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1 ELECTRI CAl __APPARATLIS BACKGRALIND COF
THE 1 NVENTI ON FIELD OF THE INVENTION 5% ° The present
i nvention relates to an item of el ectrical apparatus, and in
parti cul arwooempar at us for converting the suppl yPERGCBEWHROIZFT a DC
power supply. SUMVARY OF THE PRI OR ART Recent years
have seen the energence and 10 devel opnment of a wi de range of
el ectronic accessories for not or vehicles, notor boats and ot her
| ar ge pi eces of equi pnent. Anong 3uch el ectrical accessories are
| i-ght's, heating units, and nore recently of course increasingly
sophi sticated tel ecommuni cati ons devi ces. Rather than
ELECTIRICAL APPARATUS
BACKGROUND OF THE INVENTION
EIELD OF THE INVENTION
5 The present invention relates to an item of

electrical apparatus, and in particular to apparatus for
converting the supply voltage of a DC power supply.
SUMMARY OF THE PRIOR ART
Recent years have.seen the emergence and
10 development of a wide range of electronic accessories for
motor vehicles, motor boats and other large pieces of
equipment. Among such electrical accessories are lights,
heating units, and more recently of course increasingly
sophisticated telecommunications devices. Rather than
15 carry their own source of electrical power, many
accessories are intended to draw energy from the battery
power source of thé larger pieces of equipment, and are
therefore designed to be compatible with the 12 volt
batteries which are now standard in motor cars. The
20 cptimum input voltage of many electronic accessories is
in fact 13.8 volts.
Unfortunately, the DC supply format used in other

industrial, military, commercial, aviation, maritime and



15 carry their own source of electrical power, many accessories

are intended to draw energy fromthe battery power source of the
| ar ger pi eces of equi pnent, and are t herefore designed to be
conpatible with the 12 volt batteries which are now standard in
nmot or cars. We9esiiee opti mum i nput voltage of many el ect PEHGB6H0033
accessories is in fact 13.8 volts. Unfortunately,
the DC supply format used in other i ndustrial, mlitary,
commercial, aviation, maritime and WD 96/ 21892
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applications differs considerahbly. . Large ) hicles, for exanple,
require eIectricaPt?Eﬁwﬁpﬂ¥}q&§1°¥s dlff?é%rQQQf¥9§€P%§3npar%f¥@%ly | onger
| engt hs of cable w th, in addition, an increased nunber of devices
usi ng the DC vehicles, for example, require electrical power to be

carried over comparatively longer lengths of cable with,
in addition, an increased number of devices using the DC
5 supply.

Therefore, if the DC supply is doubled in voltage
from the nominal 12 volts ﬁo a nominal 24 volts the
current demand is halved although the overall power
available would be unchanged.

10 For example, large commercial or heavy vehicles
typically use the higher DC voltage format centred around
a nominal 24 volts.

There is therefore a requirement for converters

capable of receiving the output of these higher DC

15 voltage formats and supplyihg current in an acceptable
form to 12 volt format electric accessories, that is to
say a converter capable for example, of providing a
constant supply of 13.8 volts from a varying supply of
between 23.3 volts and 27.6 volts.

20 It should be appreciated that such a converter
may havé to deliver a power supply of several watts, tens
of watts or even hundreds of watts, and that in this

context problems are encountered which have no



5 suppl y. Therefore, if the DC supply is doubled in
vol t age fromthe nomnal 12 volts to _a nomnal 24 volts the

cuarrent denand |Is hal ved al t hough the overall power avai |l abl e woul d
be unchanged. 10 For exanple, |arge comrercial or heavy
vehi cl es woserisez t ypi cal |y use the higher DC vol tage forp@gi/cesnbesd ar ound
a nom nal 24 volts. There is therefore a requirenent for
converters capabl e of receiving the output of these higher DC 15
voltage formats and supplying current in an acceptable formto 12
volt format electric accessories, that i¥ to say a converter
capabl e for exanple, of providing a ] constant supply of 13.8 volts
from a varyi RPURRSFPRTS in microelrqtyonic2POWey oFPRVEFRLIY SYSFEMSs. 20
I't: shoul d be appreciated that such a converter may have to deliver
a power supplRerofexampdeal USabt4827201% disclosesoanventehip @ aelkundr eds of
watts, and that in this context problens are encountered which have
no voltage supply in which current is delivered through a
10k resistor, which limits the power delivery to be of
5 the order of milli-watts. In such a context conversion
efficiency is unimportant and heat generation causes no
significant problems.
An early generation of DC power converters, often
misnamed "Droppers", were based upon linear converters,
10 which is to say devices which step-down and regulate a
voltage supply principally using transistor technology.
It was perceived, however, that such devices'perform
their tasks with unacceptably low power conversion
efficiency. Furthermore, no design of linear converter
15 was found which could provide an output voltage with
sufficient stability, particularly when the current
demand at the output increased to any significant degree.
Many devices used as accessories in vehicles,
boats, the aviation industry or other equipment, require
20 a reasonably smooth and stable DC supply voltage.
Recent developments in DC power converters have

therefore concentrated on methods of DC power conversion

in which a DC supply powers an oscillator circuit, often
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3 ~counterpart in mcroel ectronic power conversion systens.

For exanpl e, US-A-4827205 discloses an on-chip 10 volt vol t age
supply in which current is delivered through a 10k resistor, which
limts the powwoegzishyery to be of 5 t he order of m || iPCKIRIEN0033
such a context conversion efficiency is uninportant and heat
generation causes no significant problens. An early
generation of DC power converters, often m snamed "Droppers”, were
based upon |inear converters, 10 which is%o say devices which
step-down and regulate a vol t age supply ganci ally usin ,

transi stor technol fgpeed under qqe\ﬂ§§hg8FEQi8EdF % P,fPﬁaPeggE%tHE%ices

per form their tasks with unacceptably | ow power conversion
ef ficiency. FurthePRoPECihbating Jiplsrari AERPSE oRR rtaminals of a step-

down transformer. The output of the transformer is then
- rectified, smoothed and regulated to provide the desired
S supply, usually nominally 12 volts. Surprisingly,
progressive refinements of this method have resulted in
devices of uﬁ to 75% efficiency, and such systems are
.very widely employed.
The present inventor has found, however, that
10 oscillation basgd power converters suffer from at least
two serious disadvantages.
A first disadvantage of many switched-mode
(oscillation) based converters is that their circuitry is
all too likely to be damaged by the heat generated within
15 _theﬁ when the converter is abused, Zor example by direct
electrical connection of its output terminals. 1In
practice over the life of the converters operatives tend
to replace any safety fuses {or fuses supplied with the
coﬁverter) with incorrect fuses or, worse, by-pass them
20 entirely.
This leads tc significant fire hazards.
Secondly, they generate by their nature powerful

electromagnetic radiation, often referred to as radio



15 was found which could provide an output voltage with

sufficient stability, particularly when the current demand at the
out put 1 ncreased to any significant degree. Many devi ces
used as accessories in vehicles, : boats, the aviation industry or

ot her eqwigusemez require 20 a reasonably snoot h anBCHGEMAMIC suppl y
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t herefore concentrated on net hods of DC power conversion in which a
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he dashb of the | for . i |
acrose the t g‘m%tsrr‘gyo?r%g’éﬁ%%n SMRREh] 3 ofren sifaRRd ok 10 VOl 20F,

