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Design and Test of Subsoiling Rotary Rilling and Rilling Combined
Operating Machine

LIN Jing' ZHANG Tongjia'’ CHEN Bin' HAN Wei’ LU Qiuli' WANG Jiagi'
(1. College of Engineering, Shenyang Agricultural University, Shenyang 110866, China
2. College of Land and Environment, Shenyang Agricultural University, Shenyang 110866, China)

Abstract; In view of the low annual precipitation of cinnamon soil in the west of Liaoning Province, the
large amount of evaporation, serious soil drought and serious impact on crop yield, a smashing and
slashing ridge hoisting machine was designed and studied, which mainly consisted of deep loosening
device, smashing and slashing device, ridge device and pressure device. The machine can complete a
number of operations such as deep loosening, smashing, rotary tilling, ridge ridges, etc. , which can
reduce the number of grounding, improve work efficiency, and meet the operation requirements of furrow-
ridge and ridge interchange in the brown soil area of Western Liaoning. The kinetic analysis of smashing
device of the key components was determined as the rotating radius was 300 mm, the depth of grounding
device was 8 cm, and the minimum speed n was 210 r/min. According to the geometric element method
design principle of the plow surface, the element angle 8 was changed according to the parabola law, the
ridge shovel working surface was drawn, and the structural parameters of the ridge device were
determined. The wood block experiment of simulating the movement of soil particles through the soil
trough showed that the performance of the curved wedge type soil cultivator was better than that of the
plane wedge type cultivator, and the ridge and furrow ditches were realized. Through the three factors
and five levels test, the main factors affecting the maximum ridge height of the test indicators were the
advancement speed of the machine, working depth and straw coverage; the main order of influence of

each factor on the working resistance was straw coverage, working depth and the speed of machine. The
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Design-Expert software was used to solve the working parameters of the machine, and the actual work

verified the best operating parameters as follows: the machine forward speed of 6 km/h, working depth of

22.2 em, maximum distance of cast soil of 24. 05 ¢m, and working resistance of 12. 08 kN. It satisfied

the technical requirements for the construction of reasonable soil layering for the intercropping of ridges

and ridges in the brown soil area of western Liaoning Province, and provided reference for the reformation

and evaluation of the combined soil preparation machine.

Key words: stubble-killing and deep-loosening ridging machine; template curve; element line angle;

orthogonal test
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Fig.1 Schematic of structure of stubble rotary

tillage and ridge
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stubble rotary tillage and ridge cooperating machine
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Fig.3  Schematic of structure of stubble rotary tillage

LORAEREE 2 EAf s 3. KALHEH 4. KB

HMURER 9. KA e R s 3 75
RAIENTHIE R 8 ~ 10 em, FEHF i LR R 10 ~
15 em,

2.2.2 RFEEREIBI T

KA BAE TAEI ¢z 3, i fe I m 5 E

B R T W8, KA TR B SR 54 s s

)RR R IE 3, A LA TE] ¢ = 0 I Y 77 %k Al o O AR R

J5 R, o TE 18] g Bl J R E T 1), R B 1 R Oy iR

), Lk xOy g 852 1, KT ] I] E A N A AR

N(x,y) , Hiz s Jr Bl KR
x=v,l+Rcos(wt)
{ | (1)
y = Rsin(wt)

K —mfE),s

R—— K3 J] [l 5% 4% ,mm

w KAEEE B T rad/s
v, BeE gl 1 ETE B, mm/s

WK AE T I] B i N iz sh Bl e 4 fros .

