Razors TECHNI CAL FI ELD This invention relates to
razors, nore particularly to nulti-blade razors, and
wo ooobhiael units for such razors. BACKGROUND | nPGTYEB2007H151014
it is desirable to achieve a close shave, while also
provi di ng good shaving confort and avoi di ng ni cks and
cuts. Factors that affect shaving perfornmance include
the frictional resistance between the bl ade edge(s)
and the skin and sharpness of the bl ade edge(s), both
of which effect the cutter force applied by the
bl ade(s) to the hair. Anot her factor that affects
shavi ng performance and bl agg,peqr is the bl ade
exposure, i.e., the extent To which the blade tip
ext ends beyond a plane defined, as will be discussed
bel ow, between two adj JAHANEGAR FEBRPact points of the
razor. Bl ades can be positioned with a neutra
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exfosure (the blade tip extendi ng beyond the pl ane),
ugits 1or $he§54%°%e exposure (the blade tip is recessed
behi nd the plane). Negative exposures are possible
because skin is defornaﬁhgéﬁgggbﬁﬁa)"floms" into the
area behi nd the plane. I ve exposures wl |
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and thus have different relative sharpness. The tip .
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characteristics. In some | nplenentations, tﬁ% bl ades
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bl ade,...Preferred razors exhi bit a good bal ance of
R b S0 SRR o IBIR! Mgl h i i el i cks and
cuts even for users susceptible to nicking.In severa
aspects, the invention feqh%hgiAﬁézors that include a
safety razor blade unit

The invention features multi-blade razors in which the different blades have different tip

radii, and thus have different relative sharpness. The tip radii of the different blades can be
selected to provide the razor with desired performance characteristics. In some
implementations, the blades are positioned at different exposures.

Tip radius may be measured by estimating the radius of the largest circle that may be
positioned within the ultimate tip of the edge when the ultimate tip is viewed under a scanning
electron microscope at magnifications of 50,000X. The blade is edge tilted at 30 degrees from
the incoming electron beam source in the plane of the blade.

Preferred razors exhibit a good balance of shaving closeness and comfort, with minimal

nicks and cuts even for users susceptible to nicking.



conprising a guard, a cap, and first, second and third
bl ades with parallel sharpened edges |ocated between
wo b@7gused and cap. In a first aspect, the bl apEBIBAVE051014

first, second and third tip radii, respectively, at
| east two of the three bl ades have different tip
radii, and the first blade is closest to the guard and

has a tip radius greater than the tip radius of at

| east one of the second and third blades. In a second
aspect, the first blade is clgsest to the cap, the

third blade is furthest from the cap, and the second

bl adin deserdli sSposede hetmearfedtres fazors thagindutidi satetptadetdade unit
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pljscussed above, the second bl ade may have a tip
radlus greater than, equal to or less than that of the
t hi r th dothad espeamigatmm first slhdebib aldeesnyhenay ghathind blade thi fushest from
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fir@uhd MirPORIdEd, ons from t he guard respectively, the

fourth bl ade may have a greater tip radius than th
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radius of the first blade and the tip radi us of the
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second bl ade may be greater than the tip radius of the
t hi r dhdlagefenayThdudedoerbladayhdving nagrlel shorpend edgase If the third and
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arac eristics described herein
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séavedblatdgmay bd apptoxbhade eqwl to the tip radius of the fourth blade. The tip radius of
the second blade may be greater than the tip radius of the third blade. The razor may include
five or more blades.

The invention also features blade units having the characteristics described herein.

