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ABSTRACT

ELECTRONI C SI MULATI ON G- AUTOMOTI VE
ENG NE OPERATI ON

Santai Hwang
Mast er of Science in Engineering

Youngstown State University, 1986

Three autonotive systens are di scussed and si nul at ed
to provide the understanding and insight necessary to
design a nore efficient conbustion system The systens si-
nul ated are the: (1) digital engi ne speed display (2) igni-
tion's spark advance, and (3) fuel injection.

In addition the requirements of the sensors needed
to provide the inputs for the m croconputers which contro
t he conmbustion process are discussed and descri bed.

A DC notor, whose speed is adjusted by a voltage
transformer and nonitored by a digital readout, is used to
sinmulate the engine. The control and operation of the

autonotive syetens are sinmulated by using atimng light, a

stepper notor, and 4 seven segnent LED displays. The
timng light is used to check the advance angles of spark
plug ignition. The stepper notor is used to control the
guantity of fuel being injected. The di splays are used to

i ndi cate t he engi ne speed.
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GHAPTER |
| NTRCDUCTI ON

1.1 Introduction

The 1986 autonobiles differ fromthose of 1960 in
t hree ways. Looki ng under the hood, it is obvious that the
1986 nodels have a considerably nore conplex array of
el ectroni c conponents and el ectrical wring surrounding the
engi ne. The dashboard has al so changed drastically, refle-
cting the advances in digital electronics and system con-
cepts. Finally, conparing perfornmances, we find that the
1986 nodels are much nore economcal and safe +to drive.
The driving forces for those changes were:
(1) stringent Federal Emssion Standards requiring auto
manuf acturers to produce nore fuel efficient and | ess pollu-
tive aut onobi | es.
(2) conpetition fromforeign auto manuf acturers and greater
expectations fromcustoners for fuel econony, safety, com-
fort, ease of operation, perfornance, and nai nt enance.
(3) advances in electronics and rel ated technol ogi es.

M interest isinthe electronic and related tech-
nol ogi cal advances. These i ncl ude:
(1) The devel opnent of |owcost per function digital elec-
tronics capable of operating in the hostile autonotive

envi ronnent .



(2) Availability of electronic and solid state devices
which mnake it possible to replace nechanical autonotive
parts such as distributors and carburetors.

(3) Sensors and control systens that nmake it possible to
nmoni tor and control nore autonotive functions.

(4 Programmable nature of mcroprocessors allows one to
easily nake adjustnents for the different requirenents of a
variety of vehicles operating in various clinates and con-
ditions.

(50 The ability to perform autonotive system functions
electrically with a very hi gh degree of accuracy and relia-
bility.

These were the significant factors in determning
the objectives and extent of this thesis. e of these
objectives isto investigate the feasibility of performng
ignition and carburetor functions electrically. Another is
to explore sonme of the shortcomngs of present sensor
performance and to determne the needs for future sensor

devel opnent .
1.2 Trends in Autonotive H ectronics ~--

The incorporation of electronics into autonobiles
has been slow due to the trade-offs between costs and
benefit. The first electronics was i ntroduced during the
1930's inthe formof AMradio receivers. During the late
1950's and early 1960's there were attenpts to introduce

electronic ignition and electronically controlled fuel



I njection. Customers, however, did not want such options
and t hey were discontinued.

El ectronics is now being used to control engine
operation in order to mnimze exhaust em ssions and
maxi m ze fuel econony, to nonitor the vehicle perfomance,
and to diagnosis on-board system nalfunctions. In the
future electronics will be incorporated at an increasingly
accelerated rate to provide increased safety and conveni -
ence. Two ongoi ng devel opnents are control of vehicle
notion and drive line control. There are basically three
categories of future applications:

(1) Driver information center: includes displays for noni-
toring the speed, distance, time, tenperature, fuel |evel
generator, battery, and conmuni cations.

(2) Safety control center: includes theft, seat belt, and
oil alarms, brake controls, road condition correction, and
head |ight adjustnents. _
(3) Engine and transm ssion center: includes (see page 1

bot t om).
1.3 overview of t he Project

In this project (Fig. 1) three autonotive systens
are simulated by electronic devices with microcomputer
control. A DC notor is used in place of the engine. The
three simulated systens are (1) the display of engine_
speed (2) the ignition system(3) the fuel injection

system In the traditional car, gears are used to transmt
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te the engine notion fromthe crankchaft (or canshaft) to
the distributor shaft, which opens the breaker points to
control the timng of spark advance ignition. In this
research, a DC notor is used in place of the autonobile
engi ne, and a photo sensor is used to detect the revol ution
of the notor. The signal is used to control the timng of
t he spark ignition. Consequently, by using these simla-
tions, the nechanical constructions of vacuum advance, cen-
trifugal advance, the distributor, and the breaker points
were studied. This provided the basis for nodeling the
autonotive systens with the el ectronic devices as expl ai ned
in chapter MVI. In addition, the carburetor can be re-
placed by an air flowneter and a fuel 1injection system
which consists of a stepper notor and fuel injectors to
neter the air/fuel ratio. The functions of sensors which
are used in this project are introduced as foll ows:
Chapter II - Photo sensor: To detect the engi ne speed. _
Chapter III - Strain gage: To detect the pressure of air
f1 ow
Chapter IV = Oxygen sensor: To detect whether the conbustion
Is conplete or not.
Chapter V.= Air flowneter: To neasure the air flow nass
rate.
The three sinul ated systens are introduced as foll ows:
Chapter VI = The digitized speed engi ne displ ay
Chapter VI1 = The ignition system

Chapter VIIl - The fuel injection system



The results are discussed and evaluated in chapter IX



CGHAPTER 11
PHOTO SENSCR

2.1 Introduction

The behavior of light is explained by two different
theories = the particle theory and the wave theory. S nce
the photoelectric effect is based on E nstein's photon
concept the particle theory is the applicabl e one to anal yze
how a photo sensor works. Phot o devi ces are divided into
t hree categori es:

(1) Light Bmtters: such as an LED which converts electri -
cal energy into optical radiation.

(2) Photodetectors: such as photo di odes and phototransis-
tor which converts optical radiationinto an electrical
si gnal . .

(3) Energy (ells: such as a solar cell which converts

optical energy into electrical energy.
2.2 Photo Detective System

There are two basic types of photo detective
systens. Both types of systens consist of a light emtter
and a light detector which converts the light into an
el ectrical signal. The two types, the photo interrupt and
reflective systens, are depicted in Hg. 2.. This study is

limted to the photo interrupt system A GsAs infrared



LED and a phototransistor are generally used as the |ight
emtter and detector. Thi s systemhas t he advant ages of

fast response, long life, and snmall size.

(b ect Emtter Recei ver

ﬂ
i g
v

3

Emtter Recei ver li:‘_L___"IObj ect

(A Phot ol nt errupt (B) Reflective Type

I
I

Fg. 2 Types of photo sensor
2.3 Phot otransi st or

Bot h the bi pol ar and uni pol ar transistors are sui-
table for use as photodetectors, Like the transistor, a
phototransi stor can have high gains with "transistor ac-
tion". Wen the photons of light strike on the surface of
the base of the phototransistor, they energize carriers,
which contribute a photocurrent in the collector. -- Accor-
ding to Einstein's photon theory, the energy E of a single
photon i s given by

E = hY

If the energy carried by the photon is absorbed by the.
carriers, and it is enough to overcone the energy barrier, -
the electrons wll be injected across the base to the

col | ector.



The injection efficiency depends on the difference

I n the bandgap between the collector-emtter regi on and t he
t hi ckness of the base. Phototransi stor differs from a
conventional bipolar transistor by having a | arge base -

collector junction to collect nore |[ight photons.In
addi ti on, a darlington connectionis usedto obtain a
hi gher photo sensitivity or gain. Thi s however i ncreases
the response tine. These Structures and their equival ent

circuits are shown in Fig. 3

Grcuit Design

Emitter

Base n
\ CI
I

I

P

Col | ector

hlf“

Base (/ \\\ Emitter

Ins

——
E%
®) fn.__/Z_v\

_/:?L
n
o S £
Fig. 3. (A Bipolar phototransistor (B) Photo-Dariington
connect 1 on

1. J.S Jayson And Knight,"Opto-Isolator",Applied Solid
Sci ence, vol.é6. 1976 pp. 119-168




The purpose of this sectionis to denonstrate how
to obtain a digital output signal (H or LOQ. If we consider
the worst case, the tenperature of the environment wll
affect the dark current Icgo and the voltage vgp . See
Fig. 3. and 4. Furthernore, fromthe follow ng anal ysis

the rules of the basic circuit design used to interface the

logic circuit will be devel oped.

il //
ce

FLY —
s\
.§Z_ .
Fig. 4. The basic circuit of photo sensor
v l |
l-CEO 705: BEZ | |
nA 10 Vee2, | Veez on \l
3 . ~4
10 I
702 ‘l VBEE.D‘ff '
10 '\\“
0 | .
]O | Vﬁ? min
| |
-20 © 20 40 60 80 00 Ta( m n) Ta( max)

Ta : the tenperature of environnent

Fig. 5. The tenperature characteristic
(fromthe Data Sheet of Pansonic H ec. Corps)



(1). resistor Rl
the consumng power of LED = (Yoo~ Ve )Vg / Rl <
the rated power of LED

so, R1 >
rated power of LED

(2) . resistor R3

If R3 is increased, the Io, will be decreased. However,

if Igp is too small, this circuit will be easily inter-
fered by noise. In general I.,=0.5-1 ma;
t heref ore,

Vee/R3 < I1C = 0.5~1 ma

(3). hFE and Iz

Because the lumnosity of LED wll decr ease
gradual ly, the gain hgg and Igp nust be set at the
mni numfor the worst case.
(4. for Tr2 off
( IcroMax)t Tci(max) JR2 / A(MIN) < VBE2(off,min)
the val ue of 1c2 , when P.Trl oN
wher e, AMINE
(MIN) tne val ue of 1Ic2 ywhen P Trl CFF -

(5). for Tr2 on

( Icimvy - Ipa(mIn) ) R2 > Vggs(on,max)

Applying these rules tothe circuit inthe Fig. 4., we see
that if the phototransistor Q1 on, the output voltage of
the transistor @2 will be high (4.93v), and if Q1 is off,

the output voltage of @2 is |ow (0.1V).
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2.5 Sumary

There are three processes in photo detection: (1)
carrier generation by incident light, (2) carrier transport
(3) interaction of current wth the external circuit to
provide the output signal. Conparing the use of a photo
sensor with a mcro switch, the photo sensor wll have
foll owi ng advantage: (1) easy to interface with TTL and M35
logic circuits, (2) quick response, (3) accurate, (4)
longer life, (5) smaller volume. The disadvantages are
sensitivity to tenperature and oil spots on the light-
col l ecting el enents which nay change or reduce the life of

t he phot o sensor.
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CHAPTER III
STRAI N GAGE
3.1 Basic Definition

|If a force Fis exerted on a bar along the X- axis,
it should nake balance or internal stress, which is
uniformy distributed over the cross sectional area A
exist inside the bar. The stress S on the plane of section

is HA (Fig. 6.).

D-2D
' A HEEE=
F ’l_ __________ _l._- o F
. L
< L+al

Fig. 6. Stress strain -

The stress induced by the bending nonment is defined
as bending stress. Consider the followng exanple.
Consider a beam which is supported at both ends with a
force acting inthe mddle ( Fig. 7a.). From the free body
di agramt he bendi ng nmonent is

M=Fr /2 , when r < a



At the cross sectional area shown in Fig. 7b., an interna
bending stress develops in order to bal ance the bending
nonent. The bending stress will vary linearly fromzero (at
the neutral axis) to a maxi numconpressive value (at the
extrene top bean) and to a maxinumtensil e val ue (at the
extrenme bottombeanm). See Fig. 7c.

If a beamis bent withinthe elastic range, the
elastic line will have therelation ds = 48 . See F Q.
7b. If the §is very small ,then ds will be approximately
equal to dx. The curvature is defined as 1/p = 48 /ax.

Wien a tensile force is applied to a bar, the bar

E

o

{

|
L1
| b A ‘ ,
oF e WF
—— A o

!
4
i ¢
4
|

(a)

(b)

(c)

Fig. 7. Bending Stress



w Il be elongated. According to the definition of strain

¢ = OAL/L. See Fig. 6. The strain is dinensionless and

it may be either tensile (positive) or conpressive (nega-
tive). See Fig. 7c.. The purpose of a-strain gage is to
measure the strain in a structure.

Fig. 6. indicates there is a contractionin the
transverse direction when the bar is stretched | ongitudi na-
Ily. The equation defining the poisson's ratio is U =

':5'. where €t and €g are the strains in the transverse and
| ongi t udi nal directions.

The shearing strain, ,is defined as the angul ar
change in radians between the two |line segnents that were
orthogonal in the undefornmed state. Sincethe angle is

very small for nost metals,shearing strain is approxinated

by the tangent of the angle (Fig. 8.).

Shear
For ce

Fig. 8 Shear strain

Strain Sensitivity, Sa, is defined as the ratio of
t he fractional resistance change per strain along the
axis of the gage. Strain gage manufacturers usually pro-

vide this calibration constant for each gage

_ AR/R = AR/R
2 AL/L €2 €9 AXi al strain
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3.3 Resistance Change of Metallic Aloy Materi al

The resistance R of a uniform conductor with a
length L, cross sectional A,and the specific resistance
£ is given by -

R =f1/a | EQ.2
Dfferentiating EQ.2, and dividing by the total resistance
R, obtain

- g,ﬁﬁ“dTL‘i—A EQ 3

|f the diameter of the conductor is de, than the dianeter

w |l change to df (EQ4) after the stress applied:
dp= d(1- T = 4

therefoOre,

dA . di—g’ _ 2 gl 2 dL
) -—‘d:_d _—26%+TS<%L—->%-2\YT EQ. 5

Substituting EQ5 into EQ.3,cbtain

dRR:j)f 4 dLL('7+2U) EQ. 6. _

Fromthe definition of the strain sensitivity of the netallic

al | oy, we get

of
'SA:_pG@=7+2(}'+ —Zd€ EQ. 7.

34 Resistance Change of Sem conductor Materi al

Basically the sem conductor strain gage consists of
asmall, ultrathinrectangul ar filanment of a single crystal

of silicon, which is wusually a electrical anisotropic
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material nounted on a carrier (like a diaphragm) to
sinplify handling. The resistivity frof a single-crystal

sem conductor is given by

ﬁ, = l/eN/A

where e = electron,or hol e charge

pd
[l

nunber of charge carriers depending on

concentration of inpurity

/A = mobility of charge carriers.

