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Abstract 
The heavy vehicle industry is constantly trying to improve fuel economy, reduce emissions and 

noise. The introduction of hybrid technology offers the possibility to take a big step forward in this 

area. One feature that the hybridization provides is to automatically turn off the combustion engine 

when it is not needed.  

This thesis work was performed at Scania CV AB and the aim was to evaluate if start/stop can be 

implemented into Scania’s series hybrid powertrain for city buses. The secondary aim was to 

develop a strategy for the start/stop function and implement it into the hybrid bus’s control system. 

Important factors to evaluate were the impact on the different auxiliary systems as well as the 

impact on fuel consumption, emissions and noise.  

The auxiliary system evaluation was a theoretical study where it was found that there are no 

immediate obstacles that would preclude a start/stop introduction. However, some potential 

limitations and a few long term impacts were brought to attention. The limitations imply that a 

start/stop frequency of 2 stops/km would be sustainable. In the theoretical evaluation it was also 

found that the fuel consumption would be reduced with approximately 4% for inner city driving 

conditions with the 2 stops/km limitation. It was also found that there is a potential to achieve up to 

10% fuel savings if this limitation can be removed. The exhaust emissions are expected to be 

reduced in the same order of magnitude as the fuel economy. 

A strategy for the start/stop function was developed and realized to a function. The function was 

built in Matlab Simulink and implemented into a pre-existing model of the Hybrid Management 

System (HMS). It was found that most of the necessary input data for this function can be assessed 

in the bus’s CAN network and HMS system. A few additional inputs is however necessary to 

complete the function.  

The strategy included engine start where the generator in the hybrid powertrain is used for cranking 

of the engine. This part of the function was implemented and tested in the hybrid bus with good 

results. The tests showed that there is very good potential to achieve quick and comfortable starts. 

By means of a few minor modifications in the suggested control logic the engine restart time can be 

shortened to less than one second. The tests also showed that engine stops can be made quicker and 

smoother by applying a breaking torque during shut down. 
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Sammanfattning 
Den tunga fordonsindustrin försöker ständigt att förbättra bränsleekonomi, reducera emissionen och 

buller. Introduktionen av hybridteknik medför ett stort steg framåt i utvecklingen. En möjlighet som 

hybridiseringen erbjuder är att automatiskt stänga av förbränningsmotorn när den inte behövs. 

Examensarbetet utfördes på Scania CV AB och målet var att utvärdera hur vida det är möjligt att 

införa en start/stopp-funktion i Scanias seriehybriddrivlina för stadsbussar. Det sekundära målet var 

att föreslå en strategi för en sådan funktion och sedan implementera denna i hybridbussens 

kontrollsystem. Viktiga faktorer att ta hänsyn till var inverkan från start/stopp på bussens olika 

hjälpsystem samt inverkan på bränsleförbrukning, emissioner och buller. 

Inget direkt hinder mot att införa start/stopp kunde hittas. Dock har några potentiellt begränsande 

faktorer identifierats samt några faktorer där inverkan under en längre tid bör studeras. Den 

teoretiska studien fann att start/stopp frekvensen bör begränsas till 2 stopp/km. Studien fann också 

att en bränslebesparing på ca 4% då är möjlig för innerstadstrafik, men att det finns potential för 

upp till 10% besparing om begränsningen på start/stopp- frekvensen kan arbetas bort. 

Avgasemissionerna förväntas minska i samma storleksordning som bränsleförbrukningen. 

En strategi för start/stopp utvecklades och realiserades till en funktion. Funktionen byggdes i 

Matlab Simulink och implementerades sedan i en befintlig modell av hybriddrivlinans 

kontrollsystem. De flesta insignaler som är nödvändiga för denna funktion fanns att tillgå på CAN-

nätverket samt internt i hybriddrivlinans kontrollenhet. Det är däremot nödvändigt att komplettera 

med ytterligare några få insignaler för att göra funktionen komplett. 

Strategin inkluderade även motorstart med en metod som utnyttjar hybridkretsens generator för att 

dra igång förbränningsmotorn. Denna del implementerades och utvärderades i buss med mycket 

goda resultat. Testen visade att det finns stor potential att göra starterna både snabba och 

komfortabla genom att använda denna metod. Återstartstiden för motorn kan förkortas till under en 

sekund. Testen visade även att motoravstängningarna kunde göras snabbare och mjukare genom att 

lägga på ett bromsande moment. 
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Abbreviations and definitions 
 

AC:  Air Condition 

APS:  Air Processing System 

BCS:  Bus Chassis System 

CAN:  Controller Area Network 

CO:  Carbon Oxide 

EBS:  Electrical Brake System 

ECU:  Electric Control Unit 

EGR:  Exhaust Gas Recirculation 

EGU:  Engine-Generator Unit 

ELC:  Electrical Levelling Control 

EMS:  Engine Management System 

Engine:  Refers to the internal combustion engine. 

Engine stop:  Engine is shut down but the rest of the system is active 

ESS:  Energy Storage System 

HC:  Hydro-Carbons 

HCS:  Hybrid Components System 

HEV:  Hybrid-Electrical Vehicle 

HMS:  Hybrid Management System 

ICL:  Instrument cluster 

Motor:  Refers to the electrical propulsion motor if nothing else is indicated. 

NOx:  Nitrogen Oxides 

PM:  Particulate Matter 

SCR:  Selective catalytic reduction 

SOC:  State Of Charge. 

SORT:  Standardised ON-Road Test Cycles 

s/s:  Short for Start/Stop, refers to the start and stop procedure. 

Vehicle stop:  Situations when vehicle speed = 0. 
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1 Introduction 

1.1 Background 

The heavy vehicle industry is working hard with reducing fuel consumption, emissions 

and noise, all to meet customer and governmental demands. A promising measure in the 

right direction is the introduction of hybrid technology. The hybrid technology brings 

many advantages such as regenerative braking and the possibility to more freely choose 

the operation point of the engine. Another advantage of this technology is the possibility 

to turn off the combustion engine at times when it is not needed. This can for instance 

be during temporary stops such as red lights and traffic jams in order to save fuel and 

reduce noise and emissions even further. 

 

For buses operating in city traffic the introduction of hybrid technology and the series 

hybrid solution in particular, is a promising action in order to reduce fuel consumption, 

emissions and noise. Traffic in urban environments has a very typical driving pattern 

characterized by frequent accelerations and decelerations, short distance between stops 

and low average speed. This is particularly true for buses where bus stops evoke an even 

more extreme “stop and go” way of driving. As a matter of fact, busses can spend as 

much as 40-50% of their operational time in standstill and make up to 6 stops per 

kilometer [1].  

 

Scania CV AB is now developing a series hybrid powertrain for buses to meet the issues 

mentioned above. A prototype fleet of hybrid buses will be running in city traffic as a 

pilot test with start in the spring 2009. 

 

 

1.2 Goal 

The goal of this thesis was to evaluate the possibility to apply start and stop of the 

combustion engine in Scania’s series hybrid powertrain. This includes an investigation 

on how the auxiliary systems would be affected as well as the impact on fuel economy, 

emissions and noise. 

 

The second goal was to develop a strategy for how a start/stop could be performed. This 

strategy should be developed by using the results from the initial study as inputs. 

Passenger and driver comfort and vehicle driveability should also be taken into 

consideration. 

 

As an extended goal the strategy would be implemented into to the control systems for 

further tests and development. 
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1.3 Problem formulation 

From the described goals of this project the project questions below were formulated. 

Focus has been put on evaluating whether start/stop can be applied to Scania’s 

powertrain. 

  

1. Development of a strategy. In order to investigate and develop a strategy the 

following aspects must be studied: 

a. impact of start/stop on fuel economy, 

b. impact of start/stop on noise – both at the actual start/stop of the engine 

and also the impact on the next acceleration due to the depletion of the 

energy storage, 

c. impact of start/stop on emissions, 

d. impact of start/stop on auxiliary systems (pneumatic system, hydraulic 

power steering, cooling system fan and pumps), 

e. which conditions should be fulfilled for shutting off the engine, e.g. State 

Of Charge (SOC) of energy storage, air pressure in pneumatic , status of 

doors etc. and which parameters are suitable as triggers in order to make 

the start/stop function completely automatic, 

f. which conditions should be fulfilled for restarting the engine e.g. door 

closed, low SOC, accelerator pedal command, 

g. how long a stop should be in order to make start/stop beneficial. 

 

2. When a suitable strategy that can be realized has been developed, it should be 

implemented in the control system. 

3. Finally, tests and further development of start/stop should be performed in order 

to achieve as smooth processes as possible by using the generator.  

 

1.4 Delimitations 

The series hybrid buses are to a big extent built on Scania’s standard components. The 

goal was to evaluate the potential of start/stop without the need for new components or 

alterations of the existing ones. Therefore the study was limited to only include 

components and component variants used by Scania in their present selection. The study 

is also limited to include Scania’s city buses only due to the fact that this is the segment 

where start/stop will come to its best use. 

 

The study was also limited to only include utilization in city traffic as this is the typical 

driving pattern that the series hybrid is designed for.  

 

In terms of implementing and evaluating strategies the aim was not to develop a 

finished function ready to be applied in commercial use but rather to show the possibly 

to add such a function and to further study what the advantages and disadvantages 

would be.  
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1.5 Methodology 

To understand and gain knowledge about the series hybrid bus and its components was 

essential in this work. In order to answer the questions listed in the problem formulation 

and to reach the goals, necessary knowledge was achieved in three primary ways; 

through studies of literature, interviews and interaction with staff at Scania and by 

simulation and testing of relevant parts of the system.  

1.5.1 Literature study 

The literature study provided theoretical knowledge in order to address the problems 

concerning development of a strategy for start/stop of the engine. Contemporary 

research in the field of hybrid technology from scientific papers as well as doctorial and 

licentiate theses was studied.  

 

The selection of papers and theses was made with focus on series hybrid technology and 

research on start/stop of the combustion engine. The major aim was to determine if 

there are any existing solutions to the problem or problems of resembling character that 

could be useful. Another aim was to understand the principles of series hybrid vehicles 

and Scania’s system in particular.  

1.5.2 Interviews 

Since the work was carried out at Scania CV AB a lot of the knowledge was inherited 

“in the house”. Knowledge about components, auxiliary systems and the interactions 

and dependencies between parts of the system was crucial when it came to the strategies 

development.  

 

By addressing the people that works with the different systems on a daily basis the 

competence available was utilized. By interviewing people working with a specific 

auxiliary system knowledge about how the system works and how it can be affected by 

start/stop the foundation of the strategy was collected. 

1.5.3 Modeling and simulation 

The evaluation of the start/stop strategy is dependent of knowledge about how parts of 

the system are affected by the start/stop strategy. What will the effect be on auxiliary 

systems? What impact does the strategy have on e.g. fuel consumption? To answer 

questions like that, simple models of the system were built and used.  

 

The tools used were mainly Matlab and Simulink. Some simple calculations were 

performed in Excel. The realization of the strategy was performed in Simulink where it 

was built, simulated and developed. First this was made as a separate model but later on 

as a block implemented in the existing model of the hybrid control system.  

1.5.4 Implementation and testing 

The implementation was performed by first implementing the strategy into the Simulink 

model system of the system. After debugging the function and the new interfaces, 

Simulink was used to auto-generate the code to be inserted to the control system. Some 

final touches of the code and the flashing of the ECU were made by help of people 

working at Scania.  
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During the field tests of the function, the software Vision [2] was used to extract data 

and as an interface to the start/stop function. Vision is a software that communicates 

with the CAN network of the bus, in this case by means of a laptop plugged in to the 

CAN. This was performed by help from Scania employees. Main purpose of the test 

was to verify the functionality of the implemented start/stop functionality. Due to time 

limitation only a few parameter studies could be performed.  

 

1.6 Thesis outline 

The Thesis outline aims to give a brief overview of the content of the chapters. As the 

thesis work was a cooperation between two students, the outline also aims to clarify the 

two authors involvement in the different parts. Every section has a main author but both 

of the authors have in some extent been involved in every part of the work and the 

report. 

 

Chapter 2 

This chapter is a brief introduction to the hybrid vehicle technology including the most 

common hybrid powertrain concepts. A short review of previous work concerning 

start/stop is also included. Main author of this chapter was Mr. Rockström. 

 

Chapter 3 

Here the driving pattern of the city bus is described. The driving cycles used for 

simulations and calculations are presented. This chapter is written by Mr. Persson.  

 

Chapter 4 

This chapter includes a brief introduction to Scania’s hybrid bus and a description of the 

involved systems and components. The component descriptions also include discussions 

and conclusions regarding the expected impact of an s/s function. In this chapter Mr. 

Rockström is responsible for the sections concerning the hybrid-unique components 

while Mr. Persson is responsible for the descriptions of the standard bus components 

and auxiliary systems and the corresponding calculations.  

 

Chapter 5 

In this chapter the theoretical evaluations of the s/s function is presented. The factors 

evaluated are: Minimum stop length, impact on fuel economy and impact on emissions. 

Main author of this chapter is Mr. Persson who also did the underlying calculations. 

 

Chapter 6 

Includes a description of the start/stop strategy where the necessary input and output 

parameters are listed. Here is also the idea presented of how the start and stop sequences 

could be performed. Main author of this chapter is Mr. Rockström but the strategy 

development was made by both authors. 

 

Chapter 7 

This chapter describes how the strategy idea was translated into the start/stop function 

of the vehicle. The s/s logics, the used CAN messages and the new interfaces are 

described. Here is also possible function errors and error handling discussed. This 

chapter was mainly written by Mr. Rockström who also was responsible for the 

implementation part. Mr. Persson main involvement in this section was the start-

sequence and engine model design. 
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Chapter 8 

In this section the practical tests of the start/stop function is presented along with the 

results and conclusions that could be made. Both authors were involved in the testing, 

evaluation and analysis of the result. Most of the writing in this section is made by Mr. 

Persson. 

 

Chapter 9 

This chapter is a summary of the conclusions that have been made during the thesis 

work. It also includes a section where suggestions of future work are discussed. This 

chapter was written jointly by both authors. 

 

Chapter 10 

In this chapter, a summary of the questions that needs to be investigated further is 

presented together with some potential areas of improvement of the thesis results.  Due 

to the time restriction, these questions had to be excluded from this thesis and are 

instead suggested as topics for future work. 
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2 Hybrid vehicles 
 

A hybrid vehicle is in a broad sense a vehicle with more than one power source. 

Typically a combustion engine is combined with an electric motor forming a hybrid 

electric vehicle (HEV). The propulsion in a HEV’s relies entirely or partially on electric 

power. The power relation between the combustion engine and the electric motor as 

well as their contribution to the propulsion can be of great variety. A full hybrid vehicle 

has the ability to only use electric power for its propulsion while a mild HEV uses the 

electric motor as a power assistant and for regenerative purposes [3].  

 

The hybrid powertrain generally consists of a primary power source, an energy storage, 

one or several electrical motors/generators and power electronics [4]. The fact that a 

HEV needs additional components adds cost and weight to the product compared to a 

regular powertrain. This must be compensated for in terms of improved fuel economy 

and higher product value to the customer.  

 

The power source is most commonly an internal combustion engine (ICE); gasoline or 

diesel engine, but could also be a gas turbine or fuel cell. The use of fuel cells as power 

source is interesting due to it’s practically emission free process. Hydrogen fuel is 

converted to electrical power trough electrolyte process giving water as decay product.  

 

A great challenge in the development of HEV’s is the energy storage system (ESS). The 

energy storage system can be of any kind that is able to store energy that can be 

transformed into kinetic energy. In literature mainly three different technologies are 

mentioned; batteries, super capacitors (also referred to as ultra capacitors) and flywheel 

[4]. A lot of effort is put on improving the energy storages, especially the batteries. 

Today the biggest issue is the low capacity contra the high weight and price. 

 

Batteries and super capacitors seem to be the most prominent types of storage devices. 

Important parameters of ESS’s in HEV applications are power as well as energy density 

defined as W/kg respectively Wh/kg, and cycle life. In comparison, batteries have 

greater energy density but have considerably lower power density than super capacitors. 

Super capacitors also have superior cycle life and better charge/discharge efficiency. 

 

Hybrid vehicles can have different powertrain configurations. The components can have 

a set up resembling to a series or parallel arrangement. A special case worth mentioning 

is a combination of the two called a power split hybrid.  

 

2.1 Series HEV 

In a series hybrid electrical vehicle all propulsion power is provided by an electrical 

motor. The ICE is coupled to the generator which provides electrical power to the 

propulsion motor and to charge the energy storage if necessary. A schematic picture of 

the series HEV powertrain is shown in Figure 1, where the black arrows represent 

mechanical connections and the white arrows represent electrical connections. 
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motor

 

Figure 1. Series hybrid powertrain configuration. 

 

A great benefit with the series configuration is the flexibility of the powertrain as there 

is no mechanical connection between the engine-generator system and the electrical 

motor and driving axle. This also makes it possible to run the engine in an optimal way 

and freely choose the operation point at any time. Other advantages are the simplicity of 

the powertrain and the suitability for shorter trips. One drawback is the need for three 

different propulsion components: ICE, generator and motor [5]. Another is the extra 

energy conversion steps as mechanical power from the ICE is transformed to electrical 

in the generator and then back again in the motor [6]. 

 

2.2 Parallel HEV 

In the parallel configuration, the propulsion power comes from both the ICE and the 

electrical motor. A schematic overview of the powertrain is shown in Figure 2. 

 

Engine

Energy

storage

system

Electrical

motor

gearbox

 

Figure 2. Parallel hybrid powertrain configuration. 

 

Both the ICE and the electrical motor are mechanically coupled to the driveshaft. The 

electrical motor can therefore assist the ICE and as a result the ICE can be downsized 

without compromising on the powertrain performance. This set up has a higher engine 

to driving axle-efficiency than the series hybrid due to the mechanical connection and 

fewer conversion steps. The ability to freely choose the engine point of operation is 

however lost with this configuration since the engine speed and wheel speed now is 

directly related to each other. 

 

2.3 Power split HEV 

The power split solution is a combination of the series and parallel configuration where 

the combustion engine both can be used to propel the vehicle and to charge the energy 

storage. A planetary gear is used to direct the power to the driveshaft and/or to the 

generator. Also in this configuration there is a mechanical connection between the 

engine and the driving axle. However, by means of the planetary gearbox and the 
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generator speed control the engine-wheel gear ratio becomes continuously variable. 

This set-up is the one used in the famous Toyota Prius hybrid car. In Figure 3 a 

schematic picture of the power split configuration is shown. 

Engine

Energy

storage

system

Electrical

motor

Planetary

gearbox

Generator

 
 

Figure 3. Power split hybrid powertrain configuration. 

