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A DC generator is an electrical device designed to generate electricity by converting mechanical energy into electrical energy. Common sources of mechanical energy include: Hand cranks Internal combustion engines Water turbines Gas and steam turbines Wind turbines DC generators play a crucial role in powering electrical networks.
Interestingly, an electric motor operates as the reverse of a generator, converting electrical energy into mechanical energy. Since motors and generators share many similarities, understanding one helps in comprehending the other. This article provides a brief overview of DC generators and their working principles. A generator is a device that
converts mechanical energy into electrical energy. The generated electricity is then transmitted and distributed through power lines for residential and commercial use. Generators are broadly classified into two types: AC Generator (Alternating Current Generator) - Converts mechanical energy into alternating current (AC) electricity. DC Generator
(Direct Current Generator) - Converts mechanical energy into direct current (DC) electricity. Both types of generators play a vital role in power generation, catering to different applications based on their output characteristics. A DC generator, or direct current generator, is an electrical device designed to convert mechanical energy into direct
current (DC) electricity. This energy conversion process is based on the principle of electromagnetically induced electromotive force (EMF). According to Faraday’s Law of Electromagnetic Induction, when a conductor moves through a magnetic field, it cuts the magnetic flux, inducing an electromotive force. If the conductor circuit remains closed,
this induced EMF drives a current, enabling the generation of usable DC electricity. A DC generator can also function as a DC motor without any design modifications. Due to this interchangeability, both devices are collectively referred to as DC machines. A DC generator consists of several essential components, including: Yoke Poles Pole Shoes
Field Winding Armature Core Armature Winding Commutator Brushes Among these, the two most critical components of a DC generator are: Stator - The stationary part that houses the field windings and provides the necessary magnetic field. Rotor - The rotating part (armature) where the conversion of mechanical energy into electrical energy
takes place. These components work together to ensure efficient energy conversion in a DC generator. The stator is a crucial part of the DC generator, responsible for generating the magnetic field in which the armature coils rotate. It contains permanent magnets or electromagnets with north and south poles facing each other, positioned around the
rotor region. The rotor, also known as the armature core, is the rotating part of the DC generator. It is made of laminated iron sheets stacked together to form a cylindrical core with slots. These laminations help reduce eddy current losses, improving efficiency. The armature windings are placed inside the slots of the armature core. These windings
are interconnected in a series-parallel combination to enhance the total generated current. The yoke is the outer frame of the DC generator, made of cast iron or steel. It serves two primary purposes: Provides mechanical support to the machine. Acts as a magnetic path to carry the magnetic flux between poles. The poles are used to support and hold
the field windings, which produce the magnetic field necessary for generating electricity. The field windings are wound around the poles and connected in series or parallel with the armature windings. The pole shoe helps spread the magnetic flux evenly and provides mechanical support to prevent the field coils from shifting. Instead of screws,
welding is often used to attach the pole shoes to the yoke. The commutator acts as a rectifier, converting the alternating current (AC) generated in the armature windings into direct current (DC) before it is supplied to the external circuit. It is made of copper segments, each insulated by mica sheets, and is mounted on the generator’s shaft. The
brushes are made of carbon or graphite and are responsible for maintaining electrical contact between the commutator and the external circuit. They ensure smooth current transfer while minimizing wear and tear. Each of these components plays a significant role in the efficient operation of a DC generator, ensuring reliable power generation. The
commutator is an essential component of a DC generator, primarily responsible for converting alternating current (AC) into direct current (DC). It functions as a mechanical rectifier or a reversing switch, ensuring that the output current remains unidirectional. The electromotive force (emf) induced in the generator’s armature windings is naturally
alternating in nature. As the armature rotates, the direction of the current in the coil reverses when it crosses the magnetic neutral axis. However, the commutator reverses the connections of the coil at the precise moment the current would have changed direction. This switching action ensures that the current supplied to the external load remains
DC rather than AC. The commutator serves several key functions in a DC generator. Firstly, it enables the conversion of AC to DC, ensuring that the generator produces a steady direct current output. Secondly, it maintains unidirectional current flow by adjusting the coil connections, preventing current reversal in the external circuit. Additionally, it
facilitates smooth power transmission by ensuring a continuous and efficient transfer of electricity from the armature to the load. Lastly, working alongside carbon brushes, the commutator establishes a reliable electrical connection between the generator and the external circuit. Overall, the commutator plays a crucial role in ensuring the efficient
and stable operation of a DC generator, making it suitable for various applications requiring a consistent DC power supply. A DC generator operates on the principle of Faraday’s Law of Electromagnetic Induction, which states that whenever a conductor is placed in a moving magnetic field, an electromotive force (emf) is induced in the conductor. If
the circuit is closed, this emf causes a current to flow through the conductor. According to Faraday’s Laws, an emf is induced in a conductor when it is either placed in a changing magnetic field or moved through a magnetic field. The magnitude of the induced emf can be calculated using the emf equation for a DC generator. If the conductor is
connected to a closed circuit, the induced current will flow only within that circuit. In a DC generator, the armature conductors rotate within the magnetic field created by the field coils. These field coils generate an electromagnetic field, and as the armature rotates, an electromagnetically induced emf is produced in the armature conductors. The
direction of the induced current can be determined using Fleming’s Right-Hand Rule, which helps establish the relationship between the magnetic field, conductor motion, and induced current flow. The emf equation of a DC generator is derived from Faraday’s Laws of Electromagnetic Induction and is given by: Where: ® = Magnetic flux per pole
(Weber) Z = Total number of armature conductors P = Number of poles in the generator A = Number of parallel paths in the armature N = Speed of the armature in revolutions per minute (r.p.m.) E = Induced electromotive force (emf) in any parallel path of the armature Eg = Generated emf in any one of the parallel paths N/60 = Number of turns
per second dt = 60/N sec = Time for one turn This equation helps in calculating the generated emf of a DC generator, which is crucial in determining the output voltage of the machine. DC generators are highly reliable and efficient, with an efficiency range of approximately 85% to 95%. The efficiency of a DC generator is determined by comparing
the output power to the input power while accounting for various losses. The output power of a generator is given by: Where V is the voltage and I is the output current. The input power includes the output power and internal losses, given by: The losses in a DC generator consist of: Where: Ia = Armature current Ra = Armature resistance Wc¢c =
Constant losses (such as core losses and mechanical losses) Thus, the total input power becomes: If the shunt field current is negligible, then Ia = I, leading to the efficiency formula: Rewriting, For maximum efficiency, the condition is derived by differentiating the loss term: This results in: Thus, efficiency is at its maximum when the variable losses
(I?Ra) are equal to the constant losses (Wa). The load current at which the generator operates at maximum efficiency is given by: This equation helps determine the optimal operating conditions for a DC generator to ensure it functions at peak efficiency. In any electrical machine, a portion of the input energy is lost and cannot be fully converted into
useful output power. Similarly, a DC generator experiences various energy losses, which can be categorized into different types. Copper loss occurs due to the resistance in the windings and is responsible for 20-30% of full-load losses. It includes: Armature copper loss: I2aRa, where: Ia = Armature current Ra = Armature resistance Field copper 1 For
shunt-wound generators: I2shRsh (almost constant) For series-wound generators: [2seRse (almost constant) For compound-wound generators: I2compRcomp (almost constant) Additionally, brush contact resistance contributes to copper losses. Core losses occur in the armature core due to changing magnetic fields and can be classified into:
Hysteresis Loss: It arises due to the reversal of magnetization in the armature core as it rotates. The rotor core alternates between North (N) and South (S) polarity, leading to a cyclic reversal of magnetic domains, causing energy dissipation. Eddy Current Los As the armature rotates, it cuts the magnetic flux, inducing small electromotive forces
(emf) within the core’s surface. These tiny emfs create circulating currents called eddy currents, which generate unwanted heat and energy loss. Since the field current in shunt and compound generators remains almost constant, core losses are also relatively stable. Core losses account for 20-30% of full-load losses. Mechanical losses arise due to
friction and windage effects in the rotating parts of the generator. These include: Bearing friction loss: Friction at the bearings and commutator reduces efficiency. Windage loss: Air resistance against the rotating armature causes energy dissipation. Mechanical losses contribute to 10-20% of full-load losses. Stray losses are a combination of core
losses and mechanical losses and are sometimes referred to as rotational losses. These losses arise due to imperfections in manufacturing, leakage flux, and other minor inefficiencies. By minimizing these losses, the efficiency of a DC generator can be optimized for better performance and durability. The characteristics of a DC generator refer to the
graphical representation of the relationship between different operational parameters. These characteristics provide insight into the generator’s steady-state behavior, showing how terminal voltage, load, and excitation interact. The key characteristics of a DC generator include: Magnetization Characteristics Internal Characteristics External (Load)
Characteristics Also known as the open-circuit or no-load characteristic, this curve represents the relationship between the generated voltage and the field current at a constant speed. It helps in understanding how the generated voltage behaves when the generator is operating without a load. The internal characteristic of a DC generator shows the
relationship between the generated voltage (before accounting for armature reaction and resistance drop) and the load current. This characteristic helps analyze the internal behavior of the generator under load conditions. The external or load characteristic represents the relationship between the terminal voltage and the load current at a constant
speed. This characteristic is crucial in determining the performance of the generator when supplying power to an external load. Understanding these characteristics is essential for evaluating the performance and efficiency of DC generators in practical applications. DC generators are classified into two main types based on how their field windings
receive excitation: Separately Excited DC Generator Self-Excited DC Generator In a separately excited DC generator, the field coils derive their power from an external DC source, rather than from the generator itself. This allows better control over the field current and, consequently, the output voltage. These generators are commonly used in
applications requiring precise voltage regulation. In a self-excited DC generator, the generator itself supplies the current needed for field excitation. The initial emf generation occurs due to residual magnetism in the field poles. This induced emf causes a small current to flow in the field windings, which gradually strengthens the magnetic field and
increases the generated voltage. Self-excited DC generators are further classified into three types: The field winding is connected in series with the armature winding. This type is suitable for applications requiring high current and variable voltage output. The field winding is connected in parallel with the armature winding, ensuring a relatively
