DESCRI PTI ON W RE ROPE LI FE MANAGEMENT APPARATUS AND METHOD Techni ca
Field The present invention relates to a wire rope life 5
managenent apparatus and met hod. Background Art A wire rope
deteriorates with use. In particular, in the case of a wire rope for a
crane used in transporting (noving) freight of conparatively heavy 10

wei ght (such an overhead crane, jib crane, bridge crane, unloader, cable
crane, tel pher or stacker-type crane) (inclusive of nobile cranes and
derricks), deterioration of the w reP¥dgerfdsSY be careful ly ascert ai ned.
15The life of a conventional wire rope for a crane is predicted using the
degree of fatigue ofwﬁﬁéRﬁPEeLiﬁﬁéﬂﬂﬁé@MﬁﬁTHﬁg@@AﬁB%#“ﬁh@EﬁﬁﬁBer of tines
the wire rope is bent (the nunmber of tines it passes over sheaves). The
reason for this Techigel Fiekde case of 20 a crane, nost of them use
sheaves and deterioration of the wire rope is very |arge at the positions
where the wire rope passesessrdr infenthenved atThet S pedilf fcithon i6f Japanese
Pat ent No. 2748836 describes a life predicting apparatus that divides a
W re rope into an@Bgsmgral #rspreitugnpd regfiteds and cal cul ates life

Background Art

A wire rope deteriorates with use. 1In particular,
in the case of a wire rope for a crane used in
transporting (moving) freight of comparatively heavy

10 weight (such an overhead crane, jib crane, bridge crane,
unloader, cable érane, telpher or stacker-type crane)
(inclusive of mobile cranes and derricks),
deterioration of the wire rope must be carefully
ascertained.

15 The life of a conventionél wire rope for a crane
is predicted using the degree of fatigue of the wire
rope that is based upon the number of times the wire
rope is bent (the number of times it passes over
sheaves). The reason for this is that, in the case of

20 a crane, most of them use sheaves and deterioration of
the wire rope is very large at the positions where the
wire rope passes over the sheaves. The specification
of Japanese Patent No. 2748836 describes a life
predicting apparatus that divides a wire rbpe into a

25 plurality of unit regions and calculates life



(cunul ative degree of fatigue) on a per-unit-region basis taking into
consideration the fact that deterioration of the wire rope is large at the
sheave positions. 5At an actual site where work using a crane is carried
out, a factor that is strongly related to wire rope deterioration exists in
addition to the nunber of tinmes the wifezxrope is bent (the nunber of tines
it passes over sheaves). This factor is a load (referred 10 to bel ow as
"shock |l oad") that is produced tenporarjly when freight is lifted using a
crane. The size OFUBHGERVEoMREFEpLAIE2 LIFBIT)t RE 8KPGT-Vf Lt Fe9’d™ane operat or .
The prediction of wire rope |ife according to the prior art does not go
beyond predi cti oSt AGKERE SthucPOr ‘A ie® GBRVvERGT thakber of sheaves and
sheave di aneter, etc.) of the crane per se, and it does not take into

consi deration t heS'&FHecetorn sodkel Bate udi? tRel®T¥%e 26f thAeshGave rope.

Di scl osure of the Invention 20An object of the present invention is to

cal cul ate the 1P °85wire rope accurately taking into consideration the

damage that the wire rope woul d sustain due to shock |oad. A
wire rope |if® managéieRf appilatdseatRdrdiwegkt BSD tth&rpresEnt i nvention
conprises: life calcul ating

carried out, a factor that is strongly related to wire
rope deterioration exists in addition to the number of
times the wire rope is bent (the number of times it
passes over sheaves). This factor is a load (referred

10 to below as "shock load") that is produced temporarily
when freight is lifted using a crane. The size of
shock load depends upon the skill of the crane operator.
The prediction of wire rope life according to the prior
art does not go beyond prediction using the structure

15 (inclusive of pumber of sheaves and sheave diameter,
etc.) of the crane per se, and it does not take into
consideration the effect of shock load upon the life of
the wire rope.

Disclosure of the Invention

20 An object of the present invention is to calculate
the 1life of a wire rope accurately taking into
consideration the damage that the wire rope would
sustain due to shock load.

A wire rope life management apparatus according to

25 the present invention comprises: 1life calculating



means for calculating estimated life (remaining nunber of tines use is
possible) of a wire rope in accordance with a prescribed life estimation
formula, the wire rope being used in a crane that hoists, transports and 5
then lowers freight via the wire rope and a sheave, with which the wire
rope i s engaged, by paying out the wire Bope froma drum and rew nding the
wre rope onto the drum |oad data i nput nmeans for accepting input of |oad
data of the freight fron1|iftin%,of the freight 10 until subsequent

| ower i ng t her eof "3He TP8a? tAt S BEP NG DWAGE +1bin EorEali R_IMTUpESi ded on

t he sheave; actual |oad cal cul ati ng nmeans for cal cul ating actual | oad of

t he freight based JﬁSFStHEeFHhé”&SEQl?héFfﬁaglﬁééﬁmﬁnﬁﬂta???ﬁHQ?ﬁé | oad dat a
i nput means; shock |oad 15 sensing means, for sensi ng whet her a shock | oad
that exceeds the"hct FaPTPRSH Ry &TpfeSTriThedoBnptitts pPesEie based upon
the | oad data that has been input fromthe | oad data i nput neans; and life
updati ng neans fbPPTASCHPALTHY & AeWF &t iTaTedCt T SFAPRRONGS é Fope, 20 i f
presence of the shock | oad ?as, een sensed by the shock | oad sensi ng neans,
by subtracting, FrOmiHEEs Jf@rﬁeé’é'rd"ﬂ?f‘é*}e A5 TPOBE Aed R Smul ti plying a
life subtraction yq{uE,tgat $revai|s when presence of the shock |load is not
sensed by a corr &ttt SH1EBeFFT Ciigft FOBS naviTig2gcVal e PGYEaT 61Ut KRR unity.

A wire rope |life panagenent nethod accordingato t he present invention

conprises the st&ps® FPPeCAFTUIATHE 8K i TRt ed Ty f & M 1AWk PRE 1858 i n

accordance with rescribed |jfe estimation fornula, the wire
Qhé)drum; Poad Aata ?nput means for accepting input of

load data of the freight from lifting of the freight

10  until subsequent lowering thereof, the load data being
output from a load cell provided on the sheave; actual
load calculating means for calculating actual load of
the freight based upon the load data that has been
input from the load data input means; shock load

15 sensing means for sensing whether a shock load that
exceeds the actual load by a prescribed amount is
present based upon the load data that has been input
from the load data input means; and life updating means
for calculating a new estimated life of the wire rope,

20 if presence of the shock load has been sensed by the
shock load sensing means, by subtracting, from the
estimated life, a value obtained by multiplying a life
subtraction value that prevails when presence of the
shock load is not sénsed by a correction coefficient

25 having a value greater than unity.



5 rope being used in a crane that hoists, transports and then | owers
freight via the wwre rope and a sheave, with which the wire rope is
engaged, by paying out the wire rope froma drumand rewinding the wire
rope onto the drum accepting input of |oad data of the freight 10 from
hoi sting of the freight until subsequent4l ewering thereof, the |oad data
being output froma load cell provided on the sheave; cal cul ating actual

| oad of the freight based upon the | oad data that has been input; sensing
whet her a shock | oad % Wateexereds fehvarraansintlBetied degoadpreser i bed anount
is present based upon the |oad data that has been input; and if presence of
t he shock | oad hike HEEsesenseEtdalncaPerRy fgsathewexts wited |ife of the
wire rope, by subtracting, fromthe estimated life, a value obtained by

mul tiplying a |ifelopaddberastitateodal iee tHatd prevaiine wheacprrdsewee of the
shock load is not sensed by a correction coefficient having a value greater
t han unity. with arpeegsiibrd ddfri petpfatd on Fermpipe it8ecalxul ated in
accordance with a prescribed |life estimation fornula. 25 The present

i nvention is 3uchorhdreiensed viit @ £opec Hab hglehe dSENAAPEES |anfde t hat
will be calculated is actually used in a crane, the extent to which rope
life will be shoFt®he®venéer Ea¢iEt (Vart Bhe fwigieghPPhad héesheremsport ed usi ng
the crane) is ascertained (and as a 5 result, the new estimated |ife of the
wire rope is cal ¢hfatddrh the wiggyyope vargneizger; floy evilpgt Poh ther nul ae

t hat have been proposed heretofore can be used as the prescribed life
estimation fornulare PsPeekafpl @, dnHe anff eevoindd ngoths rel neopere sordst | mat ed
using the Niemann fornula as the life estimation fornmula. Naturally, other
life estimation Fof fAWe PEREPZHIZ KOVPUER Fbsleeikhedtd ovimihg, frakote L. Kl ein
formula and the V. Zignoli formula, etc.) may also be used. The various
life estimati®n 150m diahstangi eedhebdveiahe Wedér PRRILTUSEEhéOWYing Rope
Handbook" (W re Rope Handbook Editing Committee, N kkan Kogyo Shi nbunsha,
publ i shed March gbe?rq_cgfgathﬁp_lo%zja_ta being output from a load cell

provided on the sheave; calculating actual load of the
freight based upon the load data that has been input;
sensing whether a shock load that exceeds the actual
15 load by a prescribed amount is present based upon the
load data that has been input; and if presence of the
shock load has been sensed, calculating a new estimated
life of the wire rope, by subtracting, from the
estimated life, a value obtained by multiplying a life
20 subtraction value that prevails when presence of the
shock load is not sensed by a correction coefficient
having a value greater than unity.
The estimated life of a wire rope is calculated in
accordance with a prescribed life estimation formula.

