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4950PCTtradl1GB. doc 1 LIFTI NG MEMBER W TH LOAD AND/ OR
STRESS:-M=ASURI 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 nenberd are routinely used in
fields such as «civil engineering and handling cargo
in ports. Many accidents that have occurred wh

i 1 LAFTING MEABERHITHC 30980 AP/ O] HIBERSd MOEURING MEANS

attenpting to lift an excessive |oad, greater than

the maxi num |l oad _that it ossible to |

e, et um | 0ag Lol b R BORH BhE SRbhia

has al r eadyrHeeepregent sageeritd cef f echcarasurlenBnirgy omembers,
the _actu rs of the 1 I|ft| ne for

on lh%(?raﬁél)c%roan%r?hgplegf alalnd tong(é ka:.l n(§ eé)vveﬁ)%%t gf torce
t hebeltomshri &t édfbyngheievmdet i agd mac higeed | hdi b@ctlyfﬂﬁd Such

cal,guylat] nmg%ﬁ%%% ggecauséﬁgkhgg ugaye Pﬁovfﬁgld%] such as

danger ous, owever, npl oy net hods that
us€1vid mnsmearinicondahandd imet ctaa@@ d&f FPogtEnt

account of pahy §&@i&l§n@£ i St RHGEUrSc@lirtd® hiHeld NPifting
machi ne. In t ca?é I|ft|n chlnesthat use, a

ol dearis yrae | FaeE Rentior 8£eHg AREGES 13 C iy N to Lift
acendentcedmine al sad ,ocgﬂéae@lr ashanr ehel tmamflnmi’d yleeadrethat it
of .25 the.lifting nﬁhb t|n E% .| oad
oxy PEES RN G 1404 FIER For Patdd HiASuiegE e
spreaders Toc | pidevemt| sluplhe at@tmlqnttatch@s Jaelaptaé-d-”etagiy been
5%%%%@%9@3rEffE%t'ﬁ@Qs?PQméﬂtéogﬁ %Wé)AJtdaﬁors of the
V|r ue o em havi ng enentary sh
" Spiéadags maghi nesod %@ﬂbngxambe %0 thﬁd%fg?éﬂtl& | 5qs gRgereot,
hagdhe egnt@hiels thdOkkight 6RIaGESENIoL NAREA by the
| at ches in oblgong holes di Sposed at the four top
cortAérdngs m@ﬁél@@mlafiﬁé@gt1be6¥n&?A5UAﬁtﬂﬁe state of
wear of thehegataingiradtl theths@actBaté hpBoved dangerous,
suffered, the_ _oblong hol may be deformedtt (ﬂsno
EB@FV§§ enabe&a&TER |&§Fth PGy i that  use
ef bppredimathoansl ywnd do not take sufficient 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 lifting frames known as spreaders include
multiple rotary latches adapted to interengage with the
load and to lock onto it by virtue of them having
complementary shapes. "Spreaders" are used among other
things to 1lift 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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4950PCTtradl1GB. doc 2 sone of the lifting nmenbers,

wWhi ke pesul t in an overload and the lifting
nmenber s breaki ng. The docunent EP 1 236 980 descri bes

a stress sensor for lifting nenbers, including: 5 - a
support body and a pressure cap which together define
at |l east one fluid conpression €anber and are
designed to be interposed between the lifting nenber
and the | oad support, - nmeans for neasuring the )
pr &¥3Wf e AfnstAE t AL C109 c FRIREST on % SHbelayTHFeS Rt hg in an
of StdrEisSadeNsdrei®n iy ihd hemAp iwaddiomef | oad to
the liftin uced_in

TG gt g o e AL 0 s

- t hesepreass ufaer | Inisfi tiend. hveendomr e sigicddrud ity :chanber .

However, ”e-a?a“”é@?@éftessﬁéd{?y E‘FxﬁSPra{ NG, PLESTH © cap  which
proves relatively accurate, relativel y unresponsive,
andogatdiay véefoneergfer Acart vane afilofd. ceepregRion chamber

respRNsgral ddisghade cof Sirastcipona BOtdees e lifting
all ow. the neasurenent of stresses induced in a
| i TR skt hen 1asd SHARCTSH: i npacts or sudden

accel er ati onsne@eRUr Foitg mMbgsutihgi Nghé hedaatirelhénside the
sane_ _appli.es if vibrations are produced during the

op&PABREGTE 5 19 and handling the load. 25 This
Kind of stmeds nmeksndeneof | sstnezessarddnsoreff eonédors  the

" el LBE il n@ﬂ%ﬁ%@ﬁ#gﬁ&% mBifled dRFURbnitors
of I's 1s a lack of accuracy in determ ning the .
st tdss storews chndheed fin ngheeddditing reempgr by the lifted

SUQE%BFer ke d b\eF eth%hi?rgéggrgf SlLESS I8RSOFompression
requires “30 adding To the Tifting nenber itens that

pr 6P@™W6The very bulky and difficult to adapt to al

wi del y usegokielielrg me&@%ﬂi@@dlsmdw%%me&ma Pressure

THE | NVENTI ON A first Qroblen1address d Y Ehe :

i NPERVESH Fglatlvely naccurate, relatively unresponsive,
and sensitive to temperature variations.

The slow response of this type of stress sensor

does not allow the measurement of stresses induced in a
lifting member in the event of impacts or sudden

accelerations occurring when lifting the load. The same

applies if wvibrations 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 1lifting
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.
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35 that of accurately nmeasuring a | oad and/or stresses
induced in a lifting nmenber when [ifting a load. 3 At
the same time, the invention seeks to have this
measurenent carried out as close as possible to the
lifting menber, to mnimze the risks of errors that
can result fromcal cul ati ons tRat use approxi mations.
5 Anot her aspect of the invention seeks to design a
measuri ng device that is very durab abl.e t

wit hstand AthphBes,SamfsehdMei ve-i% éF’é(@f‘rt&ﬁﬁlgn%‘??]ES to have
fieis mewblitatentnecessiédt eatnasi rilerde arlpossible to the

