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, inthe 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 re¥6#ePht@Y be careful |y ascert ai ned.
15The life of a conventional wire rope for a crane is predicted using the
degree of fatigue of"iife RGPFE el ¥ p MANAGEMENT M@éﬁAﬁ%ﬁ@thﬁWer of tinmes
the wire rope is bent (the nunmber of tines it passes over sheaves). The
reason for this Jeshphgel Fieldhe case of 20 a crane, nost of them use
sheaves and deterioration of the wire rope_is very |large at the positions
where the wire rope passeresepér lphenitpavesatahd SpetiF caPicohibd Japanese
Pat ent No. 2748836 describes a life predicting apparatus that divides a
wire rope intoo a@sIphertlanppretuandtd MeGR6As and cal cul ates life

Background Art

A wire rope deteriorates with use. In 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 tﬁe 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 fite rope deterioration exists in
addition to the nunber of tinmes the wire rope is bent (the nunber of tines
it passes over sheaves). This factor is a load (referred 10 to bel ow as
"shock | oad") thg% iﬁ Eroduced tenﬁorarily when freight is lifted using a
crane. The size SI™8h8EkYT c¥ GEpehds UPoh t it SIBT UBF L1479 iCPane operat or.
The prediction of wre Loﬁe_life according to the prior art does not go
beyond predi cti oifSuSi h§“tHe SEPuEPUT B ISHIARI WS VECHf titinber of sheaves and
sheave di aneter, etc.) of the crane per se, and it does not take into

Consi der at | on t HEGGHBEE BT SH0ERS| GHF UBBR ¢ Retdi%eof "thENFAVE T ope.

Di scl osure of the Invention 20An object of the present invention is to
calculate the |i¥%¥%6f°85nire rope accurately taking into consideration the
darmage that the wire ro%e woul d sustai.n due to shock | oad. A

wire rope |ife managéhent Hppdrafuss ABEGFdIREE1E 29 fhePredént invention

conprises: life calculatin
P cargied outp a factor that 1s 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 i1s 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 life 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 rope froma drum and rew nding the
wWre rope onto the drum |oad data input means for accepting input of |oad
dat a of thefrelrgeht frfomllft of t gﬁtfloutll subseguent

| onering thereof™ e Pﬁa%a]tféjtlﬁ be? ng’ 65‘?55‘? 'om 56W%Ja{?jlnc9elnfm5?%w ded on

t he sheave; act ug% l.oad cal cul ati ng%l ? for, cal cul ati ng?croct ual | oad of
the freight basedt Upfi~tHe I'"6ad°8at'a ¥ha Aot 15 Gfﬁ’pFnb SHPERR | oad data

i nput neans; shock .l oad 15 s neans f sin t her a shock | oad
thgt exceeds t he" g%‘t GaPr ¢ %r&%ﬁ 295 ssctrlfnﬁgﬁoré olfﬁ‘flgf‘s 'g}eeféﬁfs based upon

the | oad data that h been input _fromth ad, ut neans; and life
updati ng means for’S %F&ﬁ?a‘ﬁ r?nlﬁ Rew Bt it ﬁﬁ%okbo q"I‘Sé Bf' Sf?é)r\}hsrén@ope 20 if
presence of tgﬂe hoclif)l oad Bgen sel nsed gck |.oad sen3| ng means,

by subtracting, fHomtHe es dVJr‘?f © 515%%0@ BYmul tiplying a
life subtraction v t hat, prevails when rese of t he shock | oad is not
sensed by a correjtt?’l 8’% %aﬁ‘ﬁepgilgﬁt T Havie ﬁaa%e‘{} PePgy¥ €5t é)tll%t h3h unity.

-4 Awre rope lLife nage nt nme hodacordC ng to the present

i nvention conpri'Ses FRBS RS “of FUR ATUIFEN RGeS (el &5 159R8 8Pt wire rope

In accordance the drum; load data input 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 locad 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.



with a prescribed life estimation fornula, the wire 5 rope being used in a
crane that hoists, transports and then lowers freight via the wire 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 hoisting of the freight until subsequent

| onering thereof, the |oad data being output froma |oad cell provided on

t he sheave; cal cul ating actual |oad of the freight based upon the | oad data
that has been input; As&hss F§PRhét hermaaagRBeRt | odhatcadieddsot he act ual
15 load by a prescribed amunt is present based upon the | oad data that has
been input; and ' presehcdrornhe” IRk iFsad-asteREnCSensed, cal cul ati ng
a new estimated life of the wire rope, by subtracting, fromthe estimated
life, a value obtedicHéath3e AAEMBEGH nigfe PEf@ e dBPE att iaGFOVERERe t hat
prevail s when presence of the shock load is not sensed by a correction

coef fici ent haviigla2vBF e grest L it inartgn formula, thgeigstimated life
of a wire rope is calculated in accordance with a prescribed life
estimation formA%e P51Hhe s5%edBnt FHAMENEPBR PeisdFehtERatPadTEnaad Wi re rope
having the estimated life that will be calculated is actually used in a
crane, the extert’®ol@RPEh FGIENFI Y& ilel WhES sHfe REd tHE @Bt er (after
freight has been transported using the crane) is ascertained (and as a 5
result, the new'B<ti HAtel T ¥ise FTERE ViSr 8NP SYCRR¥INIGIEY) the Any
of various life estimation fornul ae that have been proposed heretofore can
be used as the pPrREScEPBRITTITY & 51T mitd SRVABFHA FheFy¥irexzans 8Mtehe life of
a 10 wire rope is estimted using the Niemann formula as the life
estimation formiE WEPUr2FISPEIBENEIPYS € 2887 rRtP0ALT BRATEdIPEhe Zhi t kov
& Posoekhov formula, the E.L. Klein forrmula and the V. Zi glnoli formul a,
etc.) may al'fo bEFWsBIISTHY Wir FBEsI 1§ te P FhhtIWsequent "lowering

