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SUMMARY

I. Title
Development of Boxthorn (Lycium chinense Mill) Harvester

II. Objectives and Importance

1. Objectives

1) The first detail project: Primary study for development of
boxthorn harvester

(1) To establish an effective detachment mechanism of mature
boxthorn berries by investigating and analyzing the physical
and mechanical properties of branch, mature berries, immature
berries, leaves, and flower of boxthorn.

(2) To formulate a convenient cultural practice and proper
bending technique of tree shape for mechanization of the
harvest of boxthorn berries by investigating and analyzing
biological and culturing characteristics of boxthorn.

2) The second detail project: Development of prototype of
boxthorn harvester
Main components of the harvester could be classified into a
detachment system, a collection system, and a traveling system.
Design and construct each component, analyze and upgrade the
mechanism of each component, and, finally, develop a boxthorn
harvester by put these components together.

2. Importance of Research and Development
Boxthorn cultivation in Korea was in peak at 1996 and the
cultivation area of boxthorn was about 486 ha with the annual total
production of berries of 1200 ton. Boxthorn was evaluated as one of
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the specialized crop. The berries mainly used as herbs and stamina
drinks, and leaves and roots of the boxthorn were also used as
medicinal purpose.

The cultural practice, however, of the boxthorn almost depended on
hand labor. Specially, the harvesting of the boxthorn berries was
totally accomplished by picking a berry one by one by hand and
required 849 of the total production cost of berries. Thus, the size
of the farm of boxthorn was paltry such as about 10a for each
farmer. A high labor cost of harvesting was a barrier for increasing
income of the boxthorn cultivation farmers and it was up to
intimidate the stabilized farming by dwindling of the Ilabor in
suburban area.

Recently, farmers strongly demand the mechanization of the harvest
of boxthorn berries, and by changing a hand picking harvest that is
a low harvesting efficiency and poor harvesting condition into a
mechanical harvest that is a high harvesting efficiency and agreeable
harvesting condition, the production cost of the boxthorn berries may
be lowered and substitute the dwindling labor in suburban for the
boxthorn cultivation.

Followings are expected effects after the developed boxthorn
harvester in this study may practically be used in fields.

(1) To promote the farmers profit increase, and to increase the
competitiveness in market by mechanical harvesting, reduce the

labor demand, lower the production cost

(2) To improve the poor harvesting environmental conditions to
pleasant conditions of operation.

(3) The mechanical harvesting with a high operation performance
promotes the enlargement of size of boxthorn farming and
establishes a stabilized farming system.

(4) To offer high quality domestic boxthorn berries steadily to a
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demand, by increasing international competitiveness.

(5) To contribute expansion of the domestic agricultural machinery
industry.

III. Contents and Extents of Research and Development

Contents and extents of the research and development of this project
were summarized as yearly basis as follows.

IIT-1 Contents of Research and Development

1. The first detail project: Primary study for development of
boxthorn harvester

1) The first year

(1) Cultural practice of boxthorn for adaptation of
mechanization of harvest

A. To understand characteristics of the varieties of boxthorn
by preliminary selection test of productivity of superior line
of boxthorn (Lycium chinense Mill).

B. To study a convenient cultural practice for the
mechanization of the harvest.

C. To study bending techmrique of proper tree shape for the
mechanization of the harvest.

(2) Analysis of physical and mechanical characteristics of
branches, berries, leaves, and flowers of boxthorn

A. To design and construct measurement systems and its

associated jigs for a detailed study of mechanical
characteristics of branches, berries, leaves, and flowers.
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B. To examine closely mechanical characteristics of branches,
berries, leaves, and flowers of boxthorn of each variety by
harvesting season using measurement systems.

C. To examine a proper frequency and amplitude of the
vibration for high detachment efficiency of the berries by
analyzing theoretical detachment mechanism of the boxthorn
berries.

2) The second year

(1) Cultural practice of boxthorn for adaptation of
mechanization

A. To formulate a cultural practice of boxthorn for adaptation
of mechanization of harvest of berries concretely.

B. To establish a bending technique of tree shape of boxthorn
for a efficient mechanization of harvest of boxthorn berries.

C. To study the vibration characteristics of boxthorn branches.

2. The second detail project: Development of prototype of
boxthorn_harvester

1) The first year

(1) Analysis of performance and capability of applied
various methods and equipments for harvesting operation.
A. To investigate a possibility of the application of a simple
equipment for harvesting based on the efficiency of current
conventional hand picking harvest technique.

B. To compare and analyze the performance and capability of
an air suction and a vibration type of harvesting as a
preliminary test, which could be one of the options as a
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technique of the mechanization of harvest.

(2) Design and construction of a vibration detachment test
system for development of vibration harvester that was
relatively superior on the harvesting capability.

(3) Investigating of the detachment characteristics of
boxthorn berries by harvesting seasons and applying
locations of vibration using the vibration detachment test
system.

To investigate a reasonable frequency and amplitude of the
vibration for a selective harvest of mature berries without
damaging immature berries, flowers, and leaves.

(4) To investigate a location of the applying point of
vibration for a higher detachment efficiency.

(5) To analyze operation method and shape of the collection
system, which was one of the major component of
harvester.

Analysis of the performance of the collection system that
minimizes the damage of berries and missing berries detached.

2) The second year

(1) Establishment of prior design conditions of a prototype
of boxthorn harvester

(2) Development of detachment system of harvester
A. Establishment of design concept

B. Structures and moving manner of a vibration generating
system.

C. Shape and operation method of vibration rod.
D. Power source and a power transfer system.

_25_



(3) Development of mature berry collecting system
A. Establishment of design concept.
B. Design and construction of a collecting box.
C. Design and construction of a guiding unit of a collecting

system.
D. Mounting device of the collecting system on the harvester

frame.
F. Protection device for scattering detached berries.

(4) Development of a traveling system
A. Frame.
B. Traveling speed.
C. Power transfer system
D. Steering system and forward/backward device.

(5) Construction of a prototype of harvester and field test
A. Construction of the first trial prototype harvester and field

test.

B. Development of the second trial prototype harvester and
field test.

C. Evaluation of the operation performance.

D. Examination of the problems and plans of improvement.

III-2 Extents of Research and Development

1. Cultural practice of boxthorn for adaptation of mechanization

1) Select superior line of boxthorn variety
2) Convenient cultural practice for a mechanization of harvest
3) Proper bending technique of tree shape for mechanization of

harvest.
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2. Mechanical characteristics of boxthorn berries, leaves, and

branchs

1) Theoretical analysis of detachment mechanism of boxthorn
berries.

2) Detachment force of boxthorn berries.

3) Force-to-weight(F/W) ratio of boxthorn berries.

4) Detachment force of flowers and leaves.

5) Vibration characteristics of boxthorn branches.

3. Primary study of detachment system for boxthorn berries.

4. Vibratory detachment test system.

5. Detachment rate of boxthorn berries with vibration

characteristics.
6. Development of detachment system.
1) Establishment of design concept.
2) Structure and operation method of vibration system.
3) Structure and operation method of vibration hook.
4) Selection of power source and power transfer system.
7. Development of collection system.
1) Selection of design concept.

2) Collecting box.
3) Collecting guide system.
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8. Development of Traveling system

1) Frame
2) Travel speed

3) Power transfer system
9. Manufacturing prototype of harvester and field test

1) Manufacturing the 1st trial prototype of harvester and field test
2) Development of the 2nd trial prototype of harvester and
evaluation.

10. Evaluation of operation performance of developed a harvester
and improvable remarks

IV. Results of Research and Development and Suggestion of
Practical Use

IV-1. Results of research and development

Followings were summary of results obtained from each detail
project.

