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209 129‘JAR M LL MONI TORI NG INSTRUNENTATICN AND METHOD Thi s invention -
rel%®tessto jar mlls, such as ball mills, used for grinding and nore A@
particularly_it,relates to instrumentation nonitoring the operation of such

jar mlls and to a nethod of nonitoring the operation of such 5 mills.
In.Q{lndl ng mlls such .as ball m|ls, the operation is nonitored ggﬂr 49
cofitrolled in the prior art prlnarlly solely by instrunentation s 4?%9
sotnd of the mill, as exenplified in U S} Patents: 2,405, 059(V. Sahnel), 10

2, Re8, 941 (D.Véston) and 3,944, 146 (H. St ockmann et aI) In these. patents,

a_single signal is nonitoped Mol MARGAVRING rHeWRYAENTARTNSARB! AtHAp 026,
479 (R Bradburn et al) a'tUnpurer-prUtessEs—srgnars—grunrseverar—suurces to
optim ze performance in a conplex systemof ore grinders 15 with a

wat er feed system Sane dhﬂ&amm:iﬂdno&mm&sunted]ae Riies} saohres BAEL-

sound in two concuryent| r.a I als b

and cycl one ovep?lﬁ)‘]tﬁ pauf‘%/eldg&%r dfé'%grr%’& %ﬁg ﬁ?%eBg?ﬁ%Pié %Xd gr g+§€%gare
controlled by theo 2hstrumegdatticso memiddriingmthie openatdeadofoadchi jas,
such as a conpar, n i BRL L EXgHEROI Y
to determ ne v\/nedhisia?"nrb (?)‘Jvnec?h:ec ge%t\#rﬁﬂfgglghg%ﬁg?bbogﬁgm gégée%/\%lﬁl Eéftfﬁe

f or egoi ng':" equi er‘H‘ﬂt &an in an el enentary 25 way sense certain mll

condi ti ons, and control tjﬁ;dﬁxﬂ&u@b ﬁﬁﬂﬂ@lah&htasiBﬁlmvmlmmgtotnance, t here
IS no ablllty of the .equi pnent t w tivel erators_the

m |l conditions T Qéhﬁaﬁﬁ1Wﬁﬂi %h&P%ﬁaEch %rPgiéﬁlbﬂs g BFtPEr23h

raw materials actah‘:l;mane:s'l,y arapletlye byminstiralrens@tion pessing theosgundhef

mll. Nor has tvﬁf‘e’ i8N Y %‘Qe?lﬁ%l] 1#Feais P . scabatehesd 9f 4bBSosb (v, sanmel),

operatlon for an SIS of P condi tions
66,941 (D.Weston) and 3, 94# 146 -(H.Stockmann et al).

.In these patents, .a single signal is monitored

for processing. However, in U.S.Patent 4,026,479  (R.Bradburn

et al) a computer processes signals from several sources

to optimize performance in a complex system of ore grinders
15 with a water feed system.

Some of the conditions measured to effect control
are:~ sound in two concurrently operating mills, level of
materials being pumped, and cyclone overflow particle size

. and density. Both water and ore feed are controlled by the

20 result computed from the monitored conditions, such as a
comparison of the feed with the rod-mill sound in a matrix
memory to determine when an overload or underload condition
exists.

While the foregoing equipment can in an elementary

25 way sense certain mill conditions; and control the flow of
materials to improve performance,; there is no ability of
the equipment to show relatively unskilled operators the
mill conditions to c¢reate an uﬁderstanding of the reactions
of different raw materials additives; and other materials

30 passing through the mill. Nor has there been provided any
historical record of the mill operation for analysis of
past mill conditions.

Furthermore, all the prior art instrumentation
is devoid of a realistic relationship to the mill internal

35 operational efficiency, which seriously affects operating



hernore, all the prior art instrunentation is devoid of a realistic )

ationship to the mll internal 35 operational efficiency, whiclm, L

eri ously affects operating -2- conditions particularly when variable
condi tions exist which affect_fhow, grinding or output product
characteristics such as with the use of additive chenicals. In additign, it
i s not cemsitionst parfirylazly whent variablecerdikiors sexisgt usef ul _
Intsa r u?@m—:ﬁ 'a@.’:feb'%afflﬁﬁy geinanhgyee. éﬁ?ﬁﬁéa%tﬁdﬂc@;clga{-ét@ﬁ@fitsﬁdéf . \/’
wi t hout speci a i rin i ns a i on an itting to nee e
dlffer€WF%mﬁ tSFoH e ﬂFsﬁaéﬁgkﬁge B*signals is restrictive not
10 only to par trmalddn.trmhl dtndist nohsknbwnh:.nhﬁhgepmm:h aet ciowaltaeont ent

- beigng whd mill
|O§£tlg&%%&gF %#EX% %hign§P§£ t1£Qt§§¥éﬁQ§E¥ I'n erpfﬁﬁétlon of signal
nmeani n§mp oweéhaﬁoﬁevaﬂﬁ&m efsﬂgﬁaﬁreetr%llg vitheup| gpeaiakdequat e 15
noni tortlarigo&ru@oakr ehsehnrmhlstasnmdtibﬁnsndl Eit€ing 00 medt venof this

i nventi ggt v g ngrox |nstrunentat|on of a type that can not only
be adoﬁ& eke SOPIFCAPYSAt different mill conditions, but which will
provide a h|stéﬂsoatheeusedoﬁfsauhd Bﬂgnpksaisoneahdmetﬂwdemoﬂisplay panel

to Wohxefﬁgsbb%r%ﬁ.cﬁ{i%' hﬁiﬁ! BBﬁ&%E%nLO #ﬂ@ﬁréﬂ tPgc I11ng process

to ru uctron l'evels cordlngly the present
|nvent materiadi G@@ten#ebﬁéagogrﬁﬁﬁﬂt oPRigishalgersapie@eetdf a jar mll

fongrl%m&ﬁr%?méhiﬁurPﬁﬂsbheaﬁa|hllﬂaﬂbeﬂtﬂeﬂfpéDfeéﬁlﬁﬁhé#e?Q%nltO;ed mI}
oadi ngs to.disp e r-a condi fLons. as S|nu ated pictures o
typi caﬁ' dl 9 gP ﬁ%ﬁﬁgspg tépﬁggpregaggo g signal meanin
much more reliable signal source is desirable for adequate
15 monltorlng or control of mill conditions.

It is an cbjective of this invention to prov;de
improved instrumentation of a type that can not only be
adopted simply to a variety Qf'different mill conditions,
but which will provide a historical record of mill

20 operation and a video display panel that will enable an
unskilled operator to understand the milling process and
to run the mill at optimum préduction levels.

Accordingly the present invention provides a method
of monitoring the performance of a jar mill, comprising

25 measuring the mill loading and processing the monitored
mill loadings to display the mill operating conditions
as simulated pictures of typical mill grinding patterns
representative of the internal grinding status of the mill.

