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Working parameters optimization with response surface method on
front-stubble-breaking and subsoiling combined cultivating machine

LI Lian-hao'?, XU Chun-lin** , ZHAO Da-yong'**, LI Xiang-jun'*, LI Ming-jin'"*®
(1. College of Engineering, Heilongjiang Bayi Agricultural University, Daging 163319, China;
2. College of Water and Civil Engineering, China Agricultural University, Beijing 100083, China;
3. Harbin Agricultural Mechanization Research Institute, Harbin 150070, China)

Abstract In order to explore the performance of front-stubble-breaking and subsoiling combined cultivating machine
and optimize its working parameters ,a response surface model was established by Design-Expert software and Box-
Behnken experimental design method. Speed and tiller depth were taken as independent variables and fuel consumption
and traction as response in the model. The optimized working speed and tiller depth were 3. 39 km/h, 340 mm,
3.92 km/h,152 mm,3. 37 km/h and 33.41 mm respectively.and the response fuel consumption and traction power
were 2.72 L/km,27.65 kN,3.24 L/km,8.25 kN and 1.35 L/km,7.8 kN respectively on the conditions of single sub-
soiling part,single rotary tiller part and single stubble part respectively. The result of this research is expected to help
rational use of front-stubble-breaking and front-subsoil combined cultivating machine.

Key words combined cultivating machine; front type; single work; stubble; sub-soiling; rotary tiller
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MWL SRR

1.1 BEAXKEH
1ZQHF-350/5 B K #: T i B =X 1K G 7 1 bl
FE ML B MLk R G KT R IA TR e
BB AF AN 22 AR SRR SR A . ARl A 2SR N B
TS B S HO AR 1AL UL 1,

F 1 1ZQHF-350/5 BIRFEFRMNATEXNBEEEMNENSH
Table 1 Structure parameters of 1ZQHF-350/5
front-stubble-breaking and subsoiling

combined cultivating machine

24 BAE

Parameter Value
I 9 /cm Working width 350. 0
RFVREE /mm Stubble depth 20. 0~100. 0
YRR BE /mm Sub-soiling depth 210.0~410.0
JiE #EE E /mm Rotary tiller depth 120.0~220.0
ZEf /cm Row width 65.0~70.0
fid &3 J1/kW Power 132.3~161.7
Y33 B / (km/h) Working speed 2.0~6.0

. 13 12 1
1716 15 #

.{g\f.‘:’) °
1234J\§L\\ﬂy 8 9 |10

1. 4 JE #% Compacting machine; 2. & %8 4% Ridge forming
ploughshare; 3. % + J] #li Soil chopping blade shaft; 4. Jig & il
75 % 48 Rotary tillage lateral gearbox;5. ¥ +4% Break shovel;
6. ML 22 Frame; 7. K 7 1& 3h B & Assemble of stubble
transmission; 8. ¥ ¥4 %” Loosen soil shovel; 9. B2k #it Proof
dust board ;10 K % J] #li Stubble blade shaft; 11. K # 3= 28 3
#i Stubble main gearbox; 12 K # fll] 7% 3# 45 Stubble lateral
gearbox;13. Hij & £ % B Front suspension device; 14. 3 $i7 #l
Tractor;15. F 1% 3 %ili Main transmission shaft; 16. f H: 22
Hanging rack; 17. E#F 578 # 48 Rotary tillage main gearbox.
B 1 1ZQHF-350/5 BURZE R AT BB S Bl
Fig.1 1ZQHF-350/5 front-stubble-breaking and

subsoiling combined cultivating machine

1.2 TiERIE

P C 5 7 i AL T i 1749 K F A v ) KCRE D
YEVIREREFTRE  [F) B pR DR A 0 A2 247 28 1 TRAAE AL
H G AL E ) K TR 5 ) T 18 fh TE 2 7 4
HLJE i B9 JE A 38 428 v ) e A 0 1A A - Al ke 2B
FIARLE AR o — YR A M fil 0 b 2k 38 75 4 RS

