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WED-SSS-TMS-1

INVESTIGATION ON GASOLINE ENGINE CHARACTERISTICS WITH
SINGLE ENTRY AND TWIN ENTRY TURBINE'!

M. Eng. Emil Mitev, PhD Student
Department of Engines and Vehicles
University of Ruse “Angel Kanchev”
Tel.: +359 89 494 9777
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Assoc. Prof. Simeon lliev, PhD
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Abstract: Modelling and study of power and exhaust emission characteristics ofa turbocharged gasolineengine
with one and two turbineentrances is presented in this paper. A one-dimensional analysis using AVL “Boost” sofiware
was performed in the study. The modelwas designed considering the parameters ofthe engine and turbocharger, based
on an Audi TT 1.8 SI gasoline engine with turbocharger with one and two turbine entrance. The study focuses on
comparingengine performance with turbochargers with one and two turbine entrance in terms oftorque, rotation speed
and compressor efficiency at lowengine speeds in the 1000-4000 min™* range. This study shows the potential benefits of
introducing a twin entry turbocharger.

Keywords: Twin entry turbine, Single entry turbine, AVL Boost, Gasoline engine

INTRODUCTION

Turbochargers improve engine power and torque without increasing the volume of cylinders.
However, the turbine has slower reaction at low engine speeds in 1000-4000 min! range. There are
different solutions to this problem, such as variable geometry turbochargers, two-stage turbochargers
and various combined methods. In one of the studies (Arnold D.,2004) it is noted that at asmall angle
of the blades in the turbine housing and at low engine speeds the exhaust flow to the impeller
increases, thus increasing the productivity of the compressor. In another study (Hawley J., Wallace
F., Cox A., Horrocks R. & Bird G., 1999) to overcome slow turbine reaction at low engine speeds,
the turbocharger is coupled to atransmission that directly is connected to the crankshaft of the engine.
This allows the turbocharger to act as a compressor at lower rpm. Another method (Chadwell C.J.
and Walls M., 2010) to overcome the slow turbine reaction is the use of two turbochargers for low
and high pressure, running in series.

EXPOSITION

One method that is not fully explored is the use of a twin entry turbocharger. These
turbochargers are known as turbochargers with impulse turbines. They can improve the turbine
response at lower engine speed, mainly due to a split-pulse manifold, thus avoiding the interaction
between the various exhaust gasses pulses in the collector and improving the transmission of energy
from the exhaust gas to the turbine impeller. This improves turbine performance. In Fig. 1 is shown
a turbocharger with single entry turbine and in Fig. 2 is shown a twin entry turbocharger.

! The report was presented at a student scientific session on May 27, 2019, with an original title in Bulgarian:
MN3CIEABAHE XAPAKTEPUCTUKUTE HA JIBUT" ATEJI C ITPUHY AU TE/IHO BE3IUIAMEHABAHE, C EAVH
N IBA BXOJA HA TYPBUHATA
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Twin entry turbochargers are already being used in high-power engines, but researchon smaller
power engines is still insufficient (Aghaali, H & Hajilouy Benisi, Ali., 2008). Therefore, more
research is needed to see the benefits of using this type of turbocharger.

o 1

i—

Fig. 2. Turbocharger with twin entry turbine

The data from the Audi TT 1.8 Sl gasoline engine used in the 1-D model (Figure 3) (Bellisa V.,
Marellib S., Bozzaa F., Capobiancob M, 2010) was used as a basis for the study. The engine is
equipped with a single entry turbine as part of its standard specification. The research includes a
standard engine analysis and the same engine equipped with a twin entry turbine. Tab. 1 shows the
basic parameters needed to build the model in AVL Boost.

Table 1. Basic parameters needed to create a model in AVL Boost

Engine 1.8L SI
Piston diameter 81 mm
Piston stroke 86 mm
Exhaust valve stroke 9.3 mm
Intake valve stroke 7.67 mm
Degree of compression 9.51
Number of cylinders 4
Valves per cylinder 5
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Fig. 3. Gasoline engine with single entry turbine Audi TT 1.8 SI

For the purpose of this study, engine modeling is based on Audi TT 1.8 SI and has been
simulated with variable engine speed in the range from 1000 min to 5000 mint. The profiles and
dimensions of the filling and exhaust manifolds are defined on the basis of data from the manufacturer
in order to achieve real operating conditions in the combustion cycle. The data for single and twin
entry turbine are taken from the manufacturer. This provides more precise boundary conditions, as
the flow characteristics of the compressor will only be influenced by the differences in turbine
configurations and the corresponding exhaust manifold geometry.

