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AHHOTALIUS

JumiomHas pabota comepxuT: 58 crpaHull, 45 WUTIOCTpauil (PUCYHKOB), 2 TaOIUIIBL,
1 npunoxenue, 10 nCOIb30BaHHBIX HCTOYHHUKOB.

Kirouessie () (O): 2K OJIEKTPOMOBNIJIB, [IOZABECKA, JKECTKOCTHD,
JEMITONPOBAHUE, MOJEJIMPOBAHUE, [TEPEMEIIEHN1A, CKOPOCTHD,
YCKOPEHUMS, TAHI'AXK, KPEH.

JlurnoMHass paboTa TIOCBSIEHA WCCIEIOBAHUIO TTACCHUBHOW CHCTEMBI IOJIBECKH
aBTOMOOWJIS U ONITUMAJILHOMY Pa3MEIICHUIO aKKYMYJISITOPHOU OaTapen.

Henstmu 1UNIOMHOM paOOTHI SBJISIOTCS:

1. Pa3paboTka yHpOIIEHHOM MEXaHMKO-MAaTEMaTU4YEeCKOW MOJEIN  MOJBECKU
AIEKTPOMOOHIIS.

2. OmpeneneHre ONTHMAIBHOTO pa3MeEIIEHUs] aKKyMYJISITOPHOW OaTaped B Ky30Be
AIEKTPOMOOHIIS.

3. TIpoBeneHne UMUTAIIMOHHOTO MOJEIMPOBAHUS [UISl aHAIHM3a TIOBEJCHHUS CHCTEMBI
MTOJIBECKH.

4. CpaBHeHHE aKTUBHOH W MACCHUBHOM CHUCTEM IMOJBECKH IS yJIy4IIeHHs KoMpopTa
1 6€30MaCHOCTH JIBUKECHHUSL.

JInst AOCTHIKEHHUS LieJIel UCTI0Ib30BAIUCH: MEXAHUKO-MATEMATHYECKOE MOJIETTUPOBAHNE C
HCIOJIb30BaHMEM ypaBHeHMH Jlarpanka BTOporo poga Ui ONMUCAHUS IBHKEHHUS aBTOMOOWJIS;
METObl YHCIECHHOIO AaHaln3a, Takue Kak Merox Pynre-KyTTel, Uil pemieHust CucTeMbl
muddepeHInanbHbIX  YpaBHEHUM, OINUCBHIBAIOIIUX JUHAMHUKY [OJBECKH; IPOrpaMMHOE
obecnieuenue RecurDyn mis npoBepku pazpaboTaHHOM MOAENTH; UMUTALIMOHHOE MOJICIHPOBaHHE
¢ ucrnonb3oBanueM mporpammbl SimCenter Simulink Amesim u s3pIKa TPOrpaMMHUPOBAHHS
Python s ananuza noBeneHus: NOJIBECKU; pa3IMYHbIC BAPUAHTHI pa3MEIICHUS aKKyMYJISTOPHOU
Oarapeu U UX BIMUSHUE HA JUHAMUKY Ky30Ba aBTOMOOWJIS.

B nunomHoit paboTe moxyyeHsl Cleayomnre pe3yabTaThl:

1. Pa3paborana u TmpoBepeHa MEXaHHUKO-MaTeMaTH4ecKas MOJAETIb IOJBECKU
ANEKTPOMOOWIIS, YUYUTHIBAIOIIAS YIIPYTHE U ASMIIPHUPYIOIINE CBOMCTBA JIEMEHTOB.

2. OmpezneneHo, 4TO ONTHUMAJbHBIM MECTOMOJOKEHUEM aKKyMYJATOPHOH Oarapeu
SIBJISIETCA TPOCTPAHCTBO BOJIM3M ILEHTpa Macc (MEXIy NEpEeIHUMHU U 3aTHUMU
KOJIECAMU ), YTO MUHUMU3HUPYET BEPTUKAIbHBIC YCKOPEHHUS U YTIJIbl TAHTaXa.

