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APPARATUS AND METHOD FOR A METERING 
SYSTEM 

Matter enclosed in heavy brackets [ ] appears in the 
original patent but forms no part of this reissue speci?ca 
tion; matter printed in italics indicates the additions made 
by reissue. 

BACKGROUND OF THE INVENTION 

1. Field of the Invention 
Generally, this invention relates to a pumping system 

with electronic controls and its method of operation to 
accurately meter a desired quantity of ?uid into an 
object. In particular, it is concerned with a ?uid meter 
ing system and its method of operation that utilizes a 
sensor to detect the piston movement of a positive dis 
placement pump and to control the amount of ?uid 
pumped and dispensed by comparing an electrical mod 
i?ed signal from the sensor with a programmed electri 
cal signal. 

2. Description of the Prior Art 
Metering systems that use electronic controls to 

meter the ?ow of ?uids are known. In addition, dispens 
ing and metering systems that sense the movement of a 
positive displacement pump piston and send electronic 
data based thereon to dispense a desired amount of ?uid 
are also known. In none of the known prior art systems 
is a high resolution sensor used to sense very small 
incremental piston movements combined with an elec 
tronic circuit that has a counter and comparator net 
work that compensates for time delays due to mechani 
cal movements within the system itself. The degree of 
sophistication and high resolution in my ?uid metering 
system heretofore unknown, results in a very high de 
gree of accuracy and control in the amount of ?uid a 
person desires to dispense. 

SUMMARY OF THE INVENTION 

The ?uid metering system of this invention and its 
method of use combines a positive displacement pump 
with control circuitry to actuate a valve and dispense a 
predetermined amount of ?uid. The control circuitry is 
combined with a high resolution sensor that reads and 
signals incremental piston movements of the pump. This 
signal is then totalled and added to an error-compensat 
ing value in a counter. Their sum is fed into a compara 
tor where it is compared with a signal representing the 
amount of ?uid it is desired to dispense. When the two 
values are equal, a valve in a dispensing device is deac 
tuated. This deactuation stops the pumping stroke of a 
hydraulic linear actuator and results in the actuation of 
a second valve in the dispenser to cut off ?uid ?ow to 
precisely dispense the metered amount of ?uid. 
A primary object of this invention is an improved 

high resolution ?uid metering system and its method of 
operation. 
An additional object is a ?uid metering system that 

precisely meters a desired volume of ?uid by compen 
sating for errors inherent in the system operation. 

Still another object is to use the weight or other mea 
surable characteristic of whatever is being ?lled with 
the fluid, to control the input signal of a comparator and 
thereby control the amount of ?uid dispensed and also 
the position of the object relative to the dispenser. 

10 

25 

30 

35 

45 

50 

55 

60 

65 

2 
FIG. 1 shows a schematic view of the preferred em 

bodiment of my metering system. 
FIG. 2 is a pulse diagram of some of the signals of the 

circuit elements of FIG. 1. 
FIG. 3 is a more detailed drawing of the electronic 

elements making up the basic metering system. 
FIG. ,4 is enlarged interior view of part of the sensor 

of FIG. 1. ‘ 
FIG. 5 is a modi?ed system of the preferred embodi 

ment of the metering system. 
In FIG. 1, a positive displacement pump 1 forces ?uid 

under pressure from a reservoir 2 to a dispensing device 
3. This dispenser has a normally closed spring-biased 
valve 4 that is opened by ?uid under pressure as piston 
rod 5 moves to the left. Hydraulic ?uid under pressure 
aetuates the right side of piston 6 in linear actuator 10 to 
move the piston rod to cause pump 1 to dispense ?uid. 
The actuating piston 6 is, in turn, controlled by an elec 
trically-operated solenoid four-way valve. 

It is important to note that my invention is not limited 
to the speci?c single acting type of positive displace 
ment pump shown. For purposes of my invention, a 
positive displacement pump encompasses every type of 
pump in which a constant volume of ?uid material is 
pumped independent of the particular ?uid viscosity, 
pressure, or material when the actuating means or pis 
ton moves through a complete pumping cycle. Thus, 
when the piston 7 in the metering pump 1 moves from 
its right-most position to its left-most position, in the 
direction of the arrow, a constant volume of ?uid is 
dispensed from the dispenser 3 for each incremental 

' movement of rod 5. Besides the single acting pump of 
FIG. 1, that dispenses ?uid only on half the cycle as 
piston rod 5 moves to the left, double-acting diaphragm, 
bellows, gear, rotary piston, as well as most linear recip 
rocating types of pumps, can be considered positive 
dislacement pumps as the term is used herein. 
As the piston rod 5 moves to the left to pump ?uid, a 

wheel 9 frictionally engaged therewith rides on the rod 
and rotates. The linear movement of the piston rod is 
thus converted to rotary motion by wheel 9. Wheel 9 
and the shaft encoder from the sensor 8 designated as a 
rectangular dotted line box in FIG. I. The shaft encoder 
(or encoder for short) is of a type such as the commer 
cially available Model DRC-77 type made by the Dy 
namics Research Corporation, Stoneham, Massa 
chusetts. It’s function is to act as a transducer to trans 
form the very small linear incremental movements of 
the piston rod into electrical serial pulses. The sensor 
has been characterized as a high resolution sensor since 
it is able to sense piston movements between 0.1 inch to 
0.0001 of an inch without contributing erroneous fric 
tional, hysteresis, backlash, or inertial effects to the 
result obtained. It is not necessarily limited to optical 
sensors but conceivably could be magnetically or elec 
trically actuated. 
The optical encoder is shown in part by the simpli?ed 