In Fig. 3is shown an Audi TT 1.8 SI engine model with standard turbocharger configuration.
The exhaust manifold geometry is configured so that the four exhaust manifolds are combined into
one common pipeline. This means that the energy transfer from the exhaust to the turbine impeller is
not optimized, thus not fully realizing the exhaust gas potential.

SB2

CLT

Fig. 4. Model of gasoline engine Audi TT 1.8 SI with single entry turbine
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A firing line (1-3-4-2) is used in which the four exhaust manifolds of the exhaust manifold are
combined in one common line and changed so as to allow the exhaust gases from the cylinders 1 and
4 to remain separated by 2 and 3, as shown in Fig. 4.

CL1

Fig. 5. Model of gasoline engine Audi TT 1.8 SI with twin entry turbine

Verification of the model was performed using parameters of a standard Audi TT 1.8 Sl single -
input turbocharged engine and the results were compared with those provided by the manufacturer.
The engine data that is shown in Table 1 was used.

Fig. 6 and Fig. 7 shows the power and torque respectively as a function of engine speed in the
range of 1000 min- to 7000 minL. Itis clear that the simulated engine model has produced relative ly
accurate calculations for maximum power at an engine speed of 6500 minl compared to the
manufacturer's data 6000 mint shown in Fig. 6. For torque results, there are some discrepancies
between the simulation data and the manufacturer. This is probably due to the combustion shape
parameter, which determines the combustion characteristics within each cylinder in the AVL Boost
simulation code.

Ne, 130
kw - e - =
120 g -
’ \
110 P /
7 //
100 > ,/
90 _
%0 7 //
7
v /
70 7
60 /
50 77
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40 /
30 >
20 V// Manufacturer’s data
10 == == Simulation results n, mint
1000 2000 3000 4000 5000 6000 7000

Fig. 6. Change of engine power (Audi 1.8L SI) at different speeds

-11 -



PROCEEDINGS OF UNIVERSITY OF RUSE - 2019, volume 58, book 4.1.

Me, 250
Nm 240

230
220

Th

210

200

190

180
170

160

150
140 //'

130

== \anufacturer's data

== == Simulation results

1000

2000

3000

4000

5000

6000

n, min?
7000

Fig. 7. Torque variation of the engine (Audi 1.8L SI) at different speeds

Based on the results above, it can be concluded that the simulation model of an Audi 1.8L SI
engine, equipped with a single-input turbocharger, provides relatively accurate simulation results.

In low-power engines, low speeds are an essential area for the turbocharger with twin entry
turbine. A common turbocharger problem with these engines is the turbine response time, which must

reach a high enough speed to allow the compressor to work efficiently.

Fig. 8 shows comparison of power between single and twin entry turbine. The highest power
gain for the twin entry configuration reaches 5500 min-, providing approximately 15% extra power.
This increase in power is the result of increased compressor performance, due to improved power

transmission from exhaust to turbine.
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Fig. 8. Engine’s power variation (Audi 1.8L SI) of turbocharger with single and twin entry turbine
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Fig. 9. Engine’s torque variation (Audi 1.8L SI) of single and twin entry turbine
The results of the simulation (Fig. 10) also showed that the mean effective pressure is increased

by 16% after using the twin entry turbine engine model. Tab. 2 shows the summary results of the
improvements obtained from the simulation with AVL Boost.

Table 2 - Summary of obtained improvements

Engine 1.8L SI
Power 14.80%
Torque 14.00%
BMEP 16.00%
Pe, 2
MPa =~
V4 -
1,9 7 > o
, -_p g - = 7 \ \
1,8 7 N
1,7 / \
16 P \
) N\
15 B
/ O

1,3 === Single entry turbine \

== == Twin entry turbine .
1,2 T T n, min?

1000 2000 3000 4000 5000 6000 7000

Fig. 10. Variation in mean engine pressure (Audi 1.8L SI) with single and twin entry turbine

CONCLUSION
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. The simulation results with the AVL Boost software show potential improvements in engine
performance due to the use of a twin entry turbine with a modified exhaust manifold
configuration.

. The simulation results obtained for the Audi 1.8L Sl engine show that implementation of a twin
entry turbine increases engine power at low speeds, with the highest efficiency being in the

range of 1500 min to 4000 min?, as the maximum power increment is 25%, while the mean
effective pressure rise up with 27%.

. Torque and engine power are also increased by 14.8% and 14% respectively at 2000 min-t.
Power and torque are significantly improved at low speeds by the constructive design change
of the exhaust manifold and the turbine.
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WED-SSS-TMS-2

DESIGN AND RESEARCH OF WORM GEAR TRAINS?

