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a. Separation equipment
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b. Leaf-stripping roll
LOWEAG 20 WA 3 iERAE 4 BRI 5 REFFUIEIAR
6. DIRIRIFEAE 7. BSF4R 8. FIMEE 9. MthiR 10, U JBAIR
11 ERRmMRE 120 FERMAR 130 FOKASET
1. Feeding platform 2. Feeding roll 3. front leaf-stripping roll 4. back
leaf-stripping roll 5. Cutting roll 6. Opening part for cutting
7. Flattening roll 8. Pith-stripping roll 9. Output roll  10. U groove plate
11. Upper leaf-stripping roll  12. Lower leaf-stripping roll  13. Corn stalk
7 B UJBARMESE . LA U BRI, L=B+20mm, H 2§ U
TEVAR B i o
Note: B means bottom width of U groove plate, L means top width of U
groove plate, L=B+20 mm, H means height of U groove plate.

B1 EABAHEESBITEH
Fig.1 Configuration of rind-pith separation equipment

AHLAMERSE h: K 3.0 my 965 0.95 m.
EE1.0m, RJREZ 700 kg HEEERSEA:
IO TREFFANECH 4 31, Bt R A% KT 0.5 th,
TR NT 95%, BLES)JIN 5.5 KW,

1.2 TiEJRIE

AR B TR e B F T2
F RN - P 2% B - T D) S BB - A Bz oy, QB T0°8
R R KRS M B AR, FEMRA
FRJCHFIE N REFERGES ) W A R BRI LA, &
HATH . B8, oM I B 2T SRS A AT
ANFIFENLA, S mbiEl. BIF. K. WHEEDIHI,
SEILNHES AP R 153 B B E A R B AR T
2 REMBIEAE
2.1 RIEHHY

6 BT A A2 F /K% 65.3%. FR
INEAARKT 20 mm B EERE EOKFERE, AFE 8K
PERE . BOKFEFF B B 43 B WL FE AL 56 R &
HEW OCBEE) UG K RBE N 12.1%0 b
K FEF .

2.2 R RIFMIERR

i B BRI B 5 IR LA 20 25 1 PR R K, I
FH B 56 5 SHUBER A3 B E R RO VR FR A

1) BRuR

EizpiBuN U IV AN Sl ) e = s
R E o e S4LEe i 10 NER (RRRALEE 1
WFREFE) » BOPIME. HEAh

Y, =2 «100% (1)
Q

X, Y BRI P OB R, 9 QN
BRI FH KRR A B B, g.

2) FIFER

& FOKFE AT I BE J5 BT 3R A5 1) B o oy A R o
EIE A O EARNT 10 mm 59 o B
LRI 10 N CRERAREE 1 ARFEFD , HdL
M. AR

v, = . 100% (2)
m

A, Yo WFIFER; mo ARIEBURE, gs m oA
Bk FORFEAT A B S 0=, g
2.3 RWigIt

1 BRI

PR EG H, MENTREAR BRh i (K
JEFE B4R 190 mm) B g R T E R R, H
APE RS RAK: U B SR TAEm CAnlE 1b) Rsf
IER S AN U@ S NS 8 & R - 3y N = I
30 mm, Kb )RS By 0% L=B+20 mm.
m % H=37 mm. A5 BRI LR RIS AT e
B PO B R AT B (P MO T A RIS
B UG R TR N R 2R T SRR KR
5, WA 1.

F1 BIHAIEEZRKERBE
Table 1 Relation of actual value and coded value

. N A RIS B B i R C
G {E . " ;
Feeding speed Bottom width Rotation speed
Coded value a2 1
/(ms™) /mm /(rm™)
-1.682 0.7 20 398
-1 1.0 22 500
0 15 25 650
1 2.0 28 800
1.682 2.3 30 902

2) FHAK:

AT FTHENUAG (P RE,  AEMRE TR 58 L i
R RER LA S5t S B A Rl b, e P R
AL ONOLY U I JARSE R 2 T LT BN
RESR R AR N N 2 T = oKk, W
* 2.
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Table 2 Relation of actual value and coded value

