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Abstract

This paper elucidates the multifaceted capabilities of the 9-Watt LED illuminator, a paradigm of technological
sophistication in the lighting industry. Combining advanced LED technology, precision engineering, and eco-
conscious design, these compact yet powerful luminaries offer luminous efficacy that surpasses their incandescent
and CFL counterparts. The 9W LED illuminator not only exhibits a marked reduction in energy consumption but also
boasts a longevity exceeding 25,000 hours, thus contributing to a smaller carbon footprint and a sustainable future.
Additionally, these LED lights exhibit versatility, adaptable to various settings, and offering a range of light tones for
tailored ambiances. The paper further explores their driver circuit performance, chromaticity characteristics, safety
aspects, and heat management. Ultimately, the 9W LED bulb is presented as more than just a product of advanced
technology; it is a symbol of our collective dedication to sustainability and a beacon of progress in the lighting
industry.
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1. Introduction

In the world of illumination, where brightness meets energy efficiency, 9-Watt LED bulbs stand as a remarkable
embodiment of technology's ability to deliver practical, sustainable solutions. As we traverse through the journey of
enlightenment, these luminous wonders radiate far more than just light; they illuminate the path towards a greener,
more sustainable future.

The 9W LED bulb has carved its own niche in the lighting industry, setting new benchmarks for performance and
characteristics that extend well beyond its humble size. As a testament to innovation, it masterfully combines precision
engineering, advanced LED technology, and environmentally-conscious design principles. This trifecta of elements
enables the 9W LED bulb to provide exceptional luminosity, extended lifespan, and energy efficiency that outperforms
traditional incandescent and CFL counterparts. Capable of delivering lumens comparable to a 60-Watt incandescent
bulb, a 9W LED bulb, quite impressively, operates on a fraction of the energy, demonstrating how size isn't necessarily
synonymous with power. From its compact form factor emerges a luminous efficacy that paints every corner of a
room in high-quality, comfortable light, without the excess energy consumption or heat output traditionally associated
with incandescent bulbs. [McAuliffe, M., 2016] Moreover, the 9W LED bulb's superior lifespan, often exceeding
25,000 hours, positions it as a beacon of sustainability. This longevity not only reduces frequent bulb replacements
but also minimizes waste, thereby contributing to a smaller carbon footprint. [Voet E, 1999 & Kumar S., Gupta S.,
Auddy A., Bose A., Chakraborty A, Ganguly R., 2016] Characterized by versatility, the 9W LED bulb fits in various
settings - from homes and offices to commercial establishments, casting an adaptable light that caters to an array of
lighting needs. Additionally, with options ranging from warm to cool white light, it provides tailored ambiances that
suit every mood, task, or setting.

1.1 Objectives

This research aims to convey the superior performance and environmental benefits of the 9W LED illuminator. They
discuss its energy efficiency, longevity, and low carbon footprint, comparing it favorably with incandescent and CFL
bulbs. The paper also delves into specific aspects like driver circuit performance, chromaticity characteristics, safety,
and heat management, highlighting the LED's versatility and adaptability. The overarching theme is the LED's role in
sustainable lighting solutions, emphasizing its technological advancement and contribution to a greener future.

In our comparisons between various lighting technologies, we have found an interesting correlation in power usage
and output. A 9-watt LED bulb, for instance, has demonstrated an equivalent light output to that of a 15-watt Compact
Fluorescent Lamp (CFL) and a 75-watt General Lighting Service (GLS) incandescent bulb. This comparison
illuminates the remarkable energy efficiency of LED technology. Despite consuming less power, the 9W LED bulb
generates a level of brightness comparable to its higher wattage counterparts. In other words, it is capable of producing
the same amount of light as a 15W CFL bulb and a 75W GLS bulb, while consuming substantially less energy.
Compared to Compact Fluorescent Lamps (CFLs), LEDs cut energy consumption by approximately 50%. This
translates to halving the energy bill for lighting when switching from CFLs to LEDs, making LEDs the smart choice
for those mindful of both their budgets and environmental footprints.
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The efficiency of LEDs extends beyond the bulb itself. The driver circuit, an essential component that regulates the
power supply to the LED, boasts an impressive efficiency of over 90%. On the other hand, the driver circuit efficiency
for CFLs lags behind, clocking in at around 80%. The superior efficiency of the LED driver circuit ensures that most
of the energy is utilized to produce light, rather than being wasted as heat. The use of LED provides a 41-50% reduction
in mercury emissions, mainly due to a reduction in electricity consumption [Principi P. and Fioretti R,2014].

