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Abstract This paper presents a fast back-type transfer device for snack food processing that uses the
inertia of transferred material. A conventional conveying system is a drive system that uses a belt
conveyor and mechanical crank, which generate noise and vibration and cause environmental pollution.
Vibration and noise are reduced in the proposed fast back feeding device by using a counterweight. The
crank drive unit was replaced with a linear servomotor, and an equilibrium device was designed to
balance the force due to acceleration. This makes it is possible to adjust the forward and backward
speed and acceleration through PLC control. A vibration damper device offsets the vibration force of the
periodic shock form. The main cause of the vibration was identified through vibration analysis, and
reduction measures were established. We verified the effectiveness of the vibration by making a
prototype and performing about 10 vibration tests. Because no mechanical transducer is needed, energy

loss, noise, and vibration do not occur, and the operating speed is not limited.
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Fig. 1. Sequence of fast back feeder device for food
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Fig. 2. 3D modeling of fast back feeding device
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Fig. 4. Vibratory force in the horizontal direction

A4 50 Y8BS ol5A717] FeIA o] mEE
yel Wgle Ao s AT T we fre SA%
A9 W2 WO Aste] ojFHt.

o] uj PEEE ¥ mo] 7}k A(Fo)= Eq. (1)TF
2,
Fp=my 1)
Foie Mol g0z 28 He 3oz Srisist
of Zgulgo] spxgo s Sty wdle s Fig. 4
o} Zet.
Eq. (D)2 285 A9 &5upg4lo 2 ehfd Bq.
(2)9} 2.

x

{IZD}: |5 m, {gd}+ [fcd ;fij {fd} @
[ )

644

AR O] ZAHARE 2olo] He] Axy A4
wrh @H Fug ool shgo] wgEol irku 7Hg
Sha ARk Feehs mdY Hg. 59t 2t

I—PX(t)
3 F,=-my

M

Fig. 5. Model of approximated vibratory force

o714 Fp &1 Ho|xo] 7ish= ejgoz g

ato] ZEEATo] WAYeHA| Hct
TeHol A 57 Al AR $& 7R T Fig. 6 3%

tow FEE7 AT Ao 7EEr AT 31
F s 7RSS} 1.0~1.5 m/s” 9F 0.8 sec 7t ZR8dH=
o] §HE2 o2 2gaHA Fo] Hloja FxE M o] A
52 YA

Fig. 69] 7I&E AwolA F7PH 0~1 secolA 1
m/s%, 1~1.1 secollAl -20 m/s’, 1.1~1.15%°04 20
m/s%, 1.15~1.25%°14 1 m/s*]1 &% ALolA =
717} 1.25 ms 9& & <= Slet. ol 7S F71%
Folng FE|o] F52 YetH Eq. 3)2 2o o]
of Fejol] A an, baS] #2  Fig. 7% 2t

N

oo gk o

o

a
Fy/m=alt) = ?OJr 3 (a,cosnw,nt+b,sinnw,t)
n=1
_ Z/T 2 2mnk
a, == Oa(t)cosnwotdt— Nkz:]oa(kAt)cos( N ),
by=2 [alt)sin i — 23 a(kAt)sin (2R
= Oa nw Nk=0a A
2w 2w 2w
T=125(s), wy === o= (rad/s),
1
fo= E(Hz) , At =0.001, N=1250 3)

Fig. 73} o] Felo] A7} dAtz 245 329
Al grol Zrot 7= o] Higt gl ZoKE= 100
Ao A7HA] ARste] Addt 7 Alwo] e
of A4 an, baol #=2 Fig. 83 At



A ZZ7E Fast Back oA A

of
B
oo
)
>
r
st
e
-+

]Speed (m/s)

0 4
- 4
-2 i i L i i i
0 0.2 0.4 0.6 0.8 1.0 1.2 1.4
Time (sec)
Accelerati
o oeeleration (m/sz)' i
20+ : 4
o0k : 4
-40 i i 1 i i i
0.2 0.4 0.6 08 1.0 1.2 1.4
Time (sec)

Fig. 6. Speed and acceleration of actuator

Izourier coefficient (a,)

0 20 40 60 80 100 120
Fourier order

!zourier coefficient (b,)

2 -
0

Sl ]
“ 20 2 80 80 100 120

Fourier order

Fig. 7. Fourier coefficient an, bn of actuator acceleration

Acceleration (m/s?)
geeeleration (m/s?)

