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COURSE OVERVIEW

This course is designhed for technicians who maintain and
repair hybrid technology vehicles, but not the hybrid system
itself. It contains the knowledge required to work safely
around a vehicle's hybrid system, whilst carrying out repairs
or maintenance. Therefore on completing this course,
technicians will have gained both knowledge of high voltage
hybrid technologies and an understanding of their dangers.
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AIMS AND OBJECTIVES:

Following this series of sessions,

candidates will be able to:

*Explain the need for HEV development

*Know (identify) hybrid system components and operation
*Know (explain) how to work safely on hybrid and related
vehicle systems

*Know (explain) how to carry out maintenance and repair
activities when working on hybrid vehicles
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PRIMARY TOPICS:

‘What is a hybrid vehicle and how do they differ
from conventional vehicles?

Principles and operation of hybrid systems
*Hazards and how to mitigate them
Battery types

‘Regenerative braking

Service and repair
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INTRODUCTION TO HYBRID VEHICLES:

A Hybrid vehicle is a vehicle that uses two or
more distinct power sources to move the vehicle
i.e. HEV (Hybrid Electric Vehicle)

*Such as a vehicle powered by both an electric
motor and an internal combustion engine as a
source of power for the drive train

*Petrol + Motor = HEV
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INTRODUCTION TO HYBRID VEHICLES:

Although we consider hybrid power sources as
emerging over the past 15-20 years, in other fields
they are already proven and reliable.

PETROL/PEDAL POWER DIESEL/ELECTRIC NUCLEAR/ELECTRIC

1970’s - 1990’s 1960’s - PRESENT 1950’s - PRESENT
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.. 0OME MORE
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WHAT’S THE POINT?

Gﬁv

@nﬂtﬁtry, how do we know7
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HYBRID MISCONCEPTIONS:
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HYBRID MISCONCEPTIONS:

Unveiled at the 2013
Geneva motor show,
the LaFerrari utilises
HEV technology as a
supplement as
opposed to an
economical or
ecological solution.

SouthrDevontCollegerAutomoitiv.e


http://cars.uk.msn.com/motorshows/geneva-motor-show-2013/images.aspx?cp-documentid=253891580&page=2

HYBRID MISCONCEPTIONS:

A

Bl 6.2 litre V12
/89bhp
516lb/ft torque

TR N N These figures do not
- P _a@® include motor
gan=" a0 @ assistance!

950bhp and 664lb/ft of torque!
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HYBRID MISCONCEPTIONS:

The McLaren P1 - 375 built and sold almost immediately.
0-60 mph in 2.8 seconds.
124 mph in 6.8 seconds.
Top speed 217 mph.
34 mpg.
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HYBRID MISCONCEPTIONS:

Porsche 918
887 bhp.
Top speed 210 mph.
0-60 mph 2.4 seconds
145 mph 10 seconds
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WHAT ARE THE ALTERNATIVES?:

FULL ELECTRIC POWER

Advantages:

Instant torque, resulting
in smooth acceleration
- eTaxincentives

. *Fuel cost savings
*Reduced CO: emissions
*Reduced maintenance
costs
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WHAT ARE THE ALTERNATIVES?:

FUEL CELLS

Advantages:

*High efficiency energy
conversion (approx 80%)
*High power density
(compact size)

«Zero harmful emissions
*Quiet operation
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WHAT ARE THE ALTERNATIVES?:

Both fully electric powered vehicles and fuel cell
powered vehicles have numerous advantages over
conventional internal combustion engine driven
vehicles, some of which that are very similar.

‘Improved efficiency levels
*Reduced emissions
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WHAT ARE THE ALTERNATIVES?:
Technology moves quickly!
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INTRODUCTION TO HYBRID VEHICLES:

HEV’s are not the perfect solution to all future
requirements of the modern vehicle; however, they
are currently a stepping stone to the next phase.
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INTRODUCTION TO HYBRID VEHICLES:

HEV’s tackle the problems commonly associated
with alternatively powered vehicles:

‘Range
*Charging/Re-fuelling infrastructure
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HEALTH AND SAFETY

With the number of Hybrid vehicles
on Britain’s roads ever increasing,
B knowledge and familiarisation of

M systems is a necessity to ensure

8 that technicians remain safe and

i that the vehicles can be maintained
and repaired effectively and
efficiently.
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INTRODUCTION TO HYBRID SAFETY:

As we all know, everybody is different
and our bodies react differently to
electricity passing through them.

