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LOI MO DAU

Trong thoi dai cong nghé phat trién khong ngimg, thé gisi dang chimg kién nhiing
bién ddi sau rong trong moi mit ctia doi séng xa hoi va san xudt cong nghiép. Céc tién
b vuot bac trong linh vuc khoa hoc — k¥ thuat khong chi lam thay doi phuong thirc san
xudt truyén théng ma con gop phan xiy dung nén tang viing chic cho qua trinh ty dong
hoa va hién dai hoa trong nhiéu nganh nghé. Trong bdi canh 4y, nganh co khi dong vai
trd then chdt, 1a mot trong nhitng linh vuc nong cdt gop phan thuc day su phat trién toan
dién cua nén cong nghiép hién dai. Bac biét, véi su ra do1 va phat trién manh mé cua
cong nghé diéu khién sd, linh vuc co khi dd cé nhimg budc tién dang ké, khi cac hé
thong may moc, thiét bi ngay cang tich hop cac chirc ning diéu khién ty dong véi do
chinh xac va hiéu qua cao.

Trudce xu thé hoi nhap va yéu cau ngay cang cao tir thi truong lao dong, sinh vién
nganh co khi khong chi can ¢ nén tang kién thirc viig chic ma con phai biét van dung
linh hoat vao thuc tién, dic biét 1a trong linh vuc diéu khién va 1ap trinh hé théng. Viéc
tiép can, nghién ctru va truc tiép thuc hién cac ing dung diéu khién hién dai sé giip sinh
vién nam bt duoc nguyén 1y van hanh cia cac thiét bi cong nghiép, tir d6 nang cao k§
ning chuyén moén va kha ning thich nghi véi méi truong lam viéc thuc té trong tuong
lai.

Trong qua trinh thuc hién D6 an t6t nghiép, em c6 co hdi duge ap dung kién thirc
d3 hoc vao mot bai toan thyc té mang tinh ing dung cao. Pay khong chi 1a dip dé cung
cd lai nhitng hiéu biét 1y thuyét ma con 13 co hoi rén luyén k¥ ning tu duy k¥ thuat, kha
nang trién khai giai phap va phong cach 1am viéc chuyén nghiép. D6 an la c6t mdc quan
trong, danh déu su chuyén minh tir sinh vién sang ngudi k¥ su, mang theo tinh than trach
nhiém va ¥ thirc nghé nghiép.

Em xin giri 161 cam on chan thanh dén thay TS. Tran Minh Sang va anh Ngé Viin
Phii — nhitng ngudi da luén dong hanh, hudng dan tan tinh va hd trg em trong sudt qua
trinh thuc hién d6 an. Nhitng 101 khuyén, su kién nhan va gép y quy bau tir thay di gitp

em hoan thién dé tai va mé rong thém von hiéu biét chuyén nganh.



Tuy di ¢ gang hét stc, nhung do gidi han vé thoi gian va kinh nghiém thuc té con
han ché, ban d6 4n khong tranh khoi nhitng sai s6t. Em rat mong nhan duoc nhitng nhin
xét, gop ¥ tir thay dé co thé tiép tuc hoan thién ban than va nang cao trinh d6 trong thoi
gian téi.

Mot lan nira, em xin chan thanh cam on thay.

Panang, ngdy thang nam 2025.
Sinh vién thue hién

Lé Dirc Do



LOI CAM ON

Trude tién, em xin dugc bay t6 long biét on sau sic dén thay Tran Minh Sang —
ngudi di tan tinh dong hanh, huéng dan va dinh huéng cho em trong sudt qua trinh thuc
hién dd an t6t nghiép. Vi su dan dat sat sao, nhitng chi dan khoa hoc va nhiing gop ¥
chan thanh tur thﬁy, em da tung budc hoan thi¢n dé tai mot cach co hé théng. Su tan tam
va kién nhan cia thdy chinh 1a dong lyc 16n gitp em vuot qua nhitng khé khan trong
qué trinh nghién cuu.

Em ciing xin giri 161 cam on chan thanh dén thdy Hoang Vin Thanh — nguoi di
tao diéu kién thuan lgi dé em duoc sit dung co s¢ vat chét cua khoa, cling nhu khong
gian hoc tip phut hop trong suét thoi gian thyc hién d6 an. Sy hd tro thiét thuc nay da

g6p phan quan trong giup em trién khai cic budc nghién ctru va thyc hanh hiéu qua hon.

Bén canh d6, em chan thanh cam on thay Tran Viin Tién va thiy Vo Pinh Trung
da nhiét tinh hd tro, tao diéu kién cho em dugc muon va khai thac cac thiét bi phuc vu
cong tac thuc hién d6 an. Nho sy giup d& quy bau tir cac thay, em c6 co hoi tiép can véi
thuc té, hiéu rd hon vé cach thirc hoat dong cua céc hé théng co khi, tir d6 tang cuong
tinh Gmg dung va chit luong cua dé tai.

Va em ciing xin cam on dén anh KS. Ngé Vin Phu va ban quan li cia Cong ty
TNHH co khi xay dung du lich Bach Tung d3 tao nhiéu thuan loi trong qua trinh thyc
hién d6 an giip em c6 thém nhiéu kinh nghiém thyc té trong cong viéc sap téi

Dic biét, em xin giri 10 tri 4n dén toan thé quy thay cé trong khoa Co Khi —
nhitng nguoi da tan tuy truyén dat kién thirc, truyén cam hing va dong hanh cung chiing
em trong sudt ching dudng hoc tip tai truong. Khong chi cung cip nén tang 1y thuyét
vitng chic, quy thay c6 con chia sé nhiéu kinh nghiém thuc tién quy gid, gop phan hinh
thanh trong em tu duy k¥ thuat, k¥ nang lam viéc doc lap va tinh than trach nhiém nghé
nghiép.

Nhirng céng hién 4m thim va sy tan tim cia quy thay co 1a nén tang quy bau giup
em virng budc trén con dudng hoc tip va phat trién nghé nghiép sau ndy. Em luén tran

trong va bi€t on sau sac cong lao cua tat ca quy thay co.



Mot 1an nita, em xin giri 101 cam on chan thanh dén quy thay ¢6. Kinh chiic quy thay
c6 ludn doi dao ste khoe, hanh phuc va tiép tuc nudi dudng dam mé, truyén cam hing

cho cac thé hé sinh vién ké tiép trén hanh trinh chinh phuc tri thirc.



CAM DOAN

Trong linh vuc k¥ thudt, mdi thiét bi hodc hé théng khi dugc phat trién déu 1a két
qua ctia qua trinh tich liy kién thirc chuyén mén, khéng ngimng cai tién va sang tao. Du
phuong phép tiép can co thé khac nhau, diém chung cua cac giai phap k¥ thuat 13 huéng
dén viéc giai quyét hiéu qua cac yéu cau thuc té. Tinh than d6i méi tu duy va kha ning
van dung linh hoat kién thurc chinh 1a yéu tb then chdt tao nén gia tri trong qua trinh thuc
hién.

Tt nhitng kién thtrc di dugc hoc cung vé6i viée tham khéo cac tai liéu chuyén nganh,
em — L.é Pire P9 — da luya chon thuc hién dé tai “Thiét ké hé théng san xuét tich hop
wng dung IoTs trong quén 1y va ché tao mé hinh (Ban Cap Phdi)”. Muyc tiéu cia dé
tai la xay dung mot mo hinh c6 kha nang ung dung thuc té, hd tro viée hoc tap, thuc
hanh va nghién ctru cac cong nghé diéu khién hién dai mot cach hiéu qua hon.

Trong qua trinh thuc hién d6 an tot nghiép, em xin cam két rang toan bd ndi dung
trinh bay trong béo cdo, bao gém sb liéu va két qua, déu do em truc tiép thuc hién duéi
su hudng dan cta thady TS. Tran Minh Sang. Em hoan toan khong sao chép hodc st
dung trai phép bat ky ndi dung nao tir cac luan van, cong trinh nghién cru hay tai liéu
hoc thuat khac.

Béo céo nay la thanh qua cua qua trinh lam viéc nghiém tic, chu dong hoc héi va
thuc hién ddc lap vai tinh than trach nhiém cao. Em xin chiu hoan toan trach nhiém vé
tinh trung thyc va néi dung cua dé tai.

Daning, ngdy thiang nim 2025.
Sinh vién thwe hién

Lé Pic PO
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Thiét k& hé théng san xudt tich hop tng dung IoTs trong quéan 1y va ché tao mé hinh( Ban cap phoi)

CHUONG1 TONG QUAN VE HE THONG CIM

1.1 Cac khai niém co ban vé CIM
1.1.1 Dinh nghia CIM

CIM (Computerize Integrate Manufacturing). La hé thong san xuat tich hop
c6 sy tro gitp ciia may tinh. C6 nhiéu dinh nghia khac nhau vé& CIM va cac dinh
nghia do lai co nhiéu vy nghia khéac nhau, tuy thugc vao muc dich img dung cua

n6. Sau day 1a mot vai dinh nghia vé CIM

Cong ty Cac hé théng ty dong va may tinh CASA (The Computer and
Automated Systems Association) ctia hoi nhitng nha san xuat SME (Society of
Manufacturing Engineers) dinh nghia: CIM 1a mot hé thdng tich hop c6 kha ning
cung cap su tro giup cia may tinh cho tit ca cac chirc nang thuong mai, bao gdbm
cac hoat dong tir khau tiép nhan don dit hang cho dén cung cdp san pham cua

mot nha may san xuat.

Tir dién cta cong nghé tién tién AMT dinh nghia: CIM 13 mot nha may tu
dong hoa toan phan, noi ma tit ca cac qua trinh san xuit dugc tich hop va duoc
diéu khién cua may tinh.

Cong ty may tinh cia Mi IBM cho rang: CIM 1a mot ing dung, c6 kha ning
cung cap co sé nhan thirc cho viéc tich hop dong thong tin cta thiét ké san pham,

cua ke hoach san xuat, ctua viéc thiét 1ap va di€u khién cac nguyén cong.

Hang SIMENS ciia Purc lai cho rang: CIM khong phai 1a mot san phdm hoan
thién ma 1a mot chién luge va 13 mot khai niém dé dat cac muc dich thi truong
cua mot nha may.[1]

1.1.2 Cdc thanh phén co bén ciia CIM

CIM 1a mot cong nghé tién tién dé quan 1y cong ty san xuat thong qua dong
thong tin. Cong nghé thong tin 1a mdt cong cu tich hop rat manh va 1a co s& ha
tang dé dat muc dich trong mot xi nghiép tich hop. Trong thé giGi hién nay cong
nghé thong tin dong vai trd quyét dinh trong quan 1y xi nghiép. Dong thoi sy phat
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Thiét ké hé thong san xuat tich hop tmg dung IoTs trong quéan 1y va ché tao mo hinh( Ban cap phoi)

trién ctia cac tiéu chuén lién két da c¢6 anh hudng 16n dén CIM va di md dudng
cho viéc tich hop hoa.

Céc cong nghé tich hop trong CIM rat da dang va bao gém nhiéu linh vuc
cong nghé phuc tap khac nhau. Tuy nhién ¢ day chi dé cap dén mot s6 cong nghé

tién ti€n cua CIM. [2]

Tu dong hoa van phong: Do 1a viéc tw dong hoa cac qua trinh ciia van phong
bang cac cong nghé thich hop. N6 ¢6 thé dugc xem nhu mot may tinh ma tir d6
hau hét cac tai liéu van phong dugc truyén di cac mang dé nbi két tat ca cac thiét
bi san xuét va cac cong nghé ciia mot cong ty nao d6 bang cac hé théng thong tin

quan 1y. Ty dong héa van phong cho phép:

- Tao ra nhiéu thong tin thurong mai.

- Quay vong nhanh céc tu liu thuong mai.

- Giam sai sb trong quan ly.

- Giam mat bﬁng lam viéc.

- Phuc vu khach hang t6t hon

- Kha ning ra quyét dinh tt hon.

- Giam sb nhan vién vin phong.

- Nang cao trinh do ciia nhan vién van phong.

Thiét ké c6 su trg giup ciia may tinh CAD:

- Nang cao ning suat va giam thoi gian thiét ké san pham.

- Giam thoi gian thiét ké dung cu va dd ga duoc 12 + 25%.

- Nang cao chat luong thiét ké, do d6 nang cao dugc chét lugng san
pham.

- Tao ra duoc tai liéu c6 chit lugng cao.

- Loai trr dugc cac cong viéc lap lai.

- Tiétkiém thoi gian va giam gia thanh khi ché tao san pham méi.

- Tiéu chuéan héa tét hon.

- Hoan thién giao di¢n gitra thiét ké va san xuat.

2
SVTH: LE PUC PO GVHD: Trin Minh Sang



Thiét ké hé thong san xuat tich hop tmg dung IoTs trong quéan 1y va ché tao mo hinh( Ban cap phoi)

Giam thoi gian tra 101 két qua du thau.

May diéu khién s CNC: May diéu khién s6 CNC la thiét bi c6 kha ning gia

cong chi tiét theo mot chuong trinh 1ap sin cho moi kich thude mong mudn va

theo mot quy trinh cong nghé da 1ap san. Cac may CNC duoc trang bi man hinh

va ban phim, do do6 vi¢c viét va dién giai chuong trinh c6 thé dugc thuc hién truc

tiép trén may. Cac may CNC cho phép loai trir anh hudng cta cong nhan va nang

cao chit luong san pham. Cac may CNC duoc st dung cho nhiéu muc dich khac

nhau nhu: Gia cong, lam sach, danh bong, kiém tra, nén ép, rén hodc dap.

San xuét co su tro gitip cia may tinh CAM: Cho phép thuc hién nhiéu dang

nguyén cong khac nhau khi thay d6i chuong trinh diéu khién. CAM c6 thé két

hop véi cac dang cong nghé khac nhu CAD, NC, co s¢ dit li¢u va thiét bi kiém

tra chat luong dé tao thanh nhitng phan tir chinh cuia CIM. Hé théng CAM c6 thé
bao gom: Robot, cac may NC va FMS. Uu diém cua hé thong CAM la: [3]

Tang ning suét lao dong.

Nang cao chat luong san pham.

Giam dién tich san xuat.

Dap g nhu ciu ciia khach hang nhanh hon.

Cai thién diéu kién 1am viéc cua cong nhan va loai trtr nhirng diéu

kién lam vi¢c nguy hiém.

Kiém tra chat lugng ¢ su trg gitip clia may tinh: Bao gdm qua trinh giam sat

va qua trinh do kiém tra san pham. Hé thong kiém tra chat luong ¢ su tro gitp

cua may tinh CAQC (Computer Aided Quality Control) cho phép: [4]

Giam thoi gian giam sat qué trinh san xuét.

Giam chi phi gian tiép cho cac giam sét vién.

Giam chi phi twong d6i dé dat chat lwong san pham xuéng 50 +
90%.

Nang cao chét lugng san pham.

Giam cong viéc lap lai trong qua trinh kiém tra chét luong san

pham.

SVTH: LE PUC PO
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Thiét ké hé thong san xuat tich hop tmg dung IoTs trong quéan 1y va ché tao mo hinh( Ban cap phoi)

- Cai thién diéu kién 1am viéc.

Cong ngh¢ nhom: La mdt khai niém san xuét khi ma céc chi tiét duoc gia
cong theo nhom dya vao dic tinh két cdu hodc quy trinh cong nghé. Cac chi tiét
dugc ghép nhém theo dac tinh két cAu dugce coi 1a ho chi tiét thiét ké va céc chi
tiét duoc ghép nhom theo dic tinh gia cong duoc coi 1a ho chi tiét gia cong. Viée
ghép cac nhom chi tiét theo dic tinh nay cho phép thuc hién nhitng cong viée
gidng nhau mot cach hiéu qua nhat. Ung dung cong nghé nhom tao diéu kién
thuan loi cho viéc t6 chic hé théng CIM, ddong thoi cong nghé nhém con cho
phép:

- Hoan thién khau thiét ké va ting tinh tiéu chudn héa cua thiét ké.

- Giam khéi luong cong viéc trong khau xir 1y vat licu.

- Giam 20% + 80% thoi gian san xuat.

- Giam 15% + 20% khdi luong lao dong.

- Giam 20% + 30% chi phi dung cu cit.

- Giam 20% + 60% thoi gian chuan bi san xuat.

- Giam 15% + 30% thoi gian dat hang va cap hang.

- Pon gian hoa viéc 1ap quy trinh san xuat va rit ngan chu ky san
XUat.

- Hoan thién qua trinh kiém tra chét lugng san pham.

- Kha nang thich ing nhanh v6i thi truong, do dé gidm duogc thoi
gian dat hang va thoi gian cap hang.

- Tang cudng su hop tac giita cac to chirc cia cong ty.

- Nang cao ning suit lao dong.

- Giam 15% + 70% phé liéu san xuét.

Lap quy trinh cong ngh¢ cé su trg giup ciia may tinh: CAPP (Computer
Aided Process Planning) 1a xac dinh thir tw nguyén cong v6i nhidu théng sb cong
nghé dé ché tao hodc dé 1ap rap. CAPP cho phép 1ap duoc quy trinh méi dé gia
cong chi tiét, thay doi quy trinh dang duoc ing dung dé c¢6 quy trinh méi tién tién
hon hodc dé thuc hién cac cong viéc 1ap chuong trinh nao dé6 mot cach nhanh

chéng va thuan tién. CAPP cho phép: [5]

4
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Giam thoi gian thiét ké san pham méi.
Giam chi phi cho viéc tiép nhén chi tiét méi.
Giam thoi gian thiét ké dung cu cat.

Tang kha nang khai thac hé thong CIM.
Giam thoi gian 1ap quy trinh cong nghé.

Giam sd lugng dung cu cit bi hong.

Té bao gia cong: CM (Cellular Manufacturing) 1a thiét bi san xuit thuong

ding dé ché tao cac chung loai chi tiét khac nhau. Cong nghé nhém trong quy

trinh san xuét di tao ra CM. Hé théng san xuét cua mot cong ty duoc td chirc

thanh cac té bao gia cong. Céc t€ bao gia cong bao gdom: May gia cOng va cac

quy trinh dé ché tao mot loai chi tiét nao d6. Té bao gia cong cho phép:

Giam déng ké thoi gian gia cong chi tiét.

Giam 20 + 30% khdi luong lao dong.

Giam 15 + 30% chi phi cho thiét ké x¥ thuat.

Giam thoi gian chudn bi san xuat.

DPat hiéu qua cao trong xtr 1y vat ligu.

Nang cao chat luong san pham.

Pon gian hoa viéc 1ap quy trinh cong nghé ché tao va quy trinh

kiém tra.

Robot: Cac loi ich ctuia robot dem lai:

Tang ning suét lao dong.

Nang cao chat luong san pham.

Giam phé liéu va chi phi cho nhitng cong viéc lap lai.

Giam chi phi cho nguyén cong kiém tra cht lugng san pham.
Giam chi phi lao dong truc tiép.

C6 kha nang thuc hién nhiéu nguyén cong khac nhau.

Hé théng FMS: FMS dugc coi 1a phién ban dau tién cua CIM, ung dung hé
théng FMS cho phép: [6]

Tang tinh linh hoat khi gia cong cac loai chi tiét khac nhau.

Xt 1y nhiéu loai vat liéu khac nhau.

SVTH: LE PUC PO
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- Hé thng san xuét tiép tuc hoat dong khi c6 mot may ngung hoat
dong.

- Hoan thién strc lao dong ctia con nguoi.

- Hoan thién qua trinh kiém tra chét lugng san pham.

- Giam 50% gia thanh san xuét.

- Giam 30% chi phi cho dung cu cit.

- Giam 50 + 90% khdi lwong lao dong.

- Tang hé s6 sir dung may.

- Nang cao chit luong san pham.

- Giam phé liéu.

- Giam 42% dién tich mit bang san xuét.

- Nang cao ning suat lao dong tdi 200 + 350%.
1.2 Sy phat trién ciia CIM
1.2.1 Sw phat trién ciia CIM trén thé gigi

a. Lich st phat trién: Vao nam 1954, NC d3 duoc dua vao san xuit va sau
do, vao nam 1955 su phat trién cua cong cu xu ly 1ap trinh ty dong da mé dau
cho su xuét hién cia CAM. CAD bit dau xuit hién vao khoang nim 1960 voi
cong nghé thiét ké cao nhd o su tro gitip ctia may tinh. V§i sy xuét hién cua vi
mach vao dau nhimg nam 1970, may tinh bat dau duoc tmg dung trong tat ca cac
linh vyc ctia san xuét. [7]

Khai niém vé CIM d3 duoc tién si Joseph Harrington dua ra vao nhiing nim
1973. Mic du khéi niém ctia ong vé CIM chua duoc hoan chinh, ngay nay danh
tir CIM d4 tré nén rat quen thudc trong cach néi vé san xuat. CIM da tré thanh
chién lugc nén tang cua tich hop cac thiét bj va hé théng san xuét théng qua cac
may tinh hodc céc bd vi xur Iy ty dong.

Muc dich hién thue 1au dai ctia CIM ¢6 thé dat duoc thong qua vi¢e 1ap ké
hoach phat trién & tim vi mé cta cac cong ty. Su tich hop c6 hiéu qua doi hoi
kién thtrc chuyén siu vé tit ca cac qua trinh cong nghé va hiéu biét siu sic vé cac

thiét bi san xuat ctia cong ty. Pé cho viéc ing dung CIM c6 hiéu qua thi viéc tich

6
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hop cic cong nghé tién tién AMT phai dugc thuc hién thong qua cic may tinh.
May tinh chi hoat dong nhu cac toa d0 phu ctia cong nghé. Tuy nhién, khong co
may tinh thi viéc tich hgp s€ khong c6 hi¢u qua.

Bo qudc phong Hoa ky dong mot vai trd quan trong trong viée mé dudng
cho cong nghé CIM. Nam 1975 ho bét dau lap chuong trinh san xuét c6 trg gitp
cua may tinh cua luc lugng khong quan AFCAM (Air Force Computer Aided
Manufacturing). Chuong trinh ndy cho phép tiép can t6t hon dbi v6i cong nghé
san xuat. Nho két qua d6 ma san xudt co trg gitp cua may tinh tich hop ICAM
(Intergrated Computer Aided Manufacturing) da dugc xay dung vao nam 1976
tai phong thi nghiém vat liéu cua khong quin Hoa Ky duéi sy chi dao cia Uy
ban k¥ thuat va Vién han 1am quéc gia NAEC (National Academy of
Enegineering Comittee) vé san xudt co su tro giup ciia may tinh CAM. Sau khi
b6 chuong trinh ICAM vao nam 1985, khong quan Hoa ky bat dau xay dung
chuong trinh CIM.

Cong ty Cac hé théng tu dong va mdy tinh CASA cta hoi nhitng nha san
xuat SME da duoc thanh 1ap vao nim 1975 dé tap trung kién thirc trong linh vuc
may tinh va tu dong hoa cho su phat trién cua san xuat. La mot hoi khoa hoc va
dao tao, CASA/SME d3 truyén ba khai niém vé CIM véi dong dao quan chung
va d xay dung vong tron nha may CIM nham cung cp cho cong nghiép san xuat
mot cai nhin dung din vé CIM. Hoi dong k¥ thuat cia CASA/SME da thong nhat
5 van dé co ban ctia vong tron CIM nhu sau: Quan 1y san xuét va quan 1y ngudn
nhén luc, san xuit va qua trinh, 1ap ké hoach san xuét va kiém tra, nha may tu
dong hoa va quan 1y ngudn thong tin. Vong tron CIM mo ta khia canh tich hop
ctia CIM dbi véi quan diém vé quan 1y san xuat. CIM c¢6 nhiing vu diém sau day:

- Tinh linh hoat ctia san phém, cua san luong va cua vat liu.
- Nang cao ning suit va chat luong cla gia cong.

- Hoan thién giao dién giira thiét ké va san xuét.

- Giam lao dong truc tiép va lao dong gian tiép.

- Thiét ké c6 ndng suat va do chinh xéc cao.

Tiéu chuan hoa cao va sir dung vat liéu hop 1y.
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Tiét kiém thoi gian va mat bang san xuat.
- Tao co sé dit li¢u chung dé loai trir cac bd phan chtra dir liéu doc
1ap.
- Loai trir cac cong viée 1ap lai khong can thiét.
- Giam thoi gian gidm sat san xuét va s6 can bo thue hién cong viéc
nay.
- C6 wu diém canh tranh ddi véi cac dbi tha canh tranh.