enlarged diagram of FIG. 4. It consists of four basic 
elements, namely: the light source 10, the circular [sra 
tionary] stationary graticule 11, the rotatable circular 
graticule 12, and the transducer 13 that converts light 
rays into electrical pulses. Graticule 12 acts as a digital 
position sensor and is in the same shaft as wheel 9 and 
rotates in unison therewith. Both of the graticules have 
a large number of equal-width radial black lines with 
alternate clear areas therebetween that are spaced in the 
same width apart as the black lines for a given distance 
from the graticule’s center. Numbers 14 and 15 in FIG. 
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4 indicate the clear areas for graticules 11 and 12, re 
spectively. These clear areas are light-transmitting areas 
that may consist of either light-transmitting areas made 
from a solid material or ori?ces in their graticules. The 
alternate black lines indicated by numbers 43 and 44 
between these clear areas are opaque areas to block 
light from source 10. When the light-transmitting areas 
14 and 15 are radially aligned with each other and, as a 
result, their respective opaque areas 43 and 44, the 
transducer 13 will receive about 50 percent of the light 
transmitted from source 10. When the opaque areas of 
one graticule are radially aligned with the clear areas of 
the other graticule, practically no light will be transmit 
ted to transducer 13. In the actual graticules used, about 
300 clear areas were placed on circular members ap 
proximately 2§ inches in diameter. It is preferred to 
have at least 40 light-transmitting areas per inch as mea 
sured perpendicular to the length ofthe areas. While the 
upper limit of light-transmitting areas has no fixed 
value, there is a practical upper limit of about 5,000 
light-transmitting areas per inch based on current manu 
facturing techniques. By using a relatively large light 
source loandtransducer l3ascompsredtothewidth 
of the light-transmitting areas, the need for a precision 
narrow beam of light is eliminated. 
The transducer 13 has a light-sensitive element that 

may be in a photocell or phototransistor which senses 
changes in light intensity and converts these changes 
into electrical serial pulses designated as A in FIG. 1. 
Thus, transducer 13 acts to quantize the linear motion of 
the piston rod 5. The number of pulses that equal one 
revolution of wheel 9 can be easily determined as the 
radius of the wheel 9 and the graticule 12, which rotates 
therewith, are both known. Each minute sector of the 
periphery of the wheel 9 can be equated with an equiva 
lent incremental linear distance along the piston rod 5 
which, inturn, canbeequatedwithavolumeof?uidin 
pump 1. For example, if the cross-sectional area Ap of 
piston 7 is known and constant, by multiplying this area 
by the distance d piston 7 (and its attached rod 5) moves 
in its discharge stroke to the left (FIG. 1), the volume of 
dispensed ?uid can be determined, assuming, of course, 
the pump 1 is completely ?lled in the volume to the le? 
of the piston 7. ‘ 
As the intensity oflight rays received by transducer 

13 varies as graticule 12 rotates, pulse signals 
Aareseriallytranamittedtcapulseshaperwhencertain 
predetermined light intensity levels are exceeded. This 
would occur as each clear area in graticule l1 alter 
nately aligns itself with a black area and then a clear 
areain graticule 12. Foraspeci?ceucodenthenumber 
ofApulsestransmittedpersecondwould varydepend 
ingonsuchfactorsastherotationalspeedofthesha? 
haing wheel 9 and movable graticule 12 thereon and the 
number of light-transmitting areas l4 and 15 per inch. 
FIG.2isapulsediagramofthepulsesAtoDbe 

tween the different circuit members as shown in FIG. 1. 
'I‘hepulsesAandBareserialpulsesandthepulsesC 
(Co . .C;)andD(D° . .D;)areparallelpulsesthatmay 
be either parallel binary-coded or parallel binarycoded 
decimal (BCD) representations. As will be described in 
moredetail hereinafter,theserialelectricalsignalsBare 
changed to either of the mentioned parallel binary rep 
resentations within the preset counter. Before this 
change takes place, pulse A has its leading edge squared 
by a pulse shaper into pulse B that is not dependent on 
thepistonspeed.Theactualpulseshaperthatmypre 
ferred embodiment employs is a Fairchild Semiconduc 
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tor (division of Fairchild Camera and Instrument Cor 
poration, Mountain View, California, hereinafter re 
ferred to as Fairchild) Model 9601, which is a monosta 
ble multivibrator that generates a square pulse 1 micro 
second in duration. This pulse is shown in FIGS. 1 and 
2 as pulse B. FIG. 2 illustrates a pulse diagram of serial 
pulses A and B, parallel pulses C0 . .C; with and without 
preset counts, parallel pulses D0. . .D; from the pro 
grammable instruction, and equality pulse C = D and 
how it relates to the actual metering shut-off. The ?rst 
and second set of C0 . .03 pulses are the same excepting 
thatathreeinbinaryorBCDformhasbeenaddedto 
the second set Do. . .D; show the programmable signal 
inBCDformatwhenitsvalueisequaltodecimal9 
(1001). The C = D equality pulse shows an off signal to 
the meter memory and how a preset pulse count of 3 
actually results in the shut-off valve being turned oil‘ at 
the precise time by compensating for a valve delay of 
three pulses. 
The preset counter received the input] from a valve 

