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Presenter
Presentation Notes
Welcome!
My name is Emma, I’m a researcher at the Electric Power Engineering division, and a colleague to Ola.
This is the first of 2 lectures regarding… sustainable transportation…
The focus will be on electrification of road transport
And since we will not go very deep, I call it an introduction
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Related intended learning outcomes

1. Describe/explain the driving forces for technical development

Why? towards increased

How?

electrification of the transport sector

" 3. Describe the technical characteristics and performance of the
components in the drivetrain of electric and hybrid vehicles and the
combination of these components

4. Identify, formulate and analyze complex connections in
electric power operation of
electric hybrid vehicles

5. Plan and carry out calculations
of the electric consumption during operation with
electric vehicles through modelling and simulations

6. Make choices of solutions and justifications due to relevant
criteria's of the problems and opportunities associated with the use of
hybrid electrical vehicles

9. Take part in the national and international discussion on various
subjects in sustainable transportation by
reading, presenting and discussing international reports and journal
papers

10. Formulate judgements that include reflecting on scientific, societal
and ethical responsibilities and to achieve awareness of ethical aspects
on research and development work

11. Get insight into the possibilities and limitations of technology, its
role in society and the responsibility of humans for its use, including,
social, economic as well as environmental and occupational health
aspects

12. Continue studies in a largely self-directed and autonomous
manner, and contribute to research and development


Presenter
Presentation Notes
Before we start, let’s look at the intended learning outcomes that are related to the transportation part of the course
The first one is covering why there is a need for a technological transition in the transport sector
Then there are four regarding how the technology works
The other five goals are a bit more general for the whole course, but still also applies to the transportation part
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Lectu re 8
Sustainable transportation ]- Motivation

. Emission regulations

. The weaknesses of a conventional car?!

. Degrees of electrification, types of hybrids

" Vehicle dynamics ]- How to calculate fuel/energy consumption
. Vehicle energy/fuel consumption modelling and simulation

. Loads other than propulsion

. Charging

. A calculation example

Lecture 10

* Drive system components
* Basic operation
* Losses and efficiency
* Types of hybrid vehicles
* OQOperation
* Control


Presenter
Presentation Notes
Today is the fifth lecture in the course
Here is the agenda…quite ambition perhaps

We start with the big picture, to get some motivational background why this is important for the planet

Then we will look at the weakness of conventional cars, to see the technical motivation of a transition away from internal combustion engines

Then we will look at how you can calculate the fuel or energy consumption of a vehicle via a simulation

Then we will look at other parts in the vehicle that needs energy

Then we will take a quick look at charging of electrified cars

Finally, if time allows we will look at a simple calculation example

Next time we will look a bit more on the drive system components, their basic operation and losses, and how they are modeled in the simulation tool you will be using in the vehicle assignment
We will also look a little bit more on how the different types of hybrid vehicles operate and some aspects regarding control





Sustainable development...

‘...meets the needs of the present
without compromising the ability of future generations to meet their own needs.”

Report of the World Commission on Environment and Development:
ur Common Future, 1987, Chairman: Gro Harlem Brundtland
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Presentation Notes
But we start with the big picture, with some definitions
Probably most of you are familiar with the term sustainable development and what it means
One can say that is should meet the needs of the present, without compromising the ability of future generations to meet their needs
This is considered to be the first definition, now you can find more, for example the UN has defines/declared 17 targeted goals regarding sustainable development for the world
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..Is the need to take people and goods
from one place to another
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Presentation Notes
Transportation…
Is one such need that we have. And we have hade it throughout human history. 
We have developed many machines to fulfill it.

During this lecture and in the related assignment, we will focus on road transport.

But if you are interested to investigate topics related to sustainability for other modes of transport, then you can do that too during the course in your scientific project.

Because today the need for sustainable transportation is perhaps larger than ever.
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And why is that?

Well, a number of factors are increasing, all spring down to the first one…

The world’s human population is increasing.

The number of produced vehicles is increasing for each year. Perhaps this year will show a dip just like the economic crisis 2008 does here.

The total number of vehicles on the roads are increasing

And we are increasing our travelling activity

Now, the numbers my not be updated, but the trends are still valid until last year at least.
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World oil consumption and CO, emission per sector
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Transportation’s share of CO, emissions 24.5% 2016
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And when it comes to oil consumption, the transportation sector stand for over half of the worlds oil consumption.

But when we look at the CO2 emissions, the transportation sector stand for around 24% of the total emissions. 

Of that, it is road transport that emits the absolute majority of that CO2. Far more than railway, shipping and air transport put together. The split between heavy and light duty vehicles is almost 50/50.

Since 2011 and 2014 the transportation sector’s share has increased both oil consumption and CO2 emission. 
2016 it was 65% of oil consumption and 24.5% of CO2 emissions.

The bottom line here is that: if we can affect road transport, we will see a large effect

https://www.iea.org/
https://www.iea.org/statistics/?country=WORLD&year=2016&category=Oil&indicator
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Why not business as usual?

* Future availability and price of...?
* Fossil fuels
Raw materials

* Need for clean air?

« Air pollution cause the death of 3 million
people/year

* Need for farming and living?

» Global warming cause/may cause;

+ __ice melting, rising sea levels, more frequent
extreme weather, floods, droughts, changing
ecosystems, etc. will greatly affect human food
supply, water resources, health, economics, etc.

http://apps.who.int/iris/bitstream/10665/250141/1/9789241511353-eng.pdf
http://www.nationalgeographic.com/environment/global-warming/global-warming-effects/
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Can we guarantee to fulfill the need of transport using fossil fuels in the future?

Producing all these vehicles not only uses a lot of energy, but also raw materials, most of them are so called virgin materials, meaning fresh out of the mines, and not recycled. Some of the materials used in vehicles are considered scarce, or might become scarce, especially in components for electric cars, like battery, electronics and the motor. Research has now been initiated that strives to recycle material from such components.
See: IEA Global EV outlook 2019 from p.21, Batteries demand large scale supply of materials such as cobolt, lithium, nickel etc. Automotive manufaturers need to ensure safe, sustainable and ethical production., Chinese researchers are in the lead on battery recycling research.

