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1.Depth limiting wheel 2. Transfer case 3. Straw smashing device 4. Spiral conveying
device 5. Frame 6. Sealed cowling 7. Film picking device 8. Film unloading device
9. Walking wheel 10. Film collection box
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Fig.1 Structural diagram of surface residual film recycling
machine after harvest
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1. Cotton straw 2. Straw smashing device 3. Spiral conveying device 4. Film
picking device 5. Film unloading device 6. Impurity 7. Walking wheel
8. Residual film 9. Film collection box
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Note: v is the machine forward speed, m's™.
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Fig.2 Diagram of working principle
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b. Work area division
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a. Structural diagram of double drum
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1. Film picking spring-tooth 2. Forward cam track 3. Reverse cam track
4. Double crutch-arm 5. Film picking roller 6. Film unloading drum 7. Film
unloading plate
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Fig.3 Structural diagram of double drum device and
work area division
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1. Power input shaft 2. Power output shaft 3. Rod cutter shaft 4. Intermediate
shaft 5. Screw conveying shaft 6. Cone gear box shaft 7. Film picking drum shaft
8. Film unloading drum shaft
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Note: n, is the tractor output shaft speed, r'min"; z,-z, is the number of gears
teeth; -7y is the diameter of each transmission, mm.
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Fig.4 Schematic of transmission system
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1000 r/min, W46 i 255 B8 VR {8 4% 7409 54.3 t/min, MEE3E
BIR AN 586.7 r/min.
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Table 1 Main parameters of device

2 Parameters HU{H Value
WLE R Complete machine size/ (mmxmm>xmm) 4200%2 870x1 710
HLE R HEH 2 Machine forward speed/ (kmh™) 3~7
{EMVIE 98 Working width/mm 2100
RNV EE Working depth/mm 0~100
AEJEA 2547 Capsule volume/m® 1.9
B #5) /7 Matched power/kW 66~96

#4275 70 Connection method #25] 1
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1. Film picking drum shaft 2. Double crutch arm 3. Damping block 4. Film
picking spring tooth shaft 5. Film picking drum 6. Film picking spring tooth
7. Sight window 8. Spring gear shaft bearing
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Fig.5 Structural diagram of film picking device

2.1.1 HBEEE

RS 15 W S [ AT L = B At o A i b 8 R S [ i, ot
IMEDARFE R 2, Ko oG G M E VAR P ke, 3% %€
TEA AR PR Bt i 2 [B) 8 & 22 K &, s fE L MR,
DR] LHb 6 5 580 T AT 55 T B 2 R M R 3 I P R B
BRI E RN R, R AHS L % ST R e,
ok 2 2R A g e R T, HEAE TR S B R
For, LA L A A B A G o A A P 6 BT .

WA o3 LA
ety Double Ak Film picking
Roller  crutcharm  Fastener

spring tooth shaft

7

?}5 RN
NIPNG [

Tl
2,
A

)

)

R L3 A7
Film picking
a. P AU 2 R spring tooth
a. Film picking spring-tooth assembly

|
| : I

« xRHE

| Stixbble

[N Ll el do ol ol o] ]
I\I‘I\IIIII»I\I TN T T
AL R A 4iiShaft

Installation hole Film picking spring tooth
b R BERR AA m E E
b. Schematic diagram of film picking springteeth distribution
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Note: s is the center distance between the teeth, mm; a is the narrow row spacing

distance, mm; b is the wide row spacing distance, mm; c is the distance between
the mounting hole of the spring tooth and the edge of the cylinder, mm.
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Fig.6 Schematic of film picking spring tooth and diatribution of

film picking assembly
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Yo = Lysina +asinf

{xl =L, cosa; —acosp, )
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(I TARR AR I (7).
X =x+r.cosep
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@P)

