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UNITARY PIECE DUAL LOCK SPLIT WASHER

Technical Field
A unitary piece dual lock split washer is disclosed. The split washer has particular, but not
exclusive, application for providing ingress protection (“IP”) at an electrical termination.

Background Art
It is common to fit a washer between a fastener and an article to which the fastener is

fastened. One example of this is at an electrical termination where a cable passes through a
cable gland that is mechanically coupled to a wall of a junction box. The electrical cable
passes through the cable gland and enters the junction box where it may be connected to a
terminal post or another cable. The cable gland may have a threaded connection to a wall of
the junction box; or alternately the gland may pass through an unthreaded hole in the wall of
the junction box and fixed in place by a lock nut inside the junction box. In either case the
purpose of the washer is to help in protecting against water and/or dust ingress from about

the gland at the termination into the electrical equipment, junction box or the like.

For the purposes of compliance with safety and environmental regulations, equipment and
assemblies may need to meet a prescribed ingress protection (IP) rating. The rating is
designated as “IP XY” where X is an integer between 0 and 6 designating a solids (e.g.,
dust) ingress protection rating, and Y is an integer between 0 and 8 designating a liquids
ingress protection rating.

Examples of equipment that may have an IP rating include: an electrical junction box; a
cable gland; and an interface between a cable gland and a junction box. It may be important
for a junction box that is exposed to the environment to have a specific IP rating for water
ingress protection. As an example, the junction box may need an IP rating of IP X8. For a
junction box to meet this rating it must be able to endure a 30-minute period under 1m of

water without ingress of water.

For a junction box its IP rating will be dependent on various aspects including: the inherent
construction of the junction box; the nature of associated cable glands that pass into the

junction box; and the washer between the cable gland and a wall of the junction box. Thus,
the overall IP rating may be affected by the performance of, among other things, a washer.

A major issue with replacing a washer at an electrical termination of a cable is the need to
mechanically disconnect the cable and the cable gland to remove an old washer and fit a
1
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new one. Additionally, for a junction box or cable that carries any reasonable current or
voltage, in order to comply with safety regulations, it may be necessary to electrically isolate
and/or de-energise the junction box. This means a simple job can have significant cost
implications due to: the time to open a junction box, mechanically disconnect the cable and
cable gland, and subsequently reconnect, seal and close the junction box; and, the
consequential shut down of electrical equipment which is connected with the junction box.
That is, not only is there the cost of the time of technicians to perform the washer
replacement task there is also downtime in production due to the need to shut down

electrical power.

The above references are not intended to limit the application of the unitary piece dual lock
split washer as disclosed herein.

Summary of the Disclosure

In a first aspect there is disclosed a unitary piece dual lock split washer comprising:

a single piece body made of a resilient and flexible material, the body having an inner
circumferential edge, a radially outer peripheral edge and a split extending between the inner
and out edges to provide the body with first and second ends; and

a joint structure integrally formed with the first and second ends, the joint structure having an
engaged state wherein the first and second ends mutually engage each other to form a
substantial seal across the split, and a disengaged state wherein the first and second ends
can be moved apart to create an opening of a variable size and shape in the body to enable
the washer to be fitted about a member, the joint structure having a first locking mechanism
and a second locking mechanism each locking mechanism having respective parts on the
first and second ends and wherein the parts of the second locking mechanism are only

engageable after the parts of the first locking mechanism are fully engaged.

In one embodiment the joint mechanism comprises two radially spaced fingers extending
circumferentially from the first end and two radially spaced fingers extending
circumferentially from the second end and wherein when in the engaged state one finger of

each end fits between the radially spaced two fingers of the other end.

In one embodiment the first locking mechanism has a first part on a first of fingers extending
from the first end and a second part on one a first of the fingers extending from the second
end.
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In one embodiment a first part of the second locking mechanism is carried on a second of
the fingers extending from the first end.

In one embodiment a second part of the second locking mechanism in on the first finger
extending from the second end.

