‘ ~ THELE
VE CONG BO CONG TRINH KHOA HQC VA
PANG BAI BAO KHOA HQC TREN TAP CHi CO KHI VIET NAM

1. Khai quat vé Tap chi Co khi Viét Nam:

Tap chi Co khi Viét Nam la co quan béo chi thuc hién ngdn luan - 1y luan ctia Téng hoi Co khi Viét Nam, dong thoi la tleng
ndi, kénh thong tin chinh thong ctua nganh Co khi Viét Nam. Tap chi cung con la dién dan nghlen ctru khoa hoc ctia cdc nha quan
ly-khoa hoc- chuyen gia- nghlen ctru sinh, hoc vién cao hoc, ... trén cd nuéc, do d6 da dugc Bo Khoa hoc va Cong nghé cap ISSN
2615 - 9910 (md s6 chudn quéc té doi véi xudt ban pham nhiéu ky) va Hoi dong Chikc danh Gido sw Nha nieée cong nhdn tinh diém
cong tinh khoa hoc-bai bdao khoa hoc.

Tap chi Co khi Viét Nam c6 nhi¢ém vu tuyén truyén, pho blen chu truong chinh sach cua Dang, phap luat ctia Nha nuéce va
dinh huéng phat trién, hoat dong cua nganh Co khi Viét Nam; cong bb cong trinh khoa hoc, két qua nghién ciru va chuyén giao cong
nghe chuyén dé khoa hoc va cong ngh¢ c6 ham lu'orng khoa hoc va gié trj thyc tién cao ctia nha quan ly-khoa hoc- chuyen gla giang
vién, nghién ctru sinh, hoc vién cao hoc, ... trong nganh Co khi va lién quan dén linh vuc Co khi. Ngoai ra, Tap chi ciing con 12 noi
cong bo nhirng phat minh, sang ché, két qua, thanh tich, dién hinh tién tién trong hoat déng nghién ctru khoa hoc, quan ly, dao tao va
san xuat, kinh doanh linh vuc Co khi ¢ trong va ngoai nudc téi dong dao ban doc.

2. Viée cong bd cong trinh khoa hec/ ding bai bao khoa hoc trong nganh Co khi va lién quan dén Iinh viee Co khi trén
Tap chi Co khi Viét Nam:

Tap chi Co khi Viét Nam nhén cong b cong trinh khoa hoc/ ding bai bao khoa hoc trong nganh Co khi va lién quan dén linh
vie Co khi ctia nha quan ly-khoa hoc- chuyen gia-nghién ctru ctru sinh, hoc vién cao hoc,. .. trén Tap chi Co khi Viét Nam (ban in glay)
gom: 'Co khi Ché tao may, *Co khi Quoc phong, *Co khi Giao thong, 1Co khi Nong-lam nghlep Co khi Xdy ding, °Co khi Thity san,
"Co khi Pia chat, Co khi Hoa chat, °Co khi Béio qudn ché bién nong lam thity san, "Co khi Béng co dot trong, "Co khi O 16 - May kéo,
2Co khi May thiy khi, " Co khi Cong nghé nhiét lanh, "*Co khi mdy nang lwong, >Co khi Cong nghé dét, '°Co khi Cong nghé cat may,
Co khi Co-dién tir, *Co khi Ky thudt hé théng cong nghiép, °Co khi dao tao nguon nhan huc va nghién cieu chuyén giao.

3. Thé 18 vé cong bd cong trinh khoa hoc/ diing bai bao khoa hoc trong nganh Co khi va lién quan dén linh vwe Co khi trén
Tap chi Co khi Viét Nam. Do dé, cong trinh khoa hoc/ bai bao khoa hoc khi dugc diang trén Tap chi Co khi Vi¢t Nam phai
dam bao cac yéu cau, nhu sau:

3.1. Yéu cu chung: Cong trinh khoa hoc/ bai bao khoa hoc dang trén Tap chi Co khi Viét Nam phai 1a két qua nghién ctru gdc;
bai bao tong quan hodc bai viet thong tin khoa hoc (short communications).

3.2. Ban thdo: Bai bao dang trén Tap chi Co khi Vi¢t Nam, gdm c6 cac phan:

1. Tén bai bao (bang tleng Viét va bang tleng Anh)

2. Tén tac gid, dong tac gia (kém theo ghl chu vé chire danh khoa hoc, hoc ham, hoc vi, tén co quan cong tac, emall)

3. Tém tit bai bao bang tiéng Viét va tiéng Anh khong qua 350 tir (bao gOm co tu khoa tiéng Viét va tiéng Anh, ddi voi cum
tir khoa c6 khoang 5 - 15 tir khoa).

4. bat van de.

5. Vat liéu va phuong phap nghién ctru.

6. Ket qué va thao luan (co thé tach thanh 2 phén riéng biét: Két qua, Thao luén).

7. Két luan.

8. Tai liéu tham khao (trich dan theo dung quy dinh bai bao quoc té).

Ban thao dugc soan trén may vi tinh, sir dung Unicode, kiéu chir Time New Roman, ¢& chir 14, trén gidy A4 - mot mat,
ché d6 dan dong: “1.5 lines spacing”, can 1& trai phal moi bén: 3 cm, can 1& trén dudi: 2,5 cm, ché do 1&: “Jusnﬁed” Dung lu'orng moi
bai bao khoang 1.600-2.500 tur. Céac do thi, hinh va anh cén trinh bay rd rang.

Céc thuat ngir khoa hoc néu chua dugc Viét hoa thi uu tién dung nguyén ban tiéng Anh. Céc ky hiéu viét tit cin phai giai
thich khi xuat hién lan dau.

Thu tu bang va hinh dugc danh s theo trinh tu trong bai, khong danh theo thi tu d& muc. Khong dugce viét tit cac tiéu muc,
tén bang, hinh v&. Tén bang dugc ghi bén trén bang, tén hinh vé duorc ghi bén dudi hinh. Chu th1ch in ngh1eng

Chi co nhu’ng tai liéu duoc trich dan thyg sy trong noi dung bai Vlet méi dwa vao phan tai lidu tham khdo. Tai liéu tham
khao dugc sap xép theo thu tur trich dan (tai liéu tiéng nudc ngoai dugc sap xep theo ho cua tac gla tai liéu tleng Viét sap xep theo
tén tac gia) va theo trinh tu: tén tac gia, nam xuat ban trong ngodc don (.. ), tén sach, tén nha xuat ban, noi xuat ban (d01 voi sach)
hodc tén bai bdo, tén tap chi, tap, s0 (d6i voi bai bao), trang dau va trang cudi cua tai lidu. DPbi voi nhu’ng tai liéu khong co tac g1a thi
xép theo chir cai cua tir dAu tién ctia co quan ban hanh tai liéy. Trong ban thao, & nhung noi dung tac gid da tham khao hodc str dung
két qua nghién ciru tir cac tai lidu khoa hoc khac, can danh dau bang so (dat trong ddu...]) - 1 sb tht ty cia tai liéu xép trong danh
muc c4c tai liéu tham khao. Tai liéu tham khao can ghi theo ngdn ngir gbc, khong phién am, khong dich.

3.3. Giri hodc ndp bai: Ban thao gdm 2 ban in va 1 ban dién tir, Khi ding ki nop bai, cac tac gia c6 thé dé xuat 2 phan bién. Viéc
chon céac phan bién chuyén mon phu hop thudc quyén ctia Hoi dong Bién tap Tap chi Co khi Viét Nam.

3.4. Phén bién: Sau khi nhan bai viét giri ding dang v6i Thé thirc quy dinh ciia Tap chi Co khi Viét Nam, Hoi dong Bién tap s& gui
bai viet cho cac phan bién.
Nhu'ng bai viét dugc chap nhén déng, cac tac gia s€ nhén duoc thu phan hdi cua Hoi ddng Bién tap vai thoi gian stra chira

dugc yéu cdu tiy theo chat lucng clia bai viét. Ban stra chita lan cudi cua tac gia s€ dugc coi 1a ban goc.
Bén thao co thé nop truc tiép hodc guri qua E-mail cta Tap chi.

Quy tac gia mudn biét thém thong tin, xin vui 1ong lién hé véi TOA SOAN TAP CHI CO KHI VIET NAM

Dia chi: S6 4 Pham Vian ang (trong Vién Nghién ctru Co khi), Mai Dich, Cau Giéy, Ha Noi
Dién thoai: (024) 37 920 650 - 0904 177 637 / 0982 254 465
Email: Tcckvn.bbkh@gmail.com * Website: cokhivietham.vn / tapchicokhi.com.vn
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GS,TS. CHU VAN PAT ++ Nghién ciru thiét ké may khoan coc nhdi trén may co s& Cummins M11C310
PGS, TS. TRAN VINH HUNG «* Thiét ké va ché tao robot bay dan trng dung trong nghién ciru
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Tap chi Co khi Viét Nam phit hanh ngay 25 thing 11 nam 2023

TOA SOAN TAP CHI CO KHI VIET NAM
Sb 4 Pham Vin Bdng (trong Vién Nghién ctru Co khi), P. Mai Dich, Cau Gidy, Ha Noi

GS,TS. LE ANH TUAN Dién thoai: (024) 3792 0650  Hotline: 0904 177 637 - 0982 254 465
GS,TS. NGUYEN HU'U LOC Email: tcckvietnam@gmail.com
PGS.TS. DUONG VAN TAI Website: cokhivietnam.vn / tapchicokhi.com.vn
o * k k
TS. PHAN DANG PHONG Giz”iy phép hoat dong Tap chi in va Tap chi Dién tir cia B Thong tin va Truyén thong
TS. TA NGQC HAI S6 378/GP-BTTTT, ngay 22 thang 6 ndm 2021
PGS,TS. TRAN NGOC HIEN ko

