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Design and test of open-hold forward rotation residual film machine
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Abstract: Aiming at the problem of congestion caused by the accumulation of soil and debris in the forward
direction of the unit during the operation of the existing residual film pickup machine, in order to reduce the work-
ing resistance, the “open-hold” style of including rocker device and pickup device was designed using the resist-
ance among the picking teeth, the soil, and the spring tension to the residual film pick-up machine, the residual
film was picked up only by the tractor to adapt to the tractor’ s forward speed.The force analysis and kinematics a-
nalysis of the pick-up teeth determined that the diameter of the pick-up teeth was 15 mm, the number of circumfer-
ential arrangements was 14 and the axial distance was 140 mm; the track shape were determined by analyzing the
closing process of the picking teeth. Field tests showed that the film pick-up rate reached 86.40% when the machine
operating speed was 5.15 km + h™" | the soil depth was 8.49 em, and the holding distance was 7.61 cm. The re-
search results helped to solve the problem of residual film pollution in cotton fields and enrich the design theory of
residual film recovery machinery.

Keywords : residual film picking up; mechanism design; response surface experiments; optimization; field

test; film pick-up rate

A 1978 SEFHF a5 | BRI SRR & WRRMGh TR ST Y (L RAE A SRR T
i 40 ZAFRINIH S KR ZEAR S TOKBEMBORA  BofERESg B A RBUE B B @I GE iE RR A FR
ZEETE AL T SR MR HEROR RS R R BTSSR AR B T AR A 7

75 H#3:2019-11-08 &[5 H #§:2020-08-14

BB HR QAR A (51741508) 5 B Ad: 7= @ B S A b i AR R QI U4 AT (2018CBO1T ) 5 78 A 7= i 18 = P T p Sl R
FH I H (2018AB13)

YEE BT IME(1993-) , B IR EEL A W-E SR AR B 5T 05 0] g AR RS H AR . E-mail :872933246@ qq.com

BISIEE  WHKR(1982-) , 3 ZHCRTLA  BIBEE 01, FENF IR P A H AT . E-mail ; Cs1405240@ sohu.com



555 3] 7))

TR 5RE 2T S A8 IR MU Y BETH 5 1K 253

THBIFR IS QLA ROT Ik, A SRR P £
I, 220 1 F0 2% ) A W 1) ML 2 it 1) 07 1) SRR i
SRR FTTT P34, AR T 2 B HLZH i ok o 2
P41 o A A T8 o S0l A S e AR
I AW A A6 40 7 15 2 18] BEL ) R S 437 7
B Tl g A A Sk A IR LA, A r
HLIGIR T 58 OBk I 30, DUDT RE A8 R AT iR g Al
OIRTRLAR R T 32 AT S A6 40 112 Bl 5 2 AL Y
KSR, WEREPLIF BEAT M 8] 3K5, IR 18T Box -
Behnken {086 5117 1 LASA IR S A i 101 B4 [ 1
B 1 A8 MR 25 2 B0 IR B 52 Wi R/
RIS B U AR, O B3 JBE R S A 2 4t — b o 1)
oy

[IVIN A S Wi E S

1.1 ZIheeEX

ot O ) 55 REEAG 45 AILAG 1Y 32 EAE A ™
AT 2 R AR BRI, sk S 115y
B TR e S 7 ] 5 H L HLIK B 4 1 e
By —3, P, okae” O] 2R S 45 HLAA Y
BTt JE LA oK — 246 40 14 RE 12 T Hb JIE
Rk FE” TRFR AR — IR e h WL 0 A £ 3
B AE RS A7k 3RS 5 3 TR 7 — BUH A
PR S T I = R R T R REE
1.2 BRSNS ITIERE

“aRar” 2N 1) 5% G 4 ALAE AR 5] A L
20 R G E R E R R AR R
LA, AHBNI G A< Bl [ S R AR Bl | PR A R
FERNHIE % 2 SR 4 0 40 8 8 8 VR Bl BilR B2
FF A ZH A 098 %6 B P R MR 6 A
B, FAndE SRR E A B E 1 R,

ETE 0V K= b1 BN [ N 1 VY o 9 ) e )
AT £ <ok ke X AR R B AR SN, 4
A A TR i, 57 - BERH AR, e sh i % 5,
KeAn PG, SR, 8 Al 3 B A A e B2
TR AR VT IR 32 ) R AT L B )
KAt G Pz b R, Hahihitsh 2 5
FE D fih i A PR AL B S O T B, #0481 FL I Hb
fBE TR 48 BVR shak 22 #0450 th -, BLBT, #75
ANFEZ BN B A G R B B AR, Z R R,
Fotn v TR R 5 R SR s R AR A £ T b
SEMHLBEAG AR, RN BN E 2 Fros, Hf
ik A BTN, ik B 2R B 5T,
ik C RS G 5w, #i sk D 25 sk sk It
J7 1],

LR 2. R 3R 3 SRR AT 4. 5 E
SRR ;6.3 ;7. 90T IR
1. Roller; 2. Rolling bearing; 3. Rocker arm; 4. Bushing;
5. Pickup tooth; 6. Extension spring; 7. Adjusting bolt
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Fig.1 Pickup device and rocker arm installation position
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1. Traction device; 2. Filming device; 3. Frame; 4. Tension spring;
5. Track fixing frame; 6. Roller; 7. Pickup gear; 8. Rocker arm device;
9. Track—connecting frame; 10. Limit screw; 11. Track
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Fig.2 Working principle diagram
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Fig.3 Schematic diagram of the picking teeth stress analysis
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Note: ¢ is the time, s;  is the rotation angular velocity of the

rollers, rad + s™'; v is the machine advancing velocity, m « s™';

is the preliminary phase angle, °; h is the penetration depth of nail

teeth, mm; 6 is the angle of circumferential adjacent nail teeth, °;