Then the problem is that the fuel we are currently using is shown to inflict on other needs by human an the rest of the nature, both in short and long term.

We need clean air to breathe, but every year it is estimated that 3 million people die due to smog.

And the massive increase of green house gas emissions during the last 50-100 years may have dramatic effects on the climate, with many possible negative consequences for generations to come
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Possible mitigations

» Decrease the need for and impact of transport
+ community planning, to minimize the need for transport
» avoid unnecessary travelling (video conference, lifestyle change?)
* People can:
+ walk or bike
» shift to public transport instead of driving car
+ car pooling
+ shift to more efficient car
Companies can:
« shift to more efficient vehicle
« plan logistic routes to minimize transport distance
* local production, to avoid long distance freight
Industry can:

* improve vehicle efficiency - In lectures and assignment

» component level . . o

. system level we will look into these possibilities
» shift to other fuels/energy carriers

* biofuels

* hydrogen

« electricity (if renewable!) |

* etc.
+ Self driving vehicles?
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So, what can we do?

For consumers = people and companies, we need to change behavior

For automotive industry, they need to change their business models, product line, and the competence of their staff!!

Car industry can 
improve the efficiency of the vehicles both on component and system level.
switch to other energy carriers such as
Biofuels
Hydrogen
Electricity
Others

Then there is also a lot of development towards self driving vehicles. That technology could potentially have a major impact on the transportation sector and the perception of transport as a service.

But in these lectures and in the assignment, we will focus of these points…


® CHALMERS

UNIVERSITY OF TECHNOLOGY

Estimated contribution to CO, reduction

International Energy Agency (IEA): Energy Technology Perspectives 2015
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Many organizations around the world are of course looking at what needs to be done. Here is an example from the International Energy Agency from 2015.

They say that if we want to decrease the emissions such that the temperature is only increased by 2 degrees, then we need to take several active steps away from business as usual. For the transportation sector this involves 
Using renewables
Reducing the fuel consumption
Increasing the efficiency

So there is a very important work to be done here!

Notes: Percentage numbers represent cumulative contributions to emissions reduction relative to the 6DS. 
End-use fuel and electricity efficiency includes emissions reduction from efficiency improvements in end-use sectors (buildings, industry and transport), and in end-use fuels (including electricity).
End-use fuel switching includes emissions reduction from changes in the fuel mix of the end-use sectors by switching from fossil to other end-use fuels (excluding renewables; fuel switching to renewables is balanced under the category “Renewables”). 
Renewables includes emissions reduction from increased use of renewable energy in all sectors (electricity, fuel transformation, end-use sectors). 
Power generation efficiency and fuel switching includes reduction from efficiency improvements in fossil electricity, co-generation and heat plants as well as from changes in the input fuel mix of the power sector from fossil fuels to less carbon-intensive fossil fuels (e.g. from coal to gas). 
Reductions from increased use of renewables or nuclear in the power sector are not included here, but accounted for under the corresponding categories. 
CCS includes emissions reduction from the use of CCS in electricity generation, fuel transformation and industry. Nuclear includes emissions reduction from increased use of nuclear energy in the power sector.
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Possible mitigations

 Decrease the need for and impact of transport

* community planning, to minimize the need for transport

» avoid unnecessary travelling (video conference, lifestyle change?)

* | People can:

+ walk or bike

» shift to public transport instead of driving car

» car pooling

» shift to more efficient car

* | Companies can:

» shift to more efficient vehicle

» plan logistic routes to minimize transport distance
» local production, to avoid long distance freight

* | Industry can:
» improve vehicle efficiency
« component level

a

« system level
» shift to other fuels/energy carriers
* biofuels
* hydrogen
« electricity (if renewable!)
« etc.

« Self driving vehicles?

Political Policies in place

General agreements:
E.g. International Paris Agreement 2015
max + 2°C compared to pre industrialization

Fuel taxes (on fossil fuels, carbon intense fuels)

Vehicle subsidies (depending on CO, dependence)
» Tax reliefs on carbon low vehicles

* Premium on new car purchase of low emission vehicle
Congestion tax in cities (e.g. Stockholm, Géteborg)

Tailpipe emission regulations for new cars

* Pollutants: CO, HC, NO,, PM, etc.
“Must comply”-regulation, vehicle specific
Light duty vehicles, EU: Euro 6, USA: Tier 3
Heavy duty engines EU: Euro 6, USA: from MY 2007

* GHG: CO, or fuel consumption (gCO,/km, L/100km, mpg)
“Penalty if not comply”-regulation, fleet average
Light duty vehicles, EU >2017, USA >2017-2025
Heavy duty vehicles, EU:not yet, USA from MY 2014
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So, what are the political policies in place?

There are general agreements, such as the Paris agreement from 2015, where 189 countries agreed to put policies in place to keep the temperature increase to max 2oC, compared to pre industrialization.

Then there are policies that try to affect consumer behavior such as
Fuel taxes…
Vehicles subsidies…
Congestion tax…

Then there are policies targeting the automotive industry, namely emission regulations, for both toxic emissions and pollutants such as CO, NOx etc, and for CO2. 
The regulations from pollutants are older, than the ones for CO2. And there are regulations for both light and heavy duty transportation. 

The difference between the regulations is mainly that for the pollutants, each light duty car must comply, and each heavy duty engine must comply or it is not allowed to be sold.
But the CO2 regulations are more flexible, such that the manufacturer must pay a fine if they do not comply. This regulation is not for each vehicles, but on a fleet average.
I believe that these emission regulations have been and still are very important, if not the most important, divers for the technological development towards a more sustainable transportation sector.
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Evolution of emission regulation
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Here is an illustration of the evolution of emission regulations. 

On top diesel passenger cars, where we can see a huge difference between the first regulation in Europe 1993; Euro 1, and the current Euro 6. Here shown for PM and Nox.

