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(Development of advanced packaging system to
apples and pears for minimizing claims in

agricultural product courier service)
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Summary

I. Subject

Development of advanced packaging system to apples and pears for minimizing claims in
agricultural product courier service

II. Results compared to R&D objectives

Classification Details of R&D objectives Achle(\)lement
(year) (%)
O Analyzing the problems of apple and pear packaging for parcel 100
First year service and drawing improvement plan
(O Measuring the value of impact and vibration during the parcel
for R&D . . : . 100
service and analyzing properties of buffer materials
(2013) (O Developing proper form and material of apple tray for parcel 100
service and standardizing it.
O Developing proper form and material of apple tray for parcel 100
Second year service and standardizing it.
for R&D O With simulation about distribution of parcel service, analyzing and 100
(2014) complementing the problems.
QO Putting the packing materials for parcel service to practical use 100
O Developing the packaging materials for apple in parcel service to 100
: minimize complaints caused in parcel service
Third year . : . . -
for R&D O Developing the packaging materials for apple in parcel service to 100
(2015) minimize complaints caused in parcel service
(O Commercializing the packaging materials 100

. The purpose and necessity of the R&D

1. Ultimate purpose
O Developing the packaging systems in regard to apple and pear for parcel service to
minimize complaints caused in parcel delivery service.

2. Necessity

O 92.1% of the products purchased in online shopping mall is delivered by parcel
service and 2.2% of the products is delivered by offline delivery company with
alliance to online shopping mall and 2.9% of products is delivered by shopping mall
itself.

O Parcel service industry is a sort of typical logistics relatives to daily life and belongs
to industry sector that is very sensitive to business fluctuations and it has seasonal
fluctuation in particular period when demands about presents rises, such as Chuseok,
New Year’s Day, and the end and beginning of the year, and therefore the quantity
in this period is increased by 50% more than in usual days

(O There are lots of complaints caused in parcel delievery service, for example
damaged product by physical impact, spoilage of products by delayed delivery, and
loss of products but the damaged product has had the higest percentages of



complaints.

O Apple and pear are representative fruits for holiday gift and more than 6 million gift
set are sold per year, but the majority of gifts are delivered in parcel service and
there are lots of complaints. In case of A company, in 2012, 20% of sales of fruits
gift set for Chuseok delivered by parcel service was complained by customers, and A
company thought it might be serious problem, so A company agonized about hold
their service that selling gift set via parcel service

(O There are differences in ways to package apple and pear between for gift and
general sale. For gift, fruits are packaged with buffer cap, tray, buffer pad, and
corrugated box and for general sale, with tray, corrugated pad, and corrugated box
or with polystyrene mesh or with pan cap, tray, corrugated pad and corrugated box.
Those are not fit for parcel service, but fit for wholesale, and therefore there are
lots of complaints because of improper way to package. We need to improve this
situation.

O So, in this R&D, we are going to developing the packaging system about apple and
pear for parcel service to minimize complaints caused in parcel delivery service and
to maximize farm’s net income and to contribute to solving a manpower shortage of
farm village.

IV. Contents and range of the R&D

1. Contents of the R&D

O Measuring the value of impact and vibration during the parcel service

O Analyzing the problems of apple and pear packaging for parcel service and drawing
improvement plan

O Developing proper form and material of tray for parcel service and buffer materials

(O Through the experiment of distribution of parcel service, analyzing and
complementing the problems

(O Commercializing the packaging materials to minimize the complaints caused in parcel
delivery service

2. The range of R&D
O To sell products with parcel service, Developing packaging materials for apple and
pear gift set or general sale to minimize complaints.



V. Results of R&D

1. Measuring the value of impact and vibration during the parcel service

O The apple’s resonant frequency was 126.0~217.6Hz and top acceleration was
1.21~5.48, the pear’s resonant frequency was ,in the range of input acceleration
0.25~1.0G, 62.5~108.6Hz, and top acceleration was 1.16~5.53G. The range of
frequency occurred in general domestic transport of industrial and agricultural
product is under 150Hz, so the range of products delivered by parcel service should
be lowered by using buffer materials.

O Fruit’s safe drop heights increases with growth of Poission ratio, equivalent diameter,
time to contact to impact and mass and decreases a little with growth of elastic
modulus of fruits and bioyield strength.

O The apple’s impact index is 0.51~2.98G , and pear’s is 0.74~2.29G, and therefore the
apple shows a little more value than pear. In drop experiment of 15kg box, in the
lowest drop height, we can measure maximum impact acceleration 45.90G. This figure
is more than 80 times than Bio-G vector of apple and pear and impact acceleration,
so with this impact, if the apple and pears get this impact once, apple and pear
must be damaged.

O Results of measuring the environment of parcel service in regions say that during
the delivery, about 17~27 times vibrations, impacts, drops happened. When it comes
to impact, the impact more than 2.8G which is more than apple’s Maximum bio
G-vector occurred 15 times, and the impact more than 10G occurred 5times.

O Also, with analyzing impact it is said that rapid velocity variance seriously affects
the damage to agricultural products and on the basis of this experiment results,
there are 20 times of rapid velocity variance in delivery, and rapid velocity generate
the impact equal to the impact generated by free falling above 300~500mm, in other
words, the environment of parcel service is pretty poor.

O In net vibrational region, the vibrations more than 0.42Grms ,the minimum bio
G-vector of apple and pear, occurred more than 10 times. If there is no proper
packaging with buffer materials for fruits, there must be damage to fruits.

2. Analyzing the problems of apple and pear packaging for parcel service and drawing
improvement plan

O Apple and pear are representative fruits for holiday gift and more than 6 million gift

set are sold per year, but the majority of gifts are delivered in parcel service and

there are lots of complaints. In case of A company, in 2012, 20% of sales of fruits

gift set for Chuseok delivered by parcel service was complained by customers, and A



company thought it might be serious problem, so A company agonized about hold
their service that selling gift set via parcel service

O There are differences in ways to package apple and pear between for gift and
general sale. For gift, fruits are packaged with buffer cap, tray, buffer pad, and
corrugated box and for general sale, with tray, corrugated pad, and corrugated box
or with polystyrene mesh or with pan cap, tray, corrugated pad and corrugated box.

O To vitalize sales of agricultural via parcel service, not only analyzing the distribution
channel and handling process of each parcel delivery company and the problems of
apple and pear packaging in circulation, and measuring the generation amount of
vibration and impact in parcel delivery service, and the study of form and material
of tray are necessary, but also to increase farm’s net income, the way about
packaging for parcel service to shorten packaging work hours and reduce the cost of
packaging materials should be done at the very first.

3. Developing proper form and material of tray and buffer materials for parcel service

(O With the Finite Element Analysis(FEA) of tray, we tried to apply modification factor
to tray’s form with interpretation of stress, deformation, resonance in delivery and
strain energy in the range of resonance frequency and tried to apply design factor
to tray with Bioyield Strength, Bio G-vector, and resonant frequency.

O The result of FEA of 2.5kg tray for parcel service which contains 7 apples says that
when 0.5kg apple or pear is inserted in hole, the maximum contact stress between
fruits and tray in polypropylene is 384Pa and it’s lower than 312.73~336.61, bioyield
strength between apples and tray measured in first year for R&D, and than
181.54~201.76, between pears and tray.

O The result of FEA of tray for parcel service when 0.5kg apple or pear is inserted in
hole, the deformation of contacting part between fruits and tray is 0.0392mm and it’s
lower than 0.5mm, the thickness of tray. It seems that the thickness of tray is
sufficient to use with apple and pears.

O Through the FEA of tray, with interpretation of stress, deformation, resonance in
delivery service, and strain energy in the range of resonance frequency, analyzing
the property of materials says that the contact stress of PE tray for 8 fruits is 532
Pa, and it’s 26% higher than 398 Pa ,stress energy of PP tray.

O So, buffer materials which has higher elastic modulus and yield strength give more
strong impact and that means there is higher probability to harm to fruits. Also,
vibration in low frequency range in delivery environment can cause damage to fruits.
So, when you prepare a proper packaging design, resonant frequency has to be



larger than resonant frequency of other buffer materials. Through this R&D, among
those materials of tray, for example PP, PE, PS, PP, and the measurement of these
materials says that PP is the best meterial we choose it as a materials for tray.

O Buffer materials normally used as packaging materials in parcel service for apple
and pear are corrugated paper, expandable PE mesh, expandable PE pad, polystyrene
tray, expandable buffer paper, PSP tray. the thickness of expandable pe in the
market is 1~5mm, and we used pad with 5Smm thickness to experiment free fall test,
and result says that buffer power was insufficient. To supplement this result, we do
test again with two bmm expandable PE pad attached each other or insulted
corrugated pad between PE pad and buffer power was sufficient.

4. Through the experiment of distribution of parcel service, analyzing and
complementing the problems.

(O With analysis to environment of parcel service profile, there are some point where
impact acceleration, the level of vibration and dropping impact intensively happen.
The first point is the period when the parcel service company get package and send
them to first hub center and in the hub they are unloaded and are Cclassified
according to their destiny. The next point is when workers load them again to trucks
bound for each destiny and In the middle hub center, the packages are unload again
and sent to deliveryman. In this procedure, they get impact equal to impact
generated when packages free fall above more than 600mm.

(O Actual variance of impact acceleration hardly happens when car is moving, usually
happens during the work that workers load and unload packages. So, in the
environment of parcel service, the man usually harms fruits.

(O The best way to reduce complaint relative to physical damage is eliminate the work
by man which can cause damage to fruits, but in reality, we have to design buffer
package to endure those impact during the man’s work.

5. Commercializing the packaging materials for apple and pears to minimize complaints
caused in parcel delivery service.

O We have developed 26 molds(3 apple trays for 2.5kg box, 6 apple trays for 5kg box,
11 pear trays for 5kg box, 6 pear trays for 7.5kg box) of tray for apple and pear
packaging for parcel service and we have exceed the target by 116%.

O We have developed 13 packaging material for parcel service, 9 corrugated boxes, 4
air bag packaging sets, and we have exceed the target by 30%. 9 corrugated boxes
contain 1 apple 2.5kg box, 1 apple 5kg(2.5kgx2) box, 1 apple 7.5kg(2.5kgx3)box , 1
apple 5 kg box, 1 apple 10kg(bkg x2)box, 1 pear 7.5kg box, 1 pear 5kg box, 1 pear
10kg(5kg x 2)box and 4 air bag packaging sets contain apple 4kg, 5kg and pear 5kg,



and 7.5kg.

O Air bag packaging sets is made by Nyl5/LDPE65 and in double bag. from the
outside, it can be blown up and expanded and internal material can stick to contents
and external material can absorb shock forming air bound. It shows excellent ability

to prevent damages.

O Compared to existing packaging methods, air bag packaging shows flawless
improvement effectiveness with 0% incidence of damage and it reduces the cost of
material by 40% and logistical cost by 36% and it increases the productivity by 40%.

VI. Result of R&D and Utilization Plan

1. Result of R&D

Contents Target Result Note
| sales _ 27,985,575 Sales of packaging material for parcel service
commercial has occurred.
ization Sample _ 91 Offering packaging materials as a sample to
offer farm who requires the samples.
Be selected as an Top Be selected as an TOP 100 studies by IPET in
i - selected
100 studies by IPET 2014
Commercializing Exceeding the target by 30%. .
1 10 13 (9 corrugated boxes and 4 air bag packaging
developed products sets for parcer service)
Developing molds for Exceeding the target by 116%
12 26
apple and pear trays 9 molds for apple trays , 17 molds for pear trays
; P ;
Media report and PR 6 7 Excee@pg the target by 16% (5 media reports,
2 exhibition)
Achieving the target Domestic academic
Research paper 2 2 journal(Korea Society of Packaging Science &
Technology Journal)
1 0,
Education and Guidance 50 73 Exceedmg the target by 46 A’. .
(promoting developed packaging materials )
0 0 exceeding the target by 20%
Occurrence Apple | 20% 0% (based on air bag package)
1 0,
rate of damage Pear 20% 16% exceeding the target byl4%
(based on air bag package)
Cost of Apple 959 0% exceeding the target by 15%
. (Based on apple 5kg)
materials : o
) Pear 959 29% exceeding the target by 14%
reduction (Based on pear 7.5kg)
Failing to reach the target by 58% based on
0, 0,
Productivity Apple | 100% 42% apple bkg (mistake for setting a standard)
improvement 0 0 Failing to reach the target by 63% based on
Pear 100% 37% pear 7.5kg (mistake for setting a standard)
0 0 Exceeding the target by 6%
Logistics cost Apple | 30% 36% (based on matarial load capacity)
. 1 )
reduction Pear 20% 6% Exceeding the ta}rget by 6% '
(based on material load capacity)

_13_



2. Results of R&D and Utilization Plan

O We have developed the packaging materials only for parcel service and we have
decided develop them for apple and pear because apple and pear is the best selling
products as a holyday gift set. Also, we expect a big riffle effect because materials
are being sold.

(O Now, when it comes to apple, we have developed 3 trays for 2.5kg box, 6 trays for
5kg box, 6 trays for 4kg and to pear, 6 trays for 7.5kg box, 8 trays for 5kg and
they are waiting for commercialization.

O With air bag packaging technology, we can sell packaging materials in small quantity
and we can secure competitiveness and in future, we can expand sales area to
holyday gift packaging using air bag and corrugated box.

O We make it a rule to produce goods in OEM and trays will be made in Taekbang
Partec(In Hwasung), air bag will be made in Indis Airpack(Seoul), corrugated box will
be made in factory in regions and they will send them to distribution center in
Cheonan, and we will sell them in 100 units.

O The unit price of airbag for 5kg pear box and 4kg apple box) is 2,200% and airbag
for 5kg apple box and 7.5kg pear box will be 2,500%. The earning rate is when we
sell in small quantity 30%, and when we sell in big quantity would be 15~20%. When
we sell in small quantity, we only sell it via parcel service by C.0.D and When we
sell in big quantity, we will deliver them in person.

O We already have domain www.onpack.co.kr where we can sell it via online and this

webpage is under construction. When market share reach at 10%, we will entrust
selling our product to sale agency such as agricultural material shop or NongHyup.

O Promotion in offline is responsible for Su-il Kim, the chief of research. He teaches at
educations for farmers and in education, he promote product face to face and we use
magazine(Digital Agriculture) and media source advertisement. Also he has a blog
(http://blog.naver.com/suilssi) and web site (www.suilssi.co.kr) to promote.

