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MO DAU
1. Tinh cap thiét caa dé tai

Theo Quyét dinh sé 66/2014/QD-TTg ngay 25/11/2014 cua Tha Tudng
chinh phu vé viéc phé duyét danh muc céng nghé cao duoc uu tién dau tu
phat trién. Trong d6, cong nghé thiét ké, ché tao robot 1a mét trong cac danh
muc duoc wu tién dau tu phat trién. Tai dién dan Kinh té thé giéi dién ra tai
Davos (Thuy Si) ngay 05/2/2017. Thu tuéng nhan manh, trudc nhitng thach
tharc méi, Viét Nam dang tap trung co cau lai nén kinh té, ¢6i mai mé hinh
tang truong dé tranh thi co hoi cia cuoc Cach mang Cong nghé 4.0. Xu
hudng cach mang cong nghiép 4.0 bao gom tat ca nhiing phat trién lién quan
dén cong nghiép, dac biét cong xudng gan lién voi ki thuat s6 va su xuat hién
cua nhitng nguodi may robot trén nhitng day chuyén san xuat. Ngay 11/4/2017,
Dién dan cach mang coéng nghiép lan thtr 4 do Bo Cong thuwong to chic da
dién ra tai Khach san Melia, Ha Noi. Thir truong khang dinh: Cach mang 4.0
dang trong giai doan khoi phat. Néu dinh hudng ré rang muc tiéu va céch
thuc tiép can thi cach mang 4.0 sé& 1a co hoi quy bau ma Viét Nam tranh thu
day nhanh tién trinh CNH, HPH va sém thuc hién duoc muc tiéu tré thanh
nudc cong nghiép theo hudng hién dai.

Thuc hién chu truong, dinh hudng cua Bo Cong Thuong. Truong Dai
hoc Sao P ciing di tich cuc doi md hinh nham gan dao tao, nghién ciu khoa
hoc véi doanh nghiép. Pay ciing 1a mot trong nhitng nhiém vu cua nganh
Cong Thuong trong viéc Xay dung moé hinh 3 bén Nha truong — Doanh nghiép
— Chinh phii vé phat trién ki ning va day manh cong nghiép hoa tai Viét Nam.

Cung voi da phat trién cong nghiép hoéa va hién dai hda tai Viét Nam,
ing dung Robot trong nganh cong nghiép dang ngay cang trd nén phd bién
boi tinh linh hoat va hi¢u qua ciaa nd. Cac doanh nghiép ¢ Viét Nam ciing chu
trong dau tu ding robot trong nhiéu khau san xuat nhd nhitng vu diém vuot
troi thay thé cho con ngudi nhu do chinh xac cao, 6 an toan va do bén dap

tmg dugc yéu cau chat luogng cao trong san xuat. Robot dem lai ning sut lao
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dong cao, giam chi phi nguyén vat liéu va cac dang nang lugng tiéu thy, nang
cao chat luong va giam gia thanh san pham, do d6 tao kha niang canh tranh
cao hon trong thi truong québc té. Mat khac, Robot giai phong con nguoi khoi
lao dong chan tay, gilp x& hoi van minh hon, nang cao dugc dan tri trong to
chtic cac qué trinh san xuat va té chic xa hoi. Chinh vi vay nghién ctu diéu
khién chuyén dong Robot Ia van dé rat cap thiét huéng téi 1am chu cudc cach
mang c6ng nghiép 4.0 dang duoc cac nha khoa hoc rat quan tam.

Linh vuc diéu khién Robot rat phong phu, tir cac phuong phap diéu
khién truyén théng nhu PID, phuong phap tinh mé men, phuong phép diéu
khién trugt dén cac phuong phéap diéu khién théng minh nhu diéu khién sir
dung mang no ron, logic md, thuat gen va cac phuong phap diéu khién tu
thich nghi, cac phuong phap hoc cho Robot, cac hé visual servoing,...

Robot hién dang duoc nhiéu khach hang Viét Nam biét dén va di cung
Cap céc giai phap ung dung “canh tay may” cho nhiéu nha mdy trong nudc
nhu hé thdng son, van chuyén cho hé thdng day chuyén dap vo 6 to cit laze,
cat plasma, Robot boc va xép cho céac day chuyeén...Do d6 tac gia lua chon dé
tai “Nghién ctu, tng dung cong nghé Hybrid dé diéu khién va giam sét robot
cong nghiép”.

2. Muc dich nghién ctru cia dé tai

- Nghién cau, ché tao robot cdng nghiép trong linh vuc bdc, xép hang
hoa cho cac day chuyén tu dong.

- Tai liéu phuc vu nghién cau va ché tao robot.

3. P6i twong va pham vi nghién cieu cia dé tai

Robot cong nghiép trong linh vuc bdc, xép hang hoa
4. Phwong phap nghién ciru cia dé tai

- Nghién ctu ly thuyét: Trén co s& nghién ciu, phan tich céc tai liéu o
trong va ngoai nudc, dé xuat huéng nghién ctu va ché tao robot.

- Thuc nghiém: Ché tao phan co khi, lip dat phan dién, thuc nghiém diéu

khién va giam sét robot
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5. 'Y nghia khoa hoc va thuc tién cia dé tai

Pé tai thudc linh vuc nghién ciu giai phap diéu khién robot cong nghiép
trong linh vuc bbc, xép hang hoa cho cac day chuyén tu dong; nghién cau ly
thuyét kinh dién va ang dung vao thuc té. Tir cac két qua nghién cau cua dé
tai cho thay c6 thé tng dung dé diéu khién robot cong nghiép boc, xép hang
hoa trong thuc tién. Dong thoi két.

6. Két cau luan vin

Két cau luan vin gom 3 chuong:

Chuong 1: Tong quan vé cong nghé Hybrid va robot cong nghiép

Chuong 2: Nghién cuu, thiét ké robot cong nghiép

Chuong 3: Lap dat thyc nghiém va danh gia két qua

Két luan va kién nghi

Tai ligu tham khao
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CHUONG |: TONG QUAN VE CONG NGHE HYBRID

VA ROBOT CONG NGHIEP
1.1. Cong nghé¢ hybrid

1.1.1. Tinh hinh nghién ciétu ngoai nwéc, trong nwéc
1.1.1.1. Tinh hinh nghién citu ngoai nuoc

Robot béc xép hién nay duoc quan tdm va phat trién boi cac hang san xuat
nhu Fuji, ABB, Puma, TML,... [12], [13], [14], [15]. C4c robot boc xép gan day déu
dua trén cdu hinh lai, c¢6 cac thanh diéu khién l1én/xudng (up/down) va vao/ra
(infout) riéng biét. Cac canh tay nay dugc két ndi lién dong véi nhau theo 1 co cau
song song dé dan dong vi tri va goc hudng cua dau cong. Vai cau hinh lai, trong
luong cua canh tay s& duoc can bang co hoc bai cac co cau phy, cho phép tiéu tén it
nang luong va giam stc ép 1én cac khop, bac dan, diém tru va gia dd trén san. Fuji
cho biét san pham loai nay cua hang giam tir 50% t6i 200% cong suét tiéu thu voéi
nang suat boc xép tang t6i 1.600 bao/gio. D6 1a 1y do dé co cau lai thay thé cho cac
co cau ndi tiép nhu trude day [12].

Mot sé cong trinh nghién ctu vé robot boc xép kiéu lai vé xay dung va giai
céc bai toan dong hoc [16], [17], [18], [19], [25], dong luc hoc [20], [21], [26], [27]
dé tao co s& cho viéc tinh toan thiét ké va diéu khién robot béc xép [22], [23], [24],
[25], [26], [27]. Bén canh d6 1a cac nghién ctu nham giam thiéu cdng suat van
hanh, luc tac dong trén cac truc [20], [21], [22]. Viéc phan tich dong luc hoc cho
robot kiéu lai khdng thé str dung cac giai phap truyén théng cho cac robot néi tiép
[16], [20], [21]. Mét sb nghién ctru dé xuat va phét trién céc cach tiép can khéc
nhau dé md phoéng va phan tich dong luc hoc cho robot béc xép. Pé don gian hoé
viéc thiét 1ap cac phuong trinh dong hoc, cac tac gia [17] da xem cau trlic song song
ctia robot nhu mét thanh phan don nguyén va thay thé thanh phan nay bang ciu tric
tandem (kiéu nhu xe dap cho 2 nguoi dap), sau d6 ap dung cac phuong trinh
D'Alembert dé xac dinh cac phuong trinh dong hoc thuan va ngugc. CAc tac gia
[19] d4 tién hanh phan tich dong hoc cho robot lai 4 bac tu do, xac dinh bang mo
phong Matlab céc tham sé vi tri, van toc, gia toc va khong gian 1am viéc tbi da. Cac
tac gia [20] da xay dung mét md hinh todn kinetostatic khi sir dung ly thuyét
D’ Alembert dé chuyén d6i hé théng luc quan tinh tic thoi thanh hé tinh va tinh toan
lyc cho mdi truc cho robot & tu thé bat ky. Cac cong trinh néu trén thuc hién véi
khép 1én/xudng va vao/ra loai quay.

Cac tinh toan thiét ké cu thé phuc vu ché tao robot béc xép kiéu lai do tinh
bao mat cong nghé nén khdng c6 tai liéu cong bb. Dé thiét ké va ché tao mot robot
boc xép ¢ cau hinh lai, nhém tac gia da nghién ctru, phan tich cac bai todn dong
hoc va dong luc hoc cho mét robot béc xép ¢ cau hinh twong tu robot caa hing
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Fuji voi mot s cai tién vé truyén dong. Cau hinh robot bc xép kiéu lai duoc thiét
ké ¢ cac khép chuyén dong R va Z 1a cac khop trugt (x1 va y4). Cac khép truot sé
han ché viéc quay nguoc va rung lac cta co ciu, gia thanh ré, dé boi tron, dé thay
thé, do bén cao, phu hop cho wng dung bbc xép.

[46], [47] da trinh bay viéc ap dung cac phuong phap nguyén ly cong ao,
phuong trinh Lagrange dang nhan tir (cong nghé hybrid) dé giai bai toan dong luc
hoc robot song song. Trong bai bao nay ap dung phuong phap tach cdu trac dé thiét
lap phuong trinh vi phan dai s6 cta cac robot song song. Sau dé trinh bay viéc tinh
toan so sanh hai phuong phap giai bai toan dong luc hoc nguoc robot song song

Nhiéu cdng trinh nghién cau vé rd bbt di dong tap trung vao viéc giai quyét
bai toan diéu khién chuyén dong. [48], [49], [50], [51] da thiét ké cac bo diéu khién
tuong ing ma chung da tich hgp moé hinh dong hoc co6 rang bugc nonholonomic véi
mé hinh dong luc hoc cua rd bét di dong. O do, cac tac gia da gia st diéu kién rang
budc nonholonomic (cac banh xe chi c¢6 chuyén dong lan ma khong truot) ludn
duoc dam bao. Tuy nhién, trong thuc té, khong phai luc nao diéu kién rang budc
nonholonomic ciling luén dugc thoa méan. Rang budc nonholonomic phuc thudc vao
rat nhiéu yéu to nhu d6 cang cua 16p, do tron ctia mat san, do phang cua dia hinh, ...
Khi d6, néu mudn giai quyét bai toan diéu khién chuyén dong thi dong hoc, dong
luc hoc truot phai dugc tinh dén khi thiét ké bo diéu khién cho rd bét di dong.
Trong [52], cac tAc gia da phat trién mot mot hinh dong hoc suy rong ma ¢ dé da
chira dung céac loai trugt khac nhau nhu truot doc, truot ngang, truot quay. Trong
[53], diéu khién lrc ngang di dugc dé xuat bang cac bo didu khién lyc va vi tri,
trong d6 cac yéu to truot da duoc tinh dén. Trong [54], cac tac gia giGi thiéu mot bo
diéu khién bén ving dé bam theo quy dao bang cach tich hop vao dong hoc truot
vao dong hoc rd bot di dong banh xe dudi dang cac ham va tinh on dinh dugc kiém
chang bang toan tir Lie. Trong [55], cac tac gia da xay dung mé hinh dong luc hoc
ré bét di dong banh xe ma ¢ d6 da chira dung dong luc hoc truot ngang. Sau d6, méo
hinh dong luc hoc nay duoc st dung dé thiét ké bo 1ap quy dao va bo diéu khién dé
cho phép dan duong (navigation) c6 hiéu qua rd bot di dong trong diéu kién co truot
ngang

Hai thuat toan diéu khién tuyén tinh kinh dién dwoc &p dung trén robot hai
banh 12 LQR va PID. Hai thuat toan nay déu cho két qua tét nhung viéc hiéu chinh
c4c thong so rat kho khin, nhat 12 bo diéu khién PID [56]. Bé khic phuc nhuoc
diém nay, di c6 nhiéu nghién ciu vé bo tu chinh théng sé bo diéu khién tuyén tinh
va cho két qua rat kha quan [57], [58], [59]. Mac di cho két qua nhu mong mudn,
nhung viéc thé ké bo diéu khién tuyén tinh con gap mot khé khin d6 1a mé hinh
toan va théng sb cua robot nay rat phuc tap, kho xac dinh. Bo diéu khién mo 1a bo
diéu khién théng minh duoc thiét ké cha yéu dya vao kinh nghiém vé d6i tuong nén
no to ra kha phu hop khi &p dung vao robot hai banh.
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1.1.1.2. Tinh hinh nghién citu trong nuoc

Trong [1], cac bai toan dong hoc va dong luc hoc dugc xay dung trén co so
phén tich mé hinh hinh hoc va phuong phap Largrange. Nhom tac gia da su dung
phan mém MATLAB dé xay dung chuong trinh va xac dinh cac luc moment trén
truc dong co trong qua trinh chuyén dong cua robot. Mot thuat todn téi wu hoa (PSI)
dugc 4p dung dé t6i wu hoa cau hinh thiét ké cua robot trong viing khéng gian va
théng sb 1am viéc cho trudc. Dya trén cau hinh t6i wu hoa thiét ké, cac két qua md
phong ddng lrc hoc cua tay may duoc khao sat va danh gia. Cac két qua téi wu hoa
thiét ké duoc xac dinh véi tidu chi tdi vu vé moment trén truc dong co. Cac két qua
nay chua xét dén bai toan téi wu vé hiéu suat van hanh va khong gian lam viéc. Céc
két qua ly thuyét va thuc nghiém thu dugc minh ching viéc xay dung cong cu dé
phan tich dong luc hoc, tdi uu hoa thiét ké va mé phong dem lai hiéu qua thiét thuc.

[2] d3 chiing minh phuong phap hybrid (két hop GA va Pareto) co két qua
t6i uu twong duong trong truong hop chi ding tap hop tdi wu Pareto thuan tuy. Céc
két qua nay da duoc kiém ching khi tién hanh téi wu da tiéu chi. Phuong phap
hybrid nay cho phép giam thiéu thoi gian ti vu kém hiéu qua do viéc chon lya cau
hinh thiét ké ban dau khong pht hop véi viing khdng gian khao sét. Khi ti uvu hoa
thiét ké theo da tiéu chi c6 s6 budc khao sat 16n, thoi gian tinh toan c6 thé mat dén
hang trim gio. Khi d6, phuong phap két hop GA-Pareto c¢6 thé giam thiéu mot
khoang thoi gian tinh toan dang ké. Bong thoi, phuong phap nay gitip nha thiét ké
khong gap phai kho khin trong viéc chon lwa mot cau hinh thiét ké ban dau phd hop
khi 4p dung bai toan ding PSI va tap hop t6i wu Pareto trong ving khong gian khao
sat bat ky. Cac két qua t6i vu da tiéu chi dugc xac dinh véi cac rang budc vé vj tri
Bi, giéi han goc khap. Tuy nhién, cac két qua nay chua xét dén cac yéu té vé dong
luc hoc, d6 ciing viing va cac diém ky di cua tay may song song. C4c van dé nay sé
duoc trinh bay & céc cong trinh tiép theo.

[3] da dé xuat phuong phéap hybrid (sir dung thuat toan bén viing két hop ki
thuat cudn chiéu) trong chuyén dong bam quy dao caa robot khi céc thong sé dong
luc hoc khong xac dinh truéc. Sy 6n dinh caa hé thong dong luc hoc kin duoc
chang minh theo tiéu chuan 6n dinh Lyapunov. Tinh hiéu qua cua thuat toan dé
Xuit duoc xac nhan lai bang cac két qua md phong trén MatLab/Simulink cho thay
Robot Planar da bam sat quy dao dat trong thoi gian yéu cau. Phuong phap dé xuat
c6 thé duoc sir dung cho cac Robot ¢ sb bac tu do 16n hon va cac tac nghiép linh
hoat hon.

[4] st dung phuong phap hybrid (két hop gitta dsPIC30f4011 va dong co
servo mot chiéu) dé diéu khién robot ty can bang hai banh dong truc. Cac tac gia da
thiét ké, ché tao robot ty cdn bang hai banh voi bo diéu khién trung tam la
dsPIC30f4011 cua hdng MicroChip. Céc két qua mé phong va thuc nghiém (Cac
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thuat toan diéu khién dung, tién, lui va doi huéng da lam viéc tét) trén mé hinh that
da duoc thuc hién phi hop véi phuong phap dé xuat.

[5] da x4y dung dugc phuong phap hybrid bang cach thiét ké mang neural —
fuzzy thich nghi cho robot da huéng bdm quy dao chira nhiéu thong sé bat dinh.
Mang NFN trong nghién ctu nay cd thé xap xi gan dang hé théng phi tuyén. Tat ca
cac luat hoc cap nhat thich nghi trong mang NFN bat nguén tir dinh ly 6n dinh
Lyapunov, dam bao sy hoi tu va su on dinh cua hé thdng diéu khién. Xay dung
phuong phép nay cho viéc diéu khién céc hé phi tuyén ma khdng ¢ md hinh toan
ré rang. Két qua nay dit co so cho viéc thiét ké mang NFN thich nghi c6 cau tric
dong cho hé thdng phi tuyén nhiéu ngd vao va ngd ra (MIMO) sau nay
1.1.2. Ung dung cdng nghé hybrid trong cong nghiép

- COng nghé hybrid duoc sir dung phd bién trong nganh san xuét 6 t6 nhu:
Ford Escape Hybrid, Honda Insight, Civic Hybrid, Toyota Prius,... Nam 2016,
Toshiba mat cdng nghé Hybrid Inverter. Ngay lap tic, cac dong may lanh sé hitu
cdng nghé nay tré thanh su lya chon hang dau cua nguoi tiéu ding khi chon mua
may lanh

- Trong nhitng nam gan day viéc tng dung cong nghé hybrid trong diéu khién
robot da duoc nhiéu nha khoa hoc quan tdm nghién ciru nhu: Robot boc xép, robot lai
4 bac tu do, robot di dong, Robot Planar, robot tu can bang hai banh déng truyc,...

