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Abstract: Asynchronous motors, commonly known as induction motors, are critical
components in modern industrial applications due to their simplicity, robustness, and efficiency.
This article provides an in-depth exploration of asynchronous motors, their types, operational
principles, and the innovative application of regenerative braking. Regenerative braking in
asynchronous motors offers significant energy savings and efficiency improvements, particularly
in electric vehicles and industrial systems. This process converts the kinetic energy of a system
back into electrical energy during braking, which can then be fed back into the power supply or
stored. This article discusses the mechanics of regenerative braking, its benefits, and the role of
variable frequency drives (VFDs) in controlling this process.
Keywords: Asynchronous Motors, Induction Motors, Frequency Converters, Variable
Frequency Drives (VFDs), Inverters

YACTOTHOE YIIPABJIEHUE MEXATPOHHBIMU MOAYJIbHBIMHU
IMPUBOJAMU
AHHOTAUMSAA: ACHHXPOHHbBIE JIBUTaTE€NM, IIUPOKO M3BECTHbIE KaK ACHHXPOHHBIE
JBUTATENM, SBISIOTCS  BAOXHEUIIMMH  KOMIIOHEHTAMH COBPEMEHHBIX  IMPOMBIIIICHHBIX
NpUMEHEHUN Onarofaps CBOEHW IpocToTe, HaaexHocTH U 3pdexTuBHOCTU. B 3TO0il craThe
MIPEJICTABICHO YIIIyOJIEHHOE UCCIIEJOBAaHUE ACMHXPOHHBIX IBUTaTeleH, UX TUIOB, MPUHIIUIIOB
paboThl ¥ HHHOBAIIMOHHOTO NPUMEHEHHUS PEKYNEepaTHBHOIO TOpPMOKEHUs. PerenepartuBHOE
TOPMOXKEHHE B ACMHXPOHHBIX JBUraTeNsX 00ECHeunBaeT 3HAYUTEIbHYI0 SKOHOMHIO SHEPTHH U
noBbIIIeHNE YPPEKTUBHOCTH, OCOOEHHO B JIEKTPOMOOMIIAX U MPOMBIIIICHHBIX CUCTEMaX. JTOT
npoliecc npeodpazyeT KUHETHUECKYI0 YHEPTHUI0 CUCTEMbI OOPATHO B 3JIEKTPUUECKYIO SHEPTHIO BO
BpeMsl TOPMOXEHHs, KOTOPYIO 3aTeM MOKHO Iepelarb OOpaTHO B MCTOYHMK HHUTAaHUS MU
coxpaHMTb. B 3Toil craThe 0O0CyXJaercs MeXaHHKa pPEKyINepaTUBHOTO TOPMOXKEHUS, €ro
IpeuMyIIecTBa U poiib npeodpaszosareneii yactorsl (UPII) B ynpaBineHu# 3TUM IPOLIECCOM.
KuaroueBble  cjioBa:  aCUHXpPOHHbBIE  JIBUTaTelld,  ACHHXPOHHBIE  JIBUTaTelH,
npeoOpazoBaTey YacTOThl, YACTOTHO-peryaupyemseie puBo bl (UPII), maBepTOpSHI.

INTRODUCTION
Asynchronous motors, or induction motors, are a type of alternating current (AC) electric
motor where the electric current in the rotor needed to produce torque is obtained by
electromagnetic induction from the magnetic field of the stator winding. Unlike synchronous
motors, asynchronous motors do not require an external commutator or electrical connections to
the rotor, which simplifies their design and enhances their reliability.
Types of Asynchronous Motors. There are two primary types of rotors used in
asynchronous motors:
® Squirrel-Cage Rotor: A squirrel-cage rotor is the rotating part of the common
squirrel-cage induction motor (see pic.1). This is the most common type due to its simplicity
and robustness. It consists of a cylinder of steel laminations, with aluminum or copper
conductors embedded in its surface.
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Pic. 1 - Squirrel-Cage Rotor
® Wound Rotor: This type has windings on the rotor that are connected to external
resistances via slip rings (see pic.2), allowing for better control of the motor's speed and torque
characteristics.