O After commercialization, in 2015, sales reaches 20 million wones and in 2019, sales
will reaches 1,480 million wones and therefore, total sales within 5 years will reach
2,774 million wones. With 20% profit rate, operating profit will be 550 million wones.
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(2) ¥t st A Bt ARy} en 27 AbE)

& SHALG
pAAL o 5kg, 143} =38y 0201
E7QA4 e SRR OPPz}w] | o] &
I &t g2k, PSPEN), WAH(147Y), S2A 3| =17
S DA Gt @Fo g A9H AAL A= ESEA He] ol F

A5 A% A

2499 153} =49 0300
7214 A2 ELEE: OPPe}v] o] )
Ay Abalabal, PSPAE(IAY), L& 15, HEPELE A

[e2

Ll
o)
aksd
>
>
e

AA WL gRbel wel Ak BEHI AlY $Ud HE

A% A

2R 5kg, 133} ZHEH 0201
ERAA Azt o5 OppPztH|H o] &
E = HAGA, EEZPES =(27)), PSPEEH1A), H7HA370)

S LA Aol obe), & ET SRl Al7lE] REY ¥Ea A3
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A9 10kg, 303} =43 0201
AR FA L2t SR o OPPE}H| Y| o] &
ALY ZBA] G AL, PSPAA2A)), WA EB0AN), TEPEFH =(27)), A =27
S A G257 AA DL AT EEH AH ] Hol &

LA 10kg, 303} E43H)

713 PRRE o] 3

=3 SaA 4 PSPUAEAD, ERAAS, W EREALD)
299 Aol AT daapolol A REE Hol B3 WHBE W £7] WA

Eapigs 10kg, 303} X 0201
EAH HAZet EACIS R FeFE
Ak ZHA A, PSPHE, FHA 9 =(37))
"0 O ]ﬁ

U dAHE A ol &3 Atr)E] REds SHo] AR Wi
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SRR EE L IR

OEEEDER- IR E R RN ES )
O dgFAY wE Wbyl d B2 Bolsw g o) AFS WMz TYske] =3
g % RS S 2UY BT =S,
F=

R S) 7.5kg, 133} =49 0300
AR FAZe} A OPPE}tH| Yo ¥
=R A2}, ESPAEQA), w=](137])

S A A w A FEe] Ado] BMiAX D WAGle] w7 gted Fio] AFE

<7}t

EES 93 E4EH 0300
EAH Az SR o OPP&}tr| o] &
EH &gk, Fold& 7)), Folzkutel(97h), =B AGI), EPEI =(171)
S Ak Foldart Hojxa Aojxl Fgof wjrt A3 FA7F 43

x 2] 0300

EAH s R AT OPP&tr|H| o] &
EAH gt EAE, Fold=HO7K), MO, WA OA), E2PEIH =)

e A A A F2o] o] BMiARIL Fojdzto] FH-Zol w7l As|M & 7F A4
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() B719 o u) "@u)EA Alg A

Zud Ao B

ZAES 7.5kg, 63} 248y 0300
EAAH sAZE EACRC R OPP&}r| o] &
Z A AR, PSPEEAAN), 1EHG67Y), SR =17), SEPELELAN)
YA G257 AR vy EEYHA AAHORE HE
w Fll

49 7.5kg, 103} EREE 0300

ZARAH A2t IR OPPe}wm v o] &

AU | sl PSPEEH2A), ZETH107W), wWX(1071), SBAS=17)), FEZPEZE1N)
S A AR wA e HEo] HIAA L w7 wee FiEol HE

°o)3}o] &ustar

IR 7.5kg, 93} A 0300
414 FATe EEC s OPPetv] o] )
A AFSLAEAY, PSPYEEH@A, WO, WEPELZHA), ZRAN =N
2ol 94 We AEFEs drgd gol gol 44

_50_



2. ABAEL A, ¥ 74 2A

I As HEAES FH 24

3 3-1 A A=AE FHE 27
185} 163} 153 143}
1 | 870 | 840 | 2574 | 980 | 86.0 |3093 | 990 | 90.0 | 3215 | 97.0 | 93.0 | 3457
2 | 80 | 850 |256.2| 90.0 | 850 |301.3| 950 | 880 |3205| 920 | 940 |33438
3 | 90.0 | 820 |269.3| 930 | 86.0 |306.9| 94.0 | 86.0 |316.7| 980 | 880 [ 3304
4 | 880 | 840 |260.2| 930 | 850 |310.8| 950 | 830 |329.8| 980 | 930 [3575
5 | 920 | 810 [257.1| 950 | 880 |319.0| 90.0 | 850 |3256| 950 | 90.0 | 33438
6 | 89.0 | 810 |273.9| 91.0 | 840 |3080| 950 | 840 [309.1| 950 | 930 [3437
7| 900 | 810 |272.2| 930 | 830 | 3038 89.0 | 87.0 [320.0| 97.0 | 900 [3378
8 | 830 | 830 |264.3| 96.0 | 830 |304.8| 920 | 80.0 |319.8| 980 | 950 | 3476
9 | 86.0 | 80.0 |2705| 980 | 830 |3130| 930 | 910 3326 | 97.0 | 900 [3537
10 | 91.0 | 86.0 [254.9 | 96.0 | 840 | 288.6 | 90.0 | 840 |315.6 | 98.0 | 98.0 |373.6
11| 89.0 | 840 2653 93.0 | 85.0 [295.2 | 940 | 83.0 |31L1| 96.0 | 89.0 |341.8
12| 88.0 | 840 |260.6 | 96.0 | 840 |293.0| 96.0 | 85.0 |325.7 | 95.0 | 90.0 | 335.4
13| 87.0 | 85.0 [258.8 | 94.0 | 85.0 |296.2| 92.0 | 86.0 |328.7 | 93.0 | 89.0 | 324.4
14| 850 | 79.0 [274.3 | 93.0 | 85.0 | 297.5 | 93.0 | 80.0 | 327.6 | 95.0 | 94.0 | 336.8
15 | 87.0 | 76.0 [258.2| 90.0 | 83.0 |290.5 | 940 | 83.0 | 349.4
16 | 86.0 | 77.0 | 258.3| 95.0 | 820 | 307.2
17| 85.0 | 74.0 | 2649
18 | 920 | 79.0 | 256.6
e 4.7 48 48 438
Hagk | 850 | 740 |2549 | 90.0 | 820 | 288.6 | 89.0 | 80.0 [309.1 | 92.0 | 88.0 | 3244
ujgk | 920 | 86.0 2743 | 980 | 88.0 |319.0 | 990 | 910 | 3494 | 980 | 98.0 | 3736
Bt | 88.2 | 814 [2629| 940 | 844 |3028| 934 | 85.0 [323.6 | 960 | 919 | 3427
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U v AENES 773 2A

#® 3-2. 0 AEAE FH5E A7)
123} 1154 105} 95} 83}
AR | ®ol | TF | A4 | =0l | TF | A | ®o) | BT | AR | ¥ | TF | AF | ®ol | TF
| @ | (@ | ) | @ | (@ | m | @ | (@ | m | @ | (g [ m | m | (g
1 112.0 | 98.0 |633.3|112.0 | 101.0 | 701.6 | 115.0 | 94.0 | 756.7 | 124.0 | 100.0 | 782.8 | 127.0 | 105.0 | 934.1
2 114.0 | 104.0 | 663.1 | 116.0 | 98.0 | 745.4 | 116.0 | 96.0 | 724.0 | 120.0 | 106.0 | 855.4 | 126.0 | 104.0 | 967.8
3 106.0 | 98.0 | 662.5 | 115.0 | 101.0 | 724.8 | 114.0 | 101.0 | 730.4 | 118.0 | 100.0 | 773.2 | 125.0 | 103.0 | 895.3
4 112.0 | 91.0 | 664.5| 117.0 | 99.0 | 689.3 | 113.0 | 101.0 | 758.0 | 115.0 | 97.0 |825.0 | 130.0 | 105.0 {940.4
5 107.0 | 98.0 |632.4 | 114.0 | 98.0 | 726.2 | 117.0 | 98.0 | 728.9 | 126.0 | 103.0 | 861.7 | 126.0 | 100.0 | 905.4
6 109.0 | 99.0 | 627.5|113.0 | 99.0 | 697.8 | 115.0 | 100.0 | 739.7 | 118.0 | 113.0 | 783.1 | 124.0 | 109.0 | 940.0
7 105.0 | 100.0 | 622.8 | 115.0 | 99.0 | 691.1 | 117.0 | 95.0 | 729.0 | 116.0 | 105.0 | 779.6 | 125.0 | 107.0 {912.4
8 110.0 | 95.0 | 620.7 | 111.0 | 99.0 | 708.4 | 115.0 | 103.0 | 706.4 | 121.0 | 104.0 | 797.6 | 124.0 | 108.0 | 920.1
9 113.0 | 100.0 | 626.4 | 115.0 | 101.0 | 731.7 | 111.0 | 107.0 | 721.3 | 120.0 | 100.0 | 781.3
10 111.0 | 101.0 | 663.4 | 117.0 | 96.0 | 678.4 | 119.0 | 102.0 | 702.2
11 114.0 | 102.0 | 670.3 | 113.0 | 100.0 | 688.0
12 112.0 | 106.0 | 638.6
e 71 7.8 7.3 7.2 74
(kg)
gk | 105.0 | 91.0 [ 620.7 | 111.0 | 96.0 | 678.4| 111.0 | 94.0 | 702.2 | 115.0 | 97.0 | 773.2 | 124.0 | 100.0 | 895.3
gk | 114.0 | 106.0 | 670.3 | 117.0 | 101.0 | 745.4 | 119.0 | 107.0 | 758.0 | 126.0 | 113.0 | 861.7 | 130.0 | 109.0 | 967.8
H (1104 99.3 | 643.8 | 114.4 | 99.2 | 707.5 | 115.2 | 99.7 | 729.7 | 119.8 | 103.1 | 804.4 | 125.9 | 105.1 | 926.9

52 -



3. Absh, W EEAA AAL B4

O Abat Skg¥t Hi 7.5kg AL iR Adefoz Az glow dujsis WSy,
AFEAA, 571 5 vFstnt. Bl wE AR Ao|7F Aste] EAH]
&< Az ez Bustrlde g FE7F AT =AY, EHEE A8

& Hlaskith

O #shxl 51 B LAH A dolsl= A} Skg FAA = 0l= 59809068409 0= Lt
7 oA Bojsts Skg Abg EA] 1,75099~2,5509 BT} 36 o4 E=A| uEbith

O W3ty 2 g doA FAmjs= v 7.5kg ERAAEH = 7,2109~8,330¢9 o2 Ut

F7 A At 7.5kg H) EZAH] 5,020¢€~6,4409H T 2,000¢€4~3,0009 BE7F T
=7 YEET
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% 3-3. HHllf-F < A bkg AEME A AAAH B4
AR | mad | =29 | 24w A
Ay ZAAE
ck Gl ) N () (2)
=R 47 4,000 1 4,000
PP Uiz 400 1 400
#7) 0 14 930
] %] 60 5 300 5,980
A= 100 2 200
WIPEI = 100 1 100
=47 4,000 1 4,000
Zkuto] 1,000 1 1,000
7 0] 12 840 6.760
w2 60| 12 720
1} % PE 100 2 200
29 4R 4,000 1 4,000
Z o] 927 2.000 1 2.000 6,840
A7) 0] 12 840
=947 1,500 1 1,500
PSPyb} 100 2 200
Sz 30| 24 720 2,520
A= 100 1 100
o= A4z 1,500 1 1,500
e 100 1 100
o ] 78 50 1 50 1,750
ZoA = 100 1 100
29 4R 1,500 1 1500
PSPUI 3 100 1 100
DA 0| 15 1,050 2850
=9 = 100 1 100
12 PE 100 1 100
=47 1,500 1 1,500
PSPz 100 2 200 1.800
ZHA I = 100 1 100
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% 3-4. 9lH5 S92 ) 7.5kg AEAE A AAA B
ZAAG | £8F | =29 | A4 A=A
ZAm 3
ckh Gl () N () ()
W) 7.5kg-133}
T FHA A 4,000 1 4,000
; f " e} s s
,_‘,:._i :E J EPS 3} 500 2 1,000 7910
TR R jed A7 90 13 1,170 :
e 1 = ] %) 80 13 1,040
A 447 4,000 1 4,000
PSPt} 100 1 100
;M7 90 8 720 5.020
Wz P 21} 100 1 100
e 100 1 100
A 47 4,000 1 4,000
PSPtz 100 2 200
;M7 90 12 1,080
] ] 80| 12 960 6,440
W ¥ pE 21} 100 1 100
ZaAT = 100 1 100
A 47 4,000 1 4,000
e 300 9 2.700
;7 90 9 810 8.330
] Z] 80 9 720
% PE 100 1 100
294 447 4,000 1 4,000
PSPtz 100 2 200
A7 90 10 900 6.000
) 7] 80 10 800
W pE7 21} 100 1 100
29447 4,000 1 4,000
PSPt} 100 1 100
;M7 90 10 900
) 7] 80 10 800 6.400
SE-A 40 10 400
294 = 100 1 100
W 3 pE7 2 1} 100 1 100
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A 3 A AT TS I, A% 24 3 G5A

!
;

1 #d9 AFEH
AT " WY AE 54
(L Agu7s 2 =5

O el &40 BdH AFEHL B FAFTGG AFOE WAHE &=

= 7] S WHE VA Atk olHT #
g g Fol WS He
&9l

Aoz 7)Y g,

&

O & IAdE dFodMe Abe vl =% & 33 Fag, 7EEeEe] AeE8S
B43817] flsto] i Faa Jda 3154 P(sweep sinusoidal vibration test)& 3
sto] o) Jeg543 72 =4 AE, A s3] FRBAE Tt A 5
=g

(2 2347 = W

O & Aol AHgd Fd2 ARHFAD} (A=A 2012 1027 o] dubs 7}l A
ToE 5 A AEHI] A7A A 2 AAZCEITC, rh 85+5%) HA™ Il o]
Atk AEE9 7IEAQ EAES £ 173 2ow, 747t Fde Ao AHEH7
Aol Aol B4 x205C, rh 75%)1A o 1043t o] 255 AR 5 Aol A
sttt REddel AgE Aol vie] Ha= A 20780 Ak

B 3-5. UG WBCAIY, w)Y 237 L Bed 54

: -4 3 True den31ty
Cultivar Date of harvest | Volume (10 m®) | Mass (kg) (kg/m’)
Apple(Fuji) 2012. 10 3.619 0.30 830.75
Pear (Niitaka) 2012. 10 6.722 0.66 978.26

O & ddellA A 2 o] JE54E S35 sl A" A= 198 1844

= Hhe} 71:_}211#, I AYLe E 18A e 2o = AEA P AHEH IR AlA
AR FAT AES VA Y 159 4HF 7t&E AAMKISTLER, 100 g)
AHg-3kA T :LF@. 19914 B wieh o] shute] h&E AlXE FEEle 913 A

8 14 Ao Raaqr.

2>
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COMPUTER

DATA ACGUISITION
&
CONTROL PROGRAM

v

VIBRATION
CONTROLLER

!

