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Table 1 Main parameters of device
Z# Parameters {f Value
WL~ Complete machine size/(mmxmmxmm) 3730%3 230%1 725
lit £ 3} /7 Matched power/kW 60~95
T{F1E % Working width/mm 2150
{EMVIREE Working depth/mm 10~80
WL AT3EH  Machine forward speed/( km-h™") 3~8
%4773 Connection method #25| R,

LAE5) 58 2 08 A 3. KT & 4. 85130 RS 5L L 6.5 17 St R4y
R 7.3 B 8. FRIHE 94T EHE 10U IMEL 11 4R 1%AE
1.Traction frame 2.Reducer casing 3.Binding stalk box 4.Chain transmission
system 5.Edge film lifting mechanism 6.Guided mulch film picking roller
7. Pneumatic film removal mechanism 8.Depth limiting roller 9.Walking wheel
10. Hydraulic cylinder 11. Film collecting box

B 1 EAT AR E B = A = &
Fig.1 Structure diagram of stalk pressing type cotton field
mulch film collector
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Bniks APESAR R 2 sh R L5, FE
JENLA = XIHPER T, BN LR B2 52 5 38T ik
P& NERIBLAE, AT 5 03 B I 2% o 7 38 40 L V8 1] 1 7
FeIAR b, B TR B R S RV 2 A, L T R
Kl 2 Fise.

LARAT 25004 & 3. 0BG ALK 448 BER f 5 BBEHLI 6.2% 57 7. FRUR AR
8AEMA

1.Cotton stalk 2.Binding stalk box 3.Edge film lifting mechanism 4.Film picking
roller 5.Film removing mechanism 6.Impurity 7.Depth limiting roller 8.Film
collecting box

e v ANLERTEERE, msT.

Note: v is the machine advance velocity, m-s ™.
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Fig.2 Diagram of working principle
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a. ZiH R R
a. Structure diagram

b. TAE R m
b. Diagram of working process

Ee @ AWRATEATIRMA, (O b NIRRT L, mm; by AT
GEmAEEE R, mm: b NRFFEATNTEEE, mm: b, N EEIA
AR, mm; [ R RS, mm: L VR EEAKE, mm.
LKA, mm: Ay AR & T o PE ST & B, mm: 0 ARAF
WA, (.

Note: ¢ is the front angle of the binding stalk box, (°); A, is the front height of
the binding stalk box, mm ; 4, is the height of the rectangular tube at the back
end of the binding stalk box, mm ; b, is the front width of the binding stalk box,
mm ; b, is the width of the rectangular tube at the back end of the binding stalk
box, mm ; /; is the length of the front end of the binding stalk box, mm ; /, is the
overall length of the binding stalk box, mm. L is the whole plant length of cotton
stalk, mm ; A is the height from the lower end of the binding stalk box to the
ground, mm ; 6 is the deformation angle of cotton stalk , (°).

B3 AL
Fig.3 Design analysis of binding stalk box
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1.Roller spindle 2.Slide 3.Shaft side plate 4.Bearing concave plate 5.Guide hook-
tooth assembly 6.Longitudinal support plate 7.Insert ball bearing

A4 FEXHBEEREHEMNTER
Fig.4 Structure diagram of guided mulch film pickup roller
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¥, BRI e R, MR SR AN . K
T 15 2 i 22 2 v FE DA BB SBEAE B2 7Y 110 2 [ 4 A e i 2,
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a. 3 B LK
a. Guide hook-tooth assembly
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b. Schematic diagram of hook-tooth distribution

LR 2.8 7 3SR SCR B 4.5615 55814 200l

1.Guide plate 2.Roller 3.Threaded fastener 4. Hook tooth 5.Hook-tooth shaft

e s AFEHAA S R H0RE, mm; o PR IR GRS SR & 00 BE [H] (R S
mm; a AMAEFE TR, mm; o AMTERE SEATEE, mm; ¢\ ¢
N AL SR AL G R BE S, mm.

Note: s is the center distance between teeth in the same row, mm; o is the
distance between the pick-up hook teeth and the side wall of the stalk box, mm;

a is cotton planting narrow spacing, mm; b is cotton planting wide spacing, mm;
¢y, ¢, are the distance between the hook-tooth mounting hole and the edge of the
cylinder, mm.

