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Design and Test of Clamping-roller Cotton Stalk Pulling Device
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Abstract; In response to the existing cotton stalk harvesting machinery has high breakage rate, high
leakage rate, and the need of work on rows and other problems, a clamping-roller cotton stalk pulling
device was designed. The device was mainly composed of cotton stalk pulling mechanism and cotton stalk
conveying mechanism, and the structural parameters and working parameters of each component were
determined through the kinematic and dynamics analysis of the operation process of the cotton stalk
pulling mechanism. In order to verify the reliability and operational performance of the cotton stalk
pulling device, a three-factors, three-levels quadratic regression orthogonal test was conducted with the
forward speed of machine, the speed of upper stalk pulling roller, the ratio of forward speed of the
machine to the linear speed of the stalk plucking wheel (referred to as the speed ratio) as the test
factors, and the stalk breakage rate and the leakage rate as the test indexes. A regression model was
established to analyze the influence of each factor on the operational performance of the cotton stalk
pulling device, and parameter optimization and test verification were carried out. The test results showed
that the factors affecting the stalk breakage rate in the main order was upper stalk roller speed, machine
forward speed and speed ratio; the factors affecting the stalk leakage rate in the main order was speed
ratio, machine forward speed and upper stalk roller speed. The optimized working parameters was as
follows: machine forward speed of 0. 60 m/s, upper stalk roller speed of 46 r/min and speed ratio of 0. 50
for field test, the combination of these parameters was tested in the field, and the stalk breakage rate was
3.68% , and leakage rate was 5. 19% , the relative error with the theoretical optimized value was not
more than 5% , the research results can provide reference for the design of cotton stalk pulling device.
Key words: cotton stalk; pulling; clamping-roller type
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Fig.1 Structure diagram of clamping-roller cotton

stalk pulling device
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Fig.2  Structure diagram of cotton stalk pulling mechanism
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Fig.4 Schematics of working process of cotton stalk pulling mechanism
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AE AR T 7R S % 5 P v e AR B G W E i kA A T
HE e B KT R AR A RO BE R Ak A AT
Q= 47D§Sn3¢>p§ (42)
A Q— ML &, vh
D,—— IR JEAFR B AR, mm

S R mm
n, MELHE B 16 4% B , 1/ min
® W5 R AL HLO.2

p——FR AT B 2 AU B B 0. 4 t/m’
{— A R B, B
R4 i 300 F R R B, — B SAT AL R LS m
AR AT G BT - 24 0 4.9 ke, PRI AR AT 72 S0 K
JE E R FUR m, R 0.98 kg/m, JIT LU S KARAT A B
Qe =M1V, (43)
D) HE2 e A 326 % 2 A
. Q.
*T 41D Sepl
R AR A Ml B B T i 326 s o B S B i K
B S MR T B B AR R 315 mm, 2R K 315 mm, LA
He RAEE 3 S 0,80 m/s, D) 24 02 ik iy 1% 2% 75 K
F45F 90 r/min FF, R A AT 4 3% BR80T

3 HEKE

3.1 &K

by B8 UE e 4 R AR AT SR IO B TAR R AT S S
YEMEVERE , i e Hom L TAES 8, T 2021 4E 10 A7E
R Az 7 B I W AR AT R g
750 m, 5i B 50 m, % FH i A2 47 (660 mm + 100 mm )
VERMAEA S, & 28 58 UM AE W3R A2 R SR AR, 1l 50
FH M 3730 To R g . e B R R Y+
RIS RIFBEIRE R 13°C , 28 IRE N 27% . W5
G [ 4 - B S 4 047. 56 kPa, P2y 5
KA 19.8% o e 1 51 A AT 5 UK 22 B AE A
A ZO AT 3RS e JBE [l W ik 5 VR L BIL | e A A
AR B A L R R R R AR (TZS — 1K - G Y +
HEIK A3 IR AL TISD — 750 — 2 U - 38 5% 52 J3 i) 2 )
S, Mg A 18 9 frs o
3.2 RAWEER

T A 6T AR R 4R U A 25 A T B TAE TR B4y
B, 8 I R R AT SRR 19 3 A4S B & AL L i
JE AR R e BLH R S SR AT A 2 R T
(B (o] FR L) 7R I R

(1) LH. iy 2F ¢ 3

HEAT P (] 3 6 P 72 B 53 e S O SR AT IR

(44)
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TSR 18 15 45 BB S 166 45 A b AL 7 13 28 AL L iy o
JE 45 H ]S BR I OO, 35 BRI L w4y S ok
0.47.0.60.0.73 m/s,

(2) L 4R T i A ik

AR FE R A ) AR AR R R A A R
SR R R T R EEALEL R S AL R E R
P AL EL S B o % o, SEO 2 R B R GifE & FR
45 1) 5% 3 43 1] fy 40 (48 56 r/min,,

