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1.Traction frame 2.Pull rod 3.Overload protector 4.Unloading film cylinder
5.Film removing device 6.Road wheel 7.Film pushing mechanism 8.Single
shaft impurity discharging device 9.Chain rake frame 10.Guide chain rake
11.Depth wheel 12.Chain transmission system 13.Film collecting box
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Fig.1 Rake type surface film recycling machine with guide chain
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Table 1 Technical parameters of rake type surface film recycling
machine with guide chain
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5020x2 770%x2 885
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1.Upper shaft assembly of chain rake 2.Flap of impurity discharging
3.Conveyor chain with curved edges 4.Lower shaft assembly of chain rake
5.Articulated short shaft  6.Chain rake frame 7.Guide rake teeth assembly
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Fig.2 Rake type film pickup device with guide chain
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1.Rake tooth 2.Rake tooth installation shaft 3.Fixing bolt 4.Roller 5.Side
guiding board  6.Short shaft
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Fig.3 Guide rake tooth assembly
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a. Schematic diagram of film pickup
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b. Motion diagram of film pickup teeth
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c. Motion trajectory diagram of adjacent film pickup rake teeth end
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1.Soil 2.Film 3.Rake teeth 4. Base board of chain rake 5. Flap of
impurity dischargin 6.Slideway with changing direction function 7.Limited
position bracket
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Note: v is machine advancing velocity, m's™; L, is film pickup section; L, is
conveying and impurity discharging section; L3 is film remove section; w is
angular velocity of rotation of chain rake lower shaft, rad-s”; a is preliminary
phase angle, (°); 4. B are the points of rake teeth end into soil; 4, B, are the
deepest points of rake teeth into soil; 4’ B’ are the points of rake teeth end out of

soil; O. O'v O;. O,'are the center points of chain rake lower shaft; 44 and

BB’ are the movement track of rake teeth tip; 4 is the angle between the rake
teeth rod and the vertical direction when the rake teeth reaches the maximum soil
depth, (°); J is the deepest depth of the rake teeth into the soil, mm; /% is the
distance between the intersection point of two adjacent rake teeth in the soil and
the deepest point of rake teeth in the soil, m.
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Fig.4 Working process of film pickup device
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1.Film removing rubber plate 2.Fixed pressing plate 3.Driven sprocket
4 Film removing rotation shaft 5.Hydraulic motor [  6.Driving sprocket
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Fig.5 Film removing device
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Note: ) is angular velocity of film removing rotation shaft, rad-s™; fis friction
between film and rake teeth, N; F is the force of film removing device on film,
N; G is the gravity of film, N; F} is the centripetal force generated on film during
rake teeth convey, N; F, is the supporting force of rake teeth on film, N; £ is the
angle between the center of film removing rotation shaft and the action point of
the rake teeth and the horizontal direction, (°); y is the angle between rake tooth

bar and the vertical direction during the process of removing plastic film, (°); O,
is the center of film removing rotation shaft.
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Fig.6 Force analysis of residual film during the process of
film removing
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1.Articulated shaft 2.Connecting pin 3.Ball-end connecting rod 4.Crank
5.Film pushing rotation shaft 6.Hydraulic motor II ~7.Coupling 8.Sprocket
9.Jaw clutch  10.Film pushing board assembly 11.Insert ball bearing
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Fig.7 Film pushing mechanism

JM
7

e oy JHEIEBGRE S, (0) 5 O HIRIRGIIEA,  (0) 5 M ORI B
s N OATEIREE G : Py PO S BCKIEF E R AN IE ) A B A

O O NHEERRHOMIHZ AL E S o) ABUERAEE, rads”.

Note: y is swing angle of film push board, (°); 6 is crank extreme position included
angle; M is upper hinge point of film pushing board; N is film pushing rotation shaft
center; P P'are the relative movement position point of the connection between the
crank and the ball-end connecting rod; O+ Q' are relative movement position of
connecting pin; w; is angular velocity of film pushing rotation shaft, rad-s™.
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Fig.8 Analysis of structure parameters of film pushing
mechanism
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1.Commutator 2. Power take-off shaft 3.Gap bridge sprocket 4.Chain rake
upper shaft 5.Flanging conveyor chain 6.Chain rake lower shaft 7.Single shaft
impurity discharge device 8.Film removing rotation shaft 9.Hydraulic motor [
10.Hydraulic motor I 11.Film pushing mechanism shaft 12.Film pushing plate
T n NN, rmin's on ABERUTRESE, rmin's n R E
B, rmin’s ons JYBEBEEEEE, rmin'; AR REEE, rmin';
Ty AHEIEBE SN T 10)s T Rl 77 vl o
Note: n; is the input speed, rrmin’; n, is the speed of chain rake lower shaft,
r-min’; n, is the speed of single shaft impurity discharge device; 3 is the speed
of film removing rotation shaft, rmin’; ny is the speed of push film mechanism
shaft, r~min’l; T, is swing direction of film pushing board; 7| is rotation direction
of removing film rotation shaft.
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Fig.9 Schematic diagram of transmission system
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b. Operating

c. fEk)E
c. After operation
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Fig.10 Field experiment
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LWL H B PR, B N Bl B D 28 =K, HE
LRI AR B R A AAZ BEAEH KRR,
R R AN T 1 28 =P R KT | 2.1 154040,
BERR N B S PRES I 143 r/min N AEAE B4 X RE g Se %
SRAGIE, otk Gt E SRR TR BUR 143 r/min.

