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Part 5

PROCEEDINGS AT THE FOUR HUNDRED AND THIRTY-THIRD
GENERAL MEETING

Held at Kelvin House, corner Marshali and Hollard Streets, Johannesburg

_A. R. MurLLINs (President) was in “the
Chair and declared the meeting opened at
8 p.m.

‘There were present 105 members and
visitors and the Secretary.

.

OBITUARY

-THE PRESIDENT referred with regret, to’

the death in England on the 23rd April
1953, of Mr J. H. Rider, a Foundation
Member of the Institute who was President
in 1911/12 and elected an Honorary Member
in 1927,

As a mark of respect to the.memory of

the deceased and in sympathy with the

bereaved the meeting rose and observed
silence for a few moments.’

MINUTES

The' minutes of the monthly general
meeting held on the 23rd April 1953, were
taken as read and were confirmed.

- MEMBERSHIP

TaE PRESIDENT announced that in terms
of By-Law 5.2.4 the Council had élected

e " Thursday, 28th May 1953

the undermentioned candidates to member-.
ship of the Institute in the followmg
grades :—

Associate Members : ANDRIES STEPHANUS DU

Prgssis, FREDERICK JoHAN HAMELBERG, RONALD
NicaorAs FORREST SmMIT.

Graduates : JoHANNES JAcoBUS GROBLER,
JacoBus COENRAD STRAUSS.
Students :  HymiE LusLiE -Amoirs, CyRriL

Ertienne Brocorn, Nicoraas .JacoBus BoTtHAa,
Epwarp BRrRAVER, GERALD HasTiNgs DAWSE,
JorN ViNceNTt DownNey, DEeNIs REGINALD
DurrFIELD, DavID MAURICE GRAFF, ANTHONY
HeNry Wourer Huco, EUGENE KrarT, JACK
WINNETT MACHANIK, GEORGE STUART. PYNE
MERCIER, ANTHONY MERRY, DAviD GEORGE
NorMaN, Ivor SELwyYN Sacks, EDwArRD HicHAM
SoLomoN, PIERRE ANTHONIE STOFFBERG, Louis
VAN BILJoN, ANDRIES HENDRIK JANSEN VAN
NIEUWENHUIZEN # DANIEL PETER VILJOEN.

Transfer from Graduate to Assoctate Member :
DENNIS ALFRED (FARDNER.

Transfer from Student to Graduate : DESMOND
RuopEs Davis, JoEN MicHAEL Jarvis, RoNaLp
ALEXANDER LEIGH, GUILLAUME JOHANN]:S VAN
ASWEGEN

" Transfer from Student 1o Associate :
Rowranp TaomMrsoN GOOSEN.

WILLIAM

a

CO-OPTED MEMBER OF COUNCIL

THE PRESIDENT announced that, in

" terms of Clause 3.8 of the Institute’s Con-.



112 The 1'ransactions of the NS.A. Institute of Electrical Engineers

stitution, the Council had co-opted Mr M.
Hewitson as a member of Council from the
19th May 1953, representing the Union
Department of Posts and Telegraphs.

PAPER AND DISCUSSION

The paper entitled ° Electro-magnetic
testing of winding ropes,” was presented by
A. Semmelink (Associate Member).

Tuk PRESIDENT proposed a vote of thanks '

to the author for his paper and B. L.
Metcalf, Professor R. Guelke, H. C. W.

[May 1953

Schmuhl (Associate Member) (these three
contributions were read), 0. Ran, L. T.
Campbell Pitt, I. S. Haggie, C. W. H.
du Toit (Associate), B. Stain, D. J. Stern,
W. A. Pitts (Member) and C. F. B. van
Wk contributed to the discussion.

Mr Semmelink replied to a number of the
questions raised.

There were no contributions under the
remaining items on the agenda.

The President declared the meeting
closed at 10 p.m.

Rook ‘Reviews

‘FiuTErR DESIGN DaTA FOr COMMUNICATION
Exqineers,’ by J. H. Mole (Spon.) (63s.).

Let it be stated at the outset that ‘ Filfer design
data for communication engineers ’ is a book for the
filter specialist who is intimately acquainted with
modern filter theory, and who is in need of a hand-
book, for ready reference to graphs of quantities
relevant mainly to specialist filter design.

In the preface to this book, Dr Mole states ‘It
has been assumed that the reader has an elementary
knowledge of the principles of ﬁlters, such as is
usually given in University courses.’ It is the
opinion of the reviewer that the knowledge needed
to assimilate and appreclate Dr Mole’s work far
exceeds that given in a University course on the
subject—indeed for the proper appreciation of the
book, the reader should be a specialist in the field

of ﬁlters, and who in his work has need of quantities

such ag ‘return loss, mismatch loss, bridging loss,
series loss and effective loss ’ in addltlon to the more
usual ‘ reflection loss.’

Dr Mole’s work is essentially & handbook—we
find in the preface the statement ¢ In order to keep
the book of reasonable size, derivatiors of formulae
have been omitted—and attention has been. con-
fined to the statement of results and the explanation
of design methods.” One has only to subject the
book to a cursory gla,nce to be quite convinced of
this, since no equation in the book has been honoured
with a number for purposes of reference. In this
regard, Dr Mole’s favourite remark seems to be :—
‘The following expressions are given here for
reference,” upon which the reader is abruptly and
rudely asked to make acquaintance with some three
or four complicated expressions which, he is told,
are necessary for the topic under discussion. Should
the reader be a filter specialist to whom the given
equations have been mtroduced elsewhere under
more polite circumstances, the situation is saved,
but to the average communications engineer, thls
first meeting is too rude and abrupt to be pleasant
or acceptable,

One redeeming feature in this connection is the
large number of worked examples given to illustrate
the methods of design.

To summarize therefore, this is not a book which
can be used as a first text, it is & handbook to which
reference will most usually be made by the filter
specialist. K.P.

‘ Workep EXAMPLES FOR ADVANCED ELECTRICAL
SrupeNTs,” by D. I, Williams. E. and F. N. Spon,
Ltd., London, 1952, First Edition, 158 pages,
118 diagrams, plus index. Price 18s. in England.

The author has set out to provide worked
examples for students working for the Higher
National Certificate and Part II of the LE.E.
examination. The standard is about third year
B.Sc. standard in this country and despite the
criticisms below the book can be of considerable
use to students with a good knowledge of electrical
machine theory.

The problems are divided into chapters, each
dealing with a specifictype. The divisions are the
a.c. circuit, transformer, induction -motor, syn-
chronous motor, d.c. machiné. Each chapter
commences with a short summary of the essential
theory and the author emphasizes many points
with which students frequently have difficulty.
The problems are fully worked out in every case,
and many examples are drawn from past 1L.E.E.
examination papers.

It is unfortunate that so many printer’s errors
have been allowed to remain and the number of
loose statements is somewhat disturbing. One
typical example on page 26 is the statement that
‘ the current leads the capacitive reactance, which
is of course a fundamental conception,” “Surely it
would require little effort to state that the current
leads the wvoltage across a capacitive reactance.

Some inconsistency is also apparent; while on
page 14 the importance of working in phase quan-
tities is emphasized, chapter 4 on the synchronous
machine deals with line quantities in a very con-
fusing manner. Fig. 60 on page 96 is also poorly
drawn and does not agree with the context. The
last chapter, on d.c. machines, is scrappy and while
this is probably due to the fact that the d.c.
machine is rare in general, nevertheless one cannot
help feeling that material on series traction motlors
is most desirable. G.R.B.
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Fig. 1—Chart of St Helena test, July 1950
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23 Early Union Corporation ‘eitjagrimévzipé

. The first Union Corporation experiments

with an electromagnetic method were con-

ducted in 1946. A magnetizing coil of twenty

turns of welding cable was used carrying a
- .current of 100 ‘amperes at-50-c.p.s. together

with a searchcoil of several thousand
turns ; the distance between the coils could
be varied. The rope was passed through
the centres of both coils. On testing a rope

- just before ‘it was taken off it was found
- that all'visible corrosion and broken wires’

caused voltage variations.in the.searchcoil.
A peak-reading .valve .voltmeter and - an

.oscilloscope were used to measure these

voltage variations. . The results from this

. test. were sufficiently encouraging to lead

to ‘the decision that further research work
should be done. The author-was.appointed

' - to do this, some equipment was.ordered,
a drawing board in the engineer’s office at

Marievale mine was made available as ‘a
laboratory and work started in April 1950
In July a test was made on a non-spin

rope at St Helena gold mine, the va'natlons‘
" along the rope were recorded on a sound-
A record. of this test‘? is’

level recorder.
shown in Fig. 1.

“Visual 1nspect16n of the rope at pomts 4
. where the . chart showed peaks, showed

severe corrosion and broken wires. Samples

were selected and later tested in the Govern-

ment, Mechanicdl Laboratory at Cottesloe.
Some samples selected as a result of peaks
on the chart broke at approximately half
‘the : initial breaking load, while others

selected away from the peaks had normal
- breaking loads. It was then decided to set

up a small laboratory and to make equip-

" ‘ment with which to carry out tests on all
‘main winding ropes in the group. More
eqmpment was obtained, as well as a -

2.ton panel van to carry the apparatus

: lat.er a trailer was added to carry a tenso-

meter, and recently a building has been

- occupied by the rope-testing department.

After the test on the St Helena rope,

the apparatus has been twice altered-

extensively, and at present service equip-

. ment based on the last experimental
. equipment is being designed.

3. DATA ON WINDING -ROPES : TESTED-

Before describing the eqmpment men-
tioned in Section 23, the \nndJng TOpes

s
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tested and . the magnetic and electric
properties of their wires will be discussed.

31 General ‘

The main winding ropes—about fifty
in number—which have been tested with the
equipment described in this paper, are
manufactured locally of South African
‘basic’ steel. The tensile strength of the
wire is either 123/134 tons (2 000 1b) per
sq. in, or 128/ 140 tons per sq. in. The
ropes have six trlangular sttands of approxi-
mately thirty wires, laid up on a sisal core,
which is imprégnated with lubricant. - Dia-
meters of these ropes vary from 1} inches
to 2 inches, while the breaking loads of the

new ropes vary from 90 to 200 tons. In -

addition one non-spin rope of 1% inches
diameter which had fifteen strands each of
ten wires has been tested. ‘

The winders concerned all have cylindrical
drums ranging from 11 feet to 16 feet in
diameter, on which the number of layers of
rope rarely exceeds three.

+B
16000

12000 ?L”‘

8000

3

FH 160 120 180 +H

-B

Fig.2 —B—H curve for ring specimen of locai * basic ’
steel

3-2 Magnetic and electa c propertws of the
steel wire

The magnetic and electric properties of
South African ‘ basic’ steel wire used in
the manufacture of winding ropes are of
importance to the selection of a method

[May 1953

and to the interpretation of results. A
number of tests to determine these pro-
perties have recently been made. The
wires for these tests were of 0-070 inches
diameter and varied slightly in composition.

5 8
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0 20 40 60 BOTONS/SQUARE INCH |
TENSLE STRESS

Fig. 3—Variation of permeability by stress variation
A4—1Increasing stress. B—Decreasing stress

8 &

- 8.2.1 Determination of the B—H curve

The B—H curve, Fig. 2, was determined
for a ring specimen of wire of one
composition.

Next, curves were made for single straight
wires in a long solenoid. These were com-
pared with the curve for the ring specimen.

- We concluded "that the test on a single

straight wire in a long solenoid gave
sufficiently accurate results and that the
slight variation in composition had little
effect 'on the magnetic propertles Some
typical results are shown in Table I

TABLE I

Permeability =44 for a magnetizing force less than
1 oersted

Maximum permeability =320 for a magnetizing
force of 25 oersted

' Maximum flux density =14 000 gauss for a

magnetizing force of 200 oersted
Retentivity =9 500 gauss h
Coercive force=20 oersted
Hysteresis loss=0-35 watts per c.c. at 50 c.p.s.

3-2:2 Changes of permeability

- It was found that increase of tensile
stress In the wire caused an increase of
permeability. For a stress of 65 tons/sq. in. °
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the increase in permeability was 14" per
cent. Fig. 3 shows the way this variation
takes place, when the stress is increased
and then reduced to zero. The magnetizing
force was less than 1 oersted.

Twisting of the wire caused a decrease of
8 per cent of permeability for 180° of twist
per foot of wire. Other possible causes of
permeability change such as bending,
fatigue and temperature variation have
still to be investigated.

3-2:3 Change of resistivity

The resistance of a length of 0:020 inch
diameter steel wire was determined for
stresses varying from zero ‘to 70 tons/
8q. in. The resistance increase over this
range was 11 per cent, which agreed with
the percentage increase of length due to
elasticity. The resistivity of the steel must

be very nearly constant over this range of

tensile stress.

3:3 Eddy currents in ropes

When a steel wire rope is placed in a
longitudinal a.c. magnetic field, eddy
currents will be induced in the wires, in the
strands, as well as from strand to strand.
“Fig. 4 shows a cross-section of a triangular
strand rope as used by our mines.

In Fig. 4 there is no contact between the
strands. This is the case for newly laid-up
ropes. When the rope is put into service

Fi¢g. 4—Cross-section of triangular strand rope
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the strands will touch each other due to
bedding into the sisal core, and eddy
currents will then be able to flow in a path
around the core. The amplitude depends
on the voltage induced in and on the
resistance of each path, while the voltage is
proportional to the frequency and to the
flux linkage. When the magnetizing force
is low enough to make hysteresis losses
negligibly small, eddy currents determine
the phase-angle between the magnetizing
current and the voltage .induced in a
searchcoil surrounding the rope. In the
absence of eddy currents this angle will be

- 90°. In addition to their effect on the phase

angle, eddy currents will reduce also the
total flux in the rope, as their direction of
flow is opposite to that of the magnetizing
current. As the largest flux linkage occurs
in a path surrounding the core, the currents
flowing from strand to strand will have
considerable influence on both the amplitude
and phase angle of the flux. This path will
also be subject to the largest variations;
when there is no contact between the strands
the resistance in infinite ; when the contact
is good and the wires are bright the resist-
ance will be a fraction of an ohm ; when
the surface of the wires is corroded the
resistance may increase appreciably.

4. DEVELOPMENT OF EQUIPMENT
41 Basic methods available

The methods considered all use
longitudinal magnetization of the rope.
The magnetizing force may be either d.c. or
a.c., and if a.c. there is a wide choice of
frequencies. The field may be small enough
to work at initial permeability or large
enough to ensure magnetic saturation. The
magnetic field may be applied by means of a
coil surrounding the rope or the coil may be
carried by a laminated yoke of which the
polepieces surround the rope. The flux
variations may be detected by a searchcoil
arranged to measure either the total flux
in the rope or the radial field occurring at
broken wires.

Existing d.c. methods use magnetic
saturation, the flux will vary with the cross-
sectional area of the rope only as the flux
density at saturation is a constant, provided
the applied field remains constant. When a
galvanometer is used to detect the changes of
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flux, an even speed must be maintained and
deflections will occur only at discontinuities
such as broken wires. .

4-2  Selection of method

With a.c.,, magnetic saturation causes
severe heating of the rope unless a very low
frequency is used, in which case the rope
speed has to be very slow to allow variations
- to register. For this reason a small magnet-
izing force is preferable. This has the added
advantage of bétter penetration of the rope
by the magnetic flux due to the small
initial permeability of the steel used in our
ropes. Accordingly a low magnetizing force
was adopted.

For small fields a coil around the rope is
mechanically simpler than a yoke, where
airgaps must be kept constant to ensure a
constant field. The coil must be arranged to
give as uniform a field as possible at its
centre where the searchcoil, also surrounding
the rope, is placed. A Helmholtz coil which
consists of two identical co-axial windings
at a distance equal to their diameter, has
at its centre a nearly uniform field. It was
decided to use this arrangement and to make
these coils detachable by splitting the former
on which they are mounted. This saves
valuable operating time ‘when the ropes are
tested in the shaft.

The flux induced in the rope by the
current in the magnetizing coils varies with
permeability, cross-sectional area and eddy
current path. It is measured by the search-
coil at the centre of the magnetizing coil.
To detect changes of flux occurring over a
short distance as may be caused by broken
wires, the diameter of the searchcoil must
be as small as can be reconciled with the
requirement that the rope must run freely
through the coil. A diameter of 2% inches
was chosen for the first coil design, which
could be used for testing ropes having
diameters up to 1% inches.

As eddy-current losses increase with
frequency, the flux in the rope will decrease
with frequency. Measurements on rope
samples had shown that for the same
magnetizing current the flux at 1000

c.p.s. was some 15 per cent less than the
For the first tests a fre-

flux at 50 c.p.s.
quency of 1000 c.p.s. was chosen.

The variations of flux along the rope
were expected to be small and it was

_ copper straps,
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considered essential to use a balancing
circuit to detect them.

4-3  Description of experimental eqﬁipment

As mentioned in Section 2-3, the
apparatus was twice altered extensively
after the test on the St Helena rope. That
used at St Helena will be called Model 1,
the first modification Model IT and the
experimental equipment now in use Model
III. Each will be described separately.

4-3-1 Model 1

The equipment used for the St Helena
test in July *1950 was constructed on the
lines set- out in Section 4-2. The split
coil former was 6 inches long and 5 inches in
diameter, 2 inches bore and made of hard-
wood. It was clamped over the rope by two
which also formed the
magnetizing coil. A stepdown transformer
mounted on the former connected the output
of a beat-frequency oscillator, set to 1 000
c.p.s. to this coil. A co-axial searchcoil of
two turns was placed half way between
the two magnetizing windings where the
diameter of the former was reduced to
2% inches. A second transformer was
inserted between the searchcoil and the
balancing circuit which consisted of a
potentiometer followed by a phase shifter.
The circuit is shown in block form in
Fig. 5a.

STEP DOWN ‘
TRANSFORMER [ 3
~ ITURN
] \ ROPE
©10do Cps. =12 TURNS
OSGILLATOR m SEARCHCOIL
POTENTIOMETER HY]

} MAGNETIZING COLL|

HAS]
SHIFT] ER | E"ﬁz‘b—“4

> RECORDER

TUNED AMPLIFIER

_PHASE
SHIFTER— ©

OSCILLOSCOPE.

Fig. 5a—Block diagram of Model I
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A permanent record of the flux variations
along the rope was obtained from a sound-
level recorder connected to the output of

" the balancing circuit through an amplifier
tuned to 1000 c.p.s. An oscilloscope was
used to determine whether these variations
were caused by changes of flux amplitude

. or phase angle.

Fig. 5b—Vector diagram of Model I

Fig. 5b shows a vector diagram of Model I,
where :—

0OA =voltage across potentiometer

OB =input voltage of phase shifter

OC =output voltage of phase shifter, which

. is made equal to searcheoil voltage

‘after the step-up transformer at
balance point_ '

OD —=searchcoil voltage at some point
along thie rope, where the circuit is

; out of balance

CcD —-mput voltage to tuned amphﬁer The
- amplitude of this voltage is after
amplification recorded on the chart.

As 0D may be smaller or larger than OC
‘in both amplitude and phase angle, CD can
lie at-any angle to OC.