thereof, the load data 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



15 formula cited above are described in the "Wre Rope Handbook"” (Wre Rope
Handbook Editing Comm ttee, N kkan Kogyo Shi mbunsha, published March 30,
1995, pp. 352 - 353) and in "All About Wre Rope (Last Volune) - The Road
to Safety" Kai zuka Chamber of Conmerce and® 20 |ndustry, Steel Manufacture
Activation Research Society, Kaizuka Chanber of Conmerce and I ndustry,
publ i shed July 25, 1995, pp. 153 - 158). An input of |oad data of
freight fromhoisting of the freight until subsequent_ |owering thereof is
25 accept ed, trﬂQ?VBéBneh%uﬂﬁﬁﬂmaF?gn%%ﬁq sadtcettl peogrbed atéd assheave. The
| oad data includes continuous |oad values (load val ues detected by a | oad
cel I ) from hoi stagigadtyt peed fdi ghtranfi IFher aRsHoT CPnYR ¥ Foviorg) Lakl | oweri ng
t hereof by the crane. A continuous graph 5 along el apsed tine can be

del i neated by tHe 4lokE eagetened thefﬁ?efpt&ét bafteoddeost HEshérsfed frei ght

i s obtained based upon the |oad data fromthe |oad cell. For exanple, the

| oad prevailing BEargrpsted Ysingi fee upoRcel apstSHIrEa1presichéd peri od of
time fromhoisted of 10 the freight may be adopted as the actual |oad, or a
val ue obtai ned b§EsaMér agitdraheskoarrast ditrngt FHEmYarpof e iF ti me upon

el apse of a first prescribed period of tinme fromhoisted of the freight
until a subsequetil98RAtdI n ti me upon el apse of a second prescribed period

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 output from a load cell provided



15 of time may be adopted as the actual | oad. | medi ately after the
freight is hoisted, a |oad that exceeds the actual |oad acts upon the | oad

cell. The load that acts upon the | oad cel

i medi ately after the freight

is hoisted depends greatly upon the 20 opefation of the crane by the crane
operator. If the crane operator lifts the freight quickly, the |oad

wll be greater

Whet her a | oad that exceeds the actual

in conparison with slow lifting of the freight.

present is sensed Fasédaupon Tise lopdathtdatiaclFigs eealyphecud fload| oad
exceeding 110% of the actual | oad appears in the |oad data, then it

det erm ned t hat

EHoek (dard i s lpeesaatectad Rycaskoagherélt herqer esence

shock | oad has 5 been sensed, a new estimated |ife of the wire rope
cal cul ated by subtisdrpgngt fhorhrehehabsidlnenepenned iagt (patied)| phe,
obtained by multiplying a life subtraction value that prevails when
presence of shockoMad@di sheerofsdnsele yramecor A eetritdmuepefdiadrent 10
a value greater than unity. As an exanple of a |ife subtraction val ue that
prevail s wherP t hel Preséapacdft igifoekn | adisldnpated dsélie Lexd idetamde of a

val ue obtained by dividing estimated life of the wire rope, which is

obt ai ned by appl yi ng T&evaftieabdsed apomea eisted freight is obtained

10

15

20

25

based upon the load data from the locad cell. For
example, the load prevailing at a point in time upon
elapse of a prescribed period of time from hoisted of
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
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
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

prescribed amount is present is sensed based upon the

appl i ed

| oad by a 25 prescribed amount is

IS

of

is

a val ue
t he
havi ng



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- nent i oned ¢3¢ Aated FHI pRePIFhe 1fagel vfereEcsRotd |1d4d ekists and the
case where shock | oad does not exist are conpared, therefore, and a short
life is cal cul at'd® 2Atnel &ad pEPerd ilfethbe 197 Were rgpd ikhieh takes into
consi deration damage to the wire rope produced in accordance with the 5
occurrence of stiderméagd tat BBoekhl AdatédPresent-The wire rope life
managenment apparatus may have a display unit for_ displaying the new
estimated life of thénNwfr&sopeceal el aFEFSNThet ISRPRY %ﬁ¥gpéﬁlacing awre
rope that is in use can be ascertained visually. 10 Further, estimated life
of the wire ropeP&ansSBBSeA cul&ledsaHIP t@dspl 5§ etf iTher BXFS tHoR8 ahd t he

oper at or , )
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 is 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 shock 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



or on-site supervisor can be notified thereof. An unexpected rope severance
acci dent can be prevented. The wire rope |ife nanagenent apparatus
preferably 15 has shock-1 oad excess amount cal cul ati ng nmeans for
calculating, with regard to the shock | oad -an excess anmount that exceeds
the actual load. The |ife updating neans uses a certain value as the
correction coefficient, wherein the |larger the excess amount 20 cal cul ated
by the shock-1oad excess anmount cal cul ati ng neans, the | arger the val ue
used. A new est iwigtredshodle lobdt Heesninag eapet care Isenpatredl dthedebased not
only upon the presence or absence of shock |oad but al so upon the size of
shock load if shockal saeri digeesentalc@8apedef Deser £ptitgrtedf 1ihe Dr awi ngs

Fig. 1 is a block diagramillustrating the abbreviated structure of a
crane; Fiqf. thejigize grogph viilestiedel ninioadndaderathan fsnaig put from
a load cell; 5Fig. 3 is a perspective viewillustrating the external

appear ance of a topéel viee mewagenetitcesppar atesrdance with thieg. 4 is a bl ock
diagramillustrating the electrical configuration of a rope |ife nmanagenent
10 apparatus;® odeugresce |dfysheakekoath eranpt ecad csidépt¢thg screen; Fig. 6
illustrates an exanple of an operation screen; Fig. 7 illustrates

an exanpl e of settingBedatze rPBFi &lfeg Mankasnenit epranaexamslvehate setti ngs
data; 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 thereof. 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




and Fig. 9is a flowhart illustrating the flow of processing
executed by a rope |ife managenent apparatus. Best Mdde for Carrying Qut
the Invention 20Fig. 1 illustrates the abbreviated structure of a crane
that hoists, transports and then | owers frei-ght. The traveling (noving)
mechani sm (runway) of the crane is not illustrated in Fig. 1.

