"Met hod of i ni t lating an operation” Description of Invention The invention :
refdtes'fo a method of initiating an operation in dependence upon he\(a‘lszc
conbi ned mass of an elenent and matter which is in or on the el enent

i nvention also relates to a method of renoving material froma driven

ele nd to a control neans. 5 - [Fhe invention is concerned

with tfhg ‘operation of a driven el enent wherein, during operation, there is

an int nge of matter between the el enent and matter which flows through f
or over e element. An exanple of such an operation would be one in which
matter flows through the elenment and a proportion thereof collects in the
el ement during such operatiom- tt-is 10 necessary periodically to carry
out an operation upon the el ement such as the renoval of matter which

col l ects therein. The'Meithedof dnitiating ansoperdtiva’t ni nation to be made as to

whet her the el errenl has reached a suitable stage in its use for the
initiation of sugch an gperation and for the automatic initiation of the
operation when t Reseription obfnveqtion (e detection is positive. . According to

a first aspect of the invention, there is provided a nmethod of initiating

an operation in dependence upon the conbi ned nass of an elenment and natter
‘which is in or on the"léd lon. sistes iy @ Heethedpof oinitiptipg ngn t Aeerstione it |
passing a flow oflepaidence oper the combinedmadscofelre gintent andOmatter tWidth tHRT 6r

i's an interchang enthe e oW, _causi or ermttln. a
subst ant i al chané’éqlﬁs ety e£5e é'?vp\/\,i&u'i"gh"qf"rléggfeén’é’n? 'Wegﬁ'ﬁcpg(/'é §moYing MmateRgt

the rate of chanfnof drpem(glemadr,lqmldtmaacorgrdalhaemperation when the rate of

change paspes a predeiygr m\)&ﬁﬁoxaisue @ﬁe&%‘?hotf Q ?ioﬂf Q:eﬁﬁng& ent

element will be, at least in iy cf eco I'n

of the el enent awherging épf!mqmm*son,n’rhﬁreda qrhewfermgc °me‘fé¢l’obefWQ¢ﬂefhe

operation is ini Ele%ﬁé?ﬂ drid Aaﬂ@radmaefmnth} %%frerﬁam ﬁﬂ@%h%é@f‘

Preferably, the c%a%ge i n SEP t he el enmen rou ht about é app yi ng
a force to the ef R oRRTE ’\'é’°§ b gneiigl v '*H@“E‘Sﬁé‘% throvgh tbatelepent

-2t- cycl es of oped at prepostior Meerest kellectEha mé@ﬂah@ﬁmmeb YadH 8peratiohap ide
se 10 -

necessary periodically to carry out an operation upon the element such as the
removal of matter which collects therein. _

The invention enables a determination to be made as to whether the
element has reached a suitable stage in its use for the initiation of such an
operation and for the automatic initiation of the operation when the resuit of
I5 the detection is positive. _

According to a first aspect of the invention, there is provided a method
‘of initiating an operation in dependence upon the combined mass of an
element and matter which is in or on the element, comprising the steps of
driving the element, passing a flow of matter over or through the element so
20 that there is an interchange between the element and the flow, causing or
permitting a substantial change in the speed at which the element is driven,
measuring the rate of change of speed, and \initiating the operation when the
rate of change passes a predetermined vdlue.
The rate of change of speed of the element will be, at least in part,
25 dependent upon the combined mass of the element and matter which is in or
‘on the element. Therefore, the operation is initiated in dependence upon the
momentum of said combination.
Preferably, the chqhge in speed of the element is brought about by

applying a force to the element which is substantiaily the same for different
30



by noting the rate of change of speed when the constant force is applied to
an elenent upon which it is necessary to initiate the operation. The

in speed of the el enent can be an increase or a decrease. An incre
be-~brought-. about by appl yi ng additional drive to the el erent, and
decrease can be brought about by renoving %2+e drive. Renoval of th
can be acconpani ed by the application of a known braking force or, '
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dependent upon the_c ? P 8 Aternatively, the generation of
measur enenp si gnal Breferablyethe ement is driven by a mofor which is used as a

. generator driven by conﬂnued rotation of the rotor when the drive is removed

therefrom. The rate at which the rotor slows down can be determmed from
measurements of the frequency of the signal generated by the motor.

