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Design and Test of Tilted Transplanting Mechanism on
Mulch-film of Salvia miltiorrhiza
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(1. College of Engineering, Northeast Agricultural University, Harbin 150030, China
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Abstract. In the view of low efficiency and quality and high labor intensity of Salvia miltiorrhiza tilted
transplanting on mulch-film by artificial transplanting, the existing transplanter is not suitable for tilted
transplanting of Salvia miltiorrhiza on mulch-film ,and combining with the agronomic requirement of high
efficiency production technology of Salvia miltiorrhiza big-ridge double-row on mulch-film,a duck-billed
tilted transplanting mechanism for Salvia miltiorrhiza was designed based on deformed elliptical gear-
double variable speed crank five-bar mechanism. On the basis of trajectory, tilted gesture of planting
apparatus and design requirements which was required by transplanting mechanism , the working principle
of the mechanism was analyzed and the theoretical model of mechanism was established. The visual
auxiliary programs for human-computer interaction was established by using Matlab ( Matrix Laboratory )
dependeding on the theoretical model. With the help of auxiliary programs, the influence rules of
parameters for mechanism on tilted angle and endpoint motion trajectory of planting apparatus were
studied ,the human-computer interactive method was used to get the parameters combination suited for
agronomic requirements tilted transplanting mechanism on mulch-film of Salvia miltiorrhiza. According to
the optimized parameters combination ,the prototype was designed for virtual simulation and prototype field
experiment. Prototype experiment showed that the deformed elliptical gear-double variable speed crank
five-bar tilted transplanting mechanism of Salvia miltiorrhiza on mulch-film could meet the agronomic

requirements of Salvia miltiorrhiza tilted transplanting on mulch-film while ensured the quality of
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operation , the seedling angle qualification rate was 90. 7% ,the leakage rate was 2. 7% ,the plant spacing

variation coefficient was 5. 6% ,and the planting depth qualified rate was 93. 7% .

Key words: Salvia miltiorrhiza ; tilted transplanting on mulch-film; double variable-speed crank five-bar

linkage ; parameter optimization
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VRV SR S R A P N A
B 8 A Sy PHOAT 2 B R P RS W AR e e, o o 7 AR
AL b e v X S WA SR AL e AR S 2 ) 45 7 1 ST 2 ol
B AR oA A R OR[N T R A A R A
1R}, 38 5 2L PF 2 Bl i RE A DA T 6 R AR 5 Rk A
2,
1.2 HERPESME RS HHITE ST

H1_E 3R 3 A AT R R W PR SR R Y R
Sy W AR A e PO 82 WG Wi AR A 2 I S S & = AR B TS
TET FAY 52 W)« — 757 T 083 g S L e 1) 228 285 2 Wi AR A 4 i
MUBATRRBUEE , b T 2 o o 0 i SRR A A
{37 BB AR A i a5 9 TR I X S b 1 fh
R 27 HE RO 5 55— J7 T, T W SR o 1) M T
T IO -5 AR A S e, 0 328 {50 A% 7 1) — 250, [ A MR 1
A BEEERE PSP vE A B B 5 0 WA A P BE 1Y
JEE 5 3 IWUR 5 N\ M 28 B0 3 Sk A i 119 248 25 10 AR A



80 & A Bl B ¥ i

JE LR T PF 2 T -5 VG W R A e PR 0 T R B 4
o Lia A5 DR AR G SRR 2 050 A 2 AR A 2 ol
BT 46 ) 45 i A v Y A2 fE X [R] N AE 50° ~ 90° 7
Bl o g, (o 58 AR A% AR T 22 ) o R
AR A5 TE NI F 46 478 A 3t 28 BsF 2 3938 A A1 R 0 AR A
J3E A A IXC ] -5 A A i £ IR H i 22 I 3 o G e 4
AR AR A X 8] AR

