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restraint harness. Each boom Is formed by a tube which fractures on a fall and an elongate stainless steel strap inside the tube
which bends without fracturing. The mast includes a series of telescopic rectangular mast sections with a winch driven cable and
pulley arrangement for extending the first section which acts to pull the second Iinner section to the extended position as the first
Inner section moves out of the outer section. Each section Includes first and second pulleys mounted at the same face of the
section with the cable located between the face of the section and the face of the next section.
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ABSTRACT

A fall protection apparatus includes a heavy support base with a pivotal
mast having a top member for rotation around the axis of the mast carrying a series
of booms pivotal about respective vertical axes, each having an end coupling
mehber for receiving a fall restraint harness. Each boom is formed by a tube which
fractures on a fall and an elongate stainless steel strap inside the tube which bends
without fracturing. The mast includes a series of‘ telescopic rectangular mast
sections with a winch driven cable and pulley arrangement for extending the first
section which acts to pull the second inner section to the extended position as the

first inner section moves out of the outer section. Each section includes first and

~ second pulleys mounted at the same face of the section with the cable located

between the face of the section and the face of the next section.
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FALL PROTECTION APPARATUS WITH A MAST AND BOOM

This invention relates to a fall protection apparatus with a telescopic
mast where the mast is mounted on a support base and carries a boom at the upper

end onto which a fall restraint harness can be mounted.

BACKGROUND OF THE INVENTION

Upstanding or vertical masts are commonly used to provide an upper
end of the mast supported from the ground to which items may be attached which
apply a horizontal load to the mast tending to topple the mast to one side.

Where a permanent mounting is required, the mast can be inserted
Into a sleeve which can be connected to the structure of a building or the like by
braces or by burying the sleeve in a concrete floor or other structural component.

Portable bases can also be provided which allow the base and the
mast carried thereby to be moved to different locations. However these are typically
metal in construction with various arms and braces so that the base is complex,
massive and difficult to move.

One particular purpose for such masts is that of providing a davit

defining a raised location for connection to a cable of a safety harness so that the

mast can be located adjacent a place of work of a worker for attachment of the cable

so that a fall of the worker from an elevated position will allow the safety harness to
take up tne fall before the worker reaches the ground. Of course, in order to achieve
this, the mast must be closely adjacent the place of work to prevent the worker from

swinging toward the mast as he falls. For this purpose preferably the base is



10

15

20

CA 2966171 2017-06-23

2
portable, that is it is not attached to the building or local structure so that it can be

lited and moved.

An arrangement for supporting a fall restraint cable is shown in US
Published Application 2012/0193165 published August 2 2012 by the present
Applicant. This shows a fall restraint system includes a cable for attachment to a fall
restraint harness assembly of a worker. The cable can be attached to a boom arm
cantilevered on armast carried from the ground or can be stretched between two
points on opposed walls. A shock absorber is provided for absorbing at least part of
the shock forces so as to reduce the loading applied to the support system. Thi.s
comprises an elongate member with a movable member or sleeve mounted on it for
longitudinal movement. The movement is resisted by a friction brake or a
compressible material contained within a tube so that the sleeve moves along the
tube in response to loads exceeding the normal load to reduce the loading on the
cable while compressing the material in the tube. The present arrangement is
particularly designed for use with the arrangement described in this application but

can be used to support masts for other purposes.

SUMMARY OF THE INVENTION

According to one aspect of the invention there is provided a fall

protection apparatus comprising:

a telescopic mast comprisingﬁ
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a plurality of tubular mast sections including an outer section, a first

iInner section slidable longitudinally within the outer section and a second inner
section slidable longitudinally within the first inner section:

each of the sections having a rectangular cross-section so that each
has first, second, third and fourth faces parallel to and immediately adjacent

respective first, second, third and fourth faces of each of the other sections;

the sections being slidable from a retracted position where the first and
second Inner sections are at least partly within the outer section to an extended
position;

a drive arrangement for causing said sliding movement of the first inner
section longitudinally of the outer section to the extended position thereof;

and an extension cable and pulley arrangement separate from said
drive arrangement for causing the movement of the first inner section to the
extended position to be communicated to the second inner section to cause said
sliding movement of the second inner section longitudinally of the first inner section

to the extended position thereof:

the extension cable and pulley arrangement including a first and a

second extension pulley each mounted on the first inner section and an extension

cable arrangement connected at one end to the outer section and at an opposed
end to the second inner section so as to pull the second inner section to the

extended position as the first inner section moves out of the outer section;
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wherein said drive arrangement is arranged also to cause said sliding

movement of the first inner section longitudinally of the outer section to the retracted
position thereof,

and a retraction cable and pulley arrangement separate from the
extension cable and pulley arrangement and separate from said drive arrangement
for causing the movement of the first inner section to the retracted position to be
communicated to the second inner section to cause said sliding movement of the
second inner section longitudinally of the first inner section to the retracted position
thereof;

said retraction cable and pulley arrangement including a first and a
second retraction pulley each mounted on the first inner section and a retraction
cable arrangement connected at one end to the outer section and at an opposed
end to the second inner section so as to pull the second inner section to the
retracted position as the first inner section moves into the outer section.

