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ABETRACT

Boom ‘supporting pendahts sre consiiered to be one of the more
critical drigline components. Thuv are subjected to a high
degren of dynsmic loading throughout their relstively shore,
oparatiorsl life and are inaccessible to conventionsa! -:intenance
and’ ‘inspeccion practices.’ The consequenices of failure are
extrome and a need exists to understand the physical and
nechanical properties of the support sechinisn.

Therefore, this report discusses the restlts of san investigation
to ditersine the pendant losdings of the booa support system,
with purticular emphasis on the degree of icosd-sharing slong with
tha operaticnal factors, whizh affe:st their performsnce. The
equilibrium condirions of the upper main suspension are
determined by means of & computer analysis, and the rictors which
identify the pendant aqualisstion link as the source of a major
gsometric probles are discussed. A number of practical

techniques sre presented to overcome the deficiencies identified
by tha investigarion.
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CHAPTER 1

1 INTRODUCTION

1.1 The Evolvement of the Walking Dragline

The United States of the 19th Century still relied on slow and
costly wagon haulage for the distribution of bulk commodities to
the interior of the country. Water transport was the key to the
opening of the i erior, but at that time canal building was
painfully slow with only about 170 kilometres of canels having
been completed. This problem, together with the start of railvay
construction, bronght a anarket for practical and economical
dry-land excavating machices.

(llin his History of Strip Mining, described how

Hollingworth,
the firgt excavating machinery wss deveioped originslly for
dredgir , rivers snd harbours. [Dredging machinery dates back to
at least the 18th Century. as in 1756 the firm of Boulton and
Watt built and installed a 3kW stesa engine of Wart's design in a
scow, from which it was used to ope-ate spoon dradge machinery.
jome seven years later, steam pover was applied to elevator

dredges and their use spread rapidly.

Adopting the exisring design of steam dredge to a land based
requirement was so difficult, that none of the early attempts wasz
really successful. Then in 1835 a aew type of excavating
wmachine, a power shovel, was developed by a young American,
Willism Swith Otis. His invention, illustrated in Figure 1.1,
was & zajor step fouward in excavation, swung fros the centre,
and had a power thrus® to adjust the radial thickness of the cut.
Thene  festures were combined with existing designs of =




self-propelled car ovody, wounted on standard gauge railroad
wheals and axles. The tiyee basic motioms: hoisting, swinging,
and tharustimg were all operated by steam power to produce a
machine recognizable today. The terminology is self-explanatory.
Hoisting refers to the raising of the bucket by chains or cables
passing over a osupporting boou. Swinging vefers to the
excavator's turning asotion, which in the original machine was
delivered by & chaio wrapped asround & swing circle. Thrusticg
{crwding) is the wmotion of th. bucket and bucket handle away
from the boom towards the work. When excavating sites moved away
from rails, as in the case of highway building and wurban
construction, additional mobility was requived. This was first
supplicd by traction wheels and later by cravler wmountings.
Meaowhile, the more efficist and versatile full-revolving design
v introduced. Hext came the replacement of steam power by more
ea: 11y manrged and economical internal combustion engines and

eluctric motors.

Figure 1.1 Power Shovel developed by W.S. Otis in 1835
(Hollingworth (1))
b3




From this beginning the walking dragline has been developed
primarily to suit various applicstions in the United States. The
great flocd contrsl projects on the Mississippi and other rivers
required long centilevered boum machines with low  besring
pressures to te river ch 1s and to build levees in the

s0ft river bottca lands.

Draglines were used as auxilisry mnachines for many yeurs n
conjunction with etripping (pover} shovels in surface cosl mining
operations, but it was not until 1930 that they began to be
considered as primary ts for overburd removal. By

1940, while stripping shovels were coneidered ;hc favoured tool
in wmost operations, the aragline wax being applied vhere
overburden depths were too grest for srripping shovel stacking
capacity.

In the yesrs between 1940 and i960 about nine walking draglines
with an average bucket capacity of 11 cubic metres were placed in
service., Two thirds of them were applied to coal mining
operations snd the bulk of ~“e remsinder to other mining
operations, primarily phosphate. Almost all of this cepacity was
utilised in the United States. The following decade reflected a
dramstic incresse in dragline capacity as & result of the
intensive development in dregline design and application,
Mazimum machine size incressed tenfold and boos lengths doubled
during this period. Since that time bucket capecity has
continued to increase and vhile gradual izcreases in boom length
have continued, sschine aize hes remained stable.

It is significent that in the past tv nty yesrs dragline
operations ocutside the United States have absorbed a third of the
new capacity as coupared to s sinor proportion of machines bhefore
that period, The first large walking dragline in South Africa
was commissioned during August 1971 snd since that time thke local
dragline population has increased to 22 units.




1.2 Dragline Applicecion
»

Most draglines have besn ap: ied to coal depocits, where the
average overburdsn depth does not exceed 40 metres. VWigire 1.2
shows & typicsl dragline pit. The type of overburden msy vary
from loosely consolidated to highly consclidated sedimentacy
materisle, such ar - ndstone or limestone, which require
fragmentation by drilling or blasting. The major function of the
dragline is to excavate a long sarrow trench in the overburden,
.m@o:in; a strip of cosl., After the coal has been re:x ved, tae
dragline rc arses and excavates a nev sesm p-rallel to the
previcus cut dumping the overburden where the coal has been
removed., For this resson, dragiives reguire long booms to
increase the range berween the drag and dump points, Other
important factors are large bucket capacities and r-»id swing
cycles.

A dragline supporte the buckat with wire ropes. {See Figure
1.3}, The bucket is hoisted by pulling rupes cier sheaves at the
boom point and ie dragged by ropes passing near the boom foot.
The hoist snd drag Functions must be co-ordinated to obtain the
digying operation. As long as the ropes remain tau, the bucket
will remain upright. When the dreg vopes are relaxed, the bu at
dumps, For a normal digging cycle the ucket is lowered
vartically from the boom poitt until it contacts the overburden
to be removed, where it is dragged towards the foor ‘hus filling
the bucket. With hoist snd drag ropes taut, the bucket is reeled
out and up until it is elmost at the boom point, where the drag
rope te tion is released, rhe hoist ropes stopped and the bucket
dumps. The =uing motion is co-ordinsted ~with hoist an  lrag to
dig and dunp ot alwost sny desirea swing cycle. In the simple
¢age shown in Figure 1.2 the dragline sits on top of the materisl
to be excavated and swings through an arc of between 45° gnd  90°
to Ciipogc of the material. A rypical average cycle time tor
this opevetion is 4% geconds.
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Draglines used in opencast mining typically range in size from
machines equipped with 5 cubic metre drag bucketz on 33 merre
booms to a wonster 168 cubic metre drag bucket on & 95 matre
beom. A nuzber of Bucyrus Erie 1570W dragl’ ies are operating in
South Africa., The Jdragbuckets on these machines zang: in size

from 53,5 to 61 cubic neres depending on the boomw length.

All large draglines sre powered by electric motors, which are fed
by 6600 volrt trailing cables supplied from am irpit 22 kV
overbeard powerline. Mobility for these large machines is
provided by 2 cam and choe mechanism on each aide of the machine.
These lifrt the rear of the mechine and simultaneously move it

forward, Walking speed is in the region of 225 metres per aour.

