DESCRI PTI ON RECI PROCATORY DRY SHAVER Qur copendi ng UK Patent Application
No. 9507812 is a divisional application of this application. 5 The
present invention is directed to.a reciprocatory dry shaver, and nore
particular to a dry shaver having an outer shearing foil curved into an
arcugte curvature and an inner cutter, reciprocating alon e
curvg?ﬁre I n-hair shearing engagenéhﬁ\ﬁtr1the out er sheg$?%§a?g#?% ?OS’
BACKGROUND ART Such dry shavers having an arcuate outer shearing foil and
an inner cutter reciprocating al SECRIFEI@N cuate curvature of the outer
shearing foil have been provided for shaviqg@conplicated areas such as chin
~or underarns, as disclos TPROGAJORY  BRY SHAVER o | nstance, in Japanese

Pat ent Publication JP-B2 57-53748, Japanesé Utility Mddel Early Publication |,
JP-Al 50-3488, and, Jap e Patent . Puhlicati - B2 53-28817. In the
shaver of é‘?ﬁ §°P§'bdel,“gaﬁlgﬁ%§e§brﬁipﬁ 1¢ab1gp; ‘?'zggoiéi 8 the inner cutter
agai ngt .t he arcuatel y.curved outer.shearing foil 20 to give a necessary
cont actiny°Me88PR ]é:%ﬁg'? et APPLICAART ng. However, there is a potential
Probl em t bhe pkesenite iinveait o tis dbyvestalorny taheertit@rosdieary ngrioi |

t owar ds opposite end positions froma central or neutral position of

r eci pshereer pnantiheoinengra mhuitduerary sté i keflyyt shgstereitaanigiedamto@ber its

| eading end with the outer shearing foil due to the fact that the inner

cut t shemayiéngsifoidr cuowedsintie amdaposdteosurMadivng and wninverposition.

Consequently, the trailing end ) ]
cutter reciprocating along an arcuate curvature in hair

\a@hearing engagement with the outer shearing foil.
10 BACKGROUND ART
| Such dry shavers having an arcuate outer shearing foil
~and an inner cutter reciprocating along the arcuate curvature
of the outer shearing foil have been provided for shaving -
complicated areas such as chin or underarms, as disclosed in
15 the art, for instance, in Japanese Patent Publication JP-B2
57-53748, Japanese'Utility Model Early Publication JP-Al
50-3788, and Japanese Patent Publication JP-B2 53-28817. 1In
k/;he shaver of'fhis type, a bias spring is utilized to bias the
inner cutter against the arcuately curved outer shearing foil
20 to give a necessary contacting pressure therebetween for
shaving. However, thefe is a potential problem that, when the
inner cutter moves along the outer shearing foil towards
opposite end positions from a central or neutral position of
reciprocation, the inner cutter is likely to get entangled at
25 its leading end with the outer shearing foil due to the fact
that the inner cutter moves slower towards the end positions

than at the central position. Consequently, the trailing end



-2- of the inner cutter cones readily out of contact fromthe outer _
shearing foil, thereby failing to ensure snooth shaving and correspondi ngly
| owering shaving efficiency. In order to avoid this problem the prior
shaver is |limted to have a 5 relatively large radius of curvature for

the outer shearing foil. That is, the prior shaver is difficult.to be i
designed to have a large curvature (sngll radius of curvature) sufficiéﬁ%
for intimate contact with the | ocal concave or convex areas in the skin of
the user, while at the same tinme 10 assuring snooth and constant shearing
engagesentheetiverit tdisctdmretonsst ceadandyt batodfecostedd NBréwi theThe above
probl em has been elimnated in the present invention which provides an

i npr ovedtdry shleardmg\hieil | sthébebycfpabliagotodesismrengriaoth vehaningased
curvature of the arcuate outer shearing foil and the inner cutter for

i nti neabd comraspondindly aldyerbngeghavingnedfédciesmy i n Iheonder' toskin
such as chin and underarmnms, yet enabling to recipraocate the inner cutter

al ong #¥eidr Ehdte RIRkkerhctiRe nprier| shaversasod AMitgd Hsuthave anner
cutter being entangled or jamred agai nst the outer shearing foil, _
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has a Lﬁ%%&ciﬁ“%zgdymhﬂ%&ﬁgke contact with the local concave or :
&/

convex areas in the skin of the user, while at the same time
10 assuring smooth and constant shearing engagement between the

inner cutter and the outer shearing foil.

The above problem has been eliminated in the present
invention which provides an improved dry shaver which is.-

15 .capable of designing to give increased curvature of the
arcuate outer sheariné foil and the inner cutter for intimate. .
contact with locally convex or concave areas in the user's
skin such as chin and underarms, yet eﬁabling to reciprocate - \oJ/
the inner cutter along the arcuate outer shearing foil

20 smoothly without the inner cutter being entangled or jammed .
against the outer shearing foil. Therefore, it is possible
with the improved shaver of the present invention to shave the
chin and underarms successfully with enhanced shaving
efficiency. The dry shaver in accordance. with thé present

25 invention includes a housing mounting thereon a cutter head
which comprises a perforated outer shearing foil -and an inner

cutter. The outer shearing foil has a first axis along which



-3- it is arcuately curved. The inner cutter has a.longitudinal axis along
which it is arcuatety curved to have an arcuate contour in conformty-wth
the outer shearing foil. Projecting fromthe housing is a drive arm which
is copnected 5 to reciprocate the inner cutter along a reciprocation path
paraugkl to the first axis in hair shearing engagenent with the outer
shearing foil so that the inner cutter 37oves to and fro between two end
positions spaced al ong the reciprocation path and defining therebetween a
central position. A spring 10 is provided to floatingly support the inner
cutter i ifeadeihagedymcunved.asiThe timneénnenttart hbasagailsty itthel ind er
shearing foil. The spring exerts a |ess biasing force to the inner cutter
when t RXignaiondt Whdckpvids itso anmuatrilposirved thahaye waime agmuate
position. Wth this arrangenent, the 15 bi asi ng force decreases as the

i nner GRREPUKDIBS COREPTINAY tWHdhe dihe Qutesi shearipgaf@itthe end position
wth a corres ondingl decreasi ng speed, and therefore balances with the
decreas?‘?@%ﬁgéﬁgomf Pﬁ'e'tihl%é‘to‘tﬁ}trl%rl%lﬁﬁi?h‘é? 2R WRASh dt canneRted to

the en ositions i | prevented from 20 being.j anmed with the outer
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T path and defining therebetween a éentral position.- A spring

10 is provided to floatingly supporﬁ the inner cutter to the
drive arm for biasing the inner cutter against the outér
shearing foil. The spring exerts a less biasing force to the
inner cutter when the inner cutter moves to the end position
than at the center position. With this arrangement, the

15 biasing force decreases as the inner cutter moves away from
the central position ﬁoward the end position with a
correspondingly decteaéing speed, and therefore balances with

\_ the decreasing speed of the inner cutter such that the inner.

cutter moving to the end positions is well prevented from |

20 being jammed with the outer shearing foil; while the inner
cutter receiving a greater biasing force around the central
position can be kept free'from.the jamming as the inner cutter
moves faster therearound with an.ihcreased speed which
compensates  for the greater biasing force. Further; the inner

25 cutter is configured to satisfy the following relation:

0.5 < R/R1 & |-

wherein Ri1 is a radius of curvature of the 6uter shearing foil,



-4- and R2 is a distance between the pivot axis of the drive armand a
point at which an upper end of the inner cutter in the neutral position i-s
in contact with the outer shearing foil. The above relation is found
experinentally to be 5 essential for snmoothly sliding the inner cutter _
al ong the arcuate outer shearing foil, particularly, in the direction :
movi ng the inner cutter fromthe end Positions to the neutral position.
Wen R2 is selected to be considerably less than R err], i.e., the upper
end of the drjive armtraces the 10 . correspondingly_ arcuated path having a
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0.5 is essential for assuring snooth sliding novenent”of the inner cutter

feom tdiesonei RPSELFOBROLLNIRE sNQWliR tRS| ik cWt€8r ald@dl When to the
novenment fromthe neutral position to the end positions. The drive armis

confi girctht® BaveraBhepREhqgeFdiaqnpraiteibiXathe, | DRetheulli®ecitn of
pivotally supported at a portion downwardly of the upper end to define
t her eatowimd vbhe 2hneraxustext eérdimghEeraehdesitaions thethecineuoaal on
path. The drive armis connected to a drive source at its |lower end so as.
t()(xxn¢$tméoabouWheheRpiﬂstsakéste¢h§Opbeopomﬂiﬂénably less than Ri, N
i.e., the upper end of the drive arm traces the v/
10 correspondingly arcuated path having a radius considerably
less than R1, the drive force acting along a tangent of the
éorrespondingly greater curvature for moving the inner cutter
towards the neutral position is also épplied to the outer
shearing foil at a greater angle, thereby unduly increasing
15 the friction between the inner cutter and the outer shearing
foil -or even damaging the blades and the foil. It has be
experimentally found tha; the above relation R2/Ri > 0.5 is
‘essential for assuring smooth sliding movement of the inner W,
cutter from the end positions to the neutral position, in |
20 addition to the mdvement from the neutral position to the end
positions.
.The drive arm is configured_to have aﬁ-upper end
connected to the inner cutter énd is pivotally supporﬁed at a
portion downwardly of the ﬁpper end to define thereat. a pivot
25 akis extending perpendicular to the reciprocation path. The

drive arm is connected to a drive source at its lower end so.

