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Numerical Analysis of the Electromechanical Characteristics
of an Electronic Accelerator for an Electric Vehicle

KUSANO Kiyonobu

Abstract

In this paper, electromechanical characteristics of an electronic accelerator circuit for an electric vehicle
have been clarified in the numerical analysis. For this purpose, the problem is formulated according to the idea
that the electric vehicle is an electromechanical interaction system. The iterate approach is applied to this
result, and one numerical analysis procedure is proposed. From this numerical analysis results, we have made
clear that there is a linear relation between the time ratio and the steady state velocity in this accelerator
circuit. This means that the steady state velocity of the electric vehicle can be excellently controlled by

adjusting the time ratio. As a result, it has been proven that this accelerator circuit is practicable one.

Key words : Electric vehicle (4% HE)H)
Electromechanical interaction system (&5 HAEH %)
Electronic accelerator (FET-37 7 V)
Velocity control (3#EEH]4)
Numerical analysis ($flf##T)
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F$FA XY DEICEK D sinBEHDZEL

R & RO — K F AR DB DOIE XY D
fEIZL > TEDLE, KAIXZDH L sin ¥ sinh
B OBMOEALDRETFEZRL TV %, cos %D cosh
B E oM %R X9 I22bd 5, Sl oBEEE
X XY= Run®%2 B & LT, @M o Z it XY=
Rud B LTEDb b,

(1 ) Rmmzz < Rmn‘alZ@ 5‘:_ g
ﬁ@;‘;ﬁ FH':] lei022
|
|
sinh(| R, 012~ XV(t /1, )/Y)l (SING XY = Ryigt” (£ )/Y)
| X >

4 ) XY
0 1 ,
1 Rmtiolz
|
D Ry yiion = X¥(t/1 )/ Y)1 sin| XY= Ryion” (1/1)/Y)

Elmssiibil

(2) RmtinZz > Rmtinlz D t g

I R 2

ratio2

|
sinh Bygyio = XY(t/1))/Y) : lsin(,/XY— Rygtio (t/1)/Y)

4 4! XY
0 2 |
Rratio] :
|
sinht B yios?-X¥(1/1)/Y) ! sin(y XY= Ryyeion” (/1))
e B

A BEHAR CIEEREAE O sin B OELDORRTF

18 B XY DfEIC KB EIHERDBROREHRT D
ZLOHF

8%k A IR THEFRITEE D VTR & ) o it
SR RO R T A & FHFHTE T4
DOV LND, AXP DD & KPR T HIZ
XY D1 BEYRuni’B L P RudDOVTNRE Y H/E
WHAICHIE L TWb, TSN D 3 2DWE OfED
IR DHE) TH 5,

[1] Ruit<XY<Rui’ThH5oE X
(1) Swl DL Xx (0<t<T)

I(H) = Traio + (I(0) = Truio) €xp (= Rruiot (/1) / Y)
« cosh (VR = XY (t/8,)/Y)
—12V(0) =2+ Ryuin (1(0) + Tuir)|
« exp (= R (t/1) / V) sinh VR, = XY (/1) / Y)
W Ruii? = XY
V() =1 = Rouin Tati
+ (V(0) =1+ Ryuin Traro) €Xp (= Ryuin (/1) / Y)
« cosh (VR = XY (t/1,)/Y)
+ {1 Ry (V(0) =1+ Rruior Trasie)
+ XV U0) = Tourn) /2 } exp (= Ry (/1) / Y)
- $inh (VRyuin? = XY (t/1))/ V) /Y Rrai® = XY
(B-1)
@ Swl2EEEDLE (0=t=<T»)
I(t) = Touio + (I(0) = Trurn) €xp (= Ryuiz (/1)) / Y)
 cos(WXY =Ry (/1) /)
—12V(0) + Ry (1(0) + Trair) |
< exp (= Ry (/1)) / V) sin VXY = Ry (1/1,)/Y)
XY =Ry
V() = = Ruir Traio + (V(0) + Roasiv Tratio)
s exp (= Ruin(t/t)/Y)
* cos (\/m(t/to)/lf)
+ 4 Rraioz (V(0) + Rtz Toar)
+ XY ((0) = Touir) /2 | €xp (= Rouina (/1)) / Y)
«sin(VXY = Rt (/1) / V) VXY = Ruicd”
(B-2)
[I] Ruin’<SXY<R.ulTH5HE X
(1) Swl2%E@ne & (0=t=T)
I(#) = Truio + (I1(0) = Tuio) €xp (= Rowin (t/2,) / Y)
- cos (VXY = Rouin” (t/8,)/ Y)
—12V(0) =2+ Ryutin (1(0) + Turio) }
« exp (= Rouin (/1) / V) $in (VXY = Rruit® (t/1,)/ Y)
NXY = Ruin®
V() =1 = Rouior Traiio
+ (V(0) =1 + Ryuinn Trario) €XD (= Rouint (/1) / Y)
ccos(VXY ~ R (t/8,) /)
A Ryutin (V(0) =1+ Rraiot Trarir)
+ XY (I(0) = Touio) /2 } exp (= Ryuint (/) /Y)
s sin(VXY =R (/1) / V) NXY ~ Ry
(B-3)
@ Swl2EEEDOL X (0=t=<T))
I(t) = Traio + (1(0) = Truo) xp (= Rruinz (t/1,) / Y)
- cosh (VR — XY (/1)) /Y)
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—12V(0) + Rz (1(0) + T |
+ exp (=R (t/t,) / V) sinh (VR — XY (t/1))/Y)
N Roui? — XY
V() = = R Touio + (V(0) + Ryuior Trusir)
*exp(— Ruin(t/t,)/Y)
- cosh (VR XY (t/1,)/Y)
+ | Ryuioz (V(0) + Rowioz T ratio)
+ XY (I(0) = Train) /2 | exp (= Rouina (t/1,) / Y)
- sinh (VR =XV (t/1)/Y) /Y Ruui? =X Y
(B-4)