1.3 Statement of Problem

1.. South Africa today business is st a crossroads. For meny
years industry has not Jeveloped tte skills of technological
expertise, due to its an availability irom foreign sources.
With the advent of sanctions, industrialists will now be forced
to compensate by long temm devalopment of staff and technological
expertice, vig-a-viz the short term needs to apply techmology for
immediate commercial gains. Fap' isis wmust be placed on looking
internally rather than externally for the solutiorn of these
difficulries. Therefore &z conscious effort has been made to
tormulate a strategy to offser the loss of foreign technology

with the ultimate objective of becoming self-sufficient.

Ag in  the past, the trend in the wnining industry is towards
larger eqnipment. Mining companies usually seek ocut ths single
dragline, whick will be able to handls the entire stripping
requiresent. This together wich au  operational requirement of
sbout 7500 hours pe. annum reguires that suphasis be placed on
developing cowponents with high levels of reliability and
predictabliicy. This will ensure that repairs and replacement of
componerts .un be scheduled at times that will least affwct the
overell miving operation.




The grestest assets of a dragline are inherent in the actual
degign of the machine. The greater the resch and dumping radius,
the deeper the 1level of overburden, which can be removed.
Overburden up to 35 metres is well within the dumping reach of
existing dragline capacities and removel can be achieved at
substantially less total cost than by any other wmethod. A&
overburden depth increases longer booms sre required to digpose
of the spoll at an adequate distance. Machines with 120 ametre
boome are going into service, and it seems likely that toom
lenp“h will increase further. To maintain the same excavating
capacity larger machines are required snd both irvestwent and
operating costs pet cubic metre will be higher than wich a

machine of the same capacity with a shorter boom.

from this objective, providing Bucyrus Erie i570W draglines with
8 locai supply of suspensiun rope pendants has proved to be a
difficulr and time-consuming operation. It highl.ghted the
complication of working to extremely tight tolerances over long
leugths and determined a need for effective length compensation.
Following installation of the first set of locally produced
pendanta it was observed that the catenaries in adjacent ropes,
connected to the same link, were different. It was ocaturally
sssumed that this wss caused by errors in the lengths of the
ropes, which resulted in differing rcpe temsions and catensries.
This initiated s set of field tnuta(a)to meapire the loads on
both the upper and lower main suspension pendants. The results
of these tests were reported in Septewber 1984 and Jaruary 1936.
They established that indeed the loads in the ropes were not
shsred and variations in rope tensions in exceus of 100% were

found,

The effect of unequal loead gharing magnifies the already high
degree of ststic and dynamic load a8 seen by the structural
members in normal opevation., High static snd dynamic lnad levels
can incresse the susceptibility of the wires to deteriorate
through normal fatigue mechanisms. The rate of deterioration can




be significantly worsened bty the effects of environment. With
i and inspection of the pendents Jdifficult, it is
vitelly iamportant to limit these deficiencies am much as

possible.

A further factor for .onuideration is damage or failure of &
component of an operati nal drogline boom, The damage could be
‘a8 a result of an accident or a8 fatigue-induced failure during
operation. This could be confined to a particular area of the
boem where collapse may occur unless there is some geometric

#tability remaining after the damage.

1.4 Scope of Project

In order to meet these challenges 2 need exists to study
gritically and evaluate dragiine operation and boom loadings in
detail. Therefore, the initial rarpose of the research is o
develop an understanding of the physical and wechanicsl
properties of the boom suspension system. Pendant loadings are
to be determine’ by wmeans of a strain gauge analysis and taose
cperational factors, which have an influence on their
performance, sre to be identified. In addition, it is required
to establish the origin of the poor load sharing previously noted
between a set of upper and lower main suspension |endants.
Critical compunents are to be identified aud their role im boom
structural integrity ascertained. Practical solutions will be
presented to overcome any deficiencies highlighted by the
analysis.




CHAPTER 2

2 CONSIDERATIONS IN BOOM DESIGN

2.1 Boow Loading

The boom is probably the most critical single component of a
dregline, from an engiusering standvoint. This seemingly simple
structure must ve designed to withstand a medley of forces that
interact and reverse continually during the loading, hoist,
swing, dump and return operations.

Loading «f a boom can be cavegurised into thiee major areas.

(1) The compressive load as the bcom itself is basically loaded

as a column,

(1) Because the boom is not vertical, but supported at a lower
angle, the column deflects due to  deadweight with
consequential loadings, which are additive to the working

loads applied to the boom.

(3) The dynamic loadings which ocecur ss a result of the swing
eycle.

For & better understanding of the cversll la-din;(z)

of a boom,
together with design considerstions and rationale, consider the

following:

10




Figure 2.1 Simplified Boom Loading Diagram
(Sankey (2))

In Figure 2.1, the bucket lsad is chown as Force L‘. which is
supported over the boom point sheave and a Weight W of the boon.
The Loads Ll' supporting the load and L2 to the winch, can be
resclved into one Load LR acting on the end of the boom. The
resultant Force LR and the weight of the boom are supported by
the bpom support pendsats, which are in tension, end the boom

itgelf, which is in com wossion.

Figare 2.1(A)

aA—"

Thig shows the boow loads resolved into forces of comprassion LC.
which act down the centreline of the boon through the boom foot,
and forces L? parpendicular to the boom, wirich tund to rotate the
boom ebout Point A. The load ‘n the support pendants T will be
that force necessa 'y to prevent rotation of the hoom and maintain

static balance.




Pigure 2.1(B) A

The Porce T is resolved into forces TP perpendicular vo
to prevent rotation and its component Tc down the boom,
additive to the compressive forces. Thus. one can sse
loads perpendicular to the boom are cancelled to
equilibrium, and the resultant force on the boom is the
effect of the compressive Loads LC due to the working

due to the rope temsicn, and WC due to the boom weight.

the boom
which is
that the
maintain
additive

load, Tc

Pigare 2.1(0)

The resultant working force on the boom is illustrated in Figure

2.1.{C) as a compressure force scting along its centroid.

12




~EXTENDED MAST
-

Fignre 2.1(D)

Figure 2.1{D)} illustrates one method tha engineer hms for
changing the magnitude of force down the boom. Since the hoom is
& pinned structure, che compressive lead pust alwaye act down the

centroid of the boom, By combining rhe Loads L and TM whica are

R
pinned oif at Point B, the resulvant load is shown as Force O

.
1¢ the mast is extendsd to Peint £, then the combined load of LR
and T( is shown by the Load CC. By observation €. is smaller
Lhan CB. thus, one can conclude that the higher the wmast, the

lower the compresgsive load in the boom Jor a given work load,

Figure 2.1(E) A

Pige + J.1IE) is & wmathemarical representation of the gsaze
principle, which shows the compressive load down the boow to bo a
functson of the Load T in the ropes and the srgle between the
ropes and the bovm. This force varies as the cosine of the
angle, thus as the angle between the rope <nd the Loom incresses

for a higher mast - the compreseive load down the boom decreases.

