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Article kisf()r)r_' Direct current (DC) electronic load is useful equipment for testing the
electrical system. It can emulate various load at a high rating. The electronic
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1. INTRODUCTION

An electronic load is an equipment that can emulate the load. The advantages of using the electronic
load are the load can be changed easily and has a high rating. It is a piece of useful equipment in testing
electrical system like a battery [1], photovoltaic [2], generator [3, 4], or motor [5] at various load condition.
The electronic load is also being used as the dump load to maintain the power quality of an electrical system
[3, 6]. The curve tracing of photovoltage (PV) uses the electronic load to determine the degradation level of
the PV panel [7]. The electronic load is also being used in surge protection [8]. These examples show that the
electronic load is useful in various sector. A commercial electronic load can cost around 500 USD for a 200 W
rating and can reach up to 18000 USD for a 6 kW rating. Nevertheless, there are some researches available to
build an electronic load at a lower cost.

Commonly, the linear regulator is preferred in the direct current (DC) electronic load [1,9-11]. The
metal-oxide-semiconductor field-effect transistor (MOSFET) and insulated-gate bipolar tra r (IGBT) is
used to emulate the load. This is done by varying the voltage across the gate-source terminal of the MOSFET
and the voltage across the gate-emitter terminal of the IGBT. Since the voltage required to control these power
switch change with temperature, a closed-loop controller is needed to ensure the electronic load is able to
maintain its operation. It also requires a complicated voltage-controlled gate drive. The control becomes more
complicated since most of the power dissipation occurs at the power switch that results in high-temperature
variation. To overcome this problem, the power switch needs to operate in the saturation and cut-off regions.
This can be achieved by using the load switching method [12-15]. Nevertheless, this method requires multiple
power switches or resistances, which complicates the control process and this requires closed-loop control.

Sin!b()lh linear regulator and load switching method requires closed-loop control, a controller is
nee . The o portional-integral (PI) controller is commonly used to control the electronic load [1, 12, 16,
17]. There is also the user of the fuzzy logic controller to improves the performance of the electronic load using
the PI controller [17]. The proportional-integral-derivat (PID) neural network controller has also been
introduced to control the electronic load [18]. Another controller used in the electronic load is the quasi-
proportional-resonance controller [19]. These controllers are implemented using an analogue circuit [8, 10] or
digital platforms like Arduino [1, 9] or other microcontrollers [12, 16].

The design of the controller and its implementation for the linear regulator and load switching method
for the electronic load is plicalted. An electronic load with a power converter that can easily be controlled
is preferred. The boost converter is one of the switched-mode power supply (SMPS) that can easily be




controlled and it is not severely affected by the temperature changes [18]. Nonetheless, this converter is rarely
used in the electronic load. Currently, the electronic load using the boost converter does not focus on the passive
component design and the control is based on the current-controlled system [20, 21]. The passive component
design is important to ensure the electronic load operate properly and within an acceptable ripple. Since the
electronic load can receive the current S()u, the electronic load with the current-controlled system may not
work properly. Besides a proper design of electronic load using the boost converter, the comparison between
this electronic load with the electronic load using the linear regulator is incomplete in term of accuracy and

lransienlﬁ)(mse [13]. 3

15 paper presents the design of the DC electronic load using the boost converter. The boost converter
1s expected to operate in the continuous current mode with the voltage and current ripple below 1%. The results
are compared with the electronic load using the linear regulator. Since the linear regulator requires a closed-
loop controller, the integral controller is chosen. For a fair comparison, the linear regulator using the boost
converter also use the integral controller. The integral controller for both electronic loads is based on resistive
feedback to ensure the electronic load is able to work with voltage and current sources.

The next section discusses the design of the electronic loads using the linear regulator and boost
converter. The next section shows the results and discussions. The last section concludes the result of the
comparison.

