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SUMMARY

1. Title

Development of a Post—harvest Bulk Handling System for Onions

IO. Objectives and Necessity of Research

The post-harvest practices for onions in Korea, i.e., carrying, material handling, and
storage, have been accomplished mainly based upon net packaging, such as 20 kgf-net
bags or sacks. However, such a net packaging—based handling system may result in a
decreased efficiency in the operation of loading and unloading and an increased risk of
compression damage. In addition, there is a difficulty in removing the bulbs decayed
during storage, since it is necessary to individually unpack onion bags contained in the
bulk pallet. Under the conditions that there are both a reduction in labor and an
increase in wage due to rapid population ageing in Korean's rural society, it is
strongly needed to develop an efficient post-harvest technology that could replace the
current 20kgf-net-based handling management system. Post—harvest operations for
onions with lower cost and higher efficiency as compared to the net packaging system
would be based upon a bulk pallet—-based handling system that includes the collection
of onion bulbs in bulk from the production field, bulk carrying, forced—-air drying and
curing, storage in bulk, automatic grading and packaging using a box pallet with a
standardized size. Therefore, the objectives of the research were to develop a
post—harvest bulk handling system for onions that could automatically and safely stack
and store onion bulbs in a newly designed box pallet to achieve higher—quality

maintenance and a reduced labor power.

M. Content and Range of Research

1. Analysis of current distribution status and related technologies for post—harvesting

Korean onions

-Survey on the actual conditions of onion stack and the specifications of pallets
- Analysis of the current status of package standardization and engineering
technologies for post-harvest onion operations

- Study on highly developed post-harvest technologies and future perspectives

2. Analysis of bulk characteristics of onions for the development of bulk-handling



mechanical equipment

- Investigation of response characteristics of static pressure drop in onion stack to
different sizes and mixing ratios
- Investigation of ventilation characteristics of onion stack in bulk pallets

- Analysis of friction characteristics of onions under different roughness conditions

3. Development of a post—harvest bulk handling system for onions (I) - design of a

box pallet for through process

- Analysis of design factors for the development of a box pallet
- Specific designs for the specifications, types and material strengths of the pallet
- Performance evaluation of the prototype box pallet in terms of the distributions of

temperature and contact pressure and distribution efficiency

4. Development of a post-harvest bulk handling system for onions (II) - design of

bulk—handling mechanical equipment (BHME)

- Fundamental designs of the system for bulk handling of onions, such as a
conceptual design, the operations and controls of the BHME

- Identification of optimum working mechanisms and operation conditions by
kinematic analysis and computer simulation of auto—dump

- Specific designs of unit mechanical elements for BHME

- Analysis of working performance, efficiency, and economic feasibility of prototype
BHME

IV. Results of Research

1. Analysis of bulk characteristics of onions for the development of BHME

Responses of pressure drop to varying heights and methods of stacking onions and
the friction characteristics of onions, such as friction coefficient and rolling resistance,
to different roughness conditions have been studied. There were big differences in the
superficial velocity and static pressure drop of onion stack depending on whether a
ventilation pipe was used or not. In addition, since the static pressure drop was
strongly affected by the porosity of onions in stack, a mathematical model to predict
the static pressure drop at different stack heights was developed. Effects of the type
of working surface and the shape of onion bulbs on the static—friction coefficient and

static-rolling angle were also investigated.



2. Development of a post—harvest bulk handling system for onions (I) - design of a

box pallet for through process

A box pallet with a maximum loading capacity of 1,000kgf was developed which could
be used as an essential device for bulk—handling of onions. The optimum dimension of
the pallet box was determined to be 1,300%<1,100mm by considering the dimensions of
current low-temperature warehouses and the loading efficiencies of trucks (more than
5-ton) as well as compatibility with Korean standard pallets (T-11). Feasibility of the
prototype box pallet was verified by examining the distributions of air temperatures

and contact pressures on onions at different locations in bulk.

3. Development of a post—harvest bulk handling system for onions (II) - design of
BHME

Various design factors were investigated to determine optimum operating conditions
for a post—harvest handling system mainly consisting of an automatic feed hopper, a
control device for automatic feeding, an inclined belt conveyor, an automatic
empty—pallet feeding device, and an automatic pallet unloading device. An electric and
hydraulic device was designed to operate and control the whole system. Optimum
operating conditions to stack 1 ton of onions in a bulk bin within 4 min were
determined. That is, onions could be filled with a loading capacity of 90% and a flow
rate of 250 kg/min when the auto—dump device and conveyor were operated at a
tilting angle of 77° and a belt velocity of 9.69 m/min, respectively. The dump
performance of the system was estimated to be 86.7 tons when considering a working

hour of 8 hr per one worker.

V. Plans and Recommendation for Practical Application

From this research conducted for two years, an application for two patents has been
achieved. Also, two students received M.S. degrees in engineering and four papers
were presented in domestic academic conferences. A public demonstration to show the
performance of the designed system was held in Muan, Jeollanamdo. For future work,
about 3~4 papers are scheduled to be submitted to domestic or international journals.
Also, a plan for transferring the developed technology to the participation company will
be given shape so that the spread of the developed system can be promoted. To
overcome a current problem with the high price of the pallet box developed occurring
due to the high cost of investment made at early stage, it is suggested that the
dimension of the box pallet in 1,300<1,100mm be included in the current specifications of
standard box pallets (LS A 02167) of Standardized Logistics Equipment approved by our

government.
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*2)FHAZE HHX F(plan-view size)2] Zo] W Y]] digt & &XF 40mmd & (KS T 0003)
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24 FEIAALD AL +3E(1,100x1,100mn) (KS T 1002)

sgus] ST s TEE Lagaa | sgus) ST Daaas | I g
-1 | 1100<1100 | 1 10 | B - |13 | 423 | 34 %7 | BP
11-2 1,100%550 2 100 B K |[11-37 | 450x3% 2x4 9%.7 B, P
11-3 1,100x366 3 98 B, K | 11-38 450%216 3x4 9.4 B, P
11-4 1,100x275 4 100 B, K | 11-39 440x330 2x4 9.0 B, P
11-5 1,100x220 5 100 B, K | 11-40 440x220 3x4 9.0 BPS
11-6 733x366 4 887 B, P | 11-41 412x343 2x4 934 B P
11-7 711x338 4 91.2 B, P | 1142 | 412x275 OX4+2 9B6 B S
11-8 687x412 4 936 B, P | 1143 | 412x229 3x4 9B6 B, P
11-9 687x206 2x4 936 B, P |11-4 388%355 2x4 91.1 B, P
11-10 660x440 4 9.7 B, P | 1145 388x237 3x4 91.2 B P
11-11 660x220 2x4 9.7 B P | 1146 366%366 3x3 9.6 B, -
11-12 650x450 4 971 B P | 1147 366x275 3x4 99.8 B, K
11-13 650x225 2%4 971 B, P | 1148 366x244 3x4+4 %9 BS,P
11-14 641x458 4 978 B, P | 11-49 366%220 3x5 9.8 B K
11-15 | 641x229 2x4 976 B P |11-50 | 343x206 2x2x4 33 B, P
11-16 | 628x471 4 96 B, P | 1151 330%220 2x2x4 %.0 B, P
11-17 628%235 2x4 986 B, P |11-52 325%225 2X2x4 9.7 B, P
11-18 611x488 4 9.2 B, P | 11-53 320%229 2X2x4 9.9 B, P
11-19 611x244 2x4 9.2 B, P |11-A4 314x235 2X2x4 976 B P
11-20" 600x500 4 96 B, P |11-55 306x244 2X2x4 984 B P
11-21" | 600x250 2x4 994 B, P |11-56" | 300x250 2x2x4 99.2 B, P
11-22 576x523 4 100 B, P 11-57" 300x200 (2+3)x4 9.2 B P
11-23 576x261 2x4 9.8 B, P |11-58 293x220 3x5+3 9%.9 B, S
11-24 550x550 2%2 100 B, - 11-59 288x261 2x2x4 994 B P
11-25 550%366 2x3 100 B, K | 11-60 215x275 4x4 100 B, -
11-26 | 550%275 2x4 96 B, K |11-61 275%220 4x5 100 B, P
11-27 550x220 2X5 9.2 B, K | 11-62 275%206 4x4+5 9.3 B, S
11-28 523x288 2x4 9.2 B, P 11-63" 250x200 2x3x4 9.2 B P
11-29" 500x300 2x4 984 B P |11-64 244x203 2x3x4 98.2 B P
11-30" 500x200 3x4 982 B, P | 11-65 235x209 2x3x4 974 B P
11-31 483x305 2x4 978 B, P | 11-66 229x213 2x3x4 9.7 B, P
11-32 | 483x203 3x4 976 B P |11-67 | 229206 | 2x3x4+1 | 974 B, P
11-33 471x314 2x4 9.9 B, P | 11-68 225%216 2x3x4 9.4 B P
11-34 | 471x209 3x4 9.7 BP | | oo . 0 B
11-3H 458x320 2x4 9.7 B, P

*(B) &3%7](block pattern, row pattern), (K) xth< 47| (alternate tirerow pattern), (P) ¥ & 47|
(pinwheel pattern), (S) 2334 7](split pattern)

#1,100<1,100mms A1, 2, 3,2 &3 A5 2Fste] 9o stEe) %8 g 697H4] XHEE

x1)1,100x1,100mm ¢} 1,200%1,000mmel] &&= &= =5
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HAE NS WRAE FHOD TRVATAKS T 18094 TS TAS FNE

3E 2700 wep HATY AR olEYSAEE 2219 Kellicutt Aol o3 FA s B

B F

F 26 e TFARS VE(=RAZA) CsrEFE v, 2007)

