2150857 METHOD OF | MPROVI NG THROUGHPUT EFFI Cl ENCY OF A ROTARY DRUM M LL The
morN toring of a ball grinding mll or equivalent through electrical signals
déHjved fromthe nill, in operation,lhas |ong been known. U S. Patents '
5,0597 2,766, 941; 3,944,146; and 4,026,479 are 5 representative of

i cal nonitoring systems. Each of these systens depends upon sound (f
stgnals derived fromthe ml| operation. However, sound s F nei t her

R h D857
t

purne/nor prinmary signals, and their use |l eads to conpl ex nal ysi s
and sel ection of different 10 operating characteristics. It is easily
recogni zabl e that a sound frequency, nmagnitude or characteristic pattern
wi | | change considerably wth changes in | oading, speed, material
constituency, nmaterial particle size and other characteristics of the

mat eri al .mE¥ED OF IMEROVING IPHROUGHPUT OPFFDCIENEYCORr & ROTARNeOUS sounds.

which w || affect such systenpruMhIBi.ore for operation where significant
ranges of materitals and different ball mll conditions exist, a

i ted condi i on iTh8 BERLFCEIRS 98 & A S5LARIOR MiltsBEustom L4l | or ed.
Si gni 1 coPEareL PaEstareta: PERcer so8y, BaRRLE, Bl BBR S oo 1Y
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 monitoring systems.

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

10 operating characteristics. It is easily recognizable
'that'a sound frequency, magnifude.or characteristic pattern
will change considerably'with'changes in loading, speed,
material éonstituency, material parficie 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-operéted 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.



2 Furthernote; 'the sound-derived signals which are tailored to specific -(E:
m Il cqnditions are S|gn|f|cantly altered by the.physical nature of :the .. o
naterlals bei.ng ;processed.  Thus, for exanple if.a chemical additive to.5

the raw materials affects: the phyS|caI behaV|our of . the materials enough-.to

i pr oves t he.. t hr oughput. efflcrency of .the mil.l; it also affects the sound. -

Thus;, - pF“SeIected patterns of - sound signals nay not properly ‘detect

naterlal di fferences in throughput efficiency which'should be-10 = .
moni t ored and control | ed. There are. al 30, of her  short coni ngs of  the prlor.j.g,iu
art systens-and methods,  becatse.the -nature:of -the nmill operationis: net. -
under st ood or has. not beenFﬁQﬂHéfﬁbﬁ@ aﬂhérﬁéﬁﬁdﬂdéEﬂGedﬂsﬂdﬁ%l@D%mh@u ng

and control met-hods. 15  Thus, for exanple .a nunber..of “i nterrel at ed :
vari abl-es” may af aeet tauoredntq specif is ikl a&mdﬁtwns:twegeig&xnfdbewtays

in the m'll, the charge characteristics including the chenical additives. .

used, and the . baaltgreddbmthefphyml nature fl cthe materigls dedngnd -
nethods are responsive only.20° - to single control factors such as the rate

of flow of rraterPﬁP§eFﬁ?€ughT’W\%' FP¥. eXgmplry 3% furhamicade a@‘i%"ﬁg o -

ol iLerency yhiohyguL g, Cabgey t%%‘f%#%?'#%egmﬁf‘sésa%i e “ﬁgrs --
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_ the mlll 1t also affects the sound._ Thus, preselected

.

3.patterns of sound szgnals may not properly detect materlal.
tt dlfferences in throughput efficlency whlch should be ;‘fi_f
.'j_:lbhﬁ.;monztored and controlled. ) p
- | There are also other shortcomzngs of the prlor :
';art systems ‘and methods because the nature of the mlll
operatlon 1s not understood or has not been adopted as an
;1ntegral part of the menltorlng and control methods. o
;15 _ _Thus for example, a number of 1nterrelated varzables may
| affect effzclency, such as the amount of charge of materlals
_in the mlll the charge characterlstlcs 1nclud1ng thelf-g"
'chemlcal addltlves used, and the ball grzndlng eff1c1ency. |
ns-Nevertheless most systems and methods are respon51ve only h.ll”
'-20 :tto s1ngle control factors such as the rate of flow of R
. materlals through the mill w1thout regard to the grlndlng }hha:
- efflclency whlch could change drastlcally in characterlstlc
fphdependlng upon other mlll condltlons. It is therefore
f*deslrable to employ control slgnals whlch are representatlvet-ft
25 .,Lof complex 1nteract1ons 1n the mill. and yet are 1nd1cat1ve --hpl

-of the true throughput efficlency of a unlform product.-:_



_ Also it is desrrable to have nethods and srgnals avallable for both
-h t ant aneous ‘on-|i ne anal.ysis and |ong- ternranalysrs of mll condrtrons

- E€w control - et hods or systens affford a conpatibl e dual capability 5. of

‘thissort. It is also known to use chemical additives. which affect: the -

physrcal behavi our of ‘t he groupd material - in a manner |ncrea5|ng t he” odiput

P

~quantity of ground raw nmaterials produced by.the mltl. 10 .- 0 It s

‘a.general . (ﬂ”‘Xﬂsdﬁlé'léSdé@ﬂ?ﬁﬂ!@ntbpthErﬁé%hbb% gRigor art nethods of

controlllng of grinding mlls when using.chem::cal: additives ‘whi ch, |ncreasé o

thes s ARANEBNe Fordbathd indyaitiapionlss 5had.liﬁédahalbesm 1. 15
- -Accordingly, .one aspect .of. the .present..invention.provides a rethod of

rrnunﬂnlqngruennﬂunalyﬁﬁsnnoénuuldfc&nddtapmsdruBEWypontrbl driven by an “";_5
~electrical -notor.to--grind input .raw.materials,. conprlsrng,.rntroducrng int o

t henetilddsy axhanstemsaadififiord aftomﬁgbﬂnedpn}scsaabzmlbuhavr our of the ... -~
ground mat eri-al's in a manner. i ncreasi-ng -the out put-quantity of, ground raw -

Syt k?rﬁQﬁﬁmed by the mll; deriving fromthe electrical power

. ~delivered to-t )t .OF | oner si-gnal, ver. a range; . | ?'"_:
= representatlv n&st nﬁﬁ?@ CaM%Fo & eW&ﬁﬁ? gglgﬁvfﬁewgéggnrll ,produced,;,_