1.2. Robot cong nghiép

1.2.1. Tinh hinh nghién ci#u ngoai nwdc, trong nwoéc
1.2.1.1. Tinh hinh nghién citu ngodi nuoéc

K§ thuat mo 1a mét trong s6 nhiing ki thuat tét nhat dé mé ta nhitng hé
thdng phi tuyén phuc tap va it thong tin, dic biét 1a nhiing hé thdng phi tuyén kho
khin trong viéc mé ta bang cac cong thuc toan hoc hay c6 do bat dinh cao. Hé
théng mo thich nghi tinh [39] cling duoc dung dé udce lugng dic tinh phi tuyén cua
hé thdng trong qué trinh thiét ké bo diéu khién. Sir dung dinh ly xap xi tong quét
[40], nhiéu nha nghién ctu di ap dung Iy thuyét mo vao linh vuc diéu khién thich
nghi cho hé phi tuyén ma khéng can biét truéc moé hinh cia hé. Mang neuron mo
phong chiic ning ctia bo ndo con ngudi dugc biét dén nhu mot cong cu c6 kha ning
hoc va kha ning thich nghi rat 16n ciing nhu kha nang chiu dung 18i. Nhitng nghién
clru gan day vé mang neuron dd cho phép dua ra phuong phap hdi qui dé cap nhat
trong s6 cua mang neuron. Theo Iy thuyét xap xi tong quét [41], mang neuron Nuoi
tién da 16p co thé xap xi bat cad mot ham phi tuyén lién tuc nao véi do chinh xéac
mong mudn tly y. Véi kha ning hoc caa minh, mang no-ron da chiing to 1a mot
cdng cu rat hiéu qua trong nhiéu linh vuc nhu diéu khién coéng nghiép [42], [43],
[44], xt ly anh, md hinh hoa va nhan dang hé thong [45].
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Trong nhitng nim gan day, nghién ciru vé robot di dong (mobile Robot) di
dugc nhiéu nha khoa hoc trén thé gii quan tim. Trong d6, mot van dé kho khian 1a
nghién ctru diéu khién can bang robot hai banh. Viéc diéu khién can bang cho robot
hai banh c6 thé duoc ttng dung dé diéu khién cho robot di bang hai chan, nhu robot
ASIMO vi nguyén tic diéu khién can bang 1a nhu nhau. Cé nhiéu nghién ctu vé
diéu khién can bang cho robot di dong hai banh, vi du nhu robot Murata Boy dugc
phét trién tai Nhat ban nam 2005 [31]. Mot s6 phuong phéap duoc st dung dé diéu
khién can bang cho robot hai banh 1a: can bing nhd sir dung mét banh da, nhu trong
cac nghién ctru cua Beznos [32], Gallaspy nam 1999 [33], va Suprapto nam 2006
[34]; can biang bang cach di chuyén tam trong luc cua Lee va Ham nim 2006 [35]
va can bang nho luc hudng tam cua Tanaka va Murakami nim 2004 [36]. Trong sé
cac phuong phap do, can bang nho st dung banh da c6 wu diém 1a dap tng nhanh
va c6 thé can bang ngay ca khi robot khong di chuyén.

C6 nhiéu thuat toan diéu khién di duoc dé xuat nhu diéu khién phi tuyén
[35], thiét ké b bang céach sir dung phwong phap tiép can quy dao gbc [33] va diéu
khién PD [34]. Tuy nhién, nhitng thuat toan diéu khién dé khong bén viing, robot
khong thé mang tai véi céc tai trong bién doi, va khdng thé 1am viéc trong moi
truong ¢6 nhidu loan. Vi vay cac thuat toan diéu khién bén vimg cho robot di dong
hai banh 14 rat can thiét. Ly thuyét diéu khién bén vimg Hoeo 1a mét ly thuyét diéu
khién hién dai cho viéc thiét ké cac bo diéu khién tdi wu va bén vimng cho cac doi
tugng diéu khién co6 thong so thay d6i hoac chiu tic dong cia nhidu bén ngoai. Tuy
nhién, trong phuong phép thiét ké Hoo ma McFarlane va Glover lan dau tién dua ra
vao nam 1992 [37] va ké ca cac nghién ctu sau nay vé ly thuyét diéu khién Hoo [38]
b diéu khién thu dugc thudng cé bac cao (bac cua bo diéu khién duoc xac dinh 14
bac cua da thirc mau). Bac cua bo diéu khién cao c6 nhiéu bt loi khi chung ta dem
thuc hién diéu khién trén robot, vi mi chuong trinh phirc tap, thoi gian tinh toan 1au
nén dap @ng cua hé thong sé bi cham.

[60] da thiét ké bo dieéu khién mo va chay thoi gian thuc trén chip vi diéu
khién dsPIC30F2010 cua hang Microchip. Bo diéu khién duoc thiét ké bing cong
cu Matlab/Simulink. Két qua md phong va thuc nghiém cho thay robot di can bang
t6t. Tuy nhién, nhdm tac gia chi thiét ké bo diéu khién can bang gdc nghiéng cua
robot. Tuong tu, Cheng-Hao Huang va céc cong su [61] da thiét ké ba bo diéu khién
mo dé diéu khién can bang, vi tri va hudng cua robot. Bo diéu khién duoc thiét ké
hoan toan bang ngdn ngir C va chay thai gian thyuc trén chip FPGA. Két qua mo
phong va thuc nghiém cho thiy bo diéu khién da hoat dong 6n dinh va diéu khién
t6t cac thong sé caa robot. Tuy nhién, viéc thiét ké va thuc thi b diéu khién khé
phuec tap.

Viéc thiét ké bo diéu khién mo tuy da cho thay nhiéu wu diém so véi thiét ké
bo diéu khién tuyén tinh nhung vé chat luong cua dap mg chua thé khang dinh
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dugc vu diém. Vi thé, viéc so sanh dap (ng cua cac bo diéu khién nay da duoc cac
nha nghién ctiru quan tdam. Ahmad Nor Kasruddin Nasir va cac cong su [62] dua ra
su so sanh vé dap tng cua hai bo diéu khién mo va PID. Dya vao két qua mo
phong, nhém tac gia da khiang dinh bo diéu khién mo cho két qua tét hon bo diéu
khién PID. Bo diéu khién mo cho ra luat diéu khién hai dong co khong qua gidi
han, giam vot 16, rGt ngan thoi gian ting so voi bo diéu khién PID. Mot su so sanh
cling da duoc Amir A. Bature va cac cong su [63] cong bé tai hoi nghi quéc té vé co
khi va co dién tir. Trong d6, nhém tac gia tién hanh thuc nghiém va so sanh dap tng
cua b didu khién mo véi bo diéu khién PID va LQR thay vi mé phong. Két qua so
sanh ciing cho thay bo diéu khién mo cho dap tng nhanh, d6 vot 16 thap hon nhung
tiéu thy nhiéu ning lugng hon hai bo diéu khién con lai.

Trong [64], mot bo dicu khién thich nghi dugce dé xuat dé diéu khién bam
duong cong va luc cho tay may di dong. Mot mé hinh toan hoc va mét thuat toan
thiét ké quy dao cho cac tay may di dong da dugc dé xuat [65]
1.2.1.2. Tinh hinh nghién ciu trong nuoc

[6] d3 dua ra cac phuong phap di chuyén cua robot dua trén bai toan dong
hoc ciing nhu cach diéu khién cac dong co twong ung véi ting chuyén dong. Tinh
méi la ciia phuong phap nay la dua ra cac giai thuat diéu khién cy thé 4p dung cho
robot c6 chan. Thuat todn nay s& khiac phuc duoc nhitng thiéu x6t trong qué trinh
chuyén dong cua robot 6 chan noi riéng va robot c6 chan néi chung st dung 2
phuong phap do6 1a: phuong phap dua trén phuong trinh Lagrange dang nhén tir va
phuong phép dua trén phuong trinh vi phan thu gon vé toa d6 khép chu dong. St
dung phuong phap dya trén phuong trinh vi phan thu gon vé toa do khop chu dong
thi thoi gian tinh todn nho hon st dung phuong phdp duya trén phuong trinh
Lagrange dang nhan ti.

[8] da thiét ké thuat toan diéu khién Robot ty hanh bam theo quy dao dat mot
cach tron chu va nhanh nhét khi Robot c6 tham s6 m, 1 1a thay dbi (day 1a truong
hop gdp thudng xuyén trong thuc té khi diéu khién xe Robot ty hanh c6 tuong tac
V6i cac doi tuwong), dong thoi cau trdc cua cua bd diéu khién don gian dé co thé
nhang trong vi xir 1y tao ra cac bo diéu khién thuc té. Thuat toan dé xuét co dic tinh
chinh d6 13 d6 bén vitng va hiéu qua chong lai sy thay dbi tham sé khdi lwong va
m6 men quan tinh caa robot. B diéu khién duoc thiét ké chia 1am 2 phan , phan 1
la bo diéu khién dong hoc phi tuyén va phan 2 1a b diéu khién thich nghi theo mo
hinh mau dé dap ung viéc bam theo cac gié tri van téc tinh tién va van téc quay
mong muédn. Cac luat diéu khién don gian va tuong minh d3 din dén sy don gian
trong viéc diéu chinh cac tham sé dé dat duoc hiéu qua mong mudn bao gdm bam
sai s6 va diéu khién cac tin hiéu. Do on dinh cua hé thong dugc thoa man bai viec
lya chon ham Lyapunov tuong thich. Két qua md phong di thé hién dwoc tinh bén
virng va hiéu qua cua giai phap nay.
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[9] d3 x4y dung thanh céng mé hinh dong hoc, dong luc hoc cua rd bét di
dong khi co trugt ngang. Trong cac md hinh déng hoc, dong luc hoc déu chira dung
dong hoc, dong luc hoc caa truot ngang. Sau d6, chung toi d dé xuat mot luat diéu
khién theo phuwong phap tuyén tinh héa phan héi vao ra. Tinh én dinh cua luat diéu
khién da duoc kiém chuang bing Matlab-Simulink khi tién hanh mé phéng cho rd
bdt bam theo quy dao thang va quy dao tron. Trong tuwong lai, ching t6i s& khao sat
va thiét ké bo didu khién cho rd bdt di dong khi vira c6 truot doc, vira co truot
ngang

[10] nhém tac gia dua ra dé nghi sir dung bo diéu khién tu chinh PID mo dé
diéu khién. robot dé tan dung duoc thé manh caa bo diéu khién tuyén tinh va bo
diéu khién thdng minh. Bo diéu khién dé nghi gom hai vong diéu khién. Vong tht
nhat ¢ cau hinh gom hai nhanh déu s dung bo diéu khién PD mo. Nhanh thir nhat
sé tinh toan goc tham chiéu cho bo diéu khién can bang dwa vao vi tri tham chiéu dé
gitip robot bam dugc vi tri. Nhanh tha hai s& can bang robot tai géc tham chiéu.
Vong diéu khién thir hai 1a mot bo diéu khién PID tu chinh thong sé diéu khién
huéng cia robot. Goc nghiéng cua robot duge do bang cam bién tich hop MPU6050
két hop véi bo loc bu. Bo diéu khién dugc chay thoi gian thuc trén vi diéu khién 32-
bit nhan ARM Cortex-M4 STM32F407VG cua hing STMicroelectronic. Dé thiét ké
va thuc thi bo diéu khién nhing, nhom tac gia phéi hop sir dung Matlab/Simulink
va hé diéu hanh nhing thoi gian thuc FreeRTOS.

[11] d& xay duyng mé hinh dong hoc va dong luc hoc cua hé tich hop rd bot di
dong, pan tilt, camera. Sau d6 dé& xuat mot phwong phéap diéu khién méi. So do diéu
khién gdm hai vong kin: vong ngoai 1a vong diéu khién dong hoc, vong trong 1a dé
diéu khién dong luc hoc. Céc thanh phan bat dinh tham sé duoc bu bang mot luat
hoc online trong bd diéu khién thich nghi. Tinh on dinh tiém can caa hé théng duoc
ching minh bang tiéu chuan Lyapunov.

1.2.2. Ung dung Robot trong cong nghigép

Céc Robot néi chung duoc st dung rong rdi voi nhiéu muyc dich, trong nhiéu
linh vuc, tir cAc nha may, xi nghiép 16n téi cac céng viéc phuc vu trong sinh hoat
doi sdng cuia con ngudi. Robot ¢d thé 1am viéc trong méi truong doc hai, nguy hiém
nhu trong cac 10 phan tng hat nhan, phong xa,...hay trong coéng viéc tham hiém
khong gian, tham do cac hanh tinh thugc hé Mat troi. Trong sinh hoat, c6 cac Robot
trg gilp, phuc vu ngudi gia, cat ¢o, lau nha. ..

Déi véi Robot cdng nghiép néi rieng, mic d6 tng dung caa né dién ra manh
mé& va sau rong hon ca. Hau hét cac day chuyén tu dong hoa san xuét hién dai déu
c6 su xuat hién cua Robot.

Céc Robot cong nghiép duoc ang dung trong cac linh vuc cy thé sau:

a. Robot cdng nghiép trong céng nghé gia cong va lap rap
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Do chinh xac dinh vi va thoi gian 1a yéu t6 quan trong nhét khi thiét ké cac
Robot Idp rap. C6 nhiéu day chuyén tu dong gdm cac may van ning va Robot cong
nghiép. Céc day chuyén dat mic d6 tu dong hoa cao, tu dong hoan toan khéng c6
si tham gia cua con ngudi, rt linh hoat va khong doi hoi du tu 16n. Trong d6 cac
may va Robot trong day chuyén dugc diéu khién biang cing mot hé thng chuong
trinh. D6 1a cac day chuyén lap rap 6 t, cac san pham dién tir (Hinh 1.1). Yéu cau
hién nay d6i véi cac Robot cong nghiép loai nay Ia nang cao tinh linh hoat dé dap
trng nhiéu loai c6ng viéc, ha gia thanh va dé thich hop véi cac san pham loai nhé.

—_— - =’

Hinh 1. 1. Robot céng nghiép trong cong nghé gia céng va ldp rdp

b. Robot c6ng nghiép trong cac qué trinh han va nhiét luyén

Cac quéa trinh nay bao gém cac cong viéc nang nhoc, doc hai, nhiét do cao.
Han duong thudng duoc thuc hién bang tay. Tuy nhién ning suat thap do yéu cau
chat luong bé mat mdi han lién quan dén céc thao tac cua dau mo han voi moi
truong khic nghiét do khoi va nhiét do phét ra trong qua trinh han. Khéng giéng ky
thuat han diém, & d6 mdi han c6 vi tri ¢6 dinh, méi han trong k¥ thuat han duong
nam doc theo méi ghép gitra hai tim kim loai. Nhiing hé thong han duong thuc té
phu thudc vao con ngudi trong viéc kep chit chinh xéc chi tiét dugc han va sau do
robot di chuyén doc theo qui dao duoc lap trinh trude. Uu diém duy nhit so véi han
bang tay Ia chat lwong méi han dugc 6n dinh. Nguoi van hanh chi con thuc hién
mét viéc don gian 1a kep chiat cac chi tiét (Hinh 1.2).
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Hinh 1. 2. Robot trong cdac quda trinh han va nhiét luyén
c. Robot céng nghiép trong cong nghiép diic — rén, trong nganh gia céng ap luc noi
ma diéu kién 1am viéc nang né, dé gay mét moi

Cong viéc rat da dang diéu kién lam viéc khac nghiét, san pham ludn thay
ddi va dac biét 1a chat lwong cua san pham phu thudc qué nhiéu vao qua trinh thao
tac. Robot c6 thé 1am cac cong viéc nhu: rot kim loai noéng chay vao khuén, ldy vat
duc ra khoi khubn. Ngay nay, ¢ nhiéu nudc trén thé gidi, Robot duoc str dung rong
rii dé tu dong hoa cong nghé duc nhung chu yéu dé phuc vu cac may duc ap luc
(Hinh 1.3).

Hinh 1. 3. Robot cong nghiép trong cong nghiép diic — ren

Vi du trong cdng nghé rén: Robot ¢6 thé thyc hién nhiéu viéc nhu: dwa phoi
vao 10 nung, van chuyén phdi sau khi ra khoi 10... So véi cac phuong tién co giGi va
tu dong khac phuc vu cadc may rén dap thi dung Robot ¢6 wu diém 1a nhanh, chinh
xac va co dong hon.
d. Robot cdng nghiép trong nha may san xudt

Trong san xuit 16n, nhitng robot nay l1a nhitng hé théng duoc tu dong hoa
hoan toan: chiing do dac, cat, khoan céc thiét bj chinh xac va con cd kha ning hiéu
chinh cé&c cong viéc cua minh, hau nhu & day khong can su giup d& cia con ngudi
trir chuong trinh diéu khién trong may tinh dién tir. Chi véi vai ngudi giam sat cong
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viéc; cac may moc nay c6 thé hoat dong sudt ngay dém; cac robot lam tat ca cac
cdng viéc nhu van chuyén san pham tir cong doan san xuat nay téi cong doan san
xuat khac ké ca viéc dua va sap xép thanh pham vao kho (Hinh 1.4).
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Hinh 1. 4. Robot trong nha mdy san xudt
1.3. Phan loqgi Robot
1.3.1. Phén logi theo b¢ diéu khién
a. Robot gdp - dat:
Robot nay thuong nhé va str dung ngudn dan dong khi nén. Bo diéu khién
phé bién 1a bo didu khién 1ap trinh (PLC) dé thuc hién diéu khién vong hé. Robot
hoat dong cin ctr vao cac tin hidu phan hi tir cac tiép diém giéi han hanh trinh co

khi dét trén cac truc cua tay may.

Hinh 1. 5. Mét dang robot gap ddt
b. Robot dwong dan lién tuc
Robot loai nay sir dung bo diéu khién servo thuc hién diéu khién vong kin.
Hé théng diéu khién lién tuc 1a hé théng trong d6 robot dugc 1ap trinh theo mdt
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duong chinh xac. Trong hé thong dicu khién nay, duong dan duoc bicu dién bang
mot loat cac diém roi rac gan nhau va dugc luu vao by nhé robot, sau do robot sé
thuc hién lai chinh x4c dudng dan do.

Hinh 1. 6. Mot loai robot son thuc hién duong dan lién tuc.

1.3.2. Phén logi robot theo nguén dén djng
a. Robot ding nguon cap dién

Ngudn dién cip cho robot thuong 1a DC dé diéu khién dong co DC. Hé
théng dung ngudn AC ciing duoc chuyén dbi sang DC. Cac dong co sir dung
thuong 1a dong co budce, dong co DC servo, dong co AC servo. Robot loai nay cé
thiét ké gon, chay ém, dinh vi rat chinh xac. Cac tmg dung pho bién 1a robot son,
han.

Hinh 1. 7. Mot loai robot sir dung déng co servo.
b. Robot ding nguén khi nén
Hé thong can duoc trang bi may nén, binh chira khi va dong co kéo may nén.
Robot loai nay thuong dugc sir dung trong cac ing dung cd tai trong nhd co tay
may 1 cac xy-lanh khi nén thyc hién chuyén dong thang va chuyén dong quay. Do
khi nén 13 luu chit nén duoc nén robot loai nay thudng sir dung trong céac thao tac

gip dit khong can do chinh xac cao.
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Hinh 1. 8. Mot loai robot sur dung nguén khi nen.
c. Robot diing nguén thuy luc
Nguon thuy luc str dung luu chat khong nén duogc 1a dau ép. Hé thong can
trang bi bom dé tao 4p luc dau. Tay mdy la cic xy - lanh thuy lyc chuyén dong
thang va quay dong co dau. robot loai nay duoc st dung trong cic ing dung co tai
trong 16n.

Hinh 1. 9. M¢t loai robot di dong sur dung nguén thuy luc.
1.4. Pinh hwéng nghién ciu ciia dé tai

Thuat ngir “Robot” dugc nhic dén lan dau tién trong v kich “Rossum’s
Univesal Robot” ctia Karel Capek nam 1922. Nam 1961 robot cong nghiép dau tién
duoc (ng dung trong nha may lap rap 6 t6 caa General Motor - USA. Tur ndm 1970
dén nay da co hon 20 béo cao chinh thic vé st ménh chinh phuc khong gian cua
cac robot duoc gui di dé tham hiém Hé mat troi.
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Ngay nay cdng nghé robot hau nhu duoc &p dung trén moi linh vuc trong doi
séng xa hoi ciing nhu trong céng nghiép. Trong tuong lai, robot c6 thé thay thé con
ngudi thuc hién cac cong viéc phic tap nhu diéu khién 6td tham gia giao thdng. Céc
robot hién dai c6 cdu trac dic biét cd thé tu tach ra hodc két hop lai dé cung phdi
hop thuc hién nhiéu tinh niang khac nhau theo yéu cau céng nghé.