RRPEANLE (P=0.2040>0.1) , [KIULBIREAIE
s AR ] DL - e 5 DR 286 BRI BT LR B 2R

. N fil}E D AR E ST : o
Co%iﬁig%\gue Feeding slpeed Clearance Rotation ipeed E@ %} ﬂl’fﬂ %mfi E(J VT‘{E o Z—Et 3 EF' ’ Jlil:*)iﬁlfﬁ B *D HLB%
/(m-s™) /mm /(rm™) N E A % A R = E e C % H 22
— ne . v HIY AR L8, AR C H iRt
. 0 o 0 HRMAAR T AT 2 B0
0 1.0 25 600 F4 BMEREFRBEMHEDHR
1 13 3.0 750 Table 4  ANOVA on regression equation model
I By F I P i
1.682 15 33 852 Source Mean Square F Value P value
it 55.02 11.00 0.0004
S A== \
3 REERER A 81.46 16.28 0.0024
B 366.05 73.17 <<0.0001
oA
3.1 Bﬁﬂ'l’ﬁtgm C 15.58 3.11 0.1081
3.1.1 XEEHER AB 10.35 2.07 0.1808
B%u*lﬁ%%%mi% 3 Fﬁﬁ‘o AC 0.031 0.0062 0.9386
BC 0.10 0.020 0.8897
*x3 BRMHAEER A 9.75 1.95 0.1928
Table 3 Result of leaf-stripping experiment B 2.50 0.50 0.4962
U - 327 2
. XL R % K KF Factors and levels 5**\"'_?“. ¢ 1291 2.58 0.1393
s Leaf-stripping Pt 6.88 2.20 0.2040

No. WAL A ABUEW B fREEEC percent
Feeding speed Bottom width Rotation speed Y./%

1 0 0 0 88.7
2 0 0 -1.68 85.7
3 1.68 0 0 80.9
4 -1 1 1 85.4
5 0 0 0 83.2
6 -1 -1 -1 96.7
7 0 0 1.68 89.2
8 1 -1 1 93.7
9 1 -1 -1 89.8
10 1 1 -1 82.6
11 -1 -1 1 97.6
12 0 0 0 85.9
13 0 0 0 86.5
14 0 1.68 0 78.1
15 -1.68 0 0 93.3
16 0 -1.68 0 93.8
17 1 1 1 83.3
18 -1 1 -1 82.2
19 0 0 0 85.5
20 0 0 0 86.1
3.1.2 RIESH

JH it Design Expert HA5F i 96 F 4k AT 40 BT
SRAFBR IR AR [ L7 2250 HT
Y =85.92-2.44A-5.18B +
1.07C +1.14AB + 0.06 AC — (3

0.11BC +0.82A% + 0.42B?% + 0.95C?
MK 4 WT7 2 i RvTan, A P A
0.0004, UtHAREAIALF- 3 K P BEAY A ¢ R EL
R? 4 0.9082, Uit BRI U4 FEJE R AT, IR 2=/

K F AL o3 A 6 3R 56 4 kAT R4k, #f e
Wi 2 B 95%~ 100% ) A 2 B vE i, L3
5. ik wit, 3 MM lEn R 7E[-1.682, 1.682]
TEH N R 5%=125 NMLA TR, XLy
RO EEITRE, ATSRAGERI % (95%~100%)
HILR 7 AN 14 S, AT ZHW 11.2%.

x5 BRME (95%~100%) $HE5Hrk
Table 5 Frequency of leaf-stripping percent between 95% and

100%
Py $ii# Frequency
Coded MR A ViR 5% B Vi C
value Feeding speed Bottom width Rotation speed
-1.682 3 6 2
1 4 7 3
0 5 1 3
1 1 0 2
1.682 1 0 4
S -0.45 -1.22 0.17
FrifE 2 0.98 0.47 1.24
gf%ﬁ -0.97~0.06 -1.47~-0.97 -0.48~0.82
{5 X 11
I 1.02~ 20.6~ 577.85~
RN 1.53/(m-s?) 22.08/mm 772.8/(r-mY)

2 5 AIUFRIAEsE, WAHEH 1.2~
1.4mls; RBURTEE 20~22 mm, AHIER . 5
PR B DB S 55 405 g 22 R 20 mm; U AR
‘B 580~700 r/min.

3.2 RFERAIE

3.2.1 RXEEXR
FIFEA 0 25 F WK 6 FTR.
3.2.2 RIEHGAT

Mk Design Expert #4FxF# AL Zd 54T
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I, SRATSHIBEAR [ AR S H 7 22001 o
Y, =90.58 +5.81A-2.58D —
7.01E + 0.38AD - 2.87 AE — (4)
1.17DE - 3.06 A> —0.10D* - 4.20E?
*6 FWAWER
Table 6 Result of pith-stripping experiment
R K 2 KK Factors and levels