B desé%dc rangermg;yv #ues o %urr?n\glflrr@%%re tb?ﬁgne%grgg?éz?y ?ggﬁﬂ:‘{]gdaby a’
miglﬂ'l taJ%rfrﬁng.rﬁreaSJ.ng the output quantlty of ground raw - : '
| i.materlals produced by the mlll '”L _
-.dlo'.ip'r'“'fdi It 1s a general obJect of thls 1nventlon to
:lmprove the prlor art methods of controlllng of grlndlng o
: .__-mllls when us:.ng chem:.cal add:.t:.ves wh;\.ch J.ncrease the :
output quantlty of ground ‘raw materlals produced by the
mill. R
d-155if ﬁd-i.' Accordlngly, one aspect of the present 1nventlon
o prov1des a method of 1mprov1ng throughput efflclency of ;f"“ -
-f:a rotary drum type mlll drlven by an electrlcal motor to.””
'.grnrllnput raw materlals,_compr151ng,.1ntroduc1ng 1nto
t_the mlll a. chemxcal addltlve affectlng the phy51ca1
.,zo'dbehav1our of the ground materlals ln a. manner 1ncrea51ng
”dthe output quantlty of ground raw materlals produced by
"f.the mlll der1v1ng from the electrlcal power dellvered
:to the motor, motor power 51gnal values over ‘a’ srgnal range,_ :
15._representat1ve of the raw materlal load magnltude 1n the'-r"i
-j?blbmlll,produced by the load magnltude of the raw materlals ln
;ffthe drum, selectlng a desrred range of values of the mlll
operatlng eff1c1ency 1dent1t1ed by a magnltudezange of
'f7sa1d power 51gnal, whereln the power szgnal magnltude AR

'corresponds to a raw materlal load magnltude in Sald :'



sald pomer SIQnaI “wherein - the pomer S|gnal magni t ude: corresponds to .a raw, -
mat eri al. | oad nagnltude in said . - 4 ~desired range of ‘val ues of. t he .
mel operatlng eTfIC|ency establlshlng an efficient proportion:of ‘cherii cal -
additizves to raw naterials within this @perating. range; and adjustlng the
feed ohscherdesiredididriges o dralasseifethal midlr eppnasengoeﬁﬁgoiémd? :
vari atrons of said derived internediate power si‘gnal. magnitude to nalntaln "
t he establ|smsnhbﬁishmnsﬂaqnaﬂﬁmqmamm wiropiontilbs nﬁgnhemdealangélbivstd
povier : " si gnal ,- thereby t.o achi eve efficient. output of nmaterials without
wast e of cheﬁfﬁ craw MQHW wigchin this opaxstheg ﬁéb@@i @ﬁdtﬁéwﬁ!\fﬂeﬁﬂl on
provi des-a net hod OfﬁﬁﬂPrOVIn throu%ﬁ ut efficienc a_rotary drun1type._;f

mil to gmlﬁ?ﬁ Fs?ﬁ& FRY @Fgﬁ§lﬁ+ lnl?ﬁ?Eﬁﬁﬁﬁng,.
with rawymterial s %ﬁ%the .M addlélve af fect

physi cal. Dot PB4 SR nES Fabars ZFS’fi‘Xe FEREP STt R e
OULPUL QUANT ol oGl RS WSE A5, BHQUUGEOnPYohOR BEHLcodig VI NG from

an electric perati.ng |"--a “not or S|gnal the m i
I's operati ng:ﬁpdaetﬂdwm:gﬂmmltm abbhgicagey rahganok Nsgiaegbwée ot or |oad -
val ue; ~and control I'ing the amount “of chem cal additive-introduced so as
to substantmlqnamlmtemebysa:lodasme&b teﬁfmpﬁ.entzeutpetoufpuat@hag‘rs)und raw

naterlals 1t has-therefore been established in- accordance -
' w1thout waste ‘of chemlcal addltlves. ' : o

'[JU;.' p“'wf Another aspect of the 1nvent10n prov1des a method
: of 1mprov1ng throughput eff1c1ency of a rotary drum type '
'm111 to grlnd lnput raw materlals compr151ng the steps of-
.'51ntroduc1ng, w1th raw materials 1nto the m111 ‘a chemlcal
addltlve affectlng ‘the phy31ca1 behav10ur of the ground
'15hmater1als in a manner 1ncrea31ng the output quantlty of
ground raw materlals proauced by ‘the m111 der1v1ng from _}i'
an electrlc motor operatlng the mlll a motor 1oad s1gnal
at wnlch the m111 ‘is operatlng at optlmum grlndlng '
_eft1c1ency at an lntermedlate-motor-load value'-and.-
'fTZU.controlllng the amount of chem1ca1 addltlve 1ntroduced sofh'
| as to substantxally malntaln sald 51gnal to optlmlze the 4_.h"'
toutput of ground raw materlals.:t; S
L o It has tnerefore been establlshed 1n accordance
w1th the present 1nventlon that rellable, comprehen51ve
Zst and convenlent electrlcal control 51gnals for the addltlon
.:'or ‘the chemlcal aadltlve may ‘be derlved from monltorlng
,.solely tne power cuanges of an electrlc drlve motor
rotatlng tne drum of. the- ball m111. Tnus, the de51red mlll
_joperatlng eft1c1ency is establlsned by the crlterlon Qf _;{;f}g

30 runnlng at a constant speed w1th a synchronous motor wh11e e



_ ‘the present invention that rellable conprehenslve 25 and convenlent _
’ gctri.cal control signals-for the addition of the chemical additive may be . . .
defived from nonitoring. soIer the. power changes- of an electric drive =

" fotor. rotating tne drumof the ball nill. . Tnus, the desired mllL operating *

- efficiency is established by the crlterlon of 30 running at a constant =
“*  speed wi.th a synchronous motor while . effectively. grlndlng a’charge OP“

t he desired constltuency and 't he notor.is: operated in that ‘condition:=at .an _f:u

‘internedi ate point -on a variably detectabl-e range .of the power curve. 5'
_i hi's set . of ‘conditions perntts-tﬁe-ntll t-0- be. noni.t of ed .and controlled -

nply, as-a functlon of the. anplitude of-fnotofr_power ‘si-gnal.s. which are
teaSII?fﬁﬁFEéVEHYaﬁH Bﬁb@ﬁs%eﬁhaﬁﬁﬁ 9Et thei desived censht Erenay ve nill -

o t h t t | th t 10 t f
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a co b@@ ?ﬁr@é si-gnal: magni t udes ‘showi ng under.shaot and- overshoot of the ;
desir'ed mlIl. operating efficiency and enabllng control. either by :

sen- aut omat i'c PREBAEEE LDt GoN@DEiGAs Opeimity €Mé ORI Ededass Of- miterl a' s

'_and chenicals to attain optinum effieiency both lnstantaneously e

E . monltored and controlled szmply. as a- functlon of - the '
'amplltude of motor power s;gnals whlch are easzly detected |
-_and processed. and yet whlch carry comprehenslve mlll
"operatlonal characterlstlcs zncludlng the effect or |

; lO-optlmum usage of chemlcal addltlves capable of 1ncreas1ng

'”the mlll efflclency.

