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Multi-objective Optimization and Experiment of Coaxial Spiral
Trenching — Subsoiling — Fertilizing Integrated Machine in Tea Garden

Song Zhiyu' Zhang Lei'” Chen Haolong' Wu Chuanyu'” Chen Jiangneng'~
(1. School of Mechanical Engineering, Zhejiang Sci-Tech University, Hangzhou 310018, China
2. Key Laboratory of Agricultural Equipment for Hilly and Mountainous Areas in Southeastern China( Co-construction by Ministry
and Province) , Ministry of Agriculture and Rural Affairs, Hangzhou 310018, China)

Abstract; In response to the problems such as narrow inter-row space on hilly tea gardens, unstable
operation of fertilization machines due to surface residues, uneven fertilization, poor mobility and
difficulty in trenching, a coaxial spiral trenching and deep loosening fertilization integrated machine was
designed, which can simultaneously perform deep loosening, trenching, fertilization and soil covering
operations. The key components such as the trenching device and the fertilizer discharge device were
optimized. The kinematics and mechanics model of spiral fertilization of soil particles were established,
and the critical rotational speed of the spiral trenching tool was determined. A soil — machine interaction
model based on the discrete element method was proposed. Single-factor and Box — Behnken central
combination experiments were carried out, and a regression model of trenching performance and
parameters was established. The operation parameters were optimized by using multi-objective
optimization methods. The optimization results were a forward speed of 0. 20 m/s, a rotational speed of
the spiral trenching tool of 193. 23 r/min, and a spiral angle of the tool of 30. 12°. Under the optimized
combination parameters, the stability coefficient of trenching depth was 98.56% , the consistency
coefficient of trench bottom width was 97.32% , the soil covering rate was 83.14% , the stability
coefficient of fertilizer discharge was 98.76% , and the uniformity coefficient of fertilizer discharge was
98.05% . The field test showed that the average values of the stability coefficient of trenching depth, the
consistency coefficient of trench bottom width, the stability coefficient of fertilizer discharge, the
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uniformity coefficient of fertilization and the soil covering rate were 95.01% , 93.07% , 97.73% ,
97.49% and 81. 67% , respectively. All the indicators met the agronomic requirements for fertilization in

hilly tea gardens. The research results can provide an effective technical equipment reference for the

mechanized, efficient and precise fertilization in hilly tea gardens.

Key words: hilly tea garden; spiral trenching — subsoiling fertilizer applicator; discrete element method;

parameter optimization
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Fig.1 Schematic of spiral trenching fertilizer

application machine for tea gardens
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Tab.1 Main technical parameters of fertilizing machine
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LT R kg 350
BT %/ kW 9. 0 (VAIMAIL)

e RAEN I/ (°) 25
FHE BB/ mm 100 ~450
VAT 8/ mm 100

0~0.5(H¥)
0 ~300( ")

FEAP TS/ (mes ")
FFE )%/ (romin =)

SRR 8 e AL A K 2 () Al A T T A A
AV IE T, B ARG, B HLELATE , B AR e
Fr Al 0 K el 5 2 3t A A IEORL, SE BT TR AR |
TEAE S5 A o DRI i PR 5 B8O P YA TR A 5
FRBLAE, VA TR 1 2l 98145 2 el i A% S e A ) 3 i
LA IR AR 4 ASE IR, B R A
TR LR E— 2L

2 K@M

2.1 SEreHEbEEiit
IETEHE AL R B Ah R & 2 Fros AR RS | HE
HEAE REAH ERE e HEAL 3 | Bk B i bl 2 3h ik
% S R IR AT | LR K T P AL 5 A UK Bl MR
EHERC eSS | S B 2 HEAE . BRI HEL Bl AR 5
BERBR EHE R M HEAL S8R B SIS ZE AT
FAPREAL

0= [ ot o (1)
Hrp L=/[w(D+d)/2 " +§ (2)
h=(D-d)/2 (3)

Krf ¢—HRAEIEE ¢
D—IZHEHEAL AP % , mm
d—IZHEHENE Al N AR, mm
S—IRHEHENE AR EE , mm

2 3 4 5 617
K2 SRR B R s B
Fig.2  Schematic of spiral fertilization device
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Fig.3  Schematic of ditching device structure
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Fig.4  Analysis of soil particle velocity
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Fig.5 Force analysis of soil particles
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Tab.2 Intrinsic parameters of materials

