W -
ststcf SteOlsfdFoXf toj HicOL {f 13 L Olzh j d

Cbdskto || ¢ &5 &zotk

[ Olsj dzlsdzd 5
( #20,12]

J e Odzd L O JtecOdzd L O
f msmmql f t_rtsrsugfnql

vidzse d W 1 O dIsd vipdztse d w IOlstzlstII
zO OB tsls dzfs dz0 OB tsls dzfs Zmdztse dw
V \ 4 \/
[lsCOoLd [ Olsj dzls gzd [sCOL 1 Oh dlsd
sls ¢ OL d
(g) 1i cosdzOy@Rzjdz © (H) 1 OtdOdzels, (L tsddz, 41 dz

ARJ UL Of BH ]z d2O t d2L1 dz ( O)
CiHjbs ftejHdydlsy sl
stecOdzdL Oydsdedetsilsts ftetsdr h jflsady;

otcl LEO BiYHE Y OMdtsMmisd,

(e, H) &BsH]jd M

21

LOMdIsd d
BOtdjted dBOOslsd b, s Mdaste dady § BOq df



BulTrans-2021 Conference Proceedings Sozopol, 0-13 September 202

1 vfdsedy d&O ©Ob tlORiksd k" fisElss &syj HO MO o ddwd
Hi2fMlsoadwlsO dz0 j € ff dzt Qearysdesigkzd™, (hjoficddQidz o i C ot
CoOdd¥dCOydy d sfdls, d Is. da

1 0SIsdoded iWmIgRAUsH ¥ dzd BjLHj2Mlsad?y Bls S5L0 (f§ddsls:
Hodxjdedj, bkjnddyd, &OLj®Bjd M MsOe), SCsdkt JKOl daj
Ctej "C dzOtelz M j dzd v .

[jeSdlsj] LO fsodhOoOdy dzO BjLG§OMdESNssO oCds ye Ol fd
qHjdsdW dudteOdzj 20 &OIj dzlsded Tl Mistswdedw ¢ §tsHMdde Odzj o©
©COBBlsdZOKO MiejHO d ScEOddyOo Ok Ozd. § FlhdP dzifiisO Y Y & Gzt ls j OF
ol LdzdC 00Ok fted M ujlOddjlsts dz0 OSkdodsd tkSOLd d ¢ &Y eisd

frovfrdfl{1rcC

O dOZzdL qieOded Mj tjL izdzkOlsdls tsls ftod dzZOcOdzj Ists dzO dBBH j dzO
sls Skwmdmlsd, ftoj BddzOdzd Skth dzO tBEZYj dedj dz@LIRI8IG ] L O My
RLYBSdL O Oded MO HOdzdzd L O OdzOdzdla d¢ tass dsligjd figle) L EOW Q@fffisedsR[dzds teolz t
13, O bttjlkOkO cttkfO Mmj M Mistsd ks jHdd flskHjdds 5 Osc
LOf 5L dzOcdz 1 BOIs Jit]dl Gl ohdde SOz wehPB slsd 5 Heo O Myj dzOtedw
ftojHiMsOo e Of @)sdrvY Ci &3 ] Mfsdj dOlsdw Ckttf. uwdzj HB9 Ols
sBhts hjMmls dzO ¢ w@&d OfOdddd. stedls] cwokzfd j<¢Mfjtlsd L O
McOodW 9 Ols s HoB2Cd d tjLizdzsOdlsj fj MjHd"esOl L O of

ltotsyj Hz tdP BLteOdzj dz2O | S MY j tolsdad d3dzj dzd ™

RLGESkowdzjsts 20 OdzOdkzdL dlsj dz0 Oo dOydededzdlsj fesdLh Mo

T 10fL d&z0o Odzj ) SEqMOdedjlsts O OodOydtsddsists fsdLh |l

T fftejnjdvdyg dO sttcOddL OydsddzdIlsi OMdeldsdylyiind , [ fifpdztiseddsiqldse
tOBGldslss &vilsts, OCkdodddls] ©lsCOLJ;

1 1 6fi dco Odzj 20 Wstedzdvte (Ade. 4) [13], o Cs2kts fj ¢
CObjesteddls) o .BsHJj O dO {d2Li dz

[BtcOBBISCO dzO J Sy Jjtelsdzdlsy d3dzi dad W

(ShY jtlsddls) &dzj ded™ 1 1©] desBde@ee@Eds Cols | o idsdsls jodfddze Yo © dL G
i slso jMmisodj dz® ffmsyjddls] ks jSMijtlsdls] %OCksted. 70
dLeBlso W wlsH ) d&zdzO kOB ddyO, o SCoWlsts o MjEQL dafjwj dd Jt€ @y dzdois,
SlHgkgz CdzjlsCd MO HOH,j dd U sSttdkzddesoCdl dO M sle jlsdedls,
fiod dzkyHO HO Mj fsojted M skojkMsodjlsts dzO ctkf eOdz Ist

wlsjfjdzsO dz0 fedftsCtodo Odzj kO JSmyijtlsddls odzj ddw My
EBh dvls Bts? CdmlsOlsdisOdd |X|,00 ks touftc b5 % HAMIEPYPIS Sty j€lds d o

fni WOo¢K¥bYdd ®seBhdwls B2 WOCkttd, C il d e Oded H dsls

S5CsdyOlj dzdets o] MW sOdzj dz0 BjCdlsy L O M ¢ kzOMmkzoe Odzj dzO
Hots26C¢d jSMyijtlsd, Mj MkddeOls LO M sk jlsdzOs0 ctkfO W OCLk

22



Sozopol, 0-13 September 202 BulTrans-2021 Conference Proceedings

Organizational processes
Activities over which any organization has a reasonable degree of direct control
Certification
Oversight
S S L
Workplace conditions Latent conditions
Factors that directly influence the efficiency of people in Conditions present in the system before the accident, made
aviation workplaces evident by triggering factors
Standing water Runway conditions (Pavement/drainage)
L S L
Active failures Defences
Actions or inactions by people (pilots, controllers, Resources to protect against the risks that organizations
maintenance engineers, aerodrome staff, etc.) that have an involved in production activities must confront
immediate adverse effect
Did not consult charts Contaminated runway operation charts

ARJ Ul pABHedBEdZvte L O (sl dzoa Odzgj dzO t6j L zdzZlsOlsdlsj s O0dzOdzdL dzO 0o
td2Li d2 d BilssHJC OO, [1HOHjd20 o Skt dzO0 Rs ¢ J

[weC O LO M ¢dkOMzo Odzj sts O j S My j telsdzd s

{ OL d&zdyded BiteSCqd L O i ¢dzOMizo OdpjH Odk SOI§ j1cAt te d 2udzdts HHT@sdadBds
CtcOldzd dZOBSELO ®Is jdzj BBidelsd M dLwOLwWe O ydmdzj dzg8 ytedr d
Dice (tyjdsSO F1)[ 16] d StiwvwdydjdB8ianpdz® n f tc ¢ fsts ¥ td ojaf @ dizls «
qLdj dz" s ) 3y HE dizQUOs ddzzjdeod diyd@@yOoe O i dzdz® g MO dz® fsE
dBdztsy j Mise O,1 O djdetsd dgh @ Misoe s ddzd ftedi sCtcdoOdzj, © LOesadMmMdds
RdzH j SMi s dzgO r OCOteH, drLojMmisjd shj CObts CtsiWwdydd dls dzO
dz@i o f OHONdIsj dgdej degdw €1 d3 sBh dWw Bots?2 tOL dzd ydaed d3dzj dzd v :
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_Mlﬂ
[x8Y]
siWdydjdasi Is id@R fiu sHeGed@n j tals dztsh j dzgd j sts dz@ i e f OH O (s

Bdzj dzdw. RLUJMdZY 0O fj OdzOdsc dudss oz0 S ] Wsdyisd if dels{O B R Liz0 toQia
CZOMdW dcoydw .

J(X,Y) (1)

2X1Y|

[X|+[v

ssiWdudjddsils dz0 ftod§ ¢ tsdozafddiC JipadfdBY Sy fHidapdq ddyls Jsf jodsls ©

ftedfsCtcdoOdzgj d J JHdddyO, SCStcOlsts didzj dzdwsO dzO jHJdedW
2X1Y|

S(X,Y) =
0 in(x M) ®

tr1vf vour

ssHils dzO td2L1 dz2 L O OdzOdzdL dzO stc¢ Odzd L pddsizpdds dfdmts d L
gLh jmsadw Mmi ¢ dzOfmMdes B ssHJC OO, fidMOdkOd o (tojHABSHC
JLetslso jdzd kOBd&dJyd d&O i skejlmlsody. 1tddjttdd OB
jilsdlsy L O juHddedw sls Oo OOk Isdedelsj Afiyjdads@te/dd s deCipdistds ¢
jdz0 9 vOBdZdYO 1. RLGBILoa jdd MO HiMjls kOBEIYd dzO Mmi

DSAX,Y) = )

GoI [ RAD CI.B3j tdz® kOB IO dzO f)i o jlsiedj dz0 d3dzj dacemdd
" OClksted Aufdssd¥ &0 ©OBGlkdsks &¥nlssA d f§tddt
Ve ¥ dzO0 OB Gldslsts &Y Miss
AOC kB, Csdlkt asddwwik ol iz j¥jClsde dsfmislsO dzO

dlskzH j dzls Jekzf © ¢ Jkf O 1
1 Ofmi Bt OdzO ffgfjlseC | OMi BteOdZzO Mmj ot 1 OMi BteOdZO Mmj o
[ shts otcj dgj [ shts otej dgj L el iBslsj o dydzO

IMojlsdzj ded §j sts dzO
d2Of toj ¥ § ded §

1 W RO e jlsdzj dz
1V BO oadL zOdzdzd o

[ Ok &0 S

1dfdisjdz §Cdf Oy
BOteh tolzls

[ 66 & dzts FY@EstEdE] IS |

fBSHABHWh L O

1dBfdlsdetsmls dzO

] df MO dz® dzOH § Xt
LO tcOBBSlIsOIO dzO
awWlilsi 60O
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jdZs0 &0 i ¢ ZOME £ Odkj tctkd s 3ozj dzd 6l§ @ MtEOo j O yYej L d
j i dtz2) d StiWdydi dzls OiuddAByfe ddf, sCed o
MmOkt @O bedlsj Stj¥Wdydj de
fjdsO 20 fi ¢ ZOfMkoOdzj Jj dzjL OHBoO

d g dsn JLYGd o 0Odz0 O GrEs®d dfn Gs Ot jeLdk dylsi QD
©j Hjdvdj 0O O] dsddls] 5oL dlsidls daB® g © @zffdzfj dzOn
4

B W@
T O 0% ~—0.

COorT, _0OF
o]
‘X
&
7]
Q-

j HO fpd BbBjdixd, yd dvio UmJHaOmde&@B L
d s sjLd, ¢tsdts MO SCOLOkd odzdwdedj oi teank ftofs
dzH Otels dz0 L OH QWO . L @ jBEOBsalRdL @O L dzOydlsj dzdad J & M
o L O s
te

&
0]

HO i M jiigls ojjdzddsij o dpjLCOMsistsdz@®? L S d ,
d2dzdv fyj zOted 2 .

03 gmo=—v

AKTUBHW OTKa3W

OpraH13aLnoHHm Ycnoeus Ha pabota

CKpUTH YCNOBUA

@ fil od MyjdOted?2 L O OoadOydtddzs ftots

Ycnoews Ha pabBoTa

OpraHn3aLMoHHK

AKTUBHW OTKa3n

CKpUTH ycnoBuA

e
|
L

(B) dMypdPtcd? L O OodOydtsdedets ftetsdLh ji
ARJLUL O] BLEORIL OydY 20 i BtOdedlsj HOddzd ls jSMYfjteddsj desO. 1 g ¢
fsded jJHRO Bl jCMijtlddls] ctkzfd. IMWeO CtdsdktO j J Ui jtels O

i Bbyjljd sk f sko jlsdzOkO jCMmyfjteldd ctkfo
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sl RA@IZA.]jd 20 fi skejlsmsodj ftod BftejHjdvd] d&O %O
6oL dzd udzd SBEYOjd3d jSMYjtelsd. [yjdLOO | &Of 0o j da

fnl slsfalge d 4

AOC Iststs q’ Jaccard DSC Simpson
[660ddL Oy dadzd 0.200 0.333 0.417
uvimMzsea dw dzO tcOB ! 0.224 0.367 0.458
uCtedlsd ( dzOlsj dzls 0.300 0.462 0.500
dCIsdodd IS OL( 0.228 0.371 0.433
1 00 disd 0.231 0.375 0.545
I M us & 0.228 0.371 0.464

10s/dSY[1RI

]l d20f 0o j deslss dL Mdzj Ho Odzj MO MeOodzj dzd tj L EdzsOdlsy
BsHjdz 20 (d2Li dz LO He O ftwddjtcdd Mdzzyow dO OsdOydtsdz
[ctcOded yj desss ftodtf € todf® I©dajpls ddf0 df s@zls g alaigd j W OC ssted Hj di3sd
sBkzyjddjlts s BjLtsf OMmdesfls L O fsMmisdeOdzgj dz2O dzgOH j Yy Hdad L C