25 The present invention is such that when a wire rope



353) and in "Al'l About Wre Rope (Last Volune) - The Road to Safety”
Kai zuka Chanber of Conmmerce and 20 Industry, Steel Manufacture Activation
Research Society, Kaizuka Chanber of Commerce and Industry, published July
25, 1995, pp. 153 - 158). An input of |oad data of freight from
hoi sting of the freight until subsequent5lewering thereof is 25 accepted,
this being output froma load cell provided on a sheave. The | oad data
i ncl udes continuous |oad values (load values detected by a |oad cell) from
hoi sting of the hadinghtthanestinatadspofei gt movling) caddulewetiisg t hereof by
the crane. A continuous graph 5 along el apsed tine can be delineated by the
| oad dat a. adhealdot uakd| vad ofranhe H sxkednt ried gitichsrady dilded based
upon the load data fromthe load cell. For exanple, the | oad prevailing at
a point in tine upbh kel apsetetedh thessefidedagéer ofirsfobti hesflpean hoi st ed of
10 the freight may be adopted as the actual |oad, or a value obtained by
averagi ng the | obteminrtedgus inemtaeporanel st pfrecupomes] 4pseé of aa first
prescribed period of tine fromhoisted of the freight until a subsequent
poi nt in tinmedupbeseltapséeohen sddaatepr bsfy idfetihperinsd reBeoisti ne may be
adopted as the actual | oad.
calculated).
Any of various life estimation formulae that have
been proposed heretofore can be used as the prescribed
life estimation formula. For example, the life of a
10 wire rope is estimated using the Niemann formula as the
life estimation formula. Naturally, other life
estimation formulae (the Zhitkov & Posoekhov formula,
the E.L. Klein formula and the V. Zignoli formula,
etc.) may also be used. The various life estimation
15 formula cited above are described in the "Wire Rope
Handbook" (Wire Rope Handbook Editing Committee, Nikkan
Kogyo Shimbunsha, published March 30, 1995, pp. 352 -
353) and in "All About Wire Rope (Last Volume) - The
Road to Safety" Kaizuka Chamber of Commerce and
20 Industry, Steel Manufacture Activation Research Society,
Kaizuka Chamber of Commerce and Industry, published
July 25, 1995, pp. 153 - 158).
An input of load data of freight from hoisting of

the freight until subsequent lowering thereof is

25 accepted, this being cutput from a load cell provided



| medi ately after the freight is hoisted, a |oad that exceeds the actual
| oad acts upon the load cell. The load that acts upon the |oad cel
i medi ately after the freight is hoisted depends greatly upon the 20
operation of the crane by the crane operator. If the crane operator lifts
the freight quickly, the | oad applied w kl -be greater in conparison with
slow lifting of the freight. Whet her a | oad that exceeds the
actual | oad by a 25 prescribed anpbunt is present is sensed based upon the
| oad data. For exanplsheaivk.a Tload cexicéedd nighclll@es oforthemuactuadad oad appears
in the |oad data, then it is determned that shock |load is present. In a
case where the preterce lobhdshabled cadebbsd beenosenseEd,) drpew esti mat ed
life of the wire rope is calculated by subtracting, fromthe
above-nmenti oned kststatedil the, fzigaltuenobt dimedpbyting timphynay and i fe
subtraction value that prevails when the presence of shock |load is not
sensed by a corrécvénimaabbiect ent the havmag & vehtuengruwsaweepbhan unity. As
an exanple of a life subtraction value that prevails when the presence of
shock | oad i sSnoblsensEidpsasetinse e bef dal rsdaredoby aihred oby détwa di ng
estimated life of the wire rope, which is obtained by applying a val ue
based upon the The actual load of the hoisted freight is obtained
based upon the lcad data from the load cell. For
example, the load prevailing at a point in time upon
elapse of a prescribed period of time from hoisted of
10 the freight may be adopted as the actual load, or a
value obtained by averaging the load starting from a
point in time upon elapse of a first prescribed period
of time from hoisted of the freight until a subsequent
point in time upon elapse of a second prescribed period
15 of time may be adopted as the actual load.
Immediately after the freight is hoisted, a load
that exceeds the actual load acts upon the load cell.
The load that acts upon the load cell immediately after
the freight is hoisted depends greatly upon the
20 operation of the crane by the crane operator. If the
crane operator lifts the freight quickly, the load
applied will be greater in comparison with slow lifting
of the freight.
Whether a load that exceeds the actual load by a

25 prescribed amount is present is sensed based upon the



15 maxi mum hoi sting | oad of the crane to the above- nentioned N emann
formula, by estimated life of the wire rope obtained by applying a val ue
based upon the detected actual |oad to the Niemann forrmula. In accordance
with the present invention, if the 20 presence of shock | oad has been
sensed in the |oad data, a value obtained by nultiplying a life subtraction
val ue that prevails in the absence of shock |oad by a correction
coefficient having a value greater than unity is subtracted fromthe

above- nenti oned &xtd mated 2501 iskempThe case lnherexadnrsidkal 6bek efi sts and t he
case where shock | oad does not exist are conpared, therefore, and a short
life is cal cul atetk aktmew estd maedrbi fre thfe tthedwiate,r gpen Whiich takes into
consi deration danage to the wire rope produced in accordance with the 5
occurrence of shdeleddadd thaat sdhocdl ¢ordtiedprresentThe wire rope life
managenment apparatus may have a display unit for displaying the new
estimated |ife of thdnwereasoptheral theapesbentheoti shank flordriedd acing a wire

rope that is in use can be ascertained visually.
5 been sensed, a new estimated life of the wire rope is

calculated by subtracting, from the above-mentioned
estimated life, a value obtained by multiplying a life
subtraction value that prevails when the presence of
shock load is not sensed by a correction coefficient
10 having a value greater than unity. As an example of a
life subtraction value that prevails when the presence
of shock load is not sensed, use is made of a value
obtained by dividing estimated life of the wire rope,
which i1s obtained by applying a value based upon the
15 maximum hoisting load of the crane to the above-
mentioned Niemann formula, by estimated life of the
wire rope obtained by applying a value based upon the
detected actual load to the Niemann formula.
In accordance with the present invention, if the
20 presence of shock load has been sensed in the load data,
a value obtained by multiplying a life subtraction
value that prevails in the absence of shoeck load by a
correction coefficient having a value greater than
unity is subtracted from the above-mentioned estimated

25 life. The case where shock load exists and the case



10 Further, estimated |ife of the wire rope can be cal cul ated and di spl ayed
inreal-tine and the operator or on-site supervisor can be notified

t hereof . An unexpected rope severance acci dent can be prevented. The wire
rope |ife managenent apparatus preferably 15 has shock-| oad excess anpunt
cal cul ating neans for calculating, wth gegard to the shock | oad, an excess
anount that exceeds the actual load. The |ife updating nmeans uses a certain
val ue as the correction coefficient, wherein the |larger the excess anount
20 cal cul at ed bywitdre shock-laad dexcesst arount acal cutratriedg hearsforehe | ar ger
the value used. A new estimated |ife of the wire rope can be cal cul ated
based not only upoh & lsbopt eberce soraabsleried . of Ashwclesitomdt duitl idleso upon t he
size of shock load if shock load is present. 25 Brief Description of the

Dr awi ngs of Ritg. wiresrepedl ebkcli bgreamink bustnsitdengt i tre ddvboevi at ed
structure of a crane; Fig. 2 is a graph illustrating |oad data that
is output from atd gae @ekk; rope proBiged 3in ecgopdaspectitethvé ew il l ustrating
t he external appearance of a rope |ife nanagenent appar atus; Fi g.
4 is a block di ageamrencastf athawg flhedel@at becableworiftiegur ati on of a rope

| i fe managenent 10 appar at us; Fig. Sillustrates an exanple a setting
screen; Fig. 6 illusthhat esranceecaiplfe mfnamemeper apporstscr ven;have a

display unit for displaying the new estimated life of
the wire rope calculated. The timing for replacing a
wire rope that is in use can be ascertained visually.

10 Further, estimated life of the wire rope can be
calculated and displayed in real-time and the operator
or on-site supervisor can be notified thereocf. An
unexpected rope severance accident can be prevented.

The wire rope life management apparatus preferably

15 has shock-load excess amount calculating means for
calculating, with regard to the shock load, an excess
amount that exceeds the actual load. The life updating
means uses a certain value as the correction
coefficient, wherein the larger the excess amount

20 calculated by the shock-load excess amount calculating
means, the larger the value used. A new estimated life
of the wire rope can be calculated based not only upon
the presence or absence of shock load but also upon the
size of shock load if shock load is present.

25 Brief Description of the Drawings




Fig. 7 illustrates an exanple of settings data; 15Fig. 8 illustrates an
exanpl e of settings data; and Fig. 9 1is a flowhart illustrating the
fl ow of processing executed by a rope |ife nanagenent apparatus. Best Mbde
for Carrying Qut the Invention 20Fig. 1 illustrates the abbreviated
structure of a crane that hoists, transpwrts and then |owers freight. The
travel ing (noving) mechanism (runway) of the crane is not illustrated in
Fig. 1. The crane has a hoisting drum1l on which a wire 25 rope
2 has been wound. BothgendsiHfa bheckidiggrapei PZlustrb@ingartes fi xed near both
ends of the hoisting drum 1. Wen the hoisting drum1l rotates forwardly,

the wire rope 2 dioRatkdroutsdrenutbechai sttkng; drum 1. When the hoi sting
druml rotates in reverse, the wire rope 2 is 5 rewound upon the hoisting
drum 1. The shaft of rthe hoistd ggagh uinilsicgaconplletd dasa hdisst iiRg/ r ewi ndi ng
motor 2A. The hoisting drum1l is rotated in forward and reverse by rotative
driving of the shafgutbyréhes haiast eyl r ewi nding motor 2A. Driving of the 10
hoi sting/rew ndi ng notor 2A (control of direction of rotation, rotation
start-and-staop contraligang Lont pekspectdicatiing speedraetcg)ties carried out

by the crane operator.
external appearance of a rope life management
apparatus;
Fig. 4 is a block diagram illustrating the
electrical configuration of a rope life management
10 apparatus;
Fig. 5 illustrates an example a setting screen;
Fig. 6 illustrates an example of an operation
screen;
Fig. 7 illustrates an example of settings data;
15 Fig. 8 illustrates an example of settings data;
and
Fig. 9 is a flowchart illustrating the flow of

processing executed by a rope life management apparatus.