The strain sensitivity of the semconductor naterial wll
be \

sa =1+ 2Y+ ssc, Ssc =%/e
where Ssc isS piezoresisitivity of sem conductor naterial,
and the term 1+27 i s due to di nensi onal change. Conparing
the strain sensitivity Sa of semconductor wth the
netallic alloy, the value of Ssc is from40 to 200, which
is larger than the value of netallic alloy(see Table 1), so
the semconductor strain gage will be nore sensitive than

netallic alloy. Because the differential pressure of pitot

tube (discribed in chapter V) is very snall, it needs
nmat eri al conposi tion % Sa
Advance 45 Ni, 55 Qu 2.1
N chrone V 80 Ni, 20 O 2.1
| soel astic 36 Ni, 8 O, 0.5 Mo, 55.5 Fe 2.1
Kar na 74 Ni, 20 O0 2.0

Table 1. Strain Sensitivity Sain Metallic Al oys

2. James W Dally and WIliamF Riely,Experimental Stress
Anal ysis, New York: McGraw-Hill,Inc. p.123. 1978.
3. James W Dally and WIliamF. Rely, P 155.



a very sensitive strain gage to detect and transfer the
pressure signal electrical signal. This is the nost
significant reason why we chose the sem conductor strain

gage as the sensor in the flow neter.
3.4 Tenperat ure Compeunsation

Wen the variations of tenperature are very | arge,
the strain gage will be elongated by the thernmal expansion;
therefore, for the precise neasurenent the tenperature
conpensati on shoul d be consi dered due to the | arge tenpera-
ture variation (50°) in the conpartnment of engine. Fortu-
nately, a nethod of Wieat stone bridge (as shown in foll ow ng
par agr aph) can sol ve the probl emw thout adding any extra

accessory, which could increase the wei ght of the car.
3.4.1 Wheatstone bridge Qrcuit

Considering the circuit of Wieatstone bridge (Fig. 9)

B
/ Rl z v
A C BD
\1’;;4 Ri ‘
N
D
! %
L ;Mll:

Fg. 9 Weatstone Bridge Qrcuit



t he voltage v,y drop across R1 is

-— R1 v

VaB= R + ®3 (a)

and similiarly the voltage vap drop across R4 is

- R4 (P)
Vao = mF ra Y

The output voltage v vyields
Vep = VaB - Vap (c)
Substituting EQ (a)(b) into EQ(c) , obtain

V.. = —RIR3 - R2R4 Y
BD T (R1+R2) (R3+R4) EQ 8

| F R1R3 = R2R4, the output voltage vgpw !l go to zero, and
t hen change each val ue of resistance R1, gz, R3, R4 by an
I ncrenental anount AR1, AR2, AR3, AR4. The variation of

output voltage v_.. can be obtained from EQ 8, which

BD
becones
AV = {R1+OR1) (R3+AR3) = (R2+AR2) (R4+AR4)
BD — (R1+AR1+R2+AR2) (R3+AR3+RA+DRE) EQ. 9.

By expanding EQ 9, neglecting second order terns, and
noting that R2/R1 =r and R1R3 = R2R4, EQ 9 will becone

_ r ARl _OR2, /R3_AR4
AV @3 PRI  R2T R3O R EQ 10

Let the circuit sensitivity is defined Sc = Avgp y -
S

therefore the circuit sensitivity of wheatstone bridge is

_OVgp_ ¥ _r ARl _AR2 | AR3 _AR4
S¢ = === Rz 1 =7 EQ 11.

€ Q+r2\R1 R3

| f you use strain gage in place of Rl as the active
strain gage, which is used to neasure the strain at a given
poi nt, and use another strain gage in place of R2 as the

dummy gage, which is exposed to the sane thernal environnent



dummy gage which is exposed to the sanme thermal environent
with the active gage in a Weatstone bridge circuit. The
difference is that the dummy gage is nounted on a snall
bl ock, which has no received stress. Hence, the variation
of resistance in the active gage is
ORL _fRe LRy
Rl ~ R1 R1 EQ 12.

where R is the change of resistance due to the exerted
force, and R 1is due to the tenperature change. However,
in the dummy gage the change of resistance is due to a

change i n tenperature al one because no force is exerted on

it; thus,
AR2 _ AR+
R2 — R2 EQ 13

Substituting EQ 12. and 13. into EQ 10. if we choose
Rl = R = Rg which is the resistance of strain gage, it is
obvi ous that the &Ry terms are canceled out fromEQ 14. and

the output signal still is sane as EQ 10.

- r (ARe &Ry ARy AR3 AR4
Agp =Vt R R R R ®Y)

EQ 14.
From the EQ. 14, we can see that the tenperature of

environnment will not affect the result. I n the same nanner,
If two strain gages are nounted on the surface of a
circular diaphragm clanped by two cylinders, then the
strain gage w |l have tenperature conpensati on as descri bed

in the following paragraph.
According to the stress distribution of the

circular plate (see aaAppendix F and Fig. 10.;, when r equal s
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to 0.629a, the stress is zero, i.e., this point acts like a
dummy position, where the tenperature is the sane as the
center of the diaphragmand doesn't have any stress.

Therefore, if we set one wheatstone pridge circuit on the

circular plate by putting one dummy strain resistor at r =

0.629a, and putting active strain

» Or5Ct
3V)9q° |
2 ' 2
8h i 35@
4 7 h?
I
i
~ 2
_334
4 R
NOTE:
a = diameter of circulr plate g = load intensity
h = thickness of circular plate 4r= poison ratio
6 = tangential stress {,= axial stress
r = 2 X distance from cent er

Fig. 10. Stress Dstribution in Qrcular Plate

~ FHg. 11. Strain Gage Munted on surface of circular
di aphra%m w th Tenperature Conpensation in the Weatstone
t

Bridge Qrcui



resistor at the center of the diaphragm we will get a
strain gage of tenperature conpansation (Fig. 11.) w thout
adding a auxiliary circuit.

Because the strain is induced by the stress, the
external load (or pressure) has a relationship with the
output voltage of the strain gage as shown in the
follow ng. Those strain gages, which are products of Onega

Engi neering, Inc., are used to nmeasure pressure.

Specification of strain gage (from Qrega Engi neering, Inc)

output: 1 to 6 Vdc

Linearity: + 1.5% Full Scale

Conpensat ed TenFerature Range: 0 To 145 F
Response Tine: |ns

Gage Type: Solid State Piezo-Resisitive

D aphragm Material: 10 inch Square Silicon Chip.

parts # | Range(PSI G Sensitivity (V/PSIG)
T -5 10 O T.0
2. -15 to 0O 0.33
3. 0 to>5 1.0
4. o to 15 0.33
5. o to 30 0. 167
6. 0 to 60 0. 083
7. o to 100 0. 050
8. 0o to 125 0. 033

Table 2 Specification Data of Strain Gage
Fromthe Table 2., the advantages of sem canduct or
strain gages are (1) linear (2) a wde range of tenpera-
ture conpensation (3) many different ranges of pressure

and sensitivity available (4) small size (5) quick response.



CHAPTER | V
OXYGEN SENSOR
4.1 | ntroduction

The main reason for inconplete combustion in the
engine is that a perfect air/fuel ratio was not achieved.
Wth a perfect air/fuel ratio, there would be just enough
oxygen to burn all of the gasoline. Therefore, a sensor
is installed at the exhaust pipe to detect whether conplete
combustion t ook place, and to inform the computer, so the
rate of injected fuel can be adjusted. This sensor nust
nmeet the follow ng requirenents:

1. Small in size and light in weight.

2. Stand hi gh tenperatures.

3. Cenerate a signal large enough to be easily detected.

4. Long life.

These requirenents are difficult to neet, because of the
hostile environment in the exhaust pipe. The ceranmc solid

el ectrol yte oxide cell can neet all these requirenents.
4.2 solid oxide cel
4.2.1 Basic concept

There are two reasons why the zirconia electrolyte

was chosen for the oxygen sensor (Fig. 14.). One is that



it has a reasonabl e el ectrical conductivity at high tenpe-
rature, the other is that it will generate a voltage when
It is exposed to enviroments of different oxygen concen-
trations. The conductive nechanismis described as fol-

lows (Fig. 14.). Wen the zirconia electrolyte i s exposed
to oxygen, it becones a carrier of free electrons. The
pl ati num plate nearest the atnosphere is exposed to nore
oxygen, so it has nore electrons, i.e., it has oxide re-

action (at the anode) :

2-

h the contrary, the plate nearest the exhaust gas

encounters fewer atons of oxygen, giving it a positive

charge, i.e., it has reductive reaction (at the cathode):
o, * 4e— 202" ;

therefore, if the two plates are connected into a conpl ete

circuit, current wll flow The characteristic of the

zirconia electrolyte will be discussed as fol | ow ng. -
4.2.2 The Characteristic of zro,

Zirconitum oOXide (zrO, ) is a non-conducting nate-
rial which undergoes two transfornations. ne is the change
in crystal formfromnonoclinic(Fg. 12.) to tetragonal
(Fg. 3 . i.e., the polymoric transition, when the
temperature i s changed fromlowto high. The ot her occurs
when cao, or Mgo is added to 2ro,. It then transforns to a
cubic fluorite structure which is a stable material.

The stabilized 2rc¢, has high conductivity at



>

.

Fig.12. Monolinic Qube Fig. 13. Tetragonal Qube

2- .
el evated tenperature and X-rays show the presence of o ion

vancancies in the crystal lattice. Wen zro, is doped wth

2
oxides of netals having a | ess than 4 val ence, many anion
vacancies will occur and raise the conductivity. Further-
nore, a nunber of experiments of adding Ca and Y in

t he zro show they can stabilize the zro, over the w de

2 ]
range of tenperature. Wien the concentration of Y is at 8%
and at about 12%Ca, there are about 7.5% of possi bl e anion

si tes vacanci es.

Kingery and co-workers used the diffusion of oz'ii
SOtgpe through (3r0,), g5 (Ca0)y 5 and obtained the
following results:

1. The diffusion coefficient of 02_ | ONS is suffi=
ciently large to account for the entire observed
conducti vity.

2. The resistance was found to be i ndependent of

the partial pressure of 0, , anda to depend only on the

o ion conductivity.

4. Janes Patrick Hoare,The H ectrochemstry of xygen
New York: Interscience Publisher, 1968, pp 105-110
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3. The resistance of (zrc,)y, 35 +(Cal)y, 15 IS about

15 ohm-cm,and of (Zr0jz), o $(¥505305 1 9 ohmcm

4.3 | npl enent the xygen Sensor

To i npl enent the sensor, the contact surface of the
sensor and exhaust gas nust be wide , the distribution of
the gas can be honogeneous to spread on the sensor, and
the gas can be absorbed by the sensor. Therefore, the
sensor s coated wth a porous material Al>03 on the
surf ace. Al so, in order to obtain a honogeneous spread of
the exhaust gas deposit porous platinum,which is difficult

to be oxided , at each side of the electrolyte = zro,-cao,

Exhaust Gas

Al,0,4
<&
= Pt el ectrode (-)
Atmosphere
Solid Pt el ectrode (+)

Bl ectrol yte
ZrCZ-CaO, ZrOZ-Y203 -Fe03
Co 1% ngO

Fig. 14 oxyger sensor
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Zr0,-¥,C3-FeO3, and Co;_yMg,, as electrodes (Fig. 22.)
Consequently the behavior of the sensor is like a switch
(Fig. 15.). Wen the mxture is richer than sw tch point,
where AF ratio = 14.7(or called Stoichionetric ratio, the
output voltage of oxygen sensor is high, and when the

mxture is leaner than switch point, the output is 1low.

900~

il ’_\ Switch point
Rich

700 r'

BO0 —— ~——m e — g e -

500 —

Voltage {(mV)

400+
Lean
300}

100
| 1 i L f
13:1 14:1 14.7:1 15:1 16:1

Air/fuel ratio

Fig. 15 Sensor Voltage Qurve ( Courtesy of General
Mot or s Cor poration.)

4.4 The Catal yst Converter

Wat is the catalyst ? A catal yst is a substance
that increases the rate of a reaction wthout being
consuned. |t nay forman intermediate with one or nore of
the reactants. The internediate t hen deconposes to formthe
products and to regenerate the catalyst. |t just provides _
a pathway with a | ower energy barrier between reactants and

products, and has no effect on the position of equilibrium



28

Ener gy
uncatalyzed
reactants / pr oduct s
catalyzed
time

Fig. 16. The Effect of catalyat

as showin Fg. 16.

| f the autonobile is installed with the catalyst
converter at exhaust gas system the emssions of carbon
nonoxi de, hydrocarbons, and nitrogen oxi des of the exhaust
gas, which are the sources of air pollution, can be
converted to harnm ess gases. The catal ysts in the converter
are primarily platinumand pal |l adium deposited in a thin
| ayer on a porous naterial that has a very large surface
area. Sone of the reactions that occurred in the reducing
converter are

2C0 + 2NO

N, t 2C0
3H, + 2NO ———=2NH *t 2H,0

2H2 + 2NO

N, + 2H0

CO + H,0 CO, + H,
Sone of the reactions that take place in the oxidizing
converter are

2CO + 0, ———==2C0,

4HC + 305 —== 4CO + 2H,O

2H, + 03 ——==2H,0
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4.5 Applications of (xygen Sensor and Catal yst Converter

(he autonobile nanufacturer developed a control
system using the oxygen sensor and the catal yst converter
to clean the exhaust gas and control the AF ratio.

Fromthe Fig. 15 and Fig. 17. the generating vol -
tage of oxygen sensor is abruptly decreased at the stoi-
chionetricratio AF = 14.7. This is the theoretical value
of a perfect conbustion reaction. A so the catal yst con-
verter is controlled so that it can obtain the highest
cl ean efficiency when the AF ratio reaches the stoichiome-
tric ratio. According to these relationships, it is easy to
control the AF ratio in the processor. |f the air fuel
ratio is not right at the stoichiometric ratio, then the
conbustion wi Il be inconplete; therefore, the oxygen sensor

wll generate the correlative voltage (H, or LO totell

100+

)
o
|

)
o
I

&
T

Percent conversion efficiency

l
!
i
}
b
|
!
i
|
!
i

l
o
!
1

Control zone

X
o
I

|
0 Rich Stoichiometric Lean

Air/fuel ratio

Fig. 17. dean Efficiency of Catal yst (courtesy of
General Mtor Corps.)
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the conputer to correct the quanties of injected fuel,

until the output voltage of oxygen sensor at the swtch
point which a/F ratio = 14.7, so that the catal yst conver-
ter can obtain the highest clean efficiency. The block
di agram of the emssion control systemis show in Fg. 18.
The exhaust gas nust pass the oxygen sensor before passing
the catalyst converter, because the exhaust gas wll be

converted to another gas in the catal yst converter.

air air flo oxygen

--==lTRt er — sensor

enginej-

Fuel __J.- #

{ injection|
catalyst |
converter.