Fig. 1 shows a record obtained with this
apparatus at St Helena in July 1950 of a
1} inch diameter non-spin rope. It was
known that excessive corrosion occurred
at a number of points in this rope, corre-
sponding to points such as € and E on the
chart. It was found at tests in the Govern-
ment Mechanical Laboratory that the
breaking load of the rope at C was 61-3
tons, at E 68-3 tons and at a point D
between these two 115-5 tons, which was
near to the initial breaking strength of
120-0 tons, :
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Tests with this equipment indicated that
interpretation of results would be simpler
if changes of amplitude and phase angle
could be recorded separately, and if the
movement of -the chart could be made pro-
portional to the movement of the rope.
This led to the development of Model II
described in the next section.

4:3-2 Model II

In March 1951, a small laboratory was
set up at Hast Geduld. It was decided to
make records of all main winding ropes in the
Group and to follow up by inspecting the
ropes at points corresponding to particular
peaks on the charts. To meet the require-
ments mentioned above (Section 4:3:1) the
circuit was redesigned and a selsyn link
was arranged between the recorder and a
pulley running on the rope.

As initial tests on this model showed that
when the frequency of the magnetizing
current was increased to 10 ke/s, the same
variations were shown as with the frequency
of 1 kefs, the new circuit was designed
for 10 ke/s.

A new coil was constructed on the same
principle as the old on a bakelite former
having two magnetizing windings of two
turns each of 5 inches diameter and a

" searchcoil of five turns of 3 inches diameter.

The two halves of the coil were connected
by means of two sets of plugs and sockets.

S%Erzs%%mapr
~
I\  H2TURNS
10000 CPS 15 TURNS
OSCILLATOR SE ARCH -
COIL
2 TURNS

IZING COIL

o IN PHASE
PHAS SE DOUBLE
SHIFTER B> | ISENSITIVE [F]PEN
DETECTOR | |[RECORDER
AMF’LIFIERI ©
: REFERENCE
VOLTAGE

Fig. 6a—Biock diagram of Model 1I
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This coil could be used for tests on all the
ropes in the Group, including ropes of 2
inches diameter. "

The searchcoil voltage was balanced

against the voltage across the magnetizing
coil by a potentiometer and a phase shifter
as shown in Fig. 6a.

>

0B=0C
A OE = 0D
ANGLE BOC=EOD

B G
\C
~

F E

Fig. 6b—Vector diagram of Model II

The output of the balancing ciicuit was
connected as before to an amplifier, but
followed by two phase-sensitive detectors
and a double-pen recorder., One of these
detectors gave an output proportional to
amplitude changes while the output of the
other was a measure of the change in phase
angle: Fig. 6b shows the vector diagram,
where :— ' '

0A =voltage across the magnetizing goil,
which is the same as that across the
potentiometer

OB =output voltage of potentiometer,

‘ which is made equal in amplitude to

0C =searchcoil voltage at point of balance,
which is shifted to be in phase with
OB

0D =searchcoil voltage at some point
along the rope away from balance

OF the same after phase shifting. - The
_setting of the phase shifter is not
changed after balancing, therefore
angle EOD=BOC

BE =input to amplifier. After amplifica-
tion BE is analyzed into

-
\

¢ [May 1951;)

BF =in-phase component recorded oh the
top trace and

BG@ =90° component recorded on the
bottom trace of the charts.

Upward deflection of each trace shows
increase of the corresponding component
and wvice-versa.

With this apparatus all main winding
ropes in the Group were tested in February
and March, 1952. Some of the charts
obtained are shown in Fig. 7.

At a point corrésponding to point 4 on
the chart the No. 3 compartment rope was
opened up to find out whether the deviation
was caused by corrosion as suspected.
Some scale was found on the wires, but not
at point B which was also opened up. The
bottom trace of these charts which recorded
the change of phase angle, showed very
little variation. It was thought that greater
variation of phase might show up if other
frequencies were used. This led to the
decision to redesign the equipment to
enable tests to be made at a number of
frequencies from 10 to 20 000 c.p.s.

4-3:3 Model IIT

By this time special components and
cable ordered had arrived and it was
possible to construct equipment which
avoided some of the shortcomings of the
previous models. By placing the step-down
transformer for the magnetizing coil with.
the balancing circuit, it was possible to
simplify this circuit and increase its
accuracy. By doing this it was necessary
to redesign the coil as well. To keep losses
in the connecting cable small the magnetiz-
ing current had to be smaller and the
number of turns larger. Two windings of
ten turns each of 5 inches diameter were
used for the magnetizing coil and ten
turns of 3 inches diameter for the search-
coil. The two halves of the coils were
connected by means of flat spring-loaded
contacts mounted on insulating boards on
the sides of the former. The coil was
clamped over the rope with four bolts and -
supported on a bracket fastened to a
tensometer. This is shown in position on the
rope in a shaft in Fig. 8.

The searchcoil voltage is balanced by
resistive and reactive components obtained
from a resistance and a mutual inductance in
series with the magnetizing coil. As this
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voltage varied for the range of frequencies
used by a factor exceeding forty, multi-
pliers have been inserted for both R and X
components. The reactance of the magnetiz-
ing coil at the higher frequencies caused an
appreciable reduction of current; series
condensers were used to balance this
reactance at these frequencies. The magnet-
izing current was approximately 0-5
amperes, giving a magnetizing force of
approximately 1-5 oersted. A simplified
circuit and block diagram is given in Fig. 9a,
. while Fig. 9b gives the vector diagram.

Fig. 8-—Coil and tensometer in position on the rope

The balancing circuit is connected to a
valve voltmeter. This is a three-stage
amplifier and an outputmeter. It was
adjusted to give full-scale deflection for an
input of 2 millivolts. The voltmeter could
also be used to measure the voltage across
the searchcoil as the R control or the X
control. The amplifier output was con-
nected to two phase-sensitive detectors.
The reference voltage for these was obtained
from the oscillator output through phase
shifters. = These were adjusted at each
frequency to give one output of variations
in phase with the flux and a second 90°
out of phase with the flux. The first con-
nected to the top trace of the recorder
showed amplitude variations and the other
connected to the bottom. trace showed
phase-angle variations.

[May 1953

20-20000 CRS.

OSCILLATOR ~i .
~ IOTURNS |:
STEP-DOWN
TRANSFORMER SR
col
R GONTROL 10 TURNS
MAGNE[TIZING COIL|

v CALIBRATE
CONL:A;OL S—
i IN PHASE

> TEHASE DOUBLE
SENSITIVEFIPEN
ETECTOR "IRECORDE.

AMPLIFTER - 900
HASE
HIF TE R REFERENCE
VOLTAGE

Fig. 9a—Simplified circuit and block diagram of
Model 11X
In the vector diagram Fig. 9b :(—

Iy =magnetizing current which is in phase
with

" Er =voltage across the R control, which in

turn is 90° out of phase with
Ex =voltage across the X control

OR and OX are the fractions of Er and Ex
required to balance the voltage 04
across the searchcoil at balance

OB =searchcoil voltage at some point
along the rope away from balance

AB =input to amplifier. After amplifica-
tion this is analyzed into

el

R ER IM
Fig. 9b—Vector diagram of Model 111
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AC =in-phase component, shown on the
top trace and

AD =90° component shown on the bottom
trace of each chart.

As before upward deflections of the top
trace correspond to increase of the in-phase
component and wvice versa, while the same
applies for-the bottom trace with respect to
the 90° component.

The object of splitting the flux variations
in two components was to separate changes
of permeability and cross-sectional area on
the one hand and changes of eddy current
path on the other.  Subsequent tests
indicated that this could be done.

4-3-4 -Tests on different frequencies

A rope in Grootvlei No 6 shaft, No 3
compartment was tested with eight fre-
quencies. The charts are shown in Fig. 10.

The sensitivities used for the top and
bottom traces were the same, calibration in
per cent variation of total flux is shown to
the left of the top trace for each frequency.
From the R and X control settings recorded
on the traces the flux can be calculated
in amplitude and phase angle. The circuit
was balanced for each frequency with the
conveyance just below the surface. The
rope concerned was of triangular strand
construction, 1% inches in diameter and
coiled on a multi-layer drum. At the time of
testing, it had completed nearly eight years
of service and it was discarded shortly
afterwards.

4-3-5 Survey of winding ropes

From the tests in Section 4-3-4 and sub-
sequent tests in the laboratory it was found
that for the separation of permeability
and cross-sectional area changes and
changes of eddy-current path, frequencies
of below 100 c.p.s. were preferable. At
frequencies below 70 c.p.s. not only had the
rope speed to be very slow but the equip-
ment gave a low signal-to-noise ratio. Due
to these considerations and in order to avoid
interference with harmonics of the mains
supply frequency 85 c.p.s. was chosen. A
second survey of the main winding ropes
in the Group was started in September 1952
and 46 ropes have been tested at thls
frequency.

[May 1953

4-4  Design of service equipment

The results of this survey, which will be
shown and discussed in Section 5, are
promising. Service equipment based on this
model is now being designed. The intention
is to combine the oscillator, balancing
circuit, recorder amplifier and power supply
in one instrument. The oscillator is to have
fixed frequencies of 20 and 80 c.p.s., the
lower frequency to be used for checking
particular points shown on the charts
obtained with 80 c.p.s. The balancing
circuit will be made simpler and more
accurate.

4-5  Broken wire detector

A rope having broken wires was tested
with Model IT in March 1952. These did not
show on the chart. Some work was then
done on the construction of a coil to measure
the radial magnetic field occurring at
broken wires. It was found possible to
detect broken wires with this coil. More
work has, however, to be done on this
detector to make it suitable for routme
field work.

5. INTERPRETATION OF CHARTS

The charts obtained during the survey
with Model IIT using a frequency of 85
c.p.s. show that variations for new ropes
seldom exceed one-half per cent of total flux
on either trace, while for older ropes the
variations on the top trace may be 2 per
cent and those on the bottom trace 4 per
cent. Such variations are usually shown at
points of the rope where extra wear may be
expected such as near the splice, at Ccross-
over points, ete.

- The top trace which records the variations
of the in-phase component, is a measure of
the variation of the area of the steel and
of the permeability along the rope. The
bottom trace showing the changes in the
90° component, caused by changes in eddy
currents, is a measure of the contact
between the strands and between the wires
in a strand. Resistivity changes which
might cause variations of eddy current are
believed to be small enough to be negligible.
Most changes on the top trace are accom-
panied by changes on the bottom trace.
These read in conjunction with each other
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give a picture as to what is happening in
the rope. Usual combinations are :—

(¢) Increase on top trace, decrease on
bottom trace

(32) Decrease on top trace, increase on
bottom trace

(¢3¢) Decrease on top trace, decrease on
bottom trace.

Examples of each of these combinations
will be shown in the next sections.

5:-1 Hast Geduld, No 2 shaft, No 2 com-
T partment rope

Only part of the chart of this rope is
shown in Fig. 11. At the time of testing the
rope had been in use for only half a year.

The increase on the top trace is here
accompanied by a decrease on the bottom
trace. This corresponds to an increase of
flux and a decrease in eddy currents. It is
thought possible that the increase of flux
was caused by the decrease in eddy currents
and that the complete separation of flux
changes which had been aimed at has not
been achieved.

Fig. 11-—Part of chart of East Geduld rope, tested 8th
March 1953

When the service equipment is available
this can be quickly checked by carrying out
a test at 20 c.p.s., where eddy current effects
should be negligible. It will be seen that the
peaks occur at regular intervals, equivalent
to 45 feet of rope, which corresponds
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almost exactly to the circumference of the
drum. These winder drums have parallel
grooves and at each revolution of the drum
the rope has to cross over to the next
groove. This is shown in Fig. 12.

i |

} | —
I

- u
Fig. 12—Djagram of drum, showing crossover points

At these points the rope is subject to
forces which may affect it in different ways.
In the case of the rope of Fig. 11, the peaks
appear to be a result of a tendency for the
rope to untwist at the crossover, resulting
in decreased contact between strands and
decreased eddy currents. These peaks
appear without any sign of plastic work.

52 Grootvlei, No 4 shaft, No 3 com-
partment rope, tested 26th February 1953

Another effect observed at crossover
points is that of increased plastic wear of
the outer wires of the strands, possibly
combined with work-hardening of these
wires. In plastic wear the shape of the
wires is distorted, causing neighbouring
wires to form an almost continuous layer of
steel. If the rope is allowed to remain in
the same position on the drum for a long
time the wires will start to crack at the
crossover points. To prevent this the rope is
pulled in at the drum end at regular
intervals, thus shifting the points of
increased wear.

Fig. 13 shows a part of a chart of a rope
tested shortly before it was taken off. Each
variation shown consists of a decrease on
the top trace and an increase on the bottom
trace, or a decrease of flux and an increase



the S.A. Institute of Electrical Engineers ‘[May ‘1953

126 The Transactions of LA
.
: e —— oy e e e e e e e e e S S —F—F—7
77 g == f—
I == — e e e
fm=: f——g e —f— e i E— it forre — e e —p——{—— fo e — 7
=7 I e e e e e e e e e e e e e
== ! e e e e e e e e e e e e
R e e e e e e T e e ey
f =i = } = = f 3
} =
7 Y. 1 =
s P T —5 : PR H—
X T—Ht T NS g =
——h—r AR £ :
E=niSTEaE TRieSnodismE = f 7 =
= i3 H=—HH— T = 1 1 =2
=Y BEEaE = = L= e =
=gt B8'S8 | et === 3 3 : 3
== =
= e e —
=t S
1 :
= T 7= = =
. = £ £ = == —
1= . s s b —1 e &
e PR — A == =
I =] S TR s A e oA I
5 : : == s A Ry
TS t A 1 }
ot A7 3
== =+
g 5 =
¥ 1 T 3
=t et T 1 =
= e e e e e e e e e e e =
=== = = =
== ==}
= ; Se=—e—t =
== % =|
¢

Fig. 15—Detail of chart shown in Fig. 14A

o‘i’-ch_art of Crootvlel rope, tested 26th

Fig. 13—Part
February 1953

I=J ¥
=§E===EEEé

ESCESES=S
EECESES T

S o e )

= =

—E =

= E? ,'==._§
= Bt
=EEE=E EEEE——E E;:.EEEEEE_EEE
EEEEEEEEEEEEEEEEEEEEEE=_==§_ EEEEEEr e e
EEE Ee e e e EEEEEEE: ESIESEE
RS e see e ee e nes Pee e §§E=E§E§E§§EE§%

500 1000 |,500'

Fig. 14—Chart$ of East Geduld No 1 shaft, No 4 compartment

. . A—OId rope tested 3rd October 1952-
: B—Necw . rope tested 27th October 1952




\
May 1953]

: _ . . .

of eddy current. The increase of eddy
current may be explained by the improved
contact between wires at points of plastic
wear, while the decrease of flux may be
caused either by the increase in eddy current
or by a decrease of steel area or permeability.
* As the rope has been pulled in at the drum
end a number of times; the peaks. are
evenly distributed. Tests for breaking load
on rope specimens having this type of plastic
wear show little dlﬁ”erence from initial
breaking load. '

53 East Gedul_d No 'L shaft, Nq 4 com-
partment rope ’

The ‘old rope traces show considerable
. decrease of amplitude and also a decrease of

"eddy-current loss at a point about 900 feet

from the splice. Visual examination of the
rope did not, hovsever show any defect.
As the rope was discarded shortly after-
wards, samples were taken at points marked

C, D, E and F on the cha1t as shown n the

detailed - chart Fig. 15.

D and & showed 3 per cent and 4 per cent
decrease, while G -and F' were normal
samples taken - for . comparison purposes.

On testing the breaking loads were found to.

be :—C=157-0 ‘tons,, D=1377 tons,
E£=130-0 tons and F=154-5 tons. A load-
elongation diagram for these specimens is
given in Fig. 16. _
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liso

LOAD-TONS

EXTENSION-INCHES

Fig. 16—Load-elongation diagrams of samples

The original breakmg load of this fope
was 159-3 tons. Examination of D and E
after the~test showed excessive corrosion
inside the strand, some 'inner wires were
entirely corroded through. Fig. 17 shows
the inside and outside of a corroded strand.

It will be noted that the charts. show a
decrease” of both amplitude and phase
angle. This combination is considered to be

"indicative of internal corrosion. Subsequent

tests seem to conﬁrm thls

" Fig. 17—Inside and outside views of strands
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TABLE II research work and in the preparation of this

Breaking paper ; to the mines’ staffs for assistance in

Specimen strength carrying out tests and for making parts of

 tons the equipment; to the. Government

4 143-8 Inspector of Machinery and the Director of

5 Y the Government Mechanical Laboratory

D 139-0 for carrying out numerous tests without

E 150-5 . which this work could ,not have been

F 148-8 attempted ; to Prof R. Guelke for his

reduction in breaking load of these speci-
mens may be due partly to corrosion and
partly to corrosion fatigue. The weakest
section—Specimen D—corresponds to a
sharp decrease on each trace.

55 Marievale No 5 shaft,. No 1 com-

partment rope

This rope was first tested with Model I
ten days after it was put on. Since then
several tests have been made with both
Model IT and Model III. At a point some
2000 feet from the splice a decrease in
amplitude of approximately 10 per cent
was found with the first two models. The
chart, shown in Fig. 13, taken during the
last survey with Model II1 shows a reduction
of 3 per cent in amphtude the increase
on the lower trace is a transient originating
in the equipment, which disappears if the
rope moves slowly.

CONCLUSION

The charts are a useful history of a rope,
. especially when they can be taken at regular
intervals of time. They are a valuable
indication to the engineer responsible as
to where to examine the rope. It is con-
sidered that experience will prove that
electro-magnetic inspection will . be a
valuable addition to the existing methods of
rope examination.
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DISCUSSION

Tur PrRESIDENT : Before calling upon our
contributors, I would like to make one or
two remarks regarding the Union Corpora-
tion Group’s policy in regard to the develop-
ment of this equlpment

Firstly, it is not intended to take away
from the Resident Engineer -any of his
responsibility. The development of this
equipment is purely an aid to him in his
responsibility for his ropes.

The first tests carried out showed im-
mediately that the traces obtained did show
to the Resident Engineer the points on
the rope where it should be examined ; in
fact, it was remarkable how close those
points were. They did not stretch over long
lengths of rope. In one particular test at
Van Dyk a%eak occurred. At the start of the
peak a bit of string was tied round the rope
and, at the end of the peak, another bit was
tied *on, about 18 inches from the first
piece. The rope was then run in onto the
drum and as the pieces of string came in
onto the drum they exactly hit the kick-
over plate on the drum cheek used to throw
it onto the next layer. Thus the peaks on
the trace of the earliest instrument showed
plastic wear on a length of something less
than 18 inches.

The proof of the assistance that the equip-
ment is giving to Resident Engineers is
shown in the fact that they have many
times been known to ring up Mr Semmelink
and say, ‘Please come and examine my
rope.” I do not think they would do that
unless they were interested in the traces
shown by the instrument.

This experimental work is only now
beginning to show its value. Although we
have felt, from the start, that there was
sufficient encouragement to proceed with

this work, far more work has to be done,
" and the equipment has to be tried on many
more ropes than we have got. We would
welcome the co-operation of other groups in
allowing us to investigate ropes which they
may consider will show up interesting
points, especially, if there is any suspicion of
internal corrosion.

