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Abstract  Electro-hydraulic sliding deck systems have been developed to reduce the weight for the loading of an
agricultural machine. The extension length of the sliding deck was calculated according to the bed's dump angle. The
optimum thickness and material were determined using a large and heavy load at acceptable angles. In addition, the
degrees of freedom were calculated to obtain the input/output relationship of the system.An equation was derived
using a simplified model formula for the extended length of the sliding deck according to the bed's dump angle. Also,
the advance length at the maximum and minimum angles of the system was determined using numerical analysis.
A down-scaled model of the system wasconstructed and verified by experiments. The deck was simplified to
determine the material and thickness of the sliding deck and for the selection of the two representative materials. The
simplified model was tested in deformation tests and stress tests with different thicknesses and materials using a
structure analysis program. The analysis results show that ATOS80 is the best among the two materials for reducing

the weight of the system.
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6 = Dump angle
C = Tire wheel center
E = Contact sliding deck and end cargo box

F = Cargo box rotation axis
h,_1oq, = Hight of C - body

Ry, = Hight of body - F

= Hight of cargo box

hoargobow — slinding deck
- sliding deck

L = Length of sliding deck

sliding deck

L urgoborena = Length of F - cargo box end

L = Length of sliding deck in down

sliding deck—dsm
scale model
W = Weight of agricultural machine

W, 5 = Weight of agricultural machine to the deck

I

A

AE o] &3t
7l A= 5
5 %717410‘

e

-

jines

_oEu

e

iui

rlr

off

furei)

o,
F% £
el
> o 1

£ op N of 4z

o
B
3
2L
ot &
ol
o
)

4o
T
o dob b Mo opo oo off

X
2o
=k opy
@
2
o
N o
oo
o
R

Ir -

ol

%

[
N
L
oz
_OL
>
ol

xo
:

AR ALg3he
ALY s71A1S] FAE
7F AEHAY A A I F7HA = A
At S tiAste] F71AIE kEkA
AE Y Etold vla A
B A= [ton EF 2
gtolg dl3 Al~8E sidshE
o}l 712 HA%F ltons Eto]
#HAis g u, HAAgS 57
o tg3 2 o R AHEE
Ak

N
=

>

i

EO
=

o
E)
ek

Eal

fuiit}

]
4 ml°
3o

_L/
=
e
ol
o
&
X
o
T

48

rir
o =
- oft
oo

pu)
tlo
1
2

|

U
>
[>
juiit)
o

ﬁd
iz

o

30
=

&

re
-4
il
i
>,
[

22

‘.—EE_H

o
ol
o,
fd
-

o
)

Zetolq Hla AlxH
sobar) Slste] A A2
9t} Fig.12 &gold Eﬂ
Helrh

Cargo box

7
LF-:argnbnx

Fig. 1. Geometric expression of sliding deck system
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Fig. 2. Geometric diagram of sliding deck system
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Table 1. Links and Joints in Fig. 2. tanf, = F*;hdzngdedc olma
Link Joint deckl
[e) o~
1degree of freedom joint lde[:kd% U o] vkl 4= Qi
1 : Ground, 2 Body
. A, B, D : roll
2,3 : Cylinder .
C, E : slide
4 ¢ Cargo box 2degree of freedom joint h .
5 : Sliding deck 0 fg’mll_sﬁ i J Ly = F—sliding deck @
- e tané,
AR5 ANk Fig. 2.9k Table 1o A3 Link ek oy o152
13}, 23} Jointe] == Kutzbach?] A% AlAkAle] tf F
gJete] okehel 4(2)sh 2ol HETh[3] e
€CR.
Lo = THE3 o] e & gl
M=3(L—1)—2J,—Jy €}
(M: AFE, L: B3 5, J 0 173 ZAE F _
27k 2QE ) Licarr = sing (5)
1
M=3(5—-1)—2x5—-1=1 )
AWt A 3ol A7 2 Aol wEw
w2t EElold g3 Al~ES 1709] Inputel] 1712 9
Output®t 7HIth= Z& & & itk '
AR AR )78 Holol 19 Fa) Sehold .
s = RN hF—slmz‘nqdcukwsel"'F
iz Asgle] Wrzhiee] wale] tig Setold BlAe Ly - i L
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AAgte] Wz 7o) m &ebolq wAd] WEY ©)
o] Ak A% 3hA REls w=E317] flske] Fig. 3. _
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Fig. 3. Extension length of sliding deck depending on
angle of dumping bed

Ztold
leiding dack = ldcck:l + ldeck? - LF—oargobox end

o714

g2 2z 2ol obelel A(3)% gk,

ol gate] AL S

E]—' hF*sZidingdeck’ F’ LF*mrgobowendg] ﬂ7]t Table 2.

oA YeRAAT

Table 2- Length of h‘F* slidingdeck> F’ LF* cargobox end
hp_ slidingdeck F Ly cargoboz end

