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WIDE CHANNEL KNIFE EDGE DOOR AND
DOOR FRAME SYSTEM

CROSS-REFERENCE TO RELATED
APPLICATIONS

[0001] This application is Divisional Application of U.S.
Non-provisional application Ser. No. 13/104,278, titled
WIDE CHANNEL KNIFE EDGE DOOR AND DOOR
FRAME SYSTEM, filed on May 10, 2011, which is a Non-
provisional application of U.S. Provisional Application No.
61/395,240, titled WIDE CHANNEL KNIFE EDGE DOOR
AND DOOR FRAME SYSTEM,, filed on May 10, 2010, both
herein incorporated by reference.

FIELD OF THE INVENTION

[0002] This invention relates to a knife edge door and door
frame system, and particularly, to a wide channel knife edge
door and door frame system.

BACKGROUND OF THE INVENTION

[0003] A narrow channel knife-edge door design has
numerous disadvantages. Because the knife and channel are
made of brass, corrosion occurs and creates non conductive
zinc and copper oxides.

[0004] In addition, the channel traps water dirt and con-
taminants, whereby performance degrades exponentially.
Also, the channel is extremely difficult to clean. Typically,
cleaning requires removal of the finger stock seal in the nar-
row channel (that is, brass receiving “fingers” that help create
an electrical seal with the knife edge in the channel). The
finger stock seal, when removed, often gets damaged and
cannot be reused. Also, all corrosion has to be removed from
narrow channel and knife edge surfaces, which is difficult. A
conductive lubricant can be used on the brass surfaces to slow
corrosion. However, the silicone lubricant traps and holds dirt
and dust particles reducing shielding effectiveness.

[0005] Additionally, water freezes in narrow channel ren-
dering the door inoperable in cold climates. Moreover, the
knife edge can wear below serviceable limits in dry sandy
environments requiring replacement of entire door within 5
years.

[0006] Large lever and cam mechanisms are required to
open and close the knife edge door. Appreciable wear on the
finger stock seal and knife edge occurs because of this
mechanical opening action. There are two conditions that
make the door difficult to operate: 1—the beryllium copper
finger stock seal are heat treated, or tempered, to make them
springy. This process also hardens them. When the surface of
the finger stock seal begins to wear and become microscopi-
cally abraded, it digs in and grabs the softer brass knife edge
requiring more and more effort to operate the lever mecha-
nism. This can be visually confirmed by the grooves that each
of the fingers eventually wears into the brass knife edge;
2—the lever mechanism only unseats the knife edge on the
strike side of the door requiring the operator to manually pull
the door’s knife edge completely out of the narrow channel
and finger stock seal at the top, bottom and hinge side and to
push the door in until the lever mechanism can be engaged.
[0007] Very high maintenance is required for the narrow
channel knife edge door design. In particular, weekly flushing
of the narrow channel with solvents is required to remove
loose dirt. In addition, weekly lubrication with conductive
lubricant of the finger stock seal in the narrow channel is
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recommended. For the reasons discussed above, monthly or
quarterly replacement of finger stock seal occurs—with asso-
ciated down time—based upon usage of the knife edge door.
Finger stock seal replacement requires special tools and takes
approximately 1 hour. Moreover, monthly or quarterly lubri-
cation of the mechanical operating mechanism is required
based upon usage.

[0008] Additional problems with the narrow channel knife
edge design arise because the brass knife edge can be bent
causing misalignment—which makes the door difficult if not
impossible to operate and causes a loss of shielding effective-
ness. Similarly, the knife edge at the sill cannot be stepped on
as damage will occur. The sill must be protected by a steel
plate or wood ramp of sufficient strength if furniture, fixtures
or supplies need to be wheeled or carted through the door.

SUMMARY OF THE INVENTION

[0009] The present invention avoids the disadvantages of
the narrow channel knife edge design by machining a wide
channel in the bar stock material after attachment to the door
frame, which resulting in a straight channel without any
undesired run out. The wide channel allows a gap between the
beryllium copper finger stock seals within the wide channel
when the door is open making cleaning the channel and finger
stock seals easier without the need to remove the finger stock
seals. An alternative embodiment includes a third strip of
beryllium copper finger stock seals attached to the base of the
channel for increased electrical conductivity or the addition
of' weather seals for exterior applications. Prior to this inven-
tion, all knife edge doors are made from extruded brass shapes
in the form of knife edges and channels.

