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[57] ABSTRACf 
Apparatus for controlling the rate of flow of a pow
dered solid material such as flour, comprising a load cell 
supporting an inclined plate onto which the flour parti
cles impinge after falling through an inclined gate valve. 
The output of the load cell is fed to a control circuit 
including a direct proportional control section and an 
integrated error section with a monitor circuit sensitive 
to excessive integrated errors. The control circuit acts 
on an electric motor controlling the opening of the gate 
valve to maintain a predetermined rate of flow. 

8 Claims, 3 Drawing Figures 
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In this instance, the particles may be grain and after 

FLOW CONTROL SYSTEMS flowing through the aperture in the gate they fall into 
the lower metering chamber and impinge on an inclined 

This application is a continuation, of application Ser. impact plate 20. The impact sensing plate 20 is mounted 
No. 931,801, med Aug. 7, 1978, now abandoned. on the beam 21 by means of a "bending beam" electro· 

This invention relates to apparatus for sensing and mechanical transducer indicated generally at 25. The 
cont,rolling the flow rate of a pa~iculate m~terial, and is impact plate is secured to a bracket 26 which is rigidly 
partIcularly though not e~cl~slvely app~ICable to the attached to the projecting end 27 of the transducer, 
co?trol of flo,:, rate of ¥ralll .In the food. Industry, such while the mounting or case 28 of the transducer is rig-
as In ~he blend,mg of gram ~o to~ a specIfic ~our ble~d. 10 idly secured to the beam 21 extending across the cham. 

It IS an ,obJect of the inventIon to provide an 1m· ber 13. Bending beam transducers are in themselves 
proved reltable ~ow rate controller for s~ch p~rpos~s, well known. When a transverse (Le" vertical) force is 
and further detaIls and advantage~ of the ln~e~t1on will exerted on the projecting end 27 a number of internal 
become apparent fro,!! the ~ol1owm~ d~scnptton. strain gauges (not shown) arranged in the form of an 

Broa~ly stated the invention conslsts,m apparatus ~or IS electrical bridge circuit, provide an output signal which 
contro!l~ng the rate of flow of a partICulate m~~enal, relates to and therefore senses the applied force. 
compnsmg a flow control v~lve, or gate PO~ltl~ned In this particular instance the particle stream falling 
above a flow rate sensor, whIch mcludes an inclined hI" . 
1 t t h' h th art' I 'II" d I onto t e p ate IS mdlcated generally by the arrow 30 and 

p a eon 0 vo: IC epIc es W,I Impmge an an e ec· the particles then ricochet or cascade downwards off 
tro·mecharucalload cell for sensmg the force exerted on 20 th I t h t 31 Wh th t I 15' h I b h ' I d I 'al I . epa e as s own a . en e ga e va ve IS 
t e pate y t e partlc es, an an e ectnc contro crr· d' t d th h' tal 'I' f h ' I 
cuit having an input from the sensor and an output a JUS e e onzo~, pO~1 ~on 0 t e part~c e stream 
cormected to a motor for controlling the valve or gate. ma~ vary but surpns~ngly It IS found that thiS does not 

Preferably the valve or gate is mounted in or across a ser:ously affect the signal produced by the tr~nsducer. 
generally vertical duct or passage with the load sensor 25 ThiS may be due to th,e fact that the r~actlon force 
positioned at a lower point in the same duct or passage. exe~ted on the plate 2~ IS not 'pure~y vertIcal b~t has a 

In a preferred construction the apparatus includes an hOrIZontal component In the directlon of the axiS of the 
electrical motor connected via a reduction gear trans- transducer 25. The total movement of the plate under 
mission such as a lead screw to a moving part of the ~oa~ m~y be of ~he order of 0.1 t~ 1.0 mm, and the 
valve or gate. It is also preferred that the inclined plate 30 mcllnatlon or attIt~d~ of. the. pla.te IS constant, In the 
be supported directly by the load sensor to be movable pr;sent ex~mple thiS mc~matlon I~ preferably between 
linearly over a very small distance in a substantially 30 and 60 from the hor:zontal. Smce the plat~ 20 and 
constant attitude. This effectively compensates for the gate. valve 15 ~e apprOlumate~y parallel, and smc,e th,e 
different positions on the plate at which the particles pa~171es fa~1 dlrec~lY onto the 1ffipact plate 20 which IS 
impinge, particularly if the flow control valve or gate, 35 posl~loned. Immedlatel~ beneath the gate valve 15 the 
and the sensing plate are both inclined at substantially vertICal distance remains the same regardless of the 
the same angle, ' adjustment position of the valve plate, and it is of course 

The control circuit preferably includes a direct pro. this vertic~ distance or ."head" which covers the im· 
portional control section and an integrated error sec. pact veloclt~ of the partl~les., , . 
tion. It may also include an error monitor circuit sensi. 40 The e1ectncal control CirCUIt, Illustrated dlagrammat· 
tive to excessive integrated error signals and arranged ically in FIG. 3, ~nc1uqes. a differential amp!ifier or 
to actuate a relay or an external warning alarm or other comparator 26 haVing one mput from the sensmg load 
protective circuit. cell 27 and a further input from a datum input unit 28 

The invention may be performed in various ways and where the required rate of flow is set. The instantaneous 
one specific embodiment will now be'described by way 4S error signal on line 29 is applied via an amplifier 30 to a 
of example with reference to the accompanying draw. motor drive circuit system 31, which drives the gate 
ings, in which: control motor 15, This is a direct proportional control 

FIG. 1 is a diagrammatic sectional side elevation which tends to drive the motor in one direction or the 
illustrating the main mechanical components of the other to reduce the error signal or difference between 
apparatus, ' 50 the sensed load on the impact plate and the pre·selected 