 

2.4 Engine start/stop function in HEV’s 

The idea of a start/stop function is to turn the combustion engine off when it is not 

needed. For example when the vehicle is at standstill and the engine is idling or when 

the vehicle is solely powered by electricity in a full HEV. When there is a need for 

engine power to either propel the vehicle or power the auxiliary units the engine is 

automatically restarted. It is important that the start/stop function does not influence the 

driveability of the vehicle and may never override the driver’s control of it. 

 

The potential of saving fuel through turning the combustion engine off and on in HEV’s 

have been investigated by many. Most literature concerning this topic discusses start 

and stop strategies concerning passenger cars. Fuel savings have been shown to be 

significant and s/s has already started to appear in series production vehicles, both in 

HEV´s and in vehicles with conventional powertrains. Many of the HEV’s presented 

today are mild parallel hybrids that make use of a belt driven starter/alternator to crank 

the engine at restart. J M. Prucka [7] has developed a start /stop logic using a belt driven 

starter/alternator system. The start/stop logic evaluates the necessary conditions for shut 

down and start and uses the starter/alternator to control the engine restart. He found an 

improvement in fuel economy off 2.6% during field test. J. Bishop et. al. [8] have also 

showed upon the possibility to save fuel using a belt driven starter/alternator. They 

found fuel savings of 5.3% possible for a city traffic drive cycle. The fuel savings are 

much dependent on the drive cycle of the vehicle and the frequency of the start and 

stops. 

 

Prior work on a start/stop system for heavy vehicles have been done by Magnus 

Lindbäck as a master thesis at Scania CV AB [9]. His work does not consider a hybrid 

powertrain but a conventional one. However, the idea and the intention is the same as 

for a HEV start/stop. The thesis is a step by step investigation on the impact of a 

start/stop strategy on the auxiliary systems and a suggestion for a possible future 

function realization. Lindbäck’s work was used as a starting point as many of the 

systems and components used in the buses are the same as the ones used in the truck. 

The difference that could be identified is mainly due to the different way of operation 

for the two vehicle types. 
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3 City traffic 
The hybrid bus is intended to be utilised in city traffic where it is the most beneficial. 

The typical driving pattern of a city bus is characterised by a low mean vehicle speed 

and highly frequent stops. As will be discussed later on, dense city traffic is also the 

driving pattern where some of the auxiliary systems are burdened the most. 

Consequentially, if the hybrid bus and start/stop function can manage dense city traffic, 

light city traffic or suburban traffic should not be an issue functionality-wise.  

 

3.1 Drive cycles 

For the simulations and calculations three drive cycles were used; SORT 1, SORT 2 and 

Braunschweig. SORT stands for Standardised On-Road Test Cycles and are pure 

synthetic cycles put together by the UITP Bus Committee [1]. They represent different 

types of traffic where SORT 1 represent heavy urban traffic, SORT 2 easy urban traffic 

and SORT 3 suburban traffic. By combining these three cycles the company can create 

their own driving cycle representing their typical vehicle operation. For these 

simulations only pure SORT 1 and SORT 2 cycles have been used. Their velocity 

profiles can be seen in Figure 4 and Figure 5 respectively. 

 

 

Figure 4. The SORT 1 drive cycle. Graph showing speed versus time. 

 

 

Figure 5. The SORT 2 drive cycle. Graph showing speed versus time. 

 

The Braunschweig drive cycle is an urban cycle with heavy accelerations and many 

stops. In contrast to the SORT cycles, this is a real recorded city cycle. It is often used 

for bus applications and is used by many motor test centres. Figure 6 shows the speed 

profile of this cycle. In the simulations and calculations made in this thesis no altitude 

data has been used, meaning that the road has been considered to be flat. In Table 1 

some characteristics of the three drive cycles are listed. The average speed and the stop 

frequency give a good indication of the traffic intensity and/or how closely the bus stops 
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are located. The three drive cycles were chosen as they represent the type of traffic 

where a series hybrid is the most beneficial and where the hybrid bus most likely will be 

used.  

 

Figure 6. The Braunschweig drive cycle. Graph showing speed versus time. 

 

Table 1. Characteristics of the three drive cycles. 

 Braunschweig  SORT 1 SORT 2 

Distance [m] 10880 520 920 

Duration [s] 1740 151 179 

Maximum speed [km/h] 58.2 40 50 

Average speed [km/h] 22.5 12.1 18.6 

Number of stops 29 3 3 

Total duration of stops [s] 441 60 60 

Average duration of stops [s] 15 20 20 

Time at standstill [%] 25 40 34 

Stop frequency [stops/km] 2.7 5.8 3.3 
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4 Scania series hybrid city bus 
Scania has a long history of working with hybrid propulsion technology. Since the 

1980s several different hybrid powertrains have been developed and tested. The vision 

has been to develop a sustainable system for urban transport where minimised 

environmental impact as well as improved service conditions have top priority.  

 

The result of this vision is a series hybrid powertrain with an internal combustion 

engine as primarily power source. It is designed to be able to run on different fuels such 

as diesel or ethanol. The hybrid powertrain have been incorporated in a hybrid concept 

bus which takes advantages of the flexibility of series configuration. Most of the 

powertrain components have been fitted in the rear module of the bus making it shorter 

and more compact without compromising on passenger capacity. More about the Scania 

hybrid concept can be found in literature [6].  

 

The hybrid system, that will reduce fuel consumption, noise and emissions, has also 

been installed in an existing product. A test fleet of Scania’s OmniLink city busses 

equipped with the same hybrid powertrain will be tested in regular traffic in the spring 

of 2009. This is a collaboration between Scania and Stockholm’s public transports (SL). 

In Figure 7 Scania’s different hybrid buses can be seen. 

 

 

Figure 7. Scania hybrid concept bus (left) and Scania OmniLink hybrid for SL regular traffic 

(right). 

  

4.1 Hybrid components 

The hybrid components that make up the hybrid powertrain considered in this thesis 

basically consist of a generator, electric motor, super capacitor module, resistor unit and 

power electronics and 650 volt grid, here referred to as DC-link. In Figure 8 a schematic 

picture of the hybrid powertrain can be seen. 
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Figure 8. Schematics of the series hybrid powertrain. 

 

This section will give a brief explanation to the different components. The engine is not 

considered here since its role in the powertrain will be explained in a later section. 

4.1.1 DC-link 

The DC-link distributes the electrical energy in the powertrain between the other hybrid 

components. The grid has a voltage level of 650 V. The DC-link can be fed with 

electricity from either the generator, the electric motor or super capacitor module. These 

components together with the resistor unit can also demand electric energy from the 

DC-link.  

4.1.2 Electric motor and generator 

The electric motor and generator is based on the transverse flux machine (TFM) 

technology. The generator is attached to the combustion engine crankshaft. The 

generator transforms mechanical energy from the engine to electrical which is feed to 

the DC-link. The electrical energy can then be used to propel the vehicle or to charge 

the energy storage. When the bus driver presses the brake pedal the propulsion motor is 

working as a generator and is braking the vehicle. The braking energy has to be 

absorbed in some way. It is used to charge the energy storage system; this is the concept 

of regenerative braking. Due to the series hybrid installation it would be possible to use 

the generator to crank the engine at restart or to rotate it at idling. Using the generator as 

a start motor could improve the engines start sequence and reduce the wear on the 

original starter motor. 

 

If the engine is turned off the generator is no longer able to provide electrical power to 

charge the energy storage. The motor is attached directly to the rear differential and is 

powered by electric power from the DC-link.  

 

Important aspects to consider are how much energy that is consumed during restart. The 

energy has to be taken from the energy storage. The super capacitors must be able to 

provide sufficient power to the electric motor for accelerating the bus from standstill 

and restart the engine by the generator. Engine cranking by means of the generator can 

not be done to the extent that the energy storage content is drained. It must be able to 

provide electrical power to the motor to accelerate the vehicle from standstill. 

 

Inverters control the electric power conversion to the motor and generator allowing for 

continuously adjustments to the torque and speed.  
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An engine model described in Appendix A was used to simulate engine cranking by the 

generator in Simulink. During simulations of the s/s strategy it was found that a start by 

means of the generator would consume approximately 5 Wh of electric energy, which is 

just a small fraction of the super capacitor energy when charged.  

4.1.3 Resistor unit 

The hybrid bus is also equipped with a resistor unit which primarily is replacing the 

functionality of the retarder. It is also used to stabilize the voltage level on DC-link. 

When braking during a longer period of time, for instance when going down a hill, the 

energy storage (super capacitor module) quickly becomes full and unable to absorb 

more of the brake energy. All “excessive” energy now has to be transformed to heat in 

the resistor unit in order to keep using the electric motor as a brake and relieve load 

from the mechanical brakes. 

 

The brake resistor is water cooled and high temperature can lead to coolant overheating. 

The temperature of the brake resistor should be monitored to ensure that there is no 

need for coolant flow before the engine is turned off. 

4.1.4 Super capacitors - Energy storage system (ESS) 

In this series hybrid powertrain, super capacitors are used as energy storage. They have 

some primary benefits that make them favourable to use in a series-hybrid city bus: 

 

 Superior service life. Super capacitors are designed for several million cycles. 

This means that the energy storage modules never need to be replaced during the 

lifetime of the bus. 

 High efficiency during charging/discharging. 

 High power density enables a high degree of regenerative braking and freedom 

of engine operation. 

 

Super capacitors have high power density but low energy density [10]. In a practical 

sense this means that a lot of power is available but little energy for every kg of energy 

storage. At high power output the state of charge will decrease rather quickly. 

 

The super capacitors have some favourable characteristics when it comes to monitor or 

estimate the SOC. The physical process in super capacitors results in a charge/discharge 

process that takes place at a non-constant voltage level. This means that the SOC is 

linked to the voltage. The SOC level is proportional to the square value of the voltage 

according to 

max
2

2

U

U
SOC  

(1) 

 

Where U  is the actual voltage and 
max

U  is the maximum voltage corresponding to 

when the super capacitors are fully charged. The energy content is given by 

2

2
UC

E  

(2) 
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 where C is the capacitance of the super capacitors. 

 

Super capacitors are normally not discharged deeper than 50% of the rated voltage, due 

to Faradic (irreversible) reactions for deeper discharge, which can be seen as a lower 

level for the corresponding SOC.  

 

To fully take advantage of the regenerative braking capabilities the super capacitors 

must be able to receive the energy. There is a target SOC value describing the desirable 

SOC level. The target value is set to make sure there is enough room to store 

regenerative brake power during deceleration. At standstill the super capacitors shall be 

close to fully charged to be able to provide power during acceleration [6]. This implies a 

restriction to the start/stop strategy. Start/stop shall not have a negative effect on the 

upcoming acceleration. The SOC must meet the specific target value. If the SOC during 

the engine stop decreases below a lower SOC limit the engine needs to be restarted to 

recharge the ESS. 

 

The extra energy needed to enable generator start are considered to be negligible since 

the 5 Wh of energy consumed during a start only makes up for a few percent of the total 

energy content. Hence there is probably no need to alter the energy storage system or its 

control strategy. 

4.1.5 Low temperature cooling system 

The electric motor, generator, super capacitors and inverters are sensitive to over 

heating and need to be cooled. This is done by a separate cooling circuit. The super 

capacitors are cooled by means of fans. In the current system the low temperature 

system is entirely electrically driven with an electrical coolant pump and electrical fans 

mounted to the low temperature system radiator placed on the roof of the bus.  

 

The low temperature circuit is powered by the 24 V grid. This means that there is no 

immediate impacts of s/s on this system as it temporarily can be powered by the battery 

only and thus maintain functionality. However, over time this would contribute to an 

increased risk of complete battery discharge since the added 24V load is of significant 

size. The impact on the battery will be discussed in the auxiliary systems section. 

 

4.2 Hybrid management system 

The control system in the series hybrid powertrain is called Hybrid Management 

System (HMS). HMS is in charge of the propulsion control of the vehicle including 

power handling and management of the powertrain. This includes among other things: 

 

 Engine and generator control, both torque and rotational speed control. 

 Drive mode selection control. 

 Vehicle speed, not the same as engine control. 

 Energy storage control, control of SOC. 

 Communication, interaction through the CAN network. 

 

The hybrid management system is a rule based control strategy developed to optimise 

the series-hybrid powertrain regarding fuel economy, emission, noise, driveability and 

powertrain behaviour. The rules that define the framework for the HMS are: 
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1. Propulsion motor power according to the driver’s demand. 

2. Braking power according to driver’s demand. 

3. Maximise electrical braking to store as much regenerative brake energy as 

possible. 

4. Maximise utilization of stored energy, i.e. reuse stored brake energy whenever 

accelerating. 

5. As much energy as possible directly from the EGU to the propulsion motor 

under normal driving conditions. 

6. Operate EGU on an optimal operation curve giving the best compromise 

between efficiency and emissions. 

7. Low engine speed and speed transients for low noise and engine shut-off at 

standstill. 

 

A consistent explanation of the rules can be found in literature [6]. The first two rules 

concern driver control of the vehicle and are critical in ensuring safe and consistent 

operation. Thus are these rules given a high priority and will override any other rule in a 

conflict. Some of the other rules may imply restrictions and trade off among them. 

 

The rule that most concern engine start and stop is rule number 7. Optimally s/s would 

contribute to fulfil this rule. However, a badly designed s/s function could actually 

counteract this rule. For instance, if the start/stop sequences are very noisy, the s/s 

function could worsen the overall noise experience. The noise level could also be 

influenced negatively if the energy storage is drained in a big extent during the stop. 

This would make rule number 4 hard to fulfil as there will not be sufficient energy to 

perform the following acceleration. 

 

During the strategy development process, great care was taken into not intervene with 

these rules. Especially rules 1 and 2 which underlines the importance of driver control. 

The rules only include propulsion and braking power but can be extended to also 

include driver control of other bus-functions such as steering and auxiliary systems 

functionality. 
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4.3 Engine and auxiliary systems 

This section aims to briefly describe the engine and the different auxiliary systems that 

are connected to the engine. Also the expected impact of s/s on the different systems is 

discussed as well as the limitations that these systems add to the s/s function. Figure 9 

shows a block scheme that illustrates the components that are directly connected to the 

engine or that would be secondarily affected by an engine stop. 
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Figure 9. Block scheme of the main components. 

 

4.3.6 Engine 

The engine commonly used in bus application at Scania is an in-line five cylinder nine 

litre engine, as the one show in Figure 10, operating according to the diesel principle. 

The fuels used today are diesel, ethanol and natural gas. In the present set-up of 

Scania’s series hybrid buses the ethanol-version of this engine is mounted. The 

maximum output power of this engine is 270 hp and the maximum torque is 1200 Nm. 

 

 

Figure 10. Illustration of a Scania 5 cylinder engine. 
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The lubrication of the moving parts in the engine is provided by oil which also is used 

for cooling specially exposed components inside the engine. Therefore, it is required 

that the oil pump can provide both a certain pressure and a certain flow in order to 

maintain a safe operation of the engine. The oil pump is directly connected to the engine 

crankshaft via a fixed gear ratio and the only active control is a pressure regulated 

bypass of oil internally in the pump which is active at high engine speeds. The oil is 

cooled by a separate oil cooler placed next to the water cooling radiator. 

 

The oil properties, e.g. viscosity, are strongly depending on temperature. This is one of 

the main reasons why the drag torque of the engine varies considerably with engine 

temperature. 

 

A potential problem that an introduction of a start/stop function would cause is an 

increased rate of engine wear. At the time when Lindbäck [9] performed his master 

thesis work a study of increased cylinder liner wear due to start/stop was started as this 

potential problem was brought to attention. During this study a slight increase in 

cylinder liner wear could be detected but unfortunately no exact conclusions on how the 

wear rate is affected by the duration of the stop could be done [11]. Consequentially, no 

conclusions on how the magnitude of engine wear will be affected at this point can be 

made but this should be a topic for future studies.  

 

However, the engine wear during engine start could be reduced by using the generator 

to crank the engine. In would also be beneficial to crank the engine to a speed higher 

than during normal starter motor cranking. Naeim A Henein [12] noted that the 

frictional losses for the first 10 cycles after a normal engine start is about 16% higher 

than the losses in the following cycles. The author suggests that this is related to that the 

lubrication regimes of the bearings, valve train and cylinder liner has not yet reached 

full hydrodynamic state when fuel injection/ignition it initialized. This results in metal 

to metal contact which in combination with the loads from the combustion would cause 

substantial material wear. The increased cranking speed would result in that 

hydrodynamic lubrication is achieved before the loads from the combustion are applied. 

  

Since the oil pump is mechanically driven, loss of oil flow and pressure will occur 

immediately as the engine is stopped. However, as the engine is stopped there is no 

need for further lubrication and the loss of cooling can be considered as a benefit as it 

facilitates to maintain a high work temperature until the engine is restarted. As the stops 

can be considered as short, the oil distributed inside the engine will not be drained to 

any big extent, meaning that the lubrication in the following start-up should in fact be 

considered as good. 

 

The risk of increased turbo wear has also been brought to attention. This risk would be 

increased turbo bearing wear as the oil could be drained from the bearing during the 

stop, meaning that the following start would be performed with insufficient turbo 

lubrication. However, according to Glaumann [13] at Scania CV AB, the risk could be 

considered as negligible as long as the duration of the stops is to be considered short. 

Normally, when the engine has been stopped for several hours, meaning that most of the 

oil has been drained from the turbo bearing, full lubrication is achieved within about 5 

to 10 s from engine restart. 

 



Scania series hybrid city bus 

 18 

Just as for passenger cars, the engine is water cooled. The cooling system basically 

consists of a water pump that makes the coolant circulate in the circuit, coolant radiator, 

cooling fan and a radiator tank that ensures that the coolant is distributed through the 

blocks. The water pump is driven mechanically by a gear or belt connected to the 

crankshaft of the engine [14]. 

 

In passenger vehicles and most trucks also the cooling fan is driven by a belt connected 

to the crankshaft. In common bus chassis layouts, where the engine is placed in the rear, 

this is not possible as the cooling radiator and fan are not placed in front of the engine. 

Instead a hydraulic drive system, consisting of a hydraulic pump, a hydraulic motor and 

a control valve, is used. The basic layout of this system can be seen in Figure 11. 

 

The engine is mechanically connected to the hydraulic pump. The latter drives the 

hydraulic motor that is mechanically connected to the fan. The relation between the 

hydraulic pump displacement [cc/rev] and the hydraulic motor displacement [cc/rev] 

represent the maximum gear ratio of the pump/motor. The bypassing valve controls the 

oil flow in the circuit. Lower speed of the hydraulic motor is achieved by opening the 

valve [14]. 

 

Both the fan and the water flow are automatically controlled in order to keep the engine 

temperature in a correct level. If the engine temperature is indicated by the sensors to be 

below a certain level, valves redirect the flow so that the water recirculates without 

passing the radiator and thus keeps the heat inside the system which will allow the 

engine temperature to rise. If the engine temperature on the other hand is too high, the 

flow is directed to pass the radiator and the fan speed is increased. 