In other aspects, the invention features methods of making razors. For example, in one
aspect, the invention features a method of making a razor, including treating a first blade to
provide a tip having a first radius of curvature; treating a second blade to provide a tip having a

second radius of curvature; treating a third blade to provide a tip having a third radius of

curvature; wherein at least two of the radii of curvature are different; and assembling the first,



provide a tip having a first radius of curvature;

treating a second blade to provide a tip having a
waewontserdi us of curvature; treating a third PCEIB0051014

provide a tip having a third radi us of curvature;

wherein at least two of the radii of curvature are

different; and assenbling the first,second and third

bl ades in a cartridge conprising a guard and a cap,

wherein the bl ades are positioned having parall el

edges and have different bl ade exposures. In other

aspects, the invention featuré€s net hods of shavi ng
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sharpness The bl ade sharpness nay be quantified by

nmeasuring cutter fQSESCRIFIION OPIDRAWARESW t h
sharEness Cutter force is neasured by the wool felt

cut t 810 { &4 CrosireetipnAeas Plesblidsd iyt t er forces of the

bl adg;jkb YerfRASUE nBELs ihe [A{®E dfa@itsk fREbaRVikg_fheRisade to
cut through wool felt. The cutter force of each bl ade

is determ ned by nmeasuring the force required by each
bl ade to cut throughDEMAILEDIDESERIFTIONDE S run

t hrough t he ol felt cutter 5 tipes and the force of

each! "c‘{i‘flo}lssmﬁg‘—‘é‘?ﬂ%ansoﬁg repiigeg et the fasar ﬁ‘aﬁﬁég{m&f tig;radii and thus
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and positioning of sharper and dull er blades can be
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he manner a particular ctions w
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iKeferring to Fig. 1, a blade unit of a razor cartridge
includes a frane 1 defining a guard 2, and a cap 3. As
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vdl duttheir tahdireyatively duller blades will tend to pull hair up so that it can be cut closer to the
skin by the following blade(s). However, the manner in which a particular blade functions will
depend on its exposure as well as on its sharpness.

Referring to Fig. 1, a blade unit of a razor cartridge includes a frame 1 defining a guard
2, and a cap 3. As shown the cap comprises a lubricating strip 4 mounted on the frame. The strip
may be of a form well known in the art. Carried by the frame are primary, secondary and tertiary
blades 11,12,13 having parallel sharpened edges. The blades may be supported firmly by the

frame to remain substantially fixed in the positions in which they are depicted (subject to any

resilient deformation which the blades undergo under the forces applied against the blades



bl ades 11, 12,13 having paral |l el sharpened edges. The
bl ades may be supported firmy by the frame to remain
wauwstnasei al |y fixed in the positions in whi chP@hEBRoGH 51014

depi cted (subject to any resilient deformation which

t he bl ades undergo under the forces applied agai nst

t he bl adesduring shaving). Alternatively the bl ades

may be supported for limted novenent agai nst spring
restoring forces, e.g. in a dowward direction as

viewed in the dramnngs In the bl ade unit of FIG 1,
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relatively dull secondary blade tends to reduce the incidence of nicks and cuts, without
compromising shaving closeness. The primary blade may be quite sharp without significant risk

of nicks and cuts due to its negative exposure.



tertiary blade will cut the hair that is pulled by the

secondary bl ade. The inclusion of the relatively dul
waewontsey bl ade tends to reduce the inci dencePOF/IBWEKE1014

and cuts, w thout conprom sing shaving cl oseness. The

primary bl ade may be quite sharp w thout significant

risk of nicks and cuts due to its negative exposure.lIn
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The tip radius R may be varied by controlling the properties of the coatings applied to
the blade tip, for example by adjusting the sputtering conditions. The bias on the blades, prior to
and/or during sputter deposition, can be varied to effect the etch rate. Generally, blades
processed with high bias voltage (e.g., greater than -1000vdc) yield smaller tip radii and thus

lower cutter forces than blades processed at low bias voltages (e.g., less than -200 Volts Direct



dull tertiary blade will tend to give a very safe
shave, with little danger of nicking or cutting, while
whamrngsal rel ati vely sharp tertiary bl ade w | | PEF/B20e#051014
a very close shave. The tip radius R may be varied by
controlling the properties of the coatings applied to
the blade tip, for exanple by adjusting the sputtering
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CUlA 95 pe Seensrally Haovidipg deleT Bladefd8 mofhaxppyer wesipersgvill reduce the
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wi |l provide greater safety and will apply tension to

