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AHoTanisg. Po3rismaioTeCs MHUTaHHSA TpPEHAKEpHOI MIATOTOBKH CTYICHTIB 3 BHKOPUCTAHHIMI
HaBYaJIbHO-TpeHaxepHoro creHny cyaHoBoi enekrpoctanuii (HTCCEC). HTCCEC wmae y cBoemy
CKJIaJl JIBI 1ICHTHYHI 3@ CBOEIO CTPYKTYPOIO Ta CXEMHHMH DIIICHHSIMHU T€HEPATOPHI CEeKIii, SKi
JI03BOJISIFOTh BUKOHYBATH PI3HOMAaHITHI MPAaKTUYHI Ta HayKOBO-EKCIIEPUMEHTANIbHI JOCIIHKEHHS Y
rajxysi SKOCT1 €JIEKTPOCHEprii, 10 BHPOOJSIETHCS, MapaylelbHOI poOOTH TeHEepaTOpiB, PO3MOALTY
HABaHTAXXCHHS, 3aXUCTY T€HEPATOPHUX arperaTiB Ta iH.

KirouoBi cioBa: TpeHaxep, €JIEKTPOCHEPreTHYHA CHCTEMa CyAHA, TeHEepaTOpHA CeKIIid,
ynpaBiHHSA, QYHKIIOHATBHI Onepalii eJIeKTpPOMEeXaHiKa.

OCHOBHHMM KEpPIBHUM JOKYMEHTOM IIOJ0 MiAIOTOBKKA KOMaHIHOIO CKJIAy MOPCHKUX CYJCH,
B TOMY WYHCJi EJIEKTPOMEXaHIKiB CyIHOBUX, € MDKHApOJAHA KOHBEHINsI TPO MiATOTOBKY i
JTUTIIIOMYBaHHS MOpsKiB Ta HeceHHs BaxTu ([TJJHB-78) 3 monpaskamu 2010 p [3].

3rigao [IJIHB crygeHt (KypcaHT) — eneKTpoMeXaHiK MOPCHKOi CIeiadbHOCTI MPOTATOM
HaBYaHHsI Ma€ HE TIJIbKU 3aCBOITH BC1 TECOPETUYHI BIIOMOCTI Ta PO3YMITH MIPUHITUTIN OYI0BH, pOOOTH
1 0a30BOro OOCIyrOBYyBaHHS EJIEKTPOTEXHIYHHMX 3ac00iB, CHCTEM CHTHAJI3amii 1 aBTOMAaTHKH,
KOMIT FOTEPHOI TEXHIKH 1 KOMIT IOTEPHUX MEPEK CyaHA, sIKI 3HAXOATHCA B HOTO KOMIIETEHIII, aje i
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MIPOJIEMOHCTPYBATH AOCTaTHIHM piBEHb MPAKTUYHUX HABUYOK, OTPUMAHUX MPH CXBAJIEHIN MiArOTOBIII
13 BUKOPUCTAHHSM JIa0OpaTopHOTo 00IaTHAHHA 1 TpeHaXxepiB [3].

OTxe, B yMOBax CBOTOJICHHS [Js MiJBUIIEHHS (3a0e3MedyeHHs) SKOCTI MPaKTUYHOI
MiATOTOBKK eJeKTpoMexaHikiB cygHoBMX B HYK € HEoOXimHMM CTBOpPEHHS BiJIOBITHOTO 32
MIPU3HAYCHHAM KOMIUIEKCHOTO TPEHAXKEPY, KU Ma€ BpaxOBYBaTH HACTYITHI OCHOBHI KpUTepii:

— BKJIOYEHHS JI0 CKJIaQy TpPEHaKepy HACTYIIHUX OCHOBHHX CETMEHTIB — CYJIHOBA
€JIEeKTPOCTaHIlisI 3 TOJOBHUM pO3MOJIIBYMM IMUTOM, LEHTPANbHUN TOCT KepyBaHHS, TPYNU
HaBaHTAXXCHb;

— KOHCTPYKTHBHA 1 PyHKIIIOHATbHA CXOXKICTh 3 peaJTbHUMH CYJHOBUMHU aHAIOTAMH;

— BUKOPHCTaHHS €JIEMEHTHOI 0a3¥ aHAJIOTIYHO1 CYJHOBIH;

— TEeXHIYHa peami3allis i3 BpaxyBaHHSM THUIIOBHX CXEMHHX DIillleHb, 3aIPOBAPKCHUX Ha
CY4YacHHUX CyJTHaX;

— 3a0e3meueHHs MOJKJIMBOCTI BIJMpAIIOBAaHHS BCiX OCHOBHHUX TEXHIYHHMX (YHKIIII
eJIEKTpOMEXaHiKa 3a 3MIiCTOM Horo miaroroBku 3rigao [TJTHB.

