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ABSTRÃ.CT

THE APPLÏCATION OF COMMERCIAI FORCE CONTROL GAUGES

FOR PROPORTIONTNG FEED RATTON INGREDTENTS FOR

ON-FARM FEED MIXTNG

by

Somnuk Chusilp

This research was cond.ucted. to d.etermine the

feasibility of using commercial force control gauges to
automatically proportion feed ration ingredients on a mass

bas j-s. wheat was used to simulate d.ifferent ingred.ients.

The control was sequential control through the activating
of microswitches mounted on the tension force control device.

The microswitches were connected to magnetic relays

on a control panel to sÈart or stop motors which were used

on augers to deriver the various ingredients to the batching
hopper. A ríng dynamometer rvas used as a secondary standard

to determine the amount of each ingredient delivered by the

individ.ual augers. static calibration of the ring dynamo-

meter was used during the period of testing.
The precision of Èhe tension force control d.evice

when the target. desired ingredient amounts were 100, 2oo,

300, 500 and 700 kg was better than 3 percent, but the

accuracies at each desired. ingred.ient amount were only rB,
131 qrLl 2,7 and 2.0 percentrrespectiveLy. The accuracy

of the microswitch set,tings for the desired. total cumulatj-ve

amount, of 10oo kg was 2.0 percent. The ingredient amounts



obtained at -2OoC differed from the ingred,ient amounts

obtaíned at z}oc by -1.3, O,gZ and 1.9 percent. when.the

desired ingredient amounts were 500, 300 and 2OO kg respec-

tively. At 40oC the differences were 0.57, -!.6 and 0.25

percent¡respectively compared. to the ingredient amount aÈ

2ooc.

The compression force control device was used to

simulate a grinder-mixer hopper load to d.etermine the effect
of off-center loading. Three positions for the loading were

investigaÈed. The precisions of microswitch activation r^iere

better than 5 percent when the imposed loads were 96.0,192,
478 and 955 kg. The accuracies were'9.!, 5.1, 2.2 and 1.4

percent, respectively. Off-center loading gave greaÈIy re-
duced accuracy for the ind,icated amount,s compared. to actual

hopper loads. lr7hen the applied load was only 20 percent of
span length off center, the error was 43 percent.

t1
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CHAPTER I

TNTRODUCTTON

The rapid rate of technological progress in the

farm sector in Canada over the gast twenty years has greatly

increased the productivity of agriculture. The average

Canadian farmer can now produce enough food for about 58

people. The labor requirements for some farm operations can

be provided for by automation. Automation can keep the pro-

duction costs at a level which will permit a reasonable

return on investment.

The need for an accurate farm weighing system arises

basically from the need to increase mechanization and to

optimize production. Accurate weighing could help farmers

in the f ollowíng \^/alu s:

1. Feed ratÍon ingredients could be more accurately

proportioned for balanced rations.

2. The mixed feed ration could be more accurately metered

to the livestock.

3. Record keeping could be more accurate so that oper-

ators will be more aware of profit margins.

4. Decisions could be made based on the actual weights

of animals and feed.

Feed costs for animal production represent from 50

to 75 percent of the production costs for meat, milk and

eggs. Many studies have been reported on the improvement of



the energy content of feed and methods of feeding animals

economically

Interest has developed in grouping cows and feeding

each groìtp a ration to satisfy the nutritional requirements

for the group. Herds are divided into groups mainly accord-

ing to stage of lact,ation, age and temperament. The advan-

tage of grouping is that j.t enables each Eroup to be fed a

different ration. Farmers need a reliable met,hod of weigh-

ing at least, a representative number of livestock once

every two weeks. By check weighing each animal a farmer could

detect v¡hich animals are not making good gains.

Vüeighing equipment for both animal weighing and feed

weíghing should be very reliable with low maintenance require-

ment,s. An automatic system would, be'desirable for ration in-
gredient proportioning.

Electronic Load. cells with an indicator or a re-

corder have been widely used to weigh bulk graùn and animaLs

and to automatically proportion feed.. These load. cells have

been found. to be accurate. The system must be zeroed or

balanced each time before weighing. Faulty load cells or

electronic components are expensive to repLace and oft.en must

be returned to the manufacturer for repair. Batch weighing

with a beam scale or a dial scaLe provides a continuous

weight reading but requires Labor to operate, read and re-

cord the weight as indicated.

The general purpose of this research was to determine



the feasibility of using commercial force control swit,ches

to weigh and control the weight of feed. ingredients for
animal rations. The specific objectives of this research

were:

1. To design and develop an automatic feed ingredi-

ent, weighing system utiLizing commercial force control

switches.

2, To test the developed system for accuracy and.

precision for various rations and under different temperature

conditions.



CHAPTER TT

REVÏEW OF LÏTERATURE

2.1 Automatic control of feed preparation

Canada is one of the largest grain producers in the

world with annual productíon exceeding 30 million tonnes.

Almost half of this Ís exported. and the remainder is used

for human food and animal feed (Canad,ian International Grain

Institute, 1975). Oats and barJ.ey are used primarily in
cattle feeds whereas wheat and. corn are more suitable for
poultry and hogs. Corn and soybean meal (a by-product of

t,he soybean oil industry) are widely avaiLabLe in the U.S.

for livestock feeding purposes.

The use of grain grown specifically for animal feed.

has been developed during the last century. Research has re-

sulted in detaiLed information concerning the nutritional re-
quirements for animal growth. The grains most wid.ely used

have been oats, barley and wheat,. Soybean meal now serves as

the principal. source of prot,ein and in the U.S. corn is the

principal source of energy. ALternatively, other feed grains

are regarded as energy sources if they are economically com-

petitive wÍth corn.

Rations for animals musÈ be tailored to their require-

mentsand will vary considerably depending on the weight and.

age of the animal and the rate of growth. The right quantity

of feed must then be metered for each animal or group of

animals. Bath (1970) reported that, co!,rs on complete rations



produced 6. I percent more milk per day than co\¡rs f ed incom-

plete rations.
Animal rations are specified and mìxed. by weight

rat,her than by volume (Hephard , L97 3) . The disadvantages of

measuring feed by volume are: 1. The variation in bulk

density beÈween batches of feed will affect the final weight,

2. Manual leveling of the ingredients is required so as to

align the caLibration marks. 3. When several grains are

used in the ration, a corresponding number of calibrations

are required. This can be confusing.

Ration preparation often directly relates to the type

of feeding mechanism or feeding practices. Feed metering

equipment with an accuracy of t 5 percent, is considered ac-

ceptable. Pneumatic controlled dispensers have been re-

ported by Hephard (1973). The system consist,ed of a small

compressor for compressed air and. pneumatic vaLves. The ad-

vantage of pneumatic syst,ems over electrical systems was in

terms of reliability under the relatively dusty, hot and

humid conditions associated with feed handling.

Livestock farming usually requires the preparation

of numerous types of rations. An importanÈ aspect of feed

preparation is quality controL. The multipliciÈy of in-
gredients and. the specific requirements of each feed ration

increase the possibiJ.ity of errors. The conventional

method of preparing rations is to use a batch type mixer.

When several differenÈ ingred.ients are used a higher labor

input is required. The working cond,itions are usualJ.y un-

attractive to skilled workers who can accurately prepare
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rations (Reece, L974). Thusr âIt automatically controlled

feedmill vrith a minimum of labor input is desirable.