2. DESIGN OF ELECTRONIC LOAD

The DC electronic load consist of several parts. The simple closed-loop lectronic load is shown
in Figure 1. When a DC power source is connected to a DC electronic load, the voltage and current sensors
measure the input voltage and current (V; and [;), respectively. The V; is divided by [; to obtain the input
resistance, R, based on Ohm’s Law. The R; is compared with the reference resistance, R, which are set by
the user. The R; is positive and the R,.r1s negative since the increase in control input to the power converter
results in the reduction of emulated R;. The error produced by comparing the R; wi e R.;is fed into an
integral controller. Based on the error, the integral controller adjusts the control input for the power converter.
The power converter adjusts the operation according to the control input. The process continues until the R; is
equal to R.r. There are two power converters used for the DC electronic load, which are the linear regulator
and boost converter.
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Figure 1: The block diagram of the DC electronic load.

2.1. LINEAR REGULATOR

The first power converter for the DC electronic load is the linear regulator. The MOSFET is chosen
for the DC electronic load since it 1s ealsiem:()mml compared to the transistor. The MOSFET has 3 terminals,
which are the drain, source, and gate. The MOSFET is controlled by adjusting the gate-source voltage, V. The
higher the V,, the higher the drain current, /;, that can pass through the MOSFET.

To design the DC electronic load using MOSFET, many characteristics of the MOSFET needs to be
considered. The first characteristic is the safe operating zone, as shown in Figure 2. Since the electronic load
1s DC, the safe operating zone is small. The operation of the DC electronic load needs to maintain within the
zone to avold damaging the MOSFET. The temperature needs to be considered when it comes to the safe
operating zone. When the temperature increases, this zone becomes smaller. Therefore, it is recommended to
obtain a safe operating zone for the MOSFET at high temperature from the manufacturer. It is also important
to install a large heat sink at the MOSFET to reduce the temperature increase at the MOSFET [22].
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Figure 2: Example of the safe operating zone for the MOSFET at 25°C [23].

s mention before, the I-V characterisfgf of the MOSFET is controlled by the V. Nonetheless, the I

and drm;()urce voltage, Vy, also affects t characteristic of the MOSFET, as shown in Figure 3. If the

power source connected to the input of the DC electronic load is the voltage source, the V,; becomes the V;

when the MOSFET is used in the DC electronic load using the linear regulat

he adjustment of V, results

in the adjustment of the J,. While if the power source connected to the input of the DC electronic load is the
current source, the I; becomes the /; when the MOSFET is used in the DC electronic load using the linear
regulator. The adjustment of V,, results in the adjustment of the V. The f-Vy, characteristic also changes when
the temperature changes. Therefore, the open-loop operation is not possible since the control input V,,, changes

over time.
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Figure 3: The I;- V., characteristic curve for different V, at 25°C [23].

The design of the DC electronic l()is implemented in MATLAB/Simulink, as shown in Figure 4. It
is based on the block diagram in Figure 1. There are two components inside the power converter, which are
the MOSFET and the controlled voltage source block. Since the simulation doesn’t have a safe operating zone
and a proper temperature variation input, these effects cannot be simulated.
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Figure 4: The implementation of the DC electronic load using the MOSFET.
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The integral gain, K, is adjusted manually using the try and error method. Since the MOSFET
response quickly, the K can be set at a high value without resulting in an unstable operation. The K; chosen is

1000.

2.2. BOOST CONVERTER

As mention before, the important design step for the linear converter is on the safe operating zone and
14V, characteristic curve. However, the design of the boost converter shown in Figure 5 focuses on different
aspects, which is the duty cycle, d and ripple [24]. The design consideration on the boost converter is the d.
Since the d is limited from O to 1, a proper design of the R, is crucial to avoid the operation outside the d limit.
The boost converter is chosen from the SMPS category due to its low number of components and low /i ripple.
This is an important characteristic because the ideal DC electronic load should not have ripples. Nonetheless,
the power converter under the SMPS category contains current or voltage ripples. Therefore, it is essential to
choose the power converter with the low ripple, especially at the V; and [;. The control input from the integral
controller is the 4 and it is converted into switching pulse, ps, by the pulse width modulation, PWM.

