'SPOOL BRAKE DEVI CE OF DUAL- BEARI NG REEL CROSS- REFERENCE TO RELATED

APPLI CATI ONS [ 0001] This application clains priority under 35 U . S.C. 119
‘to Japanese Patent Application No. 2007-340399 filed on Decenber 28, 2007.
The entire disclosure of Japanese Patent Application No. 2007-340399 is
hereby incorporated herein by reference. BACKGROUND OF THE | NVENTI ON
[0002] Field of the Invention [0003] Aspects of the present invention
generally relates to a brake device, and nore specifically, the present

i nvention rel at egpm)gb?m&kl@ VI@E@F ?U@ng%ggggéggg%gel for

braki ng a spool rotat y nmounted to a reel unit. round

I nformati on [ 0005] Acwﬁﬁsrg‘lgéf?%ﬁﬁ%ﬁeg&gﬁﬁ(ﬁ%%?%@*ﬂﬁﬂg bearing reel for

perform ng casting In e. g.”, term nal tackle) is mounted
to the ti a fishing.li.ne.. The .dual hear,i eel . especi al t he
bait-castﬁwghgeelfﬁ@aB&&WPH%ﬁm%FTH“Q“§ﬁ$@?ﬁ%$gg%&d§@}%g’aP@F”Bké%Pﬁg spool
The spool brake. device prevents, backlash _ in casting. Conventionally, a
mechani calRPEHIORN DA filed Bderrenben2hoWRe  ShoBIiTePERESHEN! co.
Exanpl es of the nmechanical spool brake device are a centrifugal type spool
brake devieranggePpten Applicetam Ne.fA00A1340392 s herabydnerapereted detejipby spool  br ake
device with wuse of an eddy current generated by a magnet. [0006] Japanese
Pat ent Appifereacé.on Publication No. JP-A-2001-095443 discloses a nechani cal
spool brake device. The nechani cal spool brake device is configured to
regul ate the strength of BReIGRRIUND G TEEANWENRTION a spool with a
regulation dial. 1

[06002] Field of the Invention

{0003] Aspects of the present invention generally relates to a brake device, and

more specifically, the present invention relates to a spool brake device of a dual-bearing

reel for braking a spool rotatably mounted to a reel unit.

[0004] Background Information

{0005] A bait-casting reel is a sort of a dual-bearing reel for performing casting

while a fishing gear (e.g., terminal tackle) is mounted to the tip of a fishing line. The

dual bearing reel, especially, the bait-casting reel is provided with a spool brake device

for braking spool. The spool brake device prevents backlash in casting.

Conventionally, a mechanical spool brake device has been used as the spool brake

device. Examples of the mechanical spool brake device are a centrifugal type spool

brake device with use of centrifugal force and a magnetic type spool brake device with

use of an eddy current generated by a magnet.

[0006] Japanese Patent Application Publication No. JP-A-2001-095443 discloses a

mechanical spool brake device. The mechanical spool brake device is configured to

regulate the strength of the braking force applied to a spool with a regulation dial.



Here, the regulation dial is nounted to a |lateral side of a reel unit.
Specifically, the regulation dial is arranged on the opposite side of the
‘handl e attachnent side. [0007] However, the nechanical spool brake device
is not allowed to arbitrarily control the braking force during casting. In
response to this, Japanese Patent Application Publication No.

JP- A- 2004- 208630 di scl oses a spool brake device for electrically
controlling the braking force to be applied to a spool. The conventi onal
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provided with a power generation nmechani sm ower generati'on mechani sm
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electrically-contro|] abl e spool brake device includes a magnet, a coil,
tensi on dEPHEYitmbrasiggdorca during easting ol Inisennnse tawhisThpapesgieicnts nounted to
a spool, and the coil is nmounted to a reel unit. The tension detection
nmeans def@plieatioadyibeation e JBpi2084-208630 disdhieng sboeldrakkndeviasrior ol

mechani smis configured to determne a start-timng of braking the spool

based on thetridelectrailirgnhe dbrakimdiocantbrelappitdota spook urfrentonpas®inalg t hr ough
the coil. In addition, the conventional spool brake device is configured

t o det ect clebeiogity-ofntictiableapodlromd deict @raduabb@king aedl ingrovidBeRvitthe  tension
becones equal to or less than a predeterm ned val ue, the spool brake device

is confi guk@teheraGontdcharlifis br%bmeﬁ%gg%g}% hitcRarRiRld MYdPR besn for

gradual |y reducing the braking force. ~Moreover, the conventional
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casting by electrically controlling the power generation mechanism.
[0008] Also, the conventional electrically-conirollable spool brake device includes a
magnet, a coil, tension detection means, and a control mechanism. The magnet is
mounted to a spool, and the coil is mounted to a reel unit. The tension detection means
detects tension to be applied to a fishing line. The control mechanism is configured to
determine a start-timing of braking the spool based on the detected tension and control
electric current passing through the coil. In addition, the conventional spool brake
device is configured to detect change of tension from the starting of casting. When the
tension becomes equal to or less than a predetermined value, the spool brake device is
configured to control the braking force with a braking pattern for gradually reducing the
braking force.
(0009} Moreover, the conventional spool brake device is provided with a regulation

dial for controlling strength of the braking force to be applied to a spool. The

regulation dial is mounted to a lateral surface of a reel unit. More specifically, the



2 regulation dial is arranged on the opposite side froma handl e attachnent
side. Also, the strength of the braking force is controlled with a
plurality of levels. For exanple, eight-level braking force is allowed to
be set with the regulation dial. The eight-level braking pattern is set by
shifting a benchmark braking pattern in a direction of

i ncreasi ng/ decreasing the braking force. [0010] According to the
above-nmenti oned nechani cal and el ectrically-controllable spool brake
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reset the stren th of the braking force by operating the regul ation dial
every ti nﬁw&eaﬁn@fﬁeﬁ@aﬁéﬁﬁleﬂr@hng§0r§ﬁanged [0011] In view of the above, it
wi |l be apparent to those skilled in the art fromthis disclosure that

t here exi ${80h nebeotding tmthierpo oy edntpod mérhakiealdediebetrichhly scohtruiatilé on
addresses this need in the art as well as other needs, which wll becone
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conventional practice, and to provide a spool brake device for coping wth
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strength of the braking force
distance of a terminal tackle will be found while the regulating dial is operated.

However, if a fishing condition is changed as a result of changes of the terminal tackle’s
weight and the wind direction, the flying distance will be changed accordingly.
Therefore, the conventional spool brake device is required to reset the strength of the
braking force by operating the regulation dial every time a fishing condition is changed.
[0011] In view of the above, it will be apparent to those skilled in the art from this
disclosure that there exists a need for an improved spool brake device. This invention
addresses this need in the art as well as other needs, which will become apparent to
those skilled in the art from this disclosure.

SUMMARY OF THE INVENTION
[0012]  Accordingly, aspects of the present invention have been created to solve the
above-mentioned problems occurring in the conventional practice, and to provide a
spool brake device for coping with a certain degree of changes of a fishing condition

without resetting the strength of the braking force.



3 [0013] According to one aspect of the present invention,a spool brake
device of a dual-bearing reel is configured to brake a spool. The spool is
‘rotatably nmounted to a reel unit. The spool is also capable of winding a
fishing line around its periphery. The spool brake device includes a spool
brake portion, a first braking force setting portion, a tension setting
portion, a tension detection portion, a second braking force setting
portion, and a spool control portion. The spool brake portion is configured

to electrjeal! Y_'AQJHr&iQF h@bhy BERKEANE pRRARNNVeIAEN bispSdl vRAIRKIeRR e PR Ce

setting portion is configured to set first braking force to be reduced

Wi th el apgeg_itdaf e [ or td (S fl t
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the first _brakin force. . The, spool control portion is configured to
control t e§lb%|9>ra§{ﬁé1ﬁ%‘°?)8}“?‘i4§ﬂa\ﬁP?fH%rr]‘Wé’OF'il?féta flspiaeking e itihe start of
braki ng. Al so, the spool control portionis configured to control the
spool br aRetiesr 1 {eafionsetHng Rertivacoisasion drieadod perdenthieaond biakingdonget ect ed by
the tension detection portion becones equal to or less than the reference
t ensi on afaténg pérdiogtandta sppboloakivhpertip001%he Amobbdkagottiontiheorspmedd thr ake
device, tension to be applied to the fishing line is detected when the

fishing | eleericsily-edeadied]yfhraa thbepspoolThe e brakidyefosqeaettingpopi@kgd w th
the first braking force. Wien the detected tension becones equal to or |ess

than thecdrfgerainesct faeshrakingfbRE 1 bershiasd with eﬁ??&@ et MEhsRAGbnW th the
first braking force, the spool is braked with the second braking force.
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the Secon&)nﬁgured to detect tension to be applied to the fishing line. The second braking force
setting portion is configured to set second braking force by multiplying the first braking
force. The spool control portion is configured to control the spool brake portion with
the first brake force at the start of braking. Also, the spool control portion is
configured to control the spool brake portion with the second braking force when
tension detected by the tension detection portion becomes equal to or less than the
reference tension after the start of braking.
[0014]  According to the spool brake device, tension to be applied to the fishing line
is detected when the fishing line is released from the spool. Then, the spool is braked
with the first braking force. When the detected tension becomes equal to or less than
the reference tension after the start of braking the spool with the first braking force, the
spool is braked with the second braking force. The second braking force is generated
by multiplying the first braking force,
[0015] According to the spool brake device, the spool is braked with the second

braking force generated by multiplying the first braking force when the detected tension



braking force generated by nultiplying the first braking force when the
detected tension 4 becones equal to or less than the prelimnarily set
reference tension. In this case, when a relatively strong tension is

al ways applied to the fishing line, frequency that the detected tension
exceeds the reference tension will be high. Accordingly, the spool is
often braked only with the first braking force. For exanple, when a heavy
tackle is used or when a fishing site is in a dowmw nd condition, the

spool i s hakae dMubloWRdlss (Rhaks ?ﬁlﬁrﬂﬁﬁﬁy & 1§f&ren‘6@?éﬁsfﬁﬁakhpgh?§(éa@9 force is

applied to the spool, frequency that the detected tension becones equal to
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becones equal to or |ess than the reference tension, the spool is braked
with the Sedpidvsnaadishing dicdsingeAevavin dpditent ﬁhplsmcﬁgs braked withtvegk aki ng
force. Therefore, strength of the braking force is automatically

controll ebﬂk&q&ﬁ@meng Adsp, avhef ivedak hepkdwmnflirtd iomppliad totthespoah fatspereyeahati f a
fishing condition changes to sone extent, strength of the braking force is

not requi tledetatddaensbaebecofi@ 2qijal A 6ol trhgn the rafegdnae tendoRe C tA cobrdidiey,
presention invention, the spool brake device further includes a tiner
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detected tension becones equal to or l'ess than the reference tension.
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[0016] As described above, when the detected tension exceeds the reference tension,
the spool is braked with weak first braking force. On the other hand, when the
detected tension becomes equal to or less than the reference tension, the spool is braked
with the second braking force generated by multiplying the first braking force.
Therefore, strength of the braking force is automatically controlled depending on a
fishing condition. In other words, even if a fishing condition changes to some extent,
strength of the braking force is not required to be reset.

[0017] According to another aspect of the presention invention, the spool brake
device further includes a timer portion. The timer portion is configured to start
counting when the detected tension becomes equal to or less than the reference tension.
Also, the spool control portion is configured to control the spool brake portion with the
second braking force when the timer portion finishes counting. In this case, a

condition of tension will be monitored from the start to the end of counting by the timer



condition of tension will be nonitored fromthe start to the end of
counting by the tinmer 5 portion. Wien the detected tension exceeds the
reference tension until the tiner portion finishes counting, the spool is
braked with the first braking force as it is. [0018] In this case, when
the detected tension beconmes equal to or less than the reference tension,
the spool is not imediately braked with the strong second braking force
but suspended to be braked until the timer portion finishes counting.

Ther ef or e i dh qwmé’ﬁet@&%{eﬂgioh%%&@g’%e r\éfe%tl,hc%ta ﬁf'%@ }{% (ki ng force

will be rgduced enonena t hat the spool IS o with the

string br k once r di i's possible
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val ues counted by the tiner portion. In this case, if the spool is braked
with the SAeiSRSE CpyiakithyysHogt Baohtamediately braked r)'dhttheoﬁr@@@ﬁ@@dthiéﬂg@cond and
subsequent tinmer values, a period of time when the spool is suspended to
be br akedfate butlﬁasnmdgiato hertaakeal yel tedinér pariioreliniskes dobetispodThersfosyuspended
to be braked when the tinmer portion counts the first tinmer val ue.

Ther ef or efregleanp vEhakingahe ffe] spihahe bohd dlakihgotde Willehestdwed, aricond
braking force will not be easily produced. Accordingly, it is possible to

further phdloaRga tay tiRGpdbist aneebRke@ wihGké Srink BEAM s AECOKTI N chglyanot her
aspect of the present invention, the spool brake deV|ce further includes a
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to detect rotational veloCity 0 e Spoo e spool control portion
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values counted by the timer portion. In this case, if the spool is braked with the second

braking force when the timer portion counts the second and subsequent timer values, a

period of time when the spool is suspended to be braked will be longer than a period of

time when the spool is suspended to be braked when the timer portion counts the first

timer value. Therefore, phenomena that the spool is braked with the strong second

braking force will not be easily produced.  Accordingly, it is possible to further

prolong flying distance of a tackle.

[0020] According to another aspect of the present invention, the spool brake device

further includes a velocity detection portion.  The velocity detection portion is

configured to detect rotational velocity of the spool.  Also, the spool control portion is

configured to reduce the first braking force in conjunction with reduction of the

rotational velocity detected by the velocity detection portion.  In this case, the first

braking force is reduced in conjunction with the rotational velocity. Therefore, it is



braking force is reduced in conjunction with the rotational velocity.
Therefore, it is 6 possible to fit the configuration to a braking property
of a magnet type braking device or centrifugal type braking device by
setting reduction rate of the braking force. [0021] According to yet

anot her aspect of the present invention, the spool control portion is
configured to reduce the first braking force in proportion to the square of
the detected rotational velocity. In this case, the first braking force is

reduced i ngos 10ROFE 12 .'?:oﬁf'?%&'gt‘?%rfﬂ%a’&'ﬁkiﬁg g?%}%ét&%tfgtn?%ﬂg{ tyé? g%:ﬁ%ﬁ&yc}egfcetope

spool . Therefore, 1t is possible tor the orce fit
for a property of the centrifugal braki devi ce. 0022] .According to
anot her as"%%%%é”%‘; R4 ﬁg’l%elé%%eﬁfce??yvsé%q%rﬁ?g%twg rgtﬁé’élthe&gﬁﬁpglfomﬁorti on is
configureg %ﬁéstart c ntrolling t he spoal  brake porti,on when fhe det ect ed
tensi on bé¥ires eqtearding toyetasther pprctriihepresay MYFBEOR ARG o0] Ol s case,
the detected, tension is reduced as the spool's rotation is gradually

i ncr eased PP panfiguzgd togpducg dhg it braking foregkn npreftiane thpwperg af the ar t ed
when the detected tension becones equal to or |ess than a predeterm ned
val ue. Thdeletted eotafianal selpeitsi Hhéhis cadsr tledirstiealspp ddrcbisfrodecetiive  spool ' s
rotation is nmaximzed (i.e., before the detected tension becones

appr oxi mapsipgrticnan ahe sqharoridhargitytional vélsciposzhbimol.0 Tigdréfabd, yt ippesstsie t he
fishing line's sag. Also, it is possible to stably cast a tackle. [0023]

Accor di ngid Ralzd e FRG bramed Rete ﬂ@ﬂ@@ﬁ&)r(ﬂfeﬁ%@t}&r&ﬁﬁﬁhgéﬂb‘fﬁ@ﬁé 8&icd. he spool
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W th the {%lngiglsl%gcc}rxlle%%quﬂ oo rlésggnan a predetermined value. In this case, the detected

tension is reduced as the spool’s rotation is gradually increased from the start of casting,
and braking of the spool is started when the detected tension becomes equal to or less
than a predetermined value. Therefore, it is possible to brake the spool before the
spool’s rotation is maximized (i.e., before the detected tension becomes approximately
zero). Accordingly, it is possible to reliably prevent the fishing line’s sag.  Also, it is
possible to stably cast a tackle.