Khai niém vé CIM duoc dua ra trong thoi gian dau c¢6 vé nhu khong dat
duoc ¥ tudong thyc té, tuy nhién vdi cong nghé ngay nay thi CIM dat dugc muc
dich khong miy kho khan. Tuwong lai ctia k¥ thuat 13 tmg dung CIM véi tic dong
clia tritué. San xuat tri tué 13 con duong cua twong lai. Vi vay, cong nghé san xuat
va cac hé théng CIM s& bao gdm ca tri tué dé gitip cac nha may ché tao ra cac
san pham co chat lugng cao, gia thanh ha

b. Hudng phét trién ciia CIM

San xuat a0 (CIM 40) 1a khi cac don vi san xuat duoc lién két voi nhau trén
pham vi toan cau dé giai quyét tat ca cac van dé tir san xuat dén phan phdi san
pham. Ngay ngay da c6 nhiéu su lién két toan cau trong rat nhiéu céac linh vuc
cong nghiép. Do d6, nha may ao da dugc dinh nghia nhu mot mang lién két toan
cau va chi c6 nha may 40 mdi ddm bio dugc sy canh tranh va thi truong toan
cau. Tir khai niém nha may ao ngudi ta dua ra khai niém vé CIM ao. Nghién ctru
vé CIM 4o va tmg dung né trong pham vi toan cau da trd nén bic thiét. Ung dung
CIM a0 1a mot budc tién quan trong trong san xuat tvong lai di duoc Lin (ndm
1977) khéi xuéng. Tuy nhién, vao thoi diém nay ciing c6 rat nhiéu cong trinh vé
nha may a0 cua Makatsoris va Besant dugc cong bd. CIM a0 c6 thé thich Gng véi
san xuat va phan bé toan cau. [8]

Trung tAm nghién ctiru cong nghé san xuit tién tién ca trudng Pai hoc tong
hop nam Australia da dua ra khai niém vé vong tron CIM 4o. Vong tron CIM 4o

nay mo ta cac di€u ki¢n thi trudng toan cau.

8
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Hinh 1-1: Vong tron CIM ao
Chu thich cac khai niém:
— Global Competition & Environmental Concerns (Sy canh tranh toan
cau va nhing quan tim ti van dé moi truong)
— Mass Customisation (SO lwong khach hang)
— Shorter Product Life Cycles (Chu ki vong doi ngan ctia san pham)
— Innovation & Faster Respone (Su d6i méi va dap tmg nhanh)
— Global Manufacturing Systems (Hé thong san xuét toan cau)
— Strategic Planning & Control (Hoach dinh chién lugc va diéu khién)
— Virtual Eterprise (Cac nha may 4o)
— Interconnected ATMS (Lién két qua lai giita cc cong nghé tién tién)
— Dedicated & Distributed but Interconnected Management (Phan nho
va nhanh nhay nhung phai lién két qua lai trong quan 1y)
— Interconnected Global & Local Functional Units (Cac don vi san xuat
dugc lién két ¢ ting khu vyc va trén pham vi toan cau)
— Global Information & Communication Links (Su lién két vé thong tin
va giao tiép toan cau)

— Shared Data (Chia s¢ dir li¢u)
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— Integrated Enterprise Infrastructure (Két cau ha tang tich hop ciia cac

nha may san xuat)

Khai niém vé vong tron CIM 4o ciing nhu vong tron CIM dé dugc cac nha
san xuat SME (Society of Manufacturing Engineers) phat trién va nd duoc giai

thich nhu sau (Giai thich duoc bit dau tir vong tron ngoai ciing):

Vong ngoai mo ta tinh trang thé gi61 hién tai, do 1a canh tranh toan cau, su
quan tim moi trudng, hang hoa thoéa man nhu cu cua khach hang, chu ky ché
tao san pham ngan, yéu cau sang tao san pham va tra 101 nhanh.

Vong thtr hai mo ta cac hé théng toan ciu, d6 1a cac nha may o, cac hé
théng san xuét toan ciu va nhiing hoach dinh san Xuét mang tinh chién luoc.

Vong thtr ba giai thich cach thirc thuc hién, d6 13 sy lién két toan cau vé san
xuét, su lién két cua céac cong nghé tién tién, su chuyén mon hoa va phan phéi
riéng bi¢t nhung dugc quan ly chung.

Vong thtr tw mo ta su can thiét ciia thong tin va lién két toan cau, dong thoi
su can thiét phai phan chia dir liéu giita cac hé thong.

Vong trung tim mo ta két qua cia CIM nhu mot nha may tich hop toan cau
thong qua cau trac tich hop.

Pé tao diéu kién thuan loi cho viéc dau tu vao CIM va dé gitip nén cong
nghiép san xuat, nhiéu nha nghién ctru di tim ra nhing giai phap dé tng dung

CIM. Duéi day 1a mot s hudng nghién ctru vé CIM:

e Hop Iy hoa CIM va chién luoc quan 1y CIM.

e Nha may tich hop cho CIM véi gianh gidi dia ly.

e Mang lién két ciia CIM.

e (Cong cu va cong nghé tién tién cho viéc tng dung CIM.

e M5 hinh h¢ thong san xuat.

e Ungdung tri tué nhan tao AI (Artifical Intelligence) nhu Fuzzy logic,

mang notron dé tich hop tri tué toan phan cac hé théng san xuét.

10
SVTH: LE PUC PO GVHD: Trin Minh Sang



Thiét ké hé thong san xuat tich hop tmg dung IoTs trong quéan 1y va ché tao mo hinh( Ban cap phoi)

Chi tiéu “hop 1y hoa va chién luge quan Iy CIM” dugc nghién ctru theo
chiéu hudng: Céac nghién ctru déu tip trung vao viéec dam bao cho nha quéan ly

cac nguyén tac ung dung CIM trong mdi truong sadn xuat cua minh.

Chi tiéu “nha may tich hop cho CIM vd&i gianh gidi dia ly” dugc nghién ctru
theo cdu trac va mé hinh hoa ctia nha may tich hop, theo hop tic CAD/CAM toan
cau théng qua cac hé théng phu trg cia CIM.

Chi tiéu “mang lién két cia CIM” bao gdm tng dung mang trén pham vi
rong va Internet cho CIM, ting cudng thong tin bang gitt liéu tich hop mdi quan

hé giira khach hang va nha san xuat, cac dit liéu quan 1y trong cac hé théng CIM.

Chi tiéu “céng cu va cong nghé tién tién cho viéc tng dung CIM” dugc

nghién clru ve robot, tu dong hda va san xuat tri tué.

Chi tiéu “m6 hinh hé théng san xuat” dugc nghién ciru vé tich hop cac mo
hinh thong tin v61 cdc mo hinh chire nang cua CIM, m6 hinh mé phong tich hop

ctia CIM va cac hé thong thiét ké ctia CIM.

Chi tiéu “Ung dung tri tué nhan tao” bao gom cac hudng nghién ciru vé ting
dung cac mang notron trong tu dong hoa san xuét, hé théng hoach dinh tri tué va

cac moO hinh thich nghi cua CIM.
1.2.2 Sw phat trién ciia cdc hé thong CIM ciia Viét Nam

Nhip do phat trién cua san xuat tu dong hoa toan phﬁn FMS & CIM phu
thudc vao nhiéu yéu tb, trong d6 hai yéu té: Luc luong lao dong co trinh do
chuyén mén cao va ngudn tai chinh doéng vai tro quan trong nhat. FMS & CIM
la nhitng hé théng san xuét c6 muc do tu dong hoa cao, chung da va dang dugc
g dung rong rii ¢ cac nudc cong nghiép phat trién. Tuy ¢ Viét nam san xuat ty
dong hoa méi chi ¢ giai doan dau cua su phat trién, nhung dé hoan thanh su
nghiép coéng nghiép hoa va hién dai héa dit nude thi viéc nghién ciru, phat trién

va tng dung cac hé thong FMS & CIM di va dang duoc quan tim dic biét.
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Hién nay CIM con 12 mot khai niém kha méi mé ddi voi cac nha may tai
Viét Nam. Hau nhu khong thiy sy tng dung cta cic hé théng CIM trong san

xuat.

Tuy nhién voi lan séng dau tu rat manh dang tran vao Viét nam sau khi gia
nhap WTO, cac hé thdng san xuat ty dong toan phan dang phat trién nhanh chéng
va trong tuong lai CIM s& duoc tmg dung vao san xuat. Dé bat kip véi su phat
trién nhanh cta nén cong nghi¢p thé gi61, viéc dao tao ra mot doi ngli can bd van
hanh va quan 1y c¢6 kién thirc vé CIM 14 rat quan trong. Vi vay viéc giang day vé
FMS & CIM dang dugc dédc biét tra trong tai cac truong dai hoc k¥ thuét cua Viét

nam
1.3 Ung dung va hiéu qua ciia CIM
1.3.1 Ung dung ciia CIM

Thiét 1ap mot hé théng san xudt tich hop ¢ su tro gitp cua mdy tinh CIM
1a mot van dé khong don gian n6 khong chi phu thudc vao kha nang tai chinh cia
cong ty ma con phu thudc vao doi ngli nhan luc cua cong ti do do6 viéc ung dung
mot hé théng CIM vao san xuit ciia mot cong ty phai dugc xem xét mdt cach can
than. Thyc té khi ma san xuét phat trién, nhu ciu ciia khach hang thay doi thuong
xuyén va khong ngirg nang cao, su canh tranh manh cua nhiéu cong ty trén pham
vi toan cau thi yéu cau ing dung mot hé thong CIM cho san xuat 14 rat can thiét.
Trong hé théng CIM churc nang thiét ké va ché tao dugc gan két v6i nhau cho
phép khép kin chu trinh ché tao san phim va tao ra san phdm mot cach nhanh
chong bang cac quy trinh san xuét linh hoat va hiéu qua. Vi hé thong CIM, né
c¢6 kha ning cung cap su tro giup may tinh cho tit ca cac chirc ning thwong mai,
bao gdm cac hoat dong tir khau tiép nhan don dit hang cho dén cung cép, phan
phéi san pham cta mot nha may.

CIM tham gia vao mdi truong san xuat cong nghiép: diéu khién robot lap
rép, gia cong, son phu danh bong, gia cong han, kiém soat chat lugng san pham,

dong goi, van chuyén va phan phat hang hoa.
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CIM tham gia vao cic qua trinh cong nghé: thiét ké va san xuat c6 tro giup
may tinh (CAD/CAM). Lap ké hoach san xut va quy trinh cong nghé c6 tro giup
cua may tinh (Computer Aided Process Planning / Computer Aided Engineering

(CAPP/CAE).

CIM bao gdm mang va cac hé théng: cac phan cing va phan mém truyén
thong trong nha may, quan 1y thong tin dir li¢u bao gém ca viéc thu thap, luu trit

va truy xuat dir liu.

CIM tham gia vao viéc cai thién khong ngimg cac qua trinh san xuat: 1ap ké
hoach va kiém soat nguyén liéu dau vao, cac hé théng theo ddi va kiém soat chat
luong, cac k¥ thudt va phuong phéap thanh tra giam sat nhu 1ap ké hoach va quan
1y ngudn lyc san xuat, 1ap ké hoach va quan 1y ngudn luc cong ty, kiém tra chat
luong toan bo va phuong thic san xuat dap tmg kip thoi su thay d6i nhanh chong

clia cac chung loai san pham. [10]
1.3.2 Hiéu qud cia CIM

Hé théng CIM c6 thé tao ra loi nhuan viing chic cho nguoi st dung hon la
cac hé thong san xuit thong thuong khac. CIM cho phép mot nha may san xuét
thich ng nhanh chdng véi sy thay d6i ctia thi trudng va cung cip cac huéng phat
trién co ban cta san pham trong twong lai. Vi su tro gitp clia cac mdy tinh trong
CIM, cac hoat dong phan doan cta qué trinh san xuat duoc tich hop thanh mot
hé théng san xuat thong nhat, hoat dong troi chay véi su giam thiéu thoi gian va
chi phi san xuit déng thoi nang cao chat luong san pham. Trong hé théng CIM
cho phép str dung tdi uu cac thiét bi, nang cao ning xuat lao dong, ludn tng dung
cac cong nghé tién tién va giam thiéu sai so gy ra bai con ngudi, kinh nghiém
strdung CIM cho thay nhiing loi ich dién hinh sau day: [11]

e Nhanh chéng cho ra doi san phdm méi ké tir lac nhan don dat hang.
e Gidm 15-30% gié thanh thiét ké.
e Giam 30-60% thoi gian ché tao chi tiét.

e Ting ning sut lao dong 1én t&i 4-70%.
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e Nang cao chat luong san pham, giam dugc 20-50% phé pham.

e Quan ly vat tu hang ho4 sat thuc té hon.

e Ting kha ning canh tranh ciia san phdm va dap mg nhu cau thi
truong.

e Hoan thién dugc phuong phap thiét ké san pham, vi du: sir dung
phuong phap phan tir hiru han cung v6i may tinh cho phép thuc hién
phép tinh nhanh hon 30 1an so vdi cac phuong phép thong thudng

khac cho nhiéu phuong an thiét ké khac nhau.
1.4 Cau triic hé¢ CIM

CIM (Computer Integrated Manufacturing) — hay con goi 14 san xuét tich hop
bang may tinh — c6 thé dugc hiéu mot cach tong quat nhu 13 mot chién luge san
xudt hién dai, duoc xdy dung nhim hudng dén viéc dap tng nhanh chong va hiéu
qua cac nhu cau cua thi truong. Pay 1a mot phuong thirc san xuat tién tién, dua
trén viéc khai thac toi da nhirng thanh tyu cia cong ngh¢ thong tin, ty dong hoa,
dién ttr va k¥ thuat diéu khién dé xay dung nén mot hé thdng san xut tich hop
toan di€n, noi moi thanh phﬁn — tir thiét ké, lap ké hoach, van hanh dén kiém tra
— déu duoc két ndi va didu phdi thong nhit thong qua cac phin mém va hé thong

diéu khién trung tam. [12]

CIM cho phép cac doanh nghiép thiét 1ap mot mo hinh san xuat linh hoat,
hiéu qua va c6 kha niang thich tmg nhanh véi cac thay doi cua thi truong. Khong
chi gitp rat ngan thoi gian dua san pham ra thi truong, CIM con tang cudng kha
ning canh tranh nho t6i wu hoa chi phi, nang cao chat lugng san pham va tng
dung nhanh chéng céc sang kién, cong nghé mai vao quy trinh san xuat. C6 thé
n6i, CIM khong chi 1a mot cong nghé, ma con 1a mot dinh hudng phat trién tat
yéu trong xu thé cach mang cong nghiép 4.0 hién nay.

Tuy nhién, viéc ap dung CIM vao thyc té san xuét, dic biét tai cc quéc gia
c6 nén cong nghiép dang phat trién nhu Viét Nam, van con gip nhiéu thach thirc

va rao can. Dé trién khai thanh cong mé hinh san xuét tich hop bang may tinh,
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doanh nghiép can dap tmg hang loat diéu kién: tir kha nang tai chinh vimg manh,
trinh d6 tay nghé va ning luc cong nghé ciia ngudi lao dong, cho dén ning luc
quan ly, mirc d6 san sang cia ha tang cong nghé thong tin, ciing nhu kha ning
tiép can va thich nghi véi cac hé thong ky thuat tién tién. Dic biét, CIM chi phat
huy duoc t6i da hiéu qua khi duoc trién khai mot cach dong bo va triét dé trén
toan b hé théng san xuat. Néu chi ap dung cuc bd hoac thiéu sy tich hop xuyén
subt, hé théng rat dé bi phan manh, mét tinh déng bd va khong dat dugc nhirng

lg1 ich nhu ky vong.

Trong linh vuc san xuat cong nghiép, CIM thuong duoc hiéu 1a mot hé thong
san xuét tu dong hoan toan, trong do6 toan bd cac thanh phén va cong doan cua
day chuyén san xuat déu dugc tich hop va diéu khién théng qua phan mém trung
tam. Mot hé thong CIM co ban thuong bao gdm: cac may cong cu diéu khién sb
(CNC), ban xoay hodc hé thong van chuyén phoi, kho luu trit théng minh, hé
thong kiém tra chat lugng tu dong, va hé thdng diéu khién tich hop dong vai trd
két ndi, giam sat va toi wu héa toan bd qua trinh. Nhd d6, doanh nghiép co thé
dat dugc muc do tu dong hoa cao, giam thiéu sai sot do con nguoi, dff)ng thoi cai

thién dang ké nang suét va chat luong san pham.

Tom lai, CIM 1a mot trong nhitng chia khéa quan trong dé doanh nghiép hién
dai hoa san xuat, ning cao ning lyc canh tranh va phat trién bén viing trong moi
truong cong nghiép day bién dong ngay nay. Tuy vay, viéc trién khai thanh cong
CIM doi hoi mét tam nhin chién luge, su dau tu nghiém tic va cam két 1au dai
tir phia doanh nghiép ciing nhu su hd trg manh mé tir cac chinh sach vi mé va

moi trudng cong nghé qudc gia.
So d6 hé théng:

1. Ban cap phoi
2. Cénh tay robot
3. May phay CNC

15
SVTH: LE PUC PO GVHD: Trin Minh Sang



Thiét ké hé thong san xuat tich hop tmg dung IoTs trong quéan 1y va ché tao mo hinh( Ban cap phoi)

Hinh 1-2: Két cAu tong thé ctia hé théng
1.4.1 Mday CNC

CNC 1a viét tit ctia cum tir tiéng anh Computer Numerical Control nghia 1a
may tién kim loai dugc diéu khién bang may tinh. Vi thé bd nio ctia may CNC
la may tinh. Pay khong phai 1a mausy tinh binh thudng ma 1a may tinh véi cong
suét tinh toan cuc nhanh. Hé diéu hanh ma né s dung 1a Fanuc, Fargor hodc

mazak chur khong phai 1a Windows hay Mac nhu cac may tinh thong thuong.

May tinh nay s& diéu khién cac bd phan co khi dé cit got kim loai. Chuwong
trinh duoc viét sdn va dugce tu dong thi hanh khi ban bam nut start. Chuong trinh
nay duoc dich ra mot thir ngdn ngit dé may tinh c6 thé hiéu duoc. Sau do, may
tinh chuyén 1énh tir cac chuong trinh qua cac mach dién tir ¢én diéu khién cac bo

phan co khi

e Uu diém co ban cia may CNC:

- So voi cac may diéu khién cong cu bang tay, san pham tir may CNC khong
phu thudc vao tay nghé ctia nguoi diéu khién ma phu thudc vao nodi dung,
chuong trinh duoc dua vao may. Nguoi diéu khién chi cha yéu theo déi kiém
tra cac chirc nang hoat dong ctia may.

- Do chinh x4c cao hon, thuong dat dén 0.001mm.

- Tbc d cit cao. Thoi gian ngén hon.

- It phai dung vi ki thuat, do d6 thoi gian dimng méy ngan.
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- Tiéu hao do kiém tra it do d6 chi phi cho kiém tra it hon.
- Thoi gian hiéu chinh may nho, c6 thé gia cong hang loat.
- Pam bao tinh kinh té, ning cao ning suét.

e Nhuoc diém may CNC
- Gi4 thanh ché tao cao.
- Chi phi bao dudng, sura chira cao.

- Van hanh, thay d6i nguoi kho khin hon. Yéu cdu c6 trinh do.
Li do may phay CNC duoc lya chon trong hé théng CIM vi nhirng 1y do sau:

v Tinh linh hoat cao: M4y phay CNC c6 thé gia cong nhiéu dang bé mit phirc
tap trén nhiéu loai vat liéu, tir cac ranh phéng cho dén cac mit cong khong
gian.

v' Kha nang tich hop cao: V&i cac dong trung tdm gia cong (machining
centers), may phay CNC c6 thé két hop nhiéu nguyén cong nhu phay, khoan,
doa, taro trong mot lan ga dat.

v' Tu dong hoa hiéu qua: May co6 hé théng thay dao tu dong (ATC) va c6 thé
tich hop v&i robot, biang tai, va hé thong quan 1y dit liéu trong CIM.

v' Phu hop véi nhu cau gia cong phd bién: Trong hé thong san xuét hién dai,
da sb chi tiét déu can phay dé tao bién dang hodc cac mit phang chirc ning.

v/ Can bang gitra chi phi va kha ning: May phay CNC 3 truc hodc 3+1 tryc 1a
Iwra chon tbi wu dé vira dam bao kha ning gia cong twong di phuc tap, vira
gilt mirc dau tu hop 1y.

= Véi yéu cau linh hoat trong san xuat, kha nang tich hop va tiét kiém chi phi dau
tu, may phay CNC 1a lya chon hop 1y nhat cho hé théng CIM hién dai. N6 dap
g t6t ca vé k¥ thuat va kinh té trong gia cong chi tiét co khi c6 do chinh xac va

hinh dang da dang.
1.4.2 Cdnh tay Robot

Trong boi canh cong nghi€p hién dai, nhu cau ning cao nang suat va chat
luong san pham doi hoi viéc ing dung rong rai cac thiét bi tuw dong hoa, dac biét

la robot cong nghiép. Trong hé thong san xuat tich hgp CIM (Computer
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Integrated Manufacturing), robot dong vai tro then chdt trong viéc dam béao tinh

linh hoat, ty dong hda cao va gidm su phu thudc vao lao dong thu cong.

v

| Cam bién Cam
ngoai bién noi
v
y
[:' Hé théng
diéu khién
=l
Z—————N Dung cu
May thao tac
v [ 1 | ]

tinh ; I
He thong

truyén dan
dong

Hinh 1-3: Cénh tay robot
Pé tiéu chuan hoa cong viéc thiét ké, Robot dugc chia 1am ba phan chinh:
ngudn cung cip ning luong, b dicu khién va phan tay may. Mdi phan trong ba
phan chinh trén bao gdm nhiéu bd phan va cac bo phan c6 thé bién d6i dé dap
{rmg tiéu chuan va cac thong so thiét ké cia mdi Robot nhat dinh.

Tuy theo chi tiéu phén loai c6 thé co rat nhiéu kiéu phan loai robot.

e Phan loai theo s6 bac tu do: Robot 1, 2, 3, ... bac tu do
e Phan loai theo hé nang luong:
+ Robot hoat dong theo ndng luong di¢n
+ Robot hoat dong theo nang lugng thuy luc
+ Robot hoat dong theo ning lugng khi nén
+ Robot hoat dong theo nang luong mat troi
e Phén loai theo phuong phap diéu khién:
+ Robot c6 diéu khién sb (CNC)
+ Robot co diéu khién logic kha trinh (PLC)
+ Robot ¢6 diéu khién tri tué nhan tao
+ Robot c6 diéu khién thich nghi
e Phan loai theo hé truyén dong: Phuc thudc vao nguff)n dong luc ta cé
thé phan ra:

+ Robot vdi truyén dong gian tiép

18
SVTH: LE PUC PO GVHD: Trin Minh Sang



Thiét ké hé thong san xuat tich hop tmg dung IoTs trong quéan 1y va ché tao mo hinh( Ban cap phoi)

+ Robot véi truyén dong truc tiép
e Phén loai theo cdp chinh xéc:
+ Cap chinh xac tuyét dbi

+ Cép chinh xac lip lai
1.4.3 Ban xoay phoi

Trong bdi canh cudc cach mang cong nghiép 4.0 dang dién ra manh mé, viéc
ap dung céc giai phap tu dong hoa trong san xuit cong nghiép ngdy cang tré nén
phd bién va can thiét. Ty dong hoa khong chi giup giam sirc lao dong thu cong,
tang do chinh xac va do lap lai trong san Xuét, ma con nang cao nang suét, tiét
kiém chi phi van hanh va ti vu hoa chudi cung tng. Trong linh vuc co khi ché
tao, dic biét 1a voi cac hé thong gia cong CNC (Computer Numerical Control),
yéu cau vé toc do, tinh chinh xac va kha ning hoat dong lién tuc ngay cang cao.
Piéu nay kéo theo nhu cau phat trién cac hé théng phuy tro thong minh, trong dé
hé théng cip phéi tu dong 1a mot thanh phan quan trong, gop phan hoan thién

day chuyén san xuat khép kin.

Mot trong nhitng phuong phap cap phdi hiéu qua va phd bién trong moi
truong san xuat vira va nho hién nay 1a sir dung ban xoay cip phoi tur dong. Day
12 mét co ciu co dién duoc thiét ké voi nhiéu vi tri chira phéi, c6 kha ning xoay
chinh xac theo tirng goc dinh trudc, gitp luan phién dua phéi moéi vao vung lam
viéc ctia may CNC hoic vi tri chd ciia hé thong gip. So véi cac phuong an cap
phoi tuyén tinh hay cdp phdi bang robot, ban xoay ¢6 wu diém 14 cau trac don
gian, chi phi thap, tiét kiém dién tich mat bang va dé dang tich hop véi cac thiét
bi diéu khién nhu PLC, Arduino hoic cac hé thong nhung.

Trong qua trinh gia céng bang may phay CNC, dic biét 13 trong cac day
chuyén san xuat hang loat, thao tic cAp phoi néu thyc hién thii cong sé& ton nhiéu
thoi gian, tiém an sai s6 va 1am giam hiéu qua téng thé ctia ddy chuyén. Ban xoay
cap phoi tu dong gitp giai quyét triét dé van dé nay bang cach ty dong héa hoan

toan qu4 trinh dua phoi dén vi tri gia cong, dong thoi c6 thé két hop v6i cam bién
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dé nhan biét phoi, xdc dinh mau sic, hinh dang, hoic trang thai c6/khong cua

phéi, tir d6 ting tinh linh hoat va thong minh cho toan hé thng.

Véi mong mudn tim hiéu va tng dung cac kién thic da hoc vao thyc tién,
ddng thoi gop phan vao xu hudng tu dong héa trong san xuét co khi, nhom thuc
hién dd chon dé tai: "Thiét ké va diéu khién ban xoay cip chuyén phdi ty dong
cho hé théng may phay CNC" lam dé tai tot nghiép. Dé tai tip trung vao thiét ké
co khi, lua chon linh kién diéu khién, xay dung giai thuét diéu khién ban Xo0ay va
tich hop cam bién, tir d6 hinh thanh nén mot hé théng cap phoi don gian nhung

hi€u qua, c6 thé mé rong va nang cap trong tuong lai.

