- 13? Bl CYCLE LI GHTI NG SYSTEM:AND. GENERATOR The invention relates to a
bi-¢ycl e 1ighting system conpriging a dynano s y ridden
bi~cycl e and nounted thereat, at |east one fro Q 1a?._
rear-light, which in each case are supplied mnth el '

dynamo system and a converter arrangement which converyt’
power produced by the dynanb systeminto a regul ated di %
for generating light and chargi ng_ap accunul at or batt erjgs f%V,ﬁ
also relates to a generator for general appllcations péjtlclar%yu.o S
for use as a bicycle dynano systen1 Cbnventlonal and nerketabl e b|cyq}.
| i ghting systens have_t o _conpl ¥ gect to the el §atr|c power
vol tage, with the staRuaf@sEqk g?ﬂ?ﬂ%dsﬁ§ FRWANEhEEUERRIRBar ds speei
maxi mum vol tage of 7 V Tor the output voltage of tnhe aynanB-applled to the
| anps at 15 knph and beyond such speed. In accordance with | egal

regul ations, the m ni num val ue of the dynano out put. voltage nust not fal

short betwpgenihvéABioh3rd atiest 8018 kKiBPcis. ﬁlg%tﬁﬁg Bﬁgeaﬂ ééﬁBriBﬁﬁ?
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direct~current voltage for generating light and charging an

accumulator battery. The invention also relates to a generator
for general applications, particlarly however for use as a
bicycle dynamo system.

Conventional and marketable bicycle lighting systems have to
comply, with respect to the.electric power and voltage, with
the standards determined_by law. These standards specify a
maximum voltage of 7 V for the output voltage of the dynamo
applied to the lamps at 15 kmph and beyond such speed. In
accordance with legal regulations, the minimum.value of the
dynamo output voltage must not fall short between 5 kmph (3 V)
up to 15 kmph (5.8 V) and beyond such speed (refer to Figure
5a) . On the basis of these legal regulations, present-day
systems allow producing merely 1.4 W power at a traveling
speed of 5 to 6 kmph. If one would incfease this power of
present-day conventional dynamos, it would be physically
impossible to meet or observe at 15 kmph or beyond such speed
the legally specified maximum voltage of 7 V. Only by means
of load measures would it be possible to prevent exceeding
the legally specified maximum values. As a result of this,
the power dissipation would greatly increase and the efficiency

woukd con51derably decrease._
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-2-. Therefore, conventional bicycle lighting systens are not additionally
| oddabl e in the | ower speed range for the purpose of charging an .
accurul ator battery. Only starting froma traveling speed of approximtely
15, knph, conventional dynanpbs will generate sufficient power that could be
utilized for charging an accunul ator battery, because the efficiency of
conventional systens is very |low at a speed bel ow the afore- nentioned
travel i ng speed of 15 knph (side dynar ‘have an efficiency of
approximately 17%to 24% roller dynanos 30%to 35% at the nost, and hub

dynanos anefficiency of about 40%. When the traveling speed exceeds 15
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fact, the bicycle rider is obliged tqQq expend additional physical energy
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conclusion_that a satisfactory bicycle |ighting o
When the traveling speed ‘exceeds 15 kmph, the efficiency
additionally decreases because of the power consumption while
charging the accumulator battery. As a result of this fact,
the bicycle rider is obliged to expend additional physical

energy for the actuation of the dynamo.

Those skilled in the art have found fault with this fact and
have realized that the conventional dynamos and bicycle
lighting systems do not correspond with the state of
present-day know-how.

Therefore, it is an object of the invention to provide - in
combination with a generator - a bicycle lighting system
which is adapted to the state of present-day technology and
modern requirements and which, moreover, should be an

economically favorable solution.

A further object of the invention is to provide a dynamo
system which - with regard to construction, power efficiency
and production cost thereof. - meets the requirements of the

bicycle lighting system according to the invention.

To implement tﬁe,éforesaid”object, the present invention is

based on the cohciusion that a satisfactory bicycle lighting
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w th a generator, which systemis adapted to the |atest state of advanced
engi neering and technol ogy and accombdat ed to present-day requirenents.
Anot her significant object of the present invention is direet
pr-ovi sion of a new and inproved bicycle lighting system whg
simple in construction and design and, particularly, econfd |
manuf acture. Yet a further significant object of the presght si.men
concerned with a new and i nproved dynaho system which gzﬁwtfi“’ff )
construction, power efficiency and production cost theredf - ‘neetséal
requi rements of the bicycle lighting systemof the .res@nt'Tnvéntionuﬁgﬁe
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additionally fed from the battery as long as the minimum travel

speed is not reached.

In a preferred embodiment the converter arrangement comprises an
energy—-converter and energy-limiter device and a threshold-value
device detecting a rectified dynamo output voltage, whereby in
case the threshold-value device detects that a specified minimum
voltage of the dynamo generator is exceeded, the voltage
supplied from the battery is fed - in addition to the rectified
output voltage of the dynamo generator - by means of an elec-
tronic switchgear to the energy-converter and energy-limiter
device, and whereby the output voltages of the energy-converter
and energy-limiter device is within a first constant output
voltage range U,j during battery operation and within a second
constant output voltage range Uz during dynamo operation, the
latte;_range being above the first constant output voltage
range, and a battery charging device is activated above an
output charging voltage which is between the first constant
output voltage range and the second constant output voltage
range (refer to Figures 5a, 5b and 5c¢).

The first constant output voltage range U, of the converter

arrangement is preferably within a fixedly set range from



operation such that, for a deternmi nate stabilized output voltage, the fed

i nput voltage can be |ower than, equal to or higher than said determ nate
stabilized out put voltage, whereby the converter is additionally supplied
fromthe rechargeabl e accunul ator battery as long as the traveling speed
falls short of said mninmumtraveling speed of about 5 to 7 knph. In order
to ensure the required characteristic features and properties of the dynano
system the generator has a high efficiency and a very low coil internal
resi stance, so that .at the mninumtraveling speed the output is at |east
4.5 Wat a relatively |ow output voltage4The output of the dynamo
generator is thereby ‘converted into an ouweput voltage of 6.2 Vto 7 V. The
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| nner pol e wafssagiraﬂnammheps%yimogﬁééar& t@eatdst be ¥akdss. these

outer pol e shoes being structured such -5- bicycles lanps, and in that
the electronic circuitry conprises a converter having a voltage set-up and
set - down node of In order to ensure the required characteristic

features and properties of the dynamo system, the generator has
a high efficiency and a very low coil internal resistance, so
that at the minimum traveling speed the output is at least 4.5
W at a relatively low output voltage. The output of the dynamo
generator is thereby converted into an output voltage of 6.2 V
to 7 V.

The inner circuit comprises n (preferably six by
way of example) inner pole shoes, and at each inner pole shoe
there are laterally arranged two magnetic poles in homopolar
configuration. In this manner, the two magnetic surfaces project
themselves upon the pole-shoe surface. Since the two magnetic
surfaces are preferably far larger than the pole-shoe surface,
the density of the magnetic flux correspondingly increases
toward the pole-shoe surface. This arrangement is advantageous
in that these inner pole shoes possess a relatively small mass
and thereby render possible a substantial weight reduction.

The outer circuit comprises n (preferably six by
way of example) outer pole shoes which are oppositely arranged
relative tb the n inner pole shoes and nose-shapedly projecting

toward the latter, these outer pole shoes being structured such
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operation such that, for a determ nate stabilized output voltage, the fed
i nput’ voltage can be |lower than, equal to or higher thiads 8 terdecemeritrshieet
stabilized output voltage, whereby the ctonverter is additionally supplied
fromthe rechargeabl e accunmul ator battery as |ong asD%tlge traveld ng 'Epeed
falls short of said mnimumtraveling speed of about to 7 knph. 'In order
to ensure the required characteristic features and properties of the dynano
system the generator has a high efficiency and a very |low coil interna
resi stance, so that at the m ninumtravelsng speed the output is at |east
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surface. This arrangenent is advantageou these 1 nner po oes
possess a rel 8cFveniaten bathery a%dlongrasythendg@veldas speed Eybks ofhaxd

wei ght reduct b@nsa 1&emOeirdim QiraRrd1ingOBBELEEESE dbdud &f @babl ¥mphx by way of
exanpl e) outer pole shoes which are oppositely arranged relative to the n
I nner pol e shoes and nose-shapedly projecting toward the latter, these

outer pol e shoes being strad@rdead tsUuelsure- €he |Fefiided thacasUELi ébic
required char?ctgri stic %eaturest of tliletggngj%)algg/ste th%{]e are provided a

dynamo gener a &7 EBﬁir?@ rﬁfoper ies o system, & generator has
a high efficiency and a very low coil internal resistance, so

that at the minimum traveling speed the outpﬁt is at least 4.5
W at a relatively low output voltage. The output of the dynamo
generator is thereby converted into an output voltage of 6.2 V
to 7 V.

The inner circuit comprises n (preferably six by
way of example) inner pole shoes, and at each inner pole shoe
there are laterally arranged two magnetic poles in homopolar
configuration. In this manner, the two magnetic surfaces project
themselves upon the pole-shoe surface., Since the two magnetic
surfaces are preferably far larger than the pole-shoe surface,
the density of the magnetic flux correspondingly increases
toward the pole-shoe surface. This arrangement is advantageous
in that these inner pole shoes possess a relatively small mass
and thereby render possible a substantial weight reduction.

The outer circuit comprises n (preferably six by
way of example) outer pole shoes which are oppositely arranged
relative tb the n inner pole shoes and nose-shapedly projecting
toward the latter, these outer .pole shoes being structured such
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a high efficiency and a very low internal resistance and which, already at
a~speed of approximately 5 to 7 knph, generates an output of at least 4.5 W
at a | ow out put voltage, and a converter arrangenent which converts this
out put of the dynanp generator into an output voltage of 6.2 Vto 7 V. In
order to achieve the high efficiency, the dynano generator noreover
conprises an inner circuit and an outer circuit (refer to Figures la and

| b), both of which are mounted for syn&hronous rotation in the sane
direction about a stationary air-core coil, whereby the inner circuit and
the outer circuit conprise in each case n pol-es in identical pole pitch
On ng to tReOFder tRaengMrentbe €PHE&FFdaﬁ’§aa'ﬁcGeFé|5téicr dgiatugms of the
synchr onoagh¥mcOlsdistel) hereddRes providbd al a&h%oaa%feﬁt%txafdog@q%mg

air-core coil, there is achieved - I n conjunction w tth progressi powerf ul
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smal | iron-and-magnet voOl unme an t ow hysteresis | 0sses. The actually

ef fecti ve Ot i @ity de@stcdndi ¥t ator day Patpudl veltede,s audl aand MK2
(refer 10 coniurt el rEiG AR WHih! orREEhe A1 BN SE L dhithd! Y

six by way of exanple) ner pole shoes, and at each i1rnner pole s ere
are two nmEgReEREoFoliad-a anecatipptavodtgee of BoFoNoltar 7cohf iTguramdesn.td n
this mnnechilhe kiR MMYRCEEE134ehReSS il tan{ohg%@ LR RUE dfe
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Furthernore,” this arrangenent i s advantageous In that the -

rotation in the same direction about a stationary air-core

coil, whereby the inner circuit and the outer circuit comprise

in each case n poles in identical pole pitch.