delay preset and pulse B and outputs pulse C. To illus 
trate how the counter converts serial pulse B to parallel 
pulsesCinabinarytypeofsystem,binary-coded deci 
mal (BCD) format will be described with the under 
standing that a binary code format could also be used. 
Further, for purposes of simplicity, the BCD format 
will be limited to four decimal digits rather than show 
ing a large number. Each of these four decimal digits 
would correspond to a given set of number Co. . .C3and 
Do . .D; in FIG. 2 and would have an upper value of 
9999.‘ Four Fairchild Models 9310 medium scale inte 
grated (MSI) decade counters could perform this func 
tion. The preferred type of counter employed should be 
able to count serial pulses anywhere from at least 1,00’) 
conntsperseconduptotenmillioncountspersecond. 
[FIG. 3 shows four sets of C“. . .C3pulses each entering 
one of the four MSI’s with four wires for each MSI 
function. Asthe?rstserialsignalofCoarrivesononeof 
itsfourwires,itrecordseithera0or l inthe 10' MS! 
function of the counter. Thereafter, C1 would record 
eitheraOor 1 intheaamecounterandczand Cswould 
performinthesamemanner. Dependingonthecornbi 
nation ofO’s and 1's in the l0’ MSI that are recorded, a 
singledecimaldigithavingavalueof0to9wouldbe 
represented] FIG. 3 shows the serial B pulses entering 
tlte10' MSIstage. Asthe?ms‘erial?n'gnalarrtves. it 
records a I in the 10' MSIrtage ofthe counter. and the 
CQDIIIPIII lt'ne?onl that counter stage becomes a I voltage 
repraentation. Thereafter, additional serial 3 signals will 
increment the 10' MS] stage and lines 6,, C, and C; of 
the 10' MS] stage will become activated to represent a 
single decimal digit having a value of 0 to 9. For example, 
ifCo . .qrecorded 1001, thedecimal digit of9 would 
berepresented.Torecordadecimaldigithavingtwo 
integers (10 to 99), the next M81, 101 function must also 
be used. Like MS! 10’, it can represent only one of the 
ingle decimal digits 0 to 9. As is apparent,‘ MSI’s 101 
and lWeachrecordonlyoneofthedecimaldigitsasdid 
MSI’s l0’ and 10" The decimal number 8107 would be 
recordedas IOOOonMSI 101,0001 onMSI IOMIXDon 
M8110‘, and 0111 on M8110", thus, reading in BCD as 
1000, M1, 0000, 0111. Additional stages of MSI‘s hav 
ing fourhinarybitseschcouldbeusedtoobtainhigher 
order decimal numbers above 9999. Thus, MS! 10‘ 
would expand the range to 99,999 and M51 ‘105 to 
999,999. 
BeforethepulsesBfromthepulseshaperarecounted 

in their respective stages of MSI‘s in the counter, a 
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preloaded number of counts J in BCD format is input 
ted to the counter. This preset number of counts is 
loaded into the counter before the serial B pulses enter. 
Preset counts are added to take into consideration time 
lags of the system’s operation, such as time lags caused 
by the four-way solenoid valve operationally associated 
with hydraulic actuator 10 (FIG. 1) and the delay for 
the dispensing valve 4. As an example, assume that the 
meter cylinder 39 delivers a ?uid volume equivalent to 
three pulses due to the valve delays. By presetting the 
counter to three before metering begins, the comparator 
will send an off signal via the interface driver three 
pulses before the desired quantity is delivered. Then the 
valve delay will cause three more pulse equivalents to 
be dispensed in its lag time, and the exact amount of 
desired ?uid will be metered. Using the MSI counters, 
the preset number which can be electrically generated 
on manual switches or any other BCD output electronic 
device is set up for entrance with an active low signal 
on the parallel enable input pulse 0. A minimum set up 
time for this data is about 30 nanoseconds after which 
the clock input is strobed by pulse P. To obtain this 
pulse sequence, a clear pulse 0 is generated from either 
the manual clear button or the piston retract switch in 
another monostable multivibrator identical to the pulse 
shaper (Fairchild Model 9601) which sends its pulse 
?rst to the parallel enable input of all four stages, while 
the same pulse P is delayed in the delay network by 
about 500 nanoseconds. After being delayed, the pulse P 
is sent to the clock input of all counter stages to lock the 
preset number into the counter. As an example, if the 
presetnumberisthree,aBCD00000000000000ll is 
preset into the counter, and the ?rst pulse from the pulse 
shaper will up-count the counter to four. 
The actual number n of preset counts that is inputted 

in a given system is dependent on such factors as the 
cross-sectional area Ap of piston 7, the radius r of wheel 
9, the pulse resolution N, in pulses/radian, the flow rate 
q out of the dispenser [three] 3 per unit time, and the 
time interval [(it, to t;)] (t, to t) it takes to turn off the 
four-way solenoid valve and valve 4. It can be shown 
that theoretically: 

While it can thus be determined, very sophisticated ?ow 
measuring equipment or' analytical techniques would be 
necessary to evaluate the integral. To avoid this com 
plexity and cost, I have developed a two-step experi 
mental technique to determine the number of preset 
counts. 
The ?rst step requires the use of my dispensing and 

metering system with no preset counts in the counter. 
Two ?uid shots 0, and 02 are dispensed and then mea 
sured with one shot being twice that of the other, i.e., 2 
0, = 0;. These values are noted and recorded on a 
graph of the volume of the shots 0,,I as the Y axis and 
the values of a constant K; (where K; = O,,,/C,,,) times 
the actual number of counts C,,, as the X axis measure 
ment with [Cl] K3C1 corresponding to volume 0, and 
[0;] K ;C; to volume 02. A straight line is then drawn 
from the 0,, KgC, point to the 02, K3C‘4 point. This line 
will intersect the O,,,(Y axis) axis at a point 0,. The next 
step is to measure 0,, which is equal to the volume that 
[valve delays can be attributed to.] can be attributed to 
valve delays. This volume is converted into counts by 
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0,, = Apxdwhere Xdis the piston displacement or the 
number of preset counts, 11 = N,/r (OJ/AP). 

