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Abstract - Synchronous alternators form the critical foundation of modern power generation infrastructure across
industrial, marine, utility, and mission-critical applications. This technical review examines WEG synchronous
alternators from both engineering and operational perspectives, demonstrating how design innovations translate
directly into reliability, lifecycle value, and customer satisfaction. The paper synthesizes WEG's electromagnetic
design philosophy, brushless excitation technologies, advanced insulation systems, and integrated monitoring
capabilities within a commercial context. By exploring the engineering behind the components, this review
addresses the real-world needs of power generation professionals, project engineers, and facility managers who

require resilient and efficient energy solutions in an increasingly complex electrical landscape.
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1 Introduction

Founded in 1961, WEG has established itself as one
of the world's largest manufacturers of synchronous
alternators and electric motors, built upon a culture
of continuous R&D and manufacturing excellence.
With a global presence and an installed base
exceeding hundreds of thousands of machines, the
company provides power generation solutions for
diverse sectors, including oil and gas, mining,
healthcare, and high-availability data centers. The
alternator portfolio is highly versatile, spanning from
7.5 kVA to 25,000 kVA.

This vast range is categorized into modular product
families designed for specific operational profiles.
The AW10, G Plus and AG10 lines serve as the
workhorse for low-voltage commercial, industrial
standby or prime power. Both lines are also
engineered for harsh marine environments and
heavy industrial duties, and AG10 featuring cast-iron
frames for superior vibration damping and corrosion
resistance. Finally, the AN10 series targets utility-
scale applications up to 15 kV. Specialized series
are also engineered for unique environments like
offshore platforms and naval propulsion, ensuring
that WEG can meet or exceed strict global
regulatory standards such as NEMA, ATEX, CSA,
and various maritime certifications (Lloyd's, ABS,
DNV, BV, RINA, etc.). This global compliance
facilitates easier project integration for EPC firms
working on international sites.

2  Electromagnetic Design and Winding
Innovation

The sizing methodology for WEG alternators
accounts for the volatile nature of modern electrical
loads, including continuous full load operation,
transient surges from motor starting, and non-linear
load profiles. Engineers utilize advanced finite-
element analysis (FEA) and thermal modeling to
optimize magnetic circuits, ensuring that flux
densities remain within limits even under overload.
A cornerstone of WEG's electromagnetic strategy is
the stator core construction, which uses precision-
laminated, low-loss silicon steel. By exploiting
lamination skewing—where the stacks are slightly
angled relative to the shaft—the design effectively
eliminates tooth-induced harmonics, resulting in a
cleaner output voltage.

A critical distinction in WEG’s low-voltage
alternators is the use of a 2/3 and 5/6 pitch
configuration. In traditional full-pitch windings, the
geometry inherently generates triplen harmonics,
which are zero-sequence components that sum on
the neutral conductor, leading to neutral overheating
and interference. The 2/3 pitch design cancels these
components at the source through geometric phase
shifts. This suppression is vital for reducing
common-mode voltage (CMV), which protects
connected motor windings and bearing insulation
from capacitive stress currents that can lead to
premature failure. Consequently, these machines
achieve a Total Harmonic Distortion (THD) of less
than 3% under rated load, far exceeding
international standards. WEG uses 2/3 pitch from
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below 1000 kVA while a 5/6 pitch remains to above
1000 kVA being flexible to manufacture each one
according to customer requirements. The 2/3 pitch
provides superior system integration benefits,
particularly in facilities utilizing variable-frequency
drives (VFDs) where power quality is paramount.
Furthermore, the rotor architecture employs a
salient-pole design with a robust damper cage
constructed from copper or aluminum bars
embedded in each pole shoe. This cage is essential
for synchronization stability, acting as a "shock
absorber" for the magnetic field; it suppresses rotor
oscillations during sudden load steps and dissipates
high-frequency disturbances. These rotors can be
built to withstand 25% overspeed conditions for two
minutes without mechanical compromise and are
validated against rigorous short-circuit scenarios to
ensure long-term mechanical and electromagnetic
robustness.

3  Advanced Insulation and Impregnation
Systems

The longevity of an alternator is often determined by
the quality of its insulation. WEG standardizes the
use of Class H insulation materials (rated for 180°C)
but designs the machines for a Class F temperature
rise (155°C). This thermal margin is a strategic
engineering choice: it extends the insulation life
exponentially—potentially doubling it—and provides
a critical safety buffer against high ambient
temperatures, blocked cooling filters, or temporary
load spikes.

The integrity of this system depends on the Vacuum
Pressure Impregnation (VPI) process used for the
main stator. Unlike traditional "dip and bake"
methods, VPI uses a vacuum to draw out all air and
moisture from the winding gaps before forcing resin
in under high pressure. This ensures a void-free,
monolithic structure that eliminates initiation sites for
partial discharge—a primary failure mode in medium
and high-voltage machines where voltage stress
can "leak" through air pockets.

