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FRATECE PO AL R MR R 2 = R0 s, Al R v
AN 350 EHCEEFTIE B H IO U REEARAE 13.00~
14.99 mm Z (B FIABFEVE iR B AT RL . WOk JG AR AT
9 100~130 cm, MHRFFHIAS [FRIEBALHURE, HURE S AR
B PR ER. RS, b REER. THER, B FREE 1~5 5k
R, Wk 1a FioR. WA FBURESBAL AR FT 6 BCSA
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a. MRFFEUAE L

a. Sampling location of cotton stalk

b. #RFF
b. Cotton stalk sample
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Note: The sampling locations are the root, lower, middle, upper and top,
respectively, represented by sample 1 to 5.
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Fig.1 Test material
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1.Traction mechanism 2.Body frame 3.Peeling force detecting device
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a. Object of experiment table
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Fixed in tangential direction
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1.Tensile machine 2.Draft sill 3.Pulley 4.Moving plate 5.Clamp forceps

6.Sample 7.Loading disk 8.Friction block 9.Force sensor 10.Fixed plate
11.Table top 12.Loading weight 13.Support frame

b. 3 e ) i L P

b. Schematic diagram of shear strength test for peeling
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Fig.2 Cotton stalk peeling experiment table
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FEINARAE 7 o n Ak, SRR K B2 M N 1E 77 .
JRENR RGN 1 A58 2 17 BB, BN s A
SRR 4, A EEERIEFFH 5 LU 1 mm/min
G EAEEE . BEWR 10 B2 i 9 5
INERAL 7 Z BRI 4034z, M@z s, M
WFE 6 32 1t 3a s, AKFJ5EE, RS
514 T MR RIRI S F, 2 AN SIS, T A
FHIR,  MITTTE A S5 350 -5 9 Bz 0 ) 4 & L = AR BT DE
RIS FAWHER, BEBIEEEEE 8 N IH) 5 MR FT IR
AR, FE N FEEM, RS 9 id R
TRAG B R B SRR R ) F ARk, £33
3b Fias iRk .
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a. WA RS2 I

a. Force diagram of cotton stalk samples
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b. AR SRR I A 5 I i) £ P
b. Curve of sensor measurements with time
X FONRIE D), TRAES D), FyRBEEME S, F A3 Ni Faal
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Note: F is peeling force, T is the traction force, Fy is the vertical loading force,
Fis the supporting force, N5 Fiax is the maximum of the peeling force, N.
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Fig.3 Measurement of peeling force
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F s S ah R vk, WIS LA T B A8 B8 1
SEE, 3 B AR R R 5 AL N Y e e A R — AN RUE
PP [, T T BRI R i SRR, R [REL
FE AL B A A A SR FH A [0 1% 2 B 28k 5 P 2R A7 1058
28 1 TR0 2 TE BN AR E N 5~15 MPa. BT In#kfit
SRR AR EE R 10 mm> 10 mm 7R, SR
FAF B X R~ 9 1 mmx10 mm BIREFFHREE, B R
T IE A AL T AR XN AT R J ) FEAEIRES o B U AR
KZE X BUFEAL Xo INEGRE X5 3L 3 NMRER, RiE
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Table 1 Encode of experimental factors and levels

e K TFE AL TR
Level Water content Sampling location Loading strength
codes Xi/% X3 X3/MPa
-1.682 20.00 HR B 5.00

-1 36.22 N 7.03
0 60.00 i 10.00
1 83.78 o R 12.97
1.682 100.00 T30 15.00

1.4.2 EWAHKEGERFRE

AR Fh iz s 5 R B WL, B FE S 2
IR TAEIX, bF TAEX AN R 2 m R B . R
P lE Jr 2 e IR, ARSI AR — e Y,
) B Bl 5 A5 3 5 A ST AL R B 3 o A AR AT . AN
(3 iz 75 323 38 RS 7 0 AT R R E AR T, DR e H A
T4 R Bz DX 355 B2 A 1 mm T B B 5 B A ) ik,
WK 4 Fis, RS BRI EBEEIANEE —E K ER E
P, R A PR AN T R B U 0 2

