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Modeling of round bale pre—processing system for

TMR plants for the domestic produced roughages
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SUMMARY

I. Title
Modeling of round bale pre—processing system for TMR plants for the

domestic produced roughages

II. Objectives and Necessity

Major sources of roughage in dairy and beef cattle in Korea are rice straw
and winter barley. Rice straw is harvested and processed as round bale type
and winter barley and rye are processed as round baled wrap—silages. In the
process of mixing with other ingredients in a TMR plant, round baled
roughages have to be cut to small size in order to be well mixed.

Currently TMR feed manufactured in commercial plant are the one of the
major source to feed cattle for both beef and dairy farm. However, because of
lack of cutting and mixing system for utilizing firmly baled round roughage in
commercial TMR plant, these commercially processed TMR feed is not satisfied
to farmers both in quality and price point of view.

However, round baled wrap—silage could not be used properly in the TMR
plant because there is not proper facilities to cut rice strew or barley
wrap—silage in the TMR plant properly. There are two major obstructing factors
to mix roughage in the TMR plant. Those are; Mthese small sized cut roughage
are too bulky and light to measure its weight and @round bale is too firmly
baled to be untied and to be cut.

Also, an unsuitable mixing system for a roughage has been another factor to
utilize the baled roughage in the TMR plant. Traditionally, an auger type mixer
has been a major type of the feeder in Korea. However, this type of feeder was
suitable only for mixing dry ground grain ingredients, but not for forage and
wet paste ingredients. Dairy feeds should be well mixed not only for dried
ground grain but also for wet paste and fibrous forage.

In order to solve these problems and increase the consumption of the
domestic produced roughages, development of round baled roughage

pre—processing system for TMR plants was prime objectives in this studies

_10_



which having the following functions;

@D having a receiving and cutting system enable to receive round bale
without any difficulties and to cut by proper size for mixing operation in a
TMR mixer.

@ having a conveying system to transport roughages from cutter to
pre—process system.

@ having a function for standardized article by compacting of small sized cut

roughage in order to easy for handling and weighing in the TMR plant.

ITII. Methods of studies

The research have been performed for 3 years and executed as following
steps;
1) Round bale pre—processing system for TMR plants was developed.
2) Pilot system was installed at the beef cattle farm based on the model plant
developed.
3) The pilot system was tested and modified in order to applicate Korean
dairy-beef cattle farm without any problem in the future.
4) Also, a series of test were performed and a lots of data were collected and
analyzed to develope the mechanized operation model, mechanical technology,
coverage area, optimum size of the farm(break—even point) for application to the
farm.
5) Also, the economic feasibility analysis has been done for the developed round

bale pre—process system by comparing with commercial TMR plant.

IV. Results and conclusion of the research

The results of the research were summarized as follow;
1) Round bale pre—processing system for TMR plants was developed in order to
increase the consumption of the domestic produced roughages. The model
system was consist of following subsystems;
@D Round bale receiving and cutting system.
@ Mechanical conveying system for transfer the roughage which was cut at

the cutter to round bale pre—process system.

_11_



@ Facility having a function for standardized article by compacting small sized

cut roughage in order to easy for handling and weighing in the TMR plant.

2) The pilot plant was installed combined with farm size TMR plant at the beef

cattle farm in Bori—maeul, Jungeup—si.

3) Weight of a standardized article of roughage is 20 kg and it is very efficient
roughage measuring the weight, easy to put into mixer and to be mixed as a

TMR feed.

4) After series of mixing test, the average CV value of the feed is 13.02% at
the gate of the mixer. This digit is far low compare with standards base of

30.0% which is provided by Institute of Agriculture Engineers, ORD.

5) Processing cycle for produce one batch is less than 30 minutes. Thus, it will

take less than two hours for producing 8 ton per day.

6) The production costs of the feed at the farm size TMR plant when this
developed round bale pre—process system 1is installed was analyzed by
comparing with traditional system. According to the results, production cost of
the TMR feed decreases rapidly with an increase of production rate. Production

cost when it produce 8 batch a day is estimated as 12,170won/ton.