Preferably the first and second pulleys are mounted at the first face of
the first inner section with the cable arrangement including first and second cable
lengths each wrapped around a respective one of the first and second pulleys and
extending along the first face of the second inner section between the first face of
the second inner section and the first face of the first inner section.

Preferably the first and second retraction pulleys are mounted at the

third face of the first inner section with the retraction cable arrangement including

first and second cable lengths each wrapped around a respective one of the first and
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second retraction pulleys and extending along the third face of the second inner

section between the third face of the second inner section -and the third face of the

first tnner section.

While the above definition includes the terms first, second, third and
fourth, it is not intended that these be arranged in a particular order around the mast
and the use of these terms is for convenience of explanation only. Where the above
definition states therefore that first and third faces are used, it is not necessary that
these are opposite one another but in many constructions it is preferable that the
first and third faces are opposed, that is the components mounted on the first and
third faces as defined are arranged on opposed faces of the mast..

Preferably the first and second pulleys are parallel and at right angles
to the first face of the first inner section.

Preferably the first and second pulleys are mounted beyond an end of
the first inner section.

In a suitable mechanical arrangement, the first and second pulleys can
be mounted on a collar attached to an end of the first inner section.

In most constructions for a mast of a suitable height, there is also

provided a third inner section inside the second inner section and a second cable

and pulley arrangement for causing the movement of the second inner section to the

extended position to be communicated to the third inner section to cause said sliding

movement of the third inner section longitudinally of the second inner section to the

extended position thereof, the second cable and pulley arrangement including a third
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and a fourth pulley each mounted on the second inner section and a cable

arrangement connected at one end to the first inner section and at an opposed end
to the third inner section so as to pull the third inner section to the extended position
as the second inner section moves out of the first inner section; wherein the third
and fourth pulleys are mounted at the third face of the second inner section with the
cable arrangement including first and second cable lengths each wrapped around a
respective one of the third and fourth pulleys and extending along the third face of
the third inner section between the third face of the third inner section and the third
tace of the second inner section.

In this case, in a preferable symmetrical arrangement there is also
provided a second retraction cable and pulley arrangement for causing the
movement of the second inner section to the retracted position to be communicated
to the third inner section to cause said sliding movement of the third inner section
longitudinally of the second inner section to the retracted position thereof, the

second retraction cable and pulley arrangement including a third and a fourth

retraction pulley each mounted on the second inner section and a retraction cable

arrangement connected at one end to the first inner section and at an opposed end
to the third inner section so as to pull the third inner section to the retracted position
as the second inner section moves into the first inner section; wherein the third and

fourth retraction pulleys are mounted at the first face of the second inner section with
the retraction cable arrangement including first and second retraction cable lengths

each wrapped around a respective one of the third and fourth retraction pulleys and
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extending along the first face of the third inner section between the first face of the

third inner section and the first face of the second inner section.

In a preferred construction, the drive arrangement for causing said
sliding movement of the first inner section longitudinally of the outer section to the
extended position thereof comprises a drive tube directly connected between a
coupling on the outer section and the first inner section so as to directly actuate
movement there between.

As set forth above, preferably the first and second pulleys being
mounted at the first face of the first inner section with the cable arrangement
including first and second cable lengths each wrapped around a respective one of
the first and second p"ulleys and extending along the first face of the second inner
section between the first face of the second inner section and the first face of the
first inner section.

Preferably the first and second pulleys are parallei and at right angles
to the first face of the first inner section. This allows the first and second pulieys to

be mounted beyond an end of the first inner section on a collar attached to an end of

the first inner section.

Preferably there is a third inner section inside the second inner section
and a second cable and pulley arrangement for causing the movement of the
second inner section 1o the extended position to be communicated to the third inner
section to cause said sliding movement of the third inner section longitudinally of the

second inner section to the extended position thereof, the second cable and puliey
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arrangement including a third and a fourth pulley each mounted on the second inner

section and a cable arrangement connected at one end to the first inner section and
at an opposed end to the third inner section so as to pull the third inner section to the
extended position as the second inner sectibn moves out of the first inner section;
wherein the third and fourth pulleys are mounted at the third face of the second inner
section with the cable arrangement including first and second cable lengths each
wrapped around a respective one of the third and fourth pulleys and extending along
the third face of the third inner section between the third face of the third inner
section and the third face of the second inner section. Thus the third and fourth
pulleys are mounted on a side of the rectangular mast opposite to the first and
second pulleys so that the construction can collapse to a reduce Iength.
Symmetrically the pulleys of further sections or of the outer section can be arranged
at alternate sides of the mast to allow better interleaving of the structure when
collapsed.