TAEIX
Working range
H 3

Free end

Friction block
PIsEs
Phloem
T
Clamp forceps
B4 EMAREGEEZRETEH
Fig4 Schematic diagram of single factor test of skin attachment
length

1. 4.3 JAKIRACARAT Ao T SEARAT 49 HLAR

AN IR FE b 307 200 ) B 43 i A RO s ma P ik
BRI R P AR A0 2 g T T R A R Ak B ) A D s
B BT B AL AL RE RS SE L Tk AR rh 22
LV K ALARAT R B, T ELJSE RE % S IR A AT A5t

BB S 8. e 2 FASEALFE 7 N AR AT
B YR E 1 2 R o
2 GR55
2.1 FuMAAIRIE
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KHER 1 ARG R AR, Wit O AR
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Table 2 Results of central combination

sggy PR
. T it

g o KHE Eﬂiﬁ{”ﬁ n %JUJEE Peeling shear Peeling shear
Number Water Samplmg Loading strength in strength‘ in
conten x; location x, strength x3 axial direction d'tang'enu;l

P w/MPa R
1 -1 -1 1 6.42+0.75 6.354+0.61
2 1 -1 1 6.17+0.68 6.34+0.54
3 -1 1 1 7.79+1.34 6.80+0.50
4 1 1 1 7.37+0.20 6.52+0.37
5 -1 -1 1 10.46£1.96 9.47+0.87
6 1 -1 1 9.34+1.76 8.73+1.18
7 -1 1 1 12.73+0.83 10.19+0.90
8 1 1 1 11.82+0.91 9.87+0.51
9 -1.682 0 0 9.26+0.74 8.73+0.44
10 1.682 0 0 9.40£1.20 8.35+0.88
11 0 -1.682 0 7.29£1.15 7.04£1.77
12 0 1.682 0 10.02+0.97 9.05+0.65
13 0 0 -1.682 6.09+0.65 5.07+0.51
14 0 0 1.682 14.42+0.63 11.13+1.47
15 0 0 0 9.99+0.49 8.70+0.81
16 0 0 0 9.294+0.56 7.95+0.45
17 0 0 0 9.66+0.62 8.04+0.79
18 0 0 0 9.324+0.55 8.01+0.93
19 0 0 0 9.17+0.92 8.16+0.43
20 0 0 0 9.30+0.87 8.06+0.71

2.1.2 FENMF

K H] Design Expert B2 2 (150 45 547 70 #r s
3 VR ST DA S ) 3R R B D) L D) 1 ) Rz B ) 5 Dy
NERREL, DA R 3RO F AR R R 2 IR E T R,
mx 2) . (3 Fim:

P, =9.47—0.18x,+0.87x,+2.24x,+0.005x, x,

—0.17x,x,+0.27x,x, — 0.13x7 —0.37x; +0.20x;

B, =8.16—0.15x,+0.43x,+1.64x,+0.019x,x,

~0.096x,x,+0.15x,x,+0.095x —0.08x; —0.061x;
:_EEEF' Xi~ X2~ X3 7“7%’%‘%7qu%@5, P%%§Eﬁ§U&§aﬁtﬂ
PR, MPa; P, AVIIAFI KBV, MPa.

X IR Z TR 7 FRIEAT 5 25 MT, 45 RNk 3 i
FH 3 A%, iR EIEAERLE P<0.000 1, FHARIAY R
s AT P AE 55 0.109 2. 0.256 5, $KT 0.05,
KU RMEARNEE, HAAH, FEHE558 23.550.
23.646, ¥IRT 4, RUIBEAEAL, wTHT-H0
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Table 3 Variance analysis of cotton stalk peeling experiment
using response surface method
il i 3 g BT D) ZIERIaIb