Vin ban chip thuan ting trang s6 1409/CBC-QLBC ngay 22 thang 11 ndm 2023 ctia Cuc Béo chi,

TS. HO TRAN ANH NGQC
Vin phong dai dién:

1. Tai TP. Ho Chi Minh: 2. Tai tinh Quéing Ninh: 3. Tai Thai Nguyén:
- PGS,TS. Bui Trung Thanh - TS. Hoang Minh Thuén - GS,TS. Vii Ngoc Pi
Phong T4.0, Nha T, Truong Pai hoc Cong nghiép  Truong Cao ding Cong nghiép va Xay dung, $6.234 Pha Xa, TP. Thai Nguyén, tinh Thai Nguyén
. . TP. Ho Chi Minh Lién Phuong, Phuong Dong, Udng Bi, Quang Ninh ~ Dién thoai: 0974 905 578
THIET KE MY THU AT S6 12 Nguyén Van Biio, phudng 4, quin Go Vép,  Dién thogi: 0904 116 189 Email: vungocpi@tnut.edu.vn
J TP. Ho Chi Minh Email: minhthuan.tcckvn@gmail.com
NGAN GIANG Pién thoai: 0913 921 407

Email: teck.tphem@gmail.com

- GS,TS. Nguyén Hiru Lic

Phong 205, Nha B11, Truong Pai hoc Bach khoa,
Pai hoc Québc gia TP. HO Chi Minh,

sb 268 Ly Thuong Kiét, phuong 14, Quan 10,
TP. H Chi Minh.

Dién thoai: 0913 603 264

Email: nhloc@hemut.edu.vn

*Tap chi Co khi Viét Nam:

- In tai Cong ty C6 phan In Khoa hoc Cong nghé Ha Noi Phong vién thuong tra:
- Khuén khé 20,5cm x 28,5cm

- 224 trang IL:“%:?I'{':::"g

- Xudt ban méi thdng mot ky Dign thoai: 0913 063 747

- Gid ban 50.000 d6ng/quyén Tap chi Email: daidientcck@gmail.com
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MUC LUC
TAP CHi CO KHi VIET NAM SO 309, THANG 11 NAM 2023

NGHIEN CUU - TRAO POI (6 — 220)

1. Nguyén Hiru Quang, Nguyén Anh Tuén: Giai phap thu nhan va xir 1y tin hiéu do ddi
véi thiét bi do do tron trong toa d§ cuc img dung ba GAU Q0.
2. Nguyén Thi Xuan, Nguyén Thé Lirc, Nguyén Vin Dung: Nghién ciru anh hudng cua
mdt s yéu t6 so do giac téi dinh mirc vai 40 so mi trong san xuat may cong nghiép..............
3. Pham Trung Kién, Té Viét Thanh, Nguyén Vin Thuin: Thiét ké, ché tao thir nghiém
chi tiét than bom BHK-12TK bang phuong phap AUC. it
4. Phan Anh Tuin, P§ Thanh Tung, Cao Khac Thlen, Nguyén Thi Ngoc Linh: Nghién
ctru thiét ké, xay dung hé thdng do kiém thong s6 ngudn laser cong suat cao.........................
5.TS. Vii Vin Khoa, ThS. Pham Xuén Truong, KS. Nguyén Vin Minh, KS. Trin Vin Tung,
KS. Nguyén Xuin Thé: Nghién ciru giai phap xép bao tur dong 1én xe tai trong van chuyén
X1 INENGZ DAO....e ittt ettt ettt et e et e et e et e e bteesbeenbeeeabe et te et e e seeenbeesteenbeenseesntaens
6. TS. Bui Ngoc Hung, ThS. Nguyén Trwong Giang, ThS. Kim Thi Cim Anh,
ThS. Cung Quang Khang: Nghién ctru phan tich song hai dién ap trong ludi dién khi
hoa ludi hé thong pin NANE IWONE MAL LGT........oveeeeeeeeeeeeeee oo
7. Nguyén Vin Quang, Nguyén Vin Thinh, Nguyén Thanh Tung, Nguyén Thi Tuyét Mai:
Nghién ctru anh hudng cua luu luong gié dén phat tan bui trong guong 16 dio tai mo than
Duong Huy st dung CFD.......coouiiiiiiiiicieeieet ettt ettt e eaae e e e
8. ThS. P§ Tién Can, TS. Nguyén Phii Thing, TS. Nguyén Hanh Hoan: Nghién ciru xac
dinh d¢ tr6i con quay 3 bac ty do trén thiét bi DAYttt
9. Nguyén Khic Chinh, Trwong Nguyén Hién, Ngé Vin Giang: Khao sat anh hudng cua
van toc chay dao vong dén d6 nham bé mit khi mai trén may mai tron UG20.......................
10. Ngd Xuan Cwong, Lé Thu Quy, Tran Vin Diing, Hoang Pirc Long, Lé Vin Duyén:
Thiét ké co khi may han con 1N t GONE...........co.eveveveeeeeeeeeeeeeeeeeeeee e
11. Ngé Xuan Cuong, Lé Vin Duyén, Hoang Pirc Long, Nguyén Anh Diing: Thiét ké bo
diéu khién cho thiét bi han con TN t0 ONE..........o.ovveveeeeeeeeeeeeeee e
12. Nguyén Cong Nguyén, Nguyén Thi Kiéu Hanh, Lé Thanh Son, Phan Hoang Long,
Poan Xuin Chanh, Nguyén Tén Tién: Nghién ctru thuc trang luc binh két khdi tai huyén
Vinh Hung, tinh LONG AN.....ccoiiiiiieeeeeeeeeee ettt e e e e e easeeens
13. Pinh Minh Hai, Tran Anh Tuin, Nguyén Tran Trong: St dung tua bin truc giao phat
dién cho Khu Ve ven bien, NAi dA0.......c...erveurreemreiiereiriieesiiesessesessessssessses s
14. TS. Luwu Pirc Lich, ThS. Lé Vin Lwong, Ngé S¥ Pong: Panh gia chét luong kéo cho
6 t6 con str dung hé thong truyén Iwc co Khi €O CAP......vvvveeeeeeeeeeeeeeeeee e
15. Nguyén Cong Nguyén, Nguyén Thi Kiéu Hanh, Lé Thanh Son, Phan Hoang Long,
Poan Xuin Chanh, Nguyén Tan Tién: Nghién ctru dé xuit giai phap truc vt luc binh két

16. Nguyén Vin Huéng, TS. Nguyén Trong Doanh: Nghién ctru thuat toan tim duong di
t61 wu cho robot c6 kha ning tranh vat can trong moi trudng biét truGe. ...,
17 ThS. Nguyén Vﬁn Cu’o’ng, ThS. Nguyén Quang Huy: Thiét ké thiét bi gap canh dudi
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18. Nguyén Thai Son, Tran Ngoc Hién: Nghién ctru thyc nghiém vé anh huong cac thong
s6 cong nghé in 3D kim loai dén chit luong san PhAmM in..............oveeveeveeeeeeeeeeeeeeeeeeeeae
19. Ho Triét Hung, Vii Pinh Hai: Nghién ctru giai phap tiét kiém nang luong hé thong diéu
Khién thily T dUNE VAN SEIVO........veeeeeeeeeeeeee oo,
20. Huynh Céng Lén, Lwong Vin Téi: Nghién ctru thiét ké may khoan coc nhdi trén may
€O SO Cumming MITC3T0.....ccciiiiiiiiiiiiiiceee et
21. Trinh Pirc Cuong, Nguyén Truwong Thinh: Thiét ké va phat trién ban tay robot danh
QAN PIANO. ...ttt ettt et e et e e bt e et e et e e ta e e be e teeenbeenteeebeenaeeenbeesaeenseennnaan
22. Pang Tri Diing, Nguyén Minh Triéu, Nguyén Trwong Thinh: Thiét ké va ché tao
robot bay dan tng dung trong NERIEN CUUL..........v.eveeveeeeeeeeeeeeeeeeeee oo
23. Nguyén Minh Triéu, Nguyén Truwong Thinh: Nghién ctru thiét ké robot dau duya trén
nhan tric hoc cua NEUOT VIEE NAML....eoiiiiiiiiiiieiiece ettt ste e e
24, Nguyén Hiru Nhén, Phan Hoang Long, Dwong Vin Ti, Nguyén Huy Hing, Nguyén Tan Tién:
Nghién ctru tw dong héa kiém dinh dau phun chita chay Part 1 — Nghién ctru tiéu chi kiém
GINh theo TCVIN 6350-1:2007 ... ettt ettt e e e e et et e e e s e e e eeaanes
25. PGS,TS. Vii Huy Lan, ThS. Vit Thanh Quynh: Nghién ctru 4nh hudng cta cac thong
s6 ché do han dén sy hinh thanh mdi han goc tu thé han ngang khi han ty dong dudi 16p
thudc han thiéu két hé bazo trung binh FTA(P)4-BK ........o.oeveeeeeeeeeeeeeeeeeeeeeeeeeeeeeeereean.
26. Duong Ngoc Khanh, Phan Thanh Nhén: Nghién ctru siy tra hoa Lavender trén hé
théng séy DO NNIBE FANE SO,
27.Nguyén Hiru Nhan, Phan Hoang Long, Duong Viin T, Nguyén Huy Hung, Nguyén Tén Tién:

Nghién ctru tu dong hoa kiém dinh dau phun chita chay Part 2 — Dé xuét giai phap kiém dinh
QAU PRUN I GONE. .o oo eeeeens
28. Tran Thanh Dan, Trinh Vwong Quang Huy, Dwong Vin Ti, Nguyén Tin Tién:
Nghién ciru giai phap lau tim pin ning lugng mit troi ho gia dinh két hop drone va robot hut

29. Huynh Minh Nhit, Nguyén Tién Minh Khéi, LAm Hoang Anh, Truwong Cong Toai,
Nguyén Danh An, Dwong Vin T, Nguyén Huy Hung, Nguyén Tén Tién: Thiét ké hé
thong pin Iuu trir Lithium-Ion cho thiét bi khong ngudi 1ai dudi nudC..........vevveeeeeeeeeennn.
30.TS. Vii Ngoc Tudn, ThS. Nguyén Thanh Huy, ThS. Nguyén Hiru Thanh, ThS. Nguyén
Ngoc Cuong: Xay dung mo hinh nghién ciru tudi tho ciia mét sb loai dc quy sir dung trén 6
B0 GEEIN. ettt e e e e e e — et e e e e e e e ———tteee e s e e a e ———rataaeeas
31. Ngb Xuan Cuwong, Lé Thu Quy, Tran Vin Diing, DPinh Khic Mic, Do Quang Chién:
Thiét ké bo lam kin hai nira cho tua bin thity G80............covvveveeeeeeeeeeeeeeeeeeeeee e,
32. Nguyen Chung, Nguyén Khic Chinh: Tiéu chi mat 6n dinh cuc bd cta viéc tao hinh
kim loai tim va tng dung trong biéu d6 gidi han tao hinh (FLD)...........ccccovvveeveeeeeerrennnn.
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. DANH SACH o
NHA KHOA HQC THAM GIA PHAN BIEN KHOA HQC CAC BAI BAO
KHOA HQC PANG TAI TREN CHUYEN MUC NGHIEN CUU - TRAO DOI

TAP CHI CO KHI VIET NAM, SO 309, THANG 11 NAM 2023

HQC HAM, HQC VI; . "
TT : NN : PON VI CONG TAC
HO VA TEN ’
1 TS. Vii Trung Tuyén
- Vién Nghién ctru Co khi, B§ Cong Thuong
2 | TS. bo Pinh Lwong
3 | PGS,TS. Ha Minh Hung Vién Phat trién K§ thuat Cong nghé Tién tién
4 | TS. Bui Van Hung Truong Pai hoc Giao thong Van tai
5 | TS. Pau Chi Diing Truong Cao dang K§ thuat Cong nghiép Viét Nam - Han Quéc
6 | TS. Ho Viét Bun )
Truong Pai hoc Mo - Dia chat
7 | TS. Pham Thi Thiy
8 TS. Pham Khic Lam Vién Tén Itra, Vién Khoa hoc va Cong ngh¢ Quan sy
9 | TS. Cao Thi Kién Chung Truong DPai hoc Su pham Ky thuat Hung Yén
10 | TS. Nguyén Quang Diing
11 | TS. Nguyén Hoang Hai
- Hoc vién K¥ thuét Quéan sy
12 | TS. Nguyeén Trudng Sinh
13 | TS. Nguyén Thanh Hung
14 | PGS,TS. Tran Anh Son
15 | PGS,TS. Luu Thanh Tiing Trudng Pai hoc Bach khoa, Pai hoc Qubc gia TP. H6 Chi Minh
16 | TS. Tran Quang Phuéc
17 | TS. Pham Vii Diing ;
- Truong Pai hoc Kinh t¢ K§¥ thuat Cong nghiép
18 | TS. Nguyén Van Mui
. , Phong Thi nghiém Trong diém Cong nghé Han va Xtr 1y bé mat,
19| PGS,TS. Lé Thu Quy Vién Nghién ciru Co khi
PR A Trung tam Nghién ctru Thiét bj va Cong nghé Co khi Bach khoa,
20 | PGS,TS. V4 Tuong Quan Trudng Dai hoe Bach khoa, Pai hoc Quéc gia TP. Hb Chi Minh
21 | PGS,TS. Nguyén Hiing Truong Pai hoc Cong nghé TP. H6 Chi Minh
22 | TS. Nguyén Pirc Cuong Truong Pai hoc Dong Thap
23 | TS. Phan Cong Trinh Truong Pai hoc Su pham Ky thuat TP. H6 Chi Minh
24 | PGS,TS. Pham Huy Hoang Truong Pai hoc Cong Thuong TP. H5 Chi Minh
25 | PGS,TS. Bui Van Hanh
Truong Co khi, Pai hoc Bach khoa Ha Noi
26 | TS. Bui Dinh Ba
27 | TS. Lé Khic Binh Truong Pai hoc Su pham Ky thudt Vinh
28 | PGS,TS. Nguyén Minh Phii Truong Pai hoc Cong nghiép TP. H6 Chi Minh
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GIAI PHAP THU NHAN VA XU LY TiN HIEU DO BOI VO'I THIET B
PO DO TRON TRONG TOA BO CU'C IPNG DUNG BA bAU PO

A SOLUTION FOR DATA ACQUISITION AND PROCESSING ON ROUNDNESS
MEASUREMENT MACHINE USING A COMBINATION OF THREE PROBES

Nguyén Hiru Quang, Nguyén Anh Tuin
Khoa Co khi, Trudng Dai hoc Kinh té K§ thuat Cong nghiép

TOM TAT

Bai bdo trinh bay gidi phdp thu nhdn xit Iy tin hiéu do doi véi thiét bi do dé tron trong toa
dé cue itng dung phirong phdp két hop ba dau do nham ndng cao d chinh xdc ciia phép do. Trong
mé hinh nay sir dung 03 dau do dich chuyén thang la cac dong hé so 0,001 ciia hang Mitutoyo. Khi
dé, dé dam bdo dé chinh xdc cia phép do, mét trong cdc yéu cau dat ra ¢ ddy la can ldy dwoc tin
hiéu ciia 03 dong ho so tai cing mét thoi diém & cdc vi tri géc quay khdc nhau trong qud trinh do.
Vi vdy, trong nghién ciru nay da phan tich va lwa chon loai vi diéu khién thich hop va xdy dung gidi
phap dé ldy dwoc tin hiéu dong bé ciia 03 dong ho so, tiv d6 xdy dung dwoc giai phdp thu nhdn va
xu Iy tin hiéu do dam bao do chinh xdc do déi véi thiét bi do do tron trong toa do cuc ung dung ba
dau do.

T khéa: Thu nhdn xir 1y tin hiéu do; Mdy do dé tron; Ba dau do két hop.
ABSTRACT

This article presents a solution for data acquisition and processing on roundness measurement
machine using a combination of three probes to improve the accuracy of the measurements. The
roundness measurement machine uses three linear probe. These probes are Mitutoyo 0.001 digit
indicator. Their signals is taken at the same time in each position of rotary angle. On the request of
the problem of synchronization signal transmission to select the appropriate microcontroller and

software development interface to handle data stored results.

Keywords: Acquisition and processing of measurement signals; Roundness measuring

machine; A combination of three probes.
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1. PAT VAN PE

Do tron 1a mdt trong cac chi tiéu ky
thuat quan trong dé danh gia sai s6 hinh dang
hinh hoc cua cac chi tiét co khi, anh huong truc
tiép dén kha nang 1am viéc va do chinh x4c cua
céc thiét bj co khi. C6 mot s6 cac phuong phap
do dd tron khac nhau nhung phuong phép do
sai 1éch d¢ tron bang toa do cuc 1a phuong phap
do truc tiép va dat do chinh xac cao nhit. Ddi
v6i thiét bi do d6 tron nay s& bao gdm cam bién
dich chuyén thang dé do bién thién ban kinh
AR va cam bién goc quay dé xac dinh goc quay
0. tuong Ung tai tmg vi tri ban kinh R.. Co s¢
dé dam bao do chinh xic cta phép do nay la
phai dam bao dugc do dinh tam cua truc quay,
duy tri diém gbc cuc cb dinh trong sudt qua
trinh do, khi d6 bo dir liéu diém do M(AR, 0.
thu dugc s€ phan anh ding gia tri sai Iéch cta
profile chi tiét can do. Tuy nhién, trong nhiéu
truong hop khi can nang cao hon nita 6 chinh
xac cho phép do (khi yéu cau d6 chinh xéac cua
phép do cao hon d6 chinh xac dinh tim 6 quay)
hodc cong nghé gia cong 6 quay gap khé khan,
dd chinh xac dinh tam quay khong dép ung
dugc nhu mong mubn, khi d6 cung vdi vige s
dung 6 khi quay két hop voi phuong phap sir
dung ba dau do sé& loai bo d6 léch tam va do dao
dong tam tirc thoi. Khi d6, dé dam bao do chinh
xéc cua phép do, mot trong cic yéu cau dit ra
& day 1a can lay duoc tin hiéu ctua 03 dong hd
s0 tai cting mot thoi diém & cac vi tri gbc quay
khac nhau trong qua trinh do. Vi vay, bai bao
nay s€ phan tich va lga chon loai vi diéu khién
thich hop va xay dung giai phap dé lay duoc
tin hiéu ddng bo cua 03 dong ho so, tir do xdy
dung dugc giai phdp thu nhan va xtr ly tin hiéu
do dam bao @6 chinh xac do déi véi thiét bi do
dd tron trong toa do cuc ting dung ba déau do.
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2. NOI DUNG NGHIEN CUU

