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Harold L. Shields, Cuyahoga Falls, and James A. Goda,
Akron,- Ohio, assignors to Rogers and Ake Company,
Akron, Ohio, a corporation of Chio
Filed Mar. 39, 1969, Ser. Ne. 18,640
. 11 Claims, (C!. 177—25)

' The present invention relates to data compilation.
More particularly, the invention relates to the measure-
ment, computation, indication and recording of opera-
tional information from fiow type processing systems.
Specifically, the preferred form of the invention relates
to a dry material -process, such as grain milling, operated
continuously with measuring; computing, indicating and
recording of various kinds of information to determine
product yields.

Many dry material milling processes, or similar- con-
tinuous flow processing systems, comprise or require per-
formance of ‘a series of interrelated and independent op-
erations or procedures designed and-intended to produce
a number of products, intermediates and by-products from
one or more starting materials. ~ Since the products and
by-products may differ significantly in economic value, it
is important that such processing systems be operated
in the most efficient marnmner to produce the more valuable
products in the gxeatest amounts consistent with quality
specifications.

Normally, the operator of such a processing system re-

lies on his skill and experience to control the system
in the most efficient manner. The starting materials and
various products may be individually weighed or meas-
ured and the rates or cumulative iotals recorded:. At
various times the operator may have access to this in-
formation and, by arithmetic' means, determine any spe-
cific data for a single instance or for a given period of
time. As often occurs, clearical personnel wiil determire
the processing efficiency for cost accounting purposes and
the operator will be informed only at a later-time when
the value of such data is greatly reduced and the op-
portunity for immediate control correction has passed.

Accordingly, it is the principal object of the present in-
vention to make continuously available to" the ‘process
superivsor or operator any and all data pertinent to rates
and ratios of the starting materials, products, by-products
and losses or shrinkage.

In a flow processing system, the starting materials, prod-
ucts and by-products may be weighed or measured as to
quantity to provide information for operational control;
and such information should immediately be transformed
into  analogous signals proportional to or representing
the several rates of flow. However; the. starting ma-
terials, products and by-products may move into or out
of a processing system in continuous streams, or in batches
or in lots of constant measured at recurrent intervals
of time. Many known systems employ a combination
of batch and continuous flow techniques.

Therefore, it is another object of the invention to pro-'

vide for compilation of operational data on a continuous
flow, batch flow ‘or a combination of both techniques in
a single processing system.

The starting materials, products, intermediates and by-
products moving into and out of a processing system are
measured (as to weight, volume, density, etc.) by any
of several different types of equipment.
may be mechanical, - electrical, pneumatic or hydraulic
units with the desired measurement being expressed in
any of several different forms. To provide for immedi-
ate utilization of operational data, it is still another object
of the invention to provide for compilation of data from
a variety of measurement units and in different forms.

Such equipment .
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“means -and are combined for computation.

2

These and other objects of the invention as well as ad-
ditional advantages of the invention will be apparent in
view of the following ‘description of the invention and
the -attached drawings: depicting a preferred form of the
invention.

In the drawings

FIG. 1 is a schematic block and flow diagram of a
milling or processing system and the installation of ‘com-
ponents for the compilation of data therefrom according

‘to the invention;

FIG. 2 is a more detailed schematlc showing of various
components of the data compiling installation of FIG. 1;

FIG. 3 is a schematic showing of a mechanical com-
ponent of the data compiling installation of FIG. 1;

FIG. 4 shows another form' for the mechanical com-
ponent of FIG. 3 (a modification within the area indicated
by chain lines in FIG. 3);

FIG. 5 is a schematic showing of an electrical com- N
ponent of the data compiling installation of FIG. 1; and

FIG. 6 shows a modified form of the electrical com-.
ponent of FIG. 5.