The same evolution can be seen for buses.

Also for CO2 emissions from passenger cars the regulations have become more and more strict over the years. And the intention is to keep on in that direction.
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So, where are we now?

This graph shows a selection of new passenger cars from 2017, with vehicles mass on the x-axis and its tested CO2 emissions on the y-axis.

It also shows CO2 emission targets in Europe for 2015 and 2020, and proposed targets for 2030 and 2035.

Here we can see that it will be difficult to reach the future  proposed limits with pure combustion engine vehicles. 

Of course the emission regulations in Europe is on fleet average per year, so individual models are not required to comply. But if they sell a car with too high emissions, then that must me compensated by also selling cars with lower emissions the same year.

Then if we look at fleet average data from 2018, we see that many manufacturers risk paying penalty fees quite soon, unless they change their portfolio of sold cars.

So far electricity charged from the grid is considered to have zero emissions….
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gCO,.,. per produced kWh of electricity
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Of course that is not true, because electricity is not produced without CO2 emissions… but it really depends from where the electricity comes!

Here we see gCO2/kWh of produced energy per country and per mode of generation.

Sure the left figure is almost 10 years old, perhaps it looks a bit better now.

It is also important to know that the electricity grids are often interconnected, meaning that even in Sweden, we use some of the fossil electricity which is produced by neighbouring countries, if we have to. 
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gCO,/km of what?

Vehcle Cocling Fan

Dynamometer Control Panel
~ IVT3300Y]

Measuring & Control System
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This is an illustration of how fuel consumption and emissions are measured on light duty vehicles such as passenger cars.

The cars is put in a lab where you can control the climatic conditions, and the car is driven on large rollers, and the emissions from the tail pipe is collected and analyzed.

For heavy duty vehicles, this kind of lab set up would be too complex and expensive, so instead only the engine is tested in a lab outside of the vehicles, and the emission regulations are then only on the engines, so far.


gCO,/km of what?

Standardized test procedures are used to measure emissions from tail pipe (g/km)
+ Controlled test environment (e.g. same temperature range, flat road, no wind)

+ Same predetermined driving cycle for all cars

» Driving cycle represent average driving (speed as a function of time)

WLTC
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gCO,/km - Where are we?

For passenger cars:

50% According to “real world” measurements

(when driving on-road under normal conditions)
the deviation from type-approval CO, emissions

I
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40% et has increased! ®
’—,”r""- Private cars: 36% Reasons:
. Different type of driving and load condition
B g . Test cycles represent average driving
. no AC/heater in lab-test
. weather conditions differ
e . Manufacturers utilize tolerances and

flexibilities in test procedures
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Unfortunately, the real-world emissions are not as low as indicated by the lab tests. 

Based on measurements on cars in traffic from independent sources, an increasing difference has been observed, between the type approval lab tests and the real driving emissions.

Of course, there can be natural causes such as a different type of driving, using heating/cooling etc. but…

It turns out that manufacturers utilize the tolerances and flexibilities in the test procedures to decrease their lab test emissions as much as possible. And they have apparently become better and better at it.

This is well known today, and Europe is investigating how to implement real driving emission tests as a complement to the regulations. 
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That was the background information.
Now let’s look at an illustrative example of vehicle energy consumption.
Let’s say we have a car, but the motor compartment is empty, or the engine is broken and need service.

But our boss tells us that the car need to be following this speed as a function of time. 
3 accelerations, 4 constant speed sections, and 4 decelerations
How can we do that? Well we would need to push, right?

At time zero, the speed is zero, do we need to push? No, not if the ground is flat.
But soon we need to accelerate, so we need to increase the speed, we need to push quite a lot.
After a while the speed does not need to increase anymore, we can just keep it steady – should we push more/less/or the same as during the acceleration?
Less
And this we need to do, three times

What about when the speed should decrease? How can we do that?
We need to pull, that is apply a force in the opposite direction of travel, right?
So, somehow, we need to run along behind the car and try to pull it towards us. It sounds difficult.
What if I told you the bakes are still working…then we could put a friend in the car, who could push the brake pedals when we need to decrease the speed. Still the force on the wheels needs to be in the opposite direction of travel

Let’s look at our (the human motor) cumulative energy consumption as a function of time
Acc- consumes
Const. speed – consumes
Braking – free since we use the brakes
Stand still – free since the ground is flat
This case can be considered an ideal case, regardless of motor system, we must spend energy when accelerating and driving at constant speed
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Engine also consume fuel when

- Braking

- Standing still

Since it still operates at idling speed

lllustrative example.
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Now let’s say the combustion engine got fixed, and we would now like to drive in the same way as before.
At time zero we start the engine
Some seconds later we want the car to accelerate, so we push the gas pedal, and the car speed increases.
When we reach 15 km/h, we can push lighter on the gas pedal to keep the speed steady
After a few seconds we push the brake pedal to decrease the speed to a full stop
Then this is repeated two more times

Now let’s look at the cumulative energy consumed by the engine, that is the fuel used as a function of time.

Do we use energy from time =0? Yes, why? Motor is running in idling mode.
Of course we use fuel when we accelerate, but also when we a driving at constant speed.  Why? Because there are always resistive forces that needs to be overcome – we will come back to that

Do we use fuel when we are braking? Yes, why? Idling
Do we use fuel when we are standing still? Yes, why? Idling
As long as the combustion engine is fed with fuel, it is using the fuel energy.

So a conventional combustion engine vehicle, consumes energy also when
Braking
Standing still
… but this can be taken care of…we will get back to this…
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lllustrative example

- Electric car -
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Now, let’s assume we are rich and can buy a fancy electric car.
And we want to drive it in the same manner.

At time zero, we can make the system ready, but the electric machine does not start rotating before we press the gas pedal
When we press the gas pedal, the car accelerates, then as for the combustion car, when we reach 15 km/h, we can press lighter on the gas pedal.
Then when we want the speed to decrease we press the brake pedal as usual.
The difference now is that, the electric motor can be used to also brake the car
Then when we are standing still again, the electric motor does not need to be engaged.