Owing to the fact that an inner circuit and an outer circuit
can synchronously rotate in the same sense of rotation about a
stationary air-core coil, there is achieved - in conjunction
with progressive powerful magnets as well as an extremely low
internal resistance of the coil, which is preferably lower
than 1.5 ohms ~ a high field strength for a relatively small
iron—and-magnet volume and with low hysteresis losses. The
actually effective magnetic circuit consists of two partial
circuits MKl and MK2 (refer to Figure la).

The inner circuit preferably comprises n (preferably six by

way oﬁ example) inner pole shoes, and at each inner pole shoe
there are two magnetic poles laterally arranged in homopolar
configuration. In this manner, the two magnetic surfaces
project themselves upon the pole-shoe surface (bj in Figure la).
Since the two magnetic surfaces are preferably far larger

than the pole-shoe surface, the density of the magnetic flux

éorrespondingly increases onto the pole-shoe surface.



pol e shoes (e to d, Figure 1b) of the inner circuit possess a relatively
smal | mass and thereby render possible a weight reduction. The magnetic
fl-ux is apportioned over the outer circuit in two parts directed onto the
oppositely situated outer pole shoes (g to min Figure |b). The outer
citcuit likewi se conprises n (preferably six) outer pole shoes which are
oppositely arranged relative to the innzr pol e shoes and nose-shapedly
projecting toward the latter, these outér pole shoes being structured such
that each air gap between the inner pole shoes and the respective outer

- pol e shoes a ned to t latter is the, shortes ath fo e netic
Prux (wie: ThshdZRaren; EhianAsranopBenaghs: revAbkrbgetr o Hoat A
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the i nner pole shoes reduces the nmutual inter- ference of the two honopol ar
magnet faces, because the magnetic flux glides in each case with respective
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produced, such generator _havin %

these outer pole shoes eing structured such that each air gap

between the inner pole shoes and the respective outer pole

shoes assigned to the latter is the shortest path for the

magnetic flux (MKl; MK2). In this manner, the magnetic leakage

flux is advantageously reduced.

In order to reduce the mutual interference of the homopolar
magnets, each inner pole shoe is divided in the middle into
two identical parts by a slot producing an air gap in radial
direction. This arrangement results in the additional advantage
of a smaller pole-shoe volume as well as larger magnet heights,
this méaning that two half magnet-lengths per pole together
with at the same time the smallest magnet-volume and the double

magnet-surface are possible.

The air gap in the ;nner pole shoes reduces the mutual inter-
ference of the two homopolar magnet faces, because the magnetic
flux glides in each case with respective halves over the pole
shoe to the outer circuit. The two magnetic fluxes in each pole
shoe possess an optimally short magnetic-circuit path, so that
the result is an optimal magnetic flux. A further advantage is
‘seen in the fact that a very small generator with extremely

high flux densities can be prodnced, such generator having at
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the sane time a |ight-weight, small nagnet-vol unme and hi gh-efficiency
structure. The efficiency achi evabl e by neans of the proposed dynano
generator of the bicycle lighting systemaccording to the invention is at
| east approxinmately 90% By way of exanple, the thereby resulting actual
efficiency of the entire bicycle lighting system according to the invention
for 3 Wlum nous power and 1 Whbattery charging energy is - with reference
to 3 W- approximately 60%in the case8of a discharged accunul ator battery
and 80%in the case of a charged accunul ator battery. Furthernore, it is
advant ageous that the air-core coil conprises a very |low inductance (Iower
than 150 phee pareectibeyal dbiwhttwaihghdo ﬁmnl})magnethvglnuﬁnend there is
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in series 123.1 i gure houg € Invention par ularly
refers to98%bicycle lighting system it is evident for one skilled in the
art that the characteristics of the dynano generator according to the

i nvention can al so be enployed for other generator applications. The

i nvent i veBEhWaxicoér exanpieof theethayeby zesubpéngnactndloeffheiency
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her ei naf t épvention for 3 W luminous power and 1 W battery charging
energy is - with reference to 3 W - approximately 60% in the
case of a discharged accumulator battery and 80% in the case

of a charged accumulator battery.

Furthermore, it is advantageous that the air-core coil
comprises a very low inductance (lower than 150 pH, preferably
lower than 100 uH). In this manner, there is produced a
negligible counter inductance, whereby the pole sensitivity

is hardly or not at all noticeable while, at the same time,
the induction losses are extremely low.

Preferably, the coil (23) is divided per pole field into two
identical coil sections which are pole-correctly connected
in series_(23.l to 23.6 in Pigure 2a).

Although the invention particularly refers to a bicycle
lighting system, it is evident for one skilled in the art
that fhe characteristics of the dynamo generator according
to the invention can also be employed for other generator
applications.

The inventive characteristics of the magnet arrangement and
of the magnetic-circuit structure can be advantageously

utilized for electric motors.



on the basis of a bicycle lighting systemw th a dynano generator as the
préferred exenplary enbodi nent such as is illustrated in the draw ngs,
wherein: Figures la and | b show a cross-section through a preferred

exenpl ary enbodi nent of a dynano.generator as is utilized in the invention,
Figures 2a and 2b respectively show the inner magnetic-circuit arrangenent

and the arrangenent of the stationary coil in a perspective cross-sectional
illustration and a stretched illustration?of the coil arrangenent; Figure 3
schematically shows a bl ock diagramof a preferred exenplary enbodi nent of
t he bicycle Ilghtlng system according to the invention, whereby - in

particul ar -FRREheF ofealiresmrd t2dvantageRiéhtl (g éﬁﬁﬁﬁmke%ﬁm%r%ﬁmafter
Figures 4a ! gndend oBReCs 19l ¥ BIOYEYO! L AGRE ARES %jﬁt Hara

vol tage-tine diagramfor the purpose % expl a uncti the
i nvention; FIgRPERLTH aspthedPse %mﬂ\@x@mbambe@ub@magmhssm@ufwtmr

expl ai n t he fvnesiPeOd % etﬁ@v&gg* gure §€ Yijfigure 5a applies to a

dlscharged or defective battery an applies to a normal battery;
Figure 6 shows an acconplished enbodi nent of the circuit arrangenent of the
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a custom ze egrate solTd-state sw ing cIrc

Figure 7 shoasemplanglemhbdmmeBEcmfomadynaMM/g@m@nghon.a$r3$ uknhptedyln
enbodi nent ofy, éhgTl system structured as a side-dynano system and
Fi gure 8 shows ongr'tudf nal sectional view through a second

Figures 2a and 2b respectively show the inner magnetic-circuit
arrangement and the arrangement of the stationary coil in a
perspective cross-sectional illustration and a stretched

illustration of the coil arrangement;

Figure 3 schematically shows a block diagram of a preferred
exemplary embodiment of the bicycle lighting system according
to the invention, whereby - in particular - the proposed

converter arrangement (5) becomes apparent;

Figures 4a to 4e respectively show voltage/speed-time diagrams
and a voltage-time diagram for the purpose of explaining the
function of the invention;

Figures 5a, 5b and 5c show voltage-speed diagrams to further
explain the function of the invention, whereby Figure 5a
app}ies to a discharged or defective battery and Figure 5c¢

applies to a normal battery;

Figure 6 shows an accomplished embodiment of the circuit
arrangement of the bicycle lighting system according to the
invention and realized by means of a customized integrated
solid-state switching circuit (ASIC);



exenpl ary enbodi nent of the dynanp system structured as a roller-dynano
system The preferred exenplary enbodi mrent of the dynano generator utilized
according to the invention and illustrated in Figures la and | b conprises
in concentric arrangenent fromthe inside to the outside a rotating inner
circuit 21, a stationary air-core coil 23 (23.1 to 23.6) and an outer
circuit 22 synchronously rotating with the inner circuit 21. In the

exenpl ary enbodi ment depicted in Figardd by, the inner circuit 21 and the
outer circuit 22 each conprise six poles (a-f) situated opposite each other
tn identical pole pitch, so that the resulting pole-pitch angle is [err].
The six pdligixg % Hhaumar lanadddinglasecionalyvdew Hhueaghy amigirssi x

pol e shoesamipla¥y lehddB A DO N @RS Hdtell st tiliddirtdy g in the
formof |ikewse sSix pole shoes g-m which are situated opposite to the

pol e shoeside-dymane syft@miciandui t and nose-shapedly project toward the
|atter, so that a smallest possible air gap 30 is fornmed. The pol e shoes
a-f of the inner circuit are made of soft iron, while the support (41) of

t he i nner Fihied i& shawaiia longitadimajomeatdaqnal vilew dihrauadi & gqcond
consi sts Il f ' : Qﬁqpﬁg AR] [ | S

speci fi ed%%% ﬁb%i%ﬁéiéﬂ{)ﬁfoggrmg% examloe%y%n\?\/e%etn t he 15péo ea%sﬁ—:{oes a-f

of the i nA@llextdynanm sysdiem.are arranged si x permanent magnets 24-29 in
such a manner, that in each case they rest honopol ar agai nst both sides of
each pole shoe. The result is that the two nagnet surfaces, which at the
magnet s 24fhghPreferredi @iepndiany ephadicent ok e dwmana|gensrdtarn |
(magnet wi s ' : d hoe
D) The Mo 1R ARSRANRTRE G NYRIGE R DORSUAN 8 2GS
ext endi ng Fergndhdike gamnnisgs in concentric arrangement from the inside

to the outside a rotating inner circuit 21, a stationary

air-core coil 23 (23.1 to 23.6) and an outer circuit 22
synchronously rotating with the inner circuit 21. In the
exemplary embodiment depicted in Figure 1lb, the inner circuit
21 and the outer circuit 22 each comprise six poles (a-f)
situated opposite each other in identical pole pitch, so that
the resulting pole-pitch angle is 60°. The six poles of the
inner circuit 21 are structured in the form of six pole shoes
a-f, while the poles of the outer circuit are structured in
the form of likewise six pole shoes g-m, which are situated
opposite to the pole shoes a-f of the inner circuit and
nose-shapedly project toward the latter, so that a smallest
possible air gap 30 is formed. The pole shoes a-f of the inner
circuit are made of soft iron, while the support (41) of the
inner.magnetic circuit is itself non-ferrous. The outer circuit
consists entirely of soft iron. (The number of poles, namely

six, is specified only by way of a preferred example.)