[M] max {Rui’, Ruwd’l <XYTH2HEX
(1) Swl2vE@Enr & (0=t=<T)
I(t) = Touio + (I(0) = Truio) €xp (= Ryuin (¢/2,) / Y)
 cos(VXY =Ry (/1)) /Y)
—12V(0) =2+ Ryuin (1(0) + Trusn) |
+ exp (~Rouin (t/1))/ V) SIn (VXY ~Rpuit” (t/1,)/Y)
NXY =Ry
V() =1 =Rouin Truti
+ (V(0) =1+ Ruutiot Trutio) €xXp (= Rraint (t/1,) / Y)
* cos (m(t/to)/Y)
+ { Rouint (V(0) =1+ Roaio Toair)
+ XY () = Touir) /2 } €xp (= Rrwio (¢/8) / Y)
< sin (VXY =Rt (/1) / V) NXY Ry
(B-5)
2 Swl AIEHEDLE (0=t=T>)
I(#) = Truio + (1(0) = Tu) €xp ( = Rruinz (t/1,) / Y)
c cos(VXY =Ryt (/1) /Y)
—12V(0) + Ryuiz(1(0) + Turir) |
e exp (= Rouine (/1)) / V) sin WX Y =Rt (t/1,)/Y)
XY =R
V() = = Rouior Toutio + (V(0) + Routioz Tratio)
cexp (= Ruiz(t/t)/Y)
* cos (m(t/to)/Y)
14 Ryaioz (V(0) + Ryuior Trasi)
+ XY (I(0) = Touin) /2 | exp (= Rouie (t/8,) / V)
< sin (VXY =Rt (/1) / V) NXY ~ Ryt
(B-6)

182 C XY OMEICKDEILFERNDED—RHSD
ESp26i
[I] 0<XY<min!Run?, Rudl ThbHEE
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(1) Swl2E@EnE: % (0=t=<T)
dl(t/ty) /d(t/ty) = = (2/Y) {V(0) =1+ RouinI(0)}
« xp (= Rouin (t/15) /Y) cosh (VR > = XY (/1,)/Y)
+ (1/ (YVRwi2=XY)) {2R,uin V(0)
+ (2Ruin” = XV)I1(0) + XV Touir — 2R i}
- exp (= Rouin (t/8)) / V) sinh (VR,in* = XY (/1,)/Y)
av(t/ty)/d(t/t,) = (X/2) (1(0) = T'uin)
» exp (= Rouin (t/t) / V) cosh (V Ruit” = XY (t/1,) /Y)
— (XVRu®=XY) | V(0) -1
+ Rouin (1(0) + Tourio) 72} exp (= Rruint (/1) / Y)
- sinh (VR = XY (/1) /Y)
(C-1)
@ Swl2EEEDLE (0=t=T»)
dl(t/ty) /d(t/ty) = = (2/Y) {1 V(0) + Rl (0) ]
< exp (= Ryuiny(t/1)) / V) cosh (V Ry = XY (t/1,) /Y)
+ (1/ (YVRwi? =XY)) {2R,uiaV(0)
+ (2R’ = XY)I1(0) + XV T}
» exp (= Rz (t/t,) /Y)sinh (V Ryt = XY (/1)) /Y)
dv(t/ty) /d(t/ty) = (X/2) (1(0) = Trus)
- exXP (= Rouios (t/1,) / V) cosh (V Ryt =X Y (t/1,) /Y)
~ (X/VRui? =XY ) {V(0) + Rraioa(1(0) + Tou) / 2}
* exp (= Rz (t/t,) / V) Sinh (V Ryt = XY (¢/8)) /Y)
(C-2)

