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1. [bookmark: _Toc68004058]Abstract

Energy Efficiency and pollutant reduction are at the centre of interest and development in today’s automotive industry as environmental initiatives push for a greener industry. Alternative and renewable fuels have become a leading area of research. With HEV and EV technology being the main area of development in the automotive industry the author determined that an investigation into the kinematics and design architecture as well as an investigation into varying cycles and the benefits dependant on application.
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	ICE = Internal Combustion Engine
HEV= Hybrid Electric Vehicle
CR= Compression Ratio
ER= Expansion Ratio
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2. [bookmark: _Toc68004060]Introduction 

The author determined that a design study of the development of a single cylinder engine design that is capable of operating as a range extender used in conjunction with current HEV Vehicles could demonstrate the benefits and advantages to efficiency and emissions of current Internal combustion engines. With the push for reduced total greenhouse gases by 55% by 2030 (European Union, 2021) and alternative powertrain/fuel solutions, Specifically designed engine configurations that make use of alternative cycles at a constant engine speeds could provide the additional efficiency ICE’s require for future emissions targets. various types of fuelling such as viable bio-fuels could also be used to reduce the carbon footprint of range extender engines 
The aims of this thesis will be to design and investigate the kinematics of small single cylinder engine design to a act as the ICE component to a parallel or series hybrid as well as advantages of over expansion. This thesis will outline a literature review of the principals of over expansion as well as the design and operational procedure of ICE engines currently used in HEV applications with the aims to demonstrate the kinematic operation that allows for the reduced emissions and increased efficiency as well as the design methodology of the engine, the author. 
3. [bookmark: _Toc68004061]Literature Review 

In this literary review section, the author will demonstrate the principals and mechanisms involved when considering engine design/geometry as well as methods and cycles used to increase thermal efficiency from combustion while reducing the over all emissions per kilometre as per European emissions guideline method of measuring vehicle fuel economy/emissions. According to European emissions study’s Light commercial vehicle emissions are responsible for approximately 15% of the global emissions (European union, 2021), as of January 2020 emissions regulations dictate that a maximum of 95g of CO2 per Km can be produced by manufactured light vehicles which equates to a fuel efficiency of 4.12L/100Km with aims to reduce CO2 emissions by 15% by 2025 (European union, 2021). This 
Objectives and focus of research:
· Emissions regulations statistics & targets 
· Current HEV design and alternative HEV solutions
· HEV application Engine Design
· Atkins Cycle 
· Over Expansion
· Valve timing Dependant on Cycle choice
· Main factors when making design considerations.



3.1. [bookmark: _Toc68004062]Emissions, EV & HEV Push 

With new emissions regulations as of January 2020 and a target of a further 15% reduction in light duty vehicle emissions by 2025 manufacturers are turning to EV and HEV solutions with 3 main configurations, plug in EV where the vehicle design requires a charging point and depends on powerplants and infostructure for charging and therefore requires no ICE and wont be considered for this study, however both series and parallel hybrids depend on conventional engines to charge the batterie or work in conjunction with EV components to operate at a greater efficiency and fuel economy leading to reduced CO2/ KM.   
[bookmark: _Toc67999257]Figure 1 CO2 Emissions in each sector since 1990 (European Transport Comission, 2021)
[bookmark: _Toc67999258]Figure 2 Greenhouse gas Emission in the Transport sector (European Transport Comission, 2021)


Figure 1 demonstrates the emissions for each sector between 1990 and 2014, as can be seen the transport industry is the largest contributor to greenhouse emissions and with increasing number of vehicles on the roads since the 1990’s road pollution accounts for over 70% of the emissions in the transport sector according to European emissions statistics as seen in figure 2.  With these statistics it clear that road emissions are the largest pollutant in the transport industry and thus the reason for new regulations pushing for lower and zero emissions vehicle, one of the most promising areas of development due to this is EV and HEV have become the main focused for mechanical design development and energy conservation.

[bookmark: _Toc68004063]4.1.1 Parallel Hybrids
 
Parallel hybrids operate on the principal that both ICE and EV have active power trains to the wheel allowing for one or both to operate at will, this solution to HEV makes use of the ICE under large loading scenarios or when the EV battery’s charge reaches minimum charge limits. This HEV solution decreases the CO2 emissions per Kilometre this is due to the engine charging the batterie as the ICE operates increasing the fuel efficiency and the distance travelled on the same quantity of fuel, Figure 3 demonstrates a powertrain representation of a parallel hybrid. As can be seen the ICE and EV motors are attached to the primary drive allowing of both to act as a primary drive dependant on loading conditions and battery management.[bookmark: _Ref67411756][bookmark: _Toc67999259]Figure 3 Parallel Hybrid Drivetrain (Land Transport GURU, 2021)


[bookmark: _Toc68004064]4.1.2 Series hybrids

Series hybrids generally operate with an internal combustion engine as a range extender for the EV components, as the ICE has no mechanical connection to the drive train of the vehicle and acts solely to charge the EV battery therefore the design can be optimised to operate at a specific rpm to maximise efficiency. The configuration of series hybrids varies massively defendant on manufacturer and design purpose, many existing ICE’s can be converted by simply altering the ECU for specific RPM mapping and cam shaft alteration to allow for the Atkinson cycle or cycle variation dependent on the design. ADD?