_ . The motor power slgnal magnltude may then be
- processed to produce control szgnals for purposes of '

';roperatlng dlsplays and control functlons preferably 1n
' 15 a comb:.nat:.on of s:.gnal magn:.tudes show:Lng undershoot and
- overshoot of the deslred mill operatlng efflclency and
g' enablzng control elther by seml-automatlc operator_b
: 1nterventlon or fully automated feed of materlals and
t# chemlcals to attaln optlmum effzciency both 1nstantaneouslyof
: l-20 and over the long term.v. | ' _ | : _ :
#' . For long term hlstorlcal operatlon to analyse
o and monltor m;ll performance the 1nstantaneous real-tlme
'_ slgnal 1s stored and recalled when deslred..
| A set of plctorlal representatlons of actual
':25 mlll condltlons enablzng a semz-sk;lled operator to

"f- understand the-nature of:the mlll-condzt;on-w1thout_fn



beand over the long term For long termhistorical operationto- analyse.
and nmoni'tor ml|l perfornance t he i nstantaneous real-tinme signal is stored
apd recalled when désired. A.set .of* plctorlal representations. af . act-ual. p
mill- Qondttlons enabl i ng.a seni -.skill ed operator to understand the nature L

of thﬂu”1|| condition-without = --6- analysis or interpolation i-s presented "

_i‘'n ‘response-to the notor load. 5|gnals Thus, the present invention enabl es
a‘conpr ehehsi ve and’ rellable m.lt anal ysis. and understandlng 5°to be .
deternined from-a’ S|nply derived and processed signal, nanely the supply
‘power “to the notor: .Thi's process. provides.-a novel manner of knomnng,

the. basis “of ot or pomer ‘whether the ratio of quantity. of chem cal:

additives in rapaslysis tor tiretappoldtiomiis presentedlia responsgr ¢at the or-': o

too small,."a heretofore unknown node of operation:as acknow edged by the .
af oresai d- U. Suekentload siggedal- |n_order that the present ‘invention may
nore readily’ be under st oqd t he fol I owi ng description is_given, nerely by:

viay - of  exanpl-e; with r ef e &M RrP‘Pée @G'tﬁ'%'?yieﬁ@ba-ﬁév\nangs in which: -
Flgure 1 |s a block S stentdl a m.lls cont roI tem the .
{nventi on SR s Hgezaehnddng"®

5 to be determlned from a slmply derlved and processed szgnal
Lnamely the supply'power to the motor. Thls process"_
h:;'prov1des a novel manner of know1ng. on the basls of motor
3 power, whether the ratlo of quantlty of chemlcal addltlves'f,;
Sin relatlon to the quantlty of raw materlals is too great
| lOror too ‘small, a heretofore unknown mode of operatlon as
acknowledged by the aforesald U.S. Patent No. 27669#1
"f In order that the present 1nventlon may more.-
:--readlly be understood the follow1ng descrlptlon 1s glven;pt'
_merely by way of example, w1th reference to the._;'
_ls-accompanylng draw1ngs, in whlch-- ' |
| | | Figure 1 is a block system dlagram of a mlll
at'control system embodylng the 1nventlon-' and’ -
.- _ Flgure 2 is a graph dlsplaylng m111 operatlng
fconditions used 1n accordance w1th thls inventlon,:r
Zb'relatlng typlcal selected operatlonal s;gnal magnltudes to i
“ typlcal plctorlal representatlons of the correspondlng mllli'
f,operatlng condltlons._ ' '_.. . | _ '_ | : 5
| o “As may be seen in Flgure l, a ball m111 generally_ff':*.
“;comprlses a rotary drum lO. a separator ll a feed 11ne 12 |

'-.tZSfto the separator and a rec;rculatlon llne 13 for

*",relntroduc1ng coarse particles from feed 11ne 12 and



“cemyitions used in .accor dance: mnth this i nvention, 20 rel ating typlcal
ycted operational signal nagnltudes ‘to typical pictorial® representatrons
-he corresponding mll- operatrng .condi tii~ons- : As may be ‘'seen in Figure
-¥~a ball* nmill generally conprises a rotary drum 10, a separator 11, a feed %
.. line 12.' .25 to the separator -and a- recrrculatlon 1ine 13 for - relntrdduthg:-~
.. coarse partlcle s fromfeed line. 12 and - -7- separator 11 back into the .
»"rotary drum 10. :The output grrndlng products passed by separator ‘11 are '
o W't hdr awn.. by way ‘of “output 1ineld. The rotary drum 10 is .driven by the
~shaft 15. of 5 an electric- nntor‘l@ havi ng el ectri.cal supply conductors’. 17

3 TYDICa|| {s rotated :at_a knowp constant speed.ascertai ned:by:- ﬁfg'
" ‘gearin§ %ﬂ;b %9ﬁ8hFBﬁoﬁQtﬁﬁ¥o¢r§Eet @H%H°H%P%Fs Wil dram/thej;f.