stable output voltage. These are widely used in battery charging and lighting systems. This type combines both series and shunt field windings, offering the advantages of both. Compound wound generators are used in industrial applications requiring a stable voltage with variable load conditions. Each type of DC generator has specific advantages
and applications, making them suitable for different electrical systems and industrial needs. DC generators offer several benefits, making them a preferred choice in various applications: High Power Output - DC generators can generate a substantial amount of electrical power. Strong Load Capacity - They can efficiently handle significant loads at
their terminals. Simple Construction - The design and construction of DC generators are straightforward, making them easy to manufacture and maintain. Unequal Power Distribution - These generators are useful for applications requiring uneven distribution of output power. High Efficiency - With efficiency levels ranging between 85% and 95%,
they ensure minimal energy loss. Stable Output Voltage - DC generators provide a steady and consistent power output, making them reliable for sensitive applications. Compact and Lightweight - They are relatively small and lightweight, making them easy to transport and install. Due to these advantages, DC generators are widely used in various
industries, including power backup systems, battery charging, and traction applications. Despite their advantages, DC generators have several drawbacks: Incompatibility with Transformers - DC generators cannot be used with transformers, limiting their voltage conversion capabilities. Various Energy Losses - They suffer from copper losses,
mechanical losses, and eddy current losses, reducing overall efficiency. Voltage Drop Over Long Distances - DC power transmission experiences significant voltage drops, making it inefficient for long-distance applications. Complex Design - The presence of a split-ring commutator complicates the design and construction of the generator. High Cost -
DC generators are more expensive compared to their AC counterparts due to additional components like commutators and brushes. High Maintenance Requirements - Regular maintenance is necessary to ensure proper functioning, as brushes and commutators wear out over time. Sparking Issues - During energy generation and transmission, sparks
are produced, leading to energy loss and potential hazards. Due to these disadvantages, DC generators are often replaced by AC generators in modern power generation systems, except in specialized applications. DC generators are widely used in various applications based on their types: Separately Excited DC Generators - Used for boosting voltage
and in electroplating applications. They also supply power for lighting using a field regulator. Self-Excited (Shunt) DC Generators - Commonly used for electricity generation and general illumination. They are also suitable for battery charging applications. Series DC Generators - Employed in arc lighting, as a steady current generator, and as

a voltage booster in power transmission. Compound DC Generators - Used to power DC welding equipment, ensuring a stable and consistent voltage supply. Level Compound DC Generators - Provide electricity for hostels, hotels, and offices, where a stable power source is needed. Voltage Compensation in Feeders - DC generators help compensate
for voltage drops in long-distance feeders, improving power transmission efficiency. These applications highlight the versatility of DC generators in industrial, commercial, and specialized electrical systems. S.NoAC GeneratorDC GeneratorlConverts mechanical energy into alternating current (AC).Converts mechanical energy into direct current
(DC).2Simple structure.More complex due to the presence of commutators and brushes.3The current flow reverses periodically.The current flows in only one direction.4Classified into single-phase, three-phase, synchronous, and induction generators.Classified into separately excited and self-excited generators.5Generates high voltage
output.Generates low voltage output.6No commutators are required.Uses commutators to maintain unidirectional current flow.7More expensive than DC generators.Less expensive compared to AC generators.8Highly efficient due to smooth slip rings.Less efficient because commutators and brushes wear out quickly.9Lower risk of short circuits due
to efficient brushes.Higher risk of short circuits due to wear and tear of commutators and brushes.10Armature is always the rotor.Armature can be either the stator or rotor.11Low maintenance requirement.Requires frequent maintenance.120utput can be easily transmitted using transformers.Difficult to transmit output due to the absence of
transformers.13Current is induced in either the stator or rotor.Current is induced in the rotor only.14Used in home appliances, micro motors, and industrial power supply.Used for large electric motors, subway systems, and industrial applications. AC generators are more efficient, require less maintenance, and are ideal for power distribution. DC
generators, despite their complex design and higher maintenance needs, are crucial for specific applications like traction motors, battery charging, and electroplating. Read Next: Why does a Megger Use a DC Generator? DC Generator Equations and Formulas A DC generator is vital in converting mechanical energy into electrical energy. By
employing the principles of electromagnetic induction, this versatile machine has powered various applications across industries. However, as technology advances, understanding DC generators' fundamental workings, types, and maintenance remains crucial for professionals and enthusiasts alike. In today's world of rapidly evolving technology, one
often comes across devices that can convert mechanical energy into electricity. One such device is the Direct Current (DC) generator, which has existed for over a century. As a fundamental part of the electrical industry, DC generators have powered countless applications, including small-scale electronics, vehicles, and large industrial machines.To
understand the workings, we must first explore the concept of electromagnetic induction. This phenomenon, discovered by Michael Faraday in the early 19th century, states that a voltage, or electromotive force (EMF), can be induced in a conductor when it is exposed to a changing magnetic field. This induced EMF drives the flow of electric current,
producing electricity. DC generators rely on this principle to generate Direct Current.The primary components are the stator, rotor, armature, field winding, commutator, and brushes. The stator houses the stationary magnetic field, which can be generated by permanent magnets or field coils. The rotor, on the other hand, contains the armature
windings where the EMF is induced. As the rotor rotates within the magnetic field, voltage is generated in the armature windings through electromagnetic induction.The commutator, a crucial component, is responsible for converting the alternating current (AC) produced in the armature windings into Direct Current. It continuously changes the
connections between the armature windings and the external circuit, ensuring the current flows in one direction. In addition, brushes maintain contact with the commutator, transferring the generated electricity to the external circuit.What is the difference between a DC generator and an AC generator?A DC generator produces a direct current,
which flows in a single, constant direction. In a DC generator, a commutator ensures that the current generated in the armature windings always flows in the same direction. This is achieved by continuously changing the connections between the armature windings and the external circuit. As a result, the output voltage and current remain constant in
polarity. They are used in applications requiring a stable voltage supply, such as charging batteries, powering small electronic devices, or operating DC motors.An AC generator, an alternator, produces an alternating current that periodically reverses direction. AC generators do not require a commutator, as the output current can change direction
naturally due to the rotation of the armature within the magnetic field. The output voltage and current follow a sinusoidal waveform, meaning they vary in magnitude and direction over time. AC generators are more commonly used than DC generators, as AC power can be easily transformed to different voltage levels and is more efficient for long-
distance transmission. Most power grids and household electricity supplies rely on AC power.The main difference between it and an AC generator is the type of electrical current they generate. They produce a constant unidirectional current, while AC generators produce a sinusoidal current that reverses direction periodically. Both types of
generators have their specific applications and advantages, depending on the requirements of the electrical system they are used in.Several types of DC generators exist, including series-wound, shunt-wound, and compound-wound generators. These classifications are based on how the field winding is connected to the armature winding. Each

type has its unique characteristics, making it suitable for specific applications.Series-wound generators have the armature and field windings connected in series. They provide high current but relatively low voltage output, making them suitable for starting large motors or powering arc welding machines. In contrast, shunt-wound generators have
their field windings connected in parallel with the armature, providing a more stable output voltage suitable for battery charging and lighting systems. Finally, compound-wound generators have both series and shunt windings, offering the advantages of both types and finding use in applications requiring stable output voltage with varying loads.The
output voltage can be regulated through various means, such as adjusting the field current, employing voltage regulators, or using feedback systems. These methods ensure the generated voltage remains stable, even under varying load conditions, safeguarding the connected devices from damage due to voltage fluctuations.Proper maintenance and
troubleshooting are essential for its long-lasting operation. Regular inspection of brushes, bearings, and other components and lubrication and cleaning is necessary to prevent premature wear and tear. Additionally, any generator performance irregularities should be promptly addressed by assessing the output voltage, load resistance, and other
factors to identify and rectify the underlying issues. A DC generator is a device that generates electrical energy. This device’s primary purpose is to convert mechanical energy into electrical energy. Mechanical energy sources include Hand cranks, Internal combustion engines, Water turbines, Gas and steam turbines, and Wind turbines. The
generator powers all of the electrical power networks. An electric motor may perform the generator’s reverse function. The motor’s primary function is to convert electrical energy to mechanical energy. Motors and generators have many characteristics. This post gives a brief overview to DC generators. What is a Generator? Electric Generators are
devices that convert mechanical energy into electrical energy. The produced electrical energy is then transferred & distributed through power lines for household and commercial usage. Generators are classified into two types: AC (alternating current) generator DC (direct current) generator An AC generator is a device that transforms mechanical
energy into alternating current electricity. A direct current generator (DC generator) is a kind of electrical generator that transforms mechanical energy into direct current electricity. What is DC Generator? A DC generator, also known as a direct current generator, is a kind of electrical equipment whose primary function is to convert mechanical
energy into direct current electricity. The concept of energetically generated electromotive force is used in the energy alteration process. As a conductor cuts magnetic flux, it generates energetically induced electromotive force based on Faraday’s Laws’ Electromagnetic Induction principle. This electromotive force has the potential to create a
current flow even when the conductor circuit is not opened. Construction of DC Generator A DC generator may also be utilised as a DC motor without modifying its design. As a result, a DC motor or a DC generator might be referred to as a DC machine. DC generator is made up of various components, including Yoke, Poles Pole shoes, Field winding,
Armature core, Armature winding, Commutator, and Brushes. However, are the two most important components of this device. 1). Stator The stator is a crucial component of the DC generator, & its primary role is to generate magnetic fields in which the coils spin. These has stable magnets that have two reverse poles that are positioned in a way that
faces each other.These magnets are positioned in the rotor region. 2). Armature Core or Rotor The rotor, also known as the armature core, is the second most important component of a DC generator. It is made up of slotted iron laminations (laminated) with slots that are stacked to form a cylindrical armature core. In general, these laminations are
provided to reduce eddy current losses. 3). Armature Windings The armature core slots serve primarily to retain the armature windings. They are wound in a closed circuit and linked in series to parallel to increase the total of the generated current. 4). Yoke The exterior structure of the DC generator is called a Yoke, and it is built of cast iron or steel.
