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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 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



The engi ne (105) drives the generator or alternator

(106), which converts the 5 nmechanical energy to
wetmaenrioenl energy. The generator/alternator (AOBIGIRY000164

be a 3- phase star-connected full-wave rectifier, with

a multi-pole built-in voltage regulator, and

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

wor ki ng_spe |t er nat 6 i

1 oGBPARAT6E sy FRAFT e Barklo pfiio cran e
out punrn%p@ewsn@%gmaﬂ@%oom pm The function of the
regulator is to control the 10 output to obtain

opeht Phge SR 6Mes A aitenion 8 Torratr iy el odtvers e
&l t erenlznEal €ne@f Yo geanidaberergg Ufhieigeneator/atamatgy (108)qodyrtedc 3-
by | 9%@%24‘ SO hbcte@ - w%%jllefcﬁflgp Hth S%ﬁtgﬁblé &Jll@lh @5!93%9 treﬂg‘%lator

bat ter 10), under nor mal 5 At
and ab%%/ef@ﬂ?t%"e FerBRaRERied elere- "F‘?Cgiﬂfe”h E?"C&f T'P‘h &0?‘1“9 r?P%ed of
genafeaéledwa{my (tdep |sa1rdnenma()rpm t() Ho@popmn Bamdibt theratedgower

ai f tg?tG* ngsS%@%d%Oﬁgﬂﬁl ool e %HIO %Qtr}@h@{nﬁatgr ?QH%Pﬁ!ol Q'Ife

couplng 10 O engl ne
lﬂ 0 8Hpete a@t@w rgaiygly consiat yoiagt e SpRENet OfPﬁ%ra%'rsgﬁpﬁ%is
(102pd UideF PANCDSF 10208, Thi @RerAREq108) fordvides evtfidient efekG\blequired

"o 8y ecSRGE i abdfond i F e b BaRbn i uralRd
r angeergtiodm 800r pm t o 6000r pm and M=1.5, the ri ppl e
frequency range is determ ned as: Fr=240Hz to 2700Hz

hase brid f
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alternator will work as a single-phase output device.
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The Fr rgéangeyg%ecorres @@ré SOle—?zv to 900Hz 35 The speed
rat® Na of the alternator and the engine is derived
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o= 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
30 frequency then becomes:
F=2*P*M*S./60
The Fr range becomes
Fr=80Hz to 900Hz

35  The speed ratio N, of the alternator and the engine is derived as follows:
S.=M*S,, then
Na=Sa/Se=M



ratio of ripple frequency and ignition pul se frequency
Fr/F,, are constant. For a faulty alternator with one
w@bagaiivad f uncti oning, the ripple frequency w PECT/G20p4/000164
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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*R;
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 can be used to determine the performance of the battery (110).
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circui tr¥=\80'R=t he i nductance of the starter

R1= wn;,@rna{heroggblﬁpeance of the starter R2=internal
resi stance of the te If t1>t, the current | is
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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:
I = Vo*ti/L (1)
where V, = the ideal voltage of the battery
T = L/(R;+Ry) the time constant of the circuitry
30 L=the inductance of the starter
R,=internal resistance of the starter
R.=internal resistance of the battery

If t;>7, the current | is simplified as follows:
35 I = Vo/(Ry+Ry) 2
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out put cranking current In, then the nmaxi num power

term nal voltage Vn can be dgterm ned as: |n=Kn Vo/R2

Vn=Kn *Vo (4) 15 where Kn is a constant Normally, the

' t {. {
o hFPEng er el 1t Fltept s iR} of foe HeRBl a0 R
cr atikB)rapd battare imternal esistandeeRy (@82 The curremikisrrirecttypraperiipnal
IR ﬁ)gﬂe g‘?ﬁ{ﬂeﬂrﬁu%dﬁgﬁth@%wn&oThB— phwWer loBtp e NofttRe bdtRky Rtdfe

i's ﬁ@ \/(\4 be reached where the
max PRGHE Rk PP AgiefErRY 4%h i's equal to or Iess than
$ he requPgNe cRANki ng current@ p. In this case the
out pHi o GHMLER balRY dpj%tzm,@ﬂuce enough cranki ng torque

to crank_the engi'ne e rel ationshi p between Vp,
Vn, Ip afd Ttheinge"@épwr loghpsthe bRlisry, | 1P=In/"p 1 V.
(5) Wth reference to equation (5), VJ/Vn can be used

:gréﬁés{;g%ﬁg *anlqsgcg@&g& dplgi - yehi cl e cranking

cranki ng torque
1@ apaks erprkingQurrery 'a%e%l tpé'mmax"tgemfﬁwmquy* BN Qyrent I
Whethen the maximtufrBpdn@niéitdl Ositage@uSdaaibe detéhtindraadi ent  of
cranki ng —Cki.r t before starter rotates 35 If v
equal s thé dédced enf of inductor L, the transient
current i of the circuit can be determned as: WO
2004/ 11394% Rfel/ SG2004/ 00024 9 i=(V,, Vv)/(R +R2)
1i =VJ/ (R +R2)-v/ (R, +R2) (7) The differential of
%quation (7) with variable i and v,
di / @here Kelis/actopgtdriR, +R2) ( 8)

Normally, the maximum cranking current |, must be greater than the require

r-tC)

cranking current |, If Inis the reserve cranking current, then the reserve cranking
current lg can be determined as:
20 la=ln-ly
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 | lo=t/lp | Va (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=ln/lp=Ke*Vp/Va (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:



5 The gradi ent of cranking voltage and cranking
circuit quality The cranking vol tage gradi ent dv/dt,
woew1t3ees armature is not rotating, can be derEE$GI964000164
by multiplying L to each side of equation (8), then;
10 L*(di/dt)= -L*(dv/dt)/ (R $R2) From Lenz's [ aw,
L*di/dt=V and V initially equal to V,, then dv/dt=-V
*(R RZ)/%V(V?%@} Referringto equation (9), the
cranki ng Vol Pate change (gradient) of dv/dt
before tR¥/dhadd-wi+Rot at es i s(inversely proportional
10 fTReqifdrEdiai df @a%bﬁ 7?Wf¥r?van!at§|eti}fav battery termnal is
poorly cont acte he st art? brushes are worn, the
total ci fidtdv/d fé@,‘ Et ance wi |l ®ncrease. Therefore,
she resulting cranking voltage gradi ent dv/dt
dec J ﬁh@.@g% 4 g adirgnt dv/dt
canﬁ-Egaﬁgrgat o rm"Eﬁ%e Erﬁﬁ %O'cﬁ 't F‘ontgf to
cranki ng CII‘CUIt. If the paraneters of the starter and
t he The erahieg voltagé gediehtodgdthaned thetarmdiasdedot fotating, tche be
cha I I dv/dt can be
sodepgh e iR 0o kR Eibery L &1 Cngine
1Qower syb@id)= -LWev/ay/ (w8 sane principle, the cranking
ter F‘rdf’rﬁLenfgia‘wag’QI/dt’LVén&I‘Em&abW@ﬁalh@V&iﬁérﬁrm ne 25 by
usi ng: yo\),(geg L*di /dt =\¢ then. dvddt=-Vo*R2/L
(9A) Ref & |ng t'o uatl on (9A), the cranking termni nal
vol t age gradi ent d\/t/dt before the 30 armature
rotates is inversely proportional to the battery
resi stanc . If the arameter of V. an
1o HEEMDR AR FaTEIPR 40 i RLio ARG ERreHy et v
gr atieferetthe arvdtire wiateshieinverealy propatianal tortheccircyitresistantiet if the
g: ggl/?‘e frkisd 26- C?OMY dofcted %P{Fl'e@&rtt{rodrﬁs?g@a@%m ﬁl@ttotal circuit
Vv est r
Ao, bfeiehsn, The . v el 0 e b siledn ot
qualdedrgasex Tihe chbepe tothe ealtages gradi€n df/diGransbe @sdd to HORUHI(E
2}“\0 %w{o‘]r bBRAG akkinl cﬂ%p WehO QOrhRdtersl@ ’trTé1 btﬁrtéfeeﬁ‘le Sthé téﬁﬁmal

ements 1N the circuit are work lggg é
thecerrnaﬂwnﬁaavedw E'Eﬁ"ﬂechﬁféﬂ" tP?C'@Bg??‘BﬁG@P R V°i‘agel 9’3 ﬁ'ﬁ}
one dofit dah ée esceine ddtermire tokegpnaitiedof tHetstarter englole pgwercsysternl t
quality Q wll be less than 1. 5 From equation (8)
and (9) the crankllqngwrrent gradient di/dt can be

det s Hegame pringf anking Eﬁrmlm) Jleljage V, rate change is determine
25 by using:
V=V,-*R; and L*di/dt=V, then
dVy/dt=-V,*R,/L (9A)

Referring to equation (9A), the cranking terminal voltage gradient dV,/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
dVy/dt can be used to determine the condition of the battery.

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



The gradi ent of the cranking current di/dt is directly
proportional to the initial 10 voltage Vo and

WO pwen sy proportional to induction L of the BCT/8G2004/000164
Maxi mum cr anki ng power output and cranki ng power
capability of starter and bgttery 15 Once the starter
rot ates, the armature generates back enf Va. The

ure po ut a i.s determ ne s follaws: .
pac i il el B et 15 3 g perepll
ar meirayit guatityrQ.asmequalio Wolf hry-anetohihe glements iadegiaded, tengrartking

bat E@Ju)(quah,@,&j‘w"-gehgssqr%ger | ost of the starter
I a =t'he i nt er nal power |ost of the battery

Va*l a armature el ectrical power equivalent to

srec Reini exmbtiqpd@yend () theudranting tohreent grgientali/dt28n b deterained as
of Ydodd is the cranking power of the starter (101).
It is proportlonal to the nechanical output power of
the star fi&#t=(Vadfle product of arnature output power (Pa=
Va*la) and duration Td is the energy output of the

sta r f C [ P e "
2\ aTbEfbfe b SARH' s Pty BBl Wit
19 eqM@'?aé%IVct adIryersely Arpotional iednductiond ot ety equi r ed f or
t he engine, and the poorer t he cranklng ability of

t heﬁng?er rr]nec?anruom SAAALLRN ut Lha c kﬁﬁmmacrgﬁ%ﬁﬁy of Starter

tra e Sper ot
Vm anghbattePrt dl a=0, 35 t hen, Va K *la*(R +R2) and WO
2004/ 113943 PCT/ SG2004/ 000164 11 Vnr la *(Rt +R2) =

d K2 5F
léquﬁnféﬁﬁ %tfﬁ‘i”&ﬁtﬁ%éﬁ aﬁ’ﬁi?“mﬁ%gﬁggnif% Tser, Eggnki ng
ar miheareatuod poageoltpat Pi is dpletpieadiasdellaivs:t o i deal vol t age

VO. If Ppdveq,Log, n@kpmmpg)ranklﬂg ) power and Pa is the
require ct anki ng power, then e ratio of PmMPa is

t he degree of the cranking power capability Op of the
vehwbere |.=1 amatuteicagentechani sm

20  V*l,=total power output from the battery
I.2*R,=the copper lost of the starter
. 1,2*R,=the internal power lost of the battery
*,=armature electrical power equivalent to mechanical power output of the
starter
25
The value of V,*I, 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 (P4=
V.*l,) 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=P,
armature emf = V,,, and dP,,/dl,=0,
35 then,
Vo=K*2*(Ri+Rp)
and