13




CHAPTER 3

3 SUSPENSION PENDANTS AND ATTACHMENTS

3.1 Pendant Configuration

The boom of a Sucyvus Erie 1570%W dragline is supported by four
upper main fixedi length suspenaion pendants. These pendant. are
solidly connectad at the boom point box, and by bromze bushed

equalizer links to the mast head.

Two sets of intermediatr suspension structural pendants support
the lower boom chords at two points on either side of the boon.
The structural pendants are equipped with hydraulic adjusting
jacks and are connected to the boom chords by open strand sockevs

mounted on spherical ball bushed pins.

Spacer blocks ate located along che length of the upper main boom
support pendants. The 3,scer blotke are clamped between the two
structural pendants on esch side of the boom and are used to

minimize pendant vibration during the digging cycle.

3.2 Stress Steaf roperties of Steel Cables

Three differvent types of steel cabler are common in  structural

applications: structural strand with individual wires wound

round a rove, structural rope with several strands of wire, finer

in dismeter than in the gtrand, wound around a core and parallel

wire strands with the wires bundled not twisted. Due to the

differing methods of manufscture the effective wmodulus of
14




elasticity varies. The smore pronounced influeace of the helicas
gives the vope the smallest wodulus, with an approximate value of
E equal to 140 CPa.  This may be contrasted with 170 GPs for o
structural strand and 190 to 210 GPa for a parallel wire strand,

Because the eslastic limit is not clearly defined (see Figure 3.1)
the modulus of elasticity is usually calculated from the slope of
the straight line that connects the 10 percent breaking load with
the 90 percent pre-stretching load of the cable specimen. A
pre-stretching load of about 55% of ihe bresking load is usually
applied to remove the constructional looseness of the cables.
This results in extension by the bedding down of the assembled
wires with a corresponding reduction in the overall diameter.
This reduction in diameter creates an excess length of wire which
is actommodated by a lengtheuing of the helical lay. When
cufficiently large bearing sreas have been generated on adjacent
wires to withstand the circumferential compressive loads, this

mechanically crested extension ceases and elastic extenaion

commences.,
- [y - &l T T ne sV
b4 rL,
& 1soof ssse & 1s00 seo® 1
3 o 3 oo
@ joo0f o 'g 1000} E
9 & STRUCTURAL M s STRUCTURAL
« !’ ROPE « s STRAND
5 wohks %o} :
L) o
i_.aﬁ._¢.~_L__J i i L i
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Figure 3.1 Stress-Strain Relationships of Steel Wire Cables
{Trvine (4))
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Typically the elastic limit (fe 18 reached at about 50 percent of

the ultimate tengile grrengthQu. Ultimate tensile strengths of
1500 Mla are regulsriy achieved, with oltimate strains of arcund
3 percent for rope and § percent for stracd. Tests show rhat
strand is stronger than the more flexible rope of the same size.
Strength and etiffness, based as they are on the norinal
cross~sectional areag, are affected by the clags of zinc coaving.
Factors of safetv vary, but s working stress of approximately
1 MPs {giving & facter of safery of & on the ultimate tensile

strength) is routinely used on dragline applications.

Pigure 3.2 Creas Section of a typical Bridge Strand
(vaggie Rand (11)}

Bridge strand ussd on Bucyrus Erie 1570W draglines have tae

following specifications: o
#
Lower Upper
HMain Main Interpediate
Diameter {mm) 98 89 s7
Wo, of wires* 283 243 146
Wire tensile [MPa) 1870 1T 1470
Metallic Ares (mmg} 5639 4700 1968
4
Modulus of Elasticity {(GPa)s¥ 147,15 1486 171,7
Mags/a (kg/=m) 47,95 39,73 16,27
Estimsted bresking force (kW) 79835 6762 2765
* 383 ig laid up (S4/48/42/36/32/267/20/14/8/3) All
243 is laid up (51/54/38/33/27731/15/8/3) right hand
146 is laid up (&0/34/24/18712/646/6/1) lay

#* 4 3% alfter prestressing.

Table 3.1 Specificetions of Bridge Strend used on Bucyrus Erie
1570W Dragline Suspensions
16
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L3 Manufacture of Pendant Aogesblies

fs illustrared in Figure 1.3 the boom of tre deavlisa is

supported hy

fixed length suspension pendsncs, “he dreglize
senufscturers specification ve uires that the pendants  are

measured uuder losd suchk that the finished lesgibs ave

Uppst Maine 62,176 m ¢+ 0,006 at 1187 1«

Clearly this reguires that close atvention Lo pald v #l. ar euts
of meazurement and the . tachment of the rterminc. lor .

Bridge strand usage in Soute Africa s a8l v erclarively
restrictes to the replacement of dragline :ux, o .oa réendents,

As this constitutes s low and imtermitient ¢outumccion,  local

manufscture has not been considered and oo or g to
supply these rriticsl and varied irvess Las ha? to ‘e round,

Long lengrhe, up to 1000 m, of prestressec styend + Lmported by
the local wivre rope manufacturer from which rle o i sbly of the

varicus  lengths of pendants can he w,lerti The local

manufacturer, Haggpie Band, have ] HE O om long

tengioning/ compress.on frame, whisn enslle the srrand to  be

loaded to 1700 kN and thus produze worched sets of cerdants  well

within the specified vtolervances,

For this dnvestigation a full mer or upy r mais suspension

pendants was  calibraved by cycli=g ve rone ¢ 1630 BN until
thers wn® ne messurable change in “vigub, a mir,. o of three load
eycles being apecified. In the tsate &> ~ three cyeles

ware in fact sufficient *o "getile® the rope. Once thisz was done

the measurement of lanerh wag undervake..

The technique uvered to messure length was to heng plusbobs Ircw
the centre of a psrmanent socket pin to the corvespouding sockev
pin of & dummy gocket. The bube are su.pended directly above
gradusted measuring ecales fized - the founuvations of the

rensioning frame. The distance batween the measuring scales nad
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heen set up using W
wiich might alter "the
obtainel are wminimi muas° - ng during the night. Minor

re atandardised by a leng”h adjnstment
L]

d steel tape, Teuwperature effects
galute value of length messurement

warivtions in tmtﬁ:
#ing a coefficient ior expansion for strand of 12,5 x 10
per 7C of temperstu tion.

At this point the ix removed from the tensioning frame

for the zaplar: of dusmy ket by the p strand

termination taken following the establishment of
the pend: i poeitioning the cast wmetsl wedge
socket ¢ igion to  ensure speciiied length

tolerances., she b trand ie lifted into a socketing tower,
w.ith will sllow at imsst 48 strand dismetors to hang verticaslly
; Racapsulstion is then undertaken in
andard 463, The casting metsl used for

stst be a neur enrectic slloy, such

downwards from the
accordance with Byit
producing the wedge
that the effect of te
any damage to the wire material, while ensuring a uniform
digrritution of thed
adhesive bond,

ty-e during casting does not result in

over the wires together with a strong

Following the compl
pendant is re-instelled
load of 1700 kN applisd, Thie application of isad is bteneficial
{n standardising the effecte of welge creep on vatched sets of

ot this permanent termination, the

the tensioning frame and a tensiouing

pendants. Due to %l
solidificarion and
deformation of the. ¢
cone in the sotket

st itkage of the casting wometal on
of the presence «f nicro blovholes and
ng metal, some pullback of the casting
éan be observad. This iz dependent on
and should be confined to 8 few
prepared terpinrtion, Table 3.2 shovs
lotked coil suspension rope of 69 mm

4 is determined by Schneider’) in

the degree of sppl
millimetery in & Pr,
the r- sults of pul
ddamuter with {n
his investigation Boring of suspension ropes.




