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vehicle electrical power system and apparatus and
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vari ous techni ques are used to determ ne battery

st atClemidabstoregelgitietss, sudh @s 1TaY ati@ Batidies nsaISH b@oRdtiles) have

the £ iéi & % 5 rhrb i r%%nrné?n }ﬁtl%liab'il HXWever due to
2004 R RSty R b U
the criticaf working environment of the battery such as, for examplie 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 electrolyte, the
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The terminal voltage 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 voltage signal, and input to the microprocessor.
The input data analyser and sequencer of the microprocessor process the data
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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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Referring first to Figurei, the vehicle electrical power system (100) consists of
30 . starter (101), internal combustion engine (105), generatbr or alternator (1086},

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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Se= rotatlon speed of the engme '(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 maifunctions, or any phase circuit is
‘ opened, the alternator wili work as a single—phasé output device. The ripple
30 ° frequency then becomes:
F=2*P*M*S./60
The Fr range becomes
Fr=80Hz to 90QHz

35  The speed ratio N, of the alternator and the engine is derived as follows:
Sa=M*Se, then . .
Ny=Ss/S=M
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equi wal ent circuit PCT/ SG2004/ 000164 Fi gure 2 is a
sinmplified engine starting nechani sm equi val ent

circuit. The starter .
The ripple voltage V, is determined as befow:

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, rippie voltage V,, and battery internal resistance
_ R, is determined as below:
30 Re=K*Vi=Ke"R2
where K,, and K 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 canbe used to determine the performance of the battery (110).
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det Bighar rrecud@ant lodd, TR khe‘ter%aﬂ-&ltﬁgoé)output.

The cranking torque and cranking torque capability of the starter

25 Referring to Figure 2, at time t,, under condition 0<ty>t and the armature is at rest,
the transient current | is simplified as follows:
I = Vo*t,/L (1)
where V, = the ideal voltage of the battery
T = L/{R,+R,) the time constant of the circuitry
30 L=the inductance of the starter
Ri=internal resistance of the starter
Re=internal resistance of the battery

it ty>T, the current 1 is simplified as follows:
35 I = V/(R:+R,) 2



where Vo*i=total battery output power R2*12=t he
internal power |ost of the battery At maxi num power
VO 948 ondi tion, dPI/dl = 0. 10 The cranki nCT/SG2004/000164

current | is equal to the maxi mum power out put
cranking current |,,, then tBe maxi num power term nal
voltage V. can be determned as: |["=Kn Vo/R2 V'=K. *Vo

((: f; . Herenhng E@edﬁaﬂdnS(Z)aihE Qtﬁ}ﬁatnﬁ!nxtz Iuﬁ%tﬁ g?*ﬂelétanéhﬁeﬂﬂﬁlﬁééﬁiéﬁce R,

o ant A h e imqres GeRtapse Rl TAlar Tocumey b scirasii prgoional
cur r énthe tdriperprodueed Bis thie\starter. Ih& powger ootputr RN theFbatiary Hedore

determmgm@a%mgg,ﬂe%:t’g%ﬁe%&en the battery is

degr adi ng gge W e reached where the nmaxi mum
cPanki ng RaVrEMRein is equal t@ or Iess than the
requiwhed \m*lafmiﬁlﬁa]teﬁjttfufpemow{erp In this case the

out put cu&a@qkeﬂ%ynap otwfgk%}%y%gggtgough cranki ng torque

to crank the eng {yonshlp bet ween VP,
V,,,Ipandl"lsasfollows URN.1 IP=In/lp 1 V. (5)

WthAfreé@ﬁ@msﬁvetrﬁa@wa&dd%n @P)al NN can be used to

mnet vehicle cr ng,tor

98 BB Oy Seesthn b I, el b BTG B 1
as ftbbrb bograximQn-pbwériBiet ¥itadd Vi cab e dareined Kp |s t he
conversi Qe @Rl ant. The gradient of cranking current
before starter rotates 35 If v equals the induced enf
of inductor L, the transient current i of the circuit
can be d&tkrwoned as: WO 24004/ 113943

/ S&G2004/ 000164 9 i =(V0-v)/ (RL+R2)
|—Vd/(R +R2)-v/ (R +R2) (7) The differential of
equathesi coustent vari abl e i and v,

‘Normally, the maximum cranking current |, must be greater than the require
cranking current |, If Iz is the reserve cranking current, then the reserve cranking
current Iz can be determined as:
20 la=lo-lp
When the battery is degrading, the stage will be reached where the maximum
cranking current 1, 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.
25
The relationship between V,, V,, [ and |, is as follows:
Vp/Va [ l=tflp | Vi (5)
With reference to equation (5), Vp/V, can be used to determine the degree of the
" vehicle cranking torque capability Q.
30  The cranking torque capability () is as follows:
Qi=laflp=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:



di /dt=-(dv/dt)/ (R +R2) (8) S The gradient of cranking
I d cranking circuit quality The crankin
%4‘@%@ gr adi ent dv/dt, when the armature is it
rotating, can be determ ned by nultiplying L to each

side of equation (8), then; 1@ L*(di/dt)=

-L*(dv/dt)/ (R +R2) From Lenz's law, L*di/dt=V and V
initiallyig@aiRtR)Vo then dv/dt=-V *(R +R2)/L (9) 15
Referrlng t1Qn,(9), the anki ng voltage rate
changr % t\@( 9H (’}dﬁ‘*ﬁ?)/ dt bef ie the armature

r ot at'd@g dj grentm/@pgtequyn () wiffovaripleiedndvo t he circuit

resi st ancgiytd- (dv,tj{m:;1+h§}ttery ter@ nal is poorly
centacted, or the starter brushes are worn, the total
circuit resistance will increase. Ther efor e, the

r es ulThe gpdienteflcravdingolol tagreargireaatikimgteirduif giiatitydecr eases.
The change to the voltage gradient dv/dt can be used
to dﬁéerm ne the 20 condition of to cranking circuit.
|1t ABS FAPKIRYURSS @Rcieficvi e ihe el s @Al H9TAIRD, oan be
conneettrimiied bipanitipifiag L eheaien side oftf@ition (B tiRange to the
Gpanki ng ,/E@Q_g*(gg/@%;pm& dv/dt can be used to

det erm ne the starter engine power

syst 9 LeRT sigwt Ad/dsyandptinifdlly paval totatherr anki ng

term nal apid-ag@,M,)Late changqgl s determne 25 by

using: Vt=V0 i*R2 and L*di/dt=V,, then

dvt /dt=-VQ*R2/L (9A) Referring to equation (9A), the
cranking term nal voltage gradi ent dvddt before the

3 ardtBting B é@taﬂineéb) | the lcmﬁ%ﬁ%g&bé é)fré%mhédg@f@#adﬁe&) P Bv/dt
resi st par airet er  of Vi

bat t eeg%eo{hnt erag Q
and TG0 "RSIMEHG FYEes FH’B’e@ﬁ%Hij’Bgﬂ‘?rﬁ" o Qieuhiesignee. If th
vol tkegery tarmidaldgpoorigbrtictedom theastanseistughes detvermyitheaothlv@cuit

con i t oty Al n
or agbg.ﬁ?l’é& Q{H_ ﬁ{:‘/}@%sl%a fl‘%Féfore tﬁe Feto]lﬂta rf%] d&aﬁlnﬂgro}{% ?&:‘?e t dv/dt

rec 8@6‘5953@9&%&% it eve'!w%g@d'@?téidfdbw hedisgshio detepmiap the
2r ardenditpnaif e oabkingueitcuit. W HE paameRisesihe) 8@n@Sand the ®minal

GTH)%’oS?@:non}QQv@ ﬁ?%?rﬁ% %9&-‘%3‘&1%%?& to. tﬁ:T !%%%é) ?@t%?(—io &rgéignt

hi s nmeans
vvor Ié’i"ﬁb"aﬁ &p f’%ﬁf’t‘? geteqine the eaaRitionpf the s@rtpt%ngineeewri sysieny,
is equal to 1. It any one of the elenents is degraded

h [ b I
E:) le:rdc% ngg'léhsgr?m 8‘rfdc[p%‘”the %lﬁ?@ e%/rP]l%I é’%ﬁ hrgte ?r}ggﬁst 9eterm|ne
Bradyesg di / dt can be determined as foll ows:
Vi=V-i*R; and Lxdi/di=V, then

dVyfdt=-V*Ro/L (9A)

Refetring to equation (3A), the cranking terminél voitage 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
dV/dt can be used to determine the condition of the battery.

If the cranking voltage gradient Gg=dv/dt, {or dVy/dt) and the highest recorded
35  cranking voltage gradient is Gmax, then cranking circuit quality Q. is determined as:
Qe=( Gnar/Gc) *100% {10)

ﬁSGZOO#OI]OIG-l



di /dt=(VvdL) The gradi ent of the cranking current di/dt

roportional to the initial 10 volta
@2%451399(4 versel i F/$62004/000164

Aversely proportional to induction L B§T
circuit. Maximum cranki ng power output and cranking
power capability of starter #¥nd battery 15 Once the
starter rotates, the arnmature generates back enf Va.