W5 FahkiReEmishrEhl
Fig.5 Structure and distribution diagram of guide
hook-tooth assembly
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10 mm B, RN (2) THH S FEHEG UL s A
200 mm, E4 1k X R (1) 1 FH T A S B o7 TRD BE 1 — 2
TE Yk 20 e 462 140 [0 B 60 1 AN ik SROFF G (% o U 1A 22 2%
L EERAILGHESE =120 mm, c¢,=75 mm.
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B M SO B b A A AOR . &5 6 4T
BV TR IR LA R A0, DA RS T B V38 B fir 46
S5, DR TR OSSPl N R R, L
T TE R R 2R AR

Wil 6 Frs 7 xOy AR R, T H 0 4 5B 5
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120A +l,243 _r(z)

&y = aICCOS—ZIOAlAB (3)

lOA =R+Sl
A ey AMETERIMRIEAM, () Ly, AFHER ERTF
O A FM B FZIAIMEEES, mm: R BRI 1T,
mm; s, NIRTHO A AR, mm.

T A BRRT O RG CRHWE R A OB RIEIZE) PO A
o, NIRRT R IR, rads™s o AWEYITHIEA, () RN
AR, mm: o AIRIRIRETERE I, rads & MM E AN,
)5 s NEFHL A MMEE, mm; r HERFE, mm; r, NETE
&, mm: 6 HRILAA, (O EBRIAA, () &IBEILAA,
) o HNETALA, ).
Note : 4, B is the center point of the roller; C is the end point of the hook-tooth;
O is the center point of the rotary motion of the hook-tooth; w, is the rotation
angular velocity of the film pickup roller, rad-s™; &, is the initial swing angle of
the slide, (°); R is the rotation radius of hook-tooth shaft, mm; w,z is the arc of
rotation of the pickup roller, rad; ¢ is the increase in the swing angle of the slide,
(°); s, is the displacement of roller center 4, mm; r, is the base circle radius, mm;
7, is the roller radius, mm; ¢, is unloading angle, (°) ; d, isreturn station angle (°);
0, is film picking station angle, (°); d, is conveying position angle, (°).

Bo6 RTTSEFHPE
Fig.6 Movement path of roller center
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1.End motion trajectory of original hook-tooth 2.Optimized trajectory of the end
of the hook-tooth 3.Original slide contour 4. Optimized slide contour

B 7 A5 K% S MLk AR A B K

Fig.7 Hook-tooth end movement trajectory and slide contour line
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i
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Fig.8 Pneumatic film removal mechanism
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8BTS T b BRI B 0 2 B R, T DR AIE Hb i
TE R S Iy i 3508 52 1) 1) 88 00 3 K T 5 T RS P (1) 4] I i
FIB 4 b 5 B A2 B 2 B R st S I AT A2 1M
Wk 9 Fiaw.

\y

TE: o, WU S BERE MY, rad-ss F NHUBEZ BB O, Ns F,
MBI ISR T, N Gy AR R BIE ), N; @ Al
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Note : w, is the rotation angular velocity of the defilmed impeller, rad~s’1; F, is
the centrifugal force on the mulch film, N; F,, is the support force of the
defilmed blade to the mulch film, N; G, is the gravity of mulch film material, N;
@ is the angle between the defilmed blade and the mulch film gravity in the G,
direction, (°); R, is the radius of gyration of the defilmed impeller, mm; f; is the
friction of defilmed blade to mulch film, N.

B9 BLEt R EHIEZ H oM

Fig.9 Force analysis of mulch film on defilmed blade
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Eququi:SHg(pm—pq) (12)
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n, = 3 —g (16)
2D/10° \ &p

Rt D RN B AR, mm: n, 9 R RS
r/min; e NMEIE R, BUE 0.4%,

27 A O 1 3% B A XL P, BUE Y6 196~
247 Pal®, HY 200 Pa; i fIE 22 5 N S I I 58 S K T b i
VR B N AS R IR BV T f/ME, B
BB ST N AR I B VS 4.87~9.06 m/s, B EUEAR
A (15) BEFTHOGIE P N 6.59 Pa, HHK
ZHARN (16), 1556 % 14 9 980 r/min, AL
JEHLA TAES IRt 5% .

3 HREIT(EIES

3.1 HRERIREEESHh

PSR B R f 5 — B i ki O W FEXS 5, NI
W R oty O AR ARG R, HLEHY x Al 1E D5 1) AR RE v
SUERTHE, y BT ROV E R L, SRR E UAEE o
SIS, B Ia S LI 10 PR

TE: o NIRBUERINEH AR, rad-s™s O MBI AL FERF O RN
Ko B o 01 % 2B 42, mm; o MR IREAE N EHIIRARGL A, (9D
Note : @, is the rotation angular velocity of the film pickup roller, rad-s™'; O is
the rotation center when hook-tooth is buried; R, is the rotation radius of hook-
tooth end in picking stage, mm; a is the initial phase angle of the pickup hook-
tooth into the soil, (°).

