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4950PCTtradl1GB. doc 1 LIFTI NG MEMBER W TH LOAD AND/ OR
STRESS.-MEASURI NG MEANS TECHNI CAL FI ELD OF THE

| NVENTI ON The present invention concerns lifting
menbers, 5 intended to transmt all or part of a
lifting force between a lifting device and a load to
be lifted. Such lifting nenberg are routinely used in
fields such as civil engineering and handling cargo
in ports. Many accidents that have occurred when

i ftilIFTING IMGMBERVGIISH: 4090 AND/OR FIREES] MBRSURING MEANS
attenpting to lift an excessive |oad, greater than
the maximumload that it 1is possible to lift with
their lifting nAGHENLCAFo FiEdye @F SiFdh LAVENERNs, it

has alr eadyrrpeee?reseﬁtsaﬂ%ﬁtol&{ f %thg%ﬁéurﬁmiﬁg Oﬁlembers,
the actuators o [ifting machi nes,

r e
on HAAHAT ¢ SPanETRREFASF , 20hd 0 BB nOFh V\elllgfaiﬁlr%ﬁ force
t heodtodagkr | &t ad fyiridhedevidd i agdn&chm@dl 8gi nectiyfbyd. Such
cak§g$§1ion. These i.ndirect QEt hav rovgd 1 h
da odd M &r, AhecaiFe-the er‘r’rﬁeéi hot(s ?ﬁatsuc as
usecivgill aqapgjméerMng)ramchrmhrdﬂmtg daako siuf fpattent
account Of I\} gE@EHé 9% t a1§t “n‘é‘%zte“rSCQ{; E%g lv\lilf{éﬂ ng.ifting
machi ne. e case oP fting nachi nes ﬁ
pl ukeads ywe@rel taubag Wmmlsnfsqrimd aimmwttﬁmylng to lift

ac ¢ fdent Se Havee aﬁéQdOCE;'i*E'é%@ra%h%nr eHd tmagtlmh Y1888Cthat it
of 25 the I|ft|ng menbeér s fting the | oad.

exarbIRSSS I &1ity ‘e |W1ftth ﬁdﬂqlrrarﬂésftléﬁ%ﬂmﬂaé%hlne
spreaders imcl pdevenyl tdyuie hetag¥ntal ches aaaptaaﬂréauy been

t | oad d to, lock
U S S hers habPRGC DensreRmRCEPy Sihdiis atttdtors of the
"Sdmdﬁmeﬁﬁ"mamhlmssd aoongxatipdie 3ﬁ1tmydxﬁulrclrémsamﬁereof,
h t aj t

S SN BEPSER | SpBo b FOPORT T oda PBdD by che
corlidytsingf matéﬁmtmdﬂen@tlmepkem:aig:mttm state of

wear of thecont aijngy; g t R tHPRCT $iakvike hﬁ%oved dangerous,

suffered, the oblong holes may be defornmed and no
| oRHEVET enalPRERiRS | ey, ETPIPYg | Befheds  that  use

ef fagired iMdtt il Yark®S8BChbradlal® dacrficient account of the
status of the structure of the lifting machine.

In the case of 1lifting machines that use a
plurality of lifting members simultaneously, many
accidents have also occurred as a result of only some of
the 1lifting members 1lifting the load. For example,
holding and 1lifting frames known as spreaders include
multiple rotary latches adapted to interengage with the
load and to 1lock onto it by virtue of them having
complementary shapes. "Spreaders" are used among other
things to 1ift and handle containers in ports by
engagement of rotary latches in oblong holes disposed at
the four top corners of the containers. Depending on the
state of wear of the container and the impacts it has
suffered, the oblong holes may be deformed and no longer

enable such locking. Lifting is then effected with only
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2 sonme of the lifting nenbers, which may result in an
overhead.and the lifting nenbers breaking. The

docunent EP 1 236 980 describes a stress sensor for

lifting menbers, including: 5 - a support body and a
pressure cap which together define at |east one fluid
conpression chanber and are de2 gned to be interposed
between the lifting nmenber and the |oad support, -

means for nmeasuring the pressure inside the 10

congwmessiodn thanbkiftThygs remokod, stwhdsh smayorresult in an
noni e | cal 4 frnd s i fting

me %ér)l[lz%%&r%rﬁc??%}és ﬁ%%‘g{hsg?rr%éss | n%g%fe%ﬁ?inﬂgtshe lifting
menber by tTe | ide@enentpadEByl n226uP8hg ERECELBSSUré stress

i nsddlgs dher SONPE @SSP Mertife £hares 1 udiaweyer . neasuri ng

stresses by neasuring pressure proves relativel

Yy ,
i naccur at e,” rel atPRRPYL unPeLYondife, @ arkr §8FLFEi vEaPo Wwhich
t enpefedige darfiakl cns. 1Eets| one r €dpdds ecofiptdésidy pehamber
of stress sensor 2 oes. not, allow th surement of .., .
o et Rlendd I T pE g NuRns S BERREE e { it e ing
i mpestlse wrasdidoen 1@t edgr@mbitons occurri ng when
lifting the_lggg[ T a LeS, L Wi L.o0ns sale
produced during ﬁwerfg)pir gtgﬁgﬁgeg%g IF?%i %P%%ﬁﬁgand]lql{sﬁlgde the
t heconrResPBOITHiaWdewd- of stress nmeasurenent is

necessari | yrhi&f f eqtiedh reppt el ¥ f£08 t hgehddt i Nand¥BIMRSFs  the
itself, and a result of this is_a_lack of accuracy in
det3RRd Hidgl dheotstirad £8 HichlthB1RgS fﬂ%?g?%n%’é%{ ronitors
reaiey subkest echdudéd hermehe, 11fSikd nflebest MBsSthe lifted
segfor rgguires 30 adq%%? to the Iiftin? nmenher i%pnsession
t hat®Ht of¥ t BEBELTEPY kP EERE U £ FREFES & Bdaft e

al lchamlsdy. used [ifting and handling machi nes.

SUMVARY OFﬁQﬁ%JJ%ﬁz fﬁ érgﬁrgé Q e a%%%%ﬁ%?ﬂ b%ressure
35 that © ? ygke g

the inventionis . accurate reasuring .
| ok AirRF orrsstateisasly  iimhaarate.a [uelEtiyedhbanrgs@ensive,

i f4dd%éhd08re to temperature variations.

The slow response of this type of stress sensor
does not allow the measurement of stresses induced in a
lifting member 1in the event of impacts or sudden
accelerations occurring when lifting the load. The same
applies if vibrations are produced during the operation
of lifting and handling the load.
' This kind of stress measurement is necessarily
effected remotely from the lifting member itself, and a
result of this is a lack of accuracy in determining the
stress to which the lifting member is really subjected.

Furthermore, this kind of stress sensor requires
adding to the lifting member items that prove to be very
bulky and difficult to adapt to all widely used lifting
and handling machines.

SUMMARY OF THE INVENTION

A first problem addressed by the invention is

that of accurately measuring a load and/or stresses

induced in a lifting member when lifting a load.



