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RAZOR BLADE AND CARTRI DGE | NCLUDI NG SAME AND METHOD OF MAKI NG SAME

Backgr oundvaps/s8e¢7 | nvention The invention relates to a razoPCHUS0376L
cartridge including the razor 5 blade, and a nethod of naking the razor
bl ade. Razor bl ade cartridges typically-irclude plastic housings that are
attached to or made int eﬁral with a handl e and have one or nore fixed or’

movabl e razor bl adeRAZORIBIJADE AND GARIRIPGE ENCRAIIZNG SAMEcal |y i ncl udes
a guard structure in_front AND METHOBJIOF MAKINGhSAME and stretches the
skin in front of the bl ades anj a caB itrgctsre'lo behi nd t he bl ades t hat
slides over the skin. On razorss*® D angle for a bl ade is
defined as 1he and, CTHE R cRorf e f's by b9 Baldifec fiRhidfls a1 12!

axis of the blade cross section and extending fromt cuttil of the
bl ade, 5andbladd, and amethod of dnakimg thetragmmblades t op surfaces of the structures

contacted by the skip i djately in front .of the cutiing edge and the tip
of the cutting edge.ﬁﬁ?“gﬁa‘ifs“m%%w&“ﬂg %Pﬁi%%s%ﬁ?%@%itgﬂaﬁ%éﬁé&@he
cutting edge : el thal es
of the st ?@Cﬂ%‘g@;‘n‘g&gﬁ% nt S?ﬂa]glg g hlfakg Q,tﬁ ﬁgﬁ %nt}f ?ﬁ% e g‘é‘mltB %ete&gfn:?%ﬁgsg S
measur ed neoumted on thé hotsing e The honsing Basicallyhinelddes @ geartyshuchird yn fioat p£ned

ot he. houtBp hUadep 13, FBBREsS BB STFIRLEY (B GL PPt 1 Biadeh Y 215REUFBFbor s
1o T gEA% R 508 (AR O ca0rd SRR BB WY 21,
i s desirabbledé is defined ds the aigls madadyea libe Hmvavthralighghaiceidsal dongitudisal layis Y
12512 S A b i e A A 1 e
e b SRS e o VSR ol W g
slices intimhédiately in frditi of the datting edge wndnthe tip af theocikting bdgeb| Bideedge to
o o o R i S e S b e e B, L
ety oL s AiuamesDiels, 8RS itod R b eploiaaalp 09 i ve 11
that the bédgtetheddjstangd is measurd stoomal tor thel ddrigent limasi ng to the shaving forces
applied to the Razor blades are typically sharpened and processed to provide the

desired shape and hardness prior to mounting on the housing. In one type of razor

- 20  design, flat razor blade members having straight cutting edges are supported on
L-shaped supports that are resiliently mounted on the housing.
In designing razor blade cartridges, it is desirable to provide a close
shave while avoiding nicks and cuts by adjusting such parameters as blade sharpness,
blade tangent angle, and exposure. Slicing cuts t'ypically occur when a straight cutting
25  edge is inadvertently moved sideways (i.e., transverse to the usual upward or downward

motion of the razor) on the skin such that the straight razor edge slices into the skin.

This sideways movement can cause the blade edge to act as a knife cutting cleanly

throﬁgh the skin.

It is also desirable to provide general shaving comfort and overall
30  performance. It is also desirable to have a blade edge that has sufficient strength to
survive the rigors of shaving and to provide confidence to the razor blade designer that
the blade edge will not distort or deflect owing to the shaving forces applied to the
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-2 - blade.g mmary of the Invention In one aspect, thej '
L PRI

features, - |, a blade for a shaving razor that has a I near
front cutting edge that is defined by a plurality of waves 5 havi ng
crests and val |l eys extendi ng above and befFow a transverse |length axis. The
nonl i near \(,:\#%%li n§$edge I's provided on a bl ade nenber that is generally flat
and has a % ebng a width axis, a length along a transverse | ength

axis, and smal | er di mensions al ofgnindryi FTHAE Bivedtio® defined normal to both
the length and width axes. The non-TTnéar Tront cutting edge generally

ext ends al ong the | enin hnaaspect, hedinventionOfeatunesy s generalnal bidde\for arsiaving ow
the length axis,in,a direction that .is parallel.t e thjckpess axis.
Cor t i n' mprReoHieh b aognea fonh Giring sRet it i dethes B3 Dl o8 Vet he
fol | ow f RaVibg Bfests! AAdGANERN Ektédite BdVednd Hefow bBmSY ' S

" L-Shap;%" support under th’? bl ade gr?enbe?d;n t he vgrgpport&i&gle"tn%?{c‘%g$ mgn t he
bl ade nmenbenonimedr ¢wting edgeiisqrovided ppearblade member thatis ganetdily fidtamid hasrber

por 1 on hias HABIURE § PORBiEls b COath fo0g RSN GS St ARBrAR I Of 1 ho
ol ade_membeyimelind bfig IBHERAEs S &eﬁe’frégw oSO AR o Yhdwidif ey and

has bet ween ves (nost pre etween 6 an waves) e
waves have %The aopilincardfrodtatuitingedgecsensrally éxteals elpag dlie length axtigandChe

0.012", preferably between 0p2" .and 0, 004", and nost, pr.eferab bout
0. 005" | 18hcwBY Sk retiendl thowe had palpe” the Inmeth Axisdn, A Brrolige (bAtis pmlebin 8 naut
0.010" thi Cﬁxiclﬂiéﬁ‘ﬁféﬁé‘m y between about 0.003" and about 0.004" thick. The

waves have an anplitude of distance between the crests and valleys that is
bet ween 50% and 150% @erthincintpléméntations of thdinverticl mayinsdiude efieconhioye bftheeen

75% and 125%.of .t he thickness. .The 25 wave f.etabl y extend throughout
(he widt v ofoLIOTAE ReRiese i Grtain Aol pieAiaoLs Jut o fistidss &, Lothapeht ur oo
in general, FadRley e blade\RbnbEl: aRE s Etﬁﬁkéi%ﬁar?gfeeﬂgde hefbefonaral 'y

descri bed, t waves having an anplitu of di stance between crests and
val | eyslSsel iwlusds tan upperpartion to which the blatdsl membkr is lattached vad snextesinsar y

U0 be Teso pRihding dolbiid eteiut 408 ybie oot b BYRHRR AL HPs A0 . when
conpar ed t 0aRgrddRith the WavesOfithe BIAdE Mkinbel! aftRrddeymbiBer BasSS IeAgitoN
anplitude between crests and valleys of greater than 0.001" and | ess than
0. 012", nosbetween drand 2 insbesyend hos gemreen 2 and 24 waves (most preferably between 6
and 18 waves). The waves have an amplitude between crests and valleys of less than
20  0.012", preferably between 0.002" and 0.004", and most preferably about 0.003". The
blade member is made of metal between abdut 0.002" and about 0.010" thick,

a ¢ preferably between about 0.003" and about 0.004" thick. The waves have an amplitude
of distance between the crests and valleys that is between 50% and 150% of the
thickness of the metal, most preferably between 75% and 125% of the thickness. The

25  waves preferably extend throughout the width of the blade member.