. necess e wh esents, st ant input - .

| -voltagg%xfggéé §%89& §§§t§¥t538é§ﬁ£ dgi 35?|%ﬁ§ B3P condi ti ons. .
. Thus, ?So?foﬁtﬁﬁtc iﬁgnihmrll Tepresent changes. in the ot or I-oad.
This parane currtent |s eas|Iy detected-from.an' al ternating current

- line (as repr esemhedrbt peapiibob) i8YaFEdes B ERe 2sKafOUDS &gk Current

v

's.transforner 18 15 ‘about the-conductor 17 so -that a signal. proportional-

~the: Bnanrememerlcsmotoreh6|haaihg é&é@hﬁ&ﬁhlrsﬁpplytéonduékoﬁ§tOF 19. ThIS_;ﬂi
|s the 'sol'e detected signal necessary . ' .
l?. Typlcally the drum 1s rotated at a known constant
hspeed ascertalned by gearlng (not shown) and synchronous
. motor speed. Such motors w:ll draw the necessary current
".tufrom conductor 17 (whlch presents constant 1nput voltage)
'f:loito operate at constant speed under varlous load condltlons..h
ﬁThus, changes of llne current wall represent changes 1n the :
'romotor load.- Thls parameter (current) 1s easlly detected
from an alternatlng current 11ne (as represented by the f~"
-fdsymbol) by means of an asc coupled current transformer le:
u15'about the conductor 17 so that a slgnal proportlonal to |
| the motor power 1s conventlonally produced in"a sultable )
e detector 19. Thls is the sole detected slgnal necessary-
- to produce a comprehenslve analysls of m111 condltlons.'
d ' - In order to understand the 1nventlon better, ,_..l
fZQ 1t 1s des1rable to conslder some of the characterlstlcs.
:'.of mlll operatlon. For thls purpose reference w1ll alsopéi'ﬁr
Vfbe made to Flgure 2 where there are two' graphs hav1ng as;t__
-,common absc1ssa the load magnltude of the raw materlal 1njs7
f.ifthe rotary drum 10 drlven by the motor 16 related to the ;T
: :25 charge of raw-materlals 1ntroduced 1nto the drum lO at |

;1nput 20 from sultable raw materlal feed means 21



to produce a conprehensive analysrs of n1|| conditions. In order to . - - /e
under stand the invention better, 20 it is desirable.to consider sone'of.the-.f
characteristics of mill’ operatlon ‘-For this purpose reference will also. N
‘be made to Figure 2 where there are.two: graphs having as' cormon abscrssa
the IQ@Q megni t-ude of "t he raM/naterlaI in the rotary drum 10 driven by t he NN
motor 16.rel ated to the 25 char ge of raw materials introduced into the drunr;,-
10. at-. |nput 20 fronrsU|tabIe raw materi al" feed nmeans 21'. . chenical ‘
addltlves are.introduced by feed neans 22 go-af fect the pomer Ioadlng ‘on
the-notor-indirectly, since.the correspondlng vol unes and weights are snal-
conpar-ed to:those of the Chemizmadradditiveshaze Sntrodueed by ofieedii ch B

cenent is to be ground I'n.consi dering the |'oad, therefore, the amunt of -
recirculat ed r ameandZite atfegt the P%ﬁdlpﬁélaguﬁm ‘ﬁbﬁtmebolfs t hen al so

a factor. in.this. respect t hat. the. chemi ¢al - addjtives at 22, affect.

't he Ioadlng &ﬁéﬁ? 1y 83RCE EP6e CPRZESPEN Pg Vaproee &M Yﬁ&?kﬁ

efficiency of gaewlﬂn&ﬁ% réd 4 Ndlsh oY RiHeAlrath Haitedli 814 edubar a§UCh
purposes are set: forth in U Patent 3 607, 326. Now:consi der:'the ordi‘nate
of Figure 2, mrn:ﬂeﬁolmtmacaimﬂteﬁrseww igtoupid P It eaaeﬁ.denng
perfornance 15 characteristics, nanely for ‘the upper ‘graph the.notor-
current. | (prop‘bhelmm ttheu_'efnre),ovﬂre ammmtstoﬁmec;upw.ated raw

_n.materzals along line 13 and the drum 1nput 20 is then alsc _
ea factor. It is in thzs respect that the chemical addltxves';.
__pat 22 affect the load;ng, sznce they are of a type that
.10.w111 1mprove the output eff;c;ency of ground materlals at
l;ne lh. Typical chemlcals used for such purposes are set _ﬁd
forth in U.S. Patent 3, 607 326, . -
'l Now conslder the ord;nate of Fzgure 2 wh;ch _
- dlsplays two scales representatlve of pertlnent performance;'“
B lSjcharacterzstlcs namely for the upper graph the motor '
".current I (proportlonal to motor power at constant_snpply
:fcvoltage) and for the lower graph the grlndlng efflcleney
' :(Eff) on the raw materlals thls latter belng a functlon '_
of the grlndlng med;um of the den51ty of the raW'materlals' :
'Zdiand of the flow pattern through the rotary drum. For better o
' understand;ng of the nature of these parameters reference
. 1s made to the szmulated plctorzal representat;ons A to E._'
'These v:ews represent dlagrammatlcally a transverse cross BE
"}f_sectzon of a drum 10 while zt 1s rotatrgg w1th gr1nd1ng -
'r_25.med1um balls and raw mater1al load to show the materlals 2_:ﬂ |

'__and balls 31 at var;ous volumetr;c charge load;ngs of the



c.voltage) and . for the | ower graph the gri nding effrcrency (Eff) on t he raM/ifﬁ

o

rialsthis latter berng -a function of the grinding nedium o.f the . .
|ty ‘of the -raw material's; 20 and .cf the’ fl'ow pattern through the rotary

"-the material's 2 and balls 31 at_var.ious volumetric. charge Ioadlngs of ‘the
druntfrontunderload A to oveFTéhd‘B ~Thé -1 oadi ng condition. C nay be

oo St eSS L S A L i Pt SO

I Cl enc rve or raw materl

e g é;t%@ﬂet@erfaérearré Highedo SHiciag o 1o Lo

oad " nagnltudes

- which are eétaeésgeeaa%aﬁimaﬁs%rimmr@ffpanﬁlv%grat ysles orc condi tion C

for exanple-at poi.nts. A= B; "D

t hegrinding efficiency is reduced

- However ent hecliowest cobae aE£Er andi to. a ¢h¢ﬂm&mgnsrrentmmpbrathxmover the .
‘entire range of points A’ B, .C5 D .E° Thus, the. current" characterrstlc

L pr@vrdedaaumeceenabhe upnerocusrgmhlcunwa ban_rndrcate mhether various ml .-
- . charge | oads are tog great-or too small, .. thereby to permt nDnltorlng

f-:fand correction toRaﬁehﬁtPﬁuh?oE@?a%?!ﬁ?ctﬁﬁ%&ﬂ%ﬁgsﬁﬂ§9°1ency

o curve Eff clearly for raw materlal load magnltudes Wthh

S0

;t@are elther greater or less than the load.magnltude for

'condltlon C for example at p01nts.A B D E the grlndlng f'
aeff1c1ency 1s reduced. waever, the current characterlstlc
;tI changes in magnltude over the entlre range of polnts A