JRurt ovULl ¢
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Evaluation of the Effectivenesf the Reason's
Organizational Accident Model

Ralitsa Hristova and Krasin Georgiév

Technical Univergy of Sofia, 8 Kliment Ohridski Blvd., 1756 Sofia, Bulgaria

) krasin@tusofia.bg

Abstract. The Reason's organisational accident model is a model of accident causation that is well known in the
aviation industry. The organizational processes result in latent conditions that can cause errors and degrade the
defences of the system. This modeluadamental for safety management but it's practical implementation could be

a challenge. The results of independent application of the model on two sample aviation accident cases by three
student teams were compared. The limited overlap of the output Eenactive conditions demonstrates the
importance of the safety training for achieving consistent conclusions.
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Il Ly desilsd L O sBERZYjddj d da
MlszH j dzsd ytejL sy Sisd

} 0§ dzO s yGdsoe®  jrdafsdd s’ & | d dzug o

v J ndzed gdmpCide Mg By Wz dz. s dzd o3 dzls [ - ©IPEOM T fzc Oteqf v wtsW W

OXhrustdragliftweight@gmail.com
® priateli97 @abv.bg
® Himginchev@twsofia.bg

tdLred3@MmMlsswhdw HECdZOH dBO LO yjdz HO ftjHMisOad ol L ddsy detsMmisd s
mModsd dddyddteOr O d LOfBYdzOR O HO dLf§i dzdzgv 9 Ols. stcO@2dedW toj L & dzls
dLitsdL oOdjlsts @Bz L O dOkzydzsd € fipeziia @dzPls flz@m§ oo §f dzg s O iz BB EZ YO
HislzMmi o1 teh j deMmise Ols detso d MmlskzHjdalsd. 1 t6jii¢ o2d0APd satizj da Griidt=izlzddaDd IsHs@
Hi B3sdeMistcOlsdoded yjdzd €1 o5 EfwOydejded? 5 fejHdils ¢odOyd tsdadzd
StcOdM¥ stedddtc® o HtosjCls dzO COIjHEBLO Ali LHENMjd IktOdhf stlsh.

fMlskHjdzsMSd ftos SulssWEll® 020y ¢S dBdadw jtemdlsilsO fsHCtjfd tOLtcOB I
ofMdyéts Isso O HB9 jH] HB Bthtsd)W o AdzjH j BB Mlslizie ddzldfiisCzdy | Gaki s dysts i
sjrdzgd dHid. vyOmkeO Mj o dOkyded HtesjSilsd M HEsCdOH], t©OL ddy
BIHddls].

F3lrrrunRre

TtejuL 1998 CsHddZO [ ddzdMmilsjtemMso slss dz0 GBOL SHP®ded J Ists
SBtOL S Odzdj] ©WOLWLOBESIdRO AubtOlsjedw d dzOydsdzOdzdzO 1 ot
sBh jMmMsoets o t(ifkBdzdSO 11 dzeOtedw . 1 d#lstcOIsj edwIisO L dzOdz( .
Zyj dijSis@dsts fMlsteObjedud Méd ftosyjm. SO0 MisQHAshiste ©IO] o dsiink
ddaV ste 3Oy d s dzdzO Is © G&O@B dets s, Csededlsdodetslsts d ddalsj dzj € Ist
COfOydisjls LO MOBsMIsswIsj dzdzts Eyd daj HtejLr yddzdw ydetsls [ 1]

I fwetsyjmdlsj dO tslzyjddj JBO twOL dzd ydafd UsQits teaf d te Ju dig] Us@s
Bl dze OtemCdw jLdS¢ Jj HOHJ dats: A2. JTdmOodzdy dzO dL §f sdzL 9 O da
fsmdzj Hs9 Olsj dzdzsmls L © L tth 9 Odzj dz0 dL d3j tco Oded v, JEMY 4t
ddzd ftwetsdLoeosHMmlse jdzd Hj2desisdA [ 2] .

lteijL @QO0Qottsf j2MEdw 5L ftedJ 30 [ dMOBBdMS O MistcOIsj @
(otetsf j2MSdw MmisL Hts 2010 6. 1 dzgjv j iRpeztzg sy iy ts
IstewBo O HO fMmJ -Clstdzf dzitetg digls saNf @B B dzOIS O d @ dedizPIs3 YazOM-af § Iis @ o3
Cl mdes M ftodd BO uwultcOBESEGW dEokis]f OS2BB0B tc] H] dzv dzOMs
(otetsf j2MCdw Mmi 8 L2000 §f gted B H OdgjX0s1 Ofmi A s fj slsydisOls dzjL
fsmMisdec dzOlIsd Bl (ot j2M¢HY MAE 8 dzin CaO IsPL i) Isded@jlsdgdejd W dz@ls 2 0 |
Arotesf © 2020A fMmj Wstdzdzdted® dddydOlsdes O Al tsetcOBO L O dzt
ftesWiMdsdOdzdtslss tsBtOL s 0dd] d EZyjdzjlss Htejr yjdzdw yde
HOHOIs desfgletsoe® CcteOYHOdzdIsj] HO ttOLodoOls EdigjddwlsO md (]t
ddzd MOdBsMlsswilsj dzdetslsts Eyjdzj [ 3] .

B chBpeMeHHHTE METOMWKHM WM MPOTpaMH 3a OOydeHHe, KaKTO W CaMOTO MPEIOJaBaHe ¢ BaXKHO Ja Ce
M3TI0I3BAaT BE3MOKHOCTHTE HA MOJICPHATE KOMITIOTPH, KAKTO U CPEJICTBATA 33 BU3yalH3alus. ToBa Ie Jaje mo-
00eKTHBHA MpeIcTaBa Ha 00ydaeMHUTe 32 0OCOOCHOCTHUTE U €TanuTe OT paboTaTa Ha JajieHa CUCTEMa MU TIPOIIeC.

B aBuanmsTa, MOArOTOBKAaTa, KOHTPOJN Ha KaApH M OCOOCHO OOYYEHHETO HA IHJIOTH, Ca CBBP3aHH C
OesomacHoctTa. 3ampsik § B dzlstesdz tsls tsBERZ YOO O ddzd dL i dlse O Mmj dL § tsdzL ¢
sd sted sdydets tBERZYJ dzd 4§ . sdzjH EmMfjhdzs L Ooi teh o Odzj md ftcd
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fomisswdyj dz Codestetsdz sls JdzhstezCsste®, dats dzj dzsBEBHEH ddgtis s
otejBI, LO HO Mj tsHelkad [ ¢ LO detse ffiasdzylyg, jH @1 fy jd3sH Eipls
sfi h jmMed kyjsBjd ftesyjfm Mifm Mbkzhnjdidsd o HdzsksmMOkO ¢C
HisfisOlsi Ydets 1§ tetsfyls tc O dzfifllsyp) =hzls et ¥ 1 @BCOO dffj  dets@s dIstg BjL s Ofndat
BjLBYfOMdets mSBRZYjddj, SCtsjlts Mmihjotejdgjdadets j f dedMGS O yjoc
fMfej HOO, YCOLOdRIYIO dO ftedettedlsy d Ht. tdmMised fMmdlk
Oocdfydtsdzdzd sy Md Bz ZzOIssted (du) .

IJByjddjbts yttjL fdislsdeod LO dtsedlsjy MmMdmisj ddd Jj d3datse
by LO Mmisbkejlsddy MOoOBsdils J s 1/3 Hts 1/30 s M2 d
Cod3f dzj ¢ ded fd Bz zOsstdap. odwtcifn Je@dsQzEweORly L dZOydlsj dzdes to
fsHf sRBOCO sy mMdlsy dO Mi LHOs Odzj dzO desed ftwdested d
ftesyjHlzted d dL i dzdzgj dedd dz2O0@ tMmsBided L OHOYd, ¢0CIkt d fsd

{11t ¢ wv3vuvfCcLR[U{

[ sBtajo jdnlsjdz WOCI j, yYyd kv BO yofmlks s dJdW stez3Oydwiso
sewMmded d &OftcOod, LO HO M dOk Y dsB®deiueXddfd v to dRrddssdgsdzdlits
9l 9 JYHOL MdBzddttOdzdIlsy MmMtej HJ.

b MO tOLddydd o LOGdHEHReNHEJkisdzddzz o1l lsgisadls HO B HO
mModktsdzj sd d ~RjdzdStsflsjted, LO ti CsotsHMmMlsoats ol LHEZh dzs HoadX J

Add. d MisOl2,yddfOlbt cnddzOBd ydzdlsj ftejMmi L HOo Ols fijentsfadis HEDY,i dedizt
MsOldudedlsy HtojHdBdzs fLotsdve Ol ftesyjHiztedts (§tsdzjlsdas
My dz0ted d .

(0)
ARLUL ® tddz0dsduded fd sk zOlststed (O) dLEdjn ls oilstj (

ARJ UL 0 BlsObdiaHaAfOIsSstcd (O) dLEdziH .BIs ol lstej (B) oi dgh
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I mMw O BtteOdzdL Oydw md 9l LisdzZLo O wsIs ¢d s ©d3, Ci H]sts

sBlkyddzdjlss d MmMdziH Istso O dzO -HidSBBEs disas@dzddywdisltsy d Wu tfo O QR off]
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Abstract. This report aims to present opportunities for studentexjoressthrough a project they themselves
initiated and started to implement. The result is related to supporting the learning process and its use for research
purpcses. After completing the first stage, new students are trained, engaged and further perfected. In 2019 began to
build a system Aviation simulator for demonstration purposes to exercises on the subject Aviation instruments and
automatic systems. It waen transformed into a project of the Department of Air Transport. The following year it

was funded as a student project from R&D-8bfiai 2020 University supported the development for 2021, all of
which led to theestablishmentf the Cosmos Student @uwhere other students realized their ideas. Participate in
scientific projects with reports, various forums, as well as in media coverage.
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Abstract. Bi-propellant rocket engines are amongst the most complex machines created by humans. However, their
complexity is due to the expectation that these machines endure extraordinary temperatures, pressures, and forces,
and unbeknownst to many, thaderlying physics principles of rocket engines are surprisingly simple. The goal of

the project documented in this paper is to demonstrate these principles with a small scale, functioning model of a
pressure fed liquigjas rocket engine, consisting of ajector, combustion chamber, and CD nozzle, and which can
facilitate a sustained combustion reaction in a high pressure environment, choke the combustion gases at the nozzle's
throat, and create supersonic exhaust. Ultimately, the engine should createwsn af thrust approximate to our
estimates for the thrust.

| NTRODUCTI ON

Rocket Engines is neairbreathing propulsion systems are characterized by the fact that they carry both fuel
and the oxidizer within the aerospace vehicle. Such systems thus magdanywhere in space as well as in
the atmosphere [4].

Liquid propellant engines are more complex and less reliable than solid rocket motors. However, they have
many advantages. They can be tested on the ground prior to launch and can be throttledogped,and
restarted. They usually have the highest specific impulse or Isp rating of any form of propellant [5].

The project described in this paper is still ongoing development as a multitude of fabrication challenges in
constructing the engine remato be solved. The primary focus of this paper is therefore the experiments
conducted to design the engineb6s injector, and future

Most liquid propellant engines are-piopellant, that is, they use two sepatatgids, a fuel and an oxidiser
[5]. Out of all variations of bpropellant rocket engines, designing a pressure fed system requires solving for
relatively few variabl es, especially if maXx i mal perf
engine not intended for flight. The relevant variables for this project are the nozzle throat and exhaust areas, the
lengths of the converging and diverging portions of the nozzle, the combustion chamber volume (characterised
by its diameter and length)nd mass flow rates of the propellants. Furthermore, appropriate materials and an
injector design have to be chosen. By assuming that the fluid flow from the combustion chamber to the exit area
of the nozzle is perfectly isentropic, applying the equatfonssentropic fluid flow yields good estimates for
the nozzle geometry with respect to combustion chamber pressure and temperature. Estimating the combustion
temperature and selecting a chamber pressure as high as possible, in order to maximize thmsfjelds
specific values for the variables describing the nozzle geometry. The combustion chamber volume and related
parameters canot be solved for with equations- and th
Propellant Rocket Enginef3] it is recommended to refer to engines of similar sizes and propellant
combinations thankfully, the book contains useful data in this regard. The mass flow rate is limited by the rate
at which the selected propellants can be discharged from theiecte®p reservoirs and depends on the
oxidizer/fuel ratio the engine should run on. After considering various propellant combinations, ethanol and
compressed gaseous oxygen was chosen due to offering the best in overall storability, safety, availability and
performance. The mass flow rate of the oxygen is constricted by the pressure regulator used to dispense it from
its tank and is a known spec of the regulator. Furthermore, it was decidedtie sseichiometric O/F ratio to
ensure maximum heat releasaridg combustion (a rare design decision in actual rocketry, as designing
flightworthy engines to withstand the energetic release of stoichiometric combustion is too difficult. Further, it
can be beneficial to load a volumetrically constrained rocket mvidlre of the denseror lighter- propellant to
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improve mass flow or exhaust velocity and therefore thrust, which implies a rsteichiometric O/F ratio.

