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Optimal experiment of performance for the IMLQS - 40/70 combined machine
as ridge forming and paving plastic mulch

LIU Peng-xia, AN Shi-cai, MENG Yang-rong, WANG Yun, LEI Ming-cheng
( Gansu Technical Promotion General Station of Agriculture Mechanization, Lanzhou, Gansu 730046, China)

Abstract: In order to examine and optimize the working performances of independently developed 1MLQS - 40/70
combined machine with ridge forming and paving plastic mulch, taken the degree of mechanical damage on lighting sur-
face, the qualified rate of soil covered width at film side, the qualified rate of soil covered thickness at film side and the
degree of miss covered soil on film for the operation index, adopted the orthogonal test as three-factors and three-levels.
Through the range and variance analysis, has obtained the significant effect of longitudinal space beween soil elevator
front axle and the furrowing shovel installation axle. Through the comprehensive balance method to carry out the optimal
analysis for the experimental data, has obtained the maximal parameter combination as: The longitudinal space between
soil elevator front axle and the furrowing shovel installation axle was 30mm, the ratio of soil lifting elevator speed and
working speed of the machine was 2.5, the angle of furrowing shovel was 25°. The validation test showed that degree of
mechanical damage on lighting surface was less thanl% , the qualified rate of soil covered width at film side was more
than 95% , the qualified rate of soil covered thickness at film side was more than 95% and the degree of miss covered
soil on film was less than 1% .

Keywords: ridge forming; paving plastic mulch; combined machine; orthogonal test; comprehensive balance analysis
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Note: 1. Frame; 2. Ridging ditch shovel; 3. Transmission;
4.Rise transport device for soil; 5. Device for shaping and limit

deep; 6. Device for hang flim; 7. Device for distributary soil
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Fig.1 The structure sketch of the combined machine

with ridge forming and paving plastic film
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Fig.2 The real test picture
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Table 1  Testing factors and levels

K2 A Factor A

K2 B Factor B K% C Factor C

KA RIS A S AL ARl Y He R SET 1 AN TR L A D ] [ B/ mm AR AETT I G /0
Level The ratio of soil lifting elevator speed and The longitudinal space between soil elevator front axle The Angle of shovel with ridge
machine working speed and furrowing shovel installation axle forming ditch
1 2.2 30 20
2 2.5 32 25
3 2.8 34 28

T 45 R R W EAE R X 4 AR WL EAR N6 2 HORCT- 36, PP S A b T SR BRI R AT th i

Note: The range of value for each factor was the average value for the corresponding test parameters of 4 similar machines, then obtained by the up and down

adjustment for the average value.
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Table 2 The testing results

Z Faclors

I A5 H Testing results

Roembl B B L

L T T
R TR TEE/ % /% R/ % ‘De"‘
No. 1 2 3 4 5 6 7 8 1 Degree of  Qualified  Qualified gree
A B (AxB); (AxB), C (AxC); (AxC); (BxC); (BxC)y mechanical rate of soil rate of soil of miss
damage on covered covered coxfered
lighting width at  thickness at S(FL‘:"
surface film side film side !
1 1 1 1 1 1 1 1 1 1 0.6 91.6 95.6 0
2 1 1 1 1 2 2 2 2 2 2.0 9.7 9.3 0.9
3 1 1 1 1 3 3 3 3 3 4.2 85.8 93.5 1.0
4 1 2 2 2 1 1 1 2 3 16.4 83.6 82.1 5.3
5 1 2 2 2 2 2 2 3 1 7.6 89.3 85.3 3.1
6 1 2 2 2 3 3 3 1 2 11.4 91.6 85.2 5.8
7 1 3 3 3 1 1 1 3 2 15.3 81.6 88.5 3.8
8 1 3 3 3 2 2 2 1 3 4.1 9.6 9.6 0.8
9 1 3 3 3 3 3 3 2 1 7.6 88.3 86.3 6.1
10 2 1 2 3 1 2 3 1 1 0.6 9.3 9.6 0.2
11 2 1 2 3 2 3 1 2 2 0.3 9.5 97.1 0
12 2 1 2 3 3 1 2 3 3 5.3 87.6 9.1 0
13 2 2 3 1 1 2 3 2 3 8.6 9.3 90.1 0.7
14 2 2 3 1 2 3 1 3 1 6.5 2.1 88.9 0.5
15 2 2 3 1 3 1 2 1 2 12.5 91.5 86.2 0.8
16 2 3 1 2 1 2 3 3 2 2.7 9.2 91.6 2.6
17 2 3 1 2 2 3 1 1 3 2.2 95.5 93.5 0
18 2 3 1 2 3 1 2 2 1 7.6 97.8 90.1 3.5
19 3 1 3 2 1 3 2 1 1 6.0 9.5 9.2 0.7
20 3 1 3 2 2 1 3 2 2 1.1 9.3 95.6 0
21 3 1 3 2 3 2 1 3 3 6.5 89.5 9.8 0.2
2 3 2 1 3 1 3 2 2 3 11.4 82.3 88.6 1.8
23 3 2 1 3 2 1 3 3 1 10.3 83.5 89.6 4.2
24 3 2 1 3 3 2 1 1 2 8.1 88.4 89.1 2.4
25 3 3 2 1 1 3 2 3 2 8.9 89.1 2.1 0
26 3 3 2 1 2 1 3 1 3 0.0 9.4 97.2 0
27 3 3 2 1 3 2 1 2 1 7.6 88.5 87.5 0
ST K 7.7 3.0 5.5 5.7 7.8 7.7 7.1 5.1 6.0
R %, 5.1 0.3 6.5 6.8 3.8 5.3 7.3 7.0 6.9
Degree of
mechanical damage 3 6.7 6.2 7.6 7.0 7.9 6.5 5.2 7.5 6.5
on lighting surface R 2.6 7.3 2.1 1.3 4.1 2.4 2.1 2.4 0.9
4 g K 8.8  91.8  90.2  90.7 8.3 8.8 8.9 9.4  9I.1
AR % K, 94.0 8.1 9.2 9.3 930 9.8 9.8 90.5 9.4
Qualified rate
of soil K3 8.4 9.2 9.8 8.2 8.9 9.6 9.5 8.3 8.7
covered width R 5.2 4.2 1.0 3.1 3.7 1.9 1.6 5.1 1.6
T e K 8.5 958 92.0 9.9 91.3 91.0 91.0 9.5  90.7
LAl K, 9.0 8.2 %8 9.7 9.9 9.8 9.3 9.4 9.3
Qualified rate
of <ol covered K3 9.5 91.0 91.2 9.4 8.9 91.3 9.7 9.2 9.1
thickness R 3.0 8.6 1.2 1.2 3.0 0.8 0.7 2.1 1.4
o Ki 3.0 0.3 1.8 0.4 1.7 2.0 1.4 1.2 2.0
HMERE/% g, 0.9 2.7 L6 24 L1 1.2 13 20 1.8
Degree of
s covered K3 1.0 1.9 1.5 2.1 2.2 1.8 2.3 1.7 1.1
soil on film R 2.1 2.4 0.3 2.0 1.1 0.8 1.0 0.8 0.9
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[(AxB); i [(Ax C)yl5 [ (AxB)y ] [(BxC)ylio