Gergana Mollova — PhD Student

Department of Machine Science, Machine Elements, Engineering Graphics and Physics
University of Ruse “Angel Kanchev”

Tel.: +82 888 492

E-mail: gergana_mollova@yahoo.co.uk

Abstract: The paper reviews some important existing methods of calculation and research of worm gear drives.
Special geometry and strength characteristics of these gear trains are analysed. The importance of certain special
characteristics of the tribology behaviour of wrom gear drives is intoduced. The paper compares special features of
different European stadards concerning this type of gear drives. Conclusions are deduced.

Keywords: Worm Gear Trains, Geometry and Strength features, European standards

BBBEJIEHUE

W3cnenBaHeTo HA YepBIYHU NPEAaBKH TPEICTABIsIBA OCOOCHO Ba)KCH M AKTyaJeH MpodJeM.
HeroBoro pemaBane € MpsKO CBBP3aHO C YCHBBPUICHCTBAHE HA CTPATETHATAa 32 CHBPEMEHHOTO
pa3BUTHE HAa MAIIMHOCTPOCHETO C [eJl TOBHMIIABAaHE HA KOHKYPEHTOCIIOCOOHOCTTa Ha CEKTOpA.
[TonoOpsiBaHeTO Ha eHepruiiHaTa €(EKTHMBHOCT W HAa (DYyHKIMOHATHATA TOMHOCT HAa YEPBIYHU
NpeIaBKU TIOCTABS 3HAYMMU M3CJIE/I0BATEIICKU MPOOJIEMH Tpe]l HaydyHaTa OOIIHOCT.

N3cnenoBaTenckuar npodjaeM 3a MoAOOPSBAHETO HAa €KCIUIOATAIMOHHUTE XapaKTEPUCTHKU
Ha pa3ryIeKIaHATe YEePBSIYHU TpeIaBKH, OCBEH TOBA, € M MHTEPIUCLMIDIMHApEeH mpodieM. HeroBoro
pelieHre € Bb3MOXKHO 4pe3 IpWIaraHe Ha ChINECTBYBAIIM TEOPETHIHA MOJEIH, Ype3 pa3padoTBaHe
HAa aBTOPCKH TNPWIOKHH TMPONYKTH M Ype3 MpHWIATaHeTO HA CHBPEMEHHM METOAM, TOAXOAH U
CpeAcTBa.

TEOPETUYHO U3CJIEABAHE HA YEPBAYHMU ITPEJABKH

MexaHMuHUTE TIpeaBKU BKIIIOUBAT 3aJIBIDKBAIL] KOMIIOHEHT, CBBHP3aH C BXOMSIIMS Ball, €1HA
WIH HAKOJIKO JBOWKM MEXIWHHH TpPEJaBKH W 3aJBIDKBAH KOMIIOHCHT, MOHTHPAaH KbM W3XOSIIUSI
Baj. ChIIecTByBa TOJSIMO pa3HOOOpa3ue OT pa3jiMyHHA BHIOBE MEXaHWYHU TpenaBKd. Bcska exna oT
TAX TpUTEXKaBa NPEIUMCTBA M HENOCTATHIM M Hajara pasiMdeH Moaxon mpu mbopa u
KOHCTpyupaHeTo W. ExmH oT kpureprure 3a m300p U ONTHMU3AIMS HA MEXAaHUYHH TPEIABKH €
TSIXHOTO €KCIUVIOATAIMOHHO M TPUOOJOTMYHO TMOBECHHUE.

Ha ®ur. 1, (IxorcsH, M., 2008) camnoka3aHd pas3IHdHHA MEXaHHIHH MPEIaBKH: IIUTHHIAPUY HH
€BOJIBEHTHA 3b0HA Tpe/iaBKa, KOHYCHH 3HOHM TPEIaBKH C MPaBH M HAKIOHEHH 3BHOM W UsPBSIYHA
npenaBka. ['oneMuHaTa Ha CWiaTa Ha IDTh3TaHE C€ yBEJIMYaBa C HApacTBAaHE HAa KpPUBHMHATA Ha
npopuwia 3a 3alelieHUTe KOMIIOHEHTH. 3BHOHOTO 3alleTBaHe: YEPBIK/UEPBAYHO KOJEIO Ce
XapaKkTepr3upa ¢ Hal-TolisiMa CTOMHOCT Ha IUTh3TaHETO B 3alETIBAHETO B CPAaBHEHHUE C MOKa3aHUTE Ha
Our. 1 IUMMHAPUYIHN ¥ KOHYCHH 3bOHHM TIPEIaBKH.

