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Parallel drivetrain  


Design/Construction

Introduction 

For hybrid drivetrains there are two types of main drive trains which are series and parallel. A series drivetrain is one in which the car is powered by the motor with the engine assisting it when necessary. While in a parallel hybrid drivetrain is where the wheels are driven mostly by the engine and the engine is assisted by the electric motor (SHIMADA*, Development of the Ultra-thin DC Brushless Motor for a Hybrid Car – INSIGHT, 2024). The electric motor can do this because they are both connected to the gearbox. This is why it is called a parallel drivetrain because it has two power sources. In the parallel system there will be internal combustion engine (ICE), electric motor, the electronic circuits, battery pack, motor, rotor, stator, cooling components, damper, disconnection clutch and the one way clutch. An example of a parallel drivetrain system is the BLDC motor which stands for a brushless direct current electric motor (SHIMADA*, Development of the Ultra-thin DC Brushless Motor for a Hybrid Car – INSIGHT, 2024). 

Layout 

The parallel drivetrain motor can be shown through figure 1. Figure 1 displays how the parallel motor works by having a high voltage battery pack which provides electricity to the motor. However, for the motor get the electricity to power the wheels it has to go through electronic circuits. The electronic circuits then will allow for the electricity to go to motor which will allow it assist in turning the wheels as it is now providing power to gearbox. The gearbox is normally a continuously variable transmission (CVT) gearbox. However, the motor is not the main source of power as it assists engine in power to wheels through the gearbox as well. The engine is the also the main source of power to wheels. 

[image: ]
Figure 1- Honda Insight Layout diagram - (SHIMADA*, Development of the Ultra-thin DC Brushless Motor for a Hybrid Car – INSIGHT, 2024)


Components 

In a parallel drivetrain there are main components which will allow the system to work these are the internal combustion engine (ICE), electric motor, the electronic circuits and battery pack 

Internal Combustion Engine (ICE)

In the parallel drivetrain the function of ICE of is to provide power to drive the wheels. 

The ICE will also be a smaller size than a normal conventional engine in a parallel drivetrain. So, during peak power the electric motor will also provide power to turn the wheels. 

Then when during low power demand the engine will continue to turn the wheels but because all of the power is not needed the system will use the excess power to turn the motor to generate electricity which will recharge the battery


Electric motor 

The electric motor was designed with multiple uses in the parallel drive train. The first use is to help the engine drive the wheels. 

It was also designed to function as a generator during low power demands. This happens because all of the power from the engine isn’t needed during low power demands. The system will then use the excess power from the engine to turn the motor to generate electricity which will recharge the battery. 

The final design function of the motor was to start the engine. 

The electric motor will also be a small design because it assists the engine turn the wheels and it not be the engine assisting the motor to turn the wheels like in series hybrids which will have big motor as it is the main power source to drive the wheels. 

The electric motor is made of a stator and a rotor. 





The Electronic Circuits 

In the electronics circuits it contains the inverter. The inverter job is to convert the DC power from the battery to three-phase DC power. This is done to power the Brushless Direct Current (BLDC) electric motor. It does this from a high voltage DC to a three phase DC electricity (Mobility Inisder, 2022). It is this conversion to the DC power which will be the current to go through the stator to create the rotating magnetic field with the magnets from the rotor. This then causes the motor to rotate which allows it assist the motor engine in turning the wheels. The inverter can also be used in the regenerative braking by converting the three phase dc electricity coming from the motor ,turning the opposite way due to braking, to high voltage dc that is stored in the battery



Battery pack 

The battery pack was designed to provide power to electric motor which allows the electric motor to assist the engine in driving the wheels. 

The battery can only be recharged from when the electric motor acts as a generator or from regenerative braking. 

The battery pack will also be smaller than a series battery pack because it is only the motor is only assisting the engine in driving the wheels. While in a series the motor is driving the wheels so will need more electricity to drive the wheels. This means the battery pack will need to be bigger to store more electricity. 


Motor 

In parallel hybrid in the Honda Insight they use a BLDC motor which stands for a brushless direct current electric motor (SHIMADA*, Development of the Ultra-thin DC Brushless Motor for a Hybrid Car – INSIGHT, 2024). The BLDC motor in a parallel hybrid is used to assist the engine in turning the wheels. We use a BLDC motor instead of an AC motor because the AC motor would not be able to fit due to its size. This is because of where the BLDC motor is located which is in between the transmission and gearbox as shown in figure 2. The BLDC will not have any brushes because it is brushless as the brushes can wear the motor away quicker (Sabins Civil Engineering , 2014). The motor will still contain the rotor and stator like in an AC motor. In the motor there will also be a hall sensor located in the rotor (Elevich, 2005) which gets triggered at 60 degree and 120 degree which then causes the rotor to turn as it sends the current to the poles that is located in the stator (Elevich, 2005). This will create a magnetic field. This happens because the hall sensor can sense where the magnets are. There is also an encoder in the rotor to help hall effect sensor do its job which is to help the electronic controller energise the correct coils. The motor will be very small as it is 60mm between the engine and transmission as shown in figure 2. 
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Figure 2 - Honda Insight cross section - (SHIMADA*, Development of the Ultra-thin DC Brushless Motor for a Hybrid Car – INSIGHT, 2024)
 