2 HRSHE

2.1 RIGINER

1ZQHF-350/5 B I T b iif ' = 16 & %% b B
15 O R A Mk BB A BIF 58 BT #F 46D . CYB-809A
Hi P BB A Bk iR 25 A K R B (R JR U 1 40 8
AP & K KRR 5 TR ERO AT,
Bt THZF,
2.2 R A SEE

BT 2012-09-25-—2012-10-12 H 7M1 /R ETT
ANy b2 B R bl X ChG 7R T T 5 D #E47, BGR
Y1 A2 20 hm” , 550 o mi 2EVE 9 28 4 £ oKL ik
5 H AR ER LR 2,
2.3 WRWAHZE
2.3.1 XBHE

B g X 3R 3 A g /N X, B — /N 50 X T
B — 0 THT FRLA M 25 DX 5 AR A 3 00 SRR I 3 X 43
B — KA B — TR P AR AR — T B Al 3 A
AN FHR G X,
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x2 HEBHITHEERER

Table 2 Basic properties of soil in test field

#a %t &Kk 2/ Y

Absolute moisture

WEEVRBE /om FHERE/(g/cm’)

Sample depth Soil bulk density

2.3.2 HERELLHE

AR A R VRl IR 25 75 2826 CYB-809A 4 Fi #l
Lo Ak BAERE LA 5 MK 2R 58 b (0 22 51 ) A JE s A il 6
1 AR L2 B AE MU A . T8 BT ) R 3K 4
A B T5 5 I AR A5 F R B AR A A2 5]

content
1 CYB-809A i frdl be e HAERE L5 & Mk R 48 R 4R
0.00~10. 00 1. 14 20. 49 " TP Sl N RTINS
SN AR AT 1R 25 M2 L LU 229308 R T B S B
oo Lis - 1 Y 7 O 3 6725 5397 9 B A Al 2
2.4 Kmigit
>20.00~30. 00 1.21 22.72 iz ] Design-Expert8. 0 % 14 XF i 3 %5 4 3 47
CIELS 2 80014116 b i W ap
e s P71 5 BCBLSE 02 1
50 RLZR S YRR FR 22 5 9 Sy i o7 (A e 7 T 95 K
>40. 00~50. 00 1.31 23.78 F) F Box-Behnken i 5 % i1 5 B 14 B A 6] 4B bk
BT B ZE K gt (3 3),
£33 BE—EULRERAFKFEEREFED
Table 3 Coding table of factors level with single work test
VENV IR & /mm Working depth
IR B K i Al 3 B/ (km/h)
Level set and coding value Working unit speed TRA Jie B KA
Sub-soiling Rotary tiller Stubble
FESE(+1.414) Level of upper asterisk arm 5. 372.0 208.0 208.0
I 7K (1) Upper level 5. 360.0 200.0 200.0
EIKF(0) Zero level 4, 330.0 180.0 180.0
TIKFE(—1) Lower level 3. 300. 0 160.0 160.0
TES® (—1.414) Level of lower asterisk arm 2. 288.0 152.0 152.0

3 EREHM
3.1 B—RMRMEW

1ZQHF-350/5 RYK #: T A i # =X 1K G % 1 bl
{2 %8 5 A TRIN G IR 45 R LK 4,
3.1.1  RAME iR E A IRAN IR B i AL 09 %R

X 25 5 (3R O AT 43 b7 . 45 B AE ) ([l
AR

vy, = 2.340.224x;, —0.001x, +0.022% (1)
K BN km/hs 2, HRIATRE  mm; y,
MFE L/ kms y, KT S, kN, X ] A R 3 £y
5 2250 B (& 5) a1 AR P<<0. 000 1, 3¢ B AU A