(2

TN
%
J
VA
=
=Y

& 4 I%ﬂﬂi)ﬁﬂ’ﬂﬁﬁ]?ﬂ@
Fig.4 Stubble trajectory points on blade
A1) R ¢ 5K r[ 15
v, =v, — Rwsin(wt)
{v},zR(ucos((ut) (2)
WK RE T T) b s 1 U0 3
v=/1v +(Rw)’ -=2v, Rwsin(wt) (3)
A (3) AT, KAE T I b S R AR AN
=R B AR L, KA TT TAERE, 2 0 <wt < /2
W, K FET] b B B o BE ot B34 R/ ;2
wt =w/2 W, KFET] bR 3R v 3k B /M E ;2

5.EEE 6 /g 7.REER 8. KIETEH

/2 <ot <wif, KAET] T o5 3 v b wr (36 K
WK o BEE S T ATk B v, 1Y 48 %5 5 A /N T K A
TVRAEHPE vy ( o, | = vy 1) FERKFET] TAER, &K
AR PE Ry H, |, KAE T S H2 fid 18T ISF 0% 15 (1) Sy 0, K
WAL MWE S frw,

SR | NS 5

vy
K5 KIETDATMARER
Fig.5 Sketch of penetrating angle of stubble blade

RAEETIAN LR

R-H

o = wl = arcsin R ! (4)
BAK(4) RAAKL(2) P, 717
v,=v, —oc(R-H,) (5)
7B K o, A RHE A AT 1S
o= (6)
Rp n2307r(;7_l_}1) (7)
AP n B3 r/min

o220 (7) Al K FE TR T 2 E s B 80k
KIERIE H, KL vy (v,) HLERTHEE L 0, A
JVREEETE no [R) I, 72 A K FE AR Ml 2R 19 1 Bl
T LKIETVMEEHE n 54 R BT . BeTHI e
FR T BRIV B N AR R KRR I T KA
TV E/NRIEHJE v, S m/s, KA E [ e 42 R
9300 mm, RAEA LRE H, 9 8 em, MG (7)
THARR KA B AL n fiz/h o 210 1/ming



32 & A Bl B ¥ i

2019 4

2.3 BZERE
2.3.1 EEIEEEHUIT

V2l i s R =l 1 S B e
NZE G R D) T A 498 0 A 2B 2 4y A 1 A
] J5 (RS sl L T, 35 B 0@ 8 L HE w28 o,
fiff 342 [ ORR IR AR IESR 1 28TE o 2B Y
S5k nIE 6 TR, FE R I N B AR R
i ] 7 e b B o RS 2 2 G A [ e A U R R
B AL % 4 1 e 55 57 o R e, AR IR
J3E AT S ok R A 3 A R I S e 1) s A AL AT
L P EE S 200 ~ 350 mm, B ARG AR AR AR
JRPE [ 5 R B 0l i R [ AE R A b iR
ZB%E T AEZB B ] 8, T /Y8 [l A 450 ~ 600 mm,
ZEEREE T ZMEL, TETES |, TEE
A BRI S B 220 2B G BT RE, SE B
TR AE b — AR G 28 v, DR F RN R
AR

() Sty
K6 BEkE
Fig.6  Ridge device
LR 2.8 bR 3. B2 R 4. BER

2.3.2 GEZEG TRl Y 8 A

BB R TARERE R & S8
TR L TR o NI, 1 S S S it R
BepBim, S & e RS S 80niE 7 s .

(a) EHLE

4 Ae
L ™~
L\p
LH Ll’l)
Lw L;
L A
L, Lé ﬂ
= % Y/
Ls L; .
L, Ll q
I, —
& S g
2 L
L (04 I
0 >
S M

K7 SHLRIZRS S

Fig.7 Curve shape and parameters

ML R b SHHR BT R R RN
h=ya +b° +Ah (8)

Xf

HETR , mm

b——#k %, mm
Ah—— {26 5 3 B, mm
T S ST B R A A bR AR, B i R Y
DT Z T BETT 1 g MO AR T R
IR EEW

7 = Mtang (9)
A e—%HM, ()
M——S i X 1 Mtk A b
HE I B fElA
Z=h-(M-L)tan(90° - Ag) (10)
A Ae— W&k Eom m V&R S EL M,

(°)
L— & IF A , mm
8 T RITL 1A g B A
_ h - Ltan(90° - Ag)
 tan(90° - Ag) + tane (11)
Z, =M tane
LB Og LB pg 3550 m 3503 (p D9 5
L RIFEERY L) m 8K T MO . Q& 7 Fr
AR, HR T L25R i AR AR A

. .M[_Ma'
M (i) =M, +i—
m
7 (12)
Z,(i) =Z, +i "
m
HL I 5 @ s A bRy
) M, -M
My(i) =M, +i— F
m
s s (13)

