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DISCUSSiONS AND CONTRIBUTIONS

Variations in Stroke Waveform in a Laboratory Jig

D. G. ARMSTRONG, AR.S.M,, B.Sc., MEMBER

Report of discussion at October, 1964, General Meeting (Chairman:
Professor ¥. C. Mitcheson, Vice-President). Paper published in jJune, 1964
(Transactions, vol. 73, 1963-64), pp. 643-62

Mr. D. G. Armstrong said that the idea of producing an experimental
jig giving different kinds of stroke waveform had come to him many years
before, but it was not until he had understood the potentialities of modern
pneumatic equipment that he had been able to see the way to develop the
kind of device he wanted. Idcas, the basic movement and its subsequent
evolution had all taken quite a long time to develop. It was a part-time
project which he had had to fit in when other duties allowed and, of
course, they had not been working on it all the time. Therc had been two
main stages: first of all, the development of the mechanism to do what they
wanted and, secondly, the development, discovery or procurement of
something that would indicate what they were doing. The equipment was
still far from perfect and a uumber of improvements could be made in the
light of experience.

With the possible exception of coal, the jigging process had been
neglected, and he felt that development had been hindered by inadequate
terminology. It was difficult to describe just what was meant in English,
and in a number of translations, particularly from the German, descriptions
were of very doubtful accuracy. There just did not scem to be the right
words to describe events in the jigging process. For instance, he was still
not happy about ‘acccleration’. In the paper he had written (p. 644):
‘Acceleration can also be either positive or negative, but negative accclera-
tion is retardation and acceleration on the downward stroke is positive.
Acceleration and retardation can both apply to either upward or downward
strokes. Since acccleration is defined as rate of change of velocity, a rapid
change from high velocity upward to high velocity downward involves
high acceleration, but in this sense the word seems to be inadequate.’

Perhaps ‘rate of reversal’ might better describe that process. One could
imagine a car travelling forward at 30 m.p.h., slowing down, coming to rest
and then accelerating up to 30 m.p.h. in reverse. A word was wanted to
describe the whole operation, and it was rather difficult to find. Obviously,
acceleration would not do.

‘Bed’ was a much misused word. It seemed to cover everything from
ragging to the heavy mineral lying on top of the ragging and the whole
contents of a cell. They all knew what ragging was. He had referred to the
ragging plus heavy mineral overlying it as a bed, but there was the lighter
mineral overlying that which nceded a name, and he had called it the
‘cover’. Although not very satisfactory, he could not think of a better word
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(p. 650) (with an explanation of the working of the mechanism); the
pneumatic valves; and two photographs of the complete jig at an earlier

stage of development.]

The author said that he had some Vibrograph strips which showed the
stroke waveform. That instrument seemed to be the only one which could
do the job satisfactorily. It contained a reel of waxed paper which travelled
through it at constant speed and a stylus which scraped a line on the wax,
giving a trace of the stroke.

He realized that as he had not been able to continue the work the results

in the paper were too bricf, but he thought it clcar that the subject was well
1 indicated. He thought that the results,

worth further study on the lines 1
incomplete though they were, were worth putting on record and continua-

tion of the work might show a way to increasing the capacity and efficiency
of jigging.

Mr. D. J. Ottley said that the paper provided a great deal of useful
information to both jig manufacturcrs and operators. It clearly confirmed
the complexity of the jigging and suggested lines for further investigations.
It was unfortunate that the work could not be continued. Any further
studies could be directed cither towards the design and development of an
industrial-type jig, using the very flexible pneumatic system for the control
of the waveform, stroke and frequency, or using the laboratory test assembly
with modifications, to study basic aspects of jigging especially the inter-
relationship, for example, between waveform, bed depth and cover,
feed rate and feed characteristics.

Were it possible to incorporatc a flexible pneumatic system, it should be
possible to design and construct a jig to suit a particular material or
optimum operating conditions. That presumably could be achieved con-
veniently and cheaply. Most minecral treatment cquipment at the moment
was standard and usually not very flexible either in design or operation.

Laboratory jigs were usually scaled down and very much simplified
versions of the full-size machine with but limited means of controlling and
mcasuring the parameters used or of observing what took place. The
author’s design demonstrated what could be done there and what benefits
could be derived from having a more sophisticated laboratory machine.
It was unfortunate that manufacturers werc not interested in developing
and making more uscful laboratory machincs for industrial laboratories
and pilot plants.

