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Abstract. The use of photovoltaic (PV) module as a power source for wire
feeder systems (WFSs) of arc welding machines is one of the promising
domains in the solar PV applications. This paper provides a new kind of welding
WFS and investigates the PV penetrated power systems. The considered system
consists of a PV module, a DC-DC buck converter, and PMDC motor. The
power of the PV-WFS can be widely enhanced by using a Fractional-order
Fuzzy PID (FO-Fuzzy-PID) controller based P&O MPPT algorithm. In this
work, a FO-Fuzzy-PID controller is also proposed for PMDC motor driven
WFS. This will lead consequently to optimize the mechanical motor speed of the
WFS. The dynamic response of the PV-WFS relies upon the parameters of these
FO-Fuzzy-PID controllers, which are optimized by using Particle Swarm
Optimization (PSO) algorithm. Simulation results found are satisfactory and
prove the stability, accuracy and dynamic response of the synthesized optimized
wire feeder regulating system and the proposed intelligent MPPT algorithm.
Keywords: Solar photovoltaic (PV) module  Wire feeder system (WFS)  Arc
welding machines  DC-DC buck converter  MPPT control  FO-Fuzzy PID
controller  Particle Swarm Optimization (PSO) algorithm

1 Introduction
There are many types of welding power supplies utilized for a variety of welding
processes in isolated area [1]. The diesel generators are utilized for gas metal arc
welding (GMAW) process, since they are simple to install, but these kinds of power
supplies incorporate a diesel fueled engine attached to an electrical generator create
numerous problems such as fuel cost, maintenance, noise, and short lifetime. The PVWFS presents other solution to replace the used diesel generator, because it generates
electricity without damaging the environment, and they are mostly utilized due to high
distribution costs/non-availability of grid-power [1]. According to [2], frequent
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maintenance and repairs of diesel engine-driven welding machines are regularly (2–4)
times more than PV-WFSs. Therefore, the use of PV as power source for welding
machines can be considered as one of the most promising areas of solar PV application.
The PV-WFS requires only a PV module with a DC-DC buck converter and a storage
bank. Moreover, the proposed system works in isolated areas, which needs an efﬁcient
and reliable production system to extract the maximum power from the solar energy.
The PV module coupled directly to the DC-DC switching converter can meet these
requirements. In the WFS-side, a DC constant voltage power supply based on a DC-DC
buck converter is adopted for a PMDC servo motor. The DC-DC buck converter
responds to the requirements of the modern WFSs due to high power handling ability
and a better use of the power switch. Furthermore, the problem of identifying the
maximum power point (MPP) of solar PV module can be solved by using an intelligent
Perturb and Observe (P&O) MPPT algorithm combining fractional-order PID and
fuzzy controller. The main contribution is a maiden application has been made to tune
all the possible parameters of FO-Fuzzy-PID based MPPT controller of PV module and
FO-Fuzzy-PID based speed controller of PMDC motor, simultaneously with PSO
algorithm to handle the uncertainties caused by the WFS and the PV generator.

2 System Description and Modeling
The PV-WFS is depicted in Fig. 1. It composed of four main elements: PV module,
DC-DC buck converter for MPPT, and storage bank connected to the WFS.

Fig. 1. Description of the solar photovoltaic powered wire feeder system.

2.1

Solar PV Generator Model

Figure 2 illustrates the equivalent circuit of the solar cell which comprises a singlediode (D), parallel resistor (Rp), and serial resistor (Rs). By applying kerchief’s current
law, the output current of the solar cell is written by [3]
IPV ¼ Iph  Is ½expð

qðVp þ Rs :Ic ÞÞ
VPV þ Rs :IPV
 1 
KTc A
Rp

ð1Þ
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Fig. 2. Solar cell model with a single-diode and two resistors.

where, Iph is the photocurrent (A), Id is the diode current (A), IPV is the output current
(A), VPV is the output voltage, Is is the reverse saturation current (A), q is the charge of
the electron (1.6  10−19 C), K is the Boltzmann’s constant (1.38  10 − 23 J/K), A is
the ideality factor of the diode, Tc is the actual cell temperature (°C).
2.2

Group Wire Feeder System and GMAW Process Model

The graphic illustration of WFS for GMAW process application is depicted in Fig. 3.
The wire feed servo motor is in itself a feedback controlled system which is capable of
delivering wire of wire spool to the weld process at a controlled wire feed rate Vf.

Fig. 3. Physical representation of WFS for GMAW process application.
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The dynamic equation for the electrical circuit of GMAW process, is
Voc ¼ L1

dIW
þ Rs IW þ Varc
dt

ð2Þ

where Voc is the open circuit voltage, Iw is the welding current, R1 is the resistance of
arc welder power supply, and L1 is the inductance of arc welder power supply. The
dynamic equation of arc voltage Varc is expressed as [4]
Varc ¼ ka la þ kp IW þ Vc

ð3Þ

where ka, kp, Vc are parameters of arc characteristics, and larc is the arc length. The
dynamic equation of arc length larc, is
dla
¼ Vm  Vf
dt

ð4Þ

where Vm represents the wire melting rate may be expressed as
V m ¼ km I W

ð5Þ

where km indicates the coefﬁcient of wire melting rate. The dynamic equation of the
power source Voc, is
2.3

PMDC Motor Driven Wire Feeder System Model

The equivalent circuit of the wire feed servo motor is illustrated in Fig. 4.