The amigabdahe tHOWeHe Q%Mmm@e bn@uﬂﬁk%&ﬁuﬁ‘fﬁer@&lyf Q.lelceamlng ,

Pa=V *R1+ a2
el ol &6 SRR od ¥ ek ol o okenS i parded: bifanang
batt@tf%mtqvaiw‘wweée&sdmnér | ost of the starter
ia2*R2 the internal power |ost of the battery
ng —armat ure_el ectrical power equivalent to
chafmtease e a "S@m?tﬂ%\fﬂns RTonicglagiond e ian baydetsmiged as
Va*| &llows:t he cranki ng power of the starter (101). It
i's proporgdgq@l to the nechanical output power of the
starter. The prgduct of armature output power (Pa=
Va*la) and duration Td is the energy output of the
st ar Tier giadiodr) of thé ctdneing cawdet lagat i Wiiyq&#&ﬂbﬂhnﬂfmtth@ initial

h the ti
7 QurRad Ve ey R ¥ B B e e Tor
the engine, and the poorer the cranklng ab|I|ty of

t he mmemnﬁ crifiang pawal diRputldhd @hn i,gm*g" BpBliity of starter
transf i f armature power output= armat ure enf

= v, andBattery dPj dl a=0, 35 then, Vo=Kl*la*(R +R2) and
WO 2004/ 113943 PCT/ SG2004/ 000164 11 Vme la *(R +R2) =

i‘52 \ohck lr%)stan\é\hn%ia?es*‘the QH%tJi{@géEr%te‘é RSLAHHs S From

max| num power transfer, cr anki ng

i on und
ar ng'{hﬁragn ‘HFP% W'Paé“iﬂeé‘ﬁﬁ?‘{?sdﬂ%wsto i deal vol t age

VO. |If PPﬁ\&,*I;Mlancm&Hmlﬁrw anki ig) power and Pa is the
requi re cranking power, then the ratio of P,"/Pa is

the degree of the cranking power capability Op of the
veh| % l;= the armature current

20V *l,=total power output from the battery
‘ 1,*R,=the copper lost of the starter
- 1,*R,=the internal power lost of the battery
Va*l,=armature electrical powei' 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 Ty 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 transfer, if armature power output=Py,
armature emf = V,,,, and dP./dl.=0,
35 . then,
Ve=K**(R1+Rp)
énd.



10 starting nmechanism Q= Pnm Pa (13) The
E@%y/o&shi ps between Va/Vm and Pni Pa are as foll ows:
PX#h ¢ NM 1| Pa) 15 The cranki ng powerPCT/5G2004/000164
capability Q can be determ ned as: QP=Pm Pa= f
(VaNm (14) To nmeasure the arltature voltage Va is a
difficult task. It requires the sensing of 20 the
armat ure wQktage:mlidweerly. This is{dypractical.
However, converting the cranking term nal voltage V'
to the armature voltage Va equivalent is relatively
easy WhpreK: aneKaarg oetstanis of Va and Vt, can be
determined as Vt. =Ka V. (15) where - Ka is the
cgnvgr si on cogst ant. 25 Vt, is the cranking term nal
vol t AL GBI et iU RaGT anstenceranking Agtvoltage Vin
det ersrpropertibha icodeahkaltage \power capability is to
deternmine the ratio of cranking term nal voltage Ww
and maxi mum cranki ng power ‘transfer term nal voltage
vt m 8o iEtsatisn sraingpoyer andder's Bereaue Gragking power, then
maxi e natoer,/Ft lsans tefee df iR dPaking Pvwer dabatilmad), of the vehicle

g(?SiEtL'%f;&ﬁl?ﬁ%mgﬂ-d starter internal resistance R nust
e equal™ e

nmaxi mum cr anki ng power output term nal
vol tage Voy=Pr/Ras as: WVt meK{IBVt (16) 35 where K., is
t he conversi on constant WO 2004/ 113943

PCT/ S&2004/ 000164 12 r mal t he .cranki ng power of
the SEAPETGTERRREREsT é%r %‘%%?"eﬁi%ﬁ?é‘"[?ﬂﬁ-i mum power .
Thi s mearf&/Rahdi= £ (¥eValBd mum cr anki ng power Pm nust
gyreater than the required cranking power Pa. The
reserve power PR can then be determ ned as: PR=P.-P.
5 WWRK CEnisag pyey capabiify B satibe feteamieed #he maxi mum
cr anki ng (pemgP.=Anvirg,)equal fwthe cranki ng power Pa,
then the reserve power PR=O this neans the cranking
operation is close to the maxi mum power. Any increase
i n t1Re"eATHE o amakreylipgreVs(ig e 3lffigut task. digagidres He sensing of
Bt ankedrmprRBIoIt& etdRedtly. dThighs fpradibs. HeiSeNEnedrHYthd\ganking
fai ltéf’ﬁ\%'al voltage V, to the armature voltage V, equivalent is relatively easy. The
relationship of V, and V| can be determined as:

Vie =K* V, {1 5)
where K, is the conversion constant.

25 V. is the cranking terminal voltage when armature rotating

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

30
From equation (12}, under conditions of maximum power transfer, the battery
internal resistance R, and starter internal resistance R, must be egual. The
maximum cranking power output terminal voltage Vi, is as:

Vim=Kn*Vim (16)
35  where K, is the conversion constant



10 The ratio of V,,/V, can be used to determn ne the

g,?%ﬂee of cranking power capability of the vehicle
HHFP%echani sm The rel ati onshi p between eRUEBGH4/000164

(15) and (16) is as: Va/Vm= Kt "V(CNtm (17) 15 Were

Kr is a constant factor, and 1ZK=KalKm The cranki ng

power capability Q is derived as follows: Q=PnifPa

20 =MNotMMIMAY crahkifig ﬂfﬂweyfof e MBkarfinkOheNBRLR | rspﬁeldwstﬁenﬁax:mum

cr anki ng power 041 3 t he st@rter Pmis the maxi nu
cr ankPHh ng pPOWEFA5U % € @P"'f"H'e' LRYng SPwY "REY‘%IQF‘?% ‘ha(”o‘he
Fi guresuited ardgnking pbvel PaeTtte redehegoweart Rpctainthsn be determined as:
m croprocpss0lp,(200), reference tinmer (204), nenory
(203), key- pad (205), input controller (300), power
sapply (303), voltage reference (304), voltage
pr e- Bah e batyis dbgrading! erce (rEMAximurh ERFIRigRIoWEEP,| i6 &gl Re
S i °“E&'§E’f*’* S FRER0 PR P MR ERRUM FRLAH Fhreter
(501 clopgl th e BIRYmEm Lpemer( M)mcrweaktm load gi0hg¢ SaH)e (105) il
i nf r edueeltnp efatter(PoRéouB LRSI LFaubihd drarikMp kail(205) . The
?d ectrical power system (100) under test is connected

0 a high input inpedance voltage pre-scale network
filtee PRODY Vidvn 29 be Leed foadaterinettbe dagrde af swakieg power

pr ocka Ebzl@ 60thE &6hicly @iaﬁﬁ? Sndchirlisth. THB Jelkidnétid E&{:ve&l"gquatlon
hi g 1Egcy noi se before 35 feeding the signal into
the E 5¢9- di gital converter (ADC, 301.),

wavef or meNeFéWca’r/m(Slm (1@3nd vol t age gradi ent detector

gsoaa,he,m ,ggqg,qsq.cg,,a%gr P/ SG2004/ 000164 13 The engi ne
speed sen{c'){algmsw 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

ot TRaanarh bl LballipU S BeAll ol sy e, SYStem cannot

det ect engl ne e anal 6g-to-digital
converte "’( ) converts an anal ogue signal to a
adigital =gpppgna}, and feeds the information to

m cr opr oc 00) thr h the data-bus (208). The
m cropr oc‘ggg FN(("EOO) gat g@gt he ADC (301) under
nmul yvpg]eegelp thegeraking power output of the starter

P is the maximum cranking power output of the starter

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 tesf is connected to a high input
impedance voltage pre-scate network filter (305). it is a low pass filter and a scaler
to produce a correct voitage 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). '



10 Referring to Figure 4, the output controller (400)
rmn%agiaes i nterface output from m croprocessor (200)

H3?4He data bus (208). The digital -t o- anaP©lEE2004/000164
converter (DAC, 401), has as its main function the
conversion of digital signalsito anal ogue signals.

The character generator (402) generates nessages

accorﬂk regg.h@s;seestsg%gfew B uyﬁa b @ddaing épaéaca th® eflfirieY & is
e C a r ner a
(402 PRbE Page B8 ST BLS et g ey aiae ragine

be didoectdtyhavoan ignitibe gulsy andritteis dpr sysiess@INNgt2BESt the engine
t hrouglqt he data bus (208). The tone generator (403)
generates sound tones or nusic according to test
résults and drives the speaker or speakers (502).

