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        Abstract



        As known that the traditional DC constant voltage charging equipment not only can cause the battery overcharge or insufficient charging, but also the charging time is too long. In the paper, based on the theory of pulse charging method and the design of the pulsed fast intelligent charging equipment is presented, the implementation of hardware and software process of the system is given out, the analysis of the results show that it can effectively prevent overcharge and low charge phenomenon in the charging process of battery.
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      1. INTRODUCTION


      From the research process of storage battery charging and discharging, the technology has a long process of development. In 1897, Peukert predicted the rate of discharge of the two various rate discharge, but he made little research and analysis in the field of charging. In 1935, woodbridge found that charging is sensitive to temperature and noticed that index characteristics of the battery. In 1967, Mars found the importance of deflated phenomena in the study, and started to apply this kind of phenomenon to the charging voltage control.


      As people pay more attention to the problems of the charging, thus many charging devices are appeared, but most of these devices are made of analog circuit, the control effect is poor, debugging is complex, and the volume is larger. Until the 1990s, intelligent charge controller which involves integrates charge, discharge, detection and management was developed. Fast charging technology research got more and more attentions of many researchers in recent years, and it also achieved some good results, as the modified quick charger adopts digital control, which makes the work of debugging and maintenance of the charging system be reduced greatly, but most of these rapid charging technique are adopted the traditional control method and thoughts [1-3]. From several performance indicators of quick charge technology (i.e., charging the length of time, the efficiency of charging, the size of the temperature and the length of life), there are not ideal. In addition, in the charging technology and methods, there exists seriousenergy loss and waste.

    


    
      2. DEVELOPMENT OF LEAD-ACID BATTERY CHARGING TECHNOLOGY


      Pulse charging method not only can follow the inherent acceptance rate of the battery, and but also it can increase the rate of charging, thus break the limitation of the battery charging curve. It is also the new development of the battery charging theory. In the pulse charging way, first step is to use pulse current in the charging for the battery, and then stop the charging for a short time, then continue to charge. Pulse charging can make battery is full of power, in the break, the chemical combined reaction of oxygen and hydrogen can be absorbed, then the concentration polarization and ohm polarization naturally are eliminated, thus the battery internal pressure is reduced, the process can make the next round of constant current charging can more smoothly. The battery can absorb much more power and intermittent pulse makes the response time of the battery is long, reduce the output of the gas, and finally improve the battery charging current acceptance rate [4-6]. Several kinds of conventional charging methods are introduced as following:


      
        2.1. Constant Voltage Charging


        Constant voltage charging refers to each monomer battery is charged with a constant voltage. A constant voltage is generally selected as the single cell number multified with 2.4V, but in fact, the optimal value of this constant battery is varies with the structure and the life of the battery. The main characteristic of constant voltage charging are asearly charging current is quite big, battery terminal voltage and electrolyte relative density rise faster, with the continuation of charging, the charging current is gradually decreased, and in the charging end stage the charging current is small. If the current is properly selected, the charging process will be completed within eight hours, and charging process can be operated automatically, without human management [7, 8]. So the constant voltage charging are widely used in addition charge.


        And in this methods there are a lot of insufficient: too much on the depth of discharge of the battery, will cause the initial charging current is too large, and cause damage to the battery; Can't adjust the size of the charging current, charging process does not apply to the early charging and charging to sulfur (sulfate). As shown in Fig. (1), they are the typical performance of constant voltage charging curve:


        [image: ]
Fig. (1)


        Curve of the constant voltage charging method.

      


      
        2.2. Constant Current Charging


        In a certain period of time, it use a constant current pass through the battery, its typical performance curve is as shown in Fig. (2).


        [image: ]
Fig. (2)


        Curve of the constant current charging method.


        The main features are as follwing, constant current charging method has strong adaptability, it can adjust the charging current, arbitrary choice and therefore it can be adopted under different conditions of charging, but when using this method, because the start charging current is too small, in the late charging process the charging current is too large, so the whole process will takes long time (generally need more than a dozen hours), but the separation of gas and the impact on the plate are large, energy consumption is also high, efficiency is low, and the whole process need specialist care.

      


      
        2.3. Three Stages of Charging


        So called three step, usually referes to constant current charging, when the battery's terminal voltage reaches a certain value, it will turn into the second stage, namely that the pressure limiting charging stage, when the charging current is small to some degree, it is the third stage, namely the trickle charging stage, its typical characteristics as shown in Fig. (3).


        Three stage charging can reduce outgassing rate to some extent, but the charging time is longer, the energy waste is serious, it also can't satisfied with the request of charging rapidity.


        [image: ]
Fig. (3)


        Curve of the three-step charging method.
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Fig. (4)


        The diagram of the system.

      


      
        2.4. Fast Charging Technology


        In the 1970s, Mas (J.A.M AS) makes study of the current characteristic of battery charging, and proposed the Mas three laws which concerns on the history of discharge current, on the basis the researchers begin to studythe quick charge battery, and put forward the method of quick charge, pulse charging and reflection type charging method [9-11].