Ykt 28 (e
B/ (kgrm™?) 7865
65Mn X bEL/NEE 0.29
B/ Pa 8 x10'"°
W/ (kgem ™) 1390
BHEZ HEL/N=M 0.43
B YR/ Pa 1.36 x 10°
R/ (kgom ™) 1610
RIRZE HEL/NEA 0.39
B YRR/ Pa 1.76 x 10°
WL/ (kgrm ™) 1331
Ak bEL/NEA 0.25
B/ Pa 1 x107

R3 BHTEREEMSY

Tab.3 Contact parameters of discrete element model

Ykt 24 A
B3 0. 61

65Mn WN-HHEZE R R A 0.31
Bl R AL 0.03

BN 0.53

65Mn -BLIKZE R R L 0.28
BhEEHE R4 0.12

EEEY e 0.38

65Mn -HE K HREE R L 0.23
Bl RS AL 0.20

WE ZE 0.32

kL1458 HREE R AL 0.22
SRR AL 0.23

RE R 0.14

A ARE-AE R R R A 0. 30
BlEEHR REL 0.25

x4 KBEERPETEE

Tab.4 Range of values for test factors
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WiH HIE R/ e )] HLA
’ e T e o)
(m's ) (r'mm )
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BR 0.80 280 45

FE oy, ITE—BERE y, AU ) M,
180 r/min JRHEF 30°, TFATRE N 350 mm, 75224
HH AR T SRR g 2 43 A ml 0 BB e T LI B e
5380 124. 86 v/ min, A 7E B BT K IE 1%
BRI FHE AT 1, T SRR S 8 T 00 T R
R A N CUR I S S Y SRR UL il
TRRM 4 % 80 r/min,
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Fig.7 Area measurement after trenching operation
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Tab.5 Results of single-factor trials %
THATWER W5 —BtkE

(SES T H - 23 fisf ot
SN ] 98.32 95.33 72.31

Fe/IMiE 96. 54 94. 62 62.18

I - E 97. 62 94. 83 67.43
2 1.78 0.71 10.13

bRifE2E 0.416 0. 351 5.672

SN 97.52 96. 54 83.52

/M 96. 81 95.32 57.36

WENE ) B PIE 97.28 95. 47 63.22
2= 0.71 1.22 26. 16

PR 0. 642 0. 843 23.126

wKMH 98. 16 96. 37 65.43

f/MHE 97.27 95.49 57.12

T H A GE M SEHME 97.36 95.56 52.95
2 0. 89 0. 88 12. 48

FrifE2E 0.473 1.218 6. 389

3.3 Box — Behnken i® & 5@ )3 1&E 5
3.3.1 KBt

R 3. 2 AP Z R 4 B, 24 A b e
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U B R X H/E SR Box — Behnken i Jif
T R 2R K L, AT VA TR B A e Tk R 4K
y JATE—BUERE y, B LRy, R bR,

T2 ARttt BN R G a3k 6 Fror , ik 4 i
THEEERUNR T PR 2, o MR GRS (E
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Tab.6 Test factors and code

GSES
Yk ﬁuﬁi@jﬁ/ ﬂ';%m]]fﬁ%ﬁ/ i s/ ()
(m-s™") (remin~")
-1 0. 150 80 15
0 0. 475 180 30
1 0. 800 280 45

x7 FALBRER

Tab.7 Results of furrow-opening tests

5 ok /% y2/ % ¥/ %
X *2 3
1 -1 -1 0 98.47 95.71  82.07
2 1 -1 0 94.21 93.33 73.18
3 -1 1 0 94.81 96.63 77.15
4 1 1 0 97.56  94.15 70.31
5 -1 0 -1 98.31 96.63 80.99
6 1 0 -1 95.49 92.68 74.79
7 -1 0 1 96.16  94.96  82.22
8 1 0 1 97.88 94.12  71.43
9 0 -1 -1 95.61 92.81 78.66
10 0 1 -1 94.63 94.36  75.06
11 0 -1 1 94.52  93.43 77.42
12 0 1 1 95.97 93.88  74.02
13 0 0 0 96.91 96.89  73.33
14 0 0 0 97.59 96.59  73.56
15 0 0 0 96.89  96.12  73.83
16 0 0 0 96.61 96.85 74.92
17 0 0 0 97.59 96.46  74.51

