209070 METHOD OF | MPROVI NG THROUGHPUT EFFI Cl ENCY OF A ROTARY, DRUM M LL The
moniYoring of a ball grinding mill or equivalent through el ectrical signal%®. ¢
derived fromthe mll, in operation, has | ong been known. U.S, Eat L?

2,405, 059; 2,766, 941; 3,944,146; and .4,026,479 are 5 repr é??aé 8?
typi£at nonitoring systems. Each of these systens depends-upon sound ;
Si gﬁal s derived fromthe m |l operati on. However, sound signals are neither r
pure rfof primary signals, and their use leads to conplex neans for analysis
and selection of different 10 oper at ilng- characteri:stics. It is easily
recogni zabl e that a sound frequency, nmagnitude or characteristic pattern

w || change considerably with changes in | oading, speed, nateri al
constituency, material particle size and other characteristics of the

materi al . Al so,METHODeORI IMPROVINGe THROUGHRUT (ERFECEIENCYE XOF aAcROTARYUNIS
which wll affect such systens. TheDsfdt MIIdr operation where significant
ranges of materials and different ball mIlIl conditions exist, a

sound- operated systemten to be restricted to sensing.a partjcul ar
linited condition in a parfPcBPR-t9F1ing 4 Ia:Q? iQﬁF&hl? @biﬁoﬂF

i d. It i her ef i rabl bljsh si | s. whi
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causes. mill, in operation, has long been known. U.S. Patents

2,405,059 2,766,941 3,944 ,146¢ and 4,026,479 are

5 representative of typical mbnitoring sysﬁems.

Each of these systems depends upon sound signals
derived from the mill operation. However, sound signals
are neither pure nor primary signals, and their use leads
to complex means for analysis and selection of different

10 operating characteristics. It is.easily recognizable
that a sound frequency, magnitude or characteristic pattern
will change considerakly with changes in loading, speed,
material constituency, material particle size and other
characteristics of the material. Also, in the mill

15 environment there are extraneous sounds which will affect
such systems. Therefore for operation where significant
ranges of materials and different ball mill conditions
exist, a sound-operated system tends to be restricted to
sensing a particular limited condition in a particular

20 mill to which it is custom tailored. It is therefore
desirable to establish signals which are more universally
significant and less susceptible to error from extraneous

causes.



mpile chditions are significantly altered by the physical nature of the

mat eri al s bei ng:processed. Thus, for _exanple, if a chem cal additive to 5
the raw matérials affects the physical behavi our of the materials enough to
i nprove the t hroughput efficiency of the mll, it also affects the sound.
Thuss presel ect ed patterns of sound signals nay not properly detect

mat eri gb—di fferences in throughput efficiency which should be 10

nonitor'ed and controll ed. There are al so other shortcom ngs of the prior
art systens and net hods, because the natdre of the mill operation is not
under st ood or has not been ad ted as an_integral part of the nonitoring
and controf nethods. 15 ermgreex §hpl soundndepdves signedsevitish
vari abl es -ray af f ect eff|C|ency, such _as the_anount, of charge of materials
in the nill theax»:ﬁaﬁzgéleﬁaﬁiaseeﬁpeer-éécl Rdldd PRI CBISe AirEa s igmdifiicant Ly

d, d h b ff hel d
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are indicative of,tbe;LiyechBLGHIRBU ImBEELE RREY ta&o%g%wtore@ﬁa% of

the mill, it also affects the sound. Thus, preselected

-2- Furthernore, the sound derlved signals which are tallored to specific '<Eé
(

patterns of sound signals may not properly detect material
differences in throughput efficiency which should be |
10 monitored and controlled.

There are also other shortcomings of the prior

o

art.5ystems and methbae, because the natﬁre of the mill
operation is not understood or has not beeﬁ adopted as an
integral part of the mohiﬁoring and coﬁtﬁol methods.

15 Thus, for exemple, a'nuﬁber of interrelated variables may
affect efficiency,.such as the amount of charge of haterialS'
in ehe mill, the'charge-characteristics including ﬁhe .
.chemical'additives used, aﬁd the ball grinding efficiency.
Nevertheless, most systems and methods are responsive only

20 to single control factors such as the rate of flow of
materials through ﬁhe mill, without regard to the grinding
efficiency which could change drastically in characteristic
depending upon other mill conditions. It is therefore
desirable to employ control signals whlch are representatlve

25 of complex interactions in the mill and yet are indicative .

of the true throughput efficiency of a uniform product.



1-3-@50 it is desirable to have nethods and signals available for both

I ns t aneous on-line analysis, and long termanalysis, of nill conditfons.,
_ Feescontrol nethods or systens afford a conpatibl e dual capability 5 of
‘this sort. Particularly for use under semi-autonatic operation, with
operator intervention or operator analysis of mll conditions in set up - -
mai it enance or control functions, it becones necessary to communicate m ¥
10 conditions in a way that cannot be m sinterpreted, or m sunderstood, or
overl ooked. In this respect any signals or displays which nake an operat or
depend upon the visual sensing of a particular value of a variable signal
magni t ude or neter rJddiggit tiendlesirabbe bpchavermethods abdparticularly
where operators may not have significant -m || operation analysis skills.
Accor di ngl gignalis avajeiedrie &y ceethiinstantaneausoantdihgprdedyshie .pri or
art nmethods of _operational control of grinding mlls. 20

