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Small Parallel Hybrid Vehicle
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ABSTRACT

This paper presents a hybrid car. This car i3 designed to operate both intemal combustion
engine and electric motor. By using microcontroller, the electric motor drives front wheels of vehicle at
low speed and the engine starts to drive rear wheels at middle and high speed. The controlier can switch
from the electric motor to the engine at a certain speed. The purpose of this car to reduces fuel
consumption and pollution in the city. The vehicle was designed and manufactured for the experiment.
The program used for control unit with microcontrotler is developed by C language. The speed sensor
was set up at front drive axle for signaling to the control unit. Then the control unit sends the signaf to
control the electric motor speed according to the test conditions.

From the result of this study, when we apply the combination of energy source as engine and
electric motor, the response of driving is better than conventional engine. A simple economic analysis
shows that the customers will save 0.128 bath per kilometer and 2,336 bath per year if they choose this

hybrid car.
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e P = MAwusieundes, w

F o= usefuniou, N

V = 8asu3a500ud, Kmh

1N, = diznBammschigs, %

3.29 ihi‘qi’umfauunznﬂﬁmdm
doyamammiin  p,., =12 kgm'

A =174 m’
c, =035
Nowe = 85%
Muw = 0%
T =0.25m
K, = 0.018
M = 450 kg
T,.. = 13Nm at7000 rpm.
P.. = 10.8kw at 8000 rpm.
darmaifios

AT IMATURY 7318 = 4.056

sasmaifiof

1" 3514 =25
2 318 =172
3" 28/20 = 1.4
4" 24/25 = 0.96

R 3513 =27

»
Sarmatugaiio  s418 =3

nfunranyuvesde
R, = wK = 450kg*9.81m/s*0.018 = 79.461 N

usagandoussdienn

R, = Y*PymmV A®C,= %*1.2kg/m’ (50*5/18m/s)’ *1.74m’ *0.35 = 70.486 N

a
U3ty A miBeq 15 oam 14 G = 26.795%
R, = w*G/100 = 450*9.81%26.795/100 = 1182.86N
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R, = RAR+R, = 79.461+70.486+1182.86= 1332.807N
fdsfuniou

P, = 27INT, = 2%L*7000/60*13 = 95295 w
Sarusivessnoud

V = 27N

v, = 2T 8000/60*0.25/(4.056*2.5%3) = 6.885m/s = 24.768 km/hr
v, = 278000/60%0.25/(4.056*1.72°3)= 9973 m/s = 35.892 kmvhr
v, = 2TC8000/60%0.25/(4.056*1.4*3) = 12,30 m/s = 44.280 kmv/hr
v, = 2TC8000/60*0.25/(4.056*0.96*3)= 17.90 m/s = 64,440 km/hr
v, = 2TC8000/60%0.25/(4.056*2.7*3) = 634 m/s = 22.824 km/hr

mifsdumndouiniewnd ia¥umatu 15 eam

P =Fv ,F=R

P,, = (79.461+1182.86+1/2%1.2%6.885'*1.74%0.35)%6.88= 8810.34 w
P, = (79.461+1182.86+1/2%1.2%9.9737%1.74%0.35)%9.973= 12951.57 w

MEsdunieuniswnd delifinnusy

P,, = (79.461+1/2%1.2%1.74%0.35*6.885°)*6.885 = 666.34 w
P, = (79.461+1/2+1.2%1.74%0.35%9.973°)%9.973 = 115491 w
P,, = (79.461+1/2%1.2%1.74%0.35%12.298")*12.298 = 165684 w
P_, = (79.461+1/2%1.2%1.74%0.35*17.9°)*17.9 = 3518.04 w
P, = (79.461+1/2%1.2%1.74%0.35%6.346 )*6.346 =~ 597.64 w
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= 33.00
wnauya (m)
M, = m+m,

wnvesSud Ny (m)
m, = Pm
fandna (B

B = oo0s+0.07i]

B, = 0.05+0.07%25° = 0.4875
B, = 0.05+0.07%1.72° = 0.2570
B, = 0.05+0.07*1.4’ = 0.1872
B, = 0.05+0.07%0.96’ = 0.11451
B, = 005400727 = 0.5603

Ao veSHaMiivyY (m)