According to a third aspect of the invention, there is provided a control

25 " means for q machine, suvitable for use in a method according to the first

aspect of the invention, compnsmg a means for applying force to the
. element, and a sensing means responsive to the rate of change of speed of the
. machine due to the appiicaﬁon of the force to provide an output which is a
measure of the combined inertia of the element and the, matfer whlch is in or

30 ©on the element. , _ ' _
. If the machine comprises an electric motor drive, and said force is a
_braking force, it can be arranged that said drive is disconnected from its
supply to act as a generator to produce signals dependent upon the rate of
‘rotation whilst the machine is subject to the force, thereby providing the
35  sensing means with signals related to the instantaneous speed. The sensing
means can process these signals and produce an output which is dependent

upon the change of motor speed. '
Alternatively, the generation of measurement signais debendent upon
the machine speed can be utilised by forming the signals as a train of pulses



t he’ machi ne speed can be utilised by forning the S|gnals as a traln of

-3- with a frequency dependent upon the rate of novenent of the _
&) The pul se train can be used tQgbtain an indication of the inertia,s
of .- t-Ng ement and of the matter which is in or_on the el enent.
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20. The §entdchHﬁ%n§iﬂg(HPHWHg§eﬁh%|&Uter contai ner 10 which is rigidly

nount ed "By neans 'ﬂé 3 s on a platform4. The ‘f)l atformis. sypported on a
machi ne frame 2 b s‘scﬂ‘c‘gﬁ?‘f’ PETSREFIIYF KisWhe HySPRI IS Aty al  openi ng

30 in the pl athSIGtuRESczow Bdir&citerhatdc blockhdiabrdnss tihsfratingdthiecsenking

pl at f or m by n%%f Q\Féa 4. The electric nmotor is nounted on the lid and
conprises a sha ﬁo SAown) which defines a vertical axis when the lid is
cl osed, as ~ Figure | shows apparatus which comprises a driven element and a drive

20~ element for driving the driven element. In the illustrated example, the
driven element is driven rotationally, but it will be appreciated from the
following description that the invention is equally applicobie to a method
wherein a driven element is driven translationally. In the illustrated
example, the apparatus is a cenfrifuge 80 and the driven element is a rotor 16
25 which is ‘driven by a drive element in the form of a synchronous electric
motor 20. ' _
The centrifuge 80 comprises an outer container 10 which: is rigidly
mounted by means of clamps on a platform 4. The pldtforén is supported on a
machine frame 2 by. means of anti-vibration mountings 6. A central opening
30 in the platform is covered by a lid |2 which is connected to the plarform by
hinge means 14. The electric motor is mounted on the lid and comprises a
shaft . (not shown) which defines a vertical axis when the lid is closed, as
shown in the drawing. The rotor 16 is mounted on a downwardly depending
portion of the shaft, inside the container. | '
35 . When. the centrifuge 80 is in use, a flow of matter in the form of a
- suspension of solids in a liquid is passed through the rotor qs the rotor is
driven, and there is an interchange of matter between the fotor and said flow



showa in the drawing. The rotor 16 is nmounted on a downwardly dependi ng
portion of the shaft, inside the container. 35 When the centrifu
s in use, a flow of matter in the formof a suspension of solids in a
I'™ui d i s passed through the rotor as the rotor is driven, and there i

i nterchange of matter between the rotor andgaid flow - - 4- whereby
solids._are separated fromthe |iquid and deposited on the inwardly facing
surface: of a peripheral wall of the rotor. It will be appreciated that
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openi ngs 36 in tthe epparatiusi he rotor. to flow between the rotor 20 and

the container 10 int t ; ht: cucdNg [ ' | & sl 3

renoved peri odi cal |l y%@gnﬁgh%&k%ﬁpg?il? hg urs;e)ri gr'@ﬁg%gbgaarﬁgppe ?‘E’rﬁ%rﬁah'sa :

hopper 40 which fes elongenpirec2intar an ieatraxeaneoP0 bt thei o é¢ hEhe svamensian
which | ead§ to afl%ﬁ.tﬁasﬁubl.%pﬂggﬁ-n AlveNB20itbathed ndif bty ioh! A YEKRR, lahd

_ n

NG e e g ey, o TR0 TS o B SRR AAEE S P
driven el enent aliquidedridedepobidedion the ihverdiprfocing subfacessf the periphepaiowall s
lustrated in Pyt Sodor 3 HEHRUR FhASHer UG relich¥heRBR! 2The bikdhakoRbuik
escapes through openings 36 in the top of the rotor to flow between the rotor
20 and the container 10 into 'an_ outlet conduit 38. The deposited solids are
' rémqved periodically from the wall of the rotor and are dropped through a
hopper 40 which is concentric about the axis of rotation of the rotor and
which leads to a waste outlet pip_e 42, _ .
~An operation is initiated when the interchange between the driven
25 ' elehent and' the flow has reached a prédetermined stage.. The opera-tioh can
- be made upon the combination of ci_riven_._element and matter therein or
thereon. In the use of the apparatus illustrated in Figure |, a predetermined -
stage in the operation thereof is reached when the mass of solids which
_ accumulate on the peripheral wall of the rotor reaches a predetermined
30 value. An operation is then initiated to remove the solids from the rotor. |
| " The operoﬁbh is initiated in dependence upon a measurement of the
- rate of change of speed of the rotor when a substantial change in the speed at
which the rotor is rotated is caused or permitted to occur. Such a change in
Speed can be effected by applying a known force to the rotor to increase the
35 'spe_ed'of rotation thereof. Alternatively, a known force con be applied to
decrease the speed of the rotor, such a known force being applied by a brake
or by 'permit_ﬁng the rotor to slow down. One method of permitﬁngl the rotor



