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Tém tit ndi dung
Bio céo do an vé xe ban tu dong chay bang nang lwong mit troi tap trung vao thiét ké
va tng dung cua xe. Trong b&o c&o nay, nhdm gigi thiéu mot hé thng xe ban ty dong st
dung ning lwong mat troi 1am ngudn cung cap chinh.

Béo céo bit dau bang cach trinh bay vé lgi ich cua viéc st dung ning luong mit troi
trong xe ban tu dong, bao gom bao vé méi truong, tiét kiém nang luong va sy linh hoat
vé dia diém. Sau d6, nhom md ta kién trdc tdng quan cua xe, bao gom céc thanh phan
chinh nhu hé théng pin mat troi, hé théng diéu khién, hé thdng co khi.

Tiép theo, nhom trinh bay vé quy trinh thiét ké va xay dung xe ban tu dong chay bang
ning lugng mit troi, bao gdm lya chon va tich hop pin mat troi, cau tric va vat lidu ché
tao, va viéc lap dit hé thong diéu khién. Chung toi cling dé cap dén cac thir nghiém va
danh gia hiéu suat caa xe trong cac diéu kién khac nhau, bao gom tc do, thoi tiét va kha
nang chiu tai.

Cudi cung, nhém phan tich cac lgi ich va rai ro caa viéc sir dung xe ban tu dong chay
bang ning lugng mat troi. Nndm xem xét cac yéu to nhur tudi tho pin, hiéu suat hoat dong
va kha ning sir dung trong moéi truong khic nghiét. Bong thoi, nhom dé xuat cac bién
phap giam rui ro va cai thién hiéu suat cua hé thong.

Nhin chung, b4o c&o nay tap trung vao cong viéc thiét ké va (ing dung cua xe ban tu
dong chay bang ning lwong mat troi. NG cung cap mét cai nhin tong quan vé cong nghé
nay, nhiing loi ich ma né mang lai va cac van dé lién quan dén hiéu qua va rui ro.
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Abstract
The project report on solar-powered semi-autonomous vehicles focuses on the
vehicle's design and application. In this report, the team introduce a semi-autonomous
vehicle system using solar energy as the main power source.

The report begins by presenting the benefits of using solar energy in semi-
autonomous vehicles, including environmental protection, energy savings and location
flexibility. The team then describes the overall architecture of the vehicle, including
key components such as the solar panel system, control system, and mechanical
system.

Next, the team presented the process of designing and building a solar-powered
semi-autonomous Vvehicle, including the selection and integration of solar cells,
construction and materials, and the installation of the system. control. We also cover
testing and evaluating the vehicle's performance in various conditions, including speed,
weather and load capacity.

Finally, the team analyzes the benefits and risks of using a solar-powered semi-
autonomous vehicle. The team considers factors such as battery life, performance, and
usability in harsh environments. At the same time, the team proposes measures to
reduce risks and improve system performance.

Overall, this report focuses on the design and application of solar-powered semi-
autonomous vehicles. It provides an overview of this technology, the benefits it offers,
and the issues associated with effectiveness and risks.
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1.Dit van dé va xac dinh véin dé
1.1 Pt van dé
Vi gan 20% ning lugng duoc tiéu thu trén khap thé gidi cho sudi 4m, diéu hoa,

dién hoic giao thdng van tai dén tir cAc ngudn nang luong tai tao bao gom sinh khdi,
dia nhiét, niang lwong mit troi, thuy dién, gi6é va nhién liéu sinh hoc. Cac ngudn ning
lwong tai tao hién tao ra 1/4 lwong dién toadn cau, du kién s& ting 1én 45% vao nim
2040. Phan I6n mic tang c6 thé dén tir nang lwong mat troi, gio va thuy dién. Kha niang
tao ra nhitng tién bo trong céng nghé nay s& doi hoi nd lyc cua cac ki su lanh nghé,
nhitng nguoi danh gia cao nhitng thach thire lién quan dén ca viéc thu thap va sir dung
ning lugng tai tao. Xe ban ty dong 1a mot giai phap di dong pho bién trong viéc cung
cap dich vu va ban hang. Tuy nhién, xe ban ty dong truyén thong van phu thuoc chi
yéu vao ning lwong tir ngudn dién ludi hodc dong co ddt trong, gay tac dong tiéu cuc
dén moi trudng va tiéu ton nhiéu nang luong. Do d6, nhém da tim hicu dé tham gia
thiét ké ché tao thiét bi c6 kha nang thu thap va st dung nang lwong mit troi tai tao dé
di chuyén vat nang trong cac nha may va xi nghiép.

1.2 Xéc dinh vén dé
Mot trong nhitng van dé chinh d6i véi xe béan tu dong la ngudn niang luong tiép can.
Sy phu thudc vao ngudn dién luéi hoac nhién liéu hoa thach khéng chi ting chi phi
hoat dong ma con gay ra khi thai va 6 nhiém méi truong. Ngoai ra, qua trinh nap lai
nang luong ciing c6 thé gap kho khan khi xe phai di chuyén lién tuc hoac khéng tiép
can ngudn dién ludi. Do d6, mot giai phap hap dan 1a phat trién xe béan tw dong sir dung
nang luong mat troi, tan dung ngudn ning luong tai tao va than thién voi méi trudng.

Van dé nay y8u cau cac nha nghién ciru va ky su tim hiéu cach tich hop cong nghé
pin mat troi vao xe ban ty dong mot cach hiéu qua. Bong thoi, can xac dinh céc thach
thire ki thuat nhu viéc tich hop hé théng pin vao xe, téi vu hoa hiéu suat va kha ning
tai nap nang lugng trong cac diéu kién thoi tiét khac nhau.

Bang céach tim hiéu va giai quyét van dé nay, chlng ta c6 thé phét trién xe ban tu
dong str dung ning lwong mit troi 1a mot giai phap bén virng, giam thiéu tac dong moi
truong va tiét kiém ning luong.

2. Khao sat thong tin
2.1 Giai phap/san pham dang c6 trén thi trudng
C6 nhiéu nha may gidy dugc xay dung gan khu rimg dé tiép can ngudn nguyén liéu
g6, mot sé nha may di chuyén sang st dung ning luong tai tao nhu ning luong mit
troi dé giam thiéu tic dong clia san xuat dén moi truong. Sau ddy 1a mot s6 nha may
gidy str dung niang luong mat troi:
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e Asia Pulp and Paper (APP) - Nha may gidy nay duoc xay dung tai khu rimg &
Indonesia va 1a mot trong nhiing nha san xuét gidy 16n nhat thé gioi.

« Sinar Mas Group - T4p doan Sinar Mas c6 nhiéu nha may gidy & Indonesia va céac
nha may nay duoc xdy dung gan cac khu rimg dé sir dung nguyén liéu gd dja phuong.

« Iternational Paper - Nha may gidy ¢ Savannah, Georgia, Hoa Ky, c6 hé théng ning
lwong mit trdi v6éi hon 3.000 tAm pin mit troi duge 1ap dit trén mai nha dé cung cap
dién cho vin phong va nha may san xuat.

e Suzano Papel e Celulose - Nha may gidy tai Brazil dd dau tu vao hé théng ning
lwong mit troi dé cung cap cho nha mdy san xuét.

« Stora Enso - Nha méy gidy ¢ Langerbrugge, Bi, da lap dit 12.000 tim pin mat troi
dé cung cip cho mot phan hoat dong san xuit.

2.2 Tu liéu tham khao
e Design and Development of Solar-Powered Autonomous Material Handling Robot
for Warehouse Operations, M. R. Parimi, S. N. Das, 2019
e Development of Solar-Powered Autonomous Transport Robot for Indoor Logistics,
A. Gomez-Bravo, A. Garcia-Cerezo, R. Ruiz-Garcia, J. A. Diaz-Madrofiero, 2020
e Solar-Powered Autonomous Robot for Warehouse Picking Tasks, J. G. Saiz, J. I.
Llorente, P. Revenga, R. Igual, IEEE Robotics and Automation Letters, 2019
e Solar-Powered Delivery Robot for Industrial Warehouses, F. Luo, S. Zuo, C. Wang,
2019
Céc dé tai trén d& cap dén cac nghién ciru va phat trién cta robot van chuyén hang
su dung nang lugng tir pin mat troi trong moi treong nha may va kho hang.
3. Muc tiéu
3.1 Muc tiéu tong quat
Muc tiéu tong quat d6 an st dung nang luong mit troi 1a giam thiéu st dung ngudn
ning lugng hoa thach va ting cudng stir dung ngudn ning luong tai tao. Bing cach st
dung nang lugng mat tro1, robot co thé hoat dong ma khong gay ra khi thai va 6 nhiém,
dong thoi giam chi phi van hanh va bao tri. D0 an sé& thiét ké va ché tao mot robot co
thé tu sac va hoat dong dya trén nang luong mat troi tich tri. biéu nay co thé bao gém
viée sir dung cac bd cam bién dé thu thap thong tin, cic bo xtr Iy dé diéu khién hoat
dong ctia robot va hé thong ning lwong mit troi dé cung cip ngudn ning luong cho
robot.
3.2 Muc tiéu chi tiét
o Thiét ké mot hé théng nang lugng mat troi hi¢u qua dé cung cép da nang lugong
cho robot. Piéu nay bao gém sir dung cac tAm pin mit troi c6 hiéu suat cao va hé thong
lwu trir ndng luong dé cung cap niang lugng cho robot trong cac diéu kién anh sang yéu
hodc khong c6 anh sang.
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« THi vu hoa hoat dong cua robot dé tiét kiém nang lugng. Viéc sir dung nang luong
mat troi khong dong nghia véi viéc ngudén ning luong 1a khong gi6i han,

do d6 can t6i wu hoa hoat dong cua robot dé tiét kiém ning luong va st dung ning
lugng mat tro1 mot cach hiéu qua nhét.

« Phat trién phdn mém dé diéu khién hoat dong ctia robot. Piéu nay bao gdm phat

trién cac thuat todn dé diéu khién robot, xtr Iy dit li€u tir cac bd cam bién, va tuong tac

vO1 nguoi st dung.

o Kiém tra va danh gid hoat dong cua robot. Viéc kiém tra va danh gia hoat dong

ctia robot 14 can thiét dé dam bao rang nod hoat dong hiéu qua va dap tng cac yéu cau
dugc dat ra. Viéc nay co thé bao gém kiém tra hoat dong trong cac diéu kién khac
nhau.

Bang 1: Thong sb ky thuat Robot

STT Thong sb Pon vi tinh Chi tiéu
1 | Thoi gian sac phut 60phat
2 | Thoi gian xa phat 90phut
3 | Trong luong trong mot 1an tai kg 3kg
4 | Kha nang tuong tac Tu sac
5 | Do bén cua pin 450 chu ky sac
6 | Hi¢u qua chi phi VND 2 000 000
7 | Tinh tuwong thich v&i moi Str dung cho nhﬁ:ng ngay khong c6
truong nang

4. Giai phap dé xuat

4.1 M6 ta giai phap/thiét ké
Tbi gian, don gian khong cau ki dé gia cong dé bai thiét ké don gian khong yéu cau
st dung nhiéu vat liéu kim loai nén giam va t6i vu hoa duoc trong luong cua xe gilp

Xe

41.1

tiét kiém nang lugng hon.

So db khdi
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Robot van 911uyé11
hang hoa bang ning

Iwong mat troi

[TiCh trit ning hrc_mg] [ Thiét ké co khi ] [Hé théng didu kluél] [ B0 sac tiw dong ]

Hinh 1: So do hé thong Robot

4.1.2 Mo ta chirc nang

e Cum thu va tich trit nang luong: Pam bao viéc thu va tich trir nang lwong dé Robot
c6 thé sac bat ctr luc ndo hét dién.

e Thiét ké co khi: tao ra cac san pham va hé théng cé hiéu suat téi wu, an toan, kha
thi san xuat, thAm my va tuong thich voi méi truong st dung.

e Hé thong diéu khién: diéu chinh chuyén dong, quan ly cam bién, twong tac véi moi
trudng, hoat dong trong thoi gian thue va diéu khién cac nhiém vu va hanh vi cua robot.
Poéng vai tro quan trong trong viéc dam bao sy hoat dong hiéu qua va linh hoat cua
robot trong c&c tng dung khac nhau.

* Bo sac tu dong: cung cip kha nang tu sac ning luong cho robot, dam bao robot c6
du ning luong dé hoat dong va tiép tuc thuc hién nhiém vu.