The threshold for voltage that can be
fatal is 60 volts, but for some people
that may be as low as 50 volts.
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INTRODUCTION TO HYBRID SAFETY:

Voltage is the amount of electrical pressure or
potential difference within a circuit. No doubt,
most of us have received a “tingle” from an HT lead
which was probably carrying approximately 50kV.

Current is the amount of electrical flow within a
circuit and is the factor which may cause injury or
possibly death.

0.2 Amps can be fatal!
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INTRODUCTION TO HYBRID SAFETY:

Orange cable code indicates upwards of 60 volts.

In reality there is 200-650V
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Amalgam
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https://www.youtube.com/watch?v=__DpDTDyc4g

INTRODUCTION TO HYBRID SAFETY:
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INTRODUCTION TO HYBRID SAFETY:

If the “READY” light is illuminated the internal
combustion engine can start and run without
warning.

‘When the vehicle is on a
ramp with the engine oil
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SAFETY SIGNAGE
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MANDATORY

Mandatory signs
designate a “must do”
order.

Mandatory signs are
circular in shape and
have a blue background
with white images
and/or lettering.
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PROHIBITION

Prohibition signs
designate a “must not
do” order.

Prohibition signs are
circular in shape and
have a red outline with
a red diagonal line
running across the
diameter.
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WARNING

Warning signs warn of a
risk to health and
safety.

Warning signs are
triangular in shape and
have a yellow/amber
background with a
black outline.
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HAZARD

Hazard signs warn of
hazardous materials,
objects or locations.
Hazard signs are
amber/yellow in colour
and have a black
outline. Hazard signs
differ in shape.
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HYBRID VEHICLE PRINCIPLES:
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HYBRID VEHICLE PRINCIPLES:

The majority of this presentation is based on Toyota
systems and technology, with references to Honda
systems. As additional manufacturers develop and

launch HEV’s systems continually develop.

TOYOTA HONDA

This presentation is not a hybrid gospel!
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PRINCIPLES OF
OPERATION
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TOYOTA

BASIC MODES OF OPERATION:

POWER ELECTRIC
CONTROL UNIT MOTORS
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BASIC MODES OF OPERATION:

TOYOTA

ELECTRIC
MOTORS

This phase operates from initial pulling away up until
approximately 20mph. The vehicle is powered only by
the electric motor.
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BASIC MODES OF OPERATION:

TOYOTA

POWER ELECTRIC
CONTROL UNIT MOTORS
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BASIC MODES OF OPERATION:

} TOYOTA

4 }mmnou

-

< .

- :
ENGINE g
CRUISING

This phase operates when cruising. The vehicle is
powered by a combination of motor power and ICE
DOWETr.

ELECTRIC
MOTORS
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TOYOTA

BASIC MODES OF OPERATION:

ELECTRIC
MOTORS

DECELERATION OR BRAKING
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BASIC MODES OF OPERATION:

) POWER ELECTRIC
CONTROL UNIT MOTORS
@ pr.
r.i

i " REDUCTION

During deceleration, the high voltage battery
receives charge from the generator.
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BASIC MODES OF OPERATION:

TOYOTA
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https://www.youtube.com/watch?v=dQ8LXRrY5HY

BASIC MODES OF OPERATION: )
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BASIC MODES OF OPERATION:
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https://www.youtube.com/watch?v=7tu8MdOFeZ0

HEV COMPONENTS
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HYBRID VEHICLE COMPONENTS:

A/C Compressor TOYOTA
Auxiliary Battery

‘ Inverter Assembly
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Transaxle - Power
Split Device -
Generator & Motor

?

Service Plug

HV Cables

HV Battery Pack
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HYBRID VEHICLE COMPONENTS: %)

HONDA

HV Cables ’M

HV Battery Pack

IMA Unit (Integrated Motor Assist)
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INVERTER ASSEMBLY:

TOYOTA

The inverter can be
described as a
distribution unit.