The crane has a hoisting drum1 on which a wre 25 rope 2 has been wound.
Both ends of the wire rope 2 - 10 - are fixed near both ends of the

hoi sting drum 1. Wiepidhea hei st bngeidraiaytar atlates réorvarctley, the wire rope
2 is paid out fromthe hoisting drum 1. Wen the hoisting drum1 rotates in
reverse, the w r@prepeaed Sstrucewbsind uponatdve hoi sting drum 1. The shaft
of the hoisting drum1l is coupled to a hoisting/rew nding notor 2. The
hoisting drum 1 is retqted iisnaf grawr d 1andtrevierss@oby dataatthue i vi ng of

t he shaft by the hoisting/rew nding notor 2. Driving of the 10

hoi sti ng/ rew ndiqigpimt oror?  Qeatiredllaf direction of rotation, rotation
start-and-stop control and control so rotating speed, etc.) is carried out
by the crane soperatorigA plis al peyspdctikreavesy arillwhicht irdye tiere rope 2 15
has been wound is provided below the hoisting druml1l. Wth the crane shown
in Fig. 1, an emqialdrael sheavandei 6f pl acepd atfd henkgepdack position of the
wire rope 2. A fixed sheave 4 and two novabl e sheaves (hook sheaves) 5, 6
are placed in | efdgparaghs; symmetry enbracing the

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



20 equal i zer sheave 3 on respective sides thereof. A hook V from which
freight hangs is coupled to the novabl e sheaves 5, 6. Since the wire
rope 2 is paid out fromthe hoisting drum 1l when the hoisting drum 1
rotates 25 forwardly, the novable sheaves 5y 6 upon which the wire rope 2
has been wound nove downward. Since the wire rope 2 is wound up upon the
hoi sting drum 1 when the hoisting drum 1l rotates reversely, the novable
sheaves 5, 6 nove upward. The freight hanging fromthe hook 7 5 is hoisted
or lowered as therdmvablenshicaves Snddb cdsceacharstdegcende 1A | vaehcell 8 for
detecting the | oad that acts upon the equalizer sheave 3 is nounted on the
equal i zer sheavetri: nbhetloadireel I Sotmesbeoofatdie, desk wipe rop® ZTonpressi on
type, tension type, anplifier type, bearing type or pin type, etc. A
vol tage that correspeadsut of ddie thoatbis iogt putm fr.onWhbe tiead cell 8. The
vol tage that has been output fromthe load cell 8 is applied to a rope life
managenent appariedissihQ. dddfilg.ro2atés uist ratvesse | rncheheifeormpef 2aigraph in
which tinme is plotted along the horizontal axis and | oad (voltage
correspondi ng t ordinkoagdn alrengot heimerdrueal . axite, stata d¢fhathei s out put
fromthe load cell 8 and applied to the rope |ife managenent apparatus 10
20 from hoi sti nghefsttihg &reh ghtisuabtiplasubseqguentstiowgrenindimer eof . The
particulars regarding the terns shown in the graph will be described | ater.
motor 2. The hoisting drum 1 is rotated in forward and

reverse by rotative driving of the shaft by the
hoisting/rewinding motor 2. Driving of the
10 hoisting/rewinding motor 2 (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 equalizer sheave 3 on respective sides thereof. A hook
7 from which freight hangs is coupled to the 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



As mentioned above, the freight hanging fromthe hook 7 is hoisted, noved
and subsequently |lowered by 25 the crane. Imedi ately after the freight in
the - 12 - stationary state is hoisted, a generally large |oad acts upon
t he equal i zer sheave 3. The | oad that actslupon the equalizer sheave 3
imedi ately after the freight is hoisted is larger than the freight itself.
5 Alarge load that acts upon the equalizer sheave 3 tenporarily

i medi ately after the freight is hoisted will be referred to bel ow as the
"shock | oad". Theorsi Zeha$ hdrn shoevk nowd cgepends géaceythgporrehe skill of
the crane operator. 10When the freight is hoisted, the wire rope 2 is in a
state in which itcdtag beevoywl droupot ridia hhéshbistdmyg drwmnlthAs a
consequence, a strong inpact is applied to the wire rope 2 owing to shock
| oad. |f shock |uidtiagl arge,l tiegaess erftvestedandge mavpbit edeapen the wire
15 rope 2 in greater in conparison with a case where shock load is snmall.
Damage to W re rape movhatryardconthaubisigptsivpeiciedren e deokhdck | oad
progresses faster in conparison with wire rope 2 that is not. Taking into
consi der at i orP nots diliptefecnultiveredf a0 e megak e shiergesope 2 is used but
al so the effects of shock |oad, the rope |life managenent apparatus 10
predicts repl aced®Fanc Pxi dgsg¢d-cul ates the life) of the wire rope 2 being

used in the crane. Fig. 3 is a perspective viewillustrating the
25 external appearandelefdterll Spéoridetardiagenpntload that acts

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



- 13 - apparatus 10 and Fig. 4 is a block diagramillustrating the
el ectrical configuration of the rope |ife managenent apparatus 10. The
front side of the rope Iife nanagenent 5 apparatus 10 is provided at its
upper portion with a display unit 12 having a di splay panel capabl e of
di splaying text, and at its lower portion with an input unit 13 having an
i nput panel that includes nuneric keys. A setting screen (a screen used to
i nput 10 settings data) and an operation screen (a screen for displaying
t he operating stakgisonetc.staok thehairsdnd) areergirgplaybdrasn lbhe di spl ay
panel of the display unit 12. Fig. 5 illustrates an exanple of the setting
15 screen di spl &apéd opor hehediegpkdyzpamdkanvt 3 he Thespbay timitt adRs and Fig. 6
illustrates an exanple of the operation screen displayed on the display
panel of the di sploaythai¢qubdiz8wi siedrveg Sbenmediptiehg sEted fggescreen and the
operation screen, etc., is performed using the 20 i nput panel of input unit
13. Wt h rfgfedgbhnces ttoikitgd bs Ytdraemanesn gfhemfiFei@ite litisehE.- t o be i nput
(set) are displayed on the setting screen displayed on the display panel of
di spl ay unit 512.A Thegenpead thiat 438t$ spevedhe ceduspgarea shawere dal 25 val ue
corresponding to a displayed item nane or
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 conseqguence, a strong impact is applied
to the wire rope 2 owing to shock load. If shock load
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. Damage 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



