NGHIEN CU'U - TRAO DO

NGHIEN Cl’U BO DAO CAT TiA CAY XANH
TREN ROBOT CAT TU HANH

A STUDY ON THE TRIMMING DEVICE EQUIPED ON ROBOT
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TOM TAT

Nhu cau cdt tia cdy xanh theo thiét ké ban dau trong tién trinh lam xanh sach dep cong vién
o cdc do thi, khu nghi duong, resort v.v... dang ngay cang I6n. Hién nay, dé cat tia, may mang vai
hoac dung cu ban thu céng dwroe diing phc"; bién. Vi vay, chat lirong cdt tia phu thugc rat nhiéu vao
kinh nghiém cua nguo‘v‘ thiee hién, ton nhiéu nhan céng lao déng va cuong do lam viéc rat vdt va.
Bai béo trinh bay két qua ng/nen curu, turh toan thiét ké ché tao va xdy dung chzrong trinh ciing nhu
giai thugt d‘zeu khién hé thong dao cat tia vién cdy xanh dung cho robot cdt tia vién cdy tu dono
Cac théng sé dong hoc ciia bé dao cdt tia dioe diéu khién theo giai thudt PID. Cdc théng sé diéu
khién Kp, Kd, Ki dwoc khao sdat bang phian mém trén Visual Basic. Két qua khao nghiém cho thay,
robot vin hanh véi ti 18 cdt tia dat dén 99,7 % khi vdn toc dao cdt la 15 m/s véi téc do di chu)-'én cua
robot la 0,79 km/gio. Cong sudt tiéu thu toan bg cho qud trinh hoat dong cua robot la 407,4 Wh.

Tir khéa: Cat tia, toc do cdt, cong sudt tiéu thu, 16 bot.
ABSTRACT

Recently, maintaining and reparing the shape of the landscape as green fence in some
gardens, resorts, and parks original design is one of the works has highly requirement. Currently,
the pruning, shoulder or semi-manual machines are commonly used for trimming. Therefore, the
quality of pruning highly depends on the experience of the operator and labor intensive. Moreover,
this also puts the intensity of the workers is very hard. This paper presents the results of research,
calculation, design and program developing as well as the algorithm for controlling the green-
tree trimming system of the landscape for a robot. The kinematic parameters of the cutting device
are controlled by the PID algorithm, the control parameters like Kp, Kd, Ki are examined by the
software on Visual Basic. The experimental results indicate that the robot operated with a pruning
rate of 99.7% when the cutting speed is 15 m /s at the speed of robot is 0,79 km / h. The total power
consumption for robot operation is 407.4 Wh.

Keywords: Pruning, cutting speed, power consumption, robot.
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1. PAT VAN PE

Khuén vién cdy xanh trong cac dé
thi, noi cdng cong, khong chi lam nén vé dep
clia canh quan thanh phd ma con c6 vai trd
quan trong trong viéc 1am sach biu khéng khi.
Ngoai chirc nang trang tri tao my quan do thi,
cdy xanh gép phan kiém soat giao théng va
déng vai trd dai phan cach xanh, dong thoi
cac bui thép, b&r gidu, dudng vién trong vudn
hoa, cong vién con dinh hudng cho ngudi di
bo v.v...

