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Historical.

It has been stated that wire rope 1s a modern invention,
brought about by the neceseities of deep mining. 1t is claimed
in Central Europe that wire roﬁes were first invented in Germeny;fnﬁsq
and that after 1835 their use spread to other countries.

kire rope however 1s of great antiquity, as o specimen
discovered in Pompeilis now on view in *\\a Museum of Naples.%&a&wkudhfx

Its re-invention in modern times dates from ebout the end of
the first quarter of the 19th century.

In 1821 selvagee wire rope was vsed in the coﬁstruction of the
Geneva suspension bridge. Thls consisted of parallel wires, with
a éerving to keep them together, Such roves are rlgid, non-
elastic, and impossible to splice. Their strength however, if the
rope be constructed properly is equal to the sum of the strengths
of the constituent wires. In 'formed' ropes on the other hand s
considerable fraction of this may be lost, perhaps about 5% in
smell ropes buvt exceeding this considerably in large ones, and
resching sometimes 207 or 30%.

The first formed or stfanded wire ropes manufactured in
Germany were made by Councillor Albert of Clavsthal, in the
Hartz Minlng district, in 1834.

Kr. J. Wilson of Derby clalms however to have made stranded
wire ropes for the Haydock Collieries in Lancashire as early as
183%.

The ropes made in the Hartz district were not constructed by
machinery, but were formed by hand, in & rove-walk, after the

manner/



Sootrnede Arees t,
"In the Musio Borbonico at Naples there is a plece of wire
rope excavated from the buried city of Pompeii.

The piece in guestion is 4% metres long and has a
clrcumference of about an inch. It is composed of three 'strands
laid spirally together, each strand having fifteen wires also
twisted together. - The wires are of bronze.

«Unfortunately, no vecord was mede of the exact posi tion
in Pompeii where the rope was unearthed so 1t is useless to
speculate as to the probable purpose to which it was applied "

by the Romans".

+:9+. The Wire Rope and its applications: by W.E. Hipkins.
A photograph of this rope is shown on p. 8. It is regulaf

in construction,of ordinary 1ay,and looks 1like a modern rove.
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manner of hemp rdpas; They ccnqisted at first of three strands,
each of three uires (and later of four or mora) of saft iron,
Be S'WL,in diameter. The pitch was about one foot, and a peBmanent
set was given to keep the rone togetﬁer. Tﬁe faulty construction
caused them to wear out ranidlv. In +Hese earlv ropes the direction
of the 1ay was the same in the strandfas in the ropes. This is
spoken of ir central Eurove as the Albert Lav- It soon went out
of use as it wes Unsuitable for early mining coniitions.

A full description of the process of manufacture is
quoted by Hrabqk- In making a four wire strand, four wires were
threaded through So‘of.40'fdur—holédwooden.blﬁcks, about a metre
épéri; in a fbpe-walk.' They were also led through 4 holes in the
centre of a double—Handed wrenche Phis was held by the chief
operator, the 'turner’, who advanced along the walk, rotating the-
wranch by hand, and $o twisting together the four wires. Some ten
1abourefs.&dvanced ﬁﬁé blocks, as tﬁis.ﬁécémérnecésséfy- Tﬁe
turner was aCCOmpanied by 8 'Holder‘, who gripnei with a.hand—vice
the end of the portion alreadv formedgnas to enable the twist
to be applied.' ‘The strands, after being formed, were in the same
way fashioned intd'fopés:iwn_took'i3:workers'6£e.hour to coﬁﬁlate
abéut'lﬁ metres of rope, and the oééizwéé'ﬁéévrally excessive.

Count Auvgustus Brenner (Brit. Associ 18%38) describes the
largest miﬁiﬁg rope in vse in the Hartz district sbout this date
as consisting of B strands of B wires of diameter ¢ "- The load
raised was 1,000 1bs. and the winding drum was 8' in diameter, He
furthar/ B |
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further etatee the .gain in efficlercy, ae it wae fourd thatﬂhorsas

working an irot wire rope did ae much effective work ae eix on a
flat hemp rope. :

It geeme doubtful who wae the invertor of the firet machire for
making wire rope. Wurm, & Vienna mechaktlc, deeigred ard made oXe
about 1837, though the date ie Lot certain. It ccntalre the
essential featuree of the modert machine. Prechtel'e Technolegical
Encyclopasdia sgays that machiree of this patterk muet have beel imn
uee eirce 1840. . -

In 1838, Mr. Mewall of Durdee wae advieed by a friskd, who wae
studyitg mining in saxony, to deeligt ard coretruct a machine for
makirg wire rope. Thie frierd.etatee that the Germar ropee corelieted
of 4,6, or B strarde, each of 4 wiree of sy of ar irch in diameter.
He thek addei- "Invert a machirte for makirg them. It 18 very. eimply
dong here, a& you cal imagire, but elow ard ursciertific". within
& mokth Mr, hewell had completed the deeignt of what wae pogelbly
the firset rope-~making machire. This wae succeseful ard about 1841
he removed to Gatesheadrol~Tyre and get up & ropery theres This firm
etill flourishee ubder the rame or'nixon, Corbett & hewalli

Evel though the hotour of making the first rcoping machirne ehould
rot fall to Britain, yet British machiree were eocor setablighed on
the Contirent ard took a pre~emilett place there. .Thue in the st
Egydy Worke the Wurm deeigr wae used at firet, but this wae urable
to cope with more thal 42 wirese. The speedy introduction of Britieh
mechiliee made 1t poseible to urdertake all kirde of rope work. The

£t. Egydy Worke are row eald to be the largest ard best of this

rature/
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reture in Austria-Hungary.

| 1D Britaii there wae a special fleld for iror wire ropes, gqulte
apaft for mining, Thie wae the riggitg of the ravy. The cost of
this wae halved about 1854 ou the irtroductior of wire rope. Thgne
were the daye of sallirg ehipe, ard the reduced coet of ripgirg
the navy wae #457,320. It wae etated too that hemp rope had to
ﬁe rergwed in 3 years while wire lasgted for 16. Thie last estimate
LLT: ovér sargullie. It wae etated fhat at this time there were 50
Britieh firme engaged in makirg wire rope which wae being turbed
out at the rate of 100 tone dally at a cost of £80 per ton. These
were lﬁrge quantities for thoee timee,

In the primitive hand faahidnad ropeg of Albert of Clausthal,
the hardednese, or directicn of lay, of the rope ard the etrard
were the same. Owing to this, and to the fact that the load 1n_
mining we B thatamemaly gsueperded, it spul round irceesartly in
the shaft. In the cage of minere beirg holeted or lowered,; this
£000 became uberdurable, and the ordirary method of croesybralding
or oﬁpoiito hardedrnees came irto gereral use. With thie the
epinring wae rot so troublesome. _

With the introduction of machinery, wire rope makirng eoon
became & great indugtry. Many 1mprov§mentn in mamufacture were
gradually 1ntruduoed._.The six-bbbbin machite, from ite eimplicity,
haqgmo a upefu]l standard; and the eilx-etrard crose-braided rope
became the mo.£ popular make, & poeitioxn which 1t holde at the presert
day. A _ i

In the "crosn—brsid“,the gtrand and roﬁa are lald in oppoelte
directions/
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directiore, £o whel hanging freely, ard carrying a load, the etrande
and rope tend to urtwist ir oppoeite directiore. . These poeitive
apd negative rotatione neutralise s@agh other to some extelt, =0 that
guch & rope may be used for holstirg a free load, ae after a time it
attaine a fairly steady state, ard doee rot impart much epin to the
welght,

Lotg afterwards whel: great advarces had beek mede both in mining
ard in rope-making, it wae found of advantsage in certair caesee to have
the eame harded-rese in rope ard strard, - Thue in 1880 G. Cradock
paterted the Lang Lay for modern ropes.

Thie ie useful when ths cages are guided, so that the epln ieg
of little importalce. It hase advartages from the point of view of
wear, as the(orowné?orlknuokleaJof the wire are lese prorourced, ard
there is a greater lenhgth of the wire in rubbirg cortact with the
pulleye, so thats for a given amourt of abragior, the injury is vot
g0 loeal ard deep && with the croees-traid. The cutting terdercles
of the wiree too are esomewhat leee,.

The greateet lmprovemert ir modert rope-makitg hae beel the
introduction of stesl to take the place of iron, Thie begal in the
eixtiece, Irnn wire (or QEeemer eteell ropes were still used about
1890, but thay are never uned now for 1mportant work It-ih agreed
universally that it 18 bettor to pay the highsr price and uge
a guod quality of staal. '__-fjffigﬁ_“{fj:

To 111uetrate the oonstruotion of ordinary ropee Buckrall
smith tabulatea data rrom foun typioal ropaa from %r_to 2" 1n
diameter/ ' '
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diemeter, and points out that "upor arslyelng thie practice it will
be roticed that the proportions the laye inu the etrarde ard ropee
bear to the diameter of the ropintg rarge from about 3% to 2% and 6%
to § times the diameter respectively". Ae other writere have
followsed upol these litee of descriptionfl venture to sugpgeset that the
irtroduction of the angle of the helix would lead to a eimpler
comparieson, and to more comprehetelve theory. The word‘lay’might
be kept for the ‘eerss ortéanded-tnsefof the hellx, i.s. whether
right or left, 80 that it would not be confueed with the\pitohi
Cwing to the rotation of ths GCe,whan urder load)giving troubla,
Mewall introduced ir 1876 a coretruction ir which the coustituent
etrarde ir the rops were alterrately right and left harded. Varioue
modificatione of this method are ir use at the preesert day for the
formation of non-rotating ropes,
Ir 1884 Latch and Batchelor brought oﬁt thsglocked-ooilerpe.
covaliinchion, U wlaovined, by g frims of e llltia ol S eilleaiiag o], Vidllue i
In thie there is usually a core in the form of an ordirary strand

eurroukded by layers of wirese which are in cross-ssction trurcated

circular eectore, The dietingulehing feature 1e that there 1e aleo

a special locking layer on the outeide. comgtimee the wiree in thie
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be roticed that the proportione the laye iu the strarde and ropes
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followed upol these lilee of description I venture to suggest that the

irtroduction of the angle of the helix would lead to a gimpler

comparisorn, and to more comprahsnaivé theory. The word‘lay’might

be kept for tha‘eansg ortﬁanded-neae,of the helix, 1.o. whather

right or loft, 8o that it would not be oonfused with the pitoh,
Cwing to the rotation of ths repe whel under logd,giging trnglq,-

Mewall introduced ir 1878 a coretruction in iﬂi§§ théfponatituent

etrande in the rope wore alterrately rigﬁauahﬁiléft-handéd.__-?arioué

modifications of thie method are ir uee‘éﬁ thalﬁfesent dny.:or the

formation of ron-rotatirg ropse. el | -

y

Ir 1884 Latch and Batchalor brcughtidut hhékldokgﬁfqpil_rope.fi
s conalimctton U dladviard by T foim of, Feltin oo S eotlleadoias. o Vdllecin

Ir thie there is usually a core ir the form of ak ordirary strand
eurrcutded by layers of wires which are in crosa-saotlbn trurcated
¢ircular eectors, The distinguishing feature is that there ie aleo
a special locking layer on the outeide. Sometimee the wiree in thie
are Z ehaped, and eometimes alternatalj amphi-coelue and circular, as

1n the acoompanying figures, The various laysrs are wourd right and

left-harded alternately,
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1t 1e claimed that theee ropoe may be made of corelderable
flexibllity, but those eeer by the writer have been stiffer than
ordinary ropes, In this congtruction, the irnterral wires whel
broker "do mot ehow, which ie dargeroue ir practics, while ths rcpes
are impoegible to eplice, though cornectiore might be made by brazing
or by epecial contrivarcee., They are almost perfectly cylirirical

in form, and are admirably adapted to resist abrasion.

The flattened strand rope wae also brought out by Meesre,
Latch & Batchelor, In this the central ocore of sach stpand 1e
petallic, ard shaped in cross esction 1
The result of thie 1is
that the outer wires
of thie rope are in
cloeger corntast with

the circum-sylirder than would be tha c4

thue the outer surface of the rope apprcac I more rsarly to the
gmooth eylinder than does the rope with circular strarde, The aim
1e to produce a larger wearing surface. A triargular cors with the
vertex poirnting to the axie of the rope is sometimee used irstead.

A large number of other conetructiones have been introduced, many
of which have not obtaimed popularity.

The esectoral section, employed by Laidler, has beel referred to
inu the locked-coil rope. The cross-sectlom o
a etrard was a sector of a circle, the

complete circls being formed by “all the wirse

Theee strande were formed irto & rope ir the

uegsl/




8.
usual way. It chares with csrtair other forme the dieadvartagee
.of veling etiff ard imposeible to eplice, | |
An early form of locked rope waE irt¥pduced by F.W, Scott of
Rédﬁish. It this the wiree were clipped together ir paire before
being 1aid irto the strard. | |
e rope in which the strarde coreisted of parallel wires formed
irto ﬁ rope at otie onafation.wae irtroduced by Mewsll & Co. urder the
rame of 'le plue ultra'. | It hae the advantaga that the exterral
wires would ic theory be axpoaed to wear throughout thu whole of theiﬂ
lengths. 1netead of receiving deep local damage at the crown, It |
is olaimod that this rorm 1e gimple to construct, ard that the wiree
are of equal length and equally etrainsd. Claime by patenteee
‘however are Tot alwayﬁ perfectly zeliable.
In 138¢ Meaﬁre. Craven & Speedirg of gpurderland marufactured
& form of rope introduced by Weetgarth ir which there wers an eaqual
oumber of twiete in thé etrard and ic the repe. Various advantagee
‘have bsen claimed Tor thie aleo, | I e
Betweel: 1880 and 1888 thsre wors 174 fatal aocidenta in |
Brltain during wirding. Thie led Armetrong % 00. to bving out a
IPOpB for oombined winding ard ei:nalling. This wae effacted by
rplaaing irneulated copper wirees in the core. |
Ae an attempt to reduce etraine caused by bendirg the rops round
a8 pulley, a ylelding helicql metallic core was introduced by Mr,
Hoi&oni. Theee straiue due to bending are very important and lead
- to many difficulties. A design that hae long been employed for

haulage 1e to eurrcurd a stardard ore-strard rope by ar extra layer,

or/




9.
or layers, of much thicker wirse., Thie ie useful 1r reeleting the
wear of a gripper, but it ie rot eo flexible for paeeirg over emall
pullsys as is a strarded rope.

Arother formation which ie frequertly adopted le tﬁat by which
the epaces, which would occur if wires of large dlameter aloke were
used, are filled by wiree of smaller dlameter,

Many minor modifioatibha of /deeign might be erumerated, but the
foregolng paragraphe indicate the usual linee of conetruction, It
ie almoet needlees to remark that ro ore type of TOpe.ie auitablé_for
all corditione, The ordirary six strarded croee-braided rope ie the
oug which ie used moet urniversally, Flexibility ies obtaired chiefly
by ircreasing the rumber of etrarde, by reduclrg the diameter of the
wire, by inserting fibre corse or hearte, ard by decreasing the
pitches of the helices.

The following extracte from tables of mirirg statietice dealing
with the Dortmurd district show the rumbere ard percertages of
failuree ir varioue types of miring ropes betwesn 1822 ard 1905,

It 33 yeare out of 9207 wirdlrg ropes discarded, 293 or %,18% broks

euddenly when in uee. Theee are clageified ae followe:-

Type of Rope used humber Mumber Perceltage
in wirding, . uged- falled of failuree.
Alee flat 97 7 722
Hemp flat 8 0 0,00
Iron flat 147 19 12,93
Iron round 881 106 11.82
Cast steel Plat 1158 - 53 4.87
Caet steel rourd 1 89Bg . 109 1.8%7

Totale 9207 2972 3,18

. BRSPS

et i




10.
the

Theee tables show immerse supeﬂioﬂity of eteel over iron for
ropes, They aleo show the irferiority of the flat rope to the round
ore . The t“r« Yol 8 AL 1-%*"-;_ Az A& Naarias

In 1872 the percentage of fractufea wa e 19.30% whils in 19b5
it wae only 1.52%, Thie showe the vaet improvement in coretructior
between théae datee. | | R,

Considering the 1mportanoe of etaal rope ir modern ergireerirz
1t ie etrange that go littlse i the way of produoizg a zeneral theory
hae been attempted. The writer krowe of ro text booke ot wire ropes
exoasgﬂiy Buckrall smith ard"Die Drahetheile" by Hrabrak, IR the
latger though Hrahvak claime with Germar medeety to have a#ﬁaueted
éh&fiﬁﬁjeot, ard to have produced a Thes auvus of Wire Ropes, re-
miniaoent of a fraaaufy of LOgarithﬁa, others will rot agree with him,
The treatman£ of tha.eubject ie slemertary, and almoet without the
ald of mathematice, while many of the methods ard corclusiore are;

1 venture to auggeat, open to grave objectione, .'He tabulatee
etreseea obtained from vory doubtful theory but doea not claegeify ary
large rumber of tests and exhibit and compare them graphically,

Thie latter I have been able to do,

Buchrall Smith'e admirable work covere a wide field, ard gives
apopular treatment of the subject.

