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Variable Frequency Drives (VFDs), also known as Variable Speed Drives (VSDs), represent a cornerstone of
modern industrial automation and energy management. Within this sector, the Invertek Optidriverange has
established itself as a benchmark for reliability, versatility, and technical sophistication. This article provides an
exhaustive analysis of the Optidrive ecosystem, covering technical specifications, engineering principles, and
practical application strategies for industrial professionals.

1. Introduction to Variable Frequency Drive Technology

At its core, a VFD is a power electronic device used to control the speed and torque of an AC induction or
permanent magnet motor by varying the frequency and voltage of the power supplied. The Invertek Optidrive
series addresses the critical need for precise motor control in diverse environments, ranging from simple HVAC
fans to complex solar-powered irrigation systems. The primary drivers for implementing this technology include
significant energy savings, reduced mechanical wear, and enhanced process control.

The Evolution of the Optidrive Range

The transition from traditional across-the-line starters to the advanced Optidrive P2 and E3 series reflects the
industry's shift toward digitalization. Modern drives are no longer simple power converters; they are intelligent
controllers equipped with sophisticated algorithms for motor modeling, Safe Torque Off (STO) capabilities, and
integrated PLC functionality. This evolution allows for a more granular approach to machine design, where the drive
acts as the central nervous system of the motor-driven application.

2. Technical Architecture and Core Mechanics

Understanding the internal mechanics of an Optidrive is essential for proper selection and commissioning. The
drive operates through a three-stage power conversion process:

1. Rectifier Stage: Converts incoming AC voltage (single or three-phase) into a fluctuating DC voltage using a
diode bridge.

2. DC Bus (Intermediate Circuit): Utilizes high-capacity capacitors to smooth the rectified DC voltage and store
energy.

3. Inverter Stage: Employs Insulated Gate Bipolar Transistors (IGBTSs) to convert the DC back into a Pulse
Width Modulated (PWM) AC output at the desired frequency.
Mathematical Foundation of Motor Control

The relationship between frequency and motor speed is governed by the fundamental synchronous speed formula:
N=(120xf)/P
Where:N = Synchronous speed (RPM)f = Supply frequency (Hz)P = Number of motor poles

By modulating the frequency (f), the Optidrive accurately controls the motor speed (N). However, to maintain



constant torque, the drive must also maintain a constant Voltage-to-Frequency (V/Hz)ratio. If the frequency
decreases without a proportional decrease in voltage, the motor's magnetic circuit would saturate, leading to
excessive current and potential damage. The Optidrive’s internal logic manages this ratio dynamically, ensuring
optimal flux throughout the speed range.

3. Product Spectrum Analysis: E3, P2, and Specialized Variants

Invertek provides a tiered product structure designed to match specific application complexities.

Optidrive E3: General Purpose Excellence

The Optidrive E3is engineered for simplicity and ease of use. Targeting 1.5kW to 3kW 200V single-phase
applications (and higher), it focuses on essential features for fans, pumps, and simple conveyors. Key features
include:

« Internal Category C1 EMC Filter: Reduces electromagnetic interference without external components.
¢ Sensorless Vector Control: Provides high starting torque even at low speeds.
* |IP66 Enclosure Options: Ideal for washdown environments in food and beverage industries.

Optidrive P2: High-Performance Industrial Control

For applications requiring high torque and precision, the Optidrive P2 is the preferred choice. It supports advanced
motor types, including Permanent Magnet (PM) motors and Brushless DC (BLDC) motors. It features Safe Torque
Off (STO) as standard, ensuring functional safety in line with international standards (SIL2/PLd).

Specialized Solutions: CoolVert and Solar Pump Drives

The Optidrive CoolVert is specifically optimized for BLDC compressors in refrigeration, while the Optidrive Solar
Pump drive utilizes Maximum Power Point Tracking (MPPT)algorithms to maximize water delivery from PV
arrays. The Solar variant is unique in its ability to manage the fluctuating DC input from solar panels while providing
stable three-phase AC to a standard pump motor.

4. Comparison Matrix: Optidrive E3 vs. Optidrive P2

Selecting the correct drive requires a side-by-side evaluation of capabilities. The following table highlights the
primary differences between the entry-level and high-performance ranges.



Feature Optidrive E3 Optidrive P2

Power Range Up to 37kW Up to 250kW

Control Modes V/Hz, Sensorless Vector (IM) V/Hz, Vector, PM, BLDC, SynRM
Safety Features Standard protection Safe Torque Off (STO) Built-in
PLC Functionality Basic logic User-programmable PLC
Overload Capability 150% for 60s 150% for 60s / 200% for 4s
Communication Modbus RTU, CANopen Modbus RTU, CANopen, Optional

Profibus, Ethernet

IP Ratings IP20, IP66 IP20, IP55, IP66

5. Electromagnetic Compatibility (EMC) and Installation Standards

One of the most critical aspects of VFD installation is managing Electromagnetic Compatibility (EMC). As
highlighted in the Optidrive ODE-2 and ODE-3documentation, all units are designed with high standards of EMC
in mind. VFDs naturally generate high-frequency electrical noise due to the fast switching of IGBTSs.