The invention alsco provides instrumentation for

30 monitoring the performance of an electric motor-operated
jar mill comprising: means for monitoring and indicating
the electric motor current as the mill operates; and
means for calculating and displaying, from indications of
motor current mill performance, simulated pictures of

35 typical mill grinding patterns representative of the
internal grinding status of the mill.



al so provides instrunentation for 30 nonitoring the performance of an
el ectric notor-operated jar m |l conprising: neans for nonitoring and
indicating the electric nmotor current as the_m || operates; and neans for
cal cel ating and displaying, fromindicgations of notor current mll
per for mance, si mul at ed ’L%ectimytépnsslwppcamﬂeﬂ ing trementatiiore rfax
representative ofmdhi®driiny khe PerRekREnsbablSaflelé@tFi¢ Imotor -dr¥dren The
invention al so provides.instrunentation for E{DI’II tgéi ng?theré)e%f,or |ance of
an el ectric not o3 Mt CAPPAELPEnpPPERR I ORARRY FOT 10 it Y-St P9
i ndi.cating the elthat electmtior motorestreénthefnthé mill edriemaisod as t he
mll operate ;G- in r variat tor
S RIS o397 %g%&%@% ﬂeEhQ”FSf égﬂ‘éxfxf%%:éﬁg nﬁ#ﬁ;‘? R

current mll "performance indicia representative o di ng
status of the nil9f vaxdatians P& maropl ayrAgntheild | Pevhermandgy ntidia ons,
in eachI of a (r]I an@@pﬁes@dtlaai%g&f_ .&Eeaiﬁeeﬁhﬂuléfﬂﬁdm&t%é‘u?é %ﬂ&l_&‘eﬂ m
Internal grinding_.Qatterns to ftacllitate manua ustnent of the m
operating condi ti%l}ﬂg“i n B&RRE £8%¢ ﬁésaﬁrgﬁfﬁge% O‘Bﬁ{fa?ﬁe%atf‘cﬁg oper ati ng
the mll in a prederditions] dmeeatht b€ aangege ¢6 mill load$) edwrably a
digital computeser S535 pY RELPES oF- icaP mi hidrRPE" G4 A
condi ti ons, alincg erives ﬁgr ef rqm.soFgﬁgPéc?orm%%jér%#ng Vi o%%iz%'slﬁ ays
showi ng i nt er nal Patterns to facilitate manual adjustment of the mill
operating conditions in response to the displayed load
ranges for operating the mill in a predetermined

one of the ranges.

repregsent@ti ve of the inter nal grinding status of the mll. The invention @

is5 Preferably a digital computer processes various ----



operation conditions and on-line efficiency. Also the conputer stores
e/ signal s for recall of historical 5 data. Thus, the on-line & »
gnal s are sanpled periodically and identified with a clock time address

or storage in the conputer menory and for readout into an auxiliary tape
recorder for long termhistorical review of m Il -operation. The recorded
signals are recalled and viewed 10 in fast readout node on the video

di spl ays when desired. The instrument provided is universally adaptable by “
coupl i ng means conprising an a- ﬁstransfer that couples to the electric N\
motor feed line to nonitor noto urrent which changes as a function of

| oad, ajuk trbiilsl cgredstilly condbdpireessecdndn degrivesoftheaefepmvwer . The

adapt a f | signals to be
or o g fé%“%ée‘*‘r ARy "l'é?&aﬁﬁ#e%%%‘a%gon&#?%%%% nous " cust om
tailor mgllofcnerea‘qm $h 3 sardilmg eddiisiency -20Also

Si gnal sthd fEBn&ﬂIﬂé&.e Hoddre ﬁﬁ'lé)\/élrg&{ﬂst FRudaha leafl hl@%)briE:&Q be provi ded

or progessing_i te and rOV|S|on anal ysi s of
condi t i g‘f}”f‘{ﬁ }ﬁ} 031% ng‘fﬂoP?é"'f’glFﬁélé{ddl tion of
chem calrsd a:fdam:lﬁngs@;m:rtdi £:9) céqulclte.mg/ adZ&ess for storagéhdis, real tine
and hi st &ﬁn I I | n t hat
unski | I e ope 1'?eors can er st and x%%d%é%grlgt\%oﬁg%%cg%%lfl}%n gﬁggkeep a mll
oper at iTRATIAT High JanT G feStaaicpl FeVBEY OinBEdd power variabl e
SI gnal derdtion. NEMRS TAHAbrAW diffraliss di%ed:efdéﬂ.lle@.db.@ﬂt ivﬂewbae

stantan us mll ndi tjon w.thin . the g.inde h natter of flow

aract®ti ?"csreﬁﬂ%‘&g od} ith"(ferv o ﬁ?‘é"‘p ¥iTdi %‘5 F§d1 ndi cati ve of
t he st dthes xﬁs;pumnhﬁupnuxﬁdedmﬁdﬂunﬂﬂarsaﬂﬂy aBapdabdenbyvari abl e or | ong
term Vaédé@&ﬁqé’%&rﬁé comprGi¥ f a‘%{‘tae-fce‘%fé%%%'erd't% & @Yupikls! conditions, by

keybo
Y to the electric motor feed line to monltor motor current

which changes as a function of load, and thus can be

15 expressed in terms of horsepower. The adaptability of
the computer then will permit the monitored signals to
be normalized for different mill capacities and conditions
without custom tailoring of the instrumentation or sensing
equipment.

20 Signals indicative of the flow rate through the
mill may also be provided for processing in the computer,
and provision may be made for analysis of conditions
resulting in optimum efficiency in response to the addition
of chemicals affecting grinding efficiency.

25 Thus, real time and historical signals can be
available for visual monitoring so that unskilled operators
can understand the operating conditions and keep a mill
operational at high efficiencies.

Only the basic motor power variable signal is

30 necessary, and this is used for indicating the instantaneous
mill condition within the grinder both as a matter of flow
characteristics through the grinder and the grinding
profile indicative of the status of grinding media within
the mill. Other semi-variable or long term variable data

35 can be entered under different mill conditions, by keyboard.



f ol owi ng description is given, nerely by way of exanple, with reference t
t he acconpanying drawing in which:- 5 Figure 1 is a block
schematic drawi ng of the instrunmentation system provided by this invention;
Figure 2 is a schematic diagram partially in block form of nmll Ioad
sepsing and signal processing circuits afforded by 'this invention; and 10
Figure 3 is a flow diagramof a typical ball mll installation show ng
comgitions nonitored in accordance with.the_teachings of this invention.

As may be seen in Figure 1, a programmable m cro-. processpr conmputer 10 is
provi ded with internal éﬁ%ff §§thghﬁr§r8§ﬁ35i +HVEREHORIRY YR access
menory 12 and. r esshdirllyy beemiderkoodatheusolypeingr deawed ptabde, idugieerh

" Mot or ol a" Model £8Q j rthi i conput er may
communi cate on the eﬁd’h&%ﬂakll %ﬁ%k%&?ﬁg’r%ggﬁvgg%kgg %ggcghta a under
control of the cEAteURamiag dnawEach idawdighist processing signals into 10

or out of ghe conputer hagignzentrqls adgdnesk kbABmbBOE &PAMMGVEE Cthd S
operabl e fromthe conputer in either read or W“£§ Trtrg?cilg as indjcated by
e

line 16. The conpttEr\HIeFakdon By sEspabrryigets i tRVEREEP™AI  program
and give priority to receifilguxe i2ndst adachethatic diaghamngvpsraiabhy naskabl e
i nterrupt signal 4 .ved, shian ) i eLfiht S C :
sanpl e and storeﬂd%t%‘e.ﬁfég ﬂﬁ?&%ltll qﬁgéz?dg%glrs%nﬁeéﬂgyg%éggjél%g%gs%%ﬁ%n 18,
and sel ected at t3iRBUitHiaffiorget by thds ipvepgionp amdor

10 . Figure 3 is a flow diagram of a typical ball mill

In ordeq"that t he present i hventi on may nore readily be understood the @

installation showing conditions monitored in accordance
with the teachings of this invention.



