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Task 1 A


Describe the commonly use motor types for AC & DC Motors

AC motors 

There are two types of motors used for AC motors. These types are Asynchronous and Synchronous motors.

Asynchronous motors 

An asynchronous motor as shown in figure 1 is where a current is induced into the rotor by the stators magnetic flux. This will generate torque which will allow the rotor to rotate (IQSDirectory, 2024). This will allow the motor to provide power. The current used can be single phased or three phase. Single phase will not create a rotational magnetic field so will need some type of starting mechanism to make it a rotational magnetic field. Three phase can create a rotational magnetic field with also more efficiency (Schneider Electric, 2024). 

Synchronous motors 

A synchronous motor as shown in figure 1 is where the shaft will rotate at the same speed as the frequency of the current. This will be done by multiphase AC electromagnets on the stator (IQSDirectory, 2024). This will then create a rotating magnetic field which will rotate the rotor (IQSDirectory, 2024).  This will then allow the motor to provide power.  The synchronous motor will have 3 phase winding and will create the rotational magnetic field by having the permanent magnets react with the three phase ac winding to make it (Longbank Motor, 2023). 
[image: ]










Figure 1 - Asynchronous and Synchronous Motor - (Electrical Technology, 2024)


DC motors 

There are two types of motors used for DC motors. These types are Brush and Brushless motors.

Brush motors 

A brush motor is a motor that will use direct current as its power source. The brush motor will have stator that is made of permanent magnets. The rotor/armature will contain electromagnets. In the brush motor it will rotate 180 degrees when the electric current is applied (Parvalux, 2024). Then to travel past the 180 degrees the electromagnetic poles must be flipped which is done by carbon brushes (Parvalux, 2024). This allows the rotor to rotate 360 degrees (Parvalux, 2024). This will then allow the motor to provide power. 
[image: ]


Figure 2 - Brush Motor - (Schweber, 2024)

Brushless motors

A brushless motor is a motor without brushes as shown figure 3. The motor will still contain a rotor and a stator.  In a brushless motor there will also be a hall sensor located in the rotor (Elevich, 2005). This will get triggered at 60 degree and 120 degree. This is needed to allow the rotor to turn. This because hall sensor will send current to the poles in the stator (Elevich, 2005). This will create a magnetic field that allows the rotor to rotate. This can all occur as the hall sensor can detect where magnets are and which pole it will need to be to allow the rotor to rotate. This will then allow the motor to provide power. 


[image: Brushed DC Motor vs DC Brushless Motor]
Figure 3 - brushless motor - (haydonkerpittman, 2024)
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Describe the construction and operation of stator of rotor and stator type used in electric vehicles. Must include following.



Hairpin winding for stator

Construction 

The construction of hairpin winding is first done by forming the hairpin which is done by straightening, stripping, cutting or bending the wire. Then it the wire is collected via fully automatic pick-up of the hairpin wire. This could be done manually instead or by sorting (Andreas Riedel, 2019). The next stage is insertion this can be done by insulation paper that goes into the stator grooves. This could also be done by inserting the hairpin coils directly into the grooves (Andreas Riedel, 2019) as shown in figure 4.  The fourth stage is twisting. This is where the hairpin wire is twisted in relation to the wiring scheme (Andreas Riedel, 2019).  Then finally there is the welding to the stator (Andreas Riedel, 2019).

Operation 

The operation of hairpin winding is to allow on magnetic field to be created when electric current passes through it. The operation of hairpin winding is also to improve the fill factor which allows for more a stronger magnetic field (Melançon S. , 2023). It will have a larger fill factor which allows for more performance as shown in figure 5. 

[image: What is a Hairpin Motor - Benefits & Assembly Process | Laserax]
Figure 4 - Hairpin winding - (Melançon S. , 2023)

Standard winding for stator

Construction

The construction of standard winding also known as round winding will use cylindrical wires that are made out of copper as shown in figure 5. The wire will be straitening by using the wire feeding and straightening tool. The wires will then be wounded in the stator slots of the electric motor. This is how round winding is completed. 

Operation 

The operation of round winding is done to allow an electric current to be created when electric current passes through it. It is also done due how to simple it is to make which allows for lower cost (Mistry, 2023). This means it is normally used for cheap products. 