In order to ensure proper retraction of the mast when required,
preferably the drive arrangement for causing the sliding movement of the first inner
section longitudinally of the outer section to the extended position thereof is
arranged also to also cause the sliding movement of the first inner section
longitudinally of the outer section to the retracted position thereof, the drive
arrangement including a retraction cable and pulley arrangement for causing the

movement of the first inner section to the retracted position to be communicated to

the second inner section to cause said sliding movement of the second inner section
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longitudinally of the first inner section to the retracted position thereof; said retraction

cable and pulley arrangement including a first retraction pulley and a second

retraction pulley each mounted on the first inner section and a retraction cable
arrangement connected at one end to the outer section and at an opposed end to

5 the second inner section so as to pull the second inner section to the retracted
position as the first inner section moves into the outer section.

That is preferably the system includes a retraction cable and pulley
arrangement which is symmetrical to the cable and pulley arrangement which
causes ereciion of the mast.

10 Preferabiy the first and second retraction pulleys are mounted at the
third face of the first inner section with the retraction cable arrangement including
first and second cable [engths each wrapped around a respective one of the first and
second retraction pulleys and extending along the third face of the second inner
section between the third face of the second inner section and the third face of the

15  first inner section.

Symmetrically as used in the erection system, where there is a third
inner section inside the second inner section there is preferably provided a second
retraction cable and pulley arrangement for causing the movement of the second
iInner section to the retracted position to be communicated to the third inner section

20  to cause said sliding movement of the third inner section longitudinally of the second

inner section to the retracted position thereof, the second retraction cable and pulley

arrangement including a third and a fourth retraction pulley each mounted on the
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second inner section and a retraction cable arrangement connected at one end to

the first inner section and at an opposed end to the third inner section so as to pull
the third inner section to the retracted position as the second inner section moves

into the first inner section; wherein the third and fourth retraction pulleys are

mounted at the first face of the second inner section with the retraction cable
arrangement including first and second retraction cable lengths each wrapped
around a respective one of the third and fourth retraction pulleys and extending
along the first face of the third inner section between the first face of the third inner
section and the first face of the second Inner section.

Preferably the first and second cable lengths are mounted at the
bottom of the second inner section by a mounting member which allows transfer of
loads between the first and second cable lengths.

Preferably the mounting member which allows transfer of loads
between the first and second cable lengths comprises an arcuate disk member or
part of a disk member carried on the first face of the second inner section for pivotal
movement about an axis thereof at right angles to the first face with the cable
lengths wrapped wound an outer periphery of the arcuate disk member.

Preferably the arcuate disk member Is arranged to trap the cable
lengths to prevent escape therefrom. Thus the cable is contained in the area
between the inner and outer faces of the tubular sections to resist the cable

becoming released from its track.
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In one arrangement the drive arrangement for causing said sliding

movement of the first inner section longitudinally of the outer section to the extended
position thereof comprises a drive tube.

However more preferably the drive arrangement for causing said
sliding movement of the first inner section longitudinally of the outer section to the
extended position thereof comprises a further cable and pulley arrangement
symmetrical to that which elevates the second inner section including a first further

puliey and a second further pulley each mounted on the outer section and a further

cable arrangement connected at one end to a winch and at an opposed end to the
first inner section so as 1o pull the first inner section to the extended position. In this
arrangement preferably the further cable arrangement comprises first and second
further cable lengths which are mounted at the bottom of the first inner section by a
mounting member which allows transfer of loads between the first and second
further cable lengths and wherein the winch is arranged to simultaneously and
symmetrically pull the first and second further cable lengths.

Preferably the elongate member is a strap. However other shapes of

the elongate member can be used including potentially a cable.
Preferably the elongate member in the form of a flat solid strap of

metal has a width substantially equal to a transverse interior width of the tube.
Preferably the elongate member is stainless steel which has the ability
to bend with predetermined characteristics without the risk of fracture. In this way

the tube can be designed to fracture under the load and therefore the boom
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collapses inwardly toward the mast so that the distance of the coupling to which the

harness is attached from the mast reduces to reduce the side load on the mast
caused by the fall. In this way total loading on the mast can be reduced so that the
dimensions of the mast and the support for the mast can be reduced.

Preferably the tube is of rectangular cross-section and the elongate

member in the form of the flat strap is located in the tube at a bottom wall of the
fube.

It is of course necessary that the elo-ngate member In the form of the
strap remains connected to the mast at the inner end and to the coupling at the outer
end to maintain continuity when the fube fractures. Thus preferably the tube Is
fastened to the support member by a pin passing through transverse holes in the
tube and wherein the elongate member includes a hole therethrough by which the

elongate member is connected to the pin. In order to maintain this continuity, as

additional wire cable may be attached along the tube on the exterior or on the
interior so that in effect the cable from the hamess to the coupling is continued right

up to the mast by the additional cable. There is therefore no danger of the harness

peing disconnected from the mast on the shock loading from a fall even though the

worker will fall an additional distance defined by the length of the boom as he boom

collapses.
The term fracture used in relation to the tube is not limited to an
arrangement in which the tube breaks at a specific location across its length but

instead is intended to include any breaking of the tube at any location which occurs
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due to the load applied in the downward direction by the load and due to the bending

of the elongate member or strap.