B 10 #AEmEHIT
Fig.10 Motion trajectory of hook tooth end
N LR B AL BAR Y ¢ B, 8RR i2 3h hi kg A
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P 8] ¢ BEAT — M 459 380 80 14 2R g (4038 5 5 RN
%:[VX]:[V—Rlecos(a]—wlt) (18)
dt v,
il (18) mI %1, 9kl fa /K- EE 4 /i v, R
AINRSE S TR JE 7K FE 23 T U gt
By, =0, v—Rw,cos(e—wt)=0,

Rla)l Sin(al —(,l)lt)

v = R w, cos (@ — w 1) (19)

Vi =wR, Q0
A0 R G R o S S B v, SR RTHEEE v L E A
A WFH

1=2 D)

v

<L, BUBEATREERZWEBEACR: 2 A>1H,

) 1 8 5 ) ) B R K R T ) S R A i, M B
R 40 B B O 1wy s g, 5 T R N R o N
LK. DRI, 25 RS e b A et 26 B T A 488 2 B3R ik B
A>T 220 R R R R R 1% T B A A s IEE BT AL
S B 2RI B AL AR BR P, SR IR AL Al i
— ML 3~8 kmvh (Bl 0.83~2.22m/s), NIf

w R, >2.22 (22)
2=l =]
n > 30w, (23)
T

b ny N IER A, r/min.
IR R R I B BOs 06 14 0 [0 % 242 R, O 520 mm,  #f
HAANRK (23), WA RR EHE n,>41 r/min.
3.2 HREEREZHOH
H T b RS AR T8 147 F [ A A /), AT LA
W —A B REEAT 0 A, B S B0 AT R 2 B U 4
P AR b TN b R AR A T v, LI MR 1 O
K11 fos . MBI PR IN 3205~ 26 A
{ F,=F,siny+G,

fr=G,+F,cosy 24

Hrpfy=uF,; G,=Gsin(y+vy); Gi=Gcosp+vy); F,=

ma=mro? .

.
AN
\\ j /

205 y

B /
F, K36, h
G

H: GAMEEY), N; G, AMREE RN TTREERS /1, N GA
Mo B ARV T I KTTIA 2 70, Ny F, R fR A S MUK SO HF 0, NG
F, N2 BRI B0 07, Ny fy VI B ), Ny B oudRie g
B, Oy MHBZRINE O F, S8 G ZREHRA, (05 y A
ZREOIIF S G ZIEESM, () h RN LIRE, mm.
Note : G is mulch film gravity, N; G, is the normal component of the mulch film
gravity in the direction of the hook-tooth, N; G, is the tangential component of
the mulch film gravity in the direction of the hook-tooth, N; F, is the supporting
force of spring-tooth to mulch film, N; F, is the centrifugal force on the mulch
film, N; £, is the friction force of hook tooth to mulch film, N; f is the bending
angle of pickup hook-tooth, (°) ; y is the angle between the centrifugal force F,
on the mulch film and the gravity G, (°) ; y is the angle between the centrifugal
force F,. and G, on the mulch film, (°) ; 4 is the depth of pickup hook-tooth, mm.

A1l WEZ Ao FER

Fig.11 Force analysis diagram of mulch film

Ry 3 G R TR A0S S R P B VA, A PR T B 1)

JBE T3 75 AN /N T B B D 7R WY 15 7 [R) U7 19D 43 0 R0 3
W52 B0 JIHI A F, BRI R 0 e B A B 45l

/=G, + F,.cosy (25)

UW'R, siny + pgsin(y +y) = gcos( +y) + wiR, cosy
(26)
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BEPR T SRATE AT IR I S T4 52 ) (B Y [ O

(G¥D)

w1

30 R,

T |8 misin@+y)—cos@+y)
R, COSy —; siny

o U 5 R VR A P BE R A, B 0.5,
2 usin(yp+y)—cos(y+y)>0 Fl cosy—usiny>0 B, LA H
=¥

RIS RA

vy=m -f (28)

¥ (28) MNITHEAHUHTS M g EUE TGN
128.7°<B<156.7°. HR¥EFT PRI AR, 18 HIGEH U
Hras i B L 150K 64 IR0 dpe e, b IS B ol 22 o [
42 R=520 mm, K75 y=30°, y=28°, KiFridSHAR
AR 27, THEAS ©0,<7.12 rad/s, B 7E i 2 o 7
HbRSEAN JBE 9 2% A T F8 IEVR R 4% 0 1,<68 r/min. Ny T SEIR
MU A G, WD i HE IR 5 el my B Y B
N 41~68 t/min.
3.3 EEHRELH