Daum and Puckett (1966) successfully accomplished

automatic proportioning of concentrate and. roughage by

regulating the output of a silo unloader in proportion to

the amount of concentrate delivered at a constant rate.

This system was successful with a top unloading silo but

was unsuitable for some bottom unloading silos because theír

delivery was unsteady and very d.ifficult to regulate. Hyde

(1970) developed an automatic control system for proportioning

feed concentrate by volume. This system would proportion the

concentrate to roughages drawn from different sources. The

device used for sensing the roughage flow rate was a commer-

cially available roughage weigher consisting of a constant

speed conveyor supported on a pivot at one end and on a

differential transformer loadcell at the other end.

Conveyor belt weighing systems use a precision load-

ce1l assembly and a control system (i.e. control console) Èo

display and record the flow rate and the total accumulated.

feed. The loadcel1s are hermetically sealed and transmit

signals to the control console. The signal is d.isp'Iayed on

the flow raÈe indicator and recorded on a strip chart. The

signal is also integrated to provide the total amount

delivered. The system can be programmed for a d.esired amount

to be delivered. (Weigh Systems Inc. Bulletin ). This system

of feed proportioning is widely used in commercial feed

manufacturing.



2.2 Typical weighing instruments for feed preparation

the need for the development and. installation of
forage and grain metering equipment Èhat will provide for
good records to assist in better management is imporÈant

(¡¿crate and George, 1968). Nrxnerous feed metering and weigh-

ing d,evices are available and have been used in feed pro-
portioning systems. To detect poorly proportioned raÈions,

feed records and rerated information for carculating costs

at, regular intervals should be availabLe to the farmer.

Metering units to control the ration have the greatest effect
on controlling costs. James (1966) reported that mechanical

handling and automation to replace scarce labor were a pri-
mary objective in ind.ustrial enterprises.

Electronic scales are avaiLable for most forage and

feed vvagons Èo permit the farmer to accuratery weigh each

ingredient added to the load for a balanced ration (skromme,

1973). Automatic feed metering has been developed by the

National ïnstitute of Agricultural Engineering and, Ration-

arization at wageningen for pig feeding. The amount of
feed can be adjusted depending on a reading obtained by

scanning a graph. The met,ering devicer ân electromagnetic

vibrating device, has been reported by Huizing (1973).

MccinÊy (1964) has report,ed the use of a loadceLl

with a weight controLler to automate feed proportioning
(Baldwin-Lima-Hamilton pTL load, system). No problems were
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experj-enced \^/ith the control unit. The correct weight

could be achieved by adjusting the set point to the desired

amount of feed.
\Hyer (1966) discussed. the design criteria of a belt

scale integrating system in which a multilever pivot type

scale was d.esi-gned. under a belt conveyor. The electronic

weighing system consisted of a DC tachometer, a generator

and strain gages. The variation in output signal due to a

temperature variation of 37.9oC was less than 0.1 percent.

The significance of the moving conveyor related to the

amount of material on the scale was also discussed.

Hyde et. a1. (1971) described an automatic system

for proportioning concentrate into a variable flow of forage

for feed preparation for dåiry cattle. The forage weigher

was a constant speed conveyor supported on a pivot at one

end and on a variable differential transformer loadcell at

the other end.. The loadcell output was an amplitude modulated

AC voltage proportional to the weight of the material flowing

through the conveyor. The control system used the flow

signal to control the speed of a DC motor driving an auger

which delivered concentrate in proportion to its speed. Ad-

justment was required to compensate for temperature in the

forage weigher loadcell and. modulator components. The

linearity and. stability of the system were acceptable for

the appli-cation of weighing forage and concentrate but the

zero shift in the forage flow sensing stage was significant

and had. to be compensated for ¡Íranually. .
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The use of automatic continuous weighing equipment

has become widespread. The benefits of these systems are

higher production rates, reduced plant costs per unit of

production, lower operating cost and more uniform quality.

The principle of continuous weighing is to measure and con-

trol the rate of flow of a bulk material. A gravimetric

belt feed.er is normally employed. as the metering device :"
control the flow of the material. The system Ls designed to

measure the weight of material per unit length of belt and

also the Speed of the feeder be1t. These two measurements

are processed to give kg/min. l4any different proportioning

systems for automatic continuous weighing equipment have

been described (Merrick Scale Mfg. Co., ADS 104) -

A continuous rolIer weigher as normally used in

industry has a roller mounted independently from the main

conveyor frame. The load on the roller is transmitted to

an indicator system. In a cantj-lever weigher, suitable for

weighing silage, a small chain and flight conveyor has one

end mounted. on bearings and the other end supported on an

electronic Ioadce11. A continuous vieigher with a platform

mounted beneath a belt conveyor has been developed at the

National Instj-tute of Agricultural Engineering (Dawson et

ê1., 1976). An electronic load.cetl is mounted at one end of

the platform and the signal is integrated to measure total

weight. The signal can be used to control a concentrate

auger to supply the concentrate at a preset ratio to the

main constituent,. It was suggested that if it. was operated

for a long time the circuit should be re-zeroed each hour
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for accurate measurement.

Broderick and Portens (L967) explained weighing

feeders as installed in a cement plant" The feeders were

used for weighing and integrating. The controls are fast

act.ing solid state systems. The weight transducer can be

hydraulic, pneumatic or electroníc but is usually elec-

tronic.

Bat.ch weighing systems for batch mixing are used

for small to medium farm operations where overhead costs

must be low and labor costs are not critical (Henderson and

Perry, L966) . Reece (L974) reported. a sma1l push-button

centrally controlled. feed mill which was designed and built

to provide small lots of experimental rations used in

research. The mi11 operated on a batch weighing principle

in which a smal1 hopper was provided for weighing each in-

gredient. The cost of the system was $1400 in 1972 and all

control functions for wei-ghing, mixing and transferring

materj-als were push button controlled from a central cont.rol

panel

Stat.ionary mo¡:nted hopper mixers equipped with sus-

pension scales have been used in weighing feed ratj-ons. The

scale system can be a platform or an electronic ind.icator

unit attached to the stationary mixer. Air cylinders

operated discharge gates on the bín, mixer and hopper to

provide for push button or automatic operation (Henke Machine

Inc.. Bulletin) ..

Fritche (L962) described a batch weighing sysÈem at

the Miami Margarine Co.. The weigh tank was suspended from
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an electronic loadceIl attached to the ceiling. The amount

of milk and edìb1e oils was controlled by punched card con-

trols in the control console. The control of weight was

better than 0.1 percent for a 1500 kg batch.

A practical application of the horizontal mixer is

Èhe mobile mixer feeder designed onto a truck body. This

gives a self-propelled unit but could also be designed as a

trailer. Truck-mounted or trailer-mounted mixers are avail-

able in six sizes from 680 kg to 3650 kg. Most of the units

are designed for hand.ling small grain, shelled corn or

ground feed. Some units are designed with larger conveyors

to handle silage (Agricultural Materials Handling Manual,

Section 3.2) .

A truck-mounted three screw horizontal mixer t

mor¡nted to a truck frame, has four load transd.ucers etrec-

tronically linked to a scale indicator in the truck cab.

This permits Lhe t.ruck driver t.o stop the mixer truck at a

feed receiving point where he assembles and weighs the main

feed components (Turnbull et â1., 1969) . The mobíIe units

are usually operated by one man.