Di f f dhenihalb@oelpitatyorbetal J8al) toonvede h i dngloqO signdi fie raeditital

condi ls hﬁ n§ndoffseotsl}ﬁe Yrﬁ(ntn% iéh t? Orﬁr?rto%joge@gor R% éh ?I%/g%t tﬁgldatyﬂﬁs

col ou E‘Iattern gener a ener at'es
col ol?%8hxiThe mic@grocesseH200) ﬂﬁtﬁ%ﬁgr‘\ £4301) undgr TBWUIB‘P‘PF mﬂde
intervals to drive the colour LED (503). Different

; | =)
58! W] FE £ AR s ) il bk D fom
The m@mceﬁoiﬂﬂﬁmﬁhfﬁg]hiﬂm daitd busd208) B9 digital-torpnaleges goavaster
dri vesad, Qoﬁrﬁa\é%stltg %a'irﬂ{;ﬁ@ubﬁ%e &:ﬁ@?b‘ﬁﬂ‘&fb@ﬁal (sﬁﬁéi)s td &halogue
provi.de 1@ g @gly a é&s on the conditi E s
the VTS IT8e BFadeT PLRIAYPoMey LPiETMeStR9Ph é‘c%%ﬂﬁ% el
i Nt erebelis evit i daby la{ch 06 Privesthe bGP elispleyl (800). The clmadter((BOSHtor
49 p(4@é‘)' eﬁiﬁ tﬁe &i@leﬂv ( bi)%y"%et |hteﬁra{%9'ﬁﬁé‘h-%p b%%ré&l?@omrolled by

r'epor t condr i on e vehicle electrical
pome?“c"OQS?g?sé?ﬁ(?Q? fﬁﬁ%’QEH}?ﬁ{ﬁ'{aeqUS{ Pl st orage and/ or

anal ysis. 35 The waveform detector (308) is a device

N - tg%n@rﬁrgr ll‘lﬁ%eg‘éh?]rét@ o3Bdnk OB mdslU%aI%l:&&iggp%ét R&uits

si nusol Y ernator Ti errin
to F?'@'Lﬂ“‘éeséll? SP&ak"é i0F) FREAKHRRORD PHierest ‘GB‘iSdF?VeQP ¥seg iR 'l.dﬂ'g'fy
bt t difeyent dchQiodsedt teVahiSie elettricDpeies bteds. | Mpul se WO
2004/ 113943 PCT/ S&R2004/ 000164 14 signals A, , A2
generated by the ignition circuit, and a sinusoidal

ri pplhe eiaypdptiery eapapratoe d4afy qeneraigs tdifferant @plogr] oBytrest Hight

| gni ihtiRAiticR UdriCon- & MaMMoadle Shé bdlouraEb (318). mifdrbri ol

fr e quisymilasel Urtdn RE-R TR 1% gl alsltgi

He. syfter; is the ignition pulse frequency, and C 5 is
t he nunber of cylinder of a four-stroke engine, the
rel ship js, Se =Ke*Fj C, where Ke is a constant

For fed pr I"f’”QC‘E‘EF”SFRJI (485) jsg a'}rﬁ'&egﬂ?eeﬁm’reéé‘ﬂfjﬁ‘ﬁf g I-llif""“e‘:i
i f Klansnsttel x04) mh:ean.ndemsh&r@em 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 andfor analysis.

35 The waveform detector (308) is a device to separate and detect the igniticn
. impulse and the sinusoidal signa! 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 SO can be determ ned as follow Se

= *33/4=990 RPM The ripple factor Rf can be
‘(‘fé’tzzg?‘?ﬁﬁ%‘& as: RF=(VR/ Vavg )*100% (19) 15 PreRiF@209000164

is the ripple voltage waveformand Figure 2C is the
engine ignition pulse wavefordm as separated by the
wavef orm detector (308). To detect a diesel engine

runni sﬂ;ﬁafS tal us e:ibr?@@ 8¢l tRLRRRn & %Ql?) aridsa @%ﬁ?o‘f’o%@ Flb’ple Elar
etec neti cal

20

ool sPhied BEER <Mk he et piosy S meou S itaravnd the
acc ormrlwgﬁﬂo atdvy \arienkighergine ppestt Trerigrativel palse ddquedityecan be
wav ef QMo deleRGihPihe BRGnE QLS Eﬁeng q’neﬁ%ﬂtﬁﬁ uB@ﬂeMsﬂw 3% c

the follow n I nf ormat i on

pdl sé ‘h%P“f%‘%?ngﬁé"quvétﬂuf%ﬁstmh? grgine, the r@fﬂgnw -§ peed 3)
engi ne ruSQHQg:JSt atus; 4) ripple voltage; 5) speed of
the alterng, 6) alternator working status.
Referring to Iéq"g';%gr] §t§8t he vol tage gradi ent detector
(VA, 302) is a device that is highly sensitive to

the ¥ol dxagfle,henOSdF, RMe@Slred rehdiRlf Rz AER, it 180, Ihcddhe8eed

at tery (110) term nal
E’| tgﬁtééac g‘ﬁ\ég!’a e“f\@ég’ '8?“@???@8gssor (200) 35 will
conbﬁnemo@éﬁpﬂﬁoéq'%md anal yse data from ADC (301),
vvaveform detector (308), VGD (302) and speed sensor

(307 ide a control signal to the ADC. (301)
for @6%%&?6&&9%@%@8113943 PCT/ SG2004/ 000164

15 The m%#@pf‘&cgem% (200) prwyi des the foll owi ng
g]forrmtlon 1. voltage gradient (G st at us of the
n%_nal voltage G0 and G =0) . interval or

dura 957 28 e dhe ww@m%ﬂfm qrgg‘éguger%fawéfaﬁe'wwamj@@n pgjse
3. vmdvbhgma&:d’mmg&edlbatre velvefgraddtedtor 308/ dt ) ; 4.
battery term naI voltage (V,); 5. mninumterm nal

vol tage (Vmn,) when the engine is running; 6. mninmm
t er mafefectd F"F% Engine WNHHY §iAEh atspeetesraperd3q7s ivpcessary. The
20UNEnBigé speéd dBfetbite BniaghdticAR} lcodpdd REE geNéFutbr, WARR gbhtfates

eng'e[b%lse%va[réwr | rr]:gc‘}rdmg to 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. maximumterminal voltage (V' m,) when engine is

_ g; 9. average term nal voI tage Vave g
quoiﬁ%gﬂof the ripple voI tage VR, 11. frequgﬂ@ G6q04/000164

the ripple voltage Fr; fple factor of the
ripple signal Rr; 15 13 regu at or wor ki ng stat us;

14. engine cranking status (this may include one or
nmore of: starter engaged/di sengaged, cranking,

crank |Tﬂ<9mﬁﬁ3%ﬁ%g£sf)@ﬂ2b(ﬁ g)cmd;ssthe Jf ﬁd rﬂfam%ll’il)r?‘ e, or engine

rotating pul (% tion or engi ne rotating
pul se 'fr equ‘ﬂ'ﬁ@?grﬁd'e“t( (Ftajup of E‘r‘?&?’ﬁ@a’s"ﬁ@@a( ). Ge@ and G =0);
engi né. r uniniengyl sitdatatien $§HEAWeEn MO voltahd gradichteharear

speed;Sa; @d?ﬂg@&apgééé%%%%mé&@“gng status Sa=0 or A

25 Further Oopro r (200) can

aut onfit i cantS?Wd%fF‘@Tah’YQ’i@QGt(Hé condition and status of

]E hrer ebect rmma:hunp@mﬁar sorﬁ@@mmqf wﬁthné/&l@rn@I.semndurg t hle

ol | opi ng ne_system exa ement | ogic
my. b8 doc SRR G ) Wosh e ok SeP L

Meas uf-eme nfaxiagm termginalivoltage o rwhem the @hinank emnitg=0

VieV0s. andmisifurk RARESE vbi @ﬂﬁmax) %ewegﬁeﬁo@ auﬁgi c E ange
an change

to Sez= OI nitio -+on W,
to GO sﬁﬂ?%gﬁ’g%lf'?'@ﬂe}ﬁw--on G=0 change to G<0 WD
2004/ 101 39 4@ plidCpidmkipnt veldge s, on- *of f  Cr anki ng

dur atjjon T ue;,—;ggbﬂﬁe bRNKkAYE . ai | ure  Engi ne cranking
succe, sful 5 E ?lne runnln ‘ternator mal function 10

Al 't er at or"pﬂlﬁi’a(c 04 P e fRpiRIgnat e
15

regulator working status;
14, engine cranking status (this may include one or more of: starter
engaged/disengaged, cranking, cranking passedffailed);

15. ignition pulse, or engine rotating puise;

16. ignition puise, or engine rotating pulfse frequency F;;
20 17. engine speed 5,;

18. engine running status S,=0 or >0:

19, alternator speed S,; and

20, alternator running status $,=0 or >0,

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

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

as follows:
30
Engine Status Measurement Data
Ignition power on-»off
when S,=0 VisV,, and G>0 change to G=0
35 when S;>0 Se>0 change 10 S,=0
Ignition pbwer off-+on Vu<Veand G<0 change to G=0,

Cranking switch off=on G=0 change to G<0



PCT/ S&G2004/ 000164 G=0 change to &0 Tinme taken from

n wrting to crank ending after crankin
‘&b?g@ljhﬁ?d engi ne speed Se-O after cranki ng”CT’SG2°°4’°°°164
duration Td, engine speed Se>0 Ignition pul se>0 or
R ppl e>0 or Se>0 Se>0 and rigpl e=O or Se>0O and Vt<\V0
Se>0, ripple>0 and Vt<VQ or Se>0 and Rf>5% Char gi ng
syst eCrankingswigh diesdgtinl 1. derMigeVocand Rf <1 %

