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Abstract

A reference standard for a unit of measurement iaréfact that embodies the quantity of
interest in a way that ties its value to the referdrase The selection of an appropriate reference
standard is a crucial point in the performance evaloatif wire rope electromagnetic testing
(EMT) instrument. In this paper, a 3-D finite elemerddal (FEM) has been developed to study
three reference standards. The effects of the magmeteampere-turn, the loss of metallic
cross-sectional area on the main magnetic flux andihetsre have been addressed. Comparison
analyses have been made of the simulation results of the tfeempe standards.
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1. Introduce

Wire rope EMT instrument is an important instrumesgclin wire rope safety inspection,
and its’ testing precision effects on the result ofewinpe condition evaluation significantly. In
ASTM E 1571, a summary contend is presented to rule theepeeEMT instrument, in the item
10.3, the rod bundle reference standard is introduced to &vadhe performance on measuring
the loss of metallic cross-sectional afan practice, a standard composed of a pipe and a bundle
of rods is used; however, the wire rope is a special comparigncomplex helix structure, and
there are great differences between the reference staaddrthe wire rope; therefore, pipe
standard is just a cursory substitute, and may causea¢ioa error. It is significant to reveal the
difference between the wire rope and its substitutemsso choose reference standard in reason.
Large amount of references focus on the pipe EMT and nejre EMT®®! but few papers are
found to concentrate on the difference of magnetic perfarendetween the wire rope and it
reference standards.

In this paper, three standards have been chosessearch on their difference in magnetic
character. The FEM, the most effective method to study MIT Huestion related to more
important detail inner material, was applied to bring enough data.

Our research aims at selectimgn appropriate reference standard for Wire rope EMT
instrument. The approach is to investigate the magneticacter difference of three reference
standards: a pipe with rod bundle, a strand and a pifilizing finite element model (FEM),
numerical simulations have been conducted to investigatdiffieeence among three reference
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standards studies are also conducted to investigatéf¢ts eof the magnetizing ampere-turn and
the loss of metallic cross-sectional area on the maagnetic flux. Comparison analyses have
been made of the simulation results.

2. Theprincipleof EMT on theloss of metallic cross-sectional area

The test principle of the loss of metallic cross-sedti@mea of wire rope electromagnetic is
shown in Fig.1. The exciter coil produces enough magnetizing eteemggnetize the wire rope,

=,

exciter  measuring
coil coil

Fig. 1 Principle of wire rope EMT
then, the main magnetic flux, which passes through the crogsrsettvire rope, will be changed
significantly when flaw lies in the wire rope, the measyiriwil detect this change, finally, the
change is converted into a reason result of the loss of crosss¢etiea.
The EMT can be simplified as a magnetic resistant model as shdvigq2, wherdR;is the

Rs
| I
i S
(== =]
— -~
>y >
(== (=]

Fig. 2 Equivalent magnetic circuit of EMT of wire rope
magnetic resistant of wire ropg,; andRy; is the magnetic resistant of air between the yoke and
the wire ropeRy: andR; is the magnetic resistant of the yoRgjs the inner magnetic resistant
of the exciter coilF is the magneto-motive forces of EMT systéntan be expressed as:

F:q)l:qRy1+Ry2+Ra1+Ra2+R:+Rs) (1)

where ¢ is the magnetic flux through the main magnetic circuit.

Equation (1) leads to:
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Equation (2) shows thats determined byRy1, R, Rai, Raz Rc andRs, and it has a linear

relationship withRs when R1, Ry, Ra, Ra2 and R; are regarded as immobility parameter

According to Fundamental theory of Circuit, the magnetsistance is inversely proportional to



the cross-sectional areas. Therefore, there is a liekgtionship between the main magnetic flux
and the cross-sectional area of wire rope. In reatifldy the parameters above are variable and
the geometries of the cross-section of wire rope hayefisiant effects on the main magnetic flux
and the performance evaluation of EMT instrument.

3. Calculation and analysis

In order to analysis the magnetic difference antbaghree reference standards, a 3-D FEM
has been developed as shown in Fig.3. The scale of figjustedi to make the structure more
clear. Exciter coil was adopted to provide enough magnetic enenggdoetize the reference
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Fig. Z. Finite element model of EMT of stand:

standards. In order to enhance magnetizing efficiency, a paytinfler yokes was set between the
exciter coil and the reference standard, the referdacelard was placed inner the yoke. The air
gap between the yoke and the surface of reference stasdhmhi; the length of exciter coail is
140 mm.

The element type used in this model is solid117. Sweep modatalident mode are used
to mesh the model according to the difference of components; a t$dixateshing in Fig. 4. The
material of standards is nonlinear, their B-H curve is shown in Fig. Byaberial of yoke is linear,
and its relative magnetic permeability of material@0. The relative magnetic permeability of
exciter coil material is 1. The relative magnetic permeahsfityther air space is 1. During the
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Fig. 4. Model meshing Fig. SHReurve of standard
course of EMT analysis, designed ampere-turn currentinvpssed on the exciter coil; then,



results were obtained through a designed program; the axigonent of magnetic strength are
mapped onto a series of path. The middle cross-sectiowgshdig. 1 in 0-0’) was partitioned
into 28800 subfields, the magnetic strength of every subfreldlbstracted to form the magnetic
condition of middle cross section. At last, the total madgniix of ‘0-0’ was calculated by
MATLAB program and subsequently data analysis is also dang MAATLAB program.

