‘United States Patent 119

iy 3,916,686

Lear et al. [45]1 Nov. 4, 1975
[54] METHOD FOR TESTING WIRE ROPE
[75] Inventors: Gerald W. Lear, San Diego, Calif; [56] References Cited
Harold E. Lockweod, Seabrook, UNITED STATES PATENTS
ﬁex—; Floyd E. Pointer, Holcomb, 3,614,889  10/1971 Gearing...ccooeoervrererenrunnn, 73/88 R X
ans.
731  Assi . The United States of Ameri Primary Examiner—Jerry W. Myracle
(73] ssignee reperes:rllted by :;eoUni::(einSct:tzss Attorney, Agent, or Firm—Dean E. Carlson; John A.
Energy Research and Development Koch
Administration, Washington, D.C.
i1 [57] ABSTRACT
[22] Filed: Oct. 24, 1974 A system for determining. the quality of wire rope or
{211 Appl. No.: 517,662 cable. The thermal increase in a rope when it is per-
forming work is utilized to determine its quality, a
. poorer quality rope displaying a larger temperature
Egﬂ gts((::ll2 .................................... 73/15&,}173/51/562 rise than a higher quality rope.
[58] Field of Search.............. 73/158, 88 R, 95, 15.6 10 Claims, 2 Drawing Figures




U.S. Patent Nov. 4, 1975 3,916,686
37 [* a4
26 , Lf'o
Las
12
8 —14
38—\ //—28
e <
22 e
FIGURE |.
/_lo4o /_4i3 .
THERMAL [ \ SIGNAL

DETECTOR

CONDITIONER P

FIGURE

RECORDER

2.



3,916,686

1

METHOD FOR TESTING WIRE ROPE
The invention described herein was made in. the
course of or under Contract No. AT(29-1)-1183 with
the U.S. Atomic Energy Commission.

BACKGROUND OF THE INVENTION

This invention relates to wire rope, or cable, and
more particularly to a method of determining the qual-
ity of such wire rope by nondestructive means.

The wire rope, or cable, to which this invention re-
lates is of the type which is usually manufactured by
twisting together a plurality of strands of wire, each
strand being composed of a plurality of twisted to-
gether individual wires. The number of uses of wire
rope in our present day industrial society is truly legion.
Uses of wire rope in cranes, hoists, elevators, ski lifts,
etc., to suspend, raise, lower, shift or otherwise manip-
ulate heavy loads come readily to mind. The failure of
a rope in any of these applications could result in sub-
stantial property damage, injury, or even loss of life. It
is apparent that the quality of a rope with respect to its
ability to perform without failing can be degraded by
the subjection of the rope to wear or damage through
use. With the possible results of a failure of such ropes
being so severe and in view of the long history of their
widespread use, it may be assumed by those unfamiliar
with this art that reliable, objective tests for determin-
ing whether or not a particular rope can be safely con-
tinued in use in a particular application had been devel-
oped long ago and were presently in regular use. How-
ever, such is not the case.

At present, a decision to remove a wire rope from
service is made on a very subjective appraisal of its
quality. Tests presently used to assist in formulating
such a decision are highly nonquantitative in nature.
The most commonly ‘used test consists of laying the
rope on the ground and counting the number of indi-
vidual wires that are broken and converting this to a
breaks per foot figure. To increase the likelihood of
finding the breaks in the individual wires, it is common
practice for the individual conducting the test to place
loose cotton in his hand and rub the cotton along the
rope. The loose cotton is caught by broken ends of the
individual wires thereby making them more visible to
the person conducting the test. The breaks per foot fig-
ure is utilized as an indication as to whether the quality
of the cable has deteriorated to the point where the
cable should be removed from service.

The only other test commonly applied to wire rope
is to determine how well the cable is lubricated. Since
individual wires and strands of wires are subjected to
relative movement when the rope is in use, abrasion be-
tween strands or wires of unlubricated rope can in-
crease the effective stress applied to them. Although
X-ray examination and examination through the use of
magnetized particles such as by the process marketed
under the trademark Magna-Flux have been used to
study wire rope, they are not widely used due to the rel-
atively high cost.

