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Fig.1 Test bed of maize ears transportation
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Note: P represent acting force on the point M by screw blade surface, N; w
represent intersection angle of the resultant force P with the normal
direction of the screw blade surface on the point M, (°); ¢ represent helix
angle, (°); P, represent axial component of the force P, (°); P, represent
circumferential direction component of the force P, N.

B2 E2RREZAHSIHE
Fig.2 Stress analysis of maize ears
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1. Auger conveyor 2. Side panel 3. Maize ears
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Note: o represent side panel position angle, (°); S represent side panel
inclination angle, (°).

A3 ERRME, MBEABAILEXZRGE
Fig.3 Sectional view of maize ears, side panel and auger
positional relationship
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Table 1 Classification of maize ears status
2% Classification

Ny L B IR
Status 193 HRE Bract skin Lt 41
Length/mm  Diameter/mm moisture content Percentage/%
1%
1 >150 >50 >30 96.30
2 >150 <50 >30 1.25
3 <150 >50 >30 2.30
4 >150 >50 <30 0.15
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1. Maize ears 2. Side panel 3. Auger conveyor

M4 ERRBHERS
Fig.4 Status of maize ears transport
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Table 2 Table of variance analysis
7 ZERVR oA AamE Bs

F{i P

Variance Sumof Degreesof Mean Value Value
source squares  freedom  square F P
HH#EJE iRy 2.215 4 055 9625 0
Blade height
ZefkIi Xtk 2.188 1 219 3802 O
W% 0.027 3 001 1586 0
ZIRI KT 0.026 1 0.03 4580 0
% 0.001 2 0  0.891 0.426
=RI X 0 1 0 1.73 0.203
Wz 0 1 0 0.05 0.822
grroir 0.012 20 0.001
_‘Irzf“giaul 2.227 24

T AUVERERE AL O TR BEOREE 300 iming MUBRALE A 125
AR Wisn 60°; FHZ S 0.
Note: Maize ears conveying position, descending side; Auger rotational
speed, 300 r/min; Side panel position angle, 125°; Side panel inclination
angle, 60°; Auger lift-and-convey angle, 0.
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Auger blade height /mm
T AUVERSE AL O TR BEOREEE 300 iming MUBRALE A 125°%
Mt wisn 60°; FHZf 0.
Note: Maize ears conveying position, descending side; Auger rotational
speed, 300 r/min; Side panel position angle, 125°; Side panel inclination
angle, 60°; Auger lift-and-convey angle, 0.

BH5 vthHEEMEMENKABE
Fig.5 Relation curves between transmission efficiency and
blade height
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100 r/min JF4ELL 10 r/min [¥)18]) FEE4 K2 200 r/min, 5%
SERK 20 RIS . ARG 45 IR AN R B )
B RCR S BRI R I L i Wl 6 s

100 -
-o- BEHESR A EFHY Auger uplifted side
90 - BABESESS FEEM Auger descending side
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T WRBER R 20 mm; DUARALE £ 180°: MUIAR IS 60°; FHIZfA 0.
Note: Blade height, 20mm; Side panel position angle, 180°; Side panel
inclination angle, 60°; Auger lift-and-convey angle, 0.

A6 et K E EAMAT MMag it SRt w45
Fig.6 Comparison curves of transmission efficiency with
auger uplifted side and descending side
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Table 3 Equation inspection table

TERIE SFITA H ¥1J5 Ffi PfH
Variance Sum of Degrees of Mean Value  Value
source squares freedom square F P
I”IUII_ 0.0501 2 0.0251 68.41 0
Regression 05

w2 0.0062 17 0.0004
Error

¥l

Total 0.0563 19
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b. Maize ears injury
T AREART A N S 20 mm; B 300 vmin; THEF 0.
Note: Maize ears conveying position, descending side; Blade height, 20 mm;
Auger rotational speed, 300 r/min; Auger lift-and-convey angle, 0.
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Fig.7 Response surface of transmission efficiency and maize
ears injury with Side panel position angle and inclination angle
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Auger rotational speed/(rmin")

T SURRGE LB N RO BB TR 20 mms URRA E S 70°;
AR ABiA 75°; THE 0.

Note: Maize ears conveying position, descending side; Blade height, 20 mm;

Side panel position angle, 70°; Side panel inclination angle, 75°; Auger
lift-and-convey angle, 0.

