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Abstract

Engine’s performance and its efficiency has been the subject of interest since the invention of
first internal combustion engine. The advancement in electronics lead to the invention of Engine
control units (ECUs).

Before ECUs, air/fuel mixture, ignition timing, and idle speed were mechanically set and

dynamically controlled by mechanical and pneumatic means.

An engine control unit (ECU), is a type of electronic control unitthat controls a series
of actuators on an internal combustion engine to ensure optimal engine performance. It does this
by reading values from different sensors within the engine bay, interpreting the data using
multidimensional performance maps (called lookup tables), and adjusting the engine actuators

accordingly.

We have developed an engine control model on NI Labview which is a graphical programming
software. We have used NI Labview 2013 software to develop our model because it provides a
user friendly programming interface for programmers. Our engine control model is compatible
with any spark ignition engine. It ensures performance of engine by controlling fuel injection and
spark timing. We have used two different engine control strategies depending on the type of

sensor used i.e Manifold Absolute Pressure (MAP) sensor and Mass Air Flow (MAF) sensor.

Our software also encompasses different correction factors like temperature correction, pressure
correction, acceleration enrichment, and lambda feedback.
Our engine control model is successfully tested on the apparatus that we have designed to control

fuel injection by reading real time values from Air mass flow sensor, crank sensor and
temperature sensor with the help of NI Data Acquisition (DAQ) card.

This model can be used by industry and car tuners to tune their engines on a test bed for optimal
performance and efficiency.
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CHAPTER 1
Literature Review

1.1 Working of Internal Combustion Engine:

Internal combustion engines are called that because the fuel is burned inside the working part of
the engine (the cylinder) as opposed to the fuel being burned remotely (as in a steam engine, for
example). Jet engines are internal combustion engines, but unlike automotive engines, they are
not spark-ignition (they are continuously ignited by already burning fuel). The scope of project is
limited to internal combustion, spark ignition engines. We begin by explaining how a 4-stroke
cycle engine works (by far the most common type of automotive engine).

An engine has three primary ‘control parameters' that we can manipulate to optimize the way the
engine runs under various conditions:

e The amount of air going into the engine,
e The amount of fuel being mixed with the air that goes into the engine,
e The timing of the spark to ignite the air fuel mixture.

An engine has one or more cylinders (if it isn't a rotary engine, etc.). These cylinders have a
moveable piston in them. The piston seals the lower end of the cylinder, and because it is
connected to a rotating crankshaft by a connecting rod, it moves from the bottom of the cylinder
to the top (and back, repeating endlessly).

For the engine to operate, it has 4 cycles, each of which take one-half a crankshaft revolution,
which is one 'stroke' up or down the cylinder. The strokes are:

Four-gtroke cycle intake exhaust
intake vaive spark plug valves closed valves closed valve closed valve open

open exhaust valve

air-fuel__, | closed
mixture

combustion
chamber

piston

connecting
rod

crankshaft

intake compression power exhaust
Air-fuel mixture Air-fuel mixture Explosion forces Piston pushes cut
is drawn in. is compressed. piston down. burned gases.
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Figure 1.1



1.2 Engine Management system

Engine management system ensures that engines run cleanly and efficiently in a wide variety of
conditions. It controls the running of an engine by monitoring the engine speed, load and
temperature and providing the ignition spark at the right time for the prevailing conditions and
metering the fuel to the engine in the exact quantity required.

Control System Overview

Manifold pressure
Throttle position
Coolant Temp

Wiring Etc...

E—m—— SenSOrS |
- - ‘\

Engine

Control
Unit

Wiring Injectors
Controller Ignition coils
Tuning i

Figure 1.2
The engine control system includes:

U Sensors for the detection of the engine operating modes

O Electronic control unit (ECU) which elaborates the signal values supplied by the
sensor, according to defined control strategies and algorithms, and defines the actions to
be delivered to the actuators

O Actuators which have the task to actuate the defined commands.
Two main operations which are controlled by Engine Management System (EMS) are:

1. Fuel Injection



2. Spark ignition

1.3 Electronic Fuel Injection
1.3.1 Theory:

The amount of air going into the engine is primarily determined by the throttle (as well as any
limitations based on the port and valve design, cam timing, etc.). The throttle can be opened
anywhere from 0% to 100%. Larger openings mean more air going into the engine in general,
and more power output from the engine. The fuel must be in a narrow range in proportion to the
air. The exact ratio varies. The chemically correct ratio is called 'stoichiometric’. More fuel is

'rich’, less fuel is 'lean’. Stoichiometric mixtures are around 14.7:1 for gasoline (by mass).

Stoichiometric air/fuel ratios are not necessarily the optimal target for best power or economy
though. For best power, you will want to run rich, for best economy you will want to run lean of

stoichiometric:
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1.3.2 Factors affecting Fuel Injection:

Engine temperature:

When an engine starts from cold it is well below its normal operating temperature, this causes
some of the fuel injected into the engine to condense rather than atomizing and being drawn in
efficiently. Combustion chamber temperatures are also low which leads to incomplete and slow
combustion. These affects cause the engine to run weak and require that extra fuel be supplied to
the engine to compensate. In a conventional system the “choke” on the carburetor performs this
function, on an injection system a coolant temperature sensor provides the EMS with the engines
temperature and enables it to “correct” the fuelling. This correction involves adding a percentage
of extra fuel according to a pre-determined correction profile by temperature, up to the normal
operating temperature of the engine. The amount of extra fuel will vary from engine to engine

and according to engines temperature and RPM since the effects of condensing are less when air
speeds are higher.
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Air temperature:

When air temperatures are high, the density of the air being inducted falls off, thereby lessening
the volume of Oxygen available for combustion, if the fuel that is injected remains constant then
the mixture will become too rich. To compensate for this the EMS applies a correction to the
base map according to a predetermined correction profile. As the air temperature rises so air
density will continue to fall and hence the fuelling will be reduced. Information about air
temperature is relayed to the EMS by an air temperature sensor. To an extent air flow meters can
compensate for lower density air since depending on their type they may show less volume of air
inducted.

Mixture strength:

Some EMSs make use of a Lambda sensor that sits in the exhaust of an engine and measures the
“strength” of the mixture while the engine is running. During conditions of steady state running
the EMS is able to tell from this sensor whether the mixture is rich or lean and can make real-
time adjustments to bring the mixture back to chemically correct. This generally happens only
when in steady state, E.G. at idle or when cruising and is known as “closed loop running”. Over
a period of time the EMS can “learn” whether the mixture is rich or lean and make long term
adjustments.

Acceleration fuelling:

When the throttle is opened suddenly there is generally a weakening effect on the induction since
air is lighter than fuel and is drawn in more rapidly. Weakening on throttle opening transients is
also caused by the fact that the fuel has already been injected and the inlet valve is open before
changes in the inlet manifold can take place due to a throttle. Transient, this is only a transitory
affect but it can cause the engine to stumble or stutter on initial acceleration. To counteract this
tendency the EMS can keep track of sudden changes in throttle position or load and add a
percentage of extra fuel when this happens. The extra fuel is only added for a short period and is
then decayed over another short period; this is normally a number of engine revolutions rather
than a period of time. This is known as “accelerator clamp”.
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Injector duty cycle:

In order to inject a fuel into the engine the injector is opened for a period of time, known as the
pulse width, this time is always the same for a given quantity of fuel, regardless of engine speed.
As engine RPM increases the time available per revolution to fire the injector is less, at
6000RPM the time available is exactly half the time at available at 3000RPM. As this injection
opportunity gets progressively smaller the injectors are required to fire much more frequently;
this can result in the injector being open almost all the time. When the injection system used is
sequential the requirement is to be able to deliver the fuel at a time when the inlet valve is
closed; this further reduces the injector’s opportunity to fire. The percentage of time that the
injector is open is known as the “duty cycle” and this represents the relationship between the
times the injector is closed measured against the time it is open. If the duty cycle goes above
90% anywhere in the rev band (I.E. the injector is open for more 90 percent of the time) then the
injector capacity is being reached and the engine may require larger injectors.

1.3.3 Tuning Fuel:

To adjust the amount of fuel to correct a lean condition, we increase the parameter value
(whether it is in % or milliseconds). The parameter we want to increase may be in the AFR table,
the accel enrichments, the warm-up enrichments, the afterstart enrichments, or the cranking pulse
widths (among others). Which parameter we adjust depends on the conditions under which we
find the engine is lean. Conversely, if the engine is rich, we decrease the appropriate parameter.

For maximum power, we want to run richer than stoichiometric. This is because the engine's
output is primarily limited by the amount of air that enters the cylinders. That, in turn, limits the
amount of fuel we can burn. However, to make sure all of the oxygen is consumed, we must
supply a richer than stoich. mixture, so that any residual oxygen always has fuel nearby to
combust with. The result is that maximum power typically occurs between 12.5:1 and 13:1 (if
the ratio is much richer than that, the excess fuel actually quenches the flame front).

It may also be true that the engine wants to idle rich of stoich., especially if it has an aftermarket
camshaft. A 'hot street' engine may idle best at 13:1 to 14:1 (where it will achieve minimum
MAP kPa, which should be the tuning goal for idle). However, for emissions regulated
applications with a catalytic converter, the idle mixture is usually stoichiometric in order to
maximize the conversion efficiency.

For one naturally aspirated engine, here is an example of a target AFR table:

12
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1.3.4 Injection types:

There are two common sorts of injection:

1. Throttle body injection - usually one or two injecotrs for the whole engine
2. Port injection (aka. Multi-Port) - one injector per cylinder

Then there are three common modes of injection timing:

« batch - all injectors fire at once, but not timed to any specific cylinder,

e bank - % the injectors fire at once, but not timed to any specific cylinder,

e sequential - each injector fires at a specific point in the 4-stroke cyle for each cylinder
(i.e., 8 independent timing events)

Throttle body injected cars are usually batch or bank fire, simply because of the geometry. Most
port injection set-ups before the mid-1990s were bank fire as well (including GM Tuned Port
Injection for the 305/350).

Sequential injection requires:

e as many injectors as you have cylinder, with one dedicated to each cylinder (i.e., nota 4
injector TBI on a 4 cylinder).
e as many injector drivers as you have cylinders,

13



and also requires a camshaft position sensor (a crank sensor is not adequate for a 4-stroke
cycle engine).

The benefits of sequential injection are that:

you may get slightly better mileage and lower emissions at low engine speeds,
you can tune each cylinder's fuel amount independently (if you know how).

1.4 Spark Timing

1.4.1 Theory:

The ignition system on car has to work in perfect concert with the rest of the engine. The
goal is to ignite the fuel at exactly the right time so that the expanding gases can do the
maximum amount of work. If the ignition system fires at the wrong time, power will fall
and gas consumption and emissions can increase.