Figure 4 Series Hybrid Drivetrain (Land Transport GURU, 2021)





3.2. [bookmark: _Toc68004065]Atkins Cycle

The Atkins cycle is an alternative to the otto cycle and was developed in 1882 by a British inventor, James Atkinson to increase thermal efficiency in internal combustion engines compared to the otto cycle. This was achieved by using a complex crank design allowing for variable engine strokes, this design allows for greater efficiency at the expense of power density (Connor, 2019) as the expansion stroke is larger than the compression stroke increasing the thermal efficiency of combustion. This design was developed further as an altered otto cycle as camshaft operated valve timing allow for extended inlet valve lift allowing for reverse flow in the inlet during compression which expels part of the fuel mixture and therefore generate a larger expansion ratio than compression ratio and therefore allowing for over expansion and greater thermal efficiency. 
Figures 3 and 4 show a typical Pressure Vs Volume diagram of the Atkinson and Otto Cycle, as can be seen the thermal energy is released across the entire expansion stroke in the Atkinson Cycle where as the otto cycle shows a quicker release of energy indicating greater power density, with heat loss towards the end of expansion rather than only on the exhaust stroke seen when using the Atkinson cycle indicating that the thermals efficiency of the otto cycle is less than the Atkinson cycle however has greater power density emphasising the trade off of power density and fuel efficiency aforementioned.
[bookmark: _Ref67482993]Figure 6 Otto Cycle (Connor, 2019)
[bookmark: _Ref67482758]Figure 5 Atkinson Cycle (Connor, 2019)

Equation 1 Thermal Efficiency (Nuclear Power.net, 21)

Where:
· W = Work Done
· QH = Heat Added
· Qc = Heat Released 

Equation 2 Heat Added To the System (Nuclear Power.net, 21)



Equation 3 Heat Released by The system (Nuclear Power.net, 21)


Most parallel and Series hybrids run purely the Atkinson cycle or make use of VVT to alternate between Atkinson and Otto cycles, While the Atkinson cycle inherently accounts for over expansion due to the valve timing.
[bookmark: _Toc68004066]4.1.1. Over Expansion

Over expansion can be defined as when the expansion stroke is greater than the Compression stoke allowing for greater thermal efficiency for the charge in the cylinder at the cost of power density, this produces different compression to expansion ratios, A larger expansion ratio (ER) is where the volume ratio of the expansion chamber is Greater than the volume on compression allowing for increased volume on expansion compared to compression and greater thermal efficiency in which more useful energy is used from combustion as well as reduced pumping losses against piston motion on compression compared to a normal engine configurations where the ER and CR are equal commonly found in Otto Cycle engines.[bookmark: _Toc67999260]Figure 4 Effect of Over Expansion (Tech Talk , 2020)







Figure 4 Demonstrates the effect of over expansion when used with a conventional otto cycle as can be seen the PV diagram more accurately represents a Atkinson cycle. One of the main considerations when using extended inlet valve lift is that the compression ratio will need to be altered to account for the less in power density, this usually means increasing the ratio to increase pressure and therefore Gas force and power.
· Petrol range of Compression ratio
-typically Between 10:1 & 14:1 dependant for constant CR engines (Mishra, 2017)

· Deisel Compression ratio
-typically around 18:1 & 23:1   higher due to compression based ignition system 

3.3. [bookmark: _Toc68004067]Hybrid key Engine Design considerations

The main consideration when designing HEV range extenders that differentiates between conventional ICE and HEV engines is the use of the Atkins cycle at a specific rpm maximise fuel efficiency when charging this would require an extended valve lift, without variable valve timing the vale lift is set at a single cycle variation, figure 9 shows an example of vale lobes that determine the valve lift as seen in the valve lift plot also in figure 9, modification of these would allow for the alteration of the cycle the engine runs for example altering the cycle form Otto to Atkinson.
[bookmark: _Toc67999261]Figure 10 Cam Lobes and Valve Lift profile






Figure 12 shows the method of operating and ensuring correct valve timing where specific hearing sizes are attached to the camshaft and crankshaft which allows for the cam to be driven at twice engine speed with the correct gear ratio’s to ensure best performance, this timing would be dictated by the most fuel efficient rpm, a common indicator of this is a brake specific fuel consumption map (BSFC) as seen in figure 11.
[bookmark: _Toc67999262]Figure 11 BSFC Example of Otto and Atkinson cycle engines

[bookmark: _Toc67999263]Figure 12 Cam chain Mechanism








When considering refitting ICEs to generators the engine architecture is near identical however crucial aspects such as RPM, loading and the relationship between these and vale lift duration. 

3.4. [bookmark: _Toc36131859][bookmark: _Toc39446659][bookmark: _Toc68004068]Parallel HEV Alternative Design solutions

Due to the configuration of Parallel hybrids the engine must operate similarly to conventional ICE non EV vehicles as in it need to perform as the primary drive until the battery is charged or in additional load scenarios, there are however alternative design solutions to engine configuration that can increase efficiency over conventional engines such as flex engines or range extenders in the case of parallel hybrids flex engines are the most promising in the authors opinion however series hybrids with ICE’s as range extenders using the Atkins cycle and over expansion design to run at its most efficient also has merit this study and research aims to highlight the benefits and alternative solutions available when developing HEV. 
3.4.1. [bookmark: _Toc68004069]Gomecsys Flex engine Design Crank 