A R Z AR a3 2 Bros o

F2 WWERFKT
Table 2 Test factors and levels
KT BLRAT HEE FER N LR RE
Machine advancing  Depth of rake teeth into

R e

Chain rake input

Levels clocity 4/(km-h) soil B/mm speed C/(r-min™)
4 30 143
6 60 186
3 8 90 (143)

3.3 RIEIEER

454 GB/T 25412—2010 (B Hu B [FTUCHL Y BE 5 938
56 N 2 HEAT S v e R X R R I R U ML ) 1 M
A7 F TR EG o 16 70 A ) B A2 AR AR s gk 47, A2
EE 3K, BRRIBKERN 100 m, RIGLEEI 3 K
SPIE . IR TR0 HOE B B 100 m B8 BN —
AL (HERSEHE %5 2 050 mm) [RSRREIR, %4 4F 40 15 1
JEREAT R, K REMEYE . BT HRRREICN M,
MRS 7 SRIE R 2 v, 5 Y, Afebs, 1A
77 R

M
Y, =(1-—)x100% (15)
MO
M
Y, = 2 x100% (16>
M, +M,

o MONTENLET MR B, g M, ONPLEAE
Ja R IR IR R, g5 My NYESEENLE LR
i, g3 My NWCERIBERHE R R, g.
3.4 RWARSHERIN

IR Lo (3%, JLib47 9 4156, Wi T
A R T M P ) M DL R AR AR M, K b
PERE LS IR ARIL, Peid. BT EFRHBETRERRR,
RN (15 5 (16) itHEHRFERMgER R, {0
KWK 3.
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*3 RRAEEER
Table 3 Test plans and results

HLRAT E

Wi REAkwE OO ek mws

75 Machine  Depth of rake ChaiJLrl—rake Empty Film Film

Test advancing teeth into soil . pickup  wrapping

No.  velocity B/mm input SPe_eld "W rate Y1/% rate Y2/%

Al(km-h™) C/(r-min’™")

1 4 30 143 1 91.191 1.959
2 4 60 186 2 80.050 0.952
3 4 90 (143) 3 88.956 1.883
4 6 30 186 3 85.547 1.596
5 6 60 (143) 1 85.285 0.624
6 6 90 143 2 86.642 4.759
7 8 30 (143) 2 95.751 0.505
8 8 60 143 3 92.112 2.449
9 8 90 186 1 86.036 3.251

(K1 260.167 272.498 269.945  262.512

(K1) 257.474 257.447 251.633  262.443

(K1) 273.899 261.634 269.992  266.615

(k)1 86.732 90.830 89.982 87.504

(ki),  85.825 85.861 83.878 87.481

(k)3 91.300 87.211 89.997 88.872

R, 5.475 5.014 6.119 1.391

ERHERF: C. 4. B

Ko 4794 4.060 9.167 5.834

(K22 6979 4.025 5.799 6.216

(Ky);  6.205 9.893 3.012 5.928

(k) 1.598 1.353 3.056 1.945

(k2)> 2.326 1.324 1.933 2.072

(k2)3 2.068 3.298 1.004 1.976

R, 0.728 1.956 2.052 0.127

FWRHZEMF: C. B, 4

HHER 3 50 25 F T A, A% N 80.050%~95.751%:
ZEIERN 0.050%~4.759%. % H X AR KT N
A3B\Cy, BEATHEHEE Y 8 km/h, AE UG A VRN 30 mm,
BERLA NN 143 r/min; 5 R Z S E IR KT N :
A1ByCs, BEATHEEFE N 4 km/h, B LVRFE N 60 mm,
FERLE N L H N 143 r/min.