It provides the mechanical power required to convey the magnetic flux provided by the poles. 5). Poles They are mostly used to secure the field windings. These windings are typically coiled on the poles and are linked in series or parallel by the armature windings. Also, the poles will provide a link towards the yoke utilising the welding technique
rather than screws. 6). Pole Shoe Pole shoe is largely for dispersing the magnetic flux & preventing the field coil from dropping that the pole shoe is utilised. 7). Commutator The commutator functions similarly to a rectifier in that it converts AC electricity to DC voltage inside the armature winding before passing it over the brushes. It is created with
a copper segment, and each copper segment is shielded from the others by mica sheets. It is situated on the machine’s shaft. 8). Brushes Brushes are used in the process of establishing and maintaining electrical connections between the commutator & the load circuit that is external. Commutator Function of a DC Generator The commutator’s main
function is to convert AC to DC. It functions as a reversing switch. The emf induced inside the generator’s armature coil is alternating. As a result, the current flowing through the armature coil might also be alternating current. When the armature coil passes the magnetic unbiased axis, this current may be reversed via the commutator at the
accurate moment. As a result, the load obtains a DC or unidirectional current. The commutator ensures that current from the generator flows in just one way permanently. By moving on the commutator, the brushes will establish high-quality electrical connections between the generator and the load. Working Principle of a DC Generator An electric
generator operates on the principle of the faradays law of electromagnetic induction, which states that whenever a conductor is placed in a moving magnetic field, an e.m.f is induced in the conductor, causing a current to flow in the conductor, provided the circuit is closed. An electromotive force, or emf, is said to be induced in a conductor in
accordance with the laws of electromagnetic induction that were developed by Michael Faraday. These laws state that an emf is said to be induced in a conductor whenever the conductor is either positioned within a magnetic field that is changing or moved within a magnetic field. The emf equation for a DC generator may be used to compute the
magnitude of the induced emf in a circuit. If the conductor is connected to a circuit that is completely closed, the induced current will flow only inside the circuit. The armature conductors of a DC generator are spun into the field that is produced by the field coils, which are responsible for creating the electromagnetic field. Hence, an
electromagnetically induced emf is produced inside the armature conductors of the generator. Using Fleming’s right hand rule, can determine the flow of the induced current. E.M.F. Equation of a DC Generator According to Faraday’s Laws of Electromagnetic Induction, the emf equation of a dc generator is Eg= POZN/60 A Where, ® - flux (or) pole
within (Webber) Z - Total number of armature conductor P - Number of poles in a generator A - Number of parallel lanes (within armature) N - Rotation of armature inrevolutions per minute (r.p.m) E - Induced e.m.f (any parallel lane) within the armature Eg- Generated e.m.f(any one of parallel lanes) N/60 - Number of turns per second dt = 60/N
sec - Time for one turn Efficiency of the DC Generator DC generators are very dependable, with efficiency ratings ranging from 85 to 95%. Consider the following generator output: VI A generator’s input is VI + Losses. Losses = [2aRa + Wc Input = VI + I2aRa + Wc If the shunt field current is negligible, Ia = I (approx) Following that, n = VI/
(VI+Ia2Ra+Wc) n = 1/(1+IRa/V+Wc/VI) For maximum efficiency, d/dt (IRa/V+Wc/VI) = 0, else I2Ra = Wc. As a result, efficiency is greatest once variable loss equals constant loss. The load current with the maximum efficiency is [2Ra = wc, else, I = vWc¢/Ra. DC Generator Losses There are several types of machines that are available where the
complete input energy cannot be converted into output due to input energy loss. As a result, various losses may occur in this sort of generator. 1). Copper Loss In armature copper loss (Ia2Ra), Where, Ia -Armature current and Ra- Armature resistance. For shunt-wound generators, the field copper loss is comparable to Ish2Rsh, which is almost
steady. For series wound generators, the field copper loss is identical to Ise2Rse, which is likewise almost steady. For compound-wound generators, the filed copper loss is comparable to Icomp2Rcomp, which is likewise almost steady. Copper losses reach 20-30% in full load losses due to brush contact. 2). Core (or) Iron (or) Magnetic Loss Core losses
may be divided into two categories: Hysteresis Loss and Eddy current Loss. Hysteresis Loss This loss is mostly caused by the armature core reversal. Every component of the rotor core alternately passes under the two poles, north and south, and achieves S and N polarity. When the core supplies fall below one set of poles, the core will complete one
series of frequency reversals. Eddy Current Loss The armature core slices the magnetic flux throughout its rotation, and e.m.f. may be induced inside the core’s exterior; based on electromagnetic induction principles, this emf is incredibly small, but it generates a high current in the core’s surface. This massive current is referred to as eddy current,
and the loss is referred to as eddy current loss. Since field currents in compound and shunt generators are almost steady, core losses are stable. This loss happens in full-load losses at a rate of 20% to 30%. 3). Mechanical Loss Mechanical loss is defined as the air friction (or) windage losses of a revolving armature. Friction loss accounts for 10% to
20% of full load losses at bearings and commutators. 4). Stray Loss Stray losses are mostly caused by the combination of core and mechanical losses. These losses are also known as the rotational losses. Characteristics of DC Generator The DC generator’s characteristic may be described as the graphical depiction of the two discrete values. This
graph will display the steady-state features that explain the major relationship between the terminal voltage, loads, and excitation. The most key characteristics of DC generator are mentioned below. Magnetization Characteristics Internal Characteristics External (or) Load Characteristics 1). Magnetization Characteristics The magnetization
characteristics distinguish between creating voltage and producing no-load voltage through field current at a constant speed. This kind of characteristic is sometimes referred to as an open circuit or no-load characteristic. 2). Internal Characteristics The internal characteristics of the dc generator can be shown against the load current & generated
voltage. 3). External (or) Load Characteristics The load (or) external type characteristics define the primary relationships between load current and terminal voltage at a constant speed. Types Of a DC Generator There are primarily two types of DC generators, namely, 1). Separately Excited DC Generator and 2). Self-ExcitedDC Generator. 1).
Separately Excited DC Generator In this type, the field coils get their energy from a separate DC source that is located outside the magnet itself. The current that is created by the generator itself is used to provide power to the field coils in this sort of generator. The presence of residual magnetism in the field poles is the cause of the initial
generation of emf. The electromagnetic field (emf) that is generated is responsible for the flow of certain current in the field coils, which in turn increases the field flux & the quantity of emf that is generated. Self-excited DC generators are further classified as follows: (a) Series wound DC Generator Series wound DC generator which has the field
winding connected in series with the armature winding. (b) Shunt wound DC Generator Shunt wound DC generator which has the field winding running in parallel with the armature winding. (c) Compound wound DC Generator Compound wound DC generator which is a combination of shunt winding and series winding. Advantages of DC Generator
DC generators generate significant output. These generators have a significant amount of load at their terminals. The construction of dc generators is a simple and basic process. They are used to provide an unequal distribution of output power. They are highly consistent with efficiency scores ranging from 85 to 95%. They provide a consistent output
level. They are not only small but also quite light in weight. Disadvantagesof DC Generator A transformer is incompatible with the operation of a DC generator. This generator suffers from a number of inefficiencies, including copper losses, mechanical losses, eddy current losses, and so on. A voltage drop may occur across long distances Since it has a
split ring commutator, it will make the design of the machine more difficult. Expensive Requiring a lot of maintenance Sparks will be produced when the energy is being created, and a greater amount of energy will be lost during transmission. Applications of DC Generator Separately excited type DC generators are utilised for both boosting and
electroplating. A field regulator is used to provide electricity and lights. Using the regulator, the self-excited DC generator (or) shunt DC generator is utilised for electricity as well as regular illumination. It is suitable for battery illumination. The series DC generator is employed in lighting arc lights, as a steady current generator, and as a booster. A
compound DC generator is used to deliver power to DC welding equipment. A level compound DC generator is used to give electricity to hostels, hotels, and workplaces, among other places. A DC generator is used to compensate for voltage drops inside Feeders. Difference between AC Generator and DC Generator S.NO AC GENERATORDC
GENERATORI1A mechanical device that converts mechanical energy into alternating current (AC).A mechanical device used to convert DC mechanical energy to DC electrical energy.2The structure of this generator is simple.Because of slip rings and commutators, the structure of this generator has a complicated design.3The direction of current flow
in this generator will reverse on a regular basis.The current will flow in only one direction in this generator.4These generators are categorised as single-phase, three-phase, synchronous, and induction generators.These generators are classified into two types: separately stimulated and self-excited.5This generator has a high voltage output while it is
operating. The voltage that is generated by this generator is rather low.61t does not possess any commutators.It is equipped with commutators that direct the flow of electricity in a one direction.7This generator has a significant cost.This generator has a modest cost.8Since slip rings have an unbroken (uninterrupted) and smooth surface, they are
very efficient.They are inefficient. Because, both the commutators & the brushes are readily exhausted.9Since the brushes are so efficient, the likelihood of a short circuit is relatively low.Since the commutators & brushes wear out fast, the danger of a short circuit exists.10The armature serves as the rotor in this sort of generator at all times.The
armature in this sort of generator is either stator or rotor.11This generator requires less maintenance than others.It requires routine maintenance.12This generator’s output would be easily distributed (supply distribution) through transformer.This generator’s output is difficult to distribute due to the absence of a transformer.13In this generator,
current may be induced in the stator/rotor.In this generator, current may be induced in the rotor.14This generator is mostly used to provide power to micro motors and household electrical equipment such as mixers and vacuum cleaners.This generator is primarily used to power big electric motors, such as those used in subway systems. The primary
benefits of DC generators are their simple construction and design, parallel operation, and less system stability issues compared to alternators. A DC generator is an electrical machine that converts mechanical energy into direct current (DC) electricity using the principle of electromagnetic induction. It produces a unidirectional current through a
commutator. This article outlines basic construction and working of a DC generator. Construction of a DC machine (Generator / Motor) Note:Theoretically, a DC generator can be used as a DC motor without any constructional changes and vice versa is also possible. Therefore, a DC generator or a DC motor can be broadly termed as a DC machine.
These basic constructional details are also valid for both DC Generator and DC motor. Hence, let's call this point as construction of a DC machine instead of just 'construction of a dc generator'. The above figure shows constructional details of a simple 4-pole DC generator (or a 4-pole DC machine). A DC machine consists of two basic parts; stator and
rotor. Basic constructional parts of a DC machine are described below. Yoke: The outer frame of a dc machine is called as yoke. It is made up of cast iron or steel. It not only provides mechanical strength to the whole assembly but also carries the magnetic flux produced by the field winding. Poles and pole shoes: Poles are joined to the yoke with the
help of bolts or welding. They carry field winding and pole shoes are fastened to them. Pole shoes serve two purposes; (i) they support field coils and (ii) spread out the flux in air gap uniformly. Field winding: They are usually made of copper. Field coils are former wound and placed on each pole and are connected in series. They are wound in such a
way that, they form alternate North and South poles when they are energized. Armature core (rotor) Armature core: Armature core is the rotor of a dc machine. It is cylindrical in shape with slots to carry armature winding. The armature is built up of thin laminated circular steel disks for reducing eddy current losses. It may be provided with air ducts
for the axial air flow for cooling purposes. Armature is keyed (fixed) to the shaft. Armature winding: It is usually a former wound copper coil which rests in armature slots. The armature conductors are insulated from each other and also from the armature core. Armature winding can be wound by one of the two methods; lap winding or wave winding.