*

*

*

T =34 TF i A R FE
2kgfn] Wk okHF A 1F 6.5kgf/ciro] A
2kgfo] 4 10kgfm] 2t A ZaA 2F 8.0kgf/ciro] A
10£2%
10kgfo] A 15kgfm] qF olFTYHZHAA 1+ 8.0kgf/cmo] 4
15kgfo] A+ o] T U HIT TR 2% 10.0kgf/cmro] A
¥ 27 F3A9 £4 7]+ (KS T 1034)
- bils AR (o] 2)FA4EFAE (KN/m) .
== 715 5]3],/\ o (o
e 1= epa) A/F B/F C/F T= 6
= S-1 638 ©] A 341 o] 3.30 o] 3.35 o]
ok 2% S-2 785 o] 353 o]t 343 o] 347 ol
A 3% S-3 | L177 o) 5.12 o]4t 498 oAt 5.04 o]
4% S-4 | 1570 o]% 7.14 o)X 6.98 o]t 7.06 o]
AB/F BC/F 10£2
1% | D-1 785 o] 496 o]%t 490 o)A+
=9 % | D2 981 o] 5.29 o]At 520 oA+
=A % | D-3 | 1373 o] 6.39 o]/ 6.35 oA+
4% | D4 | 1766 o] 853 o]t 847 o]t
5% | D5 | 2159 o] 10.02 o]4t 994 o]
=349 AA/F¥ AC/FY (o] 2)FAd=7t=+= AB/FE EB/Fe BB/F £ 7]8 & BC/F&
77t NEow @
FAA o FEFE(Pa)=0.95x> (2ol 47t JdH=
(O12)F A A=A EKRN/mM)={ZRC, + 2(RCt - t)}/152.4mn (4] 7] 4, RCe=2FolH o] & A Al(N),

RC=E4A19] HAHAIN), t==FZ2&(A/F=16, B/F=1.4, C/F=15))

_23_



Axd 24 PE

Fe A mAA ¢

—_ — —_
N oR ﬂ/l.A 3
™ —_ N
of N I =
i3 =
il o o
& = x
mﬁ =3 Wy
o =
B x
M 8o ol =
Hmo = T No &
NS iy S o
Xo L RO = o =~ N 1od
muﬁ Eo 1_,_A.o my m_.T.C m % =
W — T Inde ~ 2 —
~ o < > = xT
o B R Wy I o 3 m ol
T o — Wz o e O 2 m ot
- a nAR — < o< wm
S I R
ME e W N ® ° ,HL + wm_ © Nr
< T T X S B
M_W < aur Ty % W T 3 < L,E -
- AL fat NG >
Wmﬁ m_%%ﬂ @%w: m S O3 X
A8 — . A
Mﬂmﬂ i T8 ® A T 8T oo N
o Wjo E my % I %
T DR PP W E g O T O o
R Xy I s Moo x  m . 0X
o HME| wE ey Ry S8 Y
omu,o ool i_n .. i, ﬂ’ N Lt MTM MM — M M ﬂE o3 gl_A ~X
%(iﬂ ﬂﬂﬂﬂmwyﬁ ﬂ@nﬁmw =
o o) R HE T o I s 5 i
of =) ol oy TR® R L R ol R
Eo o Nk .@l i_u A.r- < ~ ph = o0 ) 1
Ho el T T i R N I Gl
~ O . ~
B Ho| m O7° " o e w7 oE W.L o I o
%EE% TR IR s e F$AAHM 3
ot P Y PR X S
' | AT ar — ,mﬂ ﬂ_El N = ~ ﬂ_jw
W N XK oo o g0 <|NI= o*ﬂﬁgég T
&o —~ X _i
o WM TN T = — ~ X oy X o7
. |[EHESREEIE T TRELe 3
—_ S o — — — I wo 2o " o
o 70002_;?%%% = AN € = S So
- oy m o] o] o] BK T = .
= = R e = T 2
O N ﬂ ™
TR R R T B

(%)

o

=

THIE
k:l

100/B,p
98.4/B,P
98.4/B,P
98.4/B,P

A

1y2
;_l:

633
785
931
931

1,798
3,912
4172
4172

_24_

200
160
220
230

1<~ (mm)
220
300
300
300

)

2175
500
500
500

okgf
10kef
15kef
20kef

A )

#*(B) block pattern, (P) pinwheel pattern




4. 3971 A st} =5

¢

oy
G

—_—

0

®
A
-
ﬂ_t
)
o

5]

L
.

ZAGFAKS T 0001)0l A

z:yl_

Ao,

-
1

&A1

o

ﬂl
Ao

3} gl E 8} & (palletized unit load) TH$ =

61—]:

o ¢

oo
oW
Ny T W
B
—
S
i mv(r_n )
A By
ny o oE
B R °
)
% K M
WM
q 2 -
X =
X oS
= ol o
do o
=
Cw _
" 2
N X
oF B =
S
T
Rl
S B o
<
ﬂuu,m = alt]
A
e
SRR
< B
T B
J 0% Nr
—_ -
zd
n_mo
w 4
el
o
N o o

stelatqlel 7178t

of griE oz

a7k 2435k &

2 =

JESHE 9

To
il

AH-E

=
LA

g glo} o2

3=

7

59

-
T

AAA TEHETFe] &y

A A 20kgf

B

LtERd T

20kgfel 10kgf-1%

(package size)

PN
T

l

xol—
a}

B

ki3

%

t}

2}

¢

EE

T
k=

9]

_25_



- NI
. MOt,lemw:L o
® FTTH wm T B SEEo 4y
el P 5 = T oy M M o o g _ 3 zluﬂ%
SRR A LR S T o X
¢ mo —_ o\ ~ —_
= "o T dm ~ T 5% do ) wrm £y T SR e T Nr
] ﬂvlﬂdudﬂ W w " I R y X
[N \olw Wi = o ‘;Iopﬂ ,;Jorﬂ ~o l o &O _fo,._ o) o ‘.IVOFL ‘rIJl ‘m_wl
N N o ™ o i nA_I_E 1| X ~o do iMﬂZX ﬂZﬂﬂﬂﬂw
U S oF g = - U MW o o B o )
FLobw T & B Gm g L MR S TR
— = T ol of — B g0 : J -
5 m " W LA %0 oK B IR R T ) ) = E T Bl o5 Hi
X o 2B A W PELRNE CHRERT CA
— T — e
o @ Wommﬂﬂﬁo_uﬂ,_ W_Uuio% ﬂo7ﬂfm_ylou Wﬁﬂuiﬁo ﬂmuﬂﬂ
— =~ v —_— Ty
U N w%uﬂmq@nﬂ mﬂoho QE%WMH B oT® Ty
o~ 5 T E?QM%Q% = M T I IR g TR
g < © = MR oo m 1| NS L o o o CHMME B o=
NS x = %%ﬂmiﬂﬁ LA Y o Vi 8 0 T 5 o
X g s 8 TEr ot due wma o Pl g e X28PTT Bk
L 2 © " S o, T o S CRL R DR R UM o
© — i G GO = < N F _
5 08 ™ F B BN S %ﬂ_iﬂaﬁ o m g S
m 8 RO 2 o S N W o= © o TR R =T
RIFESES RSO o oE S — i HE <) T oy o gy e
TER K EY = O T o W og P E oH oW C s
X £« S & Mﬁﬂﬂ%#& ® o] © o o M oF ® o xRN iof
o Q |.__|. mv ~ Pm_ﬂu == O_H . Olﬂ ‘Hor N X io el m o _zwc ~ N " \WL OE Et ﬁi = OE s &o
U= R X o o A o =2 W R = = AL N X B om
J.JAMU Rl & ﬂmﬁlﬂ_zfdﬂﬂﬁﬂ = - Jowowe Muﬁ Do§4uomc z,#z
R d oo WYL 5T TR WIS TEe® s W
A2 zET Tw o S m R aﬂ%E;ﬂE_@.@ﬁ%;a o N
W o w o R ,ﬁoﬂﬂo ‘mﬂ, ‘m_ﬂﬂmmhu _ZEMﬁLtﬂl I ﬂﬂAﬂ ) \MMﬂﬂ.u(W\ M ,o|_§_
T-omE - %aﬂ_zﬂ%%ﬂﬂﬂm @_dﬂftﬂ@&ﬂn%a% T %
PV I gﬂqmi%;tam@im a%%wi@@ﬂ%ﬂjm R
. O o i e
=y B E o = W = ovaMﬂ.M% Yo _ T T %
B0 RM =5 B0 R A A T 7 T = TOoOE o %agxlﬂﬂaxﬁ
A g =W il 1,_ﬂ%%ﬂAz%%@W%mﬁ%E_z%%uraﬂa%%mﬁ
- RI P % e Ao <0 m = <O K = R
- _J__.A 00 0 X ~ m o) ﬁTE._o %Edﬂ JIE ‘m_uldﬁ;o
00 o S ® R W o <A r ook o G =
wl wi %EA_EA_ hhﬂ%w.%ﬁ%%ﬂ%%ovm#ﬁo%ﬂﬁ%ﬂo%lﬂMrWme%
CANCAN SN PMl :u]ﬁﬁ}ﬂo X O - X ° © K to 90 0% o
oo EERC o W oy X <0 L,
58 288 Sx e a Ve T T T oE o 3w o N AP TRCAE
1 1 1 1 1 > »A_l i} Eﬁ Lf E%E _ZT.C —_ O#E N ‘m% = _ | ‘OI ,ﬂﬂ : At WT._ = S«L
1%%%&5ETﬂiuﬁﬂoﬂi_?%@wﬂ%ﬁ 520w %o
) mﬂyﬁﬂmwmﬁ;;;{as&w mﬂw%a@og%
- N NG _ S 5
B R - o O Hy o =y R° T el 2 o o o 1:..,l ) = i B ~X
%@Wﬂumﬁl# o ot E I oh W Em  RW
O
TEHREm T EL T o wmE A
B oo™ R