1. The first detail project: Primary study for development of
boxthorn harvester

(1) Cultural practice of boxthorn for adaptation of
mechanization

A. Among the boxthorn varieties cultivated in Cheongyang

Boxthorn Experiment station, the most high productive
varieties were Youseong #2 with original weight of the
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average of 697 kg/l0a and Cheongyang gugija with original
weight of the average of 664 kg/10a of the berries,
meanwhile, Cheongyang gugija with dried weight of the
average of 286 kg/10a and Youseong #2 with dried weight of
the average of 283 kg/l0a of the berries. The average
production in overall varieties was 426 kg/10a and 177
kg/10a with the original and dried weight, respectively.

B. In tree shape of the boxthorn, the stems were almost in
straight upward and secondary and more subbranches (ie ,
hanger branches) were curved to the ground. Thus, in the
conventional cultural practice of the boxthorn, the branches
were tangled each other and/or piled on the other, which was
a barrier for the mechanization of harvest of boxthorn
berries.

C. In the planting distance of the boxthorn, the cultivation
system of 120X40cm allowed good aspiration and penetration
of light for growth to control the disease and insect damage,
and also offered convenience for pruning, cultivation, and
harvesting operation, which was more productive than the
systerm of 90 X30cm.

D. By the bending technique of tree shape of boxthorn in
conventional cultural practice, there were four to five primary
stems in a bush, and the first pruning was carried out when
shoots grew around 20 to 30 cm, the second pruning was
done when the first side branch grew around 20 to 30 cm,
and the third pruning was done when the second side branch
grew around 20 to 30 cm by the cutting the branch at the 1
to 2 cm near to the end of the branch. The over third
pruning was done by considering the phase of the growth.
The support for the bush was set up after the first pruning
of the branch. Two supports were set up as a pair at the
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sides of the ridge with the width of 5 cm and tided the
supports with plastic string to protect the branches hanging
down toward to the ground. The space, however, was limited
and branches were so dense for the mechanical harvesting
operation.

E. A single or two primary stems were grown for the
tree—shape by pruning and bending for the mechanization of
harvesting of berries. The pruning of this cultural practice
was carried out by cutting the primary stem or stems at the
near to 1 to 2 cm at the end of the stem or stems. Remain
of the pruning was done by considering the phase of the
growth of bush. This cultural practice allowed secondary or
more branches wide space to grow healthier and flourisher
than the conventional cultural practice such that the flowering
time was 15 to 20 days earlier than the conventional cultural
practice, and the productivity was satisfactory. Specially, this
cultural practice showed less branches tangling and/or pile on
the other and had enough vertical space with 20 to 30 cm
between the ground and secondary branches allow easy of
harvesting machine application.

(2) Analysis of physical and mechanical properties of
branches, berries, leaves, and flowers.

A. The average length and diameter of the boxthorn branches
was 1135 cm and 095 cm, respectively, and the average
number of primary stems per bush was about five.

B. The average length of the major and minor axis of berries
was 13.8 cm and 8.3 cm, respectively, the sphericity of the
berries was 0.7, the 100-fruits mass was 34.7g and 12.1g
with original and dried weight, respectively, and the average
of total number of fruits setting per branch was 997.
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C. The length of the fruit stem was around 9.3 to 11.3 cm
with thicker at the fruit side and thinner at the branch side.

D. The average detachment force of mature and immature
berries was 1.0 N and 2.0 N, respectively, and F/W ratio
(Force-to-weight ratio) of which was in the range of 103~
634 and 526~1770, respectively. The difference of F/W
between the mature and immature berries was around 2.7~
5.1 fold such that it indicated a possibility to harvest the
mature berries selectively without detaching the immature
berries.

E. The average detachment force of the flowers from the
calyx was 169 N and which of the average F/W ratio was
about 4034. Meanwhile, the average detachment force of the
leaves was 4.07 N and which of the average F/W ratio was
2412. Thus, it was considered that the detachment of health
leaves and flowers could be avoided when the mature berries
detached because the detachment force and F/W ratio were
much higher than which of the mature berries.

F. Detached mature berries were damaged (e.g., punctured)
when the berries were free of fall to the ground at the height
of over 1.6 m and 1.1 m (with the speed of 464 m/s) with
peduncle and without peduncle, respectively.

G. Theoretical analysis of detachment mechanism of berries
showed that the pendulum motion occurred with the longer
length of fruit stem than the amplitude of applied vibration.
With this case of vibration mode, the detachment force and
stress of the fruit stem were caused by the weight of
berries, and then detachment of berries occurred. In the case
of the amplitude of vibration longer than the length of the
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fruit stem, the pendulum motion of the berries extended to
produce moment of inertia due to the speed of motion of
berries. With this case of vibration mode, the shear force due
to the moment of inertia of the berry weight, the shear force
due to the bending moment on the fruit stem or the impact
force produced by collision of among berries or of between
branches and berries, and/or entwining of berries or fruit
stems to branches, which caused the detachment of the
berries against the stress of the fruit stem and/or detachment
force of berries. Thus, when the transferred amplitude of
vibration to the branch was larger than the length of the
fruit stem, the detachment efficiency was increased.

H. The natural frequency of the boxthorn branches increased as
the diameter of the branches increased and its range was
around 89~363 rad/s. The modulus of elasticity of the
branches decreased as the diameter of the branches increased
and the measured value of it was 2.01109~4.97109 N/m2.

2. The second detail project: Development of prototype of
boxthorn harvester.

1) Simple equipments applied for harvesting of berries such as
can—teeth of comb type and glove-funnel shaped type showed a
lower harvesting efficiency than the conventional hand picking
harvesting, while the mat type spread on the ground showed the
similar harvesting efficiency as the conventional harvesting of
berries. These results indicated the simple equipments as the
harvesting aid were useless with the limited biological factors
such as coexistence of mature and immature berries, flowers,
and leaves in a branch and difficulty of movement of equipment
in the dense and/or entangled branches to harvest berries .

2) The air suction type of mechanical harvest showed a difficulty
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to maintain a constant suction pressure due to blocking of the
flow stream in the sucking hose by the sucked materials, and,
specially, since the theoretical speed of air stream for the
detachment of mature berries of 6974 m/s was much higher than
the limiting speed of damage of berries of 4.64 m/s, a puncture
of the berries due to the impact induced in inside of the suction
tank.

3) The results from the preliminary test with the vibratory
mechanical harvest method showed the 30% of content of
foreign material (i.e., leaves, fractured twigs, and/or dried twigs)
in the total of detached material. The immature berries, however,
did not appear among them and, specially, there was no
punctures on mature berries and showed the highest harvesting
efficiency among several mechanical harvesting methods applied.
Thus, the vibratory mechanical harvest method was considered
to be the most efficient one for the boxthorn berries in the filed.

4) A vibratory detachment test system was designed and
constructed to determine a proper frequency and amplitude of
shaking for the detachment of boxthorn berries. The major
function of the system was a capable of adjustment of amplitude
and frequency in the range of 0~6cm and 0~2430rpm,
respectively, instant on/off of the system revolution, and
maintaining the predetermined speed of revolution for a selected
time duration by the electronic clutch/brake unit.

5) The detachment rate of the boxthorn berries with the vibration
characteristics were as follows;

a. The detachment rate of the mature berries increased as the
frequency increased at the constant amplitude, and increased
as amplitude increased at the constant frequency.

b. The detachment rate of mature berries as the shaking time
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increased at the constant frequency and amplitude.

¢. The detachment of immature berries occurred irregularly after
some extent of reasonable detachment of the mature berries,
and the maximum limiting value of the frequency, amplitude,
and the shaking time was a threshold that the detachment of
immature was significantly increased.

d. The most efficient detachment rate of the boxthorn berries
was obtained at the frequency and amplitude range of 900-1200
rpm and 35-40 mm, respectively.

e. The highest detachment efficiency was 87.6% at the frequency
and amplitude of 900 rpm and 35 mm, respectively, with a
shaking time duration of 3 seconds.