Double layer lap or wave windings are generally used. A double layer winding means that each armature slot will carry two different coils. Commutator and brushes: Physical connection to the armature winding is made through a commutator-brush arrangement. The function of a commutator in a dc generator is to collect the current generated in
armature conductors. Whereas, in a dc motor, the commutator helps in providing current to the armature conductors. A commutator consists of a set of copper segments which are insulated from each other. The number of segments is equal to the number of armature coils. Each segment is connected to an armature coil and the commutator is keyed
(or fixed) to the shaft. Brushes are usually made from carbon or graphite. They rest on commutator segments and slide on the segments when the commutator rotates keeping the physical contact to collect or supply the current. Commutator Working principle of a DC generator According to Faraday’s laws of electromagnetic induction, whenever a
conductor is placed in a varying magnetic field (OR a conductor is moved in a magnetic field), an emf (electromotive force) gets induced in the conductor. The magnitude of induced emf can be calculated from the emf equation of dc generator. If the conductor is provided with a closed path, the induced current will circulate within the path. In a DC
generator, field coils produce an electromagnetic field and the armature conductors are rotated into the field. Thus, an electromagnetically induced emf is generated in the armature conductors. The direction of induced current is given by Fleming’s right hand rule. Why is a Split Ring Commutator Needed? According to Fleming’s right hand rule, the
direction of induced current changes whenever the direction of motion of the conductor changes. Let’s consider an armature rotating clockwise and a conductor at the left is moving upward. When the armature completes a half rotation, the direction of motion of that particular conductor will be reversed to downward. Hence, the direction of current
in every armature conductor will be alternating. If you look at the above figure, you will know how the direction of the induced current is alternating in an armature conductor. But with a split ring commutator, connections of the armature conductors also gets reversed when the current reversal occurs. And therefore, we get unidirectional current at
the terminals. Types of a DC generator DC generators can be classified in two main categories, viz; (i) Separately excited and (ii) Self-excited. Separately excited dc generator: In this type, field coils are energized from an independent external DC source. Self-excited dc generator: In this type, field coils are energized from the current produced by the
generator itself. Initial emf generation is due to residual magnetism in field poles. The generated emf causes a part of current to flow in the field coils, thus strengthening the field flux and thereby increasing emf generation. Self excited dc generators can further be divided into three types - Series wound - field winding in series with armature winding
Shunt wound - field winding in parallel with armature winding Compound wound - combination of series and shunt winding You can learn more about types of a DC generator/machine here. Key Takeaways DC generator converts mechanical energy into DC electrical energy. Works on Faraday’s law of electromagnetic induction. Key components: yoke,
poles, field winding, armature, commutator, and brushes. Commutator ensures unidirectional current. Types: Separately excited and self-excited (series, shunt, compound). Frequently Asked Questions (FAQs) What is the main function of a DC generator? To convert mechanical energy into direct current electricity. What are the main parts of a DC
generator? Yoke, poles, field windings, armature, commutator, and brushes. How is the generated AC converted to DC? Using a split-ring commutator that reverses current direction every half rotation. What principle does a DC generator work on? Faraday’s law of electromagnetic induction. Is DC generator and DC motor the same? They have the
same construction and can operate interchangeably with slight adjustments. Found this helpful? Share it with your network: Working Principle of DC generator: A DC generator stands for direct current electric generator. A DC generator produces direct current. A DC generator is also called DC dynamo. A simple DC generator diagram is shown in
fig.DC generator diagramConstruction of DC generator | Working Principle of DC generatorA simple DC generator consists of a coil of insulated copper wire. The coil is placed between the two poles of a strong horseshoe magnet. In actual practice, a large number of turns of the insulated copper wire are wound on a soft iron core.The two ends of the
coil are connected to the two halves of a split ring (R1, R2 called commutator). Two carbon brushes press against the two half-rings lightly. The current is taken out through the brushes B1 and B2.People also ask related to Working Principle of DC generatorWorking Principle of DC generatorLet the coil ABCD be initially in the horizontal position,
and be rotated anticlockwise. When the coil is rotated anticlockwise, the arm AB moves downwards and the arm CD moves upwards.The coil during this motion cuts the magnetic lines of force and an induced current is produced in the coil. According to Fleming’s right hand rule, during the downward motion of the arm AB, the induced current flows
from B to A in the arm AB, and from D to C in the arm CD. The current so produced is taken out through the two half-split rings, and the carbon brushes.After half the rotation (rotation through 18092), the arms of the coil interchanged their positions; the arm AB comes to right and the arm CD to the left. Then the arm CD starts moving downwards,
and the arm AB upwards. During this half-rotation, the induced current flows from C to D in the arm CD, and from A to B in the arm AB.The two half-split rings (R1 and R2) rotate with the coil and touch the two carbon brushed (B1, B2) one by one. As a result, each carbon brush continues to have the same polarity, (+ or -). The brush B2 always
remains positive (+) terminal, and the brush B1 remains negative (-) terminal. The current so produced is called direct current (DC).DC generator differ from an AC generatorThe basic design of AC and DC generators is similar. The two generators differ only in the design of slip rings at the ends of the coil wire. An AC generator use two full rings
called slip rings, one at each end of the coil wire, while an DC generator has two half-rings (called split rings) of a commutator. A DC generator converts the mechanical input into an electrical output. The mechanical energy input is given to the dc generator by means of a prime mover. The prime mover can be a dc motor, water turbine, steam
turbines, hand cranks, etc. The electrical energy output is DC power.This energy conversion process of a dc generator is based on the principle of Faraday’s Law of Electromagnetic induction. In simple words, the working of a dc generator can be defined. When a conductor is rotated in magnetic flux, it cuts the flux, and hence a dynamically induced
emf is produced.When a load is connected, the emf thus induced will cause the current to flow through the conductor. To perform this operation, a DC generator requires two parameters: magnetic lines of force or magnetic flux and a conductor in motion.To understand the working principle of DC Generator, a single loop coil or winding is considered.
The operation is explained with both slip rings and split rings.How does a DC Generator Work?Working of DC Generator with Slip ringsTo understand the working of a dc generator, let us consider a single turn coil ABCD rotated on a shaft in a clockwise direction. The coil is placed in a uniform magnetic field, between a north pole(N) and a south
pole(S).The following figure shows the diagram of a single turn dc generator. The blue color lines in the below figure represent the magnetic flux lines.The coil sides AB and CD are connected to the slip rings a and b respectively. From the slip rings, the current is taken out and given to the load through brushes 1 and 2.Working principle of DC
Generator with slip ringsWhen the coil rotates through successive positions in the magnetic field, the flux linked with it changes. According to Faraday’s Law of Electromagnetic induction, the emf induced is proportional to the rate of change of flux linkages.When coil sides AB and CD are moving parallel to the magnetic field, the coil sides do not cut
the flux. Instead, they move parallel to the flux. Hence, no emf is induced in the coil.As the coil rotates further, the rate of change of flux linkage increases steadily, till position 2 is reached where 6 = 900. This can be seen in the below waveform.At this angle, the coil sides AB and CD are perpendicular to the magnetic field. Now, the flux linked with
the coil is minimum but the rate of change of flux is maximum. Hence, maximum emf is induced in the coil at position 2.As the coil rotates further from 6 = 900 to 6 = 1800, the rate of change of flux linkage reduces steadily, til position 4 is reached. Here, again the coil sides become parallel to the magnetic flux lines. The rate of change of flux linkage
will be minimum. So no emf is induced when it reaches position 4.Thus during the first half rotation of the coil from 6 = 00 to 6 = 1800, no emf is induced at position 0, then increases and becomes maximum at position 2, then decreases and no emf is induced at position 4.The direction of the emf induced can be found by applying Fleming’s Right-
hand rule. By applying this law, the direction of the flow of current is found to be ABFGCD. The load current flows from F to G.In the next half rotation of the coil, that is, from 6 = 1800 to 8 = 3600, the variation in the emf induced is similar to that of the first half rotation. No emf is induced at position 4, then increases and becomes maximum at
position 6, then decreases, and no emf is induced at position 8.But the direction of current induced gets reversed in the second half rotation. The path of current flow is from DCFGBA. It is just the reverse of the current flow during the first half rotation of the coil.If this rotation of the coil is continued, the change in emf is repeated and becomes
alternately positive and negative. Such an emf is called an alternating emf. It has both positive and negative half-cycles and is called a bidirectional output.Working of DC Generator with split rings or commutatorSince, we are dealing with the working principle of a DC generator, where the flow of current is unidirectional, we need some changes in
the circuit. So replace the slip rings with the split rings in dc generator.Split rings are made up of conducting cylinder which is cut into two segments insulated from each other by a thin layer of mica or some insulating materials. The split rings are also called as a commutator. The coil ends are joined to these segments on which the carbon brushes
are rested to tap the current to the outside load.Working principle of DC Generator with split ringsDuring the first half rotation of the coil, the current flows from ABFGCD. The brush 1 will get in contact with the commutator segment E and brush 2 will be in contact with the segment H. So the current flows from F to G in the load.During the second
half rotation of the coil, the current gets reversed and the path of flow is DCFGBA. The brush 1 will get in contact with the commutator segment H and brush 2 will be in contact with the segment E. So the current flows from F to G in the load.For each half rotation of the coil, the commutator segments change their position. The current through the
load flows in the same direction, from F to G. Thus the current thus produced is unidirectional but not continuous like a pure DC current.An important thing to be noted here is that the current induced while using the split rings is also alternating in nature. But because of the commutation process or rectifying process, we get the output current as a
unidirectional one. Thus Both in DC generator and AC generator the induced voltage is alternating in nature.The emf induced in a dc generator is given by an equation 300 In an era defined by electrical power, DC generators have played a pivotal role in generating direct current (DC) electricity for various applications. Whether it’s powering early
electrical systems or serving as a backup power source, understanding the fundamental principles behind these devices is essential. In this comprehensive exploration, we delve into the inner workings of a DC generator, shedding light on the science and engineering that make it all possible. Direct current generators, often referred to as DC
generators or dynamos, are electromechanical devices that convert mechanical energy into electrical energy in the form of direct current. These generators have a rich history and have been a cornerstone in the development of electrical power systems. They are still in use today, particularly in situations where a stable, continuous DC power supply
is required. Basic Components of a DC Generator To comprehend the operation of a DC generator, it is crucial to understand its basic components: Armature: The heart of the generator is the armature, a cylindrical core made of iron or other magnetic materials. It is mounted on an axle and rotated within a magnetic field. Field Magnets: Surrounding
the armature are the field magnets, which produce a magnetic field that interacts with the armature’s motion. These magnets can be either permanent magnets or electromagnets, depending on the generator’s design. Commutator: Attached to the armature shaft, the commutator is a split ring or cylindrical device made of copper segments insulated
from each other. It plays a crucial role in ensuring that the generated electricity is direct current. Brushes: Carbon or graphite brushes are in contact with the commutator. These brushes allow the electrical connection between the rotating armature and the external circuit. External Circuit: The electrical load or circuit to which the generated DC is
supplied is connected to the brushes. How Does a DC Generator Work? The operation of a DC generator can be broken down into several key steps: Creation of a Magnetic Field: In a DC generator, a magnetic field is established either by permanent magnets or electromagnets. This magnetic field is typically radial, meaning the magnetic lines of force
run from the center of the armature to its periphery. Rotation of the Armature: The armature is connected to a mechanical prime mover, such as an engine or a turbine. When this prime mover rotates the armature, it cuts through the magnetic field, creating relative motion between the armature and the magnetic field. Induction of Electromotive
Force (EMF): As the armature rotates within the magnetic field, Faraday’s law of electromagnetic induction comes into play. This law states that when a conductor (in this case, the armature) cuts through magnetic lines of force, an electromotive force (EMF) is induced in the conductor. This induced EMF causes electrons within the armature to
move, creating an electric current. Role of the Commutator: The generated current is alternating in nature, meaning it reverses direction with each half-rotation of the armature. To convert this alternating current (AC) into direct current (DC), the commutator comes into play. As the armature rotates, the commutator segments are alternately