- 26 -

H} 7}

=

=

A= AAQAG A



_— : P PTT TR
— ‘ RO AR T T
W T= A= =y io \ﬁ 1 :.L ‘_Ir,Vl,._ 1v_A|O % ‘OI .ﬂmo
e LT i e
— FH L - Wiapﬂi ;nzn%i
| FEEERE N ooy <N R < s
B < B PN HsTom
4 eI OFRE P rxgw
riz= M) oy o W = d H oMoy
== /, B o B9 T T oo
gaaly. = + FETa® WLy
3 5t | 0 oo .
HEEREE = &E S NN
AZIE] HFEE T QHH% CREANE
=5 M= g o Egpw N T
Y 1 = —_— —
FEEECE o o ooioTz BEHIE
= — s s % = Mo — T
Hlz= e Q2 oy X N = B T ooy
EER ZE = LI S op AF —
== He = - ﬂ il X xo ~ X o
g n— : | i o mo Mmoo WL
Do= (s e iz 0 ~ R
m SR S . SN T
~ ~ ! el
.#OT o) ‘.Q; 1Z_W =y Z‘.ﬂ ,_mw_n X _foT E.E
S g o T w or
ﬁ_: ND g XX — B K
+F 50wz D n
i ° o o W %0
__. I I A S L St
/ ® Pl L SIaw
{ h.omﬂu_'o_wa m)n%%a
( q o F Tl Hw o
,A _:_u_l ,mmuUn_Alﬂ_OIﬂ_mo m_ouﬁuplﬂrw_
= 5 TRz ws ¥ 5@
3 G %Mﬂﬂ
3 r RO - = B
R T B
N i N B A
- L
X S B T

_27_



—_
o

il

Sk

=)
~

Foll 43¢

o

- I X
- 1

= R us 9)Fe) A

7o} 4

] #o] o]

=1
=

=
=

el As Az, A

A 3

H —

ouie)

E #A v

el

-
e

SRR
o1 A o

IH

AR 9l=re) Abglell A

1,

5|

bel, 2z, A4 o) 7

bl AEgezel 3

BT I

ol A -

hyA
-

AL
00

Hlo
%o
Mo

o)
]t

°
mK

ks
R

Ak

FEwe gojLbop

S

2] 7g ol A

MIEER

15

A=idlE 4

A

S

oF

weba el

98 BA4E el 24

A}
2}

s

Q]
=

ol

~
0

&

<0

A

)A

il
=y

_28_



|2 27 k(reducer)®] €]

Y o Hlo ~
- o) = .
T Wo Eoﬂmﬂﬂnmww ﬁ%ﬂo %%eﬁ
= T o 2o 2 ~ XS
b 2L TEesE mE £L. S
<% Tgryf 7 XY st BT
0 T ﬂArO ji ;In_ﬂ “% T $ ﬂ ﬂ LH ﬁl ﬁE :.L ﬂmo —_
X W e o] 0 o oSy Ao o= T o 3
E:l ™ " o "o e on R —_ L o
U CEC H N ™ W o
—_ T - M £ M i o o
S TE SEg_f % ke T
Tl < o THER & = o i o < B
B B ma < o g
% T o T W N R zw ol
[l J— ) —_—
0 s =2 Feg m_m o MR mﬂﬂﬁ@ﬁ o %ﬂ.@r
T a3 - . — —
oo . T TE oW i I R
X ~o T o~ = pu! o X w =t ol o o 4 0
~o o 0 .AT ™ I £nm
== ey n g M5 A = o° N = T T
- ey ohy & o do § Mo ® o0 W = < ap
o _;_au T o B kS ™ H o= = ©of o
= Gl M1 %o W o g J we o W —m X
™ or N 4o o & o 2 = X %o £ %o T
A_I R o < ®/ o = O do T o iy 1_1.0 ool g __ o
H__._._ ~ " o= 2 Do 2 m EK o < g ™ il
= KO T  E o s T 9 % B O W
— (R S = fo E G
~ = N T o w & w T o Mo o B ot of X
s — o = 4% 3 = AF = B ﬁnxn% S o ~
iy N ® Mﬂ_ % o 2 &S Rro° o x X D = Mo e |
_ 5 j X = = o
& = P OEEC¥e TEZRaLoa P DT
~ N — = T = T W o° st P
s K TR Ex 2] EE Yo i T S
K _1,% 4 = To 3 N o} N )AE i Al T N e < Ho ey o 7
130 b Uudﬂ Eﬂlmﬂwq ﬂﬂowﬂﬂﬁﬁu - T %o_u MMﬂﬂmo
< o R N o MW B R
= wE S P oy & H e w0 O N o N
=< —_ OME [av] 1 mlL 17_.A —_ I Lf ey jl X -, on EO S :.L ,_Ifw._
‘Aluﬂ T X o B Mo ) W %o T N =% - o* O T ol
" e 2. ﬂu%xo%ur o e o O
> o e X B oo X M I = W T = ol —_ o ~ O~ % =
AL E..E )AL JMI ﬂArO ~5 ~o MWO vt OL X N oy ﬂ o T ﬂ_rm ;.O,._ N dﬂ m_mO N
o© - " R AR R i
&aﬂ%%%%ﬂoﬂ%vﬂasz <= .o
T ok oo < L R o ooy p mom mm o =% wo P
A T e oo T W W g m_ v AE S Ar
T hoﬁﬂ%lmqaburl,ﬁiﬂﬂ L o f & TE oaw
=3 Py om Py g B of mT oo K 0 v R R B g
03 —_ £ M T ™ ¥= o)) [ = o oju X w ot ﬂ_u ro nm 2
T ONELEL LT ZIE PR T =N
(\ N = —_— . . DU - %O
~ I X 3 N m _ ,WF X oy
=W W

=
=

71&7]
°]-&3l

=

=

=

=

sto] 6mme] ¢}o]o

S

- 29 -

St

S

. .
9}olo] A= H(wire screen) HE|E A 2t



2!
ol
)
o,
B
oft
o,
ol
N
Jo
offt
=2
of,
o
o
N

A7) sriels] warE T8 4 @3

air inflow
@ G 6mmx 4ea(nipple)
stack box 61)¢
/ \ T | _¢_100mm 250mm
onion T
escccces flow conditioner digital manometer &
wire screen | pitot-static tube

fan

a9 31 % AAFe A FEFF S3FA A

W

d47ds A= digital micromanometer (KIMO MP202, 0~1kPa, £0.5% of reading
+1Pa, resolution 1Pa)7} AFEHSI, FFF AS At FEHEFAHA= A4 (pitot-static
tube)¥ TR E mlx=WEH2~40m/s, 3% of reading *0.1m/s, resolution 0.1m/s)7} AF-&% A
ok mEe ARSE 2 F9F 1,717Pa(175mAq), 3% 67CMMS! DALl B 12 943l it

TFE 2AE A8 AdH FIFE HHEAA ds7ld FEFOEA HE7e SEE A
ofgti= AQ1 QAWM E(inverter) & AHE3FA AL, BUle 37 F&5S &3] 4357 s Wy
o7 17 3104 HEo] $25.4(t=1mm), Z°] 500mme] pipe 12071 = Al-&3le] FH FS24 (tube

bundles) & %4 7] (flow conditioner)E A2} A x]slo] o5 Fa] AU F52 kA3 A

B2 A5,
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Ao Algd gyt S ) TR A AufHH
o] ok 70~80%F At v HE FTo2, AF daldx ol FF3te] 57149 A4
Aaod G Ay e APC AAdA neA AH T FAE EFEFECEARE
Adg 9, 200702 dAE FAAET o S, o], T 3 TEeE XF AdE Ao
T},

53] At FA4A Ad 5 olEd £ WwE AlPeAE =o]7] A BEA AFH7
£ 33 B3 AAHH

o 7)1 A &ite] g FE Aol #HAdS A s bl did A4S 47
stafjof st T A= T7(equatorial

[e]

=d, 2 dFA= ¥ 329 #o] tds AT
diameter, D.)3} T+ 3l(polar diameter, Dpy)2] 413 =
25 o) el Fg AEE5EAAS YER ST

|

Polar diameter(Dy)

|\ rd

Equatorial diameter(De)

a9 32 ukel A=

718kek2] 3t 27 (geometric mean diameter), D, = (D.D,T)"* = (D2D,)"? for D.=T (3.2)

_ .. Dym
T3 & (sphericity), S= i (3.3)

% 100 (3.4)

D
3= & (porosity), P (%)= (1 - D—B
T

o] 714, Dp=AFE" = (bulk density) (kg/m’)
D=2 % (true density) (kg/m’)

J|m
o,
2
o
S

%

ol
o,

E 31l B ATl AGE el 7 BHE 10048 UF 715

o e
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i 31 Aol AFEE Fukel TlskerA 54wk

TR = o =
7747 (mm) 93.4(3.9) 82.0(2.9) 70.8(3.3)
AX () 4.1050%10(0.5001x10 *)|2.8040x10 *(0.3187x10 *)|1.9050x10 *(0.2308x10 %)
A% (g) 374.3(32.5) 262.3(20.4) 182.8(18.3)
A% (kg/m) 919.6(28.7) 941.4(29.1) 963.4(28.9)
THAE (%) 95.9(3.3) 96.4(2.9) 96.7(2.6)

o : D=>90, d]; 90>D=80, =; 80>D=60)
x2)7] 8} 84 =
#3)V=(1/6)(Dgm)’