 

Figure 11. The hydraulic driven fan used in Scania’s buses 
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As the engine is turned off the cooling water will cease to circulate. This could cause a 

risk of local boiling, with severe damages as result, if it is not made sure that the 

temperatures of all components located in the cooling circuits are below a certain level. 

The high temperature system is designed to keep the engine temperature at a level 

between 70 and 80
o 

C. In general, the engine temperature is slightly lower in the city 

bus application than in the other heavy vehicles. According to Lindbäck [9] the engine 

and the cooling system are designed to withstand engine shutdown up to 115
o 

C, 

meaning that during normal operating conditions, s/s can be performed without any 

danger of over-heating.  

 

As mentioned previously, the influence of the brake resistor on the cooling system also 

has to be taken into account, preferably by monitoring the brake resistor temperature. 

 

It would also be beneficial to define a lower engine temperature limitation for when s/s 

should be performed. This limit should make sure that the restart is to be considered as a 

warm start which is beneficial in terms of reducing engine wear, emissions and engine 

start fuel. In addition, since engine friction is strongly dependent on temperature, the 

start procedure by means of the generator might no longer be optimal if the engine 

temperature is too low. As the engine is stopped, causing the coolant flow to cease, the 

temperature estimations made from coolant water temperature sensors will no longer be 

accurate. However, due to the mass and material of the engine the thermal resistance is 

high, meaning that the engine temperature during the stops can be considered as fairly 

constant as the stops are relatively short. 

 

Lindbäck [9] also performed a study of the engine start-up time. Several starts were 

performed on a truck equipped with a 9 litre five cylinder engine and a conventional 

starter motor. The engine temperature was maintained between 70 and 80
o 

C. The start-

up time varied between 1.4 and 1.7 s. This is considered as an aim for the performance 

of the start by means of the generator. If possible an even shorter start-up time would be 

preferable in order to maintain vehicle response. 

 

4.3.7 Starter motor 

The starter motor in Scania’s vehicles is designed to have a lifetime equal to the one of 

the vehicles. As discussed by Lindbäck [9] the introduction of a start/stop function for 

long haulage trucks would increase the number of starts by 2-3 times. The starter motor 

wear is dependent of cranking time, which in turn is dependent on engine temperature. 

As the additional starts in general would be warm starts the starter motor wear would 

not be accelerated by the same factor as the increase in number of starts. Lindbäck [9] 

estimates that the starter engine would need to be replaced once during the truck 

lifetime if automatic start/stop is introduced. 

 

In the city bus application of start/stop the increase of starts would however be 

substantially larger. This is exemplified with bus route 64 in Gothenburg. Some 

characteristics of the route are presented in Table 2 [15]. Today the engine is only 

turned off during the breaks in between the routes. If start/stop would be introduced and 

utilized at every bus stop the total number of engine starts would be increased by a 

factor 22. The start/stop frequency would be 1.3 stops/km, which can be seen as fairly 

low. 
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Table 2.  Calculation of the expected increase of engine starts due to s/s, evaluated for bus route 64 

in Gothenburg. 

Route distance 16 km 

Number of bus stops 21 

Number of routes (per bus and day) 18 

Engine starts 18 

Engine starts with start/stop 369 (or a factor 22) 

 

Consequentially, start/stop by means of the conventional starter motor is not to be 

considered as realistic. Partly because of the increased lifetime cost for the bus operator 

due to the need for frequent starter motor changes but even more due to reliability 

issues. A bus that frequently needs service and therefore would have a reduced uptime 

is not attractive to bus operators. 

 

Besides the potential gains in form of noise reduction and start fuel consumption this is 

another strong motivation to why the starts should be performed by means of the 

generator. If the conditions are not suitable for a generator start, the standard starter 

motor should be used as backup. Such conditions could be low engine temperature or 

super capacitor malfunction. During a normal workday without errors the starter motor 

would only be used at the first start of the day and after any long break when the engine 

temperature has decreased outside the “hot start window” and/or the super capacitor 

SOC is low. 

4.3.8 Interior climate systems 

There are basically two different systems that control the interior climate of the bus; the 

heater system and the air condition system. 

 

The heater system, shown in Figure 12, uses heat from the water in the engine cooling 

system to warm up the passenger compartment. The water is circulated through the 

pipes located along the inside of the bus. By means of convectors placed at the bus 

walls the heat is emitted to the passenger compartment air. The driver area has a 

separate circuit connected in parallel to the passenger circuit. If necessary, the driver 

can temporarily turn off the passenger circuit in order to quickly heat up the driver work 

area, including the big windscreen. The heater system is mainly necessary during 

conditions when the ambient temperature is low, i.e. during Nordic winter. Although 

there is an additional pump used to circulate the water in the heater circuits the flow of 

heated water from the engine would stop as s/s is performed. The reason is that the main 

water pump is driven mechanically by the crankshaft. In addition, as s/s is performed, 

the heat production by the engine will temporarily cease. 
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Figure 12. Basic layout of the interior heating system. 

 

The air conditioning system is used to control the temperature and humidity inside the 

bus cabin and is mainly used during warm conditions to keep the interior climate cool. 

In the current Scania hybrid bus configuration, the AC system is restricted to only 

include a driver AC. This AC only cools the area around the driver in order to maintain 

an acceptable work climate. The power consumption of a driver AC is considerably 

smaller than a full-bus AC system but is still to be considered as one of the largest 

consumers among the auxiliary systems. 

 

A central component of the AC system is the compressor which is mechanically driven 

by the engine crankshaft. The compressor is used to create a pressure difference 

between the evaporator and condenser side of the coolant loop in the AC-system, 

allowing the coolant fluid to circulate in the AC system and providing the 

thermodynamic possibilities for an efficient heat exchange. Figure 13 shows the basic 

principles of and AC unit. The coolant (gas) releases heat to the surroundings in the 

condenser (at the higher pressure side) at the same time as it is condensed. When 

pressure is released via the expansion valve, the coolant (now liquid) is ready to accept 

heat again, while evaporated in the evaporator. The compressor is typically connected to 

the crankshaft of the engine via belt transmission and electro mechanical clutch. Often 

the AC system is on/off controlled via this clutch [10]. 
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Figure 13. Schematic of the Air condition functionality. 

 

Since the AC-system is driven directly by the engine, the impact of a start/stop function 

could have a substantial impact on driver comfort and working conditions. If the engine 

is completely shut down during a stop then so is the AC-system. In inner city during a 

warm and sunny summer day this could in fact be a problem. Depending on the amount 

of time at standstill with the engine at off-mode the inside temperature of the bus might 

reach unbearable levels.  

 

The interior climate might become an issue if s/s is introduced. The extent of the impact 

is highly dependent on ambient climate and s/s duty cycle. In hot or cold climates, 

where the difference between the interior and ambient temperature is big, i.e. when the 

duty cycle of the interior climate systems needs to be high, the s/s would have a clear 

negative impact. It might therefore be necessary to include a function that monitors the 

interior and exterior temperature and restricts the s/s duty cycle. For some geographical 

areas with extreme climate it might actually be unsuitable to adapt a s/s function. 

Therefore, further studies of the impact on interior climate are suggested. 

 

4.3.9 Pneumatic system 

In heavy vehicles such as trucks and buses pneumatic systems are used for a few 

different applications. In buses there are four main consumers: 

 

 Door opening/closing system 

 Service brake system 

 Parking brake system 

 Air suspension system 

 

Examples of other minor consumers are air leakage, driver seat adjustment and 

actuators. The pneumatic system is also used in applications such as EGR (Exhaust gas 

recirculation) valve control and operation of other engine valves [14]. 

 

The pneumatic suspension system isolates the bus chassis and body from the bumps in 

the road. It also includes a level control system which maintains the bus at a constant 

level regardless of load. The system also holds a kneeling function which can lower the 

front boarding step, the whole side or the entire front of the bus in order to ease 

passenger boarding. Currently, the lowering movement starts when the kneeling switch 
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is pressed by the driver, but as the demands on accessibility are increased, automatic 

kneeling might be mandatory. Kneeling will then be performed automatically when the 

doors are opened. The largest drawback with the pneumatic suspension is the efficiency. 

Pressurised air is released during the lowering phase. To raise the vehicle again the 

suspension is filled with new air from the compressor [14]. 

 

The doors of the bus are pneumatically operated by double acting control cylinders. The 

action of the piston is transmitted to the door leaf. Alternating pressurization and 

depressurization of the two cylinders opens and closes a door.  

 

Most commercial vehicles use pneumatic brake systems where the brake cylinders are 

actuated by means of air pressure. However, laws require that there is a secondary 

brake/emergency brake that can be applied even if the air supply system would fail. The 

parking brake also is required to have a mechanical lock in applied position in order to 

prevent the vehicle from unwanted movement if air leakage would occur. This is solved 

by having a spring that applies the combined parking and emergency brake and release 

them by compressing the spring by means of the pneumatics. If the air pressure in the 

brake system for some reason would decrease to a far too low level, the compression 

force on the spring would decrease and the brakes are automatically applied. 

 

The air supply system basically consists of: air compressor, air cooler, air dryer, and air 

tanks. Some of the components can be seen in Figure 14. The figure illustrates a truck 

but the components are basically the same on a bus. 

 

The air compressor is driven directly by the crankshaft via a mechanical gear and is 

on/off controlled by the APS (Air Processing System) control unit. On/off is triggered 

by the actual system pressure or by request sent by the electrical levelling control (ELC) 

system. Normally the goal pressure is 10.5 bar. If the pressure drops below 10 bar the 

compressor is activated. When the pressure has reached 11 bar it is turned off. The 

compressor request from the ELC system is mainly a preparative action. As kneeling is 

initiated and air is released as the bus is lowered, new air will soon be needed to re-raise 

the bus. 

 

 

Figure 14. Some of the components of the pneumatic system: 1) Brakes, 2) Electronic control 

system, 3) Valves, 4) Air dryer and 5) Compressor. 
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The air cooler is used to cool the air back to ambient temperature after it has passed 

through the compressor. The air also has to be dried and cleaned in order to protect the 

entire pneumatic system from freezing and internal corrosion. This is made by leading 

the compressed air through the air dryer before it is distributed into the different 

circuits. The air dryer is basically a small tank filled with desiccant which absorbs the 

moist from the air. As a large amount of air is dried the desiccant will become saturated 

and regeneration is necessary. Regeneration is done by blowing some of the compressed 

air back through the desiccant, bringing the moisture out into the open via a relief valve. 

  

The air is distributed into the different tanks by a four-way valve. This valve also is a 

safety feature that in case of leakage in any of the circuits prohibits pressure loss in the 

others. It also protects the circuits against high pressure from the compressor. 

 

There are however times when the compressor is controlled in a slightly different way. 

If the load on the pneumatic system is high i.e. the system consumes a lot of air, the 

APS enters a high consumption mode, also referred to as the bus mode. In this mode 

compressor actvity and regeneration is suppressed under certain circumstances [16].  

 

When the engine speed is above 800 rpm, driving is detected. Lower than 800 rpm, 

standstill is detected. While driving, compressor actvity is prioritised and the pressure is 

allowed to increase up to 11.6 bar. Regeneration is then suppressed until 11.6 bar is 

reached. At standstill, regeneration is allowed down to 9 bar and compressor actvity is 

suppressed until the lower limit is reached. Intermediate regeneration is suppressed in 

bus mode. However, due to the engine operation of the series hybrid, this mode is not 

suitable to utilize. Since the engine often is kept quite constant at idle speed, the driving 

detection (800 rpm) of the bus mode will seldom be fulfilled. 

 

The obvious impact of s/s would be the loss of possible charge-time since the 

compressor cannot be active while the engine is off. In order to make a complete stop 

without interruptions it would be preferable if there was sufficient air pressure in the 

tanks before the engine shut down. 

 

Performing s/s at a bus stop where the parking brake is engaged and disengaged, all 

doors are opened and closed and the whole side of the bus is kneeled and raised can be 

seen as a “worst case”. Then about 300 l of free air will be consumed which represent a 

pressure drop of 1.8 bar in the current set up with a total tank volume of 165 l. A 

pressure drop below the law regulated limit of 9 bar would result in a compressor active 

request and thereby engine restart. 

 

However, the air consumption during a bus stop would be distributed over different 

phases of the stop with the biggest consumption at the end of the stop when the doors 

are closing, the bus is raised to normal level and brakes are released. The low pressure 

limit would therefore normally not be reached until the end of the stop and would thus 

not cause a too early restart of the engine. The potential problem would instead be a 

reduced performance of the bus level increase. 

 

Another possible obstacle is the compressor capacity. As mentioned, s/s will reduce the 

possible compressor active time. In addition the input air flow from the compressor in 

average would be lower than for a bus with conventional powertrain. This is due to the 
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low mean speed of the engine in the series hybrid. From the simulations it can be noted 

that the engine speed in the series hybrid is relatively low compared to a similar engine 

in a conventional powertrain.  

 

A method to estimate if the compressor capacity is sufficient a time requirement 

calculation was made:  

 
kmregenechoff

tttt
arg

 (3) 

Where 
off

t is the total duration of the stops (engine off),
ech

t
arg

 is the time necessary to 

recharge the air, 
regen

t  is the time necessary to regenerate the air dryer and 
km

t  is the 

time it takes to travel 1 km given the specific driving pattern. 
ech

t
arg

 and 
regen

t  are 

calculated from the number of stops, the amount of air consumed during each stop and 

the air flow. Equation 3 states that the time necessary to charge and regenerate for each 

km can not exceed the total time it takes to travel this distance. The engine off-time 

tightens this condition further since no air can be charged during this time. 

 

For the time requirement calculation the input flow is taken from tabulated air 

compressor data. A simplification is made that the engine speed is constant at idle 

speed. As seen from the drive cycle simulations this should be a sufficient 

approximation of engine speed of the hybrid bus. The output air flow during 

regeneration is approximately 50 l/min according to Neuman [17]. The amount of air to 

regenerate is approximately 10% of the input air. Accordingly, the amount of air have to 

cover both the consumed air and the air necessary for regeneration. 

 

However, a new APS mode could be developed in order utilize the time in a more 

efficient way. In this “hybrid mode” regeneration would, in an as big extent as possible, 

be performed during the engine-off time. This would leave more time to be available for 

charging and the limit for maximum s/s frequency can be increased while the standard 

hardware is kept. According to the calculations, 
regen

t  always is bigger than 
off

t . 

Maximum time efficiency would be achieved if regeneration was performed during the 

entire stop. Consequentially the new condition would be: 

 

kmregenech
ttt

arg
 (4) 

 

This is also visually illustrated in Figure 15 where the potential of a new APS mode can 

be seen.  With the “hybrid mode” a higher s/s frequency would be allowed. However, as 

the regeneration produces some noise, this could disfavour the noise reduction 

ambitions by means of the s/s function. 
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Figure 15.  Time requirement for the APS system sequences during driving.  

 

Table 3 to Table 5 show the results from the calculations for different air consumption  

for each stop and stop frequencies. Yes/No indicates whether the equations (3) and (4) 

are fulfilled and thereby allows s/s. At an air consumption of 300 l/stop the highest 

achievable s/s frequency will be 2 stops/km with the current set up. By adopting the 

“hybrid” APS mode this frequency can be increased to 2.5 stops/km. The driving 

scenario is assumed to be according to the SORT 1 cycle with an average speed of 12.1 

km/h and a engine almost always close to idle speed.  

 

In order to increase the s/s frequency to 3 stops/km further actions have to be made. A 

reduction of the air consumed during the stop has a substantial impact. By reducing the 

amount air necessary to 250 l/stop and take use of the new APS strategy 3 stops/km can 

be achieved. In order to reach this frequency with the current air supply system and 

APS control the air consumed during a stop can not exceed 200 l. Perhaps this can be 

done by restricting the use of the kneeling function, which by far is the single biggest air 

consumer, to only the really necessary situations.  

 

Table 3. Time condition fulfilment. 300 l/stop air consumption. 

300 l/stop 

 Sufficient charge time (Yes/No) 

   Stops/km  2  2.5  3  3.5 

           

With current APS strategy  Yes  No  No  No 

           

With "hybrid" APS strategy  Yes  Yes  No  No 

           

 

Table 4.  Time condition fulfilment. 250 l/stop air consumption. 

250 l/stop 

 Sufficient charge time (Yes/No) 

   Stops/km  2  2.5  3  3.5 

           

With current APS strategy  Yes  Yes  No  No 

           

With "hybrid" APS strategy  Yes  Yes  Yes  No  

           

 

Charge Off 

Charge 

Off 

Regen. 

time km
t  

high s/s frequency 

high s/s frequency, 

“hybrid mode” 

Charge Off Regen. low s/s frequency 

Regen. 
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Table 5.  Time condition fulfilment. 200 l/stop air consumption. 

200 l/stop 

 Sufficient charge time (Yes/No) 

   Stops/km  2  2.5  3  3.5 

           

With current APS strategy  Yes  Yes  Yes  No 

           

With "hybrid" APS strategy  Yes  Yes  Yes  Yes 

           

 

Another method to restrict the air consumption would be to replace some of the 

pneumatically actuated systems with electro-hydraulic versions. As investigated by 

Andersson [14] this also would contribute to an additional reduction in energy/fuel 

consumption. This solution is however not realisable in a near future as the reliability 

and the additional cost need to be investigated. 

 

4.3.10 Hydraulic power steering system 

The power steering system assists the driver when steering. It provides extra steering 

force that helps the driver to overcome the resisting forces from the wheels when 

turning. In passenger cars these resisting forces can be considered relatively small and 

power steering is rather a measure to increase driver comfort than a real necessity. In 

heavy vehicles, such as buses, on the other hand, the resisting forces is to be considered 

as large and a power steering system is necessary in order to control the vehicle, 

especially at low speeds. This is mainly due the significantly higher axle loads and tire 

size of the heavy vehicles.  

 

The power steering system in Scania’s vehicles, just as most conventional heavy-duty 

vehicles on the market, is hydraulic. The system consist of three main parts; a hydraulic 

pump that delivers the oil flow, a steering gear with piston for hydraulic actuation and a 

control valve that controls the oil pressure in the piston. 

 

The pump is of constant displacement type, designed to deliver full oil flow required by 

the system at engine idle. It is driven mechanically by the crankshaft of the engine. 

Since the flow is linearly dependant of speed, the flow has to be restricted at high speed 

by a flow control valve. This valve is a three way valve that shunts all recess oil back to 

the reservoir [18]. 

 

The steering gear, shown in Figure 16, is of recirculating-ball type where the forces 

generated between worm and steering nut are transmitted via low friction recirculating 

row of balls. The steering nut acts on the steering shaft via gear teeth. 
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Figure 16.  Typical layout of the steering gear. 

 

The control valve is the control unit of the power steering system. It consists of a 

number of small orifices that is cut out in the spool and body of the valve. When the 

torsion bar angular displacement is zero, all oil is directed back to the reservoir. 

