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Abstract

The paper presents a detailed description and analysis of the main configurations of electric
vehicles and combined power units, explains their operating principles, and identifies the key di-
agnostic parameters. In addition, the functionality of hybrid power units (HPUs) of wheeled vehi-
cles under various operating modes is analyzed, and diagnostic methods on power and inertia test
benches with moving drums are considered. The main objective of the study is to investigate diag-
nostic methods for wheeled vehicles equipped with power units on power and inertia test benches
using operating drums. To achieve this objective, statistical analysis methods were employed. The
conducted studies demonstrate that the use of hybrid test benches is essential to ensure highly in-
formative and stable test modes during the diagnostics of wheeled vehicles equipped with power
units. The obtained results are recommended for application in the diagnostics of wheeled vehicles
equipped with power units on test benches with moving drums.
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Elektromobillarin vo Kombina olunmus giic qurgularimin harakatli barabanh
stendlards diagnostikasi
M.M. Hamidov, Z.X. Karimov

Azarbaycan Texniki Universiteti (Bak:, Azarbaycan)

Xiilasa

Mogalads elektromobillarin vo kombino olunmus giic qurgularinin asas konfiqurasiyalarinin strafli
tosviri vo tohlili toqdim olunur, onlarin is prinsiplori izah edilir vo osas diagnostik parametrlor
miioyyonlosdirilir. Homginin, tokarli nagliyyat vasitolorinin miixtslif ig rejimlorinds hibrid giic qurgularmin
(HGQ) funksionalligi tohlil edilir, harokatli barabanli giic va inersiya sinaq stendlorinds diagnostika tisullari
nozordan kegirilir. Todgiqatin asas magsadi GSU-lu KTS-larin (giic qurgularina malik tokarli nagliyyat
vasitolorinin) giic vo inersiya sinaq stendlorinds iglok barabanlar vasitasilo diagnostika {isullarinin
arasdirilmasidir. Bu mogsado nail olmagq tigiin statistik analiz metodlarindan istifads olunmusdur. Aparilmis
tadgigatlar GSU-lu KTS-lorin diaqnostikast zamani yiiksok informativlik va stabillik tomin edan sinaq
rejimlorinin oldo edilmasi tigiin hibrid sinaq stendlorindan istifadonin zoruri oldugunu goéstarir. ©lds olunan
naticalorin horokatli barabanlara malik sinaq stendlorinds GSU-lu KTS-lorin diagnostikasinda tatbiqi
tovsiya olunur.
Acar sozlar: avtomobil, elektromobil, hibrid giic qurgusu, elektrik miithorriki, ardicil-paralel sxem,

inersiya sinaq stendi

/IMarHoCTHKA 3JIeKTPOMOOUIeH H KOMOMHHUPOBAHHBIX CHJIOBBIX YCTAHOBOK HA
CTEHJaX C MOJABU:KHBIMM OapadaHaMu
M.M. I'amunos, 3.X. Kapumos

Asepbatioscanckuti mexnuueckutl yrugepcumem (baxy, Azepbaiidocan)