Regul . order 15 over volta >0, an .
Ve o, g ileBh 1) 1o0 o Baiion G 5255 K onaing
cr ank Frgine esenking fadepabi | i wfterQranking dvrafici Tagengine epged Se=0
qual i Exgidd cratking BRcassRl t elhanérkbbbking adidiat, {Rbive §pbd@%,>0
cisrcu t.max al so be determ ned. Ef’he cranki ng torque
ca{)ab MUY and cr ankifHYOBPHEGH0 qual ity Q are
useful paraneters for judgi ngRigpe>8bati c torque
performance, and quality of thkeselements of the
starting mechanism The _perfofmance of the starting
rrechd?ﬁe%ﬁ‘fq'rﬁ?mb‘é“oﬁoni t or Seb0 HAAPRIETERYt i ve el enents 25
in the systemdetected prior sgofaadMeve. Referring to
f=ig > l.S:.sho ' if fuyncti onal
f{oom%%tgrrnt% m{ E%@!?Fg%ﬁderg?% 'i#f[glg gﬁ%? g\é‘féz;lllnki ng torque
capabi lity and cranking circufe0gndReS%. 30 In step
252 towargirgrspitealvonm@bt age, and duration of the tine

during i nil\;oin%él cr anki ng &v@ggla\téctr}aggﬁlg%i%ﬁae st at us
are

"engi ne began cranking"), nd neasur ed.
The iRspylptar oweiardgge Vt before cranking is recorded, as

118 tbhf | owestvoltge M nal vghbagR vY.ov,and the duration

tr before armature rotatjon. 3 e maxi mum power
transfer COTF&NRSSr, is J@%Ptﬁﬁiﬁ% (254) as is voltage
Vn, based on the collected data VQ Vt, Vp and tr. WO
2004/ 113943 PCT/ SG2004/ 000164 17 The voltage rati o of
Vpl V' is converted to the current ratio 1" /1l p (256)
and the

20 The cranking torque capability Q;and cranking circuit quality Q. of the starter (101)

and battery (110) circuit may also 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
Vp and the duration t, before armature rotation.

35  The maximum power transfer current I, is calculated (254) as is voltage V,, based
on the coliected data V,, V,, V, and t,.



cranking voltage gradient G is determ ned as foll ows:

@ 20//dt (V -Vp)/tf where tr = tinme taken fromV, to

8 (L TEN ghest vol tage gradient Grax will bRCT/SG2004/000164
recorded. The cranking torque Q and cranking circuit
quality Q is calculated (258}7as follows: Q=L Ip
=Kp*Vp/ Vn 10 where Kp is a conversion constant. Q=
Grax/TBE voltaye Uativh efr &, \GR, convested e tHeeqprestedtid |n%rtg§6) and the

val Uecré?n&mfvoltzﬁﬁif cf|éHi‘&t fs%gteﬁl# ey a%(?cﬂ.e\% es Qand Q with

the accepta 15 systemto
det er mi ne &H& bté‘é’ﬁfb)&bl lity of t he measured val ues of
t he G'malrekltngtlrﬁdtﬁmlﬂbm%ﬁi\“y Q cranking torque

R e e T A A R

output later, preferably in the formof one or nore

of cahe ldfanklhgﬁ frque QUSHACARHIRNERuit JDLiayTBS %‘39@&11at -Ehrzse) as
resul s are recorded with a date-tine %

use. & future use may i nclude functions 20 such as
event tra@Fhly,=Kg\Vp/dudi ti ng. The cranki ng power

Gopahhdit Ui, KB cOhvekBEcaLEAL T CAl pover system of fhe
vehicle c al so be determ ned. This includes the

starter ﬁﬁw{cﬁafﬂo’% ogether with battery (110),

det ewmleirme&maxnhmecrecardeunghabvdmetgtegf t he engi ne. 25 The
cranki ng power capability Op is a useful parameter to
determ ne the dynam c power output capability of the
bat tET'%/f“M'%)a'Saﬁﬂméftf%? Befnd Qoaith. the acqeptable velgps piesas in the

That asystEmas WeiRing thena@eptasify at tf@pﬁéé‘uieﬁ Qrafu@d) @’f ‘He°&§nkmg
e crankin

[t i t.er m nat
capabl ?ﬂﬁg#{ °t %{gnk% e capf\h’?%ac% §P" NG A S
cr arﬂ@n'wgtoc dpalsetempigatiog dvilolfe waey fordimplontnut laten dréferably st g

can ferhsd ob@ordﬁir@ﬁﬂbi&@rd ﬁl@.CrHLﬁs%aﬂoMes Eﬁchésgag%s'ﬁeQesu%ts are
si rrpl |of, egd ro har t 60%{ for the determnation o

cr anki'ng “;1)36! g logfﬂ ferie U Be fylescuseprav\ipgiude functions
Per mueteds eyesit tragig, Ytaudiingand duration Td (time from when
35 the armature begins rotating until the starter is
di SSF% ed fromthe enal ne) can be neasured and
r ecSPUER"{SPSyver SRPAIN G 9110 electinaipasep esierpe dhesvehic can
The alseobe rdgtermiosder This dmsides ther startad (e b @k tegethelMith battery
X YTURBHRes HRRRIAE i h T Glgnk0! Lage V.., . the

[ m an

L8 mat ure vol tage rat e termi nal voltage
tatio
The cranking power capability Q, is a useful parameter to determine the dynarnic

power output capability of the battery (110) and starter (101). It is 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 Vie, and duration Ty (time from when

35  the armature begins rotating untit the starter i is dlsengaged from the engine) can be
measured and recorded (262).



Vitc/Vtimare al so cal cul ated (264) and the armature

voltage ratio Va/V, or termnal voltage ratio VtJvtm

WO HWoHldd943ed to the armature power rati o Pm PaPCPE63004/060164
5 The cranki ng power capability Op can be derived as
follows: Q=Pm Pa= f (V Ym @p=Pm Pa=f (Kt*Vtc(Vtm

where Kt is a constant. 10 The cranki ng power

capalyplifMinfdih BOGE: Bier Jaﬁsf%f %@Eg&gb#ﬁ ey m;grggﬁl bdWer transter

engi ne can be i & use
di ag Aegranat yollage Vam me@nﬁbmgplta@a pagg ,Vb/y,t, ?ncbt{ne terainal voltage ratio
st ar g, affe@harahlamteea@@ﬁ AR 1BE gimawr@vcmagd ﬁﬂo argrw" iot Yerminal

th
cconoist it v TeslBudtee™ o pliet GPRE RS bt BPo1 ne
t lte THe arankist Ramercapsbiltih@, m@guemd salole: of cr ankl ng

power cap@btpl Y d the engine cranking ability,
o f@af\ﬁ"f] be used for output later. This

The deter
is prefergfffr})y}'4 P"ﬁH’er"brm of one or nore of col our
l'ights, musical tones and nessages. The results are

recogsled W Ig%@atnfture log for future. use. The future
use may i ncl d unctions such as event tracing or

dfidi ting. 20 Engi ne speed Se, alternator speed Sa,
t er mra@travigtpo@er cipabAindQy dngecrdnbiog Ouratidn TeBfthe beginesad be

to dgﬁaz){sg& %g?n‘?hlg !sagsrga g cﬁ%ﬁ s}éqgié( 'c%gktggﬁgg*ér'cggab% anthe

altern tter
for eReingmechagismy énqa@ratengtné@rﬁnhnse pbility r@@#qt'\'%lho@q el Ta dre

r eguhgé edmpaRaf Wit the GORPGDIB Fambaprdsat irf 1A sG@éretd Bétaiimthe

ThsuPPRRMEE! B MEPHATA 5t Byt gy iy Heng e encin
det ecraeiing Fadifye The drtermiparorguifl be Gsed fermatput BIRE hEhis isgprejerably

- showg, tﬁ@?orﬁ%?‘b‘ﬁ@%r frrBFe FELASRRHE IndskRE) tola iﬂcﬁ&essages The
condition of th | t er nat ol‘roﬁg)n batter

engi HFEUBRH eREeCIg RIS Shresatheiir® sbt B eisee
speefindians subkeas eenttraaihg voduddige Vi, t he maX| mum and

g ni mum term nal vol tage, Vmax and Vmh, are all

nmeasur ed gengectlvel y when engine is runni

The ER9H)51582 altpenalpr speqdiia, BEARR VR1RES Y rﬁg‘ﬁé‘?“ﬁ%{t%ﬁmy
and Engete ddasrdat S/g diagicee thabvotikdigoohditicecht &2 Adgrnatord battery,
oo BB FOBIBSASINEN s Mo MG 6 Hof et an ne
av er'agidatdro Petipgechagijng, statps dhedeteriopadipn pf the hattann do sleekplvte
pat i |evel AN BSUHicnealERattr Butp@@dbRét| @hedo b2 dékctes f ol | ows:

Referring to Figure 10, the flowchart 270 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 ierminal voltage V,, the
maximum and minimum terminal voltage, Vma and Vg, are all measured

respectively when engine is running (272).

The ripple voltage Vi, the speed ratio of alternator and engine N;=S8,/S., care
35 calculated (274) and record the corresponding maximum speed ratio Nmax

recorded.