Slip Rings Wound Rotor
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Pic. 2 - Wound Rotor

Operational Principles. The operation of an asynchronous motor is based on the principle
that when a three-phase voltage is applied to the stator winding, it creates a rotating magnetic field.

This field induces an electromotive force (EMF) in the rotor, causing current to flow if the rotor
circuit is closed. The interaction between the magnetic fields of the stator and the rotor creates a
torque that makes the rotor turn.

The speed of the rotor (n) in an asynchronous motor is not equal to the speed of the rotating
magnetic field (ns). The difference between these speeds is called slip (s), which is necessary for
torque production. The slip is usually expressed as a percentage and is given by the formula [1]:

S=="1x100% [1]
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Applications and Speed Control. Asynchronous motors are widely used in industrial
drives, fans, pumps, and compressors. Traditionally used for constant-speed service, they are
increasingly utilized in variable-speed applications with the help of VFDs. VFDs allow for precise
speed control by adjusting the frequency and voltage supplied to the motor, making them suitable
for applications where speed variation is necessary for process control or energy savings.

Regenerative Braking in Asynchronous Motors. Regenerative braking is a process
where the motor operates as a generator during braking, converting the kinetic energy of the system
back into electrical energy. This energy can be fed back into the power supply or stored for later
use.

Mechanics of Regenerative Braking.

Speed Exceeds Synchronous Speed: For regenerative braking to occur, the motor’s speed
must exceed the synchronous speed of the stator’s rotating magnetic field. This can happen when
the load drives the motor, such as when a vehicle is going downhill.
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Motor Acts as Generator: Once the rotor speed surpasses the synchronous speed, the slip
becomes negative, and the motor starts to act as a generator. The direction of power flow reverses
from the rotor to the stator.

Energy Recovery: The electrical energy generated by the motor (now acting as a generator)
is sent back to the power grid or stored in a battery or capacitor bank. This process is efficient and
can lead to significant energy savings.

Control by Variable Frequency Drives. VEDs or inverters are typically used to control
the regenerative braking process. They adjust the frequency and voltage supplied to the motor to
manage the braking force and the amount of energy recovered. VFDs enable precise control,
enhancing the efficiency and effectiveness of regenerative braking.

Benefits of Regenerative Braking. Regenerative braking is particularly beneficial in
electric vehicles and hybrid systems, where it can significantly improve energy efficiency and
extend the range of the vehicle. It also reduces wear on mechanical braking components, leading
to lower maintenance costs. Additionally, it contributes to energy savings in industrial applications
by converting excess kinetic energy back into usable electrical energy.

CONCLUSION

In conclusion, let us have a look at some points about the frequency control of mechatron
modular drives:

® asynchronous motors and regenerative braking represent pivotal advancements in
electrical engineering, with profound implications for industrial and transportation sectors.
The versatility and efficiency of asynchronous motors make them indispensable in a wide
range of applications, from industrial machinery to HVAC systems. The integration of
regenerative braking not only enhances the energy efficiency of these motors but also
contributes to sustainability efforts by converting kinetic energy into usable electrical power.

® The adoption of variable frequency drives (VFDs) further enhances the
performance and control of asynchronous motors, allowing for precise speed regulation and
energy optimization. In the context of electric vehicles, regenerative braking offers significant
benefits, including extended range, reduced emissions, and lower operating costs.

® Ongoing research and development efforts are poised to unlock new possibilities in
asynchronous motor technology and regenerative braking systems. Innovations in materials,
design, and control algorithms promise to further improve efficiency, reliability, and
sustainability, driving continued progress towards a greener and more efficient future.

® Asynchronous motors and regenerative braking stand as testament to the ingenuity
and innovation of the engineering community, offering solutions to pressing challenges in
energy efficiency, environmental sustainability, and industrial automation. By harnessing the
power of electromagnetism and advanced control systems, these technologies pave the way
for a brighter, more sustainable tomorrow.
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Review on Regenerative Braking System” - This article provides an in-depth review of

regenerative braking systems, particularly in the context of smart electric and hybrid
vehicles
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