In another aspect, the invention features, in general, a blade with a wavy
blade member as has already been generally described, the waves having an amplitude
of distance between crests and valleys selected to be greater than an amplitude that
causes unnecessary cuts in the skin if the cutting edge is; slid sideways on the skin and

30 to be less than an amplitude that causes a decrease in shaving comfort when compared
to a linear front cutting edge. Preferably the waves have an amplitude between crests

and valleys of greater than 0.001" and less than 0.012", most preferably between 0.002"
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-3- and 0.004". In another aspect, the invention features, enera

bl ade wi tW@sﬁs}’é’ngt hened wavy bl ade nmenber as has al ready S{fépﬁ% al I y
descri bed, 't he strengthened bi ade nenber having a nonent of inertia that is
at | east 20% greater 5 (preferably at-3Beast 35%greater) than a moment _of
inertia for a flat, linear edged, blade rrenber made of material having t he
sanme t hi ckand<B0Q4" t he st rengt hened bl ade menbér with waves. In anot her

aspect, the inventi %%ﬁ%egragéect,' 25’*%9’11 Mggﬁ\ﬁgggagea gﬁ&é

|nclud|ng a housing an a non I near ront cu ng edge

as 10 haﬁreﬁgmeﬂdywheﬁbla@elmﬁmﬂdr)asdﬁserremtbeeﬁqehmny idesdribedntiet | ons of
t he i nvention Jnnclude one_or, nore of the, fo I% featﬁres In certain
i npl ement aﬂeaa@enq blade membey baying aimpmgpes ingrirthal it deash AlVa Hé"a%ves in

bl b
renber 3 THERAIETA e84 330 paohudp Hobkebr i IER Aof BB VERE R

15 pi vot i fembér mmade! of naterial uaﬁgg the/ sdrhé thicknessss the srenghendd blads preibel O
t he handl e. The connecting structure and the pivoting structure are

provi ded byith wavesict ur e that prow des a pivot al connectlon bet ween t he

cartridge and the had rs are
nount ed on an upper po on oF &g%”ﬂﬂ%k@g‘ggéﬁ%ﬁ%%ré"ﬂﬁ ag? Lga
downwar d eaqrﬁiahge dncludiag o Kousingdmd|a/blate withch nérlinesr, availb'cﬁontrbutﬁﬁg é&gesamg,

t he 20 per portion having waves aligned with the waves in the bl ade
nenberl0 ma@y heen gensrallyedasanibeds bl ade(s) may be fixedly nounted on a

pLaCform por 1 on of phg oy i ials WP By BSOSl oBPBE Blore b he ©

anot her aspect, the FEVent | in genera ng a

bl ade t hat fdllbﬁimgdﬁeanﬁbsarnﬁé&rﬁma Engleimentatibys, heatarbidad chasarplerality of blades)
| inear cuttin edge that extends along a |length axis, and_thereafter

def or mi ng e |wes H%HE%P adg meseber prefewably %reaahgnvs&wﬂlf%ma%m pRgthege as

has alrea e I
i nventi ondyrrlaagglﬁ{r%gﬁﬁgeﬁ%%géggﬁgwe %&ecﬁg%@‘* oW nggé;g{a%ﬁéﬁ a'pglhgiuéler ain
| npl enENt apivotisg strictudel proeidingniestingsofhtheoasing iwith respéct oo tied handlelpThet
and hoth the bl ade Qrti on

prior to the deform ste er and the 30
of the sup‘&?ﬂnF %tF'}?g‘HP e PIVAHRE SERGWE %P PToYad %lrb Dba strypure, they pr

a pivotal connection between the cartridge and the handle. In some implementations

v

the blade members are mounted on an upper portion of an "L-shaped" support that also
has a downward extension that is slidably mounted within a slot in the housing, the
20  upper portion having waves aligned with the waves in the blade member. In some
other implementations blade(s) may be ﬁxedly; mounted on a platform portion of the
housing, and may be separated by a spacer. |
In another aspect, the invention features, in general, a method of making
a blade that includes sharpening a generally flat blade member to form a linear cutting
25 edge that extends along a length axis, and thereafter deforming the blade member to
cause a nonlinear, wavy front cutting edge as has already been generally described.
Certain implementations of the invention may include one or more of the
followmg features. In certain implementations, the blade member is mounted on a
portion of a support prior to the deforming step, and both the blade member and the
30 portion of the support underneath the blade member are deformed. The blade member
is preferably mounted on the support by spot welds located at valleys or crests _
(preferably valleys) of the waves. The deforming includes bending between opposed



I's preferably nmounted on the support by spot welds |ocated at valleys or
crests (pr . val | eys) of the waves. The deform ng i ncl I.ng
bet ween oppe@e@%y"m 98/ 38017 Y’%%QW‘P

PCT/ US98/ 03761 -4 - dies that preferably have nonmatching surfaces so as to
provide regions for material flow of the Dl'ade nenber and the support

portion thereu r dur i def ormi ng.. The.di es haye suctfaces that caus

Phr ee- poi nt 455 545 el nge SRdifing RireiceS So RS pRMidS FEfoms 1ot pptiril
portion thefgwsfthe blade member and the sEpftRelpofich thétburided dufikg AefRMiNEY The

i ncl ude one or nore of the follow ng advantages. The proviSion of waves in

the cuttingdissdavesunfangs thai ¢eussthregwpoint ordouspoint bendingaf thechlade miemben and

bl ade is acgidentally sidg-s ed along the cutting edge (length) axis.
Since the n _qqpnggrp\{)m%dﬁme &has an undul ating edge, the edge, when it

side 10 5slips, merel EmisRERBRS of ¥ Rventidhomay intlide! GRUsr BbieCoM@eifoh
skin. In addition, hairs being cut can be subjected, in successive strokes,

to di fferenadyastagesns of the bl ade having different bl ade tangent angles,
potentially providing.for a.closer cutti of .hairs with rying ... "
orientation. The wavy f#gtmpgsgp °?%avﬁf Hhﬂgrfé\}n%?f{ﬂed\g ‘F‘SPY t%%"% slash
engagenent nd thit diced WAt Bibldlie iﬂfa'éqidérﬁall}hﬁd&?ﬁﬁpeﬁfalénglﬁxe &ffﬂlg"fﬂéggfg Y

bl ade system the first blade functions as a front guard for

it. The wavgxisatSinee the nohdinehnblade ndgehasi ansursiufatingtedgeldthe iedge | when it side

strengt hens i he bl ade strugture gnd.pronptes . blade stiffpess, reducing
uncont rgﬁl e ‘Eﬂ’%glgdd‘émPTseHOésﬁ}ﬁ%‘ﬁ“ﬂgﬁo‘&%ﬂ?@W i ble or variable
bl.ade contact angl es 3pQadioR X BASWeingEut caﬂ’!He"buBﬁﬁeﬁUﬁf ﬁﬁ@es@fvetsﬂ?]rc%}rfnlté‘he

O her advantages and features of theinvention w be ‘apparen
follow ng d etpontiorsf oft the biadefhavingdliffetsotiblade tangemteangisfs, potentialtym t he

clains. Brief scrd ptipn of .the aw n Fig. 1.is a pe ective viewof a
razor bl ade_proz%ng fo a closer Cutling ﬁH’?Iq gﬂﬁv 9?‘%‘?}9“5‘?‘{?t @glﬁfaﬁy BRUYEE O dhe
Fig. 3 is appdetphs/ %ﬁlvﬁléafoi- Bettédf skdhéhgablmenk 2l allhr-stfetéhing! dga, fh MR dab€ BF a

sectional view of 'the Fig. 1 blade prior to bending. Fig. Is a vertical,
secti ondd viteoopthrge bladersystemgthecfinst biadefurictionsial mdront guard for a blade behind

it.

pd

The wavy nature of the blade and/or its support additionally strengthens
the blade structure and promdtes blade stiffness, reducing uncontrolled blade edge
flexure which may cause unpredictable or variable blade contact angles and/or exposure

20  with the surface of the skin.
Other advantages and features of the invention will be apparent from the
A following description of the preferred embodiments thereof and from the claims.
' Brief Description of the Drawings
Fig. 1 is a perspective view of a razor blade.
25 Fig. 2 is a plan view of the Fig. 1 blade.

Fig. 3 is a partial elevation of the Fig. 1 blade.

Fig. 4 is a vertical, sectional view of the Fig. 1 blade prior to bending.

Fig. 5 is a vertical, sectional view of a razor blade cartridge including
two blades as shown in Fig. 1. .

