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Abstract- The capacity is a very important parameter of the accumulator battery used for battery-driven vehicle. Capacity determination by accumulator battery discharge is an accurate method which reflects its real behavior. The monitoring of accumulator battery discharge in the probe time is fundamental and needs special equipment. In this paper is presented an accumulator battery tester which makes a constant current battery discharge and stops discharge when the low limit voltage is achieve. As a result of accumulator battery tester using, the Peukert parameters of an accumulator battery are presented.  

INTRODUCTION
The accumulator batteries are electrochemical energy sources which, recently, knew an important development because of the mobile communication expansion and increasing production for portable electrical tools. The large using of accumulator cell, allows the finances for many research programs. The new accumulators’ type was made, such Ni-MH and Li-Ion.

The lead-acid battery is much known and it occupies an important segment of battery market. The lead-acid battery technology was improved continuously. Secondly, an important progress was recorded in the electric machines; obtaining considerable the overall size and weight to useful power ratio. The power electronics, used for speed control of these electric motors, offers low cost and reliable solutions with attractive overall size and weight.

The petrol crisis, global heating determined by high pollution, caused in part by car, on the one hand and technical progress on the other hand allowed discovering new solutions for car propulsion. Thus, in 1997 was build a car with hybrid electric system for propulsion, Toyota Prius. 

The electric motor appears in propulsion system car beside or even instead of the engine.

The accumulator batteries for battery-driven vehicles follow an ascendant way and the study of its behavior is mandatory for marking out the technologic progress [2], [3]. New method for accumulator batteries testing appeared. The determinations of capacity and life time of the accumulator battery are very important. In this paper a battery tester for determined accumulator batteries capacity is presented.

1. THE DESIGN FOR ACCUMULATOR BATTERY TESTER
The block diagram
To find the capacity of accumulator battery it is necessary to discharge it at constant current until the low limit voltage and record the discharge time. Thus, the accumulator battery tester contains the following functional block, as shown in fig. 1:

  - the hysteresis comparator;

  - the constant current generator and
  - the chronometer.
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The hysteresis comparator provides the enable signal to the constant current generator and the chronometer, while the voltage of accumulator battery (VBAT) is greater than low limit voltage (VL). Because the current through accumulator battery decrease determines an increase of VBAT, it is necessary that the comparator hysteresis to be greater than VBAT increase. As shown in simulation results of the accumulator battery tester, if the hysteresis does not exist, then the comparator output will oscillate. 
[image: image10.emf]U2


LM7805C


1


2


3


IN


OUT


GND


R4


1k


R5


3k9


D2


D1N4148


0


C1


1u


R17


0.11


D4


D02BZ3_3


D1


D02CZ5_1


R3


20k


R19


0.6


R23


3


1


2


0


0


Q2


BD235


R7


120k


R16


0.11


0


R8


820


0


R6


6k8


R11


100


V


0


Q3


Q2N3055


0


0


V1


12Vdc


R12


105


R1


22k


R9


3k


0


R22


3


1


2


U1A


LM339


5


4


3


12


2


+


-


V+


V-


OUT


Q1


Q2N2222


R14


68


R15


2k


0


0


+5V


D3


D1N4148


U1B


LM339


7


6


3


12


1


+


-


V+


V-


OUT


Q5


Q2N3055


Q4


Q2N3055


R18


0.11


0


0


0


R20


10m


0


R10


6k8


+5V




U2

LM7805C

1 2

3

IN OUT

GND

R4

1k

R5

3k9

D2

D1N4148

0

C1

1u

R17

0.11

D4

D02BZ3_3

D1

D02CZ5_1

R3

20k

R19

0.6

R23

3

1

2

0 0

Q2

BD235

R7

120k

R16

0.11

0

R8

820

0

R6

6k8

R11

100

V

0

Q3

Q2N3055

0 0

V1

12Vdc

R12

105

R1

22k

R9

3k

0

R22

3

1

2

U1A

LM339

5

4

3

12

2

+

-

V+

V-

OUT

Q1

Q2N2222

R14

68

R15

2k

0 0

+5V

D3

D1N4148

U1B

LM339

7

6

3

12

1

+

-

V+

V-

OUT

Q5

Q2N3055

Q4

Q2N3055

R18

0.11

0 0 0

R20

10m

0

R10

6k8

+5V

The constant current generator keeps the accumulator battery discharge current at a constant value which is adjustable by the user between 0 and 15A. 

The chronometer records the discharge time and it is leaded by a circuit which adapts the output comparator signal to the usual input clock/chronometer. 

