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ABSTRACT - A constant current charging control method for charger is proposed in this paper. The basic idea is to
maintain constant current charging by limiting the duty cycle of charger. Based upon the proposed constant current
charging technique, a digital-controlled charger is designed and control method in software. The proposed digital-
controlled charger has been applied to an on-line UPS prototype is shown in Fig.1. Additionally, when the battery
voltage is increased to the preset voltage level using this technique, the charger changes the control mode to constant
voltage charge. A digital-controlled charger is designed and implemented for uninterrupted power supply (UPS)
applications. The charger control is based upon the proposed control method in software. Closed loop PI control is also
provided to achieve the desired output voltage. The Simulation is done with the help of MATLAB Software using
Simulink.
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I.LINTRODUCTION

Rechargeable batteries are extensively utilized in many applications. Since these appliances continuously
consume electric energy, they need charging circuits for rechargeable batteries. Efficient charging shortens the charging
time and extends the battery service life, while harmless charging prolongs the battery life cycle and achieves a low
battery operating cost [2]-[4]. Moreover, the charging time and lifetime of the rechargeable battery depend strongly on
the properties of the charger circuit. The Rechargeable batteries are vital to portable electronic equipment such as
uninterrupted power supply, laptop, computers and cell phones. Fast charging circuits must be carefully designed and
are highly dependent on the particular battery's chemistry. The most popular types of rechargeable batteries in use
today are the Lead-Acid (LA), Nickel-Cadmium (NiCd), Nickel-Metal-Hydride (NiMH), and Lithium-lon (Li-lon).
Lead-Acid (LA) is used in many portable applications because it is low cost and a low self-discharge characteristic.

The charging method is the process that dictates the method by which energy returned to the battery. If the
energy is not returned to the battery in a way that it is compatible with the chemistry, the recharge can have detrimental
effects on the battery. In the worst case, incorrect recharging can cause safety event (damage to equipment, personnel
injury and environmental contamination). There are several generic charging methods
Such as

1. Constant current charging method

2. Constant potential charging method

3. Constant current and potential charging method

The constant potential charging is detrimental to NiCd sealed batteries, which exhibit a drop in voltage when
the battery goes into overcharge and begins to heat up, causing the voltage to drop. This problem can be overcome by
constant current charging method. Constant current charging is the simplest method of charging employing single low
level current to the discharged battery. The current is set at a fixed rate that is usually selected at ten percent of the
maximum rated capacity of the battery. Constant current charging is best suited for use on lead-acid batteries. The type
of chargers usually small and relatively inexpensive.
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Fig.1 Digital controlled UPS system

o0 “Implementation and analysis of an improved series-loaded resonant DC-DC converter operating above

resonance for battery chargers,”

The well-established advantages of resonant converters, including simplicity of circuit configuration, ease of
the control scheme, low switching losses, and low electromagnetic interference, among others, have led to their
attracting more interest. This work develops a highly efficient battery charger with an improved series-loaded resonant
converter for renewable energy applications to improve the performance of traditional switching-mode charger circuits.
The switching frequency of the improved series-loaded resonant battery charger was at continuous conduction mode.
Circuit operation modes are determined from the conduction profiles. Operating equations and operating theory are also
developed. This study utilizes the fundamental wave approximation and a battery equivalent circuit to simplify the
circuit analyses [5].

o “High-efficiency ZCS buck converter for rechargeable batteries”

In this paper zero-current-switching (ZCS) operation, this paper develops a novel soft-switching approach for
rechargeable batteries. By inserting an auxiliary switch in series with a resonant capacitor, the proposed topology can
obtain a novel ZCS buck dc—dc battery charger and significantly decrease the switching losses in active power
switches. The proposed ZCS dc—dc battery charger has a straightforward structure, low cost, easy control, and high
efficiency. The operating principles and design procedure of the proposed charger are thoroughly analyzed. The
optimal values of the resonant components are computed by applying the characteristic curve and electric functions
derived from the circuit configuration. Finally, a prototype charger circuit designed for a 12-V 48-Ah lead acid battery
is constructed and tested to confirm the theoretical predictions. The maximum charging efficiency of the proposed
topology during the overall charging period is too long [2].

o “New digital-controlled technique for battery charger with constant currents and voltage control without

current feedback”
The main theme of this paper is to present a new digital-controlled technique for battery charger to achieve constant
current and voltage control while not requiring current feedback. The basic idea is to achieve constant current
charging control by limiting the duty cycle of charger. Therefore, the current feedback signal is not required and
thereby reducing the cost of A/D converter, current sensor, and computation complexity required for current control. In
this technique having some complex computation circuitry and the cost to be increased [1].