6) The location of shaking point - The detachment rate with the
shaking location at the primary stem was very low of 53% and
the overall detachment efficiency of whole tree was determined
by the transfer rate of the vibration from the center of the
shaking location. With the location of shaking at the first or
secondary branches, the detachment rate was relatively high
enough of 72% for the practical application and the location of
the shaking of this case was at the middle of the branches,
which showed a relatively high detachment efficiency.

7) Establishment of the preliminary design conditions of the
prototype of boxthorn harvester
a. The planting distance of the boxthorn of 120X 40cm, the width
and height of the crop bed of 60cm and 15-20cm, respectively,
and the distance and depth of the furrow of 60 ¢cm and 10 cm,
respectively, was selected for the prototype. The cross section
of the surface shape of the row was elliptical.
b. The main components of the prototype were consisted of @ a
detachment system, @ a collecting system, @ a traveling
system, and @ a main frame.
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8) Development of detachment system

(1) Establishment of design concept
a. Minimize the weight of the system for the operator
b. Minimize the system’s vibration transferring to the operator
c. Maintain extra power for required system power
d. Simplified the operation procedure

(2) Main components and operation procedure

a. Designed and constructed a slide crank system (Fig. 38 ) to
produce vibration.

b. The crank system and motor was mounted on the parallel
slide transferring guide at the top of the frame so as to
minimize the load onto operator and ease the movement of
the system.

c. The vibration hook with reciprocating motion was designed
and constructed as assembling unit for the easy of
detachment/attachment, and as a rotating unit for the easy of
change of direction of application.

9) Development of collecting system (Fig. 45)

(1) Establishment of design concept
a. Minimize the scattering of detached berries.
b. Eliminate the damage (e.g., puncture) of berries.

c. Maintain the collecting system’s performance with the
deformed (i.e., uneven) row.

(2) The shape of the collecting box (Fig. 45) was selected as the

cross section of triangular to minimize the impact to the
ground.

(3) The guiding unit of the collecting system was consisted of a
guiding brush and plate. The mounting angle of the guiding
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unit was selected such as the detached berries could be freely
rolling down to the collecting box. The guiding brush was
made with two rows of layer with different length such that
it could maintain the collecting function of the berries under
the bush.

(4) The operation of the guide unit of the collecting system was
designed as an open and shut type such that it allowed the
smooth movement while traveling without harvesting
operation, and allowed the perfect function of collection under
the bush while in harvesting operation.

(5) The scatter protection curtain was installed onto the main
frame of the harvester to protect the berries scattered by
impact while in free of fall on the collecting system after
detachment.

(6) The mounting device of the collecting system was designed
as a height adjustable to allow free vertical movement to the
deformed ground surface.

10) Development of traveling system

(1) The frame size of the first trial prototype of the harvester
was designed and constructed as 1500X1200 X 1300mm
(length X width X height). Since, however, the first trial frame
was too big to turn and operate the system in the narrow
field, the second trial prototype of the harvester was
upgraded and constructed as 1200x<1000X1300mm (length X
width X height).

(2) The traveling speed of the harvester was designed as in the

range of 15~20cm/s by considering the field surface condition
and harvesting operation speed.
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(3) The power source of the traveling system was selected as a
unit of generator (1 kW) with an engine and motor by
considering lightening of the detachment system and
simplification of the power transfer system.

(4) The first trial of the power transfer system was selected as
a jaw clutch and chain system, however, it had problems
such as a high vibration at the start of the system and
difficulty of operation. Thus, at the second trial, the
combination of tension pulley and belt pulley was selected to
reduce those problems mentioned above.

(5) The front wheel steering and rear wheel drive system was
selected for the travel of the harvester and the two-way
switch for the easy of operation of the forward and
backward travel was selected.

(6) A cabin was installed on the top of the frame of the
harvester for the protection of the major components of the
harvester and improvement of the operation environment of
the operator.

11) Manufacture of the prototype of boxthorn harvester and field
test

(1) The first trial prototype
a. The first trial of the prototype boxthorn harvester was
manufactured with the detachment system and the collecting

system mounted on the frame size of 1500X1200% 1300 mm.

b. The system's traveling performance in the field was poor
because of the sink of the rear drive wheel (@400 mm) into
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the ground and the idle of the rear wheel when the system
start to get into the field due to the spread straw on the
field and wetted straw and field.

c. The load felt to the operator was not heavy during
harvesting. Since the direction of the action, however, of the
vibrating rod was fixed to a one direction, it was not easy
to hook the vibration hook instantaneously to the boxthorn
branches. It was more efficient for the detachment rate
using two or three hooks attached at the tip of the
vibration rod than the single hook attached at the tip of
the vibration rod. '

d. The collecting box with a cross section of rectangular
shape caused a traveling barrier due to the impact to the
deformed field surface.

e. The mounting angle of the guiding plate and the guiding
brush for the collecting system was set with 15° . The tip
of the guiding brush, however, was tangled into the
secondary branches rather than surround around the primary
stems. Specially, since the guiding plate and the guiding
brush was fixed at the frame of the harvester, the collection
efficiency declined due to a hole caused by the bending
and/or opening of the guiding brush.

(2) Development of the second trial prototype and evaluation
a. The frame of the second trial prototype was adjusted and
modified to 1200X1000X1300mm, and improved and

upgraded detachment and collecting system were mounted to
it.
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b. The rear wheel drive tire was replaced by the larger
diameter of 500 mm and bigger rug to improve the travel
performance and eliminate the idle of the wheel, however,
there was a slip between belt and pulley of the power
transfer system.

c. The shaking rod of the detachment system was redesigned
and manufactured for the free of rotate using a coupling
device (Fig. 40) and, by that, improved the detachment
efficiency significantly. There was, however, a minor load to
the operator due to the rigidity of the wire inside the
flexible cable of the detachment system.

d. The bottom of the cross section of the rectangular shape
of the collecting box was changed into triangular shape at
the row side of the field and eliminated the impact onto the
deformed ground surface.

e. The guiding plate with the guiding brush was redesigned
as open-and-shut type and manufactured using a quadric
link system (Fig. 45) such that this device surrounded the
primary stems of the bush (i.e., shut) thoroughly to collect
detached berries when the system in harvesting and opened
toward the collecting box when the harvester in moving to
the next bush. By changing of the collection system, the
collection efficiency was significantly increased.

f. Evaluation of the operation performance

a) The detachment rate of the mature berries was
satisfactory with 82%.

b) The collection rate of the detached berries was around
93% and the 7% of the uncollected rate was due to
scattered berries dispersed toward the front and back of
the harvester. This problem considered to be prevented by
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installing a modified protection curtain at the front and
back of the harvester frame.

c) The detachment rate of the immature berries was around
5% and it was not considered being a serious problem.

d) The operation performance of the harvester showed a
significant difference based on the difference of the
maturity of the berries. The performance was, however, 4.2
times high with the fully matured berries as compared
with the conventional hand picking harvest.

g. Improvable details of the second prototype of harvester.

a) The width of the frame of the harvester could be
adjusted to the standard cultural practice (120cm) to
increase the systems traveling performance.

b) A crank system and motor should be installed at the
upper end of the extension of the vibration transfer axle
(piano wire) of the detachment system to minimize the
bending of the power transfer axle.

c) Reduce the bending moment of the vibration transfer axle
cover by changing the current rubber cover to a flexible
one.

d) The mounting angle of the guide brush should be
changed to 10° and install more scatter protection curtain
to prevent loss of detached berries by scattering.

e) The array of the guide brush should be changed to two
rows with different lengths to eliminate the openings or
hole, caused by tangling with main and/or secondary
branches so as to reinforce the collecting performance of
the collecting system.

f) The belt system of the traveling system should be
changed to a chain system or the diameter of the pulley
should be enlarged to increase the power transfer
efficiency.
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IV-2 Suggestions for the practical use of results

1. The first detail project: Primary study for development of
boxthorn harvester

The boxthorn is belonging to solanaceae and has long, recurved,
thorny branches and leaves are dark green, ovate about 3 cm long.
It bears reddish purple flowers followed by orange-red berries.
Specially, the boxthorn has a setting of mature, immature, and
flowers on a branch. This research analyzed the physical and
mechanical properties of overall boxthorn bush to establish a
mechanical criterion for a selective mechanical harvesting method of
the mature berries.