W o NERRE %S AIEE, rads’s § NREBN G BIR A,
() a NEFTE A,B,C AL B Ak, (o) BREFMEM, (°);
q JTEFTEEIRRE P K BE, mm; Lo AELERT 4,8, KEE, mm; o JESH:
FREGELAKP LA, (05 rg ARFENDFEEISR LR/ A2, mm;
0 ﬁligﬁibﬁﬁﬁﬁ{ﬁﬁz}?% , (®) 50 ygﬁgﬁﬁ A4B4C4 ﬁﬁﬁﬂtﬁﬁﬁ ’
©); BNEMMEM, (°; L AKIEN 4,C,KE, mm; r, NIEF
A HR R R i N R, mm; r, R TFERE, mm.
Note: w, is the rotation angular speed of film picking roller, rad-s™; § is the
rotation angle of the film picking roller in reverse motion, (°) ; a is the angular
displacement of the connecting rod at the position 4,8,C,, (°) ; f is the position
angle of the connecting rod, (°) ; g is the length of the connecting rod from the
center of rotation, mm; L, is the length of short connecting rod 4,B,, mm; ¢ is
the angle between the normal of the theoretical contour and the horizontal line,
rad; r,, is the minimum radius of the theoretical contour of the reverse cam, mm;
6 is the angle of the film picking roller during the reverse movement, (°) ;a is
the angular displacement of the connecting rod at 4,B,C, position, (°) ; B is
the position angle of the connecting rod, (°) ; L, is the length of the long
connecting rod 4;C;, mm; 7, is the minimum radius of the theoretical contour of
the forward cam, mm; , is the radius of the roller , mm.
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Fig.7 Contour design diagram of cam
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1. Original spring-tooth end motion trajectory 2. Optimized spring-tooth end
motion trajectory 3. Original inner cam outline 4. Optimized inner cam outline
5. Original outer cam outline 6. Optimized outer cam outline

Ee A RRIE REME; B AN RETERAE; C AN IEH A
B D UGE L NAE: 0, MRIETAM, (°); 0, NRFE LA,

s O ABBETALA, (°): 6, HIEFTAIM, (°).

Note: A4 is the reverse position of the double crutch arm; B is the complete
position of double crutch arm reversal; C is the reverse rotation position of the
double crutch arm; D is the complete position of forward rotation of the double
crutch arm; 6, is the film picking station angle, (°); 6, is the reverse station angle,
(°); B isthe film removal station angle, (°); 6, is the reverse rotating station angle, (°).

B8 ¥ R iniE shHil B I AL4E AR 4
Fig.8 Tooth end movement trajectory and cam contour line
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Fig.9 Structural diagram of cam
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Note: G is the gravity on the film mixture, N; f'is the friction force between the
film mixture and the spring teeth, N; F is the supporting force of the film
mixture, N; F, is soil bonding force, N; a, is the angle between the normal
direction of the film picking spring tooth and G, (°); f3, is the angle between F,
and G, (°); y is the angle between the normal direction of the film picking spring
teeth and F, (°).
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Fig.10  Force analysis of residual film during film picking process
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Note: D is the landing point of the film picking spring tooth. E is the landing
point of film picking spring teeth in the latter group. D, is the position point of
maximum pick up depth; E, is the position point of maximum pick up depth in
the latter group; D' is the unearthed point of film picking spring teeth; E’ is the
unearthed point of film picking spring teeth in the latter group; /4, is the vertical
distance between the overlap point of the motion trajectory of the adjacent film
picking teeth and the maximum depth of the film picking teeth, mm; a; is the
initial phase angle, (°).
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Fig.11 Diagram of film picking process
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Fig.12 Structural diagram of film unloading device
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Fig.13  Structural diagram of combined film unloading device
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Note: G, is residual membrane gravity, N; F; is supporting force of scraping
plate on residual film, N; F) is relaxation force between residual membranes, N;
F, is residual membrane centripetal force, N; f] is friction between residual film
and film scraping plate, N; f; is the angle between G, and F), (°); w, is the
rotational angular speed of the drum shaft, rad-s™.

B 14 BURAZIRIRZ ) H5AT
Fig.14 Force analysis of residual film during film unloading process
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M (14) ~ (15 ATH, B o e s e e il 5
it 25 B 14 ] 6 2 4 o) M RS P2 R . ) AR
RS, MR ASRETE o RAES BRI, &R B
Ko RHUBCHRBAR; K, mEEminA. Wik
SR ) PN AL (R AR S R s 5 75 B R T A B A
BE R REP. MY BE R T % ny N 400~650 r/min,
RN (15) 73 BRE3% B (1 B #5242 R, v 280 mm. |
JIEE B R 3 48 T PR 16.01 m/s, i JIE V1 il % T n, >
506.34 r/min, HUBRIR A B E 510~650 r/min.