3.3.2  [IARERNE S, 55 22 0
FIFH Design-Expert 84 7 i 50 [ R 5 IF
PEANFE bR RS 535k
y, =97.12 - 0.326 2%, +0. 02x, - 0. 061 2x, +
1. 75x,2, + 1. 14x,x, +0. 607 Sx,x, +0. 461x; —
1. 3245 - 0. 619x; (20)
v, =96.58 — 1. 21x, +0.467 5x, 0. 011 3x, —
0.025x,x, +0. 777 5x,x, — 0. 275x,x, —
0.324 8x; —1.3x3 — 1. 66x] (21)
y, =74.03 —4.09x, — 1. 85x, —0. 551 2x, +
0.512 5x,x, +0. 777 5x,x; —0. 05x,x, — 1. 36x7 +
0.29; +1.97x; (22)
MR 8 AT AN, I ALRIAR B3 X F vy, «, .
Xy X Xy XX X XS 5y, 3, BT, AT w, |
Xy X % X X O RE IR sy W FEE R x, A, (R0
SELRVEVERIR SN, H o R B, B L 2
SRR R 3R, O i 3, 843 2 A L
PR, PEARE Z D0 A s TR 25 TR IR 2R 24000 AR
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Tab.8 ANOVA results for regression model of

furrow-opening performance indices

febr kI CEFAM BHE HUr F P
IR 28. 40 9 3.16 2418  0.0002*
% 1.29 1 1.29  9.87  0.0163*
% 0.0008 1 0.0008 0.0061 0.9398
s 3.71 1 3.71  28.45  0.0011*
%)%, 12.50 1 12.50  95.75 <0.0001 "
vy 0.6241 1 0.6241  4.78 0. 0650
s 0.9120 1 0.9120 6.99  0.0333*
o 201919 1 0.1919 1.47  0.2646
2 2.01 1 2.01 1540  0.0057*
2 6.51 1 6.51  49.89  0.0002**
2% 09136 7  0.1305
IR 0.0643 3 0.0214 0.1009  0.9553
4ijk#%  0.8493 4 0.2123
oyl 29.31 16
AR 36. 88 9 4.10 51.01 <0.0001*
% 9.01 1 9.01 112.14 <0.0001*
* 0.7564 1 0.7564 9.42  0.0181"
% 0.5253 1 0.5253 6.54  0.0377"
xx,  0.0462 1 0.0462 0.5753  0.4729
x,% 1.23 1 1.23  15.34  0.0058*
xrs 0.0002 1 0.0002 0.0028  0.9593
2 2 0.4627 1 0.4627 5.76  0.0475"
3 6.67 1 6.67 83.07 <0.0001*
x 16. 37 1 16.37 203.69 <0.0001 "
% 0.5624 7 0.0803
R 0.0669 3 0.0223 0.1801  0.9047
aiiR2s  0.4955 4 0.1239
psyil] 37.45 16
MIHEE 161.58 9  17.95 30.54 <0.0001*
x 116.66 1 116.66 198.43 <0.0001**
% 25. 60 1 25.60  43.54  0.0003**
x 0.5941 1 0.5941 1.01 0.3483
xr,  0.2304 1 0.2304 0.3919  0.5512
X0 1.38 1 1.38  2.35 0.169 3
xrs  0.0072 1 0.0072 0.0123  0.9148
" e 524 1 524 892  0.0203°
3 1.52 1 .52 2.59 0.1518
x 8.77 1 8.77  14.92  0.0062 ™
§ 2% 4.12 7 0.577
KT 2.68 3 0.8921 2.48 0.2005
iz 1.4 4 0.3598

HBA 165.70 16

W« FRBE(0.01<P<0.05), =+ T/RMBEF(P<0.01),

BRI S B R USRS R E M F A i S
BARR,
3.4 MERZTEMMNSH
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TR 2> IR e M e TS 818 R R, KW
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A0 B 26 1 B8 — B30HE Bl LB i T 25 T R, 4R
HE 7 LA S0 %) B i S R ST A2 FS R ARRAE, L
FEARATUEHERE T 00T, 36 B 48 T 18U J) B 4% s T 4
xﬁﬂlil’jm#ﬁ M. WRE A VR L R AR Lt