ge/systemclock is a real tinme digital clock 20 operable in synchroni #n «
the a-c power supply 21,for exanple. Wth the system using binary

coded decimal data therefore, four data lines exist for each de¢inal digit,
and two decimal digits may be prqﬁgssed on the eight-bit conputer 25
bus 15, such as the two hour deCitral digits orf the two mnute deci nal )
digits respectLv royided.at ol i 2, 23._To avoi.d conplexity of the — /
dr awi ng, t he c%%n§%¥i§ﬁsg8g mégnF%ﬁg%%iéHt%ﬁ%fqgﬁﬁWﬂ%P ?mﬁ%#fﬁﬁ conputer o/
bus |i neso¢ssapr ceimpuser 30 is provided Wit imtsmel yprogramdll he rea

*cl ock t} f a fr SHe t S
progran%gg f%mgg%rgggﬁg§§9rggghtﬁ% gggggﬁhours%%%é&%ﬁ%ﬁngya%%?éss and read
t he cl ocER2Hi ADLEsMERPEYaldui t ¥BFéONBndrPesocRs @vaidrakponeiihgato t he

5 entry ofmébersnap! mdddat 880Thessaeniedddpred rdldtEhis ddepieead from an
appropriate agdresse It or _sequence thereof into the conputer. - 6-

d _uni
This sanpl ed PRF rﬁaFPSRu%graWQVISBPE“P&Fqﬁﬁnﬂﬂeﬁh?n?%ﬁRF' bkessing by
appr oprlanes cbiptibereseliveubirnee lpasegr dated yndqy @moerel o gHoper form
for sto d- nd/ qr, di y rL.poses.. 5. . . _The s ling rate
si gnal #s ?%%?d858§§a%éy chgnagggrS%#Fa gﬁﬁﬁ%§§%§u§%%%a€%én§§gry m nut e
10(ppm oeriget @f thadceaputem Hag Rakonitawl 2@dmgsshlirset beot processed by

count ersgSukp PhothlesaBolrbBYL BULRC il SRFARLLL P Undd roagllc. ).

This pulse is shaped in frul tivibrator 1 used to reset counter 25
at | eadP®WehEe pRededast hadispErpAupy digeallbat |ead 17. If desired a lanp

28 may al so bghauksfgutbrt B2ssaRBk Rlel dability to defer its :
internal program and give priority to receipt of input data

nute interval ssel ected by means of sanpling rate switch 19. 20

15 whenever a non-maskable interrupt signal is received, at
line 17.' This pérmits the computer to sample and store
data at sampling times determined by the clock section 18,
and selected at times typically 1, 5, 10, 15, 20, 30, 45 or
60 minute intervals,selected by means of sampling rate switch 19.

20 | The system clock is a real time digital clock 20
operable in synchronism with the a-c power supply 21, for example.
With the system using binary coded decimal data therefore,
four data lines exist for each decimal digit, and two
decimal digits may be processed on the eight-bit computer

25 bus 15, such as the two hour decimal digits or the two
minute decimal digits respectively provided at lines 22, 23.
To avoid complexity of the drawing,the connections between the
eight digit lines and eight computer bus lines 15 are
omitted.

30 Thus, typically to read the real clock time of any
sample of data from the system, the computer is programmed
to address and read the clock hours and then to address and
read the clock minutes into a suitable memory location
corresponding to the entry of the sampled data. The sampled

35 data is then read from an appropriate addressed unit or
sequence thereof into the computer.



The sy?tem nonitors the operatlon of jar mll 30 which is typically a bafl
m i nding clinkers inserted at 31 15. to produce cenent output at. o
The m Il is driven by synchRonous el ectric nmotor 33 froma power input |ine
34. Thus, the current flowin power ifApgit-line 34 is a function of mll
| oad (K| | owat t) and changes as the |l oad of material flow through the
mcTl  changes. Accordi ng1h>i,s mm@(l'ed a-ncf comadl ish tﬁamﬁaﬁrmlesﬁqmycmpmtqtm

used uni versal | Y 2\ r ! te nﬁﬁﬂ ta,
nmsdi-fi cati on, cusa’t om tal Oslr‘glll’l;l tb& %ﬁ% qf'r tél:% 0 an Fd“ﬁ nciw&rl‘ﬂé)i tr ansf or mer
is sinply a-c copglogrammed i Enovdse slt}'f:r#-fh@qﬁp%r diawy %W%‘J%er%ﬁfih

a transfornmer cok@t Zmd/or disgl@dy B d1ig in the conputer t he
current signal derived at transforner i s converted to, dj |taI for
analog to digital convéqhteersagﬁ’lilé‘gprr@\ﬁ%eﬂtwlde‘(ﬁ RHC 95 g’lé?"’aiéé’

Irepr eant ative ofapisa;gfprtlui@ plﬂpyecaidqh tdre ane reardryc heingase stﬁqm)arﬂe:ai\qu

I nearly with po h | ca per at.i e_.and. pnLov.

si gnal magni tude\g}a qu fr?é‘}e ?/%]ht‘{e/‘"?ﬁli | a’npg}glecsh v pt er{ O%erSSEd
digital display 4y rmeuntenEd oo pacuiadd yamomitprt owvege idt chssﬁeleﬁtbt&d is

seen therefore tte%’g%b@e(lpo%r JHY.yBe sa{yl gq‘é]ggpl {);ag.,ggg(p ﬁprmyi@{‘,,?@rator

whenever address | ' édd “1'6 as progranne the conmputer.

critical parlt0 of &Gﬂasid MEadt iteh nesQk reaunkeecdd o?f'- arfRhahtl 3 R)‘fo‘éh%‘FIthe
magni t ude si gnal s fACGURRIE! i I TAY ITghd he7 POVEY S3iskE®td Olamg hE8 PRYLI also
line 34 carries many anperes and this change is small, but is readily 5
processed as taué’rﬂ H}S/lster‘ﬁ f4 rﬁ%ﬁadwllﬂﬂjs %e si gnal processing circuit
41 is shown in nore detmid dystenguiohiXord 'Sméfapmsattmrstcaf ejahatill B@swhich
been detern1ned trmutf%lcally a ball mill grinding clinkers inserted at 31
15. to produce cement output at. 32. The mill is driven by
. sYnch:onoﬁs electric motor 33 from a powér input line 34.
Thus, the current flow in power input line 34 is a functicn
of mill load (Kilowatt) and changes as the load of
material flow through the mill changes. Accordingly, an

20 a-c coupled transformer 35 may simply be used universally
with any mill to provide input load data without mill
modification, custom tailoring or installation of any kind.
The transformer is simply a-c coupled to line current such
as by surrounding the line with a transformer core.

