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L'anlr~ll, 1 l'~nrl oQ l'holuUon tlc~nala~IQul bit lan pllin, nt

alVlnul II ~'In 11 plu' pracllU! aant l'hulinlU n. PlUt .. p....r.

QuatlallMlllnt, Il naUi plrln taut 1 fltt narlll, Il'ootu'r dl II

IUltl'l ln ~PPUYlnt Iur un ~auton ou dl lontlr 1 aard d·un. volturl It dl

p"caurl. 011 clntlin.. dl ~t tolltrll. LI COnlOlilUOn al l'lnlr911 nt

dlVlnUI ~~~ltu.lll, lnal.plnl.bil ~o\rl Inht,"ntl ~ ll·vll It lU d~VI\DPPlllnt

dn nlUonl.

DI pI' IOn llpa.tlncl, ~UI ~Iutwll III ri, atlnt donnl qUI III

rl.. eur e.. lonailln trlaitlannlll .. III pU,alll, ~I'n qu'II Y ln et t Incarl

pour ~ullqull Innlll, ni lant pli inipuillalil. Qu'll "191111 al II

p'adu~tlon au dl l'utlilliltion all'lnlr911, tout .. III nltlanl rlchll It

Pluvr'l Il t,ouvlnt alpull ail Inn III ln prllinci d'uni Iflrl11ntl qUlltion dl

~antlnultl, QUIIII polltiqui laoptlr ? Tiliii ont Itl III ~ulltla"1 d'

pl~lllurl C~lrchlurl It 'nG'nllurl ~ul ant, alpull dll Innall, pin cha lur

a'lutrll paillai litai Inlr~ltlqu," dl rllpllClllnt .

LI aOlllnl ~UI noui loordonl dlnl cl prallnt pro)lt lit tllul al

1-lnlr911 d.. o~"nI' laurCi lnt .. lllilali d'lnl'911 1111 allll~111 Il.trllrl,

LI conqultl dl nouVIIII' ~arlll a-tn.r911 unlqullint lU .iVIIU Otlln.

1 p"r.ll IU~ ~hl'chlurl d·ldlotlll.r pIUIIIU'1 10r.11 1 I.volr ,

·1·ln"9t. an tourutii uni far .. inat ..ttl al 1·1."9tl lallt .. , Il

l'on IIlt ~UI ln cau."ntl lont 00.1 1 dll .11.tl th ... 'quil du 101.11 lur III

lU.

-1'lnlr911 ail Ilr'II'111 Ilr'll r~lultlnt dll Ifflt. cOloin~1 dl II

lunl It au 10llli I~' 1.1 IIU••Irltl'II, ont uni 'nlrgll dont II 'I~Upl."t'O.

I.glndrl 0'1 In~'ltjlllllntl t.l, coat.u.

·1·1.,rgll d.. VlgUlI' cIHI fa... d·I.lr911 lit IglI.llnt dlll lU.

111.tl .olt.nl lur II Il'.

".11 Il l·l.plaltition dl 1·1.lrgll dll IIr'" nt 1I11t" It pro~Ullttqlll Il



•••• lnoppl'Clbl. ~~. p.tlt •• in~t.ll.tlen., peurqYCI n. pa••• eeurn •• ~.r.

1.. .agun ?

L••cuur, Ici, CI n••ent plu 1.. ntrlctien' ce.btn'" d. 1. lun•

• t du ,ellll, .111 teut 'I.pllnlnt l. v.nt, qui rlpr' ••nt. d'llll.ur. un'

fe, .. dlgul.*, d' l 'In.rQt. nllirt.

an 1 dljl prepe.' pluII.ur. dl.pe.ltl!. leur I,t'.y.r c.tt. 'n.rgl.,

.11. llur .pplleltlen .ur un. grlnd. 'chill. pe'l Incor. un ,.rt.ln nc.br. d.

prebl ••••. Actu.ll •••nt d.ul pe.~lblltt"" pr.'lnt.nt , cu bl.n tr.nlfer."

1••eu....nt du "QUI••n nrlltlcn n prtilion • l '.ld. ,'un IHU.'

'pprep'tl, cu bl.n ~onv.rtj, '1 ,cuv'l.nt onaul.tetrl ln .ely••• nt •• ret.tlP"

PI' 1~1"t.'.ldtllr. d'tlt.,nt••1'lnlque., t" •• t .urtout ,.tt. d.u.ll"

pOiliUllU qui IIport. II flY.u, dll Ing.nl.u •• , t'ut .tnl! qUi l. Or,5.

Bllt., d. I·unly".ttl d'Eul.bourg (6r.nn 8retlgn.> l 'o~'u ..~. ~'rl. d'

turbl~e. 1~1."1 d"u~ .cUYI.lnt d. bllincil' .t t. tock.r.ll, dl' 'I••~ d. 20

"trll d. IC~Q .etlennl.t un qltlr~ltlur, fH.n d. conc,.t "'1 .~corl U.

"1111' '11. d'Ipr" 1•• 'Il cul. II r •••orl qUi li pul"I~[' d•• v,;u.', pour

un, hlut.ur .oyl"n., ,ep,t••nt. 7:1 .lltt Plr .ttr. d. Iront. Aln.l, u~. ch.h.

dl Bllhr'. duek (~o. don"l.u di.po.IHf du Dr.hlt.r .n r.l.on d. un

.ou ......nt.n ,.n.rd) ln.tlilt .ur 400 k., .nt.. l'I,llnd••t 1.. NcuYlll ..

M'brl"I, per ••tt,.lt d"eeno.I ••r 11 Illllon. d. tcnn •• de pttrol. p.r ln.

Chlffr. Int'r."lnt, ,.t••n.e'otlqu., 'Ir Il n' "Ibl. P" qUI

' •• plolt.tlon d' 1'.n.rQII d•• YlgU." COI•• celle d•• I.r'" ,onn.t ••• un

Qrlnd d..... lOIP.I.nt dlnl 1•• onn'" • l"'lnlr.

C' •• t Il paurlutt. d. l 'o.uvr. d. Cil 'h.re~lur' .t InQlnl.ur. qui

.Irqu.r. l'.tt.ntlon d•• ;Inl ~ur 1. prl'Int prCllt ,on ••cr' • 1. conelptlon

d'u" nOUV.lU .od'l. d•••chin. flatt.nt. qui [cnv.rtlt l '.n.rQI. d......Qu•••n

.nlrQII el.ctrJqu••

Vu II pcrU. nt~tcrl~u. de Cil rlo~trth.. d.n. 1. lIa•• ln. d. l '.n.rgl'

"ltur.lll, ~oul d.Yan~ 1•• pau••er tr" Iain •••e p.' ......r.nc. Ifln d. II~V.r



11 lendl al l '1Ip.I.1 'nlrQ.tlqul dl dll.in.



CtIIPItIE 1

1.1 "IICIPI Il 1IS1

'Dt .. obj.cUf lit d••ItYP'rlr d'yn. IIton opUIII. "'nIrQI. dll

YI~Y'I Q'lt' 1 yn. in.llilation 'l.pl ••t d'lppl.tltlDn 9'n"II. Iwr Il cPt ••

II t't~nl~w, wllll ••• pour II [pnt.ptlon a. Il '"[~In. lit ••••ntl.II •••'t

UU' Iw, Il h ..w.. PaUli" d'Arthl,.d •• C'III YU lo'u h'l 1 ...... lon

d'wn lolld. dlnl un llqula. l"UI,

L. p'lneID' [Onl'It. 1 rltwpl,., 1. Irlylll proawlt P" 1. POU'I"

d'un ,.. ."" .... II

[~b\. O"oull

a. t.n Ion qv.l

l'lnt.r"OI.lr. d'yn ['bl. Il.oe.' • un .'I.n'I•• cont.ny o.ns ,. [Ii ••on.

1.2 "IICIN. r.,.II......"1 Il LA ..ana

Au plliig. o'yn. vIOUI, 1. [IIIIOn .ont.. C.tt••ont •• du <llllon,

l.p'i" 1 Yn t,.bou, .utou' owqu.l •• t .n,oull un t.bl • • • • r•• 'u lono a. II

••r, un .ouy••• nt d. rotltlon qul 'Olt lur un o.o.n. It[u.ullt.ur d"n"ol.,

L"n"QI••[cu.y) •• "t prOQr'llly••• nt .lltiIY" ~ 11 Q'n'rltrl[. qul IDu,n.

~ ylt"" tDn.t.nt. Q'lc. 1 un rlQulltlur al Ylt.II •.

A"" O"I"Q' d. II VIOu" un 'l'••nt o. rl~I.1 ••bobln. 1.

lia•• a. 11 .ont •• au cII.IOn) pour r '1Int"I' Yn .Inl'K'

l'Iur. Il ••rtlcllit ••

IIC1Ilt., li CDnlt,uctlon a. 1. .IChln.. 1. t.IIIOn I.r.

p,lIl1tlqu. Ilona ..[t'"oulll ... Bon IInl 10nO Il'1

Il tOl. ou lU front d. YIOu, Q'n'.. ' qUi l'on

O'lnttlllltlon. tvet r 1I0urt li

o,l.nt' Plr.ll.l •••nt •

trouy. lur 11 litt
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l.~ PROILERA111Ul DU 1'81EI(

Li conLtptlon ~t ttttt lit~lnt dt Lon~tr.len d"nlrQlt dl' vIguII tn

'nlrgl. illttrlQw. pet. ~n tlrtlln ne~brl d. p.ebl.... qui ntc'lllt.nt

I.~.l nUlun: srK11l.t ET f'tClllLEMlICIlI( DU IIIItHl

Peu. pllIlI. ee t e , ncut ~evenl t.!t.r d'inttlill. li IItnln••

pro_ltlU au lltertl e~ 1111 VIQW" lont ln Q'ntrd ~.ftrllntll. D••t.. ln

'll.t, tcll.nl • 1. lurflt•••ro"t tontr" PI' un 1~lt"1 ~I ,'bIll

.llblll'Itiuri qui lupprlt. qUI1Qu'l ~'Qr'l d. llblrt. lu elilion. Siul II

dolYint ttr. prjl" pcur PH'" IU~ .lhtt dll ccu'lntl IIrlnl I~r li

vertlellitt du ,lblt eut eur , Au"l nout Iyonl prévu un pcint d'a.arrlg. Ilabl.

IU'II ~r" d. Ii .~rflt. QUI 1. p.r~.tt.nt 1•• Ilrt••• C. peint corr ••p~d •

un tr,p/ld. dent

l'tLI'II••nt I.t .'.u'. PI' t'oit blec' d'Int'IQ"

flettlu, I ••• rg' dont Il pou•••• I,.ur. li ••,tltud' d" '"lin •• , lyei. Ilgu'l

"

.t un. dtrlv. d'un long t'bl ••;.pl ••• nt .,"rr' lU fond.

Soit F II lorc. dln. 1. ,Ibl. ler.qu. 1. 'Igu. p••••.

L"tnl,;I. prodult. p.r li VIO~' 1•• i1t

IYlt 101 II hlullu, dt 1. YIgu'
11111 l''ntrgl ••Ihetlv. r'cup'r" pit 1...thin. IIt~.,

_.... mF.d

,
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Mp.~t••••t ~tlll •• ~~u~ l.ndrl v.rtl~.I'llnt II C'ble I~int II

M~.... ~ F • ( li ~ d

\.3.2 PMlltllllllllUl eu BTlltlllBl

LI ItocklQI d'tnlrQI. dlnl li Illtlll pour ~nl r'Qulltlon dl vlllili

Etlnt donne GU, Il ~tn'rllrICI tour ni • ottill' COnltlntl Il ~u' 1.1

vl~U'1 plllint ptrlodIGul.,nl, tOII.nt trlltlr c.tt. In.rQII ptrloolGul d'I

vl~UII Ifin d'obtlnir c.tt. vlt."", COftlt.nt. ~our un. produttlon ~ontlnUI

d'tn.rQII tl'ttrIGu.,

1.3.2.1 PltD,UIlATIIIUE lit! CDITIDU Dl L'IIIIlIRIIOI

<lluon. Pour lulllnr II trivill 0' t. dtpllc".nt, noui dlVOnl t,nlr ~CI.pt.

d. 1. ""ut.ur du Cil liOn r.llllv".nl t Il lurflCI tout ln contrOllnt

- Ottlr.lnltlon dl \1 hlutlur O'j •••rIICl" du cil liOn

•

H ~ h,ullur d. v'Qu,
h = h,UllUr d'l"'rllon

[ _11
"



li tr.v"l fDwrnt ~If 1. U~lu...nt l M ~ hInt ~D"n' p.' ,.

• • , , ( M• h J

, •• t 'Q'" • 1. pau'l" d'Archl.'d. du C.llIOn l •••r,' • h.
L' "c.nl ••• p.r •• tt.nt 1••• lntl.n d'un coupl. con.l.nt.

f· ,. .... h n'C A 1••urhc. d. bll' du Cillian
f 1. ~old. 'Uttl1~u. d. l'"u

•
, ."

.,.. ,
h ,,1 .Inlul. U 1. ~"IV" du H.v.ll • pif flPporl 1

h fit ,,'1' 1 J'ra. t. ~ul oann. un. v.l.u' unl •• lr d' •

Pour un.
n •• M

h.ut.u' 01 Vlgur M, nou. dl.rnllonn"

C.ttr h.ut.ur noui p•••rt or "'l.l ••r l "n•• ,I' qui I.r. "cuPlr •• p.r 1.

IIc~lnl. ~.l. 1. ~u.. tlon d. contlnulU d.n. II p'o~unlpn dt l ',nlrGi'

.,.ttriqui rr.t. toulou'l po••••

I.J.2.2 l'ltlIIl.DIAIlIIUE LIli Il V[ITItIl!1Œ1Œ1I • Llo lta:bnJŒ

l. con~r.lnt' pour u" fanctlonn, ••nl nor •• l •• t O. pouvair ,ntr.tn,r 1.

C'llr condition .r'bl. dlffictl. 1 r ••a.ttrr d'.ut ••1 plu. ~u' 1. p••••• r d"

Plu,llu', .olutlon. ont .t. propo •••• , •• l••pr" .nllYII" a.u,

.olutlon. 'Iull.,nl onl .,t.nu notr•• tl.nllon.

Au p••••,. ~. v',u", l"nl'QII lit .ccu.ul'I d.n. un ., ••a.t d,

tO.. IOn, oui' rttlltu" ~roQr.ltt.".nt 1 1•••n•••t,ICI p.r l'Int."'dl"r.

~'un ,y,u" d. 'UIIl~llcttJon It d' ",ul.lian o. vit..... ( voir l'h''' 6 1

duau.1 lit ,.roul' un clbll ... tr"U land 0.1. I.rl, un louv."nt d.
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•

r et at t en qUI, plr nltl~lj'.tlan d. vit .... , .,lt lur II ....art d. ltoc~ll'

d'.n"QII ptr 'ut,utU 11,1.]"n";I' tuu.ult. plr CI rillort ut

pro;.nll''''"t , .. tltu" ~ II I."."trl~. Pir l',.tr'.IU (hl 10UI lorll

o'un IDu'.I.nt rotatif du rotor' viti'.' tonatlnt ••

D..... dln. II otuwi ••, 10it!1 01 II pérlDo. d,g '1Iul~, II rl'Iart dl

r,pp.1 Jou. un rOll d. liI.tlen d'un 11nillu 01 tl.tion dlnl 1. c'Olil. Ainli

ttlot dtJI •• tlnllon I~ PIIIII' dl' vlgU'I, II rt••ort dl 'Ipp.l IIp.ll' U.

10UVllint d. rotatlan lutour du tl.bour olnl II 1'"1 ln.,r., pour ,rbobln •• 1.

Cibla dlroult ID•• 01 II lontl' du Cil l,on.

LI '1Intl,. d'un. vlt'III contint•• II .ortl' au Iy_ta•••IClnlqul I.t

do nuntl.lllllInt' un rtqulilhur oa vltn.. , II volant.

t.ttt IOlytlo~ prl..~tt elp.ndl~t U~I obJutlo~ IIJIUrt.

E~ 1.lt l'IU'Qil pOUVI~t .tr. UUQIIIU pl' u~ 'I..ort d. tto<l.~.... t

t'h +llbll plr rlppo,t ll'ln.r;11 dll VI;UII ~l.ponlbl•••••• 'il n V 1

tutun. p.n. d'.nertl .. dlnl III ~In,. Il ...~tt du tYltI.. tt .... Il 1.

rlllD't d. ItO['";' • un ,.nd •••nl d. 1001.

Un, .wtr. o~J.[tlon ,.1 Ill" l un problt•• ~e Ilbrlcltlon.t donc d.

<oU du rtno'l .1 ~·'nco.br .....nt qUlnd l'hergle 1 .... ~lIlntr d,vint

qu.lqu. p.u I1rv'"

1.3.l.2.2 - ,rOtltlE O'[~R8IE ,At UI CltcUll ",DRtULIOUI

Vu 1.1 I.p.rl.<tlonl Il"I'u 10noIIDn~••• nt du p, •• l., .cd'l. dlnl

II~u.1 1. ItOC~'Q' d"n.r;l. 1. I.,.lt dlnl un ",Io,t, nDu' IVDnl p.nl' 1 un

lutr••odl ~I ItOC~';1 ,',n,';ll plu. fllbll qui n'ln;lndrl pli trop d. PI,t.1

Il. IlocklQ' d',n.,;I. dlnl u~ circuit nyd'Iullqu••

C'.tt un lylt"1 dl trlnl.lliion d'Inlrgl. qui, 101, olfr. un int'r.t •• j,ur

du point ~. vu. ttockl;' d"nlrol. It rloulltlon dl vlt"I' l II .o,tl ••

Un circuit hVdrlullQu, for •• un 'Ylt"1 rl;ldl pouVint •••'c.r dl'

d'pllel••nll prlcll, rlpld.1 ou llntl lout .n ",'[Int dl grlnd'I 10rCII dlnl

II .Inl.u. d'.lpIC••t IV'[ 1. Ilnt.u. d. pOl dl.



le$ ~6pJiee.,nt. effletull PIU'I~1 .tre llnt.lrlt rat.tlft tonlinul DU

lntlrllttl~ts. Il. pluvlnl IUIlI lire .h"II~lt. et " • • , .. 1 du fr'quentt.

'II .....

LI' tllp. d. r'pDnll lont r.pl~I'.

CI.y.tt.. lit li.bll It dl lon,u. dur .. lorlQu'l1 III ~lln ton,u.t

blln utlll".

Evidlnlnt lUt un .y'UIi n 'I.t 'In' U ....nt.QI••

Pour III .y.tt... hydr.ulIQ~II, II Iluldl doit .tr. IIlnHnu d.n. un,

tandltlan d'I~trtll propr.tt,

Cltl Ixlgl un .y.ttll dl filtrltlon Ifllc.tl Qui dllindi Un I~trltlln fr'qulnt

It r'gullir.

LII fullii dlnl III Il'llnt. latlur It palpt Il lit plrtll dl tnarQI dU11 1

l'I,aulllint du 'luldl tontrlbUlnt 1 dlll~ulr II rlndllint.

LI' taPt, d'ilplantation It d'entretien lont ,tn'rlllllnl IUplrllur. 1 CIU~

dll .ulrll tYPIi dl Iy"U"1 Il'elnlqul, tilttrtQut).

Nil. 111Qr' tlrtlln. d"I.lnl.,e, II Iylt'II hyar.ullQul • lauJaurl un

r.ndlllnt leeeptlbii It .urtout .on lonttlonnl'Int rlpand Illn 'ux r'.ult.tl

lIealpttt tt.nt do"n' qu'Il plrllt 1. ItOÜ'OI .t II rIOul.tlon. "l>tre thai.

flnll parti eene .ur un .y.tt.. 1 etr eur t hydraullQuI pour nlurer

l 'interftcl entrl Il cible "Iotsur" Il 1. qlUratrice.

1.3.2.2.2.1 DEBelIPTlo- 'P tlltPIT "'''.ULIGUE

U POIlP!:

tllbaur. Eill

circuIt

pl' II

•
't'"lullllur. It pull II rlili Iglt dl'ICtlllnt .ur le lotlur pl>ur filrl

tournlr 1. g'n,r.trICI.



