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Threshing Mechanism and Multi-variety Threshing Parameter
Testing of Foxtail Millet Based on Discrete Element Method
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Abstract; Aiming to address the problems of low threshing completeness, high grain damage, and high
power consumption caused by the small grain size and complex panicle structure of foxtail millet, a low-
damage threshing method based on the rubbing and kneading mechanism of keratinized papillae in the
camel oral cavity was proposed. A bionic threshing element with a multi-papilla array was designed, and
a longitudinal axial-flow foxtail millet threshing test device was developed. Based on Hertzian contact
theory a collision contact mechanics model between foxtail millet panicles and the bionic threshing
element was established, and a flexible foxtail millet panicle model based on the discrete element method
was constructed. Mechanical calibration and validation were carried out, and comparative simulations of
the threshing processes with different tooth types were conducted. Jingu 21, Zhangza 16, and Tonggu 58
were used as test materials to investigate the effects of threshing element type, cylinder rotational speed,
and threshing clearance on threshing completeness rate, grain breakage rate, grain loss rate, and power
consumption per panicle, so as to determine the optimal tooth type and parameter combination. The
results showed that the threshing element type had a significant effect on threshing performance, cylinder
rotational speed mainly affected grain breakage rate and power consumption per panicle, and threshing

clearance had significant effects on all-response variables. The interaction between cylinder rotational
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speed and threshing clearance had a significant effect on grain breakage rate. The optimal tooth type was

determined to be the bionic tooth type. When the cylinder rotational speed was 701. 512 r/min and the

threshing clearance was 6. 081 mm, the threshing completeness rate, grain breakage rate, grain loss rate,

and power consumption per panicle were 96. 397 %

,0.767% , 1.629% ,

and 69. 649 W, respectively.

The relative errors of threshing completeness rate, grain breakage rate, and grain loss rate for different

varieties did not exceed 1.58% , 7.82% , and 2.82% , respectively, and the relative error of power

consumption per panicle did not exceed 10.67% . The model showed good prediction accuracy for

threshing quality indicators. The research result can provide a reference for the design of low-damage

foxtail millet threshing devices and the optimization of threshing parameters for different varieties.

Key words: foxtail millet panicle; bionic threshing element; threshing device; discrete element method ;

power consumption per panicle
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Tab.1 Intrinsic parameters of foxtail millet panicles
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Fig.1  Construction principle and physical

prototype of bionic threshing element
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Tab.2 Structural parameters of bionic threshing element
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Fig.2 Schematic of collision contact between a

foxtail millet panicle and bionic element
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Fig. 6 Simulation-experimental comparison of tensile

testing for grain cluster — panicle axis connection
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Tab.5 Basic parameters of foxtail millet used in

experiment
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Fig. 11  Schematic of threshing drum structure
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Tab.7 Level of test factors
Gttty y— ks v
TRIE%®E X,/ (r-min~") KL E] B X,/ mm

-1.414 610 4.5

-1 650 5.0

0 750 6.0

1 850 7.0

1.414 890 7.5
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Tab.8 Experimental plan and results
e | w}% Y,/ Y,/ Y./ Y/
X/ (r*min~")  X,/mm % % % w

1 650 5.0 94.379 0.890 2.539 59.850
2 850 5.0 93.289 1.267 2.652 90.750
3 650 7.0 92.176 0.761 2.783 52.800
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10 750 6.0 96.172 0.808 1.279 77.750
11 750 6.0 97.590 0.851 1.420 74.500
12 750 6.0 96.519 0.800 1.444 75.500
13 750 6.0 96.221 0.823 1.462 80.000