Many small livestock feed.ers use portable grind.er-

mixers. These units are capable of grinding both baled hay

and grains. Small farmers are able to use Lhese units in-

stead. of building very expensive central mills and storage

facilities. These r:nits are used where fewer than 1000 head

of livestock are fed. The central mill setup including

complete mixing facilities is used for larger lots and.
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trucks are used only to haul and feed (Skromme, L973) .

ia^g,, w"iqhi"g "f "gti

In Canada and the U.S. portable truck and

railroad scales are available at grain elevators. The

scales have mechanj-cal or electronic read outs from simple

mechanical dial or beam indicators to digítal instruments

and solid state printers. Digital scale read.out conversion

kits are available to convert any beam or dial head scale to

a remote digital display ([,feigh System lnc. ) .

Grain received at country elevators has to be

weighed. In general the farmer drives the truck onto the

scales in the elevator. The grain and truck are weighed and

then the truck ís dumped and. the empty truck is weighed to

determine the weight of the grain.' If the grain is. to be

cleaned., it must be weighed as delj-vered and again after

cleaning. The farmer must have free access to the scales

when his grain is being weighed for the purpose of verifying

that he has obtained the correct weight of his grain (The

Board of Grain Commission for Canad.a ,19156) .

The scales in every grain elevator must be inspected

at least once a year by inspectors of Weíghts and Measures

Standards Division, the Department of Trade and Commerce.

If a dispute as to the weighing accuracy of the scales

arises I it shall be incumbent upon the o\ñ¡ner of the elevator

to prove that the scales are weighing accuraÈeIy.

A terminal elevator as defined. by the Canada Grains
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Act is an elevator, the principal purpose of which is to

receive grain upon or after the official weighing of'th"

grain, to clean and sort the grain before it. is moved for-

ward (Canada International Grains Institute, 1975). Grain

is usually weighed in Èhe workhouse. However, some

terminal elevators use track or truck scales which weigh

the rail car or truck before and after unloading to give

the weight of Èhe grain received. Other terminals use a

receiving hopper supported on a Ioadce11.

fn most terminals the scale is located at the top of

the workhouse at a height of 46 to 67 meters. Hoppers

located above the scale serve as surge capacity to allow

continuous grain flow. When the wej-gh hopper is empty,

grain is dropped from the surge hopper into the scale as

grain continues to flow into the surge hopper. The cycle is

then repeated. throughout the weighing process. Many types

of scales exist. Manually operated lever scales are sti11

used today but they require that the weight be recorded by

a punch (type registering boom) on a ticket. These scales
I

are gradually being replaced. by or modified to fu1ly auto-

mated electronic equipment with capacities ranging from 100

to 150 tonnes. The weight of each weighing is automaÈically

recorded on tape.

Johnson et al. (L974) designed and constructed^ a

portable weighi-ng system for field. use. This system is
currently being used to weigh large hay packages. It con-

sisted of a portable strain indicator with a switching and
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a balancing unit and three load sensing units or load'cells'

Full scale capacity is 5670 kg, linearity is 2.I percent of

full scale and the resolution is less than 0..21 kg.

computer processing of data collected by a digital

d.ata acquisition system is usually done by batch processing

where the d.ata for several months or more are processed at

one time. This technique can be applied as a control

f unction such as in automatic weighing of feeders ' Jord'an

et aI. (1969) developed a method for expanding the capabilities

of multichannel digital data acquisition systems. The control

system was designed to aIlow the advancing and fi11in9

operation to be done automatically. The recording of the

tare weight and the final weight of the hoppers was done

automatically. A force Èransd.ucer, a semicond.uctor loadcell,

1nras used to weigh each hopper at the filling station' The

mechanical limitations were more restrictive in the design

than any limitation imposed by the electronic components'

Daily calibration provided adequate accuracy for the problems

of feed utilization in turkey disease experiments.

The stud.y of evapotranspiration by pl,ants using

lysimeters requires a weighing system of high accuracy-

Voisey and. Holbs (Lg72) described a system for weighing

groups of lysimeters. They utilized a strain gage loadcell

and electronic readout equipment. The system was calibrated

by dead weight methods to obtain a higher accuracy of

measurement. The capacity of the scale was 454 kg and was

used for measuring weight changes of t 22.7 kg in lysimeters
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weighing 180 kg. The resolution was 0.045 kg and. the

accuracy was 0.090 kg.

vüillits and Ross (L974) designed and developed an

automati-c weighj-ng system for use in a d.rying study. The

system was developed to record the weight of nine samples

simultaneously. Each sample was suspended from the free

end of a cantilever beam which had four strain gauges

attached in a Wheatstone bridge circuit. The power was

supplied by a DC, regulated power supply and the output

from the bridge circuit was connected to a recording

potentiometer. The four arm bridge provided automatic

Èemperature compensation and compensation for electrical

drift and creep was provided by a cam which unloaded the

beam periodically. The accuracy of the system was 1.0 per-

cent of fuIl scale for sample weights of 100 g.

To obtain more accurate estimates of the power

requirements of farm implements in field conditions the draft

and ground speed must be recorded simultaneously. Harrison

and Reed (1961) designed and applied a draft transducer

using strain gauges. Transducer configurations of U-shape

and ring types were used. The ring type provided more

mechanical protection for the gages and was satisfactory

for field use.



THEORETTCAL

CHAPTER fÏÏ

CONSTDERATIONS OF MASS (WEIGHT) MEASUREMENT

3.1 Standards

The weight of a body ís defined as the force exerted

on the body due to the acceleration of gravity. Force,

according to Newtonrs second Law of Motion, is d.ef ined by

the equati-on

F=ma

where F will be newtons (N) when the mass (m) is kg and the

acceleration (a) ís m/s2.

The standard force depends on standards for the mass

(m) and the acceleration (a). The standard mass is a cylin-

der of platinum iridium called the Int.ernational kilogram.

It ís kept in a vault at, Sevrès, France. Acceleration is not

a fundamental quantity but can be d.etermined experimentally.

The gravitational acceleraÈion, g, is a convenient standard

which can be determined by measuring the period and effective

length of a pendulum. The acceleration can also be determined

by measuring the change of speed of a freely falling body.

The standard value of g is quoted for sea level at 45o lati-

tude and is 9.806650 m/s2. The value at any latitude ( 0

degrees) can be computed. from:

g(m/s2) = g.7go4g (r + 0.005 2884 =irr2q - 0. o00oo59

"ir,2 
2 ø )
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A correction for altitude, h (metres), above sea ,

level is

correction (m/s2) = 10-6t-(g.08055 + o.oo22 cos 2þ)h
+ o .72 62 /tOOo ) l

An unknown weight may be measured by any of the

following methods of weight measurement (Doebelin, 1966):

1. Balancing against a known weight.

2. Measuring the acceleration of a body of known

mass.

3. Balancing against a magnetic force created by

the interactíon of a current carrying coil and a magnet-

4. Transducíng the force to a fluid pressure and

measuring the pressure.

5. Applying the force to some elastic member and

measuring the resulting deflection.

The method of using an elastic deflection transducer

for force measurement is widely used for both static and

dynamic loads. The displacement can be measured d.irectly or

a strain gage may sense force and displacement in terms of

strain.

