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Abstract
This paper presents the details about calibration of defects; wear and broken wires by
electromagnetic method in a wire rope used for hoisting of men and material in
mines, aerial rope ways, lifts etc. Electromagnetic method of testing the wire ropes
consists of powerful magnets to magnetize the wire rope, and sensors to detect the
defects in the wire ropes. A typical instrument used in the investigation consists of the
inner coil to detect the local defects like corrosion, pitting, broken wire, wear and
nicks. Outer coil (Hall sensor) detects the loss in metallic area. The major problem in
analyzing the defects is due to the presence of the noise generated due to construction
of the wire rope, which interferes with the signals due to the defects. Outer coil
(LMA) signals are easy to analyse, as the shift in voltage from the base line is easily
correlated with the loss in area calibrated using calibration rod before recording the
test data. The difficulty arises in analyzing the inner coil signals, which detects the
signals from wear, nicks and broken wire, which cannot be distinguished if they are
of the same magnitude. In the present study a method was adopted to simulate the
magnitude of the defect signals of wear and broken wear by creating artificially in the
laboratory, which can be used for analyzing the actual signals recorded during in-situ
testing on wire ropes.
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1. Introduction
Electromagnetic method of testing the
wire rope is the most widely practiced nondestructive method of studying the
condition of wire rope under in-situ
conditions. In this method, wire rope is
magnetized using powerful magnets [1,2].
The magnetic lines of forces travel along the
axis of wire rope. If there is a discontinuity,
the magnetic lines of forces deviate from
their path and there will be a leakage field to
the air. Using suitable sensors, leakage
fields are detected, recorded and analyzed to
identify the type of discontinuity. Fig. 1
shows the schematic layout of the
equipment used in electromagnetic testing.
faults, which includes broken wire, wear,
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corrosion, pitting, and inter strand nicking.
Inductive coils are used to detect these
defects. This is detected by the inner coil of
the equipment.
• LMA Sensors: LMA means loss of
metallic area. Hall sensors are used to
measure this parameter. This is detected by
the outer coil (Hall sensor) of the
equipment.
2. Defects in Wire Ropes
In order to analyze the defects in a wire
rope by the electro-magnetic method, there
should be a prior knowledge of the possible
defects. The following defects (Fig 2) are
usually present in a rope which was put into
many years of service [3].
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1. Wear

the magnitude of the inner coil voltage and
X-axis, the linear dimension of the rope.

2. Nicks
3. Corrosion
4. Pitting
5. Broken wire
All these defects appear as local faults
(LF). The loss of cross sectional area due to
these defects appears as LMA. Inner coil
detects the LF defects and Hall sensor
detects LMA.
The signals detected by the inner and
outer coils are in the range of milli-volts.
LMA signals are easy to analyse, as the shift
in voltage from the base line is easily
correlated with the loss in area calibrated
using calibration rod before recording the
test data. The difficulty arises in analyzing
the inner coil signals, which detects the
signals from wear, corrosion, pitting, nicks
and broken wire. It is very difficult to
distinguish the LF signals if they are of the
same magnitude. A prior knowledge of the
type of defects present in the rope helps in
characterization of the various defects.
Apart from the defect signals, inner coil
also records signals due to the construction
of rope, called as lay noise. These signals
are usually measured from the non-defective
portions of the rope, which may be about
75- 100 mV depending on the construction
of the wire rope and its usage.
2.1 Defect Patterns

Inner coil voltage variation is an
indication of the presence of defects. Few of
the typical defect patterns recorded are
illustrated here. If the wire rope is free from
defects, the variation of inner coil voltage is
small, and is uniform throughout the length
of the wire rope. This pattern arises due to
the construction of wire rope, termed as lay
noise. A typical pattern of a lay noise is
shown in the Fig. 3. The Y-axis represents
375

