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Executive Summary:

This technical report provides a comprehensive analysis of the reliability of SmartD
Technologies' Variable Frequency Drives (VFDs), focusing on the SDB-1-2185-A and
SDB-2-1-2220-A models. The report details the methodologies employed to predict product
reliability, specifically the use of the FIDES reliability prediction methodology, which is
recognized for its rigorous assessment of electronic components under various stressors.

The reliability predictions were based on a detailed mission profile that simulates typical
industrial operating conditions. The profile assumes 17 hours of operation per day, with four
operational cycles, across 350 days per year. These conditions reflect the environments in
which SmartD VFDs are most commonly deployed, providing a realistic and robust foundation
for the reliability metrics presented.

Key findings of the report include a calculated Mean Time Between Failures (MTBF) of
approximately 106,426 hours, which translates to about 18 years of operational life under the
assumed mission profile. The report also highlights the significant impact of temperature on the
failure rate, with temperature-related stresses accounting for 80.7% of the overall failure rate. To
mitigate this, recommendations are provided, including strict adherence to installation
guidelines, environmental control, and regular maintenance.

The report concludes by emphasizing the importance of continuous monitoring and adjustment
to optimize the use of SmartD VFDs in specific applications, acknowledging that while the
predictions are robust, actual performance may vary depending on the unique conditions of
each customer's operational environment.

This document serves as a critical reference for reliability and quality engineers, providing an

undisputable foundation for understanding and improving the reliability of SmartD VFDs in
industrial applications.
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Introduction:

Reliability in industrial equipment is paramount, particularly for Variable Frequency Drives
(VFDs) that serve as the backbone of motor control in a wide array of applicationsDowntime can
lead to significant operational inefficiencies and financial losses, making reliability a
non-negotiable attribute for any industrial system.

SmartD Technologies places reliability at the core of its VFD design, ensuring that our products
consistently meet the high demands of industrial environments. Technical Report provides a
comprehensive overview of the reliability assessment performed on SmartD VFDs,
demonstrating their exceptional durability and performance.

Reliability Prediction Assessment Methodology

To accurately predict the reliability of our VFDs, SmartD Technologies employs the FIDES
reliability prediction methodology. https://www.fides-reliability.org/

This methodology, which is recognized for its thoroughness in evaluating electronic components
under various stressors, is complemented by our data and rigorous testing procedures. The
result of the reliability prediction analysis is the predicted failure rate or Mean Time Between
Failures (MTBF) of our product.

Mission Profile:

The mission profile used in our reliability predictions is designed to mirror real-world industrial
usage scenarios. Our VFDs are evaluated under conditions that include 17 hours of operation
per day across two consecutive shifts, with four operational cycles daily. This ensures that the
reliability metrics are relevant to the environments in which our VFDs are most commonly
deployed.

However, it is important to acknowledge that each customer’s operational environment presents
its own unique set of conditions and challenges. Factors such as varying load demands,
environmental conditions, and maintenance practices can significantly influence the
performance and reliability of our Variable Frequency Drives (VFDs). Consequently, while our
reliability predictions are grounded in a robust mathematical and statistical model, they cannot
account for the specific nuances of every individual use case. Therefore, it is essential for
customers to consider these variances when interpreting our predictions, as the actual
performance may deviate from the modeled scenarios based on their distinct operational
realities. This understanding underscores the importance of continuous monitoring and
adjustment to optimize the use of our VFDs in their specific applications.

The “typical” mission profile of industrial system equipment consists of the following
phases:
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A Control-Monitoring phase. This phase represents the time spent preparing the
system in the morning and between shifts, and shutting it down at the end of each day
(switching equipment OFF: once a day).

The system Command-operation phase proper, in command mode.

A non-operating phase: equipment in OFF position (daily shutdowns, maintenance
phases).

In our mission profile, we assumed that industrial Variable Frequency Drive equipment is

Typically used for 17 working hours a day,

In two consecutive shifts,

with the “Command-Operation“ phase being launched 4 times a day.

The system is turned OFF at the end of each day.

The equipment is in service for 350 days a year; the remaining time may be spent on
maintenance and/or repairs to the system.

Assumption of the temperature profile

The ambient temperature for the “Control-Monitoring” phase is taken to be 25°C,with a thermal
cycling of 5°C. And the maximum cycling temperature is assumed at 30°C.

For the “Command-Operation” phase, the ambient temperature considered is 40°C, the thermal
cycling hypothesis of 10°C , and a maximum temperature during cycling of 50°C.

In the “non-operating” phase. The ambient temperature is taken to be 18°C with a thermal
cycling differential (AT) of 10°C and a maximum cycling temperature of 25°C.

Calendar time Ambient Max AT
(hours) Temperature | Temperature during
cycle

Control Monitoring 350 x1 hour each = 25°C 30°C 5°C
(350 days/year) 350 hours
Command 350 x 4 cycles of 4 40°C 50°C 10°C
Operation hours each = 5600
(350 days/year) hours
Non operating 350 x 7 hourseach = | 18°C 25°C 10°C
(350 nights Off/year) | 2450 hours

Assumption of the humidity profile

When the VFD is OFF (“non-operating” phase), the mean relative humidity is assumed to be in

the order of 50% (equipment located in a workshop). When the equipment is ON
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(“Control-Monitoring” and “Command-Operation” phases), it is assumed that the internal
temperature rise and the convection of the system lowers the relative humidity to 30%.