clpsir maw@opiTablesh e ofthahasd blen A hegmicnigs thaltfer dseain women’s
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air re closely an ss cut
nfipbge! biagdesarsed. | 4 despedvordhingiod of bledesiplf ddiesing sharmmess can be
Lt . r e of nicks
R OB bt RS Bl PREIERET Phoce
pOSi Ainombenaf Iehlbpdlmentd of ée uivestem hanobeen desefibed dfvertheless, it will be
en noted

e inventors that.
PP bl A AT PR AP R R Pl g ana seope
of e pventicdhe a sharp blade in the primary position
regardl ess of. the nunber of bl ades used. dee ire% .
conbl HATFBRCTR SHPQECEInops B g™ I i s"niyatWO gades. In this
case, it is advantageous that the primary blade be duller than the secondary blade. This
arrangement allows the primary blade to apply tension to, and lift up, the hairs for the secondary

blade to cut more closely.

Accordingly, other embodiments are within the scope of the following claims.



determ ned based on the desired performance attributes

of the razor. A nunber of enbodinents of the invention
whaonag/18en descri bed. Nevertheless, it will bePCT/IB2007/051014

under st ood that various nodifications my be made

wi t hout departing fromthe spirit and scope of the

i nvention. For exanple, in sonme inplenentations the

razors may include only two blades. In this case, it

i s advant ageous that the primary bl ade be duller than

t he secondary bl ade. This arrangenent allows the

primary bl ade to apply tensiod to, and Iift up, the

Wikdtrisclhiniedtifte secondary bl ade to cut nore cl osely.

Accordi ngly, other enbodi nents are within the scope of

t he 0| lI‘QZV(\)IiI‘ C racte ZnEF nvﬁa%tsa d%az%r Comw%gesl s: 1. Arazor

characéerlze N rRal S8 FE20r onprlses a safety

razoa saﬁét&dﬂoﬂlﬁiade umxrcpnupﬁsmga puagdiarcdp, aad 6iesp,sec@nd afid thet plades

con d t hi r bl ade aral lel sh d .edge
AR B s SR iy P A Fh S RBRERR 4T Pt secona
aﬁdl theil tipS&LioRdpaat ckl, ht edst tw@of el ihree leelﬁspl%ﬁllﬂg\t&ﬂf@tent&b radii, wherein
east two of the thre des. haying differ
ﬂ}eafbf?ﬁ bla‘\%ﬁ%‘ﬁ‘éﬁeﬁ ¢ g & §‘P‘ll Fs4dip TPuLEreUEdpan (ge Plﬁ B’“‘dg’ﬁ St g least one
ofhd sb@dfd and thigd bREIsUS greater than the tip radius of at
| east one of the second and third bl ades. 2. A razor
characterized in that said razor conprises: a safety
razon, K Ads UMalie SRR indl AQ R BY&hFkHsed cap, and first,
second and third blades with parallel sharpened edges
| ocat axfeth &zplelpde e cgmaritingmauaed g oap-taRd fire seqopd andyihgd blades
hgﬁfaaﬁgl silQlﬁEIQ:@ cB&H 'locta!%g bEtWe&gthp %@aﬁl@ afdHt W}éhfﬁ&ltthé ﬁl@mlgcn:eclosest to

e second bl ade di sposed en the firs
tlzm@p ithg therd bladel @xthest Iﬁrenbha@@s alhiatbfr ngfd hade dispesed rbdt“@ﬁldthe first

aIuﬂ{hﬁrq bLa]d [h%q);l]ddes ﬁa%ﬁ%%ﬁ% s‘é&')&é ana'ihlide[g)srlﬁc,lﬁ,&%g?cféilv%lp,teaﬁ leeast two of

