2023411 A el ML 4 i 5554 % W2

doi:10.6041/j. issn. 1000-1298.2023. S2. 014
EIERARZAGKR BB RNIZITSIXE

b v e 1,2 3 4 \ 4 s 3 vy 12
EAET Mkt B 4AUR EaB EHFE

(L7 RA AR BT, )M 5106305 2. Rl A& A B4 B AR A B0 REBE & L S0 00 %8, ) M 5106305
3. BN AR R A AT T BE , TR 5180225 4. AREETH B e B A IR AW, AR5 523920)

iR (22 S N/ o o [ o (A e 9l NI o 7 N o < e e P e = W N2 4 Y E )
FNBEAIL , 2R FAAT E AL 5 22 FF A ATL 43 0 3K 2l 31 Ji 0 S8t s 2y L) R s % 7 1032 3,2 iz 2l B G T8 LRI I 0 1 e 4%
PEAME U3, 52 300 B ML AR AR AR RS 2E AR B0 8 57 MR Bk T AR, CRAIEHE RIS o % ] 22 4Tl ML 55 e 4% 2 12 AL I 5, 5
I e MLAE Bz 5t 1) ) R, 3 ot T U S S B R T R R A SRR T AN (R RS R R, R AR AR R A o DL R 4R
Frof B T84T FE ORI R, DL HLRE AR AR R RO IR SR bR, T SRR = AKPER R
B IG5 R LI IR BEL TF AR 25° K JJiE 4T B R 0. 6 m/min FE S B 0.8 mm B R 56 45 B AL, L AR
HRHO0.48W-h FEF B ERRAINT.61% ,BIEA R RECH 4. 78% iR I 45 Tk R TR,

KEWR: KRR B BRIk malBm; AR

hES LS $225.93 ERARIAED: A X EHE: 1000-1298(2023)S2-0128-08

Design and Experiment of Fixed Automatic Natural Rubber Tapping Machine
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Abstract; In order to solve the problems of high labor intensity, shortage of rubber cutters and low
efficiency of natural rubber tapping at night, a fixed automatic natural rubber tapping machine was
designed. Moving motor and screw motor were used to drive the rubber cutter to rotate around the tree
and move in the vertical direction, respectively. The two movements were combined to form the spiral
line operation track of rubber cutter, so that the cutter can adjust the spiral line angle according to the
growth of the rubber trees to ensure smooth rubber discharge. The screw motor was matched with the
rotary encoder to adjust the rubber consumption of the rubber tapping machine, and double profiling
springs were mounted to ensure uniform and stable cutting depth, overall, meeting different rubber
tapping requirements, and reducing damage of rubber trees. A three factor and three level orthogonal
experiment was conducted with the spiral angle, cutting speed, and rubber consumption as experimental
factors, and the cutting machine energy consumption and the variation coefficient of rubber consumption
as experimental indicators. The experimental results showed that the optimal results were obtained when
the helix angle was 25°, the cutting speed was 0. 6 m/min, and the rubber consumption was 0. 8 mm.
The average power consumption was 0.48 W - h, the variation coefficient of rubber consumption was
7.61% , and the variation coefficient of cutting depth was 4.78% . The experimental results met the
requirements.
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Fig. 1  Overall structure diagram of fixed natural rubber

automatic tapping machine
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Tab.1 Parameters of automatic rubber

tapping machine

ZH Kt
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LB TR /min 5 ~7(FE BRI
DrEIsEs (°) 25 ~35
T DT B /i c0.2
-5 47 EE/ (memin ') 0.3~0.9
25 LR B IR =200
{55 50 L/ <10
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Fig.2 Schematic of cutter moving mechanism
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Fig.4 Schematic of adjusting device of rubber consumption
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Fig.5 Schematic of cutter retraction mechanism
LgEJIRAL 2. 8080756 3 486 4. R0 5. 10 6. HE
TOEIBET) 8.1k 9. ERTIM 10. 224F 11 JJJE

PRl i 4% T F LR Sl 42 AT 5 3, 38 5 47 9 4 5l
JIRE A i, A5 0 Sk B R K R 5 T AR B R T, WOk )
BUAA 2 B AILAZ 1, e ) B Ak R AR 30 T
S R Z (8] BB R, BOTHE A AT RE AT S ) R R
P 0 M A R, SRR E G R, 1 T UL
THFEHE N, 555 W RE 3o/, 0 3k 55 R B 5 B AN,
DI ROR 2%

2.5 IRBhImHIELR

AR 0B AL A et T R AR i A, d i 3
L298N Y . i AL 4K 2l A58 e 7 S50l % 47 5 r BIL L 22 4T
FLBILAN % ) AL AT #5441, S BR R DT AT E AL R 1
JB 32 Bl WO T AL B4 45 BT R iz 2l LA K W T R
JIEHAE o 45 A M 9K 3 A i g A I A 12 VO
i PR R A R Ty, LS B R LR IE R IS AT, 5 R B
AESH AL H S DX i IR A 1 3 e L, AL B o AL A
FlanE 6 Fis o



132 &l #Hl

Moo= 20234

| aEEEs |

E T iR

L28ONTY FL i it ALK Bh A5 b
IR 22T FL LI 51 Bl

L289NZY B it d ML 3R shis bk
UREffa ] AL 54 Bl

T A
fih g T ?