M, = 450%0.4875 = 219.375kg
M, = 450%0.2570 = 115.689kg
M, = 450%0.1872 = 84.24 kg
M, = 450%0.1145 = 51.5304 kg
m, = 450%0.5603 = 252.135 kg
HI0TNYAYDIIO (m,)

M,, = 450+219.375 = 669.375 kg
M, = 450+155.689 = 565.689 kg
M, = 450+84.24 = 53424 kg

M, = 450+51.5304 = 501.5304 kg
m, = 450+2522.135 = 702.135 kg
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ZF
F-RR,
F-R-1/2*P,, *V*A*C, = mdv/dt

ma = m dv/dt

]

m dv/dt

dv/idt = (F-R)/m,- l!2'pnm*v2'A'C /m,
o d
2m /(P A*C,) UYRAUNTINAIUIN

2m AP, g *A*C,) *dvidt = 2E-RYP, e A*C,) -V

W o = F-RM12*P,, . A*C,)= constant
w18 mi2ep,, HA*C) *dvidt = ol-v
avi(Q’-v') = 1/2%P,,*A*C,*dvm,

( O+ v) + 1A0-v) Mvi(20)  =1/2*P g A*C/m *dt

Vi ta

I { 1/{0+v) + 1/(00-v) )/(2QL) *dv = llz*pm,,"A*C‘/mJ dt
o]

1720 {1n {(QL+v)(OL-v)] } fv L= 1/2%D, o *A*C,/im *At
Vo

o2 o - \/[(F-Rl_) 1/2%Q,  *A*C,]

deve 4 4 - i
mmm’l'ﬁmmaﬂu lHﬂIl‘N‘UﬂLﬂﬁUﬁﬂ 9.29 Nm

F=T*LT/
F, = 0.85%30.42%9.29/0.25 = 960.846 N
F, = 0.85%21.00%9.29/0.25 = 663.306 N
F, = 0.90*17.03*9.29/0.25 = 569.55N
F, = 0.90%11.7*9.29/0.25 = 391.3N
F, = 0.85%33.00%9.29/0.25 = 1042338 N
oy

\}[(960.846-79.461)/(0.5"1.2"1.74"'0.35)] = 49.113 m/s

R
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Q,
Q,

O

40

= \f[(663.306-79.461)/(0.5“'1.2“'1.74"0.35)] = 3997 m/s

= \f[(569.55-79.461)/(0.5“' 1.2*1.74*0.35)] = 36.623 m/s

29.2133 m/s

[

= \f[(391.3-79.461)/(0.5*1.2*1.74*0.35)]
= \f[(1042.338-79.461)!(0.5“1.2"'1.74*0.35)]= 51.3 mfs

x o o ] o J
HIANUITIN O ﬁi 50 NL./9N, mnmmnnm‘h'lﬁ lllNlﬂ‘N 4 lﬁtl'; AU

—

0
24
15

E- R

45

04 24.768 (NU./%¥1.)—>(0146.88) m/s

fig 35.892(NU./¥3.)—>(6.88049.97) m/s
fia 44.28(n31./%3.)—>(9.970312.30) m/s
i 50.00(N3./%U.)—>(12.3011413.89) m/s
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1l Timer 16 1in 2 @2

TnTodumoini 14 5 unas
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a & - 3 ] v v o 1
NUHYUNYUDNTN nmmquizﬂnu"mmmh ROM EIQﬂ'IUhIH’]l.IulﬂQ (% 7] l‘lJil‘fSOSl, 8052 axl

'

miwanudlszion Mask ROM TaoTalsunsuilegmuluinez®esgnTalsunsuaneainTs s
win MCS-51 Smnfifaudoams Tusunsueae19liues 8751 &ail ROM iy EPROM ofludw
mldmuseTusunsuunzavudlyldsuns 144w uddudumes 8951 oxli ROM  Huy
EEPROM/Flash Jalufiiion19fuann Taonms Tlsunsuuazuflysunsuez i 18 Tauhideacen
Swoanvinura19es m319am Mcs-s1 Afmienauh Tdsunsuneluddwim oo
flosdumssianenTusunsu1difuedied feguiilulnsneuInsameinizga MCs-51 voauan
Amel fonsoTunsudoyanaliludrdn1dlaolideanonswoensnmarses Goniuly
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Bu
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maudoudoyaninivnnusinuanFondinis Push  daunsdiudeyasenain
miwanudruandoniing rep  SminTluntudnnudideumamisoanudiauaness
ANUTIAQYN dnfuneuitdr Mcs-s1 o liihan T unsudes Mcs-51 sziiAvesdadmdads
Susnoaasnaosinfdadon TisunsusonRunamizeanudeuanidoney srmindalih
Tusunsudes v Tusunsudessy MCS-51 szdmsmesmafiduasmissn i reumnndumn
Windidadin MCs-51 fohamudeu 1¥ecragades Tu MCs-51 wriffSameidaTmizonnude
uaniunii ﬁ'u'irmmn 70 SP (Stack Pointer Register)
33.1.1 MISAYIAIY ¥8s MCS-51