25 For processing in the comphter 10, the current signal
derived at transformer 35 is converted to digital form in
analog to digital converter 36 to provide two decimal digits
37, 38 représéntative of magnitude. Typically the current
changes substantially linearly with power over the load

30 operating range and provides a signal magnitude variation
range of twenty milliamperes. A meter 39 or digital display
40 may be used to visually monitor power if desired. It
is seen therefore that the power mav e sampled and read
into computer 10 whenever addressed by lead 16 as programmed

35 by the computer.



pr.o |y | oaded synchronous notor 33 will produce a substantially Iine%r
"cftapge of current over a | oad range 10 I ncl udi ng the optinum | oad.

s/mll| overload or underload can be determ ned from notor current
magni t ude al one. The nagni tude and effect of the overload or underload is
here- inafter nore fully set forth. Sinply stated the transforner coupling
to the power line provides a way to handle thé small 15 magni t ude _
dynami ¢ current changes reliably and accurately while ignoring the large ¢
magni tude notor current. As seen_in Figure 2, a typical range of 0-50 nmv \J/
a-c to 0-1 v a-c signal is proviaed at transformer 35 output winding 42. To
adapt to differenIcEﬁ&&ahlathﬁSofCuhEEDin@ntlonnﬁé@ﬁiféﬁtiOn

expander- .essor enuat or st andardi zi n ans. 29 rovij ded. Thus
S Peour Frre RaPRa A baPRiARSLe], BPa0t LAVBELRSR! FiduntR  acovigir tude i <
processedritrayigy thet poweet wonkutptand. cTheepowert bine vaki eikeiés equency
si gnal 0 ut pu q Vi 100 to
1080 he#?zgat F EEE éﬂdlgﬂgéaghFﬁggtéglﬁm%Ff uﬁ?ﬁ 1% %§d§i¥ntegrated
élrCU|tPEWFﬁsééﬁvéﬁt§Pu9th§Y Ahlﬁsénaﬁnshoer Bheserthersignals as a
Standar@rb&@@@1h§0bakbﬁﬂtehﬁnﬁﬁtsh&whheﬁ 1526 aet&iﬂnﬁﬁofﬂéﬁfé signal into

th t df | CUI Chl gn out put 30

raﬁgz g&%géngﬁg uen%zg gggoﬁhﬁg l% g?B%E@%%ﬁ b?h%Byastandard
anal og- pmc@eglyaloadedesyachtsﬁpu§|goter1$3tw1bloprdéueetao digit accuracy
si gnal g\a%tshelgﬁkregg OBhange’ g; %Jg?én@ blrekBU1 328" FaRggC eSS e

concurrentl g e COITE
ﬁpogranﬂSFéHPﬁPﬁaﬁPeseEﬁlmﬁﬁu eaéreThﬁésem+b; averiead erpwedeolead t he

f1 ow ratanShet Beeughihba Hirbin mdBegectigaat Smaghibedscas6se ONThé Ne by
magnitude and effect of the overlocad or underload is here-
inafter mdre'fully set forth. Simply stated the transformer
coupllng to the power line provides a way to handle the small

15 magnltude dynamic current changes rellably and accurately
while ignoring the large magnitude motor current.

As seen in Figure 2, a typical range of 0-50 mv a-c
to 0-1 v a-c signal is provided at transformer 35 output
winding 42. To adapt to different installations, current

20 normalization expander-compressor-attenuator standardizing
means 29 may be provided. Thus a resulting variable current
signal of several milliamperés_magnitude is processed through
filter network 43 and converted to a variable frequency
signal in converter 44. Thus, the output frequency range of

25 100 to 1000 hertz at leads 45 is readily attainable with
standard integrated circuit chip converter units. An
isolation or buffer circuit 46 as -a standard photo-isoclation
element is then used to transform the signal into the
standard frequency to voltage circuit chip 47 for an output

30 range of zero to ten volts, which is readily processed by
any standard analog-to-digital converter (36, Figure 1)
to provide a two digit accuracy signal over the desired
range.



anfoperator froma conputer keyboard 9, which can address the conputer
progranmi ng or entry of data. Thus, sem -variable data nmay be treated a
the mll conditions change or as the flow of additives and/or raw 10
material clinkers is varied. These ot h'érsi'nputs may take various forns,
but- typically the additives nmay he introduced as a weight or a percentage
of the load 52 and th@tﬁleé'wmrlét{e IpUtSyGre DHRELIRES MR HeY Kt Perthe
m\!wtﬁ ggr mtr@oégt%ib‘é%ldi(@iﬁ, moulri&hcxth%m@@ ttﬁ:o}?ﬁ:taeqimigiﬁiﬁiaiahxt sgzch
switc sets or , .for exanp .. dhe sanpl i of s this r.QC S
as af oresaid und-@P“ﬁFo@F&mtg‘Ps?hgc’Eoﬁgﬂf‘Efvﬁi hnﬁ%ﬂé“%nt 'S Sﬂ%k? P81
appropriately sthretghndher adddsed TheseorglgrerlslGnay the sseyisnd | omroleverby
L2t erme, 51 312 2B RS A 1 dlln D dnd HIABORR: "B Qs;%'é’?deﬁgered
y equi pnment, and co

5 apgropri ate instruments and’ programmed for entry or entered manuall@
S .

different form &PPES rom on-11ne sensin ut ations on

n
such data can b&apueddamipyd afroCRERa s .2 RPERIPYR e kg uf ervik@r y

12 Tor 10ng ter@ay AR dd dHS iriidle daian £y £ ARG ERSSL 4 8L F COE @8 50
I's coupled 25 to the conputer bhus 15 for addressin y the co ﬁ:r (16)
in read and w i T8YFodE8MHs VRTIARIS dAF ARG SRATH it %P%g‘?n]; i ng.

Thus, whenever dewigiad ohsplandmpk of dsheHeorfiw daf' sddd tivesnandjoberaw
nterface Mbor ARLEREL TR A AOIE T e O Ut i IPU L, Peg take
Inc., Burnsvill earilous fidrnis, tmtbeyreicughliy ethe hedditeventmay be introduced
uni ¢ whi ch can S VAR o HEF RS Bf (e CREAR P SRR AR E180 rae
transformer coud®{Fitire 3@y beaddtaroduckdr agnBpyBes BHALHONPEHrTREre = to
ei ther tenporaridy, Qfi A& B@i¥ddy. These may be entered manually at switch
' 15 ~ Sets 54 or 55, for example. The sampling of this data
proéeeds as aforesaid under program of the computer via
lead 16, and is appropriately stored and processed in
computer 10.
It is clear, howéver, that the signal data relating to
20 mill performance may be derived in different form directly
from on-line sensing equipment, and computations on such
data can be programmed for the computer.
To supplement computer memory 12 for long term storage
of historical data, the tape cassette recorder 60 is coupled
25 to. the computer bus 15 for addressing by the computer (16)
in read and write modes as directed by computer subroutine
programming. Thus, whenever desired a playback of the former
day's mill run may be initiated.
This cassette recorder for example may be the computer
30 interface recorder SPEC. 0075 available from Braemar Computer
Devices, Inc., Burnsville, Minn. It is to be recognized that
the entire instrumentation of Figure 1 may be assembled in a
portable hand carried unit which can simply be coupled to any
existing jar mill 30 by means of transformer coupler unit 35
35 and used for analysis and monitoring either temporarily or

permanently.