Results from this research should be used not only for practical
use of development of the harvester but also expected to use for
research on the boxthorn in overall in the future after this results
would be published.

Also, the research of TConvenient cultural practice and proper
tree shape bending technique for the mechanization of the
harvesty carried out by this research team established a exhibition
plot permanently at the Cheongyang Boxthorn Experiment Station,
Chungnam, Korea, allowing to inform and offer techniques to
farmers through a field study and a trial performance.

2. The second detail project: Development of prototype of
boxthorn harvester '
The boxthorn harvester developed by this research was evaluated
as for a practical use in the field after the harvester was reinforced
by the improvable details mentioned above in the section of [Final
Evaluationy; . The operation procedure of the harvester was
considered being simple enough to handle and/or use for one or two
hours practical exercises without any inconvenience. The product
cost of the harvester was estimated as #4,500,000 and this price
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was considered being a little economic burden for farmers of small
size farming.

When this boxthorn harvester would be manufactured and supplied
to user, the education of the technique of TConvenient cultural
practice and proper tree shape by pruning and bending
technique for the mechanization of the harvesty should be done
in parallel to the user such that the practical use of the harvester
would be encouraged.

Thus, as the first step of the practical use of this developed
harvester, it was desirable that the improved and reinforced
harvester should be manufactured by a government organization and
always placed it at the TMechanization field ploty of the
Cheongyang Boxthorn Experiment Station allowing the farmers 'to
have experience and education of the operating technique and others.
Then, once if user wants own and asks the harvester, small and
medium size of enterprises that had a technology transfer should be
manufactured and supplied.

The patent application of the developed boxthorn harvester by this
research would be under the process.
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Table 1 Physical characteristics of stems, branches, and leaves of the

boxthorn (Lycium chinense Mill).

No. of branches

Stem No. of (ea/plant)
Variety - stems e Are? og)leaf
Length diameter (ea/plant) 1% ond cm
(cm) (mm)

Cheongyang native 101 8.1 53 30.8 43.3 22.0
Jinbu native 107 86 46 29.1 575 23.6
Jindo native 110 8.9 56 375 69.0 27.0
Keumsan native 110 105 4.7 311 66.5 289
Hanam native 109 10.1 5.1 374 72.8 229
Youseong #1 115 10.1 55 36.4 79.9 29.6
Youseong #2 119 95 72 39.9 64.2 304
Joonggug #1 133 11.3 45 309 52.8 26.6
Joonggug #2 119 9.7 49 347 75.0 24.2
Youngha 122 9.3 6.6 40.0 58.6 176
Tlbon #1 94 7.9 6.6 34.3 76.3 174

Cheongyang
ougia 123 10.0 5.6 37.9 75.2 249
Mean 1135 95 51 30.1 61.0 24.6
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Table 2 Physical characteristics of berries of boxthorn.

Amount of harvest

Berr 100 fruit mass (g) . of
Variety Tength Ziameter Sphericity — ) ¢ ll:le?'riZs (kg/102)
() (mmm) Original dred (ea/plant)  Wet Dry
Cheongyang 153 8.2 064 315 119 995 402 152
Jinbu native 159 83 0.63 2.1 123 966 467 179
Jindo native 143 86 0.70 252 117 890 262 122
Ken‘ggf,ae“ 162 9.2 0.70 368 147 1173 489 195
Hanam native 152 83 0.65 285 121 1112 564 239
Youseong #1 124 71 067 20.9 106 823 445 226
Youseong #2 145 95 0.74 35.0 14.2 1623 697 283
Joonggug #1 10.4 70 0.75 3838 101 752 384 100
Joonggug #2 128 8.8 0.76 28.1 123 720 323 141
Youngha 13.0 7.7 0.70 192 10.8 655 199 112
Iibon #1 12.8 8.8 076 235 10.4 845 210 93
Ch;ggﬁ;’a“g 135 86 0.72 32,0 138 1414 664 286
Mean 139 8.3 07 347 121 997.3 4255 177.3
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Table 3 Physical dimension of the pedicel of the berry of Cheongyang native
variety

Diameter (mm)

Sample No. Length (mm) . -
Fruit side Branch side
1 11.3 1.7 0.7
2 19.3 2.0 0.3
3 111 3.2 1.3
4 134 2.1 ' 1.1
5 155 35 0.7
6 11.8 3.0 1.0
7 14.0 3.0 0.9
8 176 2.9 1.0
9 13.3 4.3 1.2
10 133 2.3 0.9
Avg. 14.06 2.8 0.96
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Table 4 Characteristics of growth and disease and insect of boxthorn

Disease and insect Berry

Length of Area of

Variety branch leav . .
(cm) (cm) Anthrax Pr?uyi'g:‘;y Enr%??eyld Major axis Minor axis
% (0-9) (%) {mm) (mm)
Cheongyang oy 294 146 9 47 136 87
native
Chy
CONBYANE 19 15.1 435 9 713 149 78
gugna

3. 71A% AP FF Y

AAS B3 A HA3 EAol AR 43 FF Agel Wasich 7)
Azt 439 BEe Qule) Aol T UiNY EFOE ASEHA BE T
o wojeo] Frl 42 FHAYEES ¥ W, ol gn A
sl ABHEA mEe] o] B WolxA %3, VEAT UA LHHE

(‘E

ol
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»
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Table 5 Cultural practice experiment conditions of Cheongyang native and

Cheongyang gugija varieties for an adaptation of the mechanical harvesting.

. Planting Fertilization(kg/10a)
Variety thtmg distance Remarks

time (cm) N P:0s KO Compost

Cheongvan Top dressing : 3 times
EYang «ge 3 26 120x40 40 30 30 4000  Plot : randomized block design

pative (3 replication)
Conventional planting distance ;
Cl 120 x40
CONEYANE 923 94 150%50 40 30 30 4000 0>l ,
gugija Plot  randomized block design

(3 replication)
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Table 6 Results of the cultural practice experiment for an adaptation of
mechanical harvesting corresponding to conditions in Table 4.

Powdery Berry

Treatment Flo;v;zing mildeW Jength Dia. 100 fruit Dlgf;/llg:)s Remarks
0~9)  (mm) (mm) mass (g)
Conventional 7. 16 3 - - - -
90cm decapitation, single stem 6. 29 7 144 82 132 1.7 harvoe:fe“g ;
120cm decapitation, single stem 6. 28 7 152 89 175 46

Table 7 Results of the cultural practice experiment for an adaptation of

mechanical harvesting corresponding to conditions in Table 5 with various tree
shapes.

Berry Yield (kg/10a)
Powdery
Fl -
Treatment owering mildew . . Dried Remarks
time (0~g) Length Dia. 100 fruit mass Percentage
(mm) (mm) mass (g) (96)
(kg/10a)
Conventional 7. 5 3 16.8 8.1 14.3 14 100
60cm decapitation, ¢, 6 162 81 142 82 585
single stem .
Harvesting;
60cm decapitation, ¢, 6 171 86 145 9.4 671 once
V type
90cm decapitation, o, 6 163 79 130 41 293
N type
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P (R & ZolRtt g wie dmi7t 9SS (EKER)E stA slof duizt
shgol oigels At 259 @ie] "Hrh o] At FolA dule FFo= &
UE= 3HE el o] FE3ES doA duirt EulololM ©3t Hrh =
gt AFZo] zpgdolRet & wlole Enle] EFHIE 2pE] ZAojEct HriFEwA
drje] Fzt duje] *F SE7F BEYE FEATIE, o] Bl I =&
Eolof] Hutd x| FEAEZ ZHEF o] Ipygo] ALEHAY @uiyt ErtololA
g3E 7|2 sta, duirt R #ZAZA dulze] SEFe] g3t

1 4%3x : A < 33

f=F =S+ W
7
____________________ where, W= S cosf§ @
----- rd f F y = lsinf® @

h = [ cos0 @

Fig. 1 Schematic diagram of a circular pendulum motion.
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Fig. 2 Schematic diagram of a cantilever beam.
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Fig. 3 Universal testing machine used for the
detachment force measurement of the boxthorn
berries.
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Fig. 4 Schematic diagram of the straight and the angle pull test of the boxthorn

berries.
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Table 8 Fruit detachment force of the boxthorn in each variety.