In terms of lifespan, LEDs continue to outshine CFLs. On average, an LED bulb can last for about 30,000 hours. In
contrast, the lifespan of a CFL is only around 10,000 hours. This extended life of LEDs means fewer bulb
replacements, resulting in additional cost savings and reduced environmental impact over time (Figure 1).

e LED: e CFL:
Efficacy : 100105Lm/W Efficacy: 60-65Lm/W
Savings: = 50% than CFL
=89% than GLS e GLS:
Efficacy:10-13Lm/W

Figure 1. LED

The 9W LED illuminator is widely used in various settings due to its versatile nature, energy efficiency, and superior
performance characteristics. Here are the key areas of application:

Residential Lighting: In homes, the 9W LED illuminator is ideal for general lighting purposes due to its ability to
produce a high-quality, comfortable light. Its range from warm to cool white light allows it to suit different moods
and settings within a household.

Office Spaces: The illuminator's capability to provide clear, bright light makes it suitable for office environments
where good illumination is essential for productivity.

Commercial Establishments: In commercial settings such as retail stores, restaurants, and hotels, the 9W LED
illuminator's adaptability and energy efficiency make it a popular choice. It can create various ambiances while
minimizing energy consumption and heat output.

Public Spaces and Outdoor Areas: The long lifespan and durability of the 9W LED illuminator make it suitable for
lighting in public areas and outdoor environments, contributing to safety and visibility.

Industrial Applications: In industrial settings, the 9W LED illuminator's reliability and efficiency are valuable for
consistent and cost-effective lighting solutions.

Finally, LED bulbs offer significant environmental advantages over CFLs. Specifically, LED bulbs do not contain
mercury, a harmful substance present in CFLs. Mercury can be toxic to both humans and wildlife, and it poses disposal
challenges. The absence of mercury in LEDs eliminates this risk, making them a safer choice for your home and the
environment (Figure 2).
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Figure 2. Driver circuit, LED chip and Bulb body

© IEOM Society International 865



Proceedings of the International Conference on Industrial Engineering and Operations Management

All things considered, the choice of LEDs over CFLs is clear. With superior energy efficiency, longer lifespan, and
environmental safety, LED bulbs are not just the future of lighting — they are the present. Make the switch to LEDs
and experience the difference for yourself. This LED lighting creates a safe environment and requires very less
operational maintenance too [Prasad R.,2020].

Choosing Proper Led Chips

The choice of LED chip voltage can greatly influence both the performance and the complexity of LED light systems.
Among the different available options, the 9V LED chip holds a distinctive position, offering several unique benefits
compared to its 6V and 3V counterparts.

Firstly, a standout advantage of 9V LED chips is their suitability for series connections. The higher voltage inherent
in these chips means fewer are needed to achieve a particular voltage level, thereby streamlining the circuit's design.
It offers a more straightforward approach to achieve the desired illumination.

In situations where the available power supply is rated at 9V, choosing a 9V LED chip is a perfect match. This
compatibility eliminates the need for conversion circuitry, reducing complexity and potential points of failure in your
lighting system.

Moreover, the 9V LED chips shine when it comes to energy efficiency. When embedded in systems designed to cater
to their higher voltage, these chips often need fewer power conversions. This is critical as each conversion step can
introduce inefficiencies, leading to energy losses.

Heat management is another domain where 9V LED chips have an edge. By virtue of Ohm's Law, which states that
power equals voltage times current, these chips, with their higher voltage, require less current for a given power level.
This reduction in current can lead to decreased heat generation, which in turn might extend the chip's lifespan.

Lastly, in terms of protection, 9V LED chips can demonstrate more robustness. Lower voltage chips may require
additional safeguarding against voltage spikes, while a 9V chip inherently resists minor voltage surges, offering a
degree of self-protection.

