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0806082113 The present invention relates to a lifting chain andRdA9902113

“particularly, but cl usivel yie &0 afiffIng:Chalin of "thié;kind that is
used in them“m“m\"wmwml owering of :a lisfting forkicarriape of a fork lift

truck. In f ks the lifti'ng fork'carriage i's Tai'Sed or |owered
by a nast assent§0%onpri si ng at | east dne hydraul i c jack having a sheave

at its upper end over which is trained a lifting chain. A lower end of the
jack is fixed to the truck and ammwe lift chain is connected
to the lifting fork carriage by | y. The other end of the
chain is fixedt ' tlr g ! I wn for
Tho mast assembl v E 8 Aanery amsablelSup it Lt i bre byl flaci e KBES

pai rs bei ngegeluosieeyed 4 bitinpehsiarofitkglindthat &t wedhid the spisiag dnd doadrimgnst.a Wien
the hydraulic jack is extended the sheave (or sheaves) is noved upwardly
and t he chailiftiggforle praripge ofiasfork Riteyclso as to raise the carriage. Alifting

charn, of (hLS. 108 MRRBARIOkS ATIAS T ARt s of R GERERYSH
confi gurati @BseglibhPesRpridifl & 18Asd8nOlydhdlR A BivirgSiheive V8 ubpRRInAGHveds oOf
bl at 6. ar ¢ mieteisaircdraigiong draio. A hewqiend of 6 jh 1 ft bk ks Bt ween. &
pl ates are sltzai g dhdin. quie jah is a ween a
in hole int | af d the pin wh th i ning int diate link
Dl ates are. STOGEAR JHsOuAiEdoBIEAdo ths L BPEHo% R dHaB Fopor THEnBdgr co. of
i nterferenceyhid '% Bf{ﬂgll\' iyﬂ(' '%@E £Qarf Q t&@rh ch ate materi al
locally at t hgolt}lrefl ace between %dﬁke) plaltll aar{g e pionﬂ}‘]o e It has now been
realised that thijgisoeslbRSovAl Rsttthe mdQf05ciidly @hav8dwapaidd bf lifties dhaihdesease in
the ability of the plate to resist fatigue |oads. The particular nunber and
arrangenent sh¢avehdhe paisrheingi consedtedite the cardageiaplatalfyaspagadriocationut er |ink
Gener al 1y, "ther o ha 46° Mudulic iy i Sepiae sheare (6F REGVEY o Mol af o
offset T oMy YL HelcRlinRb Al ihsARdiRABDECH st [ie/ceipeby the pins. The
first groups 'of ihternediate |1 nk ZI ates nmay conprise t or nore aligned,
adj acent pl ates, A héinpehasrofdbipdi grgently chapagep hiphailitgnf ilterldaaedBnkssi ze
chains there maﬁﬂge further groups of internmedi ate |ink plates. Second

groups of i rieeh Hegpbeing formed by apluclity of linkpiatgsafridenticpcpniigysationsdispnsed
it sidedyide belaionship: Ouglypoiggcengs of o doiggd kgt ac

bbsi tioned imfiol@ad on @fcoblior piS Th batdRsosa Nk ?ra«a:sairé goathlivicohndcha uher | nk
plates, third groups are disposed in-board of the second groups and aligned
with the firge vHloupntedmenosditdretwean apadiole in therpldte andithe pincMagreasabe

cheaply as pr%rsn%{nl?rllge in er}gneﬁgtekﬁrﬁp pltapeg aPc“&Qc?ény mounted on the pin with a clearance

fit. The degree of interference fit is normally sufficient to cold work the plate material
locally at the interface between the pin and the pin hole. It has now been realised that
this causes plastic deformation and an attificial increase in the ability of the plate to
resist fatigue loads.