Preferably therefore in one example, the tube is of rectangular cross-
section with a top wall, two side walls and a bottom wall with the elongate member
located in the tube at or adjacent the bottom wall, and preferably the side walls of
the tube are arranged adjacent an outer end of the tube so as to commence and
propagate a tearing action of the bottom wall from the side walls or at least part of
the side walls as .the elongate member or strap bends.

Preferably the tearing action is controlled by and started by the
provision of slots In each of the side walls {o propagate the tearing action.

Preferably the slot in the side walls is spaced from the end of the tube

so that the tearing action commences only at a predetermined load.

Preferably the support member includes an elongate mounting
member inserted into a top end of the mast.

Preferably the elongate mounting member carries a plurality of
upstanding receptacles at spaced positions therearound each for receiving a
respective insert member of a respective one of the plurality of booms.

Preferably each boom includes a swivel coupling for limited side to
side pivotal movement of the boom relative to the elongate mounting member about

an axis parallel to an upstanding axis of the mast so that this side to side movement

Is combined with the free rotation of the insert member into the upper end of the

mast..
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Preferably the top support member is removable.

Preferably there Is provided a first bracket member attaching the outer
section of the mast to the support base for pivotal movement about a horizontal axis

transverse to the mast and an actuator attached to the support base for moving the

mast between a horizontal stored position across the support base to an erected
position standing upwardly from the support base.
Preferably the support base comprises a rectangular body filled with a

pallast material and wherein the first bracket member is mounted on one upstanding

side wall of the body.

BRIEF DESCRIPTION OF THE DRAWINGS

One embodiment of the invention will now be described in conjunction
with the accompanying drawings in which:

Figure 1 is a side elevational view of a fall restraint apparatus
according to the present invention showing a mast mounted on a support base in the

erected position of the mast.

Figure 2 1s a side elevational view of the fall restraint apparatus of

Figure 1 showing the mast in the folded position of the mast.
Figure 3 is an isometric view of the mast of Figure 1.
Figure 4 is a cross-sectional view along the lines 4-4 of Figure 3 of the

mast of Figure 1.

Figure 5 is a schematic cross-sectional view similar to that of Figure 4
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with the transverse dimensions enlarged to show the construction more clearly.

Figure 6 is a cross-sectional view along the lines 6-6 of Figure 5.
Figure 7 IS a cross-sectional view similar to that of Figure 4 showing
also the retraction system symmetrical to the erection system shown in the above

S  Figures.

Figure 8 is a top plan view of the top of the mast of Figure 1 showing

two of the booms.

Figure 9 is an isometric view of the components of Figure 8.
Figure 10 is a cross-sectional view along the lines 9-9 of Figure 8.
10 Figure 11 Is a view similar to that of Figure 10 showing an end portion

of the boom only and including slots for creating and propagating a tearing action Iin

the tube.

In the drawings like characters of reference indicate corresponding

parts in the different figures.

19 DETAILED DESCRIPTION

A fall restraint apparatus 10 comprises a support base 11, a mast 12,

and a top support member 13 mounted on a top of the mast. The support base is
preferably of the construction shown in USA Patent 8,931,749 issued January 13
2015 of the present Applicant. In this case the base 11 may be mounted on a
20  wheeled support or vehicle for movement to a required location, the wheeled support

14 being shown only schematically.



10

15

20

CA 2966171 2017-06-23

16
The support member 13 includes at least one and more typically two or

four booms 15 attached to the support member 13 and extending outwardly to one

side of the mast:

As shown in Figure 10 or 11, each boom 15 includes a coupling
member 16 in the form of a loop 16A attached to the boom at the outer end of the
boom for receiving a fall restraint harness 16C of a worker attached by a cable 16B
to the loop 16A.

The mast 12 is telescopic so as to extend from the collapsed positon
shown In Figure 2 to the erected position shown in Figure 1. The telescopic mast
Includes, as best shown in Figures 3 to 6, a plurality of tubular mast sections
Including an outer section 20, and a plurality of inner sections 21, 22 and 23. The
number of inner sections can be varied to provide a required height of the mast. In
the schematic illustration as shown as an example in Figure 5 and 6 there is
provided only a first inner section 21 slidable longitudinally within the outer section
20 and a second inner section 22 slidable longitudinally within the first inner section

21. it will be appreciated that additional symmetrically mounted further sections can

be provided including the third inner section 23 of Figure 4. Each section has slide

collars 24 at the ends so as 1o provide a bearing surface relative to the surrounding

section.

Each of the sections has a rectangular cross-section so that each has
first, second, third and fourth faces 21A, 21B, 21C and 21D parallel to and

immediately adjacent respective first, second, third and fourth faces of each of the
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other sections. |n this way the sections are slidable from a retracted position where

the first and second inner sections are at least partly within the outer section to an
extended position.