B3RP P>>0. 05, KA B35, K] [a] 5 £LARY
HEPrA R g RE R =0. 924 6,8 & &
o Ul B AR AR T 8L A DU R A L BB I S
w5 ax Mla, ZEXR,

i E K «=0. 05 BF , RIS IR 0 A1 b X3l
FE oy MR, KT 2 HABR F A R

B o R, Xy 52 M) B A5 e 2 81 (&1 2) AT
v A 2.64~2.77 L/km, y, B x, 3R M84 K . B
ay BT S W/ JE 4 O e T e, O ] AR
B T 2 J7 10 22 A6 8018 U B A i 56 K
T X oy MW o 8,507 5 4
— 3.
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Table 4 Results with single sub-soiling part test

s K ¥ Factors PEfEFS 5 Function index
Test serial number o P Vi vs
1 1 1 2.747 30. 316
2 1 —1 2.659 27.285
3 —1 1 2.742 28. 217
4 —1 —1 2.676 24.225
5 1.414 0 2.746 30. 811
6 —1.414 0 2.733 23. 850
7 0 1.414 2.792 31. 802
8 0 —1.414 2.593 22.796
9 0 0 2.698 28.546
10 0 0 2.688 28.543
11 0 0 2.692 28.548
12 0 0 2.690 28.529
13 0 0 2.689 28.531
14 0 0 2.695 28.536
15 0 0 2.698 28.542
16 0 0 2.698 28.541

T e ARL I km/hs yy 9 ilAE . L/ kmsye BEEFI S kN, TR 22 HERFRE  mm,

Notes:x; refers to working unit speed; y; refers to fuel consumption; y, refers to traction power. The same

below. x2 refers to sub-soiling depth.

x5 BRWELMHFEEAERFTESN

Table 5 Variance analysis of regression model on consumption with single sub-soiling part
He I - J7 Al A HE ¥7 F P
Source Sum of squares  Degree of freedom Mean squares
X 5.096X10"° 1 5.096X10"° 22.040 0. 889
k&) 0.024 1 0.024 0.021 <1.0X10"
RS 3.362X10°° 1 3.362X10°° 95. 830 4.200X 10
a3 7.200X10°° 1 7.200X10°° 13.590 0.601
X127 1.210X 107" 1 1.210x107" 0.290 0. 500
B Model 12. 800 5 2.560 13.630 <1.0X107*
I Lack of fit 0.030 3 0. 100 0. 490 0.732
5% 2 Residual 0.530 5 0.106
HritZ Net error 0.230 2 0.115
BB 22 Total sum of squares 13. 030 10

W oxe NIRRT .mm, Notes:x refers to sub-soiling depth.
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360.00
2.75

2.73
345.00

2.70

2.88

315.00

X, /mm

2.68

~J

300.00
3.00

4.00 4.50

x /(km/h)

3.50 5.00

B2 B—RElE

Fig. 2

x; X i #E B 0

Influence of working unit speed and

Ex MRBDRE

sub-soiling depth on fuel consumption

with single sub-soiling part

3.1.2 FmAFdkik F ﬁﬂm#’h\m %t 5| o %R
YRS 45 R (R OFAT SR8 E51 01 v, 1
[l I 452 7
vy, =— 6.7+ 1.88x; +0.08x, (2)
[l A4S 7 22 53t (3 6) ] i, A #) P<<0. 000 1,
F BRI B2 I P>0. 05, & AR B Al
AL 5 SR DL A R A PR E REL R® =0. 933 1,4
AR Ul IR LG 1 R S BR AE 1E B RN e

5 Moo, ZRAEZR,

BEFIKFE «=0.05 B, 20 Fl 2, ¥y,
xy KT HA A 3

M oo Fl 2, Xy, S0 A S 2 (B 3) AT AL, s
M A 23.63~32.32 kN, y, B 2, 1 2, (ISR

PR

(1T N TR i oy s A Pk A 1R e
AR . R KT 2 Xy, B 2
BE .5 2 a R/ —8
360.00
30.87
345.00 | 29.42
g 27.98
£ 33000 |
N
26.53
315.00 [
25.08
300.00 L 1
3.00 3.50 4.00 4.50 5.00
x,/(km/h)
3 B—RWMMELEE x, MRWRERE x, JES|HEME
Fig. 3 Influence of working unit speed and

