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SUMMARY

I. Title

Development of An Optimized Feeding System for Upright Layer Battery by
Reducing of Noise/Vibration

II. Objectives and Necessity of Research

1. Objectives of Research

a) To analyze the characteristics of noise/vibration of mechanized
facilities(feeding system, ventilation system, belt conveyor for layer dropping, egg
collecting system) of upright layer battery,

b) To verify the necessity of optimum design for reducing noise/vibration by the
results of analysis,

¢) To design and manufacture a prototype feed supplying system and a prototype
feed distribution system by optimum design technique,

d) To evaluate the effect of the optimum design for those systems by the field

tests.

2. Necessity of Research

Chicken and egg consumption has been gradually increased by the rise of

consumers income. This has led industrialized and large—size layer farms.



Consequently, most mechanized facilities such as ventilation system, automatic feed
supply system, belt conveyor of layer dropping, automatic egg collecting system,
feed distribution system, were mechanized and automatized.

It was proven that noise/vibration could affect the productivity of livestock
directly and indirectly as well as the other environmental factors of animal housing.
Specially, noise/vibration has been increased by the feed supplying system in laying
hen house. And it was found that such noise/vibration affected the laying ratio and
ratio of abnormal eggs seriously.

In addition, vibrations of machinery and facilities has been a major cause of
failure, abnormal wear, reducing life of their parts and, eventually, induces
economic losses indirectly. Therefore, the optimum design on feed supplying
system, which was a major source of noise/vibration in laying hen house, and

development of an optimized feed supplying were needed.

IMI. The Content and Range of Research

The content and range of this research are as follows.

1. Preceding study on the effects of noise/vibration on rearing

of laying hen

> Effects of noise/vibration on rearing of laying hen

— Study of the effects by reference search



2. Analysis of laying hen productivity by noise/vibration

characteristic of mechanized facilities in laying hen house

> Investigation of sources and quantities of noise/vibration of laying hen house

— Sources of noise/vibration : Feed supplying system, Feed distribution system,
Egg collecting system, Ventilation system, Layer dropping handling system

— Measurement of noise/vibration of mechanized facilities of laying hen house

> Investigation on the correlation between noise/vibration characteristic of

mechanized facilities and productivity of laying hen

Study of the characteristics of noise/vibration for with and without operation

of mechanized facilities

Study of the effects of noise/vibration levels on the productivity of laying hen

— Verification of necessity of optimum design for reducing noise/vibration of
feed supplying system

— Establishment of optimum design criteria of feed supplying system with

noise/vibration levels by productivity analysis

3. Development of a prototype feed supplying system

> Development of the first prototype feeder that is hopper type feeder having
six tiers and applied for vibration reducing/isolating technologies

— Investigation on the application of vibration reducing/isolating technologies

— Development of the first prototype feeder(6 tier hopper typer feeder) that is
hopper type feeder having six tiers and applied for vibration reducing/isolating
technologies, and its performance test

> Analysis of vibration characteristics and development of mathematical models
of the first feed supplying system

— Measurement and analysis of vibration modes of feed supplying system



(natural frequency, mass, damping coefficient, stiffness)

— Measurement and analysis of vibration magnitude of feed supplying system
(vibration magnitude, driving frequency)

— Investigation of frequency ratio, damping ratio, transmissibility

— Investigation of optimum transmissibility

Development of mathematical model of vibration

4. Characteristics analysis of vibration generation of feed

distribution system

> Evaluation and verification of the prototype feed distribution system
development through the characteristics analysis of vibration generation of the

commercial feeder

5. Field performance test of the second prototype feed

supplying system and analysis of its performance

> Development of the second prototype feeder and analysis of its performance
— Development of the second prototype feeder(4th tier) that is hopper type

feeder having six tiers and applied for vibration reducing/isolating technologies
— Analysis of performance between the commercial feed supplying system and

the second prototype feed supplying system.

