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Sensors for Electric Vehicle

Unit 1
Introduction of EV system

Current trends in EV with emphasis on increasing
role of electronics and software, overview of
generic automotive control ECU functioning,
overview of typical automotive subsystems and
components, AUTOSAR.



Unit-2

* Working principle of sensors, Types of sensors,
Airflow rate sensor, Position sensor, Throttle
angle sensor, Temperature sensor, MAP
sensors, Knock/Detonation Sensor, Load cell,
Lambda Sensor(Exhaust gas O2 Sensor), yaw
rate sensor, sensor feedback control,
Electronic Control Unit (ECU), Principle of
actuator, Types of actuators, engine control
actuators, Solenoid actuators, motorized
actuators (Stepper motors).



Introduction

* Increase in the greenhouse gas (GHG) emissions has created a
shift in vehicles from a conventional internal combustion
engine (ICE) to an electric motor powered by a battery.

 An electric car thus derives some or all of its power from
electricity. Electric vehicles (EVs) are easy to operate, quite
energy efficient, and also cost-effective than their gasoline or
LPG-powered counterparts.

* EVs have been around since very long, and the first small
electric car model was built by Professor Stratingh in
Groningen during the year 1835, but the lack of batteries
during that period prevented it upscaling.



Introduction

In recent years with renewable sources gaining rapid
popularity, there has been a revival of such clean modes of
transport. Table 1 shows a comparison chart of existing
conventional vehicles and upcoming electric vehicles.

EVs are generally considered to be consisting of the different
subsystems. Each of this subsystem forms a coordination
among themselves to make an EV work.

There are multiple technologies which are applied in EVs to
make all the subsystems work together. The details of this
subsystem are shown in Table 2



Table 7.1 Comparison of conventional and electric vehicles

Conventional vehicles

Electric vehicles

Runs on nonrenewable sources

Runs on renewable sources

No tailpipe emission Greenhouse gases emission
Requires more maintenance Requires less maintenance
Produces noise Does not produce noise
Costly refueling Cheaper refueling

At present range 15 around 400 miles

Range varies between 60 and 200 in a single charge




Table 7.2 Major subsystems for electric vehicles

Body design Energy source Electric propulsion Auxiliaries

Body structure | Batteries Electronic controller | Brakes

Frame Battery charger | Power converter Steering

Bumper Electric motor Auxiliary supply
Suspension Transmission wheels | Temperature control

Energy management




Types of Electric Vehicles

* An EV can be broadly categorized into two types: Battery
electric vehicle (BEV) one that runs solely on electricity and
the hybrid electric vehicle (HEV) that combines the electric
energy with any other source as shown in Fig.1.

 Hybrid electric vehicles (HEVs) have an inherent advantage
and it can stretch the fuel economy further by combining the
best of both battery and an engine. Thus while in a
populated/urban area the vehicle could be operated on
battery and then could switch to the engine when outside the
city.

* Hybrids can further be subdivided into plug-in hybrid electric
vehicle (PHEV) and fuel cell electric vehicle (FCEV)



EVs could, therefore, be categorized into

1. Battery electric vehicles (BEVs),

2. Hybrid electric vehicles (HEVs),

3. Plug-in hybrid electric vehicles (PHEVs), and
4. Fuel cell electric vehicles (FCEVs).
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Fig.1 Basic working of different types of vehicles



1. Battery Electric Vehicles (BEVs)

Electric vehicles that rely only on batteries for power are called BEV; it
is without the traditional ICE and must be plugged into an external
energy source to recharge its battery.

The capacity of the battery directly influences the range of the BEV.
Typically, a BEV can cover 100-250 km in a single charge (Grunditz
and Thiringer 2016).

High-range BEV models are also available but the trade-off is the
price, as these are considered to be luxury models and usually have a
hefty price tag.

BEV like all other electric vehicles can recharge its battery via
regenerative braking that slows down the vehicle using the motor and
in turn recover some energy that is converted to heat (Carley 2014).

Advantages of BEV include simple construction, ease in operation,
and is completely noise free. It is also environment-friendly due to
the absence of any greenhouse gas emission. Only disadvantage is
shorter range per charge which coupled with its advantages makes it
a perfect choice for the urban household.



2. Hybrid Electric Vehicles (HEVs)

The International Technical Committee 69 (Electric
Road Vehicles) defined HEV as “Vehicles utilizing two
or more energy sources or storage such that at least
one provides electrical energy” (Chan 2002).

HEV commonly has an engine with a fuel tank and an
electric motor with a battery.

Energy is solely derived from gasoline and from
regenerative braking (Carley 2014).

HEVs could be further be classified into four types as
shown in Table 7.3 based on the drivetrain structure:



e Series hybrids,

e Parallel hybrids,

e Series—parallel hybrids, and
e Complex hybrids.

The range of HEV is higher than BEV but it has
few disadvantages of being expensive to

operate the BEV and also
conveniently charged at home.

cannot

be



Table 7.3 Comparing various characteristics between types of electric vehicles (Un-Noor et al.

2017)
EV Driving Energy source and | Key features Drawbacks
type | component infrastructure
BEV | Electric Battery and * Zero emissions * Range
motor ultracapacitor * Short range * Battery capacity
* Crude oil independent |+ Charging facilities
* Commercially
available
HEV | Electric Battery, * Very low emissions * Management of
motor and ultracapacitor, and |+ Long driving range energy sources
ICE ICE * Oil-dependent * Battery sizing
* Complex structure
of drivetrains
* Commercially
available
FCEV | Electric Fuel cell * Ultra-low emission * The high cost of
motor  High energy efficiency | fuel cells

* Crude oil independent

* Currently at a high cost

* Independent to the
supply of electricity

* Under development

* Feasible
production of
hydrogen

» Lack of fueling
systems




3. Plug-in Hybrid Electric Vehicles
(PHEVS)

Plug-in hybrids were developed to increase the range
of HEVs (Gao and Ehsani 2010). PHEVs utilize an
electric motor and a battery that could be charged via
the power grid.

The battery is also supported by an ICE that can
recharge or replace when the vehicle is running on a
low battery.

Fuel saving is higher in comparison to HEVs as PHEVs
utilize electricity directly from the power grid.

However, like any hybrid, they too have an inherent
limitation in finding a mechanic having the expertise in
both types of engines.



4. Fuel Cell Electric Vehicles (FCEVs)

A fuel cell has properties of both a battery and an ICE;

it generates electricity from an electrochemical reaction like a
battery and it can run indefinitely if it is supplied with a source
fuel (hydrogen) similar to an ICE (Matthey 2013).

The automotive industry uses proton exchange membrane fuel
cell (PEMFC) as its fuel type.

FCEVs only produce water as a by-product which is ejected out of
the tailpipes.

Underdeveloped refueling infrastructure and lack of a cheap and
sustainable method to produce hydrogen make fuel cell costly.

