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Design and Experiment on Tilting Angle Kneading Type Residual
Film Baling Device for Corn Large Stubble Crop

JIN Wei' LIU Jingyi' JIANG Tao' HE Hu' ZHANG Chaoshu’
(1. College of Mechanical and Electrical Engineering, Xinjiang Agricultural University, Urumqi 830052, China
2. Aksu City Tiandi Agricultural Machinery Manufacturing Co. , Lid. , Aksu 843000, China)

Abstract. Aiming at the problem that corn stubble is large and easily entangled with residual film, which
makes it difficult for film rolls to be baled and easy to be scattered, a tilting angle kneading residual film
baling device suitable for corn stubble crops was designed. Through the design and optimization of the
baling support frame and baling space, the friction force on the film rolls in the baling process was
improved to make the film rolls easier to be baled. The force analysis model of the baling device was
established. By analyzing and optimizing the experimental parameters through field tests and Design-
Expert 13, it was determined that the primary and secondary orders affecting the bale formation rate were
baling belt friction coefficient, baling space angle and forward speed, and the primary and secondary
orders affecting the film roll density were baling space angle, forward speed and baling belt friction
coefficient. The optimized theoretical best parameter combinations were forward speed of 6. 758 km/h,
baling belt friction coefficient of 1. 378, baling space angle of 55°, under which can be concluded that
the bale formation rate reached 100% , the film roll density was 131. 835 kg/m’. Under the condition of
advancing speed of 6. 8 km/h, the pattern of baling tape was a word pattern (u =1.38) , and the baling
space angle was 55°, the actual bale formation rate was 100% , the density of film rolls was 127.31 kg/m’,
and the film roll density error was 3.55% , which confirmed that the model was in line with the actual
situation, meeting the operational requirements, and providing practical basis for the technological
innovation of residual film recycling.
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Fig.1 Combined operation machine for residual film

recycling and straw crushing and returning to field
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Tab.1 Main technical parameters of residual film

recycling machine
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BRI R AL %/ % 100
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Fig.2 Schematic of front and rear packing mechanism

structure
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Fig.3 Schematic diagram of residual film kneading

and baling
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Fig.4 Packing support frame structural diagram
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Fig.7  Film winding effects and grid void ratio under

different friction coefficients
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Tab.3 Experimental factor codes

- Y 32 3/ — FI AL ) iy 2/
(km-h~") (*)
-1 4 0.77 55
0 6 1.12 60
1 8 1.38 65

S HT, B 1% i 5 B SR ) Box — Behnken J7 3, {36
BT R 5ERNE 4 PR X X, X, R A (E .
4 RBBFHTHESER

Tab.4 Experimental design scheme and results

K% R 2
idzs X, X, X, BRI AL A BRI o
Y, /% Y,/(kg-m?)
1 -1 0 1 78. 89 86.279
2 0 0 0 92.11 104. 492
3 0 0 0 93.33 105. 255
4 0 1 1 93.78 94.917
5 0 0 0 92. 89 105. 203
6 -1 1 0 93.33 99. 764
7 1 -1 0 75.56 110. 493
8 0 -1 -1 79.33 120. 486
9 1 0 -1 94. 89 132. 437
10 0 1 -1 100 129. 367
11 0 -1 1 71.33 89. 927
12 0 0 0 94.33 103. 938
13 1 0 1 90. 33 95.676
14 -1 0 -1 93.11 116. 634
15 0 0 0 94. 44 106. 207
16 -1 -1 0 73.11 96. 672
17 1 1 0 96. 56 114. 119
4.3.1 JFESHT
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JBE A B E AL 1) P2/ T 0.000 1, 2R 48130 K T
0. 05, & B [l I 452 4 52 mo B 8 2% , BB 1E 84 43 A7 5 T
I FEXHR I 18 bR A S e BB R4 B K
0.9893.0.9959, ] 2 AR A AT L4 98% L) iy
IR AE A . AR 2 AR 2% PR 2 ] 5 2 800 48 X0 (E
KNTTRL, SE W AR SR Y /Y FERIUT X, X
X, 52 W0 B BB A 2 B Y, 19 BT X5 X, X .
2% PR 0 R R AL AR Y B 52 (] U A
Y, =93.42 +2.362 5X, +10. 542 5X, —4. 125X, +
0. 195X, X, +2. 415X, X, +0. 445X, X, -
2.792 5X; -5.9875X; —1.3225X:  (16)
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Tab.5 ANOVA of regression model
: SR Y, SR 1 Y,

AR SF-J5 Al F P I A F P
AL 1299. 81 72.05 <0.000 1™ 2 647.57 187.12 <0.000 1"
X, 44. 65 22.28 0.002 2 356. 12 226.52 <0.000 1"
X, 889. 15 443.61 <0.000 1" 52.99 33.70 0.0007 **
X 136. 13 67.91 <0.000 1" 2182.13 1388.01 <0.0001 ™
X X, 0.151 0.0759 0.7909 0.0713 0.0453 0.8374
X, X, 23.33 11. 64 0.0113* 10. 26 6.53 0.0379*
X, X, 0.7921 0.3952 0.5495 3.78 2.41 0.164 7
X2 32.83 16.38 0.004 9 ™ 0.4793 0.304 8 0.5980
X2 150. 95 75.31 <0.000 1" 1.42 0.902 1 0.3738
X2 7.36 3.67 0.096 8 39.81 25.32 0.001 5"
2% 14.03 11.00
Ee 10. 16 3.50 0.1290 8.06 3.65 0.1218
iR % 3.87 2.95
B 1313.84 2 658.57