The particular number and arrangement of the intermediate link plates in
comparison to outer link plates is selected according to the required lifting capacity of
the chain. Generally, there are at least two first groups of intermediate link plates
offset from the outer link plates and connected thereto by the pins. The first groups of
intermediate link plates may comprse two or more aligned, adjacent plates, the
number depending on the application. In larger size chains there may be further

groups of intermediate link plates. Second groups of intermediate link plates are
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for.'all the plates (outer and intermediate) to be of the same t Kne g%d
0&REFONavi ng been produced by the sanme tool froma sheet of net 09902113
““constant "t hickness. Tests have eét_abl i skedsjhats tn.use “¢he nmpjority of

the load on such chains is takeniby:thelodternpst<link ppliates. Accordingly,

it has been known for the thicknéss of the outer’’link ‘platésS to be

i ncreased in conparison to the i nt er nediate |ink pl ates so as to increase

the lifting capacity of the chain. Further tests conducted by the applicant

have established that, in fact, the closer the link plate.is o the centre

of ' the: chai RO PR Bitepiait BisnimGes pit St aligtid vitinl s¥eb g pldps. i

cl earance figfoulfs ke difgosed MEbodid Bf RRMNCER 4BhR MRAiBhE RIRURS ifle

initially cgn(% I but elgifbg t he (l)oeari ng of thger Ii%adgﬁgiu‘gflng }niﬁe{ﬁ §B%hsbati on

of the | oadandto bs obvi ously undesirable for the load to be distributed

unevenly in this way across a chain and for the outer plates to be under
such stress. It igotgsr o mayifpctyg aichainascheaplias nossible ead s keap the numies en
liTting Chaiorf]d Ulert eco;nnclrl en?ssgtda Q% lléecplllia é)n f - tthistcmg e%ﬁﬁaa{ﬁl Sall the

si de- by-si d€ chai ns ‘each naving Tewer 1inks aerosd Pr8MGdrH Rah e _
original chaldles (dawe\u8a intefindBdlY) Gl bL BITReaRRRSthicRResS YRS lshipd hinPbedn singl e
relatively wi de chain by two narrower chains is not possible owing to the
Li mi t ed spageodueed bathesamStaut frotivesheettdsndta of eosstdnathéckaksscl ear ance bet ween
the pins of the sg|de-by-side chains. there is generally insuffjcient roomto
make thi's subst il SAY Fﬁtaiﬁﬁﬁ%ftha%geﬁm yledFaJaeroqfktL¢ Joad opr ek chais i an
obj ect of t r i j i Ee i G i
i sadvant agaies SOREBHER iR DI, SREAIE T el ik P BhO GRS, |
provi ded a ldfftiid digerdindi platbsrosibddnaredsed bt coaipAribd toCRMRES b dRtelldkplabasd onary
structure and a second end for connection to an object to be noved, the

chai n conpr iasithipceeaps the hiftingcapdcityof éhel dbaiped | i nk assenblies, each |ink
assenbly conpri si outer link tes and.a ural ity of internediate |ink
AVENDED Stirr 3 gkl B BY 3 GPiticanbhiss Piished that, in fact, e |

1 1 1 closer flie link plate & to'the centre of thehBihdhE JowddhAfcaflihg o HdfRReaD! | es
bei ng i nterconnected by a pin on which the outer |ink plages are

non- r ot at ablay rasolinifettic yearmman it ovitlarthe pinsy fler emael frt¢meddtd platdsndemoedi at e

link plates are nmounted so as to be rotatable relative thereto .
char act er i sdBttially coniribuis i ths beasing ofithe lond dwringinitial apnlicadiamof, the loadhl s t hat

of any inter [ at.e.liq 1!;513}%:5 r i I e, The
reduction i n&;g r%ﬁ’g%dcg(}kabﬁg&%%@?ﬁl I'n g‘fg&él{ega%%%ngﬁ%e‘%g ?%?gseaarrpl e,
by reduci ng dhain doldifekihe sateOplateh @bk urdleeaich Br&enpari son to that of an

intermediate link plate, or using a different material or manufacturing
met hod. The ter mtiewell kagwa tha thesfatigureload papapity plea diven difiing ehnimath b¢ ai ns