Rotor 


The rotor used for BLDC motor could be two choices which is either an exterior or interior. The exterior design is where the stator is located on the inside with rotor with the multi-magnets on the outside. While the Honda Insight will use the interior design, which has the stator on the outside with rotor on the inside. In the rotor there will also be a hall sensor which gets triggered at 60 degree and 120 degree (Elevich, 2005) which will then cause the rotor to turn as it sends the current to the poles that is located in the stator (Elevich, 2005). This happens because hall sensor can sense where the magnets are located in the rotor. There is also an encoder in the rotor to help the hall effect sensor do its job which is to help the electronic controller energise the correct coils (Elevich, 2005). This is very useful because it determines when the current will go to the poles of coil which will cause the multi-magnets to move. This occurs because the coil will change from being north or south depending on the pole of the magnet to attract the magnet (Elevich, 2005). This will cause the magnets to move in one direction which causes the motor to rotate. This happens because the rotor will now spin which will cause the motor to spin.  

The rotor is made from the lost wax precision casting process (Kaoru Aoki, 2000). This process involves getting a mould made that based on a CAD design which  known as mould engineering (Cirex, 2024). Then the mould is filled with molten metal which is known as casting (Industrial Quick Search , 2024). The Molten metal will then fill the mould and it will then firm and harden in the mould which will make the rotor. Then next stage is finishing and machining which is where the mould is removed by hammering or high-pressure water (Cirex, 2024). Then after there would be shot or sandblasting to remove any scales and residual ceramic which allows for a nicer finish (Industrial Quick Search , 2024). The final stage will then be the adding of surface treatments which help stop corrosion or rust (Industrial Quick Search , 2024). 

The magnets that normally fit into the rotor are Interior Permanent Magnet (IPM) rotor. An IPM rotor is where they have permanent magnets located in the rotors surface (Caplinq, 2024). They also have very good efficiency which is why they are used in high performance electric vehicles (Caplinq, 2024). They also have a very high torque density which allows for smaller and lighter motors. This also leads to less weight (Caplinq, 2024). The IPM rotor works by having stator winding which creates a magnetic field that will interact with the permanent magnets located on the rotor surface. This will generate torque (Caplinq, 2024) by the rotor now rotating due to magnets being attracted to the poles of coil that are now electromagnets which will change their pole depending on the pole of the magnet. The permanent magnets will be located on the rotor surface inside the core. This provides high efficiency and magnetic flux density (Caplinq, 2024)



Another type of magnet design that could be used is Surface-Mounted Permanent Magnet (SMPM) Rotor. This is where the magnets are fixed to the rotor surface (Li, 2024). They will also have a lower mechanical strength which leads to the motor’s maximum mechanical speed being limited (Li, 2024) 


The final type of magnet design that could be used it is exterior motors. The exterior motor is a type of motor where the stator is located on the inside which is immoveable (Ziehl-Abegg, 2024). While the rotor is located on the outside and moves. This then creates a magnetic field which causes the motor to move this can be shown in figure 3 which displays a exterior rotor vs a internal rotor. Then also due to an exterior motor having a ‘large surface area of interaction between the stator of rotor (Ziehl-Abegg, 2024)’ it allows the rotor to have a high torque while having a low energy consumption  
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Figure 3- interior rotor vs exterior rotor - (Ziehl-Abegg, 2024)





The next stage is to balance the rotors. This is normally done to reduce vibration as unbalanced rotors will generate an excessive vibration (Technomax, 2023), improve efficiency as there will be less energy consumed to main rotor speed (Technomax, 2023), extend lifespan as there will be less stress on bearings/seals (Technomax, 2023) and enhance safety as there won’t be excessive vibrations so will be less fatigue on the components which means a less chance of failure (Technomax, 2023). 

This can be done by static balancing or dynamic balancing . Static balancing will involve measuring and correcting static unbalance (Technomax, 2023). This will normally be at low speeds . This type of balancing is normally good for rigid motors (Technomax, 2023). A rigid rotor will have less friction, less thermal and better performance and are normally the ones used in AC motors. 

Dynamic balancing will involve correcting and measuring any imbalances at operating speeds (Technomax, 2023). This type of balancing is normally good for flexible rotors (Technomax, 2023).

The function of the rotor is to turn the electrical energy into mechanical energy (Fukuta, 2024). The rotor does this by having the magnets on the rotor which react with the current passing through the coils. This will generate a rotating magnetic field (Fukuta, 2024). This causes the rotor to spin which causes the motor to spin. This allows the motor to assist the engine in powering the wheels. Another function of the rotor is that it also plays a factor in regenerative braking. 


