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Abstract; The existing residual plastic film recovery techniques in Xinjiang’s cotton fields primarily focus
on mechanical properties, neglecting the dragging effect of root stubble on the film during collection. This
results in residual film readily becoming entangled in the root stubble. It confirmed the operational
parameters of the pick-up teeth by analyzing the recovery of residual film when picking up teeth in
conditions containing root stubble. Employing a coupled finite element method ( FEM) and smooth
particle hydrodynamics ( SPH) algorithm, the tines, stubble, and residual film were modeled as FEM
meshes, while the soil was represented as SPH particles. This enabled simulation of the shear strain,
peak stress, pick-up height, and tensile stress exerted by root stubble on the residual film. The recovery
of residual plastic film in the presence of cotton root stubble was simulated and the recovery efficiency was
analyzed. Field trial results indicated that when root stubble height ranged from 5 cm to 9 cm, the average
recovery rate of residual film reached 91.25% , with a residual film retention rate on root stubble of
4.30% . When root stubble height was 10 ~ 12 cm, the average residual film recovery rate across plots
was 82. 66% , with 12. 55% of residual film remaining on the root stubble. Plots with root stubble heights
of 5 ~9 c¢m exhibited an 8. 59 percentage point increase in recovery rates compared with plots with root
stubble heights of 10 ~ 12 ¢m, alongside an 8. 25 percentage point reduction in residual plastic film on
stubble. In trial plots with root stubble heights of 5 ~9 cm, the residual film retention rate on root stubble
was 45.34% lower than in plots with root stubble heights of 10 ~ 12 cm. The research findings can
provide theoretical support for the correlation between root stubble and plastic film remnants, as well as
for enhancing the recovery rate of plastic film remnants.
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BRI K] FAiRS R 22. 2 ~28. 4 em R EEHEIUIT 1%
R B HR B R, LAOE s T,

B 13d AARFEXT R AR 7, AR o
K5 ~8 cm B HRFEXTER BEHHE N ) 2 B 22 T
a3 F KN S8 11,1 MPa, 8 H7E 0. 1 s B4
1 HEARZE b, DO BB B 5 50 1 HEAR 2 30 2 0
LB IPIRAS . B/ F1 R 2.9 MPa, Ho 4y Hb 7 1
N FTEBAS I A AR SR AEAR A I | DSOS H Bt
MM E N9 ~ 12 cm I}, F/NW J1i45F] 5.9 MPa,
ORI FI A 13,4 MPa, 58 EH S24OR Wi 3 K | 78 MR 75
R INE] 10 em J5 , BRI A SR EETEAR I,
ANRERLTI NI, HARTE R BN 9 em B, AR FR AL
WBEETEAR R I, R i (0 7E 0. 3 s B R HomT
DL AR 7 40 B I, e 5 ml AR 2 | i, 42 T
R,
SYMTIAS YARFEE BE N S ~9 om B FRAE A
ARIFEEAE (AR P e e #6045 . AR
9 cm I, FRIEHR A HEFEAR BE LR IREGAE . UL,

BRI 5 ~9 om BEATINE R & KA AL
PSR g I, R WSO BB , BT L 32
W BEARAE 9 em S IRER AL FIAR , Lhf KA JEE i /)N
FRISHIHE OO , S AR [ml i

4 HEMRLLE

4.1 REHE

KA e A TAESE R IRIESCH &
Wit, DIBARTHEE B X, s X, A A
X, I R 2R, DABRIEAS B B Y, AR X B B r
il 3 AN I OS5 (=R AN o B = W L |
KFE 2 iR,

®2 HEABEZRFD

Tab.2 Simulation test factors and codes

EES

G i B/ Fegh sz, AdAus
(m-s~") (rad-s~") )
-1.682 0.6 L1 25
-1 0.9 L8 27
0 1.3 2.9 30
1 1.7 4.0 33
1.682 2.1 4.7 35

4.2 (HEERSH
P FRY: , AR 5 41, 70 R B ok
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Tab.3 Simulation test design and results

WEE AP 24 0L

% e AR

e EGEEEE REE AL RHETR

X, HEE X, g VN Y, /MPa
1 -1 -1 -1 39.1 5.4
2 1 -1 -1 39.9 4.3
3 -1 1 -1 38.9 6.6
4 1 1 -1 38.1 6.5
5 -1 -1 1 39.6 6.1
6 1 -1 1 37.9 4.6
7 -1 1 1 38.6 6.7
8 1 1 1 37.6 6.1
9 -1.682 0 0 37.9 7.2
10 1. 682 0 0 38.3 5.3
11 0 -1.682 0 37.2 5.4
12 0 1. 682 0 37.4 7.1
13 0 0 -1.682 40. 8 4.1
14 0 0 1. 682 39.5 4.3
15 0 0 0 41.3 3.6
16 0 0 0 41.1 3.7
17 0 0 0 41.2 3.7
18 0 0 0 42.2 3.8
19 0 0 0 42.1 3.8
20 0 0 0 41.0 3.9