BRIEF DESCRIPTION OF THE DRAWINGS

[0010] The present invention is illustratively shown and
described in reference to the accompanying drawings, in
which:

[0011] FIG. 1 is a perspective view of the wide channel
knife edge door system of the present invention in the closed
position illustrating exemplary components of the system;
[0012] FIG. 2 is a perspective view of the wide channel
knife edge door system of the present invention in the open
position illustrating exemplary internal interfacing compo-
nents of the system;

[0013] FIG. 3 is a cross-sectional top view of the present
invention in a partially opened position;

[0014] FIG. 4 is a cross-sectional top view of the present
invention in a closed position;

[0015] FIG. 5 is a cross-sectional view of an exemplary
door frame assembly with a channel raw stock material
attached to the door frame prior to machining of a channel;
[0016] FIG. 6 is a cross-sectional view of an exemplary
door frame assembly with a door frame attached to a wide
channel with finger stock seals in a relaxed state attached
therein the wide channel;

[0017] FIG. 7 is a cross-sectional view of the exemplary
door frame assembly of FIG. 6 with a door knife edge of a
door received into the channel and engaged with the finger
stock seals;

[0018] FIG. 8 is a cross-sectional view of an exemplary
door frame assembly on the hinge side with finger stock seal
in a relaxed state attached therein the wide channel prior to
receiving a door knife edge of a door;
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[0019] FIG. 9 is a cross-sectional view of the exemplary
door frame assembly on the hinge side with a door knife edge
of a door received into the channel and engaged with the
finger stock seals;

[0020] FIG.10isanother embodiment of the present inven-
tion illustrating the finger stock seal attached to a channel
base;

[0021] FIG. 11 is a top view of another embodiment of the
present invention having a door movement and latching
mechanism in the closed position;

[0022] FIG. 12 is a top view of the present invention illus-
trated in FIG. 11 in the open position;

[0023] FIGS. 13A is a side view of the present invention
illustrated in FIG. 11 showing the cam roller in the closed
position;

[0024] FIGS. 13B is a side view of the present invention
illustrated in FIG. 12 showing the cam roller in the open
position;

[0025] FIG. 14 is a side view of the door movement and
latching mechanism without the cover showing the cam roller
in the open position;

[0026] FIG. 15 is a top view of the door movement and
latching mechanism with the cover showing the cam roller in
the closed position; and

[0027] FIG. 16 is front view of the outside of the door
illustrating an exemplary range of motion of the handle from
open to closed position.

DETAILED DESCRIPTION OF THE INVENTION

[0028] In general, the present invention is a wide channel
door frame cooperating with a wide width knife edge of a
door and latching mechanism: to accommodate a gap
between finger stock seals when the wide knife edge dooris in
the open position, to provide electrical connectivity between
the door and door frame when the wide knife edge door is
received into the wide channel door frame in the closed posi-
tion, to accommodate ease of manufacturing a straight chan-
nel, to accommodate ease of cleaning the channel after instal-
lation of the finger stock seals, and to accommodate ease of
closing/latching and opening/delatching the door.

[0029] FIGS. 1 and 2 illustrate one embodiment 2 of the
present invention in a closed position (FIG. 1) and in an
opened position (FIG. 2). Door 4 includes outside panel 54A,
inside panel 54B, hinge 8 pivotally attached to door frame 6
and door 4, handle 18 attached to outside panel 54A and
inside panel 54B (not shown), and knife edges 22A, 22B,
22C, 22D attached along perimeter outer surface 56 of door 4.
An alternative embodiment can attach the knife edges to the
inside panel 54B as well as perimeter outer surface 56 as
shown herein. Door system 2 includes door frame 6 with four
sides 6A, 6B, 6C, 6D and corresponding wide channel frames
10A, 10B, 10C, 10D attached to its respective side.