to nean the cross,sectipnal areg of the |in ake | ong a, radi al .| ine that
passes thr pulﬁﬁr_ef’%gﬁye’r‘ff%@m&f' tvﬁ_g‘ g‘?"h SeREY ﬁ'ltﬁg'ﬁbé"esb‘{ésalam? Heh RUREEF edge
of the chal nidusiterddh 3k Avidfll BAR thd oRGRaINGERH. IRIRVSL Wﬁ\ahg%rircﬁmstances the

di sproportionate anmount of the lifted load is carried by the outer |ink

pl ates, to dabstitutiothaba npigleekrivellpovidd chyin byithb matroweechuhes is ot possibigt h of

the outer link plates. by, for exanple, reducing their thickness. However,
by directing®Wing t thsi limitedspase 3atlahlersSingerthes hagtodisia pmlrciieragce bp®era t ance
rat her than gncr i i £.S..L ' S t ' ' t by
{aking advartBguiost B0 dd Sy SIELEHERTD bihorly IATRRADAPL RRR: LIS, o)
provi ded by subetitutib€in/ Lined @ssefubly et foaenft tligk.outer |ink plates and the pin,
a reduction in the strength of the outer plate (in the unassenbl ed state)
is possible. If thdsentabjecplohithe prsseriimvention hanbyiatecarnpitigatrothet aforehaid  of
known |ifti n& %Iqai ns in \ﬁ/&iICh pl ates are of all the same thickness then a
singl e rel at PSP REGLT PHDIHay be

According to the present invention there is provided a lifting chain having a

of different conponents of a single chain to a mnimumit is coggrge’po
S
B ©099

first end for connection to a stationary structure and a second end for connection to an
object to be moved, the chain comprising a plurality of interleaved link assemblies,

each link assembly comprising outer link plates and a plurality of intermediate link
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repl aced by two or nore narrower chains (thereby increasing th@ Li$ERrZﬂM
~capacity of the chain) without increasing the width required t ccommodat e
16-b5200bains. In a preferred enbodi ment the outer link plates ha R09902113
- sti-ffness of 60 %to 90% of the average stiffmess acrkoss f-he -chain.
"Preferably a first group of intermediate |ink-p ates-frave: a;sttffness of
70%to 95% of the average stiffness across.tde.chai....'n l.at el chains a
second group of internediate Iink plates, in-board of the first group, may
have a stiffness that is equal to the average stiffness and the stiffness
of further groups of internediate Link plates is shared equally. Specific

enbodi ment Splﬂf:s, tahﬁc&{t 3 QESCHBM&%Ji@iﬂY@r&h&% lgﬁa gﬁs&{ bvf?i%ﬁi zthéjé/ u‘%i%mp f

exanple only, with reference to the acconpanyi ng draw ngs in whi ¢
Nn~n~ni n~n cplates are noi-rofat8HPNR0G2d bYOedis Of &l tcHeEhc 33at @R id8rdedRitglile 1 is a

perspective view of a pair of chai of th resent ipvention; Figure '' is
a plan vi eWPdFs HEANREISE adfo by @@Fag’?eiﬁ,etaﬁ?"@g?gto?éﬁ%%%e i Brtgack PRI a

relatively yghdfad hhdd QensMadsD daRhat B@anp%a%sateqfnk&gg&r)@flﬁr&&g}.&d&% chai ns

of figure 2; Figure 3 is a perspective’viewof a o ate wth
reduced "headiseanbled staecor ding to the present invention; Figure -lais a

pl an view of a 2 ltiple | ea ain link in acgcordance with the present
i nvention; Fi gurihze-‘ie “‘i“g’eé{‘ ﬁ{ea%‘L\?EQWBF Q‘Q‘?Rléterfﬁi‘ _g‘? pihdeved fer %‘ﬁ’é‘?[‘]?? nk in
accordance wishding REHRIGSSBE “hddeiteh AcoflpaHINR t kifat bSarfinREAGUME Rk gfatea_ 3x4
multiple leaf chain link in accordance with the present inventioh; Figure
-1d is a pl anusmgavddierent 4paderimliot mahefadtadig mbthod [Thelkerinn“heat’carchaizcesed t h t he
present inventian igure. 4e i,s. a %)I an view of a 4x6 nultifptjge | eaf chain

i

Pk T accBRBig o Ririog 9f ST 19 MG SFess Freganal amarofitae lnk el i ew of
a 6x6 nul ti ploRg b Baifal BRI JakRK tHrélgh UV AN ik And intersects the nearest outer
edge of the chain link plate.