So when we look at the cumulative energy consumed now
From time=0, no energy is used
Energy is used for acceleration and constant speed driving
What happens when we use the electric machine to brake? The cumulative energy decreases, so we can get energy back…

So an electric car
Can recover braking energy
consumes no energy when standing still
But this is not the only benefit of an electric drive train or car
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Efficiency comparison - car measurements
Large car (Fuel: E85)
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Now we will look at data from two real cars. One run on ethanol and one on electricity.

We see their speed as a function of time. Both have been driven on two sections of low speed green and yellow, and one section of high speed, red.

In the tables we see the average speed in the low and high speed sections separately, but we also see the fuel and energy consumptions in terms of average consumption, that is fuel/energy per driven distance. 

What do we seen then? We see that with the ethanol car, the average consumption is the lowest during the high speed driving, but for the electric car it is the lowest during low speed driving.

But why is that? Then we must look inside the cars…
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Efficiency comparison - car measurements

car measurements
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Here we see the operating points for both the combustion engine and the electric motor during the speed profiles on the previous slide. There is one dot per second of the speed profile, marking the rotational speed of the motor in rpm, revolutions per minute, and torque, that is normalized on the highest reached level.

The green and yellow dots represent low speed driving, and the red dots high speed driving. 

To the right, we also see illustrations of typical efficiency maps for a combustion engine and an electric motor. These are taken from the background data that you will use in the vehicle assignment.

Then we can put the information together, and see that when driving at low vehicle speed, the combustion engine will work at operating points with very low efficiency.
Also the electric motor work on lower efficiency during low speed driving. The opposite applies at high speed driving for both cars.

The thing is, that for the combustion engine car, the efficiency is much lower when driving at low speed. So it would be nice if such operating points could be avoided. That can be done by using hybrid electric vehicles.
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Degree of electrification

0% 10% 30% 50% 70% 100% (Rough numbers just to get an idea)
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ICEV: Internal Combustion Engine Vehicle
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So, electrification of transportation…it can be implemented to different degrees

In one extreme points we have the pure combustion engine vehicle, and in the other the battery electric vehicle.

In between we have the micro hybrid, the mild hybrid, the full hybrid and the plug-in hybrid. We will go through all of them now.
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Stating with the conventional combustion engine car. We have of course:
the fuel tank where we store the energy
-then we convert the chemical energy to mechanical power with the engine
and usually there is a gear box with several gears
and then the gearbox output shaft goes to the driving wheels
Then to start the engine, we use an electric starter motor, that is driven by a 12 V lead battery. The 12V system also feeds some other loads such as lights and radio etc. To charge the battery by the combustion engine, there is a generator/alternator

Then by small modifications we can make a mico hybrid and thereby adding functionalities such as:
Stop/start – to avoid idling at red lights and congestion etc.
Recover some of the brake energy
To do that we don’t necessarily need more components, just higher quality of the start motor and the battery, due to the many stop/starts, as well as a slightly larger battery with higher energy storage capability (Volvo use an integrated starter/generator)

The next step is then to use a mild hybrid. Then apart from the stop/start functionality, we can add an even larger electric starter motor and generator (of 10-20 kW) and a larger battery (or battery at a higher voltage), to 
Except stop/start…
recover even more of the braking energy
And use the starter motor to add torque to the engine shaft and boost the performance during driving

The next step after mild hybrids are the full hybrids. They can come in different configurations, either series, parallel or combinations of the two...
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In the series hybrid, the components are sort of connected in series as illustrated here. The energy from the fuel is converted first by the combustion engine and then a generator to electric power, which is either fed forward to the electric motor that propels the wheels or we can temporary store energy in the battery.

The red and greed arrows show the possible flows of power.
It means that only the electric motor can propel the car and must be large enough to cover all driving situations. On the other hand, the combustion engine can be made a bit smaller, since the needed power can come partly from the engine and partly from the battery.

In a parallel hybrid, both the engine and the electric motor are mechanically connected to the wheels… via gears. Then they can either propel the car one at a time, or both together at the same time if a larger torque is needed.

Most hybrid vehicles on the market are likely neither of these, but rather a combination of the two, called series-parallel hybrid
Then compared to the parallel hybrid we add a generator for once more degree of freedom in terms of possible power flows. It means we can propel the car with the e-motor (either alone or with the ICE) and charge the battery at the same time


It is important to remember that even though there are 2 power sources, there is still only ONE energy source. It means that all of the energy that is used comes from the fuel. 
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Plug-in hybrid, and electric drive systems
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The main difference between full hybrids and plug-in hybrids is that the battery  is larger (10-20 kWh) and it can be charged from the grid, so we also need a charger. In this way, there are now two energy sources for driving the car, the grid energy and the fuel.

The same configurations as for full hybrids can then be used.


The battery electric vehicles naturally only need one electric motor, a large battery (15-90 kWh) and a charger. 

Still many electric cars also have a 12 V battery, because many of the other electronics in the car are still run from that system.


Apart from the motors and the energy storages, we also need both mechanical and electrical converters in all of these cars. They are the gray boxes in these illustrations.

In battery electric cars, usually the gear is a fixed step gear, so there is no need to switch gear during driving. 
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Here is a summary of the different degrees of electrification and they are related to which way they contribute to a reduced fuel consumption.

For the ICEV: one way we can save fuel is to cut the fuel supply when possible, such as during braking. This is already done today

For micro HEVs: we can also use stop/start, so we save fuel while standing still waiting at a red light etc.
 perhaps we can also recover some of the braking energy

For mild HEVs: we can recover a larger part of the braking energy.
We an also use the e-motor to assist the ICE during acceleration. Per say, this is not reducing the fuel consumption, but if it means that we could have a slightly smaller ICE, then it could be beneficial. We will come back to this next time. In some cars we can also use only the electric motor during very low speed driving.