In view of the lack, heretofore, of any practical defin-
itive test for detérmining the quality of a wire rope, it
has been common practice to specify very large safety
factors in applications where failure of the rope could
produce serious consequences. It follows that in such
applications safety considerations would dictate that
the rope be removed from service at the first signs of
deterioration as may be determined by a visual inspec-
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tion or a visual inspection augmented by a breaks per
foot test. Following such practice raises a great deal of
uncertainty since there is no assurance that all failure
modes involve defects that will be found upon a visual
inspection of the outside of the rope and it undoubtedly
will result in the removal of rope from service which ac-
tually is of sufficiently good quality for the particular
application. ’

" SUMMARY OF THE INVENTION

Accordingly, it is an object of the invention to pro-
vide a test system for nondestructively determining the
quality of wire rope or cable. It is an additional object
of the invention to provide a system for testing wire
rope or cable which provides an objective, quantitative
indication of the quality thereof through the use of rela-
tively simple procedures and apparatus.

Briefly summarized, these and additional objectives
are accomplished by a test system which utilizes the in-
crease in thermal content of wire rope as it performs
work as a measure of its quality. It has been found that
wire rope, being a mechanical system, generates heat
as it works and that a greater quantity of heat is gener-
ated in a degraded rope than in a rope of higher quality.
Indicia of the rise in heat content of increments of a
wire rope which is subjected to work can be discerned
and the thermal differential exhibited by a degraded
rope, or a degraded increment of rope, is measurably
higher than the thermal differential exhibited by incre-
ments of a high quality rope subjected to the same
work.

Accordingly, a wire rope, the quality of which is to
be determined, is used to perform a predetermined
quantity of work in a predetermined manner such as by
lifting or lowering a specified load at a specified rate,
while an indicia of the thermal content of the rope is -
observed. The thermal rise, A¢, of the rope while per-
forming the work is then compared against that ob-
tained for a high quality or standard rope and corre-
lated with relative quality of the rope. The ropes, or in-
crements of a rope, that exhibit larger At’s than the
standard are of poorer quality than the standard and
the degree of degredation of the quality of the rope, or
increment thereof, is an inverse function of its As.

The optimum placement of the heat sensor is at that
location of the mechanical system where the rope is
subjected to the maximum stress since the increase in
heat content will be greatest at that point. Since the in-
dividual strands and individual wires within the strands
are subjected to relative movement and flexure as the
rope passes over the sheaves, or pulleys, of the system,
the stress is increased at the sheaves.

Generally speaking, in applications such as cranes,
hoists, drill rigs and the like the stress on the rope is
maximum as the rope passes over the main sheave, usu-
ally referred to as the crown or head sheave. Accord-
ingly, in many systems employing wire rope a particu-
larly advantageous location for sensing the thermal rise
in the rope is immediately after the rope passes over the
head sheave. In systems employing multiple lines and
multiple sheaves an analysis of the line and sheave sys-
tem will readily indicate whether a sheave or sheaves
other than the head sheave would provide better At in-
formation. In this regard, since flexing of the wires will
be greater at smaller sheaves, the stress would be
greater at smaller sheaves, other factors remaining con-
stant.
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The standard At against which the observed At is.

compared may be obtained through subjecting one or
more ropes of known quality to the prescribed test pro-
cedure. However, individual increments of a rope
which have defects which lower their quality can be
readily identified by testing procedures according to
the invention. Individual portions of a rope that have
degraded in quality due to broken individual wires,
kinks or other defect will exhibit a At which is higher
than the portions of the rope that are free from defects
by a factor which is related to the severity of the defect.
Factors as high as 6 have been obtained for increments
having severe defects such as cut strands. Accordingly,
a rope can be tested for uniformity of quality in accor-
dance with the invention in which case the standard At
to which a comparison is made will be the thermal rise
which is observed for high quality portions of the rope.