3 BERESREESFHMENESHHN

DU AIE i R B PN S R, RO R
WA BT AT ER, o I B A T Sl R
P, TE = AT LI, AR 45 R
MR IEAT TR 4L, K FLARAT N step A% 3 SCFS

W AL 5 R A SN ANSYS-Fluent 2022R 1 3R fift 2%
W, N TR RIS A J, o et i L SR e A
IR HEAT A4k, DARRAR IR T vk af v, P 15 il
T E .

E’f%iﬁ %{? Ilﬁlf"j

Rotation
—

R

Pressure outlet

725 mm

[
JEAPNE|

Pressure inlet
B15 PREEAREHMHEE
Fig.15 Boundary condition setting of film unloading device
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RIS 1728 847 /N, TEFLAHIMNHE 1077963 A, #f 1k 35k
W% 650 884 1.

a. Wi

a. Film unloading device

b. L

b. Rotation area

c. LR B I d. it R BB A

c. Blade of film unloading device d. Cross-section of film unloading device
B 16 ML s R
Fig.16 Results of structural meshing
S J R P I AT R A A B AT, AR
JEke BN s s Rt . | T AR T AN AT R 4 A
K SST k-omega FEAY, it {4 % 2 B A 1.225 kg/m’,
RV E N 1.7894x107° kg/(mes), JhLIEVR FHH 1L E N
570 t/min, Z5RWIE 17 FroR.
4 Velocity v/(m-s™)

N 0 mE=m=
0 376 7.52 11.28 15.04 18.80 22.56 26.32 30.08 33.84 37.60

&y

b. T LA
b. Vector diagram of airflow velocity

a. “E L A
a. Cloud diagram of airflow velocity

e TABEX, 1. HDA=OAFIEX, IV ATTREX.
Note: [ is the film unloading area, Il . Il is the secondary clearing area, IV is
the settling area.

B 17 MBEEBEARAAUREZSHFEG ALR
Fig.17 Simulation results of airflow motion characteristics inside
film unloading system

TP 172 ATRD, AU A VR 150 Pk Py Jo] Bl AR s
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FEXFEE, AU E fe Ky B Y BLAE 0 R B e e

FRERRI AL, i KIEE N 37.6 m/s, FITHEE
FERFIEAN R R S 20 0, R EE o8, HAT
PRI B BT o AR P i/ B LA A
FEA TN, [E/NERN 1.76 m/s, H T 40 ik
EH PR 2% ST T e Ak v A\ T

o 170 AT, AR R B R XN, RS
Bt B T P R MU e, LB T TR AR IV X R A2
ARG AR SRR T X BUESE, R
PR AE N AN s D OR T SRS A1 2R
LAY [ HRASAL KR IL DX PN, I Il o o 0 1 1 e
BEAII, ZEAB— R MR, s, B,
AR BRAE LB ZE S AR R TR Ay 8, B AN A i o 1
DT e ALLIX SE B — i i s sh ki “0”
T FEA T F -2 i PR 7315 i 07 30 93 W 4 R AR W it
52 B P LA SR EAT & BUYIROR «

4 SEMHARE

4.1 RIGFH

XU 1 ke M (Rl RO WL f T4 4k R 32 22 A IR 3R B,
SR 58 IE - DR 3% 5% B B [l UL R 2 PR 52, 4 38 A P e I
FISCVEME R, 2023 4E 11 A, 75 H7 58 B 72 75 M [X v
BT A0 R g —/NBA (82°77'05"E, 41°39'54"N) #E4T H
EREE . AP 18 A, S+ AR 1 3+ B AR AT
R E, ARG, BT, RS SR, S
ITHRAE R, BRI EE 4 0.01 mm, #6445 0~100 mm +
HEURPE BRI, LHEPIE KRN 16.85%, MIRIAETIR
FERN-5~9 C, LHEESLERN 27.818 kg/em®s & BN T)
NZRTTEL LX1504 B4 Hi AL, 25 R 30 2 i 0% (1) BASR R R
XEALE 0 BRSO R A — s M sg I, e N 530 25 3 1R
HEAT AR OGER I, 4 A1 2 B8 57 A 4R B [ SO L 1)
fERE ARG I BCA R 338 R s B A
R HEM R BRERGE.