Dé c6 dugc nhimng bd gidu thing hang,
viéc cét tia duoc thue hién thuong xuyén theo
dinh ky. Dé cit tia tao vién, hlen c6 nhiéu
phuong phap du'oc ap dung gom cit theo
nguyén ly dao cit xoay tron, kiéu tong do
xoay, kleu tong do tinh tién ciing nhu dung
mdt s6 dung cu cdm tay phuc vu nhén cong
thao tac. Tuy nhién, hiu hét cac cong vi€c nay
dung lao dong thu cong 1 chinh, déu do cong
nhén thuc hién tryc tiép bang tay véi cac cong
cu cét tay, mang vai...Do d6, viéc cit tia tbn
rat nhidu nhan cong, thoi glan lao dong cling
nhu ning suét khong cao, chét lrong vién cay
cdt tia phu thudc rit 16n vao trinh d6 va tay
nghé cit cua cdng nhin...Pé giam bét nang
nhoc va ndng cao hiéu suit 1am viéc cho nguoi
lao dong, glal phap dua ra la nghién ciru tinh
toan, thiét ke va ché tao ro bét tu hanh véi bo
ludi dao cét phu hop va diéu chinh duoc kich
thudc 13 viéc cin thiét va thuc tién. Qua trinh
nghién ctru thue té cho théy, vén dé dong hoc
va dong luc th bd dao cét dong vai tro kha
quan trong, quyét dinh cac thong s6 va chi tidu
kinh té k§ thuat cua robot ty hanh trong qué
trinh cit tia vién cay Bai bao trinh bay két qua
tinh toan thlet ké ché tao va thyc nghlem bd
dao cit gin trén robot tir hanh dé cit tia vuon
céy xanh khuon vién cong vién va céc bdy dau.

ISSN 0866 - 7056

www.cokhivietham.vn

2. VAT LIEU, PHUONG TIEN VA
PHUONG PHAP NGHIEN CU'U

2.1. Vit liéu va phwong tién thi nghiém

Déi twong cit tia: Tap trung chu yéu
trén cac cdy Ac 6 dugc trong 1am vién cdy xanh
doc theo g1a1 phan cach rat phd blen hién nay.
Tién hanh cét thi nghiém sau khi vién cay dugce
cit tia trude do khoang 1,5 thang Chiéu cao

ngon non khao sat khi moc ra dé cét tia khoang
150 dén 200 mm.

Dia diém thi nghiém: Van hanh thi
nghlem rd bdt duoc tién hanh trén hang vién
cdy Ac 6, tai khu cong vién trén dudng din vao
khu gidng dudng Phugng V§, Trudng Pai hoc
Néng 1am TP. H3 Chi Minh.

B0 phan dao tia vién cdy gén trén robot
dugc thiét ké va ché tao thir nghiém tai xudng
thuc hanh ¢ Khoa Co khi cong nghé, Truong
Pai hoc N6ng 1am TP.H6 Chi Minh. Cac chi
tiét dugc thiét ké va gia cong ché tao dudi sy hd

trg clia hé théng may gia cong CNC cua Khoa
Co khi cong nghé.

So dd qui trinh cit tia vién cay dugc
gan trén robot fu hanh nhu hinh 1. Qua trinh
tién hanh cit tia vién cdy xanh bao gdm cic
cong doan hinh 1. Piu tlen dé viéc cit tia dugc
dién ra thuan tién thi cAn phai thu don, vé sinh
so bd vién cly. Viéc thu don v¢ sinh giap cho
cac by phan chép hanh cia robot tranh duogc
cac vit can nhu d4, kim loai... Ro bt dugc
dua vao vi tri bat d4u cit, didu chinh vi tri cua
cac dao cho phu hgp. Khai dong bd phén cét va
robot tir thye hién céng viéc cho dén khi hoan
thanh.
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Hinh 1. Qui trinh tia hang cdy xanh dung robot ti hanh.

2.2. Phwong phap nghién cuu

Phuong phap ké thia: Ké thira cac
thanh tuu nghién ctru vé théng sd hinh hoc ludi
cét, cac ddc tinh cua qua trinh cit canh cay,...
clia céc tac gia trong va ngodi nudc nham tiét
kiém thoi gian va kinh phi nghién ctru.

Phuong phap nghién ctru thuc nghiém:
Tién hanh khao sat mot sé dang ludi cit duoc
dung hién nay c6 trén thi truong, dung cu tia
cdy cua cac cong ty cham soc canh quan...

Phuong phap doc tin hi¢u tir encoder:
Str dung chirc ning ngit cua vi diéu khién doc
tin hiéu tr encoder, khi con tro dang lam viéc
& bét ky cau lénh nao cua chu trinh, tranh tinh
trang mét xung tl'uyén vé tir encoder co thé gy
sai 1éch vi tri.

