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Design and experiment of trommel with function of

separating soil from residual film mixture
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Abstract: Aiming at the problem of high soil content of residual film by mechanical recovery, a trommel
with function of separating soil from residual film was designed. Through the analysis of kinetics of the
residual film material in the device, the basic structure parameters of the device were determined. The
rotational speed of the trommel, the feeding speed, the inclination angle of the trommel and the pitch of the
spiral blade were selected as the test factors, and the soil removal rate, the rate of the leakage of residual
film and the work efficiency were selected as the evaluation indicators. A four—factor, five-level test was
designed using the Central-Composite—Design experimental design principle to analyze the effects of each
factor on the operational performance of membrane soil separation. The comprehensive effects of various

factors on the response index were analyzed by using Design—Expert software surface response diagram,
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which showed that the optimal rotational speed of the trommel, the feeding speed, the inclination angle of
the trommel and the pitch of the spiral blade are 24.90 r/min, 11.52 kg/min, —2° and 699.99 mm,

respectively. The experimental results under this parameter combination are 94.48%, 1.90%, and 7.61

kg/min, respectively. The errors between the experimental results and the optimization results are 2.15%,
5.79%, 2.63%, respectively. The results indicate that the constructed model has good reliability. The

device designed in this study meets the design requirements, can realize the effective separation of residual

film and soil impurities, and is of great significance to the mitigation of rural ecological pollution and

sustainable agricultural development.

Key words: agricultural mechanization engineering; residual film mixture by mechanical recovery;

membrane soil separation; trommel; response surface test
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Fig.1 Schematic diagram of trommel with function of

separating soil from residual film
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Fig. 2 Movement state of residual film mixture in the

cross section of trommel at different speed
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Fig.3 Analysis of the forces on residual film mixture in

the cross section of the trommel
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Fig. 4 Analysis of the forces on the spiral blade
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Fig.5 Schematic diagram of the discontinuous

spiral blade arrangement form
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Table 1 Quaternary quadratic regression combination

design factor level value and coding table
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Table 2 Experimental design scheme and results

RS A B C D Y, Y, Y,
1 -1 -1 —1 —1 9080 344 827
2 1 —1 —1 —1 9038 281 691
3 —1 1 —1 —1 8954 339 543
4 1 1 —1 —1 8828 285 6.71
5 ! 1 —1 9290 4.25 373
6 -1 1 —1 9353 3.58 3.99
7 —1 1 1 —1 9217 256 4.07
8 1 1 1 —1 91.64 352 4.08
9 -1 -1 -1 1 8975 317 571
10 -1 —1 1 91.64 442  7.06
11 —1 1 -1 1 89.96 3.93 6.16
12 1 1 —1 1 8975 583 7.8
13 -1 -1 1 1 8849 324  3.65
14 I -1 1 1 9248 3.22 488
15 —1 1 1 1 91.01 260 4.14
16 1 1 1 1 9379 341 513
17 —2 0 0 0 9227 7.06 450
18 2 0 0 0 9248 811 549
19 0o —2 0 0 9227 336 5.75
20 0 2 0 0 91.64 388 501
21 0 0o -2 0 8744 271 7.82

22 0 0 2 0 9248 179 3.24
23 0 0 0 —2 9143 1.79 561
24 0 0 0 2 8891 289 5.84
25 0 0 0 0 89.96 531 6.33
26 0 0 0 0 8977 6.35 5.30
27 0 0 0 0 90.90 4.52 537
28 0 0 0 0  89.75 560 5093
29 0 0 0 0 89.75 550 5.19
30 0 0 0 0 89.12 508 6.21
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Table 3 Analysis of variance of Y, regression model

R5 THEHELQPERBEFTEZSH

Table 5 Analysis of variance of Y, regression model

WEKIR P HEE W F P WEKIR M ARIE WM F P
FAY 69.58 14 4.97 11.53 0.0001 LAY 41.63 14 2.97 12.30 <0.0001
A 2.21 1 2.21 5.14 0.0386 A 1.85 1 1.85 7.65 0.0144
B 1.08 1 1.08 2.50 0.1344 B 0.35 1 0.35 1.43 0.2503
C 28.15 1 28.15 65.29  <20.0001 C 34.61 1 3461 143.19 <20.0001
D 2.29 1 2.29 5.31 0.0360 D 0.049 1 0.049 0.20 0.6603
AB 1.76 1 1.76 4.09 0.0614 AB 0.18 1 0.18 0.77 0.3956
AC 2.95 1 2.95 6.84 0.0195 AC 5.63310 ° 1 5.63310 % 0.023 0.8808
AD 6.29 1 6.29 14.59 0.0017 AD 1.16 1 1.16 4.78 0.0450
BC 2.44 1 2.44 5.66 0.0310 BC 0.87 1 0.87 3.62 0.0766
BD 413 1 4.13 9.58 0.0074 BD 0.91 1 0.91 3.77 0.0711
CcD 2.70 1 2.70 6.26 0.0244 CD 0.66 1 0.66 2.71 0.1202
A? 10.11 1 10.11 23.44 0.0002 A? 0.86 1 0.86 3.54 0.0794
B 6.91 1 6.91 16.03 0.0011 B 0.18 1 0.18 0.73 0.4051
/10" 2.863 1 2.863 6.643 0.9798 ¢ 0.051 1 0.051 0.21 0.6541
D’ 0.085 1 0.085 0.20 0.6630 D* 9.33310 " 1 9.33310 % 3.86310 °  0.9513
B 2% 6.47 15 0.43 % 2% 3.63 15 0.24
R AL 4.80 10 0.48 1.44 0.3617 w239 10 0.24 0.97 0.5518
iR 2% 1.67 5 0.33 aiRzE 124 5 0.25
¥l 76.05 29 R 0.9150 pE¥iil 45.25 29 R 0.9199