SIGHAL
AMPLIFIER

VIBRATKIN
EXCITER

Items Specifications Remarks
Sine force(peak) 150 kg
Random force(rms) 150 kge
Shock force(peak) 300 kgt
Useable Frequency 574,500 Hz
. Max. dlsplqcement(p—p) 25 mm EDS150-150,
Electro-magnetic | Max. velocity 120 cm/sec
. FAMTECH,
Shaker Max. acceleration 60 G KOREA
Power supply requirement 220 V, 3 Phase, 4.5 KVA
Armature related current 25 A
Armature related voltage 85 V
Armature diameter 150 mm
Vertical load support 70 kgr
Power Rgted ‘output capacity 1.5 kVA DAL5,
it Distortion(at rated output) less than 1 % FAMTECH,
Input power 220 V, 60 Hz, 3 Phase KOREA
Power(Full Load) 0.75 kW@ HP) B-200,
Blower Air flow rate 0.11 m' s FAMTECH,
Air pressure 0.0045 Mpa KOREA
Range =30 G 8774A50, Kistler,
Accelerometer Sensitivity 100 mv/v USA
Frequency response 1 710,000 Hz
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O HFAR Y, whel FF34E ASsHr] Y3 7P Ada JAsAde] 4§
ASTM D35803} KS A ISO 8318< #H=z3lgom ® 19= F /e FAAA HAHO

e APUWL Wad Aol

¥ 3-7. ASTM D35803} KS A ISO 8318¢] 54 Hlxl

Specifications
Items
ASTM D 3580 KS A ISO 8318
Frequency range 3~100 Hz 3~100 Hz
Sweep rate 0.5~ 1.0 octave/min. 4 times/min.
Acceleration level 0.25 G, 05G 0.25 ~ 05 G
Sweep mode Logarithmic Logarithmic

O B 1Ads dFdAe 7tHTFas B 4@ 4 d897959 HAE
10~200 Hz, 7}&%= =& 0.25, 0.5, 0.75, 1.0 G¢] Y] 7IA =2 AL3}gon, ~9E
(sweep rate)2 1 octave/min, 2=g(sweep) == UIFAR] 7IHFI4 Adn JFo

2 Agste] B FAFRS 2 AHWNEEE AS @ BASGT

3 A3} ¢

HEE SEd BE AFAFL dFo
e gk

O 98 207 21 VY d8H7E5=
5 ASAG AT D WY hEE SHEA
SHFARA Sl TR BAFAG ASHARL,

O FA1E Ao FXF345 126.0~217.6 Hz, 387455 1.21~5.48 G ®HE{lolgleH,
W] BAFTSFE 025-1.0 GO YHFIIEE WM oA 6251086 Hz, HAI&EEE
1.16~5.53 G WHlolddth. dutd oz yo] F4tE 2 FAE %5 A2 A WA E
t Foe g 150 He Y olstol s ] 4588 FAFRS thejo] 9E

#F% Fo Bust A ddol L5 sok .

o = A%e nath
A71oA ANE BAel FAFHE P FHNEES ARE Y] $5 F BAe &
&g e Hug s 9 BRAAN FFe] HE AR @ F 9

O A 2 we)

7% #
437 dAstel 9y = 5



239 YERRSITE 10 7200 Hze] AgFapuoA JEH7MEE 34 gE Al

Hj o] FXFIrE ZIEEAQ AYF F AR JBBAT AR A JERRAR

A&} 71 BREAA ] FAAA = oS ok

3 3-8 Ao By 54 9 st Fus Jdgzlse] A

Sample | AD HE MA VO REH2) PAG)
No. | (am) | Cm) | (o) | Gn=2-) 105 G| 05 G (075 G| 10G [025G| 056G |075G | 106G
1 | 8896 | 7711 | 0312 | 371 | 1774 | 1723 | 1708 | 167.6 | 174 | 311 | 440 | 5.48
o | 8592 | 7697 | 0273 | 326 | 1964 | 1912 | 1844 | 1768 | 159 | 288 | 402 | 5.02
3 | 9139 | 8149 | 0320 | 398 | 1641 | 156.4 | 1493 | 1425 | 146 | 261 | 383 | 454
4 | 8915 | 77.66 | 0.310 | 367 | 1775 | 172.6 | 1601 | 1638 | 143 | 282 | 369 | 470
5 | 8824 | 7935 | 0.306 | 367 | 1460 | 1402 | 1342 | 1312 | 152 | 272 | 375 | 478
6 | 90.66 | 7761 | 0.321 | 383 | 1722 | 167.8 | 1641 | 1605 | 193 | 333 | 455 | 557
7 | 8502 | 7193 | 0261 | 314 | 1833 | 1782 | 1747 | 169.8 | 169 | 300 | 424 | 5.23
8 | 8260 | 69.13 | 0235 | 280 | 2085 | 2023 | 1987 | 1936 | 196 | 354 | 486 | 5.94
9 | 89.00 | 7506 | 0295 | 354 | 1924 | 187.8 | 1829 | 1783 | 176 | 323 | 448 | 543
10 | 8112 | 7153 | 0.226 | 274 | 2176 | 211.9 | 2060 | 197.9 | 143 | 288 | 379 | 482
11 | 9089 | 80.55 | 0.314 | 386 | 1644 | 1583 | 150.8 | 1448 | 153 | 2.89 | 367 | 451
12 | 8192 | 7325 | 0.251 | 230 | 150.8 | 142.8 | 1388 | 1363 | 129 | 246 | 362 | 4.59
13 | 9410 | 8272 | 0343 | 419 | 1786 | 175.0 | 1712 | 1664 | 1.88 | 3.10 | 425 | 514
14 | 8645 | 7422 | 0275 | 3.36 | 1764 | 166.8 | 160.8 | 1548 | 159 | 2.89 | 400 | 4.89
15 | 9161 | 7921 | 0.336 | 4.02 | 1422 | 1383 | 1355 | 1312 | 136 | 257 | 354 | 421
16 | 8300 | 7626 | 0.257 | 313 | 1924 | 187.4 | 1786 | 172.6 | 134 | 245 | 346 | 4.43
17 | 9121 | 8043 | 0.323 | 396 | 1815 | 175.0 | 170.8 | 1651 | 158 | 288 | 398 | 485
18 | 9087 | 8110 | 0.363 | 428 | 1431 | 1325 | 1286 | 1260 | 1.21 | 230 | 340 | 437
19 | 9406 | 73.34 | 0.332 | 398 | 1331 | 120.1 | 1260 | 1203 | 129 | 237 | 325 | 406
20 | 92.09 | 8147 | 0352 | 429 | 1448 | 1402 | 137.2 | 1209 | 125 | 332 | 327 | 414
AV 88.41 | 77.02 | 0.300 3.59 172.1 | 166.3 | 161.6 | 156.5 | 1.54 2.87 390 | 484
ST | 3994 | 3.855 | 0.040 | 0.548 |23.397 | 23.688 | 23.258 | 22.654 | 0.227 | 0.344 | 0.448 | 0.510
* Note : AD = Average Diameter, HE = Height of the fruits, MA = Mass of the fruits,

VO = Volume of the fruits, RF = Resonance Frequency, PA = Peak Acceleration

_59_

~ N



®3-9 W] EUsE B4 9 shaFas ganase) 2z

comte | 0 | w5 | va | vo RE(H2) PAG)

No. | )| ()| Gk 1N~ 0 6| 056 (075 G| 10 G |025 G| 056G |075G| 10 G
1 | 11131 | 9840 | 0678 | 6.86 | 760 | 705 | 658 | 626 | 139 | 252 | 354 | 450
2 10879 | 10356 | 0647 | 7.32 | 761 | 724 | 69.9 | 674 | 173 | 309 | 435 | 553
3 | 11380 | 10687 | 0751 | 7.99 | 941 | 917 | 881 | 840 | 138 | 255 | 358 | 463
4 |103.96| 99.31 | 0620 | 604 | 1000 | 917 | 836 | 769 | 116 | 209 | 284 | 3.60
5 | 11160 | 99.30 | 0687 | 7.06 | 1086 | 1030 | 963 | 910 | 147 | 249 | 333 | 413
6 | 11155|10295 | 0751 | 7.55 | 103.3 | 99.9 | 957 | 923 | 163 | 283 | 390 | 4.9
7 | 10482 | 10002 | 0672 | 742 | 835 | 795 | 759 | 731 | 163 | 290 | 405 | 5.18
8§ | 10921 |10361| 0689 | 7.10 | 8L6 | 77.2 | 729 | 69.9 | 151 | 269 | 3.79 | 487
9 | 10886 | 9892 | 0694 | 679 | 99.9 | 929 | 908 | 887 | 162 | 286 | 392 | 477
10 |109.18 | 9148 | 0562 | 613 | 1122 | 1082 | 1050 | 1011 | 134 | 249 | 357 | 459
11 | 107.44 | 9466 | 0643 | 672 | 1057 | 1019 | 97.1 | 927 | 151 | 264 | 366 | 467
12 | 10442 | 9305 | 0591 | 575 | 1072 | 1023 | 981 | 923 | 164 | 283 | 381 | 473
13 |111.95| 9895 | 0.672 | 687 | 828 | 776 | 738 | 696 | 138 | 253 | 367 | 486
14 |103.09 | 10263 | 0.605 | 600 | 1129 | 1085 | 1033 | 993 | 170 | 286 | 381 | 464
15 |10697 | 9175 | 0573 | 595 | 942 | 903 | 874 | 841 | 161 | 290 | 400 | 507
16 | 10919 | 9849 | 0.663 | 648 | 87.1 | 808 | 767 | 712 | 145 | 247 | 337 | 421
17 | 10881 | 10584 | 0731 | 718 | 769 | 703 | 640 | 589 | 129 | 224 | 311 | 415
18 | 10637 | 9340 | 0.621 | 626 | 1061 | 100.3 | 936 | 902 | 157 | 264 | 360 | 454
19 |10811| 9835 | 0.628 | 642 | 932 | 896 | 836 | 80.0 | 137 | 249 | 356 | 465
20 | 10717 | 10428 | 0.657 | 656 | 80.7 | 749 | 705 | 67.0 | 136 | 238 | 337 | 432
AV 108.33 | 99.74 | 0.660 6.72 94.15 | 89.17 | 84.61 | 80.61 | 1.49 | 2.62 | 3.64 | 4.63
ST | 2883 | 5093 | 0.053 | 0.603 |12.734 | 12.888 | 12.758 | 12.618 | 0.152 | 0.247 | 0.343 | 0.422
* Note : AD = Average Diameter, HE = Height of the fruits, MA = Mass of the fruits,

VO = Volume of the fruits, RF = Resonance Frequency, PA = Peak Acceleration
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i R i 8t

3 3

'E M (¥} Conirol monal 'E - 1} Controd sigral
| 12) Response signal . |:|',E.‘n|.>nn-- vgnal

(@) A% (b) i

9 33, 05GeIA Astel wle] SR SHEA

{ £

; : |

2 T <} [ Gt
| f?l“fi:_'f:".it_ilu:'l_-_l | | | 3] Reipanas wignal |
(@) A (b) uH
% 3-4. 1.0Goll A Abake} vl VHE e SHEA

O € 4o SHae 4F54 Aol TPl AeF FATAE 5 Fhss 2
astgith olsh o] Wapel me} o] mE FFEAo] Zash: AFE Finney(1970)
9 U TS FAFAGE AW ABBAL O QTAHAE A9 §
Astgom, Azt FAFHEIL Rk oF 2R 2 ASE ol FE Wl T
ol Y 2 Aoz BeE

O AF 2AdEAE BARE F3A49 g BE AU, W FAFoE
BANEEE AZse] AA T HAARE BET Aol

O £ Ao A3 2 we AFEHL 2T @ F52 9% AAe) 44 =AU
g JAAE FFF AZHE FoE o] fjelA AZE Ao FAFRFH o
AR HEE s Aol Basith og el AS 2 BARE A% 2 de) 9w

o



£ 3-10. A YEVIEE FFd mE AFEARTY 453
Acceleration Item MA VO AD HE RF PA

MA 1.0000
VO 0.9124 1.0000
AD 0.8916 0.8897 1.0000

0.25 G
HE 0.6820 0.6512 0.5366 1.0000
RF 0.8330 0.8210 0.7470 0.6870 1.0000
PA 0.0430 0.0110 0.0017 0.0380 0.3075 1.0000
MA 1.0000
VO 0.9124 1.0000
AD 0.8916 0.8897 1.0000

05 G
HE 0.6820 0.6512 0.5366 1.0000
RF 0.7820 0.7790 0.6180 0.6870 1.0000
PA 0.0270 0.0024 0.0028 0.0290 0.2711 1.0000
MA 1.0000
VO 0.9124 1.0000
AD 0.8916 0.8897 1.0000

0.75 G
HE 0.6820 0.6512 0.5366 1.0000
RF 0.7650 0.7690 0.7120 0.5740 1.0000
PA 0.1120 0.0667 0.0450 0.1100 0.4300 1.0000
MA 1.0000
VO 0.9124 1.0000
AD 0.8916 0.8897 1.0000

10 G
HE 0.6820 0.6512 0.5366 1.0000
RF 0.7700 0.7570 0.7180 0.7240 1.0000
PA 0.1660 0.1140 0.0986 0.1540 0.5229 1.0000

* Note : AD = Average Diameter, HE = Height of the fruits, MA = Mass of the fruits,
VO = Volume of the fruits, RF = Resonance Frequency, PA = Peak Acceleration
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F 3-11 W9 JEUtEE FFo wE IFEANY i

Acceleration Item MA VO AD HE RF PA

MA 1.0000
VO 0.8766 1.0000
AD 0.6415 0.6577 1.0000

0.25 G
HE 0.6794 0.8191 0.0247 1.0000
RF 0.5473 0.6906 0.5810 0.5764 1.0000
PA 0.0086 0.0015 0.4439 0.0093 0.0306 1.0000
MA 1.0000
VO 0.8766 1.0000
AD 0.6415 0.6577 1.0000

05 G
HE 0.6794 0.8191 0.0247 1.0000
RF 0.6102 0.5969 0.5515 0.7030 1.0000
PA 0.0534 0.0274 0.1884 0.0139 0.0139 1.0000
MA 1.0000
VO 0.8766 1.0000
AD 0.6415 0.6577 1.0000

0.75 G
HE 0.6794 0.8191 0.0247 1.0000
RF 0.7492 0.5735 0.4013 0.7006 1.0000
PA 0.0470 0.0368 0.1143 0.0066 0.0125 1.0000
MA 1.0000
VO 0.8766 1.0000
AD 0.6415 0.6577 1.0000

1.0 G
HE 0.6794 0.8191 0.0247 1.0000
RF 0.7611 0.5020 0.0601 0.5775 1.0000
PA 0.0000 0.0081 0.0078 0.0085 0.0025 1.0000

* Note : AD = Average Diameter, HE = Height of the fruits, MA = Mass of the fruits,
VO = Volume of the fruits, RF = Resonance Frequency, PA = Peak Acceleration
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Cultivar Date of harvest Volume (10™* m®) Mass (kg) | True density (kg/m®)

Apple(Fuji) 2012. 10 3.472 0.28 828.30

Pear (Niitaka) 2012. 10 6.318 0.64 969.15
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O WAo] Rl Fao] +HHe| ZE5te] Ayl HEWHE Hertze] o] g0 2Rl
e 2o o] Hrt}
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— m /3
A =ma w[ /%) 2.5933(F ,KR )
/3
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:26(FmKR)2/3—26[ - } ________ ®
A7 A, K = L2
T E

O 4 @8 ©2 4 6o st datzel hol tistel i FA4e Azt st
1702 Z/1te Moz ol ol Yool 4

p s e Eohul ()

R : #A 9] F7REA (equilibrium radius)(m)

FAY-AZF FAE AR 4 OF 4 QO o] 2
e Nlolgh 3l 2 (e thedh 22 2lo] B3 o] 4o ¥A|9) ek Hatizol
=7

T .

