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CHUHTE3 3AKOHY KEPYBAHHSA OITUMAJIBHUM PYXOM
EJEKTPOMOBLJIA 'OPU3OHTAJIBHUM BIJIPI3KOM
ABTOMATI'ICTPAJII

YV pobomi cummesoeano 3axKoH KepyeamHs pyXom eleKmpoModiis 20pU3OHMANbHUM  GI0PI3KOM
asmomazicmpani, ONMUMATbHUM 304 KPUMEPIEM MIHIMYMY 8UMpam eHepeii aKkymyismophoi bamapei.

Knrouoei cnoea: cunmes, onmumizayis, Mamemamuyna mooeisb, e1eKmpomooiib, msa2osull eneKmpuyHull
08U2YH, AKYMYJISIMOPHA bamapest, sumpamu eHepeil.

Beryn

Crarta 3 nukiay myOmikamiid moJ0 MUTAHHS ONTUMI3amii Ta 1AeHTH(IKAIll MaTeMaTHYHUX
MoJeNel pyxy eNeKTpoMoOuIs 3 TSITOBUM €JIEKTPOJBUIYHOM IOCTIMHOTO CTPyMy HOCIIIOBHOIO
30y/UKEHHSI IO TOPU30HTAIBHOMY MPSAMOJIHIHHOMY BIIPI3KY JOPOTH MPUCBSIYEHA CHUHTE3Y 3aKOHY
KepyBaHHSI PYyXOM €JIEKTPOMOOUIS TOPU30HTAIBHUM BIIPI3KOM aBTOMAricTpaii, ONTUMAIbHUM 3a
KpUTEPIEM MIHIMyMY BUTPAT €HEPrii akyMyJIsITOpHOI Oarapei.

Buxinni nepenyMoBu Ta mMoCTaHOBKA 3aBJaHHA

Y poGoti [1] noBeneHo, 110 3aBaHTAXXKEHUHM €JIEKTPOMOOLIb 13 TSITOBUM €JIEKTPOJIBUTYHOM
MOCTIHHOIO CTPYyMY 3 MOCIIIOBHUM 30YIKEHHSM, MIIKIOYEHUM /10 aKyMYJISTOpHOI O6aTapei 3rigHo
31 CXEMO0, HaBEIEHOO Ha pucC. 1,

Puc. 1. EnexrpuuHa cxema OCHOBHOTO CHJIOBOI'O KOHTYpY €JI€KTPONPUBOAA eJIeKTPOMOOLIs 3
peryJIbOBaHUM OIIOPOM JIiHIT MK aKyMYJISITOPHOIO OaTapecro Ta BXiIHUMHU
KJIEMaMH TSTOBOTO €JIEKTPOIBUTYHA

pyXaTUMETbCS TOPU3OHTAIBHUM BIIPI3KOM aBTOMAricTpail, MIHIMI3YlOUM BUTpAaTH €HEprii

aKyMyJISITOpPHOI Oartapei, juile ToAl, KOJIM CTPyM y HOTO CHJIIOBOMY KOHTYpi QOpMYyBaTUMEThCS 32
3aKOHOM, MaTeéMaTU4YHa MOJIEJIb IKOTO Ma€ BUTJISL
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u = f(i) CUI0OBOTO KOHTYPY, KA Ma€ BUIJIS]L
u=l-ai, (2)
U . b . . .
ne u 7 BIIHOCHA Hampyra, a a,, b, — Koe(IlieHTM KpHUBOi HaMarHi4yBaHHs TSITOBOTO

H

CJICKTPOJABUI'YHA, MaTEMaTU4YHa MOACIIb SIKO1 Mae BHUTJIAL
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BapTto Takox HarajgaTtu, 110 HEOOXIIHY JAJs BU3HAYEHHS BIIHOCHOTO 4acy €JIEKTPOMEXaHIuHY

CTaJIy 4acy TArOBOI'0 €JIEKTPOIPUBOAA €IEKTPOMOOUIs 7,, BU3ZHAYAIOTH 13 BUPaA3y

_ mV,R 5)

Yk, 1,01,

e m — Maca eJIeKTpOMOOUIs, W — MepeJaTOYHE YHCIO PEIyKTopa BiJ Kojeca 10 TATOBOTO
€JIEKTPOJBUTYHA, R — paalyc koseca, k,, — 0OMOTYBaJIbHHI KOE(DILIEHT 3B’SI3Ky MDK MOMEHTOM
o0epTaHHsI KOPS TSATOBOI'O €IEKTPOABUIYHA Ta CTPYMOM Y OOMOTII SKOPSl i MarHiTHUM IOTOKOM
oro oOMOTKH 30ymkeHHS (el KoedilieHT BU3HAYaIOTh 13 BUKOPHUCTAHHSM IMAaCHOPTHUX JTAHUX
TATOBOTO €JIEKTPOJIBUTYHA).