H 2 4 T AR X Y, 52 K EIIN R . XS

XX, XX, X2 XX, Xy X, X, X, Hoh X2 fn X2

A 2 X, b RO W X Y, R
x4 FHEDW

Tab.4 Variance analysis

- EREE Y, Y,
B EHROF P FIHTEF P

T5EE 9 5502 20.09 <0.0001* 30.63 119.53 <0.0001*
X, 1 00l 004 0.882 3.09 108.49 <0.0001*
X, 1 1.53 5001 00491 512 179.68 <0.0001*
X, 1 00l 005 0.848 008 276 0.1275
X, X, 1 078 25 0.1401 0.45 1585 0.0026™
X, X, 1001 0.04 0814 010 3.5 0.0887
X, X, 1036 119 03014 021 7.4 0.014*
X2 1 2291 75.31 <0.0001* 11.86 416.56 <0.0001*
X2 1 34.35 112.88 <0.0001* 11.86 416.56 <0.0001*
X2 1 039 129 02829 048 168 0.0021*
BR2% 10 3.04 0.28
W 5 188 162 0.304 0.23 418 0.0714
PR 5 116 0.055
syl 19 58.07 30.92

T s FREMMEE (P <0.01); * R EE(0.01 <

P<0.05),

MRENN X X X, X, X X X, XX X X
X, Ho X5 X X5 X, X, X, X, i B, X, X,
TR R NTE N

KT A i X, AEE X, AT M XX
TR B BT Y, ARAERTFR ISR A -2 0 7 Y,
T R A AR Ay

Y, =41.79 —0.33X, - 1. 26X> — 1. 54X>

Y, =3.75 0. 48X, +0. 61X, +0. 24X, X, -

0. 16X,X, +0. 91X +0.91X% +0. 18X?
M55 4 AT%0, %R P <0. 000 1, 238155 P 435
70.304.0.071 4, YeE RECR 535124 0. 95.0.99,
P 1, R WA BA RS, RIERE R
KR, PN PE AR, Z2EA/NT 0.2, RBIZ

(8)

BRI 22 /N UG SE0, A5 RZE 38 1.39% |
3.30% , R EE R T FE R
4.3 Mo K7 g mE

i3 Design-Expert 12. 0 8422 il 8L 14 Hir i 2
& FEBh A A A BRI R RAR T X 5k
Uil e A B I DA T B Vs S B B 5
AR B i B SR AR B 5 A S AN A
HAZHAR A T2 B SR e ) 1 X R A
R PR 035 R e e R B YOG R
X T HR A BIAR A A ™ A A RLHE R ), S0 i
R 555 Bl A BURE 7 A R A2 EL RS R e  HUOR:
oM S A LA AN EAEH, TEIX P 22
FLVEFHFXH‘%’%H%X?EIJE’JS‘EJH“ AL N

1] 14a AR, MG RTEHE R 1.3 ~ L7 m/s
FHE R 2.0 ~3.1 rad/s HTJ' 5% B A2 B MR 7 36 1 7
Az BREHE 1R 4. 2 MPa, 22 B 5% i AT 474, (R
BAHEAEMRAE o I 30 IR I A2 B AR AE T 3
Pk 7 ) A8 K, AR IE R AR 7 Ok DLl
14b JR 5 Sh fE R 2.0 ~ 3.0 rad/s A
AR 27° ~ 32°0F AR AERT R B AL ) B/, B
PRI Bl A T A0 S DRI 18 R Bl DN R A X R
Pk n Wb E G K , e 2 BOTC AR
4.4 BSEMKL

i FH Design-Expert 13 = #ma i Ak D fig
Z ot R Ay RS AT A, ST E?FT?*&%:I
maxY, (X,,X,,X;)
minY, (X, ,X,,X;)
-1.682<X,=<1.682
~1.682<X,<1.682
-1.682<X,=<1.682

I TR AR B SEAL Sy sk At
HEE 1. 41 m/s SRS E 2. 67 rad/s SR A

(9)
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Fig. 14  Corresponding surfaces on tensile stress

produced by root stubble and residual film

415 29. 87°, ML SR IAG 45 5 0 41,77 em, HRAE
XA F7 2 3. 60 MPa,

5 HERE

51 REEH

Shy TG 1l 5 UE A5 LR 5 BT AR UG 16 S 5000 o
P85 A O R A0 B0 25 5, R T H E s, F
2025 4F 4 H ) A8 5 5 B vw S H X ] B B o A g
PR BTG 37 28 PG AU — b AR AL R AR M AT T B
5, 0 H R SR AR S BRI R 0. 01 mm,
JEEFE 2 050 mm o FH - 47828 RS 3 4 e %
2901 691 kg/m’, R 418 B 7K e 40 52 +
HEVRPE 0 ~ 100 mm B 7KFEN 16. 56% . IXHAEHL
SR FH 4 U 7 I [ S AL, Iy e 1A DL A
JE [l iz, TAE @ 96 4 2 050 mm, fE VIR JE N 0 ~
120 mm 3% E& 5 15 [ 5 1.4 m/s B 3l A B
2.7 rad/s, A0 30°, &l 15 Pios