connected to the brushes. When a segment is in contact with a brush, it forms part of the external circuit, allowing current to flow in one direction. As the armature continues to rotate, the other commutator segment takes over, maintaining the flow of current in the same direction. Output to the External Circuit: The direct current produced by the
commutator is then transferred to the external circuit through the brushes. This current can be used to power various electrical devices or stored in batteries for later use. Types of DC Generators DC generators come in various types, each designed for specific applications. The two primary categories are: Series Wound Generators: In series wound
generators, the field winding is connected in series with the armature winding. These generators provide high current at low voltage, making them suitable for applications requiring substantial starting torque, such as electric traction systems and some industrial machinery. Shunt Wound Generators: Shunt wound generators have the field winding
connected in parallel (shunt) with the armature winding. They deliver relatively constant voltage output across a range of loads and are commonly used in applications where a stable voltage source is essential, such as in lighting systems and battery charging. Compound Wound Generators: Compound wound generators combine elements of both
series and shunt winding. They offer the advantages of both types, providing both high starting torque and relatively constant voltage regulation. Compound wound generators are employed in various applications, including industrial settings and power generation. Efficiency and Advantages of DC Generators DC generators have several advantages
and continue to find relevance in certain applications: Simple and Reliable: DC generators are relatively simple in design and are known for their reliability. They have fewer components compared to some of their AC counterparts, reducing the likelihood of complex failures. Direct Current Output: DC generators inherently produce direct current,
which is essential for applications requiring a constant and stable voltage source. Precise Speed Regulation: DC generators can maintain a constant output voltage over a wide range of speeds, making them suitable for situations where precise speed control is necessary. Well-Suited for Specific Applications: DC generators excel in applications that
demand high starting torque, such as electric vehicles, elevators, and some industrial machinery. Effective for Battery Charging: DC generators are commonly used for charging batteries, ensuring a consistent and controlled charging process. Backup Power: They serve as reliable backup power sources, offering a dependable supply of electricity
during emergencies or power outages. Conclusion In a world where electrical power is omnipresent, understanding the inner workings of devices like DC generators is essential. These electromechanical wonders continue to provide reliable and stable direct current in a wide range of applications, from early electrical systems to modern industrial
processes. As technology advances, DC generators may evolve, but their fundamental principles remain a cornerstone of electrical engineering and power generation. In this article, you’ll learn about what is D.C. generator and how it works with its working principle, parts, construction and types of DC generators, application and moreAn electrical
DC generator is a machine that turns mechanical energy into electrical energy. Or in other words, it is a machine that converts mechanical energy into a direct current.The energy conversion takes place on the principle of the production of the dynamically induced emf i.e, whenever conduct cuts magnetic flux, dynamically emf is induced in it
according to Faraday’s laws of electromagnetic induction. This induced emf provides a flow of current in a conductor if the circuit is closed.Read Also: 12 Fundamental Parts of DC Generator & Its Functions [Complete Guide]The above figure represents the practical generator which consists ofMagnetic frame or yokePole-cores and Pole-shoesPole-
coils and Field coilsArmature windings or conductorsCommutatorBrushes and bearings.The DC generator consists of a single-turn rectangular copper coil ABCD rotating about its own axis placed magnetic field provided by electromagnets and a permanent magnet shown in the figure.The ends of the coil are connected to the central shaft consisting of
two slip rings that are insulated from each other. The two collecting brushes are pressed against slip rings, which are used to collect the current induced in the coil and to convey it to external load resistance ‘R’.Read also: DC Motor: Types, Parts, Working Principle, ApplicationsWhen the plane of the coil (ABCD) is at right angles to the line of flux i.e.,
when it is in position 1, then the flux linked is maximum, but the rate of change of flux linkages is minimum, the sides of coil AB and CD do not cut the flux, but they move parallel to them. Hence e.m.f induced is zero, as shown in the figure.Now the coil starts to rotate in a clockwise direction, which changes the rate of flux linkages hence induced emf
starts to increase till the coil is at position 3 (i.e., 0 = 90°), i.e., at this position, flux linked is minimum, but the rate of change of flux linkages is maximum hence e.m.f induced is maximum as shown in fig (b). When the coil starts rotating from 90° to 180°, the flux linked with the coil starts to increase, so the rate of change of flux linkages decreases.
Hence the emf-induced decreases till the coil reaches position 5. At this position, emf becomes zero. Thus from position 1 to 5. the first half revaluation of the coil is completed and the direction of current flow is ABMLCD (fig. 1).During the next half revaluation, i.e., from 180° to 360°, the variations in emf induction remain the same as that of the
above revaluation. In this half revaluation, emf’s maximum in the coil position 7 and minimum in position 1. But the direction of current flow is DCLMBA fig (a), Which is just reverse to that of the first half. Thus for both half revaluation current direction is opposite i.e., it generates an alternating current. To make the flow of current unidirectional in
the external circuit, the split-rings fig. (b) are usedDue to the split-rings, the current flow is unidirectional i.e., during first half revaluation brush no. 1 is in constant with segment ‘a’ and it acts as (+)ve end of supply and ‘b’ acts (-) ve end similarly during second half revaluation, the direction of current is reversed and the segments ‘a’ and ‘b’ have
reversed but brush no. 1 comes in contact with them which is (4+)ve i.e., segment ‘b’. Hence current in the load resistance flows from M to L only. Thus current becomes unidirectional as shown in the figure (5).Read Also: 14 Necessary Parts of Transformer & Its Functions [Names & Pictures]Following are the main three types of DC
generators:Permanent magnet DC generatorSeparately excited generatorSelf-excited GeneratorRead also: A.C Motors: Types, Working, Construction, Applications.A permanent magnet DC generator basically converts mechanical energy into electrical energy. These usually have a double permanent magnet and a double winding structure. It works on
the principle of electromagnetic induction, in which the electric potential is induced by cutting the magnetic line of force to convert the energy.It mainly consists of two working parts, which are the stator and rotor. The stator has an armature core, three-phase winding with uniform discharge, base, and end cover, etc. Whereas rotor is a hidden pole
type with excitation winding, iron core, shaft, retaining ring, central ring, etc.The exciting winding of the rotor is linked to a DC current supply, which produces a magnetic field close to the rotor’s magnetic field. As the rotor rotates, the rotor’s magnetic field rotates with each rotation for one cycle.In the separately excited type, the field winding is
supplied with an autonomous external DC source (battery). Separately excited DC generators are not commonly used. This means that they are rarely used.In this, the magnitude of the voltage depends on the speed of rotation of the armature and the field current. This means the greater the speed and field current, the greater the voltage
generated.la = Armature currentIL. = Load currentV = Terminal voltageEg = Produced electromagnetic forceArmature’s voltage drop = Ia X Ra (R/sub>a is the armature resistance)Let, Then,Power produced is equivalent toThe external load receives power equal toRead Also: What Are The Different Types of Transformers and Their Working?In the
self-excited type, the field coil is reinforced by the field generated by the generator. The generation of the first electromotive force will arise due to the excellent magnetism within the field pole.The electromotive force produced will cause a fraction of the current to be supplied to the field coil, so this will increase field flux as well as electromotive
force generation. Furthermore, these types of DC generators can be classified into three types such as series-wound, shunt-wound, and compound wound.The self-excited generator is further classified according to their arrangement of file cols.Series Wound GeneratorsShunt Wound GeneratorsCompound Wound GeneratorsRead Also: 25 Different
Types of Electrician Tools and Their Working [Full Guide]In this type of generator, field windings are coupled in series with armature conductors. The entire current flows through the coils as well as the load. As the series field winding flows full load current, it is designed with relatively few turns of thick wire. Therefore the electric resistance of
series field winding is very low (about 0.5Q).In this,Rsc = Series winding resistancelsc = Current flowing through the series fieldRa = Armature resistancela = Armature currentIL = Load currentV = Terminal voltageEg = Generated EMFThen, The voltage across the load is equivalent toPower produced is equivalent to,The load is supplied with power
equal to,Read Also: 9 Different Types of Batteries and Their Applications [You Must Know]These types of DC generators have field windings that are coupled in parallel with the armature conductor, as shown in the figure. In shunt-wound generators, the voltage across the field is the same as the voltage across the terminal.In this,Rsh = Resistance of
the shunt windingIsh = Current flowing through the shunt fieldRa = Armature resistancela = Armature currentIL. = Load currentV = Terminal voltageEg = Generated EMFThe armature current la is divided into the load current IL and the shunt field current Ish.Therefore,When IL is maximum the effective power across the load will be maximum.
Therefore, it is necessary to keep the shunt field as small as possible. For this purpose, the resistance of shunt field winding is generally kept high (100 Q) and a large number of windings are used for the desired EMF.A shunt field current equals,Voltage across the load is equivalent toPower produced is equivalent to,The load is supplied with power
equal to,Read Also: What Are The Different Types of Circuit Breakers? Working & ApplicationsIn series-wound generators, the output voltage is directly proportional to the load current. In a shunt-wound generator, the output voltage is inversely proportional to the load current. The combination of these two types of generators can overcome the
limitations of both. This combination of windings is termed a compound wound DC generator.The compound wound generator has both series field winding and shunt field winding. One winding is arranged in series with the armature, and the other is arranged parallel to the armature.These types of DC generators are further classified into two
types.Short Shunt Compound Wound DC GeneratorLong Shunt Compound Wound DC GeneratorShort shunt compound wound DC generators shown in the above figure. These are generators where only the shunt field winding is parallel to the armature winding.The series field current is equivalent to,Shunt field current equals,The equivalent
armature current is,The voltage across the load equals,The power produced is equivalent to,The load is supplied with power equal to,Read Also: What is Electric Motor? Its Types, Working & Applications [Explained]These are the generators where the shunt field winding is parallel to both the series field and armature windings, as shown in the
figure.The shunt field current is similar to,Armature current (Ia), is equal to series field currentVoltage across the load is equivalent toPower produced is equivalent to,The load is supplied with power equal to,In a compound wound generator, the shunt field is more robust than the series field. When the series field supports the shunt field, the
generator is known as a commutatively compound wound.If the series field opposes the shunt field, the generator is known as a differentially compound wound.Read Also: Different Types of Insulators Used In Power Transmission LinesSeparately excited D.C. Generators: They are used:In mine hoists and steel mill drives.For papermaking machines.In
diesel-electric locomotives etc.Series wound D.C. GeneratorsUsed in series are lighting.Used in series boosters.Shunt-wound D.C. Generators:With field regulators, these are used for light and power supply purposes.Used for charging batteries they can be made to give constant output voltage.Cumulative compound wound D.C. Generators:Used for
lighting and power services.Differential compound wound D.C. Generators:It is used as an arc welding generator, it is a constant current generator.That’s it, thanks for reading. I hope you find this article helpful then please share this with your friends. If you have any questions about “types of dc generators” ask in the comments I'll respond to
you.Want free PDFs direct to your inbox? Then subscribe to our newsletter.Download PDF of this article:Read Next: A DC generator is an electromechanical energy conversion device that converts mechanical power into DC electrical power through the process of electromagnetic induction. A DC generator operates on the principle of electromagnetic
induction i.e. when the magnetic flux linking a conductor changes, an EMF is induced in the conductor. A DC generator has a field winding and an armature winding. The EMF induced in the armature winding of a DC generator is alternating one and is converted into direct voltage using a commutator mounted on the shaft of the generator. The



armature winding of DC Generator is placed on the rotor whereas the field winding is placed on the stator. Here is the schematic diagram of a DC Generator A DC generator consists of six main parts, which are as follows Yoke The outer frame of a DC generator is a hollow cylinder made up of cast steel or rolled steel is known as yoke. The yoke serves
following two purposes It supports the field pole core and acts as a protecting cover to the machine. It provides a path for the magnetic flux produced by the field winding. Magnetic Field System The magnetic field system of a DC generator is the stationary part of the machine. It produces the main magnetic flux in the generator. It consists of an even
number of pole cores bolted to the yoke and field winding wound around the pole core. The field system of DC generator has salient poles i.e. the poles project inwards and each pole core has a pole shoe having a curved surface. The pole shoe serves two purposes It provides support to the field coils. It reduces the reluctance of magnetic circuit by
increasing the cross-sectional area of it. The pole cores are made of thin laminations of sheet steel which are insulated from each other to reduce the eddy current loss. The field coils are connected in series with one another such that when the current flows through the coils, alternate north and south poles are produced in the direction of rotation.