The existing methods of external examina-
tion will show up defects due to plastic wear,
etc. but nothing, to date, has deﬁnltely
been able to indicate internal corrosion.
The evidence in the last few figures in the

paper is the first indication that we have
had that this is a possibility. We would
welcome the co-operation of other groups
where they have got ropes of interest,
because the more we know about the subject
the greater safety there will be in the future
use of ropes.

B. L. METCALF (contributed) - Mr Semme-
link’s paper forms an interesting addition
to the work published on this important
subject. The number of papers already
published is reflected in the surprising
length .of the bibliography; while the
diversity of the methods described and
outlined in the early part of the present
paper is a reflection on the complexity of
the problem.

During my recent visit to South Africa,

.I was very interested to examine the service

equipment which has already been put into
action as described in Section 4-4. The
first engineer to produce equipment which
can depict with regularity, reliability and
accuracy what deterioration is taking place
inside a stranded rope will have made a
great contribution towards rope inspection
and safety. The equipment must also be
such that it can be used by the engineering
staff at the mine.

The author of this paper has clearly
carried this research a step forward and is
modest enough not to make any extravagant
claims. There are still many difficulties to
overcome and from the author’s conclusions
it is evident that the development of a
fool-proof instrument is 'by no means a
certainty. Nevertheless we must look upon
this paper as an interim report and express
the hope that the author will succeed where
others have so far failed. The problems of
detection and analysis of the conditions
affecting the rope should be capable of
solution and the author is well equipped
and has at his disposal the most modern
methods of electronic analysis.

There are obvious difficulties in both the
detection and the analysis and it would be
of considerable interest if some further
information or opinions could be given on
certain points, particularly when considering
the application of this technique to the
types of rope in use in Great Britain.
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(@) The accuracy of the charts reproduced
in the paper indicate a minimum length
over which a'change is detected which seems
to be of the order of a few feet. Does the
author consider it practicable without
greatly slowing down the rope speed and
hence extending the inspection time, to
detect faults over shorter distances arising
from the action of corrosion fatigue which
can start over very short distances and
build-up rapidly with disastrous results.

(b) What is the author’s opinion as to the
possible application of the technique to the
locked-coil construction of rope, largely
used in Great Britain, which contains a
much higher. proportion of steel for a given
diameter, and may have two, three or four
sheaths, which are virtually completely
circular in the electrical or magnetic sense.
Would the effect of corrosion or loss of
lubricant in the inner core be detected under
these conditions ? :

(¢) From the point of view of analysis
the author mentions in his footnote to
paragraph 11 in Section 5-1 that a complete
separation of the in-phase and out-of-phase
effects has not been achieved as had been
hoped. Such a secondary interaction
between the two recorded components might
well mask any defect which would be
recorded in one of them. Does the author
consider that this defect is merely due to
limitations of the earlier types of analytical
equipment which can "be eliminated with
some advanced designs ?

These comments are an attempt to put
the point of view of the practical engineer
rather than the research worker.  The
Scientific Department of the National Coal
Board are carrying out similar investigations
on the electro-magnetic testing of ropes.
Unfortunately the time available was in-
sufficient, for the report to be adequately
studied by them in time to submit a con-
tribution to the discussion.

A. SEMMELINK (in reply): 1 thank Mr
Metcalf for his contribution. The equip-
ment shown to Mr Metcalf was the experi-
mental apparatus described as Model III in
the paper and not the service equipment.
I do not agree with Mr Metcalf’s require-
ment that rope-testing equipment must be
such that it can be operated by the engineer-
ing staff of a mine. In common with several
other non-destructive testing methods the
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interpretation of results should be done by

a trained operator.

In reply to point (a), the length over
which a change can be detected is of the
order of six inches for a change correspond-
ing to a single broken wire and shorter dis-
tances for larger changes. As locked-coil
ropes are not used in our Group or anywhere
else on the Rand, I cannot give a definite
answer to point (b). On theoretical grounds
I would say that eddy currents will be con-
siderably larger but changes of eddy cur-
rents much smaller, therefore, penetration
of the magnetic field will be somewhat
smaller, but smaller changes of amplitude
can be detected. However, the only way
to prove this is to use the equipment on a
locked-coil rope. With regard to point (c),
the separation of in- and out-of-phase com-
ponents, tests in the laboratory have shown
that this can be done. The service equip-
ment now being designed will be based on

this requirement.

Proressor R. GUELKE (contributed) : Mr
Semmelink is to be congratulated on a most
interesting paper which describes test pro-
cedures that are likely to be of great
practical importance. He has definitely

- established the possibility of assessing weak

points in a rope by electro-magnetic
measurements. Of particular significance
is the test reported in Section 5-3 where an
indication on the instrument is definitely
associated with a decreased breaking load.

At this stage it appears that electro-
magnetic testing is very much simpler in
practice than the usual visual inspection
and probably gives more useful information.
It can probably be used to replace certain
of the ordinary visual tests and because it
requires much less time this will already
represent a financial gain.

The further development of this method,
however, shows great possibilities. If it can

-be shown that a weakness in a rope can

always be detected by electro-magnetic
means, then the useful life of many ropes
can be prolonged considerably. The only
practical way in which this can be done is
to undertake a thorough theoretical investi-
gation into the variation of the electro-
magnetic properties of the steel with fatigue,
strain, etec. Of course, if the failure of
haulage ropes could be contemplated with
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equanimity it would be possible to carry on

with an empirical method and investigate
on a purely statistical basis the frequency
of breakage in relation to the indications of
the instrument. Such a method is imprac-
tical for obvious reasons. A thorough
theoretical investigation has the further
advantage that it will also indicate the best
method to use—information which it is
very difficult and time- consummg to obtain
empirically.

If the responsible engineer is to allow a
rope to continue in service after testing, it
is not only necessary to show that the
electro-magnetic instrument will show a
weak spot in the rope, it is necessary to
show that the instrument will discover every
weak spot that can possibly occur in the
rope. Such a correlation can be established
only by a thorough theoretical investigation.
I have no doubt that such an investigation
will now be prosecuted  with all resources.
It will be assisted to a very great extent by
the investigation reported here which is
mainly empirical but the value of which, as
a preliminary indication, is beyond questlon

The final result will no doubt be of con-
siderable practical and financial value to
the company concerned.

H. C. W. SceMUHL (Associate Member)
(contributed) : The title of the paper states
specifically the ‘testing ’ of winding ropes
by the electro-magnetic method. It suggests
that the author had in mind to ascertain
and prove the ills of a winding rope much
in the same manner as the doctor employs
his cardiograph. It is also noted that other
authors dealing with the same subject
likewise use the word ‘ testing,” but, if one
considers that the word ‘ to test ’ means to
prove the genuineness of anything by
experiment, one wonders whether the author
together with his confreres has not set
himself too high an ideal. I would suggest
that the words analysis or detecting the
defects " instead of ° testing ’ would be more
appropriate. I suggest this, because the
author does not mention embrittlement of
the wires anywhere in his paper. If one
bears in mind that any alteration in the
mechanical properties results in an altera-
tion in the magnetic properties of the
material, embrittlement must be considered

a defect in a winding rope detectable by the |
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method employed by the author. It would
be interesting to learn from the author his
views on this aspect and whether he intends
extending his experiments to detect this
important defect in winding ropes, as well
a8 broken and damaged wires.

It is not the intention in this discussion
to say much on the technical aspect or the
method employed to detect the ills of
winding ropes. This has not proved possible
in the time available, but, if it is noted that
the d.c. electro-magnetic method will detect
a single broken wire in a rope containing
200 wires, the author, must have had more
weighty reasons than those mentioned in
the paper for departing from a method
capable of the degret of sensitivity men-
tioned. Indeed, one would have thought
this to be the ideal method to build on and
it would be interesting to learn from the

_author his reasons in greater detail for

selecting the a.c. method rather than the
apparently more promising d.c. method.
The much more difficult a.c. method with
the introduction of eddy currents and phase
relationship was adopted and the author is
to be congratulated on the manner in which
he solved the various difficulties met with.
His method of constructing the magnetising
and search coils and of recording the results
obtained especially deserve mention and
have very greatly added to the practical use
of the apparatus.

The apparatus developed by the author
seems .to be very effective in detecting
corrosion in ropes. Selected specimens which
were corrosion suspect, submitted for test at
the Government Mechanical Laboratory,
had shown losses in breaking strength
varying from 8 per cent to 20 per cent.
Examination of the specimens after test
revealed that such corrosion had taken place
inside the rope and that it could not have
been detected from a mere external examina-
tion. The loss in breaking strength can,
consequently, only be ascribed to the
internal corrosion.

Apparently, however, the apparatus is

“able to detect such defects only where

portions of the rope deviate from the
average condition and it would appear that
no defect due to corrosion would be revealed
were the rope uniformly corroded through-
out its length.

With the introduction of the Koepe
winder on the goldfields the electro-magnetic
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detection of defects in winding ropes
assumes special importance as with that
-system of winding drawing in or cutting of
the rope for test purposes is not practicable.
To those engineers responsible for Koepe
winders it will be a most invaluable aid
even in its present form of development.
The author is well on his way to giving the
industry an apparatus which will enable the
engineer to ascertain the condition of every
foot length of his winding rope irrespective
of the type of winder in use and every
encouragement should be  given him in
continuing his researches. In so doing he
will have contributed much to the elimina-
tion of that doubt which still remains even
after a careful examination of a winding
rope.

A. SEMMELINK (in reply): I have used
the word ‘testing’ intentionally, as I
believe that, as Mr Schmuhl suggests, the
magnetic properties alter whenever the
mechanical properties change. Whether
this change can be recognized on our charts
remains to be proved and will be the subject
of further work. _

The d.c. method is essentially a broken-
wire detector and will not produce other
information about the condition of the rope.

When charts are made of a rope at regular
intervals, changes which affect the rope uni-
formly can be detected. However, I believe
that the chances of a rope being uniformly
corroded are remote.

0. Rav : I would like to add a few words
to the contribution of Mr Schmuhl to the
discussion on this paper.

I feel that the author deserves every
encouragement in his endeavour to develop
a reliable method of testing ropes non-
destructively. = My . department is very
interested, and will continue to assist by
carrying out any destructive tests to confirm
or otherwise the results obtained by the
electro-magnetic method. I only hope that
other groups will, as you suggested Mr
President, come to your assistance by
making ropes available which are suitable
for these tests and by supplying information
which will help you in your investigations.
As I have already said, the Mines Depart-
ment is extremely interested in this develop-
ment and I must thank the author for his
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very interesting and valuable paper. I
wish him and his sponsors every success
with their testing apparatus to the further
development of which we are all looking
forward. :

L. T. CAMPBELL P1TT : In the introduction
to his paper, Mr Semmelink draws attention
to the successful development of non-
destructive testing of material and par-
ticularly electro-magnetic methods. The
task he undertakes in applying these
methods to steel wire ropes is a very much
more difficult one than material testing
because a rope is a complex structure con-
sisting of up to some 200 members each
sharing some but not an exactly equal
portion of the whole structure’s duty.
Unlike other structures, the members are
not fastened together, in fact, they are
lubricated so that they will not hold
together. Insome respects the rope structure
is more like a machine whose components
work in unison. Each component is a helix
subject to changes in relative position and
pitch as load is varied and the rope is
flexed.

The need for a reliable and readily applied
means of non-destructive testing is both
necessary and urgent. The inspecting
engineer of a steel wire rope has to assist -
him in. his decision a periodic destructive
test and subsequent examination of a few
feet of rope at the conveyance end. It has
been stated that that portion is the weakest
—a comforting thought if it were true, but
it is not. I do not wish to discuss this con-
troversial subject here, but would say that
the weakest portion is usually at the lower
end of the rope. This very meagre positive
test—denied him in some winding systems—
is augmented by physical measurement for
wear which is a most inexact operation since
diameter is affected by rope elongation,
compression of core, cold plastic flow in the
outer wires and other factors. He has other
indications such as broken and loose wires,
and visible pitting. He cannot see the inside
of the rope unless he opens it which is an
operation requiring great care and one that
should seldom be resorted to and, in any
case, is impossible in a lock-coil repe.

These are the factors upon which an
engineer inspects one of the most vital
portions of the plant under his charge. A
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portion upon which the lives of thousands
depend daily. It says a great deal for his
gkill or intuition that the rope safety record
is so good. In the absence of a more scientific
means no one would blame the responsible
engineer if he discarded a rope on suspicion
which would remain in service if the sus-
pected deterioration was mnot confirmed.
There is, in addition to safety and, of course,
secondary to it, an economic aspect to
better testing.

Whilst measurement of condition by a

simply understood and reliable field instru-

ment should be the ultimate aim, there are
many benefits that could be derived from
the intermediate steps. Indication of an
unusual condition which attracts more
detailed visual inspection alone is of great
value. I do not mean to infer that Mr
Semmelink has not progressed further than
that. He has given evidence that a great
deal has been done. The tests at East
Geduld No 1 Shaft, for example, showed
the value of electro-magnetic testing.

When Mr Semmelink says that visual
examination did not show defects does he
mean the routine visual examination where-

by only small portions of the rope at inter-
vals of, say, 200 ft are cleaned and .closely
_inspected, or does he mean that when
attention had been drawn by electro-
" magnetic means to an abnormal condition,

a visual inspection of those points was

made ? ,

In the conclusion of his paper I think
Mr Semmelink has all too briefly summarized
the very considerable progress he has made.
May I ask if the stage has now been reached
when a field instrument can be produced
such that in the hands of the responsible
engineer he has his attention drawn to
portions of the rope which call for special
attention ? Could such an instrument be
used by the engineer to obtain comparative
records at intervals throughout the life of
the rope without specialist assistance ?
My impression is that work has still to be
done before electro-magnetic testing gives
exact measurement of condition even in a
specialist’s hands. Rope deterioration is
by wear, corrosion, fatigue,
fatigue, work hardening, broken and loose
wires, and core failure. Since each of these
defects has a different degree of effect on
rope life and a different rate of rope deter-
ioration it is important that each be identi-

corrosion
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fied and then its degree assessed. There is,
however, so much value in the stages
reached at present that use should be made.
of it.

All this is a very considerable achieve-
ment. The Union Corporation has rendered
a great service to Mining. Mr Semmelink
has very competently carried out the task
entrusted to him and will, I hope, continue
to do so. May I hope that this paper is an
‘interim report.’” Finally, we should not
forget to recognize the leadership in this
important achievement by yourself, Mr
President.

A. SEMMELINE (in reply) : The visual -
inspection of the rope referred to in Section
5.3 was made at point £ in the charts in
Figs. 14 and 15 over a length of about six
feet. 1In addition, the samples C, D, E
and F were inspected before the breaking-
load tests without showing external evidence
of their internal condition.

Though the service equipment will be
very much simpler than the experimental
Model III, I do not believe that the
responsible engineer should operate it.
With the group system it should be a
simple matter to train one engineer in each
Group to carry out regular rope tests.

I. 8. Hageie: This is a paper on a
subject that has been given considerable
attention not only in this country but also
in Canada and on the Continent, and I
understand that the work done by Mr
Semmelink and his group is, if anything, in
advance of that done overseas.

I would like to take this opportunity of
congratulating him on his very excellent
paper and his contribution towards further
safety in mines. I think he will be the first
to admit that the use of electro-magnetic
testing equipment would be an additional
tool for the engineer in his rope inspections
rather than to supersede present methods.
The well known engineer’s saying of ¢ When
a rope makes me loose sleep, it’s time for it
to come off ’ is very true. This advice will
in time, we hope, lessen those sleepless
hours.

One is at first apt to be sceptical of this
method of testing ropes as there appears to
be so many variables which can affect the
instrument. It might also appear that such
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an instrument would be too sensitive for
practical purposes, It is apparent, however,
that the meticulous work that has so far
been done has shown the value and practica-
bility of such a test method. The experi-
ments to date have undoubtedly shown the
way for corrosion detection and have shown
that it may be possible to develop means of
estimating the amount of work hardening

and possibly fatigue which is taking place

in a rope during service.

I speak as an observer of the work that
has been going on and I hope the conclusions
are in fact an accurate summary of the
situation, It is now evident that this
particular instrument is not designed as a
broken.wire detector, and major modifica-
tions are required to make it so, but as we
already have a most complicated deviee for
that purpose, to wit, the resident engineer,
there would seem little reason to perfect
another.

It does, however, appear that the device
has gone a long way towards being able to
detect the position and degree of internal
corrosion.

The two possible future developments of
the equipment would appear to be in
investigating the amount of work hardening
and fatigue which take place at crossover
and in the region of the cappel and decelera.-
tion points. I understand that such work
callg for considerably more experiments, and

we will watch with interest how they

develop. Fortunately the effects of fatigue
and cold work are in the main visible in the
form of broken wires and plastic wear so an
engineer can to a certain extent anticipate
the trouble, but it would be of advantage
to know in advance if such a condition is
developing in a rope.

.To return to corrosion, I feel that the
instrument has already proved its worth in
being able to détect deterioration which is
not visible in routine inspections. Fortu-
nately on the Witwatersrand we are
relatively free of serious internal corrosion
and few ropes suffer from corrosion which is
sufficiently serious to call for anything but
the normal attention. In the Orange Free
State, however, the saline nature of the
water, of which there appears to be more
than enough underground, is a source of
worry and it is a serious menace to winding
ropes. It is to be hoped that when shaft
sinking is complete and the shafts are
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relatively dry, this trouble will be minimized,
but we do know that should this water be
allowed to percolate into ropes, even over a
short period, serious damage is done. To
have an instrument to detect cases of such
deterioration would certainly make me a
happier man if I was responsible for the
condition of the ropes.

From the test results shown us to-night
and the other tests I have seen, the effective-
ness of Mr Semmelink’s equipment seems to
be quite proven in so far as corrosion
detection is concerned. It would seem
necessary to confirm over a period of months
or years that the results obtained are con-
sistent and be able if possible to correlate
the deflections of the instrument with the
degree of corrosion. The magnetic oxide
which forms during corrosion may have an
effect on such calibrations, but it would
seem that already there is a relationship
between the instrument’s deflections and the
extent of the corrosion.

It is interesting to note that the loss in
weight of wires over a typical corroded area
bears a very close relationship to the loss in
breaking strain as will be seen from samples
of wire examined. I would like to mention
that these samples have been collected from
ropes over a number of years and. so
represent quite a large proportion of the
actual cases of serious corrosion. I would
be committing a serious crime against the
engineering fraternity if you were lead to
believe that wires in this condition were a
frequent occurrence.

It would be interesting to hear from the
author how long it takes to carry out an
inspection on the average winding rope and
whether different constructions have any
material influence on the readings. Would

. he bé confident at this stage, for instance,

to say that corrosion will always cause a
decrease in both amplitude and phase angle,

whilst any other factors will have a different
effect on the traces.

A. SEMMELINK (in reply) : Thetime taken
for the inspection of one rope is approxi-
mately thirty minutes; this will be con-
siderably increased if visual inspection is
made of particular points after the magnetic
test is completed.

Different constructions of rope will affect
the readings in so far as the eddy-current
path in the rope differs. With the exception
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of the locked-coil construction, I believe
that the charts will be similar. For the
locked-coil construction experiments will
have to be carried out before it is possible
to estimate the effect of the magnetic
screening of the outer layers.