Load Pullback

kN nm
600 0
800 0,
1000 0,36
1200 0,55
1600 2,90
2000 1,19
2400 1,45

Table 3.2 Pullback {creep) of Locked Coil Suspension Ropes
(Schneider (3))

A metched set of pendants is sssembled from che sams original
length of stran’. The results of the length measursments for the
pendants installed on the Kleinkopje dragline, following the

verification test was within + 3wm, see table 3.3,

| Temsioning Dats !
Pendant T Sorrected
Position Anbient | Meagured Length
Temp., Length
ol | M M
L.H. Top 12 62,169 62,.7%
L.H, Bottom 13 62,170 62,174
R.H, Top 13 ! 62,169 62,174
R.K. Bottom 14 L 62,169 62,174

Table 3.3 Upper Muin Pendant Length Measurements as instulled
on the Kleinkopje Dragiine




DRAPTER 4

4 FIELD TESTINC

A1 Boom Raising Procedure

Raising and lowering the boom is done by using a separate boom
hoist rope, reeved betwsen shesves on the A-frame and the top of
the mast, and attsc »d to the drag drum to provide the necessary
leverage. The ipp'r main suspension pendantz, as well as the
intermediate suspension pendants, are attached to the msst prior
to reising. Rotation of the drag drum raises the masc, and in
turn the dragline boom, into a position, where the lower wmain
suspension pendants are connected between the & fram2 and the
sa8t. Waleasing the boom raising rope transfers the weight of
the boom onto the structural pendants, The soom hoist rope s

then relsased, unreeved and stored for future use.

4,2 Intermediate Suspension Ropes

Dragline booms are supported in such a manner as to eliminate, or
at least minimise, the affect of deadwuight bending, On Bueyrus
Brie 1570W draglines two pairs of intermediate suspension
pendants are posirionad above and below the midpoint of the boom.
Thes has the effect of segmenting the bosm into shorter members,

which suppoct the bending components.

They are further intended to resct the centrifugal forces
generated when the machine is swinging., The forces would
otherwise cause the boom to deflect radlially outverd and, since
the boom is essentially a culumn, a buckling failure could ensue
dun to the eccentricity so generated.
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Followiag installation 1t is & requirement of the manufacturer
that these ropes be pretensioned to a normal static temsion of
260 kN for the upper intermediate ropes and 285 kN for the lower
intermediate vopes. Tensioning is sechieved by means of 2
portable hydraulic jacking system (Figure 4.1). A portable
jacking unit is connected to the cylinders and when the correct
pressure is achieved, the tension is mechanicelly secured by
wmeans of locknuts, Tensions on both the upper and lower, left
snd right hand ropes are set independently but simultanecusliy.
It was found that, to achieve the specified preloads, several
applications of temsion by the jacking system on individual ropes

were necessary to oi.aim & balanced ssult,

4,3 Measurement of Pendant Loadiugs

Two basic techriques have been used for rhe measuvement of
suspension pendant loads either direct straiy readings on legs of
sockets or imdirectly om the pressure gauge provided for the
intermediate pendant tensioning system. Figures 4.1 and 4.2 show
the principles of both types of measurement. It is essential
that strain gauge bridge circuits are asrranged, ase  that
extransous bending and torsion elfects are eliminated, and so
that the cor-ect loads are produced, when the loading between tne

legs of sockets 18 not perfectly central.

In wost cases, calibration is desirable, but this has not been
possible in the abhesnce of 8 suitable spare socker, Exploratory
work has baeu undertaken however, by employing the results of a
previous calibration exercise on a socket analsgous to that used
in the Kleinkopije weasurements. It is ectimated that the
accuracy obtained by this method is within 10-15 percent of

actual values., This exercise is detailed under Appendix B.

¥Prior to the recording of suspension pendant teasions, the zero

stress reference position was established. This refers to the
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PRELOAD INSTRUCTIONS
PREDAS O EACH USMER | FRELOAD 0F EATH LOWER
MODEL | BOOM | WORK | LOT INTER, SUSP STRAND IHTER SUSP STRAND
LENGTHI ANGLE | WO | BOOW | SODM [EMPTY | BOOM | BOOM | EMPTY
HORIZ] 0-5 L IBUCVET] MOMZ | 05 L | BUCKET

1570w BLA08ML 380 33| TRTN ]ORN 3TN | LOYR | ZBIKN] 257kn
poe

NOYE « - PRESSURE BAUGE READING INDICATES SALF THE PRELCAD
ORECTLY IN KN
iv B MEANS SUSPENDED L0AD
G- %L DETERMINES LOAD CASE 1

3o EMPTY BUCKET SEANS EMPTY BUCKET SUSPENDED BENEATH
BOCM POINT. DFY HMINES LOAL TASE 2

N

FPigure 4.1 Hydraulic Tensioning Arrangement for Intermediate

suspension Yendants

BMDGE CIRCUT WIRING
Figure 4.3 Bchenatic for Poisson Strain Gauge Bridge om a hot

metaled sockat
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condition at which the strain gauges are ¢alibrated t; a zero
gtrasc level. It was obtained by supporting the beom om  the
ground with all pendants and boom raising ropes slack. ALl
subgequent strain measurements were then taken in three well
defined load conditions.

- bucket and rizging ov the ground

Borxek

~ empty, pended helow boom point box

- bucket full, suspended below boom point box

¥ollowing the raising of the boom and the pretensioning of the
intermediate pendants, with both bucket and rigging on the ground
ag required by the manufacturer, the drsgline was operated on
normal excavation for a few days to "settle" the boom suspension
asystem. Prior to Any m2asurements, the intermediate pendant
pretensions were again checked and readjusted to confsrm with the
manufacturer's requirements. The  strain geuges were then
connected to the switch and balance unit and the zero sgtress
position, as establiched with the boom on the ground, set for the

strain gauges on the strain indicator.

The test sequence for the boom suspension gauges consists of:

1. Balsnce and calibrate ~he strain gauges with the bucket on
the ground and with the spreader har and dump rlock weight
off the hnist ropes. The bucket should be positiorad
dirvectly below the boom point sheaves equivalent to meximum

reach, This position represents load case 1.

2. Hoigt the e-nty bucrket st maximm reach to & positien juat
below the h.ist trip-out point. This position represents

load case 2.
3. MHodsr & full bucket at maximum reach to a position just

below the hoist trip-out poirc. Thie position represents
load case 3.

3




&, Oa completionm of the full bucket test, veturn to the
stariing point and set the bucket on the ground, making sure
that the spreader bar and dump block weight are off the

heict ropes. Recheck the strain gauge calibratiom.