In one embodiment one of the first and second parts of the second locking mechanism is a
protrusion extending in a generally radial direction and another other of the first and second
parts of the second locking mechanism is a recess for receiving the protrusion.

In one embodiment the first part of the second locking mechanism is the protrusion and the
protrusion is on the second finger extending from the first end.

In one embodiment the protrusion is arranged to: bear against the first finger extending from
the second end and flex in a generally radial outward direction prior to the first locking
mechanism becoming fully engaged while the first and second ends are being moved toward
each other; and, be in radial alignment with the second part of the second locking
mechanism wherein the second finger extending from the first end is capable of flexing in a
generally radial inward direction to engage with the second part of the second locking

mechanism when the first locking mechanism is fully engaged.

In one embodiment the first part of the first locking mechanism comprises at least one
engaging portion, and the second part of the first locking mechanism comprises at least one

complementary engaging portion.

In one embodiment the least one engaging portion comprises a first plurality of teeth, and
each of the at least one complementary engaging portion comprises a second plurality of
teeth.

In one embodiment the washer comprises opposite first and second parallel radial planar
faces wherein opposite sides of the body and the joint structure lie on respective ones of the

parallel radial planar faces.

In one embodiment when the first and second locking mechanism are engaged, the inner
circumferential edge has a substantially constant radius Ri and the radially outer peripheral
edge has a compound shape of a portion of a circle and a radially extending tab having
opposite radial edges which reach to an arcuate edge.
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In one embodiment the split follows a winding path through the tab from the inner
circumferential edge to the arcuate edge of the tab.

In one embodiment the portion of the circle of the radially outer peripheral edge extends with
a constant radius Ro for between about 260°-300°, and the tab extends circumferentially for
between about 60°-100°.

In one embodiment the body is made from a natural or synthetic rubber including a
thermoplastic elastomer.

In a second aspect there is disclosed method of installing a washer between a cable gland a
junction box or other device to which the cable gland is engaged, the method comprising:
loosening the cable gland from the junction box or other device to create a gap between a
face of the cable gland and the junction box or other device while the cable gland remains
engaged with the junction box or other device; disengaging ends of the washer to form an
opening; inserting the washer in a generally radial direction onto the cable gland via the
opening; engaging the ends of the washer; and tightening the cable gland to compress the

washer and form a seal between the cable gland and the junction box or other device.

In one embodiment inserting the washer comprises inserting a split washer in accordance

with the first aspect.

Briet Description of the Drawings
Notwithstanding any other forms which may fall within the scope of the washer set forth in

the Summary, specific embodiments will now be described by way of example only with
reference to the accompanying drawings in which:
Figure 1 depicts one form of an electrical termination and a prior art washer that may be
used when connecting with a junction box;
Figure 2 is a representation of one embodiment of the disclosed washer in an opened and a
disengaged state, forming an opening allowing the washer to be fitted onto or removed from
an article such as a cable gland;
Figure 3 is a representation of the embodiment of the disclosed washer shown in Figure 2 in
a disengaged state prior to application of force to commence engagement and closing of the
washer;
Figure 4 is a representation of the embodiment of the disclosed washer shown in Figures 2
and 3 with a first locking mechanism shown in a partially engaged configuration and a
second locking mechanism being disengaged;
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Figure 5 is a representation of the embodiment of the disclosed washer shown in Figure 2, 3
and 4 in a further advanced stage of closing in which the first locking mechanism is fully
engaged and the second locking mechanism is partially engaged;

Figure 6 is a photograph of the embodiment of the disclosed washer shown in Figure 2-5 in
a fully engaged and closed state where both the first and second locking mechanisms are
fully engaged; and

Figure 7 is a schematic representation of teeth incorporated in the first locking mechanism.

Description of Specific Embodiment
To provide context to the disclosed split washer, reference is made to a prior art

arrangement for terminating an electrical cable 10 in a junction box (not shown) as depicted
in Figure 1.