Accor di ngl R AEnE F&m ANdtiEs i e Bht™Hhl PR RBHEHPBEF deFeY penkselof

moni toring the operating conditjons_of a rotary. drumtype grinding mll .
driven by &ﬁ&gqgérQQHﬂ A 3 ?ﬁ@rﬁl?%WP%%}%}?aﬁgaioﬁﬁPP?Pﬁé?prerating

the mll sb\éfn%%r}_ss osfo sai d notor over a range of power

Particularly for use under semi-automatic
operation, with operator intervention or operator analysié
of mill conditions in set up mainténance or control
functions, it becomes necessary fo:coﬁmunicate mill

10 conditions in a way that cannot be misinterpreted, or
misunderstood, or overlboked. In this respect any signals
or displays which make an operator depend upon the visual
sensing of a pafﬁicular value of a variable signal.
maghitude or meter reading, tend to cause qperaﬁor'error,

15 particularly where operators may not have significant.

mill operation analysis skills. ‘

Accordingly, it is a general objeét of this
invention to improve the prior art methods of operational
control of grinding mills.

20 Accordingly, one aspect of éhe present invention
provides a method of monitofing the operating conditions |

- of a rotary drum type grinding miil driven by an electrical
motor to grind raw materials comprising: operating the
mill by means of said motor over a range of power
25 magnitudes in the presence of raw material.load magnitudes

which are above and bélow a desired raw material 1oad



25 magntudes in the presence of raw material |oad nagnitudes which are

above and bel ow a desired raw material |oad magni t ude; deriving a notor
power signal internediate in said range; and controlling the raw nateri al
| oad gagnitude in said nmill in response to the derived notor power signal

to mairntain the notor power signal 5 substantially at the desired

i nt eThedi at e val ue which corresponds to the desired raw maferial |oad
magni t ude. Anot her aspect of the invention provides a nethod of operating
and nonitoring an electric notor-operated rotary drumtype mill,
conprising: 10 establishing a desired hi gh-operating efficiency condition
with a known raw materi al | oad magni tude operating at a known notor power;
operating the elagtfitiudal; dderdvimicoa widtora pgeardr aligndl inltengediateai d
establ i shed operating condition on an internediate 15 portion of the notor
power curve whaneisaitheamgegr podecadnodddeyy dite ivew emsexrial Hoady

mat eri al | oad magni tude; deriving fromthe electrical power supplied to the
notor a notor pegeitsidgndn epdd Hiddnde reERsmsearhfe theldatsvadhangiower at
positions on either side of 20 said desired operating condition, in an

i nt er nedi at e pBSWEroRigRadait® MadgEaimm fher FAtEHPEEHR rignadgnal s,

responsi ve to the magni.t yde of said power signal indicative of the _need for
corfective aét?H%sﬁﬁgﬁia y at the d%ggied i termeé%ate value which

corresponds to the desired raw material load magnitude.
Another aspect of the invention provides a
method of operating and monitoring an electric
motor-operated rotary drum type mill, comprising:
10 establishing a desired high operating efficiency
. condition with a known raw méférial load magnitude
operating at a known motor power; operating the
electrical drive motor with a partial mill chaﬁge”ét
* said established operating condition on an intermediate
15 portion of the motor power curve wherein the motor
power decreases and increases with raw material load
magnitude; deriving from the electrical power supplied
to the motor a motor power signal over a range, which
range includes the power at positions on éither side of
20 said desired operéting condition, in an intermediate
position on said range; and providing control signals,
'-responsive to the magnitude of said power signal
indicativé of the need for corrective action when
material load conditions are below or above that of said

25 desired operating condition.



terial |oad conditions are bel ow or above that of said 25 desired

erating condition. It has therefore been established in accordanc¥ .,
h the present invention that reliable, conprehensive and conveni ent
'.éleetrlcal control signals may be derived fromnonitoring solely the pomer
dhanges 5 of an electric drive notor rotating the drumrof the ball mll.
Thus, the desired m || operating condition is established by the crlterldﬁf
of running at a constant speed with a synchronous notor while effectively
grinding a desired charge, and the notor is operated in 10 that condition
at an internedi ate point on a variébl 'ﬂetectable range of the power curve.

-6- Thi f d | 1 be. Ltored d |1 ed
imply, s a functi o i Et%rarm e Qtf.?abrﬁb%%‘éis?éﬁm i ch are
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per al | onab CERBAARCE MAE Eiioh SR m‘}e‘fmﬁ%r%@ﬁ% iﬂr?‘éfé?ﬁu% out put
I fed; d
ragni tude SPPEGHERIAVE Mo el TR e P A e AR L EFnaRE i on

may be derived from mpnltorlng solely the power changes
5 of an e;ectric drive motor rotating the drum of the
ball mill. Thus, the desired mill operating condition
is established by the criterion of running at a
constant speed with a synchronous motor while etfectlvely
grlndlng a desired charge, and the motor is operated in
10 that condition at an intermediate point on a variably

detectable range of the power curve.