3. VIMHTalMOHHOE MOJEJIMPOBAHME IOKA3al0 BBICOKYIO TOYHOCTH pa3pabOTaHHOM
MOJIENIM, YTO MOJITBEP)KIAETCSI COBMAJEHUEM DPE3YJIbTAaTOB C AHAIUTUYECKUMH
PELIECHUSAMH.

4. Tpapuku TepeMelIeHn, CKOPOCTEW M YCKOPEHMH Ky30Ba, IOJYYEHHBIE C
NMOMOIIIbIO Iporpammbl RecurDyn 1 si3bika mporpammupoBanusi Python, nokazanu
BBICOKYIO CTEIIEHb COBIIAJIEHUS, YTO CBUJIETENILCTBYET O TOUHOCTH MOJIENH.

JlurnoMHas paboTa UMeeT IpakTHYECKHe NPUIOKEHUs. B YacTHOCTH, pe3ysbTaThl
UCCIIEIOBAaHUI MOTYT OBITh HCIIOJIB30BAHBI [T IPOSKTUPOBAHUS MOJABECOK aBTOMOOHIIEH.

I[I/IHJ'IOMHEUI pa60Ta BBIITOJIHCHA aBTOPOM CaAMOCTOATCIIBHO.
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AHATALBIS

JlpiroMHas mpama 3msiiryae: 58 crapoHak, 45 imrocTpanslii (MaaroHKay ), 2 TaOilbl,
1 manatak, 10 BEIKQPBICTAHBIX KPBIHILIBL.

KirouaBbis CIIOBHI: OJIEKTPAMABIJIb, ITAJZIBECKA, KAJISIHACLD,
JIAOMII®GABAHHE, MAIIDJIABAHHE, TTEPAMSIIYSHHI, XYTKACIIb, I[TACKAPOHHI,
TAHI'AXK, HAXUL

JIpITIIOMHAs TIparia MpbIcBeYaHa JaciieJaBaHHIO NaciyHal CICTAIMBI MAJBECKI ayTaMadiis i
anThIMaJIbHAMY Pa3MSIIYIHHIO aKyMyJIaTapHai OaTapai.

MbTami apIIoOMHaN TIpalsl 3' Ty IISIoIIa;

1. Pacnparoyka copormryaHail MexaHika-MaT3MaTbIYHAW MaJ[dJ11 aABECK] dIIeKTpaMaOis.

2. BbBHaudsHHE anThIMAJbHAra pa3MSIIUYIHHS aKyMyJsiTapHail OaTapsl ¥ Ky3aBe
AJEKTpamMabiis.

3. IlpaBsia3enHe iMiTanpIiHara MaadJIsIBaHHS JJIs aHAJIi3y MTaBOJ31H CICTIMBI TTAJBECKI.

4. TlapayHanHe akThIyHAW 1 maciyHail CiCTAM MajaBECKl Ui MaNSAMUIdHHS KaMdopTy 1
OsicTieKi pyxy.

JUts  nacsiTHEHHS MAT BBIKAPBICTOYBAJIICSA: MeXaHIKa-MaTdIMaThlYHAe MaJRJIIBaHHE 3
BBIKapbICTaHHEM ypayHeHHsY Jlarpamka apyrora pomy Ajs amicaHHs pyXy ayTaMaOuis; MeTaabl
JiKaBara aHaiizy, Takisg sk Meran PyHre-KyTTel, mist pammHHS CiCTOMBI JIbIGEPIHIIBISUITBHBIX
payHaHHSY, SKis amicBalIlb JBIHAMIKY ITaJIBECKi; MparpamHae 3adecmsudnHe RecurDyn ms
MpaBepKi pacrmpariaBaHaii Majdiii; IMITalpliiHae MaJdJISBaHHE 3 BBIKAPBICTAHHEM Iparpambl
SimCenter Simulink Amesim i MOBbI mparpamaBanHsi Python ans anami3zy maBoa3iH maaBecKi;
PO3HBISI BAPBISIHTHI Pa3MALIUYSHHSA aKyMyJsTapHaidl Oarapsi 1 iX yIUIBIY Ha JbIHAMIKy Ky3aBa
ayramaOisis.