These considerations arendét relevant tmoject. lEsgimasional | s ca
of the combustion temperature was done by calculating the adiabatic flame temperature of ethanol and oxygen

and multiplying by a conservative safety coefficient to account for combustion incompleteness and losses of

heat after combustip and the chamber pressure was chosen to be tGatralue well below the feed pressure

of the oxygen (15atm), and which includes suitable headroom in case the above estimates are too conservative,

resulting in a greater than expected pressure inthdaomt i on chamber . Most of the p
components are thereby covered, except for those of arguably the most importatiieoimgector determines

how well the propellants mix and t her egayoodiojectorise | | t he
paramount to every engine, though doing so isnoét par

one can follow that delivers the optimal injector parameters. There are many injector types that engine designers
can choos from and modelling an injector can only be done with advanced, and expensive, CFD software, or
through experimentation. The latter approach was deemed more feasible in the scope of this project, and
ultimately led to the design presented in the reseliian.

EXPERI MENT

Determining the injector parameters and geometry required a system to simulate the propellant feed of the
rocket engine, using inert fluids with otherwise similar properties as the propellants. The system would test for
the ability of 3Dprinted plastic injector prototypes to mix these fluids, with the results being judged by visual
analysis of the droplet size of the fluid mixture. The goal was to arrive at an injector design which could create
droplets as small as possible, as this Waekult in a greater overall area of liquid fuel exposed to the oxidizing
gas, aiding combustion efficiency. The experiments would take place in atmospheric conditions, however, so to
reflect the pressure of the combustion chamber, into which the prugel@uld exit the injector, the injector
inlet pressures of the simulating fluids had to be appropriately downscaled. There was unfortunately no way to
simulate the combustion chamber temperature. Needless to say, injectors tested under these ceonditiorts nvd t
perfectly replicate the actual propellant mixing that would occur during a hot fire, but these experiments would
nonetheless establish a minimum expectation of the mixture quality from a given injector design, as the higher
pressure and temperaturethe combustion chamber would only affect mixing positively. The injector designs
would be inspired from the impinging injector type, where numerous streams of propellant collide together and
break up, thereby mixing with each other. Streams of gaggopellants have the inherent advantage that their
mol ecul es arendt bound together and therefore spread
to break them up. This, however, i snfiingingimectorcraiste f or
be designed in such a way that the stream of gas breaks up the liquid.

SETUP

It was decided that water and compressed air would be suitable for simulating the propellants chosen for the
engine, mostly due to possessing relatively lsimproperties and being readily available, enabling tests to be
carried out frequently and rapidly. Further, water has a greater surface tension and density than ethanol, meaning
that it should be harder to break up and impart momentum on, justifyirestiuenption that results from the
experiment would be on the conservative side.

A testing rig was built which could feed compressed air from an air compressor and water pressurized with
nitrogen. Delivery rates were controlled manually through valves aggbyre regulators, monitored through
pressure gauges and a stopwatch, and, in the case of the water, verified before each test by measuring the
amount of water dispelled into a bucket in a given period of time.

The injector designs were created in Autodeskion 360 and 3D printed in PLA with an FDM printer with
a 0.05 mm layer height.

36



Sozopol, 0-13 September 202 BulTrans-2021 Conference Proceedings

FIGURE 1. Testing setup, rear (a) and front (b) view respectively.

FIGURE 2. Test of first injector design. The water streams are clearly intact, mixing is poor.

RESULTS

The decision to use an impinging injector was made primarily due to its comparative geometric simplicity,
making this type ideal for FDM 3D printing and allowirtgté be rapidly prototyped and perfected. The first
such design consisted of a cone in the center of the water outlet, which in turn was enclosed by the gas outlet.
The idea was that this cone would deflect the stream of water into the stream of gag,ittmbreak up. The
experiment was conducted, though breakup of the water stream was negligible, due to the compressed air
pressure dropping markedly ahead of the injector outlet. The cause of this was that the injector outlet area was

too big, meaning h at downstream of the injector there mustov
constricting the flow of air (likely in the air comp
scale of the inject or Bich asdwtherl tests shoveg eliminatedaticetafmnementibnedd o u r
pressure drop. Nonetheless, the propellant simulator :

angle more obtuse in later prototypes. The likely culprit was found by printingesmoinhalfway, then pausing
the print, revealing that the conical section of the print was what can best be described as a definitively non
conically shaped blob of plastic. Since the cone was
another layer, the entire structure would metherefore a completely new, fabrication oriented design of the
injector was necessary.

The new injector design featured converging fluid inlets as opposed to cones, which circumvented the
aforementioned problem with the 3D printer, along with a design characteristic unencountered in the research
for this project- rectangular propellant oetis, which purpose was to discharge the fluids in a shape with a
greater surface area, hopefully facilitating mixing. Tests yielded much better results with this kind of epening
the fluid mixture was made up of generally consistent small droplets. eFuitsign iterations led to the
rectangular openings becoming increasingly long and slim, with the exiting water stream resembling a thin film,
unt il once again the printerds accuracy | imits were
iterations, no matter how they were tweakethe center of the water stream still contained mostly large
droplets. This was presumably caused by the compressed air streams impinging on the water stream in the same
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point, cancelling their lateral momentum. Asresult, it was decided to alter the angles that the gas streams
impinge on the water stream, thereby breaking up the stream in different points, imparting their full momentum
during every collision. This injector design yielded the most satisfactomyltsesthe mixture consisted
completely of tiny droplets, resembling a misty cloud, precisely the objective of the experiments.

FIGURE 3. Test of final injector design. The propellant simulants mix very well.

FIGURE 4. Injector CAD models, displaying design evolution (left to right).

CONCLUSION

The iterative, trial and error approach for designing an optimal injector led to a desifynumgbnventional
and divergent from those used in the aerospace industry. In retrospect this makes sense, as the rocket engine
pursued for this project by far doesnét have the sa
proper, flightworthye ngi nes. Furthermore, the design philosophy
development of a maximally efficient and powerful engine, given the resources at our disposal, but rather to
ensure that the engine has enough margin in its specifisati@t would allow it to produce thrust despite the
coarse estimations of many parameters. Consequently, the experiments conducted in this study will likely bear
little utility to the aerospace industry, but could be useful for applications where mixagas and liquid at

relatively |l ow pressures is required. I't should be n
cul mination hasndédt yet been realized and that admini
pape.
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Abstract. Transport isa field with a lot of potential to explore and evolve, especially with the rapid grow of new

technologies and especially artificial intelige e ( Al ) . The article wild.l explore the
Al is key to the whole future of transportation. We udlke a closer look atto new technologies powered by Al in

automobile and other transportation fields and tiesinternet ofThings connects thenas our purpose is to present

the current and future state of technologi¥e will also examine examples such as the distronic sensor and how it is

dependent on new developments in the industry.

INTRODUCTION

Computer systems arething more than data flowing from one place to another with strictly predetermined
purpose. This data transportation is the way these s\
the driving forces of our world and in the core of it is the$prtation of its production. The word comes from
Amanageo and it i managmgresources justiike a computertsystern. The world economy
is based on production transport, whether it would be a worldwide supply or an ordinary welbsite ,dand
for the wealth of humanity, we should strive to create a fast developing environment in which it can only grow
in our benefit. Following this exact argument, this type of working area can be easily created by implementing
the newest wave of agputer networks and amenities of artificial intelligence. A prime example of the necessity
of new developments is the most recent Suez Canal situation where a single transport ship costed huge
percentage |l osses of the wethésdcaehe easily avpided and prevemteceby Cal ¢
a technological path | ike the use of wind sensors an:i
slow it, but overcome this obstacle.

INTELLIGENT TRANSPORT

The idea and need for intelligenatn s port comes from the concept fASmart
all main factors for one city to be efficient, modern and safe. The field is quite dynamic and progressive. It
attracts a lot of investors to invest in this idea bec@usequite eciting and promises a lot of revenue and
prosperity. As shown below the industry frd2018 is forecast that the growth rate and revenue to increase
substantially by 2025 (Fig.1).

The concept relays heavily on industry 4.0 [2] and more particularly ométtef Things (1oT), because the
data for one smart city to be fAalived, we need to col
browser tikotokskew the userdés preferences, i malbr der t
needs of everyone attached.

Our focus is on the transport. Intelligent transport is actually a very big field with a lot of possibilities and
ways to achieve it. It started just with automatic traffic control and information, but it can be usedrfoclts
more. Thanks to a now more connected world with a robust network system we can introduce new ideas to this
concept never before even i maginabl e, itds a fact t |
decades ago, but the perceptanit from then to now is a world apart. It can be achieved through IoT. With
new cars already on the market, they have the ability to connect and communicate with a lot of cloud based
servers and services so that they can be smarter and safer on the road
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FIGURE 1. Inteligent transport forecast [1].

There are several examples that this system can provide impressive results:

1 In one advanced traffic management, the system collects location data from all vehicles connected to the
city network andhrough Al it can adjust the traffic lights so jams are avoided or if thexeascident
on the road to reroute incoming traffic through another route to save time on people who are trying to
get to their job Monday morning.

1 Thanksto this fieldwecanfnal 'y expl ore the idea of autonomous

achieved because the lack of processing power and more importantly the communication needed for this
to be safe and efficient.

1 Flyingtaxicabs s al so humani tflyéveryday saely and efficientlyi hdsebaen araund

for ages, but thanks to new technologis a goal we are close to more than ever.

The methodology for the data to be processed is quite universal. It needs to be collected, transmitted,
processed ancefl back where it is needed. The gathering is done by many sensors (proximity, temperature,
pressure, etc.), the transmission is handed by the network to the remote server for processing, precisely that in
the last 1615 years has evolved dramatically, veadave enormous speed for data transferring and we need it,
because the amount of data is actuglijte abit. 5G networks [3] allow thisgxceptthe needed speed, we also
need a little to no latency so that the information will be received at the needdd! i second (thatoés
important in autonomous cars).

ARTIFICIAL INTELLIGENCE IN TRANSPORTATION

Artificial intelligence is critical in the new generation of transportation. It relies heavily on interconnection
on all participants in the traffic heork, so the data is quite large and a human worker could never process it
efficiently. Here comes the different Al technics [1], for example fast data processing and analysis which can
help take important decisions in critical situations. The main taahspctors are aviation, road and railway as
well as cargo ship transports which can benefit from the new technology in many innovative ways.

Railway transport may be the easiest type of transport that can easily implement the new type of computer
networks and artificial intelligence means. This sector is suitable for easy integration in the new technology
trends because it faces the fewer number of threats in its progress. Such factors can be unpredictable road
obstacles, climate change, electricity esyatc. In the railway roads case they are less likely to happen which is
why people are more likely to trust a fully automated train or subway. These type of transportation machines
have a specific road made for them in the means of railway, so théyeasely ones in the road at any time and
the harmful factors are lesser. Although there is a possibility and some real life successful tests, people will not
trust the new developments right away, so there is a compromise variant in the face of hasgigtamt driver
who will respond in emergency situations where the A
of automation can protect social interests like drivers keeping their work as well as providing experience for
future research.rains are a very efficient way of transporting goods all over the world due to the possibility of
large loads and the perspective of future Al controlled operations, including lowered manufacturing costs
(which will give us more resources used for futuevelopment), fast and precise maintenance, safe and
environmental friendly high speed travels. For the realization of such an advanced automated system there is a
need of combining artificial intelligence and computer networks to create the main coretdriality. Data
transmission is the key operation which makes our system work [7]. The realization of such a setup would
require for example a processing unit integrated in the train or subway, that will collect information from the
outside and assimilatit accordingly with previously set road maps and infrastructure information, also there
should be precise sensors providing real time data of the travelling environment and communication via satellite
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or another type of network between the train itsetf aontrol points (like train stations). As social friendly it is

to automate this type of vehicles they can be the target of malicious intends due to the large amount of

production and goods they are carrying and it and they may be more vulnerableahdroethis reason, Al

can come in further assistance as creating another type of system which will be based on new technologies with
the purpose to defend the automated railway transportation sector, which will arise even more possibilities for

new resegches.

7-day moving average of total flights tracked by Flightradar24
May 2016-April 2020
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FIGURE 2. Average flights [4].

The fastest transport known to mankind is currently by airplane, although it may face competition with some
newly developed trains. That s why most of longe peopl
distances. Many people use airplanes particularly for this reason, as shown in Fig. 2 how much they are used.

Aviation is a fertile ground for Al implementation, because of the many components it consists of. From
convenience (this is will be very €idult thanks to the sheer amount of people that travel by air) for the
passengers to automated flight to sedf/igation the possibilities are providing enough starting points which Al
can be built upon.

In spite of the fast travelling, people are demagdinore out of airplanes and delay times in airports are a
big drag in the sector. Modern computer networks combined with artificial intelligence can create a safe
network for data exchange that will eliminate such factors which are only slowing downdheist r yds pr ogr
Forecasting the climate precisely and analyzing possible risk situations while comparing them to existing
solutions and preparedness for vast adaptation will be a key task for Al apparatus. Air traffic is a complex
matter and the new d¢bnologies meant for its improvement will help us reach new skies. An interconnected
structure like this should consist of the already existing, but improved, control towers and satellites combined
with onboard Al and cloud services. Unlike the possibiiity semifully automated railway transport, such an
innovation will be more difficult in aviation. The presence of a pilot will be mandatory, but their work can be
relieved by multiple times. The manufacturing and maintenance parts of the sector cérghesatef from new
additions to their present state, mechanized production and deep level analysis of malfunctions supplemented by
fast response and guaranteed safety are key headways in technological growth. Beside standard passenger
airplanes, aviatioprovides medical and cargo aircrafts alongside helicopters and drones. All of those are great
perspectives for the application of artificial intelligence, carrying out common and complex tasks, answering
human needs and allowing alteration guided by ussepences.