Satisfactory thermal measurements have been ob-
tained through a relatively simple, readily available, in-
frared sensing instrument, the Barnes Engineering
Company non-contact thermometer Model [IT-4A.
Any of a number of commercially available thermal
sensing instruments or thermometers would undoubt-
edly be satisfactory. Arranging the IT-4A sensing in-
strument so that the cable filled up the detector field
and conditioning the detector output signal to suppress
contributions extraneous to that resulting from perfor-
mance of the work, such as from ambient, were each
found to be important in obtaining reliable data since
only a few degrees F separate the AtXs for good and de-
fective ropes. While an EG&G, Inc. signal conditioner
model DP-11 has been used, other suitable instruments
are commercially available.

The conditioned voltage output of the IT-4A sensor
was utilized directly as the indicia of Az in one series of
tests involving four 3% inch diameter independent cen-
ter wire ropes, one of which was a new rope and the
other three of which had defects of increasing severity.
The average maximum reading for the new rope over
five trials utilizing a load of 22,900 lbs. was 4.8 mv with
the extremes being 7 mv and 3 mv. The average maxi-
mum reading was 19 mv for a used cable with a rela-
tively small kink, 25.5 mv for a used cable with a more
severe kink and minimal lubrication and 30 mv for a
used cable some of the individual wires of which were
cut.

The above-mentioned and additional objects and ad-
vantages of the invention and a further understanding
of the invention will be apparent after consideration of
the following description of a preferred embodiment
described in conjunction with the accompanying draw-

ing.
BRIEF DESCRIPTION OF THE DRAWING

FIG. 1 is a side elevation of a representative mechani-
cal system showing the use of a preferred embodiment
of the invention therewith, and

FIG. 2 is a block diagram of the main electronic com-
ponents used in connection with a preferred embodi-
ment of the invention.

DESCRIPTION OF PREFERRED EMBODIMENT

FIG. 1 illustrates the placement of heat or thermal
sensing device 10 for practicing the invention in con-
nection with a conceptualized typical lifting mecha-
nism 12 which uses wire rope, or cable, 14 to manipu-
late a load 16. Mechanism 12 has a truss framework 18,
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mounted on a suitable platform 22, which supports a
rotatably mounted head sheave, or crown sheave, 24 at
its head 26. Wire rope 14 is run through sheave 24 and
wound and unwound on a drum, not shown, of draw
works 28 by operation of a typical winding mechanism
in order to raise or lower loads attached to lifting hook
32 secured to the terminal end of rope 14.

As indicated earlier, it would be preferable to mount
the thermal sensing device in a position where the in-
crease in the thermal content of the rope can be ob-
served at the point where the cable is subjected to the
greatest stress. In the case of the simple hoist shown in
FIG. 1, thermal sensing device 10 would preferably be
mounted, such as by support 34 to head 26, in a man-
ner whereby lens or window 36 of sensing device 10
would view rope 14 just as it leaves head sheave 24
upon the lowering of load 16.

Speaking generally with respect to lifting or other
manipulating mechanisms utilizing wire rope, the stress
on a rope is increased at a sheave or pulley due to the
relative movement and flexing of the strands and indi-
vidual wires of the rope caused by the change in direc-
tion of the rope. Since the mass of the sheave itself
somewhat masks the increase in temperature, sensing
the temperature of the rope just after it leaves the
sheave as shown in FIG. 1 would be the preferred loca-
tion for the system portrayed therein when the test pro-
cedure calls for lowering load 16. Positioning sensor 10
to view rope 14 on the opposite side of sheave 24 at po-
sition 37 would be preferred for procedures involving
the lifting of load 16.

Increased stress would also be experienced at sheaves
other than the crown sheave in multiple sheave systems
and at the draw works. In the arrangement of FIG. 1,
placement of a sensor to view the cable at 38 as it
leaves draw works 28 would provide At information for
portions of the rope which could not be conveniently
observed by the indicated positions of sensor 10 at
head 26. In cranes and other rigs employing multiple
line systems it may be necessary to view the rope at sev-
eral locations in order to obtain At information over the
entire length of the rope used.

Sensor 10 is arranged so that its field of view is filled
by rope 14. Pickup of noncable background by sensor
10 would, of course, add an extraneous factor into the
data obtained and could adversely affect the determi-
nation of the actual At experienced by the cable. How-
ever, the exclusion of noncable background could be
accomplished, for instance, by the use of a suitable ar-
rangement of optical lenses, in which event a portable
detector 10 could be positioned on the ground in the
embodiment of FIG. 1.