Detachment force(N)

Mature Immature

Average Min Max Average Min Max
Cheongyang native 1.019 0.686 1.568 2.842 1.960 3.332
Jinbu native 1.274 0.686 1.960 2.979 2.156 3626
Jindo native 1.1662 0.784 1.568 2.323 1.470 3430
Keumsan native 1.117 0.686 1.666 2.871 1.860 3.724
Hanam native 0.843 0.490 1.176 2489 1.470 3.626
Youseong #1 1.372 1.078 2.058 2.901 2.450 3.626
Youseong #2 1.019 0.588 1.470 2.871 1.960 3626
Joonggug #1 0.666 0.392 1.078 2421 1.470 3.626
Joonggug #2 1.000 0.490 1.764 2.563 2.058 3.626
Youngha 0.676 0.392 0.980 2.058 1.274 2.940
Ilbonlho 0.882 0490 1.274 2.695 2.156 3.136
Cheongyang gugija 1.000 0.686 1.176 3018 2.058 3724
Mean 1.0025 06206  1.4781 2.6696 1.8701 3.5035
Table 9 Detachment force of the Cheongyang #1 variety in different
harvesting season. ’

Detachment force (N)
September November

Avg. Max. Min. Avg. Max. Min.
Mature 1.054 1.274 0.784 1.047 1.666 0.686
Immature 2.461 3528 1.764 2.299 3.087 1.372

FAA 237t I5Y £HIE dEe] AT goldA FIIA L A
Aoz il B9l gl AR EE FEH] 21 AEE dAIshrh
) ZEHo] ARSIA BY ZE] F7|AF LY AIFEA £
= =}l IS} o] h = 1.6m, Zwto]s} wiAl $<&53t= h = 1.1ng]
ofl A T}IEUTHE 10). Fuj7t o] A YshgololA AHo] ¥&
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&o= Zt7} v = 5.6m/s, v = 4,64n/s0) Tt F7|A}Y] ©abs BB Zubo)
of @uf ApojollA o Fojx|ar glgirt. 7Rt 2R Im el Fdels} wid

2747} FARIRAN AEHol B ©e) o[ €42 TARO] h = 1.1n o
ol &stel Af detalel BAlh gAT "3k oln SHE(AE)E o
271457 SUEE F704 Quist AEdH] B& ule FESES v -
4.6tu/s Ol % W 4 glome Al dule] &ate ofUsls BEPH I}

Rt=A] esitia ZZ4E )

Table 10 Mature boxthorn berries damage by the height of free fall.

Damaged : X

Height Undamaged : O
(m)

Remarks

Fruit with receptacle Fruit without receptacle

2.0
19
1.8
1.7
16
15
14
13
1.2
11
1.0
0.9

¥ Experimentation :
sandy loam soil
h = 16m : v = 56m/s
h = 1lm: v = 464m/s

OO0 X X X X X X X X X

OO0O0O0O0000O x x x x

7t Astztzol o3t ety Wi
3% 5u Y71 s34 W njsate] Atz daEe] #AE U
ERlaL glvh <3te] €32 nj&atRct Ao R 0.7~1.3N = 29}
th Astzi=e] Wt whE FGFFIIRtY S WAE L A=r 1%
of whet opzbH Zrashs BES Uehdch ol AsEs &AL me F
2 AR el sl "3t dado] Yehta AstAEr ForsiEA R
(tension), ¥ (bending) ¥ H%H(shear) Ho| F71x} gujje} =g Fg
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Fig. 5 Detachment force of the mature and the immature boxthorn (Chongyang
gugija) berries at various pulling angles.
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2l At o] Wot sfEHe] zasty, EAd AR
2% 52 AAHoln TANYOET HAY 4+ g AoT UIL. =
11e A= &3 W n&ate] Yateo) oyt #2024 A= (Duncan, a=
5%)2] 38 UEhdI ok

Table 11 Results of the Duncan’s multiple range test (¢ = 5%) for the
detachment force (N) of mature and immature berries of Cheongyang gugija
variety

Mature Immature
Pulling angle Mean detachment Duncan Mean detachment Duncan
(degree) force (N) grouping* force (N) grouping*
0 0.9420 a b 2.4740 a
15 1.1220 a 2.1653 a b
30 1.0613 a b 1.8493 b
45 0.8467 b 1.9940 b
60 0.5253 c 2.0927 a b

+ Means with the same letter are not significantly different.

53 4 A= Hste] wE FUIa 2] B¢ dHEge 18
veldier, £ 125 £3E Astd=e] o 34 ¥ 9 o
AE VER oltt. ©3Ye A EF BT AstAEst SrshEA
o% opzhy ZAshe ZI(IY 6)S UElda FHexiolM Astzzol
b 2ol Zr4vt Y ZA Uebdch @, 2Qstdzol] #AQl]l Al
A EF7 g3 FEFAAH1.17 N)&F B3 (1.07 N)7} vl&3sta
2 (0.91 )7t 9] F FFETE WA Ueht gt gxpgel A
ZFA B F 7P FA veldch AstAEst 0° ~ 30° B2 15° ~45°
Zroll glelA e Aozt Agtom wrzpeio] sia} W 60° ofHE ¢ A5ty
= ¥l A3 Aolrt Qe Ao = yehyrt

o

-71 -



1.6

y =-0.0481x2 + 0.1841x + 1.1999
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Fig. 6 Detachment force of three varieties of the mature boxthorn (Lycium
chinense Mill) berries with various pulling angles.

Table 12 Average detachment force (N) of three varieties of mature boxthorn
berries at different pulling angles

Cheongyang native Cheongyang gugija Cheongyang #2
Pulling Standard Standard Standard
( ;ang%}:e) Mean deviation Mean deviation Mean deviation
0 1.09 0.284 1.35 0.259 1.22 0.339
15 0.95 0.359 1.35 0.199 1.23 0.202
30 0.99 0.375 1.30 0.361 1.12 0.376
45 0.80 0.258 1.22 0.246 0.97 0.337
60 054 0.175 0.89 0.356 0.83 0.321
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X 132 A= 0° o uf £ x]7](19999 8¢ 264, 9« 29, 10¥
149, 114 5d)of) wE FG7712 2o "2 el Mg vehlz ot
TH A7l wlE s3] HAYS 55 Aol IWFHTA] 104, 8Y, 9¥,
114 «=ME ZHY FHoxles A¥E Uetulrh olzjyt FIF2 Alperst
Foux(1976)7} 2|23 wiel o] 4% 17|71 JAWEHA g e
grigo] Zadhz Zlo] ditE A Aot & APeAE & 136 vehdn}
o} Zo] 10€e] ARR AMSE 3] "ol 71 A uvelged, ol
10€0] A& AE7E THE A Al7lo] AHEE AlRRTE © 2 o] W
o} lzl=lo] AA UEehd Aew migiEc

Table 13 Average detachment force of the mature boxthorn berries
(Chongyang gugija) as harvesting season advanced

Harvest Mean
season Detachment Seration Grouping+
Aug. 26, 1999 1.29 0.38 a
Sept. 29, 1999 094 0.31 b
Oct. 14, 1999 1.30 0.24 a
Nov. b5, 1999 0.72 0.12 b