Zy(i) =Z, +i ”m 4

EREL I SEHELN LS SR I i

A
Z-7,(i)  Zy (1) -Z,(i) (14)
M_Ml(i) M]I(i)_MI(i)
YA
Ay
&
K
IR
%5
=] 0 »
m? 1 23 4 5 6 7 8 94 ¢
)

e

! JuEk !
P8 Jugke fb i £k

Fig.8 Linear angular variation curve

BTV [R] 18] Bl g 5 o AH, i ir |25 n
HOKFICR MR Z(n) U Z(n) =nAH, 1E
AR R MOZ H HE Z(n) W AR — K RS Lk
RN ST — i, W 5 S B AR A



%2 1

AR AF o BRAR KA E B 2B BB AR ML BT 5 1 33

M(n,i) =M (i) +

My (i) =M (D)

(20 =2 GBS ()
SRIEHE 3 (15) BA K % 58 AR AR, 3R ) /)

B, B0 S 2 BosZ 'S n (I EE AR Ry

M(n) =min n,i
{ (n) (M(n,i)) (16)
Z(n) =nAH

Sk bR ny AR A A (16) THREAR

JET 4 i i & EDE
P AL T B U vk, 188 WAL 6, ~ 6, B
WK A br i 2 AR T2 B, e 1 A b il y AR
#(0-0,,) WE. LAREH(2=0,y=0)H 4Tt
LB RE 0 AR 6, I A EE , X — BT A %
HE&KRZ, B
Y=Y~ Mz (17)
Ky ——0-6,, 101, (°)
Yo—0, = 0, I, (°)
M —y/ 2, BELHI PR
fE—JC& M L, em
Orin ~ 0, BB ALAREN y B2 2 =2, 40, X — B
TCER S P 4 F B AL, I

z

(z _zmin>2
yZT (18)
K y—F—E I ITL M (6 -0,,) MEL

i, (%)
p— IR S B LR Y BE S, cm
2, HR/NTCE B AL R, em
fifk

¥ = (19)

Ay IR AR ARLE, cm

0, —H/NILLS, (°)
0,..—— I RICE S, (°)

m——L B R, (°) /em
FRAE 23 (18) FAZ(19) AR
(e =2’
2Y s
Az, ——WRITL AP, cm
R ACIEE STvt e YR
0=0,, +ym (21)
Itz o2 M s At 2k, iR S it 2l R DT
R AE A R BT 2B 2 Y AR i
2.3.3 ERZEy it
AR AT b 350 H 22 5K RN S b 8 1 P 4 A X 2B AR
1 BUECHE , PR B R IE W L s 9 s, Hoh
ZEPR T =550 mm, ZEJE ¢ F a, = 120 mm , ZEThi 53 &

(20)

a, =180 mm, B RN FETH L h = 125 mm , 2B h, =
55 mm JF{HIRIE hy =70 mm, & 285 T AR K E N
200 mm, H IR IS @ N 53 1°CRTF ARIKIEA) ,
A 52 B 2E IR 2E 5 HLAR Y R 2B 2R TY W

|
)

GCIESAY e
Fig.9 Profile of ridge

2B T AR il T BT R AR 10 FToR . fE iR
ZEH RIS FRENLR 007, TR 1 —% T h B,
e Hom S SR s B T -1 Mm%
I-T,RGFEEL -1 Lk 001w 5] 45
T a, /2 LB, ZAA R 50 mm, 53 5545 B 21 A i B,
FMABELT-T E51% T (L-a,)/2 LB, %
{E 4 200 mm , #5355 C f D, i%EH: 5 A B.C D18
B FED BT , B 284 T AR Br RS R A .
FlRZEY TN LS -2 BENER, -
T B R R F R E R 28 R b, BT AR 2B T
VET B B hy W R T 2818 ho 4 hy =h 8% h > h, B,
D) 25t BB 4y - M B R B (VA IS Y R
Tt 2 B AR B EOR B R 225 T AR
(8 BE Ry B N5 B 3R A R B — ik
Hih, = (1.1 ~1.2)h,H=1.1h,, iF 5 C F1 D 435
15 00" % P17 % T (0.1 ~0.2) h IR EL, 14
MOE R F, 5 AB.C.DEfF S 224" T
VT i IE B, Hod b BC 210 mm G& 2500k, B 1k
Iit) ,h, =252 mm,H =277 mm, #2ZE4" TAEHE Y
KFESEETE 00" 34k FAEE — 5 0 4F v 15| &
& 0M,ZHEK B E R BT RNIIO, 1y, ]
BB 26° ~35° IZ & y, =35°, FEHEE O,
MAET L3S HZ% 0,M B Jr mfE Bk KK,
1 2R Sy T A A

