g W AARH AR

Development of Chicken foots bone Eliminator



&

2 BaAE g W AAZA AR AAe HFua

MZ2 AEFYT.

2008 d

5¢
FBAT77 B
$2ATHAYR :
a 7 2
a 7 2
a 7

a 7 2

e,

x4

)

X

)

o o o ol S
> oo 1 g

P BET st



bs7ke] that ek o] o] %] aL

A
pul

x| 7N
=
=

A

A A

t}ial
=

1

I. A

O. d77ge 54 9 d9X
PR Z 5 oo, ganor AT ATHE Q
= FAR o] wE

o

4

S5 2o ole 74

o
K
wo

<0
N

R, 2arv)eh Ao 44 7t

o
ﬂﬂ

=
e
I
o

G+
ol

i
P

TE
44

—
file)

3}
3k
=14
3|
2

©

A A

Z}A]
148

=

=

=

=

=

Al7H 1,230
ol

ded

Z}
S,

a4 shire] w

AlZEe] ¢F 90%

3

Hol 485
T3, sl W AA G A

ol o) ghte] w A A%
Az AFGAS Gu AR 9

goltt.

1

A=
=

#1¢j ol o},
o}
=1

1

R

5t

)

n= ow gle

A A

oy
jrs

NI
Tk



AT e 2 H

1.

2 A%

F

XO

/\E]

_zrl

A

=z

dol, &2 77|, Ertete] Aol 3 w7l 5

) shuke] 27,

-

JJo

B

JJo

B

Jo

0

-

6. 22 AN

s A4

chak 2o A A A

A A A=

7.

)

ks

V. A7AL A% D F8o o

AFNE A7

1.

9] o7 thule] au|7} =7}
717} ol uhgl skl w A AR o

H| 5ol T

s



oz ek 2oy, wie) W AALGL B fEo Le¥E w5YF

90% e AA St lom, 2g] ofzdo] defgh Aol A Qe oa #¢io]

>

o]FolA gl AHom g W AR ] U el Wasich e,
Suslel A ok shie] wl AAGA Aol dF A% A7 A ey
A e gl Adolrh Wb, B ATE Salueiel s W AA 291gel

AR D AYBGl A BL W AAFAE A% FPsgon, 1

it

e gEldolE Hd 69.15mm, #H430.28mm, Hi 50.56mmS o,

o

grigle] Hu AL 23.74mm, HA WAL 3,98mm, HF 8.16mmolH, 7t
2 71 wrtgrdoel= Hit 62.69mm, 7HE B wrtgdole] Hit 23.90mm=

Eb

-
o

2. el wrhe

2l =

e

e Wit 56.15mm= ehgon], Hue] RAE Ay

39.27g, HA+16.92g, b 26.36gS = YERT

3. G I8 E5F FEAAS A A HATFELS 67%(wb) A

4OBE ABAAYS FAYFOR ofF =¥ R 9L slste] Hud

o] AAE W AFS =

o
i
i)
L
T
z
o

Adtel Zol7} 18mmo| 3}, 18~

30mm, 30mmeolQl A5 dAAES 7+ 3

F:H

1.6, 2.3, 3.1kgf= S7}3f

rr

Aoz yetston, 30mmeolde] -7k 18mmeolste] 7ol njs] of 2wl

4 = YEbsH.



3}

5. 30° A ptgEo g ol e wWE A o AYS SAHS AX
W RLo] 217 o] 8mmeo]3d), 8mm~15mm, 15mmolZdd -9 Z+z; ) A|9-7]
52 Ht 2.3, 2.9, 3.4kgfZ FHWEE, 15° A APEET 7Y AES HeERRL
om, FHYE, 15° AAPEE vl e w Alg-r|Ho] 285 Aew
E} st
6. St W A AL o]Fol wE AMA RO vIAEL 0.5%= YEIT o,
L£He WAE A ekgka, Ak AAELE 93%, 1x AR 4] ZolE %A
sho] WE 1x ARELS 98%, 23F ANES 97%E LFEFRETE.
W A AL AP TES 3.19hr/1,0007 24 AHo] o3l =]
g Agadrt de Aoz vElsten, A8 o3 2y
8,456,000 ] AQ 5w, gk w A AGH o] 2]
3,621,600999] H]go] A~ o] oF 57.2%9 H&dTE
Ao