- 14 - characters for specifying the nunerical value. Wth reference to
Fig. 6, the operating status [actual |oad of hoisted freight, nunber of
times wire rope has been used (cumul ative nunber of tinmes used) and nunber
of 5 tinmes left for use (remaining nunber ©f tinmes 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. Wth reference again to Figs. 3 and 4, an 10 input/output port 14
(not visible in &Fipgra8hst® whidchigs 4 nput bheclyoliragan suigpisitedtfrom t he
| oad cell 8 described above is provided on the back side of the rope life
managenent appariatausld6trilded lcoadigetdti®nantl thee riopputifout put port 14 of
the rope life managenent 15 apparatus 10 are electrically connected by a
signal |ine (coaxdrelgevabt egpretretps 10. The rope |ife managenent appar atus
10 includes a CPU 11 for overall managenent of operation of the rope life
management appar at us The. £idre abioeecfietits gned ROfadimgphasgmentit 12, input unit
13 and input/output port 14 are connected to the CPU 11. Further connected
to the CPU 115 arepmrRANs 150 fior psbuided air dgpavmesnodaten twiporarily, and a
ROM 16 for storing settings data and prograns, etc. 25Figs. 7 and 8
illustrate settiagpldat antthat2 haying a display panel capable of
displaying text, and at its lower portion with an input
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 vinput 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 wvalue corresponding to a displayed item name or



- 15 - been input using the setting screen and stored in the ROM 16 of rope
| i fe managenent apparatus 10. 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 tdddi-ng/ unl oadi ng has been
performed, for exanple). 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 eval uation
criteria. Wth céberenos tforFegecifyinhetkettinegscdate gl atWhghto t he crane
and wire rope 2 includes the follow ng data: Rope di aneter d:
this is the di aneferewfe wior €145 §.opdc2opsetiny shetes dretughebsad di anet er
D: this is the diameter of the sheaves (the above-nentioned equali zer
sheave 3, fixedodheavesed} fardanby abindeshedvielgnes, wbye used hAastpreercr ane.

used (cumulative number of times used) and number of

5 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

10 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 locad cell 8 and
the input/output port 14 of the rope life management

15 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

20 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.

25 Figs. 7 and 8 illustrate settings data that has



Drum di ameter D2: this is the dianeter of the 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 nmaxi num val ue (rated val ue) of
the | oad essentially applied to the wire-rdpe 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 distributed anong ei ght wire ropes 2)
owng to the fact that it is wound upon the equalizer sheave 3, fixed
sheaves 4 and noahl ensltcarsesgbtie sttihgwecassuredt hiatrechenhohst i ng | oad
(rated | oad) of the crane is 40 tons, then 40/8 = 5 tons is assuned to be
t he wor ki ng | oadkow negaf diayg flhée whiareageopet 2apparatus Nuhber X of rope falls:
this is essentially the nunber of wire ropes 2 used in the crane, this
bei ng 10 obt ai ned baS$ed sgornpghedauarberclofieshienresecpassessedtby t he crane,
as nentioned above. Nunber nl of tinmes rope passes (bends) over sheaves:
this is the nunbemanef atd neisceomeppo? rind aapeeselrdtbhed tegiwailaoncthe wire
rope 2 passes over 15 sheaves during hoisting and | owering (one cycle) of
freight. In thhe cdserdd tdeteranefof |desteraiedhg rtheitg. 1, three sheaves (the
fi xed sheave 4 and two novabl e sheaves 5, 6) are arranged on each side of
the equal i zer shiesvgnd/udhercehgr Bas heean perfoped passesaiZleover sheaves
three tines when the freight is hoisted
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
following data:
Rope diameter d: this is the diameter of wire
15 rope 2 used in the crane.
Sheave diameter D1: +this is the diameter of the
sheaves (the above-mentioned equalizer sheave 3, fixed
sheaves 4 and movable sheaves 5, 6) used in the crane.
Drum diameter D2: this 1s the diameter of the
20  hoisting drum 1.
Cross-sectional area A: this is the effective
cross-sectional area of wire rope 2.
Working load W: this is the maximum value (rated

value) of the load essentially applied to the wire rope

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



and three tines when the freight is lowered (for a total of six tines).
Thus the nunber of tinmes the rope passes (bends) over the sheaves of the
crane shown in Fig. 1 is six. 25Nunber n2 of tines rope passes (bends) over

drum - 17 - this is the nunber of tinmes bée-point (a prescribed region)
on the wire rope 2 passes over the hoisting drum 1l during hoisting and
| onering (one cycle) of freight. In the case of the crane illustrated in

Fig. 51, there is one hoisting drum1l and therefore the wire rope 2 passes
over the drum onelltusneated aire Fdycl &, tHausiitheroparizehasfeigiresathe rope
passes (bends) over the drum of the crane shown in Fig. 1 is one. Sheave
coefficient a: thiemd ssahyallel 26(borid idisenthuidetiadedyi¢igacaidance with
t he groove shape (U shaped groove, V-shaped groove, undercut-shaped groove,
etc.) of the sheawes dsedwing tthe tbeafmst Ehetsheaive wooefif umirenthea is used in
conputing, through use of the N emann formul a described |ater, the 15
remai ni ng nunbere@faltizresshusereof3, t hiexed rehepope £ drsl possihld eshebhesest i mat ed
life) and the nunber of tines the wire rope 2 has been used (the life
subt racti on \al ug) .6.1 nIgenerad surshebyessHeanongt and1shdpéctk grdodvedar e
frequently used for the sheaves enployed in the 20crane.
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:



Rope coefficient b: this is a value (coefficient) used in conputing,
t hrough use of the N emann fornmula, the remaining nunber of tines 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 wire rope 2 used (e.g., whether the rope structure is
"ordinary lay" or "Lang's lay"). Structural correction coefficients ku k2,
k3: 5 these are values (coefficients) used in order to correct the
remai ni ng nunbercrdfs tikmese usabet bheMaseohoperiht Sapessiddieeand t he nunber
of times the wire rope 2 has been used, in accordance with the structure of
the wire rope 2 ddyianfiasmerheSwitrkarode 2t batsof dwee 1Berwopetaaefficient b
menti oned above. The structural correction coefficient k1 is a val ue
(coefficient) thaturconfiorivsy hoithendumoenoetr 5iqd apde thale)cormstitute the
wire rope 2. The structural correction coefficient k2 is a val ue
(coefficient) thateiganf orms dhe thee cof ehkScraterildlusotatdie iw Fegl ope 2
(steel core or fiber core). The structural correction coefficient k3 is
anot her val ue (cpefthieeeent Jortchabisoni@rammt 0 dhe Steracdrr echef wihe W re rope
2 {the cross-sectional shape of the strands constituting the wire rope 2
[ whet her the crosse20 sesid¢DOvies €hée clihar oae nome dinr cué aty{lan oddly 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). In 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 25followi 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 |oad equed t0 or greater than the | oading
detection load is detected, it is 5 determ ned 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 beemdewarede (wihoadeddtrddtul@ arlwadvwiessrddwre tieedunl oadi ng
detection load is detected, it is determ ned that the freight has been