7) Model system become more profitable than purchasing of commercial TMR

feed at the larger than 97 head of dairy cattle and 137 head of beef cattle.
8) Thus, the effect of cost reduction produced by model plant is 276.318 million
won/year for 640 head dairy cattle farm and 392.662 million won/year for 1,230

head beef cattle farm compare with commercial TMR feed respectively.

As an overall conclusion, the farm size TMR feed mill which installed round

baled roughage preprocess system will be very useful model. Also it is expected

_12_



that the effect of cost reduction will be very large for the dairy and beef cattle

farm.
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DESIGN AND DEVELOPMENT OF A THRESHING CHAMBER
AND PNEUM;‘I.T]C CDNVEYING AND CLEAN]NG
UnITS FOR SOYBEAN HARVESTING

5. D, Fernando, M. A, Hanna

ApsTracTt. A therestiing chomber way developed for an alrermaiive sovbean threshing device. Preamarie comvesing amd
cleaming svstems were developed for the device boased on difire-phose design principles. Alse presented is a stractured
approach for wsing dilute-phase pewmatic - desipn principles fo solve conveving and cleaning problems associated with
sovean fwevesting, The device threshed sronding wncer sovbean plams with an array of plastie fingers flved 1o
counter-rivading shefis. The threshed materials were initiallv prewmaricatly cleaned ond then prewmarically comveyed 1o a
grain o, Tlee colfecton system captured 855 of e threshed beans. A dwo-stage cleaning system was incorporated o
remaove the miderialsoter-ahan-grain (MG before the grain reached the gromn fank. Cher 93% of the MO, excluding
sovhean stalls, way removed in e fivst stage of the cleaning svstem. The second stage of the cleaning system further removed
the chalf frown the grain. The average efficiency of the conveving svatem was 9295,

Keywords, Prewmatic cleaning, Prepmatic conveying, Sovbeon threshing,

owbean harvesting is done predominantly by com-

bine harvesters, Although the modermn machines

have vastly improved technology, some harvesting

proflems still exise. Field losses during harvesting,
although having been reduced 1o more scceptable levels of
about 11095, are not satisfactonly low.

The operational charscterisnes of current combineg har-
vesters. reyguire the entire plant o be col before being
threshed. A high amount of energy is required lor this entire
processing operation, [nterestingly, Mesguita and Hanna
(1995) found that the amount of energy required o open
soybean pods was considerably low in comparison o the total
enerzy wtihzed o process the whole plant. Quick (1972,
1974} and Mesquita and Honna ( 1993a, 19%493b) reported that
material-other -than-grain (MO} comresponded o (0% of
the todal volume of plant material, which was processed
unnecessarily during conventional combine harvesting,

Although there are different machanisms i the combine
harvester for accomplishing threshing, when one looks at the
overall operation, there are no distinctive differences in the
overall harvesting operations. {for example, rotary and
cylinder-based combines). For any combine harvester, the
cutting. gathering, and feeding mechanisms remain more or
less unchunged, Mesquate and Homns (19951 reposted on the

Amicle wis submined For eeview n Jonuary 2003 approsed for
puilicativn by the Mower & Machinery Division of ASABE im Fuly 2005

The authars are Sandun [k Fermande, ASABE Member Engineer.
Asaistant Prdessor, Depariment of Binlogical Enginsering, Missiszippi
Sty University, Mississippi Stte, Mississappi: and Milford &, Hanna,
ASABE Fellow Engineer, Professor. Depastment of Biodogical Systems
Engineering, University of Mebmska, Lizcodn, Nebraska, Corresponding
auther: AMiltord &, Hueoa, Depatimest of - Biokgeal - Syssemes
Engincerimg, L. W, Chise Hall, Univerity ol Mebraska, Lincaln. NE
BRSRE-IT26: phomes 024 T2-0034; fac: A02-472-63 382 e-mail: mhanna@
upmes el o,

mechanics of soybean threshing. This study was riggered by
the fnddings of Hoag (1972, 19751, who studied the physical
and mechanical properties of sovbeun pod shuttering, Hoag
found that only a small amount of energy was necessary 1o
open soviean pods i imvpact velocites, similar o those of
combine harvester's reel and cotter-bar speeds.

