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TOM TAT

Bai bao trinh bay thiét ké co khi cum track cho robot vé sinh pin nang luong mat troi dua
trén co cau CAMSO TTS. Phuong dn thiét ké phit hop dwege lwa chon tir cdc phwong én khd thi ban
dau. Tir phirong an dwoc chon, so do nguyén Iy va mét sé théng sé quan trong dwoc ddt ra cho bai
todn thiét ké két cau cum track. Cac chi tiét co khi dwoc tinh todn, thiét ké va lwa chon dé dam bao
nguyén Iy ciing nhw diéu kién van hanh cia cum track. Sau d6, cum track dwoc mé phong dé khao
sat kha nang bam cua cdc banh voi cac mat pin cong khdac nhau ciing nhu quy dao cua tdm cac banh

xe. Két qua mé phong la co s6 dé giGi han cdc khép xoay ciia co cdu trong qud trinh thiét ké.
Tw khéa: Robot vé sinh pin nang lwong mat troi; CAMSO TTS.
ABSTRACT

This paper presents the mechanical design of a track assembly for solar panel cleaning
robot, based on the CAMSO TTS mechanism. The appropriate design solution is selected from
initial feasible options. From the chosen one, a kinematic diagram and some important parameters
are set for the design of the track assembly. Mechanical components are calculated, designed, and
selected to ensure the principles and operational conditions of the robot. Subsequently, the track
assembly is simulated to investigate the traction capability of the wheels on various curved surfaces
as well as the trajectory of the wheel centers. The simulation results serve as a basis to limit the

Jjoints's angle of the mechanism during design process.

Keywords: Solar panel cleaning robot; CAMSO TTS.
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1. TONG QUAN

Ngay nay, robot v¢ sinh pin nang luong
mat troi (Solar Panel Cleaning Robot — SPCR)
dang duoc st dung rong rai trén thé gidi trong
viéc vé sinh cac hé thong pin quang dién tir quy
md nha xudng dén trang trai. Pia hinh hoat
dong cua SPCR kha phue tap, tuy thude vi tri
dia 1i va cdu truc ldp dat cua hé thong dién mat
troi tai noi d6. Nhin chung, dia hinh hoat dong
ctia SPCR 12 mot bé mat cong [1], tron udt va
c6 mot do nghiéng so v6i mat dat. Do do, cac
SPCR can phai duogc thiét ké dé co kha ning
bam duoc trén cac dia hinh nhu thé ma khong
bi trugt khi van hanh. Ngoai ra, voi mot khi
luong ning nhu thé, van dé& vé tudi tho cia
cac tAm pin cling can duoc quan tim. Mot sd
nghién ciru trude day chi ra rang cac tim pin
s& bi giam cap va hinh thanh cac “microcrack”
gay ra boi cac rung dong bén ngoal [2]. Dé giai
quyet cac van dé trén, mot sd mau SPCR trén
thé gidi dugc thiét ké tich hop co céu giam
chan vao trong cum banh cua ching.

Nam 2019, Cong ty CleanSR cua Thai
Lan d3 cho ra mat mau SPCR c¢6 co ciu giam
chan bang 16 xo va cac cip banh xe c6 khép
xoay ngoai [3]. Mic du co cdu giam chan nay
c6 kha ning bam theo bién dang cong ciia bé
mit pin nhung sy tiép xtc giita 4 cip banh xe
ctia robot nay va mat pin chi la tiép xtic duong
nén dé bi truot khi bé mat pin wot. Mot thiét ké
khac st dung cac phudc nhin dé tao luc déy
gitip dai bam bé mit pin duoc sir dung trong
cac mau SPCR cua Serbot PVClean (Thuy Si)
Va DCSELAB (Vlet Nam) [4], [5]. So voi co
ciu trude, co cAu ndy tan dung duoc vu diém
ctia dai cao su dé ting dién tich tiép xuc giita
dai va bé mit pin, gitp hap thy rung dong va
tang kha ndm bam cho robot. Tuy nhién, v&i
nhitng bé mit pin c6 d6 vong khic nhau thi
cum giam chin can phai dugc tinh toan lai dé
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dam bao hi€u qua hoat dong. Ngoai ra, khi hoat
dong méi truong bui ban va khic nghiét nhu
bé mit pin, cum giam chan ciing can phai duoc
bao dudng mot cach phu hop dé tranh ket 16 xo.
Niam 2016, CAMSO —mot cong ty ché tao may
da cho ra doi thiét ké cum banh TTS (Trailed
Track System) cho cic dau mdy nong nghiép
ctia ho. Mic du co ciu nay khong dugc thiét ké
danh cho SPCR nhung no thtra hudng dugc cac
vu diém cta cac cum giam chin di c6 va khéc
phuc duoc nhimg nhugc diém con ton tai. Do
chinh 1a kha ndng bam theo moi dia hinh khong
bang phang cuc ki t6t va khong can hiéu chinh
lai thong s6 nhu giam chan 16 xo da dé cap ¢
trén nho vao hé banh 9 bac tu do. Ngoai ra, ap
luc tac dung lén bé mat dai tai cac banh déng
déu, gitip duy tri luc ma sat ddng déu trén khip
bé mat tiép xtic [6]. T nhitng phan tich trén
c6 thé thiy rang nhing dic diém co hoc cua
CAMSO TTS réat phu hop ddi véi dia hinh di
chuyén 1a bé mat tdm pin PV,