The cable 10 is supported in a gland 12 which has a threaded end 13 to facilitate connection
to and through a wall 14 of the junction box. A prior art washer 16 is compressed between
the gland and the wall 14, by a nut 18. The purpose of the washer 16 is to prevent ingress of
foreign matter into the junction box. Of most concern is ingress of water or other liquid as
this may cause shorting of the electrical conductors or connections inside the junction box.
The washer 16 is in the form of an endless annulus and maybe made from various materials

including fibre or rubber.

Junction boxes, at least in industrial use, are often subjected to scheduled inspection and
maintenance. In the absence of an earlier detected issue, it is at this time that a decision

may be made to replace one or more of the washers associated with the junction box.

For an electrical conductor terminating inside a junction box, this will require isolation of the
cable, disconnection of the cable from a terminal inside the junction box and unscrewing of

the gland 12 from the wall 14.

Figures 2-6 show one embodiment of the disclosed unitary piece split washer 20 in various
stages of closing. In Figure 2 the washer 20 is in a disengaged and opened state with
opposite ends being skewed apart for insertion onto a cable gland or other article. When in
this state the washer 20 can be fitted onto a for example a cable gland in a radial direction.
For this reason, it is not necessary to unscrew or completely disconnect the cable gland to fit
the split washer 20. In contrast for the prior art washer 16, the washer is fitted in an axial
direction with reference to the gland 12/cable 16. This can only be done by completely
removing the cable 16 and gland 12 form the junction box.

5
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The washer 20 comprises a single (i.e., one) piece body 22 made of a resilient and flexible
material. As most clearly seen in Fig 6 the body has an inner circumferential edge 24, an
outer peripheral edge 26, and a split or cut line 28 (shown by a white phantom line),
extending between the inner circumferential edge 24 and the outer peripheral edge 26 and
wholly through the thickness of the washer 20. Because of the split 28, the body has a first
end 30 and a second end 32. The ends 30 and 32 can be disengaged and separated to fit
the washer onto, or remove the washer from, a cable gland or other article.

When the washer 20 is fully closed and engaged, the inner circumferential edge 24 is of a
circular shape having a radius Ri. The outer peripheral edge 26 has a compound shape of a
circle of an outer radius Ro and a laterally extending tab 34 having opposite radial edges 36
which reach to an arcuate edge 38. The outer peripheral edge extends with the radius Ro
between about 260°- 300°. The tab 34 may extend circumferentially for between about 60°-
100°. The split 28 runs through the tab 34. More specifically the split 28 follows a winding or
tortuous path between the inner circumferential edge 24 and the outer peripheral edge 26.
With reference to a radius of the washer 20 the split 28 winds over or crosses itself three

times as shown for example along radius Ra.

The washer 20 includes a joint structure 40 integrally formed with the first and second ends
30, 32. The joint structure 40 has an engaged state where the first and second ends
mutually engage each other to form a substantial seal across the split 28, and a disengaged
state where the first and second ends can be moved apart to create an opening of a variable
size and shape to enable the washer to be fitted about a cable gland (shown in Fig 2). The
joint structure 40 has a first locking mechanism 42 and a second locking mechanism 44,
Each locking mechanism has respective parts on the first and second ends 30, 32. The
respective first and second parts of the second locking mechanism 44 are only engageable

after the first and second parts of the first locking mechanism 42 are fully engaged.