In fundamental terms,
the inverter takes high
voltage from the HV
battery, converts,
boosts and distributes it
to other HV
components.
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INVERTER ASSEMBLY:

| Boost Converter |
Inverter
201.6V DC
HV Battery
~ A/C Inverter 201.6V AC
~ DC - DC Converter 12V DC

Discharge

Charge
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BOOST CONVERTER:

TOYOTA

The boost converter is a component within the inverter that
is capable of increasing the high voltage that is supplied to
the motor/generator assemblies. The 201.6 volts that is
produced by the HV battery, can be increased up to a
maximum of 500 volts.
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DC - DC CONVERTER:

TOYOTA

The DC - DC converter lowers the high voltage produced by
the HV battery to approximately 12 volts which is then

utilised to supply the vehicle’s auxiliary electrical system
and to charge the auxiliary battery.
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AUXILIARY BATTERY:
TOYOTA
The auxiliary battery is a conventional sealed 12 volt lead
acid battery. The 12 Volt auxiliary battery powers the
vehicle’s electrical system similar to a conventional vehicle.
As with conventional vehicles, the negative terminal of the
auxiliary battery is grounded to the metal chassis of the

vehicle.
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HIGH VOLTAGE BATTERY:

The high voltage batteries used on hybrid electric vehicles
generally fall into two fundamental categories.

Nickel-metal hydride @) X | .
battery fitted on the Prius %

Prismatic D - Cell
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HIGH VOLTAGE BATTERY:

TOYOTA
The prismatic type batteries used by Toyota are Nickel Metal
Hydride (Ni-MH). This type of battery is similar in
construction to a conventional lead-acid type battery.
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A

TOYOTA

HIGH VOLTAGE BATTERY:

Prius and Auris models have used prismatic batteries which
are constructed of 28 modules each consisting of 6 cells. The
nominal voltage of each cell is 1.2 volts.

Cell = 1.2 volts
Module = 7.2 volts (6 x 1.2)

Battery = 201.6 volts (7.2 x 28)
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HIGH VOLTAGE BATTERY:

TOYOTA

Through advances in technology and development, the 2013
model year Yaris has a battery consisting of 20 modules
giving an output of 144 volts DC.

M Cell = 1.2 volts

.

—
R \
1
>

Module = 7.2 volts (6 x 1.2)

Battery = 144 volts (7.2 x 20)
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HIGH VOLTAGE BATTERY:

TOYOTA

The prismatic type battery modules are sealed units and
contain an electrolyte gel which is absorbed into the plates.

The electrolyte is an alkaline
(Potassium Hydroxide - KOH).
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HIGH VOLTAGE BATTERY: e

TOYOTA

In extreme cases, for example collision damage, the
electrolyte gel may be exposed. The electrolyte gel is
harmful to skin.

BORIC ACID

| can be used to neutralise the
— electrolyte gel contained in
4

X the Ni-MH battery modules.
.
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HIGH VOLTAGE BATTERY:

TOYOTA

Boric Acid (800 gr)
+
Water (201)

el |
€000'9¢2¢S60'L ’

Following the neutralisation procedure, the PH can be tested
if necessary with Litmus paper.

Saturated Boric Acid
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HIGH VOLTAGE BATTERY:

TOYOTA
The HV battery has an integral, motor driven air cooling
system. The battery has 3 temperature sensors which relay
information to the battery ECU which in turn controls the fan
motor speed by PWM (Pulse Width Modulation).
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HIGH VOLTAGE BATTERY:

The intake for the battery cooling must be restriction free!
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HIGH VOLTAGE BATTERY:

TOYOTA

If the HV battery develops a fault, the individual module will
generate a DTC (Diagnhostic Trouble Code) which is
retrievable with appropriate diagnostic equipment.

If a battery is replaced, the
unit must be returned to the
manufacturer.
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HIGH VOLTAGE BATTERY:

TOYOTA

HV battery modules are available as individual units;

however, discussions with the local franchised dealer

network has shown that HV batteries are replaced as
complete units.
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HIGH VOLTAGE BATTERY:

One of the fundamental issues that vehicle buyers have
shown concern over has been battery life.
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http://www.toyota.co.uk/cgi-bin/toyota/bv/frame_start.jsp?id=Owners-Warranty

HIGH VOLTAGE BATTERY: )

HONDA

Honda systems use a battery consisting of D-cells connected
in series. The D-cells are very similar to a domestic type of
battery.




HIGH VOLTAGE BATTERY: )

HONDA

Early Honda HEV’s used 144 volt Ni-MH systems with later
Civics using 158.4 volts.

