








of Kentucky showed that labor requirements decreased from 73 to 51 wkrehr/ac [183 to
128 wkrehr/ha] through the implementation of the stripping wheel (Duncan, 2006c¢), a

30% saving in labor over conventional hand stripping operations.

Figure 2.2: Stripping wheel.

2.2.3 Single-Chain Stalk Conveyor

The single-chain stalk conveyor is a straight line version of the stripping wheel.
Cups spaced about every two feet are attached to a chain that runs in a track at waist
level. Plants are placed in the cups at one end of the conveyor and are moved past
several workers. Each worker removes one grade and places it in a bale box (Shirley and
Duncan, 2005). This stripping concept was a relay-based operation that eliminated hand-
passing of the plants to the next worker, which improved the ergonomics and productivity
of the system. When the plant reached the end of the conveyor, all grades had been
stripped, and the stalk was removed from the cup and the cup travelled under the

conveyor and back to the loading position. While not a fully automated machine, the



basic concept of holding plants at one end and conveying them past workers or through
stationary stripping devices has become an important element in the design of some

tobacco stripping machines.

2.2.4 Dual Chain Stick Conveyor

The dual chain stick conveyor is essentially a 10-18-ft [3.0-5.5-m] long straight-
line version of the of the Range Carousel system. Tobacco is spread to either edge of the
sticks (to accommodate the conveyor) and then placed on the conveyor and moved past a
crew of workers on both sides of the plant (Figure 2.3). As the plant progresses up the
inclined conveyor it is stripped from cut end to tip with each worker removing one grade
(Duncan, 2006b). The main benefits of this system are the ability to handle somewhat
drier tobacco, the increased efficiency due to relay style stripping and the increased speed
of stripping due to two-handed stripping. Stripping rates of 40 or more stalks per minute
for 7-10 workers were observed (Duncan, 2007). This is an equivalent labor requirement
ranging from 22 to 31 wkrehr/ac [51 to 58 wkrehr/ha] for stripping alone. If two workers
are used for baling, the total labor requirement becomes 28 to 38 wkrehr/ac [70 to 94

wkrehr/ha].



Figure 2.3: Workers stripping tobacco using a dual chain stick conveyor.

2.2.5 Gathering Belt Conveyor

One straight line conveyor system used to increase the productivity of stripping
burley tobacco employed gathering belts to convey stalks past workers (Figure 2.4). Two
opposed corrugated belts running parallel to each other grabbed and held the base of the
tobacco stalk as it traveled the 17-ft [5.2 m] length of the conveyor. Workers removed
individual grades of tobacco as the plant passed them (Duncan, 2006a). Increased
productivity due to two-hand relay stripping by workers located on either side of the
conveyor made this a fast alternative to conventional stripping. Furthermore, the lack of
metal gears or exposed steel chain made this a safer alternative to some stripping

techniques.



Being safer does have its drawbacks. As seen in the video footage, the belting
does not hold the stalks rigidly and consistently. This could hinder worker performance
by making the stripping of each plant a unique motion instead of a repeatable one. Labor
rates for stripping alone for this conveyor were observed at approximately 50 stalks per
minute for 9 workers stripping (Duncan 2006a). This was approximately 21 wkrehr/ac
[53 wkrehr/ha] for stripping. If two workers are used for baling, the total labor

requirement becomes 28 wkrehr/ac [69 wkrehr/ha].

Figure 2.4: Straight line conveyor using corrugated belting.
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2.3 Leaf Removal Aids

2.3.1 Counter-Revolving Wiper Stripper

The counter-revolving wiper stripper (Figure 2.5) was a single grade stripping
machine. Cured tobacco plants were placed tip-end first onto a conveyor where they
entered the guide rollers of the machine. The conveyor pushed the tips into the counter
revolving wiper blades that severed the leaves from the stalk. The wiper blades had a
half moon notch to encompass the entire circumference of the stalk, and they were
mounted on a spring loaded cantilever arm to accommodate different diameter of stalks
(Morrison and Yoder, 1973). Once the tip end got to the fluted rollers, it progressed
through the rest of the defoliation process and ejected the bare stalk onto the ground.
Morrison and Yoder (1972) measured labor requirements with this machine ranging from
28.4 wkrehr/ac [71 wkrehr/ha], when malfunctions were occasional, to 50.8 wkrehr/ac
[127 wkrehr/ha] when stalk breakage and plugging of the machine was high. This
machine (along with the knot-hole stripper, to be described in a later section) was
functionally a very effective stripping machine, but the inability to mechanically separate

different leaf grades was a serious limitation.
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Figure 2.5: Counter revolving wiper stripper.