It is important to note that three of the four terms 
used in my two-step method are constant with Odbeing 
the only variable, N,, the pulse resolution in pulses/ 
radian, would be a characteristic of the sensor and a 
dimensionless number. Usually in an optical sensor, it 
would be equal to the number of light-transmitting areas 
of the graticules and be quite high (over 300). A, would 
have em2 dimension to indicate the area of piston 7. 
Knowing the value of r allows an operator to obtain 

an accurate reading by the sensor and a determination 
of n. However, in order to accurately determine what 
dimension r may and relate this value to the 
volume C,,,, the desired quantity of ?uid to be dis 
pensed, the leakage of ?uid (q) in the opposite direc 
tion past the piston 7 as it pumps ?uid must be consid 
ered. Every time piston rod 5 (or piston 7) is displaced 
a distance X, the wheel 9 with its radius r rotates 
through an angular displacement of 0 radians (where 211' 
radians = 360‘) 

Converting this to pulses from the encoder (n,,) the 
following is obtained: 

This would correspond to an actual metered volume, 
0,,,, taking into consideration leakage: 
[0,,I = APXP = q;_t,] 0,, = APXP — qL t,where qLis the 
leakage piston 7 and where t, (the time for each shot) t, 
= K| 0,,l 01' 

[0... = (A,X/1 + elm-1 

0,, = (4,1)”: + n In). a. 

If q, is assumed to have a constant value with each 
incremental movement of the piston 7, 0,, can be repre 
sented by 

To interrelate the symbols, r, A, q‘, and 0,,,, the desired 
amount of ?uid to dispense is arrived at by selecting a 
command number to represent this volume C,,,. 

C.- = NJXplr) or 

[II = N/clixf I 

r, = (IV/C") x, 

Substituting from equation (a) above, I get: 
r = [N,O,,(l + qLK1)/C,,, A,]; 

and since K; C," = 0m, 

1' = [Ks N-(1 + qLK?/AJ- b‘ 

In order to compensate for back leakage in the piston, 
the radius of r is increased from a value r, (which ne 
glects leakage) to a new value r; which takes leakage 
into consideration. To do this, a graph of a plot of the 
actual volume 0,, versus the desired volume K3 C,,l is 
made. With qL set to zero in equation (b) Above, r, is 
determined. Then two different shots of about double 
volumes (0; = 2 0,) are metered and plotted on the 
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graph and a straight line drawn between their points. By 
measuring the slope m of this line and using the relation 
ship [r2 = l/m r,, r; the increased radius] r; = (I/m) r], 
the increased radius r; may be determined. 

It is quite apparent that the back piston leakage qLand 
the valve delay errors both occur in an actual metering 
system and therefore both should be considered to 
gether rather than separately. To do this, a graph of the 
actual volume dispensed 0,, (Y axis) is plotted against 
the desired volume K; C,,, (X axis). The value of r, is 
calculated from equation (b) and, as was the case in 
considering leakage by itself, two shots (0, and 0;) are 
recorded with corresponding desired value K; C, and 
K,C;. A straight line from the two points 01, K3C1 and 
0;, K, C; can be represented by the general [equation: 
(c)] equation (C) = 0,, = m (K; Cm) + odwhere m is 
the line slope and Odits 0,, axis intersection. If the point 
values are substituted, the slope is: 

As before, the relationship [r2 = l/m r,] r; = (I/m) 
r, may be used to obtain: 

and to also compensate for valve delays, use equation 
(c) and the m relationship above to get: 

In pulse notation, the volume Odwould be equivalent to 
a number of pulses: 

This would give you the number of pulses J to put into 
the preset counter considering both leakage past the 
piston 7 and the valve delays due to the four-way 
solenoid valve that operates to control actuating piston 
10 and the dispensing valve 4. 
The total number of counts received from the [ses 

nor] sensor in any ?nite time interval is added to the 
preset counts J and the sum, in BCD or binary format, 
is [set] sent to the comparator as pulses C0. . .C3. 
FIGS. 1 and 2 illustrate the inputs to the comparator as 
wires (FIG. 3) and as pulses C0. . .C; with or without 
presets. As the name indicates, the comparator com 
pares the C pulses with a programmed number and if 
the two numbers are equal, generates a signal pulse (C 
= D) to actuate the solenoid valve. The programmed 
number may be a fixed predetermined number or, as 
will be described with reference to FIG. 5, a variable 
number that is a function of a signal whose value de 
pends on variables outside the heretofore described 
metering system. 

