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ABSTRACT

Commercial mnagement of wild blueberry fields is improving, and plant density/
leaf foliage have increase8electweed and grss species have developed resistance to
commonly appliecherbicidesandthrive in wild blueberry fields despite the continuous
control efforts As a result, increased amounts of debris have been collected during
harvesting and berry processing facilities auggesting that producers redtlzeexcess
amounts to decrease shrink and increase fruit quality. The main objective of this study was
to evaluate the existing debris removal system on the commercial mechanical wild
blueberry harvester and make impronants for optimization while increasing harvesting
efficiency and berry quality.

The existing single blower fan system was replaced with a new dual fan system
increasing air flow and effective debris cleaning capabilities. An apparatus to measure
terminalvelocity of blueberries and common weed and grass speciesewal®ped and
tested to measure optimum air velocities for effective debris removal. Wild blueberries
were found to have a significantlyghier terminal velocity (15.65 1) as compared to
common debris samples 6.64m s?) tested in both dry and wet experimental conditions.
The significantly lower surface areartmssratio (61 mm g) of berries proved to aid the
effective removal of harvested debris using air. Experimental testing alylinelrical
debris cleaning brush suggested the importance of proper maintenance and accurate
adjustments within the field wasssentiato remove debris from the picker teeth while
harvesting.

Evaluation in commercial wild blueberry fields found the ndwal fan blower
system with an increased air velocity of 18 ton2%* was gtimum for removing more
than 9% of unwanted debris from the harvested fruit before it drops in the storage bins.
The cebris cleaning brush was foumo have the highest levef debris removal from
picker teeth with a bristle length of @2nm operating at a bristle tip speed of 1388
Using these settings, harvesting field efficiency was increased by 4h9%%mpared to
using a brush with a bristle length of only 87 nfResults of this study emphasize the
importance of knowing and understanding the components of the mechanical wild
blueberry harvesteand have led toncreasd field efficiency, picking performance, berry
guality and factors that lead to reduced shrinthatprocessing facilities.
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CHAPTER 1 INTRODUCTION

1.1INTRODUCTION
1.1.1 Wild Blueberry Crop

Wild blueberries Vaccinium angustiflium Ait.) are native to Northeastern North
America, and with over 93,000 ha under management produce approximately 117 million
kg of berries valued at 491 million dollars per year (Yarborough, 2013). Wild blueberry
fields develop due to prexisting bluderry rhizomes that are naturally present in the soils
of uncultivated land (Eaton, 1988). Many of the wild blueberry fields have been developed
from deforested farmland after removal of trees and other existing vegetation such as weeds
and grass allowinthe wild blueberry plants to flourish and develop (Eaton, 1988). Since
this land is not tilled or cultivated and usually unleveled where stumps were removed, they
tend to be rough and bumpdafneekt al, 2016a;Zaman et al., 2008). It can take several
years for the plant coverage to fill in and develop enough to make mechanical harvesting
feasible and even wetleveloped fields tend to be rough and have many bare spots (Zaman
et al., 2008). Wild blueberries grow on a tyear cycle, the first year beinggetative
growth of the plant and the second year for pollination and production of bluelfErgies
1-1). Wild blueberry stem height can range from 50 to 300 mm and the berry diameter
ranges from 4.8 to 12.7 mm (Farooque et al., 2014). Wild bluebeangs from light to
dark blue/black in color and are often soft in texture and favorablesia (Blayden &

Soule, 1969).
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Figure 1-1: Wild blueberry crop growth stagesover 2-year production
cycle

Ripening in the final stage of fruitlevelop involves acomplex variety of
characteristicand factorsuch as biochemical and physiological changes in the fruit tissue.
These factors can be as simple as a change in color or more complex such as production of
volatiles and degradation of organic aciBRgpiad, 1969;Grierson, 1986; Rhodes, 1980)

(Fig. 2-2). Fruit can be categorized into two general groygfimacteic and



nonclimacteric)n reference to their ripening patteiiisale & Young, 1981). Climacteric
fruit such as peach and appVedl produce excss ethylene at the onset of ripening which
in turn will increase respiration(Blanpied, 1969) Whereas nonclimacteric fruit
(blueberries and cherriedd not have the same increase in ethykmawill not continue

to ripen posharvest(Biale & Young, 181; Ozgenet al., 2002)
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Figure 1-2: Wild blueberry stems with fruit at varying ripeness s
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Mechanical harvesting ofigh bush blueberryas found toyield 90% marketable
berries, 4% purple berries which are considered immature, 4% green bedi@8an
defective berriesvhile hand picking was found to yiei®% marketable berries andly
1% defective berries (Browet al, 1996).Brown et al.(1996) determinedfter 10 daysn
cold storageonly 22% of themechanicallyharvestedhighbush blueberriesvere left
unbruised compared to77% when handpickedBrown et al. (1996) also studies the
firmness of undamagedberies directly after harvestand measuredfirmness of
approximately 1080 Nm, whereas after prolonged time in cold storsspiices t@80N
m. Similarly, a highbush bluebernhruisedduring harvestingwill decreasen firmness
significantly faster dropping 40N m* after prolonged cold storage (Browhal, 1996).
1.1.2Weeds in the Wild Blueberry Cropping System

Weeds in wild bleberry fields have consistently been a limiting factor on
harvesting maximum yieldsJ¢nsen& Yarborough, 2004Metzger & Ismail, 1976;
Yarborough 2006 Yarborough& Bhowmik, 1993. This is in partdueto the weeds
becoming lodged in the picking teethroéchanical harvesters resulting in yield losses of
10 to 30%(Hoelper& Yarborough 1985;Trevett& Durgin, 1972). Fields with minimally
competitive weeds cdmaveup toa 5% decrease owields whereas fields witthe more
serious weed infestations cazatl to a decreased yield of up to 80% (GiangsSankula
2003). Weeds can also cause damagwild blueberriesreducingberry quality andn
extreme cases, resultproduct rejection ahe processing facility (Esaat al, 2016). Wild
blueberriescanrot be easily planted and spread from existing standsrdyyagabn of
undergrounahizomes Thelack ofconventioml management practicesch as tillage that

would damage rhizomesakes it more difficult to manage weeds throughout the field



(Cardina et |, 2002; Yenish et gl1992)and impeddruit yields (Kennedy et al., 2010).
Wild blueberry fieldscommonly contain over 100 differentveed and grasspecies
(McCully et al, 1991) (Fig. 1-3) with the most common beingerbaceous perennsal

(Jenser& Yarborough 2004; Rehmar017).

Figure 1-3: Traditional wild blueberry field showing weed and grass
variability during harvest.

Common weeds found in wild blueberry fieltlsroughout Nova Scotia, New
Brunswick and Prince Edward Island includ&grostis (bentgrasy Poa compressa
(Canadian luegrass), Apocynum cannabinunfdogbane), Chamaenerion(fireweed),
Solidago spp. (goldemod), Festuca filiformis (hair fescue), Tragopogon pratensis
(meadow salsify)Rumex acetosella. (red orrel), andPanicum caplare L. (witchgrass)
(White & Boyd, 2016). Goldenrod being the most common has been found in 90% of wild
blueberry fields ands considered to be the fifth most invasive speéigsyd & White,

201Q McCully et al., 199} (Fig. 1-4).