| ower ed. Load .acquésidyd @Rei RS Walrucaupe escriobadnper ilegobrti me t hat
starts fromthe timng of acquisition of the 15 above-nentioned | oadi ng
detection | oad i'sdrides| oag jacquisition 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 uskeadtngidebecétoivd eadifscettacked kandks:nor eover, a
| oad equal to or greater 20 than the | oading detection | oad and equal to or
greater than 3 hecnsyecoade nga deieqicbonticathtiss ded¢@cinedrgentiauously for
| onger than the |oad acquisition interval, then it is determned that a
singl e job by thestfcanerhdar®liaf nangenu@srobfopatiad iueksof ortes gyeke) 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 k3 is another
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. WthYeference to Fig. 2, the average
conputation interval is a period that starts froma timng obtained 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 siti onLoartiergvaketendson BEokHer thisstiantahsouddror "average" can
be selected as the |load reading type. If "instantaneous"” is selected, then
t he detected | oagtatmtiiend ithiehghatstumicc il odadiraeprdgéreomiuhati oFen nt er val
15 ends (which is the sane as that at which the | oad acquisition interval
ends) is handl epeasothed Igadthe( acdnml [dad) lafd heatried gt gheasted by the
crane. |If "average" is selected, then the average value of the detected
| oad in the avertage tbheputaatingndetrtarival 1pgd 20 degdndtedl d¢ tthe | oad (actual
| oad) of the freight hoisted by the crane. Average delay interval: as
menti oned aboéve,detkirsinsd amatntbe vafeighat has araes hpoatetdui sheion tim ng of
t he | oadi ng detection |oad and that ends at the timng 25 at which the | oad
acquisition intemaak.ends (see Fig.
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



- 21 - 2). The above-nentioned shock | oad (peak value) falls within the
average delay interval. Life-end prelimnary warning condition: this
sets whether a warning should be issued when the predicted 5 remaining
nunber of tinmes use of the wire rope 2 is gossible (the estimted renaining
life) reaches a certain percentage of the remaining nunber of tines use of
a newwre rope 2 is possible (the initial life). For exanple, a |life-end
prelimnary warning condition 10 of 20% neans that a warning will be issued
when the remai nilegekifi@¢ Ofe ttheivht e hagpeedn reacivese800% cf- .t heatnitial life.
The warning may be issued aurally or visually as by a warning tone or a
di spl ay present édadiing hendivepbayinmnidrii2rid Sexcedsevesdtoadsed) - 3: a
war ni ng can be issued al so when the detected actual |oad of freight has
exceeded t he hoi sti njoddackadiatetypead)loefl {(dhetwrlahead Exfesseveht oads 1 - 3
are | oads when this warning is issued. The warning relating to excessive
| oad can be 20 isugeddiby miet icphee staged cpoleved sisinfothexasgl én #4m a case
where the hoisting |oad of the crane is 40 tons, a warning is issued if the
det ect ed act tal dweadgef cédmmitghtionsietpradalt 0 Brtlgredeaenthdrp 459t ohs. By
changi ng the warning tone (or volune) or the display on 25 the display unit
12 dependi ng uporhe espeggé wwnpasesion interval is a period that
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 locad reading type. 1If
"instantaneous"”" is selected, then the 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 and that ends at the timing

25 at which the load acguisition interval ends (see Fig.



- 22 - where the detected actual load of freight is equal to or greater
than 45 tons and | ess than 50 tons, equal to or greater than 50 tons and
| ess than 55 tons, and equal to or greater than 55 tons, the operator,
etc., 5is notified of which |evel of exeeXlsi-ve | oad has been applied
(i.e., of the particular |oad |evel of the freight that has been |ifted by
the crane). Correction coefficient: this is a value (coefficient),
which is used in order to correct the 10 nunmber of tines the wire rope 2
has been used, @ef.i n€tke iabcvecordaimedrshhck hioasi Zpeak tadhaicabdwelsrent i oned
shock load (i.e., the percentage by which the shock | oad exceeds the actual
| oad of the freivghhlin the tdviesagabddiayennhteprvacessi ng using the correction
coefficient 15 to correct the nunber of times the rope has been used is
executed in a case whiefe-andsshoekihvategeahiteo cndgteater thhansdd90% of t he
actual load is sensed. The details of processing using the correction
coefficient to odrteet & hemunpeshoild ibeesswied whepethasiseéntaded 20 wil |
be described later. Before the wire rope 2 is placed in the crane and
t he crane opér atethainheg rremieri n§ numsensef of i thes wase ofee Reiwire rope 2 is
possible (the estimated Iife) in the initial state is calculated by the
rope life 25 nmanagenbht apparatisaidd usimagnsedtiifgs dedehqsiag. 7) - 23 -
certain percentage of the remaining number of times use
of a new wire rope 2 is possible (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 may 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



relating to the crane and wire rope 2 that has been stored in the ROM 16.
Described in this enbodinent is calculation of the remaini ng nunber of
times use of the wire rope is 5 possible (the estimated |ife) using the
Ni emann (G Niemann) fornula fromanong th&plurality of calcul ation
formul ae known heretofore. Details regarding the Niemann formula are
descri bed, by way of exanple, in the "Wre Rope Handbook", Wre Rope 10
Handbook Editing Comm ttee, N kkan Kogyo Shi nmbunsha, published March 30,
1995, pp. 352 - @B3e ahd detecAel Apowtl Wepe Ropereiphstisvslawe) te The Road
to Safety” Kaizuka Chanber of Commerce and Industry, Steel Manufacture
Activation Resea?tlyrseteetihankdpzukas BB dChaaperhasf SCohvns cedand tandustry,
publ i shed July 25, 1995, pp. 153 - 158). The Ni emann fornula is as

i ndi cated in Equat iggiatay.thamafbeenNensf lepaesharhéSwkees r ¢ 2 passes over
sheaves until it breaks (the nunmber of tinmes the wire 20 rope is bent by
t he sheaves unti¢duHetpope BreesRs) than Gl éanat €diebaseseigon ethe, Ni emann

f or mul a. Here a represents the sheave coefficient, b the rope
coefficient, D the nshedved difambieh, levalhefr epeessive 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 locad 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)



