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invention relates to a vehicle electrical power system
and apparatus and refers particularly throughout
exclusively to a system and apparatus for nonitoring,
anal ysi ng sybemidndRppadtusIeovdtideRRrt AP owePAMISe of a
vehicle electrical power system 10 Background to the
I nventi on Modern aut onobil es have a high [ evel of
el ectronic equipnent. As a result the reliability of
el ecfiéll ofthe RVRliorsUPPl Y Of a vehicle is inportant. The
ilnability to detect 15 problens, and provide an early

rning of problens, extracts fromthe reliability of
t he Thelpreskst imlestivhrblata tpaweiicls yisttdral pdden sydtgrp@sd afiparatus
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ot hgower sjftemnost popul arly used in the vehicle
jjndustry is the lead-acid battery. Chem cal storage
atterles such as | ead acid batteries used in
aut G96kgrpund togbe leventionst ed for nearly a century with
much irrprovemsnt in reI iability. However, due to 25
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1st i |pPobleHﬁPér@q#&td§l%h %aWWarﬁ‘ﬁQ’ offroBldnfE SxtRets WotRé feliability of
e electrical power system consists of

Q'{Qtvgp'f)eelgﬁtméﬁ??%'feﬁﬁ‘f “ and | oads. 30 The | oads

|ncI ude the starter notor. The battery is the key
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batter or startin

 on o e e Sty dik o et gler i mum batery,
28l t enchathens, 'Ehedmssl mEbulaty esedrig\the eehidld)éndastgyr is dhe matia@cid
andbg{ewar | oads. Any defective elenent in the power
systemw || cause systemfailure. 35 Presently,

vari ous techni ques are used to determ ne battery

st aChemicdFetorag aatEries, sudhns |smyacidsiatibis usehBlEURMBBlesOlave

tzgggﬁﬁ&ﬂw hé%m%%ﬁtw \A&Fl n‘u@ﬁ m?plr%"n%ﬁl] lm'& abuﬁrp.%o%@vew%e to
25 the critical working environment of the battery such as, for example wide range of

operating temperatures and high cranking currents, battery power failure is still
unpredictable and may at times be without warning.

A vehicle electrical power system consists of a battery, an alternator, and loads.
30 = The loads include the starter motor. The battery is the key component of the
vehicle electrical power system. The battery is mainly for starting, lighting and
ignition. The battery receives energy from the alternator, and supplies energy to
the starter motor and other loads. Any defective element in the power system will
cause system failure.
35
Presently, various techniques are used to determine battery status. For example,
one may use the measurement of the specific gravity of the elecirolyte, the
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The terminal voitage of the battery is compared with a reference voltage. The

voltage signal is converted to digital form, and then input to microprocessor
through a data bus. The voltage gradient detector detects the input waveform and
35 provides the gradient status of the veltage signal, and input to the microprocessor.
The input data analyser and sequencer of the microprocessor process the data
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nmeasurenent. The m croprocessor executes its program
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30  Brief Description of the Drawing

In order that the present invention may be readily understood and put into practical

effect, there shall now be described by way of non-limitative example only a

preferred embodiment of the present invention, the description being with
35  reference to the accompanying illustrative drawings in which:
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2Cis an illustration of an ignition pulse waveform

Figure 3 is an illustration of a signal flow input

controller to m croprocessor Figure 4 is an

il b
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partU"ditEtlre 6 is a fI owchart of a second part;
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r es priguseé is@liivecharnt ohmsesbwd partand usi ng that waveformto

analgy, r%ge;g%ﬂg‘lv?ﬁkqﬁgﬂrdwr systemof the vehicle at

a nunber_of ferent engi ne status conditions,
i nclFifyredyis adiewehag of esanking %*F&Pab&%a'}dl?ﬁﬂi“r?@'a”%he
app digutesis @HbWghart of @driking ipower\capabiiityeant lkegice crankingebility;

1g>i r‘FzHruFe 10%“.51 hibdohart 6 aﬂ%&tﬂ&h&@hﬂ%@ﬁcﬁﬁafm{ Lid Y.

y-starter cran apabi and
al tgfﬁlﬁ'ﬁUr’séﬂ%W@P"l‘l@f’%’Fﬂﬂ‘F?Reﬁﬁ“"gi"f'e can al so provi de a
conprehensive report. Referring first to Figurel, the

Veh'ﬂf@rr%{%ﬂ:&&nﬁ@ll:t power system (100) consists of 30

starter nternal conbustion engi ne (105),
generator or alternator (106), cranking swtch (107),

200NiThé eMb&ihé hruétﬂa%%) in FgRROPF sioWdBh, appareiub r’ﬂdoﬁfoy rr(oilnida)ug.
The . | tern tion._en |ne
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power to crank the internal combustion engine (105).
Referring first to Figure1, the vehicle electrical power system (100) consists of
30 starter (101), internal combustion engine (105), generator or alternator (106),
cranking switch {107), ignition switch (108}, loads (109), and battery (110).

The internal combustion engine (105) is the main energy provider. It converts
chemical energy to mechanical energy and heat. The chemical source may be
35 gasoline, diesel, or other fuels. The internal combustion engine (105) cannot be
started without an initial cranking power. The battery (110) provides power for the
control system, and ignition energy for the engine once the ignition is turned on. It
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be a 3 phase star-connected full-wave rectifier, with

a multi-pole built-in voltagesregulator, and

t enper at ure conpensat ed el ectro-nechani cal device. The

wor KidxhinreR @R tef starFeh?lO@i foed'r&f?HeQHe &rﬁigparaﬁk%gfﬁow to crank the
1000erto 10, Normal |y the rated-power

out pliten& b‘é’@lﬁ’“?‘?“ﬁ?%ﬁtﬁ{a 0%000r pm The function of the

regulator is to control the 10 output to obtain
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and nmance requency
: genethatalé%rnw (6@ alfremr HEROHM (01%900&&11 Ib’@f"@P@Y dienfatpdicpower
as dﬁtpuﬁﬁﬁe i .§a¢6ﬁh QGOOENWG'BE’?MTW @‘Qhél\lfl%ﬁlﬁiopts 1BWshed the
pai r ni.cal cou ra
ot et 8 oufis Rl SR E 0 6 iRl PR o€l oo g
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( 103y 1bdls (P6o),FHd RUBSAR BrerdyOlo cRa@e AR Satidhyt @10)abrider normal
(106 haV|ng 3 pairs of poles, an engine (1 5 25

r unfiPRG!¥heed range from 800rpmto 6000rpm and MeL. 5,
the ripple frequency range is determ ned as: F, =240Hz

{s0 %&%ar%g%aﬁwpgﬁmngé a 3-phase bridge rectifier

mal functions, or any phase circuit is opened, the
alternator will work as a single-phase output device.
The Thie pretency36f the dpple pengratduchy the altenesor (F)6y 2abd/kiSartied
The r range becomes Fr=80Hz to 900Hz 35 The speed
ratio Na of the alternator and the engine is derived
as foIﬁr&G%*M*SM'S?P*MWen Na=Sa/ SO=M 20 JUN 2006 WD

D00 44hbIARimBerdi peiRsipded00164 6 Nornal |y, the speed
ratio h{}'gmé’cfhalﬂlﬁl 5P Phtio ot Q8ineAtD ARl Nfoef 105) . Sa/ Se,

and, t
Se= rotation speed of the engine (105) in rpm

n= rotation speed of the engine (105) in rps
For example, for a 6-pole alternator (106), having 3 pairs of poles, an engine (105)
25 running speed range from 800rpm to 6000rpm, and M=1.5, the ripple frequency
range is determined as:
F=240Hz to 2700Hz
When any diode of a 3-phase bridge rectifier malfunctions, or any phase circuit is
opened, the alternator will work as a single-phase output device. The ripple
3¢  frequency then becomes:
F=2*P*M*S./60
The Frrange becomes
Fr=80Hz to 900Hz

.35  The speed ratio N, of the alternator and the engine is derived as follows:
8.=M*S,, then '
Na-—-'Sa/Se:M
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achieve 1/3 5 that of a normal alternator. A |oose

driving belt may change the speed ratio, or frequency

ratio, due to drive belt slip. The change of speed

ratio and frequency ratio can determ ne the condition

of the alternator. The ripple factor RL of the ripple

vol tNegeally.<the|gpged &rtio b oﬁaﬂwm (106) gnq pnging ({ Q) Fo/Se, and, the
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store the electrical energy for use to power starting,
I'i ghthé F&Qﬂefaét&rﬁ,Bitﬁé‘r:ﬁp[eS}ehaders baHobd f4bowsd an not or and

ther ds, | vehicle. The other function of the
attery %Tl%‘ﬂ'@ & ’gc in the manner of a capacitor

t o shwet MNenRMBanPRtude gfphegipglervetageed by t he al ternator

(101) ang_ O, RrQYidsoRadeeWithifPedance power source for
i mprovi ng *the noise inmunity created by the ignition

circuitry and control wunit. The ripple voltage V' is
det Bugnahelrgiy tyethealternd@ (W06} Ibatagy (#H16)y eonikitsi the telvetrical

Qat Eﬁerr {onéh%ﬁfﬁgll J]eﬁgz/' lﬁt %Sttely cél?‘pl&t?? ﬁ%r%ﬁﬁlf%ti&f of_the

char current rel at IOﬂShI factor
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2008 JRA e AT SR SR e TR P

mecWalhi sm equi val ent circuit Figure 2 is a sinplified
engi ne starting rrechani sm equi valent circuit. The

ter 1 sts f .a resistance (103) (the
tot e’@ﬁﬁ("elgﬁé eHB'" RARESY 2 series

25 Vir=R2*lms
where R, is the battery internal resistance
Ims is the RMS value of charging current
The relationship of ripple factor Ry, ripple voltage V; and battery internal resistance
R, is determined as below:
30 R=K*Vi=Kz*Rz
where K, and Ko are constants.