Between the pole shoes a-f of the inner circuit 21 there are
arranged six permanent magnets 24-29 in such a manner, that
in each case they rest homopolar against both sides of each

pole shoe. The result is that the two magnet surfaces, which



respect to the paper-surface plane of Figure 1 and the entire arrangenent
aré determ ned such, that in each case the sum of the respective magnet
surfaces al+a2 is far larger than the respective pol e-shoe surface [err].
In_this manner, the magnetic flux density correspondingly increases onto
the pol e-shoe surface [err]. This arrangement is furthernore advantageous
in that the six pole shoes a-f of the inner circuit possess a relatively
smal | mass, so that a weight reductionlits-rendered possible. However, the
entire rotating part of the dynanbp generator possesses, nainly because of
the rotating outer circuit, a relatively-high nonent of inertia, so that
the wheel 2§ thgafagpeksyR4r and §Qb§F§nﬂﬁ§FHFa¢§§rbVeﬁefEN@n#§gnbam90tEMﬁ i S

di vi ded aghogsqt hg éﬁé@ﬁ@%‘%ﬁd%ﬁ?e 5?%ﬁ§9¥y58%&§%§bb%9uB85¢ ﬁﬁng%BLSOf

the outer Circuit I At 0 arts er-to
virtue ofspﬁﬁaﬁésblsﬂﬁpéﬁ ﬁbﬁﬁ159 tﬁbepmagn§hoé§ngthﬁoﬂltHElgurer2@0roﬁ|t

such fornmhelgarﬁhﬁen@dﬁagﬁgtgozhh@9ps&hepa&$ﬁogekgsna&bh1 %ﬁ%f%1E§$U'tS

the air gap as indica et ween a pol e nane m as
t he short€§§P§&Fhtpotheheanagneur@aﬂeurlanneOﬁagneure ﬂeaMQgehelentnsethus

reduced. bRrahdeheh® seeuaetéEhihaatgaeP hﬁ% Eﬁ p gageﬁes shiS bleng

agai nst both sides of the respective oes a i nner CIrCUIt
21, thesetbSI§e§ﬁé§§1¥efmagée§lEurfﬁcﬁﬁeauﬁddleSbﬁameipegBrv@haadtab air

gaps 31- 3§es§aeta9gagbqaesﬁaetQh§faeaa9ﬂe”§ﬂtthisSﬁsaneg 2 AR RS hoe

vol ume with - magnet hei ght det s per pol e
with, at ﬁﬂéxséﬁesetwecornesyﬁadiegiYnagneeaseBunnt@n¢heo@bﬂe shgeet

surface. surface by. This arrangement is furthermore advantageous in
that the six pole shoes a-f of the inner circuit possess a
relatively small mass, so that a weight reduction is rendered
possible.

However, the entire rotating part of the dynamo generator
possesses, mainly because of the rotating outer circuit, a
relatively high moment of inertia, so that the wheel slippage
behavior is substantially improved.

The magnetic flux is divided across the respective nose-shapedly
projectipg pole shoes g-m of the outer circuit 22 into two

parts (MKl and MK2; refer to Figure lb). By virtue of the
nose-shaped form of the pole shoes g-m of the outer circuit,
such form being also adapted to the periphery of the coil,

there results the air gap 30, as indicated between a pole-shoe
pair, pamely f and m, as the shortest path for the magnetic

flux. The magnetic leakage flux is thus reduced.

In order to reduce interaction of the homopolar magnets resting
against both sides of the respective pole shoes a-f of the
inner circuit 21, these pole shoes a-f are slit in the middle
b§ respective radial air gaps 31-36. The advantage of this

arrangement is seen in a small pole-shoe volume with large



The radi al gaps 31-36 in the pole shoes a-f prevent inter- action of the
two honopol ar magnet -face surfaces, since the magnetic flux flows each in
hal ves over the pole shoe at the outer circuits. The two nmagnetic fl ux
hal ves in a pole shoe have an optinmally short nmagnetic circuit path (M1
and MK2). The result is an optimal magnetic flux. A further advantage is
that, in this manner, a small dynano generator with extrenely high fl ux
density, low weight, small nmagnet volung, honobgeneous nmagnetic |oadi ng and
a very high efficiency can be realized. The Figure 2a illustrates the inner
magnetic circuit as well as the coil arrangenent of the preferred dynano
gener at or rflyfe PHSRARL V& L OS5 GRSk Jdk FGHE G, 2th, LeTnd S
shown in a stretched arrangenent a segnent  of t W re-wound coil in the
sequence [®¥1§ timgd the rgmalliest magnsiervalune tand pipubkhgeagnret g, ), e
formthe pgheeddigl ds [err] and N1. The coil connections and the two
w nding directions designated I and Il of the coil sections 232, 231, 236
and 235 are schematically indicated. Since one coil is guided normally over
two heteropol r i i - LG fangenent
which is not %ar?%:ﬁls%ar% PRCTE SIF qOR Difded MoF & e&g«%‘?i_ré%e coi | 23
depi cted iacHerres thg twel hamormkay mEInpkciace)serknees . isinke i Rl per
pole fiel dpadhOridOeidlent1SGAH SN SEHARNSs b 1heDHhrd I&se 40 flures
2a and 2b), which are pole-correctly connected I n series. There i s thus
achi eved &He¥ | @kr@vitsd |Theigm magretigafilun havesistn A role phre’ -
[1;;] therengye #f WpERAPIY Gt SREAA e A{ANGEE BLeRNBED WAL k3 LD of
The result is an optimal magnetic flux. A further advantage

is that, in this manner, a small dynamo generator with
extremely high flux density, low weight, small maghet volume,
homogeneous magnetic loading and a very high efficiency can
be realized.

The Figure 2a illustrates the inner magnetic circuit as well
as the coil arrangement of the preferred dynamo generator in
a perspective cross-sectional view. In Figure 2b, there is
shown in a stretched arrangement a segment of the wire-wound
97 231, 236 and 235, which together
with the pole shoes b, a, £, e form the pole fields N3, S2
and Nl.:The coil connections and the two winding directions
designated I and II of the coil sections 23, 237, 23 and
235 are schematically indicated.

coil in the sequence 23

Since one coil is guided normally over two heteropolar poles,
three coils are required for a six-polar arrangement which is
not particularly illustrated. In this manner, the air-core
coil 23 depicted in Figures la) and 1b) and in Figures 2a) and
2b) is divided per pole field into two identical coil sections
23.1 to 23.6 (refer to Figures 2a and 2b), which are
bole—correctly connected in series. There is thus achieved a

smaller overall height, i.e. that in the case of six poles
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In order to fabricate the stationary air-core coil the w ndings consisting
of* sel f-bondi ng enanel | ed copper wire are wound in self-contai ned manner
and bent onto the reference circle of the coil arrangenent. The coils are
inserted in a suitable plastic injection nolding die. The nutual coi
connections are already connected and nounted at a connection pin plug (39
in Figure 7). The plastic injection nolding die includes at the sane tine
t he housi ng base part (37 in Figure'7);35mbsequently, the whole unit is
injection nolded with plastic material to forma | eadl ess plug-in
conponent. This type of construction renders possible_ that the el ectronic
part can BRETR RAFRPTWIHIeEF1% @i} etblrnfH APRRIA FRARIRIRLAYstem A
further whiidy &8 ddris unnecessary. The wires of the stationary air-core
coil have been previously processed and require no subsequent treatnent or
refinishing. The process described hereinbefore renders possible an

ai r-core £9l brder COIPEASE {hte ald ONE1ANMEY LR -coré F6£1 CERP! Y | over
than 150 [err]. In this manner, there is_produced a negligible counter
i nduct ancéindirgegersks e ol melfhegding RRIMSGL e NRPPRET a¥ire

noti ceabl gre HAGuk@! 1n ' 51 £l A8YEa 1 fed RLSHED! ¥nd O¥EAL L §RFo 1efe OIS, wher eby
- in the case of an actually acconplished construction of the dynano

gener at orreferpneeseixelry ke ol barrrngenent geFhehapibseane (In the

realized £QostfagtiQNa Oduitib iy BIROEOE{ROELI{O8 RYBEERG §0b| Bhaneter was
31 mm the magnet |ength 30 mm and the outer dianeter approximately 44 mm

A reduced™eBREL | @pdt CORNEFEiRRT e Mtrerdyreomestedpand pountedsattrived
for, wthywebghebtidRUbfh bl $9 L £n &k SOut&PT PYerhdepLaseit #hjeBYEHAI Ve
power characteristics 'of the dynanb generator. - 14 -

molding die includes at the same time the housing base part

(37 in Figure 7). Subsequently, the whole unit is injection

molded with plastic material to form a leadless plug-in

component. This type of construction renders possible that

the electronic part can be plugged in directly at the housing

base of the dynamo system. A further wiring is thus unnecessary.

The wires of the stationary air-core coil have been previously

processed and require no subsequent treatment or refinishing.

The process described hereinbefore renders possible an air-core
coil 23 comprising a very low inductance, i.e.preferably lower
than 150FpH. In this manner, there is produced a negligible
counter inductance, whereby the pole sensitivity is hardly or
not at all noticeable. The coil resistance is preferably 1owef
than 1.6 ohms, whereby - in the case of an actually accomplished
constrpction of the dynamo generator - the resulting magnetic
loadiné is larger than 0.6 T. (In the realized construction of
the dynamo generator the average coil diameter was 31 mm, the
magnet length 30 mm and the outer diameter approximately 44 mm.
A reduced coil length 40 (Figure 2b and Figure 7) of about

20 mm is strived for, with which it would possible to also
ifiprove the essential inventive power characteristics of the

dynamo generator.
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The construction and the node of operation of the entire dynanp system and
particularly of a preferred exenplary enbodi nent of the converter
arrangenment will be hereinafter explained by referring to Figures 3, 4 and
5. Figure 3 illustrates a block diagramof a preferred exenplary enbodi nent
of the bicycle lighting systemconstructed in accordance with the

| hvention. The electric alternating voltage produced by the dynano
generator 1 structured in the foregoi ngldescribed manner is rectified by a
rectifier 11 and snoothed by a capacitor [err]. At a circuit node 18 there
is formed the sumof the rectified dynano voltage [err] and the battery
vol t age UBAR® gengitrnchdoneprfnihecmodesefi pearathencefbithedensirgege [err]

and [err] B&ﬁﬁﬂﬁegyﬁEehhﬁnﬁibﬁHEEcﬁQQ§l§8oESaagEEEEQréE ERempiRYy Side of
an energy-converter and energy-limter device 10 which converts this
vol t age/ pof@poddmgnt gfid thesconverigscarvangenents waadr he- benednaditeand

energy-lingkggaggghcgylge@g§§§§§egop@ggﬁgggagge@ighhcsteature of optimally
adapting itself to the internal "resi stance of the dynanp generator 1. In
the case of a low input voltage (low traveling speed), the energy-converter

and energth%EEEeb Qﬁikﬁ%régegaésggaE?ﬁggsggbgiE?gEOEEQQErQBBWQ&Emthg§he

case of a higher traveling spee ut put vol tage~an
out put powembgfimgatdpfambegbicyaier lighsingesyptenneonsérughed in

energy-lim ee I r t age aual . Lrcuit node
T8 1o pr ef SrepFyRpeG ykin BB TnbUReIBh, 2#fe KTLCIRIE, A tkifiatubll
subst ant i aVeyt@gespardugethby ¢hei dvhemor geperaftoxppr stirmettured+ ih0 thid. By

- ¢ h o iy g ‘ha | t
State of i hoTeEPihGARkeRiBeatnaRhEa S FATRIRIANS KPR, SRBRY cldx 1 BR°S
t ransi st or $jootthedebyan Gapachitove@ianasf fi cigcwitohodee 18ndhgyecdsvert er