Q= PniPa (13) The rel ati onshi ps between Va/Vm and
PrrJPa are as follows: PmPa |l Vm=f (Va/VmI| Pa) 15
wab@4aramki ng power capability Qo can be det er PETIRG200%/000164
Q=Pm Pa= f (Va/Vm (14) To neasure the armature
voltage Va is a difficult tagk. It requires the
sensing of 20 the armature voltage directly. This is
i mpractigal,., ves,, converting cr anki ng
term nal 9'('/‘0'“‘58%&7% Veo the arnmat 3&2 vol t age Va
equivalent is relatively easy. The relationship of Va
andwWbre 1§ amt Rardisdnstasned as: Vtc =Ka* V. (15) where
"Ka is the conversion constant. 25 Vtc is the cranking
term nal voltage when armature rotating Anot her nethod
1 0 Behaeynative (teinderamdxinmon poovee trarsigp.aipanking prnature goltage Vi,
det R lnBRofdM® iddaflditdged,. Cr anking termnal voltage Vic
and #am mum cr anki ng- power transfer term nal voltage
Vim 30 From equation (12), under conditions of
maxif P8 {hewedxintuhacrahkiTg, poiweearkiol . ie the refuiteearavéting power, then
res C r : ;

b nB AR PR Rl Bihd Bl B ok Pl BbRDE olnetue
1§ 0| stages VeearisMas: Vi neK. *Vm (16) 35 where Kmis the
conver si gr gmst ant WO 20048113943 PCT/ SG2004/ 000164

12 Normal ly, the cranking power of the starting
mechani smis bel ow the maxi nrum power. This neans that
t heTheagiahienshies baiweany Yo Red P 3888 fogwsat er t han t he
requi redpgpanki Pa. The reserve power PR can

t hen be d'gt 2rrhnﬂgﬁap§i@ PR=Pm Pa 5 Wien a battery is
Rjegradi ng, once the nmaxi num cranki ng power Pmis equal
t 0 Tieecrankingpkwergapapiier QRan be haermired aseser ve power PR=0
this rrea@gpt"}p%ﬁ\pﬂ};nj ng opepafion is close to the
maxi mum power ” Any increase in the load of the engine
(105) will cause the starter power output do drop

t huTo aeasire the Giraatlaie rvgltdgaiV, U @ diffibOit task. It requires the sensing of

20 the armature voltage directly. This is impractical. However, converting the cranking
terminal voltage V. to the armature voltage V, equivalent is relatively easy. The
relationship of V, and V. can be determined as:

Vie =Ka* Va (15)
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 Vi and maximum cranking power transfer
terminal voltage V.

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 V,n is as:

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



The ratio of VtjvVtmcan be used to determ ne the
degree of cranking power capability of the vehicle
w@@rtiizegs mechani sm The rel ati onshi p bet ween BCI/S&G2004/000164
(15) and (16) is as: Va/Vm = Kt*Vtc/Vtm (17) 15 \Were
Kt is a constant factor, andy Kt=Ka/Km The cranki ng
pomer capability Qo is derived as follows: Q=P Pa
Cr aH?( rr%\{agr\é/erm%rranl%r@g ;})gv%eyt mt%hr%an(rﬂg c\p(grﬁ%ﬁ] i? gek%vz tﬁehrﬁaximum
cr apgwen ngﬁme@nsdmtﬁm mexlmpme:ergtpewerz%n Rémﬂ?qtqigh%the
Fi gtigBirel crdnkifg BEWRS Bl MRHatredehlelpdiverdat-adn R badetermined as:
n1cropro eiﬁg; (200), reference tiner (204), nenory
(203), k d (205), input controller (300), power
Supply (303) vol tage reference (304), voltage
pr e%@@ﬁg %atﬂe‘?} |%Eé$aélﬁd bde the¥f@limum Er%maﬁg{ Q&VNJF P, ls@loBh e

I ne_s sensor &
( 308'5’"“'“ BUF = E‘Sﬂf“ﬁé?ﬁeé’re PP ﬁ%ﬂ-o B‘t?trb‘iﬁns H‘&Ff %‘E‘”%P%%?‘QQ
( 50ib)closé td ﬂhe cakioum pgoler. ( AfAncreasp drathenoad 3P theZ=d@ine (105) will

| nf Eﬁfsggwe%%tar &@Q%mm&%%ﬁug an BnRGY thilk&05) - The

el eCirical power system der test is connected
180 a high input inpedance voltage pre-scal e network
fil ey rdtid0d) ViVl ca'ms ba usedvtgasterniind ther deyneb of eramkirgr poweo

p r oﬁéﬁ%ﬁlh o‘f Qr{er \?e% cle rLrgf %egh%é EI‘PI ; TR Félatt Qns{ql | t;e%eeﬂ UJquatlon

uency nol se eedi ng gna
theﬁéh%ﬂd @ﬁ)ems@ digital converter (ADC 301) vvaveform
det ect or v 1Ok~am, vol t ggB gr adi ent detector (302). WO

éoog\/&lmgmconsa% 8{94&%00164 13 The engi ne speed

T det ect the speed of the
engi ne. K&Ki¥n optional for a gasoline engine but is
required for a diesel engine as a diesel engine does

not _have an i se an IS I he system cannot
det £0F CPHUI9LR ?rcgpa qﬂp(g'ﬂ 8%' ET"ﬂe analcog- t o- di gi t al
converteﬂffaﬂﬁ) converts an anal ogue signal to a
fligital _p and feeds the information to

m cropro g 00) thrgggh the data-bus (208). The

m cropr ot @ixw”v 00) gat the ADC (301) under
mul wherk eReis themrmking fovRe betputiofithe startéfi gure 4, the out put

cont rol | BI is(ADRIxiMER 8ARSnd gWeF bR B ofake fater f r om

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 gital -to-anal ogue converter (DAC, 401), has as its
woredon/1fagmet i on t he conversion of digital signaPGI/862004/000164

anal ogue signals. The character generator (402)
gener ates nessages accordi ngsto test results with a
data latch to drive the LCD display (501). The
cha C (.4 Vi

li'l‘?e[ L maet ZuggJ Qédggr éé@ iS gggrde@ﬁét&g@ﬁgpéﬂ & C}h%?r(?gme. rlﬁé’
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t ONGoeBETRE hdleOdn ighifish pPSNEHRhES tHROYBIdm! RNAG detectTthdiehgine
according to test results and drives the speaker or
spedi®&Ps (502). Different tones may be used to
$dentify 20 different conditions of the vehicle

el eglid hiddg-BAYRE @o}ﬁsér@m(soih %or‘ﬁ)@l—té) léh é?@fob@é e.gg& rts raabigkal
(404 rat es ferent cal our
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to indicate the condition of the vehicle electrica
ower 25 s stem The infrared Erlntln interface
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o n {6}\% Qgg dl!ﬁ%; & rhs Qrﬁau{ ﬂﬁcﬂ\gﬁ mecéoﬁverﬁéf&tc{ dltglagl%ng§v{€ Enalogue

nputer 1 nterface driver
c 0 nﬁé%?t'se dhe d’ht”ﬁ@erp genergiey O@?Q)t FNPAY| ’B%sség%ﬁa?cémdlnﬂ Ak test
Wi t FesaitsOaimpLilis 1atob t6 @b the LODtdispg (601 Therutlhiattengedierator