120 ¢ ‘
£ 110 I e Extra-large © Large A Medium L
S : - T
5 k e fo, 08
5oy A R
Yy— 90 i T - ®
© r m %EQE 5 0“ . :.. I
2 a4 a A aamalBRUERSHRT e Tee § .
[} 80 A ‘A AD = DD = PY [ ]
g ; N “AWAHDQD%DE 1 e
3 70 : ffuf‘“‘ﬁ‘?ﬁmmm OO O o !
‘_E A ﬁxgug:f =" oo
a r A |
60 +
50 - ! : : L L L 1 I I L T
60 70 80 920 100 110

Equatorial diameter of onion (mm)
1% 33 A AHSd ekl A Fae A7) B E

. shglEe] st A A

ofy

£4 A9
1 489

20kegf-1EFE G (Dol x4 A =81x23em) & 2+2" ABAAs = FYUE X5 Skef- 1ELGE
(Ao x A A=40x1Tcm) 2+2° ABDAA 7h58 M52 Z2AA ASAAY AAAL2E 2 2a}
Atk olwl ¥ 31 RS FEste] 242 FHAA FPESE FHAA TS I
7t AE M e AA AR A E LA ASAAG 7P <A 2 x 3z 0] =740x680% 740mm % Tt

)

2

(2) 2948 % A=
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ArEdE daAe s AAE e AAA Frldtolze] A7), fA], dE 2 A
g AAAREE A7) st AlRte A A Akl thael 471 A A F el st

oft ofx

FAS APsArh $E) AU YA A3 244 AR Z, P GAF wAwg
$EY 2ARIFES 4AF] AYFHE AR AFSATh

-Type #1 : B7|5bo] X 4712 LxHW ] 28 & F5 x| 3 A2 2 )
-Type #2 : E7]9 0] Z 3712 WxHH| F=xoz A8 ux 3 2
-Type #3 : B7)7o] =7} gl AHE A7)

-Type #4 : Skef-1EYXEA 2+2° AL A A

20mm ¢ 60mm, L=740mm
< > F T
pilia

S
V|

20mmi
A o0mm
Y

¢ 8mm

Fobe] WEANNAGAE AAGEY Ul FLF HASHoE AriAAF) AT

Fol dig AvtAAFE ATEABE SAHNG FAE ok 17 3504 mE v
shgro] AF WY ALE WS b d HAAWR 9 0% A WEEe, AU a7
E2 92 5 At UAY 4%7] so P4
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W] vl Q1

W
)
-5 %4 7] (flow conditioner)

e

2
ol A

m b

o}
H
o

2

(performance curve)S A 18] whus Hol ZF A5 digh
a fan)o] ¥t}
o] & Yeld 17 3604 BW, AEH #lolA Y FF
o> 28.26CMM¥F+= 11%9] 235 K& 257 #4004 2
g FF % 1L.30CMMIF = ¢F 6%9] a5 Kol 3| &= 48 5
AA AsH 1k A7 AT
E3E oy EAWAAE olet FASHA Ao IAEHELETE =& 5 A A5l 9F
7t Abololl ox= Zith olof e Aol fFEo] F4E F4 L 23U (velocity profile)o] ZF
ez gol & S0 A7t 7] "Wk ow dAdE
wEbA Skute] A7pdE g Edu e AAAsE Al Y IHERE A8 S
of FjF-o] i 4w (flutation)= HAasteto]l AlZF el g eAE E9°
FTHE A 4T v YHoldt ddE Tt webA Fn AR Sl g AgA
T & & 20CMMeolstoll A 65 WA A7 A3kt
_ 35 -

#4) AP, = (X Sy (=33
2g
¥ 322%EH FAY<EA(total pressure drop)S T3k
(system characteristics curve)= Z28|™ ¥ 363 2T} o]

ol A=

TAE AR AA Wk HELLS A A vl x
EWgko] FHE = gl A reducer), 9 X $-(elbow) 2
THAgENR FREET
3E 32 IR wE A=At S gE e
- Revolution speed of fan (rpm) ol
o83 875 1,167 1,458 1,750
&3 (m'/min) 9.65 11.30 16.96 22.61 28.26
T4 (Pa) 106 359 706 1,212 1,794
- ksl A AV (Pa) 102 343 670 1,150 1,698
- wire screen”(Pa) 1.9 794 17.84 3177 49.64
- A48 (Pa) 1.06 356 7.24 11.98 17.70
- reducer” (Pa) 0.04 0.15 0.34 0.60 0.94
- A12.9(Pa) 0.78 3.10 6.99 12.42 1941
- 522471 (Pa) 0.35 1.39 3.14 557 8.71
*])measuring value
*2) AP, =1.071 %f)? (AP=HE RS 53 tEE4 (Pa), V=3719 HEHEZIES (m/s - m), e=&=
E(&T), Orths ] NTE (&)
AP A Ex Ly (-BEAS, Logtel el (m), D-wel WA (m), -39 WY
(12.07N/m’), V=% (m/s))
FE = AT
T ETE AL A" S
S84 Aol e Ae=A
#e] =5 (working point of
°F 25CMMo. &2 Z4e| g %
FZTHL 12CMMoz ZHof 9
Aol o3t FFF
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a9 36 A% ST A

N, N Pl )
30 2400
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25 : = Airflow (OP) /EI | 2000
: = Airflow (MV) e s St
= 2 .p 1600 &
= i ressure (OP) ] =
O i -e Pressure (MV ==y ] p=
; 15 ( ) s / 1200 g
2 : ’ : ] 2
E L 1 o)
< 10 800 o
i ] L
5 1 400
550 800 1050 1300 1550 1800

Revolution speed (rpm)
¥ 37 %719 ZEH 24 3 Aele o4

(OP=operating point, MV=measuring value).

Fuke] A7)ek ArE E9ulEol wE Aot Addde 19 389 dEtllth 19

w
o
S
w
—
(@)
3
rlr
=]
MN
=
hy
ox
off
p T
(il
iy
i
s
v
o,
N}
(@)
(@)
-
J
0 d
=
o
)
)

e s
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AAziol M= AekAdste] 54 d¥E vEhligdth
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e
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2
rot
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i)

(a) AAA 24

a9 38 Fu AT o

-3
2
s
W
)
N
-
0
o
ol
Jfu
o2
2
o
—%
s

3o (0w B

71eb B 3
= o7 B
A =7 EFu Lol wE AAstd s FEEC] 2 HE U5 gton A
olg} AR IFL W AgAe T s ¢vrd Ao Yehytt
¥ 33 Aol H8d guie Avid 2 A7 EFuen AEUE
v e(EH:T) O A2 e (kg/m) TEEY(%)
S 526.5 415
o 558.0 38.0
= 576.0 36.0
Sd:o:F=1:1:1 549.2 39.0
Eo:0:5=1:2:3 566.1 37.1
Ed:oF=2:311 549.9 389
Eo:0:5=3:2:1 531.8 409

sDAFEAE AAA A AL V=(1/6)(Dgn)’ = A2
x2)21(3.4)e o3 ALt
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Measured Value
a*x1'b*x2"c

Measured Value 700

| 600 a'x1Mb*x2hc
i —~— — 600 =
- s00y S 500°
400 5 S S TS - 400 £
- 300 LSS 30 2
— 200 % . : = ":“" 200 %
[0 o o oS — 100 &
> U A ";;‘__ = = . |
Measured Value ®
a*x11b*x2*c ;gg
— w
—_ 500 &
— 400 g
AN s SN .
————— 300 2
AN =1
= 200 3
100 o
0
= CH S 10
(b) Sofith:5=1:2:3
700
Measured Value
g 600 a*x1%b*x2"c f,__,—-~<—4">"/4>7 700
Y 500 — 600 E
S 400 - 500°
% 300 ~ 400%
g 200 - 300 2
& 100 — - 200 3
0 - 100 @
Supe 5
Tigay 40 =}
C/a/A/r l%/g’c,-,f, 207 > 6 5{; 40
e /14/,,,}2] % % Zacng Depthlom)
= N W
(c) Sd:d):%=3:2:1
- - = 5 - = °
a9 39 &Ik A7 AHHAbst 54, a9 310 &I A7 EH| &l uE
= =
J4AE 54

Fob AAFO] U AGLAE AR ES BE wel A4 Qoly AP SHo=
GJeEE H% o ggdeR 498 & Aok 19 3119 w9l A4 Aoy Aus|FEe) uf
£ AEs SANAE FE0 2 ME A5E Agon] PuEse FA% 58 74 &

ulete] ApolE A YERR
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1000
i ,
—. 8007 = EL AL Y 5
(S
é_\u i ~EL.L:M=1:1:1-EL.LM=1:2.3+ELL:M=3:2:1 /‘
g 600
S : - '
e L
S 4004 /
a i
200 '//
0 5 —
10 20 30 40 50 60

Superficial velocity (CMM/m”2)

Y 311 el @9l HAzely ¢

= » PD =a(SV)*(SD)" 2 PD'=a(SV) 2
a b c a b
= 00114 | 17167 | 07838 | 09958 | 04030 | 17650 | 09528
o 00187 | 17265 | 07187 | 09974 | 05367 | 17612 | 09388
5 00188 | 1.7472 | 07307 | 09934 | 05653 | 1.7837 | 09277
SdiiliE= 111 | 00088 | 1.7321 | 08717 | 09958 | 05712 | 17144 | 09716
Sti:E= 1:2:3 | 00136 | 17096 | 0.8268 | 09933 | 06168 | 17381 | 09547
StioiE= 3211 | 00056 | 1.8048 | 0.8832 | 09938 | 03638 | 1.8005 | 0.9692
+PD=9r2] 28} (Pa), PD'=¢k¢] A4 Zold ¢+ s}l (Pa/m)
*SV=2H7]F<% (CMM/m'), SD=AA zl°] (cm)

2 AAE Syl $FEA FAS 9 AACIAE ux AEAHR
E719t0] ZZ 47 (type #1) =S 370 (type #2) A
Altype #3)9F @3 2EWEH G R 2+

A Ao Zhztel uigt W) A& ZRUFEN @9 AAZel F AYAtE 4
stol(1g 3.12) 1 23S 219 31391 YeEhidTh



80 1 T 900

, SV (#1) SV (#2) A SV (#3) ¥ SV (#4)[ -
60 | -+ PD (#1) 71PD (#2) 4 PD (#3) v PD (#4)]

+ 600

70f /750
A
.

