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FIELD OF THE INVENTION

This invention relates generally to industrial slings used to lift, move and transport
heavy loads and, more particularly, an apparatus for notifying operators/riggers who use

synthetic slings of an overload or damage situation that may lead to sling faiture.

BACKGROUND OF THE INVENTION
Wire rope slings made of a plurality of metal strands twisted together and secured by
large metal sleeves or collars are common in the industry. During the past thirty years,
industrial metal slings have seen improvements in flexibility and strength. However,

compared to non-metal or synthetic fiber slings, metal slings are relatively stiff and inflexible.




replacing netal slings in many circunstances.
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to determine whether the wings of an airplane have become fatigued.)

Standard break tests have been established for determining how large of a load a sling
can endure. Slings are attached to a testing machine that applies a steady but increasing force
on the sling until it is unable to withstand the stress of the force being applied to it and the
sling ultimately breaks. Such break tests have enabled manufacturers of industrial slings to
rate the load-bearing capacity of the sling. The load capacity is determined to be a point well
below the load used to break the sling and also below the point where the sling is fatigued or

damaged. Most sling manufacturers will affix some type of tag notice on the sling which
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stress point. This condition is similar to the stretching of a rubber band beyond its point of

normal elasticity so that when the load or tension is removed or relieved, the rubber band will
never regain its normal configuration and its sirand dimensions may be permanently stretched
which will cause it to fail under a load which is less than its tensile strength load. As stated
previously, it is nearly impossible to determine, upon a cursory visual inspection, that a sling
has been damaged because of the large size of such slings (on the order of 6 feet or more) and
because the load-bearing core is hidden inside the outer cover.

Once the load-lifting core of the synthetic sling is stretched beyond its yield point, it
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ultraviolet light or chernicals. Still another safety concern flows from abuse by the user when
the core yarn is damaged from abrasive wear when the slings are not rotated and the same
wear points are permitted to stay in contact for extended periods of time with a device used
for lifting (such as hooks on a crane), or on the edges of the load itself. Such abrasion is
accelerated for certain types of synthetic fiber material and especially if the load contact
section is under compression or is bunched, Riggers in the field are concerned that the inner

lifting core yarn of their roundslings may be damaged on the inside without a means for them
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A popular design of prior art roundslings was to twist a plurality of yarns together to
form a single strand; the strand is then rolled into an endless parallel loops of strands that
form the core, which is then encased in & protective cover material, If the sling was designed
with a prior art failure indicator, an indicator strand would be incorporated into and twisted
with the core yarns. The two ends of the indicator strand (sometimes referred to as tell-tails),
extend freely through an opening in the cover material. When the sling is subjected to an

overload condition, the tell-tail would partially withdraw within the cover and the freely

extending tell-tail ends would be visibly shorter than the tell-tails of an undamaged sling; if




extending tell-tail ends would be visibly shorter than
the tell-tails of an undamaged sling; if WO
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Unfortunately, there was no way of ensuring that the tell-tails would consistently withdraw
within the cover at about 24,000 pounds,  In other words, two slings having prior art
failure indjcator strands contemporaneously made under the same conditions would have two
different trigger points (for example, one sling may trigger at about 22,050 pounds and the
other sling may trigger at about 26,000 pounds). In addition, one sling may react to a frigger
event by completely withdrawing one of the tell-tails, while the other sling may react to a

trigger event by partially withdrawing both tell-tails,




event by conpletely withdrawing one of the tell-tails,
while the other sling may react to a trigger event by
partially withdrawing both tell-tails. WO 2006/ 127489
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will have openings or crifice slits out of which the two ends of the fiber optic signal strand
emerge. The aforesaid ends of the fiber optic cable are designed to extend freely through a
slit in the sling’s cover so that they are easily accessible by the rigger.

The optical signal strand member conducts light from a light source at one end to an
observer looking at the opposite end for testing the integrity and the continuity of the core
strands. The inclusion of the fiber optic cable in the Hfting core yarn of the roundsling
converts the inaccessible inner core area into an observable test check area by means of the
passage of light through the fiber optic component of the lifting core.

Fiber optic materials are capable of transmitting Jight into endless parallel relationship




strands. The inclusion of the fiber optic cable in the
l[ifting core yarn of the roundsling converts the
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rigger is warned that the lifting core strands may be damaged, and to remove the protective
cover from the roundsling for further inspection. If, upon inspection, it is determined that the
roundsling was damaged, it will be immediately removed from service, and replaced with a
new sling.

Although the apparatus disclosed in U.S. Patent No. 5,651,572 is currently the leading
product for determining whether the lifting core yarns of a synthetic sling haw;e snapped or
been damaged, in the stages where the sling has been subjected to an overload condition, the

fiber optic signal strand still does not have the identical stretching properties of the load-

bearing core yarns, Accordingly, unless the fiber optic cable breaks completely, some light
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precisely determine whether the load bearing core of a synthetic sling was subjected to an

excessive or damage- causing situation still exists.

SUMMARY OF THE INVENTION

The present invention discloses a pre-failure warning indicator for use with a sling
that is more accurate and predictable than prior art indicators, In the present invention, the
failure indicator strand is separate and independent from the load-bearing core yarns.

One of the most popular designs of a roundsling is to twist a plurality of yarns

together to form a single strand; the strand is then rolled into endless parallel loops of strands




The present invention discloses a pre-failure warning
indicator for use with a sling that is nore accurate
and predictable than prior art indicators. In the
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outside the cover. The tag is designed to provide an

i ndil agrseificiymbotiment pitaggs wipshadde hetstimsicpedipraferablyome of the

terminating eyes) and is also drawn through the slot so that it extends freely outside the cover.

The tag is designed to provide an indicator that the sling has been tampered with or
sabotaged.