09841N10 (1—p®)'R %2
2E4
o714, ha : AA kA Hatzol(m)

b e} A AHEE md A

O #H9l vhole G-MEIE F3k7] AsHE H5t54
okgith. BAel et FANGAN WAL AW

ool
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el dgos oA St 200D, ek
S PRI ER LTIk
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MEE S AAIEE 24

_L%rlr
md JC H
1 1o

o

O mdyjdtolE= 3 E4 & 1]7]#] 2] DataFit(Oakdale Engineering Co., ver. 8.0, USA)<

_67_



olgstom or|He Hilwolet Ao AFE WFE e =W ARV
ot FAde B4st AHrtEE mdo] 4 AleE UEhd & 259 26004
He=nkel o] Akl A9 0999201304, wie| A A =l

(R2)°] 0.9998=% wi-¢- A YEbRTh 3 Atk o] F7MEE0 it vbe3E
1% 3-79 =AISATH

F 3-13. At BRVbERE 2d Al

Variables ST R S R e U U Coefficient of multiple
Coefficients Standard error t-ratio Prob(t) determination (R?)
a 196.0757 103.4196 1.8959 0.06733
b 7.5355 4.2089 1.7903 0.08317
c -45.0258 56.0864 -0.8027 0.42821
d 296.0075 194.3447 1.5231 0.13787
0.9992
e -2373.1398 1051.7276 -2.2564 0.03124
r 10289.8836 3992.9121 2.5770 0.01495
g -19112.6037 6715.4227 -2.8460 0.00778
h 12978.5206 4223.5924 3.0728 0.00439

* Note : am=peak acceleration(G), DH=drop height(m), MA=mass of apple(kg), a ~ h=constants

3E 3-14. W o) ARTMEE md Al

= 2, 3. 4
Variables am=a+h X DH+c X DHE+d X DEP +€ X MA+f X MA? +g X MA®+h X MA CosfitEion: of ik
Coefficients Standard error t-ratio Prob(t) determination (R%)
a -10.3680 9.0892 -1.1406 0.28058
b 12.8005 11.2110 1.1417 0.28015
c 16.4719 114.0288 0.1444 0.88801
d -149.1842 329.5512 -0.4526 0.66044
0.9998

@ 85.4255 69.7225 1.2252 0.24857
f -250.5536 193.8672 -1.2923 0.22528
g 335.4493 238.4736 1.4066 0.18984
h -167.4764 111.5187 -1.5017 0.16405

* Note : am=peak acceleration(G), DH=drop height(m), MA=mass of Pear(kg), a ~ h=constants
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4ﬂ-f- T

E “'i N e o
‘_:, o4 8 E 5
2 184 E Er E
104 = = o
g 08 -+ _;. “ :
oo 2 &
k
(@ AR (b) Hi

a8 3-7. }Ydo AAHlEE gk vewH

O thgoz spo] datstel £48 U4 @8 A Ysheols Takgh oAl datx
o]t 2} @oIA Hinie} ol T RAARDE), EohEul(n), FAREARHO), T
Ao S/AHHAR) 2 AFmel me} o2y g B A7 E o5 2 Be

49| 5 A =
52 4% WU A, Hh L O YR TR dd TehnolE Ty

A

O E, ol 4L ARA FEAE(0)E 72, 199902 sgon, o gE 4
o) WelelA Slo} o] 3RFE TGO FAwe o 2X | i A=A H
o

Artoll A 1165, ol A 1147238k Qb HslxolE FAHSATH

O A} viel tigk kA dsl=elE & 2739 28 2z YEldch FolA Henke}
HEA 2 Aol Zrkare
Zohgel wet ot st
+ AHAEA T AU AEA
= T4 Al T4 HSAZEel 2ojA7] W&
o] kdgstEole 22t 30~80 mmet 10~50 mm

o® o oo rif

£ E E;

Opls M1| Oppy M2| Opgs M3| Oprs M1| Oppy M2| Opgs U3| Opls M1| Opps HM2| Opgs M3

m by Ry | 56.40 | 52.13 | 45.93 | 51.00 | 47.14 | 41.53 | 42.98 | 39.73 | 34.99

h,

i m by R | 69.56 | 64.29 | 56.64 | 62.90 | 58.14 | 51.22 | 53.00 | 48.99 | 43.16

m lz Rz | 8112 | 74.99 | 66.06 | 73.36 | 67.81 | 59.73 | 61.82 | 57.14 | 50.34

Note : E1=1960.162(kPa), E2=2010.141(kPa), E3=2098.025(kPa), 0,;=312.73(kPa), G ,,=322.73(kPa), 0 ,;3=336.61(kPa)
1,=0.25, 11,=0.35, 115=0.45, m1=0.323(kg), m2=0.361(kg), M3=0.458(kg), f,4=4.701(ms), £,4=5.260(ms),
t 4=6.158(ms), R1=2.078(10-2m), R2 = 2.514(10-2m), R3=3.409(10-2m)
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3 3-16. #je] & Hsbxo

£ £ 2
Opts M1| O, M2| Oy M3| Opy M1| Oy M2| Opy M3| Op, U1| gy M2l O, U3
my ty Ry 2314 | 2452 | 2271 | 16.78 | 18.01 | 16.76 | 12.59 | 13.54 | 12.68
(f.r::’.) my lo Ry 35.09 | 3769 | 3542 | 2598 | 27.91 | 26.18 | 20.04 | 20.96 | 19.78
my by K3 52.79 | 56.80 | 53.28 | 38.97 | 41.95 | 39.61 | 30.02 | 31.84 | 29.91
Note : E1=1138.631(kPa), E2=1240.693(kPa), E3=1342.754(kPa), 0 ,=181.542(kPa), 0 ,,=191.649(kPa), 0 ,;5=201.756(kPa)

t,,=6.980(ms), £4=7.725(ms),

11,20.25, 11,=0.35, 114=0.45, m1=0.325(kg), m2=0.499(kg), m3=0.672(kg),
£ 4=8.470(ms), R1=5.033(10-2m), R2 = 5.423(10-2m), R3=5.812(10-2m)

G4 *%
FAA G

(th Al wol 2.
O #49) Hole 34
ahgoloh AL 7

Aol i AAIIET mdo o5 Ao ShEY
Fzb idsle] A on, o 232 & 297 300 22 e

ﬂaJﬂH‘ELHH+%ﬂ/%4AHMl g FAASFE oF 051-2.98 G, W] Hiol
L 38 TAAFs oF 0.74-229 G M= ARPZE HjEG ofE w2 ge YERRY
o}

O ol@@ Aste Asks wuch 2o o} daste] 2 FANA &4E wute
AA devhe dutdow A AMEAE & A she Aok ol AAAE
Edg Fdo] gl fFE5Fol JAE LS4 o3 w= E4 JEE ANFLEA
gl E A%k Ao A LAV 7hestAl 2 Aon

3-17. Ab7e] wol e HE FAAF FH%
£ 5 £
Oply M1| Opps M2| Opgy MU3| Ops M1| Oppy M2| Opgs M3| Oppy M1| Oy M2| Opzy M3
my by Ry | 0.6234 | 0.6009 | 0.5683 | 0.5949 | 0.5746 | 0.5449 | 0.5527 | 0.5354 | 0.5097
Ipr mp ly Ro | 2.0184 | 1.9895 | 1.9486 | 1.9819 | 1.9565 | 1.9200 | 1.9294 | 1.9084 | 1.8776
m; bz Rz | 2.9805 | 2.9443 | 2.8942 | 2.9349 | 2.9038 | 2.8601 | 2.8712 | 2.8463 | 2.8105
Note : E1=1138.631(kPa), E2=1240.693(kPa), E3=1342.754(kPa), 0 ,=181.542(kPa), 0 ,,=191.649(kPa), 0 ,;5=201.756(kPa)

t,1=6.980(ms),

t 5=7.725(ms),

1,=0.25, 11,=0.35, 113=0.45, m1=0.325(kg), m2=0.499(kg), m3=0.672(kg),
t 3=8.470(ms), R1=5.033(10-2m), R2 = 5.423(10-2m), R3=5.812(10-2m), Ibf = allowable bio-shock fragility
index(G)
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F 3-18. Hl9] Hiole 38 TAX T FAY

£ £ £

Opls M1 | Oppy M2| Opgy M3| Ops M1 | Oppy M2 | Opgy M3 | Ops M1| Oppy M2| Op3, M3

my &y Ry | 0.8806 | 0.8989 | 0.8748 | 0.7961 | 0.8124 | 0.7958 | 0.7408 | 0.7533 | 0.7424

Iy | mp lz Ro| 1.6305 | 1.6653 | 1.6349 | 1.5085 | 1.5343 | 1.5112 | 1.4294 | 1.4416 | 1.4259

my bz R | 2.2354 | 2.2886 | 2.2419 | 2.0507 | 2.0906 | 2.0593 | 1.9308 | 1.9551 | 1.9293

Note : E1=1138.631(kPa), E2=1240.693(kPa), E3=1342.754(kPa), 0 ,;=181.542(kPa), 0,5=191.649(kPa), 0 ,3=201.756(kPa)
11,0.25, 11,=0.35, 113=0.45, m1=0.325(kg), m2=0.499(kg), m3=0.672(kg), ,,=6.980(ms), £,=7.725(ms),

tc3=8.470(ms), R1=5.033(10-2m), R2 = 5.423(10-2m), R3=5.812(10-2m), Ibf = allowable bio-shock fragility
index(G)

3. 4 g =RZ3E FH45A
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(D 2w 2 53
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E 3-19. AR AHE BRAMA 43

. Dimension Packaging
Flute Paper combination LXWxD, m) | Weight (kg
DW(B/A) KAO/S/SI0/SI0KA0 | 520 % 350 X 250 15

Q) 23 5 &

O 2 AgelAE 100, 200, 300, 400 Z 500 mne] EololA meFEUzt AYA e
15kgfe] @G olFTwA ERTE I ARt AP sgor, 19 3-9%
100 ml EololA AfFdststs EFRE FANEE-AZY] FHL HelFm ¢
o

Acceleration (G) |
x B K E |

Time (500 msidiv)

2% 3-9. 100 me] olol A Afdssts T Ee] A ISR A7k 2A

O Z"ANA & 5 Axo] ulF e YelzololA= H 45.90 GO FA47IE=7 AZ
HA® A71M ASE SA7EES ol ZolA ASFE At 2 owje] Hlole G-
Elol Bl X 80m) oo SAVIEEE o7 FAolHH olgt= Akt Bl ouj
o &5 dsl= A2HE U o

O a4 10, 11, 12
FANEE-AT FHE HolF
=

= AZHE AU FA%%

132 200, 300, 400 % 500 mme] FoloAl At
FI G 28NN & %] debel} el
= FE Ae ¢ 47 oM, ¥ 4¥e A%E E
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@ Skg(=d= &, 5, 3t ;

r&‘
mb

A

A gE=
2 3-43. g AR 2AZE Ag(EEt A)

O Med AZFe) skgdAs A4 AY ol Zel] 10m FAo LZPEAL ¢E=s
13 23 I 9ol AHE g2 vz d=gc & AFRE G dFHE SAYgE 4
I AY e dFHES 14§ & § Bolste 235 T

1,500mm 93} & ofeA= 1,500mm 93} & H{E Al

1,300mm 3} 3 o} F
9 344 A ol Fe) ek W

g vl
A3k Skg A FolAE 1,400mme] FoldlA HEtetls w7bA|

155
W mFolA ojuldh wEx WAHA egkeh 1500mel A ket o,
FOA T Bkl 1A el Akt el A 149l o] Ay
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3 3-31. 5kg JNTANF(ESA 32| Fetzolol whE AR dE o

Y3t Eol et Wk 3t e | e E At e H] 31
1 1,000mm k| &3 s | &4 8ls sk gl
2 1,100mm k| &3 s | &4 8ls 3k gl
3 1,200mm fiR=) &4 e =4 9l Hsl gl
4 1,300mm k) &3 e | &4 8 Wk e
5 1,400mm fakss] =4 s =4 9l H3}l gl
6 1,500mm ikl 4 s | &4 %le | 13 B85 45X 15m o F

A 14< W
ER K
2%
1%

1,300mm 3} A 1,300mn 93} =
18 3-46. 5kg MIAF(EFA 27hHe) dE AF wg ww
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1,300mm 3} & IF<=(HH) 1,300mm 3} & 3<=(E]3)
1% 3-47. 5kg WA F(ESA) 273l Fel 3 dEw Al

A% £ 2% 1300me] EolA GSHARL @ Aol A st
gl wate] SoiE A 247} skl HQon o) SEA st

sol WAyttt 3
ol sHe, e Almbt R9d SaE seos IR,
3 3-32. 5kg WA F(FFA 279 HFelzolo WE Ar & o F-
93t Eol st ek Wzt AH a2 AbE) AR RPAR S Ok
1 800mm iR 3 s | &% e Hak =
2 900mm i 4 ls | =8 /s Hak E
3 1,000mm il 24 ge | &a ge W 9o
4 1,100mm g 3 e | EF e ek 3
5 1,200mm iR & 9L &2 Qe Wl e
6 1,300mm ] &4 s | 4 ®le | A SEERD 270
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b NEAF

@O 2.5kg 1E%
O At 2E%ES 29 2.5kgo &2 WAz Aste] s stk HA xE SHzol A
3 2% 50Hz7HA] Sweep timeS 28O 5

=2
A A T F 270 ARl A 37H9] o] A s

—

Omm, 20X 10mm, 15X 15mn=E o] ZE A Al7|8] =& 9
H &% FEA TAste IS BHeste dHeole AT
S 7S A F 1A AT A A EEYOE 8 1
AL SAT & YA

%

1=

o

o

)

[o ]

fr

:

N %
g

a9 3-49. A AEHI (e mLdH




O HA & 3bHzolA Hi & 35Hz7FA| Sweep time2 20802 AA sl 13 HEE
stS o Skg A LwWkzAe] A FAFolA A wjdo] AsHA ZEZA
3 AEA B Aze] EEYOR I ATl Rl glE RRAAE 2E 9

o] Eo] Atzte] AEAS "ol AnE 2.