+
‘o T
‘e

Figure 5: The circuit diagram of the boost converter.
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The d-R, relationship is crucial when using the boost converter !r the DC electronic load. This
relationship is shown in equation (1) [24]. In an ideal condition, the d is between 0 to 1. However, the boost
converter unable to follow this range doe to the nonideality factor [25]. It is recommended that the operation
of the boost converter is between 0.10 to 0.75 to avoid voltage regulation problem. This is because when the d
1s above 0.75, the output voltage, V,, begins to drop and affect the performance of the electronic load.
Therefore, the nimum and maximum ¢ (d,;, and d,,.,) are 0 and 0.75, respectively. Then, the minimum
and maximum R; (R; uin and R; ,..) need I be chosen. The R; ., and R; ;.. become the range of emulated
resistance mle DC electronic load. The R min and R max need to obey the range in equation (2) [24]. In this
design, the R; i and R; ., are setto 10 and 100, respectively and the range obey equation (2). Then, the R, is
chosen within the range of equation (2). The list of parameters is tabulated in Table 1. Since most of the power
is transmitted to R, it is essential to ensure the R, capable to handle the power. The power transmitted to R...
Pro.1s calculated using equation (3) [24]. The rating of the R. is highly depended on the V., which is the voltage
rating of the DC electronic load, and the R;. Note that the rating of V; is based on R; and Pg,. Therefore, the
chosen R, is 130 Q (within the range of 123.5 Q and 160.0 Q).

- R (1)
o= a-ay

RI mex RI min (2)
—_— RU L
(1 - dmin)z (1 - dmax)z

VI = ‘\ilPRCIRI (3)

Table 1: The desired specification and calculated parameters for the DC electronic load using the boost

converter.
Parameter Value

inimum Input Resistance, R; ..., 1wa
gmimu m Input Resistance, R, .. 100 2

mimum Duty Cycle, D, 0.10
Maximum Duty Cycle. D, 075
Maximum Input Voltage, Vi ma E
Switching Frequency. f; (kHz) 100
Qutput Voltage Ripple Factor, yy, 1%
Input Current Ripple Factor, j; 1%
QOutput Resistance, R, 130 0
Inductance, L (mH) 1926 mH
Capacitance, C (uF) 5.56 pF

A resistive load does not produce any voltage and current ripple. Nonetheless, the boost converter
contains ripples and cannot be eliminated. To remove the current ripple at /;, the inductance, L, chosen needs
to be infinity. The infinity L is an impractical solution and results in a slow transient. Therefore, a 1% [; ripple




factor, yi, is chosen since it is accurate enough to produce a steady current. The L is calculated using equation
(4) [24], which equals to19.26 mH. Although the V,, ripple factor, y,, can be ignored since this parameter is
not considered in the DC electronic load, it still essential to avoid unstable operation. The yv, 1s calculated
using equation (5) [24], which equals to 5.56 pF.
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Figure 6: The implementation of the DC electronic load using the boost converter.

Since the boost converter consists of an inductor and capacitor, the transient response is much slower
compared to the linear regulator. Therefore, the K; is adjusted properly to ensure the stability of the electronic
load. Using the try and error method, the chosen K is 3.

3. RESULTS AND DISCUSSIONS

A high accuracy emulation of the load is important for the DC electronic load. The lower the
percentage error, eq, the higher the accuracy. The e« is calculated using equation (6). The DC electronic loads
using the linear regulator and boost converter are simulated separately with R, from 10 € to 100 Q. Both
electronic loads are connected to the 100 V voltage source. The V; and /; are measured to determine R:. The e«
obtained at various R,.r are visualized in Figeie 7. The results show that the electronic load using the linear
regulator has a lower e¢q compared to the electronic load using the converter. This means that the
electronic load using the linear regulator has higher accuracy compared to the electronic load using the boost
converter. This effect is caused by the [ ripple present in the boost converter. According to [24], the highest
ripple occur when the R; is 4/9 out of R,. Since R, is 130 Q, the highest I; occur when R; equals to 57.78 Q.
Based on Figure 7, it is clearly shown that e« is the highest doing that condition. Therefore, the /; ripple affects
the accuracy of the electronic load using the boost converter.
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Figure 7: The e« against R.rfor the linear regulator and boost converter in the DC electronic load application.