However, turning the steering wheel changes the area of the orifices, redirecting the 

flow. Thus the pressure is increased in one of the chambers resulting in a force acting on 

the piston.  

 

The Scania hybrid bus is in addition equipped with a steered tag axle positioned behind 

the drive axle. It is hydraulically controlled by a separate circuit. The tag axle hydraulic 

system is completely separated by from the ordinary steering. 

 

The most obvious impact on this system is the risk of insufficient steering power that 

could occur if the engine is at standstill when the bus takes off from a bus stop or red 

light. This could cause disturbing time delays before every take off, or even worse, 

become a safety issue if the driver no longer is guaranteed full control of the vehicle. 

 

In order to cope with these safety and comfort issues it is suggested that engine shut 

down only would be allowed when the bus is at standstill. This reversely adds the 

demand that the bus after a stop cannot move until the engine is started. Optimally this 

would not become an issue as the engine start should be triggered early enough to have 

the engine up and running when the bus takes off. When performing s/s at bus stops this 

would be realistic as there currently is a time delay when closing the doors. 

 



Scania series hybrid city bus 

 29 

There are other situations when the start would not be triggered as early. For instance 

when the parking brake is engaged by the driver but there is no activity by the doors. If 

the release of the parking brake is the only indication that the driver intends to take off 

there is very little time to start the engine. In a situation like that it would perhaps be 

necessary to take note of the drivers request but to maintain the parking brake active 

until the engine is started. Otherwise there would be a risk that the bus starts to roll 

without sufficient steering assist. 

 

In this case a time delay from when the driver demands parking brake deactivation to 

when the brakes actually are deactivated would be inevitable. However, as considering 

the situations when this would occur, it would probably not be a disturbing behaviour. 

The intention with having the parking brake as a trigger is to capture the situations 

outside the range of regular traffic, for instance a driver break. 

 

The s/s strategy was developed taking these restrictions into account. As a future 

measure to widen the range of use for the function an alternative power steering system 

could be installed. By using a steering system that is not directly connected to the 

engine, i.e. an electric steering servo, the vehicle standstill requirement can be 

disregarded.  

4.3.11 24 V system 

The electric system has a voltage of 12 V in small cars and 24 V in most commercial 

vehicles. In the series hybrid driveline the propulsion power is provided by the 650 V. A 

conventional 24 V system is still used in order to drive the control units, the starter 

motor and electrical auxiliaries. In the hybrid bus also the low temperature cooling 

system is powered by the 24 V system.  

 

The 24 V power in the series hybrid buses is provided by two standard alternators driven 

by the engine crankshaft via belt transmission. The maximum current from the 

alternators is 300 A (150+150). At idling speed the charging capacity is about 50%. A 

major drawback with the alternators is the efficiency, which can be as low as 50% [14]. 

 

 The 24 V energy storage consists of two 12 V batteries connected in series. The 

capacity of the batteries is 220Ah. 

 

The capacity of the 24 volt system is a potential limitation to the start/stop strategy. The 

load on the system is rather high. In Appendix B an estimation of the 24 V power 

consumptions for the different systems can be seen. Normally in a city bus without AC 

the 24 V loads can consume up to 3 kW. Additionally, the fans for the low temperature 

cooling system and super capacitor cooling together with an electrical pump adds an 

additional load of approximately 1 kW. Consequentially, the overall load on the 24 V 

system in worst case can be up to 4 kW. There is a risk of drained battery if it is not 

made sure that the charge-discharge trend over time is kept positive. 

 

In order to make the start/stop function go by as unnoticeable as possible to the 

passengers the electric auxiliaries such as internal and external lights, fans, radio etc, 

should not be affected by an engine stop. This means that the 24 V load needs to remain 

high while the input power supplied by the alternator will temporarily cease. 

Consequentially a battery discharge is inevitable. 
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Another factor that will have an impact on the charge trend is the engine speed, which 

the alternator capacity is strongly related to. Since the average engine speed is lower for 

the hybrid bus than for a conventional bus, so will also the alternator capacity be. As 

mentioned, the alternators have a maximum capability of 300 A, but the achievable 

output current is directly related to the engine speed. At idling speed the charging 

capability is roughly 150 A at best while the maximum capability of 300 A can be 

achieved only for engine speeds above 1000 rpm. 

 

In order to estimate how the duty cycle of s/s would be restricted by the high 24 V load 

a simple charge trend calculation was made. It is based on a simple charge balance: 

Charge trend 

T

outin
dtII

0

)(  

(5) 

Where the output current is corresponding to the constant 24 V load and the input 

current is calculated from simulated engine speed and an alternator capacity curve. The 

alternator capacity curve describes output current as function of engine speed and was 

interpolated from an alternator table supplied by the manufacturer. The alternators are 

assumed to operate at maximum possible capability. 

 

Engine stop was simulated by setting the input current to zero during times when the 

vehicle was at standstill and maximum stop time was not reached. The highest possible 

s/s duty cycle for each drive cycle was calculated by tuning the maximum stop time 

limit so that the charge trend after a complete cycle would equal to zero as shown in 

Figure 17. This implies that the s/s duty cycle should be kept lower than the calculated 

one in order to achieve a positive charge trend of the battery. The s/s duty cycle is then 

defined as the maximum possible stop time divided by the total standstill time (v = 0) of 

the driving cycle: 

100

.

max.

totstop

stop

t

t
D  

(6) 

 

Battery losses were included by using a rule of thumb to increase the output current 

during the engine stops. The rule of thumb states that in order to get 1 Ah out of the 

battery 1.3 Ah has to be charged [9]. 
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Figure 17. Example of charge trend estimation. In this case for a SORT 2 cycle with 4kW electric 

load and the engine stop time limited to 65 %. 

 

The calculation was made for 3.5 kW and 4 kW load. The results are shown in Table 6 

and Table 7 the tables the corresponding start/stop frequencies are also presented. This 

corresponds to the maximum frequency of complete start/stop that can be achieved for 

the specific driving pattern and 24 V load. The frequency is calculated by simply 

multiplying the s/s Duty cycle with the total stop frequency of the cycle. 

Table 6. Calculated upper s/s duty cycle limits that maintains positive battery charge trend at 3.5 

kW load.  Also the corresponding frequency of complete s/s for the specific driving cycle is shown. 

Driving cycle Duty cycle [%] s/s frequency [stops/km] 

SORT 1 66% 3.8 

SORT 2 88% 2.9 

Braunschweig 100% 2.7 

 

Table 7. Calculated upper s/s duty cycle limits that maintains positive charge trend at 4 kW load.  

Also the corresponding frequency of complete s/s for the specific driving cycle is shown. 

Driving cycle Duty cycle [%] s/s frequency [stops/km] 

SORT 1 45% 2.6 

SORT 2 65% 2.1 

Braunschweig 93% 2.2 

 

 

Note that the duty cycle should be interpreted as a fraction of the total stop time that can 

be utilized for start/stop given the specific driving pattern, not as fraction of the total 

drive cycle time. To calculate the possible engine off fraction of the total time duration 

for this duty cycle, the duty cycle has to be multiplied with the total stop fraction of the 

drive cycle. This is exemplified by the SORT 1 drive cycle at 3.5 kW load: 
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In this calculation no battery dynamics has been included. It is very likely that these will 

have a significant impact in the start/stop application. As the battery will be alternately 

charged and discharged in a relatively high frequency the chemical processes within the 

battery will add additional limitations. For more accurate battery calculations further 

studies are necessary. Such studies are however outside the range of this thesis. The 

possible s/s frequencies presented in Table 7 can however be considered as an 

estimation sufficient for this work. 

 

The cycling depth of the batteries, in other words how much the magnitude of the state 

of charge is varying, is also of big importance. The rate of battery aging is heavily 

accelerated if they are cycled to deep. The consequence will be a reduced ability to 

charge and discharge. As seen in the duty cycle calculations, the cycling depth of the 

battery during a 20s stop would be approximately 1 Ah, which only is about 0.5 % of 

the total battery capacity. This relatively low magnitude of cycling implies that 

accelerated battery wear should not be a big issue. 

 

From Table 7 it can be seen that the highest possible s/s frequency in city traffic would 

be approximately 2 stops/km in order to not drain the batteries. This is when the average 

duration of the stops is about 20 s. This is definitely within the operating range and 2 

stops/km could easily be exceeded during normal operation. If no system alterations are 

made to increase this limit a s/s restriction has to be included in the s/s logic in order to 

maintain vehicle reliability. 

 

This can be performed by implementing a limitation on the engine off-time or adapting 

a duty cycle that only allows start/stop at part of the stops. These can in the simplest 

way be predefined based on empirically extracted battery properties and battery loads. 

Another method would be to continuously calculate the state of charge by means of a 

current measurement gauge, similarly to the method described by Lindbäck [9].  

 

System modifications that would increase the possible s/s frequency could be to 

decrease the overall 24 V load and/or to increase in alternator capacity. A slightly 

increased alternator/crankshaft speed ratio would increase the input capacity. This 

however brings additional battery performance demands. Another more promising 

method would however be to replace the alternator and the 24 V batteries with a dc-dc 

converter and utilize dc-link power. This is far more efficient than the conventional 

alternator but also more expensive. 

4.3.12 After treatment system 

Combustion optimisation and EGR are effective ways to deal with the emissions but as 

the demands from laws and regulations become harder to fulfil, additional exhaust gas 

after treatment systems become necessary. After treatment systems currently used at 

Scania are catalysts and PM-filters. 

 

Exhaust gas-recirculation (EGR) is utilized by Scania in order to reduce NOx –

emissions. This means that cooled exhaust gases are conducted back into the 

combustion chamber. This reduces the peak combustion temperatures and thereby 
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reduces the formation of NOx. The amount of recirculated exhaust gas is controlled by a 

valve depending on engine operating point. The Scania engine is equipped with an EGR 

cooler which reduces the temperature of the exhaust gas before it is reinserted into the 

combustion chamber. 

 

At Scania the two types of catalysts used are oxidation and selective catalytic reduction 

(SCR). Oxidation catalysts are traditional catalysts while SCR catalysts use urea to 

convert NOx to nitrogen and water. They both have in common that they are most 

efficient at high temperatures. Typically the oxidation catalyst should run at 

temperatures over 150°C and the SCR-should be over 200°C. Since idling exhausts are 

relatively cold, catalysts are cooled faster during idling than when the engine is off. This 

effect is so tangible that extra fuel is purposely used during idling to keep the SCR-

catalyst warm. 

 

There are two types of PM-filters; full and half. The filters, just like the catalyst, works 

better when warmer. It is generally thought that the half filter should be over 250ºC 

approximately half of the time. Full filters, on the other hand, do not have an “over 

250ºC rule of thumb” since they are flooded with fuel to combust the PM when the filter 

is considered full. However, the warmer the full filters are, the better they work and the 

slower they fill up, reducing the frequency that fuel would need to be used [9]. 

 

A positive effect of start/stop is the fact that the temperature of the after treatment 

system is kept high as the engine is turned off. When the engine is at idle, and 

consequently pumps relatively cold exhaust gases trough the system, the temperature 

drops much faster. In a test performed by Lindbäck [9] the temperature of a PM filter 

was measured over time. First when the engine was turned off and then when the engine 

was left at idle. Figure 18 shows the results from this test. From the linear 

approximation of the two curves it can be noted that the temperature decreases almost 

ten times faster when the engine is left at idle. A start/stop function would accordingly 

contribute to obtain a higher mean-temperature and thereby a higher efficiency of the 

after treatment system. 

 

 

Figure 18.  The cooling of the full PM filter during idling and when the engine is off [9]. 
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Generally, the after treatment efficiency is very poor during idle, partly because of the 

temperature dependency mentioned above, but also due to the fact that the turbo no 

longer can provide as much excessive air which heavily reduces the catalyst efficiency 

[19]. 

 

In order to perform smooth starts and stops, engine dragging by means of the generator 

might be utilised. This could cause excessive cooling of the after treatment system as 

the gas passing through would consist entirely of air. However, this can easily be 

counteracted by closing the exhaust brake valve and fully open the EGR valve, resulting 

in a closed loop of recirculating exhaust gas. According to Stenlåås [19], engine 

dragging test has been performed during cold Swedish winter conditions where this 

method was used. During this test no substantial cooling of the after treatment systems 

could be noticed even though this could be seen as the worst case scenario. 

 

Although excessive cooling of the after treatment systems during engine dragging can 

be prevented, there still is a risk of lowered temperature in the faces of the combustion 

chamber which could have an impact on the emissions during the next start. 

 

At present no PM filter is used in the series hybrid buses, but in case of a future use of 

(full) PM filter, adaptations in the start/stop strategy might be necessary to take into 

consideration. It is possible that engine stop during ongoing active PM filter 

regeneration can bring new risks such as uncontrolled and hazardous temperature spikes 

that even might become a safety issue. 

 

 



Theoretical start/stop evaluation 

 35 

5 Theoretical start/stop evaluation 
This section describes a theoretical evaluation of minimum stop time, fuel savings and 

emission reduction potential. As future work, when the s/s strategy has been sharpened 

and implemented in a complete version, these evaluations can be practically validated.  

 

5.1 How long a stop have to be 

A calculation was made to approximate minimum stop duration. Minimum duration is 

defined as the time the engine needs to be turned off in order to make up for the cost of 

an engine start. This is the break-even limit meaning that any engine-stop longer will 

save fuel and any shorter will consume more fuel than regular idle would. To break 

even the following equation must be fulfilled: 

 

offoffstartoffidle
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Where 
start

m  is the fuel needed to start the engine, this includes the fuel needed to 

accelerate the engine and fuel that represents the energy taken from the starter battery. 

saved
m  is the amount of fuel saved for every second of engine-off. It is calculated as the 

difference between the idle fuel consumption 
idle

m  and the equivalent fuel consumption 

when the engine is off 
off

m . The equivalent fuel consumption represents the fuel needed 

to recharge the energy taken from the 24 V battery during the stop and needs to be 

recharged afterwards. The conversion from electric energy to an amount of diesel was 

made using the scale-factor derived by Lindbäck [9]. The factor states that 1 kWh 

electric power corresponds to 450 g of diesel fuel. This includes alternator and battery 

efficiencies. 

 

The start cost consist of the start fuel consumption, which is the fuel needed to 

accelerate the engine from cranking speed to idle speed, and the start battery energy 

consumption, which mainly is the energy used by the starter motor. Initially, the start 

costs measured by Lindbäck [9] were used to represent conventional starter motor start.  

 

An estimation of the idle consumption was made based on the torque-based fuel 

consumption model presented by Lindbäck [9]. The model is further presented in 

Appendix C. The high load on the 24 V system was included by increasing the torque 

needed to power the alternators. This torque T was derived from: 

TP
mech

 (10) 

Where  is the engine speed and 
mech

P  is the resulting mechanical power which was 

calculated as: 
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(11) 
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Where 
24

P  is the electric power and 
alt

 is the alternator efficiency. The necessary 

torque to power the alternators can now be derived as: 

engalt

alt

P
T

24
 

(12) 

At 4 kW load on the 24 V system the idle fuel consumption was calculated to 770 mg/s. 

The 4 kW load is assumed to be constant during driving as well as during the stop. The 

power consumption during the stop has to be included in the calculations since it would 

result in a battery discharge that has to be compensated for by means of fuel after the 

stop. The power consumption during the stop can be represented by an equivalent fuel 

consumption.  

 

The assumption that the alternator load is constant during driving is a simplification. In 

reality this load will vary with 24 V load and battery state of charge. For this purpose a 

constant load should however give sufficient accuracy. The mechanical loads from the 

other auxiliary systems are estimations and are also given as constants. 

 

Table 8 shows the calculation result corresponding to start/stop performed by means of 

the conventional starter motor. The Idle fuel consumption was calculated with the 

torque-based model mentioned above. Start fuel and start battery energy consumption 

data was taken from the start test performed by Lindbäck [9]. 

 

Table 8. Minimum stop time, calculation inputs and results. s/s performed by means of the 

conventional starter motor. 

Idle fuel consumption [g/s] 0,77 

Engine off power consumption [kW] 4,0 

Engine off power consumption , equivalent fuel consumption [g/s] 0,50 

Start fuel consumption [g] 0,7 

Start battery energy consumption [Wh] 2,1 

Start battery energy consumption, equivalent fuel [g] 0,94 

Fuel saved at stop [g/s] 0,27 

Total fuel needed for start [g] 1,64 

Minimal stop time to break even [s] 6,1 

 

The resulting minimum stop time is 6.1 s. The start consumption data was measured on 

a truck with conventional powertrain with a 5-cylinder diesel engine. The energy 

density in ethanol is lower than in diesel, but the relation between fuel saved and fuel 

needed for start should be the same, meaning that the minimum required stop time 

should be independent of fuel type. 

 

In the series hybrid powertrain however, the inertia of the crankshaft has been increased 

as the generator has been added. The inertia of the engine and the generator combined 

adds up to be approximately 33% higher than the engine used in Lindbäck’s [9] 

measurements. According to Sahi [20] this would contribute to a slightly higher start 

fuel consumption. Accordingly the break even-time should be slightly higher than 6.1 s 

if the hybrid powertrain was to be started by means of the starter motor. However, as 

mentioned earlier start/stop by means of the starter motor is not durable as a solution for 

commercial use.  
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If the generator is used to crank the engine up to idle speed, both the start fuel 

consumption and start battery consumption is expected be reduced substantially, 

optimally all the way down to zero. The energy needed for engine start would instead be 

taken from the super capacitors. If the target value of recovered brake energy would be 

increased by an amount of energy corresponding to the energy needed for engine start, 

the following acceleration of the bus would not be affected and the engine start could be 

considered as “free”. This means that as long as there is regenerated energy according to 

the target set today plus the extra buffer for engine start, any stop independent of 

duration, would be beneficial. 

 

Another option would be to start the engine by means of the generator and afterwards 

recharge the used start energy to the super capacitors, also by means of the generator. 

The winnings energy-wise would then not be as good as if the energy was achieved by 

using purely regenerated brake energy but it would still be less energy consuming than a 

normal start. This is mainly due to the higher efficiency of the high voltage system. The 

minimum stop time to break even then would be 5 s as can be seen in the calculations in 

Table 9. 

Table 9. Minimum stop time, calculation inputs and results. s/s performed by means of the 

generator and the energy consumed during the start is afterwards recharged from the engine. 

Idle fuel consumption [g/s] 0,77 

Engine off power consumption [kW] 4,0 

Engine off power consumption , equivalent fuel consumption [g/s] 0,50 

Start energy consumption from super cap, equivalent fuel [g] 1,35 

Fuel saved at stop [g/s] 0,27 

Total fuel needed for start [g] 1,35 

Minimal stop time to break even [s] 5,0 

 

Start by means of the generator is illustrated by removing the start fuel and start battery 

energy consumption. Instead a new equivalent start fuel cost is calculated that 

represents the energy taken from the super capacitors and then recharged by means of 

the engine. This is done in a similar way as the fuel representing the starter battery 

energy. The alternator and battery efficiency was replaced by the efficiencies for the 

generator and the super capacitors. Both of them were assumed to be 90 % in both 

directions. This result in a total efficiency of 65 % compared to the efficiency of around 

40% for the alternator-battery circuit. 