An alternative to conventional parallel hybrid engines are flex engine which allow for variable compression and over expansion as part of the kinematic design one of such designs was patented by Gomecsys which was founded 1997 with the purpose of developing more fuel-efficient flexible engine technology, the use of VCR and OE is made possible by the development Gomecsys’s  own adaptation of the Waulis kinematic system which is a custom VRC crank design which operated on a geared crank to piston configuration. The Gomecsys kinematics operates in much the same way as a conventional crank to piston configuration however in this case a concentric lobe is situated on the crank Pin assembled using dog bone retainers (see Figure 4 ), this allows for the adjustment of the compression ratio from a maximum of 13.5:1 to a minimum of 8.5:1 and can be as used in engine configurations ranging from single cylinder to V8 engines with “Zero impact on existing engine architecture” according to Gomecsys (Gomecsys.Technology, 2020) . (Gomecsys, 2020) (Pohjalainen)Driving Rod
Secondary Drive Gears
Torsion Spring & actuator 
[bookmark: _Ref37329609][bookmark: _Ref67678326][bookmark: _Toc67999264]Figure 5 Concentric Crank pin, Dog bone joints and gearing Drive train (Gomecsys, 2020)
Concentric Drive Gear

The Compression ratio is set dependant on the Degree of offset from TDC the concentric lobe is set to at the beginning of each cycle which is determined by the Electronic Control unit (ECU) depending on engine load provide the most fuel efficient and energy efficient CR. The concentric lobe operates between maximum compression ratio at 90° (crank TDC) and minimum CR at -70° allowing for a flexible compression ratio between 8.5 and 13.5, the kinematics of this design ensure that the concentric lobe is precisely timed so that when the piston is at TDC the concentric lobe sits at the desired offset at the end of the compression stroke.[bookmark: _Ref37345020][bookmark: _Toc67999265]Figure 6 Range of concentric motionInvalid source specified.

Gomecsys claim is that with this VCR crank mechanism a true 4 stroke cycle can be maintained while maintaining over expansion thereby increase thermal and fuel efficiency without the need for variable valve timing to alternate between the otto and Atkinson cycle. This is possible due the concentric mechanism operating at half engine speed by controlled the gearing ratio between the concentric lobe and the intermediate gears seen in Figure 4 (Gomecsys, 2020), this means that the concentric lobe that the rod is fixed to rotates from its initial position 180° for every 360° of crank rotation an example of this can be seen in Figure 10 (Gomecsys, 2020). At TDC Firing the lobe is sets the positional degree as seen in Figure 6 to select the required Compression ratio on the compression stroke, due to the rotation of the concentric lobe operating at half engine speed the lobe rotates 90° to the 0° position when set to maximum Compression ratio (see Figure 6 which enlarges the expansion stroke compared to the expansion thus generating over expansion.
When reducing the compression ratio, the driving mechanism engages the torsion spring which activates the intermediate gears and increases the rotational velocity of the concentric lobe briefly to alter the degree of offset needed to set a new compression ratio. (Gomecsys.Technology, 2020)[bookmark: _Ref37348148][bookmark: _Toc67999266]Figure 8 TDC firing Invalid source specified.
[bookmark: _Ref37348276][bookmark: _Ref67833792][bookmark: _Toc67999267]Figure 8 BDC Expansion (Gomecsys, 2020)
Approx. CR of 11:1
Max CR of 13.5:1



benefits claimed by Gomecsys include:
· A claimed 8% Reduction in CO2 Emissions in cars and 10-15% in single cylinder motorcycles when tested in accordance to the World-wide light duty vehicle test cycle (WLTC) regulations.
· No additional friction in between the cylinder and piston
· No additional Gear noise.
· Maintains a True 4 stroke cycle with over expansion without the need for VVT[bookmark: _Ref37682513][bookmark: _Toc67999268]Figure 9 Gomecsys Main VCR Crank Engine Cycle configurations (Gomecsys.Technology, 2020)
1
2
3
4

Figure 11 shows the effects of 4 CR settings that represent the desired cycle variant dependant of engine demand, the 4 mains settings and effects that this mechanism allows for can be seen in Figure 12 
[bookmark: _Toc39446660][bookmark: _Toc68004070]Cycle 1 (Power Cycle) @ 90° TDC Firing

The first cycle configuration with the concentric lobe set at 90 TDC which allows for a true 4 stroke Otto cycle as can be see by the lack of over Expansion however has the added benefit of internal EGR, this setting is designed to allow for the engine to perform close to the same as current engines while improving on particulate emissions through effectively downsizing the engine and adding internal EGR. This set-up would largely be used for Average to high performance situations where a average power demand is needed.
· Intake: The intake stroke neglects to use the entire stoke due to the configuration which allows for internal EGR and essentially downsizes the engine capacity slightly which is an approach to reducing emissions.
· Compression: The reduced charge allows for an increased CR ratio, under this situation the CR is at maximum therefore the pressure is increased through compression to account for the reduced charge
· Expansion: Equal ER to the CR allowing for a true 4 stoke cycle 
· Exhaust: the exhaust stroke is at its minimum and therefore the greatest amount of burnt and unburnt particulates are retained in the cylinder for internal EGR reducing emissions.

[bookmark: _Toc39446661][bookmark: _Toc68004071] Cycle 2 @ 45° TDC (Greatest thermal Efficiency)

Cycle 2 has the shortest intake stroke and largest expansion stroke and therefore would represent the best thermally efficient cycle with only marginally less internal ERG than the power cycle configuration, this set up would largely be low engine demand situation where power is in low demand. this cycle is best represented as a Atkinson cycle without the need for extended inlet lift. This setting would largely be used when charging the battery under low load scenarios.
· Intake: Minimum intake stroke occurs due to Concentric positioning lowering 
· Compression: High compression ratio to account for reduced charge 
· Expansion: Maximum Expansion stroke generating the greatest thermal efficiency Per cc of charge
· Exhaust: Exhaust stroke lengthened increasing negative work
[bookmark: _Toc39446662][bookmark: _Toc68004072]Cycle 3 0° @ Crank TDC 

Cycle 3 would largely be used in scenarios where the EV motors require assistance when under high load demand, with a relatively large intake of charge the engine can provide reasonable torque and power and also has the largest expansion offsetting the increased charge with greater thermal efficiency. 