4.1.3 Cum chi tiét va thiét bi
Bang 2: Cum chi tiét va thiét bi

STT Tén cum chi tiét va thiét bi
1 Khung xe
2 bong co
3 Cum cau dong
4 Mach Arduino
5 Mach Relay
6 Mach Bluetooth HC05
7 Tam nang lugng mat troi
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8 Pin Lithium

9 Thiét bi tri nang luong

4.2 Gi6i han cua giai phap/san phim

Trong cong nghiép, cac robot hoat dong trong nha may thuong c6 khong gian kin
nén khong c6 anh mit troi chiéu vao. Giai phap dua ra tim pin ning lwong mit troi
khong gin ¢ robot ma s& gin & mot vi tri khac nén phan ning luong duoc chia lam 2
phan d6 14 phan thu nang luong c¢d dinh (Piém sac A) va niang luong duy tri robot B:

« Phin trir ning luong A gdm:

e Pin mat troi

« Mach sac pin mat troi

e Pin trit ndng luong

« Hop bao vé tranh thoi tiét

« Thiét bi ghép ndi cho robot B

« Phan ning lugng duy tri robot B gdm

« Thiét bi ghép nbi dé thu dién tir diém sac A

« Pin cell dé duy tri nang luong

« Pin dé duy tri va 6n dinh mach

« Gi6i han cua diém sac A va robot B:

o Troi mua bio 16n ¢6 thé pha hiy diém sac do 13 diém sac ¢ dinh

« Troi khong du nang dé co thé duy tri niang lugng & muc can.

4.3 Phuong phap tiép can va phuong thirc trién khai

« Giai doan 1: Pat muc tiéu rd rang cu thé cho d6 an ciia minh, bao gdm céc yéu cau
vé tinh nang, hi¢u suét, va muc do sir dung nang lugng mat troi.

« Giai doan 2: Tim kiém ngudn tai nguyén NLMT bao gom céc bai bao, tai liéu,
cong nghé va huéng dan.

« Giai doan 3: Thiét ké robot, phat trién mot thiét ké robot st dung nang lugng mat
troi, bao gém cac bd phan, cam bién, phﬁn mém, va cac tinh nang khac.

« Giai doan 4: Chon vit liéu gia cong va lip rap Robot

« Giai doan 5: Lap trinh robot dé no co6 thé thuc hién cac chirc nang can thiét, bao
gom cac tac vu diéu khién va diéu chinh.

« Giai doan 6: Kiém tra va danh gia.
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5. Phan tich cac tac dong/anh hwéng

5.1 Tinh kha thi vé cong nghé

Hiéu suét thu thap va st dung nang lugng mat tro1 cua robot can dugc dam bao cao
dé t61 wu hoa kha ning hoat dong ctia robot. Cong nghé phai dap tng duogc cic yéu ciu
vé hiéu suat dé dam bao tinh kha thi trong thuc té. Robot str dung niang lwong mit troi
can c6 thoi gian hoat dong du dé dap g cac nhiém vy duoc giao. Cong nghé can dam
bao tinh kha thi cua thoi gian hoat dong va dap ung duoc cic yéu cau vé ning luong
dé robot co thé hoat dong lién tuc trong thoi gian dai.

5.2 Tinh kha thi vé kinh té

Chi phi dé san xuét va lap dat robot sir dung nang lugng mit trdi c6 thé cao hon so
vé6i robot sir dung niang lugng khac. Tuy nhién, vi su phat trién ctia cong nghé, chi
phi c6 thé giam xudng trong tuong lai. Pé dam bao tinh kha thi ctia cong nghé, chi phi
phai dugc giam xudng dang ke.

5.3 Tac dong xa hoi

« Thir nhit, viéc sir dung robot sir dung niang lwong mat troi ¢6 thé giup giam thiéu
chi phi nang lugng va ting tinh tiét kiém cho céc gia dinh va doanh nghiép. Nang lugng
mat troi la mot nguén nang lugng mién phi va tai tao, do do, st dung robot st dung
nang lugng mat trdi co thé gitip giam thiéu chi phi dién va tiét kiém tién cho nguoi st
dung.

o Thr hai, d0 4n robot st dung nang lugng madt trd1 con mang lai lgi ich cho moi
truong xa hoi. Viéc sit dung robot sir dung nang lugng mat troi giup giam thiéu luong
khi thai va tiéu tén nang luong tir cac ngudn ning luong khac, gitp bao vé méi trudng
va giam thiéu tac dong tiéu cuc ctia con ngudi dén moi trudng.

o Thur ba, viéc stir dung robot str dung nang Iuong mat troi cling dong gdp vao viéc
phat trién va thiic ddy cong nghé stir dung ning luong tai tao va than thién véi méi
truong. Piéu nay gitip tang tinh bén viing cho cac hoat ddng ciia con ngudi va giup tao
ra mot tuong lai tét hon cho xa hoi.

Tuy nhién, dé dam béo tinh kha thi vé xa hoi cua do an robot str dung ning lugng
mit troi, can phai xem xét dén gia ca va tinh thuc té ciia robot. Robot sir dung ning
lwong mit troi can dugc thiét ké va san xudt v6i gia thanh hop 1y va c6 tinh thyc té dé
pht hop v6i nhu ciu cta nguoi str dung. Néu gia ca qua cao hodc tinh ning ctia robot
khong dap ting dugc nhu cau thyuc té cia nguoi st dung, thi tinh kha thi vé xa hoi cia
dd an robot sir dung ning luong mit troi sé bi anh huong.

5.4 Tac dong vé hoat dong

Robot sir dung nang luong mit troi can ¢ kha niang di chuyén tét dé hoat dong trong
nhiéu méi trudng khac nhau. Bé dam bao tinh kha thi cua cong nghé, kha nang di
chuyén cua robot can duoc cai tién va téi wu hoa. Robot sir dung nang lwong mat troi
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can c6 d6 bén va do tin cay cao dé dam bao kha ning hoat dong lién tuc va tranh s cd
hong héc. Bé dam bao tinh kha thi cua céng nghé, do bén va do tin cay can dugc cai
tién va dam bao trong qua trinh san xuét.

5.5 Tac dong vé méi trudng

Robot sir dung ning lwong mit trdi co thé giam thiéu luong chat thai va tiéu ton
ning luong tir cic ngudn ning luong khac. Viéc st dung robot sitr dung ning luong
mit troi co thé giup ting tinh bén viing cho cac hoat dong cua con ngudi va giam thiéu
tac dong tiéu cuc cua cac hoat dong nhu san XUAt, xay dung va van chuyén.

Tuy nhién, dé dam bao tinh kha thi vé méi trudng cua d6 an robot sir dung ning
lwong mit troi, cAn xem xét dén quy trinh san xudt va quan 1y thai cua robot. Quy trinh
san xuat can duoc thiét ké sao cho it ton nang lugng va tai nguyén, dong thoi can t6i
uu hoa viée sur dung vat li€u tai ché va tai st dung dé giam thiéu luong chét thai sinh
ra.

Ngoai ra, can dam bao ring robot s dung nang lugng mat tro1 dugc van hanh va
bao dudng mot cach hiéu qua dé tranh tinh trang hong hdc va ting tudi tho cia robot.
Piéu nay ciing gitp giam thiéu lwong chat thai sinh ra tir qua trinh sira chita va thay
thé linh kién cua robot.

Tém lai, dd an robot sir dung nang lwong mat troi cé tinh kha thi va than thién voi
mai truong. Tuy nhién, dé dam bao tinh kha thi vé moi trudng ciia dd an, cdn xem xét
dén quy trinh san xuét, quan 1y thai va viéc van hanh va bao dudng ctia robot.

5.6 Tiéu chuan dao duc

Thir nhét, d6 4n robot sir dung ning luong mit troi 1a mot san pham cé tinh chat bao
vé moi truong, giup giam thiéu luong khi thai va tidu ton ning luong tir cic ngudn
nang lugng khac. Viéc sir dung robot st dung ndng lugng mat troi gitp bao vé moi
truong va dong goép vao viéc giam thiéu tic dong tiéu cuc cia con ngudi dén moi
truong. Vi vdy, d6 an nay dap ung yéu cau vé dao dirc moi truong.

Thir hai, san pham robot st dung ning lugng mit troi ciing dap Gng yéu cau dao
dtrc trong viéc st dung tai nguyén. Str dung nang lugng mat troi 1a mot hinh thac st
dung tai nguyén tai tao va khong gay hai dén tai nguyén thién nhién. Piéu nay dam
bao rang san pham dap tng cac tiéu chuan dao duc lién quan dén sir dung tai nguyén.

Thir ba, san pham robot str dung ning lugng mit troi ciing dap Gmg céc tiéu chuan
dao dirc lién quan dén viéc giam thiéu tac dong ciia hoat dong cong nghiép va kinh
doanh dén strc khoe va an toan ciia con ngudi. V4i viée giam thiéu luong khi thai va
tidu ton nang luong tir cic ngudn ning luong khac, do 4n nay gitp giam thiéu tic dong
tiéu cuc ciia hoat dong kinh doanh va cong nghiép dén stc khoe va an toan ciia con
nguoi.

Vi vy, d6 an robot sir dung nang lwong mit troi dap ung cac tiéu chuan dao duc vé
moi trudng, sir dung tai nguyén va an toan strc khoe ciia con ngudi. Py 1a nhitng yéu
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td rat quan trong trong viéc danh gia tinh dao dic ciia do 4n va dam bao rang san phim
nay co thé dugc phat trién va str dung mot cach bén vitng va c6 ich cho cong dong.
6. Ké hoach thuc hign hang tuan

6.1 Thanh vién
Bang 3: Phan chia cbng viéc

Ho va tén Cong viéc thuc hién Két qua du kién
Do Thi -Phan chia cong viéc,theo | - Robot co thé hoat dong bang tay cam
Hoéng Hanh | dai tién d6 cong viéc diéu khién.
- Lap trinh robot - Robot c6 kha ning ty sac khi hét ning

- Nghién ctru, thiét ké cong | lwong
sac ty dong cho Robot

Vii Sinh - X1r Iy phan ning luong pin | - Nguon ning luong di ding va tinh toan
Hung mat tro1 murce thoi gian sac sao cho tdi wu nhét
Pham Pac | - Thiét ké vo, co cAu chiju tai | Thiét ké, b tri sao cho robot c6 thé téi wu
Manh cua robot nhét

