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Abstract The Five-hundred-meter Aperture Spherical Radio Telesd@AST) is
supported by a cable-net structure, whose change in shags te a stress range of
approximately 500 MPa. This stress range is more than twieestandard recom-
mended value. The cable-net structure is thus the mostalrdand fragile part of the
FAST reflector system. In this study, we first search for a nag@ropriate deforma-
tion strategy that reduces the stress amplitude genergtdtelprocess of changing
shape. Second, we roughly estimate the tracking trajectothye telescope during its
service life, and conduct an extensive numerical invegtigao assess the require-
ments for fatigue resistance. Finally, we develop a new tfsteel cable system that
satisfies the cable requirements for construction of FAST.

Key words: five-hundred-meter aperture spherical radio telescope tiguiaresis-
tance — astronomical techniques and approaches — cab#traeture — finite ele-
ment

1 INTRODUCTION

The Five-hundred-meter Aperture Spherical Radio Teles¢apbreviated as FAST), one of the key
scientific projects that was part of China’s 11th Five-ydanPwas approved for construction by the
National Development and Reform Commission on 2007 JulyFAGT will make observations at
frequencies from 70 MHz to 3 GHz. The design resolution anidtpy accuracy will be2.9” and

8" respectively. To achieve these technical specificatidresidot-mean-square value of the out-of-
plane error of the reflector should be no more than 5 mm (Nah 203, 2011).

According to the principle of geometrical optics used by FA8lustrated in Fig. 1), the sup-
porting structure of the reflector system should be capabferming a parabolic surface from a
spherical surface. This is the most prominent special requént of the telescope beyond those
of conventional structures. Staff at the National Astrogo@bservatories, Chinese Academy of
Sciences, have been carrying out a rigorous feasibilitglystf critical technologies since 1994.
More than 100 scientists and engineers from 20 institutieae been involved in the project. An
extensive comparative analysis of several design planth&supporting structure of the reflector
system was performed (Luo et al. 2004; Lu & Ren 2007). An Arediype plan was selected be-
cause a cable-net structure can easily accommodate thdeotopography of Karst terrain, thus
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Fig. 2 Concept of the adaptive cable-net structure.

avoiding the need to construct heavy civil engineering wdr&tween actuators and the ground (see
Fig. 2) (Qian et al. 2005).

Later, an extensive numerical comparative analysis wasmmeed among several different cell
types, such as three-dimensional cells, Kiewitt cells asmbigsic triangular cells. Geodesic triangu-
lar cells were selected because their stress distribusiomore even (Qian et al. 2005; Jiang et al.
2013).

The cable netis comprised of 6670 steel cables and apprein?225 cross nodes. The lengths
of cables range from 10.5 to 12.5 m, the total weight of theés12800 tons, and the cross sections
of the main cables have 16 different areas ranging from 28@1® mn?. None of the cables are
connected, allowing us to set their cross sections acoptditheir loads.
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The outer edge of the cable net is suspended from a steel eany vhose diameter is 500 m
(see Fig. 2). The cross nodes of the cable net are used aslqmitrts. Each cross node is connected
to an actuator by a down-tied cable. By controlling the atttuasing feedback from the measure-
ment and control system, the positions of the cross nodebeatdjusted to form an illuminated
aperture having a diameter up to 300 m. This illuminatedtapemoves along the spherical surface
according to the zenith angle of the target objects (seen8 S in Fig. 1).

The above description clearly indicates that long-termeolegions by FAST will lead to the
long-term and frequent process of changing shape in the-gadilstructure. Previous research has
shown that such a process of changing shape introducessa stmrege on the order of 500 MPa,
which is nearly twice the standard recommended vaftié. The cable-net structure is thus the most
critical and fragile part of the FAST reflector system.

To improve the reliability and service life of FAST, the peas work, on the basis of the final
design, searches for a way to reduce the stress range actitigeacable during the process of
changing shape and develops a new type of cable system wtithhigjh fatigue resistance that
meets the requirements for operating FAST.