2.1. Co s6 1y thuyét cia phwong phap két
hop ba dau do

Baudo A i PéudoC
Biu do B s
Chi tien do
| & ki quay
Bng co I ;
—  Encoder géc

B—

a. So do nguyén Iy do do tron trong toa dé cyc sir

dung ba dau do
Y
Biuda B e, (5
L e (@)
B X

Chi et
Fil

b. Bé tri ba dau do dat léch géc ¢ va
Hinh 1. So d6 bé tri dau do, so do nguyén 1y ciia
mo hinh thuc nghiém do [1-3]

Hinh 1.a thé hién so d6 nguyén ly do
dd tron trong toa do cuc sur dung ba dau do két
hop. Trong khi, hinh 1.b thé hién vi tri dat ba
dau do ¢ dinh quanh chi tiét do véi cac goc
ga dat dau do 1an luot 13 ¢, 7. Gia sir O 1a giao

&
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diém cua duong tam ba dau do. Goi P 1a mot
diém do trén bién dang chi tiét va sai léch vé do
tron dugc ky hiéu b1 ham r(0) vaoi 0 1a goc gitra
diém P va tryc X. Khi d6, nhan thay tin hiéu ctua
cac dau do dich chuyén (d6ng ho so) duogc xac
dinh bang cac ham m A(0), m (), m_(0) twong
ung nhu sau [3]:

m, (0) = £(0) + e,(0) (1)
m,, (0) =r(0-¢) +e,(0).sin¢ + e, (0).cos¢p  (2)
m_(0) = r(0-1) + e(0).sint + ¢,(0).cost 3)
Trong do, e (0), e (0) la sai s6 do do
léch tdm va d¢ dao dong tdm tuong ung theo
phuong x va y.
Nhan hai vé cua phuong trinh (2) véi

-sint/sin(t-¢) va hai vé cua phuong trinh (3)
voi sind/sin(t-¢), ta co:

B sinz —do_ A sinz o nsingsinz - cosgsint
" sin(z - ¢) & ¢’sin(r -9) ‘| }sin(r -9) o sin(r - ¢) )
sing sing singsint cos7sin g
— L =rf-1) 9) 5
e sin(z - ¢) =) sin(r - ¢) +al) sin(r - ¢) T sin(z - ¢) )

Cong hai vé cua cac phuong trinh (1),
(4) va (5), ta duoc tin hi¢u két hop cua ba dau
do m(0) nhu sau:

m(0) =m,(0) + T .m,(0) + T,.m(0) (6)
=1(0) + T,. 1(6-¢) + T,.r(0-1) (7)
Trong d6: T, = -sint/sin(t-¢) (8)

T, = sin¢/sin(t-) 9)

Béng thuéat toan hoan toan xac dinh duoc
ham s6 the hi¢n bién dang chi tiét do [1-2]:

k
r(@):R+Z(aicosi0+bl.sini0) (10)

i=1

Sai 1éch do tron duoc tinh theo cong thure:

A0 - 1-(e)max - 1.(e)min (l 1)

Nhu vay, tir biéu thire (6) va (7) nhan
thdy tin hi¢u két hop ba diu do m(0) & day
khong con lan gia tri sai s0 do do I¢ch tdm va
dao dong tam e (0) va e (0) gay ra. Piéu nay
chtng t0, khi 6 quay ctia ban do c6 do bién
dong tam quay do kha ning han ché cia cong
nghé ché tao thi phuong phap nay van dam bao
dugc do chinh xac cua két qua do. Do do, véi
giai phap do nay hoan toan c6 thé loai bé dugc
d6 dao dong tam quay do kha nang han ché cua
cong nghé ché tao 6 quay, tir d6 dam bao duoc
d6 chinh xac ctia két qua do. Tl phén tich co
so 1y thuyét & trén, trong nghién ctru nay, nhom
tac gia da xay dung mot mo hinh thuc nghiém
do nhu thé hién trén hinh 2 va mot giai phap
xdy dung hé thdng thu nhan va xir Iy tin hiéu
do ctia mo6 hinh do d0 tron trong toa dg cuc ung
dung két hop ba dau do v6i so 6 nguyén 1y nhu
thé hién trén hinh 3. Trong d6, cac dau do dich
chuyén bang dong ho so dién tir Mitutoyo 543-
790 dugc st dung dé xac dinh d6 bién thién ban
kinh AR.. Dong thoi, Encoder géc LPD3806-
600BM-G5-24C dugce su dung dé xac dinh gdc
quay 0. cua ban do. Tin hi¢u cua 03 ddng ho so
s€ dugc 03 mach Arduino UNO R3 thu nhan va
s& duoc truyén vé mach xtr Iy trung tim Arduino
Mega 2560. Vi diéu khién Arduino Mega 2560
¢6 chirc nang diéu khién qua trinh do, truyén
nhan va xir 1y tin hiéu ciia 03 dong ho so va 01
encoder goc. Phan mém Matlab duoc ing dung
lam cong cu két ndi, tinh toan va luu trit do viéc
tao giao dién va viét chuong trinh xir 1y trén
Matlab twong ddi don gian. Trén co s nhiing
thiét bi co sin cac thong s k¥ thuat do nha san
xut dua ra, nhém nghién ciru s& xay dung mot
giai phap dé thu nhan xu 1y tin hiéu do va khai
thac cac tinh nang cua thiét bi mot cach toi uu
phuc vu cho mo6 hinh do.
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Hinh 2. M6 hinh thuc nghiém do do tron trong toa
do cuc ung dung ba dau do

May Tinh
(Phin mém Matlab)

|

Mach xt ly trung tam Mach kich xung
(Arduino MEGA) dong co

Encoder

v

Neud Driver
guon dong co
5V

|
Mach nhan Mach nhan Mach nhan
diligutis || dulieutr || drliéu tix
Dbonghd so | | Péng hd so || Ddng hd so 220V
1 (Arduino 2 (Arduino 3 (Arduino
UNO R3) UNO R3) UNO R3)
Dénghd || Dénghd || Dénghd ||
so 1 so02 s03

Hinh 3. So' d6 nguyén 1y ciia hé thong thu nhédn va
xu Iy tin hi¢u do cua mé hinh do do tron trong toa
do cuc teng dung két hop ba dau do

2.2. Céc bd phén phan ciing
a. Lua chon vi xir ly

Trén co sO yéu cau cua bai toan thu
nhan xir 1y tin hiéu do ¢ ddy, mot vi diéu khién
Arduino Mega 2560 d3 duoc str dung dé diéu
khién qua trinh do, truyén nhan va xu ly tin hiéu
ctia 3 dong hd so va 1 encoder goc. Ngoai ra,
03 mach Arduino UNO R3 da duogc st dung dé
thu nhan tin hiéu cua 03 déng hd so va truyén
vé mach xir 1y trung tim Arduino Mega 2560.
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Arduino Mega 2560 1a mot vi diéu khién sir
dung ATmega2560. Arduino Mega 2560 c6 5
chan GND, 3 chan 5V, 1 chan 3.3V, 1 nut reset,
16 chan analog, 4 chan UART, 54 chan digital,
trong d6 c6 15 chan chung ta co thé st dung
nhu PWM, 6 chan lap trinh ISP (nhu thé hién
trén hinh 4). Trong khi, Arduino UNO su dung
03 vi diéu khién ho 8 bit AVR 1a ATmegas,
ATmegal 68, ATmega328. Arduino UNO cé
14 chan digital dung dé doc hodc xuat tin hi¢u
(nhu thé hién trén hinh 5). Pic biét, Arduino
UNO c6 2 chan A4 (SDA) va A5 (SCL) hd trg
giao tiép 12C/TWI véi cac thiét bi khac. Nhu
viy, vé co ban, Arduino Mega 2560 giong
Arduino Uno R3 nhung khéc s6 luong chan va
¢6 nhiéu tinh nang manh hon. Do d6, Arduino
Mega 2560 dugc st dung lam mach xtr Iy trung
tam dé diéu khién qua trinh do, Arduino Uno
R3 duogc st dung lam mach xr 1y tin hi¢u nhan
duoc tur déng ho so dién tu.

Hinh 5. Vi xur Iy Arduino UNO R3
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b. Pong ho so

Trong nghién ctu nay, dong hd so
Mitutoyo 543-790 véi dai do 0-12,7 mm va do
phan giai 0,001 dwoc sir dung lam dau do dé
xéc dinh do bién thién ban kinh AR cua chi tiét
tai tiét dién mét cit ngang can do do tron. Thiét
bi ndy c6 thé két ndi va truy xuit dir lieu dé
dang va c6 khung truyén dit liéu nhu sau [3]:

Biéu dién vi trf
phan thap phan

XXXXXX
Ltmoom
2(0100)
3(1100)

——4(0010)
——5(1010)

(a1 [d2 [ d3 ] d4 [ dbdo [ d a9 [al0[dr]a2[dT3]
WSD )

|

J Biéu dién don vi
o [ ctia két qua do
) Biéu dién gia tri &m  Biéu dién s liéu do tir mm :0(0000
AIF'(1111) dwong ciasé o bit cao xudng bit thap 0y

+:0(0000) inch ~:1(1000)
-:8(0001)

Hinh 6. Bong ho so va khung dir liéu ciia dong ho
so Mitutoyo 543-790 [5]

D0 bién thién ban kinh AR, cia chi tiét
tai tiét dién mat cit ngang can do do tron chinh
1a tri s6 dich chuyén cta dau do duoc hién thi
trén bang chi thi LCD ctia mit dong hd so va
tri s6 nay co thé nhan dugc tir cac chan cim
ctia dong ho ra thiét bi ngoai vi theo mot khung
duong truyén dinh sin. Biéu d trén hinh 3 1a
biéu d6 thoi gian cua khung truyén tin hiéu, thé
hién quan hé thoi gian gitta xung nhip (clock),
xung dit liéu (Data) va xung yéu cau truyén

(REQ).