Hydrogen also ignites faster than petrol and its flames are very
hard to recognize. Nevertheless, researchers are addressing these
issues and maybe in near future, they are eradicated.



An Overview of Sensors for Electric Vehicles

In a battery, electric vehicle basic engine and most of the
sensors get vanished.

An electric vehicle needs only one or two positions and speed
sensors, while a hybrid electric vehicle needs 14 different
position, speed, temperature, and pressure sensors.

For example, BMW i3 presently provides a combination of EV
and a 6000 cc motorcycle engine.

The battery is charged by the engine which actually acts as a
generator and not as a propulsion unit. As a result, the
requirement of a number of sensors is low, and the loading on
the engine is essentially constant. Hence, the exhaust sensors
to measure pressure, temperature, and oxygen are no longer
required



* Generally, in an EV, it may be HEV or BEV,
three sensors are a common one for
temperature, second for voltage
measurement, and third for current.

* A complex architectural diagram of an electric
car shown Fig. 7.2 generally incorporates 15—
20 current sensors and  thermistor
temperature sensors around 20-30.



s+ Sensors:

Sensors are the components of
the system that provide the mputs
that enable the computer (ECM)
to carry out the operations that
make the system function |
correctly.

In the case of vehicle sensors it 1s
usually a voltage that 1s
represented by a code at the
computer’s processor. If this
voltage 1s incorrect the processor|
will probably take 1t as an invalid
input and record a fault.
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»» Types of Sensors used

1. Mass air flow (MAF) rate

2. Exhaust gas oxygen concentration (possibly heated)
. Throttle plate angular position
. Crankshaft angular position/RPM
. Coolant temperature

. Manifold absolute pressure (MAP)
. Difterential exhaust gas pressure
. Vehicle speed

3}
A
5
6. Intake air temperature
7
8
9
1

0. Transmission gear selector position
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Mass air flow (MAF) rate sensor

Airflow sensors are used on engines with multiport
electronic fuel injection. This 1s because the amount of fuel
delivered by an EFI system 1s controlled by a computer
(powertrain control module or PCM) which turns the fuel
injectors on and off.

The airflow sensor keeps the computer informed about how
much air 1s being pulled into the engine past the throttle
plates. This mnput along with information from other engine
sensors allows the computer to calculate how much fuel is
needed.

The computer then increases or decreases mjector duration
(on time) to provide the correct air/fuel ratio.

Types: 1. Vane type Air Flow Rate Sensor
2. Hot Wire type Air Flow Rate Sensor
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Vane type air flow (MAF) rate sensor

An engine requires the correct air—fuel
ratio to suit various conditions. With
electronic fuel injection the ECM controls
the air—fuel ratio and 1n order to do this it
needs a constant flow of information about
the amount of air flowing to the engine.

With this information, and data stored in its
memory, the ECM can then send out a
signal to the injectors, so that they provide
the correct amount of fuel.

Air flow measurement 1s commonly
performed by a ‘flap’-type air flow sensor.
The air flow sensor shown in Figure A.
uses the principle of the potential divider
(potentiometer).

V. Air supply signal
Constant voltage to
air flow sensor

Control computer

Fig. B



Figure B. shows the theoretical form of a sitmple
potential divider. A voltage, say 5V, 1s applied across
terminals 4 and B. C 1s a slider which 1s 1n contact with
the resistor and a voltmeter 1s connected between 4 and
C. The voltage V- 1s related to the position of the slider
C m the form V=V, * x/1.

In the air flow sensor, the moving probe (wiper) of the
potential divider 1s linked to the pivot of the measuring
flap so that angular displacement of the measuring tlap
1s registered as a known voltage at the potentiometer.




:;r\«ANE AIRFLOW SENSOR PROBLEMS

Vane airflow sensors as well as all the other types of airflow
sensors can't tolerate air leaks. Air leaks downstream of
the sensor can allow "unmetered" or "false" air to enter the
engine. The extra air can lean out the fuel mixture causing a
variety of driveability problems, including lean musfire,
hesitation and stumbling when accelerating, and a rough

idle.

Dirt can also cause problems. Unfiltered air passing
through a torn or poor fitting air filter can allow dirt to build
up on the flap shaft of a vane airflow sensor causing the flap
to bind or stick. The operation of the flap can be tested by
gently pushing it open with a finger. It should open and close
smoothly with even resistance. If 1t binds or sticks, a shot of
carburetor cleaner may loosen it up otherwise the sensor will
have to be replaced.




“* Hot Wire Type MAF:

The hot wire MAF sensor 1s a variation
of a classic air flow sensor that was
known as a hot wire anemometer and
was used, for example, to measure wind
velocity for weather forecasting.

In this MAF, the hot-wire, or sensing,
element 1s replaced by a hot-film
structure mounted on a substrate.

On the air inlet side 1s mounted a
honeycomb flow straightener that
“smooths” the air flow (causing
nominally laminar air flow over the film
element). At the lower portion of the
structure 1s the signal processing
circuitry.




The film element 1s electrically heated to a constant
temperature above that of the inlet air.

* The hot-film element is incorporated in a Wheatstone bridge
circuit (Figure at top).

» The power supply for the bridge circuit comes from an
amplifier.

/

voltage to vy

+ - frequency [~
/ ¢ | converter
differential

amplifier

Connector

IAT Temp
Sensor

A J Bhosale

Front fiaw



The Wheatstone bridge consists of three fixed resistors R,
R,, and R; and a hot-film element having resistance Rygw-
With no air flow the resistors R, R,, and R are chosen such
that voltage v, and v, are equal (1 e the brldge 1s said to be

balanced)

As air flows across the hot film, heat 1s carried away from
the film by the moving air. The amount of heat carried away
varies in proportion to the mass flow rate of the air.

The heat lost by the film to the air tends to cause the
resistance of the film to vary, which unbalances the bridge
circuit, thereby producing an mput voltage to the amplifier.

The output of the amplifier 1s connected to the bridge circuit
and provides the power for this circuit. The amphﬁed
voltage changes the resistance in such a way as to maintain a
fixed hot-film temperature relative to the inlet temperature.




o )

calibration curve depicted in Figure.

air flow by simple computation.

output
voltage

* The amplifier output voltage v. varies with MAF and
serves as a measure of R_. Typically the conversion of
MAF to voltage 1s slightly nonlinear, as indicated by the

* Fortunately, a modern digital engine controller can
convert the analog bridge output voltage directly to mass

air flow




Hot Wire MAF sensors have no moving parts. Unlike a vane
airflow meter that uses a spring-loaded flap, mass airflow sensors
use electrical current to measure airflow.

The sensing element, which is either a platinum wire (hot wire)
or nickel foil grid (hot film), 1s heated electrically to keep it a
certain number of degrees hotter than the incoming air.

