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Abstract - In this generation vehicles have professed to be one
of the generally possessed resources on the planet however
vehicle proprietorship has a foreordained cost to guarantee it
and variable expense to utilize and work the vehicle. Two or
three investigations have attempted to make sense of the costs
and favorable circumstances of MHEVs (Mild Hybrid Electric
Vehicle's) yet none examine the price and focal points of
MHEVs at a degree of characteristic like what specifically has
been carried out on other vehicle progressions. The CO2
institution has gotten more restrictive in time, and to
accomplish the targets constrained by this establishment and
to satisfy this goal car industry chose to create mixture
vehicles. Advancements like Mild, Plugin and full hybrid
emerge to attain the constrained targets. This article will give
a review of the estimation of Mild Hybrid innovation (cross-
breed development) and give you that such advancement is a
key progression until the obstructions are not outperformed
and electric vehicles become the norm.
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1. INTRODUCTION

Engine/motor is a machine which has function to
convert the energy one form to another like chemical into
mechanical energy. Internal Combustion (IC) Engine which
burns the fuel to produce heat and use that heat to perform
some mechanical work, Electrical motor transform electrical
energy into mechanical energy, pneumatic motors or
compressed air engine performs mechanical work by
expanding Compressed air, and clockwork motors use elastic
energy to perform mechanical work. The first commercially
successful IC engine was built by Jean Joseph Etienne Lenoir
in 1859 and the first IC engine based on the otto cycle was
designed by Nikolaus Otto in 1876. And later on, in
1885/1886 Karl-Benz designed his won 4-stroke engine
(Built-in 1885 and patented in 1886).

Aheatengine is a motor or machine which is used to convert
thermal and chemical energy into mechanical energy which
can be used to perform some mechanical work. On the bases
of its working and its output it can be divided into three
parts which are as follows:

1.1 External Combustion (EC) Engine: An engine in which
inward working liquid is heated by the ignition of an outer
source through a heat exchanger [1]. The liquid is extended

& followed up on the motor’s mechanism which assists with
creating the movement and valuable work and after that
liquid is chilled off, compacted, reused or dumped and this
procedure happens within the sight of some oxidizer so the
ignition of the liquid can be singed appropriately with no
misfortune.

Fig-1 Stirling External Combustion Engine

1.2 Internal Combustion Engine: An engine in which
combustion of fuel takes place internally with an oxidizer
(typically air) in a shut ignition chamber. In this engine, high
temperature developed and gases occurs by burning which
legitimately send the power to part’s of the motor, for
example, a cylinder, turbine sharp edges/spout, and by
moving them over a separation, produces mechanical work

[2].

Fig-2 Internal Combustion (IC) Engine

1.3 Air-breathing combustion engines: This type of engine
utilizes oxygen (in barometrical air) to consume the fuel,
instead of conveying an oxidizer.
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2. Semi/Mild Hybrid Engines:

Semi hybrid/mild hybrid are generally the vehicles equipped
with internal combustion engine and one electric
motor/generator at the same time in a parallel mixture
design which permits the motor to be killed when the vehicle
is halted at the traffic signal/wherever for over 5 seconds
and can restart the motor immediately when the clutch pedal
is again squeezed. Mild Hybrid/Semi hybrid can utilize
regenerative slowing down and somewhat of intensity help
to the IC motor, yet they don't have the electric-only method
of impetus. In mild /semi hybrid technology utilize an electric
engine that gives more prominent productivity by
supplanting the alternator or starter engine with a solitary
instrument that underpins the force train and mellow/semi
crossover doesn't require a similar measure of battery
power level and efficiency headway when contrasted with
full mixture vehicles. For instance, in 2005-2007 Chevrolet
directed a test by propelling its one vehicle with a similar
innovation named Chevrolet Silverado (Parallel Hybrid
Pickup Truck). [4] In this pickup truck, a solitary 3-stage
7kW electric engine was mounted in the chime lodging
(between the regular transmission and the motor) and with
the assistance of this Chevrolet had the option to expand the
10% city eco-friendliness in the Chevrolet Silverado by
beginning and halting at whatever point essential and
diminishing the parasitic burdens. Notwithstanding, Parallel
Hybrid Truck (PHT) is not having power help or EV
highlights and a restricted measure of regenerative slowing
down properties.

Fig-3 Mild Hybrid Engine [14]

3.SHVS (Smart Hybrid Vehicle System):

SHVS (Smart Hybrid Vehicle System by Maruti Suzuki) is an
advancement in the existing fuel consumption/efficiency, it
helps us to increase the fuel efficiency of the car and increase
its driving performance.[8] SHVS technology stops the
engine when the vehicle is not moving or in the stopped
mode for more than 5 secs and silently starts the engine
when the driver again presses the clutch pedal. SHVS
technology has four main features i.e. power assist, idle
engine start-stop, gear-shift indicator, brake energy
regeneration.

3.1 Power Assist: All the energy is stored in high capacity
batteries but there is an extra battery in the Maruti Suzuki
hybrid vehicles which helps the engine power throughout
the acceleration period and all these results in improving the
engine performance/efficiency and forbid the wastage of
fuel.