caljbration o eration to ensat e .t enper.at

var]11?11'!tr Thre F%v@ﬁ??‘gﬁngugﬁﬁerrlf?gﬁsofo& eczc,rlsgnt%lat can

dewiecal tf oﬁrqmea:a]rquiglttﬂmela/\mf@m usfe appoakimatiofshy a

lifting %{s? cgl'y ddditd Ngo 8design a
respon3|ve an

| oad, that very fast,
enmangrlmaldqvme Heasutenyery Brablgt @1eds%cwlthstand

dt%Veniﬂé’éhéﬁeiﬁﬁe Lo ene\ét%magﬁea‘a@t:tn@wr igd that
deV|ce that can easily be |tte

st of the
exPRGERF HtatSshg HenbHe R HAn S, %,t{%%d PReTRRion to
i fdﬁm@@ri(;saﬂed,tég}pe@atgd@pmwlmlm .be carried out
wi t hout detectabl e nodification_of P I es
of the |If§§ﬁ Vg Eon T% o Y % a%%beégggé%tﬁl device
oMﬁmnsnea$mr1mmvehE|m&m@ﬂmo&ésaaﬂqdd|hgfh%ﬂbév a 1lftln9

fo?n%g&%q: t?]dtr{r ss@é q{dd%eqpr f)édﬁ?%ll&gangthat is

tlng evi ce an
| i hrigdlyi noqaﬁma@lvzas angl presdyal few'm ofnelohi B9 negeal -time

ton@%s&&éﬁ@nko the lifting device, - a distal portion
adapted to be connected to the load, - a |ongjtudina

portion, eRted¥TEGSEr oMSPRET 30 Tpr dHiSml BRI | pSeeks  to
th@r@lvrlafétlgn Wmpdtd ding&ahirpagt ldHVlce’indhadapctaid temsily be

besshehehed elaptl gl B e85t 08eshy IRHAY e are
widely used in the lifting 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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- the longitudinal portion of the lifting nmenber 35
i ncl udes at | east one | ongitudi nal passage, 4 an
optical stress sensor is inserted into said at | east
one | ongitudi nal passage and is fixed to the |latera
wal | of said at |east one |ongitudi nal passage, and 5
- connecting neans are provided%or transmitting the
signals fromthe optical stress sensor to nmeans for
recei ving and anal¥2|ng the signals fromthe o

n

.stress sensd® WrH SEEF?€a§e§§FEé§j%eﬁ%%?gﬁﬁie§nto said
nea@wrilegstlooﬁ@elbﬁgdtmdmu t;lsmssseig@saeﬂ i tslu€acteidn to the

(e RO Bd L 5a0e donh Bglbiasnar passage,

seremod i s advantageously fixed to the | ateral wall of

the | ongitudinal t 5 t " 3
aré%%ﬁﬁggaTégng r% f%ﬁﬁdé% by annsmlttlng

second f[xin% di'stance from each
ot Here i aighalsodgomudiheal ox@lﬂ@%%u §RTEest fensor to means for

|0nﬂééé@ﬁ?§% %@ﬁﬁagﬁalyaﬁ?lﬁ“f:héngsi’gﬂl@ﬁ@ fA6m the optical
na

|OQ§%tudl portion o lifting nmenber is
st rEtiGEt ¥astically by the 20 lifting force. This
stretching Uﬁ‘ldd‘leahortgbﬁikﬁﬁhwstﬂ@stsi OSenattesnddws measuring

di st,ance bet we t he fi in ar eas ch ca S
vart?}:‘ﬁl glr? 41 taﬁ‘ /grrgng}qg f?gﬁ? %Sopjtrli%% c!ls{]lrneslﬁ{?é Tifting
senmrbeﬁrbm whi £t nvar ithtel ohoadie hsitghdss seapensimducal very
%4?%4 g i ng menber by the | oad and/or the 25 wei ght
oad lifted by the lifting nmenber can be
d| rectly ddtheceabtingd fsteesangengebnis pdvagtageqysly fixed

Carl:cf”@fl@ralkﬁﬁ’erﬂe wA12 constapt m:@@éﬁlzﬁdﬁagaﬁsbbé in at
Iongltu inal portion of the liftin

%%ﬂbéﬁ%%tS%ﬁQﬁ%sf%%én%s%r%?geggﬁ?BﬁanﬁF|Snngtance

i n ﬁﬁincubabhonétﬁ@f emal wadfd NYohhetudinessediveact bon of the
hg gﬁgﬁof the |oad fromthe signals comng from
i 28 %ss sensor. This avoids
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 lifted by the lifting 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 use 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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having to carry out a calculation taking into account
the 35 respective stretching of different portions
with different cross-sections that will be stretched
5 differently under the sane |oad. Such cal cul ati ons
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 5 sections. Stress concentration

phéHdrsRetY et Hdiesamed@ad t hattisle GRfFMdgions are
todfaen | ﬂéom@oumam Nat heimpdad cappibehsathonabased on the

i AR G ChERF 40 L ENBSSoMEReF] \I T abiSs, CPpnecting
Thedmnginsudibetiweras s dgees ¢ grosidivand agedtis | ydbéferént cross-
di sposad, Al Cseé‘técﬁ?cﬁ’{rhéﬁ?et:fc%ri’ﬁghér?%éﬁé‘ % tH@vertheless

| ongi tudi nal por?l on
optaasalr sthet,s aems o fifd cudser ted takeo inke n@fﬁﬁ%ﬂlt in the

fi Q%rlc‘i’lflatttl%ﬂson%'ﬂdld'a%l RO  9BNneh vt heirdbmhvehteBd by the
menber. The stress neasured by the optical s;ress

se RSt lickilager 8L 8PRSAt pERe 44 é'lhest Fexst second flixing

e asdagrent |s therefore not adversely affect ed by

anyflexin i fting menber, which
ot her wi se Ie3| #9n9ﬁgudﬁﬁ?gul% D e :% aﬁFagFOUSIY be
thelilspbtsedl | aad. th@ Vaenoue t ppesthé optrosalsettéss of the

'1%?;51%%'1?1%1 g%‘%‘él Q¢ @%@ ?E?‘tﬁ ﬁe}ﬁe a e at

art comodated |naI passage
|n t he ||fﬂ-‘hng trmrbeptlsaalu IS§tfe@|§t|Sﬁﬂ$%rféﬁ timserted into