Though many rope teste are publieéhed from time to time, the
writer hae unforturately bot beer able to fird ary prirted tests,
which gave all the particulare which are resuired ir attempting to
examive what occure in a wire ropse.

A partial bibliography has beer compiled, but mary of the
articlee/
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articlee referred to have orly beer seer in the form of abetracte.
Few or To writers attempt any gereral theory. Thelr corcluelones,
100, seem frequently contradictory ard are in coreenuerce somewhat
bewilderirg. Q dedabicrnah ¥e$evences ave quen throughoul this falrer,
The writer deeires to expreee hie grateful ackrowlsdesoment to Mr,
J, D, Brurnton (W.N, Brurtorn & Sor!,Wiremills, Musealburgh) ard to
the membere of hie staff, particularly to Mr. W. Kirkwood, head of
the testing department, for hie valuable practical help. Me .
Brurtol gave the writer permiesior to work ir hie test roome, which
had been fitted up with the newest and fineet machires epecially
deeigred for rope testing. It is a matter of profourd regret that
thie magrificent department was complstely destroyed in 2 great
five at the worke im ol - - -~ .
Mr. Brurnton also gave the writer acceass to the recorded teste of
recent ropes coetructed by the firm, Moet of thees were carried
out in the test roome at Mueselburgh, but & large rumber were made

by well krown testing extablishmerte.



Textbooks and Pamphlets. .
Wire by J. Bucknall Smith. 1891. Engbﬂeev:h%

Die uLrahstheile by Hrabak.

The following textbooks are mentioned in the Brit. Museum Catalogve.
The Lnown Forms and Developments of Wire Ropes by H. Che®sman.

How to test wire.l19pp.) Peabody & Kennedy, Toronto 1909. i
Tables of Breaking Weight of Wire in 1bs.

Halifax 1888, F. Smith,

Wire Strength:&z tables;Bulletin de la Société de 1'Industrie
kinerale 1880 IX 695-798.

The following reference are from the Prov. Inst. C.E.

Proe. Inst. C.E. 1879-94.
LXV11 p.&O&-Q.(Flat ropes; also tests of wire at various stages
in manufecturej Also Re¥me Universelle des Mines
1881 Vol. 1xg
LXXXV11l p.538 LTaper)
XCV1l p.169 (Purability.)
Xc (?orsion Tests.)
Prov. Inst. C.E. ;894-1907.
Cl
CXXV11l p.407 (Fibre Ropes.)
CLXV11l p.394 (Steel wire ropes;after Hrabak.)
CEXXV P.3783 (A rope test d = 33")
CLXV P.144 kﬁidnes & Runcorn Bridge.)
CLX 111 P.418
OXX1V  P.514 (Pribrem: work done by s mining rope.)
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The following references are Miscellaneous and foreign.
oesterreichische Zeitschrift fUP Berge. und H;ttenwesen,

XLV1ll pp. 561-6594 J. Divis.

Eﬁginear XCll pp.35=98

Glgckauf X¥XX1X pp.313-31, 0. Hoppe.

Oesterreichische Zeitschrift fur Berg - und Hﬁttenwesen
PP.297-310.

Mines and Minerals Vol. XX1V. April 1904.

(Wire Rope: and includes partisl bibliography)

cluckauf Vol. XLl pp. 188-3485. Rope Tests.

Engineering News Vol. L111 pp.&5-66

Iron and Coal Trades Review, Vol. XX11 pp. 354-388
Oesterreichische Zeitschrift fr Berg— und Huttenwesen,

L 111 pp.311-343.

zeitschrift fur physikalische Chemie 1913 Vol.LXXX11 P. 457
Journal de Physique 1918 Vol.ll p.6R0.

Transactions of the Institution of Mining Engineers. Vol.XXX1
pp. 4453-480. _
Dingleré'Polytechnisches Journal 1906 pp. R64-279.

Trans..Inst. Mining EngineersVol. XX1X pp. B825-635.

andXxx1 pp. 180-164.

Machinery Vol.X11l1l p.821, also pp. 569=870.

zeitschrift des Vereines deutcher Ingénieure Vol. L1 pp. 852-857.
Mines and Minerals XX1V p. 4065-459. Special number.r: —al to
aleveady.

Journal of the Chemical and ¥etaqllurgical Society of Souvth Africa,August
1909.

Enginearing.and Mining Journal LXXﬁlX pp; 278-80.



Gluckauf XLV pp. 1845 ... 1686. Bock.Y XLVl [Breakages.)
Oest. zelt. f. B. und H. 1LV111 pp. 47-109. 3. Divis.
Trans. American_lnsiit. Mining Engineers Avgust 1900,
¢lvckauf XXXV11 pp. €73-675. Statisties 1892-1900."
winding ropes. Dortmund district & XXXV1ll 911-912.
Oests Zeit. f. B..Und H. XL1X. pp., 278-273. Statistiocs.
Winding ropes Breslau district, alsc 455-458
also L; pp 539-541 & Z165-316.

Comptes Rendvus liénsvels de la Soeiétd de 1'Industrie Minerale

1L90&+,  Statistics .of winding ropes,dn:k*anqe %AnwuanwiiAﬂuﬂgamh'
Mines and ¥inerals XX11 pp. 31€6-=7. Bending.

‘Anmales des Mines XX pp. 143-%98. E. ClasserFatligve.

Revue UﬂiVGPSé%@B_dQS'MiHESILV1ll pp. 1-34. Cravhic statistics
for ropes. . Dechempse.

Jovrnal ;of the Canadian Mining Institute V. pp. 33-41,

Glﬁck&uf XXXV1XY pe1911-2. : 3

Oesters -Zeit. fur:B. und He pp. B15-6. Both Stetistical.

“Bulletinde le Sociéte,de 1'Industrie Minerale 1 (4th series)

5001 ppei709-18., Deverne. . .

“Comptesirendus de ls Société de 1'Industris Ninerale 1902.

pPp. 228-3. De lMorgiues.

11001 PPsaRLBr4ay Bouchard.

"
'@luckauf XXX1X: pp. 787=-740. Statistics Dortrund ropes.

frginStatisticals also 1; 111, pps 41-45 & 59-81.. Divis,

) "
Bergsuvnd Huttenmannisches Jahrbuch I;l; rr. 1-84. E of ropes

-

" Colliery Cvardian Supplement L:XXXLx,p,?? Vavghan & Epton.

Brit. Assoc. ;Johannesburg or Engineer C.p.kz3.

)



Proc. Hngineers Soc¢iety of ‘W. Pennsylvania XX1 pp. 26-%39. Dieschey.
Comptes Rendus Mensuels de la Société de 1'Tndustrie Minerale

19085 pp. 162-<170.  Rodde.
Oester. Zeit. fur B. und H. - [111 pp. 271-4. ¥ 290-2.

Schmidy & pp 413-418, Kroen.

Trens. Inst. Mining Engineers XX1X pp.l173-286 Mitchell.
(caDping locked coils)

Proc. S. Wales Inst. of Engineers XX1V pp. 151-157. Becker.

Transvaal Inst. Mining Engineers 1908. Vaughan and Epton.

Mining Journal L XX1X pp. 389-391.

Zeitschrift &es Verbandes des Beré%u Betriebsleiter K 1906. pp.-'

145-354. Ryba.

Oester. zeit. f.' B. vnd H. L1V pp. 145-148. Kroen.

Engineer (11 @ 189-213. Vavghan.

Gluckauf XL111 pp. 1376-1378. Statistics.

Trans. Inst. ¥ining Engineers XXX1V. pp. 140-148. Routledge.

Midland Inst. ¥in. Civ & Vech Engineers,22/?/09,and Colliery
| Cuardien XCV11l p. 231, Elce.

Zeit. fur ddas Bérg Hﬁttan und Salinenwesen K LV1l Wagner.

Engineéring and Mining Journal  XXXV11l1l pp. 362-3. Beers.

Oeste Zeit. fur B. und ﬂ. LV11 419-474. Stor.

Electrical Magazine Xll pp. 129-131.

Journal of the Chemical and ¥etallurgical Society of South Africa
_ August 1909. MNurrays.

Engineering end Mining Journal LXXX1X pp. 278-280. Rowland.

Gluckauf XLV pp. 1645-1685. Bock.

Oester. Zeit. flr Bund H. LV1ll pp. 47 ....109. Divis.

Gluckauf XLVl pp.11-13. Statistics, bresks.



internat. Congress of Mining;:Iron and Coal Trades Review
LXXX pp. 1004-=1008: Loﬁisl(report).
Gluckauf XLV1 pp. 1581-1525. Betmann.
also pp. 78B5=838, Speer.
KMining and Metallurgical Society of America Bulletin No. 33,
Caldecottsor,”: °
liining World XXX1V p. 785! Celdecott.
Cluckavf XKLV1l pp. 264-267. ~Bavmenn.
(ﬁﬁum&nn“recbmmenﬁa for &@ep'windtng’steel for roves at 180-250
' LS sl TR
Oester. Zeit L1X pp. 471-494. Horel.
Iron and Coal Trades Review. LXXX111 p. 651. Baird.

E44 (
Proc. Roy. Soc. (A LXXXV1 pp. 534-561. Poynting.

[(A LXXX11 pp. 546-550.
\
Gluckauf XLV11l pp. 737-820 Speer also 897-008. Herbst.
Iron and Coal Trades Review LXXXV p. B96. Lloyd.
Gluckeuf 1912 XLV11l pp. 2021-2024. Baumann.
also 1913 XL1X pp, 117~ 120. Bsvmann.
Gl ckauf 1918 XL1X pp. B20-526, 557-565. Burklein.
Statistics, ropes, Dortmund,etc.
Ironmonger 1913 Vol. LX1 pp. 379-384 and 303-3968. Scheifenbavm.
Cluckavf 1918 XLIX pp. 1%28-1330. Benloit.
Berghbavy 1918. XXV1 p. £3l. Speer.,

Re¥ve de Hetallurgie, Memoires 19123 X pp. 206-210. Fremont.

Colliery Engineer 1913. XXX111 pp. §78-579. Lloyd.



¢lvckevf 1913. pp. 1646-1652. Bevmennjand
PD. 19361940, Herbst;and,
Pps 1727~1734. Speer.
Trans. American Foundrymens Assoc. 1913 XX11
Pp. 169-200. Tinsley.
Glﬁckauf 1914, pp. 1293-1298. Baumann.
1915 pp. 1=-6 and 29-37. Herbst.

Trans. Inst. lining Engineers 1915. XL1X pp. 557-6R7.

Blast Furngsce and Steel Plant 1918. pp. 1031-1034. Lewis.
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Notation.

‘Before an attempt is made to classify ropes, some formulas for
denoting them is reguired, ~Hrabak does not glve é general formvla
and hence his classiflcation is somewhat confusing., -

e may distingvish between oneystrand.ropes,.stranded ropes, and
oébles. Ihe six strand rope is the most vsual.

Following the analogy with fibre ropes, we see that a number of
wires may be layed into a strand, a number of strands formed into a
rope, and a number of mopes closed into a cable.

The formula should indlcate as simply as possible the numbef‘of
strands, and thelr arrangement, the number of wires in each strand @nd-
their relative positions, the diameters of the wires and the material
of the cores.

When the specimen is  sent from the winding shop to the test room,
this formula should be attached, and also a copy of the tests of the
constituent wires shovld be proyided with it. A8 these tests were
taken on the originael straight wires, they should be compared with the
furthér tests on the constituent wires after winding, which are made
in the teét room after the specimen has been broken.

Taking'the Simplest caae.of a single strand, or a one-strand rovpe,
the forﬁula is required tb give the number of wires in the various
layers, their dlameters, and the material of the core. he may
write the numbers of wires iq'the various layers in a vertical column,
the outer Iayef being the first entry; then follows the dflameter of
the wire, and a notice of the core.

Thus-%%/.ovz j or }ﬁ/.oyz i denotes a single strand with two

layers of wires, the outer consisting of 18, and the inner of 12

wires/
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‘wiras. These are all .072" in dieameter. and are laid round a jute

core. _
In the same way 37/.054 or i%f .054 denotes a strahd of 37 wires, |
each .054" in diémeter arranged in iayers confaining respectively 18, 12, i
6, 1 wires, the core being in this case a single wire. .This arrange -
ment is a standard winding. The letters 1 or r are used to denote
left or right handednesslof the helizx. If we wish to denote 8 rope
formed of six of the latter strands réund 8 hemp core we mey write
6/237/.054 h or more fully s!}sl 054 h. T )
If the rope is wound righthandedly. and the oufer wires of the
strénds are Ierthénded, and the layers left and right handed alternately,
and we wish to emphasise this, we may represent 1t by the formvls
& A :-I}% % .054 h.
lore generally we may denote a rope of a layer of S strands,
each consisting of layers of wire Ny No Nz v in number round a jute
core, the main core being of hemp, by the formvla,
Nj
S |Ng|d Jjh Where d is the diameter of the wire.
If we §391f6-i¢ any time to emphasise that we are vsing a one strand

rope we might write it as 1/n/d.

It 1s easy to generalise this:-

| As an example the rope A (81 |4 h
fas: | do
2 by | dn ]
B| P [dy h
bz | ds

denotes one in which there are two layers of strands, the ovter A in
number, and the inner B. Each strand of .the outer layer consists of

two layers of wires round s hemp core. The ovter layer contalns aj

- wires/



TICAAT A DA N A~ U] | Nea_s i) LD Vel AR W LAy

wires of diameter d; the inner B wires of diameter de. Each strand
of the innerset is built up of three layers of wires, the outer one

containing by wires of diameter ds, the middle one b, wires of

}(

diameter dg and the dnner of bz wires of diameter dg. This strand
has a hemp core. The inner set of strands is formed round s jute
core.

Thus the formula is simple, comprehensive, and gives a large
amount of information in a very small space.

If N such ropes were closed into a cable with a jute core we

should merely write as the formula for the cable

A (81 dy
l ag dg h
N i)
1 de
B |bg g H
b5 ds 2 :
! L

The number of wires in such a cable is ((a1+-a2’ﬁ + (by + b + bgh;} N

The orthogonal area of the steel for each diameter of wire is

- : a5

Nea. o) wdr % Naa, WL %e
T olEe o el <
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Einding.

In making a strand, which 1s the first step in forming a
stranded rope, concentric iaysrs of wires are wound in hellces round a
central core. To ensure this it 1s necessary that any point on a
gelected wire shall have a uniform rotation abovt a fixed axis and =
uniform translation parallel to that axis. These combined motions
must be given to each of the wires, In winding s strand of
angle o ( o :ﬁfﬁwgdifga_) the veloci£y parallel to the axis bears
a constant ratio to the velocity of rotation,

Thus NS e cos Wt

q'&: o Som wk

SRk Spipetiiog (o
2 Tr :

are the eguatlons of the helix, where X, Z are the coordinates
of the point, & the radius of the cylinder, ¢ =WMn’ the angular
velocity, p the pitch, ' the time at any instant, and n the frequency.
Using the fluxional notation for differentiating, the ratio of the

two veloscities of translation ani rotation is % - AW Wi hlg fasies
§  aw  ara

So if the ratio of the two velocitles is constant o is constant.

A méchanism is employed to meintain this constant ratio when
winding a strand. To alter the pitch, or the angle of the helix,
the method adopted in prectice is to vary the velocity i; by means
of change—wheels,

.hhen the.strands have been wound in a stranding-machine, they
.may be fbrmed in precisely the same fashion into & ropse, by a roping

machine.
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These two machines are practicelly identical in design, and
details regarding them may'be obtgined in any makers catalogue.
 In view however of certain misunderstandings of their principles, by
some who have worked with them, a brief indication of their action
mayhba given.

