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[ONom

other DC-intensive applications typically employ a three-phase alternating
current (AC) generator together with an external rectification cabinet to pro-
duce the regulated —48 V DC supply required by communication equipment.
Although this architecture is widely adopted and highly reliable, it increases
equipment footprint, installation complexity, transportation requirements,
cabling, deployment time, and maintenance. Conventional DC generators
provide direct DC output through mechanical commutation; however, their
reliance on brushes and commutators introduces mechanical wear, sparking,
increased maintenance, and reduced operational reliability. This paper pro-
poses an integrated hybrid AC/DC generator architecture that combines a
commercial brushless synchronous AC generator with an embedded DC rec-
tification system within a single generator enclosure. The proposed design in-
corporates a three-phase bridge rectifier, filtering stage, voltage regulation,
protection circuitry, and optional DC-DC conversion to deliver regulated —48
V DC while simultaneously retaining the capability to supply conventional AC
power. The work does not introduce a new electrical machine or a new recti-
fier topology; instead, it presents a system-level integration of two mature
technologies to eliminate the need for a separate external telecom rectification
cabinet. The proposed architecture is evaluated through analytical modelling,
electrical machine theory, representative design calculations, and circuit-level
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analysis. Performance metrics including DC output voltage, voltage regula-
tion, ripple characteristics, efficiency, thermal management, and protection
requirements are examined and compared with those of conventional com-
mutator-based DC generators. The reported performance values represent
predicted behavior under the stated design assumptions and are intended to
demonstrate the engineering feasibility of the proposed architecture rather
than experimental validation. The proposed integrated hybrid AC/DC gener-
ator is expected to reduce installation complexity, equipment footprint, de-
ployment time, and maintenance while preserving the reliability and opera-
tional advantages of modern brushless alternator technology. The architecture
is particularly suited to telecommunications, emergency communication sys-
tems, disaster recovery, military field operations, remote industrial facilities,
and other applications requiring compact and reliable simultaneous AC and
regulated DC power from a single generator platform [1].

Keywords

Hybrid AC/DC Generator, Brushless Synchronous Generator, Built-In
Rectification, Integrated Generator-Converter System, DC Power Systems,
Telecommunications Power Supply, —48 V DC, Power Electronics, Voltage
Regulation, Embedded Rectifier

1. Introduction

Reliable electrical power generation is fundamental to modern industrial, com-
mercial, and communication infrastructures. Three-phase synchronous AC gen-
erators (alternators) are the dominant technology for electrical power generation
because of their simple construction, high efficiency, low maintenance require-
ments, long service life, and capability to operate over a wide range of power rat-
ings. Consequently, brushless synchronous generators are extensively employed
in utility power plants, industrial facilities, hospitals, airports, marine vessels, re-
newable energy systems, and standby power installations.

Despite the widespread use of AC generators, many critical applications require
regulated direct current (DC) rather than alternating current (AC). Telecommu-
nication base transceiver stations (BTS), microwave communication systems, op-
tical transmission equipment, routers, network switches, battery charging sys-
tems, industrial control equipment, and numerous electronic systems operate on
standardized DC power, most commonly —48 V DC in telecommunications. Dur-
ing utility outages, diesel generator sets typically provide AC power, which must
then be converted into regulated DC through external rectifier systems before it
can be supplied to the communication equipment.

The conventional telecom power architecture therefore consists of two inde-
pendent subsystems: an AC generator that produces electrical energy and a sepa-

rate DC power cabinet containing rectifier modules, filters, battery charging cir-
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cuits, monitoring units, and DC distribution equipment. This modular architec-
ture has demonstrated excellent reliability and flexibility and has become the in-
dustry standard. However, it also increases equipment footprint, installation com-
plexity, transportation requirements, cabling, commissioning time, and overall
system cost, particularly for temporary, mobile, and emergency deployments.

Conventional DC generators provide direct-current output through mechani-
cal commutation using brushes and a commutator. Although this approach elim-
inates the need for an external rectifier, it introduces disadvantages including
brush wear, commutator sparking, periodic maintenance, mechanical complexity,
and reduced suitability for continuous operation in harsh environments. As a re-
sult, modern stationary power generation has largely shifted toward brushless AC
generators combined with external power electronic conversion systems.

Recent advances in power electronics, high-efficiency semiconductor devices,
digital control techniques, and compact converter technologies have enabled in-
creasingly close integration between electrical machines and power electronic
converters. Integrated generator-converter systems have been investigated for
more electric aircraft, starter-generator systems, renewable energy conversion,
and hybrid electric propulsion. Nevertheless, these studies primarily focus on ma-
chine control, propulsion, or variable-speed energy conversion rather than replac-
ing the external DC rectification infrastructure commonly used in stationary tel-
ecommunication power systems.

The objective of this research is to investigate a different system architecture in
which commercially available brushless AC generator technology is combined
with mature telecom rectification technology inside a single generator enclosure.
Instead of introducing a new electrical machine or a new rectifier topology, the
proposed design integrates rectification, filtering, regulation, protection, and con-
trol functions within the generator housing while preserving the generator’s ca-
pability to supply conventional AC power. Integrated architecture is intended to
provide both regulated DC output and conventional AC output from a single
compact generator platform, thereby reducing external equipment, installation
complexity, deployment time, and maintenance requirements.

The proposed hybrid AC/DC generator is particularly applicable to telecom-
munications, emergency communication systems, disaster recovery operations,
mobile communication units, temporary event networks, military field installa-
tions, remote industrial facilities, and other applications where compactness,
rapid deployment, and reliable simultaneous AC and DC power are desirable.

The principal contribution of this paper is a system-level generator architecture
that integrates proven alternator and telecom rectification technologies into a sin-
gle hybrid power generation platform. Unlike conventional DC generators that
rely on mechanical commutation, or conventional telecom installations that de-
pend on separate external rectifier cabinets, the proposed approach combines es-
tablished technologies into an integrated generator capable of supplying regulated

DC while retaining the operational advantages of modern brushless AC genera-
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tors. The paper presents the operating principle, mathematical analysis, compar-
ative performance assessment, thermal and protection considerations, and poten-

tial applications of the proposed architecture [2].

1.1. Methods

This study employs a system-level engineering design methodology based on the
integration of two commercially available and field-proven technologies: a brush-
less three-phase synchronous AC generator (alternator) and a mature telecom-
munications DC rectification system employing modular rectifier units. Both
technologies have been extensively deployed in industrial and telecommunica-
tions applications and have well-established electrical performance, reliability,
and operational characteristics. Rather than developing a new electrical machine
or a new rectifier topology, this research investigates the technical feasibility and
expected performance of integrating these existing technologies into a single hy-
brid AC/DC generator architecture.