Since it has been understood that a disproportionate amount of the lifted load is
carried by the outer link plates, to date it has not been thought possible to reduce the
strength of the outer link plates by, for example, reducing their thickness. However, by
directing the chain design towards achieving optimum fatigue resistance rather than
increasing its tensile strength, it has been realised that by taking advantage of the
enhanced fatigue performance (referred to above) provided by the interference fit
between the outer link plates and the pin, a reduction in the strength of the outer plate (in
the unassembled state) is possible.

If the outer plate is thinner than in comparison to that of known lifting chains in
which plates are of all the same thickness then a single relatively wide chain may be
replaced by two or more narrower chains (thereby increasing the lifting capacity of the
chain) without increasing the width required to accommodate the chains.

In a preferred embodiment the outer link plates have a stiffness of 60 % to 90%

of the average stiffness across the chain.

Preferably a first group of intermediate link plates have a stiffness of 70% to 95%
of the average stiffness across the chain.

In larger chains a second group of intermediate link plates, in-board of the first
group, may have a stiffness that is equal to the average stiffness and the stiffness of
further groups of intermediate link plates is shared equally.

Specific embodiments of the present invention will now be described, by way of

example only, with reference to the accompanying drawings in which:
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of figure 4a to 4f. Referring now to the draw ngs, two chains e

present invention are shown side by side in figures 1 and 2. Each chain
conprises outer link plates 1 and internediate |link plates 2 that are
connected together in a pivotal relationship by pins 3. The outer and
intermediate link plates 1,2 are interleaved such that opposed pairs of -
outer link plates 1 receive between themthe ends of two side-by-sidz

i nt er mediM%®14 P nk plates 2 The overlappi ng ends of the §G#ePEAidt e and
outer link plates 1.2 are pivotally interconnected by neans of a pin 3 that
passes through aligned apertures in yghe plates. The outer link plates 1 are
connected to the pin by way of an interference fit between the pin 3 and
apertures (i.e, the outer link plates |I are non 2 4 ~E P 2D02 WO 00101G10
5 PCTI G B9910Z1die i @ apabjeetionvichef pipair 3) chaisoé as gréyentd inteniardi ate | i nk
plates are a clearance fit with the pin (i.e. they are free to rotate on
the pin 3). Lilfiguragd ichplienyiass ofithe ehajisred fighie lbe configured with ot her
arrangenents qf interleaved internmediate |link plates and an exanple is
shown in fi gu%g§853$wsdﬁﬁl%v‘%w af%ﬁtb"lcgsw'ldeilﬁﬁ‘gzcﬁ‘ﬁ Ot MYy Eferred in
the art %nﬁmﬁs&tﬁ'ﬂ@&éﬁé%@ﬁ%ﬁﬁ?hai n of figure 2a is known as a 4 x 6 .
chain. The duter link plates of figures | and 2 are thinner in width W

t han the corr dtipandi kg ghrspensicoview WP a aafer tling plad editadiwee “héadk apdaat es. Thi s
arrangenment provides for a chain having an overall w dth equal to or |ess
than an e3tcaudinggo thoproseahiaventiosy way- of exanple, such a 2 x 2 chain may

have the foll owi ng di.nensi ons: Pitgch: : ad: .15.4 VWAist: 13.7 mm
"ot or rodi ate. AERS FHF B Cew o1 A ot BN i 8 ool Pt il |