3.2 Principle of operation of strain gages

The principle of operation of strain gages is that

the elect.rical resistance of a conductor changes when ít is

subjected to mechanical deformation (Ho1man, 1966). The

strain-resistance change relationship was discovered in 1856

by Lord Kelvin during his investigatj-on of the electrodynamic
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properties of metals (Perry and Lissner, 1955). The original

strain gages built by Simmons and Ruge had been assembled in

place by cementing the wire itself directly to the test

material. These original strain gages became well known as

SR-4 gages

3.3 Transducers employing bonded strain gages

The bonded strain gage is commonly used and takes

the form of a flat grid. of very fine wires or foil which is

bonded with some type of cement to the surface under consid-

eration. Many d.ifferent types of bonded gages are available

with resistance values of 60 to 5000 ohms and effective gage

lengths of 0.4 firm to J-52.4 mm. Typical force transducers

using strain gages for weight measurement are shown in Fig.

3. 1.

b ) Contilever tronsducer Ilr
C ) Ring dynomometerSlroin goge lood cello)

Figure 3.1
strain gages

Typical application of
for force measurement

i'/- I
I

3r

Tü4i
,/
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rn figure 3- 1a a strain gage loadcerr in which
strain gages are bonded on all four sides is illustrated.
Gages I and 3 sense the direct stress due to F and gages 2

and 4 are sensitive to the transverse stress due to poisson,s
ratio. The maximum d.efrection under full load of such a

loadcell is of the order of 0.025 to 0.3g1 mm (Considin,
t9s7) .

The cantilever beam and. proving ring (Figure 3.lb
and Figure 3.1c) are used where adequate sensítivity cannot
be achieved by the use of a d.irect tension or compression
member. Four active strain gages provide four times the
sensitivity of a single gage and temperature compensation is
also provided. A ring dynamometer t.ransducer under a tension
load has gages I and 3 in compression and gages 2 and 4 in
tension. v,Iith a bridge arrangement, these effects are all
additive giving a larger output. The design and application
of a ring transducer wirl be described later.

Any apparent instability in a static stiain meas_

urement could be caused by the strain gage itself or by the
electrical measuring system. rnstabílity is a shift in the
nu1l balance point.. The factors affecting zero shift are
(Perry and Lissner, 1955):

1- rncomplete temperature compensation of the
active strain gage.

2- rnstability of the wheatstone. bridge, povier
supply or amplitiàr

3. Improper loading of strain gages.
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4. Creep of one or more of the strain gages.

5. Insufficient protection from humidity"
6 - variations in the lead wires to individ.ual

gages.

The smallest d.etectable strain is limited by the thermar or
Johnson noise voltage generated by the random motion of the
electrons (Wi1son, L952) .

fn the application of strain gages for weight
measurement the gage factor need not be accurately known

sj-nce the overall system can be calibrated by applying known

masses to the system and measuring the resulting brid.ge out-
put. voltage.

3.4 Ring dynamometer

Ring dynamometers have been used for draft or force
measurements for years. Loewen et ar.(1951) described a

dynamometer utilizing electric straj_n gages in measuring

force exerted. on a metar cutting tool. Rings having relatively
thin sections afford several advantages: (i) high ratio of
sensit.ivity to stiffness, (ii) adequate stability against
buckling' (iii) easily produced and. simpre gage bonding and

(iv) heat flow in the opposite sides is relatívely the same.

Another advantage of the ring is that the strain produced on

the surface can be estimated (I'ig. 3.2a) by the following
equaÈions (Cook and Rabinowicz, L963) :

Êe=o = 1.09 FR/(Ebt2) (l)
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o ) Thin ring B ) Thick ring

Figure 3.2 Circular ring dynamometer

M- = 0.182F,R¡.ô-^v-u

where

. (2)

e = elastic strain

F - l-oad' N

fl = radius of geometric axis of cross section, m

E = Young's modulus of material , N/*'

b = width of ring, m

t - radial thickness of ringi, m (t<<R)

M^ = bending moment, N'm
U

Cook, Loewen and Shaw (1954) discussed dynamometer

design and presented an example of a dynamometer that had

proven satisfactory. In the thick ring the stress for both

the inner surface and the outer surface can be calculated

from the following equations (Scott and. Droubi, 1970):
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where

oi = inner surface stress , N/m

oo = outer surface stress , N/m

I = section moment of inertia
From Hookers Law o = Ee and. I = bt'/tZ
Thus the strains in a thick ring are:

e1(0 =o) = 0.364 FR(6n - t),/(Ebt'(r* -
eo(0 =o) = 0.364 FR(6R + L')/(Ebt'(2R *

E = modulus of elasticity , N/mz

The errors in the prediction of strain by the thin
ring assumption over the thick ring assumption are:

Error in e.i = ZOí/ (6 (R/t) 1) .r_ . (6 (R,/t) - 1) . (7)

Error in ro = 200/(6(R/t) + 1) . (B)

Equations 7 and I show the percent error as a function
of the raÈio R/t. For large varues of R/L the assumption of
a linear stress distribution in the thin ring results in a

satisfactory approximation.

3.5 Force control switches

The force control switches are built around a

u-shaped deflection beam. A compressive load is applied to
the upper half of this beam through a hard.ened ball and. cup

(Fig - 3 - 3a) . under the load the thin arm of the beam deflect,s
inwardly. rhis d.eflection is utilized to operate the micro-
switches. The contror may use one or more of the four

o.
l_

o ô

-Mr(6R - L)/(6r(2n - r))
Mr(6R + E)/(6r(2R + r))

(3)

(4)

2

2

of the ring, mb
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o ) Compression type b ) r.n.iol trro.

Figure 3.3 Force control switches

microswitches. The switches are all identicar and are

adjusted by turning finely threaded stainless steel screws.

The screws are set so that for any desired loading the

switches are activated, i.e. either opened or closed.

completing or interruptíng an electrical circuit depending

on the wiring configuration.

For tensile load.s the force control switches are

used the sarne as the compressive force control switches

except that they are fitted. with an overroad safeLy bolt and

are commonly supplied. with a set of rod end.s where the force

is applied in a pu11in9 manner (Fig. 3.3b). Figure 3.4

shows the typicar commerciar force contror switches used in
this project.

I I t ll



F
ig

ur
e 

3.
4 

T
yp

ic
al

1.
 

M
od

el
2.

 
M

od
el

3.
 

M
od

el
4.

 
M

od
el

co
m

m
er

ci
al

 f
or

ce
U

 fo
rc

e 
co

nt
ro

l
U

 fo
rc

e 
co

nt
ro

l
X

 fo
rc

e 
co

nt
ro

l
X

 fo
rc

e 
co

nt
ro

l

co
nt

ro
l 

sw
itc

h
sw

itc
he

s,
 2

50
0

sw
itc

he
s,

 1
00

0
sw

itc
he

s,
 2

50
0

sw
itc

he
s,

10
00

us
ed

 in
 t

hi
s

kg
 c

ap
ac

ity
kg

 c
ap

ac
ity

kg
 c

ap
ac

ity
kg

 c
ap

ac
i'b

.y

ex
pe

rim
en

t.

N
)

'Þ



25

The deflection under the load or at the open end can

be predicted. by anatytical methods. Laboratory testing as

done in this project will give the most accurate results if

t.he actual amount of deflect,ion is required. In the t,esting

described in this report the result of the deflectíon as in-

dicated by the dial gauge reading or by the microswitch

tripping was of major interest.