The equation shows that the ripple voltage is proportional to the battery internal
resistance (R, 112) under the same charging current. Therefore, the ripple factor
35  can be used to determine the performance of the battery (110).
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i deal voltage source (111) and an internal resistance

(112). The term nal voltage VY, of the battery (110) is

different fromthe 10 ideal voltage source (111) due

to rnal resistance (112)

Whe\raﬁ)'kE %@qﬁgﬁ%ﬁ?ﬁ%@%ﬁw@ﬁu&' Ié? | oad. Theoretically,

the termnal voltage V, is equal to the ideal voltage
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V2 20 are neasured with correspondence to the
currents I, and 12. This neans that the higher the
cur Teetbattenad] 10} lvendistsvef at hideal aplfagn sdourge | (i Big eanguarp irternal
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the star er
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V, * i t
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circui tr=Wd"Re=t he i nductance of the starter

Rl=ivpérer naihe lad c@tedice of the starter R2=internal

esi st an f t1>z, the current | is
135 ||f|eﬁb%e’itf BerifldsSled VA(RI+R2) (2) 20 JUN
2006 WO ¥5¥arhen boed Supent I=9cdtD4/ 000164 8 Referring to

equat i onyg®), orRe, whsnnewot | is limted by the starter
internal resistance Rt (103) and battery internal
resistance R2 (112). The current | is directly
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The cranking torque and cranking torque capability of the starter

25  Referring to Figure 2, at time t;, under condition O<t,>t and the armature is at rest,
the transient current | is simplified as follows:
1=V, /L n
where V, = the ideal voltage of the battery
1 = L/[R,+R.) the time constant of the circuitry
30 L=the inductance of the starter
Ry=internal resistance of the starter
Rq=internal resistance of the battery

If t,>7, the current | is simplified as follows:
35 I = Vo/(R+R3) @



R2*12=t he internal power |ost of the battery At

maxi mum power transfer condition, dPo/dl = 0. 10 Thé&0 JUN 2006
WO HMMIAYScurrent | is equal to the maxi mum poRET/SG2004/000164

out put cranking current In, then the nmaxi mnum power
term nal voltage Vn can be daéterm ned as: In=Kn V./R2
Vn=Kn *Vo (4) 15 where Kn is a constant Normally, the

maxi FEHMF:‘ufgﬁ@EﬁLaﬂ& &}l 'ir{eecﬂirerk Pns Wﬁ%d ﬂi}ﬁhe%&‘?efr flerddiAGishh% R,

require cra IS the reserve

cr ar{F(‘?e’)l @ﬂ%?ﬁ“ﬁ@dﬂ‘emﬁ'ﬁé?ﬁt%ﬂ?% Re £k J@e @F@ﬁk‘ i grecty preRagtonal
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s ‘L‘?rﬂét@r@'r&&l thr‘?bé&e@Qﬁm‘éﬁlfzé be reached where the

maxi num cr ng current I'n is equal to or |ess than
he requpéﬁ'cﬁa king current @p. In this case the

out mukrecwﬂmgmamfymputpwmmce enough cranki ng torque

to crank ,hze The relationship between Vp,
Vn, Ip arﬁ% I'me"ﬂg Q%f’ ﬁogﬁ%e g?r}(/n [ Ip=1r/Ip | Vn

(5) Wth reference to equation (5), Vp/Vn can be used

to mhﬁirﬂihm%oiv&&ra@lﬁgﬂc@ﬁduﬁﬁn aﬁya:-uehl cl e cranking
e crankin

2r G5 AT et gy R ATE PR bR g gyt
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cr anki ng,cp&r\yomlt before starter rotates 35 If v equals
t he i nduce i nductor L, the transient current i
of the circuit can be determ ned as: WO 2004/113943 9
i=(Vov)/ VRIGR i =VJ(R +R&)-v/ (R +R2) (7) The
differential of equation (7) with variable i and v,
d|/dt— g(:;lv/dt)/(R +R2) (8) 5

where K, is a constant

Normally, the maximum cranking current |, must be greater than the reguire
cranking current i, |f Igis the reserve cranking current, then the reserve cranking
current Iz can be determined as:

20 lg=ly-lp

When the battery is degrading, the stage will be reached where the maximum
cranking current i, is equal to or less than the required cranking current I, In this
- case the output current may not produce enough cranking torque to crank the
engine.

The relationship between Vi, V,, | and |, is as follows:
VeV lp=loflp | Vi (5)
~ With reference to equation (5}, V,/V,, can be used to determine the degree of the
vehicle cranking torque capability Q.
30 The cranking torque capability Q, is as follows:
Q=l/ig=K*Vp/V, (6}

Where K, is the conversion constant,

. The gradient of cranking current before starter rotates
35
If v equals the induced emf of inductor L., the transient current i of the circuit can be

determined as:



The gradi ent of cranking voltage and cranking circuit

qual ity 20 JUN 2006 PCT/ SG2004/ 000164 The cranki ng 20 JUN 2006
WER04Hd94gr adi ent dv/dt, when the armature is RET/SG2004/000164

rotating, can be deternined by nmultiplying L to each
side of equation (8), then; 10 L*(di/dt)=

-L*(dv/dt)/ (R +R2) From Lenz's law, L*di/dt=V and V
initially_ b Vo then dv/dt_ Vo*(R +R2)/L (9) 15
Referring (?%U%(%gtg% on (9), the cranking voltage rate
change (dr'%eldRefeV/Bi+Rdy/dt beflBre the armature

r ot athesiifiesentia) vheqaation (Dmtpe4riabenahd §,0 the circuit

resi stan |l {!)’ﬂ(ﬁ ttery terginal is poorly
contacte ,dt6r(év{ & 8T &r t er brusi@]s are worn, the total
dircuit resistance will increase. Therefore, the

I s UtHeighgisht aNkramdiny 0ditag and éRAKIRG EiréliY diilitydecr eases.
The change to the voltage gradi ent dv/dt can be used

to determne the 20 condition of to cranking circuit.
| f tThe grnkingerlags anddienhdv/dlt where thezatgatuieais tnet retatiag. can be

con rbEfeFrhiﬁé}:ﬂJ:J}ﬁMtﬁalth 16 B&?&ﬂ%’o/f g forl (B)Eth‘éﬁ}an g et to the
ranki ng yal tage e Y can be used to

@eterm’ né’@' =cb {rdﬁ%ﬁﬂéf the starter engine power
sy streom Léngisriay, LididisMiard Winitiady guel to Vhwerr anki ng

term nal gyglhagR ¥ ate changegis determne 25 by
usi ng: Vt=Vo i"*R2 and L*di/dt=V¢ then dVJdt= Vo*R2/L

(9A) Referring to equation (9A), the cranking term nal
vol tage gradi ent dVjdt before the 30 armature rotates
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to 1. If any one of the elements is degraded, the

crapkin circuit quality will be [ess than.1, 5 |
Fr oRPBg aeRBR Pt R et e e eieBR R R ' cetsimie
2§r abiy esing: di / dt can be determined as foll ows:

Vi=V,-i*R, and L*di/dt=V, then

dVifdt=-V,*Rz/L (9A)

Referring to equation (9A), the cranking terminal voltage gradient dVy/dt before the
- 30  armature rotates is inversely proportional to the battery internal resistance R;_If the
parameter of V, and L do not change, the changes to the cranking voltage gradient

-dVi/dt can be used to determine the condition of the battery.

If the cranking voltage gradient G.=dv/dt, (or dVy/df) and the highest recorded
35 . cranking voltage gradient is Gyay, then cranking circuit quality Q. is determined as:
Qc=( Gna/Gc) *100% (10)



di /dt =(VJL) The gradient of the cranking current di/dt

is directly proportional to the initial 10 voltage 20 JUN 2006
WER04/Hiy®43sel y proportional to induction L of PRESG2004/000164
circuit. Maximum cranki ng power output and cranking

power capability of starter i@nd battery 15 Once the

starter rotates, the arnmature generates back enf Va.

The A& IS ' f :
pacv i ReAfEh W ol bn 68 oty g Glind Gy, blfng
ar nefifayieaualily Rels eayshioia Hiagy-pan & theRigmeantsds iesdes g eraméng
bat tatyit quaapORlikbdessp@per | ost of the starter

| a2* R2=t he i nternal power |ost of the battery

Va*| a=armature el ectrical power equivalent to

i$e c Haem eatatipnfbandd B hrieragifing: qyerent gragienidi/dpasn bR detpppinpd as
of Maiows: is the cranking power of the starter (101).

It is pr%g r_N’ nal to the nmechanical output power of

the starter. ‘I’[ e product of armature output power (Pa=
Va*la) and duration Td is the energy output of the

S: ar‘l'{h@ rgrédlegl%bf tHef cr&l‘h(ﬁlgct%@@m H]HIF] idoeirié%ﬂy P%&H&naf‘;t]o Ht%_Ginitial
arter . is a constant, then onger the tinme
o pFian Ve i ioyelelopomingh pduefins Loy cqui red for
t he engine, and the poorer the cranking ability of

t Ne \RREIE crdnking feler it hd c?%nkﬂizaxpéw dapitiiity of starter

transter, if armature power out put , armture enf =
vm aHﬂB"%ﬁ-”Yrj dl a=O, 35 then, Vo=K1*la*(Rl+R2) and 20
JUN 2006 WD 2004/ 113943 PCT/ SG2004/ 000164 11 VnF |l a

15 ( RghRehe sﬂéﬁér\/?} t%l.%)e aV)ﬁStL% %ﬁerﬁt@g bdtk oftff 6, CONStants 5
rom equation (125, under rrax| mim power ¥ransfer,
cr arflRe ATRFSRAMGF QUIRH Py g determined as fllewPor t i onal to i deal

vol t age Wav A EVPAM-i.3RtAE&mpxi nugncr anki ng power and Pa
is the require cranking power, then the ratio of PJPa
is the degree of the cranking power capability Op of
t he whergila=the armature current

20 VM =total power output from the battery
lf*R,=the copper lost of the starter
. 1.2*R,=the internal power lost of the battery
V'l,=armature electrical power equivalent to mechanical power output of the

starter

The value of V;*, is the cranking power of the starter (101). It is proportional to the
mechanical output power of the starter. The product of armature output power (P,=
Va*la) and duration Tq is the energy output of the starter (101). If the cranking
power output of the starter (101) is a constant, then the longer the time required to

- 30 crank, the more the energy required for the engine, and the poorer the cranking
ability of the engine.