When the fuel/air mixture in the cylinder burns, the temperature rises and the fuel is
converted to exhaust gas. This transformation causes the pressure in the cylinder to
increase dramatically and forces the piston down.

In order to get the most torque and power from the engine, the goal is to maximize the
pressure in the cylinder during the power stroke. Maximizing pressure will also produce
the best engine efficiency, which translates directly into better mileage. The timing of the
spark is critical to success.

There is a small delay from the time of the spark to the time when the fuel/air mixture is
all burns and the pressure in the cylinder reaches its maximum. If the spark occurs right
when the piston reaches the top of the compression stroke, the piston will have already
moved down part of the way into its power stroke before the gases in the cylinder have
reached their highest pressures.

To make the best use of the fuel, the spark should occur before the piston reaches the
top of the compression stroke, so by the time the piston starts down into its power
stroke the pressures are high enough to start producing useful work.

Work = Force * Distance

In a cylinder:

Force = Pressure * Area of the piston

Distance = Stroke length

So cylinder work = pressure * piston area * stroke length. And because the length of
the stroke and the area of the piston are fixed, the only way to maximize work is by
increasing pressure.

14



Advance refers to the precise crankshaft position where the ignition is initiated by a spark from
the spark plug. It is always referenced to the crankshaft position in degrees (the symbol for
degrees is °, the same as temperature). Since there are 360° in a crankshaft revolution (or any
complete circle), one intake stroke, which takes ¥z a revolution, is 180°. Normally the advance is
specified as 'before top dead center' (BTDC). This means the number of degrees the crankshaft
would have to turn to reach the very top of it travel from the spark point.

Sparking before TDC is necessary because the fuel and air take some milliseconds to burn.
Typical values range from 5 degrees BTDC at idle to 35 degrees at wide open throttle (WOT)
and possibly even higher under cruise conditions. The flame front moves at about 50 mph (~73
feet/second or ~880 inches per second) at high cylinder pressures and appropriate AFRs. The
pistons can travel a considerable distance in the time it takes for the fuel to burn all the way from
the spark plug to the most distant regions the cylinder. For example, at 880 in./sec and a 3.5"
bore, if the spark was centrally located, the burn would take 1.75/880 = 2.0 milliseconds.

If the burning takes 2 milliseconds to reach maximum pressure, at 3000 rpm the piston & crank
will travel 36° in that time. There is an optimal point (peak pressure position - ppp) in the piston
movement when we want the burning gases to reach their peak pressure (usually about 17°

ADTC), so we need to start the burn early to get the peak pressure where we want it (in this case
36°-17° = 19° BTDC).

Typical Cylinder Pressure
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Figure 1.6
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With a larger bore and a non-centrally located spark plug (typical of 2-valve engines), more
advance is needed. For example, on a 4.00" bore, with a spark plug 1.3" from one side (and 2.7"
from the other), the burn time rises to: 2.7/880 = 3.1 milliseconds. In this time, the piston/crank
travels about 55°. So under the same conditions as above, the timing needs to be increased to:
55°-17° = 38° BTDC!

Timing advance is low at low engine speeds, because the piston is moving slowly, and the fuel
has time to burn near TDC. At higher speeds, the timing must be advance. At some point
(usually about 3000 rpm), the combustion turbulence ensures a quick burn, and no further
advance is necessary. The details of how optimal spark advance is affect by various factors
would fill a large volume, and include relevant topics like bore size and chamber shape, mixture
swirl and tumble, and a myriad of other things...

Too much advance isn't good though. The peak pressure is reached too early, and the result can
be that the burn doesn't proceed smoothly across the combustion chamber, but instead fuel and
air in the furthest areas of the chamber spontaneously ignite from the pressure and radiant heat in
the chamber (this is called 'detonation’ and it can be very destructive).

As well, spark and fuel tuning interact. That is, the amount of fuel affects the optimal timing, and
vice versa. Here is a graph showing the relationship on one typical gasoline engine:
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A (WOT and Gasoline)
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Figure 1.7
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1.4.2 Spark Advance Tuning:

The spark advance value that appears in Labview spark table is the spark advance you
should see at the crank with a timing light. To create and tune the spark advance table,
you should try to understand what your engine needs in the following areas:

1. total advance at WOT: should be from ~24° to ~40° depending on engine bore size
and combustion chamber characteristics. Older design engines (i.e. push rods, domed
pistons, etc.), and those with large bores (big blocks, etc.) need more advance, about 36
to 38°. Newer designs (4 valve/cylinder, swirl port engines, etc.), and small bores,
generally require less, about 28 to 32°.

2. 1dle advance: In Labview, this is the advance at the idle rpm and MAP value. Larger
initial advance numbers produce a slightly more fuel efficient idle, but may make the idle
unstable and result in higher emissions (this is why most engines use the
no vacuum advance at idle). Too much initial advance can also make the engine hard to
start. Generally, keep the initial advance at 6° to 10°.

3. RPM based advance: This is the advance as read across a row (at a
constant MAP kPa). Generally for a performance engine, you want the advance to be
maximum by 3000 rpm. So for a given MAP (say 100 kPa) the spark advance should rise
from the idle value to the maximum by about 3000 rpm. Your particular settings will
depend on your Load and rpm.

4. vacuum (MAP) advance: This is the advance as read in a single column of the
advance table (at a constant rpm). As the load on the engine is reduced, the fuel burns
more slowly and more advance is required. This means that you should have the advance
increase for a given rpm as the MAP value decreases in kPa. So, for example, if you have
32° advance at 4000 rpm and 100 kPa, you might have 40° advance at 4000 rpm and
50 kPa.

Note that the optimum amount of total advance is not necessarily the most that doesn't detonate.
For example, with a modern cylinder head design, you might get maximum power at 32°, but
might not experience any detonation until 38°-40.

The exception to maximizing the total advance is the initial advance the engine uses when
cranking. Higher initial advance will generate better 'off-idle’ response (especially with an
automatic transmission), but can cause hard starting, to the point of physically breaking the
starter. Some sources recommend up to 14° to 20° of initial advance for performance engines.
However, if engine installed on a high compression, large displacement engine that already puts
an additional strain on the starter, limit your initial advance to 4°-12°, then have the advance
come in rapidly after 600 to 800 rpm.
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CHAPTER 2

Engine Sensors

Any electronic control of a physical system requires feedback of the physical variables through
sensors. It is essential that sensors provide an ‘accurate enough’ perception of the variables
involved. In engine control such accuracy is fulfilled by high precision and fast response time
sensors essential n high rpm and fuel economy/ high power requirements. Here is a basic
overview of the sensors we are using in our engine control project. The sensors used by us are
OEM sensors. They had to be calibrated due to the absence of readily available OEM sensor
data.

2.1 Mass Air Flow (MAF) sensor:
2.1.1 Working

It is necessary for the engine’s computer to calculate and maintain the proper air/fuel ratio for
optimum performance and emissions. Engines with “speed-density” fuel injection systems do not
have a MAF sensor and use inputs from the throttle position sensor (TPS), manifold absolute
pressure (MAP) sensor, incoming air temperature (IAT) sensor and engine rpm to estimate air
flow. The MAF sensor is located in the air duct between the air cleaner and throttle body. Here,
it can measure all the air that is being drawn into the engine and react almost instantly to changes
in throttle position and engine load. The following diagram shows the placement of a MAF in the
engine ‘breathing tract’.

. intake
Aiir Throttle . Intake )
Cleaner Bocy B ch ;\':ber$ Manifold B | CYiinders
Figure 2.1

There are two basic varieties of MAF sensors: hot-wire and hot-film. Unlike vane air flow (VAF)
sensors that have a mechanical spring-loaded flap to measure air flow, MAF sensors have no
moving parts. Instead, they use a heated sensing element to measure air flow.
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We are using a Toyota Vitz (Toyota Yaris in America) MAF sensor. It employs the cooling
effect of air over a platinum hot wire to calculate mass of the air flow across it. A circuit diagram
is shown below:

p—» Output Voltage

Figure 2.2

The electronic circuitry makes sure that the hot wire remains at a particular temperature in
relation to the thermistor allowing more current through the hot wire when more air flows across
it to compensate for air’s cooling effect. The higher current is then translated into a higher
voltage. The MAF also has a temperature sensor to adjust for the different cooling effects of air
at different temperatures.

MAF Supply Voltage

The +8 terminal supplies voltage for the
MAF Sensor. VG is the MAF signal line
and E2G s the ground. THA ferminal
supplies & Volts for the TAT sensor and E2
iz the ground.

Fig. 2-39
= TREIADES

Figure 2.3

e E2G and E2 terminals are ground
e +B terminal supplies 12 V to the MAF sensor
e THA terminal supplies 5 V for intake Air temperature sensor.
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e VG gives output voltage according to the mass of air.

Figure 2.4
We have used denso air mass flow sensor in our hardware model.

We calibrated output voltage by using method describe below:

2.1.2 Calibration

The MAF sensor was placed in a cylindrical tubing with an internal diameter of 6.32cm. An
external 12V battery was used to power it and a voltmeter was used to measure the sensor output.
This apparatus was driven on a Honda Prider (100cc) motorbike. Care was taken to hold the
cylinder opening area perpendicular to the incoming air flow. Ignoring air the boundary layer
effect of air passing through the cylinder (air has a very low viscosity) and the resistance offered
by the sensor protrusion in the cylinder (due to the large diameter of the tube), it can be
reasonably assumed that the air passes through the cylinder at the speed of the motorbike in still
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air conditions. Moreover, the use of a motorbike ensures little change to the incoming airflow as
compared to a car. The following data is the data obtained from this experiment.

speed km/hr volts speed m/s mass flow rate kg/s Ib/hr
0 0.62 0 0 0
12 1.55 3.3333333 0.01170193 42.1269
22 1.73 6.1111111 0.02145354 77.2327
32 1.89 8.8888888 0.03120516 112.338
42 2.05 11.666666 0.04095677 147.444
52 2.2 14.444444 0.05070838 182.502
62 2.35 17.222222 0.06045999 217.656
72 2.49 20 0.0702116 252.761
82 2.63 22.777777 0.07996321 287.867
92 2.77 25.555555 0.08971482 322.973
102 2.9 28.333333 0.09946643 358.079
112 3.03 31.111111 0.10921804 393.185
122 3.15 33.888888 0.11896966 428.290
132 3.27 36.666666 0.12872127 463.396
142 3.38 39.444444 0.13847288 498.502
152 3.48 42.222222 0.14822449 533.608
162 3.57 45 0.1579761 568.714
172 3.66 47.777777 0.16772771 603.819
182 3.75 50.555555 0.17747932 638.925
192 3.83 53.333333 0.18723093 674.031
202 3.91 56.111111 0.19698254 709.137
212 3.98 58.888888 0.20673416 744.243
222 4.04 61.666667 0.21648577 779.348
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2.1.3 Graph of Voltage (V) vs Mass flow rate (Ib/hr)