- Thiét ké co khi, tinh toan

6.2 Ké hoach va tién trinh

January
Task Target Assignment| W1[W2[w3[w4
Xac dinh muc tisu
1 [Hopin1 f:gfﬁi;gm Ci nhém
Phin cdng nhiém vu
Tinh toan kich thrdc téi wu vigc sir dung NLMT
2 |Nghién ciru, 1én ¥ twéng vé khung vé Phuong 4n thiét ké Robot Manh
Chon vat liéu cho Fobot
3 |Lén ban vE, tich bin v& zia cong VE 3D, 2D d? gia céng khung Robot Manh
4 |Tinh toan chon déng co Tinh toin kha ninz chiu tii cia Robot Manh
5 |Nzhién ciru va lra chon tim NL mat trai Tim hitu céng suat, kich thirde ciia tam NLMT Himg
6 | Tim hidu hra chon thist bi tich trif ning lrong  |Chon thist bi tich trif ning lrong, dung leong | kich thude bao nhigu Himg
7 |Gia céng va lip rip Robot Gia céng khung vé dé oo mé hinh Robot Manh
Thét gian sac day thist bi du tri
8 |Test NL mat trixi Thix gian sac di pin cho Robot Himng
Céng suat toi da & nhidt 46 nao
9 |Lap trinh Robot Lip trinh cho Robot chay bing tay cim disu khitn Hanh
10 [ Test chay thir nghiém Chay thir nghiém kiém tra 16, khic phuc 161 Canhom
11 [Hoplan 2 Tim gii phip néng cip Robot Canhom
Nghién ciru v cdng tr sac
12 | Thiét k5 va hwa chon céng sac tir déng cho Rob| - C1of céng sac Hanh
= = Lap ghép cong sac
Thit nghiém va sita 161
13 [ Thiét k& lai phin khung vé va gia céng Bé tri chd cho céng sac va sia cing lai Manh
14 |Test lai NLMT Khi khéng cé ning cd dién khéng Himng
15 |Hoan thién va chay thi, khic phuc 161 Kiém tra hoat déng cua Robot Ca nhém
16 | Viat béo cio timg phin ciia c4 nhin Tirng ci nhin hoan thién phin bio cio muc minh lim Ci nham
17 [Ghép bao cao va chinh sira bao cao Gheép lai cac muc cia cac thanh vién va chinh sira hoan thign bao cao Hanh
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February
Task Target Assignment| W1[W2[wa[w4
XKac dinh muc tigu
{ [Hoplint &zf:’;f;;g’m Ci nhém
Phan cong nhiém vu
Tinh toan kich thrdc t6i wu vigc sir dung NLMT
2 |Nghién ciru, 130 ¥ twéng vé khung vé Phuong 4n thist ké Robot Manh
Chon vat liéu cho Fobot
3 |Lén ban vE tich ban vE zia cong V3 3D, 2D d? zia céng khungz Robot Manh
4 |Tinh todn chon déng co Tinh todn kha ning chiu tai ciia Robot Manh
3 |Nghién ciru va hra chon tam NL mét trdi Tim hifu céng suét, kich thde ciia tam NLMT Himng
6 |Tim hieu lra chon thict bi tich trif nang hrong, | Chon thict bi tich tri¥ ning hrong, dung hrong | kich thirée bao nhitu Himng
7 |Gia céng va lip rap Robot Gia céng khung vé dé ¢ mé hinh Robot Manh
Thii gian sac day thiét bi du trif
8 |Test NL mat trin Thi gian sac dd pin cho Robot Hing
Céng sufit 161 da & nhit d6 nao
% |Lap trinh Robot Lip trinh cho Robot chay bing tay chm diéu khién Hanh
10 | Test chay thit nghiém Chay thir nghigm kiém tra 161, khdc phuc 151 Cénhém
11 |Hop 1an 2 Tim_gidi phip nng cip Robot Canhom
Nghién ciru vé ct:mg tir sac
12 | Thiét icé va hwa chon céng sac ti dénz cho Rob| -2 CRo7 €OnS 53¢ Hanh
= = Lap ghép cong sac
Thir nghiém va sira 161
13 | Thit ké 1ai phin khung vé va gia céng Baé tri ché cho céng sac va gia cong lai Manh
14 [Test lai NLMT Khi khéng cé ndng cé dién khéng Hing
15 |Hoan thién va chay thit, khic phuc 161 Kiém tra hoat déng cua Robot Canham
16 | Viet bao cdo timg phan cia cinhin Titng ci nhin hoan thin phin bio cio muc minh 1am Cinham
17 |Ghép bao cdo va chinh sira bao cao Gheép lai cac muc cua cac thanh vién va chinh sira hoan thign bao cio Hanh
April
Task Target Assignment| W1[W2[wW3[ w4
Hae dinh muc tidu
1 [Hoplint f;;’i:ii;gm Ci nhém
Phan cong nhiém vu
Tinh toan kich thwdc t8i ru vige sir dung NLMT
2 |Nghién cir, 18n ¥ twéng vé khung vé Phurong 4n thist ké Robot Manh
Chon vat lidgu cho Fobot
3 |Lén ban vé&, tich ban v& gia céng Vi 3D, 2D d# sia céng khunz Robot Manh
4 |Tinh toan chon déng co Tinh toan kha ning chiu tai cua Robot Manh
5 |Nzhién ciru va hea chon thm NL mit tréi Tim hitu céng suit, kich thudc cia thm NLMT Hing
6 | Tim hidu lra chon thist bi tich trif ning lrong | Chon thist bi tich trif ning lrong, dung hrong | kich thirde bao nhidu Hing
7 |Gia céng va lip rip Robot Gia céng khung vé d& cé mé hinh Robot Manh
Théi gian sac day thist bi du trif
§ |Test NL mat tron Thei gian sac da pin cho Robot Himng
Céng suft téi da & nhidt 4 nao
9 |Lap trinh Robot Lip trinth cho Robot chay bing tay cim diéu khitn Hanh
10 | Test chay thir nghiém Chay thit nghiém kifm tra 161, khic phuc 15i Canhom
11 [Hoplan 2 Tim giai phip ning cip Robot Canhom
Nghién ciru vé cc:mg i sac
12 |Thitt ké va Ira chon céng sac tir dong cho Fobj Llfa Ch?n c,(:mg sae Hanh
= = Lap ghép cong sac
Thik nghiém va sita 161
13 |Thiét kE lai phin khung vé v zia céng Bé tri chd cho cong sac va gia céng lai Manh
14 |Test 1ai NLMT Khi khéng cé ning cé dién khinz Himngz
15 |Hoan thién va chay thit, khic phuc 15i Kiém tra hoat dénz ciia Robot Ci nhém
16 |Viét bdo cdo ting phin ciia cd nhan Titng c4 nhin hoén thitn phin bio cio muc minh lam Ci nhém
17 |Ghép bdo cdo va chinh sita bdo cdo Ghép lai cdc muc cia cic thanh vién va chinh sita hoan thién bdo cde Hanh
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7.

Tién trinh du &n

Hinh 2: Ké hoach thuc hién

20

May
Task Target Assignment| W1[W2[W3[W4
Hic dinh muc tidgu
: Gidi han thai gian L
1 [Hoplanl Lip i hoach Canhom
Phan cong nhidm vu
Tinh toan kich thide t6i ru vige sit dung NLMT
2 |Nghitn o, 16n ¥ teéng vé khung vé Phirong 4n thist ké Robaot Manh
Chon vit lidu cho Robot
3 |Lén ban vE, tich ban vé gia cdng V& 3D, 2D dé sia céng khung Robot Manh
4 |Tinh toan chon dong co Tinh toan kha ning chiu tai cua Robot Manh
5 |Nghién eiiu va hra chon tam NL mit tréi Tim hiéu céng suat, kich thide ciia tim NLMT Himng
6 | Tim hitu hira chon thist bi tich trif ning lrong |Chon thist bi tich trif ning lrong, dung lrong | kich thrde bao nhitu Hing
7 |Gia céng va l3p rap Robot Gia céng khung vé dé cd mé hinh Robot Manh
Théi gian sac day thist bi du trir
8 |Test NL mat trad Thi gian sac & pin cho Robot Hing
Céng sudt téi da & nhidt 45 nio
9 |Lap trirrh Robot Lip trinh cho Robot chay bang tay cim ditu khitn Hanh
10 | Test chay thir nghiém Chay thir nghiém kidm tra 161, khac phuc 161 Ci nhém
11 [Hop 1in 2 Tim gidi phip ning cip Robot Cinhém
Nzhién ciu vé céng tr sac
12 | Thiét ké va ha chon cng sac tu déng cho Rob| - C197 CORE 53¢ Hanh
= = Lip ghép cong sac
Thik nghiém va sira 181
13 | Thiét ké lai phan khung vé va gia céng Baé fri ché cho céng sac va gia céng lai Manh
14 | Test lai NLMT Khi khéng cé ning cé dién khing Himng
15 |Hoén thién va chay thit, khic phuc 161 Kiém tra hoat déng ciia Robot Canhom
16 | Viét béo cdo titns phin cia ci nhin Tirng cd nhén hoan thidn phin bio cio muc minh lam Canhom
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CHUONG 1: TONG QUAN VE ROBOT SU DUNG NLMT

1.1 Khéo sat Nang lugng mat tro1 va Robot stt dung NLMT
1.1.1 Khao sat nang lugng mat troi.

Duéi day 1a mot s6 san pham va giai phap/san phim vé ning luong mit troi dang
chu ¥ ¢6 trich din thong tin day du:

e Tesla Solar Roof: La san pham dong vai trd nhu mot tAim mai nha ning luong mit
troi, duoc phat trién boi Tesla. Tesla Solar Roof 1a mét giai phap ning lwong mit troi
tich hop truc tiép vao kién tric ctia ngdi nha. N6 duge thiét ké dé co thé chiu duogc cac
diéu kién thoi tiét khiac nghiét va cung cap niang luong cho ngdi nha cua ban.

¢ LG Solar: La mét nha cung cdp hang dau vé san phim ning luong mit troi, bao
gdm cac tAm pin ning luong mit troi va hé théng niang lwong mit troi. Cac san pham
ciia LG Solar ¢ hiéu suit cao va do bén cao, dugc thiét ké dé hoat dong trong moi
truong khac nghiét.

e SunPower: La mot nha san xuat hang dau vé tim pin niang lugng mat troi. Cac tim
pin ctia SunPower duoc thiét ké dé ¢ hiéu suat cao nhat co thé, giup toi da hoa lugng
ning luong dugc san xuét tir anh sang mit troi. Cac tAm pin ciia SunPower ciing duoc
san xuat bﬁng cac vat liéu cao cép dé dam bao d6 bén va tudi tho lau dai

e SMA Solar Technology: La mot nha san xuit hang dau vé bo diéu khién niang
lwong mit troi va cac hé thdng luu trir ning lwong. Cac san pham cua SMA Solar
Technology c6 kha nang quan 1y va diéu khién nang lugng mat troi hidu qua, giup toi
da hoa lugng nang lugng dugc san xuat va tiét kiém chi phi cho nguoi sir dung.

e SolarEdge: La mdt nha san XUAt hang dau vé bo diéu khién nang lugng mat troi,
cung cap cac giai phap ning luong mit trdi cho ho gia dinh, doanh nghiép va nha may.
SolarEdge cung cap cac san phim c6 tinh ning tién tién, bao gdm cac b diéu khién
va phan mém gitip quan 1y va toi vu héa hoat dong ctia hé thong ning lugng mat troi.

Mot s6 cong bd khoa hoc vé pin ning luong mit troi:

e Cong bd trong tap chi Nature Energy vé viéc sir dung kim loai quy chuyén tiép cho
cac té bao quang dién mong. Theo nghién ciru nay, sir dung kim loai quy chuyén tiép
gitip cai thién hiéu suit chuyén d6i ning luong mit troi 1én téi 21,7%.

e Cong b trong tap chi Science vé viéc phat trién mot loai tim pin ning luong mit
trdi méi st dung cong nghé in 3D. Nghién ctru ndy cho thdy tim pin in 3D c6 kha ning
thu ning lwong mit troi tot hon so voi cac tAm pin thong thuong, voi hiéu suit chuyén
d6i ning lugng 1én téi 20,1%.

e Cong bd trong tap chi Energy & Environmental Science vé viéc sir dung cac vt
lidu m&i dé tao ra tAm pin ning luong mit troi siéu mong. Theo nghién ctru ndy, sir
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dung cac vat liéu méi giup giam do day cua tdm pin va cai thién hiéu suét chuyén d6i
nang luong 1én té1 23,2%.

Céc cong bd trén déu duoc xuit ban trong cac tap chi khoa hoc uy tin va c6 anh
huong 16n trong linh vuc nang luong mat troi.

1.1.2 Robot str dung trong nha may
Trong c&c nha may hién dai, viéc str dung robot dé van chuyén hang da trd nén pho
bién dé ting ning suat va hiéu qua. Dudi day 1a mot sé loai robot van chuyén hang
thuong duoc su dung, dac biét la cho céc loai hang nhe:

e AGV (Automated Guided Vehicle): AGV Ila cac xe ty dong duoc diéu khién bang
may tinh va dugc dan dudng bang cac hé théng huéng dan nhu dian duong tir dan, ma
vach hoac hé théng dinh vi. AGV thuong duoc st dung dé van chuyén hang hoa nhe
va nho trong nha may.

e AMR (Autonomous Mobile Robot): AMR Ia cac robot di dong tu dong hoat dong
dua trén tri tué nhan tao va céng nghé cam bién. AMR c6 kha nang ty dinh vi, tranh
vat can va diéu hudng trong méi trudng nha may. Ching c6 thé van chuyén hang nhe
va linh hoat trong cac khu vuc lam viéc khac nhau.

*RGV (Rail Guided Vehicle): RGV la cac xe van chuyén hang hda chay trén duong
ray. Chiing thuong duoc sir dung dé van chuyén hang hda nhe va nhanh chéng trong
cac day chuyén san xuat hozc hé thong luu trir ty dong.

e Drone: Drone tu bay ciing c6 thé duoc sir dung dé van chuyén hang héa nhe va
nhé trong nha may. Ching cé thé di chuyén nhanh va truy cap céc khu vuc kho tiép
can.

Cac loai hang c6 thé nhe va pht hop dé van chuyén bai cac robot nay bao gom cac
thanh phan nho, linh kién dién ta, san pham trong nganh céng nghiép nhe, san pham
dong goi nho, va nhiéu loai hang héa nho khéc.