Hl3l oF 3.91 9] =5
W oAAZ e A TFEE A 27,1009
_?4_)’\__1‘

sl <
o A% Ae 1004
9

A 10%
7} g Aow ebu
8. g W AARAE ol g H v
ool Hojof sleel o)g w Wl AALA Wa AAA e
= e,
2. AT7A% 8§ AY
DB AT wA FAe Bal ASH 4% Akl @ U % %A 53
Sebe] gk A 71%e] ) Sdlel Felata, FelgAlel F1&ol A FA
— 5 —

=



of 7ite Aol

] 7ol

e BT oW AAGR

=
<]



SUMMARY

I. Title

Development of Chicken Foots Bone Eliminator

IO. Purpose and Importance of Research

Worldwide consumption of chicken foot has been increasing recently,
hence it is necessary to produce good quality of chicken foots & bones
removed chicken foots. In the process of bones removed chicken foots
production feeding, moving, cutting and bones removing for about 90%
of overall labor. Therefore, developing of the chicken foots bone
eliminator is necessary to reduce the cost of labor.

The purpose of this study is to acquire the basic informations to
design of the chicken foots bone eliminator. We make the experimental
system which control the speed of moving cutter and the conveyor and

cutting & push forces.

II. The contents and Scopes of Research

1. Design and manufacture of the experimental devices
2. Physical properties and cutting force of chicken foots bone.
1) Investigation of physical properties

2) Measurement of the cutting & push force

3. Performance test of the auto feeding system



The effects of speed of auto feeding bowl, geometric shape

and material property of moving performance.

4. Performance test of the 1'st cutting system

The effect of speed of rotation cutter unit performance.

5. Performance test of the 2'nd cutting system

The effect of speed of rotation cutter unit performance.

6. Manufacture of the chicken foots bone eliminator

IV. Result and Recommendation for Application

1. Result of research and development

1. The average length of chicken foot is 50.56mm, maximum length
61.15mm, minimum length 30.28mm, and the average diameter of
chicken foot is 8.16mm, most long toe length average 62.69mm, chicken

foot weight is maximum 39.27g, minimum 16.92g, average 26.36g.
2. The moisture contents is 67% (w.b).

3. The average cutting forces of chicken foot's little toe are seen as
1.6kg; for length 18mm max, 2.3kg; for length 18mm ~ 30mm and
3.1kg¢ for length 30mm min. For chicken foot's little toes length 18mm
max, the cutting force of ranges from 1.1kg; to 2.8kgi. For chicken
foot's little toes length 18mm ~ 30mm, the cutting force of ranges from
1.5kg; to 4.2kg:;. For chicken foot's little toes length 30mm min, the
cutting force of ranges from 1.9kg; to 4.8kg;.



4. The average push forces of chicken foot's bones are seen as 2.3kgs
for diameter 8mm max, 2.9kg:; for diameter 8mm ~ 15mm and 3.4kg; for
diameter 15mm min. For chicken foot's toes diameter 8mm max, the
push force of ranges from 1.0kg; to 2.8kgq. For chicken foot's toes
diameter 18mm ~ 30mm, the push force of ranges from 1.4kg; to 3.6
kg;. For chicken foot's toes diameter 30mm min, the push force of

ranges from 1.8kgs to 4.4kg;.

5. The cutting rate of chicken foot is for 1'st cutting, 98%, for 2'nd
cutting , 97%.

6. The effective work capacity of the developed chicken foots bone
eliminator is seen as 3.9hr/1,000 piece, and reduced as much as 3.9

times compared with human labor.

7. The cost of human labor is shown as 8,456,000won/0.1 million, but
the operating of the developed chicken foots bone eliminator is shown
as 3,621,600won/0.1 million.

8. If the developed chicken foots bone eliminator would be used in
works, the optimal operating amount for the break even point (BEP) is
more than 27,100 piece at least shown as the most efficient in the
method of using chicken foots bone eliminator and 50,000 piece is
shown as the most efficient in the method of using developed chicken

foots bone eliminator and the economic estimation.

2. The plane of utilizing of this study

1) We transfer the technology of developed chicken foots bone

eliminator to some industries.



2) We advertise the developed chicken foots bone eliminator through

the mass media and exhibit it at an exhibition.

3) we use the technology acquired by this study to develop a chicken

foots bone eliminator.