10

15

20

25

30

35

4950PCTtrad1GB.doc 3 At the sanme tine, the invention

seaksct.Qichave this neasurenent carried out as close

as possible to the [lifting nmenber, to mnimze the

risks of errors that can result from cal cul ati ons

that use approxi mati ons. 5 Anot her aspect of the

i nvention seeks to design a neasuring device that is

very durable, able to withstand inpacts, insensitive

to el ectromagnetic fields, and that necessitates no

intenti onalAtcakthbr asam ¢Gpeeat i bhet dnvemipensaseeks to have
'gﬁaéu&%gb%?éﬁ@ﬁﬁo?érr}QdTgﬁﬂ'Qgﬂgldgéf$%t58§s§ﬁﬁgsto the

evi ce neasuri ng the wei ght of a
||f1tﬂe%\t:ms anepe ¥ ngtonBipémizgd slflrSé‘s%e%fuﬁaHeéa ppat can

| fiddion 2 #:980, cd el dSiont HHat nasd Qs ek ik My,
fast, enabli n% real -tine égiasurenent 15 A further
aspect of PHWGHRMIRAF SRk 1BYERF iR aSEskfatp design a
neaﬁearsmr»:teva@em@athaan igasidny bRurdihld edabbe most witthstand
teeX| ting, ne esthtare wi.del in
e et DR e et et te® #3048 ' that
outnededwiltatks echabl ennenltionall opabfibraeion0 operation to

Pr ORGHId s | é}g%éfareafagmﬁ%eﬁ nd 0 achieve the
above ects, the |nvent|on proposes a
lifting ner’ﬂi@r mﬁe@ha@a tianthar neeekal Itor dgspernt jpndevice

of ghe Jné&gwgn{;ort% hed afl iftioey deviea Qﬁd a lifting
load to be lifted, inclu xi mal rt

corft IR c‘trbd/:férfW%%S%%Sthlgduwtbxg?ag*e%ea al?gad."that is
m:ﬂfﬁhxywtréwp@mkﬁﬁ@d &dbeveppneched,t oehablihgadreal -time
a Ionaﬁsat udi na\i portion, extending fromthe 30

on in the direction of the distal

port| on, amd fadapted tasﬂn@ctst ref chedeel asveontliby bpeeks to
th f e c
wh r@ﬁ c?e{]_g cer%ngl i u u] in td%%'{{:)% g:h}faoclr Fan easily be

nenﬁa‘lé?tedsSt@n&\pﬁée@fattlll%agt(léﬁéngod@fttu@%anerﬁ%lé%g‘éhat are
widely used in the 1lifting field, which adaptation can be

carried out without detectable modification of the
properties of the lifting members.

To achieve the above and other objects, the
invention proposes a lifting member, intended to transmit
all or a portion of the lifting force between a lifting
device and a load to be lifted, including:

- a proximal portion conformed to be fixed to the
lifting device,

- a distal portion adapted to be connected to the
load,

- a longitudinal portion, extending from the
proximal portion in the direction of the distal portion,
and adapted to be stretched elastically by the action of
the portion of the lifting force,

wherein:

- the longitudinal portion of the lifting member

includes at least one longitudinal passage,
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4950PCTtrad1GB. doc 4 - an optical stress sensor is

I nsehtedudk o said at |east one |ongitudi nal passage

and is fixed to the lateral wall of said at |east one

| ongi t udi nal passage, and 5 - connecting neans are

provided for transmtting the signals fromthe

optical stress sensor to neans f4or receiving and

anal yzing the signals fromthe optical stress sensor

Usi ng an optical stress sensor nmakes neasuring 10 the

| oad and/ or- tdre eptésstsstmegsedansdrheld i fnpagted into said

menber 1Ry féhé]g g?ﬂ iRl AINb ¥ ££SPORSIV €1 8NG MY to the

accurate. The op stress sensor Ts advantageously
fi xeRfte¥al t welﬂatoér aFail Rtoflaasd | oYy LOBPALRK baééag@lssager
in ahg 15 least first and second fixing areas | ocated

at a distance fromeach other in the qugw%uglna
direction of THFCFORA t YoPASI 3F&s SRRV PFf (fRAGSpitting
IoaﬂhetBEghamglwmmmuﬂh@Obptonabfst&bed|§dngmrneubaeans for

IS retched ela ti_call 20.1iftLng c :
Thlxgés SUEhi 1t ng C?Jf aely?éo% gfnaglégég%onf%%?i :csh? heOPtlcal
d|s$an©@6b@¢ms@n the two f|X|ng areas, which causes a

variation imgd %59n3b§1£g9n1 sﬁptb@ﬁgorStﬁgﬁés measuring

sensor, fromwhich variation the stress state i nduced
in e 159ad n@n%aacer the t BETPEEESandN8icCefde B \dightlifting

of rﬁé‘rﬁoé@a% ifiediRy tde | LbhENK I re@poP@ive and very
dlrect%g% g8 uced. The first and second fixing areas
b

carfpT ly be in a constant diameter area of the
Iongitumluﬂhermwticwﬂoétrheslséhsﬁg fenbevani@gtously fixed

klnd of ,arr ement avqi ds.t us a i nat .
calgﬁﬁatl% ns for evglua |ngmﬁhgogé%F%ggééfa2%¥%ﬁg§é in at
thelQE$ghfln$tthedlsadoﬁdoﬁuxhegsagaassloc@wedgatr@mdistance

theff%ﬂ"éﬁcﬂ” Q%Be%trfﬁs1§§93q gl%b%;%%Q'dalrgeﬁheﬁ of the

to carry out a calculation taking into account the
r esherditiedEra btR3FPREDf different portions with

When lifting a load, the longitudinal portion of
the 1lifting member is stretched elastically by the
lifting force. This stretching of the longitudinal
portion varies the distance between the two fixing areas,
which causes a variation in the signals from the optical
stress sensor, from which wvariation the stress state
induced in the 1lifting member by the load and/or the
weight of the load 1lifted by the 1lifting member can be
directly deduced.

The first and second fixing areas can preferably
be in a constant diameter area of the longitudinal
portion of the lifting member.

This kind of arrangement avoids the wuse of
approximations in calculations for evaluating the
stresses and/or the weight of the load from the signals
coming from the optical fiber stress sensor. This avoids
having to carry out a calculation taking into account the
respective stretching of different portions with

different cross-sections that will be stretched
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different cross-sections that will be stretched
4950RCTI4201GB. doc 5 differently under the sane | oad.

Such cal cul ations are often no nore than a sinple

approxi mati on based on the geonetry of the lifting

menber and the connecting portions between the

portions with different cross 5ssections. Stress
concentration phenonena can neverthel ess occur that

are difficult to take into account in the
caldﬁuﬂﬁﬁecrrtsl}anm@em tdid isEmentloadi r cin@nt echlipplidtdons  are
par a f fir f
aré%gﬁgaoﬁ? ng| %afiﬂgggg § gﬁgéﬁggg?ggé%ﬁi on the
be gefirgiosed <af thbecedtlrfelere thrz;end:rarss ardt i Bheof Cplﬁl@eCtlng

ongiudinal norddan ofnd hepbifibng npabar. aTkeerthe cross-
opt|cal stress sensor is inserted into the neutra

fi BECHRhe $OMRTT LSPREEN PR IR BRenARenasCppf peygrtheless
merdeefur Thaast r£66 THi&SElichdthtbhet&{Ei (i&ﬂtoSté.Qééunt in the

sens S therefore a ure stress
oA BHARITS ¢ L SRR IET ) catPloveptey by the
an;pa‘lttexxuilgamf dILBQOSIlItﬁ.bnngOfTEI’fﬂ‘EH fudrisch awdl dsecond fixing
q{Q% se falsify the calculation of the weight of
the t'ed | oad. 20 Various types of optical stress
sensor canThe donditplivadedranardehesarandy@npageously be

| eapitsRAdd ¥ ataC(‘t@iEmQ%tn%‘%é n Jehe t'h%ng'ctr%@'sﬂélecl%@%%ag%f the
in_theé I|ft|n%_ mber. Afirst optionis for th

optigitad RGN B ttdhend vk iyt imembey ber
optical sems®ls sl doppiceal ddhess behsgrf ast eneseted into

t he .| at I f t it th

(1A B RCEE RN PPSF n s o0e TG RFASESDF ReThag, @f the

| s lciditplaxt neembembUlite asdress heasunedcbedthbyophécal stress
R CAL Eh@%féPerS"%h@g a%ilaeld 4 deeéé’ erTﬁQdeEQurement

ana_ yzer neans. can a vant ageous
be isortdwrefiane repureacbveztm|a1ffe¢tnecﬂ)dmje@|nynfbexhe9 of the

| OQQﬁtQQifal mer%é§agewh§%% R @PeUMBRLeVR:i86/ 01803:i v the
Cogngﬂf; ion oéx%he weight of the lifted load.