g il S i 2 RS 2B i B b R T e R
B H =277 mm, 2§ H —GE B, LA T GE
1 A RE 7 M, EURE I BEL ) 45 R 5 LA, il T
SR, W - RE R g5, A B A, A R BE T 3 /N
M4 2 55 — M i vH B A/L Dy 1.5 ~ 1.6, %30t
HL 5 — B + 4y 20° ~30°, 3% B 3T H 30°, 5 il
L ETMMI Ae =5°, 5" T T HLBKE S =
50 mm, i VIR IE A o TR AR

a=%+e—Ae (22)



34 Kok HLOB ¥ R

2019 4

150 563
T g F I i
X EC B g 7765 4 3 o g
o)
\
3 7 = %
E“}', o o & P = \\
o= 8 |/K 10 \\
AR A\
N>
Y
%

876543210

Z Ug
Zy Uy
T dl :
Z, Uy
Z, U,
LI
Z, 14
bt
V7 1 Ul’

876543210

10 &85 TAR I it K
Fig. 10  Sketch of ridge shovel working surface design

A (22) THEA N o = 115°, 78 il 1 19 K7
B P L O B £ 52 1, I A B B £ 1L A E R
MO RS h/L BT E p AL E . e AN 0 K
M F I 4% Ae N p Ml EUIZR, BUP I T
Moqo TE PR ELE 0,0'KJZ S =50 mm, DA
Bt pg MIEKBL 0'q o3 bR O) Rt 45 Wy 4R B, 1
T B O S IFUA LA 25 mm 25 8RS 40 bR T8 45 4,
B R Y[R 44 5, B oK i 2k 0% = il Rl
A 2B AT g o B AT AT R R S R
AN A RT LB TR IR M, B AN,
LR T D 2B A A A R S AR TR RE AR
JEAEIEAE B 1L 25 mm A AE R BRSP4 1 -1,
2-2,3 =3, BRI R R B . TE HE
OM LA g0, fF5 IR HACE AR E R Y A1 1,23,
o, XSRS S O M T G| BT I H A
HGPMEML TR 1,2,3, - B ERPFEEN
M E WA P8 KK B A3 A 1, 1,2,1,3,1,
XS TGy f R LRy A R R ML AL
o 5B TET A BETT AR R, 0] % R 1 2 Y il 2 28 X
SRAGHIRER v MR LA, R o2 M A8 AL L

2
y=-—4 (23)
X +q
Y =Y +By (24)

P y—/E y B

HRESR y BN R BE (RIBE AR AR {ED) L em
y—XF B Y AL AR, em
B—Ff y B AL HR EE
Yo vy MWIfE, B 35°

A2 50 (24) T (23) 153

2
y =22 (25)
X +q

X

pg— K

L e R 225 TARE AL, FTH p 24 6.2 em,q
100, fi y B ELBIH
0 =AY/, (26)
Horp AY =% = Yo
X Ay—M oy BRI B2 ~7°
MG EaR 220 nr R ek Moy B9 fE LA,
2 iR

R2 REANEAAR

Tab.2 Variation law of element line angle (°)
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Yo 20.0 Y7 35.5
Y1 27.0 Vs 35.8
72 32.0 Yo 36.3
Y3 33.0 Yio 36.3
Vi 34.0 Y 36.5
Vs 34.5 Yi2 36.6
Y6 35.0 Y13 37.0
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Tab.3 Coding for factors