:;B C "D, E. Thus the current I characterlstlc prov1des

',a detectable control 31gnal that can lndlcate whether L f'

'“"-varlous m;ll charge loads are too great or - too small

-thereby to permlt monitorlng and correctlon to an optlmum f
' operatlon characterlstlc. | o |

Typlcally the motor current curve I w1ll over

o a measurable current range shown decrease from an

.25

7}'underloaded condltlon A to an overloaded condltlon E

':fstations from one end to the other of the drum slnce,Zﬁ

-.typlfled by proflles of 1nternal mlll condltlons._ These_l
'.proflles may be con31dered an average or 1ntegrated

’?comblnatlon of the drum proflle condltlons at axlal

: as may be seen plctorlally at 49 ln Flgure l the 1eftir
hand 1nput end of the drum.may have a tunnel (shown asfl-’-
48 in the dlsplay 49 of Flgure 1, but also lllustratedfl

1 For better understandlng of the nature of these paraneter syt ef erence 7
: de to the sinulated pictorial representations A to:E These vrems‘\j.””T.
“:.represent dragrannatrcally a.transverse cross section of a drum 10 while it
““is.rotating wth-gri.ndi ng..25 nedruntballs and raw material load, to show



Typrcally the not or current curve I will, over a nmeasurable current range .
shown, .'decrease from an under | oaded condrtron A to an- overloaded condition | &
E, 20 typified by profrles of |nternal ‘m |l conditioens. ~These profiles
may be consi dered an aver age, or. rntegrated 'conbrnatron of t he druntprofrle
condrugpns at .axi-al stations fromone.end to the other of the drum since, - .
as may Hé seen: prctorrally at 49 in Frgure 1, the left 25 " hand: i nput .end - -
of the druntnay have "a“ t unnel . (shomm as 48 1in the display 49 - of: Figure 1,
but-also illustrated -~ - 10 - in'the entrance ovérl oaded condition -
.represented i'n Figure 2E) Thrs t unnel 1oesul ts frontoverloadrng wi.th input

raw materials such as is. shomn in profile E, -while. the right hand end of P&x?'
the drum may- con\mweyen&xenae5mrpra;padedngmditieentneprese:pteﬂlrire A the

aver age condi ti on. provrdrng the preferred . operating condition then: berng
sonewhat* as C. _?Haggepﬂgfrle?hAstGUEnﬁ}IFeﬁﬁleﬁsfF9muﬁﬂ%¥ Fngwith

Unskil 60 a0 semiostid LG RRkaQRET BhoheaLoLIdhcat eandehonded (e
ceplct rol ol o0 hCkuat Shokd Sl BB ekl SRRV SHOES,
centrifugal '.-y ang:::oﬁle frioize! hawa! tﬁa‘f:aof' ﬁQofﬂlQaAt CtHe aVetade ddifaiad.
prov1d1ng the preferred operatlng condltzon then be;ng
"hsomewhat as. c. These profiles ‘A to E will be. easrly
understood by unskllled or seml-skllled plant operators
N 'to 1nd1cate underloaded to overloaded condltlons in- the
_ o The plctorlal drum representatlons deplct .
l:trotation clockwlse of the drum 10 so that, as the load
' tchanges, the grlndlng medlum balls 3l and the hatched
?-charge 32 of ‘raw materlal are centrlfugally and '
.15 -; frlctlonally carrled 1n patterns such as 1nd1cated. -
ngher motor current results when the raw -
- materlal load A ls llghter and lower motor current when3 o
the load E is ‘heavier. where the tunnelllng effect 1s'"'_ |
f"ev1dent._ It can be reasoned that 1f the balls 31 1n an )
20 *-overloaded condltlon B drop on a thlcker cushloned layer R
| -of raw materlals then the grlndlng efflclency-wzll be |
..ﬁ:less than the conditlon c where a. ball drop w1ll 1mpact
-ra thlnner layer of materlal.= Also, 1n the underloaded
fcondztlon A the eff1c1ency 1s low because ‘the balls are.t

" 2591 [hlttlng balls rather than raw materlals.-g«



-~

3_{Ft$~et mot or current resul ts when the raM/naterlaI Ioad A i s I|ghter and - .
AoV ot or -current when the foad E is heavier where. the tunnelllng ef fect .

dvi dent. It can be’ reasoned that if. the" baIIs 31 in.an 20 - overloaded
dition E drop on-a tHhicker. cushloned 1 ayer. of raw materiats then the .

.grinding efficiency will he less. -than the ‘condi tion C where a ball” dngb

will inpact a thinner Iayer of ‘material.: A'so, in the under| oaded - -

- “conditi.on A the eff|C|ency I s Iom/because the balls -are 25 hlttlng ballshf

‘rat her. than raM/naterlaIs 1t i's evident then that both the nat ur e of

" the fIOM/pattern t hr ough’ the-ﬂhhatlng druntand t he mll. grlndlng ool
Q_eff|C|ency are kndicatable simly in terns-of the paraneter of nmotor -

hor sepower “or curFenis e’%ﬂ-%@t ‘then thay dweth eﬁhﬂlflﬁﬁ%e eEtthe mi ]

r standi ng hesé operational 15 . .characteristics are: ‘descri bed -

__understandlng of the condltlons so that he may callbrate'
.'h'automatlc feed condltzons or: seml-automatlcally control
'tfeed rates. COnversely a load current readlng such as
"lO-fh mlght be dlsplayed on meter 40 would not have a s;mllar _
' "__1mpact and could readlly be: overlooked because of attentlon'flv
'wfnecessary to monltor a contlnuously varlable 1nstantaneous |
readlng and not flag cr1t1cal condltlons that requlre f'

operator attentlon and - understandlng.' These operat1onal'

fIlS. . characterlstlcs are descrlbed for example 1n the Cement

:'--Data Book, Walter H. Duda Bauverlag, Wiesbaden, and in
partlcular Chapter s; pages 94 to 104._.. ' |
' It 1s not a tr1v1al feature that thls 1nventlon, S

.fbecause of 1ts unlversal nature and the use of a slngle 3

;ZQ_?-'eaSLly derlved s1gnal namely motor current can readlly ;