4- |N order to identify the cassette-recorded i nformation, the tine

. d regs of the last recorded tape entry is di spl ayed by dlgltal ‘ A
pjay-register assenbly 61. This information is read into register 61 by

s of 5 conput er programinstructions addressing the register via
lead 16, in the same manner aforesaid. A further clock display register 62
is simlarly actuated with the tine address of any nonitored data dlsplayed
visually by the mlIl profile dhsplay means 63 10 or the mll /

"~ performance di spla ns,64. di respecti.vely convert, tow/
vi sual form of tvuf)y& eré:%t lﬁ;‘eﬁ‘%%‘%yeltgl%t %é \Aggage'(:g?:& quentlal words)

on bus ﬁ@ﬁmmmahi@nbytbgnﬂam@raddmpﬁﬁapfohhérénstanpteddedptapdata'op l i nes
37,38, 52mhq 33 @irslpqta?%?i b@rpa&aﬁéldaagb@qg,-réglster assembly 1€, Vi deo

slide or_npl cture se dévi cé t hus’ pr0j ec for eac range of | oad
condi t i I Sa IRErEREA O LSt FﬁédvFE‘%%GGSF-StﬁFeW-oPYC’E}ﬂGFF| 8hs within the
B || 30 conputier enogseant insheuetishsngdigkksiagdthantegisgéroniaThis is a

functlor}_egiccii Tél l%p%%ea@gm;h%in%grrg%%ggggnltude from20 t he

anal og-t I gi Yaltconverter regis I;id’m Il perfornmance display 67
conprises a |ineRoffuritilers odiock ddspdeynusgdenesr 6Ri §ht séohdarlpn. The

lights g dadedld od e t?x%c%@.ﬁ@ QRIdEeE bef bnlOmbheBbrE@ GRdhCate whet her the
m |l performance i s belqw, _at, or tlnun1operat%ggﬁthrough 25

put forqﬁﬁﬁ;qgﬁﬁ¢Y%§H?%&§éPEtFBﬁ WﬁgérpFﬁ 1h8r ShEPLAY § PPocessed.
Tous, atorditee @il maé:dfdmmhs:e( disalaynmeagyr 641) Theeef Bavphagugh rate

ehanges Ao 1S oMY B i SEeT a6 YR oSHOBeCBABORECOROLLI Ons, 1 e

lights O arra Ri $°cStPespond 5EFErn wi t hin
the 30 kindsar emqut ford-£r e@p‘dﬁséomosen@en@eeﬂpwocﬂsdl pnkbus 35 input 31,

}"Qﬁéteh' (r%etr?.ﬁ;ee@riw %%n&:%'%%% E%ﬁlt%%neﬁ%ﬂd§aﬁp§£88"‘@nﬂh€t aaeg 8hong the
lines 37,38,52 and 53 -(or other ihputs as desired).

15 The video slide or picture selector device 65 thus
projects for each range of load conditions a different
profile view 66 of interior conditions within the mill 30,
which represents the existing ball-load configuration. This
is a function of mill load and thus current magnitude from

20 the analog-to-digital converter register 36. The mill
performance display 67 comprises a line of lights with an
optimum center light condition. The lights are lighted in
succession from left to right to indicate whether the mill
performance is below, at, or above optimum operating through-

25 put for most efficient operation under the parameters being
processed. Thus, at different mill locads (37,38 in Figure 1)
the flowthrough rate changes and the computer will determine,
under such changed conditions, the lights of array 67.
Essentially this corresponds to the flow pattern within the

30 jar mill in response to the receipt of clinkers at input 31,
where in the desired sense turbulence extends a known
distance along the length of the mill 30.

The computer 10 is programmed to compile the data
and to make a corresponding selection of the lights to be

35 lighted in each display panel from the appropriate available



The cogputer 10 is progranired to conpile the data and to nmake a ' @
cdrréspondi ng sel ection of the lights to be 35 | ighted in each dlsplay

panel from the appropriate avail able -10- input information. Thus,
essentially notor power at 37,38 tells by |oad what the inner turbul ence
pattern is, and the flowrate entry 53 will adjust the row of |anps 67 to
d@tern1ne the center lanp position at which the nmll is 5 preferably
operated. In order to understand how this instrunentation provides a
meni t ori ng capability displ aying and akfeot+ng the operating efficiency of.

th |1 t f d f
11 oper at on. SRR yornatiohcthist B4kEnei STty ROLSE IR JEA38 §
electric drive mslds 3% flgadgwhadi theclinnker tusbulencerpattieds iasandy from
i nput 31 throughyhe g lralce ‘éﬂtl:By't 5§2w1 hepathist SERA AW of A SRRATAE &>

fines available at line 74_and recCircul ates ae coarser, material's through
line 75. 15 determine thg; §eBF8€e%§mHHP°Béth%l?'6r‘élﬂl‘E}§/ the il ISensors
or meter$ as folgraferald)y wparatkdsensi ng the fineness of the ground

material s at out put 32, tﬂe SRR @Eegnﬁégﬁf_agg ngp%\lgdfaw%éﬂﬂé ngs

recirculated at 75, in terms such "as
predet er ni ned vEnavidss shaomiteriag GﬂB@bhﬂ-}tY(@}Sm%eﬁmi R fenting |the

m |1 throughput dyeﬁaﬂﬂngpmg@&eaayr atetha ane§y9eémh%féﬁérwe slsm{a\ae to
derived at input_31 ((‘3) ns 36 sens {ig KV%
ner of nbefor o Qediay > A COFERERRBI dcFErREY: RE Bohbl TRARFITLT Oy
mat eri al Ufei ng pﬂmnesmw@mﬁlohhé milll wki ehbadlamilhc3d owmiti electric drive
motor 33 for grinding clinkers as raw materials passing
from input 31 through the mill to output 32. Then the
. separator 73 separates fines available at line 74 and
recirculates the coarser materials through line 75.
15 This process may be monitored by a set of sensors or
meters as follows:
(a) means F sensing the fineness of the ground
materials at output 32, the separated fines at output 74
and the tailings recirculated at 75, in terms such as weight
20 in grams of a predetermined volume of the material (400 ml),
(b) means sensing the ball mill throughput or mill
production rate in tonnes per hour (T/H) simply derived at
input 31,
(c¢) means 36 sensing the motor power (KW) as
25 hereinbefore described; and
(d) means D sensing the density (or Void) of
material being processed in the mill which is a function of
mill volume and the clinker density.
Such information therefore gives parameters that can
30 be used in calculating the operating flow rate (FR) of
the mill in Kg per minute per metre 3. FR can be expressed
as a function of the mill dimensions, the throughput (T/H),
the circulating load as represénted by the fineness
measures (F), and the characteristics of the clinker in
35 terms of the density (D).



{ volunme and the clinker density. Such i nformation therefore gi ves s e
Faneters that can 30 be used in calculating the operating flowraté&
FR) of the mIl in Kg per mnute per netre 3. FR can be expressed as a
function of the m Il dinensions, the throughput (T/H), the circulatjng |oad
as represented by the fineness neasures (F), and the characteristics of the
clinker in 35 terns of the density (D). ~ The follow ng data may be
used in calculating the flow ratel1RR) and other m | operational )
characteristic, viations, BASIC M LL | FCRN%T Ef fective
M1l Dianeter (%?Ag‘%;fm"mg d3tajFay) gl?f HEE| vé“M°|a|1cL“éﬁgtt1H’(%e“threes)

LONG Wi fjildw Gratbeli fBRMednd ¢Kber mill operatioGEIM oV nave:draadt ings Of

Gi ndi ng Medi a (percent)** ég%%gziggiﬂﬁ% M
Production Rate(tonnes per hour) TPH OPERATI ONS : tention Tinme
(mi nut es) BASIC MIRE FNFEGRMATIENpes (grans) FI NE 15

Fi neness Feed £8f88Blve Mill Dlameter( etrggﬁD Fi nenergrabpi | (grams)
TAI L Bul k Densi t Separator

¥ &@ﬁ netre BKDN
20 25 30 ~ EffertivgaMylt ﬁlF?nﬁﬁﬁ &8 &rs noninalldggignations such as
| 1 x32 and use W@ﬁ@ﬁe brﬂEHSnglméalanqxgpnpartnent | engiMwer excl usi ve of

unused partltl\gnlu 2 foadlng og@eégggi%gohgdlength and grinding nmedia depth

ia
after (percent) ** $ VL

10 Mill Production Rate(tonnes per hour) TPH

; ;