REAE, ELAE A AR I8 8 [X 8] A7 AE e AR U T R

AT S 58— B A AL

Xt B A A i HE TR SR Y B
7, 7 AR B S IR T Rk, B2iE ] B
It S 7 0 L A AR A7 ) 0 T 2 i A R B AR
FHTHEEEE , ULAh, SRE A 6 R 5 e R B
B T OUARH P  ZE AR HE SR T 3 R e
AR T % 7 R AT HE R B TO0T  IE 1
EEY e ST 2
3.5 [EEEUENSEMRAKE

LR AR TV A 2R 5 485 T B Sk U Ry
M, ST 2 BARE AR A ) DL kR R | R )
LG e /R 02 =, AR IR B e e Tk &
# ‘I’ﬁ—'ﬁéﬁl‘f RBOE R Bhr Rk, B

TEARMEE A PERE AR SR & . DL TR
AP S C)
maxy, = (x,,%,,%;)
maxy, = (x,,%,,%;)
maxy; = (%, ,%,,%; ) (23)
s.t. [ 1=x =1
-l=x,=1
-l=x,=1

KIGS BN RARSEA A T HE 0.2 m/s 12
Jie 7] B 3 193,23 v/min MRJEFA 30. 120, 7E AR
SR A T IR R E M RECH 98.56% , 14 T
—HERECN 97.32% , L+ H N 83.14%
3.6 RESHAATHIEHRBES

Shy 555 UE A 2 2% it AU VE Ml 1 R , 56 1 Wi 57 1)
BT (S B 2. 3) JF R AL i AR Bt
¥ ikl 8 fron, 78 EDEM ki T.) v, T KA
TR A AP IE R BURL . A 5 SE BRI AL T 0 R —
B BENLAS AT HEE E N 0. 20 m/s MBE J] BN
193. 23 v/min BRJE 4 30. 12°,

S TA HE RS AL % 22 7F M HE 1 Ao M, R
EDEM /5432 Grid Bin Group Uige, THEAEAE 0
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(@) fRAk A (b) MEALRCR:

8 JAEHE

Fig.8 Fertilizer application simulation

TR A S Ge it A, R AL R R 5 IRE R
DB 4RI EHERH 2.0 s PYHEAR BUBUR 5, 5 T
15 ELHEAE S TR K 43550 1995 1990 2 017 .2 033 .
2049, -4 Wik %k 2 016. 8, HEAE Fa & v R B
98.76% , [ Wit A 1ok A8 A A W] Sk 3 SE I 42, B i
T itE AR AL HA R A i HERE R

S PEAG B A YA J5 25 0] 23 A 5 1 AT B
FaEHERHBI N K 1000 mm i AERE VE g REA X, Ny
TH R0 A8, 85 79 i 250 K S v 600 mm X3
5530 6 1~ 100 mm LA, 73l Ge i 45 X E] AR
WORLEL, 6 A~ X (1] A Uk 22 43 1) 2 340,347 (356,
352 359 348, ¥J{H N 350. 33, b2 6.83, A8 ¢
RBON1.95% ,HENE S 5) M R B0 98.05% . 454
8b T WA H , 75 AJA K 1 AR EUR AR VR R 7 1)
Oy ARESE H AT, JC B W A RE R4

4 HMHiEKE

AR (15 LA AT ) 2% el TP A i AL AL an e 9 o
Ro

B9 ZEBEIFARALHL

Fig.9 Tea garden trenching and fertilizing machine
4.1 FiatEgeie

BERT HE B 0.2 m/s, BEiE I B 5k
193. 23 v/min MR E fA Sk 30. 12°, FF I IR & 43 5 M
300,375 450 mm, FFJRIFVAIALS, 250 5% 11 ~ 13
s FEVR R E 55 V8 IV v B2 = N ] 10 B, Bk
PRI 10 A48 [A] HE I 2 05

H 3R 11 ~ 13 A 50, 2R RIR BE i F 9 v, kel
FHEHIEHLEA R E SRS B . fEH0
TR B ) 5 1, -S4 TR BE 435012306 \373 (453 mm

F11 FARERGER
Tab.11 Results of furrow depth

Eisty L ATR2 ATRE3
B KAE/mm 312 381 462
ft/ME/ mm 289 364 443
SEH{E/ mm 306 373 453
W22/ mm 23 17 19
PRifEZE/ mm 12.2 17.8 17.0
REREE R % 96.16  94.28  94.59