In general, the invention relates to a combination’ of
apparatus components which function cooperatively to
complle operational information from a flow type pro-
cessing system. The quantity of “starting materials” en-
tering the processing system, and. “product materials”
(mcludmg products, intermediates and by-products).leav-
1ng the system are meastred, as by weighing. Each meas-
uring means has a transducer means for converting the
respective quantities of materials to a corresponding num-
ber of constant or digital électrical impulses. The trans-

“ducer signals for each material are transmitted to me-

chanical computer units and are expressed as rates of
material flow in the form of variable or analog electrical
signals from adjustable potentiometers.  The potentiom-
eter signals are selectively directed to stabilized amplifier
The signal
outputs from the amphﬁer means are indicated by cali-
brated meters to give readings .of the desired operational
information.

The starting material “F” may be a fluent material
such as a cereal grain. During milling or passage through
the processing system, the material F may be cleaned; de-
hulled, flaked, ground, screened, aspirated or subjected to
other operations and procedures, to secure a desired re-
sult. For purposes of illustration, the processing ‘sys-
tem is considered ‘as producing three products; a most.
valuable product: “A”; an average valuable product “B”;
and a ‘least valuable product “C.” . If material F were
corn, A ‘would be hominy grits; B would be corn meal,
and C would be flour,

During processing. there is also produced a more valu-
able by-product “Y,” and a less valuable by-product “Z.”
Also, Joss or shrinkage of material F, indicated at “S,”
would have a bearing on efficiency of operation. - If ma-
terial F were corn, Y would be corn germ meal and Z
would be hominy feed. S (loss) would be attributable

to spﬂlaoe, reduction in moisture content removal of dust

and fines, etc.
As an example, the percent yield of a processing system

" for milling corn, when operated in ‘the most efficient man-
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ner, ‘should be:

Table a
" Material symbol (F=100%) Percent yield
! A e L 35
B o 22
G o 15
Y 16
/S O S S 10
S L S 2
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To effectively control the processing system, the oper-
ator should have readily available the foilowing informa-
tion:

X 100; 5

Product Yield (percent) =A+—§ﬂ’y

Premium Product (Percent) = X 100; and

A4
A+B+C

&

fier 36 pass through the relay 32 to a third mechanical
computer 43.
- The signal from the F or starting material scale switch
29 may be relayed or amplified, if required, but as shown
in FIG. 2, the signal passes directly to a fourth mechani-
cal computer 44.

In the embodiment of the invention illustrated, the sev-
eral periodically recurring transducer signals from the six

_ scale switches (20-25) are transmitted as follows: switch

Process Loss (or gain) S=F—(A+B+C+Y+Z)

Using the values of Table a, a good Product Yield=
72%. Assuming-that the ratio of the three products is
A=48.6%, B=31.6% and C=20.8%, the Premium
Product=48.6%.

Referring to FIG. 1, the material F is weighed by an
entry scale 10. The scales 11, 12 and 13 are for products
A, B and C, respectively. The scales 14 and 15 are for
by-products Y and Z, respectively. The scales 18-18,
are conventional automatic dumping scales such as man-
ufactured by the Richardson Scale Company. Each scale ~
is equipped with a transducer means whereby the num-
ber of pounds of material which collect in the scale hop-
per and are dumped, that is, each batch or the quantity
of material which passes through the scales per unit of
time, is converted to a corresponding number of elec-
trical impulses per unit of time.  In the exemplary data,
it is assumed that scale 1@ trips at 100 pounds and scales
11-15 each trip at 50 pounds.