2 JloknmabT € MpeICTABEH Ha CTy IeHTCKATa Hay4Ha cecusi Ha 8 Maii 2019 B cexius Tpancrnopt u ManiuHo3HaHue
¢ opuruHaiHo 3arjiaBue Ha Obarapcku e3uk: [IPOEKTUPAHE 1 U3CJIE[IBAHE HA UEPBSAYHU TTPEJIA BK

-15 -


mailto:gergana_mollova@yahoo.co.uk

PROCEEDINGS OF UNIVERSITY OF RUSE - 2019, volume 58, book 4.1.

| ITB3TaHE H THPKA/ISHE | s— | [1.T53] 2He

@wr. 1. Tpubonormaar 0COOEHOCTH Ha MeXaHMIHHU npenaBk, (JkoHchH, M., 2008)

[Mopanu Ta3u npuunHa, YEPBIYHUTE TPEIABKH OOMKHOBEHO CE XapaKTEepH3HpaT C TO-HHUCHK
KOe(OMIMEHT HA TIOJIE3HO JCHCTBUE B CPAaBHEHHE C APYTrd MEXaHMIHHM TpeaaBKH. [ omsimMaTa CTOHHOCT
Ha TUTH3TaHE BOIH JI0 OOCTOSATEJICTBOTO, Y€ MHOTO YECTO 3arpsiBAaHETO M CHOTBETHO — TOIUIMHHOT O
BUHCISIBAHE - Ca OMpeJlessiiiaTa TpaHilia Ha TOBAPOHOCUMOCTTA 3a TE€3U MPEeIaBKHU.

Ho nsixon TexHu npeJuMcTBa KaTO: BUCOKH INPeJaBaTENHU YUCIIA B €HA CTEIEH, HUICKO HUBO
Ha BHOpalMUTe M Ha IIyMa, Bb3MOXKHOCT 3a CaMOCIIMpaHe — I'M MpaBU Ba)XHM KOMIIOHEHTU IIpH
MPOM3BOCTBOTO HA TPAHCMUCHH.

YepBsuHUTE TPETaBKU Ca MHOTO TOIXOISAIIM 32 OCHIIECTBSBAHE HA TOJIEMU TpeaaBaTEIHU
yycia B eaHa cTeneH. [Ipu yepBsuHUTE NpeJaBKU ca Bb3MOXKHU IOJIEMU NpeaBaTeIHA OTHOLICHUS
B €Ha cTeneH: oT 5 g0 70, KaTo MpU MaJIKM MOIIHOCTH MPEJaBaTEHOTO OTHOLICHHE MOXe Ja
nocturie 10 u = 100. Hail-yecTo mpwiokeHHE HAMHPAT YEPBSYHUTE MPEIaBKU C MpeaaBaTeNHU
oTHouieHuss ot 15 mo 50.

Ocure Ha uyepBSiKa M Ha YEPBSIYHOTO KOJIEJIO C€ KpbCTOCBAaT Hal-uecto mox 90°.
[{wIMHAPUUHUAT YEepBSAK HATNIOAO0OSIBA BUHT, KOWTO IPU BPTEHETO CH 3a]]BIKBA YEPBSIYHOTO KOJIEJO,
YUETO 3alleliBaHE OTroBaps MpHOIM3UTEIHO Ha pe3dara Ha Takka. [7maBHM OCOOEHOCTH Ha
YEepBAYHOTO 3alleTBaHe ca:

- CIIPSIMO BUHTOBHTE NPEJAaBKU — JIMHEEH KOHTAKT;

- CIIPSIMO €BOJIBEHTHUTE LIWIMHAPMYHU 3BHOHH NPETaBKH — 3HAUUTEIHO IUTh3TaHe.

3HaYUTEJHOTO IUTh3TaHe M MaJIkaTa CKOPOCT MpU BJIM3aHE B 3allelBaHe HA 3bOHHUTE MPOQMIIH
BOJM 110 Oe3nryMHa pa0oTa Ha MpeJaBKUTE M J0 HaMalsiBaHe Ha BHOpaimure. HuBoTO Ha myma e
cpeaHo ¢ oKoio 7dB mo-HHUCKO B CpaBHEHHE C LIUTMHAPMYHUTE 3bOHU NpeIaBKU.

TsaxHO Ba)KHO MPEIUMCTBO CHPSIMO MHOIOCTENEHHUTE INUIMHAPHMYHU W KOHYCHH 3BOHU
NPEIaBKU € M3IOI3BAaHETO HA MaJIbK Opoi MAIlIMHHM €JIEMEHTH, KOETO € MIKOHOMHUYECKH M3IOHO NP
MaJIKu TabapuTy Ha HEOOXOJUMUTE TPeJaBKH.