[image: A comparison of hairpin winding and round-wire winding, showing how hairpins achieve a better fill factor]
Figure 5 - round and hair pin winding



Star wound winding construction

Star winding also known as wye is where the 3 phase wires are connected to a common point, also known as a star point, and neutral is taken from this point as shown in figure 6. 

[image: Star Connection]Figure 6 – Star Connection - (Teja, 2024)

















Delta wound winding construction

Delta wound winding will not have a neutral like in star (Teja, 2024). So it will have a three phases of direct current supply. They will also form a bridge between the phases as shown in figure 7. 
[image: Delta Connection] 











Figure 7 - Delta Connection - (Teja, 2024)


Squirrel cage rotor
Construction 

The construction of a squirrel cage motor as shown in figure 8 runs on electromagnetism and looks like a squirrel cage which is where it gets its name from. The rotor is made from steel laminations sheets in a cylindrical shape (Electrical4U, 2024). The rotor will also have copper bars connected to it. The stator is three phase winding with a steel lamination sheets (Savree, 2024). A fan is then constructed it at the rear of motor to help with heat exchange (El-Pro-Cus, 2024). The squirrel cage rotor will have end shields mounted at opposite ends on the motors frame. The rotor shaft will pass through this. They help transfer mechanical motion from the shaft to connections (Savree, 2024). 

Operation 

The operation starts when alternating current passes through the three-phase stator winding. This will create a rotating magnetic field. This will then cause the rotor to rotate as the electromagnetic field induced the rotor conductors (Come4Concepts, 2022). This then allow creates torque (Electrical4U, 2024).  

[image: Squirrel Cage Induction Motor : Construction, Working & Its Classification]

Figure 8 - Squirrel cage rotor - (EL-PRO-CUS, 2024)




Permanent magnet rotor

Construction

The construction of Permanent magnet rotor as shown in figure 9 is normally made out neodymium or ferrite magnets in the rotor. Neodymium magnets are normally used in compact motors due to the high strength to weight ratio (O'Hare, 2023). While Ferrite magnets are very cost effective so are used in low cost.

Operation 

The operation of a permanent magnet rotor depends on rotating field the field and on the rotors constant magnetic flux. When 3 phase AC supply goes through the stator. It will allow a rotating magnetic field to be created. This will then become constant due to permanent magnet in the rotor (El-Pro-Cus, 2024). The operation of the rotor is also affected by air gap. This is because the smaller the air gap the better efficiency and less energy lost.   

[image: Internal Permanent Magnet (IPM) Motor control]
Figure 9 - Permanent Magnet - (RoboteQ, 2024)





Wound synchronous rotor

Construction 

The construction wound synchronous rotor as shown in figure 10 is like a typical synchronous rotor. However, the rotor is made from field winding (aboutmotors, 2024). The rotor will also be made from lamination sheets. 

Operation 

The operation of the wound synchronous rotor is powered by direct current which goes through slip rings to power it. This DC supply will create a magnetic field around the rotor (aboutmotors, 2024). This allows for the rotor to act like a  permanent magnet. This will then react with the rotational magnetic field from the stator. This will then cause the rotor to spin due to opposite poles (aboutmotors , 2024).  

[image: Wound-rotor synchronous motor]
Figure 10 - Wound Synchronous Rotor - (aboutmotors, 2024)
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Construction 

The construction of hairpin winding is first done by forming the hairpin. This can be done by four methods which is straightening, stripping, cutting or bending the wire. Then it the wire is collected via fully automatic pick-up of the hairpin wire. This could be done manually instead or by sorting (Andreas Riedel, 2019). The next stage is insertion this can be done by insulation paper that goes into the stator grooves. Or by inserting the hairpin coils directly into the grooves (Andreas Riedel, 2019).  The fourth stage is twisting. This is where the hairpin wire is twisted in relation to the wiring scheme (Andreas Riedel, 2019).  Then finally there is the welding to the stator (Andreas Riedel, 2019).

Operation 

The operation of the of hairpin winding is to allow on magnetic field to be created when electric current passes through it. The operation of hairpin winding is also to improve the fill factor which allows for more a stronger magnetic field (Melançon S. , 2023). It will have a larger fill factor which allows for more performance. 