[bookmark: _Toc39446663][bookmark: _Toc68004073]Cycle 4 (High Torque) -60° TDC Firing

· Induction: The Induction on cycle 4 is at its maximum due to the minimum compression ratio required 
· Compression: When the induction stroke is at its peak the compression ratio is at its lowest to avoid knock issue in the cylinder associated with hight pressures
· Expansion: over expansion with no internal EGR however this cycle would be used the maximise toque due to maximum induction of charge.
· Exhaust: increased exhaust stroke to expel additional exhaust
cycle 4 would be used in high torque scenarios with a low CR to reduced Damaging to the engine with increased pressures due to increased charge known to cause knock, the increased volume with the addition of turbo charging would increase the output of engine to competitive with current ICE engines. Gomecsys claim better power and torque performance for test bed 1.6 Peugeot 208, with the time for alteration of the CR between cycles being approximately 0.2 seconds from maximum to minimum compression ratio.
The application of this technology to existing ICE Designs would be a considerable step in reaching new emissions legislations, Gomecsys claim that in current single cylinder engines and that utilise this design show a 10% – 15% reduction in emissions. with the VCR crankshaft HEV designs could further aid in the reduction of fuel consumption to meet new emissions legislations due by 2025.  
Used in parallel with EV components this flex engine design solution could drastically decrease the fuel consumption and CO2 produced Per KM.
The cycles seen in figure 9 are indicative of otto, miller and Atkinson cycles where in common Hybrid design engines will make use of one of these operations without the use of the Gomecsys VCR Design or possibly two with the use of VVT, therefore the a conversion of an ICE for a hybrid application without VCR  
4. [bookmark: _Toc68004074]Literature conclusion/discussion 

In conclusion the author believes that a study into alternative ICE solutions such as converting a current ICE into a HEV Generator/Range extender would be effective in for HEV application and reducing emissions. During the research for this proposal the author discovered that very little concise studies on adapting and designing an existing engine architecture to operate as a Generator/ range extender by tuning the engine design to its most efficient.  With the research shown the author believes that the investigation into converting an existing ICE into a Parallel hybrid generator through mechanical design parameters and cycle alteration to its most efficient could yield in interesting results  that could be used to inform a decision when refitting current Vehicles to HEV or EV Power Trains as this is a common and more cost effective and recycles 95% of the original vehicle and components 



Bibliography
Connor, N. (2019, 05 22). Thermal Engineering. Retrieved from What is Atkinson Cycle – Atkinson Engine – Definition: https://www.thermal-engineering.org/what-is-atkinson-cycle-atkinson-engine-definition/
European Transport Comission. (2021, 03 25). European Comission. Retrieved from EU Transport Emissions : https://ec.europa.eu/clima/policies/transport_en
European Union. (2021, 03 12). European Climate Action . Retrieved from Road Transport: REsucing CO2 emissions from Vehicles: https://ec.europa.eu/clima/policies/transport/vehicles/regulation_en
European union. (2021, 03 15). European Commission. Retrieved from EU Action - Transport Emissions: https://ec.europa.eu/clima/policies/transport/vehicles/regulation_en
Gomecsys. (2020). Who are we. Retrieved from Gomecsys.com: https://gomecsys.com/
Gomecsys.Technology. (2020). Gomecsys. Retrieved from Gomecys Variable compression technology: https://gomecsys.com/our-product/gomecsys-vcr-technology
Land Transport GURU. (2021, 03 22). Land Transport GURU. Retrieved from Series & Parallel Hybrid Drivetrains: https://landtransportguru.net/hybrid-buses-in-singapore/series-parallel-hybrid/
Mishra, P. (2017, 12 18). What is Compression Ratio – Petrol and Diesel Engine? Retrieved from Mechanical Booster: https://www.mechanicalbooster.com/2017/12/what-is-compression-ratio-petrol-diesel-engine.html
Nuclear Power.net. (21, 03 22). Thermal Efficiency for Atkinson Cycle. Retrieved from Nuclear Power.net: https://www.nuclear-power.net/nuclear-engineering/thermodynamics/thermodynamic-cycles/atkinson-cycle-atkinson-engine/thermal-efficiency-for-atkinson-cycle/
Pohjalainen, T. (n.d.). Waulis Motors Ltd. Retrieved from http://waulis.com/wp-content/uploads/White_Paper.pdf
Tech Talk . (2020, Jan/Feb). Retrieved from VACC Technical Publication : https://www.autoapprenticeships.com.au/wp-content/uploads/2020/02/2020_02_4805_4920.pdf?fbclid=IwAR2zQ_ThXRv_q1apMGA1b0pYM6n6d0Qh3pAey7e5YzZPeKsGY-hqpmg3DNQ#:~:text=Over%20expansion%2C%20like%20all%20new%20ideas%2C%20is%20an,had%20been%20used%20to%20push%


[image: ][image: ]
image3.png
oz
el
a0z
oz
oz
a0z
a0z
L0z
a0z
sonz
o0z
co0z
a0z
100z
o0z
st
uss
10
0864
seos
o8
oss
2008
e
oss