transformer is then ecti_fied, spoothed and regglated tg grOV|de
t he desired manner that affects electrical, electronic a more oft

communications equipment within the local area of the
converter. |
5 This is a widespread occurrence and, although
many devices are claiwmed to have adequate filtering
within their design, this problem occurs continually.
This problem is potentially more serious when the
radiation affects users of devices and/or communications
10 equipmeng completely remote and both unattached and
unconnected té the converter mounted on the vehicle or
equipment in question.
In many instances the user of the conversion
device has no knowledge that it may be causing
15 interference externally to other services.
SUMMARY OF THE INVENTION
The present invention, which is intended, inter
alia for use in private, commercial and military
vehicles, private, militéry qnd commercial maritime craft
20 or smaller boats, the aviation industry, industry
generally and for other pieces of equipment, seeks to
overcome the problems of electromagnetic radiation and/or

of overload conditions whatever external protection may



5 supply, usually nomnally 12 volts. Surprisingly,

progressive refinenments of this nmethod have resulted in devi ces of
up to 75% efficiency, and such systens are very w dely enpl oyed.
The present inventor has found, however, that 10 oscill ation based
power convert ekysosephgear from at | east two serious di SRO/GRG00EI3.

A first disadvantage of many sw t ched- node (oscillation) based
converters is that their circuitry is all too likely to be damaged
by the heat generated within 15 t hem when_t he converter is abused, for
exanpl e by direct el ectrical connectich of its output termnals. In
practice over the |jf.e of .the ters. ap I yes t . to repl ace
any safety fuses (oer’I &s&ékguﬁgggégév&? K% eg;a%: Eize %ﬁﬁrgﬁér) W th

i ncorrect fuses or, worse, by:gass t hem 20 entirely. . ,

This | eads to significant fPr&tRadgptygeneral terms, the preasny dnveption

generate by their nature powerful el ectromagnetic, radiation, often
referred to as radiRfeposes a converter having a first portion which

controls DC voltage conversion and a second position,
S spaced from the first, in which heat may safely be
developed.

Accordingly, in a first aspect the invention
provides a converter for a DC power supply having an
input resistance means in serieg with a DC regulating

10 circuit of which an output is to be at a voltagé lower
than an input voltage into the converter, the resistance
means being locatable distant from said regulating
circuit.

In a second aspect, the invention provides a

15 converter for a DC power supply comprising an input
resistance means connected in series with a DC regulating
circuit of which an output is to be at a voltage lower
than the input voltage to the converter, the resistance
means and regulating circuit being located in different

20 respective housings.

In a third aspect, the invention provides a
converter for a DC power supply comprising an input

resistance means connected in series with a DC regulating
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manner that affects electrical, el ectronic and nore often

comuni cations equi pnent mnthln the |l ocal area of the converter.

5 WO%RIBR | s a wi despread occurrence and, al t hougiCT/GB96/00033 many
devices are clainmed to have adequate filtering within their design
this problem occurs continually. This problemis
potentially nore serious when the +sadiation affects users of

devi ces and/ or comruni cations 10 equi pnment conpletely renote and both

unattached and cjreust o!nﬁﬁﬂéﬁ%ﬁ%&tﬁn&h@.scgavﬁét§£ A0SO oe vehi cle
or equi pment i n question. I'n many instances the

user of the CORYRESLANinoue voldfdd AeRAEHBOCkRORLEADE tHlAtyddi sTBN DE

causi ng
means and regulating circuit being adapted for mounting

in different respective locations on a piece of
5 machinery.

A converter according to any aspect of the
present invention is preferably capable of delivering
electrical power of at least one watt, and mofe
preferably electrical power up to several tens or

10 hundreds of watts.

The resistor of the input resistance means will
usually have a value not greater than 10 ohms, preferably
0.1 to 5 ohms and most preferably 0.5 to 1.5 ohms.

It is intended that in use the converter is

15 connected to the battery power supply of a large piece of
equ%pment, for example a lorry, and that the resistance
means is mounted on the body of the equipment, e.g. the
chassis of the lorry, so that heat may be dissipated to
the body distant from the rggulating circuit.

20 Although the regulating circuit may use
oscillation it preferably employs linear converters, so
that substantially no electrical noise is created on the

output power supply. In this case both the disadvantages



15 interference externally to other services. SUMVARY OF THE

| NVENTI ON The present invention, which is intended, inter
alia for use in private, commercial and mlitary vehi cl es, private,
mlitary and commercial maritinme craft 20 or smaller boats, the

avi ation i nduswoys2issriust ry generally and for other pceesss b33
equi pnent, seeks to overcone the problens of el ectronmagnetic

radi ati on and/ or of overl oad conditions whatever external
protection may - WO 96/ 21892 8
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respect to rel evyft 1finearr 8bhvéisers described abovd Mmdy beT@vergomne] abr
ternms, the present invention proposes a converter having a first

poFtion which  a¢ 1eaRB!E@bstdXtis14248AGEEYET 108k AHe FeyBIARINgOSI tiON,

circuit can be selected so that in use a major portion,
for example at least 60% and preferably at least 70% of

5 the heat generated by the voltage converter is produced
in the resistance means, and be spaced distant from the
regulating circuit. This arrangement significantly
lessens the necessity for the circuit to perform power
conversion at high efficiency, sincé there is less heat

10 generation in the location of the regulating circuit
itself, and hence the regulating circuit can be selected
to optimise output stability and regulation regardless of
the output current drawn. Overall power conversion
efficiency is not of paramount importance in this

15 application, since both the supply current capability and
the battery capacity are very large in the application
specified.

The regulating circuit is preferably further

selected to limit the current which can be drawn from the

20 converter, for example by limiting the oubput current to
be below an upper critical limit, or simply by ceasing to
supply output voltage when the converter detects an

irregularity in the current drawn from the converter, a



5 spaced fromthe first, in which heat may safely be devel oped.
Aol di-nglatmddd. 2 first aspect the_jpvention ~__provides a converter

for a DC power supply having an i nput resistance neans I n series
with a DC regulating 10 circuit of which an output is to be at a

vol t age | o\WP 96721892 than an input voltage into the CO”VWMTM

resi stance nmeans being | ocatable distant fromsaid regulating
circuit. In a second aspect, the invention provides a 15
converter for a DC power supply conprisigg an input resi stance
means connected in series with a DC reguPating circuit of which an

output s t0 Dciilidud Ulcihi® 2O¥BId back. HiaN id19-eB¥hbYPl Lage Lo the

converter, the resisStance means and regul ating circuit being

| oaed 0 LUELBg FRepanghiBHGChE I YNIUES, ox apeepce of oo |12
3\#? ﬁl z‘ E%T;éf#%ﬂagatler}%msuch as fuses | gzt agfrecuﬁa%%e%%ggg(ftvsgié}? c_saet{i es
be tampered with.

5 The resistance means igs preferably adapted for
mounting on the body of a large piece of machinery in
such a way that there is good heat conduction
therebetween, whereby heat generated within the
resistance means is rapidly conducted away. The

10 regulating circuit is preferably mounted on a heatsink
formed with a high surface area to enhance its capacity
to transmit heat generated by the regulating circuit to
ambient. air, e.g. by convection.