-1be adapted, and 1nstrumentatlon can be added to exlstlng
ball mllls w1thout change or custom 1nstallatlon other N
'fthan p0831b1e 1nternal 1nstrument callbratzon.t_m'l

= The processlng of the detected motor load

' 25;_2hcurrent 19 1s qulte s;mple to prov1de all the necessary

"operator and control szgnal 1nformatlon as seen 1n Flgure 1.:_.'w

-condltlo s Ato’'E will show -operator _‘op premises a Sj nal gi ving hlhta'a=ﬂ

full ‘P‘gtaﬁ‘ﬂ??ﬁ“o'fhzf?ﬁég OFRR tTSRENG (drm AR %5‘!’1 fate automatic - .
feed’ d t onat Il trol f d | S
oot iﬁé‘tt 55 B i 0 Ao e W O,

Dot havena shilhdter BAGhotRf KSHidbaRALIdY étf‘:f&é?é' 094&%% bepause of © |

':xattentlon necessary to .nonitor t1nuously var 1 abl € i NSt ant aneous o

“regdi ng_gfeeoffalfafgpr sy%e%&%t | st deind Ud G GRANAldHoAL tent i on

.and un

~ for exagnl epératoe Senprénises. Bosxkgna\mlgnnrk_l; HAwla fawerlag, Wesbaden,
_gand n



particul ar Chapter: 5, pages 94 .to 104. It :is not a trivial feature that )
thi s invention, because of its unlversal nature and the- use of' a- S|ngle 20.'

eaS|Iy derived signal, nanely. nDtor current can readlly be adapt ed, and-
i hstrument ation can- be added to .existing baII mll's, wthout change or -
custolenstallatlon ot her 't han possi bl e |nternal instrunent .cal i bration.

‘The prqeeSS|ng of the detected notor ‘load. 25. - -current. 19 is. quite o
_S|nple t:o provide all the necessary. operator and contr ol S|gnal |nfornat|on,f,
.as seen-in Figure 1. =~ - 12 - The out put- current feading 41 may be

di spl ayed ‘as a current -or pomer readi ng on nmeter 40 .-for an instantaneous '“_-_.
readlng Fbmever as above stated thrslRas- I|ttIe i npact on dellverlng the Lo
meaning to a reIatlver unskill-ed:5 operator. - Thus, a schedul e of

sel ect ed cr|t|cmThﬁNRHQRQﬁHSWQQEﬁ%Fﬁ@déﬁﬂré@oWaXCPPoﬁiSEtéheﬁsath% ,"~ -
~af d dit A to E, b | ectied f Ly . -
Fon Lor | ng_the. o AR % REYAE: Laacl BB, EPoPeRer, A0sEPE B, fastantinsbil ¥
‘corresponding CUrSays r*\g'"l UgSiYer As Oago% % Fg{i tﬂi‘&%&& ﬂdgg b%mo%%'"o%.B)

exanple At “any ‘one -of" t hese condltlons con as-.suggeste
can be triggered & tdari m:rgalaer%lamhbytbyaoeetat:%elyl aﬁeurréaon o
or-fully automatical ly, -to alter paraneters:such as raw material. or . - -

‘addi tive: feeSI ratd;%ra]tﬁ:r. Thus a scﬁbaunel orl aen.edtsal ar:.éﬂcas pl ctotl aI
that |s, g :

_-condltlons requlrlng operator actlon. such as the
ﬂ iaforesald condltlons A to E can be selected for control
.:purposes by sxmply monltorlng the current amplltudes at
-selector 42 to select the correspondlng current values |
10 h A to E on the ordlnate of Flgure l for example.' At any
| .one of these condltlons control (as suggested by block 43)
'can be trlggered elther seml-automatlcally by operator
1nterventlon, or fully automatlcally, to alter parameters'
such as raw materzal or addltlve feed rates., f - |
.15 _l h'f_:. ;T The prlnclpal dlsplay hh is plctorlal that 15{ .
- ctual pictures or dlagrammatlc v1ews such as shown in
;Flgure 2 are shown 1n v1deo form, preferably along w1th :
fthe lnstantaneous real tlme reference 51gnal at 45 as :
.derlved from a system clock 46.- L . T _ |
20 :;_f - Thls method of operatlon 1s also adaptable to ;
.storage.and recall of m;ll operatlng condltlons by means.J
.;.-of any sultable analogue or d1g1tal recorder. The m'h_
'ht-segregated amplltude slgnals at leads 50 are 1n effect
.}'dlgltallzed 31gnals that may be coded and stored 1n -
:t25‘. -dzgltal form.l In thls embodzment the analogue current

.szgnals 41 may be stored on for example a tape recorder



ual pictures or- dragrannatlc views such as. shomn in Frgure 2 are shown

/i deo form preferably-along wth the i nstantaneous real trne reference -
gnal at 45 as derived froma Systentclock 46. 20 - ' =+ = This nethod %
. operatron I s:also adaptable to storage and. recall of - i operatrng
- condltrons by means of . any. suitable ‘anal ogue or - di‘gital recorder-. The

ﬂ; segregated anpl i tude- signals at | eads 50 are.in effect d|g|taI|zed srgnalsf“~b

“~~that-may be coded and stored in 25 digital- form In this embodinent<the
~-anal ogue:. current- srgnals 41 ‘may be stored on -for exanple a tape recorder

- -13 - .51, along with a perro-erCSt-rrre or at a Series of’ time intervals -
,;lsanpled by the . signal's . of, ¢l ock 46. .- For exanple, ‘starting at mil

- startupﬂ-rn%l‘?ﬁga‘”dﬁ?l@r%e@‘ﬁ‘ﬂc dring gilﬁdliﬁﬁ]:r@n:tl?é' &Y [ operation nay be 5

L sanpled and st ed evesy fiftegen minut hout - the hift _for recall

" .and ‘redftREtES ‘%/ﬁﬁrc‘ﬁlr Etﬂ?é}ﬁ‘ﬁ}y q'tl"rerr% fsﬁld'ﬂc& tal. system

" ‘can,; of our ry. ug, the output on -
.l eads 5‘() cou %E%ed %Ctlf?‘er eimaq h f@'\ﬁ' Stsarpéu% tq'ﬁ& toth ear therefore™
~that whegay 1ﬁ'&ﬁseig{rpeﬂ1fawt aghdrinil1 1t i e Lhe. |