The proposed system was developed by incorporating a commercially estab-
lished three-phase bridge rectification stage, together with filtering, voltage regu-
lation, protection, and optional DC-DC conversion, within the generator housing.
The integrated architecture is intended to provide regulated DC output directly
from the generator while simultaneously preserving the capability to supply con-
ventional AC power, thereby eliminating the need for a separate external telecom-
munications rectifier cabinet.

The performance of the proposed architecture is evaluated using established
electrical machine theory, analytical calculations, representative design calcula-
tions, manufacturer specifications for commercially available generators and tel-
ecommunications rectifier modules, and circuit-level simulations. The analysis
considers representative operating conditions corresponding to a 5 kW, 400 V
(line-to-line), 50 Hz brushless synchronous generator integrated with a standard
telecommunications rectifier system designed to supply regulated —48 V DC.

The following characteristics are evaluated.

Efficiency: The overall efficiency is estimated by considering the published per-
formance characteristics of commercial brushless synchronous generators to-
gether with the conversion efficiency of commercially available telecommunica-
tions rectifier modules. Additional analytical calculations are performed to ac-
count for stator copper losses, magnetic core losses, mechanical losses, and semi-
conductor conduction losses within the integrated architecture.

Output Voltage Ripple: The DC output waveform is analyzed after three-phase
rectification and output filtering. The ripple performance is evaluated analytically
and through circuit-level simulation using design parameters representative of
commercially deployed telecommunications rectifier systems.

Voltage Regulation: Voltage regulation is assessed over the expected operating
range by analyzing the performance of the integrated electronic regulation stage

under varying load conditions. The analysis is based on established voltage-regu-
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lation principles and the operating characteristics of commercially available tele-
communications power systems.

Thermal and Protection Assessment: The thermal behavior of the integrated
rectification stage is evaluated by considering semiconductor power dissipation,
heat-sink sizing, and forced-air cooling within the generator enclosure. Electrical
protection is assessed through the incorporation of proven industrial protection
methods, including overcurrent protection, short-circuit protection, overvoltage
protection, overtemperature monitoring, surge suppression, and appropriate elec-
trical isolation between the AC and DC sections.

Reliability Assessment: Reliability is evaluated qualitatively using published
operational experience with commercial brushless alternators and modular tele-
communications rectifier systems. The assessment considers the elimination of
mechanical brushes and commutators, reduced maintenance requirements, sim-
plified system architecture, and the use of mature, field-proven technologies al-
ready deployed in industrial and telecommunications networks.

Since both principal subsystems employed in the proposed architecture are
commercially available and have demonstrated reliable field performance, this
study focuses on evaluating the engineering feasibility, operational benefits, and
system-level integration of these mature technologies. The reported performance
values are derived from analytical calculations, manufacturer specifications, es-
tablished engineering relationships, and circuit-level simulations of the integrated
architecture. Future work will include fabrication of an integrated prototype, la-
boratory validation, thermal characterization, electromagnetic compatibility test-
ing, and long-term operational evaluation to verify the analytical and simulation

results presented in this study [3].

1.2. Related Work and Research Gap

Brushless three-phase synchronous AC generators and conventional commuta-
tor-based DC generators are both well-established power generation technologies
that have been successfully employed in industrial, commercial, and standby
power applications for many decades. Similarly, modular telecommunications DC
rectification systems are mature and highly reliable technologies that have been
extensively deployed to provide regulated —48 V DC power for base transceiver
stations (BTS), data communication equipment, and other critical telecommuni-
cations infrastructure.

In present-day telecommunications installations, the most common approach
is to use a brushless AC generator together with a separate telecommunications
DC power system. The generator supplies three-phase AC power to an external
rectifier cabinet containing modular rectifier units, battery charging equipment,
monitoring systems, and DC distribution circuits. The rectifier modules convert
the generated AC power into regulated —48 V DC required by telecommunica-
tions equipment. This architecture has proven to be highly reliable and has be-

come industry standard because it allows independent maintenance and modular
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expansion. However, it also requires additional cabinets, rectifier modules, inter-
connecting power cables, protection devices, installation space, transportation,
commissioning effort, and maintenance of multiple subsystems.

An alternative solution is the use of a conventional DC generator, which produces
DC output through a mechanical commutator and carbon brushes. Although this
configuration eliminates the need for an external rectification system, it introduces
several well-known limitations, including brush wear, commutator maintenance,
sparking, mechanical losses, reduced operational life, and periodic servicing. Fur-
thermore, the output voltage of a conventional DC generator is inherently pulsating
due to mechanical commutation. Although increasing the number of armature coils
and commutator segments reduces output ripple, it also increases machine com-
plexity, manufacturing cost, and maintenance requirements.

Recent research on integrated generator-converter systems, brushless starter-
generators, dual-output electrical machines, and embedded power electronics has
primarily focused on aerospace, automotive, renewable energy, and hybrid-electric
applications. These studies demonstrate the advantages of integrating electrical ma-
chines with power electronic converters for improved control, efficiency, and power
quality. However, their principal objective is generally machine control, propulsion,
or variable-speed energy conversion rather than simplifying stationary telecommu-
nications power systems or replacing conventional DC generators.

Based on the above review, a clear engineering gap exists between the two ma-
ture technologies currently used in practice. The first solution employs a brushless
AC generator with a separate external telecommunications rectification system,
resulting in additional equipment, increased installation space, more intercon-
necting cables, higher transportation requirements, and greater system complex-
ity. The second solution employs a conventional DC generator, which avoids the
need for external rectification but suffers from the inherent disadvantages of me-
chanical commutation, including brush wear, commutator maintenance, spark-
ing, and pulsating DC output.

This research addresses that gap by integrating two commercially proven tech-
nologies—a brushless synchronous AC generator and a mature telecommunica-
tions modular rectification system—into a single hybrid AC/DC generator. The
proposed architecture incorporates the rectification, filtering, voltage regulation,
protection, and control functions within the generator housing, thereby eliminat-
ing the need for a separate external telecommunications rectifier cabinet while
simultaneously eliminating the mechanical commutator and brushes associated
with conventional DC generators. As a result, the proposed generator is capable
of supplying regulated DC power directly from the integrated rectification system
while also retaining the ability to provide conventional AC output from the same
generator, provided that the combined load remains within the rated capacity of
the machine.