Cung véi su tién bo cua ki thuat robot trén thé gioi, cong nghé robot tai Viét
Nam ciing ¢ nhitng budc di dang ghi nhan. Tinh tir ndm 2006, da c6 nhiéu bai bao
trong nudc va nudc ngodi ghi nhan su tién bo cua ky thuat robot tai Viét Nam véi
nhiéu dai dién nhu: Robot chién truong cia Hoc vién ky thuat quan sw, Robot hut
bui thong minh, Robot nhay mtia TOSY, Robot danh bong ban TOPIO, dai dién cho
Robocon Viét Nam d3 dat 05 huy chuong vang cac giai Robocon quéc té. Bén nay,
nudc ta dd nhap khau va trién khai nhiéu robot phau thuat phuc vu diéu tri cho cac
bénh doi hoi cao vé sy chinh xac - nhu cac ca phau thuat cot song- tai cac tuyén
trung wong. Robot han, robot 1ap rép, robot phan loai va nhiéu chang loai robot
cdng nghiép khac ciing dugc dau tu nghién ciru nghiém tc.

Cung Vvai sy phat trién cua cdng nghé san xuat phan cing va thuat toan diéu
khién sd, robot hién dai khong chi 1a mot khéi thiét bi cirng nhac ma con dugc trang
bi cac cam bién nhu 13 cac gidc quan. “Haptic control” 1a thuét ngit chi mét mé hinh
diéu khién ma trong d6 ngudi didu khién va thiét bi c6 twong tac truc tiép hoic gian
tiép v4i nhau. M hinh nay tai tao lai toan bo hay mot phan cam giac cua con ngudi
khi tham gia twong tac véi thiét bi. Gan ddy, Wacom ciing da cho ra doi mot thiét bi
haptic thuong mai c6 thé ma hoa dugc toa do va luc tac dong cua but vé trén mot
mat cam ung Bamboo™Pad ctua hdng Wacom.

Theo Quyét dinh s 66/2014/QD-TTg ngay 25/11/2014 cua Thi Tuéng
chinh phi vé viéc phé duyét danh muc céng nghé cao dugc wu tién dau tu phat
trién. Trong d6, cong nghé thiét ké, ché tao robot 1a mét trong cac danh muc duoc
wu tién dau tu phat trién. Tai dién dan Kinh té thé gisi dién ra tai Davos (Thuy Si)
ngay 05/2/2017. Thu tuéng nhan manh, trudc nhitng thach thicc moi, Viét Nam
dang tap trung co cau lai nén kinh té, d6i moi mé hinh tang truéng dé tranh tha co
hoi cia cugc Cach mang Cong nghé 4.0. Xu hudng cach mang céng nghiép 4.0 bao
gom tat ca nhitng phat trién lién quan dén céng nghiép, dac biét cong xuéng gan
lien véi ky thuat s6 va sy xuat hién cia nhitng ngudi may robot trén nhiing day
chuyén san xuat. Ngay 11/4/2017, Dién dan cach mang cong nghiép lan tha 4 do Bo
Cong thuong to chirc di dién ra tai Khach san Melia, Ha Noi. Tha truong khing
dinh: Cach mang 4.0 dang trong giai doan khoi phat. Néu dinh hudng ré rang muc
tiéu va cach thuc tiép can thi cach mang 4.0 sé& 1a co hdi quy bau ma Viét Nam tranh
thu day nhanh tién trinh CNH, HPH va sém thyuc hién dwgc muc tiéu tré thanh
nudc cong nghiép theo hudng hién dal.
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Qua khao sat tai cac doanh nghiép nhu: Tap doan than va khoang san, cac
doanh nghiép san xuét co khi, gach gi, ché bién thuc pham trong nudc,.. nhan thay
cac doanh nghiép da st dung nhitng robot trong san xuat, cac robot nay hoat dong
rat hiéu qua. Tuy nhién, cac robot nay chu yéu I1a nhap ngoai vi vay viéc nang cap
bao tri, bao dudng, thay d6i céng nghé gip khong it kho khin; Kinh phi dau tu 16n.
Pay 1a nhitng van dé kho khin va cap thiét. Vi vay em da lua chon dé tai (két hop
gitta dong co servo, man hinh HMI va PLC) diéu khién robot céng nghiép do 1a
“Nghién cizu #ng dung cdng nghé hybrid dé diéu khién va giam sat robot cong
nghiép”.

Két luan chwong I:

Ngay nay, nghién citu vé robot da tré thanh mot trong nhitng chu dé nghién
ctu chinh, nhiéu hira hen, nhiéu thach thac trong giéi han 1am ciing nhu trong cong
nghiép va da tré thanh maét linh vuc nghién ciru da nganh c¢6 d6 phtrc tap cao.

Dua trén nhitng phan tich va khao sat vé cac cong trinh nghién ctru da duoc
cong b lien quan mat thiét dén dé tai, nhém tac gia da dé xuat mot sé hudng
nghién ctu cai tién mai vai mong mudn bat kip su phat trién cia khoa hoc cong
nghé trong linh vuc ché tao robot.
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CHUONG II
NGHIEN CUU, THIET KE ROBOT CONG NGHIEP

2.1. Cdu tao ciia robot cong nghiép
2.1.1. So dé khoi robot cong nghiép
V& mit truyén dong va diéu khién, robot dugc ciu tao tir cac khéi ciu tric co
khi hoat dong nho céc co cAu tac dong. Cac co cAu tac dong nay co thé hoat dong
phéi hop v6i nhau dé thyc hién nhitng cong viée phirc tap dudi sy diéu khién cua
mot bd phan cd cdu tao nhu may tinh, con goi 1a nhitng bo diéu khién PC - based.
Véi nhitng dac diém vé céu tao va hoat dong thi robot thuong duogc sir dung trong
cac hé théng san xuat linh hoat dang workcell (FMS - Flexoble Manufacturing
Systems) va cac hé thong san xuit tich hop may tinh (CIM - Computer Integrated
Manufacturing). Cang ngay cac day chuyén san xuat tw dong c6 sir dung robot thay thé
dan cac day chuyén san xut tu dong voi chuong trinh hoat dong “cting” trudc day.
Viéc tmg dung robot vao san xuat gin lién v4i su hiéu biét day du cac van dé

¢6 lién quan chit ché voi nhau nhu cac dang ngudn dan dong, cac hé thong va ché
d6 diéu khién, cac cam bién trang bi trén robot, kha ning cta phan mém va ngdn
ngir lap trinh ciing nhu chon lya cac bd giao tiép va xuat/nhap tin hiéu phi hop cho
cac bo phan chap hanh khac nhau. Trong chuwong nay sé dé cip dén nhitng van dé
co ban nhét vé cac thanh phan va cu hinh ctia mot robot céng nghiép.
Vé mit két ciu, robot dugc ché tao rat khac biét nhau, nhung ching duogc xay dung
tir cac thanh phan co ban nhu nhau

1. Tay may

2. Ngudn cung cip

3. B¢ diéu khién

Giao tiép ngod vao
con nguol

B¢ di€u khién »  Nguon cung cap > Tay may

‘ |

Giao tiép ngd ra:
Qua trinh tur dong
duoc thuc hién

Cam bién

Y

Hinh 2. 1. So dé khéi robot céng nghiép
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2.1.2. Tay may (manipulator)

Thuat ngir “tay may” va robot trong quan niém ctia nhiéu nha chuyén mén
trong linh vuc nay khong c6 su khéc biét. Dé thuén tién trong trinh bay, ¢ day ta
hiéu tay may 12 mot dang robot c6 cAu tao mé phong theo nhirng dic diém céu tao
co ban cua canh tay ngudi. Cling c6 thé hiéu tay may 1a tdp hop cac bd phan va co
ciu co khi duoc thiét ké dé hinh thanh cac khdi c6 chuyén dong tuong dbi véi nhau,
duogc goi 1a cac khau dong. Trong d6, phan lién két giita cac khau dong dugc goi 1a
cac khop dong hay con goi 1a cac truc. Tay may ciing bao gdm ca cac co ciu tac
dong 1a cac phﬁn tir thuc su thuc hién cac chuyén dong dé van hanh tay may nhu
dong co dién, xy - lanh dau ¢€p, XY - lanh khi nén,... Phan quan trong khac trén cac
tay may 1a bo phan hay khau tic dong cudi (End - Effector) dé thao tac trén dbi
tugng 1am viéc - thuong 1a cac tay gap hoic cac dau cong cu chuyén dung.

Tay may c6 thé goi la canh tay co khi ciia robot cong nghiép thong thuong 1a
mot chudi dong hé dugc tao thanh tir nhiéu khau dugce lién két véi nhau nho céc
khép dong. Khau cudi (hay khau tac dong cubdi) cua tay may thuong co dang mot
tay gap hodc duoc gan dung cu cong tac. Mdi khau dong trén tay may c6 ngudn dan
dong riéng, niang luong va chuyén dong truyén dén cho chung dugc diéu khién trén
co s¢ tin hi¢u nhan dugc tr by phan phan hoi 1a cac cam bién nham thong bao trang
thai hoat dong cua cac khau chép hanh, trong do van dé duge dic biét quan tam la
vi tri va van téc dich chuyén cta khau cudi - khau thé hién két qua tong hop cac
chuyén dong ctia cac khau thanh phan.

2.1.3. Bdc tw do cua tay may

Thong thuong cac tay may cd trén mdt bac tuy do. S bac tu do hay bac
chuyén dong cua tay mdy 1a s6 kha ning chuyén dong doc lap ciia nd trong khong
gian hoat dong. Trong linh vuc robot hoc (robotic) nguoi ta hay goi mdi kha ning
chuyén dong (co thé 1a chuyén dong théng; doc theo hoac song song v&i mét truc,
hoac chuyén dong quay quanh truc) la mdt truc, tuong tng theo do 1a mot toa do
suy rong dung dé xac dinh vi tri ciia truc trong khong gian hoat dong. Mdi truc ctia
tay may déu c6 co ciu tac dong va cam bién vi tri duoc diéu khién boi mot bo xur Iy
riéng.

Thong qua cac khao sat thuc té, ngudi ta nhan thiy 1a dé nang cao do linh
hoat cia tay mdy str dung trong cong nghiép, cac tay may phai c6 sb bac chuyén
dong cao. Tuy nhién, s6 bac chuyén dong nay khong nén qua 6. Ly do chinh 1a véi
6 bac chuyén dong néu bd tri hop 1y s& du dé tao ra kha ning chuyén dong linh hoat
ctia khau tic dong cudi nham cé thé tiép can d6i tugng thao tac (ndm trong ving
khong gian hoat dong ctia n6) theo moi hudng. Ngoai ra, s6 bac tu do nhiéu hon sau
s& khong kinh té va khé diéu khién hon. Sau bac chuyén dong duogc bd tri gdm:

- Ba bac chuyén dong co ban hay chuyén dong dinh vi.

- Ba bac chuyén dong bo sung hay chuyén dong dinh hudng.
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* Bac chuyén dong co ban hay chuyén dong dinh vi

V& mit nguyén 1y cdu tao, tay may 1a mot tap hop cac khau duoc lién két véi
nhau thong qua cac khép dong dé hinh thanh mét chudi dong ho. Khop dong duoc
str dung trén cac tay may thuong 1a cac khép loai 5 (khép tinh tién hodc khép qua
loai 5) dé dé& ché tao, d& din dong bang ngudn doc 1ap va ciing dé didu khién. Tay
may co s6 chuyén dong doc 1ap thudng 1a tir ba trd 1én (dudi ddy ta s& goi 1a bac tu
do hay bac chuyén dong).

Céc chuyén dong doc 1ap c6 thé 1a cac chuyén dong tinh tién hodc chuyén
dong quay. Mdi khau dong trén tay may, vé nguyén tic, cé it nhat 1a mot kha ning
chuyén dong doc lap va thuong 1a mot. Nhu vay khai niém bac tu do hay bac
chuyén dong ciing chinh 13 s6 kha niang chuyén dong doc lap ma mot tay may cé thé
thuc hién duoc.

Truong hop mdi khau dong trén tay may c6 mot kha nang chuyén dong doc
1ap, thi tay may c6 bao nhiéu khau dong s& c6 bay nhiéu bac chuyén dong va ciing
c¢6 ting ay khép dong hay truc. Cac chuyén dong co ban, hay chuyén dong chinh
trén mot tay mdy 1a nhiing chuyén dong cé anh huong quyét dinh dén dang hinh hoc
ctia khong gian hoat dong ciia né nhu ban doc da xem ¢ phan phan loai. Cac chuyén
dong nay thuc hién viéc chuyén doi cb tay ctia tay mdy dén nhitng vi tri khac nhau
trong ving khong gian hoat dong cta tay may vi viy con duoc goi 1a cac chuyén
dong dinh vi.

Bén canh cac robot tinh tai dugc st dung phan 16n trong cong nghiép hién
nay, cac loai robot di dong ciing duoc st dung trong mot sd trudng hop dic biét.
Bac chuyén dong cua robot di dong duogc xac dinh boi s6 kha nang chuyén dong
doc 1ap ciia n6 ké ca cac chuyén dong di dong.

Phan ngoai cling cuia tay mdy (khau tac dong cudi - End Effector) thudong c6
dang cua mot tay gép, mot bd phan lam viéc voi ddi tuong thao tac, co thé tac dong
truc tiép voi doi tuong thao tac hodc duogc thay thé boi cac dung cu cong nghé nhu
la 6ng dua day han trén robot han, ddu phun son hodc phun men, dau van bu-léng,
dai 6c trong day truyén lip rap tu dong, v.v...Chuyén dong kep cua tay gap khong
duogc ké khi tinh bac chuyén dong boi vi chuyén dong nay khong anh huong dén vi
tri, toa d cua tay may.

Pé thuan tién trong viéc diéu khién, mdi bac chuyén dong cua tay may thudng
14 c6 ngudn din dong riéng, c6 thé 1a ngudn dan khi nén, dau ép hay dién. Mot sb tay
may dung chung ngudn dan cho modt nhém cac chuyén dong, tuy nhién, kiéu ding
chung nay céng kénh va kém linh hoat hon. Phan 1én cac robot cong nghiép hién dai
c6 mot tay mdy. Tuy vay trong tng dung cling c6 robot ¢6 nhiéu tay may.

* Bac chuyén dong bd sung (bac chuyén dong dinh hudng).

Mot tay may déu yéu cdu mot bo phan cong tac trang bi & khau tac dong cudi
(End Effector), c6 thé 1a mot bd gép, kep hodc sung phun son, phun vira, 6ng dan
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day han,v.v... ¢c6 di d6 linh hoat trong chuyén dong dé dam bao kha ning hoan
thanh nhiém vu cong ngh¢ dit ra. Pé hoan toan dinh huong dén tu thé lam viéc véi
d6i tuong thao tac cling can tbi thiéu ba bac chuyén dong, trong tu nhu cic chuyén
dong xoay cia cb tay ngudi; ba khép quay loai 5 duge st dung dé xoay khau tac
dong cudi trong mit phang ngang, mit phing thang ding va quay quanh truc cta no.

Céc bac chuyén dong xoay cb tay noi trén duoc goi 13 cac chuyén dong dinh
huéng nham ting kha niang linh hoat, gitip tay may c6 thé dé dang dinh hudng cia
khau tac dong cudi dat dén tu thé can thiét dé tac dong 1én d6i twong thao tac, cling
nhu ting kha ning tranh chudéng ngai vit trong khong gian thao tac nham cai thién
tinh chat dong luc hoc cua tay may.

Tuy nhién, diéu can luvu y & day 1a thém cang nhiéu bac chuyén dong mot
mat s€ lam tang kha nang linh hoat ctia tay may, mat khac cling kéo theo hé qua la
lam ting thém sai s6 dich chuyén, tirc 1 1am ting sai s6 tich luy trong diéu khién vi
tri cta khau tac dong cubi. Piéu nay dong nghia véi su gia ting vé chi phi va thoi
gian san xuat va bao dudng robot.

2.1.4. Tay may toa do vuong goc

Robot hoat dong trong h¢ toa do nay bao gém ba chuyén dong dinhvi X, Y, Z
theo cac truc toa d6 vubng goc. Ung dung chinh ctia robot loai nay la céac thao tdc van
chuyén vat liéu, san phém, duac, dap, chat d& hang hoa, lép rap cac chi tiét may, V.v...

* Uu diém:

- Khong gian lam viéc 16n, c6 thé dai dén 20m.

- Pdi véi loai gén trén tran sé danh duoc dién tich san 1én cho cac cong
viéc khac.

- Hé théng diéu khién don gian.

* Han ché:

Viéc thém vao céc loai can truc hay cac loai thiét bi van chuyén vat liéu khac
trong khong gian lam viéc ctia robot khéng duoc thich hop 1dm. Viéc duy tri vi tri
clia cic co cau din dong va cac thiét bi diéu khién dién ddi véi loai robot trén déu
gip nhiéu tro ngai.

2.1.5. Tay may toa do tru
Tiéu biéu cho mot robot hoat dong trong hé toa do tru 13 robot dugc trang bi
hai chuyén dong tinh tién va mot chuyén dong quay.
* Uu diém:
- C6 kha ning chuyén dong ngang va sdu vao trong cac may san xuat.
- Cau trac theo chiéu doc ciia may dé lai nhiéu khoang trong cho san.
- Két cau vitng chéc, c6 kha ning mang tai 1on.
- Kha ning lap lai tét.

* Nhuoge diém:

Hoc vién: Nguyén Trong Quynh 21 Chuyén nganh: Ky thudt Di¢n tir



Trwong Dai hoc Sao Do Ludn van Thac si

Nhuoc diém duy nhit 1a gi6i han tién vé phia trai va phia phai do két cdu co
khi va gidi han céc kich c¢& cua co ciu tac dong theo chiéu ngang.
2.1.6. Tay mdy toa dé ciu

Robot loai ndy duogc bb tri c6 it nhat hai chuyén dong quay trong ba chuyén
dong dinh vi . Dang robot nay la dang st dung diéu khién servo s¢m nhét.
2.1.7. Tay mdy toan khdp bin 1é va SCARA

Loai cdu hinh dé thyc hién nhat dugc tng dung cho robot 1a dang khdp nbi
ban 1& va ké d6 1a dang ba truc thiang, goi tit 13 dang SCARA Selective Compliance
Articulated Robot Actuator) Dang ndy va dang toa do tru 1a phd cap nhat trong Gmg
dung cong nghiép boi vi chiing cho phép cic nha san xuit robot sir dung mot cach
tryc tiép va dé dang cac co cdu tac dong quay nhu cac dong co dién,dong co dau ép,
Khi nén.

* Uu diém:

- Mic du chiém dién tich lam viéc it song tam vuon kha 16n. Ty 1€ kich
thude/tim vuon duge danh gia cao.