3 " 6 Elect,rical control circuits

Electricalty powered. farm equipment' has been widely

accepted for farm operations since control and operation is

simplified. The basic functions of electrical control cir-

cuits can be:

1. to control (start and stop equipment)

2. for safety (Iow voltage control, fuses, circuit

breakers )

3. for comfort, (t,hermostats and humid.istats)

4. to save labor and time (remote control of motors)

5. for automation (the operation of equipment wiÈh-

out the need for human supervision).

Electrically automated control systems are becoming

more important. in farming operations. Various motor driven

materials handling equipment such as augers, elevators'

mixers, etc., play a large part in farm mechanization and

proper controls ensure efficient operation. For small

single phase motors, short circuit and overload prot,ectiou
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for protecting the electric motor are provided. The contacts

open whenever excessive current flows through the motor in

an overload situation. Magnetic switches or motor control-

lers are used for many larger motors where a magnetic switch

opens or closes the circuits to start or stop the motors. A

small current through an electromagnet or coil is used to

control movable contact points to control the circuit con-

taining the main electrical supply to the motor.

Magnetic switches are used t,o control motors in the

following situations (Shepardson, 1964) :

1. When it is necessary to start and stop a motor

by automatic devices such as Èhermostats or pressure

switches. The thermostats or pressure switches cannot carry

the ful] load current of the motor. In this case the auto-

matic device controls the current to the magnetic coil.

2. Where the system must also be hand operated

sometimes. Tn this case the magnetic switch is equipped

with a selector for manual or automatic control.

3. Where it is necessary to prevent a motor from re-

starting aft,er a power interruption. The magnetic switch is

equipped with a start-stop push but,ton control.

4. Where it is necessary to start and stop a motor

from several locations. This requires the installation of a

start-stop push button at each location.

The principle of automatic control can be divided

into two types: (i) closed loop control and (ii) sequential
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control (Cox and Filby, L972). In closed loop control the

quantity to be controlled is measured by a suitable detector

whose output is compared with a set value. The error or

deviation between the measured and the set values is em-

ployed to operate a correcting unit which alters the measured

quanÈiiy in a sense that tends to reduce the deviation. fn

sequential control the control act,ion is such that one event

is initiated by another or by a combination of other events.

The event,s are registered by the opening or closing of

switches and the control action is determined by t,he switch-

ing logic. An arrangement of switches responds to the

signalling of events by Èhe input sensors and the control of

the operat,ion is accomplished by the output, actuator.

.3.7 Determination of ingredient weights

Static calibration of the ring dynamometer determined

the sensitivity of the weight transd.rrcer. Since the add.ition

of the ingredients was sequentially controlled by the force

conirol switches, the voltage output at, each sequencing was

proportional to the weight of the ingredient add.ed. The

amount of each ingredient was found by

where

wt = (Et Ei)s . . . . . . . . . . . . . . . . (9)

lVt = mass of ingredient, kg

Ef = voltmeter reading at the end of event, V

E: = initial voltmeter reading, V
l-

S = ring dynamometer sensitivity, kg/V



CHAPTER IV

EXPERTMENTAL EQUÏPMENT

4 .,1_Introductiog
Experiments were conducted to measure the amount of

each ingredient conveyed into the hopper by the augers. The

object,ives of the experiments were to determine the accuracy

and precision of the forc; control switches and. the effect

of t,emperature on the accuracy and. p:recisíon. Static cali-

brations of the ring dynamometer were used throughout, the.

period of the experiments. Figure 4.I shows the sÈatic cali-

bration of the rÍng dynamometer by using ten tractor weights.

The mass of each tract,or weight was measured to the nearest

0.1 kg on a platform scale. The signals from the ring dyna-

mometer transducer were amplified and read out on a digital

voltmeter.

Figure 4.1 Static calibration of the ring dynamometer



The equipment w a s  i n s t a l l e d  i n  t h e  A g r i c u l t u r a l  

Engineer ing Bui ld ing  a t  t h e  Unive r s i ty  o f  Manitoba i n  t h e  

summer of  1976. Wheat was used t o  s imula te  t h e  va r ious  i n -  

g r e d i e n t s  t h a t  would be used i n  a  r e a l  feed  mixing s i t u a t i o n .  

F i g w e  4.2 shows the handl ing  equipment used i n  t h e  s imula ted  

f e e d  propor t ioning .  

F igure  4.2 Handling equipment used i n  t h e  experiment 

4.2 Handling equipment 

A galvanized  steel  b i n ,  1.22 m i n  diameter  and 1.83 m 

h igh  was used a s  a  weighing hopper. I t  was suspended from 

the c e i l i n g  o f  t h e  t e s t i n g  l a b o r a t o r y  wi th  t h e  t e n s i o n  Model 

X f o r c e  c o n t r o l  u n i t  and t h e  r i n g  dynamometer i n  series (see 

f i g u r e  4 . 3 )  . A 45 degree c o n i c a l  bottom wi th  a  10 cm by 10 
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cm discharge spout with a shutoff

an elevator for recYcling. Two 5

were provided on the hoPPer legs

poses.

gate dj-rected the grain to

.1 cm by 5.1 cm angle bars

for static calibration pur-

Figure 4.3 Installation for ring dynamometer, force
control switch and weighing hopper

Three hold.ing bins of L.22 m dj-ameter and' 0-91 m

depth were provided. One of the bins had. an extension built
3

on so that the capacj-ty was increased to 1.96 m (see figure

4.4). The large bin was placed at floor level while the two
3

smaller bins, of 0.98 m capacity each' were placed on stands
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L.22 m high. An auger (No. 1) 8.9 cm in diameter and 4.57 m

long was used to convey wheat from the large bin to the

weighing hopper. Two other augers (No. 2 and No. 3) 8.9 cm

in diameter and 3. 05 m long \,vere used to transf er wheat from

the bins to the hopper. Vlheat was returned to the holding

bÍns by a bucket, elevator that was 3.05 m high. The wheat

was directed to the elevator by the gate at the bottom of

the weighing hopper. The elevator and augers were each

powered by 373 Vü capacitor start electric motors.



CHAPTER V

EXPERI¡4ENTAL PROCEDURE

5.1 Control circuit

to the

shows

shows

panel.

shown

Sequential control of the augier motors was essential

operation of this weighing technique. Figure 5.1

the control panel for the electric motors. Figure 5.2

the control circuit wiring diagram of the control

The wiring diagram of the motor power circuit is'

in fi-gure 5 .3.

Figure 5.1 Control panel for electric motors
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5.2 Setting the force control switches

The set points of the individual force control
switches were selected depending on the amount of each in-
gredient desired in the simulated. ration. The settings were

accomplished. as follows:

1" The dial gauge was zeroed for the tare weight of
the weighing hopper (see figure 5.4) .

2. Auger no. 1 was operated until the dial gauge in-
dicated. the desired amou¡t of ingredient number 1. The micro-

switch controlling auger no. 1 was adjusted. (see figure 5.5)

so that augier no. l was turned off and. the circuit to auger

no. 2 was energized.

3. Auger no. 2 was operated until the dial gauge in-

dicated that the desired amount of ingredient number 2 had

been added. The microswitch controlling auger no. 2 rtras ad-

justed until auger no. 2 was switched off and the circuit to

auger no. 3 was energized.

4. Auger no. 3 was operated until the dial gauge

indicated that the desired amount of ingredient number 3 had

been added. The microswitch no. 3 was then adjusted so that
auger no. 3 was switched off.