[0023]  According to a further another aspect of the present invention, the spool
control portion is configured to reduce the reference tension in conjunction with
reduction of the detected rotational velocity. In this case, the reference tension is
reduced in conjunction with the rotational velocity to be reduced after casting.
Therefore, it is possible to set the reference tension in accordance with the detected
tension to be reduced with the elapsed time of casting.

[0024] According to still a further aspect of the present invention, the first braking

force setting portion and the second braking force setting portion are capable of setting a



'[0024] According to still a further aspect of the present invention, the
first braking force setting portion and the second braking force setting
portion are capable of setting a 7 plurality of first braking forces and a
plurality of second breaking forces, respectively. The plurality of first
braking forces are different fromeach other, and the plurality of second
braking forces are also different fromeach other. Al so, the spool brake
device further includes a braking force selection portion. The braking
force sel eahh@y PeEibkind Rr&QRHE PG t %ﬁﬁjgy‘ iLdy, of
conbinati%né fgrned by gé eéting OEE o?ﬁﬁﬁgg&%@&¥a 180 S%%%%%hkaiking
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second br aki force dependi ng on a_.condition (e.g., fishing lipe!'s type).
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dependi ng oq}such a condition. g%QZS] According to yet a further aspect of
hirt cese
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setting a plurality of reference tensions depending on the plurality of
first brakiowgligecd ésseleai onppba phsdity iof combipeseistbantdbycidegiegtone of thef er ence
t ensi on depending on a condition (e.qg., fishing line's type). Therefore, it
i's possi pluealitpof first hekirgpforaes bhd ops of thagldrhlity ng setiost! drukéngoforaest abkl e
dependi ng on such as condition. [0026] According to another aspect of the

present i thierdse,dor &tenBEa0is poksike t6leinge thd Gkt hakinkM6lcudeg 1 @asmi ng rate
setting portion. The danping rate setting portion s configured to set
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portion is configured to reduce the secon rce at t he set danpi ng
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Ther ef or e[’OO%] s fpc%chfiggl % );e?afﬁlfr%erxl%gpe%{ 8% e %resent invention, the reference
tension setting portion is capable of setting a plurality of reference tensions depending
on the plurality of first braking forces. In this case, it is possible to change the
reference fension depending on a condition (e.g., fishing line’s type). Therefore, it is
possible to further optimally prolong flying distance of a tackle depending on such as
condition.
[0026]  According to another aspect of the present invention,the spool brake device
further includes a damping rate setting portion. The damping rate setting portion is
configured to set temporal damping rate of the second braking force. Also, the spool
control portion is configured to reduce the second braking force at the set damping rate
in accordance with time to be elapsed after the timer portion finishes counting. In this
case, the second braking force is damped. Therefore, it is possible to further prolong

flying distance of a tackle by arbitrarily selecting the damping date (i.e., by reducing a

period of time when the strong braking force is applied to the spool).



flying distance of a tackle by arbitrarily selecting the danping date
(i.e., by reducing a period of tine when the strong braking force is
‘applied to the spool). 8 [0027] According to yet another aspect of the
present invention, the spool brake device is configured to brake a spool.
Here, the spool is rotatably nounted to a reel wunit, and is capabl e of
winding a fishing line around its periphery. The spool brake device of the
el eventh aspect includes a first spool brake portion, a second spool brake
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spool brake porti 4.5 cqnfiqured to.brake the,spool wth first braking
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spool brake. por.t.ion i onfigured to brake the spool wth
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is confiqured to set reference tension. The tension detection portion is
conf i gur edCYiee OlidE stevent gepeshinchidssa disysisper] braketnestiqn, siseerydisppel brakfe second
braking force setting portion is configured to set the second braking

f or ce gengpiloada wpsianlsetipg portignt htenfionsletechompintignfavecend Makingdosk cont r ol
portion is configured to control the second spool brake portion with the
second br akeng portienydnera speoksicarotpbieion e dThy fitdhepdod baike portthetie configur@brt i on
becomes equal to or less than the reference tension. [0028] According to

t he spool tdisrakethdeybslavith it BRRRIg fofcelln @&gdndﬂ&nhwﬁtmﬁ)tﬁﬁﬁw unRkiakd 479 force
(by the second spool brake portion) in addition to the first braking force

(by the fiHeShoSIPOThe BERKE sPAI AR poti& st R AGEE S Bidkd %%iﬁ%'l ggomes equal

to or |ess han a prelimnarily set referenCe tension. Therefore, when a

oLt el YOl 1900 L ALY HOEL O CRAE AR T 1 ey

Accor di ngééﬁﬁg%pe% £3 egtorlefe\f\énlcle te%%io%f t ef?let%énaslfo%dde?e%ltign VpMof“tﬂm is configured to
detect tension to be applied to the fishing line. The second braking force setting
portion is configured to set the second braking force generated by multiplying the first
braking force. The spool control portion is configured to control the second spool
brake portion with the second brake force when tension detected by the tension
detection portion becomes equal to or less than the reference tension.
[0028] According to the spool brake device, the spool is braked with the second
braking force (by the second spool brake portion) in addition to the first braking force
(by the first spool brake portion) when the detected tension becomes equal to or less
than a preliminarily set reference tension. Therefore, when a relatively strong tension
is always applied to the fishing line, frequency that the detected tension exceeds the
reference tension will be high.  Accordingly, the spool will be often braked only with
the first braking force. For example, when a heavy tackle is used or when a fishing

site is in a downwind condition, the spool is braked with weak braking force. On the

other hand, when weak tension is applied to the fishing line, frequency that the detected



the first braking force. For exanple, when a heavy tackle is used or when a
fishing siteis in a downw nd condition, the spool is braked wth weak
‘braking force. On the other hand, when weak tension is applied to the
fishing line, frequency that the detected 9 tension becones equal to or

| ess than the reference tension will be high. Accordingly, the spool wll
be often braked with the first and second braking forces. For exanple,

when a light tackle is used or when a fishing site is in an upw nd

condi ti onefhe %Q&QL}S dial BY AHEL i die ?éf&%ﬁge p:h?lﬂl Q811 EQ@{%&}SI g\%gglt%%fglﬁst hi s

case, when the detected tension exceeds the reference poo

i s caused. o _hr i t:h a irst. braking ., for.ce,. Ont ot her, hand,
when theﬂ]éf'e%p ggf\ggi eél%nobﬁ%%e\éég%ﬁléghe éfﬁ%arndt%c%% erglggg t&?{ﬁ?ﬁ‘t []}gar Pé%li’%me
tension, the spool is .caused to brake with the first and.second by.aking
forces. THQ%PE%%B’E taghle éﬁwﬁ CiERa fﬁgfr@@tﬁgs PORER bR iﬂef‘afmogﬂrls
controlleg depending on a fishing condition. In other words, even if a
fishing cOFFE MeH stRasEEKIngGfo&Sne extent, strength of the braking force is
not required to be reset. [0030] According to still another aspect of the
present i DRER1 I orln thisgesef ivhen theplsticteddratien partdsahe iefelecndesnsionrthke shoe
and a brake drum The brake shoe is capable of integrally rotating with
t he spool spodll sausddeo radeavishthe weaak dapabhhldngforcadi @h khe sthatilagd, widnwar d by
means of centrifugal force to be generated by rotation of the spool. The

brake dr uthel detedfeianigesh Bitoinee cQiHl &F oiesd RReIRIrefetdRe @nstoRembrpka ighoe in
the reel unit. Also, the brake drumis capable of making contact with the

brake shogyusbditdthhige AR ehe fidhaNY dbsnd ﬁﬁaﬁﬁl\%ng?ﬁké.?ﬁgﬁegéfﬁ . ke bigd to the

spool, it is possible to brake the spoo raking force iIn

81[ OPgret iCgﬁgta%?l(fghfgrgfa?%‘%i?é@g@éall&%%n{rgﬁé} &e%@%ing%h%cﬂsﬁl}ﬁgogonhﬂf‘m?p?no bt th use
words, even if a fishing condition changes to some extent, strength of the braking force
is not required to be reset.

[06030] According to still another aspect of the present invention,, the first spool
brake portion includes a brake shoe and a brake drum. The brake shoe is capable of
integrally rotating with the spool.  Also, the brake shoe is capable of radially moving
outward by means of centrifugal force to be generated by rotation of the spool. The
brake drum is arranged on the outer peripheral side of the brake shoe in the reel unit.
Also, the brake drum is capable of making contact with the brake shoe. In this case,
when the first braking force is applied to the spool, it is possible to brake the spool with
the braking force in proportion to the square of the rotational velocity of the spool with
use of the centrifugal force.

[0027]  According to the present invention, the spool is caused to brake with the first
braking force (i.e., weak braking force) when the detected tension exceeds a

predetermined tension.  Also, the spool is caused to brake with the second braking

force generated by multiplying the first baking force by a predetermined scale factor
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[ 0027] According to the present invention, the spool is caused to brake
with the first braking force (i.e., weak braking force) when the detected
‘tensi on exceeds a predeterm ned tension. Al so, the spool is caused to
brake with the second braking force generated by nmultiplying the first
baki ng force by a predeterm ned scale factor 10 when the detected tension
becones equal to or less than the predeterm ned tension. Therefore,
strength of the braking force will be controlled depending on a fishing

condi ti on. A6 GOl Qé't&%c?rexééi{;? é?ﬁ(}%ts 9648 BF ks éh%é %}%ﬁp&é%&%&%ﬂ&t Rngly L he

braki ng force even | roni 0 sone extent.

[ 0031] These f.eatures cts. and advagnt ages of, { he present. jnvention wl|
becone  anburaiie: 5 i RIS Rinador WA SR o ks dePRbEEPE Bichlaet ai | ed
description, which, taken jn conjunction with th nnexed, draw ngs,

di scl ose SABHEP et eCostnglielt iy Rl BRECSSIH R FRSEIGHEN |0%ﬁ1qjﬁsbﬁgrﬁqcheer THE
DRAW NGS [0032] Referring now to the attached drawi ngs which forma part of
thi s ori giirfafishing eandgigria chqnged 8] samgextanti s a perspective view of a
dual - beari ng reel that an enbodi nent of the present invention is applied,
[ 0034] Fi §0032]i s Bhese Gswres aspeotsaind\idesntiges off tHeystgeat invgntidvewilrhceomal
structure of a reel wunit of the dual-bearing reel; [0035] Fig. 3 is a

bl ock di agpmmerftas thokd sidleddini the ait i@ne tiafolewaipidetniled dascsipaoh, Wwitiak@akeglevi ce

of the dual -bearing reel; [0036] Fig. 4 is a chart for explaining a braking
oper at i oniP@&nfiHcABA wWith thdgnrRREPHravRh @K BiseIBYd &8bodiments of the present
invention.
BRIEF DESCRIPTION OF THE DRAWINGS
[0032] Referring now to the attached drawings which form a part of this original
disclosure:
[0033] Fig. 1 is a perspective view of a dual-bearing reel that an embodiment of the
present invention is applied;
[0034] Fig. 2 is a cross-sectional view for illustrating the internal structure of a reel
unit of the dual-bearing reel;
{0035] Fig. 3 is a block diagram for illustrating the configuration of a spool brake
device of the dual-bearing reel;
[0036] Fig. 4 is a chart for explaining a braking operation performed by the spool
brake device;
[0037] Fig. 5 is a flowchart for illustrating the main routine of the control operation;

[0038] Fig. 6 is a flowchart for illustrating a braking process routine of the control

operation; and
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[0037] Fig. 5is a flowhart for illustrating the main routine of the

control operation; [0038] Fig. 6 is a flowhart for illustrating a braking
process routine of the control operation; and 11 [0039] Fig. 7 is a
cross-sectional view for illustrating the internal structure of a reel

unit of the dual-bearing reel that another enbodinent is applied, and
corresponds to Fig. 2. DETAILED DESCRI PTI ON OF THE EMBODI MENTS [ 0040]

Sel ect ed enbodi nents of the present invention will now be explained with
reference rpmgihe BLAMNGS nod Lecibld VA8 - 1 el [ he art
fromthis [ di %cl osgr e ﬁa?st%ﬁg% OEJI | ow ?1039 e%%%?%ﬁc&ﬁ%ﬁ%} §ttﬁhjémgr‘r‘gggﬁfetrlnent s of
the present..i I.p are_provided for. i].lustration on and not f.or the
pur pose. of ot Prtl e d BitaR® e’ Sl HIbuRS. Shbssilio Bl k' and

t heir equi,val ents. [0041] Reel Configuration [0042] Referring initially to

Figs. 1 and 2, a dual-bearing reel is illustrate in accordance wth a
first enbodi nent of the Presen; i nvention. The dual -bearing reel is a
| ow- profil e dual - bedfEhglrEe DEERIBAIONGE litHy EMEHDBYEN IiSear i ng r eel

includes a reel wunit 1, a handle 2, and a star drag 3. The handle 2 is
attached {@44]1 atwiestedsinleodimenth of thegeseoninverdtidnorillristvabé exgplainepodh. The
star drag 3 is attached to e the handle 2 side of the reel unit for

r egul at i neefethecedpaie dromdiges. [ BOAB] beldppateantdl thos dkilled idchebdrefrbantise i ncl udi ng
an arm 2a and two knobs 2b. The knobs 2b are rotatably nounted to the both

ends of t ligclakure Zaut tHSfollbivitit deddigsliond of Fe®mbddithél8s 8f the 2eesbBt iRGdLAL at abl y
nmounted to the tip of a handle shaft 30. Specifically, 'the arm?2a is

firmy copressReed RriNRuBaNIbAy SRaHD B9 1R UIBRRD f HiniBndHHe idSkention as
defined by the appended claims and their equivalents.
[0041] Reel Configuration
[0042] Referring initially to Figs. 1 and 2, a dual-bearing reel is illustrate in
accordance with a first embodiment of the present invention. The dual-bearing reel
is a low-profile dual-bearing reel for bait casting. The dual-bearing reel includes a reel
unit 1, a handle 2, and a star drag 3.  The handle 2 is attached to a lateral side of the
reel unit 1 for rotating a spool. The star drag 3 is attached to e the handle 2 side of the
reel unit for regulating the drag force.
[0043] The handle 2 is a double-handle including an arm 2a and two knobs 2b.
The knobs 2b are rotatably mounted to the both ends of the arm 2a.  As illustrated in
Fig, 2, the arm 2a is non-rotatably mounted to the tip of a handle shaft 30. Specifically,
the arm 2a is firmly connected to the handle shaft 30 by means of a nut 28.
[0044] The reel unit 1 is made of light metal (e.g., magnesium alloy). The reel unit
[ includes a flame 5, a first side cover 6, and a second side cover 7. The first and

second side covers 6 and 7 are mounted to the both lateral sides of the flame 5.  Also, a