The ring is designed to fail when the sling is subjected to an excessive or damage-
causing situation. A common damage-causing situation is when the sling is over-loaded. The
ring will break when the sling is placed in an ovetload situation, thereby causing the
termination eyes to separate, resulting in the complete withdrawal of the whip inside of the

COVCr,




sabotaged. The ring is designed to fail when the sling
IS subjected to an excessive or damage- causi ng
situation. A comon damage-causi ng situation is when
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the sling is placed in an ovHrl oad situation, thereby
causing the termnation eyes to separate, resulting

in the conplete withdrawal of the whip inside of the
cover. WD 2006/127489 PCTI US2006/ 019518 1|1 By
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identification of the external warning I ndicator.
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by permanent attachment to the cover. |
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assembly of this invention moves with it in concert so a false indication of overload is

eliminated.
Additional objects and advantages will be evident to one skilled in the art after a

reading of the detailed description that follows.

BRIEF DESCRIPTION OF THE DRAWINGS

The accompanying drawings, which are incorporated in and form a part of the
specification, illustrate the embodiments of the present invention and, together with the
following description, serve to explain the principles of the invention. For the purpose of

illustrating the invention, there are shown in the drawings embodiments which are presently




readi ng of the detailed description that follows.

BRI EF DESCRI PTI ON OF THE DRAW NGS The acconpanyi ng

drawi ngs, which are incorporated in and forma part of
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i nvention, there are shown in the draw ngs enbodi nents
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is a perspective view of a single-path roundsling

whi ' . i e prezfailure warnin
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2-2;F.Fi g#r.e 3 is g side view of a pre-failure warning
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igTre 4 is a side view of another enbodi nent of a

ta‘g‘?“e@?n&ihr“ﬁlze?;vvar ning indicator in accordance with the
present invention, utilizing multiple rings |inked
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enbodi ment of a pre-failure warning indicator in
pressgonviatioss Wi th the present invention for use with a
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Figure 5 is a side view of another embodiment of a pre-failure warning indicator in
accordance with the present invention for use with :a two-path sling;

Figure 6 is a perspective view of a two-path sling incomoraﬁné the pre-failure
indicator of Figure 5;

Figure 7 is a side view of a pre-failure warning indicator in accordance with the
present invention which also incotporates a sabotage indicator means; and

Figure 8 is a perspective view of a single-path roundsling incorporating the

predictable pre-failure warning indicator of Figure 3 and the sabotage indicator of Figure 7.

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENT
In describing a preferred embodiment of the invention, specific terminology will be

selected for the sake of clarity. However, the invention is not intended to be limited to the




present invention which also incorporates a sabotage

i ndi cator neans; and Figure 8 is a perspective view of

a single-path roundsling incorporating the
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and the sabotage indicator of3 Figure 7. DETAILED
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sect}/orz)lal view ofo tﬂe roundsli%g shown in Figure 1 taken along line 2-2, and illustrates the

primary interior components of a typical roundsling.

Referring to Figures 1 and 2, the roundsling 10 comprises an inner core 12 encased
within an outer protective cover 25. The outer cover 25 shown in Figure 2 is meant to convey
that the cover 25 is larger than the load-bearing core 12 and moves relatively freely with
respect to the load-bearing core 12 and not necessarily that the cover 25 has a cross-sectional
shape of an oval. The core 12 is designed to bear the entire weight of the load to be lifted.
The primary purpose of the outer cover 25 is to prevent physical damage to the core from

abrasion, sharp edges on the load, etc.; the cover 25 will also help to reduce damage to the




Referring to Figures 1 and 2, the roundsling 10
conprises an inner core 12 encased wthin an outer
protective cover 25. The outer cover 25 shown in
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rope or metal chain slings.

Referring now to Figure 3, the pre-failure warning indicator 11 in accordance with the
present invention is illustrated in side view and is shown without the cover 25 and without
core 12. In a preferred embodiment, the sling 10 may be manufactured with only a pre-failure
warning indicator 11, or with both a pre-failure warning indicator 11 and a tamper-evident
means 35. Initially, the operation of the pre-failure warning indicator 11 will be disclosed;
the tamper-evident means 35 will be described later with respect to Figure 7.

A separate (preferably single) strand 20 of yarn is dedicated to the pre-failure warning

indicator 11. The dedicated warning strand 20 is located within cover 25; it is preferably




rope or nmetal chain slings. Referring now to Figure 3,

the pre-failure warning indicator 11 in accordance

with the present invention is illustrated in side
vIVORIA748S shown. wi t hout the cover 25 and wiROT8L52006/019518
core 12. In a preferred enboth nent, the sling 10 may

be manufactured with only a pre-failure warning

i ndicator 11, or with both a pre-failure warning

i ndicator 11 and a tanper-evident neans 35.
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l‘ﬁ[y ext to the core 12, as illustrated in Figure 2.
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permanent|y affix the dedicated strand 20 to the
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| oad-bearing core 12. By securing the dedicated
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26, thereby formng an endless |oop with the
dedicated strand 20. The shape of the separate dedicated strand 20 generally matches the
shape of the endless parallel loops formed by the core strand 17 (i.e., generally circular or
oval),
Although the term “ring” implies a circularly-shaped object, as used herein “ring” is
defined as any closed link or band that will connect the ends of a dedicated strand.
In one preferred embodiment, the ring 26 is chosen to have a lower tensile strength
than the core 12. The sling manufacturer may choose to do this any number of ways, e.g., by
making the ring 26 out of a different material than the dedicated strand 20, cutting a notch or

notches in the ring to physically weaken it, or by making the ring 26 out of the same material

as, but of a smaller diameter than, the core strands 17. When ring 26 is chosen to have a




dedi cated strand 20. The shape of the separate

dedi cated strand 20 generally matches the shape of
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band that will connect the ends of a dedicated strand.
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indicator fiber 29 is illustrated, i.e., it forns a
sub$emtingdghip t0 BigueHathe wiii 40 of thd@arning indicator 29 extends freely

through cover 25. Although not necessary, cover patch 30 may be attaéhed (preferably by
sewing), to the cover to protect the opening through which the whip end 40 of the warning
indicator 29 extends.