In my preferred embodiment, each of the four Fair 
child Model 9324 comparators are connected, one to 
each [of the C wires,] group of the CD — C3 wires, to 
the counter‘s leads with binary input representations. 
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Thus, 16 wires in all are connected to indicate decimal 
number from 0 to 9999 in BCD format as previously 
described. When the input C pulses from the counter 
and the programmable number, also in BCD in my 
example, are equal, an equality pulse (C = D) is sent to 
the meter memory to begin the shutoff operation of the 
metering cylinder. Enabling of the comparator is ac 
complished with the N signal from the meter memory 
(FIG. 3). The meter memory consists of a ?ip ?op with 
toggle input and a reset or clear input. Both the output 
(0) and the output [compliment] complement (Q) are 
used. At the time a clear pulse is generated, the 0 out 
put is set to Zero and the [compliment] complement to 
one. This resetting causes the interface driver to turn 
the driving piston solenoid four-way valve “off,” port 
ing oil to cause the metering piston 7 to retract and ?ll. 
A start pulse toggles the output Q to a one and the Q to 
a zero. The one output of the Q enables the preset 
counters to accept serial count inputs [M] B, and 
simultaneously the Zero of the Q output causes the 
interface driver to activate the driving solenoid valve 
“on” so that the metering piston 7 moves to dispense 
metered ?uid. At coincidence of the comparator, the 
equality pulse C = D is sent to an “or” gate input to the 
meter memory, causing the ?ip flop to toggle back to 
the previous state where Q is zero, disabling the counter 
(by pulse M) and when Q is one, turning the driving 
pump solenoid off. This de-energizing of the solenoid 
causes the valve to reverse the ?ow of oil in the driving 
actuator 10, forcing the metering pump 1 to fully re 
tract. When the metering pump is fully retracted, a limit 
switch S; on the member 10 is actuated causing the clear 
pulse generator to emit a clear pulse 0 which simulta 
neously clears and presets the counter and insures that 
the meter memory is reset. 
The interface drive circuit (FIG. 3) is used to change 

the low voltage DC current in the [memory meter] 
meter memory circuit to high power AC current to 
actuate the four-way solenoid valve. It also provides 
high impedance isolation between low voltage logic of 
the memory, comparator, and counter, and the high 
voltage of the solenoid actuating AC line. An optical 
interface as shown in FIG. 3 may be used. The memory 
output signal can be used to light a lamp 16 when Q is 
a one. This lamp l6 actuates a photocell 17 in a triac 
gate circuit to trigger the triac off. This triac (bidirec 
tion triode thyristor) gate circuit consists of photocell 
17, capacitor 18, triac 20, diac 19 (bilateral trigger di 
ode), and disc capacitor 21. With the lamp off, the pho 
tocell resistance rises, raising the RC node 22 voltage, 
causing the diac 19 to conduct, turning the triac 20 on, 
resulting in AC current ?ow through the solenoid 23. A 
small 0.001 microfarad disc capacitor 21 across the 
photocell reduces the line transient ability to falsely 
trigger the triac and solenoid. 
The basic operation of the FIG. 1 metering system 

and pulse diagram (FIG. 2) as well as the FIG. 3 circuit 
diagram should be understood. The first step in the 
operation of a metering system is to apply electrical 
power to the control system, and hydraulic power to 
the ?uid system. At the time of turn “on” of the electri 
cal system, the initial conditions of the meter memory 
and preset counter may be other than a desired start 
condition, so the depression of the manual clear switch 
S; will generate a clear pulse to reset the meter memory, 
and preset the proper binary-coded decimal number 
into the preset counter. This prepares the entire system 
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for proper operation. Prior to metering, the command 
inputs to the comparator are put in by a manual switch, 
or automatic electronic equipment having a compatible 
coding system. To meter the commanded volume of 
material, the start switch S1 is activated, causing the 
debounce circuit to generate a clean pulse which is sent 
to the or input of the meter memory. This pulse causes 
the meter memory to simultaneously enable the preset 
counter, and via the interface driver, cause the solenoid 
valve to be activated, porting ?uid into the driving 
cylinder 40 of linear actuator 10, so as to [being] begin 
the metering of ?uid. As the driving cylinder 40 pushes 
the metering piston 7, the transducer wheel 9 rotates the 
shaft encoder, generating pulses for incremental move 
ments of the metering cylinder 39 of pump 1. The rela 
tionship of the number of pulses to a metered quantity is 
effected by the constant piston area, and the radius of 
the transducer wheel 9, in combination with the resolu 
tion of the black and clear areas on the moving part of 
the shaft encoder. [the] The pulses from the shaft 
encoder are shaped in the pulse shaper, and fed to the 
preset counter, which changes the serial [pusles] 
pulses into an accumulated parallel BCD format, accept 
able to the comparator unit. Since the comparator was 
enabled at the time the meter memory turned on, the 
comparator unit is constantly comparing the command 
inputs against the condition of the preset counter. Ini 
tially, the command input magnitude will be greater 
than that of the preset counter, so that as pulses are 
added to the counter, an equality between the command 
and the preset counter numbers will exist. 
At the time of that equality, the final stage of the 

