
FAST CHARGING OF LEAD ACID BATTERIES WITH PULSE CHARGER

by

Dr. S. N. Joshi,

Lalit Consulting Services, Bangalore.

info@lalitconsultingservices.com, lalitconsulting@yahoo.co.in

Introduction:

Lead acid batteries need proper recharging to put back energy or replace it so that the power source is again ready for next load requirement. Such process of discharge and recharge is one cycle. Depth of discharge is proportional to load current which is directly related to battery capacity. The battery charging restores the energy lost during load. Therefore battery charging aspect becomes a very crucial issue for the battery & its application with certain desired life cycle.

Applications of lead acid batteries are well established. Such as SLI, UPS, power plants, telecom, material handling equipments, EV’s. Lead acid battery plays very important role in our everyday life. In all such applications it becomes very essential to have appropriate charger to perform the desired duty cycle. The charger & its design features are well understood along with the application (duty cycle) to which it is connected.

Basic features of charger:

To convert AC to DC through rectifier bridge.

Logic control & monitoring the charge input.

Safety protection & display or record events of the system.

Selection of charging method:

Lead acid battery design and charger as matched for a specific application. Selection of charging method is decided from following –
Design of the system & nature of its load requirement.

Desired recharge time after every load cycle.

Effect on battery life & maintenance aspects.

AC ripple contents & temperature compensation.

Consider application to e-bikes which require fast charging and being ready for next ride at minimum time internal.

Fast charging of lead acid battery:

It is desired in case of material handling equipment such as fork lifts / pallet trucks or other types of battery operated vehicles like cycle, bike or car, that battery gets recharge fast to carry out work desired or travel specific distance. It is very important the battery on board the vehicle gets recharge fast & waiting time is for the user is reduced & utility of the vehicle is enhanced.

As the name suggests fast recharge means reduction in usual period of hours or minutes. This type of recharge should achieve at least 80% return of energy. Considerable work has been done in this direction to develop equipment to achieve fast charging without damaging battery life / maintenance issue. Pulse charging is one such technique to quickly recharge battery.   

The object is to get the cell voltage high enough for the sulphate to dissolve without boiling or melting the battery. This is achieved by applying higher voltage for shorter periods and let the battery rest for a while. The pulses on short range is about 0.5s on / 3s off and the long pulse range is 1.4s on / 2s off. These times can vary depending on component tolerances. 

This technique restores energy in quickest way back into the lead acid battery. Pulse height and width are selected in such a way that entire energy input is accepted by the battery with very little loss. Current amplitude is controlled by embedded software in the charger logic controller. Temperature sensor is employed in the charger to restrict rise in temperature of battery and avoid energy losses.

Experiemtnal work:

Pulse charger has been developed considering above features to fast recharge e-bike VRLA type batteries. Specification of such charger is as follows,

1. Input Voltage:  160V to 270V AC, Single Phase, 50Hz
2. Output Voltage:  40V to 60V DC
3. Current Control:  Pulsed Constant Current

4. Output Current:  Peak current 3.5A Pulsed.

5. Maximum open circuit voltage: 60V @ 20°C Ambient temperature. Open circuit     
voltage is reduced proportionally with increase in ambient temperature.

     6. Trickle Charge:  C / 100 rates

       7.Battery Chemistry:  Seale maintenance free lead acid type.

       8.Battery Capacity: Range 17 to 20AH
       9.Protection:  Protected against overload and short circuit
      10.Dimension: L 215 X W 108 X H 80mm (approximate)

      11.Enclosure: Plastic

Discussion:

Fast charger application to battery operated vehicles is very appropriate to bring in high utilization of vehicles in shot time. Electric vehicle (passenger) like cycle, bike or car demands such type of fast recharge of lead acid battery for the user. Pulse charger however calls for high end complicated electronic circuit in combination with battery chemistry, impedance values of lead acid cell, effect of temperature, correlation with battery voltages & pulse amplitude and time.

Bench test for the DC motor load was conducted followed by recharge and same set of batteries were fitted on to a test vehicle for road / mileage test with subsequent recharge of 6 / 8 hours to reconfirm that fast charger provides a customer similar coverage after recharge. Same set of tests were conducted with normal charger which gave about 80 - 85 % of the recharge values and mileage test.

Main features:

Desulfates & charges at the battery at same time. 

Automatically shuts off when battery is fully charged. 

Helps ensure battery performance by eliminating the main cause of lead-acid                  battery failure—sulfation buildup & related problems. 

Works with all conventional flooded lead-acid batteries and sealed "maintenance-free" batteries, including Valve Regulated Lead-Acid (VRLA).

The charger has reveres polarity protection, over voltage protected, short circuit Protection & Overload Protection 
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Table 1. Bench & road tests results of recharge.


Bench test - DC Motor (250 W) testing system.


Duration 2 Hrs : 55 minutes, average current 5.5 A, End voltage 44.3 V 

	OCV
	B1 V
	B2 V
	B3  V
	B4  V
	Total V

	
	11.95
	11.86
	11.85
	11.92
	47.5

	6 hours
	13.57
	13.52
	13.57
	13.51
	54.1

	8 hours
	14.69
	14.67
	14.65
	14.66
	58.67

	
	
	
	
	
	


Road test was conducted which covered 62 kms. with above set of batteries. Recharge after the test showed following results.

	
	B 1 V
	B 2 V
	B 3 V
	B 4 V
	Total V

	OCV
	11.63
	11.68
	11.45
	11.77
	46.9

	6 Hrs
	13.58
	13.52
	13.51
	13.57
	54.1

	8 Hrs
	14.32
	14.35
	14.33
	14.37
	57.37

	
	
	
	
	
	


Second rod test was conducted with the same set of batteries which covered distance of about 60 kms.