50 | 450

Superfical velocity (CMM/m”2)
(wyed) dop ainssaid onelg

40 -{ + 300
30 | 150
800 1000 1200 1400 1600 1800

Revolution speed (Hz)
1% 313 FEAE g AAFed ZRVFE} AAAs (SV=superficial velocity,
PD=pressure drop)

(#1 @ 71Tl INE 2z AHEAA, #2 1 F719|Z E Ze AEAA, #3 0 Tl 25
ZyA k= AEAA, #4 0 AR G9 AA)

O
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E 36 Fstel vhAEAy

=]
AR A

e

Surface materials Size grade Normal pressure (kPa)
Items alvanized
galvanize

plywood | rubber steel

Static—friction | 04561 | 0409 | 03563 | 04459 | 04067 | 03693 | 04267 | 023970 | 0392
coefficient | (+0.0567)* | (+0.0333" | (+0.0344)° | (£0.0512)° | (+0.0516) | (+0.0484)° | (+0.0591)" | (+0.0594)™ | (+0.0550)>

Static-rolling 13.17 1543 10.84 8.3 13.46 17.60
resistance | (#3777 | (+478)° | (2426 | (#252° | (+269)° | (+3.02)

small | medium | large 0.58 0.98 1.50

*All data represent the mean of five determinations
#*Platters indicate the statistical difference in rows (significant level at 5%)

0.6

Static-friction coefficient

Small Medium Large

Size grade of onion bulbs
a9 315 AEuA Fuge] Ao wE AulaA

a9 315004 FIke] AupEASE BE A7 A FE>aF>oldEa v ol
Aok olefo] HEg-S Bahnasawy 5 (2004)9] 238k Egyptian onion, Kingsly 5 (2006)°] <] gk
dried pomegranate seed, Baryeh(2001)2] bambara groundnuto] 3t A2}l 2 AR5
At 18y Topuz 5(2005)2 orangeo| thdt AwupEAl4 ghol A F-FHo] & stgto|y of
Amgdo] Hla) & Ao® B vf glar, i} ofAdwmgyel g FupaAF3k Alolol =
1%2F 0.1% FeFFolA SAA Foldol Adas il g vl

AntH o w <yt A SFE AupERAlTE Zow, dupate] AvE FHSHE o] AnpE
Fol mA= ]
Hol| mE GupEA G i) EAHEA (variance
analyssi) 27}, }%E‘?iﬂr Fapre] Aol Wi s fFeldel AL, EHdHA A=
ool AATGE 36
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o, 784

TAHE S T E(rolling)2 Tl 9§ Aol ke A S
Yol T sAbEol AAE =Y JvEEsdw HAY AAAE ZARsE] dsiAeE TEAE
(rolling resistance) %=+ & ] oA Z(stability angle)S &olok 3t

A& A S(static-rolling resistance)> AvlaAlG S 9] A go] 7}535Hd
(Workmg surface)«] =% E%Hoﬂ =4 °okJJr?(omon bulb)E 71 <tgst FEZ 2

O

=

=
W?—Ezwo tegae muAd, Furel a7
o 7| A= AulEA S 5

_Il}l
o
>
o
offt
1o
r (
=)
i
=3
e
i
Oy
5=
oy
lo,
i
N

=

37 Fo7e ATEATY

Surface materials

Items vl a1
Rubber Galvanized steel Plywood
Small 10.09(+1.70) 6.02(+1.95) 9.03(+1.89)
Medium 15.48(+2.02) 11.31(£2.17) 13.59(£2.09)
Large 20.72(£2.13) 15.20(£1.83) 16.88(£1.86)

25 1

20 -]

B2 Plywood EERubber EGalvanized steel

Static-rolling resistance (deg)

Smalll Medium Large

Size grade of onion bulbs
o9 316 Aexa Fapare) Al mE A5 A

3E 373 2 316004 He upezto]l ATEARS mpEEd Add #AIgle] Fukte
A7N(AR)7} F4E Fon, wd BE A7 A rubber>plywood>galvanized steel ¢ 1T},
Bahnasawy 5(2004)2 Egyptian onion®l| W3t A3 AFEA e Fuo BE =7
oA ZsH Ao FWHo] rubber>plywood>galvanized steel £ 0.2 ZFlow, FE FHo|A
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k R
pyzL{l—eXp —%y)}, [y ] ax 277 for y=h (3.8)
) ) R exp(— —h)
L, W h PRV
P= j ﬂ{l—exp(—u—ky)}dydz(dx)zj ﬁ{h—i— R —E}dz(dx) (3.9)
0 0o H R 0o M pk pk
21(39)¢] AA zZolo] wE FHAHo] LxHA & WxHWHE AA| Zo tfsle] U3k
PES @93 bEa AG9E B ol rgel AvHnh a4 GUs Swve) 24
S % FEY AAE 2V ARAEY ey Y (2, V)= (/2 5h/s)7h Ak,
n
R exp(— —h)
P:ﬂ{m R —i}xb,w (3.10)
I pk pk

o] 7] A, pfﬂxﬂ Zolo wE FWHud zget= FEYE (Pa)
=F kel WAlol o] HupA 4
7:%“44 Hl 55 (N/m')
R=% <47 (hydraulic radius)(¥t 23} ¥ Zdole] H]) (m)
k=<3 ¢} 2 Al 4=(lateral pressure coefficient){=(1-sind;)/(1+sind;)}
Gi=% o] WHnt=Z(angle of internal friction) (deg)
Hele] A8t F F3E (N)
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(a-1) &713o]l = A X (bottom) (a-2) E7])3}o] = u)A =] (bhottom)

(b-1) &7]13e] 2 A (middle) (b-2) &7]9te] = w]“d 2] (middle)

(c-1) &7]3}o] = A ] (upper) (c-2) & 7|30l m] A X| (upper)

a9 327 AFIL YA F 2047 F GES AAH FupFy 9XE F/LeE BE

hyA
fn Y

(2) A e

A

Aol AxE oy SAHA 2eAdn G Abolo] HEXHS ddsHA sHr9g A E
A2 27FA B, 74 60mel sk A& FItE o] &El A AW &35S mE RE{lel 7
A (type #1), & 3ty 774 8mm AEQ YutE R2EuE 1112 vy HEAA AT A
H (type #2)2 UWm A Fut=S dEHHA AAT & A9 FFEFE AR dEdE= st
9 A7l A= ¥ussls W, 5 U e A el doM = & Aolvt glley, 3
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(9]

Pressure [kPa]
S
(42}

N
Pressure [kPa]

w

Measured Value *
a+b*x1+c*x172+d*x 143 +e* x 1M +f*x2+g*x2/2+h*x2A3+i*x2"4 —

(a) &7]go]Z AA]

10 ‘—

bq [

— 9
ey ok
RN 7% -5 g
’/‘IL"" Ha s
2 X -3
1 - 2
‘%f,bzso -1

Measured Value .
ath*x1+c*x172+d*x173+e*x 1M +{*x2+g*x2"2+h*x2"3+i*x2"4 —

(b) &7|¥fel= mdA

a9 328 F7dolx A FFO wE dEEE.

9 328 = E ATE FE AAE AAE FHAECA Frigtelx A frie wE A
Ao ALy 4E98 AAER Yepd At TFoA Ho] Fr|vo]x MR fiol w
g ddE= e gyl Arjel o] 2 AbolE BT =, BVl ZTt dswe 719
o] o] ¢ FHAHAA Hd 4 Fe Kl Wi Fr|vlolxyt gl A9 AAHE T3
A HogkS Btk 1 A7) JojA = F7IFelZ7F Y-Syt oF 6.9kPa® flswe] of
9.1kPacll H|&te] 24.7% A& ZHo 2 el
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>!<2)8‘3’*X6"&+2UoL
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2k

#3)whe}
#4)F3te] T

Br)gol 7} gl Ao Ad ¢4E @e #AHGHE e (hydrostatic pressure)s]
H=541.80kg/m'x9.81x1.6m=85kPa Rt} <zt 2 o =AHdLd), o= oFute] Fi AE
0 e e 0= oA Ao BANY, AEe] FUNA APY FHoR P
@ F% greo] 2l FHRAL AW Fupel AW Alolo] vhRE AP Awko] Fhe) 4
g dre Agsts dRE oy WEow wwdd.
a7, Br)stolmst gl GdEAY ARG e fAGtH JPn 4e gor =
gEQer, o AAE GyEe] LxHAS AidoR /e Aeolmr $7]stolxs} 44w
Frte] A Fe] AR AWstn Y3, Wuite] vpAE Qg FFFEA el o B
A,
ol9} o] utE JEAEHE AU} A} o] W0kef-TEYEH G2 KA
& A9l SYE AAus Fate Fuh e e 2vlg AR was] s, el
215 YAl A48t el 3% 382K EH XA ‘dd ddEHE F9e 4 85mE 7]
Foz Bul o] 7o EJUAy FYE AW WHES VFor dgPAY ¢HS A
& oF 12.3~30.0kPa¥ T},
ol E AFtoA HAAE B ENA Fr]go]ir) = Ao HlsIAE oF 1.8~4.34)], &
7]9bo] L7} gl Ao vlaiAE= oF 1.3~33u & o EXHuE o)eto] AEAHE
A RS} 20kef- 1B FEG AR APl o) Aolst dAGERAL Fape)
Hol A v A Lo go] v xSy wFolth
ATE B3 Y HeUEe] Frigdelze] g SFREAEA} E Ao P,
o =i AgAel ghel g Yol £ Foled BrITelze) st & Aew At
ot
E 38 0kef-1BFEG @919 A A Fuhel PH4
PP e G| | EER | e | 5 <Es
(FEx3) | (LxWxH) (mm) e 2 A% (%) 223815 (N (kP
C“égm“ 1.265x1.260x1,900 | 8x4ehx2= | 647 281 116~100 05~176
Chomnam | 1,260x1.245x1.810 | 8xdvh2Z | 647 30.0 116~100 05~176
(P) 1.260x1.245}1,500 | 8x3ehx0= | 487 300 £~70 144~123
Kyongnam | 1.350+1,260x1,800 gk 64 39.1 167~143 2095~%3
(H) 1,300x1,250x1,600 | 87 561 39.1 146~125 B8~2.1
Kyo‘(c’g)‘““ 1.370%1.260x1500 | 87 50 302 169~145 208~256
Kyonghuk | LAOSX1000x2400 | 7Thsebes | 703 399 181~155
S) 1460x1,100%1,800 | 7dx4ehx0= | 561 9.1 84~T2 147~126
x1)2+2" A A A (pinwhee)(ZF = wthujd) @ AES)E FIJES 71 HE FTAHo=7 5
FA 2e i 3 A 7))
s g
cm= At =A38E gk
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3) =784