Stator 


The stator in a BLDC motor in a Honda insight will be located on the outside of the rotor so the rotor will be on the inside. This design can be shown through figure. In the stator there is three phase coil that is wrapped around poles that will have the electricity flowing to it dictated by the hall sensor as this is done create a rotational magnetic field. The rotational magnetic field is created because as the direct current flows through the coil it makes the coil an electromagnet (Sabins Civil Engineering , 2014). This is very useful because in order for the motor to work it is based on the attraction between of north and soles poles between the multiple magnets and the electromagnets (Sabins Civil Engineering , 2014). This can be shown through the figures 4,5,6. In these figures you can see how the dc current will change direction in each of the 18 coils (Sabins Civil Engineering , 2014). This change happens depending on the pole of the magnet. The change happens in order to attract the magnet to the coil which cause the coil to move. Then once the magnet is in the right spot the coil will have the current go in the opposite direction which makes the coil become the same electromagnetic pole as the magnet which repels the magnet as shown in figure. Meanwhile the next coil will have be the opposite which will attract the magnet. This helps speed up the rotation of the rotor which helps the motor rotate to assist the engine in running the wheels. 
[image: ]
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Figure 4 - how the motor spins with the diagram showing how the poles effect the magnets to move

Figure 5 - how the inside of the motor works to create a magnetic field
Figure 6 - labelled diagram of how the magnetic field is created inside a motor

When constructing the stator, it is made out of lamination sheets so will have the same process as making an ac motor. This could be done by the bonding of the lamination sheets, then the welding of the lamination sheets, the interlocking of the lamination for the stator and rotor, done by riveting or done by lasers (Lammotor, 2024). 


Also, in this first step it will also decide how big the slots will be and whether it will semi-closed or open slots (Soulard, 2009). This also will give an idea of how what fill level factor will be is that number of coils that can be winded that can be put in the slots. The bigger the fill factor the more efficient the hybrid is. 

The next step will be the number of winding layers this could be single layer which are only really used in hybrid cars that require a contrasting speed range of constant power operation (Soulard, 2009). The one that is normally used is double-layer winding because it is able to reduce the losses and torque ripple. Another reason is because they are able to have more combinations of pole and slot numbers. 

The poles function is to hold the field winding (Soulard, 2009). This means that there is a magnetic field as long as there is current as the poles are electromagnets. 
[image: The development trend of new energy vehicle motors: the replacement of flat  wire (hairpin wire) motors for round wires is accelerating]

The no of poles depends on how many slots there is. It will always be an even number. If there are 6 poles then there is 6 north poles and 6 south poles

For the winding there are two types that can be used. That is round wire or hair-pin wire. We will normally use hair-pin because it doesn’t waste as much surface area compared to round wire as shown in figure 7 

Figure 7 - round wire vs hair-pin wire - (Tianjin Stantroll Electric Technology , 2022)

When also constructing a stator the type of three phase winding connections need to be considered this can either be star connection or delta connection. 

Delta winding is where there is no neutral like in star (Teja, 2024). So, it has three phases that have direct current supply and they also form a bridge between the phases as shown in figure 8

Star which can also be called wye. In a star connection the 3 phase wires are connected to a common point or star point and neutral is taken from this common point as shown in figure 9

When you are using star the natural wire allows for a more stable connection and allows for dual voltage system (Teja, 2024). This allows three phase power to run with the assistance of singe phase power from the same source 

While delta connections lack a neutral are more straightforward and robust, suited for the applications requiring consistent higher power delivery without phase balancing  (Teja, 2024)

[image: Delta Connection][image: Star Connection]Figure 9 - Star connection - (Teja, 2024)
Figure 8 - Delta connection - (Teja, 2024)




      

                  












However, in the stator in the Honda Insight there is three phase winding. This is because it is done by one piece of coil which is wrapped around all of the poles that attaches them together. 

The main differences between delta and star can be shown through current, voltage, implication, insulation and usage 

Current 

Star connections will have the line current to equal the phase current. This will allow for simpler infrastructure (Teja, 2024). While delta connections will have the line current to be root three of the phase current. This means the infrastructure has to be robust to handle the higher currents (Teja, 2024)

Voltage 

In Delta they use line voltage which is equal to phase voltage. This means they can only use one voltage so if it is set at 240v it has to be at 240v (Teja, 2024). This allows for the infrastructure to be very simple but will not be very flexible as the voltage can only be utilized at 240v. While star connections line voltage is root 3 the times phase voltage (Teja, 2024). This will allow for it operate in various voltage environments. However, it may mean it will need a more robust electrical design. 



Implication 

When you are using star the natural wire will allow for a more stable connection and for a dual voltage system. This will then mean that three phase power can run with the assistance of singe phase power from the same source (Teja, 2024).  

