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the blade increases the blade tangent angle in response to forces encountered during shaving.




FOR THE PURPOSES OF INFORMATION ONLY

Codes used to identify States party to the PCT on the front pages of pamphlets publishing international applications under the PCT.

AL Albania ES Spain LS Lesotho SI Slovenia

AM Armenia Fl1 Finland LT Lithuania SK Slovakia

AT Austria FR France LU Luxembourg SN Senegal

AU Australia GA Gabon LV Latvia SZ Swaziland
AZ Azerbaijan GB United Kingdom MC Monaco ™ Chad

BA Bosnia and Herzegovina GE Georgia MD Republic of Moldova TG Togo

BB Barbados GH Ghana MG Madagascar T) Tajikistan
BE Belgium GN Guinea MK The former Yugoslav ™ Turkmenistan
BF Burkina Faso GR Greece Republic of Macedonia TR Turkey

BG Bulgaria HU Hungary ML Mali T Trinidad and Tobago
BJ Benin 1IE Ireland MN Mongolia UA Ukraine

BR Brazil IL Israel MR Mauritania UG Uganda

BY Belarus IS Iceland MW Malawi Us United States of America
CA Canada IT Ttaly MX Mexico uz Uzbekistan
CF Central African Republic JP Japan NE Niger VN Viet Nam
CG Congo KE Kenya NL Netherlands YU Yugoslavia
cH Switzerland KG Kyrgyzstan NO Norway w Zimbabwe
C1 Cote d'Ivoire Kp Democratic People's NZ New Zealand

CcM Cameroon Republic of Korea PL Poland

CN China KR Republic of Korea PT Portugal

Cu Cuba KZ Kazakstan RO Romania

CZ Czech Republic LC Saint Lucia RU Russian Federation

DE Germany LI Liechtenstein SD Sudan

DK Denmark LK Sri Lanka SE Sweden

EE Estonia LR Liberia SG Singapore




10

15

20

25

30

WO 98/05478 PCT/US97/13099

-1-
RAZOR

This invention relates to safety razors, and in particular it is concerned
with a blade unit for a safety razor. The blade units of the invention may be either
cartridges which are mounted replaceably on a handle for use, or the shaving heads of
disposable razors having blade carrying parts permanently attached to a handle. A
safety razor cartridge as currently marketed comprises a generally rectangular moulded
plastics frame with guard and cap surfaces on the lengthwise extending frame parts.
Within the opening of the frame are a pair of blades arranged in tandem with their
cutting edges parallel to each other and directed towards the guard surface. The blades
are carried on respective supports to which they are fixedly attached, and the ends of
the blade supports are slidably guided in grooves in the end walls of the frame to
enable the blades to retract, under forces exerted on the blades during shaving. Springs
act on the blades to urge them to a normal rest position.

It is well known that the so-called shaving geometry of a blade unit is
important in determining the shaving performance of the blade unit. The shaving
geometry defines the position and orientation of the blades in relation to other skin
contacting parts, in particular the guard and cap, of the blade unit. One parameter of
the shaving geometry is the blade exposure, which is the perpendicular distance by
which the edge of a blade protrudes above a shaving plane tangential to the surfaces of
the skin contacting parts immediately in front of and behind the blade edge. The
known blade unit described above has the blades mounted so that the exposure is
reduced when loads of sufficient magnitude to overcome the force of the springs are
exerted on the blades. Another important factor in the shaving geometry is the blade
tangent angle, which is the angle at which the central plane of the blade intersects the
tangent plane, the tangent plane being the plane which is tangent to the edge of the
blade and to the surface of the skin contacting part next in front of the blade. For
example, in a twin blade cartridge, the blade tangent angle of the first or primary blade
is the angle of the blade to the tangent plane tangential to the guard surface and the
edge of the primary blade.

During shaving the blades of a blade unit are subjected to a combination
of drag forces and load forces. Drag forces are those forces directed essentially parallel

to the shaving plane, and load forces are those forces directed against the blade by the
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skin in the direction substantially perpendicular to the shaving plane.

It has been proposed for example in U.S. 4,709,477 and U.S. 4,774,765,
to mount the blades so that the blades can move to increase both exposure and blade
tangent angle in response to increasing drag forces. Strain gauge measurements have
shown that drag forces do not vary substantially during shaving. Hairs do not usually
grow perpendicular to the skin surface and for the majority of men beard hair is
inclined downwardly with respect to the face. It is believed that, when shaving, men
apply the razor against the face with less pressure during upstrokes, when the blades
are moving essentially against the grain, than during downstrokes, and the net result is
that drag forces are not substantially different during upstrokes and downstrokes. On
the basis that by applying the razor against the skin surface under greater load pressure
a person is seeking greater closeness of shave, a more aggressive blade geometry would
be desirable under such conditions. The prior art razors with movable blades are not
capable of responding to load forces in this way.