SEFRIRIE (=300 mm) S8R/ % 97.8 95.6 96.2

F12 FHAEERBER
Tab.12 Results of furrow width

Eistn i1 1ife2 1123
F KB/ mm 313 308 311
e/ ME/mm 296 293 297
H{E/mm 303 298 302
2%/ mm 17 15 14
FrifE2E/mm 9 11 10
i —BE R B % 93.8 92.3 93.1

F13 FHBITRXRER

Tab.13 Results of soil covering rate %
izt 1121 2 i3
RME 83.3 82.5 82.8
e/ ME 80. 8 79.8 80.5
THME 82.1 81.2 81.7
W2 2.5 2.7 2.3
R = 0.8 0.9 0.7

S (b) PRJEE I B
B 10 JFkEREIE
Fig. 10 Trenching performance test

5 IRAEGR B AS 326 1 i A IR B RS M R BURNIR T
94.28% , 5 M R AT 95.6% ,bpifE 2 N 12.2 ~
17. 8 mm, Ui B 2 G %) H b 08 B 0w B U, 3% sh 38
/N VY B T, I8 98 B - 4 {E S 298 ~
303 mm, M ZE A KT 17 mm, 56 ¥ — SR BN
92.3% ~93.8% , 3= W FF VA Wi THI JE S M3, 1 BEFR
FE SRR E 5 5 82.1% | 81.2% Fi
81.7% MEAKT 2.7% FEEZEA KT 0.9% , 2
et A - 4 [l 3t 7 5 o R LA e Y ) A R
T AL (7 HE3
4.2 HEBEMEgEIXIE
4.2.1 HHERUEMESHSMH

R FHAE B FR i S U R A BB AR A S i i
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PRI ELSE T X HEAE 25 HEAR A 1 5 38 5 Mtk A 7
RIS, TR HEEALAT 2 0.2 m/s  HENE 45 4% i
180 v/min, B i€ JJ H. 25 2 [6) 20 e % | DAAS AU 5 B b
A0 HEREPERE RIS & 11 Frs . ARIEIEAN 5 B
SRR 76 R — A MU A5 14 T 247 6 Tl
ST AR AR RGE SRR 10 s HEH IR R, HERE
MR Bk 853.1,841.5,816.8,833.2, 868. 4,
861.9 g, Ml 845.8 g, hRifE2E N 19.19 g, B R R
Bh 2. 27% HERERRE T R ECH 97. 73% , X} v 26 Jife
HE A Sh 422.9 g¢/m,

(a) ZE AL (b) R 73R FEIX
B HENE M el

Uniformity test of fertilizer discharge

G BN AT 2E D5 1) 23 8] 23 A 32 2 B 4
UAT R R UCRAER BATRE R 2 m WP AT RE DT[] 3
SEAESY N 10 BefE S DA Tt S vl s e 20
SRR BB, & 5 A 2 B (URUTIE] 6 B
VE NI SIVEGETHREAS , 23 Bl PR D 345 X ] S
RSN 14 PR,

£14 HEHIMENELER

Tab.14 Fertilizer discharge stability and uniformity tests

&)

Fig. 11

g PEIEE B m,/g

17 1 172 1773 1t 4
1 85.1 82. 4 87.8 84.2
2 88.5 87. 1 82. 1 87.6
3 87.5 84.7 85.6 82.8
4 86. 1 81.9 83.9 85.1
5 83.3 86.3 86.9 83.3
6 84.2 83.5 81.2 86.0
EHIE/ ¢ 85.78 84.32 84. 58 84. 83
brifEE/ g 1.98 2.10 2. 64 1.79
A5 R % 2.31 2.49 3.12 2.11
YA ERU/%  97.69 97.51 96. 88 97. 89

TR FE 14, FEVLAEIZ T F 45 20 em HEAR B 75
81.2 ~ 88.5 ¢ W ah, HEAL B SI M REA /N T
96. 88% , HERE W RE X AR ¥ 50 M R AT

HERE 1250 45 S U B 25 el VA e AR AILAE T i e 2
T BeNS S MURR A HEAE 55 38 A AT 1l 2% T I i
Jite A X-HEAELPE B B 22K
4.2.2 Tl HOR