For the electronic load using the linear regulator, the result shows that the ey becomes higher when
the R, increases. Nonetheless, it is significantly lower compared to the electronic load using the boost
converter. It is worth mention that the simulation does not consider the effect of temperature variation and




electrical noise. As mention before, the V, requires to emulate load changes with time. Therefore, it is harder
to control the electronic load and may result in a higher error. The slight change of V,, also affects the emulation
of the load. Therefore, the electrical noise in the V,,, may significantly affect the accuracy of the electronic load
using the linear regulator. The hardware implementation is required to analyse this effect, which is out of the
scope of the study.

The electronic load using the linear regulator and boost converter are simulated separately with the
R.r is stepped-up from 20 Q to 80 Q at 0.03 s and stepped-down from 80 Q to 20 Q at 0.06 s. The simulation
1s conducted to ensure the electronic load transient response does not affect the experimental result during load
emulation. The desired response for the electronic load is the /; changes instantaneously. By referring to Figure
8, the electronic load using the linear regulator able to change instantaneously. However, the electronic 1
using the boost converter has a slow transient response. Assume that the steady-state time, f,, is defined as the
time taken for the parameter to achieve within 2% of its final value, the ¢, during stepped-up load is 9.2 ms.
While the 7, during stepped-down load is 12.9 ms. The delay during the load change is insignificant if the power
converter connected to the electronic load has a slow response. H()wa:r. the load emulation becomes
inaccurate if the power cfifiverter connected to the electronic load has a faster response compared to the
electronic load. The slow response is due to the requirement of the boost converter to has a large L, which
reduced the /; ripple. To avoid this problem, a higher fs is needed. Nonetheless, it may result in a higher
switching loss. Which increase the heat generation at the power switch in the boost converter. If the transient
response result is not collected for the experiment, the proposed electronic load can be applied to the
experiment.
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Figure 8: The transient response of /; when the load is stepped-up from 20 Q to 80 Q and stepped-down from
80Qto 20 Q.

The power dissipation for the boost converter is mostly at the resistance. While the power dissipation
for the linear regulator is mostly at the MOSFET. This is an undesired situation especially for high power load
emulation since the MOSFET has limited safe operating area, especially during DC operation. The temperature
is also a problem faced by the linear regulator based electronic load. Since the power dissipates mostly at the
MOSFET, the temperature of the MOSFET increases significantly. This may lead to the failure of the MOSFET
and the operation of the electronic load stops. The temperature increase also changes the V,, significantly, thus
a closed-loop system is needed to maintain the emulation of the load.

4. CONCLUSION

In general, the boost converter able to be used as the DC electronic load. Since the temperature 1s not
significantly affecting the operating point, the open-loop system is an option. The power dissipation is located
to the output resistance and not at the power switch. However, the electronic load using the boost converter is
inferior compared to the electronic é‘l using the linear regulator. When the temperature and electrical noise
effects are discounted, the accuracy of the electronic load using the boost converter is lower compared to the
electronic load using thgflinear regulator. This is due to the current ripple problem faced by the boost converter.
The transient response of the electronic load using the boost converter is lower compared to the electronic load
using the linear regulator. This is due to the large inductor needed to maintain a low current ripple. To
summarise, the boost converter is suitable to be implemented for the DC electronic load. Nonetheless, it has
lower accuracy and slower response when compared with the linear regulator.

CKNOWLEDGEMENTS
The authors would like to express gratitude to Universiti Teknologi Malaysia (UTM) for providing
comprehensive library facilities and funding. Funding provided by Universiti Teknologi Malaysia
Encouragement Research Grant under vote Q.J130000.2651.18J39. Lastly, thanks to colleagues who have
either directly or indirectly contributed to the completion of this work.




REFERENCES

(1]
(2]

[3]

4

[5]

[6]

7

[8]
[9]

[10]

[11]

[12]
[13]

[14]

[15]

[16]

[17]

[18]

[19]

[20]

K. Lawsri and S. Po-Ngam, "DC electronics load for AH battery testing," in 2017 International
Electrical Engineering Congress (iIEECON), 2017, pp. 1 4.