Conventional battery chargers with linear power regulators can handle only particular power levels, have a
critical circuit, and have a low power density. In ancient analog controlled batteries are build of resistors and capacitors
where these components are depend on temperature variation and aging issues.[12], [13], [16]-[18]. Battery chargers
require high quality, small size, light weight, and high energy conversions. But in the switch-mode operation subjects
the control switches to high switching stress and high switching power losses. To maximize the performance of switch-
mode power electronic conversion systems, the switching frequency of the power semiconductor devices needs to be
increased, but this results in increased switching losses and electromagnetic interference. But in proposed system
rechargeable battery life is relation not only charger time. As for the recharging of lead-acid batteries, several types of
chargers have been proposed with great success simple charger was first been constructed to deliver a constant voltage
charge whereby the charge current is reduced to zero or trickle as the battery voltage rises [5]. However, this way of
charging came with a non optimal charging profile, hence resulting in a long charging interval. Next, based on the close
monitoring of battery current and voltage, some sophisticated chargers has suggested to employ high charge currents
during the initial stage of charging cycle, then reduce gradually till the full electricity-charging is reached. But above
techniques has some drawbacks. To overcome these problems a constant current charging method is proposed for UPS
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Systems [1]. Moreover, when the battery voltage is increased to the preset voltage level using constant current charge,
the charger changes the control mode to constant voltage charge [1].

Closed loop PI control is also provided to achieve the desired Output voltage. Pulse generators are employed
to produce switching pulses and PWM. The output of the system can be viewed through the scope.

II. DIGITAL-CONTROLLED CHARGER SYSTEM

Fig. 2 shows the digital controlled charger with constant current charging control method is proposed in this
work. The basic idea is to keep constant current charging by limiting the duty cycle of charger [1]. Based upon the
proposed constant current charging technique, a digital-controlled charger is designed and control method in software.
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Fig. 2 Proposed constant current charging control method

The Pl and Digital Pulse width generation technique is used here [11]. PI controller calculates an "error" value
as the difference between a measured process variable and a desired set point. The controller attempts to minimize the
error by adjusting the process control inputs to achieve constant current and voltage charge.

The output is measured and the voltage and current measurement block measures the instantaneous voltage
and current between two electric nodes. The output provides a Simulink signal that can be used by other Simulink
blocks. The output of the system can be viewed through the scope.

I1l. CONVERTER MODELLING

The isolated flyback converter is a commonly-used converter for small power supplies such as battery
chargers for portable devices and for auxiliary power supplies in electronic equipment. The control design of a flyback
converter that provides three low-voltage DC output voltages from a single-phase mains source is explained. Fig.3
illustrates a simplified flyback convertor with the main voltage regulation blocks of the device shown. The power train
operation is the same as any DCM flyback circuit but accurate output voltage and current sensing is the key to primary-
side control. The flyback transformer is modelled using an ideal transformer with a magnetizing inductance in parallel.
Leakage inductance is ignored because the model is intended for controller design and circuit level simulation rather
than simulating the parasitic effects of components. The parameters of the flyback transformer are given in the Table
1. The output voltages of the open-loop flyback converter are heavily affected by the input DC voltage ripple. In order
to regulate the output voltages, a current mode control scheme using a type 2 voltage controller to set the reference
voltage is implemented [21].
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Fig. 3 Simplified flyback converter for digital controlled battery charger.

The flyback converter in Fig.4 is composed of three stages. The power circuit to the secondary, the equivalent
buck-boost converter, with the input voltage of Vi/n and inductance of L/n? is obtained. Replacing the power
MOSFET and diode in the equivalent buck-boost circuit by the small signal PWM switch models in DCM the small
signal equivalent circuits are obtained as shown in Fig. 4 respectively. In the figures, the capital letters denote DC
values and the caret the small-signal variation [21]. In the DCM circuit, gi = M%R, ki = 2MV,/DR, ¢ = 2M/R,
ko = 2V/DR and go = 1/R, where M = V/Vi, = nD(R / 2Lfs )*2.D and fs are the duty cycle and switching frequency
respectively.