For full HEVs: we can do all of the above and use the battery and e-motor during driving at least at low speed levels.
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Vehicle dynamics

- for estimation of main forces and energy consumption W

dv Newton’s second law of mechanics
z F= ma =ma - only the longitudinal forces are considered

ma = F,.

\<

= Firaction — Fresistive

ma = Faee = Fraction — Fdrag — Frou — Feiimp
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Now we have come to the part where we will look at how we can calculate the energy or fuel consumption of a vehicle. Now we will use a passenger car as an example, but the same theory applies also to other types of vehicles.
We start from Newton’s second law of mechanics, where we think of the car as a rigid body of mass, and we only consider longitudinal motion.
Then the sum of all forces acting on the body will determine the body’s change in velocity or acceleration force if we will.
The other forces consist of Ftractice , that is force that comes from the drive system, and Fresistive which is the sum of all external forces acting on the car during driving. Those are the aerodynamic drag, rolling resistance and the earth’s gravity
Then if rearrange these equations, we can calculate how large the instantaneous force from the drive system has to be, to sustain a certain speed and acceleration with a certain car. 
To calculate how large the instantaneous power from the drive train has to be we take the force multiplies with the speed. 
Then to calculate the energy that has to come from the drive system, we need to take the time integral of the power
To then calculate the consumed energy from the energy source in the car (fuel or battery or both), we need to divide with the drive system’s efficiency
This means that the energy consumed by a car depend on many factors: the size of the car, how and where it is driven, and the efficiency of the drive system)
The air drag and rolling resistances are always resisting the motion of the car, but the acceleration and grading forces can be either positive or negative depending on acc/braking or if we are going uphill or down hill. It means the energy we consume when accelerating or going uphill, that is when increasing the kinetic and potential energy, are returned to the car when braking or going downhill.
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1
AerOdynamiC drag Fdrag = E'D (Vear — Vhead Wind)2

Is the resistance of air flow around (and through) the car Vehicle Type Goefficient of Aerodymanic Resistance
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* sha pe, Cd ﬂ an body
hd Speed, \) ﬁ-i-‘ch Ponton body 0.4-0.55
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-

* only air flow straight from the front body. covered underbody

0.3-0.4

* Fixed C, values (which depend on car shape) taken from @ (¢ shaped (small brealauay 023
* General table (see picture to the right)
. . Optimum streamlined design 0.15-0.20
* Manufacturers specifications
*  Wind tunnel measurements B foad trains 0815
» CFD simulations Moraryelog Puses 0607

High pressure Low pressure

Pur | (kg/md) | air density, depend on temperature, humidity and pressure ( 1.225kg/m? at standard atmospheric conditions)

C, - coefficient of aerodynamic resistance, depend on shape of vehicle —
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% (m/s) vehicle speed
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So what is aerodynamic drag, and how do we calculate it?

Well, …read…


® CHALMERS

UNIVERSITY OF TECHNOLOGY

https://www.ctsblog.net/2017/08/why-does-rolling-resistance-matter-in.html

Aerodynamic drag
of the rotating tyre:

Rolling resistance

Direction
of travel

—
* Dependson
° mass Of car Froll - g COS a ig‘;grgoart::ndpatch:
« rolling resistance coefficient C, of e st

° gravity e

* road grade
Bending

* Is caused by a combination of various physical phenomena
* tire deflection during rotation

Compression and shearing

* aerodynamic drag of rotating tire
* friction between tire and road materials

* Rolling resistance coefficient, C, dependent on

* Tire pressure Rolling Resistance Coefficients
M ial fti
aterial and structure of tire and road Conditions Rolling resistance coefficient
*  Temperature of tire and road
- Rotational wheel speed Car t%res on concrete or asphalt 0.013
) ) . i Car tires on rolled gravel 0.02
* Is estimated with either a fixed value for C, (most often) or a speed dependent value | T,; macadam 0.025
* Rolling resistance coefficient can be attained from tire measurement (seldom Unpaved road 0.05
publically available) (low rolling resistance tires 0.005-0.009) Field 0.1-0.35
Truck tires on concrete or asphalt 0.006-0.01
Wheels on rail 0.001-0.002
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read…
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Vehicle dynamics

- for estimation of main forces and energy consumption W

dv Newton’s second law of mechanics
z F= ma =ma - only the longitudinal forces are considered

v,
— — — . - -
ma= Facc - Ftraction Freswtwe

ma = Faee = Fraction — Fdrag — Frou — Feiimp

Aerodynamic Rolling Road _
drag resistance grade Acceleration

f . o . T . W

1 .
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Prrac =V Firge Can be positive or negative

tp E

Etrac = j Piyac dt Egrive system = —ftrac =f( , driving, drive system efficiency, road, climate)

ta Ndrive system
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Now we have come to the part where we will look at how we can calculate the energy or fuel consumption of a vehicle. Now we will use a passenger car as an example, but the same theory applies also to other types of vehicles.
We start from Newton’s second law of mechanics, where we think of the car as a rigid body of mass, and we only consider longitudinal motion.
Then the sum of all forces acting on the body will determine the body’s change in velocity or acceleration force if we will.
The other forces consist of Ftractice , that is force that comes from the drive system, and Fresistive which is the sum of all external forces acting on the car during driving. Those are the aerodynamic drag, rolling resistance and the earth’s gravity
Then if rearrange these equations, we can calculate how large the instantaneous force from the drive system has to be, to sustain a certain speed and acceleration with a certain car. 
To calculate how large the instantaneous power from the drive train has to be we take the force multiplies with the speed. 
Then to calculate the energy that has to come from the drive system, we need to take the time integral of the power
To then calculate the consumed energy from the energy source in the car (fuel or battery or both), we need to divide with the drive system’s efficiency
This means that the energy consumed by a car depend on many factors: the size of the car, how and where it is driven, and the efficiency of the drive system)
The air drag and rolling resistances are always resisting the motion of the car, but the acceleration and grading forces can be either positive or negative depending on acc/braking or if we are going uphill or down hill. It means the energy we consume when accelerating or going uphill, that is when increasing the kinetic and potential energy, are returned to the car when braking or going downhill.
Integrating positive Ptrac calculates energy flow from the drive system to the wheels�Integrating negative Ptrac calculates energy flow from the wheels to the drive system
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dt