Phuong phép diéu chinh toc do dong co:
Str dung giai thuat PID dé diéu khién va giam
sat toc do dong co diéu chinh cao do cua dao cit.
Cac thong s Kp, Kd, Ki duoc do tim bang phan
mém thiét 1ap trén moi trudng Visual Basic dé
c6 két qua didu khién theo tde do cai dit.

3. KET QUA VA THAO LUAN
3.1. Tinh toan thiét ké dao ciit tia vién cAy

Phan tich cac yéu to anh huong dén qua

trinh cét 1a co so dé tinh toan va thiét ké bo
dao cit. Qua nghién ctru 1y thuyét va ké thua
cac két qua nghién ctru trude day cho thiy cac
yéu t6 anh huong dén qua trinh cit, bao gém
hinh dang hinh hoc cta dao nhu d6 sic, goc
mai, chidu day va dang canh sic cua dao; tinh
chit co 1y vat liéu cat nhu do dai, ap sudt cét
thai riéng; ché do dong hoc va dong luc hoc
ctia dao nhu vén tdc cét, van tde di chuyén dao,
luc cat tia, goc nghiéng mat duong...Vi vy,
khi tinh toan thiét ké, cac yéu td hinh hoc cua
ludi dao dugc nghién ciru chon lya theo tai
ligu [1]. Cac thong s6 dong hoc cua ludi dao
dugc tinh todn trén co s¢ thuc nghiém va sau
d6 duoc diéu chinh bang mach vi diéu khién.
Van téc cit duoc diéu chinh thong qua viéc
diéu chinh téc do cua dong co DC din dong.
Dong luc hoc dao cit trong qua trinh cat duoc
xac dinh bing nhiing thuc nghiém biéu dién su
bién thién cua ap sudt riéng q (N/cm) hodc luc
cat Pt va cong cit Act vdi van tde cua dao thai
nhu trinh by & hinh 2. Nguyén 1y cit cua dao
duge thye nghiém voi nhitng kiéu khac nhau
va nguyén ly cit dang tong do dugc chon dé ap
dung cho thiét ké bo 1udi dao. Ludi dao duoc
truyén dong theo két cdu dao dong diéu hoa véi
lwe truyén dong cho hai ludi cat duge thue hién
bang dong co DC.

a) Tinh toan toc dd dao:

Toc do ludi dao duoe didu chinh thong &~
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qua tin hiéu phan hoi tor truc dong co vé vi
mach qua encoder v6i viée s dung bd vi diéu
khién atmega 328.

Theo Reznik NE vén téc tdi wu khi cét
cdy than thao ¢ nhé khong tim ké V =25 - 30
(m/s), con van toc toi wu khi cit c6 tAm ké V ~
10 - 20 (m/s) va khi d6 4p sudt cit thai co thé
tinh theo cong thirc thuc nghiém:

Pt=75%100,0019*q*V2,6+40 (N) (1)

Vi vay, dé co duoc van toc (V =10+20
m/s) thuédn lgi cho qua trinh cat canh cay ta
thiét 1ap duoc cong thirc sau:

q(N/cm) : A )
@ 09

\ o

| 0 07

i NG mj ‘n ]L

7 11 V(m/s) |‘n
a) b)

2 V(mps)

Hinh 2. o thi phu thuge q, Act, Pt véi v

V =R.W (m/s);
V=R.W=2n.fR; (2)
Trong do:

R: Ban kinh canh tay don cua mé hinh.
R =22 mm;

V: Vin téc ciia dao cét (m/s);

f: Téansb (vong/giay).

Theo cong thirc (2), tmg v&i van the
1a 10m/s dén 20m/s ta tinh dwoc sé vong/giay
thuén lgi nhat cho qué trinh cét; sb vong quay
cia dong co dan dong can quay & tbc do phu
hop tir 4324 dén 8685 vong/phit.

b) Thiét ké ludi dao theo nguyén Iy cit cé
tam ke.
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Hinh 3. Nguyén Iy cau tao ciia luéi dao cdt tia
' vien cdy:
D)Ludi cat rén; 2) Luei cit dudi:
3) Banh rang; 4) Truc banh rang; 5) Khop noi;
6) Ding co; 7) Vong tiép xiic véi cam: 8) Cam léch tam