The resulting structure is highly resistant to
moisture, salt fog, and aggressive chemical
contaminants, which is essential for offshore or
coastal industrial sites. Beyond chemical resistance,
the resin-impregnated windings offer superior
mechanical robustness, preventing individual
conductors from vibrating against each other under
the influence of transient electromagnetic forces.
Modern epoxy resins also provide enhanced
thermal conductivity, allowing heat to flow more
efficiently from the copper conductors to the steel
core and the cooling air, further reducing internal hot
spots and thermal degradation.
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4 Brushless Excitation and Voltage
Regulation
WEG alternators utilize brushless excitation
technology to ensure maintenance-free operation
and high reliability. By eliminating brushes and
commutators, the risk of sparking is removed, and
the maintenance burden of brush replacement and
carbon dust cleaning is eliminated. The system
typically consists of a main exciter stator, a rotating
armature, and a three-phase diode bridge rectifier
assembly. To ensure reliable self-excitation and
"black start" capability after extended shutdowns,
embedded permanent magnets are utilized to
provide initial voltage build-up without the need for
external battery power.
WEG offers three primary excitation configurations
to balance performance and cost requirements.
Shunt excitation is the most economical, drawing
power directly from the main terminals; however, it
can be susceptible to voltage distortion from non-
linear loads. If voltage distortions are a concern to
the customer, WEG developed the patented
auxiliary winding (i-PMG®) system, standard on the
G Plus and AG10 lines. This system uses a separate
winding embedded in the stator slots to provide a
clean, isolated power source to the Automatic
Voltage Regulator (AVR). This allows the alternator
to maintain a 300% short-circuit current capability for
10 seconds—critical characteristic for tripping
protection breakers and starting large motors under
heavy load. This performance matches that of an
external Permanent Magnet Generator (PMG) but
avoids the added shaft length and mechanical
complexity.
The control hub is the Automatic Voltage Regulator
(AVR), which modulates the exciter field to maintain
a stable output. WEG provides both analog
regulators and advanced digital AVRs for complex
power systems. Digital units offer sophisticated
features such as remote monitoring, power factor
control for paralleling with the utility grid, and
predictive maintenance alerts. By analyzing trends
in field current and voltage, digital AVRs can signal
an alarm before a component reaches a critical
failure point, significantly enhancing site uptime.

5 Mechanical Engineering and
Environmental Adaptation

The mechanical integrity of WEG alternators begins
with a solid, single-piece shaft design that avoids
keyed connections which can become points of
fatigue or loosening over decades of service. Every
rotor undergoes dynamic balancing, ensuring that
vibration levels are kept exceptionally low. Low
vibration is not just a matter of noise; it directly
correlates to the longevity of the bearing system and
the structural integrity of the entire generator set.



Bearing selection is meticulously tailored to the
application. Sealed rolling bearings are standard for
smaller units, offering a maintenance-free service
life of approximately 20,000 hours. For larger,
continuous-duty machines, split-shell  sleeve
bearings are utilized. These allow for in-situ
inspection and maintenance without removing the
alternator from its mounting. These bearings can be
enhanced with forced oil circulation or hydrostatic
jacking systems.

Cooling architecture, classified under IEC 60034-6,
is equally specialized. The standard open air-cooling
method is efficient for clean indoor environments.
For more challenging sites, remote ducting or air-to-
air heat exchangers protect the internals from dust.
In the most extreme marine or offshore
environments, air-to-water heat exchangers are
used. These feature corrosion-resistant cupronickel
(90/10) tubes and closed-loop internal airflow. This
design prevents salt-laden or corrosive outside air
from ever touching the windings, ensuring that the
machine remains clean and dry even in the middle
of the ocean.

6 Vertical Integration and Manufacturing
Quality Assurance

A profound competitive advantage for WEG is its
high degree of vertical integration. Unlike many
competitors who assemble third-party components,
WEG manufactures almost every critical element in-
house, from the raw copper wire and insulating
varnishes to the silicon-steel laminations and
structural castings. This control over the entire
supply chain ensures that quality standards are
consistent across all production batches and allows
for rapid customization to meet specific project
demands. For example, if a project requires a
custom wire gauge or a specific varnish formulation
for a chemical plant, WEG’s integrated R&D can
implement these changes seamlessly.

Quality assurance is reinforced by comprehensive
acceptance testing per ISO 9001 and IEC 60034.
Every machine undergoes static tests (insulation
resistance, winding continuity) and dynamic tests
(temperature rise, efficiency measurements, and
harmonic analysis). These tests ensure that the
THD remains below 3% and that the machine meets
its efficiency targets. Every alternator is delivered
with a unique Factory Test Report (FTR). This
document serves as a "birth certificate" for the
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machine, providing baseline data that is invaluable
for future maintenance trending and insurance
documentation.

7 Lifecycle Economics and Power Quality
Implications

The total cost of ownership for a WEG alternator is
optimized through technical choices that prioritize
long-term durability over the lowest initial purchase
price. The combination of Class H insulation and the
2/3 winding pitch significantly reduces the possibility
of costly rewinds and minimizes "hidden" costs,
such as damage to connected VFDs or motors
caused by poor waveform quality.

Operational asset management is supported by
detailed, data-driven maintenance schedules. WEG
recommends frequent insulation resistance tests
(megohm tests) and semi-annual vibration analysis
to detect early signs of bearing wear or rotor
imbalance. For machines in long-term storage or
standby duty, the use of anti-condensation heaters
is mandatory to maintain winding dryness. By
integrating sensors like PT-100 RTDs directly into
the stator and bearings, WEG enables a transition
from "reactive" to "predictive" maintenance. Facility
managers can monitor temperature trends in real-
time; a gradual rise in bearing temperature may
indicate a lubrication issue, allowing for a planned
intervention before a failure occurs.

8 Conclusion

WEG synchronous alternators represent a mature
and highly engineered platform that balances
technical sophistication with operational
pragmatism. Key differentiators—such as high
vertical integration and the patented i-PMG®
excitation system—translate directly into tangible
value for the end-user. These machines offer the
reliability required for mission-critical facilities like
hospitals and data centers, the flexibility needed for
diverse global environments, and the asset longevity
that minimizes the total lifecycle cost. For project
engineers and procurement specialists, WEG
delivers a combination of engineering excellence,
manufacturing consistency, and global technical
support that ensures operational success and a
resilient power generation infrastructure for years to
come.