By 1 1A i AL T R RVR AT (1) 32 Bh Bk S [ i 12 3,
B LR RT3 1 A HE A 1 K i 4 32 B BUZE A
B, BT EEX, WE 12 Fon. BEXERNE
B R AT SRR R B N IR DL K
Bt s HEE R e B, N LIREE B EMETIR N, i
B 15 i I8 B A B T R KR L, N

L,=B+vt, 29

X B oI LR b AR R KB, mms 4 R
PG AR R LK BE B BT IIIRTIE], s v O HLE AT EESE

, m/s.

M A AR B i R E B mm; L, R IA BRI KR,
mm; L, AEER LK, mm.

Note : A is the overlap of absolute trajectory curves of adjacent hook-tooth, mm;
L,, is the effective cutting length of hook-tooth, mm; L, is the cutting length of
the hook-tooth, mm.

B 12 ABARIEIES 3 3518 S
Fig.12 Motion trajectory of adjacent pick-up hook-tooth end
B (17) SRR RILAE B 2 Pyt iE] ¢,
B= 2.XQ = 2R1 Sin((l—wlt)

Ymax 53=R1COS((¥—O)II) (30)
tl = —
w

1P 10 WIASATAEAHAL AR o

=28° 3D

@ = arccos
1

B 22, (300 31 fRAF (29)

518 L,=730 mm.,

AER A B A AR ThRe,  AH A0 HE I 14 1) 4
YHEEH AT BA EAE A, WK A Rk K
L= Ly — Ao ARYEESLIE MG TR, 36 IR fa e
H— IR NS TR AT e R, WAL AT
RN Ly, A Ly=2nR,. WIERIARHRGE 2z N

L, 2R,
TL. T L.-A

HR I T B8 A AR SEPR R R, IESE A=
140 mm B, ¥ L, A1 R, R (32) £ z=5.6, HUEEAR
R ARA RN 6. WY PRUER 45 U 1) S, 45
JIEL 2 131 8 Tm) 35 S0 A B /N LB I i, ARAR R 4 2 [R]
FN 60°,

4 HiEikiE

4.1 RIWEH

B e T O R (R SO LA 1 R, B R A
RITAESHA A, T 2023 4 3 HEH5E A FidbR
B [ RO R 2 A A I A T K 56 b R ] X
W 13 fros e 50 Hh Mo FE 9 0.01 mm, 46 5 55 5
N2 050 mm. REHBERKZ) 750 m, FEZ) 100 m, 75
0~ 60 mm 3 % SZ N 276528 kPa, TIE S IKEN
19.42%. RIRECE D) J7ik FFR 704B B4 pl, F %
WIS A HZ-C5033 B RF, HBR(ERE 100 m) .
AR926 RIS LG . I B S I e X (TISD-750-
2) . EEEEIKERIMEM (TZS-1K-G) FIhrZEat .

o,

(32)

B S —_ | R
| -s’!if%’l! )

~-(0) . 8

‘ e
b. fEE R
b. Working effects

a. BRI RERL

a. Experimental prototype
A 13 @iERE
Fig.13 Field experiment
4.2 WREERSTEMNIER
ZM8 GB/T 25412-2021 F1 NY/T 1227-2019, % JEFT
M O B L AT H RS, LR B (MR K&+ 2
R 0~100 mm) AR v, BRE SR Y, E R
Wrdadr. BRI A A, A IX ) 4 ANt 70T A 28
1/8~1/4 K FEJa I 0L 4 AN A, DA KON A 26 1) 22 i AR
FNLEAEN AT S AN AL, SR 5 BN ET IR 5 AN At
I AEAN B S i DXk 8 5 AN S, A APLEAE LS /)
SAME S NS —NK Sm. % 2.05m,
R 100 mm FY L7 AR X3, of A U AT R R, VR
H BT HRRE. R Y, &R Y, iHE AN
M, .
Y, = (1 - ﬁ)x 100%

0

Y (33)
Y, = ﬁz x 100%

3
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X Mys M, 3RV ET . JE I A AN R R &, g
My My 53 000 A AR A P RS . A TR, g

AR B A TR I 25 A A IR AR 77 7 SR A B ML /i
HEEE Y 3~7 km/h; MRS 2.2.1 W S A BRI
BT I 25 S8 A A N A8 T A O 1k BB U5 N VR BEON 10~
70 mm; AKHE 3.1 iR RIS B4 T R 3.2 A I R
52 150 K H 45 B A IR 2B 7 7 SR g BUHR IRR 8] 5 3N
30~90 r/min. AT EL R AR 2 F R AEAFAKE R
KRR SRR, AR50 A A6 R
2, @t EE I HE R AL TR A R L BT e,
T e T RN PR R AR R R R UGN VR 0 B A
WG IR ek
4.3 BEZRIRELE

LR R 4 R W 14 Fios .