as to oscillate about the pivot axis. The pivot axis is



sel ected so that the upper end of the drive armtraces an arcuate path of a
circle which has a radius-smaller than a radius of curvature of the outer
shearing foil. Wuereby the upper end of the drive armdeviate by a greater
extent.from5 the outer shearing foil as the drivée=armpivots to two
opposhiLe angul arly di spl aced positions. Therefore, the spring becone |ess
conpressed to exert a less biasing forecesSor the inner cutter as the drive
arm pivots to have the upper end advancing to the angularly displ aced
positions. 10 The inner cutter conprises a plurality of inner blades
whi ch ar esebaetadasonghere thenginrat miid 0F sthe drtvenath &ErRC&s ian such a
manner that the individual edges of the bl ades are, cooperative to define
the ar cuadECedREoRALHf ofh@ iHFGle iGh has @ Jerd18st GRakdeTadh@™ oot h
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The above relation is

inner cutter as the drive arm pivots to have'the upper end
~ advancing.to the angularly displaced positions.

10 The inner cutter comprises a plurality of inner blades -
which are spaced along the longitudinal axis of the inner
cutter in such a manner that the individual edges of the
blades are cooperative to define the arcuate contour of the
inner cutter. In order to further assure smooth_contacting

15 engagement between the inner cutter and the outer shearing
foil, it is contemplated that a length (B) and a height (H) of
the inner cutter are determined to satisfy the following

\_/  relation: -

H/B £ 0.3

20 wherein the length (B} is a distance from one to the other of
outermost inner blades and the height (H) is a distance from
an upper end of the outermost inner blade to a drive point at
which the drive arm transmits a drive force for reciprocating
the inner cutter.

25 - In order to achieve the above relation, the drive point:

is defined upwardly of a connection point at -which the inner

cutter is connected to the drive arm. The above relation is



-6- further and readily achieved by providing the driveipoint upwardly of a
contact point at which a |ower end of the edge of the outernost inner blade

contacts with the outer shearing foil. 5 These and still other

obj ects and advantageous features of the present invention will becone_nore
apparent fromthe follow ng detail ed description of the enbodi nent of

I nvention when taken in conjunction wgh-the attached draw ngs. 10 Rl EF

DESCRI PTION OF THE DRAWNGS FIG 1 is a perspective view of a dry shaver in
accordance with a preferred enbodi nent of the present invention; FIG 2 is
an explfodtteperspeateadi iy ewlofewed uby eprhvadiof tthe shawer ;pdint FIG 3 is
a front sectional view of the cutter head; FIG. 4 is a side sectional view
of t heupvWerdlyheda RamtaE-t Panexpt odeilchepspowervend of theisedgeing a
drive armand a notor utjlized in_the dry shaver for reciprocating an inner
cut t er o&f thige kIO Hednnetp blyde; cgntackscWishaithe QNtST i$heanhey
cutter; FIG 7 is an enlarged view of a portion of inner blades formng the

inner &@tter; FIG 8 is a schematic view illustrating the outer shearing
fol inits_jinitiall rved diti f furth d. 25 i nt
(%t 2B i LSRR SR8, 8, LR et ) © °

perspeglel YoV LU lnd "B S1 & QY1 FE%88.RA! Roted&hpdirdt® ftld {ndead:
following detailed description of the embodiment of the

invention when taken in conjunction with the attached

drawings. ~
10 BRIEF DESCRIPTION OF THE DRAWINGS
‘FIG. 1 is a perspective view of a dry shaver in accdrdance_ -
with a preferred embodiment of the present invention;
FIG. 2 is an exploded perspective view of a cutter head of the.
shaver; |
15 FIG. 3 is-a front seétional view of the cutter head;
FIG. 4 is a side sectional view of the cutter head;
FIGf 5 is an exploded perspective view illustrating a drive
arm and a motor utilized in the dry shaver for reciprocating . \J/

an inner cutter of the cutter head;
20 FIG. 6 is sectional view of the inner cutter:
FIG. 7 is an enlarged view of a portion of inner blades
forming the inner cutter;
FIG. 8 is a schematic view illustrating the outer shearing
foil in its initially curved condition before further curved
25 into a predetermined curvature along the inner cutter:;
FIG. 9 is an exploded perspective view of trimmers provided on

both sides of the cutter head:



7- FIG 10 is a front section of the cutter head illustrating a driving
nmechanismfor the trinmrer; FIGS. 11A to 11C are schematic views
illustrating fixed and novabl e bl ades for the trimrer, respectively; and 5
FIG 12 is a sectional view of a cutter head in accordance with a

nmodi f{gati on of the above enbodi nent. DESCRI PTI ON OF THE EMBODI MENT
Referring nowto FIG 1, there is shownga.dry shaver in 10 accordance
with a preferred enbodi ment of the present invention. The shaver conprises
a housing 10 nounting thereon a detachable cutter head 20 which includes a
mai n cuptgl Moald & MBdnt®fsé&t IBRI 6£TLhAS cultawy iNedd G 1@stpatinghe main
cutter Mconprises an outer shearing foil 30 with a nunber of 15 _
per f or a9 ndNshehariii €6kt €heS@rimblee;trimers T are each configured to
conprise a toothed stationary blade 100 and a toot hed novabl e bl ade 110. A
drive arrc8Q pnei &’ sLic caré hechemaikig VGewst d lilhstoatbng hEayedoaadd
connected to reciprocate the inner cutter 50 as well as the novabl e bl ades
20 llfowvabla hlstss | fior ebbagtmemnerss pestbeatively h am@ out er shearing
foil 30 and the stationary blades 100. The housing 10 jncorporates an

el &ctri FIGot 2 1l whisectsovahn¥dewd ofo & artdar digadh B0 2RFBEEARNSS
rotary-to-oscillatory conversion nmechani smfor reciprocating the inner
cutter Sdtind mesdifiertion ofithe APOMWIMRAA MRt 2 the cutter head 20
conprises a top-opened generally rectangul ar head franme 21 nounting a

; DESCRIPTION OF THE EMBODIMENT

~ Referfing now to FIG. 1, there is shown a dry shaver in

10 accordance with a preférred embodiment of the present_
invention. The shaver comprises a'housing 10 mounting theréon
a detachable cutter head 20 which includes a main cutter M and
a pair of trimmers T. As shown in FIGS. 2 to 4, the main
cutter M comprises an outer shearing foil 30 with a number of'

15 perforations and an inner cutter 50. The trimmers T are each
configured to comprise a toothed stationary blade 100 and a |
toothed movable blade 110. A drive arm 60 projects from the

— housing 10 into the cutter head 20 and connected to

reciprocate the inner cutter 50 as well as the movéble blades

20 110 in hair sheafiﬁg éngagement réspecti?ely with the outer
shearing'foil 30 and the étationary blades 100. The housing
10 incorporates an electric motor 11 whichlis connected to thé
drive'armnso.throﬁgh a.fotafy-td-oscillatory convergion |
mechanism for rédiprbcating the inner cutter 56 and the blades

25 110. ' - |

':As shown in FIG.Ié, fhe cutﬁer héad 20 compriées a

top~-opened generally reétangular head frame 21 mounting a



-8- plastic holder 40 for the outer shearing foil 30 and the trimers T on
the opposite sides thereof. The outer shearing foil 30 is arcuately curved
along its longitudinal -axis X in addition to along an axis Y perpendicul ar
to the longitudinal 5 axis X but with differing curvatures so that the
outer shearing foil 30 has along the X-axis an arcuate cross section mb

| arger radius of curvature than an ar8uate cross section along the Y-axis.