YepBsiuHuTe MpeaBKU MMAT BHCOKAa TOBAPOHOCHMOCT CHPSMO BUHTOBHUTE MPEIABKH, KOHTO
CBIIO C€ XapaKTepH3UpaT C KPbCTOCAHM OCH, OJjarogapeHde Ha KOHTAKTa IO JIMHMM W Ha
€THOBPEMEHHOTO 3alleTBaHe Ha NoBeYe 3bOM — OOMKHOBEHO OT 2 110 4.

Bakna TsaxHa 0COOEHOCT € BEpOATHOCTTA NPHU TOJEMHU MpeAaBaTEeHUA YUCIA Aa ce MOIy4dH
caMo03aIbp)KaHe TpH OOpBIaHe HAa TOCOKATa HA CIIOBWA TIOTOK, T.€. KOG(QUIMEHTHT HA TOJE3HO
JeHCTBYE B 3allCNIBAHETO MZ CTaBa NMPUOJIM3UTEIHO PAaBEH HA HyJla MPH 3aJBIKBAILO KOJIEJIO.

Oco0eHo BakKeH MapaMeThp Ha 3alENBAHETO € KOS(PUIMEHTHT HAa JUAMEThpa q Ha YepBsKa,
KOWTO 3aBUCH OT CTOMHOCTTa Ha MOJYJa, OT BI'bJIa HA HAKJIOHA HAa BHMHTOBAaTa JIMHKS, OT Opos Ha
XOJIOBETE U OT CPEJIHMSI TUAMEThp Ha YepBsiKa.

To3u mapamMeThp XapaKTepu3supa OCHOBHUTE [ApaMeTpd HAa 4YEepBIKa M CHOTBETHO
CBIPOTUBUTEIIHIS MOMEHT Cpellly IIPOBUCBAaHEe Ha 4epBA4YHMs BaJsl. C HOMOIITAa HAa TO3U KOE(ULMEHT
MOTaT Jla C€ M3YHCIIBAT Pa3MEpUTEe Ha TIpelaBKaTa B aKCHAIHO CEYCHHE Ha YepPBSKa, AaHAJIOTUIHO Ha
IWIMHAPWYIHA 3bOHA MpeaBKa.

KoepuimeHTbT Ha TpueHe B 3alETIBAHETO € OCHOBEH NAPaMEThp, XapaKTepusHpall
TPUOOJIOTMIHOTO TOBEJIEHUE Ha YEPBAYHM MPEJaBKU U IKOCTHOTO UM m3uMciisiBaHe. KoepuimeHT bT
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Ha TPUCHE TI0 BPEMeE Ha MyCKOBUsS TMEPHO LA TPU CKOPOCT HA IUTh3TaHEe, paBHA HAa Hysa, € OCOOEHO
Ba)XKCH B MOMEHTA Ha MyCKaHe M CaMOCTMpaHeTo. To3u mapamMeThp MOoYTH He 3aBUCH OT (hopMaTa Ha
3p0a W VM3BMECHCHHETO Ha KOHTAKTHHTE JIMHWM. [lO-HATATHIIHOTO W3MEHEHHWEe HA |; 3aBHUCH OT
JBOMKAaTa MaTepHalli, TpalaBUHATAa HA TNPOQWIATE, CMa30YHHS MaTepHall, HATOBAPBAHETO W
dbopmaTa Ha yepBsKa.

OCHOBHMH OCOBEHOCTH HA CTAHIAPTUTE 3A YEPBAYHMU ITPEJABKH

B MeTonukaTa 3a TeOMETPUYHO U SKOCTHO M3UMCIIIBAHE HA YEPBSYHU NpenaBku 1no Human u
BuHrep ca3anokeHn TaHHWTE OT T€pMaHCKUTE CTaHIapTH 3a yepBsunn npeaasku - DIN 3975 (1988)
u 3976 (1980). CranmaptsT DIN 3976 ce cbeTou oT ABe ocHOBHU TaOmmm. OT mbpBata Tabaumia -
NpY TIPEABAPUTEITHO OMpEeNICHd MOJYII, IeJUTENIeH AHaMeThp U Opoil X00BE Ha YepBsika MOraT Ja
ObJat m0paHM: CTHIKAaTa, KOCPUIMEHTHT HA AMAMEThpa HA YEpPBSIKA, BBPXOBUAT U METOBUAT MY
JVaMEeTpH U BI'bJIbT HA HAKIIOHA Ha BHHTOBaTa JmHUA. OT BTOpaTa TaljuWlia - NpU MpeIBAPUTEITHO
OTIPEJICJICHH MEXIYOCOBO PA3CTOSHUE, NPE/IaBaTENHO OTHOLICHHE U MOAYN c€ M30MpaT HAKOH
reOMETPUYHN TIApaMETpH, B TOBA YHCJIO W KOe(MIMEHT Ha W3MECTBaHEe B TNpelaBkata. B To3m
CTaHJApPT JBETE TAOJMIM Ca CBbP3aHN.