A drive arrangement 30 is provided for causing the sliding movement
of the first inner section 21 longitudinally of the outer section 20 to the extended
position thereof, and a cable and pulley arrangement 40 is provided for causing the
movement of the first inner section 21 to the extended position to be communicated
to the second inner section 22 to cause said sliding movement of the second inner
section longitudinally of the first inner section to the extended position therect.
Symmetrically a second cable and pulley arrangement 50 is provided for causing the
movement of the second inner section 22 to the extended position to be
communicated to the third inner section 23 to cause the sliding movement of the
third inner section 23 longitudinally of the second inner section 22 to the extended
position thereof. The drive arrangements provided by the drive 30, the first
arrangement 40 and the second arrangement 50 are separate and independent of

one another rand are symmetrical.

Thus the cable and pulley arrangement 30 includes a first and a

second pulley 31, 32 each mounted on the outer section 20 and a cable

arrangement 33 connected at one end 33A to the outer section 20 and at an
opposed end to the first inner section 21 so as to pull the first inner section 21 to the

extended position. The end 33A of the cable arrangement is connected 1o a winch

33C and so as to pull the first inner section to the extended position. The cable
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lengths 33 are mounted at the bottom of the first inner section 20 by a mounting

member 33D which allows transfer of loads between the first and second further

cable lengths. The member 33D comprises an arcuate disk member 33E carried on

the first face 21A of the first inner section for pivotal movement about an axis 33F

thereof at right angles to the first face with the cable lengths 33 wrapped wound an
outer periphery of the arcuate disk member. Thus unbalanced loads on the cable
can be taken up by slight rotation of the disk 33E to prevent excess loading on one
part of the cable which could cause breakage. Both cable lengths therefore
contribute equally so that the diameter of the cable can be chosen bearing in mind
that only half of the load is applied to each so that the cable can be received in the
relatively narrow space between the faces 20A and 21A.

Also the arcuate disk member 33E is arranged to trap the cable

lengths 33 to prevent escape therefrom by locating the cable in a peripheral channel
and by butting that channel up against the bearing block 24 as shown in Figure 5.
Thus the cable is contained in the area between the inner and outer faces of the

tubular sections to resist the cable becoming released from its track.
The winch 36C is arranged to simultaneously and symmetrically pull

the first and second further cable lengths 33 so that the load from the winch acting to
extend the mast is applied to both cable lengths.

The first and second pulleys 31 and 32 are mounted at the first face
20A of the outer section with the cable arrangement 33 including first and second

cable lengths each wrapped around a respective one of the first and second pulleys
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and extending along the first face of the first inner section between the first face of

the first inner section and the first face of the outer section.

The first and second pulleys 31, 32 are parallel and at right angles to
the first face 21A of the first inner section 21. This allows the first and second
pulleys to be mounted beyond an end 20E of the outer section 20 on a collar 20F

attached to an end of the outer section.

As described above the mast 1s formed by a series of effectively
symmetrical stages 30, 40 and 50 where the first stage comprises pulleys 31, 32 and
cable 33. Symmetrically stage 40 comprises pulleys 41 and 42 and a cable 43 and
stage 50 comprises pulleys 51, 52 and cable 53.

Thus there is a third inner section 23 inside the second inner section
22 and a second cable and pulley arrangement 50 for causing the movement of the
second inner section 22 to the extended position {0 be communicated fo the third
Inner section 23 to cause said sliding movement of the third inner section 23
longitudinally of the second inner section 22 to the extended position thereof, the
second cable and pulley arrangement 50 including a third and a fourth pulley 51, 52
each mounted on the second inner section 22 and a cable arrangement connected
at one end to the first inner section and at an opposed end to the third inner section
23 so as to pull the third inner section 2 to the extended position as the second inner

section moves out of the first inner section.
The third and fourth pulleys 41, 42 are mounted at the third face 22C of

the second inner section 22. Thus the third and fourth pulleys 41, 42 are mounted
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on a side of the mast opposite to the first and second pulleys and on an opposite
side to the pulleys 51 and 52 sc that the construction can collapse to a reduce length
since the pulleys do not sit one on top of the next. Symmetrically the pulleys of
further sections or of the outer section can be arranged at alternate sides of the mast
to allow better interleaving of the structure when collapsed. Also as the transverse
dimension of the sections reduces, the pulleys are closer together so that again

there i1s more room to bring the height down in the collapsed condition.

In one arrangement the drive arrangement for causing the sliding

movement of the first inner section longitudinally of the outer section comprises a

drive tube 60 connected between a lug 62 to the outer tube and a lug 61 connected

fo the first inner tube.

The apparatus further includes, as part of the drive arrangement
including the tube 60, directly symmetrical components for driving the mast in the
downward direction to the retracted position.

Thus the first inner tube is driven downwardly into the outer tube by the
drive tube 60 commencing the retraction of the mast. In some cases the mast is
sufficiently loaded at the top section so that it will necessarily retract with each

section pulling into the next section simply by the force of gravity. However when the

load is insufficient all in order to ensure safety to provide controlled retraction of the

sections of the mast, there is provided a pair of cable and pulley arrangements as

previously described but operating in opposite directions for retraction.
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In figure 7 there is shown the lower end of the mast in the retracted

position including the outer section or tube 71, a first inner tube 70, a second inner
tube 69 and the third inner tube 72, all as previously described.