of the halls (or rods), and the effect or optimum usage 10 of chem cal (1

addftYves capable of increasing the mill efficiency. The notor power signal
magni tude, is then processed to produce control signals for purposes of
openat(ﬁg di spl ays and control functions, preferably in 15 a conbi nation

of sygnhal magnitudes show ng undershoot and overshoot of the desired mll
operating condition, and enabling contrql either by sem -automatic operator
intervention or fully automated feed of~nfterials and chenmicals to attain
optimum efficiency both instantaneously 20_., ,and over .the long.term For
long term historical operatT®s t3ehaf ySendhbinBai PEFTAES| ther PdlthaitCe et he
I nst ant aneous real -tjne signal is S%%ifd and éfcalled m?en desired. A set

of pictorial rep¥EHHATdRIGICWME simply e8ndi EPBREICRAPE Fgea

sem -skill ed operatar, to understand the nature of the mll conditio

wthout o7 e e Th T derent | sigRalsavBichnarecRanteY Getpeted
not or | oad signals., Thus, the.present jnvention provides_a,conprehensi,ve
and reliable MIIaQQuﬁ§%§%§%ﬁQPLI r%?gﬁﬁﬁgah5cagr¥rSHVQrSPﬁngvﬁepﬂaéd and

processed signal ANl Yol HRPLYCLPYELiLE 1HE108EAL A SmbBXENbEC"

provi des a
properly ground output materials used, the amount of raw

material feed desirable, the load magnitude of raw
materials inside the mill drum, the nature of operation
of the balls (or rods), and the effect or optimum usage

10 of chemical additives capable of increasing the mill
efficiency. |

. : The motor power signal magnitude,is then

proéessed to produce control signals for purposes of
operating displays and control functions, preferably in

15 a combination of_signal magﬁitudeé showing undershoot and
overshoot of the desifed mili operating condition, and
enabliﬁg control either by semi-automatic operator
intervention or fully éutomated feed of materials and
chemicals to attain optimum efficiency both instantaneously

20 and over the long term.

For long texrm historical operation to analyse
and monitor mill performance, the instantaneous real-time
signal is stored and recalled when desired.

A set of pictorial representations of actual

25 mill conditions'eﬁabling a sémi-skilled operator to

understand the nature of the mill condition without



- noy@l nmanner of know ng, on the basis of notor power, whether the raw
{erial load magnitude in a mll is too great or too sial |, a heretof8res .

upknown node of operation 10 as acknow edged by the aforesaid U S. Patent

"~Np. 2766941 , In order that the present invention may nore readily be

_ uhderstood the follow ng description is given, nerely by way of exanple, .

wth reference to the acconpanyi ng draw ngs, in which:- 15 A

Figure 1 is a block systemdiagramof a mll control system enbodying the

i nvention; and Figure 2 is a graph displaying m || operating conditions

used ign accordance with this inventi gn~ relating typical selected

oper atrronal signal.nmagnitudes to typical 20 pictorial representations of

t he correspoamiahygsis| bropetarpodatind tisopsesantedy ire reasporise Rguwle 1, a

ball m |l generally conprises a rotary drum 10, a separator 11, a feed |line

12 to the sepatatrotoaddsagnadsecul ation line 13 for 25 rei ntroduci ng

coarse particles fromfeed line 12 and separator 11 back into the rotary

drum 10. The output  Thes,gFhadprgsprsdiaventionepugyisigmmaat or 11 are

wi t hdrawn by way of output |line 14. The rotary drum 10 is driven by_fhe

shaft 15 of %?F“E?%’é???évﬁb%ii relaabilegméfdc aradysisy ing wyiRKREaRding

5 from a simply derived and processed signal, namely the
supply power to the motor. This invention provides a
.novel manner of knowing, on the basis of motor power,
whether the raw material load magnitude in a mill is too
great or too small, a heretofore unknown mode of operation

10 as acknowledged by the aforesaid U.S.Patent No. 276694l.

In order that the present invention may more
readily be understood the following description is given,
merely by way 6f example, with reference to the ;ccompanying
drawings, in which:-

15 Figure 1 is a block system diagram of a mill
control system embodying the invention; and .

Figure 2 is a graph displaying mill operating
conditions used.in accordance with this invention, relating
typical selected operational signal.magnitudes to typical

20 pictorial representations of the corresponding mill
operating conditions.

As may be seen in Figure l,-a ball mill generally
comprises a rotary d:um 10, a separator 11, a feed line .

12 to the separator and a recirculation line lé for
25 :eintrdducing coarse particles from feed line 12 and

separator 11l back into the rotary drum 10. The output




5 .Typigcally the drrumis rotated at a known constant speed ascertai ned by
gea¥ iMg (not shown) and synchronous notor speed. Such notors will draw the
necessary current from conductor 17 (which presents constant input voltage)
to -opérate at constant speed under various |oad conditions. 10 Thus,
changés of line current will represent_cganges in the notor |oad. This _
paraneter (current)is easily detected froman alternating current line (as
represented by S &Papbe U1 L UATE Mri EhaRETAT BYT
18 about the confd%(‘:t or %}%%y?ﬁﬁs%%na a%?%portignal to the 15 not o§§
power is converpdywnsf | suih@eucese iDha suitable detector 19. This is the
sol e detected signal necessary to produce a conprehensive analysis of mill
conditions. In order torwdestdeyndiiiee 10viat doivértberthet shaftdeibraffil ant o
consi der sonme of the characteristics of 20 m || operation. For this purpose
reference.w | | elewotiic maieor ol & pving, elvetricakr supplyt @onguaphrshavieng
as common absci ssa the | oad nmagni tude of the raw material in the rotary
drum 10 dri¥en Tgpicmliptthe 1drymr| s cdotatefcatharkaown eanshantr sppsd

i ntroduced into the drum 10 at 25 jnput 20 fromsuitable raw material feed
means 21. Sinilasesrkaingd By Srrrings(nel shovn) randcevmghrereys @aker2?

to affect the power_l oading on the notor -9- indirectly, since the
cor r espondi ng RPeRfRs %Hﬁpvﬁﬁiﬁﬁ% will draw the necessary current from

conductor 17 (which presents constant input voltage) to
operate at constant speed uﬁder various load conditions.