[0030] Now turning to FIGS. 3, 4, 6, 7, 8, and 9, wide
channels 12A, 12B, 12C, 12D are machined after wide chan-
nel frames 10A, 10B, 10C, 10D are attached to its respective
front surface 40A, 40B, 40C, 40D of door frame 6. Wide
channels are defined by inner channel wall 24A, 24B, outer
channel wall 26A, 26B, and channel base 38. Generally, a
channel can include two opposing sides (inner channel wall
and outer channel wall) with a channel width 20 therebe-
tween. Channel base 38 can be perpendicularly oriented to the
two opposing sides 24A, 24B, 26 A, 26B and can be opposite
achannel opening 50, wherein wide channels 12A,12B, 12C,
12D include a depth 48 measured from opening 50 to channel
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base 38. One embodiment of the channel and knife edges is in
the form rectangles or squares.

[0031] The machining operation of wide channels 12A,
12B, 12C, 12D can be performed in multiple steps or as a
single continuous step. An example of the wide channel
manufacturing process is illustrated in FIG. 5. Back surface
44A of channel raw stock material 32A is attached to front
surface 40A of door frame 6A utilizing conventional attach-
ment procedures, such as welding represented by weld bead
42. The flexible machining procedure allows for a single
channel to be cut up to all four perpendicularly and opposing
wide channel frames being cut in any order. However, system
2 is most efficiently manufactured when the wide channel
cutting operation is performed during a single manufacturing
operation making the right-angle or perpendicular turning at
mating corners of the channel raw stock material 32A to
adjust the machining path without interruption of the opera-
tion.

[0032] After completion of the wide channel 12A, 12B,
12C, 12D cutting operation, inner and outer finger stock seals
are installed into the wide channel. Though the illustrations
hereinin FIGS. 3,4, 6,7, 8,9, 10 only show inner finger stock
seals 14 A, 14B and outer finger seals 16 A, 16B installed into
wide channels 12A, 12B, equivalent inner and outer seals not
shown can also be installed into wide channels 12C, 12D. One
embodiment of finger stock seals include an adhesive strip
attached to its side adjacent to the wide channel to which the
finger stock seal is to be attached. Once finger stock seals
14A, 14B, 16 A, 16B are attached to each respective opposing
side, relaxed gap 34A, 34B is formed between the tips of
finger stock seals 14A, 14B, 16A, 16B (FIGS. 6 and 8).
Another embodiment of system 2 is illustrated in FIG. 10 that
includes finger stock seal 46 attached to channel base 38A.
Though FIG. 10 illustrates three (3) finger stock seals, any
combination of two (2) seals are sufficient for electrical con-
ductivity, such as finger stock seals 16A, 46 or 14A, 46 or
16A, 14A. Another embodiment of the present invention
includes the addition of weather seals (not shown) along
channel base 38 for exterior applications.

[0033] Now turning to FIGS. 3, 4, 7, 8, and 9, knife edges
22A, 22B have widths 28A, 28B being less than channel
width 20A, 20B and being greater than finger stock seal
relaxed gap 34A, 34B. Knife edges 22A, 22B having tips
30A, 30B with lengths 52A, 52B, respectively, equal to or less
than the channel depth 48A, 48B, respectively. In operation,
tips 30A, 30B are received into openings 50A, 50B and knife
edges 22A, 22B to compress inner finger stock seals 14A,
14B and outer finger seals 16 A, 16B inward toward a side the
seal is attached to form a finger stock seal compressed gap
36A, 36B (FIGS. 7 and 9) and an electrical connection
between the door 4 and the door frame 6 when the door 4 is in
aclosed position. The difference between the compressed gap
36A, 36B and relaxed gap 34A, 34B is the total compression
of the finger seals 14A, 16A, and 14B, 16B, respectively, or
and finger stock seals 14A, 14B and outer finger seals 16A,
16B spring back or decompress to substantially form relaxed
gap 34A, 34B when door 4 is in an opened position. One
embodiment of the present invention none of the finger seals
14A, 16A, 14B, 16B are fully compressed where C1 equal
zero (see FIG. 8). A further illustration of the finger stock
seals is the distance from internal side of the channel to the
peak bend of the finger stock seal denoted as C1 (FIG. 8) in
the relaxed position and denote as C2 (FIG. 9) in the com-
pressed position. Compression of a single finger stock seal is



US 2014/0000209 Al

C3=C1-C2. Therefore, total compression Ctotal of the finger
stock seals for a single wide channel is Ctotal=C3 left side+
C3 right side. Total compression Ctotal also equals the dif-
ference between finger stock seal compressed gap 36A, 36B
and finger stock seal relaxed gap 34A, 34B.