Ky » T 10 45

, R =
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[(Ax B)2]1\[(AX C)sz[(AX C)2}30 o
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Table 3 Variance analysis table for the test data

sty N7 A BT N
e e O 1T S e Wit st
Test factors © ST Qim of squares Freedom verage o F valve Critical value Significant
of variance sum of squares
A 29.48 2 14.74 2.27
2T B 244.48 2 122.24 18.81 ?Oﬁ’:; i:-gi % x
i C 98.96 2 49.48 7.61 0.0s(4,8) =3. *
Degree of mechanical AxB 29.96 4 7.49 1.15 Fo.01(2,8) =8.65
damage on AxC 49.28 4 12.32 1.90 Fo0(4,8) =7.01
lighting surface BxC 32.73 4 8.18 1.26
R 51.99 8 6.50
pe¥ii 536.88 26
A 143.72 2 71.86 7.27 *
e S RS SR S S e R
E%Tﬁ% : . . 0.0s\4,06) =2.
e rate AxB 47.34 4 11.84 1.20 Fo.01(2,8) =8.65
?”f‘,] e AxC 27.8 4 6.95 0.70 Fo.o(4,8)=7.01
O G BxC 130.54 4 32.64 3.30
width at fiim side e 79.06 8 9.88
A 598.69 26
A 47.61 2 23.81 7.99 *
W B 328.04 2 164.02 55.04 iomii,:; i;t-;ti * %
frages C 41.49 2 20.75 6.96 0.0s(4,8) =3. *
Oualified rate AxB 13.25 4 3.31 1.11 Fo.0(2,8) =8.65
of soil covered AxC 321 4 1.30 0.44 Fo.01(4,8) =7.01
thickness BxC 28.07 4 7.02 2.36 *
reRness W 23.82 8 2.98
pe¥ii 454.63 26
A 24.06 2 11.31 11.09 ® %
A B 26.59 2 12.55 12.30 iomg,:) i;l.gi * x
Py C 5.91 2 3.32 3.25 0.0s(4,8) =3.
Degrgzof AxB 20.46 4 5.12 5.81 Fo.0(2,8) =8.65 *
A AxC 8.33 4 2.08 2.37 Fo.01(4,8)=7.01
s S";ll BxC 7.66 4 1.92 2.18
cover on m W 7.03 8 0.88
pe¥ii 100.04 26
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Fig.3 The change situation of each index with the factor level
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Table 4 Validation test data sheet
IR LR
P RCTHYURBAR L/ % N L SR AR % BMAREEHR % B TR/ %
Order Degree of mechanical damage Qualified rate of soil covered Qualified rate of soil covered Degree of soil miss
on lighting surface width at film side thickness at film side cover on film
1 0.5 95.5 97.3 0.3
2 0.2 97.5 96.1 0.0
3 0.3 96.4 96.8 0.4
4 0.3 96.8 95.9 0.6
5 0.6 95.9 96.4 0.1
(2] ik B3, BHEA,E WA IMLQS - 40/70 JE 28 Al I £ 1f

3 iEghie

1) RIERM, LTS AT SR 2N &
Rl P A 1) ) B X 5 A 14052 Wil e K, X SR S T L
DRAR F AR AR S A R R b B s 7 R 3
ANFERR A5 5 2] 75 B 3, ko B U A R Y
Wil AN 2

2) R B RIFE BT 4536 b 19 52 AN [ 38 2o
R B M F2E 5% 8 IMLQS—40/70 i 28 44l
EERAAE AV AL SE PR B, 196 X2 2R 6 AT Ak 1 458 e
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AR 4 DR LA AR b M R T 27 50T
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T4 255 ] [ B R 30 mm, L 3ETHiE
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