2.3.2 Clamp Stripper with Leaf Separator

Pinkham (1981) patented a machine design intended to mimic hand stripping. It
mechanically clamped the leaves and then forced the leaves opposite their direction of
growth by conveying the stalk forward. According to the patent, in order to operate the
machine, a plant was placed on the horizontal feed bars at the left of the machine (Figure
2.6). As the metal cups attached to the chain moved around the sprocket it picked up the
plant and moved it past the leaf orientation and separation bars. This ensured that the
leaves were spread out so that when the plant was laid on the conveyor there was an
equal distribution of leaves on either side. The plant was then conveyed horizontally for
a short distance when a cam released two clamps that grasped the leaves on either side of
the conveyor. The plant was then conveyed out the right side of the machine as the
leaves were pulled from the stalk. The leaves removed by the machine then fell onto a
conveyor maintaining their same stalk position and thus proper grade. Another worker

then removed each grade and deposited it in the proper box for baling. This machine
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could be operated in a continuous manner and is one of the first patented designs for a

fully automated three grade stalk stripping machine.

Figure 2.6: Clamp stripper with leaf separator.

2.3.3 Knot-Hole Strippers

In the early 1980’s there was a mass influx of what were referred to as Knot-Hole
strippers. Duncan and Tapp (1984) tested several different variations of this machine
being produced by different manufacturers. The basic operation of these machines, one
of which is seen in Figure 2.7, involved a worker feeding a plant through the machine tip
end first. The tip of the plant would enter a set of four overlapping spring-pressured
metal plates. A small half-circle opening on each plate would remove the leaves as the
plant was propelled through the plates opening. In the machine, a set of rollers would
grasp the stalk and start conveying it through the plates. As the plant progressed, the

plate opening would expand to accommodate the increase in stalk diameter. Assuming
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an average yield of 2500 Ib/ac [2800 kg/ha], these machines did a good job of stripping
leaves from the stalk with a range in labor requirements from 49 to 78 wkrehr/ac [122 to
195 wkrehr/ha], compared with 69 wkrehr/ac [170 wkrehr/ha] for hand stripping. Duncan
and Tapp (1984) found that these machines on average left from 0.72% to 5.32% of
useable tobacco on the stalk. The problem with this type of machine was that it was
difficult to effectively grade tobacco. Tobacco was usually stripped into a single mixed

grade that brought a lower price than the traditional three and four grades.

Figure 2.7: Golden Leaf knot-hole stripper.

2.3.4 Three Grade Roller Stripping Machine

The Patterson (1983) machine contained a series of three work stations, each for a
different grade of tobacco. Each station contained a pair of rolling contact counter-
rotating wheels spinning at 600 rpm (Figure 2.8). The plant grade to be stripped was

placed over one set of wheels and rested on a stalk support. The rotating wheels grabbed
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the leaves and pulled them off, dropping them in a grade box below. The plant was then
moved from station to station until all grades were removed. It was recommended by
Paterson (1983) that three workers operate three separate stations to obtain maximum
efficiency. During tests conducted by Duncan and Tapp (1984) to determine maximum
efficiency (minimum labor required), labor requirements of 44 wkrehr/ac [110 wkrehr/ha]
were observed. The machine is comparable to the roller stripper designed by Miyake and

Manzawa (1989b), but it is simpler and presumably cheaper.

Figure 2.8: Three grade Patterson stripping machine.