- V& mit hinh hoc, cAu hinh dang khép ndi ban 18 véi ba truc quay bo tri theo
phuong thang dung 1a dang don gian va c6 hiéu qua nhat trong trudong hop yéu cau
gdp va dit chi tiét theo phuong thang dung. Trong truong hop ndy bai toan toa do
hoic quy dao chuyén dong d6i voi robot chi can giai quyét ¢ hai phuong x va y con
lai bang cach phdi hop ba chuyén dong quay quanh ba truc song song véi truc z.
2.1.8. Cé tay mdy

- Ban tay ngudi ¢6 27 khuc xuong véi 22 bac tu do rat phuc tap. Hién nhién,
cac nha thiét ké khong bao gior 4p dung hét cac bac tu do d6 vao tay gip cia robot.
Nhiéu nha nghién ctru vé khoa hoc phan tich thao tic cling nhu cic nha san xuét
dua ra sd bac chuyén dong ti da hop 1y cua tay may 1a sau nhu da phan tich & phan
trude. Cling & phan trude da trinh bay, ngoai ba chuyén dong co ban dé thuc hién
chuyén dong dinh vi, tay mdy s& duoc bd sung tdi da 13 ba chuyén dong dinh hudng
dang ba chuyén dong quay quanh ba truc vudng goc, gom:

Chuyén dong xoay c6 tay (ROLL), goc quay p
Chuyén dong gip cb tay (PITCH), goc quay &
Chuyén dong lac co tay (YAW), goc quay €
Hai chuyén dong gap (PITCH) va lac ¢ tay (YAW) thuc hién trén hai
phuong vudng goéc. Loai robot SCARA khéng can thiét phai bo sung cac chuyén
dong dang nay vi diéu d6 s& pha v& dic trung hoat dong ctia nd. Tuy theo yéu cau
cua thao tac cong nghé dat ra cho robot, nguoi thiét ké can thyc hién su phéi hop da
dang céc chuyén dong dinh vi vdi cac chuyén dong dinh hudng.
Chuyén dong gip, kep ctia khiu cong tac cudi thudng khong duge tinh vao
bac chuyén dong (hay bac ty do) ctia robot ngoai trir trudng hop tay gip c6 dang tay
gip servo duoc didu khién boi mot mach riéng trén bo diéu khién.
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2.2. Bong hoc va dong luc hoc cua Robot Scara

Theo quan diém dong hoc, mot Robot thudng dugc biéu dién bang mot chudi
dong hoc ho, gém cac khau duogc lién két voi nhau bang cac khép. Mot dau cua
chudi dugc gin 16n than, con dau kia ndi véi phan cong tac. Két cau cua Robot
SCARA trong dé tai gém co6 khau duoc ndi véi nhau bang 4 khop quay, quay, tinh
tién, quay (4 bac ty do). Trong qua trinh Robot 1am viéc doi hoi phan cong tac phai
duogc dinh vi va dinh hudng chinh xac trong khong gian. BPong hoc va dong luc hoc
Robot giai quyét 16p bai toan:

Lép bai toan thuan cin ctr vao céc bién khép dé xac dinh ving 1am viéc cua
phan cdng tac va md ta chuyén dong caa phan cong tac trong ving lam viéc.
Lép bai toan ngugc, xac dinh cac bién khop dé dam bao chuyén dong cho trudc cua
phan cong téc.

bong luc hoc Robot nghién ctu quan hé gitra lyc, momen, nang lugng,...
véi cac thdng s chuyén dong caa no.
2.2.1. Bai todan dong hoc
2.2.1.1. Bai toan dong hoc thudn
2.2.1.1.1. Cac phép bién doi toa d6 ding ma tran thuan nhat

Xét 2 hé toa do: hé toa d6 0j X; Yj zj va hé toa d6 0i Xi Yi zi . Hé toa do 0i Xi Vi
zi quay tuong ddi mot goc ¢ va tinh tién gbc toa do oi mot khoang p so véi hé toa
dd 0jX;j Yj zj nhu hinh 2.1 dudi day.
Géc 0j xac dinh trong hé toa do oi xi yi zi bang vector p :

p=(a -b,-c, )T (2.1)
Gia sur vi tri cia diém M trong hé toa d6 0; Xj yj zj duoc xac dinh bang vector r
=0,Y,2,0)7 ‘ (2.2)
Hé toa d6 0i i yi zi dugc xac dinh bang vector r; :
=i, yi, zi1)7 (2.3)
D& dang thiét lap duoc céc toa do :
X; =X; + atj

Y, =Yy ;C0sp—2z;sinp-bt, (2.4)
z,=Y,;sinp+2z,cosp—ct, '
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7.
Yi

d

P

M

7z

Hinh 2. 2. Chuyén hé toa d¢ i sang j

Sap xép cac hé sb tng vai X , Y, zj va t; thanh mot ma tran :

T_:

]

1 0 0
0 cose —sing
0 sing coso
0 0 0

a

-b

—C
1

Phuong trinh bién d6i toa d6 duoc viét lai:

ri = Tij Ij

1

(2.5)

(2.6)

Ma tran Tij biéu thi bang ma tran 4x4 nhu phuong trinh (2.5) goi 14 ma tran thuan
nhat. Ma tran (2.6) duoc viét lai :

X.

Yi

1

1 0
0 coso
0 sing
0 O

0
—sing
COS @
0

a
-b

—C.

1

(2.7)

Nhu viy, ta dd dung ma tran thuan nhit dé bién doi toa do cia mot diém tir
hé toa do thuan nhat nay sang hé toa d6 thuan nhat kia. Str dung ma tran thuan nhat
trong phép bién doi toa d6 c6 nhiéu wu diém, vi trong ma tran 4x4 bao gém ca thong
tin vé& su quay va vé ca dich chuyén tinh tién.

Ma tran thuan nhat Ty duoc viét rit gon: T, :{

Trong do:

ij

0

i

(2.8)
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Rij : matran quay 3x3

P: ma tran 3x1 biéu thi toa d6 cua oj trong hé toa do 0i Xi Yi zi.
Thanh phan P trong ma tran Taxs cho phép xéac dinh vj tri cua hé truc toa do oi Xi Vi zi
S0 Vvai hé 0 Xj Y z;j .
Thanh phan Rjj cho phép xac dinh huéng cua hé truc toa do oi Xi Yi zi S0 Vdi hé 0j X;
Yi Zj. ‘ ’

Nhu vay, ma tran thuan nhat T cho phép ta xac dinh duoc ca vi tri va
hudng cua hé truc toa do 0i Xi Vi zi SO Vai hé 0j Xj Yj Zj .
2.2.1.1.2. Ma tran bién ddi thuan nhat Denavit-Hartenberg (DH)

Xét md hinh Robot gém ¢6 n khau nhu hinh 2.2. Cac khau dugc dénh sb ting
dan tir khau co s& (khau 0) cho dén khau thir n. Khép thir k ndi giira khau k-1 va
khau k. Hai loai khdop thuong dugc dung trong Robot la khép quay va khép tinh
tién. Mdi khép chi c6 mot bac ty do.

Khinn

Khiu co e

Hinh 2. 3. M6 hinh Robot néi tiép n khdu
Theo DH, tai mdi khép ta gan mét hé truc toa do, quy udc vé cach dat hé toa do nay
nhu sau:
Truc z, duoc lién két véi truc ncia khép thi i+1. Chiéu cua z, dugc chon tuy V.
Truc X, dugc xac dinh la duong vubng goc chung gitra truc khap i1 va khop i+1,
huéng tir diém truc cia khop i téi khép i+1. Néu hai truc song song, thi x. co thé
chon bat ky 1a duong vuéng goc chung hai truc khdp. Trong trudng hop hai truc nay
cat nhau, x, duoc xac dinh theo chiéu cua z,xz,,, (quy tac ban tay phai).
Truc y, dugc xac dinh theo x, va z, theo quy tic ban tay phai.
Bén théng s6 DH lién hé giita phép bién doi cua hai hé truc toa do lién tiép duoc
xac dinh nhu sau:
0.: gbc xoay dua truc X, V& X, quanh z,_, theo quy tac ban tay phai.
d. : dich chuyén doc truc z,_, dua gdc toa d6 vé nam trén truc z, .
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a, : goc xoay dua truc z,_, Vé z, quanh X, theo quy tac ban tay phai.

a. : dich chuyén doc truc x,, dwa gbc toa do vé nam trén truc x..

Do mdi khép chi c6 mot bac tu do nén trong bén thong sé trén chi cd duy nhat mot
thong sb dong vai tro 1a an.

Néu khép 1a khop tinh tién thi d. s& 13 &n

Néu khop 1a khop quay thi 6, sé 1a an.

Hinh 2. 4. Biéu dién cdc tham sé Denavit-Hartenberg

Ma tran caa phép bién doi, ky hiéu 1a Hi, 1a tich cia cac ma tran bién ddi co ban va
€O dang nhu sau:

cosf, —sing. 0 O][1 0 0 alf1 O 0 0
_ sing cos¢ 0 0||0 1 O 0]||O0 cose;, —sing; O
" H, = : : (2.9)
0 0 1 0|0 0 1 d||0 sing; cose; O
0 0 0 1)/0 00 1[0 O 0 1]
Hay dang thu gon
[cos@, —sin@ cosa;, singsina,  a cosé, |
: sing, cosé, cose; —cosésing;, & siné,
|—1Hi — Hi — - (210)
0 sing, CoS ¢, d,
0 0 0 1 ]
Mot c&ch hinh thire ¢d thé biéu dién ma tran thuan nhat nhu sau:
iflA_ iflp_
H, = ' ' (2.11)
0 1
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Trong do :

"I A, (3x3): ma tran Cosin chi huéng dua hé toa do i vé i—1

"p. (3x1): vi tri goc toa do cua hé toa do i dat trong hé i—1
Néu thuc hién phép bién doi lién tiép, quan hé giita hé toa d6 i so véi khau co sd
(hé toa @6 0) duoc xac dinh boi:

OAi Opi A D
T.=HH,.H = = (2.12)
0 1 0 1

Trong do :

A, (3x3): ma tran Cosin chi hudng dua hé cua hé toa do i vé hé toa do 0

P, (3x1): vi tri gbc toa d6 cua hé toa do i so véi khau co so.

Phép bién d6i nguoc tir hé toa do co s& vé hé toa do i chinh 1a ma tran nghich dao
ctia ma tran thuan nhat.

Néu ky hiéu ma tran nghich dao dang khoi:

B B. b
ol 219)

0 1
Taco
L5 A pi||Bi b E O
K A PSP
0O 1|0 1 0 1
AB, Ab, +p, E O
hay{ 0 . }:{0 J (2.15)
Dodng nhat tirng phan tr ma tran khdi cia (2.15) ta dugc
AB =E=B =(A) =A (2.16)
Ab,+p, =0
= b :_(Ai )_1 pi=-A/p, (2.17)
Vay
(Ti)lZI:AiT _AiTpij| (2.18)
0 1

Nho ma tran bién d6i thuan nhat 4x4, viéc xac dinh vi tri va hudng caa mot
khau bt ky cua Robot 13 hoan toan xac dinh. Diéu nay rat hitu ich trong viéc xay
dung céc cac cong thirc tinh toan dong ning va thé ning ctia mot khau bat ky.

Dua vao co so nghién cau ly thuyét trén ap dung vao bai toan dong hoc
thuan Robot SCARA 4 bac tu do:
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=a
@
'
N
l : o
[ %]
it
e

Hinh 2. 5. So d6 dong hoc ciia Robot SCARA 4 bac tu do
Tir so do trén véi cac hé truc toa do duogc thiét 1ap nhu hinh vé ta c6 cac tham s
dong hoc nhu sau:
Bang 2. 1. Tham 56 dong hoc cua Robot

Khau 0 d a o
1 01 ds a1 0
2 02 0 a 0
3 0 ds T
4 04 0 0

Khi d6 ta c6 cac ma tran bién doi thuan nhat Denavit-Hartenberg c¢6 dang nhu sau:
cosd, -sing, 0 a cosé
sin é, cos¢, 0 a,siné,
0H1:H1: 1 1 1 1 (2.19)
0 0 1 d,

0 0 0 1

cosd, ~-sing, 0 a,coséd,
sin @ cosd, 0 a,siné
lH2 — H2 — 2 2 2 2 (220)
0 0 1 0

0 0 0 1
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1 0 0 0
0 -10 0
M, =H, = (2.21)
0 0 -1 d,
0 0 0 1
C, -S, 00
s, C, 00
sy —y |5 Ca 2.22
L (2.22)
0 0 01

’ Cl(CZ'C4 + S2'34) - S1(52'04 - CZ'SA) Cl(_CZ'S4 + Sz'C4) - 31(82'54 - Cz-C4) 0 a‘2'C1-C2 - aZ'Sl'SZ + a’l'Cl
5,(C,.C, +5,5,) +C,(5,C, ~C,.8,)  S,(-C,.S, +5,.C,) +C,(5,8,~C,C,) 0 a,5.C,+a,5,C,+a.5, | (2.23)

0 0 -1 ~d,
0 0 0 1
Trong do:
C, =C0s6,
s, =sing,
C, =C0s0,
s, =sin g,
Do d6 hé phuong trinh dong hoc thuan tay may Robot:
Nx = C1(Ca. Cs + S2. S4) - S1(S2. Cs - Ca. Sa) (2.24)
Ny = S1(Ca. Cs4 + S2. S4) + C1(S2. C4 - Ca. S4) (2. 25)
nz=0 (2. 26)
Ox = C1(-Ca. Sa + S2. C4) - S1(S2. S4 - Co. Ca) (2.27)
Oy = S1(-Ca. Sa + Sa. C4) + C1(S2. Sa - Co. Cy) (2. 28)
0:=0 (2. 29)
ax=0 (2. 30)
ay=0 (2.31)
az=-1 (2.32)
Px = 82.C1.C2-22.51.52+a1.C1 (2.33)
Py = a1.51.C2-22.52.C1+a1.S1 (2.34)
pz=-ds (2.35)

Toa d¢ vi tri diém tac dong cudi E duge xac dinh nhu sau:
X =8,.C,.C,-a,5.S,+a,.C,
Ye =a,.5,.C, —8,5,C +a,.5; (2.36)
z. =—d,
Nhu vay vi tri diém cudi duoc thiét 1ap dya trén céc bién khép: 01, 2, ds.
2.2.1.1.3. Mién lam viéc cua Robot
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Dé tim mién 1am viéc cua Robot ta dira vao phuong trinh diém tac dong cudi.
Xe =8,.C,.C, —a,5,.5, +a,C
Ve =a,.5,C,-a,5,C, +a,.S;
z. =—d,
Cin ctr va0o viing 1am viéc cu thé cia Robot, ta cho cac bién khép 01, 02, da, 04 bién
thién trong pham vi cho phép, cu thé Ia: 6, =[-150°,150°], 6, =[-150°,150°], ds = [
0, 1607,
6, = [-1807, 180°]
Chiéu dai khau 1 va 2 1a: ai= 300 mm; a,=200 mm ; d;= 600mm
2.2.1.2. Bai toan dong hoc nguoc cua Robot SCARA 4 bdc tw do
2.2.1.2.1. Tong quét vé bai toan dong hoc nguoc
Trong qué trinh thiét k& Robot can thiét phai tién hanh giai bai toan dong hoc
nguoc cua Robot. Bai toan dong hoc nguoc cho phép xac dinh quy luat bién doi cua
c4c toa do suy rong ak(t) khi biét trude cac gia tri vé vi tri va hudng cia cac khau
trong Robot. Sur dung phuong phép giai tich cho bai toan nay dbi vsi Robot noi
chung 14 rat kho khan vi phai giai hé 6 phuong trinh phi tuyén c6 n an. Bai toan chi
c6 thé giai dugc voi cac diéu kién rang budc cho trude.
Céc diéu kién rang budc cia bai toan dong hoc nguoc bao gom:
Diéu kién ton tai nghiém
Piéu kién duy nhét cua tap nghiém
Diéu kién chon phwong phap gidi
Dé c6 thé nhan duoc thuat toan don gian, can thiét phai thuc hién phép tdi uvu
theo 2 giai doan:
- Tim hinh déang t6i wu phu hop v&i céc vi tri di cho cua vat Kep.
- Tim quy luat bién d6i cua cac toa do suy rong.
2.2.1.2.2. Bai toan dong hoc nguoc cua Robot SCARA 4 bac tu do
DPong hoc nguogc giai quyét bai toan xac dinh cac bién khép khi biét vi tri tay Robot.
Tt cac phuong trinh dong hoc thuan cia robot ¢ trén, ta théy:
Tu phuong trinh (2. 33) va (2. 34) ta cé:
pX2 =a12. Ci? + a%. C122 + 2. a1. a2. C1. C12
Py = a1 . S1% + a2%. S12% + 2. a1. a2. S1. S12
Trong d6: C12= Cos(61 + 62)
S1o=Sin(01 + 62)
P2 + Py? = a12(C12 + S12) + a2?(S12? + C12%) + 2. a1. a2.(C1. C12 + S1. S12)
= a2+ a?’ + 2. an a2.(C1. C12 + S1. S12)
Rut gon theo cac cong thirc luong giac ta co:
Px% + Py? = a1 + a® + 2. a1 az. Cos(01 - (01 + 02))
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= a2+ a? + 2. ax. a. Cos(- 62)
Do do:

2 2 2 2
px+py _al _aZ

Cos0; =
2.a,.a,

Sing; = /1 —Cos*6,

Tur d6 tinh dugc goc 02:
02 = atan2(Sin0,, Cos6>) (2.37)
Mait khéc tir phuong trinh (2. 33) ta cé:
px = a1. CosO1 + a2. Cos(01 + 62)
= a;. CosO1 + a2. CosO1. CosO2 - az. Sind1. Sinb
= (a1 + a2. C0s02). Cosbs - az. Sinb1. Sino:

p. +a,.Sin6 Sinb,
a, +a,.Cos6,

Phuong trinh (2. 34):

Py = a1. SinB1 + az. Sin(61 + 02) =
= a1. SinBy + az. Sinb1. CosO, + az. CosO1. Sinbd:
= (a1 + a2. Cos0y). SinO1 + a;. SinB,. Coso1

Thé phuong trinh (2. 38) vao ta co:

Cos01 =

(2. 38)

p. +a,.Sin6 Sinb,
a, + a,.Cos6,

Py = (a1 + a2. C0s62). Sinb1 + az. Sinb..

(a1 + a2. C0s02).py = (a1 + az2. Cos02)?. Sind1 + az. SinO2(px + az. Sind1. Sindy)
(a1 + a2. C0s02).py - a2. Sind2. px = [(a1 + a2. C0s02)? + az2. Sin%0.)]. Sind,

(a, +a,.Cos0,).p, —a,.Sind,.p,

SinG: = 2.39
' a’ +a’ +2.a,.a,Cos.0, (2.39)

Thé phuong trinh (2. 39) vao phuong trinh (2. 38) ta c6:
01 = atan2(Sin61, Cos01) (2. 40)

Tur phuong trinh (2. 35) ta co:
ds=-p: (2.41)
Mat khac tir phuong trinh (2. 33) ta co:
Nx = C1(Ca. Cs + S2. S4) - S1(S2. Cs - Ca. Ss)
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Rut gon theo cac cong thirc kuong giac ta duogc:
nx = CosO1. Cos(02 - B4) - SinO1. Sin(02 - 04)
= Cos(01 + 62 - 04)

Sin(01 + 62 - 04) = /1 —n?
(01 + 02 - 04) = atan2(/1 — 7 , ny)

04 = 01+ 02 - atan2(/1—n> , ny) (2. 42)
Vay hé phuong trinh dong hoc nguoc cia Robot Serpent la:
1. 01 = atan2(Sin01, Cos01)

(a, +a,.C086,).p, —a,.Sinb,.p,

Sing, = -
! a’>+a’+2a.a,.Sind
1 2 12 2

p, +4a,.5iné,.Sind,
a, +a,.Coséo,

Cosf, =

2. 02 = atan2(Sin02, Cos02)

2 2 2 2
p2+p2-a’-a
Cosf, =¥ 1 2

2.,.4,
Sing, = ,/1-Cos?6,

3. d3:'pz

4. 04=01+02-atan2(/1—n>,ny)

2.2.2. Bai todan dgng luc hoc

Phuong trinh dong luc hoc md ta mébi quan hé gitta lyc, mdé men véi vi tri,
van téc va gia toc. Tin hiéu vao 1a luc va mé men, phwong trinh dong luc hoc 12 két
qua chuyén dong cua hé théng.