Di anet er @ g FsBMihdenttbd;! be seen fromfigures 2 and 2a that the total

conbi ned wdth of two side by-side 2 x 2 chains is the sanme or narrower
than the 6 x 4Fghai-tb 1sBpian viewaofcohil meltiplededi dhgindpkcia aacddancéd valiai n may be
repl aced by a pair of side-by-side 2 x 2 chains so as to provide a greater
lifting cHiSaE¢seRtinyeatigpl i cati ons where the working area is not so

restricted thepouter lin | at es ot i be reduced i.n str.ength. For
exanpl e, the oE&gé“re ‘i‘ﬁl?fgf”gt" es fO;{TW?;l%I Irrllu?fbég\llj\frc % %‘aﬁlalgﬁ(amraecﬁﬂrg%n Cn lglad' ' area
i n conpar ieQhedet iht@iont ermedi ate Iink plates. The head area is defined as
the cross sectional area of the plate taken about any line L that passes

t hrough t he cehigues & istshglapiview e&a'ﬁx‘l myltpireleniichainalimk inndceolanteswitlne near est
(rounded) edge of the plate. This reduced area (shown in dotted line in
figure 3) UpeRFe%Bt BEHUSDed, for exanple, by enlarging the aperture or

reducing the SiFFgQLré)Ile rshaepllég Wdeds £29 ﬁwﬂfplé R&¢ Llafitink in accordance with

the present invention;

the present, invention; and Figure 5 is a side view of any one okbéﬁp:ms “
n e

Figure 4f is a plan view of a 6x6 multiple leaf chain link in accordance with
the present invention; and

Figure 5 is a side view of any one of the chains of figure 4a to 4f.

Referring now to the drawings, two chains embodying the present invention
are shown side by side in figures | and 2. '

Each chain comprises outer link plates I and intermediate link plates 2 that are
connected together in a pivotal relationship by pins 3.

The outer and intermediate link plates 1,2 are interleaved such that opposed
pairs of outer link plates 1 receive between them the ends of two side-by-side
intermediate link plates 2. The overlapping ends of the intermediate and outer link
plates 1.2 are pivotally interconnected by means of a pin 3 that passes through aligned
apertures in the plates. The outer link plates | are connected to the pin by way of an

interference fit between the pin 3 and apertures (i.e. the outer link plates | are non-



2 4 SEP 2002 WD 40! 016t 0 FCT/ GE3991021 t3 G An exanple of such a chainis
as follows: Pitch: 18.5 mmiInternmediate Plate Head: 15.4 mm Qut € {PSEP 2002
Head: 13.0 mminternediate Plate Waist: 13.7 mmCQuter Plate Waist: 2.0 nm-
Pl ate Thickness: 4 nm Pin Dianmeter: 6.8 nmlIn other alternatives the outer
li'nk plate may sinply be constructed froma material wth Power tensile
strength than that of the internediate link plates. It is envisaged that
the ratio of internediate plate to outer plate strength could be in the
range 1.WO808EI0 6:1. In all instances the reduction of PEI/EBIZI3f t he
outer link plate in conparison to the internediate Ilink plates is neasured
with the plates in an unassenbled staie i.e. before they are interconnected
by the pin. Once the plates are assenbled the interference f t between the
outer link plates and the pin provides a conpensatory increase in the
fatigue sigiRRgEBn@he 5iRS) WheREs {hk Micileafa®ink T}ed ﬂwméaféﬂc@ﬁ?\gltg heM der
chains of this nature (such as 8 x 8 or 6 x 4) to be replace
pl ural it ypimf(i.2 tkeyare i@k trsrotdteomthy pal I)m nati ng the requirenents for a chain
manuf acturer to, produce a r n e of chains _of differing wdths. However, in
certain appli c&!‘%ﬁ&s?h?‘t“s §t 'F‘P?j B bgeconfigyed wigh gter grpegegientsch&i n wi dt h
havi ng ou Fi. es 4a to 4f .show.different
fn% ]le!atv%& mtéll\-’ifncgllg{ ﬂh'%p?ﬂessﬁ %(Qrpgle 19"!}0 r%ﬁgl{ ;l‘?\%lﬁlaa

mul tiple |gura i°0né

appl i cati gngighies tih@id 7?a coldlonlysReMRd ik (el HU4E2 43 (HARK QR QR of WO groups
of internediate link plates 2 centrally disposed in the chain. Each group