In modern day the preferred way of travelling from point A to point B over short distances are automobile
vehicles. They have become the most convenient option for transportation when it comes to personal
preferences, easier and faster movenanwell as free will in driving. That is why it is one of the most
cherished and fastest growing sectors in the industry. Introducing Al to road transport has many initial points to
begin with [8]. The latest innovations include numerous amenities inatatsthe introduction to electric
mobiles, both of which can be fused with artificial intelligence brilliantly. Extras in cars can be easily achieved
by various sensors which will transmit information to a wide network called the Internet of Things ferm wh
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we control the Al in the most suitable for us way. From heating systems to adjusting the seats softness to
driverless road trips the possibilities only grow and that just motivates further researchers. Common problem in
all transport sectors is polloti. Electrical mobiles are a great perspective for halving hazardous emissions and
contamination, combined with Al the effectiveness will be granted. The already present cruise control in cars is
a good option for maintaining constant speed and reducieh donsumption, but what if you have the
possibility for one smarter and even more ecofriendly driving experience. With cruise control you still have to
think about when to stop it or which path you should take for more efficient time saving travellitighansd
one of the most valuable resources. With the Internet of things, we will be able to save a lot more of it for
ourselves, family and more scientific activity aimed toward expanding the new born computer networks. The
idea of such a complex, but e same time comfortable, data transmission grid covers not only the transport
sector, but electric devices in your own home, personal computers and smart phones as well the ones in your
office or workplace. A much talked about innovation in the autoradhdustry is automated vehicles which is
more close to achieving than ever. Al can take the role of the driver and perform the task of finding the shortest
and most convenient way to your destination, that will be even easier if you are driving an ebrdbécause
there will be more options in choosing the right path and also charging stations for such automobiles can serve
as information beacons for communication between various receivers (meaning other cars in the traffic). Unlike
the other sectorsansporting goods, here the object of transportation is us and we will be present in the car that
is driving us so we will be able to maintain safety and prevent possible Al mistakes. To build trust in people, in
a time where they are scared of losing rtteicial network passwords, there should be a separate high level
security system servicing the purpose of detecting and eliminating any threats like taking control over the
automated vehicles or breaching in their communication networks and filling thigamvong information
about tracks and the surroundings of the car. The Internet of things as a whole should be the most protected part
of this infrastructure because reaching one of the devices attached could lead to the others and this will be a
main pont in constructing the newest defensive arrangemerit]9

All of those creative and innovative thoughts and ideas about a future with automated transport and smart
technol ogy wonot be possible without tch eloneufsom o f ar
FutureBridge (Fig. 3) they concluded by 2030 Al will be fundamental part for the automobile industry. Here is a
graph that shows how will the penetration develop in the next 10 years:
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FIGURE 3. Al perspective [5].

Mercedes through their medriving assistance package offer a new active distance assist distronic. It can
automatically accelerate or hit the brakes in the speed rangé @fL0 km/h. This thanks to a new machine
learning technique in the distronic makes it a complex struch&ecdombines data from several radars and
cameras. Its history goes a long way, as the first type of such systems dating back to 1992, and the term
distronic back to 1999 presented by Mercedes. Its mainframe is the internet of things [6] through which the
collected data is transferred, which is driven by machine learning. A single camera will not be enough to
provide efficient Aintelligence eyesodo so an i mpl emen:
right way to go. All the data is fedabk to a control unit which sorts the data and passes it to the appropriate
subsystem like the Speed Limit or the Steering Assist ones. This is achieved through machine learning by using
various algorithms that analyze the received data and manipulabeethies or steering systems of the car. A
great positive trait of using Al of this type is that it learns from its learning meaning that with every new
situation faced it will obtain new knowledge and shape out an algorithm serving as the backbone fandaste
coherent trouble solving in the future. The cameras used in such systems adintleresional in the sense of
having wide range of seeing and provide spatial vision of their surroundings. Radars being the other half of the
idea are equally purposddr providing different coverage span, that is why there are ymdtie and long
range radars which supply the Al with save information for its needs. Knowing its surroundings, it has full
control on the road. Subsystems are created with the intent tarhatiple units responsible for the different
tasks. For example, there should be one for the wheel steering, a unit for maintaining speed limits, unit
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controlling the breaks etc. The distronic sensor will adjust the speed depending on any limit $fgngns

or sudden fast thinking required situations. Automatic steering is one of the bigger challenges as it is the hardest

to control and predict, but the innovation provided by the Al systems can deal with it greatly. By using data

stored in the moder networks about streets, highways and most importantly road pavement it will easily
determine the right maneuvers for save and efficient driving. Keeping distance from other road users is another
obstacle overcome thanks to the distronic sensor andsitsiéda perceiving periphery. Talking about safety
everything about a carbés movement should be happenin
adequate driving behavior on the road automated vehicles should be able to achieve sudden tskak hits,

down and speed up when needed, make precise turns and a lot more other things all becoming possible through
machine learning.

CONCLUSION

Artificial intelligence is rapidly introducing itself in the transport sector and it will continue to be involved in
almost every aspect of it, this is thanks to new technologies that allow more computational power in smaller
silicon and the next generatif networks, especially 5G. Those two will allow smart cities to become more
widespread and more affordable, because governments and investors will see that this sector can grow even
larger and the investments in it will freitful.

ACKNOWLEDGMENTS

The authors would like to thank the Research and Development Sector at the Technical University of Sofia
for the financial support.

REFERENCES

1. Accelerating change: From smart city to smart society | White & Case hitBs://www.whitecase.com/
publications/insight/acceleratinchangesmartcity-smartsociety Accessible as of 14.04.2021.

2. G. Tsochev and M.s e Sthodr akrotvi, f i icT rad U n tPeobldmis @fe n ¢ e i n
Engineering Cybernetics and Robotit3 pp. 1729 (2020).
3. G. Tuna and K. Cengi z, ifTel emati cs and Mobil e | ni

Principles and Applications of Narrowband Internet of Things (NBled)jted by Sudhir K. Routray and
Sasmita Mohanty, IGI Global, pp. 3736 (2021).

4. https://www.flightradar24.comAccessible as of 14.04.2021.

5. Artificial Intelligence Resaping the Automotive Industiily FutureBridge https://www.futurebridge.com/
industry/perspectivemobility/artificial-intelligencereshapingthe-automotiveindustry. Accessible as of

14.04.2021.

6. G.Tsochevand MShar abov, AArtificial intelligence methods
contr ol AR LaenferenoesRyoceeding833 070017 (2021).

7. G. Tsochev, ASome Security Probl ems and20®spects
International Conference on Information Technologies (InfoT,e¢ajna, Bulgaria, IEEE, ppi 5 (2020).

8. A. Anguel ov, R. Trifonov and O. Nakov, iCol ony I n
P 1 a n n2D20 g8th National Conference with International Participation (TELECOEEE, pp. 13V140
(2020).

9. G. Tsochev, R. Yoshinov and N. Zhukova, iSome Securt
Compari son t o SRIRADRroediss 182 pm 358382 (2020).

10. G. R. Tsochev, R. D. Yoshinov, and O. P. I'1iev, i K

through Scada SBIRANEProccedRELS®),pp. 3830356 (2019).
11. G. Tsochev and R. YoshinoResearch on CybdPhysical Systems Securitst ed. (Education and
Knowledge, Sofia, Bulgaria 2020).

44


https://www.whitecase.com/publications/insight/accelerating-change-smart-city-smart-society
https://www.whitecase.com/publications/insight/accelerating-change-smart-city-smart-society
https://doi.org/10.7546/PECR.73.20.02
https://doi.org/10.7546/PECR.73.20.02
https://doi.org/10.4018/978-1-7998-4775-5.ch016
https://www.flightradar24.com/
https://www.futurebridge.com/industry/perspectives-mobility/artificial-intelligence-reshaping-the-automotive-industry/
https://www.futurebridge.com/industry/perspectives-mobility/artificial-intelligence-reshaping-the-automotive-industry/
https://doi.org/10.1063/5.0041610
https://doi.org/10.1109/InfoTech49733.2020.9211078
https://doi.org/10.1109/InfoTech49733.2020.9211078
https://doi.org/10.1109/TELECOM50385.2020.9299536
https://doi.org/10.15622/sp.2020.19.2.5
https://doi.org/10.15622/sp.2019.18.6.1333-1356

Sozopol, 0-13 September 202 BulTrans-2021 Conference Proceedings

s BzdzOydtsdzj dz d@3sH j dz L O BYtej HJ d
dz® dzOC s Ml MIsOo

ulsjWOd 8t gegze Pd[dijtse s¥i Misj o

SOIjHGO Ar jdzjL i sdzO Isjrded @Y Jujn dgd MAG dz dzd & joif iy 6K
ssWdw 1000, 1 dze OtedWw

9kkrastev@tsofia.bg
8 khvel@tusofia.bg
® lokrastev@tesofia.bg

{JjLY tBizOMsswh dwls HBC&OH | ftjHimisOs jd fMddEzdOoydsds dz dsHj & L
fi MEPanlsswh f)j Gl ©OL&JUjd B2 ISt Otsdzd o OC Bivadnk [ SHj di Is |
Yofmls wsis f tetsc tclABHABY [ Glgisg@isdsyud MCd My d 5O tedzdi 'y iz f Mkdzj i) t6j " O O
EteOodzj dzgdjIsts L O Hodyjdedi dO@ odzOSO (url), €SOt dzj sBRtHJ®B]
[BHjd s fLosd"o 0O JLMdjHoOdj d&O Mfdweoydd (i kdh0 ftd ©OL d
&ZOlsso Otco Odzj ( OEdMEHdSELOYGL LdBOdsdlsj fJ dLo j3yHO o ydhdss

I3l rreol Ry

ImMwves LtOdhf stclsdgs Micj HMlses o GftcjHjdzid KBsdhkids s
NddziLsfi sdedv tcOdmyf stels, ftwojHodH odMmsSdlsjy BOMds.dzO o O¢t
1 s66OHd bOLd fteduddo ¢ & fr]'ICftGGHdZdlSJ MdMmisj B3d dzO ¥ § dz
dLdmSoOdzdw, yYyjdzwhd ftsmMisdeOdzjsts dzO oadMsS O Misjfjdz dzO B

sf deOydedw dils j JjHddz tsls tshdesedzedlsy € wed s tdapPd ofgadiC tiso Q &
YyigjL dzgjets Mj dLol thoO fteso jt6C O &0 sMsOdOddls] dL &jtdls
MO dstedkdteOdd d ofjSd odkOC kitWwBoO HO d&syj HO Mt o
5COLOOI adzdWdedj ©OL dzdyded W OCktsted € Olt:

MCtsigls dzO Heodx jdedj dzO o dZzOSC O;

f sdztsy § ded $3RQA] dEdtdrPsd® ;

LOCI Mdzj dedj dz20 M JeOydedw Mmdc dzO dz;

sjrnddujméts M Misswddj dz© MY deOydedlsy d3j =~ OdzdL &i3q ;
dz0C dztsdz dzO i Isw;

BOMO dzO© 9 d&ZOS O.

[HdZO sl tfdssddlsj LOHOYd, SCtsdbt fj tjh O @OsE MOOC Isc
gL o j Misded &OYUOLEZOKO MSstetsmls, ftod Ssvkts LOfsYysO® Mfdeo
dL o&3j tod Is judedn,ls sdz@f JteOydedw s ftesyjdels. 1 jh Oo0Odzjlsts dz® IsjLd |

I HsCd&zOHa | ftjHMisOs jd MtfBHEOpRtsdgsd] BB1©] &) BwHjy HF &
2O o zOStse M MIsOes, Mi MisOs jdz slIs 9 OGtsded, BBWKEZHO Oded M ¢t
LOHO9o Odzj Ists dzO tOL dzd ydzad dz2OyOdzdzd MEsesMmMisd dzO Ho d >y J dzd g
dLMmdzj Ho Odzj "dz@ | fisf JE @G o Wi dd3 ftcOL jdz 9 Oetsdz, ISOCO d ¢

{ OLtcOBtSlIso Odzgj Ists dz20 BsHj O j dLoi teh jdzs o HtosectcOdzdzOls O
MATLAB. 1ttsctcO®RBOISO Simulink j ddasjtcOCIsdo dz0 { toetsc tc O dzdzO
dsHj dzdtcOls, MdBzdzdteOls d OdOddL dtOls HJdOBd ydd MmdMmlsj &3d,
Hte. [Is MIsOdzH Otelsdz®@ B dzsC 590 0O BB RZSlISjCO M M LHODO dBBH,
BdzsC oy M dLei teh o Ols dL ydmdzj dzd vesjo. i) il tedz@ € df s Q@ Is dFf o & dzO dzds.
ZO0 MdBzdzOydwls0 &BsecOls HO My dOBds HO9 Ol fttsyd Mdlsy dzO
OBz Hjdedd, oSzt yided o BdBdEZdBIj SOISO d2ZO Si mul i nk. f JjuLt
ddzd o IsOBdzdyd dz 9adH.