L'ACCUNULATEUI N-I

C'lIt 1'.~~Ullulltlur qui J~UI 1. rlUe de renorl h 'Ipp.l dl"' 1. _t<ln, ... ,

llf~lr fIQur.~), II cont/tu. un. varllnt••U .y.Un. r.p,.l P" rll'Ort,

Aprh 1. dlnn,lonn.nnt du r • .,orl d. rlpp.1 on ~O~.tol. Qu'Il nou. hUI

uni 'or~. d. rl~pel Fr dln. 1. r •••orl pour p.'II.lt •• 1. r.bobln_Q' du ~'bl_

dlro~l' p.ndlnt II lont •• du cll ••on. L. ~.lcul d•• tlrl~II'I.llqu•• d. C.I

It~u.ullt'Ur pourri .1 fllr •• p.rllr d. ~.tt. forc ••1 d. 1. cyllndr •• d. II

POlP. rllflrllbll, C. .YII ••I d. 'IPPll pr'l.nt. ~Ip.ndlnt un d.flut qul ••1

lii. l '.hn[ntlU du [o,pollnt, de li pOlP',

AUIII II n' p.ut Qlrlnll. 1. 1I11ntl.n d'un toupl. Itlliqui plnetn! Un tUPI

prolonQI, II fludrl donc Itr. Issocl' lU sy.lé•• 1 rlsoorl pour I.,llr toul

al'II •• fonttlonn•••nt,

L'ACCUIlULATEIlt .- 2

L'I[~u.ullt.u' n-2 IIrl 1 'IQull'lllr II vit .... du IOtrU. plui

p"cl ••••nt d. Il "n".I.I[., C'llt 141 qui .1 .to[kl' Un' plrtl. d.

l "nerQll "~up"" • II .IQUI .t II ,"tlturr proQr'lllunnt 1 II

Q'Ur.t'l~. quI d~lt tOU'"Ir. vit .... ~on.tlnh. LI cllpll .. ferl' qUind 1.

louv.nnt d. II 'Ollpt .'ln••r.. ' 1. ' ..[Uh du Clll1l1" tt p.rltt Ilnll

l'utlll .. llon h 1"nlr,l. Ito~kl' dl"1 1·I~turulltru. n'2 ver. 1. lIotrU"

re IlDTEd

LI .ot.ut lit Ictlonn' PI' un d'blt dl fluld. U. Ivl[ uni pr.ltÎon pl

qui sonl /on[tlon dl 11 [nl'Q' d. Il ,lnl,.lrlcl.

A Il .0.tl1 du 10t.u. On. uni vlllll' d••ortl. '. IQIII • Il vlllll'

d. li Q'n"ltrl~I. Un coupl. d. lo.tl. T••1 ~n. pull.lnt' P•. LI lot.ur doIt

.,Olr un' cyl Indri' fi" pour 'Ipond" 1 1. v"lltlon d. coupl. lol.ur TI dUI

1 II [hl';1 vlrllbl. dl Il Qlnl'It.lc •.

li RllULATlua DI IIIIT

Pour [O.pl"'.' 1•• c~ln;•••nt. d. ~r.I'lon dlnt 1. ~lr~~lt U"

'1;~IIII~r de d'blt •• t piIC' a 1 '."1'1' du 'otl~r ~OU' IJUlt., 1. 0'011 g.
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~"nt'"n ••• nt ~u .at.u' pau. ,.panar.' 1. v.rlltlan a. 1. cn.rg. d. 1.

g'n'r.trl~.,

1.1.3 l"IlZIlDIIUDUI Dl CDlltOllIO.

l. prat.ctlan a. 1•••cnln. cantr. 1. ca,rallan ••t .u•• l l.pa,t.nl.

qUi 1. ,'a~l'" a. l,.hntn.lt. au clllton .t au circuit nyaraullqu.,

l. proc.du,. qui ,." utlll ••••'t c.ll. t,.dltlonn.ll. o. 1. p'ol.~tlan

c.t~adlqu.,' c.t .11.t noui utlll,.'on. d" .nad" d. zinc .tt'OC~'" lU

C'll'On. in plu. d. c.tt. prat.ctlon, 1. c'l.,an •••• p.lnt IV'C un. a.lntu••

• nll-co',o'lon t.ll. qUi 1. ,.Intur. ol.oolyc.,apht.llqu. Id. no. ca•••• cl.l 1

1. Olyc'rol, pour ,.nlarc.r 1. prat.ctlon tlthoalqu••

I.J •• - PlDlLlIAIIGUI Dl L'IIIICHEITI

BI 1. t.l ••on n' ••1 P" .tlnc~. Il y .ur. rl.qu. a. corra.lan a•• pl'c ••

"Clnlqult.t lurtout 1. rl.qu. d. nOYlo. d' 1•••cnln••nti'ra. Pou' CI

f.lr., nau. a.va". ItUrlf tar'.cll••nl l'U.ncn'lt••n .Olltut.u nlw"u ail

raul •••nl. a•• JOint. ~'.t.nth'lt' pour .r~r •• lournlnt •• Moui 'VOn, cnoill 1

nt .II.t h. Jalnl. 1 lhr., l'.fl.l o. tlotn. p,odOl1 ur 1. to.parUllnt du

tu' our o"lit a'1I11 ...ft 'U' Jalntl O. n. PU U •• 10li' l'IIU,

Un troll co..unIQu."t I.'~ 1' •• tI,ltu' 1 Il.ur O'IIU ~."' 1. po.ltlon

""0' , ••••tl" • t. cO.,.'tl ••nt clocn. d"tr. tau Jau•• r •• ,ll a'llr,

Slonllan. oa~' t.,.ln., qu. 1. .oudur. oolt 'lr. 'Olon'lI••••nl f.it.

pour un' ~onn' .t.ncn'lt. du t.I ••on.

I.J.:I - NDlUJlit,lUIllf: Dl ltUSHilll D'IIlHII

l. tlbl. '1.~trIQU' prot.O' "r un. o.ln. ré".t.nt••t I,"t. r.po ••r •

• ur 1. fond d. l. IIr lu.qu'.u lllo"1 pour hltt, 1.. rllQu" d'tttrotn.g.

p.r 1•• o.~n'lIr. ou P" o'.utrl' u.'O." d. 1. "',

D. plui un' Il'0' t'.oln ln.tlll'••n nlut du CI1 ••on .IOn.I.,. Il

pr, ••nt. plno.nt l. nuit,

"



t.~~ITIi 11 tGltl~TIOI IT IllLllATIDI D'Ua RDIlLl REDUIT

:t.1 ....151 Il tOllŒ~T1DII

:t.l.1 IUT

LI conc.pt;a" d'un p.tlt .ad'l. d' Il 'Ichln. r.ntr. dlnl 1. ~Idrl

d·un. lIo,rlllnt.llon 1 l·'~h.ll. "dultl pour p"lllr. di""nta;. 1.

lanCOann •••nt d. Il n<hln. Ipr" 1.1 'Iul, Iur .... C'lIt ,uIII dUI

1. louct d' pouvoir .Inl.tl.r 1•• ~ontl 0' conltructlon dl la ••c~ln' d'Itlnt.

1 Un' •• ptrt ••nt.tlon QUI naUI '''Onl d.~tdt d. r ••pl.c.r 1. ~lrcult

~yd'"Ullgu, ~Ir Il nOUI ,."l.nt trop COOt.u •. Un, solution Q. rl~hlnQ" pour

Itt.lndr. 1•••••••• tlult.ta ,.pérl •• ntlu" .at d. cone.lioir un Iyat ••• de

r"plle,"nt. Itot .. ~hol. lit portt Iur un +.. ln pou' .lnl.lllr ln colitl CI'

l'ttud' d'" co.part,••ntl d. II ."chln, Iur ••r nOUI I ••n.r. tlrtllnl'Int 1 u~

r.dl ••nllonn •••nt du ~Ireu~t hyd"ullo~. ~ul ,"t la plua (oot.u•.

L. rOI, d. r. I••• n .11 d. dt.rlopp.r un roupl. rlllltlnl tqulvll,nt lU

caupl ••ot.ur I,tlonnl.t II po.P' du ,lr,ult hydrlull~ut. Don~ Il produlr'it

ln "In rlhh QUI 1. n.cult.

:t.l.:t tALtULI Dl DIIlIIIG.aEREII,

L'IIIP' d. ,.leul. dl dl"~llonn'••nt •• t 1. plui l.portlnt. O. Il

COnctptlon IP'U l "none. d'I prlnclplI d. 011•• t du fonctlonn,"nt,

.t 1',IIOorHlon dll lolutlont lu, pr,,~lfIlUq"n ,péclliqu., .u

lon,tton~•••nt d. 1••"chln••

:t.I.%.1 - IIKEII.O"EIlIT DU CAilla.

"lr. louel ut dl plrlllt!r1 un d'pllc.tent 1lI,1 ••1 du

"IllOn pour pouvoir produlrl un trlVlll ... 1••1. LI ",.l.ur

no.ln.le d. hlut.ur dl VIQUI lur l.gu.ll. noul b'll'onl tç~,

nol ~.l~ull dl dll.nllonnll.nt du lIodlll ridult itl~t ~I

H ~ 1.3 l, nOUI d.vçnl .lnl.ll.r II hlut.ur d~ c.IIIO" ~our oOtlnlr,

IVI~ uni ~OUllil ••111.1., un d'pIICI ••nl ••,IIUI. P"nO~1 .10'1

un~ haut.ur dl ~.lllon h d. O.,~ • In t.nant CO.pll ~u ,onl.nu du Cillian.



.11. lit Il.1111.' j'UII"lon tot.l. d~ c.lllon.

f •••• '.A.n '"
"· ••t a 1 ·' •••r'ion tot'I', QUI 1. dtpl.c•••nt du ~.I"on doit •• produlr. 1

~n. lorc. con.tlnt. f.u.t on o~tl.nt lin tr.v.11 .ul'Iln tvet r 1. lor.ul.

12)) .

, . •,
------) •• P . t - 2100 Joui"

•, . ,
____ MM)

f-2000'

,
F - ,..9.n MM) S - •

,.h 981010.2'

B•• B + •

2000

, • O.OBI' • 0.254 -0.02 .,
9•• 0.B3 .'

Pr.non, lin. lon911.ur d. • pOlir t.nlr to.pt. dl' Ilt••nt. Int.rn •• du

tlilion. ". qui I.pllqll. qu. 1 • 0.B3 1

~·t~III•• ur Idllllibl. d' notr. tl"lil. tt.nt d. 2 1. nOIl' C~OIII.IDn. 1••

li tlltul dt' dll.n.lon' d' 1. c~l.br. qUI 10Q' 1. tl.bollr

o • l. 'b••

___ MM) A _ 7B ••
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1" 1,D••~l ..

-_._•• ) 1 • 30~ Il

2.1.2.2 lllIEIIlllM*·.*' DU UIU'

LI 11111.. d' .. tlllutlan dll ''lIle n.nt tth <arralll, nalll I.anl challl

d. l'''l.r v"I ..nld,

lallt II tanctlann•••nt d. 1•••chin. I.t "I.""tl,'ll'Int '1'11" plr II

,'blR, ri dl."i •• I ..ppa.ll d.nl II 1~lllll lin. tarCI '1.1 ••1. F _ 2000 iii lait

H'," lb,

VII l'l'partlnt. dR IOn rdl. ~.nl II laHtlannl.lllt dl 1. "C"ln., 1.

cable pau, •• 'lr. chatel •••t lin f.ttRII' dl .1IclI'ltl 11;"1 1 J. Donc Oalll

Cholelnone 1111 clUI pa"••"t 'lIpparh. lin. ID.c••• J • "'.U lb ealt

llt8.n lb, L. hbl ... plg. 8,87 d. l',nn... ( ..·f 1 nalll dann ... n cU11

V.l ••nl ••• 1 Illl d'.cl., ta,".d'I d' di,.lt'. 7111(ln'

lai t .

2.1.2.J ,...,1............ lU ,......

'"

L' lallVlllllr In.alllii nt d. , • It nOIl' dhl,on. '.01, 1010.." dl Clbll

Ilir il tI.ball'

10. p.,lllt•••~ 1

a'rUIH' ••• O•• 0.4

D• • O.IH •
• ~I LQfrl8UEUR eu TIPl8QUR

,. -10 • 11 • • tu.., .., l'InnHltlld• '"' 1. lanVII.II. Lt

a••nolll .U • 1 • dc



L•• 12 1.

C.I~wl d. l·.~.ll..ur du tllbour ~our hlh, un. dUo'lItioo d. ~. ~.'nl.r

.1 an lui .ppllou. un lart.... llIl. "

Eou.tlon d'.l'.,nt .ou. t.ndu plr d•

• dr



IF. F.ltnldt121 • Cf +dF>.llnldtI21 - U • 0

dt/2 Pltlt ---} Ilftot/2 • dtf2

------) F.dt + dF,dt - dM • 0

Mt;ll'Io", Il t....... du ..cond ordrl

------) d~ • F.dt III

Equltlon dl II prl.lloft 11111111

P • dM/dA ----) dM • p,dA

dA. R~.IR.-II.dt ----) dll. p.R •• lR.-Il.dt

III ----) F.dt • p.R •. lR.-II.dt

,
p••••

R•• IR.-Il
R. rlyon du tllbour

1 • tpllillur dU tllbour

En luppollnt QUI 1 ·tpllillur lit Ilntl on Plut Ivolr

p

e
~

~ If"

rS.... p

~
..
~ (f"

lolt Il tD"tralnti .·9. Il 1IIIti d·tlnti~ltt du nttrllu

Y'rlfl~ltlon dU flllbidi

1

1...-._,
/~<"

1 .. -, \

f

T

Dt

.r,

1,
?-I

L L



l. ~'I lct ~r.l.nt .11 1111'11.bl. , ~n. C~IDn. 'Dtul.-rDtul'

, . ,
li ~hlfg. ~rl!lq", ' ••• ~.E.II]).­

nltl ~ftnltu -----) _ 3.II.Rl' ••12

-----) 1 • i.31 E-] ••

P••• ~.l01" .i.31E-1l0.117_. IlB.7 III

F••• _2000 III: « PO' -IIB'OO ..

t ..el ••' .. 1 Il "'Y' pli rtlqu_ d. HUblg.
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"

-fa

~ • F.I • 1000 • BQ • 1&0 ~ ••

1'1 -160 III .•

LI lo.,nt dl tor.lon

7. F.D.12· 2000. O.IHI2· lH 111.1

t •• l.~ i 3 b' O,7~ (UD •• I~U couutr.tlon d.

a•• b. (0, 148~•• 0.3DB, llin

S~•• I~B5 "l'.
S• • 1345 "P.

d•• 20.7 Il .21 1.



2.1.2.' LI tmll IIIES IIIn[IIUTI

Vit •••• d•• i ••• Il.,

Le,. du dl ••n'lonn".nt nOUI .ven. ,r'vu 10 tri .n 6 • lolt

1.*'00 t,p,a

Dur •• d. VI' 3 .n. lolt 2~~20 k.u •••

FII~!lltl ~Ot

Reu l"Ul .n A

Fr • Jt•• 23",~ 1

F•• 0

L. du.. t •• d. l'lrbr. 'Unl ,,'1 1 il "

~hol.I ••on. un roul •••nt rlll'" un. rl"I" d. blll •• ~. dl ••ltr. lnt'rl.ur

2~ •••t n'.rUur 62 <II .t lIrQ'u' 17 ..

9,rl. d. dl ••n.lon 03 1 l' d. roul •••nt 0'0'

Ch' ri' d. b••• It'Iiqu. t •• 1140 d.1l

Chl'Q' d' bl" d~n.a!qu. C. 1730 dll

ylt .... ll.ltt IlObO t .. l.n po..r un. l ..brifletUon

IV.t 1. Q"!'""

14000 tr./.n .v., d' Ihull,

.olt R. 1. thl'Q' "11'1' 'qul.'l.nt.

R•• loF•• Y,F.

F•• 0

F./F•• 0

n) R•• I,F.

F./e•• 0

• o.nlr du tlblliU DI 1. P'I' ~3 (voir .nn... toI nou. I.on. 1

F. IF. '0 < 0,187 ••• ) 1. 1 1 Y • 0

R•• ~••23".' 1

t 1. ,h.r,. d. b••• t.ltul"

C· Il.,C(Il••Htoll(U,333 _"Oll'"

On 1 chol.! un roul.un! , bill. donc •• 3

Dur •••• vi. 3 'n' , fllbllit. '0 ._ •••• ) HIO • 2"20 h.ur ••



Apri. cil Cul on trouy. C. 12~.'.1 M{I il chlrg. ~I bill Itln~lr~ OU

royl".nt chOI.i qui o. l1300 M

conclu.lon 1 i. roul •••nt chol.1 'n A "t leC.,llbl'

Aoul,"nt 'n B

~•• R•• (el4').~ • ",., M

l. ~IIIUr. ~. l' .. b.. Itlnt 'g.l • 21 Il

ChblllllOnl un roui •••nt rlgid. 1 YB' ring•• d' bill" •• dil•• tr, Int.rl.ur

2' Il .t .xt .. Lnr 47 Il .t larg.u' 12 Il

8Irll dl olllnilon lOIN' dl roylll.nt 600'

Chl'Q' d' bl" .tltlqu. Co· '60 dl'"

C~lrQ' O. bll' dynl.lqu. C· Bi' dl'"

~It"" IL.H. 1'000 tr.l.n ,oyr uu lubrlficltlon

Iy.e 11 g•• II".

IBOOO trl/.n Iv" d. l'hull.

'Olt R. Il ch•• U' r.OL.l, 'lulv.l.nt'

A ~ .. tt, ~u ttaLnu d. 1. p.g. f1 (voir Inn .. ,!.) noui non. 1

t , 1'••0 (0.IB7 ••• ) 1. L 1 r. a

~.. ,.."',' '"
C LI ch"g. O. al •• cilcuili

C' R. 1 ((MO xMI011l33.33l _'00)]"·

On 1 cholll un 'Oul"lnt 1 bill. donc 1 • l

Our •• dl Yi' Inl 1 Il.bllltl 90 ------} HIO • 2'920 hlurl'

Aprh cil cul on trouy. C = L91L.B '" < 1 11 ChHU' dl 011••ttndtra Ou

roul,nnt [hol.l qUI d, ,.,0 M

conclu.Lon 1 Il roull'Inl chal Il ,n , ,.t .cc.ptlbll .

,;



2.1.2•• II_I"'C'I'UI III FI:lII

Mo~' (~ol.i••on. un Ir.ln t I.gpt gui ~.rl.ttrl d'Ivotr un ,pupl. d.

fr.lnlQI Il•• r Al'VI ~pu, 1•• dl ••nllpnl dl (1 .pdll ••

t. (Pu~l. d' 1,.lnIQ' I.r. (Pn.tlnt.t (11(ul' d, "nit" 1 r.,ll ••r

l'Illeriion l, nrtult

1

hydreullQu"

L, pr ••llpn lur l, IIDot 'Il tonlldlrl (o••• It'nt unlfpr ••• En •• lllnt

l'IQulllb .. du l.vler Ip"Qu, 1. h'bour .IlItlu. Uni rotillon on 1 1 (voir

11Qur. '\1

...... 0 ( •• ) F. t - N • 1 - 1 • N ••• 0

,.,
••

1·(11.1

F lit II font IllItlQu, qui prpdult 1. tpupl. d. 'relnlQI

• III Il Iprt. norill. U IIbot d. Ir.ln

Pour 1.1 ~j ••nltpn. l, t, 1 vpjr Il .,•• IIQurl,

Ipr'i 1. Pl'IIQI d' II YIQU' Il lort. d. rlppll du r"lort 'It

utlll'l ppur r.bobln.r 1. t.bl. d'roulA lori dl 1••ontl. du (l' ••on.

&,,~. ~ un .ntr.!n.unl P"' dlr.,ll.ur, II ,oupll a. frunlQI l'nut.

lori 1. Il 10ntii du ,.IIIPn I.ul •••nt .t 'It donnA plr T. I.I.R._.

R.- .... , .. e ....~ h ..... he ... Oc.," .

IgUI IIVOn. I.Olr un coupll d. fr'lnlg. Igii 1 II dlfl'r.n(••ntr. 1. toupl •

• otlur dl •• loppl p.r 1••,cnln••t 1. toupl •••• llun Qlnlrl plr 1. r,llort 01

'.pp.l,

li ll.I.lu "Ii noui l 'Ir'll d' Illr. un thOI. flAl1 d•• ,Irl.ltrll du fr.tn,
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r =60mm

"r.. '1)\ e.e,"" '\.

DIMENSIONNEMENT DU FREIN

Fm~ F~ Coef.frott am ,m am 'm F j]j;m Otm
2000.00 135.42 0.20 0.10 0.00 0.02 O." 140.84 e.32 0.13
2000.00 135.42 0.21 0.10 0.00 0.02 O." 134.39 e.ae 0.13
2000.00 135.42 0.1/2 0.10 0.00 0.02 O." 128.&3 9.3e 0.13
2000.00 136.42 0.23 0.10 0.00 0.02 O." 123.17 .... 0.13
2000.00 135.42 0..- 0.10 0.00 0.02 O." 118.27 ...., 0.13

2000.00 115.42 0.20 0.10 O." 0.02 O." 113.1& e.ee 0.13
2000.00 135.42 0.29 0.10 0.00 0.02 O." 109.59 .... 0.13
2000.00 135.42 0.27 0.10 0.00 0.02 O." 105.73 s.ee 0.13
2000.00 135.42 0.28 0.10 0.00 0.02 O." 102.115 9.62 0.13
2000.00 135.42 0.20 0.10 0.00 0.02 O." 98.81 9.68 0.13
2000.00 1315.42 0.30 0.10 0.00 0.02 0 .. 915.70 9.70 0.13
2000.00 131542 0.31 0.10 0.00 0.02 O." 92.79 9.74 0.13
2000.00 136.42 0.32 0.10 0.00 0.02 O." ..... &.78 0.13
200000 1315.42 0.33 0.10 0.00 0.02 O." 91.49 IUl 0.13
2000.00 1315.42 0.34 0.10 0.00 0.02 O." 95.08 &.85 0,13
2000.00 135.42 O." 0.10 000 0.02 O." 02.00 e.ee 0,13

CHOIX FINAL: a = 100 mm; c = 500 mm; e = 20 mm;

F = 113.75 N ; T = 9.50 N.m ; Dt = 127 mm

f ""'..u.. Ill .. ,t.:, ....... .l.....\ \.. rt..,oyt cU. ~ ....;...