. . n m— = Fyee = Frrac = Fresistive
Controlling vehicle dynamics dt

There are three possible net outputs from the drive system and friction brake system to the wheel shaft:

Fipe>0 Traction The drive system is providing a propulsion force, controlled via the gas pedal
Fiae<O Braking . Either the friction brake system is providing a braking force on the wheels, controlled via the brake
pedal, or...
. ...an electric machine is controlled to provide a braking force, or...
. ...a combustion engine is still engaged on the wheel shaft and the internal friction in the engine and

gear system provides a braking force (for example due to friction as the piston is forced to move up
and down in the cylinder.)

o ...or other frictional forces e.g. bearings provides a small braking force

Firoc =0 Coasting Neither the drive system nor the brake system provides any force to the wheel shaft, (i.e. neither the gas
nor the brake pedals are pressed), and the engine is disengaged from the wheel shaft via the clutch. Then
the frictional forces (air drag and rolling resistance) cause the vehicle to decelerate. It is said to be coasting.

Pirac(t) = v(t) Firge(t) Power has the same sign as the force

B
E _ p ) dt Integrating positive P,,,. calculates energy flow from the drive system to the wheels
trac — trac( ) : : :
4 Integrating negative P, calculates energy flow from the wheels to the drive system
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Now, lets get back to the equations on top, where we defined Ttract as the force that has to come from the drive system to sustain a certain driving situation.

There are three possible net outputs from the drive system and friction brake system to the wheel shaft: 

If the tractive force is positive, it means we are pushing the gas pedal in the car, and we want to apply a propulsion force

If the tractive force is negative, it means that the drive system applies a braking force, but it could come from either the 
Friction brakes
The combustion engine (by internal friction, if it is still engaged via the clutch, so called engine braking)
Or it could come from an electric motor if there is one
Or, if very small, it could come from other types of friction, eg. in bearings etc.

If the tractive force is zero, it means that only external factors are acting on the car, that is the air drag, rolling resistance and gravity

Since the tractive force can be either positive or negative, so can the tractive power.

This must be remembered and perhaps considered when calculating the energy as the time integral of the power



Vehicle consumption/emission modeling

In real vehicle:
. Cause: driver push gas or brake pedal
. Effect: vehicle increase/decrease/hold the speed (speed and acceleration can be controlled)

Often in fuel economy and emission simulations:
. Cause: predetermined speed and acceleration time series (sometimes also road grade)
. Effect: calculate for each time instant, how much force and speed that must come from the drive system
in order to sustain such speed and acceleration, use look-up loss maps of drive system components

. We need to link vehicle motion and drive system operation

thc=%p vZ + gcosa +mgsina + %
S —— if'f_LTF_:_ _____ e — Vehicle Drive system models Backward-looking approach
TR R A A A A Drive cycle chassis - physical - Predefined speed
L R A WA AR R & ; - losses

must be followed exactly
s ie i RIWLAL K - Used in our assignment

Speed (knmvh)
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Time(s)
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So, in a real vehicle, the cause is that the drive pushes the gas or brake pedal, and the vehicle reacts on that, and the effect is that it accelerates or decelerates, or neither

But when we want to calculate the energy or fuel consumption of a car, we instead often start from a predetermined speed profile, so called drive cycle, that is speed as function of time. The drive cycle then also contain information of acceleration.
So we can consider the speed and acceleration of drive cycle to be the cause, and then for each time instant we calculate the effect, that is how large the force and rotational speed from the drive system must have been, to sustain that speed and acceleration.
Then the efficiency of the drive system components are often pre-calculated, either as fixed values, or values that depend on the tractive force and speed, in so called look-up-tables.

So, we need to link the vehicle motion with the drive system operation. 

One way to do that is via this so called backward-looking approach, where we start from a predefined drive cycle, and step-by-step calculate backwards how much energy that has to come from the drive system in order to sustain the driving.
This is the method you use in the vehicle assignment.

In this case, the drive cycle must be followed exactly. 
If the operational limit of any component is violated, the simulation will stop.
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Vehicle consumption/emission modeling

Forward-looking approach

* Use a driver model

* Predefined speed is now a reference input

* Deviations from reference drive cycle is possible
* Can be used for more realistic system modelling

dv

ma = Face = Firac — Fresistive

. Driver model . Drive system Vehicle
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A slightly different approach is to use the so called forward-looking method.

Still there is a predefined drive cycle, but we now have a driver model, that compares the current vehicle speed with the desired drive cycle speed, and either pushes the gas or brake pedal to follow the drive cycle.

And the maximum speed and acceleration of the car is limited by the operational limits of the components. So in some cases perhaps the driver presses the gas pedal to accelerate strongly, but the drive system can only provide a part of that acceleration. In that case the car speed will not be exactly the same as the drive cycle, but the simulation will still run the full time.

This type of simulation is a bit more realistic than the backward-method
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Vehicle consumption/emission modeling

Drive system loss modeling - BEV example
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Here is an example of how different efficiency maps could look like, as functions of speed and force.

Typically, each component is treated as a separate block in the simulation model
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Other loads in vehicles — auxiliary loads

* Systems for security, safety, comfort, lighting, information

* Air conditioning (AC) compressor
(conventionally driven via a belt from ICE, in HEV electrically), passenger cars ~4-6 kW, large bus up to 30kW

* Power steering, braking systems (air compressor), heaters, pumps, fans, etc (up to 100-1500 W each)
* Computers/controllers (30-100 micro controllers) (up to 500W)
* Head lights, wipers, radio, window elevators, seat heaters etc. (up to 500 W)

Low power loads are supplied by the 12V system

. How much power/energy do they use?
. Up to 30% of average power
. During acceleration >10%

Nielsen, F. (2016) Automotive Climate Systems - Investigation of Current Energy Use and Future Energy Saving Measures.
Goteborg : Chalmers University of Technology (Doktorsavhandlingar vid Chalmers tekniska hogskola. Ny serie, nr: 4080).