[MpuHumnu noOyAOBU CTPYKTYpHOI CXE€MH BCHOTO HAaBUaJIbHO-TPEHAXKEPHOTO CTEHIY
cynuoBoi enekrpocraniii (HTCCEC) noxmamao omumcani B [1]. Ilpu mpoekTyBaHHI TeHEpaTOPHOI
cekIii ocobnmuBa yBara mpuausIiacsd (yHKIIOHATBLHOT Ta KOHCTPYKTHBHOI 1IEHTUYHOCTI MOZEII
TeHepaTOPHOTO arperary Ta CHUCTEMHU WOTO YMIpPaBIiHHSA 3 PEAbHUMU CYYaCHUMHU CYJHOBHMH
CHUCTEeMaMH Ta By3JlaMH, TUIIOBUMHU CXEMHHMHM PIIIEHHSIMH, 110 3a0€3MeuyioTh poOOTy CyIHOBOTO
JN3eIb-TEHEPATOPHOTO arperaTy [2], a Takok 3a0e3MedYeHHs MOKJIMBOCTI BiIMpaIfOBaHHS BCiX
OCHOBHHX (DYHKITIOHAIBHUX Omeparliii enexrpomexanika 3rigHo [TJHB.

I'eneparopna cekuiss HTCCEC npusHadeHa ajsi BUBYCHHS Ta BiINpPAIlOBAaHHS PEKUMIB
MIJITOTOBKU IO POOOTH, MYCKY, PEryJIIOBaHHS MMapaMeTpiB, OJWHOYHOI 1 mapayieqbHoi poOoTH, a
TaKOK HEOOX1AHUX BHU/IB 3aXUCTy NIPU BUHUKHEHHI aBapiii CHHXpOHHOTO reHepaTopa.

CrpykrypHa cxema npeacTapieHa Ha puc.l. Cxema CKIIaJaeThbCs 3 HACTYIMHUX
(YHKILIOHATBHUX €JIEMEHTIB 1 OJIOKIB:

1.1 (ITY) — IlepeTBOproBaY 4acTOTH MPU3HAYCHUHN TSI ITYCKY 1 YIIPABIIHHSI aCHHXPOHHUM JBUTYHOM

Al1.2 (BX PSU) (Power Supply Unit) — biok >KUBIIGHHS MPU3HAYCHHUH 1711 (hOpMYBaHHS
NOCTIHOT HanpyTu +24 B 1711 )KUBJIEHHS MPUCTPOIiB aBTOMATHKH CEKIIii;
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A1.3 (PH ER) (Excitation Regulator) — Perynsatop Hanpyru Npu3HaYeHU 7Sl peryIrOBaHHs
30y KeHHSI CHHXPOHHOTO reHepaTtopa GS1.1;

A1.4 (B S) (Main Sensor Unit) — biiok 1aTUuKIB CKIaJA€ThCA 3 TaTYUKIB CTPYMY 1 HApyTH,
NpHU3HAYCHUX i1 (OpPMYBaHHS CHUTHANIIB, TPOIMOPIIHHUX CTPyMy 1 Hampy3i CHHXPOHHOTO
reHeparopa GS1.1;

A1.5 (EI1 EP) (Electronic Potential Meter) — EnekTpoHHHI MOTEHLIOMETP MPU3HAYCHUH JIJIs1
yOpaBIiHHSA YacTOTOI0 OOepTaHHs acWHXpOHHOro ABuryHa DAl.1 3a gomomoror uudpoBoro
CHUTHAIY;

A1.6 (bC3 CPC) (Current Protection Relay) — biiok cTpyMOBOTO 3aXUCTy MICTHTb J]Ba peje
MaKCHUMAaJIbHOTO CTPYMY 3 Pi3HOIO PETyJIbOBAHOIO YCTAaBKOIO 110 CTPYMY 1 4acy CIpanbOBYBaHHS;

A1.7(BYCT AC) (Alarm Control) — bnok ynpapiiHHs CUTHaJIJaMH TPUBOTH IIPU3HAYEHU 17151
(hopMyBaHHS CUTHAJIIB TPUBOTH B Pa3i BUHHUKHEHHS BiJIIOBITHUX aBapiifHUX PEXHMMIB 1 TECTyBaHHS
IHAMKAI]T aBapifHUX PeXKUMIB;