The transducer means associated with scales 1615 are
conventional electrical momentary contact switches such
as manufactured by Electro-Snap (#ES4-KM6). The
scale switch, the three product switches, and the two by-
product switches are indicated at 28, 21, 22, 23, 24 and
25, respectively. :

In the exemplary data, if the processing system for
milling corn has a capacity of 2,000 cwt. per 24 hours, the
scales 16-15 and associated switches 26-25 would dump
and actuate as follows:
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Table b
Scale Time
Pounds/ | Trips/ | Between | Symbol
Minute | Hour r%cgle
TIPS
P 45
Seale 10-Switch 20. 200 F
Scale 11-8witch 21 70 LA
Seale 12-Switch 22 44 B
Scale 13-Switch 23___ 30
Seale 14-Switch 24___ 32 Y
Scale 15-Switch 25... 20 Z 50
7 [ 2 PN s

Digital transducer signals derived from actuation of the
scale switches 21-25 are directed to a set of relays and
combined in a unidirectional manner to provide analogue
signals for compilation of data required by the operator.
The preferred form of the invention employs three relays
indicated -at 38, 31 and 32. Relays 30-32 are conven-
tional D.C., such as manufaciured by Automatic Electric
(#7-20155-1) and are energized from a suitable power
source (not shown).

Referring to FIG. 2, relay 30 connects to the A product
scale switch 21. The direct current signal from switch 21
passes through relay 38 to the terminal block 4¢ of a
mechanical computer unit 41. A signal from switch 21
is also directed as at 33 to the input of a conventional
rectifier 34. Relay 31 connects directly to the B and C
product. scale switches 22 and 23. The direct current
signals from switches 22 and 23 and the output of rectifier
34 pass through relay 31 to a second mechanical com-
puter 42. The signals from switches 22 and 23 and recti-
fier 34 are also directed as at 35 to the input of a second
rectifier 36. Relay 32 connscts directly to the Y and Z
product- scale switches, 24 and 25. The direct current
signals from switches 24 and 25 and the output of recti-
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20 (F), to computer unit 44; switch 21 (A), to com-
puter unit 41; switches 22 and 23 (B and C), to computer
mit 42; switches 24 and 25 (Y and Z) to computer unit
43. Additionally, the signal from switch 21 has also been
transmitted to units 42 and 43; and the signal from
switches 22 and 23 has also been transmitted to unit 43.

The mechanical computers 4144 express the several
periodically recurring transducer signals from switches 28—
25 as rates of material flow in a form usable for elec-
tronic computation. Thus, the signal output of unit 41 is
analogous to the exit flow of A; the output of unit 42 is
analogous to the exit flow of A+B--C; the output of unit
43 is analogous to the exit flow of A-+B+C+Y-+-Z; and
the output of unit 44 is analogous to the entry flow of the
starting material F.

In the preferred form of the invention, the mechanical-
computers 41-44 are as disclosed and claimed in the co-
pending application of Charles  E. Rogers, Szrial Mo.
638,399, filed February 5, 1957 now abandoned, and re-
placed by continuation application Serial Mo. 211,945,
filed July 17, 1962; to which reference is made for such
further details as' may be required io more fully under-
stand the invention. Units of apparatus embodying the
concepts of application Serial No. 638,399 are distributed
commercially under the trade name “Unilog” by Rogers
and Ake Co., Akron, Okio, who are also assignees of the
present invention. ‘

Referring to FIG. 3, each unit 41-44 has. an axially
mounted relatively large diameter disc 46, a threaded
shaft 48 mounted radially of the rotational axis of the
disc 46, and, a smaller diameter disc 50 provided with
an axial hub 51 having internal threads continuously
engaging the threads of shaft 48 and an outer surface 52
in centinuous frictional contact with the surface of
disc 46.

The disc 46 is driven by a suitable means such as a
synchroncus motor 53 to provide a mechanical force on
the outer surface 82 of disc 58. Both ends of shaft 48
are journaled as in stanchions 54 set 180° apart on oppo-
site sides of the disc 46 so that the longitudinal axig of
the shaft intersects the rotational axis of the disc at sub-
stantially right angles. The shaft 48 is driven by a suit-
able intermittently actuated meaus such as a rotary sole-
noid 55 so that the angularly displaced shaft threads pro-
vide a mechanical force against the hub 5% of the small
disc 59. The hub 51 is provided with a bracket 56 hav-
ing clevis-like lower ends. The upper portion of bracket
56 carries a horizontal rack segment 57 of any desired
length,

The synchronous motors 53 of each unit 41-44 are
rotated at a constant speed to provide the denominator
(y) of a rate calculation. The solenoids 55 of each unit
41-44 are rotated a preselected number of degrees per
each transducer signal received through terniinal block 49
to provide the numerator (x) of a rate caiculation. Rate
(x/y). is determined by a force equivalent to x which is
applied as power to shaft 48 and tends to move the small
disc laterally. This motion is mechanically opposed by
a constant force equivalent to y. -When these forces are
in balance, a rate, that is, the ratio of x to y or x/y has
been established.