Tuy nhién, thiét ké nguyén ban cta co
cu TTS danh cho banh bi dong ciia dau may
néng nghiép, vi thé dé phu hop cho SPCR, co
céu TTS can duoc thiét ké thém chirc ning dan
dong va lugc bé mot s6 bac tu do khong can
thiét dé giam khoi lugng cho SPCR. Bai bao nay
dé xuat mot thiét ké cum banh cho SPCR dya
trén nguyén 1y cta co cdu TTS. Sau do, ving
khong gian hoat dong ciia cum banh nay cling
dugc mo phong bang phan mém GeoGebra.

2. PHUONG AN TRIEN KHAI

Tai liéu [6] d4 mo ta chi tiét cau trac bén
trong ctia co cdu TTS bao gdm cac khép xoay
va chi tiét co khi. Muc tiéu cta bai toan thiét
ké 14 phai tich hop duoc dong co din dong vao
cum track ma van bao toan nguyén ly dong hoc
cia co cdu TTS. Ngoai ra, viéc gidm thiéu su

rung 1én tim pin ciing can dugc quan tim. Do &
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d6, nhom tac gia d& xuat hai phuong an kha thi
c6 thé dap tmg duoc dau bai thiét 1ap: dat dong
co tryc tiép va truyén dong vao banh chu dong
(Hinh 1a); hodc dat dong co ¢ tam xoay trung
tam clia co cau va truyén dong xudng banh chi
dong (Hinh 1b).

b. Phirong én truyén dong gian tiép
Hinh 1. Cac phwong an kha thi doi voi dau bai
thiét ké

Phuong 4n truyén dong truc tiép co
hiéu suét truyén dong cao, thiét ké don gian
tuy nhién dong co dat tai tdm banh s€ c6 kha
ning lic cing v4i banh gy ra cac Gng luc du
mot bén, phan bd ap luc khong dong déu lén
cac banh va tang rung dong cho pin. Phuong an
truyén dong gian tiép mac du co két cdu phirc
tap hon nhung dong co dat ngay tai tam xoay
s& gitp cb dinh vi tri twong ddi ctia dong co so
v6i khung robot, can d6i p luc 1én cac banh
va it gdy rung dong hon. Tur cac phan tich trén,
phuong an truyén dong gian tiép phu hop véi
nhing diéu kién van hanh ctia SPCR. Nhuogc
diém vé khéi lwong ctia phuwong an nay s& duoc
giai quyét bang lya chon vat liéu, két cau co
khi,...

3. THIET KE CO KHI
Tham khéo céc tai liéu vé so do bd tri
cac day pin [7], qua trinh tinh toan va tham khao

cac mau SPCR trén thé gidi, kich thudc co ban
cua cum banh c6 thé dat ra nhu sau: Khoang

cach tam hai pulley la a = 610mm, duong kinh
vong chia pulley d = 150mm, bé rong pulley
b = 100mm. Tt do, kich thudc co ban cua cac
khau duoc thé hién trong Hinh 2.