‘accunul ate on the peripheral wall of the rotor-reaches a predetermned 30
value. An operation is then initiated to remove the solids fromthe rotor.
The bperation is initiated in dépendence upon a neasuremsnt of the rate ofv
arge of speed of the rotor when a subsfgntial change in the speed at
the rotor is rotated is caused or permtted to occur. Such a change
\speed can be effected by applying a known force to the rotor to increase
e spged of kot QBwh SIS Aimov 1 Bidléd m&rxfroaw LN KnBWRSricidnkEfctaed | ed” -
t o tveef ease the speed-of the rotor, such a known force being applied by a ¥
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oper abl e ‘undembrekieg forrer io the rotar tequEhecbrakes oct upon a surface of fhe rotor
20 which is bathed by the cleaned hqmd which helps to ensure that the braking

force is substqnﬂaliy constant. When the inertia of 1'_he rotor and solids which
have accumvulated thereon is to be sensed, isolation of the motor 20 from its
power supply and operation of the brakes is synchronlsed. As can be seen
from Figure 2, a relay RL1 |s opercble under the control of the sequence and
25 interfock clrcplt 60 to epeq the cerrenf -supply leads _fo the motor and
simuitaneously to close a further contact to actuate a second relay RL2. The
actuated second relay prevents further flow of Hduid into the rotor and
connects the motor current leads which have been nsolqted from the power
supply 1o a zero crossing ‘detector and level shift Z.
30 = It will be opprecmfed that the achvatlon of the second relay RLZ turns
- the motor 20 into a generqtor which is dnven by rotation of the rotor |6.
The rotor will continue fo rotate immediately after the power supply has
been isolated due to its inertia. ‘The motor is then driven by the rotor to
generate a signal and an A. C. outpuf is fransmsﬁed to the detector Z.
.35 S Detector 7 shapes the A.C. oufput to produce an amphfled pulse train,
- the instantaneous frequency of which is dn_-ecﬂy dependent upon the rotor
-speed. The puise train is fed to a coun:’ret" C which'is controlled by a timer T



£25 . interlock circuit 60 to open the current -supply leads to the-kptor
and sj mul taneously to close a further contact to actuate a second -
RL2. The actuat ed second relay prevents further flow of liquid int
retor add connects the notor current |eads which have been isol ate& 0
t he power supply to a zero crossing detecgor and level shift Z. 30 .
It will be appreciated that the activation of the second relay RL2 turns
the notor 20 into a generator which is driven by rotation of the rotor 16.
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control a saf etty eature on
ffected by a scraper or suction nozzle.

20 The circuit 60 can also be used to control a safety feature on the
centrifuge 80 such as a locking latch (not shown) for the hinged lid 12. The
output from the detector Z is fed to a blocking device which enables a signal
to be transmitted from the circuit 60 when the frequency of the input has
dropped below a predetermined level. The blocking device can be a

25  retriggerable monostable M, as shown in F igere 3, which blocks signals to the
circuit only when the motor 20 has sfopb'ed or has virtually stopped. When

- . the signals are blocked, the circuit 60 releases a lockmg latch for the hinged
lid 12, S



centrifuge 80 such.as a locking latch (not shown) ‘for t he hi ﬁged lid 12. v
~The output from-the—detector Z is fed to a blocking device which enables a

C3fBUR to be transnmitted fromthe circuit 60 when the frequency of. the Wi
i @g has ‘i m“mu)m\pr edetermned Level . The bl ocking device can bé
ass ret “Em Mable M as sholm in Figure 3, which blocks

signal s to wheccikcutt onl’'y when the motor 20 has stopped or has virtually

st opped. V%end‘_pﬁ | gnal s are bl ocked, the circuit 60 rel eases a | ocking &;
latch for the™n'Mget lid 12. CLAIMS: 1. .A nethod of initiating an _—
“operation in dependence upon the conbined nmass of an element and matter

which is in or, on the .elenent..conprising the.steps of driving the.element;
passing a 11 or of Adbrop ST idtibd ehoptetia® If dBBfdRes® (ke i intinsdy