[I] Ruit<XY<RunTH5BE X
(1) Swl @D E % (0=t=<T)
dit/t)/d(t/ty) = = (2/Y) {V(0) =1+ Ruin (0)}
- exp (= Rouio (t/1,)/Y) cosh (VR,ui> = XY (/1,)/ Y)
+ (1/ (YVRui>=XY)) {2R,uin V(0)
+ 2Ryuin® = XY)1(0) + XY Touio = 2Rruin |
* exp (= Rouin (t/1,) / V) Sinh (V Ryuia® = XY (/) /Y)
dv(t/ty)/d(t/t,) = (X/2) (1(0) = T,.)
» exp (= Rouin (t/t) / V) cosh (V Ruit” = XY (t/1,) /Y)
— (XVRui®=XY) | V(0) -1
+ Rouiot (100) + Tous) /2} €xp (= Ryuint (/1)) /Y)
- Sinh(VRwi> = XY (/1,)/Y)
(C-3)
2 Swl AIEHEDOLE (0=t=<T))
dl(t/1)/d(t/ty) = = (2/Y) {V(0) + Rruind (0)
« exP (= Rowins (t/1)) / V) c0s VXY = Rouiit” (t/1,) /Y)
+ (1/(YVXY =Roui’)) |2R,uiaV(0)
+ (2Rt = XYV)I1(0) + XV T}



RREBHAETR 7 7 €V DR - BRIFPED Bl bf

+ exp (= R (t/1) /Y) SIn (VXY ~ Ryt (t/1,)/Y)
dv(t/ty) /d(t/t) = (X/2) (1(0) = T i)
» XD (= Rouiny (/1) / V) cos VXY = Rouit” (/1) /Y)
~(XNVXY = Ruii?) {V(0) + Riuioz(I(0) + Truir) / 2]
c exp (= Rz (t/8) / V) SIn (VXY =Ryt (t/1,)/Y)
(C-4)

(] Ruin’<SXY<RuidTH5HEE

(1) Swl2vE@EnLE (0=t=T)
di(t/ty) /d(t/ty) = = (2/Y) {V(0) =1+ RuinI(0)}

+ exp (~Rouin (/1) /Y) c0S VXY ~ Rouiot” (t/1,)/ Y)

+ (1/(YWXY = Rusin®)) | 2R i V(0)

+ 2Ryuin® = XY)I0) + XY Trutio — 2Ry |

“ exp (= Rouin (t/1,) / V) SIN(VXY = Rouin® (/1) /Y)
av (/) /d(t/t,) = (X/2) (I(0) = T,u,)

v exp (= Rouin (/1) / V) cos VXY = Roui” (t/1,) / Y)

— (XVXY ~Roui®) 1V(0) =1

+ Rouin (10) + Tuir) /2} exp (= Rouin (t/1,) /Y)

< sin(VXY = Rt (/1)) /Y)

(C-5)

@ Swl2JEEEDLE (0=t=<T))
dit/t) /d(t/t) = = (2/Y) 1V(0) + Rl (0)}

+ exP (= Rouios (t/1,) /Y) cosh (VR i — XY (t/1,)/Y)

+ (1/ (YVRui2 =XY)) {2RuiV(0)

+ Ryt = XY)I(0) + XV Toui}

© exp (= Rz (/1)) / V) sinh (VR,ui” = XY (t/1,)/Y)
dv(t/t) /d(t/ty) = (X/2) (1(0) = Trui)

c exp (= Rouios (t/85) / V) cosh WV Ryuit? — XY (t/8,)/ V)

— (XNVRu? =XY) | V(0)

+ Rz (1(0) + Touir) /2} exp (= Rouiz (t/1,) / V)