It would have been possible to extend the system to

a fourth ingredient. This was not done. Instead microswitch

no. 4 was used to control the bucket elevator for emptying

the weighing hopper and refilling the holding bins L, 2 and

3. Microswitch no. 4 was set to shut off the bucket elevator
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, P .  ' ' 

Figure 5 . 4  Zero reading on the  d i a l  gauge 

Figure 5.5 Adjusting microswitch for cont ro l l ing  motor 

T 
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when the weighing hopper was empty.

By the above method the setting of the force control
switches was accomplished and. the control circuit in figure
5 .2 was ready to operate the augiers L, 2 and 3 and the
elevator in the proper seguence by using only switch no. 1

on the panel in the auto-position while the other switches
I

were in the off-position. To unload the hopper, switch no.
4 on the panel was switched to the auto-position while switch
no. I was in the off-position. The slide gate at the bottom
of the hopper was opened and the grain flowed freely to the
elevator leg and was elevated and returned through the d.own

spouts to the bins. when the weighing hopper was empty, the
elevator would stop automatically by operation of microswitch
no. 4.

5.3 Procedure for testin accurac of set- int adiustment

Three dífferent. feed ingredient ratios were simulated.
The weight ratios (in kilograms) were 200:300:500, 500:300:200

and 700:200:100. The purpose of the tests was to determine

the accuracy of the force control swit.ch setting in propor-
tioning the desired ratios. For each ratio, five settings of
the force control switches were made to determine the preci-sion
and accuracy of the settings. One setting was selected for ten
replication tests to investigate the precision of the control
instrument.
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5.4 t4easurement of Temperature

The effects of temperature on the weighing device

had to be determined since the averagie temperature in
Winnipeg can vary from a low of approximately -2OoC during

January to a high of approximately 30oc during July (Environ-

ment, Canada, 1975) For low temperature testing a centri-
fugal fan was used to blow cold outside air through a duct

to impinge on the force control devíce. For high temperature

testing a 600 W electric heater was placed in the fan duct

and hot air was conveyed to the instrument. Both the low

and the high temperature testing temperatures were controlled
by adjusting the air flow of the fan. Thermocouples (copper

constantan) were provided to measure the temperature at
the straj-n gage ring dynamometer and at the force control
device.

5.5 Temperat.ure effect test

The simulated feed ration with the rat.io of 500:300:

200 was used to test the effect of temperature on the force

control switches" Cold outside air, air at room temperature

and. electrically heated air were combined. as necessary to
provide operating temperatures from -20oC to +40oC in lOoC

increments. An air duct was used to bring the aj-r to the

force control switch locations. Five tests were run at each

temperature.



CHAPTER VT

RESULTS AND DISCUSSION

6.1 General considerations of the force control instrument

The dial gauge on the force control instrument
(oillon and company) used in this experiment read 2500 kg

fuII scale, 25 kg per division. The reast count of the dial
gauge \,ras therefore approximately 2-5 kg. The set points
for the microswitches were determined from the dial gauge

read.ing. The error due to setting the microswitches from

the dial gauge lvas of the order of + ¿ least count, i.e.
+ 2.5 kg. The error of when the microswitches were activated
was of course a different matter to be discussed below.

Accuracy and precisi-on were defined and. calculated
as follows for the purposes of this study (Bragg, 1974;

Ho1man, l-97I) z

Accuracy = maximum error
Accuracy (percent) = IOO (Mo - IUd),/Md

where

M = Amour¡t obtained, kgo

M. = Amount desireå, kgd

Sample caLculation (data from Table 3)

Accuracy (percent) : I00(197.8 _ 200) /2OO

= -1.10 percent

The negative sign indicates that the maximum error
in the amount obtained. was 1.10 percent Iow compared to the
desired amounÈ.
/
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Precision = maximum deviation from the
mean

Precision (percent) = 100 (Ma t**) /t_
where

M_ = Average amount obtained, kga

M = The amolult obtained that had the greatestx value of M. - M** kg

Sample calculation (data from Tab1e 3)

Precision (percent) = 100 ( 199 .5 - ]-97 .B) /I97 .B

= 0.85 percent

Precision can also be defined by use of the standard
deviation. For normally distributed data the following

distribution would be expected (Bragg, l-974) z

(f ) I"lean t 1S would include 68.3 percent of the

observations,

(ii) Mean t 23 would include 95.5 percent of the

observations, and

(iii) Mean t 35 would include gg.7 percent of the

observations

6.2 Temperature control

Room temperature was controrred during the period of
test. The temperature of 20 + loc rvas determined by the room

thermostat and was read on a thermometer d.uring the testing
of the force control switches for accuracy and precision.
For the effect of temperature changes from room temperature,
the temperature of air flowing over the force control switches
was controlled as described in section 5.5. The temperature
varied from the desired temperature by approximately +1"c

(see Table 10) .
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6,3 The'effect of zero shift in the strain qage ring
dvnamometer

Zero shift in the ring dynamometer used as a secondary

standard in this experiment was not a serious problem. The

t,ime required for conveying each Íngredient to t'he weighing

hopper was from I to 6 minutes. The difference between the

initial voltmeter reading and the fínal voltmeter reading was

proportional to the amount of each ingredient added. This

technique of measurement minimizes the effect, of zeto shift

(Perry and Lissner, 1955).

The diat gauge on the tension force control device was

calibrated in the testing machine. Figure 6.1 shows the cali-

bration crfrve" The relation shows that the dial gauge was in

good agireement with the testing machine as the slope of the line

was nearly one. The accuracy of the tesLing machine was 0.2

percent of reading.

A typical calibrat,ion of the ring dynamometer for the

period of testing is shown in Figure 6.2. - OÈher calibra-

t,ions are shown in Appendix 1. Three static calibrations

were performed for each test of setting the force control

switches for d.ifferent ingredient proportions in the tests

of accuracy and precision (before the tests, midway in the

period bf tfre tests and after Èhe tests). The calibration

masses versus the voltage output, produced a linear relation-

ship. The average slope of the three calibration curves was

used to represent the static sensitivity of the ring dynagg¡=;.:,,:_.;Ro.
:i;,,ù * " ".f$',È';.

meter and. was used in the calculation of the amount of éaclr**-** " 
",, ÕF &tA¡,¡¡TCBA i

\, %Éõ@ ,l'ì* 
'l:':ì 't'"'i' l//

Catibrat.ion of the dial gauge and rinq dynamometer
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ingredient.

The calibrations of the ring dynamometer used in the

Èest of temperature variations are shown in Appendix 2 " Two

static calibratj-ons were performed for each Éemperature var-

iation test. The average slope of the calibration curves

was used. in the calculation of the amount of each ingredient.

6.5 The effect of electrical noise in the ring dynamometer

Noise present in the voltmeter reading was probably

the effect of vibration in the ring dynamometer due to tem-

perature gradients and structural vibrations as well as in-

stabílities in the amplifier and voltmeter. It was observed

that the signal varied by t0.002 volts from the mean reading

at const.ant load. This error in the calculation of the amount

of the ingredient would. be

error = t 0.002 (sensitivity) kg

The error would be 0.9 kg when the sensitivity used. in the

calculation was 473.L3 kg/V.