'srecordablllty of the signal.’is |nportant to. provr( hlstorlcal revremr['t“'

. Thss, tsanﬁmeaﬁmyst&éaraéw IR rnaehﬂsts e.mlwgridwtth@l I time
'--,operator attendance and attention. .
S shlft for recall and readback thereby 1mp11c1tly
: carrylng a t1me 1nd1c1a. A dlgltal system can, of course, -
B Jstore clock t1me for every sample,_and thus the output on. -
'fleads 50 could he stored therewith. - _ H.. T
L pio o 5; | It ls clear therefore that whenever dev1atlons
B '.-from expected mlll throughput occur, the recordab;lzty
h.of the slgnal 1s 1mportant to prov:de a hzstorlcal rev1ew.;'
.Thus the cauSe may be analysed and corrected even f"
':w1thout full tlme operator attendance and attentlon.
| ld :- -[ :- It is posslble to derlve a further flow pattern “
| -,dlsplay such as lamp bank 47 whlch has an optlmum central
pos1tlon so that under preferred operatlng condltlons the
_1nternal flow pattern w1th1n szmulated drum 49 w1ll permlt
- ltunnelllng 48 to proceed only to ‘a predetermlned dlstance
'h:tzbf tyalong the. length of the drum As 1nd1cated above the
| ._:_tunnelllng of Flg. 2E 1s ldentlfled by reduced current
::r'from the des1red operatlon current.bondztlon C) Thus,
.the lzghts are llghted from left to rlght as a functlon
' of current to show flow tunnel 48 length cond;tlons 1n51de o
'”,325:f the drum 49 on the lamp array 47 as der;ved from the '___
.,TSLgnals avallable 50. Thus both the loadzng condltlons



'iS . It is possible to derlve a further flow pattern. display
‘such .as I'anp bank 47 whi ch has an optinumcentral position.so.that under
preferfed operating ‘condi tions the internal fl-ow pattern wthin: S|nulated
drum49 will pernit tunnelling 48 to proceed only to a predet er ni.ned :
di st anc€-20° along the 1ength of the drum As i ndi_cated above, the -* .
‘t unnef’ -+ng of . Fig. 2Eis identified by reduced current fronlthe desired

' operatro current. (condition 0. Thus, the’ Ilghts are lighted fromleft to :l,g

:right-'as a:function of current to shom1f|om1tunne| 48 | ength conditions:
|ns|de ”. the drum 49 on the Ianp_aqgﬁy_47 as derived fronrthe si-gnal s -
avai | abl & 50." Thus, both the |oading conditions . --14- 44 and- f1.ow

‘condi tions. 47 L &t&tﬂwlddhdm&feemuze pilctioriblay reprasgnthible of
the input notor current basic. signal. However, one other factor affects -
tunnel 1ing 48, solely|fiom tisevmmfretiwle ddfdhey inplite mbltokf current| bagic
dense the raw materials, the nore fully (volure) | oaded the drumis, as .-
_represented by signaﬁeplays 44 (Fig.2A to. 2E). Thus,’ the central . |deaI|zed

flow lanp in bank 47 nmay not-coincide w.th the preferred | 0adi n att ,L
Fig. 2C but rmay 10 rat herBORRYE¥ Fiqpe AF¥her Hagtorpatfects % ﬁg}ngagé'are

e ong o Aoy S emhtad Yol R FohRsi] b, BEgko Bt
an I nput ”atEf'éﬁed££9'$3%er1als, the more fully (volume) loaded the drum '
o 1s as represented by the dlsplays L (Flg. 2A to 2E).
: Thus, the central 1deallzed flow lamp 1n bank 47 may not
c01nc1de w1th the preferred loadlng pattern Flg. 2C but may
‘10 rather match Flg. 2B or Flg. 2D 1f the raw materlals are .
| more or less dense.. Therefore, 1t may be deszrable to _
V'shlft the lamp llghtlng sequence “of flow plcture 47 to the :l,:it
.rlght or left as a functlon of an 1nput materlal den51ty T
'slgnal lndlcated at 52. | _' _ | _ |
'_157 . In controlllng the mlll it is 1mportant to correctf
~ for overloadlng and to revert back to more efficient. " S
: operatlon.' Thls ls a cr1t1cal condltlon regardlng chemlcal
'caddltlves.. The feeds of raw materlals and chem;cal .
.f'addltlves then need to be ad]usted to assure the same
u; 20proportlons of chemlcals to raw materlals partlcularly ;;,-.'"
| "durlng the perlod of rever510n from overloadlng to normal
o operatlon., The ratlo of chemlcal addltlves to raw materlals 7f;
.may be selected especlally to a1d the system to return to- i
han equlllbrlum condltion at the de51red operatlng condltlon. :
7755 f:'-_ -f Thereﬂmxh the:nrsent:nmeﬂnbn pnmnjhs an umnrwed o
o and useful method of 1mprov1ng throughput efflclency



al |nd|cated at 52. 15 . . . In controlllng t he mII s
tant to correct for overloading and to revert back to nDre efficient
ation.~ This.is a critical condi tion- regardi ng chemical’ additives. “The

(%
assure the sane 20proport|ons of chenical's to raw materi.als, partlcular
s~durinng the period of reéversion fron1over|oad|ng t o nor.mal- oper-ati on. The

aid the systen1to return to an: eqU|I|br|un1cond|t|on at the desired

7*-fe~os of raM/naterlaIs and cheni cal “addi tives t.hen need to be adjusted rg\* Jf

‘~..ratio of chemcal . addltlves to raw material s may :be sel ected espeC|aIIy tqj;f'“

' operatlng condi ti-on: o *ﬁerefore the present. invéntion prov1desH:Vr

f an i nproved and useful tth of |n t.hroughput , ef fi ci.ency. 15 -7 -
in a gr’1’h(ﬂ @’ﬁq"lngug\’ﬂ'g“e 5?‘ g'g gltam F% p?"b‘c'gdures and steps S

. which h
'prlox(il d?@%%r% Fil %0 grly %S%Egg¥n¥? 3559rglglr‘% }%e %ﬂ eng:c Otnhfa i

.f;electrﬂﬁngﬂ : ﬂﬂdﬁj Totary drum type, for- prodUC|ng cenment. MII_
out put e épency i's i.nproved and optlnun1feed of raw material s and

- chenical -addi tiVeathd IrRRNEICheEhu¥a jdespmethoal phetiicullaepegrating:
.. et hod ICdescrlbed -above have al so- een’ descri bed and clained in our:a-

" Publ isShad tiile SorPal grindipg “ﬁt_‘-_ﬂ%.fr\mnezeaaeﬁzemunmppl cati on No. }' | .