The tests were estsblished with the dragline vase supported under
average ground conditions, with the supporting surface blasted,

coversd with one metre of shale and dozed levsl,

Po establish the effect of a wvarliation in irtermediate pendart
pretenrions, on completion of the series of tests as detaziled
sbuve, a right lower intermediate pendant pretension was reduced
by 40 kN. The remaining intermediate pendanty pretensions were
not  readjusted to their specified wvalues, but allowed o
compensace for the saladjustment to the right lower pretension.
A mecond series of measurenents was then undertaken using the

previous tast saquence.

Thig was followed by a further set of measurements to establish
the affect of & variation to a right upper intermediate pendant,
also subjec- to a reduced pretension of 40 kN,  Before this
adjustment was undertaken all intermediate pendant pretensions
were re-astablighed to the manufacturer's specified values and
thareafter allowed to compeusate for the reduced right upper

loading.

The full series of test results for the Fleinkopje machine are
summarised in Table 4.1. Tabls &.2 shows the results and
illustrates the extent of imbalance in maximum loads that can

oconr, because of errore in setting inivial pretensions.
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Rope Loadings (kN)

Bucket on  Empty Full
Rope Position Ground sucket Bucket
Preloads as specified
Lefr Top 290 51% 882
Left Bottom 438 719 1082
Right Top 248 471 810
Right Botrom o6 637 1006
Left Upper Imter. 260 320 379
Right Upper Inter. 6) 320 195
Lefr Lower Inter. 285 285 202
Right Lower Inter. i 285 285 285
Preload reduced on right lower intermedia“e
Left Top 255 494 872
Left fottom 402 (1.3 1084
Right Top 225 433 861
Right Botrom 374 630 1010
Left Upper Inver. 212 285 395
Right Upper Inter. 250 3 153
Left Lower Inter. 290 299 302
Right Lower Inter. 164 244 244
Preload reduced op right upper intermadiate
Left Top L2236 56 801
Lefr Bottom 395 666 1034
fight Top 205 412 738
Right Bottom 368 6319 971
Lefr Upper Inmter. 261 19 395
Right Upper Inter. 21 296 383
Left Lower inter, L 284 267 284
Right Lower Intoer. 284 287

290 I

Table 4.1 Field Test Results for botb 'ipper Main and

Intersediate Suspension Pendants as measured or
the Kleinkople, Bucyrus Erie 1570W Dragline
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Reo LELS l Percertage Variation 2
Position lcad Case 1 Load Case 2 Load Case 3
( Left l Ri nr Lefe ] Right Left [ Right
Top 290 248 519 471 882 810
(Al (35,7 24,7
Bottom 438 366 1y _637 1082 1006
728 614 1238 1108 1964 1816
1,7
Pralosds reduced on Right Lower Intermediate
Top 255 225 494 433 872 v
[37.81 [ee,7] [35:7) 35,5 26,1
Bottum e 34 683 630 1084 1010
&57 599 1183 1062 1956 1820
IERA 11,3 801
Pralosds reduced on Right Upper Intermediate
Tep i 236 205 456 412 801 738
674 ] 35,11
Bottom 395 368 666 638 1034 71
631 573 1122 1051 1835 1709
10,17 58]

‘L‘nbh &2 Exveoax of lord isbalunce in Upper Main Suspension Pendsnts due to & varistion in vetting of

intermediste jendant prelosds,




CRAPTER 5§

3 STATIC ARALYSIS OF CABLE STRUCTURES

A cable assnnb&y of this form belongs to the category of
geometrically nonlinear structures, because they are structursl
mechanisms, the stiffness of which depends upon the stiffness in
the cables and because the high tensile steel used in the wire
permits strains which are approximately six times greater than

those used in ordinary structural steel.

The non linear behaviour of this type of structure must be taken
into account in snalysis, since conventional linear methods will
vverest imate the displacements when the structure is stiffeniug,
and underestimate the displacements when it is softening. A
unifying approach to the analysis of both linear and mon linear
structures is to consider the determination of a system
equilibrium equation sad its solution by means of an iterative
proces+s, rhe position of eyuilibrium being reached when botb

sides of the equation are equal.

5.1 The Elastic Catenary

When freely hanging cahles are connected to & common attachment,
general linearised solutions developed to the solution of
cucenary problems are no longer adequste, and other methods of
determining cluster vesponse must be found. One possibilicy
i to use the finite element method by dividing the cable up
inte several elements, writing approximate equilibrium and
compatibilitv equatiovns for eash element, combining these into a
globul system for the comwplete pendunt assembly, and sop
27




proceeding to detecuine its response. An alternative approach
is, however, to use¢ the exact anmalytical selutious for the
elastic catenary developed by lrvine (4 in bis book, Cable
Struvtures, which in coatrast to the multi-element techniques,
represent the pendant by a single element. The potential saving
in compuler time makes this method more attractive for static

regponse culculations,

Dragline suspension pendants resist applied load by changes in
both tension and geometry. A cha-acteristic of relatively flat
suspended cables, is that smsll changes in cable length give rise

to substantial changes in cable geowetrry.

The suspended cable shown in Figure 5.1 is suspended betveen two
fixed points A and B which have Cartesian co-ordinates (0,0) and
(1,h), respectively, Thus the sapan of the cable is 1, and the
relative vertical displacement of the ends is h. The unstrained
length of cable ir +Jhere L is not necessarily greater than
(e hz)sz, althovgh it ogvioucly cannc. be mwek  Coem if
Hooke's law is not to be violated., A& point in the cable has
Lagrangian co-ordinate s in the unstrained profile (the length of
cable from the origin to that point is & when the cable is
unicaded). Under self-weight of W (= maLO) this point moves to
ocoupy its new rosition in the strained profile described by

Cartesian co-ordinates x and y and Lagrangian co-ordinate p.

X
Alo,oly

s B U1 A)

P (x.z.Pi—"‘ﬂ’/,/’

Figure 5.1 Co~ordinates for the Elastic Catenary
(Irvine (4)}

The geometric constraint to be satisfied is

(&) - (8] -
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while reference to Figmie 5.7 the balancing of horizoutal and

vertical fovees yields

du
T p H
: ;
TRy oy
dyp L6

where, owing to conservation of mass, the weight of that portion
of the strained profile shows in the figure is simply 33;30* The
vertics. resction .t the support is V¥ and ¥ is the constant

horizontasl cowmponent of cable tensiocn.

Lo
Figure 5.2 For~es on & segment of “he strained cable profile
{lrviae (43
4 tonstitutive relation that is a wmethemstically cossistent

expre 6 ion of Fooke's Law is
To= Brog SE - L

where B is  Young's modulus, ﬁa is the wniform cross=secyiosnal

ares in the unstrained profile.

The end conditicns at the cable supports A and B are

x o= G g v G pow O @ v G
& * } 2 = B p =L & = Lo

where L is the lespth of cable in the strained profile.
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Trvine now derives the paranetric on that describes the

gtriined cable proiile.