The holder 40 is fornmed-on its side walls with a plurality of studs 41

whi ch are longitudinally spaced 10 = along an arcuate path_ and engage into
cor r eBpaRdiieg hedider 340 | fFor hEhpaPeEgE §h&é§hﬂgtﬁﬂ%%nﬁgra%%eﬁhﬁng foil 30,
respectively, to support the arcuately curved outer shearing. 30. The

st uds EXimpRTEH S I‘thtfl?%d‘i’ﬂaPséﬁﬁsSbfleﬁhé?hﬁé'le(?é‘fr 400G CUHRY | ﬁaeﬁﬁmg
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of the esilient”l egs 42 which depend downwardly and

out mgﬁé&ﬂrﬁ% Y1 o 1RSS! 83BRGT EHE KOWRSi sCRES AGAINEd SAPESUEEaeesnOf
prOJectlons 2 on the interior of the head frame 20, as best shown in FIG

3, inocfughryermnnaiiddabst barvatdee 48ains aw gedtusv@rcityss oséc€bon position
where shoul ders 43 fornmed adjacently of the upper end of the legs 42 are
seat edlagai N3e GOVaeEPONATHE RbOQEr230 is. formed -on its side walls .

with a plurality of studs 41 which are lgngitudinally spaced s
10 along an arcuate path and engage into corresponding holes 31
in the lateral sides of the outer shearing_foil 30,
respectively, to support the arcuately curved outer shearing
foil 30. Thé studs 41 on the longitudinal ends of the holder
40 are swelled by application of heat so as to be fixed to. the
15- corresponding holes 31, while the remaining centér studs 41
are left unfixed in order that the outer shearing foil 30 is
kept to have a uniform radius R1 of .curvature. Fof the same
purpose, the éuter shearing foil 30 is formed in the center of o/
the lateral sides with cut-outs 32. Formed at the
20 longitudinal ends of the holder 4o are'resilient legs 42 which
depend downwardly and outwardly and abut at the respective
lower ends against cam surfaces of projections 22 on the
interior of the head frame 20, as best shown in FIG. 3, in
such a mannef that the holder 40 is urged upwardly;to a
25 position where. shoulders 43 formed adjacéntly of the upper end
of the legs 42 are seated against corresponding stops 23

formed on the interior of the head frame 21 upwardly of the



formed on the interior of the head frame 21 upwardly of the -9-
projection 22.- Thus, the holder 40 can be readily assenbled into the head
frame 21 through a bottom opening of the head frame 21 and hel d stably
theretpo. The inner cutter 50 conprises a rectangul ar base 51 on 5 which a
plural .ty of blades 52 are nbunted as being evenly spaced | ongitudinally.
Each bl ade 52 has an arcuate.edge in comf@& mty with. the curvature of the
outer shearing foil 30 along the Y-axis, while the Blades 52 are arranged
such that the arcuate edges thereof defines an arcuate contour in 10 .
conf or ni t PERIECER@NCcARvat Thasef thife hkdsT st famgPe oFPada ly asFamled
X-axis. Thus constructed inner cutter 50 is driven by the drive arm60 to
reci pr ocat’é &R ot t Rgas fxpRe; g1 hroledh @ RP MR Rtrgelfedha Mead ades

52 and the_outer_shearti f.oi | . As _shown in FIGS. 3 and 5, the drive
arm 15 (if?@?pﬁ@o?ﬂ?l52%8p53FggH 454Nt er nedi ate portion to the

housing 10 by Sing—:{e% BLYRE, P53 %jom?l}giéle} g#"&f%cgé%}ﬁggﬁgglbgg%r sUtder S0

at its upper ends an 0 an eccCentric I t's [ower
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In an eccentric n and i s engaged |l oosely into a slot 62 1'n the
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61 as the notor 11 1S energize o rotate the eccentric pin 14 about the

out put shafdnfidrmfey Mdthnthie cupperwd off whé Veueem SRebfing foil 30
| ongi tudi nal | y extendi ng groove ‘25 63 which defines a pair of jaws 64 on

theﬁoppodeDn@the Y-axis, while the blades 52 are arranged such that
~ the arcuate edges thereof defines an arcuate contour in
10 conformity with the curvature of the outer shearing foil 30
'- along the X-axis. Thus constructed inner cutter 50 is driven
by the drive arm 60 to reciprocate along the X-axis in hair
shearing engagement between the blades 52 and the outer
shearing foil 30. . As shown in FIGS. 3 and 5, the drive arm
15 60 is pivotally supported at an intermediate portion to the
housing 10 by means of a pivot pin 61 and is coupled to the
inner cutter 50 at its upper ends and to an eccentric pin 14
W of the motor 11 at its lower end. The eccentric pin 14 is
coupled to an output shafﬁ 12 of the motor 11 in an eccentric
20 ‘relation and is engaged loosely into a slot 62 in the lower:
end of the drive arm 60 so that the drive arm 60 pivots about
the pin 61 as the motor 11 is energized to rotate the
eccentric pin 14 about the output shaft 12. Formed in the
upper end of drive arm 60 is a longitudinally extending groove
25 - 63 which defines a pair of jaws 64 on the opposite sides
thereof. - Formed respectively at the upper end of the jaws 64

are lips 65 which extends inwardly toward to each other to



i

t hereof . Formed respectively at the upper: end of the jaws 64 are |ips 65
whi ch extends inwardly toward to each other to -10- define therebetween
a constricted opening 66 and which are each forned in its center with a
recess 67. The drive arm60 is also formed with a pair of first pins 68
projecting coaxially and parallel with the pivot pin 61 on the oppositig5
faces of the arm 60 and with a secbad-pin 69 projecting on the one face of
the arm 60 in parallel with and upwardly of the first pin 68. As seen in
FIGS. 2 and 6, the inner cutter 50 includes a stem 55 which depends
doﬂ@ﬁmﬂﬁ)ﬁh¢0ﬂbeﬁ€eéénﬁePQﬂsﬁﬂﬂ?QﬁéePEENlHGIGFOﬁnéoMﬂ%Qhc#FQo the drive
arm60. The stem55 is fornmed at its upper end with a swell 56 which fits
i nE@AhLITRAsE bEsorantte PR are¢PgS upper ERE G iM% T VEC ar m 60
af ter the sten15§ is.inserted into_ the gr pove 3 of .the drive arm 60.

|h ntiSyPH TS FOFme Wﬁﬁ hP 3R 5fh+§55npaszﬁe 7PERIES f ects
1 1 Y- 1 t t ti
CEA Y h@ngmﬁeraéée&ﬁmn T o PBECHLR, B8R s3 Al el o0 s

S5 Gy 98 (SR A LA S U S o

I n-a |stanc I nher he drive

ar oL gl t % 3 t erX|ng t he
javr\ajangﬁ.iby V\g?d ﬂe %%P:)rgo\?\hlﬁgf#%e %%;\%ng Eﬁ Fggeu 0 that)} tfg b}{ e 57 is
rE”fifE%’%éhtBE groove 63 by engagenent of the axles 57 to_the | ower end of
the 11 ps A coil spring 70 is fitted in the groove 63 as being

As seen in FIGS. 2 and 6, the inner cutter S0 includes a _
stem 55 which depends downwardly from the center. of the base "
51 for connection to the drive arm 60. The stem 55 is formed"
at its upper end with a swell 56 which fits into the recesses
67 of the lips 65 at the upper end of the drive arm 60 after
the stem 55 is inserted into fhe groove 63 of the drive ‘arm
60. Integrally formed with the stem 55 is an axle 57 which
projects horizontally albng the Y-axis in the opposite
directions from a portion just below the swell 56 and which is
slidable engaged. into the groove 63 so that the inner cutter
50 is slidable along the length of the drive arm 60 within a )
limited distance. The inner cutter 50 is assembled to the

drive arm 60 by forcing the axle 57 into the groove 63 by

resiliently flexing the jaws 54 outwardly, after which the

jaws 54 close so that the axle 57 is retained in the groove 63

by engagement of the axles 57 to the lower end of the lips 6S5.