10 Thus, changes of line current will represent changes in the
motor ioad. This parameter (current)is easily detected-
from. an alternating current line (as represented by the ~~

syrmbol) by means of an a-c coupled current transformer 18

L1}

about the conductor 17 so that a signal proportiocnal to the
15 motor power is conventionally producéd in a suitable
detector 19. This is the sole detected signal necessary
to produce a comprehensive analysis of mill conditions.
In order to understand the invention better, it
is desirable to consider some of the characteristics of
20 mill operation. Eor this pﬁrpose reference will also be
made to Figure 2, where there are tw? graphs having as
common abscissa the'load.magnitude of the raw material in
the rotary drum 10 driven by the motor 16 related to the
charge of raQ materials introduced intq the drum 10 at
25 input 20 from suitable raw material feed means 21.
Similarly chemical additives may be introduced

by feed means 22 to affect the péwer loading on the motor

(5



3zk smal | conpared to those of the raw materials, such as clinkers from
A\Whj/ch cenent is to be ground. In considering the |oad, therefore, the € ...
ampunt of recirculated raw 5 materials along line 13 and the drum i nput 26
i/ then also a factor. It is in this_respect ‘that the chemical additives at
22~affect the |oading, since they ard of a type that will inprove the .

For "such pasoeicthe’ s "Bhe bRrPeBbonbiRg Yor MR I METEES ot der
the ordi nateg O ofd B Gorfpa 108 °o UiABLEY 85! YHeS ERIPRALRRIRIY)! Alcte £
pertinent perfornance cHaracteristics, nanely tor the upper ’graph the notor

current | (PFORMts OPBbm {whi®hObeONE" 18 £60B8! g).%uawp'm &nvsﬂ?ddeiﬁigfg and

for the |ower graph the grinding efficliency (Ef on the raw materialsthis
latter bei nehed foHE! | BHeBérbhe, JthadaReunitdbMreel rohd adeesidaw of the raw
materials, and of the flow pattern through the rotary drum -For better
under stsindinigcefid e aboéng clbhet hBsanfatheetietm ihpher @0cds2@hen @G tO
the sinulated pictorial representations A to E. These views represent

di agr ammat ixafdgtert rknsiierie thbssrespecanthhtattieuchehival additisres
rotating with grinding nediumballs and raw materi-al | oad, to show the
materi al s Aatarkk rffecBlithe lLeadibng, veiunget theychaegefl eadivipss tdiat he

-10- drumfromunderload A to overload E. The | oadi ng
will improve the output efficiency of ground materials at

line l4. Typical chemicals used for such purposes are set
10 forth in U.S. Patent 3,607,6326.

Now consider the oxrdinate of Figure 2,.which
displays two scales representative of pertinént performance
characteristics, namely for the upper graph the motor
current I (proportional to motor power at constant supply

15 voltage) and for the lower graph the grinding.efficiency
(Eff) on the raw materials,this latter being a function
of the grinding medium, of the density of the raw materials,
and of the flow pattern through the rotary drum. For better
understanding of the nature of these parameﬁers, reference

20 is made to the siﬁulated pictorial representafions A to E.
These views represeht diagramhatical;y a transverse cross
section of a drum 10 while it is rotating with grinding
medium balls and raw material load, to show the materials 2

and balls 31 at various volumetric charge loadings of the



conditign C may be considered as the desired condition. It relates to a <Z£;
maxi'mfm grinding efficiency at point C on the lower curve Eff and to a
chosen current operation 5 datum C on t he upper current curve.l.
Refer¥ing to the lower, grinding efficiency curve, Eff, clearly for raw

mat erifal | oad magni tudes which are either greater or less than the |oad
nagn?ﬁude for condition C, for exanple at points A B, D, E the grinding
10 efficiency is reduced. However, the current characteristic | changes
in magni tude over the entire range of points A, B, C, D, E. Thus, the
current | gharacteristic provides a detggtable control signal that can

I ndi cate ther various mll charge |oads are too great or too small, 15
thereby to per nMdrio it I IbLRD K 6 | GFeitDoad PPt | TREN DEHLA BhHGON
characteristic. Typically the notor current burve | will, over.a neasurable
current range shoowdiident exgray rlsen constidieréd sgle dtlte ndle & 1 68d Acddtion.
over | oaded condition E, 20 typified by profiles of internal mll
conditions. Thede yEldEidestormsy rexivnsigeinding effiaiency attpgiated

conbi nation of the drumprofile conditions at axial stations fromone end
to the other of arhethir dpwer murveEfifand tecn ¢hesenichtyent aperatfbgure
1, the left 25 hand i nput end of the drum nay have a tunnel (shown as 48
in the disp?ay ARt G gn &he yRRen| S rentFvaredt-

Referring to the lower, grinding efficiency

curve, Eff, clearly for raw material load magnitudes which
are either greatef or less than thé load magnitude for .
cdndition c, foi example at points A, B, D, E, the grinding

10 efficiency is reduced. However, the current characteristic

. I changes in magnitude over the entire range of points A,
B, C,'b, E. Thus, the current I characteristic provides
a detectable control signal thaf can indicate whéfher
various mill charge loads are too gréat or too small,

15 thereby to permit monitoriné and correction to an optimum
operation characteristic.