REQ _ 1

. / 7
DATA ; A
K —t ([ — —
-[_1 l\_'l'_._:" p—
T2l T3 -II_ R

Hinh 7. Biéu do6 thoi gian ciia khung truyén dix liéu [5]

Nguyén tic doc xung truyén dit lidu:

Khi chdan REQ ciia dong hd so nhan
tin hiéu tir vi diéu khién & muc cao (High)
sang muc thap (Low) thi dong ho so bit dau
trich mau cho dén khi xung Clock d6. Dir liéu
dugc truyén theo dang nbi tiép dong bo, trong
do xung Clock 1a xung gittr nhip, xung Data la
xung mang thong tin cta sé do. Phéi hop nhip
nhang viéc doc hai xung nay dé doc dir liéu mot
cach chinh xac. Ctr khi nao xung Clock chuyén
trang thai vé Low thi doc trang thai cua xung
Data, sau 52 lan doc s& hoan thanh mot khung
dir liéu. Sau do, tién hanh phan tich va chuyén
ddi sb liéu, ta s& nhan duoc mot sd do. Do chan
tin hi¢u REQ ¢ day la chan ludn treo ¢ muc
tin hiéu cao nén can c6 giai phap chuyén doi
mirc dién ap nay cho phu hop. O day, nhém
nghién ctru lya chon st dung transistor 2N3904
va dién tr¢ 10k ohm dé kéo mirc dién ap chan
yéu cau truyén REQ vé mirc dién ap phu hop.

Phuong an thiét ké mach:

Dé loai bo do léch tim va do dao dong
tam tirc thoi nham néng cao do chinh xac cua
phép do do tron, & dy can sir dung ba dau do 1a
03 dong hd so dién tir Mituyoto 543-790. Dua
vao nguyén ly doc xung truyén dit liéu tir dong
hd so & trén, nhom nghién ctiru da lwa chon st
dung mach vi diéu khién Arduino Uno R3 dé
lay dit liéu do tir ddng hd so, va vi diéu khién
Arduino Mega 2560 dé diéu khién qua trinh
do, truyén nhan va xu 1y tin higu ctia 03 dong
hd so. Tin hiéu cta 03 dong ho so s& duoc 03
mach Arduino UNO R3 thu nhan va s€ duoc
truyén vé mach xir Iy trung tdm Arduino Mega
2560. Vi vay, 6 day s€ c6 03 mach nhan tin hi¢u
hiéu tu déng hd so riéng biét, sau do dé két ndi
dong bd két qua nhan duogc tir mach riéng 16
nay, nhom nghién ctru sir dung chuan giao tiép
I12C dé thu nhan tin hiéu déng bo tir 03 dong
hd so giri 1én bo mach chu ARDUINO MEGA
2560. Duya trén data sheet cuia Arduino Uno R3,
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Transistor 2N3904, dién tré 10 kohm va déng
hé so, mot so d6 di day ciia phan mach thu nhan
dir liéu tir dong ho so dién tir 1én vi diéu khién
da duoc xay dyng nhu thé hién trén hinh 8.

“Fo%

Hinh 8. So do di ddy cua mach thu nhan di liéu tir
dong ho so

¢. Encoder goc

Encoder, hay con goi 1a bd ma hoa, la
mot thiét bi co dién c6 kha nang lam bién doi
chuyén dong co hoc thanh tin hiéu s6 hodc
xung. Trong nghién ctru nay, tac gid lva chon
stt dung encoder twong d6i LPD3806-G5-24C
nhu thé hién trén hinh 9 dé xac dinh vi tri goc
quay cua vat do trong qué trinh do d¢ tron.
Encoder s& dugc lap duéi truc 6 khi nhu thé
hién trén hinh 1.

~OTARY  encoDER %
rn:ﬂnq —AOOnM- G5 Fal :

Sy 4733 aTY 1 i
LR T T LT
13101 ar ) B S

Hinh 9. Encoder LPD3806-G5-24C

Dé lay duogc tin hiéu xung ctia encoder
LPD 3806 dé tir so xung xac dinh dugc goc
quay cua truc 0 khi cling la gbc quay cua vat
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do, nhém nghién ctru da sir dung vi diéu khién
12 bo mach trung tdm Arduino Mega 2560 dé
thuc hién viéc 1ay tin hiéu tir encoder. Dua trén
data sheet cua Arduino Mega 2560 va Encoder
LPD 3806, mdt so dd di ddy ctia phan mach thu
nhéan dir liéu tir encoder 1én vi diéu khién da
dugc xay dung nhu thé hién trén hinh 10. Trong
so d6 mach nay, 04 day tin hiéu cta encoder
bao gdm ddy mau tring (pinA), ddy mau xanh
(pin B), day mau do (5v), day mau den (GND)
s& duoc d4u ndi 1an luot véi cac chan tin hidu
trén bo mach chu Arduino mega 2560 1a chan 2,
3, 5v, GND. Hai chan tin hiéu PINA, PINB cua
encoder s& dugc khai bao thiét 1ap tuwong tu hai
chan dau vao INPUT PULLUP trén bo mach
Arduino mega 2560 dé thuc hién viéc phan tich
va doc tin hi€u xung tir encoder guri vé, ctr mbi
tin hi¢u xung Arduino Mega 2560 doc dugc
s& duoc dua vao cong thirc tinh toan dé dua ra
duge vi tri goc quay. Ung véi mdi mot gia tri
gdc quay ma Arduino Mega 2560 doc dugc la
mot lan trich mau dir liéu thu duoc tir 03 dong
hd so. Khi két thic qua trinh trich mau, cac bod
gi4 tri tin hiéu do tir 03 dong hd va tin hiéu goc
quay tur encoder sau 01 vong quay s€ dugc gui
1én may tinh thong qua mdt chuong trinh trén
phan mém Matlab dé xac dinh gia tri sai léch d6
tron cua vat do. Sau mgt vong quay tic 1a goc
quay bang 360°, qua trinh doc xung va tinh vi
tri goc quay s€ dung lai, cho té1 khi c6 tin hi¢u
bét ddu mot chu ky méi.

4. (P
3. prE Encoder

i

A X

5=

gy |

Hinh 10. So dé di day cua mach thu nhan die liéu

tir encoder
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d. Pong co

Dé dam bao do chinh xac va do tin cay
cua may do dg tron voi chi phi hop ly, ¢ day
dong co servo Allen-Bradlay KINETIX3 cua
Han Quéc da duoc lua chon dé thuc hién chuyén
dong quay cua truc 6 khi. Dya trén data sheet
cua dong co servo Allen-Bradlay KINETIX3
s& xay dung duogc so d6 khéi diéu khién dong
co nay nhu thé hién trén hinh 11. Trong d6, dé
thuc hién bam xung dé diéu khién toc d6 dong
co, 6 day luya chon s dung Module L298.

Mach Mach Drive clia
Arduino +— | kichxung | ¥ | déngco
MEGA 2560 L298 servo

Ngubn béng co
PC sServo

Hinh 11. So do6 khoi diéu khién dong co servo
Allen-Bradlay KINETIX3

Tu do, xac dinh duogc so do6 mach dieu
khién dong co servo nhu sau:

P e T tagae e

Hinh 12. So dé mach diéu khién dong co servo
2.3. Phan mém
a. Phan mém diéu khién cho vi xir Iy

Phan mém l4p trinh cho vi diéu khién

& day sir dung 1a phin mém Arduino IDE v&i
trinh tu cac budc nhu sau:

- Khoi dong phﬁn mém Arduino;

- Khai bao thu vién;

- Khai béo cac bién, cac chan digital;

- Lap trinh diéu khién dong co, diéu
khién viéc thu nhan xu 1y tin hiéu do dong bo,
sau d6 tong hop thu nhan va xu 1y dit lidu do
do tron, tiép nhan va giao tiép véi phan mém
Matlab trén may tinh;

- Sau khi da thiét 1ap duogc code, tién
hanh nhing code vao bo mach chu Arduino
Mega 2560 va Arduino Uno R3.

b. Phan mém giao dién

Dé tao giao dién cho mé hinh do, & day
su dung phan mém Matlab dé tao giao dién,
tinh todn, hién thi va luu trit két qua.

Muc dich cua phan mém:

- Thiét 1ap ché do két ndi;

- Khai béo céc thong s6 ga dit;

- Thuc hién 1énh do;

- Tinh toan, hién thi va luu trir két qua
do duoc.

MAY B0 BO TRON
s g o1
T
wabrg
- - .
e
D3 g
L L) bat]
ope | 000 |00 e
el iy, ¢ iy mils
180 — 0 rghing v 8 o
h B4 by
L - -
v yorre
gl "
[ bl
Bl 84 g i il o e it L] - L LR —
[y

T o " wx

Hinh 13. Man hinh giao dién hién thi két qua do

Qué trinh 13y dir liéu dién ra nhu thé
hién trén hinh 14.
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Pé dam bao dugc do chinh xac cua
phép do, mot trong cac yéu cau dat ra 1a phai
lay duogc tin hiéu dong bo cua 03 dong hd so
va encoder cung mot lac. Pé lam duoc yéu cau
nay, & ddy nhom da sir dung ngit dé diéu khién
qua trinh thu nhan tin hiéu do, sir dung chan )
7 ctia mach cha Arduino Mega va chan s6 2 ciia
ba mach Arduino Uno dé thuc hién qué trinh
diéu khién bang ngat.