20 .
o Fourier coefficient (az) L|’\—
) :

-40 i L L i L i
0.2 0.4 0.6 0.8 1.0 1.2 1.4
Time (sec)

Acceleration (m/s?)
geceleration (m/s?)

20
Fourier coefficient (by)

L

02 04 08 08 10 12z 14
Time (sec)

Fig. 8. Fourier coefficient of the reconstructed acceleration

e e TAs= 9 g F°) A an, by
5= aEste] YeERw Eq (42t . o] wf fojo] |
Bdto] vpeoll Adgste 3 Fr Bq. G2 28 &

=
=
=

H oo
o

A

4

M+ cx + ke = — F), (&)
Gy
= -myy + E a, cosnwyt +b, sinnwt)
n=1
Fp = kx+cx =— Mz + F,=— Mz —my 5)

Ny wg [a,,cos (nwyt — ¢,,) +b,sin (nwst — 6, )]

:Mmz

n=1 \/(k—M(nw0)2)2+(cnwo)2

—mé}

m i n*wiy/a + b2 cos (nwt— ¢, —a,

- b

2

R {1_(%;)2} 24‘@
o714, M=265 kg, m=67 kg, k=4xk0=4x(166)
N/mm= 664 N/mm °| o]&-g%|9] H-& HX5ol

Ogt 1{3ESE= Eq. (0T Zth Eq. O)F °l&sto]
Su 9] Hjo]A 53 vigo] AEs= 92 51 Fig.
99 gt

3
w,’,:\/%:ﬂ% (rad/s) ©)

Newton (N)
2000 T T
1000 1
0 N = - - L
-1000}
-2000 L i I L L i
0 0.2 0.4 0.6 0.8 1.0 1.2 1.4
Time (sec)

() Transmitted force without damper

Vibration (mm)
4

/V\/ ‘\ \ |

0 0.2 0. . . 1.4
Tlme (sec)

(b) Horizontal response of base
Newton (N)

-4000 A i L L i L
0 0.2 0.4 0.6 0.8 1.0 1.2 1.4
Time (sec)

(c) Force transmitter to the floor

000

=3

Fig. 9. Vibration and force transmitted to the floor



SHARSH71 &38| =5 2] #1208 A8Z, 2019

A AR

& Aol w2t 720
23t 73 Fig. 99+ 2]

v o

ge ArlE ol

Mr + cx + kx = Fp,= —my
(7.b)
(7.0

Fp :*mé

Fp=kr+cr

Fig. 10. Fast back Feeding Device using linear motor

2o} HE9] olFH9] 7k& 25 Eq. (7.2)& <
s #dgo] 79 Eq. (7.b) o] HaL o]& RIgh Hjojx
o] o] WA o|= QIste] 7]z wige] ML
© ¥ Eq. (7.0)°] AR o] L Qojo] Fuo
AT et AAAS 9 A9 AfAlso] w2
o7} AR Hjo] A Fo] So] EAs= o P A
et wEbA 2 =2ollM 7RI e A ARlE A
7Ie BI3F e A8ste] 7S ARR gor
A Agge AAsks ZAE Fig. 11 B35
A =S UErigle o] FAl= 2lYo] HER7}
Zdxloluyt x5k Hit WFo = FEol= B 9
siA Bd=o] afEe avtz st Eq. (7)9] Fp =
0 o] HiL o]z I3 SHI} Lol 0°] He Aoltt.
glyo] RER] A5x4 250 ofs] o o] YE=
ol5-2 PLCE &% &%=, 7I&%= 240 o 24 €t
S AR A 71 AR 539 53 Y8Eo] Zo] o]

646

A 2k 34 Ao 7%
st} 23 ] Y-g-=o] Bl olst
Alofl ol AL 2t 3 & 4 ok 1 7]
|e& == Fig.129F Zth

)