X} 6 B 56 X 3 r AR AT B HEAE 1 M, 5
Ui BOILRHE M, FEATIC 5%  SRAF A U B W0

%15 FiR,

®15 TEAREELE
Tab.15 Fertilizer overflow rate of single spiral fertilization

R M,,/¢ Myun/g Myin/ %
1 139. 1 7.2 5.18
2 131.5 6.6 5.02
3 136. 8 6.7 4.90
4 136.2 6.4 4.70
5 137.4 6.8 4.95
6 136.9 6.3 4. 60

AR 15,6 K HEZ LR T ¥ & B E N
4.89% , VLML ELBE WS K 95. 11% B NERHAE it A
N, 5 EE U6 R AR 5 RECH 4.30% , Ui i
NEEE R HARE . &6 KE , A b It HL
HERE AT HER 105/ AR e MR, BRI 2 bR 4%
FEl TRt AR A 223K
4.2.3 EHRAEHAME

JE RPN IE LR A PERE, SR L R
(EC) 7% )& W fm) i, an i 12 fros, 48345 5 n
F 16 Fin, EME LXK EC FHAEG , & HHLE
DI E S8 LS mo S BRATS mife 2P X B 765 ~

-

K12 ARG N2

Fig. 12 Measurement of fertilizer — soil mixing uniformity

*16 ELXESHAME

Tab.16 Uniformity of fertilizer and soil mixing

EC/ EC/
2 AT e e AT e
(mS+em™) (mS-em™)
ZE(L)  0.60 ZE(L)  0.72
SI(5m) FZ H(C) 0.64 ||S4(7m) FJZ H(C) 0.77
H(R) 0.58 FH(R) 0.74
(L)  0.74 (L) 0.56
2(5m) FZ F(C) 0.76 ||S5(9m) LJZ F(C) 0.58
F(R)  0.74 #(R)  0.60
ZE(L)  0.58 ZE(L)  0.73
S3(7m) L2 H(C) 0.6l S6(9m) FZ #H(C) 0.75
fi(R)  0.59 fi(R)  0.74
J=u! 0.30 =8 0.34
WM EZE  H2 0.28 ||FHRMETFZE 2 0.30
M3 0.33 M3 0.33
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10 m A 250X P 4R 2 m AR 1 AN, T
FZE(10 em) 5 FE(25 em) 3 ZBEE, 331 6 1~
I (S1 ~S6) . &M w2 A R i+
HEEC, JAC X 5 EC R 0. 671 mS/cm, b
#40.074 mS/em, ZEFRZECN 11.0%

A5 -3¢ EC 8T, A EC B 5 R ECh
11.0% , 255830, AERHE K- Fn 2 B 0] B9 4
ARSI, A B0 AT EC Frek 3 & T 2
64 15 0, S B BT R %) T YA it RE ML TAE S 80k
GHBA RPN HIRAYERE, o SC s 4% R o
BOMEAESEAE T AT SR E AR LR R

5 #ig

(1) &% Fr b 21 e A TR R A 33 ARl PR X 114
[FIRR, BF ] 1 — b TRl R eI T8 TR A T AL — AL , 52
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FORHRA BT B 8 T R HENE 2% 55 0 1) 2B B 25
H B R AR e T] R i 5k, 3 T e e 2 bl B 055

TR HERE

(2) BT EHOTE . T 1) B AR
TN ZE 5 Box — Behnken 1056, #4881 LLF7 2F 3
JE SEE ) LI o R S E £ A PR3 A 1 i Tl 1
BaAY, RN 2 WU B v . R 2 Hnti ik or
AR EARAE N SR AT EE 0. 20 m/s  B25E ]
FU 193,23 v/min M2 5E A 30. 120, H Tz m il
SRR G TR T ML HERL 2 ool B, 45 R R Wk
AR & Pk 2 50K 98.76% , HE IR 24 5] 1 £ ik
98.05% , JrilE T AILEHENE A AT

(3) HEHRIS 25 R R W, FERMAE N SECT
PLIF 1 BR FE Fe e M RBONIK T 94. 28% , 19K T8 &
— P REONET 92.3% , R AMET 81.2% 5
HERE & P R B0CH 97. 73% , HENE Y50 1Pk 250/
T 96. 88% , N KHi A 4. 89% L IR & 5 M:
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