Cang dai Khaun trai Khau gita Khau pha

0A =175mm; AB = 135mm; AC = 75mm;
CD=CE=75mm;a=142%F = 112"

Hinh 2. Kich thuoc co ban cac khau cua cum track

Thiét ké ctia khau gitta duoc cho ¢ Hinh
3. Pay la thanh phan quan trong nhit trong co
ciu vi né khong chi c¢6 chirc ning truyén dong
cho banh dai ma con la khop xoay trung tam
ctia co ciu CAMSO. Trong két cdu nay, dong
co (5) duoc cb dinh trén vach (1) cia robot va
truyén dong cho truc (8) théng qua ndi truc (6).
Truc ndy quay trén 2 6 bi d& (7) duoc ¢ dinh
vao cdc xoay (4). Coc xoay (4) co thé quay doc
1ap véi truc (8) nho vao 6 dila con hai day (3).
Vong ngoai cua 6 dugc siét chat vao khbi (2),
¢b dinh trén vach (1). O diia con nay chiu toan
bd cac tai trong doc truc va hudng tam cua co
cAu CAMSO khi robot di chuyén va trong qua
trinh van chuyén robot 1én méi pin. Banh xich
d6i (9) 1a banh xich bi dong c6 thé quay tu do
trén truc, cd tac dung truyén momen dén cho
banh pulley chu dong.

Thiét ké ctia khau phai dugc cho ¢ Hinh
4. Khau nay la khau mang banh pulley chu dong
1am nhiém vy truyén chuyén dong cho dai cao
su cia SPCR. Khau nay duoc lién két véi khau
giita nho vao truc xoay (10). Truc (12) duoc lip
xuyén qua ranh (11) va lién két hai vach cia
khau gitta v&i nhau. N6 vira ¢6 tac dung tang
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dd cing virng cho khau phai, vira ¢6 tac dung
dé giéi han goc xoay banh pulley dé tranh cho
dai cao su cham vao bé mit cac chi tiét, vira c6
tac dung gitip banh dai khong bi hup tai khoang
gitra cac day pin. Banh dai chu dong (14) dugc
thiét ké tach lam déi va chinh giita 13 dia xich
bi dong nhan momen xo4n tir dia xich chu dong
trén truc (10). Cac dia xich va banh dai dugc
lap 1én tryc (13) sir dung then bang va truc nay
quay trén hai 6 bi d& tai hai dau.

4
Hinh 4. Thiét ké 3D ciia khdu phdi

Thiét ké cua khau tréi dwoc thé hién
trong Hinh 5. Khau nay c6 két cau tuong tu voi
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khau bén phai chi khac & chd 1a nd mang banh
dai bi dong cung véi bd phan cing dai. Gia
cang dai (16) duoc lap vao hai bén véach cua
khau trai bang cac chét dinh vi. Bu 16ng cing
dai (18) co phén tai duoc lép vao truc bi dong,
phan con lai dugc giit boi dai bc. Khi xoay dai
bc, bu 16ng cang dai di chuyén tinh tién va kéo
theo banh dai bi dong (15) giup tao luc cang
trén day dai va dam bao d) song song gitra hai
truc banh dai. Truc bi dong dugc vat phéng hai
dau dé co thé truot ty do trén ranh cua gia (16).
Sau khi cang dai, truc duoc siét chat béng bu
long (17).

Hinh 5. Thiét ké 3D cua khdu trdi

Hinh 6 thé hién lap ghép ctia cum banh
hd tro v6i cac khau con lai cia co cdu. Cum
banh xe ¢ thé xoay dugc nho vao 6 lan (19)
va ca cum duoc lap voi khau phai bang mbi
ghép chdt (21). Thanh (20) c6 tac dung lién két
va ting ctng cho cum banh. Két cau tong thé
sau khi lép mét sb chi tiét con lai nhu day dai,
xich,... dugc thé hién & Hinh 7.

k.

Hinh 6. Ldp ghép cum banh hé tro véi khdu phai

cua co cau
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Hinh 7. Két cau tong thé ciia cum banh thiét ké
4. CAC KICH BAN MO PHONG

DPé kiém tra kha ning bam cua cum
track theo cac bién dang cong khac nhau cua
tAm pin, nhom tac gia tién hanh mo phong dong
hoc cua cac banh. Theo [1], bién dang mét pin
khi robot di chuyén c6 dang parabol dbi xtng
tai vi tri bién dang 16n nhat. Mit khac, theo
khao sat tir [7], cac tdm pin phd bién duoc st
dung c6 chiéu dai khoang 2m. Vi thé, quy dao
ctia cac banh s& duge khao sat trén cac bé mit
cong c6 dang nhu phuong trinh (1) v6i hoanh
do x € [0;2000].

y=a(x - 1000)*+b (D
Véi,a={2;4;6;8 ...;20} x 10°;
b={2;-4;-6;...;-20}.