A 1po Te, YMM € mapaMeTpH, 10 BXOJATh 10 GOpMYyJ, 3a SKUMHU BU3HAYAIOTh YC1 BUILIEHABEICH]
BITHOCHI BEJIMYMHHU, MOKHA MIPOYUTATH y BXKE LIUTOBaHIN BuIe poOoTi [1].

VY poOoTi [2] noBeneHo, 10 HE3aBaHTAXEHHUH €JIEKTPOMOOUIb 13 TSATOBUM €JIEKTPOJIBUTYHOM
MOCTIHHOIO CTPYMY 3 MOCIIIOBHUM 30YI’KEHHSM, MIIKIOYEHUM /10 aKyMYJISTOpHOI O6aTapei 3rigHo
31 CXeMO0, HaBEACHOI0 Ha puc. I, pyxaTuMeTbcs TOPU3OHTAJIBHUM BIIPI3KOM aBTOMAricTpali,
MIHIMI3YIOUM BUTpATH €HEPrii akyMyJIsTOpHOiI OaTapei juile TOMl, KOJU CTPYM y MOro CHIOBOMY
KOHTYp1 (popMyBaTUMETHCS 32 3aKOHOM, MaTeEMaTUYHA MO/JIEJNb SIKOTO Ma€ BUTJISL
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)20+ 2bA (@)= J@a +2b,4, (1)) ~12a,4,(7)

i( (6)
6a,4,(7)
pi(S]
* ) ’ C*
21 (T) — Cze(/l*'zfz")l' I , (7)
fi+2f v
a MaTeMaTUYHa MOJIENb JUHAMIKH CUCTEMH €JIEKTPOIIPUBOIA MAE BUTIISI]T
dv 3 .2 2
E:—azz +b,i" = fo—fiv—/fv. (8)

Y wMarematuyHuUX MOJENAX onTumanbHoro crpymy (1) 1 (6), sxuil 3abe3neuye pyx
€JIEKTPOMOOUISI TOPU30HTAIBHUM BIIPI3KOM aBTOMAricTpail 3 MIHIMaJIbHUMHM BUTpaTaMu €HEprii

aKkyMmyIsiTopa, Heizomnumu mapamerpamu € mapu koncrant Cy, C, un C;, C,, 10 BU3HA4YCHHS

SIKUX 1 3BE€JICHO 3aBJIaHHs 1MeHTU]IKAIl X MOAeIeH, ke po3B’s13aH0 B poOoTi [3].

Y mifi poGoTi TOCTaBIEHO 3aBAAaHHS BIAHAWTH CcHOCI0 peani3alii CHHTE30BAaHUX Ta
11eHTU(IKOBAaHUX MOJENIe ONTUMAJIBbHOTO pPyXy, LIO 33Jal0Th 3MIHY BIJHOCHOIO CTPpyMYy Yy
BIJHOCHOMY Yaci, TOOTO BiTHAaNTH 3aKOH KEpyBaHHS ONTHUMAJbHUM PYXOM €JIEKTPOMOOLIS
TOPU3OHTAJIBHUM BIIPI3KOM aBTOMAricTpali, BIIIITOBXHYBIIKUCH BiJl CUHTE€30BaHUX Mojaeineil. Jlo
PO3B’sI3aHHS 1€l 3a/1a41 MU ¥ TIepei1eMo.

Po3po06JieHHst crioco0iB po3B’si3aHHs MOCTABJIEHOI0 3aBaAHHS

[Tounemo 3 TOro, mo, sk 1 B poboTi [4], ckiIageMo piBHSHHSA 3 BHUKOPUCTAHHSIM
€JIEKTPOTEXHIUHUX MapaMeTpiB TATOBOIO €JIEKTPONPUBOJA €IEKTPOMOOUIA, 3a JAOMOMOTOI0 SIKHX
3a0€31e4yI0Th YIIPABIIHHS HOTO PYXOM.