boearapckusar cranmapr BJIC 15764-83 (1983) chabprka undopMmalmsi, aHaJOTHIHA HA Ta3H B
DIN 3976 (1980), a mMEHHO 3aBHCHMOCTH MEKAY MOIYyJa, Oposi X0/I0BE HAa YepBsiKa M Koe(HIME HT a
Ha JMaMeThpa Ha YepBsika. B repmManckusi craHgapt TabiumiaTa € pa3impeHa ¢ Apyru reoMeTpruaHu
napameTpH, kouro ygurceat B BJIC.

HenoctaThk Ha OBATapcKusl CTAHAAPT €, Ue JIMICBAT JaHHM 32 IECTXOA0BU depBsii. [IpaBu
BreyaTieHue u ToBa, 4e cnopea DIN 3976 nuana3oHbT Ha M3MEHEHHWE Ha TroJE€MHUHATa Ha
Koe(rmeHTa Ha TuaMeThbpa Ha YepBsKa € C MO-HUCKAa FOpHA TPaHMLa - OJM30 J1BA ITbTH.

JluricBa OBJTapCKU CTAaHAAPT, HAIMBJIHO aHajiormdeH Ha Tabus. 2 or DIN 3976, B koo nae
OTpa3eHa 3aBUCHUMOCTTA MEXAY MEXKIYOCOBOTO PAa3CTOSHUE M OCHOBHUTE T'€OMETPHYHU MapaMeTpu
KaTo MPeIaBaTeJHO OTHOIICHHE, MOJYJ, JACIUTEICH TUaMeThp U Opoi XOIOBEe HAa YEpBSKA, bI'bJl HA
HAKJIOHA Ha BUHTOBATa JIMHUA, Opoi 3b0M HA YEPBSYHOTO KOJIEJIO U KOS(PUIMHET HAa M3MECTBAHE HA
V3XO/IHUSI KOHTYP Ha UEpBSIYHOTO KOJEJO.

@wur. 2. 3aryOu Ha MOIIHOCT B YepBsivyHa npeaaBka, (Jupeiin u ko, 2016)

B HsikoM cTaHZapTH M KaTaJlo3H € MocodyeHa MH(pOpMAaImsi OTHOCHO 3aryOWTe Ha MOIIHOCT B
YepBSIYHMA 3a/BwKBaHust. [lomoOHa mHbopMammsi € mpeicTaBeHa ot aBropure B ([upei u ko,
2011) u B (Ctoxkman u xoi., 2010).

JlaHHM 32 MEXaHWYHU W XUIAPABJIMYHM 3aryOM HA MOIIHOCT B YEPBSYHOTO 3allclBaHE ca
anammupasn oT (XpoH M Kom., B 2007) u B myoumkampata Ha (Mextn u kor., 2013). Yuenure
rojiuepraBar, ye OOIIMTe 3ary0M B €IHA MEXaHWYHA TMpeJaBKa MPeJCTaBIsIBAT KOMOWHAIMS OT
3aryOu BJlarepure, B YIUIbTHEHISITA, 3aryOH OT pa3NpbCKBaHE HA MACJOTO M 3aryOH B 3allCTIBAHETO,
KaKTO ¢ MocoueHo Ha dur. 2.

Hesnauurenen Opoit myOauKammy aHATMBUPAT OOIIMS KOe(UIMEHT HA TOJIE3HO JCHCTBHE HA
YepBsYHA NpeAaBKa. [Ipom3BoauTenure 3agaBaT TO3W MapaMEThp B KaTaJO3UTe KaTO (yHKIMS Ha
Opost Ha CTEMEHWTE HA MEXaHWJYHa mpeaaBka. Ilopajau Ta3u MpUUWHA, JaJeHA CTOMHOCT Ha OOIIHS
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KOC(bI/HII/ICHT Ha TIOJIC3HO JICHCTBHE CHOTBETCTBA HA TOJISIM JHANa30H YCPBAYHU MPEAABKU, KOATO A
IpaByU OTHOCUTCJIHO HCTOYHA.

ToBa KpaTKO IMPEACTABAHC HA CbCTOSHUCTO Ha r[po6neMa HnMa 3a eI Ja yro4H1u Hali-Ba)XHUT €
l'IpO6J'ICMI/I IpU IIPOCKTUPAHETO H M3CJICABAHCTO Ha UCPBAYHU IPCIaBKH.