      

    


    
      3. DESIGN OF THE PULSE CHARGING CIRCUIT


      Charging system is mainly consists of two parts, the main circuit and control circuit, including: input rectifier module, IGBT, high-frequency transformer, rectifier filter circuit, TMS320LF2407DSP, pulse width chip, current sensor, voltage sensor, the comparator switches, temperature switches, DC auxiliary power supply, AC contactor and other parts of the system. The diagram is as shown in Fig. (4).


      This device adopts the pulse charging circuit, it is the buck chopper circuit in essential, compared with the basic type of Buck DC - DC circuit, according to the actual requirement, the circuits of practical is worked in the continuous mode, in the design the inductance of the Buck circuit is get rid of, and we increase the power switch on the output side, and form the converter of charge pump type [12-15].


      In this device, discharge resistances is removed, and use many energy storage capacitors instead, specific series can be set according to actual need, the fast charging device adopts two levels of energy storage capacitor. Two levels of energy storage capacitor through electronic parallel on both ends of battery in the beginning, its circuit structure are as shown in Fig. (5), R3 and R4 are the equivalent resistance of the discharge capacitance circuit.


      [image: ]
Fig. (5)


      Feedback circuit of the current.


      According to the specified fast charging method in the device and the specific requirements of the discharge power circuit module. The discharge circuit is as shown in Fig. (6).


      As shown in Fig. (6), AC power pass through rectifier filter circuit to provide DC power for charging circuit, Q1,C2, Q2 forms the switch capacitor circuit of charging circuit, through control of the electronic switch DC power to realize the the energy storage capacitor charging and battery charging; And Q3 , Q4 ,Q5 ,Q6 form the switch capacitor discharge charge back road, through the power switch conduction alternately parallel discharge control to the battery energy storage capacitance C.


      
        3.1. Design of Pulse Charging Circuit


        This device adopts the pulse charging circuit, essentially it is for Buck Chopper circuit, compared with the basic type of Buck DC-DC circuit, according to the requirement of the device, the practical circuit works in the continuous mode, in the BUCK circuit, the inductance can be get rid of, and increase the power switch on the output side, and form charge pump type Buck converter, as the effect of equivalent series resistance and the equivalent circuits of parallel resistance and will be equivalent to constant voltage source and the battery internal resistance in series, the actual structure and switching sequence control circuit are as shown in Fig. (7).


        [image: ]
Fig. (6)


        The circuit of charge and discharge.


        [image: ]
Fig. (7)


        Structure and time sequence of charge circuit.

      


      
        3.2. Design of Discharge Energy Feedback Circuit


        Just as mentioned above, in order to eliminate the polarization phenomenon of VRLA battery charged in the fast pulse charging, in order to improve the battery charge acceptance rate, fast charging method of this device combines the reflection type charging method, in the process of pulse charging, it join a certain discharge pulse, but in the reflection type charging method of fast charging, the discharge pulse energy consumption in the parallel resistance, as shown in Fig. (8), it can cause the waste of energy. In this device discharge resistance can be removed , and use for energy storage capacitor instead, specific series can be set according to actual need, the fast charging device adopts two levels of energy storage capacitor. Two levels of energy storage capacitor through electronic parallel on both ends of battery in the beginning, its circuit structure is as shown in Fig. (8), the discharge capacitance circuit has equivalent series resistance.


        When the battery discharge trigger electronic switch guide to shunt capacitance discharge, the size of battery discharge current depends on the capacity of shun capacitance and parallel series. The duration of the discharge current depends on the shunt capacitance loop electronic switch conduction time, and is controlled by MCU. When through detecting the voltage on the external shunt capacitance, and it reaches a certain value, single-chip microcomputer control electronic switch shunt capacitance is converted into string model, in order to constitute a bootstrap circuit will increase capacitance voltage, and then power injection to the level of energy storage capacitor, realize the energy recovery of discharge current, thus to achieve the goal of energy saving. Sequence of Fig. (6) in each electronic switch conduction is as shown in Fig. (9).


        [image: ]
Fig. (8)


        Discharge energy feedback circuit.


        [image: ]
Fig. (9)


        Electronic switch timing.

      

    


    
      4. CHARGING POWER SUPPLY ENERGY SAVING VALIDATION


      In the device of the charging circuit, it simplifies the charger switch power supply structure, and new type of charging power structures to remove the high frequency pulse transformer and electronic switches, replace it with optically controlled PWM electronic switch, thus reduce the number of the energy dissipation element, lead the improvement of the power efficiency, it is a new type of power. In order to verify the battery DC power to get rid of the traditional switch power energy consumption such as the high frequency transformer, the experiment circuit diagram IS as shown in Fig. (10), considering the security of experimental requirement etc, this experiment adopts DC 24V input as voltage regulation of PWM.


      [image: ]
Fig. (10)


      The schematic diagram of energy transformation.