#  Tukey’'s Studentized Range test. )
+# Means with the same letter are not significantly different.

S

whats, FI1A S3e] 22 JiAe] wigdl 3] o2 Fz(4%
E)ol| wa} ’atHo] Aolz} gl Zoz sitige] whel dajo o2 gt
< AMAHLE AL Yol o] +He WHE JEY AR o2
BEE SUoE Udhs] o2 e AUrkE £ P e 3
de] o2 FEo} £ A7l ulet £& A7IE FEI]| YUY = Qe I
=3 Jigolyt Yol i o] oy oz zHArt W,
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H ]| AE(Tukey 's studentized range test)(Steel and Torrie, 1980)&
23 £33 AI7E 22Ee ofF He A8 ZA3es E 130 Uehd whe}

oA e ARl Y A= FHe BHY 2I}E aopshd thest
et

7h. AstZEe] Mstel WE S3tet g Te] YAHES T AR F FFT]
Aold &3] A$ ASIAET B7Igkel Hel 224 BasidR, wse
AeE AstAEs SUsHEA Zasith wAEe] Ershe Ro® ek

. FA EF BF 33 AstH=Est SUisheA S3te] ¥ gaste 4

th. Atz ze] BAYel Al FA FET EAE2 FSFIIFHL.17 N2 S
23(1.07 N)7} wls=slar F =1l (0.91 N7t 91 F FFHc WA Yelds
ABFZAETF 0° ~ 30° F2 15° ~45° bl glojA & Ajo]7h 2pgtom w3}
ol 71 W2 60° olx= ¢ Atz WHelet A Aol7} e AL

LIESETE

gt 3 A7E gAY FGFIIA EFlA ASAEE 0° E S o
109 %0 7p3 7] 1.30 N2 UElLS 11950 0.72 NO2 7Hg uA U
st
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A 3 A duje] HAH-F(F/N)H]

A

4!

AEg o] 8% JAH $bHAN HUg /NERY olehay|=n e
o= Q939 sy Ao, #BAHY A7 = §-FA H](Force-to-weight
ratio)ol] &]&¥cHWang, 1965). wiglxd duofe] FAU €3y £

=] J8L njx= £238 EdojrHMarkwardt et al., 1964).
R K= U g

A 2o A AT BE I FFES £ AEY FARERE AMEsidod,
H-FA W] Aldtel glojM AR FAE 10718 A7 FAE tiAE A=
A F olgs BEIE ol&3tglen EAHL A 28] E5E ¥HH S A&
stgvh =3, A 2dolA AMed Ast=E G Uy U-FANE FG
A, BEF71AE W FS2BE FA FEFLE st E45hch

B B (g B

a7 7 52 S nsate] BN EEE Yrhz gith A RE
EFol dolx 3ot nste] P F/WE ZHZ 365433} 962.04% n]<3}r)
S3oll uls] of 2.6 &2 Zo® ueigton], AN S} njsate) F/¥
vl Hel= 242 103.09 ~ 634.929} 526.32 ~ 1770.340]glct, 7 7oA
AEANE AT ZE FFA mlsztel Q53] F/inle @43 xol&
Holi glon, ole JAN $HIE Mdsherl nlsatel H45E TR
TH3H=Y S8 A7 E AR
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Fig. 7 Force-weight ratio distribution of each variety of boxthorn berries.
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Fig. 8 Relationship between 100 berries mass and force-to-weight ratio.
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Force—to—weight ratio

-FA vl 2ASIAEst FIPsPEA W] Fol A Jelgon, 53] ¥
gAe] #-FA vl e F EF53e " A= 0° oA #oi(236.67)
2 Uetdrh AR AEITHH 5 9 FAV 4 AE 240N BIA
(homogeneity)o] old FE T ¥ uwf PU-FA wlE tAF 2= 23} =7} 15
~ 45° oA EA UEIRI 60° oA 7B wA Uelygth(ad 9).

250

200

y = -7.285x% + 41.755x + 103.96
=

y =1.1857x% - 30.72x + 249.18
A

150

y = =5.7314x% + 30.917x + 117.05 A

100 |

4 Chongyang native
50 @Chongyang gugija
AChongyang #2

) 15 30 45 80
Pulling angle (degree)

Fig. 9 Force-to-weight ratio of three varieties of the mature boxthorn
(Lycium chinense Mill) berries at various pulling angles.

A EFF H SR Mol wE s3] A-FA v 4t B4 Aie
% U Astgzel] ukE B U-FA w2 Aelzt U Aoz Uriygen,
B P-FA vlo] oigt c}EH el AE(Duncan test) Az}

71218t FF2zs Aolrt gle ALE Jeiga Pt 2o F &
e Ao2 UBtHTHE 14). ol& Astd=e] #A glol &

TT AAAL BF P-FA v /I3 AT AA=A A A EF F A
= THE o M H2 FYL UeR 3l AL duisiy =, A

AL ste] sFo] Folg Ay FFL AYshev]

_77_



Table 14 Results of the Duncan’s
force-to-weight ratio of the three varieties of mature boxthorn berries

multiple range test (@=5%) for the

Varieties

Mean
force-to-weight ratio

No. of
samples

Chongyang native
Chongyang gugija

Chongyang #2

170.07
149.09

146.75

* Means with the same letter are not significantly different.

E 152 EFol Al Zﬂé‘}Z}Eoﬂ uhE "W-FA Rl /o4 A3
Duncan test A& JEehji

Table 15 Results of the

Duncan’s

multiple

22 Uelsich

Aty o 8 AY5tzt=7t 0~45° &} 45~60°
oM 8- ule] xjol7} Ztzt AL ¢ A

(a@=5%) for

force—to-weight ratio of the mature boxthorn berries at various pulling angles

Pulling angle Mean force—to-weight No. of
(degree) ratio sample
0 171.58 30
15 156.52 30
30 17154 30
45 150.85 30 b
60 126.03 30 b
# Means with the same letter are not significantly different.
=354 93y o E-FA vy ol AFE 7R 27|21 RS
og $Esty goln AUY 59 U AT FA( 233
o 8 4 93, 5 AstA=e ulE Y3y g 3-FA ¥ Aol

I w7l E 2 3YE

4. 4 &

st 2ot AR UTHAT

7 A TR RN QRHoT uj&e} £ F/E ulgsl S3el



Hsted 2.6u &2 Ao FAZ Xfolz} vetuich

L A A=IE FIHHEA F/AE F71sich dbdste] Ajstzest 30° o] ol A
FE = A4ste 338 Uetddh

th B, TR, B AEFSE FTAARER st st R wE

F/We]l 88 AF A A= 0° ~ 45° ¢} 45° ~ 60° olME AL %
ol7} gle AL=E Yelylcl,
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Table 16 Detachment force (N) and force-to-weight ratio of flowers and leaves

of Cheongyang gugija variety

Flower Leave
No. Force(N) F/W Force(N) Weight E/W
1 1.55 3700.282 6.25 0.3341 1906.929
2 1.19 2840.862 5.17 0.3104 1697.852
3 1.63 3891.264 391 0.1737 2294.605
4 2.29 5466.868 599 0.2866 2130.5004
5 154 3676.409 4.1 0.231 1809.2679
6 1.87 4464.211 3.22 0.159% 2057.909
7 156 3724.155 3.24 0.1072 3080.9256
8 1.71 4082.247 3.72 0.1213 3126.1739
9 2 4774557 2.82 0.1039 2766.7158
10 156 3724.155 2.3 0.072 3256.3144
Total weight 0427 g
Average 1.69 4034.501 4072 0.18997 2412.7193
4. 2 £

2o ¢y W F/W, o] §ely o F/wsh 771 S2he] ' (1.0N)
F/W(365.43) R} 453 &2 A2 ey}
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27542

1) g4 A

F7= AR A ALE FFE] fstel 27 109 Zo] UM,

EX AR (notebook computer),

ool AL

A&7 (force gauge)