 

Consequentially 1 kWh taken from the super capacitors corresponds to 270 g of diesel. 

With the start energy estimation of 5 Wh the equivalent start fuel will be 1.35 g. How 

these numbers is derived can be seen in Appendix D. 

 

5.2 Impact on fuel economy 

To estimate the impact of s/s on fuel economy some calculations were made. These 

were based on data from drive cycle simulations and the fuel saving estimations made 

in the stop time section. The simulation tool used was Scania’s Simulink model of the 

hybrid bus. The model is mainly used by Scania to develop the HMS software. The 

auxiliary systems are not originally included in the model. Therefore a corresponding 

fuel consumption of 10 l/100 km was added to represent the auxiliary load. This is a 
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rough approximation, but as the contribution from the auxiliaries is included in the 

engine-off saving number they also should be included in the total fuel consumption 

 

The three drive cycles were simulated without a start/stop function. The resulting 

extracted fuel consumptions were then used for the fuel saving calculations and as 

reference values. Also the vehicle speed profiles were extracted in order to study the 

stop frequency. For the SORT cycles, the number of stops and the duration of the stops 

were manually read out from the plots. For the Braunschweig cycle a Matlab script was 

used where only stops longer than a defined duration was counted. These results were 

used as input in the fuel saving calculation. 

 

The relative fuel consumption improvement was calculated as: 

improvement
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Where 
fuel

m  is the amount of fuel normally consumed during the drive cycle, 
off

t is the 

total engine off-time, 
saved

m  is the fuel saved in [g/s] during the stop, 
start

m  is the 

amount of fuel needed for a engine start and 
start

n  is the number of additional starts due 

to the s/s function. 

 

The fuel consumption improvement was calculated for three different engine start 

methods. Method number one was to start the engine by the conventional starter motor, 

just as a normal start. The total amount of fuel saved was calculated by using the data 

from the stop time calculations. There it was estimated that 0.27 g/s is saved during the 

stop and that the start fuel consumption is 1.64 g/stop. 

 

In the second method the engine was assumed to be started by means of the generator. If 

the energy taken from the energy storage then is recharged by means of the generator 

the restart fuel consumption instead would be about 1.35 g/stop. The reduction in start 

fuel consumption is due to the more efficient restart. The start by means of starter 

battery power supplied by the alternators combined with badly performed combustion 

consumes more energy than the generator start. 

 

The third method was to use the generator to start the engine but to assume that all 

energy required can be recharged by increasing the amount of regenerated brake energy, 

the start energy then would be “free” and no start fuel consumption was added. 

 

Table 10 shows how the fuel consumption would be affected if s/s is performed at every 

occasion where the vehicle is at standstill. These savings is to be considered as the 

highest ones achievable with the current system setup. 

Table 10. Fuel consumption with s/s performed at any point where vehicle speed = 0. 

Fuel consumption [l/100km] Braunschweig  SORT 1 SORT 2 

Without s/s (reference) 32.4 34.0 33.6 

    

s/s, with starter motor 31.6 31.4 32.1 

Improvement 2.5 % 7.7 % 4.5 % 

s/s, generator start, recharged energy 31.5 31.1 32.0 

Improvement 2.8 % 8.4 % 4.8% 
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s/s, generator start, regenerated energy 31.1 30.2 31.5 

Improvement 4.1 % 11.2 % 6.4% 

 

However, as seen in previous chapters there are a few auxiliary systems that limits the 

maximum s/s duty cycle. As seen in Section 4.3.11 a start/stop frequency of 2 stops/km 

is to be considered as an upper limit to ensure long time durability. Table 11 shows the 

resulting fuel savings if the s/s frequency is limited. 

 

If comparing the two tables the potential winnings of reducing the s/s frequency 

limitations can be noted. For the SORT 1 cycle it can be seen that there is a potential to 

more than double the fuel saving. This however requires that the traffic situation allows 

an increased s/s frequency. By looking at the Braunschweig cycle it can be seen that the 

fuel savings with the current limitations would be quite close to the highest achievable. 

 

In the tables it can also be seen that the fuel economy for Braunschweig with non-

regenerated start energy does not change when s/s frequency is limited. This is due to 

the varying length of the stops in the Braunschweig cycle. When restricting the s/s 

frequency for the Braunschweig cycle only the extremely short stops (<10 s) are 

removed. As found in Chapter 5.1 all stops shorter than 6 s would not save any fuel. 

The stops of the SORT cycles on the other hand are all of equal and beneficial length. 

For these cycles the fuel savings are strictly decreasing with decreasing s/s frequency. 

 

Table 11. Fuel consumption with s/s performed 2 times per km. 

Fuel consumption [l/100km] Braunschweig  SORT 1 SORT 2 

Without s/s (reference) 32.4 34.0 33.6 

    

s/s, with starter motor 31.6 33.1 32.8 

Improvement 2.5% 2.7 % 2.4 % 

s/s, generator start, recharged energy 31.5 33.0 32.7 

Improvement 2.8 % 2.9 % 2.6 % 

s/s, generator start, regenerated energy 31.3 32.7 32.4 

Improvement 3.7 % 3.9 % 3.6 % 

 

5.3 Impact on emissions 

The emissions in form of carbon oxides are expected to be reduced by the same order of 

magnitude as the fuel savings. For an inner city cycle with 2 stops/km the reduction in 

CO emissions (g/km) will be approximately 3.5 %. The amount of CO emissions can be 

seen as strictly dependent of the energy consumption. Also, as discussed in Chapter 

4.3.12, the average efficiency of the catalyst is expected to increase. This would then 

result in that a larger fraction of the carbon monoxides would be converted into the less 

poisonous carbon dioxides. 

 

Also the PM and unburned hydro carbon emissions is expected to be decreased. 

Normally these emissions tend to increase during engine starts due to the badly 

conditioned combustions at the initial phase. This could however to a large extent be 

prevented by cranking the engine to near idle speed by means of the generator before 

initializing fuel injection. Ideally the magnitude of the PM and HC emission instantly 

would adopt steady state level without the transient behavior of a normal start. 
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How the level of emissions in the form of NOx will be affected is somewhat unclear. 

Normally the NOx emissions increase considerably during an engine start. This is 

mainly a result of the increased amount of fuel injected to accelerate the engine and the 

badly conditioned combustion mentioned earlier. During hot starts this increase is even 

larger than during a cold start. The higher engine temperature results in higher 

combustion temperatures. This increases the production of NOx considerably.  

 

In a study performed by Naeim [12] a single cylinder diesel engine was used to study 

the emissions during engine start. In this study it can be seen that the total amount of 

NOx during the 20 first cycles of a hot start is approximately 10 times higher than 

during a cold start. 

 

However, this negative effect should be reduced by means of the increased cranking 

speed. In a study made by Yu et. al. [21] the influence of an increased cranking speed 

on NOx emissions was measured. There it could be seen that, during a normal start with 

180 rpm cranking speed, the magnitude of the NOx level increased to a level 

approximately 12 times higher than the idle level. The increase could be seen during a 

period of 0.25 s. If the engine instead was cranked to the idle speed, 800 rpm, before 

start, the NOx level only increased by a factor 2. In this case also during a period of 

0.25 s.  

 

These tests were performed on a gasoline engine but similar results should probably be 

achieved with a diesel engine. During a normal start there is a need for higher torque 

which is achieved by injecting a significant amount of fuel. This causes heavy but badly 

conditioned combustions with a lot of excessive fuel and high cylinder pressure leading 

to an inevitable high NOx production. Just as for the gasoline engine this phenomenon 

could be reduced almost completely be increasing the cranking speed, perhaps in 

combination with a redesign of the first injections. 

 

For more accurate predictions of the impact on emissions measurements in test cells 

would be needed. Unfortunately the time-frame and range of this thesis work did not 

leave any room for this. 
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6 Start/stop strategy 
The strategy for controlling the engine stop and restart operation consists of four main 

tasks; 

 

1. Detect when the engine can be turned off 

2. Control the shut down process 

3. Detect when the engine shall be restarted 

4. Control the restart process 

 

A flow chart for the process of executing the strategy can be seen in Figure 19. 

 

Engine Running

Check conditions

for stop

Stop the engine

Restart the engine

Conditions are met

Conditions are not met

Engine restarted

Detect triggers for

restart

Engine stoped

Trigger detected

 

Figure 19. Flow chart of the start/stop process. 

The strategy is developed and designed to be implemented in the Electric Control Unit 

(ECU) managing the hybrid powertrain. This requires information to be obtained and 

dispatched via the CAN network on the bus. The information concerns different systems 

of the bus such as the air processing system or the bus chassis system. Each system is 

normally controlled by a separate ECU. This chapter describes the different tasks that 

must be performed and gives an introduction to the CAN communication and signals 

necessary to carry out the strategy. 



Start/stop strategy 

 40 

6.1 Conditions for engine stop  

The decision whether the engine should be turned off or not is made with respect to the 

state of the vehicle, the engine and auxiliary systems. The state of the auxiliary systems 

is based on the investigation presented in Chapter 5. As been stated in the chapter 

describing the power steering, the vehicle must be at rest to turn the engine off. In urban 

driving, vehicle stop can occur under different circumstances. A vehicle stop can be a 

consequence of traffic halts such as; traffic lights, stop signs, pedestrian crossings etc. 

or more bus specific stops such as; bus stops or periods of halt to await departure times. 

What differs between these two kinds of stop is their expected time duration. They also 

involve different kind of information that can be used to evaluate if a stop is possible 

and also when to restart the engine.  

 

An investigation of what CAN messages that are associated with a vehicle stop reveals 

that for traffic halts the only reliable information for determining such stops are the 

brake and acceleration pedal positions. For a stop at a bus stop there is more 

information available as it includes the bus stop brake and opening of doors etc. This 

additional information is most important when determining when the engine must be 

restarted as will be explained later in this chapter. 

 

Three factors have been taken into consideration when defining conditions for engine 

stop. They all imply restrictions on when the engine can be turned off and they are: The 

engine start-up delay, the minimum stop time to reach break even in terms of fuel 

consumption and the time the engine must be on between stops. Due to the expected 

time delay that the engine’s start-up time implies at vehicle take off the start/stop 

function is not considered to be suitable for short traffic halts. 

 

The break even for a stop is dependent of whether regenerative brake energy can be 

used to restart the engine. For a restart by means of the generator the break even could 

be up to 5 s but could as mentioned in theory be reduced to zero. It is however stated 

that the amount of fuel saved is directly related to the duration of the stops. The longer 

the stop is - the more fuel is saved. 

 

The maximum stop frequency is restricted by some of the auxiliary systems, for 

instance the 24 V battery and the air supply system. They contribute with the need to 

keep the engine on for a certain time after the stop in order to recharge the air or electric 

energy consumed during the stop. 

 

Consequentially, this thesis mainly focuses on developing a s/s strategy that includes 

engine stops at bus stops and longer stops such as driver breaks or waiting for 

departure-time. These stops are considered to be long enough to achieve a reduction in 

the fuel consumption. They are also considered to take place at situations when the need 

for noise and emission reduction would have the best impact, for instance at a bus stop 

with many pedestrians in the vicinity.  Further on, when the auxiliary systems have been 

evolved and the restrictions have been reduced, the strategy can be expanded to include 

other types of stops.  
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6.1.1 Triggers 

To carry out this strategy multiple conditions needs to be checked to enable engine stop. 

The triggers are used to detect when a stop is possible and to make the s/s function 

entirely automatic. These are presented here and explained. 

 

 Bus stop brake request. As the bus stops and opens the doors to let passengers 

on and off the bus stop brake is engaged which applies the service brakes 

without the driver presses the brake pedal. Since this function uses the opening 

of doors as input using the bus stop brake request as trigger is equivalent to 

check the status of the doors. Bus stop brake request also implies zero vehicle 

speed. 

 

 Parking Brake.  Once the parking brake is set it is assumed that the bus will be 

at standstill most likely long enough to make the stop beneficial. Using the 

parking brake is an alternate way to detect vehicle stop compared to the bus stop 

brake. This condition will get hold of stops outside regular traffic. It should be 

pointed out that using the parking brake as trigger for shut down and restart 

might give a delay at restart if the driver intends to take off directly after 

releasing the parking brake. This is however still included because a delay is 

considered acceptable at occasions where the parking brake is used. 

6.1.2 Conditions 

The following conditions must be fulfilled to enable engine off. They are based on the 

system investigation presented in Chapter 4. 

 

 Vehicle speed. This condition is checked for redundancy since the triggers 

themselves implies zero vehicle speed but should be checked for security 

purposes. Regardless of the status of other signals the engine may not be turned 

off if the vehicle is in motion. This is an important condition if the functionality 

would be extended to include traffic stops such as stops at red lights or stop 

signs. 

  

 Engine speed. This condition is motivated by the fact that if the engine speed 

exceeds idling speed the engine performs some kind of work and can not be 

turned off. Engine speed must be at normal idle speed to enable engine off. 

 

 Battery status. A positive average battery charge rate must be assured during 

stop and go driving with start/stop functionality. This can be done by an external 

or internal function that provides a battery status indication. If the battery charge 

trend is positive an engine shut off is possible from a battery point of view. This 

information is not present in the bus today but will most likely be required to 

guarantee the service life of the batteries and the reliability of the vehicle. Future 

work is highly recommended in this area. 

 

 Air supply pressure. To ensure that the pressure in the air tanks does not 

decline under 9 bar the pressure in the air tanks must be at a sufficient level. At 

9 bar pressure regulation states that the air compressor must be activated to 

supply the air tanks with air. If the supply pressure is greater than a predefined 
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limit it would be possible to open the doors as well as kneeling the bus without 

the pressure decreasing to 9 bar. 

 

 Air compressor status. If the air compressor is active the engine can not be 

turned off. This is an alternative to looking at the air pressure since compressor 

active also is an indication of low pressure. To ensure sufficient air pressure, the 

compressor should be allowed to work until its cut-off pressure level.  

 

 Super capacitors SOC. The SOC in the ESS must be at or above the SOC 

target value to be able to provide sufficient electrical power to both start the 

engine with the generator and accelerate the vehicle with the propulsion motor. 

 

 Engine temperature. The engine temperature is estimated by checking the 

engine coolant temperature. The temperature should be within an acceptable 

range. The lower limit is set to ensure that the following restart can be 

considered warm. This is due to increased emissions and engine wear at cold 

restarts. The temperature should not be to hot either due to risk of damaging the 

coolant system. Therefore an upper temperature limit should also be set. 

 

 Brake resistor temperature. The coolant system can take damage if the 

temperature is too high in the BR when the coolant flow ceases. If the brake 

resistor is hot and in need of coolant flow after braking the engine can not be 

turned off. 

 

 Cab interior temperature. The cab interior temperature should be monitored to 

see how it’s influenced by start/stop. There is no heating or cooling capacity 

during a stop so changes in temperature are inevitable. The temperature shall 

thus be monitored over time to ensure that the temperature is not decreasing or 

increasing from the target value e.g. the temperature value set by the climate 

control. 

 

6.2 Engine shut down 

An approach is to utilize the generator to make the stop as smooth and comfortable as 

possible. By adding a braking torque a quick engine stop can be achieved where the 

natural frequencies quickly are passed. Normally, engine shut down is made by simply 

cutting off the fuel supply and letting the engine slow down to rest by means of its own 

internal friction. This causes some vibrations when passing natural frequencies but also 

some extensive engine tumbles just before it is settling to rest, see Figure 20. 

 

The tumbling movement occurs when the crankshaft momentum is decreased to a level 

where it no longer can overcome the resistance from the compression pressure 

alternately acting on the pistons. This causes the crankshaft to shift rotational direction 

and rotate backwards a little bit until it is meets the compression pulse from another 

cylinder where it changes direction again. Consequentially, the crankshaft changes 

direction a few times before it is settling to rest, resulting in a tumbling movement of 

the engine. 
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Figure 20.  Engine speed versus time during a normal stop where the fuel injection have been cut 

off. 

 

These tumbles can be prevented by braking the engine by means of the generator and 

“aim” for a crankshaft position that is right in between the peak of two compression 

pulses. This calls for the controller to have the exact angular position of the crankshaft 

as input as well as a design based on a very accurate engine model in order to follow a 

specific trajectory. However, this information is not distributed on the CAN network 

today and will require software changes in the engine control ECU.  

 

Due to this and the time limitation of this thesis a position-based control of the engine-

generator unit was not further investigated. This is however an area for future research 

to further minimize noise and vibrations during shut down. 

 

6.3 Triggers for engine restart 

One of the most important aspects to consider when to trigger an engine restart is to 

maintain full driver control of the vehicle. This is important not to violate rule number 1 

in the HMS control strategy presented in Chapter 4. As mentioned earlier, the engine 

must have been restarted as the vehicle takes off. A restart is also initialized if an 

auxiliary system requires the engine to be restarted.  

 

 Door status. The status of the doors would be a better way to predict an 

upcoming take-off from a bus stop than the bus stop brake. As the doors need a 

few seconds to close, it would be beneficial to perform a restart of the engine at 

the same moment as the driver closes the last door. The engine would then be up 

and running when the bus stop brake is released and the driver intend to 

accelerate. 
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 Kneeling. The request of bus level increase after kneeling would also be a god 

indication of that the engine should be restarted and since automatic kneeling at 

bus stops soon might be required. This would be an alternative way to predict 

bus take off. In addition, the raise of the bus is the most air-consuming event of 

the bus stop procedure. Meaning that a restart of the engine and the air 

compressor at this moment could be necessary in order to be able to raise the bus 

correctly and prevent far too low air pressure. 

 

 Parking brake. If s/s is performed in another situation than at a bus stop, where 

applying the parking brake is trigger for engine stop, the release of the parking 

brake would be a simple and obvious indication of that the driver intends to take 

off. 

 

 Battery status. An indication of that the 24 V battery SOC has reached a 

minimum level should trig the engine to restart and thereby enable the use of the 

alternators in order to prevent battery discharge. 

 

 Air supply pressure low. If the air supply pressure reaches the low limit a 

restart of the engine is necessary in order to maintain functionality of the 

pneumatically controlled systems such as the brakes. 

 

 Air compressor status. This indicates that there is a need for compressing air 

into the air tanks and thereby engine restart. 

  

 Super capacitor SOC low. As the super capacitors might suffer from a leakage 

in form a slow discharge, it would be necessary to trig a restart of the engine if 

the SOC reaches a certain low level. As the engine is restarted, the SOC 

decrease would be stopped and the upcoming acceleration would not be 

negatively affected. 