1: C.IJUT1 .. eU.. ' ..t.:'t\.Q."hQ. .

;j,



DIMENSIONNEMENT DU RESSORT DU FREIN

G-71l::E9 Pa

O<mlr"'_
• m om , ••• • c , m m ,~ • rs • m c
0= O.O1~ • .00 '" 'œM • 7I'E ~Ool o~ 1 ClIlE+lJI 8Œ1E~ar coa >ro ,,~ HlE...e
0= O•• • 'S ," ,œM e lllE .. OO o=n , OCE ..œ 7 \I;1E..01 0_ >ro ,,~ 7\lE+1O

o~ (} o,e • .., '" ,mm He.o< OlXll:l1l USE+C8 18SE+1J7 0_ >ro ,,~ lilE .. ,(}

0= 00'5 '" '" 'mm PII7E ..o< 00110 IIll11E +07 ,
.~ o~ >ro ,,~ Il1E.,a

ooסס0 ü •• • ,~ '" ,œm t 72f:.Cl! 0_ Oll:lE·ar 7.7:lE.U7 0= >ro ,,~ 7GE ••a
.~ a,D'1l • .~ 1.13 ,mm 1-li1JE+1III 0_ 1.3lIE +07 7.117e.D1 ,~ ,,~ .,. J.E.'O

0= COle • '9 ". 'œM , lI3E ..œ .- 8 :JlE +(J1 7 ll:lE.ur ,,> >ro ,,~ lllE+'O

0= c•• • '" 1.15 ,œm z2llE.1J6 0_ 8SE.07 lœE..1J7 ,- >ro ,,~ 19f+1C
o_ C 016 • ,~ '" ,mm 2.ll3E .. œ omo, .. II:IE.. l:I1 1 SZE+01 ,~ >ro ,,~ 71lE+1O

0_ oers • '" '" -œre 312E.œ o~ .. aeE.ffi' 1.,E.[17 1 713 M ,,~ ?(IE.,a
0_ o•• • '00 '" ~ro 3ll7f .00 = 31lllE+01 1 Qf +tJ7 , >. >ro ,,~ llE.l0

,= c•• • ,~ '-'7 ,œm ..:lIlE_œ 0= 4l1lE+lJ7 73GE+01 ,.. >ro ,,~ I!ilE.,D

,- 00t6 • ,m '" ,œm .. iliIE.œ = :Jl1E+07 7 :)lE.-cr.' ,- >ro ,,~ 71i1€.10
d~ r:etltd~D~gr8nd dloo"""'_ N:n<>fl'lt:ndlt.pI.... ~ ~ co"Slan" do , ..doc< f~CtI ..ostIQue y= ........'" du ressort Ssy"~mitll dlleou,"""'''' .noloallle....
fS"'~œ ""..... iIII Sy~IIm'" d·_~ SovooOI517.Sy

Sy .. o7tl'(AI(ae+3j ... .,]....a .., (Plll

CHOIX FI........ :d=IUDI _. C"O 016 "'. ""Ii. F.. ,œ.ltI l't; .~'.8.•+6. ,~o.r mm. FB=l.IM2



2.1.2.7 IIIIPlIIlIa[lEIIT III a:1IlI8IT

L. rClf du r.llort de rappfl elt de .alntenir le caisson .n pOlltion lu

d.IIUI du eal.ll d'ancrlg•• t d. conl.rv.r un. t.ntloo .lnl'II. dln. l. ,'bl.
1. tout tUpI "In d. 1. ulnttnlr droit It vertical l''C pu tan. Il puua'

d. 1. vlgu•.

Pullqu'll ,'.ait D'un ~rototYPI dl.ant fonctlonn.r ••ul •••nt pour 1'1

Illall, nQUI ,.

, '

, ,

flunllonnlunt du ....ee t • Do"c la cont.lntl li" By la lI.a. d'ilutlclt6 du

..ttrin.

l. tlblalY n", noui p.rl.t ~. hi" un cnOl•.



OIMENSIONHEMENT DU RESSORT DE RAPPEL

vwv VI/VII ww

O........lr. o;.~. Ko " F de r&pp. H O(radianej k(N.rn/radl rab d. 1o.., • o. !"L- rn
0.00< c.ca 0_ 1.:lE -I-OQ 144.81 0.- "''" 0.41 ,.
000< 0'" c.eec 1.3f+09 141.43 O. "''' 0.31 ••
0.00< o œ 0.943 '.3E+09 13942 O., "'" 0," "000. 0.0. 0,,", 1.3f+OO 1:18.08 GA 42.36 O.," .,
000< 0.07 o.ese 1.3E+09 137.13 O., .. 00 0.18 "0.00< 000 O.... t.3E+09 13642 O. '''0 0.16 ••
0.00< O." 0_ --)..gt+09 1%.86 O., "''' 0.14 "0.004 O., o.gn 1.31:+09 135.42 O., 69.24 0.12 11.0
0.00< 0.11 0.973 1.3E-o-09 1~.06 GA 76.98 0.11 12.'
000< 0.12 0.91& 1.31;-0-09 1:)476 GA 82GB 0" ta a
000< 0.13 O."" l..)E·œ 1;)4 ~l GA '''0 010 14.2
0"'" 0.14 0.919 1.3é·oe 1~2& GA ".12 o.œ 15.3
000< 0.105 0"'" 1.JE"7'OO 13'4.10 O., ,OZ 84 o.œ ".
0.00< 0.16 0.882 1.3E+09 13393 O., 1Q8'.1l6 oo 17.4

H =' LonglHUr du r••&<>rt

RI =- 63.5 ,","

A ~ :.'110

E= 201E9

F'!l ' t

CHOIX FINAl.; d = 4 III"' ; 0 = 100 ..... ; H= 400 ...... ;" = 0.12 N ..........ct ; """",br. <k t",ur. = ~\



:.1.:.' WElI'ltariDl lE flDTT'11CI lU tallBDl

Sol t '. " valu .. '" ~.11l0~ vi d.

Salt , l '.p.lll.ur ..
"

UI.

L .- 10~Qllfu, du tlillan

• .- llrQ.ur '" tll lion

" l -
hlut.ur '" c.lllan

p. .- ..... val u.i QUI .. l ' .. u

P. " ..... ...alu.lqllf .. l '"I.r

'. •• valu...H.ctlf .. titi. a'ltll. utlll •••

P. ., oau •••• a'Archl,.a•

'. " ..... .. tal. o'Hi .. lItililh

•• • L.Lft - CL-4•• I. li - •••1. Ih-2 •• t

1

______ )

~. -r.,v.
v•• 3.44010-3 .,

-------) ~. - 17 ~Q

lait h. 1•••••• au cant.nu 1 •••••~I.Q. carnl'r'I,.t 1•••t.nll•• l

ta••• nau, pauvon. P" 'v.lu,r .v,c pr.clilan 1. palot au cont.nu au ~.l"an,

nDul 1"IUton," joli 1. 00101 O. l'Hl.r "Ulll'

lolt P, 1. pllllli tal.l a. Il ..chin.

P, • "•. g .'.ft•• g • '.".,g

P, - 1314.~ •

Lo pau•••• o'.'[hl"O••• t

P•• r•. ,.L.l.h

P. 0 100G • '.11 • 1 • 0.11' • 0.2' ' 1••••

On con.t,t. qUI A "l .up"l.ur • 1

c"cl.,t.. 1. caRdltla~ d' fldttallon 'It r ••p.ct ••
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Z.Z l'MlIl" .. LA IULIUnDII

Z.Z.I LE ..tEl:IEL

Me~1 I~enl ~tllll" ~e. tCln d'Hlllr de 1... et dll ~or~l'rn de 25125

et ae 10/30 pe~r Il conetr~etlon d~ ~elilon, d~ fil' pline ae 4el p~wr II

rl ..~rt ae rlppel dn pe~r l ,.tlnchUU du cil lion, dei [ornli'" p~ur ul~rn

.. ri'lldlU, d~ 111 • plln~ p~ur le .n.ort de "PPIIl, ~nll Carr. d'ltI'r p~~r

l'IrCre de trlnulliton It de I~pport et ~n [lDle dl 5.51 •• de dillHrl. lf

t."bo~r elt Ilbrlqu' ~ plrtl. d'~ne tCle de 1•• d'fpll,""ur,

LI r •• II'"tlon • n'ce •• lt. pl.tlc~ll'r.le"t le. op'rltlonl ~e I~~t.gl et

d'~II~.g••

2.2.2 Drliii TltHIlDUl DE RlALIIATIOI

g~IIQul' dlilln. de [ooltru[tl"n d~ nlll~~ ,du tlUour It d. l'arbre

I"nt •."pr ...nth .. " ln Unnllon. (v"l' IIVU'''''''';; li)

2.2.3 IŒ1I1DKI UTILISEIJ

2.2.3.1 Ll SaullIE

MO"I l~onl wUll" l, louaure ~ l",rc 'lectrIQ~II .~u 1.. b'Qu.ttn

on.ob'o' .0 2 00.0 .l'.'tr. I~ec un "Illille al eourlnt [onv.nlbll .e 75 A.

L',pp,r.lll';. qut. 6t. utllt •• I.t uni •• ~hlo••• ~udlr d. r.f'rllnel

Illn~"ln Ellel,le COlpln, 01 CI~ld, lTO TOROMTO , Ont.rlo.

Input 1 Blngll phlll , 210 voltl,'Ocyel,,", 50 A.p""I.

Output 200 A AT 10 ~01!1 Mu, "'ltlOll cu""n! ,25 A

AT ,5 A.[ volt' , 115'" -, Telporltu.o .111

DutY cycle 201

Arc opnltion not 10.11 th,n 2..u out 01 10 .in

A C -n5-5
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1.1.3.1 OPEIIlibi .·~I"" 1( "(ClI

L'.r~r' ~ul I.rt ~I .u~po~t lU t.l~our • un dl."lr. d. li'" LI rillort

~. ~.pp.l dl,ullon~' (~olr tlol,"u ~ l, doit .tr. le.~n.un••nt rhl.1I OInl.

~u. 1. Ir.h.

L.I .11.11 lur "r ••ront r'.lll'I ult'rl.ur •••nt .t del ••nt p.r •• tt.nt

~••l.u. ~.r".~ 1.1 co.pert ••• ntl ~u tllllOn pour .1'UI .Dord.r 1••

orobl ...tl~u.. ~ul .ch.~o.nt • l '.nllyll.

2.2.4 flllD( lU cour 8UI.L

2.2.4.1 LL8 .l'IEI[B PlfRIEIEt

••1 ~DOtl du ,"térlll .tn.t••ont rl~rouot. ~tnl le tlclt.u

n"4 ~uj noui 1 pu'l' d••i.u. ntillr III COlftS QlobluJ du pr"tot~p.

d. O.~ ~",

CI prel.t Ittnt d.n••1 ph••• ",p'rl ••nt.l. neu, ni peuyon. pli peur 1•

• ollnt plTllf dl rlntUlllt. tir C'lIt un ~ro!.t u r.curchi qui n'c.ultl

un. Inlly,. d' tOUI III IIp.tt. d•• to.port •••nt. d. Il ."t~ln" lur ••~ ."OUI

pouven, r.trlr.!ll.r Iur 1. pro).t peu~ 1. ~.ndr. t.chnlqu.llnt r'"ll'"bl. c.r

Ipr" 1.1 .11111 lur ••r 1.1 tD'PD~tl••ntl du tlilion Iifont 'l'U' tonnUI .l

pou~ront .tr. étudJél r.l.tlv"~nt ou> IIp.ttl I,nt.onné. p~'c'd••,.nt.

~ln.l d•• IDlutlen. II~o~.bl,"' Il r •• III,tlen d'un p~etotyp. d•• tln' 1

11I ••nt.r 1•• pepulltlonl n"IYlnt Pl' Itt" lU ~'"'"U d& dlltrlbutlen dl

l ""'~91. 'l.ct~lqn.



TABLEAU DES COUTS

Elément. de c::onstruc::tlo Quantité Coût

Cornières; 25/25 2 5300
Cornières; 30/30 3 9240
Feullle de 161e d'acier 2)(1 2 11000

de 1 mm d'épaisse....
Fil à "no '0 m 18570
CAble d'acier 10 m 8229
les roulements 2 20000
les éléments de frein 20000
Peinture 10000
Ple~las , 64836

Coût de Fabrication 187175

••



C••,ltr. III lllEISlGiiLHEiT "DI PIOIDTYPI Dl o.~ ri

3.1 DllRlIE DIU'IlIlkl

~ plrtlr dll dann~11 Itlt!lt'~ull rl~lu'lllll lur III hlutlurl dl vigUI

Ivalr Inn"l l, "aUi ~aurrDnl hllulr l'~nlrgll a!l~onlbll lur Il 1111

~onljd~r~. LII r~lultltl ~onlld~rOI lur troll lall lant rt~lpltul~1 alnl 1.1

t,bll'w. 3.1,3,2,3.3 qUI noul aannlnt uni nlutlur laYlnnl dl 0.91 1 It ~'unl

ptrlodl .ay.nnl dl V'GUI d. b.73 I.~andll,

J.1. 1 LA MlIlIU:

1" ~'
__ ·__ I~-"Ll_'_'--_

j-

:1.1.1.1 - DDIII( Dl LA BDIlU

L------"'

<,f,·-J
1

"• __J_

'"',------

~, ~

1

1•7 T7

1
J 7 / J J.1. 1. __ / 7 J 7

LI •• ,hln. Ilrl jnlt.ll~1 lu. Ilr .n Ilu DIU pra+and•• Dan~ pour tv.lulr

uUl' ..r 1. for.ull lb! pour 1. [Onnltlon Llh! ( 1120
'\", HI. L, .

'"•Elit l'tn.rGll olr .ttr. dl frant ~I vigui

L l, langulu' ~·ondl

L. C.I. I.1'9"h1



gouvlnt Ittlindr. ~~12 • lolt lb.~I.

,
"~.~.h, ., " .
• • F.y • ~.A.h.lH " "'" ~ulillne. ,.,, • •,
Puluuel o~tlllli ..

Pao' - - --. ..
,

• 0 , ~.~ _ ~•• a

....
Paa < .. 24~2.~ •

r " .
Peur un Il dl nrln. d. bll' du tllilon on 1 •."

r

A

Pour pou_olr r'cup'rlr h 1 -'nIrQ!1 du VIGUII l Illbll hnllur,

newi IVonl eholll wnl hlutlur Ilnlllll dl fonctlonnllint H.O.61

Ilnll on 1 uni pllQI dl fonttlenn"IH d. 11 Ilthlnl tr .. 1"91

Illint dl O.~ 1 ~ 2.18 1. A~I~ elUI hiutlur dl O.~ 1 II .. ~hln1
fonttlonnl contlnullllllnt nuit It jour It II pulllinci r,cup'rtl
P" Il dl ,,"lItl dl b.u du tlillan nrllt ,

Sur II Iiti chal Il naul I~onl uni pl'QI 01 pulillnei plr Il ~I lurflCI 'VIC

natrl Ilchlnl dl 131.2 MI,I 1 171b WIll.

"'1. Il choix ~I II pwlll.nc. P .. 131.2 .'12 I·.v,r. judlcllUI pour II

50



J. 2. 1 ItllPlll••Ui DU CAIBIUD

Etlnt uonn. ~u. l, prototyp, d, Q.~ kM 'It dl,lnllonn' pour un r,nd•••nt

du [jrcult hydr.ullqu•.

L. [Iltul d'I dl.lnllonl Il Illt Iv.t un. pulllint. u.u. '011 plul

noui donn. 1.1 dl ••nllonl du tlIIIO" Dour uni pullllnt, dl dl ••nllonn'llnt dl
1 IW·

p. 1 kW· 1000 _, t • ~.7J 1

•p • , ·_)W-P.t

•

, . ,../I.h A • lurllt. d. Dili.

S.lon 1.. [Il[ull .. Illllllltlon dl 1·.nuQI. • r.tup.r •• 1 noui IY~nl

trou •• qui 1. h.ytlur du [IIIIOn • • If2H li! nt " hlutlur d. Ylilu. '"'
liquill ... bllint '" elleull d. dl ••n.lonn •••nt). "III '" tlnlnt CO.ptl ...
fluctUltlon. ... olui Itlblll, noul ,.IMIIII , • ,.. 0 COli' hlut.ur do

dlllnl!on~ •••nt.

p. t
F • -~----- • ,..A.h, -.
P.t _ ,..A.~. IH - hl



• -r,A.(lll~l,I~· L/2 Hl

• -r.A. L/2l1 -1111.K2

"•••• ) A • ~-----------

-r.H~14

"-)].A/L

nOUI ~holilloni II ~Irllnt.

(l,LI ,n t,nlnt ~o'pt. du e enrenu du ~1I110".

L.~.I. 1-1.'01
L. tl.bour 'It lo~' d.n, Un' ~nllbrl ~I ~jllnllonl 1

A • L.. lu

Pr.non. ILl. 4 d..... • b4 Il

A _ 206 • b4 _ 272 ••

B • 2 D•• aD. pruonl ah • 4 d•••••• b4 l'
B • 2.400 • 64 _ B64 Il

~.t ~.t P.t
F • - •••••••••••• -- ••••••••, -. " -1/2" O., "

100006.n
F. ---------..• 7S9'.6 M

O., , 0.6

Tout 1. fon~tlonn...nt dl 1. IIcnln. lit ....ntl.ll ...nl IIlur. plr 1.

c~l•. Vu Ion ilportlnc. d.nl 1. fonctlonnelent d' II 'Ienin.. 1. clbl.

pOurri .tr. cl'lolli I~" Un flct.ur d. "'curilt 'gll •• 2. On e~olut un clbl.

pou~.nt lupport.r un, lore.

A·2.F,IOit

7 flll 1"~I'r totlld'I O' 01 ••6tr. 31B ln lolt 9.' '1

d... , ... 10 '1.