> Lich st phét trién ctia ban chuyén cip phoi
— Giai doan thu cong — trude nam 1950:

+ Trong thoi ky nay, viéc cap phoi cho may cong cu chu yéu duge thuc hién
bang tay hodc cac co cAu don gian nhu ban truot, mang truot, mang rung co
hoc.

+ Cac hé thong cap phoi mang tinh thai cong, khong cé tinh 1ap lai cao, phu
thudc vao k¥ ndng va su tap trung cia cong nhan.

+ Ban xoay chua xuat hién hoic chi ton tai dudi dang co cAu quay tay co hoc,
khong duoc ty dong hoa.

— Thoi ky co gidi hda — 1950 dén 1970:

+ Khi nganh co khi phat trién sau Thé chién thir hai, may méc co khi hoa dan

thay thé strc nguoi.

+ Xuét hién cac ban quay co khi str dung dong co AC hoic co ciu cam dé xoay

cac phoi theo tirng budc.

+ Céac hé thong semi-ty dong bat ddu xuét hién trong cac day chuyén san xuat

0 t6 va co khi chinh xac.

+ Tuy nhién, ban xoay van hoat dong theo thoi gian ¢ dinh, chua c6 kha nang

cam bién hay linh hoat theo diéu kién lam viéc.

— Ty dong hoa so khai — 1970 dén 1990:
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Sy ra doi cta bo diéu khién logic kha trinh (PLC) va cam bién co ban da
gitp cai tién dang ké hé thong ban xoay.

Ban xoay bét ddu duoc didu khién bing ro le 1ap trinh hodc PLC, giup kiém
soat vi tri dirng, thoi gian cap phéi, s6 vong quay...

Xuét hién cic ban xoay nhiéu tram dung cho nganh di¢n tur, co khi, dugc
pham...

Tuy nhién, phan co khi van cong kénh, chi phi dau tu cao va yéu cau bao tri

nhiéu.

— Giai doan hién dai — 1990 dén 2010

_I_

Céc ban xoay servo, ban xoay diéu khién budc ra doi voi do chinh xac cao
va kha niang diéu khién linh hoat.

Bit dau tich hop cac cam bién vi tri, cam bién mau, cam bién quang giup
phan loai, kiém tra, va cap phéi thong minh.

Céc day chuyén san xuat tich hop robot va hé théng phan phdi tu dong, ban
xoay tré thanh mot mat xich chinh trong hé théng tu dong hoéa cong nghiép.
PLC phat trién manh véi nhiéu dong toc d6 cao, hd trg giao tiép Ethernet,

Modbus...

— Thoi ky cong nghiép 4.0 — tir 2010 dén nay:

+

_I_

Ban xoay cap phoi tré thanh mot phan cua hé thdng san xuét thong minh:

Két nbi mang (IoT)

Giao tiép thoi gian thuc véi robot, HMI, SCADA

Tu dong diéu chinh theo dit liéu cam bién, trang thai may CNC

Céc bo diéu khién mé nhu Arduino, ESP32, Raspberry Pi bat dau duoc st
dung trong cac ung dung chi phi thép, linh hoat cao, dac biét tai doanh nghi¢p
vura va nho.

Ban xoay hién dai c6 thé tu hoc, tu diéu chinh tan suat cép phoi, tich hop Al

nhe dé phat hién 16i san pham hodc phan tich dir liéu san xuat.
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CHUONG2 CACPHUONG AN VA LUA CHON PHUONG AN
2.1 May phay CNC

2.1.1 Phan tich, lwa chon phwong dn chuyén dpng dao

2.1.1.1 Phwong dn 1: Phéi cé dinh

o TrucY chuyén dong trén bé ma, tryc X chuyén dong trén truc Y, truc Z

chuyén dong trén truc X.

e Dic diém:

+ Truc Y c6 thé truot duogc trén bé d& vira nang duoc cac truc X va Z thi
n6 thudng phai c6 két cau viing chic va c6 cac thanh rang ngang, dé toan
bo phén truot Y khong bi vénh. Xdc xéch khi di chuyén. Déng thoi 2 tim
dd 2 bén phai du do day dé khi cat vao truc trugt ctia bé dd thi khép truot
khong bi ro, dam bao truot 6n dinh va khong sai $6.

+ Truc X truot trén truc Y ¢cé gén cac hé sd cac thanh truot, co cau truyén dong,

dong co ... tit ca cac bo phan nay chuyén dong cung voi truc Y.

Hinh 2-1: Phuong én 1
+ Trén truc Z co bit cic co cau bat dong co chay di chuyén. Truc Z truot
trén truc X nén trén bg phan truot truc X cé cac thanh trugt, dong co, co

ciu truyén dong cho truc Z.
2.1.1.2  Phwong dn 2: Phéi di chuyén trén truc Y, dung cu di chuyén trén
truc XvazZ

e Phan cd dinh bao gém khung may (hay bé d&), cac truc trugt, dong co va co

cau truyeén dong cua truc X va truc Y gan co dinh va khung may.
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e Truc X va truc Y déu truot trén cac thanh truot gén ¢ dinh & khung, truc Z
truot trén truc X, nén trén truc X co gén cac thanh truot, dong co va co cAu

truyén dong cua truc Z.

Hinh 2-2: Phuong 4n 2
2.1.1.3  Phwong dn 3: Ban mdy mang phéi di chuyén trén truc X, Y

e Dong co truc chinh di chuyén 1én xudng theo tryc Z con ban may mang phoi

di chuyén theo truc X, Y.

Hinh 2-3: Phuong 4n 3
2.1.14  Két luin

= Tir phan tich cac phuong an chuyén dong trén cing voi muc dich sir dung
mo hinh thi nghiém, nhom em chon phuong 4n 3 ban may mang phoi di
chuyén trén X, Y sé& lam ting dién tich gia cong nhung kich thudc may

van nhod gon.
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2.1.2 Nguyén ly lam viéc ciia may

e M4y CNC 3 truc c6 cdu tao gdbm 1 ban ga san pham, 1 truc chinh(spindle)
quay & tbe do cao g'fm cac loai dao cu dé thuc hién gia cong va cac truc X, Y,
Z. Khi cap dién cho cac dong co gin vao cac truc va thong qua bo truyén vit
me — dai 6¢ truc X, Y sé& di chuyén kéo theo ban ga san pham. Khi dong co
ga“'ln trén truc Z dugc khdi dong s€ kéo theo su dich chuyén 1én xuéng cua
dong co tryc chinh gin dao cu gia cong khién tao ra chiéu siu cat nhat dinh.

° Chuyén dong cua cac truc X, Y, Z duoc diéu khién béi dong co dugc cung
cip boi dong dién xoay chiéu hodc dong dién 1 chiéu.

e Tbc do dich chuyén cua may duogc thyc hién bdi dua ra céc 1€nh.

e Tét ca hoat dong cua may dugc thuc hién béng cac ma CNC code nhu dich
chuyén céc truc vé 1 vi tri xac dinh, van tdc cit, chiéu siu cit, dong mo truc
chinh...

e DG v moi ma déu duoc hoat dong riéng biét.

2.1.3 So db dong hoc ciia mdy phay CNC

N
)

-\

Hinh 2-4: So d6 dong hoc may phay CNC
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Trong do:

1. Dong co step truc z
Khép néi
Spindle

2
3
4. Ban may
5. Dong co step truc x
6. Dong co step truc'y
2.2 Ban xoay cip phéi:

2.2.1 Ban xoay phoi khi nén

xcay cym va dl

ylanh chuyén chdt lap <Ong 18c hanh trieh
N |
v
A A
¥a xoay xylarnn khoa v Sanh cée

Hinh 2-5: Ban xoay cp phoi khi nén
Nguyén 1y 1am viéc: khi c¢6 tin hiéu tir cam bién xy lanh di ra day ban xoay

quay véi hanh trinh han ché, khi cham céng tic hanh trinh thi xylanh dimng lai
Uu diém:

— Dap trng nhanh

— D@ van hanh

— €06 thé sir dung trong moi truong c6 chat 1ong khong an mon
Nhuoc diém:

— Cong kénh gay rung lic manh

— Mot s6 loai c6 do chinh xac khong cao
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— Chiu tai trong cuc thép
— Dé hu hong
— Can ngudn cip khi cho xylanh khi nén
— Chi phi cao
— Xylanh d& bi hu néu bi ket
Ung dung trong cong nghiép:
—Dung trong cac day chuyén cap chuyén vi tri phoi, chiét rot, déng nap chai ty
dong
—Dung trong may gia cong co khi nhu taro tu dong
2.2.2 Ban xoay phéi truyén dpng bing djng co

2.2.2.1  Ban xoay phéi truyén dong bing dpng co két hop bé truyén truc vit

et ban xoay

Hinh 2-6: Ban xoay truyén dong bang co cdu cam
Nguyén 1y hoat dong: khi c6 tin hiéu dong co quay dan dong truc khuyu quay,
truc khuyu quay mét vong thi dirng lai khi ¢6 tin hiéu tir cam bién, khi d6 ban
xoay quay dugc mot goc, cir tiép tuc nhu thé dé xac dinh vi tri.

Uu diém:

— Chiu duoc tai trong cao
— D3 6n dinh, dJ cing virng cao

— DG chinh xac cao
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— Chi phi bao tri thip
Nhuoc diém:
— Gia cong banh dan kho, hanh trinh cia mam xoay khong duoc qua 16n
— Gay on, mai mon
— Viéc thiét ké kho khin
Ung dung trong cong nghiép
—  May cép phéi ty dong (may tién, may phay CNC, may déng goi...).
Day chuyén lap rap tu dong: cap chi tiét lip rap, kiém tra chat luong.

Hé théng phan loai san pham (sorting system).

Cac may ché bién thuc phém, duoc phém, dién tu...

2.2.2.2  Ban xoay phéi truyén dpng bing dpng co két hop b truyén banh

rang

ban xoay
banh rang
Ian

cam bién 3| )]}

prigholy
Hinh 2-7: Ban xoay truyén dong bang b truyén banh ring
Nguyén 1i hoat dong: Ban xoay sir dung cam bién tiém can dé dém sb ring
quay duoc dé biét hanh trinh hodc gin encoder dé biét vi tri dang ¢ dau, khi dong
co quay tinh tiéu tir cam bién s& cho biét dong co dirng dung véi yéu cau lam viéc

cua ban xoay

Uu diém:
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— Truyén dong chinh x4c hiéu suat cao
— Kétclu vitng, lam viéc on dinh

—  Chiu tai tbt

— D@ van hanh str dung

Nhuoc diém:

— Bénh ring nhanh mon can boi tron lién tyc
— Cén chon vong bi mam phu hop véi tai trong 16n

— Gay tiéng 6n khi téc d6 cao
Ung dung trong cong nghiép:

— Ung dung da ning nhu ban xoay cip phoi, ban may may khoan, ban may

CNG, ...

2.2.2.3  Ban xoay phéi truyén djng truec tiép bang dong co budc

MAm wdy
COng B hann Wrinh

Ahop nds

B20g oo bt

Hinh 2-8: Ban xoay phdi truyén dong truc tiép tir dong co budc
Nguyén 1y hoat dong: thong qua dong co budc ban xoay s& dugc diéu khién
dé di chuyén lan luot dén cac gbc mong mudn hodc vit tri dugc dinh vi tir trudc

dé cung cap phoi gia cong
Uu diém:

— Do chinh xac truyén dong cao

— Chi phi tap
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— D@ ché tao van hanh
— It rung lac, do 6n dinh cao

— (6 kha nang ty ham
Nhuoc diém

— Chi chju duoc tai trong vira va thap, can hop giam toc néu tai cao
Ung dung trong cong nghiép:

— Gia cong co khi chinh xac: Trong cac may CNC (ti¢n, phay, mai...), ban
cap phoi ty dong gitip dua phoi vao dung vi tri gia cong ma khong can ding
may, tiét kiém thoi gian va nang cao ning suat.

— Day chuyén lip rap tu dong: Trong cong nghiép 6 t6, dién tir, san xuét thiét
bi y té... ban chuyén phéi ty dong di chuyén phéi tir vi tri ndy sang vi tri
khéac dé thuc hién céc cong doan lép rép, kiém tra.

— May dong goi: Pua san pham vao ding vi tri dé dong goi bao bi, niém
phong, dan nhan tu dong.

— Nganh thyc pham va dugc pham: Xép chai lo, vi thube, hop thuc pham...
1én bang chuyén dé dua vao dy chuyén san xuit hoic dong goi tu dong.

— Hé théng phan loai (sorting): Dung ban cip phéi ty dong quay ban dé dinh

vi san pham trudc khi robot hodc tay gap 1ay di, phan loai hodc dong goi.
2.2.2.4  Kétluan
Ttr phan tich cac phuwong 4n chuyén dong trén cung véi muc dich sir dung

mo hinh thi nghiém, nhém em chon phuong an Ban xoay phéi truyén dong truc

tiép bang dong co budc.
2.3 Canh tay Robot
2.3.1 Phwong dn I: Robot 3DOF — RRR
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Hinh 2-9: Phuong an 1: RRR
Gom 3 khép quay lién tiép: quay co so, quay vai, quay khuyu.
Uu diém: Cau trac don gian, ché tao d&, diéu khién dé hiéu.
Han ché:
+ Khong co chuyén dong tinh tién, kho tiép can cac vi tri ndm trén truc Z
(cao/thdp khac nhau).
+ Kho dua phoi chinh x4c vao may CNC trong diéu kién lam viéc c6 chudng
ngai vat.
bénh gia: Chi phu hop vai bai toan cuc ky don gidn, khong phu hop trong hé¢
CIM thuc té can linh hoat cao.

2.3.2 Phwong dn 2: Robot 3DOF — RTR

Hinh 2-10: Phong 4n 2: RTR
Gom: quay co s — tinh tién thang dimg — quay tay.
Uu diém: C6 kha nang nang — ha tay (truc Z), thich hop cho méi trudng cé thay
ddi do cao.
Han ché:

+ Khong du bac ty do dé tiép can phoi theo nhiéu hudng khac nhau.
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+ Kho mo rong thém trong twong lai néu can thay ddi vi tri ban xoay hoic
may CNC.
Dénh gia: Tét hon PA1, nhung van thiéu linh hoat trong hé thong tw dong phirc
tap.

2.3.3 Phwong dn 3 : Robot 4DOF — RTTR

~ \
/N ) z \, ™
O)
\V/ T ¥
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v/ -t ] L
ot /|
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Hinh 2-11: Phuong 4n 3: RTTR
Gom: quay co sé — tinh tién Z — tinh tién X/Y — quay tay.
Uu diém:
+ Di chuyén duoc theo ca truc thiang dimg va phuong ngang, thao tic gip dat
chinh xac hon.
+ Tot trong thao tac nhit — dit theo duong thang (pick and place).
Han ché:
+ Chuyén dong phan 16n 13 tinh tién — can ray trugt va co cau din hudng
— tang chi phi va kich thude.
+ Thiéu kha ning xoay linh hoat tay gap dé dinh hudng chi tiét.
Paénh gia: Tt cho méi trudng can chuyén dong thang, chua tdi wu vé ving lam

viéc cong hodc khong gian hep.

2.3.4 Phwong dn 4: Robot 4DOF — RRRR
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Hinh 2-12: Phuong 4n 4: RRRR
- Go6m 4 khép quay lién tiép.
Uu diém:

+ Cho phép dinh huéng dau gip linh hoat, d& dang diéu chinh goc dit phoi.

+ Co ciu xoay hoan toan thich hop trong khong gian cong (circular
workspace).
- Han ché:
+ Khéng co bac tinh tién, nén khong thuan loi khi can thay doi d6 cao phéi.
~ Panh gia: Phu hop véi tmg dung c6 yéu cu cao vé dinh huéng phdi, nhung

han ché néu phoi & cac dJ cao khac nhau.

2.3.5 Phwong dn 5: Robot SDOF — RRRRT
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Hinh 2-13: Phuong 4n 5: RRRRT
- Gom 4 khép quay + 1 khép truot tai dau gap.

- Uu diém:
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+ Cuec ky linh hoat, dap tng duoc hau hét cac thao tac gip dit trong khong
gian 3D.
+ (€6 thé dinh hudng va diéu chinh chinh xé4c vi tri dau gép.
Han ché:
+ Cau trac co khi phirc tap, chi phi ché tao cao.
+ Yéu cau cao trong diéu khién va lap trinh.
Danh gia: Ly tudng vé ky thuat, nhung khong t6i wu vé chi phi va don gian

hoa.

2.3.6 Phwong dn 6: Robot 4DOF — RRRR tich hop bang tdi

! «<C =

Hinh 2-14: Phuong an 6: RRRR tich hgp bang tai
—  Gom: 4 khép quay (R) ++ bang tai ting pham vi tinh tién truc X.
- Uu diém noi bat:
+ Pu 4 bac ty do dé di chuyén — gap dudi — nang ha — xoay dinh hudng.
+ Bang tai tich hop giup mé rong vung lam vige
+ Cau trac toi vu gitra hiéu ning va chi phi, d& ché tao va diéu khién.
—  Han ché: Chi phat sinh néu méi truong lam viéc can phire tap hon nhiéu do tich
hop thém nhiéu may gia cong va phoi
~  Danh gia: T6t nhét vé mit ung dung thuc té, hiéu qua tu dong hoda, va kha nang

mo rong trong hé CIM.
2.3.7 Kétluan chon phwong dn cho cdnh tay robot

Sau khi phan tich chi tiét cac phuong an, phuong an s6 6 (ROBOT 4DOF — RRRT

tich hop bang tai) dugc lya chon 1a phuong an thiét ké t6i wu vi:
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Dap tng tot yéu cau van hanh linh hoat trong khong gian 3 chiéu.

bu chinh x4c va don gian dé ché tao, bao tri va van hanh.

Téi wu hiéu qua san xuat nho két hop vai bang tai ting pham vi hoat dong,

phu hop véi xu huéng san xuat thong minh.
— (€6 kha nang md rong vung lam vi¢c va tu dong hoa hé théng mot cach hiéu
qua.
2.4 Phwong phap va giéi han nghién ciru dé tai:

— Tim hiéu tai liéu tir cic giang vién trong khoa Co Khi, thu vién, internet
va tir nhitng ngudi di trude, cé kinh nghiém trong linh vuc cp phoi tu
diong, canh tay robot va ban xoay cip phoi

— Tim hiéu két cAu may, nguyén 1y hoat dong, hé thong diéu khién, ... dua
ra phuong an tbi wu.

— Dua trén cac may da co trén thi truong tién hanh thiét ké ché tao ban cip

phoi
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CHUONG 3 TINH TOAN THIET KE MAY
3.1 M4y phay CNC
3.1.1 Cdc thong sé ban diu

%S4 liéu ban dau
— Loai may CNC: May phay.
— Vit liéu gia céng: nhom, dong.
— Chiéu sdu cat: 1-10mm.
— Luong chay dao phut: F = 300mm/ph.
— Chiéu cao tdi da cua chi tiét 1a H = 30mm.
— Chiéu dai lam viéc: Sx=250mm, Sy=300mm, S;=300mm.
— Van toc 16n nhit chay khong tai: vi= 0.7 m/ph
—  Van tc 16n nhat khi gia cong c¢6 luc vo2= 0.5 m/ph
— Thoi gian hoat dong: 5-7 ndm, T = 17520 gio.

—  Hé sb ma sat trugt bé mat : n=0.01.

D0 chinh xéc lap: £0.005 mm.

Do léch chuyén dong: £0.02 mm.
3.1.2 Tinh todn xdc dinh cdc thong sé dong hoc
3.1.2.1 Xdc dinh ché dj lam viéc gidi han

e Ché dd cit cuc dai:

- Péxéac dinh so bo cac thong sbv,s,t g161 han dung cong thirc thyc nghiém:

Lnax = 3. \/dmax
Trong d6: C = 0,75 (ddi véi thép)
dmax: 1a duong kinh dao

g tmax == 0,753. \/E = 1,5mm
11
Emin = (E ) Z) bnax
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11
= (=:2)1,5 = (0,75: 0,375
: 4) ( )

— Chon ty, = 0,5

11
Smax = (5;) Cmax

11
— (=: -) 1,5 = (0,5:0,215)
37

— Chon S;.x = 0,25

11
Smin = (— . _) Smax
5 10

11
= (-=: —) 0,25 = (0,05: 0,025)
(5 10)

1% _ Cvmax
—

max —
min min
V.. = Cvmin
min —
max max

Vi ché @6 cat cuc dai, toan bd chi tiét may dugc thiét ké véi tai trong 16n
nhat din dén kich thudc 16n nhét trong lugng ting 1én. Khi dung phai dam bao
dc d6 chinh xac... Do d6 ché do cat nay thuong dung dé tham khao. Ché do cat
thich hop hon 14 ché do cit tinh toan dwa vao quy trinh cong nghé hop 1y gia cong

v6i ning suét cao dya theo cong thirc nguyén 1y cat.

7
0‘0

’ 9
Tinh theo nguyén li cat: V=__&D
T™ (X.SY B%.ZP

%
Trong do:

+ Cy,m,X,y,u,p,q: cac hé s6 mil

+ T: chuky bén cia dao

+ Ky:Heé s6 diéu chinh, x4c dinh : Ky = Kyy. Kyy. Kyy

o Kyylahésd phu thudc vao chét lugng cua vat gia cong

e Kpyylahésd phu thudc vao trang thai cua phoi
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e Kyy lah¢ sé phuthudc vao vat liéu cua dung cu cat

+ Sir dung dao phay ngén bang thép P18 ¢o :
e Duong kinh dao D= 12 mm
e Cit vat liéu nhom
=>Tra bang 4.71 — S6 tay CNCTM tap 1 [13]:
o Chiéu dai phan lam viéc cua dao L =25 mm
o Sbrang cuadaoZ=23
= Chon cac thong so:
e Chiéu sau cat:
+ Phay tho: 2 mm.
+ Phay tinh: 0,5 mm.
e Chiéu rong phay:
+ B=0,6d=0,6.12="72(mm)
e Luong chay dao S:

+ Chon Sz= 0,06 mm/rang
+ Khi d6 tdc do cit duogc xac dinh:

Cyp.DI

+ V=
T t*.SY.BY.ZP

|4

Trong d6: (Tra bang 5.39 — S6 tay CNCTM tap 2)

Bang 3-1: Thong s6 cac hé sb, mi

Gy q X y u p

185,5 0,45 0,3 0,2 0,1 0,1

0,33

v’ Chu ky bén ctia dao: T=45 ph
v KV:KMV- KNV- KUV

750
KMV: Kn. (_)nv , anl,nv:_O’Q’ o= 600 Mpa

Op
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—-0,9
> K =1.("% =082

MV =
Kyy=1, Kyy=0,9

= Kyv= 0,82 x 1 x 0,9 = 0,738

> Thay tit ca vao cong thirc tinh van tdc ta co:
e Téc d6 cit khi phay thd v6i chiéu sdu cdt t =2 mm
185,5. 12045

45033 203 0,06%2, 7,201,301
e Tbc do cat khi phay tinh t=0,5mm

Vineg = .0,738 = 125,05(mm/phut)

185,5. 12045
Vimn = 450,33 0,50,3_ 0’060,2_ 7,20'1_ 301

.0,738 = 156,02(mm/phit)

» Vay ta cd sO vong quay cua dong co:
Vins1000 _ 125,05.1000

e Khiphaytho:n = = = 3317 (vong/phut)
tho d 3,14.12
e Khi phay tinh: n _ V4inp.1000 _ 156,02.1000 _ vong
tinh wd 31412 4138 (m

3.1.2.2  Tinh todn lyc cit khi gia cong

s Luwc cat:
10. Cp.tx.SZy.Bn.Z

EPT Kwmp

P,=

Trong d6: (Tra bang 5.41 — S6 tay CNCTM tap 2 ) [13]

Bang 3-2: Thong sb cac mil hé sd tinh lyc cit

C, X y u q w

68,2 0,86 0,72 1 0,786 0

10.68,2.2086,0,06072.7 21 3

Khi d6: Pz = . 1= 500 (N)

% Cdc thanh phan lwc khi phay:
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Luc chay dao ngang: P,=0,25. P, =0,25.500 = 125 (N)
e Luyc chay dao thang dtmg: P, = 0,95. P, =0,95.500 = 475 (N)
e Luc chay dao huong kinh: Py, =0,35. P,=0,35.500 =175 (N)
e Luc chay dao huong truc: Px=0,52. P,=0,52.500 = 260 (N)
¢ Lwc chay dao:

Xac dinh theo cong thirc thuc nghiém sau:
Q=k. Py +p(P,+2P, +G)
Trong do:

o k=1,4hésd tdng luc ma sat
e 11=0,2 hé s6 ma sat thu gon trén song trugt
e G: trong luong phan dich chuyén
= Q=1,4.260 +0,2.(500 + 2.175+ 200) = 574 (N)
3.1.2.3  Tinh todn lwc kep can thiét
Theo cong thuc (3.13) trang 78, sach “Trang bi cong nghé&” [14]
Ta co:

K. Py,
4. f

W =

Trong do:
f: 12 hé s6 ma sat giita mo kep v6i chi tiét (mo kep nhin f=0,25)

K: hé sb an toan
- Ko: hé s6 an toan chung, chon Ko = 1,5
- Ki:hé sb anh huong do bé mit phoi K =1,2

- Ka: Heé sd ¢6 tinh t6i hién tuong tang luc cit do dao mon (1,2-1,4), chon

K>=13
- Ks: Hé sd anh huong do qua trinh cit gian doan, Kz = 1,2

- Ku: Hé s6 nguon sinh lyc on dinh, K4 = 1

39
SVTH: LE PUC PO GVHD: Trin Minh Sang



Thiét ké hé thong san xuat tich hop tmg dung IoTs trong quéan 1y va ché tao mo hinh( Ban cap phoi)

- Ks: Hé s6 anh huong do vi tri tay quay cua co ciu kep thuén tién, K5 =1
- Ke: Hé s6 tinh dén momen lam 14t phoi, Ke = 1,5

- K=151,21,3.1,2.1.1.1,5 = 4,212

4,212.125

- Wy >W=5265N
3.1.2.4  Tinh todn céng suit dong co truyén dong chinh

e Tréncoso PzvaV da duoc xac dinh tur trude

e Taco, cong suat cat Nc la

__ PzVv _ 500.156,02
1020.60 1020.60

= 1,27 (KW)
o Thong thudng cong suit cat chiém khoang (70% - 85%) cong suat ciia dong

co. Mot cach gan ding, ta c6 cong suat ciia dong co xac dinh nhu sau:

N, =—
d 1

1,27
2 Ny=——=1.5KW)
0,85

3.1.3 Phan tich, lwa chon phwong dn bg chuyén dong
C6 2 phuong an truyén dong chinh 1a dung vit me — dai ¢ va dung bd truyén dai.