Armature Core The armature core of DC generator is mounted on the shaft and rotates between the field poles. It has slots on its outer surface and the armature conductors are put in these slots. The armature core is a made up of soft iron laminations which are insulated from each other and tightly clamped together. In small machines, the
laminations are keyed directly to the shaft, whereas in large machines, they are mounted on a spider. The laminated armature core is used to reduce the eddy current loss. Armature Winding The insulated conductors are put into the slots of the armature core. The conductors are suitably connected. This connected arrangement of conductors is
known as armature winding. There are two types of armature windings are used - wave winding and lap winding. Commutator A commutator is a mechanical rectifier which converts the alternating emf generated in the armature winding into the direct voltage across the load terminals. The commutator is made of wedge-shaped copper segments
insulated from each other and from the shaft by mica sheets. Each segment of commutator is connected to the ends of the armature coils. Brushes The brushes are mounted on the commutator and are used to collect the current from the armature winding. The brushes are made of carbon and is supported by a metal box called brush holder. The
pressure exerted by the brushes on the commutator is adjusted and maintained at constant value by means of springs. The current flows from the armature winding to the external circuit through the commutator and carbon brushes. The working principle of DC generator is based on the Faradays law of electromagnetic induction. According to this
law, when the magnetic flux liked to a conductor or coil changes an EMF is induced in the conductor or coil. The magnitude of this induced EMF is given by, $$\mathrm{\mathit{e}\:=\:\mathit{N}\frac{\mathit{d\phi } } {\mathit{dt} }\:\cdot \cdot \cdot (1)} $$ Where, $\phi$ is the flux linkage of the coil and N is the number of turns in the coil. In case of
a DC generator, the magnetic flux ($\phi$) remains stationary and the coil rotates. The EMF induced where the coil is rotating and flux is stationary, is known as dynamically induced EMF. In order to understand the working principle of a DC generator, we consider a single loop DC generator (i.e. N = 1) as shown in above figure. Here, the coil is
rotated by some prime mover (a source of mechanical energy), and there is a change in the magnetic flux linkage to the coil. Let $\phi$ be the average magnetic flux produced by each magnetic pole of the machine, then the average induced EMF in the generator is given by, $$\mathrm{\mathit{E {av}}\:=\:\frac{\mathit{d\phi }}

{\mathit{dt} }\:=\:\mathrm{Flux\: cut\: per\:sec\:by\: the \:coil} }$$ $$\mathrm{\Rightarrow \mathit{E {av}}\:=\:\mathrm{Flux\: cut\: in \:one \:rotation\:\times \:No.\:of\: rotations\: per\: sec}}$$ $$\mathrm{\Rightarrow \mathit{E {av}}\:=\:\mathrm{\left ( Flux\:per\:pole\times No.\:0f\:poles \right ) }\:\times \:\mathrm{No.\:of \:rotations \:per\:
sec}}$$ $$\mathrm{\therefore \mathit{E {av}}\:=\:\mathit{\phi \:\times P\:\times \:n}\:\cdot \cdot \cdot (2)}$$ Where, P is the total number of poles in the generator and n is the speed of the coil in rotation per second. The expression in the Equation-(2) gives the average induced EMF in a single loop DC generator. The following points explain the
working principle of a DC generator — Position 1 — The induced EMF is zero because, the movement of coil sides is parallel to the magnetic flux. Position 2 — The coil sides are moving at an angle to the magnetic flux, and hence a small EMF is generated in the loop. Position 3 — The coil sides are moving at right angle to the magnetic flux, therefore
the induced EMF is maximum. Position 4 — The coil sides are cutting the magnetic flux at an angle, thus a reduced EMF is induced in the coil sides. Position 5 — No flux linkage with the coil side and the coil sides are moving parallel to the magnetic flux. Therefore, no EMF is induced in the coil. Position 6 — The coil sides move under a pole of
opposite polarity and hence the polarity of induced EMF is reversed. The maximum EMF will induce in this direction at position 7 and zero when it is at position 1. This cycle repeats with rotation of the coil. In this way, EMF is induced in a DC generator. Though, this induced EMF is alternating in nature, which is then converted in the unidirectional
EMF by using a device called commutator. The direction of induced EMF in the armature conductor of the DC generator is determined by the Fleming right hand rule (FRHR) which we discussed in the module-1 (basic concepts) of this tutorial. Machines that convert mechanical energy into electrical energy are called Electric Generators. The
electrical energy generated is further transmitted and distributed through power lines for domestic, commercial use. There are two types of generators,A DC generator is the type of electrical generator that converts mechanical energy into direct current electricity. However, a generator that converts mechanical energy into alternating current
electricity is an AC generator.Do you know why we study generators in their working principle? On this page, we will get to resolve all our queries on the DC generator's parts,working principle and how we describe it in mathematical terms.What About DC Generators?In DC generators, the energy conversion is based on the principle of dynamically
induced EMF production. These generators are most suitable for off-grid applications. DC generators supply continuous power to electric storage instruments and power grids (DC). (Image will be Uploaded soon)DC Generator consists of the following parts -Stator - A stator is a set of two magnets placed in such a way that opposite polarity faces each
other. The purpose of the stator is to provide a magnetic field in the region where the coil spins.Rotor - A rotor is a cylindrical laminated armature core with slots. Armature Core - The armature core is cylindrical in shape and has grooves on the outer surface. These slots accommodate armature winding in it. Armature Winding - These are the
insulated conductors placed in the armature core. Because of them, the actual conversion of power takes place.Field Coils - To produce the magnetic field, field coils are placed over the pole core. The field coils of all the poles are connected in series. When current flows through them, adjacent poles acquire opposite polarity. Yoke - The outer hollow
cylindrical structure is known as Yoke. It provides support to main poles and inter poles and gives a low reluctance path for the magnetic flux. Poles - The main function of the poles is to support the field coils. It increases the cross-sectional area of the magnetic circuit, which results in a uniform spread of magnetic flux. Pole Shoe - To protect the field
coil from falling and to enhance the uniform spread of magnetic flux pole shoe is used. The pole shoe is fixed to Yoke. Commutator - The commutator is cylindrical in shape. Several wedge-shaped, hard drawn copper segments form a commutator. The functions of a commutator:To connect stationary external circuits to the rotating armature
conductors through brushes andTo convert induced alternating current into direct current.Working Principle of a DC GeneratorA DC generator operates on the principle of Faraday’s laws of electromagnetic induction. According to Faraday’s law, whenever a conductor is placed in a fluctuating magnetic field (or when a conductor is moved in a
magnetic field) an EMF is induced in the conductor. (Image will be Uploaded soon)If the conductor is guided with a closed path, the current will get induced. The direction of the induced current (given by Fleming’s right-hand rule) changes as the direction of movement of the conductor changes.For example, consider the case, an armature rotating
in clockwise direction and conductor at the left moving in an upward direction. As the armature completes its half rotation the direction of movement of the conductor will get reversed downward. The direction of the current will be alternating. As the connections of armature conductors get reversed, a current reversal takes place. Thus, we get
unidirectional current at the terminals.EMF Equation of a DC GeneratorThe EMF equation for DC generator is expressed as:Eg = (PONZ)/60AWhere,Eg - Generated EMF across any parallel pathP - Total number of poles in the fieldN - Rotational speed of armature(rpm)Z - Total number of armature conductors in the field.d- Magnetic flux produced
per pole.A - number of parallel paths in the armature.Losses in DC GeneratorsWhile converting the mechanical energy into electrical energy, there are losses of energy i.e. whole input isn’t converted into output. These losses are classified into mainly three types:Copper Loss- These losses occur while current flows through windings and are of three
types: armature copper loss, field copper winding loss and losses because of brush resistances.Iron Losses- Due to the induction of current in the armature, eddy current losses and hysteresis loss occur. These losses are also called Core losses or Magnetic losses.Mechanical Losses- Losses which occur because of friction between the parts of the
generator are called mechanical losses.Types of DC GeneratorsThe three types of self-excited DC generators are:Series Wound Generators.Shunt Wound Generators.Compound Wound Generators.Applications of DC GeneratorsApplications of DC generators are as follows:The separately excited type DC generator is used for power and lighting
purposes using the field regulators.The series DC generator is used in arc lamps for stable current generator, lighting and booster.Level compound DC generators are used to supply power to hostels, offices, lodges.Compound DC generators are used for supplying power to DC welding machines.A DC generator is used to compensate for the voltage
drop in the feeders. In 1831, Michael Faraday, a British physicist, devised the electromagnetic generator. The primary function of this device is to convert mechanical energy to electrical energy. There are several types of mechanical energy sources available, including hand cranks, internal combustion engines, water turbines, and gas and steam
turbines. The generator provides capacity for all electrical power networks. An electric motor should be able to perform the generator's converse function. The basic purpose of the motor is to convert electrical energy into mechanical energy. Generators and motors have many properties. What is a DC Generator?An electromechanical energy
conversion device known as a DC generator uses electromagnetic principles to convert mechanical power into DC electrical power. According to the electromagnetic induction theory, an EMF is induced in a conductor when the magnetic flux connecting them changes. This is how a DC generator works. In a DC generator, there are two windings: the
field and the armature. The EMF made in the armature Winding of a DC generator is rotating and is switched over completely to coordinate voltage by a commutator introduced on the generator's shaft. A DC generator's armature winding is on the rotor, while the field winding is on the stator. Construction of a DC GeneratorBelow is a schematic
representation of a DC generator : Construction of a DC generatorComponents of DC GeneratorComponents of DC Generator are given below : YokeMagnetic Field SystemArmature CoreArmature WindingCommutator DC Generator Commutator FunctionShaftPole ShoePolesBearingsYokeThe outside frame of a DC generator is a hollow cylinder made
of cast or rolled steel, known as a yoke. The yoke provides the following two objectives. It supports the field pole core and serves as a protective cover for the machine.It offers a channel for the magnetic flux produced by the field coil.Magnetic Field SystemA DC generator's magnetic field system serves as its stationary component. It generates the
primary magnetic flux in the generator. It is made up of a large number of pole cores fastened to the yoke with field winding coiled around the pole core. The field arrangement of a DC generator features prominent poles, such as poles that thrust inwards, and each pole core has a post shoe with a curved surface. The shaft shoe has two objectives. It
provides support for the field coils.It lowers the reluctance of a magnetic circuit by expanding its cross-sectional area.To prevent eddy current loss, the pole cores are constructed of thin, insulated sheet steel laminations. The field coils are linked in series to create alternating north and south poles in the rotating direction as the current flows through
them. Armature CoreThe armature core of a DC generator is positioned on a shaft and pivots between the field poles. It features slots on its exterior surface where the armature conductors are installed. The armature core is made up of soft iron laminations that are isolated from one another and securely Attached together. In big machines, the
laminations are keyed, but in tiny machines, they are keyed directly to the shaft. The laminated armature core helps to decrease eddy current losses. Armature WindingThe insulated conductors are inserted into the slots of the armature core. The wires are properly connected. The linked arrangement of conductors is known as armature winding.