DIMENSIONNE ..ENT DU CAISSON
P OOOW-,

A (m') I(m) L(m)

7.S1 o e 15.22

7.S1 , 7.61

7.81 LB S.07

7.S1 a 3.81

7.S1 a.e '"
P lat Il pulnllnci dl dim l"lionnlm Int
pour un rlndlmlnl dl III m.chinl àl SO'l>

Choix tln.l: L .. S,, III It 1 .1.S III



O"~~.I 1.. r ee e...ndatlana dann... dan. l',nnu. liS), 1. dln.t~. dY cblt.t

c.lul dy ta'Dayr 'ont d.n. un r.ppart .inl.u' d'

DT.~.

~~~~~~~••~. ) 20 ~~~) DT~~•• 20 de~.' •.

fall c.lul DU cable. lieus avOnl chol.; Dt ·ID.dc".l.,

D.~~•• 40 • 10 • 400 ••

L..~•• 10 dUDl. +Ik.,

LTnD • 13 dt'blt • 13 • lb = 20S 1.

Iw,C au I.nl Il plll';' d. II

VI;U'.

Il "I;tt d'un pratattPI dlvlnt fanctlann.~ dyrant 3 an. lu .elnt av.nt

II prultr. rhillan, naYI Illon. p~.ndrl un f.ct.yr d. "Cy~!t. FS.l.~ pour

III 1. lltll' d"JUllcltt ~u ..url lu.



OIMENSIONNEMENT DU RESSORT DE RAPPEL

ww ww ww ww

Dlam.lf. D~ft\'tr. •• S FS COI'l1raint. F d.r~ H o .""'" N.mlra l'lb 0. loura
d ~ D~ •• ~

0.00.- 07 0.996 1.3E+09 " 8.9E+oe 27.85 0.7 551.27 0.01 87.8
0.005 ,7 0.195 1.3Et09 t.e 8.6E+08 5219 0.7 341.87 0.03 "'.4
Q.OOI '7 O.lHM 1.3ë+ot t 1.04E +08 8909 0.7 231.42 0.01 3E1.8
0.001 07 0.993 1.2E+09 t 8.2E+08 138,48 0.7 186.41 0.17 ,..,
0.008 0.7 0.991 1.2EtQll t.e 8.0E+08 202.91 0.7 125.08 0.32 19.9
0.009 0.7 0.990 1.ZEtOe U 1.9E+oe 284.29 0.7 97.25 0.58 15.6
0.01 0.7 0.888 1.2Et08 , .e 1.8E .. oa 384.43 0.7 17.85 0.$19 12.4

0.011 0.7 0.988 1.1Et09 " 7.6EH18 505.1. '.7 03.'" 1.59 10.1
0.012 0.7 0.987 1.1Et08

"
7.SEt08 &4822 0.7 52.62 2.46 '.4

0.013 0.7 0.986 1.1Et09 U 7.5Et08 815.-404 0.7 .. '" 3.68 7'
0.014 0.7 0.985 l.1Et09 U 7.04E+08 1008.67 0.7 31,88 '.33 '.0
0.015 07 0.984 1.1EtOt " 7.3E+08 1229.37 0.7 32.70 7.52 ,.,
0.0113 07 0.983 1.1EtOt " 7.2E+08 1478.57 0.7 28.50 10.38 4.'
0.017 0.7 0.982 1.1E+09 " 1.2Et08 1780 91 07 25.05 14.()El 4.0

o =og-al'ld d~mètre du r.non

~

H '" Lon""..... du rnaoM

Rt : rayon c:LI tembOil

Rt", 200 mm

d '" Pfllti1 dÎGmêtrfll c:LI r••aort

m:0.146 A",2170

e:207E9

Sy=0.75*(A,/(d"1 e+ 3)" rn)".e

CHOIX FINAL; d == 10 mm ; 0 '" 700 mm ; H '" 700 mm ; k == 0.88 N.m/rad ; Nombr. d. tour. '" 12.4
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R•• -280/6l0 F • 10.3 kN

If•• 0 ( •• ) -F + R~ + R•• 0
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i") V • ,", ."o, • 0

e (o.) V • F • 0
(")11_"'00

•• ) Il· -.J •. 22.n ••

•
• • Q

If' •• 0 (.e> R... V - F • 0

v • A•• -10,3 kil

Il' lll. - FI •• "I.IIA
Il • 10.3 •• - 9.2



C.· 1." 3. b· 0.75 l Irbr. IVIC canclntrlUaft

nl.gr •••• d•• la••nt. fl~thl'llnt.

" L

_f· CL

Il•••• F , 1 • 6.~ kN ••

"h • 6.3 kN

T • F x D112 • 22.43 " 400/2 10 -~ • 4.5 ~N··

T • 4.5 lIN._

Cha~••Insu",

C. • 2 '3

~ant.. lntll

8p. blQ.le eut, Q.lQ 8y i_ln

8.4200 A~l_' Ina,ydlbl. la'Q' .t t •••p.

Sut· 15115 "PI

9y • IH5 "~I

..
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~•• ( ( (c. ~12 • (Ct Tll/2 ) )"3
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.. ,

Go • O.O~3 Il IQlt ~3 .1

dD • 63 Il

3.2.6 ClOT. Il IOUlllEITS

Fllol!lt' 901

Fr • RA • 32.1 k~

F•• 0

li dlt•• tr. dl ',rbr. I.t dl ~3 Il

~l ••• tr. lnt.rl.ur .~ 1•• t 140 .1

Ch.r~1 d' bill tt.tiqui Co • 20000 d.~

~lt'"I' \llitt , 2400 trI •• PQur lubrlll~ltlQn IV'C dl II Vrll •••

Jaoo tr/'I pour lubrification .vlt a. l 'hull.

~•••• Fr

61



RI •• Fr

0'
.0< 1·0.41 ( YDlr Innlnl

"0'
<1··).·I,y·O

"RI • Fr • ~2.7 kN

rv~ • H,~

( • RI 1 ----------j III
~~·,·.SOO

1 • 10/3 tir on 1 tnDlli un rDull.lnt , rDuiIIU.

FllbillU 'lOt
100 • 2S'i20

( • 32.7 • [ -------_.-_.J.,'Q
33113.S00

c • 14B.& KN (C.,." ••, •• 224 ~~

... , LI rDllllllnt ,hDill ln A lit IC[lpUbll

1l0IJLE~UT B
Fr • R•• 10,3 kM

, 1 • 0

LI dilletri dl l 'Irbrl ttlnt dl 4B Il thDIllIIDnl un rDullllnt rl~ldl , uni

ring" dl bill .. dll dlnttrl InUrllur bSIi It nUrllur 140 It dl Ilrglur 330101

Serll dl dllln.IDn 03 B.ril 63

~. d. rDlllll.nt 6313

(hlrgl dl bl" dynlliqui C • 7100 alM

esoo trl.n pDur lubrlflcltlDn IVlt \'hulll



R•••. Fr + y.FI

RI • '. Fr

'··)'·I,y·O

110191 B9 ll"n... n° 1 neUi den". 1Co tlbillu ..
" •

"" <

"R•• Fr

,. .. • lO.~ kil
N•• M,o

[ ---- l".
Hlll • ~OO

•• , tir en 1 cnelll un reulu.nt 1 b;II<~

dur', d' vl. ~ 1"'

100 • z,no
c " 10.~ • [ ·-··-··--···11""II' , '00
c " 46.1 cH ( c••• ~••••• 71 'N

•• ) L. reul'.'''1 tnelll.n 1 lit IH.pt.~I••

,,"631' u" reul ••• nt Id.ntl~u, • c.lul Olltl ln A lelt l. reul •••nt 1 .eul ••u



~.2.7 CMQII REl [LlftE.TI lU CIRCUIT "'D«~UlIQUE

1.2.1.1 ClIOn H LA"'''" ET lU IIOTEUI

Cal~ll tl"U dl' ~a~l! d'achat. va~iabli5 dei ~Ol~il Il d.s .ote~r. ~Ul

lont fonction dll rlndllintl, noui Ivonl d~lll' dlnl le tl~lelu lui vint 011

cOlblnelsonl eoteur-~olpe • ~e~t1r on t.Huu. dt l'une.. ni.. pige 4.2&

(lrtult nydr.ull~u•• C. lluluu noul 1 ~.rlil d. c~ollir II ~oeUnlllon

1«lptlull sulvlnt u" rlpport toDl/rend,.lnt Juql bo".
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TAIlLEAU DE CHOIX DU IfDT[UR ET DE LA POMPE

T",. d. p••po e, l'P. do "'.... "- CoOl d"u"'l ........11.' C"at d·.....~... nor .... I... ~nd."'''''1_ Coat n...-...lI"
~nd"".n1

~nd..._ """,p. 11I0"''' ,l.... " .. "_. ...-... ..."'..... " .... p •-. ...ot...
Engr...go ro.m E"Q'.""Q" F'~

, , ,~ ,~ .2 a 72.. .œ
--~Engrenag. ro.m f>jOllln ..,und'''' ~.~ , 2.1. , , fIIlaT4.. ...
It\<i''' II:A ..

F'lOllln cyll/l.sr.. jHI1 EngfOllllg. ~.m , .. , ,~ ,~ 4Sin.. ,~...
oo.~l'Iomn Oy1Indr" r"'.œ F'I ...... çj'llndr"" 2.H 2.1. , , IIOte1 .. .a... ..



, ••ot.ur •• t ,ctlonn' DI' un 'lul~. g. ~'bjt '1 •• gonc n.C•••• lf •••nt

t~lln~'11 fl •• l dDnt 1. ,.nd •••nt vlrl. d. 421 a 7~1 .Donc nOUI poUVonl

____ 1lO'"

----~ .....
.- .... _dU

.. _ ...11

L. tlltul ~'I tl"ttlrl.tIQu" d•• 'll••ntl du circuit ~vdrlullQu' plut

"tr. l'abj.t d'un lut,. proj.t ~. lin d,.tu~.' Qour 'In.II.,r l. tout Clr 1.

dlhll.

3.3 nUil .... tflUT••LflMU'

A l'ln.t .. eu hol.u h toltl d·.t~'B du ut'r,'! ut,l, •• f",.. ll tonstruttion

~u .od'l. r'dult'l 1.1 r'nl'lgnl'I~tl '.,u••u' II' prl. ,uP'" ~.' •• l.on.

Un' IIU •• UOn

l ' 3.4 ETUDE DE IE.YUILIll FIIIMCIEII:

3.4.1 IIUETTES

Pour .vOlr u~. Id'••ur 1•• ,.t.tt•••nnu.ll •• nou. utlll •• ,on. 1••

ln'or"Uoni "Çllil 'ur Il e eee .OVln d·.I.tt,tciU lU Sln'QII QU, •• t envi,on

70 F 1. k~h.

Pou, notr •••chln. Qui d'v.lopp. un. pul",nc.~. O.,~. on Iur. Olr ."

lin. r.e.tt. d. 0,' • 3~' • 24 • 70 • 30bbOO FI."

Nou. nti.on. 11 vII.ur , •• I~II.II. ~. Il ..c~ln., 1 101 dl

I·tnvntllllltnt Inill.l, .p,.... durU dl vii ~uJ ul h & ln.
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TABLEAU DEa COUTB OLOBAUX

...rirla. Quantlt' Collt (FCFA)

Cibll 1Sm",Smm S99$2.5
CornlU.. 13d13m30,,30 40040

T61U d'Icl.r, dl 1 mm 11 Flulll.. dl:lx 1 601500
Tai.. d'Iclu, dl 3 mm 1 Flulill dl 2><1 115300
Fil • ilno :ldl2l5mx4mm 60300

PI."I Ill" 34d14,1:2mm :21919
Be.rr.. d'Ilel.. , 115000

Otntrlvlel , :i!OOOOO·

Pllnt\lr. , 10000·

:1 Roullmlntl ,,, 1 15000·

Po. 0 , 1 00000·

MOUlur , 100000·

Accumullteur , 200000·

R...rvcHo , 10000·

condult.-a ,". 1 0000·

Fil' d. vina 0.1 "tovl ull 40000·

Coil' d. IlbrlOltlon .t d'lnlt.II.ltlon 1150000·

InV••tllllm.nt Inll1ll , 024061e;-

~ Ln ooilll Il!lmt'



S.4.2.PUSII

Apr" lu troll pr .. t •• u i1nn'" a'utllllltl"n d. II nthlnl noue +i.on,

IItrlllfl.1 qui .. torrod•• II pl'fI du t.lllon nOIll pOllrr"n. '1I1111lnt 1•

•••pllt ••• L. ~oQt de tette r~vl~ian .~t •• li.é ~ bO.OOO F.

~ou' p'inon. un tlul O'lctlllli'ltlan d. 10~.

J.'.J fV&LUlTIO. '1.-.cIERI

LI hblilu eul ...nt 'huli l "vllu.tion fln.ntl'r. h 1. nchin ,"r Il

dur •• dl vii dl b ln ••

LI villur r •• lduilii • 1. lin dl 1••101'1' .nnll lit B'

0.1 .11440BI,~ F

"o"nill'.'nt 1" v.I.~r.

".
u-n-

futur .. on l •• '"'n••u pr",nt pif II

lur 1. 'Iwo fln.n~l •• cU'ul'. ".1. "111" c.ll 1. pro).t dlvllnt r,nt.bl ••

p.rtlr d. 1••1'1'" ,nn'I .t t,l. ju.qu', 10 i1n••U .aln.,

ëeec 'l III ~rl,.t 1•• cOOt. Hililnt li.ux ~onnu.,I'éV.lu.tion nrilit plui

••• tt••t l, ~'o),t •••• It plu •••ntlbll,

D'.utft pert .1 l'on pouv.lt ton.trulft un' ••• 1. d...thl"...Iorl 111



TABlEAU CE L"EVAI...1JATION FINANCIERE

, a , • e •

rœœ ,,..•"
-3OlI891 . -97'27ll 6 93Oll4 9 318743

1~.15

1024081.15

-1tQ4Œ'1.1l -74S3M2
-1Cl24œ1.!5 2787Z7.3

o ,_

nua .<:tu.' N
...... ic;h...I~~

V.ur midu.nl
aetuaiisH
Flux f'lI8r'lei.r

l""'IlitluemllTl
l""'IlltiaMmlm aet....li.,.....
~I'tœl actualiNN

, ,



c. tr ... il, lOI 'U' l·utlll .. tlo~ d•• '~.r;l., t.~ou... IUI .. , ".U pOlir

.,III.~I ...

L' .Od.l. r'dult 01 1••,~~l~. l'IU' d. t. proj.t l~t!tul'

, ,
, '

.t r enet eue t t en d·un. ~'n'r'lrl~' .1.tHlqu••llu"t" P" 1·.nerQI. d'I

"QUII' .t qui' .U trelt. d.n, t. pr'u"t Oacullnt dOit pnll' t l',up, dll

••••1. 'u' ••r pour un•• tud••pprO!O~dll dl tllttl~. to.pO.t"I~t. dlfllcll,"

1 .od.llitr .t Quj 1C~'PPI"1 1 l·ontlylt.

April .vot. Iiltt un. '!Jlul.tIO" lur "',o~ pourr'lt pn.... Iii

liI.r\tiltion du prolotyp. d' cltl••ochln•.

Pou. Ilnlr, "Oui pou.onl d"1 QU' hot•• p.oJ.t. un •••nlr t •• ttl" vU

l· ••• lu.tlon dll codtl O. f'b.lc'tlon Ou prototype o. 0.5 k~, Ion ttuD' D'

r.~t.bllll ••1 '1 j~oliit. 'tO"OltQUI Qui lit d••ttlll'l'. 01. bl.o,n••n

.t~1I n '1I1i1U dt D!llnDutlon o. l·.nerQt. 'l.ct.lqui.

Mou. ill.l.lanl qu.l·Uuo. IU'~' '00' o· •• t.tUon d. l'lner;l' loit

pou'lul.l. pour d.v.n!. lin. ,lillIU.

'0
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~ '"
roulements rigides à une rangée de billes
Série de dimensions 10

Série 60
--8 1--

1

1 rI' P - XF, + YF.
r

! ! Fa 0,025 0.04 0,07 0,13 0,25 0.5
,

1
c;-

i
Fa X 1 1 1 1 1 1

D 1-.- d F;"~ e
1

1

y 0 0 0 0 0 0
;

L~
1 Fa X 0,56 0,56 0,56 0,56 0,56 0,56, . > e
i Fr y 2 1,8 1.6 1.4 1.2 1

e 0,22 0,24 0,27 0,31 '0.37 0.44

Roulement
Millimètres Charge de base en daN Vitesse lirnltë tr:~'"

Na
dynamique Lubrificationd D B r statique

.",
Co C graisse huil~. .

6000 10 26 8 0,5 153 285 30000 36000
01 12 28 8 0.5 173 310 26000 32000
02 15 32 9 0,5 250 430 22000 28000

6003 17 35 10 0.5 280 465 19000 24000
04 20 42 12 1 450 720 17000 20000
05 . 25 47 12 1 560 865 15000 18000

6006 30 55 13 1,5 680 1020 12000 15000
07 35 62 14 1.5 850 1220 10000 13000
08 40 68 15 1,5 930 1290 9500 12000

6009 45 75 16 1,5 1220 1630 9000 11000
'0 50 80 16 1.5 1320 1660 8500 10000
11 55 90\ 18 2 1700 2160 7500 9000

. ,

6012 60 95 18 2 1830 2280 6700 8000
13 65 100 18 2 1960 2360 6300 7500
14 70 110 \ 20 2 2450 2900 6000 7000

1 -
6015 75 115 20 2 2600 3050 5600 6700

16 80 125 22 2 3150 3650 5300 6300
17 85 130 22 2 3350 3800 500Q 6000 '

6018 90 140 24 2.5 3900 4500 4800 5600
19 95 145 24 2,5 4150 4650 4500 5300
20 100 150 24 2,5 4150 4650 4300 6000

6021 105 160 26 3 5100 5600 4000 . 4800
22 110 170 28 3 5700 6300 3800 4500
24' 120 180 28 3 6100 6550 3400 4000,

6028 130 200 33 3 7800 8150 3200 3800
28 140 210 33 3 8300 8500 3000 3600
30 150 225 35 3.5 9650 9650 2600 3200

6032 160 240 38 3,5 11200 11000 2400 3000
34 170 260 42 3,5 13400 12900 . 2200 2800
36 180 280 46 3,5 15600 14600 2000 2600

~

6038 190 290 46 3.5 16600 15000 2000 2600
40 200 310 51 3,5 19000 16600 1900 2400
44 220 340 56 4 22800 19000 1800 2200

6048 240 440 72 4 24500 19600 1300 1600

,

1 1

Tableau 5K.F 89
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roulements rigides à une rangée de bilJes
S'rie de dimensions 02 '

1

Série 62

P - XFr + YF. 1 1

F. 0,025 0.04 0,07 0,13 0,25 0,5c;
F. X 1 1 1 1 1 1-"".Fr y 0 0 0 0 0 0

F. X 0,56 0,56 0,56 0,56 0.56 0,56
-- >.
Fr y 2 1,8 1,6 1,4 1.2 1

• 0.22 0,24 0.27 0.31 0,37 0.44

r

1
o d

' ~ 1

,
"

l '

,
,r
c

".

~ ',
. ,. .... l

m.

~,

1 Millimêtres
Charge de base

\ Vitesse limite trlmn
Roulement en daN

N" statique dynamiqued 0 ' B r Lubrificat ion
"'" Co C graisse huile

6200 10 30 9 1 224 390 24000 30000
01 12 32 10 1 310 530 22000 28000
02 15 35 11 1 355 GOO 19000 24000

6203 17 40 12 1 450 735 17000 20000
04 20 47 14 1.5 620 980 15000 18000

.05 25 52 15 1,5 695 1080 12000 15000

6206 30 62 16 1.5 1000 1500 10000 13000
07 35 72 17 2 1370 19GO 9000 11000
08 40 80 18 2 1660 23GO 8500 10000

6209 45 85 19 2 1860 2550 7500 9000
10 50 90 20 2 1960 2700 7000 8500
11 55 100 21 2.5 2500 3350 6300 7500

6212 60 110 22 2,5 2800 3650 6000 7000
13 65 120 23 2.5 3400 4300 5300 6300
14 70 125 24 2.5 3750 4750 5000 6000

6215 75 130 25 2,5 4050 5100 4800 5600
16 80 140 26 3 4500 5600 4500 5300
17 85 150 28 3 5300 6400 4300 5000

6218 90 160 30 3 6100 7350 3800 4500
19 95 170 32 3,5 6950 8300 3600 4300
20 100 180 34 3,5 7800 9500 3400 4000

6221 ' 105 190 36 3.5 9000 10200 3200 3800
22 110 200 38 3,5 10000 11200 3000 3600
24 129 215 40 3.5 10000 11200 2800 3400

6226 130 230 40 4 11200 12000 2600 3200
28 140 250 42 4 12200 12700 2400 3000
30 , 150 270 45 4 13700 13400 2000 2600
32 160 290 48 4 14600 14300 1900 2400

r.234 170 310 52 5 18000 16300 1900 2400
36 180 320 , 52 5 19600 17600 1800 2200
38 190 340 55 5 23200 19600 1700 2000
40 200 360 58 5 25000 20800 1700 2000
44 220 400 65 5 29000 22000 1500 1800
48 240 440 72 5 38000 27500 1300 1600

~

A I~ ' place"de; ;~~I;ments,6234 à 6248, ~~ aura-intérêt i -u~ilis~; pour d~s constructibns -~o~velles. ' si possibie,
1" roulements correspondants de la série 60 (pageB9 ),



)
"roulements à rotule sur deux rangées de rouleaux

Sé/ie de dimensions 31

1 i
1

",
Cl

'Jr
r.

CK+AH

BI
. . _. r

l
1

D d]
1 1

1 Lb;~~;#-..J..
!

Série 231

1

1

D d, D,

1

CK+~ r- B-=1i'
r ·, . 1

,

avec manchon de serrage avec manchon de démontage

Manchon Millimètres Manchon Millimètres Filetage ~crou de
de de du manchon démontage

serrage· - . dérnontaqe de correspondt
N~ , d, L D, 5 S, C') N° d, d. L L, (') F démontage N°

H 3120 90 76 130 20 AHX 3120 95 110 64 68 11 M110x2 KM 22
H 3122 100 81 145 21 AHX 3122 105 120 68 72 11 120 x 2 24
H 3124 1 110 88 155 22 AHX 3124 115 130 75 79 12 130 x 2 26

1

H 3126 115 a2 165 23 AHX 3126 125 140 78 82 12 M 140 x 2 KM 28
H 3128 . 125 97 180 24 AHX 3128 135 150 83 88 14 150 x 2 30
H 3130 • 135 111 195 26 AHX 3130 145 165 96 101 15 165 x 3 33

H 3132 140 119 210 28 AH 3132 150 180 103 108 16 M 180 x 3 KM 36
H 3134 150 122 220 29 AH 3134 160 190 104 109 16 190 x 3 38
H 3136 160 131 230 30 .AH 3136 170 200 116 122 19 200 x 3 40

H 3138 170 ~41 240 31 AH 3138 180 210 125 131 20 Tr 210 x 4 HM 42 T
H 3140 180 150 250 32 AH 3140 190 220 134 140 21 220 x 4 44 T
H 3144 A 200 161 280 35 AH 3144 200 240 145 151 23 240 x 4 48 T

H 3148 A . 220 172 300 37 AH 3148 220 260 154 161 25 Tr 260 x 4 HM 52 T
H 3152 A 240 190 330 39 AH 3152 240 290 172 179 2Q 290 x 4 58 T
H 3156 A 260 195 350 41 AH 3156 260 310 175 183 28 310' x 5 62 T

H 3160 280 208 380 40 53 AH 3160 280 330 192 200 30 Tr 330 x 5 HM 66 T
H 3164 300 226 400 42 56 AH 3164 300 350 209 217 31 350 x 5 70 T
H 3168 320 254 440 55 72 AH 3168 320 370 225 234 33 370 x 5 74 T

H 3172 340 259 460 58 75 AH 3172 340 400 229 238 35 Tr 400 x 5 HM 80 T
H 3176 360 264 490 60 77 AH 3176 360 420 232 242 36 420 x 5 84 T
H 3180

1
380 272 520 62 82 AH 3180 380 440 240 250 38 440 x 5 88 T

H 3184 400 304 540 70 90 AH 3184 400 460 266 276 40 Tr 460 x 5 HM 92 T
H 3188 410 307 560 70 90 AHX 3188 420 480 270 281 42 480 x 5 96 T
H 3129 430 326 580 75 95 AHX 3192 440 510 285 296 43 510 x 6 102 T

H 3196 450 335 620 75 95 AHX 3196 460 530 295 307 45 Tr 530 x 6 HM 106 T
H 31/500 470 356 630 80 100 AHX31/S00 480 550 313 325 47 550 x 6 110 T

. 1

,
..~~ r

cl
..

c

l ,,.

. ""..

1,1
,."~

(1) Les manchons de serrage dont la dimension S, est indiquée sur le tableau ci -dessus sont exécutés selon la