(3)# It

AR R A R A 3 0o B A% B 5 | R AT AR G T
Ak 3 T 5 e R R AR 2 R L) A AT AR U
A B 5 K2 Tk AT R AN BE K AR Ak ) 3R A
R BRI BRI, /N 2 T BUR AR AR AR IE R
B R SR B0 FE PR R B %, R ok B HE R
0.50.0.60.0.70,

IR R g an gk 1 FiR,
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Tab.1 Test factors and codes
G 1 HILHL iy o AR R R
B x,
x,/(mes ") %,/ (remin ")
-1 0.47 40 0.50
0 0. 60 48 0. 60
1 0.73 56 0.70

3.3 KmIEtR
2 B GB/T 8097—2008 ( Wi 3k #L 4 X & 0
FIHLIA R k) 5 GB/T 5262—2008 (4 b HLAH % 11
SeAF D J7 vk 0 — MR ) B i 3k 6 1k R 6 ke
F 0 MR A 48 Bk 8 A A AT R BCROCR: o 3 b ) [X
KN 50 m, I DX AT AR E X 30 m, il X 45 4 X
920 m, B BE O RS B 6 A% T AR IR vE, % MR 3 M E
b Bl WA A B — A B S — e T 3
93 AR A, B T A 2 AT R, I 3 A
FERATRE . RS SEEME S IE 1 mx1 m X
BN AR A SR A TR E L IE S My, 3 IR
Y, IWPECR Y, hAEbR, AR
Y, :%xm()% (45)

0

M
Yzzﬁleoo% (46)

0

R M, ——HUEAR G 4R B AT SO B
M,——HLELAE 5 T 454 FF 5, Bk
3. RBARRER
WG SR = W R =K Wk 0 R TR
¥ %E$% Box — Behnken iR B0 3% 1 J7 ¥ , i B0 45
J AT I X AR T U A 150 25 B R4 T B B AR A
2 (45) 3K (46) T+ AR FT 4 W 38 AR AT T 45 %
ZERANF 2 TR, X, X, X, R R gAY

®2 HBRAREER
Tab.2 Test plan and result

e X, X, X, Y, /% Y,/ %
1 0 0 0 4.84 5.75
2 0 1 -1 9.32 5.72
3 0 -1 1 4.88 9.34
4 -1 0 -1 4.56 5.28
5 0 0 0 4.26 5.42
6 -1 0 1 5.78 9.42
7 0 0 0 3.53 6. 44
8 0 0 0 4.15 5.97
9 1 0 -1 5.25 4.34
10 0 1 1 12. 48 12. 16
11 1 -1 0 5. 44 7.15
12 1 1 0 12.25 8.19
13 -1 -1 0 4.33 5.79
14 -1 -1 4.76 5.65
15 0 0 0 3.98 5.43
16 -1 1 0 7. 68 5.93
17 1 0 1 7.53 13. 14

3.5 KBERDHRMUL
3.5.1  [IABE AL ST S A
FI ] Design-Expert 8 {1 %F 38 2 #4s #4753 4 &b
B 75 B0 AR AT 45 8 3 U 2 0 Il AR H 7 22 43
Bréf Rk 3 Frm .
B 3 W, AT R Y, AR R Y, 1 [l ) AR A
P <0.01, B0 % BRI B 3% s e RAL R KT
0.97, i BB AL n] &8, AT Xt 97 % LA 1= 199 ik 56 45 A ik
(RN
K M 22 oo 1l U3 1005 7Y 5 200k it 56 4 2R 0k A7 Ak
B, 75 B AL F Sk R | b T R | LG R AR AT
PR Y, IR HCR Y, 0 1mH J7 FE R
Y, =4.15 +1.02X, +2.79X, +0. 85X, +0. 86X, X, +
0.27X,X, +0.76X,X, +0. 6X; +2.68X; + 1. 03X,
(47)
Y,=5.8+0.8X, +0.51X, +2. 88X, +0.22X,X, +
1.17X,X, +0. 69X,X, +0.4X; +0.57X; + 1. 85X;

(48)
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x3 HPAERFESN
Tab.3 Regression model analysis of variance