From equation 11, at maximum power transfér, if armature power output=F,
armature emf = V;,,, and dPp/dl;=0,
35 then,
Vo=Kl*(Ri+Ro)
and



10 starting nmechanism Q= PJPa (13) The relationships
bet ween V8Nm and PRIPa are as follows: P,dPa | Vnr 20 JUN 20086

WOZP4K13943Pa) 15 The cranki ng power capabi | ityPCH/S62a#04/000164
be determ ned as: Q=PmPa=f (Va/Vm (14) To neasure
the armature voltage Va is aidifficult task. It
requires the sensing of 20 the armature voltage
directlyy Iﬂi*ﬁqtlﬁ‘z)i actical. Ho er, converting the
cranki ng ferm nal vol tage Vt, to thé armature voltage
Va equivalent is relatively easy. The relationship of
Va avitrek@and BEparbeordaher m ned as: Vtc =Ka* Va (15)
where ' Ka is the conversion constant. 25 V,a is the
cranking ternnal voltage when armature rotating

- AnofFrst eqHatiqfd i) dndarnaximym sowes drarsfet ritankiig SoRtyre voltage Vi
Cap@prddokivonal %o ibiénl deagd wi.ne the ratio of cranking
term nal voltage Vt, and maxi mum cranki ng power
transfer termnal voltage V. 30 From equation (12),
undérPro® i maxémian oanldeaapanenepbels the agifecgranking gpower, then
bat tRrmitio dfH A, Rthe HEGES bIARE ErahidngPitilvep bababifty d, bt fleVBhicle
1 eS|§salt_ﬁance Rh' nust be equal. The maximum cranking
[’Jowé B MEeNEP % i nal vol tage Vap is as: Vt mEKntVm
(16) 35Qpw®” Kmis the cf@Bversion constant 20 JUN
2006 WD 2004/ 113943 PCT/ SG2004/ 000164 12 Nornally, the

crapking power of the starting nechanismis bel ow the
maxi E%rﬁ{%“‘gﬁm? [?Et'f?ﬁnéle%é‘ﬁ%':'?’ﬁfa?'e ?ﬁgﬁ%i mum cr anki ng
power PnPpBdV.gféabeiPdhan the required cranking

Jpower Pa. The reserve power PR can then be determ ned

as: _PR=P.-P. 5 Wen a battery is degrading, once the
max AR AFARKING MRV GapRbilisr Qomad Pe diefined@d t he cranki ng

power PaQ-Ph@p- f (v eserve gaper PR=O this neans the
cranki ng operation is close to the maxi num power. Any

increase in the |oad of the engine (105 w Il cause
t heTe maasuse the @peature weltage Ve ds @l dificult taals & sanyiresgthe sensikiarmy
20 A {hd bfnature voliage directly. This is impractical. However, converting the cranking
terminal voltage V., o the armature voltage V, equivalent is relatively easy. The
relationship of V, and Vi, can be determined as;
Vi =Ka* V, (15)
where 'K, is the conversion constant.
25 Viois the cranking terminal voltage when armature rotating

Another method to determine the cranking power capability is to determine the
ratio of cranking terminal voltage Vi, and maximum cranking power transfer
terminal voltage Vi,

30

" From equation (12), under conditions of maximum power transfer, the battery
internal resistance R, and starter internal resistance R, must be equal. The
maximum cranking power output terminal voltage Vi, is as:
| Vin=Ke*Vin (16)
35  where K is the conversion constant



10 The ratio of V JVn can be used to determ ne the

degree of cranking power capability of the vehicle 20 JUN 2006
WOHPYIIA3mechani sm The rel ati onshi p bet ween BHUAGRHM/000164

(15) and (16) is as: VaNm= K*Vt./Vtm (17) 15 Were

Kt is a constant factor, andi2 Kt =Ka/ Km The cr anki ng

power capability Q 1is derived as follows: QP=Pn/Pa
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t he requbetdranking povérst The esereamowar PR can dhjen e dsteoningd280) |
reference td ner (204), nenory (203), key-pad (205),

i nput contrdl I%er (300), power supply (303), voltage
Pef erence (304), voltage pre-scale network filter
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( 5043usaifté sSEPEPpUWRF olthul Mo PP thub BAllsing clihkinglames.r i cal
[power system (100) under test is connected to a high

|nput i npedance voltage pre-scale network filter
(303he ratio ofsVedVeh 68N pagised ite delermingi the drasdece! cragking power

pr 09&5&8"1@ o e RhicieVQhdinp Mebtdhis®, TRNRbIiSnship Befech Wquation

hi g ncy noi se betore 35 feeding the signal into
the'%i ‘@ﬁﬁé %o digital converter (ADC, 301), waveform

det ect or V{&1OK\aAln vol t dB gradi ent detector (302). WO
12004/ 4b3R 43 Bt @i 4a / 000164 2006 13 The engi ne

speed sepsor, (307) is used to detect the speed of the
engi ne. optional for a gasoline engine but is
required for a diesel engine as a diesel engine does

not Twﬁkg’ggb‘g&'cgbmwdé& &ﬂastfg%st he system cannot

det ect ngi ne  speet e anal og-to-digital
convert é®=F8f1) converts an anal ogue signal to a
20li gi tal =sjvgagl , and feeds the information to

m cr opr og 00) thr h the data-bus (208). The
m crop rocfe@gw %OO @s)gt he ADC (301) under

nulWW%?é%é?mﬁﬁﬁﬁm"ﬂU“%@P@P¢PH@eﬁ6m¥|gure 4, the out put
cont r ol | gfis (HeQRBxinAN@ &G gipbiver duRaEof et siter from

25  Referring to Figure 1, the embodiment illustrated has a microprocessor (200),
reference timer {204), memory (203), key-pad {205), input controller {300), power
supply (303), voltage reference (304), voltage pre-scale network filter (305),
temperature reference (306), engine speed sensor (307), waveform detector {308),
output controller (400), output device display {(501), full colour LED (502), speaker

30  (503), infrared port {504) and computer link port (505).

The electrical power system (100} under test is connected to a high input
impedance voltage pre-scale network filter (305). It is a low pass filter and a scaler
to produce a correct voltage ratio, and to filter out high frequency noise before

35 feeding the signal into the analogue-to-digital converter (ADC, 301), waveform
detector (310) and voltage gradient detector (302).



m croprocessor (200) through the data bus (208). The

di gi tal -t o- anal ogue converter (DAC, 401), has as it20 JUN 2006
WL/ F1§%8t i on t he conversion of digital signaPETS62004/000164

anal ogue signals. The character generator (402)

gener ates nessages accordingt¥o test results with a

data latch to drive the LCD display (501). The
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accgEde_ng to test results and drives the speaker or
speakers (502). Different tones nmay be used to
Pdentify 20 different conditions of the vehicle
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ut er
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1§ he (dog ikl 1Re BLH5) [doﬁ%a)pgé’\ﬁfegrafe\dsénﬁ hdybel MR UBRIIBE by
for storage a %gh ﬂ ?SHE?T e wavef or mdet ect or
(S0BF PiesalBhodrodh s Rin BRY det ect the i gnition

i mpul se and the sinusoidal signal of the alternator
r'i PRheLtondehnBlaldr E@a{)&ngﬂaﬁg "sgi.ma'?bne's1 or ﬁh@?&co%? & REPedufs

obtained Tromt atte % ﬁﬂ’ erm na consj st s
of Piplivethgepeste A f&%ﬁ%( 2)- Slesqniiopgdgay be used to identity
20°CTiiff€e2x 0dricdio sl F4hesieinialetctfical pdiderggstam.at ed by t he
ignition circuit, and a sinusoidal ripple signal
gengrated by the alternator (106). The ignition pulse
is M F?!W’a??&e@ha‘?’ﬁrat%nﬂo‘l) h@"e'ﬁ@ﬁl ¢jerent gloup ppxuess, light
varinessitis] Bnc® BGtoth enterpieth driveethé Gololii DIED {503y DikfEreAUCITLY
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ron pulse quency,
Zhun®eemef cylinder of a four- stroke engi ne, the
relationship is: S. =*F/C, where KQis a constant. For

X il n it 0 (08 TPEF Hifhol SAUNG i e IferkR
transmitter (504) to provide a hard copy of a report on the condition of the vehicle
electrical power system.

30
The computer interface driver (406) is connected to the port (505) to provide a data
link with a computer to send reports on the condition of the vehicle electrical power
system to the computer for storage and/or analysis.

35 The waveform detector (308) is & device to separate and detect the ignition
impuise and the sinusoidal signal of the alternator ripple. Referring to Figure 2A, a
- signal waveform is obtained from the battery (110) terminals. It consists of impulse



10 of the engine Se can be determned as follow S.

=120*33/ 4=990 RPM The ripple factor R can be 20 JUN 2006
WO HPMHEd as: Rt=(Vr / Veve )*100% (19) 15 ECH§62002/800164

is the ripple voltage waveformand Figure 2C is the

engine ignition pulse wavefasm as separated by the

wavef orm detector (308). To detect a diesel engine

r unng;digsSA atal Sggn%aéﬂ %? Ghe SJARIBA c(r&ﬁmand 3 Gigai 5\1;% s S4H

20 engi ne $p i's a nmagneti cal coug
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ac C ogetiodof A;@ntl lAg vatieg kIS Britfirte spesd. The yniabipuiseerduentiéan be

‘%;sg{i o SLEh Sk e e%ﬁﬂe ?&% o %etﬂe %ﬁﬂg‘rpﬁulééaf%qﬁén%y '8 c

oW ng
;ﬁJI §%‘h96PmB‘ﬂg’F %ndebpf@tfpwgtrﬁiﬂ eggine, te fe@msh‘é ¥Speed; 3)
engi ne runerkpgistatus;  4) ripple voltage; 5) speed of

t he alternto r&g 6) alternator working status.
Referring"t haere%:a%r "s?"pt he vol tage gradient detector

(VA, 302) is a device that is highly sensitive to
the Pb%:!aﬁﬁ:% 1028 8Rd §1AHERNed rddding38ME, §88 i 110, BERtHe@Pbed

ttery (110) t er m nal

B 1o e e 2 B SR B LY, (Lo, LS5
conifl. »#20*334990 8PKNnd anal yse data from ADC (301),
vvaveform detector (308), V@D (302) and speed sensor

and, proyvi de a control signal to the ADC (301)
for & fiePIe BROLFCARPE JSRIMPENES006 WO 2004/ 113943
PCT/ S OBHQQY0L#10Be The m cr gpy ocessor (200) provides
the follow ng information: 1. voltage gradient (Q
status of the term nal voltage (&0, GO and G =0);
2. iFigues 3PP therripglg valiaos way sy apd G 'W%Q'ﬂ%@é't"’“ pulse
gr advaedibrrcdsasapesatad by the wividragetecton@om. rat e or gradi ent
(dv/dt); 4. battery termnal voltage (Vt); 5. mnimm
term nal voltage (Vmn,) when the engine is running;
6. rPArisehA diesehenae TW"IQ;f@eéUS( YEPeRd SRATA (?:Qi'blsé\ﬁ‘gﬁsﬁ%fh'@‘e
200t ehgif$peed detdctoriX mabHBtiEfly BAUPRID pulk garkeatérVivhish genshas

the a%ﬂ@é uravéfosrmra%&% pgqb the crankshaft position and speed.