The first part 46 of the first locking mechanism 42 comprises at least one, but in the
illustrated embodiment, a plurality of engaging portions, in the form of teeth 48. The second
part 50 of the first locking mechanism 42 comprises at least one, but in the illustrated
embodiment, a plurality of complementary engaging portions in the form of teeth 52. The
teeth 48, 52 are of a sawtooth like configuration having a generally radially extending edge
53 and a raked or inclined edge 55 (see Fig 7). The edge 55 is raked or inclined in a
direction to facilitate closing of the joint mechanism 40 when the ends 30 and 32 are pushed
together.
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Referring to Fig 3, the teeth 48 are formed on a first finger 54 that extends circumferentially
from the first end 30. The teeth 52 are formed on a second finger 56 that extends
circumferentially from the second end 32. The finger 56 is formed with a ramp 57 at its free
end. The ramp 57 leads to a curved surface 59 on the radial outer side of the finger 56.
When the washer 20 is being moved to the engaged state, the second finger 56 passes over
the first finger 54 and their respective teeth 48 and 52 engage each other.

The first part 58 of the second locking mechanism 44 is carried by the second part 50 of the
first locking mechanism 42. In another way of looking at this, the first part 58 of the second
locking mechanism 44 can be viewed as being carried, or formed on, the second finger 56 or
more broadly on the second end 32. The first part 58 is a recess formed on the first locking
mechanism 42/second end 32. The recess has a smoothly curved concave shape. As shown
in Fig 6 the first part 58 has a deepest point located on a radius Ra of the washer 20. This
radius extends past a maximum radius Rb of the first and second parts of the first locking

mechanism 42. The radius Rb may be the same as the radius Ro.

The second part 60 of the second locking mechanism 44 is carried by or otherwise formed
on the first end 30. Also, the second part 60 extends above or over the first locking
mechanism 42. The second part 60 comprises a protrusion 62 that extends in a generally
radial inward direction from a finger 64. When the first locking mechanism 42 is fully
engaged the first and second parts 58, 60 of the second locking mechanism can engage
each other by virtue of the protrusion 62 locating within the recess/first part 58, as shown in

Figure 6.

The washer 20 has opposite planar (i.e., flat) radial faces F1, F2. That is, when the washer
20 is not being twisted for example in order to fit over a cable gland or other member, it has
no parts that extend in the axial direction beyond its planar faces F1 and F2. When the
washer 20 is fitted and fully engaged it is able to lie between two opposed planar surfaces,
such as a flange on a nut 18 and a wall 14 of a junction box. These surfaces can be brought
together for example by screwing up nut 18. Consequently, there is face-to-face contact of
the planar faces F1 and F2 of the washer 20 with the nut 18 and wall 14 respectively, at
least when the nut 18 is tightened. The tightening compresses the washer 20 and is in a
direction which urges the ends 30 and 32 toward each other enhancing the engagement of
first and second locking mechanisms 42, 44. In this embodiment there are no parts of the
washer 20 that extend axially from either face F1 or F2.
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The washer 20 also has a finger 66 that is arranged to seat within a shoulder 68. The finger
66 and shoulder 68 are formed on a radial inner side of the washer 20. When the washer 20
is closed and fully engaged the finger 66 sits in the shoulder 68 beneath the finger 54. A
leading end of the finger 66 has a taper 69 on its upper surface to reduce its radial extent.
This creates a small ramp making easier for the finger 54 to move into the gap between the
fingers 56 and 66. The shoulder 68 is widened slightly near its root to mate closely with the
taper 69 when the washer 20 is fully engaged.

It will also be recognised that the split 28 configures the joint structure 40 as opposing pairs
of circumferentially extending and radially spaced fingers. This is manifested by each of the
ends 30 and 32, which together form the joint structure 40, being in the general form of two
circumferentially extending fingers which are radially spaced to form a gap between them.
The gap is through the whole thickness of the washer. The ends 30, 32 are arranged so that
both fingers of any one end receive one finger of the other end between them. Stated
another way, one finger of each end fits between two fingers of the other end. The end 30
has the fingers 54 and 64, while the end 32 has the fingers 56 and 66. When the washer 20
is fully engaged the finger 54 of the end 30 fits into the gap between the fingers 56 and 66 of
the second end 32. Similarly, the finger 56 of the end 32 fits into the gap between the fingers
64 and 54 of the second end 32. Each of the fingers 54, 64, 56 and 66 is of the same
thickness as the remainder of the washer.

