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This study was performed to offer the data for design of the seedling bed transfer equipment to make the automation of
working process in a plant factory. The seedling bed transfer equipment pushing the seedling bed with bearing wheels on
the rail for interconnecting each working process by a pneumatic cylinder was made and examined. The examined transfer
force to push the seedling bed with a weight of 178.9 N by the pneumatic cylinder with length of 60 cm and section area of 5 cm’
was measured by experiments. The examined transfer forces was compared with theoretical ones calculated by the theoretical
formula derived from dynamic system analysis according to the number of the seedling bed and pushing speed of the
pneumatic cylinder head at no load. The transfer function of the equipment with the input variable as the pushing speed V,,
(m/s) and the output variable as the transfer force f(¢) (N) was represented as F(s) = (V,,/k)(s +B/M)/(s(s* + Bs/ M~+1/ (kM))
where M(kg), k(m/N) and B(Ns/m) are the mass of the bed, the compression coefficient of the pneumatic cylinder and the
dynamic friction coefficient between the seedling bed and the rail, respectively. The examined transfer force curves and the
theoretical ones were represented similar wave forms as to use the theoretical formular to design the device for the seedling
bed transfer. The condition of no vibration of the transfer force curve was k5” >4 The condition of transferring the bed by
the repeatable impact and vibration force according to difference of transfer distance of the pneumatic cylinder head from
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that of the bed was as ¢ < —1, where w TR C , 517

The examined mean peak transfer force represented 4 times of the stead state transfer force. Therefore it seemed

w

that the transfer force of the pneumatic cylinder required for design of the push device was 4 Bv where v is the pushing

speed.
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Figure 1. The establishment of raising seedling line for automatic process. (A : automatic carrying equipment of the seedling tray)
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Figure 2. Transfer force model of seedling bed pushed by pneumatic
cylinder.
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Figure 3. The experimental equipment for transferring seedling bed
pushed by pneumatic cylinder and measuring the transfer force.

Figure 4. Test scene of the seedling bed transfer equipment.
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Table 1 Specification of the strain amplifier

ltem Details
Model DPM-700B (Kyowa Co., Japan)
Power source AC 110 V
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Range 100~200 pe, 200 was selected
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Figure 5. Variations of transfer force according to the number of the seedling beds with bearing roll onto the rail and pushing speed of

the pneumatic cylinder head at no load.
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Figure 6. Variations of average maximum peak transfer force (AMPF)
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steady state according to the number of the seedling beds and the
pushing speed.
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Table 3 Measured and calculated dynamic characteristics for transferring the seedling bed pushed by pneumatic cylinder

Number of  Applied peak

seedling bed mass Dynamic friction compression coefficient of Natural angular

Damping ratio

seedling bed transfer force, N M, kg coefficient B, Ns/m pneumatic cylinder k, m/N velocity w,, rad/s ¢
1 30 18.3 61 0.000667 9.051 0.184
2 50 36.5 121 0.000603 6.741 0.245
3 70 54.8 182 0.000558 5.719 0.290

161



Min et al. Transfer Force Characteristics of Seedling Bed Transfer Equipment Using Pneumatic Cylinder for ...
Journal of Biosystems Engineering ¢ Vol. 37, No. 3, 2012 « www.jbeng.org

ZPA] C7H B AR A RA BE &
HH|E40] o] 58 HFo] gl o A,

E3k 0|42 ] 2150 YO A WHEF 2ol bo] H £
A (4NN B< ~19 2AL BEFH= A0 WS,
27 9 37] ] = Z}2F-1.065, -0.558, -0.358 & A4k o]
W] =471 190 ufel Wk 5 Zol o] o] Rl Alut £7h-10] 24
3k grol 7] uh el 1 8] A= 7o) ARFEST o] 2lo] S() )
ghe 7Ha Ao = A,

Esﬂwaw%qH0ifa¥ﬂqﬂﬂ R
= Vool HE o158 7(1) 9] ehitet Wgka e ohga Pt

SHHES1 'IH

EB?<4MQ 27, =
KX

1499.250 V(s +3.333)
F(s)= 2 (21)
s(s*+3.3335+81.926)

S| Ea 2

1658.375 Vo (s +3.315)
F(s) = 3 (22)
s(s%43.3155 +45.435)

i =2

1792.115 V(s +3.321)
F(s)= 5 (23)
s(s*+3.321s +32.703)

1e) e enelzs
S% v, that AR
=212 0jo) ol

f(t) =61.0201}, (24)
(1—e 167 c0s8.897¢ +2.574e 1667'5ing8.897¢)