Standard winding for rotor

Construction  

The construction of standard winding also known as round winding will use cylindrical wires that are made out of copper. The wire will be straitening by using the wire feeding and straightening tool. The wires will then be wounded in the stator slots of the electric motor. This is how round winding is completed. 


Operation 

The operation of round winding is done to allow an electric current to be created when electric current passes through it. This is also done due how to simple it is to make which allows for lower cost (Mistry, 2023). This means it is normally used for cheap products. 
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Explain and evaluate the construction of the AC and DC motors used in electric & Hybrid vehicle applications.

AC Motors 

For AC motors there are two main types and these are asynchronous and synchronous motors. 

Construction

The construction method for the two are slightly different. This is because for the asynchronous motor it has its stator made out of a steel frame which will allow the hollow cylindrical core to be enclosed. This is due to the lamination sheets that make up the stator which allows for the cylindrical core to be enclosed (Come4Concepts, 2022). The lamination sheets in the stator will have slots in it to allow for the stator winding to take place. The winding that will take place in the stator will normally be 3-phase winding (Come4Concepts, 2022). 

The rotor type used in this motor will normally be a squirrel cage or round type motor (Come4Concepts, 2022). The squirrel cage rotor is made of lamination sheets that make a cylindrical core. There will then be rotor bars that are then attached to this permanently. They are attached permanently by end rings which forms the squirrel cage (Come4Concepts, 2022).  

While for a wound rotor it will roughly the same as a squirrel cage rotor. However, there will be one difference which is the winding ends will be connected to slips rings. This is to allow the addition of external resistance in the rotor circuit (Come4Concepts, 2022). 

The construction for a synchronous motor will be quite similar to the construction of an asynchronous motor. This is because it will have the stator windings in the slots created by the lamination sheets used to create the stator (Come4Concepts, 2022). It will also have three phase winding as well. The rotor will be made from lamination sheets that will make salient poles (Come4Concepts, 2022). There will also be field windings on the poles. The rotor will also have rotor coils which are connected to the slip rings. Then finally DC current is sent to the rotor windings through the slip rings in order to produce a magnetic field (Come4Concepts, 2022). 










DC Motors

For DC motor there are two main types. These are brush and brushless motors. 

Construction 

The construction method for the two are slightly different. This is because for brush motors will be using direct current as its power source. The stator in the brush motor is made of permanent magnets. The rotor/armature will contain electromagnets that is normally an iron core will coil wrapped around it (HOSSAIN, 2023). In the brush motor it will rotate 180 degrees when the electric current is applied (Parvalux, 2024). However, it will only travel 180 degrees in order for it to travel past the 180 degrees the electromagnetic poles must be flipped which is done by carbon brushes (Parvalux, 2024). This allows the rotor to rotate 360 degrees (Parvalux, 2024). This will then allow the motor to provide power. The Brush motor will also contain commutators at every 120 degrees (HOSSAIN, 2023). This is to make sure that the current flowing through the rotor windings is in the same direction. 

While the construction for a brushless motor is different. This is because a brushless motor is a motor without brushes. The motor will still contain a rotor and a stator.  In a brushless motor there will also be a hall sensor located in the rotor (Elevich, 2005). This will get triggered at 60 degree and 120 degree. This is needed to allow the rotor to turn. This because hall sensor will send current to the poles in the stator (Elevich, 2005). This will create a magnetic field that allows the rotor to rotate. This can all occur as the hall sensor can detect where magnets are and which pole it will need to be to allow the rotor to rotate. This will then allow the motor to provide power. The rotor design in a brushless motor can be two types which is interior with the stator on the exterior. The other method is the rotor is exterior with the stator interior. In both these design the rotor will still made from lamination sheets or from lost wax precision casting (Kaoru Aoki, 2000) with slots for multi magnets (Caplinq, 2024). The magnets used will normally be Interior Permanent Magnet (IPM). 