T 3 7R R [ AT SR G 6 R B RS ATLAE Ml 5 SR,
EC W

W= (1-S§)x100% (10)
0

K15 RS
Fig. 15 Field trials

Arb o W——BRBE I %

S—— IR BRI B g

Sy IR IR B i o

H A7 LT A, B A 54155 00 K 22 i R A A

SREFPARFESCICAL o D77 (56 R A B B WA S5 A
FIVEML 5 BRI S5 AT AR AE 2 18] (4 5% B %%, o SCIRAE
R A A SRS, TN

S
W1=S—1><100% (11)
0

X W, — BRI SR ARSI AR AR B % %
S, ——HRAEAL ARG AT TR 5, ¢

5.2 AT SERSH

HRAE SCHR [ 29 - 30 ], 73 56 X IRk BE Oy 1, ¢
RIS H 2] 23 A 10 A X ek, A5 IX e B 1 AN K
P45 2 m BIRER X, Horh 5 AR FFARAE Rl 5 ~
9 cm,5 HFEFFARTE RN 10 ~ 12 cm, & H 12 em 1Y
FEFFARTE ZME AT, R IEBR - AR T )5, 155k
JE R, BOHSE R {E, Anl&l 16 BRI 16a ~ 16¢
FEFFIRZER BE R 5 ~9 em B ZEIZBCHE R, AT LA H
B G 1T AT S A vy, R MSE 5 R AT AR A S A D A
16d ~ 16f AFEFFRFE R E R 10 ~ 12 em, Bl B &
BB DSOS R AN AR 3 2 AR i R AR RS AT AR EAL |
RIGLE AL 5 PR,

K16 REACR
Fig. 16  Test results
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Tab.5 Test result data WD LELREE . B A £ 300 1] LA R0KE A

2H Lol i PRAZTF It/ 8 2 1] 7B ] R 42 3o AT R K

JFBR R it/ 18;1 173.4 173_7 18:.4 17;.7 18{?7 IS AG B AR, B2 TSR SRR, 54 f

5 ~9 cm P A% B R

o 17.5 15.3 12.9 16.7 17.1 15.9
/g

5 ~9 cm R 7 44 58 5% 8.1
E\%ﬁ/g '

10 ~ 12 em 43 5 55T
32.4 29.4 34.7 32.1 29.0 31.5

7.7 7.6 6.8 89 7.82

%/g

10 ~ 12 em MR FE S L85,
~ 24.8 21.6 27.3 20.3 19.9 22.8
Hﬁﬁi/g

A (10) , FERIERBE S ~9 em FEFFRZE
g SR FRAR ISR N 91, 25% 5 FERS FFAR 7E 5
10 ~12 em K5, P IIFR B FICE N 82. 66%

fRAR(11) , 765 ~9 cm MRAEH B H RIS
RIS ICAL TR IR R 50 4. 30% |, i 700 43 55 Lo
5 27.04% ;75 10 ~ 12 em ARFEM L S5 AR K S
i A MR A2 T A 5 R BA S8R 12.55% , of AR FEE
JihE72.38% .,

B FI RS [T ISCATL 33014 07 L S 5000 a0 R 37
B A R 5. 1 km/h S 2.7 rad/s FIA
40300, ZERFIR MWL S ~9 em FEFFARTER
B FUAR FE R BE 10 ~ 12 em ARG AT AR 2356 1 (7] g
RO PRAR R ISR B 7 8. 59 N 40 a8 BRI
FEFT AR ZED% B RPEMK 8. 25% » RAEIE S ~9 em Hb
HARFESR 5 BE B o A [m] i 5 6 A o L 7 5 10 ~
12 em HbHIK 45. 34%

BER 2.7 rad/s B, —J5 T AT DA BCHE K iz 47 A ik
Ml A, 5 — 5 e R g i B R B e
SR AR IR P SO HIL AR R RSl e e A . A I R TG
I, SN2 o 7 A R T 3R | 3T LS e ke B [l i
B,

6 ZEit

(1) 2 7 2 A 2 % 3 R [l s 1) 5% i, 3 3
FEMUIR SR, 90 A o T Bk 5 [l g %) 52 g, 48 15 [l
MR,

(2) K H SPH — FEM # &5k, @7 T 9tk 5%
FE | R FNARAE A sh 25 A0 AR FHAR AL 3 o A
LB [ A 3t R b 6 1% B LD R AR ) N BRI 4
BRI BE A3 W T R A X B I [ i sg - FE Ak B D
B S, YR 141 /s R R
2.67 rad/s A AN 29. 87° W AR 7 % 5k Bz 1k
BINF1°4 3. 60 MPa 5% BE46: 46 = B 41. 77 em, [
I T AR X AR B T A P s

(3) ZHFRIEsCIR K25 R AL, H 8] e AE
BHON ATHEEIE 1.4 km/h fHFE 2.7 rad/s FIA
7 30°, &4 HEHAL: , X HEARZER BE S ~9 cm Al
10 ~ 12 em XFERBE RICR B 2, 45 1R, 7E18
MHHLEEAESECT | w80V A AR T 5% A5 [l 1
R,
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