Mesguita et al, (20000 developed an experimental device
fior threshing standing, uneut soybean plants, The deviee used
impact cnergy provided by plastic fingers fixed on counter-
rotating shafis, siriking the sovbean plamts from both sudes of
the plant row, This device uscd a pneomatic system for
collecting the ihreshed marerial and separating sovbeans
froan MOKG, The device threshed up o 9995 of the beans,
depending on the ground speed. The study also indicated that
MOG removed ar lower ground speeds was significantly
higher than that removed at higher speeds with this device.

The prototype was initially developed a1 the MNational
Center for Sovbean Besearch of Embrapa (Branlian Agncul-
tural Research Corporation), Londning, Parena State, Brazil,
and the preliminary field tests were done there. In the
meantinee. an independent stody was carned oul i the
Department of Biological Systems Enginecring, University
of Mebraska-Lincoln. to further develop the concepr and
improve the effectveness of the protype. The focus of the
study was o develop the threshing chamber and the
preumatic cleaning and collection systems so that the
collection and cleaning efliciencies were optimized.

According 1o Wypych (198%), preamatic conveying has
beei bsed o anspert bulk solads theough mipelines (i
industry for severnl decades. He stated that with the
introduction of new techrigees and more efficient hardware.
such ws dense-phase, ow-velooity, and long-distance con-
veving systems, the efficiency of the conveying sysiems has
improved remendously.

According o AZO. Maschinenlabok (1984), variows
types of pneumatic conveying systems exist, Some examples

Transactioes al the ASAE

Wil FHIS1 | RE1-16KE
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DusTt CycLONE DESIGN

F. A. Funk, 5. E. Hughs, G. A, Holt

ABSTRACT. Dust cvclones are @ cost effective memis of treating process air refeased by cotton ging. Madificarions re the
currely ecommmended  cyclone design were tested to impreve collection efficioncy, Factors normally comsidered
wrncewitreiied {dust loading and selative humidire) were inclided in o mived-tevel fractional faciorial experimentol design,
Pre—weighed gin rash was metered fnto dofer aly Exhawst aie wos possed theowgh o e thar wos weighed fo determine dus
foraioeg amil codlection efficiency, Sguare and angled infey wedificationys towered cvclone performance. Newtral air tube and
expansion chamber modificetions were insignificans. Pressure diop increased linearly with increasing air ensrance velpeiny
wiile collection efftciency decreased slightly, Reducing entvance velocite miay save energy withont adversely affeciing

erformance,
Keywaords. Dusr Cyvelones, Modeling, Cofton ginning.

he  USDA-ARS  coton  giomng  research

laboratories wl Lubbock, Texus, and Mesilla Park,

New Mexico experiment with dust cyclones in

hopes of improving collection  efficiency.  Dust
cvelones are o cost effective way for cotton gins to clean
conveving air before it is relessed o the environment, Other
methods of dust collection such as rotary drem filters, bag
houses, and sproy systems are more expensive to build wnd
operate, A typical W bale per hour cotton gin maght reguing
as much as 113 mifs (2400000 cfm) tedal air for transposting
materials between successive stages of the ginning process.
Depending on crop condition and sowrce, some of that
conveying uir may carry as much as B0 2fm? (44 prainsffi')
todal  suspended  particulake {TSP)L. The Environmental
Protection Agency (1987 limits allowable dust emission of
particles having an scrodynamic diameter of bess than
100 microns (PMI0) o 150 pe/m® (66 x 100 grainaffid), Local
Jurisdictions  may  have more siringent  requirements.
Cyclones alone uswally suffice to remove TSP and PMID, If
ar quality regulations  becoame  more  restnclive, mane
efficient cyclones will be needed for gins o continue to
economically  comply  with  air  quality  permitting
recuineTnents.