§h6(4\5 NGl R s.s,gg,i 5@ ?,Peweg?ge\aﬁhnﬁ% Opel DG PERREIRE by

or's ora e an vef orm’det ect or
(30@)qupsocassaé(\?9@éhft>l€9hé'af&‘aa‘2“é (2088 detect the ignition
|npulse and the sinusoidal signal of the alternator

R Fi
ob t Eé\ento eerng\{% Ir E&S)tog(l;etn I %lér ?ﬁd?ne %LQQ?&OW% %@tmeén.{ﬁs
of amﬁﬁrlvs@hﬂ@v@@@mrmwﬂ@ (PE2T- /@@%M@ﬁ)ﬂ%@e uged to identify

261 9BiBbEntAonditdAs SERSVAlcRGIdicklpBwér@pdtérnon circuit, and
a sinusoidal ripple signal generated by the

alternator (106). The ignition pulse is narrow and
shailie calnet patiern peneratet #P4)AgengratesAdifferanti egjouni miktueesgiiste
Zpteﬁﬁiens.tTésetah@ Bhiok ARteRHt §6 dt.vee%eawr ¢en (@@3) B#REN Solour
et erm ne

pul SEeITEdERY R Lafh ochaats S eptinh bl vee sEPHcAL Povsy

28 f eystenst r oke engine, the relationship is: Se =Ke*FJC,

where Ke is a constant. For exanple, if C=4 and F; is
nmeasur ed readiﬁ% 33Hz, if Ke is éﬁo,dg en the s
e

10 e {Yfared B igerecsn(4gy Herer B gy e
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 a device to separate and detect the ignition
impulse 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



Se =120*33/4=990 RPM The ripple factor Rf can be

determned as: Rf=(V,, / Vave )*100% (19) 15 Figure
WQRRBo#/s130ke rippl e vol tage wavef orm and Fi gur e BQ/$G20041€00164

engine ignition pulse waveformas separated by the

wavef orm detector (308). To fletect a di esel engine

runni ng status, a speed sensor (307) is necessary. The

20 engin speed det ect szamanet cal ly coupled .

oul SETYE Aer B Sror B TcigRdl BB o7 SirtrglipLfR, siana

acc tgerdaratgi byothe Rktermaterr{keshaihe igniion pulwmandms pedsharpiland the

Wavsér%mf ﬂesr%CAzwar.@gmtheé?@ineg e%raeﬁ% mqymseafeqlmn%éaeoe

the f oW n i nf or mat 1 on; ngin hl’f]

Pl 4259 1B AEIGreH S PR 9GS Bufl el neoisiung Mepisd aag C
engiisitee nwmter ofgylidert af a four-éifoke epgihes theodlbtdgship 8) speed of
t he alten '~ and 30 6) alternator working status.
Ref erri ng to rfu gure 3, the voltage gradient detector

( VGD, 3oz~5heiesKeas gears@d- that is highly sensitive to

t he vol tage change gradient. It provides the gradient

oL @l VLIS RGP ALLRE Yoz § R £5 e speed

roces
1@onﬁfm%e"wﬁaeﬁ%b%ﬂ§?’@wa¢ ?%@”Q!“at a from ADC (301),
wav ef oforabpi-600 apm(308), VGED (302) and speed sensor
(307), and provide a control signal to the ADC (301)
for data conversion. WO 2004/ 113943 PCT/ S&004/ 000164
15 Theripnlecfaciprfd caskaxtetqpoed apsr ovi des the fol | owi ng

i nf or mat R, /¥, FPddage gradigef (G status of the
termnal voltage (G0, GO0 and G =0); 2. interval or

Jurati on (Td) between two voltage gradi ent changes; 5
3. VgluteRfos teainge veltage wavefgmadd Eigure(2§yis the)enginelignition pulse

bat LalforkedsEbplhted 6) thé@8vekorth bietestor (Bbd)l mum t er m nal
vol tage (Vmn,) when the engine is running; 6. mninmm

term nal voltage (V' mn) when the engine is not
run !Tb rigtect a/diesghengmemuningnuratatad, aspéedagasof (§07) is)nevdsearyt Fre
2?”9 'engsé cbdBARLAGis a Awggu%tlcmébméq‘ ph@é geitRdtory RhibiRgéherates

en engine 1S not runn sq
se waveform according to the crankshaft position and speed.

apu
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.



9. average term nal voltage Vave; 10. anplitude of the

ri pple voltage VR, 11. frequency of the ripple
womby/aigessFt ; 12, ripple factor of the rippl e RITERGR004/000164

.Rf; 15 13. regulator working status; 14. engine

cranking status (this may ingd ude one or nore of:

starter engaged/di sengaged, cranking, cranking

passed/failed); 15. ignition pulse, or engine rotating

pul se; 16. ignition pulse, or engine rotating pul se

f r ediemigopFIcessop o) provisisg e doligwiee ifegeation.  engi ne

r ugnl2 89 sFlt&bagraaemepgtataQof thelt8rmirdl b&tﬁ@@(@b, %m@azs =);

an al.ternat or .or >0.