OPE'h%a' nSLEESE SENSH oA t bel&ﬁb%dﬁ@él“ﬂ?ﬁrtlon of the

optical sensor, said optical f| ber e| ng fastened to
thé1|f§tl@9ameme|r -ofThenSUrsas meisiied fassHye PRtifRl stress
fi gehsord igeatul-d fortd1da 2paRE. akRbI l@rméssaf Tie¢ UgéaEerement

| sso st cand Lobusland Son e COmPGLed DY ieing of che
anallfzéngrrean@nbeﬂﬂ,e ophi ehl fwdi)ﬁrd canthevansagediadlsify the
angl giatﬁé{oﬂt 8fatgeét %glgﬂgeo tflgr Ti?gggegolaat.o the

Various types of optical stress sensor can be
used, provided that they can be at least partly
accommodated in the longitudinal passage in the 1lifting
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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passage. See the docunment WO 86/01303 concerning a
Bragg 35 grating optical fiber sensor for infornmation
on the 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
means for receiving 5 and anal $zing signals fromthis
ki nd of opti cal fiber stress sensor A second option
is for.the optic stres? sensor de_.a |

0

SR R R 9% BRodie abokBy i nes aftial fiber

strgﬁxénsmseﬁsdme | ongi t udi nal portlon 10 of the
lifting me first ;
i0s8 Tiehs I‘HOE%Q%\# %6‘@4/056 17, which

i nvention, e drstal port I ng ne
cardegstidse shhpedise | angd s:@@mdtlembo@f rreman@f ﬁCPiré recelVlng

"“Qﬂg' Qﬂaﬁg 86'15 nd08 1ieQprofch e difdd ngfrﬁﬂﬂﬁﬂbal fiber

can hIS adapts the invention to
Ilf%QQﬁfﬁnﬁﬂﬂﬁQ¥ nost widely used in the field of
civil engi peasddhd®ropbioh hesf ifelrd tife hephi dal) serges sensor

i n port,s. e or re I|ft|n ers a r di ng to_th
| vt 57 T pEsEo kISR ETIeh | AR Ed, e phfuce
hdsﬁgn;knmmdgiﬁgrmhérswmetdmmm@emfashecﬂonglthélnal portion

i nventi,on jor Ses, device for nmeasuring and
anaﬂyzmeglaﬁqzo%, %naﬁfdl ng at least one lifting

menber as dmplalnédrﬁ@reem@bdvaentn @i chheheinvention, the
F eelsatlNd o R HdPralshaped.
ChiafN p%%m@}ﬁe ? e 1 S P heRtiRGS ape

25 comngtr stréss sensor to det erm ne
one or nol& of tAECPBA| ceibrAbEeReRt s the ( RBVREE4RR, the

| fdied Y paitd ot dfeade QREtlinkt |nféﬂ1bdie@ei ,be Tc-rselaped
stress stat of s id at |east one.li

- the durath %ﬁﬂﬁ thei GHVERTLRB F8a3§1 %PF?ﬁ@$rmembers

inhﬁ@ﬁtwadely used in the field of civil engineering 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 load, 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 lifted 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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- the nunber of cycles perforned by said at | east one
lifting nmenber, and 35 - the |oad and/or stress
spectrumof said at |east one lifting nenber. 7 The
| oad and/or stress spectrumis used to estimate the
fatigue state of the lifting nenber. Replacenent of
the lifting nenber can thereford be scheduled in
total safety. 5 The device for neasuring and anal yzi ng

a |l oad can referably in¢lude a pluralit f lifgin
nember s forTlP%arﬂo‘?é}cﬁg ?Wé/c%lérres‘f{)g%lssiﬁ%? %%%%us%/ a%ged to
t heegte@ing ngthandfababyei ngtatans afan Procetsfthag member.

si ghals_ com from pl | 0 .cal St egsref be
se eﬁia?eome&'é er#)nea?)%e g%ﬂ%%é{bo%ﬁmg%kt h!éa]?ol I owirﬁgOre
parsaierdrissd -in Hwtlalcaafmtof the center of gravity of

the 'l oad, dedte | #d4 | R §OF 655 ex88t 8Habyz8A6ha load can
liftin menber. 15 The | oad neasuri ng aﬁ.if-anal ysi s
a

dew? Q:léﬁrblkad\i@ﬁ’tlé‘&@o%lyplﬁgél}s’éfd’ of? biRg FsReFs for

SUQkk@$] thg heRd! igaghedabdd , samadBhakBaElganind , the receiving
Crane

a biJ]e crane, a stacker or,a fraont-Lo g
W 1 TR NS (TSR CHR BESTRRER R BROLEL T goning from 2
DRAIUNGY ity bBebpalijcadt st ifent usessand &dv alwtegasingf one or
th resent. i nvention I fhe follow ng
de%‘?ﬁbt?%n%heofyoggr?ﬁcntﬁe}fargaﬁnb%g ?r[rge'nt S, which is given
wi th ref er endde t botaeiapperfdether agintgy, ¢h @HAYALY. of the
fi 1 j.5ya perspective viewof a first 25
en‘gl;gdaledrr'ena{té%f a lifting menber according. to the Ft
i nvention: — thegurkiELing o ¥R%EER antheTeed| oRYvi 8RB 41fting
segiisheanbodi nent of a lifting nmenber according to the

VN o 3% ) Rl SRR AT Clprgee can
of advantageously be 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 is a perspective view of a first
embodiment of a 1lifting member according to the
invention;