12



[0044] The reel unit | is nmade of light netal (e.g., magnesiumalloy). The
reel unit | includes a flame 5, a first side cover 6, and a second side
‘cover 7. The first and second side covers 6 and 7 are nmounted to the both
| ateral sides of the flane 5. Also, a 12 spool 12 is rotatably nmounted to
the interior of the reel unit 1 through a spool shaft 20 (see Fig. 2). The
spool 12 is used for winding the fishing line around its periphery. [0045]
As illustrated in Fig. 2, the flame 5 accombdates the spool 12, a clutch

ever 17.(56a Biigroudthblydlufied @MRL el SRANAR Sl a}%‘égﬁh‘%@@ lever

17 functions as a pad the thu an ang

operation', J.S:: fo - Wi ndi chani sm 18.i.s _used for

uni formy (ﬁeﬁﬁégﬁ%' tEg@ Ry %I?gs l}‘sl%ﬁg&a\?%l@hn&qg? ﬁgh%%@g? arpynd j5 81’1139133 "Year
mechani sm:19,..a clut.ch nmechani s | @ clutch caontraql mechanism 22, a drag
mechani sm@@‘fs]and‘a‘ﬁlig‘ﬁg?eﬁ@n ’@n?:r%f”' ﬂﬁﬁ’&rﬁaarﬁcew algs gleagtpPﬁlng?e& C?LBQT ween the
flame 5 and tgsf se onci Si ge cover. 7. The gear nechanism 19 is configured
to transni®vet bf £EF Sl ragd adevdlorinding mashaniamd 8¢ o Thpslusghosier1y and t he

| evel -wi ndi ng nmechani sm 18. The clutch mechanism 21 is configured to

coupl e/ un pes asepahion ihetthumh@f ahenglandhen % thimbing epecdtiondnt paformedhani sm
22 is configured to control the clutch nechanism 21 in accordance with an
oper at i onTé¢ lavekwirgling wlchaaiser 18 % ustd dordma@rmchadirgnth? Sshisg ¢inabiognded to
brake the spool 12. The casting control nmechanism?24 is configured to

regul ate trapodloice Also,beegemetiangsh WMieiclufcheiceha0im 22, £ slhathesard SO, an
el ectric-control brake nechanism 25 (an exanple of a spool brake device)

i s arrangg@cheineen échlg%ﬁeéﬁﬁlissm @B}jaﬁdk%?cafs{iﬁg Eoritol $reER¥BEm 84T 0L arrér{éj@!;[i bi ti ng

backl ash in casting. [0046] The flame 5 inclTudes a pair of side plates 8

and 9, angededl #edldnle/s 8 GRURLIEAYI AR PSTHe §Br mlBRaritlefiFoR! at es 8 and 9

are opposed to each other throug
configured to transmit rotational force from the handle 2 to the spool 12 and the

level-winding mechanism 18. The clutch mechanism 21 is configured to
couple/uncouple the spool 12 and the handle 2.  The clutch control mechanism 22 is
configured to control the clutch mechanism 21 in accordance with an operation of the
clutch lever 17.  The drag mechanism 23 is configured to brake the spool 12. The
casting control mechanism 24 is configured to regulate drag force to be generated when
the spool 12 rotates.  Also, an electric-control brake mechanism 25 (an example of a
spool brake device) is arranged between the flame 5 and the first side cover 6 for
inhibiting backlash in casting.

[00406] The flame 5 includes a pair of side plates 8 and 9, and a plurality of coupling
portions 10a. The side plates 8 and 9 are opposed to each other through a
predetermined gap. The coupling portions 10a infegrally connect the side plates 8 and
9. A circular opening 8a is formed in the side plate 8. A spool support portion 13 is
detachably fixed to the opening 8a. The spool support portion 13 forms a part of the

reel unit I.  The spool support portion 13 is provided with a bearing accommodating
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predeterm ned gap. The coupling portions | Oa integrally connect the side
plates 8 and 9. A circular opening 8a is fornmed in the side plate 8. A
spool support portion 13 is detachably fixed to the opening 8a. The spool
support portion 13 forns a part of the reel unit 1. The spool support
portion 13 is provided with a bearing accommopdating 13 portion 14. The
beari ng accommodati ng portion 14 acconmopdates a bearing 26a. The bearing
26a supports an end of the spool 12. Al so, the spool support portion 13

i ncl udes a.Rine 4 hrgaded %&bﬂﬂi&)dgﬁﬁ% ﬁ%lti%ntlmag aO@#%SL és Q&trfﬁlg oggr ewed into

a female "threaded portion 1torne openi ng Spoo

support p .Qn.: S iy crewed i t openi ng 8a. [0047 he spool
12 incl udgryé3?5;%@%3%13538%1#&%6@%&r Ei'%]r?gpaga ‘gﬁoi t@% S%%‘?ﬁu%q% I?C’m‘;]'rL?rspool 12
al so includes, a tubular bbin trunk 12b _between the both f] an portions
128, The S Sﬁé?%lfﬁﬂlé?aﬁgggaﬁwaceﬂm threaded ppryonss %Fﬁa\@ec{)mggw%a in
Fig. 2 is, se arat ed fromthe inner Eerirﬁ%[]eral si de of the opening 8a

t hr ough aﬂg?‘?dg PoRios fegped 15rtBG apting 33 aniwsgthespetisuppashpargon Laés ~ For
exanpl e, the spool 12 is non-rotatably fixed to the spool shaft 20

penet r at i Agnbhssrdwraddntogbe ppénén@mBa.si de of the bobbin trunk 12b by nmeans of
the serration coupling. [0048] Al so, the spool shaft 20 is nade of

non- magnefGld7pet alhe(spogl 12 i8tiSd0A)ish-sHaped Shagt patiahd 120openedthahés t he side
plate 9, and extends outward of the second side cover 7. The extended end

i's rotat ahy sjiep PR blse thddydes heubassSootdidRuK BXh bewbdifthe $6GOMhgs pdRigmaver 7
t hrough a bearing 26b. The other end of the spool shaft 20 is rotatably

suppor t ed124r Olqﬁfbu&éa%eﬁglgegamrf%@@oftﬁ@%fﬁage las i dridl 1506 P@ig]e% i

| ar ge- di aneter portion inits internmedi ate part, and In

; g?![ : ;)gls 3 ﬁgeggﬁ%kﬂgﬁgeﬁi gg@é%ﬁg of {heiotpﬁni?lg%g ‘thrlc_)‘ﬁéﬁa Sﬁé}ﬁ g%}q%rl -di amet er
preventing jamming of the fishing line. For example, the spool 12 is non-rotatably
fixed to the spool shaft 20 penetrating the inner peripheral side of the bobbin trunk 12b
by means of the serration coupling,

[0048] Also, the spool shaft 20 is made of non-magnetic metal (e.g., SUS304).

The spool shaft 20 penetrates the side plate 9, and extends outward of the second side
cover 7. The extended end is rotatably supported by the boss 7b mounted to the
second side cover 7 through a bearing 26b.  The other end of the spool shaft 20 is
rotatably supported through the bearing 26a. The spool shaft 20 includes a
large-diameter portion 20a in its intermediate part, and includes small-diameter portions
20b and 20¢ in its ends. Here, the small-diameter portions 20b and 20c are supported
by the bearings 26a and 26b, respectively. The bearings 26a and 26b are rolling
bearings. The bearings 26a and 26b include a rolling member, an inner ring, and an

outer ring, respectively. These members are made of SUS404, and their surfaces are

modified for improving corrosion resistance of the bearings 26a and 26b.
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by the bearings 26a and 26b, respectively. The bearings 26a and 26b are
rolling bearings. The bearings 26a and 26b include a rolling nenber, an
inner ring, and an outer ring, respectively. These nenbers are nade of
SUS404, and their surfaces are nodified for inproving corrosion resistance
of the bearings 26a and 26b. 14 [0049] Furthernore, as illustrated in left
side of Fig. 2, the spool shaft 20 includes a nagnet attachnment portion
20d between the small-dianeter portion 20b and the |arge-dianmeter portion
20a. The di : f tt ac t r&i ! r.ger
(Eg(?@ " ?ur@rfcﬁmaxfé o MRRONEE 17 s&c% cﬁ*ﬁ% 2, E% s#g?llnsh%ﬁdzﬁ ih %1(1}1] a

t han t hat e sha anmeter portion b an S er than at” of the
| ar ge- di angt rf 20a. ter-nmentioned magnets 61 e nted to the
mmgnet  atranpi B g oA ey St SRER ARG St 2UFHDLT ) <
non-rotatably fixed to, the net attachnment, portion 20d by the rration
coupl i ng. %&%‘%ﬁh@ﬁ%?@ﬁi%@%@%\spm%é}a&i% %&qmw%#ﬁﬁl@gm?&ﬁ@ma?n Gnetic
substance obtai ned by performing the electroless nickel plating with
respect t & ‘gresr dapthi of g ssrablediamgies pprion (28bgnd issumalles thapithey of died
extrusioni). The magnet hol ding portion 27 is a rectangular prism and its
cr oss- secldrgmdiagietaspadibni Waa ddisamengihagbmagigs Gageenountddiioribe megtdton 27
includes a through hole 27a in its center part. The magnet attachnent
portion 26dacheret paties26dhe Alshy otghndidlorliRy portible 28 is gord-totatalgly fixetiedd of t he
magnet hol ding portion 27 is not limted to the serration coupling. A

vari ety otheGRaplki ithcABERQSSt G220 by HR&eKENoLOHPlhAT PRExLES1S Bld Nhet
coupling) are allowed to be used a% t he fixiﬁj;@rre hod. [O 56] Thﬁgjlri ght

end of thﬁolhﬁfg%n%rﬁf’?fs%adé%f%ééﬂle@@ﬁlbgfanw'S’bt§1ﬂ@9!b%g@ffgltmi%g thes arranged in

t he opening portion of the side plate 9. An engagi pIn is fixed to the
i ght d . | | ] [ ' [
LN e ok RE b ATEH S5 RO A0 FARe oT DEISRABRNG BT LN o

| arge-di iR &r‘crugi%%)! Ol:fhe magnet holding portion 27 is a rectangular prism, and its

cross-section is formed in a square shape. The magnet holding portion 27 includes a
through hole 27a in its center part. The magnet attachment portion 20d penetrates the
through hole 27a. Here, a fixing method of the magnet holding portion 27 is not
limited to the serration coupling. A variety of coupling methods (e.g., the key
coupling and the splined coupling) are allowed to be used as the fixing method.

[0050] The right end of the large-diameter portion 20a of the spool shaft 20 is
arranged in the opening portion of the side plate 9. An engaging pin 29 is fixed to the
right end of the large-diameter portion 20a.  The engaging pin 29 forms a part of the
clutch mechanism 21.  Also, the engaging pin 29 penetrates the large-diameter portion
20a along its diameter. The both ends of the engaging pin 29 are radially protruded
from the large-diameter portion 20a.

[0051] As illustrated in Fig. 1, the clutch lever 17 is arranged behind the spool 12
while arranged between the pair of side plates 8 and 9.  The clutch lever 17 is coupled

to the clutch control mechanism 22.  The clutch lever 17 is configured to be slid up
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20a along its dianmeter. The both ends of the engaging pin 29 are radially
protruded fromthe |arge-dianeter portion 20a. [0051] As illustrated in
Fig. 1, the clutch lever 17 is arranged behind the spool 12 while arranged
between the pair of side plates 8 and 9. The clutch lever 17 is coupled to
the clutch control nechanism 22. The clutch lever 17 is configured to be
slid up 15 and down between the pair of side plates 8 and 9 for sw tching
the clutch nmechanism 21 between a coupled state and an uncoupl ed state.

[ 0052] Th I [ e t . ' r 31,
and o pi AragBin TERIBRIRIRACoS AR HERS S31F Q1N Rl e B QP RAPEFS
The pinion gear 32 s forned in a tubul ar shape, and is nmeshed wth the
mai n gear bg%_enfﬁguWﬁaﬁage arér‘rrﬁiefr’f’tum%‘ﬁ’l?@é{?%t atably nmounted to the side plate
9 and the _second sjide cover 7. The hapndle shaft 30 is prevented from
rotating i@ﬁé lin -er%qaéafgep%@w#%&qlwswzl@nﬁ %S@@gr@iﬁg)alrbgeaaff%adwer-type
one-way clutch 86 and a paw -tyge_one-way clutch 87. The one-way clutch 86
i s mount e@et sR8eA21 hEhsBaEngras plés Bovldp thre bandla theft&n dTée pinden 280 32The
main gear 31 is rotatably coupled to the handl e shaft 30 through the drag
mechani smi2@rm¢dsBubilesipipn) o igershaDvitls tHeonmegeans la  tThodiaadleshape, and
is extended fromthe outside of the side plate 9 to its inside. The spool

shaft 20 pehebradids nidhetcdeotiersifuplhtedf andtithe sqpond eide @69dr B2 . ThEhangieni on gear
32 is axially-nmovably nmounted to the spool shaft 20. Also, the left end of

the pi ni OphFeRT isPeevichteliifibm Lothngd RlALRDYeaGRE dBXétddn (¥ = MBMRRNy) byupported by
the side plate 9 through a bearing 33. Furthérnore, a nesh groove 32a is

formed onvdifhRldue Rl ahich 8 Al A0 8GR o2l 67, THE JESA AlRgYe. 322

is meshed wth the erigaging pin mesh “groove 32a an engagi ng

g'zg Izg ]]: g?%&ﬁﬁntgigét%em%ggmn%@i elcovg}y'? Erﬁ? HIOBLRd1e 3R gﬁt r 4H% 1%91111}3 goera&“ on
31 is rotatably coupled to the handle shaft 30 through the drag mechanism 23.
[0053] The pinion gear 32 is formed in a tubular shape, and is extended from the
outside of the side plate 9 to its inside. The spool shaft 20 penetrates the center part of
the pinion gear 32. The pinion gear 32 is axially-movably mounted to the spool shaft
20. Also, the left end of the pinion gear 32 in Fig. 2 is rotatably and axially-movably
supported by the side plate 9 through a bearing 33. Furthermore, a mesh groove 32a is
formed on the left end of the pinion gear 32 in Fig.2, The mesh groove 32a is meshed
with the engaging pin 29. The mesh groove 32a and the engaging pin 29 form the
clutch mechanism 21.  Furthermore, a constricted portion 32b is formed in the
intermediate part of the pinion gear 32, and a gear portion 32c is formed in the right end
of the pinion gear 32. The gear portion 32¢ is meshed with the main gear 31.
[0054] The clutch control mechanism 22 includes a clutch yoke 35.  The clutch

yoke 35 moves along the spool shaft 20. In addition, the clutch control mechanism 22

includes a clutch return mechanism (not illustrated in the figure). The clutch return
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internedi ate part of the pinion gear 32, and a gear portion 32c is forned
inthe right end of the pinion gear 32. The gear portion 32c is nmeshed
‘W th the main gear 31. [0054] The clutch control mechani sm 22 includes a
clutch yoke 35. The clutch yoke 35 noves al ong the spool shaft 20. In
addition, the clutch control nechanism 22 includes a clutch return
mechani sm (not illustrated in the figure). The clutch return 16 nechani sm
is configured to switch the clutch nmechanism 21 froman off-state to an

on-state if..6a0 P %1%1%;% uil@dttB sWEﬁlttﬂeoé]liltgﬂ Bt 80 9; 1]0%1 %rpoﬁﬂgat% jtoB%[JWi ndi ng

direction. e casting contr mechani sm rality of
friction abrak ca . f.ricty are arranged
for “hol di %g%éaﬁ%% Cr?wé““(‘ifj R B 286RE8 e spa 2Rl WW%@B?C%SRaft 20, The
brake cap S ured to re ul at forc L the friction plates 51
for hol di &@@ld 9859%"50%% ?6%@ Sy, OLFHEUIRPE Sl et on
plate 51 (see Flg 2) is_mounted to the interior of the spool support
portion 13nd ﬁb{&#e]oalsé%ol They Hictionpigiesn] lsare egatgegpuboldingand smyardly
illustrated in Fig. 3, a spool brake mechanism 25 (an exanpl e of spool

br ake devptsjing thel hetieends of loospobt sleé Ahi tThedrale aaptsatis configalakiot y sensor
41, a spool control unit 42, and a node knob 43. The spool brake unit 40

(an exanplezubdte the fpolof tlta:rfails‘e‘oxpplrateis Gi)fot Solpih@vhd éelvdrdly dgrbsimphekpd? and t he
reel unit 1. The rotation velocity sensor 41 (an exanple of a velocity

det ect i ongipgir20. orhel isft q:@afdmatemt(@ee@age;gtls hRNAe8Ro HR inReoARPhE 8bdI0 the
fishing line. The spool control unit 42 i's configured to electrically

control they %ggg, irpke unit 40 with one of the after-nentioned four brake
nodes. The e knob 43 (an exanple of a braking force selection portion)

is used foOS%]el eCé})'OBQBI‘&%Q?VIQCh&BIQI% égﬁﬂgu?gt%ﬁe modes.