§ L A i
x(g) = o 4 -l 5 gin 17t (EX'— sin hfx
#/

v \
s \
“*‘”g‘r(a“n;/
HL ("7 ’6»9[}. 2y 1/2
vizy /2
' wog{\“ Fi\ ) b (“( ) }

5.7 Pondant Stifiness Analysis

To determine the basic load defleption . harecterisric  for
dragline susp_nsion pendants requires - an understanding of their
static and dynamic response. One way of thinking sbout this
parameter i to consider it as ressmbling the stiffness of two
springs ir series, Consider a »--ging cable in which the ends

are being etvetched apart. Some the resistunce supplied is
gecmetric, baceuse the ig being ;. ‘uced, This stiffness is
AR i

1 E&\‘?

)

The remsining stii -uss is axisl and qualified by a rerm likc EA.
1

A combinavion of rhese rwo effects A termines the respounse of the
suspens lon pendant.  Consider firstly, e pendant thet hugs
ctnsely to the chord spanaing the, termination points and is
therafore taut and wtraight, Such s cable must stretch to resist
applied load, but this stretching is  of the second order in the
additional deflection, so that firdt order changes in tension are
abpent, Op the other hand should there be appreciable sag ‘n the
Ty typical of metal cable
h generated to the

catenary then the relative insxt

manifegres itsel®. Addivionel s




£ order, because the loaded pendant can .opt a new profile
that does 7ot o rily depend on changes in cable length for
its sxisteocs. Somewhere between these two limits upper and

lower mein suspension pendants will be found to operate.

The resulting load deflection characteristic for an upper main
suspension. pendant is plotted in Figure 5.3 and is based on a
nominal length of 62,176 a.

§1.54

\&

RESS e

PENDANT SPAN (M)

81,34
612
1.1
104
¥ ¥ i ¥ T ¥ T T T ¥ T ¥
W 2 0 W0 %00 800 00 iy %00 1000 00 1200 O
STRAND TENSION {KkN)
Figure 5.3 Load Deflection Characte:istic of an Upper
Main Suspemsion Pendant
3.3 Model Deveiopment

The cabie support structure will be analysed av a single entity,
and the analysis proceeds on the assumption that its top and
bottom chords do nor  react independentiy, The relatively small
weight of the cabi. has been included, so that the free hLangiag
geometry is specified by the cable tersions, the position of the
link snd the span. The small longitudinal movements of the cable

stryctirey ssspciated with the vertical movement of the structure
under load, must be allowed to occur freely. Bven though the

srrantural response is  in  general novlinesr, it is
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i

nonetheless elastic, 8o losding sand cnloading follow the same
curve. Therefore the procedu.cuy are unsffected by the signs of

the imposed increments.

Congider & cable support structure anchored in rigid supports, ae
shown in Pigure 5.4, Suppose that under ar applied vertical loed
the shear force at soms cross section x along the span is §.

Then from the vertical equilibriup as defined by Irvine, it is

clear that
(H, +h) 22 (2 +w) 4 (B, +h) 2 (T 4w =S
" w dx ‘Tu 1 17 dx 71

whare Hu and Hl are tt2 hovisontal su.ponents of the tensions in
the top and bottom chords, respectively, hu and hl are the
<dditional horizontsl components of cable tension owing to
applied load, z“ and zl are the initial profiles of the chords,

and w is the additional vertical deflection.

tnu-xue«ds;.a“-m

. . W
] m,nsﬁﬁm
) VEATICA, GOUSLIBRIUM AT & CROSL - SECTION

Figure 5.4 Baquilib..um of a rigid support cable truss

(Irvine 4)

The internsl equilibrium of such an unloasded structure can be

exprogged by

iz de
i {2 g [t
* \ax Fex
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Although the drapline upper main suspensicn attachment at the
boom point box may be comsidered to approximate a rigid support,
the Tower end of the pendants are connected at the mast head oy
means of a rotatable link. This therefore necessitates some
modification to the genersl appreach given above, in that the
pendant profiles cannot be assumed to adopt uniform profiles even

under equal length conditions.

Considering now the determination of an equilibrium equarion for
the dragline cable support structucre over the desired range of
dragline boom loading. For the mechaniss shown inm  the
accompsuying Figure 5.5, the relarionship between link geouetry
and motion can be found from consideration of the applicable

geommtric runctions to be:

Gea v Ccon p-Dsin B
Cey v Ceonpedunp
Oyg » Goos §-Ccoa
byy » deon p-Coinp lw»‘f

BM v My -V (o B-baln P, io sing o b cas p)
CW e ess padeinp)-H ld conpo € sn Pl
cGacoe prO

Figure 5.5 Equilibrium of the Upper Main Juspension

Pendant support system

1f the chorde arr conoidered to be elastic cateneries, aw
developed in the prev.ous rection, the internal equilibrium in
the initial profile is satisfied by the fo)lowing dimensionless
quant ities
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&
Fep #R=V,

-Gk e *copg

* bR, mH, 4Dy, v ¥y v Bxyp > Hp % Dy

where the horirzontel and vertical components ¥ and V of the
tension at *he upper end of the initial proiile have been

determined from the implicit equations

- TR 5
span © 523 + ?39 gginhwlf ¥ }“ gin h_l V/Y;E
EA Vo | L B

. ) 2172 ERYZ
w2y oy, M Ty V(i
Ea [ i 'L* N J VoM

(For caleuletion purposes the inverse hyperbolic sine has been
veplaced by its logarithmic represen:ition, narcly,

2)1/2

sin M = 1 (x » {1+ = )

The functisaal constraints which heve to e satisfied in the

design sclution are:

Y

2
- i ¢ w
o= ] \Hu + Kl) + ‘VUZ - gzz G)

where G is the veriicel ~omponent of “he mase of the ink acting
at its neutral axis snd
Vu2 s Vv -~ @l

Vi, ® Vl ~ mgl

whers mgl is U 1f-weight of the cable from the origis of the

upper support . the horizontal tengent of the cstenary ard the

subgeript vefars to the lowver cable support.
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where T represents the maxiwue cable tension acting at the upper

support.
Regional constraints, whirh thave to be satisfied in the design
solution due to the fixed geometry of the uppur support of the

cables are:

Hogrizontal resiraint

: span 1 + M, - span u n:n
1
Yertical restraint

Dy o=y v Dy, = by By

where Dx and Dy vepresent “he sperific locatrion dimensionr of the

perdanty at the boom point Lox.

5.4 Computer Soloutiom

Bvery vomplex desi,i problem has its own univue characteristic
that make it a special challenge o traditional optimisation
algcrithma, It was therefsre necessary to try a number of
commereial suftwsre programmes to determine the bast algovithm to
#uit this  parricilar problaem. Theoretinally, the minimisation
can take place along any defined decent wvecror, In thisg
optisisation, the method of steepest descent war found to De

practical.
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The software prograzme “Bureka”, availab from Boviand (5),

minfuises functions by the steepest descent .ethod, The solution
path goes from the initial point to the constraint manifeold erd
then lies ot the constraint manifold until convergence is
achieved, The marifold of points has a Riesannian metrie, which
is derived from the Hessian of the function beung minimised., The

constrainta sre =  enforced by means of a user defined penalty
function.
5.5 Convergency Criteria

A number of different convergency criteria wmay be used to
terminats the iterative process. In the structure under
investigation the method used is to evaluate each side of the
solved equation individually and then compare the two sides; the
difference between the two resnlv: should iceally be O, However,
in practice, the most accurate criteria on which to judge when

the problem had converged to a sufficient degree o7 accuracy was

when the ch in displ t of the hovize~*- and wvertiral
regional constraiits were at a minigum. Fo. purpose of
degign, suffizient accurr:y was assumed to be ach. , when  the

difference in equilisriun was reduced to between (,01 perceat and

0,1 percent.