The construction of the stator in a brushless motor is done by lamination sheets with holes in the lamination sheets so three phase winding can occur. The three phase winding 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 magnetic field created is because of the direct current flowing through the coil it makes the coil an electromagnet. This is very useful in order for the motor to work. This is because this motor design is based on the attraction between of north and souths poles between the multiple magnets and the electromagnets (Sabins Civil Engineering , 2014). This can be shown through the figures. In these figures it displays how the dc current will change direction in each of the coils (Sabins Civil Engineering , 2014). This change happens depending on the pole of the magnet in the rotor. The change happens in order to attract the magnet to the coil which cause the coil to move. Once the magnet is in the right spot the coil will have the current change direction. This makes the coil become the same electromagnetic pole as the magnet. This will repel the magnet as shown in figure. Meanwhile the next coil will have be the opposite pole 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. 
Comparison 

By DC motors being made this way it allows for them to be more compact then AC motors especially the brushless motor which is why it is used in the Honda Insight. DC motors are also more simplistic which allows them to be easier to make (motorneo, 2023). This will also allow for cheaper costs especially for brush motors. They can also provide high torque in low speeds so are ideal for those types of applications (AspiringYouths, 2024). However, they don’t have good durability DC motors and they aren’t as efficient as AC motors. Especially the brush motor which can have brushes that can wear away.

While, AC motors have better durability especially when compared to a brush motor which will wear very quickly due to the brushes (Islam, 2024). They are also very efficient at higher speeds and for long duration operations (ROBOTICS, 2023). This means they are very useful in electric cars. However, AC motors can’t be used in parallel electric vehicles due to their size. They are also very complicated to make when compared to DC motors so can cost more to make. 

Overall both AC and DC motors can be used in electric vehicles. However, it depends on what their job would be like is it parallel or series hybrid. Or will it be a fully electric vehicle. All of these factors would help dictate what type of motor is needed for the vehicle. 
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Describe commonly used manufacturing equipment when constructing electric and hybrid vehicle motors.

Hairpin insertion tool 

Wire Feeding and Straightening Tools

Wire Feeding and Straightening tool as shown in figure 11 is where you straighten then cut wires to the specified length (autolink, 2024). This is done by:  

Feeding the wire through the machine – Sending the wire through the machine (autolink, 2024).
Straightening – This is where the wire passes through rollers or guides that align and straighten the wire (autolink, 2024). 
Cutting – Once the wire is straight it is cut to the specified length (autolink, 2024).
Collection – collection of the wire (autolink, 2024).


[image: UOUOBEAR Manual Wire Straightner, Cable Wire Straightener Welding Wire  Straightener Wire Straightening Tool Welding Robot Wire Feeding Accessories  ...]
Figure 11 - Wire Feeding and Straightening Tools - (UOUOBEAR, 2024)




Bending Tools

Are used to shape metal and other materials into the configurations that are required. This can be manual or automated. Some types are: 

Sheet metal bending machine as shown in figure 12 is a machine that will basically be based on a press brake machine but will only work for sheets of metal. 
[image: Iron Sheet Bending Machine 350 mm Swivel Bending Machine 0-135° Industrial  Manual Bending Machine Roller Hand Bench Bench Sheet Metal Bender : ...]
















Figure 12 - Sheet Metal Bending Machine - (Fuctchoy, 2024)





Pipe Bending Machine is a machine that can bend copper, stainless steel and carbon steel pipes. It will have a scale that allows you to pick the angle of pipe. Then you will attach your bending segment (rothernbergtv, 2021). The size chosen depends on how big the pipe is. Then you take the bending shoe and attach it. The size will also depend on how big the machine is (rothernbergtv, 2021).. Then finally the final thing to add is the sliding shoe access. Now the pipe can be bent. 

Press Brake Machine is used to turn unbent metal into its required shape. It does this by putting the unbent metal between the punch (bending tool) and die (holding tool) on the worktable (Hartech, 2024). A hydraulic cylinder will then lower and put pressure on the metal. This will continue until it takes the shape of the die. The bend angle of material is determined by the penetration of the punch in the V-die (Hydram, 2024). This machine will normally be used for car doors or body panels (Hartech, 2024).

Plate Rolling Machines is where plastic metal that is flat goes through three working rolls. This will bend the metal. This is done by the upper roller pressing and the lower roller rolling (Harsle, 2024). This will happen multiple times which will cause the plastic metal sheet to bend to the required characteristics (Harsle, 2024).

Mechanical Bending Machine is used to bend metal like tube profiles or sheets. It does this by putting the metal in between a mould or die. The metal then has a force implemented onto it which will cause it to shape of the mould or die (Hartech, 2024). It is normally used in automotive or ship building (Hartech, 2024). 

Hydraulic Bending Machine as shown in figure 13 is where they bend parts by high precision into specific angles and shapes (Hartech, 2024). 