Timing belt
fixed support

Gride pla
=H

Fig. 11. Vibration damper system using air

“Air Vibration
Damper System

Speed
{mmys)
Deceleration ( 0.05sec) Acceleration { 0.05sec)
+ 1 Backward
Deceleration ( 0.05seq)
Time (sec)
Acceleration (L1seq)
Forward
- 1100 Diead Tim (0.1 seq Dead Tim
1 Cycle (1.45sec)

Fig. 12. Movement speed of the hopper during 1-cycle

2.3 BYF M0 M2

O 2o
£ =20l Ajtete g HUoRER AFE=
Fast back °©]$3X& Fig. 103 2o A5 A4S 9
3 AYE 27HA] BHIE Stk B3RS A8 /- F
o w2} Fast back 015329 4 & 51 9] 7ot
o|FAAY AAot= ZEYY 7IEEE F7F5k] AR

H| W5}

Fig. 13(a)2 BHFF7} ¢l Fast back X9 At
9] 7M1= e UERdTE of7]A o o 7R&EE
2 5.8 m/s’ oli, THE uf Hof FEE G 9.82
m/s’ Y& & 4= Yk o] AT Y= HHs] As)
o7 Eokg fie we mEy 8 & 4= Qirk. uhetA
Fast back9 7]6& 7F& € 4 Ut} Fig. 13(b)2
BYZ7t U= AR AR 7GR gho] AT o
o 7RSE e 5.36 m/s” 0|, T o Hjrise
2 935 m/s* & & & itk o]9} o] o]5FH] 9|
o] 252 BEFIF AL 7 - Fol AdEglo] fAkt
258 gt AL & 5 A%k

Fig. 14(a)= BF371 9= Fast back FAE AA|
Sk ZEQollA 9] 7T 3 e oH A uf
A 7IEE 3RS 0.47 m/s0], 3 o) Horise

T E
e 062 m/s’dS & & Aok o7IA AFATE Y

Kkl



Az

ZEAL Fast Back o633 A%E . 22 7o B A7

Ell+= RMS(root mean square)@t= AHEM 0.456
m/s’4& & 5= Stk Fig. 14(b)e FI37T A 49
2 AAok= YoM 9] 7S g2 YERAlem A
A o Fdf 7S 2R 0.05 m/s%0l, AT of &
e 2R 0.09 m/s"9e & & Aok E3F RMSE
S AEE 0.048m/s"YS & 5 QlTk olAkollAfet 7+
o] BYF7t U&= fast back AR HHFF7T gl= 4
SHoh oF 108 E Aol AFEE & 5 AU

15Acceleralion (m/s?)
12
sl 4+ | ! 4+ 4
0fi
-4 i
-8

10
Time (sec)
(a) Acceleration without vibration damper

15 Acceleration (m/s?)

12
] e e TN I T s S
A4 by

0
-4
-8

0 10 20
Time (sec)

(b) Acceleration with vibration damper

Fig. 13. Upper acceleration of fast back feeding device

Acceleration (m/s?)
0.5

0.4-:-:'111'

ol

oali bbb R
-0.6

0 10 20
Time (sec)

(a) Acceleration of supporting frame without vibration damper
0_15Accelerati0n (m/s?)
0.1 i —
0.05 S i
0 ]
-0.05)¢
-0.1

10 20
Time (sec)

(b) Acceleration of supporting frame with vibration damper

Fig. 14. Support frame acceleration of fast back
feeding device

3. 88
T IAF 5 AWAE

7HS 3Rl AFRE= oA R 71E9] o5
tiFEo] WE Zidolo] WAl Hls) T e
o] &3t o]FAA|o|t}. Ajtet= A= U REE
A= E= Fast back system©O& SHI}F HEP37) A2
A=l HiigFo s FAQI0E FEor Ml &
7 A BAYEE AFo R gt BAS siastast /i
=3It

o|FAA = o]

haiglo] ol 4

2 =50l Ak ol A

ue e

_l

Ygoz 37149 F4%H
o AHA} olE WAL ¥
G so] Qlow] Y e 98 euiolne A
B ol$&uE HEA stel 1Eo] AAN HAH
2xo] Bhsott. W] A% A Fo AL
Fee] o5t AFRPS FAAAL Ttk ofo] o
3 AFAY PSSP AREL Asto] A
Y 2§ § - ol wket 2% ALEIF oF 104
AEAL Ao
P35 AFNHE BY P ANEEE TEHE Fast
back o] the} BPF A9l Aol dhef 2
E3 ool

ol
[
AH]

f1
3R

rlr

References

[1] Yong-Jin Cho, “Strategy for Intelligent Automation of
Food Factory in the Era of the Fourth Industrial
Revolution”, Food Industry and Nutrition, Vol 23,
No.2, pp.27-32, Dec. 2018.