In the case of hot film MAFs, the grid is heated to 75°C above
incoming ambient air temperature. With the hot wire sensors, the
wire is heated to 100 °C above ambient temperature.

As air flows past the sensing element, 1t cools the element and
increases the current needed to keep the element hot. Because the
cooling effect varies directly with the temperature, density and
humidity of the incoming air, the amount of current needed to
keep the element hot i1s directly proportional to the air "mass"
entering the engine




| <* Positions Sensors:

* The positions sensors are generally speed sensors of
different working principle used for detecting the
position of different parameters.

» Parameters Measured,
1. Crankshaft Position Sensor
2. Camshaft Position Sensor
3. ABS Wheel Sensors
4. Vehicle Speed Sensor
* Working Principles used,
1. Magnetic Reluctance (Variable Reluctance) type
2. Hall Effect type
3. Optical Type

*




s+ Crankshaft Position Sensor:

A crank position sensor 1s a component used m an
internal combustion engine to monitor the position or
rotational speed of the crankshaft. This information 1s
used by engine management systems to control 1gnition
system timing and other engine parameters.
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Magnetic Reluctance (or Variable Reluctance)
type sensor

This type of sensor 1s used m many vehicle
applications, such as 1gnition systems, engine
speed sensors for fuelling, and wheel speed
sensors for anti-lock braking etc.

Air has a greater reluctance (resistance to
magnetism) than iron and this fact is made use of
in many sensors. The basic principle of operatlon
of a variable reluctance type sensor (Fig. 5.1) may
be understood from the following descnptlon

The principal elements of the sensor are:
an iron rotor with lobes on it:
a permanent magnet:;

a metallic path (the pole piece) for carrying the magnetic
flux:

a coil, wound around the metallic path, in which a voltage
1s induced.

Fig. 5.1 The hasic principle of the varable rehuctance sensor



The reluctor disc has a number of tabs on it and these tabs
are made to move through the air gap in the magnetic circuit.

The movement of the reluctor tabs, through the air gap 1s
achieved by rotation of the reluctor shaft. The voltage
induced 1n the sensor coil 1s related to the rate of change of
magnetic flux in the magnetic circuit.

The faster the rate of change of magnetic flux the larger will
be the voltage that 1s generated in the sensor coil. When the

metal tab on the reluctor rotor is outside the air gap, the
sensor voltage 1s zero.

As the tab moves into the air gap the flow of magnetism
(flux) increases rapidly. This causes the sensor Voltage to
increase, quite quickly, to a maximum positive value. Figure
5.2 shows the approximate behavior of the voltage output as
the reluctor 1s rotated.




* Figure 5.2(a) shows the reluctor tab moving into the air gap.
As the metal tab moves further into the gap the voltage
begins to fall and, when the metal tab 1s exactly aligned with
the pole piece, the sensor voltage falls back to zero
(Although the magnetic flux 1s strongest at this point, 1t 1s
not changing and this means that the voltage 1s zero.)

r
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* Figure 5.2(b) shows that Q\ff—”n.,,.. t F@’
3 —|r~ s _r._l
there 1s zero voltage when . R .
the reluctor tab is in */\ v v v’

alignment with the pole : | VAV

Rotation —»

piece. “

Fig. 5.2 The voltage pattern from a variable reluctance sensor



As the metal tab continues to rotate out of the air gap
and away from the pole piece, the rate of change of the
magnetic flux 1s rapid, but opposite in direction to when
the tab was moving into the air gap.

This results 1n the negative half of the voltage waveform
as shown n Fig. 5.2(¢). When the tab has moved out of
the air gap the sensor voltage returns to zero. While the
rotor shaft continues to turn another tab will enter the air
gap and the above process will be repeated.

If the sensor coil 1s connected to an oscilloscope the
pattern observed will be similar to that shown in Fig.

5.2(d).
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[ Hall Effect:

The Hall effect 1s the production of a voltage
difference (the Hall voltage) across an electrical
conductor, transverse to an electric current in the
conductor and to an applied magnetic field
perpendicular to the current. It was discovered by

Edwin Hall m 1879.




2. Hall Effect type sensor:

Figure shows the principle of a Hall type sensor. The
Hall element 1s a small section of semiconductor
material such as silicon.

When connected as shown m Fig.(a), the battery will
cause current to flow through the semiconductor Hall
element and battery circuit, but there will be no current
in the circuit which 1s at right angles to the battery
circuit, as shown by a zero reading on the voltmeter.



Circuit 1

(b)

Zero volts

4%

@ Voltage due to magnetism
across the Hall element



When a magnetic field 1s imposed on the Hall element,
as shown 1n Fig. (b), a current will flow 1n circuit 2.

When the magnetic etffect 1s prevented from reaching
the Hall element, as in Fig.(¢), the current will cease to
flow 1n circuit 2.

The result 1s that the current 1n circuit 2 can be switched
on and off by shieldino the t from the
magnetic field.




is removed
from the Hall element

Metal plate diverts the magnetism
away from the Hall element

2 Serwcy




When the metal plate that 1s inserted between the magnet
and the Hall element 1s mounted on a rotating shaft, the
Hall current can be switched on and off at any desired
frequency.

The Hall type sensor produces an output power that 1s
virtually constant at all speeds.

Hall effect sensors are wused wherever other
electromagnetic sensors are used, e.g. engine speed and
crank position, ABS wheel sensors, camshaft (cylinder)
identification (for 1ignition and fuelling) etc.




The voltage from a Hall element 1s quite small and 1t 1s
common practice for Hall type sensors to imcorporate an
amplifying and pulse-shaping circuit. The result 1s that
the sensor produces a digital signal, 1.e. 1t 1s a
rectangular waveform as shown in Fig. 5.7.

ﬁgr{i*r;@z

The upper horizontal lines should reach reference voltage.
Vohage transitions should be straight and vertical.
Peak-Peak voltages should equal reference voltage.
The lower horizontal lines should almost reach ground.

& WiN -

Ihe duty cycle ol the signal remains fixed, determined by the
spacing between shutter blades.

Frequency of the signal increases as the speed of the engine
mncreases




| %+ Optical Sensor:

In a sufficiently clean environment a shaft position can also
be sensed using optical techniques. Figure below illustrates
such a system. Again, as with the magnetic system, a disk 1s
directly coupled to the crankshaft.

This time, the disk has holes 1n 1t that correspond to the
number of tabs on the disks of the magnetic systems.

Mounted on each side of the disk are fiber-optic light pipes.
The hole in the disk allows transmission of light through the
light pipes from the light-emitting diode (LED) source to the
phototransistor used as a light sensor.

Light would not be transmitted from source to sensor

when there is no hole because the solid disk blocks the
light.




As shown 1n Figure below, the pulse of light is
detected by the phototransistor and coupled to an
amplifier to obtamn a satisfactory signal level. The
output pulse level can very easily be standard transistor
logic levels of +2.4 V for the high level and +0.8 V for
the low level.