@ 5Skg 1EW

a9 3-53. & AEHH F()e] v EH

a9 3-55. X AF), F()el = A

O 712 A= AF A A% 9 A% GYHES AunE At 23 5 s
F2ol Bot AP B4 A7 AN A2 Wl MAYL Wt ozt Y3}
oA 5 29 Fo A MddEst EFedt. £ G $EAos Ay
1 EHe gloy BeEAE 2o Aow YAAYL A% AY F AT WE
o] 430 WY,

W) A F
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@D 2.5kg

O HA N%F 5HzolA Ha AF 50Hz7HA Sweep timeS 2802 AA3le] 1035 HHE-3)
Re u AP TR Fo AFolA Awg vEx LARA gt AT Al
WG 7 e 7 QbelA F3hel AF ARG I7F wBEke] Eolies gl
T AT

O ol& ¢ FHY Aoz & gt F7]9 AAE AEEtA] X3 gEo® HHT

ol & B 319 AnE Adsel TARGY AT 5 Ut BAZ YRk
E BRel Ao A1H B HES BAHA v

ofy
o
w
o}

@ Skg(FFI= A

AT dol AR, izt @ Alshe] HHE stdth 1 A Aol el A
W3 EE BAHA ggrom A HSE PPl 23 wpE A 0|9l wo]
a}

2l 1
AA Bee HAY 5 AYOH Polut A¥Y o nE® A BANA
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O 20HzZ 3083 AF F AE 4] A% AP A3 F5 AARA AR} 452
ASE o AR 4F Al W% 2 BEolY

o
2
32 fr
_u
g

& T Abe] Z717F AA GEe] el # gt A
oy guEx ddo] BT & dS oz AgH.

9% 3-60. AE Fo) W A
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A5 A gl AT A B 3 A AT 2 2235

1 1% SEIE AAT Gl § dFe JE A

we,
e

7h = FE AA

O & dFdAE= 9§ A 9 vl 14 9 SFa3E 183 datray) o] N
el 18 (3-61) ~ (3-64)0A KB ute} o] 73, 87 @ 9= Qe 2 9=
o] el & A AT

\

a9 3-61. 73 A8 ©@ujg 7= 3D 2

\‘_\- -

19 3-62 &0l Fol 1BH 7 AL WulE U 3D AA
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O

8@ bl ot

O

L S
[t

a9 3-63 . 73 AE HulE = AAEW

| ot Ty

e

19 3-64. &) Fol HFE 77 g gus dz AA =

Ol

boY (3-63) @ B-60004 Hi kel zko] A @ Wl Wele] HEaE ¥
ARGm) YPO R EEHES AAste] Gulg Fpalo] GFHOR o] HY
AASGT AAR 77 AE g daE 2PelA BE wish go] e
FBF TAFAC ¥2 PPOR /&4 YRS RE W Fol AT

o] HE=% dA A

-

Lﬂr{m

N I

1" (3-65) B GB-68)= HHig A SHE AU F JEE AAE dHE HAF
I gler, I8 (3-66) 2 (-6 &l Fol }%'“ 83} enf-& Fxte] 3D AA
Eoltt 83 H§ FtE gulg o] dxte) Foll 2/30)7¢e] AHYH Aol H
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=5 guade sgon, B guzel Hiel o £43ol WA

e
2,
o
38
v}

a9 3-65. 83 & €HjE dx 3D 24

a9 3-66. =3tol Fol hEH 8% Mg =ulg @ 3D A

Ll e ]




a9 3-67. 8% & Gujg I A=

19 3-68. £l Fol hEH 87 WE GujE v A=

O 83 &nj g dxte) AAA 73 AE Gl 2ol Fof HRo] dYgo s =EH I3
do] Aoz el HESEE AN oH, dFe| Fo| A/sHA/F thA ol

HEE AA s FAFTAC FHoE 7oA A GrE HAGAT

f

a9 3-69. 7€ AAER GHEAE A8 83 AE Ynjg &=t 3D AA
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LLL‘_; e

=i

O 71&9] HAZxZE de] Aol
ol g dotsin, e x4 : 71
ol AARIA 19 (3-69) L (3-70)07 Zo] o] HYTIto] dFEZ T&
FA He AAJIAE AL FJHHAAE e, #3848 A (Finite Element
Analysis, FEA)E &3l S8/ E dd HA3 Je) HAJIAE =&t A o}
b=

a9 3-71 9% M8 =9HiE d= 3D 24
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a9 3-72. &340l Fol /hEH 97 g =g ¢ 3D 2A)

a9 3-73. 9% H& 9uj & I A=
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O 3-74 &Fo] £o] 7hEHE 97 A& gujg da HAEW

O 238 G7D 2 G-719% dig HY 91 AYT & U=S AP dHE nolF
T oglen, 29 (-7) B BIE &b el g kel 3D A7
sololth 93 A4 WHE Hujg o] B Jol Y=ol Bl =
=2 YUUAE stgom, U JEe] HEo) % Yol WARA Y=S

A

UM‘J
jgl O
dor %
L of
v i
069 ©
o
. L
7
o ¢

i

O 93 aulg vake] MAA 73 3 83 Mg Al Lo Fof UHlo] UYPOE 5F
Ho] o] kAo el PHIEE AASAOM, datel Fol As/H/IS
WAo] HES HAlste] FAFH] BEOE )Ll FEE AASIT

O B @A Aass g TAAss g g dae] Fsiue] 43471 4
AL AAR dile datel 24 9 e B
Ag AWHA

O AA9 anjg Iz §38 484 (Finite Element Analysis, FEA)S E3)
(stress), W <¢l(deformation) a4 H fF&5 YA=HE= FXl(resonance) ¥ FxIF3
(resonance frequency) th el A2l W& A|(strain energy)ol] thst 314 & =3
o Y FAHJAE A&t} 3}"12?] HiEOﬂ AZE At 2 vje] AEA
7} =(Bioyield Strength), vlo] @ G-#g 9 FxIFao] gk AARJAAE A &3t

oo L K oo

e By

1

D Ao 73 Ag Hu) dF e FIe 44

O 1% G-79= 734 A& =Hu& datol] oF 0.5kgd AR = w7t Fol AdH
u PP(Polypropylene) & ¢| dxte} A<} A3t HESHo tigh FEA 44
YERH. 24 & 5 kol AW HESH S oF 384 Pam 1xpd =0l A

BT}V ST
LTS
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At A EA G E 7 =(Bioyield Strength) 312.73~336.61 kPa % Hje] AE=ATEHE
181.54~201.76 kPaoll ®ls @A3s] w2 AAE HATH

O I8 B-7602 77 & =Hujg dpel oF 0.5kge] At == w7t & AYHAS
u] PP(Polypropylene) A& o] dxte] HEWM Lo vl FEA 2345 Yelgdch o
oA & F dxo] A Gt HEFRE g Hel= A <F 0.0392 mm
2 ¢z FA °F 0.5 moll vl3] #A3] e ARE BAATE oA e FAVL
28 FAA F el S8 AFEE 4 Jrha AEE AT

" 3-75. 73 A8 9nlg J=ke] FEA S9&iy

19 3-76. 73 A& =HulE I FEA WL 8|4

O 29 @B-77, B-78), 3-79) B (3-80)2 73 x-& =ul§& ol oF 0.5 kgo] AR =
- 114 -



= w7t & AYEAS o PP(Polypropylene) A2 dzte] F2H 2 W3R
of tigk FEA sl ZA7E Yepdidoh sidZds 798 dxte] ZH$-ol= 5~150 Hzo

Z-‘“LV‘ Mol A 4709 &3x15(9,228, 26.81, 30.77, 36.81 Hz)ol AR °l+= 1t

o AZHAE /‘Pﬂr«l 'J_;ﬂ"lz"l]"'l‘ &9l 126.0~217.6 Hz 2 o] FAFu4 o

O 19 (3 NS T % % gl g Jxtol A WHA(Mode 1) ™ol HE A
FZlo] o3 A Emn/mm)o] FAE = P Aig A
Er= tﬂ?ﬂoﬂ‘—ﬂﬂﬂ' 3—‘4"— AL Fxle o3 HEFH 1213l A

Ae Yugth. 2gdA & F A%l A FZ3 9.228 Hzell Ao Hof W3y
A= 1.89 Ji o] HyE Abole] Ak Fio|A @AYEA "o TheF Wate] &0
E 9A HAASA HYE & 2EAYC FAHEHE WP AUAE @) fEF Fdod He
& o 5&’6}% FA %1_4'.

a9 3-77. 73 A& @Hlg FEe] FEA 33045 (Model-9.228 Hz)oll 4 2] W& ol A

O ¥ GB-78)L 73 A& =nlg & F HAMode 2) SN2l HF A
gk iAotk T”AA & ¢ ARol FHA FH 2681 Hzoll Ao A WY
AAE 861 J= FFe] AHUF Abolo] At F& 9 F wgE HFgolA TAst

Al de A HA S A vRZIAZ weF dEe] wolE WA HAASHA HE
+ 2Ag SAEHE HPAUAIE g 55 Ao dEHo &S FA ok

O 29 B-79= 73 A& g9uj& Fxef Al WdAMode 3) Aol oA

- 115 -
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WE sttt el % = Axel FuAl FAH 3077 Hol Al Aol W
UAE 103 J2 d3te] AYE Aol AR RRoA wAsA HoUch A A 2
WA FAMAASE e b 2 wek date] golg Wl AASH FW § A
A5 Aol B f5F o) Aol &8 A Bk

2 H1 =

b

O 29 3802 73 A& =& Fxef v WHAMode 4 XAl MR
iz iAoty Ol & 4 Aol FHA A 36.81 Hzoll Ao A HEY
AUA= 122 J= @3] ZJF Apolo] e FEolA TASHA Hrh oo &
Aol Aot 7R = ke dxte] wolE WAl AASHA HY F EAZ SHEH<=
HEFAIA 7L gl {55 Fdod dEHo] &4 FA I

¢

a9 3-79. 73 A-E 9uj-& JFFe] FEA 3313 (Mode3-30.77THz)o A o] ¥ 3 of| 4 =]
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9 3-80. 7# 8 @u]g o] FEA 3313 (Moded-36.81Hz)el Al o] HF o4~

O sidAas FHHo] AXHEA A Fzte] Mo X (strain energy)= 7 Z7}3h+=

A%E Btk ol B AEE FERAA FAEr AN HE AFS WA Hi
Fae d 2 FANEEER W HEE agduAst = AZEUoM, 19
(3-78), (3-79) 8 (-80°IA whgwel 2 FANUAE FEASINA 1gol tie A%

(3-
Az & AToME LHEA FUTH

(2) o] 83 Mg anf dFe] {F3Q

:?L_',
1

O 19 G-8De 8% A& =uj& datol oF 0.5kge] At E= Hi7E Fo HAYHAS
o PP(Polypropylene) Aj&e] datel A<l #Azte] {58 Yol thgh FEA A A=
et Atk IdHolA & o dxe] A HEHS oF 398 Paz 1xd=ol ASH
A A EA) 27 = (Bioyield Strength) 312.73~336.61 kPa % wjeo] AEAGEF=
181.54~201.76 kPaoll vl @A 3] ¥ AiE RA{T.

ol

O 19 (3-82)2 87 & P& ol oF 0.5kge] At =& Hi7E Fo HYHAS
o PP(Polypropylene) Aj& o] dzxte] HEH S| tig FEA s 2745 Yelyileh 1
oA & F o] FAF Fate] HERE Ui W= 27 oF 0.0463 mm
2 gz FA4 9 0.5 mmoll vld) AT Fe AHRE Bt o)A FF FAV
A AT L well F&3] A & doka FTEEATH

O 1% (3-83), (3-84), (3-85) % (3-86)> 83 & ©njg F=to] oF 05 kgo] At =
= vyl Eo AYEUS ) PP(Polypropylene) @] dzte] FZH 9 wWHF X
of g FEA siAdZdxE ettt A4 8748 o] 4 -¢-od& 5~150 Hze
=5 Mool A 47he] BRM(7.138, 19.24, 22.31, 27.00 Hpo] TAEATH. o= 13}
Wz AZFHAY Ao FxFI4 g9l 126.0~217.6 Hz 2 wlo] FXF34 o
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<l 625~108.6 Hzol WS =7 Hlojue Fa oz g 4=
ZAow AGH A

Y
i
ro

19 3-8l 8% M & €ni& =S| FEA 3

g

Y 3-82. 83 & €nj& J=te] FEA Wesiy

O 2Y (-89 83 4§ 9ulg dael 3 WAMode D FAHAA MFAUA

W iAol TYAA & 5 AFol A WA FAH 7138 Hel el Hr) 9
A 0498 J2 Watel AUF Aolo] Aw RRo] YFHoz wAsA Dok w
oF Wate] ol E

WA AASA HW F AR A5 WA} g 4%
Z shdol Agso] &g F7 Hrh

O 2% G-8)% 8% #& =nlg dxte] & WAMode 2) ¥
g A AFo|th TP & F Q%o

A

Aol o] Mo A] o
| FHA FZ2H 19.24 Hzoll Ao Ho) W3
- 118 -



URAE 267 J2 UFo AHAE Alo)o] Aok
Aok A HA FRHAALL} AR REoF
2Ag e 45 AgoduA 7t gl 5%

OFO

O 219 3-89)% 83 A& =uf& Fae Al WAMode 3) &xIFol 2] oA o
gt sfjqddelrt. Aol & URol Al WA XA 2231 Hzoll Mo o) HE
A= 5.82 J= ‘zUr«l HAUF Aol e FiolM TAsHA HAo A HA P
T A S AAM ) npRTEA R vk GdFe) golE WA AAISHA HW & 2AME

o FAEE HIAUAI 9nf 75T Ao FEH &4 FA Ik

a9 3-84. 83 A& @nj& d=te] FEA 337 (Mode2-19.24Hz)oll 4 2] & ol A
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19 3-85. 83 A& #Huj-& e FEA 3313 (Mode3-22.31Hz)el A ¢

H o 4 A]
1% 3-86. 83 A& =Huj& I FEA F2H(Moded-27.00Hz)ol A o] ¥ & ol =]
O 2% (3-86)& 83 A& =ujg Fato] v WA(Mode 4) TNl ME o= o
oie A Aot AN & 5 xo