6. Correlation analysis between productivity of laying hen and
the characteristics of noise/vibration of feed supplying

system



> Productivity analysis of laying hen by field performance test

IV. Results of Study, and Plans and Recommendation

for Practical Application

1. Results of the study

A. Preceding study on the effects of noise/vibration on rearing of laying hen

Chickens are nature of hot temper and there is a case that they might be died
by a sudden noise/vibration. These kinds of sudden starts will double the pulse
rate and increases blood pressure, and decrease the feed intake and sexual
activities. And by these, ulcerative colitis may cause, growth rate may be
lowered, glycogen in blood will be decreased. Moreover, if chicken are exposed to
noise/vibration for a long term, blood—spotted eggs and soft eggs are produced,
and laying rate might be deceased. In other words, abnormal eggs as well as

laying rate may be caused.

B. Analysis of laying hen productivity by noise/vibration characteristic of

mechanized facilities in laying hen house

The mechanized facilities in the laying hen house are feed supply system, feed

distribution system, ventilation system, belt conveyor for layer dropping, and egg



collecting system of upright layer battery. Thirteen layer houses were selected all
over the country, and the noise/vibrations were measured, that were generated
with and without operation of such mechanized facilities in the laying hen house.
the measured data were analyzed by the spectrogram for noise and the FEFT
analysis for vibration. The results of noise analysis showed that noise level were
82dB for normal condition, 90 dB by feed supply system, 90 dB by feed
distribution system, 88 dB by ventilation system, 88 dB by belt conveyor for
layer dropping, and 87 dB by egg collecting system; results of vibrations, 0.2072
cm/s for normal condition, 2.8560 cm/s by feed supply system, 2.0222 cm/s by
feed distribution system, 2.5364 cm/s by ventilation system, 0.2387 cm/s by belt
conveyor for layer dropping, and 0.0.1865 cm/s by egg collecting system.

C. Development of a prototype feed supplying system

1) Development of the first prototype feeder that is hopper type feeder having

six tiers and applied for vibration reducing/isolating technologies

The first prototype feed supply system(6 tier hopper type feeder) was
constructed. For the first one, structure of the rollers at the top of the feed
supplying system was modified with spring devices and vibration—proof rubber
bolts, and the bottom rollers were urethane—coated, to reduce and remove
vibration. And some side reinforcing materials were attached to weak points of
structure. As the results, the magnitude of vibration was reduced to 0.3254 ¢
significantly and transmissibility was reduced to the less level of optimum
transmissibility. The vibration transmitted by hopper type feeder to cages of

layer was the level(3.0 g) of not affecting the productivity of layer.



2) Analysis of vibration characteristics and development of mathematical models

of the first feed supplying system

Several structural weak points of commercial feed supplying system(hopper
type feeder) were selected and impacts were applied by an impulse hammer to
obtain transfer functions, and vibrations generated by impact were measured by
acceleration sensors. Then vibration modes were obtained by modal analysis of
those measured response functions. Vibration modes were analyzed for feed
supplying system by axis and feed filling ratio. Then measured vibration mode
data were supplied to analysis program(S/W) and natural frequency, mass(m),
damping coefficient(c), and stiffness(k) were evaluated. Vibration magnitudes
were measured for operation of feed supplying system by the acceleration
sensors attached on axises of X, Y, Z of structural weak points of commercial
feed supplying system(hopper type feeder). Measured data were analyzed by FFT
analysis and driving frequencies were determined. Using the evaluated natural
frequency, driving frequency, mass(m), damping coefficient(c), and stiffness(k),
the frequency ratio, damping ratio, transmissibility, and mathematical models were
determined. The analyzed results of transmissibility and vibration magnitude
showed that, when the vibrations generated by hopper type feeder was
transmitted to cages of layer, they were more than the level of affecting

productivity of laying hen.

D. Characteristics analysis of vibration generation of feed distribution system

In order to optimize the magnitude of noise/vibration of feed distribution
system, its magnitude was measured. When the feed distribution system was
operated, the magnitude of vibration generated by itself was measured and the
magnitude of vibration transmitted to cages of layer was measured.

Measurement results showed that those magnitudes were lower than 3.0 g



which was the level of not affecting productivity of layer. Therefore, it was
found that the feed distribution system was not affecting the productivity of

layer and it would not need vibration reducing/isolating technologies.