BEXF LA B B0, B PR IE 6 1 SR A A T A i AR
HR P AL A S T L 0D SR R i TR A 2
SRFIHA AR 20 BE5R - (DS W Sk AL 5% i A 9000 T 50 B
HEML KA o fE 45° £ SYERE N, Hilld%ik 45°
R o (2 I8 AR L 5% iy i, I3 UG T B 5 2 T £k T
T B AE 30° = SR A, ELBGE T 30°8hF . QR
HEL i AT A 3t 28 5 1 i 22 AR ) i 28 i i — o A
R ISy, ~y, A FE 50° ~90°7E
BN o (DA 75 DA B A0 2 22 WO T 0 9 A 3 28 i ik —
R 5 2B T2 T S e S A K]y, ~ s oy, ~
Yo M o ARAE AT 1] 55 A8 A 4% S At 60 3 f
D7 T — 5. @48 %k iz B B f I A 5 2B T 2k 9 T B
BEES Ay, BDRS R 100 mm . (DY XS B30 T+ A2 h
AMET 250 mm, @ A~ iz gl J&] ] A 4 % iz gl Bk
HREMA MG R £ 308 5 28 2
14 3 s B 9 8/ IN B, ()26 X 0L 8 T iy ) L8 Ay
P BRI % B TR 1 R AR B
Je FY 2 T A T 5 S A 35 1 07 BB BRI 68 X
U T o 0 308 Y Sh AT AR by BUINVBR . PR S
RS B AL 1 R 2 TR A R M S a5z 3 0
K2 s

A

Pl 2 TG i R AL 2 2 R i i, L3 0 BT
Fig.2 End point trajectory analysis and gesture of

duckbill planting apparatus

1.3 ASHEAREFENIESZ4G

FIES W AR AL e 1) 30k 3t 28 e (1K A 2 T, AR A R AT
T, P12 P 15 R 2 g — 1A, A X 15 1 ARk e e L
RAS, 2251 75 TR AL 4 )5 e AV N ORSS W SR AL e T
SN P32 o 7 A B AR A+ P 32 T A T R v AR S
Ey 5 SR L P e A JEE 4 0 v A ML 2B R AR AIE ST 2
M R IRBE o TSR A R s Hak
Bl SRS I, =2 TS DL 3 B, #5r ) oF
i

2019 4
Fo=F,,
N =mgcosf
Fow =N (D
S, =tané,
F, =mgsin@

X 0 —— TSPl 51 Wi R A% A TR b A JEE
B, (°), BRI S il R PE 2 B R
T 55 W R AR A% PN T A R A [
(Q235) 1y [ il A% ThT AR L, 9815 A 17 4%
AR BE AT, 2900 47°
O—— 03 Wi ARk A It A, ()
S PE ST 5 6 W R A A AT A R A R
FIES R T g

g— Sy I 9. 8 m/s”

N——TE W5 S A r N BE X P 2 B vl 1 52 F5

Ji1,N
F\—— s SR E 148 « J5 16 B9 I, N
F P Sl B A0S T 06 5 R AL 48 1A BE 119
e R EESE S N
(1) g, 0 =47°, B, FF SR RER T

BB 6>47°,

m

K3 A2 irEE
Fig.3 Schematic of stress bearing of Salvia

miltiorrhiza seedlings

1.4 #HHEFTROHBE

R B A AL i 114 4 2 A0S A S i RO 0 A, — T
AT, Fh AR H 2 ol i o i o o SR AR 2 AR AR AR
L o i e L300 A R B AT SR H AR A ML A e, TR
LA S 3300 A TR U 2 B AL 1 5 At L f
53 e Sl 1% L A A A A UL R AR, HE— 2 4 ] T
WE R AR LA — O WL PSR KRR
P N G I 18] L5 22, Ry 39 04 v I TR i 2R A
P A2 Bl B A9 12 v 30 20 B i UK P AR B E 7
T - o 4 0T T 05 10 7 BRAE FF 2 B i ) 2 7 b X
TR A BN SR EOR . I, R T 5 O A



%2 1

tREfE % ISR RS BRI BT S5 81

ELAT A 5] 52 Bl R ok 1 A T 0 14 % L 3
By AT AL B XU AR, 75 31— Fh AR T 5] 147 42—
AP TUAT P2 B L A 2% R AL | AR 0 AR e A
10 A8 S 0 R S e L8 1) 25K o o A LS HL Y
Jr AR S B &, e o0 M O 2 09 2 2
T BT . LSS R T R I 4 PR %L
ey 2 e AL TR A 15 147 5 1% Sh LAY A T A HILAG 2
Horp 1,23 D8 JE 4 (B 147 48, 2H 3 0 A 1880 o 4 15
AL, 218 e sl i 3l g e AR T B 14 4 2 LAl
T ARG A 147 5 e s AL 12 B AR MG B 0k 42 1.3,
ARTEMG I 48 13 K AT M I 04 48 2 B S0 G Bl
AN RIS o WL AM #iA AB AN MD AT
BL Wi 4% s, DL A AP HLA AT DE 5% 4T CL
PA—E M BE [ R, G o 2R S AT 2 BB BEK 7 3 A
DE 1) E %o #hAp AB F1 AR MD 73 3 5 728 J A 5
Wige 1A 3 [, BEAS T M 1 14 42 1 A0 3 ) ) A2 5
¥, vemial ShEAT DE 23, fidids FG 1EEFT DE
73R B E AT DE Al i) 22 SR TR 5028 8l e
M RS 187 SE B RS AR

