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The landscape of industrial electromobility and power generation is anchored by the historical legacy and
continuous innovation of ASEA (Allmé&nna Svenska Elektriska Aktiebolaget) and its successor, ABB (Asea Brown
Boveri). For over a century, the engineering principles governing induction motors have evolved from basic
mechanical rotation to sophisticated, digitally integrated systems. This guide provides an exhaustive technical
analysis of low-voltage (LV) and high-voltage (HV) induction motors, focusing on the architectural standards set by
the ABB technical catalogues, the integration of Variable Frequency Drives (VFDs) such as the ACS880, and
the troubleshooting of complex communication interfaces like the FENA-21 and S7-300 PLCs.

1.The Historical and Technical Foundation of ASEA and ABB

ASEA's early contributions to electrical engineering established the groundwork for modern power transmission
and motor design. Upon merging with Brown Boveri in 1988, the resulting entity, ABB, standardized the global
production of induction motors. The core of these machines relies on the principle of electromagnetic induction,
where a rotating magnetic field in the stator induces a current in the rotor, producing torque. Understanding the
historical context of the Asea Brown Boveri Pocket Book is essential for engineers who maintain legacy systems
while transitioning to modern IE3 and IE4 efficiency standards.

The Evolution of Motor Standards

Historically, ASEA motors were known for their ruggedness in harsh Scandinavian environments. Today, ABB
maintains this through the IEC and NEMA frameworks. The transition from legacy ASEA tachogenerator-based
speed control to modern encoderless and fieldbus-controlled systems represents a significant leap in industrial
automation. Modern catalogues, such as the ABB High Voltage Induction Motors technical catalogue,
emphasize modularity, allowing for custom cooling configurations (AXR rib-cooled vs. AMI modular) while
maintaining a standardized frame.

2. Technical Classification: LV vs. HV Induction Motors

Induction motors are broadly categorized by their voltage ratings and cooling mechanisms. This classification
determines their application in industries ranging from water treatment to heavy mining.

Low Voltage (LV) Induction Motors

ABB'’s IEC Low Voltage Induction Motorstypically operate at 400V 50Hz, covering a power range from 0.09 kW
to 1000 kW. These are categorized into:

* Process Performance Motors: Designed for heavy-duty environments requiring high reliability and monitoring.

¢ General Purpose Motors: Optimized for standard applications with a focus on cost-effectiveness and stock
availability.

* Flame Proof Motors: Specialized units (ATEX/IECEX certified) designed for hazardous environments where
explosive gases or dust are present.



High Voltage (HV) Engineered Motors

HV motors, such as the AMI and AXR series, operate at voltages from 2 kV up to 13.8 kV. The AXR Rib Cooled
series is specifically engineered for high power density and optimized cooling, while the AMI Modularseries allows
for flexibility in enclosure and cooling types (e.g., air-to-air, air-to-water heat exchangers).



Feature Low Voltage (LV) Motors High Voltage (HV) Motors

Voltage Range &lt; 1000 V (Commonly 400V/690V) 2 kV to 15 kv

Power Output Up to 1000 kW Up to 70 MW

Cooling Method IC411 (Self-ventilated) IC611, IC81W, ICO1

Standards IEC 60034, NEMA MG1 IEC 60034-1, API 541/547

Typical Applications Pumps, Fans, Compressors Large Grinding Mills, Main Oil Line
Pumps

3.Theoretical Framework: Physics and Mathematical Modeling

The performance of an induction motor is governed by several critical variables: synchronous speed, slip, and
torque. The synchronous speed ($n_s9$) is determined by the frequency ($f$) and the number of poles ($P$):

$n_s = (120 \times f) / P$

The actual speed ($n$) is always lower than the synchronous speed due to slip ($s$), which is necessary to
induce current in the rotor:

$s=(n_s-n)/n_s$

Torque Production and Efficiency

The torque produced by the motor is proportional to the product of the air-gap flux and the rotor current. Modern
ABB motors are designed to minimize I2R losses (resistive losses) and core losses (hysteresis and eddy current).
For IE4 Super Premium Efficiency, the material selection for the laminations and the precision of the rotor-stator
air gap are critical engineering constraints.

4.Variable Frequency Drive (VFD) Integration: The ACS880 and FENA-21

In modern industrial setups, the motor is rarely connected directly to the line (Direct-on-Line, DOL). Instead, VFDs
like the ABB ACS880 are used to control speed and torque with high precision. However, integrating these drives
into a wider automation network (e.g., using Siemens S7-300 PLCs and TIA Portal) introduces complex
communication challenges.