A At 7HA e FH HES

i

0 AaE 74

—

AN F A

AlAr8t9dtH(Ghate and

(1)& o|&3le 71z 7R ®EASE
Rohrbanch, 1975).
_PL®
E="8v1
o714 E = e AS (N/nd)
P = Al® Foo] FL3l= 35 (N)
L =A% Z°] (m)
Yo = ¥ % (m)
I = (z/64)d* @ A 2e] g 23} BHE (o)
d = A R2e HF FFH (m)

Fig. 10 Photograph of the bending test apparatus for boxthorn branch
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2) B Ar
T2 FkA el BHIEH 7/ (torsional rigidity)E I 1132} Zo]

Hrys-8=2 ol 10med F e H(chuck)o] FHH 2 (jig)E A

ste] HIERE AE T F A (2)& ol&3te] FIA JA Y AL
& Aitsisich
G=-1% (2)
3714 G = E A% (N’
T=E23 (N-m)
L = A= Zo] (m)
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>
fr
o
>
oY
B)

Fig. 11 Photograph of the torsional rigidity test apparatus for the boxthorn
branch
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V52 HHol 20me] LFulE So Wiy, S U & 213NHA F
ol A Eel & Ho| FAo A HZEF sidrt. Ey, Fele}
A718 @dZ 2] Atole] AolEE AATIY UM IAEA FH=(Cross
head)7} $1& 02 44 o]F3hdA Algd HEHE 7IBIES styon,
o] i8] ARHE FA3te] EAE Atsiddch

HEY 2 AV olsAE WY FF/(2¥ 119 AVl %)
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F A8 Holl AL wl Ezlot A7) Alelo]l AAFC] e Aol
SHE& WA 2 AdElollA WY =F FASHHEA 2 AZen, vE

H 72 E209] 273 (48m) 2} Hele] BAE o] &3t Aatsioict Hzt
A Atole] A2 170mmo] AR AJE2] Zol(L)x F 718 He ERAA
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e X
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VP-02S, IMV Corporation), X}A]&E7](Charge amplifier)(Radebeul,
Model M67-1), A/D¥HE7](Converter)(PCLD, Model PCLD - 780) W

=

PC(Pentium 1II 350MHz, Ram 120MHz)Z A= ojqlrt. #7212t 71x|e] #
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_85_



(logarithmic decrement)@#AIE olz] A (3)& o]&3}

5
2tZ) Aatstedtt (Doebelin, 1990).
. _ 0
b= 2mn (3)

o714 ¢ = 73] (dimensionless)

5____1111&(:4_2@_2)
n Xy nv1-¢

x1 = &71¢] IAE (n)
Xn = n F7]8 IE (m)
= 3719 %
Y 1— ¢ 21.08 74T oW B3], ¢<0.1d w )
2 A 7} Zti=t}(Doebelin, 1990).
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N (X= Ay e™+ A, e ™) AZe] u|g o]

e
hud
R
1o
iThJ
o,
flo
(%

Fig 12. Photograph of the apparatus for the damping ratio test for the boxthorn
branch '
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Fig. 13 Graphical illustration used for the calculation of damping ratio of
the boxthorn branch (Equation(3)).
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Fig. 14 An example of the relationship between bending force and

time of a primary stem of Cheongyang #2.
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3 A2t A F714 BAE Uiz dlen, 13 182 £33 &
ol FA AE AAY BE Aget s Fr] BAE Ve ddch
g, E 172 5 9 I3 AE AL ggAe) J1x F7) Aold]
372 AIE % Aojth

B AdolM A" 7/ 1R ¥ ASE Ghate 9} Rohrbach
(1975)7} 4% EFwe] 718 e A4 HelXRc) vz 22 ZH(6.7
x10° N/n’)& UehlZ glon, a2 FAHQ gte] ebgAsE 5.4

10° N/o’2 UL} ¢ltH(Inman, 1996).
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Fig. 15 Experimentally determined elastic modulus of Cheongyang #2 variety as
a function of the branch diameter.
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Fig. 16 Experimentally determined elastic modulus of Cheongyang
gugija variety as a function of branch diameter.
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Fig. 17 Experimentally determined elastic modulus of Cheongyang native variety
as a function of branch diameter.
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Fig. 18 Experimentally determined elastic modulus of all
varieties combined as a function of branch diameter.

Table 17. Regression equation for the modulus of elasticity as a function of

branch diameter

Coefficient of

Equation of regression

Variety No. of samples . .
correlation line
Cheongyang #2 27 -0.64 E = 5x10% A
Cheongyang gugija 20 -0.72 E = 7x10% Ve
Cheongyang native 26 -0.95 E = 8x10% V3w
Combined 73 -0.81 E = 5x 10V 4

= E = elasticity(N/m?). d = diameter of branch(m).

1 ZHd A (Modulus of rigidity)

FFE V1A JHA vER 243 AR FI1 Alel 9
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Fig. 19 Experimentally determined modulus of rigidity of all
varieties of boxthorn combined as a function of branch diameter.
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Fig. 20 Experimentally determined modulus of rigidity of

Cheongyang gugija variety as a function of branch diameter
harvested at Aug 18, 2000.

Table 18 Mean and standard deviation of the modulus of rigidity of the

boxthorn branch.

Standard deviation

Variety No. of samples Mean(N/m?) (N/m2) Duncan grouping "
Cheongyang #2 3.33%x10° 1.06 x 10 A
Cheongyang gugija 374%10° 1.08x 10° A B
Cheongyang native 276X 10° 1.44% 10" B
All combined 3.27x10° 1.26x10°

* Means with the same letter are not significantly different

t}, Zr#w] (Damping ratio)
1

2l 21
Ad A3E
= FAAE

th.

TR A ASE FF87] AT FU1A ARG AE

HUE ol Uehd & olE Be{Fa g3, a7 22

AAS) Aot 7hx2 F71 Alele] #AE vehia gl
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Fig. 21 An example of history of the acceleration of the boxthorn branch

displayed on the PC monitor.
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Fig. 22 Damping ratio of all varieties combined as a function of
branch diameter.
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Table 19. Experimentally determined average natural frequency of the boxthorn
branch.

) Avg. dia. Natural freq.
Variety Branch Std. Std
(mm) (rad/s)

Primary 6.76 0.465 360.77 78.320
Cheongyang #2 First 3.76 0.511 217.72 47.066
Second 2.45 0.249 89.41 22.006
Cheongyang Primary 7.68 0.806 363.59 76.818
- First 5.92 0.339 264.24 40.321

ghegna Second 456 0539 233.84 32.243
Primary 9.73 1.199 349.56 69.897
Cheongyang Native First 4.43 0514 217.98 60.109
Second 2.92 0.287 123.28 24.388

€600
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400 1

300 |

200 1

Natural frequency (rad/s)

100 1

000 200 400 600 800 1000 1200 1400
Branch dia. (mm)

Fig. 23 Experimentally determined natural frequency of all boxthorn
varieties combined as the function of boxthorn branch diameter.

_96_



nf. v]|E8F (Specific weight)

T2 ZHA 8] EFE 3070 FHAle] B wlER EEUAE E 200 U
ERfich. wlge HHe ¥92E, FGToAL FeAd 2

13221.0, 9264.1~2290.6, 3764,7~12729.0 N/’E Uyt
A3t FF ol vlFe] A7t e ALo2 Uriktn FGTIIAtY v]Fol

A% Az Bt AR de Aes Uehdth

Table 20. Statistics of the specific weight (N/m®) of the boxthorn branch.