figure du milieu,
(2) Lors de l'emmanchement à la presse du manchon de démontage. la cote L, est diminuée {voir tableau de
r~duc' ,on de jeu}
Nous livrons sur demande des manchons de démontage AOH de grandes dimensions mun is de canaux d'injection
d'huile sous pression. Exemple de désignation AO H 3148.
Nous pouvons, pour le rechange seulement, Iournirdes manchons AHX spéciaux alésés aux mêmes cotes que les
anciennes séries AH. ' .

113
Tableau SKi="



1

1

roulements rigides à une rangée de billes
Sf". d. d'~.n'·o", 03

Sétie 113
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roulements à une rangée de biUes
à contact oblique
Série de dimensions 03

1 »

1 1

"-

D

j~

Série 73 B

P = XF, + YF.

Fa Fa
--~ e - >9
FI Fr

9

X Y X Y

1 0 0,35 0,57 1,14

, ,

Millimètres Charge de base
en daN Vitesse limite tr/mn

Roulement
N° r ri a statique dynamique Lubrification

d 0 B ~ ~ t::: Co C graisse huile

7302 B 15 42 13 1,5 0,8 19 530 900 14000 '9000
03 17 47 14 1,5 0,8 21 710 1140 . 12000 17000 1

O4B 20 52 15 2 1 23 815 1340 100eO 15000

7305 B 25 62 17 2 1 27 1220 1900 8500 12000
06 B 30 72 19 2 1 31 1660 2400 7500 10000
07 B 35 80 21 2,5 1,2 35 2000 2800 7000 9500

7308 B 40 90 23 2,5 1,2 39 2500 3450 6300 8500
O9B 45 100 25 2.5 1.2 43 3350 4500 5600 7500
10 B 50 110 27 3 1,5 47 4000 5200 5000 6700

7311 B 55 120 29 3 1,5 52 4650 6100 4500. . 6000
12 B 60 130 31 3,5 2 55 5400 6950 4300 5600
13 B 65 140 33 3.5 2 060 6200 7800 4000 5300

7314 B 70 150 35 3,5 2 64 7200 8800 3600 4800
15 B 75 160 37 3,5 2 68 8000 9650 3400 4500
16 B 80 170 39 3,5 2 72 9000 10400 3200 4300

\

7317 B 85 180 41 4 2 76 10000 11200 3000 4000
18 B 90 190 43 4 2 ab 11200 12000 2800 3800.

7320 B 100 215 47 4 2 90 15000 14600 2400 3400
22 B 110 240 50 4 2 99 19000 . 17300 2000 3000

7324 B 120 260 55 4 2 108 20800 18300 1900 2800
7326 B 130 280 58 4 2 115 22400 19300 1800 2600
7328 B 140 300 62 5 2,5 123 25500 21200 1700 2400
7330 B 150 320 65 5 2,5 132 30000 23200 1600 '2200 .

Le suHixe B signifie : angle de contact de 40· ce qui correspond li notre exécution actuelle :

104
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Série N 3Série NUP 3
B

cylindriques

Série NJ 3
B

rouleaux

D

•a
~.

Série NU 3

Bi
~ 0 ' r

roûlements
Série de dimensions 03, .

•

1 1

L
1

Millimètres Chargede base Vltesse limite tr/mn
Roulement en daN

N-
d E statique dynamo Lubrif ication0 B F J r rI

"'" "'" Co C graisse huile

NU 303 NJ 303 17 47 14 39.1 25.1 28,4 1.5 1 865 1560 14000 17000

NU 304 NJ 304 NUP 304 N 304 20 52 15 44.5 28.5 31.8 2 1 1160 2040 12000 1S000
305 305 305 305 25 62 17 53 35 39 2 2 1500 2600 9500 12000
305 306 306 306 30 72 19 62 42 45.9 2 2 2000 3400 8500 · 10000

NU 307 NJ 307 NUP 307 N 307 35 80 21 68.2 46.2 50.8 2.5 2 2700 4300 SOOO 9500
308 308 308 308 40 90 23 77.5 53.5 58,4 2.5 2.5 3250 5100 6700 8000
309 309 , 309 309 45 100 25 86.5 58.5 64 2.5 2.5 4550 6950 6300 7500

NU 310 NJ 310 NUP 310 N 310 50 110 27 95 65 71 3 3 5200 8000 5600 6700
311 311 311 311 55 120 29 104.5 70.5 77.2 3 3 6700 10000 SOOO 6000
312 312 312 j,2 60 130 31 113 77 84.2 3.5 3.5 7650 11200 4S00 5600

NU 313 NJ 313 NUP 313 N 313 65 140 33 121 .5 83.5 91 3.5 3.5 8500 12500 4500 5300
314 314 314 314 70 150 35 130 90 98 3.5 3.5 10200 14600 4000 4800
315 315 315 315 75 160 37 139.5 95.5 104.2 3.5 3.5 12500 17600 3800 4500

NU 316 NJ 316 NUP 316 N 316 80 170 39 147 103 111 .8 3,5 3.5 12500 17600 3600 4300
317 317 317 317 85 180 41 156 108 117.5 4 4 14600 20400 3400 4000
318 318 318 318 90 190 43 165 115 125 4 4 16000 22000 3200 3800.

NU 319 NJ 319 NUP 319 N 319 95 200 45 173.5 121.5 132 4 4 19000 25000 3000 3600
320 320 320 320 100 215 47 185,5 129.5 140,5 4 4 · 22000 29000 2800 3400
321 321 321 321 105 225 49 195 135 147 4 4 25500 33500 2600 3200

NU 322 NJ 322 NUP 322 N 322 110 240 50 207 143 155.5 4 4 29000 37500 2400 . 3000
324 324 324 324 120 260 55 226 164 168,5 4 4 34000 44000 2200 2800
326 326 326 N 326 130 280 58 243 167 182 5 5 40500 51000 2000 2600
328 328 328 140 300 62 180 196 5 5 45500 57000 1900 2400

.,

':

. p.

'.
•

"

Les bagues d'épaulement HJ pour roulements à rouleaux cylindriques figurent page 127.

'\
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roulements à rouleaux coniques
Série de dimensions 22

.. ....

Pour la série 322 B ( à grand angle de contact) voir page 137,
/i!'.~~ fourn it également des roulements à rou leaux con iques à cotes en inc hes , Documentat io n sur demande,

Roulement
Mill imèt res Charge de bBSe Vitesse lim ite tr/mnen daN

N-
d D B r r, a statique dynam iqueC T Lubr if icat 10n

"'" "'" "'" Co C graisse huile

32206 30 62 20 17 21,25 1,5 0,5 15 3400' 4300 6306 8500
07 35 72 23 19 24,25 2 0,8 18 5300 4500 5300 7000
08 40 80 23 19 24,75 2 0,8 19 5000 6400 4800 6300

32209 45 85 23 19 24,75 2 0,8 20 5600 6800 4500 6000
10 50 90 23 19 24,75 2 0,8 21 5700 6950 4300 5600
11 55 100 25 21 26,75 2,5 0,8 22 7500 9000 3800 SOOO

32212 60 110 28 24 29,75 2,5 0,8 24 9150 10800 3400 . 4500
13 65 120 31 27 32,75 2.5 0,8 26 11200 12900 3000 4000
14 70 125 31 27 33,25 2,5 0,8 28 11800 13400 2800 3800

32215 75 130 31 27 33,25 2,5 0,8 29 12000 13700 2600 3600
16 80 140 33 28 35,25 3 1 30 13700 16000 2400 3400
17 85 150 36 30 38,5 3 1 33 16300 18300 2200 3200

32218 90 160 40 34 42,5 3 1 36 19300 21600 2000 3000
19 . 95 170 43 37 45,5 3,5 1,2 38 22000 24000 1900 2800
20 100 180 46 39 49 3,5 1,2 41 25000 27000 1800 ' 2600

105
\

29000 31000 1800 . 260032221 190 50 43 53 3.5 1,2 44
22 110 200 53 46 56 3,5 1,2 46 32500 34000 1700 2400 '
24 120 215 58 50 61,5 3,5 1.2 52 34000 35500 1600 2200

32226 130 230 64 54 67,75 4 1,5 56 40500 42500 1500 2000
28 140 250 68 58 71.75 4 1,5 60 48000 49000 1400 1900

Série 322

P = XF. + YF.

Fa Fa
Type de -<e ->e

Fr Fr e
roulement

X y X Y

32206 ~ 32208 1 0 0,4 1,6 0,37
32209 A 32222 1 0 0,4 1,45 0,41
32224 A 32230 1 0 0,4 1,35 0,44

\,

\
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o

,1

la

e

o 0.4 2.1 0,28
o 0,4 1.950.31
o 0,4 1.75 0.34

x y X Y

Tvpe de

roulemenl

P = XFr + YF.

Série 323

32303
32304 ~ 32307
32308 • 32324

•

: -~.

roulements à rouleaux coniques
Série de dimensions 23

....

-,

Millimètres Charge de base Vitesse Iimile trlmn
Roulement en daN

N°

~_.J
r ri a statique dynamique Lubrificat ion

d 0 C T ::::: ::::: ::::: Co C graisse huile

32303 17 47 10 1 16 20.25 1.5 0.5 12 2120 3000 8000 11000j04 20 52 ~~ '1
1

18 22.25 2 0.8 13 2850 . 3750 7500 10000
05 25 62 . \ 20 25.25 2 0.8 15 3900 5100 6000 8000

32305 30 T:? i . '., 23 28,75 2 0.8 17 5200 6550 5300 7000•
07 35 8J 31 25 32,75 2.5 0,8 20 6550 8150 4800 6300
08 40 90 23 27 35,25 2.5 0.8 23 8300 10000 4000 5300

32309 45 100 36 30 38.25 2.5 0.8 25 10200 12000 3600 4800
10 50 110 40 33 42,25 3 1 28 12700 14600 3200 4300
11 55 120 43 35 45,5 3 1 29 14600 17000 3000 4000

32312 60 130 46 37 48.5 3,5 1.2 31 17300 19600 2600 3600

~~
65 140 48 39 51 3.5 1.2 33 20000 22400 2400 3400
70 150 51 42 54 3.5 1.2 36 22800 25000 2200 3200

32315 75 160 55 45 58 3,5 1,2 38 26500 28500 2000 3000
16 80 170 58 48 61.5 3,5 1,2 . 40 29000 32000 1900 2800
17 85 180 60 49 63,5 4 1.5 42 28500 32000 1800 2600

32318 90 190 64 53 67,5 4 1.5 44 31500 35500 1700 2400
19 95 200 67 55 71.5 4 1.5 47 34500 • 38000' 1700 2400
20 100 215 73 60 77.5 4 1.5 51 40500 45000 1600 2200

22 110 240 80 65 84.5 4 1.5 56 50000 54000 1400 1900

.,

.r

"
c

•,
··C

•

ij.,
_.c

..'

Pour la série 323 B (à grand angle de contact) voir page suivante.
~ fabrique également des roulements à rouleaux coniques à cotes en loches. Documentationsur demande.
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butées à billes à simple effet
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Submerged-Arc Procedures

SUBMERGED-ARC (SEMIAUTOMATIC) MANUAL

6,3-59

Welding Position : Flat
WeldQualityLevel: Commercial
Steel Weldability : Good

14 ga - 1/4" 15-20°
,

l -i f-Gap

~T"'" :..T~ 1

Plate Tnick ness(in.) 0.075 (14 gal 0.105 (12 gal 0.135 (10ga) 3/16 1/4
Pau 1 1

,
1 1 1 . '

Electrode Size 1/16 1/16 1/16 1/16 1/16

'; urrent (amp) OC(+) 275 325 375 425 425
Volts 25 27 29 33 36
Arc Speed (in.lmin) 44 - 50 40-46 35 - 40 26 - 30 14 - 18

Electrode Req'd (lb/ft) 0.037 0.047 0.065 0.108 0.190
Flux Req'd (lb/ft) 0.09 - 0 .13 0 .10-0.14 0.12 - 0.16 . 0.14 -- 0 .18 0 .15 - 0.21
Total Timo (hr/ft of weld) 0.00426 0.00465 0.00534

..
0.00715 0.0125

Backing, minimum size (ln.) 12g8x3/B 12 ga x 1/2 10 ga x 5/8 3/16 x 3/4 1/4 x 1
Gap (In .l 1/16 1/16 3/32 3/32 1/8

See Intr oductory notes.

SUBMERGED·ARC (SEMIAUTOMATIC) MANUAL

Welding Position : Flat
Weld Ouality Level : Commercial
Steel Weldabilitv: Good 3/16 - 3/8" 20-25°I ~Gap bT

Steel back ing

Plate Thickness (in.) 3/16 1/4 5/16 3/8
Pau 1 1 1 1

Electrode Size 5/64 5/64 6/64 5/64

Current (amp) OC(+) 425 450 475 500
Volts 31 32 34 35
Arc Soeed (in.lmin) 20 - 22 15 - 17 13 - 15 10 - 12

Electrode Req'd (lb/ft) 0 .12 0.18 0 .22 0 .30
Flux Req'd (lb/ft) . 0 .13 - 0 .17 0.21 - 0 .27 0.25 - 0.32 0.34 - 0.43
Total Time (hr/h of weld) 0 .00952 0.0125 0.0143 0.0182

Back inq, minimum size (In .) 3/16x3/4 1/4 x 3/4 1/4 x 1 1/4 x 1

Gap (in.! 1/8 5/32 5/32 3/16



Welding Position: Flat
Weld Quallty Level: Commercial
Steel Weldabillty: Good
Welded trom: Two sides 15.200

_['''-1I~, b}Tt
1

Plate Thickness (in .) 0.105 (12 gal 0.135 (10ga) 3/16 1/4
Pass 1 2 1 2 1 2 1 2

Electrode Size 1/16 1/16 1/16 1/16 1/16 1/16 1/16 1/16

Current (amp) OC(+) 200 275 250 325 300 350 325 375
Volts 23 25 25 27 29 32 31 33

~.l>PEred (in./minl 44 - 49
-

47 - 52 43 - 48 40 44
-

, Electrode Req'd (lb/ft) 0.060 0 .070 0.088 0.106
Flux Req'd (lb/ft) 0.11 -0.15 0 .12 - 0.16 0.1'4 ·- 0.18-- 0.15-0.21
Total Time (hr/ft of wald) 0 .00860 0.00808 0 .00880 0 .00952

Se" lntroductorv notes.

SUBMERGED·ARC (SEMIAUTOMATIC) MANUAL

10·15°

Welding Position : Flat
Weld Quality Level: Commercial
Steel Weldability : Good
Welded tram: Two sides

""3'

-1
1:"",
1/23/81/43116Plate Thickness (in.)

t--------+-----.-----.------.----r--rl '
2

0.0250

0.39

35 37
15 -17

0.55 - 0.65

500

5/64

0.0186

0.28

34 36
20 - 23

0.42 - 0.50

475 500

2

5/64 5/64

0.0141

0.18

33 35
27 - 30

0.25 - 0 .31

425 475

2

5/64 5/64

0.10

0.0103
0.15-0.19

350 400

1 2

5/64 5/64

0.072

0.00952

30 33
40 - 44

0.14 - 0.18

300 350

1 2

5/64 5/64

Flux Req'd (lb/ft)
Electrode Req'd (Ib/ftl

P3.::S5:-.. -+_....:..._+_.-.:=---+-~-+_-=-_1--....:.-+--=--f_-:.--_+--=- -+_-'--_+--=-_i .

Electrode Sile

Volts
Arc Speed (in./mln)

Total Tlme (hr/ft of weld)

Current (amp) OC(+)

See Introductory notes.



Welding Position : Flat
WeldOuality Level: Commercial 1

Steel Weldability: Good <14 9a-1/4"
15-20°

À K b30.450

1

Weld Size, L (ln .l 3/32 3132 1/8 5/32 3/16
Plate Thickness (in .) 0.076 (14 gal 0.105 112 lia) 0)35 (10 lia) 3/16 1/4
Pass 1 1 1 1 1

Electrode SIze 1/16 1116 1/16 1/16 1/16 ,

Current (amp) DC(+) 185 250 325 360 400
Volts 23 24.5 28 30 37
Arc Speed (in.!min) 35-39 47 - 52 57 - 63 47 - 52 31 - 34

Electrode Req'd (Ib/ftl 0.028 0.030 0.034 0 .047 0 .081
Flux Req'd (lb/ft) 0.07 - 0.09 0.08 - 0.10 0 .10 _. 0 .12 0.10 - 0 .13 0.11 - 0.14
Total Time (hr/ft of weld) 0.00540 0.00404 0.00333 0.00404 0.00616

Se" introductory notes.

SUBMERGED·ARC (SEMIAUTOMAT:C) MANUAL

See lnt roduct o ry notes.

Welding Position: Flat
Weld OualitY Level: Commercial Procadure for Conventional Fille ts with 1-in. Electrical St ickout
Steel Weldabllity: Good

<1/4 - 5/8" 3/4"

Y
/

A < ~

3/16-1/2"
30.450

i_ /

L 5/S"

Weld SIZI, L (in.) 3116 1/4 5/16 3/8 m. 5/8
Plata Thickness (in.) 114 6/16 3/8 1/2 6/8 3/4'
Pass 1 1 1 1 1 T2~-
Electrode Size 5/64 5/64 5/64 5/64 j 5/64 ,--_5/64__- --
Current (amp) OC(-) 375 400 425 425 426 450
Volts 36 37 38 39 ! 39 40
Arc Speed (in.lmln) 31 - 32 22 ·- 24 17 - 19 13.6 - 14.5 7.5 - 8 .5 14 -15-
Electrode Req'd (lb/ft) 0.08 0 .13 0.19 0.26 (l.45 0.74
Flux Req'd (lb/ft) 0.07 - 0.11 0.12 - 0 .16 0.17 - 0.24 0.25 - 0.33 0.44 - 0.54 0.80 - 0 .95
Total Time (hr/ft of weld) 0 .00615 0 .00870 0 .0111 0.0143 0.0250 0 .0404



-. ' " .~'"

Submerged·Arc Procedures

SUBMERGED·ARC (SEMIAUTOMATIC) MANUAL

Welding Posit ion : Flat
WeldQuality Level : Commercial

,
•

Steel Weldability: Good

\75
0

7 rB 15-20°
Welded from : Two sides

bt 2

---r-l <'5/8 - 3/4" ~

L
1

~750~ tA

Plate Thickness [in .] 5/8 3/4
Pass 1 2 1 - 2

Electrode S ize 5/64 5/64 5/64 5/64

Current (arnp l OC(+) 475 500 475 500
Volts 35 36 35 36
Arc Speed (in.lminl 16-18 16-18 11 - 13 11 -13

Electrode Req 'd (lb/ft) 0 .37 0 .53
Flux Req'd (Ib/ftl 0.60- 0.75 0.75 - 0 .96
Total Time (hr/ft of weld) 0.0235 0.0333

Oepth, A (In.) 7/32 9/32
Oepth, B (ln.] 7/32 9/32

SUBMERGED-ARC (SEMIAUTOMATIC) MANUAL

6.3-61

~3 Welding Position : Flat 15.20'hWeld Quality Level: Commercial ~750~
Steel Weldability: Good Travel,. Welded trom: Two sides ~750--.,..

11'16''

6 5

\_750~ 4 3

f
4"'>" <, v.

l'I/2"L
2~, 1

32_~l1'··132~4 1/1." .."
lf ~1 ·1/4" ~ t 171" ----l. .. 1 ..,......,

oA l 1..., -:-T ! 11/16" 7

~ir 8
6 J 9'16" .~ 8

6~ \:5 ,/16" 9
-y ........ " 10

','; ' ~750~ ~750-->- C750~
~
~ II

Plate Thickness (in.) 1 1·1/4 1-1/2
Pass 1 2 3 6 1 2 3-8 1 2 3 -- 10

.~
Electrode Size 5/64 5/64 5/64 5/64 5/64 5/64 5/64 5/64 5/64

ClJrrent Iampl OC(-) 450 500 500 450 500 500 450 500 500
Volts 34 34 38 34 34 38 34 34 38

~; , Arc Spaed (in.lmin) 15 - 17 15·- 17 21 -- 23 17 - 19 17 -19 18 - 20 15 -17 15 - 17 15 -17

;~" Electrode Req'd (lb/ft) 1.34 1.88 2.75

~
Flux Req'd (lb/ft) 2.70 - 3.35 3.80 -- 4.45 5.20 - 5 .80

.!:J TOUll T ime (hr/ft of wald) 1 0.0614 0.0852 0.125 ,
~S8am must be tight. Seal ail gaps wlth small bead On flnt-pass ·side .



Welding Position : Horizontal
Weld Ouality Level: Commercial
Steel Weldability: Good

-1r\rr-14 ga - 1/4 "

sot\"" J3132 - 311."

L "\- 1"-
i ~'--" t ?

15.200

h
Weld Size, L (ln.) 3/32- 3/32 1/8 - 5/32- 3/16 1

Plate Thickness (in.] 0.075 (14 gal 0.105 (12 gal 0.135 (10 gal 3/16 114
Pau

--
1 1 11 1

Electrode Size 1/16 1/16 1/16 1/16 1/16
1

Current Iarno) OC(+) 185 250 325 350 375
Volts 23 24 .5 28 30 34
Arc Speed (in.lm in) 35 - 39 47 - 52 52 - 58 43 - 47 27 _. 30 1

Electrode Req'd (lb/ft) 0 .029 0.030 0 ,037 0.050 0 .078
1

Flux Req'd (lb/ft) 0.08 - 0.10 0.08-0.12 0 .08 - 0.12 0.09 ,··0.13 0 .09-0.13 i
Total Time (hr/ft of weld) 0 .00540 0 .00404 0 .00364 0 .00444 0.00702

1

See introduclory notes .

SUBMERGED-ARC (SEMIAUTOMATlC) MANUAL

15·20°

h.",.
r-- 3/16 - 1/2"

Procedure for Co nventional Fluets wi th t-in. Electrical Stickout

------_. ----

5/32 - 3/8"

L

Welding Posit ion : Horizontal
We!dOuality Leve': Commercial
Steel Weidability: Good

/~ 1

{ t - .(

Wald Size, L (in .) 5/32 3/16 1/4 5/16 3/8
Plate Thickness (in .) 3/16 1/4 5/16 3/8 1/2

,,!.,ass 1 1 1 1 ___ _ _1_--
EJectrode S ize 5/64 5/64 5/64 5/64 5/64-
Current (amp) OC(-) 310 340 375 400 425
Volts 31 33 34 35 37
Arc Speed (in .lmin) 40 - 44 31 - 34 21 - 23 15 - 17 11.5 - 12

, Electrode Req'd lib/ft) 0 .058 0 .078 0 .13 0 .20 0 .30
Flux Req'd IIb/ftl 0,06 - 0.08 0.08 - 0 .12 0.14 - 0.18 0 .19-0.25 0 .28,' O.:
Total Time (hr/ft of weld) 0 .00476 0.00615 0 .00909 0.0125 0.0167

See inlroductory notes.



Submerged-Arc Procedures

SUBMERGED-ARC (SEMIAUTOMATICI MANUAL

6.3-63

Welding Position: Flat
Procedure lor Long Stickout (2·1/4 in .)WeldOualilY Level: Commercial

Steel Weldability : Good ~

5/16 - 5/S "