[0034] Now turning to FIG. 8, another embodiment of the
present invention sets a pre-determined ratio (for example
8:1) B: A defined as the distance B between the center 72 of
hinge pivot point 74 of hinge 8 and intersection point 73
within wide channel 12B along longitudinal plane L, and
depth A of wide channel frame 10B measured from intersec-
tion point 73 to channel base 38 A, 38B. Longitudinal plane L
passes through center 72 of hinge pivot point 74 of hinge 8
and the peak bend 75 of finger stock seals 14B, 16B. This
dimensional relationship provides for precise alignment of
knife edges knife edges 22A, 22B, 22C, 22D with inner
channel wall 24A, 24B, outer channel wall 26A, 26B, and
channel base 38, such that no damage is caused to the knife
edges 22A, 22B, 22C, 22D, inner channel wall 24A, 24B,
outer channel wall 26 A, 26B, and channel base 38, and finger
stock seals 14A, 14B, 16A, 16B as shown in FIG. 4. Though
the illustrated B:A ratio is about 8:1, the ratio can also range
from 7:1 to 9:1, 7.5:1 t0 8.5:1, 7.9:1 t0 8.1:1, 8:1 to 32:1.

[0035] Wide channels can be made of stainless steel (for
example 304 stainless steel), brass, bronze, aluminum, or any
suitable material with the desired electrical conductivity char-
acteristics. Door frames can be made of any suitable material,
such as carbon steel and stainless steel, attachable to the wide
channel. Knife edges can be stainless steel tubing or solid,
monolithic parts, for example 304 stainless steel. It is against
accepted convention to use 304 stainless steel due to it’s
difficultly to machine and its lower surface electrical conduc-
tivity. However, 304 stainless steel corrodes at a much lower
rate due its better oxidation properties than the other materi-
als, and therefore its electrical conductivity degrades at lower
rate when exposed to a corrosive environment and maintains
substantially a constant surface electrical conductivity.

[0036] Now turning to FIG. 11 that illustrates another
embodiment 60 of the present invention having a door move-
ment and latching mechanism 62 attached to the rear surface
64 of door 66. Inside door handles 68A and outside door
handles 68B are pivotable connected to latching mechanism
62 by shaft 70, and either handle can actuate the mechanism
62. Cam follower 88 is connected to mechanism 62 and is
shown seated within cam striker 90, which is attached to door
frame 92. Mechanism 62 is capable of drawing door 66
towards door frame 92 and engaging door 62 with door frame
92 to secure door 66 with a single movement of either handle
68A, 68B in one direction, and capable of disengaging door
66 from door frame 92 and pushing door 66 away from door
frame 92 to open door 66 with a single movement of either
handle 68 A, 68B in the opposite direction. The bi-directional
functionality of handle 68A, 68B is illustrated in FIG. 16.
Length 69 of handle 68A, 68B can be any size to accommo-
date the size of door 66, vertical translation distance 108, and
horizontal translation distance 110, discussed in detail below.

[0037] FIG. 12 illustrates head 94 of knife edge 80 entering
wide channel frame 82 such that the finger stock seals are
compressed substantially equally as the knife edge 80 com-
pletes its travel into the wide channel frame 82. The hinge-
wide channel dimensional relationship described above also
holds true for the alignment of head 96 of knife edge 84 with
wide channel frame 86.
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[0038] FIGS. 13A and 13B illustrate cam follower 88 in a
closed and open position, respectively. As handles 68A, 68B
are rotated from an open to closed position, cam follower 88
is vertically translated upward a distance 108 causing the cam
follower 88 to contract upper edge 98 of angled slot 100 of
cam strike 102 to draw the door 66 into frame 92 a horizontal
distance 110 from an open point 112 to a closed point 114. As
handles 68A, 68B are rotated from a closed to an opened
position, cam follower 88 is vertically translated downward a
distance 108 measured from the center 120 of cam follower
88 causing the cam follower 88 to contract lower edge 116 of
angled slot 100 of cam strike 102 to push the door 66 away
from frame 92 a horizontal distance 110 from close point 114
to open point 112. Angled slot 100 has a predetermined width
104 that is larger than diameter 106 of cam follower 88.
Angled slot 100 has a slot length 118. Angle slot 100 has an
angle @ from horizontal. The cam strike 102 can have varying
slot lengths 118, slot angle 9, vertical translation distances
108, and horizontal translation distances 110 depending on
user’s need for opening door 66.