[2] Kim Bo-bae, Park Jin-woo, “Smart Kimchi raw
material comprehensive treatment plant system
design”, Proceedings of the Fall Conference of the
Korean Society of Industrial and Engineering Engineers,
AURIC, KOREA, pp.1510-1515, November 2015.

[3] C. Cardenas, J. Bécares, E. Moya, “Modeling and
process simulation of a single screw food extruder”,
2009 IEEE Conference on Emerging Technologies &
Factory Automation, IEEE, Mallorca, Spain, pp.1-4,
Sept. 2009.

DO https://dx.doi.org/10.1109/ETFA.2009.5347241

[4] G.K. Venayagamoorthy, D. Naidoo, P. Govender, “An
industrial food processing plant automation using a
hybrid of PI and fuzzy logic control”, The 12th IEEE
International Conference on Fuzzy Systems, IEEE,
MO, USA, pp. 1059-1062, Vol 2, May 2003.

DO https://dx.doi.org/10.1109/FUZZ.2003.1206578

[5] C. Cardenas,

J. Bécares, E. Moya, “Modeling and

647



SHARSH71 &858 2] #1208 A8ZE, 2019

process simulation of a single screw food extruder”,
2009 IEEE Conference on Emerging Technologies &
Factory Automation, IEEE, Mallorca, Spain, pp.1-4,
Sept. 2009.

DOI: https://dx.doi.org/10.1109/ETFA.2009.5347241

[6] Hassaan Th. H. Thabet, Maysara A. Qasim,"Proposed
industrial concept for automating a food production
process using PLC", 2013 International Conference on
Electrical Communication, Computer, Power, and
Control Engineering (ICECCPCE), IEEE, Mosul, Iraq,
pp.147-151, Dec. 2013.

DOI: https://dx.doi.org/10.1109/ICECCPCE.2013.6998751

[7] Choi Gi-dol, “Automation technology of food processing”,
Food Science and Industry, Vol.20, No.2, pp.53-59,
Jun. 1987.

[8] Young Jin- Lee,“Automation task of 21st century food
industry”, Proceedings of 1996 Conference on korean
Society of Food Science and Nutrition, KFN, KOREA,
pp.101-112, March 1996.

[(Eal#]

5|(Doo—-Hee Han)

¥
qn

+ 19859 29 : Yt Faty

st 71AEst (F3HAh

20184 99 ~ @A) : A=7lER

Sdista 7|ALE| Aol g st A

ALY ks

+ 19854 39 ~ 1988 79 : Wi
Az AR 5

+ 19884 8¢Y ~ 19934 24 : 3= HIIER AN 27

+ 19934 39 ~ 20124 5¥ : JAFHIEZA] HIEO|A

- 20124 62 ~ A : @ DIAA oY AFolAL

FAER
2%, AF A7A EHE, A5sHdy

0| £ &(Seung-Hun Lee) (™51
*+ 20094 89 : Aatdista &7
HAZER (D
o * 201749 9Y ~ A : F=ETIER
w B Sopstn wyledAgst o
~ A e
A“ 1": + 20104 39 ~ @4 : P2
AR | et okm A dptERY A
ESTES
FAER

A5 Ao], PLCAIC], HEIR o]

648

2 g E(Yung-Deug Son) EER)

+ 20154 29 © B4tk A4
7B (Zohetap

+ 20014 29 ~ 20099 84 : @)
oY Agd+d

+ 20169 3¥ ~ 94 : d=Ven
Soista 7| AdEAl gt =
A, ASA7G7EAL J7)S
|71&A

FAED

AlsAl0], AR, 2271488

LEA] o],