~~~W1/2'

Weld Size, L (In .) 1/4 5/16 3/8 1/2 5/8
Plate Th ickness (in.) 5/16 3/8 1/2 5/8 3/4
Pass 1 1 1 1 1 2 & 3

Electrode Size 5/64 5/64 5/64 5/64 5/64

Current lamp) OC(-) 425 450 450 450 460
Volts 45 47 47 47 47
Arc Speed (in.lmin) 28 - 31 22 - 24 17 -19 9 - 11 17 -19

Electrode Req'd (lb/ft) 0.14 0 .22 0 .30 0.52 0 .81
Flux Req'd (lb/ft) 0.10 - 0 .16 0 .16 - 0.22 0.26 - 0 .35 0.42 - 0.52 0.80 - 0 .95

. Total Time (hr/ft of weld) 0.00678 0 .00870 0.ü111 0 .0200 0 .0333
Electricel Stickout, 2·1/4 in .

SUBMERGED-ARC (SEMIAUTOMATIC) MANUAL

We/ding Position: Flat
Weld OualityLevel :Strength only

Procedure for Penetration Welds with t-in. Electrica l StickoutSteel Weldability: Good

>-
~l ~1/4 - 3/4"

<;

f

'V;< 5/32 - 3/S"

Weld Size, L [in.) 5/32 3/16(-) 3/16 1/4 5/16 3/8 L

Plate Thickness, T (ln.] 1/4 5/16 3/8 1/2 5/8 3/4
Pass 1 1 1 1 1 1

Electrode Size 5/64 5/64 6/64 5/64 5/64 6/64

Current (amp] OC(+) 350 400 410 425 425 425
Volts 30 33 34 35 35 36
ArcSpeed (in.lminl 36 - 40 33 - 36 24 - 27 16 -lS 11.5-12.5 8 .5 - 9.5

Electrode Req'd (lb/ft) 0 .046 0.061 0 .084 0.13 0.19 0 .25

Flux Req'd (lb/ft) 0.05 - 0 .08 0.09 - 0 .13 0.14 - 0.18 0 .20 - 0.25 0 .26 - 0.32 0.32 -0.40

Total Time (hr/ft of weld) 0.00526 0.00580 0 .00784 0 .0118 0 .0167 0 .0222



Submerged-Arc Procedures

SUBMERGED-ARC (SEMIAUTOMATIC) MANUAL

6.3-65

Welding Position: Hor tzo-nat
Weld Quality Level: Commercial

Procedure for Long Electr ical Stickout (2·1/4 ")Steel Weldability : Good

-1 5
/
8"1-

,
5116-112"-i r-
[1/4 - 3/." rv-- r 50'

r"r
3_

~./') ('\' -.l li Y"
t~ - - .( f --;/ .(

Wald Size, L ün.) 1/4 5/16 3/8 1/2
Plate Thickness (in.) 5116 318 112 5/8
Pass 1 1 1 1.2& 3

Electrode Size 5/64 5/64 5/64 5/64

Current (amp) DC(-I 450 450 400 400
Volts

.-
48 48 42 42

Arc Speed (in.lmin) 31 - 34 21 ·23 13 - 14 23 - 25-

Electrode Req'd (lb/ft) 0.16 0.23 0.32 0.56
Flux Req'd (Iblft) 0.10 - 0.14 0.16-0.21 0.37 - 0.43 0.58 - 0.64
Total Time (hr/ft of weldl 0 .00615 0.00909 0.0148 0 .0250

Electrical Stickout 2·1/4 in.

• EllCh pail

See in tro duc:to ry noees.

SUBMERGED-ARC (SEMIAUTOMATIC) MANUAL

Walding Position: Horizontal
WeldQuai ity Level: Strength only
Steal Weldability : Good Procedure for Penetrat ion Fillets with l·in. Electrice! Stickout

1 Tr 3/16 - 5/S"

L~
5132 - 5/16'']~Throat -

. 1/2 T

r

Weld Size, L (in.) 5/32(-) 3/16 3/16(+) 1/4 (•. ) 1/4{+) . 5/16(+)
Plate Thickness, TOn.) 3/16 1/4 5/16 3/8 1/2 5/8
Pass 1 1 1 1 1 1

Electrode Size 5/64 5/64 5164 5/64 5/64 5/64

Current (amo) DCI+) 325 325 350 380 400 400
Volts 26 26 - 28 31 32 32
Arc Speed (in.lmin) 37 - 41 32 - 35 25 - 28 21 - 23 13 - 14 8-9

Electrode ReQ'd (lb/ft) 0.038 0.044 0.064 0.081 0.15 0.21
Flux Req'd (lb/ft) 0 .05 - 0.07 0.06 - 0.09 0.10 - 0.14 0.15 - 0 .20 0.22 - 0.28 0.30 - 0.40
Total Time (hr/ft of weld) 0 .00513 0.00597 0.00755 0 .00909 0.0148 0.0235 ·

~p p 'ntfoductorv rro tes ,



Welding Position: Horizontal
Weld Ouallly Level: Commercial
Steel Weldability: Good

5/S",
Weld Slze, L (ln .] 3/S 1/2
Plate Thickness (in .l 1/2 5/S
Pa'l$ 2 2 3

Electrode Siu 5/64 5/64 5/64 5/64 5/64

Currant lamp) DCI-) 425 425 425 426 426
Volts 35 35 35 35 35
Arc Speed lin.lmln) 23 - 25 23 - 25 20 - 22 20 - 22 20 - :

Electroda Req'd lib/ft) 0 .31 0 .53
Flux Req'd llb/ftl 0.32 - 0 .50 0.55 - 0.80
Total Tlme (hr/ft of weld) 0 .0167 0 .0286

Electrode Angla, E ldegl 65 50 50 60 40

SM Introductorv notes.

SUBMERGED·ARC (SEMIAUTOMATIC) MANUAL

Welding POlition: Horizontal
Wald Ouallty Level: Commercial

~
..Steel Weldablllty: Good A

4_

~+3'"K\' 3-<

125
.
300 ( r (

-
lP'-"" 2!

~
1 ~2l f 1

'>. 3/4" 7

J -
Weld Size, L [ln .) 6/8 314
Plata Thickness lin .) 3/4 1
Pass 1 2 3 1 2 3 4

Electrode 5 ize 5/64 5/64 5/64 5/64 5/64 5/64 5/64

Current (amp) OCI-) 425 425 425 425 425 425 426
Volts t 35 35 35 36 35 35 35
Arc Soeed lin.lmin) 13.5 14.5 13.5 14.5 12.5 13 .5 12.5 - 13.5 12.5 - 13.5 12.5-13.5 12.6-

Electrode Req'd (lbs/ft) 0.84 1.14
Flux Req'd (lb/ft) 1.0 - 1.4 1.3-1 .8
Total Tlme (hr/ft of wald) 0.0440 0.0616

Electrode angle, E (deg) 50 60 40 50 65 60 40

Sea Introductorv note•.



Submerged-Arc Procedures

SUB~ERGED·ARC (SEMIAUTOMATIC) MANUAL

6.3·67

Welding Position : Horizontal
WeldQuality Level : Commercial
Steel Weldability: Good

I."-li'" 1'600 115
.
200 ,.

lf:'~1L2J6 l 1t }

Weld Size, L [In .) 3/32(-) 3/32 1/8(-) 3/16 1/4
Plate Thicknea (In./ 0.075 (14 gal 0.105 (12 gal 0.135 (10 gal 3/16 1/4
Pess 1 1 1 1 1

Electrode Size 1/16 1/16 1/16 1/16 1/16

Current [arnp] DC(+I 185 250 325 360 400
Volts 23 24.5 28.5 30.5 37
Arc Speed (in.lm/n) 47 - 52 47 - 52 52 - 58 42 - 47 27 -30

Electroda Raq'd (lb/ft) 0 .022 0.030 0 .037 0.055 0.086
Flux Req'd (lb/ft) 0 .09 - 0.13 0.11 - 0 .15 0.11 -0.15 0.12 - 0 .16 0.13 - 0 .17
Total Tlme (hr/ft of Weld) 0.00404 0.00404 0.00364 . 0 .00449 0.00702

Se .. Introductory notes.

SUBMERGED·ARC (SEMIAUTOMATIC) MANUAL

Welding Position: Horizontal
Weld Qual ity Level : Commercial

l20-25
0

Steel Weldability : Good

L3/16 - 3/8" r, h
Tt=ï (b 1

. }

Weld Size, L ( ln.] 3/16 1/4 5/16(-) 5/16(+1
Plate Thickness (In.] 3/16 1/4 5/16 3/8
Pass 1 1 1 1

Electrode Size 5/64 5/64 5/64 5/64

Current (amp) DC(-I 400 425 460 460
Volts 36 37 38 38
Arc Speed (in./min./ 40- 44 31 - 34 22 - 24 16 - 18

Electrode Req 'd (Ib/ftl 0.080 0.12 0.17 0 .22

Flux Req'd llb/ftl 0.10 - 0.13 0 .14 - 0 .18 0.19 - 0 .25 0.22 - 0.29
Total T ime (hr/ft of weld) 0.00476 0.00615 0.00870 0 .0118

Electrode angle, E (deg) 65 60 55 55

Se.. Introductory notes.
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TABLEAU 4.2

Tableau comparatif des principaux types de moteurs

a engrenages a palettes ~ pistons radiaux 11 pistons axiaux

Externes Internes 11 Gerotor Balancées Cyl i ndrëe Cyl i ndrëe Cyl i ndrëe Cylindrée
croi ssant fixe variable fixe . variable

CoOt norma1i së d' achat I.UY 1.00 I.Zb 1.36 2.30 4.00 2.14 3.17
CoUt normalisé d'entretien 2.06 1.94 1. 7B 1. 78 1.33 2.06 1.,00 1.22
Rapport poids-puissance (kg/kw) 0.55 0.49 0.55 0.61 0.97 3.22 0.85 1.95
Pression maximale (bars) 70 35 140 175 , 200 200 350 350

1
Gamme de vitesse (tpm) 100-3000 200-5000 100-5000 10-4000 10-2000 10-2000 10-3600 10-3000
Couple en continu ( ~ du thf.orique ) 80-85 70-95 80-85 85-95 90 90-95 90-95 90-95
Couple de démarrage (X du théorique) 70-80 50-60 75-85 75-90 80-90 80-90 85-95 85-95
Rendement volumétrique (X) 80-90 70-85 85-90 88-94 90-98 90-98 93-98 93-98
Rendement total (X) 60-90 50-80 60-90 75-90 80-92 80-92 85-95 85-95
Fuites 11 vite~se nulle 11 la pression maxima- 15-20 20-30 10-20 5-15 2-8 2-8 2-8 2-8Ile (% du débit maximum)

, Sensibilitê relative aux contaminants solides 0.30 0.30 0.40 0.50 1.0 1.0 1.0 1.0
Longévité 11 pleine charge (1000 hres) 2-5 1-2 2-5 3-6 7-15 7-15 7-15 7-15
Longévité II demi charge (1000 hres) 5··10 2-3 5-10 7-15 15-25 15-25 15-25 15-25
Capacité de renverser la vitesse Bon Moyen Bon Bon Excellent Excellent Excellent Excellent
Capacité de fonctionner en pompe pour frei- Bon Pauvre Bon Bon Excellent Excellent Excellent Excellentnage hydrostatique .
Capacitê de retenue d'une charge 11 vitesse Moyen Pauvre Moyen Pauvre Excellent Excellent -Excellent Excellentnulle

1 Niveau de bruit (db. standard SAE) 62-80 62-70 . 62-80 70-90 70-90 70-90 70..:85 70-85

J:>o

N
<.0



-
Pompes A engrenages Pompes a palettes Pompes! pistons Pompes a vis

r'''"'
axiaux axiaux

externes Internes a Gërotor Balanc~es (cr non-balancée Radiaux axe bri së . Butée fixe Butée rota-
croissant l i ndrëe fixe ti ve .

liquidè huile hydraulique ou fluides synthétiques ignifuges

Pression(l) bars 15-175 iD maximum 15-175 15-100 50-450 70,. 350 50-240 200
>175 (5) >450 .(5) >350 (5)

Débit l/min. 1-550 380 190 2-950 2-340 20-700 20-420 2-1700 10-115 10-12000

Vitesse(2)tr/min l 800 a 7 000 l 500 a 2 000 2 000 t 4 000 l 200 a 2 DOC 700 a 180( 700 a 120a:600 a 6000 1800 a 2000 3 500
>4 000 5) >12000( 5) >2000(5)

Rendement total(3) B A M(4) B A M B a M M M Ma H H Ma H Ma H M

Capacité de varier le non non non non oui oui oui oui oui non
débit

Rapport poids/puissance tr!!s bon bon tr!!s bon tr!!s bon bon tr!!s bon Excellent Excellent tr!!s bon tr!!s bon

Champs d'application
Mronautique oui non non non non non oui oui oui non
Missiles oui non non non non non oui oui oui non
Industriel oui oui oui oui oui oui oui oui oui oui
H<1bile oui oui oui oui non non non oui oui oui
Marine non non non oui non oui oui oui non oui
( l ) Pression maximale continue.
(2) La vitesse diminue a mesure qu'augmente le débit et/ou la pression (puissance maxi.)
(3) Pompe neuve avec un fluide ayant la viscosité recommandée.
(4) B.bas «70%)· M.moyen (=80%); H.élevé (>90%)
(5) Construction spéciale

TABLEAU 4.1

j

~

N
OJ
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Tableau comparatif des principaux types de pompes
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63.3
55.4
47.4

48 .1
4' .7
3$.3
28 . a
22.4
16.0

27. 2
23 .0
18.8
14.6

81.9
77.3
68.2
63.7
54.6
50 .0
40 .9
36 .4
Z7. j

ng
to ns

Fig. 143

wircs used ar e considerabiy larger in diarncter than in hoisting
ropc, and eon sequently will stand greater wear. Iron rope of
this construction is recommendcd for power transmission s
equippcd with large shcaves. Casl-sleel and extra-strong cast-steel

rope arc recornrnended lor mine hau­
lages. tramways. sand lines, ami similar
service where conditions tend 10 severe
abrasion. Plow-steel and improved plow­
steel ropes are reco mrncnded in place 01
cast stee l whcn il is desirable ln reduce
the de ad wcight of the rope itself, or
wh erc, by reason of increnscd louds, it is

ncecssary 10 use a stronger rope without incrcasing its diarn e­
ter. This rope is parrlculurly adnpted lor ",ory long mine
h'H1lages.

Flattened-strand wlre rope is designed 10 givc increased con­
tact or wearing surface. The wear is consequenrly lessened
upon any one individual wire and the necessiry of the use of
heavier wire diminishcd , which resuhs in greater Aexibility .

i'

---
Br""king .trength, tona

Il

Breaking atrengt.h, tons

Diem,
Appro.

Bloe l\fihl weizht Blu c lI1ild
Plow Julow in . per (1. lb center Plow plowcenter steel .1«1

.1«1 steel 01«1 .1«1
---------

86 .2 75 .0 65.2 ~1 0 .59 15.9 13.9 12.0
n.! 63.6 55.3 X. 0.48 13.0 11.3 9.82
6 1.0 53 .0 46.1 H 0.38 10.3 8.96 7.79
49 .8

1
43.3 37.7 '.<•

1

0 .29 7.93 6 .90 6.00
39.7

1
34.5 30.0 ~ 0 .21 5.86 5.10 4.43

1

30 .7
1

26 .7 23 .2 ". 0.15 • • 10 3 .56 3.10
22.7

1
19.8 17.2

1
y~ O.0?4

1
2.H 1 2.30 2.00

3. 38
2. R4
2.34
1. 90
1. 50
1. 15
0.84

Approx
weheht

[pe r Itc Ib

Diam,
in.

1 Breeking

1 A pprox 1
1 Urcak i

Widlhand
Approx etr eng t.h, tons 1 st renat h,

Ihickne..,
weight No. 01 _._ - - -- - Width und weig h t No. of

1

per Ct . ropc s M ild tb ickneee. pe r (t. r cpeein . lb Plow plow in. lb Pl ow
steel e te el s teel

-------- - - - - - - - --_ . - - ,-- _ .. - ---- - - - - - - -
~. X8 10.69 10 271.0 236 .0 ~ X3h 2.82 8 72.7
>li X 7 9.63 9 244 .0 212.0 ~ X 3 2.47 7 63.6
~.X6 6.56 8 217.0 188.0 n X 2~ 2.13 6 H .5
}i X $ 7.50 7 190.0 165.0

~ X 6 3.63 18 94.1
~ X 8 9.70 Il 227.0 197.0 Vs X 5~ 3.H 17 88 .9
loi X 7 8.13

1

10 206.0 179 .0 YB X 5 3.03 1S 78.4
,.. X 6 7.31 9 18S.0 161.0 v. X4~ 2.83 14 73 .2
,.. X 5

1

6 . $0 8 16$. 0 143 .0 Vs X 4 2.44 12 62 .7

i % X 3~ 2.2) Il )7 . $
Ya X 8 8 .3 2 15 214 .0 186 .0 Y, X 3 1.84 9 47 .1
;.a X 7 7. 23

1

13 186.0 162 .0 Ya X 2~ 1. 64 8 41 .8 !
YI X é

1

6. ' 4 il 157. 0 137 .0 Vs X 2 1. 25 6 31.4
% X5~ 5.59 10 143.0 124 .0

1Ys X 5 5.04 9 129.0 112 .0 ~·1 6 X 4 2.17 1:; 55 .3
Ya X 4~

1

4.50 8 114.0 99 . 5 ". X 3~ 1. 89 13 1 47 .9.
Ys X 4 3 .95 7 100 .0 87 .1 ~ . X 3 1. 61 Il

1

40 . 5
Ys X 3~ 3.40 6 85 .8 74 . 6 ". X 2~ 1.33 9 33 .2

H . X 2 i .05 7 25 .8
~ X 7 5.85 16 lü .O 126.0 ."ù X I~ 0.77 5

1

18.5 1
~ X 6 4.85 '4 127.0 1Il.0
~ X 5~ 4.50 13 118.0 103 . 0 » X 3 1.34 13 31.3
~ X 5 4.16 12 109.0 94 . 9 » X2~ 1. 15 JI 26.5
)-i X 4~ 3.82 10 90 .9 79 .1 » X 2 0.88 9 21 .7
~ X 4 3.16 9 8 i .8 7' . 2 !1 ~ I "i 0.69 7

1
16. R,

8-86 MACHINE ELEMENTS

Tables 90. Flat Rope

Table 89. Standard Coarse-Iald Rope for Haulaqes and Transmlnlons
(COIllp<lSl'tl ùf six 7·w;rc st rands and ;1 lilx,r core)

strucnon of (, srrands of 19 wires . The mctallic arca of an
eiglu-srrand rore is not as great as thar of a six- strand rope.
al'd the wircs arc srnaller , hm under severe bending stresses
'hl' -Iecre asc in srrength is largcl y offset by the grcat pliahility.
It can he used over compararively small sheavcs and d rums
su ch as are frequently found on derricks . Ir is not good
pr act ice to use it escept for cornpar .uively light loads or whcre
there is mu ch overwinding, because ir would Hatt en or losc ­
sha more quickly than 6 x 19 rope. MOrL~)Ver ir strcrches
more thnn a 6 x 19 rope.