- 24 - dianeter and at tensile stress of the wire rope. The tensile stress
at is found fromNA (where Wis the working | oad and A the rope
cross-sectional area). The numerical values used in calculating the nunber
N1 of 5 times the wire rope passes over sh&hves 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 sustains 10% breakage is cal cul at ed
based upon Equation (2) below using a safety 10 coefficient. It should be
noted that "10%isleskageto itheaccamcemd ysed Tk Rgthaf €13 PRED

consi deration. Breakage is considered to be 100% breakage when the wire
rope breaks conpitetrefyin g 'ROUYE br eakage" is assumed to be a state of
breakage that is 1/10 of 15 conplete breakage. N2 = N X K1... Equation (2)
For exanple, Kl = 0.8epgripsdiasthhe sagkbdiperbelfs icelenta®pn( e5Kahe That is,
N2 < N1 holds. Next, a fatigue differential that is based upon 20 the rope
constitution is TRéALINGtDIEREE0ORt LHMWP tiie Alinbw WNZeoford fés the wire rope
passes over sheaves until it sustains 10% breakage is corrected based upon
Equati on (3) Sbelrpgsabiag(dstesgénated ldder eesinh el iewdnent(GK2.

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
22Qi:21gj 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



25N3 = N2 X K2... Equation (3) - 25 - The structural correction
coefficient K2 is a coefficient decided in accordance with the rope
structure of the wire rope 2 used; it is predetermned in conformty with
the rope structure. The structural 5 corre¢tion coefficients kl, k2, k3
(see Fig. 7) that have been stored in ROM 16 beforehand are used as the
structural correction coefficient K2. Any of the structural correction
coefficients k1, k2, k3 or conbination thereof (e.g., a val ue obtai ned by
10 mul ti plyi ng tdiemetegetsiero). tsnsdidepsedeas dfhehst vinot uogk . coTltect i on
coefficient K2 in accordance with the structure of the wire rope 2 used.

The val ue N3 obtaifned.basedupen; Fauphionr &) /AboVeets w ekerred to as a
"l'imt bend count”. 15A usable cycle count Na (a nunerical val ue

representing how mN%qt i JR$ ALKCERe HoROLSbENGMYLAY And, ) subsgguent |y
| owering freight can be repeated) regarding the sheaves is cal cul ated by

dividing the |imt,epd; counte N3susi N9 Lheunwrper @k LifRs: the,mre 20 rope
2 is bent (the nunber of tines the rope passes over the sheaves per cycle)

per crane cyd e ‘L(ﬂ@sSttEngif@\ijoEg ik subsequet e d auesing heehght).
sheave usabl e cycle count Na - /nl ... Equation (4) Here nl represents

the nunber of tié%%%éah8r¥@{6h§¥§ EQP@h@I@ﬁﬁi@s(g%ﬁ@&bhe7§heaVeS per cycle.
Use i s made

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 is considered to be 100% breakage when the
wire rope breaks completely, and "10% breakage" is
assumed to be a state of breakage that is 1/10 of

15 complete breakage.

N, = N; x K; ... Bquation (2)

For example, Ky = 0.6 is used as the safety
coefficient K; (1>K;). That is, N; < N; holds.

Next, a fatigue differential that 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
Equation (3) below using a structural correction
coefficient K.

25 N3 = N, x K, ... Equation (3)



- 26 - of a nunerical value that has been input (set) previously based upon
the crane structure (nunber of sheaves), as illustrated in Fig. 7. In a
manner sinmlar to that described above, a 5 drumusable cycle count No (=
N2/ n2) regarding the hoisting drum1 is alxo-cal culated. The only
difference is that the drumdianmeter (this value also has been stored in
ROM 16 beforehand) (Fig. 7) is used instead of the sheave dianeter as D in
the Niemann 10 formula of Equation (1). It should be noted that n2 is the
nunber of times the vhéesd@peuZapassescoven ddusfdeiuempet, ¢ycde (Fig. 7).
The renaining nunber of times use of the wire rope 2 is possible is
cal cul ated upon @ssyitdenht hrlcibeadimgctbradntdeviwir ehe opeat each of the
sheaves and drumis conpounded and that fatigue accumulates. A final
remai ni ng nunbersd¥ucefiréidesheseind tdpe W needope 2si sropgsirbiaeds
cal cul ated according to the foll ow ng equations using the above-nentioned
sheave usabl e cydl ecd@oe@iit Wiahanide drap usabdeimeycl Bheosmtuchbral/ N =
(1/Na) (1/No) Nx = 1/[(1/Na) + (1/NJ... Equation (5) The cal cul at ed
remal ni ng nurpercdbeeat i bh s Arseiefitd ha, wks,e kg opeee2 Fiig. posgitlite in t he
initial state
have been stored in ROM 16 beforehand are used as the
structural correction coefficient K,. Any of the
structural correction coefficients ki, k2, k3 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 N, (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 Il be described next, the obtained renmai ning nunber Nx of tinmes use of
the wire rope 2 is possible 5 inthe initial state is decrenented in
accordance with the crane operating conditi%ns (upon taking into
consideration the presence or absence of shock | oad and the size thereof,
as nentioned above) and a new nunber of tinmes use of the wire rope 2 is
possible (remaining 10 life, estinmated life) is calculated. Fig. 9 is a
flowchart illustafagi ngnetiecsfl] galot dpdr hepopeof inketr 63L)l i f e nmanagenent
apparatus 10. This will be described while referring to the graph of | oad
data illustratedrdeviFpgly aspB\Wieen tthe crane $srusperat etimbgryoft age
conformng to the load of the freight is output fromthe |oad cell 8 and
suppl i ed to the shegEeki f esrdddgerentedappaFadus’-10. The | oad data (vol t age
val ue) (see Fig. 2) provided by the load cell 8 is stored in RAM 15 of the
rope |life 20 managenmgnt a gppmeat gsnipy drephdt)described above, a