x4 RIEROPRBFTESN

Table 4 Analysis of variance of Y, regression model

WENIR P HEE BT F P
LT 62.26 14 4.45 15.69  <<0.0001
A 1.11 1 1.11 3.91 0.0666
B 0.042 1 0.042 0.15 0.7068
C 1.17 1 1.17 4.13 0.0603
D 1.32 1 1.32 4.64 0.0479
AB 0.64 1 0.64 2.26 0.1537
AC 0.051 1 0.051 0.18 0.6786
AD 1.45 1 1.45 5.12 0.0389
BC 1.19 1 1.19 4.19 0.0586
BD 0.76 1 0.76 2.67 0.1231
CD 2.48 1 2.48 8.75 0.0098
A? 6.2 1 6.2 21.87 0.0003
B 7.3 1 7.3 25.74 0.0001
C* 20.21 1 20.21 71.28  <<0.0001
D 19.16 1 19.16 67.59  <20.0001
% 2% 4.25 15 0.28

R A8 35 2.42 10 0.24 0.66 0.7327
gl s 1.84 5 0.37

SN 66.51 29 R* 0.9361

Y,=9.36+ 0.37A + 0.071B — 0.38C + 0.41D +
0.35AB — 0.1AC + 0.52AD — 0.47BC +
0.38BD — 0.68CD —+ 0.83A*— 0.9B* —
1.49C* — 1.45D? (15)

Y,=5.72+ 0.284 — 0.12B — 1.2C + 0.045D +
0.11AB + 0.019AC + 0.27AD + 0.236 BC +
0.24BD + 0.2CD — 0.18A* — 0.08B> —
0.043C*+ 5.833 X 10 *D? (16)
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P& VRl A 7T 43 0 438 4GS B 2 kL 11 AL HE
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v e, R A 2R B I R P R A 3 Y
A, T 2 T R R B g e R A R A VR O i 1A A
(4 7% 12 2 5 7043, WA A MR NE v SRR R VR
P Wk A SR e i VR T AT RIS B, A7 4%
b5 2 I R) 4 Rk 25 S R S e TV A AR i
Borh oy 4 T N A O R bR R
7t

Hi 181 6 (b) AT 1, >4 WROBL 3 B2 5 10 kg/min B,
ok 2% [ MBE P BB 1 4 K R e ) e A, H
2 i PR R > RO} R EE AR B, R AE VR B N
TR, Wi A BB E I BB B R, W RHLE VR T
W 4R 7 )3 B T IR, 8 43 W Rk i oK 0 43 56
S fEE R 2 R AL HE L Y MR Ol 20
kg/min B}, B - S B 08 i R 050 1) 4 R 2 3 Y
i e B, L 32 T DR Y VR O N R e R A K
BF, EE I 5 X 0 ek il e K Sh A T R B 2 R
W R SRR A 1 R, W RHLE VR T N A 3 AT R, AR
T AL AT . SR E N R — o i R R
Wi LAk SR R 114 484 RS e /N S B R A R B L
O B T PR BR T R ML I L X R SR A S e K
TR B Y RE ), 5 5 25 3 B 45 SR A TR

(2) 3 56 PR 28 5 . 30 ks 58 23 f) 52 i)

iU 0 45 SR 3 B O ) 2 0 v ik B 2 R R
SR IN R B R e, T A o L AR L ke
FEH AR . i 6(c) T, 24 7 i i 1 —
B, Tl B 23 i A8 I B IR ) e R 2 Sl 1 KU ik
N A B LR R Y i i R B RO MR RIS S
I AR g e A AT, R IR TR 5 aE R U
JR SR A, i 5 B I R MR ) 4k S 0 K, HL X
Wy RV R O 1) B Sl 9V FH B R 0 RHE TR O N
15 B8 ) TR0 45 0, 0T PR30 /N o Y M I MR
— i I, Y B 23 i VR A S ) 1S K 5 e el N S 4
R e 3, JH: o i R VR O A S 3 K, W RHE VR
i A il 2K T as B bR Rk AE VR T PN 45 B
Vi) 98 1, R 3 s MR 23R R A1 o i 3 VR e i ) 4
LYK VR N YLz B R, 8 435k R R B
e AR TR B R R