VY npiioMHai padolie aTpbIMaHbl HACTYIIHBIS BBIHIKI:

1. PacnipamaBana i mpaBepaHa MeXaHiKa-MaTIMaThIYHAS MaJdJIb MMaJIBECK] AIeKTpamMaoiis,
siKas YirdBae mpyrKis 1 JpMIQIpyrodblsl YIaciiBaciii JeMeHTay.

2. BbI3Hayana, MTO anThIMANbHBIM MeECIa3HAXOKaHHEM aKyMmyJsTapHail OaTapai
3'symseniia npactopa nadnisy HpHTpa Mac (mamMik MApAIHIMI 1 3aHIMI KoJlaMi), IITO MiHIMIZye
BEPTHIKAJIbHBIS MMACKAPIHHI 1 KyThI TAHTAXKY.

3. ImiTanpiiinae MaadJIsiBaHHE MakKa3ajia BBICOKYIO JaKJIagHACIh paclpaliaBaHail Majpdii,
HITO MANBSPAXKaEIIa CYyNaA3eHHEM BbIHIKAY 3 aHATITHIUHBIMI PAIIdHHSAMI.

4. I'padiki mepacoyBaHHAY, XyTKaclsAy 1 HaCKapaHHAY Ky3aBa, aTpbIMaHbls 3 JanaMorai
nparpamsl RecurDyn 1 MoBbI iparpamaBanns Python, makasaii BICOKYIO CTYIEHb CYyTa3€HHS,
IITO CBEIUBIIH a0 AaKJIagHacIl MaJIdIIi.

JlpIliIoMHass Tpala Mae TMPaKThIYHBIS TPBIKIaJaHHl. Y  TOpbIBATHACI, BBIHIKI
JacieAaBaHHSAY MOTYIlh OBII[b CKApPBICTAHbI JJIsl TPAeKTaBaHHS MMaBECaK ayTaMa0isy.

I[BIHJ'IOMHEUI IIpalia BbIKaHaHa a}”/TapaM caMacTOMHa.



ANNOTATION

The thesis contains: 59 pages, 45 illustrations (drawings), 2 tables, 1 appendix, 10 sources
used.

Keywords: ELECTRIC VEHICLE, SUSPENSION, STIFFNESS, DAMPING,
MODELING, DISPLACEMENT, SPEED, ACCELERATION, PITCH, ROLL.

The thesis is devoted to the study of the passive suspension system of a car and the optimal
placement of the battery.

The objectives of the thesis are:

1. Development of a simplified mechanical and mathematical model of an electric vehicle
suspension.

2. Determining the optimal placement of the battery in the body of an electric vehicle.

3. Conducting simulation modeling to analyze the behavior of the suspension system.

4. Comparison of active and passive suspension systems to improve driving comfort and
safety.

To achieve the goals, the following were used: mechanical and mathematical modeling
using Lagrange equations of the second kind to describe the movement of a car; numerical analysis
methods, such as the Runge-Kutta method, to solve a system of differential equations describing
suspension dynamics; RecurDyn software for checking the developed model; simulation using the
SimCenter Simulink Amesim program and the Python programming language to analyze
suspension behavior; various battery placement options and their impact on the dynamics of the
car body.

The following results were obtained in the thesis:

1. A mechanical and mathematical model of electric vehicle suspension has been developed
and tested, considering the elastic and damping properties of the elements.

2. It has been determined that the optimal location for the battery is near the center of mass
(between the front and rear wheels), which minimizes vertical acceleration and pitch angles.

3. Simulation modeling showed the high accuracy of the developed model, which is
confirmed by the coincidence of the results with analytical solutions.

4. Graphs of body displacements, velocities and accelerations obtained using the RecurDyn
program and the Python programming language showed a high degree of agreement, which
indicates the accuracy of the model.

The thesis has practical applications. In particular, the research results can be used to design
car suspensions.

The thesis was completed by the author independently.