SO EAHEEA s pi:ﬁ% Y2
No.  Fooging D st E  Pithstipping
speed Clearance Rotation speed p
1 0 0 0 85.2
2 0 0 -1.68 89.6
3 1.68 0 0 95.5
4 -1 1 1 68.7
5 0 0 0 92.8
6 -1 -1 -1 86.1
7 0 0 1.68 70.6
8 1 -1 1 815
9 1 -1 -1 98.5
10 1 1 -1 97.5
11 -1 -1 1 75.9
12 0 0 0 89.1
13 0 0 0 91.8
14 0 1.68 0 88.9
15 -1.68 0 0 715
16 0 -1.68 0 94.5
17 1 1 1 711
18 -1 1 -1 78.9
19 0 0 0 90.9
20 0 0 0 93.2

MR 7 W7 2 e vl A, BTN P OfEN
0.0001, UaHAREAIAL T 23 K P RS A ¢ R 2L
R? A 0.9334, Uit AR RUFUAFEE R AT, BRI R 2=/
RIUPEALZE (P=0.2955>0.1) , [RIIHKEAL L&
() AR AT DAFH 0 5 5 DR 25 0 R BT LAL) SR R
F S A . X (4) oy, MR AL JEIBR
D. SHIRERHIE E 4 FIBER A5l 2% .

x7 MEXREARBNFTENSR
Table 7 ANOVA on regression equation model

e ¥15 F {4 P i
Source Mean Square F Value P value
iR 184.22 15.56 <0.0001
A 461.20 38.96 <0.0001
D 90.82 7.67 0.0198
E 671.37 56.72 <0.0001
AD 1.13 0.10 0.7642
AE 66.12 5.59 0.0397
DE 11.04 0.93 0.3568
A2 129.87 10.97 0.0078
D2 0.15 0.01 0.9120
E? 254.70 21.52 0.0009
R 14.78 1.66 0.2955

K FHAEL Sy BTk o6 45 BT Ak, ik
JEFIHER 95%~100% 1) K ZHUE VL, Wk 8. 1%
WG IE, 3 MY A AE[-1.682. 1.682]50 [ Py &
T 5°=125 N5 58, X e 4 A N By
Fi, AISRAFHIEER (95%~100%) HIHLAI T 2%
224, (AT RN 17.6%.

*8 FIMEE (95%~100%) SAEHHE
Table 8 Frequency of pith-stripping percent between 95% and

100%
o W%t Frequency
Coded value M SE A [A]¢F D FIFEAR S E
Feeding speed Clearance Rotation speed
-1.682 0 5 10
-1 0 5 9
0 1 4 3
1 11 4 0
1.682 10 4 0
SR 1.26 -0.12 -1.17
FRUEZE 0.43 1.25 0.56
o
95, /oﬁ 1.09~1.44 -0.64~0.4 -1.41~-0.94
{5 DX [1)
IR R 2% 1.33~ 2.18~ 388.92~
IRAEE 1.43/(m-s™) 2.7/mm 458.98/(r-m™)

& 8 MR UERIGuEsE, WEAMEH 1.3~
1.4 m/s; FIRERS CHEMRMEIEY 2.2 mm /it
F R R B N AR T 450 r/min (2R 4
5.0m/s) .

3.3 EITSHMULERNS BRI

IS CRAT RS, AT EOKRS R
Iy B GRS AT S HUfE I R

10 MR N (1) 3 52 1 5 o b BT A) (1) M N 82
SR HL AR, Al a5 R, A
g 1.2 mls; RFFUIFIAR S BRI EE (k
€ FIHENLA I M) 0 55 T I O 1 3k 2
2 HES T8 D0 315 4 a8 R A 0 BEANIC T A TE A
I BR I, FLZG L A 1.3 mis (FF &R Ee itk
Zia) .

2) ANPRUEFR AT & SR, B
WO e e & W B o o KT 5mis (L
600 r/min) .

3) W ARUEE AN A 2= FORFE A AT 7R 1
DI S, 256G QTR o, SRR e
LM e 5~8mls, ANSCHfE KT
5.8 m/s (HX 600 r/min) .

4) NARUE B it 2 2 G RS AR Ab R,
SRR E R E N 1.5 m/s G TR AT 20 25 0 i
(Riz B4 & 10%6LL 1) .