- figure 2 is 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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lifting menbers; and - figures 4 and 5 show different
uses of the device fromfigure 3. 35 8 DESCRI PTION
OF THE PREFERRED EMBODI MENTS Figures 1 and 2 represent
alifting menber 1 including: - a proximal portion |a
confornmed to be fixed to 5 the lifting device, - a
distal portion | b adapted to be8&onnected to the

| oad, - a longitudinal portion |c extending fromthe

proxi mal portion la toward the di | _port] I d

10 adapt ed tHHEIFLTIEN R Téi%é’?@ﬁ%?@%&&@ﬂ%

lifting f@iemreBhell oagdt wli napresentonal cloftimge member 1
I if.ticglglénsrrber 1 includes a blind |Iongitudinal

pasSage ' Td'Ext ending from the proximal portion la. An
optical stress memsonal pesrtbonnger cegfiopmed He be fixed to
| ongid udi 3l , PIRSA id and is fixed to the lateral

vvalq‘%{%f t%{aeu}c'gn i t udi'nal gassa e Id. The opt.ical

stress sensor JisfirbePpritent dbt pelapies: 40 g | copyected to
meaie ofosi W dely used epoxy resin. The | ongitudinal

passage id is blind, and . extends 20 fromthe 0Xi
portion | aof t henFi FEfARRre@RIEHOn i <© Fﬁﬁéb?gn%rom the
cofrcgtim@ll opogte@®nnolai Npadrdn thike distal portiom 1b and
| b, ich.is the "active, portjon o ftLn ey
AP RS ofoultacRERG CRED Careend rab i, Fel 9 dqps 1ifring
| orfgitaedi nal passage id can be open-ended, for

exanpl e, 23410 i 3fyilddAlfy il did) AP Rt 126LiAE member
the optical stress sensor. Z. Connecting neans 3 are.
pr dviidurl udss 13 dnkind t legiciginel PrepRgReldpertgpding from

St ess SEHRPha? LOr¥admS YafOAn IEicdINgs@Rdss sensor 2 is
anal yzing signals fromthe optical stress

0 SSnsorfixed to
2. stk idv@® et sl SN 3 T RARRAYE ahd 37 hE

the lateral wall of the 1longitudinal passage 1d. The
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 1la 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 ld in two fixing areas 5a and 5b
spaced from each other in the longitudinal direction of

the longitudinal passage 1d.



10

15

20

25

30

35

optical stress sensor 2 is fixed to the |ateral wal

of the longitudinal passage Id in two fixing areas b5a
and 5b spaced fromeach other in the |ongitudina
direction of 35 the longitudinal passage id. 9 Wen
a load attached to the distal portion Ib of the
lifting menber 1 is lifted, thed ongitudinal portion
lc is stretched elastically by the Iifting force.

Being fixed to the |lateral wall of the 5 Iongltudlnw
passage i dWhen e 193¢ ngt hrehgdsgoakdressiistae R 1P of

SUIERS BEASHHg ZméhﬁérU@dQ%QQ%iﬁéd””ﬂﬁé|D@n@ﬂtuﬁﬁﬁ@lhportlon
That varlatlon in |length %grle ?F;bg&%: 3% from

t hetptS Shrehghess d@RioC ¢ ce

anal yzi ng medmgy 4 YiRetihe m@nn&@b nglaeaaalB wdiEl 100f  the
var,jati.on j.n the signals._fromt |cal S

vonsdigFhdihay rade St acb o o Mo il ppFER8 52 and sb,
whitdte tdpe ie@tli el resst _rmmn%oal@onsn@emg@e&s e@l vapeéation in
SUNRLERN0 Aol NG PPLLLa) ShY 380RAN Al o Ahe PEjgnals sent

e varratiron int nascomng rom
15 ftrmt ohei et isialesstzeasorsensomdli $xohBedgRapiving and

subsiantiidld ¥ vkt 10 e elasd | Costnedeinag xﬁéaﬁ@e 3. The
| ongi t.udi nadl portion |c bhetween the fixin reas
and 28Rt iRRoith g eh & TRk ATSY e ?P?%?%E %’ﬁ%%? gensor 2

andslH&rd@ﬁﬂyﬂlﬂﬁﬁedﬂﬁﬂiﬂﬁéﬂ$ﬁﬁéﬁﬁhlm§ ts wietyheaky optical
to educe the 20 _stres s |nd ced inthe lifting

&FSE BPTERE Rodf, of a calculation well
knomn to tﬁhepstxehchhmbled uhetdpttnal Sthosss sensor 2 can

t t A f t
SUSE IR, O LIS S0 LB By o coon
meftbet 1.0pti¢alt hetaesse ase®sPossiZhl e apd251s Jonsidered

de%%h%k%ﬁt&%%l 'QHEan the EHE“jérééé%% bystilee dHifg NBf  the

ti'ng menber 1 itself therefore
coagpstlapéénaﬁcea%rqmn n%‘és@@tﬁ’ﬁephé:%l fhxipg preas Sa and
| 0@, mltdge t1§d rxﬁ@@@ﬁland@ﬁeahenltllfelhgf triefberenbednd its
o Bellaacad, Sl Plhese® 8 958 P BRI, feduce che
whenreakes! dtnidwedusin 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 lifting
member 1.

The lifting member 1 itself therefore constitutes
means for measuring the weight of the load. 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 wuse
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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approximations. In a first enbodi nent of the

invention, an optical fiber optical stress sensor 2

may advant ageously 35 be used as the optical stress

sensor 2. 10 In this kind of optical fiber optical

stress sensor 2, the optical fiber is attached to the
lateral wall of the |ongitudindP passage id in the

first fixing area 5a and the second fixing area 5b,

an internmediate 5 portion of the optjc fiber hein

situat ed bebedhithe Kipgo PExi APtarads éﬂo%d @% pstress
st redgdbng 20f die ob@maalucﬂlrwr p;D.«ﬁtIaﬂlﬂalchedf tdethe lateral
Lifti nh under d, there occur

st & gg &‘Ii‘et#enﬁ”ntt%q]rfé%]l aP%S%%g?c;% |srb por?ESt fixing
anda:rdsmt sat reaidhtheg b@qmrmﬁuﬁ:emzagca:reespﬁmm ag intermediate
;llabéoa}tl:o L1 Bt %eo%%tgféal PEQRELL 'tb%%]n%f dNeu O CBLtween the

y | ainchin appropria wave I nto
thethptummg beareaemd 5aanahgzi Al - th@p@@ﬂ%@f%‘:w, of the

n .| | 4
port|o ?‘Saﬁ?aihgtd}%f ilghoth & the |ongiingli felber 1 under

ting nenber 1 15 can be

detk?ad ned, tREKE t h@AWEH tot%ﬁ‘l chSeRe || FETRChiRghect  the

' ﬁ ﬁ%ﬁﬁéclﬁﬂ?@%nogeléadUC%éﬂgepangﬂh | riarfet athate stretching
t he ica i ber can exte eyon he I|ft| ng
rﬁ‘fe‘%‘ic?% a @b o TR M HY bot KaFﬁQEFPaht Toufdg Optical

anpregeast {es recEel \umag aoplt hoal yzifipesi.gnadys 2gunching an

comn fromthe aI es ns as
AP SRRES B SaE e, | pbIEaticT ter, e

by masheatmg nelye aueaheage@uwayebethgserarlaxhéoaptlpcéme length
fi bhes Eﬁ@ %} td i1 te o?leoﬁp@.rcoxcbfm‘:ﬁtey 10l&1rH§ member 1

for ‘exanp rot ect ed a Iaﬁ
em@ropév@ |ﬁebem§/@¢dof Fnghbehe .%%ﬂif b Bedtl?% f aifting