The following is a purely disgrammatic sketch of the ordinary.
type of winding machine. The hollow shaft S revolves in bearings
carried by the frame A,A, an& is driven through belting by the pulley
5 Two wheels or discs Dl’ and D, are keyed to the shaft § and

Irevolva with 1t, These carry by means of journals the arrangement for
holding the wire bobbins. At }; and 32 aré these bearings intwhich
the crank-piece C] Co Gz C4 can rotate relétively to Dy and D,.
Between 02 and C3 is attached rigidly £He frame which carries the
bobbin B on which the wire is wound. Owing to its weight this would
assume the hanging position shown in the flgure while the shaft rotates.
In the earliest type of machine this arrangement was thought to be
sufficient, but there was apt to be 'hunting' and any possible seizing
of the axle would have been disasterous. Thus it was found nece ssary
to a&& a guide-ring b.U, In this there'is & journal at E into which
the crank-piece passes.' The ring is free to rotate about its centre
as in the figure but in order to obtain the smeathest running its

inner periphery is supported against two friction wheels. This
arrangement holds the bobbin frame so that 1t hangs suspended when the
shaft rotates.

The foregoing mechanism is analogous with ‘the ordinary loccmotive
coupler, s simple case of the four bar chain. = C and D are the centres

ot/
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of two equal circles, of radius a:

Fy

J 3

<=
)
-

Ch =£ » DFP and CQ are two barallel radii so that QP = CD =£ . e

ADP be the crank angle ) and 1f PD revolve uniformly}the coupler PQ

]
drives the wheel CQ uniformly also. Actually the two wheels are not
in the same plane like the coupled wheels of a locomotive but are in
parallel planes, as indicated in the lower part of the dlagram.
Conversely, as the two wheels revolve, QP is unchanged in direction
though 1t is displaced in position. Thus the crank piece, though
rotating relatively to the wheel, is unchanged in direction relatively
to the frame, that is to say the bokbin frame in the machine remains

henging vertically during the revolution of the shaft. Though this

arrangement/
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arrangement is not a sun and planet motion it receives this name
among ‘many wire engineers. _

In the vsual £ype of winding machine there may be 6 or 12
bobbin frames between Dy and Dg. More may be added by keying more

wheels Dgs Dy .... on the shaft in series with D; and D, and spacing

2
the new bobbin frames between D, and Dz soes to occupy the circum-
ferential positions between those of the previbus set D1 and Dg.

In this way a large number of bobbins mey be employed.

The wire isiled off through the journal Jp which is hollow, and
pesses over the guide pulleys gg to the brailding head H. This
revolves with the shaft end carries =& detacheble end plate which
émploys as many ‘holes arrenged circumferentially as there are wires
being wound. The core 1s led through the hollow shaft 'S, and the
rotation given by the head H lays the wires round thé core. These
are at the same time dmwn forward so as to form the helices. 1Ip
larger machines two or three layers may be lald at once. There 1s
a braking arrangement st b to control the wires which are being
wound into the strand. The strand as it is formed, ls led forward
by the removal disc K. This is driven by a worm gear W from
ioothed wheelsldriven from the mein shaft, so that R is rotated a
definite amount by each fotation of S. The strand is passed round
lthe periphery of R and the frictional grip s0 obtained advances tﬁe
constructed strand the requisite amount so as to ensvre the required
angle ® . To obtain a different velue, o', change wheels are

- employed as in a lathe for driving W at a rate such as will give

this new angle. As % _ [ = law o
S AMa

so/
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y altering the value of the veloeity 7 by the change wheels the

=, A

equired value is obtained.
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Snake Machine.

This machine is the most recent for wire strand winding and was
largely employed at Bruntons. It presents scarcely the least
resemblance to the older type of machine, yet it 1is kinemétically
equivalent to 1it. It resembles a long hollow horizontal cylinder,

 and consists actually of two hollow co-axal cylinders with portions
removed longitvdinally. The bobbins are arranged in their frames
axiglly inside the central cylinder their axes being horizontal
diameters of the cylinder. The cylinder sustaining the bobbins remains
at rest while the ovter cylinder rotamtes relatively to it. The wires
are threaded through small guldes on the surface of the inner cylinder
and pass slong its generating lines to the bralding head, the
rotation being given by the outer cylinder. This is light and of
 small radius, consequently its moment of inertis is kept low, and
hence it may be run at a very high speed.
The 'snake' accomplishes e great deal of work in & given

time but it takes rather longer to set than the ordinary mechine.
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From the fact that the bobbin-frames remain with the same
orientation throughout the revolution of the shaft, one finds a
universal sgreement that there is no twist in the wire when laid into
the helix, In fact it seems very Mifficvlt to convince wire workers
on this subject,yet, though the torsional strain of the wound wire
is not apparent in a rope, if a locked coll rope be unwound ;the
torsion of any non-cylindrical wire is at once aprarent, One can
also verify this exzperimentally by marking a generating line on o
straight flexible cylinder which is then laid rovnd another cylindsr}
when the line is seen to be deformed into a helix.

If the material were perfectly elastic the rope-wire would
spring back to its original straight state when unwound but as it has
been strained far beyond the elastic limit,much of the deformation
is permanent. The total strain should be one twist per convolution.
This may be expleined by noting that since the bobbin-frame maintalns
the same orientation and the wire gets say a +% lay in the helix,
1t must get an equal and oprosite rotaetion on its own axis so that
the sum of these two rotations mey be zero. Thus there is a
torsional strain in the wire though' this has been vsvally denied

by wire-workers. (see qnecirens), uT'|1h0V0qV‘J
e toraan Lol e ddided On phadtes (32 -'MGL”M“JE WV‘-‘- Wi
W Adoin ta ot 3 6% 57 W e YA~ (‘M(Lw_zim.aq

In connection with the subject of winding when the writer
began his researches he wanted to borrow & machine for winding small
experimental strands. This he could not get so he was obliged
finally to ‘design and make one.

In cass any of his experimental machines, which are described

later/
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later, may seem a little crude he begs to mention that he asked
for no financial grant, end himself paid all expenses. Consequently
the machines had to be constrvcted cheaply, as otherwise the expense
would have been prohibitive.

His winding machine worked excellently. It was an adaptation
of a lathe, and as some experimenters may desire to know of & simple
method of forming experimental strands he adds a brief description.

He fitted up his small back geared.foot—lathe so that the wires
to be wound had their extremities held in the chuck. From that they
were passed through a 'stranding-tool', and these were taken as
nearly parallel to each other and to the lathe centres as possible,
and fastened to attachments on a sliding carriage placed beyond the
lathe bed, and able to move parallel to it.

The stranding tool wes a hand tool, having at its extremity a

circular disc, with holes for the wires to pass through.

\/

The sliding carriage was made of wood and in the shape ofasimple
angle section. Corresponding with the holes in the stranding tool

were swell brass hollow tubes set in the verticsl face of the carriage.

The wires passed through e

-ﬂ-u-v—--!
these and were pinched in position by small screws with

..ﬂ.- e .3'."——-—-
mille . j
d heads A heavy weight was \LW L

used to hold the sliding cerriage -
upright, The carriage advances slightly during the winding. H

In/
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In order to wind the strand the rotation was obtained by
revolving the mandrel by the treadle and wheel, while the horizontal
motion was obtalned by moving the stranding tool parallel to the
centres like the f8ed of & slide-rest from its leading screw.

A dlagram of the arrangement is given

] v s [w

C 1s the chuck, S the formed strand, T the stranding tool, U the
wires, A the sliding carriage,and W the weight.

~ As with all hand lathe work it required a small amouvnt of
practice before perfectly regubar strands could be spun. Short
lengths only covld be made, say about 3' in length but these were

sufficient for the purpeose in view.



The helicslly laid wiree in ary layer of a strand terd to
produce & rotation under load ae hae already been mentiored.

To reduce this in amount, the succeseive layers are laid
altermately right-and left-handedly. Thig produces alec a more
perfectly cylindrical strand, When the etrande are formed 1;to
an ordinary stranded rope, the lay of the strand in the rope

is oppoeite to that of the outer wires of the strard, Moet
frequently the lay of the strand in the rcpe ie right and that
of the outer layer in the setrard ie left, An arrangement such
88 this 1s oalled orossed or ordirary lay to distinfuish it from
Lange or Albert's lay in which both are in the eame seree.

Ir one takee, eay a left handed etrand and winde it right-
handedly rourd a core, the strand ies tightered up, and the argle
of ite helix reduced while 1f it be wound round a oore left-
handedly it receives a certain amount of untwisting, and the angle
of its helix in increaeed. Thus in the ordinary, or croes braid,
one notices that the crowns or knucklee of the wiree are pro-

- mounced, i,e. where the wire touches the circum-cylinder &3
of the rope, it bende sharply from it, forming a sharply ourved
portion, In cable construction, a cable being formed of K ropes,
‘this ie particularly prorounced, (See epecimere) ard ie one of the
causee of the inmefficiency of the cable, (Pholsqeajhs axe _

_If the angle of the helix of the tightered etrand be equal

to that of the etrand in the rope, the targert to the wire at the



grown will be parallel to the axis of the rope,. In this case
the wire in the strand, at the point diametral to a crown, is in-

clined at sn angle 2@ to the axis of the rope, where W= I~

2
is the angle of the lay, and Ol the angle of the helix in both
cases.,
In Langé Lay the crown is less pronouvnced, owing both to the
untwisting effect, and also to the tengent at the crown making the
angle 2 W with the axis of the rope. The tangent at the point in

the strand diametral to the crown 14 W. N. Bruxton & Son, MUSSELBURGH, ScorLanD.

the rope, @ being the angle of t ILLUSTRATIONS OF - - .

_— -

. . - WIRE ROPES.

Owing to this prominence cof
effect of abrasion is to remove n
the ovuter wires of a rope, anitlh
the ecircum-cylinder, i.e. in all
the rope is greatly weakened. g
nounced in Lang% Lay, the latter

abrasion is considerable.

(See illustrations). “E-urmg

Thus in the standard rope 6 , 3
1)
would be injured seriously by abn

of
were wound so that ifAthe wires §

only two touched the circvm-cylir Lang’s Lay Rope. New.
employed) then only twelve wires

seriously compared with the depth

adjustment however would be 4ifey

Lang's Lay Rope. Worn.

An/ |

i ALL CONSTRUCTIONS KEPT IN STOCK.

Froroarams— WireMiLL, MUSSELRURGH.
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" An average value of the braiding argle @~ = - X ie'a.bout
189, though it ranges roughly from 8° to 24©., The higher values

give more flexibility with a elight loes of strength. If we seek
for the beet value of 4 X ae regarde strength the streese g may be

yritten in the form.
q= A ocosec C47 4+ Hoosod + K cos? ol

Where the three terme indicate the effecte dus to tenelon, toreion,
and berding of the wire in the straight loaded etrand. Sirce
{1;‘; 1-9’:, 9 has 1te least value for thie range when oL= T7/%
Thie would mean the selvagecrope but owing to ite dieadvantagee of
construction and eplicing and ite etiffrees under an extermal
serving it ies never used row.
Actually (o ie usually taken at about 74° ag already mertioned.
The following graphe are plotted from valuee given by Buckrall
Smith and give a fair indication of the values of o and pe
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TESTING MACHTINSES.

The testling machines in Brunton's main test room in-
cluded a 100-ton mechine, a 15-ton machine and a 10,000-1b.
machine. There were also a Brinell tester for hardness, an
Avory pendulum impact machine, and a torsion testér. The
machines were all of the latest and most improved types.

The large machines were by the firm of Tini®s Olsen,
U.S.A. As full details may be obtained from the makers' cata-
logue, a few words of description will suffice.

The two large machines were of the long horizontal
type and were designed specially for tensile)and particularly
for rope tests. Power was applied in each case by an electric
motor driving a Hele-Shaw pump  which forced oil under pressure
into a strong steel cylinder. A piston moved in the eylinder
and was guided by a tail-rod. To the other end of the piston-
rod was attached one end of a conmecting-rod while the other
end drove & strong carriage which moved on rollers along the
frame. It will be seen that the mechanism is like that of a
horizontal stationary engine, in which the carriage running
on its rollers along the frame, corresponds with the motion of
the erank-pin. The carriage was formed so as to take one pair
of the grips for holding one end of the specimen. A similar
holder / |




holder, which was stationary, took the other end of the Speci-
men, and there was an arrangement to ensure that the pull was
axial.

In the 15-ton machine the balance weight was run out
by means of & hand-wheel, but in the 100 ton machine it was
moved by another eleectric motor. The machines were easy to
adjust, rapid in working, reliable and delightful to control.
The long holders emplgyed were highly satisfactory for rope
work.

The 10,000. 1b. machine was vertical in type and was
worked by hand. It was used for wires and for small strands.
Our chief criticism was that the return stroke of the ram was
rather slow,and this lost time when one was bresking a large
mumber of wires.

The other machines, vizi- the Impact, the Brinell,

and the Torsbn-tester were of well known standard types.

Al  EXTENSOMETER.

The extension of a new rope under load is comparative-:

1y large,and so is much easier to measure than the elongation
of a steel bar.

Its measurement requires preferably some form of ex-
tensometer. The types which are suitable for bars cannot
readily be useﬁ for ropes, since in the first place there are

no /



no suitable points on the specimen where the binding screws

may hold, and secondly, even if there were such points, yet

as the rope contracts appreciably in diameter, the instrument

would not retain its position during the test.

‘ The extensions in the case of automatic diagrams

are frequently taken by means of a rod or cord attached to a

crosshead of the machine instead of between fwo points on the

specimen. This of course is faulty,and vitiates the diagram,
as there is always some slip of the rope or parts relatively
to the crosshead, and frequently this is a large amount.

Another method is to chalk two areas on the rope and scribe

marks upon them with lead pencil. Then the extension between

these marks may be measuied by beam compasses. This method

is somewhat rough.

The writer designed and got constructed a simple
extensometer for this work. The aims were these:-

(1) Rapid attachment and detachment.

(2) A hold which should not have the disadvantages of a conical
point boring its way between the wires, or slipping off
the convex surface of a small wire.

(3) Cheapness and simplicity, so that it might be left attached
till the specimen begen to break, amd also 80 that it
could not be much damaged even when fragments of the
wires began to fly.

An /



An arrangement that emcircled the rope permanently
was tried and abandoned, as when wires spring out at fracture,
the instrument could not be removed. When the broken frag-
ments of the rope are removed from the testing mechine such a
type of instrument would be undetachable.

The method adopted suggested to some extent the ap-
pearance of two pairs of nut-crackérs. These were formed of
thin sheet steel and of the shape shown.

A. is the fulcrum.

acl and AC. the

2
-
two arms. These are so

shaped that when the two
arms came close together they formed a square at By and By as
ghown in the figure. The arms could slide over each other as
in a pair of shears. When the rope was in position in the
testing-machine the "nut-crackers" were opened, and the square
made to surround the rope so that the cross section of the rope
was inseribed in this sgquare, and the instrument was supported
at the four points of contact. The square naturally becomes
deformed when the arms are opened or closed. A strong helical
spring attached at C; was dipped over the end of Cg. This
could be put on instantly, and it held the "nut-cracker" firm-
ly in position since the leverage was considerable. Further,

when /



when the diameter of the rope contracted, the helical spring
made the two arms follow on, and so maintained the same con-
tact with the rope. Thus the two nut-crackers were set in-
stantly at whatever distance or position might be desired.

One of them carried a scale and a guide, the other, an attach-
ment for & light wire carrying a pointer. : The wire was passed
through the guide on the one and fastened by a pinching screw
to the attachment on the other. Its pointer was adjusted to
the zero on the secale and everything was then ready for measur-
ing the extension. In order to get contact in one (vertical)
plane between the nut-cracker and the rope, the two arms ACj
and ACp which slide over one another, had their rubbing sur-

faces round the edges of the square bevelled or ground to knife

edges as shown in the diagranm. % E,

This was quite satisfactory.

R R
In the figure, is the rope

L
and E, and Ep the edges Ez %

referred to.










THE  STRAIGHT = STEEL WIRE.

- In speaking of wire one thinks usually of the cylin- |
drical form. Many kinds of shaped wire, however, are also
drawn. A few of these are illustrated by sectionsl diagrams,
and it will be seen that some of these are of intricate design.
Examples, which will oceur to everyone, are turbine blades,
pinion wire for wheels of cheap cloeks, locked coil sections,
and hexagonal wire. The last is turned out in enormous gquan-
tities up to 1" or more in diameter,6 for the rapid manufaecture
of hexagonal nuts. Por ropes, however, exeluding loecked coils
and special cores, the wires are cylindrical. A large number

of wire gauges have been used from time to time.  Mr Thomas

Hughes in his pamphlet "The English Wire Gauge" gives particulars

of 52 different ones proposed or in use, 43 of which relate to
this eountry. Fortunately, these have been superseded by the
Imperial Standard gauge.

