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a Front view
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b. Isometric view
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1. Handrail 2. Straw conveying and discharging device 3. Frame 4. Walk-behind
tire 5. Follower wheel 6. Dividing disc 7. Transmission chain 8. Tension Guiding
mechanism 9. Variable stiffness clamping and pulling device 10. Power source
11. Transmission sprocket chain 12. Right-angle guided gear box

B 1 6 REREH
Fig.1 Overall structure of the test bench
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Fig.2 The process of clamping and uprooting cotton stalk
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B3 k#HFRETEHR
Fig.3 Clamping principle schematic
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Table 1 Main Parameters of the device
Z ¥ Parameters #UE Value
R ENHLAIE T Rated power of engine/kW 43

AMERSE (Kx3ExiE) Overall dimensions
(length xwidthx heigh)/ (mmxmm>mm)
HEHLJFT HE: Machine mass/kg 176
W3R 4 Harvest rows 1
{E)ki%JE Operation speed/ (m-s™) 0.38~1.06

1400x455x1 100

2 KBS

2.1 THIE kKK E LN

AN BE et 2 BRI A 22 L, wiE 4 FR,
FE B EEh R BRI R TR RIS
A NI FE S FEALAG 2o A R RRAT B SRR R H KSR
LSS, TEE N 38.1 mm, “FHIRHEEA 127 kKN, #1
Prom B, AR . BEAPIOR A B EE, ENIR
JiE 5 AR W e B AT e, SR PR BEEAT 8] . AR NI R
JeHe g e He. AR . BRAR R, AR H S AR 2 (A
1T, B 5 AT AR IR AR SO& T, 36K
BERE. RYEIFEE LI RIGANE RS, AR NI
BB KR 5 35 75 mm,  ANARUEE Y 5 mms

FFFHLHI(E)
Clamping
mechanism(left)

LS SE

Clamping -
mechanism(right) A2

i3

Yoo AR R

Exploded view of variable

I
Variable stiffness
splint stiffness splint

LB EERS 2870 3.5k B TR 4.5 E T8 55K R 6. LRI S RraE
1. Active sprocket 2. Guard plate 3. Tension guide base 4. Tension guide
5. Tension spring 6. Variable stiffness gripper

B4 ERERFELE
Fig.4 Variable stiffness clamping device
2.1.1 AL A KT LE S
wmE 5 fros, ARy, 8 TR L SRR
KEFHUR,  HAEZIE R A ST i AT, R 20
RN FREAT 2347
IIARBLIRFTEEE v SHUHRTREESE v, Z KRN

Vi

V= (1)
cosa
RIEE 5 TUAT R R AT 15
v, = v;sin(y +B) —v;sinf (2)
vicos(y+f8) = v,cosf (3)

X o NEIG S A, BHE 450 y v, SHLE
R T R R A, (005 B v, SHLERTEE T A 3 £ 6]

ks, (.

T v NIRRT, mesTs v, WHLARTEEEE, msTs v, Ao RS
FEFF el A A GRS, mes™s R, A R A RALH M O EIINEAE, mm;
Sy A D, 53 RIF A KAE A /IME, mms R, N7 RELSME, mm; L,
NOIAREHOEE, mme R, ARG IR AL E SRS o0 BER, mm.
Note: v, is the speed of dividing plate, m's™; v, is forward speed of the machine,
ms™; v, is the combined speed of the contact point between the dividing plate
and the cotton stalk, m's™; R, and R, are the radius of the notch arc on the
dividing plate, mm; S, and D,,, are the maximum and minimum values of the
dividing plate opening size, respectively, mm; Ry, is the outer radius the dividing
plate, mm; Ly, is the center distance of the two dividing plate, mm; R, is the
distance between the initial clamping position of the cotton stalk and the center
point of the sprocket, mm.
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Fig.5 Analysis of cotton stalk feeding process
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AR ETF O E IR 42 R, f1 R, 55~ 126 A1 46 mm,
A 384T 12 4