i s of f set fignedatihknow aya # kidlchpinat es 1 and conprises a pair of adj acent,

aligned plates, In an alternative enbodi pent shown .in fig re 4b group
of internedi at d ¢ ¥erpgink plates Oédffﬁyqusleén‘{TE WA &‘@%f‘“tﬂ?@e édfhéeé}ﬁ aI i gned

pl ates. e I @bl d

i nt er medi é:%ngéﬁrh?’hﬁm“ (ﬁﬁ'gr‘élgl?ewtézh%\?wﬁlh?nm [ gulragesﬂh‘E ;ﬁ%@éﬁﬂmﬁ’_‘i&%% n?cingt;ure 4e as

an exanpl groifir for la&hSﬂhQ\MQm% an efbllSHdMh &ffaiovél 186 Bdib A0 existifel? GBPOI 02113
central pair of aligned internmediate |link plates G and four groups of

i nt er nedi #hain} i nk plate pairs '' disposed out-board of the central

ternmediate | | 6, Each h tral
wai <1 00 o o 7 DB PEERIEBIORRDR Bt 7SR Ry PR (o elbertont ol oo 1n

the unassenbl egp;ghat e 18.5 mm
Head: 15.4 mm
Waist: 13.7 mm

Intermediate Plate Thickness: 4 mm
Outer Plate Thickness: 2.7 mm

Pin Diameter: 6.8 mm

It will be seen from figures 2 and 2a that the total combined width of two side-
by-side 2 x 2 chains is the same or narrower than the 6 x 4 chain. Thus in a confined
working space a 6 x 4 chain may be replaced by a pair of side-by-side 2 x 2 chains so
as to provide a greater lifting capacity.

In applications where the working area is not so restricted the outer link plates
may otherwise be reduced in strength.

For example, the outer link plate shown in figure 3 has a reduced “head” area
in comparison 10 the intermediate link plates. The head area is defined as the cross

sectional area of the plate taken about any line L that passes through the centre of the
pin receiving aperture and intersects the nearest (rounded) edge of the plate. This
reduced area (shown in dotted line in figure 3) may be achieved, for example, by

enlarging the aperture or reducing the size of the rounded end 5 of the link.



ensures that the load is bal anced across the width of the chain. This al so
-results in the reduction of stifftless of the outer link pl ate%LISEH 2002
assenbl ed state. In a typical 8x8 chain (not shown) there is a pair of ~
opposed outer link plates, a first group of intermediate |link plates

adj acent but offset fromthe outer link plates, each first group caonprising
two adjacent and aligned plates, a second group of simlar internediate
link plates in-board of the first groups but offset therefrom (and aligned
to the WOtWHO4IPnk plates). a third group of internedi atREWGBI/PLIAL es
aligned to the first groups and a central group of link plates. It has been
found that the performance of such agchain of this configuration is

i mproved by reducing the stiffness o? the outer link plates to 78.6% of the
average stiffness across the chain, reducing the stiffness of the first
internedi ate lg¥aRbRIESUAS: SRin/iXadflRWer age, ensuring that the second
group of internediate plates has a stiffness equivalent to the average of

t he chain andPenlsuri ng that the st8.5fmess of the other plates is shared
equal ly as the average_chain stiffness plus the stiffness that was renoved
fromthe ot herlmﬁT“éﬂd@g?P}FWé{%a@iffnbssgn‘é'P each plate is deternined by several
factors, nanel td ite thick s, the area of the plate profile,

whet her the a;?e/ur&t'ruprl&etgg’?!‘u?he pl atevfgme{rrll interference or clearance f t with
the pin to wWhijgfarhddidts peiWagt-ed andpihe degree o f interference or