The rate of product flow as established by the position
of the small disc 59 in each unit 41-44 is indicated and
expressed as an electrical signal by adjustable potentiom~
eters having a variable output voltage. FIG. 3 depicts
the computer units designated as 41 and 43 in FIG. 2.
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These units establish the rate of 4/y and
’ (A+B+C+Y+2Z)/y

respectively. 'In this form, the teeth of each rack seg-
ment 57 mesh with a pinion 58 on the adjusting shaft of
a single potentiometer 6.

Referring to FIG. 4, the computer units 42 ‘and 44
establish the rate of (4-+B-+C)/y and F/y, respectively.
Additionally, unit 42 supplies a rate signal for the com-
putation A4/(A4-+B~+C) and unit 44 supplies a signal for
the computation (4A4B-C)/F. = Accordingly, in units
42 and 44, the teeth of a lengthened gear segment 57’
mesh with pinions 59 on the adjusting shafts of two vari-
able output voltage potentiometers 61 and 62.

In the preferred form of the invention, the variable
electrical signals from the potentiometers 60-62 are selec-
tively combined in three amplifiers 71, 72 and 73 to per-
form the desired ‘computations. - The. amplifiers 71-73
are conventional stabilized amplifiers such as manufac-
tured by Philbrick (#USA~3-M3) or- equivalent. The
amplifier 71 performs the computation A/(4-+B-+C).
The rate of product A exit flow transmitted from poten-
tiometer 60 in unit 41 is multiplied by the reciprocal of

5
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through a resistor ‘77 to the input terminal 78 of the
amplifier 73. - The negative voltage signal from poten-
tiometer 60 in unit 43-is also transmitted through resistor
79 to the input terminal 78. The opposite polarity sig-
nals are combined and the output potential from terminal
88 is F—(A-+B+C+Y--Z) and when indicated at a
suitably calibrated meter 93 will give a reading. of unit
loss, or S.. A stabilizing resistor 81 is inserted between
output terminal 80 and the input terminal 78.

By way of example, the components of apparatus de-
scribed above may be operated as follows:

Each motor 53 may be adjusted to rotate each large
disc 46 at 15 revolutions per hour.. Each solenoid 55 of
the mechanical unit 41-43 may be adjusted to rotate each
threaded shaft 45° for each transducer signal received
through a terminal block 40. The solenoid of unit 44
would then rotate 'its threaded shaft 58, 90° for each
transducer signal.  Each of the poténtiometers 60 and 61 .
may have a signal output in the range zero to 30 volts.
Assuming that one (1) volt signal output from the poten-
tiometers 60 and 61 is equal to 8 Ibs. of material per
minute, the data of Table b would be expressed as follows
at the appropriate meter 91-93.

Table -C
Qutput Signal Applied Voltage | Signal Meter and
: Voltage Reading
Unit 41-(scale 11, switch 21) Pot. 60._.__ Al 4-30..2 8.75 | [A/A+B+C)
Unit 42-(scale 11, switch 21) Pot. 62...- JA+B+C) o aean Output, Am- - “j__.__. . Meter 91, 48.6%,.
plifier 71. .
Unit 42-(scales 11, 12 and 13, switches | A4B4+C. ... 80 ool 18 [A+B+C/T]
21, 22 and 23) Pot
Unit 44-(scale 10, switeh 10) Pot. 62_.... YR il Outpat Am- - |.oceoio Meter 92, 72%.
plifier 72. .
‘Unit 44—(sca1e‘10, switeh 10) Pot. 61 I -+-30. 25 [F—A+4B+4-C
\ +Y+21=8
Unit 43-(scales 11, 12,13, 14 and 15, | A+B+HCHY+Z. | =80, .. iooios 24,51 | Meter 93, 2%.
switches 21, 22, 23 24 and 25) Pot. 60.