AHHOTAUA
B craThe nmpencraBieH nopoOHbI aHAIN3 U ONTMCaHHE OCHOBHBIX KOH(HUTYpaIlHii 2IIEKTPOMOOHIIEH
U KOMOWHHUPOBAHHBIX CHJIOBBIX YCTAaHOBOK, Pa3bsICHAIOTCS MPUHIUIBI MX PabOThl M ONPEACISIOTCS
OCHOBHBIC JMAarHOCTUYECKHE MapaMeTphbl. Takke NPoBeAEH aHaau3 (YHKIIMOHAIBHBIX BO3MOXKHOCTEH
THOPUIHBIX CHIIOBEIX YCTaHOBOK (I'CY) KOJECHBIX TPAHCIIOPTHBIX CPEJICTB B PA3IMYHBIX PEKUMaX paOOTHI,
pPacCMOTPEHBI METOIBI THATHOCTUKH Ha MOIMHOCTHBIX M HMHEPIIMOHHBIX HCHBITATEIBHBIX CTEHIAX C
MOABIWKHBIMU Oapabanamu. OCHOBHOH IIETbIO UCCIICAOBAHUS SIBIIICTCS M3yUEHHE METOJIOB TUATrHOCTHKH
KOJIECHBIX TPAHCIOPTHBIX CPEACTB C CHUJIOBOM YCTAaHOBKOW Ha MOIIHOCTHBIX M HHEPIMOHHBIX
HCIBITATENIbHBIX CTeHIaX ¢ pabounmu Oapabanamu. /s OCTHKEHHS TOCTABICHHOM IIEJIH UCIIOIb30BaHbI
METOABl CTAaTUCTUYECKOTO aHanu3a. [IpoBeAa¢HHBIE HCCIEAOBAHUS IMOKA3BIBAIOT, UTO MPU AUATHOCTHKE
KOJIECHBIX TPAHCIIOPTHBIX CPEJCTB C CHJIOBOM YCTAHOBKOW MPUMEHEHUE THOPHIHBIX HCIBITATSIIBHBIX
CTCHJIOB SIBIIIETCS HEOOXOJMMBIM YCIIOBHEM JUTsi 00eCTieueHUs] BHICOKOMH()OPMATHBHBIX U YCTOMYMBBIX
pexuMoB ucneiTanuid. [lonydeHHble pe3ynbTaThl PEKOMEHAYETCS MPUMEHSTh MIPU IUATHOCTUKE KOJIECHBIX
TPAHCIIOPTHEIX CPEJICTB C CUIIOBOM YCTAaHOBKOM HA UCIIBLITATENHHBIX CTEHAaX C MTOIBIKHBIMU OapabaHamu.
KiroueBble ciioBa: aBTOMOOWIIb, JJIEKTPOMOOWIIb, THUOpPUAHAS CHJIOBAas YCTaHOBKA, 3JEKTPO-
JIBUTATENh, IOCIICIOBATEILHO-TIapaJlIeNIbHasi CXeMa, WHEPIIMOHHBIA WCIBITA-
TEJILHBIN CTEH/I.
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Giris

Muasir nagliyyat vasitslsrinin (NV) diag-
nostikasinda kompdter texnologiyalarinin tatbiqi
stiratls geniglanir. Har bir avtomobil modeli tigiin
xasusi diagnostika programlari islanib hazirlanir vo
bu programlarda diagnostika smaliyyatlarinin no-
menklaturasi, rejimlari, parametrlarin hesablama
dusturlari, buraxila bilsn hadlsr vo mantigi tahlil
algoritmlari 6z aksini tapir. Program taminati, talab
olunan yoxlama rejimi tamin olunmadiqda, diag-
nostik amsaliyyatlarin icrasini avtomatik olaraq
mahdudlasdirir.

Son illarda ekoloji talsblarin sartlasmasi Vo
yanacaq samaraliliyinin artinlmasi magsadila hib-
rid vo elektrik nagliyyat vasitalarinin istehsali vo
istismari genislsnmisdir. 2025-ci ilin ilk yansinda
Azarbaycanda texminan 105 minas yaxin hibrid vo
elektrik nagliyyat vasitasi geydiyyata alinmisdir vo
bu géstaricinin 2050-ci ilo gadar 450 mina ¢ata-
cagi prognozlasdinlir. Bu artim istismar saraitinda
effektiv diagnostika tGisullarina olan talsbati daha da
aktuallasdirir.

Isin magsadi

Tadgigatin asas magsadi elektromobillarin
V3 kombina olunmus giic qurgularina malik takarli
nagliyyat vasitalarinin (GSU-lu KTS) istismar sa-
raitinds texniki vaziyyatinin giymatlandirilmasi
uclin harakatli barabanli giic vo inersiya sinaq
stendlarinda tatbig edilen diagnostika tsullarinin
tahlili vo takmillsgdirilmasidir [1].

Masalanin goyulusu

Mdasir hibrid va elektrik nagliyyat vasitsla-
rinin konstruktiv marakkabliyi istismar zamani na-
sazliglarin askar edilmassini ¢atinlasdirir [2-3].
9nanavi giic sinaq stendlari yalmz sabit rejimlari,
inersiya sinaq stendlari iSo asassn kegid rejimlsrini
(stratlanma, langima) simulyasiya eds bilir. Lakin
GSU-lu KTS-larin real istismar saraitinds effektiv
diagnostikas ti¢iin ham giic, ham do dinamik re-
jimlarin eyni vaxtda tamin edilmasi talab olunur.
Bu iso méveud stend konstruksiyalarinin funksio-
nal imkanlarint mshdudlagdirir [4-9].