OPERATIONS DATA:

Mill Retention Time (minutes) MRT
- Fineness Fines (grams) - FINE
15 ' Pineness Feed (grams) FEED
Fineners Tail (grams) TAIL
Bulk Density - Separator Feed
(Kg/metre 3) ) BKDN
20
25
30 * Disregard mill manufacturers nominal designations such

as 11x32 and use inside liners' I.D. and compartment
lengths exclusive of unused partition space.
*% Measure chord length and grinding media depth after
thorough grind out. Volume loading is calculated
35 geometrically as per cent of cross sectional area.



thorough grind out. Volune | oadi'ng is calculated 35 geonetrically @

as"p@r rcent of cross sectional area. -12- CALCULATED DATA: Circul ating
Load (% . ' % CL | nstantaneous Cinker Charge (Kg)
| CC 3 Bul k,Volunme dinker (nmetre ) BVC 5 St ee
to Cinker Ratio (Kg to Kg) 'S/ C Volune of Ginding Media (nmetre )
WFT 3 Ginding Media Density (Kg/metre ) GVWDN Porosity of Ginding
Medi a (percent void space) % POR 10 Vol une of
id Space in Ginding Media (nmetre 3) _ 15 . VO D Void Ful
(percent) % VE _FORMULAS: BKDN.= (0.156) FEED (2.499)

FEED (FI NE- FEED) % C/ L = Q¥EBAERD YPATA=1000 1CC = (1/3) (MRT) (TPH) (%L
+ 100) (0.1536) (MRT) ( TRH)rd&di = |CC [err] BKDN S/ GyRatio =

ity 1081 BN 0
?&Agobzlzg)c (Zgl AM) 2 (LmG)I%%\é\Fﬂgaaﬁ%ﬁoglé%%)’? CRREYE o koR < (gé)ovﬂ?avol\l)

(100% (1 - GVDN. 0. 3269) BIJAVNOMS €1AWkRCR(MEENETT ) err] 100 25BVC

% VF = V@D * (1009 Steel to Clinker Ratio (Kg to Kg) s/c
Volume of Grinding Media (metre 3) GMFT
Grinding Media Density (Kg/metre 3) GMDN
Porosity of Grinding Media
(percent void space) , % POR
10 : Volume of Void Space in Grinding
Media (metre 3) VOID
Void Full (percent) % VF
"FORMULAS ¢
BKDN = (0.156) FEED (2.499) FEED
15 % C/L = ggﬁgg:gi?g; . (100%)

ICC = (1/3) (MRT) (TPH) (%C/L + 100) (0.1536)
(MRT) (TPH) (%C/L + 100)
BVC = ICC = BKDN
S/C Ratio = GMWT = ICC
20 GMET = (0.00 7854) (DIAM)? (LONG) (% VL) (0.000222)
- (DIaM)? (LONG) (% VL)
+ ' GMDN = GMWT + GMFT

% por = 4420 = GMON) (100%) (1 - GMDN.0.3269)(100%)
| VOID = (% POR) (GMFT) & 100
BVC
2 o - e ]
5 % VF = oD (100%)

FR = (1/3) (TPH) (%C/L + 100) * VOID



= (1/3) (TPH) (%/ L + 100) VO D -13- Thus,"this particul ar floy

e as established nmay be entered at lines 53 into the conputer, or nor:

ementary sensed data may be entered and cal culated as a part of the
programred conputer operation to produce the flowrate 5 figure. O her
flowrate data may be used as desired to give with the m !l |oad data (KW
an interrel ated and nean- ingful indication of nmill perfornmance. Slnllarly
the additives may be entered as gallons of grinding aid and may be related
to mll performance in 10 analysi3 of the effect on fines and Eirfugatl
| oad, or nore I This wl]l e.,unskilled -
oper at i ng pers?ﬁﬁglyfgﬁgp %%%?q%1 (ﬁ?%lrat%ﬁa%ﬁﬁ%¥%§? g#%ﬁ A %?ven set
of mill esfk&refons. 1Rne§uﬁﬁaﬂwt0tm@QHQﬁmpuﬂemkaanmbteom$eﬁﬁnaa3yd|splayed
15 as §ef1§€9t aaeaofnag,om %t@%dmaldd Tarifg C{% gg&ét f%l:' the

eff|C|enc¥ di_spl ayed. profile represents t e relati of ~grindi ng
medi a an8l ﬂﬁFPmEﬁQrﬁemBPt@F ﬂ@%ﬁ?qﬁ9QEﬁ9rﬂﬁQﬁu¢ﬁ)Qh%nﬁ%@wahab¢fect|ve

averfge @igupeegr othegr @floworditel @&S:aprn%\&a'ﬂé ngsé&lrﬁlgﬁ@yiréﬁ'etﬁggg]eldeggt h.

Th t 20 tely ther the mll is_under
ovgflo;dgﬁvﬁnYﬁgghEEEhgngg ﬁ?ﬁg ﬁﬁi ordfhridd Sietetatehi 2P BRRAal so be
a nor nal ingflutenhdd cacdba mftmnl&fp@ﬁfdhm;ﬂdafd) al so PrOVIdeS ag ot
I nst ant kadi | e 0 nate ials ared_w e
opt 1 mum at 26 SIRESERE Me SARIETV Ay B SndBEd R NeAEIRR TR on The
bank of 9u#PEisg snduhaﬂemﬁﬁebbeﬁgﬂHUﬁdtmnmuudnquﬁnimamnerumhe rotating
dr upm at anslygregt o€NUneCHIrRIOR ST drtP Wi DL Plad Noof! T Nker S

and thus iIs | ow rel ated_response.
more 51mp1y on mill power. This will enable unskilled

»

operatlng personnel to optimize the addltlon of chemlcals
for any given set of mlll condltlons.
In summary, the video slide conditions 66 are displayed

15 as a function of load on the mill as one indication of mill
efficiency. The displayed profile represents the relation-
ship of grinding media and mill charge of clinkers to the
rotating drumas an effective aﬁerage or integration of
conditions prevailing fhroughout the drum length. Thus, it

20 can be immediately seen whether the mill is underloaded or
overloaded with the charge. The mill performance meter
(which could also be a normalized center scale meter if
not digitized) also provides an instantaneous indication of
the desired flow of materials compared with the optimum at

25 the state of the existing parameters of mill operation. The
bank of lamps 67 simulate the length of turbulence pattern
in the rotating drum at the input end resulting from the
input flow rate of the clinkers and thus is a flow related
response.