b el E 228 thA R4
A SFEAES G AAT A
4264kg/m= FHE AH & =
=

o] A& AEA A =
A= okl AA=9o] 7] A = B
ﬂ“ﬂﬂ3ﬂ45ﬂ41%ﬂ%%ogq.

o e &
2 9F 386~451kg/m'e] A 3L
ol A e BAle aEREY A

3% 39 FAES AA &8

398 HY, A AHEH
AAE

SHIE X](LxWxH) (mm) A2 S ES AAF (kef) | FAADTT DA (kef/m')
1,265%1,260%1,900 Qx40 1,280 429.7
1,260x1,245%1,310 SIxATh2% 1,280 450.8
1,260%1,245%1,500 8Ix3 T2 960 408.0
1,350x1,260%1,300 Q8 1,280 4181
1,300x1,250x1,600 Qb7 1,120 430.8
1,370x1,260%1,900 gpx7et 1,000 3%6.2
1,405%1,000%2,400 TIXEE2Z 1,400 415.2
1,460x1,100%1,800 TixATx2 % 1,120 387.4
1,300x1,100%1,900 A2 A 1,000 426.4

*1)8 <6 EH+21

o

ESh oF e
A}%ﬂ—‘f 450)%, 8& % 1158 Egd Wd AHa&L UiE 5
A= 5% EfelA 80% oIl 1 o]del =gl

s e e
s

® 310 EEO A4 a&

3E 225 "A BASEe] UEbd E 3105 Fastd, sl w4 FEo
A
=

S 925 AAEE" (%)
(LxW) (mm) 115% 4= (9250x2,340) | 8% =745 (8000x2340) | 5= =745 (6,250%2,280)
1,265%1,260 1€ x7 (51.5%) 1€x6 (51.1%) 1€ x4 (44.7%)
1,260x1,245 1€ x7 (50.7%) 1€ x6 (50.3%) 1€ x4 (44.0%)
1,350%1,260 1€ x7 (55.0%) 1€ x6 (54.5%) 1€ x4 (47.7%)
1,300%1,250 1€ x7 (52.6%) 1€x6 (52.1%) 1€ x4 (45.6%)
1,370%1,260 1€ x7 (55.8%) 1€x6 (55.3%) 1€ x4 (48.5%)
1,405x1,000 29 x6 (77.9%) 29 x5 (75.1%) 29 x4 (78.9%)
1,460%1,100 2¢€ %6 (89.0%) 28 x5 (85.8%) 2¥ x4 (90.2%)
1,300%1,100 2€ %7 (92.5%) 2¥x6 (91.7%) 2¥ x4 (80.3%)

*)HH 22 JH X F(plan-view size)9 Aol & vir|o] i3 FH LA+ 40mF L (KS T 0003)
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(4) AAHE
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o JAas
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e
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o|F 7 AZA AA

A

il
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[e)
A #E 7 H) o] o] (inclined belt conveyor), A#8 1} 8l E (box

&

AHs&3 9 (automatic feed hopper),

-
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fite)
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ﬂ
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B

-dump, &3}

g2l E 254 w7 A (automatic

R4

3t auto

3719

s

=
]

A A

S}
=

she] 93t

E 25534 (automatic empty—pallet feeding device)

=1]
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pallet unloading device)®= /3 ¥ t}.

9 A4 A

=43

dA g dA 7

1 A
=

L

3 7l

2. AAA =" o

Hhstgo] AHEEF B,

-
T

29 329904 H

o
T

S
olo], FFE, auto

X

i

dump,

’

~
file)

ol

iji]

il

Automatic empty-pallet feeding device

o] —

Inclined belt converor

Automatic feed rate control device

Automatic feed hopper

|

(ON

719 3.29 sjakst
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Auto-dumpyE THYEES dAAER =
auto-dump &= ¢ A3 & o
EEREEIE L
z7 AR g Fashth

Auto-dump®] 7] 7%
gk 19 3-31914 a=p-0, v= C'

v, =r=v cosa = cfcos(3—0) (3.14)
v, =rf=v sina=cBsin(3—0) (3.15)

2 sk Sl AMAE S 18 dlS ] a=1,345mm, auto-dump®]
ZA oAy AAF7F 183 be ¢ TAEZEEH auto-dump?] 3] EZ# o] 80°ol A 0°7t
A F AN FFAEE I FHI o]F= 7 0o WMEUt sHEALS xE= ©=35°0a, o
b=1,008mm, c=642mne|t}. wWebd 6=35°du] 9= 00| L2 ve=00] Hr}.

A E F2HQ auto-dump®] 3FEzZd o] FHI o]F= ZF B AR 77°¢lA 0°7hA
P, fgAdy Sxeo e 4&T WEE A (3-14)25-E Artete] 27 3320 =AlE
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2
: | | |

Velocity of hydraulic cylinder
16 & E15mm/s - 12mm/s 4 9mm/s ---6mm/s -&-3mm/s

L \B\ -
e Smsem
/
/./.

\

08

»

0.4

Angular velocity of auto-dump (deg/s)

0 20 40 60 80

Rotation angle of auto-dump (deg)
a9 332 F4AdEd e x| ©E auto-dumpel ZEE W3}

FHAdde £5E ZAAS 5 aguto-dump?] I AYA | wWE ZELE WHsl= 2o
WA 2 auto-dump’t =23} 33°F olEw ZdEEE A4S YERAL

300,

&ave.=0.3deg/s input Data °

0.4090+774.37471x,r*2=0.999 —

180 \
120: ave.=0.6deg/s

[N

=

<)
T

ave.=0.9deg/s

Required time of auto-dump (s)

I \&ﬂ.Zde;/s
607 — o
ave |=1.5deg/s
07 1 1 1 1 1 1 1 1 1 1 1 1 1 1
2 4 6 8 10 12 14 16

Velocity of hydraulic cylinder (mmy/s)

17 333 A EE e Exo wE auto-dump 3| Ao wE A QAT

0% 33204 FUAUT Y 258 auto-dump®] B AEEE B8 8d Fo A A
Aee 97 98 auto-dump®] 3A2LA LT 22AHE Aele] 19 3330 U
B
oz, 1 FUAEe FRHE 2240 T2 G5
A%, ltondl F02 AAsk=d 77° SAAHEA 0% A%
z 5

S0 7 HAAE o)A AL dSA, auto-dump?

Sl S 1y 4802 HAHE
1, YA 10%+= auto-dump”}f
AL AT 4x60%0.9=216s7} &



g fotaEr e £ 359m/s, 19 auto-dump? Hit I HAEEE= 0.36deg/s7t H k.

19y 3299 A o ® vERA auto-dumpol thal 7] A s S Eaf EAH
o AXZ FoA4E EWE auto-dumpdl W3l AFE AlEdolds AAskAT

AFE A EdolAL A8 3DAA toole! CATIA V5 RISE o] &3to] 7z FAHQAS 24
g3 & MSC. ADAMS 2005 R2°1 4 assemblystil *+&5Z2AS F+ WAooz AL,

SO AME View 2005.2.0
Eite Edit View Build Simulate Review Settings Tools Help

DAMS/View 200

‘Ewle Edt View Build Smulate Review Settings Tooks Help
!

MODEL.1

Revolute joint 1

KEo>

=
o

@z w[PSr

Le

:
e

|

Cylinder

T
k<l
2|

il ' Revolute joint 3 Translational joint

Az #ile| [ #ile|
19 3.34 Auto-dump?] 2. 29 3.35 Auto-dump®@] AlEH o)A FE5EZA.