Masalanin halli

Elektrik strtcu qurgularinin bir ¢ox konfiqu-
rasiyasi moveuddur vo ardicil, paralel vo ardicil-pa-
ralel sxemli hibrid giic qurgulari kimi tasnif olunur.
Onlarin is prinsiplari Vo funksional xtsusiyyatlari-
nin tahlilina baxag.

Elektrik muharrik-generatoru daxili yanma
maharriki (DY M) ila birlikds islays bilsr. Bu, xii-
susila yamacda suratlanma zamani, DY M gucinin
kifayast etmadiyi hallarda vo ya nagliyyat vasitasi-
nin intensiv siratlenmasi talab olundugda tstbiq
edilir. DYM vo elektrik miharrik-generatorunun
birgs isi hibrid étirmanin xarici strat xarakteristi-
kalarinda géstarilmisdir (Sakil 1).
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Sokil 1 — Hibrid O6tiirmoanin  Xxarici  siirat

xarakteristikalari: 1 — elektrik miiharrikinin giicii
Neep, 2 — elektrik miharrikinin firlanma momenti
Mecep; 3 — DYM giicii Neice; 4 — DYM firlanma
momenti Meice; 5 — giic qurgusunun timumi giicii
Ne¢; 6 — GSU-nun tmumi firlanma momenti M., min
— DYM-nin minimum krank mili firlanma surati;
max — DYM-nin maksimum krank mili firlanma
stirati.

Figure 1 — External speed characteristics of the
hybrid transmission: 1 — power of the electric motor
Negp; 2 — torque of the electric motor Megp; 3 —
power of the internal combustion engine (ICE)
Neice; 4 — torque of the ICE M.cg; 5 — total power
of the power unit N.; 6 — total torque of the
powertrain M., min — minimum crankshaft
rotational speed of the ICE; max — maximum
crankshaft rotational speed of the ICE.

Ardicil sxemds daxili yanma miiharriki
iso salindiqda elektrik miihorriki MG-1 starter
rejiminds islayir, daha sonra generator rejimina
kegir vo traksiya akkumulyatorunu doldurur.
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MG-2 iso dartma elektrik miithorriki kimi ¢ixig  Otiiriir vo rekuperasiya rejiminds akkumul-
edorok horakat tokarlorino firlanma momenti  yatoru doldurur (Sakil 2)
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Sakil 2 — Ardicil hibrid sisteminin sxem diaqramlari: a — GSU prinsip sxemi; b — nagliyyat vasitasinda
yerlogsmo sxemi. 1 — MG-2; 2 — daxili yanma miihorriki; 3 — MG-1; 4 — traksion akkumulyator; 5 — KTS
transmissiyasi.

Figure 2 — The schematic diagrams of the series hybrid system: a — principle scheme of the GSU; b — layout
in the vehicle. 1 — MG-2; 2 — internal combustion engine; 3 — MG-1; 4 — traction battery; 5 — KTS
transmission.

Bu sistemin osas tistiinliiyli daxili yanma  g¢evrilmolorinin  ¢oxlugu saboabindon ardicil
miiharrikinin optimal rejimlordo islomasi vo  sxemin timumi somaraliliyi nisbaton asagidir.
yanacaq sorfiyyatinin azalmasidir. Lakin enerji
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Sokil 3 — Ayri seriyali GSU: a — GSU-nun prinsip sxemi b — avtomobilde GSU-nun yerlosdirmo sxemi: 1 —
MG-1; 2 — dartis batareyasi; 3 — MG-2; 4 — daxili yanma miiharriki; 5 — planetar otiiriicil.
Figure 3 — Separate series GSU: a — principle scheme of the GSU; b — layout of the GSU in the vehicle: 1
— MG-1; 2 —traction battery; 3 — MG-2; 4 — internal combustion engine; 5 — planetary gearbox.

Paralel sxemds DYM va elektrik mithor-  momentini harokat tokarlorine 6tiiriir. Bu kon-
riki traksiya rejimindo birlikdo firlanma  fiqurasiya yiiksok dinamik xiisusiyyatlor va
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yanacaq somoraliliyi tomin edir. Elektrik  kimi isloyarok traksiya akkumulyatorunu
miiharriki regenerasiya rejimindo generator  doldurur (Sakil 4).