The author had pointed out very clearly the ambiguitics cxisting in
jigging. There was obviously an urgent nced for a comprchensive glossary
of terms used in the whole of the mincral proceedings and related
disciplines and he would like to see the Institution initiate or support the
preparation of such a comprchensive work.

He doubted whether the laboratory jig was a realistic scale-down of a
full-size diaphragm-type jig. Standard Bendelari jigs, for example, were
between 26 in. by 26 in. and 42 in. by 42 in., with depths of bed between
3 in. and 6 in. The laboratory jig was geometrically dissimilar to the
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WMM.MMWMV WM wﬂwr: aﬁ%ﬁrﬂ thus be unwise to compare the laboratory jig
performa one might expect from an industrial-size
.. %w\wwmw wwﬁw F%mnuﬂon% jig feed rates were given as equivalent to about
et i i % 3 meﬁ Mwnmwmsm smno wn:om to be similar to those used in
. hat und a large number of exampl
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oo Mw,\ of the improved control which the laboratory jig offered, an
Intercst m %BWBBBQ of test work might be directed to QQQB:V::
Wheth mn 8~ ﬁwmmwﬂvMMMMMOHMm panw oamﬁ. influential paramecters could Um
. s finer than 150 mesh B.S.S. effici i
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tin ores. Another prospect was wh i e e o
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: g reliminary test results shown in Tabl ]
sizes of particles recovered in the con i the be oot e
sizes of patticies recovered centrate, or lost in the bed or tailing
I ed: ported the phenomenon of losses icular
particle size. Could waveform be u i s
wuﬂwnﬁmm . Conid wayeform be wna to explain or overcome the loss of a
¢ hoped that the results reported would stimulate others sufficiently to

continue the work, with the objecti i i
e omwmmmsm. ¢ objective of ultimately developing an accept-

Mr. F. i i i
o HS.M ”Wc B—M%oﬂ, said that he was a little doubtful as to the value of
the term,true bed .cnﬂo use Hwo mwﬁwwn,w terminology, in some cases there
. ween the ‘bed’ of heavy mineral i
I restin,
the ragging and the remainder of the ‘body’, ‘charge’ or .nom%mH mmnoMM
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examined the charge in a rougher jig operating in the alluvial field one
found no bed in the sense used in the paper. The change in character was
gradual and it had been shown that most of the separation penetration of
the high specific gravity minerals occurred between the particles in the
upper part, simply because there was no true lower part other than the
ragging. There was an upper mobile bed which had a certain amount of
transverse flow and also a Jower zonc of some graduated specific gravities
and of varying dilation becausc it was not a homogeneous bed. Examina-
tion of successive layers in a commercial jig showed that there was no
appreciable accumulation of high specific gravity minerals on the ragging.

A lot of conflicting statements had been made about jigging. In Taggart’s

Elements of ore dressing™ one read that with a material finer than 14 mesh,
dilation started at the top—a statement which he himself had never
understood because he had never secn 2 bed dilate from the top. It always
dilated from the bottom, except in the cxtreme case of very coarse
material, with a layer of very Jight fine material above it. If an excessive
stroke were used in such conditions cnough velocity was created to
disturb the upper part of the charge and he supposed that it might then
be said to dilate from the top. He would like to hear the author’s views on
that subject.

He was glad that the author had drawn attention to the question of the
ratio between the screen arca and the arca of the diaphragm or plunger
because frequently one saw figures quoted of stroke length for a given
purpose, but nobody had taken the troublc to point out that the plunger
or diaphragm arca was not the same as the screen arca or 1O give the
diaphragm/screen area ratio, which could cause a considerable difference.
Not only was that so, but jigs had been made which, if operated at a short
stroke, tended to boil in the middle whilc around the periphery dead spots
could be seen. That was usually becausc the ratio between the diaphragm
and the screen area was too great, and the distance between the diaphragm
and the bottom of the screen provided insufficient space for the water t0
take up an even flow, with the result that all sorts of currents were present.