Galvanized extra-pliable cast-s teel hoi st ing ropc is much
more t1cxible than the six-strand hoi sting rope and is o fren
used in preference to galvanized cast-steel running rope .

Slandard coar se-laid rope (Fig. 143) is mad e o f six s tru n d s and
a fiber core wirh severi wires 10 the strand. It is rnuch still er
rhan s tandard hoisting rope and requires larger sh cav cs , On
accourir of the srnall cr numhcr of wires, thi s cope shou ld also
beu-cd with a higher factor of sufcty, as the brcnking of on e or
rwo v-ires murcrially reduccs the strcngth of the l'ope . The
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Fig. 142Fig. 141

2%. and larger
H
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o n larger hoi sting installati ons witl: th e 6 x 7 (6 x 19) rape ,
the dinrnetcrs m ay he 96 (90) tim es th e rope d iarnc tcr. In
certain cases , t he tr ead diarncrers Olav be lcss b UI sho uld not
Ill' bel ow 42 (JO) [1 8] { 2 1} times th é rop c d iam erer s. Larger
t read d inrnct c rs give inc rcascd ropc life an d mo re econ orn ical
serv ice.

T he size an d condi t ion of th e shcave g roovcs are mosr
importa nt in dererm ining rope liti: . The c leara nces for ne w or
rcmach ined grom'cs an d th e min imum clea r ances beforc
vhcav c replacem ent or rc rnac hin ing g roov cs sho uld be as
follo",s:

If a w ire rope is o per ared ovc r gr oov es th ar arc 100 srnall, th e
rop e w ill be ab rad ed rapidly ; in ad di tion , a tight or corruga ted
sheave g roo ve ma)' di st urb th e stra nd rclarion ship of rhc ropc
and necessirate its pr emature rernoval. T he pressure o f wi re
rope aga ins t a shcave gro()\'e is ca lc ulared by d ivid ing the l'ope
ten s ion in pounds by t he producr o f the rad ius 10 the borto m
o f th e sheave groove an d the d iam crc r o f th e rope, borh in
inch es. This q uan tir y sho uld not have a valu e gr eat er than 450
Ih/in1 for cas t iro n, or 850 Ih/ in' for ca st steel. For greater
pressu res, a ma reria l of grearcr wea r resist an ce, su c h as man­
g3l1ese stee l, shou ld he uscd .

HandJlng Wire ru pe m ust not be coi lcd or unco iled like
hcm p rope . When it is rec cived upon a reel, th e laner should
UC mounted u pon a spi ndle or turnrabl c and th c rope rhcn run
off. Wh en sh ip pcd in a co il, ir sho uk l be roll cd 310ng the
gro un d like a whcel . Ali unrwi sring and kinki ng mUSI he
avoided . When a wirc ro pl' is 10 he eu t, soft iron w ire sho u lJ
bc se rvcd on ea ch side of the pbcc w herc th e d ivision is ta be
ma d e to keep th e rope l'ro m unlWist ing . (See Seiz ing.)

Materlals Ropc m aJe from iro n ", ire is now used only for
passe nger e1e\'ato rs and simi lar se rv ice w here rhe tendency ro
a!lra'ion is eom par at ive1)' slight , the spced is h igh , and rhe
load, are mod erate . T he three grades of s tee l co m morJ)' u sed
for the m anu fac lure o f w ire ro pe are des ign arcd :'u ille cenre r,"
or " im prm'ed plo\\' sted, " " 1'10 '1' steel ," and "m ild plow steel."
T hese g rades were estah lis hcd in the NilS BIII/. R 198- 4J .

Standard hoistlng l'ope (F ig. 1-10) is m ad e of 6 st rands, eae h of
1C) ",ires. th e: st ranJs he ing b id arDu ml :l fiher core .

Extrn-pllable hoistln g rope is lIlade o f 6 stra nds ot' J7 'l'ire s
"ach :lnd a lihcr core (Fi g . 1-11). The wires in th is l'Ope are
llIuch fincr thilll those us cJ in the standa rJ ho isr ing ra pe and
eonseq uc n tl)' not as sui t;lh lc 10 w Îthstand a!lr:lsion . T hese
"'pcs art· u sed o n c1ect r ic cranes , d redges, il l1 d fur si m ib r
sen'icc re' lui r il1g a srro ng lOug h rupc th ;!r wi ll ope rate su ccess­
fu llv m'Cr sm:lll shea ,·es.

E'xtra-pllnble holsling l'Ope or Il srrand s o f 19 ", ire s and il fiber
co re (F ig. 142) is much more p liable than the . srand,lr d CO I1-

• .~
J' ... .

of I IS,OOO Il>/in' . T hcrefore, 0.810 is the greatcst ad missibl e opcn ing
be rwcen an)' two coils. In chis way, il is possihlc to ascertain whcther
or Ilot J spring is ovcrloadcd, wirhout knowlcdgc of the Ioad carr icd.

WIRE ROPE

Nominal rope diam , in X-~ .

Recommen ded clearance, in . . . . . . }, .

st rands are laid in the sarne d irection , th e rope is known as
lang-lay rope. Standard wire rope is m ad e of six w ire srr ands anJ
a sisal co re . Wire stra nds are laid aro u nd the core, eirher to the
righ t or 10 the left, and the resu lti ng rope is de sign atcd as right
lay or Idl lay. T he lay may he long or sho rt, th e sho rrer lay
form ing rhe more flexible ro pe . T he core of a wi re rope is, as a
ru le, sisal sa rur ated wi th J luh ricnnr . Ir provides lit tl e addi ­
rio nal str eng th UUt acrs as a cush ion to pre serve th e shape of
the rope and he lps 10 lu b ricate the w ire s, A wirc-srr and or
wire-ropc co re ad d s 7 to 10 perel11 t to th e srrc ng rh o f the rope
but w ill wea r from the fr icr ion hetwee n it and th e o u ter
strand s as rap idly as the o urs id e of th e ro pe. This d oc s not
apply lU statio na ry rop es.

For grea t flcxibili ty . th e s trn nd s of a w ire ro pe so met imes
consist of wirc ropes . which in turn are made o f srr ands
cornpos cd of wires , as in till er rope. Ru nn ing rop es and one
co ns tru ct ion of shi p 's hawsers arc m ade w it h st rand s COIll ­

posed of 12 or 18 wircs each , b id abour a fibe r co re . Ropes so
mad e ar c ver)' pliah le and pr esen t good rcsistan ce to ou ts iJe
fric tion , InJ i\'id ual str and s of wi re s arc em plo)' eJ as smo ke­
stack gu)'s . spa n w ires for rroll ey road s , and ,\'h e rner 0 0 1)'
modera re f1exib iliry is needed .

Sizes 01 Ropes T he dia rne ter of w ire rope is the c ircle
which wi ll jus t co ma io rhe rope . In a ro pe class ifica tion the
tirs t nu m),er is t he nu mber o f st rands in lh e rope ; th e las t
oum her is the nu m her of w ire s in a stra nJ; "1ll1 the m iddl e
num),er , if an)', is th e n um ber of mi nor srr ands in a ma jor
strand . If therc is a ",ire core, t he rope is laheled ("'RC
(1ndependent W ire Rope Core), or if rhe core is th e same 'I S t he
ma in strand s, it is co umed as a srra llli.

Stre ngth and Worklng Loads The test strength of wire l'opes
sddolll exceed s 90 perce nt o f the agg regate srre ngt h of ail the
\l'i res, the a"e rage be ing ahou t 82.5 pe rcent.

T he working io ad should ne n :r excecd 'f, of thc breaki ng
slreng th and fo'r mail)' cond it ions sho u ld no t he gre:lle r th an ' f~
li> 'f •. T he p rop er factor Ill' sa fet)' for a wire rope d emand s
w nsider3 lion of ail load s; aecc lera t io n; decderar io n ; ro p"
spe ed ; rop e anach me ms ; th e n um ber , si?e , aod ar rangeme nt s
or shea"es and d ru llls ; conditio ns produc ing co rro s ion and
ah ras ion; le ngt h of ro pe ; l'te . T he desir ahle facto r of sa l'ctY for
gi\'en eond itions.can Ilest be our ained hy co ns ult ing the m anu­
faetll rers o f the \l'i re rope. Sec Ta h les 116 to 9-1 .

Sizes 01 Drums or Sheaves T read di am erers for 6 x 7 (6 ;,
19) [ 6 x J7 ] {8 x J9} cope sho uld be a pp roximatei)' 72 (-15 )
[2 7] {J I} t ime s rhe rope d iame te rs, for averag e conJ itio ns.
For econo mica l ' serv iee , t hese sho u ld o Cren he increased; e .g ..

lVire ro pes ar e bu ilr up of srrands of wi re s la id toge rhc r , th e
n umbe r of wi res co m mo nly used bci ng 4, 7,12,19, and 37.
O rdina r ilv thc w ires are laid in ro srra nds in rhe di rection­
o pposi te [0 th e twi st o f th e srran ds inro rope. When w ires an d
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Flg .150 G mmmct sling.

( b)( 0 )

FIg . 149 Wire-rope . oeket. (0 )
P Oli ring: molren zinc inlo bàskct
of SOCkcl; (h) tinishe'tl sockct.

Fig. 14 6 Ste el-elad rape.

rope is, in places where co nd itio ns arc suirahlc, from 50 to 100
percent. lt is rccommended parricularly for snch service as
drcdging. The breaking strength of th èse ropes is less tha n
thar of a round strand rope of th e sa me diarnerer and gr ade .

Galvaol:red wlre 'Ope hus ahnost ent irely su pcrscdcd manil.
rope for shrouds and st a)'s aboard ship. Ir is cheaper in lirs t
COS[, is relarively unaffeetcd by the wcarhcr, does not strerch
and coutracr with changes in annospheric cond it ions. and thu s
saves a gre:Jt de al of laber in seui ng up . Thore is grea[

wound sp irally around cach of the six srrands eomposing th e
rope gi t'e add itional wea r ing surface without saerificing flexi­
iility. When the o uter flat-steel wind ing is worn rhrough , a

com plete hoisring rope rcrnain s , with nn impaircd srrcngth .
T hcse ropcs arc designed ro meer very severe condi tions of
cr vice , The increased life o!.'a ineil hy the use of stccl-clad

Fig . 147 Gaka ni7"J steel wirc '1rand.

reducti on in bulk and wc ight by it s use, as il is on ly one -fifth
or onc -s ixth as large as a m anil. rope "( cqual srrcngth.
Conseq ue ntly , ir offers only half as mu ch su rface to the wind .
1t is_rnuch less liable tu accid ent s by being eu t or chafed, and
does not ror and give way sudde nly wir ho ur warning. G alva n­
ized rope is betrer suired for goy s lo r derricks than hemp ropt:
or rod s linked together.

~1"il§;~III IW~III1 II§-

, ~OOIIIt§illlm§;

Fig. 14 8 Wire rope with threc sei7.ings , belorc and , fier cllu ing.

Galvaniud steel wire strand (F ig . 14 7 ) is USLU chie Ry for
gu y ing polcs and sl11 okesracks , for su pp0 rl ing trolley wire,
and for op erat ÎlIg railrnao sig na Is. For ot"erhead catenary con ­
s truc tio n of suspend ing tr olley wire , the speci al grade s of
s tra nd 't re pr eferable beeause th ey possess grc~lte r strcngth and
tou ghness . T he smalle st s izcs (so me t imes eallet! "ga lva nized

0 .063
0 .080
0 .104
0.124
0 .138

Approx dia m of seiz ing wire , in.

H
,~-"
H-I ~

IH-I H
1H an d (atg..

Diam 01 rope , iD.

Tabl9 97 , Selzlng Wlre Dlamelers
(Bethlehem SIL'CI Co.)

•. . ._ ~ .
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T he we aring surface is upprox irnarcly ISO p t-r CC11Igrcarer thau
thal of a round-strand rope. An other feature of [h is ty p" of
rope IS th ar, rhc int erstices berwe cn the strands being less­
encd, a "'l'eatt'r numher of wires ar c uscd for the s.imc d inrnc­
ICI. It i.,-always made lang- lay . Flancn ed- srrand rope has liu le
tendency to kink, and, ow ing to irs smoo th wear ing su rface,
saves we ar on pulle y s, shea vcs, and d ru m s. ft is nor so flex ible
or 50 fariguc-rcsisranr as rou nd -s trand rope of th e samc general
classi ricurion. T he srrength is grearer th an thar of rou nd­
strand ropès, but the weight is proportionately grea ter than
th e incrcasc in strength . These ropes arc made in "blue center"
steel grade on ly and ar c availahle in thrce styles: D , B. and G
(Fig. 144) . S ty le 0 is used on haulages and consisrs nf six

8 0 6
FIg. 144 Flartened -strnnd wire rope .

srrandx, each conraining seven outside wires laid uround a
tr langu lar-shapcd center wi re. S ty les Il and G , used for hoi sr­
ing pL:rposcs , consist of sis st rands, each s trand uf which is
made up of two layer s o f 12 wire s each .

NonsplMlng hobting rope (Fig. 14; ) is con strucred of 6 srra nds
of 7 wires each, bng-Iay (wircs in the st ra nds and sr rands
themselvcs laid tu the lefr ), laid aro und a liber cor e , and
covcred wirh an outer layer co mposed of 12 strands, 7 wires ,
regul:tr iay (wire s in .the strands laid tu th e left and srrands
rhem selves laid tu the rig hr ), The ohject of th is corn binat ion of
lays is tu prevem a free load sus pe nd cd on the end of a sing le
line from rotat ing. T his ty pe of rope is rccommended for

" hack-hau l" or sing le- line d erricks: also

•

for sh aft sinking and m in e hois[ing
" 'he re thc hneket or cage swings free

.,." without guides . Ir wo rks bes t where it
.:".t' does not overw ino on the dmm .

Eithe r a dosed or an ope n socket
makcs the hest faslening on the en d of

FI!!. 145 ,-':" n- non sp inn ing rope . The:.c may be fas-
spinnin\l h,)Î>ling ten ed in th e same manner as any rope
rop<:. :;ocket , hut gre at care mllst he takcn in

attachi ng the sodet tu the rope to SL'"C

tha r the st ran ds do not untwi st or a llow any slaek to work ba ck
into the rop e. It Îs hcst to se ize the end of the rope tightly for a
di stance of 4 o r -' in jus t o utsi" c the soc ket until th e socket ing
is c(l!llpk ~ed , when it Olay he taken off.

Sl«I-elad ropes <Fig. 146l are made in thrL'Cco nstr uc tio ns for
the purpose of sce ur ing i1iffer cl1l degrees of flexibility : th e 6 x
19, 6 x n , and 6 , : 6 1 types , rcsp ccrivcly . Flat sr.rip s o f ste el



Diam,
Approx A pprox

D ia m ,
A pprcx , Approx

Di am,
App ro x Approx

in .
weig- h t per atrengt.h,

in .
weight per etrength ,

in.
wc tght pcr at.rength,

1,000 ft . lb lb 1,000 ft, lb lb 1.000 ft. lb lb

% 813 Il.600 V. 273 4.250 :51 2 98 .3 1.540
~. 671 9.600 9-1 . 205 3.200 ~. 72 .9 1.150
~ 517 7.400 %. 164 2.570 %. 51. 3 870
Ji. 399 5.700 x 121 1.900 Ys 31. 8 540

1 Br eekina et reng th.
1

1

Brcaki ne s i reng rh ,
1 to ns t OBS

Diam, Approx D inrn , A pp r cx

in. weigh t Blue in . weiaht nlUt,

1

pe r ft. lb ce nter Plow per ft . lb cen te-r
Plo","

steel steel e tcc s tee l

1 ---- -
I~ 5.30 114.0 98.8 % 1.32 29 .5 25.7
1% 4.57 98 .4 85.6 ~

1

0. 97 21.8 19.0
I ~ 3.89 84.4 73.4 ~/s 0.68 15.3 13.3
IV. 3.27 71 . 3 62.0 Yi .

1

0.55 12.4 10.8
1)4 2.70 59.2 51.5 ~ 0 . 43 9 . 85 8 . 57
I Y, 2.19 48.2 , 41. 9 . 7. ~ • 0 .33 7.58 6.59
1 1.73 38 .3 33 .3 ", 0 .24 5.59 4.86

1
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H
1
IH
2
3
4

Length of seiz in&s, in.

H e nd smaller
~i '-;'8

I-I X
I H-I~~

1""-2
2 !-~ and la rger

Table 92. Flattened-Slrand Holsting
Rope, Type B
(Six 25-wire "rands and a fi!>e r core)

D ' 1 Approx

Breuk ing streng t h , t ons

lm- 1 Extra-~ am , wt per
pro ved Plow strong' Cus t

10. It , lb
plow steel 1 eMt steel
steel s teel

- - - --- ------ - -- ---
~ 0 .25 6.9 6 . 5.5 4 .9
~ 0 .45 11.8 10.3 1 9 . 3 8.4
~. 0 .57 14.8

12.8 1
Il.6 10.5

% 0.70 18 .2 15.8 14.4 12.9
~ 1.01 , 26. 22.6 20.5 '8 .4
}t 1. 39 35 .4 30. 27 .9 25 .

1 1. 80 46 . 40 . 1 36. 32.
lYs 2.28 58. 50.5 45 .5 40 .
IJ,i 2.81 71 .5 62. 56 . 50 .5
1% 3.40 86 . 74. 67 . 60.
I ~ 4 .05 101 . 88 . 79. 71.
1% 4.75 118 . 103. 93. 83.
I~ 5.51 136. 118. 107. 96.
2 7 .2 177. 154. 139. 125.
2)4 9 .1 222. 193. 176. 158.
2~ 11.2 270 . 214 . 193.
2~ 13.6 323 . . .. 257 . 233 .

Rope dia m e ter, in.

Table 96. Recommended Lenglhs
of Selzlngs
(Bethlehem Steel Co.)

Steel wire ropes, forrn-set (preformed)
S tee l wire ropes, nonpreformed:

Ropes :la in d iam and smaller 2
Ropes '7'.6- 1'l.6 in di am J
Rope s 1Y. in di arn and larger 4
Lang-lay rop es 1y. in d iam and larger 4
Iron ",ire Topes, nonprefoTmed 2

Table 93. Nonrolallng Holsling Rope
(Co m posed of l ~ strands and a liber cor e , 7 w ires [0 the st rand )

Table 95. Number of Selzlngs on
Each Side of Cul
(Bethlehem Steel Co.)

Table 94. GlIlvlInlzed Common SIe el Wlre Slrand
(Cornpo scd of 7 wires laid to gct her)

Table 91. Flallened-Slrand Holsting
Rope, Type A
(F ive ZB·wir e stra nd s and a liber core)

i Breek ing .treogth. tOM

Diarn. Approx I~ Extra' l
in. "f·t ~~r [proved Pl ow atrong CMt

l, plow steel caat 1 steel
steel .!.<'el

- - - - - -- - - - --- ----- -
% 0.22 5.6 4 .8 4 .4 4.
~ 0.3 9 9.5 8.2 7.5 6 .8
~ . 0 .4 9 Il .9 10.3 9.4 8.5
% 0.61 14.6 12.7 11.6 10.4
~ 0 .87 20. 9 18.2 16.5 14.8
H 1.19 28 .5 24 .8 22 .4 20.1

1 1.5537.32.29.26.
1Y, 1. 96 47 . 4 1. 37 . 33.
1,\4 2.42 57 . 50 . 45. 41.

1\
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Table 99, End·AlIachmenl Efflclencles
tl lcrhlehe m Sted Cu .)

Wire rope socketa zin ced a tt.ac b men t.8.
Fi t t .ings (ew"ged or pressed) .
Ope n wedge soekets .
C lipe ( U-b olt type) . . . . . . . . .
Spliced- in thimbles :

7~ in. d iam and smaller . .
~f . in , diam .
~, in . diam .
H in. diam .
~, in . dia m .
~~ in. diam ,
714 in. , and up .

Oiam , in .
Weight per ft . lb . . . . "
Approx breaking etre... lb.

Table 102. Galvanlzed Mast·arm Rope
(C" mpnscd of ninc -l-w irc srru nd s ::tnd :1 cott on ce rner)

.S

Minim um elonga t.ion , percent, in 24 in.: E,II.S. , 4 : H.S., 5 ; S.M., 8.

Minimum elongation, percent, in 24 in. : S.M.• 8; H .S., 5 ; E .H,S., 4.