30 | Fig. 6 is a vertical, sectional view of an alternative razor blade cartridge
including an alternative razor blade. _

Fig. 7 is a diagram showing a press and fixturing system used to provide



two bl ades as shown in Fig. 1. 30 Fig. 6 is a vertical,
sectional view of an alternative razor blade cartridge including an

al ternati vwo'es@so1bl ade. Fig. 7 is a diagram showi ng a presPGKESISRTG}r i ng
system used’ t o provide WO 98/ 38017

PCT/ US98/ 03761 -5- waves in.the Fig. 1 bisde. Fig. 8 is a partial elevation -
showi ng the die portions for providing three- Qoi nt bending in the Fig. 7
system Fi gwawesiis thee Pigr ditdadec| evat i on showi ng the die portions for

providing 5 four-point hending.ip the Fig., 7 system _Fig, 10 is. a graph
(not drawn to scal e) E‘Boﬁlilﬁﬁpﬁﬂ@lﬁ&‘@mn &0%“5%3‘3%%3 fpg PE@ddingngt h f or

a single Qf ' nber havi ng waves that follow a

si ne curv\éﬁﬁ%eag.ouﬁlﬁéiﬁgﬁghﬁﬂéﬁ?i%ﬁe%% ng the alignnent of valleys and
crests of 10 waves Fifg. 8is$ tipagiat dlpratiomsliowing thedielpportions fod @eovillinghe Fi g.
5 cartridge. Fig. 12 js an _frqgnt_el evation of the blade nmenber. of the Fig.
1 bl ade5 Ddeus-peint Bep ’a’i‘hglelﬁgf'élsl’%ﬂnEnbodi nments Referring to Figs. 1-3,

there is shown razor adg - Loel udi : ed
support 14. Bl ade rrengilgf ‘ilqé&??ﬁ%ﬂ@%ﬁﬂﬂﬁﬁgst%aljaegah%vg@@ﬁémh%%h?gf%%gﬁﬁ dth
axis W a |megbér vdrandengthifor e singld wags bf abiypothetical Blaslevhdrmberchaviiips waves

al ong thickness axis T that is normal to width axis Wand length axis L.
Support 14 thakfollopet SiB8CTSn 16 t o which bl ade nember 12 is preferably

attached by thirteen Fﬁ?ﬁl%g%ﬂﬁﬁieﬁ&%&ﬁfg@ﬂéﬁ%ﬁ&ﬁﬁ I%gﬁfde%eﬁé%f’mi on

20 thereunder. 20 a rl s a nonl1’near front

cut ti ngoedowavies dflvattingestdgesin froakamibikbladey of ehg Fip. Sxcaptridgand preferably
i's defined by twelve waves 15 &avi ng crests_and vall eés g{tendi ng above apd
bel ow | ength axis L iFigaldils aefioshelevation of thgbladeanemben of tRness axis T.
Waves 15 exf,‘ignql brl%grward fromfront cutting edge 13 parallel to each other
preferably over the entire width of blade menber 12. Upper portion 16 has
25 twelve waves 17 cor r espDesttiption of thedPrefermpddEinbodimentsves 15. The val | eys
of the waves occur athPot wel ds 18, \Waves 15, 17 arﬁa(ferri.)oth and hiave crest

to vall ey erring to Figs. 1-3, there is shown razor 0 including blade
15 member 12 and angled support 14. Blade member 12 is generally flat and has a width
along width axis W, a length along transverse length axis L, and smaller dimensions
along thickness axis T that is normal to width axis W and length axis L. Support 14

has upper portion 16 to which blade member 12 is preferably attached by thirteen spot

G

welds 18. Support 14 also has elongated extension 20 thereunder.

20 Blade member 12 has a nonlinear front cutting edge 13 that generally
extends along leng‘th axis L and preferably is defined by twelve waves 15 having crests
and valleys extending above and below length axis L in a direction that is parallel to
thickness axis T. Waves 15 extend rearward from front cutting edge 13 parallel to each

~ other preferably over the entire width of blade member 12. Upper portion 16 has

25  twelve waves 17 corresponding to and aligned with waves 15. The valleys of the
waves occur at spot welds 18. Waves 15, 17 are smooth and have crest to valley
amplitudes below 0.012", preferably between 0.002" and 0.004", and most preferably
about 0.003". The amplitude of 0.003" is believed to be sufficiently high to provide
good protection against "slash” sideways cuts but not so high as to cause undue

30 discomfort or irritation and prbpensity to cause nicks and cuts during normal up and
down shaving strokes. The amplitude also yields acceptable overall shaving comfort
values as compared to flat blades based upon shave tests and accepted statistical



anplitudes bel ow 0.012", preferably between 0.002" and 0.004", and nost
preferably about 0.003". The anplitude of 0.003" is believed_to be
sufficientﬁﬁ?ﬁ@@ﬂnﬂo provi de good protection agai nst "sIash"PQTﬁ@ﬁﬂﬁgﬁbuts
but not so high as to cause undue 30 di sconfort or irritation and”
propensity to cause nicks and cuts during6mormal up and down shaving
strokes. The anplitud | so vields acgeptable overall shaving confort

val ues as cé??d&ﬁ*%dltﬂé%Fﬁa‘fe alcfe¥alpe oF greghionvalley \amplitadecersater thand,0@H
statisti cal . 9 : : :

CT) Usos oapipyidey o Bt level of protection pgainst sidenays slsh o apd shat yalues

val | ey anpl abov@e0.012 il rdsbitin Gndilirritation.i dassshowni iniFigis,| there!is @f slighogast i on
agai nst sideways slash cuts_ and that val ues above 0.012" will result in-
undue irrit 39 ibstweendlade member 12 and upperportion 16 gwing tenspofavsldsol §et ween

bl ade ne eﬂmﬁégéykigppper portion 16 owing to spot welds 18 5

t her ebet . FI'g. 4 shows undeforned blade 10' including flat blade nenber
12' and support 14' pFi@r4 sipwsamdefigmedibialie 102 ihchididg flat blade ehchbét! 12’ rnde
of 0.003" or 0.004" thick razor bl ade quality stainless steel which is

mart ensi t i c SEREThEK mlqrﬁpffemghiﬁlkdmsmbercd ol preferably made pf 0038 frabout

0. 033" and a ' t i ' . ' ' "c"
of about 0. D" UBEETEoR Bl 3laffy! ilpieOnkd, whleh Y sl i ATH gl
0.0325". Supghickdess dectiofi witltle width0'd0 b ‘abéiti 0:63 Bt amidrd enbd pbrtidnxéaasdiag i O
of support 14' extends downward from upper platform 16 a di stance of

0. 0596" 10 Refiiont fore disneusign "s” of abant 01 12de Unner prrtiga L6 preferabliubasg 24 with
te 15 A6 LO\d dj s B ) bear |
connect i on CENEISRECTAr C6aR Subbdl 13 W MBACLr 0L ol BaBRL S o o

bl ades 10 i Extensiof@0’ \of sappsuirt 14 5extéhds lowawaed ohl appet pldiforfols a MistarReastes
10 are biased ugward to the positions shown in Fig. 5 by spring nenbers 28.
The crests 8958R4 val | eys 82 of cutting edge 13 of the first blade 10 are

preferably aligned wi td)el :‘?‘Eﬁ‘éﬁé% g&&%gadr@gﬁﬁﬁ e g%hgé h&ﬁk&%ﬂi%ﬂgaﬁg&@ of

the 20 second bl ade | er-'t'd "avoi excessive exposure
that cotbd eadase 26 fbreprovidiagropiverat shellotypé bearifgacdnnhectivd 02 flzep hiuedle (not
flexible fin guard _nenber 30 in front of tgF bl ades and | ubricating strip

32 at cap s&B9Wmly Hausing 34 spppogtgitwieguovablemblades710 igrespective glotspy in the side
[ t [+ L H _ . . . .
Refor Fing. + ol FUEEERGS, BRACIIOES GHER oo b4 e pdlfifes Shireh 30 ig b9

spring members 28. The crests 80 and valleys 82 of cutting edge 13 of the first blade

10 are preferably aligned with the crests 80 and valleys 82 of the cutting edge of the
20  second blade 10 in order to avoid regions of excessive exposure that could cause undue
nicking (see Fig. 11). Cartridge 22 also has flexible fin gumd member 30 in front of
0 :  the blades and lubricating strip 32 at cap section 34. US Patent No. 4,498,357, which
is hereby incorporated by reference, describes such a moving-blade cartridge design.
Referring to Fig. 6, alternative razor blade cartridge 40 includes two
25  fixed blades 42 on sandwiched platform support 44. Cartridge 40 also has guard
member 46 and cap member 48. Blades 42 have waves of the same shape and
amplitude as blade member 12, and fhe crests and valleys of the two blades are aligned.
U.S. Patent No. 4,026,016, which is hereby incorporated by reference, describes such a
fixed blade, cartridge design.
30 In manufacture, blade member 12’ is preferably sharpened, coated, and
sintered according to techniques well-known in the industry to obtain undeformed blade
10’ as shown in Fig. 4. E.g., U.S. Patents Nos. 3,652,443; 3,761,374; and 3,829,969,



