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Abstract
This report describes the design, depeent, and implementation afclosedoop control system for
regulating the moisturef grain feedstock to a biodiesel augur press system in a madiailen
commercial setting. The mechanidalidic dynamics of the augur process requires a minimum water
content to avoid seizing and processing down time. Excess water in the feedstoslpoadisetion
problems with other aspects of the process. Moisture content of the feedstock is measured using an
electromagnetic sensor. A computer based control algorithm activates a water valve that adds additional
moisture to the feedstock using réiate feedback calculation. The control algorithm features-legél
internetcapable user interface features for remote process and quality control monitoring. The key
scientific contribution of the work is the development of a calibration process fordheon
electromagnetic sensor that relates its output to calibration data froserigtirg offline quality control
system. This study essentially converted adioff manual quality control process to anliore realtime
automated process without affing the validity or robustness of the process.

Introduction
The production of Biodiesel requires a source of vegetable based oil. Green Fuels of Oregon, a company
based in Klamath Falls, has set up a-siz biodiesel plant at Liskey Farms where rapdds being
grown, harvested, stored, and processed into biodiesel [1]. In Fall, 2007, Rick Walsh of Green Fuels of
Oregon approached the researchers with a problem he was having at his seed oil presses. Inconsistent
moisture content of canola seed fetxtk into the seed oil presses was causing presses to clog bringing
biodiesel production to a halt and requiring costly manual intervention to clean out the presses. This
problem was an excellent candidate for automated computer control.

Thebiodieselplant is considered a mid size production facility, producing in the range of 150,000 gallons
biodiesel a year. The plant was set up on a small budget to create biodiesel from locally grown oil seed in
the Klamath Basin. In light of the small budget, lowests®ed presses were purchased for oil extraction.

The cost savings was approximately $30,000 for purchase of oil presses manufactured in China compared
to more expensive presses of German manufacture. The lower cost presses have much less tolerance for
variance in oil seed moistuntent than the higher cost pressethdfmoisture content in the seed gets
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too low, the presses heat up and clog. When a press clogs, the entire pressing operation must be shut
down so the presses can be taken apart andedezut. The operation takes one to two hours of manual
labor. The accumulated cost of this operation would eventually offset the savings realized in purchase of
less expensive pressdsis problem is due to the fundamental fabrication of the lamest pesses and

cannot be addressed by modifying the presses themselves.

The objective of thiFechnology Development Propossito design, implement and testow cost

control system for otine moisture control in the processing of biodiesel grade vegetélbl The end

goal is enhanced misize biodiesel production through a standardized and adaptable computer based
moisture control system. This will increase efficiency of farm site biodiesel production of locally
distributed biodiesel fuel§ he controprocess developed is quite general and can easily be ported to
other factories. The process is hot equipment or grain specific.

Biodiesel plant operation at Lisk&arms involves pressirganola and camolina seadtivo presses

six and a ten ton predsitial work in this process indicates seed moisture content is highly important in
press operation and oil yield from the seed [2]. Current moisture control is done by a manual process
where seed sample is periodically taken from the processing cydtguraacontent is checked in an-off

line moisture meter, water injection is next adjusted to either increase or decrease seed moisture content.
This manual process is problematic resulting in lower oil yield from the pressing of the seed and periodic
processing line shutlown due to clogged equipmen. Both of these conditions are attributed to inadequate
moisture control in the seed.

The control problem is simplgiven a desiredhoisture percentage, spray water on the seed to increase

moisture before it isun through the press. The problem of oil seed moisture control has been solved

many ti mes; however, there are no | cthesthesf ocontro
components specifically targeted at pressing of oil.sElee unique scieific contribution of this work is

relating the offline process to the dine process in a robust and reliable way.