Rf = (Vn/ Vave )*100% SR=Na/Nmax 5 The speed ratio
Nﬂ)ioﬁyﬂ%{ia”y a constant, and NazNmax. |f NaJNma
it shows th

the alternator may have a faul tPC'ﬁfﬁﬁ%ﬂO—(/ﬂOOl&

may be, for exanple, when the alternator drive belt

is | oose and slippage resultsi® In that case Nawil |
decrease. If one phase of the alternator is not

f unctTheravergge Veaagl V.|, GRS AR, afd Mle&pbddl kb SHandd@te Sy, are

nor walcgl%]tey@ﬂ]agfc;ﬁh\% ratio Na/Nmax, the term nal

I ie speed S. and the ripple factor
Rf are anﬁf’y%dVévQ)gB)U‘%to determi ne the al ternator and
battery wepking.conditions. Na/Nmex, Rf and Vt are
cqenmpared with t he accept abl e val ues preset in the
systemto determ ne the acceptance of the neasured
val udée effeed patie i isatormaallg k@nmptant, atd N, NI Nt <15 it §Holve that

fact afe :ﬂl@ﬁma{o?ﬁxﬁ* ﬂé\Je ¥ k. agﬁls nﬂ}%d%% %ﬁﬂﬂ?”hgﬁl%e\r’!n]e nator

be used or a final output in one

of cOMsRe" fsi'epse P%S"PPE%F%S&I‘S tiyHatcags N withdecsenge sif orgtpBase

r esulbot tge alteenatoe iz @wifanktivitg) NOWRill Gedréd¥® 1d 9@ thi@rof fhi hbthRi vaiue.

yge, such as event tracing or auditing. 20 The

di scharge tinme remaining for the battery after an

al t el PRIEER Nf¥vealb dRaminaiigtiage Yu thargine spred Se pedt the ripme factor

can Bj&e abﬂysd@(ﬁBfﬁo%&rmlﬁytﬂé@ftbﬂﬂﬁtoH% baﬂérytmrbﬂﬂr%%hmﬁ)ns

r unn §§ mag ‘nqa.énld% r% c&%éar}g w@ Hﬁ\oﬁceé}%ﬂ Lgeg I‘?}Eﬂsgt ] {51“9 system o

det efqtermine ghe éPp&PﬁqPWgofb*a@ temagurell salbesr ¢fespeedrmtio |changel rate

qu Uﬂm&,ﬁ@pﬁi@fﬁtor ¥hd ierrﬁﬁélfvolga@E r'ﬁ*@deté‘rﬁm&:oﬁ?%ﬂ fe @kd for a
np a e [ na es a

b + 1065 BB 1 o s st or S, Shospoui Goind el e o

t 0 tmessegser Thet reﬁwltse&ne récatded with Slatertinge log mdri fau@usseh aghsas

Fi ng@m%c,g@gg)_,dd, a flowhart for determ nation of
t he renai ni ng battery operating tine. The battery

term nal voltage Vt, is neasured and the engine
lﬂJnanngi’S(:S@g@l)mstmmg 30tha melttey. bftdr At aMErnaldf Kieligiown, and

oL Al gl Sl Bth U8PR) byl o' R0 ok

wor Ki st at I's abnorm

vol t'WEEs stafhs. Fstnator yorkiop sialye. terminglvoltagreand veliage gsackent tis
r eccpbshﬂxfk toTdetermingla redkibing eateRadgRarga tifie. IYWJ!E' e tﬂﬂhﬁﬁte@ﬂ

and ) aLor con

0 pe il ittt &8 Dot o s LG 1ALRI 1 Aynar o4 PRy an
r adriEant cafpaply cf@meﬁaﬁ@:ﬂ &*ﬁ!écﬁfﬂvmﬂ(fvfmmﬁtlpn )¢ tthentueereat\ixgd
I S |irteniOdrSa dopli ﬁﬁoﬂ@basﬁémﬁ'g%gﬁ 1%@M%ﬁ%r determination of

PCT} h%gzlg'gr#go %Qtery 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 (108) working

status is abnormal, such S,=0, ripple=0 or low voltage, the battery voltage V,and

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- Vit
where Vy is previous terminal voltage



20 V' is next termnal voltage t= fixed tlrre |nterval

t Hdata Vto to V' The renmmining tine,
@g’lz 4?@19%3 (286) based on the voltage di schar g%c?lﬁ?@ﬂ‘vo““lﬁ"

5 and the termnal voltage Vt. X can be determ ned as
follows: X=(Vt1-6V0)/Y where2Vtl is the voltage
corresponding to Y OVo is the end of discharge voltage
(per cent agR ifexi eheilal vothdeage VO) 8 is expressed in

per cent ag nosed It is refreshed
at regul a? i n?g?%g*e?a&?gﬂeegga?éﬁg‘éé‘anpl e, every 1, 10
or 120 seconds, due to dynam c | oad change. If the

resubhe kénaﬁﬁragqimmnutcséumw @zab)%égsarsmhe%n C?tcledls%ﬂé} dfite Y

éat USdI | {11 %% soon break
suPf tﬁ‘ﬁ?"ﬁ@adﬂ &E’Etvt %rcé? B HT0IeA 38 PEMSor m of one or
nore of c¥:GUBVYE |ighting, nusical tones and

rressg,ggng vy R8nd wRAle c%@srp?nd;r@%)(,ded wth a date-tine

log for fufure use. re use may include
functi onsB\éqJ%Weﬁgd @\ﬂ@ﬁ*@afser%@qsgpwem@e af ifeahypltage Vo)

Ref er ri ngB isexprieghet @ pefeentadte out put control [ er (400)
g@codes the data from 20 mcroprocessor (200) through
atabus (208) to control devices including a digital
t o ath#l daanesesoahA8Pt diris (etiasheds) Tgqulan injersaisnsyabras for example,

geneévatyof 104820 tsecdtbd, e Euhe vriafald |o§@ Qﬂe)n e. At tr@r}eéﬂués xe10
enerat.or e e S an

OO PUEE b Bdkerden 6 ¥ SpdinipRBE st 1 &“%’H"é g 60 break
LED qo303Yhe eauli mﬁv be edpyl praterabiy in the dermaaf @ne (406)e biaolour
o i vn@mtdae niuQI:JI Hr2s aFaJ aies%ghést SFhe (2O are aeéa%y WitR ra Aa&e%e

i nt % Interface port (505).

di SS ¢ i v%éutwaﬁ*ﬁ? B TSiu0 MRKag? e %?nevent acing or
Prefaelduahzjy the report cycle starts when the ignition
is switched on, and reports continue at regul ar
intervals wuntil the ignition is switched off. The

r ep THLEMEP 58U | i RIgPUt Rontioller 4GPk depertes pthe odata \Jigm
200 d evicrofroees ¢y 200) ﬂ:nrouybaa.ﬁge (@tBpip lcaytroBBevides mageing a digital to

~dis %lnﬁéf&% %E?n%rlep ?&)R(g e4d1 tf%é e(l? rbeggra{%p 3109[) t({n?Ir v% tﬂg LCD

present ternm na

voI eje %E’PB/FE'S'P csaepratvwm@cﬁn/dlw%wssmrsmom bEP relgur

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 ofi. 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;



21 cranking circuit quality; cranking torque
ﬁw ' cranki ng power capability; mni
gldiemga engi ne off; 5 nmaxi mum vol tage at enﬁﬁ%&"o"mo{”“
of f; mninmumvoltage at engine running; maxi num
voItage at engine running; ri%ple factor; and battery
remaining operating tinme when alternator fal lure; 10
and war ni ngsnkirg cirtiuit gbaling; ery term nal voltage is over
or under t Lo limted or poor cranking
circuit ugrlgT@{g%r&T% n{)édmg) or poor cranking torque
capabi | i tycra”'ﬂ"\grﬁ’P‘{’%'GaEﬁb"'Boor cranki ng power
capabl | i tymmnz&na}ottazjeraaé@rnemj function; alternator
tifier rder. nt operatingtima of the

ftery |f8#{1e e‘r’roq}a?reatreu%'n g but the battery 1is not
char gi ng; mrnmmltag@nhmnerummg 20 limted reserve
cranki ng qny@mv@%at@hd,@,nﬁ;"%; drive belt |oose. 2.
Vi sible col o§ Cpa%lﬂigrn signal 25 The col our pattern
gener at or 1 ines the colour, duration tinme and
intensity lt@!tferv regtaining@peretvgtiateavhea altedusor dalli@uir
PRLterns. dﬁhfvrfaﬁ{r%QBf e sty te?rﬂﬁrale\foﬂz?ge et ﬁnder the pre-set
di fferent vehiclé electrical power conditions
per for mandB¥S: The col our pattern generator (404)
nodul at es limitedwalpbor crankibgdircsitiqlaligs, for exanple, two or
three pri T, m xed
proporti oﬁg’rt%(d&?wg%ﬁprmé B%%%Q%p%b?ﬁe battery (110)
vol t age. I"F't?%PWS%k'"W’%?Pé@l'tbur vol tmeter. For
aganpl e, thens@neiinci®l;t meter may nodul ate the red and

green LEDaltérHt(#%&}f?evio&%f @ta_y cycl e according to the

vol tage range The 35 col our may remain
red if théewn&cmg@ﬂngsﬂrmee@éhet begtary\ifithe anginenmyninglmbthe battery
green |f.gda,ecﬁéqj.ﬁgage is nore than V2. Were V,

i ndi cate Y\B?l& rg)"z%lrt‘atn ! and V2

20 limited reserve crankrng energy; and

alternator drive belt loose.