A coil spring 70 is fitted in the groove 63 as being‘

compressed between the bottom of the groove 63 and the lower

end of the stem 55 so that the inner cutter 50 is urged

upwardly against the outer shearing foil 30 until the axle S7



5° conpressed between the bottomof the groove 63 and the | ower end of the
stem 55 so that the inner cutter 50 is urged upwardly agai nst the outer
shearing foil 30 until the axle 57 engage with the I ower end of the lips
65. Thus, the inner cutter 50 is floatingly supported to the drive arm 60
so as {&pn be novable along the |ongitudinal direction of the drive arm 60,
while at the sane tinme the inner cutter 5@ i-s tiltable 5 wthinalimted
angul ar range within a plane including the X-axis. The pivot pin 61 of the
drive arm 60 is disposed at a position such that, as the drive arm 60

pi vots, t@Bgapgeewidid tife tknwelr iqrd apfnBldet L ipes68n albusi, &heurinnen e
which is 10 spaced by a greater extent to the outer shearing foil 30 when
t he driveCHERRE0 50pVics float gl Y ssupRertedytai sBradEdvend Po st ihL S Hed
at a neutral position of FIG 3. That is, as_.the drive arm 60 noves from
the neut rif PEYAPIIGH AIPNY thhe WnIHeudHaabodi FeEhioNt RE SemBEYF e
inner cutter 50.i.s 1 al l owed tp nove out wardl L thin the, grqove 63 by
the coi I §ri HBIIG Mk IEiheaIe et Lar abRERF nGEEFoFNEOc 4 SgHARE-S0.
-Wher eby, 1he, i.nner. tter. 50 is ur i e_.o sheani foil. 30 by
a bigé ofw%ﬁglgp?i&é %ﬂﬂ%: @%aﬂeéﬁgﬁgaﬁgﬁﬁiﬁeaiﬁ%gbec& ?&F&%&i%ﬂﬂﬁ;to

the angul grly;displaced end 20 positions than when the inner cutter.50 is
at the neltral position of FIG 3, in which the axle 57 is depressed into

the groove 63byna |ARGASH B I@Ntor | Ensh@pl e brROEEdiEhal sp e Axle. 57
nove al ong the groove 63, the swell 56 is kept in contact with the recesses

67 of thepbkpeith TuIMNAhdtE ddNEhe drive arm 60 pivots, the upper end
~ of the drive arm 60 traces an arc of a curvature which is
10 spaced by a greater extent to the outer shearing foil 30 when
the drive arm 60 moves towards its angularly displacéd end
- positions than at a neutral position of FIG. 3. . That is, as
the drive arm 60 moves from the neutral position to either of.
the end positions, the stem 55 -0of the inner cutter 50 is
15 allowed to move outwardly within the groove 63 by the coil
spring 70 with the attendant slackening of the coil spring 70.
Whgreby, the inner cutter 50 is urged against the outer
va shearing foil 30 by a bias of the spring 70 wﬁich is weaker
when the inner cutter 50 moves to the angularly displaced end
20 positions than when the inner cutter 50 is at the neutral
position: of FIG. 3, in which the axle 57 is depressed into the
groove 63 by a largest extent. -It.shou1d be noted that as the
axle 57 move along the groove 63, the swell 56 is kept in
contact with the recesses 67 of the lips 65 so that the inner
25 cutter 50 receives. at this point of contact from the drive arm
60 a driving force for reciprocation. With this varying

biasing force applied to urge the inner cutter 50 against the



25 cutter 50 receives at this point of contact fromthe drive arm60 a
driving force for reciprocation. W.th this varying biasing force applied to
urge the inner cutter 50 against the - 12 - outer shearing foil 30, the
i nner cutter 50 is well prevented fromjammng with the outer shearingf oi
30 because of that even the noving speed of the inner cutter 50 decreasgs
as it advances to either of the opposijie-end positions, the biasing 5
force is |l owered correspondingly but at a |l evel enough to keep the inner
cutter in hair shearing contact wwth the outer shearing foil 30. In other
mordsouﬂurksmﬁangn§0fo¢1deoreahesnmdértduttbmrsm5199w&mu|@gemmﬁﬁbdﬁ t he
I nner cutter 50 to avoid the janmng of the inner cutter 50 with the outer
10 fatromrj agmiogl w3dh phet cuttear sheardmg ebehl n30 ebekansef ofhéhatgul arl y
di spl aced end positions. As a matter of consequence, the biasing force
beconey et schesrovhng speefnpdr thet anesp quttartHe degreasesodist iidn of
FIG 3, at which the novin eed of the inner cutter 50 reaches maxi mumto
15 QQﬁﬁﬂﬁﬁ%IEofBFtPﬁ€ Bga§gﬁg°PBH&éQQ1%PQKR%%15+°H§0|HpﬁngW§HQ%Wnng
F rther, the |n er cu&t gade ti bl e about the swel 6 mnthln a
m t & ra‘?F‘gujr%r PURGE ﬁ°£rSFBRQ r‘ﬁ‘@llé(dubr‘l’g: tHe X-L&Y§LsEPPHER XA kesh
blade 52 are kept. into.clpse._cq tact mnth the oute arl foil 30 while
t he |§1"ner bgher %‘df‘#g’f %B 8&'Fp? alcoor{lgtr}?%e ch{‘vagﬁ etrhe out er

shear lst?,%a{pjf,l,?%@ogi Bgi ngIﬁogkhagO%'r& | sl ageds &y t?sﬁ!cgna'etc%@a%aés

directio rive armeo ‘manner’;” snbo av

successiuy | th&edecrehlihfemdiingt ebked of the inner cutter 50 to ‘
avoid the jamming of the inner cutter 50 with the ocuter -~

10 ‘shearing foil 30, particularly when reaching either of the
'angularly displaced end positions. As a matter of -
consequence, the biasing force becomes gfeatest when the inner
‘cutter 50 is at the neutral position of FIG. 3, at which the
moving speed of the inner cutter 50 reaches maximum to

- 15 'dompensate'for the biasing force in a sense of avoiding the

jamming. Further, the inner cutter 50 is made tiltable about.
the swell $6 within allimited angular range in a plane
including the X-axis so that all. the blades 52 are kept into “

close contact with the oﬁter shearing foil 30 while the inner

20 cutter 50 reciprocates along the curvature of the outer
shearing foil 30 as being continuously displaced in the
longitudinal direction of the drive arm 60. In this manner;-
smooth shaving is successfully made with the arcuately
contoured cutter. |

25 - It is noted in this connection that when considering a.
distance Rz measured from the axis of the pivot pin 61 to an

upper end of the blade 52 at the longitudinal ‘center of the.



contoured cutter. 25 It is noted in this connection that when
considering a distance R2 neasured fromthe axis of the pivot pin 6 to an
upper end of the blade 52 - at the |ongitudinal center of the 13 inner
cutter 50 at its neutral position of FIG 3, the arcuate contour of the

i nner eutter 50 would follow an arcuate. path having a radius of R2 as the
drive arm 60 pivots in the absence of thhelxail spring 70 urging the inner
cutter 50 radially 5 outwardly, and such virtual arcuate path is in
parallel with the arcuate path al ong which the upper_end of_the drive arm

60 traceslnﬂﬁ?(ﬁ%ﬁ%ﬁkes%raFaHFﬁsnﬁEt6P1tRgﬁhq% 1°% frifat ut e TReSBRFERRES

to be | t th R1 of f t h

and sat | SEPTRT GT oihgiPaFE, PofEerost Woulla 313U Hn 80, poLR U
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the di rectigon ol By ngpwﬁﬂ #8ehr§hbekna0 5 oD (G R9SHA 0BE1LO { he

neutral 1 position ected to be considerably | ess than

RL, i5e., fiQaiRPeF, etk ofuthevibtug1aaicha tle 3t tie GPrgesPPIel nglixn
arcuated path havi'ng a radi us consi derably | ess than Rl, the drive force F

acting al eme %rtcﬁ.f&l%\tpé)fthEQﬁﬁr A3 panehegup p@re ey SHIreHd udeiver apnvisng
the inner cutter 20 towards the neutral position is also applied to the
out er sheaates Oi ITRe Od a6tangeecaireradiglse Ret B€r ehe wihditugli moneeasiuge t he
friction between the inner cutter 50 and the outer

selected to be less than the radius Ri1 of curvature for the

— outer shearing foil 30 and satisfy the following relation:
10 0.5 < R2/R1 (<1)
| The above relation is found experimentally to be essential for
smoothly sliding the inner cutter 50 along the arcuate outer
shearing foil 30, particularly, in the direction of moving the
inner cutter 50 from the end positions to the neqtral
15 position. When R2 is selected to be considerably less than Ri1,

i.e., the upper end of the drive arm 60 traces the
correspondingly arcuated path having a radius considerably

U less than Ri1, the drive force F acting along a tangeht of the
correspondingly greater curvature for moving the inner cutter