V”ﬁtrﬁémlgéﬁ'ijs aé@%@&/f&%d b dedwydd tHerdfidier, the
ol e avil n | a er a rq
cind of fib8H Eﬁﬁcggc%enFLFo%Plp&dﬂaqgftel%%r%??nﬁf{gfend beyond

10 we Epabihggmetbed e toupl &b rccﬁﬁ:apatmg gbowit hhe light
y AL Fikbe METRE boR caheRs kIly 1ot Mgy /e signals
coming from the optical stress sensor.

In the case of a movable lifting 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 bent 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

fromthe lifting nenber without |oss of efficiency of
the | oad neasuring neans. In the area intended to be
inserted into the 35 lifting nmenber, the optica

fi ber can be bonded into a 11 netal tube itself
bonded into the |ongitudi nal passage id. In the

| ongi tudi nal portion is of the }3fting nenber 1, the
optical fiber, of 0.2 mmdianmeter, for 5 exanple, can
be bonded into a netal tube the insi

whiBeEa s éﬁaﬁox}mleﬁybs‘néeﬁnlafhﬁotﬁg Sjt%l?%ﬂetudlnal passage
di ageeter of which is apprOX| rmtely 3 mm the tube

being its nded into ongi tudi nal passa [ dqsep s
The opt i calefq‘l Egl g??%%ﬁu H)% spg)erntsgorl{]zhnaygé %Gnléo lifting
an mﬁbml 15t r eheh opnbonl u@rh@ra Bp&ggo g2 anhngliameter, for

optical flb IS S Whh d
a st ng p g{e Opgl cg‘%(gxg@%er I'nclu esaeéggrﬁ%ﬂr)}é]v\hose inside
refd:eamew ohdexich hedabpreyipatebdi faf| YrapBrgthgeoutside

optd CaheddLebf Whﬁ%hanﬂgrégﬁﬂbﬁimQtéPp BY mi)t &1 tube being
ultraviol et radiation ortion w th,the

peritotraltgndadivinhedhe kg iU nalaRasse9s ity a
Bragg gratimie Jé’liiscﬂ aggbedr aptigatautessseideanidon may be

ot ORFLCRE) phaotRY BRAAPT Wieife. gy s carafing oprical
subiittent | af by émmpléhemltscmsofatBenQOrrmduIvmiQin of single-
EPS{%r e;:ggyl\c/gl nPleb xal Q'ﬂlg;lhggﬁo m@%}:‘tlghb%h?%t Q%fractlve

ng Consequen engt h
refnlrei‘ft}edlsy molde 1 Bagg Igelamd]JgCa]sl}Sua;},Paﬁt itde yOPtlcal fiber

pr CBy D 8 tvy@ ¥a{rhauben& afiati
R I Sk i il o s ion

variha i oﬁlbﬁrt hlwr&%nc‘éltlﬁor nrﬂ’ee“a%dlac dJefXJI t “‘8fiUIated

st G b vec ainfex datectgtl 88 REABHAGHJ girie inoghtThis Bragg

vl andih Leilcto Qet, tiper of opLlegl LSS g in che

FaloptiRerlot f3Beint erdter oaet evawenswyt or celdepl e.the Bragg

Usi r!'iq/' &in ogQ:th c whlfclhbelrs gul')sctaén féff);' é‘xﬂ]éé)rtﬁe pitch of the
modulation of the refractive index 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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enabl es fast and highly reliable nmeasurenent. This
nmeasurenent is also sinple to nmake i ndependent of
tenperature variations by neans of nmathematica
fornul ae, 35 as indicated in the docunment WO 86/ 01303.
Alternatively, an additional optical fiber optica
stress sensor can be 12 wused, that is free of stress
and is not subjected to a load, in order to use its

signal _to conpensate tenperature variations. Another
enBBRIenthet fRe hRAeneF oRTHSES A% hES §°Bpﬁ“&’é’leceted to a
st riessd sensar draldrasetor angef i nikeg adaphed toco compensate

produce a signal i.,mging the stretching of the
|oﬁg%%9ﬁﬁ%¥é11%pa’ﬁﬁ%ﬁ%|°€%of the lifting menber 1. In

this caseAmvthaserembodiomeantt t bé ithleet infenhion uses as the
| ongi.t.ydina S id emts S ' thalgapted t
ar SHCT e 888 R, P, o JHRGF T pahpbrdiiagk (i qapred to
pageegbided, and sigsehsorimesrsidiesthfe refrektleingavef the

The dpndiditdal ANt 1 nBeotnkha ileitdhly ineddt® 1. In this
| ongi tudi nal passa%E ld is then neasured_to deche  rudinal
t héRd S onfi t5238ngAAoAed ahy tha r eRLRENPE hdor 1GRERFUAINA
|Oilﬁst?la@beASJacﬂge}nﬁ@sDTWQQQQm@ﬁH&nﬁhaﬁ bJrienﬂréﬂlm:ted in
may , be bonded into the |longitudin ssage,_the

i gie p‘éfﬁm’ran’ﬁanFEe f‘%%g BRPng ugg?3 88395 qtgr and 2
| agemscangefdaederescartize stefflertdd wdrose wWidel yroged trip
L0 TEIRY"C tsi%)%rtogl Eflgnﬁgptz.q T8 U568 Al AL %éssage 1d

Streéss sensor ecause i{'s Tesponsiveness a
spéed Wiemeneasenedt toemtasiue eoenitef Ygngth and any