The hysteresis comparator
In fig. 2 is shown the implementation of comparator block and constant current generator block. For the design and simulation analysis of the hysteresis comparator we consider that RiM, the maximum intern resistance of the discharge accumulator battery, is known. The maximum increase of accumulator battery voltage is obtained for current discharge IL = 15A, when the discharge is finished and IL becomes zero.
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The hysteresis comparator has the low limit voltage, VHYS,L and high limit voltage, VHYS,H. The hysteresis of the comparator is:


[image: image2.wmf]L

,

HYS

H

,

HYS

HYS

V

V

V

-

=

D

 

(2)

VHYS,L corresponds to the low limit accumulator battery voltage, VBAT,m. For not having the output comparator oscillation, following condition comes true (perform):
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The limits of the hysteresis comparator are: 
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From (4) and (5) results:
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where: VOH is maximum output voltage and; 
VOL is minimum output voltage of the comparator. 
The adjustable constant current generator
This block was implemented using a reference voltage, a current adjustable circuit and a power output circuit. 
The reference voltage is obtained using a Zener diode and it is different to zero while hysteresis comparator output is low. If the reference voltage is zero, then the discharge current is zero. 

2. SIMULATION RESULTS
In fig. 3 it is shown the second comparator output voltage if the accumulator battery V1, from fig. 2, increases and then decreases between 10 V and 12 V.
In fig. 4a it is shown the comparator operation if the hysteresis is missing and in fig. 4b it is presented a detail for oscillation zone.
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3. PEUKERT PARAMETERS DETERMINATION USING ACCUMULATOR BATTERY TESTER

The battery capacity represents, in most general case, electric charge given back of the loaded storage battery, in certain condition. The most general equation of capacity C, he is [4]:
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where: I  is the discharge current and;

td is the discharge time.

Usually, the battery capacity is given in Ah. If the discharge current is constant, then the relation (7)  becomes:
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where: ID is the constant discharge current.

Through the discharge to constant current and the determination of discharge time through the admissible voltage, the capacity can be find out. But C depends on: the temperature, the battery state of charge, the value of discharge current and the time flows from start of discharging. To determine the battery behavior for others discharge currents, the following relation is frequently used:
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where: ( and n are Peukert coefficients.

In our case, we made some determinations for 12 batteries which have nominal voltage, Un = 12 V and capacity, C = 25 Ah. The determination was made with the accumulator battery tester presented in this paper, which provided an adjustable constant current and performed an automatic disconnect of accumulator battery when the voltage is equal to the low limit accumulator battery voltage. Therewith, the chronometer is stopped and the discharge time is stored.
Table 1. Experimental values resulted from four batteries testing

	
	B1
	B2
	B3
	B4

	I1[A]
	3,6
	10
	7,4
	7,4

	t1 [h]
	5,07
	1,95
	1,86
	1,76

	I2 [A]
	8
	6
	9,8
	9,8

	t2[h]
	1,7
	3,83
	1,25
	1,2

	n
	1,296
	1,332
	1,414
	1,363

	λ
	1
	26,667
	41,88
	31,5214
	26,932

	
	2
	25,118
	41,657
	31,514
	26,929


Table 1 presents the experimental discharge time obtained for four accumulator batteries, which are discharged at different constant currents. ( and n values are determined with Peukert relation.

For each battery, the coefficient ( has two values, one for each pair of experimental values. For the same battery, the values of ( are very close, but for different battery, the value for ( are very different. For a discharge of battery at constant current, if ( has a big value, then the discharge time will be bigger. Thus, we can observe that the battery B1 has the best behavior, while the battery B2 has the worst behavior. For coupled batteries, the battery which has the low value for ( will determine the discharge time. 
CONCLUSIONS   

 The accumulator battery tester design is very useful for capacity battery determination of a 12 V batteries and batteries behavior at different discharge currents which are maintained at constant values during the discharging. 

Also, this tester allows battery selection by the discharge behavior. 

The method which uses the presented tester for batteries testing is accurate, but testing time is longer. 

REFERENCES
[1]  Ahmad PESARAN, Tony MARKEL, Battery Requirements and Cost-Benefit Analysis for Plug-In Hybrid Vehicles, THE 24th INTERNATIONAL BATTERY SEMINAR & EXHIBIT, Fort Lauderdale, Florida, March 19 - 22, 2007. 
[2]  E. SEXTON, Improved Charge Algorithms for Valve Regulated Lead Acid Batteries, IEEE, in Proceedings of the 15th Annual Battery Conference on Applications and Advances,Long Beach, California, January 11-14, pp. 211-216, 1999.

[3]  Matthew A. KEYSER, Ahmad PESARAN, Mark M. MIHALIC, Charging Algorithms for Increasing Lead Acid Battery Cycle, Life for Electric Vehicles, 17th Electric Vehicle Symposium Montreal, CANADA, October 16-18, 2000.

[4] J, LARMINIE, J, LAWRY, Electric Vehicle Tehnology Explained, John Willey & Sans, England, 2003.





















































































b) 





a) 





Fig. 4. The ilustration of comparator operation for hysteresis less








Fig. 3. The ilustration of hysteresis comparator operation using time domain simulation





Fig. 1. The block diagram
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Fig. 2. Electric diagram of the blocks: hysteresis comparator and constant current generator 
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