Seed Characteristic Control Function Analysis

This section of the report contains a detailed technical description of the designafttoé ¢
system for the project. Figure 1 depicts a schema of the overall system.
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Figure 1i Schema of Oil Seed Press System

Grain feedstock is held in a large hopper and is gravity fed into a hydration station. At the hydration
station water is metergtrough a control valve into the grain feedstock. Once hydrated the grain mixture
is placed on an inclined conveyor. At the top of the conveyor an electromagnetic sensor measures the
percentage moisture of the grain mixture. The grain mixture then gfegidy into the auger system for
further processing. Figure 2 depicts the block diagram of the control system.
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Figure 2i Control System Block Diagram

The control system is a simple elo®p regulator. The controlled variable is the percentage moisture i

the grain mixture delivered into the auger assembly. The desired percentage moisture is determined by the
dynamics of the augur. The grain mixture is essentiallyghase solidiquid interface with fluid and

thermal transfer characteristics determibgdhe percentage of moisture. Insufficient moisture causes
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seizure of the auger through a friction process requiring complete shutdown of the system{outclean
Excess moisture causes problems in the further processing of the biodiesel.

The controlequations are derived as follows:

(1) The characteristics of the moisture sensor were determined experimentally by direct mass titration
and mass measurement. A standard grain moisture sensor operating on a capacitance principle
was used for calibration. It important to note that the calibration is dependent on the exact
feedstock used. Through linear regression analysis of the data set a slope intercept calibration
curve was derived as follows:

Voltage Output = 0.965 x % grain moisture.68 VDCoffset

(2) Using the dynamic mass balance method the dynamics of the hydration process are as follows:

H:;l/\/aterat auger = Fmgrain feedstock+ r:r';‘/vater fromvalve

As the control variable of interest is water mass as a percentage basis this equation-eaittee &s
follows:

I#dry grain b %Watelg;rain at auger = I#dry grain ® %Watelg;rain atinput + r#’l/vater fromvalve

The drygrain mass is conserved due to minimal grain leakage and the water evaporation loss is assumed
to be minimal. This result can be manipulated to yield the needed water flow through the valve:

= 0 — 0 —
Iﬁmaterfromvalve_ r#’idry grain b /Owate';;rain atauger rﬁdry grain ® Awategrain atinput — Kvalve.vvalve

The valve constant is dependent on wates geu r e . Using the vendoroés Iliter
pressure of 5 psi yields this result:

A, 6 gpm, 81bf / gal

K, ave = ~
e AV, 24vdc  1gpm

(3) The dynamics of the conveyor system are simply that of a delay of about 1 minute:

H(s) ~1e %%

conveyor
Again, this assumes minimum graimkage and minimum water evaporation.

(4) A complication may arise at this point in the control equation synthesis as tHerfeadd
dynamics of the conveyor have a rmmimum-phase zero. Technically this is a Aoollocated
control problem. However, theost speed of the conveyor is essentially matched by the slow
speed of the data acquisition process and for all practical purposes the plant behaves like a unity
gain system except of course for a dimensional scaling factor. Classically these types of
problems are usually solved using PID (proportieinakgratderivative) controllers.
Experimentally reasonably good results have been obtained with straightforward proportional



control. This works because the grain in the hopper is very homogeneous anducoesaful
constant is found the system requires little tuning.

To derive an initial control equation, measurements of the change in detected seed moisture given
addition of a measured weight of wavegre taken in the laboratoryhe results of these n@aements

are shown in Figure 3 through 6. These results were obtained through experimentally processing
numerous samples by both thelore and offline techniques, obtaining a set of numerical data from the
samples, and using a lineaurvefit-regresn analysis to relate the data. As can be seen in Figure 6 the
linear curve fit gives excellent agreement to the original data.

% water sensor output fit % error sensor OUtPUt
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Figure 3i Measured Sensor Output
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Figure 4i Calibration Constant Derivation



slope 0.964954 .
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Figure 5i Calibration Equation
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Figure 6i Actual vs. Fitted Data

Sensor Characterization

The moisture sensor was selected based on cost and performance. The ideal sensor was low cost, but
would be able to obtain internal seed moisture readings. The sensors also had to be readily available and
hawe software interface support libraries provided by the manufacturer.

Commercial moisture content sensors are based on two physical principles; optical material properties,
typically in the infrared frequency range, and electromagnetic material propéesasas frequencies
depending on the type of sensor (capacitive or microwave). Each type of sensor has physical issues such
as sample penetration depth, accuracy, reliability, and cost. An extensive survey of available senor
products was undertaken.