cl earance. Thus the stiffness of each plate can be decreased or increased
as required by OwerBlatagVaste or nor é2.0mmhese paraneters. The plate profile
area can be reguced_for exanpl e by increasing the size of the waisted area.
It is to be ufd@fdtiskBcsthat the exaldt™Btffness reduction or increase of
the plates Carbig‘f)iz‘:’:ﬁ%t&ed by changi BY .Qpe or nore of these features as
desired. Moreover, € exact percentage increase or decrease of stiffness
required i s depenb@nditeaiativétethe batdd IRRNPAGULAL Kigiply bk chsthRtedeygd 4 hat the
stiffness of the outer plate, for exanple, nmay be reduced anywhere between
50% and 90gteohl witteloaeeteasile iength temghafof theantctragdmtahok plaes. 2 4 SEP 2002 WD
001 01610 s E CTLC a99/02 .t 13 stiffness of the first group of internediate
Im; plates n® lfb‘é‘“}‘sé%‘ifﬁt@at ‘%‘8 rafiREHREEnadiats Blafe t‘?(ﬁ’i“teéﬁg‘t‘éﬁg%“&h %R?‘i‘fage. The
St ffnessbé){nth@pangizﬁ_qq%q%:ghai n is constant across the width of the chain
when account 1s taken of the stiffness variation caused by the pin

connecti ons anth all fnstagdes eikatedcaivhadtstrbgitinveetheioncts Vind paite 1 edoggarisdini S
ensures that as a load is increased incrementally there is a corresponding
i ncr ement bt the igeeudiatg hink plates 15 measared vadribe platesdn ap yndssambledstaehgin,. 2 4
Dt p o1 before iy St igfepdanocel byt pin: e the platesare apofingied dhe * 3 ° 7
: i's . ajfterference fit between the JufdrNRklplatefahd kid fdl HBEUE BRBIdpEnsdAd r St end
for connection to a stationary structure and a second end for connection to
an obj ect incedseimtw &digu¢ Steengthadfthecamrlinkiphgesa pl urality of interleaved |ink
assenblies, each |ink_assenbly_ conprising outer link plates and plurality
of internedi at dheinenippgnables diden chatns of this nglueeisneh b@i%é"iﬂt‘é%&onnect ed
by a pin qp,whi.ch the t 4 k. pl.ates are n-4 ot at.abl unt by neans
of an i nt SrRERATY S Ry of 2o L iR SrEly: ot fttGuh e dbiBdndy A s so as
to be rot ghankRui&! Rlpry&uck heFBEO of EhAnP6f EiffeARg widthd. TRwRRE NnQeksh |1 nk
plate has a strength less than that of any intermnmediate |ink plate when
measur ed iappheationasxeabltdt be idatiable2to wela fhtgen ghait avidthaewaigdouter tidkscl ai m |,
wherein the outer |link plates are thinner than the internmedi ate |ink

pl ates. 3.With |reducpd srensth.nFigueesr 4 #ry 4f shewadifferent \wdtinle deafh ghaylk | nk
pl ates ar ecoix\ﬁ?bljfaﬁz;nsifgr a2l AR aé mmaLed to the internmediate |ink
: rftirng

plates. 4 ng charn accordin 0 any preceding claim wherein the

outer |ink pl atigshdavechibitiolnaIwuf 4:60eWak®ofP e fgrdupe ofUEra@aiasd i f f ness
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Altemative configurations showing additional groups of intermediate link

plates are shown in figures 4c to 4f. Taking figure 4e as an example, there is shown a



nnncn~n~n cuccT . AY% AY% A u. Aa. A A A{ @ Af). A%Neu; gX9W 4 A Q S

[ | wmhc”Y] ca] ca] ca] ca] ca] ca] ca] ca] ca]'ca] ca] ca] ca] cTa] caj ca] czahcstpaim] cajc
aJca]ca]ca]ca]calca]c

aJ.c™a] ca] ca] cLa! JI {a@&[ hpGyt ni d_ZU] ca] ca] ca] ca] cal] ca] cal] ca] cal] ca] cal] ca]

. calUjca]calca]c"a]ca]ca]ca]ca]ca]ca]lca]ca]ca]lca]cal]calcalcalca]jcalsc E
pprrrmaenrnt | #e###$. $) xsni d_Z] cal ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]

calcalc

aJ cal ca?‘}cgi’“é‘?}f‘é’a] ca] ca] ca]ca] ca] ca] ca] ca]ca] ca!. $} $$3$' ﬁ/&%?m'm( Z(((*))))