Y051uTnsrouTnsamed s0s1 Tnysadre 1c i DIP Tuikan.un 40 vaTasvidne 9

azldvufluneinduna onina nidygranlugy vidwmiamitcennud uazvideyadagli 3-
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vCC
Ul . 32
s}t B L xTaLi P07 132 A07
; 33
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12 MH,
, IR , P03 —3“—5 ADS
" pF XTAL2 M4 —E;AD-%
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P02 2 AD2
PeA r%;»\m
Po.0 2% ADO
o P17 e
2desEr P1S L
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M 8051 5
- ALE Pl4 =
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S e prafd
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PLI 2
._‘i.] RST PLojd.
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o A% Pis P62l ats
11 -5 Py p2s bR ar3
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1. W0¥N 0 (Port 0)

woin 0 12usv1ft 3230 yos Mcs-s1 muralfifhudunaeininalduensiniituns
Anefumissanudinouendaldvuiiu Address Bus uag Data Bus Badne

2. W8N 1 (Port 1)

woin 1 TRuwnd 1-8 dlunein 8 i muradfiaziald flo 1o, P11, ex.



3. 10§N 2 (Port 2)

woin 2 18uruifl 2128 ez 1dan WRveand il Ao diiumesn 8 §a Auldithueamsn s
Dalumadramissnnuirmouen

4, Woin 3 (Port 3)

woim 3 18usuadt 10-17 exMdamnanesndhiide udunyauazionina uaz i
AILAUATIT Fam13 197 32

A1 3-2 uaasoviauaswinitnsgveanedn 3

n fo wriiiy

P3.0 RXD 1¥5udoyamaneineyniu

P31 TXD 14 sdoyanmaneineynsuy

P3.2 INTO Sumeiiwimuuenvinuiay 0

P33 INT1 Sumedinmouennviay 1

P34 TO a8yt / @ntuiaudaf o

P3.5 I Fasunen / Fnlunuiad 1

P36 WR dygradoudoyanizeanuiimouen
P3.7 RD toyguemudoyaniousn

5. PSEN (Program Store Enable)

1 PSEN iuvifidadganueenfien 29 wiilszueniinile Mcs-s1 Hoan3em Code
Tsunsunisuen Tasdnadmizennudinivueniiiu EPROM v1 PSEN 92A8411i1l Output Enable
(OE) v83 EPROM

6. ALE (Address Latch Enable)

ieasinmoin 0 aunsolfifhundradumia nazvidoyn Mcs-si sziivt ALE Thunvi 30
u1ii914 Multiplex foyg 11 Address Bus 483 Port 0 Tun1s1§a1uszun Mcs-s1 Y sxdfaail
UnsainAefy Port 0 Al Latch djgiou Address Bus e MCs-51 AnamsAndedu
oAU INOUBN MCS-51 92 8aifoyay 10 Address Bus 98ANINOUNT Port 0 (i1 Data Bus #ie Ty

$miU MCS-51 anesniiomhaudnmiiinilsfediue PROG (Program Puise Input)
dwmiul¥llunsudoyansliluda 1y Tnsneu Insamed

7. EA (External Access)

1 EA TRudv1d 31 &1unilifiunesn <17 9214/ uwed 8051/8052 ifevenii1feu
Tusunsuoomiaoanud1 I sunsuntelu udduiluaesn <o” szuendrlv Mcs-51 M lusunsu