a fBE

a. Working scene

b. Residual film recovery effect

B 18 W ia X
Fig.18 Field test
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WAL R0 F 2 A8 s AE WL EAE VAT 5 NI AL, 2R
Ja MAENL AT S AN W B I B A B 38 (1) X 30 5 55 41 5
AN A, AEATENRS I S AN E S . R SRRE X S —
MK Im. % 1m. ¥ 100 mm FISZ7RX L, AN T
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HoA BB, XIS A AT Ve I AR, T
FRRMEIR R R SO a3, WEITEN

w
Y Z(I_W)XIOO%

. (16)
Y, = —x100%
Zy
KA Y, ARSI, % Y, NEARE, % W AR

AR ZFRIE R I MM, g wNEGE R ZERIER &
WPME, g Zy AN ERZRBGRE R ERFAME,
g Z NIFREP R REFE . MRAE R =R FAME, g.
4.3 BERNERERSHT

MRYEAHL L 25 R 5 SR TAENLEE 047, JEBEHLE AT
HETRURE L HO MR AT A THURT B RS T A AT B R KRG
RIS R RIAKCERTR R . SRR M. F4iR
56 WX B AN R AR AT R, AR HE P e
Sl 1) SR DA T B 4 A ) T SR 5 e R AT
T I B e e R ALRS A DA B W SR AR B b R B LG SO AL
LA P AT R I A Bl R T R 1
AT,

BRI R wE 19 Fion. HE 19a /AL, il
TR FE N 55 r/min, W BVR & #5338 N 570 t/min B, B
MUEATHEE B N, e R 2R ERES, SRERE
Jeig N RS . MR FTHEE I A 3 km/h B, AH
A B (6] 9 S UG F R M PR I R 2, FR v R B Tt
P A R T 7 ko/h B, BT BRI EESLER, AT
BRI, BRI R, AR TR0 5, &
FRIEAE AR ARG 2, F0iR . SRR WD
YHLE R E Y 5 ki/h I, 35RO 85.36%, 4k
BN 46.7%. FLERTHEEIE 3~7 km/hi& i 2 LA 1Bl
RE TR X ]

HHEE 19b vl A1, FUEE A 5 km/h, B ) 4

—o— A4 Pickup rate Y,

9 570 r/min B, F6 4 6 B R IR 5 T ) 3 0 2 30
W S, BER IRV R A 3G 0, B AR SR
JE ISR F R A R G T, R A A 1k 2 G
FRFER, Ol e 1) e A5 5 B 5 580 045 2 (i) Y BE 4 3 m, 7
R AR ROR G R, MR RO, MEHECNM NS
50 r/min BF, FRMEELEVELE, ERBEAE SRR A S
PV, WLEATEEE /N T O R o R, ik
BHYPTHEREEGX, GRS, ERRRE
RPN, FRIES R Ak T R T BT, iR R
& F R 2R SRR A% E T 60 r/min K,
WeB AT TN ) B T R S SR v Rl B, 45 R B
T MBS AN % o 7040 MBSV f b 7 i B N TR0, FEE 2 oy )
SR, SECE R U RR G R EA F
55 t/min I, S 4E N 46.5%, IH51EFZHEH 85.61%, Hulii
TR A 50~ 60 r/min 2 A XU 1 20 HH A I ] ig AL A
P TAEX A

HHEE 19c A%, BTES BN S5 kmvh, 46 IR ] 4%
SN 55 r/min B, AR 15 5 RO R VR ) L S I B R SR B
BRGNS, FRF BRI HEUNEEmER . 4
it RS e 2 T A S8 Ll 540~ 570 r/min B, H R i i
TR = A BT 11, 8 DASCHREPRI R PR AS 5] 1) e et
R R AT o0 85, SRR 1 dan ik 5 B A — e (3 B,
BRI BRI AR, KRS 2R
BERIE R, BRABCRARIHERS, SRETH: 4
it JEE 2% 147 % ol 83 600 r/min INF, [ INF I 5 i S 0% 14
TR R, TR IR % 0 7R VR fA b U i R e TR A, R
ATy, FRRBETTE R 2 MR A
570 t/min B, B 4RZN 46.31%, FAIFZEN 85.43%, [k
TR #ETE 540~ 600 r/min Jy BUZ 12 2R A% [a] e L
P TAEX H .