The heatsink for use with the regulating circuit

15 preferably has high surface area and longitudinal
symmetry. It may be mounted with its longitudinal axis
vertical so that when it becomes warm a vertical flow of
air is created along it, thereby improving the ability of
the heatsink to transmit to the atmosphere the heat

20 generated by the regulating circuit.

The regulating circuit is preferably selected to
cease transmitting power when the temperature of the

circuit rises above a predetermined value. This “thermal
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7 circuit of which an output is to be at a voltage | ower

than an input voltage into the converter, the resistance means and
regulating circuit being adapted for nounting in different
respective | ocaMQA621892 a piece of 5 machi nery. CT/GBY00033
converter according to any aspect of the pr esent |nvent|on 'S

pref erably capabl e of delivering el ectrical power of at |east one
watt, and nore preferably electrical ggwer up to several tens or 10
hundreds of watts. The resistor of the input resistance

means wil | ssesddy iRayeuge¥dl Ué‘afEEly &re%%h% t bgen 1o %uﬁrtqt)ﬁr ably

0.1 to 5 ohms and nost preferably 0.5 to 5 ohns.
intended that in ysa i ReeCPBYE" bEEK ! feature described above, since the

conditions which trigger fold back do not necessarily
occur instantaneoﬁsly upon occurrence of a fault.

5 Furthermore, it is possible to have overheating without
electrical overload, for example if the regulating
circuit is located in a region toc warm for the heat sink
to operate satisfactorily.

ERIEF DESCRIPTION OF THE DRAWINGS
10 Further objects and advantages of the present
invention will be explained in the following detailed
description of preferred exemplary embodiments with
reference to the accompanying figures in which:-
Fig. 1 shows the circuit diagram of a first
is5 embodiment of a DC converter according to the invention;
Fig. 2 shows the circuit diagram of a second
embodiment of the DC converter;
Pig. 3 shows a circuit diagram of a third
embodiment of the DC converter;
20 Fig. 4 shows a circui;“diagram of a fourth
embodiment of the DC converter;
Fig. 5 shows a circuit diagram of a fifth

embodiment of the DC converter;



15 connected to the battery power supply of a | arge piece of

equipnent. for exanple a lorry, and that fhe resistance neans is
nount ed on the body of the equipnent, e.g. the chassis of the lorry,
so that heat may be dissipated to the body distant fromthe

regul ati ng wo9a21822. 20 Al t hough the regul at i nPCIIGBIENA3TTRY UuSe
oscillation it preferably enploys |inear converters, so t hat
substantially no electrical noise is created on the out put power
supply. In this case both the disadvantagfs WO 96/ 21892
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converters descri bed pve be overco or . . a east

substantial l'y reduced éﬁaﬁﬁ spggﬁfgtPE5 relatlonﬁﬁlpbgf#wsﬁﬂ bR sel ect ed
so that in use a ngj portlo for exanple at |east 20@6and

preferably at FEHBE q@ggqﬁof the heatsznk of the third and fift
embodiments of the DC converter with the output current
supplied;
5 Fig. 7 is an end view of a heat sink suitable for
use in the present invention;

Fig. 8 is a cross-sectional view of a regulating
circuit according to the present invention incorporated
into the heat sink shown in Fig. 7;

10 Fig. 9 shows a perspective view of the heat sink
of Fig. 7;

Fig. 10 shows a perspective view of a resistance
unit for use in a converter according to the present
invention; and

15 Fig. 11 illustrates the installation of a DC
converter according to the invention.
DETAILED DESCRIPTION

Referring firstly to Fig. 1, the first embodiment

of the DC §onverter'of the present invention has input

20 terminals 1,2 for connection respectively to the
terminals of an external battery of a piece of equipment,
such as the 24V battery of a lorry. The regulating

circuit is positioned within a regulating unit 3 which



5 t he heat generated by the voltage converter 'is produced I n
the resistance neans, and be spaced distant fromthe regul ating
circuit. This arrangenent significantly | essens the necessity for
the circuit to perform power conversion at high efficiency, since
there is | esswboear18920 generation in the | ocation of theorapesemmsng
circuit itself, and hence the regulating circuit can be sel ected
to optimse output stability and regul ati on regardl ess of t he

out put current drawn. Overall power conversion efficiency is not of
par anmount inportance in this 15 applic%?ion, since both the supply
current capabili&y and ,tq? batterg ca acL%y ar ve%ﬁ Igrge in the
appl i cation as ippuffexpinals 8,10 fOr recey q&xﬁ%%ﬂ? GREiPETT i s
preferably further selected to |limt the current which can be drawn

fromthe 20 2N QUEPRE teinalens & F9T| FARRSHG Ahd D ERSUPC¥RFrent to
be bel ow an upper critical limt, or sinply by ceasing to supply
out put vol t age wiaputpmeofoplegtronigeaccessanies. The domvegtexsr BE§PSn t he
current drawn fromthe converter, a

down the DC voltage from the battery so that the voltage

5 difference between its input terminals 1,2 is greater
than e.g. twice the voltage difference between the output
terminals 5,6. In series with the regulating unit 3
between the battery terminals 1,2 is resistance unit 4
comprising a resistor Rl and a fuse FS 1.

10 : The resistance unit 4 is connected to the
regulating unit 3 by a cable 9, the length of which is at
least several centimetres and preferably up to several
metres, so that the resistance unit 4 can be located
distant from the regulating unit. The resistance unit 4

15 is adapted to be mounted on a massive part of the
equipment such as the chassis of the lorry, so that the
heat it generates is transmitted into the chassis. The
regulating.unit 3 is located elsewhere on the lorry,
either at a different location on the chassis or, for

20 example, under the lorry daéhboard, and makes good
thermal contact with a heatsink adapted to transmit the
heat generated by the regulating unit 3 to the

surrounding air.
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9 techni que known as fold back, This is preferably achieved

i ndependently of the presence or absence of interrupters such as
fuses or circuit breakers, which can be tanmpered with. 5
The resi swaserisarans is preferably adapted for NOPCIT/GRES00833t he body
of a large piece of machinery in such a way that there is good heat
conducti on t her ebet ween, whereby heat generated within the
resi stance neans is rapidly conducted away. The 10 regulating circuit _
Is preferably nounted on a heatsink 13" formed with a high surface area
to enhance its capacity, . . to transmt heat generated by the
regul ating circuit t81¥hln the ypaudating, unit 3, (ﬁq(ﬁ%vJ&ed
The heatsink for use with the regulating circuit

_ equally between the resistors R2, R3, R4, R5 and Ré, all

of equal resistance, of the same order as (but not
necesgarily the same as) the resistance of R1. The
5 voltage between output terminals 5 and 6 is maintained at

12 volts using 5 regulators IC 1 to IC 5 which each have
a 3 amp specification, and are controlled in operation by
resistors R7 and R8 and capacitors Cl, C2 and C3. 1In
this way using standard components it is possible to

10 maintain an output current of up to 15 amps, which is
considerably higher than the current output of
conventional converters.

The regulatorg ICl and ICS5 are preferably

selected so that the regulating unit 3 ceases to supply

15 power when the regulators reach a.predetermined
temperature. For example, the regulators may be
integrated circuits KA350, which has that property.