While delta connections lacks a neutral wire so it will be more straightforward and robust (Teja, 2024). This means they are very useful for the applications requiring consistent higher power delivery without the need of phase balancing  

Insulation 

Star connections will need less insulation at each phase due to it having a low phase voltage when compared to the line voltage (Teja, 2024). This allows for less material cost. While delta will need more insulation to handle the increased voltage due to line voltage equalling the phase voltage at each phase (Teja, 2024)

Usage 

Star connections are normally used in the transmission but are also used in distribution networks because of the neutral wire it has. It is also used due to how flexible the wire is (Teja, 2024).This allows star connections to be useful for long distances and diverse applications that have a less starting current (Teja, 2024). While Delta connections are normally used for their high starting torque. This means they are normally used in applications that have motors or heavy machinery. This is because they need power delivery over smaller distances (Teja, 2024) . 

The final part to complete the stator is the overhang wire. The overhang wire is used to improve the power density and be able to enhance the air-gap flux by utilizing any free space cause by the stator end of the winding. 

The air gap is the gap between the stator teeth and the rotor magnets (Celera Motion , 2024) and in order to get better performance you would want a smaller gap. This is because it allows for a stronger magnetic field and better efficiency (Celera Motion , 2024). However, by doing this it is harder to install. So, by having a bigger air gap it allows for easier installation because of an increase in the rotor-stator alignment tolerances. Also, the bigger air gap you will have more thermal control. Overall the airgap will depend on the requirements of the application or design. 

Function of the Stator 

The function of the stator is to create a rotating magnetic field which will react with the rotor and its magnets to create a rotating magnetic field (ECM, 2023). This will cause a rotary motion which will rotate the motor (ECM, 2023). This then allows for the electrical energy to be turned into mechanical energy (Fukuta, 2024) which allows the motor to assist the engine in powering the wheels.  


Cooling components 

The cooling system used in a parallel system is that the engine and motor will use the same cooling system because of how close they are together. However, in a Honda Insight it the motor is called naturally by the air (Kaoru Aoki, 2000). While in a series they would use two different cooling systems one for each one. 

The cooling system for the invertor and battery will use the cooling system of being cooled by a fan because it stops the risk of the coolant spilling over the battery as the coolant being spilled could damage it. For example, in Honda insight the rear is split into 3 sections of battery pack, invertor and electrical components which is all cooled by a fan 

The function of the cooling system is to make sure the nothing over heats and explodes like battery’s and to maintain vehicle performance. It does by discharging the heat through the cooling system  (T-Global, 2024 ) 

Damper

The damper in parallel hybrids is located in the flywheel as shown in figure 10 which displays how the damper looks. It is located in the hybrid system to reduce the vibrations, torsional shocks and changes in torques in the hybrid system. 


[image: ]

Figure 10 – Damper construction image - ((US), Farzad Samie, Derek F. Lahr, & Norman K. Bucknor. Troy. MI (US): Dongxu Li, 2020)




One way clutch  

The one way clutch is where you two have power sources but you only want to use one power source so you use a one way clutch. So, it is used in the parallel system to allow the transfer of torque in one direction which is from the engine to the gearbox and then to the wheels  (Sun Transmissions , 2022). 


The one way clutch is also in the parallel system for regenerative braking as the one way clutch will stop the energy go to the engine when the motor is moving anti clockwise during braking so now the energy is going generator and then to the battery pack. This also stops the engine from blowing up as the energy isn’t going to the engine 

Housing 

In housing of the motor, it will have a drain and a breather to deal with water and oil coming into the motor (SHIMADA*, Development of the Ultra-thin DC Brushless Motor for a Hybrid Car – INSIGHT , 2024). This is also very useful for spray from tyres in wet conditions as the drain a breather will allow the water to leave easily. This can be shown through the figure 


Disconnection system 

The disconnection system is very useful in a parallel system because it determines what will power the wheels for whether it will be the electric motor, engine or whether it will be both depending on the circumstances. 

In the disconnection system there is a disconnection clutch hydraulic actuator. The actuator job is to disconnect the engine from the motor (Schneider, 2020). This is needed for when motor no longer needs to assist the engine in powering the wheels. This will stop the battery storage being drained of the battery amount left. Also, in some circumstances not all of the power from the engine is needed so some of the engines power can be used to charge the battery as it will turn the motor the other way. This allows the motor to become a generator to charge the battery (Union of Concerned Scientists, 2018)  

The disconnection clutch is also used to start the engine. This can be shown through the figure 11 which demonstrates how engine is dictated by the Engine Control Unit (ECU).  Then the motor is controlled by the Motor Control Unit (MCU). Next there is the transmission which is controlled by the Transmission Control Unit (TCU). Then finally there is the Hybrid Control Unit (HCU) which controls all of the units (Peng Dong, 2020). This is very important because the TCU is responsible for the controlling the disconnect clutch and the shifting clutch (Peng Dong, 2020). There is also the HCU which is responsible for the timing of the transition of disconnection clutch. It will also manage the energy strategies. Then the torque coordination unit for the engine start will be done through all four of the control units (Peng Dong, 2020).
[image: ]
Figure 11  - the disconnection clutch layout - (Peng Dong, 2020)