Tasgwniamilsanud ldsuntuniouen (§1v1 EA i “0” v1 PSEN wzienfin)
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frndhuued 8031 wTe 8032 v1 EA eziilu «0” (e vz Tt Tdsunsumiasanudiniolu
und$iwed 8051/8052 Faiimirenrwdr Tlsunsunoluuaz 1 EA iy <0 Fa0z Disabled
ROM nisuenuny

dwdy Mcs-s1 Himironnudimoluuuuday viifez B ugmudugalums
Tihunsudeyanavudn

8. RST (Reset)

w1 RST TAuriv 9 9:1¥m3Tiwm Mcs-s1 TaoezWanilifluaedn «1” edrelios 2 Machine
Cycles Bozwaszun1f
33.1.2 §MII21989 MCS-51
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aruqunatialular Tilsismeef{unin 4 3faz80 szdescenuuuiseroendammed
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32.13 TnsandraweaneinBunaleminn (O Port Structure)
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vweaneinvzuaalnsanfranolulé dagali 317 Tevsedilnssndraily Feld-effect
Transistor AOGAUVINIGUEN taziimuduniune Pull-up sfdmiuwein 1,2, 3 uaduiluwain
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Veo ' Yoo
ADDRADATA
Comtrol READ
LATCH
READ INTERNAL
LATCH POLL-UP®

Yy
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INT BUS n
¥ Ak ¥
IN1.8US WRITE
WRITE . TO .

TO 3 {ATCH
LATCH

PIN RE

{n) PORT o BIT (¥) PORT 1 BIT

ALTERNATE

INTERNAL FE?EH NTER
d PULLP ! oy
! PULL-IP*

" N FIX
TNFALY Vx4 Iy

|
[,
.r WRITE 1.ATH
5 TO
4

LATCH

. READ
PIN ALTERNATE
INPUT
FUNCTION

() PORT 2 BIT (4) PORT 3 BIT
Ui 3-17 Inssaframainiia 4 weq MCS-51
J 1 1 - L] o 13 - B U,
91031001 3-17 sziitudmedn o sxlilidadimiudoyadnegnioluin Anludmin
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foansidmeiniidhuneindunmezkesdofdumunadnnisuenlifiumeinilyniind o uas
winTasserdrnueanedn o seiuniinesdafmdndegniluieldlumsideniez1diflunedn
wiolflumsAndesumilsnnudinousn uAsafiumedn 2 uanein 2 sxlidd umuyasney
auludn Smnezlfnuduneindunamunso 1 1AUA dimfunedn 3 eziiTnsandrandrody
o ' r- - o - :'\ 4 o J » g -
woin 1 uneriidgygnusuymeninaimuitudn desnweinimusoiFemuihumihifie
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4

3.4 Wnsuniuguueined (N C iy MCS-51)

#include <reg51.h>

shit segmentd = P1°0;
sbit segment] = P1"1;
sbit segment2 = P1°2;
shit segment3 = P143;

int time = 0;

int pulse = 0;



int t{4] = {0,0,0,0};

int num[10] = {0xCO0, OxF9, 0xAd, 0xB0, 0x99, 0x92, 0x82, 0xF8, 0x80, 0x90};

void delay(int n)
{
int i,j;
for (i=0;i<=n;i++)

for (j=0;j<=255;j++);

void clear7Segment{)

{
segment0 = 0;
segment] = {;
segment2 = 0;
segment3 = {;

}

yoid speed2Display(int speed)

{
int tmp = speed;
int i=0;
for {i=3;i>=0;i~-)
{
t{i] = tmp%10;
tmp = tmp/10;
H
H
void calculateSpeed()
{

int speed = pulse * 0.0141372 % 2;

47



speed2Display(speed);

void timer{)interrupt 1

{
time++;
if (time>=11) {
time = 0;
calculateSpeed();
pulse = 0;
}
}

void encoderSignal()interrupt 0
{

pulset+t;

void display7segment() {
clear7Segment();
PO = num[t[0]];
segment( = 1;
delay(1);
segment( = 0;
PO = numft[1]];
segment] = 1,
delay(1);
segment] = 0;
PO = num[1[2]];
segment2 = |;
delay(1);
segment2 = 0;
PO = numt[3]];

segment3 = 1;



main()

delay(i);

TMOD = 0x01;
THO = 0xC4;
TLO = 0x00;
TRO = 1;

IE = 0x87;

clear7Segment();

while (1)

!
display7segment();
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