Sl Peeling shee'lr str.ength in axial Peeling shear ;trength in
Source direction tangential direction
FA8 P Fi8 PAA
Fvalue _ Significant level P F value Significant level P
AL Model — 45.10 <0.000 1** 40.94 <0.000 1**
X 2.17 0.1715 2.65 0.134 5
X2 50.69 <0.000 1** 23.09 0.000 7**
X3 334.72 <0.000 1** 337.47 <0.000 1**
X1X2 9.758x10 09757 0.026 0.8757
X1X3 1.13 03132 0.68 0.429 4
XoX3 2.90 0.1195 1.73 02177
X 1.16 0.307 5 1.18 0.302 4
x? 9.46 0.011 7* 0.85 0.378 0
X3 2.78 0.126 5 0.49 0.500 4
el Lack of it 3.28 0.1092 1.86 0.256 5
{GURLL Signal 23550 23.646

to noise ratio

T P<O.01 AR, H**RIR; P<0.05 HRE, MR,

Note: ** represents highly significant (P<0.01), * represents significant
(P<0.05).
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TR xy 1) U)K i 7] 5 7] 1) 301 Bz B 1) 568 P 52
£ 0.01 KTVIEE THEZE (P<0.01) ; BUREERAL x, 1 —
IR ) ) K2 BT D) 9 R R AE 0.05 KPR
(P<0.05) ; E7KZ x; [— KT, IRIO h im] 5 97) 1] )
FeBTYI5 FE R I AN B2 (P>0.05) 5 &R A8 BT
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FRE: Py =9.47-0.18x, - 0.13x] (4)
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P, ,=8.16+0.43x, —0.08x; @)
INEBRIL P,y =9.47+2.24x,+0.20x; (8)
P, ,=8.16+1.64x, —0.061x; (9
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Z IR HE BRIE = AWHE NI I, AR, A0 IR (45
G AAWHISS T SRR . AR A I, MRS
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AR S T AR L MERRE, ) R0 B A St #4810 21 4

HEFNBA TR, 2 RER o AP YR B ARG, thoE T
16 ) ¢ BY DI 35 U 1 ) B BT DD SRR A 22 . e
SIMTRIRN, KT R B Y )5 LR R AN 2,
JE PR A R IR B /K B AR ISR AR AR v & R AR BRI AR
e, SHEMABER R EH KRG e RS KRl
Ja SR E AR A TR TR m . IR R
B IR GEI Ay B R 0 R T LI 5 K SR EEAT U 17 )
B, IBEURFE SR H 1.

—=—#fi] Axial
ras—— *———=—. —{]]}ii Tangential

N0 DN

Sz B o
Peeling shear strength/MPa

4
2
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a0 1 2
# /K FLevel of factor
a. KA I B B 5 (1 e i

a. Effect of water content on peeling shear strength

£ £
Su Su
m 12 w§ 12
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o 1 L L ) o 1 1 1 )
R 0-2 1 0 1 2 = 0-2 -1 0 1 2

% /K-F-Level of factor
. IR NS ) e BT ) 3
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c. Effect of loading strength on
peeling shear strength

# /K FLevel of factor
b. HURE B AL ) B BT ) i 5
TR A 1 2
b. Effect of sampling location on
peeling shear strength

e B Sa , BURRERAL xon INEGREE x5 1929 00 18 5b At BKE . InEk
TR xs ¥ 0; Bl Se b, EKE xiy WURERRAL x2 975 0.

Note: Sampling location x; and loading strength x; are 0 level in Fig.5a; Water
content x; and loading strength x3 are 0 level in Fig.5b; Water content x; and
sampling location x, are 0 level in Fig.5c.

B 5 BREEFHE TR

Fig.5 Influence curves of single factor on peeling shear strengths
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Tva) 3% B BY 17) 568 /N Tl 1) ) BT D9 % . BRARE/IN
B0 T ORI E/ N R B By V) 5 B, H 3R B ) BN
AR SREBT V)R B2 S B A, TENURR 2 VB ML I,
BEAMMEE T INE, WA SR EMAT, W
HICIE 58 ORI B
2.1.4 B FEATH I 032 EAFaoH