3.1.3.1 B¢ truyén djng dai

Hinh 3-1: Bo truyén dai
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e Phin loai

+ Theo tiét dién dai: bao g@)m dai det, dai hinh thang, dai rang lugc, dai tron,
dai rang, dai luc giac.

+ Theo kiéu truyén dong: truyén dong giira hai truc song song cung chiéu,
truyén dong giita hai tryc song song ngugc chiéu, truyén dong giita cac truc
chéo nhau.

e Uu, nhwoc diém ciia by truyén dai:

% Uu diém:
+ Viéc truyén luc ¢6 tinh dan hoi.
+ Chay ém it on, chiu séc.
+ Khong can thiét boi tron.
+ Baéo dudng don gian.

% Nhuoc diém:
+ Bi trugce qua sy gian nd cua day dai.
+ Qua d6 khong co ty 18 truyén chinh xac.
+ Nhiét d trng dung bi gi61 han.

+ Thém tai trong 1én 6 truc do luc cing can thiét cua day dai.
3.1.3.2  Bé truyén vit me dai éc

a) Vit me — dai ¢ thuwong

Hinh 3-2: B6 truyén Vit me- dai 6c
% Uu diém:

+ Gié thanh ré, dé ché tao.
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¢ Nhuoc diém:
+ Ung suat tiép xuc 16n, ma sat 16n, hi¢u suat thap.
+ Kho loai trir dugc khe hé gitra vit me va dai oc.

b) Vit me - dai éc bi:

wgpr”
\,on 0410 m\
\\\\\

1 It

N

/// r &. Ong hoéi bi
/S 4. Vanh chén

\
I

\ s
= 2. Dai 6c bi

Hinh 3-3: B0 truyén vit me- dai ¢ bi

% Uu diém

+ Da co6 san két cau khir khe hé va tao suc cang ban dau nham tang do

cung virng doc truc, ma sat nho, hi¢u suét cao.
+ Thuc hién duogc cac dich chuyén chinh xac cao.
+ Kich thudc nho, chiu duoc luc 1on.
% Nhuoc diém
+ Gi4 thanh cao, kho ché tao.

+ Chong mon.

3.1.3.3. Két ludn
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= Tu viéc phan tich cac uu, nhugc diém cua cac phuong an két hop voi

di€u kién mo6 hinh da c6 & xudng chung em luc chon phuong an: str dung

b truyén vit me — dai ¢ thuong.
3.1.4 Thiét ké két cdu mdy (Péng lwe hoc)
3.1.4.1  Tinh chon vit me-dai éc

a. Tinh chon vit me-dai éc cho truc Z

Hinh 3-4: Thong s6 vit me- dai dc

- Xac dinh dudng kinh trong d; cta ren theo d bén kéo:

4.1,3.F,
= r—
.[oy]
Trong do:
+ Fa: lyc chay dao (luc doc truc) — Fa=Q =500 (N)

[och]
+ 3

+ Chon vat liéu 1a thép 45X 61 cai thién co:
+ [0o ]=650 MPa=> [0y | = [0k ] = % ~213,3 MPa

[ok 1= : d0 bén kéo cua vat liéu

Khi do:

4.1,3.Fa 4.1,3.500

d > V- =4/ -1
1. [0k ] 12133 _ Loemm

= Chon d= 20mm

SVTH: LE PUC PO
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- Chon cac thong s6 bo truyén:

+ Duong kinh bi
d»= (0,08 - 0,15).di= 2,5 mm
+ Budec vit
p=dv+(1-5=4mm
+ Ban kinh ranh 1an
r1=(0,51-0,53).do mm=0,52.2,5=1,3 mm
+ Khoang cach ranh lin dén tam bi:

c=(rl —ﬂ).cos/j = 0,035 mm
2

+ Duong kinh vong tron qua cac tam bi

Dw=20+2(r1 — ¢)= 22,53 mm
+ Puong kinh trong cta dai dc

D1 =Dtb + 2(r1 — ¢)= 25,06 mm
+ Chiéu sdu cua profin ren

h;1=(0,3...0,35).d»b=0,35.2,5= 0,875 mm
+ Puong kinh ngoai cta vit va dai ¢
d=d; +2h;=20+ 1,75 =21,75 mm
D=D; —2h;=25,06—-1,75=23,31 mm

+ Goc vit
_ b | _ — 0
y=actg ( ) =arctg ( ) =3,23
7. Dth m. 22,53
+ S6 bi trén cac vong ren lam viée
7, = nDtb . _ 2253w 1 =27
" b N B

+ Khe hé hudng tam
A=D1 —(2dp + di1 )=25,06 - (5§ +20) = 0,06 mm

+ Khe hé tuong d6i
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x= -4 =0,003 mm
dl

+ Goc ma sat lan thay thé

2ft 2.0,005
Q1= arctgm = arctgm = 0,0405

+ Hiéu suit khi bién chuyén dong quay thanh tinh tién:
n= tgy — tg(3,23°)
tg(y + 1) tg(3,23° + 0,0405%)
+ Hiéu suit khi bién chuyén dong tinh tién thanh quay:
n= ta(r=@1)_tg(3,23°— 0,8405°) =098
tgy tg(3,23°)

= 0,99

+ Momen quay dai 6c:
7 = Fa Do tgly + 1)

2
_500.22,53.tg(3,23° + 0,0405°)
2
= 321,5 Nmm
- Tinh kiém nghiém do bén:
+ Tai trong riéng doc tryc:
Fa 500

(a=

ZbdbZy  27.2,524g(323°) 9,12 Mpa

= Vi tai trong riéng q.= 9,12 va khe hé twong dbi y = 0,003 két hop biéu dd
dudi day:

a) b) c)

72

w T T T T 1T 1
¥ T X0 Y
b - aors

:o'—J
|

Ta c6: [Omax | =2900 Mpa < 5000 Mpa (thoa man)

b. Chon vit me-dai éc cho truc X, Y
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bé di chuyén truc X va Y vit me chi can lyc Fa du 16n Fms cua thanh truot va
dai 6¢ vit me. Dé tién cho viéc ché tao ta chon vit me-dai dc co duong kinh 20mm

budc 4mm.
3.1.4.2  Chon djng co din dong cdc truc

a. Dong co din dpng truc X, Y
- Cong suat dong co budc theo 2 phuong X, Y duge tinh theo luc chay dao Q

- Cong suit dong co chay dao dugc tinh theo cong thirc:

Trong do:
Q: luc chay dao (N)
v: lugng chay dao 16n nhat ma may co thé thuc hién dugc.
Véi mo hinh thiét ké nhom téc gia mong mudn toc do cat ciia may co
thé dat dugc 1a
v =2000 mm/phut = 2 m/phut.
n: hi¢u suét ctia co cAu chay dao, W =wl.w2
nl = 1- hiéu sut khép ndi.

n2 = 0,9 -hiéu suit bo truyén vit me — dai ¢ thuong
=1.0,9=0,9

- Thay s6, ta dugc:

574.2

= " =0,021(kW)
60.1020.0,9

Ndc

- Nhu vay, ta can chon dong co chay dao theo 2 phuong X, Y 1a hai dong co
budc cd cong suét toi thiéu 1a 22 W, chon dong co budc voi cac thong s6 sau:
+ Loai dong co hai pha.
+ Dién ap lam viéc: 12V.

+ Dong dién 16n nhat: 3 A.
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+ S budc trén 1 vong quay: 200 budc/vong (hay 1.8%/budc).
= Khi d6 cong suét ciia dong co thoa yéu cu.
b. Péng co din dpng truc Z

- Dé tinh cong suit cho dong co chay dao theo truc Z, ta tinh trong trudng hop
gia cong 16 dic bang phuong phap khoan, voi ludi khoan c6 duong kinh bang
duong kinh ctia dao phay ngén dung gia cong tho trong truong hop tinh cho
cong suit cta dong co truc chinh.

- Dé tinh cong suét cua dong co chay dao khi khoan, ta tién hanh hanh tinh luc
doc truc Po va mémen xoian M.

- Tinh lyc doc truc Py theo cong thirc trang 21 S6 tay CNCTM tép 1

Po=10.C,.DLSY. K,

Trong do:

S: lugng chay dao khi khoan (mm/vong).
Chon S = 0,3 mm/vong
D: duong kinh miii khoan, Dmax = 12 mm.
Cp, q, y: 1a cac hé s6, Tra bang 5-32
Cp=315 q=1 y=08
K,: hé sb tinh dén cac yéu té gia cong thuc té, trong tredng hop nay
chi phu thudc vao vat liéu gia cong nén:
Kp = Kup. Tra bang 5-10 c6: Kmp = 1.
- Thay cac gia tri trén vao cong thure tinh luc doc truc, ta dugc:
Po=10.31,5.12'.0,3%8, 1= 1443 N
- Suyra:
1443.0,75

- " = 0,02(Kw)
60.1020.0,9

Ndc

- Nhu vay, ta can chon dong co chay dao theo phuong Z 1a dong co budc co
cong suat ti thiéu 1a 20 W, chon dong co bude voi cac thong s sau:

+ Loai dong co hai pha.

SVTH: LE PUC PO GVHD: Trin Minh Sang



Thiét ké hé thong san xuét tich hgp ing dung IoTs trong quéan 1y va ché tao md hinh( Ban cap phoi)

+ Dién ap lam vigc: 12 V.
+ Dong dién 16n nhat: 3 A.
+ SO budce trén 1 vong quay: 200 budc/vong (hay 1.8%/budc).
= Khi d6 cong suét ciia dong co thoa yéu cau.
c¢. Dong co truc chinh
- Nhu da tinh todn & trén, ta chon dong co truc chinh véi cac thong s
+ Tbc do quay: 5000 vong/phut
+ Congsuit: 1,5kW
+ Dién ap: 220V

Hinh 3-5: Dong co truc chinh
3.1.4.3  Cum truc chinh

e Cum truc chinh la noi ga lép dung cu cat va tao ra toc do cat got.
e Nguodn dong lyc diéu khién tryc chinh:
= Truc chinh dugc diéu khién boi cac dong co. Thuong st dung dong co
Servo theo ché do vong lap kin, bﬁng cong ngh¢ s6 dé tao ra toc d6 diéu
khién chinh x4c va hiéu qua cao dudi ché do tai nang.
= Hé thdng diéu khién chinh xac goc giita phan quay va phdn tinh ciia dong
co truc chinh dé ting momen xodn va gia tdc nhanh. Hé théng diéu khién
nay cho phép nguoi sir dung c6 thé tiang toc do cua truc chinh 1én rat
nhanh.
e Céac dang dan dong truc chinh:
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Diéu khién Pai
- Truyén dong tir dong
co to1 truc chinh thong
qua day dai
- Su ket hop tot giita
momen va téc do tao

Dieu khién true tiép
- Uu diém chinh la né
c6 the cai thién dwoc
toc do truc chinh 1én
dén 12000v/p
- Tao ra qua trinh lam

Diéu khién Banh rang
- No co kha nang duy
tri toc do 10000v/p &
ché do tai nang

ra nhiéu su hra chon viéc ém
cho che d6 lam wiéc

cua may.

Hinh 3-6: Céc dang dan dong truc chinh
= Tir viée phan tich cac vu, nhuoc diém cua cac phuong an két hop véi didu

kién mo hinh di c6 & xuwdng chung em luc chon phwong 4n diéu khién Dai

3.1.4.4  Cum din huéng

e Cum din huéng bao gdm bo vit me — dai ¢ bi da tinh toan nhu trén két hop
hé thdng thanh truot.

e H¢ théng thanh truot dan hudng c6 nhi¢m vy dan hudng cho cac chuyén dong
ctia ban theo X, Y va chuyén dong 1én xudng theo truc Z ciia tryc chinh.

e Yéu cau cua hé théng thanh trugt truot phai thflng, c6 kha nang tai cao, do
ctng virng tot, khéng c6 hién twong dinh, tron khi truot.

e Céac loai thanh dan huéng:

— Thanh truot tron
+ Pam bao vi tri cia dau may khi truot 1én, xudng.

+ Thong dung, dé kiém.
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+ D& théo lap, két cau don gian, trong d6i chic chan.

+ @Giathanh ré.

Hinh 3-7: Thanh truot tron

— Thanh trugt vuong
+ Thiét bi van chuyén tdc dd cao.
+ D& théo lap, chic chén.
+ C6 d0 chinh xac cao.
+

Gi4 thanh twong dbi cao.

Hinh 3-8: Thanh trugt vudng

= Két ludn:

Duya vao di€u kién két hop voi mo hinh tai xuong trong dé tai nay nhém s

dung co cdu dan hudng thanh truot vudng.
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3.1.4.5 Mgt sé chi tiét khdc
a. Cong tic hanh trinh
Cong tic hanh trinh gitip may dirng lai khi virgt qué gidi han 1am viéc. Chong

xay ra va dap lam hu héng may.

Hinh 3-9: Cong tac hanh trinh c6 banh xe
b. O bi dé truc
Chting nang chinh cta 6 bi 1 d truc vit me. Gitp giam ma sat giita tryc va

bo phan c¢b dinh, gitp truc quay tron tru

Hinh 3-10: G6i bi d& truc

¢. Quat tu dién

Quat ti dién c6 chirc ning 1am mat cac thiét bi bén trong ti1, gitip ngin ngira
tinh trang qua nhiét, tir d6 bao v¢ cac linh kién dién va dam bao h¢ théng hoat
dong 6n dinh. Ngoai ra, quat con giup ting hiéu qua tan nhiét trong khong gian

kin, han ché hu hong do nhiét va kéo dai tudi tho cho thiét bi dién bén trong tu.
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Hinh 3-11: Quat tan nhiét
d. Bom thuy lyc khi nén Enerpac PAI35

Bom thuy luc khi nén Enerpac PA135 1a mot thiét bi bom thuy luc hi¢u suét
cao, dugc thiét ké dé cung cip ngudn ning luong cho cac dung cu thity luc don

tac (single-acting) trong cac ung dung cong nghiép.

Hinh 3-12: Bom thuy lyc khi nén

3.2 Canh tay Robot:
3.2.1 Tinh todan dpng hoc (Bai todn dong hoc thudn va nghich)

a. Baitodn dong hoc thudn

Khép | Loai chuyén dong | Truc xoay | Ky hidu goc

Base | Xoay Truc Z 01
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Khép | Loai chuyén dong | Truc xoay | Ky hiéu goc
Vai Xoay TrucY 02
Khuyu | Xoay TrucY 03
Cb tay | Xoay Truc Z 04

Ta co:

e [1: chiéu cao tu dé to1 vai

o L: chiéu dai canh tay trén

e Ls3: chiéu dai cang tay

e [L4: chi€u dai co tay

% Cho trudc cac goc khop 64, 65,03,0,4 va chiéu dai cac doan Ly, Ly, L3, Ly, ta

can tinh: Vi tri ciia dau cong cu (end effector): (x, v, z)

Thiét 1ap hé phuong trinh dong hoc cuia robot

Chon hé toa d0 co sd, gan cac hé toa do trung gian 1én cac khau

¥ x

Hinh 3.1 Pat hé toa d0 cho cac khau

% Lap bang thong s6 DH

Bang 3-3: Bang thong s6 DH

DI

16i|di|ai| ai
1{61]L1|0 | =90
216210 | L2 0
3|63 L3 0
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10i|di|ai| ai
41604|0 | La 0
% Ma trin tong quat
> Tu cong thire tong quat T;:
C0Sg, — SiNng,C0Sy, SingSing acoSy,
[singi C0Sg,C0Sq, — COSp,SiNg, ClSiTlgl.]
0 Sing COS, d;
0 0 0 1
» Tacocacmatran T; (i=1-5)
e Khaul
cosb1 0 —sinf1 O
T — sinf1 0 cosf1 O
o =1 0 -1 0 L1]
0 0 0 1
e Khau?2
cosfz2 —sinf2 0 L2cosB:
T2 — [sinHZ cos6, O Lzsinez]
1 0 0 1 0
0 0 0 1
e Khau3
cosf3z —sinf3 0 L3cosB3
T3 — [sin93 cosf3 0 L3sin93]
2 0 0 1 0
0 0 0 1
e Khau4
cosfs+ —sinfs+ 0 LscosOs
T4 — [sin94 cosfs+ O L4sin94]
3 0 0 1 0
0 0 0 1

= Toa do diém cubi (x, y, z) ciia dau tay robot

x = cosb - [LycosO; + Licos(0; + 03) + Lacos(6; + 63)]

SVTH: LE PUC PO
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y = sinf1 - [L2cosO2 + L3cos(62 + 03) + Lacos(62 + 03)]
z = L1 + L2sin@2 + L3sin(62 + 63) + Lasin(02 + 63)

b. Bai toan dong hoc nghich
Theo bai toan dong hoc thuén ta c6 vi tri toan d§ di€m cuoi (x,y,z)

= Tir d6 ta di tim cac goc 01, 02, 03, (tuy chon 8, néu hudng yéu cau)

- Tinh 61:
Robot xoay quanh truc Z dé hudng dau cong cu vao diung vi tri x, y:

61 = arctan(y/x)
- Chiéu xudéng mit phang XOZ dé giai tam giac phang:

e Tatim vi tri ctia ddu cong cu trong mit phang xoay ctia khdp vai va khuyu
(mat phang chira Z va ban kinh r):
+ Bén kinh chiéu xudng mit phang XY (tir tam robot dén vi tri can t6i):
r=vVx2+y?
+ Chiéu cao thuc té can dat:
zZ =z—1
Goi:
D=Vr2+z21a d6 dai tir vai dén diém can dén (khong tinh dé va co tay)
Chiéu dai canh tay: @ = L2, b = L3 + L4
- Kiém tra tinh kha thi:
e Robot c6 thé cham téi diém mong mudn néu:

D<a+b va D=|a—b|

e Néu khong, diém khong nam trong khong gian lam viéc ctia robot.
- Tinh 65, 83 theo dinh ly cosine
e Dung dinh ly cosine:

a?+ b2 — D2
2ab

cos(63) =
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a? + b% — D2
03 =m — cos™17 2ab )

e Tinh gbc tai khdp vai 02

Goc gitra doan a va duong thang ndi vai dén di€m can dén la:

14

a =tan—1 (i)

r
a2+D2—b2)
— A
B = cos™1¢( 2aD
»=a+f

e Tinh 84 (tuy chon)

04 = egoal - (92 + 03)
3.2.2 Két ciu hé mdy

a. Mo hinh dén dpng va ty sé truyén
% Bac 1 — Khdp co s6: Xoay quanh truc Z
e Loai chuyén dong: Quay quanh truc thang dting Z
e Truyén dong: Pong co budc gan véi bo truyén dong da

e Chtrc ning: Quay trai/phai toan bo tay may dé thay d6i hudng tiép can vat
thé

Hinh 3-13: B¢ truyén dai

o Ty sbtruyén dé xuat: i=1:5

% Bac 2 — Khdp vai: Xoay quanh truc Y

e Loai chuyén dong: Quay quanh truc ngang Y (nang/ha phan tay trén)
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e Truyén dong: Dong co budc + hop sd hanh tinh va canh tay c6 thé dai nén
can ty s6 cao dé ting moé-men vi phai chdng lai trong luong toan bo phan
trén ctia robot (canh tay dudi + co tay + tay gip)

e Ty sdtruyén: i=1:50

< Bac 3 — Khép khuyu: Gap hoic dudi tay

e Loai chuyén dong: Quay quanh truc Y (gip hodc vuon tay)

e Truyén dong: Pong co budc + hop sb hanh tinh gin véi co cau thanh truyén

e Chtec ning: Thay dbi chiéu dai hoat dong cua tay (dwa xa hoidc kéo gan)

o Ty sb truyén dé xuat: i = 1:50

< Bac 4 — Khép co tay: Xoay ban tay quanh truc Z

e Loai chuyén dong: Xoay quanh truc Z (xoay dau tay robot)

e Truyén dong: Servo motor

o Tysdtruyén:i=1:10

e Chuc nang: Diéu chinh hudng gap cho chinh xac, linh hoat khi xoay vit.

b. Chon tay kep

Hinh 3-14: Tay gap
Thiét ké tay kep bang bd truyén banh ring thanh ring, tay kep ndy c6 uu

diém 1a don gian, dé ché tao.

57
SVTH: LE PUC PO GVHD: Trin Minh Sang



Thiét ké hé thong san xuat tich hop tmg dung IoTs trong quéan 1y va ché tao mo hinh( Ban cap phoi)

Tay kep nay thich hop dé kep vat c6 nhiéu hinh dang khac nhau kich thuéc

10cm, khéi lugng 0,5kg. Luc kep trong toi da 40N. Khoi luong tay kep 1a 250g.

c¢. Nguyén tic chung tinh chon hé dén dpng

Thiét ké chi tiét timg khau, khop tir khép trén cuing xudng khép thap nhat

Thiét ké chi tiét hé dan dong va két ciu cho tirng khau, khép theo cac budce sau:

- Chon vi tri nguy hiém nhat, lyc ma sat trén 6 truc sinh ra 16n nhat va momen

sinh ra do trong luong ctia khau tiép theo 13 16n nhit. Thong thuong 13 vi tri

canh tay ndm ngang.

- V&0 do phan bo lyc va tinh dugc momen sinh ra trén truc.

- Chon dong co budc theo momen lam viéce, tde do, do phan giai, kich thudce

canh tay...

- Phéan phoi lai ti s6 truyén néu can.

- Chon loai day dai

- Thiét ké chi tiét trén phan mém SolidWork va chon chiéu dai dai, thanh

truyén, gan vat liéu tinh khdi luong cua khau chira tryc khép.

d. Thiét ké chi tiét khiu 1

Viéc lyra chon thiét ké dién hinh truc khau 1 vi khi canh tay hoat dong, bo

truyén va dong co truc 1 chiu tai 1én nhat

e. Phan tich luc do trong truong tic dung lén truc

Bang 3-4: Khéi luong so bd cac chi tiét tinh bang phan mém Solicworks

STT Tén chi tiét Vat liéu Khoi Chu thich
lugng(g)

1 Tay kep Nhua 250

2 Vo khau 2 Thép 400

3 Vo khau 3 Thép 410

4 Dé robot Thép 450 Gan toan bo hé co

khi
5 Pong co budc Kim loai + 280 Quay toan bg tay
Khéu 1 day dong quanh truc Z
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6 Bo truyén dai (2 | Nhom + cao 60 Gan ¢ khau 1 (co
pulley + day dai) su s0O)
7 Dong co budce Kim loai + 280 Gan phia trén truc
khau 2 day dong quay co s&
8 Co cau thanh Thép 200 | Nangkhép vai lén
truyén ¢ khau 2 xudng
9 Co céu thanh Thép 400 Két ndi dén cb tay
truyén ctia khau 3
10 Khép noi Thép 160 | Khép ndi gitra cac
khop
11 Servo co tay Nhya 40 Diéu khién xoay cd
tay
12 Servo gap Nhura 40 Diéu khién
mo/dong gap
13 Day dién, oc vit, 100 Tong hop cac linh
gia do phuy trg kién nho

Khéi lwong khau 2: mz = 1530 g
Khéi lwong khau 3: ms=1133 g
Khéi luong khau 4: ma =41g

Khéi lugng khau 5, tay kep: ms = 301g
Tinh m6 men tinh tac dung 1én truc 2:

Chon vi tri nguy hiém nhét chinh 13 khi cac khau 2, 3, 4, 5 dudi thang & vi tri

nam ngang, lic ndy momen tinh do trong truong gay ra 1a 16n nhat:
Trong do:

P, latrong luong vatnang P, =1,9.8=9,8 N
P,, P3, P4, Ps la trong luong cua cac khau 2, 3, 4, 5.