4.5

4 /A

3 /

2 /

15 / — Soriesl

1/

0.5

O T+ +~ T r _r r°rr———r*r T 7T T T T T 1T T 1T " T1T T 1T T T
o W OV O O VU VU OV U O VU VO VU U VU U OV O v v v v O
A N N N o OO NN 1IN N A OO NN 1IN N A N N N A 0N
O N 00 < O 1N o N MmO OO < O O N 6 M O 1N o N N 0
N N N < N N W W INDN 0O O O O O o d N D N < <
S NMmMYINON®QACSFNMNERN X OO AN G
N N AN SN AN NN SN AN 0 MO M0 N 0 Mmoo < O O
<t N A S 00+ Do AN 1D ON O OM OV O NN O <

I = " N N NN T NN O O O NNN
Figure 2.5

Against the Manifold air pressure (MAP) sensor and Volume air flow (VAF) combination, the
MAF has advantage of greater adaptability and easier tuning. However, this comes with a few
problems:

e They have to be accurate they must be calibrated over the range they will be used in.

e MAF sensors can be calibrated using accurate laminar flow element to determine mass air
flow. However, the problem is that when a MAF sensor is bolted to the vehicle, a new set of
readings is required for the change in ducting (bends, air filters etc.).

2.2 Engine Coolant Thermistor
2.2.1 Working

The ECT sensor has a thermistor that varies its resistance depending on the temperature of the
engine coolant. When the coolant temperature is low, the resistance in the thermistor increases.
When the temperature is high, the resistance drops. The variations in resistance are reflected in
the voltage output from the sensor.
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2.2.2 Calibration:

N

OOOOI

Figure 2.6
A K-type thermocouple from the thermodynamics lab in SMME was used to calibrate a Toyota

engine

coolant thermistor. Only the resistance circuitry of the thermistor was used. The

following procedure was used:

1.
2.

6.
7.

Fill the electric kettle with ice cubes and some water.

Connect the thermocouple to the terminals in the SOLTEQ temperature measurement
board.

Connect the thermistor resistor to a multimeter set to measure resistance in the
appropriate range.

Dip the thermistor and thermocouple probes in the water.

Note the thermocouple resistance against the temperature indicated by the SOLTEQ
board (reading from) the K-type thermocouple.

Turn on the kettle and allow the ice to melt.

Follow steps 1-5 until the water boils.

Using this method, the thermocouple resistance was determined. It must be noted that the high
salt content in NUST’s ground water lead to an impressive temperature range between the
melting an boiling points. The following readings were obtained:
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Figure 2.7
These readings resulted in the following graph in excel:

60

12

Figure 2.8
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This graph was used to get rid of bad readings resulting in the following readings and graph:

ey B
1 | Temperature "F-Iesistance
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Figure 2.10
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The readings were identified as logarithmic in trend under the following criteria for logarithmic
functions:

[f(x + Dx) / f(x)] "™ = b

We can recognize this pattern even in data sets without constant intervals between the inputs:

We calculate the various [f(x + Dx) / f(x)] ¥®* we find:
1.86\6%
(T%) = 0.983
1
(%)z = 0.973
1.66

e 0032 = 0.969

Hence the equation obtained is: y = 40.147¢0032x,
A constant base of approximately b =0.969 is hiding in the data.

The thermistor was then placed in a voltage divider configuration: 12V were applied across the
thermistor and a 4.7 kilo ohm resistor. By measuring the voltage across the 4.7 kilo ohm resistor,
the inverse-to-temperature readings of the thermocouple are converted into readings which
increase with increasing temperature. This helps ease the programming in LabView.

DAQ measurement probe

ov 12v

| Thermistor Resistance 4.7 kilo ohm

Figure 2.11
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2.3 Crankshaft Sensor

The type of crankshaft sensor that we used is variable reluctance sensor. Its normal resistance is
1370 ohm. It has two output wires: ground and pulse.

VR sensor (pickup)

/ Missing tooth

Toothed wheel

Figure 2.12
2.3.1 Working:

As shown in diagram, the teeth of the rotating wheel (or other target features) pass by the face of
the magnet, the amount of magnetic flux passing through the magnet and consequently the coil
varies. When the gear tooth is close to the sensor, the flux is at a maximum. When the tooth is
further away, the flux drops off. The moving target results in a time-varying flux that induces a
proportional voltage in the coil. Subsequent electronics are then used to process this signal to get
a digital waveform that can be more readily counted and timed.

2.3.2 Experiment:

We took off the chain cover of a bike (Honda Pridor), and held the crankshaft sensor near the
gears of the bike to get peaks. The output was to be displayed on oscilloscope. The bike was
turned on and the gears rotated at high speed. But there was no reading on the oscilloscope.

The gears of the bike were not made of a pure ferrous material and the bike was not rotating at
high enough a speed. So the output from the sensor was visible.
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2.4 Fuel Injector

It is basically an actuator which acts as a valve. It is supplied with fuel at some standard pressure
by the fuel pump. And when it is energized by the ECU it atomizes the fuel into a fine mist so
that it can burn properly in the internal combustion engine cylinder.

Figure 2.13

2.4.1 Working:

When electrical connector is given a voltage difference current flows through the
electromagnetic coil. Consequently a magnetic flus is produced which pushes the magnet
upwards against the springs and the valve is opened. When the voltage applied is removed. The
energy stored in the spring forces the magnet to come back down and the valve is closed.

2.4.2 Calculation of Injector flow rate:

The injector we have used is SD26 ABD type. We have calculated its flow experimentally. We
used a graduated measuring cylinder and a stop watch. The pump was supplied 12V from a
battery. And 12V were also supplied to the injector.

The readings were as follows:
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Serialno  Time(s) Volume(cm®)

1 25 78
2 25 75
3 25 76

Average flow rate: 3.05cm/s

30



CHAPTER 3

Engine Control Strategies

Each EFI car today is equipped with either a MAF sensor ( mass air flow) or a MAP sensor (
mass air pressure). Some cars are even equipped with both a MAF and a MAP sensor . So what
do these sensors do and what is the difference?

3.1 MAP sensor VS. MAF sensor

While both sensors accomplish the same thing, both have its own advantages.
MAP sensor:

1. Even if an intake pipe blows off or there is a vacuum hose leak the car will run the
same, as the actual manifold pressure will not be any different so you will not be left
stranded some where.

2. Sensor reads actual load so there is no guessing what load level the engine is
seeing.

MAF sensor:

1. The amount of air mass flow entering the motor is very accurate even at low air flow levels.
Because of this MAF sensors have a tendency to get better fuel efficiency.

2. Most have a built in AIT( Air Intake Temperature ) sensor so you can monitor your actual air
intake temperatures at the sensor.

3.2 MAP or Speed Density engine control:

In speed density based engine control, airflow is never actually measured. Instead incoming air
mass is calculated based on temperature, manifold pressure, and engine speed, using a reference
volumetric efficiency table. The engine’s volumetric efficiency is a constantly moving value
based upon RPM, camshaft design, displacement, compression and instantaneous manifold
pressure. The main volumetric efficiency or AFR table is usually shown as manifold absolute
pressure versus engine speed. We have used AFR table in our Labview program.

Temperature correction becomes critical in a speed density system. Unlike the mass air systems
that have meters compensated for ambient changes, actual intake air density must be calculated
in a speed density strategy.

31


http://www.enginebasics.com/Engine%20Basics%20Root%20Folder/Cold%20Air%20Intake.html
http://www.enginebasics.com/EFI%20Tuning/Air%20Intake%20Temp%20Tuning.html

The downsides to speed density are a reduction in airflow resolution, increased time needed to
calibrate, and reduced flexibility.

_ Fuel Calculation (Speed Density systems)

Engine

LLoad Displacement
{CU Data

Measurement \ l
= Calculated

/ . ;
(Load Calculation Air Mass
P l\\ {(Backward from VE tabls) 4 ‘

N

1

S /" Desired ™\
\ - e
e \‘( Air/Fuel

\’.

— ( Fuel Mass
\W \_ Setpoint /

EFI Calibration

Figure 3.1

For a speed density system, air mass must be first calculated from a reference table
before proceeding to the fuel calculation.

In MAP tuning, the MAP sensor is used to calculate the load. The amount of fuel
injected by the injectors depends on several factors:

« The Ideal Gas Law that relates the amount of air to its pressure, volume and
temperature, (this is a fundamental part of the embedded code).

« Measured values manifold pressure, engine and intake air temperature, rpm, etc.
(these are taken from the sensor measurements).

« Tuning parameters REQ_FUEL, volumetric efficiency, injector open time, etc. (these
are input and adjusted using the Labview tuning software).
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Labview tuning software uses all these factors to determine the fuel pulse width
- longer pulse widths mean more fuel (richer), shorter pulse widths mean less
fuel (leaner).

The Ideal Gas Law:

The ideal gas law states that:

Where:

P = pressure,

V = volume,

n = number of moles (which is related to the mass of the gas, i.e. 1 mol = 6.023x10% molecules
of the gas, and n = mass (in grams)/molar mass(MM)),

R = the ideal gas constant, and

T = the absolute temperature.

In order to know how much fuel to inject, we need to know how much air is going into the
engine so the chemically correct mixture (called “stoichiometric”) can be achieved. So for a fuel
injected engine, we use sensors to determine the pressure in the intake manifold and the air
temperature. However, the temperature in this equation is “absolute temperature” measured in
Kelvins which is equal to degrees Celsius + 273°.

The volumetric efficiency (VE) is a percentage that tells us the pressure inside the cylinder
versus the pressure in the manifold. We know the volume (V) from the displacement of the
engine. Thus we can calculate the mass of air (M) in the cylinder (proportional to n) from

n=PV/RT
=> M =N X MM Z PV/RT X MMaiieiiiiiineieineeeeeeeeeseeesaeessessssessssssssesssessseesns (3.2)
= (VE * MAP * CYL_DISP) / (R * (IAT-32) * 5/s + 273)) X MM,

Since:

P = VE * MAP (i.e. the pressure in the cylinder in kPa),

V = CYL_DISP = the displacement of one cylinder (in liters),

R =8.3143510 J/mol K,

and T = (IAT-32)* °/y + 273 to convert IAT from °Fahrenheit to Kelvin.