Accordingly, the principal novelty of this research is not the development of a

new electrical generator or new rectifier technology. Instead, the novelty lies in
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the system-level integration of two mature, commercially available, and field-
proven technologies into a compact hybrid generator architecture. The proposed
design combines the operational reliability of modern brushless alternators with
the high-performance DC conversion capability of telecommunications rectifier
modules, creating a dual-output generator that reduces equipment footprint, in-
stallation complexity, cabling requirements, maintenance effort, deployment
time, and overall system cost while preserving the capability to supply both AC
and regulated DC power from a single integrated unit. The proposed architecture
is particularly suitable for telecommunications networks, emergency communi-
cation systems, disaster recovery, military field operations, remote industrial fa-
cilities, temporary installations, and other applications requiring reliable AC and

DC power from a single generator platform [4] [5].

2. AC Generators
2.1. Design Parts, Working Principles, and Usage

An AC generator, commonly known as an alternator, is an electrical machine that
converts mechanical energy into alternating current (AC) electrical energy based
on the principle of electromagnetic induction. Its main components include the
stator, rotor, field winding, armature winding, shaft, bearings, and excitation sys-
tem. The rotor creates a rotating magnetic field, while the stator contains station-
ary windings in which AC voltage is induced. AC generators are designed for high
efficiency, reliability, and low maintenance, making them the preferred choice for
modern power generation. They are widely used in thermal power plants, hydro-
electric stations, wind turbines, diesel generators, telecommunications infrastruc-
ture, industrial facilities, and renewable energy systems to supply electrical power

for residential, commercial, and industrial applications.

2.2. Parts of AC Generator

Figure 1 illustrates the principal components of the brushless synchronous gen-
erator employed in the proposed hybrid AC/DC generation system. The stator
contains three-phase armature windings in which electrical power is induced,
while the rotor carries the field winding that produces the rotating magnetic field
through the excitation system. Mechanical power supplied by the diesel engine is
transmitted to the rotor through the shaft, enabling electromechanical energy
conversion. The excitation system, controlled by the Automatic Voltage Regulator
(AVR), regulates the rotor field current to maintain a stable generator terminal
voltage under varying operating conditions.

The generator also incorporates bearings and rigid housing to provide mechan-
ical support and ensure reliable operation. An integrated cooling system dissipates
heat generated by electrical and mechanical losses, improving operational relia-
bility and extending component life. The terminal box provides an electrical in-
terface between the generator and external equipment.

Unlike conventional telecom power systems, where the generated AC power is
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transferred to an external rectifier cabinet, the proposed system utilizes these con-
ventional generator components only as the primary AC generation stage. The
generated three-phase AC is immediately supplied to an embedded rectifier and
DC/DC conversion stage integrated within the generator assembly, producing a
regulated —55 V DC output suitable for telecom applications. Consequently, the
innovation presented in this work lies not in the generator construction itself, but
in the integration of the alternator with embedded power electronic conversion

and closed-loop voltage regulation.

BRUSHLESS SYNCHRONOUS AC GENERATOR - MAJOR COMPONENTS

o STATOR (ARMATURE WINDING)
Stationary part with 3-phase
armature windings placed in
slots. AC voltage is induced in
these windings.

@ s

Transfers mechanical power
from the prime mover to
the rotor.

PRIME MOVER
(DIESEL ENGINE)

@ BEARINGS

Support the shaft and rotor
assembly and ensure smooth
rotation with minimum friction.

@ COOLING SYSTEM

Removes excess heat produced
during operation. Air enters
from the fan side and exits
throuah the ventilation arills.

© excimamion svstem
Supplies DC current to the
rotor field winding through
brushless exciter or
conventional system.

@ roToR (FIELD WINDING)
Rotating part on the shaft
with field winding. When
excited by DC current,

it produces rotating
magnetic field.

EXCITATION SYSTEM (Conventional)

DC Supply  pryshes

Slip Ri
(Field Current) i

(Field Winding)

© sup Rines & BRUSHES
Transfer DC excitation current
from the stationary source to
the rotating rotor field winding.

o ARMATURE WINDING
3-phase winding placed in the
stator slots. Electrical power is
generated in these windings.

o AUTOMATIC VOLTAGE
REGULATOR (AVR)
Monitors the output voltage
and adjusts the field current
to maintain constant voltage
under varying loads.

AVR - BLOCK DIAGRAM
Voltage Excrer
(s m (Field Current)

Vref

© rerminaL sox

Contains output terminals (U, V, W, N)
for connecting the generator to the

o FRAME (GENERATOR HOUSING)
Rigid structure that encloses and
protects all internal components and
provides mechanical support.

o COOLING FAN & VENTILATION
Axial fan mounted on the rotor shaft
provides airflow through the generator

Figure 1. Parts of AC generator.

external load or power system. for efficient heat dissipation.
2.3. Working Principles of AC Generator
4 A B C D A
EMF ; " i i i
Induced . | i . .
0 I o \O : o I 10 >
0 90 180 270 360 Angle
'

(a) Rotating Coil

(b) EMF Induced vs. Angle

C - Coil at 180° (EMF = 0)
D - Coil at 270° (EMF = Maximum -ve)

A - Coil in neutral position (EMF =0)

A - Coil at 360° (EMF =0
B - Coil at 90° (EMF = Maximum +ve) il { ) W

Figure 2. Sinusoidal waveform of AC output.
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To create a strong magnetic field, the coil is rotated in the magnetic field. An
EMF is induced in one direction as a coil goes up through the magnetic field on
one side. An EMF is induced in the reverse direction as the coil rotates and this
side of the coil moves down, and another side of the coil moves up. The direction
of the induced EMF is determined using Fleming’s right-hand rule. Every cycle,
this process is repeated, and the EMF generated is of the alternating type.

A graph depicting the output of an AC generator is displayed above in Figure
2. The description of the letters is as follows:

The sinusoidal induced EMF equation of an AC generator is:
e=E,sin(0) (1)
Where:
e = Instantaneous induced EMF (V);
E, = Maximum (peak) induced EMF (V);

6 = Angle between the magnetic flux and normal to the coil.

m

Analyzing the waveform given in Figure 2, for different points and putting the
value of € in Equation (1):

At 6=0":

Equation (1) => e=E_sin (O) as Sin (O) =0

Since sin (0) =0

So:e=0

When the coil is at 0 degrees, it moves parallel to the magnetic field’s direction

and so produces no EMF.
At =90
Equation (1) => e=E_sin (90°) as Sin (90°) =1
So: e=E,

When the coil moves at 90 degrees to the magnetic field the maximum EMF is
induced as the magnetic flux covers overall area of the coil.