FIG. 2 is a sectional side elevation on an enlarged load at the unit 28. In addition, the error signal from the 
scale illustrating the mounting of the impact plate and a output of the comparator 26 is fed on line 32 to an inte· 
transducer, and grator circuit 33, the output of which is connected to a 

FIG. 3 is a block diagram illustrating the electrical second input of the summing amplifier 30, This provides 
control circuit. 55 an integrated error signal combined with time and this 

Referring first to FIG. 1, the apparatus comprises a provides a further compensatory adjustment to the 
small supply chamber or grain hopper 10 positioned motor 15 and hence the position of the gate valve. This 
below a vertical feed duct (not shown) in line with a integrated control avoids or reduces inaccuracies 
vertical outlet duct 12 which leads to a further metering caused by the limit of the maximum response time of the 
chamber 13 having a lower outlet duct 14. Across the 60 proportional control and also compensates for error 
feed duct 12 is positioned an inclined moving gate valve signals below the minimum resolving capability of the 
15 with an aperture 18 which can thus be moved across proportional control. 
the line of the duct, the gate being connected via a lead Thus, the integrated error control may be viewed as 
screw 16 and an internally threaded stationary nut (not a relatively long period hunting and damping circuit, 
shown) to a positioning electric motor 17, The motor is 6S which automatically sums the integrated error over a 
reversible and thus capable of positioning the aperture period and operates the motor 15 in a sense to reduce 
of the gate accurately in any position to vary the throat the integrated error, This continues until the integrated 
of the opening and hence the flow rate of the particles. error reappears in the opposite sense. 
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The integrated error signal is monitored also by an 

error monitor circuit 34, which has an output 35 to an 
error indicator, and a further relay 36 to operate an 
external alarm or other protective circuits. 'These may, 
for instance, safeguard against failure of the whole ap- 5 
paratus itself or failure of the power supply, or an ab
sence of feed material, or choking up of the output duct 
for the particle flow. 

In addition, the circuit includes a zero detector moni
tor 37 sensitive to a zero selection at the unit 28 and 10 
arranged to operate the motor drive circuits 31 to close 
the gate valve. 

The circuit also includes a totalising counter compris
ing an integrator <W with an input 41 direct from the 
flow sensor 27, and having an output connected to a 15 
comparator and counter drive circuit 44 which in tum 
feeds a final numerical counter 42. This may be ar
ranged to count in 100 Kg steps and after each step the 
integrator must be re-set, for which purpose the com
parator and counter drive circuit 44 is arranged to com~ 20 
pare the output voltage to the integrator with prese
lected voltage and when the two equate the comparator 
operates a relay whose contacts 43 are connected in a 
re-set circuit across the integrator. This provides a total
ising counter of the total weight sensed by the instru- 25 
ment, quite independently of the error correcting sys
tems. 

able within said duct for dispensing the particulate ma
terial directly onto the inclined plate, the movable plate 
being mounted in a plane substantially parallel with but 
spaced above the plane of said inclined plate, and an 
electrical control circuit having an input from said sen
sor and an output connected to said motor for control-
ling the valve in a sense to close the valve when the 
sensor detects all increased vertical force. 

2. Apparatus according to claim 1 wherein said elec
trical control circuit further includes means for provid
ing a datum, means for comparing the input from the 
sensor with the datum to produce a flow error signal, 
means for integrating the error signal, means for sum
ming the instantaneous error signal with the instanta
neous integrated error signal to provide a motor control 
signal and means coupled to said output for operating 
the motor for controlling the valve in accordance with 
the motor control signal. 

3. Apparatus according to claim 2 and further includ
ing stepped totalising means including a counter, 
(means for operating the counter each time the sensor 
detects the passage of a unit weight and means for reset
ting the operating means each time it operates the 
counter) means for summing the output of the sensor 
and a comparator for providing a count signal for oper
ating the counter whenever the summed output repre-
sents the passage of a unit weight of material and for 
resetting the summing means whenever the counter is 
operated. 

4. Apparatus according to claim 1, claim 2 or claim 3, 
in which said motor is arranged to position said valve 
accurately at any selected position determined by said 
control circuit. . 

Instead of an electric motor and motor drive circuit 
for actuating the gate valve 15 some other form of 
motor may be used. For example, there may be a pneu- 30 
matic motor or a hydraulic motor or ram. In any case 
the motor should preferably be capable of positioning 
the gate valve accurately and should therefore include 
some form of proportional control system. 5. Apparatus according to claim 4, in which said 

35 motor is an electrical motor connected via a reduction 
gear transmission to a moving part of the valve. 

I claim: 
1. Apparatus for controlling the rate of flow of a 

particulate material, comprising a generally vertical 
duct, a flow control valve positioned in said duct, a 
motor controlling said valve, a flow rate sensor posi
tioned in said duct (below) immediately beneath said 40 
valve, said sensor including an inclined plate onto 
which the particles will impinge, means supporting said 
plate for limited movement in a vertical direction, and 
an electromechanical load cell connected to said plate 
for sensing the vertical force exerted on said plate by 45 
particles falling through said valve, said control valve 
comprising a movable plUte defining an aperture mC?v-

so 

55 

60 

65 

6. Apparatus according to claim 1, claim 2 or claim 3, 
in which said inclined plate is supported solely by said 
load cell. 

7. Apparatus according to claim lor claim 3 in which 
said control circuit includes a direct proportional con
trol section and an integrated error section. 

8. Apparatus according to claim 7, including an error 
monitor circuit sensitive to excessive integrated error 
signals and arranged to actuate a warning or protective 
circuit. 
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