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1.Vibration feeding device 2.Upper limit sensor of material 3.Lower limit
sensor of material 4.Dump motor 5.Synchronous belt 6.Atomizing disc
7.Chamber of medicine and seeds mixing 8.Seeds feeding 9.Medicine chest
10.Controlled volume pump 11.Frame of test bench  12.Drum motor
13.Coating drum  14.Outlet port 15.Drug piping 16.Motor of cleaning unit
17.Seeds plate  18.Hopper
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Fig.1 Sketch map of rotary table-roller coating test rig
2 MR5EAE
2.1 HIEMNHF|RH

AMAT A B R AR G IT kg . Kk 1%
FA R B B EAA TR GUERE L @ 181
M UT371/372 ¥eidd. 1 GIEIRTE ATVI2HO75M2 32
g AL TR FIRBEIIBER . BOihest .
2.2 IR

MBS+ I i A 2B A A ST ) L 5 A R, T
PIAN B R 4ok ™ S s i e AR AR A S . @RI
et R T A 275 LE A A AR G R i, A R —
F 1 DIRABCO ARG AR U FHE, R
BWCNEEL . SO AER R MOUIET 33, SUKEAE

11.6%, {eAMpFRAR AL, TeAEMKREE . 968 & JE
JE RSF oA F AL 16.22~19.16.8.06~10.36.7.16~
836 mm, TRIFifEN 812.1 g, WMBNHEELF,
2.3 RGNS

TR FRK AR Jy BIRE P ek
Wi B 2R bR, ferh e N RIEFE AT AR ER 1A
HLREe J53k (JB/T 7730-2011) JFJ@AEAFh 140458596 M
TS5,

V4
J =—2_x100% (D
Zx+Zd
G,
P =—2x100%~ P, (2)

[ TN EREEE, % Z, ARG M IR T
BT 80%MIRFRIE, Ris Z AR R AR
INT 0% RN TR, Kis P, NJFIAEYIEMEIE, %;
P, AAACHEAE, %, IR, S RdLHE miES
HERRTE NY/T 994-2006)50F1, R4 2 52908 B2,
PEEE N IR R 2 Gy, AL EAHURE S AR Rl
iR, g G MBI SR, g.

TR B e %, WIS T A THk R AT
i PR AN E RS R, R R R G A, RIS
(D P, R0, BRRREES 3K, BEFEIE.
2.4 BRFMRXERFEFASRERIT

7t Design-Expert H, 4% R0 20 5 e 3 i 1 % o
(Central composite design, CCD) R4 7%, X545 W
20 WK 2 G RHATHNIE ARG I i
H# P 5 &R IR SC R M ECA B, (R R H i 5 [
GYNTIE, 82 IR 5 (AR EAR FH A

JifE s HEAEH S, RiERRRRRSR, K
TIRIEAS A A RO TS, JERE = E KR
5, FEik 17 P2, BN R S KPR IR 1 R

£1 BEEHGKEE

Table 1 Coding table of level of experimental factors
K2 /KT Level of factor
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Codes  Ratio of seeds weight to seed Dilution ratio of seed  Roller speed

coating volume/(gmL") coating J(rmin™)
-1 20 3 10
0 40 5 20
1 60 7 30
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Note: Roller speed is 18 rmin’, and dilution ratio of seed coating is 4.
B2 A QR ZABBEFEG YA
Fig.2 Effects of ratio of seeds weight to coating volume
on coating quality and breakage rate
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Table 2 Results and design of tests

(3

Ry bikna A BRERE  BRAHKER e
oy Ratio of seeds Mkt L2350 Qualified Breal;age
Test No to coating  Dilution ratio of ~ Roller coating rate rate P/%
" volumed  seed coating B speed C Jil% !
1 0 -1 -1 93.4 0.4
2 0 0 0 96.5 0.32
3 1 0 1 92.7 0.85
4 -1 0 1 98 1.16
5 -1 1 0 96.5 0.9
6 1 -1 0 92 0.59
7 0 -1 1 94.7 0.96
8 0 1 -1 93.9 0.75
9 -1 -1 0 97.4 0.87
10 0 0 0 96.9 0.37
11 -1 0 -1 95 0.45
12 1 1 0 92 0.96
13 0 0 0 96.4 0.36
14 0 0 0 96.5 0.4
15 1 0 -1 924 0.78
16 0 0 0 97 0.35
17 0 1 1 95 1.1
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Table 3  Analysis of variance of qualified coating rate

i pam mmE PR p g
Origin Square Freedom Quadra'tlc. M o yalue Significance
deviation
57 Model 63.64 9 7.07 39.45 o
A 39.6 1 39.6 220.99 o
B 1.25x10° 1 1.25x10°  7.0x10°
c 4.06 1 4.06 22.66 o
AB 0.20 1 0.20 1.13 *
AC 1.82 1 1.82 10.17 *
BC 1.0x102 1 1.0x102 0.056
A 3.84 1 3.84 21.43 o
B 6.37 1 6.37 35.54 o
len 5.86 1 5.86 3271 ok
b% 7% Residual 1.25 7 0.18
PLIT
Lofjﬁﬁi‘t ing 0.96 3 0.32 439
4[R2 Pure error  0.29 4 0.073
R 0.980 7
S
AdjuZ?merf: of R 09558