In Section 2, theoretical and numerical methods are usedaxels for a more appropriate de-
formation strategy that reduces the stress amplitude gesteby the process of changing shape.
Furthermore, we roughly estimate the tracking trajectdihe telescope during its service life, and
conduct an extensive numerical investigation to assessetiirements for fatigue resistance. In
Section 3, extensive experiments have been performed faretif types of coating strands, and a
detailed design of the anchor system has been investidatelly, we develop a new type of steel
cable system that satisfies the cable requirements forroatisin of FAST.

2 OPTIMIZATION OF THE DEFORMATION STRATEGY

2.1 Analysis of the Main Influencing Factors

In general, the illuminated aperture is a parabolic sutfat®se profile can be expressed as
2= 2py+ec. (1)

The variables and parameters of the problem are the weigheaéflector element, the density of
the cablep, the elastic modulus of the cahig the cross-sectional area of the calllethe geometric
parameters of the illuminated apertyrandc, the diameter of the illuminated apertufethe radius
of the cable-net structur®, and the diameter of the ring beath The stress amplitude can thus be
expressed as

Ao = f(w,E, p,A;,p,c,D,d,R). (2)

Among these governing parametefs, d and p have independent dimensions. By applying the
Buckingham-Pi theorem from dimensional analysis (Bar&tili996), we obtain

E_H wAQﬁQE 3)
b B4R dd

In our final designw, d, R, D and A; are already determined; the weight of the reflector element
is approximatelyi 7 kg m~2, the diameter of the illuminated apertutés 300 m, the radius of the
cable-netR is 300 m, the diameter of the ring bedmis 500 m, and all cross sections of the cable

1 1S015630-3 2002, Steel for Reinforcement and Pre-strgssfiConcrete Test Methods — Part 3: Pre-stressing Steel,
Int. Org. for Standardization, Int. Org. for Standardiaati

2 Post-Tensioning Institute 2001, Recommendations foreahle design, testing and installation, PTI, Phoenix

3 Federation International du Beton 2003, Recommendationthé acceptance of stay cable systems using prestressing
steels, FIB, Lausanne.
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Fig. 3 Relative positions of the parabolic surface and the basiersgal surface in three previously
proposed deformation strategies.

A; have been determined according their loads. For a steed,gaisl approximatelyr850 kg m—3.
Thus, Equation (2) can be simplified as

¥oNIGH) @

Furthermore, the nodes of the outer edge of the cable netxakth the ring beam and, in contrast
to the case for the other cross nodes, their positions cdimatljusted by the actuator. To expand
the observation zenith angle as much as possible, the algera the illuminated aperture should
coincide with the basic spherical surface. Only then carotiter edge of the illuminated aperture
arrive at the outer edge of the cable net. Under such a camstre can derive that

¢ = 22500 + 2p\/67500. (5)

Equation (3) can then be further simplified as

T ®

The elastic modulus of steel cable is about 200 GPa, and teuerily variable remaining in the
implicit function of Equation (6) i /d, which is the focal ratio of the telescope.

From Equation (6) we know that the fatigue stress range oftdecased by FAST is most
dependent on the focal ratio of the telescope. A differecafeatio would lead to a different relative
position between the illuminated aperture and the basieeplarhich is directly related to internal
forces of the cable net and stroke of the actuator.

In our earlier work (Jiang et al. 2013), we proposed threemheétion strategies, namely strate-
gies I, Il and Ill. The relative positions of the illuminatagerture with respect to the spherical basic
plane in these three strategies are shown in Figure 3.

Among these strategies, strategies | and Il respectivelg tree shortest actuator stroke and the
minimum peak distance from the illuminated aperture to thsidspherical surface. The actuator
stroke is approximately 0.67 m in strategy | and the maximeiation is approximately 0.47 m in
strategy Il. Strategy Il is based on the principle of equalengths; i.e., the profile arclength of the
illuminated aperture is equal to that of the spherical bpkoe. The focal ratios corresponding to
these three strategies are respectively 0.4665, 0.4610.463.
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In the preliminary design of the FAST cable-net structuefpdnation strategy | was recom-
mended as the preferred control scheme simply becausetitdalsortest actuator stroke. Obviously,
it is unreasonable to omit the fatigue problem in the optatian of the deformation strategy, espe-
cially in the present case where stress range is of the ofd&&0oMPa.