20 towards the neutral position is also applied to the outer
shearing foil 30 at a greater angle, thereby unduly increasing
the friction between the inner cutter 50 and the outer
shearing foil 30 or even damaging the blades 52 and the foil
30. In order to avoid this pfoblem,.experiments have been

25 made with differing. ratios of Rz/Ri1 and reveal that the above
relation R2/R1 > 0.5 is essential for assuring smooth sliding

movement of the inner cutter from the end positions to the



shearing foil 30 or even damagi ng the blades 52 and the foil 30. In order
to avoid this problem experinents have been 25 made with differing
ratios of R2/R1 and reveal that the above relation R2/RL > 0.5 is essenti al
for assuring snmooth sliding novenent of the inner cutter fromthe end
positions to the -14- neutral position, in addition to the nnvenentwfront
t he neutral position to the end pbsiﬁibns As shown in FIG 6, the bl ades
52 of the inner cutter 50 are each fornmed with an undercut 53 and are

nounted on the 5 sych a manner t hat tFe bladgﬁ 52 on either
srdenﬁ“qqﬁﬁlﬁﬁﬁtthﬂFnaF" @ﬂgéFIGP %P GhHfmdroYeeRE AROB £RE PRYYRadual
undercut b3 directin utmar In|t|aIIy the bl ades 52 are nounted
upri & it et Ba %eS% 30988%. N$i arcuate contour, i.e., an envel op

passi ng trxsouug Les bl B30 ¢10cpt 1 QIS B3¢ enel ailhgat edeua dg e € in

FIG 6. There sharpened along a curvature,

I ndi g filegldeaéjah %%Pméae L LRULE, WRAwRG e 4 40 M FadhESnRia oRhenghar pem ng

of the I's made to extend to upper portions of the undercuts 53

dut pfsd 051 Nen bobERME hhRRER! that the priawing2t b uppREererd gf dihe
undercut portion of the blades 52, as shown in FIG 7. The undercut 53 is

made tHe gl ey Bt 6l eAsdneenaagl o f Q;'hl’e] idieah ¢dsteseahavet Bae an angle a for
the tip of each blade 52 on the curvature having the radius Rl between a

pl and.reaissidgal handghctibe sBpddmedthngenitevandlyhe 28itieddyat whe and a
normal pl ane passing through a center of the inner cutter 50 and the

cent éxl agfes 82 cargamoneted upiktight on the base 51 to define an

aréuate_contour,-i.ea,-an envelop passing through the tips of. k%
10 the blades 52, as indicated by a line E in FIG. 6.
Thereafter, the blades 52 are Sharpened along a curvature, as -
indicated by C in the figure, having a uniform.radius Ri. The
sharpening of the blades 52 is made to extend to upper
portions of the undercuts 53 but not to the bottoms. thereof
15 for removing the upper end of the undercut portien of the
blades 52, as shown in FIG. 7. The undercut 53 is made. to .
give a clearance angle f which is greater than an angle a for.
the tip of each blade 52 on the curvature having the radius Ri Q_)

between a plane passing through the tip and the center of the.
20 curvature and a normal plane passing through a center of .
the . inner cutter 50 and_the'center.of the curvature. ' .With
thus angled undercut 53, it is possible to give a cutting edge
angle y which is less than 90°. Without the undercut 53, the
blades remote from the cénter of the inner cutter would have a
25 . cutting edge angle of more than 90° when the blades are
sharpened along the curvature C, which would worsen the

cutting performance at such blades. In contrast, the



t hus angl ed undercut 53, it is possible to give a cutting edge angle y
which is less than 90. Wthout the undercut 53, the blades renote fromthe
center of the inner cutter would have a 25 cutting edge angle of nore

t han 90 when the bl ades are sharpened al ong the curvature C, which would
wor sen he cutting performance at such blades. In contrast, the - 15 -
illustrated inner cutter 50 is nade to ast®re good cutting effect even at
the outernost blades 52 forsnooth shaving. As schematically shown in FIG

8, the outer shearlng foil 30 is fornmed initially to have an arcuate
curvat ure ha\#Rgrated lpagrusutbery i nanm theA FHUF GsIREIoCUEHARG Ur e

f th tt ft 3 d
al'ong h'e”%ﬁffe%%u?iénaesn&@ehiﬁtf?w@%% $6 5 [modtb: Seviatn 1y
50 to move i n uRPT BPERBRREED R0 S i HE s “ERGaphRgET Sresgnd h Ll

shoul d be ot ed 4a-hlls gﬁr&q%atllym{ [ hat, s, | a}%@é SU£QLLAZ 'ak,l%%

shaped to grcurvature nYcont ormty w e arcuate contour “of the

i nner gcut tﬂd?@sf'ﬁp'mt%xeéétéyrﬂﬁEHrEhe r@diuBarh Ngrt Bergheake Faditse Rl of
curvature, the opposite end portions of 15 the outer shearing foil 30 are

nore readiipnép EhexePUbGAr dithdridait tedie, At dutr tddar Yhgh £blils soesid t .
the biasing force for urging the inner cutter against the outer shearlng

foil 30 i scuxwédeslvngkehed calrviadta reppesiiirey ettt pead 1 weSRofsd hes otbebe in

shearing bl ade 30, which ensures to prevent the jamm ng of the 20 I nner
cutter 50 expenstohfiermppysmticherhep@rduwets aforittmipub£rthe inner cutter
s

50, ‘enabling the inner cutter 50 to move in uniform contact: :

10 with the outer shearing foil 30. It should bé noted in this

' connection that as the outer shearing foil 30 is shaped to

have the curvature in conformity with the arcuate contour of
the inner cutter 50 from less curvature, i.e., having the
greater radius Ri' of curvature, the opposite end portions of-

15 the outer shearing foil 30 are more readily to flex outwardly
than. the center portion. With this result, the biasing-forcg
for. urging the inner cutter against the outer shearing foil 30

k/' - ~1s further wéakened at the opposite end portions of the outer
shearing :blade 30, which ensures to prevent the jamming-of the

20 inner cutter 50 against the opposite end portions of the outer
shearing foil 30, in addition to the efféct of reducing. the -
biasing force acting on the inner cutter from the coil spring
70,

. In order to further prevent the jamming of the inner -

25 cutter 50 at the opposite end thereof against the outer

shearing foil 30, the innér-cutter'so is designed to lower a

resistance or drag acting to the leading blade 52 at one end



shearing foil 30, in addition to the effect of reducing. the biasing force ’
acting on the inner cutter fromthe coil spring 70. In order to further
prevent the jamm ng of the inner 25 cutter 50 at the opposite end thereof
agai nst the outer shearing foil 30, the inner cutter 50 is designed to~

| oner a resistance or drag acting to the |leading blade 52 at one end
-16- of the inner cutter 50 fromthe l®uter shearing foil 30 when-noving
outwardly in one direction. The resistance or drag D1 that the |eading

bl ade 52 at the end of the inner cutter 50 receives fromthe outer shearing
foil &F ddre beeprestedr b§o5LromhheopPbsRimghequatiorfo - 20 pvhen HF/ B
(>0) wherein P.is the biasing force of urging the inner cutter 50 agai nst

t he owpéfrlr‘a]éamw%vusoonﬂ ﬁsraCﬁéPaht TB%s Hieed TH30IR X upbeP Bhd of
the outernopst bl ade, 52 to vep nt 1 at _which the drjve arm 60
transiPes Fhe | ]\Fea‘?b‘?‘éeb}?as r§€| BFO Fl ﬁé‘%t Rf ithee i NAY e?ué%engPs t he

drive force n et ween g%g t@% out er,nobst. bl ades .5

this 5&8&&‘4%%9“?%? Bt?E g’éggﬁt ﬁge?SlBg && ke oef%%lfe?%e?eggce t he
' §5|3Q@£F%A¥EOQ¥“§ % @g&ggnre3|stance ensures to 15 prevent the janm ng

t he inner n conbination with the effect that the biasing -
force P degjeas cutter 50 noves fromits neutral position to
t he opposite en p05|t| ns and al so that the outer shearing foil 30 is

readi by dr@ il 6 out¥RE dbYadlinheo@BROSI ArefithgP@td Olfher cutter S0
against the. outer shearing foil 30, H is a héight measured - - o
from the upper .end of the outermost blade 52 to a drive point \J

10 at which the drive arm 60 transmits a drive force for
reciprocating the inner cutter 50, F is the drive fofce, and B
is a length between the two outermost blades.52. In this .
embodiment, H/B is selected to be 0;3 or less in order to
reduce the resistance Di. Thus reduced fesistanqe ensures to

is “prevent the jamming of the inner cutter 50, in combination
with the effect that the biasing force P decreases as the
/inner cutter 50 moves from its neutral position' to the
opposite'end-positions.and-also that the outer shearing foil. 5;)
30 is readily to flex outwardly at the opposite end portions.