**e++, b,,,-S-../}xsnid”*Y]ca]c al]c

a] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] cal ca] ca] ca] ca] ca] ca] ca] ca] ca]c

aJcalcalcalcalcalcalcalcalcal/t/# M\I}YIII1] K0001 _122j 445%$6~66666727777888<

}xsnid_Z]ca]] ca] cal ca] cal ca] C@ ca] ca] ca] cal ca]

a] ca] ca] cegtal pay elaligast wjceapatedakar fleaf@ac] é‘a]fcga?%]oéa]t@a]eéa}mlarkq >>@ Q@ @
O BN B BB AR AR L BBl Bl pheloplaiga o"ad call e

a] ca] ca] cal gplaah fehed] ﬁa]a%hﬁa]wahe@area 7.
GHH@ @ @ @C@aav+BOBNB_Bs BuBBBBBBBBBBBEEF( G3 wgl gb] Xni d_Z] c] ca] ca] ca] ca] ca] ¢

~a] cal] ca] cal] Thi cduftemldi catngit/irc tiecmtdrmaitd mkqddte in the unassembled state
a] ca] ca] ca] ca] ca] ca] c %tﬁ& a] ca] ca] caNeubC STlo%C)&
WYL109& ( Fossiesols lapsed acyass dhropidth of) thechayng laalet) resgiieiethooe () -

10908 (). f%@i%%ﬁ@‘% ]f**tﬁs & B85t ik PR e Glosice () -

QOOS/@ %&—l()s 1;'0!:}& e fg%/ %ﬂ%?ﬁ’@h&%ﬂh&@@ AP JOYEHAUR B PO ()
a first group of intermediate link plates adjacent but offset from the outer link plates,
each first group comprising two adjacent and aligned plates, a second group of similar
intermediate link plates in-board of the first groups but offset therefrom (and aligned
to the outer link plates). a third group of intermediate link plates aligned to the first
groups and a central group of link plates. It has been found that the performance of
such a chain of this configuration is improved by reducing the stiffness of the outer
link plates to 78.6% of the average stiffness across the chain, reducing the stiffness of
the first intermediate link plates to 85.7% of average, ensuring that the second group
of intermediate plates has a stiffness equivalent to the average of the chain and
ensuring that the stiffness of the other plates is shared equally as the average chain
stiffness plus the stiffness that was removed from the other plates.

The stiffness of each plate is determined by several factors, namely, the plate
thickness. the area of the plate profile, whether the aperture of the plate is an
interference or clearance fit with the pin to which it is connected and the degree of
interference or clearance. Thus the stiffness of each plate can be decreased or
increased as required by varying one or more of these parameters. The plate profile
area can be reduced for example by increasing the size of the waisted area.

It is 10 be understood that the exact stiffness reduction or increase of the plates
can be varied by changing one or more of these features as desired. Moreover, the
exact percentage increase or decrease of stiffness required is dependent on the chain
configuration. it 1s believed that the stiffness of the outer plate, for example, may be

reduced anvwhere between 50% and 90% of the average stiffness of the chain and the
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mounted so as to be ro e relaty ve thereto, characterised in that each outer
link plate has a strength less than that of any intermediate link plate when

measured in an unassembled state.

2. A lifting chain according to claim 1, wherein the outer link plates are thinner

than the intermediate link plates.

3. A lifting chain according to claim I, wherein the outer link plates are smaller

in head area as compared to the intermediate link plates.

4. A lifting chain according to any preceding claim, wherein the outer link plates

have a stiffness of 60 % to 90% of the average stiffness across the chain.

5. A lifting chain according to any preceding claim, wherein a first group of
intermediate link plates have a stiffness of 70% to 95% of the average stiffness

across the chain.

6. A lifting chain according to claim 5, wherein a second group of intermediate
link plates, in-board of the first group, have a stiffness that is equal to the
average stiffness and the stiffness of further groups of intermediate link plates

is shared equally.
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