Py =myg=1,53.9,8 =14,994 N

P3;=m3g=1,133.9,8=11,103 N
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Py=myg=0,041.9,8=0,401 N
Ps =msg=0,301.9,8§ =2,95 N

f- Tinh chon dong co

Téng moémen tinh do trong lyc gay ra trén truc O2:
M = P0.0,175 + P1.0,5 + P2.0,66 + P3.0,8 + P4.0,84 = 19,03 Nm

Ngoai ra khi 1am viéc tir trang thai ban du 1a dung yén, luc quan tinh sinh ra két
hop Vi tai trong tinh s& gy ra luc can 16n nhét dat 1én truc khép 2. O day ta bo

qua ma sat, trong luong day dai.

Tinh m6 men can do quén tinh cta cic bd phan chuyén dong: Pé don gian trong
viéc tinh toan ta xem cac khau 1a cac thanh thang va vat ning 1a chat diém trong

qua trinh tinh mé men quén tinh.
M6 men quan tinh khau 2 d6i véi truc 02:
L =m2l*/3=1,5.0,352/3 = 0,062 Nm?.

M6 men quan tinh cua khau 3 ddi voi truc 02, ap dung dinh 1i ddi truc (Steiner -

Huygens):
I = msls*/12 + msd? = 1,133.0,32%/12 + 1,133.0,522 = 0,292 Nm?.
Tinh twong tu cho khau 4 va 5 ta c6:
[+=0,018 Nm? [s= 0,071 Nm?
Mo men quan tinh ctia vat nang la:
I, =m,L?=0,5.0,84>= 0,42 Nm>
Véi yéu cau cong do ting tdc tir 0 1én 600v/ph trong 1s, ta tinh duogc gia tde goc
yéu cau la:
god = 600.27/(60.1.180) = 0,174 rad/s*.

M6 men sinh ra do quan tinh:

Modt = (Iz +LE+L+1Is+ In).Sod
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=(0,062 + 0,292 + 0,018 + 0,071 + 0,42).0,174 = 0,15 Nm.
M6 men can trén truc 2:
Mc2 =M: + Modt = 19,03 + 0,15 = 19,18 Nm.
Suy ra md men can trén tryc ra ctia dong co:
M.cyc =19180/60 = 319,67 mm.
Chon dong co budc cua hang PACIFIC SCIENTIFIC nhu sau:

Bang 3-5: Bang thong sé dong co budc

| & Teaque Phase
Retad currests are m A Rated Inductince
gescanding wries - 5 r Cutrent!  Phase A Thermal Roter
Motar : ‘i (2phases on) Phase Resistance Detert  Resistanco  berta
Mode Number [\ % g 2 oxinfm) A fohms) (o] Togee £ S’ Weight
I $0%  (ampsDC) +%0%  Typical ozdn(Nm) (Thwatt) (xgmx 109 s {kg)
STANDARD
Ha2 Series HZNXHCDOLX0L0 - T 021 07
Trotrstack LXK W 32 B 28
HZINXEC 00000 . W7 (0.75) 45 0% 07

oy s 0003 21
. Y4 ~ 511 \ 5 o ~?)- Iy ' &
HZZNOL TAXX-XX-00 155(108) 2 12 51 00 002 0%
PR S _— "

Goc quay: 1.8'

Hiéu dién thé dinh mirc: 1,2V
Cuong d6 dong dién dinh mtrc: 2,5A
Momen dong co: 1090 Nmm

g. Thiét ké b truyén
% B0 truyén banh dai
Str dung modun geartrax cta Solidwork dé thiét ké banh dai, tao banh dai trong

moi truong solidwork.
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;.- - Ity - - - .
RS - PEOR G T POV . S, —
[y - et e o

At &

§
)
{

How s

Hinh 3-15: Thiét ké bo truyén dai

Tinh toan chiéu dai day dai :

Hinh 3-16: Céu tric bo truyén dai
Tinh chiéu dai day dai duoc x4c dinh theo cong thirc:

m(dy +dy) N (dy — dy)?

L=2a+
2 4q

(3-1)
Trong do:

e  L:Chiéu dai day curoa.

e a: Khoang cach tam cua 2 puly.

e  di«: Duong kinh cua Puly 1.
e  d:: Duong kinh cua Puly 2.

Kich thuéc day dai tinh toan dugc la mm, ta suy ra kich thudc day dai h¢ inch
bang cong thirc:
L(mm)
25,4
Dua vao cong thirc (3-1) va (3-2), ta chon:

L(inch) = (3-2)
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o Chiéu dai  khau 3 theo thiét ké trén SolidWorks 1a 726 = 28,6 inch. Chon
day dai c6 ma hiéu 1a 288XL.
o Chiéu dai day dai ¢ khau 2 theo thiét ké trén SolidWorks 14 900 = 35,4
inch. Chon day dai c6 ma hi¢u la 355XL.
% B0 truyén thanh truyén (Tay quay-Thanh truyén)

Hinh 3-17: B truyén tay quay con truot

Co céu tay quay

1. Tay quay
2. Thanh truyén
3. Khung dé

A, B, C, D Khép quay

Chon:
e [,=150mm
e [,=200mm

e Goc quay dong co budc 6: = 100°
e Goc gitra thanh 1 va thanh 2 (goc khép) 02 = 120°
Tinh toa d diém A — dau ni 2 thanh

Cong thuc:
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X4 = Lq - cos(6)
ya =Ly - sin(6,)

Chuyén tir d6 sang radian:

x4 = 150 - cos(100°) = 150 - (—0.1736) = —26.04 mm
¥4 = 150 -sin(100°) = 150 - 0.9848 =~ 147.72 mm

= Toa d6 diém A: (-26.04 mm, 147.72 mm)

Tinh toa d6 diém P — dau cudi thanh 2

Thanh 2 tao gbc 120° v6i thanh 1 — Téng goc 1a:
Op =601+ 60, =100° + 120° = 220° = 3.8397 rad

Xp = x4 + Ly - cos(6p)
Yp =Ya+ Ly -sin(6p)

Xp

Qo

yp

Q

—26.04 + 200 - cos(220°)
—26.04 + 200 - (—0.7660)
—26.04 — 153.2 = —179.24 mm
147.72 + 200 - sin(220°)
147.72 + 200 - (—0.6428)

~ 147.72 — 128.56 = 19.16 mm
> Toa @) diém P: (-179.24 mm, 19.16 mm)

Két luan:

Piém

Toa do (x,y)

O (Gbce)

(0 mm, 0 mm)

A (ni 2 thanh)

(-26.04 mm, 147.72 mm)

P (d4u cubi)

(-179.24 mm, 19.16 mm)
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So dé bd truyén thanh truyén (géc quay 100°, géc khap 120°)

= Thanh 1 1
150}

y (M
Ut

=175 -150 -125 -100 -75 -50 =25 0

Hinh 3-18: So dd b truyén
3.3 Ban xoay cap phoi

3.3.1 Nguyén ly hoat dong

A [ O o [ m
' -
~ mam xoay
Céng tac hanh frinh
x khép nbi
|
S } 33ng co buoc

Hinh 3-19: Nguyén li hoat dong ctia ban cip phoi
Nguyén Iy hoat dong ctia ban xoay cip chuyén phoi:
— May tinh yéu ciu gia cong phdi & vi tri mau dé hoac xanh
— Ban xoay bat dau quay, cham vao cong tic hanh trinh thi dimg lai tam thoi
dé kiém tra dung loai phoi hay chwa, néu dung thi dimg lai hin, khong ding

thi tiép tuc quay dé kiém tra
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—  Sau khi phéi duoc 14y di ban xoay dimg lai hin va chd tin hiéu tiép theo

Phoi gia cong

C6 2 loai phoi thép hinh hop:

Bang 3-6: Thong s6 phoi

Vat liéu Thép C45
Khéi luong riéng(kg/m? 7850
Do bén kéo(Mpa) 570-690
Kich thudc phéi(mm) 50X60X30 50X70X30
Trong luong(KG) 0.71 0.82
El 8
o | | 28
70 [ [ e0 | v

Hinh 3-20: Thong s6 phoi
3.3.2 Phwong dn chon djng co, diéu khién va co khi
3.3.2.1 Phwong an chon dong co
» Dong co budc

- Step Motor

Hinh 3-21: Bdng co bude
Dic diém chinh: Chuyén dong theo budc roi rac. Khong can cam bién vi tri trong hau

hét tng dung.
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Uu diém noi bat:
— Piéu khién vi tri chinh xAc.
— Giaré.
— D@ diéu khién.
Nhuoc diém:
— Mb-men giam khi ting toc do

— (C6 thé bi truot budce néu tai 16n

Ung dung:

— May in 3D, may khéc laser mini: Di chuyén dau in tig budc chinh xac

— Bing tai phan loai san pham: Xoay ban xoay hodc day san pham theo ting vj tri
c6 dinh

— Thiétbiy té (bom tiém tuy dong): Kiém soét chinh xac lwong thube qua timg
budce

— Canh tay robot gip linh kién: Piéu khién timg truc theo budc cb dinh

» Dong co servo

G
~—— .

Hinh 3-22: Bong co Servo
Dic diém chinh: C6 encoder hoi tiép vi tri. Diéu khién chinh xac vj tri, toc d6 va mo-
men
Uu diém noi bat:
— DO chinh xac cao

— Tbc d6 phan hdi nhanh
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— Luc kéo manh

Ung dung:
— May CNC: Diéu khién truc X/Y/Z véi d6 chinh xac micron
— Robot cong nghiép: Servo giup diéu khién goc tay gip va toc do di chuyén
chinh xac
— May déng géi toc d6 cao: Diéu chinh vi tri dao cat theo chiéu dai bao bi
— Hé thbng AGV (xe tu hanh): Diéu khién géc quay banh xe va toc do van hanh
» DPong co kich tir song song

Hinh 3-23:Ddng co kich tir song song
Pic diém chinh: Rotor va cudn kich tir mac song song. Tbc d6 6n dinh, d& diéu chinh
bang dién 4p.

Uu diém ndi bat:

— Tbc d6 hau nhu khong d6i dudi tai

— Diéu khién don gian

Nhuoc diém:

— Cong kénh

— Bao tri cao

— Hiéu suit thip

— Khéng phi hop cho diéu khién vj tri

Ung dung:

— St dung trong may can: Can téc do 6n dinh khi thay ddi tai trong cudn vat li¢u
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— Quat cong nghiép: Dé diéu chinh toc do quat trong hé théng thong gio
> Pong co tuyén tinh

Hop két néi

Tam nam cham (stator)
Con truot

au be ma hoa tuyen
inh

Thang do bg ma

hoa tuyén tinh

Hinh 3-24: Pong co tuyén tinh

Tém bio vé

Pic diém chinh: Tao chuyén dong thing truc tiép, khong cin co ciu quay-truyén dong.
Uu diém noi bat:
— Phan hdi nhanh
— Khéng c6 ma sat truyén dong
— Chinh xd4c cao
Nhuoc diém:
— Giacao
— Diéu khién phtrc tap
— Yéu cau gia cong chinh xac
Ung dung:
— May CNC siéu chinh x4c (micron): Truyén dong truc khong qua co cdu vit-me,
giam rung va sai so.
— Hé thong bang tai tc do cuc cao: Truyén tai thang, khong dung day dai hay
banh rang
— Robot pick-and-place téc d6 cao: Di chuyén dau gip 1én xudng nhanh chéng
trong vai phan nghin gidy

— Hé théng tir truong MAGLEV: Duing dé nang va diéu khién tau khong ma sat
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3.3.2.2  Phwong din diéu khién

» St dung relay

Hinh 3-25: Cac loai relay

Uu diém:
— Cau hinh don gian, dé hiéu
— Gia thanh ré, khong can 1ap trinh
— Phu hop véi hé théng logic ON/OFF don gian
Nhuoc diém:
— Khong lap trinh dugc thuat toan phirc tap (vi du: do tim, 1ap vong, dém so 1an
X0ay...)
— Kich thudce 16n, khé mé rong
—  Toc dd phan hdi cham, d6 bén gidi han khi dong cit lién tuc
— Khong thé két ndi cam bién phirc tap hodc giao tiép ngoai vi (serial, 12C,..)
Két luan: Phu hop v6i mo hinh rat don gian, khong can xu 1y tin hiéu phuc tap, chi
dung nut nhén, ro le, cam bién ON/OFF.
Ung dung:
— Hé¢ théng co dién don gidn (chi ON/OFF): dong m¢é den, dong co, van di¢n tir
— Day chuyén ban ty dong: hé thong bing tai khoi dong tuan tw, may ép nhya doi
cl
— Piéu khién cac dong co nho khong can doi hudng, dém, hoic xir Iy logic phirc

tap
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Vi du cong nghiép:
— Hé théng dong goi don gian: khi cam bién phat hién hop — relay kich motor
dung
— Tu dién chiéu sang duong phd
— May san xuat truyén thong khong 1ap trinh
» Sur dung bd kha 1ap trinh PLC

Hinh 3-26: PLC Siemens S7 1200 DC/DC/DC
Uu diém:
— Pobén cong nghiép cao, hoat dong on dinh trong moi truong bui, am, rung
— €6 kha nang xir Iy logic, dém, timer, so sanh
—  C6 module mé rong I/0, giao tiép mang cong nghiép (Modbus, Profibus, ...)
— D@ dang tich hop véi HMI, hé théng SCADA
Nhuoc diém:
— Gia thanh cao hon so véi Arduino/ESP (PLC S7-1200, Delta DVP, ...)
— Lap trinh can kién thirc chuyén mén (TIA Portal, Ladder, STL, ...)
— Han ché két ndi cam bién thong minh (color sensor, encoder nhd...) trir khi
dung module m¢ rong
Két luén: Ly tuéng cho hé théng cong nghi¢p thuc té, yéu cau do tin cay cao, co kha
ning mo rong, bao tri, tich hop d& dang vai hé thong nha may.
Ung dung:

— Day chuyén san xuat tu dong: dong goi, chiét rot, cap liéu, robot cong nghiép
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— Piéu khién may CNC, mdy tién, may phay tu dong
— Hé thong cap phéi, phan loai, lip rap
— Giam sat va diéu khién tir xa thong qua SCADA, HMI
Vi du cong nghiép:
— Day chuyén déng goéi nudc khoang tu dong (cap chai — rot — dong nap — dan
tem)
— Day chuyén bing tai phan loai san pham theo mauw/khéi lugng
— Diéu khién hé thong khi nén, thuy luc trong nha may
» St dung arduino/esp 32

Hinh 3-27: Arduino

Uu diém:

— Giare, dé tim, hd trg nhiéu thu vién 1ap trinh

- Dé 18p trinh thuat todn phirc tap (do mau, dém vij tri, phan hoi cam bién)

— Dé két nbi véi cam bién thong minh: cam bién mau TCS3200, cam bién khoang
cach, encoder, ...

— ESP32 hd trg Wi-Fi, Bluetooth, c6 thé giam sat tir xa

Nhuoc diém:

— Khong bén voi méi trudng cong nghiép (bi nhidu, hong do byi/am)

Khong hd tro tryc tiép tin hiéu 24VDC (phai dung mach dém)

— Khoéng c6 chuan cong nghiép (chong nhieu, chiu nhiét, bao vé ngan mach...)

Kho tich hop vao day chuyén san cé trong nha may 16n
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Két luan: Phi hop v6i mé hinh mau, hé théng R&D, tmg dung hoc tap hodc doanh
nghiép vira va nho, noi can chi phi thap, linh hoat thuat toan, va khong yéu cau do bén
cong nghi¢p qua cao.

Ung dung:

— Hé théng thir nghiém, nghién ctru, R&D

May tu dong don gian: cip phoi, chon mau, in 3D, may khic laser mini

Tu dong hoa trong quy mo nho (cong ty SME, startup)

Hé¢ théng [oT cong nghiép nhe: gidm sat nhiét do, do am, phat hién 161, canh

bao
Vi du cong nghiép:
— May cip phdi tw dong cho may CNC nho (gidng d6 an cta ban)

Hé théng do va canh bao chat lugng méi trudng trong nha may

— May rira linh kién dién tir ty dong dung cam bién siéu am

— Tram giam sat IoT: dung ESP32 thu thap dit liéu tir cam bién giri vé server qua
Wi-Fi

3.3.2.3  Phwong dn co khi

» Khung
Yéu cau k¥ thuat ciia khung ban xoay
—  Pam bao d6 clg vitng, khong bi bién dang khi ban xoay van hanh
— Chiu duoc tai trong nhe dén trung binh (tai vat phdm + mémen quay)
— K&t ciu phai gon, dé gia cong, dé thao lip va bao tri

— Tuong thich véi cac thiét bi khac nhu motor, cam bién, 6 tryc...

Uu diém cua thép hop

— D06 cling va d6 bén cao: thép hop (vudng hoic chir nhat) co két cau kin nén chiu
dugc momen xoan va tai trong tot hon thép thanh.

— Chdng cong vénh va rung lac khi motor budc hoat dong (tranh mat budc).

— Gia cong dé dang: cit, han, khoan 15 d& dang bang dung cu thong thudng.

— Kha ning lap ghép linh hoat v&i bulong hodc han.
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— Chi phi hop ly: ré hon so v6i nhdm dinh hinh cong nghi€p hodc thép dac.

— €6 sin tai thi trudng, d& mua, phu hop san xuét sd lvong nhd/lap rap thi cong.

Bang 3.1 Bang so sanh cac phuong an lam khung

Vat lidu Uu diém Nhuoc diem
Thép hop Bén, dé han, chiu lyc tt, | Ning hon nhom, dé gi set
ré néu khong son bao vé

Nhém dinh hinh Nhe tham my, dé théo lip, | Gia cao, yéu cau phu kién
chuyén dung

Inox Chéng gi tot, bén Rét dat, kho gia cong néu
khong c6 dung cu chuyén
dung

Go Ré, dé 1am mau Khong bén, dé cong,

khong phu hop moi truong

cong nghi¢p

Tinh tmg dung va thyc tién:

— Trong thuc té, nhiéu co s& ché tao may tu dong nhé va SME (doanh nghiép vira

va nho) thuong sir dung thép hop dé tiét kiém chi phi ma van dam bao két cdu

cung virng.

— Phu hop véi mé hinh thir nghiém, san xuat nho nhu ban xoay cap phdi cho may

phay CNC.

Bién phap bao vé va hoan thién

— Sau khi gia cong, son chéng gi hoic son tinh dién dé dam bao tudi tho va tinh

tham my

— €6 thé gin dé cao su chdng rung hodc dit trén bé cach ly dao dong

Két luan:

— Thép hop 1a Iya chon hop 1y cho khung ban xoay cap phdi vi dam bao cac yéu

cau k¥ thuat, chi phi thap, dé gia cong va phii hgp v6i mo hinh ing dung thuyc té

cua doanh nghiép vira va nhé.
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> Co céu truyén dong
— Phuong 4n 1: Truyén dong truc tiép bang dong co thong qua khép ndi

— Phuong 4n 2: Truyén dong bang dong co str dung hop giam tdc truc vit banh vit
3.3.3 Kétludn cdc phwong dn

1, St dung phuong an ban xoay phéi truyén dong truc tiép bang déng co: c6 do chinh
xéc cao hon, it rung lic khi xoay, chio phi vira phai.
2, Str dung dong co budc dé truyén dong:
Yéu cau:
— Tai trong nhe dén trung binh
— Chuyén dong ngit quing — quay theo goc ¢b dinh (thudng 14 60°/90°)
— Khong can phan hi vi tri lién tuc

— Yéu cau d6 chinh x4c vira phai (~£1.8°)

Li do:

— Piéu khién vi tri chinh xac theo tig budc: Vi goc bude tiéu chuan 1.8° (200
budc/vong) hodc vi bude 1én dén 1/16 — rat d& kiém soat goc quay chinh xéac
cua ban xoay.

— Chi phi thap — pht hop doanh nghiép vira va nho: So véi servo hoic dong co
tuyén tinh, stepper c6 chi phi thap hon 2-3 1an, d& bao tri, d& thay thé — phu
hop trién khai thyuc té cho doanh nghiép.

— D@ diéu khién va tich hop véi hé théng Arduino hodc PLC: C6 thé diéu khién
dé dang bang Arduino, ESP32 hoic PLC S7-1200 sir dung xung PTO hoic thu
vién ma ngudn mo.

— Khong can cam bién vj tri trong Gmg dung ngit quing: Vi chuyén dong dinh vi
theo vi tri lap lai ¢b dinh (60°), néu khéi tao dung tai goc 0°, ¢ thé diéu khién
ma khong can encoder — giam chi phi va don gian hoa hé thong.

— Dap tmg du lyc va téc do cho ban xoay nho: Véi tai nhe (trong lugng vat pham
nho, tbc do quay dudi 60 rpm), stepper c6 thé cung cip da md-men dé quay ban

mot cach on dinh.
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3, Sir dung phuong an diéu khién bang arduino/esp 32 c6 chi phi thap, tinh linh hoat

cao, két noi diéu khién tir xa, két noi dugc cac cam bién khong ti€u chuan, co thé khac

phuc cac nhuoc diém nhu nhidu, moi trudng 1am viéc khong khic nghiét, thoi gian nghi

phu hop.

4, Str dung thép hop dé 1am khung, nhya PE dé lam mam xoay, dé ga dat phoi vi tai

trong, chi phi ré, du cting viing.
3.3.4 Co khiva truyén dpng ciia ban xoay chuyén cap phoi
3.3.4.1 Tinh chon dong co

Ta co:
e Ning suit 30 sp/gid
e Thoi gian nghi 100s mdi chu ky

Thoi gian ban xoay van hanh trong 1 gio
tyn = 3600 — (100 x 30) = 600s = 10(phnt)

Vi ban xoay 6 vi tri (2 loai phoi) nén ta c¢6 s6 vong quay 1 gid la:
P 30

Chu vi ctia ban xoay
C =nD = 0.4(m)
Chiéu dai quay trong 1 gio:
Sih =N XC =5%0,41 = 6,28(m)

Van toc dai cua ban xoay:

Dy, 6,28
v = = ~ 0,01(m/s)

ton 600
Xac dinh sé vong quay 1am viéc (s6 vong quay tai truc) la:

v.1000 0.01.1000 8(vong /ph)
= = ~ 8(vong/p
M m.D 0,4m g

Gia toc goc tai tAm:

ﬂ = 9 = v = 0,01 =~ S(Tad/sz)

t Rt 02x10-2

» Moment quan tinh tai truc
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Ta c6: dua vao bang 2-1 [15] ta tinh dugc moment quan tinh cua ban xoay
Tir thé tich va khédi luong riéng cua vat liéu thép (7850kg/m3)
Khéi luong riéng cua nhua PE (950kg/m3)
Khéi lwong cua ban xoay:

Mbxoay = Prhwa X Vixoay = 950 X 0,001256 = 1,19 (kg)
Khdi luong cua tryc:

Merue = Pehép X Virge = 7850 X 3,39 X 105 = 0,266 (kg)
Khéi luong cia 6 phoi:

Mphoi = Pehép X Vproi = 7850 X 0.00027 + 950 x 0.000315 ~ 4,59(kg)

Moment quan tinh cta ban:
I 1 2 1 2 2

ban = 5 X Mpan X Than  ~ 5 X119x02 =0,024 kg.m

Moment quan tinh cua tryc:

1

1
lime = T3 X Merge X le = 5 X 0,266 X 0.032 = 2 x 10-5(kg.m?)

Moment quan tinh ctia phoi:
Iphﬁi = Mppoi X T'phﬁiz = 4,59 x 0.22 = 0,1836(kgm2)
Moment quan tinh tong:
221 =Ipan + lrye + Ipnoi = 0.024 + 0.1836 + 2 X 10—> = 0.21 (kg. m?)
Moment luec tai truc:
M=ILF=021%x5=1Nm=1000Nmm

> Cong suat dong co can thiét
Cong thuce 2.8 [16]
Trong do:

— N: Cong suit trén ban xoay

- N =7N5uE, = 0.995: Hiéu suét chung

— N Cong suét can thiét

Trabang 2.4 [3] ta co
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® Nsun = 0.995(hiéu sult cia 1 cip 6 lan)

Ta co:
F.p  5937.0,01
P.=p,= = =6,216.10-4 ~ 0,6 w
< 1000 1000

Trong do:
- F=m.g=6,05x9,81=59,37 1a luc tdc dong I1én mam
e m tong khdi lvgng mam, phdi, truc
e =981 gia toc trong luc
— v=s/t=0,01 m/s van toc ban xoay (duoc tinh & trén)
e s quang duong ban xoay di dugc trong 1 gio
e thoi gian lam viéc
0,6
0,995

Tu moment va cong suat tinh duoc ta chon dong co budc STP 59D5206 ¢o6 cac

Ne = = 0,63 (W)

thong s6 k¥ thuét chinh:

— Loai dong co: Pong co budc hybrid 2 pha

— Kich thude khung: NEMA 23

—  Goc budce: 1.8° (200 budc mdi vong)

— Dong dinh muc: 4.2 A

— bién ép dinh mic: 2.52 ~5V

— Mob-men gitt (holding torque): Tir 0.667 Nm dén 1.847 Nm, tiy thudc vao
model cu thé trong dong 59D

— Sépha:2

— Kiéu két nbi: 4 day

—  Cong suat: 40 ~ 60 W
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3.3.4.2  Chon khép noi

Vi moment luc tai truc 500 N.mm nén moment an toan la 500x1,5 = 750 N.mm
nén chon loai khdp ndi chiu dugc moment trén 750 N.mm va do tdm dong co va tam
cua truc c6 sai sb vé do déng tam khi lép rap nén chon loai khép ndi co thé bu sai léch

Ta chon khép ndi truc khép ndi mém ROTEX GS38 cho ban xoay (@450mm).
Day 1a dong khép ndi dan hoi (jaw coupling) — rat phu hop cho truyén dong yéu cau do
chinh x4c cao, c6 kha nang giam rung, bu sai 1éch nhe, va thudong dung trong may CNC,

ban xoay, truyén dong dong co servo/step.