[image: ]Figure 13 - Hydraulic Bending Machine - (Larosa, 2024)

















Laser Welding Tools

Laser welding is where concentrated laser beams are used to join materials together. This allows for high precision and minimal thermal distortion 

There are 4 main types of laser welding tools: 

Solid-state Lasers is a type of laser that will use a solid as the active medium. This will normally be glass or crystal acting as the solid in order for the laser to melt and fuse the metals together (PHILIPP, 2023).

Gas Lasers as shown in figure 14 is a type of laser which uses an electric current that is going to be discharged through a gas which is the active medium (PHILIPP, 2023). This allows a beam of light to be created that can be used for welding (Wikipedia, 2024)
[image: Gas Laser Setup]








Figure 14 - Gas Laser - (FindLight, 2023)

Fiber Lasers as shown in figure 15 is a welding machine that uses a high focused beam of light to do the welding by using optical fibre as the active medium (PHILIPP, 2023). The light will melt and fuse the metals together due to its temperature (HPCLaser, 2024). 

[image: Handheld Fiber Laser Welding | PT SERVIAM ABADIMURNI]
Figure 15 - Fiber Lasers - (PT SERVIAM ABADIMURNI, 2024)


Laser-Hybrid Welding is where a laser welding is used with arc welding to weld the metals together (ESAB, 2024) as shown in figure 16. This allows for an increase in the quality of the weld and the speed.
[image: ]Figure 16 - Laser Hybrid Welding - (laserline, 2024)



Moulding Machines

Moulding Machines are used to allow materials to be created by using moulds. 

There are 5 main types of moulding machines: 

Jolting & Squeezing Moulding machines as shown in figure 17 uses jolting and squeezing to help the material be created by the mould. The jolting process is to pre-compact the sand in mould (Han, 2024). While the squeezing process is put high pressure on the sand to make sure that it will stay in shape of the mould (Han, 2024). 

[image: Jolt Squeeze Moulding Machine - ATHI]Figure 17 - Jolting & Squeezing Moulding Machine - (ATHI, 2024)


















Squeezing Moulding Machines is where hydraulic or mechanical press is used to apply a force at the top of the mould (testbook, 2023). This pressure will cause the sand in the mould to be compact and take shape of the mould. However, one issue with this moulding method is that the strength/hardness of the mould is at the top while the strength/hardness of mould at the bottom may be weaker (testbook, 2023). 

Jolting Moulding machine is where there is sand-filled mould which is lifted to specific height depending on circumstances. This allows potential energy to be stored (testbook, 2023). Then when the sand mould is released it would convert the potential energy to impact energy as the sand mould hits the ground. This will cause sand in mould to become compact through ramming (testbook, 2023). However, one issue with this method is it can be uneven with the more hardness/strength at the bottom of the mould while the top of the mould would be less (testbook, 2023). 





Sand slinger allows for uniform strength across the whole of the mould. It does this by sending small sand quantities at speed into the mould as shown in figure 18. Over time of doing this the sand will take shape of the mould (testbook, 2023). However, this method is very costly. 
[image: ]Figure 18 - Sand Slinger - (appassets, 2024)






















Moulding Plants are massive operations where moulding occurs. They will streamline the moulding process to save time and money. This will include filling/compacting the mould, putting the material into the mould and demoulding the finished casting the mould (AAGM, 2024). 

Presses 

Is a machine that will provide pressure to make the material take shape 

There are three type of presses 

Manual Press is where there is a hydraulic cylinder with a hydraulic pump. The hydraulic system will be filled with hydraulic oil which will be compressed by the hydraulic pump (The Workshop Press, 2024). This pump will be used by the operator. This compression of oil will then go towards the cylinder which will result in power impact on the material that will help shape it. 







Hydraulic Press is where a hydraulic cylinder and hydraulic pump as shown in figure 19. The hydraulic system will have hydraulic oil which will fill the system. This will then be compressed by the hydraulic pump (AllPhaseHydraulics, 2023). The compression of oil will then go towards the cylinder. This leads to power impact on the material that will help shape it. However, what is different to manual is that it can automatic (AllPhaseHydraulics, 2023). 