EMC Mitigation Strategies

e Screened Cables: Use shielded motor cables to contain radiated noise.

e Earthing (Grounding): Ensure a low-impedance path to the ground for high-frequency currents. A "star"
earthing configuration is recommended.

« Filtering: Use internal or external RFI filters to comply with EN 61800-3 standards.

Failure to adhere to these standards can lead to interference with sensitive electronics, such as sensors, PLCs,
and telecommunications equipment.

6. Single-Phase Operation of Three-Phase Drives

A common engineering challenge is operating a three-phase motor in a residential or light-commercial setting
where only single-phase power is available. The Optidrive E3 and ODE-3 series provide a robust solution. The
drive takes 230V single-phase AC, rectifies it to DC, and then reconstructs a three-phase AC output. However,
engineers must account for the derating factor. When a three-phase drive is supplied with single-phase power, the
input rectifiers and DC bus capacitors experience higher stress. It is often necessary to oversize the drive to handle
the increased ripple current.

7. Advanced Configuration: Parameters and PLC Integration

The Optidrive P2 and Plusranges offer "Advanced User Guide" documentation focusing on deep
parameterization. Parameters are typically categorized into groups:

e Group 1: Basic settings (Motor rated current, voltage, frequency, and ramps).
¢ Group 9: Advanced features, including custom 1/0O mapping and logic.
e User Register 1: Used in PLC programs for internal data exchange.



Implementation of 'Rescue Mode'

In elevator and lift applications, the Optidrive ODP-2 includes a specific "Rescue Mode." When the drive detects a
power failure, it can be switched to a secondary, lower-voltage power source (such as a battery bank). In this mode,
the logic enables the motor to move at a reduced speed to a safe floor, allowing passengers to exit. This requires
precise management of the Logic 1 state within the drive's control terminals.

8. Solar Pumping: Harnessing Renewable Energy

The Optidrive Solar Pump manual (Revision 2.04) details the integration of solar technology with motor control.
The drive must manage the non-linear output of a PV array. The internal MPPT (Maximum Power Point Tracking)
algorithm continuously adjusts the motor speed to ensure the solar panels operate at their peak power point, even
during cloudy conditions.

Solar Setup Checklist:

1. VOC Calculation: Ensure the Open Circuit Voltage of the PV string does not exceed the drive's DC voltage
rating.

2. Dry-Run Protection: Configure the drive to stop the pump if the water level drops below the intake, protecting
the motor from thermal damage.

3. Automatic Restart: Set up a wake-up/sleep routine based on available irradiance levels.

9. Troubleshooting and Maintenance Framework

Operational continuity depends on rapid fault diagnosis. The Optidrive range uses standardized fault codes to
communicate internal or external issues.

Common Fault Codes and Solutions



Fault Code Description Probable Cause Resolution

O-t Over-torque Mechanical jam or Check mechanical parts
excessive load. and motor sizing.

I.t-trP Motor Thermal Trip Motor overloaded for too Check motor cooling and
long. load profile.

OUolt Over-voltage Deceleration ramp too fast. Increase deceleration time

or add braking resistor.

U-Uolt Under-voltage Supply power loss or Check incoming power
brownout. supply and fuses.

PS-trP Power Stage Trip Short circuit on output or Inspect motor wiring for

hardware fault.

shorts or insulation failure.

Functional Safety: Safe Torque Off (STO)

The STO circuit is a vital safety feature mentioned in the CoolVert and P2manuals. When the STO circuit is open,
the drive shows "Inhibit," and operation is not possible. Unlike a simple stop command, STO physically prevents the
IGBTs from firing, ensuring no torque-generating energy can reach the motor. This is essential for maintenance
safety, allowing technicians to work on mechanical parts without disconnecting the main power, provided the risk
assessment allows it.

10. Synthesis: The Future of Motor Control

The application of Invertek Optidrive technology extends beyond simple speed control. It is an investment in
system longevity and environmental sustainability. By leveraging features like Rescue Mode for safety, MPPT for
renewables, and IP66 enclosures for harsh environments, engineers can design systems that are both resilient and
efficient. The transition toward Industry 4.0 will see even deeper integration of these drives with cloud-based
monitoring and predictive maintenance algorithms, where the data within User Register 1becomes a vital metric
for organizational efficiency.

In summary, successful VFD implementation requires a holistic understanding of electrical engineering, mechanical

load characteristics, and the specific software capabilities of the drive. Whether utilizing the compact Optidrive E2/

E3 or the robust Optidrive P2, following the technical guidelines provided in the manufacturer's documentation
ensures a safe, efficient, and long-lasting installation.
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