L——— microcomputer iﬁ

exhaust
gas

Fig. 18. Emssion Gontrol System --

If the response tine of an oxygen sensor is not
consi dered, ,the interface circuit of the oxygen sensor wl|
be realized by two voltage conparators, which can provide
two bits‘mfdaia to the conputer. To sinplify the oxygen

sensor, the oxygen sensor wll be replaced by two sw tches
in the simulation Of the fuel injected system (chapter
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MIl): therefore, the status of two swi tches will produce
two bits of data into the conputer. The simulating
processes are shown in table a, and the circuit is show in
F g 19.

out put SW1 SW 2 DATA BITS COWENTS

vol t age

at switch off of f 00 right Af

poi nt ratio

H of f on 01 heahure t oo

LO on of f 10 m xture too
rich

Table a. The status of oxygen sensor

5V
wo
1/0 I
PORT [BrT T 1o ST
1k
MD- 1 / i
wIcro-| BT 2 TRV Swz 1
COWUTER

Fg. 190 Snmulated Grcuit of kxygen Sensor



GHAPTER V
FLON METER

5.1 Introduction

A variety of flow nmeasurenent techniques suited to
gas, liquid , or slurry nedia have been devel oped. These
nmeasuri ng systens nay be grouped as foll ows:

1. conbining differential -pressure fl owsensing el enent
and strain gage |ike Venturi tube, pitot tube which can
nmeasure the differential pressure.

2. using mechanical flowsensing elenent like a float in
variabl e area or spring-resistance plug turbine.

3. using electronagnetic flowrate tranducer

4. using the ultrasonic device, if the flownedia can
transmt the soni c wave. -

In the autonobile, it is inportant to control the
air/fuel mxture for cleaning the exhaust gas, which is
di scussed in chapter 1V, therefore, howto neasure_the air
flow nass rate accurately and to interfacé' W th
mcroconputer to control the fuel injectionw |l be very
| nportant . (onsi dering the environnent of the engine
conpartent, there are sone difficulties attached to inpl e-
nenting the flowneter: (1) the high tenperature which wll.
affect the accuracy of the neasure instrunent (2) snall

space in the intake nmanifold, (3) physics quantities nust



be large enough to be picked for neasuring (4) easy to

interface with the conputer.
5.2 Basic Goncept

According to the difficulties discussed in the
previous section, it is best to choose the pitot tube
as the sensing elenent of the differential pressure of the
air floww th semiconductor Strain gages as the tranducers,
which can tranduce the differential pressure value to the
electrical signal, and has high strain sensitivity (see
chapter III). Note two strain gages are used to detect the
static and dynamc pressure of the pitot tube as show in

t he bl ock diagram(Fi g, 20.).

strain gage 1 for
static pressure

ldifferential
amplifier

Pitot Tube ‘

A/D converter]
strain gage 2 for ¥
total pressure micro-

computer

FHg. 20. Block D agramof H ow Meter

At the beginning, it is necessary to anplify the
signals of strain gage with a non-inverting anplifier if
the signal is so small that it could be interfered with. "
However, if the signal is |arge enough , the non-inverting

anplifier can be omtted. Then use a differentia
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anplifier to obtain a differential voltage, which can be
converted to digital signals by a AID converter. Finally

interface the A/D converter with the mcroconputer.

5.3 pPitot Tube

For a non-viscous, irrotational, and steady two-
di rensional flow, the Bernoullis equation (EQ. 15.) can be
represented for each point along a streamli ne.

2
P v —
rg T 25 14 = CONST EQ 15.

where rg is specific weight, v isthe velocity, and Pis

the pressure. Atypical Pitot-tube (Fig. 21.) consists of

one dynamc tube surrounded concentrically by a closed
outer static tube with annular space in between them. spmall
holes are drilled through the outer tube to measure the
static pressure. VW detect the static and dynam c pressure
at the sane height, sothe z termin the Bernoulli's e-

quation can be omtted. As aresult, the EQ 15 wll become

2 _ P2
Pl V) T —
rol 29 ~ g2 + O

whi ch show the relation of pressure and velocity. Note that

FQ 16.

( )
¥
1
. T ~d
b PT— f B )
— 4 - i ~
—— A= —— 1
- Z 4__@ Lt 29
P2 % /|
Vo =0 % /)

Fig. 21. Pitot Tube



the dynamc tube in the center nmeasures the total pressure
which is the sumof the static pressure and the dynamc
pressure. According to the pressure-velocity relationship

EQ 16, obtain

V, = 2 (P1-P2) EQ 17

’ o
where rg =}°¢q, the density of air.
The termof (P1-P2) can be nmeasured fromtwo strai n gages;
therefore, the velocity of the air flow can be obtained in
EQ 17. For the steady flow, the mass flowrate mwll be

n = fAv EQ 18.

where A IS the pipe area.
Substituting EQ 17 into EQ 18, then obtain

n = A/z(P:L-pz)ja EQ 19.

whi ch can showthe relation of the air flow mass rate and
the different pressures. (Consequently, if we know the
tranducing characteristic of the strain gages, it is easy
to find out the relation of the air flow rate and the
el ectrical signal (voltage), which has sone exanpl es shown
in Table 1 (P. 21.) N

54 Ar Flow Meter in the Autonohil e

For four or nore cyclinders (and a four stroke

. 5
cycle), the flowis considered steady and equal to EQ 20._

5. BEdward F. oert Tnternal Gonbustion Engi nes, 1943
Scranton: International Textbook Conpany, p3s7.




ijDlx n

B
i
=X

1728 x 2 x 60 (lb/sec) EQ. 20.
wher e -t ; volunetric efficiency.
V= ma See Note 7
mt = actual rmass of air inducted per intake
) stroke
ma = theoretical mass of air to fill the piston
di spl acenent, vol une _ 3
jﬁ = density of the atnosphere air (1b/ft”), the
typi cal val ue as shown in table 3.
n = speed of engi ne (rpm) 3
D = displacenent of engite (volume, in’)
at nosphere (in.Hg) (1b/£t)
30 0. 0764
29 0. 0739
28 0.0713
27 0. 0688
26 0. 0622

Note: the tenperature is 60°F
Table 3 Density of the Atnosphere Air
Note 1.

Wsual |y the. value of 7@ S dﬁgended on the speed and
the time of opening valve (Hg 22 For example,
consider the case where the inlet valve closes at 40
deg after BDC At very slowspeeds, the charge of air
inducted when the piston reaches BDC would again
approach m. But nowthe pistonrises on the return
(conpression) stroke, and sincethe inlet valve is
still open, a part of the inducted charge is pushed
back into the inlet manifold. A unit air charge oOf
only m would be inducted (as the limt at zero speed).

However; as the speed is Increased, the pressure drop
from at nosphere to cyl i nder increases since the piston
is nDVInﬂ aster. Because of this pressure difference,
air rushes intothe cylinder and the air colum in the
infet nmanifold is accelerated. Wen the piston
aﬁproaches BDC the cylinder pressure is rising toward
the pressure at the inlet ports, and this pressure is
being reinforced by the nonentumof the air colum in
the inlet nanifold-by the deceleration of the air
colum. Consequently, as the piston first dwell at BDC
and then returns on the conpression stroke, charging
continues wuntil cylinder and inlet port pressures are
equal . Thus the air charge increases wth speed
increase (¢cto D, Fig.22.), Wth further increase in
speed, fluid friction | osses becone greater than the



gain in delay charging, and the air charge decreases (D
to E, Fig. 22.). Note BDC BottomDead Center.

3 3
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!I
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v
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|
:
O3
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Invau‘CBIé:Eos 85" |ntake°CB|85cas *

UntA E (g lbperstioke
3
£

Intaze

Cioses F

Intase
Cioses C

G -
Average Piston Speed. ft min ér:(t]il: ) 80C

Fig.22. The Effect of inlet valve tining on the air Charge
(from Edward F. Qoert, P.478.)

Set EQ 19 = EQ 20, then

- afoionp - LJar Do
m = Af2(e1pnlf, 1728 x 2 x 60

and,

P=ﬂx(ﬂxDxn)2 EQ 21
8.6 x 10 A

where, Ais the area of | ntake manifol d.

Suppose a engine, whose specification is shown as

following, is sinulated in this project,

D=110in = 1800 c.c,

n =400 rpmto 8000 r pm

S = 0,0739 1b/in, _ _
d=21in the dianmeter of intake nanifold

A = Tt in2 . . . . - -
z/: 1 (considering in the ideal condition)

then by EQ 21. obtain table 4.

5.5 Arcuit Design of F ow Meter

6. Edward F. Opbert, PP 470-478.
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5.5.1 The Non-Inverting Anplifier

For the non-inverting anplifier (Fig. 23.), the
gain of the voltage is
Vo - RI1+RE Rf

% - —®”L - ®Rr t! EQ 22.

It is inportant to note that the output voltage of op anp
will be clanped at Vsat if the magnitude of the output is
over the rated saturation voltage, which is provided by the
manuf acturing conpany. |f the output signals of strain gages
is large enough and no noise interferes, we can directly

connect the strain gages to the differential amplifier.

R
BN

Fg 23 Non-lnverting Anplifier

5.5.2 Dfferential Anplifier

There are two nethods to obtain the differential
vol tage of two tranducers. (he is by using the differential
anplifier as shown in Fig. 24., and the other is by rever-
sing the connection of Weatstone bridge circuit as shown
in FHg 25.

Dfferential Voltage by Integrated circuit

Inthe differential anplifier (Fig. 24.), if we choose



Rl = R2 and R3 = R4, the output wll be

R3 R4
V, =—(Vs2 - Vs} ) =— (Vs2 - Vs) ) EQ 23.
Rl R2

where v, will be different output voltage of two strain gage

(Vs2, Vsi) (or two non-inverting anplifier).
R3
WA

RI
A 2
+ > -+
[ Rz !
V1 CPVQ R4

Fig. 24. Dfferential Awlifier-

=~

il

Dfferential Voltage of two Wieatstone Bridge Grcuit

In the sanme manner if two Wieat stone bridge circuit
are connected as in Fig.25., the differential voltage of two

strain gage is ¥ -

TRANSDUCER A -

+5VvDC
G

+ OUTPUT

5V COMMON
or———]
\s

Yo

- ouTRUT

TRANSDUCER 8

Fig. 25. Dfferential Voltage of Two wheatston Bridge
Grcuit ( From Measurenent Handbook,
Orega Engi neering, Inc. 1986)




5.6 Data Acquisition of AID converter

Usually the AD converter has the limtation of
I nput vol tage range, so we nust adjust the differenti al
voltage of the previous state to be accepted by the AD
converter. |If we use an 8 bit converter, the air flow nmass
rate can be divided into 255 steps (see Appendix B), so
that each step of air flow nass rate which can be program
ned to obtain the correlative quantities of injected fuel,
and which is stored in the storage area in the computer, (
descri bed in chapter vIiII).

Sone conpani es al ready have sone integral circuits
of the differential pressure gage with two semiconductor
strain gages such that the products of Qrega Engi neering,
Inc. |If adifferential pressure gage ( model: PX83-015DV,
Fig. 26,), which sensitivity is 1 volt/PSID, is used in
this flowneter, the data of this flowneter is showh in
Tabl e 4. Note the sinmul ated engine is the same as in the
previ ous section. Substituting the specification data of

the simulated engine into EQ 20, and 21, obtain
ma = 3.9 x lo—sx n
and AP = 2.188 x 10°x n?
Due to the circuit sensitivity of the differential pressure
gage i s
ScC = v/ap = 1 volt/PSID ,
where PSID = differential pressure in 1b/in2 ,

so t hat V = 2.188 x 10X n?



Inthis project, the differential pressure gage is
repl aced by a DC source, so that the characteristic curve
of the differential pressure - voltage in the flow meter

can be simulated by the DC source (Fg. 27.)

air | nt ake
—— ﬁl Manifol d
“J\Pitot Tube

Strain Gage 1
/ g
‘ . 1/0 PCRT
Modle + AD o MMD-1

PX83-015 DV | W Converter

FHg 24. Arcuit of Fl ow Meter

Vol t age
Met er
‘ R A/D
converter N I/0
DC sourcel = W 8\ PCRI
MMD-1

Fig. 27. Smulation AQrcuit of the Fl ow Meter



Speed
(rpm)

600

700

800

900
1100
1200
1300
1400
1500
1600
1700
1800
1900
2000
2100
2200
2300
2400
2500
2600
2700
2800
2900
3000
3100
3200
3300
3400
3500
3600
3700
3800
3900
4000
4100
4200
4300
4400
4500
4600
4700
4800

ma
(1b/sec)

0.02352
0.02744
0.03136
0.03528
0.04312

0.04704

0.05096
0.05488
0.05880
0.06272
0.06664
0.07056
0.07448
0.07840
0.08232
0.08624
0.09016
0.09408
0.09800
0.10192
0.10584
0.10976
0.11368
0.11760
0.12152
0.12544
0.12936
0.13328
0.13720
0.14112
0.14504
0.14896
0.15288
0.15680
0.16072
0.16464
0.16856
0.17248
0.17640
0.18032
0.18424
0.18816

PSD

(1b/ft )

7.8768
10.7120

14.00043

17.7228
26.4748
31.5072
36.8772
42.8848
49,2300
56.0128
63.2332
70.8912
78.9868
87.5200
96.4908
105.8992
115.7452
126.0288
136.7500
147.9088
159.5052
171.5392
184.0108
196.9200
210.2688
224.0512
238.2732
252.9328
268.0300
283.5648
299.5372
315.9472
332.7948
350.0800
367.8028
385.9632
404.5612
423.5968
443.0700
462.9808
483.3292
504.1152

(1b/in)

\%

0.0547
0.0743
0.0972
0.1231
0.1838
0.0218
0.2567
0.2978
0.3418
0.3889
0.4391
0.4923
0.5485
0.6077
0.6700
0.7354
0.8038
0.8752
0.9497
1.0271
1.1076
1.1922
1.2778
1.3675
1.4602
1.5559
1.6546
1.7565
1.8613
1.9692
2.0801
2.1941
2.3111
2.4311
2.5542
2.6803
2.8094
2.9416
3.0768
3.2151
3.3565
3.5000

Table 4 Data of Flow Meter

Voltage
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GHAPTER M
D @ TAL ENG NE SPEED D SPLAY

6.1 Introduction

Knowi ng t he engi ne speed is useful information for
the drivers, who can check the power of the engine with the
revol ution speed to | earn the performance of their car. A so,
t he revol ution speed of the engine can be transferred to the
linear speed of an autonobile by the software of the
m croconputer, or by the hardware of the logic circuit. In
the autonobilethe digital display will gradually replace
the anal ogue display of mechanical type in the future.
Wsually, there are three ways to realize the digital speed
neter in the autonobile engine. The first is to pick up the
current pul se frequency of the coil by the current trans-
forner. The second is to pick up the pul se frequency of
secondary voltage of the coil. The last is to use the
magnetic naterial attached to the shaft of the distributor
(or to the fly wheel) because the pul se of the currght and
of the voltage in the secondary wnding of a coil and the
speed of the distributor shaft (or fly wheel) have a rel a-
tion to the crankshaft speed of the engine. In this
research a photo sensor is installed to pick up the revolu-
tion signal of the notor fromone slot cut in the fly mheel,ﬂ

whose speed is equal to the speed of the engine crankshaft.