19 3.34% auto-dump® ADAMS 2005 R20lA] mdg3d Axjoltt A EHold APS ¢
g FEZRAS 9 335004 HEo] z5 WEgoR 1719 3|d 5
revolute joint 371 A#@G e =wsko g 1719 AA Fo] dojd 4 = translational
joint 170 & A&t}
A AH = revolute joint 32 FAHSZ £H 35°E o2, 359m/s9] 55
auto-dump®] 35 Z U2 revolute joint 1S TA O Z 77%0A 0°= CW Wao g 3
HFAY gkt
Sl H  auto-dump+ revolute joint 1S T4 o= 77°
st o, FAAdE = revolute joint 38 TAIO® X7 %
Z

S TAHOE 116% duf HAazZF 31° 2256% duf Hojz 37°5 detdo] 5° A= Z

o

c

5 auto-dumpE 27]72HE
ol 4 gk 0.44deg/sS 2t
FUAAH] =5 dASA Ak e Ao 4wk

) o] 93 auto-dumpd 2
w9l nAA Be HFHE FE 2ZE ol 3 AEd :

Z
o} wwE A A

B
Y
Y ok
%
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80 05
r Angle of auto-dump
60 7
i 045 5
1 >3
y «
L‘ / E
— D
g 407 | vAngle of hydrauic cylinder 7L <
k=) 1 .+ | Qo
@ B V 0.4 8
[or) \\ /’. B —
‘e / *2-
g oafht A =
I \\\- I @
: e Anguiar velodity of auto-dump(analytical 035 =
0 "‘n“‘ .l . 9 p{analyucal) “",""’ .
| Angul rvelodty of Vut;d”ump(sn[nulanon) i
0 e 03

0 30 60 90 120 150 180 210 240
Elasped time (s)
19 3.36 Auto-dumpel] t3F AFE AlE#H oA Ay

4. AA 8 B FAMAA
7}, Auto-dump

Auto-dumps JHE, HHE FAF(F L) 2 2 A =
2 2bzkell dig A TAS Teto] o= AE HAA YA A%
ATk A7IA 2z BFoE T Aol dAsH ZHHSHA S W auto-dumpe H WS-
= g 5 v

HAA FygES]  FAE 117N, auto-dump®] $EZ YL channel(125%65,
130N/m) 2 A4HA] B EZell 9] we] dolg FAZ 800N/mz duf FFZa|gle]l AA A
= g 2450Ne] i},

Auto-dump”} 77° 3] H 8= Etel 900kgfe] Fur A YA =, olwf YA = HH
gt A4 mE xoy @] FEZE S vk Okﬁ}ﬂ A ek 2ol
dA ARG B, FEEs Fa dHES] vgs BF He A=
2 o2 J1FoR 478 GuAANTI>E=467), BAANY DA AU67>>0), A4 ©

%

’

WA (B-0)2 FRAh Telut Ao Aol dolHE $vbel P vk e (nternal
friction) W&o 593 2t ol Fr) 4w

) gt b zbe] Fhhe 2009 FAE ol F AAftkn e A MAW sE u
B2 BE Ui Ahze] of 357k HEE, ofF /o Azuu AA(77°>6235°), FAA
WE U AAG>E507), AAZE GUAANB=0)E s B 6=0° o] ol A4 WER

Hiojol o] chute7} HHES] LxWil T /Aol @7 A8t Fupo] A4 drle] o =Ax

FHe oA
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i yavi'a
AW LAY X
/B

A
B5°
(a) T7°>B=>35°(5, 77°>B=46°) (b) 35°>B>0°(4=3, 46°>B>0°)

(c) B=0°
19 337 Auto-dump®] 3 dzZtxo] wE Futo] A2 Fejet YA

Lo
,
o
ofy
>,

Auto-dump®] 375 mE VHE+S sZJ(FHE FHF)+FI ] =
AEFTAS 74 Fdass Sd=A i ZuEe] dg2iy 72 ¢ Jon, ANddE

3 311l HERA AT

1 311 2HA(FGNE+TNE F2R+gar)e] AFFA Y FHEady e 289
A (=3 A=) (20° AAFA2) AUy 2
GE 9% | A ATl 917 AFFAe] A (kN) —
N) | Xam) | Y () | Z(mm) | X (um) | Y (mm) | Z (mm) |5 A= 73/\}07_41%
B=77° 3.6 1,241 90 700 1,241 90 700 9.24 9.24
B=60° 5.6 1,250 -325 700 1,151 -304 700 11.99 11.05
B=46° 7.2 1,189 -548 700 1,091 -566 700 13.66 12.43
B=35° 8.4 1,093 -761 700 1,023 -746 700 14.38 13.46
B=30° 9.0 1,030 -830 700 979 -820 700 14.52 13.80
B=20° 10.2 881 -945 700 850 -939 700 14.44 13.93
B=10° 11.3 714 | -1,026 700 692 | -1,021 700 13.88 13.45
B=0°(90%) 125 541 | -1,071 700 524 | -1,067 700 12.81 12.41
B=0°(10%) 134 547 1 -1,013 700 547 | -1,013 700 13.98 13.98
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-'Pallet+pallet mounting device'

=
=
g
c
=
L
_‘g -5 'Pallet+pallet mounting device+onion' (horizontal
=z 8 -2 'Pallet+pallet mounting device+onion' (20' slop)
8 g -
ﬁ 5 Ai/‘
E L
w
0 I T T T T TN T N T R T A B S YT N R
0 10 20 30 40 50 60 70 80

Rotation angle of auto-dump (deg)
1% 3.38 Auto-dump®] AR FAUT e A8,

d

A4 Fraddds AAsk] s s fddded F8sks d& A stelof sk, o
P& auto-dump®] A5l diste] RRIES Hown & 5 gtk 5, o AeA o
3L auto-dump®] VA E FEReL FAAES T7olA 0074 SAA A SR wE 9
= 2 A, FASd HeE 5 AL del Afste AR Yyt gy
auto-dump’h WA Fohrb 250ke/min® A wf, FH T FAAhd] wA=
<= SRl mEk Srbstth of 30°8 Vo R vl FelEe AloR YENH. ti=f 307 Fel

A Hdo] zget=d, £ ALA 7 ¢k 145kN, 20° AAFA LA 7 oF 13.9kNSl Aoz 1}

F=AXPxp (3.16)
A7IA, A=9]~E WA ()
P=2t-5%= (Pa)
B=23a& (80%)

9.81MPa ola1, datgel HstnzE, of B¢ kAT 25 AAad,

o
’4(3.16)2%—‘?43 el 69mm=E AL mebA] Ak g A (KS B 6370)0] ol& ) A-r U
4 P80, M AT EEAL IAE 2ERAVE AF WY SE ¥4 A =& 12ls B H
ds destd 4571 ot
3 v AR HFALT FREEE o] HES|oF -t} Al &H|(slenderness ratio):= A

Lk o3, 9714 ki wR2AmAgen gou go| A =,
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I adt 4 d L 2
k 64 g 4 0.0113m, A K 0013 177 > 90

ARIZE 90 Bop 2B AT o] Alvtel= 4(B317)¢] Euler &4 o] 48%™, oJ7]A L
= 1ya L=2mE A&7

& ferdade A4 AYe frddde 220 452
t}.
2
nmw EI 1
Pcr == L2 § (317)

o 7] A nzv}mﬁlfri o 94%& Fet AT A 1T A&
=9 E(KS D 3752), S 45CE 205GPa
I:%US_ZX}E@E (m)
L=A1%%F A (m)
S=<¢rd AT (4017)

o] 71 A, %ETEQI G EY} WAE 2o dHoxnulE Kol 7% 7] uwiEo] AAke]
reFsle) Qb AAlge A FArE R AAS FAoE WHAEMEES St B
% 34%5&4

rd' 7wx0.045" -
=4 o0 2.0119x10" 'm

Wa A A@Inel olal Az Asan go o

2 2 11 -7
_nom EIZ 1 X7 x2.05x10"" x2.0119 <10 ><i=24,757N
« L2 2.03

<3 S|
2= 0B-800(AF&<H& 70~ 14OMPa)§ Ak} £k A A% auto-dumpel 2 d T

23 TEHEE 59 SRl FuYE Fzte] ¢ s
ads SxAo)7t g A 5SS FRE 4 9= unit counter balance”t F-ZHH &

(double-acting)S A7 gk}
o]’49] auto-dumpell Wigh AALQ] B JANEA AAE vEF o R [ AAFV]E A =S

Reow, 2 Axs 27 33990 HER AT
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a9 339 12 A A A2E auto-dump A,

OIA A A 2 A% FF 59 (automatic feed hopper)s= =W Z¢jo] Ro]3F JLxo]ojof dtH
2 a2y og 3t 13 HY AAHE 1ES 7[Fow 43S Agdor 59 = s A
Aol HEAS s}

HA 1= &% AE

5 Jole] &% 15~20m/min
S %O]X\O—% & A Eol= 15m ol

of
Al
fol
)
rlr
o
=
-5
2
lo
b
k
rlr
f
f
L \U
g
[0

Heol A 16m/min, ME %2 800mm= 3}, =0
3R Agste] AFFFEA JFAA Ae
15 &9 Assway |

m&L

dolg e e 2.

-HE Z 0 800mm

-AHE R = 0 541.80kg/m

-5 HdlEol @ AAUE EFE 1.5me] st

-9y WEAA C ETES 0~300mm Mol A 50mm @ E 69HA x4

700|650

<—belt conveyor

790

top & bottom sliding door
7Y 340 1% e A 2 AsTFase) s 2t
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AEBFENY £8FHE A 1B HA50] Jekm shgsta, Bxo] whete] 9 @
E Zuolofel s A %@% NFAA Yt WETE A MEes] A BL 2
E Adoloje] FEFTIHE AR o5 ANE 5 vk

4(318)0] EAR vhshzo —s}u}amn ol BRI (Ny), AAl F3tsh w3 A}

o.{n
u —{m

of hel A HA FtF Abole] Fi

o] Fyupze Qe =
2 xddo

YR Qg WReh R % nHREYNye] Fom

vl QL (f, +£y) xv

N=N,
TNy N, = 4,500 4500 44,130

(3.18)

A71A, N=7&=m1+= (hp)
p=rFZA(0.1~0.3)
o=RE 99 FEHEe &9 dold T H(F 800mm ZAwe]o] MES] A9 1.6kef/m
A 8) (kgf/m)

v=HIES T (m/mm)

s AAapdel A&k whEE e 19 34l A ek o] AAbde] FAow A85he Y
& THeRA A = gk

29 341904 Wi B9 @ % A gel AA ARe] Agets Fuel & ool
W, Vi ZAe FHom Agah Wiel $elth utebd Gt 1E HAlse] 924 8
s A}