Trong hé thong Robot phuc tap, phwong trinh dong luc hoc dua dén cho ta
nhitng thong tin ma khd nhan dugc tir cac phuong trinh khac. Khi nhan dugc
phuong trinh dong luc hoc trong cau trdc ma tran, don gian ching, ta s& nhan duoc
nhitng théng tin can thiét cho diéu khién. Dé tim phwong trinh dong luc hoc doi hoi
ta phai biét dugc nhitng méi quan hé giira mémen véi gia toc trong mot khép va
méi quan hé gitra mémen caa khap nay véi gia tée caia khop khéc.
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2.2.2.1. Ham Lagrange va cdc vin dé déng lwc hoc
Lagrange dinh nghia sy khac biét giita dong niang va thé ning cta hé théng.
L=K-P
Trong do:
+ K 12 tong dong ning cua hé thong.
+ P 14 tong thé ning cua hé théng.
Do d6 phuong trinh dong luc hoc duoc xac dinh bang biéu thic:

Trong d6: qi la bién khép.

gi = 6i ddi voi khép quay.

gi = ri ddi vé6i khép tinh tién.

Fi biéu dién luc hoic md men.

1 1
Dong ning cua khop tha i K; = > m,.vZ + > J,.a
Vi Ji la md men quan tinh caa khép thir .
2.2.2.2. Phuong trinh dong luc hoc Robot SCARA
Theo cau hinh, Robot SCARA ¢6 c4c théng sé nhu & bang.
Bang 2. 2. Théng s6 déng lire hoc Robot SCARA.

Khop 1 Khép 2 Khép 3 Khop 4
Bién 01 02 I3 04
Chiéu dai 1 l2 I3 0
Khoi lugng mz m2 m3 My
Van toc V1 V2 V3 Vs
Chiéu dai tam khoi lg1 lg2 lgs 0

Gia sur khéi luong ndm ¢ dau mut cac thanh ndi, ta c6 chiéu dai tam khéi chinh 1a
chiéu dai cua thanh ndi

lgr =11
lgz = I2
lgs = I3

Hé qui chiéu gan vai hé truc toa do (Oo, Xo, Yo, Zo ) trén khép tht nhat. Khi 6 mat
phang (Oo, Xo, Yo ) 12 mit phang dang thé.
So d6 dong luc hoc Robot SCARA
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L

Hinh 2. 6. So' @6 déng lirc hoc Robot SCARA
2.2.2.3. Tinh todn déng ndng va thé ndng cho ting khép
Khép 1.
X, =1,,.Cos0,
Y, =l .Sin6,
z,=0

Trong d6 x1, Y1, 1 14 hinh chiéu cua thanh ndi s6 1 1én céc truc x, vy, z.
X1 =—1,,.5in0,.0:
y, =1,,.C080,.0:

21=0

L2 o2 o2 o2 .

Tacs = \/xl +y, +u = \/(—Igf.Sinzel.@l )+1,,°.C0s%0,.6
=V =126
DOng nang:

K, = % m, V7 +%Jl.a)f =%ml-|§1-‘91 +%J1.6’1
Trong d6 J1: m6é men quén tinh khap 1.
Thé nang: P1= 0.
Khép 2:
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x, =1,.Cos6, +1,.Cos(6, +9,)
y, =1,.5in®, +1,.5in(6, +6,)
z,=0

-

X2 =—1,.8inB,.0:—1,,.8in(8, +6,).(0:+62)

¥, =1,.C050,.01+1,,.Co5(0, +0,).(0:+62)

) =0
.2 .2 '2
, VL, =7\ X2 + +7Z
Tach: 2= \NX2 TYs +22
2 2

V2 =12.01+12,.(01+02) + 21,1 , (61 + 61.0).Cos,
Pong nang:

1 1
K2 =Em2.V22 +EJ2.0)22

1 . . I, 1 .
:Emz.[lf.ef+I922.(491+¢92)2+2.I1.I92(9f+6?1.92).005492]+EJ2.(01+92)2

Thé nang: P, =0

Khép 3:

X, =1,.C0s0, +1,.Cos(6, +6,)

y, =1,.Sin6, +1,.Sin(6, +6,)

z,=—1,

X3 =—1,.5in0,.01—1,.5in(0, +0,).(6:1+62)
y, =1,.C080,.0:+1,.Cos(6, +6,).(0:1+02)
z3=—l3

%:J@+ﬁ+ﬁ

Vi =12.07 +12,.(6,+ 6,)" + 21,1, (67 + 6,.0,).C0s0, +}

Dong nang:

K, :%mg.v,j :%m3.[|f..9'f 12,0 +0,)° + 21,0, (6 +0,6,) cos0, +1 |
Thé ning:

P,=m,.g.h, =—m,.g.l,
Khop 4:
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x,=1,Cos0,+1,.Cos(8, +9,)
v, =1,.8in0, +1,.5in(6, +6,)

z, ==,

xs=—1 .Sin0,.01—1,.Sin(0, +0,).(0:+6)

y, =1,C050,.0,+1,.Cos(0, +0,).(01+6,)

z4a=—13
V, =X +y, + 2
1 2

=%m4 12,07 +12.(0, +6,)% +21,1,(62 + 0,6,).Cos0, +I2 +%J4(91+ 02+ 04)°

Pa=ms.g. ha=-msg. I3

Téng dong ning cua hé thong:
K=K+ K+ K3+ Ky

Céc bién khép: 01, 02, I3, 4.

Pat tim khdi tai ddu mut cta thanh ndi, ta co:

lgr =11
lg2 = 12
lgz =13

2 2
K :l[(m1 +m,+my+m 2+ (m, +my+m 2+, + 1, +J4]491+(m2 +m, +m, )I,1,.Cos6,.0:
+|(m, +my +m N2 +3, + 33,1000+ (m, + m, +m,)I,I,.Cos6,.0:.0,

+%[(m2 +m,+my )2+, +J4]6?z+%(m3 +m, )2 +%J4.¢942 +3,.0204+,010.4

Téng thé ning cua hé thong:
P=P1+P2+P3+Ps=-(mzs+my).q.ls
2.2.2.4. Phuong trinh dong luc hoc
Lagrange cua hé thong: L =K —P
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2 2
L =%[(m1 +m, +my +m 2 +(my +my +m, 2+, +7, +J4]6’1+(m2 +m, +m, )I,1,.Cos6,.6:

) ) ) . 2
+[(m2 +my+m )2+, +‘]4]91.6’z+(m2 +m, +m4)|1|2.C0592-91-02+%[(m2 +m,+m, )2+, +J4]c92

+%(m3 +m, )12 +%J4.H42 +3,.0204+, 6,04+ (m, +m,)gl,

C4c phan tir ciia phuong trinh dong luc hoc:

_da_a
dtaq'i oq;
1. Khép 1
~daL AL
1~ 4w . Aap
dt 5 96,
aL 2 2 - A
===+ m, + M)l + (M, +m)lZ + 3, + 3, |6+ 2(m, +my)l ), Cos, .6,
o6
+[(m, +my)13 + 3, |6, +(m, +my)1,1,.Cos6, 6,
%ﬂ = (m,+m, +m)I + (M, +my)I2 + 3, + 3, |6 +2(m, +my)l,|,.Cos6, 6,
o6
—2(m, + M), 1,.Sin6, 6,6, +[ (m, +m,)I; +J, |6, —(m, +m, )1, Sin6,.6;
g
0,
2. Khép 2
_doao o
2 dtod, o0,
$=|:(m2+m3)|22+\]2:|.0.1+(m2+m3)|1.|2.C0502.91+|:(ml+m2)|22+J2]9.2
00>
%$ =[(m,+m))I} +J, |6 +(m, +m,)l.l,Cosb,d,
00>
—(m2+m3)I1.I2.Sin02.6’?1.6'?2+[(2+m3)I22+J2].652
% =(m, + my) 1,1, (=SinG,).67 +(m, + m,)1,.1,(-Sing,).6,.6,
2
3. Khop 3
da_a
oL
- 5l
dls
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d GL_mi-
T b
dt 5,
A m gl
al, s
4. Khép 4:
daa
‘ dt 5o, 00,
8—F=J491+J4.92+J4.94
004
d . . .
—iiz\]491+\]492+\]494
dr dt064
a _,
00

Nhu vay phuong trinh dong luc hoc caa hé thong duoc biéu dién bang cac phuong

trinh sau:

M, = [(ml +m, +my +m 2 +(m, +mg+m 2+, +J, +J4]9'l+ 2(m, +m, +m,)l,1,.Cos6,.6,

—2(m, +m, + m4)Illz.Sin5192.6'1.6?2+[(mZ +my+m )2+, + J4]éz+(m2 +m, +m, )I,1,.C0s6,.6,

. 2 .
—(m, +m, + m, ,1,.Sins6,.0.+ J, 04

M, = [(m2 +my+m 2+ J, + J4191+(m2 +m, +m,)l,l,.C086,.6, — (m, +m, +m,)I,1,.Sins6,.6,.0,

.- .-2 .-
+[(m2 +my+m )2+, + J4]02—(m2 +m, +m, )I,1,.Sinsd,.0:+J, 04

Fs = (ms+ma). 13 + (m3+mas).g. l;

My = Ja. 9"1 + Ja. 92 + J4.94

Tir hé phuong trinh dong luc hoc cua hé thdng trén ta dat:
M1234 = M1 + M2 + M3 + Mg4.
M234 = M2 + M3 + Ma.
M34 = M3 + Ma.
Jiza=d1+ 2+ Ja.
Joa = J2 + Ja.
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Khi d6 phuong trinh dong luc hoc tro thanh:
M, = [m1234-|12 + My, d2 + 3, + 2.m234I1I2.C056’2191+ (Mgl + J,, + Myl 1,C056,) 6,
. 2 .
-2m,,, 1,1,.Sins@,.0.+J, 04
. . ..2 .
M, = My d2 + 3, +Myglil, C0s6, |6, + My 12 + 3,,]02— Mg, Sins6,.0,+ 3, 04

Fs=mas. [, + M3 g

My = Ja. él +J4. 60, +31. 6,7

Xéc dinh cac thanh phan trong phuong trinh dong luc hoc:
Hi1 = Mizaa. 1% + Ma3s. 122 + Ji24 + 2. Ma2za. 1. 2. cos 02

Hiz = Masa. 122 + Joa + Maza. |1. 12, c0SO2

Hiz=0

His = J4

h111 =0

h122 = -Ma34. 1. l2. Sin62
hiz3 =0

hi4a =0

hi12 = -2. M234. 1. 2. SinO2
0:=0

Ho1 = Mosa. 122 + Joa + Moza. |1, |o. cOSO2
Hzz = Masa. 122 + Joa

H2=0
Hos = Ja
h211 = M2a4. l1. l2. sin0:
Ha1 =0
H2=0
Hss = Ma4
H =0
g3 =M34. g
Ha1 = Ja
Ha2 = Js4
Haz =0
Haa = Js4
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Phuong trinh dong luc hoc rit gon:

_ Tal 1 ree

M, H, H, 0 H, 1 hypp-05 +yy,.0,.0,

M, | - H, H, 0 H, 20+ thlﬂ.lz + 0

M, 0 0 H, O “3 0 83

M H, H 0 H - 0 0
o) Mo My “l g, | L 1 LY

2.3. Bé diéu khién robot
2.3.1. Pt vin dé

Véi sy phat trien khéng ngirng cua khoa hoc ky thuat, dic biét 1a nghanh
dién tu dong hoa da duoc tng dung nhiéu trong cdng nghiép. Diéu khién chuyén
dong trong cac hé thong ngay cang doi hoi cao vé do chinh xac, tinh dap tng cua
may moc trong hé théng. Bong co Servo ciing thay doi va cai tién lién tuc dé dap
ing yéu cau ngay cang khit khe trong cac hé théng nay nhu momen cao hon, kich
c& nho hon, kha nang phan hdi vj tri tuyét d6i va kha nang diéu khién duogc bang
phan mém. Vi vay ma dong co Servo ngay cang duoc (ng dung rong rii va duge uu
tién sir dung hang dau trong cong nghiép. May tinh ngay cang duoc tng dung nhiéu
trong céac linh vuc Cong nghé va nghanh ty dong hoa ciing nam trong xu hudng tat
yéu d6. Véi su tién nghi cua may tinh ciing véi tri tué tuyét voi cua con ngudi di
tao ra nhitng phan mém cé thé két nbi dong co servo véi PLC...qua d6 viéc diéu
khién, giam sét tré nén dé& dang, linh hoat va tén it sac luc hon nhiéu so Véi trudc
day.

2.3.2. PLC FX3U-40MT
2.3.2.1. Gidi thiéu téng quan PLC FX3U-40MT

- PLC FX Ia mét loai PLC micro caia hang MISUBISHI nhung c6 nhiéu tinh
ning manh mé. Loai PLC nay duoc tich hop san céc 1/0 trén CPU.

- PLC duoc viét tat boi ba tir “ Programmable Logic Controller  ¢é y nghia
la bo diéu khién lap trinh.

- Bo diéu khién 1ap trinh 12 mot thiét bi ma nguoi st dung c6 thé lap trinh dé
thuc hién mét loat hay trinh tu cac su kién. Cac su kién nay duoc kich hoat boi tac
nhan kich thich “ ngd vao “ tac dong vao PC hoic qua cac hoat dong tré nhu thoi
gian dinh thi hay céc sy kién dugc dém. Mot khi sy kién duoc kich hoat, né & trang
thai ON hodc OF. Mot bo diéu khién Iap trinh s& lién tuc « lip ” trong chuong trinh
do “ ngudi sir dung lap trinh ra > cho tin hiéu & ngd vao va xuét tin hiéu ¢ ngd ra tai
thoi diém da 1ap trinh.

Hoc vién: Nguyén Trong Quynh 40 Chuyén nganh: Ky thudt Di¢n tir



Trwong Dai hoc Sao Do Ludn van Thac si

- CAu trdc cua bd diéu khién l4p trinh c6 thé dugc phan thanh céc thanh
phan. B phan ma chuong trinh dwgc nap vao luu trit va xir Iy thudng duoc goi 1a
Main processing hay con goi la CPU.

- Vay, lap trinh cho mét PLC 1a di tim diéu kién tin hiéu ngd vao tac dong
lén ddi tuong diéu khién cho tin hiéu ngd ra twong tng. PLC FX ra doi tir nim 1981
cho dén nay d3 c6 rat nhiéu chang loai tiy theo Model nhu: FXO0(S), FX1, FX2,
FXON, FX1S, FX1N, FX2N, FX3G va FX3U. Tuy theo Model ma cac loai nay c6
dung luong bd nhé khac nhau. Dung lwong bé nhé chuong trinh c6 thé tir 2kStep
dén 8kStep ( hoic 64kStep khi gan thém bo nhd ngoai ). Tong sé /O ddi vai cac
loai ndy c6 thé 1én dén 256 /O, riéng dbi véi FX3U(C) c6 thé 1én dén 384 1/0. S6
Module mé rong cé thé 1én dén 8 Module. Loai PLC FX tich hop nhiéu chirc ning
trén CPU (Main Unit) nhu ngd ra xung hai toa do, bo dém téc do cao (HSC), PID,
dong ho thoi gian thye. ..

- Module m¢ rong nhiéu chung loai nhu: Module m& rong vao ra (1/0),
Module mé rong analog, xt Iy nhiét do, diéu khién vi tri, cac Module mang nhu
Cclink, Profibus....

- Ngoai ra con co c&c board mo rong (Extension Board) nhu Analog, cac
board dung cho truyén théng cac chuan RS232, RS422, RS485, va ca USB.
Dé lap trinh PLC ta c6 thé sir dung céc phan mén sau: FXGP_WIN_E,
GX_Developer.
Céc phuong phap lap trinh nhu:

- LAD(ladder): l1a phuong phap 1ap trinh hinh thang, thich hgp trong nghanh
di¢n cong nghiép.

- FBD(Flowchart Block Diagram): 1a phuong phap l4p trinh theo so d6
khdi, thich hop cho nganh dién tir s6.

- STL(Statement List): 1a phwong phap 1ap trinh theo dang dong lénh giéng
nhu ngdn nglt Assemply, thich hgp cho nganh may tinh.

- Mot PLC gom ¢6 céc ving nhé sau:

+ Tin hiéu ngd vao: X

+ Tinhiéungbra:yY

+ B6 dinh thoi Timers : T

+ Bo dém Counter: C

+ Cac co nhg cua PLC: Mva S

+ Thanh ghi dir ligu D, Vva Z
2.3.2.2. Phurong phdp ddu day ngd vao, ngd ra PLC

- Pau day ngd vao ( X)

- Truong hop 1: ¢6 chan SS (sink/soure)

* DAu day sink (-, NPN)
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110-240v

P e T T

N 24V 0V S5 X X X Xz X4

Hinh 2. 7. Bau day sink (-, NPN)
* Dau day soure (+, PNP)
110-240v

l | .51 | LS2
L N 24V 0V 8§88 3Xo Xi Xo

Hinh 2. 8. Pdu day soure (+, PNP)
- Truwong hop 2: khéng cé chan SS (dau day sink (-))

hleu cam bién PNP

XNz X

110-240v

| 1.S1 | LS2.

BEEEN

L N 24V oV Xo X1 Xz Xs X4
Hinh 2. 9. khéng c6 chan SS (dau dady sink (-))
-Pduddyngéra(Y)
+ Ngo ra la relay (MR)

in hidu cam bién NPN

Mo Ao

K K= + R1 R R:

[ [~ 1 T T 1
COMo Yo CONMN: Y1 CON:z Y2 Y= Ya

Hinh 2. 10. Ng6 ra la relay (MR)
- Ng0 ra la transior (MT)

= Ro R R> Rs R4
T

COMo Yo COM: Yi COM: Y: Ys Vi
Hinh 2. 11. Ng6 ra la transior (MT)
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=L | Ro R R: Rs Ra
_l_
1 1 O A |

VO+ Yy,  Vi+ Y v2+ Y Ys Y
Hinh 2. 12. Ng6 ra la transior (MT)

2.3.2.3. Cac vung nho trén ho PLC FX Mitsubishi

Khi lap trinh diéu khién hé théng thi mdi thiét bi c6 céng dung riéng. Dé dé
dang xac dinh thi mdi thiét bj gan cho mot ky tu.

- X: Dung dé chi ngd vao vat ly gan truc tiép vao PC. Cac ngd vao nay co
tht tu dém theo hé dém bat phan XoX1X2X3X4X5XeX7, X10X11.....

- Y: Dung dé chi ngd ra truc tiép tir PC. Cac ngd ra nay co thu tu d¢ém theo
hé dém batphan Yo Y1Y2Y3Y4YsYesY7 Y10 Yii.....

- M va S : Dung nhu 1a cac co hoat dong trong PC.
Tat ca céc thiét bi trén duoc goi 1a cac * thiét b bit > nghia 14 cac thiét bi nay ¢ hai
trang thai ON hoac Off. 1 hoac 0.
Ta c6 thé t6 hop cac thiét bi bit lai dé c6 thé tao thanh mét dir liéu 4bit, Byte, Word,
hay Doulbe Word nhu sau:

- KiMo = M3M2M1Mo ( tuwong ing dix li¢u 4bit )

- KaM1o =M17M16M15sM14M13M12M11M10 ( twong tng véi dix ligu 8bit )
Tong quat: KaMm (1<n<8)

- D: Thanh ghi 16 bit/32 bit. Day la thiét bi Word.

- T: Dung dé xac dinh thiét bi dinh thi c6 trong PC (timer). Dit liéu trén
Timer 12 dix liéu dang Word (16bit) va trang thai Timer ta n6i Timer Ia thiét bi bit.

