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Tém tit ndi dung

Muc tiéu tng dung cua k¥ thuat robot trong cong nghiép 12 nham nang cao ning suit diy chuyén
cong nghé, nang cao chat lwong va kha niang canh tranh cua san pham, dong thoi cai thién diéu
kién lao dong. Sy canh tranh hang hoa dit ra mot van dé thoi su 1 1am sao dé hé thong ty dong
hoa san xuat phai c6 tinh linh hoat cao nham dap ting v6i sy bién dong thuong xuyén cta thi truong
hang hoa canh tranh. Robot cong nghiép 14 bd phan cau thanh khong thé thiéu trong viéc tao ra
nhiing hé théng tu dong san xuét linh hoat do.

Noi dung dé tai trinh bay vé tinh toan robot han dudng thiang c6 ba bac tuy do. Cac ndi dung tinh
toan gém: bong luc hoc thudn, dong luc hoc nguoc, thiét ké quy dao chuyén dong va tinh todn
diéu khién.

Pay 1a mot dé tai mang tinh thuc té cao, khi ma cong nghiép ngay cang phat trién sy canh tranh
khong ngimg doi hoi nang suét va chat lugng phai dugc cai thién nhd day chuyén may moc hién
dai thay thé lao dong chan tay ctia con nguoi.

Céc kién thirc trong db an giup sinh vién cting ¢ 6n tap nhiing kién thirc di hoc, dong thoi 1am
quen, tim hiéu tinh toan, méo phéng mdt h¢ co dién tir dién hinh.

Do thot gian c6 han ciing nhu nhitng han ché vé mat kién thtrc, sinh vién méi chi giai quyét mot
sO van dé co ban trong viéc thiét ké mdt robot. Ngoai ra con rat nhiéu van deé can phai nghién ctru
sau hon dé c6 mdt san pham robot hoan thi¢n.

Abstract
The application of robotics in industry is to improve the productivity of technological lines,

improve the quality and competitiveness of products, and improve working conditions. The
production automation system must be highly flexible to respond to the frequent fluctuations of the
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competitive commodity market. Industrial robots are an integral part of creating such flexible
automated production systems.

The content of the project presents the calculation of a three-degrees-of-freedom welding robot
along a straight seam. The calculation contents include: kinetics, kinematics, motion trajectory
design and control calculations.

This is a highly practical topic when the industry is increasingly developing, the competition
requires productivity and quality to be improved thanks to modern machinery lines replacing
manual labor.

The contents of the project help students consolidate and review the knowledge they have learned,
as well as learn to calculate and simulate a typical mechatronic system.

Due to limited time and knowledge limitations, students only deal with some basic problems in
designing a robot. There are also many issues that need to be studied further to have a complete
robot product.
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1.  Pit van dé va xac dinh van dé

1.1. Bat vdn de

Véi mot nén kinh te phat trién nhanh nhu tai Viét Nam hién nay, sir dung robot trong cong nghiép
12 mot xu thé tat yéu. Tir sau khi dai dich covid tr& thanh van nan trén toan cau v€ nguodn cung lao
dong, robot lai to ra hitu hi¢u hon bao gio hét véi tht ca céac linh vuc san xuit.

St dung robot trong cong nghiép giup tiét kiém nhan cong, thoi gian va cho cac san phém co tinh
dong déu cao. Pic biét, robot han 1a mot trong nhiing img dung miii nhon cua robot, cu thé c6 thé
thdy trong cac nganh san xuét khung 6 t6, xe may, lan can, cong cira, ban ghé hoc sinh, gia ké siéu
thi...

Robot han 1a mot loai robot da duoc 1ap trinh sin giup ngudi chit hoan toan ty dong hoa qua trinh
han co khi. Ty vao timg muc dich sir dung ma thi truong da cho ra doi nhiéu loai robot han gia
cong co khi khac nhau vé dau han nhu robot han tich, han day, han diém hay han Laser (laze).
Robot han dugc ap dung vao cac day chuyen san xuét ty dong doi hoi tinh chuyén moén, phirc tap
nhu linh vuc san xuat 6 t6, xe may, dudng 6ng, gia dd,..., robot han s& giup ich rat nhiéu va dem
lai hiéu qua vuot trdi so voi lao dong thu cong thong thuong

Trong gén 50 ndm qua, nganh cong nghiép san xudt 6 t6 da khong ngimg d6i méi dé cé duge dién
mao nhu ngay hém nay. Cac hang san xudt 0 t6 nhu Ford, Mercedes, Toyota, Honda, Nissan,v.v..
déu tmg dung day chuyén san xuat va lap rap tu dong, trong d6 robot han chiém 40%.

1.2. Xdc dinh van dé
Ung dung cua robot han: Str dung trong hau hét cic nguyén cong han cong nghiép trong
san xuat voi cac uu diém nhu sau:

- Van hanh dé dang;

- Chi phi hop ly;

- Nang luc Iam viéc vuot troi;

- Kha nang lam viéc chinh xac cao;

- An toan lao dong;

- Giai quyét bai toan thiéu tay nghé cua ngudi tho.

2. Khio sat thong tin

Trong qua trinh phat trién cua robot han, cac nha san xuat da phan chia san pham thanh 4 loai
chinh, twong ung vadi cac cong nghé dugce ap dung trén chung. Dudi day 1a mot so thong tin ve cac
loai robot han dang chu y:

e Robot han ABB

ABB Group 1a mét trong nhirng cong ty hang dau thé gi01 voi try s¢ chinh ¢ Thyy S§. Robot han
ABB dugc san xuét trén day chuyén hién dai, dam bao chat luong tuyét voi. Cac wu diém ndi bat
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cua robot han ABB bao g?)m dug‘mg ’cét chinh xéc, tdc d6 nhanh, thiét ké nho gon va hi¢u suét hoat
dong cao. Mot sO san pham phd bién cua robot han ABB 1a ABB IRB 1600ID, ABB 1520ID va

ABB IRB 2600ID.

= f " ;
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e Robot han laser
Loai robot nay st dung tia laser c6 cong suat 16n, c6 kha nang dicu khién tir xa. Robot han laser

dugc tng dung rdng rai trong cac phan xudng co khi véi do chinh xac cao, ap suét lon va toe do
han nhanh. Ching c6 thé diéu chinh theo hinh dang va kich thudc cta vat li¢u han va di chuyén
cac khop bang truc. Mot s6 san pham robot han laser pho bién la robot han laser Panasonic va laser

RBWLS.
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e Robot han MIG
Robot han MIG s¢ hitu d6 sai s thép, thlet ké nhé gon va tinh té. N6 st dung tia MIG/MAG dé

dua ra cac mdi han chét luong cao voi tbc do vuot troi. Cac phan mém hd tro trén ban dleu khién
cung vodi canh tay robot thiét ké dai va trong luong nhe tir 6-10kg. Mot s6 san pham ndi bat cua
robot han MIG la TaWRs TM-1800 va TM GILL 3500.

e Robot han OTC
Loai robot nay c6 kich thudc nho gon va c6 thé 4p dung cho han CO2/MIG/MAG/TIG ciing nhu

gip san pham. Robot han OTC c6 hé théng cap chay trong than mdy, giap no hoat dong linh hoat
trong moi truong khong gian chat hep. Thuong co khop thang dtng va 6 cap tu do. Mot sb san
pham ctia robot han OTC 1a dong FD (FD-H5, FD-B6L, FD-BsS), OTC VSL chuan Nhat Ban.