[0057]  Asillustrated in Fig. 3, a spool brake mechanism 25 (an example of spool
brake device) includes a spool brake unit 40, a rotation velocity sensor 41, a spool
control unit 42, and a mode knob 43.  The spool brake unit 40 (an example of a spool
brake portion) is provided for the spool 12 and the reel unit 1.  The rotation velocity
sensor 41 (an example of a velocity detection portion) is configured to detect tension to
be applied to the fishing line. The spool control unit 42 is configured to electrically
control the spool brake unit 40 with one of the after-mentioned four brake modes. The
mode knob 43 (an example of a braking force selection portion) is used for selecting
one of the four brake modes.

[0058] The spool brake unit 40 is capable of electrically braking the spool 12 by
way ofelectric generation. The spool brake unit 40 includes a rotor 60, a plurality of
(e.g., four) coils 62, and a switching element 63. The rotor 60 includes a plurality of
(e.g., four) magnets 61. The magnets 61 are arranged along the rotational direction of
the spool shaft 20.  The coils 62 are arranged on the outer peripheral side of the rotor

60, and are opposed to each other.  Also, the coils 62 are series-connected. The
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[ 0058] ' The spool brake unit 40 is capable of electrically braking the
spool 12 by way of electric generation. The spool brake unit 40 includes a
rotor 60, a plurality of (e.g., four) coils 62, and a sw tching el enent

63. The rotor 60 includes a plurality of (e.g., four) nmagnets 61. The
magnets 61 are arranged along the rotational direction of the spool shaft
20. The coils 62 are arranged on the outer peripheral side of the rotor

60, and are opposed to each other. Al so, the coils 62 are series-connect ed.

The 17 SWhebhing cRhRue! i CahSut&PRNEE bEM dhls b BRI G Se:l. difeddatr al T Ly

of series-connected coils 62. The spo is configured to

b ke, e enonl 8JoGraReL 09, B i USRS BrB TS5

when the sw enen curt erat ed by

the relatiyve rotation ., of the. net 1 and the.coils 62_betwen on and
of . Tho FERS" gBF aBly P M RERRAE w TR S i BP0 554 B e
on-state %1@ e., the | onger th% déty cycle), the stronger the braking force
to be geREFECSYIEY geRerateddy the Felpvesifationof tegpagiet ndrthg peitstZ61 ar e
arranged in the peripheral direction of the rotor 60. Polarities of the
adj acent Relyiset enend affe dhe fangent peniashefditot whemthe switebingeeyndnt 68 it ine

magnet 61 is approximately the sane as that of the nagnet hol ding portion
27. The ihemerstafafifadbe bingehte magnetcldlthe strbhget theirtkinpdorce aslse sect i on of
its outer surface is formed as a circular-arc. The inner surface nakes
cont act wgtrierdthebwotieapo@dirilpheiad0. surf ace of the magnet hol di ng portion 27
of the spool shaft 20. [0060] As illustrated in Fig. 2, a sleeve 68 is

mount ed t WOSHE | MRRF nPeAPBELA arftbE @G eihe BEripealRRREB:S b #BkKotdRky. The
sl eeve 68 is opposed to the magnets 61. For exanple, the sleeve 68 is a

rugnet ¢ FOTARS SR BRGhON UL B SEHT LR, AR

cutting) )magrna(? 61 is approximately the same as that of the magnet holding portion 27. The
inner surface of the magnet 61 is flat, but the cross-section of its outer surface is formed
as a circular-arc.  The inner surface makes contact with the outer peripheral surface of
the magnet holding portion 27 of the spool shaft 20.
[0060] As illustrated in Fig. 2, a sleeve 68 is mounted to the inner peripheral surface
of the bobbin trunk 12b. The sleeve 68 is opposed to the magnets 61.  For example,
the sleeve 68 is a magnetic member formed by performing the electroless nickel plating
with respect to the surface of steel material (e.g., SUM (extrusion and cutting)). The
sleeve 68 is fixed to the inner peripheral surface of the bobbin trunk 12b by arbitrary
fixing means (e.g., press-fitting or bonding). When the magnetic sleeve 68 is opposed
to the magnets 61, the magnetic flax from the magnets 61 concentrates in and passes
through the coils 62.  Accordingly, electric generation efficiency and brake efficiency
will be enhanced.

[0061] Coreless coils are used as the coils 62 for preventing cogging. When

cogging is prevented, the spool 12 smoothly rotates.  Furthermore, the coils 62 are not
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sleeve 68 is fixed to the inner peripheral surface of the bobbin trunk 12b
by arbitrary fixing nmeans (e.g., press-fitting or bonding). Wen the
magneti c sl eeve 68 is opposed to the magnets 61, the magnetic flax from
the magnets 61 concentrates in and passes through the coils 62.
Accordingly, electric generation efficiency and brake efficiency wll be
enhanced. [0061] Coreless coils are used as the coils 62 for preventing
coggi ng. Wen cogging is prevented, the spool 12 snoothly rotates.

Furt her mor,g,y;fdae,#ioh b §kfi6 2 Wiy g‘pﬁhe coils §F ¥l gs?)gftWetlyw@uchhl Wﬂﬁlﬁte the

coils 62 are respectively woun n approxi mat'e rectangu The
wound Wi r ed t he nets 61 n th|n t he
mmanet o foiBisf ORRECT TS DSy PR Sorpe 0 P ALATIG riieteRh. "and
the both en f the co are con ect dto,t swW tchin ment 63.

The coils" ‘g‘m@wa@a?%ﬁe@og PRt I GHAFOMA tlf%ee.smﬁsoqong fgﬁ%l 12. In
ot her mnrgp, the coils 62 are formed in _a circular-arc shqg Al so, the
coi|'s 62 HreodheRdsahthealy bdgreennneriedlq the switehingeterignt 631 hehasalls Gf t he
spool 12. Thus, an apErOX|nater constant space is produced between the

coi s 62 aicurved abaneehe sirticnabdirettionted thregpoet K. 61n ot ovailn ghocoilsict i s
possible to constantly keep the gap between the coils 62 and the rotating

magnet s &t foffnel ioai disub?-aar shapt.s oOAlsoutht edild 62 aw sabdt@itiatigrbhasmadtatly r cui t
board 70. The switching elenment 63 includes two field-effect transistors

(FETs) 63auadped wethai®heis of tHeapbsiTs. 6 3aua) £ HpFd:@haeBnaeetatspaodt are
capabl e of performng a high-speed on-off control. The seri es connect ed

coils 62 glgu&nesiadnt 901@4@ shd' e %@@Eﬁf&%@s % gﬁcts%:fa &ﬂﬁfgw vely.
The swi tching el enent 63 |s al so nDunte to the C|r urt boar [0062]

Ot anPl S pds3810 R BhAOM YELAM Yord BRI, (A bt £ O %ﬁqot@%{#mﬁ net

light-emtting/receiving type e ec G 2 oefFectric

switch i n@f UBER coils 62 are also mounted to an after-mentioned circuit board 70. The

switching element 63 includes two field-effect transistors (FETs) 63a. For example,
the FIT's 63a are serial-connected, and are capable of performing a high-speed on-off
control.  The series-connected coils 62 are connected to drain terminals of the FETs
63a, respectively. The switching element 63 is also mounted to the circuit board 70.
[0062] For example, the rotation velocity sensor 41 is provided with a
light-emitting/receiving typed photoelectric switch. The photoelectric switch includes
a light emitter and a light receiver. A detection tubular portion 12c is integrally
formed with the outer surface of the flange portion 12a of the spool 12.  The detection
tubular portion 12¢ is opposed to the circuit board 70.  The detection tubular portion
12¢ includes a plurality of slits.  The slits are arranged at predetermined intervals in the
rotational direction of the tubular portion 12¢.  The light emitter and the light receiver
of the rotation velocity sensor 41 are opposed to each other while the detection tubular

portion 12¢ is interposed between the light emitter and the light receiver. The rotation
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alight emtter and a light receiver. A detection tubular portion 12c is
integrally formed with the outer surface of the flange portion 12a of the
spool 12. The detection tubular portion 12c is opposed to the circuit
board 70. The detection tubular portion 12c includes a plurality of slits.
The slits are arranged at predetermned intervals in the rotational
direction of the tubular portion 12c. The light emtter and the |ight
receiver of the rotation velocity sensor 41 are opposed to each ot her

whil e the @%{;ﬁf%&rﬁﬂr5{Pg%loﬁfigur@&"E(fr%éwctjd?é:ro@ta?ioirl%ﬁ)\r?gt?%?ﬂle%t’mrbj lﬁ%@sisght

emtter and the li1ght receiVver. e rotation oclity senso

confi gured; . i tion velocity of the spool 12 by neans of the
| i ght pasgﬁlﬁg% 1&?#ggséw%?ﬁ‘ghgég}essﬁti‘0063] The node knob 43 is provided for

sel ecting ,of four hrak des. .Th brake nodes ar -mode (

di st ance rli@(g%} hi‘%ﬁgg?%ﬁﬂsé’ﬂ%‘f&ﬁﬁ@rﬁﬂ%ﬂg Ong | ‘Efg%(ré?elm? nd%H%de),
and Wnode (w nd node). After-nmentioned first and second braking forces
are set nga AKlep areglirmodg (long diskancasmss), Mishede (msdivm distange miedely  f or ces
for the four nodes are different fromeach other. Al so, the second braking
forces foA-mRée fadlaioupddwslchrad §V Malednind mode)eadifteonmation¢dfBajndrhe L- node
is used for perform ng super-long-distance surf-casting in a preferable
downwi nd emndd braimgnoides ateheet farsheingf the fieurwirdlde thedesr ellatd, Ve filenisakingand a
heavy tackle with less air resistance (e.g., a spoon lure, a netal jig, and

a vibrati ficdsubeihe fauemodddre diiRrdant ARHLcdCE oBRAS | Al thelsBeddtMrigy T 1 Vi Ng
di stance of the tackle by maximally using energy imrediately after

casting, fodsTBY th¥ fblGhERSROGIER TS LAY, ofibrber of rotations per unit
time of the spool 12, and naking the spool 12 alnobst freely rotates in the

¢ anostbocauent gheses B! ereaN Bfr [N A i b e o
preferable downwind condition while the fishing line with low relative density and a
heavy tackle with less air resistance (e.g., a spoon lure, a metal jig, and a vibration lure)
are used. The L-mode is configured to prolong flying distance of the tackle by
maximally using energy immediately afier casting, maximally increasing the maximum
number of rotations per unit time of the spool 12, and making the spool 12 almost freely
rotates in the middle and subsequent stages of the casting. The first braking force of
the L-mode is set to be the smallest in four brake modes.

[0065] The M-mode is used for comfortably perform normal long distance
surf-casting with a tackle with less air resistance (e.g., a movable-centroid type plug, a
pencil bait, and a vibration plug). The M-mode is configured to prolong flying
distance of the tackle while overrun is inhibited immediately after casting and backlash
is narrowly prevented by appropriately correcting the rotation of the spool 12 in the
middle and subsequent stages of the casting. It is preferable to select the M-mode as

the default mode when the polyamide resin fishing line with low relative density is

used,
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[ 0065] The M node is used for confortably performnormal |ong distance surf
casting with a tackle with less air resistance (e.g., a novable-centroid
type plug, a pencil bait, and a vibration plug). The Mnode is configured
to prolong flying distance of the tackle while overrun is inhibited

i mredi ately after casting and backlash 1is narrowWy prevented by
appropriately correcting the rotation of the spool 12 in the mddle and
subsequent stages of the casting. It is preferable to select the Mnode as

the def aulpodpde YHeA. ik RebyAeed Bakihally SO Bkrby Hmbibily A1 el at Tve

density is uSed. 20 [0066] The A- Igured to maxi‘mal Iy use
energy i jately after. . i l.o flvin i.stance of the
tackl e i ?I?ﬁfé% %td rlsllé)%lgélgl@fa&%iﬁg&c%@ﬁ%nagggl @%al?tg %tgge %’#tﬁgcgsolrn £ of the

fishing |ine Sort 0o ckle, and a w i,rection, .the .A-node is

al | owed tg{eg%rdﬁag%cafg,Wrg?@gﬁsgwg%@w% %ﬂtgq Igsad @ vapft diregtion; rEI’%pr ef erabl e
to set the A-npde as the default node when the fluqrocarbon fishing |ine
with hi gh-Pefass Agvad i be ysqdan ghipest afl gopdifionhe Hapeaddy: itds prcderablg o
prolonging flying distance of the tackle by maxinmally inhibiting backlash
even when3etfie Arpedrpsdhe defaek msde trhentthe ftieopmbobBshisibting witbdighh a conpl ete
upw nd condition. The second braking force of the Wnode is set to be the
| ar gest i relathe deosity busgécde nodes. The Wnode is suitable for casting a
predeterm ned type of tackle (e.g., a fixed-centroid type Mnnow lure and a
flatside [6dAhkbdite)Winodhisupyd fd peslogiibt BRingl disthiieSofeRsRcklE M

predeterm ned type of tackle easily rotates in flying and accordingly

sl ows dowmakimdlly\hRgitinkbadkidit &RA. widA8hYYI DRIl dtdhce CPRld @uiE thal/ Ber €l 1 ably

prevent backl ash even in | ow speed rotation of the spool 12 even in

short - di s{RRERLASE IR PwinPLdRHAY G LEQRINLRKHRPL BHNE R LANR) -
is set to be the largest in the four brake modes. The W-mode is suitable for casting a
predetermined type of tackle (e.g., a fixed-centroid type Minnow lure and a flatside
crankbait) in an upwind condition. In this case, the predetermined type of tackle easily
rotates in flying and accordingly slows down in flying. In addition, the W-mode is
configured to reliably prevent backlash even in low-speed rotation of the spool 12 even
in short-distance casting (e.g., pitching casting and skipping casting).
[0068] ‘The mode knob 43 is rotatably mounted to the first side cover 6. The mode
knob 43 is allowed to be positioned in four rotation phases corresponding to the
above-mentioned four brake modes. The mode knob 43 is provided with a magnet
(not illustrated in the figure). The circuit board 70 is provided with a mode knob
position sensor 45, The mode knob position sensor 45 is made up of two hall elements.
The hall elements are arranged in a circulation area of the magnet, and are separated
from each other. The mode knob position sensor 45 detects the rotation phase of the

mode knob based on a switching of the hall elements caused by passing of the magnet.