Various types of optical stress sensor can be
used, provided that they can be at least partly
accommodated in the longitudinal passage in the lifting
member.

A first option is for the optical stress sensor
to be an optical fiber optical sensor, said optical fiber
being fastened to the lateral wall of the longitudinal
passage in the first and second fixing areas. This kind
of structure is compact and robust and can be connected
by the same optical fiber to remotely sited receiver and
analyzer means.

The optical fiber can advantageously be bonded
into a metal tube in turn bonded into the longitudinal
passage.

See the document WO 86/01303 concerning a Bragg

grating optical fiber sensor for information on the
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35 grating optical fiber sensor for information on the
4956RGEt4a1CB. doc 6 production and use of the above
kind of optical fiber stress sensor. See also the
docunent WO 2004/ 056017, which describes the use and
operation of neans for receiving 5 and anal yzing
signals fromthis kind of optica fiber stress
sensor. A second option is for the optical stress
sensor to include a | aser rangefinder adapted to

pr qeiceducticn gaad iweR)i of ttke sebevehi kindf ofheoptical fiber
| ongit ndgrtion 10 of the lifting menber. In a
first ée%xg%%rrent of the_invention, the distal portio

of the I1199% nehBer &8 baFBEIshaptd. 2004/45882dnd which

Ie'“f%t' fEive Hf thae d%é/e_?_hdgrbpédﬂ)ftﬂjr%]@f Wdﬂsﬁnfﬁf teeiving
ifting menber can_be T:shaped. i.s. adapts the,

VA | GG ARG | TIPS Mot s CRhBe (TIPS (SR 7L Tiber

ttusﬁrééﬂ ofnadwi | engineering or in the field of

handl i ng calgQ._ i 0 or. r

accor di ng ?% $%%§n$nééﬁ%?§E§gagk%§v§Pé g%tfg?fE%P§E§s sensor
prdvpdethﬁudﬁl @ad lagerhordnggfanderi fa ﬂ@t¢¢fuﬁ9 produce a

fﬁﬁafsfﬁg i %.EHQ éE¥§EEh9ng59p9§%51%n %b%ﬁnaﬁobortlon

measuti ng an lyzing a [ oad, including at | east
mu?ﬁ|¢H¢rkﬁﬁﬁﬁﬁﬁwm%ﬁb%&pla|ned her ei nabove, in which

t he Irecel viig aanotlm y@m&m@f; CHE prt@feesarm@ltlon the
sig a 5 com o] . Optica tress s r

det R by Lt e g TR o A ge- shaped.

t he melght jnftfdsbwoadldemboﬂemehtonefl|ﬁhermpnventlon, the

eThEl et 5 S5 OhRLE 8 el S B0 opgoen

t he Ioads dﬁmst$@ﬁpt$ntbﬁmquenthmaHﬂn&h@ difEyppesembers
perfosired; Byival,dedt 1heasle OB d idf1 8GvIENBREiIn8BYing or in

the field of handling cargo in ports.

One or more lifting members according to the
invention can advantageously be provided on a load
holding and lifting frame.

Another aspect of the invention proposes a device
for measuring and analyzing a 1load, including at least
one lifting member as explained hereinabove, in which the
receiving and analyzing means can process the signals
coming from the optical stress sensor to determine one or
more of the following parameters:

- the weight 1lifted by said at least one lifting
member,

- the stress state of said at least one lifting
member,

- the duration of application of the loads and
their intensity,

- the number of cycles performed by said at least
one lifting member, and

- the load and/or stress spectrum of said at

least one lifting member.
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35 - the I oad and/or stress spectrumof said at |east
ON@sshefLadrg. Menber. 4950PCTtradlGB. doc 7 The | oad

and/ or stress spectrumis used to estimte the

fatigue state of the lifting nmenber. Replacenent of

the lifting menber can therefore be scheduled in

total safety. 5 The device for rmeasuring and anal yzi ng

a load can preferably include a plurality of lifting
menbers for handling the same | oad sinultaneously and

the recei viThe akehdnatydiey nebneseanspeetsysm t e used to

Si oD@ SnHdmn NgLET 073 § gRkuUT aéea&xe °foPpttHé| §EE%§§g member.
sensors to determ ne one or of the follown

par%ﬁﬁ&%ﬁ%@entth%floE%?loﬁlgFlﬂHe EGWPGF ofagr abeyesrre be
tfmggﬁé&aue&wgh té&gﬂlggﬁég@ force exerted by each

[ifting neﬂggr oad_neasuri and_anal. 3
devi ce can Vgﬁfgﬁeo§%¥ %%S%E%ﬁgoﬁ FPF?YH@ 8e9l ¢gad can
su@sr@ﬁezaabnandjndigld@nhryplmr&muw reér HaAtipg anembers for

i (RO ERE A Lody AT AR aRe K Gnd EAE" receiving

DRMN@QIJYGM@rm@@peccen pracesesthadsigradsagesiog from a
the,1pF b@v%gkfyéfﬂg¥£5%§rQQhEQ?sf@&(H%EKkmlne one or

description I cul ar enbodi nents, which is given

wi thetlefek e fQHQW@%W%ﬁ%\W ngs, in which: -

figure 1 is amerspestivg Wewnt adridest oBS5gravity of the
enegdi nt of a lifting nenber according to the

in , figure 2 is a diagrammtic side view of a
second enbodigtent biftaing ftfogceendreraedor byngeteht hdifting
|nv q$ 30 - figure 3 is a perspective view of a

Ioa ding and lifting frame including a plurality

of liftinghenbead andasukiggr el amhdlgshiyy device can

di T{gr6ita ﬁG R used on a lifting device such as a
handling gantry, a container gantry, a crane, a mobile
crane, a stacker or a front loader with a forklift frame.

BRIEF DESCRIPTION OF THE DRAWINGS

Other objects, features and advantages of the
present invention emerge from the following description
of particular embodiments, which is given with reference
to the appended drawings, in which:

- figure 1 1is a perspective view of a first
embodiment of a 1lifting member according to the
invention;

- figure 2 1is a diagrammatic side view of a
second embodiment of a lifting member according to the
invention;

- figure 3 1is a perspective view of a load
holding and 1lifting frame including a plurality of
lifting members; and

- figures 4 and 5 show different uses of the

device from figure 3.
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device fromfigure 3. 35 4950PCTtradlGB. doc 8
DESCRLETLEMN. OF THE PREFERRED EMBODI MENTS Figures 1 and
2 represent a lifting menber 1 including: - a

proxi mal portion la confornmed to be fixed to 5 the
lifting device, - a distal portion | b adapted to be
connected to the load, - a lon@tudinal portion |c
extending fromthe proximl portion |la toward the
distal portion |Ib and 10 adapted to be stretched

el astical | y DESGRIRRIPN iGR iTHE HRERERREM EMROHYIMENT Hal

portion is #ﬁ (R | hf?hﬂa ng presddic! wdes; ac bhinthember 1
| ongi tudi na S%)assage id extending from the proximal
porti®HI¢EIIAn optical stress sensor 2 is 15 inserted

into the | angitydbRahapapsadeohd 1anttdsrdimetl €6 beh€ixed to

| at er al || of _the | ongitudinal passage |d. The
optg%%llﬁfﬁﬁg% d&VETF 2 can be fixed to the latera

wal | by neans diswvai gekyivsedrepadaptresito Bheconnected to
|OﬂgﬁéL§%§§J passage Id is blind and extends 20 from
the"proxinmal portion la of the lifting nenber 1. This

ki nd of configudanigdtuddeslnoporbpact loh eksedidéngl from the
por.t i on. ' ' e { jye" It f :
Iifé%ﬁygllh%en‘@%ﬁ%dfgrtlgttgc i ﬁ%ﬂ digtadl pBEcion b and
Al tadzritedelty, Pae stxaighadli RARSPASIALY iRV cén bead lifting
opernersled, for exanple, 25 to facilitate inserting

and/ or extracti t he tical stress sens 2., .