Best Mode for Carrying Out the Invention

20 Fig. 1 illustrates the abbreviated structure of a
crane that hoists, transports and then lowers freight.
The traveling (moving) mechanism (runway) of the crane
is not illustrated in Fig. 1.
The crane has a hoisting drum 1 on which a wire

25 rope 2 has been wound. Both ends of the wire rope 2



A plurality of sheaves on which the wire rope 2 15 has been wound is

provi ded bel ow the hoisting drum1l. Wth the crane shown in Fig. 1, an
equal i zer sheave 3 is placed at the | oopback position of the wire rope 2. A
fi xed sheave 4 and two novabl e sheaves (hookpsheaves) 5, 6 are placed in

| eft-right sym”metry enbracing the 20 equalizer sheave 3 on respective sides
thereof. A hook 7 fromwhich freight hangs is coupled to the novabl e
sheaves 5, 6. Since the wire rope 2 is paid out fromthe hoisting

drum 1 when the hgistinggdraup LJiot ahes 26 dher wak 8k ¥ng tdhveimavabligesheaves
5, 6 upon which the wire rope 2 has been wound nove downward. Since the

wire rope 2 is Wﬁdheﬁsgp&% dhg hokstlngs doadmatavhencidie ihel sbpagodrum 1
rotates reversely, the novabl e sheaves 5, 6 nove upward. The freight

hangi ng fromthe i@o%lslia Sut St $1hedn8l st Owerednas. t hgndovakl e sheaves 5, 6

ascend or descend. oad cell 8 for detecting the load that acts upon the

equal i zer sheave \3,;is$ ; IQUAt&H ORhecgaual igrrssheane wireThadeoadigel | 8
may be of the desk type, 10 conpression type, tension type, anplifier type,

bearing type @r pidyoi¥Beup&t CenAnvakt 888 dhat 1cor rREponMlea: tox tdhe | oad is
output fromthe load cell 8. The voltage that has been output fromthe | oad

cel | 8 is applied4;Q+a,500euh i § MRBAPELEN, BPRAN 8L USg AlbwilRfing 2
illustrates, in the formof a graph in
motor 2A. The hoisting drum 1 is rotated in forward
and reverse by rotative driving of the shaft by the
hoisting/rewinding motor 2A. Driving of.the
10 hoisting/rewinding motor 2A (control of direction of
rotation, rotation start-and-stop control and control
so rotating speed, etc.) is carried out by the crane
operator.
A plurality of sheaves on which the wire rope 2
15 has been wound is provided below the hoisting drum 1.
With the crane shown in Fig. 1, an equalizer sheave 3
is placed at the loopback position of the wire rope 2.
A fixed sheave 4 and two movable sheaves (hook sheaves)
5, 6 are placed in left-right symmetry embracing the
20 egqualizer sheave 3 on respective sides thereof. A hook
7 from which freight hangs is coupled tovthe movable
sheaves 5, 6.
Since the wire rope 2 is paid out from the

hoisting drum 1 when the hoisting drum 1 rotates

25 forwardly, the movable sheaves 5, 6 upon which the wire



which time is plotted along the horizontal axis and | oad (voltage
corresponding to the load) along the vertical axis, data that is output
fromthe load cell 8 and applied to the rope |ife managenent apparatus 10
20 from hoisting of the freight until subsequent |owering thereof. The
particulars regarding the terns showmm-nithe graph will be described | ater.
As nentioned above, the freight hanging fromthe hook 7 is hoisted, noved
and subsequently lowered by 25 the crane. Inmediately after the freight in
the - 12 - statromardy hstabeen svdwodsineds dwgenedal |Sincar gee | wiack act s upon
the equal i zer sheave 3. The | oad that acts upon the equalizer sheave 3
i mredi ately afteropde fisewghtd g hpbst ek it®ilsaigerdtdran tvhenftled ght itsel f.
5 Alarge |load that acts upon the equalizer sheave 3 tenporarily
i medi at el y aft ehotdieinr drght l i thoest eevaridelybet hefrevebdet shdrelemw as t he
"shock | oad". The size of the shock | oad depends greatly upon the skill of
t he crane operat br.6 I®Neenpvded f r ghght re solttoihgnedng threwmwiche fope 72 is in a
state in which it has been paid out fromthe hoisting drum1l. As a
consequence, a stisongistepact leweappl Pedtheo rdvebwerehgaope 2, oM ng to shock
| oad. If shock load is large, the extent of damage inflicted upon the wire
15 rope 2 in greateend prcdapagndon wWwth a case where shock load is small.
Danage to wire rope 2 that is continuously subjected to |arge shock | oad
progresses faster in Zdmpdrtsbh &vfiolr detectiope tRet hedd ithanotctJaki ng into
consideration not only the nunber of

upon the equalizer sheave 3 is mounted on the equalizer

sheave 3. The load cell 8 may be of the desk type,

10 compression type, tension type, amplifier type, bearing
type or pin type, etc. A voltage that corresponds to
the load is output from the load cell 8. The voltage
that has been output from the load cell 8 is applied to
a rope life management apparatus 10.

15 Fig. 2 illustrates, in the form of a graph in
which time is plotted along the horizontal axis and
load (voltage corresponding to the load) along the
vertical axis, data that is output from the load cell 8
and applied to the rope life management apparatus 10

20 from hoisting of the freight until subsequent lowering
thereof. The particulars regarding the terms shown in
the graph will be described later.

As mentioned above, the freight hanging from the
hook 7 is hoisted, moved and subsequently lowered by

25 the crane. Immediately after the freight in the



20 tines the wire rope 2 is used but also the effects of shock |oad, the
rope |ife managenent apparatus 10 predicts replacenent timng (cal cul ates

the life) of the wire rope 2 being used in the crane. Fig. 3is
a perspective viewillustrating the 25 external appearance of the rope life
managenment - 13 - apparatus 10 and Fig.124+4s a block diagramillustrating

the electrical configuration of the rope |ife managenent apparatus 10. The
front side of the rope |ife nanagenent 5 apparatus 10 is provided at its
upper portion wistetacdiespl ayeumiits h2idead.ng gedespllay lpanel leapabl e of

di splaying text, and at its lower portion with an input unit 13 having an
i nput panel thatadtrlupdestimeineriad ikeysshofveett i Nhhsdroedntat sorteen used to
i nput 10 settings data) and an operation screen (a screen for displaying

t he operating st@as,thet equabfzerhehepane) iameddasplayddeontiidie di spl ay
panel of the display unit 12. Fig. 5 illustrates an exanple of the setting
15 screen displ ayedian tihehdi sycay spamefenfthehetitd sfpledghtinitsdlX,. and Fig. 6
illustrates an exanple of the operation screen displayed on the display
panel of the di shl@ragnilpad2thaBwiatcthi wgrbethseenus hizegetshieage streen and t he

operation screen, etc., is perfornmed using the 20 i nput panel of input unit
13. temporarily immediately after the freight is hoisted
will be referred to below as the "shock load". The

size of the shock load depends.greatly upon the skill
of the crane operator.

10 When the freight is hoisted, the wire rope 2 is in
a state in which it has been paid out from the hoisting
drum 1. As a consequence, a strong impact is applied
to the wire rope 2 owing to shock load. If shock locad
is large, the extent of damage inflicted upon the wire

15 rope 2 in greater in comparison with a case where shock
load is small. Damaée to wire rope 2 that is
continuously subjected to large shock load progresses
faster in comparison with wire rope 2 that is not.

Taking into consideration not only the number of

20  times the wire rope 2 is used but also the effects of
shock load, the rope life management apparatus 10
predicts replacement timing (calculates the life) of
the wire rope 2 being used in the crane.

Fig. 3 is a perspective view illustrating the

25 external appearance of the rope life management



Wth reference to Fig. 5, the nanes of nultiple itens to be input (set) are
di spl ayed on the setting screen displayed on the display panel of display
unit 12. The input unit 13 is used to input a numerical 25 val ue
corresponding to a displayed itemnane or characters for specifying the
nunerical value. Wth reference to Fig: 1& -the operating status [actual

| oad of hoisted freight, nunber of tinmes wire rope has been used

(cunmul ative nunber of times used) and nunber of 5 tinmes left for use
(remai ni ng nunbesppedrdtuzesoused iBigogsibla)blidésdiadedh liafles)rateing. | is

di spl ayed on the operation screen displayed on the display panel of the
display unit 12 du¢igigariadl ecoropeuattdon off tthe comme.if&Wth reference
again to Figs. 3 and 4, an 10 input/output port 14 (not visible in Fig. 3)
to which is inpunhatdgenaoitt ageasapp i1l€d fromthe | oad cell 8 described above
is provided on the back side of the rope |life managenent apparatus 10. The
| oad cell 8 and thei nput feohpusiqeordf tHheoforehéd ifepeatddememiinagenent 15
apparatus 10 are electrically connected by a signal |ine (coaxial cable,
etc.). FTheappps:tusf é 0mhsagenenicdappartat wpptd® pociivdesigh CGPU 11 for
overal | managenment of operation of the rope |ife managenent apparatus 10.
The above- nenti odeésp2dy dindpl a9 hawingl2, displdy pantl 1&@id el pput / out put port
14 are connected to the CPU 11. Further connected to the CPU 11 are a RAM
15 for storing poogpbasinandedat aardermorasi lgwerapdral ROMik® Bor istuwri ng
settings data and prograns, etc. 25Figs. 7 and 8 illustrate settings data

t hat has unit 13 having an input panel that includes numeric

keys. A setting screen (a screen used to input

10 settings data) and an operation screen (a screen for
displaying the operating status, etc., of the crane)
are displayed on the display panel of the display unit
12.