- C: Dung dé xac dinh thiét bj ¢ém c6 trong PC. Di liéu trén Counter la dit
liéu dang Word (16bit/32bit) va trang thai trén counter la trang thai bit.
Ta c6 bang cac thiét bi nhu sau (d6i v6i cac PLC phién ban tir 2.0 tro 1én)

Muc FXOS(N) | FX1s | FXIN | FX2N(C) FX3U(C)

Phuong phap xu ly Thuc hién chuong trinh tuan hoan
chuong trinh

Phuong phap xtr Iy | Cap nhat & dau va cudi chu ky quét (khi 1énh END duoc thi

vao ra hanh)
Co Co ban Co ban
ban:1.6- 0.08 45 :0.065 1S
ca . | Coban0.724s | d“ , d”
U 6 4 , ungdung | (ng dung
Th an xu | ng dung 10-
ot gianxrly ang uflol'; gS 152 - 0.642 -
dung10- H >100 45 >100 1S
>100 4S
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Ngon ngtt lap trinh Ladder+ Instruction +SFC
Dung lugng chuong 2kStep 8kSte | 8kStep(16kS | 8kStep(64kS
trinh p | tep ginthém | tep gin thém
bo nhé bo nho
ngoai) ngoai)
Cau hinh vao /fracé | 1281/0 301/0 | 1281/ 256 1/0 3841/0
thé (Max | (Max16l| O
In/Out n, (Max
128) 140ut) | In/Out
128)
Role Chung Mo -> Ms11 Mo-> | Mo->Mson Mo->My7e79
phu Misss
tro Pugc chét Mags -> Ms11 Masgs - Msoo -> Msgo ->
(M) > Mso71 M7679
Misss
Chuyén Maooo ->
. y Msooo->Magzss 5000
ding Mas11
Role Chung S0 -> S999 S0 -> S4095
trang | Puoc chot S0 -> S127 S500 ->
->
thai 5500 -> 5999 S4095
(S) | Khditao S0->S9
Co hiéu S900 ->
' Khé ->
ong S900 -> S999 $999
Bo 100ms TO->T62 TO ->T199
dinh 10ms T32 ->T62 (M8028
->
i ~ON) T200 -> T245
Timer | 1ms(dugc
o T63 T246 -> T249
(M chot)
1
00ms(dug Khong T250 -> T255
c chot)
1 T256 ->
ms Khdng
T511
Bodém | Chung
i . C0->C31 C0 -> C199
Counter | (U) 16bit
b
o C16-
chot (V) C16 -> C31 C100 -> C199
. >C199
16bit
Chung Khdng C200 -> C234
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(U/D)
32bit
Puoc
chot Khéng C220 -> C234
(U/D)
32bit
B? de[n 1 pha 235
téc do (U/D) C235 -> C240
. >C238
cao(HS 32bit
C) Mot pha
;‘gn';hsg C241,C2
Reset 42 va C241 -> C245
(U/D) 32 c244
bit
2 pha C246,
(U/D) | C247va C246 -> C250
32bit C249
Pha A/B | C251,
32bit | C252va C251 -> C255
C254
Thanh Chung DO -> D255 D0 -> D7999
ghi dir Puoc D128-
licu chét D128 -> D255 >D79 D200 -> D7999
16bit(D) 99
T gtt'r'] WP | D1000 -> D2499 D1000 -> D7999
Pic biét D8000-
D8000 -> D8255 D821
Thanh ghi mé rong Khéng RO ->
16bit (R) R32767
Thanh ghi tap tin Khong ERO-
mo rong 16bit (ER) >ER32767
Thanh |y v VO->V7
ghi chi
muelb | 7 Z 20->27
bit
Contro | Dung véi | PO->P63 | PO->P63 PO->P127 PO->P4095
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Pval Iénh
CALL/CJ
(P)
100 A -
>[30A
Ngt boi Canh 100A ->150A
g vao Ién: A=1 Canh Ié,n: A=1
Canh Canh xuong A=0
xuéng
A=0
Ngat boi A 16 AA -> 18 AA
Timer Khong AA:10 ->99ms
Ngat boi Khdng 1010 -> 1060
Counter
S6 muc long 8 cho lénh MC va MCR (NO -> N7)
Thap 16bit: -32.768 -> +32.767
phan K 32bit:-2.147.483.648 -> +2.147.483.647
Thap luc 16bit: 0000 -> FFFF
. | phanH 32bit:00000000 -> FFFFFFFF
Ha 0 X
#1959 | Dang dau . 32hit:0,
cham Khong - -
dong +1.175.10% — £3.403.10
So thuc R Khéng 32bit

2.3.2.4. Bgc tinh ngb vao, ngd ra
a. bac tinh ngd vao.

FX bd phan chinh ,FX Modul mé rong
X0 ->X7 X10 >0
bién &p ngd vao 24VDC +10%
Dong ngd vao 24VDC,7TmA 24VDC, 5mA

Cong tac ngd Off-> On >4.5mA >3.5mA

Vao On-> Off <15 mA
Thoi gian dép ung <10ms
Céch ly mach dién dung Dung photocoupler
Chi dan hoat dong Dung led
b. Bac tinh ngo ra.
MO0 ta Ng0 ra dung relay Ng0 ra dung Transistor
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bién ap <240VAC,<30VvDC 5->30vDC
Ty 1€ dong dién /N ngd 2A/1 ngd, 8A/Com 0.5A/1 ngd, 0.8A/Com
Cong suat 16n nhat cua tai 80VA 12W/24VDC
Dén phu tai lon 100w (1.17A/85VAC, 1.5W/24VvDC
0.4A/250VAC)
Khi nguon cap nho hon | ---------------
Phu tai nho 5VDC thi cho phép it
nhat 2mA
. . . | Off->On _ i
Thoi fgaln dap 10ms <0.2ms; <5 uS (chi
ung ON->OFF YO0,Y1)
Mach cach ly Bing Relay Photocuopler
Dong dignri | smmmemmmeeeeee 0.1mA/30vDC
Chi dan hoat dong LED sang khi cuon day duoc kich hoat

2.3.2.5. B¢ dém toc d¢ cao (HSC)
a. Tong quat:

Bo dém tdc do cao 1a loai b dém dung cho chirc ning dém xung ngd vao &
tan s6 cao, cac loai bo dém nay c6 thé dém xung ngd vao co tan sé cao 1én dén
60KHZ. Céac bo dém nay hoat dong doc lap véi chuong trinh quét trén PLC. Trén
ho PLC FX ta c6 thé chon cung Iic nhiéu nhat 1a 6 bo dém va cac ngd vao tuong
ing cho hoat dong dém xung ngd vao co tan sé cao la tir X0-> X7. Ta c6 thé su
dung gia tri dém cua cac bo dém téc do cao dé thuc hién ngat bai bo dém tdc do cao
(ngat nay chi cd trén cac bo FX2N (C) va FX3U(C)).

b. Phan loai cac bo dém:

Bo dém toc do cao (High Speed Counter ) bao gom 21 bo dém bat dau tur
C235 -> C255 va duoc chia thanh cac loai sau:

- Bo dém téc d6 cao 1 pha do ngudi dung tu khai dong va reset tir C235->
C240

- Bo dém tdc do cao 1 pha khai dong va reset mic dinh boi phan cang tir
C241-> C245.

-B6 dém tdc do cao 2 pha hai chiéu tir C246-> C250

-B6 dém tc do cao pha A/B tir C251 -> C255
c. Cac bo dém nay hoat dong theo bang sau:

- Ddi véi cac b FXON tro vé truse
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1 Phase counter user 1 Phase counter 2 Phase A/B Phase
start/reset assigned counter bi- counter
= start/reset directional
= Q @) Q Q Q Q OloTolTaol ol o0
— N N N N N N N N N N NN
w w w w S S B B ES Y ol g1 (Ol
ol » ~ (0 0] [ N & (o) ~ © = N B
X0 | U/D u/D ub|u |[U |U |A |A |A
X1 u/D R R D (D |[D |[B |B |B
X2 U/D u/D R |R R |R
X3 u/D R S S S

- Péi voi cac bo FX1S tré vé sau

ng |[Bo dem 1 pha do ngudi ||[Bo dem 1 pha khéi ||Bo _dém 2phahai  |Bo dem pha A/B

0 ||dung khor dong va Reset ||dong va reset duge  |[clhuen

vag gan trudc
ofololololo|ololololo[ololalaololaolol 0 0o 0
A% A% A% A% A% 3 3] a3 M 3] [a3) A3 a3 3] a3 M [\ %) M M %)
R B T B~ B~ B~ O~ A~ e~ B~ I~ e~ s S M S
n 2] =~ o) w o = o) L fo n 2] =~ o) w o = [a¥) L fo n

X0 ||uU/D u/D u/D u|u U AlA A

X1 u/D R R DD D B|B B

X2 u/D u/D u/D R R R R

X3 u/D R S| R U U A A

X4 u/D u/Db

X5 u/D R R R R

X6 S S S

X7 S S S

Trong do, U: Up counter input
R: Reset counter input
A: A phase counter input
B: B phase counter input
D: Down counter input
S: Start counter
Tir bang trén ta thay ngd vao xung tir X0->X5. Hai ngd con lai X6 va X7
cling duoc goi 1 hai ngd vao toc d6 cao song ching chi duoc sir dung dé khai dong
mot bo dém tée d6 cao ndo do.
Chuy:
- L& c4c bo dém tir C235-> C245 dé cac bo dém nay dém 1én (UP) hay dém
xubéng (DOWN) thi phai SET hoic RESET bit dac biét.
- Vi du muén bo dém C™ dém 1én thi bit dic biét twong tng 1a M8™ phai
bi reset, nguoc lai dé bo dém nay dém xudng thi M8 phai duoc set.
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- C6 thé chon bo dém bat ky nhung luu ¥ khong duoc chon cung lic 2 bo
dém c6 tring vai nhau it nhat mot ngd vao trong mot chuong trinh.

- C6 thé chon nhiéu bo dém cung IUc song tong tan sb caa cac xung ngd vao
ludn phai nhoé hon 20kHZ.

- bac biét d6i véi hai ngd vao 1a X0 va X1 c6 thé cho xung ngd vao cao hon.

- P6i voi cac bo dém 1 pha hay hai pha nhu C235, C236 va C240 c6 thé tan
s6 ngd vao l1én dén 60KHZ.

- D6i v6i b dém pha A/B nhu C251 c6 thé cho phép dém xung tan sé cao
1én dén 30KHZ.
2.3.3. B¢ DRIVER va dong co SERVO YASKAWA SGDM-02ADA
2.3.3.1. Giogi thiéu chung

Trong cong nghiép cd rat nhiéu qua trinh diéu khién va diéu khién vj tri la
mét trong nhiing khau quan trong nhat. Boi 18 khi mudn san xuat hang loat san
pham c6 kich thudc dong diéu nhau thi budc hé thdng phai diéu khién chinh xac
nhu: hé théng dong goi san pham, déng nip chai, do va cit chiéu dai trén bang tai,
khic chix, cat 6ng....va ang dung I16n nhat hién nay la cac may cong cu CNC. Vi thé
viéc tng dung cac thiét bi diéu khién vi tri nhu Step Motor, Servo Motor 14 rat can
thiét. Vi nhu cau tng dung rat Ion nén cac hang san xuat cac thiét bi cong nghiép Ion
nhu Siemen, Omron, Mitsubishi, Yakawa, koyo, Parasonic...d3 khong ngiing ché tao
va dua ra cac san pham mai nham 1am thoa mén nhu cau cia ngudi tiéu ding.

B System configuration
y &t [ 1

= | [
=~ 1P ,/ ;.f

SSC IF board

PC/AT compatible

Mction controller

Sensor input/
Drill output I 4

Machine
<Printed board hole opener>

>

Servo amplifier

SSCNET = - )
=31
\{ J

Hinh 2. 13. So' d6 diéu khién hé thong
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2.3.3.2. Gidi thigu vé Servo YASKAWA SGDM

Hinh 2. 14. Servo YASKAWA SGDM

Pong co servo 1a thanh phin quan trong ciia hé thong diéu khién chuyén
dong. Bé hoat dong duoc, ching ta phai ndi dong co servo vai cac phan cting, phan
mém hd tro diéu khién chuyén dong. Pong co servo duoc két hop co khi véi cac
thiét bi may méc khac dé cung cap luc di chuyén cac thiét bj nay theo yéu cau cua
ung dung.

LOAD

PROCESSOR

SERVO & ENCODER

DRIVE

Pong co servo dugc st dung trong cac hé thdng diéu khién chuyén dong dé
cung cip mot luc co hoc cu thé trong khoang thoi gian nhat dinh. Pé dat dugc diéu
nay, ching ta phai diéu khién vi tri, van téc vd md men ciia dong co servo theo yéu
cau tng dung.

Dé hoat dong chuan xac, dong co servo phai két hop voi:
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- Bo diéu khién: Thong thudng 1a PLC hodc bd diéu khién chuyén dong
chuyén dung s& chay chuong trinh diéu khién dé thuc hién dung theo yéu cau ky
thuat cua ing dung.

- B6 diéu khién dong co: Thiét bi dién tr c6 chirc ning cung cip du ning
lwong cho dong co theo dung cach, ding thoi diém.

- B6 mi hoa xung vong quay: Tao phan hdi cho hoat dong cia dong co.

Hinh 2. 16. Béng co servo

Cau trac dong co servo:

- Bong co AC Servo

- BPong co DC Servo
Dong co servo c6 2 loai:

Pong co DC Servo c6 2 loai: dong co 1chiéu ¢6 chdi than va dong co 1 chiéu
khong choi than

Pong co AC Servo ¢ 3 cudn diy véi 1 ddu chung cho tat ca cac cudn day.
Thong thuong dau chung dugce ndi véi duong ngudn va duoc kich tir theo thir tir
lién tuc, 120° cho mdi budc. Rotor trong dong co co 2 ring, Stator ¢ 3 cuc cich
nhau 120°. Khi mét cudn kich dién thi ring cta rotor bi hut vao cuc mot. Néu dong
qua cudn mdt bi ngit va dong dong cho cudn hai, rotor quay 120° va ring cua rotor
bi hit vao cudn hai. Pé dong co quay mét cach lién tuc ching ta can cap dién luan
phién cho 3 cudn day.
Chtrc ning cta bo diéu khién dong co servo

Hinh 2. 17. Bo Driver Bong co servo
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Can c6 ngudn dién cip tuwong thich véi thiét ké cua dong co servo. Bo diéu
khién cung cip ngudn cho dong co servo dung luong, dung thoi diém dé diéu khién
vi tri tbe do va mé men tuong Ung véi cac dau vao tir bo diéu khién chuyén dong,
phan hdi tir bd6 ma hoa xung vong quay va tir ban than dong co servo.

Céc chutrc nang khac ciia bo diéu khién bao gdm:

- Truyén thong véi bd diéu khién chuyén dong

- Poc phan hdi tir b ma hoa xung vong quay va diéu chinh thoi gian thuc
cho mach vong diéu khién kin.

- Xtr 1y céc tin hi¢u vao/ra vi du nhu cac thiét bi an toan, ché d6 dau vao va
c4c tin hiéu ddu ra vé trang thai hoat dong. Vi ly do nay, mdi bo diéu khién thuong
két hop vo1 mot dong dong co servo cu thé.

Trong khi tin hi¢u dau vao cho b diéu khién dong co servo la dong mot
chiéu (DC), dau ra b diéu khién gan nhu 1a dang séng dién xoay chiéu dé diéu
khién tron toc do, gia tdc va md men cia dong co servo.

ANALOG

39
N

PULSE >—

SERIAL SOLISY DRLE030at »
PACKET >

Hinh 2. 18. Tin hiéu diéu khién dong co servo
Tin hiéu diéu khién dong co servo:

Duya vao dit liéu luu trong chuong trinh diéu khién chuyén dong, bo diéu
khién nhén tin hiéu dé thuc hién mot dang chuyén dong nhat dinh. Tin hiéu tir bo
didu khién chuyén dong giri t6i bo diéu khién dong co servo c6 thé c6 nhiéu dang:

- Pién 4p mot chiéu dang twong tu (vi du nhu tir -12VDC dén +12VDC)

- Day xung

- G6i dit lidu truyén qua mang

Phan hoi trong hé thdng dong co servo

B6 diéu khién va dong co servo cung hoat dong dé van hanh trong ché do
mach vong kin.

Control Loop

Command
—

FEEDBACK

Hinh 2. 19. Piéu khién dong co servo ché dé mach vong kin
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Khi str dung mach phan hdi, vi tri thuc té, van toc hay mo6 men cia dong co
servo dugc so sanh voi 1énh chuyén dong va bat ky sai s6 nao gitta cic cap gi tri
trén déu duge xac dinh. Sau do, b diéu khién dong co servo s€ st dung cac thong
tin sai sb ndy dé diéu chinh hoat dong cua dong co theo thoi gian thuc, sao cho qua
trinh hoat doéng cua dong co dap tng dugc yéu cau cua Gmg dung. Chu trinh phan
hdi — xac dinh sai s6 — triét tiéu sai s6 duoc goi 1a mach vong diéu khién kin .

Mach vong diéu khién

— —.—»-—. — - -

CURRENT LOOP

VELOCITY LOO®

POSITION LOOP

Hinh 2. 20. Cdc mach vong diéu khién

Mach vong diéu khién duoc xir Iy boi bo diéu khién dong co servo, b dicu
khién chuyén dong hodc ca hai tuy thudc vao yéu cau diéu khién. Dé dat duoc
chuyén dong nhu mong mudn cho tng dung ctia minh, ching ta c6 thé tach riéng
cac mach vong diéu khién cho vi tri, van tbc va mé men.

Khoéng phai tat ca cac Gng dung diéu khién déu bao gom ca ba dang mach
vong diéu khién vira néu. Nhiéu Gmg dung chi gdm c6 mach vong dong dién va
mach vong téc do dung cho diéu khién toc d6. Nhiéu tmg dung lai can c6 ca ba
mach vong diéu khién dé diéu khién vj tri.

- Biéu khién vi tri (Position Loop)

Vi tri duoc hiéu 13 vi tri goc tuyét d6i cta truc dong co servo hodc trong vai
truong hop, 13 vi tri cta thiét bi truyén dong boi dong co servo. Khi dong co servo
thay doi vi tri, bd mi hoa xung vong quay cta dong co servo s& giri phan hoi vi tri
thuc té cua truc dong co toi bo diéu khién dong co servo hodc co thé gui tin hiéu
tryc tiép toi bo diéu khién chuyén dong.

Mach vong vi tri s€ tién hanh so sanh vi tri dt va vi tri thuc té; tir sai s6 nhan
dugc va cac thong sd can chinh ctia mach vong, bo diéu khién ty dong diéu chinh vi
tri truc quay dong co theo thoi gian thuc dé triét tiéu sai 1éch vi tri. Theo céch nay,
dong co servo s& thuc hién chinh xac theo thong sb di dit trude ngay ca khi diéu
kién van hanh thay ddi. Vi du nhu, néu thiét bi truyén dong bdi dong co servo tro
nén kho di chuyén, bo diéu khién dong co servo s¢€ diéu khién tang mO men sinh ra
va/hodc diéu khién dong co van hanh trong khoang thoi gian l1du hon dé dat dugc vi
tri mong mudn bt chip ma sat clia co cdu truyén dong.

- biéu khién téc d6 (Velocity Loop)
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Téc do & day duge hiéu 1a van tdc va chibu quay cia dong co servo. Khi
dong co servo ting toc hodc giam tdc, bd md hoa xung vong quay sé giri van tdc va
chiéu quay thyc té t6i bo diéu khién dong co servo hodc gui truc tiép ti bo diéu
khién chuyén dong.

Mach vong tdc d6 sé so sanh toc do dat véi tde do hién tai; dua vao sai sd tde
do va cac thong sb can chinh ctia mach vong, bo diéu khién dong co s€ tu dong diéu
chinh van toc dong co theo thoi gian thuc dé dat duoc cac yéu cau cua ung dung.

Theo cach ndy, dong co servo sé& thuc hién ding theo cac thong sb da cai dit
ngay ca khi diéu kién van hanh thay d6i. Vi du nhu, néu dong co servo truyén dong
cho mdt co cu c6 trong luong 16n, dong co s& rat kho dé giam tdc. Trong trudng
hop nay, dong co c6 thé ting md men nghich dé ding tai trong khoang thoi gian va
khoang céach theo yéu cau ciia ing dung.