The waveform detector and engine speed sensor can provide the following
information:
25 1) engine ignition pulse, or engine rotating pulse;
2) engine speed;
3) engine running status;
4) ripple voltage,
5) speed of the alternator; and
30 6) alternator working status,

Referring to Figure 3, the voltage gradient detector (VGD, 302) is a device that is
highly sensitive to the voltage change gradient. it provides the gradient status and
value when the battery {110) terminal voltage changes. The microprocessor {200)

35  will combine, compute and analyse data from ADC (301), waveform detector (308),
VGD (302) and speed sensor (307), and provide a control signal to the ADC (301)
for data conversion. |



10 8. maxi mumterm nal voltage (V max) when engine is

not running; 9. average termnal voltage Vase; 10. 20 JUN 2006
WARIDHIGBB of the ripple voltage V,,; 11. fredGEFE003{000164

the ripple voltage F,; 12. ripple factor of the

ripple signal” Rr; 15 13. regufl ator working status;

14. engine cranking status (this may include one or

nore of: starter engaged/ di sengaged, cranking,

crankjng.passed/fajled); 15. ignitjon pulse, or engine
r ot at ﬁg"cﬁwr%aﬁs“l@‘?m ipfj’%ﬂd‘r’? 'gﬁf"ﬂg‘i"'g%‘,”f"ﬂ?ﬁ'gﬁgi ne rotating
pul sé- f r egellepegradient (G)28atdsif ttengminal wilegedG3R G<0&nd G =0);
engi Be ru : = \ or
B mr%g%ro%]?éﬁl T9%elAeah m%%tta%%rad%httcﬁﬁ@gz,

speed Sa; an . alternator runni status O or A
28 Fdr t heVolRgs ehangaateor gragigptd@dddor (200) can
aut odmt i cadtleyy teretires valtage (Wke condi tion and status of
the gl ectrpjc al : t he
Fol | G ng iy RAMFL uoist S Tlaplife et ot " ogi ¢
may Be defMi¥HHMiBENIN ¥oliage (\ows WhaTheEpngingds 1ot Qg
l\/leaf/ I enefmbxiih ferhBalvoltaye M.%y,\)aﬁheﬁ he"enbihe m\m@% =Oh

sVR, an - .Se>0 Se>0 change
e sg'=o |§ﬁﬁ$’8ﬁ£@@%§9 ﬁ%ﬁﬁz‘ B ‘%}%,ng IHz"a{!r%:)gmg'f'gmghange to
G=0 9 Cr afMerage teswinglovpitageVaen G=0 change to G<0 WD
200440l 1394mpiikfe 3tnd ifNic2RfyeRGT/ SG2004/ 000164 Cr anki ng
S tﬁ? onf--off Cﬁﬁ ch?n‘g’ﬁ toF_C>O Cranki ng duration Td
Ti e’ t akePHFERPCPaMeSY4?4% g t o crank ending Engine
cr ani@.ng dfrelelfentes obthe epplesignekBng dur ati on Td, engine
speef. Sesehulkhidiénddiaiki ng successful after cranking

dur atg on HaineCOdhde SBRSCuSs oy nidd! B GRSt starter
engaged/disengaged, cranking, cranking passedffailed);
15. ignition pulse, or engine rotating pulse;
16, ignition puise, or engine rotating pulse frequency F;
20 17, engine speed S,;
18. engine running status S,=0 or >0;
19.  alternator speed S,; and
20. alternator running status S,=0 or >0.

25  Further more, the microprocessor (200) can automatically determine the condition
and status of the electrical power system of tha vehicle.

" In the following gasoline system example, the judgement logic may be determined

as follows:
30
Engine Staius Measurement Data
Ignition power on—off
when S5,=0 - VgV, and G>0 change to G=0
35 when S0 Se>0 change to Se=0
Ignition power off=+on Vu<Viand G<0 change to G=0,

~ Cranking switch off-»on G=0 change to G<0



Se>0 Alternator mal function Se>0 and ripple=0 or S0>0

and V,<Vo 10 Alternator partially function Se>0, 20 JUN 2006
WO 9/ E383and Vit <VO or S8>0 and Rp5% Char gi ngPEFSGe/000164

wor ki ng Normal Regul ator out of order 1.2 Ve>Vt>V0

and Rf <1% 15 over voltage Se>® and Vt>1.2V0 under

vol tage Se>0, and Vt<Vo 20 The cranking torque

c?pa{eﬂﬁkﬁ sﬁcﬁ%ﬁ-»gﬁ gnﬂ Ng- @eﬁlaﬁ ﬁ)cﬂual i ty Q of the
starter n atter circuit

det e ANKBg 4 “’Zﬂ?@artér anki ng’ %6?311 e ELpan; Saring téra“'%ﬁ{‘&'"g
cr ankengige aankingitdilugual i t yaft@r crankénguinieition TpenginespeadsS£Or
J Udg' né &Enk&@%héc%séf@r QUser BERHiMRY JTRAGET,, é{bﬁiwe%é‘édé Yo Of

the e nents f the starting nechani sm

pérf@f‘@!ﬁ%@é""&ﬁ the st ar t {OREOMRESE2RP's M may be

noni t ored, and defective -el emelmbI&OcQS in the system
detected prior to failure. rlngto Fi gure 8,
there is shown a sinplified f ctlonal fl omchart (250)
f or Alispadermmalardtion of croaRpgrinpin=8 Qe capability and
cr ankl ng circuit qual ity. 30 $ego§ﬁcem<\2°52 the term nal

anddra SN of initial
M SN TR ng: e P TR Do

cr anki ng"), are det ect ed and P88 Beb% The initial

?/ol t@tgﬁ iNG sy3 @m@k,ﬁ anki ngPi S recorded, ?e istthg f
owes e vol t age ation t, before
ar mat ur e &%’f“ﬁ‘?l on. 35 The‘\éﬁ‘ai g{‘i gﬁwi transfer

cur r Begulatar outof gkrcul at ed (254) as |s vol tage V,,,
hased onglehgonsg | ected glapa VP and t,. WO

2004/ 113943 P SG200420 /000é64 20%)6 17 The V0| t age
rati o of MWFPRORGe converdat #8ViNe current ratio 1°/1p

(256) and the cranking voltage gradient Gc is

determ ned as follows: QO=vd/dt (VrVp)/t, where t, =

time taken fromVt to Vp. 5 The highest voltage

gradient Grax will be recorded. The cranking torque Q

and Theadndiking tabqueddpdbiliudland yrafRing cdredibduality &t etthé Aadgr (H0H)

. —_ —_ * 1

ol %aﬂ% '(1|1l:1)I c@rcﬁiﬁﬂayveﬂ&; be determined. The cranking torque capability Q;
and cranking circuit quality Q. are useful parameters for judging the static torque
performance, and quality of the elements of the starting mechanism. The
performance of the starting mechanism may be monitored, and defective elements

25  inthe system detected prior to failure.

Referring to Figure 8, there is shown a simplified functional flowchart (250) for
determination of cranking torque capability and cranking circuit quality.

30 In step 252 the terminal voltage, and duration of the time during initial cranking
' {(when the engine status “engine began cranking”), are detected and measured.
The initial voltage V. before cranking is recorded, as is the lowest terminal voltage

V,, and the duration t, before armature rotation.

35  The maximum power transfer current |, is calculated (254) as is voltage V,, based
on the collected data V,, V, V, and t,. '



10 where Kp is a conversion constant. Q=G ,, dC

*100% where G ,,. is the recorded hi ghest val ue of @0 JUN 2006
WER084/HdM8t i on al so conmpares @ and Q with th&CT/5G2004/000164
accept abl e values preset in the 15 systemto

determi ne the acceptability & the nmeasured val ues of

the cranking circuit quality Q cranking torque

Capah?ubhdoltage%tlo 6PV isOddn@tite®ad fﬂﬁer h’urreﬁtt alid &1, (2@@)dand the

con an Wi be used for final
out %?%k'ﬁéﬁmn ¥ %rg(g rgnﬁm BI‘:@%W\'“‘?%@ oY m of one or nore
of coI ounGc*‘ﬂd@hF-éVnVﬁ)ﬂ& cal tones, and nessages. The

resw-}hb,@ a{ﬁ,mé@%p{m{:\,m\ph a date-time log for future
i'ncl ude functions 20 such as

Vi
veH-Pe FL P’éeéfjwéageoﬁ’r' a‘i?mnfgw WY beterardetanki ng power
capability Qo of the electrical power systemof the
vehirh QrapRify P b |
oy faR TeREer e SR SRt ol d e 180 o0
det H'MSes the cranking ability of the eng| ne. 25 The
cranki ngQebiheKbapabi ity Qo is a useful parameter to

et GheNR. k8 ,q,g?yp wer output capability of the
battery R"l‘ ° tcgrsttée?'? (101). It is areal tine

data ne it10Qder actual operating conditions.

|t waerane.aagismma:rawtrﬁghﬁstmnéaraacof t he cranking
capability of the vehicle. An early warning of a |ow
cranking capability 30 of any conponent in the system
canTiif &9ction 2ot omppive ¢ a8 Qr wittethg acrentablecvagues preset in the

151 ngYsiefi R0detdrowmeas tac&egﬁigl)ltyfcﬂ fthe h\%aﬂﬁécﬁﬁiﬁ‘:éﬁa&f' {RE cRihking
cra e a u
C er PRUE B et ol 3y b poriop OF here. v ane
35 ¢anBeciqr. n‘értemeéerm@gilqmsmu be asédigr finat pmtputhaesmaafarany insthe
di semgaramnd of merdlok E’cﬁotﬁﬁiw% sieAbnbE a %@sd TRE Fhsults are

ded (262 0 Ju 006 WO d4/ 11394
e PSP G 80 i BT TP BB io¢ s opluge functions

26ar rchiasevigntdteciegifor Baditingaxi num power transfer term nal
voltage Vtm the arnature voltage ratio VI/Vmand the

terpgi nal  vol tage io. VtQvtm are al so cal cul at ed
( 264 cERKng H%NeiFﬁ%ﬂ%uP!éﬂnPéIhﬁae&émr-‘adtpp\eser\mtvmoawetvewﬂv il

voldsage de¢rminedt JNsrintladesahy atabierd(100) thine togeiad witle battery

po f anki ng power
ca\gg@ ?%;ﬂngﬁgéﬁé%l&%%@r!'lty\?ggl‘gggg' {)I l ows: Q=PnJPa= f

(VaNn) Q=Pn fPa=f (Kt"VtONtm) where Kt is a constant.
10 The cranking power capability Q, is a useful parameter to determine the dynamic

. power output capability of the battery (110) and starter (101). ltis a real time data
measurement under actual operating conditions. It is an accurate determination of
the cranking capability of the vehicle. An early warning of a low cranking capability

30  of any component in the system can also be determined accurately.

Figure 9 is a simplified flowchart (260) for the determination of cranking capability.
The armature back emf V,, terminal voltage Vi, and duration T4 {time from when

35  the armature begins rotating until the starter is disengaged from the engine) can be
measured and recorded (262).