Voball R PSSO AR R =R AN T E A 3 A P R
e AT T E 0, SRWE 4 s,

x4 HESH

HJ7 Z 50 Bra s, HLEATHEERE . AN IR X
i S AT E 3 PN SU DOy B S AR OY AT
X2 T AR 32 B A AR AR MR, 1T A O i 3 2 o
TR THLEATEEE A, AR fEE R A X, 1
AL TP AT J5 A T = B R OIR S, FE 1 F U J 7= 2R
AL, MRS RS LW 08, BT RO 6 B S ik
MR RIS R Rz, HESHGAR T, AR
N MFEUG N R, fE IR RIER R,
b RS s ARG AT AR TR, FE UG TS AR E G T
SR A b S 5 UG A BE B 3K, ik R AR B A
FAMEARIE N, AHN TR B KB BRARNZ AL UG AR T ™
k2, HRETERH . HNE R S IETE, AR,
BRI N FE IR IO, R 12 Bl AR R BRI R K,
EXNLE A, FREGELS R EAES . ik
255 AR BB MRS, b BB 453 7 B i R R A %
AR A Rz, B NFL R PRCRT, % S
RAF, FREREIE A S EE, RERE .

HUEAT BB . AT T N - IR R A H A N 26 3 0k 20
(LS AL P NTE eSS bS] ey AR N
Jr e T BRI A L b O SR A MR B AL B (it
WRBERS, MRS B R R OREN, MRS Hil e 22 5 HLK
SINLEE A E TG N T, RS B A
AL S T (G L T HLEAT HEE B . AR N IR AN
FE 0 N T SO I RN 23 R 2 R RIS AR Rk
I RO 2 e A S R, K A R R 2 4 R A I S Bty
by BBk, B2 REE HA 1) R A B AR R S B A IR,
FAAE /D B BEIROR I R b L S 7 IS L IR 00
3.5 AIRTEIE

WRYE L &P, B TALRATEEEE . MG LR
5 R AL A N O R R R S N R 3, FECRUEFR R,
FHEAE 7= R B 26 T, BB S HUA & LR AT i
8 kevh, FE5 N HIREE 30 mm, S5 N #53E 143 r/min,
FIRBAL S HA AT =R IE, RIGs Rk 5
Fim .

F5 WIWWIEER
Table 5 Experiment verification results
[ rasy Eit &S EDES

Table 4 Variance analysis Test No. Film pickup rate Y1/% Film wrapping rate Y>/%
e DERE AR AdE _— : o 2
I 5' ” Source of Sumof Degree of Mean S.ﬂ ficant 2 8747 1.79
NACXES  yariance squares  freedom square rgnitican 3 88.15 2.13
A 51.660 2 25.830 20.363 ok “EYIME Average values 88.73 1.91
FR A B 40.180 2 20.090 15.838 *x e TN
e TR SHAS T, TERBAN 88.73%, T4
pickup ' ' ’ 5 3% K 7 — b
Pier  E 3810 3 Loso %Ay 1.21%0 j;%ﬁn GB/T 25413 %2010 «ﬁiﬂﬂ%@j&cm»
=y 170.359 8 Efjﬁzﬂk‘@ HE E‘*/T\" MEIVF‘@ HE(V%ET@EE’:%%?}EH%%E
4 0818 2 0409 0.194 Ko M THEN XSGR, SR EEALRERRET T
gilE B 7.607 2 3803 1.800 1.5%01, FOUG AL [ 5 M0 MRS e 1 27 Dk /1>
i 0019 1 0019 0009 7 3 TR0 AT, %R0 IR 40K i T30
mey, ®E 0030 3o 2B GAH, GRS R R R BN 3 R 2 B B B ) SRR R
peyil 8.474 8

e RO, R RE.
Note: *** means highly significant; ** means significant.

i, BERE A AR KT RN L, K IEAZ s B A
WA R RLERZR, HEWREIAKCT LR . %k
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IR R E 5 AR PR A R 45 R R, T 2020
9 FAAER IR R S )\ 145 [ =45 35147 4
FeIRLe, WRIG AT T HAE S 12.13 com, HIERE
YA 14.30%, IR SR TR 3 883.43 kPa.
¥ 3.3 ik, Lh 3.5 IR MBS A AR T
M 8 km/h, AN LURE 30 mm, HEH N B E
143 t/min, ERXT AT, il S HCLA
FTHEEEE 6 km/h, AEUGN IR FEE 60 mm, 3 1A HE ML
TAEZE UL R A FER A F 8 N 165 t/min, 2 4H
RIGHEE 3K
x6 HBER
Table 6 Test results

Rl - £y S A
TR . . . .
Groups Test No Film pickup rate  Film wrapping rate
. Y1/% Y2/%
AL 1 87.22 1.95
Reference group 2 86.74 1.77
3 87.61 1.87
whredl 4 88.02 2.11
Supplementary 5 88.72 1.89
group
6 88.61 1.93

% 6 RIGLE BT A, WAPRE R AEBUEL T,
REGFEIR DL B s KR FA IR N 86.74%~87.61%,
PR RN 1.87%~1.95%; #hFWAH IR R 88.02% ~
88.72%, JEfEFE N 1.89%~2.11%. #PICLLIHAIERIB)
N ELBES T R, b FE A et B LA ML 2 Ho i G
FrREgum I, WIS EAH S A G

