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Design and experiment of physical-chemical synergy sleep
breaking machine for sainfoin seeds

CHEN Shuaikang, SUN Bugong ,ZHENG Xiaobao, QI Yuan
(College of Mechanical and Electrical Engineering, Gansu Agricultural University , Lanzhou 730070, China)

Abstract: [ Objective | The dormancy phenomenon caused by seed hardness will lead to late germination
or no germination of seeds, which will affect the regionalized and specialized production of seeds.As a typical
solid leguminous forage grass seed, sainfoin seed has a high dormancy rate.This study aims to to relieve seed
dormancy, improve its germination rate,, and make the seeds grow strong.[ Method ] In this study, the method of

physical-chemical synergy sleep breaking was adopted, and a sleep breaker combining double-roller extrusion
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friction and chemical liquid immersion was designed to realize the collaborative operation of physical—
chemical sleep breaking methods. Taking the seed germination rate as the experimental index, the physical—-
chemical combination test was conducted to determine the influencing factors of seed germination, and the
feasibility of the physical-chemical method to break sleep was verified. EDEM, ANSYS and Design—Expert
analysis software were used to analyze the factors affecting the germination rate in the order of grinding roll
roughness , soaking time, grinding gap, grinding roll speed and soaking solution concentration. [ Result | The
optimal working parameters were as follows : grinding gap 2.5 mm, grinding roller speed 1.4 m/s, grinding roller
roughness 200 mesh, immersion liquid concentration 15%, and immersion time 90 min. [ Conclusion | The
average germination rate of A. chinensis treated with physical-chemical synergy sleep breaker is 93.18% , which
is consistent with the optimization results of the fitting function and proves the reliability and efficiency of
physical-chemical synergy sleep breaking.

Keywords : sainfoin ; seed dormancy ; physico—chemical synergy ; double—roller friction ; parameter optimization ;

seed germination
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Tab.1 Characteristics of red bean grass seeds

el Kx 58 x5/ (mmxmmxmm ) s x° (5x)’ AR5 R AL P2 THLT /g
Type LengthXxWidthXThickness Coefficient  Standard deviation Thousand grain weight
M JE Pods 6.46x4.65%3.07 31.72 253.76 0.007 0.014 6 20.0
i3 Seeds 3.99x2.94%2.08 16.03 128.24  ~0.000 01 0.000 1 14.2
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1 :Inlet; 2 : Grinding rollers ; 3 : Bearing housing ;4 : Transmission gears; 5 : Transmission shaft; 6 : Reducer; 7 : Screen pushing
shaft; 8 : Gear fixing plate; 9: Rack; 10: Collection device; 11 : Immersion device; 12: Screens; 13 : Grinding roller fastening plate ;
14 : Grinding the base plate ; 15:Side plate coupling; 16:Side plates.
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Fig.2  Structure diagram of physico—chemical coupling sleep—breaking device
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Tab.2 The main technical parameters of the double-roller friction sleep breaking device

Z 8 Parameters {E Values
FEHUR S (K x5 x5 )/(mmXmmXxmm ) Size of whole machine 950x640x700
AT /kg Overall quality of the machine 245
BLE 5 1/kW Mating power 225
WHEESL 34/ (m-s™) Output speed 1.4
fEV 33/ (kg-h™) Working speed 50~60
WP ER R ST (AR B 425 )/(mmXmm ) Grinding roller size 150%32
i X FL RS /mm Mesh hole size 35
i3/ (m-s) Sieving speed 1.5
I KR /kg Maximum soaking volume 30
iRl /% Tnjury rate <10
BB SMURERE/H Grinding disc roughness 200
WFEELE R /mm Grind the gaps 2.5~3.0
AFFEE 43 R (K xR )/ (mmxmmxmm) Grinding disk size 200%150%25
A AR R ST (A1 B B AR N B B AR )/(mmXmmXmm ) Individual grinding roll size 150x25x32
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1: Grinding rollers; 2 : Grinding roller baffle ;3 : Adjusting nut;4: Grinding roller sprocket; 5 : Grinding disc;
6:Transmission shaft; 7 : Adjusting the base plate.
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Fig.3  Structure diagram of grinding device
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Fig.4 Stress analysis diagram of a single

seed of red bean grass
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Tab.3 Intrinsic parameters of the material for the simulation model

BHEY WAL G Mpa I/ (ke m)
Material Poisson’s ratio Shear modulus Density
FfiF Seed 0.43 12 1174
A Steel 0.25 102 7850

JAK} Plastics 0.40 100 7 800




- 1058 - RN AN I 3 o 46 &

®4 HERIMPHEZMELESH

Tab.4 Parameters for material contact properties of the simulation model

oz fph ey UCE HHEEHR R AL RNEHEREL
Contact type Recovery factor Coefficient of static friction Rolling friction coefficient
FliF-—FlF Seeds—Seeds 0.37 0.24 0.08
Fh -9k Seeds—Plastics 0.43 0.70 0.53
FhF~4M#1 Seeds—Steel 0.46 0.73 0.48
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Tab.5 Coding table of factor level for coupling test
K2 Factor

K- C WHEBSER /mm  C, WS H/ (rs™)  CHFEB MR v CRMIIREE /% o, .
. o o . C =M K /min
Level Grind the Grinding roller Grinding disc Immersion e
. Soaking time
gaps speed roughness concentration
-1 2 1.2 163 10 30
0 2.5 1.4 183 15 60
+1 3 1.6 203 20 90
A =] 1=
AT IR 0.5 0.2 20 5 30

Horizontal spacing

K9 FEHL
Fig.9 Mockup drawing
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Tab.6 Experimental results of standard germination tests

