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ABSTRACT

This paper discusses the comprehensive detection of the open circuit voltage of automobile battery as well as
discharge current, final voltage and environment temperature of the battery. Then it calculates the electromotive
force, internal resistance, cold cranking ampere and charging capacity of the battery under 25 C, and demonstrates
through thorough analysis of automobile starter battery failure mechanism the characteristics of various states of
battery, including open circuit, single circuit, dead short circuit, vulcanization and performance degradation.
Based on the analysis, this paper proposes the health diagnosis scheme of automobile starter battery, and for
practical purpose, integrates health diagnosis with emergency ignition function and develops the emergency ignition
apparatus of automobile starter battery.
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INTRODUCTION

At the start of vehicle, the engine, from non-spignto idle running, normally requires a strongreat of 300A
lasting for 3-5s. In winter, the starting curremsupposed to rise to 500-600A or higher [1].Moezpthe electronic
equipment on the vehicle also consumes electriggreven when the vehicle stays motionless, whiatriled slip
of electricity. Long time of such phenomenon magdido the loss of capacity, and a long-term lodb agiuse
electrolyte crystallization, also known as vulcatian, leading to the performance degradation ef battery.
Severe vulcanization can also lead to the problemeh as the battery is unable to be charged or diateefull

charge and immediate running out. It is known tiet high quality of starter battery is the basis thee good
performance of the vehicle. Therefore, it is ofagrpracticability and application value to studwltie diagnosis of
automobile battery and to develop special instruméor automobile battery health diagnosis.

2. PERFORMANCE TEST AND HEALTH DIAGNOSIS OF BATTERY AND AN OVERVIEW OF THE
DEVELOPMENT OF EMERGENCY IGNITION APPARATUS

It has long been a challenge to make judgment erctimdition of on-board battery. Scholars and ez®yis from
home and abroad have conducted a large numbesedinehes and experiments and made great progiesaitire
[2] summarizes the present studies on predictiothefremaining capacity of battery, and proposesreme of
online prediction. Literature [3] makes comparatrelysis on current measuring methods of thenateesistance
of the battery cell of DC system battery, includihg use of densimetry, open circuit voltage, D&clharge and
alternating current, and points out their advardagied disadvantages. It also proposes a new megsugthod:
AC variable frequency method, which can be measwnelihe. Literature [4] brings up a method of AH
measurement, which can easily calculate real-tengaining capacity according to the rated capadityattery and
the monitoring of the discharge current. Supposddhd is stable, then the time of power supplylmarconverted.
Literature [5] proposes a method to measure capdgitvoltage. By measuring open circuit voltage doad
voltage, it can suggest the lack of capacity wheese two figures decrease. Open circuit voltage beater
corresponding relationships with capacity, but tieasurement of it should keep for more than 2h Wstery is
not used. Literature [6] uses AH measurement-Péw@mula- Open circuit voltage as the basic athari and
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develops the battery management system. Meanwlhdisdusses the influence of temperature, selhdige, cycle
life on the remaining capacity of lead-acid cellitekature [7] proposes the variable current comimna
measurement to decide the electromotive force atetnal resistance, and adopts AH measurement t@inob
battery reserve. Then it sets up the neural netwatlel to decide the non-linear relationship betwelectromotive
force, internal resistance and battery reservet, tlas battery reserve is decided by electromdtivee and internal
resistance, avoiding the problem of traditional fidasurement that it cannot work without knowingitfigal state.
This paper proposes a comprehensive measureméim afpen circuit voltage of the automobile battehg final
voltage U of discharge currentyd.,rat 5s, and environment temperatugg. tBased on the national standard
implemented in 2005 to “start the application af technical condition, varieties and standardead lacid battery”,
it converts the electromotive force E, internaisesice r, cold cranking ampergsd and load capacity (SOO ,
and through the deep analysis of automobile stadtery failure mechanism demonstrates the chenatits of
various states of battery, including open circsiibgle circuit, dead short circuit, vulcanizatiomda performance
degradation and forms the scheme of health diagrfosistarter battery. Meanwhile, considering théety and
convenience of vehicles at emergency of unabldad, st combines the emergency ignition functioithwbattery
health diagnosis as a complete instrument.

3. COMMON FAULT OFAUTOMOBILE BATTERY

3.1 Open circuit of battery

Failure cause:

1) dry joint during battery assembly

2) heavy tossing during the use

3) change of temperature due to climate alternadimh repeated charge-discharge lead to severenusion and
falling off of the positive plant type plate.

Failure phenomenon:
Capacity of battery reduces to zero; internal tasi is extremely large; cold cranking ampereis.z

3.2 vulcanization of battery

Failure cause

1) long time of undercharge or storage in disclmygir half-discharging state lead to the preciitaiof lead
sulfate from electrolyte.

2) low liquid level of electrolyte leads to the dation of the top of polar plate exposed to air.

