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Table 1 Main technical parameters of 6CH-2A rattler-drying
machinery
ZH HfE

Parameter Numerical value
SRS (Eexgixe
Dimensif;t:r El{;gjth (x{zviéthh ‘] h)eight)/mm 860x600x850

V& A FL 4% Roller diameter/cm 45

HLHLZIZ Motor power/kW 0.12
FLIN#AINZE Electric heating power/kW 3
WL R Overall weight/kg 55

#:3 Speed/(rmin”) 2700
JR#E Wind velocity/(m-s™) 15

135
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UM ey it 2 Sl shaft
Electric  Rojler Insulation layer Air-blower
heating tube

L
Motor

S
Support

B 1 6CH-2A RUAFMFALMAE
Fig.1 Structure diagram of 6CH-2A rattler-drying machinery
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2.1 Elman #2245 4REY

Elman 448 2% & — 7 NI 32 1) B it B i 4 X 4%
A, 5 BP #HE M ZE (AT 1, 38hn 7 — A REEZ, fE
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Bearing layer

Input layer

e b NN E BB E E R  IE, b AR B H R Z I BME , xi~,
NANSE hi~h 9ESE ERHE b~k 90— ZIR B & 25 A yi~yn
ok, wy SN R Z (B RIBUE,  wy B = 24 2 2 1B
UL, iy B FIR A 22 TR .

Note: b;is threshold from input layer to hidden layer, b;is threshold from hidden
layer to output layer, x;-x, is input parameter, /-4, is the output value of the
hidden layer, A'-h';is the output value of the hidden layer at the previous time,
Y1-ym is output parameter, w; is weight value from input layer to hidden layer, wj
is weight value from hidden layer to output layer, wj, is weight value from
bearing layer to hide layer.

B 2 Elman 474 R4 44 H
Fig.2 Elman neural network structure diagram
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Fig.3 PSO-Elman neural network flow chart
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3.1 FMHMTFIESKEThME
3.1.1  REPRANE TR &K E 6 RALMIE
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HETRIE,  ARAE LT LA B AR5 E RN ARV A
800~1200 g, ZEM LTI B E/KFAMAMAEWE 4 Fr
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BRSSP, KN BRDR, R AR
WORL A AT BN B, 25 AE 8 R N 5 s S e o e fil,
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T HETHURE N 90°C, #3#5K4 25 rmin,
Note: Dryer temperature is 90 ‘C, rotating speed is 25 r-min".
B4 RRRAERT R AR LM
Fig.4 Changes of tea moisture content with different feeding
amounts
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Note: The feeding amount is 1 000 g, the initial moisture content of tea is
controlled between 49%-51%, dryer temperature is 90 C.

s RE#HETRTFHEKELL
Fig.5 Changes of tea moisture content under different rotation
speeds
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Fig.6 Changes of tea moisture content at different temperatures
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RIGEA RN 2. R 3 Pox, HAfEss 10 4l Hhir s
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N 25 t/min B HETFRCREGF . SR Design Expert 314

TEEMPATIR T, RIRE X . BAE X HiE X,
B PAE4Y 5125 0.000 1. 0.003 1. 0.027 2, $1/MTF 0.05,
VLRI . Bl MRANEXN TR S FRELm, R
P P AE KIS R 20T 255 P 205 SR 1) 5 M 2 5 K
AINHEF NI . ENE. R,
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Table 4 Significance analysis of regression model

BEAT IR Z B R Hr, GRS 4 PR . - EIEES: Rz RRE
S - Regression Standard t test Pval )
%2 RBEHAE5HmIBKF ouree coefficients deviation value vaie
Table 2 Experimental factors and coding level Xi 7.720 5 0.8537 9.9529  0.0001
. X, —3.2342 0.8537 4.169 4 0.003 1
W LY== Li3vd
é 1l S
Cﬁiﬁn% 7Jl(efels Temperature Feeding amount Rotating speed X 20928 0.8537 2.6979 0.0272
& Xi/C Xolg Xg/(r'min'l) XXy —2.9412 0.6473 2.8750 0.020 7
1353 120 1200 30 XX -3.8205 0.6473 3.7345 0.005 8
) 116.086 1 147.819 28.695 XX -2.078 3 0.6473 2.0315 0.076 7
X2 0.24 0.707 1 0.256 3 0.804 2
0 105 1000 25
X22 —0.3725 0.707 1 0.3977 0.701 2
-1 93914 852.181 21.305
X32 0.017 5 0.707 1 0.018 7 0.985 6
—1.353 90 800 20
R 9IRS FRMAE R X b 43 A
£3 AESRBER 3 kﬂ T}u)l*%:n:;d ttﬂ #—[’
AN | =
Table 3 Combined test results 3.2.1 FRAARA M2
o s TR B o, 9 7 W TR ] 4% T 26 0T iR o K
No.  Tempermre [MORe  ROWRE Scorey B, M CREHR AT W2, DU 20T fi
1 1 1 1 7439 PSP R RN L, ARG RN 1000 g) 5 DL
2 ! ! 5 7159 TR AR . BFIRIE . TR R DL Iy
3 1 -1 1 78.67 B Lo o .
: : o ! iy N, TR &K 4 AL T BP. Elman BLX
5 -1 1 1 59.02 PSO-Elman #4848 75 i & /K 2 A Tl B A, o s
6 -1 1 -1 5475 BN 190 A, RIELK AR (20 WEEEMEITTN 1~
7 -l -l ! 64.28 13, @R E MM i, B 7 RIS E
8 -1 -1 -1 60.06 . "~ .
0 353 o o 6343 Z UM B MAE. RMSE P& R* FIRLIH, 455K, 1
10 13531 0 0 83.78 ZHUHHL R, Elman #5128 9 25 11 TIOR3 L T BP #1482
1 0 -13531 0 78.83 WA 2%, X2 KA Elman X258 2 36 5 75 10 28 RE S P 351 S
:i g 1‘3(5)3 ! 1 3053 1 jf;j iy AAEAR A S 2R AR, AL BP A LK)
" ’ ’ sl T PR SRR R b, RO BP FAS R
15 0 0 0 75.52 AN 11, Elman B& EMZET0AECN 13, 1SR E5 2L
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0.11p o Lor 1.000F
0.10f ZE -
2 4 £0.998f
L2009 .l g
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Fig.7 The influence of hidden layer neurons on network performance
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3.2.2  TRMAERF b oA
TE By 2 X 2% 1) 35 7 485 1) 1) JE k1= 43 39l 22 57 BP
Elman & PSO-Elman 758 /K R IMARTY . A5 sSeFrat T
RIGE BN 1 190 41EHESE4% 1 820U Eufsil 4 152 A
S5 38 HIRAE, 43 EF 3 AN AR AL AT IO
KR Gt 28 1 306 07 s S 22 ot | A AR R R R Lk S
#, AR (14) fis:
y=52.165 51-0.257 2x,—0.384 29x,+0.647 58x5—0.655 93x, (14)
oAy AT KR, %; x MR TEE, C; x
NBETF-TR IR, /min; xs AR MBI 5 K,
%; x4 NHETBIE, s.