sub-soiling depth on traction power

with single sub-soiling part

x6 B—RMMELFSHEMEPEETEDN
Table 6 Variance analysis of regression model on traction power with single sub-soiling part
il I fr it g Ky . .
Source Sum of squares  Degree of freedom Mean squares
X 28.14 1 28.14 29.95 1.0X107"
k&) 48. 80 1 48. 80 51.95 <1.0X10°"
LA Model 33.04 2 16. 52 10. 47 <1.0X10"
J I Lack of fit 0.94 1 0.94 0.32 0.53
5% 2 Residual 1.56 1 1.56
i 2 Net error 0. 62 1 0. 62
BB 22 Total sum of squares 34. 60 4

T cay MR E .mm, Notes:a, refers to sub-soiling depth.

3.2 B—iEHEL
1ZQHF-350/5 KK 4 B Fis Ay B 28 BE 4 % b ML

A4 M AR AT i e 2 R W3R 7,

3.2.1  wAAE Lk F Aok R B 3T i A6 o
X 45 % (R D #EAT 43 17 4 B AR ) EI"J[EI

IHREAY

yi = 5.47—1.54x; +0.005x; +
0.112% + 0. 0042, 7 3
Kb, HEESRE. ilFe yo WAE ALy 22 5y
Br( 8) mJ A1, AL P <C0. 000 5, % W # A i
FUUL R P>>0. 05, R BUR B2 [ AR
TR G R e E RE R =0. 902, $& B2 Ul
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xT B—EHELKBER

Table 7 Results of single rotary tiller part test

N g 2= A ¥ Factors e 45 F5 Function index
Test serial number ) e i Vs

1 1 1 3.715 11.812

2 1 —1 3.404 10. 037

3 —1 1 3.563 9. 870

4 —1 —1 3.550 8.030

5 1. 414 0 3.631 11.780

6 —1.414 0 3.722 7.930

7 0 1.414 3.736 12.516

8 0 —1.414 3.132 8.406

9 0 0 3.465 9.920

10 0 0 3.459 9. 900

11 0 0 3.471 9.960

12 0 0 3. 466 9.930

13 0 0 3.460 9.920
14 0 0 3.455 9. 900

15 0 0 3.462 9.950

16 0 0 3.468 9. 960

W xo NIEHFEE . Notes:xy refers to rotary tiller depth.

®8 BlEMHMELTHERRERFTESN

Table 8 Variance analysis of regression model on consumption with single rotary tiller part

ke Ui R H ¥ P P
Source Sum of squares  Degree of freedom Mean squares
x 1.882X107° 1 1.882X10°° 0. 500 0. 496
z 0.170 1 0.170 46,13 <1.0X10 "
x4 0.092 1 0.092 24. 490 6.0X10""
x5 1.554 %10 * 1 1.554X10° 0.410 0.535
2 0.022 1 0.022 5. 900 0. 036
7 Model 10. 720 5 2.144 21.330 <5.0X10°"
BRI Lack of fit 1. 030 3 0.343 0. 420 0. 607
3% 2% Residual 1.920 5 0. 384
ik 22 Net error 0. 890 2 0. 445
BV 22 Total sum of squares 12. 640 10

T xs NHEBHEE . Notes:xarefers to rotary tiller depth.
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WAL T4 A 1) 7 B X BE 0 IE
x, ZEKFR.

WEIKE «=0.05 By a2y 2f Al 22, KF )
S 2 S MEIUY N R B MKRIR N 2, 2t a2
A2y HAB P 52 ma A 2

1 o0 A X v S S TR 4R (I O T
MLl 3. 28~3.76 L/km, y, B x, 3 K4
KBl ey 3G IR e 9N i 8 O, o o7 |l Y e T
] AL BRI 0 J5 1) 28 A8 . 7Rl K
2y Xy W 2 B3 507 208 R — 5.

