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[57] ABSTRACT

A method and apparatus for controlling the addition of
a liquid to a continuous flow of material. An algorithm
is described for controlling the hydration process
within a computerized grain delivery system. The grain
delivery system operates by adding moisture to grain
moving through the system, testing the moisture level
of the hydrated grain and controlling the rate of flow of
the wetting agent as a function of the wet grain moisture
reading. In addition, a method is described for deter-
mining the relationship between dry grain moisture
level, hydration level and the expected wet grain mois-
ture level reading. Finally, a communications link is
described which connects the grain delivery system to a
remote computer.

19 Claims, 7 Drawing Sheets

L ]

PROCESSOR/
CONTROLLER

=
12

20
i

GRAIN FLOW

METER / /

GRAIN

|
CIPRE WATE

|

]

|

22
26 =
GRAIN MOISTURE

24
28

I \\ METER

GRAIN

N N4 ~ N\_/ N4 7 Oout



Sheet 1 of 7 5,347,468

Sep. 13, 1994

U.S. Patent

A
1NO 2N\ N N\ N LN 2 N /N N NI
- N N N N N N N~ N
NIVDO NIVIO
SETELN / / _ / y NETENN
RINISION NIVID MO NIVID

7 9¢ 7

éc 0¢
|~ AN MO 1
_ ~ =

8¢

_ ITIOCUINOD o
| e /4OSSIDOId
| A
i TR
| [
[ _
" AdALVM “ O/1y¥3sn
| vl _ gl
L - - _

U I by
Ol



U.S. Patent Sep. 13, 1994 Sheet 2 of 7 5,347,468

350+C

325+C -// / / / 53

) éénﬂus? E 275+C 6
(mv) 250+C- 6“‘ 3,

225+C - 60

200+C -

175+C

12 14 16 18 20
DRY GRAIN MOISTURE LEVEL (%)

FIG. 2



U.S. Patent Sep. 13, 1994 Sheet 3 of 7 5,347,468

'

GET DRY GRAIN MOISTURE LEVEL 1~ 100

l

@ GET TARGET MOISTURE LEVEL [~ 102
.
CALCULATE HYDRATION LEVEL [ 104

;

SET TIMER A - 106

'y

GET GRAIN FLOW MEASUREMENT [~ 108
i

CALCULATE WATERFLOW [ 10
¢

SET VALVES 112
l

SET TIMER B r 114

16 ves

TIMER B = 0?

O



U.S. Patent Sep. 13, 1994 Sheet 4 of 7 5,347,468

GET WET GRAIN MOISTURE LEVEL |~ 120

i

CALCULATE C 122
126
< vens -7 >
YES
- 128

GET WET GRAIN MOISTURE LEVEL

130

IMA-TARGET 1 > DB
FOR > Z SECS?

134
~

CALCULATE 132 GET GRAIN FLOW
DRY GRAIN MEASUREMENT
MOISTURE LEVEL - l

Y

CALCULATE
WATER FLOW

‘L 138
J
SET VALVE

136
~

y MO

SETTIMER B

Fig. 3B




Sheet 5 of 7 5,347,468

Sep. 13, 1994

U.S. Patent

91

no _ - g <~ < NN ~ N— N— N -——

NIVIO

d313N

RINISION NIVIO

\l\
¢c

IAILIAAY

LN N N N LN 2N N N NI
NIVO
\ |/
MO NIVRID
92 .
0C
ve AITIOUINOD ‘
Zt] /M0ssIo0Nd
0¢ A »ll
NEIRZ o/l 38N

Pad
8¢

4!

8l

u y 0o
(0]



Sheet 6 of 7 5,347,468

Sep. 13, 1994

U.S. Patent

1no NP g N = N N4 < NI
NV ™~ =~ Nwae
NETE / / _ \ \ NETE
RINLSION NIVIS MOH NIVaD
rt 9% -
2z 0z
ve JITIONINOD [
/3088300 e . N_Emm_u_\_,_,.oo
-, pe
o€ \ s n
r
IALIAAY EZ é
t -
8z vl 8l

ol




U.S. Patent Sep. 13, 1994 Sheet 7 of 7 5,347,468

N

MAIN PROCESSOR | 42
34 34
GRAIN TEMPERING GRAIN TEMPERING
SYSTEM #1 SYSTEM #N
7 7
101 . 10N

Fig. 6



5,347,468

1
COMPUTERIZED GRAIN DELIVERY SYSTEM

BACKGROUND OF THE INVENTION
Field of the Invention

The present invention relates to methods and appara-
tus for increasing the moisture level of a material (in
grain this is termed conditioning or tempering), and
more particularly to methods and apparatus for adding
aliquid to a continuous flow of grain in order to raise its
moisture level to a level approximating a target mois-
ture level.