S o Y BRSO o108, B testhoR i TR14SHL BELRY b ene
battery voltage UBATT as will be hereinafter described. The
combined voltage UeDYN and UBATT produced at the circuit node
18 is applied at the input side of an energy-converter and
energy-limiter device 10 which converts this voltage/power to
6 V and 6.4 V, respectively. This energy-converter and
energy-limiter device 10 possesses the characteristic feature
of optimally adapting itself to the internal resistance of
the dynamo generator 1. In the case of a low input voltage
(low t;aveling speed), the energy-converter and energy-limiter
device 10 raises the resulting voltage (power). In the case of
a higher traveling speed and thus of a high output voltage and
output power of the dynamo generator, the energy-converter and
energy-limiter device 10 lowers the voltage available at the
circuit node 18 to preferably 6.4 V at the output side U, and
keepé this voltage substantially constant with a variation
range of approximately + 10 mV. By virtue of the application
of electronic components representing the latest state of the
art, such as Schottky diodes and power FETs (field effect
transistors), there can be achieved an eff;ciency of the
;energy—cbnverter and energy-limiter device 10 of better than

85%. The efficiency is approximately 85% in the case of low
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- 15 - voltages,

18° (e.qg.

energy-limter device 10 is above 90% The overall performance of the
converter arrangement 5 will be better understood when consideration is now
given to the function of a first threshol d-value switch 13, a second
t hreshol d-value switch 15 as well as a delay circuit 17 and a battery
monitoring circuit 19. First threshol d—vadbue switch 13 The out put voltage
of the dynano generator 1 is rectified by means of .a rectifier consisting

of two diodes:D3 and D4 and snoothed by a capacitor C4. This voltage [err]

i s proporti dPdtagesyhand when $bexe. are higli \iinpudt Wplheges aft khii r st

vol tage diViedeculd ndRchacqesis! anBhtl 40 vhes koLt £ mhcg%(f%t gand

supplied to the input of the first threshol'd a ue swf
Thi $NEXOY T CORVEIHEIrd ang| s@emt-dhm@em/demcs 34t d sciabowiet 90&.r] at

[err]).

age

an i nput voltage higher than [err] = 0.8 V. This neans that, by neans of
the gate circuit [er&£ t he vol t age of the battery 4 is supplled to the
8

sunm ng ci r &er ovede
protective @hp@%t&ﬁgghndérg%Bbae%f%ﬂtEghsghe %1%hr§g %E&ﬁ%ﬁ %p3?|3%¥ﬁage

swtch 13 sets the
of the firstungtdenood- @aﬁ&@s§w¢hcth®1dthdmerswh&nhVi3— @ Sedondhe del ay

p@yfmﬁmngcef0£ntbbec@m&nm¢e$WBuwhnbemEht16 aridla

zero (static

circuit 17 %ﬁrEEEBhﬁdvaIng L3t keh §8MRG § gg ag50§cl|hg§ﬂgl§@ﬂl%9&9t5%%

chai ns.

The battery voltage remalns avai l'a

mm ng Circui U node

and when there are high input voltages at the circuit node
about 9 V), the efficiency of the energy-converter and

18 by neans dobatiteryamendtosdng pérchitt B9.el ectronic switchgear 16 and the
protective diode D1, until the output of the del ay

First threshold-value switch 13

The output voltage of the dynamo generator 1 is rectified by
means of a rectifier consisting of two diodes D3 and Dy and
smoothed by a capacitor C4. This voltage Vy is proportional
to the ridden speed. It is divided by means of a first
voltage divider 12, which consists of two resistors R} and
Ry, and supplied to the input of the first threshold-value
switch 13 (voltage Ugj). This first threshold-value switch
activates a gate circuit T3 at an input voltaée higher than
Vg = Q.8 V. This means that, by means of the gate circuit T3,
the voltage of the battery 4 is supplied to the summing
circuit node 18 by means of an electronic switch S1 16 and a
protective diode Dj. A further output of the first

threshold-value switch 13 sets the delay circuit 17 to zero
(static).

If the input voltage of the first threshold-value switch 13
is lower than Vy = 0.8 V, the delay circuit 17 is started.
The latter comprises an oscillator and counting chains. The

battery voltage remains available at the summing circuit node

* 18 by means of the gate circuit Tj, the electronic switchgear

16 and the protective diode D31, until the output of the delay



- 16 - circuit 17 opens the electronic switchgear 16 by neans of the gate
ci-rcuit [err]. The battery voltage is then cut off. The gate circuit [err]
is thus activated with the first threshol d-value switch 13 and noves up
with the start of the delay circuit 17. In case the battery 4 is conpletely
di s- charged or defective or non-existent, the activation at the circuit
node 18 will be prevented-by neans of the battery nonitoring circuit 19.
Second t hreshol d-val ue switch 15 The 3pE®d=proportional voltage of the
dynano generator 1 resulting at the capacitor 4 is supplied via a second
vol tage divider 14, which consists of two resistors R3 and R4, to the
second t hr 63E6RELVAT U@Peny t tire 1Sleqtronte $@tEFhgearelf JbY creadnsi9ht es by
means of apneUbRYE Si88ait!PP. ORRE WaLeOVP v61ta9d £8CLRYn! bittsEsdevice 10
in the case of "a dynano-generator output Voltage |l ower than [err] = 4.5V,
wher eby anThet gateveiraget of1the thes ggcbbvietedeyvibhdtBacfdysti mter device
10 of adj ughabkRotaSui1he SwMeéhPll Asa'R86580up! f1thetnEt BUkr¥obE agRe Of
the dynano generator 1 is above 4.8 V, the energy-converter and _.

ener gy- | i niedaydedrewvitolys Letcagenthpsbatterne dulpuconpdabelyfdises second

threshol d- yghygedWbk Cletect Pys USH ﬁoﬁﬁégféteﬁ99tth% Q%E§95§§oﬁ+étV%ﬁéb2) at

the output therfeof. This inplies that, by virtue of the node of operation

of the preférradtenedsp| 48ywekbobe nereventedebyoneansepfathanhakbarys

depi ct ed iﬂoggggggné,cy&ggi@nlgpput vol tage UT2 of the second
t hreshol d-value swtch 15 when [err] of the latter is lower than 4.5V,

voltage is procured fromthe battery for the purpose of producing standing

| i ght, andsggghgwkhgegﬂo?agﬁglﬂglg@ggcéeég] of the second threshol d-val ue
switch 15 - -

The speed-proportional voltage of the dynamo generator 1

resulting at the capacitor C4 is supplied via a second
voltage divider 14, which consists of two resistors R3 and

R4, to the second threshold-value switch 15 (voltage Upj).

The latter activates by means of an output signal the
energy-converter and energy-limiter device 10 in the case of
a dynamo-generator output voltage lower than V, = 4.5 V,
whereby an output voltage of the energy-converter and
energy-limiter device 10 of adjustable 4.5 V to 6 V (Uz])

is reached. If the output voltage of the dynamo generator 1
is above 4.8 V, the energy-converter and energy-limiter device
10 is set by means of the output signal of the second
threshold-value switch 15 in such a manner, that it produces
6.4 V (Uz2) at the output thereof. This implies that, by
virtue of the mode of operation of the preferred exemplary
embodiment of the converter arrangement 5 depicted in Figure
3, with an input voltage Upy of the second threshold-value
switch 15 when Vy of the latter is lower than 4.5 V, voltage
is procured from the battery for the purpose of producing
standing light, and that with an input voltage Ups of the
‘second threshold-value switch 15 when Vg is higher than 4.8 V,

output voltage (traveling voltage) is procured from the dynamo
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out put voltage (traveling voltage) is procured fromthe dynano - 17 -
génerator 1. The change-over from battery operation to dynano operation
occurs snoothly. At the output of the energy-converter and energy-limter
device 10 there is connected a charging converter 20 which feeds the
battery 4 as soon as the output voltage Ua exceeds 6.1 V and rises up to
6.4 V by proportionally increasing in degendence on the charge condition of
the accunul ator battery 4. It is thereby énsured that no battery chargi ng
occurs during battery standing-light operation. It is furthernore ensured
that the volt Qes .no faII bel ow 6 V when_the energy of the dynano
gener at or |§eP%§ FcilentheTRBapgerovar X0 bagdegyy P@EXakdonREOc §Ramped
to the out pupothtibn eeeugy- gﬁaaehg?r and energy-limter device 10 delivers
a control signal UT3 for the control of the output voltage Ua (feedback).
This control voltage is influenced by the second threshol d-val ue switch 15.

The functlomt Qhetb&t@&ﬁvaftQheaéhéﬂg9“§8hvériéﬁeEﬁh‘%ﬁh&&thhﬂﬁkbﬁted in
Figure 3 will he dhé nor e éeﬂereln- after articularly In

conjunctlondﬁyﬂﬁ FrQuirBEX8a1E0C2BNER |3uFB§rE&nﬂo09@V3¥ﬁ§rFﬂQquscha to

4e schemati (f&kekix: thewbaktakgPhi 68! sbER" asephat e | ol
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t hr eshol d-v ISE smntch°13 andcto ? he second t hreskgfdgéghhgiéﬁﬁr Eafgery
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dependence ahrhhgsaateék§gsﬁahaiﬁ§sMHsﬁtsaﬁarakﬁéh.t&%ylﬁ'%ﬁr&h&?hé%&o

ensured that the voltage does not fall below 6 V when the

energy of the dynamo generator is insufficient.

The resistance voltage divider Rs5, Rg connected to the output
of the energy-converter and energy-limiter device 10 delivers
a control signal Up3 for the control of the output voltage

Ua (feedback). This control voltage is influenced by the
second threshold-value switch 15.

The functions of the converter arrangement 5 schematically
illustrated in Figure 3 will be discussed more fully herein-
after;=particularly in conjunction with Figures 4a to 4e and
Figures 5a to 5c. The Figures 4a to 4e schematically show in
graphical representation the chronological dependence of the
voltages Ug (U 2V4), Up; and Upz (a component voltage of Vy),
which are respectively produced by the first voltage divider
12 and the second voltage divider 14 and which are supplied
to the first threshold-value switch 13 and to the second
threshold-value switch 15, respectively, whereby the
approximately linear and speed-proportional dependence of
these voltages is assumed such, that they rise from zero

“ starting at a moment of time tl(tl') up to a moment of time

t3(t3') (in accordance with an assumed increase in speed from



starting at a nonment of tinme tl(tl') up to a nonent of tinme [err] (in
accordance with an assuned increase in speed from - 18 - zero to 30
[err] and then again drop approxinmately linearly from[err] to a nonment of
tinme [err]. At the nonent of tine [err] at which the voltage [err] reaches
[err] 0.8 V, the first threshold-value switch 13 is activated, and at t he
nonent of time [err] at which this voltage again falls short of [err] = 0.8
V, the first threshol d-value switch 13 %8& deactivated (start and travel
operation). Between the noments of time [err] and [err] the delay circuit
17 renmmins inactive. At the nonment of time [err] the delay circuit 17
starts nmea2@F? nte tHe keph)y aid then agaiih XOR ARPFYRRRRES IO Hreaxly

term nat ede gby, 3 PR {gc; 'mér& (dF Airfe 409 ¢, OReNshd NofdeEtgoni €

swi t chgear 16 by neans ate circuit [err] and thereby cuts off the
battery . votm@;e 1{¢lthe %I';rrfdm gthegwoktagss Yri oreachenceVerd 0i8tWe del ay

time (e.g. ﬁe res 5?%} &1&5\}&1{5% dtech f!@:?]dfé Ryc€iv&ted, | SndBLE tRactive

by the flrst ue SW t 13 and e functions recomence as at

t he rmnentm@t\emf-r@f [edme . t5rh'@5 Secvhdvhiglesthigl-vel trgevrgain 15akls gure 3)
is activatggoAt @fn@nant%og ¢ing, %U%y %ﬁ i&EbéfGQ”§w¥f%ﬁaﬂ§ gdivi der
2 when the

14 (Figure e vo1tage voltage [err| exceeds 4.8 V
(Figure 4dr§1eaqwnat¢@ (atanycandrigavel [ epermtions . Between the mements of

time t4 ( %ﬂuﬁﬁnédﬁdl ?e) S&EPNEs ise)sha&éi d@i%@ éﬁ&@ﬁla gfeuxg%fﬁé' vated by

means of the secon d|V|der During the
acti vat i onipeetive of At hbh%dmt m%stm% valtR' Isvxﬁ:h%hdeh@Yeﬂbrgh}ltth/er ter

and ener gy%l:élﬂ"%é %{,_%Qée&fﬁg 1004 AU G2, CPOV e hStdhEe OUEBHE NPhhPLE, a2 to
preferred 6. i 'S - _
which is terminated at a moment of time t8 (Figure 4c¢), and
opens the electronic switchgear 16 by means of the gate
circuit T3 and thereby cuts off the battery voltage. If the
dynamo voltage rises prior to the end of the delay time
(e.g. 4 minutes) t5-t1l' (Figure 4a), the delay circuit is
made inactive by the first threshold-value switch 13 and the

functions recommence as at the moment of time tl(tl').