OCKUIBKHM CXeMa CHJIOBOT'O KOHTYPY CUCTEMH E€JIEKTPOIPUBO/IAa HE 3AJIEKUTh Bl TOTO, SKY TUIKY
KpUBOi HaMarHidyyBaHHs (3) BUKOPUCTOBYIOTh Il YaC CUHTE3Y MOJIEIEeH ONTUMAIBHOTO CTPYMY, TO
piBHSIHHS Jnpyroro 3akoHy Kipxroda s 1bOoro KOHTYpY HeE 3ajekaTUMe BiJ Mojene
ONTUMAJILHOTO CTPYMY I OyJie OJTHUM 1 TUM K€, a came

dl
Uop=1,r50c+1,(r,+1,, )+ 1, +E, +(L,+L,,) dtﬂ , 9)
abo
dl
Uy—17r—1r,=U,=10,+r)+E +(L, +L03)_dtﬂ . (10)

V nux pisusunax U, — enekrpopyuiiiina cuna cuaoBoi akymynstoproi 6atapei (ABC), 75 —

BHYTDIIIHIM aKTMBHMH oOmp uiei Oarapei, 7, — aKTUBHUM OINp JIHI, INO 3’€IHYE CHJIOBY

aKyMyJIATOpHY 6aTapeio 3 BXiIHUMH KIeMaMH TAroBoro enexrpoxsurysa, U, — Hampyra Ha mux

KiIemax, 7, L, —akTUBHUI OMip i iHIyKTHBHICTH OOMOTKH SIKOPS TATOBOTO €JIEKTPOJBHUIYHA, 7,

A 39

LO3 — aKTUBHHHU OINP 1 IHAYKTUBHICTDH 00MOTKH 36YI[)K€HH$I TATOBOI'O CJICKTPOJBUI'YHA, a

E,=k,00(1,,)=k,0®(1,), (11)

EJICKTPOpYIIiiHA cUjla OOepTaHHs, sIKa HABOJIUTHCS B OOMOTIN SKOPS 1 3aJIEKUTh B KyTOBOT
mBuAKocTi  obepraHHs (@  sKops, 0OMOTyBaibHOro  Koedimienta K, 3B’S3Ky  MiK

€IEKTPOPYINIMHOK CHIOK OOEPTaHHA, KyTOBOK LIBMIKICTIO i MarHiTHUM motokoM @ 06MOTKH
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30y/DKCHHS, SIKUH, y CBOIO Yepry, 3aleKuTh Bix ctpymy [, B 0OMOTLI 30y/mKeHHs, SKili TOPIBHIOE

JUISL €JIEKTPOIBUTYHA IIOCIIJOBHOTO 30yIKeHHS CTPYMOBI [, sKOpS.

I3 piBasHE (9) 1 (10) Gaummo, MmO 3amaBaT MOTPIOHE HAM 3HAYEHHS ONTHUMAIBHOTO CTPYMY
TaroBoro enekrpoasuryna (TEJ) moxna, abo 3MIHIOIOYM OmIp 7, JIHIl MDK aKyMyJISTOPHOIO
batapeero ABC Ta fioro BXifHUMHU KieMaMH, SK [0Ka3aHO Ha puc. 1, abo 3mintoroun Hampyry Uy,

10 MOJAEThCA HA LI KIEMHU, HANIPUKIAJ, 32 JOIOMOIOK KEPOBAaHOI'O €JIEKTPOHHOIO IIJICHIIIOBaYa
(EII), six e nmokas3aHo Ha puc. 2.
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Puc. 2. EnexrpuuHa cxemMa OCHOBHOTO CHJIOBOI'O KOHTYpY €JI€KTPONPHUBOAA eJIEKTPOMOOLISA 3 KEpOBaHUM
enekTpoHHUM miacumoBadeM (EIT) mix cunoBoro akymynstopHoto 6atapeeto (ABC) ta BXiqHUME
kjeMamu TsiroBoro enexkrponsuryna (TEJT)

[{iikoM OYEeBMIHO, 1O 3 MO3MILINA HAAIMHOCTI pOOOTH CHUCTEMM EJIEKTPOIPHBOJAAa BUOUpPATU
moTpiOHO BapiaHT 3 KEPOBAaHUM EJEKTPOHHUM TiAcwiIoBadeM. loro B momampmiomy Mu i
PO3IIIAIaTUMEMO.