1.2 Céch sac nang lugng mat troi cho Robot

Robot hoat dong trong nha may thuong c6 khong gian kin nén khong c6 anh mat
troi chiéu vao. Giai phap dua ra tim pin ning luong mat troi khong gin ¢ robot ma s&
gan & mot vi tri khac nén phan nang luong dugc chia lam 2 modun d6 1 phan thu ning
lwong cb dinh (Piém sac A) va niang luong duy tri robot B:

« Modun trit ning lugng A gém:

 Pin mat troi

e Mach sac pin mat troi

o Pin tri nang lugng

« Hop bao vé tranh thoi tiét

« Thiét bi ghép nbi cho robot B
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« Modun ning luong duy tri robot B gdm

« Thiét bi ghép nbi dé thu dién tir diém sac A

« Pin cell dé duy tri ning luong

« Pin dé duy tri va 6n dinh mach

« Gi6i han cua diém sac A va robot B:

o Troi mua bdo 16n ¢6 thé pha huy diém sac do 1a diém sac ¢ dinh
« Troi khong du nang dé co thé duy tri ning luong ¢ muc can.
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CHUONG 2: NANG LUONG MAT TROI VA PHUONG PHAP TRU NANG
LUONG

2.1 Nang lugng madt troi va lga chon pin
Pin mit trdi 13 ngudn ning luong tai tao tir 4nh sang mat troi, chuyén d6i thanh

dién ning. Day la mot giai phap bén viing va than thién voi méi trudng cho robot va
cac thiét bi di dong. Pin mit troi giup cung cip niang luong doc 1ap va kéo dai thoi gian
hoat dong ctia robot ma khong can sac tir ngudn ngoai vi.

2.1.1 Pin mat troi

Hién tai, da sb cac loai pin nang lugng mat troi hién co thé sur dung déu thudc mot

trong ba loai: mono (don tinh thé), poly (da tinh thé) va thin-film (mang méng).
Nhiing tAm pin mat tro1 nay khac nhau vé cach chung dugc tao ra, hinh dang, hi¢u
sut, gia thanh va cach lap dat.

Bang 4: Uu nhuoc diém cac loai pin mat troi

Loai pin Uu diém Nhuoe diém
Mono (don tinh thé) Hiéu suét cao nhét. Gia thanh cao.
Poly (da tinh thé) Hiéu suit cao. Hiéu qua/hiéu suat thap hon Mono.
Gi4a thanh phai chang.
Thin-film (mang mong) Trong lugng nhe. Hiéu qua/hiéu suat thap nhat.
Linh hoat.

Phan tich tirng loai:

e TAm pin mit trdi mono: tim pin ning lugng mit troi co cac cell mau den, rat co
thé d6 1a pin mono. Nhirng cell nay xuat hién mau den do anh sang tuong tac voi tinh
thé silic nguyén chat. Cung v6i d6 1a cac cell hinh vudng dugc vat goc xép lién nhau
tao ra cac khoang trong mau tring. Mot s6 hiang nhu Canadian Solar ¢6 bé mat tim pin
mono hoi khéc so v6i phan 16n nhitng hing khac. Nhung mau den dic trung van 1a dau
hiéu phan biét d& dang nhat.
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Hinh 3: 4Anh minh hoa pin Mono

e TAm pin mit troi Poly: Khong giong nhu pin mit trdi mono, pin mat troi poly co
xu huéng ¢6 mau hoi xanh 16m dom do anh sang phan xa tir cac ménh silic trong cell
theo cach khac so voi phan xa ciia mot wafer silic don tinh thé. Mot s6 cong nghé méi
nhu Black Silicon con duoc phu thém mét 16p cau tric nano 1én bé mit tim pin
poly gitip giam ti 1¢ phan xa anh sang nguoc lai xudng tdi da, nho d6 dem lai hiéu suat
phat dién cuc cao. Nhitng tim pin ding cong nghé nay c¢6 mau sic den hon nhirng tim
binh thuong, nhung dac diém nhén biét 1a nhirng dém xanh van théy rét 3.

Hinh 4: Anh minh hoa pin Poly

o Tam pin mat troi Thin-film: Yéu t6 tham my 14 su khac biét 16n nhat khi noi dén
pin mit troi thin-film. Nhu tén goi cta ching, cic tAm thin-film thudng mong hon céac
loai pin khac. Diéu nay 14 do cic té bio trong cac tim pin mong hon khoang 350 lan
s0 v6i cac tAm tinh thé duoc sir dung trong cac tAm pin mat trdi mono va poly. Vé mau

sdc, cac tam pin mat troi thin-film c6 thé c6 ca hai mau xanh va den, tuy thudc vao chat
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lidu tao ra ching. Ngay nay, ban c6 thé thdy tAm pin thin-film c6 thé dung dé tich hop
vao vit liéu xay dung dé tao ra loai mai ngodi nang luong mat troi.

Hinh 5: Anh minh hoa pin Thin-film

2.1.2 Lya chon pin mat troi
TAm pin mat trdi poly dugc lua chon phi hop nhét vé nhitng diéu kién bai toan cn,
t6i wu chi phi hon ma hiéu suat khong khac biét qua 16n ma hiéu qua mang lai van tét,
chinh vi vay gia thanh 12 mot diéu kién can cta cac nha may vi ho dung sb luong 16n
nén chi phi 1a mot van dé dang quan tam.

m
m
.m =

|
B

Hinh 6: Tdm pin ndang lirong sir dung trong dé tai
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Bang 5: Thong sb ky thuat tim pin Poly 10W

STT Tén Thong sb
1 Cong suat Pmax 10w
2 bién &p hé mach Voc 7.08V
3 Dong ngin mach Isc 1.87A
4 bién dp danh dinh Vmp 6V
5 Dong danh dinh Imp 1.67A
6 Chung loai Pin (cell) Poly
7 Nhiét do hoat dong Tpv —40 ~ 850C
8 Hiéu suat cell pin 18.6%
9 Kich thuée 235%350x15mm

Vi thong s6 ky thudt ciia tAm pin ning lugng mit troi Poly 10W duoc Iya chon 14
do gi4 thanh tdt, cong suat du st dung phu voi dé tai.

Thuc nghiém:
Pién dp (V) Do pin khong tai duoi troi nang
71

7

69
6,8
6,7

6.6

6,5

[=4]
I

h
w

théi gian (phut)

Hinh 7: D6 th; biéu dién dién &p theo thoi gian

Thong sb thyc té khi do nang lugng dudi troi nang, cé thé thay hiéu sut bi giam
dan theo thoi gian va thay d6i trong khoang tir 6,5-6,35 V tir 20 phit tré di. Trong lic
do pin c6 hién tuong nong do anh ning khién hiéu suét bi giam di.

Do dé dam bao dong dién lic nao ciing 6n dinh nén ta s& xir dung 2 tim pin mac
song song tang nang Xuét.
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Do pin khéng tai dwdi troi nang

Cuong dé (A)
_‘-I\J
[§,] w

0 5 10 15 20 25 30 35
Thaoi gian ( Phit)
Hinh 8: Bé th; bién dién cuong dé dong dién theo thoi gian
Dong dién khi do duéi troi nang cudng do trung binh roi vao khoang trung binh
2,8A trong 30p dau.
2.2 Thiét bi luu trix nang lugng va lya chon thiét bi.
Tam pin mat troi s€ thu ndng luong sau do tich trit vao mot thiét bi nao d6 s& duogc
lwa chon va st dung duéi day dé mang lai t6i wu.
2.2.1 Mot s loai thiét bi luu trix
Trong bai toan nay, ta c6 2 lya chon dc quy hodc pin 14 2 thanh phan hay duoc sir
dung va cling 1a tdi wu nhat tuy thudc vao muc dich st dung.

é

9V |

e 3 g
&) E e o ]
E, PROCELL: ¥
Ne =" DURACELL® vyl

! g 8 cs’it."

= V=7rdx] :
}Jq , “TEovand

Hinh 9: 4Anh minh hoa mét sé logi pin

Pin: Pin ndng luong mat troi thuong dugc su dung dé luu trix nang lugng ngén han
hodc cung cép dién cho céc thiét bi nho, nhu dén chiéu sang ngoai troi, dén pin, thiét
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bi di dong va cac thiét bi nho khac. Pin c6 kha ning tich hop sin cac hé théng diéu
khién sac dé sac tir nguon nang luong mit troi va cung cap dién khi can thiét.

Hinh 10: Anh minh hoa mét sé loai Ac quy

Ac quy: Ac quy thuong duoc sir dung dé luu trit nang luong mat troi 1au dai va cung
cap dién cho hé thong 16n hon, nhur hé thdng nang lugng mat troi gia dinh, hé thdng
nang luong mat troi thurong mai hodc hé thong nang lwong mit troi cong nghiép. Ac
quy c6 kha nang luu trit niang lwong 1au hon va cé thé cung cap ning lugng lién tuc
trong thoi gian dai.

2.2.2 Lya chon thiét b
Tir nhitng thong tin néu trén thi lyra chon pin trong truong hop nay 1a téi uu nhat do
nhiing 1y do sau:

e Chi phi danh dé dau tu cho 4c quy kha 16n so v6i pin nén téi wu chi phi cho nha
may ciing nhu ¢ quy kha 1a 16n gay t6n dién tich hon.

e Ciing nhic dén chi phi, viéc dc quy can dugc bao tri thudng xuyén c6 thé vira khién
cho mot khoang thoi gian nha may phai tam dirng sac mot khoang thoi gian dé cho bao
tri dién ra thay vi chi can thao ra va thay pin.

Khi Iuu trir nang lwong tir ngudn nang lwong mat troi, hai loai pin pho bién duoc sir
dung la pin chi-acid (Lead-acid battery) va pin lithium-ion. Dudi day 1a sy so sénh gitra
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hai loai pin nay dé ban c6 thé chon loai pin pht hop cho viéc lvu trit nidng lwong mit
troi:

«Pin chi-acid: Do tin cay cao: Pin chi-acid da duoc sir dung trong nhiéu nim va
duoc chung minh 1a dang tin cay cho tng dung luu trir nang lugng mat troi. Gia thanh
thap, tudi tho cuaa pin chi-acid khdng cao bang pin lithium-ion, thuong khoang 3-5
nam. Dung lugng Pin chi-acid ¢6 dung lugng 16n, thich hgp cho tng dung luu trir nang
lwong mit troi ¢d nhu cau nang luong cao. Pin chi-acid can bao dudng dinh ky dé dam
bao tudi tho va hiéu suat hoat dong.

e Pin lithium-ion: Pin lithium-ion c6 dung lugng cao va trong luong nhe hon so vai
pin chi-acid cung dung lugng. Pin lithium-ion c6 tudi tho 1au hon so véi pin chi-acid,
thuong tir 5-10 nam. Pin ¢d hiéu suat cao hon, giup toi vu héa viéc luu trit niang luong
mit troi, khdng can bao dudng dinh ky nhu pin chi-acid.

¢ \/ay loai pin ta stir dung sé la Pin lithium-ion c6 gia thanh cao hon chut nhung lai
mang nhiéu hiéu nang va sy tién lgi hon han so véi Pin chi-acid.

2.2.3 Thong s6 va loai pin str dung

A, tinh toan pin c6 thé tuong thich véi pin mit troi da chon, ta ¢ nhitng yéu cau
can tinh toan va chu ¥ sau:

Do pin mit troi mac song song va do thong so trung binh thuc té, ta duoc cuong do
dong sac khoang 2,8 A

Pé tinh toan thoi gian sac pin, ta c6 thé st dung cong thirc sau:

Thoi gian sac (t) = (Dung lugng pin / Cuong 6 dong sac) * Hé sb hiéu suit

Trong do:

e Dung lugng pin duoc tinh bang mAh (miliamp gio)

e Cuong d6 dong sac duogc tinh bang A (ampe)

e Hé s6 hiéu suat 1a ty 1¢ giira cong suat thuc té duoc chuyén doi thanh dién nang va
cong suat dinh muc (thudong 1a khoang 0,8 dé tinh toan hiéu suat khong hoan hao cua
hé thdng sac pin)

Do 1a tram sac can cung cap dii dung lugng pin cho robot mdi 1an 1a 90p trong thoi
gian chay va 60p trong thoi gian sac, nén trong 2 qua trinh nay ta chia thanh 2 giai
doan:

e Giai doan 1:

Thoi gian sac khong robot (t) = (dung lugng pin / 2,8A) * 0,8 = 1,5h
1,5 = (dung luong pin/3,34) * 0,8
=> dung luong pin = 5,25Ah
Ta c6 hé s6 chuyén dbi: 1Ah = 1000mAh < 5250mAh
e Giai doan 2:

¢ Thoi gian sac co6 robot (t) = (dung lugng pin / 2,8A) * 0,8 = 1h
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1= (dung lugng pin/3,34) * 0,8
=> dung luong pin = 3,5Ah
Ta c6 hé s6 chuyén dbi: 1Ah = 1000mAh < 3500mAh
=> Vay dung lugng pin ¢ tram sac can 16n hon 5250mAh dé dam bao lugng trit
nang luong.
Yéu cau pin cta robot:
e CONg suat 16n dé co thé dam bao cong suat dong co
e Pin can duoc két ndi véi mach can béng tich hgp mach sac dé co6 thé dam bao
khong gay héng pin hodc bi sac qua tai
B, lya chon pin nang lugng
Pin cho tram sac.
Sau khi tim hiéu va lya chon, Pin sit LIFEPO4 32650 1a Iya chon phu hop nhat do
dap ing du diéu kién dién ap dau vao, dap ung dung luong pin.