E. Field performance test of the second prototype feed supplying system(4 tier

hopper typer feeder) and analysis of its performance

In order to investigate the effect on the productivity of laying hen, when the
feed supplying system applied vibration reducing/isolating technologies was
installed at real laying hen farm, a prototype of four tier hopper type feeder was
developed as the third prototype. It was constructed with similar structure, size
and materials to the commercial one. The applied technologies were such as
urethane—coated roller, spring devices and vibration—proof rubber bolts, and side
reinforcing materials attachment. Vibration analysis results showed that vibration
magnitude of Y axis that generating vibration on cages of layer actually was
significantly lower than the one of the commercial, and also the value of

transmissibility was lower than that of the former.

F. Correlation analysis between productivity of laying hen and the characteristics

of noise/vibration of feed supplying system

In order to investigate the effect of the third prototype feeder(4 tier hopper type
feeder) on the productivity of laying hen, rearing experiments of layer were
conducted at layer farm. The test plot having the third prototype feeder and the
control plot having conventional feeder were operated with same conditions. Test
results showed there was no significant differences of productivity of layer
between two test plots. This result was induced from the fact that the levels of

noise/vibration of control plot was much lower than that of the one investigated



in the first year of study.

2. Plans and Recommendations for Practical Application

A. Expected effects by this study results

— Preparation of basis for the analysis of noise/vibration of mechanized facilities

of the upright layer battery

— Preparation of basis for the analysis of noise/vibration of livestock facilities
— Understanding of the effects of noise/vibration on the productivity of laying

hen

— Development of mathematical models of noise/vibration of mechanized facilities

of the upright layer battery

— Preparation of basis for optimum design technologies for reducing

noise/vibration of livestock facilities

B. Plans of practical application of study results

— Patent application for vibration optimized feed supplying system
— Patent application for the technology developed for reducing/isolating of

vibration generated by the feed supplying system

— Application of the technology developed for reducing/isolating of vibration for

other livestock facilities

C. Recommendations for the practical application of study results



— Positive efforts of government for protecting the industrial property right

— Additional research projects for industrialization
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w7 : RION NL—-20 (RION Co. Ltd., ¥+)

— Logger : Dual Microphone Supply with LEMO Socket 5935L (B&K Inc., @lm}=,
2 channel)
— Accelerometer : General Purpose—Type 752A12 (B&K Inc., 9ln}=)
@ 92233 & Tektronix TDX5052B (Tektronix Inc., ®=7, 2 channel)
® Portable Calibrators — Type 4294 (B&K Inc., @ln}=1)
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Table 3—1 #°]71¢

59 AN A% A AX A

—._L_I_
(&% : m)
p =T S A% EE
Y 7 X 7 X Y
1 011 3.27 1.07 3.27 1.28 011
2 0.01 3.27 1.07 2.97 1.28 0.01
3 0.11 2.97 1.07 2.74 1.14 0.11
4 0.01 2.97 1.07 2.52 1.14 0.01
5 0.11 2.74 1.07 2.42 0.66 0.11
6 0.01 2.74 0.25 3.27 0.66 0.01
7 0.11 2.52 0.25 2.97 0.18 0.11
8 0.01 2.52 0.25 2.74 0.18 0.01
9 0.11 219 0.25 2.52 0.1 0.11
10 0.01 219 0.25 2.42 0.1 0.01
11 0.11 1.97 1.07 219 0.02 0.11
12 0.01 1.97 1.07 1.97 0.02 0.01
13 0.11 1.64 1.07 1.87
14 0.01 1.64 1.07 1.64
15 0.11 1.42 1.07 1.42
16 0.01 1.42 1.07 1.32
17 0.11 1.09 1.07 1.09
18 0.01 1.09 1.07 0.87
19 0.11 0.87 1.07 0.77
20 0.01 0.87 1.07 0.54
21 0.11 0.54 1.07 0.32
22 0.01 0.54 1.07 0.22
23 0.06 0.18 1.07 0.2
24 0.06 0.02 1.28 0.1
25 0.2 3.07 1.07 0.1
26 0.2 2.42 0.65 0.1
27 0.2 1.87 0.25 0.1
28 0.2 1.32 0.02 0.1
29 0.2 0.77 0.25 2.19
30 0.2 0.22 0.25 1.97
31 0.25 1.87
32 0.25 1.64
33 0.25 1.42
34 0.25 1.32
35 0.25 1.09
36 0.25 0.87
37 0.25 0.77
38 0.25 0.54
39 0.25 0.32
40 0.25 0.22
41 0.25 0.2
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M Apwy
(3-1)
o714, my = Modal mass of the k™ mode