FFEKH MAE. RMSE LR R /E N FIPRAN 45
Fr, TRNZERME 5. B 8. B9 fin. 455K, KA
) BF ) B d S d L kA . BP. Elman LK
PSO-Elman Fiill A7 (1) R* 53514 0.960 9.0.998 0. 0.998 5
F10.999 4, 5B T 25 X 48 925 BT 4 ST RO AR AR A bl A
GEMENEG HIERIE THEMMSA, H,
PSO-Elman Tl #5 22 ) 0 25 SR A1 T BP A1 Elman T %
B o I AN R 26 A T A I K R TR AR 2 )%
5ol »=1.013 28x-0.106 53

45+ R*=0.998 4
n=152

39 1=096036x+0.77353 %
40[ R=09559 XA
n=152

o TR KR
Predicted moisture content/%
(3]
W

T 5 ok

FEAHTRTSN, SR A PSO-Elman #4145 W 25 5 V2 28 3T (1 7K 43
TR RS 2R T S A, NS RPN LT, i PSO-Elman
BZAS/K S TSR niE 48 S R T R

% 5 BP. Elman #1 PSO-Elman 27K EFMRE L
Table 5 Comparison of BP, Elman and PSO Elman moisture

I 5 7K 2
Predicted moisture content/%
|8
N

5
or ¢
S 101352035 30354045 30 0 5 1015202530354045 50
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Prediction of tea drying moisture content based on PSO Elman algorithm

Zhao Liging, Duan Dongyao, Yin Yuanyuan, Zheng Yinghui, Xu Xin, Sun Ying, Xue Yiwei
(College of Mechanical and Electrical Engineering, Qingdao Agricultural University, Qingdao 266109, China)

Abstract: Moisture content is critical in the process of tea hot air drying. Taking green tea as an example, an experiment was
performed on the dynamic hot air drying of rolled tea, in order to monitor the dynamic change of moisture content of tea with
drying time under different feeding amounts (800-1 200 g), drying temperatures (90-120 C) and drum speeds (20-30 r/min).
Each significant factor was analyzed to explore the dynamic changes of the water content of tea under different drying
conditions. The experimental results show that there were significant effects of temperature, rotational speed, and feeding rate
on the drying of tea leaves. The influence was sorted in the descending order of temperature, feeding rate, and rotating speed.
Among them, the temperature has posed the greatest influence on drying. In the feeding amount, it was appropriate to cover the
drum wall with tea to form a perfect casting curtain. That was because too much feeding amount easily caused uneven heating
of tea, and then appeared dry outside and wet inside, even focal point explosion. The decreasing rate of water content in tea
leaves showed a trend of first increased and then decreased in the whole drying. As such, the water loss was less at the lower
water content, and finally, the water change tended to be gentle. The water content of tea leaves was basically stable at 4%-5%
at the end of drying, particularly for convenient transportation and preservation. A prediction experiment was carried out,
where the water content of tea drying was taken as the output, while the structure parameters of the dryer, drying temperature,
drum speed, drying initial water, and prediction time as the input. BP, Elman, and PARTICLE swarm optimization Elman
neural network (PSO Elman) neural network were used to establish the dynamic prediction model of tea moisture content
during drying. A comparison was also made on the traditional multiple linear regression fitting model. The results of
verification and error analysis of the Linear fit, BP neural network, Elman neural network and PSO-Elman neural network
models showed that their determination coefficients were 0.960 9, 0.998 0, 0.998 5, and 0.999 4, respectively. Compared with
the traditional linear regression, the neural network was more accurately expressed the linear or nonlinear relationship in the
complex system, showing better prediction for the tea drying. In three neural network models, the PSO-Elman model was more
accurate than BP and Elman model, indicating better prediction on the change of water content during tea drying. The findings
can provide a strong theoretical basis for the hot air drying of tea, therebyguiding tea processing and production for high
efficiency and tea quality.

Keywords: moisture content; drying; tea; dynamic change; neural network; prediction model