The cranki ng power capability Op and the cranking

duration Td of the engine can be analysed (268). TIRGJUN 2006
W0200Had%480 di agnose the cranki ng power capabi PETAGH04/000164

the starting nechanism and the engine cranking

ability respectively. Q andiffld are also conpared

Wi th the acceptable values preset in the systemto

det g8 RKinfuREe pdwer qg@ﬁﬁt ?’H\%ﬁreosack he?rh 1B A ARV GHwie ?ral%ffer

cranki n ‘%ﬁv\er ca %F e en ine crankin
abi [1FYp ROC Mt @I%ﬁ”?‘l%&"’edﬂ' Fatio eV mé@‘bl P Eﬁ’m'BE‘t“'Blﬁge ratio
| at e/t;.,Nt,,,Tahe slsb alpulatbe (28B) snd theradniaird estiag®fatio N@NQ for feomieal

of he

o PR o VPicle SR b AERR AP RES PRS o o
és e Therﬁ'é"’f“iﬂ RAWET GRpabilipy QR ‘Faﬁé’le Gerdved ﬁﬁf?ﬂ?“i’so ns such as
event tragimgr.or (amj)ting. 20 Engine speed Sa,
al t er nat rmnal voltage V, and ripple
factor R@rmﬂ@? ’ggé%ﬁ/\(ﬂfto determ ne and di agnose the
wor ki ng condition of an alternator, battery, and

r el ahed kKeieaReAREH S, such as, for exanple, drive belt,
1Eectifi er circuit and the regulator. Battery charging

tatus, the deterioration of the battery, |ow
el edbe ghnking polvencapabiliyn@, dndshef dranking duratidnt Taiofthe enginanap e

POWGRaly s@é‘r(‘ze%k sgggq% q@éde@t@é@noéagt@g rchnR‘ng 'pewé%l QP4 8% the

the fl et

t he SIS RISHRTEBIN AN Mrengi A2y GBI IEHPoRY Gpicary e
Wi t bist bempaned widh the ramap@bleaelu&'h preseign the ssgemdo Sptentine the
13l t SEdBEtEF?Je &ﬁ fResbasiFed Hl%sbfff poMQ'lc'é ity anHl'l\% engme

maxi mum and_ mni mum t ma><_and
ar e S&NHInGREHY, TRey detprawzlion Wi} &p 3‘7'5%48\%"% (AR TR fstﬁﬁ?ff"ﬁb'y
(27®) the Tdvm ofi goplc@ nwod bagnﬁouv lighth emssina b thnesa bnd me$sages. The

al t sﬂlgta‘l) re%}gec?\n e Cor ] @4{?% urE 35& Tt%ﬁutﬁl%l st lrr%ﬁr%lude

(27 record | ng maxi mum speed ratio
Nmaiuactwfl%%h ae aveny'@cmﬂf %{9{3'69 WO 2004/ 113943
26°CT/ SG2004/ 000164 19 The average vol tage Vave, ripple

L CkOndSheald, LRABGHS 8L IEhaBERe VAU BB mimay

SR=ph&yseaEdeenTine ang giagngsa thegvadeng epnaiierei|anpltgrnator, baﬂerv'
- CoNngidaBlted ABRpdRRANEIEN lak, fblaéadﬁmape<hnvelﬁeu SBener dildait andt the

alter t or r
ahelfoURe” Bl o Sqbeuhd el Bt peannrd of AigRufe
25 eslaval,aand [nauffidiernt adeieator Natpw powergdessyalaede deteftedne phase
of the alternator is not functioning, Na will decrease

to lgere]fgmrt'sgh rl(-jgure owcmil rt 2¥8 shows the process for determining the
working condition of the alternator and battery with the engine running.

30 The engine speed S, the alternator speed S, the terminal voltage V), the
maximum and minimum terminal voltage, Vi and Vg, are all measured
respectively when engine is running (272).

The ripple voltage V., the speed ratio of alternator and engine N,=5,/5;, care
35 calculated (274) and record the corresponding maximum speed ratio Npax

recorded.



10 The ratio NJNmax, the termnal voltage V,, the

engi ne speed Se and the ripple factor Rl are anal y23HJUN 2006
WOZIBY118%3det er mi ne the al ternator and batt er yPGHS&R1¢000164

conditions. Na/Nmax, Rl and V, are conpared with the

accept abl e val ues preset in the systemto determne

the acceptance of the neasured val ues of speed ratio

cha ]

Vol 145 sl et Tble BB Sy HEPladaf LERE AR onfre
out & uiﬁﬁdﬁ%@%ﬁ'ﬁw one or nore of colour |ighting,
nmusi cal tmaeﬁ,/afg,pl)*wméssages. The results are recorded
with dat ng log for future use, such as event
tracing orB a‘{uﬂ“’%i ng. 20 The discharge tine renaining
for the battery after an alternator breakdown, and

du lrk IThE sﬁuwrmio hQIi!ﬁfoﬂﬁéll?l?: ,cofighdht, g wamnta,d ?wmmfited shdR that
1.N e en n runni n Sta a er

o g et ey ey A £t Sy s Sor PbiB vy L AR Rdor

it idgve bpdssipgsieand ahpd%geerawtﬁelnwat eargiNawvill gle¢reasee Hpne phase

di s GhAB Afferididf®s not fundiohihg, IR wiiRdare 84 to 8Mkhirdbt ke normal value.
1gelf correct, as a resul't of input of data relating to

ynam ¢ | oad changes and 25 battery capacity changes.
Thi Jhereajio Pe/Vi. dre teniired vitageovs, the endire spset S.ceind thiexipple factor

| nt ¢ Mr%'a?.a detzfe?ibt ) tlbéiﬁieﬁwaw': lafd B&teﬂﬂw&r%ﬁ%lor{dﬁnoﬁs

roINert or erm nation of eremalnln% atter
ope M 80chis aregemPREEH With g'ﬂelae?emanlswa%q RreRgh! \3’1933’?‘&“‘ to
neasdeterdneathe debeptapng ioh ther measured Vabes @f spdedtrat® clzbgarde

§| LRE a!ﬂat g'flpp%qg%r%d? @thISvoﬁﬁ QLﬁé ﬁétho&%ﬁﬁhe uﬁéd fbpc’f

alternmaf( US i s abnor nal SucC
s, =tfal ouip) e dprmy %fv\P'\?oP"t @@@ oft gploup, dightiag ymg%qa! gyes and
V, andssagéne The n&ults arecrecdd@alr widddatd-amenicipdor Yllrd age such as

cha detected and tracked (284) if the
al tg‘%ﬁtﬁﬁ:n&or%dn’hifi rmed as operating abnormally. The

battery discharge voltage gradient Y is 35
2g¢al The Aik@Eige Yire\eRaiMHg fdr thenbeiehy Mfiep ah [Utddhatot thékkdown, and

t er gi nal | QQ4/,; CTES 2041000164
105 ol b ok R o ko
i nt BNOIRg stptes. \pliernateravasking Hatus tewmalm&agema veltage) grafligt it is
X, pcs‘ssmlts ubta;trﬁcé 4 ?e%ﬁanrrkgm&ymcm@e ¥fé. tiegn bGluﬁﬂdiéH aRd

ot S Yol RRe of ek RT Ao 14 bHiRe ¥ oxpAnR Iohgithanaes ang
250l bailgy capatilysghengdsndhis gnay BeRide dnfordmationtp dfe dses Gt dixg
vol hReRisCRY eRMLaRDa8E. Freel11\EHo) RSEoWEhart for determination of

the remaining battery operating time.

The battery terminal voltage V,, is measured and the engine running (S.>0) status
30 and alternator working status are determined (282). If the alternator {106) working
| status is abnormal, such S;=0, ripple=0 or low voltage, the battery voltage Vyand
the time t are recorded.
Terminal voltage change rate, Y, is detected and tracked (284) if the alternator is
confirmed as operating abnormally. The battery discharge voltage gradient Y is
35 calculated:
Y=(Vig-Vu)ft
‘where Vy is previous terminal voltage



B is expressed in percentage. 10 It i s diagnosed at

288. It is refreshed at regular intervals such as f&0 JUN 2006
WOUMIIE243 every 1, 10 or 120 seconds, due to BGRARRE4/000164

| oad change. If the result is X510 mnutes, the

judgenment of the engine states is that the engi ne may

soon break down. The result nay be output preferably

in the fqjm Qb @Glopy € of colour 15 Iighting,
nusi cal tones an nessages. The results are recorded

with a déT@‘eﬁ’ﬁé'mqw?éb%?e“ﬂﬁm@°y!3e The future use

may i nclude functions such as event tracing or

audi | tops
con t'ltrhg F?m Bﬁl‘gﬁi‘ Xndg,cctg ulgfeg #B%b ?A&ed %n ?he%k%‘é discharge rate Y
i crefpieceayshvolansd) X 9an sagrcminedisaiollpwns) to control
devi ces ixaphtsliyng a digital to anal ogue converter

(DAonpidO i o SBLAGHELABASEY. O (402) to drive the

/ TTUSTC 8rat or (403) to drive the
S peaker @ Olajhe es of depharge m}age {percerdage ofjdexl veltage V(404)

to dri ve plidéxpfeacalil 4;@@@@503) an infrared printing
1Pnterface (405) to drive the infrared transmtter

504), a conputer link interface (406) with 25
I nt dri¢ diegnqsed at 28803) is Frshel] siplegyiamiplprvpis Gvéhdes for example,

comv&?enm u:emonéee&rm@t adanzo cﬁﬁaﬁﬁ.@ rcﬁalcwaﬁglaeu rugb%&&n B8
or

starts’ wh CE nition h'.l

conﬂ"?‘n’ﬁﬁé‘ guf r°f et %Wﬁls?‘”sdﬁt‘ 3 t'ieh"é‘glnﬁri‘i'etyu §ea"
SW' tiowre Jhefrésult Tiag be eptpot grefesplylie thedotm ofuangsor e ﬁheurlwr
Igray Il\gﬁné‘ nangalftblYe% dﬁgqr?e%séﬁgs GFﬁte Bluits dre MEFGRORtHY SRE-Be

i ncl u e i nf ormation on one or
nDr logder. 1o “'ﬁr‘@%eﬁi’e fb'!i‘ﬁ 'éﬁey“ﬁ‘VéP?Wq?éP“C\t}?ﬂsts&@'éas Yt fraging or

bat taeditingvol t age before | oad; 20 JUN 2006 WO
2004/ 113943 PCT/ SG2004/ 000164 21 cranking circuit
quality; cranking torque capabili cranki ng power

capBsfefringyto Figyrg, me\/BPtPlggéo”&'P“eén@g‘,ﬁed‘iﬁ’PF“s thendatanirem
20/ 0l mRgratbssen@00)enrQfgh databils [208) 0 stotrblagecatincRiathg Religital to
CTunpiiBie BRSHIMBARC RIS RbraSiB0bEHedd B0 % drive the LOD
(501), a tone/music generator (403) to drive the speaker {502), an LED colour
‘pattern generator (404) to drive the colour LED (503), an Infrared printing interface

(405) to drive the infrared transmitter (504), a computer link interface (406} with

25  interface port (505).

.The display may provide comprehensive information. Preferably the report cycle
starts when the ignition is switched on, and reports continue at regular intervals
until the ignition is switched off. The reports may be continuous.