= Residentid nd sevices

——omer

Incustry
—Teanspot*

e gy Industies

e AU

- Total





image4.png
oz
el
a0z
oz
oz
a0z
a0z
L0z
a0z
sonz
o0z
co0z
a0z
100z
o0z
st
uss
10
0864
seos
o8
oss
2008
e
oss

= Residentid nd sevices

——omer

Incustry
—Teanspot*

e gy Industies

e AU

- Total





image5.png
Ot
0%

Navigation
13

Ralvays
0.6

il

Road
transport
8%

iy

Aiaton

_Roa
EX:





image6.png
Ot
0%

Navigation
13

Ralvays
0.6

il

Road
transport
8%

iy

Aiaton

_Roa
EX:





image7.png
Series Hybrid: Parallel Hybrid:

Sefle=i 24





image8.png
Series Hybrid: Parallel Hybrid:

Sefle=i 24





image9.png
ignition

Pressure

intakestroke  exhauststroke 4

Volume





image10.png
ignition

Pressure

intakestroke  exhauststroke 4

Volume





image11.png
Pressure

ignition

6ntake stroke exhaust stroke 1

Qo

Volume





image12.png
Pressure

ignition

6ntake stroke exhaust stroke 1

Qo

Volume





image13.png
- o x

&8 @ (DB JEJEJEYE|E(E (m b @b {:x |+
C QA s ® 0 9 fH v O e -
© Spotiy-YourLibrary @ YouTube BV B3N ED work >

(& https://www.autoapprenticeships.

© Facebook (@ Emsi - Thomss Syk.. [ Other favouries

G Google

+ @ @’ A =]
emiency over a conventionar engine or tne
same size. However, this engine has not
been picked up by any manufacturers for
mass production.

2 |oft6 Q -

Digital Automotive
Oscilloscopes:
Beginners Buyers Guide 4818

DENSO:
Injector Coding.

VACC

Youre in good hands.

Recently, Dutch start-up company
ECONAMIQ has developed another

way to over expand exhaust gases by
incorporating cylinder deactivation
systems. These systems are a common
feature in many modern engines, which
disable cylinders under low load conditions,
to effectively reduce the capacity of the
engine which reduces emissions and

fuel usage. When power is required, all
cylinders are reactivated.

4820

16.50 inc. G5T

The ECONAMIQ principle uses the
deactivated cylinders in a similar
way to the S-stroke engines middle
low-pressure cylinder. There are
extra passages and valves In the
ECONAMIQ engines cylinder head
0 allow exhaust from the two outer
cylinders, to pass into the midale
two deactivated cylinders. This will

ECONAMIQ Engine Stroke Verses Pressure Graph

The red line
indicates a typical
four-stroke engine
cycle showing
pressure and
volume. The green
line shows how

Four Stroke Cyle imit

B

|
ECONAMIC) osesreen

in'the desctated
Cycle advontage  cyinders.

Pressure

effectively extend the combustion the ECONAMIQ |
stroke of the engine. cycle allows the Po,
power stroke to Vir wer.
There s a valve between the two be extended to //
7 2
icde pinders o slom e 0 | emnreee e
act together asa single-cylnder with | anergy it
Volume

alarger surface area, which more.

efficiently extracts power from the
lower pressure exhaust gases. Under
highload conditions, the valves in

the head close, all four cylinders are
activated and will operate on the four-
stroke cycle so the engine can provide
the driver with high performance.

The advantages of this conceptis
the relative ease inwhich it can be.
integrated into existing four and eight-
cylinder engines with minimal changes
required. It also builds on existing
cylinder deactivation and variable
valve timing systems,

ECONAMIQ Stroke Cycle Showing Over Expansion

Compression Intake

TR E

ntake Exnaust

L))

Teod rom ight

Due to the internal exchange of exhaust
gasses, the ECONAMIQ principle
ensures that the engine reaches
operating temperature faster, resulting
inmore efficient engine operation and
the heater inside the vehicle will start
working sooner.

Hybrid vehicles would especially benefit
since the rapid engine warm-up and
high-efficiency cycle that ECONAMIQ
offers, would reduce fuel consumption
during power-assisted operation

or battery charging. Also, engine
vibrations are reduced during ¢

This shows :mmm from the outer cylinders deactivation.
‘operating on the four stroke cycle and over
a expansion in the deactivated cylinders in the middle. v

 Source: ECONAMIQ & limor.

The ECONAMIQ engine is still in the





image14.png
- o x

&8 @ (DB JEJEJEYE|E(E (m b @b {:x |+
C QA s ® 0 9 fH v O e -
© Spotiy-YourLibrary @ YouTube BV B3N ED work >

(& https://www.autoapprenticeships.

© Facebook (@ Emsi - Thomss Syk.. [ Other favouries

G Google

+ @ @’ A =]
emiency over a conventionar engine or tne
same size. However, this engine has not
been picked up by any manufacturers for
mass production.

2 |oft6 Q -

Digital Automotive
Oscilloscopes:
Beginners Buyers Guide 4818

DENSO:
Injector Coding.

VACC

Youre in good hands.

Recently, Dutch start-up company
ECONAMIQ has developed another

way to over expand exhaust gases by
incorporating cylinder deactivation
systems. These systems are a common
feature in many modern engines, which
disable cylinders under low load conditions,
to effectively reduce the capacity of the
engine which reduces emissions and

fuel usage. When power is required, all
cylinders are reactivated.