2 M AREE R BN, A REEHULER Ly, R AL :

2R, <Ly <2R, (5)
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R (6) I EIAR IR E N KT 6 mm, HiFFE
210 mm, NERIEREF I #E E 2aRE, witBIR
PURFE 10 mm, e A SRR I 45 [a] B 2H R 1) S AR
WL S, =23 mm, HAEHFMHELLS0E . A% ER
MREAZBENT, BRI 23 mm FARFF AR A7
Jekr, EMATERKT 23 mm, T LR LR,
TREETREE AR, BEORRFFEIBR, AR S R,
WGt S . K, RSB AN [ERE A K %k
Ffo BB [in 5 hy SAORSHAEIE, 9749 75 mm.

¥ R~=118 mm fAARX (5) W43 L, H 236~300 mm,
I P 2 AR AL AT R P 2 (R A AT PR N JE 4 25

L INE|

/ FYME R

/ Clamp block dimensions

Ve S, NEE TN, mm: d, NPTIHZ R, mm; 1.
By B dy S BRI . SERUE, mm: L, NYCREREUOEE, mm,
Note: S, is the theoretical flexible deformation gap, mm; d,, is the initial gap
between the two clamps, mm; ;. /4, and dj, are the length, width and thickness
of the rubber block, respectively, mm; L,, is the center distance of the clamping
chain, mm.
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Fig.6 Schematic diagram of cotton stalk clamping clearance
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H

H,J5 [ 25 100~200 mm, L, 5 2y 150-230 mm.
= (7 98] 7, FKT 430 mm.
HIE 7 =T RS R AT R
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THEAS B FeFREE PO BE KRS L, /N YK T 460 mm, 5
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AT Ig sl AR &l 8 s, W T o RELHMRALEH,
KAFRIS . ARAT SR JE R ) 5o~15°, IR4E LR &
CIpSiR

ZH,+L, VD)

AERA S AR B e UM AT B AR PR s B i 58 83
v, Vin
sind  sin(180° —a — o) 9
§—0=90° 10
Bzt (9) A (10) 15
cosf } an

Vr= cos(a'+9)v

THE (1D AR E E R v, W~ 0.75~

1.50 m/s, 23 FE B 420N 159.2 mm, 15 Hi B 46 3% ok vu [

N 62.35~124.70 r/min, [R5 R EEFE I HETEH Y 62~
125 r/min.

HEA AL

Sprocket axis

P3ii

Clamping chain

HAT

Cotton stalk

I3 RELHNEL _
Axis of divi-
ding disc

5% Ground
L

Ee: H, ARATIRTF R, mm; LOARRAFRAKE, mm; H, ARG
FeFF R, mm; o AEIG SHIERA, () P AR

Note: H,, is lifting height of cotton stalk, mm; L, is the root length of cotton
stalk, mm; H, is the height of the initial clamping point of cotton stalk, mm; a is
the angle between the header and the ground, (°) ; P is the clamping point.

B 7 ARATRS R A
Fig.7 Cotton stalk posture change process

P3i

Clamping chain

o

TR v, NIRRT, mesTs v, ARRATIRIGEEE, mesTs 0 NRRFTE A
B (9)s & JURFTHRICGE BE AL AT RERBE RIS AR, (°)e

Note: v, is the clamping chain speed, m‘s™; v, is the cotton stalk uprooting speed,
ms™; 6 is the cotton stalk backward tilt angle, (°); J is the angle between the
cotton stalk uprooting speed and the forward speed of the machine, (°).
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Fig.8 Analysis of cotton stalk uprooting speed
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£ 0 12 B 8B KT 43 B S ML F gk R T M AR R, W]
DL R B AR AT 55 28 AT 4000 i 3l B2 7 1al LR i
MR, BRI R PG R RSB AR .