Fig. 3 b & c shows a gradual increase in
inner coil voltage, which arises due to the
presence of defects possibly due to wear,
nick and few broken wires. Defects due to
broken wires are shown in Fig. 3 d. In
general, it Is not possible to distinguish the
signals due to nick and broken wires.
3. Calibration
In atypical defect pattern shown in Fig. 3,
possible defects were only wear and the
broken wires. Form these patterns; it is not
possible to distinguish the wear and broken
wires and also the number of broken wires.
In order to estimate the signal level due to
wear and broken wires, calibration tests
were carried out in the laboratory by
creating artificial defects.
3.1 Method of Calibration
3.1.1 Calibration for wear

Wires with different percentage of wear
were artificially prepared by grinding the
wire surface. The equipment consisting of
magnetic head and the sensors was kept in
the vertical position and the wires were
allowed to fall freely in between the
powerful magnet, and the inner coil voltage
was recorded. These calibration results as
percentage of wear against the inner coil
voltage are presented in Fig 4.
3.1.2 Calibration of broken wire

To estimate the signal due to broken
wire, cross sectional area of the individual
wires was considered. Wire rope with
various numbers of broken wires was
artificially created and was allowed to fall
freely in between the powerful magnet, and
the inner coil voltage was recorded. These
calibration results as cross sectional area vs.
the inner coil voltage are presented in Fig 5.
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Fig. 1: Schematic layout of equipment used in electromagnetic testing

Fig. 2: A typical rope sample with defects

Fig. 3: Defect pattern in a typical wire rope
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Fig. 4: Calibration curve of wear Vs inner coil voltage

Fig. 5: Calibration curve of area of broken wires Vs inner coil voltage

Based on the recorded inner coil voltage,
the percentage wears and the area of the
broken wires is estimated from these
calibration curves. From the area, the
number of broken wires was estimated
based on the construction of the rope.
Fig. 4 shows percentage of wear vs. inner
coil voltage. The graph shows a non-liner
trend. It is assumed that when the wear of
375

wire reaches 50% of its original diameter,
the wire breaks. From this graph it is
inferred, that any inner coil voltage less than
200 mV is treated as wear. It should be
noted, that the inner coil signal up to 30% of
wear could not be distinguished as it merges
with the lay noise.
Fig. 5 shows the calibration curve of
inner coil voltage due to broken wires vs.
NDE-2006
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area of the wires. It is inferred that
approximately one broken wire of diameter
3.26mm (for a typical construction of a wire
rope) produces a signal of 40.88 mV, which
is merged with the lay noise. Approximate
voltage output from different number of
wires is presented in Table 1 for a typical
rope.
Table 1: Approximate Voltage Output from
Different Number of Wires
Inner coil voltage
(mV)

40.88 1
122.64 3
204.4
327.04
367.92 9

No. of
wires
1
3
5
8
9

Broken

From the Table.1, it is clear that if 3
wires are broken, the signal voltage merges
with the lay noise (about 100 mV), and
signal voltage due to wear (Fig 4).
Therefore, it is not possible to distinguish
lay noise, wear and broken wire in case of
signal levels of about 120 mV. To consider
a signal due to broken wire, the voltage
should exceed 200 mV. It may be noted that
the voltage exceeding 200 mV corresponds
to a breakage of 5 wires. This calibration
curve helps in calculating the number of
wires, considering the construction of the
wire rope.

methodology was based on fundamental
principles, keeping the objective of
quantifying the LF results, which helps to
study the condition of the wire rope. The
calibration curves and typical signal patterns
of lay noise, various defects in a wire rope
are illustrated. The major problem in
analyzing the defects is owing to the
presence of the noise caused by the
construction of the wire rope, which
interferes with the signals due to the defects.
The difficulty arises in distinguishing the
inner coil signals from wear and broken
wire. Additional studies are required for
standardizing the method of calibration for
wide application to various industrial
purposes.
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4. Conclusions
In the present study, an attempt was
made to simulate the magnitude of the
defect signals by creating artificial defects
in the laboratory, which can be used for
analyzing the actual signals recorded during
in-situ testing on wire ropes. Calibration
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