Article wos submutted for review @ Aogasi 200 approved  for
pulblicagion by the Powe & Machinery Davisson ASAE in Felbruary NHM
Prsamted at the 2000 ASAE Anoual Moeeting 35 Papor N, (0—1026,

Mentiom of mrade nomes or commeeaial products m this adicle 1= solely
firr the purpose of providing cpealic informstics ond does oot imply
peramnibe indatian o enadorsement By the LS, Depanient ol Agrcalee,

The auttors are Paul A, Funk, ASAE Member Emgameer, Agricultomil
Engneer, 5. Fd Hughs, A¥AE Mewmber Engineer, Reweorch Lemiler,
USRA-ARS Soathwcateen Costos Clening Rescarch Lab, Mesilla Pack,
Mirw Mienico, and Greg A Holl, ASAE Merber Engimeer. Agriculloml
Engineer, LSDA-ARS Coticen Production and Processing Resenrch Lmit,
Lok, Teans. Corresponding muthar: P A, Fusk, ST Agricoloml
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ANTECEDENTS

Chemical industry ¢yelone separstors are occastonally
designed  with  inlets at various  angles  other  than
perpendicular o the cychone axis, For this resson positive and
negative angled entrance ducts were examined to determine
their potential for Bnproving dust cvelone  performance.
Previous USDA cyclone research hisd andicuted performune
improvements when using am expansion chamber at the
bamtam af a eyelone emploving o tapered wir outler, thoagh
nol with regular air ootlets (Holt et al, 1999). Further
experimentation wuas desired to confirm the potential of this
mesdification. The Clifford mbe and the expansion chamber
were cach expected to stabilize the bottom of the vortex,
reducing particle re-entrainment @ the wash exit, The
importance of minimizing re-circulstion of lint and fine
particles near the bottom of the cone has been identified
previously (Baker et al,, 1996} in reducing emissions and
wear.

Isrman, MongvneG

Computatione]  Fluid — Dynamics  software (AEA
Technology  ple, 19990 wias msed o predict airflow
streamlines in a dust cyclone. The modeled space was the
cvclone barrel and cone volumes. The boundary was drawn
at the boom of the vortes finder becanse the software coukd
nol wocept o separate volume within an active volume,

The resulting graphic ouwtpuis enabled visualization of
arrflow rather than partscle flow, [n the plan view of cyclone
sireamlines {fig. 1) air makes one revolution in the barrel of
the cyclone, collides with incoming i, amnd makes an abrupt
change in direction near the eéntrance. This forces the
dust—laden air we make a tight twm inwasd and downward.
The fact that the air 15 leaviing the dust bebind a0 thar point
appeared to be more important to cyelone efficiency than the
fact that the dust is reintroduced into incoming air. This
alternate approach (o understanding cyelone dynamics was
thought 0 possibly explain the results of an eardier

Box 578, Mesilln Park NM AET-6G78; phone! SI5-3M-6351; fox: ELperiment which  attem I rEERL articla
ANE-A25- 10 e—pnad | prlenk P nmeieda, e 8 peed pre parte:
resimiroduction.
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DyNAMIC ANALYSIS OF RECIPROCATING
SINGLE-BLADE CUTTER BARS

AL Guarnieri, C. Magliom. G. Molan

ABSTRACT. [ Hiis study, o mathenatical fumped mass model for a reciprocating single-Blade cutter bar with o slider-crank
nrechianism wis developed. The eqisation af motion was runterically nregrated, and the ifTuence of geamerric, kinewatic,
dvramic, and biological parameters was invesigated, The analvsls demonsireted the wselesness of S crank dive ertia
umd proimied ont that system imbolonce is due more to the periadic mstabilite of motion and torgue than fo the alternative
tnertia force of the Blade, The analysiz alse showed the exisience of an optimus raeing speed Sl minimizes eebiling end
thus imbalance, ard that cutting resistanee decreases ax e rumming speed increaves. It ix therefore possihle we fimd o
Sumctional oprimization of the svsrem with regard 1o vibratory plienomena and cufing quality.