FEARVHERSEON T T (4 WiE) FKF
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FERCREY BIHL, FFREEKE 12. 1% FORRG AT kAT
TYERENNRK . HAEREN IR H I R 9 Fras. 3K
P B RENT ILIEL 2 o

*9 ERBEFRESBIIEENREEE
Table 9 Data of testing of rind-pith separation equipment

fibr bIUE=R (R FrUEZEsR
Index Testing value Standard
K 22/% >97.6 =95
FIRERI% >95.7 =95
I () >0.5 =05
i} FE/(KW-h -t 6.5 <8

a FRBiH F
a. Stripped leaf
B2 ERBAFEESBAKE

b. 34 ) A
b. Stripped pith

CAHFTA
c. Rind

Fig.2 Experiments of rind-pith separation equipment

4 #Z g

1) AR, e T BRI AR A 32
TRAE P SR WA I SR S5, BT o Pk
LR R BRI D AR 23 0 R JEE 56 22 F 20 mm, THi 5
42 F1 40 mm. = EY k) 37 mm; Gl FRERL, 0
JE T RN S EEE M SH, BRI )5 SR
[AlgE 2.2 mm Ai4q .

2) LEBHIES MR E, RSO R KRS
FF R RS B ML = ZHEAT S HOE I g REFF G
J& 1.2~1.3mfs, FRiFiisieit 2 KT 5 mis,
PIFERR e 2 B KT 5.8 mis. i (4 WiE) Ff
BRI RS, LA~ KT 05th, Bt KT
97.6%, FIFEZ KT 95.7%.
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Optimized test of running parameter on rind-pith separation
equipment for corn stalk

Wang Defu?, Yu Kegiang?, Chen Zhengguang?
(1. College of Mechanical and Electrical Engineering, Henan Agricultural University, Zhengzhou 450002, China;
2. College of Engineering, Northeast Agricultural University, Harbin 150030, China)

Abstract: With the development of agriculture in China, the total annual production of straw is over 700 million
tons, including more than 200 million tons of corn stalk. In general, corn stalk was utilized as the common
domestic fuel and livestock feed, and the remaining straw was burned in fields in the past, which led to waste of
resources and pollution of environment. With economic development, technological progress, and the growing
demand for resources (including energy resources), valuable utilization of corn stalk is emphasized at home and
abroad, such as separately using rind, pith and leaves to achieve maximum value according to their different
chemical compositions. Therefore, rind-pith separation equipment for corn stalk has been developed in China. So
far, the separating quality, adaptability, operational reliability and productive efficiency of rind-pith separation
equipment for corn stalk are still low. Further research is needed, including deeply researching and developing the
key mechanisms for rind-pith separation equipment.

For effective separation of the rind and pith of a variety of corn stalk (especially corn stalk with a high moisture
content obtained in the corn harvesting season) and determination of the operation parameters of rind-pith
separation equipment, a leaf-stripping mechanism and pith-stripping mechanism of rind-pith separation equipment
for corn stalk had been experimented on. By preliminary experiments and analysis, two stages of leaf-stripping
technology of blasting, stripping and rubbing had been used and conformed. Key parameters of leaf-stripping
mechanism and the pith-stripping mechanism had been determined by multi-factor orthogonal rotation
combination experiments. By an analysis of the experiments for the leaf-stripping mechanism, the significant
factor was the bottom width of the U groove plate and the feeding speed for corn stalk with the third significant
factor being, the rotation speed of the leaf-stripping roll. For the pith-stripping mechanism, the most significant
factor was the feeding speed for the corn stalk, the second significant factor was the rotation speed of the
pith-stripping roll, and the third significant factor was the clearance between the pith-stripping blade and
supporting plate. By a comprehensive analysis of the existing experimental results, the main movement
parameters of rind-pith separation equipment for corn stalk were as following: feeding speed for corn stalk 1.2~
1.3 m/s, rotation linear speed of leaf-stripping roll more than 5 m/s, rotation linear speed of the pith-stripping roll
more than 5.8m/s.

Based on the optimization parameters of the above experiments, the four-pass rind-pith separation equipment for
corn stalk was designed. The separation equipment was mainly composed of a feeding mechanism (including a
feeding table and feeding roll), two leaf-stripping mechanisms, an opening and flattening mechanism (mainly
cutting, opening and flattening corn stalk), a pith-stripping mechanism, and an output mechanism (mainly
transportation rind out of the equipment). By experiments, the separation equipment was found to be practical to
separate corn stalk from about ten percent moisture content to about seventy percent moisture content. Then, the
separation equipment was examined and tested, and overall productivity was more than 0.5 t/h according to corn
stalk with about twelve percent moisture content, the leaf-stripping percent was more than ninety-seven point six
percent, and the pith-stripping percent was more than ninety-five point seven percent. The above results could be
served as a guide for the designing and optimizing of rind-pith separation equipment for corn stalk.
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