H 18 6 (d) AT -1, V& Ui A £ IR E i R B Xof

T J5E 58 14 52 ) AR A7 A 22 57, MR e i e MR R X
IR 23 1) 5 o) WY Jeb O T VR O b A, L5 R S 07 2548
Br—3o 5 W 0 0 — 2 B, T 6 236 il 088 5 i
LSRR NE S ot DN R A N R SR e o R |
SR Y MR RE I R R R AN B R T TR T PN A
D7 1) 3 B2 B/ W) RHTE i 7% 2ot B rh B 5843, B
T I R P %) 48 R, W Rk B S 0 B R 4 3 T
Heth o Bl R0 i 7 R R A 4k 21 K, W BHE TR
i A5 B B ) 4 T R T R R A B g
W R — i I IR 4R I VR A T ) 1 R 5 e
N SR RAN U N SN N o AN S B b R (T A
B0 T7 ) 55 IR, WA TR 7 1N 5% B B[] 928 A0 46 R
75 U P R JE AL 388 25 080/ o 4 R O b A 1) 1 [ 4
KIS, W RHE Rl 7 1) 12 B8 I 52, 28 & 0 0 BHT B
VEFHRRAR , s 5 AR B A

(3) 355 A 3R 28 B I T AR 25038 1) 5% i

6 (e) AT 1, 4 B8 5E i SR 5 O 700 mm
IF, AR AR B VR T 2 T 1 R A 8 1 1 i 3,
T2 i DR O B A R U A Y 1S K W R E TR T
Bl £ 5 e 1 R S O, WA VR B N 5% B I 1] 4
R AR TARERCRAR T . Y IRE M 7 R R S 500
mm B, AR R i VR T 2 S %) 3 K 38 U 1Y
B, H 32 B PR 2 MR e v R R RN, H AR K
AT A 552 TRV /DN | B 2 T O 2 3 114 38 K, W R A
TR T A B T PN 4 V% 3 Sl I SEROE Rk R
JEE 45 5K B A FH AR, 8 0 6 6 VR T P 457 B8 B[] 34
LR E TAERCRIRAR . me 7 fth TR R AT 0 VR
7 2t 3R R AR 20428 118 5 W) R T MR P R R 1 5
Wi, 45 5 07 22 53 M — 3
3.5 SHMURRIE
3.5.1 ¥tk

R AR A % LR PR R AR S 5, R
Design-expert 1 i Optimization 1 £ XJ #4) & f —
B [0 0 i o A5 Y E AT 000 Ak SR i | AR 4 26 B A S PR
Pk 2% 1 A T AR 223K, i H b oR BORT 29 3R 5%
5
max Y,(A,B,C,D)
min Y,(A,B,C,D)
max Y;(A,B,C,D)

15 r/min << A << 25 r/min (17)
.t 10 kg/min << B=<< 20 kg/min

—2'<<Cc<2

500 mm << D << 700 mm
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Fig. 6 Effects of interaction of various factors on the soil removal rates,

& 6

the rate of the

leakage of residual film and the work efficiency
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AL G BT 5% e AL 4L 5 S 8CI T IR Ui % 18
24.90 r/min, MR} EE Ry 11. 52 kg/min, ¥& i {5
foh —2°, M RS2 R 699. 99 mm, % A4 AY T
IR £ 94,5100, e B4R 1. 79%0, TAERCR
4 7.81 kg/min.

3.5.2 EEIE

R TS UE A Al 8 R 0 v M 4 BRI S Y
SHCH A AT RIEE . RIS HOR R BE
TR 5 34 R 25 r/min, BB R 12 kg/min, &
i A0 1 S —2°, M R BE A 700 mm, 5 JEAT 3
U S48 U0 25 2R 4k 6 s o il g0 45 R 3R
W1, 96 k6 BT 45 B b R S (E R 92. 4804, T [
A 1.90%,, TAE SR ¥ {H R 7.61
kg/min, ¥y 3 56 {8 A0 900 (8 18] 5% 22 43 0 A
2.15%0.5.79% 2. 6300, 5 M E 5 U0 {H #2308
& W SRR BLAT B0 1) To0I m] 5 1

xo6 RUERSHBERE
Table 6 Comparison of optimization results

with actual values

K A B C D Y, Y, Y,
T 24.80 11.43  —2 69499 9451 1.79 7.81
FERME 1 25 12 —2 700 92.28 1.80 7.38
FBRfE2 25 12 —2 700 93.66 2.00 7.64
PR3 25 12 —2 700 91.49 191 7.82

4 4 g
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