Connect i ng TRENCRE LW ol BRHEIOR LR aRenthe; g Eting member
Si gnalscludast hebbphticabngticadinadnpassageo Ide@xtehding from
for

O nd CER IR LAY TR AL PR Ror 2 1o
fi glmesriledntn?e the lopgitutlisalepsssegeoid2ang fiisxddxed to
to ¢ lafenal) wabh,0f o et he,d ongiiydighRasgagsabd 119, The
two fixing areéas 8a and 5b
optical stress sensor 2 can be fixed to the lateral wall
by means of a widely used epoxy resin.

The longitudinal passage 1d is blind and extends
from the proximal portion la of the lifting member 1.
This kind of configuration does not impact on the distal
portion 1b, which is the "active" portion of the lifting
member 1 for attaching the 1load. Alternatively, the
longitudinal passage 1d can be open-ended, for example,
to facilitate inserting and/or extracting the optical
stress sensor 2.

Connecting means 3 are provided for transmitting
signals from the optical stress sensor 2 to means 4 for
receiving and analyzing signals from the optical stress
sensor 2.

In the embodiments shown in figures 1 and 2, the
optical stress sensor 2 is fixed to the lateral wall of
the longitudinal passage 1d in two fixing areas 5a and 5b
spaced from each other in the longitudinal direction of

the longitudinal passage 1d.
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spaced from each other in the |ongitudinal direction

of 3Btk ONGi t udi nal passage id. 4950PCTtr adl GB. doc

9 Wen a load attached to the distal portion |Ib of

the lifting nenber 1 is lifted, the Iongitudina

portion |c is stretched elastically by the lifting

force. Being fixed to the lateral wall of the 5

| ongi tudi nal passage id in the fixing areas 5a and 5b,

the optical stress sensor 2 also undergoes a variation

in |engthWheratavaoadt abhachelengt theardsstaheportion 1b of

Si gnad s1$epi fﬁggFEQefnﬁécﬁqféééeséh ensah i tul9nkh®€ portion

recel ving an Zl Nng nmeans Vi a e connecti ng

nmeat? BS Wq@%reﬁﬁwq@x HeY stifal Kt g ferece

opti cal St@§§§1 engqked | 8o0diraed |y 1licekad tOw&DE of the
stretchj ich the oc%|cal stress, sensor

Sub e L CpREEEHEn bt Lk nd HBptf 1% FEEESsEmoRnd 5D,
2 amm &ptibﬁMC§ﬂré$@nséﬂ§oyaEIals@nunﬂekbeeSIgn&bilatlon in

fro t hat tlcal tre sensor 2
Co L "tnae, kARt afRbhodn, Mgt PP s (pné"Bibhals senc
st riatarhi ngeofopth:ecal osglreadn neéngor t Ronté c thet weereiheng and
0 t - Al e
I|ft|ndﬁ%§%%er 1 and |ts vt mkggicgﬁngﬁgggggerﬁéﬁbgs,3' The
it Yariaiioreaky tlhe dedogeelshEron sheespbscRrhdgE&EESEN Sensor 2

thejd iditde Iebeskda byot PRe! Q@getQMlngEEBSwﬁflcﬁ the optical
cal cul ation well known to the(ferson skilled in the

ar tSERRS SRTVs ses ArBRAGERy related to the
Wﬁlgh}_?fijhé|iﬁ?bﬁdh&ﬁbtdfttﬁﬁdb€tﬁbapfétféﬁs|beﬁéor 2 can
t in er 1. i.s therefore al so

obs Solde EIBRL chie: e B iR Shahe | $PeRRDS BRfiing fxom
Iiftthatg pphiienll. Stweeds ftergsoenbez, 1 andel fis considered

ns.far n t

of SRSEGUEy (Wi TRBISCHE" SRASUIL NBer e (iR of  the
e S e Sl LD @Rt 00, REarRiaen ashel 6ixisg areas Sa and

PO bl gndwihd . t MBI mALbiALES oeh&nd 115k t9fn %errﬁ@rﬁﬁef h@t and its
can occur, when cal cul atj ons use, approximations., In a
f | ISR e A TACH L § v | b, Lanvery easy to deduce the

stresses induced in the lifting member 1 by the load, by
means of a calculation well known to the person skilled
in the art. Those stresses are directly related to the
weight of the load fixed to the distal portion 1b of the
lifting member 1. It 1is therefore also possible to
determine the weight of the load lifted by the 1lifting
member 1.

The lifting member 1 itself therefore constitutes
means for measuring the weight of the 1load. Thus the
stresses induced in the 1lifting member are measured
internally, as close as possible to it, which limits the
risk of errors that can occur when calculations use
approximations.

In a first embodiment of the invention, an
optical fiber optical stress sensor 2 may advantageously

be used as the optical stress sensor 2.
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optical fiber optical stress sensor 2 nmay

advantagesuws!ly 35 be used as the optical stress

sensor 2. 4950PCTtradl@B.doc 10 In this kind of

optical fiber optical stress sensor 2, the optica

fiber is attached to the lateral wall of the

| ongi tudi nal passage id in the forst fixing area 5a

and the second fixing area 5b, an internediate 5

portion of the optical fiber being situated between

the two fikinghhreakifa apﬁ 5©ptip@h sf¥leexhiorfisfal stress

h d i
Lngsérﬁ <f‘lga‘a7“ 't‘i}?éreBgEEbQE il the | Ut:‘a'c:ﬂ%dmad@eﬁhé lateral

ccurs the sane stretchl ngh
i nteakedpht &heptiengifudbidabopessageand it the flrst fixing

stret&di By Hhdr eHHC @S RRP! f £3D0H dta&ﬁaV&Hb at hAn iiftermediate

t he opt| cal t fip
| ackieR g aR " S RS ?@ﬁf—r oot WA G Pegpreen the

fi bewo aﬂ’miuraglalagma"sg e wefl esbed Vpoe, éthleetching of the
var ation the | engt f t o [ N rtion
Fauahel rpcbid 0195 H0R0 HTLMR BRRLER 1 under
theldm@d t chehieh tdveurisf t i nge rreabme i sseodfelird camf the
e n 0 a b
can e en%i%i‘t?é %b‘e%ah ﬁl?é? %én%'igﬁ pc{rid: {:hgt &tretching

eyon t he
UN@¥9¢W¢@§boﬁhtqﬂinﬁﬁﬁﬁnd%%Mrc@aahatﬁﬁansJﬂbr the optical

rege fd[.lbéhgt?é@' apal yaimg Sbltgﬂs%él 2@ igRemM.ng éy Onlhhﬁchlng an
opt stress sensor. he case ogFa novab