The method of use and operation of the washer 20 will now be described.

To fit the washer 20 to a cable gland 10 the joint structure 40 is disengaged. This may be
achieved by twisting one end 30 relative to the other end 32 as shown in Figure 2. This
creates an opening between the ends 30 and 32. The size of the opening can be increased
by pulling the ends 30 and 32 further part.

The opened and disengaged washer 20 can now be manipulated by pulling apart and/or or
twisting the ends 30 and 32 to fit the washer 20 in a generally radial direction over the cable
gland 10. If the washer 20 is then released, and in the absence of any other external force
acting on the washer 20, the resilience of the washer 20 will cause it to assume a position
(or similar thereto) as shown in Figure 3 in which the first and second ends 30 and 32 abut
each other, and the protrusion 60 has moved up the ramp 57. In this position there is no
locking effect provided by the first and second parts 46 and 50 of the first locking mechanism
42. This is because there has been no engagement of the teeth 48 with the teeth 52. Also,
the second locking mechanism 44 is disengaged, with the protrusion 62 being
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circumferentially spaced from the recess 58. At this stage the finger 66 is moved toward the
shoulder 68 beneath the finger 54.

To close and engage the washer 20, a user applies pressure to the ends 30 and 32 to push
or squeezing them together. This can be done by hand with a thumb and finger pushing
inwardly on the edges 36 and 38. When this occurs the first locking mechanism 42
commences to engage by the teeth 48 and 52 “clicking” over each other in a ratchet like
manner. Simultaneously the second part 60 of the second locking mechanism 44 is moved
circumferentially toward the first part 58. More specifically the protrusion 62 rides along the
curved outer surface of the finger 56 toward the recess 58. The finger 66 also moves further
toward and into the shoulder 68, simultaneously increasing the degree of overlap with the
first finger 54. This stage of the closing process is shown in Figure 4.

As shown in Figure 5 by continuing to apply this pressure the first locking mechanism 42
becomes fully engaged. This is denoted by a forward most of the teeth 52 on the second
finger 56 overhanging an inner most of the teeth 48 on the first finger 54. Also, the first and
second parts 58, 62 of the second locking mechanism 44 are now substantially radially
aligned with each other. However, at this stage they are not fully engaged. Rather the arm
64 abuts second finger 56. This occurs on a region where the ramp 57 meets the curved
surface 59. As result of this abutment the finger 64 holds the protrusion 62 at least partially
out of the recess 58. This would be generally visible to an installer of the washer 20 thereby
giving visual feedback that the engagement enclosure of the washer 20 is not yet complete.

In addition, the finger 66 is now fully seated in the shoulder 68.

To complete the engagement and closure of the washer 20 the protrusion 62 of the second
locking mechanism 44 is now pushed in a radial inward direction to seat to the maximum
extent into the first part/recess 58. This action also assists in compressing the first and

second parts 46 and 50 of the first locking mechanism 42 against each other.

It should be appreciated from the above that the action in closing the washer 20/joint
mechanism 40, with the teeth 48 and 52 passing over each other provides the installer with
physical sensory (haptic) feedback that the closing and engagement of the washer 20 has
occurred. This physical sensory feedback is also provided by the protrusion 62 fitting into the
recess 58. Also, as previously mentioned there is visual feedback provided by the
juxtaposition and angle of the finger 64 as well as the seating of the protrusion 62 in the
recess 58 of the completion of the engagement process.
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The washer 20 also has a directionality in that it is arranged to be installed so that the
rotational direction of the application of torque on a nut or other fastener which applies a
clamping force on the radial faces F1 and F2 of the washer 20 tends to assist in forming a
seal between the outer peripheral edge and the inner circumferential edge. Looking at Fig 6
when the end 30 is on the right-hand side of the tab 34, the closing direction Dc of the
washer 20 from the view point of the teeth 48 is to the right, coinciding with a clockwise
tightening direction of the nut 18. Prior to tightening the nut 18 the teeth 48, 52 would be fully
engaged and the protrusion 62 would be in the recess 58. The end 32 is prevented from
moving away from the end 30 during tightening by at least the seating of protrusion 62 in the
recess 58. During tightening, friction applied to the washer 20 by the nut 18 would tend to
increase to contact pressure (a) between the teeth 48, 52 due the angle of the raked edges
55; and (b) of the finger 66 against the shoulder 68. The increase in contact pressure

between these surfaces is believed to provide an improved sealing effect.