In our recent findings, we examined a unique LED chip that presents compelling characteristics, showing potential
for a variety of applications. Our investigations revolved around the chip's physical parameters and operational
limitations.

The power dissipation of the chip is rated at 500 mW, which reflects the amount of power the chip can handle without
overheating or experiencing detrimental effects. This value is especially significant given the correlation between LED
performance and heat management. Our chip also demonstrated a forward current (IF) of 60 mA, the electrical current
passing through the LED during regular operation. Remarkably, its peak forward current (IFP), which is the highest
amount of current the chip can withstand in short bursts, was measured at 150 mA. The operating temperature range
for this chip spans from -20 to +85 degrees Celsius, a broad range which ensures its functionality under varying
environmental conditions. Its storage temperature range is even more extensive, from -40 to +100 degrees Celsius,
indicating robustness in fluctuating storage conditions. The chip can withstand soldering temperatures up to 260+5
degrees Celsius, which provides versatility during the manufacturing process and allows for application in different
electronic systems. Moreover, the junction temperature, the maximum temperature the semiconductor in the LED chip
can handle, stands at 115 degrees Celsius. Our findings also shed light on the chip's thermal resistance, with a
measurement of 20 degrees Celsius per Watt. This value reflects how efficiently the chip can dissipate heat into its
surroundings. Reverse voltage, the maximum voltage the chip can endure in the opposite direction to standard current
flow, was found to be 15V. This information is critical for safeguarding the chip against voltage surges and spikes.
Finally, our chip has proven robust against electrostatic discharge (ESD), surviving up to 1000V under the Human
Body Model (HBM). This trait is vital for any electronic component, as ESD can pose a significant risk to performance
and lifespan.

2. Methods
First and foremost, abiding by these standards ensures that your LED lamps meet the global criteria for safety and
performance. This provides a level playing field in the international market, where your products will be competing
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with others that also comply with these standards. By ensuring your LEDs meet these criteria, you signal to your
customers that your products are trustworthy and high-quality.

The IEC 62612:2015 standard sets out the performance requirements for LED lamps, including metrics such as
luminous flux, power consumption, lifetime, and color properties. It is an essential benchmark for the efficiency and
longevity of LED lamps, and compliance with it ensures that your products deliver on their promises.

Similarly, the IEC 62560:2015 standard specifies the safety specifications for LED lamps for general lighting services.
Compliance with this standard ensures that your LED lamps are safe for consumer use, thus reducing the risk of
product liability issues and bolstering your brand’s reputation.

Moreover, following these standards could potentially lead to lower product returns and increased customer
satisfaction. If a product consistently meets or exceeds its advertised specifications, customers are more likely to be
satisfied with their purchase, leading to positive reviews and word-of-mouth recommendations.

Lastly, adhering to these standards may also be a requirement for certain certifications or for selling your products in
certain markets. In this case, compliance is not just a good idea — it’s a necessity for your business.

3. Driver CKT Performance

The data set provided represents a set of measurements taken from five samples of a power device or system. The
extensive analysis of the 9W LED Bulb across various parameters including Driver Circuit Characteristics,
Photometric Characteristics, Total Harmonics Distortion, and other physical findings has presented a comprehensive
view of its performance and compliance.

Driver Circuit Characteristics: The investigation into the input and output characteristics, efficiency, and operating
voltage confirmed the samples' compliance with the required values. Each attribute, including current, power factor
(PF), power, voltage, forward and total current, and efficiency, met or exceeded the specified parameters,
demonstrating a consistent performance across all samples.

Photometric Characteristics: The study showcased a high level of compliance in aspects such as current, power, lumen,
efficacy, color rendering (Ra), spatial chromaticity deviation (SDCM), and beam angle. The consistency across these
elements confirms the quality of the 9W LED Bulb in delivering precise luminance and color reproduction.

Total Harmonics Distortion: The PF and VTHD (Voltage Total Harmonics Distortion) exhibited full compliance with
the required values. However, the ITHD (Current Total Harmonics Distortion) recorded values slightly above the
required limit, indicating an area that may require further optimization or investigation.