N3BOIM

OT HampaBEeHOTO TEOPETHYHO M3CJICABAHE MOTaT jJa ObJaT M3BEJCHH CJICTHUTE U3BOJIU:

- Pasrnenanu v aHamBMpaHyd ca HAKOM BaXHM OCOOEHOCTH B KOHCTPYKLMSITA HA YEPBSIYHU
Tpe JaBKH;

- Pa3nuuHu HalMOHATHM METOAMKU C€ XapaKTepH3HpaT C Pas3IMiHO HHUBO HA OCUT'YPEHOCT
ChC cTaHmapTu. JIMncBa MexXIyHapoJIeH CTaHAAPT 3a M3UKCIIABAHE HA YEPBSIYHH TPEIaBKHL

Ha ©0a3zara Ha TO3u aHaiM3 MOXe Ja ce 0000IM, 4Ye € HeoOXOAWMO Ja C€ JOIBJIHAT
KPUTEpUHTE 32 WM3YHUCISIBAHE WM TPOCKTHpPAaHE HA YCPBSYHM TPESJAaBKU. 3a J]a MOXe Ja OBIe
MOCTUTHATA Ta3| IeJl, € HeOOXOUMO J1a C€ aHAM3HUpa BH3MOXKHO HAM — MBJIHO W TOYHO CJIOXKHOTO
TOBEICHHE HA YEPBSYHU TPE/IaBKUL
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Abstract: The paper presents acomparative analysis of Mechanical engineering curriculaintwo European Higher

education institutions. Some important basic similarities and differences are emphasized. The advantage of some
differences concerning students’ exchangeis highlighted. The importance offacilitiesand laboratory equipment is shown
up. The paper compares special features of different kinds of mobility within Erasmus exchange and the link between
mobility, contents ofthe Bachelor degree course curricula, facilities and laboratory equipment. Conclusions are deduced.

Keywords: Mechanical Engineering Curricula, Subjects, Facilities, Laboratory Equipment, Erasmus exchange

ITRODUCTION

The Bachelor programme “Mechanical engineering” is an established engineering degree,
which is available in many European Universities and other Higher education institutions. An
interesting circumstance is the situation that almost every institution has created its own almost
unigue curriculum concerning this Bachelor degree program. Curricula differences are connected in
some cases to strategies and policies of the European country concerned, (Kamenov et al, 2017).

Most probably some other differences are consequences of the qualification of the academic
staff available. The determination of the magnitude of these differences is particularly important in
the area of academic exchange within European programs and especially: Eramus plus program.

COMPARISON OF MECHANICAL ENGINEERING CURRICULA

The Mechanical Engineering curricula of two Higher education institutions have been
compared: TTK Univesrity of Applied Sciences in Tallinn, Estonia (TTK) and the University of Ruse
in Bulgaria (UoR). The TTK curriculum is described in the tables, shown on Fig.1 and Fig. 2. The
Mechanical Engineering curriculum at the University of Ruse is given in: https//www.uni-
ruse.bg/en/education/students/curriculum. The comparative analysis was done based upon the
obligatory (non-optional subjects) in both institutions. The total amount of ECTS for this Bachelor
degree program is equal to 240 in both institutions.

The share of subjects from the area of general natural sciences: mathematics, physics and
chemistry is 24 ECTS (10 %) at TTK and 27 ECTS (11 %) at UoR. The part of fundamental technical
subjects such as: Engineering graphics, Machine elements and CAD systems is 18 ECTS (8 %) at
TTK and 21 ECTS (9 %) at UoR. The subjects from the area of technical mechanics such as statics,
dynamics, and strength of materials are presented with the following quota: 6 ECTS (2 %) at TTK
and 16 ECTS (7 %) at UoR.

The group of subjects in the field of other fundamental technical areassuch as: Materal Science,
Fluid Mechanics, Fundamentals of Electrical Engineering are reprepresented with 12 ECTS (5 %) at
TTK and 17 ECTS (7 %) at UoR.

® JloknmabT € MpeICTABEH Ha CTy ICHTCKATa HayuHa cecust Ha 8 Maii 2019 B cexius TpancnopTu ManuHosHaHue
cbe 3amiaBue Ha Obirapcku esuk: CPABHEHUE HA YUEBHU TTJNTAHOBE 110 M A LIMHHO MHXEHEPCTBO
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The subjects in the area of informatics and foreign languages in both institutions are well
covered. Besides, it is well known that the knowledge and skills in these fields are accumulated not
only during the study process at Universities, but also in different extracurricular learning and training
COurses.