_10_
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Fig 1. Picture of manual type remove the bones from a chicken foots.
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Fig. 5. Schematic of ring—dynamo test for measuring push force of the

leg bone.
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9 62 HHe BEAXANE A% 74 Fo SAAAE YE ZlolH, i 2
= el B9 A7|E 543 A%E JERd 3lolth. mo Aot o] ghite
ggdol= A 69.156mm, #F430.28mm, 4 50.56mm=E YERY el e
Foom A7) 2 ow A7) X A ZEsiv. e goiele] Ao 47
& 23.74mm, FA& AAL 3,98mmE YEh} @it 1A Fx Ao &8
. 7 7wk doele] A= 76.98m, HAE 47.02mm=z UERga 7
e wrtgbdole]l Ul 47.36mm, HAE 14.41mm=z el e dhreto)
7V Fe B9 A4S A 22.69mm, A& 7.2mmAn TP ThE 7Y A
AL Hd 10.19mm, HA 3.64mm=  UERET wrbEg o Hue
7mm, #HZAE 29.3ImmE YERY EE SAHXNE Fx 9 A &89

oho g whke] Rl Al 39.27g, H4=16.92g0 % LERRLTL

oo
oo
©

Table 2. Physical properties of chicken foots.

foots toes toes
diameter length diameter c
weig (mm) (mm) (mm) width total |moist
length length| ure
Item ht (A) (H) (I) conte
(g) (mm) max(| min | max | min | max | min | (mm) (mm) | nts
B) | (C) | (D) |((E)| (F) | (&) (%)

Max. [39.27| 69.15 |23.74|18.86(76.98|47.36| 22.69 [10.19| 88.97 |135.80| 70.3

Min. |16.92| 30.28 | 8.11| 3.98|47.02(14.41] 7.20 | 3.64| 29.31 | 92.19| 59.2

Mean | 26.36 | 50.56 |16.88| 8.16|62.69(23.90| 11.52 | 5.08 | 56.15 |113.26| 64.7
4+S.D |£5.04| £6.13 |£3.05|+1.76|+5.32|+3.09| +1.88 |£0.84| +£9.81 | £9.22 | £3.22
2) d& 54

Oy 73 Zol Ao 2 SA47|E ol&dt] F37IE F&(Wet Base

Moisture Contents) SAHo 2 A7 /¥ E A= 258 Ued Ao=w
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Table 3. Cutting force of chicken foots (unit : kgf)

[tem Mean = S.D Min Max Number
1 1.6 + 0.32 1.1 2.8 100
2 2.3 + 042 1.5 4.2 100
3 3.1 + 0.30 1.9 4.8 100
FolA et o] gk zhate]l o]zt 30mmeld, 18 ~ 30mm, 18mmo]3s}el
chre] 2k debe e zhzy sgargk 3.1, 2.3, 1.6kgf= Taste Ao =2 e

om 30mmole 497 18mmeoldte] ZA-®th oF 2u) AEo] xto]E 1}E
Aok e Zol7k 18mmeolste] A foll= dugo] HA 1.1kgf, Hd
2.8kgfolal, 18mm ~ 30mm¢l A-$-olE= HA 1.5kgf, Hu 4.2kgfo] L,

30mmol| e ALdE HA 1.9kgf, A 4.8kgf= e}
4) w A$713

Bl 1 AAF REME AALS] AT W ASIE AT ME e Y

o] FAHL T o] FH7lo| uwgl WES H7I7F 8mmeolst 1007, Aol
8Smm ~ 15mm7} 1007], Aol 15mmeolAe] 10071E Aoz =Hste] Al
SISt 3 4v FEWEoR ZHAE ofF ndiHr=w 9H& Tlsho] gk

A
TE ME doA Al o AYdE SAT AaE ek Aol
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Table 4. Push force of chicken bones in the horizontal direction

(unit : kgf)
[tem Mean + S.D Min Max Number
1 3.4 + 0.32 2.3 4.2 100
2 4.6 + 0.34 2.9 5.6 100
3 5.2 + 0.32 3.4 6.8 100
oA et o] Tt ROl H7]7F 15mmel’d, 8 ~ 15mm, 8mmo]3dtSl
ok w971 A Hargk 5.2, 4.6, 3.4kef® Fradhe 3loR
el or, 15mmeolde] 97 8mmeolste] ZAg-Hoh oF 158 HEe] Aol
2 Uehiglth S RER #7017k smmolate] gl W AS R Ha
2.3kgf, #Hul 4.2kgfolal, 8mm ~ 15mmel A9ol= HA 2.9kef, AU