The second threshold-value switch 15 (Figure 3) is activated
at a moment of time t2 by means of the second voltage divider
14 (Figure 3), i.e. by the voltage Up, when the voltage V,
exceeds: 4.8 V (Figure 4d). When the voltage V4 falls short of
4.5 V at the moment of time t4 (Figure 4d4d), the second
threshold-value switch 15 is deactivated by means of the
second voltage divider 14, i.e. by the voltage Up2. During
the activation period of the second threshold-value switch
the énergy—converter and energy~limiter device 10 (Figure 3)
converts the output voltage U,, to preferred 6.4 V. This
occurs as soon as the traveling speed exceeds approximately

5 to 7 kmph (Figures 4a and 4e). In the inactive range of

the second threshold-value switch (traveling speed lower than
3 kmph), the energy-converter and energy-limiter device 10

converts the output voltage Uz; to 4.5 V up to 6 V, preferably



occurs as soon as the traveling speed exceeds approximately 5 to 7 knph
(Figures 4a and 4e). In the inactive range of the second threshol d-val ue
switch (traveling speed | ower than 3 knph), the energy-converter and
energy-limter device 10 converts the output voltage [err] to 4.5 Vup to 6
[err] preferably 19 - fixedly set, fogpgqinstance, to 5.5 V as illustrated
I n Figure 4e. The function-tinme diagrans 3epicted in Figures 4a to 4e are
conbined in the voltage-speed diagramillustrated in Figures 5a to 5c. The

change- over ffﬁ%%pr&r#afﬁéﬂ %o\é E_le_g?nge& %Oglsqgck}r %satiﬁgtsirt%v I idn speed of

about 5 to 'function-tinme 'diagrans depicte I"gu & 4a to 4e
il lustrate Fideyendent on the voltage-speed/variation-in-time di agram
(Figure 4a) - the respective functions of the firat threshol d-value switch
13 (Figure 4b), of the delay circuit 17 (Figure 4c), of the second

t hr eshol d- v&hee famnicttdlontX ifrei diagrams degicftetdhd noftiguiresoldbade Ye [err|
(Figure 4e).__The |, Cis L CU i ct.l ed . t reshol.d .vol t age
Vx falls shé¥ &o%§6%%gxi1%a#g%y%é}§%g%( }sh)\é%?hgrl%r s?ﬁtl%l%t%ia%?& écones to
a stop). ThEFidehras Sa dw 5cl7 Thewchapgerevelry fmeoandiof #hé Fatte [err] and

the switch rr] G gur during i f _faur _m_nutesthe voltage of
t he battery[uz'éali t06t'#eg}éi°?:€§'|)rts %gdg fgag’%&l?%u%pfg I?g 5%8&-‘ y-scg:l?vﬁrb( and
energy-limter device 10. The latter now produces the output voltage

(standing light).. AL .the end af. the ti i,nterval of, four minytes, the
switch [err]llqﬁes ) ecrifé'gnartf'd'mtehglgﬁfﬁng P& 1t"h% by & TFCH:(?dSA@ff. In
case the fi ridilustresieol-ddependenti boh the exdtade-ishecdywardla tdiogdn-{tdie] ,
when durlng&fg%ram (Figure 4a) - the respective functions of the firat
threshold-value switch 13 (Figure 4b), of the delay circuit
17 (Figure 4c), of the second threshold-value switch 15
(Figure 4d) and of the output voltage U, (Uaj, U,,) (Figure

de) .

The delay circuit 17 is activated when the threshold voltage
Vx falls short of approximately 0.8 V (in other words, the

" bicycle comes to a stop). The delay circuit 17 now supplies
by means of the gate T; and the switch S; (Figure 3) during
a period of four minutes the voltage of the battery 4 to the
circuit node 18 and thus to the energy-converter and
energy-limiter device 10. The latter now produces the output
voltage (standing light). At the end of the time interval of
four minutes, the switch Sj is opened and the entire system
is thereby switched off. In case the first threshold-value
switch 13 exceeds the control signal Vg, when during the
delay interval the voltage V4 is equal to 0.8 V, the delay
circuit 17 is set back to zero and there commences the normal
traveling program as described hereinbefore under "First
threshold-value switch 15"



-

delay interval the voltage [err] is equal to 0.8 [err] the delay circuit 17
I S-set back to zero and there commences the normal traveling program as
descri bed herei nbefore under "First threshol d-value switch 13" 20 -
Summari zed, this means that when the bicycle comes to a stop, the standing
light burns at least four minutes |long and, upon starting anew, the

| i'ghti ng system changes over without interruption to the traveling program
The battery-charge nonitoring circuit™ 190 (Figure 3) nonitors the battery
with respect to the charge condition and the operational capability

thereof. In case the battery is discharged or not cafable.of functi oni ng,
the batt er JUERaF Hzedontabs ipeaRs kgt wien, the phiceate pamesnt@cdi 88OPF t he

batteries tRetfeafdifgiliqodeodBns S&t t 1@dst NEosY ShEMtEst IS0 nA UuBbHe

operated according to Figure 5a directly by neans of the dynano gener at or

Ug (in suchtREEEng apit shentigRtingnsystem ¢hangesroyerowitheet and
ener gy- | i nMiheére@ytLon 1o the | Srivel LRy ﬁg@gﬁg@éthat the batteries are
a,

protected agai nst total discharge. Figures b and 5c illustrate the
course of the output voltage Ua achieved by the bicycle lighting system

accor di ng tRe t Bt tEMPIERRPge SHONI COHIRE OEL 8 HePd CiplghPet 88 fOhILLEs2
curve [err]. extending between the hatched | egally standardi zed range. The

course of Hhe BRERREY véithgeesreqkstenbiredchyran condi thon (#hgutkesh). On
the other bpefatforall Ve€akeb{ i Oyl €nddoBNOYE é@&&%sﬁaefce%?eigm put

voltage of a conventional bicycle lighting system e standli ng-1ight range
i s desi gnatiichgrged P eet Parakle robTiungiiening dsthe chatiteprechargge

fronlzero;ﬁéhf$5&&n§ &Puit 19 will prevent the connection of the
batteries to the circuit node 18, so that the system is
thereby run and operated according to Figure 5a directly by
means of the dynamo generator Ug (in such case without
standing light) and the energy-converter and energy-limiter
device 10. It is thereby ensured that the batteries are
protected against total discharge.

Figures 5a, 5b and 5c illustrate the course of the output
voltage Uy achieved by the bicycle lighting system according

to the invention, such course being depicted in the form of

a curve K] extending between the hatched legally standardized
range. The course of the output voltage is designated by Uzj
and Uy (Figure 5b). On the other hand, a curve K, (Figure

5a) shows the course of the output voltage of a conventional
bicycle lighting system. The standing-light range is designated
by reference character STL and extends over a speed range from
zero ﬁo about 5 kmph;

The aforedescribed bicycle lighting system and the dynamo
system thus have particularly the following advantages:

< The dynamo generator disposes of a very high efficiency

which produces a power output of more than 4.5 W at a



The af oredescribed bicycle lighting systemand the dynano systemthus have
particularly the follow ng advant ages: The dynano generator di sposes of a
very high efficiency which produces a power output of nore than 4.5 Wat a
- 21 - traveling speed of approximately 5 to 7 knph; this dynano power is
converted to 6.4 V and kept constant at a speed above approxi mately 5 knph
by neans of the up-converting and down-converting converter arrangenent;
this energy is now directly availablé,2 n"the one hand, for charging the
battery and, on the other hand, for generating |light; the converter

arrangenment operates already from2 V with_an_inpu ol tage starting from
1.5 V and uptggvgélpg(gge CSFr@EBSH&PH@tﬁﬂVhsaﬁgrgx%ﬁﬁ%ély 80 knph): the

ratio of energy apportioning in traveling light and standing light is |,
obtained in a_ratio of 1-2:1, this neaning two _units traveling light and
h

one unit $tafditfyAYPGRO, PPFREspEcCPPEesEenEosBeédY s keBboFORSAERE rati o
is currently a¥ ial Ispleled &BdvBY aEbQle‘lﬁéﬁéllg saRaph! HyomeanisUdiEl &her
batteries. The ratio can be su stantlall¥ reversed In the case of an
augnent ed ch3PFCRFVELSAOLt frdndOWBLFANKErting CROVERLET ZXFAPAE™6RYG. 5: 1.
However, such batteries are currently still not available or have other

dr awbacks; the bicycle lightin systen1neets&%£ far the_ le

g 5 al
dynano- t r avelthiGnenexgyyds peWadicecsiy: ayal 1&de&ﬁa$§ee%€ﬁg9aﬂﬁ'Iight

and battery o @haggdingnehe Baekellt andl,y oavahealttervhiahd,heoef f ect ed
apportionment of the output voltage of
generating light;

~ the converter arrangement operates already from 2 V with
an input voltage starting from 1.5 V and up to 80 V
(80 V corresponding with approximately 80 kmph) ;

- ‘the ratio of energy apportioning in traveling light and
standing light is obtained in a ratio of 1-2:1, this
meaning two units traveling light and one unit standing
light, irrespective of the speed. This apportioning ratio
is currently still limited by the charging capacity of
accumulator batteries. The ratio can be substantially
reversed in the case of an augmented charging capacity
and could be, for instance, a ratio of 0.5:1. However,
such batteries are currently still not available or have

other drawbacks;

- the bicycle lighting system meets by far the legal
dynamo-travel-power curve, because constant and adequate
energy for light and battery charging is non-intermittently

available;

- with the effected apportionment of the output voltage of
"~ the energy-converter and energy-limiter device 10 of the

converter arrangement 5 to provide an output voltage of



~

t he energy-converter and energy-limter device 10 of the converter
arrangenent 5 to provide an output voltage of - 22 - 4.5 up to 6 V bel ow
a. speed of approximately 5 knph and a "travel" voltage of 6.4 V, the

St andard exacting 3 Wfor standstill and for any traveling speed is ideally
fulfilled; - the battery-charging balance is reliably ensured; - by virtue
of the superior efficiency of the entire bicycle |ighting systemthereis
achieved a far |lower riding resistance.2Bn-other words, the pedaling energy
to nove and actuate the dynanp systemis substantially reduced in spite of

I ncreased dynano power; - the application of the air-core coil in the
dynanmp gener afteP BPi KPnft Bsbehgvieti epeefpPé apprarivatelyt hekwphaand

generat or hasav0&¥ab8mmiGsﬂea'geo#9§828v,re aiéganag algﬁheqiﬁ ngagts and
is, therefore, better and noré reliable; "and - fina Fy, the rofary notion
of the entirefangatandstittupnd(boreanyi kravelind sneed &prédpall¥l i ni nates

the magnetic Fﬁi%?il@ﬁ-the dynano generator. Figure 6 shows an exenpl ary
preferred realization 0f the converter arrangenent 5 by means of a
custom zed, integrated, solid-state switching circuit 50, at pins of which

there are conael gdexkernRke 31hiCBAIRELCTENLe19bnifeargayaRL e cirouit.