Thefirst class of sensotudiedwere capacitance sensors used for moisture control in irrigation
applications. These sensors proved to be inexpensive and able to detect external moisture of the canola



seed; however, they c otwoledll mosture cortent fofi therpturpose ot he seed
pressing and oil extraction. The margin of error for these sensors also made them unfit as a solution.

The second class of sensor studied were those of a class using near infrared sensing (NIR). The NIR
sensos were capable of internal grain moisture sensing. All had an acceptable margin of error ranging to
+- 0.01%. However, the NIR sensors started at a price of $10,000 making them an expensive solution.

The third sensor technology evaluated was microwav&rsgmhe microwave sensor also had a good
margin of error and was capable of sensing overall seed moisture cbimimtunately, itoo was
relatively expensive, also coming in around the $10,000 mark.

Thefourthtype of sensor considered was a largagotapacitance sensor. These sensors had the desired
characteristics of:

e Software development library support.
e RS232 Serial communication support.
e A margin of error +0.1%

e Ability to sense overall seed moisture.
e Relatively low cost of ~$3500.00

The sensospecified for the project was the Hydronix Hyd®mbe 1l shown in Figure 7.
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Figure 7i Hydroprobe Il Flat Plate Capacitance Sensor
(http://www.hydronix.com/products/hydroprobe.php
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Water Injection Device Characterization

Upon sensing of the moisture content of the seed, if the moisture is too low, water needs to be injected

into the grain stream before it travels up the conveyor into the hopper where the sensor is located. The
valve needs to be electronically controlled allowing the computer to cycle the valve on and off for analog
adjustment of the water flow into the grain stream. By experimentation, the press operators were able to
manually adjust water flow for successful cohtrtbseed moisture content. The manual process utilized

by the press operators was to check the seed moisture content every ten to fifteen minutes, then either turn
up or turn down the valve on a hose spraying into the seed stream. The valve neededdo ko

system to emulate this process.

To effect automation of the manual process of loosening or tightening a hose valve, a characterized
control valve (CCV) was chosen allowing the computer to send signals to the valve to open or close. The
specific \alve chosen was a Belimo B2 Series, 2 Way Characterized Control Valve. This valve is shown
in Figure 8.

n "
N 4 LTED
|y e, C € [, Q)
- | . B m.mw". ¢ -

Figure 8i Belimo B2 Series 2 Way control valve.

( https:/www.belimo.us/bellib/Characterized_Control_Valve/B2B_LRB24 3 T_S.pdf
The control valve cost is ~$230.00.

In addition to the control valve, an interface is introduced to allow the control computer to send a signal to
the valve causing it to either openclose.The valve operates on a balpgng principle so the control

strategy was equivalent to pulse width modulation or PWM. The details of relating the desired output to
the duty cycle of the valve are taken care of in the softwéhe valve operatiorequires 24 V to be

applied to one of two lines. 24V on line A, OV on line B will cause the valve to open. 24V on line B, 0OV

on line A will cause the valve to close. To keep in line with the I/O requirements of the moisture sensor, a
digital output devicés required that will interface to the control computer via RS232. The device chosen
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was a Phidget Interface Kit 0/0/8. This device provides Small Signal Relays with eight relay outputs,
rated at 250VAC. The computer interfaces through this device ovBitiifS fitting into the interface
mode of the Hydronix sensor. The Phidigit 0/0/8 is shown in Figure 9.

Figure 91 Phidiget 0/0/8 USB interface Kkit.

( http://mww.phidgets.com/products.php?product_id=1017
The cost of the Phidiget 0/0/8 is$90.00.

Control Computer Characterization

The control computer was to be a single purpose device tasked with running the moisture control system.
The Hydronix Hydroprobe Il uses a standard RS232 interface and the Phidget uses a USB connection.
These interface requiremsribrce the computer to have a USB connectors where the Hydroprobe will be
interfaced through a USB to RS232 adapter. The software interface libraries provided for the Hydroprobe
and the Phidget were baseul a software suite called ".Net 3)5This requies theoperating system

installed on the control computer to support the .Net platform which leads to the necessity of a Microsoft
based platform. Since the device is single purpose, the computing power of the system does not need to
be great allowing section from lower CPU power devices. Following is a list summarizing the control
computer requirements:

e Moderate processing power

e Support of Microsoft technologies

e Support of .Net libraries

e Support of a graphical user interface
e USB support

! The term .Net 3.5 (datetthreepointfive) refers to a large package of computer interface software tools. This
package facilitates the development of interface and communications software applications.



e Small footprint

To fill these requirements, one of the low cost Net Books was purchased. These machines are relatively
inexpensive and have full support of Microsoft development tools and libraries. The specific Netbook
chosen is an Eee PC from Asus. This computer issho Figure 10.