6.6 Testing for ingredient ratio of 200:300:500 (kg)

6.6.L Results of setting the ingredient ratj-o of 200' 300

Five trial settings of the microswitches to activate

at 2OO, 500 and 1000 kg were done to obtain the ingredient

ratios of 200, 300 and 500 kgrrespectively. Table I shows

the results of the settings at 200, 500 and 1000 kg. The
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amounts obtained for the d.ifferent runs with repeated settings

were compared to see how close the amounts agreed. The oper-

ation of the microswitches depended on the deflection of the

beam of the force control d.evice. The def lectj-on may have

been uniform for the runs but the accuracy of setting the

microswitches could vary. The most accurate settings of the

five trials was run number 2 with 200.I, 508.0 and 999.5 kg

for 0.05, L.6 and. 0.05 percent variation from the d.esired

amounts of 200, 500 and 1000 kg respectively. The maximum

differences were less than 2 percent for all tests. These

percentage differences define the accuracy of the proportion-

ing of the ingredient ratios desired.

The individual ingredient amounts and the variation

from the desired amounts as set by the microswitches are

shown in Table 2. The amount of each ingredient depended on

the accuracy of the microswitch setting as well as the actual

accuracy of the switch tripping. Amounts d.ifferent from the

desired amounts of an ingredient could result from an incorrect

setting or a faulty trip of the microswitch. Any one ingre-

dient amount depends on the settings of two different micro-

switches. In this experJ-ment the tripping of one microswitch

actually affected. two ingredients (except for microswitch

number three which tripped at the end of each test). The

maxj-mum errors in each ingredient were 1. 85 , 4 . 10 and 1.6I

percent deviation from the desired amount of each ingredient

for the ingredient ratio 200:300:500 kg respectively. The

minimum errors were 0.05, !.27 and 0.10 percent respectively.
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It was difficult to obtain the amounts of each ingredient

exactly as desired because the amount of each ingredient was

affected by the ingredient preceding or following.

6.6.2 Precisíon test for desired ingredient ratio of 200:

Run number 3 of the microswitch setting tests for an

ingredient ratio of 2002 300:500 (kg) (Section 6.6.1) was ex-

tended to ten repetitions to see how much the amounts devi-

ated from the d.esired amount for the same microswitch settings.
The repeatability or the precision of the microswj-tch setting

was determined by this test. The results are shown in

Table 3. The precision for the ingredient ratios were 0.84,

0.49 and 1.19 percent of the mean amounts obtained for each

ingredient for the desired ratio 200, 300 and 500 kg, respec-

tively. Table 3 also gives the 95 percent confidence inter-

va1 for the mean (Bragg, 1974) . The high degree of precision

obtained, coupled with lower accuracy, would indicate that if

the microswitches had been set more accurately to the desired

amounts then both precision and accuracy would be acceptable.

6.7 Testj-ng for ingredient raLio of 500:300:200 (kg)

6.7 .L Results of setting the ingredienÈ ratio of 500, 300

Five trials of sett.ing the microswitches for the

cumulative ingredient amounts of 500, 800 and. 1000 kg were

performed to obtain the ingredient ratios of 500, 300 and
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200 kg respectively. Table 4 lists the results for the

desired cumulative ingredient amounts of 500, 800 and 1000

kg. The maximum variations of the obtained amounts v/ere

2.66, 1.70 and 2.03 percent from the desired amounts of 500,

800 and 1000 kg respectively. These maximum variaLions all

occurred for the same run (i.e. No. 4) and seem to indicate

that there was an error in the setting of the microswitches

from the d.ial gauge on the force control device. Table 5

lists the obtained ratios compared to the desíred ratío of

500, 300 and 200 kg" Run number four, when reduced to the

ratios, does not appear to be in error excessively when

compared to the other runs. This could indicate an error of

the zero setting of the dial gauge thus significantly effec-

ting only Lhe first ingredient. The effect of errors in the

settings of microswitches 1 and 2 could have produced an

error in subsequent ingredíent amounts. For example in run

number 3 the second ingredient amount was 6.9 kg less than

the desired amount while the third ingredient amount was 15.3

kg greater than the desired amount. This seems to ind.icate

that microswitch number 2 was set lower than the d.esired

amount resulting in a greater amount for the third ingredient

since the setting of the microswitches \^/as based on the dial

gauge readings.

6.7.2 Precision test for desired ingredient ratio of 500,

Run number 2 of the tests of setting the microswitches
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for the ingredient ratios of 500, 300 and 200 kg was selected

for 10 replications in order to test the precision of the

microswitch settings. The results are shown in Table 6. The

results indicate precisions of 0.22, 0.63 and I.66 percent

for the oþtained ratios. The precision obtained for the in-
gredients was better than the accì.rracy for the ingredients.

This j-ndicates that once the microswitches are set, repeated

use of the resulting ratio could be both accurate and precise.

6 .8 Testing for j-ngredient-ratio of 700 :200 :100 (kg)

6 .8.1 Results of setting the ingredient ratio of 700, 200

Five trials of setting the microswitches for the

cumulative ingredient amounts of 700, 900 and 1000 kg were

performed to obtain the ingredient ratio of 700, 200 and 100

kg,respectively. Table 7 lists the obtained amounts when

the desired amounts were 700, 900 and 1000 kg.. The maximum

differences betweerr'the desired amount and the obtained.

amounts r4¡ere L.97, L.40 and 0.72 percent variation from the

desired amounts of 700, 900 and 1000 kg respectively. Mini-

mum differences were 0.90, 0.L2 and. 0.32 percent for the

desired. amounts of 700, 900 and 1000 kgrrespectively.

Table 8 lists the results in terms of the desired

ratios of 700, 208 and 100 kg obtained from microswitch

settings of 700, 900 and 1000 kg. The amount of the second

ingredient was always less than the desired amount of 200 kg

while the amounts of the first ingredient and the third in-
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gredient were always higher than the desired amounts of 700

and 100 kg, respectively. These errors appear to be due to

eirors in setting microswitch number I and microswitch

number 2. This is so since the amount obtained for micro-

switch number 3 in the cumulative ingredient tests were rela-

tively correct at 1000 kg (see Table 7\,

6.8"2 Precision test for desired inqredient ratio of 700,
200 and 100 kq

Run number 4 of the tests for setting the micro-

switches for ingredient, ratios of 700, 200 and 100 kg was

selected for ten replications to deLermine the precision of

the microswitch settings. The results are shown in Table 9.

The precisions of the amounts obtained were 0.44t 2.85 and

2.97 percent for ingredients Lt 2 and 3, respectively. The

stand.ard deviation of the second ingredient was 3.0 kg which

appears relatively high. It would appear as if repetition

number B and 10 contributed significantly to this high stan-

d.ard deviation.

6.9 Results of testinq for effect of varving ambient
Ëemperature

Timoshenko (1955) presents methods for the deflection

analysis of curved bars. Following the methods described by

Timoshenko (1955) ttre force control device was analyzed for

deflection. An approximate solution was obtained through

the use of a Gaussian integration on a computer. The results

were in the form of a stiffness (toad,/deflection). The

effect on the stiffness of changes in t,he ambient, temperature
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were invest,igated. The stiffness is affected by changes in

dimensions and physical properties due to temperature changes

(Beckwith and Buck, 1969). Changes'in stiffness will be re-

flected. in the loads required to trip the microswitches. The

predicLed effect on ingredient amounts has been plotted in

Figure 6.3. Figure 6.3 also graphs the results for the

amount of each ingred.ient obtained experimentally.