-i“.e:‘- -

._;/ 3

-
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e Robot han TIG

Day la mot thiét bi han chuyén nghiép dugc sir dung dé han cac kim loai nhu thép khong gi, nhom
va dong. Robot han TIG dam bao do chinh xac va do bén cao trong qua trinh han. N6 c6 kha ning
diéu chinh dong dién han va thoi gian han, giup nguoi dung tiy chinh cac thong sé dé dap ung
nhu cau han ctia minh. M6t sé dong san pham ndi bat 1a TIG AC/DC Omega 3000DT va VGII

TI1G 2000DT.

3. Muc tiéu

Muc tiéu thiét ké robot han thoa mén céc yéu cau ky thuat nhu sau

e Ddi twong thao tac va dang thao tac

- Bé mat giap nbi ciia dim chir T duoc ghép boi hai tdm thép. Chiéu dai tdi da ctia duong han 1a

1000mm.

- Ung dung trong mét sb két cdu khung.

- Yéu cau k¥ thuat

Kiéu han: Han MAG trong méi truong khi CO2, han dung
Vit lidu: Thép hop kim thap

Bé day 2 tam vat lidu 1a bang nhau nén goc han sé& 1a 45/45 46
Géc nghiéng mili han 60-80 do so v&i mit nam ngang

Bé day vat liéu 5mm tra bang thong sé ta co:

Puong kinh day han: 1.2mm

Dong han 250-280 A

Tbc d6 han: 40-50 cm/ph, gia téc han bang 0

Luu luong khi: 15-20 I/phat

- Dang thao tac

11
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Di chuyén robot sao cho miii han chay doc theo duong han véi toc d6 c¢b dinh, phu kin hd quang
1én méi han,

Sau khi két thiic qua trinh han, can duwa mdi han vé vi tri an toan dé thay cap phoi moi.

Thao tac nay duoc ciu thanh tir cac thao tic co ban 1 chuyén dong tinh tién va chuyén dong quay
cua cac khau

Ngoai ra con luc tiép xtic gilta mui han va chi tiét trong qu4 trinh han

e Yéu cau Ve vi tri va van tdc clia robot

- Yéu cau vé vi tri ctia robot han:

Di chuyén dau miii han dén cac vi tri cAn han cua chi tiét

Miii han phai di hét dugc duong han, va dén dugc vi tri thoat miii han an toan. Trong qua trinh
hoat dong robot khong dugc va cham vao chi tiét.

- Yéu cau vé van toc

Pau mili han di chuyén véi toc do 40-50 cm/pht

e Yéu cau vé hudng cta khau thao tac

Trong qua trinh han chi tiét, dé robot han d& dang va ning suat hon mili han cin nghiéng mot goc
nhat dinh so v6i phuong thang ding. Miii han can tiép can mdi han theo goc 45/45 d6 va

nghiéng 60-80 do so v4i mat ngang

4.  Giai phap dé xuat
4.1.  Cac phuong an thiét ke
4.1.1. Phuong an 1: Robot TTT

Uu diém

- Két cAu don gian, dam béo tinh linh hoat

- Ba khép tinh tién gitp c6 thé chuyén dong quét, vao ra mat lam viéc, tranh va cham
Nhuoc diém

- Dién tich khau dé 16n, yéu cau d6 clng ving cao.

4.1.2. Phuong an 2: Robot RRR

Uu diém

- Két cAu don gian

- Thong dung, d& ché tao, chi phi thap

- Pam béo linh hoat vé thao tac

Nhuge diém

- Khong gian lam viéc 16n

- Khong dam bao hudng tiép can ctia miii han

4.1.3. Phuong an 3: Robot RRT

Uu diém

- Thiét ké nho gon, khong gian thao tac nho
- Bam bao su linh hoat

- Pam bao vé hudng cua khau thao tac

12
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- Yéu cau do ctmg virng khong cao

- D& ché tao, gia thanh ré

Nhugc diém

- Kich thudc vat han khong 16n

- Chi han trén mit phang dung

Trén co s& phan tich vu, nhugce diém, tién hanh lya chon phuong an thur ba.

4.2.  Gidi han cua giai phap/san phéim
Trong pham vi dd 4n véi kién thirc cua sinh vién, lya chon phuong an robot 3 bac tu do, do d6 chi
tién hanh han duong thing.

5. Phan tich cac tac dong/anh hwéng

5.1.  Tinh kha thi vé cong nghé

Dé tai hudng dan 1a phu hop véi chuyén mén cia giao vién hudng dan, sinh vién da duge hoc cac
hoc phén bong luc hoc h¢ nhiéu vat, K¥ thuat robot, Lap trinh robot cong nghiép, Lap trinh md
phong robot va cac hé co dién tu.

5.2.  Tinh khd thi vé kinh té
beé tai tap trung tinh todn va mo phéng, do dé khong yéu cau vé van de kinh té khi trién khai.

5.3.  Tac dong xa hoi

Néu nhu tinh chi phi khdu hao cta robot so véi viéc thué cong nhén vén hanh thi gia robot han &
thi truong Viét Nam ¢ muc hop ly. Khi str dung robot ngudi chi khong can phai tra thém 1 khoan
lwong ddc hai va thoi gian robot lam viéc 6n dinh, kéo dai hon rat nhiéu so voi con nguoi. Tir d6
tiét kiém mot khoan dau tu kha 16n cho doanh nghiép.

5.4. Tac dong vé hoat dong

Tuy viéc dau tu ban dau thuong 16n hon so viéc viée thué nhan thém 1 nhan cong nhung thoi gian
va nang lyc lam viéc cua robot han lai hoan toan vu Viét hon nhiéu. Robot han hau nhu khong can
thoi gian nghi, 1am viéc duge ¢ céc vi tri kho, cho san phém chét luong déng déu va khong bi anh
huong bdi cac loai khi han ddce hai.

Véi hanh trinh 1am viée duoc thiét 1ap san, robot han cho d6 chinh x4c cao, dudng han déng déu
tir d6 san pham tao thanh c6 chat luong twong duong nhau. Bing kha ning 1am viéc chinh xac cao
robot han thuong dugc sir dung trong cac nganh ché tao 6 to, xe mdy...hodc cac cong viéc doi hoi
sy dong nhat vé san pham ma st dung ngudi lao dong kho co thé 1am duoc.