ITnaneraprstit
nepenava
o
W

21

wem 32pAIKA
s Pa3pAIKa

(VN

Mpouece

TOPMOXCHIR

a) b)
Sakil 4 — Paralel GSU sxemi:a — GSU sxem diaqram1 b — nogliyyat vasitosindo GSU yerlosma diagrama: 1
— MG-1; 2 — daxili yanma miiharriki; 3 — planetar otiiriicii;, 4 — KTS transmissiyasi; 5 — dartma
akkumulyatoru.
Figure 4 — Parallel GSU scheme: a — GSU schematic diagram; b — layout of the GSU in the vehicle: 1 —
MG-1; 2 — internal combustion engine; 3 — planetary gearbox; 4 — KTS transmission; 5 — traction battery.
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Ardicil-paralel GSU sxemi ardicil vo  axinlarint DYM, MG-1 vo MG-2 arasinda pay-
paralel sistemlorin istiinliiklorini birlogdirir  layir. Belo GSU sistemlori miasir hibrid
(Sakil 5). Bu sistemds planetar Otiirticti giic — avtomobillords, xiisusilo Toyota Prius mode-

linda genis tatbiq olunur [5-8].
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Sakil 5 — Ardicil-paralel GSU sxemi. a — GSU-nun sxem diaqrami b — nagliyyat vasitalorinde GSU-nun
yerlosmoa sxemi: 1 — MG-2; 2 — planetar 6tiiriicii qutu; 3 — daxili yanma miihorriki; 4 — MG-1; 5 — dart1
batareyasi.

Figure 5 — Series-parallel GSU scheme: a — GSU schematic diagram; b — layout of the GSU in the vehicle:
1 - MG-2; 2 — planetary gearbox; 3 — internal combustion engine; 4 — MG-1; 5 — traction battery
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Todgigatdan aydin olmusdur ki, ardicil-
paralel GSU-lar yiiksok enerji somaraliliyi vo
dinamik xiisusiyyatloro malik olmagqla yanasi,
diagnostika baximimdan daha miirokkabdir.

Sinaq stendlarinds diagnostika iisullar
Horokatli barabanli test stendlori elektro-
mobillorin vo hibrid nogliyyat vasitslorinin

istismar soraitindo diagnostikasi ti¢iin on ef-
fektiv tisullardan biridir.

Bu stendlor yol harokatini simulyasiya
etmoaya, dart1 vo dinamik parametrlori 6lgmoya
imkan verir.

Dinamometrik stendlor darti qiivvasi,
tokar giicii vo 6tiirma sisteminda giic itkilarinin
6l¢iilmasini tomin edir (Sakil 6).
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Sakil 6 — Cokis keyfiyyati test stendlorinin kinematik diaqramlari [3]:

a) — balanslasdirilmis elektrik miihorriki ilo; b) — balanslasdirilmis elektrik aylaci ilo; ¢) — balanslasdirilmis
hidrodinamik aylaci ilo; 1 — sinaq stendi dayaq rulonlari; 2 — izloma sistemi rulonu; 3 — rulman dayagqlar1; 4
— dayaq rulonlari; 5 — deformasiya 6lgan sensorlar; 6 — yiik cihazinin statoru; 7 — yiik cihazinin rotoru; lg—
reaksiya qolu cihazin statorunu firlanmaqdan saxlayir; rp— sinaq stendinin dayaq rulonunun radiusudur.
Figure 6 — Kinematic diagrams of traction quality test stands [3]:

a) — with a balanced electric motor; b) — with a balanced electric brake; c¢) — with a balanced hydrodynamic
brake; 1 — support rollers of the test stand; 2 — tracking system roller; 3 — bearing supports; 4 — support
rollers; 5 — strain gauge sensors; 6 — stator of the loading device; 7 — rotor of the loading device; l4— reaction
arm prevents the stator of the device from rotating.; r, — radius of the test stand’s support roller.

Giic test stendlori asason sabit rejimlori
simulyasiya edo bildiyi halda, inersiya test
stendlori stiratlonms vo yavaslama kimi kegid
rejimlorini simulyasiya edir (Sokil 7).