the rate of products 4--B--C exit flow transmitted from
potentiometer 62 in unit 42. The amplifier 72 performs
the computation (A+B+C)/F. The rate of product
A-+-B--C exit flow transmitted from potentiometer 61 in
“unit 42 is multiplied by the reciprocal of the entry flow

45

of the starting material F transmitted from potentiometer -

62 in unit 44.  The amplifier 72 performs the computa-
tion F—(A-++B4-C+Y+Z). The entry flow of the
starting material F from potentiometer 61.in unitf 44, ex-
pressed as a positive potential, is opposed by the rate of
products A+B+C+Y+Z exit flow transmitted  from
potentiometer - 60 in unit 43, expressed as a negatwe
potential.

~ Referring to FIG. 5, the output from potentxometer 60
in unit 41 is transmitted  through a resistor 74 to: the
input terminal 75 of the amplifier 71. = The ouiput poten-
tial of the amplifier is applied from terminal 76 to an indi-
cating meter 91.  The output potential from terminal 76
is also applied to the potentiometer 62 in unit 42 and the
output therefrom is fed back as 1/(4-B+4C) through a
resistor - 77, matching resistor 74, to the input terminal
75. ‘Thus, the output indicated at meter 21 when suit-
ably calibrated will indicate or express

A/(A+-B+C) X 100

to give a reading ‘'of premium product percent.

Referring still to FIG. -5, the second amplifier 72 s
similar to.amplifier 71. The.output from potentiometer
61 in unit 42 is multiplied by the ‘output from: poten-
tiometer 62 in unit 44, Thus, the cutput of amplifier 72
is (4+B-+-C)/F and when transmltted to a suitably cali-
‘brated meter 92 will indicate product yield.

Referring to FIG. 6, the output from potenuometer 61
in unit-44 (expressed as a positive:voltage) is transmitted

50
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‘Although the concepts of the invention have been de-
scribed and illustrated in conjunction with a grain milling
process, it will be apparent that the invention has other
applications. Accordingly, the scope of the invention
should be limited only by the claims which are intended
to include use of the concepts thereof for data compila-
tion from any flow type processing system in which the
amounts of starting materials, products, intermediates or
by-products may be determined and.converted to a d1g1ta1
transducer signal.

‘What is claimed is:

1. Apparatus for compilation of operational informa-
tion -from a flow type processing system, comprising,
means for measuring unit quantities of starting and prod-
uct materials entering and leaving said system, trans-
ducer means with each of said measuring means for con-
verting said unit quantities of materials to a correspond--
ing number of digital impulses, mechanical means for
converting said- digital transducer impulses to rates of
material flow, potentiometer means with said mechanical
means for expressing said rates of flow as variable analog
signals, stabilized amplifier means for selectively: com-
bining said- analog signals, and calibrating means for in-
dicating the output of said amplifier means.

2. Apparatus for compilation of operational informa-
tion from a flow type processing system, comprising,
means for batch' weighing the starting ‘and product mate-
rials entering and leaving said system, transducer means

with each of said weighing means for converting -unit
weights of material to a corresponding number of digital
impulses, mechanical means for converting said digital
transducer impulses to rates of material flow, potentiom-
eter means with said mechanical means for expressing said
rates of flow as variable analog signals, stabilized am-
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7
plifier means for selectively combining said analog sig-
nals, and calibratéd means for indicating the ouiput of
said amplifier means.