;8139058 fron1mh|ch the ‘present
- operated rotary drum type, for produczng cement.; Mlll

output eff1c1ency 1s lmproved and optlmum feed of raw
- materzals and chemlcal addltlves 1s permltted. o
Varlous aspects of the m111 operatlng method
H IOdescrlbed above have also been descrlbed and clalmed ln [
| our Publlshed Brltlsh Patent Appllcatlon No. 2 090 770A H
xon Appllcatlon No..8139058 from whlch the present

appllcatlon is a D1v151ona1)



'appllcatlon is a Dvisional). CLAIMG 1. A met hod of .i nproving . : ‘-
throughput effrcrency of.: a rotary drunttype mll drgggﬂﬂgxrgnreLeetrrca
notor to grlnd input materials, -.conprising: ‘introducing into the

-_chem cal addltlve af fect'i. ng the physi cal behavi our. 5 c“mm ‘—\M\“\

~materials"in a manner increasing the o put _of ground

produced by the mll; deriving, fromthe electrical pomercdétrvered to the o
notor, notor power S|gnal val ues ovqf ' M gnal range, . representative. of. the
*raM/naterlaI | oad nagnltude in.the n#ﬁﬁL-produced by’ the load 10 nagnltude

of the raw materials §n tRendéned - 5¥Hfﬁ§fd§15§(¥ﬁydua$ ng@fqglgﬂbyes of. ,l:.f

‘the .m || operating efficiency identified by a magni.tude range of Said

‘power _si gnal &f- HNLHEa fy t AEuR OPSe ShUTE ARG Wil lereRqeds hetarr aw
naterlal | oad magni tude in said desired-range of ‘values 15 of the mll .

‘oper ati ng - ef tocgeing, 1npmt&materraﬁsutaﬁﬁpnmsang°prammmbdmn1ng dheoi the
additives to raw material's within thi.s opérating range; and adjusting the
.feed of chenih}l adehemieahmdditivaitaiiegting tawpphvsicelnbghavigur

.vari-ations of _said derived internediate power- signal nmagnitude to maintain
the 20 esgab?Fsh%% FFPRRS é%?t?ﬁ%ﬁkﬁtﬁﬁn?\MQHHQ¥ PW?’FE&&%HU&@er8H§B“Sf°§a|d

pover 19T e b Bl R RELEE S RAT P R TR LS LR
.the St ep of £RQU81QStI—Dé‘ai e;%tvéjf Eeﬁméﬁd ac%d'ttdevﬁto%?n h@@o?oﬁﬁwer S
'.51gnal values over a SLgnal range, representatlve of the raw.
:materlal load magnltude in the mlll, produced by the 1oad |
1ﬁ-magn1tude of the ‘rTaw’ materlals in tne drum,'selectlng a
) desrred range of Values of the mlll operatlng eff1c1ency
_Tlaentlflea by a magnltude range of salo power 51gnals,._3
_wnereln tne power 51gna1 magnltude corresponds to. a raw :
: materlal load magnltuae 1n said de51red range of . values
'15-of the mill operatlng eff1c1ency establlshlng an eff1c1ent
fproportlon of chemlcal addltlves to raw materlals w1tn1n this
-uoperatlng range, and adjustlng tne feed of chemlcal addltlve
and raw materlal 1n response to magnltude varlatlons of sald_.

'iderlved 1ntermed1ate power 51gnal magnltude to malntaln the

h :ZOdestabllsned eff1c1ent proportlon w1th1n the magnltude range ;
.'of Sald power szgnal tnereby to achleve eff1c1ent output or cl
: :materlals w1thout waste of chemrcal addltlves. | |
| [“z.' A method accordlng to cla1m 1,1nclud1ng the
E istep of reducrng tne feed of chem1ca1 addltlve when the powerﬂ;fffi'
.t25 51gnal lndlcates a raw materlal load magnltude 1n the_ mlll
Jgreater tnan that. for Sald desrred mlll operatlng eff1c1ency.
3. A metnod of 1mprov1ng throughput eff1c1ency of

: a rotary drum type mlll to grlna 1nput raw materlals' :



dt for said desitred mIl- operatrng efficiency. 3. A nethod. of inproving

: oughput efficiency of a rotary drumtyp I “u ﬂ put”raw - - "l
S Taterials -17 conprising the steps of: 3|m”| “Iﬂ:"m' l“ h raw rraterl,als >
into the mll, a chem cal . addlh ve. affectlng t e phy%i cal *behavijour of, \lbe.,’,
r€asing-- the output quantity: of ground FeW{[;

TheC RoRRRRiRR R RYebRCeE, T ihipSRERY LION Sl REGHA LY PrErATI e

;;;ground naterrals i n a manner

~gringieg ehbi G185V eheagcamtsaafémeaﬁpéeemioe&ie Bhyicand control ling"

't he anopunt of - heri-cal -additive introduced so ntrally nalntarn

- sai db&haeabuwoiotﬁet pebindtheterialé Oh frmamser amomdLdimd s. 4., A net th S

- of - operating. and moni toring an electric notor-operated rotary drunrtype
) nrlrtneuohtputhqdabemng eﬁbgranndarav mat@exelmhpfaﬁuce&%hy|&M§ivmth
reference to the acconpanyrng draw ngs. - o
. 5. mlll der1v1ng from an e ectrlc motor operatlng the.:j,' '
| m111 a motor load s;gnar at whlch the mlll 15 operatlng at
“”optlmum grlndlng eff1c1ency, at an lntermealate motor load '
value, ano controlllng tne amount of chemlcal addltlve
“1ntroduced so. as. to substantlally malntaln sald 51gnal to e
'1q_opt1mlze the output of ground raw materlals..'
-.,4;; A method of operatlng and monltorlng an
:=e1ectr1c motor-operated rotary drum type mlll, such method -

',_ belng substantlally as herelnbefore descrlbed w1th

a reference to the accompanylng draw1ngs. -

si-gnal |nd|cates a raM/naterlaI | oad magnitude in the mill greater than’

»