The control units will use the disconnection clutch to start the engine can be shown through the help of figure 12. This is done by getting the engine to firing speed by having clutch C0 slip (Peng Dong, 2020). The electric motor will then provide extra torque due to the friction caused from the slipping of the C0 clutch. This makes sure that the torque remains constant (Peng Dong, 2020). Then the next step is to disengage clutch C0 because it can cause engine oscillations. This disengagement will mean the engine and driveline will not be connected. This will normally occur when the engine starts to fire. Then once the engine speed has caught up with the speed of the electric motor then clutch C0 will be slowly reengaged through pressure (Peng Dong, 2020). Then eventually the clutch C0 will be locked and the traction torque that comes from the engine can go to the wheels (Peng Dong, 2020). However, there are some issues with this which is where shifting clutch comes into play. The issue with the current design is that there is an unstable engine torque because the output can fluctuate and that there is a delay in the clutch pressure from the command to the actual pressure. Then this combined can then cause driveline vibration (Peng Dong, 2020). To fix these issues the shifting clutch is allowed to slip which fixes these issues as it acts like a buffer to the torque which fixes any of the issues, these issues (Peng Dong, 2020).

[image: ]
Figure 12 – figure that displays the disconnection clutch is C0 and that the shifting clutch is C4 - (Peng Dong, 2020)





E-axle 

Introduction 

For the EV drivetrain there are two types of drivetrain. These are the direct drivetrain and an indirect drivetrain. In the direct drivetrain there are two main examples which is hubless motors and a hub motor. Then in the in-direct drivetrain the two examples are a motor with a reducer and the e-axle design. The e-axle is a type of indirect EV drivetrain. What makes the EV so good is due to the integration of the motor, transmission and the electronics for power all into one component which stops energy loss (RotonTek, 2024). This allows the e-axle to be so efficient which is why it is used by brands like Tesla (RotonTek, 2024). The e-axle is located on the differential at the rear because it incorporates the differential in the design. 


Layout 

The layout of the E-axle can be shown through figure 13 and which displays how the E-axle powers the wheels. The first step is the electricity is provided from the battery which goes to the inverter to convert the dc current to ac current which is controlled by the electric control unit (ECU). The next step is the electricity then goes to the electric motor which powers the motor to turn. This power then goes to the transmission system. The E-axle will also have the differential system integrated into the system which allows it to be very efficient as it help reduce energy loss (RotonTek, 2024). 

[image: Overview of functional modules of an e-axle | Download Scientific Diagram]
Figure 13 – overview of the e-axle - (Hadi, 2024)




Motor 

The e-axle motor will power the wheels. This happens because the motor is made from a rotor and stator (wikipedia , 2024 ). The rotor contains the magnets while the stator will contain the coil. Then when an electric current is applied it create a magnetic field which causes the motor to rotate. (Garmak, 2024) as shown in figure 14. 
[image: /var/folders/wh/5ltmjjy96hbg2jf6y1g9f1240000gn/T/com.microsoft.Word/WebArchiveCopyPasteTempFiles/peakpx.jpg] 
Figure 14 - motor example that is showing the rotor and stator - (Caricos, 2024)


Design/Construction 

[bookmark: _GoBack]The design of the E-axle has a rotor and stator with the design being the same as the series hybrid system. However, it will have different type of lamination sheets as shown in figure 15. It was found that there is 529 of these lamination sheets that make up the core. This then allows for 6 rows of magnets around the rotor (The Tesla Space , 2022). The rotor will also be located centrally in this design with the stator mounted around the outside of the rotor in the gearbox casing. 
[image: ]Figure 15 - The lamination sheets used in the Tesla Plaid Model S - (Murno Live, 2022)


















The construction of the rotor has many processes the first processes is the design of the lamination sheet which is what the rotor is made out off. The next step is how the design of the shaft, the shaft is normally made out of stainless steel, will be done. The design of the shaft will be directly related to the lamination sheet. This due to the outer diameter of the shaft needing to be same size of the inner diameter of the lamination sheet in order for the shaft to fit. We then stack laminated sheets together to form the rotor.  This can either be done by wielding which is expensive or by adhesive materials. Also, each of these rotors will have holes in them for where the raw magnets will go to create the electric field. The raw magnets will then be cut into the size and shape needed to fit into the holes. The permanent magnets will then go into the hole in the laminated sheets of the rotor. 