Wien the slot of the fly wheel passes the photo sensor, it
wll create a pulse to trigger the counters (SN 7490). Al so,
according to the sanple hold tinme, the contents of counters

wi || appear on the display.
6.2 Signal Sequence of the Speed D spl ay

The digital speed display is inplenented by a | ogi-
cal circuit which is actuated by a photo sensor. Besides
the interface circuit of the photo sensor, there are a time
gate to control the sanple hold tine, counters (SN 7490), a

one shot multivibrator (OSM, SN 74123), decoders

to detect the slot signa

PHOTO on the flywheel (see
SENSOR chapter II)
TIME
Gate
555 & , _
SN 7490 to obtain the H-LO digital
PNP 291 si gnal
TRANSISTOR
‘ ' t o count the frequency
1/2 ! SN 7490
SN 74123 CONTER
OSM !
SN 7475 to latch the data
enabl e LATCH
1 {
1/2 reset] SN 7447 t o decode hex to deci nal
SNl 74123f DECODER
OSM

To show t he val ue of
) t he speed on the displ ay

SEA The seven segnent di spl ay
5714 PE I S a commbon anode _
DISPLAY

Fig. 28. Signal Sequence of the Speed D spl ay



(SN 7447) and seven segnent displays (conmon anode). The
flow chart of the signal sequence is shown in the Fig.

28. and the circuit is shown in Fig. 29
6.3 Time Gate

Because the engine speed is unstable, the sanple
hold tinme of the speed neter should be chosen appropri ate-
ly, so that the display is not changed so rapidly that the
value is difficult to check, and so long that it could
| ose accuracy. |If we consider the sanple hold tine is 6
sec, then the engine speed (inrpn wll be 10 tines the
val ue shown on the display, because 10 tinmes 6 secs i S one
mnute. Fromthe timng chart of the tinme gate (Fig. 31.)
when the 6 sectine gate is in falling edge, the pulse
counter needs a pulseto enable the latch 8N7475s to
release its content to the decoders, and then issue another
pulse to reset all counters to zero for the next cycle;
t herefore, an SN74123 which has a dual one shot multivibra-
tor is wused to produce these two triggering pulses. Now
a problemarises in obtaining the 6 sec tinme gate.

consider an astable 555 tinmer, which is often-called
a free-running multivibrator because it produces a
continuous train of rectangul ar pulses? According to
the astable operation circuit of the 555 timer (Fig. 30.),

it needs a very large resistor Rb 4.32 Mohm (when Ra is 500

7. Albert P Ml vino Electronical Principles, third
edition, (New York: McGawH Il Inc., 1984) pp.630 - 650.
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and Cis 1 uF, EQ 24.) to obtain a 6 sectinme gate. It's

period T issued by the tinmer is

1.44
T = EQ 24
(Ra * 2Rb)C

and the duty cycle is
Ra + Rb

D= (WT) x 100 § = ——————— x 100%
Ra + 2RDb
If Ra is nuch smaller than Rb, the duty cycl e approaches 50

per cent .

+Vee

555

[]

Fig. 30. Astable tiner circuit

signals of - KL
phot 0 sensor .flj1jlj%f
// fe— 6 sec**

time gate _J
enabl e
SN 7475 ~1

cl ear
SN 7490 rT,

Fig. 31. Timng Chart of the tine Gate



|f a pul se counter, which can count from1l to
1000 i s connected wwth the tiner to count the smaller pul se
issued by the tiner, then the time gate is 1000 X pulse
wi dth of the tiner. On the other hand, after 1000 pul ses,
whi ch period is 6m sec, have gone into the counters, then a
falling edge of the 6 sec tine gate will appear on the
third counter (SN7490). Note the pul se counter consists of
t hree SN 7490s, which can count from1l to 10 and which are
connected in series, so that it can count from1l to 1000 to
obtain the 6 sec tinme gate. Then the falling edge of the 6
sec tinme gate will trigger the first OSMto issue a square
wave to enable the latch SN 7475, and at the sane tine, the
first GSMw |l trigger the second GSMto clear all contents
of counters to zero. A conplete circuit of the digital

speed display is showmm in Fig. 29



CHAPTER M |
SI MULATI ON G- ADVANCE | GNI TI ON SYSTEM

7.1 Traditional Advance lIgnition System

The conponents of the conventional ignition system
Fig. 32. include an ignitioncoil, anignitionswtch, a
resistor, a distributor which houses the breaker points, a
cam a condensor, a rotor, spark plugs and advance necha-
ni sns (see Appendix A. I n this conventional system, it is
j ust adequate for | ow and nedi umspeeds and | oads, but when
the speed is high, its drawbacks becone apparent as fol-
| ow ng:
1. Poor performace at high engi ne speeds because of-

current limtations and inertia(point bounce) caused by

t he mechani cal breaker points. B

Starter Bypass

!grition and

Starter Switch Resistor

Distributor 5 =~
Cao 773

e
- ’
~
P S 'r I\‘/ 1 \,
!
7 7 ‘
\ “y

Primary Secondary

,Fiber

- —" O
Breaker F——7p - <l
Points G S
e Cam {8 lobe} Induction
Cail
Spark  —

I Condenser Plug -

Fig. 32. The Conventional Ignition System
(From Edward F. (obert, P. 532)
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2. Relatively a short life of the breaker points because

of high current flow at | ow speeds.

3. Rel atively short life of the spark plugs because of

t he hi gh energy di scharge at | ow speeds.

4, Poor starting because of slow -opening of breaker

poi nts at cranki ng speeds.

Most of these disadvantages are caused by the inefficient
nethod of interrupting the primary circuit = the mechani cal
br eaker points.

I n addi tion, since the conbustion of fuel does not

take place at the sane tine as the spark firing, in order
to obtain the best power with the | owest fuel consumption,
the spark should occur before the piston reaches the top
dead point in the conpression stroke. Mst autonobile
engines, in order to nake the ignition advance, are
equi pped w th two mechanismg (1). the vacuumadvance (2).

t he centrifugal advance.

/’ Economy Spark Agvance

[
o

40 + T T -‘
- b — -
//’ r Part Throttle and T~ ~a ~ L

, | |
é
{

/ f
/ |
i .
!

r~
L=

Centritugal and Full
tasa Engine Curve

; H

’ } [ ‘i

‘LC 20 30 40 El] s 75 80 30
Sgeea. mub

s
e

Spark Advence ((A")

Fig. 33. Perfomance of Advance Mechani sns
(From Edward. F. Cbert, p. 535)
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advance (see Appendix C and these effects of advance

mechani sns' performance are shown in Fg. 33
7.2 Basic Concepts

Because the electronic industry is making great
progress, many mnechanical parts can be replaced by sone
el ectronic parts. The advance nechani sm and breaker poi nt
are replaced by a mcroconputer, a photo sensor, and a few
transi stors. Perhaps, if this new system(Fig. 34a.) is
successfully installed in the autonobile, it can be
integrated as a special mcroprocessor, which can be
produced for sale in a large quantities. The timng chart
of the newignition systemis shown in Fig. 34b. and the
procedure is shown as follows:

STEP 1 To detect the position of the piston.

STEP 2. To count the engi ne speed.

STEP 3. To fetch the tine bytes of the map in the storage
STEP 4. To fire the spark plug

Note that a four stroke engi ne needs two revol utions = 720

to finish one cycle (see APPENDI X O.
7.3 STEP 1. To Detect the pPosition of Piston

The interface circuit is showmn in Fig. 34. Owng
to the non-regular waveformfromthe transistor, it is
necessary to add a one shot multivibrator ( called OSM + SN
74123), which after being triggered can rel ease a square

wave to control the pulse wdth. This pulse wdthis



angl e of
crankshaft
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speed
counting

fetch the
time bytes
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-ﬂfAdv+—

Fig. 34b. Timng Chart of the ignition system
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very inportant for counting speed. This wll be expl ai ned
in the next section. Note that the pulse wdth of O8M is
primarily a function of the external capacitor GCext and
resistor Rt (FHg. 34.). For GCext > 1000 pF the output pul se
width (tw) is defined as:

8
tw = KX Rt Cext (1 *+ 0.7/Rext ), EQ 25.

where ¥ is 0.32 for SN 74123, 0.37 for SN 741123
Rt is in kil o-ohm
Cext isin pF

and, tw IS I n nanoseconds.

From the circuit, whenthe slot of the plate
rotated by the DCnotor passes the photo sensor,the
rising edge of output voltage of Tr2 will trigger the one
shot multivibrator to issue a squar wave to inform the
conputer that the slot has just reached the photo sensor.
In the sane way if the photo sensor is installed to the fIy
wheel of the engine, it is equivalent to notifying the
mcrconputer that the piston of the engineis at the top

dead point. - -.
7.4 STEP 22 To CGount the Engi ne Speed

I n the mcroconput er each conmand has i ndi vi dual
operating cycles, which can be checked fromthe nmanual of

mcroconputer. According to the oscillator frequency of

8.Application Data of Integrated Qrcuits, nanual of
Texas I nstrunents Inc. P6-81




the conmputer, it is easy to count the executiontinme of the
conputer program For exanple, there is a 750KHz oscillator
inthe MMD-1 m croconputer, so that one cycle tine of pulse
Is 1/750k = 1.33 usec. Note u =10 . |If the subprograml
Is executed fromthe address 003 000 to 003 020, the tine
of execution will be:
10+7+10+10+7+5+5+10 = 64 cycl es

Thus, 64 cycle x 1.33 usec/cycle = 85.12 usec = time A
Consi deri ng subprogram 1, whose flow chart is as shown in
Fig. 35., the pulse wdth of the one shot nultivibrator
must be | ess then executiontinme A which is between two "
IN " commands (from 003 000 to 003 020) and greater than
the executiontime B which is the tine of only one |oop

from 003 021 to 003 030.
Time B = (10+5+7+10) x 1.33 = 42.56 usec

[f the pul se issued by the one shot nultivibrator is |arger
than tinme Al it will be detected tw ce consecutively by two
"IN" commands of the computer program and the speed wll
be zero. |If the pulse width of the one shot nultivibrator
(OSM) is too narrowto be detected in the counté} | oop
(from 003 021 to 003 030), it may be m ssed once and the
speed will double. In order to nmake the pulse width of the
one shot nultivibrator have nore tol erance, one block of
dunmy program (from 003 012 to 003 017) is inserted betmeeq _
two "IN" conmands to nmake a dumy tinme, which can nake tinme

A | onger. Note that in the dumy programthe command MOV
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B,B is nonsensical, due to no data change in the program.

—input the status of| ; wait for the piston reach
the photo sensor | the top dead point

1

mask the input
data

LO

set the speed counter
= Zero

1

input the status of |

- | the photo sensor

o

tnask the inpu
data

check HI
the data GO To Subprogram 2

Lo

m— *Epeed counter + 1

Fig. 35. Flow Chart of the Speed Counter

ADDRESS MNEU OP CODE CYCLE REMARK
003 000 IN 333 10
001 003 003
002 ANT 346 7
003 200 200
004 INZ 302 10
005 000 000 .
006 000 000 time A
007 LXI D 021 10
010 000 000
011 000 000
012 MVIC 016 7
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013 001 001

014 MOV B,B 100 5

015 DCR C 015 5

016 INZ 302 10

017 012 012

020 003 003 _—
021 IN 333 10 ——
022 003 003

023 | NXD 023 5

024 ANT 346 7 .
025 200 200 tine B
026 INZ 302 10

027 021 021

030 003 003

Subprogram 1

| n subprogram 1, the register pair (16 bits) D and
E is set to be the speed counter in a loop (from 003 021
to 003 030), so that the content of the DE pair can be used
to calculate the total conputer cycle when running the
program |f the executiontine of one |oop (fromO003 021 to
003 030, which has 5+7+10+10 = 42 cycles) is set equal to B,
then time B =42 x 1.33 = 42.5 usec
|f the content of the speed counter is
000 144 in octal = 1x8 + 4x8 + 4 = 100 in deci mal,
then the execution tinme T1 between two HI output signals of

photo sensor will be

TlL = a revolution period = content of speed counter x tine
B+tinmne E, where E is the executiontime from 003 000 to

003 01ls6.

Thus T1 = (10+7+10+10+7+5+5+10) x 1.33 + (100 x 42.5)

= 4335.12 usec, T

whi ch nmeans that in this period the engine has rotated one



revol ution; therefore, the engine speed is
V = 60/4335.12 = 13840 rpm
In general, if the content is Nin decimal, the engine
speed v (rpm is
v = 60 x 10E06 /(85.12+ N x 42.56) EQ 26.

7.5 STEP 3: To Fetch the Data fromthe Map

From Fig. 33, each engine speed has a
correl ative advance angl e, which can be transferred to the
advance tine as foll ows:
Advance time (Adv) = Advance Angle x ( T/360 )
= Advance Angle /(60 x v), EQ 27.
where the period of a revolution T = 60/v (sec/rev).
If the X axis (rpmaxis) of Fig. 33., is divided in a sanple
division, then these sanple data can be used to find its
function val ue (advance angle) in the Y axis (advance angle
axi s). Furthernore, the advance angle can be transferred
to the advance tinme (Adv, EQ 27.). Thus, according to the
Adv, the time bytes can be decided and stored in the
conmputer as explained in foll ow ng.
oot O3 001 003 ooy |
Subprogram 1 ; Speed counting (step 1)

003 021 1IN 333—
022 003 003

026 JNZ 302
027 021 021
030 003 003

Subprogram 2 , To fetch the data of the
time bytes (step 2)



Subprogram 3 ; To execute the delay
time (step 3)
003 221 M A 076
222 200 200

223 QUT 323 ; Spark Fire (step 4)
224 002 002
225 JMP 303 ; tine Adv start
226 000 000 ; restart
227 003 003
240
Data area ; time bytes
300

Program A Schematic Program of Advance Ignition System

According to the program A and Fig. 34b. the sum
of the executiontime fromO003 031 to 003 223 and Adv is
equal to the next revolution period T2 of the notor, i.e.,

period T2 =C+ D+ Adv = T1,
where C = execution time of fetching data (subprog 2)

D

del ay ti me.
Adv = advance tine

thus, D= T2 = C = Adv. EQ 28. -
Supposed the engine speed is snooth, t he previ ous
revolution period Tl is equal to the present revolution
period T2; therefore, T2, C and Adv all are knowns. Note
that tinme Cis just the execution tine of fetching-;he time
bytes from the mp. It is very fast for the conputer
operation; therefore, inthis cycle it still has a lot tine
(time Dor called delay tine) before firing the spark plug
inthis four stroke engine (Fig. 34b.). FromEQ 28. Dis._a

dependent variable which is the function value of speed

(rpm, but in the conputer the format of the notor speed
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is the content of DE pair (speed counter); therefore, the
content of DE pair is an independent variable in this
program According to EQ26. 27. and 28., there are prede-
termned sanple data shown in Table 5  which lists the
relationship between the content of the speed counter and
time D (delay tine). Furthernore, time D can be progranmmed
to becone a tinme byte, stored in the nenory nap. Not e t hat
the menory capacity of MMD-1 is small, so the sanple
division of the contents of the speed counter is set to 2
and the range of sanple data is from 146 (850 rpm to 22
(4800rpm) (see Table 5., the colum of speed counter).
According to Fig. 33. if the speed is out of this range
(850 = 4600rpm), the advance angle is constant, so that it
Is easy to be realized by hardware or software, information
which is not included in this thesis.