Hinh 11: Pin sat LIFEPO4 32650

Bang 6: Bang théng sb pin sit LIFEPO4 32650

STT Tén Théng sb
1 M& hinh Pin sat lifepo4
2 Loai hoa chat Lithium ion Dién &p tiéu chuan 3.2 (V)
3 Panh gia nang luc 5600 - 6000 (mAh)
4 Thir nguyén 32 * 65 (mm)
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5 Chu ky séng 1000 (lan)

Pin cho robot.

« Dé bao bao hiéu ning cho robot cling nhu cong suat can thiét cho déng co & chuong

sau, pin Lithium 2500mAh 14 mét Iya chon phi hgp trong d6 an nay.

Hinh 12: Pin s dung cho robot

Bang 7: Thong s6 k¥ thuat cua Pin Lithium 2500mAh

STT Tén goi Thong sb
1 Kich thuée 18mm X 65mm
2 Dién thé danh dinh 3.6v
3 Dién thé sac tdi da 4.2v
4 Dung lugng 2500mAnh
5 Dong x4 lién tuc 15A
6 Dong sac Max 1A

Pin dugc sir dung gom 4 cuc, 2 mac song song va 2 mac noi ti€p dé vura tang cong

suét, vira dam bao dung luong pin
2.3 ghép ndi céc thiét bi
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2.3.1 Nhirng phu kién khac
Mach bao v¢ va sac pin: Mach chiric ndng léy nang luong tir pin mat troi va sac pin
Iuru trix, khi pin day thi s& tw dong tiép dién dé tranh bi qua tai.

Hinh 13: Mach 10s 80a da nang, sac va bao vé cell Li-on 3.7V

2.3.2 So d0 d4u ndi mach va niang luong
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+ ‘ +

Pin nang Pin nang
lwong mat lwong mat
troi troi
t r |
-Mach can
bang sac
Hiénthi < Ngudn Pin sac

Dosk truyén

Hinh 14: So dé dau néi cum tich triz ning heong va dock sac
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CHUONG 3: TINH TOAN VA THIET KE ROBOT

3.1 Tinh toan kich thudc toi wu viée st dung NLMT
Quy trinh thiét ké AGV 1a mot quy trinh phtc tap. AGV thiét ké str dung din dong
2 banh doc lap giup d& dang diéu khién t6i wu str dung luong hon AGV sir dung 4 banh
dan dong. Thiét ké cua timg bd phan (lip rap) sé& dugc minh hoa trong cac phan sau
3.2 Tinh toan dong hoc
3.2.1 M6 hinh dong hoc

Hinh 15: Hé toa dé cua Robot

Hé toa do gdc (tuyét dbi) duoc dit trong moi truong va hé toa do biéu dién bang
(XY)

H¢ toa do tuong ddi (h¢ tao do robot la toa do ge‘m lién v&i robot (X, Yr)

Gbc hé toa d6 robot 13 P
Robot x4c dinh bang ma tran vi tri

g=[x y 6 (3.1)

Pé chuyén doi vi tri cua robot tir hé tao d6 twong ddi (Pxr Yr) sang hé toa do tuyéjt

d6i (OXY)

Ta stir dung ma tran chuyén déi R dc x4c dinh nhu sau:
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§=R(0)Sy (3.2)
Trong d6 R(6) 1a ma tran quay cua robot quanh tryc thang dirng

cosd -—sing 0
R,=|sin@ cosd 0O (3.3)
0 0 1
Cau hinh cua luc phuong tién dugc hién thi trong Hinh 3.2. C6 thé thay rang hai
banh sau Robot 1a banh dan dong, dugc truyén dong riéng biét bai hai dong co DC. Vi
vay, c6 hai quy dao 1a dudng va cung cho loai Robot nay, trung tam caa duong lién két
giita hai banh dan dong la goc dong hoc caa Robot.

Hinh 16: Biéu dién vdn tac trén Robot

Vi: Van téc banh phai ciia Robot (m/s)

V,: Van toc banh trai cia Robot (m/s)

V: Van toc ctia Robot (m/s)

®: Van tdc goc (rad/s)

W: Khoang cac gitra 2 banh chu dong (mm) = 300mm

Dé c6 thé dinh cu hinh tinh toan dong hoc cua Robot, gia dinh rang tat ca luc
banh xe cua day dai duoc tc dung I8n mot diém nam & thm caa mdi banh xe & mdi
bén.

Do d6, ddi vé6i chuyén dong thang, van toc duogc tinh nhu sau:

Ve+ VL
2

V= (mm/s) (3.4)
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Va dbi véi chuyén dong gdc, van tdc dugc tinh nhu sau:

__ VRtV
W = —— (rad/s) (3.5)

Hinh 3.3 cho thay chuyén dong quay nguoc chiéu cua dong co ¢ cung toc do gilp
xe quay nhu thé ndo xung quanh trung tam cua né.

Hinh 17: Biéu dién 2 bdanh xoay nguroc chiéu cing téc do

VetV
V=22
2
(3.7)
L Vp=V, 2V
w300 150
(3.8)

Hinh 3.4 cho thay mot dong co khong quay va mot dong co quay binh thuong, xe
quay toan bo tai tdm cach tam xe 300 mm.
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Hinh 18: Biéu dién chi mét trong hai banh xoay

Ve =V (3.9)

Vep—V; |74
w=-2—t= (3.12)
w 300

Céc van toc trung diém p trong khung robot nhu sau

p

Xpr — R¢R ;gDL
ly, =0 (3.13)
0=ap=R%E_A

Suy ra
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.1 [RR
Xp 2 2 }
9=y, |=| 00 {Zﬂ (3.13)
o | | RRIF
2L 2L

Vi
R=18.5 la ban kinh banh xe robot
L= 0.278 khoang cach gitra 2 banh xe

5.0, 1a van toc banh trai banh phai cia robot

Thay vao do ta dc
0,185 0,185
0,074
2.2 o4
qg=| o 0 -0
0,4
0,185 -0,185 0,0257
2.0,278 2.0,278
Ma tran van toc theo hé tuyét déi duoc tinh nhu sau
.1 e Xcos 6 Z2cos 6
xp _X'P 2 2 .
g' = |y | = R(O) y;] =|Zsin @ Zsin 6 [‘?R] (3.14)
/ : 2 2 PL
6" 6" R R
2L 2L

Véi R = 0.185 la ban kinh banh xe cua robot

L = 0.278 : la khoang céach gitta 2 banh xe

®r, @, = 0.4 : 12 van téc cua banh phai, trai cua robot
6 = 0 : la goc quay cua banh xe

Thay vao ta dugc:

0,185 0,185
cos O cos 0
2 2 0,074
y 0,185 0,185 0.4 !
q- = sin 0 sin 0| X = 0
2 2 041 10,02057
0,185 0,185 ’
L 20,275 2%0,278 |
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Hinh 19: Phan tich lxc banh chu dong

Cau trlic cua hé bao gém 2 banh din dong phia sau va 2 banh da hudng phia truéc

Vi vay van téc phu thudc vao 2 banh sau V,,,va V,,

Ta 0 tong dong nang cia robot:
K=K+ K,

Pong ning tinh tién caa than xe

Ki: ddng nang tinh ti€n cta than xe
M,: khéi lwgng ctia than xe

v¢: van téc dai cua xe

1 1., .
Ve = E(va)R + VL) = ER(‘PR +¢.)
bong nang cua banh xe:

Ky = (mpvip + mpvd, + Jor@or + Jar®eL)

Trong do:

Kj, : 1a dong nang cua banh xe

Jwr»Jwe - 1@ momen quan tinh cua tirng banh xe
Coi banh xe la dia tron mong thi:
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1
Jo = EmbRZ

R : la ban kinh banh xe

m,, : 1a khéi luong banh xe

Uy, Uiy - 12 VAN toC dai cua 2 banh xe
Vi

vyr = 0.4 m/s
vy, = 0.4 m/s

M,=3Kkg
Mb = 0,25kg
Thay vao cong thuc (2 — 12), (2 — 13), (2 — 14), (2 — 15) ta dugc:
1
V=3 (0,4+0,4) = 0,4( m/s) = 1,44(km/h)
1
K, = 5(3 X 0,4%) = 3,110 ())

1
Jo = 5% 0,25 x 01857 = 4,278 x 107 (kNm?)

0,4%
K, = [0,3776 x 0,4% + 0,3776 x 0,4% + (4,278 X 1073 X 0 185)

2

)

0,4
4,278 x 1073 X = 0,128(kN
+< 278 x 10 0’185>] 0,128(kN)

Suy ra: Tong dong nang cua robot Ia:
K =K, + Z K, = +0,128 = 3,238(J )

Thé ning cua robot
Xét robot chay trén mit phang nén thé ning bang 0
Ngoai luc cua robot

* 1
Qi = Mge — Myt — Mgy = Mg — Mgcu — Rgk (th + mb)
Trong do:
Mg.:1a momen do dong co sinhra

Ms¢: 1a momen tén hao trén truc
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M,s1: 1a momen ma sat lan
R: 1a ban kinh xe
G: la gia toc trong truong

K: 1a hé s6 ma sat véi mit duong
M,: 1a khéi lwong thin xe
U: 12 hé s ton that trén truc dong co
Thay vao phuong trinnh larange

Vi (pr = ¢WL = ¢W ta dlIQC:

0K 0
09,
Véi v,g =v,, =vMa v=Re
Suy ra:
2K = IR2m, ¢, + 3R?m, @, (3.21)
0P 2
Nén
* d ( 0K 1 N .
Qi = E(a) = ERth(pw + 3R2mb<pw (322)

Thay (2-16) vao (2-18) ta duoc:

1_» . 2 .. 1
“R“M¢Py+3R“Mp P, +Rgk (-me+my
M, =2 G ) (3.23)

1-u

Véi:
a Vp—Vq

D, =—vaa=
P =% "

(3.24)

Trong d6
@, - 12 gia téc goc caa banh xe (rad/s?)
a : 1a gia téc dai (m/s?)
V,, V, : 1a van téc tai diém A, B(m/s)
t : 1a thoi gian di chuyén tir A dén B(s)
Thay s6 vao ta tinh duoc:
M, = 0.25(kN.m)
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3.3 Tinh toan kha nang chiu tai cia Robot
Bang 8: Thong sb k§y thuat cua Robot

STT Thong sb Pon vi Chi tiéu
1 | Vantéc m/s 0.4
2 trong lugng trong 1 1an tai kg 3
3 trong lwong tai 1 1an tdi da kg 5

3.4 Phuong an lya chon co cAu Robot

3.4.1 Hop giam tdc
gbm 2 hop giam tdc 1 hop banh ring hanh tinh gin & du motor véi ty sé truyén 1a
1:6 va 1 hop giam tdc co ty s truyén 1a
Tir dau vao 1a dong co truc ¢6 banh rang 1a 8 chuyén dén banh ring c6 27 ring
=> ty s6 truyén la: 27/8=3.375
truyén dén cap thir 2, c6 cap thir 2 1a 10 va 37 rang
=> ty s6 truyén 1a 37/10=3,7
=> tong ty sd truyén hop giiam tdc nim ngang 13 12,487

ty Ié cong sudt/ trong lugng cao, thiét ké nhd gon, hoat dong ém 4i, it tiéng 6n,
kha ndng truyén moé men xoan cao, dem lai d6 tin cay t6i da, hiéu qua lam viéc
cao, lén t6i 99%.

Cudi cung, uu diém I6n nhat ctia hop s6 hanh tinh chinh 1a gia thanh ré va d6
bén cao

banh rang tru rang thang la cé gia thanh ré, chat lugng 8n dinh, dé dang mua
dugc san pham

c6 tac dung téng cudng strc tai cling nhu tudi tho cho déng co.

