
Anexa I

12. Rezuntatul activiti{ii qi a rezultatelor obfinute irr proiect irr anul 2025

O i.fi'u I pro ie ctului 25.W
I)enurnirea Proiectului irnbundtitirea perforrran[elor tehnice ;i errergetice ale sisterr,elor lLq

plgrp_q! q i e m u lti fazi ce pen tru au tobuze e lectrice

Proiectul urm[reqte dezvoltarea unor solLr(ii avansate de tnottitorizare, analizl terrtticd $i

recLlperare a energiei pentru motoarele de trac[ir"rne Lrtilizate in trartspotlul electric. trtapa anului

2025 a avut ca scop principal reducerea consumului energetic al sistemului de irrcdlzire prirt

valorificarea cdldurii generate de motorul asincron rnultifazic, prirr modelare termicd, analiz.d

electromagneticd Ei pregatirea solu{iilor de recuperare.

Activitdtile planificate au vizat: colectarea parametrilor constructivi 9i electromagnetici rli

rrotorului; definirea rnetodologiei de calcr"rl al pierderilor; constrLtirea geometriei nrotortrlLri irr

COMSOL Multiphysics; stabilirea condiliilor la frontierS;i rularea simu[6rilor FEM neccsarc

validdrii; identificarea metodelor fezabile de recuperare a cdldLrrii, Aceste activit5ti au servit dreltt
bazl pentrur dez-voltarea Lrlterioarl a sistemuluide recuper"are termicd integratin electrobuz.

in cadrLrl etapei, echipa IJTM a elaborat modelul matematic complet al motorului
asincron hexafazat, utilizat pentru estimarea pierderilor, cLrrerr{ilor Ei flLrxLrrilor tragttetice irt

regim nomirral gi defect. A fost realizat un modcl termic, carc a pernris sintularca incalzirii
infbELrrdrilor gi identificarea zonelor critice. De asernenea, au fost efbctuate simuLiri
electromagnetice qi termice in COMSOL Multiphysics, incluzAnd generarea distribu{iilor cJc

flur magnetic. curent, pierderi volunretrice qi ternperatut'i interne. Analiza terrnicb a eviden(iat ca,

in regirn de defect cu doud faze rupte, temperatura irr{?ELrrdrilor atinge limita clasei F in
aproxinrativ 5-6 rninr.rte. corrfirnrAnd necesitatea unei gestioniri avansate a reginrr"rrilor de avarie.

Rezultatele ar-r fbst validate prin mlsurltori expcrimcntale utilizAnd termovizorrtl qi

senzori irrtegra{i in inlbEurari, demonstrAnd o concordan!6 bun[ intre simulari gi valori reale.

Concluziile oblinute au permis fundamentarea etapelor ulterioare privind recuperarea energiei

ternrice gi integrarea acesteia in sisterrul de clirnatizare al electtobuzr"rlui.
Disenrinarea rezultatelor a inclus douS articole gtiin!ifice prezentate la Conferin[a Interna{ionall
SIIILMEN 2025, preclltx Ei o lucrare conexd elaboratd de partenerul TUIASI. Proiectr,rl a

beneficiat de o colaborare internaliorralS intensS, corrcretizatir prin stagiul de cercetat'c tJ'l'M

l't.llASI (08,1 l-09.12.2025), schirnbLrri de rnodele nunrerice, sesiuni tehrrice de lucru;i acces la

i n frastru ctu ri de cercetare avansatS.

InrpactLrl proiectului ir"r 2025 se manilestd prin: dezvoltarea a trei modele numerice,

consolidarea forrn6rii profesionale a membrilor echipei gi cre;terea eficien(ei energetice poten{iale

cu 2-3'h a sistenrelor de tracliune analizate. La nivel na[iottal, colaborarea ctt cotttpatr ia

IrrtbrnrBusiness, a asigLrrat suport tehnic esen!ial pentru lbrmularea cerinfclor cdtte Irtolot'ttl dc

trac(iune ca element a sistemului de ac{ionare.
in concluzie, etapa 2025 a proiectului a generat rezultate solide in donreniul rrrodcldrii termice si

electronragnetice a motoarelor nrultifazate, a lLndarnentat solLrIiilc pentrr"r recLlperarea energici

termice gi a corrsolidat baza telrnic6, ;tiinlificd gi colaborativd necesard finalizdrii obicctivelor'
proiectur lu i in etapele unndtoare.

l-j



The proiect ainrs to develop advanced solutions for rronitoring, tlrermal analysis, and

energy recovery in traction motors used in electric transportation. The 2025 stage lbcLrscci

primarily on reducing tlie energy consumption of the heating system by Lrtilizirrg the heat

generated by the mr,rltiphase induction motor, through tlternral modelirrg, electrornagnetic

analysis, and the preparation of heat-recovery solutions.
The planned activities inclLrded: collecting the constructive and electrornagnetic

parameters o{'tlre motor; defining a nrethodology flor calculating losses; bLrilding thc motot'

geornetry in COMSOI- Multiphysics; establishing the boundary corrditions and running the IrEN4

sintulations required fbr validation; and identifying feasible methods for heat recovery. Thcs;c'

activities served as tlre foLrndatiori for the subsequent development of the therrnal recovery systelr
integrated into the electric bus.

During this stage, the UTM team developed the complete mathernatical rnodel of the six-
phase induction motor, used to estimate losses, currents, and magnetic fluxes under both nottirtal
arrd laLrlt conditions. A tlrermal rnodel was created, allowing the sirnulatiorr of winding heatirrg

and the iderrtification of critical hotspots, Electromagnetic and thermal sintulations wcre carricd

out in COMSOL, MLrltiphysics, including the generation of magnetic {lux, cLtrrent distribLrtiorr,

volumetric losses, and internal ternperature profiles. TIre thermal arralysis slrowed that, under a

faLrlt condition witlr two open phases, the wirrding temperature reaches the linrit olittsLtlation class

Ir in approximately 5-6 minutes, confirming tlre necessitv of advanced faLrlt-rranaget'nenl
strateg ics.

The results were validated through experimental measurements using a thernral can'tcl'el

and enrbedded winding sensors, demonstrating strong agreement between simulatiotts atrd real

values. The conclusions obtained fonned the basis tbr subsequent stages locusecl on tlrernral

encrgy recovery and its integration into the electric bus climate-control systent.

Dissernination activities included trvo scientific articles pt'esented at the SIF,I-MIr,N 202-S

lnternational Conference, as well as a related paper prepared by the TUIASI partner.'fhe project

berrefited fiom irrtense international collaboration, highlighted by the UTM-TtJIASI research

stage (08.11 09.12.2025), nunrerical nrodel exchanges, technical worl<ing sessiotts, and access ttr

advanced research intiastructure.
The pro.ject's impact in 2025 is reflected irr the developnrent of tltree rrunrerical nrodels.

the stretrgtherring ol'the profbssional sl<ills ol'the rcsearch lcanr, zind a potential 2'3'% itrcrcasc itt

the energy efficiency of tlre analyzed traction systems. At the national level, tlre collaboratiort

wil.lr InformBusiness provided essential technical slrpport for formulating tlre requirenrents fbrthe
traction motor as a cornponent of the drive systetr.

In conclusion, the 2025 stage of the pro.iect generated solid results in the thermal arrd

electromagnetic rrrodeling of rnLrltiphase motors, established the fbLrndations lbr thernral-enet'qv

recovery solutions, arrd strengthened the techrrical, scientillc, and collaborative base requircd [or'

achieving the pro.iect ob.iectives in the following stages.
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