Ax = a scaling constant of the k™ mode
ox = damped natural frequency of the k'™ mode

. 20'k

Cx Aywy
(3-2)

o] 7|4, cx = Modal damping of the k'™ mode

ok = damping coefficient of the k™ mode

o714, ke = Modal stiffness of the k™ mode



Table 3—2 A13E A&7 1-f7% 5 (natural frequency)
(k91 @ Hz)
AR N
248(%) = |mode 1|mode 2|mode 3|mode 4|mode 5 mode 6| mode 7|mode 8
X 450 489
0 Y 330 402 452
Z 253 352 420 455
X 396 452
50 Y 38 125 202 289
Z 39 129 195 270 355 452
X 42 125 201 253
100 Y 38 132 253 282 321 499
7 45 154 195 254 354 485 499
Table 3—3 #A1% A127]19] mass(m)
(9 kg)
Abg N
245(%) = |mode 1|mode 2|mode 3|mode 4|mode 5 mode 6| mode 7|mode 8
X 10.61609|3.19601
0 Y 0.56001|0.34113]0.50522
Z 10.65840]0.88454|0.48807/1.01296
X 10.74458/0.67332
50 Y [0.93160]0.58526/0.70443|0.27026
Z 10.76920|1.07168]0.96095|0.07274/0.29613]0.38331
X 1.22941]0.88358]0.51121|1.17872
100 Y 0.24396|0.60616]0.39992|0.63725|0.45423/0.41070
Z 10.51139]0.72760]0.44860(0.60008]0.35312|0.29123|0.49981




Table 3—3 A1 Al 2719 damping coefficient(c)
(&+9 : N-s/m)

%éz%) % |mode 1|mode 2|mode 3|mode 4 |mode 5|mode 6 mode 7 |mode 8

X 10.00382]0.07504

0 Y (0.00050(0.00137|0.00752
Z 10.00027/0.00155]0.00356/0.02297
X 10.00076]0.00658

50 Y 10.00663]0.00443/0.00575]0.00261
Z 10.00393/0.01690]0.01488/0.00090(0.00285|0.00363
X 10.00680{0.00521|0.00330]0.00982

100 Y 10.00289(0.01057|0.00145]0.00655| 0.0016/0.00502
Z 10.00280/0.00375]0.00247|0.00394/0.00295/0.00409/0.01296

Table 3—4 A|15 A Z7]9 stiffness(k)

(H$1 @ N/m)
A= }
= 98(%) = |mode 1|mode 2|mode 3|mode 4 |mode 5|mode 6 |mode 7 |mode 8
X | 90,883/164,329
0 Y | 45,069 39,791| 75,417
Z | 33,722| 73,450 60,347|158,806
X | 87,615/101,457
50 Y 949 5,357| 17,902| 13,444
Z 773| 9,652 23,998 3,526 23,610| 44,608
X 1,134| 7,341| 11,898] 54,806
100 Y 235 5,264| 9,697 30,639 36,257 47,410
Z 554| 6,533| 11,027| 28,382| 27,335 33,078| 72,638




a9 3-70A HE viel o] FFT Analyzer ZonicBook/618E 8x14¥(Somat Inc., <
=7), Impulse force hammer 9724A2000(Kistler Inc., V=) % H&E2 71ESEAA4
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Table 3—5 sXAHF AS A #Ax%

Biiiiii ASA A -

[l ] A X(m) Y(m) Z(m)
e 1.07 0.00 3.27
1.07 0.00 9.74
it 0.25 0.00 3.27
44 L 0.25 0.00 9.74

1.07 0.00 219
T‘I 1.07 0.00 1.09
1.28 0.00 0.10

_]/7 ) 0.02 0.00 0.10
Wi = 0.25 0.00 2.19
73 xz 10 0.25 0.00 1.09
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o = LT3 (He)
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A7A, T =74
c = 345 (Ns/m)
m = A% (kg)
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Table 3—7 A1E A =7 AF54](r)