3.2 Brake Energy Regeneration: It normally means
retrieving the kinetic energy which is lost when we have
applied the brakes. Maruti Suzuki hybrid vehicles comes
with a device named as Integrated Starter Generator (ISG),
which converts the energy released by applying brakes or
decelerating the vehicle speed and stores it in the battery.
Energy stored in the battery will be used later to run the ISG,
which helps the engines start-stop function.

3.3 Idle engine Start-Stop: This function normally helps to
turn off the vehicle engine when vehicle is not moving or itis
in the standstill position for more than 5 secs and it silently
starts the engine when driver presses the clutch pedal again.
But for this function to work properly, the vehicle needs to
be in the stopped position or in standstill mode, gear should
be in the neutral position and your left foot should be
removed from the clutch pedal.

3.4 Gear-Shift Indicator: As we can guess by the name of
the function itself what it is and what it does in the vehicle.
Gear-shift Indicator is a function which reminds the driver to
change the gear at accurate speed which results in improving
the fuel efficiency of the engine.

Fig-4 Maruti Suzuki SHVS Engine

4. Intelli Hybrid Vehicle System:

Intelli hybrid system is advancement in the existing fuel
consumption technology by Mahindra & Mahindra, this
technology help us to improve the fuel
consumption/efficiency of the vehicles. In this technology,
Mahindra & Mahindra uses a Belt driven starter Generator
(or BSG) and the conventional alternator is replaced with an
electric motor which is mounted on the engine. And this

technology also offers the power assist, regenerative
L ———————————————————————————————————
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braking, gear shift indicator which is placed on the
instrument console.

5. BSG or Belt Driven Stator Generator:

The purpose of BSG is to convert the energy which is lost
during acceleration and braking into electricity and help us
to recharge the battery. When we apply the brakes, sensors
and controllers detect the braking of vehicle and
automatically switch to generator mode. It then utilizes the
braking energy by working as generator. This technology is
very helpful in metropolitan cities bumper to bumper traffic

[7].

5.1 Power Assist: All the energy is stored in high capacity
batteries which helps the engine power throughout the
acceleration period. This technology also helps to detect,
when the driver has started accelerating hard then it shifts
the engine to the power assist mode depending on the
accelerator pedal input and all these results in improving the
engine performance/efficiency and forbid the wastage of
fuel.

5.2 Brake Energy Regeneration: It normally means
retrieving the kinetic energy which is lost when we have
applied the brakes. Mahindra Intelli hybrid system comes
with a device named as Belt-Driven Stator Generator (BSG),
which converts the energy released by applying brakes or
decelerating the vehicle speed and helps to recharge the
battery.

5.3 Idle engine Start-Stop: This function normally helps to
turn off the vehicle engine when vehicle is not moving or itis
in the standstill position for more than 5 secs and it silently
starts the engine when driver presses the clutch pedal again.
But for this function to work properly, the vehicle needs to
be in the stopped position or in standstill mode, gear should
be in the neutral position and your left foot should be
removed from the clutch pedal.

5.4 Gear-Shift Indicator: As we can guess by the name of
the function itself what it is and what it does in the vehicle.
Gear-shift Indicator is a function which reminds the driver to
change the gear at accurate speed which results in improving
the fuel efficiency of the engine.

Fig-5 Mahindra Intelli Hybrid Engine [6]

6. Integrated Motor Assist:

Integrated Motor Assist (IMA) is a hybrid technology which
was introduced by Honda in 1999 in their Honda Insight
Project. In this technology, an electric motor is used to act as
traction assist motor, starter motor, and as an engine
balancer between transmission and IC engine. The first
generation of IMA, it isn't powerful so that it can power the
vehicle on electricity alone, so the motor alone can’t be used
to assist or start the IC engine. But in 2006, they come back
with the up-gradation in the existing technology in their new
project known as Civic Hybrid. Civic Hybrid 2006, however,
can make the electric motor operational while the vehicle is
moving easily without turning on the IC engine. But IMA has
a less effective motor in contrast to Toyotas HSD (Hybrid
Synergy Drive) motor. This technology comes with starting,
regenerative braking.

6.1 Starting: Vehicles having IMA (Integrated Motor Assist)
technology can turn off their engines when the vehicle is not
moving and when the driver releases the brake pedal it
switches it on rapidly with the help of an electric motor and
in manual transmission variants, it starts the engine when
gear shifter is placed into gear from the neutral position.