      As shown in Fig. (6), in a certain test time, the DC 24V power consumption and the consumption of electricity LOAD can be measured, through related comparisons, the energy conversion efficiency of the charging power supply can be obtained, in the actually implementation method, on the parts of UT1 and UT2, we test voltage value, on the parts of IT1 and IT2, the current values are detected, take the time t = 10ms as the sampling interval, after the time of 100 consecutive sampling, so the power energy conversion efficiency calculation formula is as (1).


      
        
          
            	[image: ]

            	(1)
          

        
      


      Adjust frequency of PWM pulse is 200 Hz, the duty-ratio is 8%, the charging voltage is 5 V on both ends of the energy storage capacitor C3, high voltage is 24.8 V, the continuous sampling points are 100 points, the voltage and current can be calculated respectively:


      The sum of low-end sampling the voltage and current value of the product:
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            	(2)
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            	(3)
          

        
      


      According to the formula (2), power energy conversion efficiency can be calculated, and itis 97.62%. While the ordinary switch regulated power supply, energy conversion efficiency is only about 85%, even now the soft switch technology of DC/DC converter, its energy conversion efficiency only can reach 90%. In this system, the requirement of the power supply charge and discharge circuit, combined with the thought of energy saving, makes the power of energy conversion efficiency is improved by more than 7.62%, so the device can realize the design goal of saving energy in the new charging power supply.


      As shown in Fig. (11), the measured waveform in CH1 is the feedback voltage point of waveform measured waveform in CH2 is the driving signal waveform for Q6, the front-end charge voltage is 13.0 V, on the energy storage capacitor C2, when Q6 is connected, the voltage feedback point voltage is 14.2V, the voltage can recharged to the energy storage capacitor C2. in the conduction cycle of Q6 , the absorption electric energy of C2 is:
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            	(4)
          

        
      

    


    
      5. PULSE CHARGING VOLTAGE CONTROL STRATEGY


      The circuit adopts the voltage feedback control of the pulse fast charging technology, the charging parameters such as pulse frequency, duty cycle can be set flexible, in order to achieve the effect of different stages of charging, so as to achieve the optimal model of quick charging. Through changing electronic switch driven by main controller MCU, the charging pulse frequency and duty ratio effect can be changed.


      As shown in the Figs. (11-14), when the drive signal is in low electricity, electronic switch is connected. In order to verify through setting the driving signal of duty ratio can change of the VRLA battery charging voltage and charging current, the circuit is designed as in Fig. (9).


      [image: ]
Fig. (11)


      The waveform of feedback voltage and drive signal.


      When the conduction cycle of Q2 and duty cycle are the constant, through adjusting the duty ratio of the Q1, and observe the voltage changes on charging capacitor C3, and the charge of voltage and charging current changes of Q2, so as to verify the feasibility of the fast charging strategies of pulsed control.


      As shown in Fig. (7), the CHARGE + and CHARGE- are connected to the positive and negative at both ends of the battery, respectively. The filter capacitor C1 is 1000µF, voltage 450V, the power input terminal is access to AC48V and through rectification module KBPC5010 full bridge rectifier, the DC output is obtained, in the energy storage capacitor charging C3, we choose 1000µF and the 450 V electrolytic capacitor voltage. The conduction duty ratio of Q2 is 0.8, and we adjust conduction duty cycle of Q1 changes from 0.1 to 0.8, the mean peak voltage at the ends of the charging energy storage capacitor C3 and voltage, and the change of the average charging current flows through the battery can be observed just as shown in Table 1 and Fig. (15).


      [image: ]
Fig. (12)


      Electronic switch drive signal timing waveforms.


      [image: ]
Fig. (13)


      The voltage waveform of charging capacitor and battery.


      
        Table 1

        Charging Policy verify experimental data table.



        
          
            
              	a

              	Uc1m(V)

              	Uc1a(V)

              	IA(A)
            

          

          
            
              	0.1

              	19.2

              	15.2

              	0.1
            


            
              	0.2

              	21.6

              	15.5

              	0.4
            


            
              	0.3

              	26.4

              	16.7

              	0.5
            


            
              	0.4

              	28.4

              	17.2

              	1.0
            


            
              	0.5

              	30.6

              	17.3

              	1.2
            


            
              	0.6

              	31.6

              	18.5

              	1.2
            


            
              	0.7

              	32.8

              	19.1

              	1.2
            


            
              	0.8

              	37.6

              	22.8

              	1.2
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Fig. (14)


      VRLA voltage waveform.


      [image: ]
Fig. (15)


      The circuit of charging Policy Verification.

    


    
      CONCLUSION


      From the study, we can find that the pulsed charging device performance battery is excellent; it can greatly reducing the battery charging time and improve the real-time application performance of the battery. Because the depolarization pulse can eliminate the overcharging of the battery, and effectively ensure the service life of the battery, at the same time we use the front-end rectifier part switch power supply to replace traditional rectifier device, it greatly reduce the volume and weight of the device. Pulsed fast charging device thus greatly reduce its volume and weight of the device, pulse fast charging device developed has a broad application prospect.
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