—a— % 4<% Impurity content rate Y,

s 86 50 S e 86 50 S e 86 50 s
£ 9 E £ wu 9 E E s 49 £
5 wE g #5 g % 5
< 82 48 Z%g < 8 48 §k§ € 8 48 §T\§
[~ Qi =%} NI [=9} Qe

M 2 M Z M z
Y - S-S 47
4o & 4m = o =3
= 78 : : : 46 E T o1 : : : 6 £ F o : : : 46 E

1 3 5 7 9 45 50 55 60 65 510 540 570 600 630
by| BN ipeisudi PR 1o OB R i A

Machine forward speed/(km-h™")

a. FLERTHERE vs. Y, 57,
a. Effect of machine aforward speed on Y, and Y,

Rotate speed of film picking drum/(r'min™")
b. R HEE vs. ¥, 157,
b. Effect of rotate speed of
film picking drum on Y; and ¥,

Rotate speed of film unloading drum/(r'min")
o. ARG vs. 1,157,
c. Effect of rotate speed of
film unloading drum on ¥, and ¥,

B19 #HFREER
Fig.19 Results of single factor test

4.4 ZRRAREHFRRERSH
DABRIG RIS LRTHES B X, R lR A AT Xy IR
A X, AR R, DRSS RE Y. B4 Y, N
Fri#t1T Box-Behnken i35, 18 H Box-Behnken %1% i1
TFEHEGRRNRRINER, IR ARSI 2 Frs.
FIF Design-Expert F 4% 050 £ dm 3t 47 70 #r, 308

SERER 3 N o R T FR M RSO Ml ) B 4 1 2R
SEIMEN 80.32%, F AR FIIMH N 50.16%, XA 45
RHAT Z o0 ARG M, VLR RTHEERE . KRR
TRl T B 15 s ol 5 1 S B A R (Rl DA A A
SRR EAT 7 200 T, S5 R 4 fs.

AR 4 AT A, FRER Y, MEER R 2, A X,
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Xon XiXan Xoo RF Y, USSR R 2, X xoxs R Y, FORAHE
El&%? {—:’I\Zﬂ%$ Y, EGEUHTEEEK%’ :/H\:EF' X1~ X~ X3n XX~
xzz\ x32 Xﬂ‘ Yz E‘J%ﬁ”@*&ﬁ%, XoX3~ xlz XT.]L Yz E"J%ﬁuﬁﬁ%o

AR A R A P<0.000 1, BERHRRE, [HIHTT
FERITIMAE 5 SE PR E A B A et .