R is the distance from end of nail teeth to center of rollers, mm.
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Fig.4 Motion analysis of the end of a picking tooth
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3 HEEAE

3.1 RNt

3.1 RIEEH 0 BT 145
A =005 =3 AR AL AP AR X, BEHRE AR 50 mx 50
m VE R0 FH AT U5 , A A6 R FH 5817 25 A P A 5
K (660 mm+100 mm) , 31 F-3& T B Bl ik,
FARS AT O = 47-230 BIFE AR A% FHHLBS I
FARERE R 70 ~ 100 mm , 5% BA /DB, B A
BRI 22 (£ 25 b)), BHES KR A 16.65% , 15



256 T XA 5T

RS 412.3 kPa, IR 55 2.05 m, HfEE
JE40.01 mm AN + A 30 ~40 mm, “3k
F5 7 NG ] B 5 [ A AL o) = i S R e B AR H L
L BT TRIR-FRS) 754A MR WL AT Sy, ik
¥ EBLARA JI1000Y FIHLFRAF (200 ¢/0.01 g) |
LID15 KR (0~100 m) Fb /" B L mndeds
Kl 6 s AL,
3.1.2 XBEES KB AR IkE L0
BRIERS AR AR B 2548 2805 VR Mk 22880, 36 G e 46
FARORI 3 A S B E A A YGRS (1) = 252 K]
Fo W ET A AT, AR AR S BR AR R A, T
DI 5 M A SR 1 E 2 R WL T E B v
Kot A LIRIE d MR IR RRIE B s

RIS (GB/T  25412-2010 5% M A1 LY
B DEAT BT, AR I A] 52 i o)« 5k R 5K
IGE ) B3 R IR BTLA 2 a5 48 s, S R B4 3
BRI, R BEEALEE 17 M5 X
AT, BRI XA EE A 50 m, BN 0.9 m,
NI X BEHLIE B 5 A4 A AR I A5, A4
WAL RS m, ¥ 5 A S B BHEAE iz AT
FRAGIIR LS e 1 o bl B — Ry, B 7 5%
JREA S ek | TR RR R /N 55 04k a5 A 46 o HG
BRASEN T I8l W I 3k ¥, SR I JI1000Y Y H 5 K F
(200 g/0.01 g) FRIFifE M, =64.40 g, il /N* 58
I AS AR T ELEURE | 4530 50 X A 6 0 o5 U 1A ) 3% At
Friic i M, HEARXN.

M, - M,
TS (12)
X, MBI (%) s M, AR E6 G I 5 P
BT HE () s M, A ASHI st BA IR R I i () o
3.1.3 KRB F AENESBRPEERZZWG
R AR PR R R 38 H T 2 P R s s R
R Sfe 3 T ) 17, A4S Y T SR FH e 87 il T 9 O g
SEUR B AR IR p SHLE AT o K Ah
AR d FIEAA Tk FEIE B s A REUER K g
=f(v,d,s) N BOX & R 51T, L
HETEEE o K45 16 A HIRE d FHA sk BRI
B s MR 0 43 5 2 0, vy Y ROR, RS IR
AT gl an sz 1 s e BRER 2 7 Rk A7l
Wit
3.2 WHEEREIENELISKRIE

I H Design—Expert 8.0.6 3440 X 3 2 & ¥
GG IEHETT 7 25 00T, B RN 3 PR

RIGFA R p i Hr I AL 7E P < 0.05 KF-
By, w0t s RS R B B

n

5538 %
x1 RBWERKFERD
Table 1  Coding of levels and factors
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Level Forward speed  Depth of penetration Relaxation distance
v/km + h™! d/cm s/cm
-1 3.5 6 6
0 5.5 8 8
1 7.5 10 10
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Table 2 Test results

Niﬁ;fer %/(km+h')  x,/em %3/cm /%
1 0 1 1 77.81
2 0 0 0 84.35
3 -1 1 0 79.31
4 -1 0 -1 78.23
5 1 0 -1 74.3
6 0 0 0 86.74
7 0 0 0 88.93
8 1 -1 0 71.33
9 0 0 0 83.12
10 1 1 0 73.39
11 -1 -1 0 75.44
12 0 1 -1 81.29
13 1 0 1 70.2
14 0 0 0 85.81
15 0 -1 -1 76.66
16 0 -1 1 73.14
17 -1 0 1 75.12
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Fig.6  Test prototype
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Table 3 Results of statistical analysis for experiment

LS S A B ¥i5 F{i BEKFE P
Source of variation Degrees of freedom Mean square F value Significance level P
[A 9457 Regression model 9 54.45 17.67"* 0.0005
X 1 44.56 14.46* 0.0067
Xy 1 28.99 9.41" 0.0181
% 1 25.24 8.19* 0.0243
X%, 1 0.82 0.27 0.6220
X%, 1 0.25 0.08 0.7861
X,%5 1 0.0004 0.0001 0.9912
x,? 1 194.14 63.99" * <0.0001
x,° 1 70.09 22.75% % 0.0020
%32 1 84.70 27.49* * 0.0012
5% % Residual 7 3.08
S Lack of fit 3 0.53 0.1 0.9518
R Error 4 4.99
JVE S Total variation 16
Ye7E ZHL Coefficient of determination 0.9578

. P<0.01 HESWBE JH« « TR, P<0.05 HEFBE H = FR;P>0.05 HESATE,

Note: P=<0.01 means extremely significant, expressed by * # ; P<0.05 means significant, expressed by #* ; P>0.05 means not significant.
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Fig.7 Effect of factor interaction on the film pickup rate
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