2 v.cosa — v, <O B, RIIEFEGTIE 3B I 7KF 2 38R
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X8 B FE 7 [ LR Ry MR ET T, RO AT A
RO, (AR AT 28 %60 32 2 T8 FE 7K~ 233 B2 -5 AL L gk
AR, 5 iE B AT PE NS 3, AR T R AT
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FRYE IR 23 A T A0, A T SR R i 226 3k R O 7 G R
v,c080.>v,,, R JEFFHIE T BE R 7K1 20 T B K T AL A Ak
R, 19BIME KRN

K,=—>—— (14

KA K, NIkl B S5 HLE gyt B L, ARYE v,
Moo HHHARF] 1.06<K,<1.4, {EICIFHHEHE . WA
FERIMLEL AT e i, R HE = H ML R,
XK, PR .

gE brn, WARFT SRR R BN IR TAER EE 5
W ARG HUERTEEERE v, TFFa8Eshl v, #
G5 IS a.
22 SKESHHM

DARRFT 56 4 Je Rf 22 03P ZUN A O B, 0
WA 2 15 DL, W 9 BToR, AR FF AR ) e FF B
ocs GG T) o, 5K KPR 5K BN ) 0,, = F HR
/%iﬁ/%:

Oua =0, =0cs (15>
Fz‘]a
cla = (16>
i ljk'Sr
SrZhjk[TEL2+2(L1—L2)] (17)

K 000 0, T ocs 20 HINTK EHE L AR BN FT 1) 8L
71, MPa; S, NREHERAZ IR, m*s L, AR
B KK, m.

FH, HIHRA SN ERRES F, BRI
H1 Fon KFFIeHE T Fog =5 052 R A2«

Fcla:Fr:FCS (18)
Fcla = Kl 'Axcla (19
F.=0,S, Q0

A Ax,, WEETRA R, m; o ABIKERR J1, MPa;
ocs NIRFFARSZ M. 17, MPa.

AT AR IR A5 BB SE AR FF 4R PR B/ % =ik 1100 N,
N FEEBRR IR, BRI HEE 1200 N, FREk
s SHRFF B R, 45 A5k BN UM O AT Ja) B 22 5%

ity RF CEL 10D, BTk B AR 335 19 I KF J1=1200 N,
WK x,=42.6 mm, WiFHEYIEKE x,=50 mm,
Bl Ax,=7.4mm, NN C(15) 715 305 1 R F R %
K,=162 N/'mm, %£34H 7% 58 5 1%k H s B A e A =L s 3,
PEAME 35 mm, WA 18 mm, PRI N 1617 N. %
HE B MBUN BELE . SREE R WL, A5
FWTEL . 2 SR A

CL
tﬂ}«—»
— =
th
F, I‘ F,
cla 2F, 1.1 2Fs cla
M b— A
K, /1/,( :‘: K,
al]
e
_—- -
< N
‘d,k r“

|
e Fa AFFETT, No F ABIREUEE ST, Ny Fos AMFTZRZISFIE T,
N: K, At R4, Nom's L AMEEEHKE, m.
Note: F,, is the clamping force, N; F, is the clamping force of the rubber block,
N; Fg is the clamping force on the cotton stalk, N; K| is the elastic coefficient of
the spring, N-m™'; L, is the length of the semi-minor axis of the ellipse, m.

B9 ARATIRE) kI H 5T
Fig.9 Analysis of the radial clamping force of cotton stalk
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Tension
spring
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»
>

AR N
Limit
guide rail
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T F o WRFANRAERTT, Ni x, RIS HE A RKE, mm.
Note: F', is the reaction force of the clamping force, N; x, is the installation
length of the tension spring, mm.
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Fig.10 Force analysis of tensioning guide mechanism
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AAYERN S AR IR Je R AR AT BRI O B T 5156 85

BRI o
DUKRAT 52 4 e L2 F1 P A 2N FE 0 5, b
B BRI T, B A _ AR OT R AR AR G,
K 11a Fras, B BN IR = A RS I BN 7oA
Aa,:E;k1+Asg—(1+Aayﬂ/3 1)
Ag, = Ay, /dy (22)

A E, NRIRRH R AL AR, MPa;  As, NRTCHE
[ ieERPRE M A

R (CRIV D)
Contour line
(before compression)

L (IR )
Contour line
| (after compression)

a. BRI P - MR AT HF R AR T i
a. Rubber block-cotton stalk
compression process

VE: Ao, NTOTCHERE RN J1, MPa; Ay, ARSIRPUE 454 K&, mm; o,
I EN 17, MPa; oo NARFFR. 71, MPa.