T should prefer to say that corrosion will .

usually, rather than always, show a decrease
in amplitude and phase-angle. Tt is possible
to imagine a combination of faults giving
different results.

C. W. H. pu Toir (Associate): This
paper is a valuable contribution to the
literature on non-destructive testing.

It was of interest to note that the testing
of winding ropes by magnetic methods has
been used elsewliere for many years. Why
these tests were discontinued in England is
not quite clear. It seems, however, that the
results obtained were either of doubtful
value or difficult to interpret.

The main requirements of electromagnetic
rope testing equipment seem to be that

(a)” broken strands should be detected
without fail, since this will indicate the
end of the useful life of a rope ; and

{b) periodic testing of a rope should warn
of impending failure by indicating
gradual weakening of the rope if it
occurs at all.

The equipment described does not yet
seem fully capable of meeting the first of
these requirements, and its usefulness for
the second probably still remains to be
established by sufficient tests to provide
data for statistical analysis. The author is
still engaged on these further tests.

Referring to the first criterion, the
method used in Germany for rope testing
definitely claims the ability to detect broken
wires. This method is, however, dismissed

by the author as unsuitable for various.

reasons, the main ones of which seem to be
problems of technique.

Surely these could be solved by the use
of automatic coil-winding equipment and
the development of a suitable amplifier-
recorder for use in place of a galvanometer
and photographic paper ?

The equipment described seems to be
designed principally to fulfill the second
requirement. The importance of this
function should not be overlooked because
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results indicating the changes occurring in
the physical state of a rope, if correlated
with its service history, may have important
effects on operating and maintenance
schedules. These alone may economically
justify the routine testing of ropes.

Early in the paper mention is made of
the automatic comparison of physical pro-
perties of two pieces of the same material

~as a method of non-destructive testing.

This method can be realized in this instince
by using a differential pick-up consisting of
two narrow coils spaced a short distance
apart and connected in opposition. This
may have certain advantages over the
pick-up method used by the author. Such
a system may produce recorded traces which
show fewer apparent deviations of the rope
from the normal, by balancing out spurious
effects ; the interpretation of results may
thereby also be easier.

It would be interesting to know if the
author tried this method of detection, using
his present methods of magnetization, and
with what results.

It would be of interest also to know if
the author obtained different results when
the same rope was '

(@) going down with a load
(b) coming up with a load,

or whether when coming up with a load
the recorded traces show deflections corre-

- sponding to the points of the step-up of the

hoist controller or if the change in rope
loading due to its own weight caused suffi-
cient change of magnetic properties to show
a difference between drum and cage ends
of the rope.

1 fully realize that the author’s work is
not completed, and that it may be impossible
at this stage to estimate the impact of these
tests on current ideas on economic rope life,
but it would be of interest to hear the final
outcome of this investigation in perhaps a
further paper. .

The principle described by the author has
been: used in other fields. Equipment is for
instance available for testing bright bar,
welded piping and single wires by electro-
magnetic means, for flaws. The magnaflux
apparatus can also now frequently be
replaced by a permanent magnet as exciter,
and a search coil as pick-up. By this means
large items like boilers can be magnetically

-
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examined on site. Such tests are more
economical also than magnaflux tests.

Some of these equlpments are in use in
our laboratory.

I hope this paper will stimulate interest
in magnetic testing, also in other fields,
as there is wide scope for the application of
non-destructive testing in South Africa.

A. SEMMELINE (in reply): Mr du Toit
states that a main requirement seems to be
that broken wires should be detected with-
out fail. It may be of advantage to give
the results of an experiment carried out in
collaboration with rope makers and the
Government Mechanical Laboratory, which
was designed to study the effect of broken
wires on the breaking load of ropes. The
following table gives the result of this
test :—

Breaking
Speci- Number of load in Percentage
men broken wires tons reduction
A None 117-5 0
(at collar)
B None 115-5 1-7
(at collar)
C Two in one strand 114-5 2-6
D Four in one strand 100-0 14-9
E Six in one strand 915 22-2
b Six (two in three
strands) ..

109-0 7-2

The samples were all cut from the same
unused rope. The tests indicate that the
breaking load of a rope having two broken
wires, each 3 000 1b or 1-3-per cent breaking
load, is diminished by just the breaking
load of these wires. For four or six wires
broken in one strand the difference in break-
ing load is very much higher, while if the

broken wires are evenly distributed the .

difference is again equal to the breaking
strength of the broken wires. From this it
is clear that it is not important to detect
occasional broken wires, especially if widely
spaced, but it is essential that the charts
should show when several are broken in one
strand. Tests in the laboratory show that
our equipment will do this and further
tests will be carried out. No charts of
ropes in the shaft having such broken wires
have been takenh, as they are inevitably
detected in the daily rope examination and
the rope is taken out of commission as soon
as possible. For these reasons the develop-
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ment of a broken-wire detector was not
considered as important as the development
of  condition testing * equipment. Section
4.5 of the paper indicates that it is poss1ble
to modify our coil to detect broken wires.

The use of a differential coil arrangement
was considered, but abandoned as we
wanted to measure the condition of each
section of the rope and not the difference in
condition between adjacent sections.

A study of the published charts will show
that the records of flux amplitude—i.e. top
traces—indicate a gradual increase when the
rope goes down, when the tension increases
due to the added weight of the rope itself.
This correspoinds to the increase of perme-
ability with increased temsion as shown in
Fig. 3. When charts are taken with the
rope going down and coming up, the only
difference shown is a small shift in level on
the top trace. The explanation probably
lies in the difference in shaft friction which
must be subtracted going down and added
coming up.

B. Stain: I am confining my discussion
\to the mechanical aspect of the electro-

magnetic inspector when used to assist the
engineer in his determination of the con-
dition of the winding ropes for which he is
responsible ; atpresent he has torely mainly
on his practical experience in assessing by
external examination the condition of the
rope.

The usual procedure is to examine the
rope at a creep speed of 200 to 300 ft per
minute in order to detect any obvious
defects such as broken wires (these being

" easily detected in the old days by the quick

removal of several of the ropeman’s fingers
whose practice it was to handle the ropes),
for kinks, lubrication and the general con-
dition of the ropes.

Stops are made at regular intervals
throughout the length of the rope, and at
points where heavy wear is expected, i.e.
where the rope is in contact with the sheave
during acceleration and deceleration, and
crossover points on drum where plastic
wear occurs, therope iscleaned and measured
and the results logged.

A close watch is maintained for external
corrosion and any unaccountable reduction
of diameter which may be due to either
internal corrosion or collapse-of core. Where
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any internal defects are suspected the actual
internal condition can be ascertained only
by opening up the strands. This disturbance
of the rope would thereafter provide easy
ingress for moisture and thus promote
internal corrosion as the strands could not
be replaced in their original position.

In addition to the monthly visual ex-
amination conducted by the. engineer a
complete history of all ropes for each hoist

is recorded, consideration being given to |

the particular conditions under which the
rope operates, such as single- or dual-
purpose hoisting, the amount of work
performed in foot-tons, wet or dry, up- or
down-cast condition, and load-extension
continuation charts of periodical tests in
respect of each rope are kept.

The estimated life of each rope is then
carried on a chart from which theresponsible
engineer can immediately see when any rope
is neaiing the end of its useful life and a
more careful scrutiny of the rope is then
maintained.

In spite of the fact that with little varia-
tion these methods have been in general use
for many years throughout the mining
industries very few accidents are attributable
to rope failures.

In an endeavour to ascertain by actual
test whether the bad points detected during
a visual examination were being picked up,
the following tests were conducted on a
discarded rope which was operating at a
speed of 1200 ft per minute on a winding
engine in a vertical upcast shaft and
developed very active external corrosion
over at least half its length. This corrosion
had increased over the external crown wires
despite all effort to arrest it.

Six specimens were cut from the rope and
the following data obtained :—
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New rope, 13(7/6 A) construction, 0-124.
inch outer wires. Breaking load 67-2 tons.

-Corrosion varied from °¢very slightly
pitted and corroded outside’ on No 2
specimen to ¢ more than slight to consid-
erably pitted and corroded outside * on No
4 specimen. :

Due to the varying conditions of the
above specimen it was anticipated that a
large variation in the breaking loads would
be obtained, especially at.the points of
crossover where plastic wear would occur
and at the most heavily externally corroded
section (No 4), but this was not borne out
in practice as indicated by the tests, as
only little variation in the breaking loads
were obtained.

The author mentioned in his paper that
various points on the ropes undergoing
examination were picked up by his electro-
magnetic inspector and specimens removed
for test.

The breaking loads of these specimens
were C — 157 tons, D — 1377 tons,
E — 130 tons and F — 154 tons as compared
with the new rope breaking load of 1593
tons. Examination of these specimens
revealed excessive internal corrosion at
points D and E with a reduction in breaking
loads of 21-6 and 29-3 tons respectively.

It would be interesting to know if the
break in the testspecimens occurred at the
actual point detected, or at the metal collar,
as our experience has shown that consider-
able differences in the breaking loads have
been obtained in tests conducted by the
government laboratory, especially on larger-

-diameter ropes.

The load-extension continuation chart
shown in Fig. A represents the original and
periodical tests on a 1-736-inch diameter

rope of 30(12/12/6 A) construction operating

No. Position Results

1. Splice end . . . Most worn wire 0-122 inch, broke at 688 tons
2. 270 ft from sphce, on bottom of drum when cage at

bank (internal corrosion suspected) v - ,s 0-117 inch 5 9y 68°4
3. 1130 ft from sphce, top layer crossover pomt (plastlc

wear) . ' - s 0-117 inch . 5 686,
4. 2016 ft from splice, excessive extern&l corrosion v vy ,» 0-118 inch 0 679,
5. 2614 ft from splice, bottom layer crossover (plastic ,

wear) .. 5 » 5 0117 inch 3, 68:5
6. 2770 ft from splice, cage at lowest loadmg pomt and :

rope in contact with sheave during acceleration . ' ,, 0-118 inch . s 680,
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on a 6 600-ft vertical wind with an original
breaking load of 154 tons when the test piece
failed at 18 inches from the metal collar,
Curve A on diagram.

In order to comply with the conditions
imposed by the Mines Department it was
necessary for this rope to be tested after
having been in service for one month; a
test specimen, together with an additional
40 ft was removed to equalize the rope
lengths.

The result of this test revealed that the
specimen had broken at the metal collar
(shown by B in Fig. A) with a breaking

154 153.2

148.5 146-7.

LOAD IN TONS

A B C o]
EXTENSION IN INCHES

Fig. A

load ‘of 142-5 tons; this was 11-5 tons
below the original breaking load. In no
case was corrosion or any defects apparent,
yet the curve shows comparatively little
elongation indicating brittleness of the
wires, due either to fatigue, which is
generally accepted as being concentrated
at the splice end of the rope, or corrosion,
which was incorrect insofar as the rope was
new and had done insufficient service to
produce these conditions. .

This large decrease in the breaking load
was most alarming as little latitude now
remained as the breaking load called for at
discard is not to be lower than 139-6 tons
ie. a difference of only 2-9 tons, and in
order to remove any doubt about the con-
dition of this rope a test length cut from
the 40 ft equalizing portion was sent to the
laboratory for a special test. This specimen
fractured in the centre and a breaking load
of 153-2 tons was obtained, shown by Curve
C, being a difference of only 1-8 tons on the
original breaking load.

The results of the investigations con-
ducted on these two ropes show that visual
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inspection leaves much to be desired, as
where a low breaking load was to be ex-
pected the opposite was the case and vice
versa. If the electromagnetic inspector
could be relied on implicitly to detect any
change of tensile stress caused by fatigue,
corrosion, plastic wear, broken wires etc.,
then the doubt which presently exists
would be eliminated and unless this is so,
ropes will be discarded prematurely and
thus reduce the useful life unnecessarily.

I would emphasize that the apparatus
be light, quickly positioned and easily
handled to facilitate transport from rope
to rope and shaft to shaft.

In conclusion I should like to congratulate
the author on his very fine paper and if his
electromagnetic inspector be perfected to
pick up every defect with absolute certainty

it will become of the greatest assistance as .

an aid to rope examinations and will obviate
all uncertainty existing at the moment par-
ticularly insofar as the internal condition
of the rope is concerned.

A. SEMMELINK (in reply) : With reference
to the test described in Section 5.3, the
specimens broke as follows :—

Specimen C 10 inch from collar
D at collar
E centre of specimen
F at collar

Specimen ¥ broke at a point correspond-
ing to the peak on the record, while speci-
men D broke at the collar. A study of
Fig. 15 reveals that at points approximately
five feet from the peak labelled D there are
other peaks of the same amplitude. Exami-
nation of the specimen after the test showed
excessive corrosion both at the point of
breaking and at the centre.

D. J. SterN : The most interesting and
extremely well prepared paper of Mr
Semmelink is a valuable contribution to the
literature on mine rope testing, and is
particularly valuable because it is the first
evidence of practical non-destructive tests
on mine ropes done in South Africa.

It is, in fact, amazing that one of the
Jargest mining communities in the world
has entirely neglected non-destructive test
methods on steel wire ropes, although these
methods were already for 25 years success-

-
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fully applied in Germany and have been
officially applied with success for the last
seven years by the Department of Mines of
the Province of Nova Scotia in Canada.

A few months ago, I met Mr Semmelink,
and it was a surprise when we realized that
without knowing each others’ work, we have
been doing parallel development of non-
destructive methods for testing of steel wire
ropes.

‘The laboratory with which I am associated
is developing a wire rope-testing method
which will be particularly suitable for South
African- mining conditions and it is hoped
that the preparatory work based on both
German and Canadian experiences and
instrumentation and forming a compromised
solution of the problem, will be completed
shortly so that the results can be published.

At present I am not in the position to
reveal particulars of the method under
development ; it might be, however, of
interest to describe the theory of the
Canadian method, which forms in part the
base of our development work.

The testing method is an a.c. method in
which ferro-magnetic material is magnetized
by a low-frequency current to a low field
strength. The low frequency is required to
enable examination of large-diameter ropes,
namely to increase the flux penetration in
the ferromagnetic material which follows

the formulae for skin depth. ~
P = 3560 E
pf

where P = current penetration in cm
R = resistance in ohms
f = frequency in cycles per second
¢ = magnetic permeability.

This formula, although basically sound,
needs however, certain correction as the
magnetic permeability is not a constant but
a function of temperature, and at the Curie
point or magnetic transformation point,
namely 770°C, the material ceases to be
ferromagnetic. Fig. B shows the relation
between frequency and penetration.

A Jow-strength field has to be maintained
to increase the effective test volume in the
test piece. The penetrating volume being

V=KUPr

K = constant depending on instru-
ment sensitivity

P = penetration depth

r = radius of sample.
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One sees from the above that penetration
is inversely proportional to permeability
and frequency, and as permeability at a
low-gtrength field is only between 0-1 to
0-001 of that at a strong field, it is necessary
that one works at a low field strength. One
should notice that penetration of wire ropes
which are actually stranded structures is
easier than penetration of solids. "It is
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claimed that by the method used in Canada,
full penetration was obtained at rope
thicknesses of 1} inches diameter.

The testing is based on facts that stresses
affect magnetic properties and under certain
circumstances tensile stress of 5 000 1b/sq.in.
can change the flux density B up to 10 000
gauss. The effect of tension on magnetiza-
tion is characterized by increasing mag-
netization at small field strengths, and
decreasing it at high field strengths. (See
Fig. C.) Although one is interested at
present only in stress-magnetization relation,
in fact it boils down to strain-magnetization
relation known often as effect of magneto-
striction. This points again to the con-
venience in keeping the field strength low.

Magnetostriction, namely the slight in-
crease in length in the direction of mag-.
netization and the decrease in direction
perpendicular to magnetization, is an effect
of the crystallic anatomic structure of iron
to maintain an equilibrium between mag-
netic forces and elastic forces in the crystals
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where in each crystal the atoms have a
definite magnetic moment resulting from
the spin and circumferential movement of
electrons. The effects of strains on mag-
netization is the reciprocal property of
magnetostriction. :
The strain effects on magnetization are
complicated phenomena and one of their
peculiarities is the fact that with severe hard
working the changing of magnetism becomes
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more difficult, namely, same stresses will
not produce identical magnetization changes
in materials which were cold worked, plastic
deformed or are in an unworked state.
From here a certain analogy can be drawn
between mechanical and magnetic hardness,
and in general by measuring the changes in
magnetic properties due to changes in
mechanical properties and characterized by
magnetic losses in the circuit, one can draw
a conclusion to the magnitude and location
of mechanical changes in material under
examination. .

An important point not to be overlooked
in examination is the choice of a suitable
frequency and to find out at which frequency
best discrimination is possible.

In particular cases where a ferromagnetic-

material is placed within a coil which forms
a part of an oscillatory circuit the variation
of stresses in the material will cause varia-
tion in the energy output of the oscillator
and these variations can be detected and
recorded by means of a cathode-ray tube
screen.

Equipment made on this principle is
the cyclograph mentioned in tlie paper and
used with remarkable success on non-
destructive testing of steel wire ropes in
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Canada. The speed of testing is between
15 to 40 ft per second and records are made
on charts in the scale 200 ft wire length per
1 inch scale. An interesting addition to the
improved cyclograph for testing steel wire
ropes is a recording dynamometer which
measures and records the actual pull on the
wire rope while in motion. Dynamometric
charts are examined simultaneously with
the cyclograph charts. From tests con-
ducted in laboratories and in the field it is
certain that point of failure in a steel wire
rope can be predicted.

The cyclograph method is sensitive and
reliable in detecting stress changes and
structural changes, but it does not respond
readily to cracks or other material defects
which do not influence the properties
detectable by the cyclograph.

Crack detection and detection of other
material flow defects are done religbly and
with great accuracy by the d.c. magnetizing
method developed mainly in Germany and
used also by German mine authorities for
the testing of steel wire ropes.

The basic requirement for this method is
the magnetization of the rope to saturation.
This magnetization is achieved by coils
wound around the ropes. The coils are
wound on split cores with a special winding
machine which is capable of winding both
coils in half an hour, The inside diameter of
the coil is about 10 mm bigger than the
rope diameter.

The search coil which lies between the
two magnetization coils is also split. Its
inside diameter should be not more than
2 mm larger than the diameter of the rope.

The number of turns on the magnetization
coils is 1 200, and the number on the search
coil is 100 double windings. Winding of the
search coil is bifilar. The magnetization
current is not more than 5 to 6 amperes.

Recording of the findings is done on a
ballistic galvanometer and with an inter-
polated amplifier can be recorded on a
recording chart.

The interpretation is based on long years
of experience and on hundreds and hundreds
of ropes which have been tested within the
last 25 years. The test is not applied
regularly on all ropes but only in cases
where strand breakages are suspected by
the authorities, or when a rope is declared
by mining authority as unsuitable before
its expected lifetime is finished, and the
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mine owner calls in the testing authorities
for arbitration.