Thus as shown in figure 7 there is a first cable and pulley arrangement
generally indicated at 63 including a cable 65 fastened to the second inner tube 69
at a clamp 64 on a bracket 73 attached to the second inner tube and wrapped
around a pulley 66 carried on a bracket 67 at the bottom end of the first inner tube
70. The cable 65 extends through a space 74 between the outside surface of the
first Inner tube and an inside surface of the outer tube 71 up to a disk member 68 on
the outside surface of the first inner tube 70. The disk member 68 is identical to the
disk member 33E and operates in a symmetrical manner.

In this way when the first inner tube 70 is it driven downwardly by the
drive tube 60, its movement is communicated by a downward movement of the
pulley 66 which pulls the portion of the cable 65 connected to the clamp 64 so as to
pull the second. In the tube 69 downwardly. In view of the symmetry between the

cable and pulley arrangement 63 and that the previously described cable and pulley

arrangements for the erection movement, it will be appreciated that the pulley 66

formed one of a pair of pulleys attached {o the bracket 67 and that the cable 65

passes around the disk member 68 the form two paraliel runs of the cable.
Thus the drive arrangement includes a retraction cable and pulley

arrangement 63 for causing the movement of the first inner section 70 to the

retracted position to be communicated to the second inner section 69 to cause the
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sliding movement of the second inner section 69 longitudinally of the first inner

section 70 to the retracted position thereof. The retraction cable and pulley

arrangement 63 includes the first retraction pulley and a second retraction pulley 66
each mounted on the first inner section 70 and a retractioh cable arrangement 65
connected at one end to the first inner section and at an opposed end to the second
iInner section so as to pull the second inner section 69 to the retracted position as
the first inner section 70 moves into the outer section 71.

The first and second retraction pulleys 66 are mounted at the third face
75 of the first inner section with the first and second cable lengths 65 each wrapped
around a respective one of the first and second retraction pulleys 66 and extending
along the third face 75 of the first inner section between the third face of the first
inner section and the third face of the ocuter section.

In order to provide retraction movement of the third inner section to the
fully retracted position with the movement of the second inner section obtained
above, there is provided a second retraction cable and pulley arrangement 76

symmetrical to the previously described arrangements for causing the movement of

the second inner section 69 fo the retracted position to be communicated to the third
Inner section 72 to cause the sliding movement of the third inner section 72

longitudinally of the second inner section 69 to the retracted position thereof. The
second retraction cable and pulley arrangement 76 a third and a fourth retraction
pulley 77 each mounted on the second inner section 69 of the bracket 73 and a

retraction cable arrangement 78 connected at one end to the second inner section
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and at an opposed end to the third inner section so as to pull the third inner section

to the retracted position as the second inner section moves into the first inner
section. In symmetrical manner the third and fourth retraction pulleys 77 are
mounted at the first face 79 of the second inner section with the retraction cable
arrangement including first and second retraction cable lengths 78 each wrapped

around a respective one of the third and fourth retraction pulleys 77 and extending

along the first face of the third inner section between the first face of the third inner

section and the first face of the second inner section up to the disk member 80.

In this arrangement the first face of the sections is opposite to the third
face of the sections. As previously described, the cable which causes the erection is
located in the space indicated at 81 between the outer tube and that the first inner
tube which is on the first side face of the structure. The cable which causes the
retraction is located in the space 74 between the outer tube and the first inner tube
but at the third side. In this way the erection and retraction cables are all located on
the first and third opposing sides.

Turning now to Figures 9, 10 and 11, the boom 15 includes an outer
tube 15A attached to the support member 13 at an inner end and attached to the
coupling member 16 at an outer end. The tube is formed of aluminum or similar
material .éo that it provides structural strength to stand out to the side of the mast but
Is arranged so that it fractures on application of a load applied by a fall to the

coupling member causing bending of the tube.
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In order to provide structural integrity and continued connection from

the mast to the coupling 16 in the event of a fall causing fracturing of the tube as it
bends beyond an allowable angle, there is also provide an internal elongate member
in the form of a flat strap 15B located inside the tube and attached to the support
member at the inner end and attached to the coupling member at the outer end. The
flat strap 15B is formed of a flexible metal such as stainless steel which is arranged
so that it bends without fracturing on fracture of the tube. The elongate member in
the form of a flat solid strap of metal has a width substantially equal to a transverse
Interior width of the tube. Stainless steel which has the ability to bend with
predetermined characteristics without the risk of fracture. In this way the tube can
be designed to fracture under the load and therefore the boom collapses inwardly
foward the mast so that the distance of the coupling to which the harness is attached
from the mast reduces to reduce the side load on the mast caused by the fall. In this
way total loading on the mast can be reduced so that the dimensions of the mast
and the support for the mast can be reduced.

The tube 15A is of rectanguiar cross-section and the flat strap 15B is
located in the tube at a bottom wall of the tube.