Note: Ag, is the stress of the microelement rubber block, MPa; Ay, is the
compression deformation of the rubber block, mm; o, is the stress of the rubber
block, MPa; o is the stress of the cotton stalk, MPa.

B 11 RRERFE S AR AR F AT
Fig.11 Mechanical analysis of variable stiffness gripper
interaction with cotton stalks
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b. WA A B2 43 A i
b. Schematic diagram of circumf-
erential stress distribution of cotton stalk

B TAESE, 2022 4F 11 AT A shil i K3 X B
AR ML B AR AR ZR R 3 M 3R AT )6 . RIS AR A
at AR FRORRAT 50, USCER IR I 45 K 56 H b RS R
4028.6 kPa, “FIMFFEAE CGRFFX) N 1555 mm, &
KA A 21.46 mm, H/MEN 11.53 mm; P35 KER
9 38.3%, MEFFTIEKEN 52.8%.

RS GB/T 8097-2008 (R HLAK e & B LR
1) GB/T 5262-2008 (AU L2544 I 5E ik
) — L E Y M DB37/T 1856-2011 (ki 4% AR AR AT HLE
FHEAREFEY, THEMFTHR AR RBEETCE.

3.2 TN EFR

FOCGRIE AT, Geit I N R OR AT Sk 2, 5
Jeis iR X P AT IR R . R BT R R Th R R AR E
WMIGEL 3K, RICFME. DM HRER N8

BZdabR, BRI F OB e bR, RN
Y, = %XIOO%
M,

Y,,:VXIOO%

Y, =100-Y,-Y, (23)
K Y. Yo Y 0 DA IR . IR AR =,
%: Mn My M5 R FHRSR . IRITAR RIS, M. A
e 4 R DX 3 A M A AR
33 REARRER
MR BT SC AT 2 3, SR M R PR ML AR 1 3 A
FEEWE TR AT R, TR TR
I FT. ARG, @Ik T HHE h AR U] e 3K BUCAS [F]
WUEL AT, 38 8 60 A0 A i N\ iy B e 45 200 R ke
FREEBEFO LR, 0 AN SR BRI T SR 1 R 4 SRR A
[F T T
FRE SR 25 M W T AN TS0 45 5, B AT e
JEFE 0.38 ~1.06 m/s, &5 E VOl 62~125 r/min, X}
N () S R R T 0.75~1.5 m/s, TH'E JITE 9 1 500
~2 000 N. 5K RAK-FYmbdfE W% 2, W50 & e
RIEE 3.
#z2 MEEHRRKE

Table 2 Experimental values and coded levels
DIRSN eSS BERE el T

Zkﬂtl Forward speed of Rotation speed of Clamping force
ceve harvest X,/ (m's™)  srocket Xy (rmin") X,/N
-1 0.38 62 1500
0 0.68 84 1750
1 1.06 125 2 000

34 BREZH
341 W)AARE BT E5HT

FIH Design-Expert {4 H J& Z JulHHL &, FH X4k
FER RIREIATIT 200, WK 4 s, RIETT 255
M2 SR SIAL R BT B . BRI x, AT ) xy =
MRRGHIFR Y IRIRE Y, Z R EIETTHE N
Y;=96.27+0.63x, +0.77x, + 0.8x; + 5.08x, x,—

1.03x,x3 — 1.51x,x5 — 3.38x] — 2.66x3 —2.36x3  (24)
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Y, =3.73-0.59x;, —0.49x, — 0.58x3 — 4.06x, x,+
1.63x;x3 +0.98x,x3 + 2.84xf +2.1 ng + 2.31x§