T ox FOREM R (0.01<P <0.05) 5 = FoRFMH R (P <0.01),

25 PRI Bk N R A 2 T Y, ) S 0 ] U 7 Ry
Y, =105.019 +6. 672X, +2.573 63X, -
16.515 63X, +0. 133 5X,X, - 1. 601 5X, X, -
0.972 75X,X, -0.337 375X; +
0.580 375X, +3. 074 88X; (17)
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Surface plots of effect of each factor on residual film formation rate and residual film roll density
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Fig. 10 Membrane rolls during test

Bl 11a ~11c Ruqiks e X, EEEFE X, T8
73 (0] B X 0T 5% IS R A 23R 52 ) i) = 4k o 1 gl T
B 11a 0] DLy B, 24 mi 0k 3 B8 X, $12 o B, % i
G 6 T 1 R, B R R T R AIG, T R 4 DR 4k
X, 32 W HA 0, T 6 Bz i AR B 2 0 2 =, 7 o A %
Bl iR BE K T W T F

: 5

—

5 TR 280 B I 246 R I 5 4 32 5% i %y g . oy TR



260 &k L

L

2026 4

WL AR AL B B o AR 11b B RLA BT, 2 i R
JE X, AR e 5 58 R AL A 2 T 4 i B I EE 2
WAV, T T 60 25 W) A 3 X, 3 I 18 A, ik IR ) R 3%
T ARG, /D 2 38 9 B v, L 8 R A 5 R B8 A ) A
fiKo B Tl n] Loy #r i, 25 B8 35 D 50 X, 58 3
T, AT 0 B i RS 52 32 T 418 w55 I, B I i ) 3R 38 ¥
e, I 2 I AR Bl i R AR, T AT
23 0] FfY L X 30 4 O, B I R 5 W R AR, ek
M 88 8 A 1

Bl 1Ld ~ 11 R R B X, BEHE DRL X, 3T 8
23 B A1 RE X 06 B B 56 2 8 52 W) 11 = 248 i 1
M T1d AT LS B, 25 B o X g i, B i
158 A S L 2 W R, O LR 4 DR X T O, 3T
A, B KR I 2% I i I B R R S R R U A
M Tle mTRLAR A i, 25 0 2k X, 35 g i, % i
I T 2 T 0 K AT L A (A X 2 KR
7 15 A S T2 % W A1, 72 20 e B AR O . AT
VL AT DL AT H 24 5 45 D9 B X, o8 0 0, 4T 60 B
LR 2 326 7 i v I, 4 I A6 5 32 30 o 1 O, i 4T
23 E) PR R X 20 U 4 R, I R 4 % 2 8 W A AT o

AR AR A5 L 53 BT 445 2R O 45 5 R I [ g — (A AL 0 552
P FH ] 36 2% 1 AL EL A B 1 BB 280K, il 3 Design-
Expert 13 #1 [ optimization J£17 Lk 70 ¥ro AL
(118 58 2 % o« i E E 6. 758 km/h | JEE 45 [N K
1. 378 AT %5 ] ffy B 55°
4.3.2  HERIEIKLE

T BRI A TN £ ik RSl R R 7k R
W MERRE ARG B 0 B 0 2 R AT 3 e
6] 95 R 156, iy T BUAT FT 60 B2 AR BR ) RS2 B
FET ) 475 20, 4 7k JEE ] i — AR BIL 19 T A 2 it i ok i
PEEEJE 6.8 km/h BESE NN 1.38 (1 —F L4
Bl AT A2 ) A i 55°, 2E 47 I 1) 36 TR 1 46 0 5 10
g R IEAT XL, W5k 6 B .

F6 HEKIEXESEBMUNILER
Tab.6 Comparison of field validation test and

theoretical optimization results

i H PR/ % FRMEIRE %%/ (kgom ™)
FH [ 48 56 - 2 1 100 127.310
g R4 100 131. 835
R 24 0 4.525

i 5 6 B H XF LE 45 R TR . BRI R AL R Y
R B RS BSR4 SR 1 100% 5 5% 5 i 45

5 3 B T 0 T 39 (845 B R 1k 45 S 2 B 25 0
4.525 kg/m’, § [ IR 36V #( 19 3.55% , i1k 5
B AR A B0, B 7 5l i — PR L BEAT 3T T
I, 24 i 3k 38 2 6.8 km/h AT LA AR 80— F
S (po=1.38) FTALZS ] F 3 S SSOI, R A %
o 100% | 5% 5t 35 % B g 127. 310 kg/m’, ] B
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Fig. 12 Field validation trial
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