There are two types of armature windings used: wave winding and lap winding. Commutator A commutator is a mechanical rectifier that converts the alternating magnetic field of the armature winding into a direct voltage that runs through the load terminals. The commutator is constructed up of wedge-shaped copper segments that are isolated from
one another and the shaft by mica sheets. Each commutator segment is connected to one of the armature coil's ends. DC Generator Commutator FunctionThe basic purpose of the commutator is to convert DC to AC. It functions as a reversing switch, and its purpose in the generator is explained below. The electromagnetic field produced within the
generator's armature coil alternates, leading to an alternating current flowing within the armature coil.This current may be reversed through the commutator at the precise moment that the armature coil crosses the magnetic unbiased axis. As a result, the load develops a DC or unidirectional current. The commutator ensures that the current flowing
from the generator continues in the same direction indefinitely. By moving along the commutator, the brushes create high-quality electrical connections between the generator and the load. ShaftThe shaft is a key component of a DC machine because it produces torque, which causes rotation. It is constructed of mild steel and has the highest breaking
strength. The shaft is a component of a DC generator that influences the generator's ability to transport mechanical energy. The shaft is keyed to the commutator, cooling fan, armature center, and other spinning components. Pole ShoeA pole shoe is a plate composed of iron or steel that spreads magnetic flux and prevents field coils from falling.
PolesPoles help maintain the field windings in excellent shape. These windings are generally coiled on poles and linked in a certain order to the armature windings. As a result, the posts attach the welding procedure to the yoke using screws. BearingsBearings are used in a system to ensure that the various parts of a DC machine move smoothly. The
friction between the machine's spinning and stationary elements is reduced with the aid of course. As a result, the system's components require less frequent greasing and will last longer. Roller bearings and ball bearings are the two most popular types of bearings used in dc generators. Workings of a DC GeneratorConsider a single loop DC
generator (as seen in the diagram), in which a single turn loop 'ABCD' rotates clockwise in a uniform magnetic field at constant speed. As the loop rotates, the magnetic flux between the coil sides 'AB' and 'CD' changes continually. This change in flux linkage causes an EMF to be induced in both coil sides, and the induced EMF on one coil side is
added to the induced EMF on the other. Workings of a DC Generator The EMF produced by a DC generator may be explained as follows: When the loop is at position 1, no EMF is produced since the coil sides move in parallel with the magnetic flux. When the loop is in position 2, the loop sides move in the direction of the attracting motion, generating
a tiny EMF.When the loop is at place 3, the coil sides move at the right point to the attractive transition, resulting in the highest EMF.When the loop is in position 4, the coil sides cut the attractive transition at a point, resulting in a lower EMF in the coil sides.When the loop is at place 5, there is no motion coupling with the coil side, and the movement
is aligned with the attractive transition. Consequently, no EMF is produced in the coil.At position 6, the coil sides move beneath an inverse extremity post, switching the extremity of the generated EMF. The most intense EMF will be produced toward this route at position-7, and zero at position-1. This cycle repeats for each coil turn.It is evident that
the produced EMF is a spinning one. It is because any coil side (for example, AB) has EMF in one direction when impacted by an N-pole and in the opposite direction when affected by an S-pole. As a result, when a load is attached to the generator's terminals, alternating current flows through it. Currently, using a commutator, the alternating emf
created in the loop may be converted into direct voltage. Types of DC Generators There are three techniques of excitation, and hence three primary types of DC generators: Permanent Magnet DC Generators - Field coils energized by permanent magnetsSeparately stimulated DC Generators: Field coils stimulated by an external source.Self-excited DC
generators have field coils that are stimulated by the generator itself. These generators are further classified based on their field coil location. They are: Series GeneratorsShunt GeneratorsCompound GeneratorsPermanent Magnet DC GeneratorA permanent magnet DC generator is one that generates flux in a magnetic circuit using permanent
magnets. Permanent Magnet DC Generator It consists of an armature and one or more permanent magnets positioned around it. This sort of DC generator does not create a lot of power. As a result, industrial applications seldom employ them. They are commonly employed in tiny applications, like as dynamos in bikes. Separately Excited DC
GeneratorThese are generators with field magnets powered by an external DC source, such as a battery. The circuit diagram for a separate DC generator is given in the figure below. Ia = armature current.IL. = Load CurrentV = terminal voltage.Eg = generated EMF (Electromagnetic Force). Separately Excited DC Generator Let Ia = IL=I The voltage
across the load , V = I. Ra The power created is equal to Pg = Eg x I The power provided to an external load is calculated using the equation PL=V x I DC Generators with Self-ExcitationSelf-excited DC generators will have field magnets that are powered by the current supplied by themselves. In these devices, the field coils and armature are linked
internally. Because of residual magnetism, there is always flux at the poles. When the armature is pivoted, some EMF is generated. Thus, some induced current is generated. As the pole flux increases, so does the armature EMF, causing the current to flow faster through the field. This increased field current rises armature EMF. Self-excited DC
generators can be characterized as follows based on where the field coils are: Series GeneratorsShunt GeneratorsCompound GeneratorsSeries Generatorsin these generators, the field windings are linked in series with the armature conductors, as seen in the diagram below. The whole current goes through both the field coils and the load. As a series
field winding carries full load current, it is constructed with a few rounds of thick wire. As a result, the series field winding has an extremely low electrical resistance of almost 0.5. Here: Rsc represents series winding resistance.Isc = series field current.Ra = Armature resistance.la = armature current.IL. = Load CurrentV = terminal voltage.Eg =
generated EMF. Series Generators Connection Diagram The equation becomes Ia = Isc = IL = I Voltage across the load equals V = Eg - I (Ia x Ra) The power generated is equivalent to: Pg = Eg x I. The power given to the load is equal to: PL = V x I Shunt DC Generatorsin these types of DC generators, the field windings are linked in parallel with the
armature conductors, as indicated in the picture below. In shunt generators, the voltage in the field winding is identical to the voltage across the terminal. Shunt DC generators. Connection Diagram Here: Rsh = Shunt winding resistance.Ish = current flowing through the shunt field.Ra = Armature resistance.la = armature current.IL. = Load
CurrentV = terminal voltage.Eg = generated EMF.Here, the armature current Ia is divided into two sections: the shunt field current Ish and the load current IL. So, Ia = Ish + IL. When IL is at its maximum, the effective power throughout the load is at its peak. In this approach, it is necessary to keep the shunt field current as low as feasible. To get
the optimal EMF, the shunt field winding resistance is often kept high (100 Q) with a large number of turns. The shunt field current is equal to Ish = V/Rsh. Voltage across the load equals V = Eg - Ia Ra. The power generated is equivalent to: Pg = Eg x Ia. The power given to the load is equal to: PL = V x IL. Compound DC GeneratorIn series wound
generators, the result voltage is directly proportional to the load current. In shunt wound generators, the result voltage does not correlate to the load current. A combination of these two types of generators can overcome the drawbacks of each. This set of windings is known as a compound DC generator. Compound generators use both series and
shunt field windings. One winding is connected in series with the armature, while the other is connected in parallel up with the armature. These DC generators may be classified into two types: short shunt compound generators and long shunt compound generators. Short-Shunt Compound DC GeneratorShort Shunt Compound DC Generators use the
shunt field winding in parallel with the armature winding, as seen in the picture below. The series field current is equal to Short-Shunt Compound DC Generator Circuit Diagram Isc = IL. The shunt field current is equal to Ish = (V + Isc Rsc)/Rsh. Armature current is equivalent to, Ia = Ish + IL Voltage across the load equals V = Eg-Ia Ra-Isc Rsc The
power generated is equivalent to: Pg = Eg x Ia. The power given to the load is equal to: PL = V x IL. Long Shunt Compound DC GeneratorLong Shunt Compound DC Generators are those in which the shunt field winding is parallel to both the series field and the armature winding, as seen in the picture below. Long Shunt Compound DC Generator The
shunt field current is equal to Ish = V/Rsh. Armature current, Ia = series field current. Isc = IL + Ish. Voltage across the load equals V = Eg-la Ra-Isc Rsc = Eg-la (Ra+Rsc) The power generated is equivalent to: Pg = Eg x Ia. The power given to the load is equal to: PL. = V x IL.. In a compound generator, the shunt field is stronger than the series field.
When the series field assists the shunt field, the generator is said to be commutatively compound. However, assuming that the series field opposes the shunt field, the generator is referred to as differentially compound. Derivation of the EMF equation for DC GeneratorThe derivation of the EMF equation for the DC generator involves two components.
Induced EMF of one conductorinduced EMF of the GeneratorDerivation for Induced EMF of a Single Armature Conductor For one rotation of the conductor. Let, ® = Flux generated by each pole in Weber (Wb).P = number of poles in the DC generator.Therefore, Total flux generated by all poles = ® x P.and, Time required to complete one revolution
= 60/N Where, N represents the armature conductor's speed in revolutions per minute. According to Faraday's law of induction, the induced emf of the armature conductor is indicated by "e", which is comparable to the rate of cutting the flux. Therefore, e = d® / dt, and e = total flow / time taken. The induced EMF of a single conductor e = ®
P/(N/60) = @ P x (N/60) volts. Derivation of Induced EMF for DC Generator. Assume there are Z total number of conductors in a generator, and they are designed so that all parallel pathways are always in series. Here, Z = Total number of conductors.A = the number of parallel pathways.Then, Z/A = the number of conductors connected in series.