[0039] FIG. 14 is a side view of door movement and latch-
ing mechanism 62 without the cover showing the cam fol-
lower 88 in the open position. One embodiment of mecha-
nism 62 only requires a single point latch for a man-size door,
which is defined as a door height of up to 8 feet and door width
of'up to 4 feet. However, largers door may require more than
one mechanism 62. Door movement and latching mechanism
62 includes a housing 71 capable of being attached to the
door; drive sprocket 124 rotationally connected to housing 71
and connected to handle 68 A, 68B; a pair of vertically aligned
idler sprockets 126, 128 rotationally connected to housing 71;
a sprocket engaging device 130 that links door movement and
latching mechanism 62 to drive sprocket 124; plate 132 is
connected to sprocket engaging device 130; and cam follower
88 connected to plate 132, wherein cam follower 88 moves up
and down in response to the movement of either handle 68A,
68B. As handle 68A is rotated in direction A, drive sprocket
124 rotates in direction B to simultaneously rotates vertically
aligned idler sprockets 126, 128 in the same direction inter-
connected by a chain 130 or equivalent linking mechanism to
move plate 132 toward to contact upper edge 135 of plate 132
with bottom surface 134 of upper mounting bar 136 at a
predetermined distance 138 to engage cam follower 88 in cam
strike 90 attached to frame 92 to close and latch door 66 to
frame 92. The reverse action is required to open and unlatch
door 66 from frame 92 such that lower surface 140 of plate
132 contacts upper surface 142 of lower mounting bar 144. To
facilitate the ease of rising and lowering plate 132, conven-
tional pillow blocks 146 are attached to plate 132 having an
internal bore sized to tightly retain shafts 148 to prevent
lateral movement while providing freedom of movement lon-
gitudinally along outer surface 150 of shatts 148. The mecha-
nism 62 is mass balanced and internal bearing friction such
thathandles 68A, 68B do not move dueto gravity or vibration
in any position.

[0040] FIG. 15 is a top view of the latching mechanism 62
with the cover showing the cam roller 88 in the closed posi-
tion within cam strike 90 and illustrating many of the features
shown in FIG. 14. Drive sprocket 124 and vertically aligned
idler sprockets 126, 128 are longitudinally align in plane X.
[0041] FIG. 16 illustrates one embodiment of the present
invention with handles 68 A, 68B having a pivotal rotation, for
example, of 90 degrees. The pivotal rotation can be any
desireable range to accommodate any size door 66.
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[0042] While the disclosure has been described in detail
and with reference to specific embodiments thereof, it will be
apparent to one skilled in the art that various changes and
modifications can be made therein without departing from the
spirit and scope of the embodiments. Thus, it is intended that
the present disclosure cover the modifications and variations
of'this disclosure provided they come within the scope of the
appended claims and their equivalents.

What is claimed is:

1. A method of manufacturing a knife edge door system
comprising the steps of:

attaching a stock material to a door frame; and

machining a channel into the stock material.

2. The method according to claim 1, wherein the step of
attaching a stock material includes attaching two pieces of
stock material to the door frame prior to the step of machining
the channel into the stock material.

3. The method according to claim 2, wherein the step of the
step of machining the channel into the two pieces of stock
material is one continuous operation.

4. The method according to claim 1, wherein the step of
attaching a stock material includes attaching three pieces of
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stock material to the door frame prior to the step of machining
the channel into the stock material.

5. The method according to claim 4, wherein the step of the
step of machining the channel into the three pieces of stock
material is one continuous operation.

6. The method according to claim 1, wherein the step of
attaching a stock material includes attaching four pieces of
stock material to the door frame prior to the step of machining
the channel into the stock material.

7. The method according to claim 6, wherein the step of the
step of machining the channel into the four pieces of stock
material is one continuous operation.

8. The method according to claim 1, wherein the stock
material is stainless steel.

9. The method according to claim 8, wherein the stainless
steel stock material is 304 stainless steel.

10. A product by a process according to claim 1.

11. The product according to claim 10, wherein the stock
material is stainless steel.

12. The product according to claim 11, wherein the stain-
less steel stock material is 304 stainless steel.
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