& 3 Box-Behnken iXI& 5 ZFER
Table 3 Scheme and result of Box-Behnken test

(25

——
,Ffi%\;z , X, xy IR%% Removalrate Y, /% i1k % Leakage rate Y, /%

1 -1 10 85.00 11.00

2 1 0 -1 91.60 5.40

3 0o 0 0 97.90 1.10

4 1 -1 0 85.30 10.60

5 0o 0 0 96.22 1.78

6 1 0 1 90.90 7.10

7 1 1 0 96.23 1.77

8 0O 0 0 96.25 1.75

9 0o 1 1 91.80 6.20

10 -1 0 -1 88.10 9.90

11 0 0 O 96.80 1.20

12 0 -1 -1 87.68 8.20

13 0 -1 1 92.52 5.48

14 0o 1 -1 93.00 5.00

15 -1 0 1 91.53 5.10

16 -1 -1 0 94.40 3.60

17 0o 0 0 95.20 2.80

VE: x~x N X~ X 4RTS{E. Note: x,-x; are the encoding values of X;-X;.

*4 FENSER

Table 4 Variance analysis

Jaki JERIE PR AHE i)

Index Variation Sumof Degreesof Mean F P
source squares  freedom  Square
R 242,57 9 2695 5941 <<0.000 1**
X 3.13 1 3.13 6.89  0.034*
X, 4.70 1 470 1035  0.015*%
X 5.07 1 507 11.18  0.012%
X)X 103.33 1 103.33  227.77 <<0.000 1**
x| X3 4.26 1 426 940  0.018*

Y X2 X 9.12 1 9.12  20.10  0.003%*
X’ 48.09 1 48.09 106.00 <<0.000 1**
X’ 29.84 1 20.84 6578  0.000 1**
X’ 23.49 1 2349 5178 0.0002%*
& 3.18 7 0.45
AU 1.35 3 0.45 0.99 0.484#
ps¥iil 245.74 16
it 172.87 9 1921  58.85 <<0.000 1**
X 2.80 1 280 857  0.022%
X 1.91 1 1.91 586  0.046*
X3 2.67 1 267 818  0.024*
XX, 65.85 1 65.85 201.78 <<0.000 1 **
X)X 10.56 1 1056 3237 0.00074 **

Y, X5 X3 3.84 1 3.84 11771  0.011*
X’ 33.86 1 33.86  103.75  0.00002 **
X’ 20.02 1 20.02 6136 0.0001 **
X’ 22.53 1 2253 69.04  0.00007 **
W2 228 7 0.33
KA 0.46 3 0.153 034  0.802#
SR 175.15 16

e PR (P<0.01),* RIRFENA 53 (0.01<XP<0.05), #ERFIAA
B3 (P>0.05). T
Note: **means extremely significant impact(P<0.01), *means significant
impact(0.01 <P<0.05), #means no significant impact(P>0.05). The same below.

R 4 T7ZSIEIR, SaFR Y, RRE Y, R
R P<<0.01 HARIA P>0.05, 20 [ R R4 HER -
Xis Xon Xav X X RPBETUECIA B 2, X, X0 X X8 X0 Xoos
xy” AR AR B . @i i FAER/ANAT S0, AR
32 R R MWK BNIMR TR 77 RS AL

FUATHESR L, M AR AR P05 0 B 2R R B MR O L
HATHESE . WUR AR el . Smi B 1 SR 2
oS R WE 12 Fros, (R4 EH A, SRA% R EEE
ES IR NS o Ve i) SE/ e B8 41Tk 1 Rk L
e -

Trend of removal rate

EIFXH
Confidence limit
(95% CI Bands)

® Uit siDesign point

105 105 |
100
= ol
= 9517
90 | 90
85 -l 1 1 1 1 85 -l 1 1 1 1
-1.0 =05 0 05 1.0 -1.0 =05 0 05 1.0

a. HUF Al BEE x,

a. Forward speed of harvest x,

b. A s,
b. Rotation speed of drive
sprocket x,

85

-1.0 =05 0 05 1.0

c. THE J1x,

c. Clamping force x;