5.6kgfol1ar, 15mmolAte] Z$-o&= A 3.4kef, AW 6.8kgf= e}
5 16° WFOR ZYXAS ofF LUKER oS hste] gl TH o

WE doA Al wo] A AT 23S vERd Aot

o

Table 5. Push force of chicken bones at the angle of 15° (unit : kgf)

Item Mean + S.D Min Max Number
1 2.6 + 0.34 1.2 3.1 100
2 3.0 + 0.28 1.3 3.8 100
3 3.6 + 0.33 2.1 4.9 100
ol Aol o] ¥ MbEEol FH7|7F 15mmeld, 8 ~ 15mm, 8mmo]stS]

15° ko] sk A w979l Z47F gk 3.6, 3.0, 2.6kgf® FHA
b= Ao R yegton], 16mmelde] 47 8mmolste] 4Rt} of 1.24]
Aol Apels dEhSITh B 3ER F#7]7F Smmolste] Aol w Al
718 & HA 1.2kgf, H 3.1kgfe]lx, 8mm ~ 15mm¢l ZASoE HA

_41_



1.3kgf, Ff 3.8kgfel L, 15mmo]’ge] 9ol HA 2.1kgf, ] 4.9kgf=
bt

£ 68 30° WFoR LAE ofF =UKER 9HE Uik g w9

Table 6. Push force of chicken bones at the angle of 30° (unit : kgf)

[tem Mean * S. D Min Max Number
1 2.3 + 0.33 1.0 2.8 100
2 2.9 + 0.34 1.4 3.6 100
3 3.4 + 0.31 1.8 4.4 100
Fo|Ae} o] Tt Wk XH o HA7]7F 15mmel, 8 ~ 15mm, 8mmeo]s}tel

15° ake] sk A w A7)l 47y gk 3.4, 2.9, 2.3kef® A
dh= Ao vegton, 15mmelde] 497k 8mmeolste] AFg-mut of 1.2
Aol Apols UEhSITE B LER F7]7F 8mmo]she] ol W Al
719 HA 1.0kgf, Hdl 2.8kgfelil, 8mm ~ 15mmel AfellE Hxix

1.4kgf, Hol 3.6kgfo]lil, 15mmeo]/de] ZF-ol= A 1.8kgf,
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Fig 8. Picture of bowl feeder
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in equipment for

Specification
Complete wave vibration
5.5
3,600
700
Right, clockwise
800
Muintech Co.

feeder used
2507 ol %H o]0 zel

=

=

[tem
Method
Apparent power(A)
Frequency(Hz)
Bowl height(mm)
Maker

Max bowl diameter(mm)
Transfering direction

Table 7. Specifications of a bowl

THHAAY AT AW 2EY

supplying chicken foots.

o

ofp

U ogSE 2 FALE AR

0

X
el
do

_50_

10}, wheba e o

=
1l

Rl



Fe &4 9

S

A E3T-SL11R49S AlE

o] WA FARAX Eeslo]

H 3
T

iz go] WRERE Fo] HoxH o]

1A

of x&&

=]
e

biL o] Eol deld AN A

53]

]

B} %

&

]

4o

TEAA 22F o]FZA R A

=
=

Hj] o] o]

A -2 o] FE oA A Hrt.

Jjo

=

Ato]

o
ghALY

Fig 9. Pick—-up sensor unit
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Table 8. Specification of sensor.

Sensing distance

Item Specification
Model Limited reflective
View type Side-view
5-15mm

(50x50mm white paper)

Operating mode

Light-ON / NPN

Light source

Red LED (A=670nm)

Response time

1ms max, each for

operation and release

Power supply voltage

12 to 24 VDC £10%

Differential travel

2mm max

Current consumption

20mA max

s5ch.

13}, 23k o] % Awlolo] MES] T 1Y 1039 L),
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Fig 10. Moving conveyor system (1'st & 2'nd)
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Fig 11. A sensing unit of chicken foots.
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Fig 17. Support unit of chicken foots.
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Fig 18.
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Fig 20. A 3'rd transfer unit of chicken foots.
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Fig 22. Picture of press cutting unit of chicken foots little toe.
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Fig 27. Picture of system unit.
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Table 9. Specification of vibration level.