The dedicated strand 20 is preferably made of similar material as the strands 17 of the
load-bearing core 12; this promotes the relatively equal stretching of all components of the
sling 10. In a preferred embodiment, the ring 26 has a pre-selected lower tensile strength than
the material used to make the core strands; in this embodiment, the ring 26 will fail before the
lifting core 12 is stretched or fatigued. Alternatively — or in addition — the ring 26 may be

designed to have a lower resistance to abrasion, heat, cold, and/or chemical exposure. By




sling cover 25. Referring again to Figure 1, the whip

40 of the warning indicator 29 extends freely through
cover 25. Although not necessary, cover patch 30 nay
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bearljbgtg core strands 17 that formthe core 12 or the

dedi 50888 PF-adnos apamh dhe whingorfien 40pf warning ndicator fiber 29 (ic.,
term nation eyes 32, 34 begin noving in opposite

the prdethet careadpliwely utodn thacdven?¥)es drawmback esidettis bovat 25 until it no
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visible, an inspector or rigger will immediately be able to determine that the sling 10 may
have been subjected to a condition that would prevent the lifting core 12 from I.if"ting its
maximum rated load and will therefore remove the sling 10 from service for further
inspection. The double-back configuration of the indicator fiber 29 ensures that the whip end
40 moves twice the distance compared to the distance the eyes 32, 34 move apart, ensuring
that every time a trigger event occurs, the whip end 40 will completely disappear. (It should
be noted that the whip eqd 40 of the warning indicator 29 may be shaded in a high visibility
color or otherwise marked, so that its visibility or lack thereof will be more noticeable.)

An important feature is that the ring 26 is designed to fail before damage oceurs to the

lifting core, thereby warning the riggers that they must either stop using the sling 10 in the




As the eyes 32, 34 nove apart, the whip portion 40 of

war ni ng i ndicator fiber 29 (i.e., the end that
extends freely outside the cover 25) is drawn back
| M0 2des/ 289 cover 25 until it no | onger exterr{g/US2006/019518

t hrough the cover. If the whi end 40 of the warning
indicator 29 is not visible, an inspector or rigger
will inmediately be able to determne that the sling
10 may have been subjected to a condition that would
maneeran tvhich éhdyiafe ushg i@y # the cériiang, kel tihg 90 iiBbe FERM
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i#1h8. bR &R0k R L i ShAnGe, sorpared: 40
the distance ?ﬁ%@e@ﬁgé, dt&g%gq%%gfﬁf,&eéﬁ%(ﬁgmﬁgm ure
i a_trigger event occurs, the whip end

rifthe R 11 O o ol B0 e o BT it geddetidve to e
I%P(Iiat the whip end 40 of the warning indicator 29 may

ac§‘il1aded ina high visibility color or otherw se
markgd,_ so that its visibility or lack thereof will be
nor eAPbapEakypEage ofithe pipbilingwartiegindicator $1 infeatorddnes with this
,ring 26 is designed to fail before damage occurs to
Ipvegtion|iy the thgriopLemay bedalpyedia nukagretifdy fila0LEmbN&t point
they must either stop using the sling 10 in the WO
(290EH DT ABALEGTY: WELQREKO 12D, abhioRPRARbrafufle, MINC Tl Y26 can
are using it or, if they continue, the sling 10 w
bbesepas APNeRAtbY of AMINBURE corditi AHQ L g e
sling, the integrity of 1C(t”Lemltn?)?tn? ng g%vgﬁ%ﬁmn@éﬁg%ﬁ#com
e PE - T b Redol) the .s| i Q can.be returned to _
“the nanuf ag%ogérl érrnﬁ an g m%th@g Bﬁ%i#]%‘inljbﬁ rn:éa%e §ama miger that would fail

' ator 11 can be repl aced or, repaired, usually only
ﬁ%}ﬁ al?m%)rll} g’t abrasion %Wgeﬂa ayffyrd qr%l}gpgt&e@g theging 26pap he made fo fail
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SO EBrGURERpEres feither heatakeidoer o8t Frea fourtk emberimes, the ring

may. be designed to nore precisely fail at a controlled
2,e1uit be mpads Gians msteriglithativenldaleterioratesin dte pesspre e themicals at a

strength, abrasion, tenperature, etc.). The ring 26
caggentratien lowecthars wewld idadageahestrands 17101 i¢abdTRarieoasE, n Q]

by making it weaker than the individual core
another embodiment, the ring 26 can be made of a material or combination of materials that
would fail when subjected to more than one of the pre-determined conditions (e.g., overload
and excessive heat),

In all of the above conditions, the ring 26 is preferably designed to fail at the pre-
determined or desired condition at a relatively precise point. For example, if the sling is rated
to lift 6,000 pounds (with a five-to-one design factor), the ring 26 can be designed to break
relatively close to 24,000 pounds every time. Therefore, the ring 26 can be made to fail

before the built-in safety factor of 30,000 pounds and well before any damage occurs to the

sling 10. The use of the predictable pre-failure warning indicator 11 as disclosed herein,




strands 17. In a second enbodi nent, the ring 26 can be

made froma material that would fail from
yarn-on-yarn abrasi on danmage. In a third enbodi nent,
t WO 2006437436 can be made to fail from excessiPE&EUS2006/019518

tenperatures (either heat on9cold, or both). In a
fourth enbodi nent, the ring 26 could be nade from a
mat erial that would deteriorate in the presence of
chem cals at a concentration |ower than would danage
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designed to break relatively close to 24,000 pounds

ev edyprofoipe WEp gedd igrogder taeqt thedollpvingrequecmiie to fail

before the built-in safety factor of 30,000 pounds and

wel | bef Femsilastyengthrdi§8,00¢bers to the sling 10. The

use of the predictable pre-failure warning indicator

11 as di ¥VettsleRhtddeTphdity VDROOE ALY %3 Yesign factor;

PCT/ US2006/ 019518 19 gives a sling manufacturer a

nor e pr edivelicil ' VParAmg [T 8 g@erd@y 2006001 -8 Q0P Wsakithg Dasign

failure notification nmeans into any sling it designs

Falf: B@‘g,géxg&mtgtwer wor ds, the present invention
air?%rro uces a degree of predictability into the

manuf act ur .Qf & i [ the failure point
of the r#%%%g'aﬁggogaﬁﬁ@% ésf]ld;lﬁg consi stently :
reproduced.. In prior t tell-tail i ndi cator the
all ure. pope Coftebiesplon ofhisihe Grrenald gt RECtor el ot

. consistently reproducible. A prototype was nmade in

IngPeefit t o meet the fol l owing requirements: Tensi |
strength of 30,000 |bs.; Vertical Rated Capacity
6, 000 | b&owatretgh;s t o | design factor;

I @

Tmpervious to salt water and most chemicals including oil, diluted acids and
bases;

Made with K-Spec® proprietary blend of high performance core yarn.