In one selection of component values which gives

correct 24 voltage to 12 volt conversion, Rl takes the

20 value of .5 ohms, while résistors R2 to R6 each have a
resistance of .015 ohms; Cl1 is a 1,000 wuF/35 volt
electrolytic capacitor; and C2 is a 100 pF/16 volt

electrolytic capacitor. IC 1 to IC 5 may be 8 volt/3 amp



15 preferably has high surface area and | ongitudi nal symetry.

It may be nounted with its |ongitudinal axis vertical so that when
it becones warma vertical flow of air is created along it, thereby
improving the ability of the heatsink to transmt to the atnosphere
the heat 20 Wwaesi2a8%ated by the regulating circuit. PCT/GBY%/000Bh e
regulating circuit is preferably selected to cease transmtting
power when the tenperature of the circuit rises above a
predet erm ned val ue. This "thermnal W 96/ 21892

PCT/ GB96/ 00033 14 10 cutout" is
a useful safety feature, even |n, conbi na the fold back

feature descrlbedIEEU&@t°§?nE%§t%ﬂathls °ase05ﬁﬁ????ﬁﬁ;%anaﬂ¢ 8 Bgee fol d

back do not necessarily occur instantaneously upon occurrence of a
faul t. values of 220 ohms and 150 ohms respectively.

Alternatively, IC 1 to IC 5 may be 5 volts/3 amp
regulators and in this case R7 and R8 have values of 500
5 and 860 ohms respectively. In alternative embodiments,
the regulators IC 1 to IC 5 are 12 volt regulators, and
the voltage of the output of the circuit can be made to
be 13.8 volts by selecting R7 and R8 to be 480 and 72
ohms respectively. C3 is a 2200 uF/16 volt electrolytic
10 capacitor.

In this embodiment FS 1 and FS 2 are blade fuses
having respectively 25 amp and 15 amp capacities. FS 3,
FS 4 and FS 5 are a further three blade fuses, the total
value of which does not exceed 15 amps; usually each has

15 a capacity of 5 amps.

Fig. 2 illustrates a second embodiment of the
invention being a modified version of the first
embodiment. This second embodiment is preferred to the
first embodiment, since it is cheaper and simpler to

20 manufacture. It is designed to output 5 amps, and will
automatically cease supplying power in conditions of
electrical overload or overheating. The converter will

then automatically recommence normal functioning when the



5 Furthernore, it is possible to have overheating w thout
el ectrical overload, for exanple if the reqgul ating circuit is

loCated 1N aregion too warmfor the heat sink to operate
satisfactorily. BRI EF DESCRI PTI ON OF THE DRAW NGS 10

Furt her objwsésmisiad advant ages of the present I NV eatricesadesd be
explained in the follow ng detailed descripti.on of preferred
exenpl ary enbodi nents with reference to the acconpanying figures in
whi ch: - ' Fig. 1 shows the circuit diagramof a first 15
enbodi nent of a DC converter according tot%he invention;

Fig. 2 shows the circuit diagramof a second enbodi nent of the DC
converter; fault conditiqy has3zbepBusemoved (K tthe FGmBRrstuset hird
enbodi nent of the DC converter; 20 Fig. 4 shows a circuit

di agram of a fveduted to a peamiisdiibdat level he DC converter;

Fig. 5 shows a circuit diagramof a fifth enbodi nent of the DC
converter:; In this embodiment the resistance unit 4 on the

input side is separated from the regulator unit 3 by a
5 multi-cable lead 9' including connector jack and plug
assembly 9". .

Values for the components in this circuit are:

IC 6, 1C 7 = Integrated circuit regulator type LM350
C 4 = Electrolytic capacitor 47uF/35V
10 C5 C6 = Electrolytic capacitor 100uF/16V
D1 = Diode IN4001
R 1! = Wirewound resistor 1.5 chms
R 9 = Wirewound resistor 120 phms
R 10 = Wirewound resistor 1.2K ohms
15 - A third embodiment shown in Fig. 3, employs a

resistance unit 4 equivalent to that in the first
embodiment, but uses a different regulating circuit in
which current flows principally through resistor R2. The
specification of the components in the circuit is as

20 follows:

TR 1 = PNP Transistor (TO3) MJ15004.

TR 2 = -PNP Transistor (T0220) BD744.
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11 Fig. 6 illustrates the relationship between the
tenperature of the heatsink of the third and fifth enbodi ment s of
the DC converter with the output current suppl i ed; 5

Fig. 7 is an ewmo9w218 of a heat sink suitable for US @CTIEBY4160033
present invention; Fig. 8 is a cross-sectional view of a
regul ating circuit according to the present invention incorporated
into the heat sink shown in Fig. 7; 10 Fig. 9 shows a
perspective view of the heat sink oﬂsFig. 7; Fig.
10 shows a persp ive viewoof ar SIS anc uni for a
convert er accordlié)%() t e 6F%§gﬁ? #ESie regulactl bybe 1 Hihcy!

Electrolytic Capacitor 2200 pF/16 volts.

R 1 = Wirewound Resistor, 0.5 ohm/100 watt.

R 11 = Wirewound Resistor, 0.05 ohm/25 watt.

5 R 12 = Metal Film Resistor 220 ohm/1 watt.
R 13 = Wirewound Resistor 3.3 ohm/2.5 watt.
R 14 = Metal Film Resistor 150 ohm/1 watt.
Cc 7 = Electrolytic Capacitor 1000 uF/35 volts.
Cc s = Blectrolytic Capacitér 1 uF/35 volts.

10 co = Electrolytic Capacitor 1000 uF/35 volts.
C 10 = Elecﬁrolytic Capacitor 2000 uF/16 volts.

As will be appreciated by a skilled person, the
above choice of IC8 means that the circuit ceases to
deliver a voltage when its temperature reaches a

15 predetermined value. Thus, there is a thermal cutout at
this temperature.

Fig. 4 illustrates. a fourth embodiment of the
invention, being a modification of the third embodiment.
The fourth embodiment is preferred to the third

20 embodiment since it is cheaper and easier to manufacture.



I nvention; and 15 Fig. 11 illustrates the installation of a DC

converter according to the invention. DETAI LED DESCRI PTI ON
Referring firstly to Fig. 1, the first enbodi nent of the DC
converter of the present invention has input 20 termnals 1,2 for
connecti owo et i vely to the term nal s of an eptesspséoobsnttery of
a piece of equipnent, such as the 24V battery of a lorry. The
regul ating circuit is positioned within a regulating unit 3 which
WD 96/ 21892 1 PCT/ GB96/ 00033

12 has input terminals 8,10 for Peceiving el ectrical power

and out put t 1,nal o[ .C I.on . to.th wer | nputs of

el ectronic agégégbF%€§99?§e£%d%§%§§%#‘sﬁﬁbék Smgg.

As in the second embodiment, the regulator unit 3
is connected, via resistance unit 4, to the input and

output via a lead %' and jack and plug assembly 9".