MRIEFR 3 W7 ZHrnl w2506 2 TR 57 9 28 ELAE
F 6 SR 52 BY )5 B ISR AS B . XTI, TR E
AN YT b 4 ) R BT 5 BE LN 1 T 1Al A LA
WFiEghdrm, R EEE, WiKESBEZT R L
7 BT 5 B ) B RARLIEAT BE T, IR RE ARAIE R 41
Sz 2 o I FH i N T Y vk 22 T B VAR AL R AT 0 A
HEKFEN-1.682 KV, BUFEHIAL )Y 1.682 /K-F-, Nz
JEN 1.682 AKFI, BIFEE /KR 20%, HURERBAL TS, i
R 15 MPa ISR, i) 500 1) 40 Bz B )98 Bk B
e R EORAE, R ) R B )58 N 15.41 MPa,
) 1) 3 2 5] 58 5 Ky 12.41 MPa. fil11) 547 1) 1 Bz 8749
FE AT B KAB I 26 A AR TRD,  HS S PR 28 3008 3 5 B9 1)
558 I B R BT VU 2% A — 80, i — 2B Ui T R R A LF
AR EAE o MO 41 A 1R 56 45 5 v] 15 1) g 3 7
75 AR T S ) ) 7 SRR S iR
2.2 EMEKEMNRERRIEERS SR

DA O A A RIS O T AR AR R, BIES
IKFN 60%, HUFEEAL AR, INEksRE N 10 MPa [f14%
PE R BEATAS TR B B K P R MBI A 1 R
PEHLE AT, BEHRYLE 5 TR AR L B SR R (X 3
%t 55, FlR A E o REAT R XI5 N 1 mm.
Sl R R B K E R TET 16 mm. PIa3 R
KR T45ET 20 mm B, )5 H 2 B0 2 0 22

. B, ARETE RN DR MIREE FERr
bR, DNGURE S B Dh 3 B I AR AR AT il 1) 5 7)) 1) Bz B
DISiSE, 8RR 4.

F4 KMERKETERRFREREEYRE
Table 4 Peeling shear strength of phloems with different length

gn pEER s s
Number different Peehpg shear 'strength in Peehng. shee}r str'ength in
leneth/mm axial direction/MPa  tangential direction/MPa
g
1 10 9.87+0.76 8.35+0.61
2 11 10.31+0.27 8.85+0.55
3 12 10.51£1.07 9.06+1.36
4 13 10.65+0.24 9.07+1.72
5 14 10.30+0.22 9.13+0.41
6 15 11.35£1.75 9.23+0.39
7 16 9.20+0.41
8 17 9.31+0.36
9 18 9.36+0.29
10 19 9.39+0.45

M 4 ATEL, YD 1a) ) B B 5 AN N Tl ) R
BUYISRAE, T HL U A 30 Bz 75 FRE I R 3 B R ) e K
K FE R Tl 0 5 77 2o WA ) R R I, BE R R B K
FEMIEIN, B I ) R S ) 5 B 7 1 B R
BV S R MG K R A DG . W U ) R
RS b &7 A N E VA RS U8 %) WA CIE: N = N & )4 L)
SR P B R P K FE AR I K 2 1, ) 1) ) R AN R
f, T HL R FERUK .

2.3 AR ITRF SR RER S

TAFFEERBAT IS K E N 72.16% (F3) , BT
WRFTIE KR AL, SO [E] &7k 2, 2 Pl ARl s 2 X
BN 1 mmx10 mm FJEFE, 7E 10 MPa JI#CGEREE T, Mt
MRERS A RERS A ER R R T A e U e R
BIYsREE, Rt 5 A, 4RI S,

x5 WBAAELELSRTREEYEE
Table 5 Peeling shear strength of cotton stalks with different processing

MPa
K EKALARAT Soften cotton stalks after watering FHEEARFT Fresh cotton stalks
'S LR AL 1T Y D)0 B U1 B D)1 5 Al 7 8 U1 I B D)1 5
Number Sampling location Peeling shear strength in Peeling shear strength in Peeling shear strength in Peeling shear strength in
axial direction tangential direction axial direction tangential direction
1 R 7.62+0.75 7.02+0.94 7.34+1.23 6.32+1.03
2 R 9.43+0.81 8.51+0.73 7.40+0.92 6.54+0.43
3 i 11.39+1.91 9.45+1.64 10.03+2.06 6.62+0.29
4 L 11.70+1.45 10.05+1.51 11.00+1.39 7.26+0.11
5 T 12.22+1.43 11.12+0.93 10.32+0.17 7.40+1.23