144v = 20 x 7.2v

158.4v =22 x 7.2v
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HIGH VOLTAGE BATTERY: )

HONDA

Some current Honda models utilise a newly developed
Lithium-lon battery pack.
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HIGH VOLTAGE CABLES:

High voltage cables are mounted externally and run along
the centre line of the vehicle to minimise damage and risk in
the event of side impact.
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HIGH VOLTAGE CABLES:

If HV cables become damaged, they must be replaced.
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BATTERY ISOLATION:

TOYOTA
Battery isolation will be discussed in greater depth in the

future. Toyota use a “battery service plug” to isolate the HV
battery voltage.

The battery service plug
is basically a 125A fuse
which is connected in
series between the
battery modules. When
the service plug is
removed, the battery
circuit is open.
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BATTERY ISOLATION: )

HONDA

Honda systems incorporate a cut off switch in the HV battery.
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AIR CONDITIONING SYSTEMS:

TOYOTA

Toyota currently use fully electrically driven A/C compressors
which are powered by the high voltage system.

The compressor is of a scroll
type construction and the
A/C system uses
conventional R134a
refrigerant.
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AIR CONDITIONING SYSTEMS:

TOYOTA

Before any repairs are carried out on the compressor, the
high voltage system must be isolated.

The fundamental difference
in A/C systems fitted to HEV

vehicles is the A/C oil that is
used.
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AIR CONDITIONING SYSTEMS:

TOYOTA

The A/C oil used must have insulating properties to ensure
that the HV internal components are isolated from the
compressor housing and therefore the chassis.

*Use only approved A/C oil
. *Once opened oil cannot be »
;o0 resealed or reused = | noowiy |3

BRI «Follow service procedures
IEHICLE
\[ COMPRESSR careful ly

telrigerant O
S ot ecialy lemmd
N vy A gystem ot

==="_  eIncorrect service or repair
procedures may result in INJURY
or DEATH
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AIR CONDITIONING SYSTEMS: &P
TOYOTA

Toyota HEV’s use the following A/C oil:

ND11 (ND11-08885-09129)
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AIR CONDITIONING SYSTEMS: )

HONDA

A number of Honda models have utilised a “hybrid” A/C
compressor, (termed hybrid as it has two distinct power
sources). This type of compressor has two scroll type
mechanisms, one powered by the ICE via a belt and the other
by the high voltage power supply.
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AIR CONDITIONING SYSTEMS: )

HONDA

As with Toyota systems, the correct A/C oil is vital.
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W Stationary scroll
B Orbiting scroll
Intake gas before compression
o Compression after one rotation
- Compression after two rotations
N Compression after three rotations
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http://www.youtube.com/watch?v=IOL45plqJv4

TRANSAXLE - POWER SPLIT DEVICE - Cor)
MOTOR GENERATORS TOYOTA
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TRANSAXLE - POWER SPLIT DEVICE - P
MOTOR GENERATORS TovoTA

Before investigating the internal operation of the Toyota
driveline systems some fundamentals and mechanical
principles need to be discussed.

*Motor/Generator Prmc1ples

‘Planetary Gear Sets
CVT
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MOTORS:

In simple terms a motor is a device which converts electrical
energy into mechanical energy. The principle of magnets
attracting and repelling between a stationary permanent
magnet and an axle mounted electromagnet cause rotational

movement. /\

Commutator L

*+——Brushes

HLNOS

Axle

Armature

To Battery

Magnet
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MOTORS (FLEMING’S LEFT HAND RULE):

The direction of movement of a current carrying wire in a

magnetic field can be determined using Fleming’s Left Hand
Rule.

Direction
of Current
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MOTORS (FLEMING’S LEFT HAND RULE):

First Finger = Field (Magnetic North to South)

SeCond Finger = Current (Conventional flow positive to
negative)

ThuMb = Movement of the wire e _, -
\ —T’

gi:%netic
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GENERATORS (FLEMING’S RIGHT HAND RULE):

A generator is a device Rectangular Rotation of coil
which converts Permanent—— coil anticlokwise
mechanical energy into | magnet

electrical energy. In
basic terms, a
generator uses the
same principles of a
motor but in reverse.
The rotation of the

gl
Field”
/

Mgﬂon

/
armature within a Riit
permanent magnet By S
induces a current flow A Y
within the armature _— \ P ]
indings - / N
windings. Galvanometer |
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GENERATORS (FLEMING’S RIGHT HAND RULE):