HUF BT
G —_—>

F4 BRI R

Fig.4 Schematic of transplanting mechanism

2 HAEigER

2.1 HHEHHFER

ARATLL O 5 AR 5, K5 Wy« Bl
BHA WAy S sr E AR R ELS Prs .
2.1.1 fuReiny

AT B V5 46 1 AE G T AR T 1B 15 %8 2 19 A
B

tan

+e _mlﬁo)
1-e 2

—arctan (
m,

(02g02 —i)

m,

2
241 — —arctan
m,

(l +etanm2(2’ﬁ+§0))
1 -e 2

( —1>4p2 —ZTr)
ml

(2)

MR
KSR R S
Fig.5 Mathematical model of transplanting mechanism
ST [ 1A 8 3 AR TS A (R 1A 48 2 B AR L
¥ Hh

2 (1+€ —mlgo+m1’n)
—arctan tan
m, 1 -e 2

ml
a3 =
2 l+e m(m+e)
24 — —arctan ( tan )
m, 1 -e 2
( —l>g0—’n'2 —27r)
m,
(3)
K e 7T 158 14 i o0 %
m,.m, S TE A 8] 14 56 AR B R 4K
¢ AIE MG R 15 58 2 W A ALFS , rad
@23 ASTEAG B U5 56 3 A X T AR TE 1R 1A
2 MM rad
@2 ARG V5 6 1 AH X T A8 2 A 3] 145

e 2 MM AL, rad
R PR T 158 78 B4 o £ DAy T e, 85 2

w w

2 - = (4)
m, m,
RV I3 U4 % 1 T il 2 0 AR R

a(l —¢)
1 —ecos( —m,p)

(02402 —1)
m,

r, =

a(l-¢") 3
- Tse= -2
1 —ecos(m,(2w+¢)) ( m1>¢ Tr)
(5)
r,=2a -r, (6)
2
a(l-¢) (OBgo—frrB —1)
1 —ecos( =m,¢ —m,m) m,
ry = )
a(l-e) 0
-— -m= =2
1 —ecos(m,(m+¢)) ( ml>¢ m Tr)

(7)



82 A Pl M ¥ 2019 4
ry=2a-r; (8) {XLzXC—lgcos(04—6'9+08) (18)
A oI IR 1 5 R mm Y, =Y, +lysin(6, -0, +0,)
r A M I 06 e 2 A0 B AR PSR E SR iy
2, mm X, =X, - (1, +1,)cos(6, - 6,)
r,—— TR 1 46 1 0 BIWG £ L P B {YE Y, 4 (1, +1,)sin(6, 8, (19)
", mm F B0 7 F
ry ST AR B £ 2 B0 B G A A Q B X =X —Lcos(8, — 8, +8,)
# ,mm { | (20)
o B i 3 B B A A Q O Ve =¥y + lysin(6y =0, +6y)
s mm G IR i N
A SRR R {&za_““w“m+%) (21)
X, =X, - 2acos, Y, =Y, -Lsin(6, -6, +6,)
{n:n+hmﬂ (O) S X, Y, M 1 4 2 e v AR b
M B R 77 g L——HL MA K mm
X, =X, +2acosf, o) lz:@*ﬁ AB Jffia*:,mm
{YM =Y, —2asing, L HEF BC KJE ,mm
B 5 i X DC S, mm
X, =X, —lLcos(6, +¢,) (1) js—l‘ﬁﬂl—ﬁMD Jf/iﬁi,mm
{YB =Y, +L,sin(6, +¢,,) o HEFT CE KJE ,mm
D SRR IR N l,—— M 28T EG K, mm
X, =X, —lscos( 05 +¢,) (12) ls_ﬁﬁﬁﬁiﬁhﬁ FE KJ¥ ,mm
{Y,) =Y, +lsin(8; +¢@,;) ly—3%F CL K JFE,mm

WRAGRETTHE Ly + Ly + 1y =1y + 1, 1T L RS
WL % 7 T R
X, =4acos, +1,cos( 0, + ¢, ) +1;cos0, =
lscos( @5 + @y ) +1,,cos(0, —6,)
Y, =4asing, +1,sin( 6, +@,,) +l;sind, =
Isin( 05 + @, ) +1,,sin(6, —6,)
(13)
zS
f, =4acos, +1l,cos( 0, + ¢, ) —l,cos( 05 +@,,)
[, =4asing, +1L,sin( 0, + ¢, ) —Issin( s + @,3)
L1 =2l dcos0 —f; —fy -1