At: =180

Equation (1) => e=E, sin(180°) as sin(180")=0

So:e=0

When the coil is rotated 180 degrees, it moves parallel to the magnetic field
again, causing no EMF to be generated.

At 0=270°
Equation (1) => e=E_sin (270°) as sin (270°) =-1
So: e=-E,

When the coil is at 270 degrees, it goes back to 90 degrees to the magnetic field,
inducing the maximum EMF. The induced EMF in this case is the opposite in
direction and hence produces negative peaks.

At: 6 =360

Equation (1) => e=E_sin (360°) as sin (360°) =0

So:e=0

When the rotation reaches 360 degrees, again the coil comes parallel to the

magnetic flux and hence no lines cross the cross section and hence the emf in-
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duced is zero.
From the above observations it is concluded that the AC generator gives us a

proper sinusoidal waveform [6].

2.4. Usage of AC Generators

There is a wide range of applications where AC generators are used. These appli-
cations cover almost every area of life. In Table 1 below are mentioned some

highly used AC generator fields.

Table 1. Industrial usage of AC generator.

Application Area

Typical Uses

Power generation
Emergency backup
Automotive
Marine
Aircraft
Industrial
Construction

Telecommunications

Thermal, hydroelectric, nuclear, gas turbine, and wind power plants
Hospitals, airports, data centers, banks, educational institutions, commercial buildings
Alternators for battery charging and vehicle electrical systems
Navigation, lighting, communication, auxiliary equipment
Avionics, lighting, navigation, communication systems
Motors, pumps, compressors, conveyor systems, manufacturing
Portable generators for welding, lighting, drills, heavy equipment

Mobile towers, communication centers, internet infrastructure

3. Need for DC Power and Existing Methods of DC Power
Generation

The previous sections discussed the construction, operating principles, compo-
nents, and applications of AC generators in detail. Due to their simple construc-
tion, high efficiency, lower maintenance requirements, and ability to generate
electrical power economically, AC generators have become the dominant technol-
ogy in power generation systems worldwide. Consequently, most industrial, com-
mercial, residential, and utility-scale power generation facilities utilize AC gener-
ators as their primary source of electrical energy.

Despite the widespread use of AC generators, many modern applications re-
quire direct current (DC) power rather than alternating current (AC). Examples
include telecommunication equipment, battery charging systems, data centers,
control systems, electroplating facilities, electric vehicle charging infrastructure,
communication networks, and numerous electronic devices. In telecommunica-
tion networks particularly, most equipment operates on a standardized DC supply
of —48 V, making DC power an essential requirement for reliable network opera-
tion.

Currently, there are two primary methods for obtaining DC power from a me-
chanical energy source:

Method 1: AC Generator with External Rectification System

The conventional solution for telecom backup power employs a brushless AC
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generator coupled with an external DC power system. During utility outages, the
generator supplies three-phase AC power to a telecom rectifier cabinet, where rec-
tifier modules convert the AC input into a regulated —48 V DC for telecom equip-
ment. This architecture is widely adopted because of its reliability, modularity,
and ease of maintenance.

Despite its widespread use, the separation of the generator and rectification sys-
tem introduces several drawbacks, including additional equipment, larger instal-
lation space, increased cabling, higher installation cost, multiple power conver-
sion stages, and greater maintenance requirements. These limitations become
more significant for remote telecom sites where compactness and rapid deploy-
ment are essential.

Method 2: Conventional DC Generator

A conventional DC generator produces direct current using a commutator and
brush assembly, eliminating the need for an external rectifier. Although this con-
figuration provides a direct DC output, the mechanical commutation system in-
troduces brush wear, commutator sparking, increased maintenance, and reduced
operational reliability. Consequently, conventional DC generators have largely
been replaced by brushless AC generators in modern industrial and telecom ap-
plications. Furthermore, their inability to simultaneously supply both AC and reg-
ulated telecom DC limits their practical applicability [7].

4. DC Generators
4.1. Design Parts, Working Principles, and Usage

A DC generator is an electromechanical energy conversion device that converts
mechanical energy into direct current (DC) electrical energy. It operates on the
principle of electromagnetic induction, whereby an electromotive force (EMF) is
induced in a conductor when it cuts magnetic flux lines. DC generators have his-
torically been used in various industrial, transportation, telecommunication, and
power system applications where direct current is required.

Although modern power generation systems primarily employ AC generators
due to their simplicity and reliability, DC generators remain important in appli-

cations requiring direct DC power without external rectification systems.

4.2. Parts of DC Generator

Almost most of the parts of the DC generator is same as AC generator which is
discussed in detail in the AC Generator portion. The difference is to use commu-
tators instead of slip rings. The function of commutator is to provide the unidi-
rectional current for every rotation of the coil. We will explain in detail the work-
ing principle of commutator.

1) The Anatomy of a Commutator

The Split Ring:

It is not a continuous circle. It is a copper cylinder split into two or more iso-

lated segments.
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Mica Insulation:

A thin layer of non-conductive mica separates each copper segment, so they do
not short-circuit.

Fixed Brushes:

Two carbon brushes ride on opposite sides of this spinning ring. They do not
move; they just press against it.

2) Commutator Working

We know that the emf induced into the rotating conductor is always sinusoidal.
The commutator is used to convert it into a unidirectional (dc) emf. Thus “commu-
tation” is the process of converting ac voltage into dc. It is similar to rectification.

The action of commutator is as follows, refer Figure 3, which shows a single turn
DC generator, with the commutator in its simplest form. We assume that the com-
mutator has been divided only into two segments namely segments A and B. The
simplified construction is shown in Figure 4. The commutator segments A and B
are connected to the brushes P and Q respectively. Commutator segments, A and B

are connected to conductors’ “ab” and “cd” respectively and rotate together.

— Rotation

Single-turn
coil

Iload

Field poles

Commutator

Brush

Load

Figure 4. Simplified commutator segments.
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According to Fleming’s light hand rule, the induced current in coil “ab” and
“cd”. Hence brush P becomes negative, and Q becomes positive. The current Iload
through external load resistance RL flows from bottom to top as shown in Figure
4.

Figure 5. Explaining the working principle.