Background Information

Moisture control has always been a factor in milling.
Grain purchased from a number of suppliers may have
moisture content varying anywhere from 10 to 20 per-
cent of its body weight. In flour milling, such variation
in moisture can result in mill chokes or inferior or off-
color product. In feed milling, such variation can result
in waste due to brittle or improperly conditioned feed.
Since the typical mill can process several hundred tons
of grain every day, a mill may see fairly rapid swings
over a relatively short time in the moisture level of
grain being processed.

To counteract this problem and in order to provide a
mill with grain having a more uniform moisture level,
grain conditioning systems have been proposed for
tempering the grain before it is processed in order to
increase its moisture level. A grain conditioning system
adds a liquid to the grain as it is loaded into a grain
elevator or as it flows into the mill. Typically, grain
conditioning systems determined the amount of liquid
to be added by measuring the dry (unconditioned)
grain, the wet (conditioned) grain, or both dry and wet
grain. Systems in which the amount of water added to
the grain is determined by measurements of the mois-
ture level of the dry grain are termed feedforward sys-
tems. Systems in which the amount of water added is
determined not from the dry grain but from the mois-
ture level of already conditioned grain are termed feed-
back systems. In practice, tempering has been shown to
reduce mill stoppages and chokes due to fluctuating mill
balance and to improve both the efficiency of the mill-
ing process and the quality of the end product.

Besides the grain milling industry, other industries
can benefit from an efficient conditioning process. For
instance, in coffee roasting it is important to raise green
coffee beans to a uniform moisture level in order to
ensure a consistent roast. In paper mills, wood chips
kept at a consistent moisture level shred more effi-
ciently within paper mill digesters. Similarly, in cement
products, correct moisture level is important for proper
mix ratios.

A feedforward system for controlling liquid added to
a material such as feed grain during the conditioning
process is taught generally by Greet (U.S. Pat. No.
4,898,092). Greer discloses a feed grain delivery system
in which dry grain readings are used to control the
amount of moisture added to feed grain in order to raise
the moisture content to a relatively constant target
level. A further patent issued to Greer (U.S. Pat. No.
4,993,316) discloses a similar apparatus for use in in-
creasing the moisture content of seed grain prior to
planting.

Since conditioning systems based solely on dry mate-
rial readings do not measure moisture content in the
conditioned product, such feedforward systems are
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susceptible to variations in the conditioning process due
to temperature and changes in water pressure. These
systems are unable to determine what, if any, effect the
conditioning process is having on the material being
conditioned and, therefore, cannot adapt to changing
conditions.

A feedback system for controlling liquid added to
grain during the conditioning process is taught gener-
ally in Strandberg, Jr. et al. (U.S. Pat. No. 3,732,435).
Strandberg teaches the placement of a moisture sensor
at the output of the moisture conditioner. The rate at
which water is added to or removed from the material
is controlled by varying the speed at which the material
is exposed to a constant flow of moisture or drying air.
In a second type of feedback system, a controller is used
to adjust the amount of water added to a grain in order
to bring the moisture level of the conditioned grain to
approximately the target moisture level.

Since, however, feedback systems do not track the
moisture level of incoming (dry) grain, they can be
confused when wet grain moisture level readings vary
due to changes in the dry grain moisture level. In addi-
tion, the ability of feedback systems to track the target
moisture level is compromised by the unstable electrical
characteristics of many materials immediately after the
addition of water. This instability becomes more appar-
ent as the level of hydration increases and makes it
difficult to accurately measure moisture level in re-
cently hydrated material. For these reasons, manufac-
turers typically will restrict a feedback system to use
with products which absorb and stabilize moisture rap-
idly (such as soybean meal and millfeed).

A combination feedforward/feedback system is de-
scribed in an article entitled “Automatic Control of
Wheat Conditioning” published by J. Butcher in Mill-
ing, Vol. 152(6) in 1970. In the article Butcher teaches
the use of both wet and dry grain moisture sensors in
controlling the amount of water to be added during
grain conditioning. Such an approach solves many of
the problems of purely feedforward and feedback sys-
tems but at the price of increased cost and reduced
reliability.

It is apparent that feedback controlled grain condi-
tioning systems, since they operate on the basis of the
finished product, should be best capable of reacting to
and compensating for changes in grain and water flow
conditions. These systems, however, have been limited
by their inability to adapt to changes in dry grain mois-
ture levels. What is needed is an improved, self-calibrat-
ing, feedback controlled system for measuring and cor-
recting the application of moisture to a material to raise
it to a moisture level which approximates a desired
moisture level.

SUMMARY OF THE INVENTION

The present invention provides a method and appara-
tus for controlling the addition of a liquid to a continu-
ous flow of material. Grain delivery system is described
which operates by adding moisture to grain moving
through the system, testing the moisture level of the
hydrated grain and controlling the rate of flow of the
wetting agent as a function of the wet grain moisture
reading. An algorithm is described for controlling the
amount of water added during the hydration process
and for compensating for fluctuvations both in water
supply pressure and in the moisture levels within the
incoming unconditioned material.