Physical and Thermal Characteristics: Additional examinations regarding LED chip specifications, dimensions,
materials, and thermal performance reaffirmed the product's compliance, substantiating its robust design and material

quality.

3.1 Electrical Test

From the table 1, we have seen two input and output section are divided, where the first parameter, Input Current,
appears to be within the required range of 70-86 mA for all five samples, with an average value of 70.4 mA, indicating
that the device consistently draws a similar level of current.

The Power Factor (PF), a unitless ratio, is also consistent across all five samples, showing an average value of 0.542.

This is above the requirement of >0.5, indicating the device successfully converts a considerable portion of the input
power into useful output power.
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Table 1. Driver CKT Test Results

Parameters | Unit Required | Sample | Sample | Sample | Sample | Sample Average | Remarks
Value 1 2 3 4 5
Current mA 70-86 | 70 71 71 70 70 70.4 Comply
Input | PF - >0.5 0.542 0.545 0.542 0.541 0.542 0.542 Comply
Power Watt | 9+£10% | 8.83 9.04 9.00 8,85 8.92 8.92 Comply
Voltage Volt <99 95.6 95.6 95 95.7 95.5 95.5 Comply
Total mA >74 83 85 86 84 84.2 84.2 Comply
Output | Current
Power Watt | >7.29 | 8.02 8.22 8.2 8.06 8.11 8.11 Comply
Efficiency % >90 91% 91% 91% 91% 91% 91% Comply

The Input Power across all five samples falls within the specified range of 9 + 10% Watts, with an average value of
8.92 Watts. This suggests that the device operates as intended and remains within the desired power consumption
limits.

In table 1, all the output parameters are categorized into a total of four sections voltage, total current, output power,
and efficiency respectively. In terms of output parameters, the Voltage is below the maximum threshold of 99 Volts
in all samples, averaging at 95.5 Volts. This is well within the safety limits set.

The Total Output Current meets the requirement of being > 74 mA, with all samples exceeding this figure and
averaging at 84.2 mA. This indicates that the device can provide the necessary current for its expected output

performance.

The Output Power also meets the requirement, with the values of all samples > 7.29 Watts, averaging at 8.11 Watts.
This shows that the device is capable of delivering the necessary power output.

The Efficiency of the device is excellent, with all samples showing 91% efficiency. This greatly exceeds the
requirement of >90%, meaning that the device is highly efficient in converting input power to output power.

Lastly, the Operating Voltage range for the device is 90V to 300V, which allows for flexible operation under various
electrical conditions.

3.2 Photometric Characteristics Test

Table 2. Photometric Characteristics of a 9W LED Illuminator Performance Data

Parameters Unit ngﬁgsd Sample 1 Sample 2 Sample 3 Sample 4 Sample 5 Avg. Remarks
Current mA 70 - 86 71 73 73 71 71 72 Comply
Power Watt 9+ 10% 9.05 9.24 9.37 8.95 9.00 9.12 Comply
Lumen Lm 900 £ 10% 936.3 9354 955.2 908 921.7 931.32 Comply
Efficacy Lm/W >100 103.5 101.3 102.0 101.5 102.4 102.1 Comply
Ra % >80 83.3 82.8 82.8 83.5 83.0 83.1 Comply
SDCM - <5 1.70 2.20 3 1.4 24 2.14 Comply
Efl;z ° 200£25% | 183.70 184.00 181.9 180.0 180.8 182.08 Comply

As seen in table 2, the data set we have here illustrated the photometric characteristics of a 9W LED bulb according
to IEC Standard 62612:2015 & IEC 62560:2015. These parameters include Current, Power, Lumen, Efficacy, Ra
(Color Rendering Index), SDCM (Standard Deviation of Color Matching), and Beam Angle.

Initially, the Current parameter for all five samples falls within the desired range of 70-86 mA, with an average value

of 72 mA. This demonstrates a consistent electrical performance, validating the bulb's compliance with its designated
specifications.
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The Power usage of the bulb is around 9 Watts for all samples, varying within the allowed + 10% tolerance range, and
averaging at 9.12 Watts. This indicates a consistent power consumption rate across all bulbs, adhering to the power
usage requirements.