Fur Eher TP OFdhERt e hebikel o8 ohporiogaicth phances

aut énat i veltagy chageratd orgradiest (@odtdi ti on  and st atus of

t he 4el ectbgﬁeq@{erngmgnagyw)em of the vehicle. In the

fol |_ow ng'trgaso 3}/ ) ement | ogic

may °be d ’F‘WPFFé’H'"a' Q"?gﬁl(Y'UQé"'“e%‘eEH%JF%é’ Qfus

Measur e mgirimateaminbigyoitdge W .ip) owven the eagifid is whtetmniBg=0O

Vit Vg, an%a%mqm%cﬁtggeqfvoax)%ﬁe%<w >Qru§‘ﬁ ng change

to Se=0O Ignition power nd <0 change
o &0 W'awmtﬁ@'woﬂtew ) WD @Q'OGE:SH‘&W@%“"P% G0 WO
2004/ 1139¥43ade@drinb@PltddeN(164 16 Cranking switch
on- - gf f gﬁ?mg&qﬁg@n&@ %,Qg ankl ng duration Td Tine

om cr an ti

taken fr o"crank ending Engine
cr anki ngffﬁ%eﬂﬁ)’r%th&fﬂP@PV@Faaﬁﬁm ng duration Td, engine
spead. Sevifple fabwi dieheaipplelsigng RUCcessf ul after cranki ng

1?;:1?%| on T Eato?ugkﬂg %I{aged Se>0 5 Engi ne running

le>0 or Se>0 Alternator
mal ﬁﬂmct ,emyneg@ga@kgg]ost@tmpmh@—@a@rmclude one or more of. starter

engaged/disengaged, cranking, cranking passed/failed);
15. ignition pulse, or engine rotating pulse;
16. ignition pulse, 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 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 VgV, and G>0 change to G=0
35 when S>0 S¢>0 change to S,=0
Ignition power off=>on Vu<Vyand G<0 change to G=0,

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



Se>0 and Vt<Vo 10 Alternator partially function Se>0,
ri pple>0 and Vt<V0 or Se>0 and Rf>5% Charging system
womndimgesNor mal 1.2 Va>Vt >Vo and Rf <1 % RegulPaiTeRG200i/000164

of order 15 over voltage Se>0O, and Vt>1.2V0 under

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

capability @ and cranking circuit quality Q of the

starter. angd batter iycuit may al so be

det er'%k'r?éé‘%#ﬁé‘-’gﬁanki n%‘%‘gééﬁgzoc%p%bi lity @ and

cr arkankipg dinetan e qual i t imedakan tsory sraplustarting Nk prAIMIOr

J't Ed@n ﬁet::lat@«i@tfaatuiré: t Or QHfer cRAKIFPIUTRIE T, cAGIfe spead 5=y of
e elenments

of the startin chani s The
per PR NGRTSEUEIRET; oy A1 SRR ARTUGT Frgg fspesd S0
woniBnginedinniagd def ect i v@ndibepuse@or 25 in the system
detected prior to failure. Refgietofhy to Figure 8,
there is shown a sinplified fu%cti onal flowchart (250)
for determ nation of cranki ﬁg’ torque capability and
cr amfiterngtocrnalitaétion qual i t $.>030d kippletOap 252 t he term nal
voltage, and duration of thegligmRqguking initial
cranki ng (when the engine status "en\gi ne began
181 arfitpingtey PartighefupdicR ot edePnbPARZE 207 ¥aVe O The ini ti al
vol tage Vt before cranking i S0emoRgseh, as is the

Iowec? r.nm tage VP and the duration tr before
ar ma %r ‘epsrsg%té\}?llugr\rﬁ%SS The maxi num power transfer

current INeT™& cal cul at ed-? ¥84yVeddiR<\/p| t age Vn, based
on trkguialet duebteegbrdata VO, Vt, VP and tr. WO
004/ 113943 P%T/ S&004/ O>%1§rth>]172VThe vol tage ratio of

p/ Vn isogtgrY\?IergFed to th& currént ratio In/lp (256)

and t he updeiniitagg vol t afeOganedNieit Gc is deternined as
follows: Cc=vd/dt =-(Vt-Vp)/tr where tr = tinme taken
fromVt to Vp. 5 The hi ghest voltage gradi ent Grax
will be recorded. The cranking torque @ and cranking
circuit quality Q is calculated (258) as follows:

Aot =I1ihé RnkKPIoONRE Vababiity WS rdfRing Sircuit GAMEQ S @ starter (101)
Consatng ggtiery ( 0_) c%m)%a%lsz JE)g(c)j(e)a/{)ermined. The cranking torque capability Qy
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 ..



where Grax is the recorded hi ghest value of Gc This
function also conpares @ and Q with the acceptable
woalowes3opy eset in the 15 systemto detern ne REESG2004/000164
acceptability of the neasured val ues of the cranking
circuit quality Q, cranking7torque capability Q,
condition of battery, starter, and connector. The

det erdMifi@bd Qz:ﬁlo fl\}'p/\pqS l&§ néoo{o \fhb%trerﬁ%l ¥ l(% Fand the
! (e ity G

preferably
| i gﬁ?%k'”gﬁﬁﬁgqgﬁélfadte@h%as's d%?fﬂ"’}?é%%@ﬁs The results are
recor dedGwwvd/tt a(vdapg-time | og for future use. The

f ut use functi ons 20 such as event
tra‘gﬁeﬁ% ve t'm@{# F?rL)MQFt?ﬁ}(J% cranki ng power capability Q

of Tmﬁéﬂ@e@dpvag@@radmv@mw@e eepg¢d-t he vehicle can
al so be determ ned This includes the starter (101)

cr as KB B’ BrnBe g, sl Sharni B SoRief DB ee

capieliwsi ty Qo i s a useful parameter to determine the

dynam c Qtpgfyver put capability of the battery (110)
; s areal tinme data nmeasurenent

nd s
qind‘g'?er%c’%&l%f‘gwgrs%??fz?‘lﬁta&bndl tions. It is an accurate
det er m n@d=iGa/@f*10@% e cranki ng capability of the

vehjcdré G,éxnls@r%rrla%rmrh@hgﬁvﬁueﬁd ow cranking capability
30 of any conponent in the system can al so be

determ ned accurately. Figure 9 is a sinplified
f | oM funttiof 260)compares @k acke Qewith mateicoarptamie vamaae kiresgt in the