20 When the leading blade 52 receives the resistance D1, the
trailing blade 52 at the opposite end of the inner cutter with
respect to the moving direction thereof receives a resistance
D2 from the outer shearing foil 30, which resistance Dz is .-
expressed by the following equation:

25 D2 = P/2 - HF/B (>0)
Thus, the inner cutter 50 receives the resistances D1 and D2

respectively at the opposite ends of which difference is 2H/B.



20 \When the Ieading-blade'52 receives the resistance Di, the trailing
bl ade 52 at the opposite end of the inner cutter with respect to the noving
direction thereof receives a resistance D2 fromthe outer shearing foil 30,

whi ch resistance D2 is expressed by the foll owi ng equation: 25 D2 =
P/2 - WE/B (>0) Thus, the inner cutter 50 receives the resistances D1 and
D2 respectively at the opposite ends of-whwch difference is 2H B. - 17 -

It is found that, when the difference becones greater, the inner cutter 50
is likely to be lifted at the trailing end and fail to keep snooth contact
wi th the ditt eis sfieand nghébdi | wBén theddd fdfensindes dvécomes gheastemd tthe
prevent such undesired 5 lifting of the inner cutter 50, HB is selected
to be 0.3 igmersautteni hPnigelikelibsre bei fififtted eat Viled thaidingr exdearndg
foil 30 is selected to have the radius RL of curvature which is |ess than
35 nm H Faxl prerkeerdsrechbh restackai i thmLutrN Shedbingnfpid Bérr]

0.3 i ' tl lized b 0, .th [ | bet t.h
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cutter 50 and upwardly o e axle 57 at which the inner cutter 50 is
floatingl which is less than 35 mm, H/B is . preferred to be less than

~ 0.2. The above relation H/B £ 0.3 'is consistently realized by

i0 the unique coupling between the inner cutter 50 and the drive
arm 60 as discussed hereinbefore. That is, as best. seen in
FIG. 3, the height H is considerably reduced by the design in
which the drive point of trénsmitting the reciprocation force
F to the inner cutter 50 from the drive arm 60 is located deep

15 within the inner cutter 50. For this purpose, the swell 56 at
which the inner cutter 50 receives the drive force F is formed
interior of the base 51 of the inner cutter 50 and upwardly of

W the axle 57 at which the inner cutter 50 is floatingly
connected to the drive arm 60.

20 FIG. 12 illustrates a modification of the above
embodiment which is similar to the above embodiment except
that the height H is further reduced by providing the drive
point further deep into the inner cutter 50A. Like elements
are designated by like numerals with a suffix letter of "a"

25 and no duplicate explanation is made herein for the sake of.
simplicity. With this configuration, the drive point at which

the swell 56A of: the inner cutter S0A receives the driving



connected to the drive arm60. 20 FIG 12 illustrates a

nodi fication of the above enbodi nent which is simlar to the above

enbodi ment except that the height His further reduced by providing the
drive point further deep into the inner cutter 50A Like elenents are.
designated by |ike nunerals with a suffix letter of "A" 25 and no
duplicate explanation is nade hereknigor the sake of sinplicity. Wth this
configuration, the drive point at which the swell 56A of the inner cutter
50A receives the.driving - 18 - force F is spaced vertically upwardly
from fiopocent Gaswspardderdwniraklyl whwahdlpufeemost poliade GWhewse i theont act
wth the outer shearing foil 30A, which point is shown as |owered by a

- vertitavedi sménef ¢He o?nttenénqqﬁaebl@m %#At ke 4Dt epRbecCthvEdd sthe 52 |t
is also found that the above relation H < is nostly effective for

pr eveRVERY ﬁﬁ@aamwe fashk i ed YikeR n@ohﬂ'ﬂ LBf EPRYNoP S HOWSHRS RUitder.
Referrlng to FIG 9, the trimrer, T conprises a plgstlc frame 886¥A h an
arcuaY®d ﬂ&ﬁlf %W%l%kﬁ?% Rt 4 0ends Pt FORaPNYSERRS UL 3¢ 1 | xedl y
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S fliigql I#$g) o, ide-frame 80 by engagement of hooks 91 to the
opposite en of frame so as to exposes only the toothed edges of the

bl ades. Fi ge¥Hefring to FIG. 9, the trimmer T comprises a plastic o
frame 80 with an arcuated top face on which the toothed \—J
10 stationary blade 100 is fixedly mounted by engagement of

bosses 81 on-the frame 80 with corresponding . holes. 161 in the

blade 100. The toothed movable blade 110 is slidably mounted

on the frame 80 over the stationary blade ‘100 with the bosses
- 81 extending into corresponding slots 111 in the_blade 110. A
15 cover 90 is fitted over the blades on the frame 80 by
engagement of hooks 91 to the opposite end of the frame so as .
to exposes only the toothed edges of the blades. Fixedly
interposed between the cover 90 and the side face of the frame \u)
80 is a retainer plate 92 with a plurality of springs 94 which
20 rest on and urge the movable blade 110 downwardly to give a
suitable contacting pressure between the blades 100 .and: 110.
The frame 80 includes a trimmer drive lever 82 which is
connected through resilient arms 83 to a pair of props 87 -
depending from the frame 80 so that the drive lever 82 is
25 movable relative to the frame 80. .The drive lever 82 is'

formed at its upper end with a finger 84 which extends through

the stationary blade 100 and is fixed to the center of the



i nt erposed between the cover -90 and the side face of the frame 80 is a
retainer plate 92 with a plurality of springs 94 which 20 rest on and
urge the novabl e blade 110 downwardly to give a suitable contacting
pressure between the bl ades 100 -and 110. The frane 80 includes a trimer
drive Yever 82 which is connected through resilient arns 83 to a pair of
props 87 depending fromthe frame 80 so tPat=the drive lever 82 is 25
nmovabl e relative to the franmg“80. The drive lever -82 is forned at its

upper end with_a finger 84 which extends_through the stationary, bl ade 100
and is fiFEY20I S a0 of ThHe AriVeoleNsyaBPe ift AREMEMD 1N THeSdr i ve.

I 82 is f in i I i tudinal . i i hol £ 85 which
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so that the ve | ever i's driven to reciprocate together wth rive

arm 6. Thewer kidekike Madee 118ves gbi V8N Al Broeel e wiide FE¥8EvER

82 to reciprocate in contact wwth the stationary blade 100 for trinmm ng of
hai rs bet waen dfhaHeatihtast eglgessében@opinghesfl aade 680 projalcanidprardenet h a
pair of end bars 88 depending fromthe opposite ends thereof and with a

pai r of hdwzive3Grdemndiory thweanaliy ohttbe Mndobahat8&helhix fvaanked8ri 82
nol ded 15 froma plastic material into a unitary structure including the
trinmer disvdrisesr t80 reciptocate atog8B8hepr wpsh8Theedd iy arm 60.

- Thus, the movable blade 110 is driven through the drive lever
10 82 to reciprocate in contact with -the stationary blade 100 for
trimming of hairs between the toothed edges thereof. The

frame 80 is also formed with a pair.of end bars 88 depending
from the opposite ends thereof and with a pair of hooks 89
depending inwardly of the end bars 86. The frame 80 is molded

15  from a plastic material into a unitary structure including: the
trimmer drive lever 82, resilient arm 83, props 87, end bars -
88, and the hooks 89.