H %
it i PLE TR R pde s TAEGRE  FAT g
xl/(km-h’]) x,/cm x3/(kg-m’z)
-1.353 6. 00 13.23 0.73
-1 6.26 15. 00 0. 80
0 7.00 20. 00 1. 00
1 7.74 25.00 1.20
1.353 8.00 26.77 1.27

RS DAL 7 32 A BH g 02 28 foe K i BE D
Wraahr o 28 B R B R RO € 3 T AR S E

B2 Y, o R QLLY AL B 24T TAERL I
W 5E o FEHLE AR I 07 ) A2 A8 5 WS AR 2 19 5 B e
By 5T, M AOH R LR B X e L5 5, IR
X L8 LA S BEAT 0 A i 5 e A D — Bk 1] A AL AL A
PERFAE G B B IME Y, o MR EX = H R
KA U 1A E A2 4 A I O R B, BT 17
W AR MK 4 FrR, X, X, X8 DR 4 15
{H.

x4 RBRARSER

Tab.4 Experimental scheme and results

wERK THEMEN/

?% X, X, X .
1 B/ em kN
1 0 0 0 24.3 13.1
2 1 1 1 21.5 18.8
3 1 1 -1 24.2 16.5
4 -1 1 -1 26. 4 12.6
5 0 -1.353 0 20. 4 12.3
6 1 -1 1 21.7 14.3
7 -1 1 1 27.5 15.7
8 0 0 1.353 23.9 16. 1
9 0 1.353 0 26. 1 16.5
10 0 0 0 24.8 12.9
11 1 -1 -1 22.1 14. 4
12 -1 -1 1 23.8 15.0
13 0 0 -1.353 27.6 12.1
14 -1.353 0 0 28. 1 14.2
15 1.353 0 0 23.2 16. 4
16 -1 -1 -1 27.3 12.6
17 0 0 0 24.1 12.7

iz il Design-Expert 8 % 12 56 45 R 47 70
B A 25 O, T A5 28 O e BE Y [l A 5 7R
Y, =473.75 -480. 99x, - 9. 64x, —173. 92x, -
4.04x,x, —52. 88x,x, +0. 13x,x, +
281.42x7 +0. 32x; +125. 73] (27)
X A 2 d K g JEE [ A O A A S P R AT R
ZERANFE S PR o
RS EERABERENN

Tab.5 Variance analysis of maximum distance

of cast soil

FERWE CEHM O AHEE ¥y F P
A 3324.75 9 369. 42 11.47  0.0020
B 225.37 7 32.20
23 220. 70 5 44.14 18.92  0.0510
PR 4.67 2 2.33

Jgill 3550. 12 16

A 4347 0] 60 AR P < 0. 01, 35 W] Be A8 U AR Oy
W3R P >0. 05, KWK F k50458
AN T A R W ] 5 T R A AU R R
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(i) 2w 45 A BEL g e el 05 7 A
Y, =125.97 - 154.75x, —2.48x, - 1. 99x, +
1.13x,x, —15.87x,x, +0.39x,x, +
62. 09x; +0. 02x; +9. 85x; (28)
Xt AR BHL 7 (8109 7 i 4 S 3 PR AT R 0, 45 R
k6 Pros .

6 TIEMEAFESH

Tab.6 Variance analysis of working resistance

TR P AmEE ¥or F P
i 57. 14 9 6.35 15.19  0.0008
5k 2% 2.93 7 0.42
F AL 2.85 5 0.57 14.23 0. 067
P2 0.08 2 0. 04
el 60. 06 16
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max Y, (x,,%,,%,)
min Y, (x,,%,,%;)
6.00 km/h<x,<8.00 km/h (29)

s.t. 113.23 ecm<x,<26.77 cm

0.73 kg/m’ <w, <1.27 kg/m’

HRAE 23 3K (29) R B R, B AR S 500 -
HLELRTHE B 4 6. 01 km/h, TAEURE K 22.15 cm,
FEFF B 3% = N 0.77 kg/m’, i KR
24.08 cm, T/ERH J5 Ky 12. 04 kN, 25 & 25K 55 1) 7]
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