There were five runs made at each diiferent ambient

temperature for the ingredient ratios of 500, 300 and 200 kg

as described in sect,ion 5.5. The average obtained amounts

for each ingred.ient at, each temperature are shown in Table 10.

The predicted amounts showed linearly decreasing

amount.s as the temperature increased. The variation in in-
gredient amounts due to temperature change was calculated

and was found to be the same percentage for each ingredient.

The variation in amount was -0.026 percent of the desired

amount, for each degree (Celsius) increase (based on the

assumption that the obtained amount equals the desired

amounÈ at 20oc).

Experimental results for the second ingredient and

the third ingredienL showed a roughly uniform decrease in

the amounts obt,ained with increasing temperature. These re-

sults agree qualitatively with the results of the analytic
prediction that there will be a reduction in the stiffness

of the force device with increasing temperature. But the ex-

perimental results for the first ingredient (500 kg) showed

a trend of increasing amounts for increasing temperature
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Table 10 Effect of variation in ambient temperature on
microswitch settings for ingredient ratio of

500, 300 and 200 kg
(Averages for 5 replications)

Ambient Temperature
oc

Ingredient I
kg

Ingredient 2

kg
Ingredient 3

k9

-20 t 0.7

-10 1 0.9

0 r 1.0

10 r 1.0

20 r 0.5

30 r 0.4

40 t 0.4

s03.9

507.8

505 .9

502.9

510.6

511.9

. 513 .5

296.3

297 .0

294.8

294.2

293.6

289.0

289.0

204.9

204.6

203.0

200.2

201.1

202.0

20L.6
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while the analytic prediction was for a lower amount at
higher temperature. This could perhaps be explained. as a

temperature effect on microswitch number 1 that was greater

than the temperature effect on the deflection beam. If the

open ends of the beam moved inward at, higher temperatures,

the required deflection to activate microswitch number I
would. have been automatically increased.

6.10 Compression loading of the compression Model X force
control- device.

The loading of the holding tank on a portable grinder-
mixer was simulat,ed in order to test the compression Model x

force control device. The effect of loads applied uniformly
around the center of the simulation mod.el- and also the effect
of off-cenÈer loading hiere investigated. The load.ing was

simulated on a model rather than in a real portable grinder-
mixer since (1) a grinder-mixer was not, available and (2) in
a real grinder-mixer with feed (or wheat) for loading iÈ
would have been diffi.cult to determine the exact, location of
the off-center load.

The model consisted of a 7.6 cm x 6.4 cm x 1.0 cm

wide flange beam 165 cm long. One end was supported on a
knife edge and the other end was placed on the ball bearing

of the compression Model X force control device equipped

with a dial gauge. The span length was 150 cm. The load

was applied at the center (see Figure 6,4). In the model the

beam was initially horizontal to simulate a grinder-mixer

that was leveled before any readÌngs would be taken. The
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Figure 6"4 Mod.e1 study of compression force control device

load (F) was applied by a Baldwin Tate-B'nery testing machine

Model PTE L44 v¡it.h 15 000 kg capacity and. 0.2 percent ac-

curacy of reading.

Figure 6.5 shows the rerationship between the applied
load on the testing machine compared to the dial gauge read-

ing for three positions of the applied load (midspan, *30 cm

and -30 cm).

The simulated grinder-mixer hopper load as ind.icated

by the testing machine load was compared to the calcurated
hopper load determined from (i) the dial gauge reading,
i.e., two times the dial gauge reading and (ii) the calib+_
rated diar gauge reading, i.e., 1.8999 (diaI gauge reading)

0.849 kg. The results are shown in Tab1e 1I.
The error due to calculating the hopper load from the

dial gauge reading could be determined by

Load calculated
from dial gauge

Accuracy (percent)=
Actual load

100
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rn practicar applications the calculated load would

be two times the dial gauge reading since it wourd be

assumed that the load was on center. The linear relation-
ships as shown in Figure 6.5 were used in Èhe calculation
of the accuracy. The intercept of the equation was smarl

enough to be neglected in the calculation of error. ïdhen

the load was applied on center, the accuracy was 5"3 per-
cent of reading when the load was calcurat,ed as tu¡ice the
dial gauge reading. This error can be eliminated by using
the caribration curve to carcurate Èhe load. For the +30 cm

off-cent,er load the accuracy was 42.9 percent and for the

-30 cm off-center the accuracy Ìvas 38.5 percent. These re-
sults indicate that if the load.ing is off-center, appreci-
able error will occur. rn use, the distance off-center
would not be known and therefore the calibration curve could
not be used.

0.1 PrecÍsion of microswitch settin on the compression
Model X,force control device

The four microswitches were set for on-center road.s

of 96.0, 191.5, 378,2 and 955.9 kg, respect,ively (based on

the dial gauge reading). Three positions of the road were

used for the precision test (mid span, *30 cm and -30 cm).

Five replications were made for each position of the appried
load. Table 12 lists the resurts of the precision test of
microswitch activation on the compression model force control
device.

The precisions for micro"rit.h." 1 Èhrough 4 were
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4.48, 2.00, 1.60 and 0.75 percentrrespectively, regardless

of the load position while the accuracies \^/ere 9.06, 5.I2,
2.20 and. 1.40 percent, respectively, Lor the same rat,io.

This presents a good illustratíon of the fact that accuracy

and precision are not, always the same, i.e., good precision

does not necessarily mean good. accuracy.



CHAPTER VTT

CONCLUSIONS

1- The feasibility of utilizing the force control
switches for automat.ion of feed. ration j-ngredient propor-
tioning has been demonstrated

2. At room temperature, th; precision of the

tension force control device was better than 3 percent when

the desired ingredient amounts were 100, zoo, 300, 500 or
700 kg. The precision of the compression force control
device with on-center loading was better than 5 percent

when the mi-croswitch set points were 96.0, L9f .5, 478.2,

and 955.4 kg.

3" The accuracy in obtaining the desired. amounts

of each ingredient determined by the tension force control
device and the compression force control device depended on

the individual settings of the microswitches.

4. Temperature variation did not have a large
effect on the amount of each ingredient obtained in the

temperature rangie -20"c to 40oc when using the tension force
control device except for the first ingredient where the
error lvas 0.028 percent of the desired ingredient amount for
each degree (Celsius) increase.

5 - off-center load.ing when using the compression

force control device gave greatry red.uced accuracy. when

loaded only 20 percent of span length off-center, the error
!ìras up to 42.8 percent.
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6. The ingredient amounts as determined by the

tension force control device were more accurate than the

ingredient amounts determined by the compression force

control device.
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CHAPTER VTIT

RECOM¡4ENDATIONS FOR FURTHER STUDY

1. Further work is required in applying the force
control device to portable grinder-mixers.

2. The effect of vibration on the accuracy and

precision of the force control device shourd be studied.

3. The effect of the type of conveyors that convey

the ingredients to the weighing hopper should be investi-
gated, i.e. the location of shut-off gates, overrun, etc.

4. A method for accurately settíng the micro-
switches for each ingredient should be found.

5. The use of the force control switches to control
the operation of a mixer where a time delay is required for
the mixing operation should be investigated.

6. The application of the force control devj_ces in
weighing animal crates should be investigated.
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APPENDTX 3

Capacity of auger conveyors

conveyor capacity
kg/s

Auger

Auger

Auger

number

number

number

1

2

3

2.25

1.50

1. 60

Average for six tests