3) high density of the electrolyte or impurity, rapid temperature change.

Failure phenomenon:
Reduced battery capacity and charging time; fasterheat of battery; unable to charge when vul@diua is too
severe.

3.3 Burn-in of the battery

Failure cause:

1) excessive discharge leads to the weakened pattavity.

2) being polluted by contaminants (eg. hydrochlagid, sea water, organic acid)

3) charging in over-high or over-low temperatureah@ heat produced during charging cause the ckanigein the
battery.

4) too much current in both ends of the battery.

Failure phenomenon:
Reduced battery capacity and increased internastaese.

3.4 Battery single short circuit

Failure cause:

1) polar plate is corrupted, leading to the contdidioth polars.

2) too much sediment in the bottom of battery deads to short circuit.

Failure phenomenon:
Voltage of battery appears to decrease by sindtage.

3.5 short circuit of battery

Failure cause:
1) electrolyte overfall, rainwater invasion or ext@ force cause the electrical contact of positwvel negative
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electrodes.

2) the corruption of polar plates in multi-cell teayy causes the contact of positive and negativarpaates.
Common reasons for this include: 1. overchargenefltattery or overheat during charging make activestances
peel off; 2. discharging and charging with heavyrent deforms the polar plates, leads to severéngeeff of
active substances and too much sediment in therbadf battery case, and gradually develops intatipielshort
circuit.

Failure phenomenon:

Extremely low voltage, even zero.

4. AUTOMOBILE BATTERY HEALTH DIAGNOSISPLAN

Chapter 2 in this paper deeply analyzes the autdenadarter battery failure mechanism, demonstrdtes
characteristics of various states of battery, iditig open circuit, single circuit, dead short citcuulcanization and
performance degradation, and forms a series ofnsebi®n automobile starter battery health diagnasiss shown
in diagram 1.

Compute battery electrodynami

force E, battery internal resistance
Ry, Cold Cranking Ampere CCA

state of charge SOC

Diagnosis: Nrmal
battery, emergen|
lightening, selfehargq

generator aftq

Diagnosis: Shorted CelNo emerge lightening

lightening, Change battery at once

Diagnosis: open circuit
emergent lightening,

Change battery in future

Diagnosis: battery
degeneration, emergen|

lightening, Changg

()

Diagnosis: single shof

battery in future

circuit battery emergen Diagnosis: Battery vulcanizatio
lightening, chang emergent lightening, Changg
battery in future battery in future

Fig. 1: Block diagram of the auto mobile starter battery health diagnosis

5. DIAGNOSIS AND SCHEMATIC WIRING AND TESTING OF THE EMERGENCY IGNITION
APPARATUS

5.1 Diagnosis and schematic wiring of the emergency ignition apparatus

The schematic wiring of automobile starter batteeplth diagnosis and emergency ignition apparatshown in
figure 2. Inside the virtual box are the fundamemprts and schematic wiring of the device. 1 is #mallest
microcontroller system for testing, diagnosis amdergent ignition control. 2 stands for the keyboardl its
interface circuit, 3 the liquid crystal display tvitts interface circuit, 4 the working and startipgwer source, K1
the working power switch, K2 the electric switchr &hort discharge in testing, K3 the switch for egeat ignition
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control, R the resistance for short discharge, & ahode wire for emergent ignition, 6 the annunciatire for
battery voltage testing, 7 the anode wire for disgk testing, 8 the annunciator wire for dischangreent testing, 9
the signal wire for discharge and the cathode fareemergent ignition, 10 pending-test battery,tlid anode end
for 10, 12 the cathode end for 10, 13 the tempezatensor, 14 the signal wire of 13.

5- emergency ignition positive line
6- Voltage detection signal line

4 Ks 7-Partial Discharge

S — g Tranal
Work and startin | i / / positive line
power supply — \WKl 7

1 5
M
11-positive
1 terminal

3 <_r\_§ temper <
Liquid crystal ature \ 12-negative
terminal

display

2 the 6 N
Keyboard 7| smallest K> [
microcontr |4 8- \oitage detecto | >10-Aaccumul
oller signalline - atOr
system
13
9 R

\9— Partial Discharge aneimergency ignitio
positive line

14-temperature sensor signal line

Fig. 2: Schematic wiring diagram of the device for health diagnosis of automobile starter battery and emergency