comparator generates a coincidence signal C = D 
which goes back to the “or” input of the meter memory, 
resetting it to the off position. This resetting of the 
meter memory simultaneously disables the counter and 
comparator and turns the driver piston solenoid valve 
off, stopping the metering of ?uid from the metering 
cylinder. The solenoid valve’s actuation thus controls 
actuation of the dispensing valve 4 by controlling the 
movement of the piston rod 5. This is explained by 
looking at the sequence of events at the time of and 
immediately after the solenoid valve is shut off to stop 
the forward movement of piston 7. At the instant the 
solenoid valve is ?rst actuated by the equality pulse, 
two oppositely-directed resultant forces are acting on 
the dispensing ball valve 4. One is the spring biasing 
force attempting to close the valve and shut off ?uid 
?ow and the other is the force of the pressurized ?uid 
being pumped from pump 1. Initially, the latter of these 
two forces will predominate to cause fluid to be dis 
pensed; however, when the piston 7 stops its forward 
motion, this force will decrease as ?uid is dispensed for 
a time interval until the spring biasing force predomi 
nates to cause the valve 4 to shut off. This delay that 
compensates for the time it takes valve 4 to shut down 
after the equality signal actuates the solenoid valve is 
one of the two valve delays taken into consideration. 
Because the counter was preset with a number of pulses 
J equivalent to the dispensing valve and solenoid valve 
turn-off time, the electrical coincidence occurs that 
many pulses before the desired amount of material has 
been metered, but the delay time, in turning the dispens 
ing valve and solenoid off, causes the extra material to 
be metered, resulting in the desired volume at the out 
put. 

Since the solenoid valve has returned to its original 
position, oil is ported in the opposite direction to the 
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driving cylinder 40, such that it retracts the metering 
cylinder 39, causing the metering cylinder to re?ll in 
preparation for the next shot. At the time the metering 
cylinder is completely retracted, a manual limit switch 
S3 is activated by the member 28 on the piston connec 
tion shaft, to generate a clear pulse which clears the 
accumulated number from the preset counter, reloads 
the valve delay preset number, and simultaneously 
sends a clear pulse to the meter memory to insure that it 
is returned to the off condition. 
The ?uid dispensed from pump 1 can be under very 

little or a large amount of pressure and can be used for 
many purposes. It can be used to fill containers, bottles, 
or other objects. If under enough pressure (over 100 
psi), the ?uid dispensed from dispenser 3 can be used 
without atomizing air to inject objects. In such a case, 
dispenser 3 would act as an injector. For example, ?uid 
additives or preservatives from reservoir 2 may be in 
jected into objects such as meat or poultry products. 
This latter use may be accomplished with an airless 
injection system, to minimize [skir] skin breakage and 
maximize the dispersing of the injected ?uid. The object 
shown in FIG. 5 represents a fowl, such as a turkey, that 
is being injected with a liquid additive by an injector. 
The amount of ?uid injected is based on the weight of 
the fowl. 
The modi?cation to the previously described system 

GIGS. 14) that is shown in FIG. 5 has two basic func 
tions that it performs in addition to whatever functions 
the system of FIG. 1 performs. First, in place of the 
electronic programmer inputted to the comparator as 

‘ pulse D, it inputs‘ an input signal D’ that indicates some 
measurable characteristic of an object external to the 
?uid metering system. Second, the FIG. 5 system can 
move the object, like the fowl which is shown, into 
which ?uid is being dispensed or injected relative to the 
dispenser based upon the same measuring signal D’. 
As many of the elements of FIG. 5 are the same as 

and perform the same functions as the FIG. 1 elements, 
the same numbers with a prime notation will be used to 
designate these common elements. For example, 1' is 
the positive displacement dispensing pump, 7’ its mov 
able piston, 8’ the sensor, 9' the encoder wheel, 5’ the 
piston rod, etc. Similarly, the pulses A, B, C, D, and J 
have their counterparts A’, B’, C’, D’, and J’ in FIG. 5. 
A characteristic measuring device, like the weighing 

scale of FIG. 5, measures a characteristic of an object, 
for example, its weight, and sends a signal D’ corre 
sponding thereto to the comparator. The comparator as 
in the FIG. 1 embodiment, compares this D’ signal with 
a signal C’ that represents the sum of the counts from 
the valve delay preset J’ and total pulses B’ from a pulse 
shaper. The pulse shaper pulses are received from an 
encoder and wheel 9' that form a sensor 8'. 
When pulse C’ = D’, the memory and interface 

driver are actuated to shut off the four-way solenoid 
valve which controls linear actuator 10’. As was de 
scribed in detail heretofore with respect to the FIG. 1 
system, the number of preset counts that is used to par 
tially determine C‘ takes into consideration piston leak 
age (in determining the radius of wheel 9’) as well as the 
delay time lags for the solenoid valve and dispensing 
valve 4’. 
The other additional function the FIG. 5 system per 

forms is to position the object by using the same measur 
able characteristic indicating signal D'. In the preferred 
embodiment, this positioning is accomplished by using a 
positive displacement single-acting hydraulic linear 



Re. 29,495 
11 

actuator 24 that has a movable piston rod 25 and a pis 
ton 26. A center-off four-way solenoid valve actuates 
member 24 by hydraulic oil pressure to move the scale 
that is ?xed to piston rod 25 in a vertical direction. An 
optical sensor comprising a wheel 27 and encoder func 
tions like the sensors 8 and 8' of FIGS. 1 and 5 to sense 
the movement of piston rod 25 and thereby control the 
associated solenoid valve. 
Many of the circuit elements which perform the posi 