Equoloe] Agow AWl st FrbEd 4 e 2k olu %l
oo wh A e A3e] AN AT HolHE A gt

1
W, = B % 0.205 < 0.650 | X 541.80 X 9.81 X 2.7 = 956.23N
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V =956.23 sinl7.5% = 287.54N
f, =287.54N x<0.35 <2 =201.28N

AseH ey FuhEEA = 0~300mm WMedA =H7bsstR=, S h=100, 150, 200,
250 R 300mmL ) ztzpe] Zhge] gwnie] sk WS YA L H W) ()&
Arretol 3 3120 YERHAT. o714 WEutEAF= A3 Al dATE dolHE

dsbe] Wit FAol S5mAL L W ZTEol7} 15001 200m FHi=e] vk

=

% 312 7hde] Swve] Aeat WAgely) R (e )

=70 =o] (nm) w282 (kN) T2 H(f) (KN) v 3
h=100 7.08 2.83
h=150 6.72 272
h=200 6.35 257 py = tang; = tan22’
— 0.4040
h=250 591 2.39
h=300 5.44 2.20
21(3.18) ol&] TFEEvE ALA AFFaaHe Ae FHkEko] Al Fmo R o] F A
5 Im ojol2z AitE FHolsFatul=l(Ny) 50% FHotar, F3t YuFe] Fids #H2
Ao Adx dojrta, Fwlol 28 %= FuFe & FTE(porosity)e] & IS 5 0E

s o] AxtE vE-EH Ny 50% s #
webd FESEE S 1.07hp7t HH, o 7)o LRVIAdEREEY dHdES adE HE7

o AR BAT AMA ARE PO JNYA R AFTTEA] B 14
AANE ARG or 1 AnE 7 34200 HEh e,

29 342 13 AA AR 3k GAAA L ABTH .
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o} A "WE 7w o] of

AL WMEA MW o] (inclined belt conveyor)?] 7|52 AsTFaHZHEEH T =
AbE g Ed AR et A mol®E ASAlTE A

A MEA W o]0 o] P A= auto-dumpell ol FAE FHEES FA I} 770 BAA
stol 0°7bAl B AAI A7 13] Ao m =9 435 AAsr] si= EA A
o] AL FHA 1,800mm, 7172 2,300mm7F FojoF R FAMoloje] A= oF 38°, Aol
3,000mn 7} ¥},

Eek AAb MEA Mool Ay FeEst dLo] o] EojAof FEE, Ziuwolole] 9
—% I E HHi o] 1.220mell A AFGA L A o f&S weis] 80m=E 5L,
n=

ZAwolo] o] H e H - 2(319)9 o] NtEe] HA WH A} NELTE Fele]
sk = ok A 7|A A HEZAW oo Ae A dHAS St Aot HE d4s A
Aoz west Ha AGHAdHAF oz shH o] ZHQl A gk AA|EWksE k] QA
S =Y F Y. mEA AAF HEAW oo AA| xHbeE S S o] XA 4 Q)

Q, =A,xXvxD, (3.19)
o371, Qu=F =452 (kg/min)

A=t 49 7‘—1714‘7}”4;@( W E ZxQkulo] Ht A A xHEHA 3t 43t F/F&) (m)

-

25 WAE I olF TES uEd] WE RO KAy
Oiﬂﬁl‘?i (ttachment)(ﬁo] Z=740%40mm) 2] 1}7—3.% k3 (onion bulb)e] 29 AA 7}s
170mn = shaL(Fste] H 27 85mm), AJHXHE HAFHHy a9 FIHAS
-

tﬂ
o

k up—belt

% 343 A AgEH A A,
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doh ol Wi AFAATAAL Apgalo] Awoloje] WE Fwo] we Py LIS
A(E19R T 2 2 2% 3459 e

dee wAg g 4gue) A4 u
Hg qpo AT A g

= ¢ 9.69m/min”} ¥t}

>

i

_0|L

2

¥

o

%
o &
:(I}(:v
rot
k=)
N
[
2
2
=
k>
fo
it}
rr
SN
Y
=
)
2
a
offt

500 T8
450
= i &
E 04 =
g r ]
> 350 -
3 5 3
s | o
2 250 z
4 _
1B} B 3
= 2 1 El
© 0 =
100
6 8 10 12 14 16 18

Velocity of belt (m/min)
1% 345 BAF MEZ Moo o] WIELL o RRkiEvle] ¥

AA mEAwelole] TEEu e 232000 b vhshto] Rk (Ny), 43 ¥ 5wt

HNo) B FAR Ny = 25 dsto] 7+ 5 3l

. ,U,(UVL + /’LQmL th

N=NAN, Ny =00 T 2500 T 4,500

(3.20)
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o714, N=7%=1+¥ (hp)
pu=v}zA (0.1~ 03)
w=RHE 99 LERE(HE 5)9 &9 dold F% (kgf/m)
v=HlEL T (m/mm)
L=zimo]o]e] Zo] (m)
Q=% (kg/min)
h=F24 & =0l (FA) (m)

webA fJol Ao AR (HE 800x1,000mn :

2 Axketd et gk

1.6kegf/m, ATT 0.045kgf/m)S &3 T5=vt=

0.3xX1.81X9.69x3 0.3xX250x3 250x1.8
N= =0.1
4,500 4,500 L500  O1ohp
AAF MEZAWolo] o] Hg7] AanteEe o5y Zo] ALbET)
N 0.15
N, =— =222 _q19n
m= T s O190P
o714, N=#H%&7] 28v% (hp)
=971 A A5 2 4(05~0.8)

wEbA] A AREol mME vE s o7 FHES nHIokIEE, A ES 2859 S
o AA AR AdE7] A8rbee 0.1%hpx2=0.4hp7tE AL, EEH O F7AMG o] wWE &4
shef Qb AAtE = EEF 7ES a1y ste] 1hpEsE A8 S

TEsF REFetY] A dFd F {FAIEFY §olds FHSE fd TEE 99 2SI
7F A2 geared motorE A A gt}
gt e AEEd A

FF % A5 2247 (automatic feed rate control device):= AlA = o] E(sensor plate)=
Fzele] AsTFEHZEE AAF HEZAWo|ojR o] 4y FFES AASA FAIAA AA
ol zelo] otAA S EHE7| 93k Zx| ot}

=, Tud AsxdGgR e Sy AA AAEE S FE dAH FEoE FAS] ¢
A AAFHEo|Ed = Axgo] FAEo sy HAE ¢ute] ¢HoR HE XA E
ZENA AEFEFIHE ‘on’ T ‘off 3t Uuf ¥FHS dA FFEOE FA S

meka] o 7| = ol gt VS T UEEFH AEY 849 A Fh(spring constant)S
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W =4V =D,gxV (3.21)

Y F, =0 —> R, =W sinf, Y} ,F, =0 —> R, =W cosfl (3.22)
o a 2a _ R,

Y M, =0— RyXg=Fx==0—>TF=— (3.23)

o 714, ©=7 A} WE 7w oo ZAFZH(38°)
y=HlF = (N/m')
V=53 A (m)
W=7t &RkE Z%F (N)
Ri,Ro=1F (N)

Sensing Plate
% 346 3w AAsAGA 9 AlAEFHolE

gol Aol g E& Abgdte] FEhE, W= 541.80x9.81x(1/2x0.498%0.418%0.8)= 442.56N, R;=
442.56sin38°= 272.47N olH 1 2§ A= AAZH o ES EFE 2a/3 A Aot} upEhA
AZHolES a/3 Ao Ax3 ~xg a7t Asjord S 2 (3.23) 0 ZHE
F=272. 47/2:136 24No] T}

me] ~xgo] 2% ZAolE 10mE i, MAZHoE Hod 2712 HA3 AL oo U

Iy g S v 2

11~1 ru

CigE
F=Kex — K=136.24/0.01=13,624N/m, =, K=6,812N/m

ool AL AN FALA AyE v ¥ As2dAA A I 144127

AAsPgon, o1 AxE 28 3479 Ve AT
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V' = yhA+u{U p,dy XpL}—l- 203 =~hA +7R{h+

21(3.24)0l otefel dHolHE 2 &3te] V'S Atetd V'=14.8kNo] # .

o=22°
p=tan®,=0.4040

1—1¢ A
1+1¢ =0.4550

~v=pg=541.80kef/m'=5,315.06N/m’
LW
pp =2(L+W)=4.48

A=LxW=1.22x1.02=1.24m’
A .

XOP

kel
o

JA o] Folg arglshd 1¥l 351614 a=500mm, b=700m= }-H Z

a9 3519 (a)e] HPE AAG (b) I}AE HEFFA ] fZE nlofo] diste] Z4zh
HE w2 Agstd v 2o

M, =0 — V'x0.51—Fx0.705=0, F=10.74kN

M, =0 — Fx0.705—F x(0.705sin40°) =0

el FeraAg e 486

g o =
FraEy AAA EAEE Fae A9d Ay U7

Agrdadsl MiEss gdel 4gHe Am A8del 67N olmz, 4Rges
08IMPa, Aat5ol 2Hamz ddAFR 28 Agahd, el 43160 o8l Ao T4m7t
A, #RAATA KS B 637000 93] AAH Ul ¢80, MAE 2EAL Wi sz}

a7 gonz C B Mesd o357k @k
d9 vaEe) F2REI} FRADL o
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=L/k ©o]a, o7]A k& ©@H2AMA|E o2 v} o] At &
rdt 4 d_ _L_ 086
A< g = = 0008Tm, A= 1= o= 0885 > 90

_80_



AL 90 Bk B GASE Aol FelA AFHE AB17) Buler F4o] A
$5m, o7]4 L& #4AUN Y A7 A L2 fgadde] 409 FE2AL 19
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12 [ ZOLENOID W
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