First Finger = Field ENES B W
(Magnetic North to South)

SeCond Finger = Current

(Conventional flow
positive to negative) e

Magnetic
Fleld

ThuMb = Movement of the K

wire by
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MOTOR LIMITATIONS:

Brushes create arcing and electrical noise
*Brushes limit the maximum motor RPM

*Using brushes limits the poles that the armature can have
*Brushes wear out

*The armature location hinders cooling
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BRUSHLESS MOTORS:

A brushless motor is basically a conventional motor turned
inside out. The permanent magnets are fitted to the rotor
and the electromagnets are fitted to the casing.

" The energising of the
electromagnets is
computer controlled
which improves precision
and speed control of the
motor in comparison to a
motor with brushes.
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ADVANTAGES OF BRUSHLESS MOTORS:

*Precise control

*Reduced electrical arcing and
noise

*No brushes to wear

Facility to incorporate many
electromagnets on the stator for
added precision and control
Easier cooling

The only disadvantages of brushless motors are the
initial production and control costs.
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PLANETARY GEAR SETS (EPICYCLIC):

|dentify the components:

Annulus/Ring Gear

Sun Gear

Planet Gear
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PLANETARY GEAR SETS (EPICYCLIC):

Planetary gear sets have
been common place in
automotive applications for
many years, especially
within automatic
transmission systems. The
power split device located in
the Toyota transaxle
assembly employs the use of
planetary gear sets.
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PLANETARY GEAR SETS (EPICYCLIC):

As discussed earlier, the gear
set consists of three basic
elements:

1. Annulus/Ring

2. Sun

3. Planets

By holding the individual
elements stationary,
different outcomes
become achievable.
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PLANETARY GEAR SETS (EPICYCLIC):

Here are some of the fundamental advantages of
using planetary gear sets:

*High power density
*Space saving
*Multiple ratio achievement

howstuffworks

It's good to know
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http://auto.howstuffworks.com/automatic-transmission3.htm

CVT?

CONTINUOUSLY
VARIABLE TRANSMISSION
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o \wh
TOYOTA HONDA
A CVT transmission offers infinite gear ratios within
a certain band with uninterrupted torque

transmission between gear changes.

Theoretically a CVT can
allow an engine to run at
it’s most efficient RPM for
a range of vehicle speeds,
therefore improving fuel
economy.
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CVT:

TOYOTA HONDA

Currently Honda use a stand alone CVT and Toyota
incorporate a CVT system in conjunction with their power

split device.




TOYOTA TRANSAXLE OVERVIEW:

Ring Gear TOYOTA

Planetary Gears

Sun Gear
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&P

TOYOTA

TOYOTA TRANSAXLE OVERVIEW:
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4. A planetary gear system

Difereah| gear Eiﬂillirgj'lﬂ';s;;ne Prius’ hybirid
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file://sdc-filestore.sdc.internal/Staff-Share/Automotive Section/Kirk/Hybrid Technology/Hybrid (Burton and Derby)/06400h_04_PGU.exe

TOYOTA TRANSAXLE COMPONENT P
OVERVIEW (MG1): MG TOYOTA

Motor/Generator 1 is the
secondary motor and is
physically smaller in size
than motor/generator 2.
MG1 acts as a motor sharing
power with the internal
combustion engine to drive
MG2. MG1 charges the HV
battery when acting as a
generator and is also used
to start the internal
combustion engine.

Sedn Deven College AvonmeEve []



TOYOTA TRANSAXLE COMPONENT >
OVERVIEW (MG2): TOYOTA

Motor/Generator 2 drives the
vehicle wheels. MG2 powers
the vehicle from stand still up
to approximately 20 mph.
During regenerative braking,
MG2 acts as a generator
converting kinetic energy into
electrical energy which
further charges the HV
battery.
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MOTOR GENERATORS:

Starter

MG1 MG2
Type Synchronous Motor Synchronous Motor
Function SEMETEE, ENE e Generator, Wheel Drive

Rated Voltage (V)

650 AC

650 AC

Max Output-kW(PS)/rpm

37.8(51)9500

50(68)1200-1540

Max Torque-

Nm (kef/m)/rpm 45(4.58)0-6000 400(40.8)/0-1200
Amps at Max Torque (A) |75 230

Max rpm 10000 6700

Cooling System Water Cooled Air Cooled

Seldn DEven College AllenmeEive
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] TOYOTA