The author had also drawn attention to the importance of lowering the
initial velocity on the upstroke. “I'hat should lift the particles en nasse and
then provide enough space for adcquate dilation as the upstroke approached
the top of the curve. The separation then took place at the end of the
upstroke and during the first part of the downstroke. If the upstroke

accelerated too rapidly at the beginning, it tended to lift small high

specific gravity mincrals in the interstices before the lower part of the
part of the bed was

‘charge’ started to opcn. Later in the cycle the lower
starting to open; therefore the interstices were larger and an increase in the
velocity of the rising water could then be tolerated.

He had to admit that the work at Camborne in the last two years had
always been done using a simple eccentric, but the state and duration of the
dilation appeared to be the major factor affecting the penetration of the
dense particles. The degree of dilation varied during the cycle: with the

*TAGGART, E. S. Elements of ore dressing (New York: John Wiley, 1951), p. 203.
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greatest dilation the larger particles penetrated rapidly, but as the dilation
decreased the interstices were reduced in size and the smaller high specific
gravity particles penctrated relatively unhindered. One could, in fact, liken
the interstices to a rubber tube that was expanding and contracting; when
it was cxpanded, the larger particles passed more rapidly and the smaller
ones when it was contracted. The difficulty was to get the expansion and
contraction of the ‘tube’ to be of the right duration to fit the size ratio of all
the particles to be concentrated.

In the experiments described the time interval for the upstroke and the
downstroke appeared to be almost equal and one might expect an advan-
tage in increasing the time taken for dilation. If the dilation time could be
increased without extending the lifting time, a greater frequency should be
possible for any given amplitude. That, he knew, led to the very practical
question of whether it was easier to provide more screen area or a more
complicated mechanism to get the same throughput.

The author appeared to connect the rate of concentrate withdrawal with
the depth of the ‘bed’ and the feed rate, but surely it depended on the
proportion of ‘concentrate’ in the feed. With a small proportion, such as
was found in most alluvials, the additional amount of high specific gravity
mineral with increased feed rate was small, and the ‘bed’—if there were
any—did not not increase appreciably. If one watched such a machine it
was perfectly obvious that if the load were increased by increasing the feed
rate, the total depth of charge increased. Furthermore, the slope between
the feed point and the tailboard also increased: and, since the amplitude
remainced constant, the dilation was decreased. If the amplitude were
increased the bed would become completely dilated again. That rather
supported the author’s suggestion that the depth of the screen was a basic
parameter.

He would also like clarification of a point in connection with the hutch
water. The author stated (p. 654): ‘A constant flow [of cell or hutch water]
will displace the base linc in the velocity diagram’, but it seemed to him
that neither was a constant volume of water admitted by a simple orifice
nor was there a constant withdrawal from a spigot discharge, since both
depended on the difference in pressure across the orifice at any given point
in the cycle. Only when the water pressure was very high did one get a more
or less constant inflow of water. If the water pressure were comparatively
low there was a varying amount of inflow.

In conclusion he felt that there was a need for a great deal more research
to follow up the author’s work on the effects of waveform.

Mr. ]J. H. Harris said the ability to observe the effect of change of
waveform on concentration performance so readily was a useful advance in
experimental technique. It was possible that the performance characteristics
of different types of jig varied owing to the stroke waveforms introduced by
the design. Such factors as the method of introduction of hutch water and
the incrtia of the pulsating mechanisms would have an effect on rate of
reversal. In some large jigs the actual flexing of the body of the jig during
opcration would also affect the waveform.
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From the results presented it appeared that <wlwaoaaom éwwnﬁmwﬂm,
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in Table III (p. 658).

Tests Tests
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1596
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» 3 b3 . . \*;
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: 1 been carried over m
ugh a gate, some might Jw,<o : . X
mMsMWw%cﬂwa ﬂom%m Joss in the tail. The total potential recovery in both case
i issimilar. .
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v uired to report in the overflow, whereas the heavies would a moM
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1 r scparation. . o
irmwn% m:»%wmymnwmwav %réﬁ. did suggest* that it would be preferable to

1 SCri ; ulses
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1 cform very similar s :
¢ 100, arrived at an average wave nilar !
mﬂwwﬂww that wro RA stroke may be preferable when :.mm:ym_w nwmnmwﬁﬁw%mw
WQ, recovery ‘over the screen’s provided that the mineral was ¢

withdrawn through a gate. ,
At the same time, the AR stro

rent approaches and it .monB.om that
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ferred the RA stroke,

i 1 stratification
ke appeared to give quicker stra
1 i ‘through the
i izes tested and certainly gave a quicker recovery
S_Mwa%wmmwmmwmm at a lower grade. Hence the AR stroke might be Wﬂnmﬂn»ﬂwﬁ
MWH the recovery of fine-grained mineral, especially when prese

percentages in the feed.