Fig. 5 illustrates an example of the setting

15 screen displayed on the display panel of the display
unit 12, and Fig. 6 illustrates an example of the
operation screen displayed on the display panel of the
display unit 12. Switching between the setting screen
and the operation screen, etc., is performed using the

20 input panel of input unit 13.

With reference to Fig. 5, the names of multiple
items to be input (set) are displayed on the setting
screen displayed on the display panel of display unit
12. The input unit 13 is used to input a numerical

25 value corresponding to a displayed item name or



- 15 -

| i fe managenent apparatus 10.

been input using the setting screen and stored in the ROM 16 of
The settings data includes data
relating to the crane and wire rope 2 and data relating to evaluation 5

criteria (criteria for determ ning that | oading/unloading has been

per f or nmed,

for exanple). The settings-datda-illustrated in Fig. 7 is
settings data relating to the crane and wire rope 2. The settings data
illustrated in Fig. 8 is settings data 10 relating to the eval uation

rope

criteria. Wth rafagrenees tiodisgecYfyire thet himgsi cddt aaked at iwight o t he crane

and wire rope 2 includes the foll ow ng data:
this is the di amstfereofewio &id5 Fppehd apsedting tdietosabectual loa8heave
dianeter DI: this is the dianeter of the sheaves (the above-nenti oned

Rope di anmeter d:

equal i zer sheaveofB3hofisked Stweaghes dAurrd novabhes shieavespd, h#s) besed in the
Drum diameter D2: this is the dianeter of the

Crane.

10

15

20

25

used (cumulative number of times used) and number of
times left for use (remaining number of times use is
possible) (described later), etc.] is displayed on the
operation screen displayed on the display panel of the
display unit 12 during or after operation of the crane.

With reference again to Figs. 3 and 4, an
input/output port 14 (not visible in Fig. 3) to which
is input the voltage supplied from the load cell 8
described above is provided on the back side of the
rope life management apparatus 10. The load cell 8 and
the input/output port 14 of the rope life management
apparatus 10 are electrically connected by a signal
line (coaxial cable, etc.).

The rope life management apparatus 10 includes a
CPU 11 for overall management of operation of the rope
life management apparatus 10. The above-mentioned
display unit 12, input unit 13 and input/output port 14
are connected to the CPU 11. Further connected to the
CPU 11 are a RAM 15 for storing programs and data
temporarily, and a ROM 16 for storing settings data and
programs, etc.

Figs. 7 and 8 illustrate settings data that has



20 hoisting drum 1.

Cross-sectional area A: this is the effective

cross-sectional area of wire rope 2. Wrking load W this is the
maxi nrum val ue (rated value) of the |oad essentially applied to the wire
rope 25 2 used in the crane. In the case of the crane - 16 - illustrated

in Fig. 1, the wire rope 2 has eight falls {load is handl ed as being
di stributed anong eight wire ropes 2) owng to the fact that it is wound
upon the equalizer sheave 3, fixed sheaves 4 and novabl e sheaves 5 5, 6. If

we assune that theehainptitngsimeadher atedidpadreof 4k stcrane is 4R t ons,

40/8 = 5 tons is assuned to be the working | oad Wregarding the wire rope
2. Nunmber XOwfla ofierdmd |Isifet hesaganagsepbaatins tile nunber of wire
ropes 2 used in the crane, this being 10 obtai ned based upon the nunber of
sheaves possessed by Tthkesetairgys astpentcloned dbowerelNunbertoltlaf tines rope
passes (bends) over sheaves: this is the nunber of tinmes one point (a
prescri bed regi onyaron ankewire erapepe 2npadses revetrindd toheawbsatdium ng

hoi sting and | owering (one cycle) of freight. In the case of the crane
illustrated in Fegiteriat hregtsheaves (éhernfinied sheave 4 and two novabl e
sheaves 5, 6) are arranged on each side of the equalizer sheave 3.
Therefore the w teadiopguBlpadises has been performed, for example).

The settings data illustrated in Fig. 7 is settings

data relating to the crane and wire rope 2. The

settings data illustrated in Fig. 8 is settings data

10 relating to the evaluation criteria.

With reference to Fig. 7, the settings data

relating to the crane and wire rope 2 includes the

fecllowing data:

Rope diameter d: this is the diameter of wire

15 rope 2 used in the crane.

sheaves

Sheave diameter Dl: this is the diameter of the

(the above-mentioned equalizer sheave 3, fixed

sheaves 4 and movable sheaves 5, 6) used in the crane.

Drum diameter D2: this is the diameter of the

20 hoisting drum 1.

Cross—-sectional area A: this is the effective

cross-sectional area of wire rope 2.

value)

Working load W: this is the maximum value (rated

of the load essentially applied to the wire rope

25 2 used in the crane. In the case of the crane

t hen



20 over sheaves three times when the freight is hoisted and three tines
when the freight is lowered (for a total of six tinmes). Thus the nunber of
times the rope passes (bends) over the sheaves of the crane shown in Fig. 1
is six. 25Nunmber n2 of tines rope passes (bends) over drum - 17 - this is
the nunber of times one point (a presecrillsed region) on the wire rope 2
passes over the hoisting drum 1 during hoisting and | owering (one cycle) of
freight. In the case of the crane illustrated in Fig. 5 1, there is one
hoi sting drum 1 and:dthrerefiore rie W rehd gpec2 rpassesha@vetghheranegm one ti ne
in one cycle. Thus the nunber of times the rope passes (bends) over the
drum of the cranelshwws hanflgd ak bsiofedissheaveed aefdnigceeqiit aiidehis 1S a
val ue 10(coefficient) decided in accordance with the groove shape (U shaped
groove, V-shapedropaove, ouhdercitchehdped graaove, ietwaundohipbhetisheaves used
in the crane. The sheave coefficient a is used in conputing, through use of
the N emann for nuqas deser sheglvd &, erfixthesHdnveamai mdignovabber siofadsmes use
of the wire rope 2 is possible (the estimated life) and the nunber of tines
the wire ropes2 bascbeard usess{unke thiat etisubiaiact hon ozl uepted NLgener al ,
sheaves having a U shaped groove are frequently used for the sheaves
enpl oyed in the of the crane is 40 tons, then 40/8 = 5 tons is assumed
to be the working load W regarding the wire rope 2.
Number X of rope falls: this is essentially the
number of wire ropes 2 used in the crane, this being
10 obtained based upon the number of sheaves possessed by
the crane, as mentioned above.
Number n; of times rope passes (bends) over
sheaves: this is the number of times one point (a
prescribed region) on the wire rope 2 passes over
15 sheaves during hoisting and lowering (one cycle) of
freight. 1In the case of the crane illustrated in Fig.
1, three sheaves (the fixed sheave 4 and two movable
sheaves 5, 6) are arranged on each side of the
equalizer sheave 3. Therefore the wire rope 2 passes
20 over sheaves three times when the freight is hoisted
and three times when the freight is lowered (for a
total of six times). Thus the number of times the rope
passes (bends) over the sheaves of the crane shown in

Fig. 1 is six.

25 Number n; of times rope passes (bends) over drum:



20cr ane. Rope coefficient b: this is a value (coefficient) used in
conputing, through use of the N emann fornula, the remaining nunber of
times use of the wire rope 2 is possible and the nunber of tines the wire
rope 2 has 25 been used. The rope coefficient b is stipulated in - 18 -
accordance with the structure of the wirg rope 2 used (e.g., whether the
rope structure is "ordinary lay" or "Lang's lay"). Structural correction
coefficients kfl k2, k3: 5 these are values (coefficients) used in order to
correct the renmatiiNngsnuabefiufert offesimse o phenwv (£ preperZodds possi bl e
and the nunber of times the wire rope 2 has been used, in accordance with
the structure of rédieonM pa toPeride Mope NANNASeS| avdartieohvhatiaf the 10 rope
coefficient b mentioned above. The structural correction coefficient kl is
a val ue (coefficdent )l thatngondiortiagt end heweuiber (afe styraagdsot hat
constitute the wire rope 2. The structural correction coefficient k2 is a
val ue (coeffici entgigHiat coanfiof maskoof heh« arrantd5i natserraakdofn thiey. W re rope
2 (steel core or fiber core). The structural correction coefficient k3 is
anot her val ues (coefdHeticent) ohdatoicanhgrdasud A khe sheredouretiod die W re rope
2 {the cross-sectional shape of the strands constituting the wire rope 2
[ whet her the crossp® seetednovear ahecdlbat ©fe nanecin culearyfam. oddl y shaped
line)], whether the surface of the wire rope 2 is coated or not, etc.).

Thus the number of times the rope passes' (bends) over

the drum of the crane shown in Fig. 1 is one.
Sheave coefficient a: this is a value

10 (coefficient) decided in accordance with the groove
shape (U-shaped groove, V-shaped groove, undercut-
shaped groove, etc.) of the sheaves used in the crane.
The sheave coefficient a is used in computing, through
use of the Niemann formula described later, the

15 remaining number of times use of the wire rope 2 is
possible (the estimated life) and the number of times
the wire rope 2 has been used (the life subtraction
value). 1In general, sheaves having a U-shaped groove
are frequently used for the sheaves employed in the

20 crane.