Hoxinusum piBHsiaus (10) Ha U|) Ta BUKOHABIIM HU3KY JONOMDKHUX II€PETBOPEHb, OTPUMAEMO

HOr0 aHaJIOT y BITHOCHUX OJIMHUIISX

w=0i+ B+ yvp(i), (12)
dt
pi(S]
5o (L, +L,,)I, . kVu®(1,) (1 +15,)
Uy UR Uy
U R
u=-_2T, = mb, . (13)

Buxonsum 3 orpumaHux Mojeneid, MOKHa CTBEP/KYBaTH, 110 MOXJIMBUMM € JiBa BUIIAJKU
ONTUMAaJIbHOTO KEPYBAHHSI €JIEKTPOMOOLIEM, a came:

1) enexTpomMoOiLTb 3aBaHTAXXEHUN 1 KEPYETHCS 3 BUKOPHUCTAHHSAM KEPOBAHOTO EJIEKTPOHHOTO
MMACUIIIOBAYA;

2) enexTpoMOoOLIb HE 3aBaHTAXKEHUN 1 KEPYEThCS 3 BUKOPUCTAHHSAM KEPOBAHOT'O €JIEKTPOHHOIO
M1ICUIIIOBayYa.

VY nepmomy BUINAJAKy — IMiJ 4ac CHUHTE3Y 3aKOHY ONTHMAJIbHOTO KEPYBaHHS 3aBaHTAKEHUM
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eJeKTpoMoOIeM — HeoOXiTHO y Bupa3 (12) migctaButu Bupa3 (1) 1 HWKHIO TUIKY BHpasy (3), y
pe3yNIbTaTi 40TO MAaTHMEMO

u*(z'):9i+ﬂ%+yv¢(i):9i+ﬂ%+yv(al +bi)=

d fi+2fv—(f +2fv)ace(f]+2fzv)r+ac
:ﬁ— 1 2 1 2 14 C, .
dt |\ 2a(f; +2£,v) +2b,C,(f;, +2 f,v)e 27 —2b,C

1 2 AW 5 C|

fi+2fv —(f, +2£,v)a,C,e "7 1 q.C,
20(f, +2f,v) +2b,C,(f, +2f,v)e /7 —2p C,

+ (0 + yvh, )( ] +yva,, (14)

abo
F(u',v,7)=0, (15)

a y APyroMy BUNAIKy — T 9Yac CHHTE3y 3aKOHY ONTHUMAaJIbHOTO KEPYyBaHHS HE3aBaHTAXECHUM
esleKTpoMoOuIeM — HeoOxinHo y Bupa3 (12) migcraButu Bupas (6) 1 BepxHIO I'uiky Bupasy (3), y
pe3yNbTaTi 40TO0 MAaTHMEMO

u*(r) = ¢9i+ﬂ%+7/v¢(i) = ¢9i+ﬂ%+ yv(—a2i2 +b,i) =

-

d [ 2a(f, +2£v)+2(f, +2£v)b,Cie 22" —2p,C/
dr 601, (C (f, + 2 fov)e 227 —

J@alf, +2£,v)+2b,C (1, + 2f,)e T = 2b,C) ) — )
60,(Cy(f; +2/)e R -

\/_lzaz(ﬁ +2f2V)2C;e(fl+2sz)T +12052C]*(ﬁ +2f2V)
x ] | )
6“2 (C2 (f; +2f2\/)e(f1+2sz)T _C] )

20(f, +2.£,v) +2(f, + 2 f,v)b,C.e 2T —2b 7
60, (C5 (f +2 fov)e ™27 — )

+(0 + ;/vaz)[

J@alf, +2£,v)+2b,C (f, + 2f,)e T = 2b,C) ) — 3
60,(Cy(f; +2 /)R )

Haykosi npani BHTY, 2014, Ne 1 5



EHEPI'ETHUKA TA EJIEKTPOTEXHIKA

) V=120, (f; +2£v) Coe " 1120, G (f +249) |
60,(C(f; +2/1)e TP

20(f, +2.£,v) + 2(f, +2.£,v)b,Coe 7 —2b C)
va, ¥ 2fe _ o -
6a,(C,(f,+2fv)e C)

J@alf, +2£,v)+2b,Cy (1, + 2f)e T = 2b,C) ) — 3
60,(Cy(f; +2 /)R-

2

\/—12a2 (f, +2£v) Coe 2" L 12a,C (f, +2.£,V)
X

60, (C, (f; +2 fov)e/ 7 — ) ’ (10)
abo
F,(u",v,7)=0. (17)
PiBusnns (15), (17) MmoxHa nepenucaTi
v= F{’*(u’;,r); as)
v=F, (u,7).