[image: ]Figure 19 - Hydraulic Press - (AC, 2024)




















Automatic Press is will have a hydraulic cylinder and hydraulic pump. There will be hydraulic oil in the system that will be compressed automatically (Tech Team · Kintek Solution, 2024). The compression of oil will then go towards the cylinder. This will result in a power impact on the material that will help shape it. This process will all be automatic. 

Lathes use a rotational and a stationary cutting tool. This allows the workpiece to be shaped to its required characteristics (AMF, 2021). The primary function of a lathe is to remove material to create threads etc. It does this by rotating the material which will then press against the cutting tool. 

Demoulding and Cleaning Machines are used to remove moulds from the finished products. This can be done by blast cleaning or ultrasonic cleaning (Guyson, 2024)

Heating and Cooling Machines are used to regulate the heat of the manufacturing process. This will take place in metal forging for example. These machines also help meet quality standards 

Gasket Machinery and Drilling Equipment 

Gasket Machinery is where gaskets will be made to prevent leaks. This is shown through figure 20. This displays the typical tool used to cut gaskets.  While drilling equipment is where they put precise holes into materials. 
[image: CNC Gasket Cutting Machine]Figure 20 - Gasket Cutting Machine - (AOL, 2024)
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Describe specialist manufacturing equipment when constructing electric and hybrid vehicle motors

[bookmark: OLE_LINK3][bookmark: OLE_LINK4]Hairpin Insertion Tools are very important for the production of electric motors. Hairpin insertion tools will first insert insulating paper strips into the stator slots (IMA, 2024). The next process is the inserting of the hairpin wire into the one the paper slot. This happens for each paper slot until there are non-left (IMA, 2024). Now all of the hairpin will start to be inserted one by one as shown in figure 21. This will increase production time due to how the process is automated. 
[image: ]Figure 21 - Hairpin Insertion tools - (Nide Corporation, 2021)



















Winding Machines are used to wrap wire around the coils around the electric motor (NIDE Group, 2023). This can also be shown through figure 22. 

[image: ]

Figure 22 - Winding Machines - (Nide Group , 2023)



Stator Lacing Tools are used to make sure overhang wires in the stator don’t move as shown in figure 23. This is because it could cause damage when in operation 

[image: ]Figure 23 - Stator Lacing Tools - (Nide Group, 2019)






















Resin Application Machinery also known as impregnation this can be shown through figure 24. It is used to make the rotors and stators as it used to put the lamination sheets together (SWD , 2024). It useful in helping the hair pin winding in reducing the air gap. This allows for more performance in the motor due to a smaller air gap. The final positive of resign application machinery is that it can protect the motor from external factors like environmental factors for example (bdtronic GmbH, 2021). 

[image: ]Figure 24 - Resin Application Machinery - (bdtronic GmbH, 2021)
















Powder Coating Machines is where the rotor and stator are covered in powdered coating. The excess powder coating is then moved to the side and excess powder is removed by compressed air (Lammotor, 2023). Then the rotor and stator is called to allow the coating to settle right (Lammotor, 2023). Now the powder coating process is complete. 

Potting Machines are used to fill in air gaps around the coils in the motor. It will normally be filled with epoxy which is a type of thermoset material (Expoxy Dispensing Machine, 2021). There is also end winding potting which for filling in the space around end windings of the motor. 

Balancing Machines is used to balance rotors. This is done by taking out parts of material in rotor through holes. This allows the rotor to be balanced. The balancing will take place at low speed. The balancing will also stop vibrations in the rotor as the rotor is now balanced. 

Integration and Automation in Manufacturing stops the risk of human error so output can be increased. 

[bookmark: _Toc182606156]Task 2 C/D 

Describe one electric or hybrid motor manufacturing process.

Explain and analysis the manufacturing process and equipment used to construct an electric or hybrid vehicle motor system.


Rotor Construction Process involves serval steps 

Rotor core 

The first stage is the rotor core. This will be constructed by multiple lamination sheets which will be stuck together by resin application machinery. This happens because the lamination sheets need to be stuck together to create the rotor and the resin application machinery fits this job. However, the rotor could be made from lost wax cast construction for example the Honda Insight (Kaoru Aoki, 2000). One final method is hydraulic stamping press. This will be where all of the lamination sheets are stacked up and then are pressed together to make a rotor core (Melançon, 2023)  This shows how the rotor construction can be done by multiple ways but will normally depend on the manufactures decision as there isn’t a big difference between them. 