WAVEFORM FOR DC GENERATOR

[ 1. Voltage generated in armature coil (Before commutation) ]

Voltage
ge (V) & &

" + I
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:
]
1 e %
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connections every half + v
+

turn, so the output

voltage is unidirectional T/\
. /\

(pulsating DC). 0 | ¥ Y ¥ }
I 1 I I
180° 360° 540° 720°

Y

A

[ 3. Output with many armature coils and commutator segments ]

DC Generator (Commutator)
As the number of coils and  Voltage (Vj

commutator segments &+ X
increases, the ripple
becomes very small and 0

the output approaches
smooth DC.

~Y

0 > L3 J
Time (t)

Figure 6. The AC waveform and DC conversion.

DOI: 10.4236/0jee.2026.153003 53 Open Journal of Energy Efficiency


https://doi.org/10.4236/ojee.2026.153003

L. A. Khan

After half the rotation, the segments A and B of the commutator will change
their positions as shown in Figure 5. So, brush P is in contact with segment B and
Qs in contact with segment A. The directions of currents induced in conductor’s
“ab” and “cd” are reversed as shown in Figure 5. So, brush P continues to be neg-
ative and brush Q continues to be positive. Hence the current through the external
load continues to flow from bottom to top. Thus, the load current and voltage
have become unidirectional. Also, the commutator converts the alternating volt-
age produced by the single turn alternator into a DC voltage. Thus, a commutator
operates as a rectifier which converts the ac voltage to DC voltage. We get the
following waveform in Figure 6 above.

In order to remove the ripples from the rectified DC output, the number of
commutator segments has increased. But there are also other methods to remove
the ripples from the waveform as below:

Increase the number of armature coils, increase the number of commutator
segments, use a filter capacitor across the output, use an inductor (choke) in series,
use electronic voltage regulation.

But in DC Generator we use number of commutator segments to remove the
ripples from the output waveform and to make the DC more efficient and smoother,

which is so costly and very difficult for maintenance [8].

5. DC Rectification System
Introduction

Modern telecommunication equipment such as BTS, microwave radios, routers,
switches, transmission systems, and optical equipment operate on —48 V DC
power. However, commercial utility power and diesel generators typically supply
230/400 V AC. Therefore, a DC Rectification System is installed between the AC
source and telecommunication equipment to convert AC power into regulated
DC power.

A conventional telecom DC power system converts AC power supplied by the
utility grid or a diesel generator into a regulated —48 V DC required by telecom
equipment. The system comprises an AC Distribution Board (ACDB), Surge Pro-
tection Device (SPD), rectifier modules, DC bus bar, battery bank, DC distribu-
tion unit, and a monitoring and control unit.

The ACDB distributes incoming AC power to the rectifier modules while
providing protection through circuit breakers and surge protection devices. The
SPD suppresses transient overvoltages caused by lightning and switching events,
improving system reliability.

The rectifier module is the core of the telecom power system. It converts the
incoming AC supply into regulated —48 V DC through an integrated architecture
consisting of an EMI filter, bridge rectifier, power factor correction (PFC) stage,
isolated DC/DC converter, and output filter. Multiple rectifier modules are gen-
erally connected in parallel to provide redundancy, load sharing, and modular ex-

pansion.
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The regulated DC output is delivered to a DC bus bar, which distributes power
simultaneously to the telecom load and the battery bank. During normal opera-
tion, the rectifiers supply the telecom equipment while maintaining the batteries
in a charged state. In the event of utility or generator interruption, the battery
bank automatically supports the DC bus, ensuring uninterrupted service until the
primary power source is restored. The DC distribution unit (DCDU) provides
protected distribution of the —48 V supply to individual telecom loads through
circuit breakers or fuses, while the monitoring and control unit supervises system
operation, battery status, alarms, and protection functions.

Although conventional telecom power systems provide reliable DC power,
they require separate AC generators, external rectifier cabinets, DC distribution
equipment, and associated interconnecting cables. The proposed hybrid generator
presented in this work integrates the AC generation stage with the rectification
and DC conversion functions into a single compact unit, thereby reducing instal-
lation complexity, equipment footprint, and overall system cost. Figure 7 shows

the parts of the DC rectification system used in Telecom network.

Typical Telecom DC Power System

. |
@ Acistribution Board (ACDB)

S Receives power from utility/g or and distri
it to rectifier modules with protection devices.

| =
Hybrid Energy e Surge Protection Device (SPD)

Utility Mains
Supply L Diesel Generator ] Systems Protects equipment from lightning and switching

surges by diverting excess voltage to earth,

' pre——

b 4 Corwerts AC (110/220 V) to regulated —48 V DC.
bution Board Rectifier Modules Includes EMI filter, bridge rectifier, PFC, DC/DC

(Rectifier Shelf) converter and output filter. Multiple modules operate
I " EE
Ml

in parallel for redundancy.
o o 3 o Battery Bank
Provides backup power during mains/generator failure.
Charged by rectifiers under normal operation.

L
AC Distri

o Surge Protection
Device (SPD) o DC Bus Bar

Common DC distribution point. Collects power from
rectifiers and batteries and supplies the telecom load.

Load Distribution Unit (DCDU)
Distributes -48 V DC to individual telecom loads
via DC MCBs/fuses.

@ Monitoring and Control Unit
Supervises system operation, battery status, alarms
and protection functions.

Key Features

o Regulated —48 V DC for telecom equipment
Q High reliability with battery backup

&= Alarms /
=t 4 Remaote Monitoring

0 Surge and overcurrent protection

@ Moadular and scalable architecturs

L 1 - . - < B Telam Loads Q Remote monitoring and control
ET ey | e (BTS, Microwave,
e Battery Bank e Load Distribution Unit o Monitoring and Transmission ete.) ; =

(DCDU) Control Unit

Figure 7. Parts of the DC rectification system.

6. Advantages of Brushless AC Generators as the Basis for
the Proposed Hybrid Generator

6.1. Simpler Construction

Brushless synchronous AC generators have a simpler mechanical construction
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than conventional DC generators because they eliminate the commutator and as-
sociated mechanical switching components. This simplifies manufacturing, im-

proves mechanical robustness, and reduces maintenance requirements.

6.2. Higher Reliability and Lower Maintenance

Unlike conventional DC generators, brushless AC generators do not rely on
brushes and commutators for power generation. Consequently, problems associ-
ated with brush wear, sparking, commutator maintenance, and periodic replace-
ment are eliminated, resulting in improved operational reliability and longer ser-

vice intervals.