One of the problems with optical sensors is that they
must be protected from dirt and oil; otherwise, they
will not work properly.

They have the advantages that they can sense position

without the engine running and that the pulse amplitude
1s constant with variation m speed.




Light shielding

To speedometer

Photocoupler
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Thermistor:
Thermistors are of two opposite fundamental types:

With NTC thermistors, resistance decreases as temperature
rises. An NTC 1s commonly used as a temperature sensor, or
in series with a circuit as an inrush current limiter.

With PTC thermistors, resistance increases as temperature
rises. PTC thermistors are commonly installed 1n series with
a circuit, and used to protect against overcurrent conditions,
as resettable fuses

Thermistors differ from resistance temperature detectors
(RTDs) in that the material used 1n a thermistor 1s generally
a ceramic or polymer, while RTDs use pure metals. The
temperature response 1s also different; RTDs are useful over
larger temperature ranges, while thermistors typically
achieve a greater precision within a limited temperature
range, typically —90 °C to 130 °C




% Temperature sensor

A commonly used device used for sensing
temperature 1s the thermistor. A
thermistor utilizes the concept of negative
temperature coefficient.

Most electrical conductors have a positive
temperature coefficient. This means that
the hotter the conductor gets the higher
is its electrical resistance.

This thermistor operates differently; its
resistance gets lower as its temperature

increases and this is a characteristic of
semiconductor materials.

Fig. 5.17 An enginc coolant tcmperature sensor



There 1s a well-defined relationship
between temperature and resistance.

This means that current flow through the
thermistor can be used to give an accurate
representation of temperature.

Figure shows the approximate
relationship between temperature and
resistance.

The coolant temperature sensor provides
the ECU with information about engine
temperature and thus allows the ECU to
make alterations to fuelling for cold starts
and warm-up enrichment.

Thermistor resistance (ohms x 10°)

| | 1

0

20 40 60
Engine coolant temperature (°C)

80 100

Table 5.1 Temperature and corresponding
resistance for a coolant sensor

Temperature
("C)

Resistance
(ohms)

Voltage

0
20
30
60
80

6000
2500
1400
800
280

NS
N e - N




¢+ Variable-Capacitance type MAP Sensor

Figure below gives an indication of the principle of operation
of the variable capacitance type of MAP sensor.

Capacitance C = e, A/d, where e, = permittivity 1n a vacuum,
A = area of the metallized plates and d = the distance between
the plates.

The metallized plates of the capacitor are placed on each side
of an evacuated capsule.

This capsule 1s placed in a chamber which 1s connected to
manifold pressure and, as the manifold pressure changes, the
distance d between the capacitor plates changes.

This change 1n distance between the capacitor plates causes
the value of the capacitance C to change. The capacitor is
connected 1nto an electronic circuit that converts changes 1n
capacitance into an electrical signal.




Manfald pressure chamber. This

forms part of the sensor body :" :tp?uﬁas;‘;\?lr:a? m&e

capacior plates. One on each
side of the capsule

Electronic circuit that converts MAP
nto electical signal of varying
frequency

LJU

Flexible walls to evacuated capsule. This l |--Cmnection to induction manifold
allows the capacitor plates to move closer

together or further apart with changes in MAP




¢ Variable-Inductance type MAP Sensor:

* The variable-inductance type of MAP sensor relies on
the principle that the inductance of a coil 1s altered by
varying the position of an iron cylinder placed in the
center of the coil. Figure illustrates the principle
mvolved.

Connection to mandold

* In this smmplified =™ >~ Pl dapogn
version, the 1ron
cylinder moves m
or out of the coil
under the influence
of the diaphragm

and S ru‘lo‘. \ \\hon core move in and ol of the

316482 Automotive _ o e— SN IR

Electical connectians to
signal processing ciout




Variations 1in manifold absolute pressure increase or decrease
the ‘suction’ force acting on the diaphragm and the resultant
changes in mnductance are related to the manifold absolute
pressure.

The coil (inductance) forms part of an electronic circuit and
this circuit 1s designed so that the changes m frequency of
the square-wave output are accurate representations of
manifold absolute pressure. Figure shows the approximate
form of the variable frequency output of sensors of this type.

Frequency f = 11 Hz

6

U < V' VUL

- 1 e

Engine at idie

0 20 40 60 80 100

v v T v v v T v v T v v v T v v v mi

Fig. 5.25 Frequency patterns for a MAP sensor at full load and die
milliseconds Englne at full load
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Knock Sensor:

A knock sensor that is commonly used in engine control systems
utilizes the piezoelectric generator effect, 1.e. the sensing element
produces a small electric charge when it 1s compressed and then
relaxed.

Materials such as quartz and some ceramics like PZT (a mixture
of platinum, zirconium and titanium) are effective in piezoelectric
applications.

In the application shown, the knock sensor i1s located on the
engine block adjacent to cylmder number 3 (Fig. 5.10). This 1s the

best position to detect vibrations arising from combustion knock
in any of the four cylinders.

Because combustion knock 1s most likely to occur close to TDC
in any cylinder, the control program held in the ECM memory
enables the processor to use any knock signal generated to alter

the 1gnition timing by an amount that 1s sufficient to eliminate the
knock.




When knock has ceased the ECM
will advance the 1ignition, in steps.
back to 1ts normal setting. The
mechanism by which vibrations
artsing from knock are converted
to electricity 1s illustrated in Fig.
5.11.

The sensor 1s accurately designed
and the center bolt that pre-
tensions the piezoelectric crystal
1s accurately torqued. The steel
washer that makes up the seismic
mass has very precise dimensions.




»>la W=

ERIC ECU 5. Knock sersor 10, 13 -way connector —engl
Amiant aw Lomperature sensor 5. Carburetter 11, Sensl Dagnostic Link con
{located behsrd borns) 7 lgnition col 12, 10iet air sensor

Coclant tamperature senscr 8. Engno MFU

Crankshaft sersor 9. 4.way connector —engine / main

Fig. §.10 The knock sensor on the engine



* When combustion knock occurs, the resulting mechanical
vibrations are transmitted by the seismic mass, to the
piezoelectric crystal. The ‘squeezing up’ and relaxing of the
crystal 1n response to this action, produces a small
electrical signal that oscillates at the same frequency as the
knock sensor element.

Electrical
Body of the "
mbm _mm

" The electrical signal 1s e =
conducted away from the
crystal by wires that are
secured to suitable points
on the crystal.

N_&‘neel washes makes the
SEISTIC MAsS

Fig. 5.11 The principle of the piezoelectric combustion knock sensor




The tuning of the sensor 1s critical because 1t must be
able to distinguish between knock from combustion and
other knocks that may arise from the engine mechanism.
This 1s achieved because combustion knock produces
vibrations that fall within a known range of frequencies.
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** Lambda Sensor (Exhaust Gas Oxygen Sensor)

* In order for the exhaust emissions catalyst to operate
correctly, the air—fuel ratio must be kept close to 15:1 (by
mass), and 1t 1s the exhaust gas oxygen (EGO) sensor that
assists the ECM to keep the air—fuel ratio within the required
limuts.