P. Papageorgasa, D. Piromalisb, T. Valavanisa, S. Kambasisa, T. Iliopouloua, and G. Vokasa, "A low-
cost and fast PV IV curve tracer based on an open source platform with M2M communication
capabilities for preventive monitoring," Energy Procedia, vol. 74, pp. 423-438, 2015.

U. u. Rehman and M. Riaz, "Design and implementation of electronic load controller for small hydro
power plants," in 2018 International Conference on Computing, Mathematics and Engineering
Technologies (iCoMET), 2018, pp. 1-7.

R. Pudur and V. K. Srivastava, "Performance Study of Electronic Load Controller for Integrated
Renewable Sources," in 2018 2nd International Conference on Electronics, Materials Engineering &
Nano-Technology (IEMENTech), 2018, pp. 1-6.

Q. Yang, H. Yang, X. Gu, S. He, and Z. Cai, "Power Electronic Load System for Motor Drivers
Testing Considering Motor Faulty Status Simulation.," in 2019 22nd International Conference on
Electrical Machines and Systems (ICEMS), 2019, pp. 1-6.

R.R. Singh, B. A. Kumar, D. Shruthi, R. Panda, and C. T. Raj, "Review and experimental illustrations
of electronic load controller used in standalone Micro-Hydro generating plants." Engineering Science
and Technology, an International Journal, vol. 21, pp. 886-900, 2018/10/01/2018.

A. A. Willoughby and M. O. Osinowo, "Development of an electronic load I-V curve tracer to
investigate the impact of Harmattan aerosol loading on PV module pern2tkformance in southwest
Nigeria," Solar Energy, vol. 166, pp. 171-180, 2018/05/15/ 2018.

S. Wongcharoen, S. Deeon, and N. Mungkung, "Application of electronic load circuit for electrical
safety by using a serial mode comparator," Przeglgd elektrotechniczny, vol. 96, pp. 17--22, 2020.

N. Saini, A. Mudgal, K. Kumar, J. Srivastava, and V. Dutta, "Design of microcontroller based I-V
plotter using IGBT electronic load," n 2016 IEEE 1st International Conference on Power Electronics,
Intelligent Control and Energy Systems (ICPEICES), 2016, pp. 1-5.

I. Peng, Y. Chen, Y. Fang, and S. Jia, "Design of Programmable DC Electronic Load." in 2016
International Conference on Industrial Informatics - Computing Technology, Intelligent Technology,
Industrial Information Integration (ICHCII), 2016, pp. 351-355.

V.-M. Placinta, F. Babarada, C. Ravariu, and L. G. Alecu, "Digitally Controlled Electronic Load for
Testing Power Supplies Reliability," REVUE ROUMAINE DES SCIENCES TECHNIQUES-SERIE
ELECTROTECHNIQUE ET ENERGETIQUE, vol. 64, pp. 131-136, 2019.

A. Shigi, "High power DC electronic load," in 2017 Chinese Automation Congress (CAC), 2017, pp.
1698-1701.

W.Jiang.J. Wang, Q. Wang, S. Xu, S. Hashimoto, and Z. Liu, "Design and implementation of a low-
power low-cost digital current-sink electronic load," Energies, vol. 12, p. 2611, 2019.

V. K. Murali and V. Sandeep, "Design and Simulation of Current Sensor based Electronic Load
Controller for Small Scale Three Phase Self Excited Induction Generator System,"” International
Journal of Renewable Energy Research (IJRER), vol. 10, pp. 1638-1644, 2020.

B. N. Roodsari and E. P. Nowicki, "Analysis and Experimental Investigation of the Improved
Distributed Electronic Load Controller," IEEE Transactions on Energy Conversion, vol. 33, pp. 905-
914, 2018.

Z. Meng-Ting, W. Ming-Yan, and W. Le-San, "Design and implementation of a multifunctional DC
electronic load," in 2017 IEEE Transportation Electrification Conference and Expo, Asia-Pacific
(ITEC Asia-Pacific), 2017, pp. 1-6.