- FA I Film pickup rate - FJEZFilm content rate

N R =
&é 88 15 g % 88 15 g
o 14 = o 14 =
= 86 N 5 = 86 \ 5
E / \ o 5 E NP g
284 S &84 S
g 12 g g y q 12 g
T 82 = T 82 =
= 11 = & / 11 =
;met 80 10 8 ta 80, 10 i)
o g s
& 3 4 5 6 7 e = 10 20 40 60 70 -

WU HE £ Machine
advancing velocity/(km-h™)
a. HLAHTHE# L

a. Machine advancing velocity

#U5 N LR E Depth of
hook-tooth into soil/mm
b. Eih N IR EE
b. Depth of hook-tooth into soil

s S
2 88 15 2
S 86 14 =
e 13 €
2 84 8
g N 12 g
T 82 1 E
) 105
Z %5045 60 75 o0 =

FENELAR 15 % 1 Rotate speed of 4«
film pickup roller/(r-min”")

c. TR R
c. Rotate speed of film pickup roller
A 14 FRERELER
Fig.14 Single factor experiment results

F 14a JHLH F HE 8 BE XL VR REROS2 R, B84 A\
FIRIEDY 40 mm,  $7 HRIR (5 FE 09 60 t/min, AL AT
HPELE 3~7 ke/h RV BBl P9 IR o 6 B S0 05 JEE 2 B L
L R A KR B S KR g R . HLR
A3 B2 AL T 3~5 k/h IR, BORLIN (] P9 £ 14 40 2 1) 3
BRI AR AR K, RN & R R EAHEas, 497
HIRTHEE N 5 ko/h RREEHGINN,  BHURA SAa4a Ui,
Fo N AR B L, T H R R R, AR TR
RN, I SEAE A RERAT AR T £, SR ST
Bes MMLERTHERZ Ny 6 km/h B, FRIEEN 84.8%, &
AR 13.7 %o “FEIHTHEEE 4~6 knv/h 23 2 HLEAE
MV SR FPEAICIX [ o

B 14b AR N TR EERHE R MRS, HLRAT
BEEEDY 5 km/h, $3 IR 8 33 0 60 r/min,  #i5A +
TRIEAE 10~70 mm F ¥ B NI B 5 A N RIR EEXTHLRAE
M PEREREAT PRAT . E L AT R4 5 M 5 e A B B A N
R B BE ORI SR KR N, PR AR X AR AR A
R RS B N IR B ININ,  A06 K Bt 2
BEATR AR, HLAE ARG IR s R 1K S R AN B ek

A R A R I s 248 5 N IR TA ] 60 mm I,
AR 86.3%, MR N 14.2%, BEEH W AN LIRE
WK, W2 E, SRR fs
O ETE, RIERMG R R TGS . ik LIRE
20~60 mm AL BB TAEX A,

K 14c 3R IR 1 e PR ML PR RE (R 2, 48 IR VR
T #53RAE 30~90 r/min X [A] 15 AT K5 . o AT Endh
1B 256 [ i B 7 2 3o ) 3 K 2 B0 o 2 3 K N i
B 2P eI KRN B Fh R R 1A e AUE Y
FEI2A 35~60 r/min B, S R 4F, 7RG A1 s
MR G, AR KGR R s s A EE A X,
WA IR s R = A2 SRS, X HRE 5 44
SrEPERE SR, BRACRA R B S, BRAE SR L
The 245 IR VR 4 e 5 75 r/min I8, AEBkGES A ML 5
W R BV [P b B, AR RN PR [V Bl 5 4
TR IR P, HOSURN 2% o 7R VR 8 b 7 v B A 1) e
P BT o, SRR — DR Fh IR & i i
45~75 r/min HLEEA TAEXE.
4.4 ZERZRRBWHERRER

2 B A T R RIS B b 0 45 T 5emi B2 AR 1,
RIS R R SRR bR 2 (M2 BAEF . 38N R
TAESHUAE, DN x« BN LRE v, 14
JEVR el o NIRIGR R, AR v S Y, NikK
febr, JTREWAN RS . %3¢ Box-Behnken I& ¥t 7k,
R AKFgRID R 2 for, 507 &R RUE 3 frs.