» The EGO sensor constantly monitors the oxygen content of
the exhaust gas, and hence the air—fuel ratio at the engine
intake, since the percentage of oxygen in the exhaust gas 1s
an accurate measure of the air—fuel ratio of the mixture
entering the engine cylinders.

» Figure 5.26 shows the relation between the oxygen content
of the exhaust gas and the air—fuel ratio of the mixture
entering the combustion chambers of the engine.




Lambda

The information (voltage) from the EGO
sensor 1s fed back to the ECM so that the
amount of fuel mmjected into the engine
may be changed to ensure that the air—
fuel ratio 1s kept within the required
limits.

It 1is common practice to refer to the air—
fuel ratio that gives chemically correct
combustion as lambda = 1.

If the mixture 1s rich, lambda 1s less than
I (probably lambda = 0.97), and if the
mixture 1s weak, lambda 1s greater than
1 (probably lambda = 1 .03). For this
reason, the exhaust gas oxygen sensor 1s
often referred to as a lambda sensor.

actual air-fuel ratio

chemically correct air - fuel ratio
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THE VOLTAIC-TYPE EGO SENSOR
The voltaic, or zirconia (ZrO2), type oxygen sensor operates
on the basis of a difference between the oxygen partial

pressure of atmospheric air and the partial pressure of
oxygen 1n the exhaust gas.

&
f.f

At sea level, atmospheric air contains approximately 21%
oxygen by weight, and this gives the oxygen a partial
pressure of approximately 0.2 bar.

The oxygen content of exhaust gas varies from zero 1n a rich

mixture, to about 10% 1 a weak mixture, as shown in
Fi1g.5.26.

The partial pressure of the oxygen in the exhaust gas
therefore ranges from near zero to approximately 0.01 bar.




* Figure 5.27 shows that the sensor element 1s essentially
a cell (battery). The plates are made trom platinum and
they have a layer of ceramic zirconia between them
which acts as an electrolyte.

* The platinum plates act as catalysts for the oxygen
which makes contact with them, and they are also used
to conduct electricity away from the sensor.

ZtreoniaZrO olectrdyte o

High pressure Low pressure oxyger .

oxygen in the in exhaust gas Vil o dsriir

atmosphere { mV) is used by the ECM
p 3 1o keep lambda = 1
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-
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Platinum electrode —®7 Platinum electrot
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Fig. 5.27 The EGO sensor as a VOItai€ CCll m—
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The catalyzing action that takes place when oxygen contacts
the platinum plates causes the transport of oxygen 1ons
through the electrolyte and this creates the electric current
that gives rise to the e.m.f. (voltage) of the sensor.

This sensor voltage 1s an accurate representation of the
oxygen content of the exhaust gas.

In practice the sensing element 1s formed into a thimble
shape as shown in Fig. 5.28.

This type of construction exposes the maximum area of
platinum to the exhaust gas on one side and to the
atmospheric air on the other side. The platinum that 1s
exposed to the exhaust gas 1s covered with a porous ceramic
material.

This allows the oxygen through to the platinum but protects
the platinum against harmful contaminants in the exhaust
products.




Part of

Ceramic ZrO, exhaust pipe

3. 5.28 Diagrammatic representation of the oxygen sensor in the exhaust pipe
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The greater the difference in oxygen levels
between the atmospheric air and the exhaust

gas, the greater 1s the voltage produced by
the EGO sensor.

When the air—fuel ratio changes from slightly
rich, say 14:1 lambda = 0.93 to slightly
weak, 16:1 lambda = 1.06, there 1s a marked
change 1in the oxygen partial pressure of the
exhaust gas and this leads to a step change 1n
the EGO sensor voltage because the ceramic
electrolyte (zirconia) 1s very sensitive to
oxygen levels, as shown 1n Fig. 5.29.

This sudden change in sensor voltage 1s used
to trigger an action by the ECM, that will

alter the fuelling, to maimntain lambda=1
(chemuically correct air—fuel ratio).
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The result of this action 1s that the EGO sensor output cycles
up and down, at a frequency that ensures that the engine runs
smoothly and the exhaust catalyst 1s kept functioning
correctly.

The actual frequency 1s determined by the program that the
designer places in the ROM of the ECM. All of this means
that a voltaic-type EGO produces a standard type of output
that can be measured by means of equipment that 1s readily
available to vehicle repairers

The approximate shape of the voltage waveform from the
EGO sensor when 1n operation 1s shown in Fig. 5.30. This
waveform arises from the way that the ECM alters the
amount of fuel injected, 1.e. lowering and raising the amount
of fuel injected, in an ordered way, so as to keep the air—fuel
ratio within the required limits.




The action of the oxygen sensor i1s dependent
on its temperature. The sensor needs to reach
a temperature of around 250°C before it
starts to function at its best.

In order to assist the sensor to reach this
temperature as quickly as possible, from a
cold start, it 1s common practice to equip the
sensor with a resistive-type heating element as
shown in Fig. 5.31.

This means that most oxygen sensors will be
equipped with four wires: a signal wire and an
earth for the sensor element, and a feed wire
and an earth for the heating element.

This type of sensor is known as a heated
exhaust gas oxygen sensor (HEGO)

Exhaust pipe wall
= ppe

Signal voltage for Exhaust gas
ECM 1
% , \ /

12 V supply

Fig. 5.31
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A resistive-type heating element



% ON-BOARD MONITORING OF THE CATALYTIC
CONVERTER

* The USA OBDII and impending European legislation requires
that vehicle emissions systems are equipped with the facilities
to 1lluminate a warning lamp (malfunction indicator lamp or
MIL) should the catalytic converter cease to function correctly.
In order to meet this requirement it 1s current practice to fit a

second oxygen sensor downstream of the catalvst. as shown 1n
Flg. 5.34. E"h‘?ﬂmwloe@ne

HEGO

®\\ \ Ex/haus! catalyst

A

TH{T

HEGO

G




In Fig. 5.34, A represents the upstream oxygen which 1s
on the engine side of the catalyst.

It 1s this sensor that provides the feedback signal that the
ECM uses to control the amr—fuel ratio within the
required limats.

The second sensor at B sends a signal to the ECM that 1s
used to determme the efficiency of the catalyst. The
voltage amplitude of this second sensor signal 1s the key
to assessing the catalyst efficiency.

As the catalyst ages, or 1s damaged by incorrect fuel

etc., the voltage amplitude of this second sensor
1ncreases.
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» Load Cell
= A load cell 1s a transducer that 1s used to create an

electrical signal whose magnitude 1s directly
proportional to the force being measured.