Originally the number of the wire demoted the number
of passes, but this is no longer the case. The reduction' of
area for small wires is about 20% at each pass.

There is still & great diversity of opinion as to
what kind of steel is best for ropes. All strengths from

erucibvle /



crucible steel at 70 tons [J " or lower to speeial plough at
200 tons [J " are used, and have their enthusiastic advocates.
Nickel steel is unsuitable, but the high tensile steels have
been much recommended lately for deep winding. Recent ob-
gservations, however, show that these are frequently unsatis-
factory.

The compositions of two typical steels for rope mak-
ing are given later. The effect of annealing below the crit-
ical temperature is to modify and rearrange the previous erys-
talline structure of the metal, while if above the critical
temperature, a new structure is formed. In the patented pro-
cess,the steel wire is heated above the eritical temperature
by passing through a muffle, and is cooled and hardened by an
0il bath or by air, and then tempered frequently by melted
lead, at about ’?00o r. These processes are continuous and
close together so as to ensure uniform treatment.

After from three to six or more passes the steel
becomes brittle and is then annealed. The speed of drawing
is from 100 to 400 feet per minute for large wires, and about
lodo’per minute for small ones, but this varies very greatly
with different machines and various materials.

The dies resemble white cast iron in composition,
but differ from it by being malleable when hot. They have

usually /



usually a high percentage of manganese. The value of Young's
modulus varies considerably with different kinds of steel.
Biggart's tests gave a value of E for ordinary galvanised
crucible steel wire as 33 x 106 1bs. and a permanent set at
about half the breaking load. These values are probably too
high at the present day. Goodman's tests (Mechaniecs applied
to Engineering) give a value of about 25 x 10 6 for & for
steel wire, and show that the affect of annealing in raising
its value is about 8%.

It 1s accepted generally that structural steel when
well cared for has an almost indefinitely long life. Even
when steel is subjected to violent alternating stresses, as
in the conneeting rod o@hreeiprocating engine, we observe
that it may nevertheless be perfectly reliable after the lapse
of many yesrs. In view of this, it comes as a surprise to
find that in the case of a steel winding rope, formed from
the best materials, well treated, and not overloasded, with a
factor of safety as high as 10, its life may be only a matter
of a few months. This is an interesting problem to which we
shall attempt to give an answer later. Further, in view of
the high cost of steel ropes, anything which may tend to im-
prove their duration and strength, or to add to our kmowledge
of their behaviour, should be of importance in the industries
of this country.

With structural design in steel, the stresses in the
various /



various members must not exceed the elastic limit. This

is axiomatic, since it is only when working below the elastie
limit, and on the reetilinear portion of the stress-strain
diagram, that permanent deformation is avoided, and that the
metal can recuperate from the loads which it has sustained.
In fact the engineer designs his structure as if the elastic
limit were to all intents and purposes the breaking point.

It is instructive to glance at the treatment of
steel in the drawing of wire for a wire rope. ifr Brunton,
in his paper on the heat treatment of wire (Journal of the
Iron and Steel Inst. No. II. for 1906), deseribes the changes
which take place in the strength and miero-structure of com-
mercial steel, when being drawn down into the form of wire.
The following is a brief summary of some of the particulars.
Two ordinary commercial steels, such as are used for drawing
wires for wire ropes, were taken. These were received from
the rolling mills in the form of wire rods in coils.

The analysis showed:-

X. Tl
Per cent. Per cent.
Combined Carbon 750 .830
GraphiYte .000 .000
Silicon 100 .084
Manganese .840 710
Sulphur .025 .085
Phosphorus .031 042
Iron (by diffevence) 98.454 98.309

ny



I is an acid open hearth Swedish steel, and II a
gimilar steel of British make. Specimens were tested with
and without a preliminary annealing of the bars.

Tables were prepared showing the result of drawing
these down c¢old through 17 passes. The quantities tabulated

were as follows:- number of passes, reduction per cent, maxi-

-ﬂmm stress, elongations % in 8", torsion in 100 diameters,

specific gravity, rate of reduction in feet per minute.

After the usual preliminary treatment and the first
pass, it was found that a sample which had received the pre-
liminary annealing was mechanically indistinguishable from one
that had not. The reduction per cent increased from about
5.5% at the lst pass to 20% at the 16th pass, while the mexi-
mum stress increased steadily to more than double its original
value. The elongations did not decrease continually, but
fluctuated to some extent. The figures given in these tables
suggest a law such as y = Ae ~ Bx cos(Cx 4 D), but the writer
only suggests this tentatively, assuming the valugs given.

The torsions are irregular, as in our usual experience, but
inerease to sbout the 6th pass, remain fairly constant till
sbout the 13th pass, and fall off rapidly after that. The
specific gravity increased slightly till about the 1éth pass.
At this stage the wire was seen to be overdrawn and brittle.

After /



After a rise from the first to the 13th or 14th pass, the
tension began to fall off rapidly, showing that this was the
upper limit for the use of this sted in rope making. The
lower limit was about the 4th or 5th pass, as the material
had then become sufficiently homogeneous and tough, as was
also shown by the miero-structure. Two of the tables are

reproduced:-
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TABLE

SAMPLE

, of Reduction Max. Elonga- Torsion  Specific Rate of Remarks.
*ases per cent. Stress.tion % in 100 Gravity. Reduction
in 8". diameters. in feet per
minute.
1 5.5 68.4 7 33 7.768 142
2 4.7 72.1 6% 38 7.779 142
‘z. b - 15.0 4% 23 7.795 142 unequal
torsion.
4, 8.3 77.5 4% 28 7.812 142 "
B 6.2 80. 63 41 7.819 142
6. 72 83. 5 37 7.841 142
5 .1 85.5 4 44 7.853 142
8. 89.5 4% 40% T.872 142 9 bends.
9 %8 90.5 4 44% 7.888 142 9
10. 10.0 96.0 31 40 7.893 142 12
1L, 10.0 99.0 6% 42k 7.916 142 15
12. 10.0 104.0 6 42} 7.933 142 19
13, 12, 1156.0 3 41 7.950 332 22
IIL 13.9 121.0 3 32 7.972 225 32
15, 16. 136.0 3% 374 7.991 225 35 unequalg
L6, 20, 165.0 2.8 21 7.998 225 36 torsion)
7, 10. 152:0. 3.1 14 7.997 225 35



PABLE IV SAMPLE 2.

0. of Reduction Maxi- Elonga- Torsion Specific Rate of Remarks
gsses per cent. mum tionm % in 100 Gravity. Reduction

-

Stress. in 8". diameters. in ft.per
minute.
oy, 5.5 81 7 163 7.771 142
B 4.7 83 55 i ¢ 7.784 142
1 s 5.5 83 6 15 7.792 142
T e 5.3 91 6% 14 7.807 142
b 6.2 92.5 41 45 7.822 142
6. 78 93 4% 23 7.845 168
ks 2.3 98 41 34 7.859 157
8. 1%/ 99 4 37 7.871 142 7 bends.
9. 7.5 101 4% 37 7.891 131 9%
10. 10. 109 33 373 7.907 142 10
Ll 10. 110 3% 37 7.919 142 12
1 e 10. 117 3% 36 7.938 142 16
'1 R, T 126 3 35% 7.957 332 14
| 13.9 140 & 17 7.975 225 18
35 16. 166 23 24 7.994 225 (18 unequal
16, 20. 169 3 9 7.988 225 {23 torsim
1n. 10. 157 12 0 7.971 225 18




Judging by these tables the specimens examined were
at their best in the neighbourhood of the 1l0th pass, when the
stress and torsions were in round numbers 100 and 40 respec-
tively. In view, however, of the behaviour of ropes under
working conditions, to be referred to later, the writer sug-
gests that values before the maximum should be taken.

A set of photo-micro-graphs accompanies this peper,
showing the structure of the rod both when annesled, and un-
annealed, and of the wire at various stages of the drawing.
The fibre is very distinct at the 5th pass, while at the 15th
it is seen to be so excessive, that the internal strains must
be very great, and fracture may occur easily. The effect of
annealing is also shown, but it should not be assumed that
amnesling gives complete recuperation after wire-drawing.

As is well known, drawing hardens a wire, but it
may not be desirable to use a wire at the maximum point as
in the tables referred to, since the duration of life of a
rope is all important, and ropes which are made of extra
gtrong and hard steel are found to deteriorate more rapidly
than those formed from apparently an inferior steel. Thus
the winding difficulties, at at least one of the great South
Africen mines, were only overcome by substituting finally

for plough steel ropes some of a milder steel of less high

quality. /



quality.

It is difficult to give a visible verification -
apart from microscopiec examination - that in the extension,
compression, and torsion of metals there is shear or slipping
of the elementary crystals within the crystalline giainé of
the metal. The writer, however, has been able to get some
Bﬁecimens whieh he thinks illustrate this conclusively. One
of these is a eylindrical gun metal bar of composition 88% Cu.
10% Sm, 2% Zn. It broke at 19.0 tons 7 ", 32.2 extension on
f = *VEEEE, reduced area 33.6. The test piece was cylindrical

and had its surface wvery bright, and carefully finished. After

1being broken in tension it showed clearly by the surface ele-
vations and depressions the outlines of the erystalline grains,
in a way that almost certainly implies shearing within the
grains. Another specimen shows the same shearing phenomensa
'.set up by torsion. [pwing to the eylindrical surface, these
. specimens would not give satisfactory photographs{]
| When a mild steel bar is tested to destruction in
tension, there are the well known phenomena of the plastic state
| and the contracted area. Goodman (Mechancs for Engineers)
points out that the condition of the bar at the contracted area
is analogous to what happens in wire drawing, and that the ap-

parent inerease in strength of & wire due to successive passes

 is /



is similar to the actual rise of the stress-strain curve of &

tensile specimen, when the contracted area is taken into ac-

.count.

In wire drawing, the permanent deformation of the
material has been so0 great that a recovery to the original
condition of the steel seems unlikely. We know that strain
somewhat beyond the elastic limit raises the elastic limit;
also that rest promotes partial recovery, also that annealing
eﬁla:geé the grain, and produces an approach to the original
state. Further, we know that the elastic limit should be
determined not merely by considering the straight portion of
the stress-strain diagram, but by noting how far there is no
permanent deformation on removing the load. The more deli-
cate the instruments of measurement become, the more does it
appear that permanent deformation occurs at lower loads than
was formerly suspected, so that-the reeuperability of steel in
the form of wire when strained by even itg working conditions
is probably far from perfect.

No doubt annealing and heat treatment, by enlarging
the grain, and reducing the internal strains, bring the material
partly back to its former state, but even this under commercial
conditions can scarcely be expected to give perfect recupera-

tion at high working loads. The effects of amnealing and

galvanising /



galvanising in redueing the apparent and actual strengths of
steel wire are illustrated by some values given by Biggart.
(Prox.Inst. C,.E, C i.)

Crucible Steel Wire 20 B.W.G. Breaking Load.

In Tension.

Unannealed ungalvanised ; 217 lbs.
Unannealed galvanised 207 1bs.
Annealed : ungalvanised 120 1lbs.
Annealed galvanised 118 lbs.

This shows the advantage of the unannealed ungalvan-

ised wire.
In Torsion.
Twists before
breaking.

Ammealed \ ungalvanised 178.5
Unannealed ungalvanised 101.5
Unannealed galvanised 88.9
Annealed - galvanised | 57.5

The failure in torsion due %0 galvanising is clearly
marked. The outer fibres are‘weakened by the formation of
the alloy, and as these are the most important in resisting
torsion, the reduction in value is very distinet. Goodman's
experiments on wires drawn from the same billet of steel show

the /



the effect of annealing in raising the value of E, in increas-
ing the extension, and in reducing the maximum stress and the
elastic limit. (Mechanies applied to Engineering).

The lack of perfect homogeneity even in steel wire
seems to account for some unexpected failures. Fremont goes
so far as to say that many premature failures whiech have been
put down to fatigue are really due to enclosed slag. (Rezge de
| Metallurgie 1913, 206-210). Torsion tests frequently show
remarkable diserepancies. Even with the most céreful treat-
ment of wire for rbpemaking, there is bound to be some weak

spot in a wire 6000' in length; and the strength at the

_weakest spot determines the strength of the wire. The writer

has an interesting mild steel specimen in the form of a piece
lof wire 8" long, and approximately.%“ in diesmeter, It had
received a permanent deformation ugder torsion of 7 complete
twists, but“aix of these had taken place in a length of an
Iinéh and a quarter. Another specimen in the writer's pos-
faeasion is a "wire" approximately 2" in dismeter which broke
| in tension orthogoﬁally to the axis, with practically no re-
duction of area. I was able to break this again within a
distance of 9 inches of the above break and get the perfect cup
and ;géﬁst fracture of mild steel. The "wire" had not been
Subject to any specialising treatment and was supposed to be

perfectly /



perfectly homogeneous.

These two cases illustrate the unexpected lack of

homogeneity quite apart from any considerations of enclosed slag.

The efficient joining of two wires in the construc-
tionoof & rope is a matter of considerable diffieulty. The
junction should be no thicker than the rest of the wire. It
is desirable that each wire should be continuous throughout
the length of the rope, but this is by no means always pos-
8ible in very long ropes. The new wire should be brazed to
the end of the last one. It is manifestly incorrect to butt
fogether the ends of two wires - say of a strength of 100
tons /7 " - and braze them with a brass at 12 tons O ", EF,
however, they are scarfed to an elliptic section, whereof the
major axis is 10 times the dismeter of the wire, then the
joint should be stronger than the rest of the wire, provided
the heating has not reduced the strength of the steel. Such
e joint however is troublesome to make satisfactorily.

Even the joining.of two high-class steel wires ef-
ficiently by twisting, without any restriction on the diameter
of the junction, is an exceedingly difficult matter; particu-
larly when the dismeter of the wire is greater than .15".

This subject has been investigated recently in /% \13.5'
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and diagrams of a large number of joints are shown with their
efficiencies, and it is Psmarkable that even in the best cases
it rarely rises above 90% of the strength of the wire. No

one would believe the difficulty of making this junction till

he has experimented in this matier.

FURTHER  NEW  TABLES.

Continental engineers express the stresses in wires
or wire ropes in kilogrammes per square millimetre, while in
British measures, tons per sguare inch are used. The writer
made recently a conversion diagram for use at Brunton's. He
Jjudged, however, that it would be better to make also conver-
gion tables from tons O " to kilogrammes Lym/ms., and con-
versely, as he did not know of any in existence; e.g. the
metric tables by Molesworth eonvert lbs. [J " or lbs. 7' to
kilogs. [ e/m. or C?m/m. He accordingly constructed the
following tables for the usual range of working stresses.

(See Tables: B % C.)
: He also constructed - for use in the wire works -
tables giving theﬂstrength of wires for all diameters from
«000" to .210™ snd %or steels whose bresking stresses ranged
from 80 toms [7 " incfeasing by increments of 5 toms to 120 tons

tons [7". (A copy of this is shown). QSJm.°5aﬂﬁL .)

This /



This table is useful in selecting out of store the
¢oils of wire for comnstructing & particular rope, or conversely
for checking the tests of individual wires made of steels of-

known strengths.



WIRE TESTS.

As regards the testing of a wire in direct tension there
gseems little new to say. When metal is drawn into wire, a hoop
tengile stress is produced apparently in the outer fibres, which
compresses the inner fibres. Any cut in the outer skin
leaves the wire in an unstable condition, so that it is likely
to break at this point. This is further intensified by
bending. Thus any damage to the skin of a wire reduces its
strength more than the reduction of area implies. In this

way the tensile strength of a wire differs from that of a bar.

Since there are a large number of wires in any rope the
ténsile testing of these takes considerable time and after a
little becomes purely mechanical. For the investigator a
quick acting testing machine is egsential. The small Olsen
machine used in the test rooms at Brunton's has been referred to
already, and on this the writer used to test the individual
wires and smaller strands in great quantity after the rope had
been broken. It acted admirably, the grips were automatic
and worked instantly. The wire-store and the drawing mills

%00 were well supplied with testing machines, and on these the

Wires were tested before winding. A sample wire table is

shown and a few typical tables are given later illustrating

the /
Vi



Wire tests (2)

the selection of wires for inclusion in a rope.