45



BulTrans-2021 Conference Proceedings Sozopol, 0-13 September 202

Vfafrrdlovrfr ey

¢ to1Juvéd 1tRrR RYYRE[CI P
g4l Rt YL RC 13U

1¢ 1Josl] w3wudl

s Mmi MihjimMeawese O {8

1
3
RLYdmdzw o Odzgj sts dz0 My JqteOydedw |
JhOo 0O EZwOodzgjdzedjlsts L O HoadyJjded] st

MYdtOds) . 3} tod dzj et MmJ tod

— QU1 - .0 (1)
Ci H]jI:

> TkEmMistejdd] @O o &zOCO, {ftetsHjdets wls PNk YdzO EMS stew

fu T JiydW duydeO® IsjNiddlsj dzdzO fyd dzO,

YwiMf jydW duyudzO i felINf o dlsj dzdzO Md dzO,

bongt N § ydW d ydz© MEENOYdzO fd dzO,

fy TMfjiydW duydz©O EmMNENw 8 O O fyd dzO,

1 ted ts4>1q’d3 M dwcOdzi o M Jiyd¥ duyudzOlsO EMS KW o OO fMddzO k&1
mMddzd. s jyd¥ dydzOlsO Isj cdzdlsj dzdzO M dzO@ | tc O9 dzOn dodd , dzlz=lO . -
Wsttdzz0 (1), Mj dLytd.o Ol fMmdjHddls] EktOs dj ddw .

Wi jud¥ dudzO0 i feRsdoe dls) k0 fd @O

1 &) h 2

Ci H]jIss:

adb iclstcOLwWo Ol WitdSydtsdededIlsj L Ocked;

c itsbtOLWo O dZOBOdY o Odzjlsts dzO o thwh dlsj &Bsdj dzlsd;

d IOy BOHd OB ydetslsts i §ftetslsd o dzj dzd J ;

\% imMSstesmils dekmh.o d 3 § ded J ,

q ifMtej Hdesls s dzO s s Ao Odzj dzO ¢ sdzstsf,

10 ydibsdtedsmjdz ssoOtejdz i1 dzj dz 9 Oetsdz My wHtejHjdzv M ¢ d&zO

1 mw -1 Tp¢p TN h.jE S8 ®3)
10 f1OL ded UJ s ptOftsiaid W isstsedfrtaaads © d B3O o dHO:
1 phy i mnnndl. jE 8 4)
i yd¥ dyudzOls0 My dueoydd Mddko L0 tiydd P dO WkdSydsddd
w- ¢y a _ * h.jEA (5)
CiHjlsts:
ZiCsjWdudj dals dz0@ ddzlsj dzL g o dzts il Jde@® dhg ff diptis Bz joidsst).Is [S10te gislzj G ) kdote

aiMfdtcOyjde ftesyjdels L O tejydds APO;
eoizmiztse joz Ssj¥dydjdls dzO0 btedjdzgj. wbs2dashsso @z fj sf

o vb—— (6)

{ftejHjdvdlsts dzO0 MY JleOQdafe M dirjaddsts fi30Q dfuzo | tield oH O dzdzd Is §
sls fls j dzHH@{ deORBd@EGS d L fdzj Ho Odzd W dz® o d&ZOCtsed M dteOyded Md M
COBjHEO r jdzjL 54 | -4sEAD] Wsdzin il ¢ @ dzp BO v L G0 lEAidYiPsdsjGs 5 dzO o 1
M qieOyded s ydJ dztpizpdt)du Issilsizre ds] dfiER offsjdzvhLOdsj dzv B tesW  d&ZO 0 OC s

46



Sozopol, 0-13 September 202 BulTrans-2021 Conference Proceedings

ol 8 odkzOCtsodw Mmi MlsOe ls 0 Hts 45 9 0O¢tsdzO. tdLzdzlsOIsdIs j
Microsoft Excel d Md fttjHMmMlsOoawls o Is@BAR.yjdz o9dH, H§BHAECE
JsdzOdzv" ¢ Odzj ss dz©@ 9 LHERO 9o MfdteOydedlsy yddzddHtd §ted
M deoydedw yddzddzhi te [t fMdzj HdZO O W st Bz &zO

"0 f 'O ORE h @

CiHjts:

Fifdsh dO BkkOdslts o MmfdlOyddw yddzddHi 6 (#A), cm
FFiMd dzO dzO0 f telzNJ dzOIs© o w A, Kk

Jftejnjdvy M MEROLdzOIO dOlsdmSs b Of tRaEkd COdsHCdlki ft

BO g 010z Q0 hEN (8)
BO s O00Qg QO hEA 9)
CiHjts:
igod SBN 5 ftcj HOo Ols j dzdzts tslsdesh j dzd j 2@ [ detmf)ls e QdsjO difdic jdBAGE
o 06 s dg;

ifeisBh 5 ftoj HOOOIs]j dzdets tslsdetsh j dedj dzO dzts fyls HotdsoOP dfticd;H O 9 Ols
iR Tftej HOO Olsj dzdets fslsdztsh jdzdd MdziH toj czZzOBBKLO dO [ w4 ;
FrRifNMddzO ls ok JdzOIsO #@O tj ek dzOstcd® dO [ w4,

nic.g. 1. d2O [ uy.

[fejHjdv M MfdeOoydOs0 BOMO, O sl dzj w0 MiPNKe jIsdets d

hé (10)

Ci H]jIss:
QL osdets 2 fye/Ste] dad §
klglsgwdudgdklﬁslsjm‘;ﬁwgdzw fs Wtttd3kz zOIls O:

N O OBO gz OBO 5z GOBO g4 (11)

wlss?2 dzsmisdls ] @Ow%s@wqu@g¢mq5455 sdf O dz0 Wted < ydsdededls j
sls sOBd&dyOlO §l].¢ ZzOs O 2. 2. sl

— p b h (12)

CiHjts:
Gi BOMOIsO dO 9 OG 5dz0,
sfdeOydedwis i ls My dLrudfmdzve O MdzjH Het2dets ddalsj cted tcOdzj

gRI V[ OAR[V (Y flrr]

I fMdBzdzoydsddzdy &sHjdz COCIts MsOdd wihds | L Odksyj ds
fdzj H Hot2des ddzsj ctedieOdzj A ESaHgAIPRIR®R Y dnjfHidsOtwdidded fo Isks 5y S
ftesctcOBOISO COIss MO dLitdl o0dd Jjdzj &3j dzlsd tsls B dzsC 59 Ol O E

[ Odzdzd Isj ©Is Microsoft [xcel s ls dst\TLdds o dz® @8 ez@ dgji das o of H & Ay
B Iz Is sldzgbrt Datad . Tted Istso O uUsQtLl offfn onCdsdzdad QB Slsdetsilsts  § tetsMls tc O dzf Is
dLyitsdkzL 9 OdgjIsts dd3 ® Simulink bkttwBoa® HO BIi HOL dLod¢ Oded
LOYfdMOdzs o tcOBSlsdEAIABY etsflstcOdzlsa s dz® M

47



BulTrans-2021 Conference Proceedings Sozopol, 0-13 September 202

sls2dsmisdls) dz©@ emdusd §sfmissw ddzd ls®j dggf u d dzdf ddgp O8SR ®H JSdi
fesL St YATLABRZO fMqd Ctjlsts Isj OslktdOduds §wj dddos 0k
fesccOBO0. RLyGMG o0dzjlss dds o Simulink j f hskss €Okt
sjLd ojdduddd MO (sSOLOd] &0 aAde. 1.

Workspace
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EE. a 4
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Hee 1.5000
Hrr 2
Hg 9.8100
Hi 0
Hir 8
Hx 1,1280
H ksi 120
|:E m 80
tH mq 200
Hn 11,7300
£ pctdbar 51x1 double
H pcibar 51x1 double
Bﬂ pc22bar 51x1 double
FH pc3zbar 51x1 double
FH pedsbar 51x1 double
H pc8bar 51x1 double
Hs 0
H tout 74x1 double
Hv 60
EHvo 0
vk 0
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&
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0T
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Simulation Model for Defining Brake
Distance of Rail Vehicle

Stefan Kraste¥, Kiril Velkov?, and Oleg KrasteV

Department of Railway Engineering, Faculty of Transport, Technical University of Sofia,
8 Kliment Ohridski Blvd., 1000 Sofia, Bulgaria
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Abstract. In this study is presented an introduction of a simulation model for defining brake distance of railway
vehicle, consisting of different number of freight wagons. The model is done in a Simulink, part of MATLAB.
Mathematically, the brake distance is defironce by solving the train motion equation. The necessary equation for
this is embedded in it. This model allows defining the brake distance in relation to the different speed of rail vehicle
and track gradient. Also the model allows examination of bdédtance both empty and full wagons. The result can

be seen in numerical or graphical form.
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Logistics Model for Handling of Intermodal Transport
Units in a Multifunctional Rail -Road Terminal

Svetoslav Martinov
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1000Sofia, Bulgaria
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Abstract. In the logistics practice it is often necessary, existing general cargmadilterminals to be used as
intermodal terminals. To study the possibilities in a-spacialized intermodal freight terminal to be manipulated
intermodal transport units, it isecessary to be developed a logistics model of the terminal. The model should
represent the technological options for manipulating of intermodal transport units in the terminal and the
mathematical relations through which could be determined the parantiestrinterest us. The paper proposes a
logistics model for handling of containers in a multifunctional-maéld terminal. The model has been applied to
study the main parameters connected to the handling and storage of containers in terminal DolrmiEzero
Bulgaria. Results concerning the possibilities to be served intermodal trains in the terminal, storage capacity,
productivity, service period of the trucks and intermodal trains, etc. are presented in the paper. The model described
in the paper is apigable to study of the handling and storage processes of intermodal transport units in both
specialized raifoad intermodal terminals and genepakpose cargo railway terminals.
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Investigation of the Acoustic Characteristics of a Double
Leaf Door at Different Wing Positions
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8 Kliment Ohridski Blvd., 1000 Sofia, Bulgaria
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Abstract. The paper examines the influence of the position of the wings of a deabldoor of a seréperture

chamber on the acoustic characteristics of the passage section of the door. The measuremeniad petfoee
positions of the door. The results were analyzed and the acoustic characteristics of the studied variants were
evaluated.
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Study the Impact of Hydraulic Brake Actuation
Parameters on the Efficiency of Wheel Brake Mechanisms
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Abstract. In this paper the impact of the parameterbyafraulic brake actuation system at different temperatures of
the rotating parts of the brakes on the efficiency of the brake mechanisms is examined. Laboratory tests of wheel

brake mechanisms on inertial laboratory test bench equipped with the controhemsdiring equipment are
performed. The results of laboratory tests are processed and analyzed.
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Abstract. There is one reason for the majority of cases on theaceidents inappropriate speed. The main factor

for that is the increase of speed, not taking into account the condition of the road surface. This occurs mainly in cases
where drivers are not professionals and drive vehicles that has the ability toaeasilgrate to achieve critical

values of the velocity. The main factors which affect the loss of traction, are the coefficient of friction between the
tire and the road surface, tire condition, temperature, some profile characteristics as well as Bp#uificar layout

as a wheel formula (4x2, 2x4 and 4x4), weight of each of the axles and others. At the same time there are
professionals whose job is basically to define the limits of the trattanives from the circuit car championships.

uhis artick showsan idea for learning artificial intelligence or defig more precisely the method of collecting data

from real track tests, which will be able to recommend a safe speed on the road in vehicles driven by a real driver
and choosing a safe speed for autonomously driven vehicles. Emphasis will be on the injrets, thg choice of

road surfaces, the choice of car tires, the choice of cars. The data could be used to compile table for decisions, used
by the main algorithm of the future system for determining the safe speed. A system like that would work in unison
with other supplying systems, used for defining the required input data.

| NTRODUCTI ON

Vehicle autonomous driving systems should make decisions lbasagmerous factordMlodern automatic
solutions for correction of vehicle stability work after the initidment of destabilizatiorin systems such as
the ESP, the driver has already entered the vehicle in a situation of absolute loss or an increased trend for loss of
stability, where the automatic assembly acts to reduce or prevent the loss of tracttos ratart of control.

Sometimes this could be impossible. The responsibility for choosing the movement mode is intirely
d r i vhendstHs is qualified, although in most cases he is aprofiessionh The decisions taken by the man
who is driving the machine are based on his experience, which in turn lies on a set of different circumstances,
specific conditions, phenomena, situations and conditions. In autonomous control systems, the driver's
experience factor should be replaced by a similar databaseprito be used to determine the motion mode
parameters. This happens preventively, not after the initial critical moment. One of the most important factors is
the vehicle velocity. It as a parameter is sufficient choice for determining and simplifyingtthd data.

The algorithm must determine a single value to be used by the rest of the automatic system as maximum
permissible for a particular situation. Inidltase "situation" means the passage of the vehicle through a curve
(turn), in a road lane wita width of 80% of the minimum width of the road lane determined by road standards
in Europe. Heras offered a data collectioralgorithmwith relative and absolute magnitudes that will serve to
train such an algorithm. It itself is only part of a larggstem containing a mechanism and algorithm to
determine the type of road surface, base and algorithm to determine the tire, a system for determining the
occurrence of slippage, stabilizing program, determination system for the type of the turn basefl amdGP
others.