* The various types of load cells include hydraulic load
cells, pneumatic load cells and strain gauge load cells.




* The strain gauge measures the deformation (strain) as a
change 1n electrical resistance, which 1s a measure of the
strain and hence the applied forces.

AR
—=Kxg
Where, R

R :Initial resistance o1 e suramn gauge

AR : Resistance change caused by elongation or
contraction

K : Proportional constant (called the “gauge factor™)

(AR/R/AL/L)

e Strain




Single Point Load
Cells

Button Load Cells

S-Beam Load Cells

Miniature Load
Cells

Through Hole Load
Cells

Pancake Load Cells

Generally used to
build scales and in
applications where
space is not
limited. They offer
excellent off-center
loading
compensation.

Ideal for measuring
compression forces
that are applied
axially. They are
compact and easy
to use,

Ideal for tension
(pull) or Universal
(push and pull)
force measurement
applications

Smallest miniature
load cells we offer
for compression
force
measurements
only. Ideal for
cramped locations.

Rugged, industrial
load cells for
compression

and/or tension
force
measurements.
Has a through hole
with threads to
attach accessories

High Capacity load
cells with capacities
up to 100K Ibs for
compression
and/or tension loac
cell measurements,




* The working principle 1s based on the strain/resistance
relationship of electrical conductors.

* Any electrical conductor changes its resistance with
mechanical stress, e.g. through tension or compression
forces. The resistance change 1s partially due to the
conductor's deformation and partially due to the change
in the resistivity of the conductor material as a result of
microstructural changes.

* Operating Principle:
Welded Sensor utilizes bonded strain gages
connected in Wheatstone bridge circuit. The output 1s

derived from imbalance in the bridge circuit as  load  1s
sensed by sensor.




Wheatstone Bridge:

Wheatstone bridge is an electric circuit suitable for |

detection of minute resistance changes, therefore used
to measure resistance changes of a strain gage

The bridge 1s configured by combining four resistors
as shown m Fig.

Initially R,;=R,=R,=R,. m this condition no output
voltage 1s there. e=0

When one of the Resistances 1s replaced by strain
Gauge attached to the object whose strain 1s to be
measured and load 1s applied, then there 1s small
change in the resistance of gauge, hence some output

voltage 1s there which can be related to strain as
1 AR
4 R

e =

From this. strain can be easily determined using the relation

L
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H1 Ro
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*+* Yaw Rate Sensor:

The drive portion looks and acts exactly like a simple
tuning fork. Because the drive tines are constructed of
crystalline quartz, 1t 1s possible to electronically “ring”
this tuning fork.

Each fork tine has a mass and an imstantaneous radial
velocity which changes sinusoidally as the tine moves
back and forth.

As long as the fork’s base 1s stationary the momenta of
the two tines exactly cancel one another and there 1s no
energy transfer from the tines to the base. In fact, 1t
takes only ~6uW of power to keep the fork ringing.




As soon as the tuning fork is

rotated around 1its axis of

symmetry, however, the Coriolis
principle exerts a profound
influence on the behavior of this
mechanism.

By convention, (the “right-hand
rule”), the rotational vector, ,,
is described by an arrow that 1s
aligned with the axis of rotation.

The instantaneous radial velocity
of each of the tines will, through
the Coriolis effect, generate a
vector cross product with this
rotation vector.
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» The net effect is that each tine will generate a force

perpendicular to the instantaneous radial velocity of each of
the tines:

F=2mo, * V,

where:

— m = fine mass

— o, = rotation rate

— V, =radial velocity

Note that this force 1s directly proportional to the rotation

rate, and since the radial velocity of the tines 1s sinusoidal,
the force on each tine 1s also sinusoidal.

Because the radial velocities of the two tines are equal and
opposite, the Coriolis forces are equal and opposite,
producing an oscillating torque at the base of the drive tine
fork which 1s proportional to the input angular rate.
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Actuators:

Actuators are the devices, such as fuel injectors, 1gnition

coils, ABS modulators etc., that are operated by outputs
from the ECM.

Actuators normally rely on one of two electrical devices for
their operation; they are either operated by a solenoid or by
an electric motor.

Solenoid-operated actuators are normally controlled mn one
of two ways. One 1s the duty cycle method, where the

solenoid 1s switched on for a percentage of the time
available, e.g. 20 or 80%.

This means that pulses of varying width can be used to
provide the desired result. The other method of solenoid
control 1s known as pulse width modulation (PWM). Here
the solenoid current 1s switched on and off at frequencies
that change to suit operating requirements.




Electric motors that are used in actuators may be stepper
motors, or reversible permanent magnet d.c. motors.

A stepper motor can be made to provide small movements of
valves by pulsing the current supply.

Some stepper motors rotate 7.5° per step, which means that a
full rotation of the motor shaft takes 48 steps. A common
form of stepper motor uses two sets of windings.

Current mm one set of windings drives the motor shaft
forward and when this 1s switched off and current 1s applied
to the other set of windings, the motor shaft rotates in the
reverse direction.

This means that accurate control over the position of a valve
can be achieved because the control computer determines

the valve position by counting the number of pulses applied
to the stepper motor windings.




+%* Solenoid Valves: g

¢

—_———

*= A fuel injector 1s (in essence) a solenoid-operated
valve. The valve opens or closes to permit or
block fuel flow to the engine. The valve i1s S
attached to the movable element of the solenoid ..-¢

e sl e

pr B0 Gl chamont

and 1s switched by the solenoid activation.

* In a fuel injector with no current flowing, the
solenoid movable element 1s held down against
the stop, covering the aperture or nozzle.

* Fuel 1s thereby blocked from flowing from the
pressurized fuel chamber into the aperture. When
current flows through the solenoid coil, the
movable element i1s switched upward, the
aperture 1s exposed, and fuel (under pressure)
sprays through this aperture.

Figure A
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The fuel flow rate through the
nozzle 1s constant for a given
regulated fuel pressure and

nozzle geometry; theretore, the |77
quantity of fuel injected into |~
the air stream is proportional |}

to the time the valve is open.

The control current that
operates the fuel injector 1s
pulsed on and off to deliver
precise quantities of fuel.
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A Fuel Injector Signal

Consider an 1dealized fuel injector
as shown 1n Figure B, in which the
gl High ar - - fo-

injector 1s open when the applied ,rae/raﬁa

S_ouN 1
gei==i-

voltage 1s on and 1s closed when the -

applied voltage 1s off.

In this 1dealization, the control —— avomet

L lgw a0 T > 2%’
voltage operating the fuel injector 1s awe/ rare Tl o
a bmary pulse train (1.e., either on o L
or off ). i
For a pulse train signal, the ratio of
on time 7 to the period of the pulse 7' _

Figure C

(on time + off time) 1s called the
duty cycle.