SHH| =291 wj o] o] 5

f(t) =121.061V;, (25)
(1—e 1058036.533¢ + 1.843¢ 19%¥5in6.533¢)

SHH| =390 12 o]

f(t) =181.989 1, (26)
(1—e 100%c0s5.472¢ +1.496e 190Msin5.472¢)

PEAA A A Y W B/l L ES PAlsheehz A
S|= ol5 A e)e} 4 o)1 )2 o] 4ol ujel vl 41 gro.

162

N
=

S| =R ks Al

e
ol
S
rr
)
0?~
N

E Age 7
2 17)4t 2§ 417002 A2} o] 24F9] o] efo] 2ol 7k
2 7hs Aol ek et ol 4o Al XISk ol 239 fAH
2 32 4 ek ol 24 0.2 o520 v]ot Ye|E 2T
4 Qs THe A 38 4 Qlekar ek 9] 4 (24) £(1) < 00
EAJste] gE e} AlY H=7tuh F2oldo] 92

o= FAHL A2 4 (20)°] OJstol AFBA LE T

0| SHH|E o522 4] Hpﬂﬂﬂﬁﬁ

7|A12 2] (16) T} (18) A t =1, & Fol 72w, () = (2,
£ 9014 (6)2(7) 9] EPEP\ tﬂﬁhﬂm = AA olF =
stofof gtet 1Lt 4] (14) oA 715t 27 E= —1.065 <
2 Zagt A o B g 1314 = AfFEo] Ak 4 (25)
©}(26)2 AAIL f(t) >0 ¢ B2 A fFHH = o]FaHY F
Iz A-gd 4=tk
IO 72 SHH| =9 o] 2 o] F M A 3S B3 AR AIY
o5& YeERH Zloft} o] 2 o522 4] (24), (25), (26)
A= FReiE RS EH° stof Hsto] LrEhd 2otk
: 4%% A AHE 2 SR =S 07] o] S8 SR =S
[5&5= ﬁ} | chet OFEH Hste] B4 AR e} o] 2
2|2 8|13t Aotk A|E 2|2} o]2 %] 2] = o] o] 2}o]7}
R i‘ZHﬂZl Iho5E nhgo] 22 P = Uit &, 27]
S olF g3 o]FE o] o] RojX|= ] ARt} 5 0] 7]
7+ AL dAgehE Holk *W*H u] 3 o]&=o] o] 2R K
UF 2 32 UEh= ol o] 24 =g oA 3 d

A

)

)oba(t) o =
z(ty)

:'L

-1

ljr'l_,_,

—

O

(

N

o S| =40l At 0] %Zé% AeF350 gol 2EAO I
& AT o2 Aol 7190 AL = Az, A Aol A]

L 2] gl Flo| R o 2419 fzo] o] 4S 1eig B

8 Ape] 2
9 o= S A
EA% Tol_Ez;L 4\_

1

gjlxt ¥ fr (B ko 7
ol S e d
m;sz;;;—;x%ﬂmINﬂ
E:]O—I‘ngo_&_qoyg
sas s

— oz
SFEELL
O
ﬂ%%nmzf@z ﬁ
oy G > F O
oﬂlmg—hﬂﬂ—‘:‘—“mé_m
1o K by v ool g
oﬁoi )
<y ne -
rﬂikig%&w gﬁ
Y o
2 T o
T s 5 &
4 o M
o ok o_>1:
o
d o
oh_r‘rl
B S
NI\

=l
i)
Ny
[N
tlo
Q‘L
s
N,
sl
o
.-
=
Ab
5
oX
ol
R
52
rlo
[
nSE
Ul

o 10 |0 oX

_—

JN o
Ho

K

Z 2

o B
=
&

2 o] 2 o] 483 AR S Lpeh L 9]
oltk W2 o] 42l S RH 0] 47 B E4E,

m

255, oSS WESS = UE
Eﬂ,%—i\—i 18.2cm/s Y W2 3 7o) &
A 21T BAHN 21 12 oot
27| T O]—‘? 2|t J g o]5=o] 212+92.5N,19.9

] 7RSS0 whE Aoz G SR EST e 4E
7] ebgtom, ol 24 AT 17 24 3.2 22 Uet



AR o] 2 20} ul sl

Min et al. Transfer Force Characteristics of Seedling Bed Transfer Equipment Using Pneumatic Cylinder for ...
Journal of Biosystems Engineering ¢ Vol. 37, No. 3, 2012 « www.jbeng.org

Bed 1EA
--Exam.
—Theo.