The leading

columns give the breaking load in lbs., and the two last columns

show the complete twists in an 8" length.

gelf explanatory.

The figures are

The two columns of zeros are due to my tabu-

lating by means of the Burroughs Adding and Printing machine

in the E. U. Mathematical Laboratory.

Jerxk H. 5072

od.=.0%2"

U tbmki \
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22000 42
2600038
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0900038
0700038
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Wire Tests (3)

One of the subjects which the writer attempted to investi-
gate, was té compare the strengths of the wires before winding
with thelr strengths after the test piece, of which they had
formed part, had been broken. This could only be carried out
in a wire mill, but even there it was a matter of extreme dif-
ficulty. One cannot stop the working of a mill to get specimens
of the wires before or during winding,'particularly in works
which have been turning out munitions at high pressure since
the beginning of the War. For these values one must rely on
the figures supplied by the foreman. These however are taken
with care and are most probably correct.

The conclusion I came to, after taking a large number of
the broken test pieces of rope, untwisting them and then testing
the individual wires, was that though there was little difference
between the two cases as regards tensile strength, yet that
the twisted wires were slightly weaker and more uncertain than
the unstrained wires. I expected that since the wires in the
rope were strained so much beyond the elastic limit, and then
tested to destruction under tension with fhe incidental twist
and bend, that they would have been greatly inferior to the
values of the unstrained wires. This was not the case, as the

difference was small, and later the reason for this became

clearer.

A/
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Wire Tests (4)

A recent Austrian investigator® has stated that the strength
of a rope equals very closely the sum of the strengths of the
congtituent wires. The regults which I have given in this
paper do not bear this out , as the efficiency of the rope will

be seen later to be less than that of its component wires.

Some matters of interest follow from a table such as that
given above. We observe that though the material and diameter
are supposed to be the game, yet the etréngth of the wires may
vary a good deal (5.2 and 9.8%). But it does not follow

S S e - o — e - — e — g h g e g B g S e e e W A e S S W .
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Wire Tests (5)

that putting in the lower valued wires would mean a correspond-
ing reduction in the strength of the rope, though this is some-
times believed. Also it would not be correct to employ the
law of errors for deducing from these tables the probable error
in determining the strength of the rope. There may be quilte
a large variation in breaking load from wire to wire, even with
the same material, but the rope may be quite efficient, as the
stress on each wire may be practically the same. Applying
this idea we gsee that ropes may be designed effectively
though formed of wires of different gauges.

The torsion test is of great importance in grouping and
selecting wires for a rope. It is a more sensitive test than
tension for determining homogeneity and predicting duration.
Various observations have shown that towards the end of the life
of a rope, while the tension of the wires is not greatly reduced,
the reduction of their resistance to torsion is great, and this
shewg that they are becoming exhausted and that they will soon
fail.

The following tests (Proc. Inst. C.E. Ci ; p. 248) of
single wires 20 B.W.G. , loaded to one-tenth of their breaking

load and run over a 105" diameter pulley illustrate this.

Table /



Wire Tests (6)

Tensile Strength Ultimate Elongation Torsional Twists

Before  After Before After Before  After
No. of running ruaning running running running running
VWire Bends. tonsO" tonsO™
Crucible 5,000 100 100 5.5 /i 77

Steel. 10,000 100 3.4 56

15,000 98 3 32

Improved 30,000 83 76 I SR 108 103
Crucible

Steel. 60,000 69

90,000 18

:Begsemer) 15,000 45 45 .75 1L 69 29
ron.

30,000 45 1.25 31

45,000 42 .75 18

Thus it will be seen that the torsion tests indicated in
a marked way the deterioration which had been produced in the
material by the work accomplished. Tests of this nature
should be of the greatest value for showing the reliability of

ropes at. work in winding or hauling.




THE SLIP SURFACE.

When a mild steel bar is broken in tension we get the

well known cone and cup fracture. The writer suggests the
following as a possible mathematical explanation of what has

happened: -~




g1ip Surface (2)

If we assume that the lines of slip or shear in a cylindrical
rod or wire are helicesg and that the angle of the helix is
constant, say , then to estimate the effect of this doubly
infinite system we may consider a slip surface generated by
such helices passing through a radial line. i

Let AP be one of the helicses,

¥P the ordinate of P, BOA=Bc™: L
=r; Pxy%)

then NP = z = AN tawo r-P
*Zz tanwo. w(O-p) , 9v > /Z- ¢
z2 fmza(_(xl+31){fa@'.g_faé'%:f i Be 4
A bocing ten fpornaet-( 2, y,, 09 TN N
4= : A

X

b ==

7 = ot C)r_l-i- 31){.{—‘&"“-_’ 5 D)
X

Then for ® = constant the pitch of each helix is proportional
to r, i.e. the pitch increases in passing radially outwards.

It is not difficult to make a model of this surface.
The contours parallel to the xy-plane are seen to be hyperbolic
8pirals, in which any particular convolution increases in magni-

tude as one moves away froum the origin along the z-axis.




Slip Surface (3)

By rotating the ray 0 A through all positions successively

up te2mr i, we take into acccunt all the possible shear 1lines
which start from the particular xy-plane selected.
We thus get a diagram like what
is indicated in the figure.

In this the central portion

forme a 'jabble' where one would

expect the material to break off
flat and there is & well defined shear (owing to the double
system of surfaces) in the outer layers corresponding with the
typical formation which one sees on breaking a mild steel rod
or wire in tension, viz, the flat or cup-shaped central portiocn
where the jabbhle occurs’and a coned portion on the outside,
T $ arnne. g en J& &fxahélkAfun VIR Y IPN L&;ﬁﬁmg. wWine
oy R}1Af Lz ek c&&ﬁ¢@xdn&éa2,
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s1ip Surface (4)

When breaking a steel rod we should have one cylinder
deformed into another of lesser radius and equal volume.

But as the deformation is continuous, :

: { 4 il
and sharp edges do not occur the outer A\, ;/;3
particle has to travel along the ; {?

5,
dotted line from A to B , a greater dis- A’Z SR

placement than that suffered by the

particles nearer the axis. - This

further tends to produce the well known conical form in the

breaking under tension of a ductile material such as steel.
With the hard types of steel wire or rod this effect is

very much less marked as the drawing-down is slight.
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COMBINED STRESSES IN A WIRE.

With a view to examining the complicated system of forces
which occurs in a steel rope, the writer made some experiments
on steel wires subject to compound stresses. These were,--

(i) Combined tension and bending;
(i1) Combined tension and torsion.

Combined Tengion and Bending.

A wire in a gtraight loaded rope sustains tension, and is
also bent to various curvatures. Now when a rod of length 4

and radius ¥ is bent to a radius of curvature R , the elonga-

%; = :g Thus

is a measure of the strain, and in the theory of structures it

tion of the outer fibres is Sﬂ so that

igs assumed that the elastiec limit is not passed. Now if the
radius of curvature of a wire in a strand or rope be calculated,
it will be seen that uander ordinary working conditions this
limit is far exceeded, in fact that a large permanent deforma-
tion is produced in the wire, even when the rope is straight.
Accordingly it appears unreasonable to apply equations such as
the ordinary Reuleaux bending equation deduced for elastic
material to this case, and to say that the stress in the outer
fibres of a wire in a straight rope would be of the form

wesseco  Ev”

™ L where w is the load on the wire, f the radius of



Gombined stress (2)

curvature at the point conaidered’and }f-ok the angle of the

lay. It might be permissible however to multiply the second

term by s in order to attempt to allow for the relative move-

ments of the wires where i is a factor to be determined by

experiment, and whose value is less than unity.

The writer carried out a number of what he called 'wheel
tests' of wire to discover the effect due to the curvature, but
unfortunately this was stopped by the complete destruction of
the machines and instruments in the great fire already referred
to. The instrument made was an addition to the ordinary
testing machine. He got a number of cast-iron wheels of
various radii, got a shallow flat groove turned on tﬂe rim of
each, and made the surface of the groove as smooth as possible.
The circumferences were measured, and the radii found. The
wheels could be slipped on a spindle on which they were free to
turn. This was bolted to a flat Bteei holder. The wheels
were rapidly interchangeable, so as to vary the radius of curva-
ture at will. A frame was attached to the uprights of the
small vertical Olsen testing machine, and on this a vice was
fagtened. The holder was put into this, so that the wheel
Wwas vertical in position, and also tangential to the axis
of a straight specimen in the machine. The wire to be tested
had one end F held in the upper fixed jaws of the machine and

was taken round the wheel W and had the other end held in the

Jjaws /



fombined stress (3)

ZzZ

F
jaws attached to the ram M. A diagrammatic
view of the arrangement is shown:
W P
When the load was put on, the specimen was M

I in tensgion, but the curved part had also the strain due to
curvature, similar to what would occur even in a straight rope.
The forces introduced are of course quite distinet from
those congsidered in the frictional effect of coiling a rope or
wire round a post : which gives rise to the well known equation

| T=T e’ gince the wheel is free to turn.

The writer found that the wire broke on nearly all occa-

slong at the point P where the curvature began; but, unless
the curvature were great, at a load little if at all less than
that of the straight wire. Somet imes wheng) had its larger
values the wire broke in the straight portion instead of at the
beginning of the curve, showing that the introduction of theo-
retically high bending stresses had little effect on the
ultimate strength.

We may take = 00l as a high strain in structural
steel, but I found that in wire ropes unless e has a very much
greater value say e = Tlp 0o o failure in the

wire may occur on the straight part}and not where the extra

stresses /
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gombined stresses (4)

gtresses due to bending are introduced. This is interesting,
and I think very important, particularly when we compare it with
results deduced from the accepted theory of bending. Some iy

p Yo
N2 )a,g,o )

values from actual tests are given. ( Seo lohiecl

One conclusion is that a prolonged effect of this nature,
especially when accompanied by shock and repeated stresses,
would be very weakening, particularly if the material be such
that it cannot recuperate perfectly: in fact that a tensile
test of a new rope is unsatisfactory, since it gives no direct
indication of the durability.

Some experiments by Mr Brunton in the pamphlet already
quoted lead to the same conclugion. He led a wire, clamped
g0 as to be endlegs, round two pulleys, 4
the lower one being suspended, free, AE?ESZQ
and loaded with a weight equal to half
the breaking load of the wire. The

top pulley was driven from a shaft.

The diameters of the pulleys were
such that the ratio d/l) was constant =///oo . The following

table gives the results of the experiments

Table IIIL./



gombined stress (5)

Table III.

Pagses TFeet travelled by sample. Rate
Size of Sample per minute.
sample had. X Al 2 A2
» 140 6 4490 8460 8861 85614 168
«130 7 8560 7527 8140 8290 157
«121 8 3937 6783 7088 5801 147
sk ll 9 8006 7933 8521 7879 131
.101 10 6096 8623 8025 7702 115
.090 11 8184 8230 6239 7726 105
081 12 3337 3116 2466 3024 84
070 13 5854 4630 5229 4666 73
061 14 2237 4247 2229 2249 63
. 050 15 2096 2111 1602 1607 52
»040 16 2000 2100 1536 1560 40
. 036 17 1897 1900 1420 1460 36

From this he concludes that a steel having .75% C is best
drawn to stand 95 tons [ ", and one-containing-sa% C to stand
100 tons [7 ™.

Further, however, I noticed that on tabulating the lives
space

of the wires - obtained by taking the quotients of
velocity

these have nearly the constant value 50.

Now the strains are constant, and hence it seems that the dura-

tion /




Gombined stress (6)

tion of a wire under roping conditions would terminate after
acocomplishing a certain amount of work. And +this again
ig the conclusion to which the fecent observations of Mining

engineers on steel winding ropes seem to point.

Combined Tension and Torsion.

The writer also made some experiments on combined
tension and torsion. These were on mild steel galvanised wires
of small diameter (A F-1"). He designed and constructed a
machine on the following lines. A J.athe was dismantled, and
its bed extended to about 10'. The movable headstock was
set at the far end, and the hand wheel operating the barrel was
used to give extension to the specimen. To the barrel and to
the end of the mandrel were fitted strong isosceles triangular
frames, attached by the bases, and with the vertices pointing
outwards towards each other :

Two wire-drawersgrippers were

Obtained, and the ends of
the handles softened and bent into hooks, suitable to slip into

the triangular attachments. The a,rrarlgemé11t is shown diagram-

metically:

:{><}. 9«3‘ on /




Gombined stress (7)

On revolving the hand wheel, and so retracting the barrel, the
triangular attachments compressed the handles, and so gripped
firmly the wire specimen. Arrangements had to be made for
measuring the tehsion, and for floating the specimen, so tha,fh :
the heavy vertical loads due to the grippers should be removed.
Thege were arranged in the following way:. Between the movable:
headstock a,ndl its gripper: was inserted a spring dynamometer

| for measuring the load. Thus when the handwheel was rotatéd,
and the barrel moved in the direction of the arrow, the load

was applied through the dynamometer to the specimen. Hence
ﬁ the

tengile strain in the specimen was obtained. In order to
relieve the wire from the weight of the grippers and connecting
links, an overhead frame was made, parallel to the lathe bed.

On this frame little carriages could slide with cord attachments
and counter weights to balance exactly the weights of the hang-
ing parts. These were thus floated, and the specimen relieved
from their weights. The torsion was applied to the specimen

by revolving the mandrel, and graduations on it allowed the

angle of twist to be read.




Gombined stress (8)

. The first time the machine was used some wires were
tested in torsion, and the machine showed at once that they were
ghortened in length by the torsional strain. This was indi-
cated by the pointer going back on the dial. To be certain
however that this was not due to any slipping of the specimen
in the grips, screw clamps were obtained and applied, and by
clﬁsing the arms of the grippers by means of them, there was
no possibility of slip occurring. Thus it was shown that the
effect was not due to slipping at the grippers but that the
torsion had produced shortening of the wire. This result had
however been published by Poynting in Proc. R.S.Fd. A. LXXVI,
Pp. 534-561.

The combined stress was applied by putting on a load
through the hand-wheel to any desired amount, as read on the
dynamometer, and then rotating the mandrel through any desired
angle, When a load was taken approaching half the breaking
load, a small torsional strain produced fracture. This took
, P Place suddenly, though the material was ductile. The fracture
showed nothing of the 'cup and cone' of mild steel in tension,
but was square across the specimen. |

The direct tension had of course extended the specimen,
but the torsional strain reduced this to an appreciaple extent.

e o fvaadl
The result of these experiments was to show that torsion com-
bineci” wmr?&had a decidedly weakening effect, and was

&Pt to produce sudden rupture even in a ductile material.

!




SN

THE FORCES ACTING IN A ROPE,

The system of ferces acting in a loaded rope is of a
complicated nature, A single wire lies in a helix, simple or
compound., The simple helix is the only form in which a wire
can lie when held by terminal couples if the two principal
flexiwral rigidities of the wire be equal. It is possible
for the wire to be held in a helix by forces alone, or by a
couple alone or by a wrench of given pitch, but in each case
the twist must be properly adjusted. "A wire cannot be held
in the form of a given curve unless either a certain torsional
couple be applied to it directly at each section, or the wire
have a given twist. This twist ie indeterminate to the extent
¢f a certain arbitrary constant se that if a wire be held in a

given curve with a certain twist it can still be sc¢ held when

‘u& twist is increased uniformly".-- Leve, Theory of Elasticity,
vol, ii., ch, xiv.

| If the pull in a rope be axial, due to an axial load, the
Bystem of forces acting at a point cn the helical wirevmay be
Considered as a tensile pull, and a couple, acting as in the
Case of an open helical spring, i.e, in producing combined
torsion and bending.