U . Thus constructed trimmer T is assembled into the head
frame 21 by engagement of the props 87 and the end bars ée,

20 respectively with corresponding catches 27 and 28 formed
interiorly of the head frame 21, as seen in FIG. 2, while the
hooks. 89 are engaged with projections 29 on one side of the .
catches 27. One of the trimmers is vertically slidable -
relative to the head frame 21 and is connected to a slider

25 handle 25 mounted on the exterior of the head frame 21.  As
best shown 'in FIG. 4, the slider handle 25 has an inward

extension 26 which projects through an opening 74 in the head



88, and the hooks 89. Thus constructed trimer T is assenbl ed into the head
frame 21 by engagenent of the props 87 and the end bars 88, 20 _
respectively with correspondi ng cat.ches 27 and 28 forned interiorly of the
head frame 21, as seen in FIG 2, while the hooks 89 are engaged with
projections 29 on one side of the catches 27. One of the trinmmers is w
vertically slidable relative to the hgad-frane 21 and is connected to a
slider 25 handl e 25 nmounted on the exterior of the head frane 21. As
best shown in FIG 4, the slider handle 25 has an inward extension 26 which
pr o] edraniehraaighn@dnigopearngd74ith the pdad24 2 dommecRiomndnite fthwened
wth the pin 24 for connection into the pivot hole 85 of the drive |ever
82. Mivwdudiviwmtsshofinthe dhévei yeves, 8Rhe Hlithgudlanpt sBoWas ia pair of
hooks extending into the_head franme 21 for connection with the [ower 5
ends &he HdPprops, svhe abkidaswhAandlpl 85 has e RALHBf lOPKfMEr T is
normal ly held in the |owered pasition_ the sane as the other fixed tri mrer
T, at efheingsi inbe Bhe Reprdt EERRe68 of OTh SRS LM ¥ Bn§8Ges OV o t he
roove 86 of _the drive |eyer 82. A dista L1 between.the, pin 24 and the
%in 6819s; °ofy tm%e?’é‘&?ﬁdgzo b&SsABPKE ltnhg‘ri[%a' cﬁ'st%%esfkgﬁggﬁeen the pin
24 and_a _point., of en t n e figgqgmgg-gyﬁ- e, v %Lade
110, ilgﬁ“ecrorﬂrf)eh%a?ggﬂgg?{)ahgﬁé\rl\?gdr’étg a%(?e e q eh ééﬁi %H§8§§h% e :
Pi VOl el dfthdll OROxLBCLLERALE &1 LREWHLH® ddBibn HRE CPY @S NNGs! O
reci pr_ocatoe e novabl %@» b?éde 110 a sﬁﬁiment' di stance for trinmmng
oper aldOite Wie{we arm 60 engages into the groove 86 of the drive gJ
lever 82. ' A distance Li between the pin 24 and the pin 68 is
10 selected to be shorter than a distance 12 between the pin 24
and a point of engagement between the finger 84 and fhe
-movable blade 110, which compensates for a short distance .
between the pin 68 and the pivot pin 61 along the length of
the drive arm 60, thereby assuring to reciproCatg the movable
15 blade 110 a sufficient distance for trimming operation. When
the slidable trimmer T is moved to an extended position where.
the cutting edge thereof projects above the top of the main
cutter M, the second pin 69 comes into engagemeht with the - -
groove 86 while the first pin 68 escapes out of the groove 86,
20 thereby the drive lever 82 is still operative to reciprocate
the movable blade 110. In this connection, a distance E
between the first and second pins 68 and 69 is selected to be
less than a vertical displacement of the trimmer T in order to
minimize the reduction in the amount of reciprocation'for the
25, movable blade 110 at this extended position.
As schematically shown in FIG. 11A, the movable blade 110

has an initial curvature greater than that of the stationary



the slidable trimer T is noved to an extended position where the cutting
edge thereof projects above the top of the main cutter M the second pin 69
conmes into engagenment with the groove 86 while the first pin 68 escapes out
of the groove 86, 20 thereby the drive lever 82 is still operative to
reci phocate the novabl e blade 110. In this connection, a distance E between
the first and second pins 68 and 69 is-s&llected to be | ess than a vertical
di spl acement of the trimer T=in order to minimze:.the reduction in the
amount of reciprocation for the 25 novabl e bl ade 110 at this extended
posi ti on. PAadeci@®at iand |is shinkhén cutvedlghenmhaspemidiad sheefe the has an
initial curvature greater than that of the stationary -21- bl ade 100,
and i s fuPtRELoparYed s B p| Ralndefepresses: ithehiePfade Werakybei ng
depressed. t hereover.. \Wereby, the novable bl ade 101 n well conformto_ the

curvat ur eEBF PRYaDLS iRheds 1 hdern ose L hnFeRToEm XouiRe SWNAkURe| af | Fhe
| 5 t.hat _of .t.h | t.t M. _Th bl | ade .1.10. ] f d

Lo have aRCARAERETTc RISy o Coreebud®i s Ebatetiiably 84Sefoun

in FI.G LB 4N forimd oy haugdbe il ik GGG G id ey ghigh the

bottominc INg the recess Is rermve_ (0] as snown i1-n $O as to
ot om of PERCRAVADIS Bade L0 THEN oor hed Sage ol FHe mavat e b ads2110
is finished §@s0iWR tonfUtdd Nehswh f Aceri@c! 1gd dhedn ARG &S hdvat thle
cutting edge of the novable blade 111 cones into intimate contact with the
edg9 of thaitial curvature, after which the bottom including the recess
| is_removed off, as shown in FIG. 11C, so as to be readily
10 curved along the stationary blade 100. When removing the
bottom of the movable blade 110, the toothed edge ofhthe
movable blade 110 is finished to give a cutting surface -
inclined at an angle § so that the cutting edge of the movable
blade 111 comes into intimate contact with the edge of the
15 . stationary blade 100 for successfully trimming of the hairs
therebetween. 1In this connection, the stationary blade 100 is
formed to have a cross section such that the stationary blade
U 100 is.in sliding -contact with the movable blade 110 only at
the -toothed edges and the end opposite of the edges for
20 reducing a friction therebetween.

When moving the cutter head across the skin of the user,
the fixed trimmer T and the slidable trimmer T in the lowered
position are cooperative with the main cutter M in such a
manner that the 1éading one of the trimmer T with fespect to

25 the moving direction of the cutter head is first to cut

relatively long hairs.to short length, which is cut

immediately subsequently by the main cutter M following the



15 stationary blade 100 for successfully trimmng of the hairs

t herebetween. In this connection, the stationary blade 100 is fornmed to
have a cross section such that the stationary blade 100 is.in sliding
contact with the novabl e blade 110 only at the toothed edges and the end
opposite of the edges for 20 reducing a friction therebetween. Wien swf
moving the cutter head across the skigpof the user, the fixed trimer T and
the slidable trimer T in the | owered position are cooperative with the
main cutter Min such a manner that the | eading one of the trimer T with
respeqiealddndp tririteFON| NgTHUEESC then tafininer< Ut tare headpesatiivet wikicut
relatively long hairs to short length, which is cut imediately _
subseghentmai rbycutee e ntouefErchl dldsanistipuimgy over 22 rebtadiotgead ri nmer
M Thus, the trimmers T are cooperative'with the main cutter Mto effect
cl ose agteaviswrhovas wndexarmst edTer s isuEnds theicknimper T8 deifdresd,at he
trimrer T defines a cutting edge which is curved in conformty with the
cur vacwd img esdge Heh bel e SsREENRAG ifoidqordP EwtyY sWibackhedsWaWat®se f rom
the ridge line of the outer shearing fojl, 30 by a_uniformdistance D, as
Shown it HheG OUL et FRRRT LRGr EPRE B0 ARGt sir SRARS®| SPUREATEI Vb RBen ¢ he

in 24 _and the pojnt of engagi ng the finger 84 w t he_novahl e bl ade 110
!Ds sel é'd“{]gﬁa Elel‘l?) °I:c'6ﬁgi gEFgEI ??Hegfsﬂl% ]t]he§$]a uld BRI ature for
the cut.tin | gne bet n tek des, 10 0] ' t pi rrangenent,
when _t%lrlaslr%a%c%t ﬁ_’g ey ds\rl\gs\;"énf ggcg&g drir'ec&ﬁc}%‘a m%ox')[[\';\%g?mgg%f“eet%%a g 110,
the f't@\%erdi%]tﬂwgfzs pdded e i@vabhea bl ada thQ point of engaging -

the'fiﬁger-sd with the movable blade 110 is selected to be

10 considerably less than the radius of curvature for the cutting
plane bethen the-blades 100 and 110. With this arrgngement,
when transmitting a drive force for reciprocating the movable
blade 110, the finger 84 engages with the movable blade 110
always at an angle of 90° or more with respect to the surface
15 of the movable blade 110 so that the finger 84 will not force
the movable blade 110 down onto the statiénéry blade 110, and-
therefore enables the movable blade 110 to move smoothly along
the stationary blade 100 without causing a possibility of o
claméiné-the movable.blade 110 between the finger 84 and the
20 stationary .blade 100. Such clamping would be otherwise occur

when the finger 84 engages at an angle of less than 90° with

respect to the surface of the movable blade.