i nt'er change betaseefi anfedemieatrond mamttiert Whichlisiin of on the elementgroomprizémgrihe i ng
a substanti al 1:0: L.hg .S t ' t elcepent i rl.v _ ring-
the rate of cﬁg‘{%g&gf’hg'age&g g‘% 'P%- P %Ma#ﬁa ?P‘ﬁ‘égép’g?gﬁo&n’eghdénﬁ?ﬁ%ﬁgf% of -
change posses elementde ghati there Japndntezchangehatwesn dbe plemegt woddhai flew,
_Wher ei 5 the s@bsiAg bl PermMgea sibstaRedl cHenge in tife Speedest WichNiBeadtemkRAL | ON-
of a known for,cgll;, . A rreihocri‘Fac orglg' to é:lal ml%%g,l m 2. wherei,n the
change in spedtidfi¥eRydPEIsyr NG heIghe 8F & .g‘?ﬂfr? Sheegs apdini g‘ﬁ-rfi‘ﬁiﬂ?ﬁ"fé‘?"the
speed of the elheAahé rafbofichanfelprissesd predetetiriged waiGeai m 3 wherei n one of

t he measurenments is nmade before the substantial change in speed of the

el ement has been effected. 20 . - '5. - A nethod according to Claim3
wher ei n both @ t e mashedimecerding to Elaiodé witerein thecubstientighcharigedhspeged i n

speed qfp the ¢ ghRiek b?qﬁg_%sgcaf%fﬁfog@g?&nefo;@_é\surerrents bei ng made a known

interval of tine apar renoving nmatter from a driven
el ement when a 25 predeterm ned quantity of the matter has been

col lected by Bhe eA e@Rbd desING td\TIdiRe | DraTigirAf2 whefeih e dhdnge ihrspeed he
driven el enent,, maasur'lcgﬁr the rate at V\{F ?h ‘the dri ver]f el.eqent sl OVF down,
and removi ng rafetErmipst frong eRmparisn A fHQ msasPRRments Rfnihe, sREFY; e theit e
of sl ow ng doeferhentbel ow a predeterm ned val ue. . -
15 | ' o . _

4. A method according to Claim 3 wherein one of the measurements is

made before the substantial change in speed of the element has been

effected. |

20 5. A method occbrding to' Ci'ai_m '3 wherein both of the measurements are
made after the substantial change in speed of the element has been effected,
~ the measurements being made a known interval of time apart.

6. A method of removing m.cn‘fe_r from a driven element when a
25 | predetermined quantity of the matter has been ‘collected by the element,
| comprising the steps of removing drive from the driven element, measuring
the rate at which the driven element siows down, and removing matter which
has been coliected by the element when the rate of siowing down is below a
prédefermined value,
30
7. A method according to any preceding claim wherein the driven element
is a rotor.-

8. A method according to Claim 7 wherein the rotor is the rotor of a
centrifuge which, in use, separates less dense from more dense matter, the
denser matter collecting in the rotor, -



.30 7. A nethod according to any preceding clai mwherein the driven el g
s arotor.- 8 A nethod according to Caim7 wherein the rotor i's the
fotor‘S6f a centrifuge which, in-use, separates IH'HIIFm"FHI"m'mre ofs
mat'ter, the denser matter -collecting in the rotof 8l ! met Yod

according to any precedi ng clai mwherein th&-el enent i s driven By a notor.

V\hg\e.h is used as a generator when said substantial change in the speed of
“the element is effected or when the drive is rempved fromthe driven . :
ekement. 5 10. A meth&Rrtaed AEPFYNg Jocray Rrecedieg Sl ereineths elamsifeisof
sEeed-of Ithe el eﬁea?j b};s‘a dﬁtafwhnads}‘usmwgweemtﬁh@i Tdiheuf)ﬁﬁfﬁﬂenﬁbla@‘e

t he signal genetate t nmotor. 1.0 | 1. A contraol neans foy.a

mchi ne sui tabl I 1B g o in elbins séisstte At vPe aha ifive T BRRR Y frfmuthe
means for appl ydriged elengentto t he el enent, and a sensing neans responsive to
the rate of change of speed of the nachine due to the application of the
force to rovide an out put which is a neasure of the conbined inertia of
the etenent and!@he Avinetbed apeardingsta Rldm Bwheneiniths rate of ghenge ofi speed of
met hod subst ant ke biérient e HBtRMIR&S Friohf FhethirerePt £ b MRE fledubhd S FHERgRM NY
'drawi ngs. 20 13, é@:g}%rol means substantially as herein describéd
with reference BEEAPLY EMoTRYn t he acconpanying drawi ngs: ‘ _

10 1l1. A control means for a machine suitable for use in a method according
to Claim | comprising a means for applying force to the element, and a
. sensing means responsive to the rate of change of speed of the machine due
to the application of the force to provide an output which is a measure of the
combined inertia of the element and the matter which is in or on the
5 element. ' )

12, A method substantially as herein described with reference to. the
accompanying drawings. ' '

20 " 13. A control means substantially as herein described with reference to and
~as shown in the accompanying drawings. '