D Reduction gear unit
connected to
the final drive

Sun gear
(generator)

Planetary
carrier

(engine) Ring gear

(motor/output axle)

Power split device
(Planetary gear)

Courtesy: Toyota Motor Corporation
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TRANSAXLE DAMPER:

traditiona
would be

TOYOTA

The transaxle damper is
positioned

where a
| clutch plate

located. The

purpose of this
component is to reduce
the shocks which occur
when kinetic energy is
transmitted.
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HEALTH ISSUES:

There is some risk that
highly magnetic fields
from the motor
assembly could cause
interference with
heart pacemakers!
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HV COOLING SYSTEM:

Due to the
temperatures produced
by the electrical
components of the
hybrid system, a
separate cooling system
is incorporated.
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HV COOLING SYSTEM:

TOYOTA
Receiver
Tank
Radiator (for
Engine)
Radiator (for HV Water
system) Pump




HV COOLING SYSTEM:

Condenser

Radiator (for
engine)

"
%
:*:\'-

//

Drain Plug (for
engine)

Radiator (for Inverter and Motor
Generator)




HV COOLING SYSTEM:

The hybrid cooling system has a capacity
of 2.7 litres and uses Super Long Life
coolant - 08889-80072

TOYOTA

=

S Peven College Auiomeize []



fWW

TOYOTA HONDA

REGENERATIVE BRAKING:

On HEV’s, regenerative braking can be described as
the capturing of kinetic energy which would
otherwise be wasted. The kinetic energy is
converted into electrical energy which is then used
to charge the HV battery.
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REGENERATIVE BRAKING:

TOYOTA

On Toyota systems, in
addition to storing electrical
energy in the HV battery,
the hybrid regenerative
braking system stores
electrical energy within a
capacitor which is located in
the inverter assembly.

The electrical energy stored
in this capacitor is released
when the throttle is applied
to assist with acceleration
and fuel efficiency.
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REGENERATIVE BRAKING:

TOYOTA

y

As the brake pedal is
applied, the hydraulic
pressure is monitored by the
ECU. The ECU then allows
sufficient hydraulic force to
be applied to the
mechanical brakes.
Additional braking is carried
out by MG2.
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REGENERATIVE BRAKING:

% 90119-08C42 TOYOTA

REFER TO
FIG 84-14

FER TO(PNC 89510D) .

G 84-14
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]
<52 90179-08186
I

Brake pedal position is monitored via a
stroke sensor. The information
received from the sensor influences
the amount of applied brake force.




REGENERATIVE BRAKING:

TOYOTA

Brake regeneration is activated by the ECU following the interpretation
of information from various sensors.

In some instances, it is stated
that regenerative braking is
activated by pressure sensing
within the braking circuit?
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REGENERATIVE BRAKING:

TOYOTA

Hydraulic Driver’s Demand
Braking Force
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ICE DEVELOPMENTS
FOR HEV USE
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ATKINSON CYCLE:

The Atkinson cycle was
originally developed in the
late 1800’s. The cycle
incorporates the four
cycles of induction,
compression, power and
exhaust that we are
familiar with; however,
they are carried out with
one crankshaft rotation.
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ATKINSON CYCLE:

The principle of the Atkinson cycle was achieved using additional
linkages. On the intake stroke, the piston does not travel fully down the
bore. The piston rises on the compression stroke and the air/fuel mixture
is ignited. On the power stroke, the piston now travels fully downwards
to the lowest achievable point. The exhaust stroke is then completed and
the four strokes are completed.

The reduction in compression and reduced fuel usage does result in

reduced power and torque output, but efficiency is improved due to the
one power stroke per one crankshaft revolution.
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TOYOTA
A petrol driven internal combustion engine adopting
the Atkinson Cycle suits an HEV in the method of it’s
operation.

Fuel usage is reduced
leading to increased fuel
economy and reduced
exhaust emissions. The
losses in power are
compensated for by the
motor assemblies.

ATKINSON CYCLE:
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TOYOTA

Toyota label their HEV ICE as an Atkinson engine.