%2 HBEEMAT

Table 2 Test factors and levels

o m/ﬂﬁﬁﬂfﬂﬁ PN LIREE AR e
Levels Mach}ne advanc1f11g Depth of hook- ‘Rotate speed of ﬁl'mrl
velocity x,/(km-h™) tooth into soil x,/mm pickup roller x;/(r'min™)
-1 4 20 45
0 5 40 60
1 6 60 75
#3 RRHFRRER
Table 3 Test plan and result
RSP X x iy s kS
Test No. ! 2 3 Film pickup rate ¥;/%  Film content rate Y,/%
1 0o -1 -1 84.0 10.2
2 1 1 0 85.4 13.2
3 1 0 1 84.3 12.8
4 0 0 0 86.2 14.6
5 0 0 0 86.4 14.7
6 1 -1 0 83.9 11.6
7 0 0 0 86.6 14.5
8 1 0 -1 84.1 10.9
9 0 1 -1 84.9 12.9
10 -1 1 0 83.5 12.7
11 0 1 1 85.8 13.4
12 0 0 0 86.1 14.8
13 0 0 0 86.5 14.5
14 0 -1 1 85.3 13.9
15 -1 0 1 84.2 13.1
16 -1 -1 0 83.5 12.4
17 -1 0 -1 82.9 11.5

E: Xiv Xov X N xi x0n x5 BIKPH

Note: X}, X, and Xj are the level values of x,, x, and x;.

FIH Design-Expert 10.0.1 # A X il 56 25 B 247 £ oo
LNERALE AT AR, JFENLARIE R Y. B Y, X
NUR BT HES . BOUG N R 0 TR a7 ek F) g 1 T
(AR, S kAT 7 22 0 i, S5 RN 4 Bk


http://www.tcsae.org

18

R AEAE, AT SUR E B RSO it 5 iR 59

Table 4 Regression model analysis of variance

x4 EEERFESH

v TZERE CEHM AmE ¥y -
=g WM
Source of Sum of Degree of Mean F o
Index . Significant
variance squares freedom square
it 2291 9 2.55  49.56 <0.000 1 ok
X, 1.62 1 1.62 31.54 0.0008 ok
X, 1.05 1 1.05 2047 0.0027 ok
X 1.71 1 1.71 3332 0.0007 ok
XX, 0.56 1 0.56 10.95 0.0130 *
n XX, 0.30 1 030 589 0.0456 *
it Xl : 0.04 1 0.04 078 0.4068
Film 2)2(3 : : : :
pickup X, 12.24 1 12.24 238.33 <0.000 1 ¥
rate 2 1.42 1 142 2758 00012  **
X7 2.56 1 2.56 49.88 0.000 2 ok
Tz 0.36 7 0.051
JAY 0.19 3 0.063 1.45 03530
R 0.17 4 0.043
syl 23.26 16
157 30.96 9 3.44 129.79 <0.000 1 ok
X, 0.18 1 0.18 6.79 0.0351 *
X, 2.10 1 2.10  79.29 <0.000 1 ok
X, 7.41 1 7.41 279.67 <0.000 1 ok
XX, 0.42 1 042 15.94 0.0052 ok
e XX 0.023 1 0.023 085 03875
Film XX, 2.56 1 256 96.60 <0.000 1 ok
content x? 7.50 1 7.50 283.17 <0.000 1 ok
rate 1, X 2.76 1 276 104.25 <0.000 1 o
X 6.16 1 6.16 232.63 <0.000 1 ok
Tz 0.19 7 0.027
ES) 0.12 3 0.039 230 02187
R 0.068 4 0.017
¥l 31.14 16

VE: P<O.05(EE*); P<0.01(HILE ),
Note: P<0.05(significant,*); P<0.01(highly significant, **).

HIZ% 4 W R0, A5 B A IBEAR & I Ze R P AR RN T
0.000 1, M &=, RUIEIABA RS EL, 7THE

JBE
Film pickup rate/%

Film content rate/%

c. Y,=5f(x,, x,, 60)

B15 BAFXIAAMBEE. BEHSREG A

Fig.15 Effect of interaction of various factors on film pickup rate and content rate of mulch film box

KR SRRITP AL, 3 B BT TR
A HIGRHR KT 098, IR (B U
SRB W AR, O R BRI I BER
HEAF S BTR A . IS RY0 5 R AT 507, (351
BLELHIEHERE . AL PR LR 4 5 HERHA U
Y, AR Y, B 51