* This 1s shown in Figure C. The fuel mjector 1s energized
for time 7 to allow fuel to spray from the nozzle into the
air stream going to the intake manifold. The injector 1s
de-energized for the remainder of the period.

» Therefore, a low duty cycle, as seen 1n Figure C-a, 1s
used for a high air/tuel ratio (lean mixture), and a high
duty cycle (Figure C-b) 1s used for a low air/ fuel ratio
(rich mixture).
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EGR Valve Actuator:

The exhaust gas recirculation (EGR) 1s utilized to reduce NOX
emissions. The amount of EGR 1s regulated by the engine
controller.

When the correct amount of EGR has been determined by the
controller based on measurements from the various engine control
sensors, the controller sends an electrical signal to the EGR
actuator.

Typically, this actuator 1s a variable-position valve that regulates
the EGR as a function of intake manifold pressure and exhaust
gas pressure. Although there are many EGR configurations, only
one representative example will be discussed to explain the basic
operation of this type of actuator.

The example EGR actuator 1s shown schematically in Figure.
This actuator 1s a vacuum-operated diaphragm valve with a spring
that holds the valve closed i1f no vacuum 1s applied.




* The vacuum that operates the diaphragm is supplied by the intake
manifold and 1s controlled by a solenoid-operated valve. This
solenoid valve is controlled by the output of the control system.

» This solenoid operates essentially the same as that explained in the
discussion on fuel injectors. Whenever the solenoid 1s energized

(1.e., by current supplied by the control system flowing through the
coil), the EGR valve 1s opened by the applied vacuum.
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* The amount of valve opening 1s determined by the
average pressure on the vacuum side of the diaphragm.

= This pressure 1s regulated by pulsing the solenoid with a
variable-duty-cycle electrical control current.

* The duty cycle of this pulsing current controls the
average pressure 1n the chamber that affects the

diaphragm deflection, thereby regulating the amount of
EGR.




¢ Petrol engine idle speed control

Idle speed control is an mmportant element of the control
strategy for any engine management system. The control
strategy for engine 1dling must take account of factors such
as engine coolant temperature, engine load, power assisted
steering, alternator load, etc.

Many systems are fitted with an 1dle speed control valve that
provides a supply of air that by-passes the throttle valve,
whilst other systems may make use of the electronic throttle
control.

Two types of valve are used to provide a computer
controlled idle air supply. One makes use of a stepper
motor, as shown in Fig. 6.12, and the other uses a solenoid
operated valve as shown in Fig. 6.15.




Government College of Enginee

Fig. 6.12 A stepper motor operated air valve
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<+ STEPPER MOTOR-OPERATED VALVE

Figure 6.12 shows a sumplified arrangement of the extra air
(air by-pass) valve that 1s built mto the throttle body of some
petrol injection systems.

The ECU pulses the transistor bases. 1 the correct sequence,
so that the 5‘rep]1361 motor moves the air valve to provide the
correct air supply, for any given condition.

In addition, other sensor signals will enable the ECU to
provide the correct amount of fuel to ensure that the engine
contimues to run smoothly. Figure 6.13 shows the stepper
motor with the air valve attached.

The multiple pin connection 1s typical of the type of
connection that 1s used to electrically connect the stepper
motor to the ECU. The stepper motor can normally be
checked by operating it with the diagnostic tool connected to
the serial communication port of the ECM.




= An oscilloscope can also be used to check the pulses
that are sent to the motor from the ECM. Figure 6.14
gives an impression of the type of result that 1s to be
expected from the PMS 100 oscilloscope when used to

test a stepper motor. 156 v o 0|®
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“ SOLENOID-OPERATED VALVE

* This type of valve regulates the amount of air that by-passes the
throttle valve through the medium of a solenoid-operated valve
of the type shown in Fig. 6.15.

* In the rest position shown, the valve (4) 1s closed by the spring
(5) and the armature of the solenoid (2) is pushed back inside the
solenoid coil (3). When operating, the energized solenoid opens
the valve (4) and admits air to the induction system. The quantity
of air admitted i1s controlled by duty cycle pulses that are sent

from the ECM. f /////// =
=N
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<+ Electronic Control Unit (ECU)

Figure shows the general form of a computer that consists of the
following parts:

» a central processing unit (CPU)

» 1mput and output devices (I/O)

» memory

» aprogram

» aclock for timing purposes.

Data processing is one of the main functions that computers
perform. Data, in computer terms, is the representation of facts
or ideas in a special way that allows it to be used by the
computer.

In the case of digital computers this usually means binary data
where numbers and letters are represented by codes made up from
Os and 1s. The input and output interfaces enable the computer to
read inputs and to make the required outputs.




Processing 1s the manipulation and movement of data
and this 1s controlled by the clock. Memory 1s required
to hold the main operating program and to hold data
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COMPUTER MEMORY

Read only memory (ROM) 1s where the operating program for the
computer 1s placed. It consists of an electronic circuit which gives
certain outputs for predetermined input values. ROMs have large
storage capacity.

Read and write, or random access memory (RAM), 1s where data
1s held temporarily while it is being worked on by the processing

unit. Placing data in memory i1s referred to as ‘writing’ and the
process of using this data is called ‘reading’.

THE CLOCK

The clock 1s an electronic circuit that utilizes the piezoelectric
effect of a quartz crystal to produce accurately timed electrical
pulses that are used to control the actions of the computer.

Clock speeds are measured in the number of electrical pulses
generated in one second. One pulse per second 1s 1 Hertz and
most computer clocks operate in millions of pulses per second.
One million pulses per second 1s 1 megahertz (1 MHz).




*»» A practical automotive ECU

Figure 2.2 shows a computer controlled transmission
system. At the heart of the system 1s an electronic
module.

This particular module 1s a self-contained computer
which 1s also known as a microcontroller.
Microcontrollers are available 1n many sizes, e.g. 4, 8,
16 and 32 bit, which refers to the length of the binary
code words that they work on. In this system i1t 1s an 8-
bit microcontroller.

Figure 2.3 shows some of the internal details of the
computer and the following description gives an insight
into the way that 1t operates.
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The microcomputer

This 1s an 8-bit microcontroller.
In computer language a bit 1s a O
or a 1. The O normally represents
zero, or low wvoltage, and the 1
normally represents a higher
voltage., probably 1.8 V.

The microcontroller i1ntegrated
circuit (chip) has a ROM
capacity of 2048 bytes (there are
8 bits to one byte) and a RAM
that holds 64 bytes.

The microcontroller also has an
on-chip capacity to convert four

analogue mputs into 8-bit digital
codes.



’

Fig. 2.2 A computcer controlled transmission system
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The power supply

The power supply 1s a circuit
that takes 1its supply from the
vehicle battery then provides a
regulated d.c. supply of 5 V to
the microcontroller, and this 1s
1ts working voltage.

The power supply also
includes protection against
over voltage and low voltage.