Kevwords, Cutting resistance, Equaiion of wotlon, Numertcal aualysis, Recigrocating canter bar,

he first mechanicul cutting bar was invented in the

L5, by Bailey in 1822 {Stone and Gulvin, 1967}

In the [ollowing years, the sysiem was

implemented using harvester-based principles, and
it reached Europe in the middle of 1%h contury for forage and
griss cutting {Curens, 1942; Nerli, 1943), The cutting bar
congists of three main secfions! the carrving frame that
supports the other pans, the culting svstem {a double or single
reciprocating multi-tooth blade), and the drive system that
ransfers power from the motor directly 1o the blade, The
laler, in most cases an eccentric cramk-connecting road
mechanism, has a strong influence on afl the working
prOoperiies,

Oiwer the yeurs, in spite of this influence and the increased
use of cutter bars for pruning. thinoing. and even beaf removal
(Pollock et al, 1977, Gubiand e ol 1994, Morns, 2000;
Corradi, 2004}, the most commaon drive svstem has never
been subsiantially modified, nor replaced by differeni
mechanisms (Pellice, 1963 Manfredi, 19951, This system is
far from deal in its basic design {Coutes and Porerfield,
1975), and as trees and vinevards are promed, (he mcreased
cutting resistance requires a lorger amount of power. Hence,
with the typical cantilever orientation of the cutter bar in such
operalions, the existng vibratory phenomensa increase,
which considerably decreases both cutting quality and safety
(Monroe and Peterson, 1977},

Ty awveid these problems and redoce the oscillation of the
cutter har tip during pruning, manufacwrers tend to limit the
il overhang cutting width, or suggest the use of doublke-

Submnitied Tow peview bn May 00 as manuscrigl number P 84065,
apprirved for poblication by the Fower & Machinery Division of ASABE
im February 2007,
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Resenrcher, Depanment of Agricoliorl Econcmics ond  Engiseering
(DEAgra), Universioy of Bologna, Bologna, Raly, Corvesponding
anthers Gicvanni Malari, DELAgra, University of Bologna, via G. Fimin
50, A0EXT Bolopea, lmly; phome: +3-051-H86k91; foc +39051-
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blade mechanisms (Filippi. 1967; Wenner, 1986). However.
in the former case, the versatility of the system s
signifwantly redeced, whibe in the latter cose, cost, wear, and
chances of jamming increase (Manfredi and Capelli, 1992)
To evaluate the cavse and the extent of these vibeatory
phenomena, the system dynamies have w be anadveed and the
curting resistance of the plants mathematically estimated, in
order 1o obdaln o quantitative deseription of the syslem
behavior,

Early studies of this sor of culling sysiem considered
cutting ares optimization wnder different lool configurations
and evaluated cutting speed in relation 1o geometric
parameters {Casint Ropa, 1953; MeClelland and Spielrein,
1958: Horbage and Maorr, 1962), These studies, which only
involved kinematic -and geometric analyses, considered
cutting sction optimization only for grasses amd forages.
They are not suitable for larger shrubs {Hansen et al., 1965;
Francia, 1972} The Eatter situation includes such factors as
coumterbar configeration, deflection, resistance of the plant
materiol {Scotton, 1947; Bosoi el al.. 1991} ond dynamic
factors like the mstantaneons culling foree on leeth, orgue,
or modion over time.

Later studics evaluated the cutting force for different
configurations of the teeth and coumerbar {(Young, 1984;
Chen et al., 20043 Moreover, empirical models for cutling
resistance  have been developed wsing energy  criferia
(Srvastava et al., 199%6; Chancellor, 20007 However, even
when dynamic analysis has been carried out (Elenin ct al.,
1985; Baruah and Pancsar, 2005, the vibratory phenomena
have pever been highlighted, their causes analvzed, nor
soluticns theoretically proposcd. Several aspects have =till o
be elarified, like the causes of sysiem disequilibrism and the
magnitude of this pheromenon for the different working
parameters and variables. These matters become particularly
impertant when cutter bars are used for heavier purposes, like
shrub pruning.

The aim of this article is to develop s mathematical model
ol a singhe-blade cutier bar with 3 crank-conrod drive system
toanalyze the cutter bar behavior in pruning. This will allow
us 1o clanfy the cavses of system disequilibriom anmd
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THEORETICAL AND EXPERIMENTAL ANALYSIS OF A
Continuous-BLADE CUTTING SYSTEM FOR LEAFY VEGETABLES