If we consider a helical spring under an axial lcad F

8t the radius r producing the moment M,s Fr with a twisting

moment /
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moment L about the axis we have i
(see Perry, Mechanics, p. 637, or g Z

: v ".-’.‘ B — VR
Andrews, The Strength of Materials, | - e ._,___\l?\\\g_n_‘o

' ) E : s o #"g"‘"\‘x
Oh. xii. ). 'E/,/
I
i Y

?Y%ukot(‘,muLLA '},S L,L__,_,_un‘:b)

a8 the axial rotation per unit length of wire, about the di-

reoction PT where A and B are respectively the torsional and

flexional rigidities of the wire. $£ 4 59 be the total amount
of the rotation and f the length of the wire

S‘J"\d (M d'\

2c: F’Yh»‘«cx Cvs ot
n o

4

In the same way the rotation per unit length about P M

+L$wo(bwm(fc-;-1)‘@j

.80 the downward displacement of a peint on the axis of the

8pring due to this is Y times the above expression, Thus

the amcunt of the downward displacement of a point on the axis

of the spring due to this ( torsicnal) rotation of the whole
_ ) /
length f of the wire is é'r =, (above expression). Calling

this, which is the extension of the spring, X we have

& - (/.\f')loi SL 1*'. \ : g T o ; ” __}: g 74
) s Leamcg )

This however oenly holds for small values of X and @ .

|




Forcee (3)

In the case of a rope the ends are most frequently fas-
tened in practice, the cross section of the wire is rarely other
than circular,; L is small, and ' which varies from layer to
layer is very small compared with-é , even in test piece lengths.
These equations show the amounts of the torsional and bending
straine in the wires, As a rope i very different from a free
suspended helical spring under lcad, since there are great
- frictional forces between the layers, these equations are not -
of much practicel help in the treatment of ropes.

’ It is more important to consider the effect of the re-
sultant force, If ']’ be the tensicn of a wire, w the load
it sustains, and (K the angle of the helix, we have the three
@ompon&ﬁyforcea e = iAr’v’TTLnf,m the untwisting force,
and T/ o  the nermal force due to the radius of curvature

and compressing the layers upon the core, That the effect of

——

the |cov component is very considerable may be seen on
watching the rotation of a new crane rope at work,
' Though the force'T"jQ is large toward the breaking point
of the rope, yet the alteration of dismoter ovel 6F A Filine-
Cered rope when tested to destruction is surprisingly small,
Incidentally, if the fibre core be used as a reserveir for
&n anti-acid preservative and lubricant, the pressure squeezes
this out among the wires, and sc¢ tends fo prevent their deteriora-

tien, The effect of good lubricaticn, especially in mining

ropes ‘ ;




Torces (4)

ropes affected by acid water, is of great importance in prolong-
ing their lives; and further it minimizes the local abrasions
of the wires due to friction between the layers, which is essen-

tial for the duration of the rope.
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Commercial testirg ia,mturs.llyf rot so slaborate ag laboratory
{ryestigation. When a large ruimber of epecimens require to be
oxamined dally, there 1le ro time for anythivg more than the
gegentiales. From every rope which is constructed, a spscial
mchire in the ropary cute off the required lemneth of the %8st
gpacimer. Thie has been duly esrved with marlin for two or three
feot .a.t. each end. It l& brought to the test-room ard the break-
ing loade and twiste of the wiree (in the etraight) ehould be
supplied with 1it.

The great difficulty ir rope teetirg ie of coures the hold-
ing of the rope. A machire which may be emcellernt for testing
bareg, 18 frequently ueeleee for teetirg ropes; eirce the com=
paratively short gripe ueed for bare would rick or irjure a
rope, and glve a reeult which would be guite urrsliable. Some
of the requiremente of suitable gripe for ropee are ae follows:-

(1) Great length is needed, eo that the rops may be held
firmly, and without injury. Thue in the 100-ton machine referred
to, the gripe were about 18" inm length.

(2) The edge at the extremity where the rope issuse ehould
% rourded oarefully eo that the rope may rot be nicked or
Gmaged. It ie just at thie place that the epscimen ie eo apt
to fail, and any extra etrair at thie poeition hags a eeriously
oakening effect. Aleo the hold ehould ircreace gradually from
e auterior to the poeterior part. Thie may be attained by
Wklng the chanuel in which the rope 11se charnge gradually from

8 ¢ircular to an elliptic iron esction, or, what amounte to the
B&ma/



game thing, by flatteniug elightly the back part of the channsl.
(3) The gripe should be eaey to change, and the boxesg or
0r0ge=heade in which they are carried ehould be eslf-adjueting

in direction, &0 ae to obtain an axial pull.

One of the few oriticisme which I felt inclined to make with
regard to the two large machines referred to wae that a elight
snlargement of the croes-head end of the comnecting rgd would have:
givon more room for tucking away the end of the teet piece !and
g0 would eavs trouble in repe-testing.

With reference to the failing of mining »opes I wae anxious
to test the elde-gripping effect of wiree in a rops by cutting
certain of the outer wiree, each a definite lergth in advance of
the other. This would neceseitate testing a epecimern from 20 to
80 feet in length, but there was ro poesibility of doing =0 even
¥ith theee machines. Perhape it. micht be worth while for makere
of testing-machinee to contemplate the poeeibility of making a
fupplementary part to eome of the high clase machinee that would
‘&11'0' guch experimente to be carried out.

In preparing a epecimen for laboratory testing, one is
ddviesd to clean the ende of the rope very thoroughly, untwiet the
vires, lay them back, place thém in end-boxee and fill in the wholse
W-flolid with white metal. But though thie givees an: excellent
Y&y of holding the test piece, yet it takee a long time to pre=~
Mre & gpecimen in thie marxer, and in commercial testing it
"uld be improfitable to adopt it alwaye.

If epelter ie ueed instead of white metal, ard large end-
\\ b hlnﬂkﬂ/



Wil ylocke be formed, the higher temperature of the zirc may poeelbly
yeaken the rope at the point where it meete the emnd-dblock. It
i1l be remembered that the critical point Ay for steel 1ie about
s60c? while the melting point of zime is 738°F or 391°C. St111
it is rot imposeible that some weakening may be produced in thile
| faghion. According to the experiments of Arnold (eee Erngineering
64.49, 1897 and Oewald (ese Matallographist £.80. 1809) 1t doee
ol ot very much matter from what temperature the cooling of mild
8} gteol begins, provided it ie above the critical rarnge 720°

(iellor p. 58 Cpystalligation of fror and Stesl). At the same

et o] time I have aesisted in teeting modern heat-treated steel rcde

which were markedly altersd and reduced in etrergth by a treat-
| ment below the temperaturs of melting zimec.

There ie & further matter for conesideration, if one examifss
the gudden traneition from the flexible wiree of the rops to the
rigid end-»piaoea,whioh probably leade to a certain amount of
weakening, which 1s indicated by many specimene, prepared in the
vy referred to above, failing Juet at thie point. Compare this
100 with the failures of mining ropes referred to undsr 'Working

"} Condit lone’.

When testing some emall repe specimerie in Edinburgh Univerelty



thie gave excellent resulte. The vessel containing the eolder
wag made from a plsce of cast iron pipe plugged at ore ernd and

gith Trumnions attached rear the other end. This was held up-

right on a triangular support and t{;eatad ty a bounsen flame,

Tests could be carried out very rapidly at Bruntone Laboratory
owing to the excellent design of the machiree. During 2 rope test
observatione could be takern of extenslor and charge of circumfer~
enc8, though thie wae a dangeroue amuesmert rear breaking point.
sometimee autographic recorde were taker. The detalle of the
test®s were of course dvly srtered in the booke.

I devoted a good deal of time to bresking the constituent
strande and wirees of the large teested ropes. The former gave a
very great deal of trouble arnd there were in fact comparatively
fow teste of thie sort that were quite eatiefactory. The reaeon
for thie wae that the etrand, being in the form of a helix, was
noet refractory to work with. To grip it in any fashion wae al-~

wet an impoeeibility owing to ite shape, etrength and apringinesa,

and it took a great deal of time and of humourirg before one of

theee helieal etrande could be held and brokern. There sesme toO

be 10 gatiefactory way of gettirg over thie difficulty. I con=

oluded that & new etrard, or ore-strard rope, when broker in the

testing maohine, wae less efficiert thar the eum of the strengthe
of the etraight wiree, chiefly owirg to the effect of the equation
T coess x = W, already referred to, arnd that the rope was lese
8fficlent than the eum of the strengths of ite comstituert

ftraight strande owing to the eams reason. Also that the
duration/



]

ey
L1

0!

A

!

duration of the 1life of the rope or etrand wae chiefly affected by
the combired etreesee already referred to, particularly when
agoentuated by shock.

Fipally there wag the testing of the irdividual wires. Thies

yae & eimple though laborioue matter. The 1little vertical Cleen

machine was admirably adapted to thig work. It could be balarnced

gxaotly and the gripe worked irstartly ard automatically.

It 1e deeirable to keep all detalle dealing with the $eet of
one rope together eo that they may be compared. Theee amount
to &8 oqueiderable number and in commercial teeting it may be
difficult to get them all.

The rope hag ite wire number, its commercial nukber, and ite

‘test number. 1Its comnstructlion ie denotsd by ite formula, lay and

angles The weight ehould be quoted. The wire teets, noting
vhother 1t be galvanieed or black’ ghould be filed with the rope
teet. If poessible tests of the atgight. gtrande should be irncluded,
The circumference and pitch of the rope arnd the circumfererce
aud pitoch of the strand ehould be roted. Theoee are be st measured
by & steel tape graduatsed decimally. Details of the stesel should
be glven. Data for the load-extereion curve ehould be obeerved.
Attention ehould be paid to whether the rope faile at the gripe

or Mtra.-nd how failure occure.






ROPE TBSTS,

In classifying any large number of tests, the first con-
sideration is naturally to o-btain the best method of grouping
and representing the results, so as to obtain from them such
general principles as may gevern the subject of the investiga-
tion,

The number of variables unfortunately is considerable.
These include the diiferent diameters of wires, sizes of strands
and ropes, types of construction, lay, and angle of helix or
piteh, both in strand and rope, metal or fibre core, and differ-
ences in grade of steel,

Through the kindness of Mr J, D, Brunton, I am able to
qQuote the results of the determinations of the breaking loads
(B.L.) of some 700 of the firm's recently constructed ropes.
Nearly half of these had been made since the beginning of the
Wer, and this, which represents only part of the activities of
Brunton & Son's undertakings, gives some indication of the
great amount of munition werk which has been carried out by the
firm, Throughout a considerable portion of this time I had
the privilege of experimenting in the test-room.

I have grouped these tests under the headings M ard 8,
1ndinating different sets of testing machines and testers,

Then I classifitdthe results according to the constructions of '

the /




Rope Tests (2)

the ropes, and tabulated them in the following forms 2-- °
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Rope Tests (3)

If we merely plot such results so as to get curved line
graphs, e.g. I? (breaking load, diameter of wire) = o, then
remembering that we should get families of curves owing to the
presence of various distinct grades of steel, we see that the
diagrams would be so confused that they would give little in-
formation, Thus it is necessary to introduce if possible
the linear law, 8o as to check errors and 'equalise up' graphi-
cally, This may be done fairly well within the roping range,
by plotting the orthogonal area of the steel as abscissa, and
the breaking load (B.L.) as ordinate.

Incidentally it will be noticed how the normal construction
deminates the situation, and how completely it has swamped the
fancy forms of construction.

As it is difficult to draw conclusions from tables of
statistics, I plotted graphs for all the more important con-
structions, In these each test is represented by a small
circle, From these diagrams, copies of which are exhibited
as blue prints, the strength of practically any rope may be read,

It will be noticed that by taking the orthogonal area of the

Bteel as abscissa, the linear law is followed closely. Taking

into account the different qualities of steel represented, the

points plotted lie fairly well on radial lines, Actually

they should lie on curves to which the straight lines should

be close approximations,
rs\&..eshMA o‘h T)Lo;.q(ﬁ_w 31] ka{f.ﬂ; \Smb} From /
Rinkeenn Haeetn )

o /




Rope Tests (4)

From the diagrams an equation expressing the breaking load
as a (linear) function of the orthogonal section of the wire
may be written down by inspection if required, The straight
line drawn is usually for good crucible steel; inferior and
superior (plough) qualities would be indicated by radial lines
of slightly lesser and greater slopes respectively.

It is better perhaps to rely on the diagrams instead of

formulae) as the former show in addition the effectis due to the

different qualities of steel, and alsc the extent to which
uncertainty comes in. A formula may be applied without dis-
ecrimination, To give the fundamental fornula for the strength
would necessitate s0 many variables - a8 has been indicated
élready -~ that its complication would be considerable,

With the large number of constructions in use, one would
naturally expect great differences in strength according to the
method employed. This however is not the case, The type

of construction is by ne means immateriel, but it may be altered

a8 good deal without affecting appreciably the strength, as

shown by the test.

Between strands, ropes, and cables of the same orthogonal
area there are naturally considerable differences in strength,
the efficiency of the strand being greater than that of the rope,
and the efficiency of the rope greater than that of the cable,

The considerations on which this is based have been already

’ given,




Rope Tests (5)

Diagrams have been drawn showing the comparative lcad-
extension curves of scme typical ropes in 50" lengths, and
also the comparative curves for sets of strands. It will be
seen that all these curves are of a similar type. Even in
the case of ropes with metal cores there is a considerable
variation in the extension, This depends on the constructien,
hearting, and material employed, a ductile steel giving, of
course, a greater extension,

Selections are given from the results of plotting some
three dozen graphs for normal wire cored ropes (%fé'aia[f%“ilﬁ’f”m“
by Sheets.)- From these it will be seen that the average exten-
gion in a destruction test was about 1,5" in a rope length
of 50" or ,03 per unit length, In the case of fibre core;,
the extension was greater, viz, about 2.5", or roughly .05
p?r unit length, A few of these curves are shown,

The curves were not recerded automatically, but were plotted
from a few corresponding observations of load and extension,

As far as one can judge, however, there is no distinct yield
point, as in the stress-strain diagram of a steel bar. 1In the
latter the diagram is the straight line y = Ex up to the
elagtic 1imit, then there is a distinct discontinuity at the
yield point, and after that a curve is cbtained convex upward
and terminating at the breaking point. If the correcticn for

reduction /



Rope Tests (6)

reduction of area be allowed for it resembles an arc of the
upper branch of the parabola 1 = /x

In the case of a rope there is no distinct discontinuity,
and the graph might be represented app:oximately by a sBingle
equation instead of two, This might be taken a8 Yy =z A x- Ry
from the origin to the breaking point. These curves may be

fitted to any actual set of observations by writing down normal

ﬁ. equationd for A and B.

The load-extension curves are modified easily to stress-
strain diagrams, by plotting the stress per [ "™ orthogonal area
of steel as ordinate, and the strain per 1" length of rope as
abscissa, A set of these is drawn from some of the load-

extension curves given already, the accented and unaccented

letters showing the corresponding curves,
i‘\ Sae Shye §8 ~ % B L L. A & MA L% ATk heel 1

A good deal has been written about the elastic modulus of
ropes, and it is locked on as if it corresponded with the
Young's (elastic) modulus of material, Hotabail in fact has
deduced the elastic modulug of the strand, rope, and cable by
regolving it in a manner which seems to me quite unjustifiable,

Young'!s modulue in the stress-gtrain diagram of a bar only
holds for that linear segment between the origin and the elastic

limit, i.,e, throughout the range of recuperability of the

] 9

material,/




Rope Tests (7)

material. It deals with material independently of the shape
into which it has been manufactured. | It would be incorrect

to use the same term to dencte an extension co-efficient, or
function, for a manufactured article when the value depended on
the form into which the article was made,  In addition to

this the sBtress~gtrain curve of a rope is not a definite
straight line to a discontinuity at an elastic limit, and re-
cuperation does net occur, Thus the term 'elastic modulus, E
of a rope is apt to cause confusion,particularly when the theory
of bending is introduced, and 'extension ccefficient! might be
substituted instead.
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ge number of ropes to the same specification.

wWhen a large number of ropes are maie according to the same
cification, ani at the same time, the question arises as to héw
valves of their breaking loads shovld compare with each other.
As an example of this consider group 3%22A on 19/%/16 in whicgh
ropes were made according to the specification 6 }g?lfolﬂ~
.W.R. The pitch was 22" and the circumference 1&3'.
The residvals have been formed and tabulated in the accompanying
”; e.
It will be geen that the aversge error is vnier 37 of the RL.
'“€-max. error is 13.4% and the R.M.S5. error 4.1%% of the B.L.
In this case the R.M.S. value (which is considered vsvally the
representative in the Theory of Brrors) is rather high, owing
.ié he single large residval .3562. Wwe hote that there lsaspecially
*ﬁsbng rope, giving a max error (on the right side) of about 137,

specially weak rope is vnlikely in such a group, as wires toward

rqg:r limit wouvld all be vassed, avt of store, for the rope constructionm
' If there has been no oprortunity of testing the wires when un-
rained and before they have been formed into ropes the tester is only
to examine then after the rope specimen has been broken. The
f6s are then weakened by the overstraining under the combined stresses
id' are more irregular and vncertain in the results they gilve. A

er weﬁkening effect is due to local damage on the surface which

meé cases - as in certain forms of cables - is strongly marked.

room depreciation deduced from these valves would be distinctly

. Many exverimenters have only such valuves to depend on, as the

can only be obtained at the works. where the ropes esre made
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Efficiency.