The above prototype was tested and it was determined that the whip 40 of the pre-
failure warning indicator 11 consistently disappeared (meaning that ring 26 consistently
broke) at between 23,000 and 24,000 1bs. and the final tensile strength of the sling 10 was

32,860 lbs.




Overl oad Warning Indicator triggers at 20,000 - 25,000

I bs. with a Design Factor between 3 & 4 to 1;

Li ghtweight: 6' prototype weighs 1.7 |bs; Double
CHIOt2002148y col or cover: Quter Green and i nn@CTREYIF/YP518
easy out inspection; Low stZletch; |npervious to salt

wat er and nost chemicals including oil, diluted acids

and bases; Made with K-Spec(r) proprietary bl end of

hi g %ﬁerformance core yarn. The above prototype was

t est Whiernthd wihip e tibewarning indibatoh 29 istnb dongbr wsi¥R, tBé st 0 should
pre- failure warning indicator 11 consistently

belichmpdeathe dlifdmanifaguél ol infentibn28d/6 P14 S t B
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cti n and/ or The ring 26 consistently
IEELF%%%I? SRR De (P ShF OVEr el Eheing g6 rai souid
2‘f’(it)]or&and ﬁo or the | oad- beari n%ncore 12. In many cases,
gomiietieg 1 Udid notgpproadritymaximen teansilegteagts of B0;000
ring 26 in order to refurbish the sling and return it
poyiadsy ce. (I'n the above exanple, the ring 26 failed
around 24,000 pounds and the sling 10 did not
app fdethoeithin comditimnsmevee tugleths Hhe DEinky Hefve%@erﬁ&@xgned to fail first,
pounds.) Under certain conditions, even though the

the 5ling 18Gnayapvd@eseado@ B i MBBR G hit b@likc Ve&derd%htlrelyt Sy e)bample

sling 10 may have degraded to a poi nt ere

if tHe SERY (PHastRbbde8 b an £0fic SXRORAG for an extended period of time,

especially aft_er the ring 26 failed, the sling 10 (and, specifically, the strands 17 that make up
the load-bearing core) may have been damaged to such an extent that it can no longer meet its
rated capacity, (The selection of the material for the core is the primary factor in determining
whether the subject sling is impervious to sea water, oil, acids and other chemicals. Also, the
cover 25 plays an important factor in protecting the core especially from abrasion or from
sharp edges.)

It should be noted that a person skilled in the art, after reading the present disclosure
could produce equivalent embodiments. For example, even though virtually all synthetic
slings have a load-bearing core protected by an outer cover, a sling manufacturer can
eliminate the outer cover (or shorten the outer cover) so that the ring 26 is visible, In this
embodiment, a dedicated strand is not required and an operator can determine that a sling
overload condition (or other failure condition) was met by observing the integrity of the ring

- 26.




if the sling 10 was exposed to an acidi c environnment
for an extended period of tinme, especially after the
ring 26 failed, the sling 10 (and, specifically, the
swoanss2M3e t hat make up the | oad-bearing corPeEX/USEP6/019518
have been damaged to such angextent that it can no
| onger neet its rated capacity. (The selection of the
material for the core is the primary factor in
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sling overload condition (or other failure condition)
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For example, as shown in Figure 4, ring 26a could be designed to fail when the sling

is subjected to an overload (excessive weight) condition, ring 26b could be designed to fail
under an excessive heat condition, and ring 26¢ could be designed to fail when exposed to.a
specific concentration of a particular chemical. Therefore, if the sling is subjected to any of
the pre-determined failure conditions, one of the rings 26a, 26b, 26¢ will fail, causing the
termination eyes 32, 34 to pull away from one another, thereby causing the whip portion 40 of
the warning indicator whip 29 to completely retract inside the cover 25. In this manner, a

single predictable pre-failure warning indicator 11¢ can be used to signal one of a multiple

possible failure conditions. By marking the individual rings before assembly of the sling, one




nunber of failure conditions the sling manufacturer

W shes to incorporate into the sling.) The warning

i ndi cator fiber 29 has a secured end and a whi p end.

TWe ¢@cer48d end is attached to one term nat iPOH/U8386/019518
32; the remai nder of the indRZxator fiber 29 is placed
along all of the rings 26a, 26b, 26c; the indicator

fiber is then threaded through the other term nation

eye 34, is double-backed along all the rings, and is
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embpgiraert disclpprddn 26S. Pat. Nonh 8 620ys 7 etoraed roundsiite(sbliamder the
cover 25. In this manner, a single predictable
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signal one of a multiple possible failure conditions.
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refbednRE hd i Qullylet xR BLeinONdi ti on which the sling was
subjected to that caused the pre-failure warning

i ndi A4 L et e _df ring.26b.. .
o 1 St ke At oot an G ENE Bedhihut ARG pgiceton, ina
sl Juf urer. .woul.d know fhat the slin S ..
S0l AL R MO . ot Pty ot o Brmcbipble be-fallure
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Inc., and is disclosed in U S Pat. No. 4,850,6629 to
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Pat. No. 4,850,629 is a two-core roundsling (sold
stigpdi2b is gsociated with the second core of the two-path sling. The dedicated strand 20a

is terminated by termination eyes 32a, 34a, and dedicated strand 20b is terminated by
termination eyes 32b, 34b, respectively. A ring 26d, 26e, as disclosed previously in a one-
path sling 10, is incorporated into each path of the two-path sling 50.