Figure 1-4: Goldenrod growing in wild blueberry fields.

Traditionally weeds were removed from agricultural crops by manual hand picking
(Klonsky, 2012). Hand weeding is a major expendalascosts are continually increasing
(Fennimoreet al, 2014. Klonsky et al(1994) found that organic onion cropping had 13%
of its input cost as a direct result of hand weeding. Hand weeding is nédlonfintensive
but, was shown to only remove 65% to 85% of weeds due to human error (Vargas et al.,
1996). An alternative to manuahihd weeding is the use of herbicide to suppress weed
growth Jensen& Yarborough, 2004McCully et al., 1991 Stern, 2008 Commonpre-
emergencéerbicidedor weedcontrolin wild blueberry field arehexazinongVelpar®),
terbacil(Sinbar®) PronamiddKe r b E ) trazime(AAtex®) (Jensen1997; Jensek

Yarborough 2004; Sikoriya 2014). It has been suggested that common fescue species



within Nova Scotiahave developed a resistance exé&zinme and érbacil (Jensen &
Kimball, 1985; Jensen & YarborougBQ04; Sikoriya, 2014)Although herbicides are
typically very effective at weed eradication, environmental and health regulations
promoting organic farming could decrease herbieaipiplicationallowance (Stern, 2009).
To help battle increasing herbicidest and strict environmental policies, automated weed
targeting technologies have been introduced for farmCisang et al., 2012)wen, 2016;
Schieffer& Dillon, 2015.
1.1.3Wild Blueberry Harvesting

Traditionally, wild blueberries were harvested maltyasing a hand rake that was
similar in design to theranberry scoop (Yarborough, 199Hand raking requires a large
labor force and losses ma(15% to 40% depending on the worke(&insman, 1993).
Initial research into developing a mechanicalwildbbe ber ry harvester bec
but a functional and viable harvester was
The first wild blueberry harvester was adapted from aegisting mechanical cranberry
picking machine and consisted of siambs that raked in the opposite direction of travel
of the machine (Dale et al., 1994). Currently, the major manufacturer of commercial
mechanical wild blueberry harvesters is Doug Bragg Enterprises Limited (DBE) located in
Collingwood, Nova Scotia witlover 1,500 harvestemsperatingin Northeastern North
America. DBE improved the mechanical wild blueberry harvester by adding hydraulics
with rotational head speed control (Malay, 2000). Recent advancements have been a semi
automated hydraulic bin handlisgstem that reduces the need for manual back help while
harvesting $winkels 20195. Farooque et al. (2014) evaluated the effect of ground speed

and header revolutions on the picking efficiency of a commercial DBE harvester and found



the picking efficieng to be greater than 90%. Presently, the area of mechanically harvested
wild blueberry is larger than 80% of the total wild blueberry fields in Canada. The
remaining fields with extremely rough terrain are still hand raked (PMRA, 2005).

The modern wild hleberry harvester consists of a 660 mm cylindrical picking head
with height and rotational speed controlled by the operator from the cabin of the tractor
(Fig. 1-5). The head consists of a circular picking reel with 16 teeth bars, each with 65
equally spaed curved teeth. The picker teeth travel in the same rotational pattern as the
tractor tires with speed controlled independently by the operator (Farooque et al., 2014). A
306.8 mm cylindrical debris cleaning bry&0411, Doug Bragg Enterprises, Collingvap
NS) with annealed nylon filamentary bristles is positioned on top of the picking head
mechanism and continuously rotates the opposite direction as the picking reel to propel
debris from the picker teeth durih@rvesting The debris cleaning brush isrtrolled via
a 0.19 | & hydraulic motor (21988, Doug Bragg Enterprises, Collingwood, NS). The
blueberries are gently picked off the vine and dropped onto a conveyor belt in the center of
the picking reel that caas them to the side conveyoldF1-5). As the conveyed berries
drop from the side conveyor to the rear conveyor a 12 V electric blower fan wangi 1
current draw, removes the leaves, stems, soil and other unwanted debris with an air flow
rate of 0.14 ms? (Farooque et al., 2014). The bhesries are then moved by the rear
conveyer into storage bins that are hydraulically lowered onto the ground when filled to
136 kg. Loader tractors with forks are used to pick up the full blueberry bins and transport
them to a truck and enclosed traileattlis used for hauling the fresh blueberries to the

processing plant®r sorting and cold storage
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Figure 1-5: Image showing commercial wild blueberry mechanical
harvester with components labelled.

Recent studies have improvéiee picking efficiency bthe mechanical wild
blueberryharvestes (Farooque et gl2013; Farooque et al., 2014) howevesearch is
still required to quantifiand optimizehe debris management system to further increase

effectiveness.



1.20BJECTIVE AND GOALS

The overallobjective is to effectively remove unwanted debris from harvested fruit during
mechanical wild blueberry picking to increase berry quality and lower shrink for easier
cleaning at the processing facilities. The detailed objectives of this study were to:

i) Investigate the terminal velocity of harvesting debris and field evaluate a
multivariable speed blower fan system for effective debris separation during
mechanical harvesting.

i) Experimentally determine the optimum debris cleaning brush parameters for
effective debris removal on commercial mechanical wild blueberry harvesters.

iii) Field evaluate different debris cleaning brush wear levels to determine optimal

debris removal and berry recovery settings.
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CHAPTER 2 EFFECTIVE USE OF A VARIABLE SPEED BLOWER FAN FOR
DEBRIS REMOVAL ON MECHANICAL WILD BLUEBERRY HARVESTERS

The management of wild blueberry fields is continuously improving and plant
density/ leaf foliage have increased. The result of improved management practices has led
to an increased amount of debris lgeitollected while harvesting. Many commercial
harvester units contain a single blower fan to remove debris before the fruit enters the
storage bins. Processing facilities are suggesting that producers reduce the excess debris
that is being collected in tH@ns.

A new dual fan plenum was designed and tested that allowed for improved air
distribution to help separate debris from the wild blueberries. Théameystem installed
on the mechanical harvester was developed and controlled using a handheldsplesd
controller from the driverdés seat of the ¢t
controller allowed the change in fan speed for fine tuning the wind velocity. Wild blueberry
fruit was found to have a significantly higher terminaloedty (15.65 ms') as compared
to debris and a significantly lower surface aremsssratio (64 mm gl).

Two experimental wild blueberry field sites were selected to analyze the effect of
using a variable speed blower fan while operating in bothdod high moisture field
conditions. A commercidDBE mechanical harvester was tested with two styles of picker
bars (63 and 65 tooth configuration). Four different blower fan speeds(BB: = 14, B
=18 and B = 23 ms?) were tested for berry cleamgjperformance. The picking heads in
conjunction with different blower fan speeds and moisture conditions was tested at two
levels of wild blueberry plant heights (P&250 and PE> 250 mm) within selected fields.

One hundred and twensight data pointaere established to collect debris (leaves, stems,

11



dirt) from the blower in each wild blueberry field. Results showed a fan speed 0618 m
removed a significant amount of unwanted debris while harvesting without fruit losses.