Specifically, the switching state of the hall elements includes “a both-on state”, “a

21



[ 0068] The node knob 43 is rotatably nmounted to the first side cover 6. The
node knob 43 is allowed to be positioned in four rotation phases
‘corresponding to the above-nentioned four brake nodes. The node knob 43 is
provided with a nmagnet (not illustrated in the figure). The circuit board
70 is provided wwth a node knob position sensor 45. The node knob position
sensor 45 is nmade up of two hall elenents. The hall elenents are arranged
in acirculation area of the nagnet, and are separated from each other.

The node lgnelnRAgitd QRerSER %fe”%dd%tb%% §ﬂts%e”r otgl éﬁ‘-lﬂé}ﬁﬁﬁe@ Eordihe um'imde
knob based on a switching of the hall elements caused by passing of

magnet . @;gg% hfg“f% bréﬂ%%éd@s%&h{e%t&rt tigtangth%ahal | el ements incl udes

bot h-on sta and er-o te and "a bot h-of f

state" ntlo ed P nt.r uni 55 .set of t he brake des to
t he detec?(%ic9 ota &WOB Fﬁﬁggfm*ﬁk gﬁﬁﬂ?”ﬁiﬁ?&%X 1Fe&§nﬁﬁgpﬁges t he
circuit bggrd 70 and .t he ;i(gntrol . The circuit board 70Q_is_pounted
to a surface ORC HFASHHGH %B%‘Fl%t“g@rﬁ%‘ cq gt thegmool spppait Pobeadd i SPopposed
to the flange portion 12a of the spool 12. The control unit 55 (an_exanple
of a spooFireBhaas! ispmpesasity th@sﬂmmpé@pmh?atqféhaﬁm@m bblag eprpol uliobY0] The
circuit board 70 is a ring-shaped board. Mre specifically, the circuit
board 70 [(ancixedipte &f acipooidcartrobpationyisimmounts] @etht efreuiahobrd§0f ormed in a
washer shape. The circuit board 70 is arranged on the outer peripheral
side of t[®W7bpariTig ciaal bommidal ik agingashapahbokdd. AVdes spebiically,ehy ¢irdaixard i s
arranged substantially concentrically wth the spool shaft 20. The circuit

board 70 b&ardD0MBEkQ ditd8lad BAGQIing MUBR@htcr PAHLE &mEd in 8Rehshet sBihpeoned to
relatively rotate with the spool support portion 13. Also, the circuit

board 70 ige ﬁﬁﬁilttﬂo‘ai:@% is%ﬁnﬁé&?fﬁhﬁg‘g&gg}g iPRASEN SAnL BpGRt to the

openi ng 8a. Accordingly, eve support portion~-13 is attached
to or

a

accommodating portion 14.  Also, the circuit board is arranged substantially
concentrically with the spool shaft 20. The circuit board 70 is mounted to the spool
support portion 13, and is allowed to relatively rotate with the spool support portion 13.
Also, the circuit board 70 is positioned in a predetermined phase with respect to the
opening 8a.  Accordingly, even if the spool support portion 13 is attached to or
detached from the opening 8a by its rotation, the circuit board 70 is arranged in a
constant phase.

[0071] As described above, the circuit board 70 is mounted to the surface of the
spool support portion 13 and is opposed to the flange portion 12a of the spool 12.
Therefore, it is possible to directly attach the coils 62 to the circuit board 70 while the
coils 62 are arranged on the surrounding of the rotor 60. Accordingly, it is not
necessary to provide lead wires for connecting the coils 62 and the circuit board 70.

As aresult, it is possible to reduce chances of insulation failure between the coils 62 and
the circuit board 70. Furthermore, the coils 62 are mounted to the circuit board 70

attached to the spool support portion 13.  Therefore, when the circuit board 70 is
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detached fromthe opening 8a by its rotation, the circuit board 70 is
arranged in a constant phase. [0071] As described above, the circuit board
70 is nmounted to the surface of the spool support portion 13 and is
opposed to the flange portion 12a of the spool 12. Therefore, it is
possible to directly attach the coils 62 to the circuit board 70 while the
coils 62 are arranged on the surrounding of the rotor 60. Accordingly, it
is not necessary to provide |ead wires for connecting the coils 62 and the

circui t boghfhetlo thSsRol Lo%tgaoi‘ﬁqr}i 23, @%SCS’IHS |6§ta&é)siﬁﬁﬂh'r?f§>uglgglgcﬁ§§e§%?) the

insulation failure betwee col e circult

Fur t her nor, i ar ) d.to the circuit boatd 70 attached to
the spool "ol plidrohdfiof 3208 LRIMERL I o LREAE IS0 pRRRb 0™ < 22
nounted tg_the spoal ppor.t portion 13, the coils 62 are simultaneously
mount od t SERECERITE St pptit TGO %‘150@66@@@1'%11‘9@%#@ mgurﬁeiaﬂ Pe to
easily assenmbhl e the spool . brake nmechani sm 25. Also, the circuit board 70
is relati éléfi’r%f-svm%oa“% 190 hdunt et Wes pesidencdsopavedetgpringdorhagawitihe
circuit 70 is positioned in a predeterm ned phase with respect to the
openi ng 8#spaHiée BrespeningiBe. phheedrafthe aases octhi cirbaabehrd G0 and thetreclr eel

unit 1 are not changed. Accordingly, even if a magnet is provided for the

node knobuni43 anpunttcbenged. t Becapanipleecmifc mhpralyl odided for shehmodolasb 6 and
hall elements are provided in the circuit board 70, the hall elenents are

al ways capabloenrt 16 eieagichiige bhé clobRUNEEst kide Lher ¥ HOSIdhanadrer el ati on.
[0072] For exanple, the control unit 55 is made up of a m croconputer

i ncl udi NgpRvideBth BRbircait BOMASAD thethRAMBEEs a1 kAR d'a?&ﬁé bpg&earg mand the
| i ke. The ROM 55c (an exanple of a first braking force setting portion, a

second brﬁ%ﬁﬂﬂiﬁﬂ&%@m@?&&h@ .1 1PRLL4 On, and a tension setting portion)

stores a control programand a variety of data to
[0072]  For example, the control unit 55 is made up of a microcomputer including a

CPU 55a, a RAM 55b, a ROM 53¢, an /O interface 55d, and the like. The ROM 55¢
(an example of a first braking force setting portion, a second braking force setting
portion, and a tension setting portion) stores a control program and a variety of data to
be used in after-mentioned two brake processing. For example, the variety of data
relates to the first braking force, the second braking force, and timer value. The
variety of data is correspondingly associated with the four brake modes, respectively.
Furthermore, the ROM 55c¢ stores a variety of setting values for reference tension and
start tension in each brake mode. The control unit 55 is connected to the rotation
velocity sensor 41 and the mode knob position sensor 45.  As described above, the
mode knob position sensor 45 is configured to detect the rotational position of the mode
knob 43.  Also, the contro] unit 55 is connected to gates of the FETs 63a of the
switching element 63. The control unit 55 is configured to switch the switching
element 63 of the spool brake unit 40 between on and off states with a predetermined

signal based on inputs from the sensors 41 and 45 and an after-mentioned control
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be used in after-nentioned two brake processing. For exanple, the variety
of data relates to the first braking force, the second braking force, and
timer value. The variety of data is correspondingly associated with the
four brake nodes, respectively. Furthernore, the ROM 55c stores a variety
of setting values for reference tension and start tension in each brake
node. The control unit 55 is connected to the rotation velocity sensor 41
and the node knob position sensor 45. As descri bed above, the node knob

position %.453&'&%’@1 [HeTVIgS : : : b Lt f the
node kno%g%g. Als%, ﬁh 6éﬁ%¢oﬁﬁ%%nggggﬁﬁgggﬂ%%%?%gﬁggk%gﬁégkggng e FETs
63a of the: i i I 3. The gontso it 55.is.cqenfi ed to

owi toh ¢ hareedl Wi Hedge R TEooReeaghOr SOy PG kottht Pie PR hn anc
off states W th a. predeterm ne Si | based i.nputs fromthe sensors 41
ohnd a5 and HialriaE SRt foelotarsrdihzg e%ﬂ&&? Ganvighe a&%ﬁfﬂéﬁl tre

pr edet er m qed@gfmggal is a pulse wdth nodulation (P signal with the
cycle of 1949 eowde. Hpwetheidusy exele Priecressssin peaprdance 5vthgol@yar i gur ed
to performthe on-off control of the switching element 63 with the duty
cycl e D i melacits el stasatrbl wkeS msdeovited withtehstriutopver fsne acldetcicstiges i n
accordance with rotation velocity. The control unit 55 is provided with

el ectric plowment §% orilerelaitiec stoiage stcareag 87 fielceomnds HpowellkouekecThd ¢ st or age
el ement 57 functions as a power source. The rotation velocity sensor 41

and a nodstkiebehasiytsemor 2ensk n@e%@b?bﬁﬁo@é%bﬂ@aﬂ&aﬂ% profige@lvagt ri c
power. [0073] As described above, the electric storage el enent 57 functions

as a powethe eRRUICK wWArOr exanple, the electric storage el ement 57 uses an
el ectrolytic capacitor, and is connected to a rectifier circuit 58. The

o TG SR EEC et O RS SRR Fhon T
source. For example, the electric storage element 57 uses an electrolytic capacitor, and
is connected to a rectifier circuit 58. The rectifier circuit 58 is connected to the
switching element 63. The rectifier circuit 58 transforms alternating current from the
spool brake unit 40 into direct current. Note that the spool brake unit 40 includes the
rotor 60 and the coils 62, and functions as a power generator. In addition, the rectifier
circuit 57 stabilizes voltage and provides the electric storage element 57 with the
stabilized voltage.

[0074] The rectifier circuit 58 and the electric storage element 57 are also mounted
on the circuit board 70.  Elements (e.g., the coils 62) mounted on the circuit board 70
are covered with an insulator film 90. The insulator film 90 is made of synthetic resin
insulator. The insulator film 90 is formed in a cylindrical shape with a brim. The
insulator film 90 covers the coils 62, the circuit board 70, and electric components
mounted to the circuit board 70. Note that the light emitter and the light receiver of

the rotation velocity sensor 41 are exposed from the insulator film 90.

Operation and Motion of Reel in Fishing

24



spool brake unit 40 into direct current. Note that the spool brake unit 40
includes the rotor 60 and the coils 62, and functions as a power
‘generator. In addition, the rectifier <circuit 57 stabilizes voltage and
provi des the electric storage element 57 with the stabilized voltage.
[0074] The rectifier circuit 58 and the electric storage elenent 57 are

al so nounted on the circuit board 70. Elenents (e.g., the coils 62)
nmounted on the circuit board 70 are covered with an insulator film90. The

i nsul ator rfitsm 90 @Sm&d%eo&}ﬂ%}éﬂéa%g% fs fiERLA dohRSHaAhO bruichifedmfihdtior T11m

90 is formed in a cylindrica I nsul at or m 90
covers th i i it board 70, ~an ectric,conponents nounted
to the ci ?%%%%Ah%%gf%cgg%%g% t haI.]tl a%ehccefutfg'é) FﬁStéej[ﬁ’ﬁb? Egooéﬁ%lﬁ ﬂg)"ﬁﬁg%t receiver
of the rqtation velocity sen , 41 are exposed fro he insulator film 90.
Cperation%gﬁ ]Rg??oﬁnB?Qéﬁéﬁﬁﬁﬁhﬁﬂiﬁﬁﬁﬁsﬁgﬁ%5@ FWFH}&§§?P%ditpﬂieclutch

| ever 17 is,q%eg ed down, and the clutch nmechanism?2l1 1is switched to a

cl ut ch- of fresghpbtheiariine When Bs-spee! 19t isreiated frecashosd tha magaeta bl soielg oo
freely rotate. In casting, the fishing line is swiftly reeled out of the
spool 12 By itk pevipheypltsids ofithe coikctd. e Thahewherhthe spiétohing 2ldnsent 68 &t ed i n
casting, the nagnets 61 rotate on the inner peripheral side of the coils

62. Then, twhahor, kiEcsn duclebnoes emeugh B8 coids 62, urhedrdinglyetheepsdld 2dur r ent
flows through the coils 62. Accordingly, the spool 12 is caused to brake.

I n casti ngausedicdtirhid) Velcagipy radhtidie:l SRS tHs @b oY atakdMallyNBERASH Shutbut
gradual |y decreases after it reaches a peak. [0076] Wen the tackle | ands

on wat er, g@afuaRodRfeat @l Aee s rgg}ﬁe@gggﬂl@ 2 in the line-w nding direction.
Accordingly, the clutch nechanism 21 is switched to the «clutch-on state by

the clutcioret ur iwRESHRME AR of WatdS G [olakel thel Bl in IliEN. the

line-winding direction. Accordingly, the clutch mechanism 21 is switched to the
clutch-on state by the clutch return mechanism (not illustrated in the figure). Then, the
angler waits for the fish to bite while holding the reel unit 1.