5.5.  Tdc dong vé méi truong

Néu nhu coéng viéc han gay ra khoi han, xi han, anh sang hd quang tac dong kha nhiéu dén sirc
khée cho nguoi lao dong thi khi str dung robot han van dé nay ngay lap tirc duoc giai quyét.

Bén canh d6, nhitng cong viéc c6 muirc d6 nguy hiém cao, cac tu thé han kho s& khong dam bao an
toan lao dong cho cong nhan thi sir dung robot han t6 ra hi¢u qua hon ca. Day chinh 1a mét trong
nhiing yéu té khién nguoi chi doanh nghiép can nhéc khi lya chon tmg dung cong nghé robot han
Va0 san Xuat.

13
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5.6.  Tiéu chudn dao dirc

Pao duc ky thuat 1a mot phén quan trong trong giao duc k¥ thuat va cling nhu trong cac hoat dong
nghé chuyén nghiép khac. bé tro thanh ky su Co dién tir voi kién thirc chuyén mén ciing nhu thoa
mén tiéu chudn nghé nghiép vé dao dirc, nhém dé tai di tham khao cac tiéu chuan dao duc theo
Hiép hoi K§ su Co khi Hoa Ky (The American Society of Mechanical Engineers). Theo d6, nhém
dé tai budc dau thuc hién cac quy trinh cu thé trong tiéu chuan dao dirc k¥ thuat nhu quan tim va
c6 danh gi4 t6i cac yéu td tac dong vé k¥ thuat va kinh t& (muc 5.2), x hoi (muc 5.3), hoat dong
khi van hanh (muyc 5.4) va anh hudng ctia san pham téi méi trudng (muc 5.5).

6. Ké hoach thwc hién
6.1. Thanhvién

STT Tén thanh vién Lép + MSSV Nhiém vu (Ghi r6 Muc phu trach)
1 Lé Buc Manh KT CBT - K13 - Nhom trudng, Phan chia nhiém vy,
19010191 Bai toan dong luc hoc, Tinh todn
diéu khién
2 Ngb Kim Bach KT CDT - K13 - Viét bao céo, Bai toan dong hoc
19010183 nguoc, Thiét ké quy dao chuyén
dong
3 Nguyén Hai Ping KT CPT - K13 - Hoan thién powerpoint, Lya chon
19010185 robot, Bai todn dong hoc thuan.

6.2.  Ké hoach va tién trinh
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T1|T2| T3 | T4

Phan tich ciu
truc va lua
chon robot

Bai toan dong
hoc thuan

Dong hoc
nguoc

Lap trinh quy
dao

Tinh toan
dong luc hoc

Thiét ké bo
diéu khién

Viét bao cao
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7.  Tién trinh dw an
7.1. M0 hinh chung:

z0 :

Hinh 1. M6 hinh 3D cua robot

Tay robot ¢6 3 bac tu do, thiét ké co khi dang 2 khop xoay,1 khop tinh tién . Cac khop quay
hoat dong duoc nho cac dong co dién mot chiéu c6 phan hdi vi tri tao mot vong diéu khlen kin.
Chuyén dong theo phuong thang dting nam ngang duoc thyuc hién bang truc vit me dai bc.

H¢ dan dong gom co: .
- Khau 0 (khau d€): Khau c6 dinh
- Khau 1: Khau dong quay quanh truc nam ngang

- Khau 2: Khau dong quay quanh tryc ndm ngang vudng goc véi truc khau ¢d dinh va & cudi khau
1

- Khau 3: Khau dong tinh tién theo phuong vudng goc véi truc khau cb dinh va & cudi khau 2.

15
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7.2.  Baitoan Dong hoc thudn
7.2.1. Phuong phap Denavit-Hartenber

Quy tic do Denavit-Hartenberg (DH) dé xuit ndm 1955 duoc st dung phd bién dé mé ta méi
quan hé vé mit dong hoc gitta hai khau lién tiép, Theo phuong phap DH, thir tw cac khau va khép
duoc danh s nhu sau: khau sb 0 13 gia ¢ dinh di v6i tay may thuong, con di véi may lip trén
gia di dong thi khau s6 0 chinh 13 gia di dong d6. Khau dau tién nbi voi gia 1a khau 1 va ting dan
dén khau n 13 ban kep hodc dung cu chuyén dung. Cac khdp ciing duoc danh sb tir 1 dén n, khép
ndi cua gia véi khau 1 13 khép s6 1.

Theo quy tic DH, ta dung céc h¢ truc toa do khau (i) nhu sau:

- Truc z(i) 14 truc cta khép (i + 1) ndi khau (i) v6i khau (i + 1);
- Goc O(i) 1a giao diém cua z(i) voi duong vudng goc chung cia hai truc z(i) va z(i -1)
- Truc x(i) la duong vuong goc chung cua hai true z(i -1) va z(i), hudng tir z(i -1) sang z(i);
- Truc y(i) dugc chon sao cho hé truc toa d6 1a thuén;

_ Theo quy tac nay, trong cac truong hop sau dy, viéc xdy dung hé toa do khau 1a khong duy
nhat:
- H¢ toa do 0 mai chi ¢o truc z(0) xac dinh, con lai géc 0O(0) va hudng truc x(0) co6 thé chon tuy v;
- Hé toa d6 n, do khong c6 khdp (n + 1), truc z(n) c6 thé chon tuy ¥ va truc x(n) phai vudng goc
v6i z(n — 1). Thong thudng néu khép n 1 khép quay, nén chon z(n) song song véi z(n — 1);
- Néu hai truc khép lién tiép song song, thi dudong vudng goc chung 1a khong duy nhat. Néu hai
truc khop lién tiép giao nhau, thi hudng cta truc x 1a tuy y;
- Néu khép i 14 tinh tién, chiéu truc z(i) la tiy y.

Trong céc truong hop néu trén, ta nén chon cac phuong an dé cho thu tuc tinh duge don gian,
chéng han c6 thé chon dé cac truc cua hai hé lién tiép song song. Sau khi xay dung cac h¢ truc toa
d6 khau, vi tri va hudng cua hé (i) so v6i hé (i — 1) duge xac dinh boi cac thong sd sau:
ai khoang cach gitra Oj, va O’;;

di 1a toa do cua O;j trén truc z(i — 1);

ai goc giita truc z(i — 1) va z(i) quay quanh truc x(i) va duoc lay gia tri dwong néu quay nguoc
chiéu kim dong ho;

@ 1a goc giira truc x(i— 1) va x(i) quay quanh truc z(i — 1), duoc lay gi4 tri dwong khi quay nguoc
chiéu kim dong hd.