The Role of the FENA-21 Fieldbus Adapter

The FENA-21 is a high-performance Ethernet adapter supporting PROFINET 10, EtherNet/IP, and Modbus/TCP.
When integrating an ACS880 drive with an S7-300 PLC using Function Block FB500, several technical hurdles
often arise.

Troubleshooting Case Study: Speed Reference Transfer Issues

A common issue cited in technical forums involves the failure to transfer the speed reference from the PLC to the
VFED. Even when the communication status indicates "Active," the motor may remain at zero speed or revert to local
control.

¢ Check Jumper Settings: In older ASEA/ABB control units, physical jumpers were used to match the



tachogenerator voltage to the control level. In modern ACS880 drives, this is handled via Parameter Group 19
(Operation Mode) and Group 22 (Speed Reference Selection).

¢ Control Word Logic: The PLC must send a specific bit sequence (STW1) to enable the drive. If the "Remote"
bit is not high, the drive will ignore the speed reference provided by the PROFINET telegram.

e Mapping in TIA Portal: The hardware identifier in the FB500 must match the GSDML configuration of the
FENA-21 exactly. Discrepancies in the input/output addresses will lead to 0-values in the process data (PZD).

5. Specialized Motor Types and Enclosures

Engineers must select motors based on the environmental conditions specified in the ABB Product Catalogues.

Flame Proof (Ex d) Motors

As detailed in the ABB Flame Proof motors catalogue, these units are designed to contain any internal explosion
and prevent it from igniting the external atmosphere. The flame paths (joints between the frame and end shields)
are machined to extremely tight tolerances.

NEMA vs. IEC Designs

While IEC standards are dominant in Europe and Asia, the Baldor-ABB acquisition has integrated NEMA
standards for the North American market. Key differences include:

¢ Mounting: NEMA uses "Foot-mount" standards (e.g., 56, 145T) while IEC uses frame sizes based on shaft
height (e.g., 90S, 132M).
« Protection: NEMA focuses on TEFC (Totally Enclosed Fan Cooled) while IEC uses IP codes (e.g., IP55, IP66).

6. Maintenance and Reliability Engineering

To maximize the lifecycle of an ABB motor, maintenance protocols must be strictly followed, focusing on lubrication,
insulation resistance (Megger testing), and vibration analysis.

Tachogenerator to Digital Encoder Migration

Legacy systems often utilized tachogenerators for speed feedback. As these mechanical components wear out,
they are being replaced with digital incremental or absolute encoders. The transition requires re-scaling the
feedback gain in the drive's control loop. For instance, in ABB ACS880 drives, the encoder interface module (FEN-
xX) must be configured in Group 91 to ensure the feedback pulses match the expected motor RPM.

Advanced Diagnostic Tools

ABB offers Smart Sensors that can be attached to the motor frame. These sensors monitor vibration, temperature,
and magnetic flux, transmitting data via Bluetooth to a cloud platform. This allows for Predictive Maintenance,
identifying bearing failures or stator winding issues before they result in catastrophic downtime.

7. Implementation Guide: Commissioning an ACS880 with an S7-300 PLC

Following a systematic procedure is essential for successful commissioning in an industrial environment using
PROFINET communication.

1. Hardware Configuration: Install the FENA-21 in the ACS880. Connect the Ethernet cable to the S7-300 PN
interface.

2. GSDML Installation: Import the ABB GSDML file into TIA Portal. Add the drive to the PROFINET IO system.

3. Drive Parameterization:Set Parameter 50.01 (FBA A Enable) to "Enable".

4. Set Parameter 50.02 (Comm Loss Function) to "Fault” for safety.



5. Set Parameter 22.11 (Speed Refl Source) to "FBA A refl".

8. Conclusion and Future Outlook

The technical synergy between ASEA's historical engineering excellence and ABB's modern digital solutions has
created a robust ecosystem for industrial motion. From the mechanical robustness of High Voltage AXR motors to
the complex communication protocols of the ACS880, the key to operational efficiency lies in deep technical
knowledge and precise configuration. As Industry 4.0 matures, the integration of Low Voltage motorswith  cloud-
based analytics will further optimize energy consumption and reduce the global carbon footprint of industrial
processes. Engineers must remain adept at both the fundamental physics of induction and the evolving landscape
of industrial automation to maintain competitive advantage in this sector.
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