4820

16.50 inc. G5T

The ECONAMIQ principle uses the
deactivated cylinders in a similar
way to the S-stroke engines middle
low-pressure cylinder. There are
extra passages and valves In the
ECONAMIQ engines cylinder head
0 allow exhaust from the two outer
cylinders, to pass into the midale
two deactivated cylinders. This will

ECONAMIQ Engine Stroke Verses Pressure Graph

The red line
indicates a typical
four-stroke engine
cycle showing
pressure and
volume. The green
line shows how

Four Stroke Cyle imit

B

|
ECONAMIC) osesreen

in'the desctated
Cycle advontage  cyinders.

Pressure

effectively extend the combustion the ECONAMIQ |
stroke of the engine. cycle allows the Po,
power stroke to Vir wer.
There s a valve between the two be extended to //
7 2
icde pinders o slom e 0 | emnreee e
act together asa single-cylnder with | anergy it
Volume

alarger surface area, which more.

efficiently extracts power from the
lower pressure exhaust gases. Under
highload conditions, the valves in

the head close, all four cylinders are
activated and will operate on the four-
stroke cycle so the engine can provide
the driver with high performance.

The advantages of this conceptis
the relative ease inwhich it can be.
integrated into existing four and eight-
cylinder engines with minimal changes
required. It also builds on existing
cylinder deactivation and variable
valve timing systems,

ECONAMIQ Stroke Cycle Showing Over Expansion

Compression Intake

TR E

ntake Exnaust

L))

Teod rom ight

Due to the internal exchange of exhaust
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‘where "0 is the cam angle, x" and " are the start and ends tim-
ings of the function in terms of  values. In the analyses, valve open-
ing timings were divided into periods when determining the nodes.
As a resul of the analyses, images of re-designed cam profiles were
transferred to the CAD environment and cams were manufactured
from AISI-SAE 4140 steel by CNC wire erosion machining (Fig. 2).
‘Then, heat-treatment process was applied to 60 HRe hardness.
Cam shaft-cam hub_connections were provided with M20x1
screw-type teeth. Desired cam profle can be removed or mounted
to the engine cam shaft. The cam lift can be adjusted and secured
‘with n position by each with two lock-nut.

As it is shown in Fig. 3, displacements of the cam profiles are.
obtained for different valve lits (6.5, 7, 7.5 and 8 mm) and each
period. Velocity and acceleration curves of re-designed cams are
‘shown for 2000 rpm in Figs. 4 and 5, respectively. Velocity curves.
of re-designed cams for different valve lfts were calculated by tak-
ing the first-order derivative of the displacement with respect to
‘cam angle. Also, acceleration profiles of re-designed cams for dif-
ferent valve lits were determined by using second-order deriva-

Fig 2 images of manuactured cam profles.

Lt fmem)

T —
‘Cam angle (Degree)

Fig. 3. Dispacement cuvesof the cam profles.

Veooty (i)
Be gt

Acosteration (miisr’)

Flg. 5. Accleation curves o cam prfles.

tive of the displacement with respect to cam angle. As it is seen
from Fig. 3, maximum velocities depending on the valve lfts
increased for the same opening valve periods. Maximur velocity
is 1967 mm]s for 6.5 mm valve lit, while it was obtained as
2486 mm/s when the valve lift was increased to 8 mm. Also, max-
imum acceleration is 1075 x 10° mm/s* for 6.5 mm valve lft,
while it was obtained as 1783 x 10° mm/s* when the valve lift
was increased to 8 mm. From the results, it is understood that
the maximum values of velocity profles increase with the increase
of the valve lfts. Consequently, the maximum values of accelera-
tion profiles related with velocity profiles were also showed incre-
‘ments depending on the increase of the valve lifs.

3. Results and discussions

Fig. 6 illustrates the effect of two different valve lift (7 and
8 mm) on the engine brake torque between 1700 and 3200 rpm
engine speeds for unleaded gasoline and LPG fuels. Maximum
engine brake torque with 7mm valve lift was obtained as
19.05Nm at 2600 rpm for gasoline fuel. Also, decrease on the
engine brake torque up to 8.82% was observed when the engine
fucled with LPG fuel and it was obtained as 17.37Nm at
2600 rpm. Moreover, improvements on the air-fuel flow into the
cylinder by increasing the valve lft to 8 mm resulted in improve-
‘ments on the engine brake torque at higher than 2000 rpm when
the engine fueled with LPG fuel. Maximum increase on the engine
brake torque for 8 mm valve lift and LPG fuel was found to be
7.44% at 3200 spm. On the other hand, engine brake torque with
gasoline fuel deteriorated at especially low engine speeds when
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‘matter of Tact, the average erfor I Tened Al RO greater AR %,
which also have slready met the common sccuracy requirement for
‘model estimations o engines.

‘The HAVT is then adopted to make the engine capable of per-
forming variable engine cycls through the high flexibiliy it provided
to the valve motions. With the modelbased optimizations, which is
supposed to be conducted offline prior to having the required operating
ables of all the considered parameters to be written in the engine
control unit (ECU), the conversion of the baseline engine from running
in OC into VOAC can be schieved by identifying and implementing the
proper valve motion strategies of the HAVT.

21, The VOAC engine

Firstly, to understand the VOAC engine and its potentials, some of
ts major characteisics are worth being mentioned and introduced.
Differ from the common OAC engines, the VOAC engine is not only
camless and unthrotted, but also carries out a variable Otto cycle
(VOC) and a variable Atkinson cycle (VAC) a full load and partia losd,
respectively. The VOC is acually an adsptive OC that alers the com.
pression and expansion processes of the engine according 1o engine
speed while the VAC shares the same concept of the VOC only that the
engine would b unning in ACs instead of OCs. These eatures grant the
VOAC engine the capabilty of delivering higher outputs at ful load
while being more fuel cconomical st partial load.