By combining these two principles in one
test method one achieves double advantages.
Corrosion effects, cold working, abrasion
and kinking can be easily detected on charts
recorded by examination with the a.c.
method and by comparing such charts taken
over a time period. Breakages in wire
strands can however be detected and
recorded by the d.c. method. Such a double
checking would not leave any possibility of
overlooking a defect which might cause
failure of the wire ropes. It gives to mining
authorities which look suspiciously on non-
destructive testing of ropes a guarantee
that results obtained by such methods can
be regarded as reliable indication of the
condition of steel wire ropes. There is no
doubt that a sufficiently” accurate method
for non-destructive testing of mine wire
ropes is possible and I am confident that
such a method will very soon replace the
visual examination and the post mortem
mechanical testing.

A. SEMMELINK (in reply): 1 am very
pleased to learn that Mr Stern is develop-
ing electronic rope-testing equipment and
am lgoking forward to comparing notes in
the future.

Regarding the practicability of using a
search coil with a diameter 2 mm larger
than the diameter of the rope, our experi-
ence was that lumps of rope dressing and
broken wires were sufficient to break the
coil and it is now at the bottom of the shaft.

W. A. Prrrs {Member) : The subject of
the paper is of very considerable interest
and importance to the Mining Industry,
not only in South Africa, but also in many
parts of the world where mining operations
are taking place. For many years it has
been realized how valuable to the Mining
Industry would be a practical non-destruc-
tive method, which used a not too involved
or complicated technique, and which could
be applied ‘in situ’ to locate with reason-
able speed and accuracy a portion or por-
tions of an ‘in service’ winding rope,
where deterioration was taking place in
the desirable tensile and other physical
-properties of the wires of the rope.
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The method and apparatus visualized
should possess the feature of automatically
recording a chart or diagram. The ‘shape
or form’ of this diagram should be inter-
preted by information supplied by those
responsible for the development of the
method and apparatus. This should supply
reliable information regarding the nature,
and possibly the extent or magnitude, of
the detected defective sections of a winding
rope.

From the paper, it would appear that the
author and those associated with the
experimental work have achieved something
approaching to that visualized. The tests
made have certainly been the means of
indicating portions of a winding rope sus-
pected of deterioration and subsequent
investigation has confirmed the existence
of corrosion.

The economic value, as well as the safety
in-working aspect of the development and
introduction of any method and apparatus,
would naturally be dependent on the effi-
ciency and particularly the reliability of the
interpretation of the test results obtained
by the non-destructive method of testing.
Whatever success is achieved in the above
direction, I venture to say it will for some
years remain a supplementary aid to the
persons who are responsible for carrying
out the statutory daily, and less frequent
periodical examinations called for by the
Mines, Works and Machinery Regulations
in the Union of South Africa, and perhaps
in other parts of the world where similar
regulations apply.

The production of statistics to show the
number of winding ropes and the aggregate
length in feet of winding rope in use today

. even in South Africa alone, would be a

revelation—as regards the thousands of
feet of rope to be examined daily. I think
it can be said and with little fear of con-
tradiction that, in the case of the many
long winding ropes, it is practically im-
possible to make other than a superficial
daily examination, and that the examina-
tions in many instances become a per-
functory duty. As the ropes are usually
well covered with rope-dressing or some
compound to protect the ropes from cor-
rosion, and unless the rope strands or wires
are seriously damaged and disturbed, it is
very difficult to see undisturbed broken
strands or wires. In order to assist in the
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detection of broken wires it is known that
some examinations are made by the assis-
tance of a person applying his hand in
contact with the slowly moving rope; in
view of the danger of injury to the hand,
it'is not a very desirable practice. From
the above remarks, it can be appreciated
how valuable a complete non-destructive
rope .test would be, particularly by the
method described in the paper.

The most thorough examinations of the
ropes are carried out at least once per
month, and at this examination selected
portions are cleaned for careful examination
and measurements. It can be readily under-
stood that usually the distances between
parts examined are appreciable. At the
selected portions it is not possible in all
cases to detect if internal wear or corrosion
of the wires is taking place, unless the rope
is opened up. The indiscriminate opening-
up of a rope is not recommended and usually
is not done, unless the external examination
shows a condition which gives rise to a sus-
picion of unsatisfactory internal conditions.
I recollect seeing some of the early experi-
mental work, commencing about 1946,
and, consequently have been interested in
noting the progress made in the develop-
ment of the improved methods, and the
alterations in the equipment used for
Model I to Model III, as recorded in this
paper. The practicability of the application
of the present method and the apparatus,
has certainly been brought within the range
of rendering valuable aid to the responsible
engineer by providing means of checking
up on the paid-out portion of winding ropes.

" The conclusion arrived at by the author, is I
consider ndt an over statement.

I consider, however, that the provision
of reliable means of interpreting the ‘ form
or shape ’ of the charts produced as the rope
is passed through the test apparatus, is of
paramount importance. The author and
those associated with the .experimental
work have no doubt had quite an awakening
as to the number of variables which are
encountered in connection with winding
ropes and these variations have no doubt
rendered the interpretation of the resulting
charts all the more difficult. It would at
the present, stage be of aid to the engineer,
if the non-destructive method of testing
were applied to a rope when newly put on,
when the rope had bedded down to the
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winding operation conditions and thereafter
at least once in six months. The informa-
tion obtained by a comparison of the test
charts should be helpful to the engineer
responsible for winding ropes.

In conclusion, I wish to thank you for the
opportunity to contribute to the discussion,
and to add my quota to the congratulatory
remarks of the previous speakers, to the
author of the paper which will be a valuable
addition to the proceedings of this Institute,
and I would like to couple the name of Mr
M. R. Gericke who has for some years given
considerable thought and attention to the

. subject of non-destructive tests on winding

ropes. It is hoped that the uséful work will
proceed with continued success in the
development of improvement in the method
and results.

C. F. B. vax Wyxk : I was privileged to
have had a few opportunities of having
ropes examined by some of the instruments
described by Mr Semmelink.

The first of these ropes which was
examined with a very early model in 1949
was a non-spin rope of 15-strand (9 over 6)
construction on a sinking shaft. This rope
had shown very marked signs of corrosion
at certain points in its length.

At the time of the test—when it had
already been decided to discard this rope—
I felt that T knew where every corroded
area in the rope was, namely—

at 400 ft to 500 ft from the splice, slight
corrosion ;

at 1000 ft to 1200 ft from the splice,
more than slight corrosion ;

at 2200 ft to 2500 ft from the splice,
very slight corrosion ;

at 4350 ft to 4500 ft from the splice,
extremely severe corrosion ;

at 5800 ft to 6100 ft from the splice,
slight corrosion.

The rest of the rope appeared to be in
good condition.

The rope was then examined with the
instrument and the indications corres-
ponded very closely with the previous
visual examiations. What impressed me
most was that the instrument indicated that
something was amiss at a point 3 100 ft to
3150 ft from the splice—in a portion of the
rope which had up to then been considered
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to be in good condition. On carrying out
a close visual examination, no evidence of
corrosion was found. The instrument was
still persistently indicating reduced metal
area and it was decided to open up the
rope at this point. To our surprise severe
internal corrosion was discovered between
the inner strands of the rope at this point.
The rope was also opened up at two points
approximately 30 inches on either side of
this severely corroded portion, where the
instrument did not indicate anything un-
toward, and here the rope was found to be
sound.

More recently, a 1%-inch rope of flattened-
strand construction which had been in use
for only a few months, was examined with
a much later instrument, because a point
was discovered where the rope diameter
was reduced by & inch over a distance of
8 inches.

Mr Semmelink, in interpreting his charts,
“had no hesitation in saying that it indicated
that there was bhetter contact or more
pressure between strands at this point;
furthermore he asked for the rope to be
examined at another point approximately
50 ft further up where he found similar
indications. At this point the rope diameter
was found to be nearly § inch less than the
rest of the rope, over a distance of about
2 feet.

I hope that these experiences will indicate
to those people who might be sceptical
about a new and strange ‘toy’ that the
instruments described to-night, can be of
the greatest assistance to the mine engineer
in finding hidden defects in winding ropes.

Government Laboratory tests, of samples
cut thousands of feet away from a point
where danger may be lurking, and visual
examination, which can so often fail to
disclose internal conditions, need no longer
be his only guides in assessing the quality
of the rope.

I wish to congratulate Mr Semmelink on
his very timely paper and can assure him
that mine engineers will certainly appreciate

the assistance which this instrument will.

provide in the examination of winding ropes.

W. M. KINGHORN (contributed) :
Throughout the mining world, equipment
for testing wire ropes has been wanted for
many years as a scientific aid to the crude
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but remarkably successful examination
methods at present in general use. Until
now, safeguarding of human life and
equipment associated with winding ropes
has depended on the uncanny sense of
judgment developed by the examining
engineer as a result of visual inspection.
I feel quite sure that the engineers will
incorporate this new device as standard
practice in examination procedure for
locating the position and nature of defects
in winding ropes.

It would perhaps augment the value of
this excellent paper and also assist the less
experienced rope examiners to have a brief
description of the more general defects
found in winding ropes together with their -
causes, effects and significance.  These
troubles may be summarized under the
headings of wear, broken wires and corrosion
which, ultimately combined, lead to fatigue
and the complete collapse of the winding
rope.

Wear is shown by the flattening of crown
wires on the rope strands. Should the wear
become evident in the early life of a rope
and extend generally throughout the
working length, then the trouble may be
due to soft steel used by the manufacturer ;
but what is far more likely, it may be
traced to the headgear sheave having in-
adequate groove clearance. The sheave
groove should be turned out to a radius
10-per cent greater than the unstressed rope.
If wear is found confined to intermittent
sections of rope the trouble may be found
in bad coiling on the drum and remedied
by recoiling with a heavy load. The most
usual position of wear is on crossover points
on the drum and confined to short lengths
or individual strands. The worst possible
position for a crossover point is that co-
incident with the end of the acceleration
period: Here the crossover shock is accom-
panied by maximum stress to give rapid
wear and metal fatigue. The evasive action
called for consists in pulling in at the drum
end any satisfactory length comprising an
odd multiple of hdlf turns. In general, wear
commences with an initial flattening of the
crown wires and, even when this has
developed to an obvious extent, there will
be little deterioration to the breaking load
of the rope until the wires take the form of a
U with turned over ragged edges. In this
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final stage fatigue will develop rapidly and
broken wires are imminent.

The next defect for consideration is the
broken wire. The disclosure of an occasional
broken wire, although unusual, is no cause
for alarm and is probably due to faulty
welding during manufacture. The wire con-
cerned should be broken back to a position
where the ends are away from the strand
crown and shrouded by the adjacent wires.
If, however, a number of individual broken
wires are found at widely-spaced intervals
it is possible that fatigue is developing. A
test length should be cut off and a careful
examination made of the. stress/strain
graph up to the point of rupture. The
deterioration in the elastic-limit condition
is indicative of fatigue development. The
most usual broken-wire condition is the
disclosure of a number of failures confined
to a short length of rope and may be traced
to shock loading at a crossover point. The
action demanded is to cut off a length from
the drum end equivalent to an odd multiple
of half turns. The cause of broken wires
may sometimes be traced to a flaw in the
headgear sheave tread and cases have been
found of cutting brought about by loose
countersunk bolts on kickover plates. It
is not uncommon to find broken wires on
the lower layers of the drum particularly
on the dead turns which do not come off
during normal winding. This is due to the
crughing of upper turns on slack layers and
the rope should be pulled in at the drum
end and recoiled tightly. The danger signal
indicated by broken wires is the occurrence
of a number of breaks in close proximity
each showing the typical fatigue section

- fracture instead of the tensile fracture.

The most insidious disease in a winding
rope is corrosion. In the initial stages a
rusty sludge deposit is found between the
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wires. At the next phase pitting shows up
on the wire surfaces. This condition is
sometimes masked by plastic deformation
of wires which increases the difficulty of
visual detection. The penultimate con-:
dition of the wire rope corrosion is in-
dicated by slack crown wires on a loaded
rope and rusty sludge is expelled in response
to a sharp blow from a marlin spike.

In practice, ropes are usually discarded
because of a combination of wear and
corrosion developing into a fatigue con-
dition. During the early life of a rope, the,
wires are found to work harden and give a
slight increase in ultimate breaking load.
This new breaking load is maintained
throughout the normal life and, immediately
there is a falling off of breaking load rapid
deterioration is about to occur. On no
account must a rope be permitted to remain
in service when corrosion fatigue becomes
evident. The evidence of corrosion fatigue
is slack crown wires accompanied by rust
particles showing a maldistribution of wire
loadings. After the rope has been discarded
this can be substantiated by opening up a
strand fo disclose badly corroded core wires.
The final proof test will undoubtedly show
that the rope has fallen below the limit for
safe operation.

I have given a brief outline of some rope
troub]es, and have no hesitation in wel-
coming this new aid to rope examinations.
The device will undoubtedly lead the in-’
specting ‘engineer to the trouble zone and
even indicate and record the nature of the
trouble. However, I beseech the engineer
not to allow this device to supplant that
uncanny sense of judgment which has been
developed to the extent of being almost
infallible. This developed intuition must on
no account be permitted to lapse into one
of the lost arts.
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The electro-megnotic method of testing 'wmﬁlng ropes is described,
A large number of ropes hnve boen testod with the epperatue tailt for the . . .
W?-%wo Thie apparatus ie: desoribad and the resulte obtained are discuesed.
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1.

In & papor read bofore the South Africen Institute of Electied
Ingineers in sy 1955 (mf‘;l} sxperiments wore described shilch lesd to the
developenent of en slectro~rzagnatic rope teeting meothod. This mothod hes
bacn in reguler use by the Union Corporstion Group of minen since September
192,  turing 168984 ‘asrvice squipnent woe designed and constructed, oﬁ;nllar
end ginpler 1o operetion than tho experimentel wsquipment, Medel IEl, described
in the first peper.

(In thet peper & ahort history wos given of sxperiments snd methods
in uge in South Africs as well as oversens., Since then two other methods have
come to our notice, the £irst besed on the Cerman 1,G, methed (ref.2) elainmn
to be able to deteet very small changes in sreo of the rope se well ss oracks
and broken wires. the second L8 a wagnotostriction mothod (ref.%) snd is still
haing developed.

In eddition % tho routine testo on all nuin winding ropes in the
Group special teots heve basn cerried out at minaq ol other Groups, The ain
of the toots Lls 1o asnist the qzag.imar in hie responeibility under the
Goversgent wining regulationa for ull ropss, especislly by MWringing wedd® nie
notice sny factor shich moy have resulted in or mey leed 0 o roduction in
breaking loads Humerous tests hove bésn carriad out at the Government |
Lechenicel Meboretory to corrolute breoking loed with the resdinge obteined
with ths egu-&pmeﬁt. The purpoes of thle poper is to depcribe thone tests and
in uddition to describo in greater detell tho derign end comstruction of the

squipneat,

2. APPARATUS,
Before descridbing the apparstus the method will be dlscussod,
aftor shich each pection of thr sguipment will be dealt with.
2.1 Method, - |
A set of colle comprising o mognetising coil end o soarch coil
${s clamped over the rope. Ths colile are designed 8o thet the exis of tha
coile coincides with the axia of the rope. The number of turng of the
wagnotining coil end tho current in 1t are chosen to produce e magnetising
Lorce of loms than one Oersted, thus ensuring thet the permeadility of the

atoel doos not risoe apprecisbly sbove ite initisl velue (ref.d).
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BLEOTRO-MAGNETIOC TESTING OF RINDING ROPES,
A, Semmelink,

SUMNARY,
| The electro-megnetis method of testing winding ropes is descrided.
A large number of ropas have besn tested with the apparatus tuilt for the
purpose., This apparatue ie degsorided and the results odtained are discussed.
Yalusble indications of the deterioration of ths ropes testsd have bem

obtained and in mapy cases the axtent of the deterioration can be predieted,
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ﬁg}stare‘ata losaes sre negligibly esall end dus to the low frequency selected
for the wxegnetising cun'ént ond the low valus of the pormesbility of the |
steal used in the monulactura of the ropes, sddy current losces are emesll,
thiie enouring penetration of the ropo.

The scarcheoil co-axinsl with and et tho centre of tho megnotiein
coil moseurss the amemmetic flux in tho rope and in tho area betvesn the rope
end the searcheoil. The voltags infuced in thie coll in propottionsl to the
nusber of ite turne, the frequency end the [lux<linksge. The [lux in the rops
ie propertional to the pugnetieling forse, the pormssbility end the areca of
the atenl In the rope, The megnetising forea 1s, in the absence of the rops,
dependent only on the dimensione of the ocll end the curront, *ut when the
rbpe‘ is inssrted domegnoelliestlon eddd reduces tho sepnetising force by a
fugtor which for o given coll veries with the aler end type of rope. Celeu-
lation of thie footor lo difficult ond even shen soversl eimplifying nseump-
tions aro mede, lseds 10 & complicmtad intogrel equetion (rafud ){(B)
fxporimentel dotorsinetion io howover simple. This mey bn done by plotiing
yelues of aeavrfahmu voltage against area for ropes mede of steel of known
pormeshility. Sinoe for a gilven osil and instrument the only verlebles ers
permeability, oros and construction of rope, the output wvolinge will be s
function of those voriebles only.

then eddysurrent h;ceea Sﬁﬁrﬁlﬁgﬁ:ﬁﬁﬁ%a megnetining current I
w 50°; since t&ws'a losase are not mﬁ this angle 4« diffore from 50° by o
few dogroas. To deteraino the value of By 8 belenmeing cirguit 4shown in Fig.le
ie u.aed; Fig.1b shows tho vector dlegrem. E; is opposed by & resctive compo-
neny L, end o resietive component Ep obtained from potentiometers in perallel
with & fixed autusl inductence end a fixed resistence respoctively which are
sornacted in serize with the magnetieing coil, For canvaﬁiman the voltagse
across the two potentiometers aro made ogual in emplitude and the setiings of
the potentlometsrs ere proportionel to theo reactiva 'aml. reaktive componente,

Zxperiments doscribad in the firat papor led to the choles of n
froquoncy of 79.6 eyclss por neoond (oirculer frequency = B00). For six strand

ropes it heo beon found thet at this frequency G seldom excesds 107 of Iy.
e
£

. ni!%#ﬁ?a

Thersfore ¥, will differ from fiy by loms than 1/2 % since

An advantage of thisn type of dalancing ciroutt fe thet small



SUMMARY

ELECTRO-MAGNETIC TESTING OFWINDING ROPES

A thesis for the degree of Pu.D, preseﬁted to the faculty of
engineering of the University of Cepe Town by

Ao SEMMEL INK,

This thesie deecz‘;ibéé an electro-mgnetic @ethaa of testing
wWinding ropes. The method conaiete of magnetigiﬁgj the rope longitudimnelly
at low frquency and in & weak field. The fésul__ting ‘:magneﬂc flux is
measured in two components, rasiﬁtivq and rea‘ct_ivé:, in phase and 90° out
of iahase with the m-agnetising cui;?ent refapective;ly; " Variations of theee
components are recorded, ‘ | |

“ The apparetus built fdr this purpose conagists of det&chahle
magnetieing end search_ coile; low frequency oscillator, belancing network,
smplifier, phaée-seneitive detectore, d.c. amplifiers, power supply end
high-gpeed reéorder. The design and operaﬁ‘ién of this apparatus ere
described, |

Interpretation of the charts obteined over e period of more
than threc yeere are discussed, It is shown that the resctive component
of the megnetic flux is proportional to the erose-sectionsl area of the

steel in the ropev and to the permeability of. the steel; the resistive

componient varies with the eddy currents induced in the rope end is uéed
to interpret the variati.oné of the reactive component. Typical varietions
. ghown ere founei %o ind_ica‘t,e plastic defamatidnl of the wires, interngl and
external corrosion and permeability changes.