St the
One may define the test-room efficiency of = ropewasﬁratio

of the breaking load to the sum of the Etrangths of the wiréé.
This is quite a different thing from what may be called the
cqmmergial efficiency of a windfﬁg roﬁa,ﬁhich may be defined as the

‘I_ra;;o_of the vseful work done (in fddf'tons)'to the cost of the rope

.+ (in pounds).

The test-room efficiencies of a number of ropes have been

celculated from the wire tests of the vnstrained wires. These have

___ been grouped ncpprding-tn-oonh%buctibﬁé, and the results plotted.

Defining the depreciation as (1 - efficiency), diagrams of the

(% .
depreciation are shown for the windings 6/ 162. ol and 6/1#6 .4
See rb\‘&%“f&“\g ‘Deyecialton s !
NV we ¥acata
It will be observed that the test-room depreeistion: of the
former is roughly three times that of the latter. Ehis rosvlt
hoeever I consider somewhat delusive, as it does not take into account

the beniing deteriorations which for equal strengths wovld be greafer

)
in the latter, nor of course does it indicate in any way the relative
lives of the ropes.

The irregvlarities in the depreciations are striking, and are
most markeﬁwith finer wires for a given strength. FPlpugh is more
uncertain then ordinary crvcible stesl. The writers who recommend
iit so highly and who say that the problem of deep mining is only
solubdb by its vse are evidently overstating thelr case. Plough
'seems'to be in a more unstable condition than ordinary crucible steel,

and thowgh it may give good resvlts in a test-room it may also be

f pnesrtain/

-
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pncertain and its dvration may be short.

The writer actvally heard frem the experience of a well known
Aenginaer of a recent high grade steel whicﬁ when cold and under no
‘applied forces not only fractured but actually shot out of itself

1& plece about the size of a hazle nnt! This shows that some high
grade steels may be in an actually unstable condition and hence may
Iffail vnexpectedly. In the present state of steel rope construction
3it seems as if the problem of deep mining would be met best by vsing
Ttwo stages in the 1ift instead of aiming at the vse of extra

special plouvgh steelland using a single 1560,
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Fracture.

In the fracture of a rope specimen in the testing machine =a
curious phenomenon tends to occur upon which the writer has seen no
comment. hhen%stretched strend falls, the energy storsd on it 1is
dissipated rapidly in vibrations. If however all the strands faill
togatherrthan owing to the temnsion in themecase before fracture, and
their svdden release, a torsional wave is set up in the specimen. This
runs along the rope and is reflected. At a certein point the meeting
of these two torsional waves will csvse a svdden conversion of ktnetic
into strain anargy,the result of which will be a tightening ani loosen-
ing of the strands at the same instant in contigvouvs portions. As
& considerable amount of energy may be stored at breaking point, the
strain energy dve to the torsional wave mey strain the strandis
momentarily far beyond the range of recovary,leaving a bulbovs
" appearance at one place on the rope. I have called this an
‘aneurism: Very ruvdimentary specimgn& oceur pretty frequently, but

perfect ones are of rare occurrence, say oncé in about-égg;y tests.
Photographs of some aneurisms are shown. These are bulbous in thq
. case of the stranded rcpes, but the case of the ?/'!28

aerisl suggests the 'die-away' waves given by the family of ocurves
Y= Aet* sm(CrtD)
After fracture the strands and wires are found to be untwisted

sligﬁtly. The fracture of a strand wovld temd to be an orthogonal
aurface’but this is masked since the metsl is drawn down at the

points of fallvre in most cases. The ordinary cup and cone

formation is noticed in the individval mild steel wires,
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Special Forms of Ropes.

The writer's remarks and tests have dealt chiefly with ordinary
stranded ropes. The Lang Lay and multi-stramd@ ropes may be

included under these. ' The Lang Lay as already mentioned has a

somewhat better efficiency than that of & corregronding standard
rope.

Among the multiple-stranded ropes there is a group of speeclal
interest, the non-retating rores. These have the coie-name
“¥ilindo at Bruntons. A typical Kilindo is formed as follows.
Eighteen strands are wound, ths wires being laid left-handedly.
8ix strands of these ere laid left-handedly about a core, ani ocutside
these 12 strands are laid right-handedly. This rope does not |

Eal

rotate and may be used for free winding. The tendency to -

handed rotation of the outer 1Z strands is balsnced biqgge right— i
handed tandanéf of the inner six’plus the sum of the r&ghtahanded ﬂ
tendencies of the eighteen strands. This rope thovgh highly useful
does not give the highest efficiency of the steel for reising loads,

due probably to the great bending effects in the constituvent wires,

since obt.of 126 wires there are 108 wires all of which are bent

These ropes are recormenied highly by Hrabak, who also speeks
enthusiastically of whet we may call one-strand ropes, but he doeﬁy
not take into accoynt theét disadvantages. |

Some tests of Kilindo ropes are shown.
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One-~strand ropes.

vwere these juvdged by their tensile strength alone they would

: %6 highly satisfactory. Unfortunately this is not sufficient. When
Eone merely observes that they cannot be spliced,their limitations are
_;painfully evident. They have certain restricted uses as aerials,
1?guide ropes,and as stationary ropes in general.

Locked coil ropes are particuvular cases of one-strand ropes.

;The locked coil has a beavtifuvlly cylindrical surface,ahd_makes an
;}excellent guide rope,but it is easily injvred by kinking, and it is
;specially'stiff. A further disadvantage is that internal broken
‘jwires can give no indication at the surface. This is a serious

4 objection to their use. Even these slightly exceptional types are
;frarely made, and probably over 100 ordinary stranded ropes are maie
ffor & single locked coil.

‘” Some attention has been directed recently to tapered roves. It
fis well known that & very long rod supporting a load has, for uniform
f?strengtb, a profile given by an emponential curve. As a rope cannot
f‘be constructed of this form,the taper is formed by construvcting the

f rope in 2 or 3 cylindtical portions, circum-cylinders to the theoretic-
: al shape. These are determinéd after the manner in which the plates
éare arranged for the flanges of a plate girder.

" These #ifferent parts may be formed in various ways none of which
i are very satisfaftory. Thus wires may be cut ovt to form the thinner
4 part or else the thicker portion may be formed by brazing thicker
‘jiwires to the originel wires, or else by merely inserting new wires.

? The couvnterbalancing disadvantages are evident.






BENDING  end FLEXIBILITY.

Investigations into the straining effeet of coiling
8 s8teel rope .round a drum heve followed chiefly the simple
Reuleaux formulas for bending. ..The change in curvature is
then taken to be %-whera R is the radius of coiling, and the
ordinary bending equation is used..

Hrabak, finding that the values so obtained are un-
suitable, endeavoured to alter this equation by supposing that
Young's Modulus E "for a wire" has different values depending
on.whether the wire is by itself, or is in a strand, rope or
cable. He tabulates the following values:-

E,is the Young's Modulus of the materiali  E that of the rope:
E' . that of ,the wire in the ropse. He takes Eg as 20,000 kgs g

m/m.

Wire Strand Rope Cable.
E . : +6Bg . +36Bg  +816E,
B! . ol . +0+6686Egh . - +4400Eg 11 +B918E,

From,these_véinaq he deduces "o" the bending stress
in kgs. [ m/m. from the eqnatio? =B 3 % Thus we have
o =10,000 8, o = 6635 5 o = 4400 3, o= 2918 2 for the wire,
strand, rope, and cable respectively.

His /.



. His methods and treatment seem to me completely in-
correct. E, too, is a property of the materizl, and should
not be affected by whether the wire is by itself or is in a
strand, or'a rope or a cable. The use of the formula, too,
which applies to the elastic behaviour of solid rods, is also
unjustfiable, and this shows the necessity for further con-
sideration of thisfathjpot,_l Since in a rope the wires are
not parallel to the axis, and as they may move relatively to
each other, it is manifeétly iheorreet to treat the rope as
if it were an elastic rod. The bending stress formula, how-
ever, might be modified empirically and rendered more applic-
aﬁle, so as to allow for-the'relgtive shifting of the wires.

The radius of curfature oé a wire in & one-strand
rope of radius é._and helical anglepc,.is == Sec®x
where we oonéider the wire as & helix on the cylinder of
radius a. If the one-strand roPe be coiled raund & drum of
radius R, we may find the change of ourvature by considering
that the cylindrica%wfgfguzfs beoome e tore with principal

radii of curvature & and R ¢4 23? Hence by & theorem in the

2
1 Cos™ U 6 Sj_nz 8
curvature of surfaoes we have = +- If we
& R+ 2a

put B = a we get the change of curvature for the wire at its
outermost point (where the stress is greatest), in the form

1l -1 = Sinzo( instead of the assumed value %

BE TR



To examine the case of an ordinery rope. Let d
be the diameter, a, the radius of a strand, the wires being
supposed fine; R, the eoiling radius, and & the angle of the
helix. - Then considering the wire in the neighi:ou:rhood of a
erown, we may suppose that we have a2 portion of a tore whose
principal radii are a.pprozlmataly a and (R + a) Sec®(90° -ot)

. . i
5 1z Cea® @ 4 8in” 8

) TR + d)cosec ok

; : . pif s
. . when & =J = Cos"a 4 Sin"g

: é a + d.
hence the change of curvature of the
wire is approximetely Sin% ). which

R+ d

is 8till less than the previous value. I

To apply this we should reguire to introduce into the |
bending equation a factor )\dete_rmimd by experiment so as to !
allow empirically for the relative movements of the wires

L Binéi - ﬁ or p = )\ Sin M &d where p is the 'bending *
+ it R+ ad

stress in the outer fibres. I F

If e = 1l be a permissible strain in a solid bar
then if we put ?-G:?—% the radine of the drum would reguire to
be' R4 2000r. ~ Tfr=g". R { 125" whieh of course is ab-
surd in the case of a rope, but which is the value that follows
from applying the bending equation for a solid. Aetually
owing /
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owing to the movement of the wires a very much smaller value is

permisaihla’partidularly in the case of a fibre core. Thus
with 'a yield pai@t at 80 tons [" and & value of E of 33 x 106
if we take e:_f__t-g%._ﬁ and put 3%'6 - B % Bhod assuming AT
we have R 100r. »

\arions empirieal rules are given for the sizes of
pulleys or winding drums. Thus Diescher (1905) says that the
dismeter of the dram should be greater then 50 times the dia-
meter of the rope (R > 50r). This limiting value seems much
too small for winding r0pes :and twice this value would be

more satiafactory. Thus for winding r0pes Baives 100r has

also ‘been suggested. 5’65 Aeasmeln J] wone %M gerito R =700 8 (Sas
tams 'br’}zyaooé'h‘-ioao) iAo 2 = 12000 Y ad WWMILJ}A-
It is evident that experimantal results are of vital

imporfénce in this subject. An interesting set of observa- I
tions on the effect of the bending of ecrane ropes is given by
Biggart (Prog. Inst. E.C. Ci. )In this case the sheaves and
drums were of small diameters and the r0pes failed finally by
repaated bending.
A ateel r0pa of circumference 1%" was loaded to one-

tenth of its breaking load and run round & 103" pulley. Then

= 19r or r = .0553. The unlubricated rope went 16,000 times

round before fracture. On being lubricated the number of

turns /
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turns rose to 38,700. With a 24" pulley the figures were
R = 43 P o 9= .023R, 74,000 turns when unlubricated, and
386 ,000 when lubricated.

The figures for a Langs Lay rope on the first pulley
are given as 53,000 and 107,600, but if other factors were the
game, this must have been exceptionally favourable to the Langs
Lay.

Some experiments of this mature are also recorded in
Gluckeuf 1913.  Wire of 177 kgs. [] m/m. and diameter 1 m/m.
was loaded %o 8 kgs. [] m/m. and run round a pulley 175.4 m/m.-
in dismeter. ' It underwent 148,710 bends before bresking. -
Seven-wire strands were thenformed of this wire and run on the
pulley as before, with in a2ll cases the same tensile stress.
The number of bends fell to an average of about 47,000,  With
a pulley 180.4 m/m. in dismeter the single wire made 210,790
bends, znd the strand began to fracture after 40,860 bends.

A three strand rope began to break at 22,860 bends and was
completely destroyed after 36,460. A five-strand rope with
hemp core began to break after 35,000 bends and was completely
destroyed after 40,160 bends: = The fibre core would doubtless
account for this rise.

Thus both theory and experiment show the necessity
for large pulleys or drums. According to Hrabak this is so

important /



important that he attributes to a2 great extent the failure of
winding ropes to the effect of bending stress, as caleulated
by his method. If that were so, however, the failures would
occur at those parts of the ropes “that were most frequently
bent. This, However, is mnot the case as has been shown al-
ready by statistics of failures. Accordingly'we see that the
large drums ‘and pulleys used at the present day in deep mining
are probably sufficiently great, snd are not, as a rule, the
direct cause of these failures.

Incidentally Biggart's tests show the great import-
eance of the lubrication of a rope, a matter which is now well
recognised. Its effect is partly preservative and partly the
reducing of “the friction between the layers and lerries. wives,
Where two layers of a stran&-eroas,thefrelative movements
produce g nicking or sawing effect. The wriféf has seen
these cuts very deep in a bran new cable ofioonstruction
3/3/3/.1" ‘which had merely undergone & tensile téat, (Speci-
mens on view) ' . By bending constantly round a pulley this ef-
fect ig enormously increased. A tail-rope of a well known
South Africen mine failed recently and a specimen of it sent
t0 this country was seen by me. ' Though it ren light it had
evidently failed in this menner due to bending stress.

Kroen /
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Kroen (Oesterr, Zeit. £. B und H 1904) chronicles
the sudden failure of an unlubricated mining rope. In this
case though the outer wires looked perfect, the unseen inner
ones had corrodeq badly, due to laek of lubrication.

Bupirical formilse haye been given for the life of a
rope under bending stresses. Thus let D be the dismeter of
' the drum,. d that of the rope, L the life of the rope with o
very large drum L, its life with a small drum. Then D <
XB0a; - & antintas ey VaIne 18 D = 1254.

Then Ly = 4L  when D = 68d.
Ly =,3L when D = 48d.
Y = 4L when D = 36d.

Reverse bending should always be avoided. The life

of a crane rope with a single bend may be -
even halved on the introduction of re-
verse bending.

“ Flexibility may be obtained by
reducing the angle of the héiix; by the use of, or inerease of,
the fibre core; and by reducing the diemeter of the wires.
Since T = w cosec® where T is the tension and w the vertical
load on the wire, we See that the inerease of flexibility by
decreaaingilwnuld be &t the expense of increased tension in
the wire. Use of,.or increase bf, a fibre core, means &

thicker rope, which for certain purposes might be inadmissible.

Increase /



Incréase in the number of wires means naturally an inerease in

cost. Hence a compromise among these is érranged.

Flexibility Tests in the Laboratory.

The writer thinks that flexibility tests of winding-
ropes would be of value, especially for listing in makers'
catalogues. A very simple method would be somewhat as fol-
loﬁé. clamp the specimen in a viee as at A with a short
length AEF prajecting Mark off a length say A§ = f = 504
(i . 50 diameters). Put a loop of cord round the rope ﬁt E

and pull it into & semi-cirele of radius R = 22: by mesns of

the hook of & spring-halance G. 8.6 ¢ A
The spring balance reading will s
enable us to compare the

flexibilities of 4if- D

ferent ropes. The writer

tried this without any apparatus, o
merely teking BC = CA = CJ) and then taking the reading. Ip

The curve is in this case not & semi-cirecle but an elastic

curve which approximates to an arch & a mh!hi Sine cwwe,

If the cirele should be thought better than the
elagtic curve, for purposes of comparison with pulley wheels,

an arrangement such as the following would be simple.



4 is the vice and semi- -

eirclesare drawn on a
board as shown.

Holes are made &t

intervals along the
arcs, and pegs placed

in them so as to form

quickly a eylinder of
the required radius. The rope is then bent round this and
the spring balance reading taken, the axis of the instrument
being in the line AB. Comparative values are all that are

required as in the case of the Brinell test numbers.

Q



ey

Fatigue and Shock.