[0077] Control Operation of Control Unit

[0078] Next, a schematic brake control operation of the control unit 55 in casting
will be hereinafter explained with reference to Fig. 4. In Fig. 4, tension F, rotational
velocity o, and duty cycle D for indicating intensity of braking force are shown in the
vertical axis while elapsed time since casting is shown in the horizontal axis. Also, the
duty cycle to be actually controlled (i.e., braking force) is shown with a bold solid line.
[0079] When casting is started and the control unit 55 is powered on, the control
unit 55 sets the following depending on the position of the mode knob 43; first initial
braking force (duty cycle D18) of after-mentioned first brake processing in accordance
with a brake mode; second initial braking force (duty cycle D28) of after-mentioned
second braking processing; predetermined scale factor MP (e.g., within the range of 1.2

to 2.5) of the second braking force; damping rate RA (e.g., .2 to .6) of the second
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angler waits for the fish to bite while holding the reel unit 1. [0077]
Control Operation of Control Unit [0078] Next, a schematic brake control
operation of the control unit 55 in casting wll be hereinafter explained
with reference to Fig. 4. In Fig. 4, tension F, rotational velocity w, and
duty cycle D for indicating intensity of braking force are shown in the
vertical axis while elapsed tinme since casting is shown in the hori zont al
axis. Also, the duty cycle to be actually controlled (i.e., braking force)

i's shown Wi, 5%&)‘?94 dnd %lhg of 1iR€r Elgl[ %n%lt 1%?@45%{"'95 b, S%E%r#dgfrfﬁap t he

control unit IS powered on, tro uni sets the omnng
dependlng o] e initial ng force
(duty cycle %gjg§)8% tg%f ?Iera-dﬁét% '} Ore nﬁﬁr %S% e%?%%é@%% Fl tg?dance
with a br dinjti.al braking force (dut

af t er - nent¥ sé@ %fn’i?f“‘éff(feﬁaobf Bbse‘és'gii%@a rfPEa tﬁf‘l’%ﬁ“%? T§‘z'tF‘§ct or
(e.g., vmthlntheraneof 1.2 to 2.5) of the second braking force;

danpi ng r 38810RA" ( elhg. start tengipn g etgrmingp thestasine ponbeldrekiges ofc® and val ue
of timer TN (e.g., mnthln the range of .05 to .5 seconds) when braking is

cor r ect ed exampla@drig. énthetspale Estrrod thassicondbrakisgSorce tAdd bisset todiesi.bn Fr and
start tension Fs. The reference tension Fr is used as a reference with

respect t Q0O ect¥ekt, thensntorl ukit SBheadsttae tothimsiadorifyso detrethairmeson he
starting point of braking. In an exanple of Fig. 4, the scale factor of

t he secondelbtigkiegngor 411, agd MMpitss &atioh @ agedlobthe rBt@Q&leeiBEil()f@a the control
unit 55 reads the rotation velocity co fromthe rotation velocity sensor

41, and Cgmgcoes It aN%is@Blefio RaSBene Féﬁ@loﬁ@{@lh&@la\{ﬁéxﬁ&{ttﬂofq}% soBPBA] It is

possi bl e npute the tension F by inertid nonent of the spool 12 and

e, ot g S LR
rotation ¥§ & %’ 53 spool ?S is changed during casting, the changed rotation velocity will be
different from the rotation velocity of the spool 12 independently and freely rotating
without receiving tension from the fishing line. This is caused by the rotation driving
force (1.e., torque) generated by the tension from the fishing line. Here, if the change
rate of the rotation velocity is set to be “Aw / At,” driving torque T will be expressed by
the following equation (1).
[0082] Equation (1): T =] x (Aw / At)
[0083] If the driving torque T is computed by the equation (1), it is possible to
compute tension based on the radius (normally 15 to 20 mm) of a point of action of the
fishing line,
[0084] If strong braking force is applied to a spool when tension with a property of
gradually decreasing after the start of casting becomes equal to or less than a
predetermined value (i.e., start tension Fs), a tackle flips its posture and stably flies

before the spool’s rotation velocity reaches the peak. This was actually confirmed.

The following control is performed for flying the tackle with a stable posture by braking
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different fromthe rotation velocity of the spool 12 independently and
freely rotating wthout receiving tension fromthe fishing line. This is
caused by the rotation driving force (i.e., torque) generated by the
tension fromthe fishing line. Here, if the change rate of the rotation
velocity is set to be "Aw/ At," driving torque T will be expressed by the
follow ng equation (1). [0082] Equation (1): T =J x (Aco / At) [0083] If
the driving torque T is conputed by the equation (1), it is possible to

conput e t eRSiRB] BasRAnOYddre rftaﬁ'wfdg@ar 1Ll eX t%ef%e%?. 2§?m0a‘ﬂ , ﬁl-spe{aﬂé of

action of the fishing ['ine. [0084 strong ng force rs applied to a
spool whe NS i [, . f radual.ly decreasin ft he start
of “casti ng"Seasnel sbney REIRTHIL L 8RB e BRI RN Pk T

start tensjion F a tackle.flips its_posture and st abl lies  before the
spool 's r %ﬁ%ﬁﬁi%gyﬁéﬁ??pF%%%ﬁﬁgn?Hbﬂﬁgﬁwmn¥ﬁi °Wﬁ§3a0¥35$ﬂym35hﬁprned.
The follow n ontral s perfornmed for flying the tackle with a stable

post ur e b;spftﬂg a il%gagﬁallﬁfﬁéﬁugf‘ﬁd@|bra5<@rwlether¢@rréw@pn§f thetsredustly verrsasing
reaches the peak. Specifically, first brake processing is performed for
f1ipping fiFe braking @resyandihe sacand rakisrgfobreakitih ghefrotatien Pelbeisy vhithetsheolspool 12
for a short period of tinme in the beginning of casting. Subsequently, the
spool 12 i3 igpedeked!th v peaigseained rbatke velotiy the Herdilrdirstrakifig tfithee gr adual | y
decreasing first braking force and the second braking force until the

rotation yeldictessafirdoh hespalohg fdrde hSthe eRUCTbrdlgn Rindirep@tien fd ARGqligtat i on
vel ocity cue. Here, the first braking force (D2) decreases fromthe

braking fef@e rathtiéheelsdiar &f 188 shioRkb NI, BB Rkihe firBedaqbREEwialf the
rotation velocity of the spool” 12. Al so, the second braking force decreases

Vr;ﬂult Pi pf' 3%65@%%?%8 ;g:t%?&é%&s%d%sae&f&ﬂt Sa1dEE Rk ¥R LS A0ER RS R PY
braking force by a predetermined scale factor MP.
[0085] The control unit 55 performs both of the first and second brake processing.
In the second brake processing, the reference tension Fr and the detected tension F are
compared. Note that the reference tension Fr is configured to be at least temporarily
decrease over time. When the detected tension F becomes equal to or less than the
reference tension Fr, the spool 12 is caused to brake with the second braking force.
The second braking force is generated by multiplying the first braking force by the scale
factor MP.  The second braking force decreases in accordance with the damping rate
RA. Specifically, the timer TN (N =1, 2, 3...) is activated every time the detected
tension I becomes equal to or less than the reference tension Fr.  When the timer TN
finishes counting, the spool 12 is caused to brake with second braking force ADI.
Here, the second braking force AD1 is generated by multiplying the first braking force

D2 by the scale factor MP when the timer TN finishes counting.  Also, when the

detected tension F exceeds the reference tension Fr before the timer TN finishes
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braking force by a predeterm ned scale factor MP. [0085] The control unit
55 perfornms both of the first and second brake processing. |In the second
brake processing, the reference tension Fr and the detected tension F are
conpared. Note that the reference tension Fr is configured to be at |east
tenporarily decrease over tinme. Wien the detected tension F becones equal
to or less than the reference tension Fr, the spool 12 is caused to brake
with the second braking force. The second braking force is generated by

mul 1P Vi iy, 13t bnAl B0 obgs, e b8! PPRLS LAG BB vl econd

braki ng force creases in accordanée Wt nping rate

Speci fi cal the. 1] (N=1, 2, 3...) is activated every tine the
det ect ed S%"éeér’rllgibg%lé—é @g%ed%eﬂsl‘ equal to or less than the reference tension Fr.

When the t] X finishes, counting, the sppol 12 is caused o brake with
second bri@%@; féﬁl‘caél ABPIC Yer, ’t"fh?%?é%%ﬁagiﬂé??l%FfbﬁP@Ee%ﬁuf{ 0L gener at ed
by multiplying the first braking force D2 by the scale factor MP when the
timer TN #fiSﬁﬂ@ﬁé%e wéRiprGeignsion Kion tigreial t e tinpatld stasts counténmn [r thigeesds t he
reference tension Fr before the timer TN finishes 27 counting, the timer TN
i s reset . therlesectadtensigrob koniiities tnbe cpalied less tharatke refetehcd teesios ¢ ontdl
braking force AD 1. [0086] In an exanple of Fig. 4, when the detected

t ensi on Fihgeoonerell Sojslads coontirg. |Aexerdihgn, When the tigtee M didigrs comting, ihe ti me
tal, the tinmer Tl starts counting. In this case, the detected tension F

conti nuessica] be ieeuadd todrile WIS thetBadhd higkihgfatenes fabsiQbyr until  the
timer TI finishes counting. Accordingly, when the tiner T1 finishes

count i ng, phei1vis : I B; ' t king force
AD1 gener at eg) Iygg%u{ﬁrt%?%ﬂasﬁnggyﬁﬁ?jflﬁ)gﬂth@l%%é |atr?tgb : ofrigg@l%gl%gg%h?he scal e

factor NP%OI@tS l’/’L h atA1E§QR@ etecgtgc? geﬂéiﬁﬁl‘lgsaﬁ 50 B&%m%gte&\ﬁl %jort l%E'sthQH tlﬁa r@‘fe%éﬁcg ecomes

equal to ss than the re

tension in time ta2. However, as illustrated within a dotted circle in Fig. 4, the
detected tension F exceeds the reference tension Fr in time tb before the timer T2
finishes counting up.  Therefore, brake of the spool 12 with the second braking force is
cancelled. TFurthermore, the defected tension F becomes equal to or less than the
reference tension Fr in time ta3 again, and the condition is continued until the timer T2
finishes counting. Therefore, the spool 12 is caused to brake with the second braking
force AD1 (= 2.5 x D21) when the timer T2 finishes counting. The second braking
force is reduced with the damping rate RA over time. Here, the second braking force
AD1 does not become equal to or less than the first braking force D2.

{0088] Next, specific control processing will be hereinafter explained with reference
to control flowcharts of Figs. 5 and 6.

10089] In casting, the spool 12 rotates and electric power is accordingly stored in
the electric storage element 57.  Then, the control unit 55 is powered on, and an initial
setting is performed in Step S1.  Also, a variety of flags and variables is reset.  For

example, variable N relates to the number of times that the timer TN is activated. In
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tension in tinme tat. However, as illustrated within a dotted circle in Fig.
4, the detected tension F exceeds the reference tension Fr intime tb
before the timer T2 finishes counting up. Therefore, brake of the spool 12
with the second braking force is cancelled. Furthernore, the detected
tension F becomes equal to or less than the reference tension Fr in tinme
ta3 again, and the condition is continued until the timer T2 finishes
counti ng. Therefore t he spool 12 is caused to brake with the second

br aki ng ﬁﬁlf‘?&tﬂg tl%eéarﬁ ésset “ hel Iggqg) Sr%g %{urglg %Saﬁ\’rg% Lng The

second bra orce 1 re uce ove i He. Her e,

t he secon in ce..AD.1 does not beco al to.or. less ths the
first bra%l’ R SR RO Rk e eRS e CeBit doregrBe BTG w

herei nafter ex ined with reference to control flowcharts of FI? 5 and
6. [0089] erPOégref PIRgessgds sefdwingipariest vt Sempd Insiornpe plwiep B3, itls
accordingly stored in the electric storage el ement 57. Then, the control
unit 55 i sdgedwsmich afrihe bialie medenistdeticleddotthe myde Enplepssitiorestnisor 45 e phrsy.

Al so, a variety of flags and variables is reset. For exanple, variable N
rel at es t ertitey hakoenodef will reets:r¢ihaftertdescritiedes “BMn”sn act, 2yt ad.4)] nIn 28 t he
initial setting, the variable Nis set to "1." In Step S2, it is judged if a

flag CF i SteptS4r adicanl bitke nfddags & té discRERS bld‘keaﬁd(ﬁrBMﬁnt Bpaedcgignir ol
processing is started. If the control processing is not being started yet,

Step S3 '$axﬂﬁ¥]59{?eﬂ'§é§ cobRsparRihed thd beléSed bﬂd@ﬁi@d%ﬁ\ﬁ@lscﬁaé&ﬁolﬂ@(ﬁowpdes i's

detected by the node knob p05|t|on sensor . arbitrary brake node w ||

be_her el natd &1y desidh B 13303 BN ol g@,m%ﬁ 2 ?r&%éﬂ *%p"é?feﬁpcar’ "

act ual nDde I's set to bra ly, a
e oL el SRR e DS AR Bk s o
exanpl e, %raﬁing%roeHZS in the second brake processing, increasing rate MP of the second

braking force, timer values of the timers TN, the damping rate RA of the second braking

force, and the reference tension Fr used for braking with the second braking force. In

this case, the initial braking force D18 is the duty cycle when the rotation velocity of the

spool 12 in the initial period of casting is 10,000 rpm. Therefore, the initial braking

force D18 is corrected in accordance with the rotation velocity of the spool 12 in the

initial period of casting. A single or plurality of Timers TN (N is positive integer) are

sequentially activated when the spool is caused to brake with the second braking force

in the second brake processing. For example, timer T1 is activated before timer T2 is

activated.  Also, timer values of the timers TN are configured to be sequentially longer.

For example, the timer value of the timer T1 is set to .05 seconds, and the timer value of

the timer T2 is set to .1 seconds.

[6090] In Sep S5, the rotation velocity o of the spool 12 is detected based on a pulse

from the rotation velocity sensor 41.  In Step S6, tension F applied to the fishing line
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val ues includes the initial braking force DL Sin the first brake
processing, the initial first braking force D2S in the second brake
processing, increasing rate MP of the second braking force, tinmer val ues
of the timers TN, the danping rate RA of the second braking force, and the
reference tension Fr used for braking with the second braking force. In
this case, the initial braking force DISis the duty cycle when the
rotation velocity of the spool 12 in the initial period of casting is
10,000 rp |ni a K n forc ected in
accor dancg% e\}\%c{]ﬁh%g ng) I olrsl Ve o&dt ylalo ? %tgtlon ‘660?01?203 i%ﬁset% hogj%‘lg nitial

period of astln A S|n le or plurality of Tlners TN (N is positive

i nt eger) ‘@EIQ@%HEWQFQV Y activated when the spool is caused to brake with

t he secon? ikln force .in the second brake processi For exanpl e,

timer Ti 19098t viatea Yetlds mdgedrdthersalewated sanpipatlelg eqwaig@m lepnpn I8l ues of
the timers TN are configured to be sequentially |longer. For exanple, the
timer val glertdensidiel’s (ergmranyiof the wdtesrangiosiiomcorids,S Mhd If e celowtatedval ue of
the tinmer T2 is set to .1 seconds. [0090] In Sep S5, the rotation velocity
m of the $mweoh Flaxcbalsdiat geaitt echshvadedSep S willl teeperformml tfedn.r ot ati on vel ocity
sensor 41. In Step S6, tension F applied to the fishing line 29 reeled out

of the spp@lo212 il teasmidreH batdrestdy@al 0toaldse hanel Peddirmihfibeae BY) Stdpe
above-nenti oned equation. [0091] In Sep S7, it is judged if the cal cul ated

tension FsR$s SGRAMed.0 }?lrStlaﬁgg FlQ@@F‘tlgt@um&f 4.t Itneﬁéé 99 {FS rdRidh vel@My ©f the

val ues ranging from.5 t he cal culated ’tension F excéeds the

start tengj, eEém g%e%e%te% nds?% aeﬁfor%en%@'at A&efbe Lgmagé Ifmﬁalggeﬁ@dm on F

it
becones eq l'ess a predeternlne val ue
per f or med

Vel oci ty W e, tﬁ"‘ Setrecrset R sfed FER B pirotE £ Bt Skbon
velocity él\{l, itnls Jud%ed 11J t&'xe %etegted rotgtion velocity o reaches end velocity we. The end
velocity we is very low velocity for ending the control.  If the rotation velocity ®
reaches the end velocity we, all the flags are turned off in Step $12.  Then, in Step S13,
all the timer values of the timers TN are reset. Then, Step S2 will be performed again.
However, when casting is finished and the spool 12 accordingly stops rotating, voltage
of the power source is reduced and the electric storage element 57 is discharged.
Therefore, the CPU 55a of the control unit 55 is reset.

[0093] If the flag CF is turned on in Step S2 and brake processing is already started,
Step S10 is subsequently performed.