Rope coefficient b: this is a value (coefficient)
used in computing, through use of the Niemann formula,
the remaining number of times use of the wire rope 2 is
possible and the number of times the wire rope 2 has

25 Dbeen used. The rope coefficient b is stipulated in



Wth reference to Fig. 8, the settings data relating to the eval uation
criteria includes the 25 follow ng data: - 19 - Loadi ng detection
load: this is a load for determ ning that hoisting (loading) of freight has
been performed by the crane. If a |load equal to or greater than the | oading
detection load is detected, it is 5 detd8mned that the freight has been
hoi sted by the crane. Unl oadi ng detection load: this is a |oad for
determ ning that after the freight has been hoisted by the crane, the

frei ght has beenat@weiagde(untiwadedlssrhét @ afl ond #iass rbpan tdeeaunl oadi ng
detection load is detected, it is determ ned that the freight has been

| ower ed. Loady acquishét othd Rbeevat rua upeeserided npeyi ogy'ofort | Me t hat
starts fromthe timng of acquisition of the 15 above-nentioned | oadi ng
detection | oad isrLdhe s oagvacquisition interval, as shown in Fig. 2. If a
| oad equal to or greater than the |oading detection load is detected, a
| oad | ess than the urdt@adiigalei@ciconoh aagkfifscderestiad andkx;noreover, a
| oad equal to or greater 20 than the | oading detection | oad and equal to or
greater than $hecnddoadiengatetectderErionchtiss detaciedeent tauously for
| onger than the |oad acquisition interval, then it is determned that a
singl e job by thecerafie thaanehyimirsehiuase ofofopemati ons foneecyde) 25
consi sting of hoisting, transporting and subsequently
rope 2 is possible and the number of times the wire
rope 2 has been used, in accordance with the structure
of the wire rope 2 in a manner similar to that of the
10 rope coefficient b mentioned above. The structural
correction coefficient k; is a value (coefficient) that
conforms to the number of strands that constitute the
wire rope 2. The structural correction coefficient k;
is a value (coefficient) that conforms to the core
15 material of the wire rope 2 (steel core or fiber core).
The structural correction coefficient ks is anothef
value (coefficient) that conforms to the structure of
the wire rope 2 {the cross-sectional shape of the
strands constituting the wire rope 2 [whether the cross
20 section is circular or non-circular (an oddly shaped
line)], whether the surface of the wire rope 2 is
coated or not, etc.}.
With reference to Fig. 8, the settings data

relating to the evaluation criteria includes the

25 following data:



- 20 - lowering the freight, has been perforned (i.e., that |oading and

unl oading criteria have been satisfied). Load readi ng type: |oad
(actual load) of freight hoisted by the crane is cal culated using the | oad
in an 5 average conputation interval. Wth reference to Fig. 2, the average
conputation interval is a period that -stiamts froma timng obtai ned upon

el apse of a prescribed interval (average delay interval) fromacquisition
timng of the | oading detection |oad and 10 that ends at a timng at which
t he | oad acqui sitionLioptiényaletendsonElddrer ‘thnst antandeedsfoor "average" can
be selected as the |load reading type. If "instantaneous" is selected, then
t he detected | oadetatrntinéng i nhatg hati swhhg h( ideeiayerayd redaputlad s dreennt er val

15 ends (which is the sane as that at which the | oad acquisition interval
ends) is handl edpastdrined| badt{actraak . | obd)a dbattheqdaleitghtr horsstted by t he
crane. If "average" is selected, then the average val ue of the detected

| oad in the avertdge chrpldadion deeetvat Iid20shdetcdaddasithes | oad (act ual

| oad) of the freight hoisted by the crane. Average delay interval: as
ment i oned above, détersninsdanhantwreyvdreidiat rstsabesnfiromtadgbl sthd on tim ng of
the | oading detection load (see Fig. - 21 - 2). The above-nentioned shock
| oad (peak val ue¢rdrad.ls within the average delay interval. Li fe-end

prelimnary warning condition: this sets whether a warning should be issued
when the predicted Unloading detection load: this is a load for

determining that after the freight has been hoisted by
the crane, the freight has been lowered (unloaded). If
10 a load less than the unloading detection load is
detected, it is determined that the freight has been
lowered.
Load acquisition interval: a prescribed period of
time that starts from the timing of acquisition of the
15 above-mentioned loading detection load is the load
acquisition interval, as shown in Fig. 2. If a load
equal to or greater than the loading detection load is
detected, a load less than the unloading detection load
is detected and, moreover, a load equal to or greater
20 than the loading detection load and equal to or greater
than the unloading detection load is detected
continuously for longer than the load acquisition
interval, then it is determined that a single job by
the crane, namely a series of operations (one cycle)

25 consisting of hoisting, transporting and subsequently



5 remai ni ng nunber of tinmes use of the wire rope 2 is possible (the
estimated remaining life) reaches a certain percentage of the remnaining
nunber of times use of a newwire rope 2 is possible (the initial life).
For exanple, a life-end prelimnary marniﬁd“gdhdition 10 of 20% neans t hat
a warning will be issued when the remaining life of the wire rope 2 reaches .
80% of the initial life. The warning nmay be issued aurally or visually as -
by a warning tone or a display presented on the display unit 12.
15Excessi ve | oad$oderimgr thewdred ot c&asbbeps Riadoalred When- t dadet ect ed
actual | oad of freight has exceeded the hoisting |load (rated | oad) of the
crane. Excessivelbsailsy Bnd 8napedirsndyivhenatiiee Weeni pgtisfisstued. The
warning relating to excessive |oad can be 20 issued in nultiple stages
(l evel s). For exanpl eiodch rgadase Wrer:e tthedhtistiadglredd of fuedgbtane is 40
tons, a warning is issued if the detected actual |oad of freight is equal
to or greater thanid&ed dnysthBycrdandingathelgeehiusgngohke (brad/giruae) or the
di splay on 25 the display unit 12 dependi ng upon respective cases - 22 -
where t he det&ct edeaedaialompoadt oén firgiegiveli s Whalreferencgrieatids -t han 45
tons and |l ess than 50 tons, equal to or greater than 50 tons and | ess than
55 tons, and equdl tize Gvegreat eompiliztiSB tiohsrvalhe sopepatddd @ag. , 5 i s
notified of which |evel of excessive |oad has been

starts from a timing obtained upon elapse of a

prescribed interval (average delay interval) from
acquisition timing of the loading detection load and
10 that ends at a timing at which the load acquisition
interval ends. Either "instantaneous" or "average" can
be selected as the load reading type. If
"instantaneous" 1s selected, then fhe detected load at
the timing at which the average computation interval
15 ends (which is the same as that at which the load
acquisition interval ends) is handled as the load
(actual load) of the freight hoisted by the crane. If
"average" is selected, then the average value of the
detected load in the average computation interval is
20 handled as the load (actual load) of the freight
hoisted by the crane.
Average delay interval: as mentioned above, this
is an interval that starts from acquisition timing of
the loading detection load (see Fig.

25



applied (i.e., of the particular load |evel of the freight that has been
lifted by the crane). Correction coefficient: this is a val ue
(coefficient), which is used in order to correct the 10 nunber of tines the
wire rope 2 has been used, defined in accordance with the size of the
above-nenti oned shock load (i.e., the p&lcentage by which the shock | oad
exceeds the actual load of the freight). In this enbodi nent, processing
using the correction coefficient 15 to correct the nunber of tinmes the rope
has been used i s2kexefbtedoove-anepasensfiesteock shedk (pep&dvequal fiadler greater
than 110% of the actual load is sensed. The details of processing using the
correction coeffititamt the zorraest dehey numzevadf times wire rope has been
used 20 will be described later. Before the wire rope 2 is placed in
the crane and the crdndécoped ated inthery ermiminggcondigeonof thiesesse of the
wire rope 2 is possible (the estimated life) in the initial state is
cal cul ated by thehedpe ki ver2bigrehagéderd igspadaviue, tQeupkradisetdt i ngs dat a
(Fig. 7) - 23 - relating to the crane and wire rope 2 that has been stored
in the ROM 162 remairDegcnupesr iof things erdpodifmehe wisrecabpal ation of the
remai ni ng nunber of times use of the wire rope is 5 possible (the estinmated
life) using the Peerdne (GeNesmmanpdf oemadranir dafa@noregchhe plurality of

cal cul ation forrmul ae known heretofore. Details regarding the N emann
fornmul a are desceébedn pproaytafe exXabpe erenaintihg hiWlres Rbpeimandiseok”, Wre
Rope 10 Handbook Editing Commttee, N kkan Kogyo Shi mbunsha, published
March 30, 1995, pp.a 3B¥ wiBS3joran@ im Peédible (the initial life).

For example, a life-end preliminary warning condition

10  of 20% means that a warning will be issued when the
remaining life of the wire rope 2 reaches 80% of the
initial life. The warning ﬁay be issued aurally or
visually as by a warning tone or a display presented on
the display unit 12.

15 Excessive loads 1 - 3: a warning can be issued
also when the detected actual load of freight has
exceeded the hoisting load (rated load) of the crane.
Excessive loads 1 - 3 are loads when this warning is
issued. The warning relating to excessive load can be

20 issued in multiple stages (levels). For example, in a
case where the hoisting load of the crane is 40 tons, a
warning is issued if the detected actual load of
freight is equal to or greater than 45 tons. By
changing the warning tone (or volume) or the display on

25 the display unit 12 depending upon respective cases



About Wre Rope (Last Volune) - The Road to Safety" Kaizuka Chanber of
Comrerce and Industry, Steel Manufacture Activation Research Society,

Kai zuka 15 Chanber of Conmerce and | ndustry, published July 25, 1995, pp.
153 - 158). The Niemann fornula is as indicated in Equation (1). A
nunber N1 of tinmes the wire rope 2 passe® over sheaves until it breaks (the
nunber of tines the wire 20 rope is bent by the sheaves until the rope
breaks) is cal cul ated based upon the N emann formula. Ay170000[ axbx cr,
+41) 1 d- 91aN2 . . . vwiEeeattihend¢tigctaderetaat epragls efit Sredmhtsheageuchbaicf i cient, b
the rope coefficient, O the sheave dianeter, d the rope - 24 - dianeter
and ut tensile strewsaskrt heami4Se tropeandHess than 50 tons, equal to

or greater than 50 tons and less than 55 tons, and
equal to or greater than 55 tons, the operator, etc.,

5 is notified of which level of excessive load has been
applied (i.e., of the particular load level of the
freight that has been lifted by the crane).