The present work thus establishes a relation between tta fatto and deformation stress
range. By considering both the actuator stroke and streggeraf the cable, we can reconsider
our recommended deformation strategy for FAST observation

2.2 Simplified Analysis Method

We use ANSYS software to build a finite element model of th&esupporting structure, which is
comprised of a cable net, down-tied cable, ring beam and siléser (see Fig. 2). Link10 elements
and beam 188 elements are respectively used to simulatespernse of the cable-net structure and
the steel ring beam structure.

When not in operation, the FAST cable net should hold a sphlshape under the combined
loads of gravity, initial stress, and the down-tied cable.dErive such a state, inverse iteration is
applied. When FAST is making observations, the deformairosedure for forming the illuminated
aperture from the spherical shape can be simulated by einglayconventional iteration method.

According to the working principle of FAST, the motion of tkable net cross nodes during
the process of changing shape is very slow. If we define theece the sphere as the origin of
coordinates and take the observation direction as the prisrthe polar equation of the illuminated
aperture can be expressed as

sin® 0 - p — 553.294 - cos 0 - p — 166250 = 0, 7)

wherep is the distance from the cross node to the center of the spineleis the polar angle of the
cross node (see Fig. 1).

In the process of changing shape, the tangential displateof¢he cross node is negligibly
small. The velocity and acceleration of the cross node cam lie expressed as

d
v(0) =4 @ -

(8)

The tracking angular velocity of FAST is 15 degrees per hSubstituting the angular velocity into
Equation (8), we find that the maximum speed of the cross rode imore than 0.58 mnT$. Thus,
the process of changing shape for the FAST cable net is ajppated here as a quasi-static process.

According to the operating principle used by FAST, the ilinated aperture center is restricted
within a certain region as shown in Figure 4. This region aom#t 550 cross nodes, with the interval
between any two adjacent nodes being no more than 12.5 mhwapjeroximately corresponds to a
central angle of only 1 degree for the 300-m-radius refle¢hds interval is much smaller than the
illuminated aperture.

We assume that the distribution of the 550 discrete poirgsfficiently dense, and any possible
observation state is approximately equivalent to one ob8tkedeformation states whose illuminated
aperture centers correspond to these 550 cross nodes. dakstpess range of each cable can then
be easily derived from simulation results for the 550 defation states.

To verify whether the distribution of discrete points isfatiéntly dense, comparative analysis
was performed for deformation strategy Il using the abovatineed 550 discrete points and a
denser distribution of discrete points. In the latter céise discrete points not only include the cross
nodes but also the mid-point of each cable and the middle df g&@angular element; thus, more
than 2200 deformation states need to be simulated for the@ioemation strategy.
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Fig. 4 lllustration of cross nodes used as discrete points to itestiie continuous trajectory path
of the illuminated aperture center.
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Fig.5 Comparison of the simulation results of deformation sgwié obtained using 550 and 2200
discrete points. (a) Result obtained using 550 discret@gdib) Result obtained using 2200 discrete
points.

The calculation results derived using the two sets of diequeints described above are shown
in Figure 5(a) and (b). The peak stress ranges derived usidgid 2200 discrete points are respec-
tively 488 and 491 MPa, with a difference of less than 1%. Westhssume that using 550 cross
nodes provides sufficient accuracy in our case. The subseguek in this paper is based on this
assumption.

2.3 Analysis Results

Employing the same procedure used in the previous sectienpéak stress range generated by
several deformation strategies with different focal rmtian be derived (see Table 1). The peak stress
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Table 1 Comparison of the fatigue stress range of the cable and tbkesbf the actuator when
employing different deformation strategies.

Focal ratio 0.4603 0.4611 0.4613 0.462M.4621 0.4622 0.4633 0.4665
Maximum stress range (MPa) 512 488 482 462 455 460 488 547
Actuator stroke (m) 0.9890 0.9450 0.9341 0.8966.8914 0.8861 0.8291 0.6741

range, taken as an analytical factor, is obtained for difiefocal ratios. The simulation results reveal
that the stress range has a minimum value of 455 MPa when ¢hérfitio is 0.4621.