#3 RWHER
2 1\ 5 [&] 15 apble est results
F2 HIMERRD Table 3 Test result
Table 2 Factor and levels of test PUELRTHERE SRR A BLR 4 ek v EEES
Py TERETEa TR B F'5 & Machine Rotate speed of Rotate speed of Picli up rate Impurity
e HUE A RLIPHR R LIRIR [Rl Fe 18 No. forward speed film picking film unloading E content
i X Rotate speed of film Rotate speed of film Y\/% N
Machine forward L . X, drum x, drum x; rate Y,/%
Code speed X,/(kmh ") picking drum unloading drum ] 0 5 5 5503 1546
peed Ay X,/(r-min”") Xy/(r-min™") : -
] 3 30 540 2 0 0 0 84.32 44.47
0 5 55 570 3 0 -1 -1 82.75 62.52
1 7 60 600 4 0 1 1 72.62 43.58
5 0 0 0 86.13 42.81
e EUSENTEN e s v 6 1 0 -1 84.35 52.59
ZEB%KEZ%IE’ ?%%U*}‘L/E\‘ HUlﬁ@FX‘;\ *ﬁﬂ%y’&%i‘?gﬁ\ 7 _1 1 0 7685 5246
BECEESEA IO R ¥y S 4k 1 I 8 0 L e 4
Yl =8484+290x1 _3.19XZ+2.57XIXQ_4.06)C1X3+ 10 -1 0 1 75.13 51.3
) 11 0 0 0 86.07 422
2.09x,x; — 8.80x3 QD 12 0 1 1 7659 5531
13 0 0 0 84.76  45.32
Y, =43.45-2.65x; —3.34x, —5.09x; —3.90x, x,— 14 0 1 -1 7042 60.33
5 - . 55.
) 5 ) (18> 1 1 1 0 86.09 36
2.39xx3 +2.27x7 +4.29x; + 7.69x; 16 -1 -1 0 86.57  51.08
. " " n 17 1 1 0 86.63 41.14
XUV RN B 46 ¥ 2R B e TR A FR - P<<0.000 1, T 7 xR K Z G,
BB, 7 R BUN L 5 SR (AR BRI e e Notes xx . are coded values of et fators.
F4 HESH
Table 4 Analysis of variance
Fei h e
Souce T Fi % By . B T AE gy, .
Sum of squares Degree of freedom Mean square Sum of squares Degree of freedom Mean square
it 599.76 9 66.64 28.88  <0.000 1** 824.18 9 91.58 3129  <0.000 1**
X 67.22 1 67.22 29.13  0.001 0** 56.39 1 56.39 19.27  0.003 2**
X, 81.15 1 81.15 35.17  0.000 6** 89.51 1 89.51 30.58  0.000 9**
X 9.05 1 9.05 3.92 0.088 1 207.47 1 207.47 70.89  <0.000 1**
X1X, 26.32 1 26.32 11.40 0.011 8* 60.84 1 60.84 20.79  0.002 6**
X3 65.85 1 65.85 28.54  0.001 1** 8.58 1 8.58 2.93 0.1305
XpX3 17.47 1 17.47 7.57 0.028 4* 22.75 1 22.75 7.77 0.027 0*
X’ 0.5419 1 0.5419 0.2348 0.642 8 21.63 1 21.63 7.39 0.029 8*
Xzz 0.8385 1 0.8385 0.3633 0.5657 77.55 1 77.55 26.49  0.001 3**
x° 325.97 1 325.97 141.25 <0.000 1** 249.09 1 249.09 85.11 <0.000 1**
iz 16.15 7 2.31 20.49 7 2.93
FAUI 9.01 3 3.00 1.68 0.306 8 13.00 3 433 231 02176
R 7.14 4 1.79 7.49 4 1.87
syl 615.91 16 844.67 16

VE: P<0.01 CfEED; 0.01<P<0.05 (*NE3E).
Note: P<0.01 (**highly significant); 0.01<P<0.05(*significant).

4.5 R gHmE S+

AR 22 e (17) ~ (18) TJ15, JHEXTH
26 0 B VR RS A U AR ORI ML T g B . R R i
LW T A s R 2 3R IR 3 M S e I A IR L
FLATHEE R . R AR DR A . SNE AT
FHRFERRZ TN T S OUEN Faba 520, @it Design-
Expert 13.0 AR HINUE BT HEEE . R R M. i
FES VR P SR R 1 R S e e g Bl T, 4B 20 s

K] 20a S IR VR 1 O AL T 55 o/min B, IR &
T 5 LR AT A BAE R B 4 i
VR 181 e S [ 58 540 r/min B, BE & AL BT 208 (138,
5 1 5 5B W 1Y N i g, oL B AT o B AR B OR
Skm/h J5, FRIERA RAGHs, 18 R m SR BE
LR AT HEE LR 7 ke/h ), [ R 1 A 14
BRIBAR 1 e RG0S, B ISR i A,

TEXRT RSO RS TR R Ik VR Y, 3 R IR HE A, ot SR 755
e 3t KIS U 2 38 e R SR AR, A T B A AR
FARMLIR T S 1T B 5 WL BT A 34, R i
iR ZDIR A,

P 20b A ML EL FiT3EIE B AL T S ke/h I, BBV (5 %
T VR 1) B A ELAE X AR SRR . $ R
LI (10 405 B 5 B TN O VR i e Sl P 3G o, 35 2o
W R, S R R R A A R SR 5 T F
FRMFEE AL, 5752 B8 I B i) 45 AT

P 20c R VR #5384 F 570 r/min B, AL E AT
HEBEALT 4 kn/h B, BEA O IR R AL G I, e
it RNV ER [ = o S A R 2 5/ (1 W o L 7 E 4
MARK AR, R EE D IR R %, 198
FEEE, WRRARES KN SHEGRE., B2 R
PR, amaag. YRR EHELT 54 v/min
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I, BEEHUEATHEE L N, S 2RI, AR