2.3.5 Roller Stripper

The machine developed by Miyake and Manzawa (1989a) consisted of a pair of
leaf-stripping rollers that were approximately the same length as the tobacco stalk to be
stripped. The stripper rollers were in the horizontal plane and were in rolling contact

with each other. The holding frame was above the rollers and was spaced in such a way
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that the gap between them was smaller than the tobacco stalk. Its purpose was to ensure
that only the leaves came into contact with the stripping rollers. The operator stood on
the side of the foot pedal (Figure 2.9) and laid a plant on the holding frame above the
stripping rollers. The operator pressed the foot pedal which started the rollers rotating
downward at the contact surfaces. There were a large number of looped ribbons on
Miyake and Manzawa’s (1989b) stripping rollers that created a draft and helped draw the
leaves toward the rollers. The leaves were then pinched between the rollers and pulled
from the stalk. Once they passed through the rollers a set of dividers kept the leaves

separated in the correct grades based on their original stalk position.

Miyake and Manzawa (1989a) stated that, on average, their leaf stripping machine
striped at twice the rate of manual stripping. On the five farms where the machine was
tested, an average work rate of 331 plants/hr was observed. The machine required two
workers: one operating the machine, and one baling the leaves. This work rate was
equivalent to 43.4 wkrehr/ac [109 wkrehr/ha] assuming an average population of 7000

plants per acre [17500 plants/ha].
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Figure 2.9: Roller stripper for stalk cut tobacco.

2.4 Semi-Automated Stripping Machines

2.4.1 Semi-Automated Stripping and Sorting Machine

Wells and Bader (1990) developed a semi-automated mechanical system for
stripping and grading cured burley leaves. Horizontal stalks with the leaves hanging
vertically were inserted cut end first into the machine. Two feed rollers grasped the base
of the stalk and conveyed it into the machine where two opposed horizontal gathering
belts grasped the leaves and removed them from the stalk. The leaves were dropped
stem-end first onto a rotating carousel platform (Figure 2.10). A photo sensor linked to a
cam through electric switches counted the leaves passing it and then rotated the carousel
to allow the correct number of leaves to be placed in grading bins. Depending on setup,
the number of leaves deposited in each grade could be controlled for different plant

varieties and growing conditions.
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This stripper/grader was designed for two workers. One worker placed stalks into
the rollers while the other transferred sorted leaves from the carousel bins to baling boxes
nearby. In the machine’s optimal configuration, Wells and Bader (1990) determined that
97.6% of usable leaf material was removed from the plants tested and that the
productivity of the machine was approximately 2.4 times that of traditional hand
stripping. However, experiments also revealed that the photo sensor was not reliable
when counting leaves removed, especially on the lower stalk positions. An average of
1.67 and 1.36 leaves in the flying and lugs, respectively, were improperly sorted which
resulted in improper grading. They stated that further work needed to be done to improve

both the sorting and grading of the leaves and the convenient disposal of stripped stalks.

Figure 2.10: Semi-automated stripping and sorting machine.
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2.4.2 French Roller Stripping Machine

A new machine for stripping cured burley tobacco from the stalk has recently
been developed in France. This semi-automated machine utilizes the proven method of
pulling leaves from the stalk with opposed rollers. A cured plant is placed onto the
machine horizontally, with the leaves hanging down vertically, where guide bars help
separate the leaves into grades based on stalk position. The plant is moved forward
laterally and into the stripping chamber to accommodate the loading of another plant.
Once in position, two rotating rollers come together on the hanging tobacco leaves and
pull them from the stalk (Eodiss Systems, 2010). Already having been separated by the
grading guide bars upon loading, each group of leaves drops onto a conveyor and is
conveyed to a baler. The machine was specifically made to be portable to allow farmers
to cooperatively own and use it. No productivity numbers have been released but it

appears to strip at least as effectively as all other semi-automated stripping machines.

2.4.3 Beater Bar Stripper Grader

A machine developed by Carolina Tobacco Services (CTS) has been in use for
several years. The machine is about 16 ft [4.9 m] long, 4 ft [1.21 m] wide and
approximately 8 ft [2.4 m] tall (Figure 2.11). Plants are fed tips first into a set of opposed
sticker chains at the top of the machine after the tip grade has been removed by hand
(Duncan and Wilhoit, 2007). The need to first strip the tips makes feeding the machine
more labor intensive; about four workers are needed to maintain productivity. As the

plant progresses through the machine, two sets of 12 ft [3.7 m] long beater bars with
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rubberized fingers rotate down to knock the cured tobacco leaves from the stalk. The
stripped leaves fall below into one of four bale boxes underneath. Grading is
accomplished by stalk position based on linear travel of the plant through the machine.
After the plant has moved the entire length of the machine, the opposed sticker chains

releases it, and it drops to the ground or onto a conveyor.