To verify that the optimum focal ratio is 0.4621 for the fatggproblem of the cable net, focal
ratios of 0.4620 and 0.4622 were also investigated. Thelatinn showed that the peak stress ranges
when employing these two deformation strategies are réigpc462 and 460 MPa. Both of these
are slightly higher than what results when employing theodwftion strategy with a focal ratio
of 0.4621. Therefore, we have reason to believe that thermbefiion strategy with a focal ratio of
0.4621 is very close to the optimum deformation strategyrttathe minimum stress range.

It should also be noted that the actuator stroke in the glyase0.89 m, which is 50 mm less than
that in strategy Il. By comparing the stress range and aotisaitoke of the deformation strategies
(see Table 1), we recommend a strategy with a focal ratiod§Z1L for application to FAST.

3 ASSESSMENT OF FATIGUE RESISTANCE

According to the working principle of FAST, the problem ofifpie in the cable-net structure arises
from the process of changing shape. The stress-time hisfdhe cable would directly depend on
the trajectory of the illuminated aperture. Therefore,ghesent work on the assessment of fatigue
in the cable net structure can be divided into several parts.

First, according to the scientific goal and observation rhotlthe telescope, we roughly plan
the trajectory of the illuminated aperture for a service 6f the telescope that is 30 years.

Second, employing a simplified finite element method, thessttime history curve of each
cable is derived from the trajectory of the illuminated adpes.

Finally, using a reasonable mathematical statistical ntetb deal with the stress-time history
curve of the cable, we can count the approximate numberigifatycles for each cable.

3.1 Planning the Observation Trajectory

Regarding the scientific goals of FAST, types of observatioade with the telescope can be divided
into five classes: pulsars, neutral hydrogen, moleculartsgdines, very-long-baseline interferom-
etry and the search for extraterrestrial intelligence. ®hserving mode can then also be divided
into three types: pulsar searching and monitoring, netilydrogen large-area and small-area scan-
ning, and other observations. We assume that each of thesetyipes of observations accounts for
one-third of the observation time.

According to unofficial statistics for the first half of 20G8¢ observation uptime of the Green
Bank Radio Telescope was approximately 70% to 80%, and ttimemf the Xinjiang 25-meter
radio telescope was approximately 74%. Considering thept®xity of systems associated with
FAST, more maintenance time will probably be needed for FASIE thus reasonable to assume
that the FAST uptime will be no more than 70%.

Making the above assumption and employing the principleaoflomization, we can roughly
plan the trajectory of the illuminated aperture during teevice life of the telescope. A trajectory
data file is then created. The data include a total of 228 7Eenwhtions and 3410008 tracking
points. The interval of time between tracking points is 1€€ods, and the corresponding spherical
solid angle at the surface of the reflection is about 0.5 adegri@ employing the trajectory of the
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Fig. 6 Estimated trajectories of the parabolic center.

parabolic center to describe this problem, we can use MATIs&Bware to draw the observation
trajectory over different time periods, as shown in Figure 6

According to the design principle of the reflector systera,a@tige of the cable net is fixed on the
ring beam. The illuminated region cannot extend beyond @terfeter diameter, and the maximum
observation zenith angle is 26.4 degrees. The trajectaityedfluminated aperture is thus limited to
be within a certain region near the center of the reflector.

3.2 Estimation of Fatigue Cycles

It is unrealistic and unnecessary to use time history amatgssimulate the process of changing
shape. Fortunately, this process in the FAST cable net cami@ified as a quasi-static process. We
can thus simplify the continuous tracking process as asefidiscrete deformation states.

We verified that any possible observation state is appraeip&quivalent to one of the 550
deformation states. Thus, with the above 3410008 trackoigt®, the stress-time curve for each
cable can be estimated from the simulation results of thed@b@rmation states.

Currently, the rain flow count method is the most commonlydusethod to analyze a fatigue
stress spectrum (Kong et al. 2013; Fan et al. 2010). We cathisseethod to derive both the stress
range and number of cycles. A program was thus written toyathy@ rain flow count method in
processing the stress-time histories of all cables. Thebeurof load cycles for each cable is thus
derived.

The statistical results show that, in the above mention&728 observations, each cable went
through between 840107 and 1 020 054 cycles. The effect ofiéaa stress level is negligible when
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Fig. 7 Distribution of the stress cycles for a stress range exoge®h0 MPa.

the mean stress is between 15% and 40% of the ultimate tests#legth (Jeong & Sung 2000).
Our cable strength design performs well in this situatiantre effect of the mean stress is thus
ignored here.