The work presented in thishapter has been publishedApplied Engineering in
AgricultureJournal 3(5): 831840, entitl ed AEffective use ¢

on a mechanical wild blueberry harvestero.

2.1 INTRODUCTION

In 1989, Bragg& Weatherbeg1989) designed a hougirenclosing a centrifugal
fan, with an outlet channel directed just below the extreme terminal end of the side
conveyor. Thus, as the berries and debris fall downward from the outer end of the side
conveyor, the blueberry leaves and other debris are @daweay from the falling berries
by virtue of the stream of air being emitted from the mouth of the fan plenum (Bragg
Weatherbeel989). Similarly, (Collins et al., 1994; Weatherl8e@/eatherbeel999) both
designed mechanical wild blueberry harvestensgua single blower fan system to remove
unwanted debris in the field during harvest. Changes in wild blueberry crop conditions
caused by improved management practices over the past decade has caused increased plant
density and leaf foliage. This extra itmle has made it more difficult for the existing
harvester blower fan to adequately remove debris (leaves, stems, soil, sticks, etc.) from the
blueberries before they are placed in the loabimxes The limitation with the existing 12
V blower fan systems the inability to properly separate the debris especially in high
moisture and weedy field conditions because of inadequate blower fan air velocity
(Farooque et al., 2014)Yhe debris removal fan system was originally designed for
traditional harvestingnachines that fill small boxes with berries (10 kg) and wecketa

and handled on a rear platform with the use of physical labor. The person running the back
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platform also assisted by manually removing excess debris from the harvested berries.
Recent adancement of a seraiutomated bin handling system eliminates the need for the
manual labor for stking boxes however, an upgraded blower fan system is required for
superior debris removaBragg, 2016).The wild blueberry processing facilities have
indicaied the need to decrease the debris found in the bins to reduce processing time and
increase the fruit quality (Wyllie2015). A logical solution is the addition of a second
blower fan with control system regulating the fan air velocity based on the sgdeddi
conditions. For precise control this system could be operated #imsahnd able to be
continuously variable throughout the day based on the weather and crop conditions.

Many factors contribute to harvest loss through the actions of the blawer f
process including leaf aerodynamic characteristars,and air leg desigiian speed and
debris loading rate (Stud& Olmo, 1976). Mechanical grape harvesters use high volume
blower fans to separate the grapes from leaves and other debris whiletihgraes
research found fruit loss more than 4% of the total fruit yield (St&dé&imo, 1976).
Several other types of nut, sugar cane, strawberry, grain, straw and cotton harvesters rely
on fans for debris separation (Croft, 1995; Fowler, 2@xhrehiwotet al, 2010;Holden
et al, 1995; Ledebuh& Hansen 1985; Ramacher, 1987; Shukne&h$huknecht 1994,
Stanley& Sousa, 1991Uhl & Lamp, 1966; Williamet al, 1970) however, very little
research has been done for optimized fruit and debris separatitie onechanical wild
blueberry harvester.

The objective of this project is to develop an improved blower fan system to
decrease the amount of debris in harvested blueberry bins and to improve the understanding

of the relationship between moisture corafitand the amount of debris in the harvested
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blueberry bins. Not only will this knowledge benefit wild blueberry producers but the
findings could also be applied to future agricultural endeavors in other cropping systems
such as grape and cranberries. gbal is a reliable, cost effective and efficient solution to
lowering the excess debris that is causing concern at the wild blueberry processing facilities

(Fig. 2-1).

Excess deﬁs in harvested wild blueberry Bin

Figure 2-1: Image showing harvested wild blueberry with excess debris
causing nuisanceo processing plants

2.2 MATERIALS AND METHODS
2.2.1Multivariable Air Flow Chamber

An apparatus to measure the terminal velocity of common types of debris
while harvesting wild blueberries was developed at the Dalhousie University Fac
Agriculture (DAL-AC) PrecisionAgriculture Research Lal-ig. 2-2). The apparatus w

designed using two variable speed fans that were connected to a 150 mm polyvinyl
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(PVC) pipe. The vertical PVC pipe was plumbed into a clear section for easy vi&gt
2-2). Inside the viewing area was an aluminum screen creating a surface to monitc
and wild blueberries. A short distance (15 mm) above the screen, a hole (13 n
drilled to insert a hewire anemometer (Digbense 202516, ColeParmer @nad;
Company, Montreal, QC) to record the wind velocity being exerted through the alu
screen. The screen was located 150 mm below the open end of the clear piping. Th
objects of interest (debris and wild blueberry) were placed on the saneethe win
velocity was incrementally increased until the selected object levitated approxime

mm above the aluminum screen.
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Hot wire anemometer

./

Mesh screen ——t

N

Figure 2-2: Multivariable air flow chamber for measuring terminal
velocity of selected debris and berry samples

Multivariable speed fans

2.2.2Lab Evaluation of Multivariable Dual Fan Air Flow System

A traditional wild blueberry harvestes fitted with a fan plenum housing operating
with a single 12 V blower faand a fixed air flow rateFg 2-3a). A new dual fan plenum
system was desiga with two separate air flow channels (120 mm wide, 50 mm tall, 400
mm long) to increase the air flow for greatebde cleaning performancéify 2-3b). The
new plenum was built using 3.175 mm thick sheet metal and designed to replace the old

plenum mouted on the berry handling conveyor without the need to disassemble the
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harvester. A variable speed handheld fan controller positioned in the cab of the harvester

was designed to allow the operator the abilitysidthe rate of air flowHig 2-3c).

a) ‘ Support brackets to mount to underneath of berry handling conveyor ‘

~

[ Single blower fan mount

b)

A
+
—
-
-

|

‘ Support brackets to mount to underneath of berry handling conveyor ‘

Parallel dual blower fan mounts ‘

Figure 2-3: Diagram showing (a) traditional single blower fan plenum design as
compared to (b) new dual blower fan plenum design with (c) variable speed handheld
fan controller.

A hot-wire anemometewas positioned at five equally spaced (63.5 mm) locations
where berries fall from the 254 mm wide side conveyor to the back conveyor to determine
the air speed the berries encounter using each fan setting and replicated three times.
Statistical analysis was performed using Minitab 17 (Minitab Inc., State CoRegg,
statistical software. Classical statistics was used to calculate minimum, maximum, mean
and standard deviation. Multipleeans comparison was performed using least squares
(LS) means to determine whidan settingsvere significantly different.
2.2.3Surface Area toMassRatio of Fruit and Debris Samples

A selection of common debris/éccinium angustifoliunAit. (wild blueberry)

stemsyred sorrel Hypericum perforatunh. . (St . Jgodenrad witchgrassHhaiy ,

fescug and wild blueberry fruitamples were collected in August 2016 from a commercial
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wild blueberry field at the North River site (45.466416263.209014°W) in Colchester
County, Nova Sca just prior to harvesHg. 2-4). The North River field was in the crop

year of the biennial rop production cycle. This field had been under commercial
management over the past decade and received conventional fertilizer, weed, and disease
management practices along with biennial pruning by mowing for the past several years.
The soil at the NortRiver site had pH ranging from 5.(.5 (Farooque el., 2012). Each

debris samples mass was recordeging an electronic balance (F1B02, Denver
Instruments Inc., Bohemia, N.Y.) and the creestional area was determined using
ImageJ2 image processisgftware (Schindelin et al2015). Wild blueberrie were also

manually harvested, the berries mass was rec@dednalyzed for cross sectional area.