Referring now to Figure 6, whip 40a is associated with the predictable pre-warning
indicator 11a in the first path of the sling 50, and whip 40b is associated with the predictable
pre-warning indicator 11b in the second path. (ft should be noted that the warning indicator
fiber 29a is attached to one termination eye 32a, threaded through the other termination eye

34a, and the whip end 40a is passed through the cover 25a, and operates in a similar manner




brand name TW N PATH(r)) which has two-load lifting
cores inside a single cover. The <cover is also

divided into two separate paths. U S. Pat. No.
AWEB0BR298Y s i ncorporated by reference as i fPCAISkOP6/019518
set forth herein. Simlar to2a sling having a single
core (and a single pre-failure warning indicator), in

a nultiple-core or multiple-path roundsling 50, each
core incorporates a predictable pre-failure warning

ab thdi“bastc singletpath slihp 10 Hiustasddh Fighes ¢ ifoudRef Qid Ry H2Wing 26.
to Figure 5, a first dedicated strand 20a is
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.Ssling 50. Referring nowto Figure 6, whip 40a is
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lla in the first path of the sling 50, and whip 40b is
appsisfon the eovenRfh Thieerpboakitheait plokides %J,sre-fmwinaﬁatbﬁﬂﬂr €avh Phth that
11b in the second path. (It should be noted that the

canaonveyglingdinegt Gfoveﬂbélﬁsﬁrhe%%ﬁhér%oﬁto?ﬁl%hﬁﬂn\t—?{&?g?ﬁ) sling is

term nation eye 32a, threaded through the o
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t hrough the cover 25a, and operates |
o Tf US2006/,019518 3 as. the ,
RO of e S RCA RS PR RRPR At il gobBRy e queie
Usi ly one ring 26.. Simlarly, warning
of Rl PR AL ePConil e hesmeer sty RvRa e
eﬁg 32h, thre?ded t hrough the other term nation eye
OPSTAPT OB HEESK i $w8 geriqad eongifian. end 40b i s passed through
the_cover, and operates in a simlar manner as when
t hela T&insPath® shies having exertly t@b tores, B@hicsredoiipnticabd tinf otiger.
two-path core; as illustrated in Figure 6 the warning
Referting egabr toiigups5, 40 anteresting Grizioe fraseedoteling Bhhd ity to
cover 25a and energe in free extension
design into the sling two distinct and separate damage-indicating parameters into a single

sling. For example, in the first path, the ring 26d could be designed to fail only at a lower
tensile strength than the core 12; while in the second path, the ring 26e could be designed to
fail only when the sling is exposed to a certain chemical in the environment. The whips 40a,
40b of warning indicators 29a and 29b can be marked or coded in order to indicate which
whip is associated with which ring so that if a ring breaks, the rigger will know the condition
that was exceeded (i.e., if ring 26d breaks it was because the TWIN-PATH® sling was
subjected to a load approaching it’s maximum load rating; alternatively, if ring 26e breaks if

was because the TWIN-PATH® sling was exposed to the chemical for a period of time such




apart fromthe cover 25a. This enbodi nent provides a
pre-failure indicator for each path that can convey

sl ing danmage or overl oad when either core of the
TWONROPBATHEY ) sling is subjected to a | oad WPCEAS2006/019518
exceeds its tensile strength2dr rated capacity. Wen
this happens, - one or both of the extended warning

i ndi cat or whi ps, 40a and/ or 40b, which energe outside
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is identical to the other. Referring again to Figure
pid;faifue indicetor $1 ialght hakindh FRfLod:® Sliry o{aimé 42H %o dﬁ&hﬂ&gk&%&y for

the ability to design into the ng two distin
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a4l hze map infarmagien than Keldetherwigelr dvailablate hith o Designing the
.indicate which whip is associated with which ring so

TingR 36d.26e tp fail nudey difteken situadormsingyelso bsist tHeRBMg fBufacturer in
condition that was exceeded (i.e., if ring 26d breaks

anglyzingthe bbnparsferthdd émdidbit BATHRG, If 1B d1ig i9'8%r refbdS6! Bbection
to a |l oad approaching it's maxi num | oad rating;
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24 that it deteriorate Integrity he sling).

The 1 f a three-core.sling is de, three = |

T BBl RS0 bR oIy o Bventon i
d Lnd%pe dent|y tested using the predictable

SHpRed ey a friger mpchanisyt thatiwill geremate pmegnified fordemnthewhip end 40 of

sling can be used to simultaneously test for four
thesexipana parmingiaicatontd inetder tolmoveHhaswinp anb4( outfofistyit almost
. two-path sling 50 is subjected to either one of the
insganganemiskycif edly of the pre-engineered conditions are met and the ring fails. The reason
why the force on the whip end 40 of the warning indicator fiber 29 is magnified is because of
the double-back design of the warning indicator fiber 29 through the fermination eyes 32, 34,
After the ring 26 breaks, the termination eyes 32 and 34 separate at a certain speed; however,
since the warning indicator fiber 29 is tied to one eye 32, threaded through the opposite eye
34, and doubles-back along the ring before emerging through the cover 25, the whip end 40 of

the warning indicator is moving twice as fast (and twice the distance} as the speed (and

distance) at which the eyes 32, 34 are moving away from each other. Accordingly, the whip