 

 Accelerator pedal position. An applied accelerator pedal is a good indication of 

that the driver within short intends to take off. Many bus drivers applies the 

accelerator pedal prior to or while closing the doors, meaning that the bus takes 

off as soon as the bus stop brake is automatically disengaged. This could give a 

trigger early enough to have the engine up and running so that the bus can take 

off without any delay. However, using the accelerator pedal position as a trigger 

could on the other hand contribute to a reduction in the s/s utilisation as some 

drivers might apply the pedal far too early. 

 

6.4 Engine restart 

The engine start should be quiet and vibration-less in order to make the s/s function go 

by as unnoticed as possible. It should not have a negative impact on passenger and 

driver comfort as well as exterior noise. In order to fulfill this demand, the strategy 

utilizes the generator to crank the engine to an as large extent as possible. As a 

suggestion the engine also should be cranked to a speed higher than normal cranking 

speed. This would reduce the amount of fuel needed for the start as well as engine wear 

and high emission-transients.  
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The standard starter motor should be kept and used during conditions where the 

generator-start function is not optimized, e.g. for cold starts. The starter motor also 

would serve as a back-up in case of generator-start control malfunction or if the 

generator at the moment can not be used due to low SOC in the super capacitors.   

The strategy is to accelerate the engine to idle speed by means of the generator and then 

hand the control over to the idle speed regulator as if it was a drag start. The engine 

installation and the chassis have many natural frequencies in the low (0 to idle) engine 

speed domain. Therefore, in order to prevent vibrations and noise, the engine should be 

cranked to the idle speed as quickly as possible. Also when considering take-off 

response, a quick start is desirable. However, an upper limit on applied torque would 

need to be implemented in order not to strain the components to a too large extent. 

 

6.5 Signals and communication 

In order to carry out the strategy, the information listed above has to be collected. The 

information is received through internal signals in the HMS and from the messages sent 

by the different system ECU’s on the bus CAN (Controller Area Network).  

 

The ECU’s are connected to each other in a network through CAN buses. Information 

from the ECU’s such as sensor and actuator information and status of the systems is 

communicated via the CAN network. CAN is a serial bus communication protocol 

developed by Bosch and is designed for efficient, robust and failsafe communication. 

The CAN message frame is divided into several fields according to Figure 21.  

 

SOF EOFRTR DataIdentifier Control CRC ACK

 

Figure 21. CAN message frame. 

 

The SOF, Start Of Frame, bit indicates the start of the message. The identifier and the 

RTR, Remote Transmission Request, make up the arbitration field which is used by the 

CAN protocol to avoid collisions. The control field indicates how many bytes of data 

the data field includes. This can be anything from zero to eight bytes. The CRC ,Cyclic 

Redundant Checksum, enables the receiver to check if the message has been corrupted. 

To acknowledge that a valid frame has been received the transmitter uses the ACK, 

ACKnowledge, field. The message ends with an EOF, End Of Frame, field [22]. The 

CAN protocol is widely used in the automotive industry. The major benefits come from 

the embedded error handling and the ability to connect multiple nodes to one bus. 

 

In the Scania bus there is three CAN buses interconnected via a gateway. Critical 

systems are connected to the red bus. To the yellow bus other systems that are important 

but not directly driving critical are connected. Less important systems are connected to 

the green bus. Scania uses the CAN standard SAE J1939 [23]. In the hybrid bus two 

additional buses are added. The grey bus, handling the communication concerning the 

electrical hybrid components, and the purple bus, where the Engine Management 

System (EMS) and other control units are connected. These additional buses are 

connected to the HMS. 
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The s/s logic needs information from several of these buses. In Figure 22 a use case 

diagram of the start/stop system and the different CAN nodes interacting with it can be 

seen. The arrows indicate the information flow across the system borders. Some of the 

nodes only provide information while others have an interchange of information.  

 

 Figure 22. Use case diagram of the start/stop logic and involved ECU’s. 

6.5.3 Air processing system 

The air processing system, APS, unit holds information of the pneumatic system. To 

ensure that the tanks have sufficient pressure to permit an engine stop the compressor 

activity or pressure levels should be monitored.  

6.5.4 Bus chassis system 

The bus chassis system, BCS, holds information about the bus chassis and also works as 

a gateway towards the add-on systems that the bus bodybuilder provides. From the BCS 

information about kneeling, status of doors and ambient as well cab interior temperature 

can be obtained. Bus stop brake request is sent by the BCS when one or more doors are 

opened. When the request is sent the EBS applies the service brakes. The bus stop brake 

is released as the doors are closed again and the Bus Stop Brake Request message is in 

not requested status. 

6.5.5 Instrument cluster system 

Interaction with the instrument cluster (ICL) would be necessary to provide relevant 

information to the driver. The ICL should be notified when the engine is turned off 

perhaps with an engine status message. The ICL shall provide consistent information to 

the driver. To make the start/stop function transparent to the driver changes in the ICL 

system is necessary. For example battery lamp should not be high lightened during an 

automatic engine stop. 

6.5.6 Coordinator 

The coordinator, COO, node is a gateway linking messages between the red, yellow and 

green CAN buses. Enabling a red node to receive a message send by a yellow or green 

node. All messages or signals are not linked by the gateway. Hence a software update is 

required to decode the necessary messages and signals to enable the start/stop function.  

Start/stop 
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BCS EMS COO 

HCS 

HMS 

ICL 



Start/stop strategy 

 47 

6.5.7 Engine management system 

From the engine control, EMS, ECU the engine coolant temperature is obtained. This is 

to ensure warm engine operation temperature. Information about the engine speed can 

also be provided by the engine ECU but in this case this information is acquired from 

the HCS. 

6.5.8 Hybrid components system 

The hybrid components are controlled by a group of separate ECU’s, here referred to as 

Hybrid Component System (HCS). From the HCS information is obtained concerning 

the generator, propulsion motor, super capacitors and resistor unit. 
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7 Implementation 
In this chapter a suggestion for implementation of the strategy is presented. The strategy 

was developed in Matlab Simulink and then implemented in a pre-existing model of the 

hybrid management system. The implementation of the strategy was done as a state 

machine. The action of the start/stop function is dependent on the state of the EGU, 

conditions and triggers. A state diagram is depicted in  Figure 23. 

Init

Engine On Engine Off
Engine

Shutdown

Generator

cranking
Engine Start

Check stop

conditions

Check start

triggers

Error

! engineOnOffRerquest

engineOnOffRequest

engineSpeed < 3 rpm

Every 10ms

engineSpeed > 500 rpm

engineTrqPrec > 1%

Every 10ms

initDone && engineSpeed > 590rpm

 Figure 23. State diagram for the start/stop strategy implementation. 

 

The four tasks of the strategy were divided into two functions or Simulink blocks. One 

that handles the tasks of when the engine should be stopped or restarted and one that 

handles the engine/generator operation during the engine shut down and restart 

processes. They are closely connected to each other and defined by their own interface. 

This made it possible to develop each of these blocks separately. In  Figure 23 the states 

concerning the stop and restart processes are framed. A schematic picture of the 

implementation of the two blocks can be seen in Figure 24. These blocks are explained 

in the following sections. 

 

 

Figure 24. Schematic picture of the two Simulink blocks in which the strategy was implemented. 
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7.1 Engine stop and restart request block 

The engine stop and restart detection block generates an engine on/off request signal. 

This signal is then used by the “engine stop and restart control” block as a trigger for 

shut down or restart of the engine. Inputs to this block are the parameters necessary to 

evaluate the triggers and conditions listed in Chapter 6. Inputs come from either CAN 

messages from other ECU’s or internal signals in the HMS.  

 

Another input is the engine status, which is an internal signal from the “engine stop and 

restart control” block. The status of the engine is off as it is at rest and on when it is 

running. This signal is used to decide whether to check conditions/triggers for stop or 

triggers for restart. Output is the engine on/off request signal. Defined as high (1) when 

the engine is requested to be on and low (0) when the engine is requested to be off. 

 

The pseudo code for the engine stop and restart detection function is: 

 

Switch Engine Status 

Case On 

If Bus Stop Brake Request = = Bus Stop Brake Requested (0x1) OR 

08 Bar Parking Brake = = 08 Bar Parking Brake Set (0x1) AND 

Vehicle Speed < = Vehicle Standstill Threshold Value (km/h) AND 

Engine Speed <= Idle speed (rpm) AND 

SOC Actual (internal signal) >= SOC Target Value AND 

Br temperature Actual <= maxBrTemp Value (° C) AND 

Engine Coolant Temp >= Lower Limit Value (° C) AND 

Engine Coolant Temp <= Upper Limit Value (° C)  AND 

Air Compressor Status = = Compressor Not Active (0x0) 

Then Engine On Off Request = Engine Off Request (0x0) 

Else Engine On Off Request = Engine On Request (0x1) 

 

Case Off 

If Status Of Doors = = Closing Last Door (0x1) OR 

 Kneeling Information = = Lifting Active (0x3) OR 

 Acceleration Pedal Position >= 3% OR 

 Soc Actual (internal signal) <= Soc Target Absolute (internal signal) OR 

 Air  Compressor Status = = Compressor Active (0x1) OR 

 08 Bar Parking Brake = = 08 Bar Parking Brake Not Set (0x0) 

 Then Engine On Off Request = Engine On Request (0x1) 

Else Engine On Off Request = Engine Off Request (0x0) 

 

Case Engine Status ≠ On OR Off 

Engine On Off Request = Error (0x2)  

 

All of the conditions and triggers stated in Chapter 6 are not included in this 

implementation. Only parameters that presently can be obtained either from CAN 

messages or internal signals in the HMS are used. Further have conditions that require 

more advanced functions to be evaluated been excluded. Functions such as battery and 

interior climate surveillance. Hence any inputs of battery status or interior temperature 

are not considered. 
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7.2 Engine stop and restart control block 

This block contains the state machine that controls the engine on and off operation and 

the engines stop and restart processes. Inputs come from CAN signals from the engine 

and generator control units, internal signals in the HMS and the engine on/off request 

signal. The content of the engine stop and restart control block is depicted in Figure 25. 

The input and output signals to the engine stop and restart block are described in table 

Table 12 and Table 13. The content off the block are listed in Table 14. 

 

Figure 25. Content of the engine stop and restart control block. 

Table 12. Block inputs.  

engineOnOffRequest 
Boolean signal requesting the engine to be 

turned off or on. 

genBrakeGain 

Proportional gain for the P-controller 

braking the engine during shut down, this 

input is for test and evaluation purposes. 

This gain could be set as a constant later. 

If set to Zero no braking torque will be 

applied by the generator. 

generatorMinTrq/generatorMaxTrq 

The max and min generator torque limits 

calculated by the HMS. These values are 

either passed through or overridden by the 

state machine dependent on state and state 

action. 

generatorTrqDemand 

Generator torque demand calculated by 

HMS. This value are either passed 

through or overridden by the state 

machine dependent on state and state 

action. 

hmsStartupStatus 
Signals when the HMS initialization 

sequence is finished. 

genSpeedActualFiltered 
The generator speed signal filtered. Is 

used to monitor engine/generator speed. 

engPercTorque 
The percentage torque generated by the 

engine compared to its capacity. 
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Table 13. Block outputs. 

generatorMinTrq/generatorMaxTrq 

The max and min generator torque limits. 

The generator torque must be within this 

range. During shut down and restart these 

signals are overridden to match the 

demanded torque. Gray CAN messages to 

HCS. 

generatorTrqDemand 

Setpoint for the generator torque demand. 

During shut down and restart this signal is 

overridden to control the engine speed. 

Gray CAN message to HCS. 

engineStop 

Engine stop signal that cuts off the fuel 

injection. Setting the signal high (1) 

requests engine off, 

engineStopDemanded. By setting the 

signal low (0) there is no engine off 

request, engineStopNotDemanded, and 

the engine can be started by means of a 

drag start or the starter motor. Purple 

CAN message to EMS. 

engineStatus 

Signals the state of the engine. If the 

engine has been stopped the status is set to 

off (0).When it is restarted and running 

the status is on (1). This is an internal 

signal that is sent out by the engine stop 

and restart control block. 

 

Table 14. Block content. 

Startcontroller 

The controller is used to control the 

engine/generator speed during restart. It is 

a discrete feedback controller generating 

an output dependent on the error between 

set speed and actual speed. The controller 

is described in appendix E. 

engTrq check 

Checks the engPrecTorque signals value 

to evaluate if the engine generates torque. 

If the engPrecTorque value is higher than 

one (1) for five samples in a row the 

engine is considered to be restarted. 

startup switch 
Sets the engineStop signal low (0) during 

the HMS start-up sequence. 

Stateflow chart 

State machine handling the shutdown and 

restart process and controlling the 

engine/generator operation during those. It 

controls the outputs of the "Engine 

Start/stop Control" Block. 

 

The state machine contains the states depicted within the frame in  Figure 23 and is a 

central part of the start/stop control function. It enables the function to operate the EGU 
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in different states and automates the on/off behaviour. The different states are explained 

here. 

 

Init 

The init state is the default state that is entered as the starter key is turned to the ignition 

position. In this state the start stop function is inactive and it remains so until the HMS 

is initialized and the engine has been started by the starter motor. For future 

improvement it would be possible to perform the initial start of the engine with the 

generator given that the super capacitors SOC is sufficient. Transition to the Engine On 

state is made when the HMS initialisation sequence is done and the engine is started by 

the starter motor.  

 

Engine on 

This state is active as the engine is running. The start/stop function does not interfere 

with the engine generator operation and only passes through the internal signals that 

control the torque setpoints for the EGU. Every 10 millisecond the engine on/off request 

signal is updated which is the basis for the transition from this block. This time step was 

used for sake of convenience during the development process. In reality updating the 

engine on/off request signal might be done using a longer time interval. 

 

Transition to the engine off state is made when an engine off request signal is received 

from the engine stop and restart detection block. 

 

Shutdown 

As the engine is requested to be turned off the shutdown state is entered. First an engine 

stop request signal (engineStopDemanded) is sent to the EMS that cuts off the fuel 

injection. To accomplish a fast and smooth shutdown the engine is then braked by the 

generator as it applies a braking torque. This is done by a proportional controller acting 

on the error between actual engine speed and desired engine speed (0).  

 

To eliminate the risk that the generator may rotate the engine in the wrong direction the 

applied brake torque is removed at 100 rpm and the engine is thereafter braked only by 

its own internal friction. The reason why braking is not performed all the way down to 0 

rpm is the uncertainty in the engine behaviour in the near 0 speed region due to the 

speed fluctuations. This is a first approach and was limited for safety reasons. Further 

investigations are advised to improve this procedure.  

 

Transition to the Engine Off state is made as the engine speed decreases below 3 rpm 

where the engine is considered to be at rest. 

 

Engine off 

As the engine is at rest the Engine Off state is entered. In this state the other bus systems 

are still operational but the engine is kept off by setting the engine stop signal high. The 

function remains in the state until an engine on request signal is received or the system 

is manually shutdown by turning off the starter key. During this state the generator 

torque setpoints are overridden and kept zero. 

 

Transition to the Generator cranking state is made as an engine start request is received 

from the engine stop and restart detection block. 
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Generator cranking and Engine start 

The engine restart procedure involves two states. One that enables engine cranking by 

the generator and one that initiates engine synchronization to enable fuel injection. This 

is the most complex of the different tasks that the engine stop and restart control block 

has to carry out. Hence it is explained more consistently. Briefly, the start procedure is 

suggested to follow the following sequence: 

 

1. Make sure engine torque demands are suppressed. 

By sending the message “EngineStopDemanded” to the ECU it is made 

sure that no torque/fuel injection can be demanded from the engine by the 

idle speed control or any other systems 

 

2. Increase engine speed by means of the generator. 

The generator torque demand sent out by the HMS is calculated by means 

of a PI-controller in order to reach a certain set speed. Before maximum 

accelerating torque is applied a slight torque is ramped on in order to close 

contingent plays in the engine-generator connection and engine gear 

assemblies. This ramp is at this stage a rough design with no underlying 

studies. 

 

3. Activate engine. 

The engine is activated by changing the engine stop demand message to 

“EngineStopNotDemanded”. This will make the engine control unit 

engage a start. As soon as the engine is synchronised fuel injection will 

start. 

 

4. Phase out generator torque. 

A successful drag start is detected as engine torque is reported and a 

transition back to the Engine on state. The torque applied by the generator 

is then decreased to zero. Now the engine can maintain or increase the 

speed by its own and the start up sequence is complete. 

 

Points 1 and 2 are performed in the Generator cranking state and at a predefined engine 

speed a transition to the Engine start state where points 3 and 4 are carried out.  

 

The controller used to manage the generator torque demand is a simple closed-loop PI-

controller. A desired cranking speed is set and the controller calculates the necessary 

torque. The performance of the controller is tuned by means of setting the controller 

parameters. This is done with respect to desired start-time, reasonable acceleration 

levels and available torque. More about how the controller is built and tuned is 

described in Appendix E. 

 

When the engine is activated it has to be synchronised before the first fuel injection can 

be performed. Synchronisation is performed by first determining where on the 

crankshaft turn the crankshaft if positioned. It is also necessary to determine on which 

of the two crankshaft turns of the 4-stroke cycle the pistons are located.  

 

The crankshaft position is detected by means of the teeth placed around the flywheel at 

a fixed distance. At one specific angular position the gap is bigger. This gap is detected 

by observing the signal from an inductive sensor. After this, the detection of the actual 
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location in the 4-stroke cycle is, for the 5-cylinder engines, quite simple. It is performed 

by studying the flywheel speed fluctuations caused by the compression in the cylinders 

as the engine is cranked. The compression strokes are unevenly distributed over the two 

flywheel turns and the ignition sequence is known. The engine is synchronised by 

determining which one of the turns that have 3 or 2 compression pulses respectively.  

 

As synchronisation is completed the idle speed controller automatically will be 

activated. The speed controller will aim to keep the engine at idle speed if no other 

speed or torque is demanded. Ideally the synchronisation only needs two crankshaft 

turns to be completed, corresponding to about 0.25 s at 500 rpm. [20] 

 

A challenge in the generator start sequence is to hand over engine control from the 

generator controller to the idle controller in a smooth way. A simple method would be 

to crank the engine to a speed slightly lower than idle speed and then initiate engine 

start. As the idle speed controller is engaged it will detect a low engine speed and start 

to inject fuel to in order to reach idle speed.  

 

As the idle speed controller is activated first when synchronisation is completed the 

time delay from engine activation to this speed increase can vary slightly. By studying 

the signal that reports engine torque it can be determined when synchronisation is 

complete and fuel injection has started. The torque applied by the generator can then be 

reduced to zero and the engine will run on its own. 