B2 #HAEFHRIZNXA
Fig.12 Relationship between removal rate and variables
REHFHraZ R
IR 4 7 2 R E, 725 B R IKEER
P o X AT o T A 2 ) ) 52 LA O 4004 23 Y R i 1)
B3, DICBEAT W R 204, A Design-Expert £ %
PRl A2 ELAE RS fh v 2 pi i 152 1 &1, n 13 BT

342

b. o Fle 6K 1§ 5 Y A S
b. The effect of x, and x; on
removal rate

a. x Flx W 4R35 2R Y I 5
a. The effect of x, and x, on
removal rate

R IENAE SE =S PibEA
c. The effect of x, and x; on
removal rate

B 13 EREREARSREFR G0

Fig.13  Effect of interaction of factors on pull-out rate

M 13a ATAL PR 4T K, PR AT
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AGERA S AW Stk AR AT R AR O B i 5 il 87

HJE 0.38~1.06 m/s. BFEFRFLIH 62~125 v/min I, x, 5
x, fEER R R BAEH s MR AT B R S5 /)
PR A ML TR /N SRS FE ORI 4 2 1K,
T B AR T H R 7K ST 73 ek PR R T 70 3ol 2 ) L A7) 0% 30
RACK R F MR B VLR AT g g, BRI
BAE B TR R kg 2, S HLE AT B R i
B AL T A B KPS AR AE f B . X5 R SO AT R
BN T RARY G, RONLE AT B 5 e e K 28
R —EHHILR, YT sias hRim -
CRIZKPE oy PSRN, T 2 L S BRI Ak R
it
B 13b vl A1, UEER I AL T [ KPR, R4
4 o A1 5L T 300 G K B S R e, HLE AT
T R RIS 0 2R A o B s R R B TR T IR R
B GRS B, 3X 2 PR TR 77 /DSBS S R A ) e g
Jifw /N, ARIAIA R FEURIKEOE K, TR J1id KA
TE IR AT B RS, 5 Bk B 2 1 A
BHE 13c AT %0, MHLE T3EEE — e, R
B B T I e 0 S e A R B, 1R A S P i
BUN, XSO FER AR, KRS JCIE S A
FARAT A R ks, FEURAT IS, g AL 3 i %
T, BERC e = B PR AR AT UR] e i . SREUR A S
WnE, HhapREE, KIE T &R R R TE
TR 4o 4 Tl B A1 AR N, R I AR T Tl e N G
P 3 BUR BRI, 3R B BEFC i R T ) 1) 28 HLAE A
POET SRS AT E
3.5 BEKk
N TR BIRAERRK, 46 &R0,
DIHRFF R 2 R IetR s/ N H bR, X B[R A8
RBAT ALK, B S BN BCAA,  H bR ok $ &
IR FAE A (26 .
maxY; (X, X,,X;)
minY, (X;, X, X3)
0.38<X,<1.06 (26)
5.0.{ 62<X,<125
1 500<X;<2 000
KRB HRB[ZHSHAEGTIME, S E S5k
R LR, A —H RS A
J£ 0.70 m/s. BE#CHEE 94.76 r/min. T /7 1 792.08 N,
IR AT PSS R HIBAE N 96.31%, HFTIRER BB N
3.69%.
3.6 IEUEIIE
8 BN R AT AL BRG], Jo R HE T RN BT
HE A EIRMH 0.70 m/s, R AT SR T Rk R R
0.68 m/s HEAT AL, FFxF HAh S EE bR B R AL HERS
38 95 r/min. X7 1792 N FE T AR I B 2 3 b HUAR
FRRIE G4, 43T 2022 4 11 H. 2023 4= 3 HEL S
B TR ITTRE X AR GRIEX A il
R TR AL B B A I GREG X B JF R H [a] 4

RSO IE RS (] 14) . 5 X B 24 760 mm 54T PR FhAH
R, MRAE MR TR R 66 5, Kk 894~1 200 mm,
MRFF & K R IME 24.6%, EAHIME 102 mm (FFEXD.
THERAONRS S, FKE 34.6%, TIERESE 4 452~
5530 kPa. FRAECHGR, HgHET .