In general, certain materials have a fatigue limit or endoedimit that represents a stress level
below which the material does not fail and can be cycled itgipi Therefore, fatigue cycles when
cables are in a higher stress range are of more concern bpegially when the stress range exceeds
300 MPa. The distribution of the number of cycles when thesstrange exceeds 300 MPa is plotted
in Figure 7.

Figure 7 shows that the stress range exceeds 300 MPa for Z70/@Rs. There is obvious
regularity in that there are more fatigue cycles in the psea# changing shape closer to the center
of the reflector. It is worth noting that the highest stresgymand the maximum number of cycles
are located near to one another.

By comparing the stress range and number of fatigue cyclesacdi cable, we can select a
characteristic cable that we recognize as having a grelaserce of failing to perform more detailed
analysis. Figure 8 shows the statistical results of the rerrabcycles versus the stress range in the
above mentioned 228 715 observations.

There arel.8 x 10°, 1.7 x 10° and1.1 x 10° cycles for stress ranges of 20800, 306-400 and
400~455 MPa, respectively. There are approximatefyx 10° fatigue cycles for which the stress
range exceeds 200 MPa. Together with the stress range b@@WPa, the number of cycles for
this cable in total comes th02 x 10° times.

4 FATIGUE EXPERIMENT

According to the above results from numerical analysis,dhlele stress range generated by the
process of changing shape is about twice the standard reended value. The designed service
life of FAST is 30 years. However, in accordance with intéioraal practice, such a large radio
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telescope would in general be in service for at least 50 yeaexibo, for example, has been in
service for more than 50 years. Moreover, the trajectori jpétthe illuminated aperture on the
spherical cable-net is difficult to estimate accurately.

For reasons of safety, the FAST project has proposed riga@ngineering requirements for the
cables; i.e., the steel cables used in FAST constructionlghme able to endurg x 10° cycles of
a fatigue test under a stress range of 500 MPa. This is a sasf@llenge for a steel cable, with no
successful experience that can be used as a referencefdrbevee start the present work from the
basic tensile elements of the steel cable system; i.e.i¢leéwire and steel strand.

4.1 Steel Wire

Previous research (Birkemaier 1980) has shown that theaaligect relation between the fatigue
resistance of a steel cable and that of its steel wire. It cessary, especially in the case of the
requirement for high fatigue resistance of FAST, to stariraestigation by focusing on the steel
wire that is the base material for the steel cable systemPoséTensioning Institute has specified
that the minimum fatigue test strength/performance of glsiateel wire should be 370 MPa under
2 x 10° load cycles.

In general, the fatigue strength of a steel cable systengusecof fretting fatigue and the non-
uniform stress distribution, is somewhat lower than thateél wire. Therefore, the above mentioned
fatigue strength of a single steel wire would be unable tisfyathe requirement of the cables that are
used for FAST. Fortunately, improved materials have becavadlable. We thus perform a fatigue
test using the Chinese domestic supply of the latest higfoqeance steel wire.

Super 82B galvanized steel wire (1860-MPa grade), marwfadtby Baoshan Iron and Steel
Company, Ltd., is selected to carry out the fatigue teshériést, the tensile load fluctuates according
to a sinusoidal pattern with a constant amplitude, and tlesstange is set at 600 MPa (from 144 to
744 MPa). The purpose of the redundant 100 MPa is to allow fedaction in the fatigue strength
after the cable system is manufactured from the steel wites specimen is 200 mm in length and
5.20 mm in diameter (see Fig. 9). The experiment loadingueegy is 10 Hz.

The experimental results show that all six specimens endure10° cycles in the fatigue test.
We thus conclude that the fatigue strength of a single steellvas obviously improved beyond the
historical value given above. However, it should be noted firetting fatigue between adjacent wires
will obviously affect the fatigue resistance. Further expental investigation of the steel strand is
still needed.
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Fig. 9 Photograph of the fatigue test conducted on a single Sugeg8R/anized steel wire.