. Brown, 1. L. Glancey

ABSTRACT. T address the high cosis associated with maintainirg corvenl reciprocating cuiter bars wsed for harvesting
spiniactl, @ project was initiated fo develop @ lower-cost bandsaw cuning system. A model of the siresses generated in the saw
Bladle under several Toading scenarios was developed and wsed o evaliare the potenrial for faigee foilure with different
support prlley and Blade designs, For hardened steel blades, farimie failire does not seenr fikely for pailey diameders equal
ter or greater toan 3000 . Torstonal stiffness of o wide-span Wads was modeled and weed 1o determine the erisical ln-plane
Jewd foree exerted by the crop above wiiich the blade will buckle. Laboratory teses with v inserementod bondsaw blade testing
apparats confinmed the prediciions from the stabilite model that the critical forces necessary io induce buckling are low:
The effects of Wade teickeess erd fenston on stabdfiy were examined and indicated that e resssiance o backling could e
inproned wirh increastng thickmess and teasionr af e cxpense of fatigee life, For spoes greater than 1.5 m, e blade tension
regueired tor prevent buckling was uer pracical, wiich suggested thay the Blade must be supported across the cuiring widih
fin owder o achteve e reguired forces for cutting. A prodoivpe bondsaw-type harvesier ways developed that ecleded o
continuos polymer blade guide fo prevent blade svisting and buckling, Ficld capacity averaged 1.6 ha'h, correspanding o
d threnghpud capacity in excess of 26 Mgiha tn spinach gravn for processing, Tn-fleld recovery measirenents and an N-way
armerbvsis of varience revealed ro significans difference s harvess foss between semi-Savey and smooih leal spanach varieties,
On average, rvess foss way aboul 3% of ihe commercial vield: approcimately 1% of this loss was atiributed o the harvesier
cuiting mechanism ay leaves spll atached ot spinech crown. The reraining losses weee signiffcantdy higher, consisting

of ferve feaves cut by the bandsaw bt mot gathered by ihe imiake convevor:

Keyvwards, Harvesting, Specialty craps.

pinach 15 & crop grow in Delaware, New Jersev, amd
the eastern shore of Marvland for both fresh market
and processing vse, and vinually all produection is
maching harvested, When grown for processing,
spinach is planted for three different growing/harvesting pe-
rinds. Spring crops are planted between 120 March and
200 April and harvested between 20 May and 7 June, Fall
croqe are planted between 10 August and 2 September and
harvested between 20 September amd 28 October, Crver-
winter crops are planted between 1 and 15 Okctober and har-
vested in the spring. In each case, plantings may be harvested
ws many as three times, provided the plant ceown s not dom-
aged during harvest, sufficient re-growth exists, and only a
few plants have started 10 produce secd.
Spinach is a kw-growing, fleshy-leafed annual that forms
a heavy rosetie of broad, crinkly, tender leaves. Spinach is
classified as a very hardy cool-season crop that grows best al
a mean temperature of 10°C @ 15°C. 1t docs nodt germinate
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im January XHFT. Proseoted af the 3006 ASARE Annmal Mucting as Paper
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chanicsl Engincerieg, and James L. Glanoy, ASARE Monber Enginecr,
Asmocisie Professor, Depariments of Bicresources Engineening s Me-
chanlcal Engineering, University af Deluwsre, Newark, Delsvware. Corre-
spemiling smthoers Janses L, Glaneey, Depariments of Bioresuiess Engl-
neering and Mechanical Engineering,. Usiversity of Dvlawiane, 263 Town-
send Hull, Mewark, DE 19717, phone: Mi2-830-11T% faoc 300231 4051
e-mnil: jplanceyimndel sdu.

wiell in hot weather, and if planted in the late spring when hot
weather is approsching, the plant will guickly produce a
Movwer stalk and go w seed after the development of only a
few leuves.

Spinach for processing is grown on beds planted with nar-
row, high-densily. precision-seeded rows: beds are typically
1.5 m wide and consist of 5 to # rows, Bed configuration is
often a function of the harvesting equipment attributes and
the widih of the cutier on the harvester, Final stands shoskd
be Tto 8 plants per M) cm, although 10 plants per 30 cm anc
acceptable. Thinner populations will not only cohance con-
frol of folier discases because of better air cinculation, bat
abso produce lurger plants and leaves.