Typically the motor current cutve I will, over
a measurable current range shown, decrease from an
underloaded condition A to an overlc?ded condition E,

20 typified by profiles of internal mill conditions. These
profiles may be considered an average or integrated
combination of the drum profile conditions at axial
stations from one end to the other of the drum, since,
as may be seen pictorially at 49 in Figure l,!the ieft

25 hand input end of the -drum may have a tunnel (shown as

48 in the display 49 of Figure. l, but also illustrated



- W1- in the entrance overloaded condition represented in Figure 2E). This
33 dnnel results fromoverloading with input raw naterial$ such as is sthm,
Armyprofile E, while the right hand end of the drum may conversely have a 5
‘p}oflle nore |ike that of profile A the.average condition providi'ng the
preferred operating condition then being sonewhat as C.- These profiles A +9q
E will be easily understood by unskjlled or seni-skilled plant operators 0
i ndi cate underl| oaded to overl oaded conditions in the 10 drum The
pictorgal drumrepresentations deplg# rotation clockw se of the drum 10 so
that, ®s the |oad changes, the grinding nediumballs 31 and the hatched

h f | f |l f | | I ed
n pattorns e eﬁ%?%ﬁ?éﬁvgﬁﬁérﬁé%% Biibp, Fenmadatiednh {no row
neavEer whorb ORES B QTF%SQSFPQ%*?&. Fen s Eol WAIIBALIG D

the balls SlihBa@ned 8¥§5%Qagﬁ€h‘32§dh§' ?Boﬁnd&%mﬁbl@'ﬁk%h:ﬁﬁh' oned

| ayer of raw en the grinding efficiency | ess than the
condi tion Cm@rﬁl??&xeadlanéreﬁd%tl thePastmambly ek draal, Havaterial .

Al so, in the underToaded condition A the effiCiency is Iom1because t he
balls age 25rofiléimgréaliker ahher oEhprofdWemal,eihdl S verage condition

providing the.preferred operating condition then being
somewhat as C. These profiles A to E will be easily
understood by unskilled or semi-skilled plant operators
to indicate underloaded to overloaded conditions in the

10  drum. |

The pictorial drum representations depict

rotation clockwise of the drum 10 so that, as the load
changes, the grinding medium balls 31 and the hatched
charge 32 of raw material are centrifugally and

15 frictionally carriea in patterns such as indicated.

Higher motor current results when the raw

maferial load A is lighter and lower motor current when
the load E is heavier where the tunnelling effect is
evident. It can be reasoned that if the balls 31 in an

20 overloaded condition E drop on a thicker cushioned layer
of raw materials theﬁ the grinding efficiency will be
less than the condition C where a ball drop will impact
a thinner.layer of material. Also, in the underloaded
condition A the efficiency is low because the balls are

25 hitting balls rather than raw materials.




- 2 - It is evident then that both the nature of the flow pattern throug
theqﬂbfating drumand the m Il grinding efficiency are indicatable sinply
in terms of the.paraneter of notor horsepower or current. Also, a5
pictorial display of the mll conditi-ons Ato E will show an operator on
premisses a signal giving hima full understanding of the conditions so that
he vay calibrate automatic feed conditions, or sen -automatically control.
feed rates. Conversely a |l oad current reading such as 10 m ght be

di spl ayed on neter 40 woul d not have a similar inpact and could readily be
over | ooked because of attention necesga;¥ to nonitor a continuously

vari abl e i nstant aneous readi ng-and not ag critical conditions that

require ogérator attentiongndupdesshandig (Thespoapetal Wurt® Wit

characteristics are descri or exanple 1n t

H Duda, Bauverl f‘ﬂew%gléjeégﬁnthﬁaﬂﬁhntﬂér totulahCaRe ara HRR0GN 13 to

104. It is not a tri eature that this invention, because of its

uni versal naturegaigdathg aﬁﬁieieﬁcgi Agke iRBicatadid Biav et and of
nanely notor curfent, can readily be adapted, and instrunéntation can be

added to existinghbaphriinbtsr vVE! houbrChargepdivesl ir0Muriend .| Aty otdher
than possible internal instrunent calibration. The processing of the

detected nogor |padtdbial atispay 6f9thiesmidilt ecsidiplienso 2prweyiBlevidll sHww
necessary operator and control signal information as seen in Figure 1.
an operator on premises a signal giving him a full
understanding of the conditions so that he may calibrate
automatic feed conditions or semi-automatically control .
feed rates. Conversely a load.current reading such as
10 might be displayed on meter 40 would not have a similar
: impact and could readily be overlooked because of attention
necessary to monitor a continuously variable instantaneous
reading and not flag critical conditions that:require
operator attention and understanding. These.operational
15 characteristics are described for example in the Cement
Data Book, Walter H. Duda, Bauverlag, Wiesbaden, and ip
particular ChapFer 5, pages 94 to 104. |
It is not a trivial feature that this invention,
because of its universal natuke ana_the use of a single
20 easily derived signal, namely motor current, can readily
be adapted, and ihétrumentation can be added to existing
ball mills, without change or custom installation other
than possible internal instrument calibration.
The processing of the detected moéor load
25 current (19) is quite'simple to.provide all the necessary

operator and control signal information as seen in Figure 1.