258 ol AL o ¥ Ik 2026 4
9 HEESEMIERAESTER (P <0.01) V& T %% 38 0T i i 2 i B R B R, T #E 2
Tab.9 Analysis of variance for evaluation A Em (P <0.01) , X it RN 2k 5 )
indicators of bionic-tooth threshing element N %( P>0.05), TE W e SR 7 o , 22 H I 6 H
Wb kR TAm AmE B 3 BRI (P <0.01) . FEWI7EE [Z1X ] 99%
BA 48.60 3 972 0.0005% Bl AL, X T A 78y s i i G 2 LA i) 7 46 e
A 199 ! 199 00809 A B HSE I R i 2 (P >0.05)
BoooE oL am oo 4 A T e E RO R 42 0,935 6,
XX, 0.3399 1 0.3399  0.4268
X% 18,83 . B8 <0.0001" 0.9860.,0.985 1 #10.948 0, K IEJE REL R, 57
vooox 79 1 7.9 oo04re 514 0. 889 6.0.976 0.0.974 5 A1 0. 910 9, LW
sh 3.34 7 0.4777 YHA I E I B AT SR A RERE T A RRAR S R A
KRR 154 3 0.5140  0.4338 S5 0.730 1% 2. 73% 4. 62% F15. 13% , i IR,
Rk 1.80 4 0.450'5 iR ZE RN BRI AR R
aik 5195 12 A& HAEFIRH B2 RS 01k 3R B A i b
w0936 | TIREIFE, N 15 Bizs . P 1S AL B
BRI ROWL OO i RIBR A R G T R
X: 0: 0993 | 0: 0993 zo: 0001 VR Ty Bt TSV G R0 ASE ] I 2650 /N B s G A7 o 4
XX, 0.0151 1 0.0151  0.0015" s PEBE AR B VR AN R E DL 58 43 1 25 5
X3 0.024 7 1 0.0247  0.0004* F@Eﬁ%ﬁﬂ”ﬁj Izﬁij(, /ﬁ\’ﬁ‘%'—ﬁﬂﬁ*ﬁﬁﬁ:*ﬁﬁ‘@ﬁ]*n
Y, X2 0.0253 1 0.0253  0.0003" A AL IR SIS B 2 | iR T e 5 (LA s A ] i
5% 0.0042 7 0.000 6 ARSI R Prkhis shise M T B, A RO R
KT 0.0026 3 0.0009  0.2454 55, SRS R T
RE000me e 0,004 AT L ) R A T3, BT 2 i
A ey A5 LR E IR/, B8 LR 0 B3 4
L T YR I BRI, 2 BRI X P 3 2o
B 4.76 5 0.9512  <0.000 1 - R ‘ R
X, 0.008 5 1 0.0085 03942 FREE AL, iz B FEINE K, 5 7 A AR Rl fE A dE 42
X,  0.0856 1 0.0856  0.0234" bty IR R U
XX,  0.0092 1 0.0092  0.3750 4 2 25 RS A1 A 3 AR RO [ Bt 4 R 2 e BRI
X 3.17 1 317 <0.0001* T e e FA 3R WV a7 A Ao AR Bl ASE 1] B ok /N IS
¥ s 2.07 I 207 <0.0001" RN B VE A B KPR Bl 2 A HE S 5 TR ) e
ke 0.0719 7 0.0103 1k i ol R [ B AT SRS, Ak az 2 fe) B AT 50 fik
RKPIT 0.0210 3 0.0070  0.6739 AL A2 R 2T
I Y RBIBURE D RERGIE e B B 254
S T |50 th TV R T S99 T BURIG A X 43
G 1876.88 S 375.38  0.0002° Ry oy FE B IR () B 338 K I 0 )T s
X, 1488. 20 1 1488.20 <0.000 1 ** B T A A A ARG, e T kAR
X, 261.87 1 261.87  0.0039" FIARBUEAE TAES B &, B2 T Design-Expert
XX, 1482 ! 1482 0.3486 B e N A AR, R Y, St R AR M 5
X 111.83 ! I11.83 0.0281° B BE IR A% I HANEE o 4 0. 35 IR Y,
BN M L M O ek RO R S e UK B b 0,25
ARl T e 153 Y, PR R I CSCR RUE LI 3% , 2225
KPP 76.03 3 25.34 0.1158 -
BE 268 . 671 I S S MMM LI, B HNE ¢
&t 199714 12 0. 40 ; FAREJBORLINFE Y, Sz e B0 45 B0 bz i e v B
R 0.9480 HEIHAE , R IERNRCR AR AR, TE PR IE I i 3R 50 i, B

e s R B (P <0.01); = R EE(0.01<

P<0.05),

A AR AR AN AEOR AR B AR A AT T, A e
HORERG VI EHR Q, HAR pREL N



22

ERIRG 45 BT B BOTIER A T BOR LIS 22 i A SRS B i 259

minY,

max()

50650

& 15

Q=aY, -BY, - &Y,

650 r/min< X, <850 r/min

5.0 mm=X,<7.0 mm

SR A5 B B AR T 5 T B ML B o R
4 701, 512 v/min BRI 6. 081 mm , I, Jid
R Y, 96.397% LT Y, 0.767% , 45 K %

x10 FEIEEMRESHEAS
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Fig. 15 Response surface plots of interaction effects on different evaluation indices
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Tab.11 Verification test of threshing performance

of bionic teeth for different varieties

ey e Y, /% Y,/% Y,/ % Y,/W
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EA 21
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