12
Wild blueberry }\_«r
E
' 1
Wild blueberry leaf Hair fescue Witchgrass Red sorrel
Wild blueberry stem St. John’s wort Wild blueberry stem Goldenrod
(no leaves) (with leaves)

Figure 2-4: Wild blueberry and common debris types selected from North River field
site used for termnal velocity calculations
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2.2.4 Terminal Velocity of Fruit and Debris Samples

Each of the collected debris and wild blueberry fruit samples from the field were
individually placed on the aluminum screen with the blower fans off. The fan speed was
incremantally increased until the object remained levitated for 30 s. At this point, the hot
wire anemometer was inserted into the airstream and used to record the terminal velocity
of each of the objects. Three samples of each form of debris and wild bluebezrested
and the procedure was replicated three times in both low moistufeg@®7 water) and
high moistureg(>127 gm water) conditions. The moisture for each trial was determined
using a leaf wetness sensor (Phytos 31 LWS, Decagon Devices, Puw#anand
datalogger (EM50, Decagon Devices, Pullman, WA). Statistical analygsisperformed
using Minitab 17statistical software. Classical statistics was used to calculate minimum,
maximum,mean and standard deviation. Multiphdeans comparison was pamrhed using
LS means to determine which samptassesvere significantly different, crossectional

area and terminal velocity under both low and high moisture conditions.

2.2.5 Field Evaluation of Multivariable Fan System

Two commercial wild blueberryidlds were selected in Colchester Country, Nova
Scotia for evaluation of the developed variable speed fan system. The selected fields were
the Highland Village site (45.405875°N;63.670548°W; 2.2 ha) and East Mines site
(45.425611°N;63.482099°W; 4.0 haBoth fields were in their vegetative sprout year of
the biennial crop production in 2015, and crop year in 2016. The fields had both been under
commercial management over the past decade and received conventional fertilizer, weed,
and disease managemgmactices along with biennial pruning by mowing for the past

several years.
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A commercial single head DBE wild blueberry harvester operating with a single 12
V blower fan and a fixed velocity of 14 st was retrofitted with the new dual fan plenum
systemwith a variable velocity of 0 to 23 ®' and mounted on a 62.5 kW John Deere
5093E tractor. Standard picker bars have 65 picker teeth each with a diameter of 7.92 mm
and equally spaced at 13.41 mm. Modified picker bars with 63 picker teeth with a diameter
of 7.92 mm and a slightly larger spacing of 13.72 mm were designed for research testing.
The two different styles of mechanical harvester picker bars£PB and PB= 65 tooth)
were used for field evaluation. Four different blower fan speegds (BB> = 14, B = 18
and B = 23 ms?) were tested for berry cleaning performance. The effectiveness of the
blower fan speed for debris separation was tested at two different leaf wetness conditions
(LW1 = high moisture (>127 g2 and LW, = low moisture (<7 g m2)) within the
selected wild blueberry fields. The picker bars in conjunction with different blower fan
speeds and moisture conditions were tested at two levels of wild blueberry plant heights
(SP < 250 and TP > 250 mm) within the selected fieldstofal experimental design was
used with two levels of leaf wetness and two levels of harvester picker bars with eight
treatment combinations of plant height and blower fan speed (SSHXB; SPxB;
SPxB;; TPxBy; TPxB, TPxB & TPxB4). Fruit samples andebris (leaves, stems, dirt)
were collected from the blower and the collection bin within selected plots from each
treatment combination. Following a similar technique to Farooque, €2@14), the 32
treatment combinations were each replicated foureginand randomly established
throughout the field to achieve independence of error terms.

Plots the same width as the harvester hed&l (), and ® m in length were made

randomly using a measuring tape in the path of the operating harvester. Follgmmiga
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technique to Jameel et a2016), five blueberry plant heights were recorded randomly
using a ruler from each plot prior to harvest to determine the average height. The harvester
operator raised the picking head just prior to each plot andedidkme to expel all the
previously harvested fruit and the picking teeth were cleaned of debris before entering the
experimental plot. Experimental plots were harvested at each fan setting while the yield
and debris was collected from the bin and blovesr $lmoud (ig. 2-5). The collected
samples from each plot were separated (wild blueberry, leaves, stems and ding and
mass was recordaging an electronic balance (Denver Instruments Inc., Bohemia, N.Y.)
to quantify the magnitude of debris included the fruit for each of the treatment
combinations in both fields. The individuabssegwild blueberry, leaves, stems and dirt)
were divided by the totalhassfrom each sample and converted to a percemhads
Statistical analysis was performed usingnithb 17 statistical software. Analysis of
variance (ANOVA) using the general linear model (GLM) procedure was performed to
study the effect of the selected factors on fan debris removal performance. Multiple means
comparison was performed usihé meansto determine which specific means differ

significantly from one another in each treatment.

21



Harvested bin collection

Figure 2-5: Field data collection from mechanical wild blueberry harvester blower
fan and bin.

2.3RESULTS AND DISCUSSION

Massof selected debris and berry sapgpin low moisture conditions raed from
<0.01 to 1.80 g (Table-2). The wild blueberry stem with leaves had the highestsin
both low and high moisture conditions (1.80 and 1.98 g) and the wild blueberry leaf had
the lowestmassin both low and highmoisture conditions (<0.01 and <0.01 @gpble 1).
Themasddid not significantly increase for any fruit or debris sample after being soaked in
water. Wild blueberry fruit had the sammassas red sorrel, wild blueberry stem without
leaves and the St. Jahrs wort i n both | ow and high moi :
the highest surface area 446 mnf) while the wild blueberry leaf, hair fescue and wild
blueberry fruit had the lowest (30 MnThe wild blueberry surface areart@mssratio is
much less thathat of the debris samples. The low surface areaassratio of the wild

blueberry will help the blower fan to easily remove the unwanted debris without fruit loss.
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Table 2-1. Multiple means comparison using leastquares method of
debris and blueberry samplemass(low/high moisture) and surface
area collected from North Riversite.

. . . Surface area
Low moisture High moisture Surface area

Parameter measurel to massratio
mass(g) mass(g) (mn) (m? oY)
Wild blueberry leaf <0.01 E <0.01D 74 F 8,905
Hair fescue 0.07 DE 0.09D 217 EF 3,100
Witchgrass 0.24 CDE 0.24 CD 693 DEF 2,888
Red sorrel 0.42 BCD 0.50 BC 917 DE 2,183
| Wild blueberry fruit  0.49 BC 0.51BC 30 F 61

Wild blueberry stem ) 79 g 0.80 B 1077D 1517
without leaves

St. Johno 0.76B 0.78B 2,141 C 2,817
Goldenrod 1.59 A 1.84 A 4,276 A 2,689
Wild blueberry stem ;) g1y o 1.98 A 3,083 B 1,713

with leaves
Means with no letter shared are significantly different at p = 0.05.