Assumption of the vibration profile

The vibration stress level is assumed to be zero in the “non-operating” phase.The vibration
stress during the “Control-Monitoring” and “Command-Operation” phases is assumed to be 0.1
GRMS.

Definition of the chemical profile

Saline pollution level: Low
As the VFD is most of the time situated in a production site workshop or utilities, the
“environmental pollution” factor comes into play in all 3 phases: “Control-Monitoring”,
“Command-Operation” and “non-operating”. For an industrial area, the level is set to
high.

e Concerning the application zone, all 3 phases can require action by people at the
equipment level. The zone value is therefore set to moderate.

e The protection level of the VFD is set as Non-hermetic.

Technological factors

Technological factors encompass advancements in design, manufacturing processes, and
quality control techniques that enhance the VFD's reliability.

Part Manufacturing factor

The manufacturing factor represents the quality of the component. As per the Fices Method
recommendation, absent an audit of each component manufacturer, the default value of 1.6 is
proposed for active components, for other components, and the various subassemblies.

Process factor:

This factor represents the quality and technical control of reliability in the product life cycle.

Its purpose is to provide an overall evaluation of the maturity of the manufacturer in terms of
control over the reliability engineering process.

The value is estimated around the main operation of our manufacturing EMS. Having a
controlled and mastered process, then the value is 2.8 as per Fides’ user guide.

Note that the lead-Free process factor is set to 1 thanks to the high maturity of our EMS for this
process.
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Components

Electronic components are recorded with

e their type ( Integrated circuits, Discrete semiconductors, Light emitting diodes (LED),
Optocouplers, Resistors, Fuses, capacitors, Magnetic components: Inductors and
Transformers, Piezoelectric components: Oscillators and Quartz, Monostable
electromechanical relays, Switches, Printed circuit board (PCB), Connectors),
their description as per Fides' definitions
their quantity,
their placement (as per Fides’s definition: interface or not, digital or analog, low level or
power)

e their key characteristics for stress estimation

Temperature rise

For the different PCBs, temperatures are estimated from measurement while the VFD is running
on a resistive load (full current/full voltage). Several temperature sensors are placed on critical
points of the PCB and components. An 8 hours cycle is executed with variations of the ambient
temperature and load current. Collected data are rounded in excess to consider worst-case.

The estimated temperature rise at the component junction is estimated from: Tj-Ta = Rth x Pd
where:

e Tj: Junction temperature

e Ta: estimated ambient temperature surrounding the component,

e Rth: thermal resistance from junction to case of the component,

e Pd dissipated power by the component (worst case considered)
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Results

VFD part numbers: SDB-1-2185-A and SDB-2-1-2220-A

The calculated FIT is 9395.9

MTBF Calculation: The MTBF is calculated as follows: MTBF=10°x(1/FIT rate)
Then the MTBF would be: 106,426 hours

Related to our mission profile having a cumulated operating profile of 5950 hours per year, the
estimated MTBF is 106,426/5950= 17.89 years ... about 18 years

Contribution of Failure rate per component type:

60% Integrated Circuits

15% Capacitors

14% Discrete semiconductors
4% Electromechanical relays monostable
4% Connectors

1% Optocouplers

1% Magnetic Components

1% Switches

0.3% Fuses

0.2% Light Emitting Diode (LED)
0.1% Piezoelectric components
0.04% Resistors

0.02% Printed circuit board (PCB)

Temperature Contribution to Failure Rate:
Temperature is a dominant factor influencing the failure rate of electronic components, and in
our VFDs, it accounts for 80.7% of the overall failure rate.
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Recommendations for Optimal Performance:
To ensure the best performance and longevity of SmartD VFDs, we recommend the following
best practices:

e Strict Adherence to Installation Guidelines:
Proper installation is crucial for ensuring that the VFD operates within its designed
parameters. This includes following recommended mounting and cooling instructions.
e Environmental Control:
Wherever possible, maintain controlled ambient temperatures and consider external
cooling solutions such as air conditioning or forced ventilation in environments where
internal cooling might be insufficient.
e Reqular Maintenance:
Implement a regular maintenance schedule that includes inspections and cleaning to
prevent dust accumulation and ensure that all components are functioning correctly.
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Appendix

Vocabulary:

MTBF (Mean Time Between Failures): This metric measures the average time between
two consecutive failures of a repairable product. It is calculated by dividing the total
operational time by the number of failures during that period. The higher the MTBF, the
more reliable the system. MTBF the number of failures per million hours for a product

MTTR (Mean Time To Repair): This metric measures the average time to repair a failed
product and bring it back to normal operation. The lower the MTTR, the faster the
system can recover from a failure.

MTTF (Mean Time To Failure): This metric measures the average time between the
installation of a product and its first failure. It is used for non-repairable products and is
calculated by dividing the total operational time by the number of failures during that
period. The higher the MTTF, the longer the product is expected to last.

FIT (Failure In Time): is another way of reporting MTBF. FIT reports the number of
expected failuresper one billion hours of operation for a device. This term is used
particularly by the semiconductor industry but is also used by component manufacturers.

Useful links:
https://www.fides-reliability.ora/
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