Téi wu kich thudce 2 hop giam tdc

3.4.2 Motor dc c6 chéi than
Bang 9: Thong sb ky thuat cua Motor

STT Tén thong s Thong s Pon vi
1 Loai dong co bong co DC co chdi than
2 Puong kinh truc dau ra 2,95 mm
3 Chiéu dai truc dau ra 7,5 mm
4 Chiéu dai dong co 43,5 mm
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5 Ty s6 truyén 1:6

6 bién &p 3-6 V

7 Dong di¢n 165 MA

8 Téc d6 khong tai 1313 Vong/phut
3.5 Mo phong

3.5.1 Chia lu¢i
Lu6i anh hudng dén dd chinh xac, do hoi tu va tde d6 cua mo phong.
Khi lu6i min hon véi cac phan tir nhd hon tao ra két qua chinh xac hon, nhung cac
lwdi nho hon s& méat nhiéu thoi gian hon dé giai.
Khi mot két qua da hdi ty, 1am tinh thém lud1 trong khu vuc do s€ khong con tao ra
su thay doi c6 ¥ nghia trong két qua do nira.

0300(m)

0.075 0225

Hinh 20: Chia lwoi chiu lic trén Robot

bat 1 lyc tac dung xuéng nép trén cta xe va dit 4 banh la ¢b dinh
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Hinh 21: Phan tich luc khi xe c6 luc tdc dong o trang thai tinh

3.5.2 M6 phong tong bién dang
Bang 10: Thong s vat liéu thép 1023

Tén thanh phan gia tri don vi

M6 dun dan hoi 2,049999984e+11 N/m~2
Ty 1€ poisson 0.29 N/A

Strc cang 425000003,2 N/m”2

Strc manh nang suat 282685049 N/m”2

Mo dun tiép tuyén N/m”2

Mat d6 khoi luong 7858,000032 kg/m~3
Yéu t6 1am ctng 0.85 N/A
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0.000 0150 0300 (m)

0075 0225

Hinh 22: Hinh md phdng téng bién dang

Chung ta c6 két qua

Bién dang 16n nhat: maximum = 7.648e-003 m

Bién dang trung binh: average = 1.8652e-003 m

Qua phan mo phong ta thiy phan chiu bién dang 16n nhét 13 phan nip sau phan chiu
bién dang nho nhét 1 phan 2 banh trudc.
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CHUONG 4: CHE TAO VA LAP RAP ROBOT
4.1 Phuong phép thiét ké Robot
4.1.1 Co céu cau dong va banh da huéng
Yéu cau dit ra 1a banh can phai chiu tai tot, ma sat gitra banh voi mat nén xudng
phai that 16n dé tranh bj truot khi di chuyén, giy ra sy khong 6n dinh cua xe trong
qua trinh 1am viéc,c6 kha ning vuot qua cic chudng ngai bat. c6 thiét ké gdm 1 truc
va 3 gdi d&, co cdu gitp robot vuot cac vat can c6 dd cao 20 mm tré xudng
Vi vay nhom dé xuét sir dung co cAu banh da huéng nhu sau:

Hinh 23: Co cdu cau déng va banh da hwéng

Bang 11: Céc chi tiét trong co ciu cau dong va banh da hudng

STT | Ténchi Hinh anh Phuong phap
tiét ché tao
1 tAm ga cit lazer, lap

oc
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2 o do Tiéu chuan

3 | Truch Tiéu chuan

4.1.2 Co céu tu lya vao dock sac
Co céau c6 phan 6 bi gitip dinh hudng xe dé xe ¢6 thé 1ui vao dock sac 1 cach chinh
xac hon

Hinh 24: Truot lva hudng
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Bang 12: C4c chi tiét trong truot lya hudng

STT Tén chi tiét Hinh anh Phuong phap ché tao
1 Vvong bi Tiéu chuan
2 Oc 6 Tiéu chudn
3 Tam g4 cat lazer, han tig 4.2

4.2 Khung va vo
Khung xe yéu cau phai c¢6 kha nang chiu tai trong pht hop véi yéu cau dé ra, dé
dang 1ap rap gia cong voi cac module banh, hé théng nit diéu khién cua xe.- Kich
thudc phu hop vai chirc nang va khong gian lam vige
 Pam bao duoc sy an toan cta hang héa trong qua trinh di chuyén
e C6 duoc su bén chic va co tinh thim my
e Nhom dé xuat mo hinh vo xe nhu sau:
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e 416,50

Hinh 25: Hinh chiéu bang
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278

Hinh 26: Hinh chiéu canh
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alzm

Hinh 27: Hinh chiéu diing
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Bang 13: Céc chi tiét khung vo

STT Tén chi tiét Hinh anh Phuong phap gia cong
1 Thanh xe cit laser, chan, han tig

2 Thanh sau xe cit laser, han tig

3 Nap trén cit laze, khoan taro, 1ap 6c
4 San xe B cét laser, han tig

5 Ga dong co cit laser, han tig, lap oc
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CHUONG 5: THIET KE LUA CHON CONG SAC ROBOT

5.1 Nghién ctru vé cong tu sac

5.1.1 Gidi thiéu so b vé céng tu sac

o
-’

Cong tu sac 1a mdt cdng nghé méi trong linh vyuc cdng nghé di déng va ngudn dién.
N6 cung cip kha ning ty dong sac dién cho cac thiét bi di dong nhu dién thoai thdng
minh, may tinh bang, ddng ho théng minh va nhiéu thiét bi khdc ma khdng can sir dung
day cap sac truyén théng. Cong tu sac tap trung vao phat trién cac phuong phéap va
cdng nghé méi dé tao ra cong tu sac hiéu qua va tién loi. Dudi day 1a mot sé khia canh
quan trong ma cac nha nghién ctru quan tam:

e COng nghé sac khong day: Mot trong nhitng phuong phap phd bién nhat dé thyuc
hién cong tu sac 1a sir dung cdng nghé sac khong day. Cac nha nghién ctu tim cach toi
wu hoa qua trinh truyén tai ning luong khong day dé dam bao sac hiéu qua va an toan
cho céc thiét bi.

e Cai thién hiéu suat chuyén doi nang lugng: Cac nha nghién ciru ciing quan tim dén
viéc t6i uu hoa hiéu suat chuyén d6i niang luong tir nguon sac sang thiét bi. Bang cach
cai thién hiéu suat nay, cong tu sac c6 thé cung cp ning lwong du dé duy tri va sac lai
thiét bi di dong mot cach hiéu qua.
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e Quan 1y ning luong théng minh: Mét phan quan trong caa nghién ctu vé cong tu
sac la phat trién cac thuat toan va phan mém dé quan 1y ning lwong mot cach théng
minh. Diéu nay dam bao ring ning luong duoc st dung mot cach hiéu qua va pha hop
véi nhu cau str dung cua thiét bi.

5.1.2 Yéu cau thiét ké bo tu sac
5.2 Céc thiét bi trong cong sac

Mach sac pin Li- ion: Chirc ning liy ning luong tir pin mit trdi va sac pin luu trit,

khi pin day thi s& tu dong tiép dién dé tranh bi qua tai.

Hinh 29: Mach sac pin Li-ion

Bang 14: Théng s6 k¥ thuat mach sac pin Li-on

STT Tén Thong sb
1 Dién thé xa can 2.75V
2 Dién thé sac day 4.2\
3 Dong x4 lién tuc S50A max.
4 Dong xa tuc thoi 80A max.
5 Pién thé/dong sac 42V/3A max

Chuc nang lay nang lwong tir pin mat trdi va sac pin luu trit, khi pin day thi s& tu
dong tiép dién dé tranh bi qua tai.
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Hinh 30: Man hinh hién th; Volt va Ampe

Bang 15: Thong s6 ki thuat man hinh hién thi Volt - Ampe

STT Tén Thong sb
1 Von ké dién tur
2 Kich thudc 48mm x 29mm x 21mm.
3 Mau hién thi D6 & Xanh LED (hién thi kép)
4 Man hinh K¥ thuat s6 LED 0,28 "
5 | Dién ap hoat dong DC 4,5~30V
6 Do phan giai toi thiéu (V) 0,1V
7 Toc d6 lam méi >500ms / 1an
8 Po d6 chinh xac 1% (£ 1 chit s6)
9 Do phan giai toi thiéu (A) 0,01A
10 Hoat dong hi¢n tai <20mA

5.3 Lap ghép cong sac
So d6 mach dién:
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Dosk nhan

Mach can
bang sac

Hién thi

A

Ngudn Pin sac

Hinh 31: So' d6 mach dién dock sac trén robot

Hinh anh vo ngoai
Nguyén 1y hoat dong: Robot i vao, dudi robot c¢6 phan tiép diém sac khi lluif thi
dau tiép diém cham nhau , nang lugng s& dugc truyén qua diém sac nay sang robot.
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Hinh 32: Cdu tqo bé sac

5.4 Thtr nghiém va sira 16i
Qua qua trinh xe lui ty dong sac, c6 nhiing 16i phat sinh nhu:
e 2 tiép diém sac chua cham han vao nhau.
e tbc d6 xe hoi nhanh khién cho viée 1ui robot tré nén khoé khin
e Stra 16i
e Kiém tra va thiét ké lai tiép diém
e Diéu chinh tdc d6 cua xe.
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CHUONG 6: LAP TRINH PIEU KHIEN CHO ROBOT BANG TAY CAM

6.1 Co cau chap hanh
Nhu chung ta da biét, dé thuc hién mot chuyén dong tinh tién hay mdt chuyén dong
quay thi phai can dén mét co cau chip hanh, d6 co thé 1a hé théng truyén dong thay
luc ciing co thé 13 hé thong truyén dong thiry khi hay 13 hé thong truyén dong dién.
Mdi mot hé théng déu c6 mit manh va mat yéu cua no, vi nhu hé théng truyén dong
thity Iyc va hé thong truyén dong thity khi thi chiu tai 16n nhung ciu tao phic tap
va cong kénh con hé théng truyén dong dién chiu tai nhd hon nhung nhoé gon va théng
dung.
e V6i nhitng phén tich trén day, ddi véi dé tai NCKH nay yéu cau nho gon va don
gian thi phuong an duoc chon & ddy 1a sir dung hé thong truyén dong dién
« Dé truyén dong cho xich(hé thng tao chuyén dong caa Robot) thi chiing ta dung
hai dong co dién mot chiéu(DC-24V).
e D¢ truyén dong cho cum ban phia trén thi ching ta ding hai dong co dién mot
chiéu (DC-12V) ¢6 gin hop giam tdc truc vit-dia vit & dau ra.
e Va dé diéu khién dugc dong co, nhom da sir dung mach Arduino Uno, DriverZS-
H1B, Module Bluetooth HC-05.
6.2 Mach Arduino Uno

6.2.1 Gi6i thiéu vé mach Arduino Uno.
Arduino Uno 1a mét bang mach vi diéu khién nguén mé dua trén vi diéu khién
Microchip ATmega328 duoc phét trién boi Arduino.cc. Bang mach duoc trang bi
cac bo chan dau vao/ dau ra Digital va Analog c6 thé giao tiép v6i cac bang mach mo
rong khac nhau. Mach Arduino Uno thich hop cho nhitng ban méi tiép can va dam mé
vé dién tu, 1ap trinh...Dya trén nén tang m& do Arduino.cc cung cép cac ban dé dang
xay dung cho minh mdt du 4an nhanh nhét (lap trinh Robot, xe tu hanh, diéu khién bat
tat led...).
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Hinh 33: Mach Arduino Uno

6.2.2 Thong s k¥ thuat.

- Arduino UNO c¢6 14 chan digital dung dé doc hodc xuét tin hiéu. Chung chi ¢ 2
mirc dién 4p 1a OV va 5V vé6i dong vao/ra toi da trén mdi chan 12 40mA. O mdi chan
déu co cac dién tré pull-up tir dugc cai dat ngay trong vi diéu khién ATmega328 (mic
dinh thi cac dién tré nay khong duoc két ndi).

Mot s6 chan digital c6 cac chie nang ddc biét nhu sau:

e Chip diéu khién chinh: ATmega328P

e Chip nap va giao tiép UART: ATmegal6U2

 Nguon nuédi mach: 5VDC tir cong USB hodc ngudn ngoai cam tir gidc tron DC
(néu sir dung ngudn ngoai tir gidc tron DC Hshop.vn khuyén ban nén cap ngudn tir
6~9VDC dé dam bao mach hoat dong tot, néu ban cam 12VDC thi IC 6n 4p rat néng,
dé chay va gay hu hong mach).

e S6 chan Digital I/O: 14 (trong d6 6 chan c6 kha ning xuit xung PWM).