No. of D
Variety o0 Min Max Mean STD unc.an
sample grouping
Ch
eo:syang 30 9272.1 13221.0 11067.8 11914 B
Cl
ieongyang 30 9264.1 9290.6 13177.9 3552.2 A
gugija
Cheongyang
, 30 37647 12729.0 9206.4 242877 c
native

* Means with the same letter are not significantly different

v}, <& (Moisture content)

T2 kxS EEE 4SS FGFIAL FRE 9 P &

2} 45%, 47% 9 4352 el

2 dFoAE TN A5l 9%E nAE Beld 54 & wiA
S, NEY A%, B ol thstel FFTARAGHN A Q)
A% 23 AR L FPANE FAEFOE Adslel sy,

[+]
2 Aol e AEE o8 ohe3t Zrh

H
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7}, AR Y] A AsE EF E A SR = gol 78 F710F 2
+5 BAsE 2459, 7Y #7171 2.03~11. 66md ©f BIAF=
2.01X10°~4.97X10° N/w’ol 2, AA A2 FF BHASE AR HF
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gl TR Y ZARAEeE 7Y F7171 S0l wel FUkste B
roon, ABASE 0.822 Uiyt 712 7HR1Y] AR5 W

E£Z 9 71x]e] F72] FE ¢lo] o 89~363rad/s S 2 LIEIRITL

ol A7 Y] 'HgASet wER A4S A Friel whel sixle] ZAA
(bark)olul 7}x|&] Al(pitch)®] A7lolE W37t ge W 79 F7171

Z71sto] ¥t ASFE Fotske

W uEY ‘301]-“:— Qg FA e BAR B (KE, grain) Aol
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Table 21 Harvesting capacity of harvesting equipments and machines of
the boxthorn (Cheongyang #1)

Mature Immature Foreign materials
Harvesting Harvesting
method capacity (%)
(g/hr) (%) (g/hr) (%) (g/hr) (%96)
Conventional (Manual) 2142  99.7 - - 6 0.3 100
Can-comb mixed 1218 840 102 6.0 156 10.0 57
Glove-funnel mixed 1674 986 - - 24 14 78
Mat type 2292 91.0 - - 228 9.0 107
Pneumatic suction 3042 689 198 45 1176 26.6 142
Vibration 8184 700 - - 5840 30.0 382

Table 22 Required labor in boxthorn harvesting

Required time  Required labor Labor expense Increased profit

(hr/10a) (person/10a) (¥10,000/10a) (¥#10,000/10a)
Conventional (manual) 1307 163 326 -
Vibration 344 43 86 240
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st AEshe Jheul WA xR QAW 7K ADFL (1~52

A=Az 71%L =S t)XY Elo](EZA 7], Modul NK SU-1.0)E

Az stsich

~—

azna 2= Ad WA 4y T3 AlAvleow ZAslgl oL}
AE (stroke) 8] ZAo| AgtFo| A2 W 2Fo] 2%} JlsAdol
g Elo] dAT 3t A2} x| otrH( 2y 27,28).

Fig. 25 Photograph of the experimental vibration system
for detachment of the boxthorn berries.
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Control unit

Joint

Shaking rod Crank system

Rubber mount

Electric clutch/brake V.S. coupling

Fig 26 Schematic diagram of a experimental vibration system for the
detachment of boxthorn berries
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Fig. 26 (continued) Design sheet of vibration system, connecting rod.
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Fig. 26 (continued) Design sheet of vibration system, connecting joint.
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Fig. 26. (continued) Design sheet of vibration system, guide.
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Fig. 26. (continued) Design sheet of vibration system, frame panel.
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Fig. 27 Disk type crank system for
stroke variation (Ist trial).

20

23

30

Fig. 28 Design sheet of disk type crank system
for stroke variation (Ist trial).
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Fig. 29 Photograph of the combination of two eccentric shafts type crank
system (2™ trial).

Fig. 30 Combination of two eccentric shafts type crank system
(2™ trial)
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Fig. 31 Slide type of crank system (3% trial)
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Fig. 32 The detachment rate (%) of the mature berries of Cheongyang
gugija variety with vibration time of 1 second at various amplitudes and
frequencies.

Vib. time = 1.5 sec

Detachment rate (%)

Fig. 33 The detachment rate (%) of the mature berries of Cheongyang gugija
variety with vibration time of 1.5 second at various amplitudes and frequencies.
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Fig. 34 The detachment rate (%) of the mature berries of Cheongyang

gugija variety with vibration time of 2, 2+2, and 2+2+2 seconds at various
amplitudes and frequencies.
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Detachment rate (%) '

Am plitude (mm) 15

Fig. 35 The detachment rate (%) of the mature berries of
Cheongyang gugija variety with vibration time of 3 seconds at
various amplitudes and frequencies.
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o] &7}e] "3 Uehial gith. E 2398] 7 AZoA Hrf HIEE =
A AL o) elM= niGate] "ol S2te] "I H]wEte] 10%
0|3 HElE Zo= Ueigten ol AFI AT 2hdME T
717} 5ol AslE sl FHY] ¥ € A= AAHYT

 AdelA "Eage AeAe] IF, AFe, /A Sl s £4
stgloy A5E Fe £ 7ol A=Y Q& Jh=rikt 7R (2R
U 32t FRA])el] AAFol A ALHA] oot Ao mid Sl dule
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Fig. 36 Proper RPM at each amplitude to detach the mature berries of

Cheongyang gugija variety that content less than 10% of immature
berries.
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Table

23 The maximum detachment rate (%) of the mature berries of
Cheongyang gugija variety at various condition of vibration test system (The
content of the immature berries was less than 10 96).

Detachment rate (96)

Time Amp. RPM
(sec) (mm) 800 900 1000 1200 1300 1400 1600 1700 1800 2000
15 1.1 55 88 132 264 330 396
20 58 22.3 437
25 187 430 570
! 30 446 733 802
35 469 63.1
40 338 683 848
15 43 95 164 284 448 55.2
20 2.4 159 310 460 516 57.1
25 187 336 403 522 68.7
15 30 575
35 453 540 634 814
40 219 357 471 700
15 73.0
20 54.9
25 539
2 30 55.3
35 635
40 50.9
15 122 37.4 60.0
20 16.7 438 70.8
25 517 695 864
3 30 524 758 839
35 832 8716
40 81.3
I% 362 IS A 222 71 AzhE 7 2ol " Ee 3
Azt n|szhe] O] 10%n|Rte 2 Hof ©@a&-S Uehd wie] =3} 2
S8 Uehd Zlolrh. I3 363} & 2304 Z1RAIZH, 1.5, ® 3R)dEE
ofzke] Afolrt glont ®ahgo]l IR FE B4 HelE 900~1200
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Table 24 Power requirement of the detachment of mature berries of
Cheongyang gugija variety using the vibration with the proper range of
RPM

Amplitude (mm) RPM Power (—kg;—m)
15 1700-2000 41-66
20 1400-1800 40-86
%5 1200-1400 40-63
30 10001300 33-7.3
35 900-1200 33-78
40 800~1200 30-10.1
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@ motor(D.C.)

@ trigger

@ vibrating hook
® casing

® electric wire

Fig. 37 The first trial prototype of the detachment system.
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@ slide crank system

@ motor

@ vibration rod

@ handle

® switch

® vibrating hook

@ parallel transfer
guide bar

safety cover

Fig. 38 The second trial prototype of the detachment
system(over-hang type).
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Fig. 39 Vibrating hooks.
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@ coupler
@ square bar

@ circular bar

@ metal bearing

® switch

® attach and detach unit
(@ vibrating hook
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Fig. 41 The collecting system, collecting

box and guide brush.
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Fig. 42 Overall front view of the main frame and collecting
unit.
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(a) PV.C(I) (b) Urethane

" (¢) PV.C(II)
Fig. 43 Material of guide brush ; Urethane, P.V.C(1), P.V.C(O)
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Fig. 44 Coliecting system.
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Fig. 46 Mounting unit of collecting box.
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Fig. 47 Sketch of the overall view of the carriage.
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Fig. 48(a) Power transfer system to  Fig. 43(b) Power transfer system to
rear drive wheel. rear drive wheel(side view).
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link system

steering lever

Fig. 49(b) Front wheel steering system.
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Fig. 50 Overall view of the boxthorn harvester.
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