¥hers deterloration of a rope ie caused 'by decrease of erea dus
to eorroaion or other reasens the magnet.ic"readings éan be correlated with
the breaking load. ~Several examples of sctual tests are given.

A copy of a paper read before the South African Institute of
Electrical Engineers is attached. '~ In that peper e short history of

electro-magnetic rope testing is given end experiments are described.
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variations of frequency and of current such &e mey socur in e porteble instru-
went will not affeet the reading of the reanetive component.

Ao it 18 required 4o reamé& the varistions of &, elong the length
©f the rope the btalancing cirouit 1o followed by en smplifior end two phaso-
smcitive detectors; the output of ono is proportionsl %o the varistiono of
By and thet of the other to thoss of e ‘Thems outpute aro recorded on e
-high.».ageed resorder with tﬁa pons.

The rope speed during & test depends on the rasponas of the
recorder and of the detector circulsts Due to the ¢holce of & low oparsting
frequency the responss of the detectors connot bs kdszh fasts A time constant
of .1 socond is used snd If the ehortest varietion to be dstocted along the
ropo Lo 4 inches, the rops speed guet not exceed 4 mtzhaa\}ln «1 sec, or
200 feot psr ainute, L

The varietion of By is e meRsIrs of the variation of tha aros
ond of the permenbility of the steel in the rope., The wariation of £, is a

R
meanure of the eddy ocurrente in ths rope,

2,2 Desien of colle.

The cn!.!-a aro sound e & bekellle formor, 6° long , 3" outer
diometer and 3° dnvor diemvier, av ohown in Fig. Za. '?ha megnetising coil
doneints of two windinga ten turng énch on the outelds of the former. The
wrni.auan of the fieldatrength slong the sxis in shown in Fige2h, the field
at the contre wee caloulated to e .43 Uorsted, for s megnetising current of
34 o5 fmpere; The sssrcheoll of ton tume is placed on the inside of the
formar.

A the céum rust be opally fitted over the rope, tho former is
eplit and the windinge aro connected by msens of springloeded contacts which
heve proved to be mers astiefnctory thon pluge and eockete, which are difficult
to keep clean,

The ¢oil former is mounted in a freme with four tufmol pulleys
which ride on the rope and eorve %o keep the rope along the exie of tho colle.
One of the pulleyn drivos & megelip gencrator which is part of & synchronous
link for the reocorder, The frewe is hinged on ons side, 1s fltted with & slople
clenp on the other side, ehils two rubber balts prevent the contsots from opening

The whole is Llluetrated in Fig. 3a snd %b,



FPigure 35a, Coilfrsme opened.

Figure 3b. Colilframe closed.



2.5 Balaneing eircuit.

The accuracy of the spparstus deponde to & large extant on the
doslgn of the belsnecing eircuit. Tho ecarchecil voltegs for the leryost
ropes - diometer 2° - 1e nosrly ten millivolte for = magnetising current
of .5 émpercs. The varistions of thie voltage, even for u used rope, seldm
cxcecd four porcsnt or 400 miorovolts.

The voltsge ecross potentiomsters aj snd 85‘ shich sre used to
talenoe sut tho resistive und resctive componente rospectively, has bheon
ad fjusted to ten millivolts or (2 {imes the magnetising current by mesne of
Rz and‘n4. 35 arid nﬁ are ten-turn potentiometers with disle celibrated in
1000 divisions, The linearity is c¢leimed to be bettor than .1 percent.

The mutus] inductancs is wound on e toroidal hsrdwood former,
the dimensiens of which ero 1" imner dismeter snd 1" sguere ecotlion., It hae
117 primery turng of 21 s.w.g. and 99 sscondeary turne of 18 g.w.g. wound
over the pricery turns. It is peraffin-wax fmpropnated end sounted in e cost
eluminiur box. The messured mutusl inductence is %0 microhenry.

Hetey ﬁk metsures the megnetising current end scorves as a check
ot the proper eperstion of oecilletor, conneoting cablos snd soil~contacta,

The rosistencs connocted across tho secondsry of the mutusl
inductence, 12% orme, Le lerge comparcd with tno impedence of the sscondery
which ie epproz. 5 chme. Thia snsurecs that the voltage acrose the sscondary
is in gqusdreture with the current in the primary. The totel roesistance of
tho semetising circult including tho 50 foot connecting cable is approx.

2 ohme; tho oseillator must fhara!ﬁ?e be able to supply 1 volt &t .D smpores

end at & fragueney of 79.5 ecycles per second.

2.4 Qgeillstor.

Any oscillator cepable of supplying the required ocutput with
rood stability snd low hermonic distortion cen be useds 7The cirouit chosen o
basocd on & design by L. drath (ref, A} The cutput is tsken directly from
the cecillietor valves ¥, and Vs, this is sctisfectory bscause only onc
frequency is used, \

The frogquency is deterzined by condenssra o and Q) and resistore

Rxg and Ryee Gilver-mice condensors and high-stebllity rosistors heve beon
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uesd to cneurs froguency stability. NMewsursd frquency is 76,0 cycles per sco.
eftor swithibing on and 78.4 oycles per escond four hours aftorwards,

saplitude sinbuﬂ,y 3e obtained by a 110 vols, 6 %ett lenp RM
in one arx of the Yien bridge oircuit, shile tho saplitude can be adjusted
by meuns of Rm in the fourth arnm.

The measursd dlstortion, mainly third hamonic is .3 perecent.
This wao obtalinod after the velues of 02, 53, '315 and 315 had bem choson o
make tho voltsgoo asross the cathode rosistancos 5y, and Ri? squal, For
this reason 05 » 0y x2 pnd 815 w RI_S % 2, |

A 40 to 1 output tranaforuer connects tho oscinator to the

balaneing olroult.

2,3 Asplifier.

The scenaitivity chosen for the inetrumont is full ceale doflection
from centre for four porcont ehenge of sesrchosil voltsge, For a 3/4" diemoter
ropoe this valﬁga 1o approx, 2.5 millivolis or 250 4times .02 I, Four percont
of this is 170 mivovolts. 'Ihe dotsctors used need about 150 nillivelts
balanesd i{nw‘t'cr 300 millivolts grid to grid.

The amplifier eircuit is shown in Figure 6, The first stege ie
& rosiotence-copacity coupled lowemirophunic, highwgsin pentode V.. The
ggaifnucm!u‘al 1o placed botween tho firet and sscond stages, 'ﬁw gerive
rositence 5;!53 | and parallel condensor t‘}? era edjustod to give 2ero phese-shift
at tho operating froquency. Condensor C, and resistence ﬁ% aro inserted ue
valve V:S hee sufficient grid carrent to upsot tho balense of the d.¢, amplifior
whenover tho goin-control is adjusted, whon thie contrel is connsoted directly
to the grid.

Ths sacdnd otage is s oymmotrical differentin} empilfier, chosen
bacouse of its insoneitivity {o supply voltege Pluctuetions.

The mmi gain of the eaplifior including ths input trensformer
T, oxeoode 2000 timos, and dus to the large cathodo resistenco in the differens

2
tial saplifier tho output is balanced,

2.6 Pheso-somsitive detsctove,
Theuse sro baced on a circult in ref.7 and ayo shown in Fig.7.
For the ranlstive component the reforaence voltege ie takon dimaﬂy' from ths

cathode of Vg in the oscillstor clreuit) my-' phase difforence that may exist
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is cencelled by the network connected acrose the gain-control in the emplifie.
For the renative eomponent an sdditional stege v?& ie used to give e g0° |
phaseohift Y the proper cholee of Og and R 417

Dateptor valve Va (*I}_a) combines high poin - 40 times 2 in terms
of r.m.w. input to d.c. output m} brlaneced output; tut 44 hes the dlosdvanisge
that the cutput is st e high die. levsl mnd some Of the gain must be saorificed
in coupling %o the dic. emplifier, | |

The output for fullsesle doflection ie 12 volts plate to plate

and 2 volie botweon torminele 4 snd B

2. 7 MME‘ 1ifiers.

The highespeed osclllograph used for recording the varistions
along the repo reguires 12,2 mA for fNullecale daflection from centre; the
inpsdance is 1500 ohma, The menufacturosrs recommend that the driving tmpedance
ghould not excsed 25D ohme. The clreult adopted, shown in Pig. 8, hes a
difforantial cethods follower (ref.B) ws output stage. Tﬁa output impedsnce
ie approx. 200 ohms. The sansitivity Sga epproXs «55 ma per volt; for fullscale
defloction o difforentisl gridvoltoge of 2% volt is romuired. To obtain thie
a differentinl amplifior is added, The cholce of this circuit was largely
dictated by the neceselity of preventing cers drift ss encountered in single.

ondod amplifiere and ceuced by the largo meins voltags verilations met in prectic

2.8 Fower supply,

4 commerclel atobillssd pover supply unit is uweed for all gections
doscribod phove. It hes an ocutput of 200 mA &t 350 volts ae wodl se two & volt
heator eupplles. Two stabilieslng valves ere used to dscouple tho different
seetions and 1o meke the potential of the rocorder nesrly equal 1o esrth

potenthél, This ia chown in ¥ig. 9.

2.9 Hecordor.
As alrsady stated the recorder is & highespeed oscillograph.

1t heas o frogusncy rosponse essentislly flet from d.cs o 30 capen. end falling
to 120 copam. It hm 120 fdenticel channels with mmt.re-zem,v one of which
records the soristions of the renctive component and the other thoss of the
reslstive component, The records ars much easier 4o interprot when the
longitadinel escals is proportionsl to distence elong the rope, This is

sccomplished by mosns 0f ¢ synchrongouns link, consisting of two megelips,



Figure 10, Apparatus in stetionwagon.




Figure 1l.

Coilframe on rope in vertical shaft- above
end in incline shaft- below.

()
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51 Cperetion.

Bhon teosting ropss of surfoce minders the spperatus is set up
in the back of & stetion wspon end the coll freme is clemped over the rope
efter stageplenks or e plai@brm hon besn pleced over the ghaft, as chown in
Fige., 10 and 1l. Gebles ere run to thae meine end hetwesn squipment end coile
The output voltoge Lo balenced out by mesns of the R snd X controle, the gain
control is sot to give four porcent decreses for fullecsle deflection from
tha sentra of the chart, using the ssnsitivity contrel potenticweter sonnected
acroes the pesrchcoils w1l thie can be done in lesa thon five minutes., The
rope in then run through thé ¢oll at e spoed of approx. 200 foet per minute.
The winding mngine driver is ssked %o evoid sudden opeed varistione co thess
way csuse permoadility ond eddy currsnt changos. for a shaft of 5000 fost
depth thﬁ-c@mplete operstion need not take longer than half sn hour.

The satiinge of the controle 6@*0 murked on the chert end as
variationn selidon excesd four poresmt it 4s usually noi noceanary to reedjust
tho controls; tut if an sdjustment hae to be meds ths now sotiing is noted.
he ueunl distancs ecale i one divieion of & mm. 2quele 25 feot of rope,
Eutvshen greatar dotall ie required one divieion may be five or even ene foot.

The top trecs of esch chart chowa the verlesiions of the J-componont.
The sengliivity control ceusse a roduction of the ersarchcoll voltege of four
perdent and ae ths offect on tho B-component ie negligibly omall, the calibra-
tion mark will sppesr on the top 4rece only. The chomyaéent will however
have the same seneitivity in teme of varistion of sutput voltege, ae the 2-
ﬁbmpoﬂent s Su® to the use of identicel chemnnele.

ks sxemple of a chart Lo chown in Fig, 12, To the left the
name of the mina, sheft and compartaent nundor ars notod, se well ss tho dete
of tho tost end the setiinge of the R and X contrala; The callbration merk
- 48 morksd sninus four pereent. The velue of cutput volisge for eny patnt(aiong
the rope may bo celeuleted en follows; et point A the X reading fe 475 and
the R reading u2%, whllé et B X = 4458 and R o mlj, the output wolisge le
obtained Yy multiplying the X reading by .02 x .0 Amperes to ghve millivolte.

The rope concorned is of 1 1/4" diemeter end 79,2 tons original broaking loed.
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In .the firet pupor it een stated thet cormon vari;aiwne arot=

i, Incroame on X treco, docresse on R trace. )

ii. Decrengo on X trece, incrense on R trace.

Lids Veosrense on both X and R trace,

The first two are both due to voriatione of sddy currente coueing variation

~of flux ond feuently @:{mr at pointe where th,,é rope trovergos from one

7 ;?qranez groove o tho next or sl sroasovar pain%a: :harés the rops pacnes from

' ons leyer 'é.a the next, At such pointe the rope mey @iig‘htlyopm or close,
causing dscreased or incroased contecta batween etrends. Further use of the
rope ldede to the development ez‘_ptmtic ‘deformation at such pointe with
AMWWGM tontsacte botweon mmnda., In this cees the eddy curronts ;i.nereéeez
end tho flux decrsasos, %Bhile thess conditions leod to o distinelive psttern
in tho records, it hes been found that the bLresking léad ip not reduced unless
tihé rops le pun t.n the aame position for excessively long periods., Thie zay
l-mlad to doteriorotion such as crecked, split or broken wires end / or abraeive
woar. - | . | |

7 o The third -et;ndi_t;on,‘ fe0, dacropse on both X and R trace,

showing & elmultencoue deercass of ﬁux and eaﬁéy‘« currentes, hos been found to '

. indicote corrosion, Very slight corronion sppears to lead to s deposit of
non-condacting mlﬁz;rial botwsen thoviros and t0 o roduction of eddy currente.
Progress of corrosion leade to & weestnge of the metal and thus to o decresse

of the ¢rosc-pvctional sres of the steel u:.xé of theotrength of therope,

An exezple of this is ehown in Fig, 12, point B (% = 426, & = 013},while

polnt 4 {X « 475, B = 023) does not show corrcalon. The bresking lood at

A » 778 tons and ot © - 5.0 tone, the original velue s 73.2 tona.

The indication éi’ éorroﬂdan, is undoubtebly the moet importent
information erising from the magnotic teot racorde. During the lest threo
yeore a considerable numbor of rocords indisating corropion have besn obtaind,
It has been founmd that serious conditions cen exist incide the ‘a‘u-anriﬁ of
c\- rope miﬁh pra somotimes virtually impoesible to detect by sxternal oxemine-
tion, Fhorever records phowed mé poasibility of detariorstion dus to inter.
nal or external corrosion, semples heve been tested in the Goverrment iechenical
laboratory. Some of these mmltg showed gevere mdwtian 0:#‘ the strength of

tha rope, certsin® semples breoking ot se low es 37 7 of the originel strength..
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A fourth type of veriotion, not mentioned in the Pirst ﬁaxmr.
wey eriss from s roduction of pormenbility ceused by pert of the rope beling
peramently moagnetised; this givess.

V.  Deerease of X, no changs of R,
| Tho following seetions doacribe some of the work which hae baen
osrried out to coteblish the relationship betwsen the rotords end the sctual

stmng'th %h?wgﬁaut the length of tho rope.

5.:‘?1 fielation botwaen bresking logd anéi mametia testas
| Tmmraa the end af 1653 records wore made ai’ oone rc:paa oi’ &
Free Stete mine whore shaft ezm&%ﬁam were such s o mmse govere earmawn.
f‘&ve of thees. ropRs were m\mn off end samplos vere tmwﬁ f‘or hraaking loesd.
The resulta of these tesis ars gi.mn in Teble I, in which the R end X waluss
are wm in the laborstory and not in the sheft, Records of theas ropos are
shown in Flg.13d. ‘'The first four ropos are of 6x28 compuind tﬂemmlar otrend
sonatruction, 1 1/2° dieeeter, longe ley, 12?3/ 134 tons ;-mr‘ aq; in. The last
‘pope 18 of 6x15 slople trisnguler otren d conetruction, 1 /8" dlemeter, lenge
lay, 125/140C tons por ag.in, ' |
then the bresking tonds of the ommples of Tebls I aro plotted |
égaimt % readings se in Pig. 13, it is found thot mout points lis neer o
gtraight 15;;:3. Thore ore hovovey i‘tﬁmr‘ excoptionss of the:sa apecinens 19 and
20, thich 4iffer bty sbdout 10 tone from garrwpsnd:ing mm on the lins, had
domyed outer wiree in sddition % the intornel corrosioni dut for aapecimma
morked § which 2iffer by 10 and 17 tone no explonstion wes found at thotime.
M 2 result of thepa tests arrmgsmma vere mpade with the
Birector of the Qovwmt &‘icehmicm Laborotory snd officisls of tiw wining
| groups t5 toot all the samples nulmmtad for test at that leboratory sver o
pm-iaél of tima with the wagnetic apparama to obtain the Mlﬂiunship botwasn
breeking load end mognetic wsu. The meults obtained for ropen of triangu~
lar construction end of 12%1%4 and mﬂ/ 140 ‘tane. gm.é n-q; in. 'e%oa{l are given
in Teble I and plotted in ?‘ﬁg.m. This type of mgm'fapmvamm the bulk
of the mti.r- winding ropes in ﬁouth M’rica (mf‘.. o, 9.2‘2:3. and 254 ).
it muot be epprecisted thet thope tﬁsste‘.« were verriod m.ﬁ, on

semplee token from ropos which have boen in servies fmx* vapying lengthe of
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Figure 13b, Charts of Free State ropes.
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m yﬁadff'vmmg conditions, In ‘.‘mm gawg‘i;@igﬁkm from the eplice
end @i‘ the m;m, where mwat, pammhumy ehmg&a nra ﬁzmmaw. " his hes
t‘aml%ﬂ iﬁ a lct?ger am'amﬂ of the ;mmm m ?13¢ 14 t%’!m@ it unly new gpaci.
monpg nara %msimd. mrarmwxy thoe nunber of nes m;ﬂw wa emly 2 eut. of
‘& totel af 84, ineufficient for the deterzinstion of the M l. sgainmt X curve.
o ’?hsn the mpe aeﬁmgza btroske ingide the !mite mote«l f:cmaa shieh
are éﬂ:@ﬁ vt‘m ite erds mé ore used oe grips in the %&s%ng; mach.i.m, the posi-
bility exiets thot the brm_a’k:i#g load will bs balow novmel. The number of
~eollar brovks wms 18 out of 84,  Of these only four chowed tét-aékiﬁg; toods
apprcamh!y below normel. |
Prom measurements carried out at Qmm Tem &nivereity and
puhii,abed. in the first pa.gser §¢ was found that the difference in mrmenmii.t»y
for the two clescce of ateel is mgl!f%;éi. ‘ma} ‘hfmkmg '_lia‘n& of the EQBXM{’)
steel for the asme L rending mey be expscted 4o be higher than those of the
123/154 stoel. iost ropes from which the semples wore token are ésgda of

| baat#. Iscor spzcinl gtenl (rof.9, p.241).
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" 013