Correction coefficient: this is a value
(coefficient), which is used in order to correct the

10 number of times the wire rope 2 has been used, defined
in accordance with the size of the above-mentioned
shock load (i.e., the percentage by which the shock
load exceeds the actual load of the freight). 1In this
embodiment, processing using the correction coefficient

15 to correct the number of times the rope has been used
is executed in a case where a shock load equal to or
greater than 110% of the actual load is sensed. The
details of processing using the correction coefficient
to correct the number of times wire rope has been used

20 will be described later.

Before the wire rope 2 is placed in the crane and
the crane operated, the remaining number of times use
of the wire rope 2 is possible (the estimated life) in
the initial state is calculated by the rope life

25 management apparatus 10 using settings data (Fig. 7)



tensile stress at s found fromWA (where Wis the working |oad and a the
rope cross-sectional area). The nunerical values used in calculating the
nunber N1 of 5 tinmes the wire rope passes over sheaves have all been stored
previously in the ROM 16 (see Fig. 7). Next, a number N2 of tines the
W re rope passes over sheaves until it- xsstains 10% breakage is cal cul at ed
based upon Equation (2) below using a safety 10 coefficient. It should be
noted that "10% breakage" is a concept used taking safety into

consi deration. Breakdge ts tohgirderednd oviye 10D% bridakahes wran the wire
rope breaks conpletely, and "10% breakage"” is assuned to be a state of
breakage that issi9zed af tBe cRMplléte breakage. N2 = NI X Kl1... Equation (2)
For exanple, K1 = 0.6 is used as the safety coefficient KL (1>K1). That is,
N2 < NI holds. Next, Destatbedieindithiier eprtdirenhatsi s lsadetiopatf 20et he rope
constitution is taken into account and the nunber N2 of tines the wire rope
passes over shea¥@®ipingl npnbeystfaithsed 0% hrdakhge’ize copPrett ed based upon

Equation (3) below using a structural correction coefficient K2. 25N3 = N2
X K2. .. Equat@onP?§§iblﬁ 25he estimated life) using the Niemann (G.

Niemann) formula from among the plurality of
calculation formulae known heretofore. Details
regarding the Niemann formula are described, by way of
example, in the "Wire Rope Handbook", Wire Rope

10 Handbook Editing Committee, Nikkan Kogyo Shimbunsha,
published March 30, 1995, pp. 352 - 353) and in "All
About Wire Rope (Last Volume) - The Road to Safety"
Kaizuka Chamber of Commerce and Industry, Steel
Manufacture Activation Research Society, Kaizuka

15 Chamber of Commerce and Industry, published July 25,
1995, pp. 153 - 158).

The Niemann formula is as indicated in Equation

{(1). A number N; of times the wire rope 2 passes over
sheaves until it breaks (the number of times the wire

20 rope is bent by the sheaves until the rope breaks) is

calculated based upon the Niemann formula.

2
Elétfny Equation (1)

N, = 170000(a x b x
o, +4

Here a represents the sheave coefficient, b the

rope coefficient, D the sheave diameter, d the rope



The structural correction coefficient K2 is a coeff
accordance with the rope structure of the wire rope

predetermned in conformty with the rope structure.

5correction coefficients k1, k2, k3 (see Fig. 7) th
ROM 16 beforehand are used as the structaural correc
of the structural correction coefficients ki, k2, k
(e.g., a value obtained by 10 rmultiplying themtoge

icient decided in

2 used; it is

The structural

at have been stored in
tion coefficient K2. Any
3 or conbination thereof
ther) is adopted as the

structural corregtiftcgoghfii 6 eahsKl idtraceostaire wirk hrége. stregct ure of

the wire rope 2 used. The val ue N3 obtai ned ba

sed upon Equation (3)

above is referred 10,35 g, cLLM ! ;Depd countn u oA MSaDIp Gydhg count Na (a

nuneri cal val ue representln how nmany tines a cycle

m

el bend usin

of hoisting, moving and

e nunber of tines

subsequent |y Iomergg é;f{lfe%l n&%@t%% rg%unf%%é Legay ﬁggaggﬁ%sh%% es is

cal cul ated by di V7

the wire 20 rope i S b gt
merica u
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rope 2 passes over the
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torec§a prevrlrg‘t(iI Sly in %he IQ(EM 816'“’(@%5']?3% Vﬂl ue that has been

Next, a number N, of times the wire rope passes

over sheaves until it sustains 10% breakage is

calculated based upon Equation (2) below using a safety

10 coefficient. It should be noted that "10% breakage" is

a concept used taking safety into consideration.

Breakage 1s considered to be 100% breakage when the

wire rope breaks completely, and "10% breakage" is

assumed to be a state of breakage that

15 complete breakage.

N2 = N1 X Kl

is 1/10 of

Equation (2)

For example, K; = 0.6 is used as the safety

coefficient K; (1>K;). That is, Nz < N

Next, a fatigue differential that

;1 holds.

is based upon

20 the rope constitution is taken into account and the

number N, of times the wire rope passes over sheaves

until it sustains 10% breakage is corrected based upon

Eguation (3) below using a structural

coefficient K,.

25 N3 = Nz X K2

correction

Equation (3)



previously based upon the crane structure (number of sheaves), as
illustrated in Fig. 7. In a manner simlar to that descri bed
above, a 5 drumusable cycle count No (- N3/n2) regarding the hoisting drum
1 is also calculated. The only difference is that the drumdiameter (this
val ue al so has been stored in ROM 16 befasrehand) (Fig. 7) is used instead
of the sheave diameter as D in the Niemann 10 fornula of Equation (1). It
shoul d be noted that n2 is the nunber of tinmes the wire rope 2 passes over
the drum per cycle (Fing sfjuctural coFfhectimaicekngi eiamsei:ofs ta mes use of
the wire rope 2 is possible is calculated upon assuming that bending 15 of
the wire rope atceaefidfentheesheaves andoxiamwel sitongounded and that
fatigue accumul ates. A final remaining nunber N. of tines use of the wire
rope 2 is possibkeriscural otl atedviaecapdeny dsediheétfod lrowidegesgrdd ons usi ng
t he above-nenti oned sheave usabl e cycle 20 count Na and drum usabl e cycle
count No: 1/ Nx =ifléd¥eforhi€y/ Nogh Nhe- rdbé (ddMictarel/ NIR) strucBeuslt i on (5)
The cal cul ated remai ning nunber N. of tinmes use of the wire rope 2 is
possible in the cbrté@icst abefficients ki, k2, ks (see Fig. 7) that
have been stored in ROM 16 beforehand are used as the
structural correction coefficient K,. Any of the
structural correction coefficients ki, kz, ks or
combination thereof (e.g., a value obtained by
10 multiplying them together) is adopted as the structural
correction coefficient K, in accordance with the
structure of the wire rope 2 used.
The value N3 obtained based upon Equation (3)
above is referred to as a "limit bend count".
15 A usable cycle count Ny (a numerical value
representing how many times a cycle of hoisting, moving
and subsequently lowering freight can be repeated)
regarding the sheaves is calculated by dividing the
limit bend count N3 using the number of times the wire
20 rope 2 is bent (the number of times the rope passes
over the sheaves per cycle) per crane cycle (hoisting,
moving and subsequently lowering freight).
sheave usable cycle count N, = N3/n; ... Equation (4)

Here n; represents the number of times the wire

25 rope 2 passes over the sheaves per cycle. Use is made



- 27 - (nanely the initial life) is stored in the RAM 15 or ROM 16. As w ||
be descri bed next, the obtained renmaining nunber N. of tinmes use of the
wire rope 2 is possible 5inthe initial state is decrenented in accordance
with the crane operating conditions (upon taking into consideration the
presence or absence of shock |oad and-the size thereof, as nmentioned above)
and a new nunber of tines use of the wire rope 2 is possible (remaining 10
life, estimated life) is calculated. Fig. 9 is a flowhart illustrating the
fl ow of operati ot af nitheriope Jvadle tpaaderepeeapparat useiD. This will be
described while referring to the graph of load data illustrated in Fig. 2.
15When the cranepcisviopelatiegdseda upoht tige camfeosnrngt e t(thembaadof t he
freight is output fromthe load cell 8 and supplied to the rope life
managenent apparsitersrek), Fheillosd rdatd {rvdtittageé.-val ue) (see Fig. 2)
provided by the load cell 8 is stored in RAM 15 of the rope life 20
managenent appar at us Ib0a(stepe3k)imiFarstq theet Hesctidadi rgpual cadi ng