~ The output current reading 41 may be displayed as a current or poye
yegdi ng on neter 40 for an instantaneous readi ng. However, as above stat

-5 has little inpact on delivering the neaning to a relatively unskilled
5 - -operator. Thus, a schedule of selected 'critical conditions requiring
operator action, such as the aforesaid conditions Ato E, can be selected”
fog control purposes by sinply nonitoring the current anplitudes at N
selector 42 to select the correspondi ng current values 10 Ato Eonth
ordinate of Figure 1, for exanple=” Lﬁ'any one of these conditions control
(as suggested by block 43) can be tr.iggered either seni-automatically by
operaﬁg? i nt EPPeRMERRE GPH%%Q%/%%?@%H&%Q%NW%M B diselayedanstars such as
raw material or additive fleed ratgs. 15 . The grincigal di spl ay
44 i pictor PAFZOPRAPY BOVER FRAdIH Fodeionihl Eaedh 0P ERBLIneRUES
shown in Figure.2 are own i.n virdeq for ref er,abl y, al o 1 th.the
i nst ant aneous SPEAPSr; rregé?"g erenéd ﬁ%gor% a?% g%h:'o%r ?I%df?F at8haftm
clock 46. 20 . . oS Bt ' | able to
st orage andﬁ?gcgﬁ}lgfr%99i¥%§%ratlngg%8%%?fﬁ%%%i%§vég%ﬂ%é%¥fg%§&suitable

anal 0gug of ghairbabelCCRUR . ol RIRRARIULLAMLELI oL g0a s at | eads 50

are in effect digitalized signals may be coded and stored in
conditions requiring operator action, such as the

aforesaid conditions A to E, can be selected for control
purposes by simply monitoring the current amplitudes at
selector 42 to select the corresponding current values

10 A to E on the ordinate of.Figure 1, for example. At any
one of these conditions control (as suggested by block 43)
can be triggered either semi-automatically by operator
intervention, ér fully aﬁtomatically, to alter parameters
such as raw material or additive feed rates.

15 The prineipal display 44 is pictorial, that is,
actual pictures or diagrammatic views such as shown in
Figure 2 are shown in video form, preferably along witﬂ'
the instantaneocus real time reference siQnal at 45 as
dexrived from a'system clock 46.

20 This method of operation is also adaptable to
storage and recall 6f mill operating conditions by means
of any suitable analogue or digital recordér. The
segregated émplitude signals at leads 50 are in effect
digitalized signals that may be coded and stored in

25 digital form. In this embodiment the analogue current

signals (41) may be stored on for example a tape recorder

£}



25 digital form ., In this enbodi nent the anal ogue current signals (41)
may &% %tored on for exanpl e a tape recorder - 14 - 51, along with a
periodic time indication, or at a series of tinme intervals sanpled by the
sigmals of c¢lock 46. For exanple, 'starting at mill startup tine on a
wor ki ng shift of eight hours, the mll operation may be 5 - sanpled and
stohedrgvery fifteen m nutes throughout the shift for recall and readback,
thereby implicitly carrying a tine indicia. A digital systemcan, of
course, store clock tinme for every sanple, and thus the output on |eads 50
could be stored therewith. 10 - 14 4t is clear therefore that
whenever deviations from expected ml| throughput occur, the recordability
of the signal is5tnpedeast widhpRoreFaadia fime dndiqatian, @rsattae cause
may be anal ysed and corrected, even without full_tinme _operator_ attendance
and attention. 1§5eries of time intervidssisawpliesd & ithe Signakerof|ebpck
pattern display such as |la bank 47 whi.ch has an optinum central position
so that under pr errgﬂ’ro&g‘gﬁ'ﬁ SHRFEhat ML h(R5IEHIR | bHrP 8% &2 n

within simulated drum 49 w.lJ perm.t .tunnelling.48 t roceed only to a
predet er mi ned di ¥P4 ngﬁwujtalog@’t% I .1 g‘l‘h% H‘éﬁdfﬁﬁer%l?rhdf@ét%%
above, the tunnel |lin f Eig. s IS i.dengif. educe rrent fromthe
desired opetP-at i Oﬁaéné)rg.e a dgsé:%t Ieéi?] eg%q:ir ffltecdeeq}/ n{J.nuuteéj ﬁi‘roug oui:. ‘E?le

rent(cCondi hus;
shift for recall and readback, thereby implicitly

carrying a time indicia. A digital system can, of course,
store clock time fg} every sample, and thus the output on
leads 50 could be stored therewith.

10 It is clear therefore that ﬁhenever deviations
from expected mill throughput occur, the recordability
of the signal is important to prévide a historical review.
Thus, the cause méy be analysed and corrected, even
without full time operator attendance and'attention.

15 It is possible to derive a further flow pattern
display such as lamp bank 47 which has an optimum central
position so that undexr preferred operating conditions Lhe
internal flow pattern within simulated drum'49 will permit
tunnelling 48 to proceed only to a pfedetermined distance

20 along the length of thé'drum. As indicated above, the
tunnelling of Fig. 2E is identified by reduced current
from the desired operation current {condition C). Thus,
the lights are lighted from left to right as a function
of current to Fhow flowwfunnel ﬂB lengthiéonditioné inside -

25 the drum 49 on the lamp.array 47 as derived from the

signals available 50. Thus, both the loading conditions




P lights are lighted fromleft to right as a function of current to ghow
tunnel 48 length conditions jnside 25 the drum 49 on the | anp arfAy,
47 as derived fromthe signals available 50. Thus, both the | oading