25 fixed blades 42 on sandw ched pl atform support 44. Cartridge 40 al so
has guard nenmber 46 and cap nenber 48. Bl ades 42 have waves

shape and WeMPEUde as bl ade nenber 12, and the crests and fgitrl’[é:%}gmo lir}tahe
two bl adés -are aligned. U S. Patent No. 4,026,016, which is hereby

I ncorporated by reference, describes suc‘h7a fixed bl ade, cartridge design,

coat ed,  andhieheu BRsoRL HSPEIORed BY cElerRnLRy AR FuskigRTaLRes e RAGE 1y 1o

bt ai d 15 bt poRich 16’ ; .
S5 LU AR g sl 16,

PCT/ US98/ 03iksdribed-iniASc RatentNoe#,339,21 dcincomporatestiby yefexshes beren. descri be
such techni ques. The bl.ade er " is_ preferahl ured to.support
upper portion 16" by ﬁﬁ@ﬁngﬁgﬁgﬁe 'éa’ ?‘FQ}’“%@%@F%%E&CW 8?%‘.’855?&%’3%. '
4,379,219, 4 & 16WeCdi ' Ak v 95 lafld FI7OEig.3)9. an
undeforéed 1?'1[; e 10'ﬁi,%%s11 ‘?%rsrﬁre%g I n ap%lg%O?tBS'brg 49 bet ween Jggé% e 52 and

| oner di e Seortion A6buf suppestvbl (Fig. #)ds supppfted ondpwePdiet5lonUpper die Suispor t

14" (Fig. 4) i t.ed I die 50. U ' ' d d
L TS ot BRGR S bl Sy meBRET 191 v LR e
upper di enesgﬁo%i‘ﬁ@ftﬁ)tf:uﬁgﬁ: didi52 BRardlAfs BE 50, BladmeRiber YPPRHd REPer pORtdD

‘are defor resu n waves 15 and 17 extendi ng throughout” the w dth
of 10 bl adks’neerdeformhad, meulting én waves' 15 and) 17 estending (throsgheutrthe ovidthcof

respectjvely. Upper dig, 52, continyes downward until if_,r h t 54,
whi oh A& erﬁ@ﬁireglgfnhsf ﬁoﬂ?ﬂ fmhﬁa}’% r‘f‘ffffj’e‘\?q‘fI \RRET BAFtR 1 cEREPTRINGD: O‘?’_El’e’and )
upper portigg shbontibedovitiviara Antif it'rBidhes StopSHd, which @ét@x%n&@"chee&ﬁ&idé ol 1Yy

returns to approxi nately 50% of the maxi num def | ected value. Thus, a
maxi mum di emesibduar defectioh ofrhiadet membert 121 andt uppenpattion e’ c Upsr dim b2 dsthends

to a crest to yall Jtude of gbout 0.006: . res s.n a pteferable
final crestralsﬁx’\/%ﬂqeé?él%beel Y oY mﬁftnéBW%?%@éﬂ%ﬁgﬁﬂ%g&gW‘é@ 50 and

52 have nonggieehiiRahiy! TRELS Hiskiftnd SieRlcAéitlh sCAhPINGAE Of aBHNite#0.003" Wbith
during formng of undeforned bl ade nenber 12' and ‘undefornmed upper support

porti onl5L6' carresporidsrtoradcrstdd oraliesmplittde of aboutr 006", pesults f0a ps g final
portion 16. | articular, referri t has. 8 and 9, upper die 52 is used
with | over WF& tgd’ ley &avg)a_mfpﬁ“‘{etﬁf;%-oﬂg?'ﬁpgb_endi ng, and upper die 52 is
used with |ower die 5@ppbdeddiies’30 bd 52 Bdbe AGKRAtcHAR Guffices Koo RoVilde O

four-point bending is used to
regions for material flow during forming of undeformed blade member 12’ and

undeformed upper support pbrtion 16’ into formed blade member 12 and formed upper
20  support portion 16. In particular, referring to Figs. 8 and 9, upper die 52 is used with
lower die 50 (Fig.'8) for three-point bending, and upper die 52 is used with lower die
50° (Fig. 9) for four-point bending. Three-point or four-point bending is used to
permit material flow during the deflection and deformation process and to permit
forming of upper portion 16’ while extension 20’ remains flat. In both cases, upper die
25 52 has thirteen semi-circular ridges 56 with center-to-center spacing of 0.119", a depth
e of 0.0453", a radius 72 of 0.0315", and a small flatter central portion 58 of radius
73 of 0.069" hﬁving an arc segment length of about 0.001". Lower die 50 (Fig. .8) has
twelve circular ridges 60 with center-to-center spacing of 0.1.19“, a depth "£" of
0.0358", a radius 74 of 0.0596", and a flat space "g" between ridges of 0.0096". Lower
30 die 50’ (Fig. 9) has 24 ridges 62 having center-to-center spacing of 0.595", a depth 75
of 0.0178", a radius 76 of 0.0298", a small flatter area 64 with a radius 77 of 0.0535"
having an arc segment length of about 0.001", a flat spacing between ridges "h" df "



permt material flow during the deflection and deformation process and to

permt f.or pper portion 16" while extension 20" rengj n
bot.h cases-ﬁﬁg’ﬁ&mgi e 25 52 has thirteen sem -circular ri dgﬁl@gﬁ{\ﬁ’%
center-to-ceénter spacing of 0.119", a depth "e" of 0.0453", a radiu§ 72 of
0.0315", and a small flatter central portion 58 of radius 73 of 0.069"

ool ve ol v choaBBE Hada bt Hipedionl 7 o 028 RudBE . Phcpod st s gl 1

' of 0. 0358;0h @théréierh didtaide £ 10298 londNd the Width TNASR mEmbELIS® e frledges
of 0.0096". Lower 30 die 50" (Fig. 9) "has 24 ridges 62 having

cent er - t o- c threeepoiap hending of Fig. 89 the theeedenntdet points’ fod bendiag thewasel insthé6 of
0.0298", a |1 [flatter.area 64 Wt radi us 77, of. 0.Q535" hgving .gn arc
Segnant ' | onBIAe 65 B, Aach Sae-are growided A wrmsr fidee o6 ot the dwo Hwapridges o
98/ 38017 : S KE : Y/ -8 -
0. 0048" ,5 ang0 émb‘?%% sxccllie ?rerI% iﬁgnfqml: po%‘% b%‘.‘%‘%%%ﬁ%’%isag%esfogg.?g i% Mg% tgggt end
paral | el t ofaatihg eadhewaves ave provided by ¢two aippereridges$6 aminthe awotlowerntridgéds 62

oy nt s T or - BEREeR e LidpBLTPH o bendiit apuduacs o Hom ceted da e walls ndet
by an uppergéﬁ,%ﬂ%mﬁﬁgiag& 36\ brdBr LPPRVide! HhEES ¢ trol%@tﬁmmﬁ]gﬁﬁd§io@*%ﬂeaib& he
ending o or h

f our - poi nt C I'g. 8, the four points of contact orm ng eac
wave are pr end degrdvide foo astiffer strictgees 56 and the two | ower ridges 62

bet ween_them |n both es of _bendin spot welds 18 are located in_the
val | eysll nder seni ci ré{#%f’mgit?jg&qgs“gﬁed&%m P@g : vaismy dhs distange, 78| of
the anpl it uggrRbn dGide8Gitd RRVABRss Gs BR QY 'OCﬁ9f',°eg1dgt)l/1§ ?’Eénﬁé&f% gfeﬁellg Wilkey ‘%%,e

Referring to Fig. 12, I1n the current preferre
bet ween sucemplitude isabeutd.@8's Withdhsee poind bedding (Bigd 8), e pesaiting moh-linemst t o

Uhe. rosurt | NEVRGHES P v StrsL B RL of Siehvly b Ban e GES58 Bate e
more than 1 b 68%8f a Witk Vallef*raius md&esl%fﬁtlg‘?l)r?_ﬂ‘éﬁ‘éﬁe‘é)%j 18Y radifls V’ti ﬁagz of

slightly nore“than the 0.0315" radius 72 i dge 56, owing to
rel easeldf tidge §6f bwingsto the aeleasswfithe deflactad blade membauiafteti the daxtimum die.