Thong s6 khop nbi:

— Monmen xoan dinh murc: 2.8 N.m

bJ 1éch goc: 1°
Téc d6 quay toi da: 10000 vong/phut

DJ 1&ch truc cho phép: 0.6 mm

\‘:A
s
Hinh 3-28: Khép nbi
3.3.4.3  Chon truc tron

Cong thirc thiét ké tryc tron dic: [16]

d= 3\/_Mx_ [3]
0,2[7]y

Hoac

d=c VY
n
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- M,: momen xoin (N.mm)

— 1, Gmg suét cit cho phép 40 (Mpa)
— N cong suét truyén Kw

— nsb vong quay trong 1 phit cua truc

_ C: 110 hé sd tinh toan cua truc phu thudc 7,

Hinh 3-29: Truc dac

Vi cong suat lam viéc bé nén ta tryc ti€p chon truc ma khong can tinh toan, dé

dam bao d6 climg vitng va do bén ta chon dudng kinh tryc: 12mm, L=200mm

3.34.4  Choné lin

Ta chon géi bi d& chan dé giam luc doc tryc:

Hinh 3-30: Gdi bi d& truc

Thong s6: [17]
— Puong kinh truc: 12 mm

— Tai trong dong (C): = 8.5 kN (8500 N)
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— Tai trong tinh (Co): = 4.3 kN (4300 N)

—  Tai doc tryc t6i da khuyén nghi: = 15-20% ctia C = ~ 850—-1200 N
— Loai vong bi: UC201 hoac twong duong

— Vatli¢éu vé: Gang, nhdm dac hodc kém dic

— Cd dinh tryc: 2 vit luc gidc M4
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CHUONG 4 THIET KE MACH PIEN PIEU KHIEN
4.1 Thiét ké dién ban xoay cAp chuyén phdi

4.1.1 So dé mach dién ciia ban xoay

ESP -
8266

»
Dol L L L]
OO

g

=%
——.-

H | — 0 -
1 —yy

GHD 5 0 0¥

w5 | M )
Hinh 4-1: So d6 mach dién diéu khién ban cap phoi
Bao gdm:
— ESP 8266: Két nbi arduino va may tinh bang wifi
— Arrduino Uno: diéu khién chuong trinh hoat dong ciia ban cap phoi
— Cong tdc hanh trinh KW12 3A-250V ¢6 banh xe: xac dinh toa do diém durng cua
ban xoay
— Cam bién tiém can NPN: x4c dinh phéi c6 tai vi tri hay khong
— Cam bién mau GY-31: xac dinh loai phoi
— Driver TP6600: diéu khién budc dong co
— Dong cobudec STP 59D5206: xoay ban xoay
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4.1.2 Gidi thigu b diéu khién ciia ban xoay

» Arduino Uno/ ESP 32

Hinh 4-2: Arduino Uno/ ESP 8566
Céc tinh ning ctia chip ESP8266EX bao gom: [wikipedia]

— Bo xur Iy: Loi vi xir Iy L106 32-bit RISC dua trén Tiéu chuan Tensilica Xtensa
Diamond, hoat dong & tan s6 80 MHz va SRAM trén chip.

— B0 nho6 ndi: BO nhd ndi cia ESP8266EX bao gém SRAM va ROM. ESP8266EX
c¢6 thé truy xuat cac bd nhd nay thong qua cac interface iBus, dBus, va AHB.
Kich thuéc SRAM nho hon 36kB khi ESP8266EX hoat dong & ché d6 station.
ROM cua ESP8266EX khong 1ap trinh dugc nén chuong trinh dugce luu trong
Flash ngoai.

— Flash ngoai: ESP8266EX sir dung flash ngoai dé luu trit chwong trinh va boot
truc tiép chuong trinh tir bus SPI. Kich thudc flash ngoai mac dinh s€ khac nhau
voi1 tirng loai module ESP8266, nhu ESP-01 ¢6 kich thude flash ngoai 1a 1MB,
ESP-12E ¢6 kich thuéc flash ngoai 1a 16MB. Néu chuong trinh sir dung kich
thudc 16n hon kich thude méc dinh thi b flash ngoai véi kich thudce 16n hon phai
duogc sir dung tuy nhién kich thudc flash ngoai t6i da vé mit 1y thuyét cho phép
1a 16 MB. Kich thudc bo nh¢ flash nho nhét c6 thé 1a 512 kB (tat ché d6 OTA)
hodc 1 MB (bat ché 46 OTA).

— IEEE 802.11 b/g/n Wi-Fi: Tich hop TR switch, balun, LNA, b khuéch dai cong
suét va mang két hopXac thuc WEP hoac WPA/WPA2 hodc mang mé khong céd
password.17 chan GPIO: Cac chan c6 thé dugce don kénh cho cac chirc ning I2C,
12S, UART, PWM, IR - diéu khién tir xa, ... 2 hardware timer 23 bit: FRC1 va
FRC2.
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— 3 SPI: general Slave/Master SPI, Slave SDIO/SPI va general Slave/Master HSPI.

— I2C: Hb trg 1 I>C hoat dong dugc & ca ché do master va slave. Vi cac GPIO déu
c6 thé duoc ciu hinh & ché d6 cuc mang hé nén cac GPIO déu co thé duoc cau
hinh cho cac chan SDA hay SCL ctia I*)C bing phan mém.

— Giao dién I’S v6i DMA (str dung chung chan v&i GPIO)

— UART: Hb trg 2 UART 1a UARTO va UART1. UARTO sir dung GPIO3 (RX) va
GPIOI (TX). UARTI str dung GPIO2 (TX) va GPIOS8 (TX). Tuy nhién GPIOS8
dugc dung dé két ndi bo nhé flash ctia chip nén UART] chi sir dung duoc GPIO2
dé truyén dit liéu. ADC 10 bit

So d6 chan ctia ESP-01:
— GND, chan dat (0 V)
— GPIO 2 (General-purpose input/output No.2)
— GPIO 0 (General-purpose input/output No.0)
— RX, nhan bit dir lidu X, ciing 14 GPIO3VCC, chan dién ap (+3.3 V; c6 thé chiu
duogc dién p dén 3.6 V)
— RST, Reset
— CH_PD, Chip tat ngudn (Chip power-down)
— TX, truyén bit dit liéu X, ciing 1a GPIOI1
> Ngudn t6 ong 24v

Hinh 4-3: Nguon t6 6ng
Ngudn t6 ong (tiéng Anh: Switching Power Supply hoic SMPS - Switched-Mode
Power Supply), goi 1a to ong vi mit lung ngudn thudng co cac 16 thoat nhiét hinh to

ong.
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Thong s6 co ban:
— Dién ap dau ra: 24V DC
— Dong dién dau ra: thuong tir 1A dén 30A (tiy loai).
— Pién ap dau vao: thuong 220VAC (hoic 110VAC tiy qudc gia), co loai da
nang 85~265VAC.
— Cong suit: vi du 24V-5A — 120W; 24V-10A — 240W...

bac diém no1 bat:

Kich thudc nhod gon — nhd mach chuyén d6i xung (khac vé6i bién ap sit to).

Hiéu sut cao (80-90%) — it tda nhiét.

— Cap nguon o6n dinh cho céc tai: dong co budc, relay, cam bién, module PLC...,
co cau chi bao v€ qua tai, mach bao vé qua ap, ngan mach.

Tan nhiét tot — nho thiét ké 15 t6 ong.

Ung dung
— Cép ngudn cho hé thdng diéu khién tw dong: Arduino, PLC, cam bién.

Nguon cap cho driver dong co budce/servo.

Dung trong may in 3D, CNC mini.
— Cap nguodn LED chiéu sang cong nghiép.
— Ung dung dan dung: camera an ninh, thiét bi IoT.

» Driver STEP MOTOR

Hinh 4-4: Driver TP6600
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Gioi thigu:
— Driver step motor TP6600 (hodac TB6600 — tén goi thong dung hon).

— Loai: Driver diéu khién dong co budc (stepper motor driver).

Thong s6 k¥ thuat co ban
— Pién ap dau vao: 9~40vdc (thuong dung 24vdc).
— Dong dién dau ra: 0.5a ~ 4a (c6 thé diéu chinh bang dip switch).
— Tin hiéu diéu khién: xung (pulse), chiéu (direction), cho phép (enable).
— HO tro céc loai dong co: dong co budc 2 pha, 4 day, 6 day.
— Vi budc (microstep): tir full-step dén 1/32 step (giup dong co chay ém hon,
muot hon).
Pic diém ndi bat:
— Chéng nhiéu tot: c6 mach bao vé chéng qua dong, qua nhiét, ngan mach.
— D& diéu chinh: dip switch trén driver dé cai dat dong dién va vi budc.
— Tuong thich: dung tdt voi arduino, plc (s7-1200, fx3u...), mach3, cnc mini...
— Hoat dong 6n dinh: diéu khién dong co budc chinh xéc, tron tru, khong rung
giat.
Ung dung thyc té
— CNC mini: may khac gd, may phay mini, may in 3D.
— Ban xoay tu dong: chuyén phdi, phan loai san pham.
— Co céu dich chuyén tuyén tinh: thanh truot, truc vit me bi.
— Robot nho: tay gép, co cdu gap dat linh kién.
— Cac dy an DIY: tu dong hoa hoc tap, mo hinh co dién tur.

Chure nang cac chan:
— (PUL+)/(PUL-): tinh hiéu xung diéu khién buéc (pulse)
— (DIR+/(DIR-): tinh hiéu x4c dinh chiéu quay(Direction)
— (ENA+/(ENA-): tin hiéu bat/tat driver (Enable — optional)
— (A+, A-, B+, B-): két ndi 4 day dong co budc
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— VCC/GND: ngudn cip cho driver 24V

» DPong co budc (step motor)

Hinh 4-5: Bong co budc
Thong s6 ki thuat dong co bude STP 59D5206 (Nema 23):
— Loai dong co: Pong co budc hybrid 2 pha
— Kich thude khung: NEMA 23
—  Géc budce: 1.8° (200 budc mdi vong)
— Dong dinh muc: 4.2 A
— Dbi¢n ép dinh muc: 2.52 ~5V
— Mob-men gitt (holding torque): Tir 0.667 Nm dén 1.847 Nm, tity thudc vao
model cy thé trong dong 59D
— S pha:2
— Kiéu két nbi: 4 day
— Cong suat: 40 ~ 60 W
Pic diém:
— Kich thude: 57x57 mm (mat bich), dai 51-60 mm
— Mob-men xoan 1on, phu hop cho ban xoay nho, tu dong hdéa, may in 3D, CNC
mini
— Chay muot voi driver TB6600, TP6600, DM542. ..
— Lap dat dé dang (khdp ndi, banh dai)

Ung dung:
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— May CNC mini, laser (truc X/Y/Z)

— May in 3D, may khéc gb

— Ban xoay cép phéi ty dong

— Robot, co cau dich chuyén tuyén tinh

— DIY, m6 hinh co dién tu, tu dong hoa.
Céch ndi day

— (B+): green

— (B-): black

— (A+):red

— (A-): blue
> Caunbi day(breadboard)

Hinh 4-6: Breadboard

Breadboard (bang cim thir) 1a nén tang lap rap mach tam thoi, khong can han,

gitp thr nghiém mach dién nhanh chong.
Céu tric va dic diém:

— Chat liéu: Nhya cach dién, chan dong.

— Ludi 15 (grid): Cot ngudn, cot tin hiéu, ranh tach chuan IC DIP.

— Kich thuée: Full size (~830 15), Half size (~400 156), Mini size (~170 15).
Nguyén 1y hoat dong:

— LJ cung hang ndi thong dién.

— Hang ngudn (doc): Cap ngudn (+, -).
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— Hang tin hiéu (ngang): Két néi linh kién.

Uu diém:
— Khong can han, thao lap nhanh.

Dé chinh stira, thir nghiém.

Tiét kiém chi phi so v&i PCB.

Tai st dung, bén.

Ung dung:
— Gido duc.
— DIY (Arduino, Raspberry Pi, cam bién).
— Thiét ké mach prototype.
— Hoc tap logic diéu khién.
> Cam bién GY-31 str dung IC TAOS TCS3200 RGB v¢i 4 led trang:

Cam bién mau GY-31 sir dung IC TAOS TCS3200 RGB v¢i 4 led trang. Cam bién
mau TCS3200 c6 thé phat hién va do luong mot pham vi gén nhu v6 han cta mau sic
c6 thé nhin thdy. Cam bién mau TCS3200 tich hop 1 diy bo do anh sang quang bén
trong, v6i mdi cam bién tmg véi cac mau do, xanh 14, xanh duong.

Céc b loc cia mdi mau duogc phan bd déu khap cam bién dé loai bo sai 1éch vi tri
gilta cic mau sic. bén trong cam bién c6 bd dao dong tao ra séng vudng co tan sb 13 ty
1€ thuan véi cudng do ciia mau sic dugce lua chon.

Cam bién mau GY-31 TCS3200 duoc sit dung dé nhén biét mau sic béng cach do
phan xa 3 mau sdc co ban tir vat thé 12 do, xanh 14 va xanh duong tur do6 xuat ra tan sb
xung twong (mg voi 3 mau nay qua cac chan tin hiéu, do 3 tin s6 xung nay va qua 1
vai budc chuyén d6i nhét dinh 14 ban s& c6 duoc thong tin ciia mau sdc ctia vat thé can
do.

Thong s6 cam bién mau GY-31

— Nguédn 2.7 ->5.5VDC
— Ngo ra: 3 tan sb xung twong (mg 3 mau d6 xanh duwong va xanh I4.

— GND: ngudn am
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— VCC: ngudn duong 5V

— OUT: dau ra tin hiéu

— S0, S1: lya chon ty 1¢ tan sb

— S2, S3: lua chon kiéu photodiod

Hinh 4-7: Cam bién GY-31
> Bién ap buck 3A cb dinh 5V

Hinh 4-8: Mach bién ap
Module nguoén DC-DC Buck Converter 5V/3A: Module giam ap (Buck) chuyén

d6i ngudn DC dau vao (6V-24V, c6 loai dén 32V+) thanh ngudn 5V DC ¢b dinh, dong
toi da 3A.
Thong s6 k¥ thuat:

— Pién 4p dau vao (V-in): 6V - 24V (tiy module, co thé 1én dén 32V+).

— Pién ap dau ra (V-out): 5V ¢b dinh.

— Dong tbi da: 3A (khuyén dung dudi 2.5A lién tuc dé dam bao an toan).

— Hiéu suat: 85-90% (tiy thudc tai va nhiét do).
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Pic diém:
— St dung IC 6n 4p switching gitp giam nhiét so véi IC tuyén tinh (nhu 7805).
— Tich hop tu loc déu ra, dam bao dién ap dau ra 6n dinh va it nhidu.
— Thiét ké nho gon, dé dang tich hgp vao cac du an DIY, robot, Arduino,
Raspberry Pi...
— Kétndi d& dang véi chan IN+, IN-, OUT+, OUT-.

Mot s6 module ¢6 LED bao ngudn.

Ung dung:
— Cap ngudn 5V cho vi diéu khién (Arduino, ESP8266, ESP32, Raspberry Pi...).
— Cép ngudn cho cac module cam bién, relay.

- Cép nguff)n cho quat mini, LED, mach logic 5V.

Sac pin 5V (tuy ung dung).

Str dung trong cac hé théng DIY nhé gon nhu robot, may in 3D mini. ..

Luuy:
— Pam bao cung cip dit dong cho tai (dong tdi da 3A, nén sir dung ~2-2.5A dé an
toan).
— Tén nhiét khi st dung véi tai 16n (c6 thé dung tan nhiét nhém nho).

— Pam bao Vin 16n hon Vout it nhat 1-2V dé mach hoat dong 6n dinh.

» Tuloc

Hinh 4-9: Tu loc nhiéu

Tu dién 474 (0.47puF, 630V):
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— Dic diém: M3 474 (0.47uF), dung sai £5%, dién 4p 630VDC. Chat liéu
Polypropylene Film (CBB22) cho kha ning chong nhidu va d6 on dinh cao. Vo
nhya nau do, chan cim théng. Hé s6 ton hao thép, bén, hoat dong tdt & nhiéu
dai tan.

— Ung dung: Loc nhiu ngudn xung/mach cong suat, mach chinh luu (loc xung
AC, triét nhidu cao tan), thay thé tu gdm/dién phan (d6 6n dinh cao), mach
audio/khuéch dai 4m thanh.

— Uu diém: Khong phan cuc, chiu nhiét/xung cao (cho mach dong bién thién 16n),
d6 6n dinh cao (it bién d6i theo nhiét do).

> Ung dung 1ap trinh

0.0

ARDUINO

Hinh 4-10: Ung dung arduino

IDE Arduino cung cip méi truong lap trinh rat tryc quan:

— Setup: khoi tao, chay mdt 1an khi khoi dong.

— Loop: chay lién tuc, thuc hién logic chinh ctia chuong trinh.
Lap trinh vién viét code C/C++, tan dung thu vién dé:

— Poc tin hiéu cam bién (digital/analog).

— Diéu khién thiét bi (LED, relay, dong co, LCD...).

— Giao tiép voi may tinh (Serial, Bluetooth, WiFi...).

4.1.3 Chwong trinh diéu khién

» Cac chan noi arduino

#include <AccelStepper.h>
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#include <ArduinoJson.h>
#define STEP_PIN 4

#define DIR PIN 5

#define LIMIT SWITCH 9
#define PROXIMITY SENSOR 8
#include <SoftwareSerial.h>

#define SO 2
#define S1 3
#define S2 6
#define S3 7
#define OUT 10

SoftwareSerial espSerial(11, 12); / RX, TX
unsigned long redFreq = 0;

unsigned long greenFreq = 0;

unsigned long blueFreq = 0;

» Tim phoi

char targetType = "\0'; // Loai phoi cin tim
char currentType ="'?";
bool found = false;

bool typeFound = false;
bool waitingNewCommand = true;
AccelStepper stepper(AccelStepper::DRIVER, STEP_PIN, DIR PIN);

bool motorRunning = false;

void setup() {
pinMode(STEP_PIN, OUTPUT);
pinMode(DIR_PIN, OUTPUT);
pinMode(LIMIT SWITCH, INPUT PULLUP);
pinMode(PROXIMITY SENSOR, INPUT);

pinMode(S0, OUTPUT);
pinMode(S1, OUTPUT);
pinMode(S2, OUTPUT);
pinMode(S3, OUTPUT);
pinMode(OUT, INPUT);

// Thiét 1ap tan s6 dau ra ciia TCS3200
digital Write(S0, HIGH);
digitalWrite(S1, HIGH);
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digitalWrite(DIR_PIN, HIGH); // Thiét 1ap chiéu quay

stepper.setMaxSpeed(500);
stepper.setAcceleration(100);

stopMotor();

Serial.begin(115200);

espSerial.begin(4800);

Serial.println("Khoi dong he thong...");
}

char detectType() {
// Do RED
digital Write(S2, LOW);
digital Write(S3, LOW);
redFreq = pulseIn(OUT, LOW);

// Do GREEN

digital Write(S2, HIGH);

digital Write(S3, HIGH);
greenFreq = pulseln(OUT, LOW);

// Do BLUE

digital Write(S2, LOW);

digital Write(S3, HIGH);
blueFreq = pulseIn(OUT, LOW);

// Serial.print("R: "); Serial.print(redFreq);
// Serial.print(" G: "); Serial.print(greenFreq);
// Serial.print(" B: "); Serial.println(blueFreq);

// So sanh don gian, ban nén hiéu chinh lai theo mau thuc té
if (redFreq < blueFreq && redFreq < greenFreq) {
return 'A'; // Vi du: mau dé 1a phéi A
} else if (blueFreq < redFreq && blueFreq < greenFreq) {
return 'B'; // Vi du: mau xanh la ph6i B
} else {
return '?'; // Khong xac dinh
h

h
void loop() {

if (espSerial.available() && waitingNewCommand) {
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char ¢ = espSerial.read();
Serial.print("Nhan tin hi€u chon loai phoi tir esp ");
if(c=="A"||c="B') {
targetType = c;
typeFound = false;
waitingNewCommand = false;
Serial.print("%> Tim loai phoi: ");
Serial.println(targetType);
startMotor();
h

b
if ('waitingNewCommand && !typeFound) {

// Néu gip cam bién tiém can — kiém tra phoi
if (digitalRead(LIMIT _SWITCH) == LOW){
stopMotor();
delay(200);
if (digitalRead(PROXIMITY_ SENSOR)==LOW) {
delay(200); // chong nhiéu
char detectedType = detectType();
Serial.print("N® DA phat hién loai: ");
Serial.println(detected Type);
if (detectedType == targetType) {
typeFound = true;
sendJSONStatus("FOUND", detectedType);
waitingNewCommand = true;
// espSerial.println("Da tim thdy phoi');
}
else{
delay(200);
stepper.move(100);
stepper.runToPosition();
startMotor();

}
b

else{
delay(200);
stepper.move(100);
stepper.runToPosition();
startMotor();
f
f
i

if (motorRunning) { ’
stepper.runSpeed(); // dung runSpeed() dé quay lién tuc theo toc do set
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b
b

void startMotor() {
Serial.println(">>> GOI startMotor");
stepper.setSpeed(300);
motorRunning = true;

b
void stopMotor() {

Serial.printIn(">>> ngit Motor");
motorRunning = false;
stepper.setSpeed(0);

b

void sendJSONStatus(const char* status, char type) {
StaticJsonDocument<128> doc;
doc["status"| = status;

doc["type"] = String(type);
String jsonString;
serializeJson(doc, jsonString);
espSerial.println(jsonString);

}

4.2 Qua trinh gia cong lip rap ciia ban xoay cap chuyén phéi
4.2.1 Ban cdp phoi c6 khung dirng bing 3 chin

Uu diém cta khung 3 chan so v&i 4 chan:

— On dinh trén bé mit khong phfmg: V61 3 chan, luon ¢c6 mot mat phéng ¢ dinh
diqua 3 diém — khong bi "loc xoc" nhu 4 chan trén bé mit g6 ghé.

—  Tiét kiém vat liéu va trong luong nhe hon: Chi can 3 chan thay vi 4 — gidm chi
phi vat lidu va trong luong, dic biét hitu ich trong thiét ké di dong hodc yéu cau
t6i wu hoa trong luong.

— Lap rap don gian hon: it chi tiét hon nén lap rap nhanh va dé canh chinh hon.

— Tham my va thiét ké hién dai: Thiét ké khung 3 chan thudng mang lai cam giac
tinh gon, hién dai hon — phu hop trong nhiéu tmg dung thiét ké cong nghiép,
ndi that.

— Chéng chiu luc phan b déu néu dugc gia cb hop 1y: Khi dugc gia c¢b bang cac
thanh chéo va dam lién két nhu trong hinh, khung 3 chan van c6 thé chiu luc tt

va On dinh nhu 4 chéan trong nhiéu ing dung.
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Hinh 4.1 Khung ban cap phoi
Qua trinh ché tao:
—  Lua chon thép hop chit nhat 25x50 day 1mm va chiéu dai 950 mm dé lam chéan
tru vi ban c6 tai trong thap nén kich thudc nhu vay da hop li
— Lua chon thép 20x20 co chiéu dai 16n 322,4 mm, chiéu dai nhé 253,11mm, g6c
nghiéng 30° nhur trong ban v& dé ndi 3 chan try ctia ban
— Dung may cua sit st dung ludi da dé cit sat
—  Tién hanh han ndi chén tru lai voi nhau, tao hinh nhu trén
—  Khi han cén lap thanh 20x20 d4 khoan 16 @8 mm vao dé ban nham t6i wu do
khong dong tam gitta dé ban va khung, tién hanh kiém tra v&i thép 20x20 da
song song 10i ¢b dinh chiing lai, ddng thoi lap tim cb dinh dong co twong tur lap

dé ban ro61 tién hanh han.

4.2.2 Pé ban xoay
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Hinh 4.2 Bé ban cip phoi
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Hinh 4.3 Théng s6 dé ban cap phoi
Uu diém:
—  Phén b lyc déu hon: Mit tron gitip phan bd lyc tir truc va 6 bi déu hon 1én két cdu 3
chan.
— Mt tam gi4c chi c¢6 3 dinh ti vao chén, gy tap trung Gng suit tai cac gboc — nguy co
moi hodc cong vénh cuc bd.
— D@ cin chinh tAm quay: Mit tron c6 tAim hinh hoc 16 rang — dé cén truc quay chinh

gitra.
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— Hinh tam giac c6 tim trong nhung khong thuan tién khi can gin 6 bi hodc vong xoay
dang tron.

—  Phu hop véi 6 bi dang tron (phd bién): Hau hét cac loai 6 bi d& quay c6 mit bich, vong
bét vit... déu thiét ké cho mat tron.

— Néu dung mit tam giac, ban s& phai ct thém tdm 16t tron phu hodc ché tao 6 d& riéng
— phirc tap khong can thiét.