The climination of the throttle can further reduce the intake

6

instantancous in-cylinder volume at the moment of EVO. The un-
throtled engine load control is actually achieved by the joint effect
from adopting different appropriate ECR and EER that would result in
the realizaions to different degeees of the over-expansion effect as well
a5 the adjustments to the VE, simultaneously, according to the desired
speed-load operation of the engine while running in VAC.

In fact, depending on the control accuracy to the resultant valve
timings, there could be a large number of combinations of ECR and EER
that could result in the same desired partial load operation at a given
engine speed. However, the resulted fuel consumptions of al these.
possble solutions would not be the same due to the overall effciency of
the engine would be different from adopting different sets of ECR and
EER. Hence, by taking the consideration on minimizing the corre-
sponding fuel consumpion for achieving the same specd-load operation
of the engine,the optimized se of solution o the ECR and EER, as well
as the corresponding valve timings, could be identified out of all the
‘possible solutions. Morcover,the fuel cficiency could actually be fur-
ther increased if the corresponding SA and AFR were also taken into
considerations i additon to the ECR and EER, so that the BSEC at the
same speed-load operating point could be reduced even more com-
paring to that with the conventional throttled load control.

‘The variations of the ECR and EER are accomplished by altering the
intake and exhaust valve timings, respectively. On one hand, the cy-
linder charge and the ECR are controlled via different LIVCS, whi
‘make the cylinder to take a fll charge during the intake stroke since
there is no throtling and push out a portion of the charge back nto the
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Fig. 2. Reference valve It

profls of the bselne engine.
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‘where "0 is the cam angle, x" and " are the start and ends tim-
ings of the function in terms of  values. In the analyses, valve open-
ing timings were divided into periods when determining the nodes.
As a resul of the analyses, images of re-designed cam profiles were
transferred to the CAD environment and cams were manufactured
from AISI-SAE 4140 steel by CNC wire erosion machining (Fig. 2).
‘Then, heat-treatment process was applied to 60 HRe hardness.
Cam shaft-cam hub_connections were provided with M20x1
screw-type teeth. Desired cam profle can be removed or mounted
to the engine cam shaft. The cam lift can be adjusted and secured
‘with n position by each with two lock-nut.

As it is shown in Fig. 3, displacements of the cam profiles are.
obtained for different valve lits (6.5, 7, 7.5 and 8 mm) and each
period. Velocity and acceleration curves of re-designed cams are
‘shown for 2000 rpm in Figs. 4 and 5, respectively. Velocity curves.
of re-designed cams for different valve lfts were calculated by tak-
ing the first-order derivative of the displacement with respect to
‘cam angle. Also, acceleration profiles of re-designed cams for dif-
ferent valve lits were determined by using second-order deriva-

Fig 2 images of manuactured cam profles.
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tive of the displacement with respect to cam angle. As it is seen
from Fig. 3, maximum velocities depending on the valve lfts
increased for the same opening valve periods. Maximur velocity
is 1967 mm]s for 6.5 mm valve lit, while it was obtained as
2486 mm/s when the valve lift was increased to 8 mm. Also, max-
imum acceleration is 1075 x 10° mm/s* for 6.5 mm valve lft,
while it was obtained as 1783 x 10° mm/s* when the valve lift
was increased to 8 mm. From the results, it is understood that
the maximum values of velocity profles increase with the increase
of the valve lfts. Consequently, the maximum values of accelera-
tion profiles related with velocity profiles were also showed incre-
‘ments depending on the increase of the valve lifs.

3. Results and discussions

Fig. 6 illustrates the effect of two different valve lift (7 and
8 mm) on the engine brake torque between 1700 and 3200 rpm
engine speeds for unleaded gasoline and LPG fuels. Maximum
engine brake torque with 7mm valve lift was obtained as
19.05Nm at 2600 rpm for gasoline fuel. Also, decrease on the
engine brake torque up to 8.82% was observed when the engine
fucled with LPG fuel and it was obtained as 17.37Nm at
2600 rpm. Moreover, improvements on the air-fuel flow into the
cylinder by increasing the valve lft to 8 mm resulted in improve-
‘ments on the engine brake torque at higher than 2000 rpm when
the engine fueled with LPG fuel. Maximum increase on the engine
brake torque for 8 mm valve lift and LPG fuel was found to be
7.44% at 3200 spm. On the other hand, engine brake torque with
gasoline fuel deteriorated at especially low engine speeds when
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which also have slready met the common sccuracy requirement for
‘model estimations o engines.

‘The HAVT is then adopted to make the engine capable of per-
forming variable engine cycls through the high flexibiliy it provided
to the valve motions. With the modelbased optimizations, which is
supposed to be conducted offline prior to having the required operating
ables of all the considered parameters to be written in the engine
control unit (ECU), the conversion of the baseline engine from running
in OC into VOAC can be schieved by identifying and implementing the
proper valve motion strategies of the HAVT.

21, The VOAC engine

Firstly, to understand the VOAC engine and its potentials, some of
ts major characteisics are worth being mentioned and introduced.
Differ from the common OAC engines, the VOAC engine is not only
camless and unthrotted, but also carries out a variable Otto cycle
(VOC) and a variable Atkinson cycle (VAC) a full load and partia losd,
respectively. The VOC is acually an adsptive OC that alers the com.
pression and expansion processes of the engine according 1o engine
speed while the VAC shares the same concept of the VOC only that the
engine would b unning in ACs instead of OCs. These eatures grant the
VOAC engine the capabilty of delivering higher outputs at ful load
while being more fuel cconomical st partial load.