483

T - ll -
TABLE 1I.
Codl Ho. (Clacs of stesl “Digm., & X 3.5 valeulated Collarbresk
S - 128/140 123/134. ins. ~ aren,sq.in
227 856 x 2% 033 990 260.5 2.398
227 857 ® s 031 994 260.0 -
265 358 % K 28 - 020 932 226.5 2.102
210 983 % 3 026 867  196.5 1.870
21098, - ® . " 027 6868 195.2 " B
265 666 new  x - oo 019 865 205.8 "
219 985 x oo Q22 887 2045 “
219 986 .  x Sno oA 86l 200.8 "
R6T 596 now % 1-7/8 01§ 809 182.8 1,642
236 289 @ x 12 021 736 -155.5 1.497 x
236 290 x ® Q20 137  156.5 W
214 421 x oo 020 731 1510 n |
214, 422 x H D2 . 732 157.5 u x
226 739 x W 021 736 142.5 v gad collarbreek
226 740 x " G170 152.5 # %
217 okk x il 024, 728 . 159.0 - :
217 okb x - L 030 TLh  159.7 v
226 608 X . . 033 715 159!7 " 3
226 609 x oo @31 75 159.7 - " .
236 116 x . " - pL6 738  147.8 L x (
236 117 X w029 716 149.7 no X
268 226 now x 1-5/8 ©Ol4 684 133.0 1.325 -
22 608 x o 029 665 129.5 LI %
222 609 = oL 0260 662 130.7 oW X
225 629 x - 1F 010 - 565 110.0 L5 - o=
205 629 X Con 015 611 117.5 L o
24,3 923 x no 023 609 118.2 o
243 9724 x n: S o744 | - 611 3.15.5‘ I v
255 229 x Lo 02@ - b6 118.3 "o
255 228 X 7. 016 620  118.5 - "
180 126 % Kl 020 610 119.8 "
180 127 % " 00 608 119.5 u
244, 507 X H 7 619 118,0 "o x
244, 508 x L 016 620 . 116.8 n
190 181 x v 025 607 1225 n
198 182 x "0l 617 12R.5 "
239 231 X e 019 608  113.5 " x
239 232 X o Ul 624 1118 LI x
268 249 new  x 18 010 563 103.8 972
20007 & x B ok,  B47  105.3 " x
226 505 % e 0L, 549 101.7 957
226 506 2 u 015 547 101.8 "
238 16 : x " 017 543 1010 "
238 417 x o T 016 B42 100.8 "
- 190 539 % oo 013 539 97.8 o
190 540 x " 012 541 99.8 "
. 245 588 X w047 539 98,5 G50
- 2L5 569 x " 017 346 98.0 "
284, 526 x " o1, 538 97.0 R=TX0}
244 527 x " 018 551 97.5 #
267 356 now x v o h 010 549 100.0 t
216 487 x . 017 533 90.0 .12
216 488 ® n 016 531 © 89.8 "o
234 760 x 13 017 478 85.0 17
234 761 x "o G180 491 83, i P
203 710 % s 018 A9k 84.6 "
203 711 P L C17 494  85.5 J
236 287 X o G366 490 82, “
236 288 X % 018 489 &2.8 »
222 294 X n 01s 500 83.8 <810
222 295 % " 015 .. SC0 8.7 o
220 189 x v Y L63 740 J796
220 190 X 82.3 no
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- 12 -
Todid  II (Contd.)

Coil iie, Class of stesl Diam. 4 X B.L. Caleulated Collurbresk

28O 123/15h, Tus. : , 8768,50.1n
- 206 333 x 14 oM,  L78  T79.G 796
266 334 x " 16 480 78.2 " x
242 157 x a 0l6 186 .0 n
24,2 156 Y n 0l6 486 82,3 " x
19C 81C x 1~3/16 (C8  LkS  T5.4 T4 x
150 811 x " o8 5 T5.4 " x
234 820 x 1} 0l W3 7R .688
237 L4 x " 0L, 429  72.G n
265 622 new x L 009 432 69.5 660
268 230 new x 1-3/32 C03 378 53.3 525
267 389 naw x 1 008 376 82,1 A99
201 1717 ' X fr o7 369 51.7 o492
245 286 x 15/16  O07 354 48,5 1,68
- 268 148 new x 13/16 002 298  33.0 .339
265 565 new x £ 002 268  28B.4 280
265 721 new x + Qo1 268 28,2 "
24,3 781 x n onz 27 27.2 "
268 269 new x G 000 268 27.3 273
220 816 x " 0L . 21, 26,6 o270 x
220 817 x c02 275  29.4 L

‘ecause of the direct relationshlp between stesl area und megnetic flux, it
was thought thet bstter correlation would be obtained if this ares was drewn as a
function of X. It is found difficult, hovwever, to measure tip crea. For g new
rope it can be calculated from the specifications. It 4is assumed that the wres
13 equal to the sun of the areas of the individual wires divided by the cosine of
the angls of lay of the strands and the cosine of the engle of ley of the rops.
This means thot the sum of the erees of the individual wires 13 inecreased by a
factor of 9 per cent for compound triangular ropes and by 8% for simple trisngular
ropes. This caleulation bas besn carrisd ocut :.or the ropes in Tuble II and the
result plotted in Fipgure l4b. As expected thore is same spreud, wut in =t least
one case e semplo wns known to hove conslderable eorrosion. The area of this
sauple, mirked 4 in the dimgrem, will thorefore be considerably less. Iwo
methods for tne determinstion of the area of such samplees have besn tried. In
the first e length of the sampie‘is cast in white metal or a plastic, cut perpen~
dicular to its avds, polished snd photogrephed. The photegraph is enlarged and
the aree may be measured. In the secord a T:_I.mgth of tie rope iz cut using a car-
borundun cutting wheel, It 1s then 'acoumt.ély msasured as to length and welght;
the results allow the erca t- be caloulated, axmaples will be glven in later

apetions,
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It will be noticed that the . graph of Figure ll.b curves uywards.
This is éuo to the demagnetizlng effent mentianed S.n &ecti:m 2.1, In the
absema of the demgwtization the graph would be & st.raﬁ.ght. line, ths slope
' ‘of whiech depenﬂs on the &imensions of the coil and the pemeamlity of the
gtoel, ‘ﬁw dotted line in ?1gum 14h haa been oaleulated fors pemeabﬂity' |
of 4, as measured for- the at.fael used s.n the mnufactum of the ropes used in
tha tests.

LIt it should ba mquirea to d;immh the demgneming effeet, this can
be simply done by using larger coils or a long Bclemid.

3.22 Hagnetic tests on sampleés a@{wing_enfmaive vear,

While the work deseriba& in the pmm ée@ﬁi@n was in progress, some
samples of & mpe showim; excemsive ameml carmsive wear were mce.w@é and
tested, The results of ‘bhis teet are shmm in Tnble :\'.XI am Figure 15, |

- Table 1IX
Codl No. ﬂpeeimn Distance . R % . Breaking losd Original
. . Yo, . fyon splice ‘Readings ﬁons(zmo lb) Bolie
| 1 st oplice 07 604 - 11,0 115.5
237 092 2 377 B R 88,1 -
3 493" .01 sex 86,0
4 et 016 - 565 69,5
5 2950 07 562 . 68,0
6 933! 06 . 58 68,0
20901 7 Cge a6 590 1063 1173

dran end 06 620 - 117.3

- In Figure 15 a lins A«C has been drawn,  This @.maponds to a section
Aof the line drown thraugh the pcint& of 'Figﬂf‘& 15. The vertical distance
betwean A= and the horiaontal line A-B should g;ive tha approxmte mducti@n
in BuL., but only three samples shoved B.L, in agreement with this empectation,
To find the explanation for the diffarent behaviour of the other samples, |
gpecimen 5 was cast in plastic, cut, polished and pha*t_&grapheé {Pigure 16); '
These mpéa had originally six 'etrén&a of ten out wires, 126" dia, twelve inﬁer
' wires, 00" dis, six core wires, 052" dia, and three fii:.er wires .O38Y, |
It may be seen frmn Figure 16 *that, most of the reduction in ares has takan plaaa -
in the three or four outer wirves at the surface of ths rope. If we assume that
in aaeh strand three outer wires have lost half their ares, then the total loss
will be 1/2 x 3/10 x 75% = 11.25%,3 as the ten outer wires represent 75% of the

Josssosss



Figure 16, Cross-section of specimen 5, Coil No 237 Og2.
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total area, The corresponding loss in B.L. would be 11.25%. of 117 tans
s 13 tons, The actusl loss in BoLe i& much more and can be explaunad by
‘the fact that ssch of the cuter wires comes to the eurface of the vope
_appmximately every eight inches and will, at that point, be wduceﬁ in ares
by approxinstely 505, Fhe loss in B,L, will thevefore be 1/2 x 75% x 117 tons
LA tons, giving 8 bz'eakiﬁg load cf.‘ ?3 tons. In Figure 15 a line A<D is drmm,
such that D e 110/3 BC. Five of tha 9amp1es Emve brsaking loads umch are near
to the lime A-D, | |

Records of those ropes are shown in Figure lﬁb. ‘I‘he first mcam,
Coil Ha. 23'? 002, was taken with the conveyance caming up, the other g@ing down,
In both cases only 2909 feot of rope was tes%d. v

Two sampiea of Goil Ho. 237 (392 were uaed to determine the steel arca by
'measuring t.he length and wié@ht of aﬁort sacti.@na, this was eczmparad with
similar meaaumem:s on & 1ength of nev rope of thé same apacifiaationa. The
results ve shown in Table IV, |

Table IV

 Cofl No. Distance  Area = X length of
" from spliee '8qe in, Reading lay,'cms.

¢ 956t 1,015 62 23.8

| 23'7 292 ( drun endv {120 R Erée 95 5 _
286 420 mewrope 120 625 266

| The caloulated area. for this' z"epa is 1, Mﬁ -éq. in, a8 srmm in Table o,
The drum end sample has t’lﬁ Bame area as the new rope, but ths sample
" subjected to corropive wear shows a rad\mtion of 9.4% in ‘ares.
Detemimtion af the ares of the wires #n Figw'e 16 using & planimat.er gave
an avamge reduct.ion of 12% for the out.er wﬁ.ras, wnich is 9% for the rupe, _
| In aﬁdi’oion some of the 1nner wires alww some cotmian, giving & total reduetiun

.of over 9%.
3:23 Length of lay as an indication of deterioration.

ML. this até.g,e the authomts aﬂenﬁién was draun to work done a‘t.:the Ontarﬁ.o
Research Fouxadgtian in Cenada (ref. 10). There it was ﬁauné, f£irst on mathemate
ical grounds and later pmmm laboratory tests, that ®Lay length dscresses
- with deterioration®, It m decided to measure lay 1engih whenever the magnetiv
| e
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test indicated corrosion, as an additional check. Some samp?hés will be
In fag:m 17 length of lay and X reading have been plotted against
distance from apliea for a. Free State rope, Coil No. 234 553, known to have
excessgive -corrosive wear. 'l‘wo ‘samples of t.his rope, cut betwean 200! and 300° |

 bad B.L's of 108.8 and 107.7 tons, and two samples cut between 12001 and 1300'

broke at 71,3 and 6.4 tons, The mﬁ.nir'mm 1ay 13&&%& ef 251 em coiawidas with
-the minimun X reading of 555 at 3/55&5 t’eet.; ¥ poinw in Figure 17 represent. S
meaammnts on the rope 40 the shaft soma weaka ‘oefore the rope was discarded,

_ Thesa masmmants were taken every 24:0 fost, emept for a section from 800 to
1400 feet where they vers taken more fraquently. | ‘Fer the- sake of clarity the |
points have been semxected by straight lima ’ this dae& not mean that there is
no change of lay length or X reading between the points, |

. Pigure 163 shows & pimilar .diagm-’for anéthar mﬁe; Godl No. 237 391;‘ '
X madﬂng and lay 1§ngth were measured wm},a ‘the :x\épe ¥as run through 4 rope
‘making ma::hitxe at the rope factory. ‘mis was &ona with the purpose. of abt-aining
Lﬁ%ﬁi@ﬂ in the mpé while the maaummnta were carzied ont, in addi'bion it was
thought that better sampling of bthe rope could be done this way. Unfortunately
‘& mumber of labels becane detached &uring ﬁmport ‘ta 't;m @ovérmerit Heeﬁahical
Laburat.ory and were then attaehed to ﬁhe mng smmlea. , Beca'ase of tms mishap ,
values of B.L. havehot been plotted in Figum 1€a, but against X readings taken
at the Government Mechanical Laboratory in F’igufra 18b.  Lines AeB, A«C dnd A<D
have been érawn as in Figure 15, éxge§t. fér ‘a emnall &is;élacement to the _righ£ to
sllow for the higher X reading okzrbamed tai the unworn portion of the rope and 2
dieplacement dowsiards to allow for the lover original B.L. of 115.2 tons.
Of the 28 sampies, 9 are near point Ay i.e, the :%.‘&-.'cliffem little from the |
original B.L., S points are near line A-C, for these the reduction of B.L. is
proportional to the reduction in &res, & pai.nts are near A-ﬂ, indicating external ex
corrosive wear; while the remaining & mles ahcw an :ln*bem&diaﬁe condition.
The lay 1ength diagram of Figure 18a ahm 8 minimum from appmxﬁ.mataly
| 400 to 1000 feet, thw aaimidas with a mnimum on the X diagrm. However
other minima of the X reading da. not @aimide tr.’i,th ninima of lay length.

/‘Q.ooooa
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- One poseible reason mgj Se va.e'en fron Figuré 185b, where 5 points are néé.r t'h,e.
viizie’ % = 580, of these -tme' lies on the ‘1ine a-c, but the sther four a‘-ﬁe
belaw A-D, for ﬁhase the lay 1engtn would ba. ahorter as for the first.
Bncoxds of these x-opes aremwn in Pigure ‘19. of tha i’irst rope only
2000 x‘eat was recorded, | ' ' A '

3.24 A rope with corrosive wear. |
| ' Figum 208 is a repmduction of four records oi‘ the same mpa, Coil No.

‘249 392, which had the sans Bpacificatiens as the rapes in aecti.on 3.22,

It was taken in'l:o service on the 131‘.&1 Septamber 1953 anﬂ discarded on the 3rd -
yApril 1955. Th& first record wag maﬁe after aeven months! service and shows

a decreasa af 3% on the X trace at 800'; beyond 3099' peaka typical of candi.tion
'(i), secti@n 3.2, occur at turn mmrvals. As the pealm are in pairs, the rope
must have been puu.eé in at tha chmzn end at mast once. " The decrease on the X
trace over nearly 2001 frmn 1.35(3' from the aplice is cavsed by a pemeability
ahange and will be discuased An section 3.4, 1t occura again in t-he other three
records. nue slip betmen mpe mﬁ tha pnlley of our appmtua, as well as
teat 1engtha being eut. at thea apl:lce an«i of the mpe, this decmase iz not shown
on the morda at the aame pcsitivon. In the second réeam, taken 4 months later,
- the decrease of 3% ox X has affected the yope from 309' to 800'; a.t 500! small

- peaks indicative of intemal eorrosian may be seen at intervals comsponding to
the oircumference of the drum. . The double peaks fram BQQQ' onwams are nearly |
‘the sé,mav. . The R trace is '.alightly lowag,fon the aecqmi record up to ‘about 3000!, |
The third record, talen s&’wmﬁ befai'e the rope was diccarded, shawé a marked
genaral decrease of X of at least 5% from 280¢ with several peaks at turn |
" intervals inéicatﬁ.ng aﬁditional int.emal carmsi@n. Tha double peaks have
‘disappeared, which showa that the slight opening up of the mpe has gone.

The R trace is coneiderably lower up to 1500 compared with the previuus
records, After the record wac mana ths rope wes inspected viaually at 4 point
near 500! from the splkce and excessive eormsive wear of the axtexxml wims was

 found. This coupled with the X veading of X - 570 and taking in‘ba accmmt the.
-"rasulta of section 3.22 as shown in Fig. 15, au.ggeswd & braa.king load at this
point of 70 tons. The original B.L. being 119,2 tens, this would represent a

»/ooaifn
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end elongetion sgainst distence from splice.

X roading, steel area, break

Figure 20b,

At the top the X traces of the charts taken on 23/3/%5 and on |

9/6/55 have been reproduced. At pointe where the X control has been read justed,

[

the charts have been cut and put together to give continuous traces.

w»



reduction of avar 4@%. After being discarded, the rope was despatched to the

rope factory, whem another record was made, and samples wore cut for B,L. test

" Tha record made at the factory is similar to the third, except for a considerab

lover R trace, ceused by the lower tensile stress.

Ax.’ter the B.L. tests s 8ections of appmxﬁ.mtely mm faot were cut fmm the
samples and their length anﬁ weight detemined; this gnablad uk to galenlate
the cmas-aectional area of the smples. : Mom welghing, the sisal core was

mmavedvana.aach stmm ~ not eosh wire -« was clesned,.

’ Table Ve
' T Distance : - ‘ s ' s
Specimenn  fyom - R X Lay
“Ho. gpliece, © Headings Bolie ~ Area “length Elongation

(feet.) . { tona) -‘(sq.in.) (ems.) ems
2 90 - 022 660 106.8 1.115 = 29,0 8.4
o 1 U0 QSG 568 10547 1.3089 4.0 8¢5
4 298 . 018 585 91,5 - 1,106 27.0 Tedy
7 450 020 567 70,5 1,066 . 26.4 4e5
8 480 020 - 557 69,0 1,031 26,0 4.8
9 516 020 558 68,0  1.084  25.6 4.l
10 546 020 S0 73.5 106 26,0 47
2 840 - 020 587 - 99,8 1,084 ‘210 7.6
13 1050 © QR0 598 - 108.8 1,106  27.0 v 9,2
14 1560 018 605 1105 101l 28.5 9.5
16 ‘ 21.60 916 603 - 117.2 30,7 11,5
-8 3600 S ) 621 119,7 1,112' 338.0 11.7
19 4080 ’ 019 619 : 120,50 1,113 34.6 12.3
- 10.8

450 017 612 1245 L0937 . 35.7

Table V shows the result of these ﬁeeﬁég’ in this table the distance
from splice was the reading of the distance counter of the rope-making machine,
not distance on the records; R and X readings were those tﬁken when the sémplaa
_ wére ma'x-ked at. the mﬁe i‘aétof:f, the lay langt.h was measured. at the same time;
. elongation was meaamd from the 1oaﬂ-elongaticn diagrams as supplied by the
Govemment Mechanical Laboratory. aﬂ-.er the BoL. t.aats.
'I‘hese same results have been platteﬁ againat distance in Figure 20b,

in Figure 20c values of B.L. are plotted against X readings, in Fig. 20d stesl
| area agamat X and in Fig. 20e B,L, &gainst steel area,
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Sanples 4 to 12 are all c’:bneidarably yveduced .in‘ strength; B.L's of 8pPIOXs

70 tons being recorded for samples 5 to 10, It is sipgnificent that these
deffanomee i B.f, o4 S’,]m\/ 10 totne 2 hodoce, feads  avid /!; ‘a4 RY m*{x/mx.é'
show 1i% ue/cc»msion paaks. The reason for this 4s shown in 'Fz!.g. gc

wheve poi.ntg 55 7, and 10 lie on line A-D, and pom"c_«za: 6, 8, and 10 lie on
& 1ine paraliel to A<C through the centve of 5,7 and 9, This Lllustrates
the assumption that the genersl decrease is caused by externsl corrosive
wear and the additionsl peaks bjr' internal corrosion. |

In Figure 204 & straight 1ine is dram thmugh pointh X e 620,
area « 1,145 8q. in, and X = 550, area = +957 8. 1o, from Fig. Ub for 1/2v
and 1 3/8" dia, ropes. The points for the samples of Table V are at a
considerable distance from that line, but show a similar tendency, It is
thought that a possible reason is ~ errors in area determination dus to ths
samples having been subjected to breaking load tests beforehand, A5 some
samples of other ropes were available, the area of these hss been measured
and the results given in Table IV Section 3, 22, iﬁlottaﬂ in Fig. 204, where
they arc neaver to the line in Pig, 20d, The main object of the area |
determination 'was to prove the eta.temnt that tha X reaéing is a functirm af
ths ares, and Wt the reduction of B.L. is nat always pmpuz*tional t@
 reduction of ama. If we compare aamples 8 ahd 10, 1% is fozmd that the x
reading is redmeﬁ by 10.3%, ﬂm ares by 8.1.%, ami the B,L, by 4278
 The predicted reduction of area for the same mduetion of X reading of 10.3%
is approximately 15%, nearly W:’me the measured reduction. This will partly
be due to errors in area detaminatiéfxg ‘but partly to the fact tm'o the
dmgmtizihé factor for a worn mpe will be different to ﬁhatv of a new ‘ro'pe,v
of which the ares is the same aa that of the worn rope. This meansthat the
slope of the 3.133 in Fig. 20d will be somewhat different, | |

- The lay length drops by nearly 5 cms amar the first 5000 from the splice
| and is small for samples 5 to 10. Similarly elongation is very small for

the same samples, .