30 N¢te that the basic calculations and display indicia
are related to the primary criterion, i.e. mill power. This
tells in essence whether the mill is properly loaded for
optimum use of the grinding mill, and when raw material
input load and/or additives are changed, the motor current

35 reading will establish corresponding slides 66 that show



30 " Note that the basic calculations and display indicia are rel ated 3
to’tﬁ% ‘primary criterion, i.e. mll power. This tells in essence whether :
the mll is properly |oaded for optinmum use of the grinding mll, and when

raw material input |oad and/or additives are changed, the notor current 35
reading will establish corresponding slides 66 that show - 14 -

underl oad or overload conditions, so that the ml|l operator will know when

to change raw material feed, or addi tive feedl¥*etc. to return to the proper

| oad for OphhﬂﬂﬂﬁIﬁadWBfEbvéiload condVeN6NS! &86tﬂ§88tﬁ¥ ﬂil&hSperator
clinker or other Wg’%t materlalsé‘Séz?cha es the onnes hour

processed or the AP Rt s Yr@@?ﬁﬁ+aﬁ1f?e§0 QEcaddi hgve
changes. Thus, tHieesht ietom |oadiegnfortefthei prépgt i milDg1Yed| £8LS6pLemam
function of den&é. an indication of 10 density (or void as

her ei nbef ore dlscussed; %an be derived and used in cal culations as put into
t he conputer Sy neans dfheasysrarthe, dgngitwarhl ehe atlilmkertgr 76thepuinput

station (Figure Ratediaxd )ercr%%ééwrai@reo&%@r Wﬁ&&w&me
on

t he turbul ence patt.ern disp of | anps as function of

density and/ or t YOYRRiHy "b%\%/ %ﬂ%@?%‘-%r?%p‘bﬁhltfblml3°r@‘a€?¥éhn9by
materials of di ffceraeigtesiensmus,s they peedhym t eadind ef SRt e fleDei Nt NG URAL AE

[ f ut d cli kers whi | ein rou d will 20 a
Tel atn?e !smoft g?}lt%h la%?pqoa raf] Jt°rbr°$‘$ ‘é%ta‘?ol?#ecatmn of
S|nultaneouéles@eaﬁxﬁYtGQ;(xnmdnﬁﬁ|hﬂnﬁxnbefnte ¢ms¢m$se&ﬁ can bhederived
appear ance of thenptjdayn iy ﬁiose Bid eé@ el ‘ér?%c?t Ry é+r98&£é‘9 By ©80Rs

bank 67, central |anp 69 and nps to t er eo
- of keyboard , for example, at den51ty 70 input station

(Flgure 1).
B " The computer can therefore be- programmed to change
15 the turbulence pattern displayed on bank of lamps 67 as
a function of density and/or the loading pattern 66 to
correspond to mill rcaction to materials of different
densities. Typically the different density, inside the mill,
of input materials and clinkers while belng ground will cause
20 a relative shift of the lamp array right or left with respect
to the simultaneous display of the optimum internal mill
profile 66 and the appearance of the optimum turbulence patter:
indicated by lighting of lamp bank 67, central lamp 69 and
those lamps to the left thereof.
25 It is to be understood that the keyboard 9 and
computer 10 provide instrumentation capable of different
kinds of control and display programs and functions relating
to the mill operating conditions determinable as a function
of motor current (KW). Thus, the display functions may be
30 amplified, various input data may be derived from instruments
or may be manually entered at keyboard 9, and the computer
programmed for various extended calculations of mill
operation and control without departing from the invention.



_ It is to be understood that the keyboard 9 and conputer 10

|de i nstrumentation capable of different kinds of control and di sp?«aﬁ *
ograns and functions relating to the m || operating conditions
determ nable as a function of motor current (KW. Thus, the display.
functions may be 30 anplified, various input data may be derived from
instrunments or may be nmanually entered at keyboard 9, and the conputer
programed for various extended calculations of mll operation and control®
wi t hout departing fromthe invention. -15- Thus a portabl e universal
instrument is provided, for noni¥dring the performance of electric

notor-driven jarqmggdé @lﬁ&f&ﬁi@ Eibfesa DA stiiment Gfs phedkdesy cenent .

- Qutput video presentations of internal rof Iéfgl and operational
ef fi ci efey BPRLEPHYIF RS (ﬁe%°’i"i‘?féc?/|%’5\r:eh]|gecw Wi VR 1|

per f or mjae egt Snd £e@rmiblil 4 osuclecas |balid miEM evior prodtﬁ:n.ngSLAI ms 1. A

met hod of mopito f ] Si ng neasuri ng

the nmilfS ‘f‘%’éﬁ ng%%%%%@%éléif%&ng%?%or% {H‘Hm} rilgls to display the

&l opprefihg %@@ld@PﬁEm%l%aJsl?ﬁﬁJaQW?y AXF RFJfide %l cal mll

grindi ”SnDﬁiﬁérGﬁe\Frfﬂéﬁs&E&%ié{@oﬁicéilﬁnim E;Sé\ﬁfozgﬁdr{tsk ngs status of the
mil. | nst runent at npni toring the performance of an electric

m)tor o’ﬁ%‘Fa’EgﬂdJ fa?rn???alc ‘ss’F?ﬁQle%ans for nonitori ng and indicating the



10 glactric motor current as the mll operates: and neans for cal cul ating
and splaying, fromindications of notor current nmill perfornmance,

simul ated pictures of typical mll grinding patterns representative of the
internal grinding status of the mll._.19g - 3. | nstrument ati on as

defined in claim2, including nenory negns for recording and playing back a
history of m |l operating condi tions, c ans for periodically sanpling
tﬂs{calculated per formance indicia recorded therein. 20

runentation as defijned ing Cthﬂéa of“@&ﬂf#ggkﬂfaiﬁéfé?rféyﬂﬁﬁkﬁy'ng each

sanpl e of cal cul ated perfornance rcra
| nst rument at i o®fad dagi mddli, ncemprising,| maa@rhg; dtkﬁ)l%ﬂ-%re]eﬁiﬁfr& and

i dentifying t hrdce@singmenaf maaltbeehaﬁiu ey@ééﬁdgéawlcnsﬂa
I nstrunentation, defln%g in apﬁﬁgne of i nclu :ﬂg neans for

i ndi cating the Na§PPHRY ELOPH ?ﬁes?'fﬁ'ﬁaﬂ:%‘ﬁsp#‘l’%%% hrough the
mll. 7. 5 InymuaﬂﬁnmaﬂlograsddaglpeﬂtennanyepmeseﬂtéﬁtveﬂQﬁrﬁmi to 6,

wherein the megnpshola §EE5§ 3l nﬁth@ﬁ udesing REpprammable digita
0

conputer, said neans ectric current EFOVIdIng digita
signals, digital clockzvln1ngI§F§ﬁHW§nBéFﬁanp$BH|%ERP Gedi® programmi ng
sai d conputer feirfRemandecifl anaéniée&ﬁegmaﬁdrscwfaﬂgdtj& Jeidari ous

et rment ot 0¥ BPAREFAAq PRABPAERE Fmorh EPEara o e e bine T age
nmeans, diguﬂhleﬂs#ﬂmycnm@mgrlnusaeutCQSpuhermlbhdomeﬁaﬁﬁiwognuhn1ng said
' means for calculating and displaying, from indications

of motor current mill performance, simulated pictures

of typical mill grinding patterns representative
“of the internal grinding status of the mill.
15 3. Instrumentation as defined in claim 2,

including memory means for recording and playing back a

history of mill operating conditions, and means for
periodically sampling the ‘calculated performance indicia
recorded therein.
20 k. Instrumentation as defined in claim 3,
including means for identifying each sample of
calculated performance indicia by clock time.
5. Instrumentation as defined in claim 4,
including display means for identifying the clock time of
25 the last recorded sample.
6. Instrumentation as defined in any one of
claims 2 to 5, including means for indicating the quantity
of additives in the materials flowing through the mill.
7e Instrumentation as defined in any one of
30 claims 2 to 6, wherein the means for calculating includes:
a programmable digital computer, said means for indicating
electric current providing digital signals, digital clock
timing signals being provided; and means programming said
computer for periodically addressing and sampling the
35 wvarious digital signals for performing the calculations
therefrom.