I|f?9?ﬁP?ﬁ%ﬁﬁﬁ %hgthtWQK? fiBEP pFBfecPBHL fiber, and
sheaidll yRynqdviaat agedest¥d beavasedheThermatuoal 1fni lidve length

cxatp) Eoea et i BREbACS Tty O | kP8 il ing member 1
envmmpé:@ Ideaetayaedof anubbehe | 10adf tcenweuopedtm difting
MeLAmLA! £ a0 SVEh 08T LD Aed @S OlerLpRY. L he
a aneter O

avi hy appr oxi mat el Thi s
k|nd of fi blr Eaﬁcbécﬁenth?oqg%mqahﬁflbﬁﬁwgiﬂnﬁﬁéﬁyd beyond

10 cma enablhg9nembed Pe €oURl ey etk Paiald ebotht h.he light
ot her connecting neans such as el ectrica %1 ca?les an

hy FAHFFE 1fFkks MepRe hdRTcah®HEIEIRG 131 Y‘"ﬂr‘&ﬁn signals
t hecdh{dd N o Ntles dpttr@all sosssoOfs@biddei ency of the

| oad neasurirmgggé case of a movable 1lifting member, an
optical fiber protected by a sheath may advantageously be
used. The optical fiber can have a diameter of
approximately 0.2 mm, for example, and can be protected
by a layer of wax enveloped in a layer of rubber, itself
enveloped in a metal braid also enveloped in a layer of
rubber, the whole having a diameter of approximately
5 mm. This kind of fiber can be Dbent to radii of
approximately 10 cm, enabling it to be coupled in
parallel with other connecting means such as electrical
cables and hydraulic hoses. The box can be 5 to 10 m away
from the lifting member without loss of efficiency of the
load measuring means.

In the area intended to be inserted into the

lifting member, the optical fiber can be bonded into a



10

15

20

25

30

35

In the area intended to be inserted into the 35

I fibsbergrcidber, the optical fiber can be bonded into a
4950PCTtrad1GB. doc 11 netal tube itself bonded into

t he | ongitudi nal passage |d. In the |ongitudina

portion Ic of the lifting nenber 1, the optica

fiber, of 0.2 mmdianeter, for 15 exanple, can be

bonded into a netal tube the inside dianeter of which

is approximately 0.6 nm and the outside dianeter of
whirdtal appreoxipeelf y dnded t heto uttdebel pggitudenal passage
bonged into the |ongitudinal passage Id. The optica

fiber optical stress sensor 2 nay be 10 an optica

stretch sendor b ngoRIBFUGET Bt atBMF Pt i d& Ofi e 1ifting
f orméngsep! @., Thhe | p@i6ENSHikdr Whicgh a.3i ngl edidmsteer, for

optical fiber inc rtjon ‘whose re ract
O] g B SaBd, o oo ek gl SRS cne inside

fi btameéh @fpﬁhic]ﬁuhar apptchlinytemyense mint padi ahet outside
radi aat1|eotn rlgf‘_ J,fc:lhber pg Qi Fh%& 9 pn?t{' o&ﬁgal:ll%e being
nmodul At e r ¢ PHedYa

ive |nde r$*eh Bradgg gratin
Th| st Brfydoonyted | Itgtcv: aduzeslondiwedinmnl faddagn wlaves

travel ing ig,d é%icfhbgﬁb%btléglaé%?ég ENllor 2 may be

call ed the Bragg wavel engt which is substantially
t wi e Paélsa@cﬁs tike W?ﬁ)ﬁupﬁiﬂﬁn aofBYaRg r grphéngyeptical

| ndexoet onﬁofh%x@.ﬂﬁ)‘léa' Trﬁlsbefsl a tsla:els%&aglga gwmdzmga single-
Consequent | vy, veleggé ht reflected %_f

t hd® gGPGr&E nngr S ul Hﬁeé"'ll% F&&&F’tl%}ﬁ%?et efractive
t heiet anse nerivleaied We ¥ Bdd At 4 DI aﬂonghe:hreef optitue fiber

inde of the o A and n ri_ati qn of
RSP e AR CRt P B BEh b8 InB Rl BT adibdR e radiat on.

carfie détibetred pyyrtgasur waght hethla ghpermdecehgyh modulated
reffé%?é%&l&gh?BdExpeﬁiogaQEEHCQJ %ng& %%ﬁ% QH£ngThlS Bragg

sensors be used owever SucC
30 grvﬁfeirrfsérweﬁ! sehlertion efakbobt WBVAE 5ﬁaast1|léla| in the

k&ﬁtf&alcaklgb&ess Sensar 2wa&%¥@ﬁ§@hfa%blﬂ%@.h'@ﬁéy Bragg
reliable neasurenent. This neasure n IS alﬁo s&tck of the
t 0 Wavele netgh oS substantial twice the p
modulation of the refractive 1ndex along the optical
fiber in the Bragg grating. Consequently, the wavelength
of light reflected by the Bragg grating is substantially
proportional to the distance between two variations of
the refractive index of the optical fiber, and any
variation of this distance, for example as a result of
stretching, can be detected by measuring the 1light
wavelength reflected.

Other types of optical fiber stretching sensors
may be used, however, such as a Fabry-Perot
interferometer sensor for example.

Using an optical fiber optical stress sensor 2
enables fast and highly reliable measurement. This
measurement is also simple to make independent of
temperature variations by means of mathematical formulae,
as indicated in the document WO 86/01303. Alternatively,

an additional optical fiber optical stress sensor can be
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tenperature variations by neans of mathemati cal

f orpukacu=35 as indicated in the docunent WO 86/ 01303.
Alternatively, an additional optical fiber optical

stress sensor can be 4950PCrtradl GB.doc 12 wused, that

is free of stress and is not subjected to a load, in

order to use its signal to conpemsate tenperature

vari ations. Anot her enbodi nent of the invention uses

as the 5 optical stress sensor 2 a |aser rangefinder
adapsed|, t bhapr déduckree spfnatriessgiandt he swotetsdpircidd to a
th ngi t udi rtian | ft I ifd nmepher

Inelt?ﬁ;&s)’ c%ge, rl??%ger ltgi 0 eéa)lt %Eg in{lgrﬂ%f tgg cbmpensate
| onefTRR AR re peashafelPRE emits pul ses of |ight that

are reflectgghifedOchB8aYinehRi I0f Ofnd henfahtebd afsddreas the
passage Id, and a sensor receives the refl e'the?gr nggpted fo

ThePRIOtFREL t BEBSSEr AR19°% | fe f LBABTI iIGMSIS IR
| ongitdduskienal spassaghalld imadiwy measur edtketdhdnge of  the

therefromits Jength. and.an tretchin her unde .
| oa .n%JSt lrf“?ﬁitﬂgrgf’%%eaf:néfe?ﬁ&?diﬁrleén ﬁqéa rﬁ?rﬁ%ﬂrtgbe&n this
maycade, bendddsent alidie | engi thei nallgfaseofigethe hd ongitudinal

i QQ% ying 4 nsj ey i b hi i -
I agigérs ra .%e%?ndéeh%ﬂc%nbggsélgrriolqlarf?%ﬂyt ﬁ%&% va’srdéél ggﬁgéﬁte‘i .
to HEasvicisnsyt of sthgcekar 26mphectiséhef BaSepFecdd, and a