tioning function of FIG. 5 are very similar to their 
metering counterparts in FIG. 1. By placing an object 
on the scale, a load cell is actuated that results in a BCD 
signal D' being sent to both of the comparators shown. 
This signal may be directly related to the weight of the 
object or any ?xed percentage of its weight through 
proper scaling of the sensor wheel radius. In one work 
ing embodiment, the signal D‘ indicates a percentage of 
the weight of a fowl that is to be injected with a food 
additive. If the circuit has been set in operation by press 
ing the start button, the solenoid valve will lower the 
object into which ?uid will be dispensed. As piston 25 
makes incremental vertical movements, the encoder 
wheel 27 rotates. The encoder sends a signal E to its 
pulse shaper which, in turn, transmits a shaped signal F. 
The signal pulses from E and F are thus representative 
of incremental movements of piston rod 25. A preset 
counter then sums the preset counts K and total number 
of F signal counts in a ?nite time interval and generates 
a pulse G. The comparator compares pulses G and D‘ 
and, if equal, generates an equality pulse which resets 
the drop memory turning off the solenoid valve by 
signal H to the interface driver circuit and signal 1 to 
the valve. When the solenoid valve is turned off, hy 
draulic actuator 24 and its rod 25 do not move which 
results in the object being ?xed in position relative to 
the dispenser 3'. 
Once the drop memory has deactivated the interface 

driver by signal H, the meter memory of the metering 
system, which is the counterpart to the FIG. 1 embodi 
ment, is activated to cause its interface driver to actuate 
the solenoid valve of actuating piston 6'. Fluid is then 
dispensed by dispenser 3' in response to the movement 
of piston rod 5’. The sensor 8' senses this movement and 
sends serial pulses A’ to the pulse shaper which gener 
ates serial pulses B’ that are sent to the preset counter. 
As was the case in the FIG. 1 embodiment, the counter 
adds a valve delay compensating count J‘ to the total 
number of B‘ counts and converts the sum to binary 
notation — here BCD. Signal C‘ represents this [pare] 
lel] parallel binary pulse which is sent to the compara 
tor. The comparator examines the pulses C’ and the 
pulses D‘, representing in BCD format a measurable 
characteristic (weight) of the object, and if there is 
coincidence, the meter memory is activated. This causes 
the interface driver circuit and four-way solenoid valve 
to be shut off. When the solenoid valve of hydraulic 
linear actuator 10' is shut off, the piston rod 5' moves to 
the right in FIG. 5. This movement is caused by the 
movement of the solenoid valve that now places greater 
pressure on the left face of piston 6'. A limiting switch 
S3’ is activated when it is tripped by a member 28’ rig 
idly attached to the piston rod. This activation clears 
the preset counters of the metering and position circuits 
and the meter memory and drop memory via the inter 
face driver and pulse L and actuator 24 piston extends 
to the start position to set the entire system up for a new 
sequence of operation. The FIG. 1 counter parts would 
perform in a similar manner except that when member 
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12 
28 causes switch S3 to be actuated, only the preset 
counter and the meter memory would be cleared. 
One of the circuits, useable in both the FIG. 1 and 

FIG. 5 embodiments, is the input de-bounce circuit. 
Two of these circuits are shown in FIG. 3. Each con 
sists of four nand gates, two [pull] pull-up resistors 41 
and 42, and a capacitor. The nand gates are designated 
by the numbers 29 to 32 and 34 and 37, inclusive and the 
capacitors by numbers 33 and 38. The function of these 
circuits is to smooth out electrical transitions inputted 
to the logic system to prevent the sensitive logic circuits 
from being activated from each variation in the input 
voltage due to the switch contact bounce from switches 
51 and 5;. They act to generate one pulse during the 
time of initial variation so that the meter memory and 
other circuit elements are actuated only once and not 
during each input pulse variation. 
The particular circuit elements may, of course, be 

varied without departing from the basic concepts of my 
invention. Changes may also be made in the sensor 
including the optical sensor that was described or the 
type of circuit logic used as well as the type of pump 
employed. Further, the type of measuring apparatus 
need not be a scale to weigh an object as shown in FIG. 
5. It could be a device that measures the dimensions of 
an object, or its density, or its color or any other mea 
surable character or combination thereof. None of these 
changes should be used to limit or otherwise restrict the 
scope of my invention which is set forth in the follow 
ing claims. 

I claim: 
1. A ?uid metering system comprising: 
a positive displacement pump having a movable and 

reciprocable piston; 
a high resolution sensing means for sensing piston 
movement during a ?nite time interval and sending 
a series of ?rst electrical signals in response to said 
movement; 

a preset counting means operatively associated with 
said sensing means to receive and count the number 
of ?rst signals in said time interval and add to them 
a preset number of counts to obtain a total; 

a comparator means for receiving and comparing the 
total signals in said counter means with a program 
mable number and emitting a second electrical 
signal when their values are equal; and 

means to control piston movement in response to said 
second signal from said comparator; and 

a dispensing means with a valve, operatively asso 
ciated with said control means and pump for dis 
pensing a predetermined volume of fluid in re 
sponse to said control means. 

2. The system of claim 1 wherein said sensing means 
comprises a light-sensitive element to sense linear 
movement of said piston. 

3. The system of claim 1 wherein said ?rst electrical 
serial signals are changed to parallel binary-coded num 
bers within said counting means; and 

said preset number is also binary-coded and has its 
value determined by taking into consideration time 
lags that occur during the system operation. 

4. The system of claim 1 wherein said dispensing 
valve is a normally closed valve and said preset counter 
value takes into consideration the time lag caused by 
said valve operation by adding a time equivalent num 
ber of signals to the signal number which corresponds 
to the total number of ?rst signals emitted by said sens 
ing device. ' 
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5. The system claim 1 claim wherein' said ?rst electri 
cal serial signals are changed to parallel biilaryécoded 
decimal numbers within said counting meansi'and ‘ 

said preset number is also binary-coded decimal num 
bers and has its value determined by taking into 
consideration time lags that occur during the sys 
tem operation. 