The magnets that normally fit into the rotor are Interior Permanent Magnet (IPM) rotor. An IPM rotor is where they have permanent magnets located in the rotors surface (Caplinq, 2024). They also have very good efficiency which is why they are used in high performance electric vehicles (Caplinq, 2024). They also have a very high torque density which allows for smaller and lighter motors. This also leads to less weight (Caplinq, 2024). The IPM rotor works by having stator winding which creates a magnetic field that will interact with the permanent magnets located on the rotor surface. This will generate torque and cause the rotor to rotate (Caplinq, 2024). The permanent magnets will be located on the rotor surface inside the core. This provides high efficiency and magnetic flux density (Caplinq, 2024)
Another type of magnet design that could be used is Surface-Mounted Permanent Magnet (SMPM) Rotor. This is where the magnets are fixed to the rotor surface (Li, 2024). They will also have a lower mechanical strength which leads to the motor’s maximum mechanical speed being limited (Li, 2024) 


The final type of magnet design that could be used it is exterior motors. The exterior motor is a type of motor where the stator is located on the inside which is immoveable (Ziehl-Abegg, 2024). While the rotor is located on the outside and moves. This then creates a magnetic field which causes the motor to move this can be shown in figure 3 which displays a exterior rotor vs an internal rotor. Then also due to an exterior motor having a ‘large surface area of interaction between the stator of rotor (Ziehl-Abegg, 2024)’ it allows the rotor to have a high torque while having a low energy consumption  

The next stage is to balance the rotors. This is normally done to reduce vibration as unbalanced rotors will generate an excessive vibration (Technomax, 2023), improve efficiency as there will be less energy consumed to main rotor speed (Technomax, 2023), extend lifespan as there will be less stress on bearings/seals (Technomax, 2023) and enhance safety as there won’t be excessive vibrations so will be less fatigue on the components which means a less chance of failure (Technomax, 2023). 

This can be done by static balancing or dynamic balancing . Static balancing will involve measuring and correcting static unbalance (Technomax, 2023). This will normally be at low speeds . This type of balancing is normally good for rigid motors (Technomax, 2023). A rigid rotor will have less friction, less thermal and better performance and are normally the ones used in AC motors. 

Dynamic balancing will involve correcting and measuring any imbalances at operating speeds (Technomax, 2023). This type of balancing is normally good for flexible rotors (Technomax, 2023).

Function of the Rotor

The function of the rotor is to turn the electrical energy into mechanical energy (Fukuta, 2024). The rotor does this by having the magnets on the rotor which react with the current passing through the coils. This will generate a rotating magnetic field (Fukuta, 2024). This causes the rotor to spin which causes the motor to spin. This allows the motor to assist the engine in powering the wheels. Another function of the rotor is that it also plays a factor in regenerative braking. 

The E-axle may have a sleeve around the rotor depending on designs. For example, in the Tesla Model S plaid motor the rotor has a wrap on it that is made out of carbon fibre (The Tesla Space , 2022). This is done to stop the rotor expanding due to heat as it could fly apart as it would expand lateral if there wasn’t a carbon sleeve . This will then stop them needing to expand the air gap expanding which allows the rotor to be continue to be efficient as the air gap can be smaller (The Tesla Space , 2022)



It also stopped the pulsing effect despite lamination sheets being screwed (The Tesla Space , 2022)
 . 
The Tesla Model S plaid will have two holes on each side to help balance the rotor (The Tesla Space , 2022)

The inverter is made from a transformer which allows it to transfer the electricity. Then there is a MOSFET which is a type of transistor  that allows the inverter to control how much electricity can flow. 

It will also have an inverter that  controls all of the electricity going to the magnets (The Tesla Space , 2022). It will also convert the DC power from the battery to an ac power which will power the motor. There are also new types of invertors the advanced silicon carbide which has massively improved efficiency as well as thermal conductivity and the lower switching losses 

The Tesla Model S plaid will also have two motors at the rear. This will mean there won’t be the need for a differential  (The Tesla Space , 2022)

Stator

The e-axle with also have a stator like in the series hybrid  When constructing the stator, it is made out of lamination sheets so will have the same process as making a motor. This could be done by the bonding of the lamination sheets, then the welding of the lamination sheets, the interlocking of the lamination for the stator and rotor, done by riveting or done by lasers (Lammotor, 2024). 

Also, in this first step it will also decide how big the slots will be and whether it will semi-closed or open slots (Soulard, 2009). This also will give an idea of how what fill level factor will be is that number of coils that can be winded that can be put in the slots. The bigger the fill factor the more efficient the electric vehicle is. 

The next step will be the number of winding layers this could be single layer which are only really used in hybrid cars that require a contrasting speed range of constant power operation (Soulard, 2009). The one that is normally used is double-layer winding because it is able to reduce the losses and torque ripple. Another reason is because they are able to have more combinations of pole and slot numbers. 

The poles function is to hold the field winding (Soulard, 2009). This means that there is a magnetic field as long as there is current as the poles are electric magnet 

The no of poles depends on how many slots there is. It will always be an even number. If there are 6 poles then there is 6 north poles and 6 south poles

For the winding there are two types that can be used. That is round wire or hair-pin wire. We will normally use hair-pin because it doesn’t waste as much surface area compared to round wire as shown in figure 7


When also constructing a stator the type of three phase winding connections need to be considered this can either be star connection or delta connection. 