Debris samples under both low and high moisture conditionseshavgignificant
difference in terminal velocity during harvesting as comgaoethe wild blueberry fruit
(Table 22). Wild blueberry fruit had a terminal velocity of 15.65gh while the wild
blueberry stem without leaves had the next highest termétativy (4.28m s*) under low
moisture conditions. Wild blueberfyuit had a terminal velocity of 16.2% s* while the
blueberry stems without leaves had the next highest terminal velocityrtesé} under
high moisture conditions. The results suggdhstability to increase the fan speed above
the terminal velocity of the various debris types without danger of accidentally removing
the harvested fruit through the blower fan. The large gap in terminal velocity of wild
blueberry fruit and unwanted debsuggests that a properly adjusted blower fan mounted

on the harvester can adequately separate the wild blueberry fruit from debris.
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Table 2-2. Summary statistics and multiple means comparison using leasuares
method to identify the terminal velocity of debris and wild blueberry fruit samples
collected from North River site.

Low moisture conditions terminal velocil

-1

Parameter measured (n=6) (ms7) SE

Min. Max. Mean S.D.

Mean

Wild blueberry leaf 1.02 130 110C 0.04 O0.11
Hair fescue 124 201 16C 013 0.32
Goldenrod 272 377 338B 0.15 0.37
Witchgrass 299 387 353B 0.13 0.31
Red sorrel 294 458 3.68B 0.27 0.67
Wild blueberry stem with leaves 340 404 3.70B 0.09 0.21
St. Johndés wort 343 425 384B 0.12 0.31
Wild blueberry stem whout leaves 410 459 4.28B 0.07 0.18
Wild blueberry fruit 14,13 17.42 1565A 0.54 1.33

High moisture conditions terminal
velocity (m s?)

Parameter measured (n=6)

Min.  Max. Mean SE S.D.
Mean

Wild blueberry leaf 101 122 112E 0.04 0.09
Hair fescue 221 351 284D 0.19 0.46
Goldenrod 401 521 460BC 0.22 0.54
Witchgrass 356 451 394CD 0.14 0.36
Red sorrel 528 6.01 555B 0.12 0.29
Wild blueberry stem with leaves 351 410 3.76CD 0.08 0.19
St. Johndés wort 3.89 421 4.03CD 0.05 0.12
Wild blueberry stem without leaves 519 6.09 564B 0.15 0.37
Wild blueberry fruit 1450 18.84 16.24A 0.70 1.71

Means with no letter shared are significantly different at p = 0.05.

The multivariable dual fan system created an airstream with the lowlesity
directly in the center of the conveyor @dch fan speed setting (Fig:6R The likely
reasoning is because of the small gap between the two outflow plenums causing slight
turbulence. The highest air velocity for each fan speed setting wasHalindy between
the edge and the center of the air stream. The low fan speed setting had ranged from 9.83
to 14.94 ms®. The medium fan speed setting had ranged from 16.13 to 1834 TFhe

high fan speed setting had ranged from 19.69 to 24.5%. m
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Means with no letter shared are significantly different at p = 0.05.

Figure 2-6: Mean comparison ofeach fan speed setting (off, low, med, high) at five
positions measured across the width of the multivariable fan plenum during berry
drop. Error bars at each measurement point show the minimum and maximum value
recorded.

Experimental Field Evaluation

Field 1 was éund to have a yield of 814 kgha' as compared t0,869kg ha' in
Field 2. Significant variations in fruit yield between fields and withehds is common as
suggested by Faroogeeal.(2014). GoPro Hero43oPro, San Mateo, CAjdeo footage
suggested that the increase in fan speed had a major reduction on the amount of debris that
was removed from the harvested frity(. 2-7 and2-8). It can be seen from figu&7 that
the harvested fruit and debris landed in the center of the rear conveyor when the fans were

off or at a low setting of 1t s*. Increasing the fan speed higher thanmg* caused the
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wild blueberry fruit to be propelleslightly to thefar edge of the rear conveyor@F2-7).

This phenomenon is especially noted when using the highm(83) fan speed that is
greater than the terminal velocity of the wild blueberry fruit (15165Y). Although
visually no berries werest, it is recommended to adjust the rear conveyor such that the
berries land in the center of the conveyor while on flat ground at the fan speed being used.

This reduces the risk of berry loss when travelling up or down inclines while harvesting.

Fan speed

Before blower fan After blower fan
(side conveyor) (rear conveyor)

Figure 27: GoPro Hero4 camera footage showing debris separation (before and after)
passing fan at different blower speed settings
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Low (14 m s1) 3¢, - High (23 m s1)

Figure 2-8: Images showing visual comparison oflebris separationusing low versus
high fan speeds during harvesting

Resuls of the means comparison indicated that the blower fan speed had a
significant effect on the amount of leaves, stems and dirt tlea¢ wemoved during
harvesting Fig. 2-9). The highest percentage of debrimassbasis) came from wild
blueberry leaves (77%) collected during low moisture harvest conditions and 7.41%
during high moisture harvest conditions. Leaves were most effectively removed using the
medium (18m st) and high (23n s?) fan speed settings for bolbw and high moisture
field conditions Similarly, the wild blueberry stems were most effectively able to be
significantly reduced from the harvested fruit bins by using the medium and high fan speed

settings. Very little dirt was collected (0.18%) during harvesting in bmthand high
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moisture field conditions and was easily able to be reduced by using even the lowest (14
m s1) fan speed setting i@ 2-9). A fan speed of 14 s* performed significantly better

than if no fan was used in bokbw and high moisturdield conditions. Based othese
results, fan speeds of 18 andr@3™ performed equally during botbw and high moisture

field conditions to remove debris (98.8% and 98.6%) while harvesting.
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Means with no letter shared are significantly different at p = 0.05.

Figure 2-9: Mean comparison of debris separation with different blower fan speeds
a) low moisture field conditions, b) high moisture field conditions, and ¢) comparison
of both low and high moisture field conditions

Results of the means comparison indicated that the 088 tpicker bars
significantly reduced the amount of harvested wild blueberry leaves, wild blueberry stems
and drt collected while harvesting (@ 2-10a, 2-10b, 2-10c). This is likely caused from
the wider teeth spacing causing less plant pulling whermpittker bars comb through the

wild blueberry plant foliage. The picker bar tooth spacing did not have any significant
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effect on the harvested yielBig. 2-10d). Thenumber of picker bars did not significantly
affect the amount of debris in the harvediedwhen the blower fan was used at any of the
set speeds. A fan speed of 18 andr28' significantlyreduced the leaves in the harvested
bin. Similarly, the fan speed of 18 and @3 were significantly better than a fan speed

of 14 m st at removingwild blueberry stems from the harvested bin. There was no
significant difference in the yield collected in the bin except for a slight reduction when
using the 68ooth bar and a fan speed of @8s™. This likely was the result of wild
blueberry fruit gding lodged in the excess amount of debris being collected during
harvesting and being blown away by the fan. Visual observatioalegvthat when wild
blueberry fruit is resting on a large quantity of debris on the side conveyor the blower fan
tends to emove the entire mass (including fruit) rather than being separated. However,
when the wild blueberry fruit lay underneath the debris on the side conveyor the blower

fan adequatelyemoves the debris while the fruit safely drops on the rear conveyor.
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Figure 2-10: Mean comparison of different blower fan speeds (off = 0, low = 14, med

= 18 and high = 23n s') and number of picker bar teeth (63t = 63 and 65t = 65 tooth)
for a) wild blueberry leaves (%), b) wild blueberry stems (%), c) dirt (%), and d) wild
blueberry fruit (%) landing in harvested bins.