15 apﬁgfeln' ttoydeterm g tﬁ% %@éeﬁ{aﬁlllggﬁ Kh@ mea%@e &qb% C{aﬁkmg

vol tage ration
ar ndtcHt %“%Ug‘?qﬁ’%“ﬁ'ﬁ%i"ﬂﬂ'@ cgeabili %émytt'af‘t%i’a#e@' starter, and
di sengegedTHer durinmaticdngil be usebdor freal olPRILEE Grefdisbly in the

"SR bnk 20Rbe oV AN AT T SERR04 0G0

The "maxi mum power er arnm
naxreﬁej%dpwm@rdqt¢m log for futge Hea alheigne age may rﬂC'Uﬂ*hémCt'O"S

28 NAichl bSeven ttad®g, or alidithgVa/ Vm and the term nal vol t age
ratio Vtr/Mtmare also calculated (264) and the

armature voltage ratio Va/Vmor termnal voltage
r at The clRnkingpaversapabiite o ¢hetedectrigel RawaBRYate® g) Swevehiclatcho

Pj Pasd B&eétemﬁneﬁhemg &ﬁi@u&gthe@mr CARRPI, itdgétHeP witid Batlsy
der) (VaNm =Pm Pa=f

(Ktb\ﬁr%ﬁ%\/mnfs hﬁ/ﬁ%ap'én "Fy(’féhe egﬂ'g? ant. 10 The cranking

Zypower capability Q and the cranking duration Td of
t heTRNGArRRAg paRerka atﬁlﬁ\ﬁ‘b ﬁ%%s@f@ﬁ@ramé[&'@ dlat%rn'ﬂﬁ@ﬂetd?namlc

di agnose .t a t he
;g)wer output capag‘?@/ of {Ag bgt? (1 18) arrJag starter (¥01? 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 V;. and duration Ty (time from when

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



starting nmechani sm and the engine cranking ability
respectively. @ and Td are also conpared with the
wazweptid e val ues preset in the systemto detBITsGm04/000164

the 15 acceptance of the nmeasured val ues of cranking
power capability Op and the gngine cranking ability.

The determ nat i on W Il be used for output later. This

referably of qQne no
| i gﬁ € mawgm Cpé)lwe{ gﬁrgger 2 nragp gk em K/TheafirpgrL o%/ver0 Hénsfer
r ecterrdieal voliagh Vehathe atnatare M@% @tlo Vui‘t/mréi thesermim efolfaae Lﬁﬂe

usgvttm awéawgeﬁcmaﬁém@m)%a tr%l«lﬁhmla??e mfget ratié GV NBr BFminal
audl tin a ernat Qr s
o e i & Ve erine et ey i Pﬁﬁg/%gae Lsed

3 0 Tiet @anking @owercdaphbiliy@s@n bhderived & faipwsondi ti on of an
alternat@r HVJV and rel ated conponents, such as,
for exanB arlve Belt, rectifier circuit and the
regul at ore=PRReHKVidWak gi ng status, the deterioration
of the battery, low electrolyte 25 |level, and

i ns LG rnat or out put power, can al so be
det g&%rgg‘.lg%?ﬁabfng to Figure 10, the flowchart 270

1&hows the process for determining the working
contlihd dranking fpoWéreapabilier OAdna theaundhkibg tiiration Tylof the Bigine can be

SOl BSeld MR IS 108 tsgqaa[gnsses%%ﬂapﬁﬁg pbll BbLSHN 81 B

spee term na
m nitating meehanise avfbmeaﬁg@me\szr?é)km@ﬁaﬂﬂwﬁmectu?'é @ and Tq are
Meagiyé ednpalfe@mmhé \é@&e}bta%%luesn giebet in the rsVsEtélrh ng détar?raae the

19 naetssiice o fhe eiASusd veuled & GBREE pbBl Badbip Bl Hone
r ecgnal*"tg‘ﬂ?"m Thexdesermitiation witoe veed fopeidrit fatgri dhifisapreferably
I eC R e Gorm\¥p o%@%/rﬂ&@gﬂgol&gﬂéﬁgzrg@ﬁdap%éﬁénd &19355@@3 The

aver age vol ta

ot T AR tse P el B Sor e D e Trea® i

Rf fanétidns sych dawien) racdQ@u a®Rabla/ Nmax 5 The speed rati 0
xNa is normally a constant, and Na Nrrax I f Na/ Nmax<1,

It shqvvsthaé the alter gt F J&?P; Q+
ey EBRN® 30574 Sy ARTL0T SRAESH FREMAR IRA bR TRAIS/ECEdN Y
I S boosd tandewlineppa gignesulhd workingicdnkition ofasaaltbiaatar, bhttery,
decﬁl%ﬁ%%tedléon%gﬁen%hm asOfor bRpf), EWer\%ﬁtorrectﬁfﬁr E\Q:hlt and the

functionin decr ease to one
nor FRGHES Fen ChoTs 813 16 SRS NAHER o {1RcbaE ioHeRecvote
2y 0l teag eandtinsuffitientanghater chipeEbwee camalsd esdetecieg! e f act or

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 terminal voltage V,, the
maximum and minimum terminal voltage, Vm.x and Vg, are all measured

respectively when engine is running (272).

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

recorded.



Rf are analysed (278) to determ ne the alternator and

battery working conditions. Na/Nmax, Rf and Vt are
w@emvpard wi t h the acceptabl e val ues preset i nPETI8G2004/000164

systemto determ ne the acceptance of the neasured

val ues of speed ratio changegrate 15 Na/Nmax, ripple

factor and term' nal voltage. The determ nations wl |

ed for fi out eformof e, 9 re
of 13T Sere% Bt Yoo o et H Bre B8 sh el e gTokS
r es odltudater (@76)estotldedd Wit h date-time log for future

use, SUCR A%,/ @v8®igod aci ng or auditing. 20 The
di schargg t,\b/”re remai ning for the battery after an
#=NyPNes

al t er nat #kdown, and during normal operation,
gan al so be determ ned. By maki ng use, of the engine

{/g”?g@%eéﬁ %‘iub‘ﬁl s%'an%ﬁl? QgBﬁste\’r‘@ ol RELNGL 2k Nﬁg tﬁr Hﬂsr‘ilﬁJs that

VOF t age I ent 1S PoOSsSI
det 8\erﬁ'tﬂf@a‘a’ F‘éhﬂ?‘ﬁl hipubatThis r"gﬁyot?es&ﬁéﬁﬁ‘ép'f |"}‘P€“ ‘het altgrnaor
be up@dalerd,locs8dnd sibpdges&ufts. catHaeCdse Nawill dedresel 1f 06é phase

In p%#thé) glteqw% O?IS ng fﬁr}i}égﬁrg%% .Rla glﬁl:’b%ma&seltg grQe tﬁig)atg %%oﬁﬁaq vgée

ery cap S may provi informatlon
190 t he user at f| xed intervals on a continuous basis.