A1.8 (BKII PC) (Power Control) — Biiok KOHTPOJIIO TOTYKHOCTI MiCTUTh JaTYUK aKTHBHOTO
CTpyMy, peie 3BOPOTHOTO MOTYKHOCTI, pelieé MEePEHABAHTAXKEHHSA IO TMOTY>KHOCTI (aKTUBHOMY
CTpyMy) Ui BKJIIOYCHHSI pe3epBy a00 BIJKIIOYCHHS CIIOKMBAYiB y pa3i MepeHaBaHTAKCHHS,
MIPUCTPIN PETyIOBaHHS TIOTYXXHOCTI, MaTYUK YacCTOTH IS CTabumi3amii 4acTOTH B PEXKHUMI
«BEI[Y‘—IHIZ»;

A1.9 (PH) — Pene manpyru npu3HadeHe sl KOHTPOJIIO JOITYCTUMOTO PIiBHS 1 IKOCTI HAIIPYTH
Ha IIMHAaX CHUHXPOHHOro reHeparopa (GSI./; Ans KOHTPOJIO MPaBHJIBHOTO uepryBaHHsA (a3 i
BIICYTHOCTI 3numaHHs ¢a3; Ui BIAKIIOYCHHS HABAaHTAXCHHS TNPU HESAKICHUN Hampysi; s
KOHTPOJIIO IKOCT1 HAIPYTH MICIIS BiAKIIOYCHHS HABAHTA)KEHHS 1 aBTOMaTUYHOTO BKJIFOUCHHS 11 IiCIis
BIJIHOBJICHHS TIapaMeTpiB HAMpyru; s iIeHTU(]iKyBaHHS aBapii NMpW BUHUKHEHHI aBapiiHO1
cHUTYyallii Ta Bi1oOpa’keHHs HassBHOCTI HANpPYTH HA KOXKHIHM (a3l BiAKIIOYSHHS;

BYKMI1, BYKM2 - brnoku ynpaBmiHHS Mar"HiTHUMU Tnyckadamu KM, KM2, mo
MPECTABISAIOTH CO00I0 Hadlp penie, KHOIMOK, KOHTAaKTiB, 3'€JHAHUX 3a CXEMOIO, IO J03BOJISIE
peaizyBaTi HEOOX1THUI alrOPUTM POOOTH, BIATIOBIAHUI MarHiTHUX ITyCKadviB,

KBII — KOHTpOIbHO-BUMIPIOBAIbHI PUIIAH (BOJIBTMETP, AMIIEPMETP, YACTOTOMIp, BATMET)
3 BIIMOBITHUMH KOMYTAIlIHHUMU €JIEMEHTAMH JIJIs1 KOHTPOJTIO TTapaMeTPiB CHHXPOHHOTO TeHEpaTopa
GS1.1;

BUAP — Briok cBiT/I0BO1 Ta 3ByKOBOI 1HAMKAIIIT aBAPIHHUX PEKUMIB 3 MOMIIMBICTIO TIEPEBIPKU
cnpaBHOCTI (pexuM « TEST») eneMeHTIB;

DG1 — ]JIBomMamMHHMI arperaT, 0 CKJIaJAa€ThCAd 3 MPUBOJHOTO ACMHXPOHHOTO JIBUTYHA
DA1.1 i cuaxponHoro reneparopa GS1.1 3 exeMeHTaMu CUCTEMU 30y KEHHS.

['omoBHUMHU BUMOTaMH /10 TPEHAXKEPHOTO OOJIaJHAHHS € KOHCTPYKTHBHA 1 ()yHKITIOHAJIbHA
CXOXICTh 3 peaJlbHUMH CYJHOBHMH aHaJOraMHy; TEXHIUYHA pealizallis 3 ypaxyBaHHSM THUIIOBHX
CXEMHHUX pIllIeHb, BOPOBAPKEHUX HA CYYaCHUX CyJaxX; BAKOPUCTAHHS €JI€MEHTHO1 0a31, aHaJIOT14HO1
CYIHOBHUH; 3a0e3MeueHHs] MOXJIMBOCTI BIANMpPALIOBAHHSA BCIX OCHOBHHMX TEXHIYHHUX (YHKLIN
enextpomexanika 3rigHo [TJJHB.