TABLE I
Flyback transformer parameters

Parameter Value
Magnetizing inductance, Lm 1.6e-1

Winding 1 parameters [V1(Vrms) [400 0.2 100e-7]
R1(chm) L1(H)]
Winding 2 parameters [V2(Vrms) | [60 0.025 25e-7]
R2(ochm) L2(H)]
Winding 3 parameters [V3(Vrms) | [60 0.025 25e-7]
R3(ochm) L3(H)]

Maximum duty cycle, dimax 33%~37%
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Fig. 4 Small signal model of a flyback power circuit
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IV. DIGITAL CONTROLLER DESIGN

A proportional-integral controller (i.e., PI) with feedback can take the place of manual adjustment of the
switching duty cycle to a DC-DC converter and act much more quickly than is possible “by hand.” The 89C51 was
chosen for the controller use. It is inexpensive and can handle the entire voltage range. The best way to use this chip is
in current-mode control. Many of the circuit parameters were determined according to the functionality of the chip. A
voltage divider is placed across through the battery is used to sense the voltage and the output from the 89C51 is used
as gate drive. The S-R latch is set initially by a short pulse from the clock causing the MOSFET to turn on. The current
sense comparator tests the relationship between the voltage error signal and the sense resistor voltage. When the two
signals match, the latch is reset and the switch turns off. This is peak current mode control as switch turn off point
determines the peak inductor current. The voltage error signal is set and is used as reference for the maximum inductor
current. Peak Current Mode Control determines the duty ratio of the switching action of the gate drive and regulates
maximum current in system. An increase in the set reference voltage increases the duty ratio and current. An increase
in input source voltage decreases the duty ratio without changing the output current. Fig.5. shows the block diagram of
digital-controlled charger which includes MCU modulation gain, 1/V\, and voltage ratio of voltage feedback network,
H, A/D sampling gain, and Gapc.
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Fig. 5 Block diagram of digital-controlled charger

Instead of the analog control, the DPWM control scheme chops the dc voltage during the voltage is greater than
reference voltage. The PWM control keeps switching frequency constant and regulates duty-cycle to ensure the
MOSFET turn on.

In this paper, the linear current control scheme, or synchronous PWM PI controller, is selected. The PI controller
integrates the error between the feedback and reference voltage to generate a variable voltage which is then fed into the
pulse-width modulator to produce the switching gate signal for MOSFET. Compared to Hysteresis controller, the PWM
PI controller has some advantages below: 1) constant switching frequency; 2) closed-loop control; 3) good dynamic
regulation; 4) low acoustic noise. Pl compensator has been widely used in all types of the feedback system, especially
for the systems originally containing a single pole. The constant current/constant voltage method is the most practical at
present. The charging process of this method is consisted of two stages. First, the lead-acid battery is charged with
constant current, so as to shorten the charging time. When the battery voltage reaches the required set value, it is
charged with constant voltage. The charging current decreases gradually as the time extends, and the charger is cut off
until the charging current decreases .The charging method used in this paper connects a DC/DC converter to the
preceding stage output, so that the voltage and current of preceding stage maximum power control the constant
current/constant voltage charge up method for lead acid battery. The constant current/constant voltage architecture is
that the fed back output voltage uses a PI controller to control the duty cycle for charging. Since the PI controller can
suppress high-frequency noise to improve the system or eliminate steady-state error, the battery output achieves stable
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constant current/constant voltage control. Take constant voltage as an example, the charging system uses state space
averaging method to analyze the PI controller and DC/DC converter.

V. RESULT AND DISCUSSION

Fig. 6 input dc link voltage.
The fig. 6 shows the input voltage (vi,) is 400v.

Fig. 7 input current.
The fig. 7 shows the input current corresponding to the input voltage.

Fig. 8 output voltage.

The fig. 8 shows the output voltage across through battery to be maintained at 36 v by using PI controller,it can be
compared to existing result the dc ripple can be reduced.
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VI.CONCLUSION

A novel constant current charging control method for charger without current sensor is proposed. The
analytical form for current and duty cycle relation is presented. The basic idea is to keep constant current charging by
limiting the duty cycle of charger. Based upon the proposed constant current charging technique, a digital-controlled
charger is designed and verified on a UPS prototype. A low-cost MCU is used to realize the proposed control method
in software. The proposed digital-controlled charger has been applied to an on-line UPS prototype. Nowadays,
rechargeable battery has been widely used in various kind of electronic device, such as portable devices, uninterrupted
power supply (UPS) system, electrical vehicle, etc. Therefore, battery charger plays a very important role in recharging
batteries efficiently and prolonging the battery life. Thus a battery charger is designed to get a constant current charging
for UPS applications and the proposed topology is verified through simulation results. Through the simulation result, it
can be applied to the renewable energy system and electrical vehicle using battery with high efficiency.
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