conditions to a point that causes either ring 26d or
ring 26e to fail, the rigger will be alerted and wl]l
have nore informati on than woul d ot herw se be
aWA 2088512882 0 him Designing the rings 26d, X63/USy06/019518
. fail under different situati®ns nmay al so assist the
sling manufacturer in analyzing the sling or further
improving the sling, if the sling is ever returned for
i nspection or repair. However, there are situations
en%“ﬁmﬂedqam ingitlé theloeven extizely ao that therd Essioguestion as iongieitdBsltrigger
and 26e to fail under the sane condition (e.g., an
evantodcoaet.condition). The pre-failure warning indicator
11 in accordance with the present invention is
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R R isH ot A § R ' nd 40
PR sl DR Lo (DR b BeTpy i PudpoR, B e
: < ' kti.ons t .and the ring fails. |
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29 .through the termi nation eyes 32, 34. After the
slingigposgiioprdepchat theeperator srmmat oo Fheawhip 4B (2. garwhes dhe sling is hanging
separate at_a certain speed; however, since the
thight feetigythenit).cat or fiber 29 is tied to one eye 32,
t hreaded through the opposite eye 34, and :
doubAmshdpagteblalfenge bitie subjegt frefaie: waRIng inBcatdd T P UGHe ability to
the cover 25, the whip end 40 of the warning
warndheCrigger ofi 86 ove¥dab And %&Qia?eré@%&ua@i@ﬁ@wﬁﬂﬁu\ﬁﬁffécﬂﬁ% tﬁe overall
I C e

di stance) as the speed (an di stance) at
stRYER oBthe rAthd Qg 100 Y AT f %‘gﬁage% fai
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. e i t iL,nsi.de, 4 he. c tirely so that
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occunred. t ature.to note, is that because the
o o5 8oy 6408 sPUEEy e OF GisiBuapilon ey Deachisie bprgaing th load-
bfast, i creates a sound that is audible to the
By Lrom e seReERip Favers; ¢ieh prvexhaving adiffesenticoler. Ny cwavine, the
ives a visual indication that a sling has reached a
owlgricpyes spuld h@@r@@n erdihes, and the inner cover could be orange or red; since the inner
cover is a different color from the outer cover, it will show through whenever the outer cover
is cut or worn through. This double-cover feature provides a visible safety warning for any
user of the sling that abrasion or other damage not normally defectable, has occurred.

In another embodiment of the present invention, & pre-failure warning indicator 11 can
be adapted with a sabotage or tamper-evident means. Referring now to Figure 7, 2 tamper-
evident tag 35 is attached to either the dedicated indicator strand 20 or, preferably, to one of
the eyes 32 or 34. The free end of the tamper-evident tag 35 is passed through the cover via a

slit. The slit can be the same one through which the whip 40 passes through,




but al so gives an audi bl e warning. The audi bl e war ni ng
is especially inportant when the sling is positioned

so that the operator cannot see the whip 40 (e.qg.,
WHE200418748% i ng i s hanging thirty feet in theCgiuspe06/019518
Anot her notable feature of tRé subject pre-failure
warning indicator 11 is the ability to warn the

rigger of an overl oad and ot her dangerous situations

wi thout affecting the overall strength of the

r oundithé prg-féilire Warningendid2051 iSkigRSed (bf, FhttakpR, 0R%rioad
pronptly after the pre-failure warning indicator 11
cofidifidi) AR hRdas thit9inghi Mes Pl bRA&!, A% eﬂr@&%’, 9{ of z@% dedicated strand 20
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b, ' : chi by, .epcasi ng,.t he, | oad-
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LEL t g0lor. For le, the —outer cover could
bt i B 5 nEhe iy vl PFBim e meicour as ionpihgeorion
?fhgrec?; sdar&ce the jnner cover is a different color
of 15 e difrtedotrmad 20, gt dlustrated iniFiguresth siven the pregfhilve svaenieg indicator

the outer cover is cut or worn through. This
14 Sephegn bipgered.f 16 sheuvhip priodll afdles warning indicetos afret yisiblrbebauge of an
for any user of the sling that abrasion or other
entiegd inervemion bp b luyerdhé enipahéident¥as 39 G LIHAS: sebue and cannot be
anot her enbodi nent of the present invention, a _ .
pplteet-ffoai 1h E&vends. Ninls biddhd AB8tagk bf 8RMindR) AABR SRl By the
a sabotage or tanper-evident neans. Referring now to
sipleB4508 orf the JyobidIRE . i Bk Sisedd HACAE Lo, wii
lg’i ther the dedi ca?%lg?‘?/éﬁgf%vg%%‘?&g’ﬁ? %ﬁ&s%w‘gf?u%ffthe whip end 40
Ve 1o .Qne of the eyes 32 or, 34. The free end
°§‘?’g§‘ﬁ‘é"ﬁ%}é¥n%‘éaﬁt@&g}i"a he toggde t appeas gt é‘ﬁﬁ’é‘éﬂgﬁa%‘i@e"wd toa
cover. vi.a a lit. The slit can be_the sane one
dgpies aﬂﬁ%%awiorquk mysihederarorarily gopped syvhat the sling can be
200%%2_7489 PCT/ US2006/ 019518 26 If the pre-failure
TRV ER 195 SPretiemansy if peoepsary, raplpged with ¢ byw siig) exanpl e, an
overload condition), this means that ring 26 has been
br okitiartoh ghednypectiv, pratgsso fhe iispectie dhiay ytudicorsthe eamebeROvident tag
are free, causing whip 40 to withdraw conpletely
3% If thie tagtih gecureythe slingnidrs usealletiut, ofthe tahPer-&videRLlag 85 bR pulled
tag 35 can be easily pulled out frominside the cover .
ou froal iagide the tdved iRl 20 must be removed from use because the pre-failure

warning indicator 11 has been triggered. Of course, if a saboteur cuts both the whip end 40
and the visible portion of the tamper-evident tag 35, the inspector will immediately know that
the sling 10 has been tampered with, and should remove the sling from service.