Since all electronic ctiron e conpl ex and cost since the
construction, which includes integrated standard switching circuits, would

require a Large pyuRgL 8F €REPEAEBLSor efficiency of the entire bicycle

lighting system thereﬁs achieved a far lower riding
resistance. In other words, the pedaling energy to move
and actuate the dynamo system is substantially reduced

in spite of increased dynamo power;

- +the application of the air-core coil in the dynamo

generator eliminates magnetic ripple formation;

- the dynamo generator has very low inductive losses,
requires no sliding contacts and is, therefore, better
and more reliable; and

- finally, the rotary motion of the entire magnetic circuit
(outer circuit and inner circuit) eliminates the magnetic
losses of the dynamo generator.

Figure 6 shows an exemplary preferred realization of the
converter arrangement 5 by means of a customized, integrated,
solié—state switching circuit 50, at pins of which there are
connected external switching elements of the converter
circuit.

Since all electronic functions are complex and costly and
‘since the construction, which includes integrated standard

switching circuits, would require a large number of components



<

- 23 - as well as a great deal of space, there are sensibly realized al
functions (digital and anal og functions) in a One-Chip- ASIC 50. A bicycle
| ighting system being a nass-produced or bulk article, it is evident that
mass production of the custom zed, integrated, solid-state sw tching
circuit 50 is also economcally worth-while. Conponents that cannot be
Integrated or cannot be sensibly integrated, such as the rectifier 11, a
transforner T, the capacitors [err] = 43 ~a power output transistor and
further conponent parts, are connected to the pins of the custom zed,

I ntegrated, solid--state swtching circuit 50 in the.circuit arrangenent

i || ustrat@8 Wﬁltlﬁﬁré greay ?ﬁ%%l%ﬁnﬁPQP%us¥%%¥§eﬁresﬁﬁﬁﬁlg%&tEeaih?%%rated

. SWi tchi ngaeir e¢h&tPEnd O(aiGEL &l Cohd &1 NEGAEESORE) t IR EO@MSLéEip—
arrangenent 5, the latter_can be realized very conpact and spall, so that

it can beA8E€oRBdabebicyghe nbighbing t s bemt Being AnMmassnBrPAneedi 8 which

is eitherphikegraietde\ {8 {Heedydone EH&E'ﬂﬂs@rpﬁsaaééiéhYOﬂDHHéab|e
thereat. Figure 7 deplcts a | ongitudinal section through an exe

enbodlnenFuﬁFQFhéeﬁynaﬁﬁe§€%5$@to$011§U§§%§?eﬁWhEEBFBQn@lFﬁu%Heanﬁﬁnt|on

as a si deail¥B8agBohBmiEdl D ﬁ&rtﬁlﬁﬁiﬁéEdc %&ﬁéﬁté enataaahﬂbegbéted
converter arrangen”ent 5. %nam) S¥St em Is mounted i n known mEnher at

a swivel Apkpgyaiad @6nﬁ?P§@§ a &ppetbhvuinhgIpstrefonssghwArckl@nconpasses

the rotat i-ggtiRRek EerH'EréﬂngEhéf @'VEHétc§EQc£E6r§té 'OC?V go'bﬁ,
23.1-23.6, and a | ower housing portion 31 which enco he attéry 4

and t he cénP@W?ErOEFPHﬁgéﬁéhﬁlS Fhﬁ%dlﬁﬂéFhﬁ5u§Pﬁ§°B§PFlBﬁr3§ rb8Ffig

flxedly CQBHQGE%QdWEBhtBerEHQGBfheﬂé'Sﬂseeﬁihea 3Qnt$a§a%eal seghians
23.1-23.6 are |nte%ra y formed with ousi ng base 3 The converter
arrangeneﬁFa§e|§W1 ching circuit 50 in the circuit arrangement

illustrated in Figure 6.

By providing a customized, solid-state, integrated switching
circuit 50 for the electronic functions of the converter
arrangement 5, the latter can be realized very compact and
small, so that it can be accomodated together with the battery
4 in a small housing which is either integrated with the

dynamo housing or separately mountable thereat.

Figure 7 depicts a longitudinal section through an exemplary
embodiment of the dynamo generator 1 suggested according to
the invention as a side dynamo including an integrated battery
4 and an integrated converter arrangement 5. The dynamo system
1 is mounted in known manner at a swivel arm 34 and comprises
an upper housing portion 30 which encompasses the rotating
innerscircuit and outer circuit and the stationary coils
23.1-23.6, and a lower housing portion 31 which encompasses
the battery 4 and the converter arrangement 5, this lower
housing portion 31 being fixedly connected with the upper
housing portion 30. The coil sections 23.1-23.6 are integrally
formed with a housing base 37. The converter arrangement 5 is

connected by means of guide pins 39 with the coil sections



connected by neans of guide pins 39 with the coil sections - 24 -

237 1-23.6. Connections 33 to the lanps are |located in the | ower part of the
| ower housing portion 3.1. At the dynanp systemthere is provided a sensor
S2 which detects that the dynano systemis not ready-for-operation in the

i dl e position and supplies a signal to the converter arrangenent 5 (Figure
3), thus effecting imediate interruption of the existing standing |light.
This sensor (S2 in Figure 3), servifg2fo—deenergize the entire bicycle
lighting system when the dynanp systemis tilted away, is acconodated in
the housing_of the swivel arm34. A driving wheel 35 driven by the bicycle
wheel is2Bi-XadBy bcoRRBREEELRNEN3] §pnkhe ARBBF 8¥ewAPertednipythe lower

connect egawitt bet ReSUBRRE heREENng! pbPeibANSN . ChACEhE alRhmodw)aFRyar bor 38
is freely rotatably nmounted in an ugper pi vot bearlng 6 and a | ower pivot
bearing ¥9ereaienpignidre ayRanrsosySeewhdepi detgcts khpgngheudymamo
secti onakyyiran i8 hofUkeadyl-$oraBpbiHEiBH 25 %ha1§algy@@@&taﬁatﬁqglt wi I
be readily clear to one skilled in the art that the aforedescribe

parti cul &RPPRiescBeFLINRds tef thRe capNaRbery 3xERANIeREARst SudFdguzecdidi ng to

the i nverhiane#rectling 2RRkGaRke1hebrPupibi’ oY RAD ey $h8M( Eltdiaind) ©OF
for a hub dynamb systém O course, there can be provided an~alternative

enbodi meAd gbit -t FRigy sERSOFy dBeminn Figuret R ,c68¥¥ANEr tor Agegersitzes thigown
in Fi gur engirkh®iepicaenali gheaRgnesteh#hed’ t8ad ayianbrlbl@bntar al so be
kept apart fromthé dynand genérator and arranged separafely on the
bi cycl e. tilted away, is accomodated in the housing of the swivel arm
34. A driving wheel 35 driven by the bicycle wheel is fixedly
connected with a dynamo arbor 38 which, in turn, is connected
with the support core of the inner circuit. This dynamo arbor
38 is freely rotatably mounted in an upper pivot bearing 36
and a lower pivot bearing 36'. Although the dynamo system
depicted in a longitudinal sectional view in Figure 7 is
constructed as a side dynamo system, it will be readily clear
to one skilled in the art that the aforedescribed particular
characteristics of the dynamo system 1 constructed according
to the invention are also applicable for a roller dynamo

system (Figure 8) or for a hub dynamo system.

Of course;, there can be provided an alternative embodiment of
the dynamo system in that the converter arrangement 5 shown
in FPigure 6, the external components thereof and the battery
can also be kept apart from the dynamo generator and arranged
separately on the bicycle.



L

25 - PATENT CLAIMS 1. Bicycle lighting system conprising-a- dynanmp system__
(1; 5) which includes a dynano generator (1) and is drivable by a rldden
bi-cycl e and nounted thereat, at |east one front-light (2) Hﬁé&aﬂ{
rear-light (3), both of which are supplied with electric po ”

dynano system (1, 5), and a converter arrangenent (5) which

electric power generated by the dynar enerator (1) into a regulate
direct-current voltage for generating ght and for charging an.accunul at or
battery (4), characterized in.that the dynanb system (1) is arranged and
constructed such, that -froma mninumtraveling speed of approximately 5 to
7 knmph it generates an electric power adequate to charge the battery (4)
and simultaneously feed the frorpatENnghtciA)Msand the rear-light (3), and the
converter arrangenent (5) has an up-converting and down-converting function
and is additionally fed fromthe battery (4) as long as the m ni num
traveling speed is not reached. 2; Bicycle lighting systenlaccording to

claim11, char ter% gq qit hat the converter, arran enentéé%% rlses an
11111111 171 PHERGLE drohting systen CPT IR\ A y ,
energy-lim te.vhﬁﬁwmcmd?e)s a @yhdny ekttt U(il)d%/rld?&s( J&ﬂx?ébl’@'kﬁh

detects a rectif} out t vol tage [err], whereby in case the
t hr eshol d- vaI%er]u‘iQdﬁrbgy d‘fm’d’ c‘?}#‘?"&gfm ni mum

at least one front-light (2) and

at least one rear-light (3), both of which are supplied
with electric power from the dynamo system (1, 5), and

a converter arrangement (5) which converts the electric
power generated by the dynamo generator (1) into a
regulated direct-current voltage for generating light

and for charging an. accumulator battery (4),

characterized in that

the dynamo system (1) is arranged and constructed such,
thaﬁéfrom a minimum traveling speed of approximately

5 to 7 kmph it generates an electric power adequate to
charge the battery (4) and simultaneously feed the
front-light (2) and the rear-light (3), and

the converter arréngement (5) has an up-converting and
down~converting function and is additionally fed from
the battery (4) as long as the minimum traveling speed
is not reached.