30
There may be up to five modes of output:
1. Message display
35 _ Message displayed may include information on one or more of:

present battery terminal voltage;
initial battery voltage before load;



ripple factor; and battery remaining operating tine

when alternator failure; 10 and warni ngs of the 20 JUN 2006
VR0 948 er mi nal voltage is over or under thePEFEGIWE000164

limts; limted or poor cranking circuit quality;

limted or poor cranking torque capability; limted

or poor cranking power capability; 15 alternator

mal f unct i ghakingirkfiiader rectifier out of order;

r ermant ogeratin time of the battery if the engine

runni ng bdE"MNArAuRRRRIIY:i s not charging; 1inited

remmant teranking20wéricapdbdiitly; r eser ve cranki ng energy; and

al ternat ot dri V. . 2. Visible colour pattern

si gnal Zsh?ﬂrymc\g)llt%ﬁégg tern generator (404) conbines

the col oumaxgiR ¥yteghatiengipe offid i ntensity of light to

gener at e mdimuiADitERl 0 bngigatiriighs. Different col our

patterns jndj i f.fer. .ehicle electrical power

condi ti on@%%%(gtggf#%reﬁé‘ﬁ%@g%ﬁ#he col our pattern

gener at orfippledepjoriapdul ates a smal |l  number such as, for

exanpl e, fdanbry dmditiiEpeiihd®he/witsdlafbth&or tdiey are 30
er

] xed propartionally to corresppnd to. the batt
B0y Dol FAg e o et G oc TR, Bhad i ALy g oo
For exanplmits; t he col our-vol tneter may nodul ate the red
and gr eeninitedor dobd &k cirit odalyy cycl e according to
t he Vo”jﬁ,e ranH%efr%{nn to VZ. The 35 col our may
remai n r NPy ORE" ] 83%"‘195"3? U ¢ han VI, and may
remai n grlig@ed or pooit dnanking Ippweyeapadilityor e t han V2. \Were V,
{sndi cat e pEAkobALiuBE¥naNd V2 indicate serviceable
battery. 20 JUN 2006 . WD 2004/ 113943 PCT/ SG2004/ 000164
22 The s@Mmegredier ohef 9% used to nodul ate two or
t hree pr ireramant ep@rating $me (opthe ettempif thediinbihe rumning pui thebattery

col ours) it arihdlicate the level of cranking torque
capabi | i t'y_ an%g%'rggnki ng power capability. These may

be, for &RUPHEENABUERE) | ow and bl ue; orange and white;
and so f oimitéd rebdp@rcrarkingeinagy;dad er m ned that the

al t er nat %ﬁerﬁeﬂgmpi% L&lYos@r € i n good condition, the LED
may be )

2. Visible colour pattern signal

25 The colour pattern generator {404) combines the colour, duration time and
intensity of light to generate various colour patterns. Different colour
patterns indicate different vehicle electrical power conditions and
performances. The colour pattern generator (404) modulates a small
number such as, for example, two or three primary colours. They are

'30 mixed proportionally to correspond to the battery (110) voltage. It therefore
acts a colour-voltmeter.

“For example, the colour-voltmeter may modulate the red and green LED
iflumination duty cycle according to the voltage range from V, to V.. The

.35 colour may remain red if the voltage is less than V., and may remain green
if the voltage is more than V.. Where V; indicate weak battery and V,
indicate serviceable battery.



reduced to an intensity as a percentage of full

intensity, the percentage being in a range of 0%t &0 JUN 2006
WEI04/113943,  Audi bl e tone or nusical |!g~ The nmBSTEGEWAB00164
generator (403) may generate different nusical tones

and/or tone intervals to indicd e the condition of the

vehicle electrical power 15 circuit, especially under

abnormal situations, to alert users. For exanple, a

shrill, co ical tone L.ndi cate the system

i s abnor ma?ﬁé %éﬁel %H%ﬁ ¢ %33( Ié? H%egg?a %Pd‘ﬁgag‘m prdnee, B'i‘%aoﬂ’ colours

tone or si (PEstRIabIVgiforem afimary eoleursitio inblieaty teilevelof cranking torque

el ectri cal capusilitg Ant SordRinTBower? Capdbilith MTHRE GhhyPhd, bl Bimpte,
haﬁd copy Qut put 'I;he har d cqo‘g'}( can be nerated via |

intrared tFAnS AN Pide ofEngesnd Wits: ?f‘rdisﬂtf‘?é'g" Ups it bengsetermined
wi t h ti nme/Haltthe [aigfgatergand battery @é in goar conditinn] the LED | res) be

~data for fdbiise to antHidrsROal YeldeRageof 1GPINRULES
interface data o iﬂgade?'gi I e%ged%t a g%ﬁé‘sa%“gd’eﬁﬁmage

ut put The
t he systenqegﬁﬁnafaé'ge?;é]"ttr"gﬁ%’ferred via a
comruni cation driver (406) and conmmuni cation port
(gP5) to a conputer 30 for continuous data storage,

and data pyocessing. Wilst there has been descri bed

in t fon@&&’ﬁ@%ﬂﬂ&iﬁﬂ@i a preferred enbodinent

of the present invention, it will be understood by

t hose ski lgugdy g ny. variati gns

or nodificatj odrfgsb foﬁ@ 8%%%@%@ %’8@ {g{gﬁﬁrg{go%%efer"&ﬁlﬂs"d‘ﬁqg@s

or oper at i3BHOHERP BV iRindiFatnibe conditipm et thengehiclaiectriod power

gﬁc_?_fggtzoiomzﬁiﬁléspmiauaaf}dbU%Ml _ si%i&ﬂ%g/aﬂeﬁ%gélrg. fFor example, a
e 1. ratu or X

noni t or i ng’ @g %’?égﬁ?sécaﬁo'geo&rm@ﬂ%ﬁhﬁ SE%%’? ésrﬁ%B?rmé" as inan

vehi cl e, alaAebglbmh gerlemipicaldone dysilense ynagitdicatettieat thal vehicle

conbust i oBieefigH! BRtendiB néragl Nator, 5 and a starter;

the apparatus conprising: (a) a filter for determnining
the battery term nal voltage when the vehicle

i28ni ¢ on Indaned priting bard comyloutput ol t age gr adi ent det ect or

for detecting phase and gradi ent change of the

battery term nal voltage when the vehicle ignition is
10 on: (c) UG SR DA SE S Vi BirSige atanife] (490 2 printer

separ at i ngr wpér wittetirhe/date logging, title of record, and detailed data for future
auditing and use.

25
5. Computer interface data output
The detailed data generated by the system can also be transferred via a
communication driver (406) and communication port (505) to a computer
30 for continuous data storags, and data processing.

Whilst there has been described in the foregoing description a preferred
embodiment of the present invention, it will be understood by those skilled in the
| technology that many variations or modifications in details of design, construction
35 or operation may be made without departing from the present invention.



wavef orms when the vehicle ignition is on; (d) an

engi ne-rotating sensor for sensing a speed of the 20 JUN 2006
WOrR04/H3943 conbusti on engi ne when the vehicl e PGRSGRWH000164

is on; 15 (e) a processor for processing at |east one

of the battery term nal vol tage, the phase and

gradi ent change, the different waveforns, and the

speegheaithee i nternal combustion engine for providing

an output indicative of a condition of the electrica

power supply system 20 2. Apparatus as clained in

cl ai m 1, Apparbiue forintltating 2@ ekitriodl tpowkr applly rsedtére lof h @hicle,

Qe 9 ANl LEaRhPFETRGha Brb ALY BlarRl ol Secr,

one devic us ‘as

wher ei n tan@aataﬂeretagﬁpwwmpwgi ncl udes 25 one or

more sel ggt ed af iR idrhéetgmMing GONskely/ i Beniedl Rltage when the

digital -to-an onv rter. a character generator
for driving a% L%%%m?o"[’% "egé’ﬂ'erator for driving a

speaker, (Rin LED'@egoaradisnt tetpeiorgtoneistecting phase daridy gradiery

col our LED, @Rarig8bf & BateR/ feihdl Yolta gé dhéphe vbIREie ignition is
grlwng an infrared transmtter, comput er |ink

nterface for Toupling to an out put port when the
veh| cl e {30 i gnwavefimi detestor for. detenting aands separatingi dittetent

in any one of vﬁb@ér%wﬁeﬁtﬂe%hté&bﬁn%ﬁsbrpd uding a
t enper at e sensor for deteCtIE% nbi ent tegggrature

35 5. A Hst efl FOPNFHIANG SPARGT 451 TG & enged Riviag internal
suppl y syst encghbuationehgicé ehen thdreshickhigrtion ihavi ng a

pattery, @&n i Qtp‘?ﬁeé’éor R THRARLS) ”%}elE&ét "Ye o‘f‘%eabéﬂ%éf”@{/n%ﬁal

and a st arter systeminc g N 200
2004/ 113943 PrefpestisRheemendsyadent € angae‘t'%FWPfﬁPH@aVﬁ?E“S-
battery term aad the epded gethaliradndl h&n‘ﬂ)ﬁhloﬁleﬂglh@fw piogitiing iaB

on; (b) det eCButﬁﬂ ,RJE f% and %&ﬁ%eﬂﬁv é &ﬁca?go&é}esuppg

batterytermna tage when elg tio
on; 5 (c) det é\@fel"hg and separating dlfferent wavef or ns
2mhen the vehicle |gn|t|on is on; (d) sensing a speed

of 11, | RESHAN osCQURUE ! Sl STBHAS MRS ooyl B fbor o

|gn|t|on OCGSSIh one
battery @@P‘M‘m@ata Wm tha@@ceasn'eto pordrobat least one device.

3. Apparatus as claimed in claim 2, wherein the at least one device includes
25 one or more selected from the group consisting of a digital-to-analogue
converter, a character generator for driving an LCD, a tone generator for
driving a speaker, an LED colour pattern generator for driving a colour
LED, an infrared printing interface for driving an infrared transmitter, and a
computer link interface for coupling to an output port when the vehicle
30 ignition is on.

4. Apparatus as claimed in any one of claims 1 to 3, further including a
temperature sensor for detecting ambient temperature.

35 5. A system for monitoring an electrical power supply system of a vehicle,
- the vehicle having a battery, an internal combustion engine, an alternator
.and a starter, the system including:



10 and gradi ent change, the different waveforns, and

the engine speed; and (f) providing an out put 20 JUN 2006
WO HB?4%e of the condition of the el ectri cal PCHEGF04/000164

supply system 15 6. A systemas clained in claimb5,

including determning a statps of the internal

combustion engine, the status being selected fromthe

group C@S' Std'e%gnﬁf\% e Yattd %hﬁgl'voﬁ%g%ﬂ.{ﬁ-leﬂ%e e‘t‘uv\lﬁe'

and nor ne syst em as I al med alm6,
the status i s'§®% running if there is 20 satlsfactlon
of one orpnDr eeeingCtage fanangradient Whange sothei Bdtlerygtedthinal

() the battety teLAIAL Hfhd dffntligp the venicl e

ignition is on ?/termnal
vol t age Vflen wplectingrand sgparplingotifferent yyavefaensgwirn tigtvehicle
change is in @ntvR@®dnf romless than zero to zero; (c)

arlpple veformis zero; d theseedo t he
"ot efhat Wonb st £ sheihg PR nes’ Sphuion 8, Sher 18
clai med in cl aghicligaitiongs aism 7, wherein the status is

cranki ng (&f bfb@é&mb St Radtiond @thb QBnéPJ teﬂﬁ]ﬁai %Ita'@'@ 'Re phase

I ted t
B ent o i GueBiet rafiad g telbat iyttt fnskie qngion

a predeterm s@p@dyvadue; (b) the battery term nal
voltage Wth ?Q@ldh@@ntémt %udaﬁ:ea&f tfle cBE&Qﬁt&rtﬁé fb%@tncm

val ue below of the battery termnal voltage with t
i gnition of f; PAYRISYRAY ¥#iEMspeed of the internal
conmbustion engine is zero. 35 20 JUN 2006 WO

13004/ 361324€ys1€9Té§9§. 9&’:9%}:@% fretucing Qe@HTAIR e Watus of the

clalne I n-any one o alms 6 t

dur at i onntars Wﬁ@”%?’hlaf‘@?e’ dP%ﬁF@l“ﬁgbﬁt"Wes?"?ﬁeérm the group
conbust i ednsitirgy oot ranithe, edanking einbiyig, 268 Aortal. NOr e of :

(a) determning the tine duration between the gradient
change of the 5 battery termi nal voltage changi ?h
from o sPgrstem aasleimed ipalaim Ghuhereim g stafusds rgh runpiag if there is

261 gni f i c gaistattiof Of éhe\dh MdreRRELlel o tr(elg}oub Rendistin@or:
Sﬁ;ﬁggi”fa??i?{h?ﬁéﬁ“%%‘t'ﬁ%wo@ag% g Y ES B0 I ks
than the battery terminal voltage when the ignition is off;
{b) the gradient change is in a range from less than zero to zero;
{c) aripple waveform is zero; and
25 {d) the speed of the internal combustion engine is zero.