A=ol vl HAl FRH 27.00 Hzoll A o] oy f%‘
NUAE 7.82 JE dF o] AYE Atole] Ak HEA DA e A =T 5& HA 5l

T WA FRFANA L v R Tk GF o] FolE WA HAASHA HE F =2AE
o FH=E HIANIAIL Gl FE5F FA ALl &3S FA Hrh

O a4 %"%l’éol AAHA DA o] HFP A (strain energy) = A F7t3sh=

< 7MER FEAA FHETE AAA HYE JAES WA He

AR} A ASEHAeH, 1™ (3-85)

(L)
flo
f
£
.ﬂ

B o
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2 G-89°1 A mehEe] 2 FANUAE FEASIHA 1ol e Anx =

B Ao
A 3eisA stk

(3 o] 97 A& Bl date] F3ais) A

O 28 G-8N= 9% d-& =ul& ol oF 0.5kge] A == w7t Foll AYHAES
Wl PP(Polypropylene) A& o] dabel 2 q) #azte] &g ol o3 FEA 314458
UeEbHAT. A & 5 %ol Ho H5SH2 oF 413 Paz 1xpd x| AZH
A}t A=A g2 7= (Bioyield Strength) 312.73~336.61 kPa 2 wjo] AEAFEA=

181.54~201.76 kPacll ®l3] dA3] vre AAE Hon, HEFste €l 559 2
Aol 71Fo] A

l

il

9 3-87. 93 W8 el o] FEA S

13 3-88. 1-28. 93 A& &uj& e FEA W4
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O 18 (3-88)2 93 A& "Huj& ol oF 0.5kge] AMg = Hj7E Eof HJHUS
o PP(Polypropylene) A} & o] dxte] W g FEA sidd74E Yttt 1
HolAd & 5 Azl A G %‘dﬁl‘i—l‘%f’ﬂ gk |m9e A d oF 0.0547 nm
2 3ol FA °F 0.5 mmoll HlE] @A 3| Fe AFRE BYTh o|AL Fe] FAVL
g HARE L apel] FEI] AR A H, 73 EFot Y & A=
Hgo| 7Msd AoE ATFHAG

O 19 (3-89), (3-80, (3-81) ¥ (3-82)2 9%} g gulg ol <F 0.5 kgo| A =&
W7 Fol AAHAL v PPAAY dae) FHAH R WP iAo Ui FEA |2
H5 ek sl A4 978 date] A9l 5~150 Hzel Fuhd= HejellA 47)
o] FXH(9.08, 27.57, 28.18, 32.16 Hz)o] TA3IHTE ol& 1A= AZHAA A

o] FRAFu oYl 126.0~217.6 Hz 2 Hlo] FAFd<4 th9<el 62.5~108.6 Hz
o] MSE A Hous Fa4 tgygoz TRl 9% &4 E gujg dxZ A
33 Aoz AFE T}

O 19 (3-89 97} g =g < Q9 HA(Mode 1) ZAA|A S W& o=
i3k A A ot I-AA & HA F2174 9.08 Hzoll Ao Htf w3
A= 0.78 J2 de] HAYFT Aol Aot Fio IJFHozE MAsHA At o]
el 7839 date} Zo] de] FolgE WAl AASH HW T A SHH=
HYP oA 7L anl] {55 Faod HEH FA "ot #AL SHEL A
EAFELZIL AY Fota HFP ARy o] e BAgel] HESHA
HH &4 A "k

Y
1o
>>.]l

g
0,
il
e
P

2
br
ox

ﬁd

2 ¢
©

ry o

19 3-89. 9% & &g o] FEA 3313 Model-9.08 Hz)oll Al o] HE g~
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i gl grrgess

¥

I Teympiepyisas peae i pe g

719 3-91. 97 ML @8 Fzo] FEA F3 - (Mode3-28.18Hz)ell Al o] ¥ & o=
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9 3-92. 99 M-8 @u& F&e] FEA 333 (Moded-32.61Hz)oll Al o] W F o] ]

O 27 G902 9% A& Sug dae T WAMode 2) FRHNA WP ol
W slaATtelth TRl BAW 2757 Hzol Al o) WaoliA = 408 J2 7/8%}
& vatel gol WHo AUF Aolo] HE FE D F upga dFelolx B
Atk A WA FAAAAG PR wef wate] wolE Al AASA W@ &
wAgel A5 E WFNUATL Bl FEF FAol ABH| £4& FA Dk

O 19 G-9D& 83 ¢ @ug vael A WAMode 3) FAHAA] W ol
W Aol Al 214 2818 Hzol Ao Ar) W@AUAE 5.92 J2 Wt
AAF Abole] A FRoA WASA HAk A WA 2 F WA FAHAAG v
ANAE wep Bl wol& WA MASA HW F =AY FHHE Ao
bl §5%F Bao] Aol £4e A W

O 219 3-92)= 83 A& =uj& Fxef v WaAMode 4 332l oA
st sl Aot viA Fzd 32.16 Hzoll Aol Hol Mol 6.52 J2 Txte]
HAYPF Atole] At FiEolA EAsA HJAo A HA 3 F iR x| A2k vt
I7HA = wbeF G| wolE WAl AASH HY F EAYC FAHEHE HP YA
7F gl fE5F B g 45 A I

O 347 FxHe] AXHA AA Fxte] HEP A A (strain energy) = &7 F713h=
ABE At ol 22 VIEE FEAA4 Fo57 AAA HE A5 WA He

2 0 2 F4NEEE WA HEZ Wygduxrt 2A AFHAJeH, 19 1-3D
Yol A vl el & FAo WA= FEASIAAl g st Ax2 2 A9

-32
M= A FdTh

£

O £ (-22% Avhg T893 Yol e F53E @ FHUA B 3 ]
etk AYHE el b Bess AEede FUbeha, AENE 2718



= AT Btk WELYo] ks AL HF Uy} o We wWIos HEsn
Athe Ae ofmatd, HEdzol A HW AE Wele dass AYH AHe
Ao Ak
# 3-33. ATHE 7/8/97 el P &S 2 W9 44
7 Fruits Tray 8 Fruits Tray 9 Fruits Tray
Contact Stress 384 298 13
(Pa)
Contact ?;iﬁlacemem 0.0392 0.0463 0.0547

O # (3-232 AHHE dFel thd X H(resonance frequency) %

energy)oll g AIXE UetHATE FollA B i} o] FRIAq A H

A Ao AN} Bers Badtes AL BTk utdoz FHe U
FPRRS AASE WHo] BerE WPAUAY} 2A ASHE AR A3
o EY FAFAGIL FRER WPAUARE FrbekE AFE BT o Ade
2o IR $2oA Fogul AAA H@ AFS WA HE B o 2 FA4%
£5 5 W HEE HIqUA= A ASHGS
# 3-34. A8 77897 GOl ek SR 2 WA A
7 Fruits Tray 8 Fruits Tray 9 Fruits Tray
No. Resonace Strain Resonace Strain Resonace Strain
Frequency Energy Frequency Energy Frequency Energy
(Hz) (J) (Hz) () (Hz) (J)
1 9.23 1.89 7.14 0.49 9.08 0.78
2 26.81 8.61 19.24 2.67 27.57 4.08
3 30.77 10.30 22.31 5.82 28.18 5.92
4 36.81 12.20 27.00 7.82 32.16 6.52

o] Fol| 7t&d 7% dFo i F3 S
$ HF-59(410 Pa) 2 H2(0.0385 mm<= &30l Eo] gle =413 Pa, 0.0392 mm)<}
22 AdE Bon, FH 9 PR A Z

uebA, o] F JhEof el mE AHA e FEFS ul-¢ A

- 125 -



a9 3-93. &xtol Fol rhEd 73 H§ 98 date] FEA Sy

29 3-94. =go] Fol 71EHE 73 HE dWujg BHe) FEA A W9ls)4

(4) 71& 3 2AAJAA A8 dnf GHe] Fhais)4

O 29 B-95) 3 3-96)= 71 FA9 e ALH = HAFIel dABF] F
= A He 2AJAE A&7 83 M& Y8 ol oF 0.5kgel A == Hj7F
ol A=A
ol gk F
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a9 3-9. 71 A 3 AAAA A8 83 GEjdEte] FEA S84

Q |

a9 3-96. 71 A F AAAA A& 83 dnjd=te] FEA 984

O 712 e date] A5 T s AYE7te] YFEe] L T HE 83 A
o] A7 HESEHE02 Pa) @ HL(0.0457 mm)+= 7§ 83 F=H398 Pa, 0.0463
met e Ao Anes uych 1Y G9Ne FAPAA WMAAUA HHAN}E
2T ek IYAIA RE v o] AUTL YRT) & 2AAAA Wl

glom, o]REe AAH Ao ZUREI YEEHE RRow 3

al PA— ’
Aol £4& = & 3lE RO

d
)
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09 3-97. 71E WA AAAA A§ 87 duldae] FAAMode2ol Aol WMF oA

o

2. 174 B SSEIAE AT Hul§ 2o A AT

e

7h a3 Ad A

O 2 AT AAE a8 FFo s {4 H(FEAS T3l -§H(stress), ¥
?l(deformation) a4 2 F&FF HAE = FX(resonance) I FZF=Ih<(resonance
frequency) thd ol Aol WMo A|(strain energy)ll that A4S T3 Ao & E
AE BT dRbd o R AAE AN FEAZ B vl o] FoHERE
Abde] ket M-S Fel HA9 FE 2 AE AAS el g siA S ST

O 7129 A d& al A& PP(Polypropylene) A2 AAA =uj§ JF=to] of
32 A4 (FEA)S 31 S, PE(Polyethylene) #|2d =2 AA|H gnl]& o] sk
A AR} vl 9 FAs7] 98] 83 Wt tiste AEE {34 A

e BAYT

o2 & Ho

(3-98)> PEA A ] 83 F&tell thdt HEHSHoll et siAAdHo|tt siAda F

B2 532 PaZ PPA Ao HZ32(398 Pa)oll Hldle] oF 26% =A AZHALt o]
A= FRasddr d¥Es AEY SA wet SExe Aer AEd
ek A Al4=(Elastic modulus), &7 =(Yield strength) 2 3 ¢}<=n](Poisson’s ratio)e] =}
olof Al 7]Ql% = AFX| o]t

O
U
% (% oo g

(o]
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O Mg PEAIAS HEZSEE 1AEE A 3 o] AEAFELZ 13 2 ﬁﬂr
A2 PP B PE Ade] Wz nF HGo] 7T HORE ¥
2 @D A7 spFo] WE Aol ad Ao

O 1% (3-99& PEAIA9] 8} tUrgl HEZH9 o HE FEaisH(FEA e A
& HoFa gl OfelA B uikel o] sfiAof o)k HEHW = 0.512 mmE A
2o FA4 0.5 mm 7ES 2HsteE W tel Gz AAE AsiA
= #H4 0512 mm o]Fe] FAE A &3t A ok sm

B -
%
&

29 3-99. PE Qo] 83 A g wuj g o] FEA wsls)4

O 298 (3-10), (3-101), (3-102) ¥ (3-103)> 83 & ©luj& F=to] <F 0.5 kgo] Ak}
EE i7h ol AYHAS W PEAES wake] 1A @ WPoldAel the FEA
A4AAE derhch AN AT 8948 wake] Aol 5~150 Hzel Fh 4 slol
A 479 FRH(7.19, 8.50, 10.68 = 12.33 Hz)o] WAL o= 1ad =0 AZE
AW A 2 Wl FAFTSE Gde =27 HoluE Fu4 oz e o
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EAHAE g g dHE AFIT AR FAEEHIIH.

O 219 (3-10002 PEA A2 83 A& dujg Jdxeo T % ¥y
A AAE ettt s A3 PEAE 838 e ASdde
7.195 Hzoll A A E A ow, ¥ F oA (strain energy)+ 1.46 J£ & -3
B o] PPA| Ao 79 FxIHo] 7.138 HzE fAFsHAl A=A o}, A= 2] 75
PP} o} A -5 0.498 JZ PEAAONA ZA A=k

O I (3-10D2 PEAIA 838 ¢ F WA XA 850 HzollA A=A SH, H

o] A (strain energy)x 0.452 J2 A= AT 22 FEfo] PPAAS A FZHo]

19.24 Hz& PEA|ENA ZHA M=o, AR 75 PPAAS] -5 267 ]

2 PEAAAAM AA o4 = A

19 3-100. PEAIZ 83 elnj& Fxte] FEA 3% (Model-7.19Hz)oll A 2] W&ol =]

13 3-101. PEAZ 83 &Huj& I FEA &2 (Mode2-8.50Hz)ol A 2] ¥ & oj1g A
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a9 3-102. PEAI A 83 €& 2] FEA 3313 (Mode3-10.68Hz)oll A 2] ¥ 3 ol =]

9 3-103. PEAI A 83 =& 32 FEA 3%15(Moded-12.33Hz)oll A 2] 3 ol A]

O 19 (3-102)2> PEAA 838 o] Al A 3132 10.68 HzolA ‘jé’%*ﬂ‘}i"ft]
H o A|(strain energy)= 1.02 J2 siA=EATE ZS F=H PPAHEY A9 FXH

o] 22.31 HzZ PEAEolA ZA A=A, A= 45 prﬂ;‘;_l,] 7% 5.82

JZ PEA A A AA &f A= At
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O 19 (3-1032 PEAA 838 o] vl A 3132 12.33 HzolA ‘Q’%‘ﬂ&’i o,
H & ol X (strain energy)= 0.98 J2 A=At & 304\:41«] PP} 2l o] 7 %7&@
o] 27 HzZ PEAANA A A=A, APl 4 PXH%Q_«I £ 782]
2 PEAIAANA ZA &A= AT

O PEAIA 8378 dxte] Fxlo tigh |23 &g A 4=(Elastic modulus), &57F=(Yield
strength) A} & 57 ] 5%% PPAI A A FXH A MPANAR 7 aA ASHATh
o] date ©@AASF ¢ ¥ ] 2 A5 AFste A F48S o
A #AE&the As guidh mebA, 71E FA dFe A9 AA Folrf wol
HP AR 7} FFHe 4D & BAY B HFsA =Ho o] gbjfEFd
43S 4s F A gEgA, Fado] FURLIL dFe] AT T BA g HEFEA
U E AAF ok .