W N vy 5 a0

By, [T Ry 22 43 B (3R 9) Al i, A A P<<
0. 000 1,FRBAREAIMNL 3 5 R P=>0. 05, KIUN
WEELCPIHBR 5 S PR G R A I E R R =
0. 945, L4 B2 5 vl W B A0 By 40 & 09 7 B2 2R 8 1
WL y, 5 2 Fl 2, ZIEEHR .

BEKFa=0.05 8,2, Fl 2, XF y, L E,
xy A, Xy, 50 25 R AR ] Al R 5 e AN
%,

Hi 0 By Xy, 520045 S 2R 1 (IR 5) AT AL,
FIJLE R 7.64~12.34 kN, y, B =, Ml 2, By K

200.00 3G R o e 7 i T3y o, 5 1) AR AR T Y o T
3.60 AR ENE . TR KT X v, SR x L 2
190.00 \ WE HITESNER .
g 200.00
£ 180.00F
& F\ 11.56
190.00
170.00/ 10.77
£ 18000} N
160.09 N
3.00 .5 4.00 4.50 5.00 9.20
x, /(km/m)
170.00
8.42
B4 BE—iE#ELERE x MEMRE x, XhFENZIG
Fig.4 Influence of working unit speed and rotary 160.00 L L L
tiller depth on fuel consumption with single 3.00 350 4.00 450 5.00
) x, /(km/h)
rotary tiller part
B5 SB—iEMELERE X, MEHRRE X
3.2.2 RAHAFLIRE ﬁnm%%ar\ = B RO R A 32531 At
SHR I 45 0 Gk D T . B2 &5 5 V2 E’] Fig. 5 Influence of working unit speed and rotary
[] = A5 Y tiller depth on traction power with single
vy, =—5.31+1. 172, + 0. 06z, (4) rotary tiller part
x9 B—lEHELTESIABAZERFTEZSH
Table 9  Variance analysis of regression model on traction power with single rotary tiller part
ok - J7 Al B HiEE ¥ 75 P P
Source Sum of squares  Degree of freedom Mean squares
X 11.03 1 11.03 101. 80 <1.0x107"
R 11. 11 1 11. 11 102. 54 <1.0X10""
A Model 9.76 2 4. 88 98. 47 < 1.0X10 !
JAUI Lack of fit 0.27 1 0.27 0.73 0. 86
¥ 2% Residual 0.42 2 0.21
iz 2% Net error 0.15 1 0.15
BB 22 Total sum of squares 10.18 4

T ixs NHERFEREE . Notes:axsrefers to rotary tiller depth.
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3.3 B—REMEW AR AT R0 45 R UL FE 10,
1ZQHF-350/5 K #: B b iy & =X Bk A 3% #b X

F10 B-REFEIKBLER
Table 10 Results of single stubble part test

R e A Factors PEfEFE #7 Function index
Test serial number B , ¥ Vs
1 1 1 1. 602 11. 960
2 1 —1 1.326 9.872
3 —1 1 1.592 9.556
4 —1 —1 1. 367 7.820
5 1.414 0 1. 356 11. 200
6 —1.414 0 1. 450 7.800
7 0 1.414 1.692 10. 700
8 0 —1.414 1. 306 8.230
9 0 0 1. 385 9.870
10 0 0 1. 386 9. 870
11 0 0 1.379 9. 840
12 0 0 1. 383 9. 850
13 0 0 1. 385 9. 840
14 0 0 1.382 9. 830
15 0 0 1. 385 9. 860
16 0 0 1. 386 9. 900

Hxs NKAERE . Notes:xs refers to stubble depth.