Results of the means comparison indicated that the wild blueberry plant height did
not affect the amount of wild blueberry leaves thateaellected during harvesting (Fig.
2-11a). Wild blueberry plants less than 250 mm tall resulted in a significant reduction in
wild blueberry stems and dirt collected during harvesting as compareahts faller than
250 mm (Fig. 211b, 211c). This islikely caused from increased plant pulling when the
picker bars comb through the taller wild blueberry plant foliage. In the selected fields, the
wild blueberry plant height did not have any significant eftecthe harvested yield (Fig.
2-11d). The wildblueberry plant height did not significantly affect the amount of debris in

the harvested bin when the blower fan was used except a slightly larger amount of wild

blueberry stems when harvesting tall plants with a fan speedrist4A fan speed of 18
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and 23m s were significantly able to reduceetheaves in the harvested bin (Figl ).
Similarly, the fan speeds of 18 and®3* were significantly better than a fan speed of 14

m s at removing wild blueberry stenfiom the harvested bin (Fig-Plb). There was a
significant reduction in the percent yield collected in the bin when harvesting tall plants
and using a fan speed of 88s™. This result likely was the result of wild blueberry fruit
getting lodged in the excess amount of debris (Wildeberry stems and dirt) being

collected during harvesting and being blown away by the high fan air velocity.
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Means with no letter shared are significantly different at p = 0.05.

Figure 2-11: Mean comparison of different blower fan speeds (off = 0, i@ = 14, med
= 18 and high = 23n s?) and wild blueberry plant heights (sp = < 250 and tp = > 250
mm) for a) wild blueberry leaves (%), b) wild blueberry stems (%), c) dirt (%), and
d) wild blueberry fruit (%) landing in harvested bins.
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2.4CONCLUSIONS

Resullts of this study suggested that wild blueberry fruit has a significantly lower
surface area tmassratio (61 mm g?) as compared to harvested debris allowing for an
excellent opportunity for separation using forced air. Field experimentation sugipedted
debris removal was optimum when using a fan speed of §8. Caution must be used
with a fan speed of 281 s* because of potential yield loss. However, if the rear conveyor
is adjusted properly the fruit loss is negligible. Harvesting in high oreiield conditions
di dnodt have a significant ef fect on the
conditions when using a blower fan speed of 18 om23. Recommendations from this
study have recently allowed commercial wild blueberry harvesidisa single fan plenum
and a fixed velocity of 14n s to be retrofitted with the new dual fan plenum with an
adjustable velocity of 0 to 26 s?. The adoption of this improved system will be an
important step for the wild blueberry industryihareae berry qualityand suggests that
other mechanisms such as the harvester debris cleaning brush be studied to determine

optimum settings.
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CHAPTER 3 EXPERIMENTAL DETERMINATION OF OPTIMUM CLEANING
BRUSH PARAMETERS FOR EFFECTIVE DEBRIS REMOVAL ON
COMMERCIA L MECHANICAL WILD BLUEBERRY HARVESTERS

Harvesting is one for the most important operations for farmers and special care to
ensure maximum yield recovery and quality is vital for sustainability of the industry. Wild
blueberry harvesting is especially imgortas farmers typically manageops on a two
year production cycle applying time and expensive inputs for almost 24 months with
anticipation of a successful and profitable harvest. Mechanical wild blueberry harvesters
are unique to Northeastern North Amea with most being mounted and propelled using a
farm tractor. An urgent push from berry processing facilities to improve berry quality and
lower shrink has sparked effective debris removal during harvesting as an industry priority.
Prior research has &e done to improve berry picking efficiency but work to quantify and
optimize the debris cleaning brush has been left untouched.

The cylindrical debris cleaning brush is positioned on top of the berry harvesting
picking reel and continuously rotates to pre | debris from the pick
filamentary bristles@.238 en in diameter) are visuallgdjusted0.32 en into the picker
teeth prior to harvest. The annealed nylon bristles wear over time and require constant
operator adjustment to maintaproper picking performance. To bench mark debris
cleaning brush adjustment parameters a survey was distributed to commercial harvester
operators and the results were analyzed suggesting 69.2% were operating outside of the
manufacturers recommended adjustbmange. Misadjusted brushes have the potential to
cause increased debris in the harvested fruit and may lead to reduced berry quality.
Inaccurate visual adjustment settings &k of knowledgeregardingthe importance of
proper settings was the likebause of wide range of debris cleaning brush adjustment

settings. To overcome the visual inaccuracies, the mechanical harvester geometry was
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studied to develop a method of brush adjustment that was fast and accurate to ensure the
bristle length was at thgroper depth into the picker teeth.

Three commercially used debris cleaning brushes of varying condition were lab
evaluated and compared to a new brush to quantify the bristle wear pResuits of
ANOVA found a significant difference in the brush diaere however, number of bristles
per brush were similar. Watassof each brush showed an increased trend as compared to
the drymasshowever, it was nogignificant at p = 0.05 suggesting the annealed plastic
doesndét absorb wat etedlfesphnel v extending its

The bristle tip speed was analyzed in relation to common tractor engine speeds
(1,200, 1,400 and 1,600 rpm) with results ranging from 6.58 to 1888 The incremental
increase in tractor engine speed significantly increased the lipssigeed for each brush
tested. The wide range of bristle tip speeds from common harvester parameters suggests
the urgent need for optimization of the brushationto maintain adequate tip speed
required for maximum berry quality and effective harvestperformance. Airflow
generated in the debris deflection shroud using each brush was analyzed and compared
with terminal velocities from chapter 2 with results suggestimg brush 1is capable of
wind velocitieshigh enough to successfully propel thebde away from the picker teeth
with bristle tipspeeds ranging from 9.15 to 88 ms™. Lab testing concluded the need for
a variable speed hydraulic drive motor bmttercontol of the rotating brush spebased
on variables such as brush bristle ldngractor engine speed, field moisture conditions

and weed density while harvesting.
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3.1INTRODUCTION

Wild blueberries thrive in acidic soil, which is common of deforested land in
Northeastern North America (Trevett, 1962). The deforested land is wexen which
creates diverse field conditiomgth bare spot areathat can takeseveralyears for the
blueberry plants to spregmbpulating the entire zon&aman et al., 2008; Zaman et al.,
2009).Mechanical harvesters have been proven to pick mosteeftfigion smooth nen
weedy groundKinsman, 1993Soule& Gray, 1972. The existence of the variableedy
conditiorsin wild blueberryf i el ds emphasi zes t heffeatieelyd f or
harvest in all differing field conditions.