Excluding labor for baling, unpublished observations place the labor requirements
of this machine at approximately 28.2 wkrehr/ac [70.5 wkrehr/ha] assuming average
yields of 7000 plants per acre (Wilhoit, 2008). These are the highest recorded labor
efficiency numbers seen from any semi-automated stripping machine to date. While this
data indicates that this machine has high labor efficiency, it does have some drawbacks.
The beater bars that remove the leaf from the stalk cost $2000 per set and only last for
approximately 40 acres [16 ha]. This, combined with the high initial cost, approximately
$32,000, lessens the appeal of the machine to farmers and decreases the overall
profitability of the machine (CTGR, 2009). However, even with its drawbacks, this
machine performs better than all other semi-automated stripping machines currently on
the market and can significantly reduce the labor required to strip an acre of tobacco
when compared with the alternative of hand stripping. Note that the high stripping
performance numbers for some of the stripping aids were based on stalk counts from

videos over short time intervals.
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Figure 2.11: Beater bar stripper grader machine made by Carolina Tobacco Services

(CTS).

2.5 Summary

Many tobacco stripping techniques and machines have been developed in the past,
but none have been widely adopted by producers. High initial cost, inability to grade,
and poor performance have contributed to the lack of interest. Automated stripping by
machine is a complicated issue that to this point has not been successfully accomplished

to the growers’ satisfaction.

A system has been proposed that combines proven technology for conveying
plants and cutting fibrous organic material. This system should be far less expensive
than other semi-automated machines and substantially reduce labor and costs for

producing stalk-cured tobacco. The proposed machine will be able to strip into four
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grades - three mechanically and one by hand. It could be especially beneficial for small

to mid-size tobacco growers.
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CHAPTER THREE — MACHINE DESIGN, DEVELOPMENT, AND FABRICATION

3.1 Proposed Solution

A mechanical burley tobacco stripping machine was proposed to reduce the
manual labor requirements for stripping and grading burley tobacco while keeping leaf
losses due to shredding to a minimum. Miyake and Manzawa (1989a) stated that grading
by stalk position was preferred to grading by visual inspection of individual leaves
themselves. In accordance with this research, the proposed machine needed to strip and
grade based on stalk position. The design utilized the effectiveness of cutting with a
string trimmer along with the gentleness achieved by using a flexible plastic string rather
than metal blades. With the proposed design, a worker would remove the flyings grade
by hand and place the plant in the machine. The stalk would then be conveyed past three
stationary string trimmer heads. The trimmers would remove the lug, then the leaf and
finally the tip grades and allow each to fall into a separate grade box for easy removal
and baling (Figure 3.1). The ultimate goals for this design were to reduce labor, ease

work and save money with a semi-automated stripping/grading machine.
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Figure 3.1: Basic configuration of stripping machine concept.

3.2 Preliminary Configuration

3.2.1 Stalk Conveyance

Based on past tobacco research and machine design, there are two main choices in
tobacco conveyor designs: straight line conveyors and circular conveyors. The stripping
wheel and Range carousel are types of circular tobacco conveyors that meet space and
cost requirements by being very simple and compact. The sticker chain system of the
beater bar stripper grader and the gathering belt system are both examples of straight line

conveyors. These conveyors are usually more complex, expensive and require more
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space. They are generally custom made for the individuals to meet their requirements.
Due to availability, space requirements and simplicity, the initial trial of the concept was

carried out on a readily available circular stripping wheel conveyor.

Preliminary testing was preformed with the stripping wheel and inexpensive off-
the-shelf string trimmers. Based on several days of testing and experience with the setup,
it became apparent that the plane of the string needed to be parallel to the stalk and
perpendicular to the direction of travel to obtain the best results. Aligning the trimmers
in this fashion to conduct a series of tests with the stripping wheel setup was difficult and
time consuming. It became evident that the best chance for producing a successful

machine was to use a straight line conveyor.