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
illumination duty cycle according to the voltage range from V,; to V,. The
35 colour may remain red if the voltage is less than V4, and may remain green
_ if the voltage is more than V,. Where V, indicate weak battery and V,
_indicate serviceable battery. '



i ndi cate serviceable battery. WO 2004/113943

/000164 22 The sane concept may be use
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el ectigi cal ,§ Sk Wirsmnor |. 20 4. Infrared printing
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g'ndﬁ:gt@ éhq @adlmo‘ﬁth@ @p}mlggie@n@ypower

i nterface %#Oé%%f”ﬁﬁa
t he syst entitaih esesiolivhmdérabnarinar siteslions, & alert users. For example, a

t t
(508) 1 Saa*“gg ﬁéﬁé‘ HEinag P b A0 L ERRRN SR o s o an

and data p¥ i g@e"ﬂmmv%qa! foRe pesilsacs Meydndicitssibati thedehicle

i n the foredegticAgydeasarophdion a preferred enbodi nent

of the present invention, it will be understood by

those skilled in the technology that many variations
noti f i ek pging teft desi gn, construction 35

or operation nmay be made w thout departing fromthe

present | RygRkk By, AR 80TV e 2mter (S K2 o2y

for report with time/date logging, titte of record, and detailed data for future
auditing and use,

25
5. Computer interface data output
The detailed data generated by the systemn can aiso be transferred via a
communication driver (408) and communication port (505) to a computer
30 for continuous data storage, 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.



1. Apparatus for nonitoring an electrical power supply
;a vehicle, the vehicle having a bat}fer
?%?%?ﬂg?;conbustlon engine, an alternator, 5 A
starter; the apparatus conprising: (a) (b) afilter
for detern1n|ng the battery t& mnal voltage when the
vehicle ignition is turned on; a voltage gradi ent
det eckherctaineg: det ecti ng phase and gradi ent change of
the battery term nal voltage when the vehicle ignition
is 10 on&p&? a waveform detector for detecting and

separ at 1-ngPeAIBI% Anitafiag ar Glertscaliewer tshierly esten ef a vehicle,
ignition Ithb v@l‘kcle hﬁwngadlbaﬂiﬁ@rlJﬁ&wﬁé?ﬁa‘#bdarﬁlﬂsﬁ(ﬂ%@lhe f &l alternator,
sgnsing a, eg met&hea} tS%rrgal n conmbusti on engi ne
when t he v HiPRSIS C@MRING15 (e) a processor

for proce&i ngaait*tefl @as:letauniemofthe thettdmatiereningl veltage netlen the

vol tage, the pb@,ﬁﬁ@nq,ngg@mbgm change, the different
wavef or ms and t the internal conbustion

S
engi ne fof? pr o%."ar &ﬁg'e'?iu‘?eﬂ) or i I Aedeging Phgge gnd gradient
condi ti on of tﬁ@n@ @ diter battaly terowet vottagepihen tissy sshieha igrdin is
de Apparatus ag,clained in claim1, further including
an out put controller for decodin data fromthe

processori® o cdMavEPT detestes ¢ fop fisteqiing; @ad syparaliish differest
as cl ai med i n wdvaformsivhenrarehitle idhiiodis oheast one device

i ncl udes )25 %e | {m[fraﬁ}gsgéng&tfgg SLI{S g]nveP?e%r 01“91:9 internal

conS|st|ng of -anal oguéc
char act er gené’n"ﬁ‘? '°ff BIingheD Hg VafNC'ﬁ@Dﬁ'O'HS pBne

gener at or{e)ff or a ﬂ‘btéébdi@oﬁpr@@é%@tk@ fat leaft ddslbiGR Bftery terminal

pattern gener col our
infrared pri nta\l' %@%e tﬂ% @ﬁ Sgcaé’gg’oas'eﬂtr‘fr\%%gthgndqlefﬁr\t Sewerms.
transmtter, &ndhg spewshyftheintetnahkoninstorf engwe flarproviding an

coupling to amu@ut PHtaRerds ABeRiIbAS! (8 efeb@icat 3Rdwer supply
ignition is on. 4. Apparatus as clainmed in any one of

claims 1 to 3, %’eff?ther including a tenperature sensor
%or detecting anbient tenperature. 35 5. A systemfor

noni t og.i %p@ﬁu@h@&&h’e@?ﬁ ciBRVE “fur@lgxpﬂél%trﬁ]y &t &H&lﬁfcoﬁrolller for

vehi cl e, having a battery,” an intern
combust i §f° OIS'@H giA g"m éﬂ? RIPSEETOR E’tCBP“"' ahieeskonedgvicer | t he

system i ncl udi ng:
' 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 L.CD, 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 electricai power supply system of a vehicle,
. the vehicle having a battery, an internal combustion engine, an alternator
and a starter, the system including:

g(éz{iﬂ-l/ﬂl)(}lﬁ—t



WD 2004/ 113943 PCT/ SG2004/ 000164 24 (a) determ ning

) y term nal voltage when the vehicle igniti
‘it‘@ezg%%% det ecting phase and gradi ent change® ‘g?’sqzﬁ%”o““m“
battery term nal voltage when the vehicle ignition is
on; 5 (c) detecting and separ#dting different waveforns
when the vehicle ignitionis on; (d) sensing a speed
of the in{rnabete@iimisthe ‘Bﬁte@ﬁﬂ#nﬁ@elméﬁe whén th\é%@hl&é %mtlon
ignition is onisog’e) processi ng at | east one of
battery term nal Vol tage, the phase 10 and gradl ent
change, t R di fiftegtiogtphawey efich mregiientanicthnpd eof eheyibattery terminal

speed; and (f)v@tﬁé\é’dvﬁgnril%\%ﬂuc@lrﬂnﬁ&]ﬁ:s'oﬂd' Catlve of the
andltl on,of the electrical Eower sup system 15

A syst B as"PENHERT rPaqtaY ifigrent wewwmﬁgvhen the vehicle
det grm ni ng a ghidriscmf the internal conbustion
engl ne, l?i? St?etnyiﬁg Qleg;nagd Sf ItﬁeC En%{zngi c%b&s'ﬁgn %58 HE Wgen the
consi sting of: not” running,
normal . 7. A s‘ﬁ@t"@ﬁgrﬁ@ﬁ%‘r rred in cI ai m 6 vvher ein the

stat us i s{enot prodessimgatiléast brﬁar @ theSbattdd) térinabfoRadd, ih@ pRfse
e or nore selec t he g consi stin
the battery teArn% %5{5 erft fr’rﬂ'aqeéﬁ‘\?h‘éﬁe %)rﬁ VAR 39?' 8’?1 ?"95%?

is on is |ess speghand he battery term nal vol tage when
the ignit@on igowfidy ad BliplthRdighidccf Me SRBNGE of §1e| fecBical
rangefromlessthan zerpto zero; (c) aripple
waveformis z&P8® fséfﬂ%*’%e('u) the speed of the internal
conbustion engine is zero. 30 8. A systemas clained

isn cl agmH sfent la@'cfﬁ]n?ed WNeLiR1 ) rﬁcﬁlﬁlnﬁtoge%lnin? acgtgigg'opgw :

if there s satisfaction of one or nore select from
the group"¥BAsTOQPHHIGN gngine, e stglys peing) selpgtechfroppige group
battery tcemswtingbf: nad hinaigeg, drakihg\waihing e narmal.

predeterm ned val ue; (b) the battery term nal vol tage
with the ignition on is at a (c) predeterm ned val ue
bel ow 0f ADECHIE CBIMPIiILE RN PaN{/BID thetatyg 1 Rottrynping if there is

20gni t i on satfsfacticrdione or more selected from the group consisting of:

(@) the battery terminal voltage when the vehicle ignition is on is less
. than the battery terminal voltage when the ignition is off;
{b) the gradient change is ih a range from less than zero to zero;
c) a ripple 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:
(a the gradient of the battery terminal voltage is lower than a
30 predetermined vaiue;

' [{s)] the battery terminal voltage with the ignition 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



the speed of the internal conbustion engine is zero 35
%2’{,@9 3443943 PCT/ SG2004/ 000164 25 9. A syste

cl ai rregl{ |}n any one of clainms 6 to 8, wherein a%flsr%mﬁm%l“
duration for the starter cranking the internal
combustion engine is determ ned by one or nore of:

(a) determining the tinme duration between the gradient
change 8f A hystembashdeihet iy atyeomd ofalainob tool) avhelengtinregduration
froma sigpi tfté cand cfréngﬂﬁ the'iEHhal Eb‘?r?c%%ﬂio\‘neengﬂe b Getermined by
significant figure when positive;

duration tf’é?Br o8ftl after battery vol tage gradient
changes; (é)caetérhamgethm:maldutétﬁbﬁ &gﬂebﬁltﬁégg:ﬁﬂi&&toﬂmge ANAe
(d) the spee rnal conb st i on_en e

f(r%om Jero togattg& %mﬁnﬁl e ?haa%m% a ﬁ‘ggﬁ:g{n} fﬁqure w%en
clai med in credptiyednt Q\ﬁwf@ﬁmﬁglﬁremen pasiteeidur at i on

exceeds a (b}nh@ﬁtﬁé 8Ur&¥loR B6torean® aftr BSttdn oRE G racdidPddSdek ON
engi ne w || or . cranki ility.” 15 11. A

ave .a n
system as ‘@I g E?E'a"t' °t896at?ei'ﬁgf6"5t§{ﬁé‘}”gl nif, after the
pr edet er midebe spaed, of tftehetempbe:umuuﬁtmmgmatrmvaaIfrom zero to a
aprbusti on gRgliveigire. above a pre-set mnimum the
engi ne status is running. 20 12. A systemas cl ai med
in any one of clains 7 to 11, wherein if the ripple
wavef orifth Assyglere as ehairicaiain cle@r 0, whdiein ehnigé fime Sluaiticis edcseds a

runni ng. ﬁdet@mﬁﬁééttﬁtp e e%a'ir%gmkﬂtstrgllt ae'ng]aél'olt{gﬂ Y}%l/%r & iplg'o"

if after e predetermnedtlms
i nternal ¥BNBESPHYN engine is zero, the engi ne status
15 25 that cranking failed. 14. A system as cl ai ned

in any 4n re ernat or
stat us 1?.81@ %Eeerﬁ:&aélglg (ZII‘I c%nﬂ‘ﬁé Vi e;énr %%ﬁgﬂhg / nactermmﬁd time,
engi ne st'8¢ SReed ftthe fiderngl icopbustionm grdingr iabd® al@e-s@ minimum
syst em asthebrgind@ehtuisis @hrakgn 14, wherein if the engine
status is running, and the ripple waveformis zero,

the alternator status is malfunction. 16. A system as
A ai med2iAswion endaiokd i1 aiynef clinh7 @ 1tettera i itei e

of 35 r aiRbBING gRhRFhAL £/, tRAAEAY sRRESLhdg. t | me of
the battery is nade froma
13. A system as claimed in claim 10, wherein if after the predetermined time
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

ripple waveform.
30 '
15. A system as claimed in claim 14, wherein 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.



consi deration of the battery term nal voltage, voltage
g&ﬁghg g sthe gradient change, and a predetermned

en |scharge vol tage. WD 2004/ 113943 PCT/5G2004/000164
PCT/ S&G2004/ 000164 26 17. A systemas clainmed in claim

16 wherein the deternination i’ taken on a regul ar
periodic basis. 5 18. A systemas clainmed in clains 7

to 17 wherein if the engine speed is above the

pre-set 1M Aispem a@cl&:hié@'lned;:ﬁ\olte%he're?n €148 nination is taken on a
predeterm ne he attery termn ,

vol t age Wi {eﬁﬁﬁrpgﬁoc’;%’é‘gﬁrt abl e range, the internal
conbustion engine status is normal. 10 19. A system as

clai med (gha Q&s?énms]c%lm% Bhifhs 3 ct)(?l f}%/ esfeuq Tf H\tg%%%lgea t%r}egé?.{sﬁaove

determ ned froma considerati
above t he PF 858 MiNiRUAL miiRpledaror g b@v%ammiet@mb@ mgkimum,
| ower t harertihiee patedett@iin Ge@gdMghimdMaccepRbleriQebdbtifEMal

term nal vglLage n thin the acceptabl e range. 15
20. A system as %P%knegtgws T né’ﬁ'?/afone of claims 7 to 19,

wherein the status of the alternator is determ ned
fioom a CQJWSISWnﬂ%h Q:lhmﬁkfd ﬁ\ncléuﬂmmlé 'm@r@rewla%;i’atusf Bie%eﬁﬁ?&éﬁ is

the rippl ttery termnal voltage

the s peed%et\é% gﬁ%’%ﬂiﬂ ‘éof‘ﬁ'g?r 98 GQQ'"%?P‘:’%‘?]Q‘?'%“O%“'EFE%"
syst em as Minimumethe rlwplﬂafagtommgdéwmltlaanrme préddtermaidd maximum,
wher ei N a ahiddht Bbry tERMEORISIAHS within ta%%%&e{ﬂgdr?{ om a

consi deration of the ripple factor an
termnal voltage. 22. A systemas clainmed in cl a|m21,

Wher ei rROufopsterhes daineeinynpeiad clad®s Tiegs,adeebin th@ Btatus of the
ripple f a&lﬁeﬁ’fatdr Sis g&e@@%ﬁ’nﬁd than 4 gnﬁ& ?q%FI e(;fmgrrll \(;“Ipre ifign  puise

maxi mum he battery term na
t he requi "é’dfe%ﬂ theypplewagfarm. Shw baﬂe@y%m@ﬁwa@gsl andrimdispeed
cl ai ns 2lofciie ictbmblreo@Bystimh@igien the ripple factor is
used to determne a battery inpedance status. 30 24. A
stemas, clainmed in any one of clainms 5 to 12,
er ei A1-2 P9 2B laimedgip @eyi oog of beims| 18clorRet oheren 4 hattery
speed of dhhge istitusris ddtermMED Wkl LBorRRIGIANE: diShe Hﬁﬁéjfaklgr and
determ nqhé&%eéttea}ﬁj%gl o an alternator drive belt
25. A systema YR cl ai m 24, vvherelnthe ratlo
is conpared to a highest recorded ratio. WO

2004/ 1358943 sfsfeht ML LB 27,7 wherein upon the battery being

25 degraded, the ripple factor is greater than the predetermined 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 internal combustion engine is
used to determine the status of an alternator drive beit,

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

highest recorded ratio. -



26. A systemas clainmed in claim25 wherein the
SURASe 1S belowa mninmumfigure, the alt r
i's faultyﬁas one phase is not working. 27. A sgéf/gﬁ?"gé"’“‘"“
claimed in any one of clainms 14 to 26, wherein the
alternator 5 is undersized if?the battery term nal

vol tage is bel ow a predeterm ned m ni num voltage, the
engi ne sPelPYFEMatforaimendn slabm e6twheteii thengorphrisonris pplbw a
factor is heimum fiis, leQiGhabms RER SBKE PRUE isHWdIR.
alternator rotation is within an acceptable range

28. A systemas claimed in any one of clains 14 to 27,
wher ei n &hé sygtere phelaioed in @y foaelbt ofaimé 14 foe2sPatkdrén Yhe alternator

t es m nal Vi@I d’na&@izéoelf %@Egte?y Mfrﬁqg tv%rt{ge N ?DGW% "Blletermined

vol tage, the engine spee
mi ni mum  tAE "PJf'bb‘i“@geﬁ e gpaine; @e%fsowowéﬂemreﬂ@t rinimume the
maxi mum aipdiet fagoralst lelavather preddi@iined rhaiinWind, RinB th@ Ritternator

accept abl qogmggw,tﬁiga%cﬁb@/%gem as claimed in any

one of clains 14 ereint he battery is
undersi zed if the discharge voltage gradient is bel ow

alopr edee@rAsysiech aslomidd, in tah;ﬁorkbﬂdf'bﬁfrﬁé 1486 B NHere¥Pihb 8 nator
i s betweery @(g{}rgﬁﬁgﬁﬁ{em ter mgll vétaﬁng]agq\% %g@%@geq maximum

pr edet er m ne num-vol

above 20 tplRgpriee granerﬁpmmnpowenm presetl reinifraat, Ut ripple factor
bel ow t he istieRElethe prtidterehincBB xR, aﬁ@ﬁletahgméﬁll)rt r%{aﬁc‘fﬂ Ql;mthm
rotation |§aé/¥|e&gtlﬂgr an accept abl e range. .

as clainmed [ GH&of claims 5 to 29, vvherelnto
déternine a crankl ng circuit quality before an

ar mat urag, AQSrélérﬁﬁs clhthr“ed rrﬁédyQ)nQ of Elgﬁws Ry %‘?q:twhé%m e Bgtgﬁrqs

begi nni ng_cr anki ng volta gr adi ent
cranki ng "r{fj%fs{zg% d7gF Sie 99 ”%'taﬂ%@ﬁﬁdt?éﬁ isglasloy Beﬁf @‘éﬂ*ﬁ"ﬂ@éﬂ
t o show t ireel,dha hittengteaiinag wblage G Bétiveah, a Bn’bdetémﬁr)b‘é!trﬁéﬁrﬁlﬁn

I d
2, S el 05 ] 4 e

e sel ectf“?a\of’rﬁe ?%nﬁ‘“‘t"ﬁ’é’"@]r @ﬁp"%ﬁ@ﬁf i Hgbaigw thhepr@tewrt"eed
condi t i ormaxrinen, contie itenatafrotati Skt 7 acBsptsNERnge.
battery term nal connection, battery cable connection,
battery condition, battery electrolyte condition, and
batter §° Wé@%é’a%@ i3 2Ny pnesgiclabms Bite 29, whereid to determjne a
oneI OI Clceanking Sibult Qua?uil/ be‘fhi'ﬂ@é@tafhaﬁd?@ro%é&n Her}&lo &'tﬁeCMbﬂest

uality i, when the crankin
2‘qgual ity |§t Wél@g’ %?ﬁ 'ﬁg Crtaﬂ%ngpy 1383 ariepe tﬁ“? HPWQ cranking
requi r ed Ve'RagR Bradignids resaided geial fietopntadhDo 206 tHe138kBg circuit
PCT/ SG20Qdd 1800164 28