Wild blueberres are grown on a twgear cycle, the first year being a vegetative
year and the second year is the fruit producing year (Wood, 2004; Zaman et al., 2009). The
berries will remain on the plant until approximately 90% of the crop reaches maturity
(Farooque €al., 2013). Typically, the crop will be ready for harvest within the first two
weeks of August and the harvest season will lagbieghly onanonth. The wild blueberry
crop will be harvested all at once, unlike other cribyzd partake in multiple hamsting
eventsincluding strawberry and raspberfyWood, 2004). This creates a significant time
constraint to harvest all of the fields wiilpeak season. Due to this time constraint many
harvester operators will work tinemachine for long days withowtopping to adjust the
cleaning brush potentially lowering field efficiency.

Mechanical harvestg maydamage blueberriely bruisingthe soft skinwhich
leads to belr softening andncreased risk of decay during processing (Dale et al., 1994;
Farooque eal., 2013 Mehra et al., 2013bAn improperly adjusted brush can increase the

risk of damaged berries during the harwregbperatiorwhen the brush is adjustedtfar
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into the teeth the bristles have a greater chance of making contact with harvesésd ber
However, if the brush is not into the teeth far enough the bnstienot adequatelylean

the picker teeth thus allowing debris to accumulzasing berry damag&he wild
blueberry industry lacks am p e r agtide toGeducate and assist with fireper debris
cleaning brush settings during harvesting.

Rotating brushes used for debris removal have a diverse range of application, from
street sweeping to agricultural weed ripping. Likely the most widely used application being
the brushes used tomeve plague and food logged peoplesteeth (Bergenholtz et al.,
1984). Previous attempts have been made to summarize some of the common brush
applications and designs although none directly applying to debris removal on mechanical
wild blueberry harvests (Gaser, 1999; Peel, 2002)he following gives a brief overview
of select commonly used applications of debris cleaning brushes with similar designs to
that of the mechanical wild blueberry harvester brush.

Filamentary cylindrical brushes similar in dgsto the mechanical wild blueberry
harvester are available for use for street sweeping from industrial brush manufacturers such
as C.C.A.G. Crott, Corso ltalia, Italy (Fig.-3). Street sweeping vehicles rely heavily on
debris cleaning brushes for thkearing of road ways and sidewalks (Vanegasche et

al., 2015).
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Figure 3-1: Cylindrical brush designs for street cleanindC.C.A.G. Crotti, 2018).

The first mechanical street sweeper was invented by Joseph Whitworth in 1843
(Chang et al., 20Q%Pitt et al., 2004 Street sweepers have multiple brushes attached of
varying style and material to adjust to differ¢atrain and conditions (Fig.-3. The
rotating circular side brushes are typically used for clearing gutters and up to edges of
sidewalksor buildings while the main channel brush is mounted in the center to clear a

wider flat section of the streets (Vaneg#seche et al., 2015; WaggParler, 2014).
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Side brooms: I Maih broom:
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4.88 m _ 3.06 m

Figure 3-2: Multifunctional self -propelled street sweeper with front hopper (Vivanco
& Bentle, 2016.

An alternative to a seffropelled street sweeper is using a sweeping brush
attachment that can be fitted to agricultural and industrial tractoitgredin vehicles or
other types of simtar motorized equipment (Fig.-3). The brush attachents come in a
variety of bristle types and are comparable to the ones used solely on thegelfed
street sweepers with diameters up to 250 cm while also having the advantage of being

removed for alternative use. (Cat® North America, 2018).
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Figure 3-3: Commercially available detachable hydraulically controlled brush
attachment (Cat® North America, 2018)

The bristles on the street sweeping side brushes are usually made of steel and
grouped together into clusters then placed in a circular paftanegadJseche et al.,
2007; VanegatJseche et al., 2015). Sweeping channel brush bristles are also made of steel
and are designed to look and behave very similar to the debris brush on the wild blueberry
harvesters. The bristles for channel brushesnaigidually wrapped around a center axis
to form a cylindrical design allowing a flicking action from the bristle tips when rotated
(AbdelWahab et al., 2011; Ros8aButsch, 2016VanegadJseche et al., 20)1Debris
cleaning brushes are available iwiae range of filamentary material types depending on
the application andgsformance requirement (TablelR Early design of debris cleaning
brushes for mechanical wild blueberry harvesters used metal bristles similar to the street
sweeping bristles hower, never commercially manufactured because of excessive wear
caused to the picker teeth and potential metal fragments contaminating the harvested fruit
(Bragg, 2017). Soft bristle materials including horsehair were found inefficient at removing

the rigidy logged debris from the picker teeth (Bragg, 2017). Nylon bristles were later
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tested and found to be a superior choice for lifespan of both the bristles and the picker teeth,
effective debris removal and minimizing chance of fruit contamination. Nykmlas a

hard wear resistance and is resistant to most chemicals making it relatively easy to clean
and maintain during harvestinggble 31). Nylon and polypropylene are both rated at a
similar toughness of 64 Nm-frbut nylon has both a higher bendirtiffsess and tensile
strength as compared to polypropylé@erbell Plastics, 2017)

Table 3-1. Common brush bristle filamentary material types (Peel, 2002)

Bristle material type Performance benefit
Polypropylene Good chemical resistance and stability
Nylon Hard wearing and resistant to most cleaning chemice

Polyester Resistant to dilute acids, oils, fats and heat
Steel wire Available black, zined or crimped
Flat steel Hard wearing, hardened and tempered
Brass wire Available crimped or smooth

Stainless steel Available crimped or smooth

Nylon with impregnated
silicon carbide or
aluminumoxides

Vegetalfibers Naturalfibers environmentally friendly
Horsehair Very soft naturafiber

Hard wearing with abrasive cleaning/scouring action
Impregnated material to suit application

Rotating brushes have been used for the management of fouling in marine vessels
and are of a similar design to the debris cleaning brush fourtteandéchanical harvester
(Fig. 3-4). These brushes are used to remove fgutimllected on ship hulls to reduce the
spread of notindigenous species and increase hydrodynamics and fuel efficiency
(Hopkins et al., 202,0rribou & Swain, 201%. Marine fouling brushes are reasonably small
at only 35to 40 en in width with a bristle lagths of 35 to 50ra and a bristle diameter of
0.1t0 0.5 an (Hopkins et al., 2010; Triba& Swain, 2015). The rotational speeds typically
range from 250 to 700 rpm (Hearin et al., 2015; Hopkins et al., 2010; T&b®wain,

2015). Tribou& Swa i n 0 sreséald faudd effective fouling removal using brushes
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operating at a tip speed ofonlylths Hol més et al . (2003) foun
of 457 rpm was optimum for effective marine fouling removal. Hopé&ired.(2010) found
brushestobe89% f f ect i ve at removing foulimg from

optimal settings

Figure 3-4: Commercially usedde-fouling brush designed for boat hulls(Yacht shop,
2018).