5.6 Summary of Iterative Procedures

The main steps in  the iterative process in deverminieg the
magnitude of pendant tenslons of specified lenyt'.. to achieve

structural equilibrium may Ye summarisad as ‘ollows.

First bafc-e he sturt of the itecstion scheme:

{a) Specity the intoal problen consoointa
- Frirtion Cowff ot
- Yotal furce om Link (Sperific Load Cazg)

Pendant lengths as determined by supplier.
36
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{4} For the purpomer of initialisation, estimate each pendant
load and individually calculate the two components H and V
of the tension at the upper end of the profile from the

impiicit equations.

HL vL / /
o M| RNEA -1 fw.:\l
Bpan ® gee 4 e o oginh ( = i- gin b -
LY v | \H) \\ s
2.1/2 2.3/

)

WL 4 5 "L 3\ /
e fV 1Y 5 | v -4\
L ia 5;‘7[(“&1) >"(“(“ﬁ”} i

{a} Enter the derived Hu, # Y ¥, ss initialisations.

1t e 1
f4}  The nominil  wertical distances lbetween the  pendant

attachments b“ h, are sntered ae specific zomstraints.

1

The steps in the iterstive procedure asre then as follows

Srep 1 Solve for the total system reactions and check if the
problem hes converged, If the displacemgrt in  the
regisnal congtraints is less then 0,1 percent stup ‘he
caleulations and prist results if not, preoceed to
Step 2.

Step 1 Update the initialisation of H“. H v fl #8 well as

1" T

the individunal pendant tensions from the calculated
regults of tha previous caleulation. Change the
nominal vertical distances hu hl from constralnts  to

inirdalisations,

Srey 3 Repeat the above iterstion by returning ts Step 1.
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CHAPTER 6

8. RESULTS AND DISCUSBION
6.1 Iantermediats Buspension Pendants
§.1.1 History

In 1977, soon after the introduction of Bucyrus Erie 1370 W
draglines into the local coal mivcing industry, problems developed
in the termisations of intermediate suspension pendsnts. The
original manufacturers design of the terminat.on failed from
bending fatigue due to a "dogs-leg" desiga. As a result of this
the design way changed to a system utilising straitht bolrs.
Unf{ortunately these too suffered from bending fatijue problems in
apite of improved materials. During 1985/86 an investigation (

inte these repeated failures came to the couclusion  that
significant bending stresses were present in the terminations,
due to imperfect seating of the nuts of the preloading bolts on
the socket bridge piece. As a result of this investigation, the
rermivation design was refined te include parullel wmachined
besring faces and also ensured that the bolt holes were normal to

the bearing faces,

This revised c‘ermirstion greetly reduced the incidence of
failures of the terwinstions of intermediate suspension pendants,
but has not in all cases produced an sdequate service life, The
same iavesrigation into preloading bolt failures also identifind
axial forces in the boles grester than the design losds. This
was, however, aot pursued snd the source of the overloading and
its cousequent galdist-ibution of loads allowed to continue.
k1.)




6.1.2 Pattern of Load Variation

Typical chart records for the ianer snd cuter bolts of tha laft
hand lower intermediate are shown in Figurs 6.1, These
measurements were obtained from the investigation into ‘the
failure of the preload bolts referied to under Secticn 6.1.1 on a
second machine, They are however belioved to be representative
of the pattern cf load variations present during normal rmachine

operation.

TENSION INNER BOLT

Figure 6.1 Pattern of Lower Intermediate Pendant load

Variations (Fry (6))

Thay illustrate that during & swing cycle the losd variations are
fairly repestable. During digging, vibration of the tboom
(induced either by impact a® the bucket is released or .etrieved,
or by drag load variations) causes oscillations in rop ic

about the mean static tension level. Average pendant . sad
incressec as  the bucket ir hoisted and the dragline swiage,
maximue loads being schieved during the simultarecus sewing/hoist
cycle. OCenerally the meximum repe load occurring for any uyele
will correspond to the pesk lavel reached during the boom induced

oseillationg towards the end of the hoist cycle.

Additional load components are induced as 2 result of lstiral
vibration of the ropes ut & frequency of abour 2,5 M, H“san
axial loed in the rope is wsignificently affected by this
vibration.
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6.1.0 Load Measurements of Intermediate Suspsreion Pendants

Mpagurenents of static rope losds were undertaken with a view to
astablishing the snfluence of intermediate ‘ratic prevension snd

ity interactine on the redundany pendant syste~

The wanufacturer's cowputer anslysis used in siz +,; the boom
chords and suspension pendaats, only utilises a single usenber to
gimulate the two rvight-hand upper main pendants and & = ngle
member to siuulate the leftr hand pair. Therefore this approscr
does not allow for the caleculation of a differential load in
direct compacison with the measured values, With the simple pin
connected design no consideration was given to any differentisl

in loading occurring in the programme output

Recognising these deficiencies the manufacturer's design analysis
pradursd  the following results for direct comparison  with
meagured values from tha Kleinkopje dragline. The measurement
reehnique rilised both sgtrain gauged sockets and pressure
rapdings frow the intermediate pendant prestressing equipmert, as

diseuvssed in Section 4.7,

Load Caco 1
Calenlated Measured Variation

Pendant Location Loading (kN) Loading (kH) (kN

Upper Mains 260 ) ‘aversged) +7%,0

Lower Intermediate 285 ! eload) -

Uppar Intermediare a0 {260 (prs oud} - |
L J
1 i i
Foqd Case 2 ! { !
| Celculatad Measured | Variation
| Pandant Location Losding (kN) | Loading (kN) | (e}

! ' j
| pper Maius 536 586 (avoraged)|  +50,0

wower Intermediate 327 220 ; 7.6 |

% Upper Irtermediste Wi 285 ~7.0 |

i

Teble 6.1 Compar'son between the dragline manufacturer‘s
cal alated loads and the loeds for the upper main
sugpengion 4 weasuraed or the Kleivkepje dragline.
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6.1.4 Xffect of Variations in Pendant Static Prelosds

To anal,se and assess the sceuracy of the pendant losd messuring
for the specific veristions in setting initial tension, as
arplied to the irtermediate pendants of the Kieinkopje dragline,
and their consequential effec it on the upper main peudants

roquired the following analysis.