Ccriteria are
5 drum usable cycle count N, (= N3/n;) regarding the
hoisting drum 1 is also calculated. The only
difference is that the drum diameter (this value also
has been stored in ROM 16 beforehand) (Fig. 7) is used
instead of the sheave diameter as D in the Niemann
10 formula of Equation (1). It should be ncted that n, is
the number of times the wire rope 2 passes over the
drum per cycle (Fig. 7).
The remaining number of times use of the wire rope
2 is possible is calculated upon assuming that bending
15 of the wire rope at each of the sheaves and drum is
compounded and that fatigue accumulates. A final
remaining number N, of times use of the wire rope 2 is
possible is calculated according to the following
equations using the above-mentioned sheave usable cycle
20 count N and drum usable cycle count Ny:
1/Ng = (1/Na) + (1/Ny)
Nx = 1/[(1/Na) + (1/Np)] ... Equation (5)
The calculated remaining number Ny of times use of

the wire rope 2 is possible in the initial state



satisfied is determined (step 32). This is for the purpose of performng
i fe managenent of the wire rope 2 on the condition that the crane has
substantially - 28 - done work (one cycle of operation consisting of
hoi sting, noving and lowering freight). Criteria data (settings data)
shown in Fig. 8 is used in determ ni ng Wet-her | oadi ng/unloading criteria 5
are satisfied. Wth reference to Fig. 2, if a load equal to or greater than
the |l oading detection load is detected, a |load | ess than the unl oadi ng
detection | oad i ¢$natetlgcttbd amd;iaioiedbweris stlogad egudle Ré8MolS grreat er t han
t he | oadi ng detection |load and equal to or greater 10 than the unl oading
detection | oad iROMlettect ed conti nuously for |onger than the |oad
acquisition interval, then it is determned that a single job by the crane,
nanely a series of operatiiidonse (Brserdhed e)edias theepbipairfedr meda (11iYES" at step
32). 15For exanple, although the load cell 8 will output a voltage even in
a case where thentook: Fxsef ngigeswiag ¢io thikewaf¢ exdrs af 1ai prisithe
| oadi ng/unl oading criteria are not satisfied in such case. If the |oad data
fromthe | oad> celh Baddestnat sattiesfiy dberdmradiedgiurdcadidagc@Oiidhiteri a,
the rope |ife managenent apparatus 10 does not execute any particul ar
processi ng ("NO'th¢ stea 8R¥rating conditions (upon taking into
consideration the presence or absence of shock load and
the size thereof, as mentioned above) and a new number
of times use of the wire rope 2 is possible (remaining
10 life, estimated life) is calculated.
Fig. 9 is a flowchart illustrating the flow of
operation of the rope life management apparatus 10.
This will be described while referring to the graph of
load data illustrated in Fig. 2.
15 When the crane is operated, a voltage conforming
to the load of the freight is output from the load cell
8 and supplied to the rope life management apparatus 10.
The load data (voltage value) (see Fig. 2) provided by
the load cell 8 is stored in RAM 15 of the rope life
20 management apparatus 10 (step 31).
First, whether loading/unloading criteria are
satisfied is determined (step 32). This is for the

purpose of performing life management of the wire rope

2 on the condition that the crane has substantially



If load data that satisfies the |oading/unloading criteria is provided by
the load cell 8, it is determ ned whether the maxi num val ue (peak val ue)
25(shock | oad) contained in the |oad data exceeds 110% of - 29 - the
actual load (step 33). The actual load is the detected | oad prevailing when
t he average conputation interval ends - 28 ke case where "instantaneous"” has
been selected at the | oad reading type, as nentioned 5 above. |f "average"
has been sel ected, then the actual |oad is the average val ue of detected
| oad over the avésregeocdnputatdvenei nf evpeadation condifstghgckf| oad is equal to
or less than 110% of the actual load, then it is construed that shock | oad
has 10 no effecthaiponnghemaw ey rropgel@wgiing. frehalitit.here is no shock | oad)
("NO'" at step 33). In this case, control proceeds to general
processing for subtracticagis heataurtbert ofgd idats) t fleowrope Fsguseds( processi ng
for calculating the remaining 15 nunber of tinmes use is possible) (step
35). ~ The foesddvinngetenputiaty ehetisepeokdineduipagiogessi vy ikor
subtracting the nunber of times the rope is used (step 35): Initially, the
remai ni ng nunrberaNl wftisifmed. ugd tof reference to Fig. 2, if a load
equal to or greater than the loading detection load is
detected, a load less than the unloading detection load
is detected and, moreover, a load equal to or greater
than the lcocading detection load and equal to or greater
10 than the unloading detection load is detected
continuously for longer than the load acquisition
interval, then it is determined that a single job by
the crane, namely a series of operations (one cycle)
has been performed ("YES" at step 32).
15 For example, although the load cell 8 will output
a voltage even in a case where the hook 7 swings owing
to the effects of wind, the loading/unloading criteria
are not satisfied in such case. If the load data from
the load cell 8 does not satisfy the loading/unloading
20 criteria, the rope life management apparatus 10 does
not execute any particular processing ("NO" at step 32).
If load data that satisfies the loading/unloading
criteria is provided by the load cell 8, it is

determined whether the maximum value (peak value)

25 (shock load) contained in the load data exceeds 110% of



20 the wire rope 2 is possible is calculated in accordance with Equations
(1) to (5) using the actual | oad obtai ned based upon the | oad data fromthe
| oad cell 8. The above-nentioned renai ning nunber N, of tinmes use of the
wire rope 2 is possible in the initial state is 25 cal cul ated using the
working load W(e.g., if the - 30 - hoizting |load of the crane is 40 tons
and the crane has the structure shown in Fig. 1, then working load W= 5
tons) (see Fig. 7) that is based upon the hoisting |oad (rated | oad)

capabl e of bei ngthéfacchabylohe Grtape33) assine agtuhke taedsiibetséress at (=
WA) used in the Niemann fornmula. On the other hand, there are cases where
the | oad of freidhteactdudbby hioiwstiddnpgswidrghther aferadreapimen}ativan t he

hoi sting | oad. For exanple, if 40-ton freight is handled by a 40-ton crane,
then this 10 is assenmmd todbelm Wiengkee usteersf "thetatraneogpé Ras However, if
freight (e.g., of 30 tons) lighter than 40 tons is handled, then this is
assuned to be | ebsen Eicatsiingt echeseécafl tépsiivior eypope2meAtpomper (life
subtraction value) HlL of uses of 15 the wire rope 2 is cal cul ated accordi ng
to Equation (8) bebow. HI Zaverdplathibenb¢®) selected, themewheeamtiusilng nunber
(remaining life, estimated life) Hemain O tinmes use of the wire rope 2 is
possi bl e 20i s calead atedhacevethgry vieduEqoatdedect?y beddwvekr emai n - NxHIL. . .
Equation (7)

average computation interval.

If shock load is equal to or less than 110% of the

actual load, then it is construed that shock load has
10 no effect upon the wire rope 2 (i.e., that there is no
shock load) ("NO" at step 33).

In this case, control proceeds to general
processing for subtracting the number of times the rope
is used (processing for calculating the remaining

15 number of times use is possible) (step 35).

The following computation is performed in
processing for subtracting the number of times the rope
is used {(step 35):

Initially, the remaining number N; of times use of

20 the wire rope 2 is possible is calculated in accordance
with Equations (1) to (5) using the actual load
obtained based upon the load data from the load cell 8.
The above-mentioned remaining number N, of times use of
the wire rope 2 is possible in the initial state is

25 calculated using the working load W (e.g., 1if the



The cal cul ated remai ni ng nunber Hremain of tines use of the wire rope 2 is
possible is displayed on the display panel of the display unit 12 of rope
life 25 managenent apparatus 10 together with the | oad (actual - 31 -
| oad) hoisted and the nunber of uses thus far (an accunul ated val ue of
nunber of tinmes the rope is used cal cH @&Gd whenever the crane perforns
substantial work), etc. (step 36; see Fig. 6). 5If shock | oad exceeds 110%
of the actual |oad, on the other hand, the wire rope 2 is handl ed as being
subj ected to danhgestygshoek ¢hadie( tYES? iat 49t epn83nd the crarehighi s case,
use is made of a value obtained by multiplying the above-nentioned nunber
(l'ife 10 subtracthenstraicteyeHihofim dseBiof t/héhahreorkgpg 208y W TOrrecti on
coefficient (a coefficient that exceeds unity) conforming to the size of
shock | oad. toffhe Goer Etyi oh doefficimamedcopdoriiengototithe loiagde of
shock | oad has been set beforehand and stored in the 15 ROM 16, as
illustrated in Filgat®l leer) exawgille, ofiheninchd ishedkoy dde¢ csand5% of the
actual load, the result of nmultiplying the nunber 111 of uses of the rope
by a coeffici&nt ais@dithg shhabei<eid easttbes nunmerv ) akedses wfe t he rope. The
correction coefficient conformng to
Niemann formula. On the other hand, there are cases
where the load of freight actually hoisted is lighter
(or heavier) than the hoisting load. For example, if
40-ton freight is handled by a 40-ton crane, then this
10 is assumed to be a single use of the wire rope 2.
However, if freight (e.g., of 30 tons) lighter than 40
tons is handled, then this is assumed to be less than a
single use of the wire rope 2.
A number (life subtraction value) H; of uses of
15 the wire rope 2 is calculated according to Equation (6)
below.
H; = Ni/N; ... Equation (6)
A new remaining number (remaining life, estimated
life) Hyemain Oof times use of the wire rope 2 is possible
20 is calculated according to Equation (7) below.
Hremain = Nx - Hl c e Equation (7)
The calculated remaining number Hremain ©0f times use
of the wire rope 2 is possible is displayed on the