B8 Fhigxd 2RRAR G T
Fig.8 Maize ears injury caused by rotational speed of the
auger
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Table 4 Table of variance analysis

T3 2R PR AWK W F{E PE
Variance Sum of Degrees of Mean Value Value
source squares freedom square F P
Ewix U

Auger HE 4.645 8 0.581 64.723 0

rotational speed

M xtlh 4.214 1 4.214 47703 0
W2 0431 7 0.062 6.965 0
ZRI XfE 0.266 1 0.266 30.155 0
W2 0.164 6 0.027 3.1 0.009
SWIN WL 0.132 1 0.132 14.956 0
fiZ:  0.032 5 0.006 0.729 0.603
PUykI %tLk  0.006 1 0.006 0.639 0.426
Wiz 0.027 4 0.007 0.752 0.56
gf; 0.716 81  0.009
T'E'Ofa[: 5.360 89

VE AREERIL AL E A R SRR e 20 mm; 2% 5E 300 r/min;

AR AL B 70°; MIAR G 75°,

Note: Maize ears conveying position, descending side; Blade height, 20 mm;
Auger rotational speed, 300 r/min; Side panel position angle, 70°; Side
panel inclination angle, 75°.

EH 7 22 53 A1 (R 4 AT S48 T2 £ 0] s 25
SR 2, HLiR e 2 % UK EUE 3. 48 1] Matlab
AR Bl 45 R BT 2 I, R AR
(g, %) STtz G, (°)) WIEE R IE 9.

100 -
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i e iz f
Auger lift-and-convey angle/(*)

VAR IA AL E A RO SRR F e 20 mm; 2% 5E 300 r/min;

AR AL B 70°; MIAR MG 75°,

Note: Maize ears conveying position, descending side; Blade height, 20 mm;
Auger rotational speed, 300 r/min; Side panel position angle, 70°; Side
panel inclination angle, 75°.

B9 AEALMELENXABL
Fig.9 Relation curves between transmission efficiency and
auger lift-and-convey angle
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Maize ears status

Maize ears transmission efficiency/%

1 ORE 1 KE>150mm. EAR>50 mm. B S KR >300%; CRE
2: KJ¥E>150mm, EA2<50 mm. R EKHE>30%; K& 3 KE<
150 mm. F{42>50 mm. F A KR >30%; RS 4: KJE>150 mm. B
2>50 mm. A5 KA <30%. AFHAEALE R T REM; BRE Fr R
20 mm; $iE IR 300 r/ming UBRALE S 70°; DURRMEIS 75°; FHES 0,
Note 1: Status 1: length>150 mm, diameter>>50 mm, bract skin moisture
content>30%; Status 2: length>150 mm, diameter<<50 mm, bract skin
moisture content>30%; Status 3: length<<150 mm, diameter>50 mm,
bract skin moisture content>30%,; Status 4: length>150 mm, diameter >50
mm, bract skin moisture content<<30%; Maize ears conveying position,
descending side; Blade height, 20 mm; Auger rotational speed, 300 r/min;
Side panel position angle, 70°; Side panel inclination angle, 75°; Auger
lift-and-convey angle, 0.

B 10 #rEKE ERRAREGE LM
Fig.10 Delivery device to maize ears status adaptability
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Performance experiment of friction conveying device for maize ears

Liu Shiduo, Niu Kang, Shi Qingxiang, Wang Shengsheng, Yuan Qibao, Zhang Kui
(Department of Vehicle and Motive Engineering, Henan University of Science and Technology, Luoyang 471003, China)

Abstract: At present, chain-rake grain conveying devices are widely used in corn united harvest machines. They are
reliable with stable performance, but their structures are complicated. Screw conveying devices have the advantages
of being simple in structure; they are also applied in corn united harvest machines, but since they use a helical blade
space to transport corn, the structures are huge and difficult to configure in small corn united harvest machines.
Therefore, it is necessary to develop a new conveying device. The blades of the new maize ears helical blade friction
conveying devices are lower, so the grains during the course of transmission are on the top of the blades at all times.
Thus, the conveyer structure can be smaller in size, with less grain injuries in the conveying process.

By using a self-made conveying device for maize ears, the research focused on the laws of effects on maize ears
conveying performance caused by the new-type transmission auger’s blade height, guide side panel’s inclining
angle, guide side panel position angle, auger lift-and-convey angle, and the rotational speed of the auger.
Performances of maize ear conveying devices mainly displays in three aspects: the damage degree of maize ears,
the quantity of shattering, and the transport capacity. In the paper, maize ears were first be divided into four states
according to the average length, diameter and differences of moisture content. The first state was chosen in the test.
Maize ears of the first state are different from the ones of state two, three, and four, respectively, in diameter,
length, and moisture content. The state classification was used to study the adaptability of the conveyor as the
single characteristic of the material changes. It helps to compare the test results more directly and clearly. Analysis
of variance was used in the test to calculate the test results.

The test verified that the maize ear conveying device is adapted to many causes, including different maize ear
sizes and moisture content. With a blade height of 20 mm, an auger rotational speed of 300 r/min, side panel
position angle of 70° and side panel inclination angle of 75°, the novel conveying device can convey maize ears
better and effectively avoid the injury by traditional helical conveying devices.

Key words: harvesters, screw conveyers, efficiency, maize ears, injury