— Tang d6 cing van: DU mat tam giac “vira khit” khung, nhung mit tron bam déu ca ba
chan theo cung tron — tang do cung van khi co6 tai x0dn 1éch tim tir truc.

Qua trinh ché tao:

— Vat liéu duoc lam bﬁng gS ¢p cong nghi¢p hodc nhya PE (nhe, du dg cliing
vimg)

— Thuyc hién gia cong bang may CNC dé tao cac 16 @6, @8 va @13 va tim tron
?450 mm

Li do Iya chon gia cong bang may phay CNC:
— S luong nho: 1 cai
— DJG chinh xac cao: cép chinh xac khoang kich thuéc dat dugc 7-9
— Chi phi gia cong thap hon so voi gia cong trén cac may truyén théng vi can db

ga phu hop

Hinh 4-11: May phay CNC
Tinh linh hoat cao trong 1ap trinh va hoat dong: May CNC duoc biét dén véi tinh

linh hoat vuot trdi trong viéc 1ap trinh va hoat dong. Chi can thay ddi cac tham sb trong
chuong trinh, may CNC c6 thé dé dang diéu chinh dé thuc hién nhiéu loai hinh gia cong

khac nhau. Piéu nay gitp t6i wu héa qua trinh san xuit, dong thoi ting kha ning dap
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mg nhu cau da dang cta khach hang ma khong can phai thay d6i thiét bi hay cong cu
phtc tap.

Thoi gian chinh may ngan: Mot trong nhitng wu diém noi bat ciia may CNC 1a thoi
gian chinh may rat ngin. Véi kha ning tu dong hoa cao, viéc cai dit va diéu chinh may
chi mat mot khoang thoi gian ngin so v6i cac phwong phap truyén thong. Piéu nay gitp
giam thiéu thoi gian chét trong san xudt, ting hiéu suat va dam bao thoi gian hoan thanh
san pham nhanh chéng.

Hiéu qua cao vé chit luong va thoi gian hoan thanh: May CNC mang lai hiéu qua
cao ca vé chit lugng 13n thoi gian hoan thanh san phim. Nho vao do chinh x4c cao va
kha ning gia cong on dinh, san pham sau khi gia cong ludn dat chit lvong dong déu va
it xay ra 16i. Pong thoi, qué trinh gia cong dién ra nhanh chong, gitip dap tng cac don
hang 16n trong thoi gian ngan.

Chi phi san xuat thip: Mot wu diém khac ciia may CNC 1a chi phi san xuét thap. Du
chi phi dau tu ban dau c6 thé cao, nhung vé 1au dai, may CNC gitip giam dang ké chi
phi lao dong va nguyén li¢u do kha nang hoat dong lién tuc va ty dong hoda cao. biéu
nay 1am cho san xuat tré nén kinh té hon, dic biét 1a trong cac du 4n quy mé 16n.

it bao hanh va stra chita: May CNC it gip phai hu hong k¥ thuat nhd vao thiét ké
chac chian va cong nghé tién tién. Picu nay gitip giam thiéu chi phi bao hanh va sira
chira, ddng thoi ting thoi gian hoat ddng cia may. Viéc it phai dimg méy dé bao tri ciing
gop phan ting ning suat va giam gian doan trong qua trinh san xuat.

— Rénh 08 dugc thiét ké dé bu trir sai sd khi tién hanh lap chit mat ban véi 16
khung thép 20x20mm
~o N |

l

Hinh 4-12: Dé ban xoay sau khi gia cong
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4.2.3 Tim cé dinh dong co

Hinh 4-13: TAm g4 dong co

~
\r

Hinh 4-14: Thong s6 tim ga dong co
Yéu cau dbi voi bo phin ga dong co nay la:
— Vi tri tuong quan giira cac 16

— Can do chinh xéac cao dé dat d6 ddng tam voi dong co va khung thép
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— Vatli¢u da do cung viing

Tam thép day lmm duoc gia cong bang phuong phét cat lazer trén may CNC

£z : S -pa > :
EZLETTER usﬂf*_

Hinh 4-15: May cit lazer
Laser 1a cong ngh¢ cat kim loai tién tiét nhat hién nay, st dung cac tia laser cat khéc
dé dang cac loai vat li¢u tur kim loai dén phi kim loai.
Phuong phép cat kim loai nay tao ra chium tia rat hep, manh liét cia anh sang gan ving
hong ngoai theo mot dinh huéng duy nhat dé tao ra ning lugng rat 16n dé cat kim loai
va cac vat liéu khac nhu nhua, gd, kinh...

Birc xa laser dugc tao ra tir bd ngudn laser. Bo ngudn laser duoc tao ra tir tinh thé
laser hoac khi dat gitra hai guong cho phép cdng hudng va dinh hudng chum tia laser.
Tia laser co tinh d6ng nhat va dang hudng cao v6i nang luong rat cao c6 thé 1am nong
chay hodc bay hoi vt liéu. Co6 3 loai laser thuong dugc st dung 1a khi CO2, tinh thé va
Fiber. Mdi loai laser déu c6 nhitng diém noi bat va ung dung cho tung loai vat liéu khac
nhau. Laser khi CO2 thich hop dé cat phi kim, con laser tinh thé va Laser Fiber dung dé
d4nh dau va cit kim loai.

May CNC Laser Fiber MTA-6015 (6m x 1.5m) 1a mot loai mdy cit laser soi quang
(fiber) chuyén dung dé cit kim loai tim v&i kich thudc 16n. Dudi day 1a dic diém chinh
cta dong may nay:

— Théng s6 k¥ thuét co ban:
e Kich thuéc ban cat: 6000 mm x 1500 mm (6m x 1.5m).
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e (Cong suit laser: Thuong tir 1IkW — 6kW (tity cau hinh).
e Do day cit tbi da:
e Thép carbon: 20 — 25 mm.
e Inox: 10— 15 mm.
e Nhom: 8 — 12 mm.
e Dong/ddng thau: 4 — 6 mm.
— Pic diém ndi bat:
e Tbc d6 cit nhanh, duong cit min, khong can gia cong lai.
e Tiét kiém ning luong: Hiéu suit chuyén d6i dién — quang cao hon laser CO:
(~40% so v6i1 10-15% cua COz).
e Chét luong chum tia cao: Cho dudng cit sic nét, dung sai kich thudc c6 thé dat
+0.05 —+0.1 mm (cap chinh x4c 6 — 7).
e Ban may I6n (6m): Thuan loi gia cong cac tdm dai, han ché g4 dat nhiéu lan.
— Hé thong ty dong (thuong tity chon):
e Hg¢ thong thay ban tu dong (ban doi).
e Ty dong can chinh tiéu cu (Auto-focus).
e B0 diéu khién CNC théng minh (CypCut, HypCut...).
— Ung dyng chinh:
e (Giacong két cAu thép, ta dién, vo may, dd gia dung, cu thang, cura st inox, cac
san pham co khi 16n.

e Phu hop cho cac xudng san xuit cira, co khi xay dung, két cdu thép dan dung.

4.2.4 Mdam xoay
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Hinh 4-16: Mam xoay

195

Hinh 4-17: Thong s6 mam xoay

Mam xoay c6 do day 1a 10mm, c6 6 vi tri dé gia dat phoi nén can c6 do chinh xac

cao gira cac vi tri dé co thé dé dang dinh vi phéi gitp canh tay robot 1ay phoi mot cach

chinh xac.

Ban chira phoi duoc gia cong gidng mat ban lap 6 d& co6 @400mm, 16 @4x24 lap

khay chira phoi, 16 @12 lap truc, 16 @4x4 lap khop ndi mat bich. Vi tai trong 1am viéc

khong 16n nén sir dung nhwa PE hodc gb ¢6 16p chong tham dé 1am mam xoay vi:

SVTH: LE PUC PQ
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— Nheg, giam tai cho dong co
— Pu d6 cung viing dé dat phoi

— Gia thanh ré, chi phi gia cong khong cao

Phuong 4n gia cong: St dung méay phay CNC & trén dé gia cong

Hinh 4-18: Mam xoay sau gia cong

4.2.5 Cum ga phoi

Hinh 4-19: Bé cum ga phoi
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Hinh 4-20: Thong s6 dé cum gé phoi
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Hinh 4-21: thanh ¢b dinh chét sau
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Hinh 4-22: Théng s6 thanh ¢ dinh chét sau

Hinh 4-23: 3D thanh ¢ dinh mit bén
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Hinh 4-24: Thong s6 thanh ¢b dinh mat bén
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Hinh 4-25: Thanh ¢ dinh kep phoi
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Hinh 4-26: Thong s6 thanh ¢ dinh kep phoi
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Hinh 4-27: Ong giit can bang kep
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Hinh 4-28: 3D Co cau kep phoi
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Hinh 4-30: Thong s6 thanh kep
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Hinh 4-31: 3D cum chét ti sau
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Hinh 4-32: Thong s6 chét ti sau

Hinh 4-33: 3D chét ti mit bén
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Hinh 4-34: Thong s6 chét ti mat bén
Tinh chon 10 xo0: [17]

Luc li tam: F = m.”*= 0,03 X 0,05 X 0,06 X 950 X
¢ r 0.2

%022~ 0,0002 (V)

Vi lyc li tAm rat bé nén c6 thé khong diung luc kep dé giir phoi, dé chiac chin hon ta
ding co ciu kep 10 xo dé gitr phoi v6i duong kinh 160 xo 12mm, dudng kinh soi 10 xo

1,2 mm va luc nén cua 10 xo 1én hon 0,0002 N

Hinh 4-35: Lo xo0

Hinh 4-36: Cum ga phoi
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Str dung nhyra PE hodc gb dé gia cong khay, céc thanh ¢ dinh.

Phuong phap gia cong:
— Khay va thanh c6 dinh: gibng mam va dé cap chinh xac dat dugc IT7
— Ong giit can bang thanh kep, cac ct, ma kep: in 3D véi nhua ABS

— Lo xo0: dugc ban ngoai thi truong véi lyc day > 10N

Dic diém khay g4 phoi
— Pinh vi chinh xac phdi gia cong trén mam xoay dé co cdu gip (robot) c6 thé
gip chinh x4c
— St dung hai chét ti dinh vi mit bén, va chét ti dinh vi mit sau
— Khay duoc thiét ké dé dinh vi mat day v6i 3 BTD
— Co ciu kep nhdam muc dich phdi khong bi dich chuyén trong qua trinh quay

4.2.6 Truc quay

213
ez

Hinh 4-37: Thong sb truc quay

Hinh 4-38: 3D truc quay
Loai truc dac @12 nay da dugc gia cong va ban trén thi truong:
— Gia thanh hop i
— D& tim kiém

Str dung may cit st dia da dé cat, khong yéu cau do chinh xéac vé kich thude
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4.2.7 Vi hgp

St dung tAm ALU van gd day 2mm dé 1am vo che
Pic diém:
— Céch nhiét, chiu nhiét, cach am t6t
— Chdng chay, chéng thim d6 bén cao

— St dung dao cat gidy cat cac kho tam ALU dung kich thudc

Hinh 4-39: Vo che

3494

870

Hinh 4-40: Thong s6 vo che

Hinh 4-41: V6 che mat trudc
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349.4

3274

Hinh 4-42: Thong s6 v che mit trudc

Hinh 4-43:Cua hop

3224

3426

Hinh 4-44: Thong s cta
— St dung ban 18 ¢6 chiéu dai 70mm va chiéu rong 20mm mdi bén dé ga cia

— Ctra c6 thé sir dung tam alu dé 1am vi tién dung, gid ré, dé gia cong
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4.2.8 Vanh che

Hinh 4-45: 3D vanh che
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Hinh 4-46: Thong s6 vanh che
> St dung tim ALU dé lam vanh che, dung dao cit gidy dé cat, va khoan dé tap 15
bat vit van che vao dé
> Tac dung cta vanh che: chan cc vat dung bén ngoai dé tranh lot vao gitra mam

va dé dan dén dimg hoat dong dot ngot, co thé gay chay dong co

4.2.9 Qud trinh lip rdp

Budc 1: Khung va tim ga duoc ga san troi mdi han dam bao d6 dong tam khi han tao
khung. Sau d6 dung bulong M8 dé c6 dinh lai
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Hinh 4-47: Lap khung va tam ga

Budc 2:

Lip dong co vao tim ga bang Bulong M5

— Néi dong co va truc qua khép ndi

— Lap gbi d& truc va dé ban xoay lai véi nhau, ding bulong M6 dé c¢6 dinh lai, 1ap
tryc va gbi d& lai v6i nhau, diéu chinh d6 déng tam gitra truc dong co va dé ban
xoay, sau d6 dung bulong M8 dé cé dinh lai.

— C6 dinh cong tdc hanh trinh dang véi toa d da chon trudce

— €6 dinh cam bién mau ding véi vi tri phoi dé canh tay robot gap

Hinh 4-48: Lip dé ban xoay
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Budc 3:
— Lip truc va khop ndi bat bich dudi lai voi nhau bang vit luc giac M4
- Lép mam quay vao truc va mat bich dudi, 15p mat bich trén, sau d6 str dung

bulong M4 dé c¢6 dinh haio mit bich va mam quay lai voi nhau

Hinh 4-49: Lap mam xoay
Budce 4:
— Lip khay ga phoi va ¢ dinh chung lai bang bulong M4
— Lip vanh che va ¢ dinh ching lai bang vit M4 trén dé ban xoay
- Lép cam bién tiém can va thanh gitr lai vo1 nhau, sau dé ¢ dinh thanh gilr vao

vanh che bang bulong M4

Hinh 4-50: Lap vanh che va cum ga phoi
Budce 5:
— Lip vo che, nep chit V lai v6i nhau gin chit vao khung bang vit dau khoan M3.9
tao tinh tham mi cho ban xoay

— Lip ban 18 ctra va ctra, st dung vit M3.9 ¢b dinh vao khung nhu hinh v&
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Hinh 4-51: Lap vo hop va cira

Hinh 4-52: Hinh anh 3D sau khi lap rap xong

Hinh 4-53: Mit trudc ban cAp phoi
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>

Hinh 4-54: Mt trén ban cip phoi
4.3 Két ndi va lap dat b diéu khién

Dbi véi dong co ndi voi driver

(B+): green

(B-): black

(A+): red

(A-): blue

Driver nbi voi ngudn té éng va arduino
(PUL+)/(PUL-):

(DIR+/(DIR-):

(ENA+/(ENA-):

(A+, A-, B+, B-): két ndi 4 day dong co budc
VCC: ngudn duong 24V

GND: nguén 4m 24V

N&i cam bién mau GY-31:

VCC: ngudn duong 5V cua arduino
GND: ngudn 4m cua arduino

Out: chan 10

SVTH: LE PUC PO
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— S0: chan 2

— Sl:chan3

— S2:chan 6

— S3:chan7

> Noi cong tac hanh trinh véi arduino
— C:ngudn 4m arduino

— ON:chan9

> Nbéi arduino va ESP 8266

— Chan 11,12: 5,6

4.4 Mo hinh hé thong san xuét tich hop IoTs

Hinh 4-55: Ban cap phoi
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Hinh 4-57: May phay CNC
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Hinh 4-59: Toan bo hé thong
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Hinh 4-60: Hinh 4nh toan bo hé thong
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CHUONG 5 LAP TRINH LOGIC PIEU KHIEN CHO HE THONG
CIM

5.1 Cau tric h¢ thong diéu khién
Heé thdng diéu khién gdm 3 thanh phan chinh:

o Arduino ESPS8 - 266 (Diéu phdi trung tim): Nhan tin hiéu tir app blynk, xir
ly diéu phdi cac thiét bi va truc tiép diéu khién may phay CNC.

Wifi

Hinh 5-1: Diéu phdi trung tim
o Arduino UNO (Diéu khién ban xoay phoi): Xac dinh loai phoi va dua phoi

dén vi tri 1am viéc ctia canh tay robot, giri két qua vé ESP-8266.

Hinh 5-2: Diéu khién ban cp phoi
o Arduino MEGA 2560 (DPiéu khién canh tay robot): Piéu khién canh tay
robot va tra két qua vé ESP - 8266.
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Hinh 5-3: Diéu khién canh tay robot
5.2 Quy trinh hoat dong

- Budc 1: Khoi dong hé thong, chd phéi:
o Khi bat cong tac hé théng, canh tay robot tu dong tro vé vi tri homing dugc
1ap trinh sdn qua cac cong tic hanh trinh. Viéc nay gitp ching ta c¢b dinh
duoc vi tri cua robot mdi khi bat dau hoat dong may, thuén tié€n cho viéc

diéu khién robot dén cac vi tri ti€p theo.

ey

Hinh 5-4: Khoi dong hé théng chd phoi

o Sau khi robot v& vi tri homing, ciing 1& lic ESP-8266 hoan thanh viéc két
két n6i dén App Blynk IoTs théng qua “Auth Token” duoc cung cdp trén
app (mdi chuwong trinh trén app c6 1 Auth Token riéng biét). Tiép d6 chung
ta bat dau véi viéc chon chuong trinh hoat dong cho may. (phan giai thich
cac chuong trinh s& dugce dé cap ¢ phan 9.3)

- Budc 2: Sau khi chon chuong trinh:

o App sé& giri tin hiéu chuong tinh di chon dén ESP-8266 thong qua WIFI.

o Tiép a6, ESP s& gtri tin hiéu loai phdi can chon dén Arduino UNO dé diéu
khién ban xoay phoi.

- Budc 3: Sau UNO khi nhéan tin hiéu tir ESP:
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o UNO guri tin hidu diéu khién dong co ciia ban xoay phdi, bat dau tim phoi.

Limnit
Sensor

Hinh 5-5: Khdi dong hé thong chd phoi
o Khi cham cong co cdu cong tic hanh trinh, dong co ding lai, cam bién mau
sdc bat dau doc mau:

= Néu khong dung dong co can tim thi dong co tiép tuc xoay.

=

Color
Sensor

Hinh 5-6: Nhan tinh hiéu tir cam bién mau
» Néu ding thi cam bién tiém can hoat dong.
o Céam bién tiém can xac dinh cd phoi 6 vi tri lam viéc hay khong.
= Néu khong c6, dong co tiép tuc hoat dong

= Néu co, giri tin hiéu dén ESP.

-

Hinh 5-7: Nhan tinh hiéu tir cam bién tiém cén
- Budc 4: ESP nhén tin hiéu ttr UNO, ESP chuyén tin hiéu sang cho MEGA.
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o MEGA nhén tin hiéu, bat dau diéu khién robot dén gip phoi va dua
phoi vao may phay CNC.
o Sau d6 ESP giri tin hiéu cho may phay CNC bat dau hoat dong.

= o

Hinh 5-8: Robot mang phdi dén may phay CNC
- Budc 5: Sau khi may phay CNC hoan thanh chuong trinh,
o Robot gip phdi bd vao hop dung phdi.

Hinh 5-9: Robot mang phéi dén hop dung phéi
- Budc 6: Robot trd vé vi tri homing, bit dau vong lap méi.
5.3 Giai thich logic diéu khién

5.3.1 Giao tiép giita cdc phan tir

- Céac vi diéu khién giao tiép véi nhau qua giao thirc UART, cu thé ta s& ndi
chéo cac chan giao tiép (RX, TX) ctia cac vi diéu khién lai v&i nhau theo cip
(RX-TX; TX-RX).

- ESP - 8266 giao tiép v4i Blynk thong qua WIFI

- ESP - 8266 diéu khién phan mém CNC thong qua Python (Macro sendkey).

5.3.2 H¢ thong nit bim

- Nt 1 (V0): chon chuong trinh 1.
- Nut2 (V1): chon chuong trinh 2.
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- Cong tic 3 (V3): Tao vong lap cho chuong trinh vira chon trudc do.
- Cong tic 4 (V4): Chay ca 2 loai phoi.
- Nut 5 (V5): Dung khan cap.

Mach3CNC

Hinh 5-10: Dao dién khién trén Blynks
5.3.3 Cac trwong hop thwong gap

- Néu chi bAm nut 1 (hodc 2) ma khong bat cong tic 3 thi hé thong s& chi chay
chuong trinh 1 (chuong trinh 2) duy nhét 1 1an sau d6 s& tré vé trang thai doi
1€nh.

- Pang chon chuong trinh 1 ma muén d6i sang chuong trinh 2 thi hé thong s&
Iru vao bd nhd 1a thyc hién cho 1an tiép theo va tao vong ldp cho chuong trinh
d6. (P bat cong tic 3)

- Khi badm nat dirng khan cap, toan bd hé théng sé& dirng hoat dong. Va s& can

cong nhan truc tiép 1ay phoi dang chay ra khoi hé thong.
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KET LUAN CHUNG
1. Két qua dat duoc

Sau qua trinh nghién ctru, thiét ké va trién khai, dé tai "Thiét ké hé thong san
xuit tich hop ng dung IoTs trong quan ly va ché tao mé hinh (Ban cap phai)"

da dat dugc nhirng két qua cu thé nhu sau:

—  Thiét ké va ché tao thanh cong mo hinh ban cip phoi: c6 kha ning cip phat phoi
tu dong theo yéu cau diéu khién.

— Ung dung cong nghé IoTs trong giam sat va diéu khién: thong qua ESP 8566 két
nbi wifi giup két ndi may tinh va day chuyén lai v6i nhau, két hop nhuan nhuyén
ban cap phoi ty dong, canh tay robot, may phay CNC. Hé théng cho phép nguoi
dung giam sat tinh trang ban cp phoi va giri 1énh diéu khién tir xa thong qua két
nbi Internet. Tang tinh linh hoat, chi dong trong san xuat.

— Xay dung giao dién giam sat than thién: voi viéc c6 thé dicu khién day chuyén &
moi lic, moi noi, giup ngudi quan li dé dang theo ddi trang thai phoi tai cac vi
tri, dong thoi diéu khién mot cach chinh xac qua trinh san xuat.

— Kha nang van hanh 6n dinh, linh hoat: M6 hinh c6 thé phan hoi nhanh véi cac
1énh tir hé thong dicu khién, d6 chinh xac khi hoat dong dat yéu cau, dong thoi
c6 thé dé dang tai 1ap va mo rong cho cac ing dung san xuat khac.

2. Han che cua de tai

Tuy d¢é tai di duoc hoan thanh kha tot nhung van con ¢ nhiéu han ché di kém

nhu:

— Trong qué trinh hoan thanh dd an t6t nghiép do con thiéu nhiéu kinh nghiém va
phai cap nhat thém nhiéu kién thirc, thoi gian con ngdn nén cac két ciu, trang tri
van chua duogc hoan hao.

— Vi con 1a sinh vién chua hdi nhap voi thi truong thuc té nén mo hinh chi 1a thi
nghiém chua hoan hao dé dua ra duoc thi truong.

— Trong qué trinh ché tao do ngudn kinh phi con han hep nén cac chi tiét, thiét bi

dién tr dugc to1 wu voi gia ré chua dat dugce chat luong vé dd bén va tuoi tho.
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— Miurc d6 tich hop IoTs(Blynks) con don gidn, chi phu hop v6i nhitng du 4n nho
3. Huwéng phat trién cia dé tai
Tir nhitng két qua va han ché duoc néu & trén em xin néu rd hudng phat trién

cho hé théng nhu sau:

Nang cép cAu trac co khi va lua chon linh kién chét lugng cao: Str dung céc chi

tiét co khi c6 d6 bén cao va thim mi hon.

— Mo rong pham vi ing dung IoTs: Tich hop cic nén tang IoT pho bién nhu Blynk,
MQTT, Node-RED dé giri dit liéu 1én dam may, luu trit va xu Iy thong tin gitp
t8i wu van hanh. Hudng dén céc tinh nang nhu canh bao 131 tir xa, diéu khién hé
théng qua smartphone, thong ké sb lugng phoi di cép...

— Tich hgp Al hodc thuat toan ti wu: Ung dung tri tu¢ nhan tao hoac thuat toan tdi
uu hoa trong viéc nhan dang vat phﬁm, du bao trang thai thiét bi, hoac 1én ké
hoach cép phoi thong minh dua trén di liéu san xuét thuc té.

— Thiét ké mé hinh theo huéng cong nghiép héa: Hudng tdi viée ché tao mo hinh
mAu c6 thé thuong mai hoa hoic tmg dung trong cic xuong dao tao ky thuit,
truong nghé hoic cac co sé san xuit quy mo nho.

— K&t ndi mo hinh vé6i hé théng MES/SCADA: Tich hop dit liéu tir hé thdng vao

cac nén tang diéu hanh san xuat dé tién gan hon véi hé thong san xuat thong minh

thue su.