¥ efe age 144,
*xSee reference 4 on page 602 of the paper and footnote reference on page
ce refe ; |
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Sﬂ.u... .
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*HALL, C,
» C. C., and CRUMLEY, P, Some obscrvations on fluidization as applied to

H:aw?n:m?ﬂ
847-855, fopsch process. . Appl, Chem. (Lond.), 2nd Suppl. Issue 1, 1952,
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Brass-strip

Type of baffle None 10 mesh steel gauze cross-piece
Distance apart, in. . . - 6 4 2 2

Bulk density, g/ml

Top of bed . . 0-88 - 86 0-76 0-67 0-92
Centre of bed . . 0-91 091 0-90 0-84 0-96
Bottom of bed . . 089 0-07 0-98 1-22 1-02
Max. difference . . 0-03 0-21 0-22 0-55 0-10

Fig. 2 on page 853 of the paper by Hall and Crumley showed the size and
density distribution in such a baflled bed. The fresh catalyst was of
uniform density and only showed segregation by size. The used catalyst,
however, showed segregation mainly by density with coarse and fine
low-density particles being held up in the bed.

Those fluidized conditions only represented part of the jigging cycle, but
it would be of great interest to develop a jig along those lines since they
would seem to result in good segregation. Such a jig would have a ‘charge’
several feet deep instead of the few inches usual in present-day jigs. It
would have several horizontal screen baffles set in the ‘charge’ to prevent
re-entrainment of segregated material, which apparently occurred in the
present form of jig.

It was common knowledge that the bulk of the recovery in a jig was made
in the first cell and it seemed probable that segregation in the jig actually
occurred within the first few inches of the feed point and that the subse-
quent length of the jig was solely concerned with re-segregating mineral
which had been swept out of the preliminary segregated layer by eddy
currents in the jig. By preventing that desegregation, and by designing the
the jigging operation to give the maximum rate of segregation to start with,
it should be possible to increase the capacity of a given size of jig greatly.
The point might be reached where tin dredges would only need one or two
of those deep primary jigs in place of the large number of the present type
of jig used on dredges. That could lead to a much reduced water consump-
tion on the dredge and to a much reduced size and cost in building new

dredges.

Mr. Armstrong said that he would deal with the questions posed
during the discussion in writing at a later date.

WRITTEN CONTRIBUTION

Mr. D. M. Rowe*: The paper deals with research which is closely
related to work that I am engaged on at Bristol and, on the whole, I am able
to confirm the results obtained on the effect of water stroke and consequent
bed stroke waveform on the jigging process. There are, however, a few
points which may be of interest to the discussion.

*H. H. Wills Physics Laboratory, University of Bristol.
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It scems to me that clarity should not be sacrificed for brevity and in my
nomenclature the insertion, as appropriate, of water, plunger or bed,
before upstroke or downstroke removes any ambiguities. From my own
results I am able to verify that the water stroke waveform is important, but
not nccessarily most important. In Table [ (p. 653), while examining the
effect of water stroke waveform on performance, and again in Fig. 4
(Pp- 648-9), no mention is made of the frequency. I raise this point
because I do not think that performances can be compared unless one
standardizes the frequency.

I have carried out experiments similar to those of the author using a
‘pulsed dense column’, This consists of a parallel-sided column containing
the charge. It is subjected to a slow upward flow of water, which controls
the degree of compaction of the bed, and a pulsating flow which passes
through the perforated base. Its action differs from the normal jig in that
visual dilation and recompaction is apparent only along a small fraction
of the charge depth (< 1/10). The “pulsed dense column’, due to its
extreme depth, is essentially a batch device and little can be said of jts
commercial prospects without further Investigation with the model.

The results I have obtained indjcate that an accelerated water upstroke
followed by a retarded water downstroke is preferred. Jig performances,
however, cannot be evaluated or compared without due consideration
being paid to the bed stroke length and the frequency of the bed pulsations,
which is intimately related to the size of particle being jigged.