_”%@e%%ig,g %@%%%_otfh%d%%nm%w very briefly during

oper at  on, AndT HHRUBTERRIoE BEPORSTSHFase JEridh Gube may

beiyeg wwmaedi Ayot hese 1smatdsdal vpREahgens thehisight path

prqvi.des .a hetter i qLc tio qf the fatigue state of

t he Y& |1ﬁ‘§l(la€nt’ii‘re 2’ &ﬁﬁ 5?1’3’8 es its preventive

repl acenentrhtie &ﬁjﬁthﬁﬁulgdeff;hhgbﬁinﬁeenqam.knaysimilar to

"SRR TSR 5 e R, MR

The use of an optical stress sensor 2, because of
its responsiveness and speed of measurement, enables
measurement of high transient stresses that can occur
very briefly during impacts and vibrations occurring
during a 1lifting operation, and without the optical
stress sensor 2 being 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 lifting operations. It
is 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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and/ or stress state of the |lifting nmenber 1, and
thereby to establish accurately and reliably its | oad
and/or stress spectrum As seen in figures 1 and 2,
the optical stress 35 sensor 2 is directly integrated
into the lifting menber 1, whose functional externa
shape is not nodified. The 13 &?fting nenbers 1
represented in figures 1 and 2 can therefore still be

f|t ed o all the lifting machines f.or t hey
g’f’r@? n&19MPSHR eﬁde‘&eqp]ﬁts%btt‘? alTf i bt u](‘;g Ti tt;lal and 2 can
st r*elser@ﬁd&tse)rselhhsba f5tvedytemalll (ttihamitlértldlg wagchines for
there It t hat e th of the
‘t’h’ng nEREE a‘”i{’g Oﬁﬁg‘{‘]ﬁﬂ}gﬂ 6%’Jﬁ‘ﬁa‘g‘guf at all, by
the presemﬁmobptheaMMﬁﬂthlﬁ9t109&3§$ﬁ?$% sppsor 2 has a
figu sﬁtﬁidtlz difnddey NG3 ar egscha EEHE 5bre§4.@lt.arethat the

arranged I n const ant di amet er area of

| orfe e Heal pEtrengtic of tqtem-ﬁtﬁagnétﬁ%beﬁ lrpks hardly

OPti£AEcSEA £SSFSARSAN 12 iy Siletshedentet bE thandomgitudinal
as the area (gf the lifting nenber 1 between the first

fi @¥F2I2al%a and the second fixing area 5b. This 15
area havingrm €ogatraest idiamd@t er Bhe tfizisgrewehed 5a and 5b

| | f f fi h e
portion’ PRZBRIEHe. 1 115y FeRpLRRf ' idhderz (GELE 25F b

*h Tomg 1 §diml revbeion. TandE e Wef GHg oTemReT | bad
are theref ofg e@?%l&Qld%tt%@sn%er?&ﬂ“ bhau @Qﬁéééi@é@' in the

cal cul ati on and us without risk of errors. throu

usi SRNQPPRYx RRathengried e e ct&%'ﬂ%%smemli’ﬁrt He%etween the

enbodigent sx shgWArkl BhiWwirs theindedond heixing area 5b. This
| ongi t udi nal)rfggssage idis at the centr of the crossu_,et_’chec1

sed@i%h dAYHE | Ghgi SRFLRIE pSHaAIHSS & tHd 1%t i
25 reieerl . aghe ommceionst bésizensoad? fiixedheref bhe distal

o 7 1 ehette T M ebag ds anables |

measur enentThE atpesse anldaﬂceslt rmsthﬂerltléﬁl@ﬁi tthember 1, and

llféﬂ§gwe1ght 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 1lc of the 1lifting
member 1.

The optical stress sensor 2 1is therefore
accomodated in the neutral fiber of the longitudinal
portion 1c 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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30 nenber 1. The neasurenent is then not adversely
affected by any effects of bending of the lifting
menber 1. If this were not the case, with an
eccentrically positioned optical stress sensor 2,
bendi ng effects could reduce or increase the stress
cal cul ated by the receiving and135 anal yzi ng neans 4
fromthe signals produced by the optical stress
sensor 2. 14 1In the first enbodi nent shown |nsg
1, the distin &he | Binstt kBDGCATERE nBRD¥R 10

"T ghapgd” enHtleoﬁ EHéaIth@thmeM§5ﬁ|hylﬁaﬂfdshaped"

"twi stl ock" wi dely used i ts in ndI| eVl ce .
for Iifting tnds ?Iﬁﬁﬁﬂ?X@?%gﬂ%angPg ﬁﬁédﬂ EdfStlock,
enbwdda”eyt uskawin rpdrtgurin 2handi]31n!gsdatr1cpsr tfiogn lifting and

i&ftlngngenbeg 1 is hook-shaped. The [lifting
P%presen%e% In figure 2 is widely used in
many | i fti ngndéhiec embddsimentanphewn nigy afrﬂéﬁiﬂ% £hethgp distal

fi e{DQreioﬁ' viy gﬁgltﬂéerhn&lﬂ@ hbgHEes 11 f@dndoktBBaped. The

lif member and recei ving and ana2¥2|ng del 3
neah%fﬂlégnﬁﬁmﬁﬁﬁé3h ¥%@EGS%%%§@rFHg§%ﬂ?§%1 y3pnyidely use

devife rhnyThi gt 9ag MRASWdNY 888 eanaipld ngndeyiaaeesd in the
allows_to determne one or,nore of the 15 follow ng

par 58t eref CiVihL GRPYRESFi®P¥ed by the lifting member
1, - the stmessgetaéelohﬁuuyl|ﬁhenglﬁ9nbgrm¢mbertneand the
duration_of appllcatlo a t hei tYa 1oad
20 FeERLvRteaRndr e in f aredlE  FrhEorE ?P?Eﬁb @ loa
nenbeastriby esdabhaéhzmggt Hevicad 9an6'/h<§-rs sneasurlng and
Spe fbi eb Hetlbnli® t'@)@feefd%" @ore of the
osé#é#gk & hgﬁé%% g ?g %b dlggnosﬁseof t he
IlffthOWEﬁgePaIamgﬁﬁrﬁs to schedule its repl acenent

before it is brokedi g oLPh e&X6 fswaelpftmgtmémbéf 1,
use. This |oad nmeasuring and an