Brusokas, L. och Rajarathinam, N. (2015) Evaluation of Electrical Loads on 48 V Supply
in Future Mild Hybrid Electric Vehicles. Géteborg : Chalmers University of Technology
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Apart from the drive system, there are also many other energy consumers in the car, for things like
Security
Safety
Comfort
Lighting
Information

Perhaps the single largest of these is the air conditioning and heating system, it can be 4-6 kW in a passenger car, and 20-30 kW in a bus

The power steering, braking system’s air compressor, heaters, pumps, fas etc. can be 100-1500 kW each

Then there are 30-100 micro controllers that may need 500 W in total
 Finally, another 500 W may be used for head lights, wipers, radio, window elevators, seat heaters etc.

The low power loads are taken from the 12 V system

These types of loads may use up to 30% of the average power



Ways to reduce energy consumption

Egrive system — f( , driving, drive system efficiency, road, climate)

. ECO-driving
*  Smooth acceleration
. Low speed
. Efficient drive train components
*  Minimize losses
* Integrated components, gear & ICE, electric motor & inverter & gear
. Using the right component in the right time - maximize system efficiency = In case of Hybrid cars
. Power management of whole driveline
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Now, let’s get back to the energy consumption, what can we do to reduce it?

First, we can make the cars
lighter, by making them smaller, and we can use light weight material like carbon fiber, or aluminum etc.
Reduce the air grad by a smaller frontal surface and a more streamlined shape
Reduce the rolling resistance by low friction tires

Driving:
Drive at lower speed
Use smooth accelerations

Use efficient components
Reducing the losses
Integrate the components, to reduce added weight

Use the right component at the right time! To maximize system efficiency – this is the main point of hybrid cars!
 -then you need a control system, i.e. power management for the whole drive line
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Why not just do it™!

For a manufacturer to increase vehicle efficiency it has to invest in changes to the car = higher cost
. Who should pay for the improvement?

. Are the customers willing to pay?
- Efficiency

- Acceleration
- Speed

- Design

- Comfort

- Safety

- Reliability
Lifetime

Is it possible to increase the vehicle’s efficiency and still maintain

. performance?
. comfort?

. safety?

. reliability?

. lifetime?
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So, why not just do it?

Well of course there are many other factors that play a role when selling cars to consumers., efficiency is just one of them.

Any change in the production and development will need investment cost. For passenger cars, the competition is very hard, and the margins slim. So each added cost must be carefully scrutinized.

So is it possible to increase the vehicle efficiency and still maintain:
Performance?
Comfort?
Safety?
Reliability?
Etc?

The car manufacturer must balance all these factors.
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https://webstore.iea.org/download/direct/2807 ?fileName=Global_EV_Outlook_2019.pdf

[ ]
C harg Ing =
plugs
= Loel3

curre“t -- Three_ DC
. . . . hase
. Current method: conductive, future method: inductive (wireless) -- e
< 3.7 kW > 3.7 kW and < 22 kW and < Currently < 400 kW
. AC charging (Level 1 & 2, Mode 1-3) —
. On-board and external chargers regular power outlet

. 2,0- 3.3-7.4 kW (1 phase), 11-43 kW (3 phase) — higher power = higher equipment cost
. Charging times roughly 30 min— 8 h

. DC fast charging (Level3/Mode4) — external charger stations
- CCS, 50-350 kW
«  CHAdeMO, 50-400 kW

Ongoing in Sweden, Gavle
. Tesla super chargers, 120-250 kW

Starting in Germany by Siemens Ongoing in Sweden, Slthlm-ArIanda

. Charging times roughly 10 - 30 min
. Nominal charger efficiency ~94%
. Electric roads?! —smaller batteries on board

. Over-head-lines — for specific type of vehicle

. Ground tracks - accessible by any kind of road vehicle
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Now we will briefly look at charging of battery vehicles. 
The dominating method so far is to use conductive charging. But there is a lot of research on wireless/inductive charging as well.
Charging at lower power levels is done by AC power from the grid. 
If you use the charger onboard the car, the peak power levels are usually 7 kW with one phase, and 22 kW with 3 phases. But there are examples up to 43 kW.
Generally, the higher the power, the higher the cost of the charger equipment.
For safety reasons it is generally not recommended to use the on-board charger with a regular power outlets, since the outlets are not dimensioned for that high currents over such long times. Instead it is recommended to invest in an external AC charger.
If you want to charge faster, you need to use higher transfer power. The highest power levels are delivered using DC voltage. 
There are three main systems, 
CCS Combined Charging System,  with power levels up to 350 kW
CHAdeMO initially from Japan,  power levels up to 400 kW, trying to reach 900kW
Teslas superchargers, up to 250 kW
Many different cars can use both CCS and CHAdeMO including Tesla cars, but so far only Tesla cars can use the superchargers
Another thing to look out for is that there are different plugs and connectors, so you need to check that you have the right equipment to be able to actually charge your car. We will no go into that here.
The nominal charging efficiency is roughly around 94% , but in practice it could be lower
An option to using large batteries, could be to reduce the battery size and instead electrify the roads or parts of the roads, either as over head-lines like this, but then not all types of vehicles could use them, or as tracks in the ground, then it would be accessible for different types of cars. There are some research projects going on about this.
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Charging stations

https://www.iea.org/reports/global-ev-outlook-2020

Private and publicly accessible chargers by country, 2019

BChina
Private slow chargers Publicly accessible slow chargers Publicly accessible fast chargers B Japan
6.5 million 598 000 264 000
o 1% 2%~0% BUnited States

B United Kingdom
OGermany
BFrance
ENorway
ENetherlands

m Other

Sources: IEA analysis based on country submissions, complemented by other sources. For more details, see figure
1.8 in the main report.