- Biéu khién M6 men (Current Loop)

M6 men cta dong co Servo 1a lyc tao ra tir chuyén dong quay cua rotor dong
co. M6 men tao ra ty I¢ thuan vdi dong dién hiéu dung chay trong cudn day stator
cua dong co. Dong hi¢u dung cang cao, mé men sinh ra cang 16n.

Bo diéu khién dong co servo do tri s6 dong hiéu dung chay trong cudn day
stator va dung phan hoi gia tri nay dé tu dong diéu chinh dong dién trong dong co
theo thoi gian thuc nham dép tmg duoc yéu cdu mé men cua Gng dung.

Mach vong dong dién doéi khi duoc hiéu 1a mach vong mO men.

ENCODER
DiIsK

Hinh 2. 21. B6 ma héa xung vong quay
- B6 phan hoi ma hda xung vong quay
B6 mi héa xung vong quay (encoder):La thiét bi phan ctng thiét yéu cta hé

thong dong co servo co tac dung phan hoi téc do va vi tri.

Thong thuong, bd md héa xung vong quay nam trong hodc duoc gin véi
dong co servo. Trong mdt vai tmg dung, bd mi hoa xung vong quay la thiét bi duoc
g4 lap riéng biét véi dong co. Cach ga lap nay giup cho bd ma héa xung vong quay
ghi nhan duoc cac thong s6 khac anh hudng dén hoat dong ciia dong co servo.

C6 hai dang bd ma héa xung vong quay chinh:

- B6 ma hoa xung vong quay ty 1é (incremental)

- B6 mi hoa xung vong quay tuyét ddi (absolute)
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CAu trac vat 1y ctia bo ma hoa xung vong quay quyét dinh dang tin hiéu phan
hoi.

Hinh 2. 22. Cdu truc vat 1y bo ma noa xung vong quay

- BO ma hoa xung vong quay ty 1¢

Bd ma hoa xung vong quay ty 1€ ap dung nguyén ly quang hoc st dung mot
dia thuy tinh trong sudt dugc in cac vach ddi xing téa tron theo khoang cach déu.
Dia nay duoc gin ¢ dinh véi truc dong co va quay cung rotor ctia dong co.
Céc vach trén dia dugc phat hi¢én bo1 mgt cam bién quang dién. PAu ra cta cam
bién thay doi mdi khi co su thay doi tir sang sang tdi hodc tir tdi sang sang. Toc do
thay d6i nay ty 1¢ thuan véi van toc dong co. Pau ra ciia bd ma hoa xung vong quay
1a mot dai xung ty 1& v6i van tde dong co. Pau ra nay déi lic con duoc goi 1 tin
hiéu Pha A.

Nhu vay, véi bd ma hoa nay chiing ta khong thé biét duge chiéu quay ma chi
biét duoc toc do cua dong co.

Dé biét duoc chiéu quay, bo mi héa xung vong quay ty 18 can lap thém mot
cam bién quang thir hai, cach cam bién thir nhat mot khoang cach nhat dinh

ais

— n
o <

Hinh 2. 23. Chiéu quay bé ma héa xung vong quay

=]

ﬁT . .@'

Khi thay ddi chiéu quay thi xung ciing thay d6i vi tri ctia cam bién thtr hai
duoc lép O tri tri sao cho sy thay doi sang tdi 1am cho dau ra cia cam bién tha hai
1éch pha 90 d6 so vdi cam bién thir nhAt.

Quan hé giira cac xung nay dugc goi 1a cham pha % chu ky. Bang cach so
sanh hai ddy xung 1éch pha nay, ngoai xac dinh dwgc van téc quay con co thé xac
dinh duoc chiéu quay. Pau ra tir cam bién thtr 2 con duoc goi 14 tin hiéu Pha B. Bén
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canh tin hiéu pha A va pha B, bo ma hoa xung vong quay c6 thé c6 dau ra thi ba
dugc goi 1a Pha Z. Pha Z chi xuat di mot xung ang véi mdi vong quay. Tin hiéu
nay cd tac dung xéac dinh vi tri gbc ban dau hozc vi tri tham chiéu.

Hinh 2. 24. Pha Z bg ma héa xung vong quay
B6 mi hoa xung vong quay ty 1& sir dung xung tham chiéu nay 1a diém bat
dau dé tir d6 xac dinh vi tri tuyét ddi br?mg cach dém sb xung bt dau tir mot vi tri da
biét.
- B6 m hoa xung vong quay tuyét doi

] ] —= 111001001010

+ 111001001011
'U — 111001001100

Hinh 2. 25. B md héa tuyét doi

Bo mi hoa xung vong quay tuyét ddi ciing st dung mot dia trong sudt; nhung
thay vi diing céc vach in, dia nay cé cac vling trong sudt va viing mo sap xép theo ma
nhi phan.

M&i bit ma hoéa 12 mot vung riéng biét trén dia va cac cam bién quang s&
dong thoi doc tat ca cac ving ny.

Dt li¢u doc tur dia 1a duy nhét tmg v&i mdi vi tri goc cua truc dong co. Dit
lidu nay co6 thé dugc gt di tir bd ma hoa theo phuong thirc song song hodc duoc
chuyén dbi sang kiéu dir liéu ndi tiép. SO bit trong mi dit liéu quy dinh do phan

giai goc cia bd ma hoa xung vong quay.

Absolute Position Electronics

with Battery Back-up

o61d

Hinh 2. 26. Pdng co sevor c6 bo md héa tuyét doi
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Theo ly thuyét, mot bo ma héa xung vong quay c6 do phan giai 12 bit s& sinh
ra 4096 mé don nhat khi quay mot vong 360 do; hay n6i cach khac khi truc dong co
quay dugc 0.088 do s& xuat ra mot ma don nhat. C6 nhiéu yéu té anh huong téi viec
tang thém sé goc thuc té nhung bé mé hoa 20 bit ciing khéng phai la hiém gap.

Mot phuong phap khac dé xac dinh vi tri tuyét ddi 1a két hop mot dang dic
biét ctia bo ma hoa xung vong quay ty 1& véi mot bd nhd phan cing cing voi mot
phan mém riéng thay vi sir dung chiéc dia dat do ctia bd ma hoa tuyét di.

Thiét bi st dung cac xung lliy tién tir bd ma hoa dé tao mot vi tri 4o tuyét dbi
trong bd nhd phan cing. Nho c6 pin, bd nhd duge duy tri ngay ca khi ngit ngudn
ctia hé thong.

Ca hai dang bo ma hoa xung vong quay tuyét ddi déu c6 thé giri phan hoi vi
tri can thiét dén bd diéu khién dong co servo.

Sau day 1a so d6 két ndi cap nguon cho bo driver Servo va so d6 dau day & 3
ché d¢ diéu khién:

Két luan chuong II: Tac gid da nghién clru va tinh toan dong luc hoc cua
robot d6ng thoi nghién ciru vé PLC FX3U, dua ra dugc phuong phap dicu khién va
so d6 két n6i mach diéu khién.
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CHUONG III
LAP PAT, THUC NGHIEM VA PANH GIA KET QUA

3.1. So dd két ndi servo
3.1.1. Pdu véi nguén 1 pha

Powar supply
Single-phase 100/200 VAC
R T
Molded-case
cireuit breaker
(MCCB)

Prolecis fu posver supphy -
na by whutiing the
ciast OFF whan

CHRPDLETAR i el
{Raferio 588

Mokse fitter

Unaed i adiminate

cniibeTidil s o ifa Magnatic
7 i,

{Rafar \s 5.8 10} coniactor

* For connecti
for Harmonic Suppression.

a DC reactor, refer to §.4.8 DC Reactor )

SGOM-00AD
SGOM-O00ADA
SGDM-00ED
SGOM-00BDA
SERVOPACK

Magnetic
contaclor
Tums the beaks
Pt iy
ON or OFF,
Irestall a surpe:

prTARCION.
(Rafar o 5811

Conngclion cable
{Refer o $.8.2)

Conniction cable

(Rafer o 5.6.1.)

‘ IO signal cable

4 Brake power Regeneralive

supply resistor

Ui for Connect an exiemal

freaEn e FEQErErEe AT —

with & bk, i srrrirals 61 angl =

[Resbior 10 5.8.5) Ell‘!‘l:ﬂﬂm

(R 1 48) \ \

$ervl:mutwj AE
main circit cable
{Rafér ta 5.1, 5.2)

SGMOH
Servomotor

for digital operator

for personal computer

Encoder cable
"~ (Referio 5.4, 5.5

Digital
operalor

PLp| | (Rofer o 5.8.2.)

Hinh 3. 1. So do két néi servo dau véi nguon I pha
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3.1.2. Péi véi nguéon 3 pha

Power su

Moisa filar
Usad o slminats
exlomal o hom e
D e,
[Reter 1o 58,90

*! The main circuit positive-side terminal is only available
to use at three-phase 200 VAC, 6 kW SERVOPACK.

Do not use &1 or @2

*! Bo sure to disconnect the lead batween B2 and
B3, before connecting an external regenerative

registor to the SERVOPACK,

*3 For connecting a DC reactor, refer to 6.4.8 DC Reacior

for Harmanic Suppression.

SGDM-O00AD
SGDM-O00ADA
SERVOPACK

for personal computer
(Finder 1o 5.8.1.)

11D signal cable

=

(Fades i RA.T1.)

Brake power supply
Ui il i iivniTactinr milth i Lafit
{Rler i S.8.5)

/! (Pt o 5.7.)

main crcul cabla
(Roferto 5.9, 8.2)

L~ Encoder cable
(Rodor 4o 5.4, 5.5)

Hinh 3. 2. So dé két noi servo doi véi nguon 3 pha
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3.2. So dd dau day ¢ 3 ché dé diéu khién
3.2.1. Ché d¢ diéu khién toc dé

SERVOPACK
Speed reference * e
(20 10V [PF]
frated mator T & .
speed) 7 & /ol (_'”..91 Alarm code output
€ dnal o " " 18 <L02 Muuu?fm voltage:
ue 9 : . _
limitTorque feed -IC 18 ), ALO3 %ﬂmmtng current;
forward T SG\ 10 — { —
#1010V Y 73
Iratad torque)
.
* T(+h\ 21
Backup battery =
(28t045V) BAT (), 22 PG dividing ratio outpul

by Texas Instruments or

the equivalent comaspondi
. +5V N\ 4 to MC3486 "
SEN signalinput > 2
oV . Amount of phase-5 rotation
B. . Serial data output
bm Applicable line receiver
. LPSO  SN75175 manufaciured
5. 33K by Texas Instruments or
24V +24VIN, L 47~ the equivalent corresponding
ﬁ:»——l:r—- . 1 ) SG__ 10MC3486
also, 11 AN

Sarvo ON T
15&?:: ON when ON) — M}‘ (510}

v
3 ) PAO
_@ IPAO
H
35 4 P8O | " npplicable ine recerver
@EHG' SN75175 manufactured
19 ), PCO
R oo
(—

H

# 501
OB [, BeTERRE
P control 4 z : incides.
(P ool when ON) $—" — Nl 11 (S11) - 26 (¢ IN-CMP-
n—D— -
Forward run profibited p.OT,| 42|(512) *"ﬂ:, _502) o7 ), MGON+ ,
(Prohibted when OFF) N » *__[ — {Rouﬂ"m:lﬂ:mwm
‘ R K: *h_| 28 (_"Tm”‘ exceeds the settings.)
Reverse run prohibited NOT\#3)isi3) [T A
I

{Prohibited OFF) T

[ (503) 5 ), js0vs
u‘{sm T*:K: *3-{ ﬁ f&wﬁ?ﬁm

O LT

- 5 =
Flmrgﬂm}hm ’_f_m}}q (55) ? {' *_,K:fj( A Servo alarm output
Th {32 (& (OFF for an alam)

s R

Alarm rissal
(Resét when ON) —"JALNERST

S

—{H *['
Reverse cument limit |~ m}}“ﬁislﬁ} ?" .

(Limit when ON) Photocoupler oufput
Connector Max. operating voliage:
= | shell IVoC
U Max, operating current:
FG Connect shieldto 50 mADC

connictor shil.

Hinh 3. 3. So d6 két néi servo ché dé diéu khién toc do
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3.2.2. Ché dé diéu khién vi tri

SERVOPACK
", 1500
¢ PULS SPULS }L T _
s d ¥z
PULS\ 8 =
37 (—‘”‘- 1 Aarm code i
ow = - . ), Aol M i wloge
HY| —"r WVDC .
IEIGN o 19 ), aLos Max. operating current:
€| 20mADC
Position | (LR CLR {
reference B v
¥=
ICLR s\ 14 =
+12V
33 ) PAD 5
PLIy ‘&Eﬁé IPAO
Open- collector PL2
referance — } 35 |, pgo | PG dividing ratio output
|, power supply PL3 ’ — Applicable line recenver
G (ﬂﬂ [ SNT75175 manufactured
— gyme_s Ill'ls!.nments urm_
+ . equivalent corresponding
Backup battery *2. b 19 ¢ PCO | 1o MC3486
28045V BAT(-) m PCO
L ]
4
' 48 Amount of phase-S rotation
N h (ﬁ@ p
+5 : Serial data output
SEN sianal inout2- G {ﬂﬂ Applicable line receiver
Signal inpu SNT75175 manufactured
ov by Texas Instruments or
the equivalent cormesponding
2V VN 33k 1 HE §G__ 1o MC3486
Servo ON %0 ¥= K:_
150N S o
(Servo ON when ON) k] (S01). 96 "
{1+ - ¢ICOM positioning completed
P control mpcon | 41 fsin) h’ﬁ: #IC ;;] B o en posioning
{P control when ON) 3 u ¢COIN-  completes.
o =
Forward run profibied por efs [F3K] o004 ITEONY 160 ouu
(Prohibited OFF) I . .
(ON at levels above the setting.)
*—CJ—-_.I_C- *h_| 28 EJ’TGON-
Reverse run prohibited NeOT o\, +3 §513) Y]
(Prohibited n OFF) " {803} 25 1S-ROY+
Alarm resat »*: r":- #-ﬁ[ Servo ready output
(Reset when ON) {ALM-RST v, ¥ JSH) - | A 30 ) IS-ROY. (ON whenready)
slog #21] 31 )
Forward current limit P-CL .\, %2 {515} LW N %'
{Limit when ON) 4 - Servo alarm output
— “’K:- #ﬂ*{ 32 ]E ALM-  (OFF for an alarm)
ot limit NLCL | 46 (SI6) b** _
e v O > Photocoupler output
_I_—’LCunnacm: %ﬂ';;cpﬂfa“!i voltage:
= | shell .
':__é %axniﬁ%mcamg current:
s

Hinh 3. 4. So' d6 két noi servo ché do diéu khién vi tri
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3.2.3. Ché d¢ diéu khién momen

SERVOPACK

Extomel speed kit LP
($210£10V .
rated motor speed) 37 ALY pjarm code output

Torque reference current
(H1o+10V ALO3| ygww
Irated torque) SG )
s PAD
. T +hL 21
Backup batiery > (G
2Bt045V BAT (-} PG dividing ratio output
(lﬁ.ﬂ Applicable line receiver
PBOF SNT5175 manufaciured
S by Texas Instruments or

the equivalent comesponding
to MC3486

Amount of phase-S rotation
48 ¢ PSO  “ggrial data output

EFPSO icable line receiver
gﬁ#snsmmmw

*5. 33k by Texas Instruments or
24V +24VINA 47
— - 1 corresponding
¢C oMC3486
Sarvo ON I
{Servo ON when ON) §—" — S0t 40 T
[ €———— Speed limit output
P-COML 41 L. (ONwhen the molor's
(P conirol when ON) $—" & running speed is limited. "4
Forward run prohibited STGON* TGON output
{Prohibited when OFF) '\{ 5 TGON- (ON at levels above the setting.)
{Prohibited WOFF] -
~ 9 ( ISROYe ,
Alarm reset ~ IALM-RST.\ 44 B mmﬁﬂlf
(Reset when ON) STy ¢ IS-RDY- (ON ready)
45 ALM+
Figrward curentlimit ¢~ [PCLy €= Servo alarm output
] ALM-  [OFF for an alarm)
i INCL\ 46 (SIE
R soargmy i Ly memw
Connector 30 VDC
— shell Max. operating current
FG o SOmADC
connector shell

Hinh 3. 5. So' d6 két néi servo ché do diéu khién momen
3.3. Cai ddt théng sé, vi tri cho Driver
Str dung phan mém Sigma Win

File View Operations Parameters Servo Setup Help
D& EH MBS LETw|C

Hinh 3. 6. Giao dién phan mém Sigma Win
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Click m& phan mém:
Chon File - > New parameter File

View Operations Parameters Servo Setup Help

oL+ 4]

H Mew Parameter File CErl+ M

= Load Parameter File Ctrl+O

n Save Ctri+5S
Save As...

€3 Close Servo Amp

Open Trace File...

& Print Ctrl+P
Print Setup...

1 ChUsersh.. \DesktophUntitled

Exit

Create a new parameter file [ [ [ Offline

Hinh 3. 7. Giao dién mé phan mém Sigma Win
Man hinh s& hién thi series cia cac dong dong co YASKAWA. Ta tién hanh chon
dong dong co ma ta dang st dung ( vi du : 6 day chon SGDM ) :

B Sigma Win - [Untitled]
File Wiew Operations Parameters Servo Setup Help

Ded S| BAE MBS LL T 4|C
I ==

| fMode
Pasition

Cancel

Ready [ [ [ |Offline [ &

Hinh 3. 8. Chon déng co trén phan mém Sigma Win
Sau d6 chon cong suit dong dinh murc cua tung loai :
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B Sigma Win - [Untitled] ===

File Wiew Operations Parameters Servo Setup Help
DS | 0F AL &5 4|
I

’— Fower R ating:

T

Ready | | | |Qffline i

Hinh 3. 9. Chon théng sé dong co trén phan mém Sigma Win

14
A

Viy la ta d3 vao dugc man hinh chinh dé cai dat théng so:

ie

File View Operations Parameters Servo Setup Help

DEW|S|EHEAEGLYTH[C]

TEE)

User Parameters I

Category Pn No. Code Description Yalue Units Servo Min Max Default -
— Basic Switch | P00 BFRMO Function Selection Basic Switch 1 0000 - o000
- App Switch  Pno01 BPRM1 Function Selection Application Switch 1 0000 - 0oog
- App Switch  Pno02 BPRM2 Function Selection Application Switch 2 0000 - onog
- App Switch  Pn003 BPRM3 Function Selection Application Switch 3 0002 - 0o0o
- Gain Pn100 LOOPHZ Speed Loop Gain 40 Hz 0 1 2000
- Gain P11 FITIME Speed Loop Integration Time Constant 2000 0.01ms 15 51200
— Gain Prn102 POSGM Pasition Loop Gain 40 1/s 0 1 2000
- Gain P03 JLOAD Inertia Ratio 0% 0 1] 10000
- Gain Pn104 LOOPHZZ2 2nd Speed Loop Gain 40 Hz 0 1 2000
- Gain Pn105 FITIMEZ 2nd Speed Loop Integration Time Constant 2000 0.07ms 0 15 51200
- Gain Pn10& POSGNZ 2nd Position Loop Gain 40 1/ 0 1 2000
- Gain Pn107 BIASLY Bias Level 0/ipm 0 1] 450
- Gain Pr108 BIASAD Bias Width Addition ¥ et units 0 1} 250
- Gain Pri03 FFGN Feed Fonward 0% 0 0 100
- Gain Prila FFFILT Feed Forward Filter Time Constant 0 0.01ms 0 0 6400
- Gain Pr108 GNMODE Gain-Related Application 5w oooo |- 0000
- Gain PrilC TREMEW Mode Switch [Torgue Reference] 200 % 0 1] )
- Gain Pr10D REFMSw M ode Switch [Speed Reference] 0 ipm 0 o 10000
- Gain Pn10E ACCMSW Mode Switch [Acceleration R eference] 0/ 10ipr/s 0 a 3000
- Gain Pn10F ERPMS'W Mode Switch [Enor Pulse) 0/ ref units 0 1] 10000
- Gain Pr110 RTAT Online Auto Tuning Related 5w ooin - 0o0o
- Gain P11 YOBGN Speed Feedback Compensation 100 % 0 1 500
- Position Pnz00 FRSTSW Position Control Configuration Command 5w 0000 - onog
- Fosition Pnz01 FGRAT PIG Division Ratio 16384 F/R 0 16 16384 16334
- Pasition Pnz02 RATB Electronic: Gear Ratia [Mumerator) 4 0 1 B5535
- Positon Pra03 RATA Electronic Gear R atio [Denominator] 1 - 0 1 EE535
- Position Prz04 ACCTIM Position Reference Acc/Dec Constant 0 0.01ms 0 1} 6400
- Pasition Pn206 MTLMT tulti Turn Limit 65535 1ev ] 1} [Hxs) EBG35
- Position Pn207 CMFILSW | Position Reference Function S 0000 - 0000
- Fasition Pnz08 S_CMFIL Pasition Reference S Filter Time Constant 0/0.00ms 0 1] 6400
- Speed Pn300 WREFGN Speed Reference Gain 600 0.01%/rated sp 0 160 3000 hd
Ready [SGDM-*DA| [ |Offline [ |Advanced