The 'microscepe shows that when a metal 1s strained beyond -the
elastic limit, fine lines appear on the faces of the crystal grains,
and dncrease in number as the strain progresses. These are called
slip bands, and are due to slipping or shear along the cleawvage planes
: of the crystals. they are naot cracks, buvt mey urnder greater stfain
develop.-into .eracks. . Iffi the .strain be relieved; ani time be given,
the metal tends to return to its former state, provided the strain has
not been excessives: But the recuperation is apparently not complete
gfter the yield point has been passedi. When such stresses are long
continved, the material fails wvnder fatiguve. This may be looked on
as a time-integral "of the strains, rather than the setting up of a
compse crystalline "structure in the material, ;although the latter
coniition may be brouvght ‘about by incessant shocks.

The cause of breakage under svdden shock aprears to be that as
time is not given for . the metal to accommodate itself to the sudden
stress by slipping or flouring, it ruptures as if 1t wete abnormally
beittle. Thus for a given impulse I = FAC K in-the usual notation,
if At bYecome 'very small then the form F becomes very large. If
brealage does not occor, but there be constant slight shocks, these
cause slip with the consequent hardening of the material along the
siipilines. " This may be snalogovs to the hardening effect of
drawing, ‘or overdrawing, a wire, in which though:the tensile strength
is apprarently increasel, yet owing to high internal strains failvre
may occur at a loal much lower then what wovld be expected:
particularly after the lapse of time.

In/
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In the case of a winding rope at work stresses far above those

dve to the stabtic load may be introivced. The following tables are

quoted from Bruntons catalogve, showing the observed load °ﬂb winding

rope, due to shock,caused by short lengths of slack chain at the

commencement of winding, as registered by a dynamometer.

First Test.

No. 1 Empty cage lifted gently. _ 4030
B e g Ny ok " 4030

.1 with 23" slack chain ¢ 8800

I o e T S ... BEOD

Sl o 8050

g ®ulld i " 8950

T IR W " 12300
RYRNARA S . " " 12300

Second Test.

Cage &nd Four empty tubs weighed by machine = 6275

No. 1 Gageliiﬂtai gently “7_” 3 8375
T A B e He coamitiars ¥ CRESTE anes
Kol Waekd s Rrabk ehaiw e TRt 11200
o e CONDRLANRAYIN Y (e FRRINEAP . HATR0Y
§EAPY ahid. gn OO FRRUQL GOMIULE. the ohoet EXYRas
it e Bae b i R ' T S T a0ee
ST TP ROk NI S net ALl L IneS

No. Wy W @rofgeneouy slusiad 15675

S )

1bs.

1bs.

1bs.,

[g3
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Third Test.

Cége amd full tubs weighed by machine 117200 1bs.

No. 1 lifted gently fel 11200 1bs.
N s s " ' 11825 "
WS With 3" slack chain 10085 ®
e 2 2 " " " . “- "S- i 19025 N
WA T g8, 6 oy ~Cpasoo
PO RS WYY RS ' 28700 "
©C o et SRR UL WS cgages. ! Zvos0 "

ni 2 " " " " 25?50 "
: e SR 0 el '

3

. In the usual traa,tmqnt of t‘*e shock 'ive to a lecad apnlied suvddenly
to & tensile rod we have R the maximun resistance of the roi, g |
thgkporresponding_gxtension, and W the loadl which produced the

elongation e. Then R =:%¥ . Also if the load fall through a

£
height s we have W (s+§)=% Rt ‘
hence R 3 W{i+ﬁ/l_+"z§' S S A LR

i;ﬂo_if gJ;oai be-agpliad guddenlgrthe steess 1s double what ;t
wguld_be_1f‘appliaa_gloWIyy 2 Ng;prgl;y this d;ffers'qonsidarably

from the results given in the tables but the two are not quite .
comparable.  One pagqot gpmpgpg_thg_shqqglgiqan by the engihe in
winding as accur;tely as.one can compute the-gravitational one, thé
dynamometer too would probably not ragister the peaX of the curve, and
the theory assumes a homogeneous elastic bar instesi &f a rope.

Still there is a fair resemblence. If the tables be plotted it 1s

seen/
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seen that a-parabolib law of nearly the .same kindas that gi?en By =+
» the theory seems to be followed viz:i= R =W ( .| +~4?€V5.)
where k is & constant which for the second tabialis roughly: .38
It will be seen that the greatest value in .the first table is thres
tinmes that producged by the steady Loai;ﬁ&relass.winding might easily..
produce worse results. In fact one ,of the essentials that deen
mining way be a commercial success ts.that there should be a skilled
engine-man in chaerge. . Even steaiy.winding-nith too high an
&acceleration greatly dncreases the stresses above those iue to
. static load. . ., .
.;.: . The effect of the high. strains dve to starting with a jerk would
. be .relt most severely at the point where the rope was attached. to the
-.gqgeTaﬁ_tna shock would be reduvced in dntenslty as it travelled away
~from thEs point owing to the springiness of the rope. The constant
refﬁtition of these shocks wovld weaken. the rope undvly at -this
. point. :
Vibrations ina wirding rope seem to have s weakening effeét.
: Rarid vibrations in a steel rod may' set vp a. ccamser and weaker
crystalline strvctvre in the material. .. When & loasded cage is
suspended et the end of a long rope,ard waves are travelling along
it, they are reflectei at the peint of attachment. At that point
the kinetic energy will be partly converted into strain energy - as
_isshown in the analogous case of ’aneu_r-ilsizisé’é;; a:li further the
rapld. transverse vibrationS-relamivplypto-th&kppattion-of the tope
at the point of attachment produvce rapidly: alternating bending
stresses, particularly if the harmonids present produce any resomenee’

effect.
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It is interesting to observe that this is the neighbourhood where
a ldhg‘tinding rope is mosf épt to fail. The weakest pbint is not

| where the bending ‘stresses due to the pulley ani drum are groatest,as

1t should be adcording to Hrabak, nor ever where in addition the greatest
| stresses dus to tension oocuF. Itrfs'ﬁcfﬁdliy;dt-ihé plédéhﬁhere_there
i iénﬁdF'beﬁiing_rduﬁﬁ ﬁhe_irum,{and where the Airect tension is least,
| In confdrmation of this the folloﬁiﬁg facts are selectel fror a gfggp

of mining statisties. In the Dortmvnd and Breslau distficts, between

the years 1899 and 19008 3052 winding ropes were discarded. Of these

41 broke sudderly when in use, Of the‘breakages more then half were
. near thé cage and only & néar the drum. The freaks occufred vsvally
at the commencemeﬁt of .the 1ift - which fortunately minimises loss of
1ife - and natvrally the asge of the rope was one of the important
factors. .

Hence arises the necessity for the constant recapring of win&ing
TOopes. It removes the maferial which has daFeriorated most from
overstrain, snd ensures that new portions of the rove vniergo from
time to fime the positions of heavy strﬁin due to combined tension and
bending rourd the pulley. It is found too that the portlon of the
'rope‘uhich remains coiled on the winiing drum is undamaged. |

Thus the effect of fatigve seems to be not so much the formation
of a coarser structure as that the sums of all the elementary strains
reach in the aggregate a coﬁdiﬁion of strain in the grains in which
there is less and less recuparability,'éill finally rupture occurs.
The rope when neer feilure may still exhibit high tensional strength,

just as there may be a high tensile strength across the section where

a/
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a bar is @rawing down just before fracture. In that condition

however the material would be dangarous to use. Ha 1n a rope

\]

the time intEgr&l of the work done could not exceed scme definite

value, in other words a windivg rope would ‘only have & definite

1ife bafore 1t became dengerovs to use. T}is iuration s

surprisingly shofi, in many cases it 10ss not e¥ceed a vear. :

ta



Qther korking Conditions.

Under working conditions thiere are a number of considerations,
f in eddition to those that have been mentioned, which add complexity

to the problem of the steel rope. Also in the bibliography which

has been given it will be found that statements made by some
writers are directly contradictsd by others.

Rope attechements give great trovble., It is almost impossible
to get fasteninggwhich will' not damage the rope, and yet be equally
efficient:. If, a8 seems to be the case, the effiects of %
vibrations cevse deterioration while working there might be a better
attachment then the short socket which is run in solild with white
retal, though this is effective in the test roém.

AR arrengement which wovld demp these vibrations ovt'wovld be
desirable, and shovld rot be impossible to obtain.’ Thes a gradval
chehge from the flexibility of the rope to the stiffness of the
socket,instead of as at present an abrupt one seems desirable. Thé
very fatt of the constant recapprings-calls attention to this source
of weakness." ' '

Splices are further causes of trouble in ordinary multi-straend
ropes, and Bre not so efficient as is'the vun-spliced rope. A 40'
splice on a 18" circumfergnce rope may, however, fhave'a -
strength of 80 tons her sq inch, One-strand ropes cennot be spiiced,
though they may be joined by brazing. Mining engineers now esk
for continvous wires in ropes' e mile long. ' .

ihere has been considepable controversy as to whether the
Priétional supbort of the surrovnding wires svpnorts effectively o
| broken one. A well known suthority states, as the resvlt of

ad his/
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his ‘own experiments, that wires in .a rope may be cut some 18" in
advarice of each other suvccessively, end that the. .rove is little
the worse. «This seéems imcredible, and the wkiter has had no
oprortunity yet of ‘testing its accuracy. It is controverted too
by ‘d paragraph in the Report .of the Commission appolnted by .the
Transvaal-Govarnmentwﬁqnﬁ)-de&ling with winding ropes.

For deep mining 'the highesr class of plough stesl is much.
advised ‘at the present day, but, considering some of the foregoing
paragraphs, it is' not-surprising to find that these ropes are
relatively less efficient than some of much lower, temsile .strength.
The writer covld quote resvlts.from present Admiralty work in
support of this view.

Deterioration oceours frequently as the result of chemical
changes, Lubricents and preservatives are essentlal for gvarding
a fope from decay, as roistvre is ept to get into the interior, and
cause rust. Lubricants which harden with age shouvld be agxofded.
Those ropes whose fibre cores are sometimes dry and sometimes wet
are particuvlarly liable to corrosion,ead as are those also which are

immersed in sea water.

Calvanising the wires is tc some extent =a preservative., Vining

ropes are apt to be affected by the aciduvlated water which often
occurs in shafts. Casldecott (Proc, Iron and Steel Soc¢, Journal
1011 i) describes some tests which he mede to verify this. A

wire of the best plcugh steal’which broke at T1l.F twists when
untreated was immersed inm adiduiated water. The hyirogen set

freg is said to be partly occluded. After 14 and 15 hovrs of this

treatment/
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treatmenty «though ‘there was apparently no corroaion,rthe wire only
withstood 12 'and & twists r63pectiveiy. The tensile strength was
little afifected. "Bolling such wirss in water for.ﬁ hours apparently
restored. their:resistence to torsion and beﬁding.. Tﬁé conditions.
most, favoureble for the occlusion of h&drOgen odcvr vhen the
presarvativas are vsed- 1rregv1ar1y, end the scid water saturstes
the fibre core and‘acts on the central wires wﬁich are excluded
from the air.

. dhere is much that might be sald on the subjects mantioned
in the last few pages but the field 1s so wide that it 1195 _

rather beyond the scope of & paper such as this.

N
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h Au interesting problam aroee in connectioi with ome engineering
work on whioh the writer wae erngaged recently. He wae at the time
Yaseieting axu Admiralty ergireer, who wase engaged in constructing
rléxibla defences. Without 1ndioat1ng the engineering work, one of
the mnthematioal'probiaﬁa may be etated ae followe. A flexible stesl
rope is floated, let un_sa}, and may be drawn out thrqughfthe fixed
origin 0. The iritial poeition of part of the rope is coircidert

with the X-axie OAX . | 5%
I
A u a fixed point ox the : g
s el § a6t Lol FREICH 1 0
X axis. The point on NI * A X

the r0pe ooinoiding 1n1t1511y with A 19 pulled ic tha diraotion
psrpandioular to ox. Tha rope takaa auocoaeively the positions of
the membere of & ﬂingly infinite family of curvees Of thie family

we raquire a trajeotory, ot of the ordirary type, but orme in which
the argle of intersection ie a function of the length of arc from the
origin. Uhﬂar'théxéiéinéa}ing conditions the famiij'is represerted
aﬁffioiently cloeely by the eqpationlyiﬂ= x™ , where f ie a

variable parameter. Thin Jrepreaante all parabolae which touch

the X- axls at the origin. and uhosa axe- ooinoide with tha y- axin.
Let the sufrixj_denote the original ourve, and let X be the angle of
irtereection of the trajaotory with the curve- how, praotically,
oz, » e thst\bnl\p within the PALED- | of t.he

1nventigation. Denoting different-'-
1ation by a daeh, we have

A .
i S S_l = .{&f

Fry
g\ ' <

Forming/ Is!yfj
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Forming the differential egquation of the family we have Y, = d’/ Xy

.-’.|+3"~ = (t + L_gj')z' 1'1.' . &Y

| | XBelelf
W= le trivial. i
- . okr md..
Thie 1e homogereous, eo putting Lg = U 4 we have r = - an; '3.1,.11"‘ obv.
of which the integral 1e y
) : : _ % L

‘tojx ;-liboqv —3:3., M(%—k tpva). ® AR S nae l_ g ay

v 5 | e A,
thie simplifies to (3 Xt ol [j)ﬁ- C[-j #lory of ];

TS N
The tetwork is P// {RETH
e 5

roughly ae indicated. ,
The form of the solution suggested a gereralieation. Taking the
more gereral equation I'v -lnj:* % a8 the family of generalised

parabolae, ‘ite differential equation is 4 = 2 . Heroe for the

‘trajectory, ‘einse ¥, "4+ 1y ~gl= 0 we have the
‘differential equation.

Wl o Byl ) =0 N A Y

Thie 18 again homogersous, and leade to the eclutior after esome

reduotion.

%(‘D\;’-\-—_\\ )LL + YLL L:)l ?S’h i A’j I

where A 1g ab arbitrary coretant of integration, If n = 2 this

redudee to the former result. Thie trajectory property of curvee

‘of thie type dces rot seem to have been commented upou befors.

- L n
In' folavs , the curve 1e Y ™= <38 [§ -y s 8+ n-u)}
Incidentally if n = 1 the eqation reprecents a famlily of circlee.

Thue we get the unexpected reeult that a famous property of the

“e¢irele occure urder the gulee of the variable trajectory of a

percil of radiating liree:
ir/
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If the augle X be conetant along the curve, we have Yy, 6 = J’[ﬂ:
' r L
and EJ, = {Jl 1-1:\ _, » Where m = fam & . Herce the differertial

J

equation of this trajectory e 4'(o-1my) = 244w x

Integrating, we get ae ite equation, .

/( k J __1. S Tnd -/ _-';_' N \'m == ')L“‘“ i ILAA_:'Q'
ihot 0 2huatidly MbBiE ToopgRragpirsd anth YT IREE]

If km = approach & defirite limit as o> | we have the egquation

y =
)kk‘*jl“[ = A which ie the orthogonal trajectory of the
family 1y = 3(.1‘ . Ll% 25

To determine the path of a " g '*’“‘_".‘_ %

point upon the rope,
suppose firet that the rope ie pulled out in s etralght line through
0. Then eimce P. 1is fixed

s \ativel

rotating to Q, and PQ = b the loime |ocus
of the point P. demoted by (3, ) m(wv,G)

ie the comnchoyd r= alwh —-b

- |
’ : . Q. -
v (5 kﬁi‘) (M=) — "x"=z=0 0 1A

If, ae 1e approximately the caese bwing to fluid friction, the
rope lies in an arc of a circle of radiue r, we have L Jra-mkl/

P
&t P be the point O\ Y)

Then a ie a
constant while h and r are I
. ar+ h*
both variables: .'. Y= 7
|S xX= Y Swm218
Y2 v(1=tos28) - X

Q
low let 1 be the distance from P to the point V (u.r‘!‘ wae originally

&t A) measured along the arc of ths rope.

I (Y - =i l‘L
(e e T R
vy s q oleh® R




Hence for the locue of P

Bt a’ X e \ g
IR G - ARG ¥ S ¥t
-7 % (3_ bec A S, )
% o, t 3 R | 4. [ ;
AL = AR § G Topmeien. B S - _;ﬁJL {
2t 4 @ W 4al /)

Where h ie a variable pﬁnamater, and & and 1 are constante. Thie
pair of squatioue gives the locus reépired, apd from them it may
be plotted. For different values of 1 we get the patﬁs of all
pointe of the rope.

some practlcal experimente were made on thie subject by the

engineer nlfoady referred tOJtogathar with the writer.
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