5 : Values pf.the components shown are:
D2 = Diode type IN4001
IC 9 = Integrated circuit type LM 350
TR 3 = Transmitter type MJE 15004
TR 4 = Transistor type BD 744C
10 ZD 1 = Zener diode type IN5355B
C 11 = Electrolytic capacitor 47uF/35V
C 12,C 13 = Electrolyﬁic capacitor 100uF/16V
C 14 = Electrolytic capacitor 0.47 uF/63V
R 1 = Wirewound Resistor 0.5 ohms
15 R 15 = Wirewound Resistor 120 ohms

R 16 = Wirewound Resistor 1.2K ohms
R 17a-d = Each 27 ohms
R 18 = Wirewound Resistor 0.05 ohms
In the embodiment illustrated in Fig. 5, current
20 is again principally conducted to output terminals 5,6
through resistor R192. The voltage is regulated using
integrated circuit IC 9, which is a regulator of type

L123CT. This converter has the feature that when the



down the DC voltage fromthe battery so that the voltage 5 di fference

between its input termnals 1,2 is greater than e.g. twice the

vol tage di fference between the output terminals 5,6. In series with
the regulating unit 3 between the battery termnals 1,2 is

resi stance uni wo%6/21892 conprising a resistor RL and a fuseprEficBosoodd
The resistance unit 4 is connected to the regulating unit 3 by a
cable 9, the length of which is at Ieast several centinetres and
preferably up to several netres, f}gat the resistance unit 4 can
be.l ocat ed di st ant from t he regul at| uni t. The resistance unit 4
15 I s adapted to be no L %2 iﬂu ment
such as the chasm%“f)cfu’tth@xPSF??ncg% ?h%ﬁvﬁrlﬂ?e el ‘é‘é?“ﬁlﬁé’n s is
transmtted into the chassis. regulating uni{ 3 is J|ocated

el sewhere on the |BR¥ prise For | eﬁ?’l‘ﬂ’tje‘? if thejiouterenterBiaRiy P rF ®he _
chassis or, for 20 exanpl e, under the | orry dashboard, and makes good
thermal cont act VMQ#FQ¥Hﬁe&F§|ﬁRnaﬂﬁiﬁQxFQ39qﬂ%§hsﬁFt9tﬁéuses the gptput
generated by the regulating unit 3 to the surrounding air.

voltage to take a low level until it is reset, a
5 technique of current limitation known as "fold back".

Values of components in the circuit are as

follows:
TR 4 = NPN Transistox (TO3) 2N3771.
10 TR & = NPN Transistor (T0220) BD743C.
IC 10 = Integrated Circuit Regulator type L123CT.

C 15 = Electrolytic Capacitor 1000 uF/35 volts.

C 16 = .Electrolytic Capacitor 10 uF/16 volts.

C 17 = Electrolytic Capacitor 2200 uF/16 volts.
15 C 18 = Electrolytic Capacitor 4.7 uF/35 volts.

C 19 = Ceramic Capacitor 470 pF/100 volts.

R1 = Wirewound Resistor 0.5 ohm/100 watt.

R 19 = Wirewound Resistor, 0.05 ohm/25 watt.

R 20 = Metal Film Resistor 6.8 Kilohm/0.25 watt.
20 R 21 = Metal Film:Resistor 3.6 Kilohm/0.25 watt.

R 22 = Metal Film Resistor 7.5 Kilohm/0.25 watt.

Other components have the same values as the

corresponding components of the third embodiment of the
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13 Wthin the regulating unit 3, current is divided

equal Iy between the resistors RZ2, R3, R4, R5 and Ro, all of equal
resi stance, of the sanme order as (but not necessarily the sanme as)
the resi stwoognae2Rl. The 5 vol tage between out put pefghésilesss> and 6
I s mai ntai ned at 12 volts using 5 regulators IC1 to IC5 which
each have . a 3 anp specification, and are controlled in operation by
resistors R7 and Re and capacitors Cl, C2 and C3. In this way using

standard conponents it is possible-to 18° mai ntai n an output current of
up to 15 anps consi derably higher than the current output

of HW%%F?SnanXSHQ%FIe The regulators ICl1L and

| CS are referabl .
P y Fig. 6 illustrates the relationship between the

temperature of the heatsink and the current drawn from

the output of the voltage converter of Fig. 3 or Fig. 5.
5 The fwo curves represent respectively the cases that the

input to the voltage converter is 23.3 volts (the lowest

voltage typically delivered by a lorry's battery) and

27.6 volts (which may be delivered while the battery is

charging). Ideally, the converter is operated in a range

10 of currents between the two curves.

It has been found that the first, third and fifth
embodiments of the invention given above fulfill the
following specification.

.Output Voltage :- 13.8 Volts DC.

15 Output Current :- 0 to 15 Amps.
Input Voltage :- 23.3 Volts to 27.6 Volts DC.
Maximum Input

Voltage Overvolt :- 35 Volts DC Short Term Fault
' Condition Vehicle Supply

20
Current Overload
Protection :- Type 2 Current Limit at 15 amps.
(Also Type 1).
:- Type 3 Current Foldback at 15 amps.
25

Operating Temperature
Range :- Better than -40°C to +40°C *
*At +40°C Heatsink Temperature is



selected so that the regulating unit 3 ceases to supply 15 power when

the regul ators reach a predeterm ned tenperature. For exanple, the
regul ators nmay be integrated circuits KA350, which has that
property. In one selection of conponent val ues which gives
correct 24 vol WaRe/2489212 volt conversion, Rl takes the 20 PCUGBS®38 .5
ohnms, while resistors R2 to R6 each have a resi stance of .015 ohns;
Cl is a 1,000 [err]F/ 35 volt el ectrolytic capacitor; and C2 is a
100 [err] F/ 16 volt el ectrolytic capagbtor. IC1toIC5 nmay be 8
volt/3 anp WD 96/ 21892

PCT/ GB96/ 00033 ° 14 regul-ators
and in this case resistors R7 and F@fl%é&g amps - val ues of 220 ohns and

;ﬁg Oh”‘f respectively.  pne seboi§ 8 'eién bfvdallents udlBieduw ¥8! 1S3
five and fifteen amps respectively, or a maximum wattage
of 60 or 180 Watts respectively.

5 Fig 7 is an end view of a heatsink 14 suitable
for use as the heatsink for the regulator unit. The
heatsink 14 is suitably an aluminium extrusion. It has
longitudinal symmetry, and is to be mounted with its
longitudinal axis vertical for maximum dissipation of

10 heat by convention.

Fig. 8 illustrates how the regulator circuit may

be built into the heat sink 14 shown in Fig. 7 to provide
a heat sink unit. Components 17 of the regulating
circuit, connected by a printed circuit board 19, are

15 placed in contact with a central surface 15 of the heat
sink 14, so that good thermal conduction is obtained
between the components 17 and the surface 15. The
circuit is then potted in a thermally conductive potting
compound 21 which provides mechanical support Eo; the

20 circuit board 19. The regulatiné circuit does not extend
along the whole length of the heatsink 14, but leaves end
portions of the surf%ce 15 uncovered. Thus, when the.

petting compound is applied, along the whole length of



regulators and in this case R7 and R8 have val ues of 500 5 and 860
ohns respectively. |In alternative enbodi nents, the requlators I1C 1

to 1C5 are 12 volt regulators, and the voltage of the output of
the circuit can be nade to ~ be 13.8 volts by selecting R7 and R8 to

be 480 andwoderaisez ohns respectively. C3 is a 2200 [ erpdfrchssmisyst
electrolytic 10 capaci tor. In this enbodinment FS 1 and

FS 2 are bl ade fuses havi ng respectively 25 anp and 15 anp
capacities. FS 3, ' FS 4 and FS 5 are a further three bl ade fuses,

t he total val ue of which does noflexceed 15 anps; usually each has
15 a capa of .5.a Ll ustrates a second

enbodi nment ofcﬁﬁl heatSIngpiﬁVe$R?(ﬁ$3ﬁﬁﬁﬁjn§ ﬁgggyled ﬁ%ﬁ?%ﬁ the first

enbodi ment. This secaond enbodinment is preferred to th first

enbodi ment, sifiFqunded PKethe Patiding Gomprupg espept f%rﬁff%ct ure. It is
desi gned to output 5 anps, and wil| automatical ly cease supplying
power in condiRQEsHengf of the compenantiscd? Whirhoseneactk ke haategnkThe

converter wll
14. Thus, the regulating circuit is completely protected

5 from physical interference and alsc from contact with any
moisture which comes into contact with the heatsink unit.
The potting compound also makes a sealing contact with
electrical leads projecting through it to the regulating
circuit, thus ensuring that moisture does not leak to the
10 regulating circuit in this way. Preferably, the heatsink
unit is made completely waterproof, or at least
splashproof, in this way.
An upper surface of the potting compound 21 is
covered by a plate 22.  Thus the heat sink 14, and the
15 plate 22 constitute a housing 25 for the regulating
. circuit.