555 Test number C, C, C, C, C D %22 /% Germination rate
1 -1 0 0 1 0 89.2
2 0 1 0 -1 0 88.2
3 0 0 1 0 -1 89
4 -1 0 0 -1 0 88.5
5 0 0 1 -1 0 88.8
6 1 0 -1 0 0 88.4
7 0 0 0 -1 1 89.3
8 0 0 0 1 1 89.8
9 1 0 0 0 1 89.3
10 0 0 -1 0 -1 90.4
11 1 0 1 0 0 89
12 0 0 0 0 0 88.4
13 0 0 0 0 89.6
14 0 0 -1 -1 0 89.4
15 -1 0 0 0 -1 89.7
16 1 -1 0 0 0 88.6
17 0 -1 1 0 0 89.1
18 0 -1 0 0 -1 89.6
19 -1 0 1 0 0 88.2
20 0 0 1 1 0 89.5
21 -1 1 0 0 0 88.3
22 0 1 0 0 -1 89.5
23 0 1 -1 0 0 89.8
24 0 1 0 0 1 94.3
25 1 1 0 0 0 88.7
26 0 0 -1 0 1 89.4
27 -1 0 0 0 1 88.3
28 -1 0 -1 0 0 88.6
29 -1 -1 0 0 0 88.6
30 0 0 0 0 88.2
31 0 0 0 -1 -1 90.6
32 -1 0 0 1 0 88.1
33 1 0 0 0 -1 89
34 0 -1 0 0 1 89.4
35 0 -1 -1 0 0 88.9
36 0 0 0 1 -1 89.2
37 1 0 0 -1 0 88.9
38 0 1 0 1 0 89.7
39 0 0 0 0 0 88.2
40 0 -1 0 1 0 88.6
41 0 0 0 0 0 88.2
42 0 0 0 0 0 88.5
43 0 0 -1 1 0 89.7
44 0 0 0 0 0 88.2
45 0 -1 0 -1 0 89.6
46 0 1 0 0 88.2
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#£ DE v X B & 2R3 (D) AT 5 22081, iR 7 iR o A5 (D) I R IRl AR A
D=88.28+0.175 0C,~0.062 5C,-0.2C,+0.031 2€,~0.181 3C.+0.1C,C,+0.25C,C,+0.175C,C,+0.425C,C.—
0.45C,C,+0.625C,C,~0.075C,C.+0.1C,C,+0.4C,C.+0.475C,C,~0.102 1C,+0.264 6C,*+0.447 9C+0.539 6C,+
0.872 9C.
x7T MFEAFENRIEFFEAESH

Tab.7 Regression equation analysis of variance for seed germination rate

75 S SR R H ¥5 F P

Source Sum of squares df Mean square Value Prob>F

B Model 16.45 20 0.8226 14.47 <0.000 1

C, 0.490 0 1 0.490 0 8.62 0.007 0

C, 0.062 5 1 0.062 5 1.10 0.304 4

C, 0.640 0 1 0.640 0 11.26 0.002 5

C, 0.015 6 1 0.015 6 0.2749 0.604 7

C, 0.525 6 1 0.525 6 9.25 0.005 5

cc, 0.040 0 1 0.040 0 0.703 8 0.409 5

., 0.2500 1 0.2500 4.40 0.046 2

cc, 0.1225 1 0.1225 2.16 0.154 5

CC, 0.722 5 1 0.722 5 12.71 0.001 5

C,C, 0.8100 1 0.8100 14.25 0.000 9

C.C, 1.56 1 1.56 27.49 <0.000 1

C,C, 0.0225 1 0.0225 0.3959 0.5349

cc, 0.040 0 1 0.040 0 0.703 8 0.409 5

C.C, 0.640 0 1 0.640 0 11.26 0.002 5

C.C, 0.902 5 1 0.902 5 15.88 0.000 5

C, 0.090 9 1 0.090 9 1.60 02175

C,, 0.6109 1 0.6109 10.75 0.003 1

C,, 1.75 1 1.75 30.81 <0.000 1

C, 2.54 1 2.54 44.71 <0.000 1

C,, 6.65 1 6.65 117.01 <0.000 1
72 Residual 1.42 25 0.056 8

) Lack of fit 1.33 20 0.666 3.77 0.073 2
1%2% Pure error 0.088 3 5 0.0177

S Cor total 17.87 45

27 R PAE/NT 0.001, 2% B B )RR AR AR I 2 5 S 400300 P (0.073 2) KF 0.05, FHH R SR
FOERBEIEM MR ER D S5INEK C,.C,.C,.C,.C.Z %R, Hp—kIiC .C,.C,MEZHTCC,.
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Fig.10 Some parameters affect the analysis chart
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Fig.11 Germination of test seeds after treatment
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Tab.8 Statistics of germination results in seed experiments

RS REHI% P L] RHHI%
Test serial number Germination rate Test serial number Germination rate
1 92.6 6 95.8
2 91.8 7 93.4
3 94.2 8 89.8
4 90.3 9 96.1
5 94.6

AR AL AL FE S (4 41 0 B & 2RI ME K 93.18% , Tl IR LR A b 1 2 55y i B 4 B K 2.5 mm A
JEEREE A 1.4 m/s WFEEFAMLREFE 200 H G2 A 15% J2 MRS 90 min, B PR BEARALAY Fe &
I A T AR R R TESE T Ak P R B AR i ml A ok

5 & &

TASHE LT G R~k R R 20.0 g, T SELT SR Fp TR i Ry 14.2 g, 7 84T G 5 R34 R
H: K 6.46 mm B 4.65 mm JE 3.07 mm, B JELT G E R RS R K 3.99 mm 58 2.94 mm | JE 2.08 mm.
T R W AR 2 ) ST S AR A T R R BS S
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