Hinh 3. 10. Giao dién diéu chinh théng sé dong co trén phan mém Sigma Win
Dé cai dat ché do vi tri, ta 1am theo cac buéc sau :
Pn00O ( lra chon chirc ning chuyén ddi co ban 1) : chon position
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Sigma Win - [Untitled] = |[= ==
File View Operations Parameters Servo Setup Help
e & #h ]
[ User Parameters |
[category  [Pn No. [Code [ Desciription | value  [Units | Servo | Min [ Max | Default =
@ Basic Switch | Pni0d BFFRMO Function 5 election Basic Switch 1 ooo1__ |- 0000 [
- App Switch PrO01 BPRb1 Funclion Selection & nnlic ation Switch 1 0NN . i oooo|
- #pp Switch | Prd2 BFFiM2 Funi Function Selection Basic Switch 1 (=3 0000
- 4pp Switch | Pr003 BPRM3 Fur 0002
- Gain Frii00 LOOFHZ  Spe 1 2000 40
- Gain Prii0l PITIME Spe{  MibbleD Direction Sel 15 51200 2000
- Gain Pni02 POSGH Posi 1 2000 40|
- Gain Pril03 JLOAD Inen| |0 ECW s Forwad | 0 10000 0
- Gain Fril04 LOOPHZZ  2nd|  [Nibbisd Contiol Mods Sel 1 2000 40
- Gain Prii05 FITIMEZ 2nd 15 51200 2000
— Gain Pr106 POSGNZ  2nd| [0 Speed -] 1 2000 40
- Gain P07 BlasLY Bias| O Spoed e [1} 450 0|
- Gain Prii08 BlASAD Bias| ] 250 7
- Gain Fn103 FFGN Feex g ;?;g:fgpae . = 0 100 0 -
- Gisin Pt 1 FFALT Fesd |4 Preset Speed / Speed [Analog) o 6400 £
- Gain Prii0B GNMODE  Gai 5 Prasel Speed / Postion 0000
- Gain Pri0C TRAMSEWS Mod B Preset Speed / Torgue i} 800 200
- Gain PriilD REFMSw  Mod |7 Position / Speed [Analog) 52 [ 10000 o
- Gain Pr10E ACCMS W Mod i} 2000 0|
- Gain PrilOF ERPMSW  Mod oK. Cancel | ] 10000 ]
- Gain Prii10 ATAT Ol [l
- Gain Prill WORBGMN Speed Feedback Compensation 100 = [i] 1 500 100
- Fosition Prz00 PRSTSW  Position Cantrol Canfiguiation Command S oooo__ |- 000 [il]
- Position Pr201 PGRaAT PG Division Ratio 16384 F/R i} 1E 16384 16384
- Fosition Prz02 RATE Electionic Giear Ratio [Humerator) 4 i 1 65535 4
- Positon Pri203 RATA, Electioric Gear Ratio [Denaminator] 1 - 0 1 65535 1
- Position Pr204 ACCTIM Paosition Reference Acc/Dec Constant 0 001Tms i} a 400 0|
- Fosition Prz05 MTLMT Multi Tum Limit 65535 rev [ o 65535 65535
- Position Pn207 CHFILS'Ww Position Reference Function S 0000 - aoon oooo|
- Fosition Prz08 S_CMFIL  Position Fieference 5 Fiter Time Constant 0 0.01ms i ] 5400 ]
— Speed Praod YAEFGN __ Speed Reference Gain 600 | 0.01V/rated s i 150 3000 00 =
Ready SGDM-""DA Offline Advanced

Hinh 3. 11. Cai ddt théng sé diéu khién vi tri trén phan mém Sigma Win
Pn001 (lya chon chirc nang chuyén d6i tng dung 1) : chon Use Abs. Encorder as
Inc Encorder.

[l Sigma Win - [Untitled] = [=][=
File Operations Parameters  Servo Setup  Help
bed & # o
User Parameters
[Category  [Pn No. [Code [ Description [ value [units | servo | Min [ Max |_Default =
L] Basic Switch | P00 BFRMO Function Selection Basic Switch 1 0010 - 0000 0000
— App Switch P00t EPRM1 Function Selection &nnlic-ation Swibeh 1 nnnn - 000, 0000
@ App Switch  Pn002 BPRM2 Fung Function Selection Application Switch 2 @ 0000
— &pp Switch  Pn003 BPRM3 Funi oooz2
— Gain Pr100 LOOPHZ Spes 1 2000 40|
— Gain Pl FITIME Spes HNibble 0 Speed Control 15 51200 2000|
— Gain Pr102 POSGN Pozi 1 2000 40|
- Gain P03 JLOAD ner| |0 Nore =] 0 10000 0
- Gain Pr104 LOOPHZ2  2nd Nibble 1 Torque Contral 1 2000 40
- Gain P05 PITIMEZ 2nd 15 51200 2000
- Gain Pril 05 POSGNZ  2nd|  [0:Mone | 1 2000 40
- Gain Pn107 BIASLY Bias| 0 450 0
— Gain Pri0g BlASAD Bias| Mibble 2 Absolute Encoder [1} 250 7
— Gain Pn109 FFGM Fee a 100 0| ||
_ Gain Pril e FFFILT Fee |1. Use Abs. Encoder as Inc. Encoder j il 5400 il
— Gain Pril0B GNMODE Gai Use Abs. Encoder as &bs. Encoder 0000
- Ea!” PritC TROMSW Mad Use bz Encoder With Multi-Tur Limit u 800 200
- Gain Pn10D REFMSWw  Mod =1 0 10000 0
- Gain Prl10E ACCMSW  Mod 0 3000 0
- Gain Prl10F ERPMSW  Mod oK Cancel ‘ 0 10000 0
- Gain P10 RTAT Orili o010
— Gain Priil WOBGM Speed Feedback Compenszation 1000 =% 1) 1 500 100|
— Position Pr200 PRSTSW Pagition Control Configuration Conmand St 0000 - 0000 0000
- Pasition Pr201 PGRAT PG Division Ratio 16384 F/R 0 18 16384 16384
— Position Prz02 RATB Electronic Gear Ratio [Mumerator] 4 0 1 E5535 4
— Pogiton P20z RaTa Electronic Gear Ratio [Denominator] 1 - 0 1 E5535 1
- Position P04 ACCTIM Position Reference Acc/Dec Constant 0 0.0ms 1] 0 B400 0
- Fosition Fnz05 MTLMT betulti Tuar Limit 65535 rev a 0 65535 B5535
- Position Fri207 CMFILSW Position Reference Function St 0ooo - 0000 0000,
— Position Pn20g S_CMFIL Pasition Reference S Filter Time Constant 0 0.00ms 0 a 6400 0|
— Speed Pn300 WREFGMN Speed Relterence Gain 600 0.01Y /rated sp 0 150 3000 600
Ready SGDM-**DA Offline Advanced

Hinh 3. 12. Cadi ddt théng sé encoder trén phan mém Sigma Win
Pn200 ( Iénh cau hinh diéu khién vi tri ): chon A Phase + B Phase(x1)
Positive Logic
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Ml Sigma wi

- [Untitled] == | =
File View Operations Parameters Servo Setup  Help
hed & #h <)
| User Parameters |
[Category  [Pn No. |Code | Description [ walue Units | Servo | Min | Max [ Default B
Y Basic Switch | P00 BPRMO Function Selection Basic 5 witch 1 0010 0000 0000
- App Switch | Pro01 BPRM1 Funciion Selection Annlication Guich 1 anon .. annn 0000
Y fpp Switch | PriDz BFFM2 Fun{ Position Control Configuration Command SW (=3 0000)
- App Switch | Pr03 BPAM3 Furn 0002
- Gain Pri00 LOOPHZ | Spe 1 2000 40
- Gain Priol FITIME Spef  [Nibble D Reference Pulse Form 15 51200 2000
- Gain Prin2 POSGN Posi 1 2000 40
- Giain Pri03 JLOAD Ines 1: O + COW/. Positive Lagic = i 10000 a
- Gain [Zal LOOPHZ2 | 2nd 1 : - 1 2000 40
- Gain Pr105 PITIMEZ 2nd + Pas H ] Positive Logic 15 51200 2000
- Gain Pn108 FOSGNZ 2nd 4: A Phase + B Phase [#4). Positive Logic L 1 2000 40
- Gain Fri107 BIASLY Bias| 5 Sign + Pulse, Megative Logic 3 i 450 o
AT . o =l
- Gain Fr103 FFGN Fee: - 1 i 100 o | |
= oo e FRLT fool |BiAPhase + B Phase [+2). Negaitve Logic hd o a0 2
- Gain Pri10E GNMODE | Gai - - 0000
- Gain PrioC TROMSW  |Mod  Dble3 EilerSelzction i 00 200
- Gain Pr10D REFMSW Ma 0 Lise Line Driver Signals = i 10000 [
- Gain Pri10E ACCHSW | Mo i 3000 [
- Gain PriiOF ERPMSW | Mo 3 Cancel | i 10000 i
- Gain P10 RTAT Oni o010
- Gain Pri 1 VDBGN Speed Fesdback Compensation T00 % [ 1 500 100]
@ Pasition Prz00 PRSTSW | Position Control Canfiguration Cammand S/ ooo1 |- 0000 0000
- Pasition P20 PGRAT PG Division Fiatio 16384 P/R 0 16 16364 16364/
- Pasition P20z RaTE Electronic Gear Fiatio (Mumeratar] ) 0 1 65535 4
- Pasitan Pr203 RATA Electronic Gear Fiatio (Denaminator] 1 - 0 1 65535 1
- Fasition Pr204 ACCTIM Position Reference Aoc/Dec Canstant 0 0.01ms 0 i 8400 a
- Fasition Pr205 MTLMT Muli Turn Limit 65535 rov 0 il 5535 £5535)
- Fasition Pr207 CMFILSW | Position Reference Function St oooo |- o00a 0000
- Fasition P28 S_CMFIL | Position Rieference § Filter Time Constant 0 0.01ms 0 i 8400 a
— Speed Pn300 VREFGN Speed Reference Gain 600 0.01%/rated sp 0 150 2000 00 -
Ready SGDM-DA Offline [Advanced

Hinh 3. 13. Cai ddt kiéu pha encoder trén phan mém Sigma Win
Pn201 ( ti 1€ phéan chia PG ): cai lai thanh 200 P/R
Pn202 ( ti lé thiét bi dién tir ) tir s thanh: 8192
Pn203 ( ti 1& thiét bi dién tir ) mau sé thanh: 1000
Va ta s& duoc cac thdng sé nhu hinh dudi day va hoan tat viéc cai dit cho driver:

[} Sigma Win - [Untitled] [r=]

File View Operations Parameters Servo Setup Help

Ded & # o
User Parameters
|Category _ |Pn No. | Cade | Deseription | value Units | _sera | Min | Max |_Detault =
@ Basic Switch | P00 BPRMO Function Selection Basic Switch 1 0010 - (000d 0000
— App Switch | Pn001 BPRM1 Function Selection Application Switch 1 noon - 0ong aoon,
L] App Switch | Pn002 EFFMZ Function 5 election Application Switch 2 0100 - oang 0oao
- App Switch | Pn003 BPRAM3I Function Selection Application Switch 3 0002 - 0oo0o nooz2
- Gain Pn100 LOOPHZ Speed Loop Gain 40 Hz 1 2000 40
- Gain Pn101 PITIME Speed Loop Integration Time Constant 2000 0.01ms 0 15 A1200 20001
- Gain Pni02 POSGN Position Loop Gain 40 1/ 0 1 2000 40
- Gain Pn103 JLOAD Inertia Ratio 0z 1] 1] 10000 0
- Gain Pn104 LOOPHZ2 2nd Speed Loop Gain 40 Hz 0 1 2000 40
— Gain Pn105 PITIMEZ 2nd Speed Loop Integration Time Constant 2000 0.01ms 0 15 51200 2000,
— Gain Pn106 POSGNZ 2nd Position Loop Gain 40 1/s 0 1 2000 40
— Gain Pn107 BlIASLY Bias Level 0 rpm 0 0 450 1]
- Gain Pri10g BIASAD Bias Width Addition 7 ref units 1] 1] 250 7|
- Gain Pn103 FFGN Feed Forward (14 0 0 100 1] -
- Gain Pril0a FFFILT Feed Forward Filker Time Constant 0 0.0Tms 1] 1] E400 0
- Gain P08 GMMODE Gain-Related Application 5w 0000 - 0ong aoao
— Gain Pn10C TROMSW Mode Switch [Torgue Reference] 200 % 0 0 800 200
- Gain Prn10D REFMSWw Mode Switch [Speed Reterence] 0 rpm 0 0 10000 1]
— Gain Pn10E ACCMSW Mode Switch [Acceleration Reference] 0 10pmds 0 0 3000 1]
— Gain Pn10F ERPMSW Mode Switch [Ermrar Pulse] 0 ref units 0 0 10000 1]
- Gain Frl110 RTAT Online Auta Tuning Related S'w ooi1n - oang ao10
— Gain Pn111 VOBGN Speed Feedback Compensation 100 % 0 1 500 100
L] Pagition Prz00 PRSTSW Position Control Configuration Command S o001l - oang 0oao
L] Position Pr201 PGRAT PG Division Ratio 200 FP/R 1] 16 16384 16354|
L] Pagition Prz02 RATE Electronic Gear Ratio [Numerator] 8192 - 0 1 E5535 4
@ Posziton Pn203 RATA Electronic Gear Ratio [Denominator] 1000 - 0 1 B8535 1
- Puosition P04 ACCTIM Pasition Reference Acc/Dec Constant 0 0.07ms 0 ] E400 1]
- Position Pn205 MTLMT Fulti Tum Limit 0 E5635 66635
- Position Fr207 CMFILSW Position Reference Function Siw - 0000 0na0|
Poszition Pna0g S_CMFIL Pozition Reference 5 Filter Time Congtant 0 0.0Mme 0 0 B400 1]
— Speed Pn300 VREFGM Speed Aeference Gain 600 0.071V /rated 3¢ 0 150 3000 600 -
Ready SGDM-""D4 Offline Advanced

Hinh 3. 14. Cai ddt phan mém Sigma Win hoan tdt
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3.4. Man hinh HMI NB7W-TWO00B Omron

3.4.1. Két noi HMI véi PC

Man hinh HMI NB7W-TW00B Omron 24V la loai man hinh cam ung tuy
cho phan giao dién khong 16n song ching loai man hinh nay duoc tich hop nhiéu
chic ning rat manh. Ta cd thé sir dung loai man hinh nay dé tao cac hinh anh d
hoa gilp ta c6 cai nhin truc quan hon vé hé théng. Bén canh cai nhin truc quan vé
hé thong thi nhitng hinh dnh d6 con cho phép ta diéu khién va giam sat hé thng
mat cach linh hoat va dé dang. Loai man hinh nay cho phép t¢i 500 trang man hinh
tng dung, diéu nay giup ngudi st dung c6 thé giam sat hé théng san xuét phuc tap.
Bén canh d6 man hinh con c6 chirc nang nhu mot bo 1ap trinh bang tay giup nguoi
st dung c6 thé truc tiép 1ap trinh cho bo diéu khién PLC ma khéng can phai sir dung
dén may tinh. ...
Két ndi man hinh Pro-face véi PC:

Hinh 3. 16. HMI két ndi véi PC Thong qua cap nap GPW — CB03
3.4.2. Thao tic v6i man hinh NB7 va phan mém NB-designer
B1: m& phan mém va tao project mgi va nhan ok dé hoan tat
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@ NB-Designer -

'Elle LEdﬂ: View Screen Draw Components Tools Option Window Help

t. A g

_;’I New CtrkN & | <@ S o g

p| = Open Ctri+0 %
— =
Save Ctrl+S
Save As
Project Pass
Exit

Hinh 3. 17. MJ phdn mém NB-designer
B2: Chon PLC két néi HMI

roject Library Window 3

Connector

& [
[
NB?W—TW...
& [

AB5Q-TW... NBSQ-TW...

JB3Q-TW...

[l

NE1OW-T...

NB3Q-TW...

Hinh 3. 18. PLC két néi véi HMI
B3: Tao lién két gitta PLC va HMI qua cong truyén théng RS485, Chon serial port
va kéo ra man hinh d¢é tao lién két giira Com 2 caa HMI va Com 0 cua PLC.

Project Library Window b4

Connector

Ethe..

B4: Tro vé giao dién HMI va bat dau Viét giao dién: Click chudt vao Window chon

“edit window”.
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H C\Program Files (:86)\OMRON\NE-Designeriprojectitifgn'tjfgn.nbp - [tifgn *]

E File Edit View Screen Draw Components Tools Option | Window | Help
BEH ¥R e a9 sEe Eﬁlsmde_ )
o = oH g || | T ool o = H T E4 Tile Horizonta

F 4 I= ] i1} - |
= = = Tile Verticaly
BB EAe B B & e b @
T e o Configuration and Setup Window —

Connectar Edit Window
- Close All Windows
Ethe...
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-
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inh 3. 23. Chay thir va hiéu chinh robot

Két luan chuong I11. Sau khi nghién ctru va tinh toan dong luc hoc cua robot,
tac gia dua ra cac phuong an diéu khién va lap dat lap trinh, hiéu chinh cac théng sé
cua robot cho dam bao d6 chinh xac va hoat dong hiéu qua.
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KET LUAN VA KIEN NGHI
1. KET LUAN

— Doéng gop cua luan vin 1a nghién ctru duoc phwong phap diéu khién Hybrid
&p dung vao diéu khién robot trong céng nghiép.

— Tao ra duoc bo tai liéu, cong thac toan hoc vé tinh toan dong luc hoc cho
robot trong cong nghiép.

— Lép dat phan co khi robot cong nghiép va thiét ké mach diéu khién, chuong
trinh diéu khién va giam st robot céng nghiép

— Noi dung luan van da thyc hién dwoc cac muc tiéu cua dé tai theo dé cuong
nghién cuu.

2. KIEN NGHI

Robot cong nghiép da va dang ching to kha nang ing dung cho cho cong
nghiép, cho dao tao. Vi vay, nghién ciu, thiét ké ché tao robot cong nghiép la rat
can thiét. Voi thoi gian c6 han, hoc vién chi néu duoc nhiing van dé co ban trong
thiét ké dong luc hoc ciia robot dong thoi dwa ra duoc phuong phap diéu khién tét
nhét cho robot. Trong khoang thoi gian nay hoc vién ciing da ché tao thanh céng mo
hinh robot cdng nghiép.
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