Accordingly, the present invention seeks to fill this gap left by the prior
art and in accordance with the invention there is provided a safety razor blade unit
having at least one blade mounted for independent movement relative to other skin
contacting parts of the blade unit under forces exerted at the blade edge during shaving,
wherein the or each blade is mounted to move to increase the blade tangent angle in
response to load forces exerted on the blade during shaving.

In the preferred embodiments of this invention the blade unit includes a
frame, and the or each blade is fixedly carried on a blade support, and the blade
support is connected to the frame by means defining a fulcrum, the movement of the
blade under load fulcrum being located closer to the blade edge than is the point where
the tangent plane meets the skin contacting surface next in front of the blade. Also, the
fulcrum lies in or closely adjacent to the tangent plane. This arrangement minimizes
the changes in blade exposure as the blade tangent angle increases, and to the extent
that the exposure of the blade does change it reduces as the blade tangent angle
increases. Also, the angular displacement of the blade is largely insensitive to the drag
forces on the blade, and the blade span, i.e. the distance between the blade edge and the
skin contacting surface in front of the blade edge measured in the tangent plane, does

not change significantly as the blade tangent angle increases. It is expedient for the
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fulcrum to be spaced from the blade edge at a distance in the range of 0.2 mm to

0.6 mm.

With a blade unit embodying the invention the blade or blades are
initially set with a minimum blade tangent angle, and this angle increases under
increasing load forces. As a consequence there is greater comfort as compared with
other arrangements which provide the blade tangent angle to be initially set at a
maximum.

The blade supports can conveniently be coupled to the frame so that the
fulcrum is fixed with respect to the frame, but this is not essential and it is also
possible to allow a degree of controlled movement of the fulcrum.

A Dbetter understanding of the invention will be gained from the detailed
description which follows reference being made to the accompanying drawings in
which:

Figure 1 is a cross-section through a razor cartridge in accordance with
the invention, the blades being shown in a normal rest position;

Figure 2 shows the cartridge of Figure 1 with the blades in the position

of maximum angular displacement;

Figure 3 is an exploded perspective view of the cartridge shown in

Figure 1;

Figure 4 is an enlarged detail showing part of a blade unit and its
support;

Figure 5 is a perspective view showing a modified blade mounting
arrangement,

Figures 6A and 6B are perspective and end views showing an alternative
blade mounting arrangement with a hinge;

Figures 7A and 7B are perspective and end views showing another
alternative blade mounting arrangement with a shell bearing;

Figures 8A and 8B are perspective and end views showing a further
alternative blade mounting arrangement with a moving fulcrum;

Figures 9A and 9B show in perspective and end view a blade mounting
arrangement including a four bar linkage, and

Figure 9C shows this embodiment in a maximum blade displacement
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condition.

The safety razor blade unit shown in Figures 1-4 is a shaving cartridge.
The handle to which the cartridge is attached is not shown and may be of conventional
form. The cartridge comprises a moulded plastics frame 1 of generally rectangular
shape. The front rail of the frame includes a guard bar 2 and carries a guard strip 3 of
elastomeric material having upstanding fins extending along the strip. The rear rail of
the frame defines a cap surface 5 and carries a strip 6 of lubricating material. Three
blades 7 with parallel edges are mounted in the frame between the guard bar 2 and cap
surface 5 so that the blades pass in turn over the skin during shaving. Each blade is
fixedly attached to a blade support 8, and as best seen in Figure 4, integral with each
end of the blade support is a forwardly and upwardly inclined suspension arm 9 having
a journal 10 at its free end. The journal axis is parallel to the edge of the blade and
spaced forwardly therefrom at a distance of 0.2 to 0.6 mm. The journals are received
in bearings defined by spring blocks 12 and the end walls of the cartridge frame. The
spring blocks have connection elements 13 which engage with a snap fit in sockets
formed in the frame walls, and integral with the spring blocks are spring fingers 14
which act on the undersides of the respective blades for urging the blades to their rest
positions shown in Figure 1. Upwardly directed key elements 15 on the spring blocks
are arranged to extend into slots forméd in the end walls of the frame to retain the
journals 10 in their bearings defined at the upper ends of thesc slots, as may be seen in
Figures 1 and 2. By this arrangement each blade 7 is mounted in the cartridge frame 1
for pivotal movement about the axis defined by the journals 10, this axis being located
between the blade edge, and the skin contacting member next in front of the blade, this
axis being in or closely adjacent the tangent plane of the blade. The spring fingers 14
bias the blades to the rest position of Figure 1 in which the blades, or their support,
abut against shoulders 18 formed on the frame end walls. When a blade 7 is subjected
to a load force, applied at the blade edge and directed substantially perpendicular to the
shaving plane, and the load force is of sufficient magnitude to overcome the prestress
in the spring fingers 14, the blade is caused to pivot so that the blade tangent angle
gradually increases as the load force increases further. As may be seen from Figure 2,
the blade exposure reduces, but only slightly if desired, the reduction in exposure could

be compensated by arranging for the guard bar 2 to be itself spring mounted or to be
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elastically deformable so that it will be gradually depressed under the corresponding
load force applied on the guard bar as the blades pivot under the load forces imparted
on the blades. It will be understood that the cartridge construction is such that the
blade tangent angles will increase with increasing force used by the razor user to press
the razor against the skin being shaved.