Figure 10i Asus Eee PC

The cost of the Eee PC is $378.00.

Software Development Platform

Software development is done on the native Eee PC platform. The operating system run on the Eee PC is
Windows XP. Interfaces provided with the HgeProbe Il and the Phidiget 8/8/8 are .Net 3.5 compliant

and were distributed with C++ and C# examples showing programmatic use of the interface libraries that
build and execute under the Visual Studio software development 8gitmuse C# provides ahic

programming environment for creating graphical user interfaces, the C# programming language was
chosen.

The software development environment needs to support:

e C# programming language
e Net 3.5 framework
e Windows XP, Vista, and 7

2 C++ (Gplusplus) and C# (&harp) are specific versions of the C computer programming langD#geas
chosen for compatibility reasons to the .Net framework.
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e Windows Graphical User Intiace API

Given these factors, Visual Studio 2008 was chosen as the Integrated Development environment, hosted
on Windows XP. Although the Eee PC is not an extremely powerful machine, code could be developed
on more powerful development environments, tmaved to the Eee PC for debugging on the actual
hardware on which the system would be deployed. The software developed for the system is detailed in
Appendix A.
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Results

The system has been developed and deployed in an Alpha release mode. To integpatetisystem

into the seed oil presses, the press system had to be physically modified to insert the sensor and locate the
water injection station. The control computer could be set any place around the presses within range of

the sensor cabling, vala®ntrol cabling, and the press operafs.can be seen it the figures the factory
environment is unfriendly due to atmospheric particulate contamination and heat. For this reason and also
due to electrical and occupational safety code requirements #haystem will be enclosed in a NEMA

standard industrial enclosure apparatus. The current installation is shown without the enclosure for
illustration purposes onhAlpha system installation is shown in Figures 11 through 16.

Figure 111 An overall syptem view.
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Figure 13 Installation of the sensor in the seed stréamtside seed hopper.
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Figure 14i Installation of the sensor in the seed stréasmnsor head inside the hopper.

Figure 15 Water injection location
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A test run was performed with the system configured to sample every 15 seconds. The results of this run
are shown in Figure 16. This graph is from the comma separated value file. The window of data was
taken after the system had stabilized. Tha&x¥s shows the calculated seed moisture percentage. The X
Axis is the time series, every tick representing 15 seconds wall clock time.

Figure 16 Test run time series.

The test run results were good for first cut at control of the seed moisture. Sorsd@airtice in the
data snapshot of Figure 16:

1. The biodiesel plant where the system is deployed has a fair amount of electrical noise. The noise
in the signal receiveddm the moisture probe increasesithe distance from the proloethe
control computeincreasedThe sensor signal noise impacted the control algorithm causing water
to be injected into the seed stream at unnecessary times. Eventually, the signal noise rendered the
control system ineffectivddue to the randomature of this noise it caaasily be taken care of by
adding an averaging or integral term to the control algorithm. Future work will involve the
relatively simple and straight forward task of migrating from a proportional controller (P) to a
proportionalintegratderivative (PID) ontroller. This does not involve any hardware iss{jiest
additional experimentation and software development. Based ofnweslin principles of control
theory his does not represent a majechnical or scientific issue.

2. Over time, the control systerartded to cause the moisture content of the seed to oscillate beyond
acceptable error limits of-0.5%. This oscillation is due to an errant noise input and not to a
system righthandplane pole. Again, it can be resolved easily by developing a PID control
algorithm.

Conclusions

As a first release of the control system, the results are very promising. The alpha release control tests;
although not good enough to use as a production unit, did show that further work in sensor noise
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