F

&

O 138 (3-104)& PS(Polystyrene) A&A<] 83 dF& o] that HEZLHo that a4 2 w}o)
o AT HEHSH2 512 Paz PPAIA Y 3398 Pa)dll Bt oF 23% A
AZHAT HESH S IA Letes AL FZHA FHY HSANME EA7 AT
BT Y o] FRIEATH &9 gdo]l ¥ Ate AL vt

19 3-104. PS A A o] 83 A& #nj& FFe| FEA &334

O ¥ (B-109)= PS A2l 83 date] 5ol 3k a4 FEA) gk 2
FE HoFa Sty IdolA HE nkel o] sfHo] o3k HEWHe = 0.0623 m=
AAGFS] FA 0.5 m 7|FoZ wg AL HAZ A Aol Vhed Aow A
Aot

Jhl
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a9 3-105. PS A e] 83 H§ =nj-g o] FEA W93y

O 9 (3-106), (3-107), (3-108) ¥ (3-109)2 83 A& =Hujg& Fx}o] oF 0.5 kg9 A
Ex w7k Fol HYHe W PS Ao wate] Fy 2 wMPoAel thd FEA
A4 ase deidch A as 89hg date] Aol 5~150 Hzol b g 9lel
M 4709 BRAH6.43, 17.35, 20.11 2 23.34 Hpol WASHT. ot 1ahd 5o AZH
AR Absh B owje] FAFIS dee T Holu: Fus tdow el o
E4PAE GG U2 AFH o2 BUHYL

0.

O 19 (3-106) PS A& e] 87 & ©vj& o] FXH 2 Wy oy g FEA
A4S Hetddoh A3 PEAE 878 date Aede A WA FXH
6.43 Hzoll A A= Qo m, Mol X (strain energy)+ 0.372 JZ 3| =AUt &
eje] PP A Aol A9 FRFo] 7.138 Hz2 FAFSHA sia = oy, HEoxe] 7

PP A& A% 0.498 J& PS A A A FA &) A=t

O
-lO ok

O ¥ (B-10n2 PS A& 838 dxe] F WA 032 17.35 HzollA A HAH,
Aol L A (strain energy)= 7.08 J= S|4 =Ach 22 FEje] PPAE] A &4
o] 19.24 Hz= PS AAA 2A =l em, WA 49 PPAASL 75

2.67 J2 PSAIA A A A A= AT
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BT g Mebal Shady | Pabpeyrses
Wadw 1. LA 000 A Swais D neryy  [lesees

9 3-106. PS A& 8%} eulg *=be] FEA 33173 (Model-6.43Hz)oll A 2] ol X

Y g Wi ey | F whpipese
LT LTI T P T—
b b | sy

e

e

719 3-107. PS A2 83} &lufjg F=te] FEA %3 (Mode2-17.35Hz)oll A 2] H & oy ]
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719 3-108. PS A& 83 @uig Fato] FEA 3313 (Mode3-20.11Hz)ell Al o] W& o] A

18 3-109. PS A A 83} guj-& Fxte] FEA 333 (Moded-23.34Hz)ol A 2] H & ol A

O 9 (3-108)2 PS AA 878 ateo] Al WAl FHHL 20.11 HzollA A=A o,
WMol #(strain energy)= 6.81 J= A=At 2L Fejo PP A H¢ THH
o] 22.31 Hz& PS AAA A A=A, AFAIAY A9 P PAHESY A+
5.82 J= PS A& AA A=A

O 19 (3-1092 PS A4 878 el v WAl I3 23.34 Hzoll Al LA = SleH,
WP o4 A (strain energy)w= 3.94 J2 A=A 22 FH o PPAA] A5 FH
o] 27 Hz& PS AAolA ZA sid=ANCH, HEPodgxe] -9 PPAESY A5 7.82 ]
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() v @njarg 24 A

7 Aom FE Ao
Hl= Algegor dAd o7 HFH
o}

O Il = AELo =2 75kg tat 093, 1034, 1134, 1232 Arj=E 1 IS 7}
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of Aspsr] EFAET HEHER V1S BUA EFHAES UIE ARHD
1% PSPUEE ©] 8% EYAE ZRIME DHENIL PEHe] vhEgol
149). B2 YA WA o] WAF A @S HBHE Bo)7} of
dato] 1 glor] 015674A WAF A B FA HEAES 60% o4
81712 MOUAIA-S @l ik,
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il
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. 3 e % Alg 8 73 24

(1) Ae Uz e 9 72 =4

O A}3}= 5kg, 10kg, 15kgo.z Bujekelzh Hald dolA FEIRAIAE AT ZLy
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“6ttel” 2 &AL T

O dEEH “Ato]” & 15kgel| 41~5071 71A =AZS F
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S8 7S 2t Atela Qon Al mefo] &AAH] RAgow RAYPTs)
@e Aol BAOIEh AtheslolE, ah% B ol AMSE St FFOlt

= 300golit AMjze] wet
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FETS FHE 8Y T - sl HEAV e 300g, AL dF-HLdFem
s, A Ty RV TS = Zlo] Sl

O WFEZQ FAEZE AL (FAD bkg 143H4tho] Muhe] =, 24, =
324g~373g(3B ¢ 342g), A7 92mm~98mm(¥H  96mm), =o|=

3-110. "u) ol & A7 =4 B

_:]F'J

- 138 -



Y
]

By s e danbunaB
: L~
BHESEEY SEYE
I
i

/
|

S|

a9 3-112. At 5kg - 14709) %, A4, =°] 54 A3

4
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719 3-126. Ab} Skg& 183 a AAF

# 3% AAE A4

rL

(2) B 7.5kg&

123 4ol AAZLS 13 003
530mm X 330mm=. A Al S} A T}, Hj

O HH 7.5kg% 234 =+ 3
Bl
ni 27t dsskeE 109, 113, 12

% 3-127. wf 7.5kg& 103 = A AF
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% 3-128. Wi 7.5kg& 113} &=} AlAF

= =

9 3-129. vi 7.5kg& 123 F AlAF

(3) H 5kg& = 3F AlAF A4

1% 3-130. #§ S5kg& 83 R AlAF

[ =

19 3-131. uj Skg& 93 FF AAE
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:LE‘ 3-132. wj 5kg-& 103 Tz Al Xﬂ‘ﬁ‘-

u E3AZA AE A
(D) Abat Gef§ B2 35 AL

O A4 bkg ¥A-8-2 bkg W&} 19kS i ]'5']' 1 3l 550mm X 360mm X 110mm DW= & 2] A=
AAE AZeAYE 10kg 2482 bkg W 208 £45H7] 2138 550mm X 360mm X 210mm
DWAl Ao MEAAZ A =59T) 15kg A8 5kg @3 3TS A3 @ 550mm
X 360mm < 280mm SW A 2 (SK180/CK180/SK180, A&Z)2] A Z/FAE A|2stth

o

1% 3-133. Ak 5kg-&, 10kg-&, 15kg& =dA|4A A Azt

(2) ¥ 7.5kg ©¥j§ EFAFA 3F AT

O ® 75kg E=AELS 75kg I 1S A8 Y8 550mm X 360mm < 120mm  DWA &
(SK180/S120/K180/K180/SK180, E/B=)2] A& 3AE Al &Fstaith. 15kg 482 7.5kg &}
2ehS x23t7] 98 550mm X 360mm < 240mm  DW A 2 (SK180/CK180/K180/CK180/SK180, B/A
)] AEFAE AZsIH) 15kg E4-8-L Skg W= 35S A3 8] 550mm < 360
mm X 280mm DW A & (SK180/CK180/K180/CK180/SK180, B/AE)2] M Z4AE A =batTh

- 149 -



(2) ® 5kg ©HHl-& ZJAGA 3F AT

O ¥ bkg AL bkg W 19ES EASH] 8] 440mm X< 330mm < 110mm DW=
(SK180/5120/K180/K180/SK180, E/BZ)e] MEHAE AZtetadtt. 10kg E7H-8-2 dkg =} 2
&S 2437 3] 440mm < 330mm X 220mm DW= 2 (SK180/CK180/K180/CK180/SK180, B/AX)
o] MEAAE A2SAT 15kg TAEC Skg E 39S TA] 918 440mmx330m
x 280mm DW=} 2(SK180/CK180/K180/CK180/SK180, B/AZ)2] AEJAE A& st

19 3-135. W] Skg&, 10kgg, 15kge W42 A A%
@) AH 2 oH) gujg SA AAEF S

O s7lA 718 Bd oz ARgsta v IEWS IRASA vig Sido) 2-3%
A Ests WHoR SFx A AAE HAEIY. LEPE 4FEE AESFHOY
7H4A BEE FYS 8}0401: ste MAREH H84s 9 Andg 8w
S 7 FItAE 7]Ed A A AEE G Aot Jdh

ofl off

_ﬁ
ofo
ol
rﬂ
H~l o
o

O ot Skg 24 Aot 284 189S TQstel= HX% 10kg, 15kg 24 Aol
BAGA v vl 3N RS ol dulfFolA e Has T 5
oA,

32 i

I3 3-136. dEAE AFLEHE B9 AR
5 /Ndd =i A 14 BE3)
O Azt duAEe] Hee AAELL aste] Bate] F4& 30mx 260mz 23}

E
Qo Zoxgare] 74e 2.5kgH 5kge SWAD)S Agstgon, 7.5kg7 10kge
Ao AEFEE 7tetdl DWE AAL s,

H-lﬂ
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O 2.5kg#} 5kg& ZHA AL 9 x5 350mm ¥ 275mE 19 AR A5FE 127408, Ha
AN EE 955%, 7.5kge} 10kge 355mmx275m= 19 AAAGE 1202 PH HAE
& 96.8%E TFAIFT

O Aba} 2.5kg(350 X 275X 115mm, AE) FHA A A A & £-95.4%

= 10 DN TR

CoiNs fhs CEEEE

« a M 10

CERR T RN CRE Sk CaEEs T el

O At} 5kg(2.5kg X 2%H) (350mm X 275mm X 205mm, AZ) ZHAA2te] A & -8-95.4%
[Toene || wes || s |

= 30 [N I8

TfEUNE Fho © GRS

#0 LI I

CEAN CRE SRR CRES CAEEE CHE

= AR
o

BB S
L LB R o
BEW

O A} 7.5kg(2.5kg X 3¥H)(355 X 275 % 310mm, E/BE) FHA| 4429 A A & 8-96.8%
[Cowsines | e [ e |

= 50 CHED 2
TDOHE Fhs CAWEE
= 30 CHED D
CTRER CER CRE CHEN CANPR BN
= Nit
L M
HOBrG = ars
Lt AT
BRI

O Aba} 10kg(2.5kg X 4TH)(361 X 281 X 409mm, B/AZ) ZFHAA4A1e] A=) & £-96.8%
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L Lo
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O i 7.5kg(550mm X 365mm X 140mm, E/BZ) ZHA A+ 24 £-8-99.5%
At} 5kg(5kg X 1¥H(550mm X 365mm X 140mn, E/B=) FHA A=+ A A &-8-99.5%

O il 5kg(440mm X 330mm X 140mm, E/B&) =HA|FA+e] A2 &£-8-96.0%
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A6 A AHE NBUINE 3 EAY B 2 B

1. @vlf-F AEHIAE T8 =34 A

O B d7dAxe 1akd=e ASd ¥ G-13D34 o] g
PSD(Power Spectral Density)e} 7% (3-139) ¥ 13 (3-140)3 o]
+ Z4(shock) ZEHLWIARIF, Atk &3S o] §ate] gl ¢hF

He Mtz sk

0.0

1E3

PSD{G"2 | Hz)
m
b

1E-5 |

10 100

Frequency(Hz)

19 3-137. =5 gHl fE ol tie PSD Z=ahd

0.01 ¢

1E-3

1E4}

PSD (G*2 / Hz)

1E.5}

1E-5 P PR T i | ek s nal PP R i
1 10 100 1000

Frequency (Hz)

¥ 3-138. ASTM D4728 Al ++A PSD Z =3t
O dukz el ASTM (American Society for Testing Materials) D4728 Al & A oll A A Al 5}
$74 = sk PSD0.52 Grme)= 12 (3-138)3 gom, =) g $53
63 Grms)ol|l ®l3] 2 W2 FAFHS I g@H] FF584go] o 4ot
g g Aon, B AFgAs A ASH @) §58A s PSDE A



O & dolAE 4489 A% ML-STD-810F| A 7F83ta 9l half-sined] s
99\ o

O

O

- =
2 o8 FAAFL U3

(time duration)& 7 ms 28|31 $&==Z %

20 - ~ =—Demand (G)
k Abort[+] (%)
15k ‘Iff —— Tolerance|+] (%)
Tolerance]-] (%)

Abort]-] (%)

Acceleration (G)

<60 -0 20 1] 20 40 &0
Time (ms)

% 3-139. SAA A 89 wkARIsKhalf sine) 54 Z =3

B Aol Wil fE AR 9% AWAE P FAAG B AGTHL
a9 (3-140)91A4 H&= uvie}l o] A2 7FRI7)(ETS-150, ETS solutionAlr, USA),
HE A% ¥ 34 ZEsde Aolsy] 9% 449 ADREJ W8 AESH, b
o A% % 34 ABE AZHY) 9 AEE A4 21 AFHE ARG
=%, AF 2 FAANG) AED SR AAE FFOE FAT AolRe Hn
QE 139 4AY 7h&= AAKISTLER, 100 @& AHgstgon] o4 Ade 9% &
o Reisk A AAEE AME RASI] AN Q7)) NEEE ASHY
o ES A% D FF 4E A, AR AiE °] S e ol
= 9 Folgo|TE AS

COMPUTER

CATA ACQUISITION

{-W!D'L‘"DGHH

:
VIBRATION
CONTROLLER
!
SIGNAL
AMPLIFIER
29 3140, B HE ARHClAS 9% APAE D FANY TAE

g WA o BAE E G-2DelA Birheh o] FolA n

=
o] =k I x](double-wall corrugated fiberboard) 2 ABZ &
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e =3RS 10X10 mm

o

5120 ¥AE AHgsieH, & 43 9

A=
AZE ARESHAT

A AEE EA
A Ad

2 &g
H 3-38. Zuhx] ZA &= Ao PR LA
Items Composition and size properties
Swe SK180/5150/K180
Corrugated Fiberboard
DWP SK180/5120/5120/K180/K190

(a) Single wall corrugated fiberboard, (b) Double wall corrugated fiberboard

O 3% (3-28)2 Z&txH A9y 2AYS AEE BoF0 o 2487 Wi 4%
ez AHES Ase DEZ g (Extended Polyurethane) 0. 24 RoFol uwlz}hAd
Cushion Pad¢} Cushion Neto. & &3} T}

3 3-39. T2y AL d5ER AR =4

Items Composition and size properties Density [kg/m?’]
Cushion Pad EPE® thickness, 10 mm 480
Cushion Net AB? cap radius, 3 mm 940

(c) Extended Polyurethane, (d) Net with big radius, polyethylen
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(@]
[
E
>E
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m{m
S
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QL —_—
2
e
ofj
B
B o K
8
(i
y
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Y,

e Aok

O Zzte]l §5A0] Foi B wlo] td §F ABdold PSD A 19 (3-1429)
Zo] wUmEle] 9ol 0.0212-0.0481 G2/Hz, ABZ ZoAT HL3hS Aol
0.0197~0.0426 G2/Hz, AB= =3%X] ¢} cup &¢5AE HE0S A 0.0079~0.0328 G2/Hz,
ABZ EZHA9} net $EAS HLHS A 0.0060~0.0154G2/Hz W= A= FHon,
AZ ZoA A 83U W ABZ ZHA H§F 29 2 Aol UrhA &gl