OO6uucnioBanbHUM anroput™ A 3anexxkHocteil (18), moOynoBaHuil 3 BUKOPUCTAHHSM BUpPa3iB
(14), (16) 1 npupatHuil Ui peanizalii B OOPTOBOMY KOMII'IOTEpl elleKTpomoOuis, Oyze
MIPEACTABJICHO B OKPEMIIl CTATTI, a B MOJAIBIINX BUKIIAJIKAX I1€1 CTATTI BUXOAUTUMEMO 3 TOTO, IO
11l 3aJIE)KHOCTI MU BYKE MAEMO.

I3 Bupazis (14), (16) 6aunmo, 110 BOHU € HENHIHHUMU JUPEPEHUITHUMYU PIBHIHHIMU NEPLIOTO
MOPSAKY BIAHOCHO KOOPAMHATH V , @ TOMY, IEPEXO UM A0 TUCKPETHOTO Yacy k , 3anexHoCT (18)

MOHa MPEJACTABUTH
ok *
Via = F (v, k),
ok *
Via =F, (u,,v,,k).

(19)

Hexaii Vj | — 1e peanbHe 3HAYEHHs BiIHOCHOI IBMAKOCTI PyXy €IEKTPOMOOLISA B NUCKPETHUH

MOMEHT 4Yacy k + 1, SKe MA 0a4uMO Ha €JIEKTPOHHOMY CIIJIOMETPI €JIEKTPOMOOLIsS, yCTAHOBICHOMY
Ha TMaHesl IpuiajiB, a

— P
AVk+] = Via _Vk+l (20)
— e noxuOka, siKka MaTHUMe Miclie B pa3l IoJadl B IUCKPETHUI MOMEHT yacy k Ha BXIJIHI KIEMH

. . .. * .
TATOBOI'0 CJIICKTPOABUI'YHA CJ'IGKTpOMO6IJ'I$I BIIHOCHO1 HaIpyru u, . TOIII, YCTaHOBJIIOKOYHA

*

3HAQUEHHA U, TaKUM, 100 BUKOHYyBalIHCh piBHOCTI (14), (16) 1 MiHiMizyBamace moxuOka (20),

3MYIIYBaTUMEMO €JIEKTPOMOOLIb PyXaTHUCh 13 TAaKOIO MIBUAKICTIO, sIKa 3TiAHO 3 Bupazamu (14), (16)
ta (1), (6) MiHIMI3yBaTUME BUTPATU €HEPTil aKyMYJISITOpa.
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VY peanbHUX yMOBaxX KEPyBaHHS EJIEKTPOMOOLIS BOJMIEM II€ O3HAYa€: SKIIO BOMINA, imydw 3
BIIHOCHOIO INBUAKICTIO Vv, B JUCKPETHHMM MOMEHT 4YaCy k 3a JOIOMOIOI0 aKceleparopa,

3’€[HAHOTO 3 KEPYIOUHM OPraHOM EJIEKTPOHHOIO IiJICHIIIOBAYa, 331acTh TaKe 3HAYCHHS U, SKE

3a0e3NneunTh y AUCKPETHUH MOMEHT 4Yacy k+1 3rigHo 3 BupaszoMm (19) 3HaueHHsS BIAHOCHOT
IIBUJIKOCTI V) |, BUBEJICHE HA JUCIUIEH OOPTOBOTO KOMII'KOTEPA, KOHTPOJIb 32 BCTAHOBJIEHHSM

AKOro 3rifHo 3 kpurepiem (20) 3aifiCHIOIOTH 3a 3HAUEHHSAM V;,, L0 BHCBITIIOETHCS Ha

EJICKTPOHHOMY  CIIIJIOMETP1  €JIEKTPOMOOUISI, TO TATOBHH EJIEKTPOJBHUTYH EJIEKTPOMOOLIS
CIOKUBATUME CTPYM, SIKAW 3a0e3reuyBaTUME BUKOHAHHS 33/1aHO1 MPOTPaMH PyXy 3 MiHIMATbHUMH
BHUTpPATaMH CHEPTil aKyMyJIATopa.