Conaider & Jiagram of the boom supportad at i.s pin, lower
intermedisres, upper intermedistes and upper mains, as
iltustrated in Fijure 6.2. The . w of the products of each
pendant load and its woment arm about the boom foot pin wmust
remain constant for sach of the distinet load conditions (bucket
on ground, empty bucket and full vacket). Therefore the ffacts
of variations in intarmediate perdant preloads can be a :sged
against those cslculated for individual load coses ot e

specified rrelosds,

#ffective strand tensions ir respect of the fleet angle of the
pendent s from tha plane, perpendiculor to the boom feet, are as
foliows for the Kleinkopie dragl ne gmometry. Lower intermediate
(8,285 deg) is equivalent to 98,956 percent of measured tension
effective in resisting front end moment, upper intermediate
(5,575 deg) is squivalent to 99,527 percent and the upper mains
at 0 deg are 100 percent «ffect ve. The welculsted movent arms
vf the pendant lines about the boom foeor ping are: 1 ower
intermediate 32,004 m, upper inturmediate 42,766 @ and upper main
40,455 m.

Ir this analysis the reference moment about the boom foot pins
has been Jutermined from the pendsut vensions, derived from the
dragline manufarturers computer wodel of the boom. For example,

congidering load case 1,
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Pendant No. of Nesign Moment  Percentag: Moment
Location Pendants Loading kN. /irs a Effective kiom

Upper Mai.. & % 250 * 40,465 * 1,0 42084
Lower Inter, 2 * 285 * 32,004 & 0,989 18052
Upper Inter. 2 * 260 * 42,266 * 0,998 21874

Reference Moment 82010

This can be 3igessed against a aoment derived froa the pendan®
tensions established during the field teasts, Consider the

ceduction in prelesd cf vhe right lower inrermediate.

Pendant No. of Dagigr Homent Percantage Momant
Locution  Pendants Loading kN. dram Efiective kNm

Left Top 1 * 255 * 40,465 * 1,0 10319
Left Bottom 1 2 402 * 40,685 % 1,0 16267
Right Top 3 * 225 * 40,465 * 1,0 9103
Right Bottom 1  * 174 * 40,465 § 1,0 15134
Ur «r Hains 50825
Lefr 1 * 212 * 32,004 * (,989 6714
Right i * 250 * 32,004 * 0,989 7917
Lower Inter. 14631
Lafr 1 * %0 * 42,266 * 0,995 12199
Right 1+ 260« 42,256 + 0,995 10264
Upper Inter. 22463

Measured Moment 87219

Thig represents a 93 percant correl-tion in messured 1loead

accuvracy with that of the manufacturer's computer model.
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M 1 longd e & iunes in this wanner for both load
caser 1 and 2 in rospsct of the 40 kN reduction to upper and
louwar intermediste pendantz as well as at the specified prelosds
is listed in Table 6.2.

Laad Case 1

T
Preloading Reference Messured Correlation
Coniition Moment kNm Moment kNm
As Snecified 82010 94230 0,87 ]
Riglt Lowsr Reduced a2010 87919 0,93 %
Right Upper Reduced 820.0 86984 0.94 ‘
Load Ceae 2
Pralosding Reference Massured Correlation
Condition Homent kNm Moment kNm
As Specified 132 036 139 905 0,94
Right Lower Reduced | 132 036 133 994 0,99
Right Upper Reduced | 112 03§ 131 410 0,99

Table 6.2 Upper Main Suspension Losd Accuracy Analysis

Table 6.3 shows the yesults from the msnufacturers’ boom model
for a deviation of 7.0 kN from specified prelosds in both
intermediate pendants. It . . ustretes the imbalsnce in maxipue
1oedy nhich cam occur, in respect of load case 1, because of
errors in sstting initial cenmions in i diate perdsnts.




Decressing lower Intérmediste Tansion (Load Case 1)

Design Celculated Varistion
Pondant Location Losding (kN) | Loading (kN) ()
Upper Hain 260 254,4 -5,6
Lonar Intercediate 85 277,64 (reduced)} -7.6
Uppar Intermediste 260 276,1 +15,1

Decreswing Upper Interaediste Tension (Losd Case 1)

Degign Calculated Variation
Pandant Location Loading (kN) | Loading (kW) ()
Upper Mairse 260 260,36 40,76
Lower Intermediate 285 284,4 e,
Upper Interrediste 260 252,4 (reduced)| ~7,6

Table 6.3 Resultant losd share interaction of dragline upper
main suspension produced by & variation in esch
intermediste pendant as determined by a model of boom
geometry. (!.per (10))
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2.1.% Tond~deflection Cha: intics of I diste
Pendante

Computations were undertaken on the load-deflection
characteristics of the in.srmediate pendant systene for two bssic
reasons. The first was to determine the combination of effects
wvhich d ine the P of the pendant. For example, should
there be apprecisble sag in the strand following preloading, the

relative inextensibility of the metallic strand is menifest and
additionsl tension can be generated by reduction of the span/sag
ratio, which does not ily depond on ch in strand

length, The d rerui was to 4 ine which factors
vontributed to the observed non~uniform load sharing between left
and right-hand sides of the boom suspensicn system.

The analysis took into account elastic rope stretch, wpan
geometry and difference in elevation of the pendant asttachments.
It developed the variation in the horigzontal distance betveen
pendant asttachment points for various pendant loads. The
resulting charscteriszic is plotted in Figure 6.3 for lower
intermediste and Pigure 6.4 for the upper intermediate pendants.
This has been based on the existing 57 ma dia 146 wire bridge
strand with an effective modulus of 171,7 x 106 kPa and nominasl
lengthe of upper intermediate 41,815 n and lower intermediate

27,578 .

6.1.6 Tactors affecting the ssymetrical distribution of load
in the drsgiine hoom support syetem

An anslysis of the mcasured pendant tensions in associstion with

the 1nad doflection characteristics has been used to examine yome
of the factors, which could possibly affect the degree of load
shering betveen the left and right-hand boom  suspension
asgunblies,







ad

o

The asymetrical distribution of load, cunfirmed by the tests on
both the upper main sugpension as well as the uppar and lower
intermediat > suspensions, is conuidered the result of tne or more

of the following pendant veriatio.s.

1., The difference in the distance betwesn pendsnt attachment
puintn, where the pendant “engths are identical.

2. The effect of diccrepsncies in the preloading of
interpediate pendants,

4. The effect of differences in overall svifinmess of the
pendants, as a result of somo variation in either the
geopetric and or axial response of the elagti. cstenary

pendant.

4. A difference in unstrained straad leagths, but with the same
total distance between attuchments. The coapensation in
strend length being accommodated by the standard take-up
incorporated in the pendant preicad terminatvion,

"he resul e of the caleulations for conditions 2, 3 and 4 with
typical assumed varistionms in the parameters under consideration,
are superimposed on Figures 6.3 ard 6.6, For both upper and
lower intermediate pendants the overall stiffnese, following the
epplication of the preload teusion, resultz in a taur flat
strand. Under this condition all additional tension :& generated
solely by the axial extension of the strand, as the sag has been
reduced to a very small value, therefore no sdditional resistance
can be obtained by reductions in the zatemary profile. In other
words the overell stiffness of the pendant is equel to its
wlastic griffness. In the sxample illustrated in Pigures 6.6 a
reduction in preload of 4" kN is insufficient to reduce the
operating soint of the load-deflection characterictic inte the
lower, non~linser vegime of the curve. Errors produced in
setting preload tensions therafore maintain & constant value
throughout the tension range.























































































































