Paper preparation 

The next stage is paper preparation. This is where slot insulation is inserted into the rotor grooves (Elmotec Statomat, 2024). This insures that the rotor will operate properly and safely as the winding will go into the sleeves which will protect the winding during the insertion of the winding. The paper inserted will be cut, formed and folded before being inserted (Elmotec Statomat, 2024). This is also displayed though figure 25


[image: ]
Figure 25 - Paper Insertion - (Elmotec Statomat, 2024)





Shaft Press 

The next stage is shaft press. This is where a pressing machine is used like an hydraulic press for example. For the shaft press it depends on what type of rotor is being made but if it was Brush motor then it would do the end cover, commutator and shaft (NIDE Group, 2020).   


Slot insulation 

Is the same as paper preparation it is whether the manufacture decides to go with the insertion during paper preparation of the coil or at a later stage called slot insulation. 




Winding 

This is where coil is wrapped around the rotor core in the slots. This first step of this process would be using the wire feeding and straighten machine. This is where the wire is straight so it can be wrapped around the rotor core in the slots (NIDE Group, 2023). The next step depends on the manufacturer choice which is doing it by hand or deciding to go with the automated route. If it is automated they will use a winding machine. This is where the coil is wrapped around into the rotor as shown through figure. This displays an example on a stator but can also be used for rotor. The advantage of doing automatic is it speeds up manufacturing time so output can increase. However, it will cost a lot money to install. This is why some companies use manual installation as they don’t have the budget. However, they will have to do deal with longer production time which reduces output. So, the method of winding depends on the business’s circumstances. 


Cup Assembly, Connection, and Welding

This is where once the slots have been sorted the parts can be connected together via welding as shown through figure. This stage will normally be done via welding. The types of welding that could be done is Solid-state Lasers, Gas Lasers, Fiber Lasers or Laser-Hybrid Welding. The type of welding will depend on budget and which one has the best quality. 

Electrical testing 

Then there is electrical testing which is done to test the rotor is functioning correctly like the circuits and resistance of the windings. This allows for any issues to be noticed in the rotor. 

Impregnation and Balancing 

This is where impregnation and balancing happen. Impregnation is where a resin or vanish is put over the rotor (De Lorenzo Copywriter Team, 2023). This allows for the properties of rotor be enhanced but will also protect it from outside factors that could cause damage. The properties enhanced can be thermal conductivity which means it can dissipate heat more efficiently (De Lorenzo Copywriter Team, 2023). This will allow the rotor to have a longer lifespan. Another property of the rotor that could be improved is mechanical strength. This is because it the impregnation can improve the mechanical strength of the rotor (De Lorenzo Copywriter Team, 2023). It will also be more resistant to vibration and mechanical strength. One final reason why impregnation is good is the resin or vanish can protect the rotor against moisture which could damage the rotor (De Lorenzo Copywriter Team, 2023). 

Balancing is where a balancing machine is used to figure out if the rotor is balanced or not. The balancing will take place at low speed. The balancing will also stop vibrations in the rotor as the rotor is now balanced. This is done by taking out parts of material in rotor through raking out material by holes. This allows the rotor to be balanced. 

There are three types of balancing rotors that can be used. These are the Wound Armature Automatic Balancing Machine, 20Ton Gas Turbine Rotor Balancing Machine and the JP Wheel Hub Automatic Balancing Machine. The Wound Armature Automatic Balancing Machine is normally used for armatures (JP balancer, 2022). These are a like rotor but because there are some slight differences they are referred to as armatures. They will normally be used in DC motors. Then there is 20Ton Gas Turbine Rotor Balancing Machine. This balancing machine is normally typically used for steam turbine rotors (jp-balancer, 2022) as shown through figure 26. Then finally there is JP Wheel Hub Automatic Balancing Machine. This balancing machine is typically used for the rotor that will go in an AC motor (JP balancer, 2022). This displays how the type of balancing used is related to the type of rotor being made. 
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Figure 26 - 20Ton Gas Turbine Rotor Balancing Machines - (jp-balancer, 2022)
 - 




Matching Slip ring and final Electrical Test

This is where slip ring to certain specifications to allow electrical contact. Then there will be a final electrical test to check the rotor is functioning correctly. 