' Nhu phén tich ¢ trén, nguyén 1y dao
cr?}t d’u’c_rc chon 1a kiéu dao cit co tdm ké. So
do cau tao bo phan dao tia hang cdy duoc thé
hién & hinh 3. Vi tri chuyén dong tuong dbi
cua hai nhénh ludi cét c6 ciing bién d6, tan sb
nhung I¢ch pha nhau 180 d9. DPéng co 6 truyén
dong tGi hai nhanh cua ludi dao theo nguyén 1y
dap d{)ng diCu hoa. Toc dd cua dong co duoc
diéu khién boi vi diéu khién atmega 328 thong
qua mach cong suat st dung BIT 150. Pidy
chinh theo nguyén 1y diéu chinh d¢ rong Xung
(PWM). Toc d6 dugc diéu khién theo giai thuat
PID gidm sit va phan hdi théng qua Ecoder gin
trén truc dong co.

¢) Thiét ké két cAu didu chinh d9 cao ciit ciia
dao

M@t van dé kha quan trong trong thiét
cat 1a bo dao phai diéu chinh dugc d
de p]:lfl hop vaéi ting yéu cay vé- kiCl.l
thude clia vién cay xanh, Nguyén Iy 1am viac

ké dao
cao cat
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cua két ciu thay ddi do cao cua ludi dao duoc
thé hién ¢ hinh 4. Khi Motor (9) quay cing
chiéu kim dong hd thi théng qua xich truyén
dong (7) 1am vit me-dai dc (6) hoat dong, khi
do ban truot duoc nang lén theo phuong Z.
Khi Motor (9) quay nguoc chiéu kim déng hd
thi thong qua xich truyén dong (7) lam vit me
dai oc (6) hoat dong, khi d6 ban truot duoc ha
xudng theo phuong Z.

Hinh 4. Céu tao bg phén cdt tia mdt trén ciia cay

xanh ndng ha theo phuwong OZ:
1. Ludi cdt; 2. Bing co:
3. Con I:m 4. Cong tdc hinh trinh trén;
5. Céng tac hanh trinh dwdi; 6. Vit me-dai o éc;
7. Xich truyén ding; 8. Encoder; 9. Motor.

d) Thiét ké hé théng didu khién dao

D¢ diéu chinh chinh xac tde do va vi
tri cta Iudi cat, bo diéu khién dao tia hang cay
dugce tinh toan thiét ké nhu hinh 5. Encoder (8)
dugc st dung gén vao truc Motor (9) dé nhan tin
hi¢u gin trén truc dan dong robot truyén vé bd
xtt Iy trung tim vi didu khién. Vi diéu khién tiép
nhédn va phan tich két hop vai thong s6 cai dit,
sau d6 xuat tin hiéu dé diéu khién co céu chap
hanh qua mach cong sudt. Thiét bi bo tri cac
cong tac hanh trinh (4), (5) (CTHT) dé khéng
ché 2101 han 1én xuéng cua dao vdi nhiém vu
2i6i han cao d6 cua ludi dao. Tin hiéu nhan vé
tir encoder héi tiép dé so sanh ddi chimng véi tin
hi¢u dicu khién. B¢ diéu khién thiét bi tia hing
cdy da duoc che tao thir nghiém. St dung BJT
dé diéu khién téc d6 quay dong co cat thong

qua ché d6 PWM. Két hop Encoder ctia bo dan
dong dé tao cac bién dang cong sau cat.

»  Coclachip hinh
| | g co tuoncia (A

Kbbicimbidn e
4 CTHT mén
< I o ass

Encoder

| | Doag oo todicht ()

Dieg co hedn cle {C) |
Dog codibubhin |
e 4

Encoder caa by
din &jng

~— Mach cdeg suln

Hinh 5. So do diéu khién bé dao tia vien cay xanh
3.2. Khio nghiém hé théng dao tia

Mot robot tu hanh voi bd dao nhu tinh
toan thiét ké da dugc ché tao thanh cong va
thé hién trén hinh 6. Cac thong sb hoat dong
ctia robot voi bd dao cit duoc khao nghiém
trén chiéu dai doan vién cdy cit 1a 5 mét va thi
nghiém duoc lép lai 5 lan gdm: Vén téc cua
ludi dao Van tc tién cta may, ti 1€ ngon cay
dugc cit tia; Dién tich mit vién cay tia dugc va
cong suat tiéu thu.