 

As a first approach the torque applied by the generator is instantly reduced to zero as the 

idle speed controller kicks in. This could make the engine speed drop a bit before it 

settles at idle but is the fastest way to get the engine running by it self and ready for 

utilization. If the generator torque instead is ramped down the speed drop could be 

removed but at cost of a longer start up sequence. Hence optimisation of this transition 

is suggested as future work. By using this method to start the engine the handover phase 

will be very much determined by the dynamics of the idle speed controller. 

 

There could be a conflict between the two controllers if the cranking controller tries to 

brake the engine when the idle speed regulator is activated. A simple way to prevent this 

is to make the cranking speed controller unidirectional; meaning that it only can apply 

torque in one direction. This idea is inspired by Colvin and Masterson [24] where an 

engine start sequence of a parallel hybrid transmission for a passenger car was 

presented.  

 

Error handling 

The implementation of the suggested strategy involves multiple signals. This 

incorporates a risk of signal failure that will influence the start/stop procedure. If a 

signal fails or shows unreliable values the start/stop function should be inactivated due 

to the safety risk of turning off the engine at unsuitable occasions. 

 

Functional failures such as inconsistent behaviour during the restart process must also 

be managed. This is preferably done in the start stop control function. A crucial aspect 

of the start/stop function is to make sure that the engine can be restarted. If the generator 

start would malfunction the driver should be notified. A generator start malfunction can 

be that the engine cranking would take to long or that the engine does not synchronize 

and fuel is not injected properly. These errors can be detected by a time out limit in the 
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generator cranking or engine start states. After which the function makes a transition to 

an error/emergency state where the restart should be carried out by the starter motor. 

 

7.3 Implementation simulation and results 

When the implementation of the s/s function into the HMS model was done some 

additional simulations was made. The purpose of the simulations was to test that the 

logic and the interfaces was working as intended. The purpose was also to control that 

the applied torque and the expected shut-down and start-up times were within 

reasonable levels and ready for practical tests. 

7.3.1 Engine stop and restart request block 

The on/off request function have not been tested thoroughly. This is because all signals 

at the time could not been accessed either as CAN messages in the bus or in the pre-

existing model of the HMS. The logic of this function was tested by simulating the 

necessary signals as scalar values set by hand in real. In this way the basic functionality 

to generate an on/off request given certain inputs was tested. The logic worked as 

expected.  

 

As the HMS model does not include all the signals concerning the bus chassis and 

auxiliary systems it can not be used to completely evaluate the s/s request function. It is 

therefore suggested that this evaluation is performed by means of field test where the 

start/stop request is implemented as a passive function. Due to lack of time this is 

suggested to be performed as future work, perhaps by also implementing the missing 

input signals. 

 

7.3.2 Engine stop and restart control block 

The engine stop/restart control function was simulated in the Simulink model. The 

engine model in the simulation environment of the HMS model was modified according 

to the engine model presented in Appendix A. This made it possible to simulate the 

transient behaviour of the engine during stop and restart. 

 

The stop procedure was simulated both with and without an applied brake torque by the 

generator. Simulation of the stop shows that adding a braking torque with the generator 

reduces the stop time with approximately 0.8 s. The results can be seen in Figure 26. 
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Figure 26. Engine speed during stop with and without applied brake force by the generator. 

 

The magnitude of the applied braking torque was 240 Nm initially and then ramped 

down as the engine speed decreased, see Figure 27. This was considered to give a 

reasonable improvement in stop time. This is also believed to result in less vibration and 

reduced noise. 

 

Figure 27.  Applied generator torque during engine stop. 
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The result of the simulated restart sequence can be seen in Figure 28 and Figure 29. In 

terms of take-off response the time to reach first fuel injection and generator torque cut-

off is the most important. As these events are passed the engine would be considered as 

ready for utilisation.  

 

The different steps in the procedure are marked in the figure and the sequence is 

completed in approximately 1.5 s. This is about the same start up time as for a 

conventional engine start. Take into consideration that the progress after 1.5 s is very 

approximate. This is where all control is passed over to the idle speed controller. In this 

model the PI-controller that represents this controller is very roughly tuned. In reality 

the final turn-in towards 600 rpm can be of longer or shorter duration. The engine speed 

might even have a slight overshoot before settling. With this strategy the lapse after 

generator torque cut-off is entirely determined by the idle speed regulator. 

 

 

Figure 28. Engine generator start sequence. 

 

1. Cranking initialized 

2. Synchronization initialized 

3. Fuel injection started 

4. Generator torque cut-off 
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Figure 29. Applied generator torque during engine start. 
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8 Practical evaluation 
Two tests were performed in the hybrid buses. The purpose of the tests was to evaluate 

the engine stop and restart control. Main focus was put on validating the functionality of 

the stateflow logic, the cranking controller and the interfaces between the HMS and the 

generator ECU. The tests were executed by manually setting the engine on/off request 

by means of a laptop connected to the CAN.  

 

A first test was done in one of Scania’s OmniLink hybrids. The engine temperature was 

approximately 60 °C as the test was performed. In this test the shut down process did 

not involve generator braking. This part was successful and the engine stopped as 

requested. The interface between the s/s function and the other systems was clearly 

working as expected.  

 

In Figure 30 the engine speed profile is shown together with the results from a 

simulation. In the figure it can be seen that the basic characteristics of the engine has 

been caught in the model. The impact of the non-modelled compression pulses can also 

clearly bee seen, especially for the low speed (<200 rpm) region. 

 

Figure 30. Engine speed profile during shut down. 

 

The measured engine speed has a slightly steeper gradient than the simulated speed. 

This implies that the friction torque was slightly underestimated in the engine model. 

However, the measured speed signal enters steady state at the same time as the 

simulated speed.  

 

Due to restrictions in the generator control system the applied torque could not exceed 

300 Nm during this test. Hence the generator torque demand had to be saturated at this 
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level. This resulted in that the generator could not overcome the first compression pulse 

and the engine cranking failed.  

 

In Figure 31 it can be seen how the engine accelerated as the generator applies torque 

but get stuck as the engine reaches the first compression. After 5 s  the generator torque 

is cut off due to a safety feature implemented in the start/stop control. Clearly the 300 

Nm were not sufficient. It could however be noted that the interface was working and 

that the generator torque request got through. 

 

Figure 31. Engine speed and generator torque during engine restart attempt. 

 

A second test was performed a few weeks later when the generator/motor supplier had 

made the necessary alterations in their software. Now the maximum torque limit was 

shifted from 300 to 700 Nm in the hybrid concept bus and a second test could be 

prepared. 

 

For the second test a few alterations were made in the s/s control. Two new inputs were 

added. The first controls a saturation of the applied torque, by means of the laptop the 

upper torque limit now can be set to anything between 0 and 700 Nm. This input is only 

meant to be used during tests to study the impact of the maximum torque on the quality 

of the starts. 

 

The other new input is a switch that enables or disables braking torque during the shut 

down according to the stop sequence described in Chapter 7. This input is also supposed 

to be used only during test to study the impact a quicker stop would have on vibrations 

and noise. 
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For this test the 5 s limitation for the cranking sequence was removed to avoid any 

unwanted interruptions even if the start would take longer time than expected. Also a 

new transition between the engine cranking state and the engine shut-down state was 

added to the state machine. This transition makes it possible to abort start during the 

cranking state and then to retry the start without the need to restart the entire system. 

 

This time the start-up sequence was successful. Even though it deviated from the 

simulated sequence the main functionality worked. Figure 32 shows a start-up where the 

maximum cranking torque is set to 700 Nm and the engine was considered warm. The 

most obvious deviation was the significant overshoot that caused the engine speed to 

reach about 1100 rpm before settling at idle speed. This overshoot is due to a windup of 

the PI-controller that calculates the torque setpoint. In turn, the windup is caused by the 

delayed acceleration of the engine as the actual torque delivered does not follow the 

setpoint curve in an acceptable way. As seen in the figure, the torque is slowly ramped 

up and reaches the maximum level more than one second later than desired. 

 

 

Figure 32. Generator start performed at warm engine with upper torque limit at 700 Nm 

 

The overshoot could easily be prevented by adding an anti-windup part to the PI-

controller. However, it is also necessary to remove the delay in the generator torque 

which seems to have the characteristics of a rate-limiter. Whether it is a hardware 

limitation or a limitation deliberately set in the generator or energy storage software was 

at this point unknown. 
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By making the torque follow the setpoint curve the time delay seen between 0 and 1.2 s 

can be eliminated. If also the overshot is removed a start-up time of approximately 1 s 

would be achievable. As seen at 0.2-0.7 s in Figure 32 the slowly ramped on torque 

causes the engine to move slightly. It is suggested that this happens when the, at the 

time, low torque begins to accelerate the engine but then is insufficient to overcome the 

first compression, causing the engine to stop. Later on, as the torque magnitude has 

increased to a level where it can overcome this compression, the engine accelerates as 

intended. During the test it was noted that this initial movement of the engine induced a 

slight noise.  

 

A series of starts was performed where the influence of the maximum applied torque 

was studied. The maximum torque limit was reduced in steps of 50 Nm from 700 down 

to 250 Nm. It should be made clear that the torque only was limited by means of a 

saturation applied to the PI-controller output. The controller itself was unaltered. This, 

together with the windup of the controller, lead to that torque request lost the PI-

controller step response characteristics and became more square-shaped for the low 

torque tests. 

 

Figure 33 shows a start performed with the torque limitation set to 300 Nm. It can be 

seen that the initial time delay now was over 4 s and that the torque just barely was 

sufficient to overcome the second compression. It can also be seen that the acceleration 

of the engine contains a lot more speed oscillations than for the start with 700 Nm but 

that the overshoot is not as significant. 

 

The reason for this can be seen by studying the dashed line that describes the Engine 

Percent Torque signal. This signal indicated when fuel injection is initiated and is used 

to determine when the start is successful and the generator torque can be removed. In 

Figure 33 the engine start is initiated before 600 rpm is passed, causing the idle speed 

controller to demand fuel injection and the start can be considered as completed. As 

seen in Figure 32, the rapid engine acceleration and controller windup causes the engine 

speed to pass 600 rpm before the engine idle controller is activated and the applied 

generator torque is not instantly removed.  

 

By studying the Engine Percent Torque it can be seen that the first fuel injection is not 

performed until the engine speed begins to drop back to idle speed (at 10 s). Due to a 

secondary transit to the engine on state the cranking torque is however cancelled at 

approximately 2.7 s. This transition is made as the engine speed has passed 590 rpm and 

the cranking torque is reduced to below 100 Nm. This transition was originally 

implemented for the simulations and the test to ensure that the state machine exits the 

cranking state. It is however unnecessary and should be removed when the overshoot 

has been eliminated. In this test the correct transition to Engine on-state, as the one seen 

in Figure 33, only was achieved when start was performed with 300 and 350 Nm 
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Figure 33.Generator start performed at warm engine with upper torque limit at 300 Nm 

 

In the test it could be seen that the maximum generator torque has a great influence on 

the start quality. As can be seen in Figure 34 the engine speed fluctuations can be 

reduced significantly by increasing the maximum torque. In the plot the engine 

acceleration phases have been cut out and plotted side to side with each other. They are 

plotted with a 1 s offset just for visualisation. The five first curves from the left shows 

generator starts at 5 different maximum torque level while the curve to the right shows a 

conventional starter motor start that can be used as a reference. 

 

No measurements of sound or vibrations were made during this test. However, it is 

intuitively suggested that the heavy speed fluctuations that can be seen for the starter 

motor start and for the low torque generator starts is the main sources of the vibrations 

that commonly is experienced in the bus chassis and body during engine start. 

Consequentially, by observing Figure 34, is concluded that these vibrations to a very big 

extent could be reduced by starting the engine by means of the generator. This is 

especially true for generator cranking with high torque. When the engine is cranked 

with 300 Nm the speed fluctuations are just as significant as for the conventional starter 

motor start. As the torque was increased the fluctuations however was heavily decreased 

and with 700 Nm they were almost entirely removed. 

 



Practical evaluation 

 64 

 

Figure 34. Engine acceleration sequence with different maximum torque level 

 

The strategy of using the generator to brake the engine during the shut down procedure 

was also successful. The impact showed to be significant. The engine stop was 

smoother with less noticeable vibrations compared to a regular stop. In Figure 35 the 

engine speed profile is depicted both with and without generator braking. The extensive 

tumbles that occur from 300 rpm down to 100 rpm were to a large extent eliminated. In 

this thesis work there was no time to tune this procedure further but the test showed that 

there is a great potential of reducing the vibrations and noise during shut down by using 

this method.  

 

 

Figure 35. Engine speed profile with and without generator braking. 

300 Nm 400 Nm 500 Nm 600 Nm 700 Nm Starter motor 
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An unexpected behaviour was detected when post processing test data. When the engine 

was supposed to settle to rest the generator cranked the engine in the wrong direction 

for a short period. This can be seen as the engine speed is negative during two periods 

of fluctuation at 0.7-1.3 s in Figure 35.  

 

In theory the generator should cut off the applied torque as the engine speed decreases 

below 100 rpm. This did not happen in this case. The reason for this was found to be 

that the generator torque cut off was done with respect to the filtered speed signal. The 

filter imposes a delay on the actual signal which resulted in that 100 rpm limit crossing 

was missed. In Figure 36 it can be seen how the generator torque is applied until the 

filtered signal decreases below 100 rpm while the actual signal provide totally different 

information. This is not acceptable and the cut off should be done according to the 

actual signal. 

 

The use of the filtered engine speed signal is also the reason to why the start-up torque 

is not removed early enough for the higher cranking torques. As the speed signal to the 

state-machine is delayed the engine idle speed controller is not enabled until the speed 

already has passed 600 rpm, resulting in that the fuel injection does not immediately 

occur. 

  

 

Figure 36. Actual and filtered engine speed signal and the applied generator torque during engine 

shut down. 

The variations in engine speed that occur between 200 and 100 rpm could possibly be 

diminished by applying a higher torque in the lower speed region. During restart it was 

noticed that a higher torque resulted in less speed variations during acceleration. Similar 

behaviour could be expected during deceleration. If the correct speed signal would be 
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used to determine when to stop breaking a higher accuracy would be achieved. 

Accordingly it would be possible to brake the engine to an even lower speed than 100 

rpm. 

 

The series of stops and restart was performed two times, first at an engine temperature 

of 40° C and then, after running the engine warm for a while, at 70° C. As can be seen 

in Figure 37, the temperature difference had less impact on the start-up sequence than 

expected. This implies that start by means of the generator can be utilised also at a cold 

engine if the super capacitor SOC is sufficient. To further investigate this, additional 

tests need to be performed for a wider span of temperatures. However, as mentioned 

earlier, high frequent s/s should still only be performed at a warm engine. 

 

 

Figure 37. The start and stop sequences performed at two different engine temperatures. Both test 

performed with 700 Nm cranking torque. 

 

By integrating the generator power the consumed and regenerated energy could be 

estimated. Figure 38 shows a start performed with 500 Nm maximum torque. As can be 

seen, the overshoot has a great impact on the total energy consumed. At the end of the 

start sequence approximately 12.0 Wh has been consumed. As a comparison the energy 

consumed to accelerate the engine to 60 rad/s is read out to be approximately 3.8 Wh 

which is suggested to be close to the result if the overshoot is removed.  

 

When varying the maximum torque it can be seen that the energy consumption is 

decreased if the torque is increased. The energy necessary to crank the engine to 60 

rad/s with 300 Nm was approximately 5.7 Wh. With 700 Nm maximum cranking torque 
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it was 3.1 Wh. Accordingly a quick start also is beneficial in terms of energy 

consumption.  

 

In Figure 39 the generator energy during the braking of the engine during shutdown can 

be seen. The amount of energy withdrawn by the generator during this sequence was 

approximately 1.6 Wh. As a comparison this is approximately half of the energy that is 

suggested to be consumed during an optimised engine start. By using this energy to 

recharge some of the energy taken from the super capacitors, the s/s sequence would 

become close to self-supporting. By increasing the applied braking torque, the 

recovered energy is suggested to increase slightly. The upper limit of how much energy 

that can be recovered is however suggested to be about 2 Wh which is a rough estimate 

of the motion energy of the engine during idle. This can be calculated as: 

2

2

1
JE  

(14) 

Where J is the inertia of the engine and generator and ω is the rotational speed. 

 

Figure 38. Consumed energy during 500 Nm start. 
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Figure 39. Regenerated energy during engine braking. 

The bus system behaviour was investigated as the engine was turned off. The fuel 

injection to the engine was cut off and the electrical system was on. The only visual 

indication of engine shutdown was the battery warning lamp in the instrument cluster 

that was highlighted. Another, perhaps more sever, result of engine off was that the 

kneeling function ceased to work. The electronic levelling control does not allow 

kneeling as the engine is off. To enable kneeling to be used together with a start/stop 

function a software change is necessary in the electronic levelling control. 
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9 Conclusions 
The primary aim of this thesis was to evaluate possibility to apply start and stop of the 

ICE in Scanias series hybrid bus and if so to work out a strategy for how this can be 

performed. The aim was also to develop the strategy with the intension that it could be 

implemented in the hybrid control unit, HMS.  If there was sufficient time, an extended 

goal was to implement the strategy and perform live tests for further improvements. 

 

The initial study showed that it should be possible to adapt a start/stop function to 

Scania’s series hybrid powertrain. There are however some potential limitations and a 

few long term impacts that have to be investigated further. Based on this study a 

strategy has been developed that partially could be implemented in the control unit of 

the hybrid bus. Some practical tests were made but unfortunately little time was left for 

developing the strategy and make improvements. In this chapter further thoughts on the 

results of this thesis are presented. 

 

9.1 System impacts 

The two major limitations identified are the performance of the pneumatic system and 

the 24 V electric system. The high use of compressed air demands a high air compressor 

duty cycle. As the engine is stopped so is also the compressor. For a set-up similar to 

the Scania OmniLink hybrid prototypes the maximum start/stop frequency is estimated 

to 2 stops/km at city traffic. This is given that each stop involves kneeling and opening 

of all doors. 

 

The capacity of the 24 V battery and alternators are also expected to add limitations to 

the s/s strategy. As start/stop should be unnoticeable by the passengers the 24 V 

consumption still would be high during the stop in order to maintain the lights, fans, 

radio etc. active. If the engine on-time is not high enough the alternator cannot 

compensate for the energy taken from the battery during the stop.  

 

Simple calculations have shown that for a driving pattern similar to the SORT 1, the 

engine can be turned off at 2.6 stops/km without draining the batteries. This is 

corresponding to an engine off-time of 26 % of the total driving time. Any stop 

frequency higher than this could cause a slow battery drain. This is at the expected 

worst case scenario with 4 kW 24 V system load. 

 

9.2 Impacts on fuel consumption and emissions 

In terms of fuel economy a reduction of 4 % is to be expected. This is given that the  

bus is driven at inner city conditions similar to the SORT 1 and that start/stop is limited 

to 2 stops/km. Ideally, if s/s could be performed at every stop, a reduction of 10 % could 

be achieved. Due to the system limitations this s/s frequency is not possible but can be 

seen as a potential for future improvements. 