6. The system of claim 1 wherein the sensing means 
comprises: 

a light-sensitive transducer to receive light rays and 
convert them to electrical signals; 

a digital position sensor movable with said piston 
movement and having a plurality of equally-spaced 
light-transmitting areas; and 

a source of light to transmit light rays through said 
digital sensor to said transducer to cause said ?rst 
signals to be emitted seriatim as light rays are trans 
mitted through said areas. 

7. The system of claim 6 wherein there are at least 40 
light-transmitting areas per inch. 

8. The system of claim 1 wherein said high resolution 
sensing means can sense piston incremental movements 
of less than 0.1 inch and said preset counting means can 
count at least 1000 counts per second. 

9. The system of claim 1 wherein said control means 
comprises a solenoid actuated valve. 

10. A ?uid metering system comprising: 
a characteristic measuring apparatus with means to 

indicate a measurable characteristic of an object of 
sending an electrical-indicating signal correspond 
ing thereto; 

a positive displacement pump having a movable pis 
ton; 

a high resolution sensing means for sensing piston 
movement during a ?nite time interval and sending 
a series of ?rst electrical signals in response to said 
movement; 

a preset counting means operatively associated with 
said sensing means to receive and count the number 
of ?rst signals in said time interval and add to said 
total number of ?rst signals a preset number of 
counts to obtain a total; 

a comparator means for receiving and comparing the 
total number of signals in said counter means with 
said electrical-indicating signal and emitting a sec 
ond electrical signal when their values are equal; 
means to control piston movement in response to 
said second signal from said comparator; and 
dispensing means with a valve, operatively asso 
ciated with said control means and pump for dis 
pensing a predetermined volume of ?uid in re 
sponse to said control means. 

11. The system of claim 10 wherein said characteristic 
measuring apparatus is a scale and said electrical indi 
cating signal corresponds to the weight of an object on 
said scale. 

12. The system of claim 10 wherein said sensing 
means comprises a light-sensitive element to sense linear 
movement of said piston. 

13. The system of claim 10 wherein said ?rst electri 
cal serial signals are changed to parallel binary-coded 
numbers within said counting means; and 

said preset number is also binary-coded and has its 
value determined by taking into consideration time 
lags that occur during the system operation. 

14. The system of claim 10 wherein said dispensing 
valve is a normally closed valve and said preset counter 
value takes into consideration the time lag caused by 
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said valve operation by adding a time equivalent num 
ber of signals to the signal number which corresponds 
to the total number of ?rst signals emitted by said sens 
ing device. 

15. The system of claim 10 wherein said ?rst electri 
cal serial signals are changed to parallel binary-coded 
decimal numbers within said counting means; and 

said preset number is also binary-coded decimal num 
bers and has its value determined by taking into 
consideration time lags that occur during the sys 
tem operation. 

16. The system of claim 10 wherein the sensing means 
comprises: 

a light-sensitive transducer to receive light rays and 
convert them to electrical signals; 

a digital position sensor movable with said piston 
movement and having a plurality of equally-spaced 
light-transmitting areas; and a source of light to 
transmit light rays through said digital sensor to 
said transducer to cause said ?rst signals to be emit 
ted seriatim as light rays are transmitted through 
said areas. 

17. The system of claim 16 wherein there are at least 
40 light-transmitting areas per inch. 

18. The system of claim 10 wherein said highly reso 
lution sensing means can sense piston incremental 
movements of less than 0.1 inch and said preset count 
ing means can count at least 1000 counts per second. 

19. The system of claim 10 including means to posi 
tion said object with respect to said dispensing means 
based upon said indicating signal. 

20. The system of claim 11 wherein the object on said 
scale is a fowl to be injected with liquid additive, in 
which said dispensing means is an injector, and in which 
said system is employed to control the amount of liquid 
additive injected into the fowl in accordance with the 
weight of the fowl. 

21. The system of claim 20 including means to posi 
tion the fowl with respect to the injector based upon 
said indicating signal. 

22. The system of claim 10 wherein said control 
means comprises a solenoid actuated valve. 

23. A method of operating a fluid-metering system 
comprising the step of: 

sensing incremental movement of a positive displace 
ment pump piston and coverting said movement 
into electrical serial pulses; 

counting the number of serial pulses received during 
a ?nite time interval and adding to this total a pre 
set number of counts to compensate for delays 
within the system; 

comparing the total number of serial and preset 
counts with a programmable number and generat 
ing an equality pulse if they are equal; and 

[acutating] actuating a valve within a dispensing 
means in response to said equality pulse. 

24. The method of claim 23 including the step of 
converting the total number of serial pulses and preset 
counts into a binary-coded number before the compar 
ing step. 

25. The method of claim 23 including the step of 
converting the total number of serial pulses and preset 
counts into a binary-coded decimal number before the 
comparing step. 

26. The method of claim 23 including the step of 
measuring a characteristic of an object and generating 
an electrical pulse in response thereto to act as the pro 
grammable number. 
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27. The method of claim 26 including the step of 
positioning an object relative to a dispenser outlet in 
response to the same electrical pulse generated by the 
measuring characteristic step. 

28. The method of claim 23 wherein the sensing step 
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includes the step of moving a light-transmitting area 
relative to a light-sensitive transducer to obtain said 
electrical serial pulses. 