A second plate 23 closes the cavity at the other
gside of the heat sink. The two plates 22, 23 are secured
together by a pin 24 with cap 25, 26. The cavity formed

20 between the plate 23 and the central region 15 of the
heat sink 14 is filled with a potting compound 27.
The potting compound 21, 27 used in this

embodiment is preferably thermally conductive, for



then automatically recommence normal functioning when the WO

96/ 21892 PCT/ GB96/ 00033

15 fault condition has been renoved or the tenperature

reduced to a permssible |evel. In this enbodinent the

resi stance uniwo4621892 he _ I nput side is separated frompcriesssesgas at or
unit 3 by a 5 mul ti-cable lead 9' including connector jack and plug
assenbly 9". Val ues for the conponents in this circuit are:
IC6, IC7 = Integrated circuit regul ator gype LM350 C4 =
El ectrol ytic capacitor 47[err]F/ 35V 10 C5 C6 = Electrolytic

gap\?\;’:iré\(/)v(r)uln(ﬂ :;iré%r V? Sitoﬁnr’?e’ bePal compound S\QIP%% EN4083 supplieda Hy 1
' Electrolube.
Fig. 9 is a perspective view of the unit shown in
Fig. 8. A bracket 30 is attached to the heat sink unit
5 by screws 31, 33, and is adapted for connection using
apertures 35, 37 to the body of a piece of machinery such
as under the dashboard of or to the chassis of a lorry.
Electrical inputs to the heat sink unit are via leads 38
and plug 39.

10 Fig. 10 illustrates in perspective view a
resistor unit 45 containing the resistor (R1,R1') of an
embodiment of a converter according to the invention.

The resistor has pins 41, 43 by which it may be
electrically connected to the rest of the converter. The

15 resistor unit 45 includes its resistor surroﬁnded by, and
electrically insulated from, cylindrical portion 46 of a
housing including plates 47, 49. The housing is an
aluminium extrusion. The plates 47, 49 are provided with
apertures 51, for attaching the housing, for example, to

20 the chassis of a lorry,- so that excellent thermal
conductién between the resistor and the chassis is

obtained. The cylindrical portion 46 is externally

ribbed, to assist heat dissipation by convention, but



R 9 =W r ewound resistor 120 ohns R 10 = Wrewund

resistor 1.2K ohns 15 A third enbodi nent shown in Fig. 3,

enpl oys a resistance unit 4 equivalent to that 1n the first

enbodi ment, but uses a different regulating circuit in whi ch
current fweosss2gesenci pally through resistor R2. The PCT/GBSEWob3sCat i on of
the conponents in the circuit is as 20 fol | ows: TR 1 =
PNP Transi stor (T03) MI15004. TR 2 = -PNP Transi stor (T0220)
BD744. W) 96/ 21892 23

PCT/ GB96/ 00033 16 IC 8 =

'CQLSE{?E?%% 'gtrar /g%a%% tégm&?%%ﬂ*@ﬁd 100 wattd dre thermah§girolytic
' conducted to the chassis.

Fig. 11 illustrates the installation of a

converter according to the invention into the cab 50 of a

5 lorry. The heat sink unit 51 is placed, with its
1ongitudinal axis vertical inside the bonnet bulkhead.
The ballast resistor 53 is located in the chassis area.
The converter further comprises a fuse holder 55 inside
the cab bulkhead, a multi connector kit 57, also within

10 the cab bulkhead, and a LED 59 kit mounted on the
dashboard.

Many modifications to the above embodiments are
possible within the scope of the invention, as will be
clear to those skilled in the art. For example, although

15 preferable it is not necessary that the regulating
circuit is of the linear conversion form, and alternative
embodiments émploying an oscillation-based regulating
circuit are acceptable. The converter may also be used
in combination with vehicles other than lorries, such as

20 ' marine vessels for example, or even with less
transportable items of machinery containing a DC power

source.



R1 = Wrewund Resi stor 0 5 ohm 100 watt. R 11 W r ewound
Resi stor, 0.05 ohm 25 wat R 12 = Metal FilmResistor 220 ohnm' 1
wat t . R 13 = eﬁﬁ haggdor 3.3 ohm2.5 watt. R 14
= Metal Film Resistor c7 = Electrolytic
Capaci t or 1000WO96R21892 35 = El ectrol ytrcI/cRasmonss or 1
[err]F/35 volts. 10 trolytlc Capacitor 1000 [err]F/ 35

'_\

vol ts. C 10 = Electrolytlc Capacitor 2000 [err]F/ 16 volts.

As wi || be appreciated by a skilled person, the above choice of 1C8
means that the circuit ceases to deltver a v H,g

tenperature reaches a 15 pr edet er m ned val ue. hus%ﬁ'&s BEEN

t hermal cutout at this tenperature.

ilTustrates a foumdi ment of the i nvention, being a

nmodi fication of t enbodi nent . The fourt h enmbodi ment is
preferred to the th|rd 2% convggpggi oguasﬂ ce it egper and eaS|eE to
manuf act ur e. powexr supp Y v:Lng an inpu

resistance means in series with a DC regulating circuit

5 of which an output is to be at a voltage lower than an
input voltage into the converter, the resistance means
{4) being locatable distant from the regulating circuit
(3).
2. A converter according to claim 1, wherein the

10 resistance means and regulating circuit are in separate
respective housings (4,3; 45,14).
3. .A converter for.a DC power supply comprising an
input resistance means connected in series with a DC
regulating circuit of which an output is to be at a

15 voltage lower than an input voltage into the converter,
the resistance means (4) and regulating circuit (3) being
adapted for mounting in different respective locations on
a piece of equipment.
4. A éqnverter according to any one of the preceding

20 claims in which the regulating circuit employs linear
converters.
5. - A converter according to any one of the preceding

claim in which the regulating circuit is selected so that

A



WD 96/ 21892 ' PCT/ GB96/ 00033
17 [t is designed to output up_to 15 anps As in

and pl ug WoERSHY 9" . VaI ues of the conpermResw%08038WN ar e:

= Diode type = JIntegrated circuit
type LM 350 TR 3 = Transnttter type MIE 15004 TR 4
= Transistor type BD 744C 10 ZD 1 = Zener diode type | N5355B
C.,11 = Electrolytic capaci tor 47[3Pr]Fl35V C 12,C 13 =

capaci tor 0. A% %%L%F%a§§§15¥534¥f¥3§1°f che neke lencrecen ol BRLOIILC

15 R 15 converter Y5 égzlljgzdat%edsl %%el%gs:ts ance means.

t he second enbodlneme$$wHa Beedunit 3 i's connected, via
resi stance unit 4, to ﬂl output via a lead 9' and jack

6. A converter according to any one of the preceding

claims in which the regulating circuit is selected to

5 limit the current which in use is drawn from the
converter.
7. A converter according to any one of the preceding

claims in which at least the resistance means is adapted
for mounting on the body of a piece of equipment with

10 good heat conduction therebetween.