 

The longer the stop is the more fuel is saved. Start by means of the generator would 

result in a minimum stop time of approximately 5 s in order to make the stop beneficial 

in terms of fuel savings. This is given that the energy taken from the super capacitors 

during the start needs to be recharged by the generator. It is however noticed that the 

amount of energy needed is relatively small and possibly could be seen as an additional 
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way to make use of regenerated energy. If so, the start energy could be considered as 

“free” and any stop would be beneficial, even the shortest ones. 

 

The emission in form of Carbon Oxides can be considered to be directly proportional to 

the fuel consumption and are therefore expected to be reduced in the same magnitude. 

For the city traffic mentioned above with 2 s/s per km the reduction is expected to be 

4% with the potential to reach 10% if the s/s limitations can be eliminated. NOx, HC 

and PM emissions are also expected to decrease as the fuel injection at restart takes 

place at a higher engine speed with generator start. 

9.3 Start/stop strategy 

A start/stop strategy was developed that can be divided into two different parts or 

functions. One s/s request function that determines when and where s/s should be 

performed and one s/s control function that controls the stop and restart sequences of 

the engine. 

 

The logic of the s/s request function was built and implemented into the Simulink model 

of the Hybrid Management System. Due to time limitations it could unfortunately not 

be entirely completed and implemented into the control unit of the bus. Most of the 

necessary inputs can be found in the HMS and in the CAN communication. To 

complete this function it is however necessary to add a few sub-functions and/or a few 

additional input signals. 

 

As mentioned, the s/s frequency needs to be limited due to impact on some of the 

auxiliary systems. As a result, the start strategy was limited to include s/s only at bus 

stops and other long stops where the parking brake is set. Later on, if the s/s frequency 

limitations are removed, the strategy can however be expanded to include start/stop at 

other scenarios as well, i.e. vehicle stops such as red lights. 

 

9.4 Generator start/stop 

It is not realistic to restart the engine with the existing starter motor. This is due to the 

large amount of restarts that a start/stop function would yield. Starter motor starts would 

result in noisy starts and a need for frequent starter motor service. 

 

The possibility to use the generator to restart the engine was investigated with positive 

results. The generator showed to be powerful enough to restart the engine both faster 

and smoother than the conventional starter motor. Accelerating the engine from zero to 

idling speed was done in approximately 0.7 s. However, a significant overshoot of the 

cranking set speed was achieved. By implementing a few adjustments to the start 

sequence a total start time of less than 1 s could easily be achieved which is about 0.5 s 

faster than a conventional starter motor start. 

 

Even though this is a rough prototype function, the test of the generator s/s showed that 

there is a great potential for reducing the noise and vibrations during the stop and restart 

sequences. No sound or vibration measurements were performed during the tests but the 

experienced vibrations inside the bus were clearly reduced. It could also be seen that 

cranking the engine with the generator almost entirely eliminated the engine speed 

fluctuations during the acceleration up to idle speed. The same good result was achieved 

during engine shut-down by utilising the generator to brake the engine. 
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9.5 Thesis goal 

Overall the thesis work was a success as all of the primary goals were fulfilled. The 

initial study showed that an introduction of a start/stop function in Scanias hybrid bus is 

possible. The study also showed that there are some potential consequences to expect 

from such a function, both positive and negative. 

 

The aim to design and implement the function into the control system of the bus was 

also completed with good results. Some live test were performed in the hybrid buses to 

evaluate the basic function but there was unfortunately no time left to perform any 

iterative testing for further improvements. 

 

Accordingly, all primary aims were fulfilled and the extended goal was partly 

completed. 
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10 Future work 
Future work is recommended concerning a start/stop function in three different areas. 

 

Component studies. 

 Engine wear. Further investigation on the wear on cylinder liner must be done 

to evaluate how this will be affected by the start/stop function. 

 PM filters. PM filters operate during high temperatures particularly when 

regeneration is done for full filters. How this is influenced by an engine stop 

needs further investigation. 

 

Strategy improvement 

 New APS strategy. To adapt the use of the air compressors would result in a 

more optimal use of the start/stop strategy. Implementing a new APS strategy 

that considers the drive pattern of a hybrid bus according to the one presented in 

Chapter 4.3.9 is thus recommended.  

 Electrical auxiliaries. Introduction of electrical auxiliaries would ease an 

implementation of a start/stop function. The major reason why the engine stop is 

restricted to bus stops is that the power steering action is lost. Electrical power 

steering would eliminate this restriction and give room for more freedom in 

choosing when the engine can be turned off. To replace the pneumatically 

controlled opening of doors with an electrical system will reduce the load on the 

air process system. Electrical AC compressor is another possibility. This 

however needs future investigation both on electrical component performance, 

such as long term reliability, and the extensive need for battery supply. 

 Battery surveillance. This thesis has brought to attention the problem 

concerning a positive charge trend to the batteries. Battery surveillance is a 

necessity to guarantee battery performance during engine start/stop. 

Alternatively the s/s frequency has to be restricted to only a certain amount of 

stops per kilometre. 

 Interior climate. Further studies on what impact a start/stop strategy would 

have on the interior climate is advised.   

 Impact on noise. Further studies on how the noise from the transient behaviour 

of the engine is perceived are advised. This shall be done to identify where the 

stop and restart process needs enhancements.  

 Impact on fuel economy. Tests needs to be carried out to verify the fuel 

consumption calculations made in this thesis. 

 Impact on emissions. How the start stop function with generator has positive 

effect on emissions needs to be further investigated. 

 

Strategy realization 

 Engine position control. To minimize vibration during shut down the engine 

can be manoeuvred into a specified position. The generator can be used to brake 

the engine into that position. This requires information about the crankshaft 

position and a control algorithm for the generator torque demand.  

 Optimization of generator start. The engine restart process can be further 

optimized. 
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Appendices 

Appendix A - Engine model 

In order to simulate the start sequence logic a model of the engine is necessary. The 

generator is directly coupled to the engines crankshaft as illustrated in Figure A 1. The 

angular velocity of the crankshaft can be derived from Newton’s second law. The 

crankshaft is assumed to be stiff. So is also the connection between the flywheel and the 

generator. The rotational velocity for the engine and for the generator can be seen as 

equal. This assumption gives the relation: 

 

       (
GE

JJ )
GE

TT              

 

(A 1) 

 

Where  is the angular velocity,  is the moment of inertia of the engine 

respectively the generator, here  is the torque applied by the generator and is the 

engine torque that has to be overcomed. A great challenge is to model the engine torque 

which is calculated as: 

 

  (A 2) 

 

Where  is the indicated torque, is the torque representing engine friction and 

 is the load caused by the auxiliary systems. 

 

. Principle drawing of the engine-generator model. 

During the cranking procedure, that is of interest in this case, no fuel will be injected 

into the combustion chamber. Hence the indicated torque contribution is limited to the 

force from the compressed air acting on the piston as it moves in the cylinder. 

Consequentially the resisting torque will fluctuate with 5 peaks for every two engine 

turns.  

 

In this model the indicated torque is neglected, meaning that the simulated torque and 

speed will have a smooth appearance. In order to maintain cranking controller stability 

the speed signal needs to be low pass filtered in the implementation. The torque then 

will be smoothly applied by the generator. Due to the indicated torque the engine speed 

will fluctuate. By means of the filter the controller still will see the speed as smooth. 

Without the filter the torque applied by the generator would fluctuate along with the 
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Figure A 1. Principle drawing of the engine-generator model. 
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engine speed. This could cause noise and vibrations and could in worst case even 

amplify the speed fluctuations.  

 

Figure A 2 shows the engine speed of a 1.9 l passenger car engine cranked by a belted 

starter-alternator. The plot is borrowed from a paper by Canova [25]. Here the impact of 

the indicated torque is obvious, especially at the low speeds where the actual speed 

deviates significantly from the desired path. Later on as the engine builds up momentum 

the impact of the indicated torque is reduced. In the series hybrid the generator increases 

the total inertia of the crankshaft. This will increase the stored momentum compared to 

a conventional engine installation which contributes do reduce the fluctuations. 

 

 

Figure A 2. Engine speed during the start-up sequence of a passenger car diesel engine cranked by 

a belted starter-alternator [25]. 

 

The engine friction and auxiliary loads are modelled as a parasitic torque calculated 

from a look-up table with engine speed as input. As the friction torque is rather 

unexplored in the 0-idle engine speed region an approximation was necessary. The 

characteristics were taken from a model supplied by Pettersson [26] at Scania. This data 

is based on previous measurement. Unfortunately the data only covers cold start 

temperatures. Therefore the friction was scaled to a level corresponding to an engine 

temperature of approximately 60° C. As guideline the drag torque data used in the 

torque model presented by Lindbäck [9] was used. In that data the drag torque reached 

approximately 135 Nm at idle speed and 60° C engine temperature. This drag torque 

includes the loads applied by the auxiliary systems at idle. The approximations resulted 

in the friction curve that is shown in Figure A 3. 

 

 

Figure A 3. The approximated drag torque as a function of engine speed. 
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The friction is dependent on engine temperature. In simulations the impact of drag 

torque increase was evaluated. As the engine temperature was varied by 20° C degrees 

in either direction the total drag torque is increased or decreased by approximately 10%. 

With the chosen PI-controller this change has a very little impact on the performance. 

The time and energy needed to reach 500 rpm is increased in about the magnitude of 

10%. Otherwise the characteristics and accuracy of the cranking did not change.  

 

Based on this the drag torque used in the engine model henceforth will be kept as 

corresponding to an engine temperature of 60° C. This also indicates that there, at this 

point, is no need to add an engine temperature gain to the controller. This is however 

yet another point for future optimisation. By compensating the applied torque based on 

engine temperature the performance of the start could be kept constant even if the 

temperature would change. 

 

In order to model the engine in Simulink, a simple Laplace transformation of Equation 

(A 1) was made. The transfer function from applied net torque ΔT to engine speed, , 

could then be derived: 

 

                                

                     

 

 

(A 3) 

 

Figure A 4 shows how the engine model is put together in Simulink. The transfer 

function block contains the transfer function (A 3) and the look-up table contains the 

drag torque. The subsystem below the engine model contains the idle speed controller 

model. 

 

 

Figure A 4. Engine model built in Simulink. 
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Appendix B - 24 V System loads 

 

Table B 1. Estimated 24 V system loads. 

    
 Max. 
power Average power 

   City bus without AC City bus with AC 

      Summer Winter Summer Winter 

Chassis System Total   1000 1000 1000 1000 

              

Body Mounted equipment            

              

Exterior Lights Position lights 50 W 50 50 50 50 

  Marker lights 50 W 50 50 50 50 

  Head lights  140 W 140 140 140 140 

  Fog lights front 140 W 35 70 35 70 

  Fog lights rear 42 W 5 5 5 5 

  Brake lights 84 W 1 1 1 1 

  Reversing lights 42 W 1 1 1 1 

  Direction indicators 168 W 10 10 10 10 

  Licence plate lights 10 W 10 10 10 10 

  Windscreen wiper 200 W 100 150 100 150 

              

Interior Lights Night lights 60 W 20 30 20 30 

  Day lights 300 W 200 300 200 300 

  Step lights 60 W 60 60 60 60 

  Driver cabin lights 40 W 5 10 5 10 

              

Heating Demister 340 W 170 340 170 340 

  Extra interior heaters 75/150 W 0 150 0 150 

  Auxiliary heater 350 W 35 350 35 350 

  Heated wind screen 1000 W 0 0 0 0 

              

A.C. Normal or Ventilation 1700 W 400 100 1700 350 

  Tropical 2800 W 0 0 0 0 

  With heaters 1800 W 0 0 0 500 

              

Audio & Video Radio 100 W 100 100 100 100 

  Camera (reversing) 50 W 5 5 5 5 

              

  Total Power   2397 W 2932 W 3697 W 3682 W 
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Appendix C - Torque model of idle fuel consumption 

 

This torque model, initially presented by Lindbäck [9] was used to estimate how the idle 

fuel consumption would change with increased alternator load. It is based on the linear 

approximation that the diesel fuel adds 9.5 Nm of torque per mg/stroke. Torque balance 

of the flywheel gives: 

 

 (C 1) 

 (C 2) 

 

where: 

 

 : Torque supplied by the fuel, linear approximation 9.5  

 : Torque for turning the engine due to friction including the water pump 

for the cooling system and the power steering. This friction is temperature and 

engine speed dependent but since only idle speed was of interest the values at 

600 rpm for the chosen five cylinder engine was used. 

 : The mechanical torque used to power the fan, AC, air compressor 

and alternator when running at idle speed. 

 : The mechanical torque needed for the engine gas exchange. 

 : An approximation of the torque consumed due to heat loss. 

 : Number of cylinders. 

 : Engine idle speed, 600 rpm for a five cylinder engine. 

 

Constants:  

 

(C 3) 
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N
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cyl
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(C 4) 

Table C 1 shows the estimated values of the different torques acting on the engine. The 

engine friction is estimated to change with the temperature as shown in Table C 2. 
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Consumed fuel is given by: 
s

mg
c

k

M
m

fuel

diesel
  

(C 5) 

 

Table C 1. Torque use of different systems 

while idling. 

Torque consumed Torque [Nm] 

friction
M

 
See table C 1 

lossheat
M

_  
-41.2 

exchangegas
M

_  
-5 

Air compressor at idle -5 

Alternator at idle See eq. (12) 

AC at idle -2 

Fan -10 

 

 

Table C 2. Torque consumed by friction at 

600 rpm for different temperatures. 

Temperature Torque at 600 

rpm [Nm] 

-30 -170.35 

0 -124.45 

20 -92.45 

50 -60.3 

80 -42.8 

110 -36.5 
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Appendix D - Conversion from start energy to equivalent fuel  

 

When calculating the minimum stop time it was necessary to convert the electric energy 

consumed during start as well as during the stop into equivalent fuel consumption. This 

fuel represents the fuel needed to recharge the battery after the engine start. This was 

done by using the model presented by Lindbäck [9]: 

 

 

 

 

 

Engine on: 0.1 [ kWh ] 30021085.0
%60

100
diesel

m
kWh

g
[ g ] 

 

(D 1) 

 

 

 

 

Engine off: 4503.1
5.24

5.28
diesel

m [ g ] 
 

(D 2) 

 

 

 
 

 

1.0[kWh from battery at engine off] ≈ 450[g of diesel] 

 

 

This is valid for a conventional engine start by means of the starter motor and battery. 

In order to estimate the fuel consumption as when the engine is started by means of the 

generator this model was modified slightly. The alternator and battery efficiencies were 

replaced by the efficiencies for the generator and the super capacitors. Both of them 

were assumed to be 90 % in both directions. This gives the modified model: 

 

Engine on: 0.1 [ kWh ] 22021085.0
%90

100

%90

100
diesel

m
kWh

g
[ g ] 

 

(D 3) 

 

Engine start: 270
%90

100

%90

100
diesel

m [ g ] 
 

(D 4) 

 

1.0[kWh from super capacitors at engine start] ≈ 270[g of diesel] 

Only 85% of the times while the engine is 

running does fuel injection occur 

Alternator mean  

efficiency 

Mean engine specific 

consumption 

Charge power [V]/ 

Output power [V] 

To get 1 Ah out 1.3 Ah 

must be charged 
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Appendix E - Generator start controller 

 

The method chosen to control the cranking process is a simple PI controller as 

illustrated in Figure E 1. It is by far the most well represented controller in the industry 

[27]. This is due to the fact that it is relatively simple to understand and tune. 

 

 

Figure E 1. Principle sketch of the closed loop PI control method. 

 

The controller calculates the control signal u. In this application the control signal 

corresponds to the torque that should be applied by the generator. The input to the 

controller is the engine speed error e which is the difference between desired and actual 

speed: 

 (E 1) 

 

Where  is the desired engine speed and  is the measured actual engine 

speed. The controller can be described by: 

 

(E 2) 

 

Where  and  are constants that are determined during controller tuning. The gain 

 determines the impact of the immediate error , usually referred to as the 

proportional part of the controller. By increasing  a faster controller is achieved. A 

larger value of  also have a negative impact on stability and increases the size of the 

control signal . The integral part of the controller integrates the error and multiplies 

it with the gain . The purpose of this part of the controller is to achieve a better 

accuracy by eliminating steady-state errors. By increasing the value of  the speed 

and accuracy of the controller is increased but usually at cost of decreased stability. 

 

To be able to implement the controller in the control unit it needs to be expressed in 

discreet time. A Laplace transformation of Equation (E 2) gives the transfer function 

from error to control signal according to Equation (E 3). 
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The discrete time approximation is done with the backward difference method which 

gives the discrete transfer function, Equation (E 4) 

 
(E 4) 

Where  is the sampling period (in this case fixed to be 10 m). From (E 4) the control 

law (E 5) was derived 

 (E 5) 

If this expression is expanded and shifted with  on both sides of the equal sign the 

control signal are given by  

u ( t ) u ( 1t ) eK
p

( t ) eK
p

( 1t ) eKT
Is

( 1t ) (E 6) 

 

For this application the typical utilisation will be similar to a step response as the 

controller is activated when the engine speed is zero and the goal is to achieve set speed 

as quickly as possible. In this system the size of the control signal  is the main 

limitation as it represents the maximum torque applied. The maximum torque limit is 

defined by the maximum output torque available from the generator. 

 

The tuning of the controller is performed in Matlab Simulink by means of the engine 

model described in Appendix A. Quick engine cranking is highly prioritised in order to 

achieve quick start request response and in order to quickly pass the natural frequencies 

in the low speed region. First  was set to a value so that the maximum 

torque/acceleration in the initial phase was achieved.  

 

In order to facilitate a quick transition to the idle speed controller the cranking speed 

goal was set to 520 rpm while the engine synchronisation is activated as soon as the 

engine reaches 500 rpm. The integral gain  is set to a value where the time to reach 

500 rpm is shortened to about 1.3 s and that the overshoot is within an acceptable level. 

It is not intended that the engine speed should level out at cranking speed. The idle 

speed regulator should be activated while the speed still is increasing, meaning that a 

slight overshoot is not a problem. However, if the speed overshoots too much and 

passes 600 rpm there is a risk of delayed start. If the engine is not synchronised before 

600 rpm is passed the idle speed regulator would not instantly engage and inject fuel. 

First when the engine speed has decreased down under 600 rpm again the first fuel will 

be injected and the engine is considered as started. The step response and control signal 

can be seen in Figure E 2. 
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Figure E 2. Step response test of the controller combined with the engine model. The left plot shows 

engine speed and the right shows applied torque/control signal. 

These basic settings would give a good functionality but leaves room for further 

optimisation later on where the cranking speed can be increased to gain smoothness and 

potentially further fuel savings. 