MK 5 mIHL ARSI 2 N5, K
AT 10 3 2 B D7) 58 B 25 A~ AH L A4 B e A ) 51 52 B )
SR o 3 KA T G A i DR A AT ) B 8 5 Ao T]
LR A M e, B R ARAT K SR R
TH B B 5 AR 5T B 2 B (R IO s T AT R AT
B B85 AR AR SR, BARIK AL S5 T R
EKEIGIN, AR KA AR AN T W AR AT, A BB
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Peeling and shearing mechanical performance test of cotton stalks in
extrusion state

Shi Nuo!, Guo Kangquan®**, Fan Yujie!, Liu Baoxuan?, Yuan Xinlu®

(1. College of Mechanical and Electronic Engineering, Northwest A&F University, Yangling 712100, China;
2. Shaanxi Engineering Research Centre for Agriculture Equipment, Yangling 712100, China)

Abstract: Cotton stalks have a high lignified degree. The fiber configurations and physical-mechanical properties of cotton
stalks are closest to wood, and it is an ideal substitute for wood. Cotton stalk scrimber is a new artificial material, and it is a
new way of cotton stalk material utilization. Defibering and peeling are important processes for preparation of cotton stalk
scrimber. For a long time, cotton stalk peeling is used by manual separation of phloem and xylem, this method is inefficient
and becomes a bottleneck restricting the development of cotton stalk material industry. In order to study defibering and peeling
method and equipment of cotton stalk scrimber material, peeling force test was done using homemade test-bed. The test-bed is
composed of traction mechanism, framework and peeling force detecting device, and it can press vertically and peel
horizontally cotton samples. The length of harvested cotton stalks was from 100 to 130 cm, chosen cotton stalks with no pests
whose stem was straight, and root diameter was between 13 and 14.99 mm as the test materials. The total length of the sample
was 35 mm. Some phloem was retained to form the test area. The axial is in the stalk length direction, and the tangential is in
the perpendicular direction of stalk length. The cotton stalk samples were fixed on the rack in the axial and tangential direction.
The direction of loading disk and skin parts was lined up properly. Load weight in the end of the loading disk. Apply positive
pressure on the skin part of the sample. Then the traction mechanism was started, the clamp moved in the frame of the table at
the speed of 1 mm per minutes. Force sensor installed on the dead plate and loading disk was connected by a wire rope. The
xylem of cotton stalk samples was subjected to traction, and phloem to peeling force in the horizontal direction. The two forces
were the same size and the opposite directions, thus shearing action was brought in the bonding interface between xylem and
phloem. The wire rope was tensioned gradually in the experiment, thus the peeling force was steadily increasing until phloem
peeling off the sample, and then the peeling force plunged. The force sensor recorded the changes of peeling force from the
beginning of the experiment to the separation of the phloem and xylem. Peeling shear strength was the ratio of maximum
peeling force recorded by force sensor to cotton stalk sample peeling area. In order to test the peeling shear strength, center
combination experiment was done on the three factors: Water content, sampling position and loading strength. Single factor
experiment was made on skin attachment length. And the water softening cotton stalk and fresh cotton stalk were compared.
The results showed that the sampling location and the loading strength had significant influence (P<0.01) on axial and
tangential peeling shear strength. The effect of water content on axial and tangential peeling shear strength was not significant
(P>0.05). Improving the moisture content can reduce peeling difficulty, but the effect is limited. The interaction between the
three factors was not marked (P>0.05). Loading strength, sampling location and water content have a strong to weak influence
on peeling shear strength. Tangential peeling was more highly active and lower consume than axial peeling, and it was a more
reasonable operation mode. The axial peeling shear strength of fresh cotton stalk is greater than the tangential strength, this
feature is consistent with the water softening cotton stalk, fresh stalks are easy to peel compared with the water softening ones,
and the effectiveness of peering was high for a timely peeling after harvest. Our research offers a reference for the design of
the equipment for defibering and peeling of cotton stalk.

Keywords: agricultural machinery; mechanical properties; moisture; cotton stalks; sampling location; loading strength;
peeling shear strength