Inersial stendlords osas yiikloma elementi
firlanan disk olub, inersiya momenti naqliyyat
vasitosinin dinamik xiisusiyyatlorino uygun
segilir.
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Sokil 7 — Inersiya dartma sinaq stendlorinin kinematik diagramlari [3]: a) — tok firlanan diskli; b) — tok
firlanan diskli va adi elektrik miitharrikli; 1 — stendin dastok rulonlari; 2 — zoncirli sistemin rulonu; 3 —rulman
dayagqlari; 4 — doastok rulonlari; 5 — agirligli tokar; 6 — elektrik miiharriki; r, — dostok rulonunun radiusudur.
Figure 7 — Kinematic diagrams of inertia traction test stands [3]: a) — with a single rotating disc; b) — with
a single rotating disc and a conventional electric motor; 1 — support rollers of the test stand; 2 — roller of the
chain system; 3 — bearing supports; 4 — support rollers; 5 — flywheel; 6 — electric motor; r, — radius of the

support roller.

Harakatli barabanli giic vo inersiya sinaq
stendlarinin funksional imkanlarinin analizi géstarir
ki, GSU-lu KTS-larin effektiv diagnostikasi {igiin
asagidakilar eyni sinag stendinds temin olunmali-
dir.:

» siiratlonma va yavaglama rejimlorinin,

» yik altinda sabit harakat rejimlorinin,

» dart1 qiivvelorinin vo giic parametrlori-
nin dlgiilmosi.

Bu talablari 6damak tigiin gilic vo inersiya
stendlarinin ustanluklsrini birlasdiran hibrid sinaq
stendlarinin tatbigi, hamginin daxili yanma miihar-
riki va elektrik maharriklarinin gtic, firlanma mo-
menti, carayan Vo goarginlik parametrlarinin,
hamginin dartma akkumulyatorunun samaralilik
gostaricilarinin  6lgulmasi magsadauygun hesab
olunur [10-12].

Notico

Hal-hazirda hibrid va elektrik nagliyyat va-
sitalarina istehlakei talabatinin surstls artmasi onla-
rin istismar saraitinds texniki vaziyyatinin operativ

va etibarh diagnostikasini zsruri edir. Yanacaq ss-
maraliliyinin yuksaldilmasi vo ekoloji talablarin
sartlasdirilmasi bir tarsfdan bu nagliyyat vasitals-
rinin genis tatbiginas sarait yaradir, digar tarafdan
iso qaz-elektrik giic qurgularina malik tekarli nag-
liyyat vasitalsrinin (GSU-lu KTS) texniki vaziy-
yatina nazarsti daha mirskkablasdirir.

Aparilmig tadgigatlar géstarir Ki, yalniz giic
va ya yalniz inersiya tipli sinaq stendlsri GSU-lu
KTS-larin real istismar saraitinds tam vo obyektiv
diagnostikasini temin etmir. Effektiv diagnostika
ticilin surstlonma vo yavaslama kimi kegid rejim-
larinin, elaca do yiik altinda sabit harakat rejimls-
rinin eyni sinaq prosesinds tamin olunmasi vacib-
dir. Bu baximdan giic vo inersiya stendlarinin
funksional astanluklsrini birlasdiran, harakatli ba-
rabanlara malik hibrid tipli sinag stendlsri daha
magsadauygun hesab olunur.

Tadgiqgat naticalari stibut edir ki, bels stend-
lar daxili yanma muharriklarinin va elektrik mu-
harriklarinin giic vo firlanma momentinin, takarla-
ra otaralan darti guivvalarinin, hamginin darti akku-
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mulyatorlaninin enerji samaraliliyinin yikssk da-
qgiglikls giymatlandirilmasina imkan verir. Bu isa
nasazliglarin daha erkan marhalads askar edilmasi-
ni, diagnostika prosesins sarf olunan vaxt vo amok
itkilarinin azalmasini tamin edir.

Natica etibarila, harakatli barabanli hibrid si-
naq stendlsrinin tatbigi GSU-lu KTS-larin istis-
mar etibarlihginin va ekoloji tahlikasizliyinin arti-
rilmasina, elaca da Gmumi istismar xarclarinin
azaldilmasina sarait yaradir.

Taklif olunan yanasma elektromobillarin va
kombina olunmus giic qurgularina malik nagliyyat
vasitalarinin diagnostika sistemlarinin galacak in-
kisafi ti¢iin elmi-texniki asas kimi tovsiys oluna bi-
lar.

Maraglar miinagigasi

Mauslliflar bu magalads arasdinimasi talab
olunan maraglar munagigasinin olmadigini geyd
edirlar.

9.
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