Y, =86.36 +0.45X, +0.36X, +0.46X;+

0.37X, X, — 0.27X,X; — 0.10X, X5 — (34)
1.71X2 - 0.58X2 - 0.78X2

Y, =14.62—0.15X, +0.51X, +0.96 X+
0.32X, X, +0.075X, X; — 0.80X,X; — (35)

1.34X2 - 0.81X2 - 1.21X2

R Z 0 kR (34) ~ (35) W[4, &P &
i JE 2 30, 25 Ve 52 00 WGP 0 DR s MBER fe el . WLEL Tt
TRPE . BTG VR XA I AR I 2 5 e Y AR IR
NI A N IR MU, AT
HW T RS BRI IR PR 520, 32 H Design-
Expert A 8528 L DR 2 06 6 M58 20 025 i 2 f i) o7 T
SHTE, Wik 15 Frose.

K] 15a IR AL T H A 7K (60 r/min) B,
ML EL ik BE 5 4 o N L VR B 2 B AR X 40 I R R
By JSATHT Lo B 1 N R FE T B AR (20 mm ) B
F FE % 1 o L L o 1 49 K 2 IR S 1 KU ek
kash, 8RB — @l A, AL Ak 8 R R Ay
N [0 P4 4 44 D, B G 78 SR A B P R R 2 2
JI5, AT 5 BCHA M 28 R R s AL i o ook [ e 7 v
KF (6 km/h) B, BEER AN TIRE MM, SBER
I KGR, HENLIREE K, Wik
BRHEN APk, BEAANRRS RN E, S
KBS

5t
Film pickup rate/%
o0 00 0o 00
2032
—t——

o0 0
R

75 o'-&
a“"/jl A, 565 e
2 o )
/) ;gy& s
€y, 045 %1;{& \\ed\‘
OCI'{J//( Cl]"ie ’s{aﬁ‘%‘%‘ ic\k ¥
k. 4~ 5 s )

d. Y75, x5, x;)
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Bl 15b R UE N R IRE A T H 7K (40 mm) B,
ML Ak 300 5 5 M0 15 B 3o 58 TEL A R KT 4 B 26 52 1 £
U 957 TR Pl o 5 65 5 o 5 AL O L o PR ] A T 1
B $5) S I S 3 K S N i A, I BB mi g
AR A AR R P E M EA 2, X5 &0
BT AR WL 25 SR AR AT o

Bl 15¢ AR IR A 4 1d AL T [R] 7K P (60 r/min) B,
BV N R B L R R A AR R B R R 5
ML PR R 3 AR A 07 1100 N 3% B8 X 5 M R 8 S B
BmeR N &S, BT LSH, B N RIERE L
BLELHIT 3 T80 5 o 2 A B S 2 PR

Bl 15d 9 HLE AT B b T A E) K (5 km/h) B
M ] B o 55 A A N R P A8 LA R 8 2R 5 T 1)
M . 1T o ) A N R B ] AE = K (60 mm) Y,
B A o 6 8 0 B TR S B, I 6 [ 4 T VR 1R A T
0T R IS0 RN B A, TER IR A el
65 r/min I, 7 5 % Bk PR S A IS ] A 6 45 1) b B A 2%
R, WA B RN, i AR e R
IR, FEERE IR SIR R R e R R
IR (45 t/min) B, BEE# NN LRGN, &
JE At B S0 3G N N R B, R B R R U N R
FEXGIN, SR IR A f 4 s o 3, & e
Fhs ARG N IR EE IS R 2B E 2 1 2% AT R 46
JEAR TR A B IR 2, & AT T B .

DAHA B 28 d KA S M3 i KA AL B bR, BAAL
ELFTREE R . BTG N TR A R R S N AT B
% Design-Expert 3 {4 1) R DI geEAT S8, H AR KL
IR

maxY,

maxY,

{ 4km/h<x; <6 km/h (36)
st.

20 mm< x, <60 mm
45 r/min<x; <75 r/min

RBEWILERIR TAESEE G . MLERTHEERE 5.1 km/h,
B N VR 45.3 mm. 35 IRV #53# 64.3 t/min, JEAS
FEIER A 86.5%, SIHZFEN 14.8%.
4.5 IGIIE