4 % it

D Wit 7 S EEA U R R L, e T
TS AR, XSG ) AT =X 2R 53 M [T Wi L
& TAESAE AT 17500, Wi T4t . R E .
I B S HERR LA S5 S 4

2) HE T TR At R TR B R L, DANLEATEE
ML N LRE SRR N N R, U
JE 2 5 9 A iR fe b, AT T AR . IR R
T, HERRACE RS HONTIEEE 8 km/h, FE
WA LR 30 mm, FEFEHMAFEE 143 v/min; ZEJRRAL
K RIAENE 2 B8O A7 3E 3 S 4 km/h, AE UGN IR E
60 mm, FEFUEIAGEE 143 r/min. HLEATHEEE . U4
N VR B HE B2 5o m 2 55, R A N s T 45 T A 5
Mo b it 2 s MLEATREERE . HEUG N U B RBE H G N B
TG 2B 2 () 5o AN R 3

3) DA N EEH B, 4G RIS,
I &5 & P2 2 BV E ML S B0 A oL AT HE s
8 km/h, AAEIEE 30 mm, HEHHAEIE 143 r/min.
FRBRZSHAH &7 H A, IR ss R o1
TR 88.73%, “FIYZELA 1.91%.
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Design and experiments of rake type surface residual film recycling
machine with guide chain

Xie Jianhua!, Yang Yuxin!, Cao Silin'?, Zhang Yi!, Zhou Yabin®, Ma Weibin!
(1. College of Mechanical and Electrical Engineering, Xinjiang Agricultural University, Urumgqi 830052, China; 2. Mechanical Equipment
Research Institute, Xinjiang Academy of Land Reclamation Sciences, Shihezi 832000, China)

Abstract: The usage of film mulch cultivation technology is ever increasing in China, particularly ranging from fruits and
vegetables to a variety of food crops in a large area. Ultra-thin plastic film is commonly used as a soil surface mulch. The
long-term laying of plastic film has brought serious mulch residues, due to its polyethylene film is difficult to be degraded in
the natural environment. The accumulation of plastic film residues has caused serious negative effects on the crop growth, such
as microorganisms in the soil difficult to survive, damage of soil agglomeration structure, obstruction of moisture circulation,
soil salinization and compaction. As such, various machines were developed for residual film recovery, with strong
adaptability, high recovery rate, and high work efficiency, particularly on the residual film pickup device in tooth-chain type
for gathering and tying the film. However, the complicated structure of mechanism limited the application of residual film
pickup device. At present, a bent conveyor chain is often used, in order to improve the efficiency of removed film. If the length
beyond the critical after the conveyor chain bending, the film pickup teeth are easy to be deformed after impact, resulting in
leakage pickup phenomenon, and the incompletely removed film, easy to wind, and low loading. This study aims at the
problems of missing inspection, incomplete stripping, and winding of rake type residual plastic film collector during the
working process, thereby to design a guiding chain harrow type residual plastic film collector on the surface soil. The main
content included the design of guide chain harrow type picking-up film mechanism, and the connection structure between the
rake assembly and the transport chain, with emphasis on the transport chain for the removal of film. Specifically, the structure
of rake teeth and the arrangement of rake teeth were determined, the rotary film removal device with guide rake to improve the
effect of removing film, and a pushing film mechanism was designed at the rear of film collecting box for increasing the
loading capacity. A combined method of mechanical and hydraulic pressure was applied to realize the transmission
requirements of picking up, removing, and pushing film. A motion analysis and pretests were conducted to optimize the
structural parameters of main moving parts. A quasi-horizontal orthogonal test was carried out to verify the reliability of key
parts in the machine and the operation performance. The test factors were selected, including the machine advancing velocity,
the depth of rake into soil, and the chain rake input speed, and the indexes were the film pickup rate and film winding rate. The
results show that the primary and secondary factors that affected the film pickup rate were the chain harrow input speed, the
machine advancing velocity, and the depth of rake into soil, whereas, the primary and secondary factors that affected the film
winding rate were the chain rake input speed, the depth of rake into soil, and the machine advancing velocity. Taking the film
pickup rate as the main index, the integrated balance method was used to determine the optimal operating parameters, where
the machine advancing velocity was 8 km/h, depth of rake into soil was 30 mm, and the chain rake input speed was 143 r/min.
A field validation test was performed on the better parameter combination, where the film pickup rate was 88.73%, and the
film wrapping rate was 1.91%. The findings can provide a sound reference to optimize the design of residual plastic film
collector, and further to improve the operation performance.

Keywords: agricultural machinery; design; experiment; residual film recovery; rake with guide chain; film pickup device; film
removing device
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