b5 X B
b. Test area B

a SR A
a. Test area A
B 14 @Rk
Fig.14 Field experiment
eI S5 Rk 5 pros, /£ LR ER RS H4U
A 2 IR X LR AT R 2 S EME Y 94.70%,
HHERHME (96.31%) MHIIREN 1.67%, N 5%,
MR 045 W R S AR 1.32%, AR AT B9 #2024
BN 3.99%, 36 5 P45 R A — 2, FREIE LRI
R 2 TN R T 5, W] H T ARAT A 4R O B 54
WA R ECAR W R AR A TR, O R BT
WA, XA WI AR NI BE e A R O B P A RUFA AR AR
o RELMTHRI, MTAHESFENKE, 461K
I G BUR I, RIRHAT ARG BRI SR, IR
FE R D HA R R R . 5 I SRR
BE RIRE 5.19%, I 3.68%) " HLL, AERIE
e R HRURE B AR AR PR AR R 2 T BEAR T 23.1%
1 64.13%.

Fx5 WIFAKEER
Table 5 Validation test results

B WX R R TIME AExRE DA E RN
Pa;m ter Test Mean value of test Relative  Performance indicators
ST areas results /% error /% of existing devices
g A 95.28 1.07 /
Remove B 94.12 2.27 /
ratio A+B 94.70 1.67 91.13
SR % A 4.72 / /
S/iﬁ ® %P B 3.25 / /
pratio 4 3.99 / 5.19
HE A 0 / /
Fracture B 2.63 / /
ratio A+B 1.32 / 3.68
4 W ®

1) FERRAT SRR RO R rf, I B AR AT B R
Wi i 50 A R T WA A AL B AR oL, 08 90 W 288 e A5 0F T Wi 3k
RULGE AT AL . BRI, ABETT oo T 3cf 7 A B
AR AT SN BRI B -

2) WRAT e J1 % e Fpan S S K. AR
JERE MRAT E B I35 AL Je R AT H0 45 D 3R i
AW FCIE s T IR O IR R, A SR T
JRAZ N BE Je 1 3 5 MR AT B AR T A 22T 9L, e
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KNG REFJo3AG S RRAT ST A8 i FERIE FUAZ A BE e R AL 5
Rk, Wl fEr, TATHRAT ORI . SRR IR
AT RFT N RRIRON,  (EAE 73 R ELAE IR SRR AT A 28
BAL, IR A BORRRICRE AR, (B ASHEBR SRR Al AT B
FRFIE DL, 5 S E BT U IR SR RF T (520 .

5 4 #

1) EFXTARFT AR IR S B AR e TR . SRR
RS, ISR S EAER, FIHF M
A0 TR R R G ek Wi P S R 40 384 I A
PmFRE Sy, Wt TSR KRR, SRR EE AL
R TE 1 AR BE Je ik SR AT PR U B . AR HE 3R 2 A A
THE, B AR SO T IR I B SRR g M AT 2B 2
FORES, JeFRRRARAT 1 e ) B A AR S AR
JeFFEEKE N 1225 mm, 7KE FENUI BRI K2
9162 N/mm, ZZNIBE RS AG IR PE A 10 mm, KA
BN 75 mm.

2) MR AR B e MR AT S B PR AT AR MV 2 K
Je s SHRFT L BAEH 1500 b, WRE T R AR AT I RE
PR = R m (R 2 . A2 FH e S TV AT T A IR Rt
FRATF SR Y R R s, 15 S AR AT S R R &=
MR EVIME O TIE F1 BEFC MM R AT g,
M A AT R AR R TR 3 K B/ IR IO ML AT . T
E IRV R e

3) PAEAR S HEHAT IR 3RS, 2L Ak
N 0.68 m/s, HEFEE N 95 r/min. THE SN 1792 N
i, PRI X S SRR I 45 A JaREFR A 94.70%-
W RN 1.32%. KRN 3.99%, iRl 5
RITRME AR R ZE N 1.67%, /N T 5%, R S5 iS55
BB, W FULE ST R AT AR I BE I e U T
RES%,

[& £ 3 WKl
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Design and experiments of the clamping and uprooting device with
adjustable stiffness for a cotton stalk

ZHAO Weisong'** , XIE Jianhua'® , CHEN Mingjiang*® , GAO Qimin® , CAO Silin'*,
WANG Zhenwei® , CHEN Yongsheng®?