3.1 Difference when imposing the same series of ampere-turns.

Three standards are chosen to analysis the diffetegteveen wire rope and its substitutes.
The strand is similar with the wire rope in structure, therefarepresent some common character
of helix structure; furthermore, analysis with straiath reduce calculation because wire rope can
result in large amount of calculation that can be beyoad:tmpetence of ANSYS. The reason
why Pipe is chosen is that solid structure may be miaseicto the wire rope therefore may be
much fitter as a substitute. Figure 6 is the cross sectithree reference standards, for the first
reference standard, the outer diameter of pipe is 15 mnhithaess of pipe is 3.35 mm, the

Fig. 6. Cross section of standards

diameter of rod is 1.34 mm, and the number of rods is 12, anddbssectional area of rod is
close to 1% of total cross-sectional area of standadthié second standard, the diameter of pipe
is 15 mm, and its thickness is 4.1 mm. For the third stantteedyuter diameter of strand is 15
mm, the diameter of wire is 5 mm, and the number of i8ifeé The area of three standards shows
in table 1.

Table 1:
Diameter | Cross-sectional arga  error
Pipe withrods | 15 140.4 0.2%
Strand 15 140.1 0%
Pipe 15 139.5 0.4%

200, 400, 800, 1000, 2000, 3000, 4000, 6000, 8000 and 10000 ampere-turn are imposed on
the three simulation models in sequence. Curves betweemaih® magnetic flux and the
ampere-turn show in figure 7. Figure 7 shows that the curves atarsiith the B-H curve of
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Fig. 7. Relationship between the main magnetic flux Fig. 8. Magnetic strength in the pipe wall

and the ampere-turn EMT of wire rope
steel material shows in fig. 5. The main magnetic flupip& is larger than that of strand, and the
main magnetic flux of strand is larger than that ofepigth rods. The reason that results in this
phenomenon is that the magnetic field in the researchiares so uniform; figure 8 is the curve
between the axis component of magnetic strength and theopasiting the outer surface to the
inner surface of the pipe. Figure 8 shows that there at@rigarea, a steady area and an end area,
in the start area, the magnetic field increase from a lowtlexahigh level; in the steady area, the
magnetic field is uniform; in the end area, the magnétid tlecrease from a high level to a low
level. This phenomena lie in every single body, so diffedesitibution of metal can result from
different total main magnetic flux; therefore, the rhetanore compacter, the main magnetic flux
is larger.

3.2. Difference when making the same loss of metallic cross-sectional area

Calculation is carried out to analysis the sensitidifference of the three standards on the
loss of metallic cross-sectional area. Two methodsapplied to create the loss of cross-sectional
area,; for the pipe and the strand, the method is cuttingamute surface metal in sequence to
simulate the wear; for the pipe with rods bundle, thenowts moving out some rods in sequence
to simulate the vary of cross-sectional area. The antpareémposed on the model is 6000, the
loss used to analysis the difference in sensihifitpss of metallic cross-sectional area is 0%, 2%,
4%, 6%, 8%, 10%, 12%. Figure 9 shows the sequence of loss of cross-sectiantileaarea
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Fig. 9. Simulation of loss of metallic cross-sectional aresaoidards




error rate of every change is under 0.1%. Curves betweendimemagnetic flux and the loss of
metallic cross-sectional area show in figure 10. Fig@esHows that the main magnetic flux is
well linear with the loss of cross-sectional area that méetdhree standards have similar

x10

=25
=3 o
eﬁ Ll — ——- Strand
E 7777777777777 Pipe with rods in it
=
©
@
c
[®)]
© e
=
E 7L e e o
=

15) . : : 8 10 12

The rate of loss of cross-section area, %

Fig. 10. Curves between the main magnetic flux and teeofdoss of cross-sectional area
sensitivity to the loss of metallic cross-sectionaaartherefore, an instrument can make similar
evaluating result by different standard. But the workioit of three standard are dissimilar, the
highest is the pipe, and then is the strand; the lowest is the pipeods bundle.

4. Discussion and conclusion

Wire rope is a special component, a common wire rope is compose of 3 oris)ythe core,
the king wire and the strand. In order to produce a wipe,rbirstly Wire screw around the king
wire and make a strand, during this period, the wire ign& helix cylinder; secondly, strands
screw around the core and make a rope, during this periedyite is 2 time helix cylinder.
Therefore, the wires are inter twisted together, and iery difficult to make exact loss of
cross-section, and the substitute must be use when evaluatirgrapgrEMT instrument.

ASTM E 1571 calls for rod bundle reference standard abstisue of wire rope to evaluate
the inspecting performance on loss of metallic cressignal area. In practice, a pipe with rod
bundle in it may be more convenient because it can unifoemotiter diameter of reference
standard and avoid some influence result from the position changesof r

It is very difficult for EMT instrument custom to keepiform distribution of rod; therefore,
different evaluation results can be made by differentuatats. Pipe reference standard is prone
to uniform; the wear is easier to make using standardizptmredure.

Data shows that pipe standard and pipe standard withbwadle are similar with strand
standard which is a representation of wire rope in mégperformance. When imposing current
density on the standards in sequence, the curve ofmragnetic flux are similar, but the working
points are dissimilar, the highest is the pipe, and thewer is the strand, and the lowest is the
pipe with rod bundle in it. When change the cross-sectioral @f standard in sequence, the main
magnetic flux of three standards are similar in seiisitin the loss of metallic cross-sectional
area, but the working points are dissimilar, the higiseite pipe, and the follower is the strand,
and the lowest is the pipe with rod bundle in it.
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