Such an algorithm may provide information for a maximum permissible speed, which subsequently serves to
the common autonomous driving system, taking into account with a security coefficient and after assessing
whether he exceeds or not theximaum speed permitted on the road section. In fact, this is a proposal to solve
some of the problem associated with thecatbed "inappropriate speed”. And since the compliance is an ability
inherent in human reason, it will be an inspiration for deteingisome of the main pillars in generating the
algorithm to determine the maximum permissible speed without sliding.
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EXPOSI TI ON OF THE | DEA

Professional racing drivers from the track championships have a major task to driving on the traction
boundariesOf course, in racing conditions, professional drivers apply a number of master techniques in driving
leading risk to themselveBor the study, only the component of normal movement will be used to identify the
traction limit values.

The idea lies on condung a study of measurement sessions with different vehicles and different values of
the input parameter3.he output data will represent one value at the maximum speed after which the vehicle
loses stability and become sliding or passes in slip angle fidd€he last gives an advantage from a racing
perspective, but it is far from the sougfier movement under normal condition which is wanted to be achieved
with the autonomous car.

The study and real measurements should be carried out on several tifterks, with different properties
of the asphalt coating, as well as several different road overlays.

The collected data should be used to train a set of neural networks [2] using the Backpropagation method.
The input and output data will be normalizedtiie range of 0 to 1. The algorithm should then be made to take
into account the number of input parameters and one only output parameter. The algorithm will be used to train
the neural network and creating the right weights of the links. The outputrdatahe measurements will be
passed and weights will be set so as to cover the probability of input parameters as maximum. After training of
the neural network, through the opposite way, the maximum speed of movement will be determined on the back
of the system and will be determined to reach the traction limit. Of course it can be able to achieve some
accuracy that will be defined as an average square error of the system and will be tested again in a real
environment.

To be used in real autonomous vehicles, this speed should be taken, multiplied by a coefficient reflecting the
error and multiplied by a safety coefficient.

Here are the steps:

1. To define the input parameters that will be measured and set in autonomntarsmude;

2. To define the range and the type of variables;

3. To define the road conditions in which the measurement sessions will have to be carried out;

4. To define vehicle types;

5. To define the situations and the shape of the road.

An important clarification § that all input parameters involved in the test and which do not represent
absolute physical quantities must be comparable and selected with humerical values that correspond in the low
levels with slippery behavior and in the high levels with high le¥&laztion.

DETERMI NATI ON OF THE TEST PROGRAM FOR REAL

Selection of the input parameters:

ShRi Shape of the road surfaéehis parameter represents the type and condition of the road overlay. It is
supplied by a system for determining th@dcsurface. It uses optical analysis and provides a number
corresponding to the friction coefficient between the road and a test wheel (with certain characteristics).
The maximum range is determined and divided into 254 groups for each of which is usedeam a g e ¢
(coefficient).

TrC 1 Tire condition indicatoii this parameter again is a dimensionless quantity (coefficient) that reflects
the state of automotive tires compared with their initial condition. According to research [3], human
sensations and peaptions of the degree of wear and deterioration of the properties of automotive tires,
they are divided into 6 groups. The tire status method uses optical analysis and sets a total of 62 = 36
different scarred degrees. The same will be used as an inpumgter- a coefficient of 0, reflecting an
absolutely worn rubber, up toilnew (not used) rubber.

TW i Treadwealri this parameter is taken from the unified classification system UTQ@iform Tire
Quality Grading. Theéreadweagrade is a comparativetiag based on the wear rate of the tire when it
is tested under controlled conditions on a specified government test track. A tire graded 200 would last
twice the distance on the government test course under specified test conditions as one which is graded
100. The range of this parameter is between 0 and 300, dimensionless quantity. This parameter is in a
nortlinear relation to coefficient of friction p [4].

WgV i Weight of the vehiclé this parameter represents the weight of the vehicle in the momerdtioin
and the dimension is kg. As the measurement and purposes of the method are related to light vehicles,
the upper limit is 3500 kg according to category limitations.
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WdFi Weight distributioni front axlei this parameter represents the weight distibn between rear and
front axle. It is a coefficient with a range between 0 and 1. Value of 1 corresponds to 100% weight
distributed to the front axle. Zero value is 0% weight distributed to front axle.

WdR'T Weight distributioni rear axlei this paraneter represents the weight distribution between rear and
front axle. It is a coefficient with a range between 0 and 1. Value of 1 corresponds to 100% weight
distributed to the rear axle. Zero value is 0% weight distributed to rear axle.

TrTf T Tire temperturei this parameter represents the instantaneous average value of inner temperatures of
both front tires in K, measured simultaneously on the vehicle [5]. Lower range is 193 K and the upper is
473 K.

TrPf1 Tire pressuré this parameter represents tinstantaneous average value of inner pressure of both
front tires in Pa, measured simultaneously on the vehicle [5]. Lower range is 0 Pa and the upper is 8-10
Pa.

TrTr i Tire temperaturé this parameter represents the instantaneous average valuerdemperatures of
both rear tires in K, measured simultaneously on the vehicle [5]. Lower range is 193 K and the upper is
473 K.

TrPri Tire pressuré this parameter represents the instantaneous average value of inner pressure of both
rear tires in Pa, sasured simultaneously on the vehicle [5]. Lower range is O Pa and the uppeP is 8-10
Pa.

TWdT Tire widthi this parameter represents the tire width in m. Lower limit is 0 m and the upper limit is 0.55 m.

TPri Tire proportions this parameterepresents the aspect ratio from tire formula. It is dimensionless quantity
between 0 and 1. But in terms of theasurement it will be taken witiversed value (faspect ratio]).

RTmp 1 Road temperaturé this parameter represents the temperature efdhd. It could be taken by a
spectral reflectance sensor installed on the vehicle. The dimension is K, measured simultaneously on the
vehicle [6]. Lower range is 193 K and the upper is 373 K.

Figure 1 represents the topology of the data acquisitionrsy8ach architecture shall be included only in

the vehicles used for the experiments.

| TPMS | NYM

TrTf ShR
TrPf TrC
TrTr ™
TrPr TWd
TPr
7 ™\ WgV
WdF
Measurement WdR
Data Storage
Device
V - vehicle
speed Rtmp

AB S External Infrared
Thermometer

Measurement Data

FIGURE 1. Block-diagram of the system for data collection: TPMt#e pressure monitoring system; AB&nti-lock
braking system; NVM non-volatile memory.

The organization of the measurements should be as follows:
1 Several sessions should be maintained on tracks
- Session on dry conditions on track with surface type 1
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- Session on dry conditions on track with surface type 2
- Session on dry conditions on track with surface type 3
- Session on wet conditions on track with surface type 1
- Session on watonditions on track with surface type 2
- Session on wet conditions on track with surface type 3
- Session on icy conditions with massive ice on the road
- Session on dry conditions on pavement type 1
- Session on dry conditions on pavement type 2
All 9 sessions \ll have determined ShR parameter for all of the measurements. It will be the same for each
different session.
1 In each session 23 vehicles with different original tire sizes should be used. The ensemble of possible
tire sizes is as follows:
- 195/60R15, 19%5R15
- 205/55R16, 215/55R16, 215/60R16, 215/65R16,
- 205/50R17, 215/45R17, 215/55R17, 225/45R17, 225/50R17, 235/45R17, 245/50R17
- 225/40R18, 225/45R18, 235/45R18, 235/50R18, 235/55R18
- 225/45R19, 245/40R19
- 245/35R20, 245/45R20, 275/40R20
1 These 23/ehicles will be separated in three different categories and the measurements will be separated
by three groups:
- Vehicles with increased tendency to understeer;
- Vehicles with increased tendency to oversteer;
- Vehicles with neutral characteristics in ternfi®weersteering and understeering.
This means that these three groups will determine thaekes of neural networks. For further usage, the type
of the vehicle should be determined and then the proper pack of neural networks will be used.
Vehicles should se lanes of 2.5 m width, according to European norms [7] for road construction. Then it
will apply 80% bound and then the lane becomes of 2 m width.
1 Each group of previously mentioned should contain measurements for 16 curves with radiuses (in
meters) agollows: 11 R=40m; 2 R=60m; 3 R=80m; 4 R=100m;5 R=120m; 6 R =
140 m; 7T R=160m; 8 R=180m; 9 R=200m; 10 R=220m; 1T R=240m; 12 R = 260
m; 131 R=280m; 14 R=300m; 15 R=320m; 16 R=340m.
These values correspond with high level of lateral jerk and lateral acceleration [8] for rural roads and
motorways. Please, find below an example of table of measurenieatite 1:
Vehicle typeone of the possible options Vehicles with increased tendenggdersteer/oversteer or neutral]

Curve radius[meters]
TABLE 1. Example of a measurement for one testing session.

Experiment ShR TrC TW WgV w  wd TrT TrPf TrT  TrPr TWd TPr RT \%

Nr dF R f r mp max
Tire size - - kg % % K Pa K Pa m - K m/s
195/60R15 A W 220 1400 60 40 200 20000 200 20000 0.195 60 200 10
é. all A X 220 1400 60 40 200 20000 200 20000 0.205 55 200 13
tire s
é. all A W 200 1400 60 40 210 30000 210 30000 0.205 50 210 115
tire s
225/40R18 B Y4 180 1400 50 50 210 25000 210 25000 0.225 40 210 12
é. all B W 180 1600 50 50 200 21000 200 21000 0.225 45 200 11
tire s
é. all B Y 180 1600 50 50 190 25000 190 25000 0.245 40 190 11
tire s
195/60R15* C W 220 1600 60 40 220 25000 220 25000 0.195 60 220 125
é. all C X 220 1500 50 50 190 26000 190 26000 0.205 55 190 13
tire s
é. all () W 180 1600 40 60 220 24000 220 24000 0.205 50 220 135
tire s
225/40R18* D Z 200 1500 10 90 230 24000 230 24000 0.225 40 230 14
é. all D Y 200 1600 20 80 200 30000 200 30000 0.225 45 200 14
tire s
é. all D W 240 1500 60 40 230 28000 230 28000 0.245 40 230 125
tire s
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A, B, C, Di are the values of ShR signal related to the surface. répiesents the sessions on different
tracks, mentioned before. X, Y,iZare the values of TrC signal related to the tire condition. Tire size, ShR, TrC
and TW are parameters which will be predefined. WgV, WdF, WdR, TrTf, TrPf, TrTr, TrPr, TWd, TPr and
RTmp are parameters that will be measured live during the test.

Once the whole set of measurements is taken, all of the data column by column should be normalized in the
range O1. After that 16x3 = 48 neural networks should be trained in order to detetmeimpedper weights of
the links.

Measurements with mark fA*0 (Test) wi || be not i ncl
comparison with the outputs from the resulting algorithm and to determine the proper safety coefficient, based
on the faultin percentage. All of the maneuvers should be executed and drove without applying brake or
acceleration while corneririgvehicle coasting / wheels are rolling by the inertia.

In the following Fig. 2 is shown how the system for determiningrih&imum cornering speed is positioned
among the other systems in the car. It represents the future partial topology of autonomous vehicles equipped
with such system.

| TP M S | (uoEXM:\}

TrTf Road Surface Tire Wear T“:
TrPf  |Detection System| [Detection System Twd
TrTr - - TPr
TrPr ShR  TrC Vehicle type Weight distribution
measuring system
( ) WgV
WdF
Algorithm WdR
Applying
Device
Radius of the
approaching corner Rtmp

GPS External Infrared
Thermometer

Vmax - maximum
vehicle speed for
cornering

FIGURE 2. Block-diagram ofthat how the system for determining the maximzomering speed is positioned among the
other systems in the caPMST tire pressure monitoring system; GP&lobal Positioning System but in this diagram this
block represents the navigation system integrated in the vehicle.

CONCLUSION

Trained neuron etworks can be included as a module in the main algorithm for autonomous driving. They
can be called by the main algorithm depends on the vehicle type and the curve radius of the following corner on
the road. In addition, the provided parameter for theimam vehicle speed without slip, should be multiplied
by other coefficients like for instance: availability of inclination of the road, transverse angles, which will be
part of another study. Neural networks are just one part from the whole systemfréimstarchitecture
perspective, the other systems for establishing road surface and tire wearing should be developed and tested and
to be provided with the whole set of possible types with corresponds weighting f&ttohsa system can be
improved duringoperation. Algorithm and training programs can be extended and aultlesl heuron network
training algorithm in order to make it more accurate. The module in the autonomous vehicle could be updated
over the air and evolve over the service life. For priniategration in an autonomous vehicle, the system needs
to be superior in terms of the decisions that can be made by a qualified driver.
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Abstract. This article deals with the different alternative vehicle powertraiilgdssit compares them by addressing

their most prominent advantages and disadvantages based on the available literature research, and classifies them.
The aim of this classification is to better understand the possible positive and negative sidesds guoption of

such an alternative propulsion which is dictated by the strict emissions norms. Additionally, other technological
means that can be implemented in the alternative powertrains (alternative fuels, ICE combustion strategies,
propulsion topologs, and others) to further help in creating the transport sector climate neutral, are briefly
discussed.

| NTRODUCTI ON

In the context of strict COemission regulations being applied in the European Union [1] the automotive
branch found it necessary to lotor alternative propulsion types for the new European fleet that guarantee low
to zero onboard emissions. Indeed, following the trend, many electric vehicles and hybrid electric vehicles are
currently designed and produced or planned to be producdtidqrarticular market, which in 2020 became the
biggest electric vehicle market in the world [2]. The expected results from the Green Deal in the spheres of
clean energy and sustainable transportation however, are certainly not to be achieved by inactexiat{3,

4] 1 the transition to nomolluting and environmentally friendly transport is planned to be gradual with a
number of different existing technologies being bettered and also emerging technologies being developed in the
process. This most surebuggest that the internal combustion engine (ICE) should be advanced as it still has
many positive aspecisthe excellent knovhow available due to being the most widespread power generator in
vehicles, the low production price and the high energy dertsithame a few. Thus, IGBased propulsion is

going to remain an intrinsic vehicle component, especially in cases where electrification is for the near future
hardly justified, such as in heawdyty trucks and other heavy utility vehicles [5].