3 21,
(14)
K1g
0, :2:;urctanf2 - W (15)
¥ 6, BARTTSK H 0,
3 :arccos(l4lcose4 -f) (16)
C SR
X.=X,-1l,cos(0, -6,)
{ (17)
Y, =Y, +1,sin(6, - 6,)

L 582 75 # A

Ly—84: 4 D 5 L (HEE , mm
0, —HLEE MA 1) b5 % 2 £y, rad
0,—— Wi AB Yt %2 % £y, rad
0,—— % ¥ BL i {i s ,rad
6,— AR D AL A% rad
6;—— AR OD )1k 4 % ff1 , rad
0,—— % FF CE ffifs ,rad
0,— AL FG 5IEFF CE B A ,rad
0,—— &M CL 5% DE ¥k £, rad
0,—— 14k DL 5% 4T DE J £ ,rad
2.1.2 AR
XFL SRS R S, AT AR B Lo A B O R
X, =@, Lsin(0, + @, ) + 0,150, =

¢23l5sin(05 +§023) + 941105111(04 - 99)
: . (22)
Y, =@, Lcos(0, + ¢, ) +0,l;c080, =

¢2315005(95 +@y) + 94110C05(94 -6,)

X @ —IE M B W 58 3 FH A T 722 JE A 15 1A
52 B fEE  rad/s
a1 ARTEAG IR A 48 1A T AR TE M [ 4

2 WA rad/s
¥ (22) Ak AT 159 3% 4T DE F13%EAF BL 09 3
i



%2 1

tREfE % ISR RS BRI BT S5 83

_¢23155in(65 + ¢ —0;,) + @y lsin(0; -0, - ¢y)

4 losin( 6, — 6, +6,)
(23)
p _¢23l55in(05 + @2y =0, +0,) — @y Lsin(6s + ¢y, 0, +6,)
T l,sin(8, -6, +6,)
(24)
K 9, ——EHF DE [ rad/s
O, —— kT BL ) ff M, rad/s
Horr, i LT 4R
e .= (25)
(2551 r
R L (26)
[22X] T3

A o——IUMG R 4 56 2 B9 8%, rad/s
I AS A 19 0 48 13 A TS A I 0 8 2 1Y
38 73 5 R

r r

¢21 =-—¢= ) ¢’ (27)
r, r, —2a

. r; . Iy .

Q3 = Q= 5 @ (28)
r, r, —2a

Xt G A RLRS 7 AR R T — B ok 5 A5 5] G AU
TR R
Xo = @olssin( 0, +¢y5) +0,(1, +1)sin(6, —0,) —
0,l,sin(6, -6, +6,)
Y, = @aylscos(0s + @) +0,(1, +1;)cos(0, —0,) +

é4l7cos(07 -0, +0,)
(29)
2.2 HHMARER
BB O PLAL J& T 0L b AR A, U HE A A A2
¥ gl , AL IE iS¢ 5 B Y I3 Sh 0L, TAFPLA
# ROSF S 80T5 Bl 2 BN A 77 7E 7 0 B8 1, b B2
FAFIEAE W B 1 — € 1B B MR AE R R s S
LT AL 76 55— i 22080 06 2 s e A R
2.2.1  FUAFHLG R AL % 1F
RN A AR L S, HAR L AR A T 4R
Li+lo=l.
{ 1 =Ll <Uppuin
% x =max(l,l,,) ,y =min(l,,L,,) ,WH
x+y=lg.
{x — ¥ <lppu

e :0(30) ((31) ATHRE Ly Ly BUEE F

l - l .
BDma BD
) = max min

2

(30)

(31)

min(l,,l,,

(32)

max (L, —min(l,0,) ,min(l,l,)) <

max (L, 1) <min(ly, 1) + 1y,

2.2.2 IO A A8 TR U AN A A AL B4
Hiz s R Al AL B UM D G A A, Hi AR
AB 1 MD ¥ 319 AL 7 73 5 N ¢ Fl @,y , BD Z 1]
B B J7 R
L, =164 + 15 + 1 +8al,cos(6, — 60, — @, ) —

8alscos(0, =05 =@y ) —2L15c08(0, + @, =05 — @)
(33)
H1 0 (33) AT, Ly, HRAS AR AEL, B 1, BOAS A% (L 1)
ol \ i
BB AR =0, 4 K (33) K F 1
ol