Because the ,adius rid 60,.i s abqut _tw ge the. radius.of ridge t he
Pesul ¢ ng cAEQeeiohn Berapeaihe Fofniks 60 1 aoub Beice Hsirdind! of A IR e Tour
poi nt bendi p&uftingrirsts 8nd Vhlfeys Mav@hirdib Ri/RR of Abue 2V2V Wil Sidtfoas poinel t wo
ridges 62 results in approximately the sanme crest radius Rl; approxinmtely

t he same vabending aflFig dRth¢ formation ofiasinglhwave crgstsarpand P sidgesnod results in
bending wi t %H&%ﬁﬁ&%r é%ésmg fcre'é% g.dxu% ﬂ;sa%plro%srglattelsy the same valley radius R2 is
20 caused by ridges 56. Thus, four-point bending with the apparatus of Fig. 9 also results
' in a ratio R1/R2 of about 2:1. The crests and valleys could also have a ratio R1/R2 of
& about 1:1 (this can be described by a sine wave) or of about 1:2. Preferably. the ratio

R1/R2 is between 0.5 and 2. Four-point bending is preferred over three-point bending.
Blades 10 (Fig. 5) and blades 42 (Fig. 6) are formed using similar dies.

25 ‘When the resulting blades are mounted on a housing, they have varying
blade tangent angles along their lengths. During shaving, with successive strokes over
the same skin area, different portions along the length of blade 10 or 42 will engage
the same hair. By subjecting the hair to blade; portions having different blade tangent
angles, closer shaving can result.

30 The use of waves in the blade can avoid "slash”" cuts that occur when a
blade is accidentally side-slipped along the cutting edge axis; slash cuts can be

problems with women shavers it particular. The wavy nature of a blade can also



imaratio RI/R2 of about 2:1. The crests and valleys could al so have a
ratio RL/R2 of about 1:1 (this can be described by a sine wave) or of about
1: 2. Pref ewobbgsdiie ratio R/ R2 is. between 0.5 and 2. Four - pormuso®astdi ng i s
preferred aver” Three-point bending. Blades 10 (Fig. 5) and bl ades 42 (Fig.
6) are fornmed using simlar dies. 25 -9. When the resulting

bl ades are nounted on a housing, they have varying bl ade tangent angles

al ong t hei prdvidefdrbetttriskin floshmanhagementt dndstie FrRstshinde cdn' 40¢ @5 adbefter ghardsane
skin area, different  portjiqns_along the length of blade 10 or 42 wll

engage t he for-the speand Dlage behipd iiinfyyorardhregibladeosystemse His i bepausmthieng
The use. ot ST BER ler@ LR Safl? Bleghl BHLL o SBEAGESY lbsipBlaly Janese

bl ade is aggincwih alflat Hadie thalsippoeidingl 190& pditts Oficbhfagt DOBRtcMNGtheSIkasgh cut's

can be problens with wonen shavers in particular. The wavy nature of a
bl ade an al so V\D'@U/Wiﬁlso make the blade memberastlffer structure WhICh iS

PCT/ US98/ 03781 .- - i de t skin.flo agenent .. and t he
first bl adg&gécr;‘ t3(:l?ssabse‘aa et “_é‘%os%‘ﬁ@ﬁ @éﬁi’ﬁé ﬁ[)e] b ECo! %ﬁﬁgmgm HPOFYPn two
or three blaad®ladythsgent adglesdirngbseeingethin Qacblge coute 60d., madgbhiie th a
wavy cutting edge on the skin is substantially |longer than with a flat

bl ade, t husape durknesymagarially ol ncemsedostrangth providedde dindegnembersld hy the

The waves agde I 1] S whi.ch i s subj ect
to |l ess be% gfﬁ'ggtr%f%\g&sﬁg\ul F?(}]A'{&{Tgﬁgls %ﬁ.@%h@gﬁ%{rﬁaﬁeﬁo ogsta (633 icaﬁvgaan
exposules asldulating end 200pAfing ARhetstof insfiawiidhdetéisifie theobladd 8 ness and

counterparts _(i.e., made, of the sane thickness naterial). The increased

strength pF to sleflpction) forhewayy blgdesisad ihe yeaker ndafosmed flap blades.i mated

b ] . . ' | | i.-ng and
oumoar e Refdithg 1 Fig 2N U bGis rlnllfs Gl BepR o oor B ARKAERH oF
resi st ance niidlintethrewgh the)blider mednbenid; VY, haid fanciivn dfftengihak cdnduthe eippered

flat blades. Referring to Fi?. 10, the following formula can be used to
giloweruirkage, oighbhe bl ade nenber 12, Y[err], as

-

G

descri be t Fefacsc¥y tdu.oqnd th
a functkon of length, x, and the upper surface Y[err] + h/2, and the | ower

surface, Y[err] - h/2: 15 [err] . Wekex . Zy L t crest to valley wave
anplitude, 1 = wavel ength, g'na"“‘” 7 ,Yn+(h72),%-ﬂfz)

where: | £ = 1/2 the crest to valley wave amplitude,
1 = wavelength, and '
20 h = blade thickness.
The moment of inértia, I,,, for the wavy blade can be calculated as follows:
o, + h/2)
L=1§,ydd=1{,] Y dydc = Il + h£]

o, - h/2) . 12 2
25 :
The moment of inertia for a flat sheet (without waves) can be calculated as follows:

Flat Blade (£=0): I, = Kl
12

The .change in moment of inertia, and thus the additional blade stiffness, caused by
30. forming the waves in an initially flat blade is given by the following formula:
| ABlade Stiffness (per unit length):

AL, = L(wavy) - L. (flat) = h£’
2

The ratio of the moment of inertia for a2 wavy blade to the moment of inertia for a flat



20 ' h = bl ade thickness. The nonent of inertia, I[err], for

t he wavy. bl ade can be calculated as follows: [err] [err] 25 The

inertia forWeoeB35¢17 sheet (wi thout waves) can be cal cul ated aPCAHY %%751 Fl at
Blade (=O: ‘I[err] [err] The change in noment of inertia, and thus’ the
addi ti onal bl ade st i ffness, caused by 30:19orning the waves in an initially

flat bl ade | .ven b e | 1.om_ng fornul a: [err]BIade Stiffness (per
unit | engt h;’fad?éﬁ S]VCEB{’YHB f%!fqvﬂngﬁb Anpnent of inertia for a wavy bl ade

to the nonent of 4 J t= 1 2/ 380
PCT/ US98/ 03761 - %E{Yé ‘gﬁ'@c@; #gné'i Sen_wz flglgl &oén)ng formul a: [err] Bl ade

Stiffness Ratio: R = I[err](wavy) = X ¢la®) ([err])perr] 5 These fornmul as
wer e used to cal cul ate t-he nonents of Inertia for a vva\%y bl ade nenber

(havi ng & cThese foomylas weye asad| toraglrulate the womentsafdnertia for 2 waxy dladenimember

the’ monent. Gviecs breatfoaaly oSG 00 sh ad o Bt DI REmber iRed 83, 1° o,
a wavy bl adgontFdIp Gir tind thitkhedsey, 0{008" lahat0.0042d eTHeBE s of 3RS nidiEertodf iRdrEaS €

of monent of inertia of the wavy bl ade nenber 10 over that of the flat
bl ade menbecalgulgtipmse thenratia of dhe momentr gf inertia formBwavyl blade mgnshar 3o shatffoBthed e

gjlg]efs nigs ( %{2{‘8 ahe ?r];emb g4 Idathg % n%rx]'ieatse IT) rlﬁgom%xglgxmg%ﬁﬁ 06 612%0 Qvtawrrj(r) lbla%'e%qgnsxbeﬁl at
5. 333 x10.0[ evéd tht &Othe flat blade member are Predént¥d bEo& #nl Tably Y. Bl ade

TABLE 1
Calculations of Blade Stiffness
(Moment of Inertia per Unit Length): Wavy vs. Control Blades
Flat Edges
15 h I
Thickness
“ 0.004 5.333 x 107
| 0.003 225 x 10°
Wavy Blade
20 h £ I Ratio Al %Increase
thickness | 1/2 wave | (I(wavy)/ I wavy
amplitude I (flat) over
R ' ' I flat
3 0.004 0.0015 9.833 x 10° | 1.844 4.5 x 10° 84.4%
0.003 0.0015 5.625 x 107 | 2.500- 3.375x 10° | 150.%

From the above table it is seen that the moment of inertia for a wavy
25  blade of 0.004" thickness increases 84.4% over that of a flat blade of the same
thickness, and for a wavy blade of 0.003" thickness the moment of inertia increase is
150%. It thus appears that the added stiffness provided by the wave shape can be
particularly significant for blade members made of the thinner 0.003" thick metal.
. In multiple blade systems (such as shown in Fig. 5 or Fig. 6), it is
30 preferable to align the crests 80 and valleys 82 of the first blade with the crests 83 and
valleys 84 of the second blade, respectively, as shown in Fig. 11.