« S6 chan PWM Digital 1/0O: 6

¢ SO chan Analog Input: 6

e Dong dién DC Current trén mdi chan I/O: 20 mA

e Dong dién DC Current chan 3.3V: 50 mA

e Flash Memory: 32 KB (ATmega328P), 0.5 KB dung cho bootloader.

e SRAM: 2 KB (ATmega328P)

e EEPROM: 1 KB (ATmega328P)

e Clock Speed: 16 MHz
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e 2 chén Serial: 0 (RX) va 1 (TX): dung dé giri (transmit — TX) va nhan (receive—
RX) dit liéu TTL Serial. Arduino Uno c6 thé giao tiép véi thiét bi khac thong qua 2
chan nay. Két ndi bluetooth thudng thdy néi ndm na chinh 1 két ndi Serial khong day.
Néu khong can giao tiép Serial, ban khong nén st dung 2 chan nay néu khong can thiét

e Chan PWM (~): 3, 5, 6,9, 10, va 11: cho phép ban xuat ra xung PWM v&i do phan
giai 8bit (gia tri tir 0 — 28-1 twong tng véi OV — 5V) bang ham analogWrite (). NOi
mot cach don gian, ban co thé diéu chinh duoc dién ap ra ¢ chan nay tu mic 0V dén
5V thay vi chi ¢6 dinh & mirc OV va 5V nhu nhitng chan khac.

e Chan giao tiép SPI: 10 (SS), 11 (MOSI), 12 (MISO), 13 (SCK). Ngoai cac chirc
ning thong thuong, 4 chan ndy con dung dé truyén phat dir liéu bang giao thirc SPI véi
cac thiét bi khac.

e LED 13: trén Arduino UNO c6 1 dén led mau cam (ki hiéu chir L). Khi bAm nut
Reset, ban sé& thiy dén nay nhip nhay dé bao hiéu. N6 duoc ndi véi chan sé 13. Khi
chan nay dugc nguoi dung str dung, LED s€ sang. Kich thudc: 68.6 x 53.4 mm

- Arduino UNO c¢6 6 chan analog (A0 — A5) cung cip d6 phan giai tin hiéu 10bit
(0 — 210-1) dé doc gia tri dién ap trong khoang 0OV — 5V. V&i chan AREF trén board,
ban c6 thé dé dua vao dién ap tham chiéu khi str dung cac chan analog. Tuc la néu ban
cap dién ap 2.5V vao chan nay thi ban co thé dung cac chan analog dé do dién &p trong
khoang tir OV — 2.5V vé&i do phan giai van 13 10bit.

- Pic biét, Arduino UNO c6 2 chan A4 (SDA) va A5 (SCL) hd trg giao tiépI2C/TWI
voi cac thiét bi khéc.

e LED: C6 1 LED duoc tich hop trén bang mach va duoc ndi vao chan D13. Khi
chan c6 gia tri mirc cao (HIGH) thi LED s& sang va LED tit khi & mirc thap (LOW).
VIN: Chan nay dung dé cip ngudn ngoai (dién ap cap tir 7-12VDC) 5V: Dién ap ra 5V
(dong dién trén mdi chan nay tdi da 1a 500mA).

«3V3: Pién ap ra 3.3V (dong dién trén mdi chan nay téi da 13 50mA).

e GND: La chan mang dién cuc am trén board.

« IOREF: Diép 4p hoat dong cua vi diéu khién trén Arduino UNO va c6 thé doc dién
&p trén chan IOREF. Chan IOREF khong dung dé 1am chan cip ngudn.

6.2.3 BO nho

- Vi diéu khién ATmega328:

« 32 KB b6 nh¢ Flash: trong d6 bootloader chiém 0.5KB.

2 KB cho SRAM: (Static Random Access Memory): gia tri cac bién khai bao s&
duogc luu ¢ ddy. Khai bao cang nhiéu bién thi cang ton nhiéu bd nhé RAM. Khi mat
ngudn dit lidu trén SRAM s& bi mat.

e 1 KB cho EEPROM: (Electrically Erasable Programmable Read Only Memory):
La noi c6 thé doc va ghi dir liéu vao day va khong bi mat dir liéu khi mat ngudn.
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6.2.4 Cac chan dau vao va dau ra

- Trén Board Arduino Uno c6 14 chan Digital duoc st dung dé 1am chan dau vao
va dau ra va ching st dung cac ham pinMode(), digitalWrite(), digitalRead(). Gia tri
dién 4p trén moi chan 12 5V, dong trén mdi chan 1a 20mA va bén trong c6 dién tré kéo
1&n 12 20-50 ohm. Dong tdi da trén mdi chan I/0 khong vuot qua 40mA dé tranh truong
hop gay héng board mach.

- Ngoai ra, mot sb chan Digital c6 chirc nang dat biét:

e Serial: 0 (RX) va 1 (TX): Puoc sir dung dé nhan dit liéu (RX) va truyén dir liéu
(TX) TTL.

e Ngit ngoai: Chan 2 va 3.

«PWM: 3, 5, 6,9 va 11 Cung cdp dau ra xung PWM vé6i do phan giai 8 bit bang
ham analogWrite ().

« SPI: 10 (SS), 11 (MOSI), 12 (MISO), 13 (SCK). Cac chan nay hd tro giao tiép SPI
bang thu vién SPI.

e LED: C6 1 LED dugc tich hop trén bang mach va duoc ndi vao chan D13. Khi
chan c6 gia tri mtc cao (HIGH) thi LED s& sang va LED tat khi & mic thap (LOW).

e TWI/I2C: A4 (SDA) va A5 (SCL) hd trg giao tiép 12C/TWI véi cac thiét bi khéc.

Arduino Uno R3 ¢6 6 chan Analog tir A0 dén A5, dau vao cung cap do phan giai la
10 bit.

Digital I/0 Pins (2-13)

Ground Pin
AREF Pin

Serial Out (TX)
Serial In (RX)

D000 0O000 00000001
MNHSQE NoMTaNDS
el

ResetButton
ICSP for ATmegal6U2
On-Board LED

Power LED Indicator
TX&RXLED's

DIGITAL (PWM~) E B

USB Plug

ICSP for ATmega328
ATmegal16U2 Microcontroller

Voltage Regulator ATmega328 Microcontroller

External Power Supply Plug

IOREF Pin
ResetPin
3.3VPin

Analog InputPins (0-5)
Voltage In Pin
Ground Pins

5V Pin

Hinh 34: Cdc chdn dau vao dau ra cia Arduino.
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6.3 Mach 4 Relay Opto Chon Muc Kich High/Low 5VDC
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Hinh 35: Mach 4 Relay Opto.

Mach 4 Relay Opto chon mitrc kich High/Low SVDC duogc st dung dé bat, tit thiét
bi AC/DC qua Relay, mach c6 thé tly chon kich bang mtc cao hodc thip (High/Low)
qua Jumper, ngoai ra mach con bo sung thém Opto cach ly cho d¢ an toan 58 va chong
nhidu vuot tréi (mot sé mach trén thi truong khong co Opto), thich hop voi cac tng
dung bat tét, diéu khién thiét bi qua Relay.

M6 ta: 1, M6 dun sir dung ro le chat lwong chinh hang, giao dién thuong mo.

Tai toi da: AC 250V/10A, DC 30V/10A; 2, St dung phan tir cach ly quang SMD,
kha nang diéu chinh, hiéu suét on dinh; cuong do dong dién kich hoat 1a SmA; 3, Dién
ap mo dun: 5V/12V/24V 4, M6 dun co thé duoc thiét 1ap dé kich hoat cao hoic théip
v6i bo kich; 5, Thiét ké chiu 1i, ngay ca khi dong dién diéu khién bi hong, role s&
khéng hoat dong; 6, Chi bio ngudn (xanh 14), chi bao trang théi role (d6) 7, Thiét ké
giao dién than thién voi nguoi dung, tit ca cac giao dién déu co sin thong qua cac dau
ndi day dan két ndi truc tiép, rat thuén tién 8, Kich thudc mé dun: 51mm x 45mm (Dai
X Rong) 9, C6 bon 16 lap bu 16ng, 16 3.1mm, 44.5mm x 20.5mm

- Giao dién:

e DC+: nguon dién duong

 DC-: ngudn dién 4m

o IN: c6 thé 1am ro le diéu khién mirc cao hodc thap

- Piu ra role:

« NO: Giao dién ro le thudng md, ro le trude khi treo, kéo trd lai baing COM

« COM: Giao dién ro le trung chuyén tiép

« NC: Giao dién ro le thuong dong, ro le trude voi COM, kéo vi tri tréng

- Thiét bi dau cudi lwa chon kich hoat mirc cao va thap:
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* S1 Ia lya chon kich hoat mirc cao va murc thép cua 1 ro le;
* S2 Ia lya chon kich hoat mirc cao va murc thép cua 2 ro le;
« Khi doan mach com va mach thép, ro le twong tmg duogc kich hoat ¢ muc thap,
va khi doan mach com va cao, ro le s€ dugc kich hoat & mirc cao.
6.4 So dd mach két ndi
6.4.1 Gi6i thiéu vé mo-dun Bluetooth HC-05
M6-dun Bluetooth HC-05 13 thiét bi thuong duoc lua chon dé thuc hién cac dy an
dua trén giao tiép Bluetooth. Md-dun Bluetooth HC-05 1a mdt thiét bi giao tiép
khongday don gian dua trén giao thirc Bluetooth.
M6-dun nay dua trén IC Bluetooth chip don BC417 tudn thi tiéu chuan Bluetooth
v2.0 va hd tro cho ca giao dién UART va USB.
M0-dun Bluetooth HC-05, chinh xac, di kém véi IC BC417 cung voi bo nhé flash.
Cac mb-dun nhu vay xuét hién dudi dang board ge“'m trén bé mat va mot s6 nha san xuét
bén tht ba sir dung board nay dé xay dung mot hé théng hoan chinh hon véi cac chan
va bo phén can thiét.

VCC:3.6—6V ¢=GND" |

BT BOARD V104 *=VCC ™ o
=3 G=KEY * |l

Hinh 36: Cac chan cua mo-dun Bluetooth HC-05.

M6-dun HC-05 hd tro giao tiép UART, USB ciing nhu SPI va tiy thudc vao tng
dung, cac chan can thiét co thé duoc st dung. Trong dy an nay, board sit dung giao
tiép UART.

Noéi chung, khi str dung mo-dun Bluetooth, chiing ta chi can bdn chan 1a da dé kich
hoat thanh cong giao tiép khong diy nhung cac mo-dun dugc san xuat hién nay di kém
voi sau chan la: VCC, GND, TX, RX, EN va STATE.

Hinh anh bén dudi hién thi cac chan va cac thanh phan khac trén mé-dun Bluetooth
HC-05 dién hinh.
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Hinh 37: Céc thanh phan trén md-dun HC-05

M6-dun Bluetooth HC-05 hoat dong & muc logic 3,3V. Do d6, mot bo diéu chinh
dién ap 3,3V duogc sir dung trén board.

Nt nhén c6 trén board mach dugc sir dung dé dinh cdu hinh mé-dun Bluetooth &
ché do 1énh AT.

6.4.2 Chirc ndng cua cac chan

- Chtic nang cua cac chan:

« EN: Pay 1 pin cho phép. Khi chan nay duoc bo trong hoic dugc két ndi vai 3.3V,
mo-dun dugc cho phép. Néu chan nay dugc két ndi véi GND, mo-dun bi vo hiéu héa.

e +5V: Pay la chan cip ngudn nén dugc ndi véi + 5V.

« GND: Chan nbi dat.

o TX: Pay la chan may phat cta giao tiép UART.

e RX: Pay la chan nhén cia UART.

¢ STATE: Pay 1a mét pin chi béo trang thai. Pin ndy & mic THAP khi mo-dun
khong duoc két ndi voi bat ky thiét bi ndo. Khi mo-dun dugc ghép ndi véi bat ky thiét
bi ndo, chan nay s€ & muc CAO.

eben LED trén board mach dugc st dung dé biéu thi trang thai cua két ndi. Khi
mo-dun khong duoc ghép nbi, dén LED nhap nhay hodc nhap nhay lién tuc. Khi mo-
dun dugc ghép ndi, dén LED nhéap nhéay véi thoi gian khoang 2 giay.

- Md-dun Bluetooth HC-05 c6 thé dugc ciu hinh ¢ hai ché do hoat dong: Ché do
1énh (Command Mode) va Ché d6 dir liéu (Data Mode).

Trong ché do 1énh, ¢ thé giao tiép v6i mo-dun Bluetooth thong qua cac 1énh AT dé
dinh cAu hinh céc cai dat va tham s khac nhau ctia mo-dun nhu xem thong tin
firmware, thay d6i tc 0 UART, thay d6i tén mo-dun, set mo-dun hodc 1a Master hodc
la Slave, v.v ...

e Ché 46 SLAVE: ban can thiét 1ap két ndi tir smartphone, laptop, usb bluetooth dé
do tim module sau d6 pair voi ma PIN la 1234. Sau khi pair thanh cong, ban da co6 1
cong serial tir xa hoat dong & baud rate 9600.
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e Ché 46 MASTER: module s& tu dong do tim thiét bi bluetooth khac (1 module
bluetooth HC-06, usb bluetooth, bluetooth cua laptop...) va tién hanh pair chii dong
ma khong can thiét 1ap gi tir mdy tinh hodc smartphone.