febn R PR BB BUF F P
KiF 120.54 9 13.39 34.47 <0.0001*

X, 8.24 1 8.24 21.21 0.0025"
X, 62.27 1 62.27 160.28 <0.0001*
X, 5.75 1 5.75  14.79 0.006 3 **
X, X,  2.99 1 2,99 7.70  0.0275°
XX, 0.28 1 0.28 0.72  0.4233
. XX, 2.31 1 2.31  5.95 0.0449°
REE Y, X2 1.5 1 1.5 3.8  0.0903
X; 30. 16 1 30.16 77.63 <0.0001*
X3 4,48 1 4.48 11.53 0.0115*
B % 2.72 7 0.39
ES 1) 1.82 3 0.61 269 0.1816
W 0.9 4 0.23
MR 123.26 16
PR 98.67 9 10.96 35.48 <0.0001*
X, 5.12 1 5.12 16.57 0.0047*
X 2.07 1 2.07 6.70  0.036*
Xy 66. 53 1 66.53 215.3 <0.0001**
X, X, 0.2 1 0.2 0.66  0.4449
XX, 5.43 1 5.43  17.57 0.0041*
‘ X, X, 1.89 1 1.89  6.12  0.0426"
RIRE T, X2 0. 66 1 0.66 2.13  0.1879
X3 1.36 1 1.36  4.39  0.0743
X3 14.38 1 14.38 46.52 0.0002*
®¥E 2,16 7 0.31
P 1. 44 3 0.48  2.66 0.184 1
wE0.72 4 018

B 100. 83 16

W TRMMEE (0.0l <SP <0.05); +* 325 50k D&
(P<0.01),

3.5.2 [HE IR 5 bR 5 e 0 1O TR 23 B

T iR A% PR R A ) S8 EL AT O AR AT 4R BT R Y
TR Y, 520 , % ] Design-Expert 15 B 4% [K £ Xt
PR A2 $R 585 W) 4 0 157 T, A PRT 10 TR

H1 P 10a AT, b S50 4R B 8008 Al AT 45 i R 1Y
S LE AL R AT R R R SE . O 0,60 ik
4R 5% 8 [ € 09 40 v/min B, B 35 LR A 3 11
BEI AR AT IR T AR Y, e b TR iR RN X R
PR g 25 AL L i a3 32 A e, S o — A A T R BE T
FH B TR] A, 70N 7 A AR 8 i 4 1 i T s 1], A AT
P AN 5 24 BLH. P [E 2 0. 47 m/s B
B 3 b 5ORT 5 e 3k %y 8 I, RS T A BT 3R G o
BRI SR TR g 2 ARORT B O s o DR, 2 A AT
PRBURE [0 S, R A AT AN BB WA v, R A 4K
W R 38

1 10b (10c w] 1, | 48 FF 5 5% 3 ) A AT 48 B
TR R A PE O LU B 5 5 L X R A TR 4R R Y R R

O PRFF R BT 2 . LA RTHEEE N 0.6 m/s |
BLE I E O 0. 50 I, Bl b 45 FT 4R e 3 184, Al AT
PR AR AR PR, AT I 5 AR A R B /) L 3X
S IR b ARORF R A i R 2 5 ORI AR i R 58 4 i
b TRT B L 0 24 25 1o A D, AR AT 2 DB 806 184, 4
R, D AR AR R A T 8] R AT T 45 S8
AR R 5 4[5 E D 40 v/ min I Bl B EEIE N,
AR T35 7 378 A W 2 52 /0N, R AT D A0 25 78 A1 W JRE 6
R, 33 TR Sy L 164 2 e A IR FF 1 I i) 72 i,
AT PR W A0, 3L R 2 S BN AT ORI
PR 3 A b N BE IR JiC et AT B, AV AT O 4 5k 1
IEIRICEL &b

H1 P 10d R AT, T RGOS AR AT T 43R B9 52 ) L AL
HOFrgE s B o 2 Y BT AR 5% 3 Ty 48 v/min
LA E S 0.50 B, A AT s 4k R Y, BlE BILHEL ik
R SE m ZeA8 LT AR AR BE RN 3R R 2 AL
LT 8 0 T e AT 5 4 1) BRCRT AR I R T A
XU D, AT B ST i A A B s b, A T O R 3R 0
T s 24 ML i 8 [ E O 0. 47 m/s B Bl A 8 L
AR B, AT T 42 3 80, 28 A1 R HE 80K, X 2 TR OAY
3L K, S AT 48 1932 2l B3l 2 A8 i B AT B
FOERER AN BERE AR AT 2 1) J 7 AT AT I 48R K
R
3.5.3 ZHLL 5 IR Kk

R AT R Wi e AR R SO AT S5 BOCHE AR L OCR 1Y
AL A A, M Design-Expert 84 X 8 57 (19 £k
P PR BEAT A AL, LA AR AT 5 B 3 T4k 5
FAR, BB
minY,
minY,

0.47 m/s<x,<0.73 m/s (49)
s.t. {40 r/min<x, <56 r/min

0.5<x,<0.7
PEN AL I R G WL AT HE# E 0. 58 m/s | I
PRAT R 1 46 r/min LY 0. 53, A AT 4K 167 %k
3.53% ,JmAk R R 4. 74%

R 95 AR A AR S ] A AR Y A ] S e 2 F
AT, R LA b B R AT MR, DL A O
0.60 m/s, 4K FF 45 3 46 v/min, B L 0. 50, 76 57
it AE 7 T A R AT ) 0k IR A 3 K
WP B {ELAR D 1 4
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Fig. 10  Interaction effect of test factors on stalk breakage rate and missed plucking rate
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