O FAGhockANE A= 17 (B-143)9 #Zo] AH7IEE16G) thste] ddule] 75
o= 231-243 G, ABE I8AT A &3S Aol 19.2-224 G, ABE =3A 9
cup 4SAE HE&IS A 14.7-174 G2/Hz, AB= =3A¢} net ¢FAE F&8I=
Al 123~141 G HAZ AS HAth AT =34 HE3A S W ABE =34 A&

@ A% 2 Aols YEA et

JH

A
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Acceleration (G)
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Frequency (Hz)
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—coniral
a1 r —
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ok
RIS
=20
=30 ¢
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9 3-143. AAA A5 A&7

PSD {G'Hz)
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1E&

1E6

Frequency [Hz)

(b) T Hj+Z2(DW)

a1
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1E2

1E4

1ES

Frequency [Hz)
(@ SLuj+ABZ+5%
4 Tduje] A JAeAE 2y
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5 |
% 10
g o
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a0 b
I > = A
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2
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Aok
P o —t
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O g4 A2 Ho dd JF 5S40 o
HAd WS ol &ste 7=l AREEHI =
T AEdod 4R =F
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O 83 Zo] #Fd7 AolE
100 @& Aht B owje] e el
< AAst e, AP 2A8ATE ol e WAs] A8 Aol 2 1N

=2 ol&3ste] 18-

O 28 G-147) % (B-148)2 1atd =l A58 =@l 587 PSD Z23d-& o] &3}
AR AFAE7NZ AFEE A4 A 1hE PSD 2 44345 YERd A0
o 39S FlA A FXIFg Yo A PSD7Y 5438 FUF =M, SAAEAE
7 4E FA7EE06 Gl M 38% UM 7HE=EQ2 GO7F 2E9HAT S A &
S51 e A EAA2B(F A I =/PSEHFA/PSH E(cup)S AAZ oz 9n) {5
£S5 g HE {53 Tl 343 PSDY T BAEHA Ha, ols & A
H7b WA He FAVMEET SVl Hol Ao E4o] BAE gEo] vl EA
He Aotk

O 2% (B-149) 2 (3-150)2 =Hulf 5874 PSD Z29dS o] &3sto] AAA AFAY
S PSD B 4235 yehd Zeolt. 23S F3A

I 543 S7kstw, Abatoll wls k3t 22 PSD7F Al

AL, FAANEAR 4y FAERA6 Gl Hldl 7% A" 7HEE0A5 67 =
S @A FeHL A= W EAAIZR(EFAY =/PSEHE/PSH(net)S AA

A HH 538 ol 4% PSDe F717F 2 st
A7FEE7F S7FsHAIRE v 2GS A ol vlisiA ul

'—— control |

0.01

1E3

PSD (G¥Hz)

1E4
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Frequency (Hz)

a9 3-147. AR AFAD7E o1& A 2ASES] AE IF AdAH
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1% 3-148. AR FAADINE o &3 AT LA Ee] FAGhock) AP AT
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E Ed=, A

O 919 Az

AT ) FERY F &
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e A HAAH. weps 2 ATl A

5
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IE

A A
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O Aoz anzel e B £ & Sddo] B
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AEFAD AFoE Q

A WA=
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o i

o 19 B-15DelA o] #A Foll 600mm ©] 2] FoldlA HatE =

o,

O olA™ AAH FAF 247MEwe] Wshs Ao oA Ao BAHA o
B, Qo] o|@ AEka B ent 5o Ao fRE BARE AL & 57} AU
o whebAl, e AS B 594 Fol &40 WAEE BAL Qe @ 2
QAo A" 4 ke Aol

O o2zt &4 23 ZUde BAS7] HAsixs dF

= ) = Aol o3 AgA BAHE 7
2 glols Zol AY FAW, BAZAE A AY Fo WAHE FAGS A9 F
e HFEFL HASRE Aol AY §oldtn], & ATNAE RE HHe] FEHY
2 BA5te] %

AR, ul el g F A 2~HS )RS Th

A, hock
20
VG iy H
I
| A cwmrmar
| Duka'v
ea i
Bah 11
20W 06-17 T 8310 20W 0820 £00 1104
Trip Time
jf—_——
Ny vawstion
1 G RS
L
| =y r Ll
Il
I ‘i‘l‘“
DO RS M LT SR 63T 20M 0620 231 113404
Trg Time
1060 mm
| Do mugen
1 1
O NG SR EV T I0W 0620 L 11 A58
Trg Time

19 3-151. BE-38 77 el =239 (Shock, Vibration, Drop)

3. At Bl o) "l fE ANES T EAAH B4 2 R

O 2 AFolAE 18 (-152, G-159), (3-154) B (-155)3k o] Az B W] wul 4%
ABE B3 2AEE AL AAF BF BAY B4 Besng stark 190
A BE sl gol FAMEE ANE dug Ex

& AN Atk g wjo) ARl

AT F U el PR 43U AD 9 Fol UAE UBD 3o A4
AEAD7 14 F Lhdsol ASE g 4587 PSDE ol 83te] FAEAYS
EREE
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AZ® PSDE RolZ:3y 9th dwixoz Aztel wje &

o] Z7lol W neto] Wad Ao BREHYL,
ol 2aHA el A AE PP dsst A9 B ulE YHRE 13

4E A F A 2 W FAFERS gl 4587
g0 % FANEEI A FhsHE @l WA HEE
FA7VEE} F7VeE 202 BuE

control signal

.01 !

163 |

PSD(G*2/Hz)

1E4 |

Frequancy(Hz)

1Y 3-156. Abte} "niE EAd At

control signal

01k

PSD(G*2/Hz)
3
s

m
L

1E5

Frequency (Hz)

a9 3-157. Hie] HElSE AZA Y Az
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g3 AAN A2 WE F o 24P

o] =
HEgIohE FAFAE el FANEE UGS PAT F YL Ao B

O B AFA 127 /e AAF da 2 =A% (cushion neds o] &3 dju) &

ol-&ste] Bl FEAIPES 1zl AAH AAstAT. 9 (2-22) 9
TE A 9 oo HElg ZAAAY YR FANEE, LE 9 GE
A= F A= FA F2E golgZA4 SAVER (3X90, Lansmont Co., USA)E #-=+
o IApd =S} e A= -8 (A, w - AsEh)) 73kl tigk g@n 5

2£ m\m

19 3-159. Abd ez JE AlA Fell the B Al AE
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O ¥ G-160°14 & = %] 1ad

O

G FANGE BEE T AOE 2UE AAF 124 AE A ) 4
AR FA7SE REEN, 1Y (-160& 1AWEd ASH FANEE Bx
Solt.

A& st AZso quiEe 44FS
2ol A D wiel AAF thE wu 4FADLS 0
WS ggkom, Bale] £ YL MAE FAR A%

A kTt

ek

Trp Tems

19 3-160. 1xpd = Aal-3Hd 773t gl {5 S47MEE XS

a9 3-161. 2apd = JiE AlAlE Asi-d T3t 9el 15 S47MEE 225 (D

el

19 3-162. 2= A AAE QA-HETL A6 £F FANEE BEE ()

=, A W ool £ S Rtor, YuEoR 83 sbsdel i A
o5 AHAY. oY 2AEE gl §F HPL B3 AAB BT 45e AZ
g EAsgon, gul £% F BAHE FAEEY da ENE HU F 5 99
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AT A A W G EFA A83)
L ogug g3 39 AL
7k A 2.5kg B F3 AHEGE)

O 1date] A Wit AL AWyl 458 Fol AU o] FEo] HulfE F
of 9% FAS wgre W AT FFEF W Hol = A BYRAY o] B
nekaly] lalA 2AIE BE FW AL Aels FAL WA 21 2 flelA
29¢ Ausha.

YA A ArhrsiolE
99 WHE F3o] A25|H]

[}

3ol E= o]

/‘J%%OWUJ s Foll vhEo) wE U
=}

Z x| gty gAY S AAFIL. Al
mto] olalA gl a FEs} Eof el Y=
o] o] WMAElE FTE O & E7}of A

O Au=slolE 10kg GBulg T4 WAL Aol $EAE A ol AU Skg &
dol TAFHT 7hew FHA NSE FYSAL T Skg datol AE el G
ulE S e

O gz 743 F 4= JHesiale o Ao dHie 8% IH% 22 dH=
HEELS T8%E tFE0] Wol 44 FEH A 3Fo] U TF A 4=
T2 dEeolnn. oY Ao ddomE dHVF vEFH| Ao 1A z;Eo] adtA
O 2 o] FofA A FU AFAE ALEH W] Yujy Fo ofF 4% IFe
Tol AAA = digo] Ao Ao &S oA X3lr] v oz AdH AT

QS LG
2% 3-163. ) B 23

O Mg At g TAAE ol g3te] Al Me] $EAZ AGSA B el 95
=gk ALgSle] EHlAES AAG ATt e 20% olulR Ui} Z)EY 78% vheg
o Hlsl WA e ARE Agiom ksl Welsk A RS AST AR e =AA)
e A A% wglt)
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19 3-164. AU x3olE an&E AY A7)

O @Mz W$d Aste] TS FAF A% Ae FUAN BAHE G A ¢
AT A% FAE WA W& AL AN AT DA AW F As A5E 3
7] 18] AR F PRl Anst HHA Wol =i Bgol WAL

P "

19 3-165. £xFo] Foll AsA A3 W

O weba dae] Fes &go] Fol ot
dat FANA £3to] L 9 FH=

M A N4
13 3-166. F&e] £xo] et A" 2.5kg 84 Uz}

O At 25kg 73k, 8%, 93 Wae] BAME nebstel 29 AL AUsigon, 4at
A UHE B8 9u) AP A A% HF Fol 2 B4l A wAHA

a9 3-167. 2k i 2.5kg ‘/’Uri gl s AF3 23
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19 3-168. Aba} 2.5kg 73, 83, 93 = =3

L. Akt 5kg & 53 EEF)

Arstad A st ot A
153, 163}, 1734, 1830l o
712 39 Assigon

O Art 5kg& HHE dx AYL 35043, 163, 183hHE
HAH s7F R FEFAAEAS] WweE A3 133, 143,
T =3 Mol BF Fedte AdEe At A
I AdEe I"d 2o

G AL A7

i 4 TR FRTS
R AR AT

"‘::.?{l !}l' 4

173} 183}
1% 3-169. AF# Skg = S @A AR
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o ®l Skg AL

O i 5kg& %Jr% Tz AL 331434, 1634, 183HE sM¥ataa Agstg ot At
A 7 @ FEFAAETS] W A 133, 143}, 153, 163, 173, 183 th3k
3 o] % FesigE AL AUt aHA F1E FFE AFsigen 1
ARBe 193 2

AL 420mx310m= 5L AASGoM gole Hel Arel mWet Q)
ato] A=FaATt.

153} 163}

19 3-170.¥§ 5kg & =@ A A AR
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2t. v 7.5kg & ANE

23] FAL 420mmx310mm=E TYsA AP Tol= FH5o Zv)d wEk ¢
o] zAgste] A=stthal 7.5kg 8 FHE 2 Age 33107, 113, 123hHE A
stk Agsiiont #f An s7F 2 rESAAEde] | A 83, 93, 103 11
3, 123, 133 tigk 59 o] BT Fesites 28S A U4 FUtE 59
S AAstgon 1 AREL 19 2ok
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Characteristics of Domestic Distribution Environment for Parcel Delivery Service of
Fruits
Hyun Mo Jung!,* and Su Il Kim?
Dept. of Digital Contents Design, Kyongbuk Science College, Chilgok 718-851, Korea
’Kim Su Il Packaging Development Institute, Choenan 331-961, Korea

Abstract Agricultural products packaged for transportation are put in the various
dangerous environments owing to the damage factors like vibration, shock, compression,
climate etc. under the distribution process. On fruits packaging for transportation,
especially, the shock and vibration is considered as the most important damage factors.
A major cause of shock damage to fruits is drops during manual handling. Especially,
the damages of fruits during the parcel delivery service are very serious. The parcel
delivery services of fruits are increasing and contribute to increasing of farm house
earning. Also, the freight vehicle is mostly used to transport the fruits. Shock and
impact generated by the freight vehicle may give serious damage to fruits. The
optimum packaging design of parcel delivery service of fruits during transportation is
required to reduce the fruits damages. In order to design the packaging system for
parcel delivery service of fruits considering the transportation environment, the
comprehension of characteristics for vibration and shock generated by manual handling
and acting on transportation vehicles under various road conditions and loading methods
is required. This research was performed to analyze the shock characteristics,
acceleration level and power spectral density (PSD) during the parcel delivery service of
fruits. The overall level of recommended PSD profile in a specific transportation of
parcel delivery service for fruits was 0.63 Grms.

Keywords Parcel delivery service, Vibration, Shock, PSD, Apple

*Corresponding Author : Hyun Mo Jung Dept. of Digital Contents Design, Kyongbuk

Science College, Chilgok 718-851, Korea Tel : +82-54-979-9558, Fax : +82-54-972-9733
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Characteristics of Domestic Distribution Environment for Parcel Delivery Service of
Fruits
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Dept. of Digital Contents Design, Kyongbuk Science College, Chilgok 718-851, Korea
’Kim Su Il Packaging Development Institute, Choenan 331-961, Korea

Abstract Shock and vibration inputs are transmitted from the transporting vehicle
through the packaging to the fruit during the parcel delivery service. The vibration
causes sustained bouncing of fruits against each other and the container wall. The
steady state vibration input may cause serous fruit injury, and the damage is
particularly severe if the fruits are bounced at its resonance frequency. The
determination of the resonance frequencies of the fruits and vegetables may help the
packaging designer to determine the proper packaging system providing adequate
protection for the fruits, and to understand the complex interaction between the
components of the fruits when they relate to expected transportation vibration inputs.
To analyze the vibration properties of the apples for optimum packaging design during
transportation for parcel delivery service, random vibration tests were carried out. In
the random vibration test, the resonance frequency and PSD of the apples in packaging
system for parcel delivery service in the test were in the range of 13 to 99 Hz and
0.0143~0.0923 G2/Hz.

Keywords Apples, PSD, Packaged freight, Resonance frequency, Parcel delivery service
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Table 2. Averaged resonance frequency and peak PSD of apples in Packaging System
for Parcel Delivery Service by ASTM random vibration test

" Resonance P:Hli PF5D
frequency (Hz) (G*Hz)

Sample Box | 61.1273 0.064288
Sample Box #2 72.7124 0.072263
Sample Box #3 68.9443 0.060327
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