In the 8080, it is easy to fetch the tinme bytes in
the map (Fig. 36.). First, store the predeternined data ¢
time bytes) in the storage area (from 003 240 to 003 300)
before running the program Second, use the command of

LXI H, address to |oad the start address of memory,- which

store the contents of the m ni mum speed (850 rpm. Third,
set the reference speed vr equal to the mninum speed.
Fourth, design a | oop to conpare continuously the reference
speed with the content of the speed counter. If the
contents of the speed counter are not greater than the
contents of reference speed, then the nenory address plus

one and the contents of the reference speed mnus 2 and go



address of map
(LXIH 003 240) As : the address of nap

| M : the content of As
set vmin: mni num sanpl e rpm
vr=vmin vs = sanple division = 2
vc - the content of the
speed count er
vr : the reference speed
‘r—lvr—vcl <0 oad t he content of As
— 1 (MOV A, M)
>0
_ 1
[as+1
go to the subprogram 3

vr vVr-=vs

= vVr-2

FIg. 36. Flow Chart of Fetching Data

to the next loop to conpare again. Finally, wuse the
command of MW A,M to load the content (time bytes) of
menory address into the accunul ator (see subprogram 2, from
003 062 to 003 214 in the main program Appendix A, and
its flowchart is showm in followng (Fig. 36.).

Fromthe table 5, the delay time Dis from 100ms to
0.1lms, so the subprogram 3 nmust satisfy with each-- condi-
tion. But the subprog 3 does nothing,just goi ng round and
round in a loop(s) of instructions until the programtells
it to get out of the |oops at a predeterm ned (progranmed
by subprog 2) tinme and to go back to the main program
There is a tinme delay subroutine built in MD 1 (CALL
277,000), whose delay tine base is 1oms, and dependent on

the content of Bristers. For exanple, if the content of B



is 001, then it has 1oms tine delay. Subprog 3 consists of
t wo Dbl ocks. In the first block the mninumdelay time is
loms, and 35 usec is in the second block. On the other
hand, the content of B can delay one tine base (=10ms), and
the content of DE pair can delay from 35 usec to 1loms (tine
base = 35 usec). ( Note nowthe content of DE pair has
been changed fromthe content storing the speed to the
content storing time bytes). As a result, the contents of
B and DE pair can be predetermned from Table 5 which is
cal cul ated by hand according to EQ.26. 27., and 28. These
contents are called tine bytes in the foll ow ng di scussion
In addition, the content of DE pair is stored by two
consective addresses inthe datd area (M for 8080 ( or 8
bit processor), or one address for 8088 or 8086 (or 16 bit
processor). In the conputer controlled systemit is easy to
change the contents of tine bytes to obtain best ignition
time with doing sone experinents, i.e., it is programmable
for this system
003 100 006 WIB

101 Bl Bl _

102 315 CALL ; the first block

103 277 277

104 000 000

105 021 LXID

106 El El

107 D1 D1

110 033 DCX D

111 172 MOV A/D; the second bl ock

112 263 ORA E

113 302 JNZ

114 105 105

115 003 003

subpr ogram 3



The main programA for the advance ignitionis

shown i n Appendi x A
7.6 Step 4 To Fire the Spark P ug

I n general, it needs an average current of BAin the
primary winding of the coil to obtain a good spark, but the
output current of the conputer is just around 5ma. Howto
use the snmall current of the conputer to drive the |arge
current wll be the subject of this section. Wsually, there
are three solutions to the drive current problens by the
regular switching transistor : (1) by nore drive current
(2) by nore stage of anplification and (3) by higher tran-
si stor gains. The Darlington circuit conbines the latter
two advantages, and it is conposed of a 2N2222 transistor
and an HEC 2N3055 power transistor. The 2N2222 (the first
stage) is a high speed, nedi umpower transistor to obtain
enough output current to drive the second stage, and the
HEC 2N3055 (the second stage) is a 15 Aop , 115 Witts
power transistor to bear the large load current in the
primary wnding. Inthis circuit, the average | oad current
Is so large 47 Ap that it needs a heat sink to di ssi pat e
the heat. FromFg. 34., |If the output of conputer is
H, the prinmary circuit wll on ( Tr3, Tr4 on), and the
coil wll store energy. Wen the output is changed to LQ
the primary circuit will off (Tr3, Tr4 off), and the nagne-
tic field wll collapse wth consequent current flowin the

secondary w nding. The voltage rises at the spark pl ug



until it reaches a value that can break down the spark 9ap,
like the breaker point open in the conventional ignition

system (Fig. 32.), and the spark occurs.



cont ent rpm Adv Adv time C time D tinme

of DE Angl e usec (usec) (usec) byt es
150 846 6 1181 294 69446 376
146 880 7 1545 419 67560 330
144 880 8 1700 351 66014 171
142 898 9 1670 515 64630 204
140 917 10 1810 563 63057 127
136 936 11.5 2047 610 61445 051
134 957 13 2264 658 60941 033
132 - 978 14 2386 706 60643 022
130 1000 15 2500 754 56746 200
126 1023 16 2600 802 55249 226
124 1047 17.5 2786 850 53670 151
122 1073 18.5 2873 898 52147 075
120 1100 20 3030 946 50569 020
116 1128 21 3102 993 49096 377
114 1158 22 3166 1041 47606 331
112 1189 23 3225 1089 46148 257
110 1222 24 3273 1137 44690 111
106 1257 25 3314 1185 43233 114
104 1294 26.5 3413 1233 41721 031
102 1333 28 3500 1280 40231 007
100 1374 30 3639 1328 38701 370
76 1419 31.5 3700 1377 37207 315
74 1466 33 3752 1425 35750 244
72 1517 35 3845 1468 34238 171
70 1571 35.5 3766 1516 32910 123
66 1629 36 3683 1564 31585 055
64 1691 36.5 3597 1611 30274 001
62 1759 37 3505 1660 28945 376
60 1832 36.7 3340 1707 27644 332
56 1611 36.3 3166 1755 26476 271
54 1998 35.9 2994 1804 25233 225
52 2093 35.5 2820 1851 23989 105
50 2202 35 2649 1899 22699 115
46 2313 34.62 2495 1947 21498 052
44 2441 34.17 2333 1995 20252 007
42 2591 33.66 2165 2042 18950 - 377
40 2746 33.12 2010 2092 17750 335
36 2929 32.5 1849 2138 16496 271
34 3137 32 1700 2187 15240 225
32 3377 31.4 1549 2234 13984 116
30 3658 30.7 1398 2282 12722 111
26 3989 30 1253 2330 11458 051
24 4387 29 1101 2378 10197 006
22 4871 28 958 375 10984 034

Table 5. Data of Advance Ignition System



CHAPTER M | |
SI MLLATION G- D d TAL FUEL | NDECTI ON
8.1 Introduction

Recently, nany countries have established regula-
tions limting the conposition of exhaust gas to prevent
the air pollution. According to the investigation, the
crankcase, fuel tank, and carburetor contribute just 40% of
the total hydrocarbon pollution produced; therefore, nost
of the pollution problemis nade by exhaust gas. Respondi ng
to the pressure fromthe governnent, the automakers have
| nproved sone pol | ution problens by modifing or addi ng new
devi ces, such as conputer control and feedback control,
From 1960 to 1973, they reduced unburned hydrocarbon em s-
sions by 85%and carbon nonoxi de by 70%.2 Howto use the _
m croconputer w th the feedback signal of the oxygen sensor
to control appropriate injected fuel will be discussed in
this chapter and the details of the oxygen sensor, which
can det ect whether the conbustion of the engine is conplete
or not, is show in Chapter |V. If the conbustion is

conpl ete, there is much less air pollution.

8.2 Dgital Fuel Injection by dose Loop Control

9. Tom Weathers,Jr. and Qaud C Hunter, Autonotive

Conput ers and Gontrol system., (Englewood A iffs:
Prentice-Hall, 1984), pp30 - 44.




I n general, there are three approaches to realizing
the electronic fuel injection by the car maker:(1) the
I ntake nmanifold pressure control, (2) the air-flowcontrol,
(3) the nechani smcontrol, (see Appendi x D, for exanples).
This systemw || use air flowcontrol. The conponent of the
systemconsi sts of a stepper notor, A/D conver, air flow
neter and oxygen sensor (Fg. 38). Due to the sem conduc-
tor strain gage inthe air flowneter (see Chapter V)
having a |linear property of voltage-strain and the steps of
the stepper motor being easily transferred to discrete
data, both of themwl|| play very inportant roles in this
syst em The stepper notor (48 step/cycle) will be used to
transmt the gear-rack set, whose function is supposed to
be the sane as described in Appendi x A (Bosch Fuel 1njec-
tor), to neter the quantities of injected fuel The air flow
et er Is used to obtain the value of air flow mass. Be-
cause thereis an 8 bit AD converter to convert the analo-
gue signal of the differential pressure gage to the digital
signal, the air flowin the intake manifold will have 255
di vi sions between fromclosed to fully open of the throttle
val ve. Then transmt the data of the AD converte}—to t he
mcroconputer, that is totell the conputer hownuch air
flow is drawn intothe cylinder. By this data of the AD
converter the conputer does sone nat hemati cal operation and
checks the status of the oxygen sensor, so that the conpu-
ter wll output one signal to command the stepper notor to

rotate needed steps, which is correlative to the quantities
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of injected fuel.

Note that there are two stepper notors in this
digital system which will be discussed |later. Ohe is for
the main fuel injection system(or called running node),
which can control 4 fuel injectors in each cylinder, and

the other is for the auxiliary fuel injection system or

cold start node, which just has one fuel injector for

enriching the fuel mxture.

8.3 (peration of Stepper Mtor and AAD Converter

8.3.1 Stepper Mtor

The stepper notor is a device used to convert

el ectri cal pulses into discrete nechanical rotational
novernent s.
(a)
3 4
-
= A
- e e 4l -
— SWITCH A SWITCH B -—
~[sTer| coiLa [cas |3
2 T == i
- <
15 2 t. ——5 ' (b
‘g 3 - - = )
4 - + -1
AN - -+ O

Fig. 37. Schematic di agram of the stepper notor
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In atypical notor, electrical power is applied to two
coils (Fg. 37a.). According to the interaction between the
rotor and the stator (opposite poles attracting and same
poles repelling), the directions of the stepper notor
depend on the winding polarity change, and the steps of the
st epper not or depend on how nany pul ses are input to the
coils. For exanple, each 4-step sw tchi ng sequence (H g.
37b.), causes therotor to nove /4 of a pole pitch for a
two phase motor;therefore, a 12 pole pairs per stator coil,
and a permanent magnet rotor would nove 48 steps per
rovolution or 7.5 per step

The nechanical requirenents of the stepper notor
installed in the autonobil e are as fol |l ow ng:

1. the shaft torque of the stepper notor is | arge enough

to transmt the gear-rack set.
2. It is snall, accurate,and can stand heavy vi brati on.
3. one step can neter one unit of specified fuel, which
depends on t he nechani cal design.

These requi rements are not di scussed here, because they are
the responsi bility of the nechani cal engi neer. It_is only
necessary to assune that one step of the stepper anbr can
accurately neter one unit of fuel as desired.

FromF g. 38., two stepper notors with an interface
circuit of the PC board (nrade by NAP.C  GConpany) between
the power supply of the notor and the mcroconputer, are
used. The only requirement is to usetw SN 7402s to

anplify the output current of the mcroconputer to drive



the interface circuit. There are two control signals into
the PC board. e is to decide the direction Of +the
stepper notor, and the other is to switch the polarity.

The programof controlling stepper notor

is as follow ng:

MVIE ; the content of E register =
STEPS ; the nunber of steps

[MVIAT

100 : to decide the direction

ouT » of the stepper notor

001 ' H (cw LO(ccw at bit6 of port 1
MVIA

000

OUT

000 ; the sw tching sequence of coil
MVIA i To chang_e the polarity of notor
200 ;inthe bit7 of porto

ouT

000

DEC E

JNZ

8.3.2 AD converter

The LR 36 Analog to Digital Converter (see Appendi X B)
will accurately digitize signals over a + 25 volt range
wth a AD7570 nonolithic OMXB chip, a conparator,.. and a
vol tage reference (10v) circuit. The AD/570 is a nonolithic
CMC5 AID converter which uses the successi ve approxi nati ons
technique to provide upto 8 or 10 bits of digital data in
aserial or parallel format. To operate the AD converter,
it needs 5 input control signals as fol |l ow ng: i

1. Convert start(STRT): to start the conversing

pr ocedur e.



2. H gh Byte Enable(HBEN): for the 10 bits conversion,
when it is high, digital data (only bit9 and bits)
fromthe | atches appears on the data |ines.

3. Low Byte Enable(LBEN): Same as HBEN, but controls

bits o through 7.

4. Busy Enable(BSEN): To ask the aps750, whether the

conversion has finish or not.

5. Short Cycle 8-Bits(scg): Wth a logic o input, the

conversion stops after 8 hits.
The interactioncircuit of the AD conversion system with
MMD-1 is showninF g 39., and according to the 5 input

control signals the program of controlling LR 36 is as

foll ows:
To Air Flow Meter
NDO
-12 r =12
+12 i _i‘l£° —
LR-36 azy o B —
A/D AGHD ot— rh D h
G 5 MMD=1
Converter 5C8 o | D44 tiini
BSEN | -
+5V STRT j ! ¥ : Micro
J D LICL J D’
v — 0
. LBEN
5 HBE h j > o
9ot ,
5057 DGHD ot l”
g i f
D1 ] i/C Cecoder
. D2 f
gf ] j 03] &
D5 o [ ok |74142
D6 L 25
7 o1 fo—— p7
SYNC « f
SRO J .

Fig. 39. Interaction Grcuit of AD converter with MVD-1



ouT : start A/D conversion

005

| N ; ckeck the conversion status
005

ANI ; mask the data of BUSY
00100000 at bit 5 of port 5
JZ ; If the conversion is not conplete,
002 ; chech again.

003 _

IN ; If conplete, read the data bits from port 4

004

The programfor controling A'D converter

Not e t he breakdown vol tage of zerner diode IN961 is 10
V, which is set as the maxium reference voltage (see
appendi x B), so that the sanple division of AD converter

IS 10/255 = 0.039V. (see table 6)
8.4 Fuel Metering

The AF ratio requirenment in the engine is not constant
as di scussed in Appendi x C

wher e ANF = The air mass
The fuel mass

In general, there are three AIF conditions, which

are dependent on the engine speed and load (Fig. 40.):

1. Idling : the m xture nust be enriched.

2 Quising: the mxture is constant and | ean. -

3. High power: The m xture nust be enriched;
therefore, the system needs one extra fuel injector to
enrich the mxture as sone car nakers do, wusing a cold
start valve (see AppendixXx D ). For some computer control,
besides the information of air mass from the air flow
nmeter, the signals of the engine speed and cooling water

tenperature can be set at a point to adjust the AF
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Fg. 40. Relation Between AIF and t he speed

ratio as the foll ow ng:
1. Atenperature switch: to be set at "on," when the
cooling water tenperature is below 80 F, which means

that the engine needs a richer mxture at cold start.