Két qua do dac khao nghiém duoc trinh
bay & bang 1 cho thay, vén toc cua ludi dao c6
tac dong kha 1on dén ti 1¢ ngon cdy duogce cit tia.
Mic dii van téc tinh toan c6 thé tir 10-20m/s va
sé cho ap sudt cdt riéng nho va phu hop, néu
Van tde cit thip nhu 9 m/s ti 1é ngon cay duoc
cit tia ghi nhan duoc la thap chi vao khoan
95,3%. Nhu vay, do cit sot la gan 5%. Nguoc
lai khi vén tdc dao cit tang 1én trén 15 m/s thi

ti 1& ngon cdy dugc cat tia ghi nhan duge 1a &
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kha cao (trén 99%) va do cat sot dudi 1%. Diéu
ndy so bé chi ra rang téc d¢ dao cat cao s& Iém
cho sb canh than cay bi cat trong mdt don vi
thoi gian ting 1én lam cho sé t}"nfm cay ’cc') do
dai cao dé dang bi cit hon vi toc do cét lom.
Ngoai ra, téc do tién ciia robot tur hanh ciing
anh hudng kha 16n dén nang suét cit. Két qua
thuc nghiém cho thiy khi van hanh ¢ van téc
0,792 km/gi0, robot va cac hé théng hoat dong
6n dinh, co cau truyen dong va hé diéu khién
tu dong hoat dong tét. Hon nita, do robot van

hanh bang nguén DC dung Ac quy nén chi phi
nang lugng cho robot hoat dong 1a mét thong
sO can quan tam. Két qua thue nghiém v6i vin
tdc 0,792 km/h cho két qua nang luong tiéu thu
trong mot gid khoang 407,4 Wh. Khi ting tdc
do robot, chi phi nay tang 1én khé 16n va robot
bat dau hoat dong khong 6n dinh mic du nang
suat cit tang 1én. Két hop cac phan tich tir két
qua thuc nghiém, nghién ctru de Xuét nen chon
thong s0 lam viac cho robot gdm vén téc dao
cit 1a 15m/s; va van téc robot 14 0,79 km/h,

Bang 1. Khao nghiém thay doi toc dé cdt cia hedi dao tiq hang cay.

TT Pai lwong DPonvi | Lanl | Lan2 | Lin3 | Lind | Lins
] Van toc ctia ludi dao m/s 12 15 17 20
2 Van tdc tién cia may m/gioy 648 720 792 828 972
3 % Ngon cdy duge tia % 95,3 97,5 99,7 99,6 99,7
4 | Dién tich vién cdy tia dugc m? 756 880,8 951,6 1020 | 1192,8
5 Cong sudt tidu thy Wh 4242 | 4533 4074 432,6 | 4413

Hinh 6. Thu'c nghtem na vién cdy: a) Trude khi cdt
va b) Sau khi cdt trén ré bt tir hanh.

4. KET LUAN

He ludi dao phuc vu cho viéc cit tia
vién cay gén trén robot ti hanh d3 duoc nghién
ctru tinh toan, thiét ké, che tao va khao nghiém
thanh cong. Cac thong 5O dong hoc cua dao
cét dugc diéu khién tw déng sir dung giai thuat
PID. Két qua khao nghiém cho théy robot van
hanh vai ti 1 cat tia dat dén 99.7 % khi van
tbc dao cat 1a 15 m/s va tdc do di chuyén cua
robot 1a 0,79 km/gio. Cong suét tiéy thu toan
b6 cho qua trinh hoat dong cua robot 1a 407.,4
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Wh. Robot fr hanh dad hoat dong 6n dinh va céc

thong s kmh té ky thudt dat dugc la phu hop
vOi cac yéu cau dit ra ban diy,
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