6.3. Higher Efficiency

Brushless AC generators generally exhibit higher efficiency because mechanical
losses associated with brush friction and commutator contact resistance are elim-
inated. Their simple construction also contributes to improved thermal perfor-

mance and continuous operation under demanding conditions.

6.4. Wide Industrial Acceptance

Brushless AC generators are widely used in utility power generation, standby die-
sel generator sets, industrial plants, marine applications, renewable energy sys-
tems, and telecommunications because of their high reliability, mature technol-

ogy, and availability over a broad range of power ratings.

6.5. Suitability for Integration with Power Electronics

The three-phase AC output of brushless synchronous generators can be efficiently
converted into regulated DC using mature power electronic rectifier systems. This
characteristic makes brushless AC generators well suited for integration with em-
bedded rectification systems, as proposed in this research, while retaining the ca-

pability to supply conventional AC loads simultaneously.

6.6. Justification for the Proposed Hybrid Architecture

The proposed hybrid AC/DC generator adopts a conventional brushless AC gen-
erator as the primary electrical machine because it combines high efficiency, low
maintenance, proven field reliability, and compatibility with modern power elec-
tronic rectification systems. By integrating the rectification stage within the gen-
erator housing, the proposed architecture preserves these advantages while elim-
inating the need for both a mechanical commutator and a separate external tele-

communications rectifier cabinet.

6.7. Comparison of AC and DC Generators

AC generators offer numerous advantages over DC generators, including simpler
construction, lower maintenance requirements, higher efficiency, improved reli-

ability, reduced sparking, lower manufacturing costs, higher voltage capability,
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and greater flexibility. These advantages have made AC generators the dominant
technology in modern power generation systems and provide the foundation for
the development of advanced DC generation systems based on AC generator ar-

chitectures with integrated rectification capabilities.

7. Design for the Hybrid Proposed DC Generator

Explanation of the Proposed Next-Generation DC Generator with Built-in Recti-

fication System.

AC GENERATOR SECTION

STATOR
(3-Phase
Winding)

ROTOR
(Field Winding)

BEARINGS

SHAFT

AC GENERATOR WITH BUILT-IN RECTIFICATION SYSTEM
DUAL OUTPUT: Ac & DC INTERNAL BLOCK DIAGRAM

ROTOR AC GENERATOR
BUILT-IN RECTIFICATION SECTION OEERIRION  ISTAI0R -} BUILT-IN RECTIFICATION SYSTEM

DC OUTPUT
(-48v DC)

-] 3-PHASE |- DCBUS --. i

e capacitor | DC-0C || oureur OF3

FILTER CONVERTER FILTER

I -—id %
T

[ = ®-

EMI FILTER

RECTIFIER BRIDGE

DC-DC CONVERTER

OQUTRUT FILTER (-PHASEY 13 09—
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CONTROL & ~—— Power Path (AC)
FAN PROTECTION CIRCUIT Power Path (0C)
Control / Sense
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ACPOWER | DC POWER + Provides both AC (3-Phase) and DC (-48V) DG oUTRUT =481/ O, 2004 A}
outputs simultaneously. RATED POWER 20 kw
« High efficiency, compact, reliable. POWER FACTOR 0.8Lagging
* Reduced installation space and cost. EFFICIENCY > 92%
+ Suitable for telecom, industrial and PROTECTION OGP, OVP, OTP, SGP, UVP
renewable applications. OO0 FEmE
POWER FLOW DIAGRAM BUILT-IN RECTIFICATION MODULE (INSIDE VIEW) TERMINAL CONNECTIONS
AC OUTPUT
(3-PHASE LOADS) | — RECTIFIER AC QUTPUT
= - BRIDGE (3-PHASE)
& DC QUTPUT | CONVERTER
- (-48V DG LOADS)
PRIME MOVER dwur
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RECTIFICATION) | BATTERY BANK PROTECTION
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L1
— 0BCODC

APPLICATIONS

TELECOM SITES INDUSTRIAL
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BENEFITS NOTE
@ Eliminates external rectifier cabinet.
@ Reduces installation time and cost.
© Compact design and easy maintenance.
@ Provides both AC and DC power from same machine.
@ Improves system reliability.

AC and DC outputs are electrically
isolated from each other inside the
system for safety and reliability.

RAILWAY & METRO EV CHARGING REMOTE AREAS &
SYSTEMS STATIONS ‘OFF-GRID SYSTEMS

Figure 8. Proposed DC generator with built-in rectification system.

7.1. Proposed Generator Architecture

Figure 8 illustrates the proposed hybrid AC/DC generator, which integrates a ma-
ture telecommunications rectification system within the housing of a conven-
tional brushless synchronous AC generator. Unlike conventional telecommuni-
cation power systems that require a separate external rectifier cabinet, the pro-
posed design incorporates the rectification, filtering, voltage regulation, and pro-
tection stages inside the generator enclosure. Consequently, the generator is ca-
pable of supplying both three-phase AC power and regulated —48 V DC power
from a single compact unit while retaining the operating characteristics of a con-
ventional AC generator.

The generator consists of a brushless synchronous alternator, rotor, stator, ex-
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citation system, shaft, bearings, cooling fan, and an integrated rectification
module. The built-in rectification module comprises an EMI filter, three-phase
bridge rectifier, DC bus capacitor, DC-DC converter (when required), output
filter, and control and protection circuitry to provide stable DC output with

low ripple and high reliability.

7.2. Operating Principle

Mechanical power supplied by the prime mover rotates the generator rotor, pro-
ducing a rotating magnetic field. The rotating field induces a balanced three-phase
AC voltage in the stator windings according to the principle of electromagnetic
induction. One output is delivered directly as conventional AC power, while the
second output is internally routed to the integrated rectification module, where it
is converted into regulated —48 V DC for DC-powered equipment. The combined
AC and DC outputs must remain within the rated capacity of the generator.

7.3.Key Features

The proposed hybrid generator integrates a brushless synchronous alternator, em-
bedded AC/DC rectification, DC/DC conversion, and closed-loop voltage regula-
tion into a single compact unit. Compared with conventional telecom power sys-
tems, the proposed architecture simultaneously provides AC and regulated -55 V
DC outputs while eliminating the need for an external rectifier cabinet. This inte-
gration reduces equipment count, installation space, cabling, transportation re-
quirements, deployment time, and maintenance costs. The brushless generator
architecture further enhances operational reliability by minimizing mechanical
wear and simplifying field installation, making the system particularly suitable for

remote and mission-critical applications.