Delta winding is where there is no neutral like in star (Teja, 2024). So, it has three phases that have direct current supply and they also form a bridge between the phases as shown in figure 8

Star which can also be called wye. In a star connection the 3 phase wires are connected to a common point or star point and neutral is taken from this common point as shown in figure 9

When you are using star, the natural wire allows for a more stable connection and allows for dual voltage system (Teja, 2024). This allows three phase power to run with the assistance of singe phase power from the same source 

While delta connections lack a neutral are more straightforward and robust, suited for the applications requiring consistent higher power delivery without phase balancing  (Teja, 2024)

The main differences between delta and star can be shown through current, voltage, implication, insulation and usage 

Current 

Star connections will have the line current to equal the phase current. This will allow for simpler infrastructure (Teja, 2024). While delta connections will have the line current to be root three the phase current. This means the infrastructure has to be robust to handle the higher currents (Teja, 2024)

Voltage 

In Delta they use line voltage which is equal to phase voltage. This means they can only use one voltage so if that is set at 240v it has to be 240v (Teja, 2024). This allows for the infrastructure to be very simple but will not be very flexible as the voltage can only be utilized at 240v. While star connections line voltage is root 3 the times phase voltage (Teja, 2024). This will allow for it operate in various voltage environments. However, it may mean it will need a more robust electrical design. 

Implication 

When thet are using star the natural wire will allow for a more stable connection and it will also allow for  a dual voltage system. This will then allow three phase power to run with the assistance of singe phase power from the same source (Teja, 2024).  

While delta connections lack a neutral wire so will be more straightforward and robust (Teja, 2024). This means they are very useful for the applications requiring consistent higher power delivery without  the need of phase balancing. 


Insulation 

Star connections will need less insulation at each phase due to it having a low phase voltage when compared to the line voltage (Teja, 2024). This allows for less material cost. While delta will need more insulation to handle the increased voltage due to line voltage equalling the phase voltage at each phase (Teja, 2024)

Usage 

Star connections are normally used in the transmission but are also used in distribution networks because of the neutral wire it has and how flexible the wire is (Teja, 2024).This allows star connections being useful for long distances and diverse applications that have a less starting current (Teja, 2024). While Delta connections are normally used for their high starting torque. This means they are normally used in applications that have motors or heavy machinery. This is because they need power delivery over smaller distances (Teja, 2024) . 

The final part to complete the stator is the overhang wire. The overhang wire is used to improve the power density and be able to enhance the air-gap flux by utilizing any free space cause by the stator end of the winding. 

The air gap is the gap between the stator teeth or core and the rotor magnets (Celera Motion , 2024) and in order to get better performance you would want a smaller gap because it allows for a stronger magnetic field and better efficiency (Celera Motion , 2024). However, by doing this it is harder to install. So, by having a bigger air gap it allows for easier installation because of an increase in the rotor-stator alignment tolerances. Also, the bigger air gap you will have more thermal control. Overall the airgap will depend on the requirements of the application or design 

Function of the Stator 

The function of the stator is to create a rotating magnetic field which will react with the rotor and its magnets to create a rotating magnetic field (ECM, 2023). This will cause a rotary motion which will rotate the moto (ECM, 2023). This then allows for the electrical energy to be turned into mechanical energy (Fukuta, 2024) which allows the motor to assist the engine in powering the wheels.  


The e-axle will have a single speed gear box with the plaid having 7:54:1 and it will only have one gear (The Tesla Space , 2022)

The E-axel system will also have constant velocity joints. Constant velocity joints are used to allow the wheels to be connected to the vehicle’s transmission (Superior Tire Service , 2024). Each drive wheel in the car will have two cv joints. One will be the inner joint which allows for transmission to be connected to the axel (Superior Tire Service , 2024) and the outer joint which will connect the axle to the wheel. 

The E-axel system will combine 4 key parts which is the motor, rear axle transmission and differential. This allows for the vehicle to be lighter because of this. However, it will be less efficient because before the wheels can be driven it has to go through a gear box (Brogen EV Solution , 2024). 

Inverter 

The inverter job is to convert the DC power from the battery to AC power to power the motor. It does this from a high voltage DC to a three phase AC electricity. (Power Systems International , 2024) It is this conversion to the AC power which will be the current to go through the stator to create the rotating magnetic field with the magnets from the rotor. This then causes the motor to rotate. The inverter can also be used in the regenerative braking by converting the three phase ac electricity to high voltage dc that is stored in the battery


The cooling systems 

The cooling system in an E-axle could be many types due to new developments with one type being ‘E AXLE and Electric Parts Cooling Oil (Idemitsu , 2023)’ created by Idemitsu. This oil can be used in the battery system, the drive unit and also in the electronics (Idemitsu , 2023). Another example of a cooling system can be shown through the Tesla Model S Plaid which has a heat pump and a radiator which has been newly designed for this model (ALI, 2022). The Telsa Model S Plaid also has another item to remove heat which Sandy Murno calls ‘wicking (ALI, 2022).’. This item has liquid cooling that flows two through a single coolant channel around the battery cells (ALI, 2022).. The cells are wrapped in a grey Polyethylene Terephthalate (PET) coating with thick hard foam as well will secure the battery cells next to the cooling channel (ALI, 2022). This helps ensure the battery will not overheat 



Differential System 

The E-axle’s differential system is incorporated into the E-axle. This allows for space to saved. 