-8, A converter according to any one of the preceding
claims in which one or both of the resistance means and
the regulating circuit is provided with means for
transmitting heat generated therein to ambient air.

15 9. A converter.according to aﬁy one of the preceding
claims in which the regulating circuit contains no
oscillator circuitry and which generates substantially no
radio frequency electromagnetic radiation.

10. A converter according to any one of the preceding

20 claims in which the regulating circuit is selected to
cease to supply an output voltage when at least a portion
of the régulating circuit is at a temperature above a

predetermined value.

"THIS SHEET HAS BEEN
REPLACED

* C L M S *



R 16 = W rewound Resistor 1. 2K R 17a-d = Each 27
ohns R 18 = Wrewund Resi stor 0. 05 ohns In

t he enmbodi nent illustrat ednﬁsFShFet as Boen 20 is again principally
conducted to output term na N\ thr ough resistor R19. The vol tage
er

is regul at ed u3VOn26/21892 uit 1C9, which is rcT/eBssimba3r of
type L123CT. This c as the feature that when the

WD 96/ 21892 o PCT/ GB96/ 00033

18 circuit experiences a severe curregt fluctuation, which

may arise for exanple if the output termnals of the circuit are

connected togetheri1)C 9 gaueaverber oxédwiding to anyObhagef tend ghtecedioy
| evel until it is reset, a 5 techni que of current limtation known as

“fold back". claims wherein the input resistance means has a

resistance in the range of about 0.1 to about 10 ohms.

THIS SHEET HAS BEEN
REPLACED

T



Val ues of components in the circuit are as

= NRN—TH=aemsi-ax

BD743C.
C 15 =

LTOR)

203771

10

IR 5

foll ows:
NPN Tr ansi st or

TR 4

(T0220)

I C 10

= Integrated Circuit Regulator type L123CT.

El ectrol ytic Capacitor

El ectrol yt iWORMER tor 10 [err] F/ 16 volts.

Capaci tor

4.7 [err]F/ 35 volts.

R1

Resi st or,

2200 [err]F/ 16 volts.

C 19

0.05 ohm 25 watt.

Kil ohm 0.25 watt.

watt.

R 22

20

= Met al

R 21

15

= vaYal
Fi | m Resi st or

C 18 =

R 20

= Wrewound Resistor 0.5 ohnm 100 watt.
= Met al
Fi | m Resi st or

1000 [err] F/ 35 volts.

C 17

C 16

PeTiéIG06038 YU i C

El ectrol ytic Capacitor
= Ceram c Capacitor 470 pF/ 100 volts.
= Wrewound

R 19

Fi | m Resi st or
3.6 Kilohnt 0. 25

7.5 Kilohnl 0.25 watt.
correspondi ng

O her conponents have the sane val ues as the
conponents of the third enbodinent of t he
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19 voltage converter. y . Fig 6 illustrates the

rel ati onshi p between the tenperature of the heatsink and the

current drawn from t he output of the voltage converter of Fig. 3 or

Fig. 5. Wwoseenisszhe two curves represent respectively thpcfagssiooddzat t he

I nput to the voltage converter is 23.3 volts (the | owest vol t age

typically delivered by a lorry's battery) and 27.6 volts (which may

be delivered while the battery is charging). ldeally, the converter

I s.operated in a range 10 of currents between the two curves.

It has been found that the first, thir@Mnd fifth enbodi nent s of

the invention given above fulfill the foll owi ng specification.

Qut put Voltage :- 13.8 Voigt s=>Ds.
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15 Qut put Current 0 to 15 Anps. : | nput Voltage :- 23.3 Volts

t 0G0 Nolte DO Maxi mum input .. ... Voltage Overvolt :- 35 Volts
DC Short Term Faul t ' Condition Vehicle Supply 20
Current Overl oad Protection :- Type 2 Current Limt at 15
anps. . W09/21892 (Al'so Type 1). PCT/GBY96/00033  ~
Type 3 Current Fol dback at 15 anps. 25 Oper ati ng Tenperature

Range .- Better than -40[err]C to +40[err]C *

*At +40[err] C Heatsink Tenperature is WO 96/ 21892

PCT/ GB96/ 00033 20

86[err] C/ 15 anps. ' The s@®nd and fourth enbodi nents deliver
up to five and fifteen anps respectively, or a nmaxi num wattage

of "60 or 180 WAatts respectively.
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5 Fig 7 is an end view of a heatsink 14 suitable for

use—as-the=haatsiok for the requlator unit. The heatsink 14 is
suitably an al um nium extrusion. It has [ongitadr nal Synmetry, amd
is to be nounted with its | ongi tudi nal axis vertical for maxi mum
di ssi pat i oWO0@6/21899 heat by conventi on. Pﬂ'féﬁslo&rﬁs
illustrates how the regulator circuit may be built Into the heat
sink 14 shown in Fig. 7 to provide a heat sink unit. Conponents 17
of the regulating circuit, connected by a printed circuit board 19,
are 15 pl aced in contagt wieeh a cenkr,gl surface 15 of the heat

sink 14, so that good ther mjlF @onyuction 15 obtai ned & > between the
conponents 17 and the surfaé" -’ The circuit is‘rr@n potted in a

portions of the surface 1 Llﬁ r=tar- R whaen the potting
conmpound i s applied, along t e'('_vmﬁl'é'lle I%x;h of
<

-]
=1

thérmal |y conductive potting], conmpound 21 which p vi'ﬂes mechani cal

support for the 20 ciLdmtl board 19 The regul atig.g cigcuit does not

ext end : al ong the (] heat si nk 14, byit | eaves end
n
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21 the Dheatsink 14, the regulating circuit is entirely

surrounded by the potting conmpound except for the portions of the
conmponents 17 which contact the heatsink - 14. Thus, the regul ating
circuit iswoospise: el y protected 5 from physi cal i nteefi€snemdsand al so
fromcontact with any noi sture which conmes into contact with the
heat sink unit. The potting conmpound al so nmakes a seal i ng cont act
W th el ectrical |leads projecting through it to the regulating
circuit, thus ensuring that noisture d not leak to the 10

regulating circuit in this way. Preferably, the heatsink unit is
made conpl etely waterproof, or at |east spl ashproof, in this way.
An- upper surface of the potting conpound 21 is covered by a plate
22. Thus the heat sink 14, and the

1 | r22

R19

!
L e - A — i — . Ty — - V. R WD B G G SN (I T R GD A em Al T W B M M W =P GED S Gl S G --l

24V
Fig.5.




15 plate 22 constitute a housing 25 for the regul ating circuit.