Fig. 4. Equivalent circuit of the wire feed servo motor.

According to the Kirchhoff’s voltage equation around the armature circuit and the
motion equation of the PMDC motor, the corresponding mathematical model of PMDC
motor is as follows [5]
dIa
þ k1 x
dt

ð6Þ

dx
þ TLoad
dt

ð7Þ

Va ¼ Ra Ia þ La
Tem ¼ B x þ J
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where, Ia and Va are the phase current and voltage of the PMDC motor, Ra is the
winding resistance, La is the winding inductance, J is the rotor inertia, B is the motor
friction coefﬁcient, k1 is the back EMF constant. x is the rotor speed.

3 Fractional-Order Fuzzy Logic Pid (FO-Fuzzy-Pid)
Controller
FO-Fuzzy-PID structure utilized in this research paper has fractional-order Fuzzy PI
and Fractional-order Fuzzy PD controllers [6]. On this basis, we realized a FO-FuzzyPID controller for solar PV-WFS system and its structure is illustrated in Fig. 5

Fig. 5. Fractional-order fuzzy logic PID control block diagram.

In this ﬁgure Db is the fractional derivative and I−a is the fractional integrator
orders. The control action U(t) is a nonlinear function of error E, fractional change of
error DE, and fractional integral of error IE with the following model:
 


db
d a
eðtÞ KV
UðtÞ ¼ f KP eðtÞ þ KD eðtÞ þ KI
dt
dt

ð9Þ

4 The Optimization Problem
This section presents a PSO algorithm for the optimal parameter calibration of FOFuzzy-PID controller. The PSO calibration process consists of ﬁnding the optimal FOFuzzy-PID controllers parameters that present the best possible performance for the
regulation of a solar PV-WFS system. Therefore, the FO-Fuzzy-PID controller
parameters represent the dimensions of each candidate solution for the optimization
problem. To evaluate the performance of FO-Fuzzy-PID controller under each
parameter conﬁguration, the Integral of Time multiply Absolute Error (ITAE) criterion
has been adopted based on the instantaneous error of PV module output current control
loop e1(t) and instantaneous error of motor speed control loop e2(t) to ﬁnd a better
solution in a minimum computation time and accuracy. The quality of each candidate
solution is evaluated according to the following objective function.
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Ztsim
J ¼ J1 þ kJ2 ¼

Ztsim
tje1 jdt þ k

0

tje2 jdt

ð10Þ

0

where k is weighting factor and tsim is the time of simulation. The performance of this
objective function is evaluated according to PSO algorithm depicted by the flowchart of
Fig. 6.

Fig. 6. Schematic diagram of the PSO Algorithm.

5 Control Design of the Proposed MPPT Algorithm
In this section, we consider an improved P&O algorithm with adaptive increment step
[7]. Basic principle of this strategy is increment step variation to converge faster
towards maximal power point (MPP) while reducing oscillations around. Indeed, in
order to rapidly converge, increment step ‘H’ is reduced or adapted from a region to
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another: H = 0.01 in ‘‘F’’ region and H = 0.001 in ‘‘G’’ region. The flow chart for the
proposed P&O MPPT algorithm is explained in Fig. 7.

Fig. 7. Flowchart of the improved P&O MPPT algorithm.

6 Simulation Results and Discussions
We have investigated three test cases in order to show the tracking capability of the
proposed FO-Fuzzy-PID controller-based MPPT algorithm at different irradiance levels
conditions.
6.1

Performance Test with Uniform and Constant Solar Irradiance

The results presented in these ﬁgures (Fig. 8(a–b)) illustrate the rapidity and robust
effective control of the response provided by the proposed FO-fuzzy-PID controllers.

Fig. 8. FO-Fuzzy-PID and traditional PID based: (a) MPPT and (b) speed control of solar PV-WFS.
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Performance Test Under Ramp-Change in Solar Irradiance

From analysis in Fig. 9 (a–b), the proposed FO-Fuzzy-PID method has superior power
and speed tracking performances than other traditional PID method.

Fig. 9. FO-Fuzzy-PID and traditional PID based: (a) MPPT and (b) speed control of solar PV-WFS.

6.3

Performance Test Under Step-Change in Solar Irradiance

These ﬁgures show that the proposed FO-Fuzzy-PID controller has the highest tracking
performance than its competitor.

Fig. 10. FO-Fuzzy-PID and traditional PID based MPPT and speed control of solar PV-WFS.

7 Conclusion
In this work, an advanced synthetic study of a standalone solar PV-WFS system is
introduced. It includes: solar PV generator modeling, an improved P&O algorithm with
an adaptive step increment, a detailed method to the modeling of WFS and PMDC
motor, and a thorough PSO algorithm for calculating the optimal parameters of the FOFuzzy-PI controllers used for MPPT algorithm and wire feed speed control of solar PV
module and PMDC servo motor of WFS, respectively. This work has yielded some
improvement simulation results: (i) the response time presented by the proposed FOFuzzy-PID based MPPT control is almost less than that given by the traditional PID
based P&O control. (ii) the control test results validate the FO-Fuzzy-PI speed
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controller robustness and tracking effectiveness for the PMDC motor drive. Finally, this
article with its amount of information, its references and its synthetic aspect will be
helpful for researchers and PhD students, who required a simple and effective way to
model, control and simulate solar PV-WFS driven by PMDC motor.
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