9
al so be connetledStHeS sBFat§ <a ?hg’?yéig%‘j‘ggg 1,

provided - the duration of appllcatlon of loads and their

re 1, the

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
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on the lifting device, that is adapted to cut off the
30 supply of power to the lifting device if the |oad
nmeasuri ng and anal yzi ng device 9 detects a | oad
greater than the maximum |l oad that can be lifted by
the lifting menber 1, or greater than the maxi num
load that the |ifting menber cah lift safely. 35 This
ki nd of |oad neasuring and anal yzi ng device 9 can

al so be used to ppnitor the fatigue and stres

SR Chethe 1T HG HErBETPSE ThuShany REsfg4Fual stresses
st rasseke Illiflth&gl infdnibegr nepber horprelreniel dasthavior of the

be V|or 0 ongi i.nal, rii [

DEnEY Bl Lyl ol POLLUGL0L R0 nd NS08 s
rrer:t@omaﬁnactnrm@ chasélftlng Bembeak 1ca:rhaé:asma>y pause it to
| dﬁ:ﬂ?éaﬁl— edhn Fé%irlét d & r}c_tl%da handling and lifting

frame I nclu our |ng nenbers 1 conformng
to the enﬁd&qﬁﬂwﬁ sﬁ@mesﬁnwgarélap Itmg 1384 | hyfting frame

?Embeﬁ%clu@ﬁ%ﬁ df§9953ﬂ1ﬁ61ﬁ§“3M@%ﬁér@ormeréoﬂfofﬁﬁhg to the
ra

franme, 10 can be used |nterchan bl
on STHy FaewR yin &43¥r%w%me hgq %ﬁ&%ﬁ%rﬁ%@ﬁﬂ%% 1 are
4, dirspdddtl aat reie foadecownelrs aff atd Iﬁztatiie’ams 8hiak frame
sho in . fi qur e 5. _In the fr 6_sho u
e T ke, U PinddbdinddAPR, Bog NS bl L ey 7 or a
f|knﬂanqn|asﬂshdﬁhsineﬁsgseasenscaonnedteu byOQMeéohédr with
5! anaﬁﬂlk}etr SORReE %%h'%ﬁl 3d ¢ g&{P@D% rece' ving

y2|ng means ‘4 that sequenti y ana
SI gnal s codPngthe ofreme optshoxn fiBerfigwticca fsttr}'t%sllftlng

SenRgRibe Aol Shwn)11COME e | autche &péié@y _rﬁ'mﬁ:rsoptlcal
1. The receiving and 20 anal yzi ng am ne,

|.@ﬁr%ﬁ§\/e58<?ré?%%t eaoweCFﬁé |c£ eﬁtﬁ’@fﬁ fdlca fiber
de@mddt r aenhBe st f'@cb crttdhgnorof x@a@ivlunfgt| agd analyzing

nenber therefor aIu% Qﬁ&ge ag %@ﬁng'from the
t heaqpezflmaé 251]penceszptinlma15| gsah:essom sendoosn t Hmot  shown)

op% %_%Ial&el&er ﬁptt:h%fal l1%‘:5%%11}?@?%%o&nOtTﬁQOWCelv1ng and

cont al ne tirn deter m ne
or amply zdngt heedns | dwigwpmine the light waves reflected by

the optical fibers, and deduce therefrom the stretching
of each lifting member 1 and therefore the wvalue 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 1lifting member
1, the precise location of the center of gravity of the
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paraneters: - the weight lifted by each lifting nenber
1, 30 - the stress state of each |ifting nenber 1, -
t he nunber of cycles 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
menmber 1, the precise |locationlbf the center of
gravity of the 16 |oad can be deduced, preventlng
accidents that could occur because of an e%ceg éb e
| ocHP?@n Nt e cEfO¥cesr BFEVPRY1BE t e When'®

li féddgri bechlie QﬁEWﬁmtScaéhtrECSEo@htdmnrmﬂythe center of

tilt f [ift i fgy

oAU B TS B TR 32 hATE prbgate
Ilrnisbfoﬁhanumm@iy baétangecﬁhnarﬂafteamn#eYﬁce caused by
i f%lifé/irlgé rgl ‘?fl.réayd KIQMNT,y %tﬂgh‘é’e' ggﬁ.thbﬁ%ﬁd DYs®adthan the

I'ndi cates fting
nenb@xsmumo V@lgshtactll}alllty P@ad@'&? as@vé&sur i Basi it gocentric

i fidnget Sl QAghidypus any attenpt to lift a |oad can

could

be stopped if~ any of the liftin nenber 1is
cont ri but i g BRI+ or<BRWH Gorlyf&d npy each
Menpefsi dg ahembeppor ﬁ.hd@caﬁéseXﬁe&ab‘heolfoadle ThHif$ ing members

ef f ect eases saf f I N £y s

dev}cékgna ﬁ@P@gﬁhei ﬁ%@?n fi 4#T%4 Eglnﬂlftlng the
envisadmeThusf anlye adenange: wd>t lhmﬁghat rﬂeaad)lﬁamagbamtopped if
IIf%ﬁngoEr %;f€¥ﬁ§sﬁgﬁﬁgrénf'£§”ﬁét cbﬁt§1but1ng enough

i nc es o y four , It is p033|m
to @mvaSagbla gndathe ﬁi}h§§r 1a£t2p9] Merbsg SmEntides spipporting