-  AL O

&



_ter to transfer digital data between said hcorrpu'ter 5 nmenory neans_.and
sal & st orage neans. 9. I nstrunentation as defined in claim7 or 8, “'t s

~including neans for indicating electrical notor current suitable for mlts
of various sizes and capacities, and neans for processing the current -and
flow rate 10 indications as a fubtt+on of the notor size and capaci t’y of

different millsg, thereﬁsggmmég_{oﬁmgg dde sus 4 SildTeNt at ion the

performance of various Il's of different_o eratl ng paraneters. 10. Sz

| nst r unrdRAEARASAI 1R eHaP% grAFIgey means, Aigital, MYy neans provi di nag/
di gi t al meafiBalifn s&pAcSOMpLEYr! r@n@ddeangrpﬁgﬁammalsaﬂd)r i nproving the

grinding efficiepcgy and 5 f p sald, nalg in said
omput ePoTBUEEF P FESPRECE, Raet E4t P, TR e B SE oduct i on
ef f Bci emepovy méansi ahd sald storage__];neans. I nst rurrent ation as defined in
any one of claigp 2 tordQe WHEALALISRI £k MEHINES A S1llinplAxgd eOn a first

noni tor: and _i ncl udi ng a flow rate nonifor responsive to the cal’cul ated
i ndi cat F‘Bﬁ%ufibngoﬂﬁé’r‘ tex. ‘?‘%%‘F?W%e?*%ﬁ \M??P’brﬁq’?ﬁﬁﬁtperfor mance.
25 suitiBle forImSJ._lsnaﬂtearbma%Ms rexd icapdaitielsl, wherein said

first ist Or .S | blsg, Vi ng nmeans providing,
fromt E gaﬁnsﬁﬁgp?gﬁ Séég%%ﬁthge ur e o%ﬁq ﬁ%ﬁ;n‘ﬂp% [ nt ernal conditions.
13. 10 indicabiensatson ﬁBnG'Qique@flﬁi%lmtﬂlz sixe \and aapadidynot or current

moni torbﬁgdﬁé&?eﬁﬁﬁﬁiliss @Heﬁeﬁytééﬁﬁéﬁi@f WO @tk tguanidhe power line
feeding ,the mll notor, Féﬁ Version ngans coupl.ed to, the transforner
c

responsF'VétFHmEBFPEﬁPn TRt VT P e 13t put si gnal
i ndi cat bfedmfféhen{:oapeﬁstbngngammm:ssed inthe mll. 14.

| nstrunent at i opoas def tﬂggnhﬂeﬁi:é’{{%& |é@£%@glm o; caonvertl ng said

out put signal
15 or 9, including means prov:.da.ng digital signals

representing the add;tlon of chemicals for 1mproving
the grinding efficiehéy, and means for programming said
signals in said computer to determine the effect of said
chemicals upoa the production efficiency of the mill.

20 11. Instrumentation as defined in any one of
claims 2 to 10, wherein said pictures are displayed on a
first monitor; and including a flow rate monitor
responsive to the calculated indications to compare the
relative performance with optimum performance. '

25 12. Instrumentation as defined in claim 11,
wherein said first monitor 6omprises selectable video
picture producing means providing, from the calculations, a
simulated picture of the mill internal conditions..

13. Instrumentation as defined in claim 2,

30 wherein the motor current monitoring means comprises
an a-c transformer dgupled to the power line feeding
the mill motor, and conversion means coupled to the
transformer responsive to current changes in the motor
to provide an output signal indiéative'of the load

35 belng processed in the mill.

14. Instrumentation as defined in claim 13,
1nclud1ng means for converting said output signal to a
digital indication of load magnitude, and computer

_
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mgyginhindication of | oad magnitude, and conputer - 18 - means adapted
to sanpl’e ‘and store said digital indication at periodic intervals. 15.

I nstrumentation.as defined in claim2, wherein the nmeans for indicating the
electric notor 5. current includes an indicator showi ng the effect of
turbulence in the mll resulting from Fnp8t-material, and including means

foun jndicating tfarfienyapted tehls éSaHHOQ€§§€dséﬂdt&fgi@£1m I'l, and
means varylng t he t.urhul énc |nd|c ion in reigonse to variations of 10
der Qéﬁq4%ﬁ9ﬂ fFﬁEBrVﬁ Pai.m2, including neans for

i ndi cat| ng the fl ow rat &sof rraimlslta-hmehhahmgh abedefihedniin nebaim 2,

interrelating t raLe e [ rf or mance
indicia. 15 J i} tl%tr?s{n%%q’sn#;?l g.hd%gagi‘#uﬁ gé Qﬂe+ fhét%erm n the
means for i n@li czﬁﬂ#ﬂfﬂﬂqéﬂql@ﬂeﬁatﬁ@ ipdigrtbrashawing pﬂ@%l%l%fQCh% ?fow rate

in Kg per m nut ey@ul@de® inl&he mlh.ﬂ.SEréB{EEtiﬁél efomSifght rmltéfh&i aim 17,
20 i ncl udi ng neans f.or on_rate, vol unme of

.ermnin
voi d space and t3R& |H§$ a5°§oFPpbﬁgEﬁB g u?%??%ﬁyt refromthe
flow rate indi caidteerials procbmsbﬂuianthE|garfmilMpnandrma@nsrnaxgimmrnance

of an el ectri ¢ MBIl di@hdedl oL £38nC QRPLL ShBse "EASal PLe L LG | NG

and indicating t ectric notor current of drive notor as the
m |l operat ek rﬁﬁﬂﬁ%q%m' calculating froma range of variations of notor

current mll performncegg nd|cu@smgahggeatgbhvgsoaefbﬁeanigr@@@lmnzpdlng
status of the including means for indicating the flow rate of materials
through the mill and means interrelating the flow rate
and current in calculating the mill performance indicia.
215 - o 17. Instrumentatlon as defzned in clalm 10
wherein the means for indicating the flow rate is
calibrated to provide the flow rate in Kg per minute
per metre.
18. ~Instrumentation as defined in claim 17,

20 including means for determining the mill production rate,
the volume of void space and the recirculated load portion
and calculating therefrom the flow rate indication.

19. Instrumentation for monitoring the
performance of an electric motor driven jar mill

25 comprising: means for monitoring and indicating the
electric motor current of the mill drive motor as the
mill operates, means for calculating from a range of
variations of motor current mill performance indicia
representative of the internal grinding status of the

30 mill; and means for displaying the mill operating
conditions, in each of a range of mill loads, as a
simulated picture of typical mill internal grinding
patterns to facilitate manual adjustment of the
mill operating conditions in response to the displayed

35 load ranges for operating the mill in a predetexrmined
one of the ranges.

| RE) AR A




mll; and means for displaying the mll| operatirig conditions, in each of
range of mll loads, as a sinulated picture of typical mll intefnal%"ﬂwﬂ-
rinding patterns to facilitate nmanual adjustnent of the m |l operating
conditions in response to the displayed 35 | oad ranges for operating the
mll in a predeterm ned.one of the ranges. -19- 20. | nstrunentati on
for monitoring the performance_ of an electric notor-operated jar mll, PR
adapted to operate substantTa}?y'as her ei nbef ore described with reference * ¢
to and as ill uslzoat ed tﬁsti-ﬁaenemmrmmgnmmm 22k A nethod of \o/
noni torin

descri b&f 9&01 Egé én%rgcglg%ﬁe %?éog&‘ ﬁg\g&&ﬁdﬁ',&,}iﬁs herei nbefore

adapted to cperate substantlal y as herelnbe ore
described with reference to and as 1llustrated in,
5 the accompanying draw1ngs.
21. A method of monitoring the performance
of a jar mill, substantlally as hereinbefore described
with reference to the'acGompanying drawings.
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