Channel brushes are also found on agricultural machioeméchanical weding
(Fig. 35). The mechanism shown in Figure53s designed to be used for int@w
weeding by either uprooting or covering weeds with soil in organically grown crops.
Although effective to reduce agrochemical usage, research has suggested awibmcern

large amounts of dust created during dry field conditions (P&ll@owell, 2007).
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Figure 3-5: Agricultural rotary brush weeder (Melander, 1997).

I n the 198006s brushes were developed fo
in dairy for increasg milk production of up to 1 kg per day as well as decreasing the rate
of mastitis by 34% (Devries et al., 200Mandel & Nicol, 2017 Miller, 2010, Schukken
& Young, 2009. Brushes improve cow comfort by stimulating blood circulation through
scratching ad rubbing Mandel & Nicol, 2017) The electrically controlled brushes
mounted in dairy housing facilities are typically made using nylon bristles and are
mechanically rotated when pressure is applied from the animal (&ebotschek 2001;

Newby et al.2013). Three common types of bristles designs onlmoshes are shown in
Figure 36. Figure 36ais the most common type that has a uniform bristle length and
material type. Select brushes can be designed with different bristle lengths and materials
altemating across the width for a customizedmalgrooming Figure 36b illustrates a

brush with two different bristle lengths alternating throughout tickhwFigure 36¢ uses
bristles formed into an hour glass to allow the brush to form closer to the chiige cows

back (Newby et al., 2013). Advanced versions of the cow brush system also include a
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swinging mechanism to allow increased ease of use for the da#telél& Nicol, 2017

Schukken% Young, 2009.

Figure 3-6: Common brush designs used foanimal comfort (DeLaval, 2018 GEA,
2018; MSSchippers,2018)

The wild blueberry industry has made substantial improvements in crop
management practiceserthe last two deca includingmproved fertilizer useln turn,
the result has led improvedberry yield and taller blueberry plantsafooqueet al, 2013
Wood, 2004. However, it has alsncreasedhe weedand grass strengthsaking it
necessary to improve the debris management systems of the mechanical harvester. The aim
of this work is to gidy the characteristic of varying sized cleaning debris cleaning brushes
as well as their potential effects duriogerationand develop a grower guide to improve

the harvester operatordés ability to proper

3.2MATERIALS AND METHODS

3.2.1Wild Blueberry Harvester Picker Reel and Debris Cleaning Brush
Geometrical Configuration

Mechanical wild blueberry harvester manufacturers recommend debris cleaning
brushes to be adjusted such t@&2 an of the brush brite extend into the picker bar teeth

(Bragg, 2017). Brush radjustment is continually required because the plastic bristle tips
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wear after contact with debris and abrasion on the metal picking teeth. Operators are
required to manually adjust the debrigaring brush by loosening the four adjustment
bolts at adjustment prongs on each end of the harvester head. Typically, operators use a
small hammer and tap the bearing housing on esideuntil the desired bristle depth into

the picker teeth is visuallpnade. Visual observation is difficult and can easily lead to
inaccurate brush adjustment settings. To help overcome the visual inaccuracies, the
mechanical harvester geometry was studied to develop a method of brush adjustment that
was fast and accurate ensure the bristle length was at the properideypb the picker

teeth (Fig. 37).
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Figure 3-7: Harvester geometry relating the picking reel and debris cleaning brush
(side view).
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Vernier calipers and a ruler were used to measure components and distances
required to relate the bristle length and depth into the picking teeth to the position of the
brush adjustment prongs. Computer aided design of the harvester head was supplied by the
manufacturer to confirm the amual distance measurements (Bra@f@l7). A schematic
diagram was constructed to visually illustrate the geometric measurements reéquired
accurately determine brush position (F8g7). The distance between the rotating brush

shaft and center of the picking reel can be found using forglila
"0 2—) 6 00 (3-1)
Where:
‘O distance between center of picking reel and center ohbrus
J = diameter of brush shaft
B = bristle length
| = radius of picking reel
D = depth of bristle into picker teeth
The vertical distance between the rotating brush shaft and the center of picking reel can be

found using formul&-2 and3-3:

(3-2)

"0 0 O (3-3)
Where:
F = vertical distance between center of picking reel and center of brush

"O distance between center of harvester head and center of brush
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G = horizontal distance between center of harvester head andragbrush 6.47 mq
E = center of head to top of brush adjustment prongs

A = distance from top of adjustment prongs to top of bearing housing

C = width of bearing housing

SubstitutingF from equatior3-2 into equatior8-3 andH from equatior8-1 into eaation

3-3 weget

0

0 o 6 00 O (3-4)

C
And solving for the distance from top of adjustment prongs to top of bearing housing in

terms of the brushdés bristle | ength we get

0 O 6 00 O (3-5)

0
G G

After inputtingthe measured distances in centimeters, equaitbhecomes:

oB
0 Ufﬁ)T[TLp (pip%pé o@dic T™c¢ @8 X (3-6)

And simplifies to:

6 1@ax 6 Xx®cEb6 pcEE (3-7)
Equation3-7 can be used to determine the distance fromapef the brush adjustment
prongs to the brushdés bearing housing base

maintain the manufacturers recommended brigfgldinto the picker teeth 6132 am.
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3.2.2Commercial Harvester Debris Cleaning BrushGrower Evaluation

A brush adjustment data collection sheet was distributed to 13 harvester operators
during August of 2017 to record bristle depths into the picker teeth. To ensure consistent
and accurate results each operator was given a metric rulesked to record both the
distance A) from the top of the adjustment prong to the bearing housing for each side of
the brush assembly anB)(the bristle length at both ends oéttiebris cleaning brush (Fig.
3-7). Operators recorded the bristle length adgistment distance each time the brush was
adjusted down and at the end of every working day. Results from the survey were collected
from each operator at the end of the harvest season and entefexkcel. Data from each
operator was averaged to dmplthe mean bristle deptinto picker teeth used during
commercial harvesting. The minimum and maximum bristle depths were tabulated along
with standard deviation. Furthermoresults from each operator were pooled together to
display a single average tompare to the manufacturers recommermedle depth into
the teeth @.32 am). The results from this study will be used to justify the need for the
adoption of a refined method to prolyeadjust the debris cleaning brush without relying

on visual obsevation.

3.2.3Debris Cleaning Brush Physical Characteristic Comparison

Three commercially used brushes were donated from local harvester operators to
be included in the lab evaluation. In addition, a braad brush was supplied R)BE.
Each brush waassessed by first marking three randomly selected bristles with red tape.
The brush diameter was measured at the same bristle locations using-angight
car pent etradhad tol aemetallrulem(Fig-89). A centimeter ruler was used to

measure théristle length at each martéoristle for each brush (Fig-&). The bristle
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diameter was taken at both the base and bristlestigy Vernier calipers (Fig. 3.9%hen
measuring the bristle base diameter of bristles in the center of the brush, thatadjace
bristles were held back so as to get accurate readings. Each of the previously used brushes
had bristles with a noticeable taper towards the end of the tip. The location of the taper was
found by using Vernier calipers and finding the point in whichhitigtle dameter began

to shrink (Fig. 310g. The distance from the bristle base to taper location was measured

using a ruler and recorded at the three marked bristles on each of the four brushes.

Figure 3-8: Measuring brush diameter and bristle lengh on a debris cleaning brush.
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