Nguyén 1y hoat dong cuia ngit nhu sau:
Khi thue hién an nut “Connect” trén giao dién
man hinh do, cac mach Arduino Uno sé& bit dau
ldy dir liéu tir cac dong hd so cung mot thoi
diém. Dong thoi, dong co s& quay Gng voi khi
do thi encoder cling quay. Khi mach Arduino
Mega nhan thiy sy thay doi goc quay tir
Encoder s& nhay sang chan pinngat. Va bat dau
nhan dir liéu tr ba mach Arduino Uno gui 1én.
Sau khi nhan, doc va xtr 1y dir liéu xong, mach
Arduino Mega s¢€ ty thoat ra chan pinngat, lic
nay mach Arduino Uno lai bat dau lay dir liéu
tir dong ho so va lap lai chu trinh trén cho dén
khi encoder quay duoc 360°. Khi do, mach s€
ngimg nhan dir liéu dong thoi ngimg cip xung
ngit dong co.

Ngoai ra, truyén thong 12C di duoc
str dung dé két ndi giira cac bo mach véi nhau
duge on dinh ciing nhu khong bi gian doan
thong tin khi truyén nhan dit liéu va chong bi
nhidu khi thu nhan két qua do, dam bao duogc
dd chinh xac cao cua qua trinh do. O day, bo
mach chi diéu khién toan mach Arduino Mega,
mdi mot mach Arduino Uno s& 1a mot mach
phan tir va mdi mach phan tir s& c6 mot duong
link dia chi cu thé dé giao tiép. Khi bo mach
chu can truyén hodc nhan dir liéu tr mot mach
phén ttr ndo do, bo mach chu s& dén dung dia
chi d6 dé lay thong tin. Khi nao bo mach chu
cho phép truyén dit liéu thi mach phan tir méi
dugc truyén dit liéu dé tranh bi thiéu hyt thong
tin khi gtri va nhan dir li¢u.
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Chuong trinh xtr ly trong mach chu
Arduino Mega sau khi nhan dugc cac gia tri
bién thién ban kinh AR. 6 03 ddng hd so cung
voi gid tri goc quay 0, cua Encoder s& truyen bd
dr liéu nay lén may tinh qua qua cong COM
(truyén thong bang RS232). Dya trén bo dir
ligu nay, phan mém giao dién duoc xay dung
trén phan Matlab va khai trién Fourier s& tinh
toan, hién thi va luu trit két qua do sai 1éch do
tron cua chi tiét.

e

Dy b w1 23
Hinh 14. So do khéi hé thong ldy diF liéu

2.4. Thuat toan xir ly dir li€u

Xay dung thuat todn thu nhan va xtr ly
dir liéu voi so d6 do hinh 1a. Tin hi€u vao duoc
cung cap qua ba dong ho so ddt cach nhau goc
0, T, voi N 1a s0 lan lay mau trong mot lan do.

- Pau vao: Tin hiéu cia ba dong hd so
duogc luu trong ba mang dir liéu R1[N], R2[N],

R3[N], tin hiéu encoder goc luu trit trong mang
HINI.

- Pau ra: Gia tri cac tan s6 méo C duoc
luu trong mang C[4] va goc a tuong tmg duoc

luu trong mang a [4].

Thuét toan ctia chuong trinh dugc thé

hién & hinh 15.
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Hinh 15. Luu do thudt todn chicong trinh xit Iy dit liéu [4]
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2.5. Thue nghiém va két qua

Qua trinh thyc nghiém trén md hinh
thiét bi do nhu hinh 16.a, 6 truc dugc sir dung 1a
6 khi quay v6i ap suit ddu vao 4 bar co hai ting
dém khi mat tru tao su on dinh tam. Tién hanh
thuc nghiém do v&i 20 1an do chi tiét vong bac
ng0a1 cua 0 bi 6310 co duorng kinh ng0a1 110,
s6 lan trlch mau 600 lan/vong quay. Két qua
duoc xuét ra 01 file excel va 02 file anh, gia tri
sai 1éch duoc tinh toan véi tan s6 méo 16n nhat
I =12 va bién do méo 16n nhit bang 38,1 pm
nhu thé hién trén hinh 16.b.

il
i

i
i[l1 af '
] |

- L nem
b) Man hinh giao dién két qua do
Hinh 16. Mé hinh do dé tron va két qua
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3. KET LUAN

Giai phap diéu khién qua trinh do, thu
nhén va xu ly 50 liéu do theo phuong phap két
hop nhiéu dau do voi mot s yéu cau vé dong
b6 tin hiéu do dich chuyén thang theo goc quay
da dat duoc cac két qua kha quan, hé do hoat
dong 6n dinh véi s6 1an l1dy mau 600 lan/vong
quay. Hé do da duoc kiém nghiém nhiéu lan va
khong phat hi¢n sai sot trong dit li¢u dugc xur ly
trén may tinh. Cac két qua nay co thé ing dung
nham ting d6 chinh x4c cia phép do do tron khi
khong kiém soat duge do dao dong tim quay
cta ban do. %

Ngay nhan bai: 26/10/2023
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NGHIEN Cl’U ANH HWONG CUA MOT SO YEU TO SO bO GIAC
TGO BINH MU'C VAI AO SO MI TRONG SAN XUAT
MAY CONG NGHIEP

RESEARCH ON THE INFLUENCE OF SOME MARKER MAKING’S FACTORS
ON FABRIC CONSUMPTION OF MEN’S SHIRT IN INDUSTRIAL GARMENT
PRODUCTION

Nguyén Thi Xuan, Nguyén Thé Luc, Nguyén Vin Dung
Truong DPai hoc Su pham K¥ thuat Hung Yén

TOM TAT

Vai c6 vai tro quan trong trong viéc cau thanh san pham. Dinh mirc vdi chiu anh hwéng
ciia nhiéu yéu t6 nhw san pham, vdi va so do gide. Bai bdo nay hudng dén muc dich khdo sat si
danh hirong ciia mot s6 yéu té so do gidc t6i dinh mirc vdi ké do so' mi nam trong san xudt may coéng
nghiép. Cdc yéu t6 so' dé gidc va san pham do so mi nam dwoc nghién ciru tai Tong cong ty May
10 — Céng ty ¢6 phan. Két qua da ching minh rang, khi gidc so do mau thi yéu t6 gidc long ty 1¢
cdc ¢& va chu ky ké anh hwéng téi dinh mire vai, trong dé yéu t6 gidc long ty 1é cdc ¢& danh hwong
rdt I6m t6i dinh mirc vai.

T khéa: Dinh mitc vai; So do gidc; Chu ky ké; Khé réng vdi; Gidc long.
ABSTRACT

Fabric consumption plays a crucial role in industrial garment production. Fabric quantity
is influenced by various factors such as product type, fabric characteristics and patterns. This
paper aims to investigate the influence of some pattern’s factors on the fabric quantity for men's
shirt in industrial garment production. The pattern’s factors and men's shirt products were studied
at Garment 10 Joint Stock Company. The results have demonstrated that when applying pattern
making for sample, the pattern’s factors in difference size ratio and pattern lining cycles significantly
influences fabric consumption, with the pattern’s factors in difference ratio having a considerable

impact on fabric consumption.

Keywords: Fabric quantity,; Pattern; Pattern lining cycles; Fabric width, Pattern making.
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1. PAT VAN PE

Dinh mirc vai la luong vai can thiét dé
tao ra mot san pham may [1]. Pinh murc véi chiu
anh huong cta nhiéu yéu t6 nhu kiéu dang san
pham may, két cu san pham, bé mat vai (vai
tron, vai ké, vai hoa tiét), ) luong san ph'flm va
ty 1€ cac cd trén so dd giac mau, khd rong vai,
hiéu suit giac so d0, phuong phap giac, khoang
cach céc chi tiét, do 1éch canh soi,. ..

Trén thyc té, gia vai chiém t&i hon 65%
tong gia thanh san pham, chinh vi vy viéc tiét
kiém vai trong nganh cong nghiép may c6é mot
vai tro hét stc quan trong. Trong san xuét cong
nghiép may hién nay, dé tiét kiem duoc vai,
giam thoi gian trong mot s6 khau trai vai, cat
chi tiét thi cac doanh nghiép tién hanh gidc so
d6 mau.

Giéc so dd mau duge dinh nghia la biéu
d6 sip xép mot cach chinh xéc cac chi tiét mau
ctia mot kiéu dang san pham hoic kich ¢& trén
mot 14 vai [2]. Giac so dd mau duoc danh gia
boi hiéu suit cia so dd. Hiéu suit so dd cao
ddng nghia voi viée lugng vai hao phi s& giam
di. Dong thoi hiéu suat so d6 cao lam giam vai
tiéu thu va gia ting loi nhuan trong san xuat [3].