(1. College of Mechanical and Electrical Engineering, Xinjiang Agricultural University, Urumqi 830052, China; 2. Nanjing Institute of
Agricultural Mechanization, Ministry of Agriculture and Rural Affairs, Nanjing 210014, China; 3. Western research institute, CAAS,
Changji 831100, China; 4. Mechanical Equipment Research Institute, Xinjiang Academy of Land Reclamation Sciences,

Shihezi 832000, China)

Abstract: Cotton stalk is one of the most high-quality biomass resources with a wide range of applications, such as building
boards, chemical product raw materials, fuel, and papermaking. China is one of the major cotton-producing countries in the
world. The planting area (3x106 hm?) has been ranked third in 2022, leading to the very abundant cotton stalk resources. The
cotton stalks can be fully utilized to accelerate the green and low-carbon development of agriculture. Mechanical harvesting can
be expected to efficiently remove the cotton stalks from the field. However, the current uprooting machine also needs to be
improved and optimized for the cotton stalk. In this research, a clamping-type uprooting device with variable stiffness was
designed for a high uprooting rate and low clamping breakage rate. The variable rigidity clamping was adjusted as follows. The
flexible rubber clamping was used to prevent the cotton stalk from breaking; A rigid support structure was designed on the
outside of the rubber block to obtain a greater clamping force. The better performance was achieved by clamping tightly
without breaking the cotton stalk. The uprooting was also improved for the two scenarios of breakage and slippage. The device
often consisted of a dividing disk, variable stiffness clamping and pulling mechanism, and tensioning guide mechanism. The
dividing disk was used for the orderly feeding of cotton stalks; The variable stiffness clamping and pulling mechanism was
used to realize the clamping and pulling of cotton stalks; The tensioning guide mechanism was to effectively control the
clamping force and gap of cotton stalks. Two sets of chains were utilized to drive multiple clamping blocks, indicating a simple
and reliable structure. Moreover, the frictional heating of traditional flexible belt mechanisms was avoided in this structure. A
mechanical analysis was carried out on the cotton stalk pulling motion and the interaction between the variable stiffness clamp
and the cotton stalk. The critical structural dimensions and operating parameter ranges were determined for the variable
stiffness clamping device. A systematic investigation was made to clarify the influencing factors on the quality of clamping and
pulling. The response surface method (RSM) was used to analyze the effects of the forward speed, the rotational speed of the
active sprocket, and the clamping force on the stalk uprooting performance of the variable stiffness clamping and pulling
device. The field test validated the simulation. The results showed that there was very consistency between the experimental
and theoretical predictions, when the forward speed was 0.68 m/s, and the sprocket speed was 95 r/min. The tension force was
1 792 N, and the cotton stalk uprooting rate was 94.70%. The relative error between the measured and predicted uprooting rate
value was 1.67%, which was less than 5%. The leakage rate and breakage rate of variable stiffness clamping and uprooting
devices were 3.99% and 1.32%, respectively, compared with the existing devices of 5.19% and 3.68%, respectively. Therefore,
the leakage rate and breakage rate of the device were reduced by 23.1% and 64.13%, respectively, compared with the former.
The variable stiffness gripper effectively reduced the cotton stalk breakage to realize the whole stalk uprooting. The finding can
provide new ideas to design the variable stiffness clamps, in order to optimize and improve the cotton stalk pullers.

Keywords: agricultural machinery; stalk; cotton; variable stiffness clamping; uprooting; response surface
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