27 Bicycle lighting system according to claim 1, characterized

in that the converter arrangement (5) comprises an

AR



vol tage of the dynano generator is exceeded, the voltage (UBATT) supplied
f-romthe battery (4) is fed, in addition to the rectified output voltage
[err] of the dynanmp generator (1), by neans of an el ectronic sw tchgear
(16) to the energy-converter and energy-limter device (10), and that the
out put voltage (Ua) of the energy-converter and energy-limter device (10)
Is during battery operation within a first constant output voltage range
(Ual) and during dynano operation wi thi?® & second const ant out put vol tage
range (Ua2), the latter being above the first constant output voltage range

[err] and that a battery chargi device (20) .is actlvated bove an out put
char gi ng voIt5@@r6@0F°WWPEWeFSaS§tﬁ@@ﬁgﬂﬁ imiter deydegni(igdt fRE Fol t age

range (Ual) arthriddholeceadueodehdde qupul7)vahliage dedeets] @r kectifiliccycl e
l'i ghting systen1accord|ng to claim2, characterized in that the first

constant out pFYIER% L¢P yoLtage) (JreDymid rc HREEEDY: 12 C25GetE® lies in a
range from 4 ttmx@s%ollar-%faa_ﬁ;@bh\évﬁwa@t%ctt% &h¥t &n%préaqf%rdpmuﬁhaﬁ:gl ng

vol tage [err] is preferably 1 V. 4. Bicycle lighting systemaccording to

claim2 or cl FAhtRIC IR dbee SYPSIO FENRXE tOfe @n&x&f erther vaddage

energy-1imterg sﬁ@lﬂédmﬂr%ﬂ 0 Waltitle (tahe 1“50'f‘é@rtqrn %Hd?ﬁﬁ.%??nt
(5) |nvar|ablyt&§M! up to preferably tor?fS up to 5 W - 27 - 5.

Bi cycl e |ight ity tRRs@Ftd : ONFRUSE Fiod te9 e Hé]eﬂYal)né’fltt}!‘Pr&Yan@
charact eri zed geheriort Q. )GOBYE heRdinAIdFARGE EBRlc thionifdIhifichy@dy | @&y - a

rectifier CIrCUIt (11) for producing a rectified_and
to the energy-converter and energy-limiter device (10), and

that the output voltage (U;) of the energy-converter and
energy-limiter device (10) is during battery operation
within a first constant output voltage range (Uyj) and
during dynamo operation within a second constant output
voltage range (Uz2), the latter being above the first
constant output voltage range (Uz1) , and that a battery
charging device (20) is activated above an output charging
voltage (Ug) which is between the first constant output
voltage range (U,;) and the second constant output voltage
range (Ugo).

3. BicYcle lighting system according to claim 2, characterized
in that the first constant output voltage range (Uz;) of
the converter arrangement lies in a range from 4 to 6 V,
preferably from 4.5 to 6 V, and the output charging
voltage (Up) is ?referably 6.1 V.

4. Bicycle lighting system according to claim 2 or claim 3,
characterized in that the energy-converter and
energy-limiter device (10) limits the output of the
converter arrangement (5) invariably to 4 up to 6 W,
preferably to 4.5 up to 5 W.

-—
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snoot hed dynano out put voltage [err] which is supplied to the

ener gy-converter and energy-limter device (10); - a first voltage divider
network (12, [err]) which converts a first rectified output voltage of the
dynamo, which voltage is proportional to the traveling speed, into a first
conponent voltage (UTI) and supplies this conponent voltage to a first

t hreshol d-value switch (13); - a second voltage divider network (14, [err])
whi ch converts the rectified output-véftage [err] of the dynano generat or
(1), which voltage is proportional to the traveling speed, into a second
conponent vol tage (UT2) and supplies the |atter to a second threshol d-val ue
switch ($5), Bis¥cdey lightings sysitess hocgrdinge towioneh of 1 3heagpliies tthe

battery voIthQOQUﬁAIT)chgrggﬁegﬁggayﬁéo%ﬁﬁ%1§§ a%@n@@ ey l#g?5§%mb% age

(10) by neans of the electronic swtchgear when t e rec
[err] supplid&)f fymthes epmprdsgsnerator (1) has exceeded a first threshold
vol tage detected by the first threshol d-value switch, and the second
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device (10) a signal to swtch he “out ereo
first constaﬁmcﬁmbpdtdVOBmQQQUFput]VDétBHe i@@g@ﬁ)cwhsbhnhsoubp@ared t age

(Ua2) and vigg (ReSanuheley e d %u Q
detects that a second t %&es%%ygg%e t%%g Fég%gg reaé%% %e$y éded
respectively; 11111111 1121111 111111111111111 - 28 - - a delay C|rcuit
(17) which i s eoddgsteyolitaget Bévidepunedivorke (2 sRyyhRgdhehd.chal ue switch
(13) and W tRH R rts a first rectified output voltage of the dynamo,
which voltage is proportional to the traveling speed, into
a first component voltage (Up;) and supplies this component
voltage to a first threshold-value switch (13);

- a second voltage divider network (14, R3, Rg) which
converts the rectified output voltage (Ugpyy) of the dynamo
generator (1), which voltage is proportional to the
traveling speed, into a second component voltage (Upy) and
supplies the latter to a second threshold-value switch
(15) , whereby

the first threshold-value switch (13) applies the battery
voltage (UparT) to the energy-converter and energy-limiter
device (10) by means of the electronic switchgear (16)

when the rectified voltage (Uapyn) supplied from the dynamo
generator (1) has exceeded a first threshold voltage
detected by the first threshold-value switch, and the
sec¢ond threshold-value switch supplies to the
energy-converter and energy-limiter device (10) a signal

to switch over the output voltage thereof from the first
constant output voltage (Uyj) to the second constant output
voltage (U,5) and vice versa whenever the second
threshold-value switch (15) detects that a second threshold

voltage is not reached or is exceeded, respectively;
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el ectronic switchgear (16), and which, in case the rectified output voltage
[err] fromthe dynanpo generator (1) falls short of the first threshold

vel tage, opens the electronic switchgear (16) at the end of a predeterm ned
. period of tine, in order to switch off the voltage (UBATT) of the battery
(4) fromthe input of the energy-converter and energy-limter device (10),
and - a battery charging converter (20) which is coupled at the output side
with the energy-converter and energy=l Rfi ter device (10) and which al so
during battery operation remains activated for charging the battery (4). 6.
Bi cycle lighting systemaccording to one of the clains 1 through 5,.
characteri zed~i & £R&ayt gdreuit ﬁgQWivhﬂCQtish90d9ﬂahedsy$thnthe,oﬁtpat

sensor [err], of2kneheehsdekrebanbial bigeXiRIBNSYES$Thha L ign! gpReralive
position is not ready for operation and which suppliés a signal 160 the
converter arr8hgeheEanicspwitghgeargkdb) i nandi whékh, cint cageothet he exi sting

standing | I Ohtects£1BuCYaLBuL! GB1EAGESYBLEM ACELM! Bo! 8y ROR 0§eH8£st8L the
previous clains, characterfzed In tRat tRRYNYNEND generator (17 conpr ses
an inner circuild fallsasbonh ofit thecfirgtt theeshobdt odtagki chpens thant ed

for synchrono kQNgd hregti ut -a_stati.onary.air-core
coi | gonsistiﬁgeggkgg?? ggg%%gﬁga?gg}%k2§?G¥$ga§§8tégtatﬁﬁeﬁﬁggfmﬁP?éuit
(21) and the perépdcpfctime¢22h emdbrcbapswitch pbfeshéavblthger] in
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energy-converter and energy-limiter device (10), and

- a battery charging converter (20) which is coupled at
the output side with the energy-converter and
energy-limiter device (10) and which also during battery
operation remains activated for charging the battery (4).

6. Bicycle lighting system according to one of the claims 1
through 5, characterized in that there is provided at the
dynamo system (1, 5) a sensor (So, 32) which detects that
the dynamo system in the inoperative position is not ready
for operation and which supplies a signal to the converter
arrangement (5), such signal immediately cutting off the

existing standing light.

7. Bicycle lighting system according to one or more of the
previous claims, characterized in that the dynamo generator
(1) comprises an inner circuit (21) and an outer circuit
(22), both of which are mounted for synchronous rotation
in the same direction about a stationary air-core coil

consisting of coil sections (23.1-23.6), and

that the inner circuit (21) and the outer circuit (22) each

comprise n poles (a~f, g-m) in identical pole pitch.
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by a ridden bicycle and nounted thereon, at |€ast one front |ight and at

| east one rear light, both of which are supplied with electric power from
t he dynano system and an electronic: circuitry which converts the electric
power produced by the dynanp systeminto a regulated direct-current voltage
for producing light and for charging .a rechargeabl e accunul ator battery,
characterized in that the dynano systemis provided with a dynano generator
(1) conprising an inner circuit (21) and an outer circuit (22), both of

whi ch are nounted for synchronous rotation in the sane direction about a
stationary air-core coil consisting of coiRgsections (23.1 through 23.6),
whereby the inner circuit (21) and the(nﬂfg CIrCUIt (22) each conprise n
poles (a-f and g-m respectively) inj j%? e pitch, so that froma
m nimum travel i ng speed of approxi mately A? h t he power output of
the dynano systemis adequate to charge the accunulator battery (4) and to
sinultaneously energize the lights (2, 3), and in that the electronic

ci-rcuitry () z@qsmfyca_%s 1élgmay1§r E?ét&@vé&&nais\/i(ﬂgt agayi‘a&inouﬁyélﬂ&n St £ e
node of operatlon such that, et erm t st abi |

put v
the fed input 1% aFdé’d@é‘nbt}é’YF ﬁef‘n HapRn Y& t8 eﬂ?%h%?et‘?&‘?f‘a‘gau d
det erm nat e str&gﬂﬁ:aam a&tnebstobhagfeamhhnﬂhy tboehc ofivehieh ase supplied

ddi t |1 th t b
i i mum r avel hg SUSSI RSPOFoRE PR e Abpeile sybets § 8 ta o f i fhonsc
bi cycl e | i ghtieireigmamwidepr r:grmgrhs dsirenrel egttiempgeyabreduced by the

dynamo system into a regulated dlrect—current voltage foxr

producing light and for charging a rechargeable accumulator

battery,
characterized in that

the dynamo system is provided with a dynamo generator (1)
comprising an inner circuit (21) and an outer circuit (22),
both of which are mounted for synchronous rotation in the

same direction about a stationary air-core coil consisting

of coil sections (23.1 through 23.6), whereby the inner
circuit (21) and the outer circuit (22) each comprise n

poles (a-f and g-m, respectively) in identical pole pitch,

so that from a minimum.traveling speed of approximately 5 to

7 kmph the power output of the dynamo system is adequate to
charge the accumulator battery (4) and to simultaneously
energize the lights (2, 3), and in that the electronic
circuitry (5) comprises a converter having a voltage set-up
and set-down mode of operation such that, for a determinate
stabilized output voltage, the fed input voltage can be lower
than, equivalent to or higher than said determinate stabilized
output voltage, whereby the converter is additionally supplied
by the accumulator battery (4) as long as said minimum

traveling épeed is not reached.
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by a ridden bicycle and nounted thereon, at |east one front |ight and at

| éast one rear light, both of which are supplied with electric power from

t he dynano system and an electronic circuitry which converts the electric
power produced by the dynanp systeminto a regulated direct-current voltage
for producing light and for charging a rechargeabl e accunul ator battery,
characterized in that the dynano systemis provided with a dynano generator
(1) conprising an inner circuit (21) and3&8nh~outer circuit (22), both of

whi ch are nmounted for synchronous rotation in the same direction about a
stationary air-care coil consisthg of coil sections (23.1 through 23.6),
wher eby the inn@f &hecair-cory srdlt H@3dupér ther dynpamp2 gpnezakosofpli 6 n

poles (a-f and gmanieespaahi Y8byhm.n identical pole pitch, so that froma
m nimumtravel ing speed of approximately 5 to 7 knph the power output of

the dynanp systemis adequate to charge the accumulator battery (4) and to
si nul taneousl.y ejfafbZgehBakbghl(3)(dccdkdingdtbnciBah ke %g%g%@%@k zed

circuitry (5) conprises a converter having a’voltage set-up and set-down
node of operati R &hek thet coidr rgsdstapsensfe theabilkreogeogopdt (23Dt apd,

the fed input vehkagatezfalerba¥Biahbanoreghiyakfdho! gefbriitgper1jhanesaid
determ nate stabilized output voltage, whereby The converter Is

additional |y sufSPeld8roFhaRelaécoh®Sat or battery (4) as long as said
m nimumtravel ing speed i s not reached. - 31 - 18. Dynanp system (1, 5)
with a dynano generator (1) according to one or nore of the clains 7
through 1714chaP¥®aBp; generaterat(1l) hacepndindgénepacopr( Wpresof the

claims 7 through 13, characterized in that the air-core
coil (23) is divided per pole field into two identical
coil sections (23.1-23.6) which are pole-correctly
connected in series. |

15. Dynamo generator (1) according to one or more of the
claims 7 through 14, characterized in that the number of

poles n is at least four, but preferably six.