Hai thong s trong bon thong s trén (ai VA i) 1udn 14 hang s6 va chi phy thude vao tinh chét
hinh hoc ndi giita cac khép lién tiép duoc thiét 1ap boi khau i. Hai théng sé con lai, chi mot thong
s6 1a bién phu thudc vao dang khop giita khau (i — 1) va khau (i). Cu thé:

- Néu khop (i) la quay thi goc g (i)la bién khop;
- Néu khop (i) 1a tinh tién thi dich chuyén d(i) 12 bién khop.
Tir ddy c6 thé biéu dién bién khép i theo hai loai khdp mot cach téng quat nhu sau:
g, =00 + (l— o ) d
v6i § = 1 khi khép (I) la khép quay va §=0 khi khép (i) 12 khép tinh tién.
Tu day, co thé chi ra cac phep bién d6i toa do giira hai hé toa do lién tiép (i) va (i — 1) nhu
sau: (chuyén hé (i — 1) vé tring vé6i hé (i) thong qua 4 phép di chuyén sau):
- Quay hé (i — 1) quanh truc z(i — 1) goc 0(i) de truc x(i— 1) tré thanh x’(i) song song vai x(i);
- Tinh tién doc truc z(i — 1) doan d(i) dé x’(i) vé tring voi x(i);
16
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- Tinh tién doc truc x(i) doan a(i) dé gbc O’ Q) vé trung v6i O(i);
- Quay quanh truc x(i) goc a(i) dé z’(i— 1) vé tring véi truc z(i).
Tur céc hé truc da xay dung & hinh 1, ta c6 cac tham s6 D-H nhu sau:

Khau ! di ai ai
1 g, a 0
2 g, a, 0
3 0 0 0 0

7.2.2. Tinh toan cac ma tran D-H
Chon h¢ truc toa d6 suy rong nhu sau

B[ T
q= 01,02,d3 * = 01,02,03
Ky hiéu
Cj =c0sqj’ Sj =sing; 'Cyp = cos(dy +03),S;2 =sin gy +0dy
i-1 A Ma tran bién d6i toa d6 thuan nhit cia hé i so voi hé i-1

cosé, —cosg;sing sing;sing, a, coso,
‘lA smH cosq, cos¢9 —sma cos¢9 asmH
0 sma COSO{ d.

0 0 0 1

Ma tran bién d6i toa do thuan nhat tir hé toa d6 khau thtr nhat vé hé toa do ¢ dinh

cosqg, —sing, 0 a cosq,
op —|Sing cosq O asing
! 0 0 1 0

0 0O 0 1

Ma tran bién d6i hé toa dd thuan nhét tir hé tao d6 khau thir hai vé hé toa do trén khau tha
nhat

cosq, —sing, 0 a,cosq,
1p —|SINg, cosq, 0 a,sing,
2 0 0 0

0 0 0 1
Ma tran bién d6i hé toa d6 thuan nhat tir hé toa d6 trén khau thtr ba vé hé toa do trén khau
thtr hai
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1000
2o 10110
As=l001q,

000 1

Ma tran bién doi toa do thuan nhat ctia hé 2 so vdi hé toa do co dinh

CQS(q1+Qz) _Sin(ql+q2) 0 —a, C_OS(ql+q2)+aic_:osq1
A=A Az = sin(g, +9,) cos(q,+d,) 0 a,sin(g, +q,)+a;sing,
2 Tt 0 0 1 0

0 0 0 1
Ma tran bién d6i toa d6 thuan nhat ctia khau thao tac cudi so v6i hé toa do cd dinh

cps(ql+q2) _Sin(q1+q2) 0 &, C(_)s(ql+q2)+a1c_osq1 0 0
OA 0 A 1A 2A — sin(q, +9,) cos(q,+d,) 0 a,sin(q, +q,)+asing, |_| "R, '
3 1" 2° 3 0 0 1 q3 OT 1
0 0 0 1
7.2.3. Vitri, vén tc, gia tde d’iém cudi E
e Vi tri diém tac dong cudi

2C12 + 3G
e =" 13 =| 812 + &Sy
a3
Chon quy luat chuyén dong trong thoi gian 5s
Chon gbc quay: 01 [min = 30°, max = 150°]
02 [min = 35°% max = 1607]
Khoang truot: ds (mm) [min = 0.1, max = 0.3]

Nhu vay quy luat chuyén dong trong thoi gian 5s ciia cac bién khép 1a
g, =0.419t +-0.524

q, =0.436t +0.61

g, =0.04t 4-0.1

Véiar =0.8m, a2 =0.5m
Ta dugc vi tri diém tac dong cudi E 1a

18



Faculty of Mechanical Engineering and Mechatronics

Xg = 0.5c0s(0.855t +1.134) 4 0.8c0s(0.419t + 0.524)
. =< Y = 0.5sin(0.855t +1.134) +0.8sin(0.419t + 0.524)
z. =0.04t+0.1

e Van toc diém tac dong cudi

—8512(G+ G2 ) — & S1Gy
Ve =Tg =|—ap Cp(G1+ G2 ) +&4Cy0y
—03
Taco

—0.4275sin(0.855t+1.134) + 0.3352¢0s(0.419t+ 0.524)
V, =1 0.4275c0s(0.855+1.134) + 0.3352¢0s(0.419t+ 0.524)
0.08

o Gia toc diém tac dong cudi

~a,[ (G +62)%Cro + (G + G2)S12] — 29 (1.5 + C161%)
ag = Vg = fg = |—ag[-(+ 62)?Sy2 + (81 +8i2) Cro] — a1 (61.C— $161%)
—(3

Tacd

—0.3655¢0s(0.855t+1.134) —0.145sin(0.491t+ 0.524)
ag =| 0.3655sin(0.855t+1.134) —0.14sin(0.491t+0.524)
0

7.3.  Bai toan dong hoc nguwoc

Ta c6 cac gia tri cho trudc cua diém E. Dé didu khién robot di chuyén theo cac vi tri mong
mudn cia tay trong khong gian, can xac dinh cac gia trj bién khép twong Gng véi vi tri va hudng
clia tay robot mong mudn. Day 1a ndi dung ctia bai toan dong hoc nguoc cua robot.

Bai toan dong hoc nguoc vé vi tri cua robot:

Taco:
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8.2C12 + a1C1
re =0 r3=| a5, + &S
43

x% + yé = a12 + a% +2&a5(C1Cyp +5151p) = a12 + a% +23a,Co

2 2 2 2
XE+YE —af —a
cos(p) = £ YE L~ 82

o 2898 & @, =arctan 2(sin(g5 ), cos(qy))

sin(q) = «/1—C032(qz)

Ye =a,sin(q, +0;), +&,8ing, < Ve = a_ZSZC1 +(a, +a,C,)S,

{XE =a,Cos(q, +0,) +a cosq, {XE =(a, +a,C,)C, —a,S,S,
Zg =03

Giai hé phuong trinh dai s tuyén tinh nay, ta co

Nhu vay

aXe +a(XeCy + YES,)

cos(q,) = N y2
E E
. qYg +a C, — XS
sin(qy) = 1Ye )2(2():5 y22 ES7)
E E

g, = arctan 2(sin(q,),cos(q,))
g, = arctan 2(sin(d,), cos(d,))

Thiét ldp quy dao chuyén dong

Bai toan thiét ké quy dao chuyén dong la xay dung quy luat chuyén dong cho cac khau cua
robot ddm bao thod man yéu cau vé vj tri, hudng, hodc thoa man ca vi tri va hudng cua khau thao
tac trong khong gian theo thoi gian. Bai toan yéu cau xac dinh dudng biéu dién vi tri cua khop
(g6¢ quay cua cac khdp quay hodc khoang tinh tién cua cac khop tinh tién) theo thoi gian, khi di
chuyen tir vi tri ban dau o dén vi tri cudi cung Ce trong khoang thoi gian te , v6i q la bién khép
téng quat. Tir vi tri ban ddu va hudng cla co ciu robot, sir dung phuong trinh dong hoc nguoc, ta

20



Faculty of Mechanical Engineering and Mechatronics

xéac dinh dugc cac gia tri bién khép twong tmg. Quy dao di chuyén can thoa mén cac yéu cau diéu
kién dau va cudi.