Annually, abour 20K ha of spinach are planted in Dela-
ware and Marvland, and another 2000 ha are planted in
New Jersev. Average yield is about 15 Mg/ha, The cash
farm income o spinach producers in Delaware was
approximately 51.3 million in 2003 (Brown and Glancey.,
200,

OvEmivew oF CURRENT HarveEsTing METHODS

Bost prowers use towed cutiers for harvesting (Og, 1), On-
the-ger transfer into transport carts is reguired since harvesters
dis not have on-board storage for harvested spinach. Carns are
unloaded inie open transpon trailers where the spinach i
manually bulk packed by several workers.

The conventicnal cutting mechanism on these harvesters
i o reciprocating blode similar o o sickle bar cutter, As
shewn in Figure 2, the blade slides along guards that form a
secont surface spon which the spinach stem s sheaned.
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Fatigue and Stability Analysis of a Continuous Blade Band-type
Cutter for Leafy Vegetables
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Abstract. A continuous blade, high speed, low maintenance cutter has been developed for fresh
market and processed spinach. Fatigue analysis of a 1 mm thick blade indicated that failure was
would ocour with support pulleys smaller than 300 mm. Analysis of the blade stiffness and torsional
stability analysis, and results from preliminary field tests revealed that excessive blade deflection for
a Z m free cutting span was a concern. A polymer blade guide was designed and tested which
provided continuous support for the biade across the cutfing width. Fielding testing revealed that at a
cutting height of 80 mm, harvesting speads in excess of 12 km/h are possible without inducing
damage to the spinach crown. Inspection of the plant stems after harvest revealed that cut quality
was consistantly high.

Keywords. Continuous Blade, Fatigue, Spinach, Mechanical Harvest
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Abstract. As part of an effort fo integrale siraw and grain harvesting operalions, an inveshigation was
undertaken of the culting properties of straw fo aid the development of novel header systems for
combines. Results can also be extended to other industrial operations involving straw handling and
size reduction. Awerage culting force and energy for sfems were measured using a custfom designed
double sickle knife mechanism. Treatments involved single and multiple sfems. Cufting properties
warg defermined af rogular intervals along the stem, including both internode and node sections up
o the third stem infemode, with detailed force and erergy profies developed in the immediate
wicinidy of the nodes, Culling energy per stem was found fo decrease as the number of stems cul
simultaneously increased, parlly as a result of the sensifivity of culting force o location relative lo the
stem nodes, and parlly due to the failure mode when multiple stems are cuf. Results were compared
against figld measurements of operating sickle cutters wsed for on-combinge stubble cutting.
Theoretical power required for culting the stems amounts fo only 5 -15% of total cutter power due to
other factors refaling fo increased machine friction and cufting force. Resulls for rice straw are
compared with data from other forage crops.

Keywords. rice, siraw, stubble, shearing, cutting, force, energy
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DEVELOPMENT AND FIELD PERFORMANCE OF A WILLOW
CUTTER-SHREDDER-BALER
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Absiract, Willow is a fast-growing crop with o biomass pofential between L and 2001 of dry matter
{OM) per ha per year in g nporthers clipmate ke Conada,  Once extallivhed, willow repcles optimal vield
urtder a Beyeerr culting cotation, One metherd of Rarvesting o8 e cot and clap e whole plant for soumediare
wie or wel storage,  Alternarely, willow can be cur and either bundled or bhaled for namral diving in
storage. Near-commerciod farvesters for willow are availabie 1o cwt and chip with a forage-larvester
plutfisrmn, However, no commerciol barvester of long-stem willow fn the foem of bundle or bale is oeoifable.
Dexign eriterin were developed fe optimize cutting, perform light shredding aed bale willow stems. A
roed baler wad closen s the harvestlng plaform, - Modificattons ro the baler ineluded replacing e
narrew compression chamber belts by a sivgle fiull-widih belt o betrer comiain the long stems within the
chamber. A swing-piver tongae was added o affver the baler from the tractor's drive line. Four rotary
saes, Defegrafed v dise mewer feame, were inxtedled g frent of the beler, A modified wunmer tepe
shredder wat placed berween the saws and the baler to break e willow sfems and make them move pllatile.
Five field trials were carvied ot in 2006 to test and improve varons fimictional components of this novel
willow harvester. By the end of the vear, more than %0 rossd boales of wilfow furd been harvested, The
S I};::.I'r_ﬂ'.rrm.l'ng n:'tr.rmru'.l_'l.' mr:lg'r.c.ff.l‘fm'r 8 aer 12 vieer 14 f:'.n:,lm.kfﬁr.l'ng idle Hine, 1|.'rr1_|'.|:,'r.|'ng thante gl
mrning fime, Hre el horvest capacity would be in the range of 5 10 § wer 0T Bale size ranged from 0299
to .54 m in diameser (ficed widih of 1.22 mp. Average moisiure content of willoow for the five trials ranged
from &4 fo 51 %, Dry pracer density ranged between [T ond 167 kg D with a ppical value af 1460 kg
Mimd,