Stator Manufacturing Process 

Lamination Sheets 

To make the core of the stator it is made from lamination sheets. The first stage will be designing the lamination sheets so that there are slots for the winding to go. The bonding of the lamination sheets could be done by welding via lasers, riveting, presses or resin. All four of these methods would be very successful at getting the job done but it would come down to the manufactures budget. This is as it will dictates the method that will be chosen.  

Slot insulation 

This is where the paper insulation is inserted into the rotor grooves. This happens because it stops the coil from getting damaged when it is inserted. This can be shown through figure 25. This will also help speed up the manufacturing time because it means they can be slightly quicker implementing the winding into the stator. This is due to the protection from the slot insulation. It will also allow for less wastage as due to the insulation less coil should be getting wasted. This will lead to less wastage from the manufacture which means less costs. This reduction in cost can lead to an increase in profit. 

Winding

This where the winding of coil will happen. First the wire will need to be straightened by the wire feeding and straightening machine. This will straighten the wire so that it can be ready for winding. The next step will be winding this can be done by hand or by machine. If it is done by machine then it will be automated. This is where the coil is wrapped around into the stator as shown through figure. The advantage of doing automatic is it speeds up manufacturing time so output can increase. However, it will cost a lot money to install. This is why some companies use manual installation as they don’t have the budget. However, they will have to do deal with longer production time which reduces output.

Insertion

The next stage is the insertion of the wire that has just been winded into coils. This is done by a machine which will bring the wire through into the slots in the stator. This is shown through figure. By a machine being used instead of manually doing it will safe time and could actually improve efficiency as there should be less mistakes. This will then lead to less wastage which can save costs.  






Connection

This is where the coil ends will be connected together. This will either be star connections or delta connections. Star winding also known as wye is where the 3 phase wires are connected to a common point, also known as a star point, and neutral is taken from this point as shown in figure 6. While delta winding is where winding will not have a neutral like in star (Teja, 2024). So, it will have a three phases of direct current supply. They will also form a bridge between the phases as shown in figure 7. 


Lacing

This is where the overhand wire will be laced. This is to ensure sure the overhang wires in the stator don’t move as shown in figure 23. The overhang wire cannot move because if it did damage would occur. This will be done by a stator lacing tool as shown in figure. This will allow for an increase in manufacturing speed and output because it will be automated. While if it was done by hand it would take ages to lace the overhang wire. While the machine takes a few seconds for each one. 

Final forming

Is checking that everything is running correctly before impregnation 


Impregnation

This where a resin or vanish is put over the stator (De Lorenzo Copywriter Team, 2023). This allows for the properties of stator be enhanced. The properties enhanced can be thermal conductivity which means it can dissipate heat more efficiently (De Lorenzo Copywriter Team, 2023). This will allow the rotor to have a longer lifespan. Another property of the rotor that could be improved is mechanical strength. This is because it the impregnation allow the stator to be more resistant to vibration and mechanical strength. One final reason why impregnation is good is the resin or vanish can protect the rotor against moisture which could damage the rotor (De Lorenzo Copywriter Team, 2023). 

Testing 

Is checking that all of the components are working correctly in the stator before assembly.  






Assembly Process 


Housing Heating Rotor Mounting

This is where the rotor will be mounted. It will be needed to be done precisely to help minimise any imbalances that could occur (Zhu, 2023). One way of doing this is via heating. This will be where the housing is heated before the rotor is inserted. It is done this way because the housing will be expanded by the heat. This allows it to be easier to insert. 

Bearing and Gear Assembly and Fitting, 

This is where bearings and gears will be made which is out of steel and inserted. When inserting these components precision is key to help keep optimal performance (Zhu, 2023). Also, after making of the components they may be subject to heat treatment to increase durability and harness (Zhu, 2023). 

Endshield Mounting 

This will be inserted at after the assembly of the rotor and stator. It will house the bearings and will support the rotor within the stator (Zhu, 2023). It will also help protect the motor from external exposure (Zhu, 2023). 

Leak Pressure

The leak pressure test is done to ensure the motor can handle the operational pressure. The leak pressure test also allows to find any small leaks in the motor which would show cracks in the motor (Inficon, 2019)]. 

Testing final 

This is final tests before the motor is taken away to be inserted into a vehicle (Zhu, 2023). 
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