It is important to note that no other prior warning indicators have the ability to quickly
inspect the condition of a roundsling. Also, prior waming indicators are not as accurate as the
subject warning indicator 11. If the whip end 40 of the warning indicator is visible and the
cover 23 is infact, the roundsling can be used for the next lift; if the whip end 40 of the

warning indicator is not visible, the sling should be removed from service and inspected.




of the dedicated strand 20, as illustrated in Figure

8, when the pre-failure warning indicator 11 has been
triggered. If the whip end 40 of the warning indicator

| WOrPae6/197489 bl e because of an intentional i ntREMKSRAOP/BIISIS
by a user, the tanper-evideng7tag 35 will remain

secure and cannot be pulled fromthe cover 25. In

this manner, sabotage of the sling 10 can be evi denced

by the supervisor on the work site. (In order to

T sulgjeanpreiaihso wernitgenidicatbris the Gtst Sdrhplétdle pukyi el ﬁﬁ%gﬂ% system —
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56 @Lﬁeﬁ’@%‘?ﬂgiggﬁ%s 27 The subject pre-failure warning
indicator is the first conpletely pass/fail inspection
system- it is a conpPFetely ®bjécti¥e test and not
subj ective. It should also be noted that one skilled

in the art, after reading this disclosure, my




devel op variations that are contenpl ated as bei ng

equi valent in scope to the various enbodinents
specifically set forth in the present disclosure. For
eNdhi9PE@12748he termi nation | oops 32, 34 nmay bePCT/US2006/019518
elimnated and the ends of tBB dedicated strand 20 nmay
be tied directly to the ring 26. (Alternatively,
slip-knots or other means may be used to secure the

ends of the strand 20 to the ring 26.) Al though this

| ion has been described and illustrated by
reference to specific enbodinents, it wll be

Iéhpmr ent to those skilled in the art that various
changes, nodifications and equival ents nmay be nade
which clearly fall within the scope of this

i nvention. The present invention is intended to be

pr ot gct ed i 1. e, spirit and scope of the
appeﬁded %Pg@ﬁgl.n%\)%@%@}’%%usg PCT/ US2006/ 019518 28
CLAI MS | L. L. A roundsling which conprises: a) a

| oad- beari ﬁgé’gglobreér;mgoc)oma pre-failure warning indicator
nmeans inq;udin%ﬂ i) a.strggd, having a first end

t er mi nat edl 2REHilpsev@ming digator meaps inghdingnd  t er i nat ed
by a second eye, said strand placed proximte the
lifting core; %49raad hrvipg & fpensddeningtest by asrsteye ymba geoond end
forman endl ess | oop of the strand, wherein said ring

terrgingied oy A sepordeeataid stranhploced pouximute ehepliftbaiedors:; mi ned
conditions and said failure occurs before said
lifting core ii}adngrapes tajoth sald eyestto e in dieBo§RéQhe strand
fi ber having a secured end and a whip end, the

wheeinseid ringds debigaad 1o MBfoth 080 biAbr6 BleBbterBRhAICALLBENEH said
to the first eye of the strand, and the

failure occurs before said lifting core is damaged; and

t

iii) a warning indicator fiber having a secured end and a whip end, the
secured end of said warning indicator being attached to the first eye of the strand, and the
whip end of said warning indicator fiber being directed along the ring, threaded through the
second eye of said strand and double-backed along the ring; and

¢) a cover means for covering the lifting core and the pre-failure warning
indicator, said cover having at least one slit from which said whip end of the warning

indicator fiber emerges and extends so that the whip end is visible upon a cursory inspection.

2. The roundsling of claim 1 wherein said ring has a lower tensile strength than

the load-bearing core.




whi p end of said warning indicator fiber being
directed along the ring, threaded through the second
eye of said strand and doubl e-backed al ong the ring;
aW® 2896/1378dver neans for covering the |iftindCIBSeP0eRHR518
the pre-failure warning inde®ator, said cover having
at least one slit fromwhich said whip end of the
warni ng indicator fiber energes and extends so that
the whip end is visible upon a cursory inspection. 2.
The $-oundBieiroundslingsif glaim 2 whiseinsiail rivgifailsrat B greREerined force
| ower tensile strength than the | oad-bearing core. WD
w2l debairihge RETHLIBIONG I odhg 3R, Fid TRELNGY 058 IdeREh Bt oy
claim2 wherein said ring fails at a pre-deternlﬁed
afidecand eyetd sepRfitd WRh QPRI & &R oIBECHE d%a%ﬂlig;ﬁe whip end of the

I ng rrst' g

| oad-bearing core, said ring failure ca
wahng th@YRoARIISHE OREr &8t L th respect to
each ot her and dramﬁ%g the &ﬁ?gﬁéﬁﬁﬁ% ‘the warning
i ndicator inside the cover so that it is no |onger
visible. 4. The roundsling of claim3 wherein said

whi p, end @f _t he war ni.ng indicator. noves so quickly as
' e har e R ERth £ BeER Ry et s ag e
i ndi cat.i on. 5"£§F roundsling of claim2 wherein when
PR Sp 85‘1%@% 25 i giihdrags piithisy thejcaver thatfionakes awsudible indication.
approximately 70% of its rated maxi mum | oad, the ring
breaks, causing the whip end to w thdraw conpletely
i nside the cover, thereby providing a visua
i ndi%cat i dhe tomdslipg obgaim/2whertinatheh i rolridsighgiasubpRed to a force
subj ected to a possible overload condition and nay
offpproxipexaly 7a%anfigerited taxibign !@@,ﬁﬂ&ﬁﬁ%’&eﬂcfs, G@h@hdMhb whip end to
wherein said ring is nore susceptible to break from

wigladraw edmpletely idddeAs Sfved BIFRYS Fﬁo‘ﬂ'ﬁﬁhft J\Iﬁsdapﬁgfcg’tﬁﬁlgb r@l?yncébserver

core. 7. The roundsling of ctlaim erel n sal

thitShd ML haHeR it ke t ngégt%_?e}%vfeﬂm coag&éifri‘gﬁc‘ §nidvr§ay have been

tenperatures than the beari ng
damaged.
6. The roundsling of claim 1 wherein said ring is more susceptible to break from

yarn-on-yarn abrasion damage than the load-bearing core.

7. The roundsling of claim 1 wherein said ring is more susceptible to break from

excessive temperatures than the load-bearing core.

8. The roundsling of claim 1 wherein said ring is more susceptible to break from

the deterioration of chemicals than the load-bearing core.