A second plate 23 closes the cavity at the other side of the heat
sink. The two plates 22, 23 are secured together by a pin 24 wth
cap -25, 26. The cavity fornmed 20 between the plate 23 and the central
regi on 15 wb séizas92 heat sink 14 is filled with a popdrcabepmzpound 27.
The potting conpound 21, 27 used in this enbodi nent is preferably
thermal |y conductive, for WO 96/ 21892

PCT/ GB96/ 00033 ' 22 exanple it
may, be a conpound such as ER2/83 supplied by El ect r ol ube.

Fig. 9 is a perspective view of the ubl® shown in Fig. 8. A bracket

30 is attached to the heat sink unit

L
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5 by screws 31, 33, and is adapted for connection using apertures

3537 to the haody of a piece of machinerv .such as_under the
dashboard of or to the chassis of a lorry. El ectrical inputs to the
heat sink unit are via | eads 38 and plug 39. 10 Fig. 10
i | lustrat esWOP628898pecti ve view a resistor unit 45 ponGesavosy t he
resistor (RL,Rl') of an ' enbodi nent of a converter according to the
i nventi on. The resistor has pins 41, 43 by which it nmay be
electrically connected to the rest of the converter. The 15 resistor
unit 45 includes its resistor surrounded by, and electrically

I nsul ated from cylindrical portion 46795 a housi ng i ncl udi ng

pl ates 47, 49. The housing is an al um ni um extrusion. The plates
47, 49 are provided with - apertures 51, for attaching the housing,
for exanple, to 20 the chassis of a lorry, so_that excellent er mal
conducti on bet wesd a t he chassis.i§? o] I Ny The
cylindrical porti nalfly ri bbegqy tig a

di ssi pation by cd
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23 iypically in use between 50 and.100. watts are thernmally
conducted to the chassis. Fig. 11 illustrates the
installation of a converter according to the invention into the cab
50 of a WO%R21Mprry. The heat sink unit 51 is placed, péiEBIsionnss

| ongi tudinal axis vertical inside the bonnet bul khead. The bal | ast
resistor 53 is located in the chassis area. The converter further
conprises a fuse holder 55 inside the cab bul khead, a nulti

connector kit 57, also within 10 B}&e cab bul khead, and a LED 59 kit
nounted on the dashboar d. Many nodifications to the
above enbodi nents are possi ble within ge scope of the invention,
as will be clear to those ski | &2 j art. E?r exanpl e, al t hough




15 preferable it is not necessary that the regulating circuit is

ofuthe lingar_conyersion form and. alternative enbodi nents

enpl oyi ng an oscillation-based regul ating circulrt are acceptable.
The converter may al so be used in conbination with vehicles other
than | orrivegss@®eh as 20 mari ne vessels for exanpl e pcajicepgdsesiv th | ess
transportable itens of nmachinery contai ning a DC power sour ce.

WD 96/ 21892 PCT/ GB96/ 00033

CLAI VE: 1. A converter for a DC power supply having an input
resj stance nmeans in series wth a DCqregul ating circuit 5 of which an
output is to be at a voltage | ower ttﬂﬁgan

50

59




-

tnbut voltage into the converter, the resistance neans (4) being
| ocatabl e distant fromthe regulating circuit (3). 2

A converter according to claim1, wherein the 10 resistance féori dema
regulating circuit are in separate respective housings (4, 3;
45, 14). 3. A converter for a DC power supply conprising an
i nput resistance nmeans connected in serieg,with a DC regul ating
circuit of which an output is to be at a 15 vol tage |ower than an
i nput vol tage icppagmMishe converter, the resistance neans (4) and
regulating circuit (3) being ~ adapted for mounting in different
respective | ocations on a piece of equipnent. -4 A
converter according to any one of the preceding 20 clalns in which the
regul ating cirduit enplkoyeonverter for a DEgomsrt esupply having.an A
converter accondin% to any one of the preceding claimin which the
regul ating ciré@Put Fesdistanae fmeanmtin series with a DC regulating
5 circuit of which an output is to be at a voltage lower

than an input voltage into the converter, the

resistance means (4) and regulating circuit (3) being

in separate respective housings (45,14).

2. A converter according to claim 1 wherein the

10 respective housings are adapted for mounting in
different respective locations on the body of a piece
of equipment.

3. A converter according to claim 1 or claim 2 in
which the regulating circuit employs linear converters.

15 4. A converter accdrding to any one of the
preceding claims in which the regulating circuit (3) is
selected so that in use a major proportion of the heat
generated by the converter is generated by the
resistance means (4).

20 5. A converter according to any one of the
preceding claims in which the regulating circuit is
selected to limit the current which in use is drawn
from the converter.

6. - A converter according to any one of the

25 preceding claims in which at least the housing (45) of

the resistance means is adapted for mounting on the
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25 I n use a najor proportion of the heat generated by the

converter is generated by the resistance neans. 6. A converter
according to any one of the preceding cl-ainms in which the
regulating circuit is selected to 5 limt the current which in use is
drawn fromthe converter. 2%. - A converter according to
any one of the preceding claims in which at | east the resistance
means i s adaptlkddy of a piscerro@mequgmmthentﬁc}dquﬁd dlﬁﬂfec@nﬂumlprrent
with 10 good heat conduction therebetween. A converter

accordi ng to akhesaBeEVeERe precedi ng clains in mhlch one or both
of the resistance nmeans and t he ul.ati ng circui s provided wth
means for 7. tranmvﬁ&tﬁ&atacé’@@é}%e iP¢ ChRent air. 15
o A conyerleh; aecending L9 SR ANl c‘;Pebé’c §CSF 0e resistance
means and the regulating circuit housings is provided
with a high surface area for enhancing the transmission

of heat to ambient air.

8. A converter according to any one of the

preceding claims in which the regulating circuit

10

contains no oscillator circuitry and which generates

substantially no radio frequency electromagnetic

radiation.

9. A converter according to any one of the

preceding claims in which the regulating circuit is

15 selected to cease to supply an output voltage when at

least a portion of the regulating circuit is at a
temperature above a predetermined value.

10. A converter according to any one of the
preceding claims wherein the input resistance means has

20 a resistance in the range of about 0.1 to about 10

ohms.

11. A converter according to any one of the

preceding claims, with the respective housings secured

to different respective locations on a piece of

25 equipment, for example &;Ioréﬁ
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clains in which the'regulating circuit contains no oscillator

‘circuitry and whi ch generates substantially no .. radig freguency

"~ electromagneti c radi ation. 10. A converter according to any one
of the preceding 20 claims in which g %ﬁ'gqjaﬂ/ng Cirgaeat i s selected
to cease to supply an output volta n at | east EHERY ti on

- of the regqul z?%ci r cul t whitip dérededrEAAPREPEATY ORGARRAHEN 2 QW edet er ni ned
val ue. 96/ 21892 Intemationx] Bureas
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{(57) Abstract

There is proposed a converter for stepping-down 2 DC power input to produce a DC power output of lower voltage. The converter
includes a regulating unit (3), and in serles with it an input resistor (4). In use, the resistor (4) is separated from the regulating unit (3) and
is mounted on a body of a piece of machinery, so that heat produced within it is transmitted to that machinery, and does not interfere with
the operation of the regulating unit (3). The regulating unit (3) employs a linear conversion circuit which produces a stable (DC) output
but, uanlike conventional DC-DC converters, generates substantially no stray electromagnetic fields.
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