Voltage(V)

137

153
175
193
204
216

Current(A)

2.78
3.43
3.56
4.15
4.57
5.32

Vibration level

10
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Wetted Dring Dried

Fig 30. Picture of moisture contents with chicken foots.
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Table 10. Specification of moving conveyor.

Item 1'st conveyor 2'nd conveyor
Length(mm) 1,400 1,400
Width(mm) 80 160
Motor type Geared motor Geared motor

Transfer velocity(mm/s) 60 60
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Fig 31. Picture of sensor attachment
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Table 11. Moving velocity of chicken foots. moisture contents by

vibration levels.

the

[tem 5 6 7 8 9 10
Moisture contents (74%) 0 0 74 106 | 146 | 158
Moisture contents (67%) 0 0 85 132 | 176 | 187
Moisture contents (54%) 65 88 140 192 | 250 | 263
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Fig 32. Moving velocity by the vibration levels.
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Table 12. Sensing rate by moving velocity in the conveyor.

moving velocity | 40mm/s | 50mm/s | 60mm/s | 70mm/s | 80mm/s

sensing rate(%) 100% 100% 98% 96% 96%
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Table 13. Slip rate of chicken foots by moving velocity.

[tem 40mm/s | 50mm/s | 60mm/s | 70mm/s | 30mm/s

moisture contents (74%)| 0.2mm | 1.0mm | 2.4mm | 3.5mm | 4.9mm

moisture contents (67%)| Omm 0.8mm | 1.9mm | 3.2mm | 4.3mm

moisture contents (54%)| 1.2mm | 3.1mm | 5.4mm | 9.7mm | 14.8mm

Slip (mm)

Velocity (mm/s)

| —e— E5874% - W-HFB67% —O—EHE 54%

Fig 33. Slip rate of chicken foots by moving velocity in conveyor.
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Fig 40. Cutting Parts
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Table 14. Physical properties of chicken foot used in field test

foots toes toes
diameter length diameter c
wel (mm) (mm) (mm) width total |moist
length length| ure
Item ght (A) (H) (I) conte
(g) (mm) max(| min | max | min | max | min | (mm) (mm)| nts
B) | (C) | (D) | (E) | (F) | (G) (%)

Max. |39.54| 70.20 {24.53|18.87|79.48|44.36 | 22.69 |10.19| 89.45 |137.53| 71.2

Min. [16.90| 31.21 | 8.56| 4.78|48.02|14.96| 7.20 | 3.64| 30.15 | 95.41| 55.6

Mean|27.50| 52.46 (18.73

9.72|162.54|2354%x| 11.52 | 5.08| 57.84 |113.13| 63.2
+S.D |£521| £5.63 |£3.42|£1.56

+5.12| 3.21 | £1.88 |£0.84| £9.56 |£9.06|+2.43
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Fig 41. Picture of performance test system
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Table 15. Analysis of economic efficiency

Item Manual Prototype Remark
Purchase price (won) 10,000,000
Durable year (yr) 10
Total utilization (hr/yr) 2,000
Lo straight-line
Depreciation 900,000
method
Fixed Repair cost 500,000| 5% annual
cost
(won/yr) Interest 400,000| 4% annual
Subtotal 1,800,000
Variable Labour 8,456,000 1,661,600
cost
(won/10%+4=)| Power cost 160,000| 500won/kWh
Performance (hr/0.1million) 1,230 320
Total (won) 8,456,000 3,621,600
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Table 16. Cost analysis according to increase of operating number

Cost (won)
No Remark

Manual Prototype
10,000 845,633 1,982,160
20,000 1,691,267 2,164,320
30,000 2,536,900 2,346,480
40,000 3,382,534 2,528,640
50,000 4,228,167 2,710,800
60,000 5,073,801 2,892,960
70,000 5,919,434 3,075,120
80,000 6,765,068 3,257,280
90,000 7,610,701 3,439,440
100,000 8,456,335 3,621,600




- ¢ - Manual cost
—l— Prototype cost

Cost (1000 won)

100 200 300 400 500 600 700 800 900 1000

Number of chicken foots. (unit : 100 )

Fig 42. Break—-even point for the chicken foot's bone eliminator.
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Table. Cost analysis according to increase of operating number

Cost (won)
No Remark
Manual Prototype
10,000 845,633 1,982,160
50,000 4,228,167 2,710,800
100,000 8,456,335 3,621,600
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