Since we now know the amount of air in a cylinder from the MAP and IAT values and the 'tuned’

value for VE, we need to know the amount of fuel to inject. We specify this with a parameter
called REQ_FUEL.
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REQ FUEL:

REQ_FUEL (short for "required fuel™) is the part of the computation that tells Labview
software how big your injectors are, and what your cylinder displacement (CYL_DISP) is. It is
the length of time in milliseconds [ms] that injectors should open to give the stoichiometric
amount of fuel (14.7 Air/Fuel Ratio for gasoline) at 100% VE, a manifold absolute pressure
(MAP) of 100kPa, and an air temperature of 70 degrees Fahrenheit for a complete stroke cycle.

The air/fuel ratio (AFR) is the mass of air compared to the mass of fuel entering the engine, so
fora 14.7:1 AFR we have 14.7 times as much air (by weight) as fuel.

A stoichiometric mixture is chemically correct for complete burning with no extra fuel OR air
left over. For gasoline, a 14.7:1 AFR is considered the correct amount for burning with no
leftover air or fuel.

Req_Fuel is calculated from the equation:

REQ_FUEL*lO — 36,000,000 * CID * AIRDEN(100kPA, 7O°F)/(NCYL*AFR*INJFLOW ) 1/DIVI DE_PULSE

Where:

36,000,000 is the number of tenths of a millisecond in an hour, used to get the pounds per 1/10
milllisecond from the pounds/hours rating of the injectors.

REQ_FUEL = Computed injector open time in tenths of millisecond.

CID = Cubic Inch Displacement.

AIRDEN = Air density (pounds per cubic inch) at MAP pressure of 100 Kpa, Air Temperature
of 70

NCYL = Number of Cylinders

INJFLOW = Injector Flow Rate in pounds per hour.

DIVIDE_PULSE = injection divide number for number of injections per engine cycle.

The AIRDEN function (used above) is defined by:

AIRDEN(MAP, temp) = 030 A0 O v450.7) % 1728) oo (3.4)
Where:

MAP = Manifold Air Pressure in kPa,

Temp = Air Temperature in Degrees F,

459.7 is used to convert from Fahrenheit to absolute temperature,

1728 is used to convert from pounds per cubic feet to pounds per cubic inch.

Hence, the REQ_FUEL value is the amount of fuel (in milliseconds) required for a MAP reading

of 100 Kpa, manifold air temp of 70 degrees F, for one complete filling of one cylinder
(Volumetric Efficiency = 100%), without any enrichments.
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Final Pulse width Fuel Equation:
Therefore, pulse width is:
PW =REQ_FUEL * VE * MAP * E + accel + Injector_open_time............. 3.5)

The "E" above is the multiplied result of all enrichments, like warm-up, after-start,
barometer and air temperature correction, closed-loop, etc:

E = gamma_Enrich = (Warmup/100) * (O2_Closed Loop/100) * (AirCorr/100) * (BaroCorr/100).......... (3.6)
and

« Warmup is the warm-up enrichment value,

e 02 Closed Loop is the EGO adjustment based on the EGO sensor feedback in Labview
e AirCorr is the adjustment for air density (based on the intake air temperature), and

« BaroCorr is the barometric correction based on the ambient air pressure
Gamma_Enrich (E) is the scaling factor applied to the REQ_FUEL value, along with
VE(RPM,MAP) and MAP. For all of the corrections, 100% means no enrichment/enleanment,
since the value is normalized by 100 to get a fractional multiplier.

If you notice the pulse width equation, there are two other factors added to this - one is the
acceleration enrichment, and the other is the injector open time.

Even if you set REQ_FUEL to zero you are still left with the injector open time (and accel
enrichment if activated). The reason for adding in the open time is that it takes a finite amount of
time to open the injector before one reaches a linear control state where injector time relates to
fuel flow. The controller compensates for the open time by adding it to the applied total pulse
width, otherwise the pulse would be too short.

3.3 MAF based engine control:

Rather than calculating the air flow from the AFR table and manifold pressure (MAP), the mass
air flow sensor measure the amount of air directly. In some cases this can make the engine easier
to tune, and better at adapting to changing engine parameters. On the other hand, the MAF
sensor itself can present a significant airflow restriction to the engine (limiting power), and
sometimes can have range limitations if the engine flow a lot more (or less) than the application
it was designed for.
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Fuel Calculation (MAF systems)
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Figure 3.2

For a mass air based system, the amount of fuel delivered is calculated directly from the MAF
sensor input and desired ratio.

The primary benefit to the mass air system is that any changes in actual air system that fall
within the MAF sensor’s range and resolution can be instantly accommodated by the engine
control unit. This means that a change to a larger camshaft or higher flowing intake manifold
simply show up to the ECU as slightly higher fuel delivery. Mass air systems tend to be very
forgiving of relatively drastic modifications in the name of horsepower. If it is possible to cleanly
install a MAF sensor, this is the most desirable method of engine control due to its flexibility and
accuracy.

To begin the actual calibration process for an engine, one of the most important steps is to
recognize the instantaneous airflow. This airflow can then be processed to determine the
necessary fuel delivery to maintain smooth engine operation.

Mass air flow systems rely heavily upon input from the sensor. These systems take the output of
the MAF sensor as a direct representation of current engine airflow. This approach makes for
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very simple and straightforward calculation of engine load and fuel requirements. In this case
engine load can be instantly shown as:

MAF
(Displacement X density X speed)

Engine load =

Once the sensor calculates the incoming air, the amount of fuel required can be calculated using
following formula:

Mass air flow rate (kTg)

, kg
F r r r (—) =
uelrate equt ed s Air Fuel ratio (from table)

The pulse width duty cycle can be calculated using following equation:

Fuel rate required (k‘q )

Duty cycle (%) = ,{T X A100..eeiieeiiieeneeeneeneenecencenee (3.8)

Injector flow rate (-2)

The pulse width in ms can be calculated from the following equation.

duty cycle(%)

Pulse Width = ——— ... iiiiiiiiiiiitcteeettnsennni e areae (3.9)
frequency
RPM
frequency = g Tttt (3.10)

Combining equation 1,2,3 and 4

The final pulse width equation can be written as

, 120XMFRx1000
Pulse width(ms) = RPMXINJECTOR FLOW RATE """+ "t seessessessessussnsnnens (3.11)
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CHAPTER 4

Introduction to Labview control Model:

Our project team has developed an ECU which can be used to control wide range of spark
ignition engine. Engine control module is developed on National Instruments LABVIEW
software. The main components of this ECU are:

1. Sensors

2. Data Acquisition Card

3. Computer having LABVIEW software installed

4.1 Working:

LABVIEW Control module takes input from different sensors via DAQ card to determine engine
load, speed and temperature. Then use these values to determine pulse width of injector and
ignition timing using fuel and ignition tables stored in the module. Our ECU module is capable of
measuring real time rpm, load and temperature of engine and then calculates the optimum pulse
width and spark advance required at these values and sends command to injectors and spark plugs
accordingly.

4.2 Block Diagram:

Our Labview Engine control model works in following manner.

Block Diagram
sensor

NI DAQ card el
Mass air row Yinjection
sensor I sy I —

Hall effect

Temperature
sensor
Lambda sensor

Ignition
timing

Wsoﬂware

Figure 4.1

Our control model works in three stages.
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(1) NI DAQ card takes input from different sensors such as crank sensor, mass air flow
sensor, temperature sensor and communicate with the Labview programme.

(2) Labview programme interpret these values from sensors and based on algorithm
calculates different parameters.

(3) Labview gives instructions to different actuators through NI DAQ.

The software that we have used is National Instruments labVIEW 2013. The interface is quite
user friendly. The detail of the user interface is given below:

4.3 User Interface:
User interface consists of three tabs:

Main View | Working | Tables

Figure 4.2
Main View shows the real time working of the software.

Spark m
Piston Displacement | pistonbisplacement [l L0AD
6 T MAP Thermometer
g b - s MAP/MAF
25 2s : =i
03 % :
3 \ 75z :
2 : e
E‘ \ ) 50- 30~ Cool
4% \ : -l |
5-C 0-
RPM
-6 I I | I | | 1 | I 1 . | MAF MAP
0 001 002 003 004 005 006 007 008 009 0. P il ° o
Time J 2500 3500
Injector Pulse Square ! /“;\ D I . ‘
et f - Fuel Envichment ~ Acceleration Envichment
1500 4500° ° ¢
v
3 - 1000 5000. Barrometric Corection Air Density Correction
£ 500 5500 ¢ ¢
< ’ ~
E 0 6000
/ \
Thermo (Volts) MAF (volts)  Pulse Width Spark Advance MAIN SCREEN
Time ) A AR il
0 0 0 &0
E ——
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Working contains the real time equation variables and constants.

User Control Menu

Engine Configuration | Correction Parameters|
rottle Position Sensor Volumetric Efficiency
o’
Lambda correction| o : 12
AFR GRAPH Lambda correction [),75-;
05 i
AR DEN 0 i 033
A FEED BACK ARR 257l Acceleration Enrichment 2
v 443TE: A : EGO correction val 05 0 025
v 0 55 0
Divide Pulse
i 1
v
AlNJ /b REQ_Fuel(ms) Pressure correction)|
19811
v 0 BARO COR E-Enrichment
No of Cyl 3 1 0
A
v -
Inj Flow Kg/s
4 0
o PULSE WIDTH MAP i
A 015% Temperature correction|
v 0 Actual duty cycle MFR value kg/sec
Temp Enrichment A
7 PULSEWIDTHMFR O 702
: : A
;"me Open Time 7" Thermometer Reading
w1
y 3 25
Tables consists of the Air fuel ratio and spark advance tables.
Engine Tuning Parameters
MAP Tuning
RPM 2 AFR from graph SPARK ADVANCE
3 600 Air Fuel Ratio Table w° Spark Ignition Table 0
input MAP 600 1200 1800 2400 3000 3600 4200 4800 5400 6000 | 600 1200 1800 2400 3000 3600 4200 4800 5400
A o)
v Y E‘ 135 135 16 16 16 16 16 16 16 16 A E 241 251 267 288 Ell 347 36 36 36 3
Q‘ 135 13.5 135 15 15 15 14 135 135 135 ﬂ 241 251 267 288 31 347 36 36 36 3
2‘ 135 135 135 15 15 15 14 135 135 135 ﬂ 24.2 255 26.5 28.8 311 339 36 36 36 3
ﬂl 135 135 145 15 15 15 14 135 135 135 M 231 25 266 279 29.7 32 35 36 36 3
_4_5J 13.5 135 145 15 15 15 14 135 13.5 135 ﬁl 22 24 25 26 29.6 30 32 355 36 3
_5_.4 135 135 145 15 15 15 14 13.5 13.5 135 _sﬂ 20.6 23 248 258 275 299 319 35 36 3
ﬁJ 135 135 145 14 14 14 14 135 135 135 E 19 22 23 24 25 28 30 34 36 3
ﬂ 135 135 14 14 14 14 14 135 135 135 ﬂ 185 207 223 23.5 247 275 295 335 36 3
ﬁ, 135 135 135 14 14 13.5 13.5 135 13.5 13.5 _Gﬂ 17 19.5 2 21 23 26 39 325 36 3
H' 135 135 135 135 135 135 135 135 135 135 M 16.5 18.5 19.5 203 226 25 28 32 36 3
E, 135 135 135 135 135 135 135 135 135 135 E 16 7 183 19 215 24 274 313 36 3
ﬂ, 135 135 135 135 135 135 13.5 13.5 135 13.5 M 15.5 16.8 17.5 182 20.5 225 26,5 30.5 36 3
g‘ 13 13 13 13 13 13 13 13 13 13 ﬂ 14 15 16.2 175 193 213 257 29.8 36 3
!’ 128 128 128 128 128 128 128 128 128 128 ﬂ 13.2 13.9 15 17 18.6 207 25 293 36 3
5_5’ 128 128 128 128 128 128 128 128 128 128 A ﬂ 124 134 14 16 175 19.2 235 28 36 3
Ml 128 12.8 12.8 12.8 12.8 12.8 12.8 12.8 12.8 12.8 v M] 12 13 14 15 16.7 18 2 275 36 3
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4.3.1 Main View:
The indicators/graphs of Main View tab are described below:

Spark m

Piston Displacement | pistonDisplacement BNl
[F)
=
=
=
E
<

-6 i i i 1 i i 1 i i i

0 001 002 003 004 005 006 007 008 009 01

Time

Figure 4.3

This graph shows the relation of piston displacesment and spark advance.

The y axis is amplitude and the amplitude of both ‘spark’ and ‘piston displacement’ has been set
to (+, -) 5 arbitrarily. The x axis is time in seconds.

The red line indicates piston displacement as a sine wave. The maximum point (+5) is the TDC
(Top Dead Centre) and the minimum point (-5) is BDC (bottom Dead Centre).

The white line indicates the spark. The white line changes its phase with the read line according
to spark advance.

Injector Pulse Square m

Amplitude

Figure 4.4
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This graph shows the injector pulse width with time. Y axis is amplitude and x axis is time in
seconds. The amplitude is set to (+, -) 5 arbitrarily. The graph also gives the graphical
representation of duty cycle.

LOAD
?5 ll!] 125 15 1}5
™
Figure 4.5

This meter indicates the LOAD calculated from the Mass Air Flow sensor. The range is from
Og/rev to 25¢/rev.

RPM
2 000
2500 3500
/2000 4000
"~ 1500 4500~
J
_1000 5000 __
500 5500
o 6000
Figure 4.6

This meter represents the RPM (rev/min) of the engine or crankshaft.
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100-

75-
50—:'
25-

Figure 4.7

This bar is used to change the Manifold Absolute Pressure value. It ranged from 25kPa to
100kPA.

Thermometer
120-
100-
0~ Cool
- il
|:|__
Figure 4.8

This indicates the engine coolant temperature. The LED is lit when the engine coolant
temperature is below a certain limit.
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MAP/TMAF

MAF MAP

| 9 J

Figure 4.9

This switch controls the method of pulse width and spark advance calculation. It is used to
switch from MAF to MAP and vice versa. The LEDs indicate which method is currently

switched on.

Fuel Enrichment Acceleration Enrichment
J Pl

Barrometric Corection Air Density Correction

Figure 4.10
The LEDs indicate which logic is currently being used.

Thermo (Volts) MAF (volts) Pulse Width Spark Advance MAIN SCREEN AFE I'{I- nn
3.9 1.3 f 56862 f 23.6061 '
.i
Figure 4.11

Thermo (Volts) indicates the voltage input from temperature circuit.
MAF (volts) indicates the voltages input from MAF sensor.

Pulse Width is the value of calculated final Pulse width in milliseconds.

Spark advance MAIN SCREEN is the value of calculated final spark advance in degrees.

AFR indicates the feedback Air to Fuel Ratio.
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4.3.2 Working Tab:

The indicators/graphs of Working tab are described below:

AIR DEM
J‘ll
o 4.4437E

Divide Pulse
J\II
7!

INJ Flow({lb/hr)

' REQ_Fuel(ms)
-::' 19,811

12.5706
Mo of Cyl
CID

:.j 91.536

Injector Open Time
a4
Figure 4.12
AIR DEN is the value of air density which the user enters. The units should be pounds per inch.

Divide Pulse is the value which the user enters. It is the injection divide number for number of
injections per engine cycle.

INJ Flow(Ib/hr) is the value of injector flow rate of the injectors that are being used. Units
should be Ib/hr or Pounds per hour.

No of Cyl is the number of cylinders of the engine.
CID is the volume of the engine in cubic inch displacement.

Injector Open Time is the time in milliseconds that must be added to adjust for the time taken
to open and close the injector.

REQ_fuel(ms) is the constant calculated from the parameters entered. It is the length of time in
milliseconds [ms] that give the stoichiometric amount of fuel (14.7 Air/Fuel Ratio for gasoline)
at 100% VE, a manifold absolute pressure (MAP) of 100kPa, and an air temperature of 70
degrees Fahrenheit for a complete stroke cycle.
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Lambda correction

AFR GRAPH Lambda correction

145 -

FEED BACK. AFFR
J"lI
w4

EGO correction val
0.5

Figure 4.13

This is air fuel ratio correction. AFR GRAPH is the AFR calculated from the stored tables.
FEED BACK AFR is the AFR that the user controls to see the effect of varying AFR. Lambda
correction is the button which pressed equalizes AFR GRAPH and FEED BACK AFR,
indicating that the feed back AFR is the same as the required AFR. EGO correction value is the
correction factor to get the desired AFR in the output.

Pressure correction|

BARO COR

J'\II
ol

Figure 4.14

Pressure correction is the correction factor corresponding to the change in ambient pressure.

Temperature correction|

Temp Enrichment

11

Figure 4.15

Temperature correction is the correction factor corresponding to the cooolant temperature of
the engine.

E-Enrichment
0.55

Figure 4.16

E-Enrichment is the final enrichment correction value calculated by EGO correction value,
Temp Enrichment and BARO COR.
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Yolumetric Efficiency

Figure 4.17

This bar can be controlled to see the variations resulting from change in volumetric efficiency of
the engine.

Inj Flow Kgf
A
o 0.0024¢

MFR value kg/sec
J"II
o 0.0112¢

Thermometer Reading
A 43
L"
Figure 4.18

Inj Flow Kg/s is the injector flow converted to kg/s from input injector flow value in Ib/hr. This
value is used for calculating the load.

MFR value kg/sec is the mass flow rate in the manifold.

Thermometer reading is the engine temperature.
4.3.3 Tables

The indicators/graphs of tables tab are described below:

There are two methods to calculate AFR and Spark advance; MAF and MAP.
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MAP Tuning

RPM 2 AFR frem graph
1800 Air Fuel Ratio Table P15

nput Map 800 1200 1800 2400 3000 3600 4200 4800 5400 6000
SR gl 135 135 16 16 16 16 16 16 16 16 e

E] 135 135 135 15 15 15 14 135 135 135

E] 135 135 13.5 15 15 15 14 13.5 13.5 135

ﬂ] 135 135 14.5 15 15 15 14 135 135 135

ﬂ] 135 135 14.5 15 15 15 14 135 135 135

E] 135 135 145 15 15 15 14 135 135 135

E] 135 135 14.5 14 14 14 14 13.5 13.5 135

@ 135 135 14 14 14 14 14 135 135 135

ﬂ] 135 135 135 14 14 135 135 135 135 135

E] 135 135 135 135 135 135 135 135 135 135

El 135 135 13.5 13.5 13.5 13.5 13.5 13.5 13.5 135

Q] 135 135 135 135 135 135 135 135 135 135

El 13 13 13 13 13 13 13 13 13 13

ﬂ] 123 123 128 128 128 128 128 128 128 128

o5(|12.8 128 128 128 128 128 128 128 128 128 -

Ej 123 123 128 128 128 128 128 128 128 128 ¥

AFR

Figure 4.19

Y axis is MAP (in kPa) and x axis is RPM (in rev/min). The graph values can be changed to
obtain desired performance. It is used for tuning the engine.

AFR from graph is the final value obtained by interpolation by using the RPM 2 and input
MAP values.
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SPARK ADVAMCE MAP(in degrees)

Spark Ignition Table 23,6061
600 1200 1800 2400 3000 3600 4200 4800 5400 6000
25| {241 251 6.7 288 il 347 36 36 36 36 o
30 |42 251 6.7 288 il 347 36 36 36 36
35]||242 255 2.5 288 311 339 36 36 36 36
40)| |21 25 2656 279 27 32 35 36 36 36
a5 |2 2 2 26 296 30 32 35.5 36 36
50/ ||206 3 2438 258 215 299 319 35 36 36
58/ |19 2 23 24 25 28 30 34 36 36
60]| 1185 207 23 235 27 215 29.5 33.5 36 36
65|| |17 19.5 Fil pil 23 2 39 325 36 36
70/||165 18.5 185 203 26 25 28 32 36 36
75| |16 17 183 19 215 2 214 313 36 36
80155 168 17.5 18.2 205 25 26.5 305 36 36
85|| |14 15 16.2 175 183 213 57 29 36 36
90| |132 139 15 17 186 207 25 293 36 36
gs)|[124 134 14 16 175 19.2 235 28 36 36 -
100] /12 13 14 15 167 18 2 215 36 36 v
Figure 4.20

The table is similar to AIR FUEL RATIO TABLE. But it gives the value of spark advance in
degrees
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MAF Tuning

AFR. from load graph
Air Fuel Ratio Table 13.8747
600 1200 1800 2400 3000 3600 4200 4800 5400 6000

ﬂ 135 135 16 16 16 16 16 16 16 16 4
E 135 135 135 15 15 15 14 135 135 135
E 135 135 135 15 15 15 14 135 135 135
E 135 135 145 15 15 15 14 135 135 135
m 135 135 145 15 15 15 14 135 135 135
12.5) |13.5 135 145 15 15 15 14 135 135 135
E 135 135 145 14 14 14 14 135 135 135 |
175/ |13.5 135 14 14 14 14 14 135 135 135
ﬁ 135 135 135 14 14 135 135 135 135 135
@ 135 135 135 135 135 135 135 135 135 135
E 135 135 135 135 135 135 135 135 135 135 T
Figure 4.21

The y axis is LOAD calculated from MAF. And the x-axis is RPM. AFR from load gives the
value obtained from interpolation using LAOD and RPM.