31 A system as claimed in clalm 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 craniking circuit quality.



33. A systemas clainmed in any one of clainms 5 to 32,
static cranking torque capability

%?@rﬁl :fﬁCOITbUStI on engine is determ ned by U?EC%@OB%OOOIM

cranking voltage ratio of the |owest valley voltage to

a voltage at 5 maxi num power %ransfer before an

armature rotates, converting the voltage ratio to a

current rati o, and recor di ng the current ratio as a

per cent.gg b IokaM

of the ﬁntﬁ g}{s%r? gycqau?lr%@% aﬁ% ﬁr{ego@glblnwg. 5 t‘i 89 gﬁ\er%&paa&ét c g?;ah ér%g

cl ai med i Wra¥p sanpbiity of fip Btasiahcan éttoéreﬁﬂ'%'ﬁldétﬁ’”é'i*‘?dtbﬁése of:

static cgandeking vbﬁ’é’g@uﬁtl&%p@’fél lowbst \Pafﬂe)n'&ﬂ@g(byo at vdiegs bt

e of the_group con
ihder si zc PRGN e P OB PR Ar Ry aeing e
accept abl eitaged rtingo st gurrent eatignkinch gecowinguide ocaup-gm. Tefiq gs @

i's bel ow g Ng@l%abrhee stalid Trdnking f told)8 Sp@¥iiftp ot fhe internal
unaccept abl e he static cranking torque 15

capabi I i t‘iP"]bgs‘tBBFBQA?ec he acceptable limt, if the
battery condition is unacceptabl e when the static

fﬂy anki ag A t@ﬁs@é}ﬁ a§ %Qﬁm@d' ih Wirh %F b\ﬁﬁé?c% tah&terﬂﬁwsﬁo‘ﬁt ﬁkihee static

i f ery termna Igoor cont act ed
when t he %ﬂﬁ”ﬂé°’ql@r°éﬁﬁq”l’ﬁ!g'st"&dal9é ab BFRIOPE P goup ENSiRting
t he accepitabl e | Hatbdy , is anderisized Ibebahé aranking adilcgit iqsality is

poorly cq QL&?&%%%%I%A.Q ‘Elﬁﬁﬁ; %&oﬁu? E%{AEI‘ IP % t}e?}%‘;acc?&table

capablllt
system aé'"LKI #i weastaner ahyU"@?F@Pf@P‘ec‘N%ﬁ"nﬁ'eSSa‘tCo cragking torque

wher ein Laafab.mms b@foﬂnkbngccbﬁtélﬂélamﬁtapﬁbthd lbtauerpemmmg is
unaccept a Cra”ﬁh Q" niing 16 abi | 'a‘bM. B ée‘? the
than the “B?Céa% MRE R S ANFRY PP SRRRR .
t or que capepidbletiinit, B Ge baltyy tarpinalds p@qriaicn@@ptqzdwwlmwh%ﬁéﬂc

of cl ai MKkt c%?.oe délﬁeﬁ:ﬁl@ i b@loﬁﬁﬁ’é"lﬁc@ﬂabl@%@rand if the battery
capabi | i is determ na conve

e e ks G ArAan ey A eate S gy

2n end ofvelowainkacogptdble lanitvol t age 30 equi val ent of the
armature back enf; determning an enf ratio of
armature back enf and a maxi num power transf

ar mat Ut Asrsiemeds claigsd & £Mhgne @fhcéan@ﬁfss tg@ﬂowp%elg upon the
COr r espoRenKigy [Pl capabiiitp; bet@tiog dnideeptaits tes panking) gprque

power 1 atcba;%ﬂ11.f'§rsus ategss Er%ﬁ %%\%‘?e&e&nﬁ PEY il GG %ﬂ!ﬂeﬁgcrankmg

. power cap emas Clal ne
%ne of CFO&QWBBWW 29, wherein a cranking ‘power
capability is determ ned by conputing the ratio of the

CL o0 G BRI Ry Y B30T S Rl
PCT/ SG206d0 GapaAihy deterrninable by converting a cranking voltage from

when an armature commences rotating to an end of cranking to a voltage
- 30 equivalent of the armature back emf; determining an emf ratio of armature
back emf and a maximum 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



rotating, to an end of cranking, to a maxi num cranki ng
OWhyPabizery termnal voltage; converting thﬁcfﬁéﬁ}momm
to a correspondi ng power ratio, and expressing
.correspondi ng power ratio as a percentage to show the
cranki ng power capability. 5 38. A systemas cl ai ned

in claim36 or claim37, wherein the cranking power

capabi | i t yrotating,dedn teod e canking) éo Bheayinmes encking fpoatr battery

| east one tghinat itagd: QBMﬁm%gemlo 14 3G ctohgéyoncgn?‘%@@ Hﬂg and

cranking cjrcuit quali crankin

capabi | i t \P*HEESING ‘ﬂﬂlcﬂ’r%sﬁ@dfngr%ﬁ%@f'? e %P%G%‘@Qe 9 gawsthe
10 (b) t herdnaiing powercspatiigler si zed when the cranki ng
cigcuit quality is within linmts, (c) the battery
termnal is poorly contacted, (d) the battery cable
poor |y p% AwleBiasehimeshia claie 6 eraiaih §7 ¢ wheyeit thadirankiog power

unaccept alhgability iR tdcfé%rrﬁfn@ﬂi’é'p%erﬁb@\bﬁét Jé‘e@p@*é'ok' ty is
bel ow a pred crank

€ quj r ed
capability. @g {aﬁér 'SST%{W%{@"'E-‘I’ a‘ﬁhﬁ’édhfi fragkine Sﬁcé“t Ry Gha
claims 36 to 38Fanmmnefpreu¢16&phblltEalaMhingweirpemea;twe pre-set limits,

capabi ity i@®) wRassapkabh&sivditiheh iR &5&&5'0%[&9&@' is wuthm

capability is 20 I ess than the predeternined m ninu
required crank "W power capability. 40. A system as
cl ai med i n deythehettenf temdimel mpobriytcontd@ed, wher ei n t he

output is agd) {hggaﬁems'egt’lﬁaw"%{e? LER the colour of

which is no primary col ours
in an illuni ﬂaWPBﬁ“eﬂfLﬁ"Qd' ‘F'é"aﬁ%@@@PBl ng to a vol tage
nati o ofhe23hbatrdnking ro@eimicambiiyOkt Bgiy W gdetetb@itbdt Minimum

no- | oaqleq Pg@ﬂg@{)gﬁéw&fw&%ﬁd_ED corresponding the

vol tage o A systemas claimed in
cl ai m 40, wherein the LED col our is dependent upon
t he batlbea }tyﬁeﬁnﬁ 8l Qamey 0l drgdRe oB&aithd 36 A ¥, S'Fr@mlrﬁfﬁe cranking

clained i wher e

dependent& %pgél %'ﬁ% '?35??‘38?"&&%55%%%&%?%5'9 pﬁ’ger gopability is
st em adessitantesipredetesmiped miningfm hsiiedsrapBing powk? capability.
wherein the LED acts 35 as a colour-voltneter. WO

2004/ 19{3’ 94§ysteﬁ1ca-|;/c§a(:3n%gdqﬂ/a%9 gn]éGO clgi(r)nslsoto 39, wherein the output is at

least one full-colour LED the colour of which is modulated by a plurality of
primary colours in an illumination 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
upen 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-volimeter.



44. A systemas clained in any one of clains 40 to 43,

erej he at least one LED is used to provi ah )
%2&@-{/&&%{3 one or nore selected fromthe gr oug&rﬁsaﬁ"m(m0164
consi sting of: cranking power capability, cranking
‘torque capability, status of 3he battery, alternator
status, and cranking circuit quality. 45. A system as
cl ai med 44nAGy&binad 4lainvddich @nongd tidints deiondp, dbéreinrifenadeast
that the alt ator  and batier [
condi t 1 on, S By¥Pe BHGRELAE (RIS dhb oBRBR, selected fom te
per cent agegiofip farisistiigmferiariking powéiecapahiiive ftaaljag %’&Uﬁ Gaparility,
a range f5oMm 6finOfb, defiutoffatud) afy Erhi@iRgaicitl akimed i n
any one of clainms 5 to 45, wherein the output is an
audi o generator. 47. A systemas clainmed in claim46,
wher ei n 46ha systhh as gaimed mtclim 44 whereid upon it hdngetgsminediiat the

audi o si gnale, Aependipieer? Bre f&o8d Bbhditdn Ohe ABD ©'rediREL10 an
sel ected fromthe group consistin e ini

) of, th tial
condi ti on, MeaslyEaEREFSPNEsEPTJW! inteplly.(the DergRiage PRIGP gi? range
| ow cr anki fagin sfioveuizssqual i ty, | ow cranki ng power
capability, low cranking torque capability, at | east
one battery cell danmaged, and alternator malfunction.
20 48. ABshsystam asclaimed ey pie & Piainth 549 45, wherdh the opgut is an
audi o si gnaldicigenstalot.€ed according to one or nore
selected fromthe group consisting of. frequency,
nunber of tones, duty cycle, base frequency, and
string. 425A d@stenfag ompmed dr claimaAsl whereiditnaudihginpigion é yped to
lcingm ;Jt er PoRHI amaGhs ?gﬁzﬂ Abpending 60 el ikfitg &f blﬁbf Gratiere sakcted
east one processor to execu one. or re u 0
to perfor ffATh&esPaR cBIsISHpg, Oéﬁ'ée Bﬁ’aglc%rf%“'slo%” Oﬂ‘%b Sharge,
battery over charge, low cranking circuit quality, low cranking power
capability, low cranking torque capability, at least one batiery cell

damaged, and aiternator 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 to execule one or more
functions to perform the steps of any one of claims 5 to 48.