The low wvoltage protection 1s
required 1f battery wvoltage 1s
low and 1t often takes the form
of a capacitor.
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Fig. 2.3 Internal details of the computer



s The clock circuit

» In this particular application the clock operates at 4 MHz.
The clock controls the actions of the computer, such as
counting sensor pulses to determine speed and timing the
output pulses to the electro-valves so that gear changes take
place smoothly and at the required time.

¢ The input interface

* The mput interface contains the electronic circuits that
provide the electrical power for the sensors and switches that
are connected to 1t. Some of these mputs are in an electrical
form (analogue) that cannot be read directly into the

computer and these mputs must be converted into computer
(digital) form at the interface.
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The output (power) interface

The power driver consists of power transistors that are switched
electronically to operate electro-valves that operate the gear change
hydraulics.

Feedback

At (6) on the diagram the imscription reads ¢ Reading electrical
state’. This means that the computer is being made aware of the
positions (on or off) of the electro-valves.

The watchdog

The watchdog circuit 1s a timer circuit that prevents the computer
from going into an endless loop that can sometimes happen 1f false
readings occur.

The diagnostic interface

The diagnostic interface 1s a circuit that causes a warning lamp to
be 1lluminated in case of a system malfunction. It can also be used
to connect to the diagnostic kit.




Types of EV sensors and its
features

S ARE 5

1/ Position
2/ Current
3/ Voltage

4/ Temperature

Exploring the world of Electric Vehicles (EVs) involves understanding the soohisticated array of sensors that
power these ‘nnovative machines, BV sensors play a pivolal ~ole 'n monitoring, controlling, and optimizing
various aspects of eectnc vehicles' performance and safety. From measuring battery health (o regulating moctor
torque, each sensor brings urigue functionalities 1o the table. There are several parameters about measurement
prnciples to consider in the zensor system of elecing vehicles, such as position, curren? votage, and
temperatura, In this comprenensive post, we will explore warious types of BV sensors corresponding to the
mentionad parameters anc ther standout features, shedding light on the technology driving the future of

automative engineering.



1/ Position
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sensor types

Location

Features

Woator caniral pasition

Ezlimalas 1he lraclion
motor position using a
FESO VAT fn oontro

hrushless DC cporation,

Motor condrol angle

Estimates the traction
motor  angle using 3
Jici L) L] contra

prushiess DC operation

Motar cantrol speed

Estimates the traction
motor  speed  using a
TESD Ve to contra

hrushless DC apesation,

Gathering the mechanical motion
data from the traction motors Lo
guarantee that the system runs in
harrony,  Aller  the  angular

position data is recorded, a motor

conlraller or molor conlral it

IMCUY conwerts it into electric
imoulses 1o slarl the feedback

loop




2/ Current




Senscr types

Location

Features

Onboard charger current sensor

Lacated on the primary 2s well
as the secondary side for
control-loop  operations  and
protection from owvercurrent
faults. Current sensing in
power factor correction
schemes improves the

OMNSOFF sequences

DC/DC current sensor

Located mainly an the primary
gide as well as the secondary
zice for protection purposes
an the oprimary side and for
control-loop operations on the

zecondary side




BE]'JCT'}"'[T'IE'.HE]!'__}UTT'IUFIl current sensar

Stand-alone and  onboard
current Sensors are required in
battery management systems
for state-of-charge and siate

af-health calculations.

Iraction motor current sensor

Located on the hot side for
prolection purposes and on
the low side orin phase of the
flelg-effast  transistors for

rmotor drive cperations.

Motar current sensar

For various kinds of motors in
the vehicle, current sensors on
the low side are used for
motar diagnostics and cantrol

loop operations,

Transmission current sensor

Proportional  solenoids use
current sensing o accurately
monitor current and send the
information io the
microcontroller,  where  the
PWM duty cycle percentage is
adjusted to make the solenoid

drive more efficient.

Showing us how much enengy, we
used and avoiding the overcurrent.
n BWS, it provides charging and
discharging cycle information by
reporting the status of hattery
S0H,




Sensor types

Location

Features

Onboard charger voltage sensor

The voltage sense monitors
the voltage magnitude cf the
DC/DC inputy  oulput, A
resistive divider is normally
usec to divide the high
voltage. Galvanic isolation is
normally neeced fo prevent
clectric hazards from  the

high vaoltage.

DC/DC voltage sensor

The wvoltage sensor on the
primary side monitors the
vpltage magnitude  of the
high-voltage  battery. A
resistive divider is normally
sed lo divide the high

yoltane

Measure the voltage in various
ways, from  measuring  high
valtages to detecting low current
levels, which ensures no insulation
damage in the battery pack and

each cell,




DC/DC voltage sensor

The wvoltage sensor on the
primary  side monitors  the
voltage magnitude of the
high-voltage  battery. A
resistive divider is normally
uzed o diwvide the hign

voltage

Battery-management voltage sensor

Hattery  monitarng Cs
measure cell voltages along
with current and temperature
and perform cell balancing to

monitor and protect the cells,

Measure the voltage in various
ways,  from measuring  high
voltages to detecting low current
levels, which ensures no insulation
damage in the battery pack and

each cell,
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"The temperature sensor plays an incredibly important role in electric vehicles, helping individuals have better
and safer experiences throughout their jourreys. Our Prostech team has researched and tested tc develop a
comprehensive solution for temperature sensors in electric vehicles. If interested, please click on this post o

receive more information’



Sensor types

Location

Features

Onboard charger temperature sensaor

lemperature monitoring
gircuilry maintaing Lhe heallh of
the power fransistors during
their  active operation by
checking the case or internal
remperature  depending on
where the sensor 1 positioned.
It imrnediately shuts down the
systermn once the temperature is

above the threshald.

/D0 temperatura sensor

Temperalure monitoring
circuitry maintaing the healih of
the power transistars  during
their active operation by
checking the case or internal
temperature  depending  on
where the sensor is positionad,
It immediately shuts down the
system once the temperature is

above the threshold,

In a battery system, it is installed
direclly inlo Lthe ballery cells,
giving  accurate  temperature
measuremnents and regulating the
heating and cooling processes to
keep each cell operating within a
safe range In the case of
overheating, continuous
monitoring  can initiate  safely
steps, such as disconnecting the
baltery or lowering charging rates,
and enable the assessment of

battery health

In an e-mator, it is used fo
measure the temperature of the
motor windings  (sensors  with
shrink tube insulation), the
temperature in the bear’ngs, and

other parts of the molor They




Battery-management temperature

Sensor

Battery monitoring ICs measure
remperature and oerform cell
balancing to  monitor  and

protect the cells.

[raction motor temperature sensor

IGETS temperature i5
monitored  to protect the
systern from overiemperature

faults.

also ensure  the  motors
dependability and ensure that
there are no defects relating to
torque production, control, or

efficiency,