The climination of the throttle can further reduce the intake
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instantancous in-cylinder volume at the moment of EVO. The un-
throtled engine load control is actually achieved by the joint effect
from adopting different appropriate ECR and EER that would result in
the realizaions to different degeees of the over-expansion effect as well
a5 the adjustments to the VE, simultaneously, according to the desired
speed-load operation of the engine while running in VAC.

In fact, depending on the control accuracy to the resultant valve
timings, there could be a large number of combinations of ECR and EER
that could result in the same desired partial load operation at a given
engine speed. However, the resulted fuel consumptions of al these.
possble solutions would not be the same due to the overall effciency of
the engine would be different from adopting different sets of ECR and
EER. Hence, by taking the consideration on minimizing the corre-
sponding fuel consumpion for achieving the same specd-load operation
of the engine,the optimized se of solution o the ECR and EER, as well
as the corresponding valve timings, could be identified out of all the
‘possible solutions. Morcover,the fuel cficiency could actually be fur-
ther increased if the corresponding SA and AFR were also taken into
considerations i additon to the ECR and EER, so that the BSEC at the
same speed-load operating point could be reduced even more com-
paring to that with the conventional throttled load control.

‘The variations of the ECR and EER are accomplished by altering the
intake and exhaust valve timings, respectively. On one hand, the cy-
linder charge and the ECR are controlled via different LIVCS, whi
‘make the cylinder to take a fll charge during the intake stroke since
there is no throtling and push out a portion of the charge back nto the
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between Atkinson and Miller cycles are clarified. Then, an in-depth
survey on the mechanical realizations for the over-expansion cycle
is conducted. Challenges and general recommendations on real
applications of these mechanical realizations are presented. After
a comprehensive review of the advantages and applications of
the "Atkinson cycle effect” in load control, reducing the NOX for-
‘mation and suppressing the knock, the primary problems are dis-
cussed and a novel load control strategy is provided. To consider
the problems of reduced ECR and power density for using over-
‘expansion cycle engines, some practical and prospective technical
solutions are studied and discussed. Finally, the paper demon-
Strates a significant problem for the potential applications of
over-expansion cycle engines including range-extended electric
vehicles and cogeneration plants. A parallel design and optimiza-
tion methodology based on a multi-disciplinary optimization the-
ory is provided to resolve the problem and draw the thermal
efficiency potential of the over-expansion cycle.

barometric pressure. There is no doubt that the Atkinson cycle s
‘more efficient than the Miller cycle because of the increased work
output (5-4M-4A-5). However, in a practical ACE, the piston is not
necessary for expansion to the barometric pressure. First, a long
expansion stroke lengthens the cylinder body, increasing piston
friction loss and engine weight. Then, low in-cylinder pressure at
the end of the expansion stroke will lead to large exhaust pumping.
loss because there is not a free exhaust process when the exhaust
valves open [49,55). This conversely discounts the thermodynamic
merit of the full-expansion Atkinson cycle. Therefore, the cycle
process in a practical ACE is closer to the ideal Miller cycle that
is shown in Fig. 2. Despite the fact that in-cylinder gas pressure
at 4M is still higher than the barometric pressure, more thermal
energy (1-40-4M-5-1) is drawn from the working charges com-
pared with the Otto cycle.

A real MCE generally uses LIVC (or EIVC) to realize the over-
expansion cycle such as in many modern ACEs. However, ACE is
naturally aspirated while MCE is generally equipped with a
super-Jturbocharger [55,56]. Thus, the Miller cycle is essentially
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between Atkinson and Miller cycles are clarified. Then, an in-depth
survey on the mechanical realizations for the over-expansion cycle
is conducted. Challenges and general recommendations on real
applications of these mechanical realizations are presented. After
a comprehensive review of the advantages and applications of
the "Atkinson cycle effect” in load control, reducing the NOX for-
‘mation and suppressing the knock, the primary problems are dis-
cussed and a novel load control strategy is provided. To consider
the problems of reduced ECR and power density for using over-
‘expansion cycle engines, some practical and prospective technical
solutions are studied and discussed. Finally, the paper demon-
Strates a significant problem for the potential applications of
over-expansion cycle engines including range-extended electric
vehicles and cogeneration plants. A parallel design and optimiza-
tion methodology based on a multi-disciplinary optimization the-
ory is provided to resolve the problem and draw the thermal
efficiency potential of the over-expansion cycle.

barometric pressure. There is no doubt that the Atkinson cycle s
‘more efficient than the Miller cycle because of the increased work
output (5-4M-4A-5). However, in a practical ACE, the piston is not
necessary for expansion to the barometric pressure. First, a long
expansion stroke lengthens the cylinder body, increasing piston
friction loss and engine weight. Then, low in-cylinder pressure at
the end of the expansion stroke will lead to large exhaust pumping.
loss because there is not a free exhaust process when the exhaust
valves open [49,55). This conversely discounts the thermodynamic
merit of the full-expansion Atkinson cycle. Therefore, the cycle
process in a practical ACE is closer to the ideal Miller cycle that
is shown in Fig. 2. Despite the fact that in-cylinder gas pressure
at 4M is still higher than the barometric pressure, more thermal
energy (1-40-4M-5-1) is drawn from the working charges com-
pared with the Otto cycle.

A real MCE generally uses LIVC (or EIVC) to realize the over-
expansion cycle such as in many modern ACEs. However, ACE is
naturally aspirated while MCE is generally equipped with a
super-Jturbocharger [55,56]. Thus, the Miller cycle is essentially
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