Fi guheraid NI E0)heitérmal Jordgea/ the Ejinedpbars $1 dna tHieaipplefractor

: gre m’r eg?':\ln Bﬁe? 6‘?@ f&e\(t?rrg%r%rgrgets %IF e og%gd P%tpe?y \?ldarkm% cgndmons

r un Ni/Nega (FeendO): a@tcamsred 90h thedcegtablevaluey Pfﬁ\ﬁﬂf i thgysystem to

st aBétémﬂHeetthQ?c&épfﬂnB@@f (h%&%éasuleﬁ Vall@s @k kpgdaah®y clﬂa]a@@)’ate
stat.u nor

13 o S 2R e B R BPG ipes B o mpbielh B e ror o

ar efinat eotpdteid. thg dermi qfabnwgrl mageofctrinug dightiag.emusical jitenes and

det %Es%@e@ﬁﬂe tERnkad r@g&@d With Hﬁ@-tnﬁ\ul&j RAkre iu8e, such as
confirned l_Eieratln abnormal ly. The battery

di SEYfﬂP@"é"\%f? §89gradient Y is 35 cal cul at ed:

Y=(Vto-Vn)/t where Vto is previous term nal voltage

)0 200 &é&%ﬁq%4§1eprgﬁé g Q&Hﬁ& BALRAaftef @n a}{érnatbrser&)élen and

t erm nal tage t= fixed tine interval between data
\Vis odi"ﬁ‘g\VP{mal‘H%e'?‘é’ﬁa‘ﬁ'?uar'@ ke fptermiped,; By making use & theangine
bas edning status, atedhatageorking sthtas, germrrat wlthge dndamithge fyeadient it is

ter g{,gggi %%%%@Qﬁﬁtrem%lﬁfga@ﬁl ﬂe iof lgl@dlt & HeQUpuYE ‘and

e corre pondlng

t 0 w"@eﬁ cpreect, A adorylt 9f ingpta Hatﬁg@a%ﬂ? ag@m(cde?ct@ﬁf'%?@@n

26f bateal camkityaganydd) ThB may exgidesiafetnation pe rite nkagst. fixed
intervals on a continuous basis. Figure 11 (280) is a flowchart 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 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=(Vio-Vu)it
where Vy is previous terminal voltage



10 I't is diagnosed at 288. It is refreshed at regul ar
intervals such as for exanple, every 1, 10 or 120

wG@ement®¢3 due to dynam c | oad change. |f the rECSUBG2008000164

X510 mnutes, the judgenent of the engine status is
that the engine may soon bregk down. The result may
be output preferably in the formof one or nore of
col our 15 lighting, sical tones and nmessages. The
resul ts g‘?@“g’gé‘?fpg‘éb”wﬁqeh a date-time log for future
use. Thet=ffuedtiree in®eahm@weendatadle td vkinct i ons such as
event tracing or auditing. Referring to Figure. 4,

t he_out put control]ler (400) decodes the data from 20
mi i BprearEygdime( éo'e)ca'FW?ts?Jiﬂ?G)d%S%a% thexg9erdioat Fat Y
slev andibe tefraihaldbltege &,. dicgn badetéraminedasifoblguse convert er

( DAC, 40)@(\/ _%V(‘)ﬂaracter generator (402) to drive the
LCD (501),"a t'one/ nusi ¢ generator (403) to drive the
spe#Rer V&Hhe volipge prePeriato Ypatt ern generator (404)
to dr |f Vepv/]iethe @hdofrdischdryd liage, (pé&Beritatiefotiiedl viitagavi)ng
interfacg. (4 0 [ the infrared transmtter
(504) , aﬁc':soe%‘ﬁf%?géf’t"l‘?eg‘%”‘?éﬁ?'erface (406) with 25
Wnterface port (505). The display may provide

CONMRAli& BiRgos¥E af is_‘aorm_trleﬁa%he?ate.fegnﬁbgtywmb&uasrg@@fot eRYI&
starts t ignition is sw.t on r eppr.t
confYFNd g({]orr g@uﬁeg?ndls'n ugrt\(}éﬁy%am'ﬁ‘rfﬂaﬁlcr‘?wg' ?S’Pﬁ {els@ﬁ'si %10
sw miruted, e fludggment roé ther enginaeslatusels diat thenenging. ma0sopR draak
MBY gb\en. Ue t&uk imb§ baRAGSt BrEicRIBlyAN e form ofVBeS@dford ioh BbIGY
35 &ge%sagr? di Istgl ayeg rm%/ [ nct ude ||tnfor mat | on .ﬁ_‘n ane .or
hror &9TP9 MysieRBNRS 4051 PeEP3PeE o [ RS 9 TPagiaed ViE| ¢ daip-time
bat togrfgr futoletusge The fubure ueonal, intBDIEXOEAiPIs1ROM 8s event tracing or
PCTL6pg04/ 000164 21 cranking circuit quality;
cranking torque capability; cranking power

capability; mninmmvoltage at engine off; 5 maximm
vol Rafgaingt toeRiginae 4pftfig outpiiiniconinwilaro{4D@)g decdese i wigta from