To take advantage of this improved sealing, and with reference to Figure 3, assuming that a
direction of tightening of a fastener (for example nut 18 of Figure 1) is to the right (e.g.,
clockwise direction) then the washer 20 should be orientated so that the end 30 of the tab 34
should ideally be on the left side when viewed in a direction down the cable 10 from the
gland 12 toward the wall 14. To assist an installer to apply the washer with this orientation an
indicia, such as one or more painted/printed crosses X can be provided on face F1 which
would face the installer (i.e., be on a side facing away from the wall 14) when the washer 20
is fitted.

Embodiments of the washer 20 may be made from flexible and resilient materials such as
but not limited to: natural rubber and synthetic rubber including thermoplastic elastomers
such as that available under the brand name Santoprene®. Embodiments of the washer 20
which may be particularly well suited to use with junction boxes of the type found on
processing plant and installations such as LNG plants may come in a range of inner

diameter is from 20 mm-55+ mm, and thicknesses from 2 mm-4 mm.

The above method of use of the washer 20 can be applied in relation to a junction box or
other devices where an electrical conductor is mechanically coupled to a connection block or
other equipment without the need to mechanically disconnect the electrical conductor.

For example, referring back to Figure 1, assume that the washer 16 is a split washer, or is

made of material can be relatively easily cut or otherwise broken away from the junction box

or cable gland 12. The steps to install a fresh washer 20 may comprise the following steps:
10
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e unscrew the threaded end 13 of the cable gland 12 from the junction box wall 14
several turns (e.g., 1-3 revolutions) to create a small gap between the wall 14 and a
planar face of the nut 18; the gap only needs to be several (e.g., 1-4) millimetres
wider than the thickness of the washer 20, so the cable gland is loosened but not
disengaged from the junction box wall;

e if the washer 16 is a split washer, open the washer and remove it from about the nut
18 and cable 10, or if the washer 16 is not a split washer but can be cut or broken
away from the nut 18/cable 10 then do so;

e manipulate a washer 20 so that it is in the disengaged state as shown for example in
Figure 2;

e preferably orientated the washer 20 so that the end 30 is on the left-hand side of the
tab 34 when viewed in a direction from the gland 12 toward the wall 14;

e insert the washer 20 in a generally radial direction onto the cable gland 18/cable 10
in the gap between the wall 14 in the planar face of the cable gland 18;

e apply a force to bring the ends 30 and 32 toward each other and cause the teeth 48
and 52 to progressively engage as the fingers 54 and 56 over each other;

e upon full engagement of the teeth 48 and 52, with the protrusion 62 in radial
alignment with the recess 58, apply pressure to the finger 64 to insert the protrusion
62 into the recess 58;

e tighten the nut 18.

As will be recognised in the above method of use of the washer 20 is not necessary to
disconnect the cable 10 or fully unscrew the gland 12/nut 18 from the junction box bracket or

other termination).

Any discussion of the background art throughout this specification should in no way be
considered as an admission that such background art is prior art, nor that such background
art is widely known or forms part of the common general knowledge in the field in Australia

or worldwide.

In the claims which follow and in the preceding description, except where the context
requires otherwise due to express language or necessary implication, the word “comprise”
and variations such as “comprises” or “comprising” are used in an inclusive sense, i.e. to
specify the presence of the stated features but not to preclude the presence or addition of
further features of the embodiments as disclosed herein.
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