7. Regenerative Braking: IMA (Integrated Motor Assist)
uses a regenerative braking technique to store the energy
which is going to be lost to heating during deceleration and
use that energy later to accelerate the vehicle. This technique
has 3 main effects on the vehicle: reduces the workload
required by the engine, increases the acceleration rate, and
reduce the frequent brake hardware replacement.
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(m?)
Wheel Radius| 0.282 0.282
(m)
Type Geo Metro 41| Geo Metro 41
- kW kW
8 1.0 Liter 1.0 Liter
5 o | Mass (kg) 131 131
€ 5 | Thermal 34 34
S 5 | Efficiency (%)
Type | - 8 kW, AC
8 .. | Mass (kg) - 14
§ % Electrical -- 93
@m = | Efficiency (%)
. Type 5-speed manual | 5-speed manual
2 transmission transmission
§ Mass (kg) 114 114
& Mechanical 95 95
Efficiency (%)
Type - Nickel-Metal
Hybrid
? Number -- 9
g Feeding -- 122
m Voltage (V)
Mass (kg) -- 104
Total Mass (kg) 984 1100

Fig-7 Honda Insight IMA(2009)

Semi hybrid vehicle does not have any crucial
variation with Hybrid vehicles in reference of hardware
but they are different in control algorithm. In other words
we can say that semi hybrid vehicle is a hybrid vehicle but
with lower power of hybridization (about 15%). In semi
hybrid vehicles the size of a driving force of electric
component is much smaller than the hybrid vehicle
because production of propulsion energy mainly depends
on the IC engine.

Table-1 Features of the vehicles

Conventional Mild Hybrid
£ Type VHE_SMCAR VHE_SMCAR
= Mass (kg) 592 592
;50 Rolling 0.0054 0.0054
= Resistance
S Coefficient
K Aerodynamic | 0.25 0.25
ﬁ Drag
2 Project Area 1.9 1.9
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48-VOLT, MILD HYBRID

48-Volt, Power to Move You

Though a mild hybrid can be configured in many ways, here is one example of a cost effective,
lower CO2 emitting, 48-volt, mild hybrid using Stop/Start and regenerative braking.

THE 48-VOLT @) AC/DC inverter
SYSTEM.... changes AC generator
current to OC battery

48-volt lithium ion
battery charges and

© Battery controller ) Power
regulates the distribution

boxes with

built in fuses

=3

discharges at every
stop and start

state of charge in
the battery

Electric motor/ —
generator starts }‘
engine, then
helps the car to
get going. Later
charges the
battery during
braking

~-----THE BRAIN

Hybrid controller tells the engine

tells the motor/generator when
B ) tocharge the battery or propel

:\ controller when o stop and start, [5)
B
» / the car Iz‘
¥
7 @
... BACKS UP @) DC/DC converter
THE 12-VOLT changes 48-volt battery

power 0 back up the
SYSTEM 12-volt accessories

Electrical

provides boost as
engine starts up,
eliminating turbo
lag

et

12-volt (@) 12-volt electrical distribution center
battery - for 12-volt electrical devices like the
your old center console, power seats and
friend windows sensors, etc

Fig-8 48V System

MHEV is also a described functional/ operating modes which
can be performed. Beneath given table illustrates the
combination of vehicle hybridization at various levels, power
property purpose and working modes.
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Table-2 Different features in different Vehicles

Micro MHEV HEV PHEV EV
Hybrid
Topology Regular BiSG | TiIMG CisG Power- | Power-spli Direct
starter split t/ Drive
Parallel
Electric power 2-4 10-15 | <21 15-20 25-60 40-100 > 60
(kW]
Operating 12 48 48 <160 | 150-35 <400 <450
voltage V]
vi
Cold engine Yes No Yes Yes Yes Yes Yes
cranking
Idle Stop & Yes Yes Yes Yes Yes Yes Yes
Start
Moving Stop Optional Optio Yes Yes Yes Yes Yes
& nal
Start
Engine load Optional Yes Yes Yes Yes Yes Yes
shift
Torgue No Yes Yes Yes Yes Yes Yes
assist(fill)

Torgue boost No Yes Yes Yes Yes Yes Yes
Sailing / No Optio Yes Yes Yes Yes Yes
Coasting nal

Energy Optional Yes Yes Yes Yes Yes Yes
recuperation
Brake No Optio Yes Yes Yes Yes Yes
regeneration nal
Electric No No | Optio No Yes Yes Yes
driving / nal
creep
External No No No No No Yes Yes
charging

8. Conclusions:

Published work regarding on mild hybrid engine and its
recent developments had been looked upon completely
during this paper. The need for a hybrid engine has come up
to counter with the conventional resources of fuel, the study
of the available engines arises the need of an efficient
platform with the capability of switching to required power
mode as per the pre-requisites. There are existing versions
of hybrid engines but none of them have met the
requirements efficiently.

We need an engine which can work up to 80% efficiency. In
Mild Hybrid vehicles 48V generator/motor replaces the
regular alternator and starter motor which further help in
smoother starting, efficiency and weight saving. Mild Hybrid
vehicles may not save as much fuel as standard hybrid but
mild hybrid vehicles can improve the engine efficiency/CO
reduction potential from 15-20% and they are indeed
cheaper than full hybrid vehicles. The normal average cost of
full hybrid car starts from $23,000 - $35,000 + taxes
(X1720572.50 - X2618262.50) and on the other hand mild
hybrid cars cost only half of the full hybrid cars price. So, it
becomes quite difficult for a middle class person to buy full
hybrid car.
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