16. Dynamo system (1, 5) with a dynamo generator (1)
according to one or more of the claims 7 through 15,
characterized in that the power output at a traveling
séeed of 3.5 up to 5 kmph and with a load resistance of
3 ohms is at least 3 W, and at a traveling speed of 7
kmph is more than 4.5 W.

17, Dynamo system (l, 5) with a dynamo generator (1)
:according to one or more of the claims 7 through 16,
characterized in that the produced output voltage of
the dynamo generator varies by approximately 0.8 to
1.2 V per 1 kmph variation in speed of the driving
vehicle.
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realized as a side dynano (Figure 7) or as a roller dynanmo (Figure 8). 109.
Dynanmo system (1, 5) with a dynano generator (1) according to one or nore
of. the clainms 7 through 18, characterized in that the converter arrangenent
(5) (Figure 3) conprises a custom zed, solid-state, integrated swtching
circuit (ASIC 50) (Figure 6). 20. Dynanp system (1, 5) with a dynano
generator (1) according to one or nore of the clains 7 through 19,
characterized in that the converter arr3hgenent (5) is arranged together
with the battery (4) in a housing apart fromthe dynano generator (1). 21.
Dynano system (1, 5) wth a dynano generator (1) according.to one of the
clains 18l8 0o ZDynamhrsyseen z@lj. i 7 twikth taedyeper gendmwakdng(IB1) of the

conver { ef ar AgEsFiind SeSUIL S Soi DR LA, Finsbubfierynam

generator (1) no SysS nano generato
according to ommaIHCt¢mnz¢dnhm ﬂhab tlge dynammt@emendtmn {hhtishe converter

arrangenent (5 o % e dynano
generator (1) %%5‘1;9 aé)a% %{oa/u%l nﬁé‘g ?];S{ uc ure %’f %e \(Ij%/élg:rlr%Pgenerator
(1) according dznam@Jﬁﬁlqurmr&ngh 15, characterized by the use of the -
32 - characteristics of the magnet arrangenent and of the magnetic circuit
structure for generators in general. 24. Structure of the dynano generator
(1) accorX9ng mpnamaimysﬁémh(bugﬁ)rﬁithhaf@gm&mezgdnéyatbe 0k of the
characteristicgs_of é net arrange % nd of _the

accor 1ng one or m e claims 7 through 18,

characterized in that the converter arrangement (5)

(Figure 3) comprises a customized, solid-state, integrated

switching circuit (ASIC 50) (Figure 6).

20. Dynamo system (1, 5) with a dynamo generator (1)
according to one or more of the claims 7 through 19,
characterized in that the converter arrangement (5) is
arranged together with the battery (4) in a housing
apart from the dynamo generator (1).

2l. Dynamo system (1, 5) with a dynamo generator (1)
according to one of the claims 18 to 20, characterized
in that the separate housing (31) of the converter
arrangement is mounted at the housing (30, 37) of the

dynamo generator (1).

22. Dynamo system (1, 5) with a dynamo generator (1)
according to one of the claims 7 to 19, characterized
in that the converter arrangement (5) and the battery
(4) are arranged together with the dynamo generator (1)

in a two-part housing.

23. Structure of the dynamo generator (1) according to
) claims 7 through 15, characterized by the use of the
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magnetic circuit structure for electric notors. 34 versa whenever the
sécond t hreshol d-value switch (15) detects that a second threshold voltage
is not reached or is exceeded, respectively; - a delay circuit (17) which
is connected to the output of the first threshol d-value switch (13) and to
the el ectronic switchgear (16), and whi ct&fz- in case the rectified voltage
[err] supplied fromthe dynano generator *f“alls short of the first threshold
vol tage - opens the electronic switchgear (16) at the end of a

predeterm ned period of tinme, in_order to switch.off the voltage, (UBATT) of
t he accunul at or BRARAGFPTEHE1GSH A H:g’el magneds AFFENISTER e-a@éin\?gr %y and
energy-1imting m#epies d Krcuard strivtdurel fory gehergitdg sddn eenez@)l .whi ch
is coupled at the output side thereof to the voltage-converting and
energy-limting device (10) and which, in the case of battery operation,

g! so lrerr}ai ?.@C@ﬁm&iﬁ@roﬂh%{egidﬁa&ﬁaf e CaC 1;|:ra4ﬂo&t Q1) baicc®: mé(x@ .tor1]8. TEe
icycle lighting system agcording to ¢laim. 14, characterized in that there
is provided in t"r#%?n&m s ‘Ttﬁrr"]z,e%ggy \ﬁﬁﬁecﬁs(‘f'ep%cttg‘et hat the
dynano system i Hd¥dtdrE Ra9d idi the Gaghta driandeiiit idhd idf atheanay
fromengaging a bicycle rimor, tire, is not yeady faor .operation and
transmts to thé“a@'é'cf{%rﬁ%rﬁlr‘blﬂwt(‘?})e a‘{qrgré'le%ﬁ MAEES-atel y puts
out said lights (2, 3) when the bicycle is at standstill. 19. The bicycle
i ghting system according to claim 14, characterized in that the electronic
circuitry (5) conprises a custom zed, solid-state and integrated sw tching
circuit ASIC (50). 20. The bicycle lighting systemaccording to claiml1,
characterized in that the electronic circuitry (5) is kept apart fromthe

O



This is the repl acement sheet -35- versa whenéver the second
t hreshol d-val ue switch (15) detects that a.second threshold voltage is not

reached or is exceeded, respectively; - delay circuit (17) which is
connected to the out put of the first threshold value switch (13) and to the
el ectronic switchgear (16), and which'- in.case the rectified voltage [err]

supplied fromthe dynano generator falls short” of the first threshold
voltage - opens the electronic switchgear (16) at the end of a
predeterm ned period of time, in order to swtch off the voltage (UBATT) of
the accunul ator battery (4) fromthe input of the voltage-converting and
energy-limting device (10), and - the battery chargi ng device (20) which
is coupled at the output side thereof to the voltage-converting and
energy-limting device (10) and which, im4he case of battery operation

al so remai ns activated for charging the cunulator battery (4). 18. The

bi cycl e |1 ght ivag<8YShaB208hd! M:dih %@t%ga vgggt AL AL G0 5) Nl er €

is provided in_th ynanp s stem a sensor

dynano systenFPﬁttﬁe e ﬁég?%W?ﬁF vel§aganth ofer a3ehed ors i6i pxesrdntay
from engagi ng xr@specyiNey;i mor tire, is not ready for operation and
transmts to the electronic circuitry (5) a signal which inrediately puts

out said |ightsa(derad) d@géﬁl£rTii¥ GHIkR %§ égnﬁégéggsééléhehégtF%- %M cycle

l'i ghting SySt%gl cordlgg to claim 14, aracterized 1n ectronic
circuitry (5) 8n%7"?%%§ egheldmatae S%F‘Frbl 33t andnke itheeglastePnid t chi ng
circuit ASIC §80rch@iar TA6) bi aydIwhilchght imgases the wesxirdeagvd Deageri m 1,
characterized (g0t hAtsuphS 185 CALEP NG GIAGH Johel 2ot SehGR! <RBAL loff QT LheE

first threshold voltage - opens the electronic switchgear (16)

at the end of a predetermined periqd of time, in order to

switch off the voltage (Upppy) of the accumulator battery (4)

from the input of the voltage-convertlng and energy-limiting

device (10), and

~ the battery charging device (20) which is coupled at the
output side thereof to the voltage-converting and energy-limiting
device (10) and which, in the case of battery operation, also

remains activated for charging the accumulator battery (4).

18. The bicycle lighting system according to claim 14, characterized
in that there is provided in the dynamo system a sensor (52' 32)
which detects that the dynamo system in the idle position, e.q.
when the dynamo is tiltéd away from engaging a bicdycle rim oxr
tire, .is not ready for operation and transmits to the electronic
circuitry (5) a signal which immediately. puts out said lights
(2, 3) when the bicycle is at standstill.

19. The bicycle lighting system according to claim 14, characterized
in that the etectronic circuitry (5) comprises a customized,
solid-state and integrated switching circuit ASIC (50).

20. The bicycle lighting system according to claim 1, characterized
in that the electronic circuitry (5) is kept apart from the

Lawevoe seeer | pmuim



18.

19.

20.
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versa whenever the second threshold-value switch (15) detects

that a second threshold voltage is not reached or is exceeded,

respectively;

- a delay circuit (17) which is connected to the output of
the first threshold-value switch (13) and to the electronic
switchgear (16), and which - in case the rectified voltage
(UeDYN) supplied from the dynamo generator falls short of the
first threshold voltage - opens the electronic switchgear (16)
at the end of a predetermined period of time, in order to
switch off the voltage (Ugpqq) of fhe accumulator battery (4)
from the input of the voltage-cénverting and energy-limiting

device (10), and

- the battery charging device (20) which is coupled at the
output side thereof to the voltage-converting and energy-limiting
device (10) and which, in the case of battery operation, also

remains activated for charging the accumulator battery (4).

The bicycle lighting system accoxding to claim 14, characterized
in that there is provided in the dynamo system a sensor (S,, 32)
which detects that the dynamo system in the idle position, e.g.
when the dynamo is tiltéd away from engaging a bicycle rim or
tire, is not ready for operation and transmits to the electronic
circuitry (5) a signal which immediately. puts out said lights
(2, 3) when the bicycle is at standstill.

The bicycle lighting system according to claim 14, characterized
in that the electronic circuitry (5) comprises a customized,
solid-state and integrated switching circuit ASIC (50).

The bicycle lighting system according to claim 1, characterized
in that the electronic circuitry (5) is kept apart from the
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