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 noted 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 o©of the wire rope at each of the sheaves and drum is
compounded and that fatigue accumulates. A final
remaining number Ny 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 Np:

1/Ny = (1/Ns) + (1/Ny)
Ny = 1/[(1/Ny) + (1/Np)] _ ... Equation (5)
The calculated remaining number Ny of times use of

the wire rope 2 is possible in the initial state



First, whether |oading/unloading criteria are satisfied is determ ned (step
32). This is for the purpose of performng |ife managenent of the wre rope
2 on the condition that the crane has substantially - 28 - done work (one
cycle of operation consisting of hoisting,2hoving and | owering freight).
Criteria data (settings data) shown in Fig. 8 is used in determ ning
whet her | oadi ng/unloading criteria 5 are satisfied. Wth reference to Fig.
2, if aload equal to or greater than the | oading detection load is
detected, a | oad(nagssyt tia itrhéiahl bafdilngsdetertd dn ktbadrdls 1detect ed and,
noreover, a load equal to or greater than the | oading detection | oad and
equal to or gredt@r 120 than the unl oading detection load is detected
continuously for longer than the |oad acquisition interval, then it is
determned that a si Agleijbobehyesheiracanextnaed phiaseed exsmafindper at i ons
(one cycle) has been perfornmed ("YES' at step 32). 15For exanple, although
the | oad cell 8 mirblerolit pft tameslusgefeven Wirecarcnse? wikeresshelshook 7
swings owng to the effects of wind, the |oading/unloading criteria are not
satisfied in>such ¢dhseinitialhesthbadidatexzrenentechdn gadoeddncegwibes not
satisfy the | oadi ng/unl oadi ng
the crane operating 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 1life) 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



20 criteria, the rope |life nmanagenent apparatus 10 does not execute any
particul ar processing ("NO' at step 32). If load data that satisfies
the | oading/unloading criteria is provided by the load cell 8, it is
determi ned whether the maxinum val ue (peak?%al 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 the average conputation
interval ends in the case where "instantaneous” has been selected at the
| oad readi ng typi&neagsonkentamenedchbe abbveerbfidmvenaget ilmheen sel ect ed,
then the actual load is the average value of detected |oad over the average
conput ati on i nt eradating, movildg shdckowegadgi Sreigpidl) .t o or | ess than 110% of
the actual load, then it is construed that shock |oad has 10 no effect upon
the wire rope 2 (i.eCrithata tdaere (sstmicgshdekal cadyn(iNTiat 8step 33).
In this case, control proceeds to general processing for subtracting the
nunber of tinmes tdml nopeetsrnisedy( processilngdioy/wdbediad iqyg tehéar enai ni ng
15 nunber of tinmes use is possible) (step 35).
5 are satisfied. With 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 loading detection load and equal to or greater
10 than the unlocading 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 1is

determined whether the maximum value (peak value)

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



The follow ng computation is perfornmed in processing for subtracting the
nunber of tines the rope is used (step 35): Initially, the remaining nunber
NIl of times use of 20 the wire rope 2 is possible is calculated in
accordance with Equations (1) to (5) usingZ?he actual |oad obtained based
upon the |oad data fromthe | oad cell 8. The above-nentioned remaini ng
nunmber N, of tines use of the wire rope 2 is possible in the initial state
is 25 calculated using the working load W(e.g., if the - 30 - hoisting
| oad of the cranghd sic40at ohsmdaridtehe3Pr.an8hhascturd dppdcturtdieshown in Fig.
1, then working load W= 5 tons) (see Fig. 7) that is based upon the
hoi sting | oad (reédedtedatiyat gpaivbel ofg baiengthe faedragy cheowradnens5 assuni ng
the tensile stress at (= WA) used in the Niemann fornula. On the other
hand, there are tasevawhends time theadasd wheskghinsiangahegusoitstsed is |ighter
(or heavier) than the hoisting |oad. For exanple, if 40-ton freight is
handl ed by a 40-bean cedreted len thhi $0dd regdasg umeee t @sbeenrtiginggl e use of
the wire rope 2. However, if freight (e.g., of 30 tons) lighter than 40
tons i s handl%®d, altdwen t Bfs"ds@gslinkds tkedye skbsstachashansiglastugé of the
wire rope 2. A nunber (life subtraction value) H of uses of 15 the wire
rope 2 is cal cul avatl iactbedivaraoe Eglag idn deg¥ched dwad over the
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 locad W (e.g., if the



HL = Nx/Na... Equation (6) A new remaining nunber (remaining life,
esti mat ed life) Nrenialn of times use of the wire rope 2 is possible
20 is calculated according to Equation (7) below. = Nx1-11... Equation (7)
The cal cul ated remai ni ng nunber Hrenal,"-0f0 ti mes use of the wire rope 2 is
possi ble is displayed on the display panel of the display unit 12 of rope
life 25 managenent apparatus 10 together with the |load (actual - 31 -
| oad) hoi sted and the nunber of uses thus far (an accunul ated val ue of
nurmber of tinmes Hdistiopelisl usethe atwlat edd WHenevendttie crane per f or ns
substantial work), etc. (step 36; see Fig. 6). 5If shock |oad exceeds 110%
of the actual | oady sonuthereotshewnhand;igthé, wilreer wopki®g ileoadalidFed as bei ng
subj ected to damage by shock | oad ("YES' at step 33). In this case,
use i s nade of acaral)uesedtBined) byhawlitsi phyéhginche thbovel-arengi épedl nunber
life
( (rated load) capable of being lifted by the crane

5 assuming the tensile stress o¢ (= W/A) used in the
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
1ife) Hremain Of times use of the wire rope 2 is possible

20 is calculated according to Equation (7) below.