8. The roundsling of claim1 wherein said ring is nore
susceptible to break from the deterioration of

chem cals than the | oad-bearing core. WO 2006/ 127489
PR 2087Q089 019518 30 9. The roundsling of clRATHS2006/019518
wherein said strand of the p@e-failure warning
indicator is twisted around the | oad-bearing core. 10.
The roundsling of claim1l wherein the |oad-bearing
core is formed by twisting a plurality of yans

t ogePher Tl oundsiing of alajinel wheraimshidoizind bithe prealidird Gainhi
single strand into endless parallel [oops. 11. The
indjcatelss fwigeddroaidatheriod@bydiag eord. sai d | oad- bearing core
conprises one of the followng materials: a) aramd
material strands; b) K-Spec (r) strands (a proprietary
bl end of high performance fibers); c¢) polyester

strangls; fhe zﬁ%ﬁﬁﬁé‘%fzc?ﬂﬁg l%l{e?er}gtg oaa)be!uﬁg cllc:Sre %n% ands; by tmstmg

or f) LCP stran he T oun

ai“ﬁr?%??%t oA T e Boipee ged nto

d- bearing core. 13. The roundsling of claim
¢ &18%%%(1,@%%06 a second cover neans that encloses said

cover neans, said second cover neans having a
di fferent color t han the encl osed cover neans. WO

2006/ 127489 PCT/ US2006/ 019518 31
11 The roundsling of claim 10 wherein said load-bearing core comprises one of

the following materials:

a) aramid material strands;

b) K-Spec ® strands (a proprietary blend of high performance fibers);
¢) polyester strands;

d) polyethylene strands;

e) HMPE strands; or

f) LCP strands.

12, The roundsling of claim 11 wherein said strand of the pre-failure warning

indicator is made from the same load-bearing material as the load-bearing core.

13, The roundsling of claim 1 comprising a second cover means that encloses said

cover means, said second cover means having a different color than the enclosed cover

means.




14. The roundsling of claiml further conprising a

t anper - evi dent indication neans including a tag

having a first end and a second end, the first end of
SHIOR0PAG7482 t ached to the strand of the pre- fROTIRW6/019518
war ni ng indi cator, the secondlend of said tag threaded
through the slit in the cover, 'the tanper-evident

i ndi cati on neans designed to renain stationary as |ong
as the ring' s integrity remains intact, and if the

sl i ng4.hasTheaemdslily el 1tforiier porBpribaioer tAlp@Svident indication
condi tion such that the ring breaks, the

nieaniackuéivi @ eigthaing b Gk bRMNTRABONE 8, BR My
frominsi dewtghe c%ver, 15. The ?oundsl [ n%’teg]&gt;{&g%t%i%chedto

tha ktoahd 6ﬂh§ﬂ€3aif1%‘c§a \I%EIE%% G ardr Ve Ee%g?d;egltd%? tsa?ci %E %}g\ga%e@ fhrough the

eye of the pre- warning In

PR 6 1 SRSt 38 g v
SOME LB Byt Tala R0 LSSl st
B ST R Chemaste Poup-oleioastiomrans tanbeenied on

sai.d.ring is designed to break fromone or nore
figididebrPEl conditions; and c) a warning indicator

fi ber having a secured end and a whi p end, wherein
said secured end is attached to the first eye of the
strand and said whip end is threaded through the
secod eyRheobunsiblingsif ciaiml 14 ikiAvhididofiet dndiol the 8ag/¥8 BRHCAGH to an
i ndicator of claim 16 wherein said.ring is designed to
eperod st me-fAlupredshg inficard tensile strength. WO

2006/ 127489 PCT/ U52006/ 019518 32 18. The pre-failure
war ni ng i ndicator of claim 16 wherein said ring is
designed to

16. A pre-failure waming indicator for use with an industrial sling, the pre-failure

warning indicator comprising:

a) a strand, having a first end terminated with a first eye loop and a second end
terminated with a second eye loop;

b) a ting adapted to join said eyes to form an endless loop of the strand,
wherein said ring is designed to break from one or more predetermined conditions; and

¢) a warning indicator fiber having a secured end and a whip end, wherein said
secured end is attached to the first eye of the strand and said whip end is threaded through the

second eye of the strand.

17. The pre-failure warning indicator of claim 16 wherein said ring is designed to

break at a predetermined tensile strength.




break when subjected to a predeterm ned tenperature.

19. The pre-failure warning indicator of claim16
wherein said ring is designed to break when subjected

t Woeopw1eT#8? er m ned concentrati on of specifi c PCT/US2006/619518
chem cals. 20. The pre-failuge warning indicator of
claim 16 wherein said pre-failure warning indicator

is designed to nmake an audi bl e indication when the
indicator is triggered. 21. The pre-failure warning

i ndi ¢git or TIRfpr& b vidnin WAldak HEk1Am! 1%%3&@ D60 B3 ik Akigned to

means including a tag having a first end and a secon

bgiméwﬁl&ﬁ‘&b écgegh %ﬁlgdé%émﬁ@d%ﬁlﬁe%t@e.t ached to the strand

e pre- war ni ng rndicator, said tag
designed to remain stationary as long as the ring's
integrity remains intact, and if the sling has been
subj re- det.er m _ned

ted,to a nditiaon such, that the
ri ng?gr eaks Pre i vetAyere ?W@é?'cgﬂmnlé rely$pidyangys designed to
o%g frominside the cover. 22. The roundsling of
brael iwhen gubjggied &g sipredaterminedspncenirtion of snscifia ghamicals.t ached
to an eye of the pre-failure warning indicator.
20, The pre-failure warning indicator of claim 16 wherein said pre-failure warning

indicator is designed to make an audible indication when the indicator is triggered.

21.  The pre-failure warning indicator of claim 16 comprising a tamper indication
means including a tag having a first end and a second end, the first end of said tag attached to
the strand of the pre-failure warning indicator, said tag designed to remain stationary as long
as the ring’s integrity remains intact, and if the sling has been subjected to a pre-determined

condition such that the ring breaks, the tamper indication means can be pulled out from inside

the cover,

22.  Theroundsling of claim 21 wherein said first end of the tag is attached to an

eye of the pre-failure warning indicator.