Load Spark Advance (Load)
Spark Ignition Table 3.40044 267
600 1200 1800 2400 3000 3600 4200 4800 5400 6000

ﬂ 241 251 26.7 288 Eil 347 36 36 el el :
E 241 251 26.7 288 Ei 4.7 36 36 e e

w 24.2 255 26.5 288 33 339 36 36 36 36

E 231 25 266 279 297 32 35 36 36 36

M 22 24 25 26 2956 30 32 355 36 36
12.5| 206 23 248 258 215 289 319 35 el el

E 19 22 23 24 25 28 30 34 e e |
175 18.5 20.7 223 235 247 215 29.5 33.5 36 36
0.0l |17 19.5 21 21 23 26 39 32.5 36 36
El 16.5 18.5 195 203 2256 25 ul 28 32 36 36

E 16 17 18.2 19 2.5 24 274 3.3 el el L 4

Figure 4.22
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This is the spark advance table. The y axis is LOAD calculated from MAF. And the x-axis is
RPM. It is used to calculate spark advance in degrees from interpolation using LAOD and RPM.
The value is displayed in Spark Advance (Load).

E"Iass air flow sensér calibration tab!ei Mass air flow in Kg/s
0.0112929
MAF in kg/s| | |0 Jo Jo jo Jooosoar Jooors42 Jootoosz Jooizsa3 Jooisoss Jooa0007 o4
voltage 0 0.2 0.4 0.6 0.8 1 1.2 14 16 18 2

Figure 4.23

This table is used to obtain the value of MAF (in Kg/s) from the voltage acquired from the MAF
sensor.

Temperature Table

Temp (Celsius) r|n |-10 (62 Ji32 |2 82 |33 38 Jas5  Jaa.
voltage LD 0.5 1 15 2 2.5 3.0 3.5 4.0 45
Figure 4.24

This table is used to obtain the actual value of temperature from the voltage acquired by the
temperature circuit. The values are in degree Celsius.
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CHAPTER 5
Labview Algorithm Explanation:

5.1 Block Diagram:

\Z
Engine configuration Correction parameters e-g
parameters like engine and Temperature ,pressure,
injector size e
> MAF |
Analog \L
input . i
— MAP Fuel Required | ——>  Pulse width
Load Pulse width after
1\ correction
Digital
. — RPM
input
Spark
Advance
H-bridge
Spark Plug Fuel Injector
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5.2 Code Explanation:
A detail is presented step by step of how the individual values are calculated.

From the main equation of Pulse width (in milliseconds)

5.2.1 Req_Fuel(ms) in the Working tab.

Equation:

REQ_FUEL = *000000 7 CIDTAIRDENSITY oy «arrsinorLow) * 1/DIVIDE_PULSE

The numerators and denominators are made into a matrix by using BUILD MATRIX (pic below).

Build Matrix

rmatrix

element appended matrix

elemen

Figure 5.1
First the denominators are input into BUILD MATRIX.
Mo of Cyl

Figure 5.2
Then they are inversed so they can be multiplied by the numerators. This is done by using

Reciprocal

X @ 1/

Divides 1 by the input
value,

Figure 5.3
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3600000 :
Then the numerators and along with the reciprocal of the

denominators are build into a matrlx by using BUILD MATRIX. Then their product is calculated
by using

Multiply Array Elements

numeric array @ product

Figure 5.4

REQ_Fuel{ms)

Then the result is displayed in

5.2.2 E-Enrichment: in the working tab.
Equation:-
E= EGO-correction val* BARO COR* Temp Enrichment

o BARO COR is a constant till now. It can be made a variable if some ambient pressure
sensor is used.
o Temp Enrichment depends upon the temperature.

The Thermometer reading is compared by a constant number (70 in our case). If this is
true the LED labelled Cool is turned on and the value of Temp Enrichment is 1.

Ternp Enrichment

Figure 5.5

If on the other hand the value is more than OR equal to 70, the comparator gives a
FALSE signal. And the LED labelled Cool is turned off and the value of Temp
Enrichment is 0.
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Thermometer Readin

e Ternp Enrichment

R -
Cool LE

=]

=]
_m
-

Figure 5.6
o EGO-correction val depends on FEED BACK AFR and AFR from graph

FEED BACK AFR

B (P i float z;
OE if (:(> ‘_',.f:]

AFR from graph =0;

else if (x<y)

iz
DE

Figure 5.7

A new while loop is created which continues for infinity. A Wait is used and its time set to
1000 milliseconds i.e. 1 second. A shift register is created and it is initialized by 1. A shift
register is used to store the value of one loop and transfer it into the next. Two variables:
FEED BACK AFR and AFR from graph are input into the Formula Node. AFR from graph
is stored as x and FEED BACK AFR is stored as y. Output is named z. In the Formula Node
these values are compared and accordingly an output is generated.

If x>y output is 0
If x<y output is 1

Otherwise output is 2

Then this output is fed into a case structure with three cases: 0, 1 and 2.Case 2 is default case.
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Case 0:

Figure 5.9

The value from shift register is compared to 1.8 using Less than. The output is fed into
another Case structure. This case structure has two cases: True and False. If it is true the
value is incremented by 0.05 and if it is false the value is fixed to 1.8.

Case 1:

Figure 5.10
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Figure 5.11

The value from shift register is compared to 0.5 using greater than. The output is fed into
another Case Structure. This Case Structure has two cases: True and False. If it is true the
value is decremented by 0.05 and if it is false the value is fixed to 0.5.

Case 2:

Figure 5.12

Whatever the value from the shift register is, it is outputted.

The output from this Case Structure is input into a Local Variable which indicated to EGO
correction val in the main while loop. It is also fed into the other shift register.

Finally E-Enrichment is calculated by multiplying EGO-correction val, BARO COR andTemp

Multiply

>y

Enrichment. This done using two of these in series:
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5.2.3 Acceleration Enrichment in the Working tab.

The value of Acceleration Enrichment depends upon the Throttle Position Sensor value. The
Throttle Position Sensor value is compared to 0.9 using a Greater? Box. The result is input into a
Case Structure.

True:

Acceleration Enrichment

Throttle Pesition Senser
Sl = |>' -flt_ =
. oaty; : :

if ((-0.0) & (x<.95)) Acceleration Enrichment
y=1.05; - fiz3l
else if (x=0.95)
y=1.15;

Figure 5.13

The value of Throttle Position Sensor is checked again to see where exactly does it lie. If it is
more than 0.9 and less than 0.95 it gives an output of 1.05 and the Acceleration Enrichment LED
is turned on.

False:
. G e T R e e e e e Acceleration Enrichment
Throttle Pesitien-Senser H n:
el I;/\' TF
0.9 Acceleration Enrichment
23]
Figure 5.14

The output is 1 and the Acceleration Enrichment LED is turned off.

5.2.4Actual duty cycle in the Working tab.

This depends on RPM as well as Pulse Width. First RPM is divided by 60 to convert it into
frequency and then it is multiplied by 0.5 so that it is halved. It is halved because the frequency
of Injector is half that of crankshaft for a four stroke engine. Then it is multiplied by Pulse
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Width. After that it is divided by 10. This is done to convert Pulse Width into milliseconds and to
convert duty cycle in percentage.

Formulae:

Duty Cycle= (Injector open time (in milliseconds)*100)/ (Time period*1000)
Time period=1/Frequency

Frequency= RPM/60

5.2.5 Inj Flow kg/s

INJ Flow(lb/hr)

This: multiplied by 0.000125997881 gives the value of Inj Flow kg/s.

5.2.6 MFR value kg/sec

It is obtained from the Mass air flow sensor calibration table using the actual input from the
MAF sensor.

k
:
¥
F

DA Assistant?
data ¥
error out L
stopped *
Figure 5.15

The data from the sensor is acquired using a DAQ assistant. The card we are using is USB 60009.
Analog input-Voltage is acquired from the card. The Acquisition Mode is set to ‘Continuous
Samples’. Since we are acquiring more than one analog input (Temperature circuit and MAF
sensor) which means we are using more than one channel so we need to use:

Split Signals

) . po=emn cignal 1
combined signal Et-5,i5|r1a|2

LﬂsignaIB

Figure 5.16

And as the data is continuous and analog we first convert it to a discrete number. We convert it
into Double Precision Float. This value is displayed in volts. Then this value is inputted to the
Formula Node. The input to Formula Node is named ‘volts’. The output ‘y’ is the multiplication
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of ‘volts’ by 5. After that this output is checked whether it is a whole number or not. This is done
by dividing ‘y’ by 1 and acquiring its remainder and quotient. The remainder is compared with a
0. This value is input to the case structure. The case structure has 2 cases: True and False.

True:
M True 't
Mass air flow in Kg/s

= =

A .23
J .

1

Figure 5.17

Index Array is used to get the required value from the table (Mass air flow sensor calibration
table). The table is 1-D array of type Double. The value ‘y’ is the other input to Index Array. The
output is displayed in the indicator, Mass air flow Kg/s. The value is also forwarded to the local
variable MFR value kg/sec.

False:

| False "t

Mass air flow in Kg/s

o
%
la}

|2 float y;
y=((C-AJ"(X-a)/(c-a)+A],

1 =Tl
e s

t
&
la}

Figure 5.18

The quotient of y/1 is input into the case. Two values are obtained from the Mass air flow sensor
calibration table. This is done by two separate indexing. One with the input quotient and the
other with (1+the input quotient). Then five variables are input to the Formula Node.

A: the value indexed from the table using quotient

a: the input quotient

X: ‘y’ (i.e. the output from the previous Formula Node: y=volts*5)
C: the value indexed from the table using quotient+1
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C: the input quotient+1

Then the equation inside the Formula Node is used to get an output which is named ‘y’. This
value is displayed in the indicator, Mass air flow Kg/s. The value is also forwarded to the local
variable MFR value kg/sec.

(Note: The above method is actually interpolation between two points in a table to get any
value between them. It will be called 1D Interpolation for later referencing This interpolation is
also done in calculating Thermometer Reading, AFR from load graph, AFR from graph,
SPARK ADVANCE MAP (degrees) and Spark Advance (load) )

5.2.7 Temperature sensor Reading

The value from temperature circuit is obtained via DAQ card. We use DAQ Assistant to add
channels. The signal is split and converted to double float as described in “MFR value kg/s”
section.

float y;
y=violts*2; I>

Figure 5.19

After that the data is input into the Formula Node. Than output is calculated by multiplying volts
by 2. This output is called ‘y’. After which this output is checked whether it is a whole number
or not. This is done by dividing ‘y’ by 1 and acquiring its remainder and quotient. The remainder
is compared with a 0. This value is input to the case structure. The case structure has 2 cases:
True and False.