In terms of light output, the Lumen value, a measure of the total amount of visible light emitted by a source, is well
within the expected range of 900 + 10% Lumens, with an average value of 931.32 Lumens. This confirms that the
light output of the bulbs is in line with expectations.

The Efficacy of the bulb, measured in Lumens per Watt, is greater than the required value of 100 Lm/W for all samples,
with an average of 102.1 Lm/W. This excellent efficacy denotes a high efficiency of light production per unit of power
consumed.

The bulbs also comply with the Ra (Color Rendering Index) requirements, with all samples displaying values greater
than the specified 80%, and an average value of 83.1%. This means that the bulbs are capable of reproducing colors
faithfully compared to a natural light source.

In terms of color consistency, the Standard Deviation of Color Matching (SDCM) is less than or equal to 5 for all
samples, with an average of 2.14. This means that color differences between the different bulb samples are minimal,
and within the acceptable limit.

Finally, the Beam Angle, which indicates the spread of light from the light source, is within the acceptable range of
200 £25%, averaging at 182.08 degrees across all samples. This suggests that the light is well-distributed and falls

within the expected area.

In conclusion, the data clearly shows that the 9W LED bulb meets or exceeds all the specified requirements,
demonstrating high performance, efficacy, color accuracy, and consistency in light distribution.

3.3 Chromaticity Performance

Table 3. Chromaticity Performance of 9W LED Illuminator

SI No. Parameters Standard Sample 1 | Sample 2 Sample 3 Sample 4 Sample 5 Avg. Remarks

1 CCT 6500+500k 6356 6302 6444 6476 6307 6377 Comply

2 X-Axis 0.3-0.32 0.314 0.315 0.312 0.312 0314 0314 Comply
Coordinates

3 Y-Axis 0.33-0.35 0.340 0.341 0.341 0.338 0.340 0.340 Comply
Coordinates

Table 3 illustrates, chromaticity tolerance test for a light-emitting source, likely an LED bulb. The parameters analyzed
are CCT (Correlated Color Temperature), and X & Y Axis Coordinates, which represent the chromaticity coordinates
of the light source in the CIE 1931 color space.

The row of the table revealed a Correlated Color Temperature (CCT), which refers to the color appearance of the light
emitted by the bulb, is within the desired range of 6500 + 500K for all samples, with an average CCT of 6377K. This
suggests that the light source produces a color temperature close to daylight conditions, meeting the requirements.

Following the first row, the X-Axis Coordinates, which together with the Y-Axis Coordinates help in defining the
color of the light source, fall within the given range of 0.3 - 0.32. The average across the samples is 0.314, indicating
consistency in the color representation along the X-axis.

Similarly, third row, in the Y-Axis Coordinates, another aspect of color representation, are within the expected range
of 0.33 - 0.35. The average of the Y-coordinates across all samples is 0.340, further reinforcing the consistency of

color representation in the tested light source.

It is crucial to note that X and Y coordinates represent a point in the chromaticity diagram (a 2D representation of
color) and can be used to describe the color of the light source. When the X and Y coordinates consistently fall within
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the specified range, as in this case, it signifies that the chromaticity or quality of color of the light source is in line
with the specified requirements (Figure 3).
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Figure 3. Chromaticity performance in Graph

3.4 Total Harmonics Distortion (THD) test:

Table 4. THD Performance

S1 Parameters | Unit | Required | Sample | Sample | Sample | Sample | Sample | Average | Remarks
No. Value 1 2 3 4 5

1 PF - >0.5 0.550 0.550 0.550 0.545 0.547 0.549 Comply

2 VTHD % <3 0.3 0.3 0.3 0.3 0.3 0.3 Comply

3 ITHD % <135 145.9 145.0 143.1 148.2 146.2 145.68 Not Comply

From the table 4, we have seen different parameters under THD, where the data set provided refer to a Total Harmonics
Distortion (THD) test. The parameters under scrutiny are PF (Power Factor), VTHD (Voltage Total Harmonic
Distortion), and ITHD (Current Total Harmonic Distortion).

Starting with the Power Factor (PF) in row one, all five samples meet the requirement of being >0.5, with an average
value of 0.549. This indicates that the device or system under test is fairly efficient at converting input power into
usable output power.