3.3.1 R EAF LR F Ao R E IR A Foh BT o0 J7 ) A8 . AR B KT o Xt
XPIRE AR (B8 100 AT 20 B . 43 2 v /9 1015 v BRI L o B3 505 22 0 BT A R — B
Y

80.00 =
v = 2.03—1.8x;, —0.015x, + T
1.50
0.015x% 4 0. 000 2% (5 ]
. . e n 70.00 F 145 ]
e, HRERE, d oy 08 Ty 22 53 B _—
(2 1) A1, BEH P<<0. 000 1, 3¢ WA A4 58 3 5 2k : 6000/1-40/——-
I P=>0. 05, RAUA 2, [IHBAL G LR IA R I
~ S 9 N RN TR S//F_—h
U s e B R = 0. 924 6, 4004 8 85 » 13 1T 62 70 sonol s
WA I AR IEF N v 5 o Fl 2, Z[H]
3%%0 40.00 1 1 1
BFHIKF «=0.05 I ozy vy w2t 23 XF 31 52 3.00 350 400 450 500
s A e v Y /l(m/h
% X v B0 3 P KB MK S
b ah Fox,, Hh R R oA B 2, Bl6 B—REFWEE x, MRERE x, ¥ihFEARN
Moo FIORE v B A A 2R 1K (| 6) AT, Fig. 6 Influence of working unit speed and
(G N 1.3~1.6 L/km.y, B x, B8 K08 K, bl stubble depth on fuel consumption

oy BT /NG B A . R I TR Y e 7 7 Ak with single stubble part
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Table 11  Variance analysis of regression model on consumption with single stubble part

P V- J5 F i ¥ 75 F P
Source Sum of squares  Degree of freedom Mean squares
X 3.359X10°° 1 3.359X10°° 13. 700 4,100 X 107"
0. 140 1 0. 140 558. 550 <1.0X107*
af 1.740X10° 1 1.740X107° 7.100 0.024
x5 0.032 1 0.032 128. 430 <1.0X107"
X122 6.520>X10"" 1 6.520X 107" 2.650 0.135
A Model 7.320 5 1. 464 31. 970 <1.0X107"
KU Lack of fit 0. 180 3 0. 060 0.563 0.760
% 2% Residual 0. 480 5 0.096
BriR 2% Net error 0. 300 2 0.150
BB 2% Total sum of squares 7. 800 10

W xe NKFEHRE . Notes:xyrefers to stubble depth.

3.3.2 XREMLRERMRAEREMNFI A8 H 1A A Ty 22 73 #r (3R 12) ] L AL P<<0. 000 1,

% e DML R A f 25 5 R LT P>>0. 05, A B 3, 1]

XS R (GR 10) #EAT 0 M. A3 3 v, B9 1115 IR 5 S PR LG R4 s o R AL R =0. 952 3,41

FARL A RE T ISR BT U5 1 O A 2URE 0% ARl S s
vy, = 2.3641.16x, + 0. 0462, (6) 5 M ax, ZEXLR.

®12 B-REMRUTESNEEFEEFTESH

Table 12 Variance analysis of regression model on traction power with single stubble part

B3 - J7 A H HiEE ¥97 v P
Source Sum of squares  Degree of freedom Mean squares
e 10. 770 1 10. 770 311. 960 <1.0X107*
x 6. 730 1 6.730 194. 830 <1.0X10°*
#i7 Model 8. 040 2 4. 020 31. 930 <1.0X10""
AT Lack of fit 0.230 1 0. 230 0.672 0 0. 854
5% 2% Residual 0. 355 2 0.178
Hrik# Net error 0.125 1 0.125
BB 2 Total sum of squares 8.399 4

T ixs NRKEHRE ., Notes:axarefers to stubble depth.

BFH K @=0.05 B oy Fl o, R0 oA (SRR NN U B I N (TR NP DIV T RS S TS
WFEmARE, hoo Mow Xy, BWEEREL BT v J7 WS . 5K FT 2
KB 7 R, v, BTN 23, 63~32. 32 kN, y, XF ye BISEMRLE 20 W35, 507 22 0 4 R — 2
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10.44
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s 9.06

50.00} '} 36
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g A —3
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GAATR BE 340 mm; B — Jig fF 1F ., LA AR b 2 2
3.92 km/h, JEBFIRIE 152 mm; B — KA, HLA
PEMVEJE 3. 37 km/h KAERIE 33. 41 mm., JERFAL
IR B e TAEIR
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