al waﬁ at an angl e of 90 or nore with respect to the surface 15 of the

novabl e bl ade 110 so that the finger 84 will noﬁ‘crrce—t—h%n:mmbl\e bl ade
1.10 down onto the stationary blade 110, and- Bj&&” enabl es the novabl e

bl ade 110 to nove smoothly along the stationary w”\’mﬂﬂm causing a
possidility of clanping the novable blade 110 be 84 and the
20 stationary blade 100. *~ Such cl anpi ng woul d be ot hervm se’octur when the
finger 84 engages at an angl:e:.of |ess tg%n 90 with;respect to the surface

of the novabl e bl ade. -23- CLAIMS 1.7 °77A dry shaver which conprises: a
cutter head ppyRied upon a housing, said cutter head conprising-a _
perforated oU‘[‘E‘%eari ng foil and.-an 5 I nner cutter, the outer shearing

foi | being curved palLuAt St qﬂgiéﬁscg, %gggl nal axis, the inner cutter
e

having an arcuately cont our curve ong its Iongltudlnal axis in

conformty with the cut€dr Shéad! R8uheeld vbdn a houdiffl V%d@&“éﬁ%ﬁﬁ@ing

fromthe housing and connected to reciprocCate the |nne "cutter ong a

reci procat i onegat h:qmpﬁléﬂ% e peitfbfatsd Sutéri Bhbakinyg §¥illNGRNGageNent
W th the outer shearing foi so that in use of the shaver the inner cutter

noves toS5andihnemasutiets theutamte:posshe@mbg_t VESLL t Vs ik O i 287 d
positions which are spaced al ong said reciprocation path; the drive arm
bei ng connecasgduatelys almng itsl kengitudinal axis, the inner cutter

having an arcuately contoured curve élong its
longitudinal akis-in conformity with the outer shearing
foil;

10 ._ a driVe-arm.extending from.the housing and connected
to reciprocate the inner cutter along a reciproéation
path parallel to said first axis in hair shearing
‘engagement with the outer shearing foil, so that in use
of the shaver the inner cutter moves to and fro pést'a

15 ~'neutral positidn.between two opposite end positions which
are spaced along said reciprocation path; | |

the drivé arm being connected at its upper.end to
% the inner cutter such that the inner cutter is slidable
"along a length' of the drive arm as well as to be

20 pivotable relativé thereto within a limited angular range
at least along said reciprocation path and pivotally
supported downwardly of said upper end to define a pivot
axis extending perpendicular to said reciprocation path,
the drive arm.béing connected at its lower end to a drive

25 source so as to.oscillate about said pivot axis, the
upper end tracing an arcuate path of greater curvature

than the curvature of the outer shearing foil;



the inner cutter such that the inner cutter ig__s_li;gabl:e_a,l_gng——a——_kength of

the drive armas well as to be 20 pi vot abl e rel ative thereto thin a
limted angul ar range at |east along said recip mmﬂmm ‘E‘ﬁ pivotally
supported downwardly of said upper end to defi[‘u‘m yext ending
per pendi cul ar to said reciprocation path, the drifve®arm bei ng cofinect e at
Its lower end to a drive 25 source so as to oscillate about said pivot
axis, the upper end tracing an arcuate path of greater curvature than the
curvature of the outer shearing fot24- -24- spring neans-floatingly
supporting the inner cutter to the drive armfor biasing said inner cutter
agai nst sai d spring Means rigloatinglyisuppertingt the beney evttaged to
satisfy the 5 followwng relatjon; 0.5 < Rlerr]/Rerr] <1 wherein R err]
i-s a radiqusthe dnivet ara Jox Riaging Satdr ipgeroiqutter #8ainsst distance
bet ween saj ch)i VOt I s of s%i d.drive armand a point at which an upper end
of saidSPrd UHRY ShHRREINGNECIYA neutral position is in contact- with said

h [ foil.. wh b h ' | | asi f
fo the I nner TRAT el TiEn CRESPANA I { BFEABVEE { BhaPB AT ShdtB8s1 { fon than
2; he ’}ec%‘_ff&lwix%’si:éiggioﬁ§ 2. An appar at us gccordl ng to claim1, wherein

0.5 < Ry/R; < 1
wherein R, is a radius of curvature of the outer shearing
foil, and R, is a distance between said pivot axis of ' '\J
said drive arm and a point at which an upper end of said
10 inner cutter in said neutral positiOn is in contact with -
said outer shearing foil;
whereby the spring means exerts a lower biasing
force to the inne: cutter when the inner cutter moves
toward an end position than at the neutrai pbsition.
15 |
2. An apparatus according to claim 1, wherein said
inner cutter comprises a plurality of inner blades which
are spaced along the longitudinal axis of the inner
cutter with individual edges of said blades being

20 cooperative to define said arcuate contour.

3. An apparatus according to claim 2, whérein said
inner cutter has a length between two 6utermost inner-
blades and has a height measured from an upper end of the
25 outermost inner blade to a drive point at which said

drive arm transmits a drive force for reciprocating said



I'nner cutter conprise§ a plurality of

the longitudinal axis of the inner cutter with indiv es of sa
bl ades being 20 _ cooperative to define said arcuate l "E"lj
appar atus according to claim2, wherein said inner c

bet
end o

en two out er nost

I nner blades—mhfeh—aFe-spaced along

I nner blades and has a hei ght neasured fron1an upper
~the 25 outernost inner blade to a drive point at which said drive

armtransmts a drive force.f-or reciprocating said: -25- inner cutter,,

said length B and height H bei ng det er m 4%

HBis 0.3 or, less. 4. An apparatus accordi {o . eit Ialns 2 Qr
0" et ang i Faine

wher ei n each H?n%%lcﬂ“?'i'ﬁfé'r ididength B ap

hf B

el 09, 00, e B BELTIeThEE R hEE BT L P 12

direction

under cut

tosaUsfythereImlonthm

3, 5

t%ﬁﬁhnﬁ der cut

Is so as to give a clearance angle [err] which is greater than an
angle a, wherein said angle a is defined as the angle at the centre of

t bet | ¢ i -
cut tor and a 51 ancBoaBPRERENR AEERATAGT Sl WitiE OF CEELEE SLokT8, NeT
thapole il bf daliderndsr! A 018! t5embaadisi tha Of

bl ade an% sa
t he i ndividu

I nner bl ade

etween the vertical and the undercut surface.

6.  An appanideree€)r dakth tvhdsWowf Bbahgs oh t €hé, oltwandllef efacihg angl e
y between the top surtace and | eadi ng

—

10

15

20

25

side of the blade in the longitudinal direction.

5. An apparatus according to claim 4, wherein each
undercut is so as to give a clearance angle B which is

greater than an angle a, wherein said angle a is defined

‘as the angle at the centre of curvature between the

normal plane passing through the centre of the inner
cutter and a plane péssing through the tip of the
individual inner blade and said angle B is defined as
the angle at the leading tip of the individual inner

blade between the'vertical and the undercut surface.

6. An apparatus'according to any of claims 2 to 5,

wherein the angle y between the top surface and leading

edge of each cutter blade is less than 90°.

7. An apparatus according to any preceding claim,
wherein a drive point at which said drive arm transmits
a drive force for reciprocating said inner cutter is
defined_upwardly of a connection point at which said

inner cutter is slidably connected to said drive arm.



edge of each cutter blade is |less than 90[err]. 7. An appar atus accordi ng’
to any preceding claim wherein a drive point at which said-drive arm
transmts 25 a drive force for reciproc utter is defined
upwardly of a connection point at Whl ch si,"lﬂ“ﬂﬂﬂﬂ”ﬂﬂ% HS slidably —~
connected to said drive arm gppar arussaccordi ng to arsf
preceding claim wherein a drlve p0|nt at_mhlch said drive armtransnmits a
drive force for reciprocating said inner cutter is defined, upwardly of a
contact point at which a |ower endog-. of the edge of the outernost inner
bl ade contacts wth said outer shearing foil. 9. A dry shaver
subst angi.al | gnasappaeatisl aceogdasiag bed vany rpferediegt craitmas shown in
t he acconpanying 10 Figures 2 and 4 to 11.

wherein a drive point at which said drive arm transmits

a drive force for reciprocating said inner cutter is
defined. upwardly of a contact point at which a lower end
5 of the edge of the outermost inner blade contacts with

said. outer shearing foil.

9. A dry shaver substantially as hereinbefore described \J
with reference to and as shown in the accompanying

10 Figures 2 and 4 to 11. . - . -—