BucHosku

1. [ToOynoBaHo MaTeMaTHMyHy MOJeNb Ui BU3HAYEHHS IIBUJKOCTI PYyXy €JIeKTpoMOoOuIs
TOPU3OHTAJIBHUM BIIPI3KOM aBTOCTPaAd Bl OJHOrO IYHKTY JO IHIIOTO, aJ€KBaTHOI CTpyMy
TATOBOTO €JIEKTPOJBUTYHA €JIEKTPOMOOUISI, ONTUMAILHOMY 32 KPUTEPIEM MIHIMYMY BUTpAT €HEprii
aKyMyJsiTopa.

2. BuzHaueHO CTPYKTypy 3aKOHy Ta QJITOPUTM ONTHUMAJIbHOIO pPyXy e€JIeKTpoMoOuIs
TOPU3OHTAJIBHUM BIIPI3KOM aBTOCTPAAM LUIIXOM IEPEXOaY BiJl MOJENeld ONTHUMAIbHOIO CTPyMY
TATOBOTO €JIEKTPOJABUTYHA J0 IMapaMeTPiB MIBUIKOCTI PYXY, IO BiIMOBIIAE IIbOMY CTPYMY.

3. 3a3HauyeHO LUIAXM peaiizallii BOAIEM €JIEKTpoMOOUIsl MOOYA0BAHOIO 3aKOHY ONTHMAJIbHOTO

pyxy.
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SYNTHESIS OF THE CONTROL LAW OF OPTIMAL MOTION OF THE
BATTERY-DRIVEN VEHICLE ON THE SECTION OF HORIZONTAL
HIGHWAY

The paper synthesizes the law of the control of battery- driven vehicle on the horizontal section of the
highway, optimal as for the criterion of minimum electric energy consumption of storage battery.

Key words: synthesis, optimization, mathematical model, battery- driven vehicle, traction motor, storage
battery, energy consumption.

Introduction

Paper, proceeding the research of the issues of optimization and identification of mathematical
models of the motion of battery- driven vehicle with the direct current traction motor of series
excitation on the horizontal section, highlights the synthesis of the law of control the battery- driven
vehicle motion on the horizontal section, optimal as for the criterion of minimum electric energy
consumption of the storage battery.

Initial preconditions and problem statement
The work [1] proves that the loaded battery- driven vehicle with direct current series excitation
traction motor connected to storage battery, as it is shown in Fig. 1,

Fig. 1. Electric diagram of the main power circuit of battery- driven vehicle electric motor drive with regulated
resistance of the line between the storage battery and the traction motor input terminals

will move along horizontal section of the highway and minimize the storage battery energy
consumption only if the current in its power circuit is formed according to the law, mathematical
model of which is the following

fi+2fv

, (1
200 +2b, (Cze(f‘ ape G ]
fi+2fv

l—a (C oz _ G ]
1 2

i(r)=
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o ) . t ) ) V D
where z:l—” — relative current of power circuit, 7 =—— — relative time, v =— — relative linear
n M n

speed of battery-driven vehicle, a =~ — slope coefficient of static characteristic u = f(i) of
k

power circuit, that has the form
u=l-ai, (2)

U . . . .
where u = U_ — relative voltage, and @y, b] — coefficients of the traction motor magnetization curve,
n

mathematical model of which has the form

S {— a,i® +byi,i €[0,i), )

a, +bi,i€li,, ),

O/ ) . S . .
where ¢(i) = % — relative magnetic flux, which is the function of the relative current i, C,, C,

n

. R ’ : :
— unknown coefficients, and f, = HRV, , fo= HRY, — coefficients of the mathematical
wk,, 1, ®(1,) wk, I, ®,(1,)

model of the electric drive dynamics, that in relative values has the form
d
L aivbi— fy - fv— fiv?, 4)
dt

. R
and coefficient f = .
wk, [, @,

It should also be noted that electromagnetic time constant of traction electric drive of the vehicle
necessary for determination of relative time 7, is determined from the expression
T, = &’ (5)
whk, [,®(1,)
where m — vehicle weight, w — gear ratio from the wheel to the traction motor, R — wheel radius,
k,, — winding connection factor between the armature torque of the traction motor and the current
in the armature winding and the magnetic flux of its excitation winding — this coefficient is
determined using the passport data of the traction motor.