SRR

K 20 d HLA ATREE AN 5 k/h I, FORRIR A e

5 8 M ] R AT LA X 2 R . R
a7 i T[] 52 7 600 r/min I, 25 Ak 26 B 0 JRVR 16 Ak 14 1
T B N FE G N g, R R R R R, A

(5] IS 1) P9 f 40 (R PR BB 2 TR 2, 2% 70 2 RICR Atk

ANGF, & SRR s A RGN, SR BT
2K B VR ] 2 S [ SEAE 50 r/min B, A TR fA] 4 T
HIREAN, &R R Se N I E Y, EEE RN
I % A T T, B[R R ) A A R T 7 A R B
N, PR S ACR, S AR BT ERBUR
Fed i K HUGEAT I 2 MRS, fEmamTFEdk, A
MRS BIZHIN 2, SRR ETHES.

S 50 ,/\? : 3 6507
A X g 45 | g 60
i 8 "] w2 55 40K 5 BT
&g @2 75Y E 35t LE 50
€2 z et 2 307 <1 2 45
2 E 25\, E 40
g £
580 = T 9ss 7T 580 60
8 6.5 #5556 [ X3 3 >
oy Ko Bz 56 4 G oS Rop Bz, 54 S SB &, My, s60” NS e
Bl e o Rz, 5403 (BR8] Yo g ST 42 503 I (N Y, Yate R, 54050 <
adl}] speed 7, NS \\.“\e 0-\\ N p’o&i & Ceg §@ W X&\@ A A ‘70'1}2 %eed ’é§{§ R Qe@é 0)((\\
Py WY Sty WA ¢ Ty, Ot o e &y
., m «° "Il}z\/) 0 «° (G O S\
) Y-, \
a. Y)=(x,, 55, x3)

b. Y1=(5, xy, x3)

¢. Y,;=(x,, x,, 570) d. Y2=(5, x5, x3)

B 20 &R F X AR AR L8948 &
Fig.20 Corresponding surface of the interaction of various factors on the performance of residual film recovery

4.6 SEMKL
Voks EE AP BTG INE R A LS e
HeE, DMEERER. BIRERRNER, SRR R
(AL L AT IR TR L 6 MBS T 5 T B B IRV R e il it AT 2
HAretb o, RBIAEEE N
max Y,
minY,
3 km/h<X,<7km/h
50 r/ min <X, <60 r/ min
540 r/ min < X;<600 r/ min
Wb, BERESEAE N PLEATH
HAE 6.72 km/hy £ JBE R 4 4% 8 56.70 r/min. it IR A
39 569.78 t/min, LIS FRBEIA 1F RN 88.71%, ALK
N 39.13%.
4.7 RIS
AT S H MR ACRT TR, RGEF 3K, F
FIARAMALTTHE 15 R T EIEN 80.32%, R FKTFIHE N
50.16%. NBAEMALJE PN EPERE, 75 BT 586 5 75 1l X
T EL VD Bt AR R B AR LA PR 2> ] a6 b AT B ) 36
RS, FEFRE SO BT W8, KRS
Bl A R BN HLE BT 6.7 ki/h, 4 B VR R % 3
57 r/min. i PEVR A #5338 570 r/min HEATIRAERE, 56
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%5 PR
WS EA A TR B TR B e A
86.1%, FACEN39.2%, AHET [FIZRANR R ZFRIERL
BB R HA 14 5% 85.03%, & 2% 15.88%) , BRI IA
R 1.07 DNE S, ST bR 2 E AT AR

(19>

(1]

PR EK
*=5 RWINELER
Table 5 Test verification results
5 PNCES ERE
No. Pick up rateY,/% Impurity content rateY,/%
1 85.9 379
2 86.6 39.2
3 85.8 40.5
FHMH 86.1 39.2
HORFRHEE =85 <45
RAAHT P HME 80.32 50.16
5 & it

D BT T — PSR R I B, 5o e 40 i i 2
BT E SR, NAETHTERBE, GG B E
B AT VeUE, R AN i S F2 47 77 22 2 B
Oy HT, BT R AR I R I R R R . A
TRV 23 BT AR 6] B R 2% B IR AT 1 A0 b, AR
TRMIBBNERN “O” FEHER AT FR -2 5 1 7 55 .