HE: * (P<0.05) B, ** (P<0.0D) AREFE, TR,
Note: * (P<0.05) means significant, ** (P<0.01) means highly significant, the
same below.
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Note: Factors and levels of response surface test are shown in Table 1. Response
values are shown in Table 2, the same below.
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Fig.5 Response surfaces of all factors’ interaction on qualified
coating rate
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Table 4 Analysis of variance of breakage rate
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N . )5 % o
Ko iR am AR g
L. Quadratic L
Origin Square  Freedom . . Fvalue Significance
mean deviation
1578 Model 1.33 9 0.15 75.54 ok
A 5.0x107 1 5.0x107 2.55
B 0.099 1 0.099 50.50 o
c 0.36 1 0.36 182.08 o
AB 0.029 1 0.029 14.74 o
AC 0.10 1 0.10 52.23 o
BC 0.011 1 0.011 5.62 *
A 0.24 1 0.24 122.4 o
B 0.23 1 0.23 114.84 o
lon 0.19 1 0.19 95.83 o
K7 3
Residual 0.014 7 1.96x10
b5
%Mlﬁ 0.010 3 3.44x10° 4.05
Loss of fitting
i o
BHRE 3.4x10° 4 8.5x10°
Pure error
R 0.989 8
Wi R
Adjustment of R 0-9767
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Fig.6 Response surfaces of all factors’ interaction on breakage rate
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Parameter optimization on mechanical coating processing of rotary
table-roller coating machine for peanut seeds

Wang Jiannan, Xie Huanxiong™, Hu Zhichao, Hu Lianglong, Peng Baoliang, Liu Minji
(Nanjing Research Institute for Agricultural Mechanization, Ministry of Agriculture, Nanjing 210014, China)

Abstract: In order to improve both poor coating qualified rate and high breakage rate of peanut seeds caused by unreasonable
working parameters of rotary table-roller coating equipment, the single factor and central composite experiments were
conducted. The effects of the main working parameters, including ratio of seeds weight to coating volume, dilution ratio of
seed coating, speed of roller, on coating qualified rate and breakage rate of peanuts coating were analyzed by means of the
rotary table-roller coating test rig. The study object was “Huayu 33”, which was 16.22-19.16 mm in length, 8.06-10.36 mm in
width, and 7.16-8.36 mm in thickness and whose moisture was 11.6%, and thousand kernel weight was 812.1 g. The single
factor experiments were firstly conducted, and the results showed the influence laws of the 3 main working parameters on
coating qualified rate and breakage rate, which were necessary to determine zero level of each parameter in the quadratic
regression revolution design. And then the composite experiment methods of quadratic orthogonal rotation were adopted, the
data were analyzed based on the Design-Expert software, the mathematical regression models of peanuts coating rate and
breakage rate were built, and their corresponding variance analysis were conducted too. A regression equation of the
relationship between variation coefficient of the 3 main working parameters was obtained. Through the analysis of variance,
the results showed that the most influential factor for the coating qualified rate was the ratio of seeds weight to coating volume,
and the minimum impact factor was the dilution ratio of seed coating; regarding to the breakage rate, the most influential factor
was the speed of roller, and the minimum impact factor was the ratio of seeds weight to coating volume. The response surface
method was utilized to analyze the effects of factors’ interaction on the coating qualified rate and breakage rate, and the
multi-objective optimizations were conducted for the regression models. The optimal combination working parameters of the
drum coating test rig were the roller speed of 18.32 r/min, ratio of seeds weight to coating volume of 31.73 g/mL, and dilution
ratio of seed coating of 4.76. All of those were obtained by the optimization solution of all factors with the quadratic regression
model equation of performance evaluation indices in the range of experimental parameters constraints. Under the condition of
the optimal combination working parameters, the coating qualified rate and the breakage rate were 97.35% and 0.37%,
respectively. This coating quality met the need of peanut seeds processing industry. The results of verification test were
consistent with those of optimization solution. Production verification test was conducted with the SBY-500-J coating machine
(the productivity was 5 t/h when it was used for corn seeds coating operation) in Nanjing Agricultural Machinery Factory. The
coating machine worked the same as the rotary table-roller coating test rig, but the working parameters were not reasonable for
peanut coating. In the experiment, the working parameters of 5BY-500-]J coating machine were adjusted according the
optimization results by variable frequency regulation of the drum and the control of feeding parts of seeds coating. With the
optimal parameters applied by the coating machine, the coating quality was improved greatly, and the coating qualified rate
and breakage rate were 97.05% and 0.40%, respectively, which were very close to those obtained from the previous model
results. The results of verification showed that the coating machine could be used for peanut seeds processing after working
parameters optimization. The study provides the scientific basis for the working parameter optimization of rotary table-roller
coating machine for peanut seeds.

Keywords: mechanization; optimization; crops; rotary table-roller; peanut seeds; mechanical coating; response surface
methodology
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