(9] - fl=)
= N
=48(%) = |mode 1|mode 2|mode 3|mode 4|mode 5 mode 6|mode 7 |mode 8
X 0.056] 0.051
0 Y 0.364] 0.299 0.265
7 0.178| 0.128 0.107] 0.099
X 0.063] 0.055
50 Y 3.158] 0.960, 0.594] 0.415
Z 1.154) 0.349| 0.231| 0.167] 0.127, 0.100
X 0.595| 0.200, 0.124] 0.099
100 Y 3.158| 0.909| 0.474| 0.426] 0.374| 0.240
7 1.000) 0.292] 0.231] 0.177; 0.127| 0.093] 0.090
Table 3-8 #l1= AJ27]9] ZF4n](C)
(&9 - 8ls)
Atg N
245(%) = |mode 1|mode 2|mode 3|mode 4| mode 5|mode 6|mode 7 |mode 8
X 10.45243|27.1925
0 Y 10.03901]0.08015|0.73484
Z 10.02012/0.19876]0.30556/4.60699
X 10.09718]0.86096
50 Y 10.09866(0.12423|0.32332]0.07874
Z 10.04799/0.85951/1.13017/0.00723]0.11925|0.23794
X 10.12714/0.20987/0.12889|1.24920
100 Y 10.01098]0.29878|0.04536]0.45812/0.10826]0.35070
Z 10.02362/0.12928]0.08710/0.25748|0.14499|0.20076|1.23506




Table 3—9 A1& A&7 e] ALEH](T.R.)

(9 %)
ALE }
= 45(%) = |mode 1|mode 2 |mode 3|mode 4| mode 5|mode 6|mode 7 |mode 8
X 15 4
0 Y 48 25 17
7 1 1 1 1
X 13 12
50 Y 135 148 186 110
7 5 4 5 3 3 1
X 76 85 42 30
100 Y 110 185 172 65 55 26
Z 9 8 3 5 1 1 3

2 B3l 1 3-13% go] B AFol/Y AF £EH BAS FHE £ A

C5/2 /2
= Cs,
X5 ks/2 ms /9
5
C4/2 /2
=] Cq,
- o ke/2
4
_‘CS/Z c3/2
= 3
X3 kg/z mas . /2
/2 C 3/2
g 2
X2 ky/2 mos /2
2
/2 c1/2
g 1
X1 k1/2 mi K/
1
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m, x; + (¢ + 6)x; — &xy + (ky + Ky )x; — ky X, =0

2719l A 3-78 PHA o7 wEHshH A 3-837 )

m; 0 0 0 0 0 0 O] ¢+ ¢ Cy 0 0 0 0 0 0 |
0O0my 0O OO O 0 O —C Ctcy —G 0 0 0 0 0

0 0my0 0 0 0 O 0 —¢ cgte, —¢; 0 0 0 0
00 0m0 0 0 0 0 0 —c cte —c; 0 0o o |

X + X

000 0mMg0 0 0 0 0 0 —c c+c —¢ 0 0
0000 0mgOo 0 0 0 0 0 —¢ cte —¢ 0
0O 0O0OO 0 0my;O0 0 0 0 0 0 —C; CptCg—Cg
100000 0 0 mg o 0 0 0 0 0 —c c
+
[k, +k, =k, 0 0 0 0 0 0| [f1]

—ky, kyt+ky —Kks 0 0 0 0 0 P

0 —ky ky+k, —ky 0 0 0 0 fs

0 0 —ky ki tks —kyo0 0 0 | /s

0 0 0 —k; kyt+ky —kg 0 o |* 7 s

0 0 0 0 —ki kg+tk, —k 0 fe

0 0 0 0 0 —k; ky +kg—kg Iz
i 0 0 0 0 0 0 _kg kgi 7f87
(3—-8)
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0.000019co0s(157t+0.0504)

0.000025c0s(754t+0.0327)
0.000008cos(754t+0.0525)
0.000025c0s(754t+0.3974)

50

0.000070cos(157t+0.0123)
0.000003co0s(157t+0.0952)

0.000166c0s(754t—0.0693)
0.001481cos(754t+1.2532)
0.000192co0s(754t+0.5357)
0.000027cos(754t+0.0788)

100

0.000316c0s(157t+0.2303)
0.000249co0s(157t+0.0872)
0.000054co0s(157t+0.0326)
0.000241cos(157t+0.2443)