3.2.2 Stalk Holding

In the interest of simplicity, the first design was a cup made of 2 in. x 2 in. [5 cm
x 5 cm] square steel tubing 6 inches high that loosely held the tobacco plant as it traveled
through the conveyor. Similar cup holders are used on stripping wheels. However, due
to the variability in plant stalk diameters occurring from growing conditions, the cups
were unable to hold stalks in a consistent and vertical position for moving past the string
trimmer (see Figure 3.2). Smaller diameter plants tended to lean backwards more than
large diameter stalks. The inconsistency in the stalk’s orientation created trimmer
alignment issues that severely decreased stripping efficiency and increased string wear.

The cups’ sharp edges also frequently cut the string when trying to strip the lower grades.
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Furthermore, the cups allowed the stalks to bounce and lean away from the string

trimmers because they were not held rigidly.
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Figure 3.2: Illustration of fixed cup size with a range of stalk sizes.

Several gripping options were considered. Due to the high associated expense
and safety concerns, sticker chain was not used. Corrugated belting would hold the stalks
loosely and would need an elaborate conveyor system. For these reasons it was also not
used for this preliminary study. Instead, a spring-loaded positive grip cup that

consistently held a variety of stalk sizes in an upright position for stripping was used.
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3.2.3 Leaf Orientation

Initial testing indicated that the most effective stripping occurred when the leaves
were oriented away from the direction of travel of the plant (Figure 3.3). This allowed
the leaves to be cut close to the stalk before the lamina was shredded. Casada et al.
(1976) showed that the force required to detach leaves from stalks was least when applied
in a direction radial to the stalk at a point along the stem 1 in. away from the point of
attachment. Once the leaves are directed backward, the sections of leaves to first
encounter the strings are the stems or midribs at about a 1 in. [2.54 cm] distance from the

stalk. This allowed for a clean removal with minimal force and very little leaf damage.

Direction of Travel

Figure 3.3: Leaves oriented opposite the direction of travel to optimize detachment by

string trimmers.

Initially, push broom heads were used to brush the leaves in the desired direction.

However, the stiffness of the bristles and the difficulty in mounting them at an opposed
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position led to the search for some different brushes. Straight bristle concrete smoothing
brushes were chosen as a low cost, readily available, and easily mounted option. Once
mounted opposed, the angle of the brushes on the horizontal plane was adjusted to funnel
the plants toward the trimmers and brush the leaves back to optimize stripping (Figure

3.4).
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Figure 3.4: Brush setup which allowed for changes in brush angle.

From observation, more effective stripping occurred when the leaves were
contained in the brushes as the trimmers cut them from the stalk. However, initial testing
also showed that leaves cut while in the brushes remained in the brushes until the next
plant pushed them out. The leaves being pushed out by the following plant tended to get

pushed into the trimmer and thus somewhat shredded. It will thus be necessary to add a
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3.3 Final Experimental Configuration

All the information learned from the preliminary testing was reviewed to decide
on an optimal configuration for initially testing the effectiveness of removing leaves with

a string trimmer and ultimately the design of a complete machine.

Several key elements of the current experimental machine design were
implemented (Figure 3.6). First, larger 0.105 in. [2.7 mm] string was required because
the .065 in. [1.7 mm] line showed significant wear and broke frequently. Second, the 3.5
amp electric motor did not have enough power to turn the larger string at the speeds
needed. A 6.3 amp universal electric motor (DAYTON model #2M145) was used to
power the trimmer head. Third, a more readily adjustable setup was needed. All parts of
the original machine were simplified and redesigned to contain needed adjustment points.
The trimmer motor speed was controlled with a Dayton Electronics motor controller
model #4X797, and monitored using a magneto-resistive Hall Effect sensor and a
magnetic pulsar disc attached to the shaft of the electric motor. A program written in
Microsoft Visual Studio was used to log motor speed over time. The logged data were

used to examine changes in motor speed as plants passed the trimmer.
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