ECTS|Year Semester Optional

Strength of Materials 3 2 F -
5 TS Universal Equipment and Appliances 3 2 F -

3 1 F Mathematics 11l 6 2 F -

3 T F CAD Systems 6 2 F -

3 1F Basics of Machining 6 2 F -

2 1| i Automation Technelogy and Mumerical Control Systems 3 2 F -

= . 5 English for Special Purposes I 3 2 F +

3 1 F German for Special Purposes Il 3 2 F +

3 1 F Micro- and Macroeconomics 3 2 s -

2 : : Machine Elements + Project ] F s -

. 15 Cutting and Cutting Tools 3 2 s -

6 S of CNC Tools 3 2 s -

3 1 s e 12 2 s -

] = 3 2 s .

s = Statistics a 2 |s +

a 1 s German for Advanced 3 2 s +

Students (suppert study) 3 = Physical Education 3 2 s +

Fig. 1. Mechanical Enginering: First and second year of study at TTK Univesrity of Applied
Sciences, Estonia

The comparison of general technical subjects delivered leads to the following conclusion: these
subjects are almost equally represented in the Mechanaical engineering curricula at TTK University
of Applied Science and at the University of Ruse.

The situation when comparing the special subjects (Fig.2), which are connected with the
professional development of students, is quite different. The number of identical or almost identical
subjects is relative small. Some of them are: Basics of Machining, Cutting and Cutting Tools, CAM
systems, Automation, etc.

Enterprise Informatics

Welding Technology VWorkshop
Entrepreneurship and Marketing
Design of Appliances

Hydraulic and Pneumatic Equipment
Basics of Programming

Welding Technology and Equipment
Metal Forming Technology

Russian for Beginners

German for Beginners

Flexible Manufacturing Modules
Industrial Design + Gourse Project
Hoisting and Conveying Equipment
Basics of Hydraulic Drive Calculation
Engineering Practice

CAM Systems

Design of Pneumatic Systems
Technology of Metal Structures and Appliances
Economics of Machine Building Enterprise
Sensors and Actuators

Russian for Special Purposes

c)mwmwmﬁmwmwmmmmmmwmwm
WWWwoowowwoowowoowoowowowowowowwowao
OonnnmOoOTMTMmMMTTTTTTTTMM

[ e R R R R

Ecology and Environmental Protection
Labour Law, O ational Health and Safety

Project Management

Heat Treatment Technology and Equipment

Technology of Me ructures and Appliances - Course Paper
Economics of Machine Bullding Enterprise - Course Project
Industrial Robots

Quality Sclence

FEM Calculations

English (Business Language)

German (Business Language)

Russian (Business Language)

Optional Subjects

Industrial Property and its Legal Protection

Stamps and Die Sets

Microprocessors

Composites, Coatings and Engineering Plastics

Economic Mathematics

Presentations of Visiting Lecturers
Graduation Thesis

Pre-diploma Practical Training
Graduation Thesis Seminar

Fig 2. Mechanical Enginering: Third and Fourth year of study at TTK Univesrity of Applied
Sciences, Estonia
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ACADEMIC EXCHANGE OF STUDENTS — BENEFITS AND CHALLENGES

The identified differences in the type of specialized subjects available at both institutions are
probably also related to the following circumstances: different facilities and laboratories’ equipment.
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The equipment of the Flexible Manufacturing Modules at the Industry 4.0 laboratory at TTK
University of Applied Science is especially modern and beneficial for the practical training of
students, Fig. 3.

Fig 3. Flexible Manufacturing Modules at the Industry 4.0 laboratory at TTK University of Applied
Science

The University of Ruse is famous with its scientific contracts with industry enterprises. A great
number of modern test devices and equipment of some laboratories at the university are donated by
industrial companies. Other laboratories and facilities have been equipped through national and

Fig 4. Laboratories at the University of Ruse

As it is known, there are two types of mobility within Erasmus plus program: academic
exchange for study process and internship. Concerning the first kind of mobility, the best period for
implementing it would be the second year of study. The subjects during the first 4 semesters are
overlapping to a great extend. This circumstance makes the process of creating appropriate Learning
agreements and recognizing the subjects (after the mobility is over) much easier.

Concerning the second kind of mobility — the ineternship, the differences of curricula and
facilities can be considered as great advantages because the students can acquire different practical
professional skills in different institutions due to their specific facilities and laboratory equipment.

CONCLUSIONS

The research made leads to the following conlusions:

The advantages of some curricula differences concerning students’ exchange is highlighted;

The importance of facilities and laboratory equipment is emphasized.

The paper compares special features of different kinds of mobility within Erasmus exchange
and the link between mobility, contents of the Bachelor degree course curricula, facilities and
laboratory equipment.
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