3,25 ‘P:ﬁdiatian of breaking load for mpe with internal éarrfsss.on.

. Recently a rope was discarded which had shown peaks chéracmshic of
internal corresion, The rope which was put ints service on the l4th Pebruary
1954 and taken off on the 27th Aagust 1955 had ths following specificationm-
nominal diameter 1 3/4", six strands langs lay, each strand 12 outer wires of
J126% over 12 wires of 074" over & tvriangular coreof 6 wires of 068" and 3
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Figure 21b, R and X reading, estimated and actual breaking load,
elongation and lay length for rope with internal corrosion.
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Figure 21lc. Typical bresks in wires from sample 14. The wire
on the left broke at 2400 lbs, the other at 3400 1bs. The first wire showed

severe plastic deformation near the point of fracture,



Figure 23, Chart of rope with peaks due to crushing.
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Figure 24. Chart of rope with plastic wear due to crushing.
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filler wires of .050%, calculated area 1,374 8q. in., class of steel 128/140 tons pe
per sq. in., original B.L. 158,7 ¥ons. Five records of this rope are ghown in
Figure 2la, the first of which shows little variation on the X and R trace, except
for some psaks at turn intervale on the R trace from 250' to ‘706’. As the peaks
are a decrease of R reading, it follows from condition (1) Seotion 3.2, that

the rops has opened up or untwisted slightly at these points, swhich will
correspond to crossover points in the top layer on the drum., In the second
record only a few of these peaks can be seen, but there iz & general reduction

of the R trace, which has extended in ths last three records from 225! to

beyond 25001, 'mis inny indicaete that ths core lubrication is deficient over
this length of rope, The X trace in the last records has a numer of peaks

at turn intervals, which coupled with the low R reading indicate internal
corrosion, Just before the rope was taken off, X and R readings as well as

lay length measurements wore taken at 17 points in the rope, as indicsated on the
last record. These points wers taken as the centres of samples of which 15 -
were tested for B.,L., Further X and R raadings were taken prior te the B.L.
tests, These {igures were used in conjunction with Figure l4a to predict

the B.L. Results are given in Table VI,

Table VI
Spece Distance R R X X  B.L B,L. Lay Elon,

No. from shaft lab, ghaft Lab, Estim. Meas, length

splice, : " in, in

1 10 £, 05 020 707 1723 153.0 152,5 12,62 3.2

2 70 052 00 724 739 158.3 160.2 12,75 462

3 200 0/l0 025 718 741 159.0 160.2 12.69 4.5

4 235 045 020 70 714  150.0 148.0 12,06 2.94

5 265 049 020 716 728 154.7 158.0 . 12.50 4.0

6 285 044, 019 697 710 148.7 149.5 12,31 3.12

7 300 046 020 716 728 154.7 153.5 12.44  3.12

8 330 043 - TC0 - - - 12,37 -

9 360 mb - 715 - - - 12.44 -
10 515 039 019 703 712 149.3 152,0 12.44  3.37
1 1000 043 022 926 73X 155.7 155.0 12.94 3.44
iz 1500 045 020 1731 1732 156.,0 158.0 13.5 4.0
13 200 045 QL8 31 733 156.3 157.5 13.94 3.69
14 2500 044 019 733 T34 156.7 151.3 1462 3.19
16 3175 72 023 72, 737 157.7 159.0 15.12 3.62
17 3500 on 021 72, 739 158.3 158.5 15.37 .44
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The connection botwoen R reading and Iubrication may be seen from
Table ViX, where the R ‘madfing in the ahe.ft'w compared ﬂt.h‘ the mmark,s, -

“Table VII -
&pee. R ree.ding . S : ‘
No. ahaft ' Lubricstion
. ' 050 ' Defieciont on heart, Dry under crown,
2 052 Deficient to dry on heart and under erown.
-3 o - Fair to deficient on heart. Deficient to dry under
A 045 - lieficlent to dry on heart.ﬂry undey erown, (crown.
5 049 '~ Dry on heart and under erown. : '
6 044 - Dry on heart and inside atrands, ' o
7 - O4b - Deficient to dry on heart and under evown.
1c 039 ~ Dry on heart. Deficlent to dry under CYOWTle
11 043 _ Dry on heart and under ocrown. ,
12 045 : " Dry on heart, Fair under crown,
13 048 = Dry on heart and in places inside B“hrands..
14 Q44 : Dry on heart and in places inside strande,
15 084 - Deficient on dry on heart. CGood o falr inside atmzﬁa.
W . on - Good to fair on haart, othemise goaﬁ. , :

17 . om - Good

on lubrication from the tost certiricates. ‘Sample 3 has higher R regding and
better lubﬁcatian than 2 a&x’l 4, while 15, 16,. and 1'7 are better ‘v:han 13 ami 144

In Figure 21b R m,x readings, estinated and actual B.L. are plmea
agé.iﬁaﬁ specimen nunbers, The X reading in the shaft 48 always less than that
in the laboratory. The largeat differanees ocour where the R readings have
the largeat'diﬁemmea. ‘This will be further discuaaed in Section 3.3
| Except for apecimen 14, the difference betueen estimated and actual B.L. does
not exceed 2.1 For saﬁaple 4 [ihich has the lowest B.l. the error 48 only 1.2%
For this sample the reduction i B.L. is nearly 7% In sample 14 which broke 4.7%
below the original B.L., imatéad of 1.3%'56 predictéé, eight outer wires were found
%o be split longitudioally aftar ‘the B.L. test,  This sample was f’urt&ei‘ axamined |
at the laboratory of ‘hhe rope factgry, where it was t’ouna that aplit wirea ha&
lost appmimately 1009 lbs, 1n tensile stmngth. ~ Tae moms do not indicate
" split wires, but as sample 14 was takan at a point of plastic wear, as shown in the
laat record of F‘ig. 213 vigual inspeetion of such pointu may well reveal split

wives, >
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Graphs af lay 1ength and elongatien are alee: shown in Fig. ﬁlb.
Differences in iay langth are smell, but the mallast value ocours for |
the gample with the smallest B.L.  Sample 14 does not at_‘,ww a wéuetian
in lay_ length, - | |

3.26 Rope with severe plastic wear, v _ -
|  An example of plaat.ic wear as indﬂ.cated hy cm'adition (ii) s Section .
3.2, ie given in Figure 22, whare six charts of a rope, coil Ho, 139 069 are
 shown. Tnis rope whieh was put on on the 4t February 1951 and discarded
in Apm 1954. has the aame spacifieatims as the rope in Seotion 3.25. _
The recarcls iza.ve peaka af decreased X smd ﬁmmma B mnd:mg at tum 1nt.ewala |
. Prom 7701 onwanda. The first tm marked A aml B on the c&iarta comsponﬁ to
the emsawar pai.nt.s between tup a.nd aecnnd layer. ‘ifp to the tﬁ.ms t.he first
racord was taken, this rope was pullad in at the drum end every ai:t: months by
‘approximately eix feet, Aftervards it was pu:!.led in by 15 i‘eet in April, |
June and Octo>er 1953,  As a result a new smaller peak appears between points
A and B in the 2nd, 8rd dnd Ath ifgcom‘s: and a second in the lagt two records. _
The dimﬁ@tsr at point B was 1/8" ‘béléﬂ normal in Spril 1953, bu't after pulling |
in at the drus hed shifted ﬁ.t away fm #he crossmrér, further reduction of
diameter over the next year was less than 1/66" , |
" Two samples cut near point B broke _at 146.0 and ZW.B tans, 'comparg& with
the érigina“i Bele of 16(3.0 tons, the X. re&?aﬂings prior to hreaking were X & 701
and X = 697, Using the same method as in Table VI for estimating B.L., values
of 145.7 and '144.3_ are obtained, At the tine of the test this msthod was not

3.27 Gther examplea of plastic wear.

In June 1952 a request was z‘eceﬁmaé for a test. on a rone which had
been in sewiee for a few months, in which tha diame'her at one spot had been
found %o be redused by 1/16" over a distance of 8%  The test was carried
out with an early model at a frequency of 20 ke/sac, The £irst chart of
Pigure 23 shows pa'rt‘ of this vecord., The point under inveatigétion is mavked
B and is recorded as & aec‘rease of fiux, dus to inerease of eddy currvents,

A similar peak A may be seen 115! nearer to the splice, which proved to have a
‘ ,slighny larger reduction of diameter. At the time no reason for this could

be found for these peaks, which ﬁeré believed to be caused by local cmhing
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of the mpe. In Jamzary 1054 another request for a test was made, a's‘

the rope was due to come off and the points had been loste  The second
chart in Fig, 23 shows part.of the record nade ot the time. ~ Atpoints
A and B four peaks may be Been, ong peak in each gmup is at a dist.ance |
of 115 feet from a peak in the other growp. The distam& betwoen the |
pea&:s in one group carraspmis to the length of wope pulled in;:hé drun

end on three separate accasiona. " Even now the cause for these pea.ks was

_ ‘m'b discovered amni at the aut ;or'a raquest another test'. was. maﬁa on the |
new rope which was installed some time later, | The third chart shows part. '-
éfnt,he record of the new rope.  Two mall peake were faum again at &
di\a‘ténca of’ 115 féét; which ﬁ.av -equal to tahree timas the cimumference of

, 4the drun, ‘ahen these peaka were markad and mn back on the drum, twa bolt
" heads prq&mding slight.ly through the drum were found at a dietance uf t.hm

ﬁﬁmﬁo .

Amt.her use of the records is demonstrated by the chart of F;Lg. b,
'l‘hree months before, “ths rﬁpes of this haﬁ.st ha.& to be t&ken off mmer
Buddenly aft.er the diacmfy of mamerous bmken wires at a numbar of points
in the “dead" turns, ‘which are never ummunﬁ excapt during _pullﬁ.ng-in at the |
| drum. end.' | No records of these 'x‘Opesmhé.ci’ veen. made, . AS the affacted 'portion |
‘of the rope cannot be tested. with our equipment in the normel way, an S.ndireat |
methad was used. Xt was believed that the broken wims ware ca.used by exceaaaive
cmhing, in which gase signs of crushing ahm;lé be foumi in"the aecond layer.
. This pmwmd to be the case and at paints A, B, and C, in the chart, plastic
deformation was recorded, ‘meae paints were maﬁmd, ™un back on the drm and
~ 4n this way the comapending points in t.ne bcttam?were located, Visusl '
exanination at. ﬁhsse s'po?f.-s revealed, in the worda of the examining eaginéer
"a degres of colﬂ-warking of outer wirea at the eross-over poizma, eueh that
any ap}reciable cielay in pullﬁ.ng m mighu have resulted in broken wﬁ.res.



Figure 24b. Broken wires in twe sections of a rope, caused
by crushing, The sections are taken from the
fdead! turns of the rope.
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3.28 Rope records showing little variation after long use.

_ In Figure 25 two records are reproduced of a pair of zopes used in en
underground incline shaft. At the time gthe test was conducted the ropes
had done nearly six years of sérv:lae.' ~ The unifornity of the mbords is
- tharefore remarkable. Variations of x do not exceed 1% and those of R are
less than 1/2% .‘:hortly aft-ar the test the rope of No. 2 compartment broke
in the splice due to an accident in the. shaft. New mpas were installed
and the rope which broke was tested on surface. The tariations were not
larges, than ‘bet‘ore. Thirty samples were cut for test, four next to the eplice,
the others at 200 }feet intervala. . The results of the breaking load tests are
given in Table IX. ) | | o
| ) Table IX

Spec. Distance | N - X . Breeking Elohgation
No. from splice . readings load(tons) =~ cms.
2 2 : 0 - 402 604 - . 5.8
3 25 010 © 410 - 62.3 e T2
’ lb 40 S : [} : 010 T _ 402 ) ' 6006 . 7 . 508
5 200 B+ 10 - 404 61.6 5.7
6 400 _ 011 405 62,0 6.2
7 - 600 011 405 62,1 6.5
8 800 011 406 - 62.4 6.4
© 9 1000 010 . 405 . 621 6.3
.10 SR ¥+ + H < & S £+ (3 162.1 6.2
11 - ¢ 1400 - M 405 62.1 643
12 o 1600 Q1Y - 405 é2.2 - 6.7
13 : 1800 011 - 406 623 6.0
15 2200 011 406 62.4 6.3
1B ' 230 " o1l 406 ' 62.4 6.3
17 - 2600 LY . 406 6l.4 5.9
19 C3000. 01l 406 61.0 5.8
20 3200 oL 4050 61.5% 6.1
2 3400 - 011 406 62,0 6.5
22 - 3%00 - o e 61l.4 6.3
23 3800 onl 406 61.1 6.1
24 ' 4000 ; () 1o RN As A 61.0 6.0
’5 4200 010 407 60,9 - 549
- 26 : 400 010 409 6l.5 6.3
] 4600 v 010 AT 62.7 79
28 - 4800 010 - 4l 62.4 7.8
25 - 5000 - 010 = 409 L 6R.6 3.8 ‘
A

30 5200 .00 409 625

The variation of X is alight.ly 1arger than those r!m the chart, | The breaking
| ‘loads, with the exeeption of ’ohe first samplef cut next to the point where the
‘rope broke, vary from 60.4 to 62.7 tpns. A possible reason t_‘or the lower B.L.
of the first sample may be ttmt in the accident this part of the rope was stretched
- beyond tli'e elastic limit. This point' will be followed up by & further experiment.,
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3.3 Effect of Oddy currents,

In Bection 3.3 of the first paper it was shown that eddy ourrents
largely determine the phase-angle between magnetising current and the voltage
induced in a search coil in the rope. In the present instrument the ratio
between R and X readings is the tangent of that phase-angle and therefore
dependent on the eddy currents flowing in the rope as a result of the a.c.
magnetisation of the rope. The amplitude of the eddy currents depends on
the flux linkage and the resistance of each path. The resistance will vary
with t he surface condition of the wires and the area of contact between adjacent
wires, The surface condition will to & larpe extent depend on the intermal
lubrication of the ro~e and the area of contact on the forces in the rore and
on the shaps of the wires, Study of charts over a pericd of time have shown
that variations of eddy currents can be used to indicate deficient lubrication,
e.g. Section 3,25, or plastic deformation, e.g. Section 3.27.

Eddy currents have also an effect on the X readiné as may be seen from
Figure 21b and Table VI. The X readings in the shaft are usually lower than
those in the laboratory and R readings higher, The estimated B,L. figures are
based on the X readings in the laboratory and it would therefore be important
if these XIreadings could be accurately predicted from the X readings in the
shaft, To study the influence of eddy currents on magnetic flux the following
experinent was carried out, A rope sample of the same specifications was inserted
in the coils and readings were taken with short circuit rings of increasing wire
size., The results are given in Table VIII below,

Table VIII

8ize of wire R X 2 Phase-angle X/R X=X
in s.c. ring readings

None 016 722 722 1916 ¢ 450 0
27 sivige 019 721 721 1931 ¢ 37.4 1
21 s.W.go 028 720 720 214 2507 2
i8 BoWego 043 717} 719 30% ' 16.7 4
16 (N O %8 7no . 714 5°29 ' 10.4 12
14 s.v.g. 087 704 709 7 3¢ 8.1 18

Z 1s the vector sum of R and X, except for the last value 1t never differs
by more than $% from X, But for constant pemmsability and steel area vth. X reading
will drop when eddy currents rise. The relation between X readingand eddy curvents
for a rope in the shaft will most probably differ from whaé that for the rope sample
in the oxpérimnt as the eddy current path will be considerably different,

B e



Chert showing permeebility change due to permanent magnetization.

Figure 26.
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of loss than %0 f.p.m. In & further experiment the firet 300 feet of this
rope wora dezagnetised by moving the rope slowly through a eoil, one foot
long, 5" diemeter and having 80 turne. Thie o-il wes connscted to the 50

¢ Pe8. mains through s step~down transformer, glving a curreat ;t & Amperes.
A further rzeord wes made of the ﬂra.t 300 feot of rope, the result is shown
in the fifth chart, It may be sesn that the transients have dissppeered, tut
the X tracs of the part of the rope which was duag}uthod 1s lower then before.
The sixth chart shows a further test on the sams rope two monthe later, The
transients have not reappesrad and the X trace is etill lower over the first
500 fsst. These tests show that the original deprassion was caused by »
decrsase in permeability, due to the rope deing permsnently msgnetised. This
will ocour in ﬁpu whers part of it is at rest for long periode in line with

the carth's magnatie fleld.

4o CONCLUSISH,

The inetruassnt desscribed in this papsr is msell and simple to
use. The intorpretation of the charte has progressed to s stage whore the
breaking load of the rope may be sstimated. In all cases where corrosion
wee predicted se & result of the varistions ehown on the chart it wse found
to be pragent. The theory of the indicetions recorded on the chart suggests
that all caces of corrosion can bhe detasted in the type of rope investigated.
%hen external corresion i»s scoompanied ly sbrasive wosr (referred to as
sorrosive wasr in this paper) it can cause s very lerge roduction in dbresking
load. The veriatlons shosn in the chert ares similer to the indications of
internal corrosion and by visual inapection of the rops st points suggested
by variatione on the chart, corrosivs wear can ba imredistely confimmed.

Plastic wear of the wires in the rope will also be showm on the
chart in ell caswvs.

Loss 0f ares duo to sbrasive weer or to broken wires will Qhow
only when it 1s of the order of one percent of total area or more,

Fatigue 1s sncountered only on very rere occasions; theory

suggests thet 1t will not de shown.
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