ATKINSON CYCLE:

As opposed to additional
linkages on the crankshaft,
the Toyota system uses VVT
(Variable Valve Timing) to
replicate the Atkinson Cycle.
The inlet valve is opened for
a prolonged period to reduce
compression pressure.
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ATKINSON CYCLE:

TOYOTA

In the case of the Prius engine, the effective compression ratio is about
8:1, while the expansion ratio is about 13:1. As a result, it is 12% to 14%
more efficient, in terms of power output per fuel consumed, than the
non-Atkinson engine upon which it is based.

*Use of the Atkinson cycle results in improved efficiency, but it also
results in a significant narrowing of the rpm range in which the engine
makes useable power.

*There are two ways to solve this problem. One way is to couple the
engine to a continuously variable transmission (CVT) so that the engine
always will run in its optimal rev range. The other is to give the engine
sgpplemental power such as an electric motor. Toyota do both of those
things.

*Even better, by using our Variable Valve Timing-intelligent (VVT-i) system
to continuously adjust intake-valve timing between Atkinson-cycle valve
timing and conventional valve timing, the Prius engine can maximise fuel
efficiency while still producing maximum power.
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I-VTEC: @

During certain phases of operation the Honda ICE has the
capability to keep all valves closed by using the iVTEC
system. Effectively the motor alone is powering the vehicle.
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ROUTINE MAINTENANCE
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BASIC PRECAUTIONS:

TOYOTA

Never assume a Hybrid is
shut off because it is
silent. Always observe the
instrument pack for the
“Ready” indicator status to
verify whether the vehicle
is switched on or shut off.
The “Ready” light must be
off before commencing
work.
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PRE-WORK CHECK:

Draw attention to the
vehicle on which the HV
system is being inspected
or repaired by placing a
sigh on the roof of the
vehicle.

X +
@
AVISHIN _Danger

b
Hybrid vehicle in service.
Do not enable vehicle.
High voltage electricity

may cause serious
personal injury.
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GLOVES: )

HONDA TOYOTA

* During the disabling of
the hybrid HV system
and whilst carrying out
repairs on the HV
system you must wear
insulated gloves

 Gloves must be rated
HV class 1000 volt
rubber gloves

* Preferably the gloves
should have an outer
leather shell
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DISABLING THE HV SYSTEM: NG

TOYOTA

Turn the ignition switch off

Remove key from key cylinder and carry key
Disconnect the auxiliary battery negative terminal
Check the insulated gloves

Remove service plug

Wait 5 minutes or more

Measure the approximate voltage

All high voltage wire harnesses are ORANGE

CONOUTRAWN—
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DISABLING THE HV SYSTEM (STEP 1):

TOYOTA

Turn the ignition switch off.

DISABLING THE HY SYSTEM (STEP 2)

Remove ignition key and
place in pocket.

These actions will disable the |
SMR’s (System Main Relays).
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DISABLING THE HV SYSTEM (STEP 3):

TOYOTA
Disconnect the auxiliary battery negative cable.

Prius auxiliary battery
Location.
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DISABLING THE HV SYSTEM (STEP 4):

Check the insulated gloves.

TOYOTA
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DISABLING THE HV SYSTEM (STEP 5):

TOYOTA

Remove the HV battery service
plug whilst wearing the
appropriate insulated gloves.
Place service plug in designated
area.

This procedure creates an open
circuit between battery modules
12 and 13.
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DISABLING THE HV SYSTEM (STEP 6):

Wait for approximately 5 minutes.

TOYOTA

This will allow the HV capacitors to discharge.
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DISABLING THE HV SYSTEM (STEP 7):

TOYOTA
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DISABLING THE HV SYSTEM (STEP 7):

. . TOYOTA
Test DC Voltage at main feed terminals

From HV Battery to Inverter.

5 oW

N
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DISABLING THE HV SYSTEM (STEP 7):
Test AC Voltage at 3 Terminals Inverter to MG2.

i

TOYOTA

T

Ru




DISABLING THE HV SYSTEM (STEP 7):

TOYOTA

— maintenance and
” repair operations,
~ cable ends must
S0l be insulated.
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DISABLING THE HV SYSTEM (STEP 7):

TOYOTA

SR Tk F NRE

| J—

,}/ = _v_,',' ==+

Once all voltages measure zero, insulated gloves can
be removed and repairs can be undertaken.
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HIGH VOLTAGE ISOLATION:

NO ENTRY
BEYOND THIS POIN

A
®

SouthrDevontCollegerAutomoitiv.e


http://www.google.co.uk/url?sa=i&rct=j&q=5+minute+countdown&source=images&cd=&cad=rja&docid=PH3wF2BBTZvgsM&tbnid=DL2f1YuV58v-NM:&ved=0CAUQjRw&url=http://www.ilictronix.com/2010/04/5-minute-heaven.html&ei=xEWuUdKkG4Wi0QX_34HoDg&bvm=bv.47244034,d.d2k&psig=AFQjCNF6Ou0mD0H516vhYUyff76bzzpnZQ&ust=1370461939058296

SYSTEM MAIN RELAYS (SMR):

TOYOTA
The system main relays control power flow from the HV
battery (on and off). In the event of collision or sighal from
the inverter sensor, power is shut off. The SMR are located in
close proximity to the HV battery.

SMR
(System Main Relay)
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SMR (System Main Relay)

\ \Y/ S

TOYOTA
Inverter
[ Voltage
Sensor

? Interlock
Switch

(Inverter

Cover)

= LA
Serviced & SMR2
Plug — - Resister
o | I 1
\_I‘j_ g J- 59 —
— E Current SMR1
- Sensor
C3 | 11 L9 Alamm
Battery —— SMR3
=CY — “| HvEcu ||
Interlock Switch > <
(Service Plug) I
1
Power ( Power Source Airbag Sensor
Switch Control ECU Assembly

Circuit Breaker
Sensor
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SYSTEM MAIN RELAYS (SMR):
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SYSTEM MAIN RELAYS (SMR):

TOYOTA
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SYSTEM MAIN RELAYS (SMR):

TOYOTA
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SYSTEM MAIN RELAYS (SMR):

TOYOTA
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SYSTEM MAIN RELAYS (SMR):

ST e t§£'- TOYOTA
| POWER OFF:
- SMR 2 - OFF
SMR 3 - OFF
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BATTERY CARE
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BATTERY CARE: N

TOYOTA
Toyota recommend that the following procedures are carried
out by HEV owners to promote battery longevity.

HV BATTERY:

Keep “Hybrid System” on (READY) for 30 minutes with
electrical consumers switched off. This will charge the HV
battery and auxiliary battery to compensate for “static
current drop”.

Note: A fully charged Ni-MH HV battery can hold charge for
approximately 60 days.
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TOYOTA
If the HV battery voltage does become too low the Hybrid
Synergy Drive system will stop operating to protect the

battery.

BATTERY CARE:

201.6V HV battery CAN NOT be jump started!

Toyota HEV’s CAN NOT be push/bump started!
(Similar to an automatic transaxle vehicle).
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TOYOTA
If the auxiliary battery voltage does become too low then it
CAN be jump started.

BATTERY CARE:

When jump starting, 12 volts _
can be applied at the
appropriate jump starting
connection point located in
the fuse box.
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EMERGENCIES
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EMERGENCIES:

Emergencies involving
HEV’s can be handled ——

in a similar manner to Overhaul
conventional vehicles, $

except on the > i Recovery/Recycling of HV
following: battery

Extrication

Fire

Spills

First Aid (PPE-Absorption-
Inhalation-Ingestion)

o= Submersion

SouthrDevontCollegerAutomoitiv.e



NETWORKING
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NETWORKING:

Electronic Vehicle Systems Yesterday and Today

Model Year 1998

11 ECUs
‘v
E.a ﬂ‘:= e =
Model Year 2008 —__! E == H:z
== -
more than 40 ECUs
v
Outlook: 2012 more than 84 ECUs
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NETWORKING (MULTIPLEXING):

Benefits of using multi-plexing

Huge reduction in wiring and
therefore vehicle weight. This

helps to meet anti-pollution e i——

standards.

The reduction of the number of
connections (and in some cases

components) gives increased _——

system reliability due to fewer
“weak points”.
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NETWORKING (MULTIPLEXING):

The data is carried on
two wires between ECUEs.
The wires are twisted
together to guard against
interference.

TOYOTA

Toyota use CAN Bus for
their networking.

CAN (Controller Area
Network) - Bosch.
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NETWORKING (MULTIPLEXING):

CAN-HI

" CAN-LOW

The end of line resistors ensure that data packets do not
“bounce” along the communication lines. The resistors are
rated at 120Q).
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