True: ‘y’ is used to get the value from the Temperature Table.

Flase:
I False Yt
........................ B 4 0
_ L
float y; ] float e
_ *7. ¥
I y=volts'; I % 5 P Ty=(C-A) (-} (c-a)+ )
@ )
: S e
Figure 5.20

61



Just like in MFR value in Kg/s, interpolation is done to get the required value from the
Temperature Table. The method is same as 1D Interpolation. The output is sent to a local
variable which is pointed to Thermometer 2 which is connected to Thermometer in the Main
View tab.

5.2.8 PULSE WIDTH MAP

Formula:-

PW = Req_Fuel(ms) * VE * MAP * E + Acceleration Enrichment + Injector Open Time
Req_Fuel(ms) has already been discussed.

E is actually E-Enrichment which has also been discussed.

Acceleration Enrichment has also been discussed.

Injector Open Time is the constant that is input by the user.

MAP is controlled by the user from the USER INTERFACE. It is a moving bar.

VE is controlled by the user from the USER INTERFACE. It is a moving bar.

First MAP is divided by 100 to make it a fraction of 100. Then this result along with VE, E-
Enrichment and Req_Fuel(ms) are made into an array using Build Matrix. This matrix is inter-
multiplied. The output is inserted into another Build Matrix. The other two inputs of this Build
Array are Acceleration Enrichment and Injector Open Time. The appended matrix is then added
to give the final output i.e. PULSE WIDTH MAP (which is displayed in the working tab).7

5.2.9 PULSE WIDTH MFR
It depends upon Inj Flow Kg/s, AFR from load graph, RPM and MFR value Kg/sec.

g ] [ |
float PV I
PW=(120000*MFR)/{Injector*RPM*AFR],

Figure 5.21

All these variables are input into a Formula Node. The output, PW, is calculated by the formula
shown. Then this value is outputted from the loop and multiplied by a correction
factor/enrichment factor i.e. Temp Enrichment which is mentioned in early sections.
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5.2.10 RPM 2

Due to the limitation of our DAQ card (USB 6009) we cannot get frequency as an input. So we
have used DAQ card as a counter using DAQ Assistant.

[@]

Elapsed Time
Time has Elapse +
Elapsed Time (1

¥ v v v v

Ty

H

; ;
DAQ Assistant
data
m i
E-@
[l
Figure 5.22

Two while loops are created. The outer while loop is made to continue till infinity. The inner
while loop has shift registers to store value and transmit it outside at the termination of the inner
while loop. Elapsed Time is used to control the inner loop. Elapsed time is set to 1000
milliseconds i.e. 1 second. The Elapsed Time is also used to reset DAQ Assistant. The value
from the DAQ Assistant is continually multiplied by 60 and stored in a shift register. The values
starts from 0 and increases until it reaches some number at the end of the time (i.e. 1 second). So
the output is actually the value of RPM of the incoming signal as RPM can also be thought of as
the number of counts in a second multiplied by 60. When the time elapses the shift registers lets
the value out of the inner loop and it is transferred to a local variable which indicates to RPM 2.

5.2.11 AFR from graph in the Tables tab

The value of AFR from graph is obtained from the Air Fuel Ratio Table in Map Tuning. It
depends upon RPM 2 and input MAP.

63



input MAP

float y;
y=((/5)-5);

Figure 5.23

First input MAP is input into a Formula Node. Then this value is divided by 5, after which it is
subtracted by 5. This is used to scale the table and start it from 25 with the interval of 5 units e.g.
25, 30, 35 and so on. Another point to be noted is that the minimum value of input MAP,
according to the MAP bar in Main View tab, is 25 and the highest value is 100. That makes 16
steps in the Pressure axis/y-axis.

Then this value is checked whether it is a whole number or not. This is done by first dividing the
output with 1 and getting the remainder, which is called P-remainder, and then comparing it with
0. The result of this comparison is inputted into main Case Structure. The quotient is also input
into the Case Structure. We will name this quotient P-quotient to avoid confusion in this
explanation. The Case Structure has two cases: True and False
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Figure 5.24

Now the RPM is divided by 600. This is done to scale the table in multiples of 600. The quotient
of this arithmetic is called R-quotient to avoid confusion. And the remainder, which is called R-
remainder, is compared to 0 to check whether it is a whole number. The answer to comparison is
inputted into another Case Structure.

If the remainder is O i.e. the logic gives true output then the value of R-quotient is subtracted by
1. This is done because the first element of array is 0 and not 1. This value coupled with the P-
quotient is used to index the array and get the corresponding output from the table. P-quotient is
fed into the y-axis and R-quotient is fed into the x-axis. The fetched value is outputted from the
loop.

R-quotient l

|> 7| float y:
y=((C-A)"(X-a)/(c-a)+A),
@ 5

2-D array

P-quotient

Figure 5.25
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If however the remainder is not 0 and the case is False. Then the following two value are fetched
from the 2-D array i.e. Air Fuel Ratio Table in MAP tuning:

1) Indexing using (R-quotient - 1) on x-axis and P-quotient on y-axis. This value is input
into the Case Structure and is named A.

2) Indexing using R-quotient on x-axis and P-quotient on y-axis. This value is input into the
Case Structure and is named C.

Then just like 1-D Interpolation, which is described before, the final value from the graph is
fetched and is output from the secondary as well as primary Case Structure.

False:
M True "t
R-quotient |
R-remainder=0? | B> & i
RPM/600
2-D array
P-quotient
|7 float y; :
y=((C-Ay (X-al/(c-a)+ ), JE
b H True "t K :
R-quotient [
R-remainder=07? | Ij\" fﬂ

RPM/600
2-D array

Figure 5.26
There are further two Case Structures in this Case. If R-remainder is 0. Then two values are
fetched from the table.

1) Indexing using (R-quotient - 1) on x-axis and P-quotient on y-axis. This value is input
into the Case Structure and is named A.

2) Indexing using (R-quotient - 1) on x-axis and (P-quotient + 1) on y-axis. This value is
input into the Case Structure and is named C.

Then simple 1-D Interpolation is done with respect to P-quotient.
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RPM/600 I> 52 @ —
float y;
2-D array I> o y=((C-A)*(X-a)/(c-a)+A),
P-quotient - B :
|7| float y; :
y=((C-A)*(X-a)/(c-a)+A);
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R-quotient
R-remainder=0? |
RPM/600 | [ s —
float y;
2-D array E £ y=((C-A*(X-a)/(c-a)+ A),
@ =]

P-quotient + 1

Figure 5.27
But if R-remainder is not equal to O then four values are fetched independently.
1) Indexing using (R-quotient - 1) on x-axis and P-quotient on y-axis.
2) Indexing using R-quotient on x-axis and P-quotient on y-axis.
3) Indexing using (R-quotient — 1) on x-axis and (P-quotient + 1) on y-axis
4) Indexing using R-quotient on x-axis and (P-quotient + 1) on y-axis
Values 1 & 2 are linearly interpolated i.e. 1-D Interpolation with respect to x-axis/RPM. This
value is called x1.

Values 3 & 4 are linearly interpolated i.e. 1-D Interpolation with respect to x-axis/RPM. This
value is called x2.

Now x1 & x2 are linearly interpolated i.e. 1-D Interpolation with respect to y-axis. This is the
final output of the loop.

(Note: This whole procedure of getting the value from 2-D array by using two variables: RPM
and Pressure is called 2-D Interpolation for referencing later on.)
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5.2.12 SPARK ADVANCE MARP (in degrees) in the Tables tab.

The procedure of obtaining spark advance value from the Spark Ignition Table in MAP Tuning is
almost the same as the method of getting AFR from graph i.e. 2-D Interpolation. The only
difference is that the 2-D array referenced is not the Air Fuel Ratio Table and instead is Spark
Ignition Table.

5.2.13 AFR from load graph in the Tables tab.

The AFR from load graph is also obtained by 2-D Interpolation. However there are some
differences from the method used in getting AFR from graph:

1) The y-axis is now Load. And Load is first multiplied by 0.25 to scale it according to our
values inputted in the table: Our table values start from 0 and are incremented by 0.25 in
every step. (The x-axis is still RPM)

2) The table used is now Air Fuel Ratio Table in MAF Tuning.

5.2.14 Spark Advance (Load) in the Tables tab.

The Spark Advance (Load) is also obtained by 2-D Interpolation. It is similar to AFR from load
graph. The only difference is that the 2-D array referenced is not the Air Fuel Ratio Table and
instead is Spark Ignition Table in MAF Tuning.

5.2.15 Actual Output to Injector via DAQ (running at back end)

DA Assistantd
data

s

Figure 5.28

The DAQ card that we are using does not support continuous analog output. So we setup DAQ
Assistant to get Sample on Demand in analog output.
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First we make a while loop to continue for infinity. Then we calculate Freaky. It is a variable
which has the value of half the frequency of engine crankshaft i.e. RPM/120. Wait until next ms
multiple is used to pause the loop for some time before restarting again. The time to wait is
1/(Freaky*0.001). This 0.001 is a constant used to slow down the frequency in order for the user
to observe the change in frequency of injector. This is solely for demonstrational purposes. The i
from the while loop is divided by 100 and the remainder is fed into the Formula Node. The duty
cycle (calculated in previous sections) is also inputted into the Formula Node. In the Formula
Node it is checked whether the remainder for i is less than b (duty cycle). If it is so then Formula
Node gives an output of 0. Otherwise the output is 1. The output is compared by 0 and if it is
True then 0 is fed into the DAQ Assistant. And if it is False 5 is forwarded to the DAQ
Assistant.

Logic: The time period of the output frequency becomes Freaky/100 (in seconds). The loop is
repeated after every 100 values of i. And after every b or duty cycle vales of i, the value to DAQ
Assistant shifts from 5 to 0.

5.2.16 Piston Displacement and Spark Advance Graph in the Main View tab

For piston displacement we have used:

NI_MARBase.lvlib:5ine Waveform.vi

offset
rESEt 5igﬂa| ........................
frequency T e signal out
amplitude =
error out
phase

error in (no errar)
sampling infio semmm——

Figure 5.29

RPM is divided by 60 and then it is inputted into frequency. A constant is created at amplitude
and its value is set to 5. Another constant is created at phase and its value is set to 90.