0.000038co0s(754t—0.0077)
0.000050co0s(754t+1.2616)
0.000031cos(754t+0.0555)
0.000012cos(754t+0.4443)
0.000041cos(754t+0.0938)
0.000020c0s(754t+0.1772)
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Table 5—1 4% T2 Fol7]e] HH FANH 7HAA ] HHE%
(9t m)

X] N X-?;— s =] A
Y 7 X Z
1 0.26 2.07 0.87 2.07
2 0.18 2.07 0.05 2.07
3 0.10 2.07 0.87 1.92
4 0.04 2.07 0.05 1.92
5 0.26 1.77 0.87 1.69
6 0.18 1.77 0.05 1.69
7 0.07 1.77 0.87 1.52
8 0.26 1.54 0.05 1.52
9 0.18 1.54 0.87 1.34
10 0.26 1.29 0.05 1.34
11 0.18 1.29 0.87 1.14
12 0.07 1.29 0.05 1.14
13 0.26 1.04 0.87 0.96
14 0.18 1.04 0.05 0.96
15 0.26 0.72 0.87 0.78
16 0.18 0.72 0.05 0.78
17 0.07 0.72 0.87 0.58
18 0.26 0.47 0.05 0.58
19 0.18 0.47 0.87 0.45
20 0.26 0.30 0.05 0.45
21 0.18 0.30 0.87 0.25
22 0.07 0.30 0.05 0.25
23 0.87 0.14
24 0.05 0.14
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® WF, B9AUE @ G 54
— Egg QCM+(Technical Services and Supplies, York Co. Ltd., &3=)
=245 doleE SAS GLM Procedure(SAS Inc., B3, 1999)E o] &3to] EAEA]
< AA]8F33L, Duncan's Multiple Range TestE o83t AHg|4-3ke] H Afold]
gk AAS AAY Al 15 9 A3 % 6-33% 2a, AF 25 $9 die
¥ 6-49 g w3 A 3F Fo| Ay T 6-59 o, AF 4F Fo] A
% 6-67 Erh AeES AEs AE= a9 6-33 2 Ut
Table 6—3 A¢ 157 T Fo]7] A4 AL A5 2
ASEA
ey
A2 %)
(0 ==z = ) =
‘d’? ‘T_]'Z]'Tm] ‘T_]'Z]Jo—zl— _3_5[’*%‘45 ‘1/_]'%]'&1
(g) (¢m) (kg/cm®)
x4  73.9%112.8 59.3+0.3 543.2+3.1 4.7£0.1 92.0x0.7 11.1£0.1
A8 70.6+13.7 60.1+0.4 541.2+2.8 4.5%0.1 92.3+0.6 11.3£0.1
Table 6—4 A¥ 25 T Fo]7]] A4 AL A5 A
AeEA
A8
A (‘7)E s (RSAR= [Ba A=
0 N L"]’T”ﬂ L.'—]—O-:— _%’_‘—?*%\/]E ‘d—i}o—/ﬂ‘l
(g) (gm) (kg/cm®)
=7 64.8110.9 60.3+0.3 543.3%£2.9 4.6%0.1 92.1+0.5 11.2£0.1
AT 62.9+10.7 61.1+0.3 543.2+2.8 4.5%0.1 92.2%0.6 11.1£0.1




Table 6-5 23

3% F tolvle] Aeld AA AZ A3t

AdEA
Areg
2 (%)
© w5 757 fagapAast
I HFYE sk
(2) (sm) (kg/cm?) T ¢
x4 73.248.3 61.3%0.3 541.3%2.9 4.6%0.1 93.1£0.6 11.2+0.1
AF A 72,4485 61.2+0.2 543.3%£2.8 4.7+0.1 92.1£0.5 11.240.1
Table 6—6 A¥ 457 T Fol]7]] A4 AL A5 2
AeEA
e
A2 (%)
(9 ==z j= +
w3 G277 %7470_2% soaue Al
(g) (gm) (kg/cm?)
x=F+  67.8+10.3 61.240.3 542.242.6 4.740.1 93.1+0.5 11.1+0.1
AFFE 69.248.1 61.3+0.3 543.1+2.5 4.740.1 93.240.5 11.2+0.1
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