4.2 Steel Strand

The problem of fretting fatigue is the most important facffecting the fatigue resistance of a steel
strand or cable system. We thus have reason to believe @&yl of coating on the steel wires
will play an important role. Consequently, strands witHeti&nt types of coating were tested in the
present work, such as no coating, galvanized coating, anxlyemating strands.

In general, epoxy-coated steel wire strands can be clabsifidilled epoxy-coated steel wire
strands and individual epoxy-coated steel wire strands. [atier is selected in the present work
mainly because its steel wires are individually isolatexffreach other by an epoxy coating, which
efficiently reduces the stress concentration and frictammalge on the surface of the steel wires.

All samples are in the form of x 7 strands with a nominal diameter of 15.2 mm and length
of 1000 mm. The stress range is conservatively set to 550 MRizh is 50 MPa higher than our
requirement for the steel cable system.

The tested strand was anchored by a wedge-type anchor, verécbommon mechanism used
for anchorage. The fatigue test was performed on an MTS hjidreatigue machine frame (see
Fig. 10). To eliminate the uneven distribution of stress,ghecimen was subjected to initial loading
from zero to about 80% guaranteed ultimate tensile strerigyhamic loading was then applied
between 13.12% and 40% of the guaranteed ultimate tenglegh. The fatigue test was performed
at a loading frequency of approximately 10 Hz. The resultslfiferent strands are listed in Table 2.

Table 2 Fatigue Test Results for Different Types of Steel Strandk eiWedge-type Anchor

Coating Load range (kN) Stress range (MPa) Cycles
No coating 27.28-104.28 550 3.0 x 10°
No coating 27.28-104.28 550 2.88 x 10°
No coating 27.28-104.28 550 2.07 x 10°
No coating 27.28-104.28 550 2.8 x 10°
No coating 27.28-104.28 550 1.5 x 10°
Galvanized coating 27.28-104.28 550 4.56 x 10°
Galvanized coating 27.28-104.28 550 5.58 x 10°
Epoxy coating 27.28-104.28 550 2.0 x 106
Epoxy coating 27.28-104.28 550 2.0 x 109

Epoxy coating 27.28-104.28 550 2.0 x 106
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Fig. 10 Photograph of the fatigue test on a steel strand.

Fig. 11 Wear and scratching on the surface of a steel wire acquiced & steel strand broken in a
fatigue test.

Table 2 shows that all six strand samples with no coatingéomikhin 300 000 cycles, and the
two galvanized strands both broke at about 500 000 cycles pfésent test result revealed that the
obvious reduction in fatigue resistance of these two tydestrands, compared with the fatigue
resistance of their steel wires, may result from frettirtgpize between adjacent wires. We then took
a steel wire from one broken strand sample to observe thfriat its surface.

Figure 11 shows an obvious scratch on the surface of this wtee Under repeated fatigue
loadings, such scratches are most likely to be the sourcésta cracks, and thus reduce the
fatigue strength of the steel strand.

In the case of an individual epoxy-coated steel wire strémlstress concentration and friction
damage on the steel wire surface are efficiently reduced deioxy coating between the steel
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wires. Therefore, this type of strand was found to have higigdie resistance. In our test, all three
samples of this type of strand endutee 10° fatigue cycles under a stress range of 550 MPa.

4.3 S-N Curve

The cable-net structure is the most critical and fragild pathe FAST reflector system, and the
service life of FAST directly depends on the residual fagidie of the structure. FAST has a de-
signed life of 30 years, and it is necessary to develop adatdpmage monitoring system for such
an important facility.

The S-N curve plots the basic data used in the evaluatioreddttluctural fatigue life. However,
it would be highly impractical and expensive to perform staple system fatigue tests at various
numbers of load cycles and stress ranges to establish Svdsclfortunately, a significant amount
of experience has verified that the performance of an indaligrestressing element, anchored with
the actual anchorage mechanism of the stay cable systeniecased as an indication of the ap-
proximate performance of the stay cable system (see faof2)ot

Therefore, fatigue tests for different stress ranges werpned on epoxy coated steel strands.
Here, the upper stress was fixed at 744 MPa, and differerssstamges of 550, 560, 570, 580 and
600 MPa were applied by changing the lower stress. Threelsamgre tested for each case.