Kevwords, Buwnass, willow, woody crop, Reervest, baler, shredder, cuner

INTRODUCTION

Short rotation intensive culiure (SEIC) of willow hes been suggested as a means of maintaining o
entimecing crop production on marginal and abandoned agriculural Fand (Labrecguee amd Teodorescy, 2003 )
SRIC may also provide considerable envirommental benefits as a sink for excess greenhouse gas, indusirial
waste and municipal sludge (Perttn and Kovalik, 1997) and as & source of biomass for energy and the
chemical industry {Morris and Ahmed, 1992),

The agriculiursl land base i Canada i about 67 Mha (Statisties Cuanada, TO08), 1 barge enough o
consider using part of it for non-agriculiueal production.  Indeed, land area covered by cultivated crops
increased by more than 5 Mha between 1981 and 2001 0 reach todoy about 36 Mha. There are still 31 Mha
of farmland not considered vs cultivated crop arca: 4.8 Mba in sceded pasture, 154 Mha inonoturad pesture,
A2 Mha o woodland and 4.7 Mba o summer Tallow (Statestics Capada, 2058 Large areas ool yel
cultivated represent a good potential for new perennial crops such as SRIC of willow and poplas, Ower the
nexl twenty years. o projection of 1 Mho of new planiations in SRIC in Conada to provide new crops for
energy and bioproducts would not appear anregsonnble.

Willow is a good candidare for future SRIC partly because of its high growth potential crop with annsal
yields between 10 and 200 0 dry neatter (DM Yhatyr (Labrecque and Teodorescu, 200031, As the anea in
willow might grow quickly over the next two decades. harvest machinery must also keep pace to handle the
potentially large volume of biomiass. The present work was initinted to provide up-to-date techmology
reluted 10 willow harvesting, The objective of this project was 10 develop a willow harvester that could
comtrabute Both o experimental and early commercial neads o remove the crop guickly and efficiently from
the fiekd,

- 194 -



This is not a peer-reviewed article.

?7”5".“""!’"“' mﬁmﬂ Paper Number: 01-1087
i AR food, An ASAE Meeting Presentation

Development of a Stubble Cutting System for a
Combine Harvester

M.W. Yare

Department of Biological and Agriculiural Engineering, Universily of Califernia
One Shields Avenue, Davis, California 95616

M.D. Summers

Department of Biological and Agriculiural Engineering, University of California
One Shields Avenue, Davis, California 85616

B.M. Jenkins

Department of Biological and Agriculiural Engineering, University of California
One Shields Avenue, Davis, California 95616

Written for presentation at the
2001 ASAE Annual International Meeting
Sponsored by ASAE
Sacramento Convention Center
Sacramento, California, USA
July 30-August 1, 2001

Abstract. Off-figid ptilization of rice straw has inifiared improvemants in straw handliing
technigues. One possibie improvement involves using the combing o increase siraw yield,
either thraugh ground level harvast or through the attachment of & stubble cutting devica
operating behind the main header. Alternative designs for siubble cutters were examined and
a sickie cutter profotype was fabricated and fested.  The siubble cufter did increase siraw yield
compared fo standard harvest practice, although the theoratical yield was not achieved. Field
capacify of the harvester was slightly decreased while operating the stubble cutfer. Ground
lgwal harvesting also resulted in lower harvester capacity but better averall culting compared
wilh the secondary siubble cutfer. Several potential improvements in the stubble culting design
are undear invashigation.
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