Functioning processes of a parallel system when in use

Engine off 

The engine will be shut down to save fuel when the vehicle slows or stops. This means that the in the hybrid system the power flow will be zero. The engine will restart when the driver presses the accelerator


Starting 
During the starting process the engine is started by a motor generator which is done by using the electricity from the battery pack. This occurs due it not having a normal starter motor 

Cruising 

When cruising the engine will turn the wheels not the electric motor generator. The generator may be turned by the engine to produce electricity. This electricity will be used to charge the battery pack 

Acceleration

During acceleration the road wheels will be driven by the engine but also the electric motor generator. The electric motor generator does this by taking electricity from the battery pack to power the motor to turn the wheels 

Braking 

When the vehicle is braking the engine is turned off and battery pack will gain electricity from the motor generator as the generator is driven by the road wheels

Reverse 

In reverse the engine will drive the road wheels 




Use and Efficiency of Parallel 

They are normally best for motorways. This is because the engine doesn’t work well stop and start locations like a city and instead better at higher speeds like motorways. This is because parallel hybrid cars have been made to be more efficient at high speeds. This allows for a reduction in emissions and fuel usage. 

This occurs because in a parallel hybrid drivetrain the electric motor and engine will be working together to power the vehicle wheels (Union of concerned scientists, 2015) which allows for greater efficiency on motorways. 

While series is better on stop and go because in a series the wheels are driven by the motor not the engine which means it driven by electric power (Union of concerned scientists, 2015). They also have very good regenerative braking efficiency which means it can regenerate the battery. This means the engine won’t need to run as often to turn the generator to allow the motor to turn the wheels (Union of concerned scientists, 2015). This is because they can use the electricity from the battery pack generated from the braking. 

So therefore, in a parallel drivetrain hybrid cars are better for people who have drive on motorways constantly. While series drivetrain hybrid cars are better for people who live in cities due to the stop and go nature of cities and how that suits series drivetrain hybrid cars






Use and Efficiency of E-axle

E-axles are used on many vehicles due to the efficiency for example they are used in electric trucks but also Tesla. This means that E-axles are perfect for any environment because they can be used on trucks that drive on motorways or be in a Tesla that can drive in cities or on motorways. They are very efficient because they integrate the motor, transmission and the electronics for power all into one component which stops energy loss (RotonTek, 2024). An example for this can be shown through how the efficiency of an e-axle is around 90% while traditional drivetrains will be around 70-80% (RotonTek, 2024). 

The e-axle also allows for great performance because of its integration of parts which allows for a more precise use of the power and torque to wheels. For example, vehicles with e-axles can go from ‘0-60 mph in less than 5 (RotonTek, 2024).’ This demonstrates how useful the integration of the parts in the E-axel has improved the capabilities of electric vehicles. 

The e-axle is also very efficient with it weight because it was able to be reduced due e-axel integration eliminating the need for driveshafts and differentials (RotonTek, 2024). This weight reduction also allows it be more efficient because the less weight allows for a bigger range. An example of this weight loss can be shown through how ‘a typical e-axle might weigh approximately 20% less than a conventional drivetrain setup in a similar vehicle (RotonTek, 2024).’ This displays how much an e-axle can reduce the weight by. 

Another advantage to show how efficient e-axles are is that due to the compact nature of the e-axle it allows for more space which can allow for extra battery storage (RotonTek, 2024). This will improve the vehicles range 

The E-axle will also have great handing and vehicle dynamics due to vehicle integration of parts which allows for a low weight and low vehicle centre of gravity which allows it to happen (RotonTek, 2024). The design of the e-axel to be able to control torque going to each wheel also for great handing and vehicle dynamics as it can improve cornering and traction control (RotonTek, 2024). 

However, everything is not always great for e-axles because of its cost due to price of electric motors especially if you compare it a conventional axle (RotonTek, 2024). However, overtime the e-axle will become cheaper because of its more simplistic design.  This is because it won’t cost as much to repair when compared to convention axles (RotonTek, 2024)


The final reason why e-axles are so useful and why the issue with higher initial costs shouldn’t worry the choice in picking an E-axel because of how versatile the E-axel can be. This is because its design can be changed for whether it is a city car, performance car or is needed for a heavy-duty vehicles (RotonTek, 2024).  

These advantages so how great an E-axel is and why brands like Tesla make the electric cars by using the E-axle design. 
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