St I 8S$sSENSPELivOECARE Oberiber£8SPRATEVENERE aRdbund trip
speed of measurenen enabl es . measur enent  of  hi

t | t _ h

trdNARFAE sEiBeses that ddurthge 9nEFF‘éle§}aguPiaﬁ6age id
I mpgt shand melg@u&*ér?onﬁo ogedute nghledulf'trbg\ add flemgth and any
operation,. and w thout the ti cal 25 stress sensor 2

bor F A AT R R Er Vibrations. Thi o

provi des a Ametier thadipracedingf eniedimritguea sbairdotube may
th NN n Lts ti :

o ac2onala ST ed(SpRITELATab S palcRkRy tife Tignt path
havky e ni el ceheyo bird iegbg i fti ng operations. It 30

is in fact pOsSiplRat 8rdabel Nerddefieflerd idBntBe keadlar to
and/ or stress state_of the lifting nenber 1, an
t het@Pge Wileky abtednt ACtRASHET ySERKE (A SESEFts | oad

and/ or The use of an optical stress sensor 2, because of
ite responsiveness and speed of measurement, enables
measurement of high transient stresses that can occur
very briefly during impacts and vibrations occurring
during a lifting operation, and without the optical
stress sensor 2 Dbeing damaged by these impacts or
vibrations. This provides a better indication of the
fatigue state of the lifting member 1 and enables its
preventive replacement to be scheduled if it has been or
may have been damaged by earlier 1lifting operations. It
ig in fact possible to determine in real time the load
and/or stress state of the lifting member 1, and thereby
to establish accurately and reliably its load and/or
stress spectrum.
As seen in figures 1 and 2, the optical stress
sensor 2 is directly integrated into the 1lifting member

1, whose functional external shape is not modified. The
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stress spectrum As seen in figures 1 and 2, the

Optibseatraast b8SS 35 sensor 2 is directly integrated

into the lifting menber 1, whose functional externa

shape is not nodified. The 4950PCTtradl GB. doc 13

lifting menbers 1 represented in figures 1 and 2 can

therefore still be fitted to ali3the lifting machi nes

for which they were originally intended. An optica

fiber optical stress sensor 2 has a 5 very snal

di anefterngl, meirblertshelr expregdntted hén nbtdranégall and 2 can

?tréﬁéﬁ§§6¥ tg@'iifﬁénﬂigggHeEolaiF Eﬁédhgftaﬁbeﬁkﬁgines for

if at all, %y the presence of the [ongitudina

pasdaiyd | eheY vereypekdinghky 2intenrdgd xi ng areas 5a

?ﬂd 5|b 1_0tp§H ?oﬁlfzﬁéﬁgte?fiiﬁélxa 5@9%%@} %@ﬁ eéeﬁé@ﬁl@f has a
e longitudinal portion 0 e lifting nmenper

The'opf i cﬁ‘“ag r e S4 TETEST g'i s YiFBt cfid§ rgf‘?ﬁt sahat the

waymecshdiec £ eatalengi® | oft itk nkhbeind beimsen ttheis hardly

first-fixing area,5a.and,the .second fixingca : :

Thiaséfl%Cta(?cg’a hgvﬁﬁga%ﬁéorpgt gtn S AT er D,gfi %Elgsﬁpmgltudlnal

st rrtsdmge ldnearly as a function of the load fixed to

the distal Irpof%%&tpﬁgbl.ofaﬁcbezl,' ftﬂspgf{'ff@ r a{l‘ﬁgghesa and 5b

stress induced he lifting ne 1, an
weidjft ofrrABIL@ad inar e@ t hePBEbRBt cashianet@at eraifgre ©f the

20 whd aasll tdonal orpal € Watd i Bnet {y snetdrout .

risk of errqQrs through using approxi mtiqQns in th ,

cal cul ati ond’® PRE1H leﬁﬁaﬁgﬁe DxHowh PﬁfSQEﬁﬁéh?Q.ln the
aPCbaﬁmetwh&y h@nghéydir@alf orfa&srwl el::lfti'dr_SSg arhel’h}h@r_cenb:éeween the
0 he crpss: section_of the . l.ongitudinal.portion|c .
of TRt FiRied Skt Rnagernl S Hadd PG  Henssp. This
2 i%retdne_rk@f\drre; aaccmmwiaard: [ rditdrretrmt rlal fiitberisof stretched
the J,anak{yidhpal, AN | GeOld® bl RGPS e distal
Thi's enabl'es  nmeasurenent of a pure axial stress

ex@dioh kheofl itthe nji Boinmemestber IThe neasurenent is

then not adufs sgty¥eddl ealbdedbyiriyhel 1€¢LIngf MAKEND1L, and

of the lifting nenmber 1. ,
the weight “of the load, are therefore easy to determine
without additional calculation and thus without risk of
errors through using approximations in the calculations.

In the embodiments shown in figures 1 and 2, the
longitudinal passage 1d is at the centre of the cross-
section of the longitudinal portion 1c of the 1lifting
member 1.

The optical stress sensor 2 is therefore
accomodated in the neutral fiber of the 1longitudinal
portion 1lc of the 1lifting member 1. This enables
measurement of a pure axial stress exerted on the lifting
member 1. The measurement is then not adversely affected
by any effects of bending of the lifting member 1. If
this were not the case, with an eccentrically positioned
optical stress sensor 2, bending effects could reduce or
increase the stress calculated by the receiving and
analyzing means 4 from the signals produced by the

optical stress sensor 2.
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this were not the case, with an eccentrically

pOSkdioned ..0pti cal stress sensor 2, bending effects

coul d reduce or increase the stress calculated by the

recei ving and 35 anal yzing neans 4 fromthe signals

produced by the optical stress sensor 2.

4950PCftradl1GB.doc 14 In the fiast enbodi nent shown

in figure 1, the distal end |b of the lifting nmenber

1lis "T-shaped". It is a rotary latch, usually naned

"twi stl ock"In wheelfinsedemnhodomesti releml ing fdegunsesl, the
forgliftin n 4 t Al g gt "
R T g R

of the |iftithgifeRb&iothnys kol shupedllyhaameds t'itygstlock”,

menpedely  §REQS SRt @b ity figUiendl 18y WeERL ¥edSEEr NAfting and
many I|f¥|ng devi ces, for exanple in cranes in the 10
fi PYGFIRG VFPREAYR®ERring. In figures 1 and 2, the

l'ifting menher thearthdddd merecesvdury and faralnezihg the distal
means. 4. constitute | gad., .neasuring. and a in

GodPet 1S TAEL 'T ohfen A TRR SEhBgR 210 fh oh¥BlNdnaed. The
al | bixét t g detebeirnd oreprzsemtred ofint fégure fl iswwagely used

par 14 ight: JddJ ted py IS tiR0 JBIRE in th
1, ﬁ?ﬁ"@i&éﬁgf‘é@ﬁ%m&?ép FoFh ie%%% et 17 e TS
durbi¢ebth of apbpll corybree¥indads and their intensity,

20 - the nupbef; hr&ycheanpers orymd byré gy ! héhb88 1 and the

menber 1. By establishing the | oad and/or stress

speEerehYing AR | pRRdy ZHofbemeRTY t s FRBPEFERES 2@ load

posaédbering ehfeshadykehgyabibeideagnoThd sofl calde measuring and

IR TR ety 3R E U BB SRS R e of e

usefollhegihgapansastuersg and analyzing device 9 can

oS e IR o sl o, (et sipiner 1.

cut of f the 3hsupprgsadistppierot chael iffinggneekerel

if the load. the duration of application of loads and their
intensity,

- the number of cycles performed by the lifting
member 1.

By establishing the load and/or stress spectrum
of the 1lifting member 1, it is therefore possible to
effect a reliable diagnosis of the lifting member 1, and
to schedule its replacement before it is broken through
excessive or unsuitable use.

This load measuring and analyzing device 9 can
also be connected to a safety device (not shown) provided
on the lifting device, that is adapted to cut off the
supply of power to the 1lifting device if the load
measuring and analyzing device 9 detects a load greater
than the maximum load that can be lifted by the lifting
member 1, or greater than the maximum load that the
lifting member can lift safely.