At the sane time along with battery and phig hybrid electric vehicles, the fuel cell (FC) hybrid is also
gaining momentum on the market as hydrogen fuel and hydrogen delivery infrastructure are a crucial part of the
plan for decarbonization of Europe [3]. Hydewg produced by renewable energy is believed to be a good
substitute for fossil fuels especially when electrification is not relevant, moreover it can be applied in electricity
load balancing. For that reason, the aim of this article is to be as a coéotributthe European efforts in
|l owering the vehiclesd emissions by reviewing the va
disadvantages, and most appropriate application, and also to briefly mention other technological means that can
amplify the desired effect from the implementation of such powertrains in a wider range.
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HYBRI D ELECTRI C VEHI CLES

Hybridization is an important step in the development of vehicles toward lower fuel consumption, lower
onboard emissions and more dynamicwidig characteristics. The first mapsoduced hybrid electric vehicle
(HEV) and simultaneously the most successful one is the Toyota Prius, which was launched in Japan in the late
nineties [6]. Obviously, it took a very long period of time since the inweuif the automobile for the engineers
and manufacturers around the globe to provide a viable hybrid model to the public. This is due to the higher
complexity that such vehicles possess in comparison to conventionariéeh ones. The energy management
strategy, the hybridization rate, and the hybridization topology are the features that all play a key role in
unfolding the fuelsaving potential of HEVs. The various combinations of these three features define the
strengths and weaknesses of each spdujficid model. In this publication the HEVs are classified depending
on the hybridization rate, the positions of the electric machine, and the hybridization topology.

Hybridization Rate andPosition of the Electric Machine

Based on the hybridization rateEMs can be divided in three main types, listed in Table 1. Micro hybrids
have a small integrated starter motor which shuts down the engine when the vehicle stops and then starts it up
when the vehicle moves agairstart/stop system. During motion the \&hiis propelled in all times by the ICE
[7]. Mild hybrids on the other hand possess a more powerful electric motor which enhances the vehicle by
adding not only the stop/start option to be used when idling, but also torque assistance when accelerating and
energy regeneration when braking. Despite this, the electric system still does not enable the vehicle to move
solely on electric mode. Mild hybrids utilize higher voltage electrical systems, typically of 48 or 90V, they
incorporate a small battery packidathe estimated benefit in terms of onboard: @duction in comparison to
ICE-driven vehicles is about 10% [8, 9]. As of 2021 the examples of mild HEVs are numerous and include
models from the Mercedes C, E and S classes, Audi A3 to A8 series, and BlgiVgs3among others.

Full HEVs encompass all the functions of the mild hybrid but they have more powerful electric motors,
significantly bigger battery capacity, and higher cost than micro and mild HEVs, as the motor can be used as the
sole propulsion fowery short trips up to 10 km. The ICE is downsized and the energy management strategy is
generally more sophisticated, which ensures fuel efficiency increase of up to 40% comparetytoritbiCE
driven vehicles. The Toyota Prius is the best exampledf an automobile.

A plug-in HEV (PHEV) is a type of full HEV that can be charged from the grid through a plug and has even
larger electrical components, thus making them suitable forlenigth suburban trips. This makes the
technology also applicable fduses and heawjuty trucks. Depending on the used topology, the electrical
powertrain system in PHEVs is used for range extending, or for the only vehicle propulsion at all timeé (series
discussed later in the article) [10].

TABLE 1. Different hybridization rate of HEVs and its important feature$17.

Hybridization EV mode range, Estimated reduction of Electric motor
rate km CO2 emissions, % Electric power, KW
Micro HEV 0 approx. 5 belt
2-5 kw

Mild HEV 0 approx. 10 belt/crankshaft 115
kw

Full HEV 10 1520 belt/crankshaft 1800
>10 for PHEV >20 for PHEV kw

Hybrid architectures can also be classified into five groups from PO to P4, depending on the position of the
electric machine in the driveline of tivehiclei Fig. 1. The PO architecture, known as BleltegratedStarter
Generator (BSG), is realized mainly on micro and mild hybrids for the start/stop option and limited electric
power assistance. The P1 configurationwith a directly connected criashaft ISG or a flywheel ISG that
replaces the conventional starter and alternatorcorporates a larger electric machine located between the
flywheel and the transmission used for regenerative braking, acceleration assist, stop/start function, and also
provides higher torque than PO due to the lack of belt slip. Nevertheless, the integration cost is higher compared
to PO [12].

In configuration P2 the electric machine is mounted between the engine and the transmission and is
decoupled from the ICE whicHlaws for higher energy regeneration efficiency compared to P1 due to the lack
of engine friction losses. The motgenerator is placed between the transmission and the final drive through a
gear mesh in P3 configuration, while in the P4 ora the driveaxle or at the wheel hubs, thus allowing for
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even better efficiency as the amount of friction losses is lower. However, in P3 and P4 a larger and more
expensive electric machine is necessary to achieve pure electric drive, since there is no torqeatemiifi
the transmission [12].

) P1
Engine P2 Transmission P4\
Counler Final drive
PO Flywheel P P3

FIGURE 1. Simple schematic of the motgenerator placement in HEV according to theF0classification.
Hybridization Topology

Based on the topology HEVs are divided in three main types: series, parallel, and-parigte| Their most
prominent features are shown in Table 2 and Eig

Series HEVs use electric traction motors which can be placed on either of the axles or on all of them and are
powered by the batteries and the generateig. 2 a). This allows théCE to work in the best efficiency field,
as it is not coupled to the drive shaft. The traction motor (motor/gendfi@om the figure) has a wider
working range than the ICE, therefore the topology may not include a transmission. This, howeveinrasults
need for good sizing of the traction motor, in order for it to well respond to the dynamical driving scenarios.
Additionally, the electric motors may be more efficient than the ICE, but the energy transitions from the ICE to
the final drive (mechani¢selectricatmechanical) lowers the overall efficiency [13].

Series HEVs use smaller engines than those in conventional vehicles and are PHEV in terms of hybridization
rate. Generally, the engine provides less than 50% of the peak power demand aathérissed as a range
extender to the pure electrical drive since the batteries have low energy density [7]. A good example of such a
topology realized in a massivepyroduced vehicle is BMW i3 with a range extender. Currently, this type of
HEV is still very unpopular with heawguty transportation due to the high weight and cost of the battery pack.

TABLE 2. Different HEV topologies and their advantages and disadvantages [9, 13, 14].

Topology Advantages Disadvantages
Series T No mechanical connectio { Twofold energytransition from the ICE to the
between ICE and drive wheels. drive wheels.
T No need for multigear {As the electric motor is the only source
transmission. propelling, it should be webized.
9 Simple control strategy. 9 High weight anchigh cost of batteries.
Parallel No energy form conversion i fWider speed and torque working region for t
comparison to series hybrids. ICE since its mechanically coupled with tl

1 Compactness, since radditional  drive wheels, thus lower efficiency.
generator is needed and tl fMore complex design and energyanagemeni
traction motor is smaller than i  strategy than series.

series.
Paralletseries 9 Combines the advantages of bc {The electrical path generates higher efficier
(powersplit) the abovementioned topology loses due to the energy transition.
types depending on the operatii Very high complexity of the design and t
mode. energy management strategy. Higher sys

weight.

81



BulTrans-2021 Conference Proceedings Sozopol, 0-13 September 202

In parallel HEVs both the ICE and the motor/generator are mechanically connected to the output shaft in
such a manner that they can work both simultaneously to propel the vielkide2 b). The powers from the
ICE and MG are coupled together througmachanical coupler. The electric machine works as a generator at
low power demand and assisting the ICE as a motor at high power demand, hence enabling the engine to work
with better efficiency than in conventional automobiles. The engine is generallgrldigd the electric motor
smaller than those used in the series configuration.

The seriegarallel (also known as powsplit) configuration combines the advantages of both series and
parallel topologie$ Fig. 2 ¢). A power split device (consisting planetary gears) allows the vehicle to operate
through the electrical or mechanical path, or when the energy management and state of charge of the battery
enable it, operate through both paths [15]. Nevertheless, such a powertrain is significantly npdex toam
the parallel and series topologies alone. The available literature indicates that all three configurations of HEV
consume less fuel and emit less onboard @@n standard ICHriven vehicles [9, 13, 14, 16]. Powsplit
hybrids show better fuglconomy in most of driving regimes than the other two topologies as well [17]. This is,
of course, at the expense of higher propulsion complexity, higher vehicle weight, and higher price in comparison
to ICE-driven vehicles of the same power range.

Engine Engine Engine

Of)@@ OO0 OO0

Generator Motor/ Inverter
I generator ||| X\ poac
— I Power—spli%p
I — device ---{| Generator
— Mechaniceg:g} i T
i coupler Battery I \ :
Inverter e [ Motor/ [nverter
Aocse[”| Battery . generator |[""| X poac
5 o |
Motot/ el 5y
generator Transmission ' Transmission
Final drive . A\ Final drive Final drive
\/ _/
a) Series b) Parallel ¢) Series-Parallel
Electric circuit =«======+ Mechanical circuit =—

FIGURE 2. Simple schematics of the hybridization topologies for hybrid electric vehicles:
a) series, b) parallet) seriesparallel.

Other Hybridization Technologies

There are other hybrid technologies that also utilize an ICE and also store the kinetjcfeamargraking
thus offering lower fuel consumption than conventional automobiles. The flywheel hybrid vehicle (FHV) for
example is a parallel topology hybrid which uses a flywheel energy storage system (FESS) instead of a battery.
Such systems offer fasteharging/deploying of energy in comparison to batteries since they do not transfer the
regenerated energy into chemical form. Moreover, flywheels can discharge up to 97% of the stored energy, thus
they do not have deep discharge limitations, they asedependent on extreme temperatures, and cycle life as
well [18]. Usually, such systems are mechanically coupled to the output shaft of the vehicle through a
continuously variable transmission (CVT), but this topology is too heavy, large and costly. mpango
Williams Hybrid Power proposed an electrical configuration used in racing cars and public vehicle transport,
where the MG harvests the energy from braking and transfers it into rotating kinetic energy to spin the flywheel
T Fig. 3 a). Such a noveaystem is more compact, lighieight and easy to build than the mechanically coupled
one. The efficiency loss and financial cost are lower, and the flywheel may recover as much as half of the
energy which is otherwise released as heat while braking. Qlgrt&ESS have disadvantagéshe stored
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amount depends on the size and maximum rotating speed of the flywheel, and it cannot store the energy for long
periods of time, unlike batteries [19].

In Figure 3i b) is illustrated a hydraulic hybrid topology. @&hhydraulic pump/motor (HPM) is used to as a
pump to store high pressure working fluid (nitrogen gas or oil) in awigbsure reservoir (accumulator) during
regenerative braking [20]. Then the stored energy is applied during acceleration and driewgvehicle
velocitiesi HPM works as a motor and the working fluid flows form the Rigbssure to the Ioypressure tank.
The operation regimes of HPM as motor coincide with the low efficiency regions of the ICE, therefore
improving the efficiency of thaybrid in the same manner as in HEV and FHV. Such a system has high power
density, can regenerate up to 75% of the braking energy, in comparison to 30% for batteries, and has a long
lifetime. The hydraulic components of HHV are also cheaper and easiemitdam than electric HEV
components [21]. The system however, requires a lot of volume for the hydraulic reservoirs to store reasonable
amounts of system working fluid, thus it is most suitable for large vehicle such as thedugawones. Similar
to HEV, HHV can utilize a series, parallel or powsglit topology, in Fig3 b) a parallel one is presented.

TABLE 3. Other hybridization technologies with ICE [28].

Technology Advantages Disadvantages Applicability
Flywheel  {Fast charging/discharging o0 T Storage amount depende Racing and public
hybrid - energy, little maintenance. on size and rotating speed transport 1  vehicles
FHV fiCan dispense up to 97% of tt {Inability to store energy for which  brake  and
stored energy. long periods of time due ti accelerate frequently.

1 Less dependent on deep dischar eventually halting rotation.
extreme temperatures and numt 9§ Generally high price.
of cycles compared to batteries.