For Spark Advance we have used:
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NI_MABase.lvlib:Square Waveform.vi

offset
frequency =T oo gignal cut
amplitude ==
errar out
phase

error in (no error)
sarmpling info sem—

duty cycle (%)
Generates a waveform containing a square wave,

Figure 5.30

RPM is divided by 120 and then it is inputted into frequency. A constant is created at amplitude
with a value of 5. Another constant is created at duty cycle and its value is also set to 5. Spark
Advance MAIN SCREEN is divided by 2 and inputted to phase.

Both the signals are combined into an array using Build Array. The output is then displayed on
Piston Displacement graph on the Main View tab.

5.2.17 Injector Pulse graph in Main View tab

We have used:

MAIN screen pulse
Offset
Frequency ﬁ }ET
Amplitude b .
PR 1]
. Phase Moo grror out

error in (no error) === PAIM screen

Reset Signal -~ pulse
Duty Cycle (34 Square ' Square

Figure 5.31

Duty cycle is inputted to Duty Cycle (%). A constant is created at Phase with a value of -45.
Amplitude is set to 5. And RPM is divided by 120, after which it is inputted into frequency. The
square wave output is connected to Injector Pulse graph.

5.2.18 MAP / MAF toggle button in Main View tab

There are two conditions of the toggle button:
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Figure 5.32

o MAF LED is on and MAP LED is off.

o PULSE WIDTH MFR is connected to the local variables which point to Pulse Inject and
PW for duty cycle.

o Spark Advance (Load) is connected to the local variable which points to Spark Advance
MAINSCREEN.
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Figure 5.33

o MAF LED is off and MAP LED is on.

o PULSE WIDTH MAP is connected to the local variables which point to Pulse Inject and
PW for duty cycle.

o SPARK ADVANCE MAP(in degrees) is connected to the local variable which points to
Spark Advance MAINSCREEN.
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CHAPTER 6
Engine Testing and Mapping:
6.1 Engine Testing:

Most engine testing is performed on an engine dynamometer. An engine

dynamometer is able to very accurately control the rotational speed of an engine and
therefore able to capture data at any engine speed. The whole range of possible engine
speeds needs to be mapped, so the engine speeds that are analyzed range from idle to the
engine’s red line speed. This range of engine speeds is discritized so that data is taken
about every 50 or 100 rpm.

27

At each engine speed, the load is varied by controlling the throttle’s position.

Again the whole range of loads must be analyzed, so data is collected at throttle positions
ranging from closed throttle to wide open throttle (WOT). All of the remaining
parameters such as spark timing must be tested at each coordinate on the two dimensional
space of engine speed and load. Depending on the operating condition one value of each
parameter is chosen. For example at idle speed with no load, the spark timing that

produces the lowest emission and most stable combustion would be chosen.
6.2 Engine Mapping:

“Engine Maps” refer to a wide set of one-dimension or two-dimension parameter tables loaded
into the ECU to control all the engine parameters, that are, throttle opening, injection and
ignition timings (duration, phase, etc...). The main two-dimensions maps take the throttle
opening and the engine speed as inputs and return a proper parameter as output. All maps are
filled with proper numbers during hours of engine calibration done at the test rig and/or at track..

While the engine is running its requirements for fuel and ignition timing will vary according to
certain engine conditions, the main two being engine speed and engine load. A “map” is no more
than a look up table by engine speed and load, which gives the appropriate fuel or timing setting
for each possible speed and load condition. There will normally be a map for the injector timings
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(fuel map) and a separate map for the ignition timing settings (ignition map) within the Engine
Management System.

Each map has entries for a pre-determined range of engine speeds (called speed sites) and a
predetermined range of engine load conditions (called load sites) which generally indicate how
far open the throttle is. The Engine Management System knows the engine speed (derived from
the crank sensor or distributor pickup) and the engine load (from the Throttle Position Sensor or
airflow meter) and will use these two values to “look-up” the appropriate fuel and timing settings
in each map.

6.3 Types of driver maps:

The required maps are the following:
1. The engine torque map. This is a 2-dimension table with engine speed and
throttle as inputs and torque as output. This map is defined point-by-point or by ramps at
the test rig with the fired engine and the torque meter. Sometimes is trimmed on track if
the car is equipped with torque meters on the transmission.

2. The inverse engine torque map. It is calculated by the engine torque map. Itis a
2-dimensions table with torque and engine speed as inputs and throttle as output. It is
computer calculated.

3. The driver demand torque map. This is the 2-dimension table with engine
speed and driver normalized torque as input and engine torque as output. This is a
reshaping of the engine torque. This is the core of the drivability because allow the
engineers to completely reshape the engine torque in function of the engine speed, within
the boundaries of maximum and minimum torque available (which is the torque at off-
throttle — engine brake - and at wide-open-throttle).

4. The pedal map. This is a 1-dimension map where the input is the normalized
accelerator pedal position (0-100%) and the output is the normalized torque (0-100%). It
can be considered as a “gain” on the driver demand torque map.

6.4 How the driver uses the Engine Maps

On the practical way, the engineers provide a selection of pedal maps and torque maps, driver
selectable by the driver using rotary selectors on the steering wheel. In addition to a manual
selection, if the regulation permits, pedal maps and torque maps can be automatically selected by
the space information on the ECU or selected by gears. In this way, the driver could have the
optimal pedal map in function of the corner (different between low speed corners or high speed
corners) or have negative slope torque map for low gears and standard map for high gears - all
selected automatically.

The rotary selector for the pedal map is labeled somewhat like PEDAL and the driver demand
torque map is labeled TRQ. Sometimes the two functions can be overlaid on single rotary
selector, to save one rotary selector for other uses. It is recommended to always have a WET
configuration on the rotary selectors, which can be used when grip is low. Pedal map for wet is
usually soft-pickup shaped.
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Everyday work at track is to modify the pedal maps to give the best support to the driver. Driver
demand torque maps are usually developed on telemetry analysis overnight at track.

6.5 Types of driver torque maps:

With different pedal maps, the torque driver torque map change as follows:

1. Soft pickup — driveability for low speed corner or wet conditions
2. Standard linear map
3. Smooth top end — for high speed corner

Changing the pedal map is an easy way to change the sensitivity of the pedal while conserving
the characteristic shape of the driver demand torque map. You notice that the negative slope is
conserved while the distance of constant pedal torques change.

Resulting Torque Map Resulting Torque Map Resulting Torque Map

Engine Torque
Engine Torque

Engine Torque

Engine Speed Engine Speed Engine Speed
. Pedal Map - Pedal Map . Pedal Map
90 90 a0
80 80 80
o o o
3 70 0 z 70
g 60 S &0 8 60
T s T 0 3 w0
E a0 '_g' a0 '_g' a0
3 30 z 30 z a0
20 20 20
10 10 10
0 0 0
0 20 a0 60 80 100 0 20 a0 60 80 100 0 20 a0 60 80 100
Accelerator Pedal Position Accelerator Pedal Position Accelerator Pedal Position
Figure 6.1
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CHAPTER 7

Hardware Apparatus to test the engine control model:

Our Engine control module is capable of controlling pulse width as well as spark timing, but for
demonstration we made assembly which demonstrates control of fuel injection. Main
components of our hardware are:

7.1 Main components:

e MAF Sensor

e Thermistor

e Fuel injector

e Fuel pump

e Fuel Rail

e Fuel regulator

e Fuel Tank

e Support structure
e 5V, 12V Batteries
e H-bridge

7.2 MAF sensor and Pipe:

It measures the total engine load by measuring the amount of air flowing into the engine. These
load values then used by Engine control module for calculation of pulse width and injection
timing.

Figure 7.1

76



The greater the amount of air injected more heat thus current will be required to keep platinum
wire at constant temperature gradient. Electronic circuit will then give voltage output according
to the current required to keep platinum wire at constant temperature.

7.3 Thermistor:

It is used for measuring coolant temperature. This temperature is then used by control module to
determine that if enrichment correction is needed or not.

Computer
12v [@)
5V
Coolant
temperature —
sensor — o
— '
L |
% e Voltage
o—] <*— sensing
circuit
] in

Figure 7.2

7.4 Fuel injector:

The Fuel Injector is an electronically controlled valve that is supplied with pressurized fuel by
the fuel pump and when energized atomizes the fuel into a fine mist so that it can burn easily by
the vehicle’s engine. It normally works with 12V and in our case it was taking input from
computer via DAQ card so we required H-bridge circuit which increases voltage from 5 to 12 V
and also the current to energise the fuel injector.
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Figure 7.3
7.5 Fuel Pump:

As mentioned earlier Fuel injector required pressurized fuel, Fuel pump is required to do this job.
A high-pressure pump running at around 6 bar which supplies fuel to the injectors. Our Fuel
pump was immersed in fuel tank. The fuel pressure regulator regulates pressure between 3 and 4
bar .The extra fuel is bleed back into the fuel tank by pressure regulator.

Figure 7.4
7.6 Fuel Rail:

It is used to deliver high pressure fuel to the individual injectors.

Figure 7.5
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7.7 Fuel Regulator:

It maintains the pressure of fuel in fuel rail and bleeds extra fuel back into the fuel tank.

Figure 7.6

7.8 Fuel delivery Assembly layout:

ECU

1. Fuel filter
2 ‘ 2. ITP (internal transfer pump)
Oo 3. High-Pressure Fuel Injection Pump (HIP)
4. High-Pressure Fuel Rail
5. Rail Pressure Sensor
6. PCV (pressure control valve)

Fuel Tank

Figure 7.7
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7.9 Batteries:

5v and 12 v batteries were used for entire hardware 12 V battery with current rating of 8 ampere
was used to power fuel pump. Air flow sensor required both 5 and 12 V. Coolant temperature
required 12 V. Injectors required 12 V but as we were controlling injector using DAQ card
which is unable to give more than 5V so we required H Bridge between DAQ card and injector
for voltage and power increase.

Figure 7.8

7.10 H Bridge:

H Bridge circuit was used to give 12 V to the injectors. DAQ card which we used to control the
injector can give maximum 5V so we needed an H Bridge to power injectors. We have used
L298N IC. It has current rating of 2 Amperes which is ideal for our application.

™/

—
.

JANRRAY

Figure 7.9
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7.11 Hardware Assembly

Figure 7.10
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CHAPTER 8

Future prospects

. More efforts are required to run module using microprocessor instead of
Laptop to increase its practical application.

. Latest DAQ card can be used to get accurate high frequency output using
continuous sampling

. Lambda and crankshaft sensors can also be integrated with the software to
complete the model.

. Barometric correction can also be implemented with a proper sensor.
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