No reference has been made to the examination by Rafales-Lamarka*
of dimensionally various mathematical relations which he obtained in
connection with a simplified model of a Jig. He then went on to show that
providing conditions of dynamic simularity exist between the laboratory
mode! and its commercia] counterpart (predictions arrived at for this mode]
can be applied to the other). He also goes a long way in appreciating the
significance of various parameters such as particle sizc, frequency and
amplitude of water pulsation. As the present author points out, the
jigging process is indebted to variations in water velocity, but attention
must be paid to a quantity, the jigging parameter, defined by Rafales-
Lamarka. In it the importance of optimum water pulse frequence for
correct performance of the jig, i.c. separation according to specific gravity,
1s stressed. Ignorance of this parameter can lead to scparation according to
size, and in cxtreme cascs reversal in size gradation. Although not pointed
out by Rafales-Lamarka, further cxamination of the jigging parameter
reveals that his results are applicable for any waveform. We can thus extend
Rafales-Lamarka’s theoretical arguments to include the results obtained by
Armstrong when utilizing a non-sinusoidal water waveform.

From Fig. 4(a) (p. 648) the water pulsc retardation is about 3 g, which
1s much more than the downward force normally encountered. Would this
result, when using a natural feed, in particles which normally remain in

*RAFALES-L.AMARKA, E. E. The hydrodynamics of gravity concentration processes
and the modelling of these processes. Sb. Trudov Akad. Nauk URSR, Lab.
Hidravlichnyhkh Mashyn., no. 6 1956, 142-58. (Russian text.) English transl.
No. 61-13984. (Nov. 1960, 24 p.), available from Library of Congress.
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suspension and pass out with the overflow water undesirably passing down
through the ragging?

I think that frequency should be added to the already disclosed important

—and would be interested

ters—depth, screen depth and waveform—an
Mw MHMM why Qowﬁwo&ma value of 100 strokes /min was taken as stmwﬂm.
Perhaps the author would also elaborate on his suggestion that the results

indicate the effect in the case of alluvials.

As stated, I feel that the study of the waveform as an entity in itself will

not add to the understanding of the wrozomdnsw_ 5,%”3 &SM_MWMJ mmmomwm
i i ery noticeable. The wavefo
author points out, its effects are v . m is onl
i - d and inter-dependent param . s
ne of a number of inter-related an . .
m&%oﬁ a mathematical theory predicting their behaviour, oxnmv&mﬂwomamn
attempts at predicting the jig’s performance, remains purely speculative.

In concluding, I would like to congratulate Hr_n author oﬂ Hrm\ wﬂmm%mmmw
i i i i ism, with its close control on .
design of his reciprocating mechanism, | ] vaveforms.
i i sition to continue his researchisag
That the author is no longer in a posi . s a great
i i f constructing the apparatus >
ity, especially as the problem o :
m<ww8~%o s&m.w the accumulation and explanation of results remain

hardly touched.

Theory of Thickener Design Based on Batch
Sedimentation Tests

A. G. MONCRIEFF, BA,, B.Sc., AR.S.M., ASSOCIATE MEMBER

. ] =N {eeting (Chairman: Professor
d on at October, 1964, General Meeting ( ’ r
%mﬂxw&wﬁwﬁmﬁm Vice-President). Paper published tm Fuly, 1964 (Transac

tions, vol. 73, 1963-64), pp. 729-59

i i i senting his paper he realized that
. A. G. Moncrieff said that in presenting
wn?““.mw inviting considerable n::naar.ﬁn had mMnmwwﬁmmeM mﬂwwﬂ mw
. > A an
critical analysis of existing theories on thickening e
d revision. He had, :oéznnw done that wi p ing
Mwncw MMMMMBMSSH evidence. He appreciated the dangers of so doing and
Institution for publishing the paper. . . .
EMMMMQ ﬁwmnmmw papers had been published on the subject, F:Q:m_mm
%ﬁn»—ﬁb@ his own paper had been written. One of those recent papers

*RoBINS, W. H. M. The theory of the design and operation of settling tanks.
, W. H. M.

Trans. Instn Chem. Engrs, 42, May 1964, T158-63. .