20 . h I Rati o [err]l

% ncrease thickness 1/ 2 wave (I (wavy)/ I
wavy anpl i-{wéfss/3so17 | (flat) overPAT/B$98103T61004
0.0015 ~ 9.833 x 10[err] 1.844 4.5 x 10[err] 84.4% 0. 003

0. 0015 - 5.625 x 10[err] 2.500 -31375 x 10[err] 150.% Fromthe

above table'it is seen that the nonent of iner}ia for a wavy 25 bl ade of
0. 004" thickness i ncr@theesmBédidténtuveil tht limtentibn ard ivithinbthedeoms of the sane

t hi ckness, and for _a wavy bl ade of 0.003" thickness the poment of inertia
i ncrease | #ppewizd glaimsh -ga;sbfeafuage&wa?d gﬁ@r%%f‘é@tsqqlx thecZantpertion of blade; e

wave shape i | oLl 0 I e
hi ner 0. GBaR0r % Aol el pt oRicffing oAl kokech 6 ERSRRIGIAE 0 Kk
Fig. 5 or FoutingSgdge] the wavk8 couldr siferizndly @ohvergt and diveegecascthey eRfend rdarvaird ey s
82 of the first blade with he‘cresl? 83 .and valgggs 84 of the.secogd

bl ade, Pesdeemithefipnt gdees hilsn, inmpjtiple blade systeres, dhe serstsand valleys can be

PCT/ US98/ 0 L - . odiments of the invention are within the
scope of tﬁégéﬁﬁ%%ﬁgﬁ‘%%gﬁﬁggﬁg.g., t he waves could be provided at only the
front portion of blade nenber 12, and, instead of extending parallel to
each other perpendicular to the front cutting edge, the waves coul d-
alternately converge and diverge as they extend rearward 5 fromthe front
edge. Also, in multiple blade systens, the crests and valleys can be
unal i gned wi th one anot her. WD 98/ 38017

PCT/ US98/ 03761 - 12 - CL Al MS 1. A bl ade for a shaving razor
including a generally flat blade nenber having a width along a w dth axisy
a length along a transverse length axis, and snaller dinmensions along a

t hi ckness axis that is normal to both of said width axis and said 5

| ength axis, said blade nenber having a nonlinear front cutting edge that
general ly




extends along said length axis and is defined by a plurality of waves

havi ng cre nd. val | eys extendi ng above and bel ow said le

di r.ecti on- ﬁ%?ﬁ%i’gl par allel to said thickness axis. 2. %‘;}"f%}(’gﬁade of
claiml1, fufther conprising a support unci r said bl ade 10 menber, “said
support including an upper portion to whi*éll said bl ade nmenber is attached

and an extension extendi ng downward tm sai d upper portion having a
plurality of waves aligned with said of waves of said bl ade

menber. 3. 1 Tneolmeaﬁ? a%aﬁhé'r&io%mc‘.’lﬁﬁh? a(';geiﬁfaﬂ vy e hémbby cker
t han sai d bl ade nenber. ade of €laim 1, wherein said

bl ade menbdravingsa mdthrvgong am&zhtamm length alahgi mtrmgrsarimguhmdseandamamerand
24 of said

. 5. " s e. bl ade of clai.m.4, .wh d
rerber has cﬁ%&?@ewoa&a%mss iy agrme) 1 b0t of S gl Phaand 261 o m
1, wh '
o151 Ak S SR VR AnBEpbafnphiser Bl b F Bty

crests and v leys’ of The b ,
wher ei n sai ektemsls @tongesaid lengthngptis andlis deffinddl by saaplurdlity of saveshaving erests andd
val | eys of between 0,.002" an 04"..8 . . he bl ade .of 1,
vher ol Sai YT AReRRB abote s brlow s lensthymxin e SSPRITERE PoEREl i
waves have ﬁﬂ:kﬂé@&'dxlélde of distance between said crests 25 and val | eys

that is between 50% and 150% of said thickness. 9. The bl ade. of
claim8, whikrein sai dTheblade bfiekimrl, fuythértcothprisingdi suppodaunder said blalei d
crests nd vaI s that i en 75% and..125% sail i ckness

The bl L’%Ey ‘a‘?é‘ﬁl‘ 8 HBRYT POIYon, 3%#&&@%‘65 Q%F&h of
sai d bl adeéfamaf d?‘&extéﬂs tending HBGWeRFBeRiror, 3aid il

bl ade nenber is rraa%e of matl?;lrll e}l{og?wegen about Oe%fng and é\%’%ﬁ 01 % ck.
12.° plutadith bfishaves aligned withosaidvpbwality of avayes bfi siid fladeamernbermmade of

net al 98/ 38017

'PCT/ US98/ 03%61 - 13 - 8% Rads of glaim % whesein spid syppeshis thigkex thaposaid blade 1,0

bl ade of clgiefher, Wherein said bl ade nmenber is spot welded to said support,
and wherein said wave valleys are aligned with said spot wel ds.

15 4. The blade of claim 1, wherein said blade member has a length of
between 1 and 2 inches, and has between 2 and 24 of said waves.
5. The blade of claim 4, wherein said blade member has between 6 and 18

of said waves.
6. The blade of claim 1, wherein said waves have an amplitude of distance
20  between said crests and valleys of less than 0.012".

7. The blade of claim 6, wherein said waves have an amplitude of distance
. ¢ between said crests and valleys of between 0.002" and 0.004".
| 8. The blade of claim 1, wherein said blade member is made of metal

baving a thickness, and said waves have an amplitude of distance between said crests
25  and valleys that is between 50% and 150% of said thickness.

9. The blade of claim 8;' wherein said waves have an amplitude of distance
between said crests and valleys that is between 75% and 125% of said thickness.
10. " The blade of claim 1, wherein said waves extend throughout the width of
said blade member. _

30 1L The blade of claim 1, wherein said blade member is made of metal
between about 0.002" and about 0.010" thick.
12. + The blade of claim 10, wherein said blade member is made of metal _

A W L A



14. . A razor bl ade cartridge conprising 5 a housi ng,
and a bl ade nounted on said housing, said blade including a generally flat

bl ade meniwoodmeeing a width along a width axis, _a | ength alREEUSIHWBHIsverse
| éngth axi §, and smaller dinensions along a thickness axis that—+s nor nal

to both said width axi.s and said | ength EXis, sjmmwﬂﬂ"mﬂm Favi ng a
| ﬂ i'd | engfh

nonl i near front cutting edge that 10 gener al |
axi s and ilsetobeén alht9y003" @nd 0:004{"thisk. waves havi g érestsHa dl | eys

ext endi ng ove and I said, l.ength axis [n a.diregtion that is, parall el
to said thttkness axi ‘?% e of claim 2, e@aﬁafﬁ]&ﬁ%nﬁn. f 33 ?Rofﬂelﬂa‘iﬂ{)%%ﬂ‘

conpri si ng | & d it %aﬂ’ﬁﬁ?ﬂﬁe {sncl udi ng an
upper port?‘%ﬁaﬁg%?vgﬁggg% g‘fag(eje nbéefkgqlngﬁelﬁlﬁgttac ed a;l an extension
ext endi ng thwnwar d t Aerazér blayle sairilgepgeaprising i-on having a plurality of

waves igned wth said pluraljty of waves of said bl ade nenber, said
housi n? havi ng a sl o?mgggg’\ﬁ“tqg sai d extension, said extension being

slidably nmounted withi 'gﬂgﬁéd) . : : 4 fp 15,
wherein said supportgiﬂghctﬁﬁ?c er ?%g%:ﬁshgiusdmg,l %%%gg%eqﬂé#g%g%ég%myaﬂ&