2) HDR FR I R A L L A R EUE Y [ D 3~
7 km/h, 6 R R A AR BUE TS FL N 50~60 r/min, it
JIES R 1o e A R A XU Y B 4 540~600 r/mins

3) IR IG G0 UE 5 M ST A BT, 75 380 R [ A
HIEAR TAESBONHLE AT HE#REE 6.7 km/h, 8 B8 7 7%
57 r/min. VR R 570 v/min, BNSHAET
AT AUE IR B, PRI H 2N 86.1%, “FI&
FHN 39.2%, BSHEMALTTAE HERT, (ElMaEd
il 2 T M [ WSO AR K

[ £ X #]
RORIR, BRAPE, SRR S5 B sEAR FH A Iml Uiy 5K 2
B P A BRI A5 0 3 0], Ak TRE A4, 2019,
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Design and experiments of a double drum surface residual film
recycling machine after harvest

ZHANG Xuejun'? , KANG Mengchen' , SHI Zenglu'?, YAN Jinshan'?,
LIU Xiaopeng® , GUO Lei' , WANG Meijing*

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

Abstract: Residual film recycling machines cannot fully meet the requirements of large-scale production of residual film.
Serious film entanglement and winding can often occur in the bearing part. The cotton straw cannot be completely broken, thus
leading to the low film content of the recovered film. It is very necessary to improve the pick-up rate with less straw content
from the recycling mixture in the residual film recycling machine. In this study, the double-roller residual-film recycling
machine was designed suitable for surface residual film recycling after the autumn harvest. The pneumatic and mechanical
collaborative film was unloaded to realize the operation using mechanical film picking. The key components were determined
to better design the film recycling machine. The kinetic analysis of film picking and unloading was carried out to match the
range of working speed, in order to overcome the interference among the machinery. The key structural parameters were
determined for the film-picking and unloading device. The center motion trajectory of the roller and the forward and reverse
cam orbits were optimized to determine the cam structure parameters. Mathematical and graphical analysis was used to obtain
the conditions of no missing in the film-picking device. The film unload device was simplified in the software to divide the
grid. The data was then imported into the flow analysis software. The flow field was simulated inside the film unloading
device. A systematic investigation was implemented to explore the influence of the flow field on the transport of the residual
film. The results show that the "O" shape rotation formed by the airflow was a benefit to the separation of residual film and
impurities. Single-factor test was carried out with the rotating speed of the film picking and unloading roller as the test factors,
according to the forward speed of the machine. The operating parameters of the machine were obtained, including the optimal
operating range of the forward speed, the rotating speeds of the film picking and removing roller. The response surface test was
then designed to verify the effectiveness of the machine, with the forward speed of the machine, the rotating speed of the film
picking and unloading roller as the test factors, and the pick-up rate of the residual film and the straw content rate of the
recovered mixture as the test indexes. The analysis of variance was performed after the test. The regression equations were
obtained for the pick-up rate and straw content rate. The optimal working parameters were obtained to optimize the factors. The
test results show that the operation performance was better, when the forward speed of the machine was 6.7 km/h, the rotating
speed of the film-picking roller was 57 r/min, and the rotating speed of the film-removing roller was 570 r/min. A field
verification test was carried out under the optimal combination of parameters, the results showed that the mean value of
residual film pick-up rate was 86.1% and the straw content rate of the recycling mixture was 39.2%, compared with the existing
film recycling machine, the residual film pick up rate isincrease 1.07 percentage pionts, and all indicators meet the
requirements of the surface residual film recycling machine afterharvest.

Keywords: agricultural machinery; design; test; double drum type; residual film recycling



	0 引　言
	1 双滚筒式残膜回收机主要结构与工作原理
	1.1 主要结构
	1.2 工作原理
	1.3 传动系统
	1.4 主要技术参数

	2 关键部件设计
	2.1 捡膜装置
	2.1.1 捡膜装置
	2.1.2 凸轮轨道设计
	2.1.3 捡膜过程受力分析
	2.1.4 捡膜过程运动分析

	2.2 脱膜装置设计与分析

	3 脱膜装置气流速度特性仿真与分析
	4 参数优化试验
	4.1 试验条件
	4.2 试验方法
	4.3 单因素试验及结果分析
	4.4 多因素试验方案及结果分析
	4.5 响应曲面分析
	4.6 参数优化
	4.7 验证试验

	5 结　论
	参考文献