The information, regarding the parameters, which are included in the formulas, determining the
above-mentioned relative values, is presented in the paper, referred to above [1].

The work [2] proves that the unloaded battery- driven vehicle with direct current series excitation
traction motor, connected to storage battery, as it is shown in Fig. 1, will move along horizontal
section of the highway and minimize the storage battery energy consumption only if the current in its
power circuit is formed according to the law, mathematical model of which is the following:

20+ 2b,4,(t) —(2a + 2b,4,(7)} — 120, (7)
) 6a,2,(7) ’

(@) (6)

where
.
C]

Y= Ot 2r _ ’
A()=C, T 2

(7)
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and mathematical model of the electric drive system dynamics has the form

dv . .
E:—azf +l)212 -t —f]v—fzvz. (8)

In mathematical models of optimal current (1) and (6), which provides the motion of the battery-
driven vehicle on the horizontal section of the highway with minimum losses of energy, the unknown

parameters are the pair of constants C,, C, or C;, C;, the problem of these models identification is

reduced to determination of these constants which has been solved in [3].

This aim of the research is to find the method of realization of the synthesized and identified
models of optimal motion, which set the change of relative current in the relative time, that is, to find
the law for control the optimal motion of battery-driven vehicle on the horizontal section of the
highway, on the base of synthesized models.

Development of the methods of the given problem solution.

To begin with, we, as it was in [4], compose the equation applying electrical engineering
parameters of the traction electric drive , which provide the control over its motion.

Since the schema of the power circuit of the electric drive system does not depend on the fact ,
which branch of magnetization curve (3) is used for the synthesis of optimal current models, the
equation of the second Kirchhoff’s law for this circuit will not depend on optimal current models and
will remain the same, namely

dl,
dt’

UO :IarPSB +Ia(ra +rew)+lar1 +E(o +(La +Lew)

)

or
dl,
dt

In these equations U, — electromotive force of the power storage battery (PSB), r,,, — internal

UO _IarPSB _I 7 :Um :Ia(ra +rew)+E(o +(La +Lew)

a'l

(10)

resistance of this battery, 7, — resistance of the line, connecting the PSB with the input terminals of

the traction motor, U, — voltage on the terminals, »,, L, — resistance and inductance of traction

a

motor armature winding, r, , L, — resistance and inductance of excitation winding of traction

ew? ew

motor, and
E, =k, o®(

ew) = k(ua)d)(la) > (1 1)
rotating electromotive force, induced in armature winding and depends on the angular velocity of

rotation @ of the armature, winding factor &, connection between electromotive force of rotation,

angular velocity and magnetic flux @ of excitation winding, which, in its turn, depends on the
current/,, in excitation winding, equal for the series excitation electric motor current /, of the
armature.

It follows from the equations (9) and (10) that it is possible to set the necessary value of traction
electric motor (TEM) optimal current either by changing the resistance 7 of the line between the

storage battery(PSB) and its input terminals, as it is shown in Fig.1, or changing voltage U

supplied to these terminals, for example, by means of the controlled electronic amplifier (EA), as it is
shown in Fig. 2
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Fig. 2. Diagram of the main power circuit of battery- driven vehicle with the controlled electronic amplifier (EA)
between power storage battery(PSB) and input terminals of Traction electric motor (TEM)

It is obvious that from the position of the reliability of electric drive system operation, it is
necessary to choose the variant with the controlled electronic amplifier. We will consider it later
Having divided the equation (10) by U, and performed a number of auxiliary actions, we obtain

its the analogue in relative units
di
u=0i+ B+ pvd(i), (12)
dt
where

ﬁ _ (La +Lew)ln _ kwl/n@([n) 9 _ (ra +rew)
UOTM ’

> B

U,R U,

U, mV R

u= o dyy =77/ ——.
UO WkMInCD(In)

(13)

Proceeding from the obtained models it is possible to state, that two cases are possible for optimal
control battery- driven vehicle, namely:

1) vehicle is loaded and control is performed using the controlled electronic amplifier;

2) vehicle is not loaded and control is performed using the controlled electronic amplifier.