It is of course necessary that the elongate member in the form of the
strap remains connected to the mast at the inner end and to the coupling at the outer

end to mainfain continuity when the tube fractures. Thus the tube and strap are

simultaneously fastened to the support member by a pin 15D passing through

transverse holes in the fube and the strap. In order to maintain this continuity, an
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additional wire cable 15E may optionally be attached along the tube on the exterior

or on the interior so that in effect the cable from the harness to the coupling is
continued right up to the mast by the additional cable 15E. There is therefore no
danger of the harness being disconnected from the mast on the shock loading from
a fall even though the worker will fall an additional distance defined by the length of
the boom as the boom colilapses.

The pin 15D is carried on a top and bottom plate 15G, 15H
strengthened by a gusset 15J between the tube and the bottom plate 15H. The
plates 156G and 15H connect to a swivel coupling 15K which allows the boom to
swivel in a horizontal plane but an axis parallel to the mast through a limited angle of
the order of 70 degrees. The swivel coupling 15K is attached to a vertical tube 15M
carried In a sleeve 16N. The sleeve 15N is attached on one side of the support
member 13. Thus the support member 13 is removable as a whole from the top of
the mast by sliding out of the top section. Also the support member provides a
number, typically two or four of the sleeves 15N for receiving the pin 15M of the
selected number of boorﬁs.

As best shown in figures 10 and 11, the tube 15A is rectangular with a
top wall 151, a bottom wall 152 and sidewalls 153. The tube extends to an open end
194. The coupling loop 16A of the attachment 16 is coupled by a pin 161 which has

ahead 162 and extends through the bottom wall 152 of the tube and through the

strap 15B to a nut 163 bus connecting the coupling ring to the bottom wall 152 and

the strap 15B.
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On application of a load {o the ring 16A from a fall of a user, the load Is

applied to the pin 161 into the tube and into the strap 15B. The side walls 153 are
arranged by provision of a slot 154 adjacent an outer end of the tube so as to
commence and propagate a tearing action of the bottom wall 152 from the side walls
153 as the elongate member 15B bends. That is the downward load on the coupling
16 tends to bend the strap 15B downwardly which is free to bend. However the tube
15A cannot bend with the strap but will instead fracture at a controlled location. In
one arrangement this can occur simply as a transverse fracture of the tube for
example of the inner end of the tube where it joins the outer support tube. However
more preferably the provision of the slots 164 causes a tearing action to commence
at the length of the slot so as to continue along the direction of the slot to separate
the bottom wall 152 from the sidewalls 153. This tearing action continues to a
distance depending upon the load applied. This tearing action tends to control the
bending of the strap so that instead of bending at one location at which the tube
fractures, instead the tearing action gradually causes the bend to move along the

strap 15B from the end 154 of the tube along the tube to the location where the

tearing action terminates. It will be appreciated that this downward movement

caused by the bending of the strap moves that the coupling 16 downwardly and
toward the mast so as o reduce the mechanical advantage applied by the load to

the mast. in this way the forces on the mast as significantly reduced both by the
shock absorbing effect of the bending of the strap and the by the movement of the

point of load from the end 154 of the tube toward the mast.
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The slot 164 in the side walls has ends 165 and 166 spaced along the

length of the tube by a relatively short distance relative to the full length of the tube.
Both the structure of the tube is not significantly compromised during normal support
of the coupling 16. The end 165 is spaced from the end 154 of the tube so that the
tearing action to leave an intact portion 155 of the tube between the end 165 on the
end 154 so that the intact portion maintains the structure of the tube up to a
predeternﬁined load whereupon the tearing action commences only at the
predetermined load. The slot 164 is located close to the adjacent the bottom wall

152 at or adjacent the strap 15B so that only the bottom wall 152 is torn away from

the remainder of the tube.

Turning again to Figure 1, there is provided a first bracket member 11A
attaching the outer section 20 of the mast to the support base 11 for pivotal
movement about a horizontal axis at pivot pin 11C transverse to the mast and an
actuator 11D attached to the support base at a bracket 11B on the opposite side of
the base 11 for moving the mast between a horizontal stored position shown in

Figure 2 across the support base to an erected position shown in Figure 3 standing

upwardly from the support base. The support base comprises a rectangular body

filled with a ballast material and bomprising an outer metal wall connected to the

brackets for transferring the loads from the mast into the support base. = The fact
that the boom is collapsible reduces the side loading on the mast so that the support
base can hold the mast vertical without toppling and without breakage of any of the

coupling components.
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CLAIMS

1. A fall protection apparatus comprising:

a telescopic mast comprising:

a plurality of tubular mast sections including an outer section, a first
inner section slidable longitudinally within the outer section and a second inner
section slidable longitudinally within the first inner section:;

each of the sections having a rectangular cross-section so that each
has first, second, third and fourth faces parallel to and immediately adjacent
respective first, second, third and fourth faces of each of the other sections:

the sections being slidable from a retracted position where the first and
second inner sections are at least partly within the outer section to an extended
position;

a drive arrangement for causing said sliding movement of the first inner
section longitudinally of the outer section to the extended position thereof:

and an extension cable and puiley arrangement separate from said
drive arrangement for causing the movement of the first inner section to the
extended position to be communicated to the second inner section to cause said
sliding movement of the second inner section longitudinally of the first inner section
to the extended position thereof:

the extension cable and pulley arrangement including a first and a

second extension pulley each mounted on the first inner section and an extension

cable arrangement connected at one end to the outer section and at an opposed
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end to the second inner section so as to pull the second inner section to the

extended position as the first inner section moves out of the outer section;

wherein said drive arrangement is arranged also to cause said sliding
movement of the first inner section longitudinally of the outer section to the retracted
position thereof,