R EM?

#IIRNEIRIZS)

L28ONTY F iji FL HLAK Zh AR L
UK BT TAE EALFIZZFF FL AL
I B

2T IRIEEh
L289NES B i A LR s B
9K Eha JT AU AT 20

(e

T B
L28ONAY F Jii AL AR Sl b
BT AL ZZFF L
IS E 5% 5h

PR 6 TR AIL A A e 4 S L 7 1
Fig. 6  Control flowchart of control module

of rubber cutting machine
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Tab.2 Code of experimental factors

%
i iy E AR T Vi s FEI B £ T A1
X,/(m-min~") X,/mm X,/ (°)
-1 0.3 0.8 25
0 0.6 1.2 30
1 0.9 1.6 35

®3 HBEERSWESF

Tab.3 Results of experiment and range analysis

H# H b7 R 5L
iR WIIEBTT ~ gL FIRHLT) RER AR
g owrs O e Ry, REM

(m-min~") i (°) (W-h) Y,/ %
1 0.3 0.8 25 0.51 6.47
2 0.3 1.2 30 0. 69 7.14
3 0.3 1.6 35 0.82 8.13
4 0.6 0.8 30 0. 44 8.32
5 0.6 1.2 35 0.59 9.26
6 0.6 1.6 25 0.48 9.15
7 0.9 0.8 35 0.57 9.90
8 0.9 1.2 25 0.45 10. 05
9 0.9 1.6 30 0. 63 10. 62

k, 0. 67 0.51 0. 48

k, 0. 50 0.58 0.59
B L) #E by 0.55 0. 64 0. 66

R 0.17 0.14 0.18

B K 4, B, ¢
ERVNISES C>A>B

k, 7.25 8.23 8.56

k, 8.91 8. 82 8. 69
R R R ks 10. 19 9.30 9.10

R 2.94 1.07 0. 54

Bk A, B, ¢,
ERVNISES A>B>C

JIBATHEIE A AERC R B IRBEL T €, 25 N R el
a0 ABC o I T 25 70 W, % 2 DR Z 5 R i
PLIIREFIAE Bz 18 57 R RO AT W 3B PEAG 0, ik 4
5 Frm s

x4 BRNNFEFEZESDWN
Tab.4 Variance analysis of rubber tapping

machine power consumption

JrZEKIE SF IR B ¥r F P

T 7Y 0.12 6 0.021 264.57 0.003 8™
A 0. 046 2 0.023 297.57 0.0033 "
B 0.028 2 0.014 180.14 0.0055**
[ 0. 049 2 0. 025 316.00 0.003 2"
5 2% 1.56 x 10 ~* 2 7.78 x10~°

SN 0.12 8

e e FORMRE (p <0.01) , T,

k5 HEETRRYEFESW
Tab.5 Variance analysis of variation coefficient

of rubber consumption

KW P AME ¥ior F P
FEL A 15.26 6 2.54 317.56 0.003 1™
A 13.07 2 6.53 815.94 0.0012**
B 1.72 2 0. 86 107.52 0.009 2 **
C 0. 47 2 0.24 29.52  0.0328°
i 2 0.016 2 8.01 x10°?

SR 15.28 8

W+ RARRE(p<0.05),
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LR TH AR C X I AL D FE 52 i B 35 o Bl R R B
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HIZ S AL, H T AT A FEBL R B M AE KL
AR S R B R IR e LT A C XERE B AR
SRR W T R R AR AR, B )
is AT RSG5 T AL 5 A B R T ROR A8 2% 4R
AR S AR RO N o AR B AR R, 1 0 Y1 EI R ) AL
R JIFF B} 8l WA 1 0 B A R 1, FE Bz 78 7
AR

T3k B e SOV A A% T4 AR B H O, R £
B IALE 3 12 HEAT 23 B, LR H A 45 TR Be AR R
AR AL G o IR E] 3 A R F X i i 4R bR
HEREEE, LL 100 204 B AT, R HL I AR FAE
B i 78 S R4 50 p 1 A 25 A AL 45 SR N
6 iR
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Tab.6 Result of integrated weighted

B A B c

K, 527.76 497.52 498. 80
K, 520.78 546. 36 845. 84
K, 585.48 590. 14 589. 37
k, 175.92 165. 84 166. 27
k, 173.59 182. 12 181.95
ky 195. 16 196. 71 196. 46
R 21.57 30. 88 30. 19
Bk - 4, B, c,

i i 3 6 7 M A A% B N 3R R B 45 B ()
JEEHLEIFE FE B A2 S R 80 R WA ) e 4 5, 2 T
WRINHESIF 9 B.C A, %% N R R EKF4&
HAB,C,, BIFE Bz dt 0. 8 mm BREL T £ 25° i1 7]
BT 0. 6 m/min,

3.3 HREEIEXLE
e R LA PR RE , T 2023 4F 4 A 7R AR
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