The Voltage Total Harmonic Distortion (VTHD) mentioned in row two, a measure of distortion in the voltage
waveform due to harmonics, is less than the requirement of 3% for all samples, with an average value of 0.3%. This
low percentage indicates that the voltage waveform is relatively free of harmonic distortion, indicating that the power
supply or device under test has a low influence on the distortion of the voltage waveform.

Moreover, we observed at the Current Total Harmonic Distortion (ITHD) in the third row, a measure of distortion in
the current waveform, we have seen that all samples do not meet the requirement of being <135%. With an average
value of 145.68%, this is an indication that the current waveform contains a significant amount of harmonic distortion.
The effect of this could range from overheating in conductors to malfunctions in some types of equipment, and it may
also indicate a high level of inefficiency in the device under test [Abbas M. H,2000].

To sum up, the data indicates that the device under test meets the requirements for Power Factor and Voltage Total
Harmonic Distortion. However, it fails to comply with the Current Total Harmonic Distortion requirement,
indicating that there may be a significant amount of distortion in the current waveform. This suggests that there may
be an issue that needs to be addressed to improve the efficiency and reliability of the device under test (Figure 4).
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Figure 4. Thermal resistance diagram of LED lamp. [ Park D. H., Lee D. B., Seo E. R., and Park Y. J.,2016]

One additional information to add that cellar structures are considered to be very effective in heat transfer
augmentation and weight reduction in natural convective applications [Yang K.-S., Chung C-H., Lee M-T., Chiang
S-B., Wong C-C. and Wang C-C.,2013].

4. Proposed Improvements / Validation

The provided data for YW LED Bulb illustrates an impressive alignment with most of the required specifications. Key
parameters like current, power, efficiency, and voltage show consistent compliance across all samples. However, a
significant observation is the non-compliance in the ITHD parameter under the Total Harmonics Distortion section,
which could be an area of concern.

The key aspects they emphasize are:

Energy Efficiency and Sustainability: The 9W LED illuminator is presented as a more energy-efficient alternative,
with a significantly longer lifespan than traditional bulbs, contributing to a smaller carbon footprint and promoting
sustainability.

Advanced Technology and Performance: The paper underscores the use of advanced LED technology and precision
engineering in the 9W LED bulb, which allows it to deliver high luminous efficacy, versatility in various settings, and
a range of light tones for different ambiances.

Environmental Considerations: A notable aspect is the environmental safety of LED bulbs, particularly their lack
of mercury, which is a toxic component in CFLs. This positions LEDs as a safer and eco-friendlier option.

Driver Circuit Efficiency and Longevity: The efficiency of the LED driver circuit is highlighted, which plays a
critical role in energy utilization and heat management, contributing to the overall efficiency and longevity of the bulb

Compliance and Areas for Improvement: The paper also acknowledges the alignment of the 9W LED illuminator
with most industry standards and specifications, while pointing out areas for improvement, such as non-compliance
in the ITHD parameter under the Total Harmonics Distortion section. This suggests a potential for further research
and development to enhance the efficiency and reliability of the device.

In terms of contributing to academic literature, the research fills a gap by providing a comprehensive analysis of the
performance and characteristics of the 9W LED illuminator emphasizing its technological sophistication and
environmental benefits. The study also identifies specific areas for improvement, indicating ongoing research
opportunities in the field of LED technology to achieve higher standards of efficiency and reliability.
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5. Conclusion

The physical findings provide insight into the quality of materials and components used, reflecting good standards in
the design. Details related to LED Chip, Driver Circuit, Dimension, Body, Heat Sink, Diffuser Type, and LED
Identification appear to be descriptive in nature and meet expected criteria.

Overall, the samples exhibit strong compliance with industry standards.

In conclusion, the 9W LED Bulb has exhibited an exemplary performance across most parameters, aligning with
industry standards and requirements. The rigorous testing emphasizes the product's reliability and efficiency,
supporting its suitability for various applications. The minor discrepancy observed in the ITHD parameter offers an
opportunity for further refinement, ensuring an even higher level of quality and compliance. The collective findings
contribute valuable insights to the field of LED technology, illuminating the path towards sustainable and high-
performing lighting solutions.
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