Piéu kién dau va diéu kién cudi 1a cac diéu kién vé vi tri, van toc va gia tdc khi bat dau va
két thiic mot chu trinh 1am viéc cua robot. Thong thudng ta s& chon cac diéu kién nay bang 0.

Déi voi Robot phuc vu cong viéc han nay, ta chon bai toan thiét ké quy dao trong khong gian
thao tac sao cho quy dao cua diém tac dong cudi 1a duong thang tir diém A dén diém B (bat ky
trong khong gian lam vi€c) trong thoi gian xac dinh, sao cho thoa mén 4 diéu kién: vi tri dau va vi
tri cudi, van toc tai vi tri ddu va vi tri cudi. Vi diém A (Xa, Ya, za) va diém B (xs, Vs, Z8) , ta co
phuong trinh duong thang trong khong gian thao tac:

X=Xpa _ Y=Ya _ 272,
Xg=Xa  YB—Ya Zg—Zp
Str dung tham s0 S bi€u dien tga do dai cua cac diém trén duong thang, khi d6 phuong trinh
duong thang dugc bi€u dien dudi dang tham so:

2
\/(XB_XA) +(yB Ya)? + (25 —2,)
X X
y:yB Yay o Ya¥s — YeXa
Xg — Xp Xg — Xp
/1 g —Zp X ZpXg — ZpXp

St dung prophin vén toc quy dao dang hinh thang. Prophin van toc quy dao dang hinh thang
1a dang quan trong dic biét, boi vi dang nay hay dugce str dung trong ki thuat do tinh chat dé thuc
hién ciia né. Nhuge diém co ban ctia prophin vén téc dang hinh thang 1a sy dién bién gia toc ciia
dai lugng nay khong lién tuc.

Véi quy ludt van toc hinh thang, qua trinh Robot lam viéc theo quy dao c6 thé chia lam 3
giai doan:

Giai doan 1: Van toc tang tir khong dén gia tri 6n dinh lam viéc, gia tdc a1 = ao

s(t) = s, + 0.5a,(t —ty)?
V(1) = ap(t —1o) h=t=<t
a(t) =a,

Giai doan 2: Van téc khong ddi trong qua trinh thao tac
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s(t)=s;+v(t—t)
v(t)=v t, <t<t,
a(t)=0

Giai doan 3: Van toc giam dan vé 0

s(t) =s, + V(t —t,) 4+ 0.5a, (t —t,)?
v(t) =v+a(t—t,) t, <t<t,
a(t) =a,

Vi dieu kién bién tai hai dieém dau va cudi, cac diém chuyén tiép va quy dao chuyén dong
theo thoi gian dugce xac dinh:

t,<t<t

s(t) = s, + 0.5a, (t —t;)?

v(t) =ap(t—to)

a(t)=ay

f <t<t,

s(t) = o + 058, (t —t5)* + a9 (t, —to)(t —t;)
V() = a5t —tp)

at)=0

t, <t<t,

S(t) = So + 0589 (t; —t5)° + ag (t; —t)(t —t,) + V(t—t,) +0.58, (t —t,)?
V(t) = a9t — 1) +a.(t—ty)
a(t)=a,

Gia sir: Thiét ké qu dao chuyén dong trong khong gian thao tac cho Robot, sao cho diém
tac dong cudi di chuyén tir diém A(125, 50, 35) dén diém B (625,50, 35) v6i quy dao 1a duong
thang.

Thiét ké theo quy dao vén tdc hinh thang can.
Thay toa d¢ ciia diém A va diém B, ta c6 phuong trinh tham s ciia duong thang AB:
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X=S5
y =50
z=35

Chon quy dao vén ‘Eéc hinh thang véi cac diéu kién bién nhu sau:
Tai thoi diém bat dau (diem A): S, =125mm, v, =0mm/s , t, =0

Tai thoi diém két thac (diém B): s, =625 mm , v, =0 mm/s

Van toc ctia diém tac dong cudi trong qué trinh gia cong duge chon: vi = v2 = 32 mm/s
Suy ra: aots = 32 mm/s

Chonti=4shayti—to=4

aa = 8 mm/s?

Quy luat van tdc hinh thang can

to—ty =4

a =—ap ——8mm/s’
Thoi gian chay trong qua trinh gia cong

sp—s _ 625-125-0.5.8.4°
aotl 32

=13.625

ty —t =

Thoi diém két thic qua trinh
te =4+4-+13.625=21.625
Vay phuong trinh chuyén dong cua diém tac dong cubi

X=S5
y =50
z=235

Trong khoang thoi gian 0 <t <4 s

s(t) =125+ 4t?
v(t) =8t
a(t)=38
Trong khoang thoi gian 4 <t <17.625 s
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s(t) — 189+ 32(t — 4)
v(t) =32
a(t)=0
Trong khoéang thoi gian 17.625 <t < 21.625 s

s(t) = 625+ 32(t —17.625) — 4(t—17.625)?
v(t) = 32— 8(t —17.625)
a(t)=-8

7.5.  Khong gian lam viéc cua robot
Céc thong sb ctia robot nhu sau:
- Chiéu dai khau 1: a; = 0.8m
- Chiéu dai khau 2: a2 = 0.5m
- Gi6i han bién khép 1: @1 [min = 30°, max = 150°]
- Gi6i han bién khép 2: @2 [min = 35°, max = 1607]
- Gi6i han bién khép 3: ds [min = 0.2, max = 0.6]
Khong gian lam viéc nhan dugc nhu sau

Khong gian X-Y

1200
1000
800

5 600
400

200

-200 ]

-1000 -500 0 500
X

Hinh 2. Khéng gian lam viéc Oxy

24



Faculty of Mechanical Engineering and Mechatronics

Khong gian X-Y-Z

Y 0 -1000 X

Hinh 3. Khong gian lam viéc Oxyz

7.6.  Thiét ldp phwong trinh dong luc hoc
7.6.1. Ma tran Jacobi tinh tién va Jacobi quay cua cac khau
Chon toa do suy rong