7.4. Applications

The proposed hybrid generator is applicable to installations requiring simulta-
neous AC and regulated DC power. Typical applications include telecommuni-
cations infrastructure such as base transceiver stations (BTS), microwave links,
and transmission sites, as well as emergency and disaster recovery communica-
tion systems, military and mobile communication units, Cell-on-Wheels (COW)
deployments, remote industrial facilities, and hybrid renewable-energy or off-
grid power systems. The integrated architecture is particularly advantageous in
locations where compactness, rapid deployment, and high system reliability are

essential [9].

8. Mathematical Comparison between Conventional DC
Generator and Proposed AC Generator with Built-In
Rectification System

Although both systems ultimately provide DC power to the load, the method of

generation is fundamentally different. Conventional DC Generator generates
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AC internally in the armature. Uses a mechanical commutator for rectification.
Output is pulsating DC. In order to remove the ripples from the output wave-
form, the number of commutator segments must be increased, which costs more
and makes the operation and maintenance more difficult. While the proposed
generator generates three-phase AC using a conventional alternator and uses
electronic rectification and DC-DC conversion process to produce regulated
and filtered DC output. While it can simultaneously provide AC and DC out-
puts.

Mathematic Comparison:

1) Conventional DC Generator Output

The generated EMF is:

_ POZN

E, = 2
¢ 60A @)

Where:

P = Number of poles;
@ = Flux per pole (Wb);
Z = Total conductors;
N = Speed (RPM);

A = Parallel paths.

The armature generates:
e(t)=E,sin(at)

However, the commutator mechanically rectifies this waveform.

Resulting output:

e (1) =|E, sin(a)t)|

This is a full-wave rectified waveform.
The average DC voltage becomes:
2E

VDC(avg) - =

T

Note: *(The proof for this equation is available at the end).

or

V... =0.637E,

DC(avg)

2) Ripple Factor

The ripple factor of a conventional DC generator is:

(3)
Where:
I =0.7071_, note: ** (The proof for this equation is given at the end).
l,, =0.6371 .
Substitute the values of Irms and Idc in Equation (3)
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For a full-wave rectified waveform:

r =0.482

This means approximately: 48.2%.

Ripples exist in the output, and it is pulsating output.

3) Proposed AC Generator with Built-in Rectification
The alternator produces three-phase AC.

Phase voltages:

V, =V, sin(at)
V,, =V, sin (ot -120°)
V, =V,,sin( ot -240°)

For a three-phase bridge rectifier:

Vpe =1.35V
Where:
VLL
is line-to-line AC voltage.
Example
For:
V. =400V
Then

Vpe =1.35x400

Vpe =540V

DC-DC Converter Stage
The converter regulates the DC voltage.

For telecom systems:

540vDC

is converted into

-48VDC
using:
V, = DxV, (4)

Where:
D =Duty cycle;
V., = Input DC voltage;

in

V, = Output voltage.

Output Ripple.
After filtering:
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V <1%

ripple
Typically:

Ve < 0.5V

ripple

for telecom applications. Which is nearly pure dc.

9. Voltage Regulation Comparison

Voltage regulation is given by:

Vi =V

VR = FL %100 (5)

FL

Where:

Vy. = No-load voltage;

Vg, = Full-load voltage.
Conventional DC Generator

Typically, the voltage regulation for the conventional DC generator is given below
VR =5%-15%
It is due to brush losses, armature reaction and commutation effects.

Proposed Generator

With electronic regulation:

VR < 2%

which is highly desirable for telecom equipment.

10. Efficiency Comparison

Conventional DC Generator:

Pout X 100
+ Pbrush +P

mech

Toc =

P

out

+P,+P

iron
Typical:
85% —90%
Proposed Generator:
Noverall = Maiternator ™ Mrectifier < Mconverter
Assuming:

= 95%1 nrectifier = 98%! nconverter = 96%

nalternator

Then:
=0.95%0.98%x0.96, 77,1 =89.4%

n overall

Modern designs can exceed 92% of overall efficiency [10] [11].

11. Simulation MATLAB/SIMULINK

Here is the Simulink model for the proposed generator in Figure 9.
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Figure 9. The Simulink diagram.

11.1. Measurement of Voltage Regulation

Output rectified voitage across variable load

X 0.0640128

Voltage V'

X 2.89407
Y -54.2238

15
Time t

Figure 10. Output rectified voltage across a variable resistor (100 Q to 10 Q).

Load Current (Variable Load)

X1

X 2.88836
Y 5.49751

¥ 5.45904
X 0.647028 =

Y 0.549999

Current |

X 2.99694
Y 2.70327

15

Time t

Figure 11. Output current waveform for the variable resistor (100 Q to 10 Q).
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Load Resistance vs Time

X 0.992746
¥ 100

Figure 12. Output waveform for the variable resistor (100 Q to 10 Q).

Figure 10 shows us the output rectifier voltage for the variable load. The load
resistance parameters are (step = 1, initial resistance = 100 (2, and Final resistance
=10 Q).

Figure 11 shows us the output rectifier current for the variable load.

Figure 12 shows us the output waveform for the variable load which changes
from 100 Q to 10 Q.

From Figure 10 graph:

* Initial regulated voltage (before load change): V, =-55.33V
* Final regulated voltage (after load change): V, =-54.2238 V

For DC telecom systems, we use the absolute values:

V,| =55.33 V
V,| =54.2238 V

Voltage Regulation Calculation
- JARA
Equation (5) => Voltage Regulation (%) = T %100
1
Substituting your values:

= wxmo = ﬂ><100 =1.999% < 2.00%
55.33 3

During the dynamic load test, the load resistance was changed from 100 Q to
10 Q at 1 s. The output voltage changed from —55.33 V to —54.22 V, corresponding
to a voltage regulation of 2.00%. This demonstrates that the PI-controlled DC-DC
converter maintained the output voltage close to the nominal —55 V under a ten-

fold increase in load current.

11.2. Load Current Analysis

The graph in Figure 11 illustrates the load current response of the proposed hy-
brid AC/DC generator under varying load conditions. As the load resistance de-
creases from 100 Q to 10 Q, the output current increases accordingly, while the

regulated output voltage remains nearly constant due to the action of the PI-con-
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trolled DC-DC converter. This demonstrates that the proposed system effectively

supplies the increased load demand without significant voltage deviation, con-

firming its capability to maintain stable operation under dynamic loading condi-

tions. The results validate the suitability of the proposed generator for telecom DC

power applications, where reliable current delivery and voltage stability are essen-

tial. Table 2 below shows the analysis.