" :Salz¢215in(01 -0, ¢, ) -

8alsp,sin( 0, — 05 —@,;) +
200, (@, — @y )sin( 0, + @, —0s —@,) =0 (34)

H3(2) . (3) . (27) . (28) B AL, @y« @ s HI
@R T m Ml e B RREL

AR 5 XU A TAF P S E R AR % 2
B OGS A LA I R R DL P B 1R A AR
e 258K, W5 1, =290 mm [, =95 mm. [, =
122 mm ./, =225 mm ./, =60 mm ./, =45 mm, 0, =
10°.69, =90°.0, = 120° . a =1,/4 =72.5 mm, & 4§
K (32) F EIR S ETAT Ly T Ly, BOIELSE [, P
2553 (33) . (34), W1 € LB 13 ¥4 48 2 HU(E 8 -
e=0.1.m, =1.3,

A 1722 T [ 4 6 — R0 3ty A AT X2
RS b AT RS R ML S B 0 1, = 290 mm [, =
95 mm [, =122 mm /[, =225 mm [, =60 mm [, =
229 mm [, =243 mm [, =100 mm [, =45 mm . 0, =
10°.6, =90° .6, =120°.0, =90° .0, =90° .0, - 0, =
30°,a=72.5mm.e=0.1.m, =1.3,
2.3 AW ZETRLRBEERRLE

TE b3k 1 57 1) B2 BB BE il B G2 ] Matlab g
5 05 P 0 D 04— O S 5 AT
PLA AHLAZ B rT AR AL S B A2 7, W 6 FT .

IO7 T4l By 72 Fe A5 31 B9 AH D& LA 2 B0 3 A

...............

B 6 AHLZEH T AL ALl B AR S T
Fig. 6 Visual auxiliary programs for human-computer

interaction



84

& BLOW o R 201094

o i 5 2 X B B IR SR by o By LR Ry LA
HAE AR BURE AL DXy, ~ s By, ~ s 5 T AL
FE T AT LA AR 5 2 RO B A i A5 2 X s
3 R Rk AR AR R M BE R S L S S

®1 NHESENBERENBSHT

Mk [ 12 ] 45 Hy #9502 00 AN LOAT ML S A — 2, A

Bk BB WL 1o B A AL M B 4 fe
2 B[O B A i s 3l B0 R 150 A Y
S LA

i /28 3 3 B BT S EUY R I AR

Tab.1 Influence rules of parameters for mechanism on tilted angle and endpoint absolute motion trajectory

of planting apparatus
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105 103.3 47.5 32.1 51.8 ~67.7 51.8~70.5 8.1 132.7 300. 1
50 92.1 45.6 32.5 51.9 ~68.6 51.9 ~68.8 2.4 115.2 267.6
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70 94.9 56. 1 37.3 56.2 ~67.5 56.2 ~71.1 8.6 138. 4 275.3
112 83.5 47.9 36.9 56.6 ~68.2 56.6 ~71.6 7.5 132.3 293.9
Iy/mm 122 93.9 50. 2 34.9 54.0 ~67.9 54.0~70.7 4.2 128.6 269. 2
132 103.5 53.5 33.8 51.5~65.9 51.5~69.7 0.9 124.2 252. 4
224 91.9 48.2 33.7 53.8 ~67.3 53.8 ~70. 4 7.1 127.8 278.9
l,p/mm 229 93.9 50.2 34.9 54.0~67.9 54.0~70.7 4.2 128.6 269. 2
234 95.8 54.7 35.9 54.7 ~67. 1 54.7 ~70.9 1.3 128.2 261.6
5 100. 1 49.6 30. 1 50.1~65.0 50.1~67.5 6.1 115.1 250. 3
6,/(°) 10 93.9 50. 2 34.9 54.0~67.9 54.0~70.7 4.2 128. 6 269. 2
15 83. 1 50.7 41.8 69.4~70.5 59.4~73.6 2.9 135.7 286. 3
25 92. 4 48.5 32.9 54.8 ~68.5 54.8 ~70. 1 15.2 107. 1 271. 4
0s —60,/(°) 30 93.9 50.2 34.9 54.0 ~67.9 54.0 ~70.7 4.2 128.6 269. 2
35 95.1 52.2 37.1 53.5 ~66.7 53.5~71.1 7.4 145.9 284. 8
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Gestures of planting apparatus in process of planting
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Fig. 13 Three-dimensional model of transplanting mechanism
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