Cudi cting em mong nhan duoc nhitng y kién dong gop cua cac Thay/Co dé dé tai
duoc hoan thién hon.
Em xin chan thanh quy Thay C6 trong khoa va dic biét 1a thay T.S Tran Minh Sang

d3 tan tinh giup d& va huéng dan, hd trg em trong sudt qua trinh hoan thanh do an nay!
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PHU LUC

Code diéu khién canh tay robot

#include <AccelStepper.h>

#include <ArduinoJson.h>

#define DRIVER TYPE AccelStepper::DRIVER
#include <MultiStepper.h>

MultiStepper steppers;

AccelStepper motor (DRIVER TYPE, 27, 26);
AccelStepper motor2(DRIVER _TYPE, 23, 22);
AccelStepper motor3(DRIVER _TYPE, 25, 24);
AccelStepper motor4(DRIVER _TYPE, 29, 28);
AccelStepper motor5(DRIVER _TYPE, 31, 30);
const int limitl = 53;
const int limit2 = 52;
const int limit3 = 51;

const int limit4 = 50;

bool homingDone = false;

int currentStep = 0;

bool h1 = false, h2 = false, h3 = false, h4 = false;
bool isRunning = false;

bool isRunningSequence=tfalse;

charC=0;

void homeMotors2() {

Serial.println("Homing : Motor2");
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motor2.setMaxSpeed(5000);
motor2.setSpeed(-1000);
// HOMING motor 2
while ('h2) {
// motor2.runSpeed();
motor2.runSpeed();
if (digitalRead(limit2) == LOW) {
h2 = true;
motor2.setCurrentPosition(0);

Serial.println("Motor 2 homed");

}
b

}
void homeMotors1() {

// HOMING motor 1
Serial.println("Homing : Motor1");
motorl.setMaxSpeed(5000);
motorl.setSpeed(-2000);
while ('hl) {
motorl.runSpeed();
if (digitalRead(limitl) == LOW) {
h1l = true;
motor1.setCurrentPosition(0);

Serial.println("Motor 1 homed");

b
}
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}
void homeMotors4() {

Serial.println("Homing : Motor4 + Motor5");

// Thiét lap tdc do (MultiStepper chi ho tro tdc do cd dinh, khong dung acceleration)
motor4.setMaxSpeed(10000);
motor5.setMaxSpeed(10000);

steppers.addStepper(motor4);
steppers.addStepper(motorS5);

long positions[2];

// Di chuyén Iui timg budc cho dén khi cham cong tac
while ('h4) {
positions[0] = motor4.currentPosition() - -500;

positions[ 1] = motor5.currentPosition() - 500;

steppers.moveTo(positions);

steppers.runSpeedToPosition();

if (digitalRead(limit4) == LOW) {
h4 = true;
motor4.setCurrentPosition(0);
motor5.setCurrentPosition(0);

Serial.println("& Motor 4 + 5 homed");
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b
b

¥
void homeMotors3() {

Serial.println("Homing : Motor3");
motor3.setMaxSpeed(5000);
motor3.setSpeed(-2000);

// HOMING motor 3

while ('h3) {

motor3.runSpeed();

if (digitalRead(limit3) == LOW) {

h3 = true;

motor3.setCurrentPosition(0);

Serial.println("Motor 3 homed");

}
j

b
void stopAll() {

motorl.stop();
motor2.stop();
motor3.stop();
motor4.stop();

motor5.stop();

motor1.disableOutputs();

motor2.disableOutputs();
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motor3.disableOutputs();
motor4.disableOutputs();
motorS5.disableOutputs();
// Hodc bat ky hanh dong an toan nao khac
b
void setup() {
Serial.begin(115200);
Seriall.begin(4800); //Seriall (TX1=18, RX1=19) (giao tiép voi esp)
pinMode(limitl, INPUT PULLUP);
pinMode(limit2, INPUT PULLUP);
pinMode(limit3, INPUT PULLUP);
pinMode(limit4, INPUT PULLUP);

motorl.setMaxSpeed(10000);

motorl.setAcceleration(200); // truc nang

motor2.setMaxSpeed(10000);

motor2.setAcceleration(5000);

motor3.setMaxSpeed(15000);

motor3.setAcceleration(5000);

motor4.setMaxSpeed(20000);

motor4.setAcceleration(2000);

motor5.setMaxSpeed(20000);
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motor5.setAcceleration(2000);

delay(1000);

homeMotors2();

homeMotors1();

homeMotors4();

homeMotors3();

Serial.println("Homing complete. Bit dau di chuyén theo chudi vi tri...");

homingDone = true;

void loop() {

if (ThomingDone) return;

motor]l.run();
motor2.run();
motor3.run();
motor4.run();

motorS.run();

if (isRunningSequence) {

if (motorl.distanceToGo() == 0 &&
motor2.distanceToGo() == 0 &&
motor3.distanceToGo() == 0 &&
motor4.distanceToGo() == 0 &&

motor5.distanceToGo() == 0) {
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runNextStepA(); // hoic runNextStepB() tiy chudi ban dang chay

}

b
if (Seriall.available()) {

char C = Seriall.read(); // Nhan JSON
Serial.print("*= MEGA nhan dugc: ");

Serial.println(C);

if (C=="A" && !isRunningSequence ) {
Serial.printIn("&” MEGA nhan dugc phoi loai: ");
Serial.println(C);
runNextStepA(); // Thuc hién bude tiép theo

b

else if (C =='B' && !isRunningSequence ) {
Serial.printIn("&” MEGA nhan dugc phoi loai: ");
Serial.println(C);
runNextStepB(); // Thuc hién budc tiép theo

b

b
if (Seriall.available()) {

String cmd = Serial.readStringUntil("\n');

if (cmd =="EMERGENCY STOP') {
// Ngét tAt ca motor, tit relay, hoac vé vj tri an toan
stopAll();

}
b
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}
void runNextStepA() {

if (!isRunningSequence) {
isRunningSequence = true; // Bt dau chudi
currentStep = 0; // Khot dong lai budce dau
b
switch (currentStep) {
case 0:
Serial.println("Moving to Position 1...");
motorl.moveTo(3000);
motor2.moveTo(0);
motor3.moveTo(0);
motor4.moveTo(0);

motor5.moveTo(0);

Serial.println("Movied to Position 1...");
break;

case l:
Serial.println("Moving to Position 2...");
// motorl.moveTo(-1000);
motor2.moveTo(5000);
motor3.moveTo(5000);
// motor4.moveTo(-40000);
// motor5.moveTo(-40000);
break;
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case 2:
Serial.println("Moving to Position 3...");
// motorl.moveTo(0);
motor2.moveTo(0);
motor3.moveTo(0);
// motor4.moveTo(10000);
// motor5.moveTo(10000);
break;

case 3:
Serial.printin("Moving to Position 4...");
motorl.moveTo(0);
// motor2.moveTo(0);
// motor3.moveTo(0);
motor4.moveTo(-40000);
motor5.moveTo(40000);
break;

case 4:
Serial.println("Moving to Position 5...");
// motorl.moveTo(0);
motor2.moveTo(5000);
motor3.moveTo(5000);
// motor4d.moveTo(10000);
// motor5.moveTo(10000);
break;

case 5:

Serial.printIn("Moving to Position 6...");
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// motorl.moveTo(0);
motor2.moveTo(0);
motor3.moveTo(0);
motor4.moveTo(0);

motor5.moveTo(0);

break;

case 6:
Serial.println("Moving to Position 7...");
// motorl.moveTo(0);
// motor2.moveTo(0);
// motor3.moveTo(0);
motor4.moveTo(-40000);
motor5.moveTo(40000);
delay(5000);
break;

case 7:
Serial.println("Moving to Position 8...");
// motorl.moveTo(0);
motor2.moveTo(5000);
motor3.moveTo(5000);
// motor4.moveTo(10000);
// motor5.moveTo(10000);
break;
// delay(12000);
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case &:
Serial.printIn("Moving to Position 9...");
// motorl.moveTo(0);
motor2.moveTo(0);
motor3.moveTo(0);
motor4.moveTo(0);
motorS.moveTo(0);
break;
case 9:
Serial.printIn("Moving to Position 10...");
motorl.moveTo(6000);
motor2.moveTo(-5000);
motor3.moveTo(-5000);
// motor4.moveTo(10000);
// motor5.moveTo(10000);
break;

case 10:
Serial.println("Returning to Home Position...");
motorl.moveTo(0);
motor2.moveTo(0);
motor3.moveTo(0);
motor4.moveTo(0);
motor5.moveTo(0);
Serial.println("Homed Position...");
default:

Serial.println("Sequence complete.");
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// Gui thong diép JSON "DONE" qua Seriall dén ESP8266
StaticJsonDocument<64> doc;
doc["msg"] = "DONE";
String jsonString;
serializeJson(doc, jsonString);
Seriall.printIn(jsonString); // Gui sang ESP8266
isRunningSequence = false;
break;
}

currentStep++;
b
void runNextStepB() {
if (!isRunningSequence) {
isRunningSequence = true; // Bit dau chudi
currentStep = 0; // Khot dong lai budce dau
}

switch (currentStep) {

if (!isRunningSequence) {
isRunningSequence = true; // Bit dau chudi
currentStep = 0; // Khot dong lai budce dau
b
switch (currentStep) {
case 0:

Serial.println("Moving to Position 1...");
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motorl.moveTo(3000);
motor2.moveTo(0);
motor3.moveTo(0);
motor4.moveTo(0);

motor5.moveTo(0);

Serial.println("Movied to Position 1...");
break;

case l:
Serial.println("Moving to Position 2...");
// motorl.moveTo(-1000);
motor2.moveTo(5000);
motor3.moveTo(5000);
// motor4.moveTo(-40000);
// motorS.moveTo(-40000);
break;

case 2:
Serial.println("Moving to Position 3...");
// motor1l.moveTo(0);
motor2.moveTo(0);
motor3.moveTo(0);
// motor4.moveTo(10000);
// motor5.moveTo(10000);
break;

case 3:

Serial.println("Moving to Position 4...");
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motorl.moveTo(0);
// motor2.moveTo(0);
// motor3.moveTo(0);
motor4.moveTo(-40000);
motor5.moveTo(40000);
break;

case 4:
Serial.println("Moving to Position 5...");
// motorl.moveTo(0);
motor2.moveTo(5000);
motor3.moveTo(5000);
// motor4d.moveTo(10000);
// motor5.moveTo(10000);
break;

case 5:
Serial.println("Moving to Position 6...");
// motorl.moveTo(0);
motor2.moveTo(0);
motor3.moveTo(0);
motor4.moveTo(0);

motor5.moveTo(0);

break;

case 6:

Serial.printIn("Moving to Position 7...");
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// motor1l.moveTo(0);
// motor2.moveTo(0);
// motor3.moveTo(0);
motor4.moveTo(-40000);
motor5.moveTo(40000);
delay(5000);
break;

case 7:
Serial.println("Moving to Position 8...");
// motorl.moveTo(0);
motor2.moveTo(5000);
motor3.moveTo(5000);
// motor4.moveTo(10000);
// motor5.moveTo(10000);
break;
// delay(12000);

case 8:
Serial.printIn("Moving to Position 9...");
// motorl.moveTo(0);
motor2.moveTo(0);
motor3.moveTo(0);
motor4.moveTo(0);
motor5.moveTo(0);
break;
case 9:

Serial.println("Moving to Position 10...");
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motorl.moveTo(6000);
motor2.moveTo(-5000);
motor3.moveTo(-5000);
// motor4.moveTo(10000);
// motor5.moveTo(10000);
break;

case 10:
Serial.printIn("Returning to Home Position...");
motorl.moveTo(0);
motor2.moveTo(0);
motor3.moveTo(0);
motor4.moveTo(0);
motorS.moveTo(0);
Serial.printIn("Homed Position...");
default:

Serial.println("Sequence complete.");

// Giri théng diép JSON "DONE" qua Seriall dén ESP8266
StaticJsonDocument<64> doc;

doc["msg"] = "DONE";

String jsonString;

serializeJson(doc, jsonString);

Seriall.println(jsonString); // Guri sang ESP8266
isRunningSequence = false;

break;
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b

currentStep++;

}

Code diéu khién ban cip phoi
#include <AccelStepper.h>
#include <ArduinoJson.h>

#include <SoftwareSerial.h>

#define STEP PIN 4

#define DIR_PIN 5

#define LIMIT SWITCH 9
#define PROXIMITY SENSOR 8

#define SO 2
#define S1 3
#define S2 6
#define S3 7
#define OUT 10

SoftwareSerial espSerial(11, 12); / RX, TX

AccelStepper stepper(AccelStepper::DRIVER, STEP_PIN, DIR _PIN);

unsigned long redFreq = 0;

unsigned long greenFreq = 0;
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unsigned long blueFreq = 0;

char targetType = "\0';
char currentType ='?";

bool found = false;

bool typeFound = false;
bool waitingNewCommand = true;

bool motorRunning = false;

void startMotor() {
Serial.println(">>> GOI startMotor");
stepper.setSpeed(300);

motorRunning = true;

}

void stopMotor() {
Serial.println(">>> ngat Motor");
motorRunning = false;

stepper.setSpeed(0);
b

void sendJSONStatus(const char* status, char type) {
StaticJsonDocument<128> doc;

doc["status"| = status;

doc["type"] = String(type);
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String jsonString;
serializeJson(doc, jsonString);

espSerial.println(jsonString); // Gui JSON sang ESP
b

char detectType() {
// Do RED
digital Write(S2, LOW); digital Write(S3, LOW);
redFreq = pulseIn(OUT, LOW);

// Do GREEN
digital Write(S2, HIGH); digital Write(S3, HIGH);
greenFreq = pulseln(OUT, LOW);

// Do BLUE
digital Write(S2, LOW); digital Write(S3, HIGH);
blueFreq = pulseln(OUT, LOW);

if (redFreq < blueFreq && redFreq < greenFreq) return 'A';
else if (blueFreq < redFreq && blueFreq < greenFreq) return 'B';

else return '?';

}

void setup() {
pinMode(STEP_PIN, OUTPUT);
pinMode(DIR _PIN, OUTPUT);
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pinMode(LIMIT SWITCH, INPUT PULLUP);
pinMode(PROXIMITY SENSOR, INPUT);

pinMode(S0, OUTPUT); pinMode(S1, OUTPUT);
pinMode(S2, OUTPUT); pinMode(S3, OUTPUT);
pinMode(OUT, INPUT);

digitalWrite(S0, HIGH);
digitalWrite(S1, HIGH);
digital Write(DIR _PIN, HIGH);

stepper.setMaxSpeed(500);

stepper.setAcceleration(100);

Serial.begin(115200);
espSerial.begin(4800);

Serial.println("Khoi dong he thong...");

stopMotor();
b

void loop() {
// Nhan tin hi€u chon loai phoi
if (espSerial.available() && waitingNewCommand) {
char ¢ = espSerial.read();

Serial.printIn("Nhéan tin hi¢u chon loai phéi tir esp");
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if(c="A"||[c="B'[|c="C") {
targetType = c;
typeFound = false;
waitingNewCommand = false;
Serial.print("%> Tim loai phoi: ");
Serial.println(targetType);

startMotor();

// Kiém tra khi dang tim va chua tim thay
if (IwaitingNewCommand && !typeFound) {
if (digitalRead(LIMIT_SWITCH) ==LOW) {
stopMotor();
delay(200);

if (digitalRead(PROXIMITY SENSOR)==LOW) {
delay(200);
char detectedType = detectType();
Serial.print("#® DA phat hién loai: ");

Serial.println(detected Type);

if (targetType =='C' || detectedType == targetType) {
typeFound = true;

waitingNewCommand = true;
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sendJSONStatus("FOUND", detectedType);
} else {
delay(200);
stepper.move(100);
stepper.runToPosition();
startMotor();
b
} else {
delay(200);
stepper.move(100);
stepper.runToPosition();

startMotor();

// Néu dang quay thi tiép tuc quay
if (motorRunning) {

stepper.runSpeed();

j
b

Code di¢u khién Arduino ESP — 8266

#define BLYNK TEMPLATE ID "TMPL6XbvQIjhM"

#define BLYNK_TEMPLATE NAME "Mach3CNC"

#define BLYNK AUTH TOKEN "LItOBLc8d97bRpeS7QOmnLcLTkTvjLyn"
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#include <SoftwareSerial.h>
#include <ArduinoJson.h>
#include <ESP8266WiFi.h>
#include <BlynkSimpleEsp8266.h>
#include <ESP8266HTTPClient.h>

BlynkTimer timer;

char auth[]=BLYNK_ AUTH TOKEN;
char ssid[] = "Thang";
char pass[] ="040302016292";

String pc_ip ="192.168.120.175"; // Dia chi IP cua PC chay Flask

int pc_port = 5000;

SoftwareSerial unoSerial(D5, D6); // RX, TX (UNO guri vao Do)
SoftwareSerial megaSerial(D7, DS); // RX, TX (MEGA guri vao D8)

bool isWaiting = false;

bool megaDone = true; // Cho phép giri 1énh khi MEGA da xong
char pendingType = "\0"; // Luu phoi chd néu bam khi chua DONE
char loopingType = "\0"; // Dung dé lap lién tuc loai phoi

bool isEmergency = false;

void sendToFlask(int selection);
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void setup() {
Serial.begin(115200);
unoSerial.begin(4800);
megaSerial.begin(4800);

Blynk.begin(auth, ssid, pass);

Blynk.virtual Write(V2, "Chua chon loai ph6i");

Serial.printIn("ESP sén sang...");

BLYNK WRITE(VO0) { // Phoi A
if (megaDone) {
loopingType ="'A";
unoSerial.println("A");
Serial.println("da gui tin hiéu chon phoi A");
megaDone = false;
Blynk.virtual Write(V2, "Q Dang tim phoi A");
1sWaiting = true;
h
else{
pendingType ="A";

Blynk.virtualWrite(V2, "X Ban. S& chay phoi A sau khi xong");

}

}
BLYNK_WRITE(V1) { // Phoi B

if (megaDone) {
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loopingType = 'B';

unoSerial.println("B");

delay(200);

Serial.println("da chon loai phéi B");

megaDone = false;

Blynk.virtual Write(V2, "Q Pang tim phoi B");
isWaiting = true;

j
else {
pendingType ="B';

Blynk.virtualWrite(V2, "X Ban. S& chay phoi B sau khi xong");

h

}

BLYNK WRITE(V3) { // Dung vong lap
loopingType = "\0";

Blynk.virtualWrite(V2, "@ D3 dirng vong lap");

}

BLYNK_WRITE(V4) { // Phéi C
if (megaDone) {
loopingType ="'C';
unoSerial.println("C");
delay(200);
Serial.println("da chon loai phoi C");
megaDone = false;

Blynk.virtual Write(V2, "Q Pang tim phéi C");
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isWaiting = true;
b
else {
pendingType ="C';
Blynk.virtual Write(V2, "X Ban. S& chay phoi C sau khi xong");

j
b

BLYNK WRITE(VS) {
int value = param.asInt(); / 1 = STOP, 0 = RUNNING
if (value==1) {
isEmergency = true;
1sWaiting = true;
Blynk.virtualWrite(V2, "@® DUNG KHAN CAP!!!");
megaSerial.printin("EMERGENCY _STOP");
unoSerial.printin("EMERGENCY _STOP");
sendToFlask(5);
Serial.println(">>> DA GUT LENH DUNG KHAN CAP <<<");
} else {
isEmergency = false;
1sWaiting = false;
Blynk.virtualWrite(V2, "&/ Hé thong dang chay");
Serial.println(">>> KHOI PONG LAI <<<");

}
}
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void loop() {
Blynk.run();
timer.run();
if (isEmergency) {
// Khong cho phép giri thém 1€nh, hodc tu reset h¢ théng
if(!1sWaiting) {

b

return; // hodc dung "ESP.restart();" néu can reset

j
// Nhan dir li¢u tr UNO
if (unoSerial.available()) {
String jsonString = unoSerial.readStringUntil("\n');

jsonString.trim();

StaticJsonDocument<128> doc;

DeserializationError error = deserializeJson(doc, jsonString);

if (lerror) {
const char* status = doc["status"];

const char* type = doc["type"];

if (stremp(status, "FOUND") == 0 && stremp(type, "A") ==0) {
String msg = String("Y/ Pa tim thiy phoi ") + type;
Blynk.virtual Write(V2, msg);

megaSerial.print("A");
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Serial.printin("ba gui MEGA: ");
timer.setTimeout(60000L, []() { // 60.000 ms = 60 giay
sendToFlask(1); // Gui sau khi doi

1sWaiting = false;

138

h
else if (stremp(status, "FOUND") == 0 && stremp(type, "B") ==0) {

String msg = String("” D4 tim thiy phoi ") + type;
Blynk.virtualWrite(V2, msg);
megaSerial.print("B");
Serial.printin("Da girt MEGA: ");
timer.setTimeout(60000L, []() { // 60.000 ms = 60 giay
sendToFlask(2); // Guri sau khi doi
isWaiting = false;
138
j
} else {
Serial.printIn(" /\ L6i JSON tir UNO!");
h
j

// Nhan dir liéu tr MEGA
if (megaSerial.available()) {
String msg = megaSerial.readStringUntil("\n");

msg.trim();
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if (msg =="DONE") {

megaDone = true;

if (pendingType !="\0' && pendingType != loopingType) {
unoSerial.printin(pendingType);
Blynk.virtualWrite(V2, String("§ Pang tim phoi ") + pendingType);
megaDone = false;
loopingType = pendingType; // Bat dau lap theo loai nay
pendingType ="\0';

} else if (loopingType !="0") {
unoSerial.println(loopingType);
Blynk.virtual Write(V2, String("% Lap lai phoi ") + loopingType);
megaDone = false;

} else {

Blynk.virtualWrite(V2, "8/ M4y sin sang");

b
j
b
b

void sendToFlask(int selection) {
String endpoint = (selection == 1) ? "/runl" : (selection ==2) ? "/run2" : (selection ==
5) ? "/I.uns!l :"";

if (endpoint =="") return;

if (WiFi.status() == WL_CONNECTED) {
HTTPClient http;
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WiFiClient client;
String url = "http://" + pc_ip + ":" + String(pc_port) + endpoint;

http.begin(client, url);

int httpCode = http.GET();

if (httpCode > 0) {
String payload = http.getString();
Serial.println("&” PC: " + payload);

} else {
Serial.println("¥X Khong két ndi PC");

b
http.end();

}
j

Code diéu khién CNC Milling machine via Mach 3
File 1:
from flask import Flask

import subprocess
app = Flask(__name_ )

@app.route("/runl")
def runl_macro():

try:
subprocess.run(["python", "send key.py"], check=True)
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return "</ D4 chay macro!"
except Exception as e:
return "X Loi: {str(e)}"
@app.route("/run2")

def run2 macro():

try:
subprocess.run(["python", "send key 2.py"], check=True)

return "</ DA chay macro!"
except Exception as e:
return "X Loi: {str(e)}"
(@app.route("/run5")
def run3_macro():
try:
subprocess.run(["python", "send key 3.py"], check=True)
return "</ DA chay macro!"
except Exception as e:
return "X Lbi: {str(e)}"
if _name ==" main_":

app.run(host="0.0.0.0", port=5000)

File 2: chay chwong trinh 1
import pyautogui
import pygetwindow as gw

import time
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import os

# import socket

# from test]l import GCODE PATHS, run_mach3 gcode

geode_file =r"C:\Mach3\GCODE\O1.tap" # Puong dan file G-code

# Tim cira s6 Mach3
mach_window = None
for w in gw.getWindowsWithTitle("Mach3"):
if w.visible:
mach window =w

break

if mach_window:
print(" Pa tim thay ctra s6 Mach3:", mach_window.title)

mach_window.activate()

time.sleep(1)

# Gri t6 hop phim dé mé G-code (Alt + F -> L)
pyautogui.hotkey(‘alt', 'f")

time.sleep(0.5)

pyautogui.press(‘enter')

time.sleep(0.5)

# Go duong dan dén file G-code

# pyautogui.write(gcode file)
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pyautogui.write(gcode file)
pyautogui.press(‘enter’)
time.sleep(0.5)
pyautogui.press('esc'’)

time.sleep(1)

# Gui phim khéi dong (Alt + R)
pyautogui.hotkey('alt', 't')

print("# D3 gui Iénh chay G-code!")

else:

print("X Khong tim thay ctra s6 Mach3. Vui long md Mach3 trude.")

File 3: chay chwong trinh 2
import pyautogui

import pygetwindow as gw
import time

import os

# import socket

# from testl import GCODE_PATHS, run_mach3 gcode

gcode_file =r"C:\Mach3\GCODE\balld.tap" # Pudng dan file G-code

# Tim ctra s6 Mach3

mach_window = None
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for w in gw.getWindowsWithTitle("Mach3"):
if w.visible:
mach window =w

break

if mach_window:
print(" Pa tim thay ctra s6 Mach3:", mach_window.title)

mach_window.activate()

time.sleep(1)

# Gri t6 hop phim dé mé G-code (Alt + F -> L)
pyautogui.hotkey('alt', 'f")

time.sleep(0.5)

pyautogui.press(‘enter’)

time.sleep(0.5)

# G6 duong din dén file G-code
pyautogui.write(gcode file)
pyautogui.press(‘enter’)

time.sleep(0.5)

pyautogui.press('esc')

time.sleep(1)

# Gui phim khoi dong (Alt + R)
pyautogui.hotkey(‘alt', 't')

print("# Da gui 1énh chay G-code!")
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else:

print("X Khong tim thiy cira s6 Mach3. Vui long mé Mach3 trude.")

File 4: Ngung may

import pyautogui

import pygetwindow as gw
import time

import os

mach_window = None
for w in gw.getWindowsWithTitle("Mach3"):
if w.visible:
mach window =w

break

if mach_window:
print(" Pa tim thay ctra s6 Mach3:", mach_window.title)
mach_window.activate()

time.sleep(1)

pyautogui.hotkey('alt','s")
time.sleep(0.5)

else:

print("X Khoéng tim thiy cira s6 Mach3. Vui long mé Mach3 trude.")
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