Force (N}

1.5 2
Time (s)

Bed 1EA
- - Exam.
—Theo.

Force (N}

-
10 42N

0 \\fk._/_‘:-'_—-————
-10 ——————

0 05 1 15 2 25 3
Time (s)

Bed 1EA

- - Exam.

—Theo.

[\

IS

-10 T
0 05 1

1.5 2
Time (s)

Bed 1EA

--Exam.

—Theo.

1.5 2
Time (s)

10]—A13]1:-1§ OH_HHE.E__

Bed 2EA
--Exam.
—Theo.
Z
@
o
B 5 E
I \ e
0 05 1 15 2 25 3
Time (s)
(a) 0.045 (m/s)
Bed 2EA
--Exam.
—Theo.
Z
o
4 <
T ‘l (=]
[V L
[N
d v TR
05 1 15 2 25 3
Time (s)
(b) 0.09 (m/s)
Bed 2EA
—Exam.
. --Theo.
|" E
! =
P | Q
AN =
o\ 2
I\ 7
0O 05 1 15 2 25 3
Time (s)
(c) 0.135 (ms)
Bad 2EA
- - Exam.
R —Theo.
LR} —
[} =
™\ &
o 5
ff \ TN -
A4
1 e
0 05 1 15 2 25 3
Time (s)

(d) 0.183 (m/s)

oA

60 cm o2 kst UE 9] A150] A) 5 FHH|E}
o] o3} Welyk Pol S FY UUUL olbLE WS /s SEHE B
FHHE Ao nteh 24k T 2245 /s S0l

T

= UHE0]0.18~0.35 cm Afo]of| A H3=%111,9.0 cm /s 1=

£ WeFo] 0.18~0.36 cm ApolofA

T AT O] &7} Z7he] wet ol b2k A

Bed 3EA
--Exam.
—Theo.
,J\‘
0 05 1 15 2 25
Time (s)
Bed 3EA
--Exam.
—Theo.
'll
[N
/AN
\s\ 1'\-.
0 05 1 15 2 25
Time (s)
N Bed 3EA
i - - Exam.
i —Theo.
[
74
{2\
JERN
)
0 05 1 15 2 25 3
Time (s)
I Bed 3EA
I --Exam
N\ —Theo.
o\
J
[
[ W4
| <7
0 05 1 15 2 25 3
Time (s)

Figure 7. Comparisons of the examined and theoretical transfer force waves according to the number of the seedling beds and the pushing
speed of the cylinder head at no load.
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Table 4 Comparisons of the examined and theoretical transfer force wave characteristics according to the number of the seedling beds

pushed by the pneumatic cylinder and the pushing speed at no load

number of Pushing speed at Peak transfer force, N Stead state transfer force, N Peak time, sec Settling time, sec
seedling bed no load, m/sec  Exam. Theo. Exam. Theo. Exam. Theo. Exam. Theo.
0.045 19 8.1 5.5 27 0.15 0.20 - 1.7
] 0.090 22 16.2 6.2 5.4 0.21 0.20 = 2.2
0.135 35 241 6.5 8.3 0.22 0.20 - 2.5
0.182 37 31.5 7.3 10.9 0.18 0.21 = 2.8
0.045 31 124 121 54 0.26 0.29 - 1.7
5 0.090 40 24.8 12,5 10.8 0.27 0.29 = 24
0.135 62 36.9 13.2 16.1 0.28 0.29 - 25
0.182 67 50.2 144 21.7 0.30 0.29 - 2.8
0.045 38 16.2 18.2 8.2 0.37 0.36 - 2.1
3 0.090 58 324 19.3 16.5 0.32 0.36 = 2.5
0.135 85 48.6 19.8 251 0.35 0.35 - 27
0.182 93 65.4 19.9 33.6 0.36 0.35 - 3.2
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