NIGUEPA S RS R, fEB s i LR
P R iy e p s 5 W TR N e i e N ot o e
FEAR I I AT AT PR AL B AT 8, RIOML L wir gk i
5km/h, B N LIEE 50 mm, 5 EVR & % 65 r/min,
RIGEE 3%, KGR (33) WiHE LT ERER,
TR ILECT M, WL R R S,

x5 HEWIEER

Table 5 Experiment verification results

36 /75 Test No. Y\/% Y./%

1 86.7 14.6

2 86.9 15.1

3 86.8 14.9

SFEIMH Average value 86.8 14.9

I3 W FH IRV B6UE BRI A 45 2R, =4 Mo AT 2 HE 3l [m] i
FLA U IS BN SRR, PRy 86.8%, 1
P& ATy 14.9%, HLEARL AR RERE 2 R

5 & ip

1) BF X REAT B0 7 SRR B AT V& 137 Qb B 6 S5 AL AA 7T
FEMZE. FEEE, FORA Y S RS N, R
A 137 3G FA LA 0 JE Al b B TR 3R S [
WML, AW AR R, Skt T B b S A 22 Th e
(1) 1) B A R VR B, 350 = B REEATL A% Ay B S
YRR 510 b RS 46 VR 3 LA RS BB 55
FETAEIRAFIAT T o007, 15 2052 /E b it & 2 B 451
MTAESH.

20 FALIR AR I AT 5 G N TR B A A (L Y N
20~60 mm, LI Fi i A BUE Y5 L DY 4~ 6 km/h,
TR (& e B LB YE LA 45~75 r/mins

3) BT SRR, SRESRA A N
JEE7R A 50k 65 r/miny HLERTZEEE S km/h, ¥+
REE 50 mm, RIS RN IEE N 86.8 % FIHE
N 14.9 %,
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Design and experiment of stalk pressing type cotton field
mulch film collectors

XIE Jianhua?, ZHANG Yanhong!, CAO Silin!, ZHANG Yi*?, ZHOU Jinbao®, MENG Qinghe'

(1. College of Mechanical and Electrical Engineering, Xinjiang Agricultural University, Urumqi 830052, China; 2. Xinjiang Key
Laboratory of Intelligent Agricultural Equipment, Urumgqi 830052, China)

Abstract: A mulch film collector is one type of picking mechanism in the recycling of mulch film at present. However, the
conventional configuration cannot fully meet large-scale production, such as severe film clamping, the requirement for cotton
stalks crushing, and low film content. The existing drum-type pickup mechanism of mulch film has also serious film enwinding
and a low film content rate of recovered mulch film. In this study, a mulch film recycling machine was developed with the stalk
pressing type in the cotton field. The mulch film pickup mechanism with drum type was selected along with the one-film and
six-row machine cotton harvesting and planting mode in Xinjiang. The cotton stalks' recycling and reliability greatly
contributed to the resource utilization of cotton stalks. A box was added to bundle the stalk. A guided pickup roller of mulch
film was built with anti-winding and impurity cleaning functions. A pneumatic film removal device was also added to rapidly
remove the film. The film picking, film stripping and contamination removal operation were realized in the improved device at
one time. The structural parameters of the stalk box, mulch film picking roller and film removal mechanism were also
determined using kinematic and kinetic analysis. The working parameters of key components were analyzed after optimization.
The front tilt angle of the stalk box was designed to be 30° considering the congestion and the forward resistance of the
machine. The motion position and oscillation of the hook teeth at each station of the film pickup roller were combined to clarify
the motion trajectory of the roller center. The mathematical model of the slide profile curve was established using the analytical
method. The kinetic analysis of the film pickup roller was carried out, where the rotation speed range of the roller was
determined to be 41-68 r/min. A systematic investigation was implemented to explore the relationship between the full pressure
at the outlet of the film removal hood and the rotation speed of the film removal shaft using aerodynamics. The rotation speed
of the film removal impeller was 980 r/min. To verify the operational performance of the device, A three-factor, three-level
response surface test was conducted with the machine advancing velocity, the depth of hook-tooth into the soil and the rotation
speed of the film pickup roller as the test factors, and the film pickup rate and the film content rate as the test indexes. The
response surface model of each factor was established to optimize for better operational performance. The test results showed
that the significant effects of the test factors on the film pickup rate were ranked as the rotation speed of the film pickup roller,
the machine advancing velocity, and the depth of hook-tooth into soil. The significant effects of the test factors on the film
content rate were the rotation speed of the film pickup roller, the depth of hook-tooth into soil, and the machine's advancing
velocity. The best operation was achieved, when the rotation speed of the film pickup roller was 65 r/min, the machine
advancing velocity was 5 km/h, and the depth of hook-tooth into the soil was 50 mm. The optimized performance was verified
for the average film pickup rate was 86.8 % and the average film content rate was 14.9 %. The findings can provide a strong
reference to design the subsequent machines for the stalk-collect mulch film.

Keywords: agricultural machinery; design; experiment; stalk pressing; roller; guide; mulch film
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