display panel of the display unit 12 of rope life

25 management apparatus 10 together with the load (actual



20 the size of shock load is found using the Niemann formula taking into
consi deration anount of |oad applied instantaneously and anmount of | oad
after renoval of shock | oad. The | arger the shock | oad, the
| arger the value 25 used as the correction coefficient (see Fig. 8). - 32
- Therefore, the larger the shock |oad, 3the |arger the value taken on by
the nunber (life subtraction value) H of uses of the rope. Calculation of
the new renaini ng nunber Hremain of 5 tinmes use of the wire rope 2 is
possi bl e by subtagd) mgitbed ahiaichednmteofHise$ tses fef tée rope fromthe
remai ning nunber Nx of tinmes use of the wire rope 2 is possible in the
initial state isaséufidiatetiovihad odeacnbdedabdmes [Hguatpeni¢ Bded step 34).
The 10 remaini ng nunber Hremaie of times use of the wire rope 2 is possible
that takes shockchoad dtriowsensidderati oraries peirspkay edibsnanheali spl ay panel
(step 36). It goes without saying that in processing for calculating the
remai ni ng nunber wbEEEi Rtef tht@s Aseset Hbpthe.wire rope 2 is possible from
the second tinme onward, the calculated nunber Hl of uses of the rope is
subtracted fremthe prewhous! yosdlextkated rEmifnihg ativeer 1bkeémdm of tines
use of the wire rope 2 is possible. 20Wen the remai ning nunber Hremain O
times use of the other hand, the wire rope 2 is handled as being
subjected to damage by shock load ("YES" at step 33).
In this case, use is made of a value obtained by
multiplying the above-mentioned number (life
10 subtraction value) H; of uses of the wire rope 2 by a
correction coefficient (a coefficient that exceeds
unity) conforming to the size of shock load.
The correction coefficient conforming to the size
of shock load has been set beforehand and stored in the
15 ROM 16, as illustrated in Fig. 8. For example, when
the shock load is 115% of the actual load, the result
of multiplying the number H; of uses of the rope by a
coefficient 1.240 is handled as the number H; of uses
of the rope. The correction coefficient conforming to
20 the size of shock load is found using the Niemann
formula taking into consideration amount of load
applied instantaneously and amount of load after
removal of shock load.

The larger the shock load, the larger the value

25 used as the correction coefficient (see Fig. 8).



the wire rope 2 is possible is calculated, it is determ ned whether this
has reached a set nunber of uses before life ends (step 37). The set nunber
of uses before life ends is cal cul ated based upon the 25 life-end
prelimnary warning condition set beforehand - 33 - (see Fig.
8).(Naturally, the value may be cal culated-i n advance and then stored in
the ROM 16). For exanple, if the life-end prelimnary warning condition is
20% then a value that is 80% of the remai ning nunber of 5 tinmes use of the
wire rope 2 is pbzmidfloae nthdeargeri tie sthack {pateltpealvadee tdst ai ned by
mul tiplication by 0.8) becones the set nunmber of uses before life ends. If
t he cal cul at ed remienitagenudbeéry thamminbesf (Lifessueactiohevadivee rope 2 i s
possible falls below the 10 previously set nunber of uses before life ends,
then a warning i% Pé$suees axf lipearegni ng tone or a display presented on the
di spl ay panel ("YES' at step 37; step 38). - 34 -
Calculation of the new remaining number Hyegain OFf
5 times use of the wire rope 2 is possible by subtracting
the obtained number H; of uses of the rope from the
remaining number N, of times use of the wire rope 2 is
possible in the initial state is similar to that
described above [Equation (7)] (step 34). The
10 remaining number Hiremsin ©f times use of the wire rope 2
is possible that takes shock load into consideration is
displayed on the display panel (step 36).
It goes without saying that in processing for
calculating the remaining number Hiemain ©f times use of
15 the wire rope 2 is possible from the second time onward,
the calculated number H; of uses of the rope is
subtracted from the previously calculated remaining
number Hyemain ©0f times use of the wire rope 2 is
possible.
20 When the remaining number Hyemain 0f times use of
the wire rope 2 is possible is calculated, it is
determined whether this has reached a set number of
uses before life ends (step 37). The set number of

uses before life ends is calculated based upon the

25 life-end preliminary warning condition set beforehand



CLAIMS: 1. Awire rope |ife managenent apparatus conprising: life

cal cul ating neans for calculating estinmated |life of a wire rope in
accordance with a prescribed 5 1life estimation formula, said wire rope
being used in a crane that hoists, transports and then |owers freight via
said wire rope and a sheave, with which3ai-d wire rope i s engaged, by
paying out said wire rope froma drumand rewinding said wire rope onto
said drum 10l oad data i nput neans for accepting input of |oad data of said
freight from hoi stéand'igf 8ai d MNegiughtlynttine sabsequentel oakrulrgetiher eof ,
the | oad data being output froma load cell provided on said sheave; actual
| oad cal cul at i ngimesdventer andl ddratsitnged 5iradgt@aRo odd -of Fsai ekdmpdieght based
upon the | oad data that has been input fromsaid | oad data i nput neans;
shock | oad sensi hfj theads feoend arsilagindet hernang hookliltéad that0%exceeds sai d
actual | oad by a prescribed amount is present based upon the | oad data 20

t hat has been i npwn fa gmlsai thdtodd 6t aof rippgt rewpansingandmber of |ife
updati ng neans for calculating a new estimated |ife of the wire rope, if
presence of the thewk useadf hdze bder sepsed isypsastblshdektheathigendi ng 25

means, by subtracting, fromsaid estimated life, a
state (namely a value obtained by multiplication by

0.8) becomes the set number of uses before life ends.
If the calculated remaining number Hyemain ©f times use
of the wire rope 2 is possible falls below the

10 previously set number of uses before life ends, then a
warning is issued as by a warning tone or a display
presented on the display panel ("YES" at step 37; step

38).



- 35 - value obtained by nultiplying a life subtraction value that prevails
when presence of the shock load is not sensed by a correction coefficient
having a val ue greater than unity. 5 2. Awre rope |life nanagenent
apparatus according to claim1, further conprising shock-1oad excess anount
cal cul ating neans for calculating, wth3%fgard to said shock | oad, an
excess anount that exceeds said actual |oad; 10said |ife updating neans
using a certain value as said correction coefficient, wherein the |arger
t he excess ampbuntl&BfGul ated by sai d shock-1oad excess anpunt cal cul ating
means, the larger the val ue used. 3. Awre rope |ife nmanagenent
appar at us accorditng & @115 cpré mifeomapagdnanithepreonprsi sengrasdispl ay unit
for displaying the new estimated life of the wire rope that has been
cal cul ated by said |ifigdeupddsitry imgansans fof, calqpyatingpestifatadanagenent
appar at us according to any one of clains 1 to 3, wherein the N enmann
formula 20 i s usédtasisa dipe esmd Badatededagsei whth on prepauiked 5. A wire
rope |life managenent nethod conprising the steps of: _ cal cul ating
estimated |ife ofife wistémpbpen ifrrawédesr damick WMrehrePpredopi beed |inf @
estimation fornmula, 25 said wire rope being used in a crane that hoists, -
36 - crane that hoists, transports and then lowers freight
via said wire rope and a sheave, with which said wire
rope is engaged, by paying out said wire rope from a
drum and rewinding said wire rope onto said drum;
10 load data input means for accepting input of load
data of said freight from hoisting of said freight
until subsequent lowering thereof, the load data being
output from a load cell provided on said sheave;
actual load calculating means for calculating
15 actual load of said freight based upon the load data
that has been input from said load data input means;
shock load sensing means for sensing whether a
shock load that exceeds said actual load by a
prescribed amount is present based upon the load data
20 that has been input from said load data input means;
and
life updating means for calculating a new
estimated life of the wire rope, if presence of the

shock load has been sensed by said shock load sensing

25 means, by subtracting, from said estimated life, a



transports and then lowers freight via said wire rope and a sheave, with
which said wire rope i s engaged, by paying out said wire rope froma drum
and rewinding said wire rope onto said drum b5accepting input of |oad data
of said freight fromhoisting of said freight until subsequent |owering
thereof, the | oad data being output from5s 4 oad cell provided on said
sheave; cal cul ating actual |oad of said freight based upon 10
the | oad data that has been input; sensi ng whet her a shock | oad that
exceeds sai d actwalud giedabyed pyr esdripediranpuit £é ssyprtesentobaseadieupon t he
| oad data that has been input; and if presence of the shock | oad has been
sensed, 15 cal cukhbdt nyeaanéw dsin patednte faf ghet ool rleadope, ndiy
subtracting, fromsaid estinated |life, a value obtained by multiplying a
i fe subtracti onsvasask tyhat cpreadiibs wheft priesénbeviofy theasleck | oad is not
sensed by a correction coefficient having a value greater than 20unity.
' greater than unity.
5 2. A wire rope life management apparatus according to
claim 1, further comprising shock-load excess amount
calculating means for calculating, with regard to said
shock load, an excess amount that exceeds said actual
load;
10 said life updating means using a certain value as
said correction coefficient, wherein the larger the
excess amount calculated by said shock-load excess
amount calculating means, the larger the value used.
3. A wire rope life management apparatus according to
15 «claim 1 or 2, further comprising a display unit for
displaying the new estimated life of the wire rope that
has been calculated by said life updating means.
4. A wire rope life management apparatus according to
any one of claims 1 to 3, wherein the Niemann formula
20 1is used as said prescribed life estimation formula.
5. A wire rope life management method comprising the
steps of:
calculating estimated life of a wire rope in

accordance with a prescribed life estimation formula,

25 said wire rope being used in a crane that hoists,



10

15

20

- 36 -

transports and then lowers freight via said wire rope
and a sheave, with which said wire rope is engaged, by
paying out said wire rope from a drum and rewinding
said wire rope onto said drum;

accepting input of load data of said freight from
hoisting of said freight until subsequent lowering
thereof, the load data being output from a load cell
provided on said sheave;

calculating actual load of said freight based upon
the load data that has been input;

sensing whether a shock load that exceeds said
actual load by a prescribed amount is present based
upon the load data that has been input; and

if presence of the shock load has been sensed,
calculating a new estimated life of the wire rope, by
subtracting, from said estimated life, a value obtained
by multiplying a life subtraction value that prevails
when presence of the shock load is not sensed by a
correction coefficient having a value greater than

unity.