Hremain = Nx — Hi ... Eguation (7)

The calculated remaining number Hremain ©f 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



10 subtraction value) HL of uses of the wire rope 2 by a correction
coefficient (a coefficient that exceeds unity) conformng to the size of
shock | oad. The correction coefficient conformng to the size of
shock | oad has been set beforehand and st®@led in the 15 ROM 16, as
illustrated in Fig. 8 For exanple, when the shock load is 115% of the
actual load, the result of nultiplying the nunber HlL of uses of the rope by
a coefficient 1.240 is handled as the nunber H of uses of the rope. The
correction coef fif@nho CONMORLAUNGnE MudBekher sisees ahushtok (eoad is found
using the Niemann formnmula taking into consideration anount of |oad applied
i nst ant aneousl y anc@ampued wfiukoad afder benomals aheshaek ilsoaded

The |l arger the shock | oad, the larger the value 25 used as the correction
coefficient (see.fic@ia8dd whend@er dherabaecepetfrerrsasgestdritgadhock | oad, the
| arger the val ue taken on by the nunber (life subtraction value) Hl of uses
of the rope. Calgahati encof (de Bew senaiini.ng) nunber Hrernin of 5 tinmes use
of the wire rope 2 is possible by subtracting the obtai ned nunber Hl of
uses of the rppe fromst BRofleNMRiakdi Bgcerddhan OkxodHftHd mesuakelwid,t he wire rope
2 is possible in the initial state is simlar to that described above
[Equation (7)] (ski&pt3d). hdie, LOer et nidpg Auberardlednan lofirg mes use of
the wire rope 2 is possible that takes shock load into consideration is

di spl ayed on thes@gﬁmt@yﬁ pangimagst p SB)ck lbagoesYRM"t houstesmydng that in

processing for
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).



cal cul ating the remai ni ng nunber Hremain of times use of 15 the wire rope 2
is possible fromthe second tinme onward, the cal cul ated nunber Hl of uses
of the rope is subtracted fromthe previously cal cul ated remai ni ng nunber
Hremin of times use of the wire rope 2 Ts39ossible. 20Wen the remaining
nunber Hremain of tines use of the wire rope 2 is possible is calcul ated,
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 |ifhergiprel ithienaryIvariiengheehdiaddontsetlarercsr éhand - 33 -
(see Fig. 8).(Naturally, the value may be cal cul ated in advance and then
stored in the ROMS) takwp ax&ipiee MUnbeke (11fe-seRErpeeldmivaars) war ni ng
condition is 20% then a value that is 80% of the remaining nunber of 5

ti mes use of théhwPfel¥pei2the Rssible in the initial state (namely a

val ue obtained by nultiplication by 0.8) becones the set nunber of uses
before life ends. |fCehevtdliom af etls &¥9li AEARLTHEWDBFMPPL Mrenanf i nes use of

the wire rope 2 is possible falls bel ow the
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 Hremain ©0f 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 Hremain ©0f times use of

15 the wire rope 2 1s possible from the second time onward,
the calculated number H; of uses of the rope is
subtracted from the previously calculated remaining
number Hyemain ©f times use of the wire rope 2 is
possible.

20 When the remaining number Hiemain ©f 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



10 previously set nunber 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). - 34 - CLAIMS: 1. Awre rope |life managenent apparatus
conprising: life calculating means for cal®ulating estimated life of a wire
rope in accordance with a prescribed 5 life estimation fornula, said wire
rope being used in a crane that hoists, transports and then | owers freight
via said wire rope and a sheave, with which said wire rope is engaged, by
payi ng out sai d (seeeFiopes)f.r onfNatdraimhyandhe evd Indi ngy sieé dalicnéatepe onto
said drum 10l oad data i nput nmeans for accepting input of |oad data of said
frei ght from hoiist iedgante saidd theei gidragntinl thaldguéent | owerixagptder eof |
the | oad data being output froma load cell provided on said sheave; actual
| oad cal cul at i ngiimsanslitr-cval pukbtningriSwactval cloddtbin sai d0%rei ght based

upon the | oad data that has been input fromsaid | oad data i nput neans;
then a value that is 80% of the remaining number of

5 times use of the wire rope 2 is possible in the initial
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 0f 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).



shock | oad sensing neans for sensing whether a shock |oad that exceeds said
actual |l oad by a prescribed anount is present based upon the | oad data 20
that has been input fromsaid | oad data i nput neans; and |ife updating
means for calculating a new estimated |ife3%f-the wire rope, if presence of
the shock | oad has been sensed by said shock | oad sensing 25 neans, by
subtracting, fromsaid estimated life, a - 35 - value obtained by
multiplying a life subtraction value that prevails when presence of the
shock | oad is ndil’géased by a correction coefficient having a val ue greater
than unity. 5 2. Awre rope |life managenent apparatus according to claim
1, further conprisi Agwsheckedeoaddfexwasyecanpumprealatub atémry iséans f or
calculating, with regard to said shock |oad, an excess amount that exceeds
said actual |oad; 10daifd ¢td¥alapdas imgprvedns esingasicerediimatatiue as said
correction coefficient, wherein the larger the excess anount cal cul ated by
sai d shock-| oad Execess anvurt roakcih stdargdppansiitihhe baegmribede val ue used.
3. Awire rope |ife managenent apparatus according to 15 claim1 or 2,
further conpri sihifeaedisprtalorudiormpby, diadgl ayFqgrareebaeny esteidmated |ife of
the wire rope that has been cal cul ated by said |ife updating neans.
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 therecf, 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



4. Awire rope |life managenent apparatus according to any one of clains 1
to 3, wherein the Niemann fornula 20 is used as said prescribed life
estimation fornmula. 5. Awre rope |ife nmanagenent nethod conprising the

steps of: calculating estimated-1B¥fe of a wire rope in accordance
with a prescribed life estimation fornula, 25 said wire rope being used in
a crane that hoists, - 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 frvomeaotkaimaehdyr ewl ndhIng ngakdl Wia eubdpectoimro veaind drum
5accepting input of |oad data of said freight from hoisting of said freight
until subsequentthwerkengilfheteof presendeoad dat shveikngoaiitiputnotr om a | oad
cell provided on said sheave; calcul ating actual |oad of said
frei ght based upesnskd bhiea| cadegatant dextf fthasebedrviinpus;value sensi ng
whet her a shock | oad that exceeds said actual |oad by a prescribed anount
i s present basedoxgzorert hbahoadtdata that has been input; and if presence of
t he shock | oad has been sensed, 15 calculating a new estimated |ife of the
wire rope, by5subtrdctiing, répeormifai darstdnentedrpd fagusaagadumingbtai ned by
multiplying a life subtraction value that prevails
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 is 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,



when presence of the shock load is not sensed by a correction coefficient
havi ng a val ue greater than 20 unity.

- 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;

5 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
10 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,

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

20 unity.