3. Apparatus for compilation of operational informa-
tion from a flow type processing system, comprising,
dump scales to determine the weight of starting and
product materials entering and leaving said system, elec-
trical switch means associated with each said scale pro-
viding a digital impulse corresponding to the quantity of
material passing through each scale per umit of time,
mechanical means actuated by said digital switch impulses
to express rates of material flow, variable output poten-
tiometer means adjusted by said mechanical means to
transmit an electrical signal analogous to a rate of flow,
stabilized amplifier means for selectively combining said
analogous electrical signals to perform mathematical com-
putations, and calibrated means for indicating the results
of said mathematical computations as operational infor-
mation.

4. Apparatus for compilation of desired information
from a flow type processing system, said desired infor-
mation including the ratio of product material exit flow
to starting-material entry flow, comprising, batch means
for weighing the quantity of starting material entering
the system, batch means for weighing the quantity of
product material leaving the system, transducer means
with each said measuring means transmitting digital im-
pulses corresponding to unit quantities of said materials,
a first mechanical means for converting a digital trans-
ducer impulse to rate of product material exit flow, a
first potentiometer means with said first mechanical
means for expressing the rate of product material exit
flow as an analog signal, a second mechanical means for
converting a digital transducer impulse to rate of starting
material entry flow, a second potentiometer means with
said second mechanical means for expressing the recipro-
cal of the rate of starting material entry flow as an analog
signal, and, amplifier means for combining the signals
from said first and second potentiometer means to com-
pute said desired information ratio,

5. Apparatus for compilation of desired information
from a flow type processing system, said desired informa-
tion including the ratio of product material exit flow to
starting material entry flow, comprising, batch means for
weighing the starting material entering the system, batch
means for weighing the product material leaving the sys-
tem, an electrical switch means associated with each said
weighing means transmitting digital impulses correspond-
ing to unit weights of said materials, a first mechanical
means actuated by the digital impulses from one of said
switch means to express the rate of product material exit
flow, a first potentiometer means with said first mechani-
cal means for expressing the rate of product material exit
flow as an analog signal, a second mechanical means ac-
tuated by the digital impulses from the other of said
switch means to express the rate of starting material
entry flow, a second potentiometer means with said sec-
ond mechanical means for expressing the reciprocal of
the rate of starting material entry flow as an analog sig-
nal, and, amplifier means for combining the analog sig-
nals from said first and second potentiometer means to
compute said desired information ratio.

6. Apparatus- for compilation of desired information
from a flow type processing system, said desired informa-
tion including the ratio of product material exit flow to
starting material entry flow, comprising, batch means for
weighing the starting material entering the system, batch
means for weighing the product material leaving the sys-
tem, an electrical switch means associated -with each said
weighing means transmitting digital impulses correspend-
ing to unit weights of said materials, a first mechanical
means actuated by the digital impulses from one of said
switch means to express the rate of product material exit
flow, a first potentiometer means with said first mechani-
cal means for expressing the rate of product material exit
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flow as an analog signal, a second mechanical means actu-
ted by the digital impulses from the other of said switch
means to express the rate of starting material entry flow,
a second potentiometer means with said second mechani-
cal means for expressing the reciprocal of the rate of
starting material entry flow as an analog signal, amplifier
means for combining said first and second potentiometer
means analog signais to compute said desired informa-
tion ratio, and, calibrated means for indicating the result
of said computation.

7. Apparatus for compilation of desired information
from flow type processing systems producing at least iwo
products, A and B, said desired information including the
ratio of the quantity of A to the quantity of A plus B,
comprising, batch means for weighing the quantity of A
leaving the system, batch means for weighing the quantity
of B leaving the system, transducer means with each said
measuring means transmitting digital impulses corre-
sponding to said unit quantities of A and B, a first me-
chanical means for converting a digital transducer impulse
to Tate of material A fiow, relay means for unidirectional-
ly combining the digital transducer impulses, a second
mechanical means for converting the combined impulses
from said relay means to rate of material A and material
B flow, a first potentiometer means with said first me-
chanical means for expressing the rate of material A flow
as an analog signal, a second potentiometer means with
said second mechanical means for expressing the recipro-
cal of the rate of material A and material B flow as an
analog signal, and, amplifier means for combining the
analog signals from said first and second potentiometer
means to compute said desired information ratio.