8. A system as claimed in claim 6 or claim 7, wherein the status is cranking if
there is satisfaction of one or more selected from the group consisting of:

(2) the gradient of the battery terminal voltage is lower than a

30 predetermined value;

(.b) the battery terminal voltage with the igniton on is at a
predetermined value below of the battery terminal voltage with the
ignition off; and

{c) . the speed of the internal combustion engine is zero.
35



(d) the speed of the internal conbustion engi ne noves

fromzero to a 10 positive figure. 10. A system as 20 JUN 2006
WO 2MHE39%3n claim 9, wherein if the tine durat PEHRSG2004/000164

exceeds a predetermned tine, the internal conbustion

engine wll have a poor <craeking ability. 15 11. A

systemas clained in claim10, wherein if, after the

predet gr i §88mldsBaimed | E%ﬂ? BREG Rfimd 6% 8, mh%}'eﬁtaé tmﬁe duration

conbust on engl ne is a pre-set mni num
engi ne stit!R tpder qanking dhe 'Et?”!?2°°"2€’“§5f§‘t Einads detefpynsd by
in any ormeeofmartakns 7 to 11, wherein if the ripple

wavel of M ot ind A &F4Bn dhiBefH BRaRLANISA Bt e

runni ng. é mascalms
iPf af ter t heatplyclgenied nyolaae changing sapé'éﬂ‘f'@f“ figige “when
i nternal condgasieitdRe SiBGTidaat fighre2dien poditve; engi ne st at us

is 25 that, crapnki d
i any ond 1 VAP SlrAn b8ls iy atéreafbrl YA URTer WG
status i 40)ctae termingl veltape being ¢rsstantt @dnal combi nat i on
engi ne sY@tHs spdrd dtige intdritP leBmMRUST Brigife R6ved Fromfeero to a
éystem as cl ai ! msfdu}en claim 14, wherein if the engine
tatus is rqfﬁHY and the ripple waveformis zero,
the al ternator status is-mal function. 16. A system as

cl ai mefh, iaNsy@em sgrhffauﬁéd l aémg %b.@.nl.ﬁmeam@e&@&tﬂh réaééeeya
of 35 renai.ni n%aele

ca
The bat ¢ BGPEAGCIRS the el AU aR; SR r v e o poor
bat t ery tenkingabilityvol t age, vol tage gradi ent, the
19radi ent  change, and a predeterm ned end of discharge
vol tage 20 JUN 2006 . WD 2004/ 113943 PCT/ S&20041000164
26 17. IAASYLPBAP S8iMef A cieh 10nWRereln i aftsr Mdrectetgrrpingd time,
det er m nieispeed o theaikipmabeoniustiopginbiae ispatiove dipee-det sirsmurb
18. A sygke iﬁess&‘tbﬁlsﬂ@mn nclains 7 to 17 wherein if
t he engi ne E%)ee& I's a the pre-set mninmm a
ripple factor is below a predeterm ned maxi rum and
20 he bat2t arsystére ragiclzithedvia lanp @ae of Eiime 7ailﬁ ac eagbiabl #e ripple

range, t | S §gg! sis

nor nal . -nge@%rg@t%tt@gnqg}é %an%e : ﬁfnﬁﬂw 18 wherein
a status of the battery is determned froma

consi del Alsysém a$ caif@d weclsine ey wWhslehdf PR dréRidihied fihe

the speed of the internal combustion engine is zero, the engine status is
25 that cranking failed.

14. A system as claimed in any one of claims 7 to 12, wherein an alternator
status is determined from the internal combination engine status and the

tripple waveform.
30 _
15. A system as claimed in claim 14, whereln if the engine status is running,
and the ripple waveform is zero, the alternator status is malfunction.
16. A system as claimed in any one of claims 5 to 15, a determination of
35 remaining electrical energy operating time of the battery is made from a

consideration of the battery terminal voltage, voltage gradient, the gradient
change, and a predetermined end of discharge voltage.



m nimum the ripple factor being |ower than the

predet ermi ned maxi num and the battery termn nal 20 JUN 2006
WPA44H&%48ei ng wi t hi n the acceptabl e range. 15PEUSG204/000164

systemas clainmed in any one of clainms 7 to 19,

wherein the status of the al3ernator is determ ned

froma consideration of an ignition pulse frequency,

the ripple waveform the battery term nal voltage, and

t he speed C us n ine, 20 21, A
systemeigsAgﬁée}eér'redca'megﬁncg'ﬁ'e of e&?"éﬁ'ﬁsde{%g“ ?}’02(55‘3%9" ona
wher ei n aregdeRRerigdic keligr ge status is determined from a
consi deration of the ripple factor and the battery

term ngl, yoltage. .22. A system as ainmed in claim 21,

wher o 18 KSRRE aifin sRlR T 7 BaGpaddte evpe Speba dove
factor i sthgpeesstminiram & fipplepipaaret below reuledatatinimadmagimdm,
t he bat t e4nd thé Bﬁﬂeﬂﬁ‘lerr?f R4 L8fRe 'vﬁthWaﬁ'll'HcgepttJB?e aﬁ?é‘ﬁgﬁeg@tegnral

voltaera}\m% ¥stemasca|ma
cl ai m 22 é?“@f’ ﬁ"‘-’(”??e*t USpPMplactor is . used to
determ ne a battery inpedance status. 30 24. A system

a5 cl aigeqd s&ﬁerﬁ‘rh\é 8 ﬁetﬁfin %Iaﬁﬁ T8 whehdln ]azftﬁmeﬂ} Ghe! b§l¥ery i

ratio of a speed t ernat or @E
the int erq‘?éﬁ’m'emﬁlcﬁ?ﬁ'@f?@%@f gngine ﬁB@d betyg @eeverthg pre-set
t he st at usiniofimathe aipple fatair Oingl loiwéethe this. pre%@te?rﬁmed“maxnmum,

system a [ r atiois

conpar edsatngltrg bgﬁ%t? ﬁél?%f?g@éearéd\@ﬁ?nethé‘a 6@"5‘)1‘3943
PCT/ S&G200420 /000164 2006 27 26. A system as cl ai ned

lfsn cl aamﬂﬁsmaﬁelalmddhea@%ﬁﬁafélﬁﬁQT|tc§1§9ﬁh&@ln%e sﬁﬁuﬁH m
igure, t aulty as o ase

wor ki ng B%nﬁkrt ee%ﬁ’g%dsérlog'l ﬁeé‘”\slﬁ’er E%P 6’26""" fgng'loﬁl '?fgse
14 to 26"%!?@%?'\@ ripple wayefamnthe battenSeiminal veliegs iand theispeed

t he batt ermetgﬁrm:s@ﬂ.bugmnteagﬁel s bel ow a predeterm ned

m ni mum vol t age, the engine speed is above the pre-set
mnimum the ripple factor is bel ow the predetern ned
2flaxi math Aagydtethas elaitned firaaryr oner oft Gimo N8 it 204 wherein anbattery
accept ab bﬁaré@&&ﬁs ls]&t&ﬁmeﬁ\fr% St c%m;l@e?atﬁh%‘f kR cﬂpl@ B384 and

one of c 27, wherein the alternat
faulty i *hetbﬁ er’b?f'?'@?’)‘/"'ta@?m nal voltage i s above a
predet erm ned maxi num voltage, the eng| ne speed is

above doheapherehs Talkhddin cté:l%ez{ ' Hf.&r Sﬁ %e b'at??rgeﬂefﬁ

he predeterm ned maximum na or ro

>s withi egraéiﬁd,at(tge éprlgﬁcéprrlsélg@a@ter 1I'5m the predeterrnmed maximum

and the battery terminal voltage is within the required voltage range.

23. A system as claimed in claims 21 or claim 22, wherein the ripple factor is
_ - used to determine a battery impedance status.
30

24. A system as claimed in any one of claims 5 to 12, wherein a ratio of a
speed of the alternator to the speed of the intemal combustion engine is
used to determine the status of an alternator drive belt.

35 25. A system as claimed in claim 24, wherein the ratio is compared to a

highest recorded ratio.