2hun @é@@rgﬁgw (BB TS BRSNS ESHEof d0BESRaIudidg PRbifI to
analogue converter (DAC, 401), a character generator (402) to drive the LCD
(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;



battery remai ning operating tinme when alternator

failure; 10 and warnings of the battery term nal
wovob4/ages3i s over or under the pre-set |imnmts;pdisG2oed00164

or poor cranking circuit quality; limted or poor

cranki ng torque capability; oJimted or poor cranking

power capability; 15 alternator nmal function;

al ternatar &ectlf er .out of order; remant operating

tinme of ffe '?Jga‘f[tcg't@)‘af't?' the engi ne running but the

battery ciagkimggorquéeargbifty; |inited remant time; 20

limted E@ﬁ;@,ﬁzd/&)vﬁfh pkbiftg energy; and alternator drive
belt | oose bl e col'gur pattern signal 25 The

col our pﬂ’l‘"@?’ﬂvﬂ@ﬂ%?taﬁng'f‘ef 04) combi nes the col our,
dur at i on makimemanlthgeiah¢rgiveioffy of |ight to generate

various 9@4@%}, Pégtrégalnf[gnf],ggrent colour patterns

i ndi cate vehicle el ectrical power conditions
and perf“@?"ﬁ‘&ﬁ‘d’é@age?h%"gﬂlﬁl”dlﬂ‘fngpattern gener ator (404)
nodul at esippe fasmt bnd Nnunber such as, for exanple, two or
three pri

proportllgﬁgep%e&?'ln%go erreé%@ S‘Whgné% %fa?léf (110)

9ol t age. and W?'I'T@E%Pfo‘ihé batigry se"am@oaotﬁae iy gy r?ét’@‘i'e’ thegpre-set
exanpl e, il col our-voltnmeter may nodul ate the red and
green LE cle according to the
vol t age ?rg'rt}eéjle &6%%1(9&'%%&“3% 35 col our may renain
red if th@'tﬁﬂcﬂfpwéfﬁ”@"ﬁl@wepmﬁ"'w and may remain
green if jihke M@bér%ﬂaﬂknh@pm&aﬁabi&?; V2. Were V,

nd| cate \{\/\%‘% d%}fter and V2 indicate serviceable
attery S ARy 3 PCT/ S&G2004/ 000164 22 The sane

concept atgynater reptitiet oulf atddll ate two or three primary
col ours re(nmaﬁi‘ ﬁfe?ﬂﬂhd tirfdé bf tRé Bateryoif ihnERAYINE AINAHY Bt thedbattery
indicate the |evel of cranking torque capability and
cranki ng PSR %habi 1 ity. These may be, for exanpl e,

5 yel | owlimited! rbinpaett time;ange and white; and so forth.

Jgoon it hﬁlté&e&%ee&ankmsdnergmadthe al ternator and
battery are con itron, the LED nay be reduced

i
to an |nta|§‘?5§?t?3f’9‘é"sb%'f W&Fcentage of full intensity, the
per cent age

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 V,, and may remain green
if the voltage is more than V,. Where V, indicate weak battery and V,

indicate serviceable battery.



being in a range of 0%to 75% 10 3. Audible tone or

musi cal signal The nusic tone generator (403) may
wogaendanmue di fferent nusical tones and/or tonBCT/SG2004/000164

intervals to indicate the condition of the vehicle

el ectrical power 15 circuit,22especially under

abnormal situations, to alert users. For exanple, a

shrill, constant nusical tone nay indicate the system

is abnormgl, as in an alarmbell. A gentle nusical

tone or si'I°HREE CARGPPT AN Resysed thmpdulaie Waciithypeprimary colours

el ect ri cafprefeyatyediffarent pamaratoloutd) tetinditdié thaneel dp Elaming8rque

hard copy : p - enerated via
i nfrared %a?%%%lg#’n_ta? %grﬁan?ﬁ%gﬁ%ogagg%%'gﬁeege "f'agfber g%’o?’iamp'e'
Wi th ti nefeHaY @d gy pagge andiwhitendrse dasthd U pairitbeiiat determided
pla: a ;or thattthé alter?umlt éri_lqﬂlgattg@?arél?@go&ﬁg&diti@@qﬁéj?gg may be
interfac 0 The detaile _gener ate
the syst gr%a%g%toa#% By, 354, Bcemads ‘%ﬂﬁggnsw' fhe percoMtage
conmuni c Reingrin airangeeef 0pto@%%and communi cati on port
(505) to a conputer 30 for continuous data storage,

d data processing. Wilst there has been descri bed
I'n the foregoing description a preferred enbodi nment
of the prAngiblettorieroy ewsicgmignalt wi | | be under st ood by
those skilled in the technology that many vari ations
or nodi fi_l%ati ons . in details of design, construction 35
or oper at i P IFRIRONA0RL MY Pepeirte; difprent shusicaltones
present iand/ertoneinterviitindiddtd tha 8diiitisdf tEEREHA et bower
#3 The %rﬁlit?&pe&a!lyﬁﬂ&f@%%o%alfsm iRl L{ggrs.ap r example, a
el ectrical power supp system _oa% 2’ veni cle, P '
vehicl e I?BWFH%PS?”HE‘ESHC@{S?" may indieate Hg systemtisabnpigigl, as in an
engi ne, afralbkler Agele, muskabbtk & sitmBingdy;indida® tARARY @hick
CONIi Si RekeithydRont islnbffa fOr determning the battery
t er m nal vo‘tage when the vehicle ignition is turned
on; (b) a voltage gradient detector for detecting
Phasgie andnfgreagpristing haclitapgsutnit t he battery term nal
vol tage when the vehicle ignitionis 10 on; (c) a

wavef orm det ector for detecting and separating
di f f er entfhe hard copy can be generated via infrared transmitter (405) to a printer

for report with time/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 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.



wavef orms when the vehicle ignition is on; (d) an
engi ne-rotating sensor for sensing a speed of the
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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:
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{b) the gradient change is in a range from less than zero to zero;
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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 value;

(b) the battery terminal wvoltage 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
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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.
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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 belt.
35 25. A system as claimed in claim 24, wherein the ratio is compared to a

highest recorded ratio.
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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.
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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 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
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V\/nerelnthe BURLY termunl 1S Repyly use%to provi de the
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out put is an I 0 generator. . A systemas claine
in claim46, wherein the audio gener ator is used to
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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
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 quality 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 to execute one or more
functions to perform the steps of any one of claims 5 to 48.