Its wiring principle is such: the anode of the wiatkand starting power source 4 is connected tgtitel and 2 of
the smallest microcontroller system 1 through therking power switch K1 in order to supply power o The
keyboard 2 is connected to port 7 of 1 for orderyermhe liquid crystal display 3 is connected twrtp8 of 1 to
display the operation information, testing paramsetnd diagnosis results. The anode end 11 of ehdipg-test
battery 10 is connected to one port of the elestnitch K2 of discharge circuit by an electric dlijith a sheathing,
the other end of which is connected to the disahaegistance R. The other end of R is connectétktoathode end
12 for 10 through the signal wire for discharge #mel cathode wire for emergent ignition 9. Meaneihe anode
end 11 of the pending-test battery joins up witht Boof system 1 through the annunciator wire fattdéry voltage
testing 6, so that the open circuit voltage of h@ ¢he cut-off voltage of short discharge can beated. Wire 8
drawn from the joint of the electric switch K2 aRdis connected to port 4 of 1 to be used to testdikcharging
current of the pending-test battery. During theings the system controls K2 through port 6 to gitert discharge.
The anode of the battery is connected to the swidclemergent ignition control K3 by the anode wir@and the
electric clip with sheathing. The other end of KXbnnected to the anode of the power source 4e Wie cathode
end 12 of the battery to the cathode of the sotimeamugh the signal wire 9, forming an emergenttigni circuit.
When the device needs emergent ignition, the systartrols the switch K3 through 5, closes the emetrggnition
circuit and provides the ignition current.

5.1 Diagnosis and testing of emergency ignition apparatus

The main steps for the diagnosis and testing ofrgemey ignition apparatus:

Connect the discharge circuit wire and the tessiggal wire between the apparatus and the pendstdaattery.
Turn off the working power switch, initialize evedgvice unit and wait for the diagnosis and testinder entry in
the keyboard. When the smallest microcontrolletesysdetects any order, do the following steps:
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Test the open circuit voltage U0 of port of the gieg-test battery;
Close switch K2, connect the short discharge dirdst its discharge current Idechr, the cut-offtage U2 and the
ambient temperature tAT;

Measure internal resistan't::)bof the automatic battery, Cold Cranking Ampere atade of charge. The basis of the
measurement is as follows:

1) internal resistancgJ of the automatic battery
The different of restoring voltage and cut-off agle of the battery to be divided by discharge aiytbat is:

RJ :(UO-UZ)/Idechr @&D)

R =the internal resistance of the battery when tkeldirge current iédechf .

The restoring voltage when the battery stops digihg here is considered to be its open circuitags Yo
because normally a car would stop working for saiieours after the first use.

U =cut-off voltage after battery short discharge whencurrent isIdechr

| ot =discharge current, here is 15A in this apparatus.

2) Cold Cranking Ampere (CCA).

Cold Cranking Ampere is a important quality staadareasuring the cranking ability under cold envinemt. The
definition is: a full-charged, 12V battery, unddB8*C (or OT) gives High Intensity Discharge for 9 seconds veith
voltage not lower than 9V. After 60 seconds, itdtage still remains no lower than 8.4V. The biggéistharge
current is CCA. CCA aims to measure dischargetgtifi the battery to ensure a reliable and adeqoateer supply
when the car revs up. It is necessary for Chirar'sndustry which is to embrace the internatioti@ahdards to apply
CCA to regulate the test for cold cranking of timgiee and teh choice of the battery. The measuriathod is to
detect the instant discharge current of the battery

_Yy

R0 (2)

Then, adjust the temperature, calculate Cd}A(A) under -18C(or OF) and compare with the international
standard to see whether it meets the standard.

3) State of charge

Based on the relationship between the open cinmlitge and state of charge of the car battery amced by
Panasonic, SOC can be calculated by measuring ditage UO. Or what still can be used is the refeiop
announced by the Canadian Testing Authority Cadbaratory. SOC can be calculated by referring téA\CC

To conclude, by testing the open circuit voltagedithe battery when the car revs up, the dischangesnt oot ,

the cut-off voltage U2 and the ambient temperatiréhe battery tAT, four important parameters iltating the

battery capability can be measured: electrodyndorice of automobile battery (E), the internal resise (R)),
state of charge and CCA.

CONCLUSION

The high quality of starter battery is the basistf®e good performance of the vehicle. It is impottfor a good
maintenance of automobile battery and a smoothirgjaof automobiles to analyze health diagnosisutbmobile
battery, rapid diagnosis at emergency such as enaldtart, and the method for vehicles to staenagrgency. The
development of special instrument for automobilderg health diagnosis and emergent start is digpeaat value.
This paper discusses the comprehensive detectidheobpen circuit voltage of automobile batteryvesl as
discharge current, final voltage and environmentperature of the battery. Then it calculates thletedbmotive
force, internal resistance, cold cranking ampek @rarging capacity of the battery, regarding tleen# important
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evaluation indicators of battery performance. Moo through the analysis of automobile startetepatfailure
mechanism, it illustrates the characteristics afous states of battery, including open circuitighé circuit, dead
short circuit, vulcanization and performance degtiah, and proposes the health diagnosis scheraetofmobile
starter battery. For practical purpose, it considee safety and convenience of vehicles at emeygehunable to
start, and combines the emergency ignition functith battery health diagnosis as a complete insént.
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