Di ¢6 nhiéu cong trinh nghién ctru vé
vai va cac yéu td anh huong t6i dinh muc vai
trong san xuat may cong nghiép. MS Haque [4]
da tim ra rang khoang cach lip hoa tiét, loang
mau c6 anh huong 16n téi hiéu suét so d6 giac
va luong tidu thy vai. Nghién ctru ciing dong
thoi chi ra mdi quan hé twong phan giita hiéu
sudt giac va lugng tiéu thy vai. Trong nganh
may cong nghi¢p, viéc 1ap tac nghiép giac va
thuc hién giac so dd miu duoc tién hanh thu
cong hodc gidc ty dong trén may tinh hd trg
bang phan mém (CAD). Ziynet O. va Cetin E.
[5] so sanh v6i hai hinh thice giac so d6 mau,
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nghién ciru d két luan hé thong CAD c6 nhiéu
loi thé dbi véi viée gidc so dd mau nhu thoi
gian nhanh, chinh x4c hon va hi¢u qué hon giac
tha cong. Vi nghién ciru anh huong cua thong
s6 so dd giac t6i dinh murc vai, tac gia Nguyén
Thi L¢ [1] da tim ra duoc mbi quan h¢ bién
chtng cta 6 yéu to anh hudng t6i so do giac
vai may 4o T-Shirt 14 s6 chi tiét trén san pham,
s6 san pham trén so do giac, chiéu dai so dd,
hiéu suét so do, khod rong so dd, phéi cO trong
so dd, tir d6 két luan re‘ing dé giam dinh muc
vai thi nén ting s6 san pham trén so d6 giac va
lwra chon kho rong vai va so do phu hop. Oktay
Pamuk va cdng su nghién ctru thuc nghiém va
cho thay hiéu suét giac cao nhat cta ca hai loai
san pham 4o chui dau tay ngin va tay dai danh
cho tré em thu dugc vai kho rong vai 160 cm.
Khé rong vai tang tir 140cm 1én dén 160cm,
hiéu suét giac ciing tang va sau d6 giam. Vi ca
hai san pham, gia trj hiéu suét giac cao hon khi
trai vai hai mat phai up vao nhau véi kho rong
vai 150 cm, 160 cm va 170cm. Cac nghién ctu
chu yéu dé cap dén cac loai vai tron, vai hoa
tiét ma chua dé cap dén vai ké. Trén thuc té, 40
so mi nam dugc san xudt v6i cac loai vai khac
nhau, dac bi¢t vai ké doc cling dugc san XuAt rat
nhiéu.

Nghién ctru nay nham xac dinh anh
hudng mot sb yéu td so dd giac toi dinh mirc
vai ké doc 40 so mi nam trong sin xuat may
cong nghiép, tim ra mdi quan hé bién ching
cuia cac yéu té so do giac va dinh murc vai.

2. PHUONG PHAP NGHIEN CUU
2.1. Pbi twong nghién ciru

San pham: Trong nghién ciru nay, mau
4o so mi nam duoc chon la kiéu 40 co ban ma

hang 1W010896, véi kiéu 40 so mi co ban niy
duoc san xuat pho bién tai Tong cong ty May
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10 — Cong ty c¢6 phan co dic diém nhu sau: La
kiéu 40 c6 dimg chan roi, dau chan cd nguyt
tron, giu dudi tom. Than trudc bén trai may
nep khuyét kiéu nep beo thuong, duoc may
tai kiéu tai day tron. Than trudc bén phai may
nep ctc. Than sau c6 cau vai roi, dugc xép ly
hai bén. Tay 4o dai c6 thép tay, hai dau bac tay
nguyt tron, ctra tay c6 xép 2 ly bén. Gau 4o dudi
tom.

E v f_" |
: ! | o I 1
-
| | 4
o -I '.l-:.d ¥
| |
Mat truoc
1 )
Mat sau
Hinh 1. Hinh anh do So mi nam ma hang
1W010896

Yéu ciu vé giac so dd vai ké doc d6i véi
san pham 40 so mi co ban md hang 1W010896:
Hai than trude d6i ké doc, thi 4o trung ké voi
than. Hai dau ban ¢ 1an 16t, chan c6 dbi doc.
Than sau can d6i hai bén, bac tay lan 16t d6i
doc. Hai tay a0 dbi doc, thép tay to tring ké doc
v6i tay 4o, cac chi tiét khac thang ké.

2.2. N¢i dung va phwong phap nghién ciru

Noi dung nghlen ctru: Nghién ctru anh
huong mot s6 yéu té so d6 giac toi dinh muc
vai may 4o so mi nam. Vai dugc chon dé thuc
nghiém 1a vai ké doc v6i mot s6 chu ky khac
nhau va yéu cau cta san pham vé6i vai ké doc
duoc khao sat thue té cac ma hang san xuét tai
Téng cong ty May 10 — Cong ty cb phan.

Xac dinh yéu tb ciia so' dd giac: Rong
khé vai (KV); S6 san pham trén so do (SSP);
Ty 18 cac c& trén so d6 giac (TL); Hiéu suét
(HS); Chu ky ké doc (CKKD) véi 3 chu ky: ké
doc 0,27, ké doc 0,6 va ké doc 0,732”. Puogc
khao sat trén 60 lan giac voi phuong phép giac
so dd phi hop trén tng dung phan mém Lectra.
DPinh muc vai (DM) trung binh ctia mot san
pham duoc tinh theo cong thue [1].

DM = Dién tich so d6 giac/sb san pham trén so
do giac (m?/san pham)

Phuwong phap nghién ctru:

Str dung phan mém SPSS dé phan tich
va doc két qua SPSS trong hoi quy da bién 6 3
bang: Model Summary, Anova va Coefficients.
Cu thé vé6i nghién ctru nay st dung phan mém
SPSS héi quy da bién nham xac dinh mdi tuong
quan giita cac yéu t6 so do giac va phan tich su
anh huong cac yéu to so d6 giac t6i dinh mirc
vai. Trong d6 can xéac dinh cac bién:

— Bién doc lap 1a cac yéu tb so do giac
da duoc lya chon dé nghién ctru: Rong kho vai
(KV); S6 san pham trén so do (SSP); Ty 1é cac
c& trén so dd giac (TL); Hiéu suat (HS); Chu ky
ké doc (CKKD).

— Bién phu thudc la: Pinh muc vai
(DM).
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3. KET QUA VA BAN LUAN

Két qua nghién ciru vé mdi twong quan
gilrta céc yéu t6 dau vao (KV, SSP, TL, HS,
CKKD) va anh huong cic yéu té do t6i dinh
murc tiéu thy vai (DM) duoc thé hién dudi cac
bang sau:

3.1. Twong quan céc dir liéu diu vao

Cac dir liéu dau vao 1a cac yéu td so d6
gic hay chinh 14 cic bién doc 1ap, véi nghién
clru ndy céc yéu td so do giac dugc nghién ctru
1a KV, SSP, TL, HS, CKKD. Két qua phan tich
dua vao bang ANOVA, tor bang nay gilp ta
danh gia dugc cac bién doc lap trén co tac dong
dén bién phu thudc. Chi sé dang quan tdm &
bang dudi 1a hé sb Sig. Néu hé sé nay nho hon
0,05 (Sig < 0,05) turc 1a khang dinh cac bién doc
1ap c6 tac dong dén bién phu thudc. Két qua
kiém dinh nhu sau:

Bang 1. Kiém dinh ham hoi quy ANOVA®

3.2. Mo6i quan h¢ giira cac yeéu to so do giac
va dinh mirc vai

Dé c6 thé so sanh xac dinh mdi quan hé
nay hay chinh 1a mutc d anh hudng cua cac yéu
t6: Yéu t6 c6 hé s6 B cang 16n thi c6 thé nhan
xét rang yéu to d6 c6 muc do anh hudng cao
hon cac yéu t6 khac trong mé hinh nghién ctu.
Luu y, gia sir ¢6 bién nao co Sig. twong tmg 16n
hon 5% thi bién d6 khong cé tac dong dén bién
phu thudc. Két qua nhan dugc nhu sau:

Badng 2. Hé so tac dong cua cac bién tdi dinh mirc vdi

CoaMicientss

Model Unstandardized Coefficients Standardized t Sig.

Coefficients

B

S1d._Error

Beta

(Constant)y
LA

CHKD

TL

sSSP

HS

1.363

T.726
-.070
L002

2,025
223
6,313

1,224
-1.912
J38

a. Dependent Variable: Dhd

Theo bang hé sb tac dong, chi co ty 1&

Model Sum of df | Mean F Sig.
Squares Square
Regression 0,114 5 0,023 2,763 | 0,030°
Residual 0,346 42 | 0,008
Total 0,459 47

a. Dependent Variable: DM.
b. Predictors: (Constant), HS, TL, KV, SSP. CKKD.

Quan sat vao bang ANOVA trén, kiém
dinh gia thuyét vé do phu hop véi tong thé cua
md hinh, Sig. = 0,030 < 0,05. Vay mo hinh hoi
quy tuyén tinh xay dung duoc 1a phu hop voi
tong thé, ching t6 1a cac bién doc 1ap co tac
dong dén bién phu thudc. Thc 1a cac yéu t6
thong sb so do giac co tic dong dén dinh muc
vai, vi vy c6 thé su dung 5 dai lugng trén lam
dau vao cho ham hdi quy da bién.
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giac so do tac dong truc tiép t6i dinh muc vai
(mtrc y nghia 10%) vi Sig. = 0,063 < 0,1. Didu
d6 co6 nghia khi gidc so d6 miu, néu ting ty 1¢
cac ¢& cia mot so d6 giac thi s& 1am giam dinh
mirc vai va ngugc lai.

Ta can xét thém méi twong quan gitta
cac bién dau vao (KV; CKKD; TL; SSP; HS).