T T
q= 6,0p,d3 = 1,02,03

Bang mo té vi tri trong tdm, khoi lugng, mé men quan tinh khdi cua ting khau cua robot:

Vi tri trong tam (so vaéi goc M6 men quan tinh khéi tirng khau
toa d6 gan trén moi khop) | Khoi
Khéu luong
Xc | Yc |Zc b [y |z |y [ |y
1 0 0 0 0 0
—ay mp | by |y |l
2
2 0 0 0 0 0
—a, My | x| loy | l2z
2
3 0 0 0 0 0
m I I I
—03 3 3X 3y 3z
2

Cac khau la doi xting va la nhiing thanh dong chat nén lyy, lx, ly; cia cac khau bang 0.
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Vector xac dinh vi tri ctia cac diém Oz, Oz, O3 trong h¢ toa do co s& lan luot 1a

Orol = a1C1 alsl OT
O, — —a,C C, a5 s, 0
o, = QL+ o+ &9

0 T
Moy — 2C12 Gy 512 +&18 d3

Vector xé4c dinh khdi tAm cac khau trong hé toa do gén v6i khau 1an luot 1a

.
re, =| 5 0 ol
.
ZrCZZ—_;‘Z 0 0
L
3rC3:[0 0 _23

e Xét khau 1
Vi tri khéi tdm cta khau 1 trong hé toa do ¢d dinh

a
|
aC| G =5 0| 2
a
rcl =Y rol +0 Rllrcl =y |+1Sy G 0| 0 |= 5181
0 0 0 1) 0 0
Van téc khdi tim khau thir nhat
—al .
—= S
> O o1
A .
ve, =f, = %%Cl
0
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Ma tran Jacobi tinh tién cta khau thir nhat

—a .
—=3sin 00 - . a
2 (@) —215”‘(%) ElCOS(OIl) 0
a T
Iy, = Elcos(ql) 0 0=y = 0 0 0
0 0 0 0 0 0

Ma trén Jacobi quay ciia khau thtr nhat

0m=00 ¢'

000 0 01
=Jg =0 0 0/=JL =0 0 0
=t
100 000
o Xét khau 2
Vi tri khéi tam ctia khau 2 trong hé toa do ¢ dinh
—ay i;ZC]_Z +a1C1

. . —aCp +&C| |G —S2 0
ro, +" Ro“fe, =| @S1p+a8 |+(S2 Cpp O
0 0 0 -1

a
rC2 = 7 512 + a181

oom‘
|

0

Van téc khdi tim khau tht hai
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. 3a, .
—a1 01 S — 72 di2512

. . a .
Ve, =fc, =| ahC +?Q12012

0

Ma tran Jacobi tinh tién ctia khau thir hai

3 ] ] 3 |
S sin(gy+dz) —ag sin(gy) 5% sin(g;+dz) O

1 1
Jr = >3 cos(1+ o) + a7 cos(cy) 532 cos(ty+qz) 0
0 0 0

3. . 1
Eaz sin(gy+ g2) — 2y sin(y) 532 cos(qy+dz) +a cos(cy) O

T N 1
JT2 = Eaz sin(a;+0) Eaz cos(dy+9p) 0
0 0 )

|
Ma tran Jacobi quay cua khau thir hai

0,=00 Q1+CI2T

0 00 0 01

T
=Jg, =0 0 O:>JR2:O 01
110 0 00

o Xét khau 3
Vi tri khéi tAm ctia khau 3 trong hé toa do ¢ dinh
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5 a2012 + alCl ClZ —512 0|l O
0 0
rc, = Yo, ¥ R3'rc, = @5 +&5 | +|S12 Cp 0] 0

03 0 0 1j—as
2
aCy +ayCyp
=| &S +aSy
a3
2

Van téc khdi tim khau tht ba

—a Gy Sy —axd12S1
Ve, =fc, =| atC +aytCrp

a3
2
Ma tran Jacobi tinh tién ctia khau thir ba
—8.2512 — 8.181 dy C12—|— a1C1 0
1
I, = a2 ayCyp 0
0 0 1
2

Ma tran Jacobi quay cua khau thtr ba

T
03=0;=0 0 ¢+

0 0O 0 01

T T
:>JR3:JR2:0 0 0:>JR3:JR2—O 0 1
1 10 0 0O

29



Faculty of Mechanical Engineering and Mechatronics

7.6.2. Ma tran tenxo quan tinh cua cac khau
Céc ma tran tenxo quan tinh cua cac khau, tinh véi hé truc toa do dia phuong dat tai trong
tam tung khau va cé céc truc song song vdi hé truc toa do khdp OiXiyizi c6 dang nhu sau

ik Jey  Jexe lhy 0 O
|11 = Jclyx Jclyy Jclyz =0 I1y 0
J clzx J clzy J clzz 0 0 I1z
Je2xx Jc2xy Jeaxz Iy O 0
|2 - JcZyx JcZyy JcZyz =10 I2y 0
Je2ax Jc22y Je2zz 0 0 I2;

Jeaxx  Jeaxy  Jesxe I3z 0 O
I3 :Jc3yx Jc3yy JcSyz = 0 I3y 0

Je3ax Jc32y Je3z 0 0 I3,

7.6.3. Ma tran khoi luong suy rong cta cic khau

3 = : My My M3
Mq) = DL (mideJri 0 iR )= May SM3y [Mag

y Mgy Mgy Mgy
2

m]a1 1 2 )
-I—I]z—i-mZ[—a +a.C2a +a ) +I2z+m3(2a C2a
4 4 D% 1 T4 2 1

Mq =

mZa2 (2 C2a1 +a
4

2, 2 2)
—I—al—l—az) + I3z, —I—I2z+m3a2<C2a1+a2)

+ 7320

s

m2a2 (2C2a1+a2) 1 5
+ 2z4+ m3a (C2a +a )+I3z,—m2a + 12z
4 2 1% 4 2

+ m3a§ + 1320

s

()Om_3
4
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ml a?
mll =

—I—I]z+m2(ia2+a C2a —I—az) —|—122+m3(2a C2a
42" % 17 2 1

+af +a§) + I3z

m2a2 (2C2a1 +a2)
ml2 = +12z+m3a (C2a +a )+I3Z
4 2 1%
ml3:=0
m2a2 (2C2a1 —I—a2>
m2l = 2 -|—I2z-|—m$a2 (CZal +a2) + I3z

m22 = %mZaz + 12z + m3a§ + I3z

m23 =0
m31 =0
m32 =0
m33 = M3
4

7.6.4. Luc quan tinh Corlolis va quan tinh ly tim

Ma tran C(q,§) 1a ma tran chtra cac lyc Corlolis va lyc 1i tim. Cac phﬁn tr trong ma tran
dugc xac dinh boi cong thic

3

¢; = (k1 )4,.q

k.1=1
om, om,
(1) =2 T O
2V %, oa, @,

V&i mij 1a cac phan tir trong ma tran khéi lugng.