The cartr i bigde ofembieahavihg a width elong sawitlthh hxzidea hengite elong s taarswerge benpth
between 1 and 2 .i nches,..and. has. between 2 and 24 of sai ves. .18.,
The.cart 11 96 B0 DRalierineisigne Alang & QRO HiekSLPomma th Sofbed Bidthy 1
of said waygs and 3aid 1éshth axis, said bEHAS r%éiﬁﬁér'}ﬁ nGhifed? Hnt %?:ﬁ:hggeg%ég*a‘ﬂl oss

waves have an anplitude of distance between said crests and va
t han O1M12genelly extends alonphsaid lemgth ade and icdefined 1Y, a plveality vf seavds havimg have

107 0 SR SR S e Jod I b ke e i e 3
menber is g?gﬂel% RE Mickdbss axfkaVvi ng a thickness, and said waves have an

anpl i tude di stance between said crests and valleys that is between 50%
and 150% ol5.sai d t hi Theesdridgoof claim 14, filfther cemprisinge suppart andershid bladeei n

sai d waves_haye an. | i tude af WD 98/ 38017 .. . .

PCT/ USos) omPaiber. St Supppe tiiuding an OBFF ROram s adich s bladegisbenis: | <

bet weefs 7534Aed 4P % @ktehsibA extending downward therefrom, said upper portion having a
plurality of waves aligned with said plurality of waves of said blade member, said

housing having a slot receiving said extension, said extension being slidably mounted

within said slot.
16. - The cartridge of claim 15, wherein said support is thicker than said blade
- 20  member.

17. The‘cartridge of claim 14, wherein said blade member has a length of
between 1 and 2 inches, and has between 2 and 24 of said waves.
18. The cartridge of claim 17, wherein said blade member has between 6 and
18 of said waves. _

25 19, ~ The cartridge of claim 14, wherein said waves have an amplitude of
distance between said crests and valleys of less than 0.012".
20. The cartridge of claim 19, wherein said waves have an amplitude of
distance between said crests and valleys of between 0.002" and 0.004".
21. The cartridge of claim 14, wherein said blade member is made of metal

30 ha\}ing a thickness, and said waves have an amplitude of distance between said crests
and valleys that is between 50% and 150% of said thickness. _
22, ~ The cartridge of claim 21, wherein said waves have an amplitude of



t hi ckness. 23. The cartridge of claim 14, wherein said waves extend
t hroughout the width of said blade nenber. 5 24. The cartridge of
claim 14,  WNIWBOLi d bl ade menmber is made of netal bet ween PSFSURO8E3T6d 2
and about 0.010" thick. 25. The cartridge of claim24, wher€in said
bl ade nenber is nmade of netal between abed# -0. 003" and about 0.004" t hick.
26. The cartridge of claim15, wherein said blade nenber is spot
wel ded to 1Qlistangecbetwesnosaid crgsty anf veleys thay ig between 7% and i13A%dofwaid sai d
spot wel ds. tﬁf ' The cartridge of claim 14, wherein said_cartridge
has a pl ural c{;n%s'fs. sai d bl ades including bl ade nenbers,, and said waves in

one bl ade nexgher are afhgeptidgeiof CEMER, iwhedélf ishidrwiles @Rtetid thughaidt: the

The cartridge of claim 14, wherein said cartridge has a plurality of said
15 bl ades, width ofisaid blagdaserabas. fi xedl y nounted in said housing. 29.

The cartrid of clali 4 reisn.sal gdi cart i s a plurality of said
bl ades, and “aid bl ade ea?aé% |°§P‘ﬁoﬂ%t%§}f&§‘ﬂ%§ibg§%o@§$‘h& 1 .°°1L metal
The cartri dgpnéenCativut0D02" whe abdut 0o thickdes are separated by a spacer
and mounted on a platform portion of said housigig. 20 31. ' The

cartridge of25%I| ai m 14, Thshearsidge oficlpimodfs iwher¢ins adecmemyes isrmede B mietal
connection to,a hand » RI | myctyre providing pivoting of said
bl ades wi th l}egg?)eélc oklg()@?d%‘g%‘g%@ %CH _ The cartridge of claim 30,
wher ei n sai pgzonnect i Mphe tdrttidgd of o B ivheéil Ghid lade membeF B ot weldedi tded
by structure that provides d pivotal connection between 25 said cartridge

and sai dOharsgidesuppert, and whereinrsaid wayes are alighedwith ssidaspet svelds i si ng

shar peni ng eneral | y.f | at bl ad nber - havi.n wi dt.h along,a w dth axis,
a length al % a transvag gﬂ@ﬁg"?ﬁ@% E‘{’ vQ??ﬁelg%ﬁﬁlcéfm&g F%r’m‘ér%o?ésaéf

thi ckness axiladdsfiaéluding H4d¥BherhBers dud MidlivavesinSond HladeinBmbenadelaldned widhai d

bl ade nmenber having a 30 linear cutting edge that extends along said
| engt h axi s, wawed in jgnether blade memberi ng sai d bl ade menber to cause said

CuLl1 1, 2000 be, k0BRGN i Gt ISR PSR
PCT/ US98/503 Mlddes, and said blades are fixedly mounted in said housing.
29, The cartridge of claim 14, wherein said cartridge has a plurality of said
blades, and said blades are movably mounted in said housing. '
30. ~ The cartridge of claim 28, wherein said blades are separated by a spacer
and mounted on a platform portion of said housing.
20 31. The cartridge of claim 14, wherein said housing has connecting structure
for connection to a handle and pivoting structure providing pivoting of said blades with

=

s respect to said handle. _
32, The caru'idge of claim 30, wherein said connecting structure and said
pivoting structure are provided by structure that provides a pivotal connection between
25  said cartridge and said handle. | |
33. - A method of making a blade comprising
sharpening a generally flat blade member having a width along a width
axis, a length along a transverse length axis? and smaller dimensions along a thickness
axis that is normal to said width axis and said length axis, said blade member having a
30 linear cuiting edge that extends along said length axis, and _
thereafter deforming said blade member to cause said cutting edge to be
nonlinear and have a plurality of waves having crests and valleys extending above and

Ly



- 15 - .bel ow said length axis in a paraIIeI to said

t hi ckness axis. 34. The rretmlmﬁﬂllﬂmumyﬂ further conprising
mount i ng swiothssbéiade member on a porticon of & support prior RGF/ESASR3T6]
deform ng step, and wherein said deformng includes deformng both said

bl ade nenber and said portion of said suppgosrt 5 underneath said blade |
menber. 35. The nmet hod of claim 34, wherein said support is thicker
than sai d bbelewe saﬂrﬂbngtha’iﬁsmadxrecuon'lthet Hmarabﬂlwsmd&lakm amiserei n said
nmount i ng i ncludes spot. wel di ng menber ,to sai d.suppar,t, at spot
wel ds, and Yherein salbe ‘\/\%ﬁsa ?é,%@th %ﬂn%fnoé’épﬁg\ﬁgﬁl 9‘250r sai d.
crests. W’H& cl udes
spot wel di ngﬂglaafrdo%ﬁyéghén?e% ﬁ; gl% gﬁ%bdogétmgﬁing %an %‘E 2l erein
sai d spot v&fdmnagamﬂndstdedbmnng both said blade meégber and said poftien wftshiddsupport

cI aim 33 wher ei n _sai, form.ng includes bending 15 between opposed dies.
mqe{;gm %&b CPEMI38, wherein said opposed di es have

nonrrat Chl ngggurfaces §ge. aseildd @Fél!inggﬂ%ﬂér‘éﬁ?saﬁ@%}ﬁ;s t@ick&l B QhidSElhdk