2. Athrottle positionswitch : Wenthe throttle is
fully opened, a lever will hit the switchtotell the
conputer that the engine nowis fully |loaded. n the
other hand, if the switchis on, it represents the
hi gh power condition in the engine.

3. Wien either one of the above switches is on, it makes-
the auxiliary fuel injection systemwork.

I n order to satisfy the different AF ratio, there
are two fuel injection systens (Fig. 38.) in this project.
e is the running node (or cruising speed systenm) for
constant AIF ratio in the cruising speed, and the other is
the cold start node (or enriching systen) for the idling
and full load speed. |In the cruising system just the main
fuel injectors, which include 4 separate fuel injector
installed in the front of the intake valve of each

cylinder, is wused to neter fuel. The flowchart of the
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cruising speed systemis showninFig 41l Note, if the
engine speed is increased, the stepper notor wll be
cl ockwi se to neter nore fuel than the previous revol ution.
I n other words, if the engine speed is kept constant, the
posi tion of the stepper notor will not be changed; there-
fore, it needs a register to store the absol ute position oOf
t he stepper notor (N, and another register to store the
relative steps (NR, whichis a relative previous position

of the stepper notor.

of AD converter
.\ The nunber of
Set NAP=0 absol ut e st eps
» The nunber o
rel ative steps
NR = NA- NAP
NAP. previ ous nunber
of absolute step

Input the AM AM The data bits
NA

3

1
Do mat hemati cal operation
wthl\EAhe AM to obtain

aaw

+| cw .
NAP = NA

. \ -

NAP = NA do mathematical
operation
1 NR = -NR
check the oxygen
sSensor
[ out put ¥R
to stepper |[——= G To Subprogram 3
not or

Fg 41. Plow Ghart of Runni ng Mode



In the enriching systemthe AF is not constant, so
that it still needs a map based on the rel ati onship between
the speed engine and the quantities of fuel needed to
enrich it. As aresult, it needs a nenory byte to store the
guanties of enriched fuel, whichis injected by the
auxiliary fuel injector. This nmenory byte is called fue
byte, as the tine bytes are called in the advance ignition
(Chapter M1). |If we conbine the advance ignition and the
digital fuel injection system the flowchart is as shown
in Fig 42.

If the AF ratiois constant in the cruising
system it is easy to design the program which does not
need a fuel byte in the data area. According to the data
of the AD converter, then do mathematical operations to
obtai n how many steps of stepper notor are needed to rotate.
W already have the accurate netering devices of the
stepper notor, whose data is as shown in Table 6. and its
main program B for the running node system is shown in

Appendi x A
8.5 Timng of Fuel Injection -

The fuel injection should occur in the intake
stroke of the engine; the advance ignitionis in the end of
the conpression stroke and counting the engine speed is in
t he power and exhaust strokes. The timing chart of the fuel

injection is as shown in Fig. 43. In general, the fue

injection timng wll rely on whatever kind of fuel is
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| nput the status
of photo sensor

A'S Advance ignition

| system
[ counting engi ne speed M1S Min fuel

|nject|on system
AHS auxiliary fuel
Input the status I nj ection system
of photo sensor

on
[check the temp sw Go to (ol d Start Mode]

1 I
program of
nni'ng node
{(MFIS)

L
ffetch the timing bytes]

[

period of delay tine do mat henat 1 cal
oper ati on

[spark fire|
i

———restart]
load the fuel byte ; accordi ng speed
{ t o deci de fuel
output the fuel byte byt e
to AFIS

[tine del ay program

y

spark fire |
i

FHg 42. How Chart of Conbi nation System




used because each kind of fuel has different chemical

properties. For the computer, the fuel injection timing is
easy to control by setting the command of the fuel
injection at the different position of the man program, or
by setting a dimy timing program to control this problem

as discussed in chapter ViIlI.

cylinder
|
i

|
3. 7% | | [
W 7777 A |
) oA 5 N

0 180 360 540 720 180 360 540 7

— P

-7 =

N b

o cA: intake valve open
NN : Inject fuel

/ : spark plug fire

Fig. 43. Timing Chart of Fuel Injection



Speed ma Voltage Data Bits of

(rpm) (1b/sec) V A/D Converter
600 0.02352 0.0547 00 000 001
700 0.02744 0.0743 00 000 001
800 0.03136 0.0972 00 000 010
900 0.03528 0.1231 00 000 011
1100 0.04312 0.1838 00 000 100
1200 .0.04704 0.2181 00 000 101
1300 0.05096 0.2567 00 000 110
1400 0.05488 0.2978 00 000 111
1500 0.05880 0.3418 00 001 00O
1600 0.06272 0.3889 00 001 001
1700 0.06664 0.4391 00 001 011
1800 0.07056 0.4923 00 001 100
1900 0.07448 0.5485 00 001 101
2000 0.07840 0.6077 00 001 111
2100 0.08232 0.6700 00 010 001
2200 0.08624 0.7354 00 010 010
2300 0.09016 0.8038 00 010 100
2400 0.09408 0.8752 00 010 110
2500 0.09800 0.9497 00 011 000
2600 0.10192 1.0271 00 011 o0lo0
2700 0.10584 1.1076 00 011 100
2800 0.10976 1.1922 00 011 110
2900 0.11368 1.2778 00 100 o000
3000 0.11760 1.3675 00 100 010
3100 0.12152 1.4602 00 100 101
3200 0.12544 1.5559 00 100 111
3300 0.12936 1.6546 00 101 Ol0
3400 0.13328 1.7565 00 101 100
3500 0.13720 1.8613 00 101 111
3600 0.14112 1.9692 00 110 OO0
3700 0.14504 2.0801 00 110 111
3800 0.14896 2.1941 00 111 000
3900 0.15288 2.3111 00 111 o010
4000 0.15680 2.4311 00 111 101
4100 0.16072 2.5542 01 000 001
4200 0.16464 2.6803 01 000 100
4300 0.16856 2.8094 01l 000 111
4400 0.17248 2.9416 01 001 011
4500 0.17640 3.0768 01 001 110
4600 0.18032 3.2151 01 010 001
4700 0.18424 3.3565 01 010 101
4800 0.18816 3.5000 01 011 001
5500 0.21560 4.6000 01 110 101
6000 0.23520 5.4712 10 000 011
6500 0.25400 6.4106 10 100 011
7000 0.27442 7.4489 10 111 110
7500 0.29456 8.5599 11 011 010
8000 0.31433 9.,7223 11 110 101

Table 6 Data of Fuel Injection



CHAPTER | X
GONCLUSI ON
9.1 Sensor

In the future the sensor wll play an inportant
rol e because human bei ngs al ways want everything to be easy
and safe. O the other hand, nore devices wll be auto-
mated so that nore sensors w Il be devel oped and installed
on the devices to provide the infornation of environnent to
the controller. Furthernore, the controller can refer to
the information to decide what is the next step of the
execution. This project is one of the exanpl es. A t hough
there are four sensorsinthis sinulated engine, it is
obvious that the information available is not sufficient.
For exanple, in Chapter MIl, we need (1) a tenperature
swtchtotell the controller to switch fromthe cold start
nmode to the running node, (2) athrottle valve position
swtch totell the controller to enrich the mxture when
the throttle valve is fully opened, and (3) a "knock"
sensor, which can detect the abnormal vibrations (or abnor-
mal detonations), totell the controller to correct the
quantities of injected fuel. Furthernore, nore sensors are
needed in the other systens, e.g. the security system the

transm ssi on system and the brake system etc.

9.2 M croconput er



Mcroconputers wll be as inportant as the engine
in the autonobile. The mcroconputer MMD-1 has two draw
backs, which are dependent on the requirenents of the
engine's performance. e i s not enough nenory capacity to
store the tine bytes and fuel bytes. In the Chapter M| it

needs four time bytes to control the advance ignition and

in the Chapter MI1l it needs two fuel bytes to control the
quantities of injected fuel. Due to the snall nenory
capacity of MMD-1(8 bits Processor ), the tine bytes are

reduced to two bytes by using the | arger sanpl e division.
As aresult, the systemcould | ose accuracy. The ot her
drawback is that the oscillator frequency (750 KHz) is too
small. Note that in the SDK-86 (16 bits processor) thereis
a 4MHz oscillator frequency. A faster frequency wll have
a smaller cycletinme to nake the snaller division of the
sanple tinme (or time base) as described in Chapter MI.
Al so, fromtable 5 (see Chapter M) the hi gher speeds have
| oner usPD (usec/deg). | n conparing a 750kHz conputer wth
a 4MHz one as follows, theresult will showthe high fre-
quency conputer has a nore accurate answer. Fr om subpro-
gram 1, there are 64 cycles in this |oop progréfn whi ch
nmeans that in the worst case thereis a naxinumerror tine

base of 64 cycles tine.

cy tine nmax tine angl e

usec/cy error error
750kHz 1.33 85. 12 0. 56
IAM Hz 0.25 16 0. 105

Note: usec = 10'6sec, cy: conputer cycle
deg = degree error: for 64 cycle | oop



Wy?  Because after the conputer has finished the
first IN command, the slot (on the fly wheel), reaches the
photo sensor. The conputer nust wait until the next | oop
cones agai n to detect the signal. As aresult, thereis a
85.12 wusec naxinmumtine base error inthe 750 kHz, and
there is a 16 usec tine base error in the 4 Mt. If you
consider the nmotor speed at 1100 rpm the notor wll
rotate 0.0066 degree in one usec, so that the angle error
of 750 kHz wll be 0.65 , and 0.105 error inthe 4AMHz as
shown in the above table. Thus to solve these drawbacks,
three solutions are available (1) using a PROMto increase
the nmenory space and (2) redesigning a special processor to
decrease the conputer load. The processor is designed in
the autonobile and it could be just a chip of integrated
circuit including all functions of the autonobile. (3)
using other hardware to decrease the | oad of the conputer.
Recently, the conputer industry has successfully devel oped
32 bit conputers which have powerful nenory capacity and
faster frequency. These coul d i ncrease the possibility of

al | -conput er-control aut onobi | es.
9.3 Sumary

This thesis concentrates on the technical possibili-
ties of using new sensors to nake nore economcal fuel
consunption and less air pollution in autonobiles. A-
though it is not feasibleto install themin an autonobile

for extensive experinentation and testing, it is feasible



to electrically sinmulate these tests in the |aboratory.

The simul ati on systemcan be nodified easily to incorporate
vari ous desi gns and operating conditions. For exanple, if
an autonobile engineis tested inthe |aboratory and the
advance angl e of ignition at 2000 rpm needs to be adj ust ed,
the test engineer just changes the contents of tine bytes
in the conputer without resetting or replacing conponents
and then tests it again. However, the nost inportant idea
of thisthesisistoshowthat thereis still great poten-
tional for inprovenment and that there are mnany possible
ways to adapt the autonobile to the requirenments of the

peopl e and t he demands of the society in the future. Fur -
thernore, the electronic industry will be nore inportant in
the future. As | discussed before, nore nechanisns wll be
repl aced by the electronic parts which will be inproved to
stand the worst environnents. In addition, it is necessary
for nechanical engineers ( or mechanics in garages) to
learn nore about electronic technology. Because nore

el ectroni c devi ces |ike "black boxes"™ W Il be put into

aut onobi l es,- before nechanical engineers redesign, or
nmechani cs fix the autonobil e, they need t o understand what

the functions of electronic devices are.
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Addr ess

000
001
002
003
004
005
006
007
010
011
012
013
014
015
016
017
020
021
022
023
024
025
026
027
030
031
032
033
034
035
036
037
040
041
042
043
044
045
046
047
050
31
0:z2
053
054
055
056
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PROGRAM (F ADVANCE | GN TI ON SYSTEM

Mheu

| N
003
ANI
200
JNZ
000
003
LXID
000
000
M1 C
001
MOV B, B
DCR C
JNZ
012
003
| N
003
| NX D
ANT
200
JNZ
021
003
M C
004
MOV A,D
ANT
00001111
RLC
DCR C
JNZ
036
- 003
MOV B,A
MVI C
004
MOV A E
ANI
11110000
RRC
DCR C
JNZ
051
003
ADD B

333
003
346
200
302
000
003
021
000
000
0le
001
100
015
302
012
003
333
003
023
346
200
302
021
003
016
004
172
346
017
007
015
302
036
003
107
0le
004
173
346
360
017
015
302
051
003
200

Qo Code

.
!

.
’

[
’

Conment s

I nput the status of photo
sensor at bit7 of port 3.
nmask the data 10 000 000

if bit7 LO, check again.

set the content of speed
counter to zero.

the content of Cis to
control the dumy tine.
dumy conmand

I nput the status of photo
sensor .

speed counter + 1

nmask dat a.

if bit7 Lo, check again.

to obtain the sanpl e data
fromthe speed counter.

H byte of content of speed
counter is divided by 16.

LO bytes of the content of
igeed counter isdivided by

the contents of the DE pair
beccne 8 bits



057
060
061
062
063
064
065
066
067
070
071
072
073
074
075
076
077
100
101
102
103
104
105
106
107
110
111
112
113
114
115
116
117
120
121
122
123
124
125
126
127
130
131
132
133
134
135
136
137
140
141
142
143

000

MOV D, A
CPI

150

IM

101

003
LXIH
240

003

MOV A,M

001
MOV E,A
IMP
133
003
CPI
016
JM
125
003
LXIH
237
003
MVIA
152
SuUI
002
INXH
avib
JM
130
003
IMP
113
003
LXIH
303
003
MOV A,M

001
MOV E,A
MOV A,D
MVIC
132

avwP C
JM

150

003
MVIB

323
000
127
376
150
372
101
003
041
240
003
176
323
001
137
303
133
003
376
016
372
125
003
041
237
003
076
152
326
002
043
272
372
130
003
303
113
003
041
303
003
176
323
001
137
127
016
132
271
372
150
003
006

-e

e

-e

~e

-e

~-s

85

t he sanpl e data of speed
shown on the port 4.

conpare with t he minium
speed.

i f speed > 850 rpmjunp
to 003 101.

| oad the start address
of the map.

load the time bytes of 850
rpm.

conpare with the greatest
speed 4600 rpm

if speed > 4600 rpm

junmp to 003 125.