The test results reveal that the fatigue life of a strand alssly declines with an increase in
the stress range. At a stress range of 600 MPa, strands tgiheoke after approximately 150 000
cycles. At a stress range of 580 MPa, the three samples batkeén 320 000 and 460 000 cycles.
At a stress range of 560 MPa, the three samples broke betwEdhQDO and 1270 000 cycles. The
relationship between the applied stress range and fatifriedn be plotted using dual logarithm
coordinates as shown in Figure 12. Employing the leastreguaethod, the S-N curve of the type
of strand investigated can be derived as

log(N) = 87.736 — 31.192 - log(Ao) , 9)

whereAo is stress range andl is the number of fatigue test cycles.
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Fig. 13 Photograph of the location of the cable test.

4.4 Cable System

For stay cable systems to achieve the specified minimumeéekirmance requirements, the stay ca-
ble anchorage systems need to be carefully designed ariibdela this work, traditional extruding
anchoring technology was improved by adding a layer of @mrshg material between the cable and
anchoring device, and the anchoring system of the cable vaasifactured by internal squeezing.

Employing the improved anchoring,x ®15.2 and6 x $15.2 cables, having effective cross-
sectional areas of 420 and 840 rhrespectively, were fabricated. The cross sections ofdestbles
were selected by referring to the actual cross sectionti@baesed in the FAST cable-net structure.
Tests were carried out at the Supervision and Test Centé&rémtuct Quality, administered by the
Ministry of Railways and the Chinese Railway Bridge Bureaoup Corporation. Figure 13 shows
a tested cable.

According to the requirements of the standards, the fremeaglength of the six cables was
3 m. To eliminate the uneven distribution of stress, the ispexa was subjected to an initial loading
from zero to about 80% of the guaranteed ultimate tensiagth. The fatigue tests were performed
under a fatigue stress amplitude of 500 MPa, maximum stregdbMPa and loading frequency
of 3 Hz. The number of fatigue loadings reached 2 million withfailure. Table 3 gives the experi-
mental results for the six cables.

Table 3 Experimental Results for Cables

Cable specifications Stress amplitude Number of cycles tiarca

3 x ®15.2 500 MPa 2 million times Ministry of Railways

3 x ®15.2 500 MPa 2 million times Supervision and Test Center
3 x ®15.2 500 MPa 2 million times for Product Quality

6 x ®15.2 500 MPa 2 million times Chinese Railway Bridge

6 x ©15.2 500 MPa 2 million times Bureau Group Corporation

6 x ®15.2 500 MPa 2 million times
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5 CONCLUSIONS

During FAST observations, the stress range generated bgridwess of changing shape is more
than twice the standard recommended value. To improve tiaditey and service life of FAST, we
carried out an extensive numerical and experimental ifyegtsdn. The following conclusions are
drawn from the results of the investigation.

(1) The focal ratio is the key influencing factor for the stremnge of the FAST cable-net structure
generated by the process of changing shape. Additionalycal ratio of 0.4621 is suggested
as most appropriate, leading to a reduction in the streggerahapproximately 30 MPa and a
reduction in the actuator stroke of 50 mm.

(2) The tracking trajectory was planned according to the aleis of the scientific objectives of
FAST during its service life of 30 years. The technical reguoients of the cables were obtained
by mathematically simulating the tracking trajectory of &R

(3) Compared with the historical value, there was an obvimmovement in the fatigue perfor-
mance of a steel wire. In our fatigue test on the Super 82B wsiiee, all six samples endured
2 x 106 cycles under a stress range of 600 MPa.

(4) Because of fretting fatigue, different types of coatorgthe steel wire surface can obviously
affect the fatigue performance of the strand. In our expeniteion three types of coating strands,
the best performance was found for the individual epoxytedateel wire strand, with all three
samples enduring x 106 fatigue cycles under a stress range of 550 MPa.

(5) S-N curves of the individual epoxy-coated steel wirarstis were derived, giving basic data for
the evaluation of the fatigue life of the FAST cable net irufetoperation.

(6) The steel cable system was subjected to fatigue testsrundtress range of 500 MPa for 2
million fatigue loadings. We thus developed a steel cab$gesy that could operate under high
stress amplitude that was targeted at the relevant tedlamganeering requirements of FAST.
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