bl ade rrerrber during de or m ng alm 39, wherein
sai d di es hmembstrfaces that cause 20 three poi nt bendi ng of said bl ade

menber. 41. 1}.@ t ho ?’f?f cI .wherein said S have rfaces
that cause 3&ur - poi nt Sl ﬁi‘ﬂji bY"EFé g}oungggmcues SPotl'Wé hod -

of cl aim 34q.; MiEle ferfir do SaIdNup) matggdweg&s B Shit o RS di e
havi ng nonnat ¢hi ng surfaces so ovi de "'regi ons material flow
of sai di(l albeated b eaid vatleysaorcsaidipgestst duri ng def or m ng. 43 The

met hod of claim 33, re b] a nber s a l.engt f befwe 1 a,nd"
2 inches, él\ bet vveeWt}g %th“’éﬁ"g?l gg Gren sai H‘quémﬂﬁg‘é“q'(‘ff sr?é’f’laweﬁg'?%\een
about 0. 002 , %)éﬁd

anpl i tude o?mg:aghtdg%ge %tt%glr? g‘s@r@g’%g@ﬁs‘»ﬂ%%\&}gl ys \(%?1 SsS an 0 012"

30 44, located afbaidrwedleysd of cl ai m 43, wherein sal d bl ade nenber has

bet ween 6 an 18 of sgjd nd i de, of I betwe 0. 003"
and about 03%04" thi caJh %‘?ﬂi%ﬁg‘ﬂmga&' ﬁ&ﬁlg@“ P
- di st ancgs bejuarbBy gﬁb&egrﬁ'g s and vall eys
39. The method of claim 38, wherein said opposed dies have nonmatching

surfaces so as to provide regions for material flow of said blade member during

deforming.

40. The method of claim 39, wherein said dies have surfaces that cause
20 three-point bending of said blade member.

41. The method of claim 39, wherein said dies have surfaces that cause

four-point bending of said blade member.
42, The method of claim 34, wherein said deforming includes bending
between opposed dies having nonmatching surfaces so as to provide regions for
25 . material flow of said blade member and said support during deforming.
43, The method of claim 33, wherein said blade member has a lengﬂ'n of
between 1 and 2 inches, has between 2 and 24 of said waves, and is made of metal
between about 0.002" and about 0.010" thi.ck, and wherein said waves have an -
amplitude of distance between said crests and valleys of less than 0.012".
30 44, The method of claim 43, wherein said blade member has between 6 and
| 18 of said waves, and is made of metal between about 0.003" and about 0.004" thick,

and wherein said waves have an amplitude of distance between said crests and valleys
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- 16 - of bhetween 0.002" and 0.004". 45. A bl ade for a shavin

razor incl ul®PB%enerally flat bl ade - menber having a wi dt PCVEHE0378%i dt h
axis, a length along a transverse ' length axis, and smaller dinensions al ong
a thickness axis that is normal to both oflésaid width axis and said 5

| ength axis, said bl Jrenper having a nonlinear front cutting edge that
general ly eﬂfj??ﬂgee&@a@z S‘H}rdrgo-p@‘ﬂgt h axis and is defined by a plurality of
waves havin rests an I . Lng . o' h axis
in a direct ?‘c??\ that i s&;})\g@aelqag? sﬁ%‘hgg?#&?hl C dré@%?%??@l??ﬁééigi‘%ﬁﬁ%ﬁh%ﬁn ng
an anpl i t udéchavingch sfidthadoripes width axis| d lerigth alongidirdfdverse lngiis a%is) A6 gdalle be

greater than_an anplitude that causes unnecessary cuts_ in the skin if the

cutting edgelimsnsipnsplanga thigkness axis thatiis nommal te &%ﬂeof gaid widthraxis andhsaidude

Cutti g Sagdlndff S8R biadh RS 1ROHSY hodtlish R8T AL bedial REREAIN.OC . |
anpl i tude ofexeindt along said leagth iy shdoisalefifedibyl aVplidatis o vagesSiiviig E1@S8 and

0. 001" and legss than Q.012". 15 47. The bl ade of cl aim 46, )
wher ei n sai vallgyesxtending aboveand; heloye seid lenatk axisdn sedivastinn dhatds paraliekstoasaid

val | eys of RQgtwne aQisOOZ" and 0.004". 48. The bl ade of claim45,
wher ei n -sai ade nehber is made of netal having a thickness, and said _
waves have an anpl it udidwavistavitpearbahplitade of dittamece betiveen Gaidadrbsty aind hat i s
bet ween 50% and 150% of said thickness. 20 49 The bl ade of claim

48, wherl8i n valleys seleriad Wo-Re-graater thenian aeplitadesthet eanses wenesessaryseutsiin: thesskin

d |1 . ' +A59 % Qf | ' 50,. A
o r engt honed! EftcHind S8 hid MAcBR0s o vhe fin 88 o bEAGE "0 oBlinyde shat
menber havi nguses\s diicreast inghating cbinffoftsilien conparet to 2liaog forit/CARMLCERR

l ength axis, and snaller di nensions along a thickness axis that is npfmal
to both of 6 d width g blagsef clgim 43; whersiysaid saves havgian anplituderofidistance

havi ng a nonl.i r | Ll xt.end Hong said
| engt h axi srﬂae%vv |ssaﬁﬁg%%%%%&gﬁgﬁ%#%@&eé%é%F&ilgmt@gz#s and
val | eys 16xt-e7di ng aboVEhesbldddef clains 46 dwherelii snidixiaves Rave i rfflitude of dikancs

parallel to said thickness axis, said blade nmenber having a moment of
inertia thatbefueen; sajdgrests and valeys %rh?&t’%ep Q.00 ad B of inertia for a

flat bl ade ngnber nad | %aﬁg ' éﬁbﬁ&r |
st rengt henedm%bl ade an al\)/l%@%&]ﬁn}]gg,r%gﬁg e e%g%hg . qgnﬁah?’rf]én%?lade of
claim 50, whavingra thickaess) and saidfwaves haveear &aplitude of distase between said crests

and valleys that is between 50% and 150% of said thickness.

20 49. The blade of claim 48, wherein said waves have an amplitude of distance
. between said crests and valleys that is between 75% and 125% of said thickness.
8 50. A strengthened blade for a shaving razor including a generally flat blade

member having a width along a width axis, a length along a transverse length axis, and
smaller dimensions along a thickness axis that is normal to both of said width axis and
25 said lengtli axis, said blade member having a nonlinear front cutting edge that generally
extends along said length axis and is defined by a plurality of waves having crests and
valleys extending above and below said length axis in a direction that is parallel to said
thickness axis, | '
said blade member having a moment of inertia that is af least 20%
30 greater than a2 moment of inertia for a flat blade member made of material of the same
thickness as said strengthened blade and having a linear blade edge. |
51. " The blade of claim 50, wherein said moment of inertia that is at least

Ay
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PCT/ US98/ 03761 - 17 - 35% greatermUIH |Hl| H)Elll nertia for a flat blade
menber ‘madwowBssmEreri al of the sanmtl® i i d stren®POTAISSS0IN6hde

and havi ng 7linear bl ade edge. 52. The bl ade of claimb51, wherein
said nonent of inertia for said blade nenter with waves is cal cul at-ed using
the formula 5 [err] and nmonent of inertia for

sieu df : a’a b?zﬁd;gremem]an m]mdimmvcﬁ'anemad’af alﬂaﬁblﬁdeumlﬁ&rtxhalidl‘ off idtegiall Bf the
Fl at Bl ade (=0 rr e the crest to valley wave
anpl i t ude, SRME F@r‘?&t*r‘,‘{ %W&gwene%blaé@ apgh havingdinear blade edge. -

52. The blade of claim 51, wherein said moment of inertia for said blade
member with waveés is calculated using the formula
5 O + 12
Iy=[4ydd= |, ¥ dyds = Kl + b€l
O, - h2) 12 2

and moment of inertia for said flat blade member with waves is calculated using the
formula

10 Flat Blade (£=0): I, = Bl

12

where: £ = 1/2 the crest to valley wave amplitude, g

= wavelength, and
h = blade thickness.