E”réwgchngE@éeﬁHdﬂf(ﬁhlé“é%&éé%ﬁﬁ%@&Y1hb£éhﬁés”@hé safety

than one contai ner. The present inve ?ion IS

li ref eﬁh@oltlﬁélnsw@aflﬁ@ntaéldemlr%?w dfagm%earoaﬂa in the
eNCHAMESSLSe JbNe Senmedt | @htSha@nde@bner al i zati ons

ggereof thgﬂghouéhSC%EF ofhofglthe Eﬁ{ owﬁqgtgkginsframe 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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CLAIM5S 1. Lifting nenber (1) intended to transmt al
or a portion of the lifting force between a lifting
device and a load to be lifted, including: 5 - a

proxi mal portion (la) conforned to be fixed to the
lifting device, - a distal portion (ib) adapted to be
connected to the load, - a |on§ftudinal portion (ic),
extending fromthe 10 proximal portion (la) in the

direction of the distal portion (lIb), and adapted to
be stretched el astically by E‘tﬁ‘fbﬁ)rtion of the

lifting force, miwyiags emembdri n(1)haintendd@ to transmit all

I t udi nal t f h | ey
onsi ol chort 108 (L) o A [ FHLag ASIERDey 1iccing
- atewoite catd s4 resad sensoe ](Qﬁtecs, ieiudidhdnto said

at | east on_eaa} og}a{){!y‘q%fag) ??e(ié)d) -BAfokRehl be fixed

to the later east one [ ongitudi nal
20 passhgyel ¥ fitying aiﬁﬁflc%onnectl ng means (3) are

provided far ataﬁﬁégltkkﬁﬁlbﬁe signah8aptem the be connected
optical stress sensor to neans (4) for receiving

and- S A9RF 1 he si gnal s fromthe optical stress

sensor (2).- 2b Tonddthiditgalmesdeetidrd) (BeLpr dkbgndbng from the
claim.1 charaterlz nthat theot | _stres :
ser%%(?x |?°r Ed ?g he”f at@ral s Ei‘ B h(ég the distal
qumxtumbmalllp))assagé afhpredn tat beaastr@t¢h¢@telastthgally by

aretahe(gg;g]%t__:;\lrg:}.1 3,585 4 rfc‘%%*@n t &a (5b) situated at a

di stan rom each ot he e 'l ongi t udi nal
di recti on cshanssctesigiedudimahatassage (id). 3.

Lifting Weflb%e(lioﬁtgﬁeﬁéhﬂslt%&&@idﬁZ(1c) of the lifting
characterized in th the first fixing area (5 and

t hdeRedond i ximglades @) 1§RET| 088 Aangigudinal passage
congitgnt 35 dianeter (D) of the |ongitudinal portion

(ic) of the lﬂféﬁ{¥%£F g&eg%)sensor (2) is 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 1lateral wall of the 1longitudinal 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
(1d) .

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 (1c) of the
lifting member (1).



10

15

20

25

30

35

18 4. Lifting nmenber (1) according to any one of
clains 1 to 3, characterized in that the |ongitudina
passage (1d) 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 member (1) . 5. Lif®ing nenber accordi ng
to any one of claims 1 to 4, characterlzed in that
the opti cal stresﬁ%sensor

ti al ber
optical sen$or, thelndt memP |béi) ﬁﬁ}q%i @néd¥ o°ne of
thecnaiﬁgah.mablzpf hharb@m@muu@ﬁnain pdesagehé ld)origitudinal
theflrst fi (5 ) n fixi re .
(5b El#?d ﬁ%. cgbcor %%§t§§8ﬁ ghe A n1€dortion
chaKaaieramdduawdﬂanoadﬁeimtthaIC€nbée p§ E@Wﬂé&ﬂﬂﬁTﬁeCthH

a g gﬁﬁ?l éﬂggtu{fftln Qpegd fbfh§f|Qﬂ9it§§EE§hg member

passa Tember accor Ing to any oné
of étdinms 1 to 4, characterized in that the optica

stress sensgr ﬂfﬁti | H&hgse A h@é@fdiﬁ@g@&iaﬁgfone of claims
adafted to pr.oduce a ' t he, st

i gnal n
£9 éngl?wmewﬁ In (qhe)t o h%PH-?# 57edd sensor
nenber {4) an8optithingiberbeptithlacemsding the amﬁumai fiber
cl ai 1.to 7 char t n t e st
oorbFbit "Eemrefel, S0 ERE IACSEL Mwhlf 4f Celleh fngitudinal
accpad$@getéléhy1nn9hefflcbalﬁBX1ngoareacHéﬁécﬁ@@ second

in ghat %h§r€ ggg portlon (ib) is "T-shaped". 10.

Hol di'ng Ing frame (6), characterized in that .
it includestat Ilﬂe"a'sﬂtng)ne W@Wlﬁ?]g magsding  d claim 5,

acComE- A8t & Pi PEY QHGtQEtCEﬁé“%ﬁkﬂdhﬁ9fﬂﬁertﬁﬂlbenﬂah into a

| STRIEEE VLR o0, a0g XL 2 L ad ealact ol g0 ol N passage

accordl ng to any one of claims 1 to 9 and the

[EoeLVL 0 S0 VEAYVELIGIR0S {AloRETRETER! Iy S, ot clans
1 to 4, characterized in that the optical stress sensor
(2) includes a 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 1lifting 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 least 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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- the weight |ifted by said at |east one lifting

menber (1), - 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 perforned by said at |eagdP one lifting nenber

(1), and - the |l oad and/or stress spectrun1of said at

10 least one lifting nenber (1). 12. Device

according to %h%lW?l@ht éH§F§@téﬁ’i§ﬁ“?nthéFa?F one lifting

i ncheglsera(p) prality of lifting nenmbers (1) for
handl i ng the oad SI | tane usI an he e
recei vi ng andﬁgﬁaﬁgfﬁﬁa § ée§g:tﬁ%a§?gﬁgﬁsllftlng

15 wembag fIpm a plurallty of optlcal stress sensors

(2) to deterQ%%e P35 t956n %f { lq%atqlgpm6ﬁgthe lo?ds and

par anet ers EEEE BN B cERter of “gravity
t hethe¢padintemsityhe |ifting force exerted by each

ifting 20 menbejudddy d8 cPeYLeepaeerAbATbYOsBibNGE least

of clains_ 11 or characterized in that the lifting
devPie 1%f%9n%amemb%@ §8ht r37¢ 7). 14. Device according

tg eltEerloa; tHal fIE)al:'{l ahd/3% ldtrebaraspectzed idf said at
t the liftjng device.is a crane. 15. Device
accordfi nd iﬁfﬁﬁﬂgcﬁeT?%ﬁré;ﬁi or 12, characterized

in that theljJ f tDengickevi c€9) s aakromrdingoadero wi t blaim 11,
f(”éﬂééacgéfggéésln 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 lifting
member (1).
13. Device according to either of claims 11 or
12, characterized in that the 1lifting device is 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).