Po3po6nenniit HTCCE no3Boiisie 3ailiCHIOBATH HACTYITHI OTeparii:

- aBTOMaTH4YHE KepyBaHHs 30yP)KeHHSIM T'eHepaTopa;

- KOHTPOJIb HAaNPYTH T€HEePaTopa;

- KOHTPOJIb CTPYMY HaBaHTa)KECHHS;

- KOHTPOJIb 1 MIATPUMAaHHS YacTOTH;

- MOXKJIUBICTh aBTOMAaTUYHOT CHHXPOHI3aIli1 TeHEpaTOPIB;

- aBTOMAaTHYHE MEPEePO3NO/IiJ HABAHTAKEHHS MK IapaJieIbHO MPALIOI0YUMH T€HEpaTOpamH;

- MOKJIMBICTh BUKOPUCTAHHS Oy 1b-SIKOTO 3 TEHEPATOPIB SIK pe3€PBHOT0 3 aBTOMAaTUYHUM HOTO
Iy CKOM;

- YIIpaBJIiHHS 1HIUKAIIEIO0 aBapIMHUX PEXKHUMIB;

- MOKJIMBICTb AUCTAHLIHHOTO KEPYBAaHHS I'€HEPATOPHOT CEKIII€I0;
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- MOKJIMBICTh MOJIEpHIi3allii CUCTEMH;

- MOXJIMBICTH TIPOBEICHHS HAYKOBO-JOCIITHUX pOOIT 3 BUKOPUCTAHHSAM OOJIQJHAHHS
TpEeHaxepa,

- MOKJIMBICTh TIOBTOPEHHSI OY/Ib-SIKOTO 3 By3IIiB B yMoBax j1aboparopii CEEC.

30BHIIIHIN BUTISAA reHepaTtopHoi cekuii DG1 npencraBnenuil Ha puc.2. Ha nepeaniii naneni
CEKIIil pO3TalIOBaHi eIEMEHTH YIIPaBIiHHS, IHAUKAII] Ta KOHTPOITIO.

Puc.2. 3oBHimHi# BurIIs reHepaTopHoi cekuii DG1

Bucnoexu. 3anpononoBana 1 peanizoBana B HHIAE HVYK reneparopna cekuis HTCCEC
JI03BOJISIE TIPOBOAMUTH poO0oTH 3a (haxom 271 «PiukoBuil Ta MOPCHKii TPAHCTIOPT) 1 OXOILIIOE IUPOKE
KOJIO MUTaHb €KCILTyaTalii Ta 00CIyroByBaHHs CyIHOBHX I'€HEpAaTOPHUX arperaris.

I'eneparopna cexuiss HTCCEC Ttakox 3py4Ha Ui pi3HUX BHIIB MOJEpHi3amii i MOXe
BUKOPUCTOBYBATHCA JUIsl BUKOHAHHS IIMPOKOTO CHEKTPY HAYKOBHMX IOCHIKEHb B 00JIACTI SIKOCTI
€JIEKTpOeHeprii, mapanensHoi poOOTH TEeHepaTopiB, PO3MOAUTY HAaBAaHTAKEHHS, 3aXHUCTY
TeHEepaTOPHUX arperaTis Ta iH.
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Annotation. The report examines the issues of student training using the ship's power plant training
stand. The stand includes two generator sections identical in their structure and schematic solutions,
which allow performing various practical and scientific-experimental studies in the field of the quality
of electricity produced, parallel operation of generators, load distribution, protection of generator
units, etc.

Keywords: simulator, ship's power system, generator section, control, functional operations of
electromechanics.
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Annotation. Current document covers the main aspects of the innovative ship power systems design
and production for the Damen Road Ferries engineered and built during the last years on Damen
Shipyards Galati, Romania with the contribution of MDEM company. Innovative technologies
introduction caused by the ecological rules implementation as well as maneuverability and weight
economy have created new standards of ship electrical propulsion and power distribution. Main types
of applied ship power system are properly described indicating their benefits and pitfalls occurred
during design and building phases.

Key worlds. Ship power station, accumulator batteries, hybrid propulsion, full electric, diesel-electric
systems, accumulator power bank, active front end converter.

Introduction. The popularity of the AC electrical distribution system resulted in the move
towards an alternating current AC system onboard marine vessels. Besides, at present there are marine
vessels that operate based on a diesel-electric system. The on-board diesel engines generate AC power
to a common ac bus, from which the electrical propulsion drives source their electrical power.
Moreover, there is an interest in a shift back to a DC-based diesel-electric system for marine vessels,
due to the potential improvement in electrical performance and fuel savings [1]. They are
implemented as well as fully electrical systems however restricted by endurance and port
infrastructure like fast charging devices and etc. Development of electrical power systems is also
stimulated by new ecological rules. This even becomes critical for the Canadian inland shipping and
declared by local companies like BC Ferry and SeaSpan having ordered from Damen several road
ferries with different electricals systems.

Goal of article. In this paper, the modifications of DC distribution systems are discussed [2].
The required equipment changes, improvement in electrical performance, and potential fuel savings
in multiple operation modes are detailed. Overviewed modifications are listed below:

- DC electrical system with main DG-sets and accumulator batteries

- DC electrical system fully electrical however with installed emergency DG-set

- DC electrical system with main DG-sets using LNG and accumulator batteries
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