- Tap Iénh AT

o AT: Lénh test, n6 s& tra vé OK néu module da hoat dong & Command Mode

e AT+ VERSION: tra vé firmware hién tai cia module

¢ AT+UART=9600,0,0 (thiét lap baudrate 9600,1 bit stop, no parity)

6.4.3 Cac lénh ¢ ché 46 Master

e AT+HRMAAD: ngit két ndi voi cac thiét bi da ghép

e AT+ROLE=1: dat l1a module & master

o AT+RESET: reset lai thiét bi

e AT+CMODE=0: Cho phép két ndi véi bat ki dia chi nao

e ATHINQM=0,5,5: Dirng tim kiém thiét bi khi da tim duoc 5 thiét bi hodc sau 5s

e AT+PSWD=1234 Set Pin cho thiét bi

e AT+INQ: Bit dau tim kiém thiét bi dé ghép ndi, sau 1énh nay mot loat cac thiét bi
tim théy duoc hién thi. Dinh ra két qua sau I¢nh nay nhu sau

o INQ:address,type,signal

e Phén dia chi (address) s€ co6 dinh dang nhu sau: 0123:4:567890. Dé sir dung dia
chi nay trong cac 1énh tiép theo ta phai thay ddu “ thanh “” 0123:4:567890 ->
0123,4,5678

o AT+PAIR=<address>, <timeout>: Pat timeout(s) khi két ndi vai 1 dia chi slave

o AT+LINK=<address> Két ndi véi slave

6.4.4 Cac 1énh & ché d6 Slave

e AT+ORGL: Reset lai cai dat mac dinh

e ATHRMAAD: X6a moi thiét bi da ghép ndi

e AT+ROLE=0: bit 1a ché d6 SLAVE

¢ AT+ADDR: Hién thi dia chi ciia SLAV
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Hinh 38: So' do dau noi co cau chap hanh ciia Robot

8. Kiém tra va thao luan
8.1. Két qua
« D3 hoan thanh ban thiét ké, dung mé hinh robot va cac modun dap tng voi bai
toan da dat ra.
« V& co khi: Robot, tram sac di hoan thién ding so v6i ban thiét ké, tai trong cua
robot da vuot trén tinh toan.
« V& ning luong: murc nang luong thu duoc twong ddi 6n dinh, ning lugng sac cho
robot cling da dat dugc muc ti€u dé ra.
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Hinh 39: Anh 3D va ssan pham ciia dé tai
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Hinh 40: Robot 3D va thuc té
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e

Hinh 41: Béc sac gan trén Robot 3D va thyc té
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Hinh 42: B¢ thu va tich triz nang lwong3D va thuc té
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8.2. banh gia

e Kiém tra tinh trang pin mt troi: Dau tién, hdy kiém tra tinh trang va hiéu suat cua
pin mit troi hién tai. Xem xét xem c6 bat ky tim pin ndo bi hong, mat hiéu suat hoic
can thay thé. Néu can, hay thay thé pin mat troi moi dé dam bao rang hé théng nhan
dugc da nang luong tr anh sang mat troi.

e Kiém tra hé thong sac: Tiép theo, kiém tra hiéu suit va tinh trang hoat dong cua
hé théng sac pin. Pam bao rang hé thong sac hoat dong dung cach va co thé ty dong
sac pin khi can thiét. Kiém tra cac bo phan va két néi cua hé thdng sac dé dam bao
chdng hoat dong 6n dinh va khéng gay ra su cé.

¢ Qua kiém tra va danh gia, robot da c6 nhirng két qua nhét dinh, két qua duoc thé
hién dudi bang sau:

Bang 16: Bang két qua dat cia Robot

Tén goi Muc ti€u Két qua do don vi
Tai trong 3 5-7 kg
Thoi gian sac 60 phut
Thoi gian stir dung 90 phut
Kha nang tuong tac tur lui sac tu lui sac

8.3. Thao luan

« Mic du nhdm gia cong bang may cat CNC nhung van cé ton tai sai sd, sai sb co
thé trong qua trinh ldp ghép.

e Tram sac & 2 bén canh con kha yéu, can lua chon loai vat liéu khac.

« Van chua c6 trong tAm ctia robot dé c6 thé dua ra phwong an dit tai tot nhat.

« Chua thé test dugc s6 luong sac bao nhiéu dé c6 thé thay thé pin méi, thong tin
van chi 12 cia nha san xut dua ra.

9. Phan tich rii ro
9.1. Rui ro khi thu nap va st dung nang lugng
e Phu thudc vao ngudn sang mat troi: Xe chay bang nang lugng miat troi doi hoi anh
sang mat troi dé thu thap nang luong. Tuy nhién, sy phu thudc vao ngudn sang mit troi
c6 thé tao ra rui ro khi gap cac diéu kién thoi tiét khdng thuan loi, nhu troi mua, may
che phu hozc budi téi. Trong nhiing tinh hung nay, hiéu suat hoat dong cua xe co thé
giam dang ké hoac tham chi khdng thé hoat dong.
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e Hiéu suat chuyén ddi ning luong: Hiéu suit chuyén déi nang lwong tir tAm ning
lwong mat troi thanh dién ning ciing c6 thé gap rai ro. Cac yéu té nhu chat lugng tam
nang lwong mat troi, vi tri lap dat va hiéu suit bo chuyén ddi dién cé thé anh huéng
dén hiéu suat téng thé cua hé théng. Néu hiéu suat chuyén doi thap, xe co thé khong
nhan du ning luong dé hoat dong hoic ¢é hiéu suat hoat dong gidi han.

e Han ché vé khoang cach va tc do: Do han ché vé ning lwong mat troi va kha ning
luu trir nang lwong, xe co thé cé gii han vé khoang cach di chuyén va téc do tbi da
ma né co thé dat duoc. Didu ndy co thé han ché kha ning sir dung xe trong céc tuyén
duong dai hoic & van tdc cao.

e Chi phi va ha tang hd tro: Chi phi xay dung va duy tri ha tang nay c6 thé 1a mot
rai ro, dic biét d6i vai cac khu vuc c6 han ché tai nguyén hodc co sé ha tang phat trién
kém.

9.2. Rui ro trong khau hao chat lugng Pin va céc thiét bi ngoai vi

e Khau hao chat lwgng pin

e Sy giam dién ap va dung luong: Mot trong nhitng van dé chinh caa pin lithium la
su giam dién ap va dung luong theo thai gian. Qua trinh sir dung pin lithium dan dén
hién tuong khau hao, trong d6 pin mat dién 4p va dung lugng dan theo thoi gian. Piéu
nay c6 thé anh huong dén hiéu suat va thoi gian hoat dong cua hé thong, dac biét 1a
trong céac ung dung doi hoi hiéu suat va tudi tho cao.

e Tubi tho pin: Tudi tho pin lithium 1a mét yéu té quan trong trong viéc danh gia
hiéu suat va kha ning str dung caa pin. Tudi tho caa pin lithium phu thudc vao nhiéu
yéu t6 nhu chu ky sac/di discharge, diéu kién van hanh va nhiét 6 moéi truong. Su
khau hao chat lwong pin lithium c6 thé gay anh huéng dén tudi tho cua pin va yéu cau
thay thé pin sau mot khoang thoi gian nhat dinh.

e Su mat can bang va phan b ning lugng: Pin lithium cd thé mat can bang va khdng
phan phéi ning luong ddng déu trong qua trinh sir dung. Sy mét can bang nay co thé
dan dén hién twong khau hao chat luong va gay anh huong dén hiéu suat va tudi tho
cta pin. Diéu ndy can duoc quan ly va kiém soat dé dam bao su 6n dinh va hiéu qua
cua hé thong.

e Yéu t6 nhiét do: Nhiét do moi trudng ciing ¢ thé gay anh huéng dén chat luong
va tudi tho cua pin lithium. Nhiét d6 cao c6 thé ting toc qué trinh khau hao va lam
giam hiéu suat hoat dong caa pin. Nhiét d6 thap ciing c6 thé anh hudng dén hiéu suat
va dung luong caa pin. Su quan 1y va diéu chinh nhiét ¢6 méi trudng 12 rat quan trong
dé giam thiéu rai ro khau hao chét luong pin lithium.

e Yéu t6 str dung va bao tri: Céach sir dung va béo tri pin lithium ciing c¢6 thé anh
hudng dén chat lwong va tudi tho cia nd. Cac yéu té nhur qua tai, sac khong ding quy
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trinh, bao quan khong tét hoic sir dung trong diéu kién méi truong khéng thich hop co
thé tang rui ro khau hao chit lwgng pin.

10. B4o c4o vé tai chinh va Kinh té
Bang 17: Bé&o céo gia thanh céc chi tiét

STT Tén Kihiéu | Sélwong | Pongia | Toénggia | Hinh anh
(Chiéc) (VND) (VND)
1 | Giacong 01 218 000 | 218000
khung may

2 | Banhtu lya 02 15000 | 30000

3 | Banh xe chu 04 18 000 72 000 @
4 | 0ddtruc KP08 03 30000 [90000

) Dbong co giam 02 24000 48 000 e

tbe ‘

6 Mach sac bao 02 59 000 118 000
vé cell pin

7 Pén hién thi 02 26 000 52000
dién ap

8 Mach UNO R3 01 150 000 | 150 000
Arduino
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9 Relay 01 50 000 50 000

10 | TAm ning 10W 02 170 000 | 340000
lugng mat troi

11 | Pin Lithium 2500mah 04 48 000 192 000
12 | Pin lithium st | 32650mah- 02 47 000 94 000
3.2V
13 | Module HC 05 01 50 000 50 000
Bluetooth

11. Két luan

Bai toan 4p dung robot van chuyén hang str dung ning lwong tir pin mat trdi va hé
thdng sac tich hop trong mdi truong nha may da mang lai nhiing két qua dang ké. Cac
két qua thu dugc tir viée trién khai mo hinh nay bao gom:

e T6i wru héa van chuyén: Robot van chuyén hang giup t6i wu hoéa qua trinh van
chuyén trong nha may. Su linh hoat va di dong cta robot cho phép né di chuyén dé
dang trong khong gian nha may va van chuyén hang hoa tir diém nay dén diém khac
mot cach hi¢u qua.

e Giam chi phi nang lugng: Sir dung nang luong tai tao tir pin mat troi giup giam chi
phi ning luong trong qua trinh hoat dong cua robot. Khong can phai sir dung ngudn
dién truyén thong, robot s& tiét kiém dugc chi phi ning luong hang thang va gitip cai
thién hiéu qua kinh té cho nha méy.

e Bén vitng va than thién v4i moi trudng: Robot van chuyén hang st dung ning
lwong mit troi 14 mot giai phap bén viing va than thién véi moi truong. Khong giy ra
khi thai carbon va khong str dung ngudn nang lugng khong tai tao, mo hinh nay giup
giam tac dong tiéu cuc dén moi truong va dong gop vao su bao vé méi truong ty nhién.

e Tang cuong hiéu suat va do tin cdy: Robot van chuyén hang st dung ning luong
mit troi gitp ting cudng hiéu suit va do tin cdy trong qua trinh van hanh. Vi kha
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ning hoat dong lién tuc va sac pin ty dong, robot dam bao kha ning van chuyén hang
hoéa mot cach lién tuc va 6n dinh trong nha mdy.

Téng hop lai, trién khai mé hinh robot van chuyén hang str dung ning luong tir pin
mat troi va hé thong sac tich hop trong nha may mang lai nhiéu loi ich, bao gom tdi uu
hoa qua trinh van chuyén, giam chi phi ning luong, bén vimng va than thién véi moi
truong.

12. Tiéu chuén
Céc tiéu chuin ma nhom di dung trong ché tao robot:

e TCVN 12554:2019 hoan toan twong duong ISO 12044:2014: quy dinh vé 6 lan -
6 bi d& chan mot diy — kich thudc canh vét cho phia khong chin ciia vong ngoai

e Bu 16ng luc giac chim dau try Din 912

e Bu I6ng lyc giac chim dau cau Din 7380

e Bu l6ng lyc giac chim dau bang Din 7991

e DIN EN ISO 4762

«DIN 920

¢ DIN N ISO 7046-2H
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14. Phu luc
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