This kind of load measuring and analyzing device

9 can also be used to monitor the fatigue and stress



measuri ng and anal yzi ng device 9 detects a | oad

gr eateet.ad.Ran the maxi numl oad that can be lifted by

the lifting nenber 1, or greater than the nmaxi num

load that the Ilifting nenber can lift safely. 35 This

ki nd of |oad neasuring and anal yzi ng device 9 can

al so be used to nonitor the fatigue and stress
4950PCTtrad1GB. doc 15 state of the lifting nmenber 1.

Thus any residual stresses in the lifting nenber 1,

or storte|lafttile bbhiving vémbée 1l oRhusudnyakregdduiadn stresses
| G4 nhEALLRY 1B pOSRL: Of  PLaStdh - ARBH O Plor of th
thelllfigtl‘énl_lr%grlrggr ot at nhybcaﬁisogl_it to 5 llE)r eak can. _e
easiong aidionak i PPEEiON 4dr o IBdigtdsenthe PRAGFI A Plastic
anQ%éfcﬁﬁrha(tgjicﬁﬂ ?ﬁ? tﬁﬁJO mg_&u@htggrrteﬁ%h o iof ?t‘,h’lﬂ: nfaaigaegerﬁuée it to
conform n o the odj menf_shown in figure 1. e
Ii;h??égré%ﬂmﬁ%?ﬁ}¥u %ﬁ%ﬁﬁﬁﬁ&?é& the four corners of

the frame GioMvehs f rapeed@nbscan Hindisiedy and lifting frame
i nt er cha bl n_a handlin antry 7 or a a

shown i qgﬁ%aglﬁ’ngé g?ugr T erﬁb osadgr %o?gérrgfng To the
f ordchbddinfieranesBowns ighduirgune 1 gufbe5 lilfititige fiempers 1 are

shqyy i i gur e i fti rgqilrrq.g{ |l yhich £
provwcéékéat%%otﬁfcgpﬁfigg%h%gfica f% %??%%sgéewséfs rame
cormetdedodyuse@ai Rearepengesbiyber aohneeling HBRAZY37 or a

to &%H@t _ ,nlf@cgh&%\rﬁgiﬁn_@iéﬁlﬁﬂe}/@,n%r fEfEﬂ{HS %hfhéhtt loader with
sequential |y analyze signals conming fromthe optica

fi t?erf%‘ﬁ?]ijc%q 1553188 8 s S GTROVThot SHEHE ont ai ned i n

the liftingrnesher Sdamelhe rsawitvi g afih2€e asal yzheglifting
nmeans .4 exani ne_t he .l.i ght waves reflected.b t .

O TTSHETS par S5t e dedHERVEHER e ot « REC4EPd chipgr optical
of wacted i f séngomenbepnibeanddt hényef osleedthizedal aptdfal fiber

th orl;r{)éaéjcf trr{et nssupgor]':g. J&ﬁm&gcefé/éé@vﬁ{? and analyzing
anal yzi ng ns & ¢an therefore 5 process 1he
si giRaTs chnilnat f seaneheiaply canatiyper segnpdal cogipgsfrom the

sensa&-{not rghawn) Sopjained dir-de | kEhsBgs MBH®¥ S shown)
1 to deternmine one or _nore of the follow n

parGiftained | iphethei dA HiinG: eBeBYSEACH 1 i gp?ngr?f"é?\jo‘éﬁl'ng and

1, analyzing means 4 examine the light waves reflected by
the optical fibers, and deduce therefrom the stretching
of each lifting member 1 and therefore the value of the
load that it supports.

The receiving and analyzing means 4 can therefore
process the signals coming from the optical fiber optical
stress sensors (not shown) contained in the 1lifting
members 1 to determine one or more of the following
parameters:

- the weight lifted by each lifting member 1,

- the stress state of each lifting member 1,

- the number of cycles performed by each lifting
member 1,

- the location of the center of gravity of the
load.

Knowing the weight lifted by each lifting member

1, the precise location of the center of gravity of the
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30 - the stress state of each lifting nenber 1, - the
nunbekr.fccycl es perfornmed by each lifting nenber 1,

- the location of the center of gravity of the | oad.

35 Knowi ng the weight lifted by each lifting nmenber

1, the precise location of the center of gravity of

the 4950PCTtradlGB. doc 16 | oadiean be deduced,

preventing accidents that could occur because of an
eccentric location of the center of gravity of the
IoaBOMemanfthmgdeduCEldl,s preventingl |aceidqnips that could

unt&@@&g BF BBQ ofe @nﬁ'é%b@ﬂtg§¥'Q%CQ%H%%dchy fhe center of

[ift whose wei ugh 1 ess than the
G g ght theri Load M#@rdel/%%’éln%aétan Benprpyents all

Ce%ﬁékOBfgf@ﬁimélﬁl ﬂhl@ifr% Jenox ugfth@gm&i@mce caused by
e

| f b h d f
et £15 439 Fro SF | ¥edgihal | 9L FOANER oG [ham the

conﬁath&mngvetugﬂu flimdtt hefl ade Bewdceny habengt texcentric
Ilft Ioad can be stopped if any of the lifting

eer?ts 1 s Fiot' ¢ o¥1tr| buti ng enough or at all, and
the ot her IS¥mikarienbermowing e theppovaighy drifted by each

exce §ﬁ*ﬁblﬂ ;h%slﬁéigﬁEé¥eh¥ baehe%§e%hkh91%%f members

15 o e | evi ce _and personnel noving aroun

inthdsi ﬁﬁzﬁuﬁétlar ehORABA M oCONE 1paNFiEg. APt hbtighing the
t hep bod di T'Hu@n@nly fddegndt afe Biftepr aseid eshm Nbe stopped if

[ OU5SeR, e 0Ll 2abt LU 1 TALP0C TEIRELS he emoun
l'i féi ngt n@bber and, ther apped diftengntleybkats 1 are supporting
o T BRERUE Y G0 I LERLL TG £0T 8Bk el e antety
expdf cthéyldésangbeidzvmed aa‘ni:qmmascsraseldimfev'seg around in the
o L R e e Y 1B, dog 17
CLAI MS Although ™ the holding and 1lifting frame 6
represented in figures 3 to 5 includes only four lifting
members 1, it is possible to envisage a greater number of
lifting members 1, arranged differently for
simultaneously lifting more than one container.
The present invention is not limited to the
embodiments explicitly described, and encompasses diverse
variants and generalizations thereof within the scope of

the following claims.
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1. Lifting nenber (1) intended to transmt all or a
porbsho.@f .ot he Iifting force between a lifting device
and a load to be lifted, including: 5 - a proxinal
portion (la) conformed to be fixed to the lifting
device, - a distal portion (ib) adapted to be
connected to the load, - a |ongtudinal portion (ic),
extending fromthe 10 proximal portion (la) in the
direction of the distal portion (lIb), and adapted to
be stretched elastically by QIiMsrtion of the

Iift!ng for &, ﬂ%fgl ?&EﬁﬁgrinUBhaﬁhtén&QS txnn%ransmit all
| ongi tudi nal portion {ic) of the'lifting 15 nenper o
(1)°% nd uBestden eabt W Ildfdiingi A/KcpasBageeep1h, 1ifting

- alePidd CRLd SA TBSSd Sehse (2itdd, | Nserd@rhdnto said

at | east one | ongitudi Tal passage él d) an% s fixed fixed
to the laterd RAPKIBRLsRAFTON ehk?) ofEEBRGEGudihabe fixe
20 passegel { fi)ng adelvicepnnect i ng neans (3) are

provided for _transmtting.the sj,gnhals_fromthe

opti cal stresy géﬁé% B ) R néialg)g f‘%"p%g rteoceklj(\e/i ncémneCted
andkcanatg zZiordt he signals fromthe optical stress

sensor (2)._ ' .ﬂ'gaf"%ﬁ@f{' ) or di @ £ th
claiml, chazarsa%?%ﬁéded I'n that ﬁﬁ% ég;é?ta?kgtngsgg ron_l ©
sereax{myl | pontileand Hbai heln attdical dhaectdpn hef the distal
| onghtekcbnal 1ppssafs adaphed 8 beastracthédt eflbstigally by
area}ﬁ(]Sa and a second , fixing area (5b) situated at a

di st TR b FR% neyE 59 nfR¥RE1 ongi t udi nal

directi on addhdtm-danigiddidimalhgmssage  (1d). 3.