In the first case — while synthesis of the law of optimal control over the loaded vehicle — it is
necessary to substitute the expression (1) and the low branch of the expression (3) into the
expression (12), as a result we obtain

. ) di . . di )
u (r)z@z+ﬂz+7/v¢(z):9l+ﬂz+;/v(al +bi)=

d ( fi2fy=(f+2fV)aCe ™ +aC ]+

e 2a(f+2£w)+ 260, + 2fm)e - 2BC
1 2 1~2\J1 2 G
- (fi+2fv)e
@+ pvb)| LR = Uh +2[)aCe T kaC ) "
2a(f, +2f,v)+2b,C,(f +2f2V)€(f'+ fvye -2b,C,
or
F](u*’v,T)ZO, (15)

In the second case — while synthesis of the law of optimal control over the not loaded vehicle — is
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necessary to substitute the expression (6) and the upper branch of the expression (3) into the
expression (12), as a result we obtain

u*(r) :9i+ﬂ%+ yv(i) :9i+ﬂ%+7/v(—a2i2 +b,i) =

_g d (2a(fi +2/ )+ 2(f; +2/W)b,Cie T - 2b,C
dr 6a, (C,(f, +2.fv)e 27 )

JQalfy +2£v) +26,C, (f, +2fv)e T —2b,C)) - )
6, (C, (f; +2fv)e "7 —C)

V=120, (f, +2£,v)? Coe > £ 12a,CL(f, + 2fv) N
X
60, (C(f, + 2f)e 2 —C7)

20(f, +2 f,v)+2(f, +2f,v)b,Cre " —2b CF
60, (C, (f, +2fv)e 7 —C))

+(0+yva, ){

JQalfy +2£v) +26,C, (f, +2fv)e T —2b,C)) - )
6a, (C, (f; +2fv)e" 227 —C)

V=120, (f, +2£,v)} Coe "> 1 12a,CL(f, + 2fv)
X —
60, (C(f, + 2f)e 2 —CY)

20(f, +2f,v)+2(f, +2fv)b,Cre 7 —2b,CY
’ 60, (C5 (f +2/v)e 27 — )

JQalfy +2£v) +26,C, (f, +2fv)e T —2b,C)) - )
6a, (C, (f; +2fv)e" 227 —C)

2
\/—12a2(f] +2£,v) Ce T 1120, Cl (f, +2f2v)]
X b

6a,(C, (f; +2fov)e 27 — ) (16)
or
F,(u",v,t)=0. (17)
Equations (15), (17) may be rewritten
{v - F{‘*(u’;,r); s
v=F, (u,7).

Computational algorithm for dependences (18) built using the expressions (14) and (16), and
applicable for realization in board computer of the vehicle, will be presented in the separate paper,
and in this paper we will proceed from the assumption that we already have these dependences.

From the expressions (14), (16), we see that they are nonlinear differential equations of the first
order relatively the coordinate v, therefore, transferring to the discrete time 4, dependences (18)
may be presented
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ok *
Via =F (4, ,v,,k);

ok *
Via =F (4 ,v,,k).

(19)

Let v,,, be the real value of the relative speed of the vehicle at the discrete time moment & +1,
which we see on the speed indicator , installed on the panel of the vehicle, and
. (20)

— P
AVk+] =Via _Vk+l

— the error, which arises at supply of relative voltage u k* to the input terminals of the traction motor

at the discrete time moment k. Then, setting the values u k* so that to perform equality, (14), (16)

and to minimize the error (20), we will make the vehicle move at the speed which in accordance with
the expressions (14), (16) and (1), (6), will minimize the battery losses.

In real conditions of driving the vehicle it means that if the driver drives at the speed of v, ata
discrete time moment k, using the accelerator, connected to the controlled unit of the electronic
amplifier, the driver will set such a value u,, which will ensure at the discrete time moment & +1

according to the expression (19 ) the value of the relative speed v,,,, input on the display of the

board computer, the control over which, according to the criterion (20), is performed by the value,
indicated on electronic speed indicator of the vehicle than traction motor of the vehicle will consume
the current which will provide the realization of the preset program of motion with minimal losses of
the energy of the storage battery.

Conclusions

1. There had been built the mathematical model for the determination of the speed of battery-
driven vehicle the e on the horizontal section of the highway form one point to the other, adequate
current of the traction motor, optimal as for the criterion of minimum energy losses of storage
battery.

2. There had been determined the structure of the law and the algorithm of the optimal motion of
the vehicle on the horizontal section of the highway by transferring from the models of optimal
current of traction motor to the parameters of motion speed, corresponding to this current.

3. There had been presented the ways for the realization of the constructed law of optimal motion
by the driver of battery -driven vehicle.
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