200mm 675mm 185mm
olF E=ZFH Akl didahd 2(7)2 2tk
©)
200cosf +675

leidinydeck: sinf —185 (7)
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Table 3. Result of simulation

& ¢S o]-83to] Table 33 22 45X Linear guide?] ol&AZE ZAA)
Aotk ZtE HEE 5°~44°71A] Sho], 1° T9) A ARS8 s AA JHAF 0B EH HE
o =

=

7tol=74A1 9] AelE 118mm~388mme] WS 71X
o, A ZtE7} 3005 o] FHA Jto]=9] o]l ¢
&g AZE 150mm, o]w] FE 7Fo]= 2o]E 98mm

= = = [e)
Degree Length Degree Length O] E]' Zﬂxﬂb\;L ﬂﬁ?—o—i THQ} 713]74]/\1&1": &}(9)9}
(°) (mm) () (mm) pas
5 9845 25 1841 art
6 8175 26 1765 10
7 6982 27 1694 98— cos (o)
8 6088 28 1629 lei(]’inq(]ﬁd\:—dsm = ( ) (9)
9 5393 29 1568 ‘ tan (o
10 4836 30 1511
11 4381 31 1458 -
2 2002 5 1409 2(9)F el1g3te] 15°, 20°, 25°, 30°% Wje] AE At
13 3682 33 1362 &} zbzt 327.6mm, 240.4mm, 186.8mm, 150mm7} 5
14 3407 34 1319
15 3169 35 1277 W, o3 olFAT= ZZF 208.6mm, 122.4mm,
16 2961 36 1239
7 778 T 02 68.8mm, 32mmo|c}.
18 2615 38 1167 250383 A28 LXNTE Fie 404 U o)
= T 5 s SR Al2F FAHYLEE Fig. 494 YRS
20 2338 40 1103
21 2220 41 1074
22 2112 42 1046
23 2014 43 1019
24 1924 44 994
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T+ olgl Table 49 =717

o] Hul 35 % 1343}«;3 u, 30°2 AA3Ach e
% 1= 1511mmo]th 7o wh Eefold HA XE dolg 57 stk A

a4 3E Ao

Step Motor Step Motor  Step
Controller  Driver Motor

ﬂllﬂ rlr

ol 4= o] 3= Linear guideE ©]5AlA

3] A3}+= Table 52 YERNATE

ANFO B Table 5. Extension length of sliding deck by each angle

=
=
- - 1 = = _ degree(® length(mm degree(® length(mm
o gk A1 59 Sk H22Pe 1109 2 e L
712 AZ 1A, B ZFE= Table. 45 53 259, 151 125
. 5 185
30°, E71A7F AE o2 FAolA XE A5 it 151 185
157, 20° M) AP 4 St 0 5 T T —
151 182
. o . . 155 183
Table 4. Maximum gradability of agricultural machine 151 TR
ool a1 152 184
Machine name f € " spe: need possible 231 312
© ("5) (km/h) 233 T 315
HCC-500 30 1.5 (5.4) need possible 234 315
HCC-6008 30 1.5 (5.4) need possible 233 317
HCC-700SAR 30 1.5 (54) need possible 20 235 15 317
Farm 30 4 (144 J ibl 231 315
Master (14.4) not nee possible 231 T 316
GK80 30 4 (144) |not need| possible 232 | 318
PeS-1A 30 0.6 (2.16) | need | possible ;gg +
0.55(high) (2) . .
U-10S 30 1.10ow) (4) need impossible
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Table 6. Standard deviations and average of angles 2= ’\a]_o]d H=2E dedhet vt o] 8-3k3]
Angle 30 25 20 15
Average 151.8 183.9 2329 316 3.2 A= 2 s XA
;:]zr:z 1.54 1.08 2.69 2.99 SH@,% %4% EH@' —Liil%?_] Ansys% o]%g].o:] 23
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Table 8. Structural Analysis result about deformation &
equivalent stress

SS400
. equivalent
thickness max1mu.m Maximum
(mm) def(()ﬁna)tlon stress
(MPa)
6 1.8228 665.41
5 1.4799 660.3
4 76.733 56923
ATOS80
. equivalent
thickness max1mu.m Maximum
(mm) deformation stress
() (Mpa)
6 1.6537 606.46
5 1.3414 603.1
4 71.154 52740

w2}A] ATOS80-5Smmi Hl=2] A2} FAS A4
atol, 71& Eetold dlamth B AR S otk

(©)

Fig. 6. Analysis result of SS400 (deformation, equivalent stress) (a)ln case of 6mm (b)In case of Smm (c¢)In case of 4mm
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Fig. 7. Analysis result of ATOS80 (deformation, equivalent stress) (a)ln case of 6mm (b)In case of 5Smm (c)In case of 4mm
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