~and a retraction cable and pulley arrangement separate from the

extension cable and pulley arrangement and separate from said drive arrangement
for causing the movement of the first inner section to the retracted position to be
communicated to the second inner section to cause said sliding movement of the
second inner section longitudinally of the first inner section to the retracted position
thereof,

said retraction cable and pulley arrangement including a first and a
second retraction pulley each mounted on the first inner section and a retraction
cable arrangement connected at one end to the outer section and at an opposed
end to the second inner section so as to pull the second inner section to the
refracted position as the first inner section moves into the outer section.

2. The apparatus according to claim 1 wherein the first and second

extension pulleys are mounted at the first face of the first inner section with the
extension cable arrangement including first and second extension cable lengths

each wrapped around a respective one of the first and second extension pulleys and
extending along the first face of the second inner section between the first face of

the second inner section and the first face of the first inner section.
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3. The apparatus according to claim 2 wherein the first and second

extension cable lengths are mounted at the bottom of the second inner section by a

mounting member which allows transfer of loads between the first and second

extension cable lengths.

4. The apparatus according to claim 3 wherein the mounting
member which allows transfer of loads between the first and second extension cable
lengths comprises an arcuate disk member carried on the first face of the second
inner section for pivotal movement about an axis thereof at right angles to the first

face with the first and second extension cable lengths wrapped wound an outer

periphery of the arcuate disk member.

S. The apparatus according to claim 4 wherein the arcuate disk

member Is arranged to trap the first and second extension cable lengths to prevent

escape therefrom.

6. The fall protection apparatus according to claim 1 wherein the
first and second retraction pulleys are mounted at the third face of the first inner
section with the retraction cable arrangement including first and second retraction
cable lengths each wrapped around a respective one of the first and second

retraction pulleys and extending along the third face of the second inner section

between the third face of the second inner section and the third face of the first inner

section.

7. The apparatus according to claim 6 wherein the first and third

faces are opposed.
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8. The apparatus according to any one of claims 1 to 7 wherein the

first and second extension pulleys are parallel and at right angles to the first face of
the first inner section.

9. The apparatus according to any one of claims 1 to 8 wherein the

6 first and second extension pulleys are mounted beyond an end of the first inner
section.

10. The apparatus according to any one of claims 1 to 9 wherein the
first and second extension pulleys are mounted on a collar attached to an end of the
first inner section.

10 11.  The apparatus according to any one of claims 1 to 10 wherein
there is a third inner section inside the second inner section and a second extension
cable and pulley arrangement for causing the movement of the second inner section
to the extended position to be communicated to the third inner section to cause said
sliding movement of the third inner section Iongiﬁzdinally of the second Inner section

19  to the extended position thereof, the second extension cable and pulley arrangement
inciuding a third and a fourth extension pulley each mounted on the second inner
section and a second extension cable arrangement connected at one end to the first
inner section and at an opposed end to the third inner section so as to pull the third
Inner section to the extended position as the second inner section moves out of the

20 first inner section; wherein the third and fourth extension pulleys are mounted at the

third face of the second inner section with the second extension cable arrangement

including third and fourth extension cable lengths each wrapped around a respective
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one of the third and fourth extension pulleys and extending along the third face of

the third inner section between the third face of the third inner section and the third
face of the second inner section.

12.  The fall protection apparatus according fo claim 11 wherein
there is a second retraction cable and pulley arrangement for causing the movement
of the second inner section to the retracted position to be communicated to the third
inner section to cause said sliding movement of the third inner section longitudinally
of the second inner section to the retracted position thereof, the second retraction
cable and pulley arrangement including a third and a fourth retraction pulley each
mounted on the second inner section and a second retraction cable arrangement
connected at one end to the first inner section and at an opposed end to the third
inner section so as to pull the third inner section to the retracted position as the
second inner section moves into the first inner section; wherein the third and fourth
retraction pulleys are mounted at the first face of the second inner section with the
second retraction cable arrangement including third and fourth retraction cable

lengths each wrapped around a respective one of the third and fourth retraction

pulleys and extending along the first face of the third inner section between the first
face of the third inner section and the first face of the second inner section.

13.  The apparatus according to any one of claims 1 to 12 wherein
the drive arrangement for causing said sliding movement of the first inner section
longitudinally of the outer section to the extended and retracted position thereof

comprises a drive cylinder.
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