Sweden: Europa World CCS/combo
Tesla
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Here are a few links to fast-charging stations

It is perhaps good to look at such links when you are planning a longer trip with a battery vehicle.

http://www.uppladdning.nu/
https://ccs-map.eu/
https://www.plugshare.com/?combo_only=true&=SAE%20Combo%20CCS
https://supercharge.info/
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Useful relations:

Ca | Ccu |at| on exam ple 1 J=1 Ws= 1/3600 Wh= 1/(3600 -10%) kWh= 1/(3600 -10'2) TWh

How much fuel does the Swedish passenger cars consume each year? Q
. Number of passenger cars in Sweden at the end of 2015 cars'*: 4 669 063

. Total distance travelled?: 65 311 458 780 km.

. Average gasoline consumption of Swedish car fleet 2015°! : 8.0 liter/100km

Estimated fuel consumption: 65 311 458 780 km/100 km -8.0liter/100km=5.22-10" liter.
With gasoline density (820kg/m?3) and energy density (42 MJ/kg), the energy content of this fuel is 50.0 TWh.

What if all the Swedish passenger cars were electric...how much electricity would they use during one year?
. Assume all cars are large and consume 20 kWh/k100m : 65 311 458.780/(100km) * 20 (kWh/100km) =13.06 T Wh

How much would the Swedish electricity production then need to increase?
R * _ o 74.0 TWh 46.7%
13.06 (TWh) / 158.5 (TWh) *100=8.2% 16.6 TWh 10 5%
54.4 TWh 34.3%
0.1 TWh 0.06%
13.5 TWh 8.5%
158.5 TWh | 100%

Trafik analys, Fordon 2015, Korstrdckor 2015:
RUS 2015:

Elaret 2015;

Qil, coal, natural gas and peat.
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…read…


http://trafa.se/sv/Statistik/Vagtrafik/Fordon/
http://extra.lansstyrelsen.se/rus/Sv/statistik-och-data/korstrackor-och-bransleforbrukning/Pages/default.aspx
http://www.svenskenergi.se/Elfakta/Statistik/Elaret/
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Useful relations:

Ca | Ccu |at| on exam ple 1 J=1 Ws= 1/3600 Wh= 1/(3600 -10%) kWh= 1/(3600 -10'2) TWh

What if everybody want to charge at the same time, is the installed 40 GW capacity enough? Q

. Assume 3.5 kW charging power
. 3.5 kW * 4 669 063 cars = 16.3 GW (41% of installed capacity)

What if we use slow chargingand all 24 h ?

. A typical car runs 39 km/24 h in Véstar Gotalandsregionen

. 2 kWh for 10 km gives 8 kWh

. 2 kW can be charged from a 10 A fuse

. Every car needs to be charge4h/24h=1/6

. 2,0 kW * 4 669 063 cars = 9,4 GW (23% of installed capacity)

. Equal chare of time=1/6 gives 1,6 GW (4 % of installed capacity)
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…read…
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Calculation example

How much would the Swedish electricity production then need to increase?
. 13.06 (TWh) / 158.5 (TWh) *100 = 8.2 %

Table 3.2 Share of electricity consumption attributable to EVs by region and scenario,

2030
inabl

. Stated Policies Sustainable )

Country/region . Development Scenario,
Scenario, 2030
2030

China 1.2% 3% 3%
Europe 0.2% 4% 6%
India 0.0% 2% 3%
Japan 0.0% 1% 2%
United States 0.1% 1% 4%

Sources: Electricity demand from EVs was evaluated with the Mobility model (IEA, 2020); total final electricity
consumption from (IEA, 2020) and IEA (forthcoming).

https://www.iea.org/reports/global-ev-outlook-2020
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…read…

In our calculation example, we would need to increase the production by 8%

Just to compare, IEA has estimated that EVs could stand 1-6% of the electricity consumption in different countreis by the year 2030, depending on differnet scenarios.
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Calculation example

What if everybody want to charge at the same time, is the installed 40 GW capacity enough?

. Assume 3.5 kW charging power
. 3.5 kW * 4 669 063 cars = 16.3 GW (41% of installed capacity)

Figure 5.1 Global average weekday load profiles in an evening charging case and a night
charging case by vehicle type in the Sustainable Development Scenario, 2030
300
Evening charging case:
50 g 250
15 |:> == Two/three-wheelers
e 200
= 10.0 - == Trucks
o a
:l; 150 ——Buses
g 100 EmLCVs
[ |
U .ﬂ 50 ==PLDVs
- o o o o o O = ] - =
= H - :'d ild‘ 6 N '*’ o ':Iﬂl d o - 0 =——Night charging case
o o E O 0O = = T = T & o ™ 00:00 06:00 12:00 18:00 23:59
Time of Da Y Note: PLDVs = passenger light-duty vehicles; LCVs = light-commercial vehicles. EV load curves are aggregated at the
global level. They are not accounting for varying time zones and might not be representative of regional patterns.
They are representative of an assumed typical weekday.

https://www.iea.org/reports/global-ev-outlook-2020
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…read…

Typically, the highest electic consumption is during evenings, so then it would be necessary to postpone the vehicle charging to later during the night.
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Lectu re 8
Sustainable transportation ]- Motivation

. Emission regulations

. The weaknesses of a conventional car?!

. Degrees of electrification, types of hybrids

" Vehicle dynamics ]- How to calculate fuel/energy consumption
. Vehicle energy/fuel consumption modelling and simulation

. Loads other than propulsion

. Charging

. A calculation example

Lecture 10

* Drive system components
* Basic operation
* Losses and efficiency
* Types of hybrid vehicles
* OQOperation
* Control
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That was today’s content

Next time we will look a bit more on the drive system components, their basic operation and losses, and how they are modeled in the simulation tool you will be using in the vehicle assignment
We will also look a little bit more on how the different types of hybrid vehicles operate and some aspects regarding control
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