I f 860<v<4600, goO on.

| oad t he address of next
sanpl e dat a.

sanple data = 2

t he address of map + 1
conpare again.

if <o, toload thetime -
byt es.

if > o0, go back to conpare
next sanpl e data

the address of time bytes
at speed = 4600 rpm.

| oad the tinme bytes.

time bytes shown on the
port 1.

| oad t he present speed.

t o deci de how many 10ms
delay ti me needed.

conpare with the speed = _
132.

when speed < 132, it needs



144
145
146
147
150
151
152
153
154
155
156
157
160
l6l
162
163
164
165
166
167
170
171
172
173
174
175
176
177
200
201
202
203
204
205
206
207
210
211
212
213
214
215
216
217
220
221
222
223
224
225
226
227
230

005
JMP
212
003
W C
102
aw C

163
003
W1 B
004
JMP
212
003

064

005
303
212
003
016
102
271
372
163
003
006
004
303
212
003
016
064
271
372
176
003
006
003
303
212
003
016
022
271
372
204
003
006
001
076
000
323
002
315
277
000
100
100
100
100
035
215
003
076
200
323
002
303

~e

~e “p weo we

50ms tinme del ay.

conpare with speed = 102

I f 132 < speed < 102,
it needs 40ns tinme del ay

conpare with speed = 064

if 102 < speed < 064, it
needs 30ns time del ay.

conpare with speed 022.

if 064 < speed < 022, it -
needs 1oms ti me del ay.

to store the energy in the
coil .

call subroutine of 10ms
time del ay. }

to execute the time bytes.
time bytes - 1
prepare to fire spark.

spark fire.



231
232

240
241
242
243
244
245
246
247
250
251
252
253
254
255
256
257
260
261
262
263
264
265
266
267
270
271
272
273
274
275
276
277
300
301
302
303
304
305
306
307
310
311
312
313

000
003

350
271
222
160
111
041
024
015
165
200
130
062
013
237
273
002
162
112
047
002
306
261
214
146
105
044
003
334
274
236
127
115
100
042
003
334
276
237
127
140
101
041
002
025

000
003

350
271
222
160
111
041
024
015
165
200
130
062
013
237
273
002
162
112
047
002
306
261
214
146
105
044
003
334
274
236
127
115
100
042
003
334
276
237
127
140
101
041
002
025

.
[

.
14

restart.

storage area of tine bytes



Addr ess

003 000
001
002
003
004
005
006
007
010
011
012
013
014
015
0leé
017
020
021
022
023
024
025
026
027
030
031
032
033
034
035
036
037
040
041
042
043
044
045
046
047
050
051
052
053
054
055
056
057

PROGRAM G FUEL | NDECTI ON

Mheu

M1 D
000

020
IN
007
ANI
030
awvPH
JNZ
023
003
MW B
001
W C
000
JMP
044
003
M H
010

JNZ
040
003
M B
000
W C
001
JMP
044
003
M B
000
-M1 C
000

005
I'N

005
ANI
040
JZ

046
003
I'N

004
ANI

Q Code

026 ; set absolution step of SM
000 to o.

046 ; set the reference status of
020 sensor (10).

333 ; input the status of OXY
007 ; at bit 3,4 of port 7

346 ; mask the data of oxygen
030 sensor at bhit 3, 4.

274 ; conpare wth reference
302 status of OXY.

023

003 ; yes, _

006 ; the mxture is too heavy.
001 ; cwsteps t+ 1

016 ; ccwsteps - 0.

000

303

044

003

046 ; set the reference status
010 ofC)<Y01_thth data of
274 ; conpare W e data o
302 OV

040

003 ; yes,

006 the mxture is too | ean.
000 ; cwsteps + 0

016 _
001 ; ccwsteps + 1

303

044 ;yes,

003 the mxture is right ratio.
006

000 ; cwsteps + 0 )

016 ; ccwsteps + 0 -

000

323 ; start AD conversion.

005

333 ; check the AD conversion
005 finish or not.

346 ; nmask the data of BUSY

040 at bit 5.

312 ; yes, BUSY is high, check
046 agai n.

003 ; AD conversion finished.
333 ; input the data of air flow
004 neter at port 4.

346 ; nmask the data of flow neter



SMcw

SMccw

060
061
062
063
064
065
066
067
070
071
072
073
074
075
076
077
100
101
102
103
104
105
106
107
110
111
112
113
114
115
116
117
120
121
122
123
124
125
126
127
130
131
132
133
134
135
136
137
140
141
142
143
144

374
RRC
RRC
MOV
SUBD

133
003
MOV
SBB
ADD
JZ

002
003

MOV L,A

MVIA
000
ouT
001
MVIA
000
ouT
000
MVIA
200
ouT
000
MVIB
001
CALL
277
000
DCR
IJNZ
115
003
DCR
IJNZ
103
003
JMP
002
003
CMA
ADI
001
MOV
SBB
ADD
JZz
002
003
MOV

E,A

D,E
B
C

374
017
017
137
222
372
133
003
123
230
201
312
002
003
157
076
000
323
001
076
000
323
000
076
200
323
000
006
001
315
277
000
005
302
115
003
055
302
103
003
303
002
003
057
306
001
123
231
200
312
002
003
157

-

~e

—e ™o wa

-e

~e

~e

divide the data of flow
meter by 4 to obtain steps
(NA) of sMm.

obtain relative steps NR.
if minus, go to SMccw.

store the present NA to D.

correct the steps by OXY.

store NR in L.

SM Cw.

rotate the needed steps

decide the delay time of
each steps, 1lO0ms. _
call the delay subroutine.

NR = 1

restart

let NR = -NR

store NA in D.
correct the injected fuel.

to obtain the NR.

store NR in L.



145 M A 076 ; make SM ccw.

146 200 200

147 auT 323

150 001 001

151 JMP 303

152 103 103

153 003 003
NOTE:

OXY: oxygen sensor.

SM : stepper notor.

NA : the absol ute steps of stepper notor.

NR : the relative steps of stepper notor with
t he previous revol ution.
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LR 36 AD GONVERTER

Basi ¢ Descri ption

The AD 7570 is anonolithic OMXB AD converter
which uses the successive approxinmations technique to
provide up to 10 bits of digital datain a serial and
parall el fornat. Mst AID applications require the
addition of only a conparator and a voltage or <circuir
r ef er ence.

In the successive approxinmations technique,
successive bits, starting with the nost significant bit
(DB9) are applied to the input of a DACcircuit. The DAC
out put is then conpared to the unknown anal og i nput vol t age
(AIN using a zero crossing detector (conparator). I f the
DAC output isless than AN the trial data bit stays in
the "1" state, and the next snmaller data bit is tried.

Each successive bit is tried, conpared to AIN and
set or reset inthis manner until the least significant
bit(DBO) decision is nade. At this tine, the AD’/570 out put
isavalid digital representation of the anal og i nput, and
wll remaininthe data | atches until another conversion
start (STRI) is applied. Fg 44. is the AD/570 timng
diagram show ng the successive trials and decisions for
each data bit. Wen convert start (STRT) goes H, the
MSB(DB9) IS set to logic "i» state, while DBO through DB8
are reset to the "o" state. Two cl ock pul ses plus 200ns
after STRT



returns LO

—
JORS

:ch succeeding trial

STRY (NOTES 2 AND S)

t he MSB decision i s nade,

93

and DB8 Is tried.

and decision is made at CLK + 200ns.

L

* SYNC (NOTES 3 AND 4] comom an

SRO INOTE 8] = e m . oy

— . . A o - ——

a1 7 Ma 1 sl 4 |—:—J—-—0—||.Lsa,-———f———.__._

D89 (MSB) INOTES & AND ) L/ //7//] TRY N3l [m— MSOTC.L ON

oss NoTe N ZZ 7 ZhTAy st [T [ OUT BEERTT

D87 (NOTE 7} ;.’72’/-///!

TRY 087 ] p==087 DECTITON

080 (NOTE N 2227077

TRY OB§ = [ OBS DT Z1SION

* DBS INOTE N 2/2,///7,1

TAY 083 ~eef }=— D35 0sCISION

OB4 (NOTE ) 4/7////12

-
TRY DAY cnf b= C3a psiCIS10N

083 INOTE ) 77,7777}

TRY D8I ~ed "} BBICEZTSION

082 (NOTE N ’47///’, 7 A

TRY 092 o]

b: OB2 DECIS'ON

081 {NOTE 71 :[;/// "J

D80 {L38) INOTE N z/;; /;,:?A

TRY DBY ™ = ITT OIS

JRY LS8 —ef  joe— LEO(LEB DECIS ON
BSEN INOTE 2y I R
#usy

(a) AD 7570 Conversion Timng

8

P

CRe ¢ D
9 = .4
ne / e 5
o | _(te) 6
03 L 2 e e

04 : QQ’\ . 7
et s 211 ORI

. 7 F )= @ BusY - STRY

al 4 . - gt e
' 1k *Q‘\/S‘z G i
1: AL o640 @ 12
13 I '9 | el 13
]l .° + < 4 14
—" ¢ lo* s N\UE 15
1 BF (88 ae 16
e 1223, e 17
' N / \s;:g. 18
— 19
@ 2Q
5 0o x

(b) .« outboard of LR 36

Fi g.

susY CONVERT - -
COMPLETE

Sequence

OECRIPTIOHN
P.C. Board, Mach.
BP-25 Pin
BP-26 Pin
AD7570JD
SN7402
M3
IN961 (10V Zener)
IN4001
IN965 (15V Zener)
5K Heli Trimpot
1K Heli Trimpot~
CCRES 1/44 1511 Ohm 5%
CCRES 1/4W 220 Ohm 5%
CCRES 1/44 33K Ohm 5%
CCRES 1/4W 3.3K Om 5%
CCRES 1/44 1K Ohm 5%
Cer Cap 470PFD
Tant Cap 1MFD 3BV CS
28 Pin Socket
14 Pin Socket -
8 Pin Socket

44. The LR36 A/D converter



IN
.| MNEMONIC FUNCTION
NO.
1 VDD Positive Supply (+15V)
2 VREF Voltage REFerence (£10V)
3 AIN -~ Analog INput
4 . OUT1 3 DAC Current OUTput 1
5 ouT2 DAC Current OUTpur 2
6 AGND Analog GrouND
7 cove COMParator
8 SRO ~© ScRial Output
9 Y SYNC Serial SYNChronization -
10 DB9 Data Bit 9 (MSB)
11 DB8 DataBit 8
12 DB7 Data Bit 7
13 DB6 Data Bit 6
14 DBS DataBit 5
1s DB4 Data Bit +
16 DB3 Dara Bit 3
17 DB2 Data Bit 2
18 DB1 DataBit 1
19 DRO Data Bit 0 (LSB)
20 HUEN High Byte ENable
21 LBEN Low Byte ENable
22 vce Logic Supply (+5V to +15V)
23 DCND Digital GrouND
24 CLK CLocK
25 'STRT STaRT
26 5C8 Short Cy ¢l 8 Bits
27, BSEN BuSv EN
28 BUSY BUSY
Fig. 45. Function Table
vtzz’lNPUT +5V INPUT % -12V INPUT
-12v . bs -12v
waba T 808
! ¢ +T5°V
RS S 2200 :o'lgu\'lrs | POINTS
1 22
1 ‘\A.l:/\. 2 yrer YOO YeCour 1[4
D6 ‘L J, 2200 I
ovZEN | T fme -y
" 1AnNT : {801
ATOID our 2{3
GAIN s
AN @ 2 Han ,‘GNO 7
- 1K COMP |-
SRO p————u@ SRO
=5 SYNC |2ee———@ SYNC
1C9 os7P2 07
AD7570 [ LY L P
STRT ADC 03
084 o4
osa 03 KEY
A = 2 ueen pa2ft o2 T@-ee 2s
. . . oe1 '8 . ®.8p 26
LBEN ¢—— | 1 C s EITHER v.pyT OR OUTPUT
1e 2 24 men D“’;J I —eoe AGND s AMAtOG GROUND
8 nes éb OGND = %GITAL GROUND
n PrPYLL
) .;:’ N oom oUsT | @ 5UY
ve 24 P zal
osvo-—«/vv\.—l——{ j-—t—e oGND
12K 001 ]
mid @“) )
i OGND . .
Fig. 46. GCrcuit of LR-36
10. ration nnual of LR D nverter, E&L

| nstrument, Inc. Derby, ct
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OVERVI EWCF AUTOMZBI LE ENG NE

Four Stroke Engine

The four strokes of the engine are (1) intake

stroke (2) conpression stroke (3) power or work strol-e (4)

11
exhaust stroke as shown in Fig. 47.

Intake

Spark Plug

Cylinder

Piston

Crank

(and Crankshaft} COMPRESSION STROKE

Both valves closed.
INTAKE STROKE uel-air mature s
Intake valve opens.
thus admitting charge
of fuel and aw. Exfaust

compressed by nsing
piston Spark ignifes
mixture rear end of

vaive closed for most of stroke.
stroke.
Connecting
(a) Rod (b)
-
Intake P
—-
Manifold Exhaust T Eshaust
™~ Manifoid ‘

POWER OR WORK STROKE
Fuel-air mixture burns,
ncreasing temperature
ana pressure. expansian
of combustion gases
drives piston gown Both
vaives closed-—Exhaust
valve opens near end of
stroke.

EXHAUST STROKE

Exhaust valve open.
exhaust products are
displacea trom cyurder
Intake valve opens neas
end of stroke

(c) (d)

Fig. 47. Four Stroke Spark-ignition Cycle

11. BEdward F. hert, P3.



Car bur et or

A carburetor is a mechanical device to nmeter the
liquid fuel which neets the AIF ratio required of the
engine. Wen the fresh air is drawn into the venturi tube
of the carburetor fromthe atnosphere by the action of the
engine pistons on the intake stroke, according to the
theory of Bernuli the air wll atomze the fuel, and mx it

honogeneously (Fig. 48).

Vent ur i
Tube

i

O 1 .
Throttle -
JE
i

F g. 48. Carburetor
(Courtesy of Bendix Aviation Corp.)
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Engi ne Air-Fuel M xture Requirenents

Under actual conditions of successful operation,
there are three general ranges of throttle position as
shown in Fi ? 46. The carburetor nust nodify the AF ratio
to satisfy follow ng condition :

El; I dling (mxture nust be enri chedg

2) Quising (mxture nust be | eaned

3) Hgh power (mxture nust be enriched) _

ﬁl). Idling Range. an idling engine is one operating at no

oad and with nearly closed throttle. The anount of fresh
charge br oulght induring idling, hower, is much |ess than
during ful throttle operation,due to the restriction
imposed by the throttle. Theresult is a nuch |arger
proportion of exhaust g_as_ being mxed with the fresh
charge, wunder idling conditions. Furthernore, the nearly
closed throttlerestrictiontends to keep the pressure in
the intake nanifold considerably bel ow atnospheric. Wen
the intake valve opens, the pressure differential between
t he conbustion chanber and the intake nanifold results in
backward initial flowof exhaust gases into the intake
manifold. As the piston going down on the intake sroke,
t hese exhaust gases are drawn back into the cylinder, alon
withthe fresh air. As aresult, the final mxture of fue
and air in the conbustion chanber is diluted by exhaust
gas; therefore, it is necessary to provide nore fuel by
enrichening the air fuel mxture.
(2. Quising Range. | n the cruisi ng range fromBto c,
t he exhaust gas dilution problem 1is relativel?

insignificant. The prinary interest is howto obtain the
best-econony mxture. _ _ _ _

(3. Power range. Since high power is desired, |ogically
the enginerequires aricher mxture to produce the best
power mxture. |In addition, enrichening the mxture reduces
the flame tenperature and cylinder tenperature, thereby
reduci ng the cool i ng and "knock" probl ens which will cause

sone danage i n the engine.l

Advance I gnition System(F qg. 46.):

Since the conbustion of fuel does not take place
I nstant aneously, in order to obtain the best power and the
| onest fuel consunption the spark shoul d occur before the
end of the conpression stroke. Sone of the najor factors
affecting the opti numspark setting are 1. type of fuel 2
12. BEdwart F Qoert pp.470-478




engine speed 3 air fuel ratio 4.part load conditions;
therefore, the optinmumspark setting nust be regulated to

account for changes in the | oad and speed of the engine.