avi ng erent ti
t@ehmﬂ dlabd:sahamng ddterdnt tiplradli adiescie dehyedvad blade andrhirdibliades each have a

tl% ra us a‘iel}?l{] ttlli]eet Iy &BIU.S 81?4% 1rs?f;la%ﬁhe first blade. 3. A
azor arac eri Sal razor corrprlses a

safety razor bl ade unit conpr|S|ng a guard, a cap, and
firsg secoq%'and Hg € des with %arallel shar pened
edged {O¥AT S HETELH PHSUGIHEPL ARG Cap with the first

bl ade satt9 €6t blhde dn@omPfIsing lﬂguatr(ﬂllarcdp b.h@ﬂﬁst fseyohth@&d third blades
fronlﬁhe Caﬁ@ and the s cond bl ade d ose

s SnERR i Efics b ABES 55 B B sn BR AT B ide closest o

tReGpNee MRE blale Fthbdt Profadd tap, SRISBESEbntEL1Yde dpoded BStwebMMie first
of the three blades having different tip radii,

aghibird iblpdesh heddanipvinediy. fyandang third tipdpdis regpecsively. at feapt two of
hehBret bRdéAving QfrreRAE Bp it Werdih iRtse@d blald h&d RlAd&us greater than

the tip radii of each of the first and third blade.
4. The razor of claim 1, wherein the first blade has a tip radius of from about 235 to 295.
5. The razor of claim 4, wherein the second blade has a tip radius of about 350 to 450.
6. The razor of claim 1 wherein the second blade has a tip radius greater than that of the

third blade.

7. The razor of claim 1, wherein the third blade has a tip radius greater than that of the

second blade.



4. The razor of claim1, wherein the first blade has a
tip radius of fromabout 235 to 295. 5. The razor of
W@ k@i 1110821 wherei n t he second bl ade has a tip redi/iB0@H051014
about 350 to 450. 6. The razor of claim1l wherein the
second bl ade has a tip radius greater than that of the
third blade. 7. The razor of claim1, wherein the
third blade has a tip radius greater than that of the
second bl ade. 8. The razor of claim6 or 7 wherein the
first blade has a tip radius %reater than that of the
second or third blade. 9. The“razor of claiml,
wher &i ihd faeors claind 6 ant wharkindhdfiadesdettay e tip plivegrdat élay that of
qualdti .rﬁg . 10. The razor of claim1, wherein the
the gP»Qﬁng 49§ bl ades have approxi mately equal tip
radii. 11. The razor of claim2 wherein the tip radius
of the second bl ade is greater than the tip radius
the Phi RrapITLd éfami wheprdh fhs srong iy H%aiesq%veo%ppgomately equal
aniei n the bl ades have different bl ade exposures. 13.
nmet hod of making a razor, the nethod conpri sing;
treating a first blade to provide a tip having a first
radi ys e rgir YRLMLET, WHeRA inD ArstaRBALNAlallsdd& IRroximately equal tip
prOV|de a tip having a second radius of curvature;
radiieating a third blade to provide a tip having a third
radi us of curvature; wherein at |least two of the radii
of curvature are different; and assenbling the first,
secoht Hrdazdnf daibl awbegeintheaifcadivg pldhesecompblidsiingreater than the tip
1ar wherein the bl ades are positioned
r%%%f%g%g%FQW%ﬁf edges and have different bl ade
exposures.

12. The razor of claim 1, 2 or 3 wherein the blades have different blade exposures.

13. A method of making a razor, the method comprising;
treating a first blade to provide a tip having a first radius of curvature;
treating a second blade to provide a tip having a second radius of curvature;
treating a third blade to provide a tip having a third radius of curvature;
wherein at least two of the radii of curvature are different; and
assembling the first, second and third blades in a cartridge comprising a guard
and a cap, wherein the blades are positioned having parallel edges and have different blade

exposures.