10094] As described above, Step S10 is brake processing, and is illustrated in Fig. 6
in detail. In Step S20 of Fig. 6, it is judged if time ts2 is elapsed after the detected
tension I becomes equal to or less then the predetermined value Fs.  If the time ts2 is
not elapsed yet, the first brake processing is performed in Step S21.  Then, Step S11 is

performed. As illustrated in Fig. 4, in the first brake processing in Step S21, the initial

braking force DIS set in Step S4 is corrected in accordance with the rotation velocity
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of casti ng. In Step S 10, brake processing illustrated in Fig. 6 is
performed. In Step S 11, it is judged if the detected rotation velocity co
reaches end velocity we. The end velocity coe is very |low velocity for

ending the control. If the rotation velocity w reaches the end velocity
we, all the flags are turned off in Step S12. Then, in Step S 13, all the
timer values of the timers TN are reset. Then, Step S2 wll be perforned

again. However, when casting is finished and the spool 12 accordingly

stops rot ayi: - I, r | ectric
st orage e?’ér%ggl%e %@latl g&godségt‘;]cg%}%%&‘%es%%} olr%gIS C?%Seggﬁ'-’%%’g%a 'or¢ B 1%control
unit 55 i rkesg ?g{nﬁltf Ih g CF is turned on in Step S2 and brake
processi né“%éﬂ Ofcé’ §2€1&eap§? p S10 is subsequently performed. [0094]

As descri Ste S 10 is brake processin is illustrat d in
Fig. 6 E@é? ai Iﬁtllmf? @ Blapsed gncetihg beginnjng qfdr qﬂb@ﬂg@oﬁiﬁw SEPurthe pagon

el apsed after the detected tension F becones equal to or |ess then the
pr edet er nPiE@ PragessingHs perfprmeseintStepSE3 2 InStemB22, dhapodasipnywstocity ineis i r st
brake processing is performed in Step S21. Then, Step S 11 is perforned.
As il ust deteged.i ninFtep S23, ténsidnheisfdongiutdal ake Smpcﬁ%sistiimgldfge\d Bttlepfl828F t he
initial braking force DIS set in Step S4 is corrected in accordance with

the rot atisameégbaci Tie 88g 68 id uied fbhRdpitibtif ik spainid Oeal@fpro@stinp s alaady t he
spool 12 is caused to brake with constant braking force until time ts2 is

el apsed. {BQED] Tt ihetfd¥BSH B 2ot Bur®d PRSP R, Bk PEE S‘Fh?td?&&i SN SePR20r aji ng in
Step S20, the second 'brake processing is performed in Step S22. In Step

522, th £ F
comput ed. FR& R {947 ‘“’M?(ys*’iﬁ SEE07A Bl 245 Qo™ he 11 g

SF T e g, IR0 S0 e BEBESS L B eRP sl e
'n S24 (i.e., if the second brake processing is already started), Step S27 is performed.
[0096] In Step S27, it is judged if the detected tension F becomes equal to or less
than the reference tension Fr.  If the detected tension F is equal to or less than the
reference tension Fr, Step S28 is performed for braking the spool 12 with the second
braking force. In Step S28, it is judged if the timer TN (e.g., first timer is timer T1)
already finishes counting. If the timer TN does not finish counting yet, it is judged if
the timer TN is already activated in Step S29. If the timer TN is not activated yet, the
timer TN is activated in Step S30. Then, Step S11 in the main routine is performed.
On the other hand, if the timer TN is already activated, Step S11 in the main routine is
performed without performing Step S30.

[0097] If the timer TN already finishes counting in Step S28, Step S31 is performed.
In Step 831, it is judged if the flag TF is turned on. Here, the flag TF indicates that the
brake correction processing is performed when the detected tension I becomes equal to

or lower than the reference tension Fr for the first time.  If the flag TF is not turned on

yet, this means that the brake correction processing is the first one. Then, variable N is
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Step S26, the rotation velocity co detected in Step S22 is set for the
initial rotation velocity w2 in the second brake processing. |If the flag
"SF is already turned on in Step S24 (i.e., if the second brake processing
is already started), Step S27 is performed. [0096] In Step S27, it is
judged if the detected tension F beconmes equal to or less than the
reference tension Fr. |If the detected tension F is equal to or |ess than
the reference tension Fr, Step S28 is performed for braking the spool 12

Wh the Seoant PLAKLOR LAe, L SPR SR £ |5 ud9Rdull whe (per TN

(e.g., first tinmer alre ini untin the tinmer TN

does not f,inish.counti ye it..is judged if the_ti TN i.s al ready
nott var ed i B ReBued Rt Rien S Ve R ERECRIaing GAPCRDY b SCtamSteRe | mor TN
is activated in Step 530..  Then, Step S11 in the main routine is performned.
On the ot Réf- h&heR. Siep YHdnthevapinyrutine sivedamedacthibpseeand kaldpe ®199 in the
main routine is performed without performng Step S30. [0097] If the tiner
TN al r eadyr 1] Wigshessted abiHivsirgied m Bigep. SSBsciBtadly, $8 firstdbrgeng 6roeB2 when St ep
531, it is judged if the flag TF is turned on. Here, the flag TF indicates
t hat the thertake TOfinabed onunping tsaasitipied by fterdcale fadombi®r(c ehd . Hetetthed

tensi on F becones equal to or lower than the reference tension Fr for the

first tinte rhiiltibh&l fitseBrakingi (582 fswiddedtoRe fiybrakidy ®regE@Ps that the brake
correction processing is the first one. Then, variable Nis 31 increnented

by one fo[ogogepari g Aern@drchd : ' bfessingRf a2 Next,
the flag ];'F i}s3 t ur ned %ﬁri n Sﬂ%%@%&aé@ ???eszlécr%ﬁgybg)rpéﬁi&ﬁgl orce ADL is

Se ) o BEra BBy PR bl 5657 U0 BRIy T
Soec 11 cokt i, A8 5 A MR G S TN RS
multiplied S 3K, RN S 2 A5 29ded, o hhe [l Lot bk nde o ce D2

AD1. Thus obtained value is set for a new second braking force AD1. Is Step S36, it

is judged if the damped second braking force ADI is equal to or less than the first

barking force D2 for preventing the second braking force AD1 from being less than the

first braking force D2. If the second braking force AD1 is equal to or less than the first

braking force D2, the braking processing is performed with the first braking force D2 in

Step S40.

[0099] On the other hand, if the detected tension F exceeds the reference tension Fr

in Step S27, Step S37 is performed. In Step 837, it is judged if the flag TF is turned on.

In other words, it is judged if the brake correction processing is already performed. If

the brake correction processing is already performed, the flag TF is turned off in Step

S38.  On the other hand, if the brake correction processing is not performed yet, Step

39 is performed without performing Step S38. In Step S39, the timer value of the

timer TN is reset (i.e., initialized). Thus, when the detected tension F exceeds the
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[0098] If the flag TF is already turned on in Step S31, danping processing
of the second braking force ADL is perfornmed in Step S35. Specifically,
the second braking force ADL at the nonent is multiplied by a
predeterm ned danping rate RA, and then the nultiplied second braking
force ADL is subtracted fromthe second braking force ADl. Thus obtai ned
value is set for a new second braking force ADlL. |Is Step S36, it is judged
if the danped second braking force AD 1 is equal to or less than the first
bar ki ng f thn (of rak 1 i ng

| ess than%fﬁﬁm%%%gt 1%% éhf: %P%:GE%BE% \9%3 ﬁeglsec 038%’%1 ‘ﬁ% bfeosr%((r::gen%iDl i's
equal to Ies rst brak for. t he brakln processi ng
s per f or Q! Oﬁcetiﬁgarfceﬁgﬂ[ b Bla PR b BEDEN FOm S E I 0895] on ¢ he
ot her han? i.f the&? ed tension F, exceeds the reference tension Fr in
Step S27, [&19R] s3 St 4. o brale Praqessinggs gerformad wish fhedyaicPregkinhireq ag TF
is turned on. In other words, it is judged if the brake correction
processi nghew g Shidip the iy iestine 1Sfpelé0heedbr diedhe brakimgtriroresgnpeddshag i s
already performed, the flag TF is turned off in Step S38. On the other
hand, if fik blkalgefocms thecpbanl 2ps oswsditmbraks withtthpdutheyoledD2et D2S(ep 39 is
perforned mﬁthout performng Step S38. In Step S39, the tiner value of the

timer TN 8)%.esktre( theduty dyoidis abhetgm@d) by Feligingvhe Bedohe ilatlentigdy feosi on F
exceeds the 32 reference tension Fr before the tiner TNis reset, the

brake pr ogggsd y@% valt dfMBe 8RNV IiBKI Ng force is cancelled by preventing
the timer TN rom i nishing counting.” [00100] In Step $40, the brake

pr ocessi “g)odtéllﬁerlh?&%gsfe"‘ffttﬁle &é%f‘ct@d %ﬁ&g?ﬁ?%%ééﬁg tlrieow?eefence-lggﬁ?% Igstlr,]e gp S 11 in

the main e’I's perforned raking processing wt flrst

53103 108733 SR B B S B e
initial btrh% e{elzgted ?ensmn F becomes equal to or less than the reference tension Fr, the spool
12 is caused to brake with the strong second braking force AD1 generated by
multiplying the first braking force D2 by the scale factor MP. Therefore, the strength
of the braking force is automatically controlled in accordance with a fishing condition.
Accordingly, even if a fishing condition is changed to some extent, it is not necessary to
reset the strength of the braking force.

OTHER EXAMPLE EMBODIMENTS
[00102] Example embodiment (a)
[00103]  In the above-mentioned embodiment, tension to be applied to the fishing line
is computed based on the rotation velocity of the spool. However, tension may be
directly detected by attaching a strain gauge to the spool shaft, for instance.
[00104] Example embodiment (b)
[00105]  The above-mentioned embodiment discloses the spool brake unit for braking

the spool by power generation. However, the spool brake unit may have any

configuration as long as it is electrically controllable unit. For example, the spool
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D2S by the square of the rotation velocity. [00101] In this case, if the
detected tension F exceeds the reference tension Fr, the spool 12 is
caused to brake with the weak first braking force D2. On the other hand, if
the detected tension F beconmes equal to or |ess than the reference tension
Fr, the spool 12 is caused to brake with the strong second braking force
AD 1 generated by multiplying the first braking force D2 by the scale
factor MP. Therefore, the strength of the braking force is automatically

controll ed.j =W i.shi Lt £ di nal. en if a
Fiohing corurePaRhiRRRRULED ol IbEe3aREbY BRke pAFARLELERNY ofY™" ol
t he stren%%% of the gr ak%nt% f ree. OﬁTL—ER %AI\/PLE EMBODI MENTS [ 00102]
Exanpl e e é)lyr%??tnsf) 1 B66 '6%1?3’ PO EEEYE Y ent | oned enbodi ment, tension
to be applie o the fishing lin i s conputed based on the rotation
velocity &hngﬁi §%8@N36F6@é%€Wﬁt§%nsion may be directly detected by
attaching a strain gauge to the spool shaft, for instance, 55;001'04 Exanpl e
enbodi nen{0Q16¥] [dmtggatbolvﬁen%mwed rehedioreat thainsd] iseavsedite bragsagthrthe spool
brake unit for braking the spool by power generation. However, the spool
br ake uni scoong btedoireg fame gredually gamatd overagnd onie ascontl brakegraessingal |y
controllable unit. For exanple, the spool 33 brake unit nmay be configured

to press &obkaketishpeolanapbdiakel pddaRgaithsbndadseddndhbrékingfske fy ameans of
an electrically controll able actuator. [00106] Exanpl e enbodi nent (c)

[00107] | prelibx@rraded gedinéf 0hed KI¥BOME RBRnd Hrilézgj@ RROI mhp bEBMSBEH [0 brake
with the "second braking force gradually danped over tine in the second
brake prog&sfiale with the square of the rotation velocity.

[00108] Example embodiment (d)

[00109]  In the above-mentioned embodiment, the spool is caused to brake by the first

and second brake processing. The first brake processing is configured to brake the

spool with constant braking force, and the second brake processing is configured to

brake the spool with changing braking force. However, the present invention is not

limited to this. The spool may be caused to brake only by the second brake

processing.

[00110] Example embodiment (e)

[00111]  In the above-mentioned embodiment, the electrically controllable spool

brake mechanism 25 brakes the spool with the combination of the first and second

braking force. However, the present invention is not limited to this.

[00112]  For example, as illustrated in Fig. 7, a spool brake unit 140 (an example of

second spool brake portion) may be mounted to a side plate 109 and a flange portion

112a of the spool 112 on the hand 2 attachment side. Here, the spool brake unit 140 is

a mechanical centrifugal brake typed unit with use of the centrifugal force. The spool

112 may be caused to brake by the spool brake unit 140 and a spool brake unit 40 (an
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However, the spool may be caused to brake with constant second braking
force for a predetermned period of tinme. Al so, the second braking force
may be danped in accordance with the square of the rotation velocity.

[ 00108] Exanpl e enbodi nent (d) [00109] In the above-nenti oned enbodi nent,

t he spool is caused to brake by the first and second brake processing. The
first brake processing is configured to brake the spool w th constant
braki ng force, and the second brake processing is configured to brake the

spool wit @xiﬁﬂﬁlﬁ%g%y g&irbgali 35 Et"?onc)auseggéooltg?a?ﬁ(Q{nﬁslgfﬁtl%élﬂd’ﬁrétﬂlﬁﬂgh{ not

limted to he spool e onl e ‘'seco br ake
processin 001 bove- ntloned
enbodinenng%% &xf&%% g? gi@%ﬁ?gggegﬁFé?é% hé%%%@@l gﬁiﬁﬁsﬁ? “br akes
t he spool th t he conbln ion of the ds nd bra force
However tﬁ:ﬁl@@mﬁaﬁnﬁo’@ PEAPFA Tdt Thipissd drusm g r & mm}ﬁ Pegidecxanpl e,
as |IIustrated |n Fi a spool brake unit 140 (an exanple of second
spool br aRBtHH% %%{S? dyemrip arengedion the sitgepginkew! sido oAy tialkq Binee
portion 112a of the spool 112 on the hand 2 attachnent side. Here, the
spool bra&@luﬁfmamﬂbaﬂswsé6hm@ﬁﬁnh@étocehtcwﬁugaﬁﬂbmabe&bﬁped1éaitThwth use

of the centrifugal force. The spool 112 may be caused to brake by the

spool br akekeshdes 140 asndoantsprod placadke ofi(u.d., #40) {@ped Jdidexanid BB a first
spool brake portion). The spool brake unit 140 includes a plurality of