E. Mishra and S. Tiwari, "Comparative Analysis of Fuzzy Logic and PI Controller Based Electronic
Load Controller for Self-Excited Induction Generator," Advances in Electrical Engineering, vol.
2017, p. 5620830, 2017/08/06 2017.

H. K. Khleaf, A. K. Nahar, and A. S. Jabbar, "Intelligent control of DC-DC converter based on PID-
neural network," International Journal of Power Electronics and Drive Systems, vol. 10, pp. 2254-
2262,2019.

P. Chen and F. Wu, "Research and Implementation of Single-phase AC Electronic Load Based on
Quasi-PR  Control," in 2018 Inrernational Conference on Advanced Mechatronic Systems
(ICAMechS), 2018, pp. 157-161.

H. C. Kanchev, "Modeling of Boost Converter-based Electronic Load with Energy Recycling
Capability,” in 2018 IX National Conference with International Participation (ELECTRONICA),
2018, pp. 1-4.




[21] A. Asbayou, M. Agdam, A. Aamoume, A. Soussi, A.Thla, and L. Bouhouch, "Utilization of MOSFET
transistor as an electronic load to trace IV and PV curve of a solar panel," in E3§ Web of Conferences,
2021, p. 01021.

[22] T. Nujithra and U. S. Premarathne, "Investigation of Efficient Heat Dissipation Mechanisms for
Programmable DC Electronic Load Design," in 2018 8th International Conference on Power and
Energy Systems (ICPES), 2018, pp. 201-206.

[23] 0. Semiconductor, "NTB5860NL, NTP5860NL, NVB5860NL N-Channel MOSFET 60 V, 220 A,"
0. Semiconductor, Ed., ed, 2012.

[24] R. Ayop and C. W. Tan, "Design of boost converter based on maximum power point resistance for
photovoltaic applications," Solar Energy, vol. 160, pp. 322-335, 15 January 2018.

[25] D. W. Hart, Power Electronics. Valparaiso University, Indiana: Tata McGraw-Hill Education, 2011.




Comparison of Electronic Load using Linear Regulator and
Boost Converter

ORIGINALITY REPORT

1 2%

SIMILARITY INDEX

PRIMARY SOURCES

R Ayop, C W”Tan, S N Syed Nasir, N I\/I Nordin, M S 123 words — 4 /0
A Mahmud. "Angle-Based Photovoltaic Curve

Tracing using Boost Converter", Journal of Physics: Conference

Series, 2021

Crossref

Cheng Yan:g Huang, Kazutaka Itako, Takeak| Mori, 33 words — 1 /0
Qiang Ge. "MPPT Control Method Using Boost Type

DC-DC Converter for PV Generation System with Mismatched

Modules", Advanced Materials Research, 2014

Crossref

section.iaesonline.com 0)
27 words — 1 /0

Internet

H n 0
Rgzman Ayop, Chee Wei Tgn, Abba Lawarj Bukar. "A 24 words — 1 /0
Simple and Fast Computation Photovoltaic Emulator
using Shift Controller”, IET Renewable Power Generation, 2020

Crossref

. . " . 0
Swaroop R Sadarjoshi, P Usha. DeS|.gn and 23 words — 1 A)
fabrication of regulated DC electronic load for testing

power supplies and batteries", 2016 IEEE 7th Power India

International Conference (PIICON), 2016

Crossref



Muhammet Mustafa Ozdal, Martin D. F. Wong. "Two- 1 0%
: : : - 21 words —

layer bus routing for high-speed printed circuit

boards", ACM Transactions on Design Automation of Electronic

Systems, 2006

Crossref

Qi .Y.ang, Mingxie He,Jl.a-hua Xu', Xiang Li, Jing Zhu, 18 words — 1 %
Zhiliang Zhang, Zhanbiao Gu, Xiaoyong Ren,

Qianhong Chen. "Wide Input Voltage DC Electronic Load

Architecture With SiC MOSFETs for High Efficiency Energy

Recycling", IEEE Transactions on Power Electronics, 2020

Crossref

e e 0
www.ijain.org 17 words — < ] )0

Internet

Razman Ayop, Cheg Wei Tan, Syed Nora2|zul 14 words — < 1 %
Syed Nasir, Kwan Yiew Lau, Chuen Ling Toh.