“condi tions 15 - 44 and flow conditions 47 are plctorlally represent abl e
soIer fromthe magnitude of the input notor current basic signal. Fbmevq£}

i Other factor affects tunnelling 48, 5 nanmely: raw material density
The fluffier or less dense the raw nmaterials, the nore fully (vol une)
| oaded the drumis, as represented-b}Sthe di splays 44 (Fig. 2Ato 2E).
“Thus, the central i deal i zed flow lanp in bank 47 may not coincide with the
prefenred | odelt ren@afievncengitiongul 7Tnayrel @ictarididy nmeptesentaldBeor
Fig. 2Dif the raw nmaterials are nore or | ess dense. Therefore, it nay be
desirabl e 't o SPHe}y t FEONakBe| MaEPinydgeffetde FMEI LWL (werLent coapic
right or left as qlfunctlon of an input material density signal indicated
at 52. 15 signa In controlling the mll it is inportant to correct

for overloading and to fevert back to re efficient_operation._ This
critical condition regardrfiy eEheﬁP@aPtggﬁiéf 'ﬁé? t%ﬁn?%&ﬁﬂitégvals

Rt R e b i
the raw materials, the more fully (volume) loaded the drum
.“is, as represénted by the displays 44 (Fig. 2A to 2E).
Thus, the central idealized flow lamp in bank 47 may not
coincide with the preferred loading pattern Fig. 2C but may

10 -rather match Fig. 2B or Fig. 2D if the raw materials are
more or less dense.: Therefore, it may be desirable to
shift the lamp lightiﬁg sequence of flow picture 47 to the
right or left as a function of an input material density
signal indicated at 52. '

15 In controlling the mill it is important to correct‘
for overloading and to revert back to more efficient
operation. This is a critical condition regarding_che&ical
additives. The feeds of raw materials and chemical
additives then need to be adjusted to assure the same

20 proportions of chemicals to raw materials, pérticularly
during the period of reversion from overloading to normal
operation. The ratio of chemlcal additives to raw materials
may be selected especially to aid the system to return to
an equilibrium CO;éltlon at the desired operating condition.

25 Therefore, the present invention provideé

improved and useful methods of operation and operational



during fhe period qof reversion fromoverloading to nornal operation. The }4(
rate® of chem cal - addi'tives to raw materials may be selected especially to
ai ¢ the systen1to return to an equilibriumcondition at the desired

operating condition. 25 ' .Therefore, the present invention
provi des inproved and useful methods of operation and operational - 16-
anatysis of grinding mll performance with procedures and steps which are

sinple, effective, and sinply understood. The invention thus provi des
met hods operation, and analysis of’ gﬁf(@tlon of a grinding mll 5 of
the el echric notor-operated rotary dru ype, particularly t hose for

o mat or 1 a1 8 aRReRE AT SV S, e AR, DA TR LR PR e
shove 1% 250 SRR, arshgl %%%%"?E?‘S‘?ésﬁ?ﬁ?i%c@%%% Fagd

CLAIMS 1. A nmethod of nf tigijdigk 1418 RS AbE 801 o8 dhdERE§s 0bga rotary
drumtype grinding mll driven by

operation, and analysis of operation, of a grinding mill
5 of the electric motor-operated rotary drum tybe,
particularly those for producing cement. Mill output
efficiency is improved and optimum feed of raw materials
and chemical additives is permitted.
The method described above is also described

10 and claimed in our Patent Application No. 8333536

which has been filed as a Divisional of the present

L}

application.



el ectrical notor to grind raw materials, conprising: operating the nlll
V Jneans of said Totor—ever—a-range of 5 power magnitudes in-the presencde ,

-8 raw mat efj | [ tudes which are above and bel ow a desired raw
mat-erial | oﬂmwuﬂﬁmggﬂiwml ving a_ or.power signal internediaté in said
ranges and centeo sneraw mat er i | oad magnitude in said mll in :
response to the derived notor 10 p ggnal to maintain the notor power ™
signal substantially at the desire nmedi at e val ue whi ch corresponds to
the desired raw material | oad magnitude. 2. A met hod according to claim
1, including the step of reproducing different pictorial representations of
15 internal m il conditiongy inkE1RSd 0N GudRi PoPityg athéyopbraspgct i ve
predet er mi ned power nagnitudes within said range. 3. A et hod of
operating agdrnd@Riilcid HE &) 1oty | drit SypoPGEheingondlY ditivenypy Ml |,
conprising: establishing a desired high operating efficiency condition 20
with a knowan alestieid=ll natssk negrgrind cpermategialsa tomprishngr: power,
operating the electrical drive notor with a parti al mill charge at said

est abl i shed opearadtiirry thendaililorbywmeans o€ rs&id anetpor overr af rahgenwifor
power curve wherein the notor power decreases and increases with 25 raw

mat eri als | ogdwesy magnidudess i in the rpreserce| oft ravanapewdalsdppdi ed to the

motor a notor power_signal over a _range, which range includes the power at
posi ti ons omagniffaidesy ydhigh are above and below a desired raw material

load magnitude; deriving a motor power signal intermediate
in said range; and controlling the raw material locad
magnitude in said mill in resbonse to the derived motor

10 power signal to maintain the motor power signal substantially
at the desired intermediate value which corresponds to the |
desired raw material load magnitude.

2. A method according to claim 1, inciﬁding the

step of reproducing different pictorial representations of

15 internal mill conditions in response to-a plurality of
respective prédetermined power magnitudes within said range.