8. Apparatus for compilation of desired information
from flow type processing systems producing at least two
products, A and B, said desired information including
the ratio of the quantity of A to the quantity of A plus
B, comprising, batch means for weighing the material A
leaving the system, batch means for weighing the material
B leaving the system, an electrical switch means associated
with each said weighing means transmitting a digital im-
pulse corresponding to said weights of A and B, a first
mechanical means for converiing a digital switch impulse
to rate of material A flow, relay means for unidirectional-
ly combining the digital impuises, a second mechanical
means for converting the combined impulses from said
relay means to rate of material A and material B flow, a
first potentiometer means with said first mechanical means
for expressing the rate of material A flow as an analog
signal, a second potentiometer means with said second
mechanical means for expressing the reciprocal of the rate
of material A and material B flow as an analog signal,
amplifier means for combining said first and second po-
tentiometer means analog signals to compute said desired
information ratio, and, calibrated means for indicating the
result of said computation.

9. Apparatus for compilation of desired information
{from flow type processing systems, said desired informa-
tion including the quantity of starting material minus the
quantity of product material to determine loss of material
during processing, comprising, means for measuring the
unit quantity of starting material entering the system,
means for measuring the unit quantity of product ma-
terial leaving the system, transducer means with each
measuring means transmiiting digital impulses corre-
sponding to the unit quantities of said material, a first

nechanical means for converting a digital impulse to rale
of starting material entry flow, a first pctentiometer means
with said first mechanical means for expressing the rate
of starting material entry flow as an analog signal of
one polarity, a second mechanical means for converting a
digital impulse to rate of product material exit flow, a sec-
ond potentiometer means with said second mechanical
means for expressing the rate of product material exit flow
as an analog signal of opposite polarity, and a means for
combining said first and second potentiometer signals to
compuie said loss of material.
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10. Appzuatus for compﬂatlon of ‘desired information
from flow type processing systems, said desired informa-
tion including the quantity of starting material minus the
quantity of product material to determine loss of material
during . processing, comprising, batch means for weighing
the starting material entering the system, batch means for
weighing the product material leaving the system, an elec-
trical switch means associated with each said weighing
means transmitting digital impulses corresponding to unit
weights of said ‘materials, a first mechanical means for
converting a digital switch impulse to rate of starting ma-

terial entry flow, a first potentiometer means with said .

first mechanical means. for expressing: the rate of starting
material entry flow as an analog signal -of one polarity,
a second mechanical means for converting a digital switch
impulse to rate of product material exit flow, a second

potentiometer means with said second mechanical means

for expressing the rate of product material exit fiow as
an analog signal of opposite polarity; and, ' means for com-
bining said first and second analog signals to compute
said loss of material.

11. Apparatus for compilation. of desired information
from flow.type processing systems, said desired informa-
tion including the quantity of starting material minus the
quantity of product material to determine loss of material
during processing, comprising, batch means for weighing
the starting material entering the system, batch means
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for weighing the product material leaving the system, an
electrical switch means associated with each said weighing
means. transmitting digital impulses corresponding to unit
weights of ‘said ‘materials, ‘a first mechanical - means for
converting a digital switch impulse to rate of starting ma-
terial entry flow, a first potemiometer means with said .
first mechanical means for expressing the rate of starting
material entry flow as an analog signal of one polarity, a
second mechanical means for converting a-digital switch
impulse to rate of product material exit flow, a second
potentiomvter means with said second mechanjcal means
for expressing the rate of product material exit flow as an
analog signal of opposite polarity, means for combining
said ﬁrst and second analog signals to compute said loss
of material, and, calibrated means for indicating the re-
sult of said computation.
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