(e. 9., siXhe brakehsdq6s adbhpaild ot rhiakemelupalde thd PdbEialee 19bpesTASL are
capable of integrally rotatlng with the spool I12. The brake drum 162 is

glejginfoﬁgr ;?ultsi? gheafﬁ‘(')s?@,%)tﬁ g&g{ragtﬂ(rﬂet«@cgh Oée'ﬂsﬁleprl%?{rérﬁ%% 5D h Surfin E FARE RS Ut er
The mounting tubular portion 140a is fixed to the outer peripheral surface of the spool
shaft 120 with a predetermined coupling method (e.g., a serration coupling). When the
brake shoes 161 and the spool 112 rotate, the centrifugal force is generated. Thus, the
braking shoes 161 make contact with the brake drum 162, and thus the spool brake unit
140 brakes the spool 112 with the first braking force decreasing in proportion to the
square of the rotation velocity of the spool 112.
[00113]  Also, configurations of the spool brake unit 40 and the spool control unit 42
in the example embodiment (e) are almost the same as those of the above-mentioned
embodiment. However, in the example embodiment (&), the spool control unit 42
controls the spool brake unit 40 only when the detected tension becomes equal fo or less
than the reference tension, and thus the spool 112 is caused to brake with the second
braking force. In other words, in the example embodiment (e), the spool 112 is
constantly caused to brake by the spool brake unit 140 during casting, and the spool 112
is caused to brake by applying the second braking force only when the detected tension

becomes equal to or less than the reference tension.  Also, the second braking force

applied under the control of the spool brake unit 42 may be the same as or different
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161. The brake shoes 161 are allowed to nake contact with the brake drum
162. The brake shoes 161 are nounted to a plurality of (e.g., six) stepped
‘'gui de shafts 140b. The brake shoes 161 are capable of radially noving al ong
t he gui de shafts 140b. The guide shafts 140b are nounted to and protruded
froma nounting tubular portion 140a. The nounting tubular portion 140a is
fixed to the outer peripheral surface of the spool shaft 120 with a
predet erm ned coupling nmethod (e.g., a serration coupling). Wen the brake

h : , PRy % i . d.
shoes 161 rapdihg &P Q%velﬁgnt'fdr?r{ggteﬁlbogl%nﬁe gL efx‘c‘f%@e, {}%rsggoéfrdﬁ% Qﬁgg, (ﬁ‘gﬁ 4t hus

Thus, the Dbraking shoes 161 e contact wtht brake

t he spool e L 000l 112 with the first braking force
decreasinggﬁﬁ%ﬁggggﬁ?W%ﬁggghgﬁg§m§%§ %gogpf%ﬁg‘rotation vel ocity of the
spool 112. 13]. Al so, configurations of the spool brake unit 40 and the
spool conJ?@ﬁgtni XﬁﬁﬁeﬁﬁﬁPﬂ ‘%ﬁgﬁple enbodi nent (e) are al nbst the sane as
t hose of &ge ove-Hentioned .enmbodi nent. However, in_the exanple

enbodi men Qlé%, t lehe pbate-meionss embpdiment, agypiariiy & refseensp GEHSIOBE 8188 unit 40
only when the detected tension becomes equal to or |less than the reference
tensi on, &pdetidependimponpobirality 2f figst beakéngiforeesbr ake wi th the second braking
force. In other words, in the exanple enbodinent (e), the spool 112 is
constantly caused to brake BYENEBAIpGGIERPREEAINON 140 during casting, and
the spool 112 is caused to brake by applying the second braking force only

when the (#1&6]1 edAiedtbhaddin, hecoi®singdusbtidal @imk e®sSwhidareal-h&dr gforeence
tension. Al so, the second braking force applied under the control of the

spool  br akgwhihld, 4&tiBRYhR80hDE RATE R trAsvEist? & KB adahyf SRR fighy i N the
above-nmenti oned enbodi nent. For exanple, the second braking force nay be

?]Pg)l I ed opl¥tiolaeMh ERA6L86 Mo i8I0 R Eie‘sikggquiéﬁ)e%%ﬂ th@i%@%h? embodi ment
invention. Accordingly, these terms, as utilized to describe aspects of the present
invention, should be interpreted relative to a device equipped with the present invention.
[00117]  The term “configured” as used herein to describe a component, portion or
part of a device includes hardware and/or software that is constructed and/or
programmed to carry out the desired function.

[00118] The term “comprising” and its derivatives, as used herein, are intended to be
open ended terms that specify the presence of the stated features, elements, components,
groups, integers, and/or steps, but do not exclude the presence of other unstated features,
elements, components, groups, integers and/or steps.  The foregoing also applied to
words having similar meanings such as the terms, “including,” “having,” and their
derivatives. Also, the term “part,” section,” “portion,” “member,” or “element” when
used in the singular can have the dual meaning of a single part or a plurality of parts.
[00119]  The terms of degree such as “substantially™, “about” and “approximately” as

used herein mean a reasonable amount of deviation of the modified term such that the

end result is not significantly changed.
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[00115] In the above-nentioned enbodiment, a plurality of reference
tensions may be set depending on a plurality of first braking forces.
"GENERAL | NTERPRETATI ON [ 00116] A used herein, the follow ng directional
terns "forward, rearward, above, downward, vertical, horizontal, below and
transverse"” as well as any other simlar directional terns refer to those
directions of a device equi pped with the present invention. Accordingly,
these ternms, as utilized to describe aspects of the present invention,

shoul d be [@ﬂt2ggpr‘@fth?lg ohf] Rlde¥ bR AGH S SRL Bg%‘%n% hfhstelie él%r S{%?%E% a

invention. [00117] The term "contigured” as used hereinto

conponent , 21 art devi .1 ncl udes rd e and/or software
Chat 1 conenibh oy e MBhtentlo Bp bR b M FomU AR Gud e iR o
[00118] The term conprising” and its derivatives, as _used herein, are

[ ntended CEBE awp%ﬂglgiﬁawst%?ﬁﬁr%aﬁa cioppwripguidraaipg S BecFoRY Y &E at ed
features, el enrents, conponents, roups, integers, and/or steps, but do not
excl ude tHémﬁ?%%%ﬁ3%m6¢Hb@ﬁé@?%ﬁ@&ék@ﬁ&fé@ﬂﬂﬁ@@?ﬁaéﬁéﬁﬁﬁﬂ@gdéﬁﬁﬁ@ﬁéﬁts,
groups, integers and/or steps. The foregoing also applied to words having
si m | ar nehihe sydodiuedninaccotigng ©rthe preésénicheeniting ate priveided fprilleatdtion enly,
derivatives. Also, the term"part," section,” "portion," "nmenber," or

" el ement " awdent fouse guipest helimitiguhainveatorhayd:fineé be tiad appeadddngainfs aadsi ngl e
part or a plurality of parts. [00119] The ternms of degree such as

" subst ant ihalrleyuivaledBoutThugnke scAPP bOMWcTRI @k i9Sot IHSIEd thehLdifcloRan a
reasonabl e anount of deviation of the nodified termsuch that the end
result iseARddisiegni ficantly changed. 36 [00120] Wile only sel ected

enbodi nents have been chosen to illustrate the present invention, it wll
be apparent to those skilled in the art fromthis disclosure that various
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changes and nodi fications can be nmade herein w thout departing fromthe
scope of the invention as defined in the appended clains. Furthernore, the
‘foregoi ng descriptions of the enbodi nents according to the present
invention are provided for illustration only, and not for the purpose of
limting the invention as defined by the appended clains and their
equi val ents. Thus, the scope of the invention is not limted to the

di scl osed enbodinments. 37 WHAT IS CLAIMED IS: |I. A spool brake device of a
dual - bear iypg Areg ccamicgiied to brake a spool that is rotatably nmounted to
a reel unit and arranged to wind a fishing |ine around the periphery

surface thereof, the spool .hrake.device c risi.ng: sppol brake .menber
bei ng confi gureé‘ to e eé‘%orollc%é ey(-i%vd?ﬁ P‘gﬁ gﬁ?egfﬁéeﬁﬁggﬁ?ﬁgglt? kba‘[akffi Pst
braking forc ttin | ement peing configured to set first braking force;
a tensi onsg%‘ﬁttﬁaﬁgs @‘f%ﬁ@ﬁtm%t%@%%ﬁ Gk ail pEnged 1aviet afige eARIER: o
tensi on detectjon nenpber being configured to detect tension to be applied
to the fii@ﬁ%’@hﬁiyrﬁé%”faﬁe@é@@ﬁgh%?@@i Gke gpdec ernpisiggiel enent bei ng
configured to set second braking force by multiplying the first braking
force by a predetwon brake seaiber being ornfigme! @ dgtidallyenntrollabdphpéadet bei ng
configured to control the spool brake nenber with the first brake force at

t he start spfolbr aki ng, the spool control conmponent being configured to
control the spool brake nmenber with the second braking force when tension

detected by the d frsharindgbre kiR BRARA! bOBE OB RaLR! set BrsPhrakBgTotBan the
reference tension after the start of braking.
a tension setting element being configured to set a reference tension;
a tension detection member being configured to detect tension to be applied to
the fishing line;
a second braking force setting element being configured to set second braking
force by multiplying the first braking force by a predetermined scale factor; and
a spool control component being configured to control the spool brake
member with the first brake force at the start of braking, the spool control component
being configured to control the spool brake member with the second braking force when
tension detected by the tension detection member becomes equal to or less than the
reference tension after the start of braking.
2. The spool brake device according to claim 1, further comprising
a timer configured to start counting when the detected tension becomes equal
to or less than the reference tension.
3. The spool brake device of a dual-bearing reel according to ¢laim 2,
wherein the spool control component is configured to control the spool brake member

with the second braking force when the timer finishes counting.

4. The spool brake device according to claim 3, wherein
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2. The spool brake device according to claiml1, further conprising a tiner
configured to start counting when the detected tension becones equal to or
‘less than the reference tension. 3. The spool brake device of a
dual - bearing reel according to claim?2, wherein the spool control

conponent is configured to control the spool brake menmber wth the second
braki ng force when the tiner finishes counting. 4. The spool brake device
according to claim3, wherein 38 after casting a first tiner val ue counted

by the tinmer is I val:ues: G timer. 5.
The spool brakeaJ%é?%%@g@%§€@§§3&§§;%?%F%§£T¥ng§?ﬁg?&g%%g$?§?ﬁggta
vel ocity ?' ection ne ured to detect rotational velocity of the

GleChhancd n&%téﬁor tgo rtlf i - - -
spool . 6. “The spoo?lb ake JeVEL of a dual - bearing reel according to claim
5, wherein the spool ntrol component is_configured to reduce the first
braki ng force i > conj TRE PR bUAkE HeY SeiassordRe Bt CIaMes o fdiic FAPPYEBC 1 y
detected by the velocity detection nenber. 7. The spool brake device
according to cl & Yal®itystacEpn memmbes podigusashiordstect srigsmehvelpatycdiihe gured to
reduce the first braking force in proportion to the square of the detected
rotati onabpasdl ocity. 8. The spool brake device according to claim1
wherein the spool control conponent is configured to start controlling the
spool brake nerber whEhe §pjel dekededde bendidbehecOrebaeatiihg foaclgm 3,ess t han
a predetermned value. 9. The spool brake device according to claim7,
wher ei n  wherein the spool control component is configured to reduce the first braking force in

conjunction with reduction of the rotational velocity detected by the velocity detection
member.

7. The spool brake device according to claim 6, wherein

the spool control component is configured to reduce the first braking force in
proportion to the square of the detected rotational velocity.

8. The spool brake device according to claim 1, wherein

the spool control component is configured to start controlling the spool brake
member when the detected tension becomes equal to or less than a predetermined value.

9. The spool brake device according to claim 7, wherein

the spool control component is configured to reduce the reference tension in
conjunction with reduction of the detected rotational velocity.

10. The spool brake device according to claim 1, wherein

the first braking force setting element and the second braking force setting
element are capable of setting a plurality of first braking forces and a plurality of second
breaking forces, respectively, the plurality of first braking forces being different from

each other, the plurality of second braking forces being different from each other.

I1. The spool brake device according to claim 10, further comprising
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t he spool control conponent is configured to reduce the reference tension
in conjunction with reduction of the detected rotational velocity. 10. The
‘spool brake device according to claim 1, wherein the first braking force
setting el ement and the second braking force setting elenent are capable
of setting a plurality of first braking forces and a plurality of second
breaking forces, respectively, the plurality of first braking forces being
different from each other, the plurality of second braking forces being

different from eagh Bl : &ﬁﬁ% ' r i | ai m
10, further conpri s%(%g%%g S%{%géogﬁﬁ)ﬁg&?gér%&se ugﬁ/ﬂg%%%g?@%o%agg}n%gwc
configure ; f a.pluralit of conbinations foermed hy
el ecti ng ooidiRbls ey RIRGHEPP: bY s By Mok et M ne 5B Sodorg e
plurality second hraki farces. 12. The spool brake device according to
clain110,OghﬁﬁépﬁHWHgéP%¥@g%ﬂﬁég(§H§ion setting el ement is capable of
setting a pluraljty of__reference tensions depending on the plurality of
first braking fodreces. 1Besprobbimkedpvipe &Wl‘@WF%@a%g%er%@nt o claim2,
further conprising a danping rate setting portion being configured to set
t enpor al danpi nghe wferencstlenen satdugel eipentids napabbr deetting.a phtwelipdol  br ake
devi ce according to clains 13, wherein the spool control conponent is
conf i gur ectftronceddugenst depesdngnd therdidatiey dffhsebrakihgtfhveeset danping rate in
accordance with tine to be el apsed after the tinmer finishes counting. 15.
A spool brake deagice Ufh@s;ﬁidﬁbrah@dé‘ii&gadc@ﬁﬁrég?w'tfléiﬁm,%rth&dé i@ir%_ spool

is

that is rotatably nmounted to a reel unit and arranged to wind a hi ng
l'i ne around a damping rate setting portion being configured to set temporal damping rate
of the second braking force.
14. The spool brake device according to claims 13, wherein
the spool control component is configured to reduce the second braking force
at the set damping rate in accordance with time to be elapsed after the timer finishes
counting,
15. A spool brake device of a dual-bearing reel configured to brake a

spool that is rotatably mounted to a reel unit and arranged to wind a fishing line around

the periphery surface thereof, the spool brake device comprising:

a first spool brake member being configured to brake the spool with a first
braking force in conjunction with rotation per unit time of the spool;

a second spool brake member being configured to brake the spool with
electrically-controllable second braking force;

a tension setting element being configured to set reference tension;

a tension detection member being configured to detect tension to be applied to

the fishing line;
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t he periphery surface thereof, the spool brake device conprising: a first
spool brake nenber being configured to brake the spool with a first
‘braking force in conjunction with rotation per unit tinme of the spool; a
second spool brake nenber being configured to brake the spool with
el ectrically-controll able second braking force; a tension setting el enent
being configured to set reference tension; a tension detection nenber being
configured to detect tension to be applied to the fishing line; 40 a
second braking f i i i ( ‘ econd
aogeggn(?%ga%?;/}@%%ﬁ%% :Egﬁl'ﬁg% ef%?ﬂeﬁgb{iﬁg é%rgﬁug% ttr?%"fg LecBn

braki ng force generate ng t orce by a

o cont r ot EfeGracRudl PRy S BT QRS b EERBRA PR B0 Ohen

t ensi on d%%fcted by the tension detection nenber becomes equal to or |ess
t han t he Ur@ke tension. 16. The spool brake device according to claim
15, wherein the first spool brake nenber includes a brake shoe and _a brake
drum the braké SRCHEPheprerggn! eeing conitesigrddpiopnirel the pergnaisper! brikespool |

t he brake shoe being capable of radially noving outward by means of

cent ri f ugalentber wihtlee feeonkbrkafede bien taosianidercotl bylike spsioh detebiégorbr ake drum
bei ng arranged on the outer peripheral side of the brake shoe in the reel
uni t, thenfkendkebaionrs bgidigo calpabihen dic whkdmg tafthact with the brake shoe.
41

16. The spool brake device according to claim 15, wherein

the first spool brake member includes a brake shoe and a brake drum, the
brake shoe being capable of integrally rotating with the spool, the brake shoe being
capable of radially moving outward by means of centrifugal force to be generated by
rotation of the spool, the brake drum being arranged on the outer peripheral side of the

brake shoe in the reel unit, the brake drum being capable of making contact with the

brake shoe.
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