"Buck Converter Design for Photovoltaic Emulator Application”,

2020 IEEE International Conference on Power and Energy

(PECon), 2020

Crossref

n H . . . o, O
Sedra, A.del. le:roe!'ectronlc CIFC.UItS 7th Edition, 14 words — < 1 A)
International Edition", Oxford University Press

Publications

worldwidescience.org 1awords — < 1 0%

Internet

i 0
'I'Qa'zman Ayop, Chee Wei Te?n, Abba Lawar.w Bukar. 11 words — < 1 A)
Simple and fast computation photovoltaic
emulator using shift controller"”, IET Renewable Power
Generation, 2020

Crossref



— —
ul EoN

P. Papageorga.s, D. Piromalis, T. Vallavanls, S. 10 words — < 1 %
Kambasis, T. lliopoulou, G. Vokas. "A low-cost and

fast PV I-V curve tracer based on an open source platform with

M2M communication capabilities for preventive monitoring",

Energy Procedia, 2015

Crossref

. 0
www.iaescore.com 10 words — < 1 /O

Internet

. " . 0
Ameya V Gambhir, Nekzad Doctor. "Testing o words — < 1 )0
Electric Vehicle Sub-Systems Using Low Cost
Programmable Electronic Load", SAE International, 2019

Crossref

Saad Motahhir, Abdelilah Chalh, Abdelaziz El < 1 %
. ) o 9 words —

Ghzizal, Aziz Derouich. "Development of a low-cost

PV system using an improved INC algorithm and a PV panel

Proteus model", Journal of Cleaner Production, 2018

Crossref

Razman Ayop, Chee Wei Tan, Mohd Saiful Azimi o < 1 0%
Mahmud, S.N. Syed Nasir, Tawfik Al-Hadhrami,

Abba Lawan Bukar. "A simplified and fast computing

photovoltaic model for string simulation under partial shading
condition”, Sustainable Energy Technologies and Assessments,

2020

Crossref

Salima Sarikh, I\/Igstapha Raouf|, Amin Bennguna, 3 words — < 1 %
Ahmed Benlarabi, Badr Ikken. "Implementation of

a plug and play |-V curve tracer dedicated to characterization

and diagnosis of PV modules under real operating conditions",

Energy Conversion and Management, 2020

Crossref



T. Ngjlthra, U.S.'Pr.emz?\rathne. Inyestlgatlon of 3 words — < 1 %
Efficient Heat Dissipation Mechanisms for

Programmable DC Electronic Load Design", 2018 8th

International Conference on Power and Energy Systems

(ICPES), 2018

Crossref

. " . 0
Razman Ayop, Chee WeliTan. Design of'boost 7 words — < 1 A)
converter based on maximum power point

resistance for photovoltaic applications", Solar Energy, 2018

Crossref

. n . ope . n 0
Yashwant K-. I\/Ialalya-. .Rel{ablllty Allocatlon © 7words — < ’] /()
Encyclopedia of Statistics in Quality and Reliability,
03/15/2008
Crossref
H " 1 0
Yuan Yong Hsu, Chuan Wen Lai. "Design and 7 words — < ] 0

Implementation of Single-Stage Boost Converter in
Wind Power System", Advanced Materials Research, 2011

Crossref

Qi .Y.ang, Mingxie He,Jl.ahua Xu,'Xlang Li, Jing Zhu, 6 words — < 1 %
Zhiliang Zhang, Zhanbiao Gu, Xiaoyong Ren,

Qianhong Chen. "Wide Input Voltage DC Electronic Load

Architecture with SiC MOSFETs For High Efficiency Energy

Recycling", IEEE Transactions on Power Electronics, 2020

Crossref

OFF OFF
ON