29. A systemas clained in any one of clainms 14 to

wherein the battery is wundersized if the discharge 20 JUN 2006
W14 HE%4Gr adi ent is bel ow a predeternined | ePEN/SGR)d/000164

battery term nal voltage is between a predetermn ned

maxi mum vol tage and a predet® m ned m ni mrum vol t age,

t he engi ne speed is above 20 the pre-set mninum the

ri ppl e feaat Wstehﬁa@@iaﬂwdt th:laﬁHi %e&ﬁ%ﬁ'éﬁh AR cofRNL R beda
the alternator rotat,i an aEcepta | e range.

n
50. A sys O irEenRolh e e Hhre bt uords0 00,
wherein to determne a cranking circuit quality

bef or e B0 A2k Erevh 4k @lahRsdd %nn%'&?clﬁlﬁ% 119 1056, Whgrel t@ﬁﬁa‘rﬁmr
g recor ded be ar "adl ent t
b

ni_ng cran to the
gi nni ng c?’lﬁ'ﬁ%izﬁ% i @Hbﬁﬁ"g'lé “’g'?‘ﬁ'ﬁ'i g‘? & Pl Agergdetymined
per cent agairirours lvoltage,htbe @ngink spegd ds Bibavietthe @resdet tyhimadd,. the
A system ggu& Ifé%idﬁ?éj bkiBw Ghé lpmdgtgrmu‘{@aeﬁﬂnﬁtelé\h &nd %délﬁ}n%{&r

of the cranking Cl rcul ual 1t erm ned
at | east [ﬂ‘?é'%@l"@ﬂ'f‘éaa?‘ieﬂ‘ﬁi’@ﬁé‘g@r oup consi sting of:
the starter condition, the condition of the starter

hg ushesg A Q?agén? by cltcuﬁ\remr!;@{y ohe gp&e&%% oA to ?ﬁ%&%h‘. tr?ea%ﬁeﬁiator

connect1 on eél'ec

condi ti on's Taufyif Eh?tttaéw tqf’ﬁﬁé'd’a'ﬁﬁﬂé is %@V%z prqqe@v@n@mwnum
cl ai med i voitady tHeregieé spdediinBodd the preddat rr\Mlﬁ{uﬂl e tipe factor

cranking ; %bfg\%lﬁ%e pr%%?érhngd E’QEC%']% habl a1 DedonSs witnin

cranki ng RIPFCUI
pr edet er narr?@aenﬁh!ﬁrm required cranking circuit
guality. 20 JUN 2006 WD 2004/ 113943 PCT/ SG2004/ 000164

28 33. d i
32, " wh Pk WASFLRE oo R g o et 1o bty e i
the int erwderseed'rﬁube dischasgegvattege gradietteis nhetoed a [pyedsteemined

of 1 a crnarkitmgbseht B@fnd %Iia@e &f bdnlAgen! Lp¥R S tertiHeb SYaximum
voltage to.a volta wer transfer

bef ore an’®iF9ad F@gﬁﬂSPg?'géTﬂ%m\fﬂ? 13999 e 19RAINS, Biepd fbove
ati o to tee que-satniiniraum, othe anmpler éxctor dis nigpldvn dhes Lprafcmatmmed

ratio as rgayinRff, %ﬁ@fh@gﬁerﬁéﬂfr roton 3 vitirbande ﬁ%r que

capability of the interna conmbusti on en
A systemas clainmed in claim33, wherein a
det er nBha systemods didireedsit &hy one of rchilike 51’@ d90whetein to determine a

capabi I i tcVanknﬁ? HP&E q@% %f&r@@ﬁgrrr%ﬂﬁe téé1 ﬁwgrét% V\ﬁ the highest

consi sting ‘)é/ I's undersi ze

%r anki ng "eqoreediegigRiag pagking vol %eﬁﬂ@m f@ taﬁ@%'h@"%ﬁfa@'i"w
cranki ng vbieig yeadxapiabédoided ab @ porRbAMGAR ShEW iRt @bdidhg circuit
limt, if @a starter is unacceptable when the static

cr anki ngq?orque 15 capability is bel ow the acceptabl e
limt, if the battery condition is

31. A system as claimed in claim 30, wherein the condition of the cranking
30 circuit quality is determined by at least one selected from the group
consisting of: the starter condition, the condition of the starter brushes,
battery terminal connection, battery cable connection, battery condition,
battery electrolyte condition, and battery impedance.

35 - 32. A system as claimed in any one of claims 30 to 31, wherein the cranking
circuit quality is unacceptable when the cranking circuit quality is less than
the predetermined minimum required cranking circuit quality.



unaccept abl e when the static cranking torque

capability is below the acceptable limt, if the 20JUN 2006
Wi?a{‘)’?‘@lﬂ&”‘?erm nal is poorly contacted when thePE§TAGR04/000164
cranki ng torque capability is below the acceptable

limt, and if the battery cable is poorly contacted

when the static cranking torque capability is 20

bel ow the acceptable limt. 35 A systemas clainmed in

any one of clainms 33 to 34, rein on the crankin

F OF oSt QLB o TR FLLALBHS Koo & Rl AT

torque dapahiapatiility ofshd istsmaltchmhustireenginededaerminae by use of.

m ni mum re&w@v&@g@'&mﬁ #e | mspglsn#g%;bﬁs’de' ol ¥ voiife &

system as cl al one o
Wwher ei n &4k iPAYET \mﬁéf belopa | Frptures fﬂ@?%rwvﬁatmgethe
by convervbltagg raua: taakdurrgntviatid, agd femﬁhg whe Burgaht ratio as a

armat ure fg ?t Q{lﬂcn Erahlgn%?r glgab&l{]fanr 1 it

vol t age e ar
determ nlcﬁ'@bl&ﬁo%?m'"laatl o of ar rrature back enf and a
Mmaxi mum power transfer armat ure back enf converting

tOhe eg%’ aJ awl %s aal eglgl n?%%epe?ﬁ’\grde{e% h%ﬂi'gn én?&%rs(#atlc

he C OV\EI‘ n a a percen
show t he cw&mtomgle pembﬂltydapﬂa@ﬁ by efyleasggnesqf, thebarglxpsftoeﬁﬁtws
cl ai Lmd o BANe ‘Bﬁl‘ﬁanpfls %héﬁrﬂfed&gh?w 4% ci@ﬁﬂﬁ@lcﬁcuﬂ quality is
Crankil n C S et e
Chan LD goBPBR aRERE Rl R G PRy s B0 3 pitsp e
f r om whelimthié the starter isaupacceptable ovhepnibe sstalo cranking torque
13004/ 113243 niify T (5563&9439 E(CQM I%Qoﬁf 31% batcAl icBhitioh Ois

an end of crankin nmum cr ank
Dot ory URRSPae g fheqsaie: GROGPS foigie RPaPLY; 1 telgathe
cor r esporchepigblp dimitrif thabattery wrminal dsxpoody sontagtedivenen the static

cor r espopd}Rgh BRANE 'b%d'a?ﬁdy% ﬁeclo@ tﬁé%c@@ﬂﬂtff’égﬁmf @nc I? e ﬁalﬂgry

cranki ng power capa c}/ stem as cl ai ne
in clai nfa¥e &rPQS’F'&PHﬁ“%"fe Wﬁ%‘r E‘ienS‘?tﬁe KIS ﬁ&%@l‘"y Is
20apabi | | bylow theusexgitable lisket er m ne t he presence of at
| east one of: (a) starter is malfunctioni ng V\,hen t he
cranking circuit (?ual ity and cranki ng torg

¢

capabid5t Ayeyale® agi gimed t"l‘n@?yr"’}ee‘grf&i'm vé thRd.- ‘gﬁe"l' P e
10 (b) t benkedf torfug dapatang @econiif] ukidtesptone ther eramdinggtorque

. L i _
Cer ni nay SSEbltk s 5o bl prpieleined fnpdf Bk dgniing
2poorly |§'W@ﬁﬂ@@t‘®d and (e) the battery cond|t| onis
unaccept abl e

36. A system as claimed in any one of claims 5 to 29, wherein a cranking
power capability is determinable by converting a cranking voltage from
when an armalure commences rotating to an end of cranking to a voltage

30 -@quivalent of the armature back emf; determining an emf ratio of armature

| back emf and a maximumn power transfer armature back emf converting
the emf ratio to a corresponding power ratio; record the corresponding
power ration as a percentage to show the cranking power capability.

35 37. A system as claimed in any one of claims 5 to 29, wherein a cranking
power capability is determined by computing the ratio of the cranking
battery terminal voltage from when the starter armature commences



15 when the cranking power capability is below a
“Predetern1ned m ni mum required cranking power 20 JUN 2006

OL98B118943y. 39. A systemas clainmed in any onBCHEG2004/000164

clainms 36 to 38, wherein the cranking power

capability i s unacceptabl e waen the cranking power

capability is 20 I ess than the predeterm ned m ni mum

requi red oRaRKkdgn Qﬂ?‘%‘g cfaﬂﬂﬁﬁ"t!)' { bﬁaxnﬁg'n dAarﬁMEtp%Wbra%ﬁery

claimed in anY one of clalns wher el n

out put i dergyinal yoltags: cyerting fhe. ’é"&ﬂ 'Bt?rcc’l_rEEP"FT’f@g E?i’l’%u"l‘“"o?"d
whi ch i s expesdiat ®d cbiyesponlingr giwiet yatiofas gppérceakage dolsbew she
in an illym cycle according to a voltage
rati o of %@k@@ﬁv@e{ﬂ;@éhﬁ naI vol tage under load to

Mo- | oad, the colour of the LED corresponding the

vol t ages.of systeen dxadidimeéd/in ofbim 36\ 0B M&iE3Y, WBereih ahe'@8nking power

o1l m 90, colGh AL e S RN SEAEDBALr, UPON

the batter m nal em as
claimed in @& élﬂﬁ?ﬂ@ mwﬁ@mnwgtwnﬂﬁﬁ) W@Qrc'fp@t quality and

dep tendent UpQ:thRlH@toRﬁé QWi e Gfhinthek rdSpectvd prefset limits,
stemas C

Bher it ot s e < hbe RS SherthfbERana sk gty i witg

2006 WD 2004/imit8943 PCT/ SG2004/ 000164 30 44. A system

as cl ai med cptwﬁgp%"g,ha,qggdoﬂyccﬂ,gc{eg 43, wherein the
at | east provi de ItZQEe out put for

e L
one or nor eml:,g?eg@f'%fﬂcéi’?eo‘?ﬂof'¥1§°°’§?%?ﬂoa nsi sting of:
cranki ng polsk thedapedp cdridition iscnagekptatge t or que capability,
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circuit qua A systemas claimed in claim
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alternator and battery are in good condition, the LED
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generator. 47. A systemas clained in claim46,

wherein the audio generator is used to 15 output an

audi o 4 driaster ép elamed dn any qnﬁ_é‘f @{_@ia‘ﬁ oty 3Ywherain 15 opipytds at
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condi t OBI‘ melln(? \t%lc?urs in anyliu(r:nrl]naatlgn duty cycle according to a voltage ratio of
.25 , battery terminal voltage under load to no-load, the colour of the LED

corresponding the voltage of the battery.

41. A system as claimed in claim 40, wherein the LED colour is dependent
_ upon the battery terminal voltage.
30
42, A system as claimed in claim 41, wherein the LED colour is dependent
upon the battery charge status.

43. A system as claimed in any one of claims 40 to 42, wherein the LED acts
.35 as a colour-voltmeter.
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45. A system as claimed in claim 44, wherein upon it being determined that the
alternator and battery are in good condition, the LED is reduced to an
intensity as a percentage of full intensity, the percentage being in a range
from of 0% to 75%.
10
46. A system as claimed in any one of claims 5 to 45, wherein the output is an
audio generator.

47. A system as claimed in claim 46, wherein the audio generator is used to
15 output an audio signal depending on the guality of one or more selected
from the group consisting of: the initial condition, low battery charge,
battery over charge, low cranking circuit quality, low cranking power
capability, low cranking torque capability, at least one battery cell
damaged, and alternator malfunction.

20
48. A system as claimed in claim 47, wherein the audio signal is varied
according to one or more selected from the group consisting of: frequency,
number of tones, duty cycle, base frequency, and string.
25 49, A computer usable medium comprising a computer program code that is

configured to cause at least one processor {0 execute one or more
functions to perform the steps of any one of claims 5 to 48.