Hinh 8. Cac bién dang cong khao sat

Ung voéi ting mat pin, ta xac dinh duoc
toa do tdm cua cac banh va suy ra quy tich cua
ching. Day 1a co so dé dat giéi han cho cac
khép xoay ctuia cym track.

5. KET QUA VA THAO LUAN
Phan mém GeoGebra duogc st dung dé

mo phdong kha nang bam mat pin cua cum track
va ghi lai quy tich cac tam cua banh xe vdi cac

thong s goc quay cua cac khop cua cum track.

Hinh 9. Cac khop xoay cua cum track

Duya vao két qua mo phong tir GeoGebra,
nhom tac gia nhan thiy cum track c6 kha ning
bam tét v6i tat ca cac bién dang mat cong dugc
dua ra, nho d6 dam bao duogc dién tich tiép xuc
cua dai d6i véi mit pin. Hinh 10 m6 ta sy tiép
xuc cua cac banh véi mat pin cong trong truong
hop bién dang 16n nhét.

Hinh 10. M6 phong kha nang bam bién dang pin
doi voi do bien dang 20mm

Bén canh do, két qua vé luong dich
chuyén cua cac goc khop ung véi ting do bién
dang mat cong ciling dugc thé hi¢n ¢ Bang 1.

Badng 1. Goc quay cua cac khop so voi goc ban
dau theo dg bién dang cua tam pin

)
Vﬁlig Aa(®) | AB(C) | AB(C®) | AY(®)
(mm)
2 1,1 1,0 0,15 0,2
4 1,2 1,2 0,3 0,4
6 1,92 1,7 0,5 0,7
8 2,0 2,2 1,0 1,0
10 2,72 2,7 1,3 1,4
12 33 3.4 1,6 1,5
14 3,7 3,6 2,0 1,8
16 43 4,1 2,2 2,0
18 4.8 4,6 22 2,0
20 5.2 5,15 2,8 2,5

ISSN 2615 - 9910 (ban in), ISSN 2815 - 5505 (online)
TAP CHI CO KHI VIET NAM, S6 306, thang 8 nim 2023
cokhivietnam.vn / tapchicokhi.com.vn



NGHIEN CU’U - TRAO BOI

Tir két qua cia Bang 1, cac cip goc
khop a-0; B-y thay doi mot lwong lan luot 1a
5,2° va 2,8° khi d¢ vong thm pin 1a 20mm.
Trong hai cdp goc nay, cap goc a-0 dong vai tro
quan trong trong viéc giup robot vuot qua khe
ho 30 = 50cm giita hai diy pin lién tiép nhau.
Viéc khao sat su thay doi cua cac goc khop ddi
véi tirng bién dang mat pin khac nhau 1a co so
dé gi6i han cac goc xoay cua cac khau thanh
phan trong thiét ké co khi, gitp dam bao kha
ndng van hanh cting nhu thuan tién cho nguoi
su dung trong vi¢c van chuyén robot 1én trén
cac mai pin cao.

6. KET LUAN

Bai bao trinh bay thiét ké co khi cum
track cho robot v¢€ sinh pin nang lugng mat troi
dua trén co cAu CAMSO TTS. Céu tric co khi
dugc thiét ké va hiéu chinh tir thiét ké gbc dé
phu hop véi robot vé sinh pin nang lugng mat
troi dya trén cac thong s6 duoc dit ra ban dau.
Céac mo phong duoc thuc hién dé kiém tra kha
ndng bam theo dia hinh cua cum track cling
nhu x4c dinh cac goc gidi han tai cac khop. Két
qua mo phong di chi ra cum track bam rat tbt
tai vi tri tm pin bi vong nhiéu nhat. Diéu dé
cho thdy tinh kha thi va phu hop cua thiét ké
duoc dé xuét.

Tuy nhién, bai bo cling tdn tai mot sb
han ché nhu chua khdo st cac bién dang cia
tAm pin khi robot di chuyén gan mép pin ciing
nhu chua khéo sat goc xoay cua khau trung tam
trong qua trinh robot van hanh cling nhu vugt
qua khe ho gitta cac ddy pin. Do d0, cac yéu to
nay s€ dugc nghién clru va xem xét trong tuong
lai & c6 mot cai nhin tong quat hon vé van dé
da duoc néu.
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