Lifting nmenber, (1) accordi.ng,to claim 2, R
charact eri z'eg:}f% ﬁﬁ&?lgﬁglpg}stp?ﬁ&?@ arsd (85) Wiy tifting
t henegsmond 1f)i xingladea (&) laesti none aremgidfudinal passage
conﬁ@nt 35 dianeter (D) of the longitudinal portion

(lc)y of' the lifting menber (1). 4950PCTtradlGB.doc 18
- an optical stress sensor (2) 1is inserted into

said at least one longitudinal passage (1d) and is fixed
to the lateral wall of said at least one longitudinal
passage (1d), and

- connecting means (3) are provided for
transmitting the signals from the optical stress sensor
(2) to means (4) for receiving and analyzing the signals
from the optical stress sensor (2).

2. Lifting member (1) according to claim 1,
characterized in that the optical stress sensor (2) is
fixed to the lateral wall of the longitudinal passage
(1d) in at least a first fixing area (5a) and a second
fixing area (5b) situated at a distance from each other
in the longitudinal direction of the longitudinal passage
(14) .

3. Lifting member (1) according to claim 2,
characterized in that the first fixing area (5a) and the
second fixing area (5b) are in an area of constant
diameter (D) of the 1longitudinal portion (1lc) of the
lifting member (1).
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4. Lifting menber (1) according to any one of clains

1 tBsodmrae@d-acteri zed in that the |ongitudina

passage (id) is blind, extends fromthe proximal

portion (la), and is disposed at the centre of the
cross-section 5 of the longitudinal portion (lc) of

the lifting menber (1). 5. Lifusng nmenber according

to any one of clainms 1 to 4, characterized in that

the optical stress sensor (2) is an optical fiber

optical sensor,Lifleinpt meabel bét) 1Gdssindg nicastenehyt opone of

theg }é‘ilﬁéall wal, of iy % rLeRglL 39@@% R %agehél dl)oagatudmal

the first fIXIn area he secon |X|ng area
(5bpasBage;| f(ﬂﬂhg 1|$erha'lérndac c@ﬁwr#@s t bremafhes proximal portion

chagags er hagd iisn dioddie Hptikal cEhbee b% l&qaféde;ckds”gisectlon

tal_ tube itself bonded into the Io i_nal
pas%ggg?‘e( 1&7@%11%#?# n§OFEAREr  &Tor 8fn ifﬁtéﬁg member

of ¢lpinms 1 to 4, characterized in that the optica

stress sens i ncl ud a Laser .rang flnder .
adapted to rod%%%t%P%om% %ﬁlacﬁ%r?lngtﬁ PVétEh.ﬁE claims
of th&ol angitharaetepdzed onn @h@t(ﬁhaheptltalngtress sensor
Menpgl {d) anBopthbhl NG BREDEL G LA13GROKGN0 it YBEMA fiber

, character

porb%ﬂg (flal§)te|n§dho‘é)<k Shepetpteomnb. weilit oy ﬁbﬁbérOTKQIF)tUdlnal

accgagls&?et @1apy1ﬁner1ef fiekal WBxinko azeacft@rae)cta@fd 29t second
at the dis portion (lb) is "T-shaped". 10.

h
Fbl%%ﬁbn%nﬂr??f§$ﬂb frame (6), characterized in that

it mgl udess at if%ing)?e thérfibéNg redderdirld 3Hb  claim 5,
accofr t 0. any one to 9..11 _Deyi 9
forg%%ﬁ %??ﬁ z d13n5%§§|ﬁ%e oqcﬁﬁﬁlc %.%%t%?lzggg ﬁ into a
t hatetal| rtciblsade’staelfeéc&mdmb ihtot it mbabgitudinal passage
accey gjng to any one of clains 1 to 9 and the

receiving and anal yzi ng neans (4) process the 35

si gnal s conf ng k¥branheneppeEapcepreisndsbasany( Ppet @f claims

det er gbne onenhLFa e £ Mgt hg kel koW H8¢ 88BI ek%ress sensor

49593C-rt1rnacdl]{%3esdog laser rangefinder adapted to produce a
signal imaging the stretching of the longitudinal portion
(1c) of the lifting member (1).

8. Lifting member (1) according to any one of
claims 1 to 7, characterized in that the distal portion
(1b) is hook-shaped.

9. Lifting member (1) according to any one of
claims 1 to 7, characterized in that the distal portion
(1b) is "T-shaped".

10. Holding and lifting frame (6), characterized
in that it includes at least one 1lifting member (1)
according to any one of claims 1 to 9.

11. Device (9) for measuring and analyzing a
load, characterized in that it includes at 1least one
lifting member (1) according to any one of claims 1 to 9
and the receiving and analyzing means (4) process the
signals coming from the optical stress sensor (2) to

determine one or more of the following parameters:
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19 - the weight lifted by said at |east one lifting
Meneknldd soc- the stress state of said at | east one
lifting nenber (1), 5 - the duration of application
of the loads and their intensity, - the nunber of
cycles perfornmed by said at |least one lifting nenber
(1), and - the |l oad and/or stregs spectrum of said at
10 least one lifting nmenber (1). 12. Device (9)
according to claim1l1l, characterized in that it

i ncl udes a pluhal weygbt Liftedgbyreseiiat saff 1Jefst one lifting
hangdl 109, t sane | oad sinmul taneously and the
recei vi ng and anal yzi ng nmeans (4) process the signals

15 conming frome prueapi Bfade i eaidseteskeashsepe lifting
(2)mdpefet £y m ne one or both of the follow ng
paraneters: - the location of the_center of gravity. of

the |oad, ard® EREALILPN et f GPPS 1EREACEd By &dign 1oads and

i fehepr 20cemedey, (1). 13. Device according to either

of clains 11 ar 12,. characterized in.that .,the Liftin

Govice 15 & the drtRCE et Ve LEE “nal eolibac DY saihl A least

to @mehbifxﬁnglmemmeﬁl(bx, 2d 12, characteri;ed in

that the lifti deyd eah%/%rcrggges 154 Y)GH of said at
C or f, % |zef

according to either o arms 1 2 aracter
in st tore | 1iftirg desleeri 6. front | oader with a

forklift frege (Bvice (9) according to claim 11,
characterized in that it includes a plurality of lifting
members (1) for handling the same load simultaneously and
the receiving and analyzing means (4) process the signals
coming from a plurality of optical stress sensors (2) to
determine one or both of the following parameters:

- the location of the center of gravity of the
load, and

- the 1lifting force exerted by each 1lifting
member (1).

13. Device according to either of claims 11 or
12, characterized in that the 1lifting device 1is a
handling gantry (7).

14. Device according to either of claims 11 or
12, characterized in that the lifting device is a crane.

15. Device according to either of claims 11 or
12, characterized in that the lifting device is a front
loader with a forklift frame (8).