Therefore, Induced EMF of DC Generator E = the emf of one conductor multiplied by the number of conductors linked in series.The induced emf of a direct current generator e = ®P x (N/60) x (Z/A) volts. The number of parallel paths are only 2 = A. Hence, The induced emf of a wave type winding generator is (dPN / 60) x (Z / 2) = ®ZPN / 120 Volts.
Simple lap winding generator. Here, the number of parallel pathways equals the number of conductors in one path. i.e. P = A Therefore, The induced EMF for a lap-wound generator is Eg = (® Z N P) / (60 A) volts. Losses in DC Machines It is well-known that "Energy neither can be made nor it can be destroyed, it must be transferred from one form to
another form" . A direct current (DC) machine converts mechanical energy into electrical energy. During this procedure, the entire input power is not converted into output power. Some of the input power is squandered in various forms. The types of losses may differ from one equipment to the next. As the temperature rises, these losses reduce the
machine's efficiency. There are four major forms of energy loss in a DC machine. Copper losses Copper losses are winding losses that occur as the current flows through the windings. These losses occur due to resistance in the winding. In a DC machine, there are just two windings: armature and field winding.In this fashion, copper losses are
classified into three types: armature losses, field winding losses, and brush contact resistance losses. Copper losses are proportional to the square of the current passing through the windingArmature Copper LossesArmature copper loss = Ia2 Ra.Where Ia represents armature current and Ra represents armature resistance.These losses represent
around 30% of the total full load losses.Field Winding Copper Losses In a DC machine, the field winding copper loss =1 f~2 R f. where I f denotes the field resistance and R f represents the field current.The theoretical losses are roughly 25%, but in practice, they are constant.Brush Contact Resistance Loss in DC Machine.Brush contact losses are
due to resistance between the outer layer of the brush and the commutator. It's everything but losses that can be calculated individually since it's a collection of variable losses. Overall, it contributes to both types of copper loss. As a result, they are taken into account when calculating the losses listed earlier. Core or Iron Losses As the iron core of
the armature rotates in a magnetic field, certain losses occur in the core, known as center losses. These losses are essentially constant since machines normally run at the same pace. These losses are classified into two types: eddy current and hysteresis losses. Hysteresis Loss in a DC MachineHysteresis losses occur in the armature winding as the
core's polarization reverses. When the core of an armature is subjected to a magnetic field, it undergoes a full magnetic reversal. After a full half electrical revolution, the section of the armature under the S-pole is replaced by a corresponding piece under the N-pole, and the magnetic lines are reversed to reverse the attraction within the core. The
continual process of magnetic reversal in the armature consumes some energy, known as hysteresis losses. The degree of loss is determined by the iron's grade and volume. The frequency of magnetic reversal is f = P N / 120. Where, P = number of poles. N = Speed (rpm) Steinmetz EquationThe Steinmetz equation calculates the hysteresis loss.
Hysteresis loss (Ph) = nBl.6max F V watts. Where, n = Steinmetz hysteresis coefficient. Bmax = Maximum flux density in the armature winding. F = Frequency of magnetic reversal. V = armature volume in m”™ 3. Eddy Current Loss in a DC Machine Faraday's law of electromagnetic induction states that when an iron core rotates in a magnetic field, it
generates an emf. Furthermore, as the armature spins in the attractive field, a little amount of emf is induced in the core, allowing charge to flow through the body due to the core's conductivity. This current is unnecessary for the machine. This loss of current is known as eddy current. For DC machines, the loss is nearly always the same. It is possible
that using a laminated core may limit its capabilities. Mechanical Losses in DC MachineMechanical losses are those caused by the machine's mechanical friction. These losses occur as a result of friction in the machine's moving elements, such as bearings and brushes, as well as windage losses caused by air inside the machine's revolving coil. These
losses are typically small, accounting for just around 15% of full load losses. Stray Losses in DC Machineln addition to the losses mentioned above, there are a few more. These losses are referred to as "stray losses." These various losses are due to short-circuit current in the commutating coil, flux distortion generated by the armature, and a variety of
additional difficult-to-find losses. These catastrophes are difficult to decide. Regardless, they account for 1% of total load power production. Characteristics of DC Generator The primary mover maintains the speed of a DC generator constant. Under such circumstances, the generator's performance is determined by the relationship between excitation,
terminal voltage, and load. These relationships are visually represented as curves known as DC generator characteristics. These characteristics demonstrate the behavior of the DC generator under various load levels. Open Circuit Characteristics or Magnetization CurveThis graph depicts the relationship between the produced EMF with no load (EQ)
and the field current (If) at a constant speed. It is also known as no-load saturation curve. Its form is virtually same across a wide range of DC generators, whether independently or self-excited. Internal CharacteristicsThe graph depicts the relationship between produced EMF (E) on-load and armature current. Because of the influence of armature
response, the magnetic flux on-load is lower than the flux at no-load. As a result, the generated EMF (E) under loaded conditions will be lower than the EMF produced (E0O) with no load. As a result, the internal characteristic curves are somewhat lower than the open circuit characteristics. External properties or load characteristicsThe plot of the
terminal voltage (V) and load current (IL) represents the external or load characteristics. Because of armature and series field copper losses, the terminal voltage differs from the generated voltage. As a result, the exterior characteristics curve will be lower than the internal characteristics curve by an amount equal to the voltage drop caused by
machine copper losses. Characteristics of DC Series GeneratorA DC series generator has a single current that travels across the whole unit. As a result, the armature, load, and excitation currents are all the same. Characteristics of DC Series Generator Open circuit characteristics (O.C.C)The curve (1) in the plot depicts the O.C.C of a series DC
generator. The graphic depicts the relationship between the produced EMF at no-load and field current. The O.C.C. is acquired by isolating the field winding from the machine and excited independently. Internal CharacteristicsThe internal properties of a DC series generator are represented by a chart plotting the generated EMF (E) on-load against
the armature current. As a result of the armature response, the magnetic flux on-load will differ from the transition at no-heap. As a result, the manufactured EMF (E) under loaded conditions will be smaller than the EMF produced (E0) with no load. The internal characteristics curve is thus placed directly below the open circuit characteristics [refer
to curve (2)]. External characteristicsThe plot of the load current (IL) against the terminal voltage (V) is referred to as the external characteristics or load characteristics. Because the terminal voltage is not less than the produced voltage due to armature and series field copper losses, which are provided by, V = E-Ia (Ra + Rse) As a result, the exterior
characteristics curve will be lower than the internal characteristics curve by an amount equal to the voltage drop caused by copper losses in the machine [see curve (3)]. Characteristics of DC Shunt Generators The armature current in a shunt generator is separated into two parts: Ish, which flows via the field winding, and IL, which is routed to the
external load. Characteristics of DC Shunt Generators Open Circuit CharacteristicsThe curve (1) in the image depicts the open circuit characteristics of a DC shunt generator, which are identical to those of a series generator. Internal characteristicsWhen the load is attached to the generator, the generated EMF (E) decreases due to the lower flux per
shaft caused by armature response. As a result, the generated EMF under loaded conditions differs from the produced EMF with no load. As a result, the internal features decrease somewhat [see curve] (2). External Characteristics It shows the connection between load current (IL) and terminal voltage (V). Other names for it include load attributes
and terminal characteristics. V = E-Ia Ra. In this case, the exterior characteristics are lower than the internal characteristics by an amount equal to the voltage drop caused by armature resistance. External Load Characteristics of the DC Compound GeneratorDC Compound Generator External or Load characteristics Compound DC generators
incorporate both series and shunt fields. Compound generators are classified as short-shunt or long-shunt based on how the field winding is connected to the armature. Most of the time, cumulative compound generators are employed; hence, we will discuss the Characteristics Compound DC generator of a complete compound DC generator. External
Load Characteristics of the DC Compound Generator In a cumulatively compound DC generator, the series field assists the shunt field. The amount of compounding is determined by the series field excitation that occurs as the load current increases. Efficiency of a DC GeneratorThe efficiency of a dc generator is defined as the ratio of mechanical
input power to output electrical power. Efficiency (n) = Electrical Power Output (Po) / Mechanical Power Input (Pi) Power Flow Diagram Referring to the power flow diagram, Iron and friction losses = A - B. Copper Losses = B-C As a result, the efficiency of a DC generator may be determined for all three stages: Mechanical efficiencyTo calculate
mechanical efficiency, use the formula: nmech = B / A = Power developed in armature (Eg Ia) / Mechanical power input (Pi) Electrical EfficiencyTo calculate electrical efficiency, use the formula nelect = C/B = Electric Power Output (VIL)/Power Developed in Armature (Eg Ia) Applications of DC generatorsThere are several types of DC generators
available for a variety of applications. The applications of these DC generators depending on their properties are discussed below: Applications for Separately Excited DC GeneratorsBecause of their ability to provide a broad range of voltage output, they are commonly employed in laboratories for testing.Separately excited generators maintain a
constant output regardless of field excitation. Because of this quality, they are used as a power source for DC engines, whose rates must be adjusted for various purposes. Ward Leonard's speed control systems is a example.Applications for Shunt DC GeneratorsThey are used to provide general illumination.They are used to charge batteries since they
may be configured to provide a consistent output voltage.They are used to provide stimulation to alternators.They are also utilized as miniature power supplies.Applications for Series DC GeneratorsThey are used to provide field excitation current in DC trains for regenerative breaking.These generators are employed as boosters to compensate for
voltage drops in feeders in a variety of distribution systems, including train service.These generators are most commonly employed in series arc lighting.Applications for Compound DC GeneratorsCumulative compound generators are used for illumination, power supply, and heavy power service due to their constant voltage properties. They are
primarily overly compounded.Total compound generators are also used to power a motor.Level compound generators are commonly used for small-distance operations, such as power supply for hotels, workplaces, houses, and lodges.Because of its strong demagnetization armature response, differential compound generators are employed in arc
welding applications requiring a big voltage drop and steady current. Advantages of DC GeneratorsSimple in build and design.They are used to run huge machinery.These generators may provide power to huge motors.Heavy electric gadgets are powered by employing DC generators.A DC generator basically reduces electric fluctuations in the
armature and provides a constant supply. Disadvantages of DC GeneratorsA significant disadvantage of a DC generator is that it cannot be utilized with a transformer.DC generators have low efficiency.The current flowing in the generator undergoes numerous losses such as Eddy current losses, copper losses, mechanical losses, among others.DC
generators installed over a long distance may face significant voltage dips.ConclusionA DC generator is a mechanical device that transforms a mechanical input to an electrical output, and it is used to generate electricity. The DC generator has several applications in daily life, including powering appliances and operating heavy machinery in
industries. The DC generator's operating concept is based on Faraday's law. DC generators provide various advantages, including lower output fluctuations and suitability for large machinery. However, DC generators have a few drawbacks: they cannot be utilized with transformers and may experience voltage dips.