Hydraulic  fRegenerates and dispenses up THigh noise and large Light-duty and heawy

hybrid - around 75% of the energy fror system volume. duty vehicles, military
HHV braking. 9 Lower energy density tha vehicles, buse$ larger
1 Fast charging/discharging of ener¢  batteries. vehicles that have mor
ittle maintenance, low cost, lon available volume for the

lifetime. hydraulicreservoirs.

Alternative Technologies forBetter ICE Ecology

It is argued that some fuels need to be phased out, not Witk.indeed, there are many suitable
replacementsf conventional fuel§ biodiesels, methanol, ethanol, natural gas and hydrogen. Biodiesels made
from vegetable oils and residues and animal fat residues for example are added to conventional diesel fuel in
order to reduce soot and carbon oxide formatiti) R3]. Similarly, because of the possibility to be produced by
renewable biomass resources, the biodegradability, and the lower lifecycle emissions due to consumption of
CO; by the feedstock crops, methanol and ethanol are other popular alternativEhieelsre used particularly
in sparkignition engines owing to their similar characteristics to those of gasolin2gR4ydrogen is also
implemented in gafuel cycles by injecting it in the inlet manifold of the engine to improve its economic and
ecolagical parameters [27]. Direct hydrogen injection (pure hydrogen engine) has also been extensively
researched recently as it is considered more beneficial thefuejas/cles because it achieves higher efficiency
and emissions only of nitrogen oxides [28lrrently, all alternative fuels face obstacles for their widespread
utilization mostly due to lack of sufficient amounts of production feedstock, hydrogen in particular suffers from
absent delivery infrastructure and the complicated storage technologies.

Other ICE enhancing technologies are such that process the exhaust gasses to further extract energy from
their pressure or heat. In turbocompounding for example, the exhaust gasses are put through a power turbine
which has its output shaft connected meechi cal |y to the enginebs crankshaf
greater fuel economy. Mechanical turbocompounding has been used in commerciadilitgadigsel engines
for a long time already and is expected to grow in popularity in the next decad@ligZgpower turbine can be
added in series or parallel to the turbocharger, or alternatively, as a part of it.

83



BulTrans-2021 Conference Proceedings Sozopol, 0-13 September 202

About 40% of the energy of the fuel is lost as heat which makes waste heat recovery systems very intriguing.
An example of such systemstie thermoelectric generator (TEG) system, working based on the Seebeck effect
and taking advantage of silent operation, nNo moving
exhaust gas system and charges a battery by converting the temgditierences into electrical energy [11].

The Rankine cycle (RC) is the most promising means for energy recovery from exhailst heaking fluid is
evaporated and expanded to generate electricity, and then condensed and put through the cgamomnbe a
system is most notably used in healgty diesel engines where there is enough space and waste heat for its
realization. Up to around 14% cycle efficiency had been reported [30]. The main disadvantage of systems that
regenerate energy from wasteat is the higher complexity and higher cost that they bring to the vehicle.

The combustion process taking place inside the cylinders of ICEs can also be optimized for lower emissions
of harmful chemicals, by adopting advanced combustion stratediesmaggenous charge compression ignition
(HCCI) and reactivitycontrolled compression ignition (RCCI). HCCI has the potential to lower and curb
emissions of particular matter (PM) and nitrogen oxides (NOx), but it needs to adopt a multiple injection
strategy anchigh EGR for best thermal efficiency. However, the high emissions of hydrocarbons (HC) and
carbon oxide (CO) and the harsh combustion phase control makes for very scarce practical implementation of
the technology. RCCI, on the other hand, is a-fluall method which similarly to HCCI reduces the level of PM
and NOx, but also has higher thermal efficiency than diestlled engines and significantly better combustion
phase control than HCCI. Nevertheless, the emissions in RCCI of HC and CO, even thargh mwnparison
to HCCI, are still higher than in conventional sinflel combustion strategies [31]. These two advanced
technologies have great potential and with the resolution of the difficulties they face, they could easily be
applied in many typesfwehicles, especially in such that operate in urban areas where the pollution of PM and
NOXx is the highest.

Engine Engine
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FIGURE 3. Simple schematics of other hybridization technologies linked in a parallel topology:
a) flywheel hybrid, b) hydraulic hybrid.

BATTERYECTRI C VEHI CLES

Battery electric vehicles (BEVs), or also known as pure electric vehicles (PEVS) utilize only an electric
propulsion powered by a battery pack, or alternatively by a hybrid storage system incorporating a battery pack
and supercapacitors, or a battery paokl FESS. BEVs do not have an exhaust gas pipe, the electric powertrain
occupies significantly less space than the powertrains of conventional and hybrid vehicles, and they also emit
less vibrations and noise. They produce zero onboard emissions, thosnarered more ecological than
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conventional and hybrid vehicles, yet the production of batteries leaves a serious carbon footprint.
Nonetheless, the overall lifecycle w#dl-wheels emissions of BEVs are lower when renewable energy is
applied [32].

A simple schematic of the typical powertrain design for BEVs is shown in4a&). The motor/generator
can either be DC, or AC, therefore it is powered by the battery pack in motor mode either through a voltage
converter, or an inverter. In generator mode M® regenerates braking energy and charges the electrical
storage system.

Some of the drive schemes in modern passenger electric cars are the same as the oradsvienICa&s.

The classical layout (front motor and resineel drive) is used only in sonmgbrids and electric cars that are
converted from vehicles having an engine. Rwheel drive is mainly used in compact urban electric cars,
with the electric motor, power and control electronics located in the front part and the battery, as it is with
other modern electric cars, most frequently located in the floor of the chassis.

Electric vehicles built on completely new platforms such as Volkswagen ID, if they are not-wlieet
drive variant, use a drive via a single electric motor located atrélae axle. This layout allows better
utilization of the engine power during acceleration. The improved traction properties and stability when
launching, cornering, and braking in regeneration mode determine the wide use of electric cars with a single
rearaxle electric motor.

The topology with an ICE located centrally or at the rear axle of the vehicle is not applied in
contemporary passenger cars, only occasionally in some sports cars. This is due to the low load on the front
axle, and thus the resulting@r stability of the vehicle. Additionally, this topology eliminates the space of
the back trunk and the back passenger seats. This is not the case with electric cars where the weight
distribution along the length of the car is very good, as the batténytise chassis floor, and the electric
motor is more compact, which guarantees easier mounting and more free space compared to the ICE. The
electric motor can be located at a lower level than the ICE so that there is enough place above it for the trunk
and the rear seat arrangement. This type of propulsion topology has good traction performance on all road
surface types and with different number of passengers.

Particularly promising for electric cars is the usage of a distributed drive through sepadatil(al)
motors for each wheel. The advantages of such a drive are expressed in a faster and more accurate response to
the torque control and independent control of the electric motor of each wheel, thus ensuring better dynamics
and energy efficiency ofhe electric vehicle$33, 34] Moreover, if two MGs are connected through fixed
gears to the wheels there is no need for a conventional final drive with a differential. Alternatively, the in
wheel (hubmotor) drive almost entirely abandons mechanicalrgehbyi installing the MG inside the wheel,
in this way further simplifying the powertrain. Only a thin planetary gearset may be placed coupled with the
motor to enhance its torque [13]. The MG in all electrical propulsions is controlled by a controlle theti
operates according to the energy management strategy and the driving conditions.

FUEL CELL ELECTRI C VEHI CLES

Another alternative powertrawehicle which is essentially a BEV, is the fuel cell electric vehicle (FCEV
or FCHEV) that uses a FC insteaflan ICE as main power generator. Fuel cells have high efficiency (up to
65% electrical) and can process different types of fuels to generate electricity with low to no onboard
emissions, low noise and vibrations, and relatively low maintenance. Howbeemajor disadvantages of
FCs are the very high cost because of the precious metals applied, the low power density, owing to slow
response times in energy dispensing, and the hardships associated with hydrogen production and delivery
when it is used asuel [35].

The most widely used fuel cell in such a powertrain is the proton exchange membrane fuel cell (PEMFC).
It has a compact design with a sopdbton exchange polymer membrane for an electrolyte which has good
mechanical and thermal stability. Itsal processes gaseous hydrogen with high purity (99.99 %) as fuel. It
operates at low temperature and pressure and has relatively fasipstianes, hence it is ideal for automotive
applications. A typical schematic of this powertrain is presented in 4ig). The fuel cell supplies DC
voltage through a converter to a DC MG, or through an inverter to AC MG. Additional buck/boost DC/DC
converters are used to charge the battery pack and the supercapacitors. Supercapacitors may be used in
addition to the httery to assist the propulsion in transient dynamic regimes, as they have good power density.

Yet again Toyota pioneered a new technology on the automotive matketToyota Mirai which is by
far the most wetknown commerciallyavailable FCEV. Other ndels include the Hyundai Nexo and the
Honda Clarity FC. They all utilize pure gaseous hydrogen stored in a efbberreservoir under 70 MPa
pressure. There is also ongoing research for implementation of the technology in other vehicles such as
forklifts, carts, buses and heaudyty vehicles [8]. PEMFC is especially envisioned to be the main power
generator of future road heawdyty transportation, due to the comparable driving ranges and fuelling times of
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systems incorporating a PEMFC to the ones ofveational ICEdriven vehicles. Nevertheless, the issues

with hydrogen production, storage and delivery also need serious addressing.

FIGURE 4. Simple schematics of electric vehicles: a) battery electric vehicle, b) fuel cell electric vehicle.
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Of more serious interest are solid oxide fuel cells. They have a solid ceramic electrolyte and work at very

high temperatures up to 1200 °Q this provides them with the possibility to procesteinally conventional

hydrocarbon fuels. The anode outlet gasses of the SOFC are combustible which also allows for an ICE or a gas
turbine to process them and thus additionally increase the efficiency to reach 85% in cogeneration. In Figure 5 is

shown a shematic of a concept SOHCE hybrid vehicle. Such a powertrain makes it possible to significantly

lower harmful emissions in comparison to conventional systems while having higher efficiency and applying a

widespread fuel (diesel, gasoline, natural §ag). The disadvantages of such a system are its complexity, very
high cost and severe thermal management. It could be most beneficial indutawehicles. SOFCs can also

be utilized as auxiliary power units in heaslyty transportation for powegreneration during idling .

CONCLUSI

ONS

Based on the analysis of the available literature on various alternative powertrains and powertrain
technologies for application in vehicles, Table 4 was prepared, emphasizing on the advantages and

disadvantagesfdhe most popular alternative propulsion systems over conventionadlfi@&n powertrains. It

is evident that all of them produce less or no onboard emissions, and also have higher efficiency, due to braking

energy regeneration and dynamic energy managedepending on the driving mode. HEVs and FCEVs have

higher powertrain complexity than conventional vehicles, while all of the alternative technologies are generally

more expensive. There are also concerns regarding the driving range and battery lifeBfs, while the

better establishment of FCEVs on the market is hindered by the lack of infrastructure and storage facilities for
hydrogen produced by renewable recourses. Generally, alternative powertrain technologies have a great
potential to replaceonventional ones as it is the intention in the plans of the European Commission, but a lot of
research and development mostly of the BEV and FCEV technologies needs to be done in order to make them

more competitive in terms of cost, range, and reliabilityorder to penetrate deeper in the sector and become

better suited for all types of vehicles.

TABLE 4. Advantages and disadvantages of alternative powertrains over conventional ICE powertrain.

Type Advantages

Disadvantages

Applicability

HEV  fLoweronboard emissions.
9 Utilizing regenerative braking.

T High efficiency of the electric complex energy

propulsion.

T Higher weight due to batteries.
I Higher system complexity and moi
magement

Strategy.

1 Possibility of applying different
propulsion based on thériving

conditions.
BEV 91 Zero onboard emissions.

propulsion.

9 Lack of transmission or use of

smaller one.

1 Higherweight due to batteries.
T High efficiency of the electric fLong recharging times and limite

driving ranges.

1 Simple energy manageme ICEs.
9 Battery life concerns and high price

strategy.

FCEV q Lower to zero onboard emissions.
T High efficiency of the FC and th  complex energy

electric propulsion.
fFast fuel recharging
satisfactory drive ranges.

Strategy.

9 Performance more vulnerable
extreme conditions in comparison

T Higher system complexity and mo

manageme

an TLack of facilities for fuel production
storage and delivery, complex fu

storage and handling.

9 High price.

In all types of
vehicles,
preferably in
urbantype
passenger ones.

Can be applied ir
all  types of
vehicles, but mos
suitable forsmall
urbantype
passenger one
for small trips.

In all types of
vehicles,

preferably in
heavyduty ones
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Analysis of Lateral Tilting Systems in Vehicles
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Abstract. The lateral tilting of vehicles allows higher speeds when cornering, which reduces travel time. On the
other hand, when tilting towards the center of the turn it rediheckateral acceleration acting on the passengers. It
results in improved travel comfoithe most common application of tilbdy vehicles today is in rail transport, but

road vehicles have also been created that follow the same strategy. Of thesehémled vehicles are more
common, but there is a growing tendency to usetliderinciples in narrowwidth fourwheeled vehicles as well as
conventional cars. With autonomous cars, comfort requirements are increasing, and in this regard, the question of
using tilting systems to compensate to some extent for lateral accelerations is particularly relevant. This report
examines the systems used for lateral tilting in surface rail and road vehicles.
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