« sinh (VRwi? =XV (£/1,)/Y)

(C-6)

[V] max |Rui®, Rui’l <XYTH5HEE

(1) Swl 2oL s (0=t=T)
dl(t/t) /d(t/ty) = — (2/Y) 1V(0) =1 +Rouin (0)}

+ exp (= Rouioy (t/t,) / V) c0S (VXY ~ R’ (t/1,)/ Y)

+ (1/(YWXY =Rouin®)) | 2R i V(0)

+ (2Ruin® = XY)I(0) + XV Truio — 2R yuin}

“ exp (= Ry (/1)) /Y)SIN(VXY = Rouin” (/1) / Y)
av(t/ty) /d(t/t) = (X/2) (1(0) = Tour)

» exP (= Rouiy (/1)) / V) cOs (VXY = Rouint” (t/1,) /Y)
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— (XWVXY = Rui®) {V(0) =1
+ Rouint (1(0) + Truir) /2 exp (= Rouin (¢/2,) / V)
< sin(VXY =Ryuin” (/1) /Y)
(C-7)
@ Swl2EEEDOL X (0=t=T>)
dl(t/1)/d(t/ty) = = (2/Y) {V(0) + Rl (0)
- XD (= Rouio(t/1,) / V) cos VXY = Ry’ (1/1,)/ Y)
+ (1/ (YVXY =Roui?)) {2R,uiaV(0)
+ (2R’ = XYV)1(0) + XV Tt}
* exp (=R (t/ty) /Y)sin VXY =Ry (t/t,)/Y)
dv(t/ty) /d(t/ty) = (X/2) (1(0) = Tu)
- exp (= Rouios (t/1,) /Y) oS (VXY = Rruiet” (t/,)/ Y)
— (XVXY =Roui?) | V(0)
+ Rouia(1(0) + Truie) /24 €xp (= Ryuiiz (¢/1,) /' Y)
< sin(VXY — Ry (t/1,)/Y)
(C-8)

182D A IIER EEE v DIBEDRIE &3
a4 VERO BB & BB oW,
I A VEROMBAE & HEOWAEHAFAE LIS 5. B
i OPE HFERXIIRD 2 O0DORICR SN 5,
tanh V7'~ XY (t/t,)/Y) = a
(D-1)
tan VXY 7% (t/t,)/Y) = B
(D-2)

(1) X (D-1) O%HAHE

DGFEZIRD 3 DD RN D 5o

a<0DE X ML,

© a>10&x : Hifliz L,

@ 0=a=10,t X :HEOWREEDH. ThiZ

RRNALTET 5o

t/t,=(1/2) (Y/ (VP =XV In[(1+a)/(1-a)]

(D-3)

-

oy

() X (D-2) DA
COEEYI0E 1 DOMDOIEEZ AT 505 BHHD
WAL DT RELEDSD B0 €9 7 5 LU R B DERD
TR AT 2O T, WAEIXRK LMHE VI %2R
o ZHIRDOEMNTH 5,
VXY =72 /Y=<7/2
Thbb,
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X <r/Y+(n*/4)Y H»> XYV »r'
(D-4)
COFEMTTEZ B2 WHEDTEY FRIFZIKRD 2 ODY;
BT HIENRNTE D,
(1) <0 :MfE%L,
@ B>0:HMHEOWEEMED D, FIITRAUALE
ST
t/ty= (Y/NXY =77 tan " (B)
(D-5)

12 E MU OAKIEEREBAIC O ILERD
TOLRDEZDHERER
NI UYIVRIPIEBBTHLLE, ¥4+ —FD,
NS a4 VERM (/1) 25 REZRT X912,
YUIZhbILPdHb, ¥4+ — Fd@HOBERE
ME %m0, ThIRE, >EoEaifc, a4
VERIZEODEZRED, Z0720, ZOHEOES)
FHEERiE
M.(dv/dt) = —mg(ucos(8) +sin())
(E-1)
Elehe ZOHBEXOMIIMHIRKD LT LM TE,
KDL %o
v=v(0) — (m/M.) (ucos(8) +sin(6))gt
(E-2)
2L, v O IANVERPET LR o7zl EOMEE
DETH 5, BHFHRET O 7T AMERRFICIZ I E X
WX S v,

/1 oo T

0 @D, | JBEmyD, 1
'ty

XE HERTIMILERDED

(CFRE204E 9 H29H =231)
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