3. A method of operating and monitoring an

electric motor-opérated rofary drum type mill, comprising:
establishing a desired high operating'efficiéncy condition

20 with a known raw material load magnitude operating at a
known motor power; operating the electrical drive motor
with a partial mill charge at said established operating
condition on an intermediate portion of the motor power
curve wherein the motor power decreases and increases with

25 raw material load magnitude; deriving from the electrical
‘power supplied to the motor a motor power signal over a range,

which iange includes the power at positions on either side of



- 18- said desired operating condition, in an internmedi ate position on said
rande¥. and providi-ng control signals, responsive to the magnitude of said
power signal indicative, of the need.for corrective acti-onwhen—nateri al
Ioad{EBnditions are bel ow or aboveé that of said degyj , tin
condi‘tiron. 4. A method according to claim3, incl Uﬁ!@“ﬂgﬁ ' ll

di spt*aying pictorial representations of the mll op , ns, in
response to the control signal. 5. A nethod according to claim4, wherein
the pictorial representations are typical patterns of grinding nedia and
mat eri al (gharge within the drum 6. A 38 heod according to claim 3,

I ncl uding the step of providing the indications of the need for corrective
action in the f@ahdbidesinesApafiaiping condition opr anrinternediate

corrective action in restoring the |oad conditions to the desired
condi tion. 7. ARAHHIPQ0SAYY 1398 hiahd Prgiekding grntrel Aignabs ay

6. wher ein the ESRSRSING Iy SiRimeEde <& a4Ad Gove TORA thin the |
i gnal 8 r epr eseAPSEARE O« nET oMY 1o G ST 1EF R I tRes At
peri odi ¢ intervﬁk&é?ﬂgﬂ“idgdlconditions are below or above that of said
) desired operating condition.
4. A method according to claim 3, including
the step of displaying pictorial representations of the .
mill operating conditions, in response to the control

signal.

5. A method according to claim 4, wherein the

%

pictorial representations are typical patterns of grinding
media and material charge within the drum. S

6. A method according to claim 3, including
the step of providiﬁg the indications of the need for
corrective action in the form of a'visual.display enabling
operators to take corrective action in restoring the load
conditions to the desired condition.

7. A method according to claim 6, wherein the
visual display indicates flow condiéions through the mill.

8. A method accoxrding to claim 6, wherein the
visual display indicates the status of the load within
the rotating drum.-

9. A method according to any one of claims 6
to 8, wherein signals representative of the control signals

of different magnitudes at periodic intervals during mill



* C L
§¢ pl ed and

M S * - 19 - operating identified by clock tine ate
stored, the stored signals are recalled, and the pictorial

s .

reoresentarrohs_UT—ThE“ﬁTTT‘Uperat|ng condi tions are displayed in response

0 the recal
9, includin
perjodrc sa

ectI resmdus i ng operation of the mll, and playing back a

hlstory of n1|| operation fromthe stored signals. 11. A nethod according

to any one o
power condit
sai d désired
condi t i-on.

mll is oper
A et hod acc
oper ated dur
according to
are added to

f claims 3 to 10, includj gg_the step of determining a notor
on at which grinding ef Iciency is maximzed, and nmaintainin

S D SOOI LA Lotk eI O orea,

A met hod according to any one of clains 3 to
ﬁl“"ﬂ' B l)rlng the notor power signals derived at .

N

g
he

gc&%d Md @ ﬁé&?ﬁ@“&f@ PRLRT 183N thl eaesgl@twm curve. 13.

ng to any one of claims 3. to 12, wheréin the mll is
| 1 h ¥Rt 1Kk S LPEhAtmP1L08BERRLIAB! @bnBRAdnslbre A MELNO
any one of claims 3 to 13, wherein raw materials to be groun
diprddda cirrgsspehesi €al hef +eekilngdt Begpysi.cal behavi our

the ground materials are added in a manner increasing

10. A method according to any one of claims 3
to 9, including the steps of storing the motor'power
signals derived at periodic sample times during operation
of the mill, and playing back a history of mill operation
from the stored signals.

11l. A method according to any one of claims 3
to 10, including the step of determining a motor powei_
condition at which grinding efficiency is maximized, and
maintaining said desired operating condition substantially'
at that motor power condition.

12. A method according to any one of claims 3
to 11, wherein the mill is operated with a synchronous
motor exhibiting said power curve. |

13. A method according to any one of claims 3.
to 12, wherein the mill is operated during said method
steps at a constant motor speed.

14. A method according to any one of claims 3

to 13, wherein raw materials to be ground are added to

d
d
of

the mill charge, chemicals affecting the physical behaviour

of the ground materials are added in a manner increasing

the gutput efficiency of mill, and a continuous indication



) ]
the otitput efficiency of mll, and a continuous indication - - 20- of
the™Pl] |oad conditions as affected by the addition of chem cals and )
matefrials to the mill charge is established fromsaid signal. 15. A nethod
accofaing to claim 14, wherein thé mll output efficiency is inproved by
the additional steps of controlling the addition of raw materials and
chenfcats in proportion one to the ot her, thereby maintaining said-signal
substantially at said desired operating condition. 1111111 111111 11111

11111 1(}111

of the mill load conditions as affected by the addition
- of chemicals and materials to the mill charge is
established from said signal.

15. A method according to claim 14, whérein
the mill output efficiency is improved Ey the additional
stepé of controlling the addition of raw materials and
chemicals in proportion one to the other, thereby -
maintaining said signal substantially at said desired

operating condition.

(T