)
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Ci Cp Gy
=C(q.9)= Cy Cp Cy
Cy GCp Gy

Céc phan tir sau khi tinh toan
cll == ( —mZSZa1 a, = 2m3S2a1 a2> dq2

= (-1 _
cl2:= ( 2 mZSZala2 m3S2a1a2j dq2?
cl3:=0

— (1 1
c2l = (?mZSZalaz —I—m3S2ala2)dq] + ( Zm2S2ala2
1
—?m3S2ala2jdq2

c22 = (%mZSZalaz + %m.?SZalazj dql

c23:=0
c31:=0
c32:=0
c33:=0

7.6.5. Luc suy rong cua cac luc co thé
Thé nang cua robot

rnlail

g+m, ( a,5, +a,5,)g +m,(a,S,, +a,5,)g

Pao ham riéng thé ning ﬂtheo Qi ta c6 cac phan tir ctia ma tran biéu dién lyc suy rong cia

cac luc c6 thé nhu sau

g =%
o,

131

C,
g, = g+m( a,C, +a,C))g+m;(a,C, +a,C))g

g,=m, (E a,C,)9+my(a,Cy,)g
03 =0
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Khi d6 ta c6 phuong trinh vi phan chuyén dong ctia robot

M(a)d+C(q,9)q+9(q) =1

2
e | flz+m (L +a C2a +d° | + 1224 m3(2a.C2
Tl = 4 e m Zaz a2 al al yA m ( a2 al

2 2 1 1 2
+a1 —I—az) + I3z | ddgl + [[?aZCZaI +Zazjm2+ (aZCZa1 +

ai) m3 +I2z+13z] ddq? + (—m2a2S2a1 —2m3a252a1)dq2dq1 + (
1 2
-?m2c1252a1 —m3a2S2a1jdq2

._ 1 1 2 2
12 = ((?azCZal + Zazjm2+ (a2C2a1 —|—a2)m3+122+]3zj ddql

1 2 2

1
+ (ZmZaz —I—IZz+m3a2 +sz ddq? + ( (?mZazSZal

1 1
+m3a252a1) dql + (—Zm2a252a1 — ?mSazSZal) dq2j dql

1 1
+ (Zm2a2S2a1 + EmSazSZal] dqldq?

m3ddq3
4

T3 =

7.7.  Téng quan vé thiét ké bo diéu khién
7.7.1. Luc suy rong cta céc luc c6 thé

Nhiém vu cta bai toan diéu khién 1a thiét ké bo diéu khién dé robot chay dung theo quy luat
qa(t) cho trudc, nham thyc hién mot sé nhiém vy nao d6. Trén co sé chuyén dong mong mubn
qu(t) dugc dinh nghia trude va chuyen dong hién tai cua robot dugc do boi cac cam bién dit tai
khop, bod diéu khién c6 nhiém vu diéu khién robot di theo mot quy dao cho trude. Dong thoi lam
cho robot thyc hién chuyén dong mong mubn mot cach on dinh va chinh xac. Trong phan trén, ta
da c6 phuong trinh vi phan chuyén dong ctia robot

M(@)d +C(a.9)d+9(q) = 7(®
Pé diéu khién chuyen dong cua robot trong khong gian lam viéc, can xac dinh thanh phan
luc ctia vector luc 1 (t) dé cho chuyén dong q(t) gan hay tring voi chuyén dong mong mudn, ta c¢é
thé xem robot cong nghiép nhu mot hé thdng ma c6 dau vao 1a dién ap tai cac dong co va dau ra
1a chuyén dong cuia cac khdp ma ta c6 thé do duoc nhd céc sensor dit tai cac khép tuwong tng.
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u

Phén diéu khién va robot dugc tich hop theo so d6 sau

L
=
gt

q.q

cam
bién
Bo diéu
— .2 “
khién .
q q.q

Hinh 4. So d6 diéu khién
Véi so dd nay ngudi str dung robot chi viée dinh nghia quy dao mong muén roi sau d6 robot
s€ tu dong thuc hién chuyén dong do.
7.7.2. MO0 phdng trén Matlab
Diéu khién bam quy dao
Mo phong diéu khién robot theo quy dao

—T T T
t2 3

—_— —|— _ -

%= "0 250
= T

3 100 500

0 = 0.5t +10

Sau khi mé phong bang phan mém Matlab-Simulink, ta thu duoc két qua nhu sau:
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e Vi tri cua céc bién khép so véi vi tri dat
- Vi tri ctia Q1 so v&i (id theo thoi gian

0 \ /
0.5
=] \
-1
N
-1.5 \\
-2

-4
0 1 2 3 4 5 6 7 8 9 10
Hinh 5. Do thi gs, qid theo thoi gian
- Vitri ciia g2 so v&i Qzg theo thoi gian
1.5
1
II \
0.5 <
l' \
0

1 2 3 4 5 6 7 8 9 10

Hinh 6. D thi g2, gz theo thoi gian
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- Vi tri ctia g3 so vdi Qzq theo thot gian

16
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12 e
[N ——
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/
I
8 I
[
1
6 Nl
I
]
41
1
2 I
U
0
0 1 2 3 4 5 6 7 10
Hinh 7. D6 thi g3, gsd theo thoi gian
e Van tdc cta cac bién khép so voi van tde dat
- Van toc dgz so vdi dgud theo thoi gian
0.5

0 1 2 3 4 5 6 7

Hinh 8. D6 thi dga, dgid theo thoi gian

10
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40

Hinh 9. Do thi dgz, dgzg theo thoi gian

35t

30

25

20

15

10

Hinh 10. Db thi dgs, dgsq theo thoi gian
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8. Két quavathao luan
o Cac bién khép c6 xu hudng bam theo quy dao di dit trude sau khoang thoi gian t = 1.025s.
e Van tdc cac bién khép co xu hudng bam theo quy dao di dit trudce sau khoang thoi gian t =
1.025s.
Nhu vay, bai toan diéu khién di duoc giai quyét.

9. Phantichruairo

9.1.1. Quy trinh danh gid ri ro

Céc quy trinh phan tich rui ro thuong dugc phan chia thanh hai nhém, phan tich dinh lugng va
phan tich dinh tinh. C6 thé nhan thiy rang phén tich dinh tinh s& giup dua ra nhimg thong tin cu
thé va chi tlet cho bai toan dat ra. Tuy nhién, viéc sr dung phuong phap nay doi hoi c6 nhiing ham
toan hoc va tdi uu phirc tap, ciing nhu cac phan mém tinh toan chuyén dung. Do d6, cac phan tich
dinh luong 13 chua phu hop va khong can thiét trong trudng hop nay.

Cac phan tich rai ro dinh tinh c6 nhiéu wu diém nhu tién lgi, nhanh chong va dua ra nhiing phan
tich nhanh gon, khong can nhimg ham toan hoc va nhimg phan mém phic tap. Do d6, day 1a ky
thuat dugc lya chon dé thuc hién cac phan tich rii ro trong bai toan nay.