Most aut onobi | e engi nes are equi pped with a mechanism that
Is integral wth the distributor. The two nechani sns are
t he vacuum advance and the centrifugal advance.

~_The vacuum advance autonatically conpensates for
the idling speed or part load. As the throttle is closed,
in the iIntake nanifold will exist a vacuumforce to nove
t he di aphragmaway fromthe distributor and as a result the
spark 1s advanced through a |inkage nmechanism As the
throttle i s opened, the vacuumforce will disapper and nake
the spark to ozcur closer to TDC _

The centrifugal advance automatically conpensates
for changes in the speed of the engine. FromF g. 49, we
can see that one pair of the counterweights is attached
wth the camshaft of the distributor. en the engine
speed increases, it wll create a centrifugal force to nove
the counterwei ghts and advance t he angul ar position of the
camrelative to the drive shaft. I nthis new position, the
br eaker fOIntS open earlier, causing an advance in th spark
setting.1l3

13 Paul' W Q1T and Janes H Smth, Jr.Fundamental Of
| nt ernal Conbustion Engi ne. John wiley & Sons ITnc.
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[

Part

g 1L A H/ throttle

A
Full advance

{al

Centrifugal force

— No advance
at «dle

Full advance at
high engine speed

—

(a) Centrifugal Advance

Breaker points
open

(b) Vacuum Advance -

Fig. 49. Mechanisnms of the Advance lgnition ( From
T. Weathers. and C Hunter,Fundamentals of Electricity and
Aut onbtive Electronical System Prentice-Hall, Inc.,
Engl ewood Ciffs)
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Fuel 1Injector

A Bosch individual -punp assenbly for a six-cylinder
engine is illustrated in Fig. s50a, and a sectional view of
one of the punping elenents, in Hg 50b. Wien the plunger
conpresses the fuel, the delivery valve Copens and fuel
fl ows through the di scharge tubing Dto the nozzle E The
aﬂraK pattern fromthe nozzle is formed by the orifices F,

ich are cl osed by a spring-|oaded ¢ val ve. Note that the
punp plunger is lifted by a camon a canshaft driven by the
engl ne. _ _

The neterlng and conpr essi on Processes of the pIunger
can be explained with the help of F g. 50b. Wen the
plunger is at the bottomof its stroke, ports A and A' are
uncover ed. Fuel enters the barrel under pressure fromthe
fuel tank punp. Wien the plungers rise, the ports are
sealed and the conpressed fuel [ifts the delivery valve C
and begins the injection period. Fuel is inected only
during the high-velocity portion of the Plunger stroke. As
the plunger continues torise, the spill port At into the
sunp, il e the delivery val ve snaps shut, w th consequent
end of the injection period. The position of the helical
groove in relation tothe spill port A' is changed b
rotating the plunger wth the rack or control rod R whic
corresponds to the throttle of engine. By noving the rack,
the quantity of fuel injected can be varied fromzero to
that denmanded at full | oad. Fig 50c., shows a shorter
effective travel, say, half load, while in F!P 50c.(a) the
slot in the plunger isinlinewth the spillport and no
conpressi on or delivery of fuel is obtained. hisis the
"stop" position for shutting down the engine. Note that
the overall travel or displacenent of the plunger is
constant at all speeds and | oads but the effective travel
is controlled by the helix and spill port in proportion to
t he | oad (di spl acenent metering)lt

14, BEdware k. oert, pp 430-436.
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Nuzzle Holder Assembly

Final-Stage H teak OH Connection,
Bieeder I Fuel Oil .
Screw “ Filter D Discharge Tubing

6 Cylinder Type APE Pump
(seif-contained drive)

Delivery Valve Spring

A
Water

Drain
Plug

R Confrol~ -
Rod [rack)

—_—

Lubricating
Oil Gege Rod—&
and Oil Filr’

jic Y
Foit -
Lubvli‘ahnq Mounting Pad for
Cushion Overflow  Fuel Supply Pump

Fig. 50a

Corp.)

and
Barrel

Fig. 50b. Section View of
Bosch Punp Elements. (Courtesy
Ameri can Bosch Corp.)

/'Goskei’— ‘l,

L

\

l FY- Pressuie Adjusting Screw
'1§ Spnng

i %\ ? Nouzle Cap

Nutr
F Onfice ~
E Noazile
~Querflow Valve Assembly
_Fuel Ol Sump
. B Plunger and Barrel Assembly

™ Plunger Return Spring

~Tappet Assembly

Camshaft

~-Lubecating Oi

Compartment

Bosch APE injection (Courtesy of Anerican Bosch

End of
Dellvely

Bottom
of Stroke

Maximum Delivery

(a)

End of
Delivery

Bottom
of Stroke

Bottom
of Stroke

Zero Delivery

(c)

Normal Delivery

(b)

Fig. 50c. Position of the
Helix for various |oad
condi tions (Courtesy
Aneri can Bosch Corp.)
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EXAVPLE GF FUEL | NDECTI ON

Mer cede Benz 280 CE ( D~jetronic, pressure control)

The quantity of fuel injected is decided by the
signal of pressure sensor (5) Fg. 5L Wen t he position
of the throttle valve is varied, the pressure of intake
mani fold wll be different; therefore, convert the val ues
of signal of the pressure sensor to different anal ogue
pul se width signals to control the quantities of fuel being
injected. In addition, the conputer can use the signals of
the air and cooling water tenperature sensor to nake the
I njected fuel nore accurate. A so, the cold start valve
can be used toinject nore fuel to nake the AF ratio

ri cher when the cold start or at full speed.
BMWVs528i (L-Jetronic, Ar Flow Control, Fg. 52.)

There is one position sensor to detect the position of
the throttle valve, then use the signal to conpute the
quantities of fuel being injected. In this systemthe AF
ratio is kept at 1:15 in the crui se speed condition, but
when the autonobile is just started or in full speéa, there
Is one cold start valveto inject extra fuel so that the
AF ratiois changed to 1:14. Furthernore, the conputer
can use the other information like the signals of air and
cooling water tenperature sensor, or oxygen sensor to _

correct the quantities of fuel.

VO VO B21F (K- jetrontic , mechanical control, F g.53.)




According to the theory of the lever, when the air
flow beats the sense plate on the left hand side of the
pivot, it will produce a balance force to push the plunger
up or down, and the different positions of the plungers can

meter the required fuel being injected.
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==

Fig. 51. Fuel Injection System(Pressure Control)

(IR I HG [ N )
2328 Degse

AN~

(Courtesy of Mercede Beze Autonotive Corp.)

fuel tank (2). fuel pump (3). fuel filter
fuel pressure regulator (5. pressure sensor
intake manifold (7). cylinder head (8). nozzle

. fuel tube (10). pul se trigger %11) . cold start val ve
throttle valve switch (13). the regulation screw
of idling speed (14). the tenperature sensor of air

t he wat er temverature sensor A

t he regulator of auxiliary air

the termnal of start notor

the tenperature sw tch -
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Fig. 52. Fuel Injection System (Air Flow Control)
(Ccurtesy of BMW Autonotive Manf. Corp.)

). ccmputer controller. (2). nozzle

) air flow sensor (4). the water tenperature sensor
) » the tenperature tinmer. (6) cold start valve

). fuel pu (8) .« fuel filter

). the reqgulator air valve (13). throttle valve

0) .the auxiliary air valve.

1). the throttle position switch

2) .« relay set
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Fig. 53. Fuel Injection System (Mechanical Control)
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.auxiliary air val ve
.the fuel pressure regul ator

(Courtesy of Volvo Autonobile Corp.)

fuel tank (2). nuffler (3). fuel punp
fuel filter (5). accunul ator -

. distributor (7). buffer
. warm-up regulator (9). nozzle

cold start valve 11). the water tenperature sensor
13). throttle valve

t he sensing plate
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Stress Analysis of Circular Plate
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STRESS ANALYSI S GF A ROULAR PLATE

To sinplify the problemof stress analysis of a
circular plate with clanped edges, we nust assune: (1) the
circular plate material is honmogeneous, (2) the nodul es of
elasticity in tensible and conpression are equal, (3) the
bendi ng deformation of the circular plate is synmetric, (4)
after bending the transverse plane still remains plane, not

di stort ed.
If we nmunt aradius a and thickness n circul ar

di aphragm clanped by two cylinders(Fig. 54.), a load of

€V

| Cyhnder

A

0

0
0

o

> [}
[
I“'—-
S ST S
t
g
—

e

1 M['+-~H O N
(b) ' o r
qar i

Fig. 54. Stress Analysis of the Grcular Plate
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intensity q uniformy distributed over the entire surface
of the plate. The nmagnitude of the shearing force g,at a
distance r fromthe center of the plate is determined from
t he equati on, which accord to the equilibriumiaw of force.
2MrQ=1r"q

where 2 rQ is the total shear force at circunference, and
nrlq is total external force within the circular plate of
radius r; therefore Q = qr/2.

Because the external force intensity q exerts on the

plate uniformy, it wll create two bending noment M and M
4B

lo____
v
Z
Fg. 55. The principal curvatures

which will induceequilibriumbendi ng stress Gr and % (Fig.
54d.). Meanwhile, there exist two principle curvatures £

and f; due to the bending nonment ( Fig. 55.).
]._ dw - dd _ _Ex

. dr Tar T2 EQ 30.
| _=dw— ¢ _ & EQ 31
g T rgr— r Z

According to the Hooks |aw, the unit elongation &,

and €yin ternms of the normal stress ¢rand 6t ,which are

act on the elenent shown in Fi g 54c.

O V6% EQ 32.

E tmacre  o—

r— = F



e,z—g:’——d%f’— EQ 33.

Rearranging EQ 32. and EQ 33, we obtain EQ 34 and EQ

35.

_ EZ / Tf\
Gzt s T
-y S fr) EQ 35.

If we integrate the bending stress (yand ¢t through al
cross sectional area with z direction, the nagnitude nust
be equal to the external nonments M and M. |n this way,

we obtain the equations

s
62FdedZ = Myrde EQ 36.
b

2

0,2drd9 dZ = M. drdo EQ 37.

substituting EQ 34 and 35 into EQ 36 and EQ 37

respectively and integrating , We obtain

Eh 7+15')

Mr —_ 72(7 U‘) ﬁ" EQ 38
3
_ ER o1 U EQ 39.
M =q-o £ TR’

Let D = flexure rigidity

2G-17
Repl aci ng 14g and 14% by EQ 30. and 31., obtain

- _n ¢ EQ 40
F=-p(-dyy Jdey 2 s, I0



2
Mr==DC LY 0 D= pc ¢ Vos, = @
-t ar

gr

where the nmonent M acts along tne circunferential sections
of the plate, such as the section nade by the conical
surface with the apex at b, and M acts al ong t he diametral
sectionrz of the plate.

By considering the equilibriumof an el ement of the
plate such as element abcd (Fg. 54c) cut out from the

plate,the coupl e acting on the side bc of the elenent is

M'rdG (a)

t he correspondi ng coupl e on the side ad is
Mr + GM= ar)(r + dd de (b)

t he coupl es on the sides ab and cd of the elenent are

My drd& (c)
and the shearing force per unit length of the cylindrical
section of radius r, the total shearing force acting on the
side bc of the element is Qd , and the correspondi ng force
onthe side ad is

(0 +(Z&ar)(r+ d)de “@
Negl ecting the snall difference between the shearing forces
on the two opposite sides of the el ement, we can say these
forces give a couple inthe rz plane equal to

Qrdedr (e)

summng up the couples of (a), (b)), (c¢c), and (d), and
negl ecting sone snmall quantities of higher order, finally we
obtain the foll owing equati on of equilibrium of the element

abcd (EQ 43.)



(Mr+-Dgr)(r+dr) d6 — Mrrd@—py drde +Qrdedr =0

EQ 42.
M,-+C<{jM’~r -My +Qr=
EQ 43.

Substituting expressions EQ 40. and 41. for M and M,

43. becomes

2
a¢ . ¢
gl?z T rd?iv- rZ = %_ EQ. 44.
or, in another form X Q
3
dw_ _ dw _ _dw = =
grz T rFdr D BQ 45
EQ 44. and 45. can be put in the follow ng form
d
d"}[ ( >] EQ 46.
d :
a:[rdrccwj ®Q 47

Sonmetimes it is advantageous to repl ace the shearing

Q by the intensity g of the load distributed over

EQ

force
t he

plate. Because 2 rQ = r g, fromwhich Q=qr /s 2, EQ 46

and 47 wll becone

r( ]_ Qr EQ 48.

By one integrationinthe EQ 48, we get
1 d qr '
-,.—d—{ df' D +C, EQ. 49.
By the second integration
3

dr = 16D r EQ 50.
By the third integratlon
4

W:;D'_*'E;‘ + Cilog & + Gy EQ 51.



115

Now, |l et us calculate the constant ¢c1, c¢2, C3.
For the clanped edge ,the sl ope of the defl ection surface in
the radial direction nust zerofor r = o0oand r =a .

Hence, fromthe EQ 50.

%ot o tF). =0 EQ 52.

(}60 + > t ,'-J}_._a:O EQ 53.

Fromthe EQ 52., Q@ = 0. Substitutingthis into the EQ
53. get Cl =-0a 2/ 8D
Wth ¢c1 the EQ 50. becomas

¢__ = 76D< 2_r%) EQ 54.
and the EQ 51. becones
_oqr* - qar
At the edge of the plate, the deflection is zero;therefore

qa CIBL
830 320 TC5°0
and obtain C3 = qa / 64D

EQ 56.

|f substitute EQ 54. into EQ 40., 41., we get the bending

monent M and M:

M= a1+ 0) - B3+ g .

MT:%(a?(H_U‘) _r?<7+‘137;>] EQ. 58.

| f we consider at the bottomof the plate (z = h/2 ), the

relationship of the bending stress and the bending nonent

IS



Gy = Mr(z /1) ; (G= Mt(z /1)
where z = h/2 and | = bh§/12; t herefore,

§y= 6Mx/h 6= eMt/h
The EQ 57. and 58. will becone
2. . 2
4= 2(ET DG+ g
. < 2 2
;,:%(;hiz. [a(;+ﬂ)—r(;+3v)] EQ 60,
As aresult, the stress distribution of the circular plate

along the radius a is shown in Fig. 10. ( Chapter III).
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