Table 2. Load current analysis.

Load Voltage Current
100 O =59.02 V 0.59 A
50 O =58.90 V 1.L18 A
25Q =58.70 V 2.35A
10 Q =58.01V 5.80 A

11.3. Output Voltage Ripple

Output Voltage

X 1.00026
Y 54912

X 1.00088
Y -55.0641

s
&
2

Figure 13. Output voltage ripple analysis.

L]

Maximum voltage (peak): V,_, =-54.912V
Minimum voltage (valley): V_, =-55.0641V
Ripple (Peak-to-Peak)

Vripple( pp)

= Vo ~Vinia| = |-54.912 —(~55.0641)| = 0.1521 V

Output voltage ripple = 0.1521 V (152.1 mV peak-to-peak).
Ripple Percentage

Using the average output voltage of approximately 55V,
Ripple(%) = %XIOO =0.2765% < 1%

In Figure 13 we can clearly see the ripples in the output voltage waveform.

The transient response of the regulated DC output voltage following a load dis-
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turbance is shown in Figure 13. The maximum and minimum output voltages
were measured as —54.912 V and —55.0641 V, respectively, resulting in a peak-to-
peak voltage ripple of 0.1521 V. The corresponding ripple percentage is 0.277%,
which is well below the typical 1% requirement for telecom DC power systems.
The oscillations decay rapidly after the disturbance, confirming that the PI-con-
trolled DC-DC converter provides effective damping and maintains a stable reg-

ulated output voltage under dynamic load conditions.

11.4. Settling Time

Settling time is the time required for the output voltage to become stable again
after a load change causes a transient variation in the waveform. Refer to Figure
14 below.
Measured Results:
* Load step time: t, =1.0000s.
* Steady-state voltage before load change: V =-54.9999 V .
* Peak overshoot: V,, =-54.9120 V.
* Peak undershoot: V ;, =-55.0641V.
* Settled again at: t, =1.00664 s.

X 0.999968
¥ 54,9999
X 1.00006
¥ -55.0641

Figure 14. Settling time analysis.

Peak Overshoot
%0S — 54,9999 -54.9120 <100 = 0.16%
54,9999
Peak Overshoot = 0.16%
Peak Undershoot
%US — 55.0641—-54.9999 <100 = 0.12%

54.9999

Peak Undershoot = 0.12%
Settling Time

T, =1.00664 —1.00000, T, =0.00664 s, |T, =6.64 ms
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The transient performance of the proposed hybrid AC/DC generator was eval-
uated under a step load change from light load to heavy load. Prior to the disturb-
ance, the output voltage was regulated at —54.9999 V. Following the load transi-
tion, the output voltage exhibited a maximum overshoot of 0.0879 V (0.16%) and
a maximum undershoot of 0.0642 V (0.12%) before returning to its regulated op-
erating point. The output voltage settled within 6.64 ms, demonstrating a fast dy-
namic response and effective damping of transient oscillations by the PI-con-
trolled DC-DC converter. These results confirm the capability of the proposed
system to maintain stable output voltage under rapidly changing load conditions,

making it suitable for telecom DC power applications.

12. Thermal Management and Protection Design

Since the rectification stage is integrated within the generator housing, appropri-
ate thermal management and electrical protection are incorporated to ensure re-
liable operation. The rectifier, DC-DC converter (where applicable), and associ-
ated power electronic components are mounted on heat sinks located within the
airflow produced by the shaft-mounted cooling fan to dissipate semiconductor
losses. Electrical isolation is maintained between the AC generator, DC bus, and
generator frame using suitable insulation and recommended creepage and clear-
ance distances. The protection system includes overcurrent, short-circuit, over-
voltage, and overtemperature protection to safeguard both the generator and con-
nected loads. In addition, the rectification module is designed as a modular ser-
viceable assembly that can be inspected or replaced with minimal disassembly,
thereby simplifying maintenance and improving system availability. The detailed
thermal design, component selection, and protection coordination will be inves-

tigated during prototype development and experimental validation [12].

13. Comparative Summary

In Table 3 there is a comparison between both types of generators.

Table 3. Comparison between conventional DC generator and proposed generator.

Parameter Conventional DC Generator Proposed Generator
Internal Generation AC 3-Phase AC
Rectification Mechanical Commutator Electronic Rectifier
1.35V1L (three-phase bridge rectifier
DC Output Equation 0.637 Em (single-phase full-wave rectified armature EMF) u ( P &

Ripple Factor***

Voltage Regulation
Maintenance

Brushes

from RMS line-line voltage)

48.2%, Depending on armature design, number of coils, <1%, (predicted with the proposed
commutator segments, and filtering (48.2% for the ideal LC-filtered rectifier under the stated
single-coil full-wave rectified case derived in Section 9) design assumptions)
5% - 15% <2%
High Low
Required Not Required
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Continued
Commutator Required Not Required
AC Output Available No Yes
DC Output Available Yes Yes
Output Power Ppc Pac + Poc
Telecom Suitability Moderate Excellent

***The two equations are presented to describe the respective voltage-generation mechanisms of the two architectures. Because they

are referenced to different electrical quantities (single-phase peak EMF versus three-phase RMS line-to-line voltage), they should

not be interpreted as directly comparable numerical values.

14. Conclusion

Refer to Table 3, The analytical comparison presented in this section uses the ideal
single-coil full-wave-rectified waveform as a reference for illustrating the operat-
ing principle of a conventional DC generator. In practical DC generators, the out-
put ripple depends on the number of armature coils, the number of commutator
segments, machine geometry, rotational speed, load conditions, and any addi-
tional filtering. Consequently, the analytical ripple factor of 48.2% derived in Sec-
tion 9 represents only the ideal reference waveform and should not be interpreted
as the ripple level of all practical DC generators.
Proof of the formulae:

*For a full-wave rectified sine wave, it is easier to integrate over half a cycle:

17 .
Voc(ae) = ;jEm singdé
0
where
0=ot
Take E, outside the integral:
E.T.
Voc(ag) = 7J'sm 0do
0
The integral of sing is:
—cosd
Therefore:
E, -
VDC(avg) = 7[_ cos 9]0

Substituting limits:
E
=—"[-cosz +cos0]
Vs
Since:

cosr=-1

and
cos0=1
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then:

Thus:

VDC(avg) - 7

**RMS Value of Full-Wave Rectified Wave
The RMS value is
2

e = imsinzede
2z

. . .1
Since the average value of sin’0 over one cycle is: >

we get:
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