The electronics for processing the thermal informa-
tion obtained from a rope can be quite simple. In the
embodiment of FIG. 2 the thermal information re-
ceived by thermal detector 10 is converted to an elec-
trical signal 40. The contributions from ambient are
suppressed from signal 40 by signal conditioner 42 to
produce a signal 43 which represents the Ar experi-
enced by rope 14. Signal 43 is recorded by recorder 44
and correlated against a standard At representative of
rope of known quality in order to determine the rela-
tive quality of rope vis-a-vis that standard.

Many embellishments on the processing of the elec-
trical signals will come readily to mind to those familiar
with such processing. For instance, the automatic com-

- parison of the observed At against a standard At can be
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effected with other signal conditioning functions. Re-
corder 44 can provide a strip chart and/or magnetic
tape, for instance for review, further processing and/or
storage.

Standard At information can be developed empiri-
cally by the performance of a prescribed quantity of
work by a wire rope of known quality under prescribed
conditions. The At information for wire ropes of un-
known quality can then be obtained through the perfor-
mance of work under those prescribed conditions.
Comparison of the At information against the standard
will reveal the relative quality of the length of rope
tested.

Since only a relatively modest capital outlay would
be required to obtain the necessary electronic equip-
ment, it may be desirable in some applications to per-
manently mount detector 10 in the desired position for
viewing the rope and continually, or periodically, ob-
tain At information. The standard could be developed
for the cable when it is installed in the new condition
and the degradation of its quality subsequently moni-
tored. However, temporary clamping arrangements
such as magnetic clamps, or remote placement of the
thermal detector as previously discussed, can be used
to set up the equipment each time a test is desired in
applications where less frequent monitoring of the
quality of a rope is sufficient.

The continuity of the quality of a wire rope over a
particular length thereof can be obtained at any time
without the necessity of creating a preexisting standard.
As long as the work is performed by the cable in a uni-
form manner over the length of the cable tested, any
deviation in the At from the normal, or average, will in-
dicate an increment of rope of differing quality.

While the fundamental novel features of the inven-
tion have been shown and described and pointed out as
applied to particular embodiments by way of example,
it will be appreciated by those skilled in the art that var-
ious omissions, substitutions and changes may be made
within the principle and scope of the invention as ex-
pressed in the appended claims.

What we claim is: -

1. A method of nondestructwely determining quality
of a wire rope comprising performing a predetermined

‘5

10

20

25

30

35

40

45

50

55

60

65

6

quantity of work with said rope under predetermined
conditions, obtaining an indicia of the increase in heat
content of said rope resulting from said work and cor-
relating said increase with quality of said rope.

2. The method of claim 1 wherein said indicia is ob-
tained for a plurality of increments of the length of said
rope for which said determination of quality is desired.

3. The method of claim 2 wherein said increments of
wire rope are moved past stationary means for observ-
ing said indicia.

4. The method of claim 1 wherein a relative move-
ment of at least some of the strands of said rope is ef-
fected prior to obtaining said indicia.

5. The method of claim 4 wherein said relative move-
ment of strands of said rope is obtained by movement
of said rope over a sheave. '

6. The method of claim 5 wherein said correlating
step includes the comparison of said indicia against a
like indicia obtained for a like cable of known quality
when performing said quantity of work in a like man-
ner.

7. The method of claim § wherein said correlating
step includes comparing the indicia obtained for indi-
vidual increments against the indicia obtained for other
increments of the same rope whereby increments of
lower quality are identified.

8. The method of claim 1 wherein said obtaining an
indicia of the increase in heat content includes observ-
ing the rope with a thermal sensing device which pro-
duces an electrical output signal representative of the
heat content of the rope and conditioning said output
signal to suppress contributions extraneous to that re-
sulting from performance of said work.

9. The method of claim 8 wherein a relative move-
ment of at least some of the strands of said rope. is ef-
fected prior to obtaining each indicia by movement of
said rope over a sheave.

10. The method of claim 9 wherein said correlating
step includes the comparison of said indicia against a
like indicia obtained for a like cable of known quality
when performing said quantity of work in a like man-

ner.
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