Quy trinh phan tich rai ro dinh tinh bao gdm cac budc sau

° Xac dinh cac yéu td rui ro;

lira chon thang do xac suat;

thiét 1ap ma tran tham chiéu rui ro;

xé4c dinh diém rui ro va ma tran rdi ro;

xép hang rui ro.

9.1.2. Xéc dinh cic véu tb ri ro

Bang 9.1. Céc yéu t6 rui ro

Ri Yéu t6 rai ro

R1 St dung thiét bi khong ding cach

R2 Str dung thiét bj boi ngudi khong dugc phép
R3 Khéng tuén theo hudng dan sir dung thiét bi
R4 Str dung thiét bj chwa duogc hiéu chuin

R5 Nhiét d6 khong phu hop

R6 D6 am cao

R7 Dit thiét bi trong khong gian qua nho

R8 Khoéng tuan thu thir ty hoat dong

9.1.3. Lua chon thang do x4c sut va thang do tac dong

Sau khi cac yéu t6 rii ro duoc xéc dinh, quy trinh tiép theo 1a Iyra chon thang do xac suét va thang
do tac dong. Thang do xac suat dugc hi¢u la Kha nang xay ra rui ro do yéu to xem xét gy ra, theo
thoi gian.
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Bang 9.2. Lua chon thang do xéc suét.

Panh gia x4c suit dinh tinh

Panh gi x4c suit dinh luwong

Piém xac suat

Rét cao (rat c6 thé xay ra)

3 thang mdt 1an

Cao (co thé xay ra)

6 thang mot lan

Vura phai

Mbi ndm mot lan

Thép (khong chac)

3 ndm mot lan

Rat thap (rat kho xay ra)

Hon 3 nam

RN W] &~ Ol

Bén canh d6, thang do tac dong cling dugc lua chon. Thang do tac dong dugc miu ta la tac dong
xay ra di v6i thiét bi khi yéu t rii ro xem xét xay ra. Can chu y rang mot yéu té i ro c6 kha
nang xay ra cao, nhung chua chic di c6 nhiing tac dong 10n t6i thiét bi, va nguoc lai. Bang 9.3 thé
hién lya chon thang do tac dong trong truong hop nay.

Bang 9.3. Lua chon thang do tac dong.

Panh gia tac dong dinh tinh | Panh gia tic dong dinh lwong Piém tic dong
Rét cao S6 lugng bai kiém tra khong hop 1¢ 16n hon 20% 20
Cao S6 lugng bai kiém tra khong hop 16 tir 10 dén 20% 10
Vira phai S6 lugng bai kiém tra khong hop 16 tir 5 dén 10% 5
Thap S6 lwong bai kiém tra khong hop 18 tir 2 dén 5%
Rt thap Céc thir nghiém khong hop 1¢ thap hon 1%

9.1.4. Thiét 1ap ma tran tham chiéu i ro

Ma tran tham chiéu ruai ro duoc tinh toan tir hai thang do xac suét va tac dong dugc lya chon ¢ myc
9.1.3. Ma tran dugc trinh bay chi tiét & Bang 9.4. C6 thé nhan thay rang cac hang ctia ma tran dugc
trinh bay theo thang do xac suat Céc cdt cua ma tran dugc trinh bay theo thang do tdc dong. Céc
thang nay dugc sap xép tir sd thap t6i cao.

Vi€c tinh toan cac thanh phan bén trong ma trén rat don gian, 14 tich s6 tuong Gmg cua diém xac
suat va dlem tac dong. Co thé nhan thay rang diém tic dong cang cao va diém xac suit cang cao,
thi tich sb s& cang lon va do do diém rui ro s& cang 16n.

Tiép theo, dé xép loai cac dlem rii ro, nham phat hién xem nhing yéu t6 nao 1a nguy hiém, nguol
ta str dung Bang 9.5. Tu cac xép loai va mau sic danh diu trong Bang 9.5, ma trdn tham chiéu rui
ro duoc thé hién truc quan nhu hinh 9.4.
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Bang 9.4. Ma tran tham chiéu rui ro.

Xac suat

Bang 9.5. Phan loai céc rui ro theo di€ém rui ro.

Piém riii ro Mure do rii ro Mau sic
41 < SR < . ;
1 0% 5 — Riii ro rat cao bé
21 < SR < .
40 4 — Rui ro cao
< <
- B 3 — Rui ro trung binh
20
5<SR=<9 2 — Nguy co thap
1<SR<4 | 1-Riiroratthdp | Xanhli dim

9.1.5. Xé&p hang i ro va phan tich két qua

Téac dong (mirc do nghiém trong)
Ma tran tham chiéu rii ro (SR) Rit thap | Thap | Vira phai | Cao | Rét cao

1 2 5 10 20
Rit thap (rat khé xay ra) 5 10 20
Thap (khong chic) 10 20 40
Vira phai 15 30
Cao (co6 thé xay ra) 20 40
Rét cao (rit c6 thé xay ra) 25

Tir Bang 9.4 cho diém ri ro, cac yéu t6 rai ro duge phan loai chi tiét va thé hién két qua trong

Béng 9.6.
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Bang 9.6. Mirc do rui ro cho ting yéu t6 rui ro.

Ri | Piém xdc suit | Piém tac dong | Piém rii ro | Mirc dd rii ro
R1 1 20 20 3
R2 1 20 20 3
R3 1 20 20 3
R4 1 20 20 3
R5 3 10 30 4
R6 3 10 30 4
R7 2 20 40 4
R8 3 5 15 3

10. BA&o cao veé tai chinh va kinh té

11. Keét luan
Trong ndi dung do an da giai quyét nhitng ndi dung sau
- Xay dung mo hinh robot cong nghiép.
- Tinh toan dong hoc thuan va dong hoc nguogce robot.
- Thiét ké quy dao chuyén dong.
- Tinh toan dong luc hoc.
- Xay dung bo diéu khién bang Matlab-Simulink

12. Tiéu chuan
- TCVN 13229-1:2020, R6 bt va cac bd phan cau thanh ro bdt — Yéu cau an toan cho ro bt
cong nghiép — Phan 1: Ro bot
- TCVN 13229-2:2020, R bdt va cac bd phan cAu thanh rdé bdt — Yéu cau an toan cho rd bdt
cong nghiép — Phan 2: Hé thong ro bdt va sy tich hop
- TCVN 7383, An toan may — Nguyén tic chung cho thiét ké
- 1SO 9283:1998, Manipulating industrial robots - Perfomance criteria and related test
methods (RS bdt tay may cong nghiép - Céc tiéu chi dic tinh va cac phuong phap thir ¢6 lién
quan).
- IEC 62061:2005, Safety of machinery - Frenotional safety of safety relected electrical,
electronic and programmable electronic control systems (An toan may - An toan chirc nang
cua cac hé théng diéu khién dién, dién tir va dién tir kha 1ap trinh c6 lién quan dén an toan).
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