Approx breaking 1 Approx breakiog 1
atrength, lb __1 etreogth, lb

.9 ,1Tf.., 1 &~ .~ .~ -e ~~
·L 1 ~~ : ~ 1 ~ .9 ' d ~:;. ~ 'L loS ~ 3.9 d r;
~ ~' es 1 ~ ,,;: . E: [§ e 'ë ~ ~ ~ .a @ ., ~ ~ ~ ~ §
~ ~ , ai : ~~ j~ 8~ ~-: ~ ~ ~ w~ 5~ ~~ 8 s ~..:

1 --' -9 - 1000073,20047.00028.700 2073 I~ -3-7- 162,200 113.600 73 '00044 '60013'248
J.i 19 79.70055,80035,90021,900 1581 ,~ 37 130.800 91.600 58.90036.000 2.691
~ 19 58,30040.80026.20016.000 l'55 1 37 102.700 71,900 46.20028.300 2.057
% 19 40.20028.10018.100 Il.000 796 1~ 61 315.000220.600141.80086,600 6.H6
'1. 119 33,700 2~.100 16.109 9.640 / 637 I ~ 61 271.300189.900122.10074060015.497
~ 19 26.70019,10012 ,700 7.620 504 1~ 61 229.600160.700103.30063.100 40665

1 I~ 61 192.000IH.400 86.40052.800 3.901

Table 100. TenaUa Suangth of Galvanlzed Steel V/Ire Stranda, Lb
(ï . wire ,~ l rJ lld )

Diam, in., . , ·1 Ys '1. ~
1
~. Ys '1. ~2 ~~ ~2 ~. %. ~we 011 ,000 ft. lb . .. .. . . 813 671 517 399 273 205 164 121 98,3 72.9 51.3 31 .8

------- - -------- - - ----
Siemens- M a rt.in . , . . . .. 19.100 15,700 12.100 9.350 6.950 5,350 4,250 3.150 2.560 1.900 1.470 91
High-atrength . . . .. . . . . ... 29.600 14,500 18.800 1000 10.800 8.000 6,400 4,750 3.850 2,850 2.140 1.330
Extra-high .trength . . . . . ,. 42.400 35.000 26.900 20.800 15.400 Il,200 8.950 6.650 5.400 3.990 2.940 1,830

Table 101. Properl/ea of Special Grades of Extra Galvanlzed Special Strands

8-90 MACHINE ELEMENTS



Fig. 160 Srnoorh coi! rrack
stra nd .

Mini mum DO. S pac ing
Hope D inrn or Approx clip. for

01
d iam , in. U-bott , in . wc ight , lb eac h rope clips , in.end

.Jf • ) ~~ ~ 2 0 .09 2 2
V. H. 0 .18 2 2
71. H 0 .30 2 2
% llf . 0 .47 2 2V.
:HG % 0.71 2 2~~

H '71. 0.73 3 3
1-& ~ 1. 0 1 3 3~

~ ~ 1. 57 4 4H
~ 1 2.42 4 Sv.

1 IH 2.64 4 6
rH I V. 3. 32 5 6~

IV. IH. 4 .48 5 ns
1% 1~~ 4.88 6 8V.
IH 1' %. 5 .44 6 9
1% l ,~ 7 .02 6 9X
I ~~ " 7{. 9 .28 7 10H
2 2,. 12 .04 8 12
2y' 2% 14 .81 8 12
2H 2~ 16.60 8 13
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Fig. 159 Gal vanizcd steel
br idge srrand .

wh ieh are rnanufacrured endless in grommet construction and
develop the full strength of the rope (Figs . 150 and 151).

Examples of end attaehments and mis cellaneous wire-rope
finings are shown in Fig. 152.

The erllclency ohn end attachment is measured by it s ability 10
hold the wire rope . If the assembly reaches caralog srrength of
the rop e before the end artachmcut loosens or g i\'e s wa y, th e

Table 98. Number of Cllpe and Spaclng
for Safe AppJlcalion
(Hcthlchcm Sreelc~

The brcaking strength of vari ous liber lines is givcn in Table
11 2. .

FIBER L1NES

efficiency of th e artachrnenr is 100 percent. Table 99 show s
approxirnare effie ie nc ies d evel opcd by the varions types of end
arrachrnenrs when properly np p licd .

Galvanlzed mast-arm rope is used for arc lights, mas t arius, or
orher p urpos es wh ere expos ed 10 m oisrure . The rope is more
durable than manil a rope and docs not shrink.

Knols, Hltches, and Bends

~o rwo parts o f 8 knor whieh would rnove in the sarnc
direction if the rope werc ro slip should lie alongside of and
rouching ca ch orhcr . T he kn orx show n in Fig. 161 are known
by th e follow ing names:

A. hight of a rope; B, simple or ovcr hand knnr ; C , figure R

Fig. 155 Standard
6xl 2 gal\'.nized
running rapt: and
hawsers ,

Flgs . 157 and 158 G alvanizcd steel hri"!(c
cope .

Fig. 154 Galvan ized
Sl~ 1 mooring lines
and hawscrs.

Fig. 153 C alvan­
ized sccc i hawser s .

C>w-
Fig. 151 Single·k g 5ling.

will vary w it h the rope d iarncter: annca led iron , plain or
galvan izcd, is used fOf' se izing according 10 the recommenda­
rions in T ables 95 through 97.

Wlre·Rope Flttlnga Atta chmenr tO a socket is made b v
scpnrat ing and straightening the wires, cutting out the hernp
cente r, clean sing with kero sene, d ipping in on e-half m u riaric

Fig. 156 Galvanizcd
iran rigging s and guy
rope,

seizing strand") are used for seizing or binding the ends of wire
ropc and thimble spliees, and for tying rope int o eoils .

Selzlng When wirc rope is eut 10 make attachrnent 10
fittings ur fur splicing, it is im po rtan t thar it be properly
seized . The wircs and strand s arc laid under unifonn tension ,
and the tension is maintained (Fig . 148). The seizing rcquired

(0)

de sirable as permanent fasten ing s on hoisting ropes and will
develop 75 to 85 percent of the srrength of the rope. Clips
should he installed so thar the U-bolt parr is around the sho rt,
or dead, end o f the rope (fable 98).

Wlre-rope sJlngs arc made up in numcrous sty les, sorne of

~===J--,lrnt
( b ) (cl ( d )

Fig. 152 Wire-rope fitt ing5. (a) Zince<l-type socket; (h) sw aged -rypc
socker: (r) pin- type shackle; (d) stand ard rhirnhle .

acid and one-half watcr (wh ich must be deancd t'rom [he wi rcs
after dipping), d istributing the wires un iformly in the socket,
and pouring in molten zinc after plugging up the lower end of
the soeket with fire clay . Such an attachrnent will dev elop the
full srrength of the rope (Fig . 149). Spl iced eye connections
whcn properly made will not pull out and will d cvel op from
60 perecnt of th e full strength of a 2~-in-diameter rope up to
95 percent for a ~-in rope . Clip and clamp connec tions arc not
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Table 103. Galvanlzed SIe el Hawsera
(Fig. 15J . Composed of 6 stra nds and a liber
core . )7 wi res to the str and)

Approx
Breaking olrength. tODl

Diam . in . wei~ht Blu. Plow
per Il . lb center .""'1

2j.i 8.14 199.0 173.0
2~. 8.29 189. 0 164.0
2~ 7. 85 179.0 156.0
2}i 7.00 160.0 139.0
2X. 6.59 151.0 132.0

2 6.20 143.0 124.0
l'~. 5.82 134.0 117.0
l'~. 5.09 118.0 102.0
I~ 4.75 110.0 95.7
l'X. 4.41 103.0 89.2

1'" 4.09 95.3 82.9
IJoi 3.49 81.5 70.9
lM. 3.20 75.0 65.3
1loi 2.93 68.8 59.8
I~ 2.42 57. 1 49.7
IX . 2. 19 51.7 44.9

IJoi 1. 96 46 .5 40 .4
IX. 1.75 41.6 36.\
1. 1.55 36.9 32.1
Ji 1. 19 28.4 24.7
'X. 1. 02 24.5 21.3
~ 0.87 21.0 \8 .2 '

Tab le 105. Standard 8 X 12 Galvanlzed
Runnlng Rope and Hawaera
(Fig. 155. Co mposed of 6 strands and a libe r core .
each st rand con sisl ing of 12 w ires and a
fi bcr ce nter)

Approa
Brea king olreDgth. Io na

Diam , In. ...ighl Blu. PID..
per /1. lb center oteel Iron

--- - - -
2X. 4.47 93.6 81.4
2 4 .20 88 .2 76 .7
l'X. 3.94 83.0 72 .2
l'X. 3.U 73.0 63.5
I~ 3.22 68.3 59.4

l'X. 2.99 63.6 55.3

'''' 2.77 59.2 51.4
IJoi 2.36 50.7 44.1
IJi. 2.17 46.7 40.6
1loi , .99 42 .8 37.2

1 ~ 1.64 35.6 30.9
Ih. 1.48 32.2 28.0
IJoi 1.33 29.0 25.2
IX. 1. 19 25 .9 22 .5 10.0
1 1. 05 23.0 20 .0 8.89

Ji 0 .80 17.7 15.4 6.85
,~. 0 .69 15.3 13.3 5.92
~ 0 .59 13.1 11.4 5.06
~ 0.41 9.16 7.97 3.54
~. 0.33 7.45 6.48 2.88

J.i 0.26 5.91 5.14 2.28
Ji. 0.20 4.55 3 .95 1.76
~ 0.15 3 .36 2.92 1.30
~. 0.10 2 .34 2.04 0 .905
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Table 104. Galvanlze<l Steel Moorlng
L1nea and Hawaera
(Fig. 154. Co mposed of 6 srrands and • liber core.
each strand composed of 24 wires and a
libe r cent er)

Approx
Breaking otreDglh. IoDO

Diam. in . weill:hl Bille P low
per fI. lb cen te r oteel

2X. 5.87 134.0 116.0
2 5.52 126.0 110.0
l'~. 5.18 119.0 103.0

l'~. 4.53 104. 0 90.8
I~ 4.23 97.5 84.8

l'X. 3.93 90.9 79.0

'''' 3.64 84.5 73 .4
IJoi 3. Il 72.3 62.9

IJi. 2.85 66.5 57.9

'''' 2.61 61.0 53. ,

J~ 2.16 50.7 44.1

I~. 1. 95 45.9 39.9
IJoi 1. 75 41.2 35.9
IX. 1. 56 36 .9 32 .1
1 1.38 32.8 28.5

Ji 1.06 25.2 21.9

'X. 0.91 21.8 19.0

~ 0.78 18.6 16.2

'" 0.54 13. 0 11.3

Joi 0.35 8.40 7.30

loi 0.194 4.77 4.14

Table 106. Galvanlzed Iron Rlgglng and
Guy Rope
(Fig. 156. Composcd of 6 strands and a fibcrcore ,
7 wir es ( 0 the strand )

Circum of
good-grade

Appr ox Break ina:
t hree-
strand

Diam , in. we ight s trength. manila
per fI , lb lona rope of

aeereet
ol reDglh. In.

I~ 2.34 21.2 7
I~ia 2.12 19.2 6Joi
IJoi 1.90 17.3 6
IX. 1. 70 15.5 5Joi
1 1. 50 13.8 5~

Ji 1. 15 10.7 4~
,~. 0 .99 9.23 4~

~ 0.84 7.90 m
~ 0.59 5.54 3}(
~. 0 .48 4.51 · 3

Joi 0 .38 3.58 2Joi
Ji. 0.29 2.76 2~

~ 0 .21 2.04 2
~. 0.15 1.42 1J.i
}( 0.094 0 .918 I}(

Wb eD made with wlr e olraDd cor. add 10 pero
""Dt 10 ..eighta aDd 7Joi percent 10 br oakioa
etrenglN.
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lium coppel", bron ze, monel, 1nconel, H ndfiekl 's rnangnne se,
and aluminum and from a wicle var iery of AISl analyses of
srainlcss and nonstainless alloy s. Howcver, (he need for suc h
special chains, e ther t han rhose of srainl ess stee l, is sa infre­
quenr thar they arc seldom carried as srock irems.

WIRE ROPE
by Harold V. Hawkins

Load Suspension and Haulage

Wire rnpe (sce Sec. H) used for suspend ing loads is usuall-,'
requ ired to be as 11e~ i"le as possible {Q rninirnizc the d i ; lJ ne rl' ~s
of the d rums or shca vcs invol vcd . l'hus, a rope hnvint; si .\
srrands of 19 'l'ires each on a hcrnp core is used (Sceti ":' H) _
Extrapliable ropes macle with six srrauds of 37 wir es cach or
eight st rau ds of 19 wircs cac" on a hcmp core are a lso av a il.ih lc
but are much less durable be c.rus e of rhe liner ind ividu al wir cs
used. Hoi sring ropes are construcred wuh the relati ve twist of
the wires in the st rund s the re verse of the tw ist of the strands
about rhe core (Fig . 3).

ilased upon the service ln be cxpcc tcd , spec ial att ention
should be givcn {Q the rat io of drurn and sheave d iarnetcrs
(Sec. 8) ro cable diarnetcr. For cxarnplc, hoist s having mod er­
are-duty cycle may have a ratio of di arn ctcrs as low as 20 : l,
bur for exten sive dutY or whe re rhcre is need for gre ar safcry,
such as in elevarors , this should be at lcast 45:1 or larger.
Ofren the nccd for sroring enough cable to obrain sufficicn r lift
length may require a larger drum diameter than would orhcr­
wise be nceded.

Flg.3 Haulagc fOpc.

Haulage rope s arc of the saille l'ont ru cr ion as suspension ropes
or are of the lang-lay rype shown in Fig. 4, wirh the rwist of th e
wire and strand in the saille direct ion. This Iang-Jay con stru c­
tion inerca ses rhe wear resisran ee of Ille rope , hur it tends ((l

unt",ist and should IlOt he used where the load is in free
suspension. L1ng-lay rope is diffieult to splice . By preformiog
ind i"idual wires and strallds hefo re laying up, secondaI)'
stresses due {Q hending arc redueed and longer life is obrained .
l'reformed ropes have less tClldcncy co kink and are easicr tu
halldle .

Fig. 4 L:1I1g-lay rope.

Hoisling and Haulage ropes should he frequcntl y greased tu

minimize wear and w pr e\em corrosion ; either a special corn­
mereial lllbrie:mt or boilcd linseed oil Illay hellsed on rop es
sub jeLled [(l ;lrmospherie actioo, and a tacky peirolelllll ;Ind
graphite on hoisting ropes in wet places. Crude nil or (){her
luhricants having an al'id or basic eh araeteristie sho uld not he
used becau se of eorrosil'e act ion on both wire and sisal cor e.
'1'0 ensure penetration, I"hricaor can hl' applicd hot, or a
volatile sol"ent caO he used . I{opes sh ould he inspe eted fre­
quently for hroken wires and excessive wear.

For strength and working loads of ",ire rope , sec Sec. H.

DRUMS 10-9

Track Cables

C ables used as trucks 10 support loads suspended on trolleys are
cirher th e locked-eoiltype for longcst lifc (Fig. 5) or the round-

Fig . 5 !.l'l' kl:d -t.:o ii tr nc k eu-and win, TOP"':' (Unù ed St ates Sud)

wirc tr ack stra nd sh own in Se ction H. The s trengt h of the
lockcd-coil type is gi ven in Tal ,le 7, whilc th ar for the roun d­
wi re or srno orh -coil type is given ill Section H also . T his type
" f wi re minirn izc s ihe impa ct loads on the o ute r wircs wh ich
res ulr l'rom th e rolling of the t ro llcv.

Flttlngs

Fittlng s for ropes arc au achcd ar the cnds by ( 1) passing the
rope around :l minimum-rad ius rhimbl e and thcn (P ) arraching
the rope CO irself with rope clips (approx imnrely HO percent
efficient), (b) splicing the rope ro irself (BD to 95 percent
efticienr ), (cl unachiug the rope ra irself hy a met al ring whieh
is swaged or crirnped on (90 ro 95 percent efficient ), (2) using a
fitting pan of whicl: is u steel tube whi ch is pressccl or swnged
ovcr th e rape (90 to 100 percent efficient), (3) using zinc to

cmbcd lhc end of rhe rope in a fitt ing having a soc ke t 10 reccive
ir (I OO percent efficient) ,

Drums

Drums arc made \l'ith smoo rh su rfaces on hand-powcrcd hois"
and on power hoists subject ta /ighl-<iury operation. ;\lediulll­
and heuvy -duty drums are norrnnlly gruoved. Drums ean he
weldcd or cast, depending lIpon th e qu anr iry 10 he rnanufac­
tured , since cast drums are ee"nomieai wllen mass-produeed.
I ,arge dnll1ls frequemly have separare shells \l'clded lO the
spide r or end plate. Drum shells may he made from steel
plate s which arc !>cll[ to a cyl indrical sh;lpe and \l'eldcd \0 Ihe
end plaIes \l'ith weldcd huhs befure the y are groO\'l'l.! for the
rope . Stecl-pbte shells arc strongcr than cast shell s. !Jeuer
balaneed, antl free from hidtl en initial <lefeet s . The thiekness
can be less, thu s redueing the inerri a of rh(' rot 3ting drum and
the resulting acceleration-peak load s. Con ieal and eylindro­
eonieal drums are freq uenrly used on large mine hoists. Faces
of drums for medium and hea" y d utY are mad e \l'ide enough
lu hold lhe rope in one layer plu s two [0 four holding tlIrn s.
The hole for atlachment of rhe rupc shuuld !Je as .,Sh own in Fig .
() tu pr e\'ent e~ees siv e hending; thi s melh ocl of anehoring is
normall v done on Cast drums whieh have a limil'ed face \\'id th .
Figure 7 show s an altern atc , preferred merhod of anehoring
the rope on welded and cast urums wh en spaee is not a

Iprohlem. The pitch diamcter uf th e drum shou ld be at least
~"I'CIl[Y times the rope dial1lelcr in or<ler ta obtain reasona hle

Fig . 6

"1-5 -'5 -
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Tableau B.2 - Propriétés ·mécaniques de certains aciers

Allongement
àla

rupture
(%)

G 10100 LC 320 180 28 50 95
EF 370 300 20 40 105

G 10150 LC 340 190 28 50 lOI
EF 390 320 18 40 111

G 10180 LC 400 220 25 50 116
EF 440 370 15 40 126

G 10350 LC 500 270 18 40 140
EF 550 460 12 35 163

G 10400 LC 520 290 18 40 149
EF 590 490 12 35 170

G 10450 lC 570 310 16 40 163
EF 630 530 12 35 179

G 10500 LC 620 340 15 35 179
EF 690 580 10 30 197

G 31400 LC' 660 440 26 56 197
EF' 720 630 17 4B 212

G 41300 LC' 620 410 30 45 183
EF' 680 600 21 52 201

G 41400 LC' 620 430 27 58 187
EF' 700 620 18 50 223

G 43400 LC' 700 480 21 45 207
EF' 760 ô80 16 42 223

G 61500 ' Le' 630 400 22 53 183
G 87400 LC' 650 440 25 55 190

EF' 740 660 17 48 223
G 92550 LC' 790 540 22 45 223

• Recu it

514 ÉLtMENTS DE MACHINES

NOTA - Les valeurs ind iquées dans ce tableau sont des valeurs typiques rela tives a des barres de aimensions variant entre 20 et30
mm de diamèt re. basées sur des tests de tract ion standard isés sur des éprou vettes cyl indriques de 50 mm de longueur.
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ANNEXE B 1
1
Il

CoefficIent
de dilatation
IIné/que a

(mm/mml"C)

Alumin ium 2 700 71,0 26,2 0,334 23.e X 10 -/0

Laiton 8 300 106,0 40,1 0,324 ":8,7 X 10 "";

, Ac ier au carbone 7 850 207,0 79.3 0,292 10,8 X 10~

Ac ier Inoxydable 7 930 190,0 73.1 0,305 17,3 X 10-6

Fonte grise 7 200 100.0 41,4 0,211 10,6 X 10 -('

Cu ivre 8 930 119,0 44,7 0,326 16,7 X 10-6

Plomb 11 300 36,5 13,1 0,411 29,0 X 10-.1

Monel 8 900 179,0 65,S 0,319 14,0 X 10-6
• Magnesium 1 700 44,8 16.5 0,350 26,0 X 10~

veit» ordinaire 2 600 46,2 18,6 0,245 3.0 X 10~
Sapin Douglas 530 11.0 4,1 0,33
Caoutchouc 920 1,5-5 0.5-1,67 0,50 70.0 X 10-h

.

Acétal (celcon M90) 410 2,8 1,03 0,35 84,6 X 10'"
Acryl ique (Plexiglas K) 190 3,16 1,13 0,40 63,0 X 10-6
Polycarbonate (Merlon M40) 1 200 2,32 0,84 0,38 70,2 X 10'"
Polytétrafluoroethylène 2 160 0,40 0.16 0,48 70,0 X 10-6
(Tellon 7A)
Nylon 6/6 (Celanese 1000) 1 140 2,95 1,10 0,34 90,0 X 10-6

Polyéthylène UHMW 1 080 0,76 0,26 0,46 129,6 X 10-.'\
(Comco)

15- b
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