Instead of being formed integrally with the blade support, as shown in
Figure 5, the suspension arms 9 and journals 10 can be formed as a separate moulded
members 20 which can be formed with slots to receive the ends of the blade support 8.

Figures 6A and 6B illustrate an arrangement in which a fulcrum about
which a blade 7 is pivotable is formed by a living hinge 22 incorporated in a member
23 including the suspension arm 9. The member may be integral with the cartridge
frame 1 or can be moulded separately and attached to it.

In the alternative construction of Figures 7A and 7B the blade support is
arcuate and end extensions 24 on the support are arranged to fit into correspondingly
curved slots in the frame end walls to form a shell bearing defining the centre of

pivotal movement of the blade 7.

It is not essential for each of the blades to be constrained to move about
a fixed fulcrum or pivot axis. In the modified construction of Figures 8A and 8B, the
suspension arms 9 showing integral with the blade support although they could be
moulded separately and attached to the blade support as in Figure 5, have hooks 26 at
their free forward ends. The hooks rest on cantilever support bars 27 fixed to the
frame end walls and having substantially flat surfaces with opposite edges defining
respective pivot axes. During initial pivotal displacement of the blade, the suspension
arms 9 and blade 7 pivot about the axis defined by the forward edges of the support
bars 27, and during subsequent angular movement the pivoting takes place about the
pivot axis defined by the rear edges of support bars.

In the modified embodiment of Figures 9A, 9B and 9C, the blades 7 are
supported by integrally moulded four bar linkage assemblies. A first link 30 forms the
suspension arm 9, a second L-shaped link 31, is fixed to the cartridge frame, a third
link 32 is connected to the suspension arm 9 by one living hinge 33 defining a fulcrum
for movement of the blade 7, and to one end of the second link 31 by another living

hinge 34, and a fourth link 35 of short length is connected by respective living hinges
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36, 37 to the other end of the second link and to the first link. Under load forces
applied at the blade edge the link 30 moves about the fulcrum defined by the hinge 33.
There is some downward movement of the fulcrum due to the hinge 34, but this
displacement which will result in reduction of the blade exposure, is only small due to
the short length of the fourth link 35. In all the described embodiments the fulcrums
will be located substantially as described in relation to the embodiment of Figures 1-4
and as a consequence the desired effect of the blade tangent angels increasing as the
load forces increase is obtained, while the blade spans do not change substantially, and

the changes to the blade exposures are kept small.



10

15

20

25

30

WO 98/05478 PCT/US97/13099

-7 -
CLAIMS

1. A safety razor blade unit having at least one blade mounted for
independent movement relative to other skin contacting parts of the blade unit under
forces exerted at the blade edge during shaving, wherein the or each blade is mounted
to move to increase the blade tangent angle in response to load forces exerted on the
blade during shaving.
2. A safety razor blade unit according to claim 1, wherein the blade unit
includes a frame, and the or each blade is fixedly carried on a blade support, and the
blade support is connected to the frame by means defining a fulcrum, the movement of
the blade comprising angular displacement about said fulcrum, and the fulcrum being
located closer to the blade edge than is the point where the tangent plane meets the skin
contacting surface next in front of the blade.
3. A safety razor blade unit according to claim 2, wherein the fulcrum lies
in or closely adjacent to the tangent plane.
4. A safety razor blade unit according to claim 2 or 3, wherein the fulcrum
1s fixed with respect to the frame and defines an axis about which the blade support

and blade pivot.

5. A safety razor blade unit according to claim 4, wherein the fulcrum
comprises journals provided at the opposite ends of the blade support and engaged in

bearings in the frame.

6. A safety razor blade unit according to claim 2 or 3, wherein the blade
support is connected to the frame so that the fulcrum moves during angular
displacement of the blade.

7. A safety razor blade unit according to claim 6, wherein the blade support
has a suspension arm engaged with a support bar fixed to the frame and having
opposite edges about which the suspension arm pivots scquentially as the angular
displacement of the blade increases.

8. A safety razor unit according to claim 3 or 6, wherein the fulcrum
comprises a living hinge.

9. A safety razor blade unit according to claim 3, wherein the fulcrum

comprises a shell bearing.

10. A safety razor according to any one of claims 2-9, wherein the fulcrum
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is spaced from the blade edge at a distance in the range of 0.2 mm to 0.6 mm.
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