Cu thé két qua d6 dugc thé hién dudi bang sau:

Bdng 3. Twong quan giita cdc bién déc lip

Coefficient Correlationss

| Mocel HS T Ky ssP CHKD
HS 1,000 151 -213 - 192 939

L 51 1,000 -032 - 598 a1

Comelations KV -213 -, 032 1,000 041 -200

ssp -182 - 698 041 1,000 - A80

CKKD 838 41 =200 - 180 1.000

' HS 5,759 013 -114 - 007 14222
T 013 001 000 000 033

Covanances Kv =114 000 050 000 -281

55 -.007 000 000 00 -.016

CKKD 14,932 033 281 016 39,849

2 Denendent Warkable: ORM
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Quan sat bang 3 cho thdy: Rong khé vai
(KV), Sé san pham trén so d6 (SSP) c6 tac dong
dén hiéu suit so d6 gidc nhung khong dang ké.
C6 thé chirg minh diéu nay qua két qua sau:

Bang 4. Twong quan khé réng khé vai (KV) va
hiéu sudt so do gidc (HS)

ANOVA®

Moaet | sum ot Squares ar Mean Square £ sig |

Regression 000 1 000 258 &1
1 Residual 01z 46 000

Total 012 47
a, Dependent Variable: HS
b. Predictors: (Constant), KV

Coefficients®
Mogel Unstandardized Coefficients | Standardized t sig
Coefficients
B Std_Error Beta

(Constant) 799 054 14.834 000

! KV 020 039 075 508 614

a. Dependent Varlable: HS

Tir phan tich ANOVA, bang 4 cho hé s6
udc luong Sig. = 0,614 > 0,05, vi vay két luan

rang KV khong tac dong HS.

Bdng 5. Twong quan s6 san pham (SSP) va hiéu
sudt so do gidc (HS)

ANOVA2
Model Sum of Squares at Mean Square F Sig
Regression 000 1 000 084 T3
1 Residual 01z 46 000
Total 012 a7
a. Dependent Variable: HS
b. Predictors: (Conslant), SSP
Bang hé s6 wde lrgng:
Coefficients*
Model Unstandardized Coefficients Standardized t Sig
Coefficients
B Std_Error Beta
{Constant) 825 006 132,330 000
! SSP .001 002 043 290 J73

a_ Dependent Variable: HS

dong gian tiép dén dinh muc vai (DM) thong
qua hiéu suat (CKKD => HS => DM).

3.3. Mdi quan hé ciia chu ky ké doc (CKKD)
t6i hiéu suat so' dd giac (HS)

Méi quan hé gitra CKKD va HS dugc
the hién dudi bang Model Summary nhu sau:

Bdng 6. Tong hop cdc chi tiéu ciia mé hinh

Model Summary®

Model 3 3 Adjusted R Std. Error of the Change Statistics Durbin-Watson
Square Square Estimate R F o | dfz | sig
Square | Chang F
Change [ e Cha
nge
1 934 872 A870 00581 872 JH':‘: 1| 46| 000 1922

a. Predictors: (Constant), CKKD

Quan sat bang 4 nhan duoc két qua nhu
sau:

HS =B, + B, CKKD +u
R>=0,87

Két qua trén cho thay véi R* = 0,87, ¢6
nghia 1a chu ky ké doc 1am bién d6i 87% hiéu
sudt so dd giac. Vi vdy, ta can xét thém duwa vao
bang tong hop cac chi tiéu nhu sau:

Bdng 7. Tong hop cdc chi tiéu ciia mé hinh

ANOVA>
Mogel Sum of Squares df Mean Square F Sig. |
Regression 011 1 011 314,328 .000e
1 Residual 002 46 ,000
TCH 012 a7

Ttr phan tich ANOVA, bang 5 cho hé s
wée luong Sig. = 0,773 > 0,05, vi vay két luan
rang SSP khéng tac dong HS.

Tuy nhién, quan sat bang 3 cho thiy két
qua mdi twong quan chu ky ké doc (CKKD) va
hiéu suat so do giac (HS) c6 COV (CKKD, HS)
= 0,939. Két qua nay cé thé thly CKKD tac

a. Dependent Variable: HS
b. Predictors: (Constant), CKKD

Két qua bang 7 cho thiy Sig. = 0,000 <
0,05, vi vay mo hinh pht hop. Diéu d6 ching
minh rfmg chu ky ké doc tac dong dén hiéu suat
so do giac.

3.4. M6i quan hé giira ty 1& cc c& trén so do
giac (TL) va hiéu suat (HS) t6¢i dinh mirc vai
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Mbi quan hé giita TL va HS duoc thé
hién dudi bang ANOVA nhu sau:

Bdng 8. Kiém dinh gid thuyét vé dg phii hop véi
tong thé ciia mé hinh

ANOVA2

Model Sum of Squares | df Mean Square F Sig |
Regression 030 2 045 5,485 007t
1 Residual 369 45 ,008
Total 459 47

a. Dependent Variable: DM
b. Predictors: (Constant), TL, HS

Quan sat vao bang ANOVA cho thay
Sig. = 0,007 < 0,05. Vay mo hinh hoi quy tuyén
tinh xay dung dugc la phu hop, ching té 1a ty
1é cac c& trén so dd giac (TL) va hiéu suat (HS)
c¢6 anh huong t6i dinh mirc vai. Anh hudng dé
duoc thé hién & két qua sau:

Bang 9. Hé s6 tac dong ciia TL va HS t6i dinh

’ 2.
muc vai
Coefficients*
Model Unstandardized Coefflicients Standardized t Sig
Coefficients
B Std_Error Beta

{Constant) 3932 683 5,759 ,000
1 HS -1.737 a2z -,283 -2,114 040

TL - 067 026 -,343 -2,567 014

a. Dependent Variable: DM

DM =B, + B, HS + B, TL+u
DM =3,932 - 1,737HS - 0,067TL + ¢

Két qua bang 9 cho thay: Sig (HS) =
0,04 < 0,05, Sig (TL) = 0,014 < 0,05, vi vay
c6 thé két luan rang ty 1& cac ¢d trén so dd giac
(TL) va hiéu suat (HS) anh hudng t6i dinh mirc
vai. Cu thé, hiéu sut ting 1% thi dinh mirc vai
giam 1,737m?, va nguogc lai. Con so d6 giéc,
néu giac thém mdt c¢& thi dinh mac vai giam
0,067m?1 san pham.
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4. KET LUAN

Gié vai chiém phan 16n tong gia tri ctia
san pham nén viéc tiét kiém vai trong qué trinh
san xudt, dic biét trong qua trinh giac so d6 c6
mot vai tro hét strc quan trong trong nganh cong
nghiép may. Giac so do 1a mot trong cong doan
chinh anh huéng dén dinh muc vai va viéc tiét
kiém vai. Nghién ctru nay da ching minh ring
cac yéu td rong kho vai (KV); sé san pham trén
s0 d6 (SSP); ty 18 cac c& trén so dd giac (TL);
hiéu suét (HS); chu ky ké doc (CKKD) c¢6 mbi
quan hé tuyén tinh t&i dinh muc vai. Két qua da
ching minh rang néu thay doi kho vai va ting
s6 san pham thi anh huong khong dang ké téi
dinh mirc vai. Nhung néu ting ty 18 cac c& cia
so d6 giac va thay doi chu ky ké doc thi s& anh
huong téi dinh muc vai.

V6i két qua nghién ciru trén cho thay,
can xem xét lya chon ty 1¢ giac so dd phu hop,
chu ky ké doc dé tang hiéu suat sir dung va giam
dinh murc vai trong san xuat may cong nghiép.

Loi cam on:

Nghién ctru nay duoc tai trg boi Truong
bai hoc Su pham K¥ thuat Hung Yén, ma s6 dé
tai UTEHY.L.2023.53. 4
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THIET KE, CHE TAO THU’ NGHIEM CHI TIET THAN BOM BHK-12TK
BANG PHUONG PHAP bUC

DESIGN AND EXPERIMENT MANUFACTURE OF BHK-12TK PUMP BY CASTING
METHOD

Pham Trung Kién', Té Viét Thanh!, Nguyén Vin Thuan®
'Vién Co khi Bong luc, Hoc vién Ky thuat Quan sy
?Khoa Co khi, Hoc vién K¥ thuat Quan sy

TOM TAT

Trong bai bdo nay da nghién civu cdu tao va tién hanh thiét ké diic chi tiét than bom BHK-
12TK sir dung trong xe tang T54. Chi tiét dwoc diic trong khuén cat nhwa tir hop kim AK9Y cho thdy
kha ndng dién day tot, khong xudt hién cac dang khuyét tat bé mat. Ruot 4 manh dwoc thiét ké dam
bao viing chdc, tao hinh cdc phan rong phu’c tap bén trong vit diic rdt tét. Phuwong dn thlet ké duc
c6 thé duwoc sir dung trong cac nghién ciru tiép theo truée khi tng dung vao trong thiec té san xudt.

Tir khéa: Thiét ké diic; Bom BHK-12TK; Hop kim AK9Y; Khuén cdt nhya.
ABSTRACT

In this paper, the structure has been studied and the casting design of the FHK-12TK body
pump for the T54 tank has been made. Castings cast from AK9Y alloy in resin sand mold show
good fillability, surface defects disappeared. The 4-piece core is designed to be sturdy, forming
the complex hollows inside the casting very well. The casting design option can be used in further
studies and applied in production practice.

Keywords: Casting design, BHK-12TK pump; AK9Y alloy; Resin sand mold.

1. MO PAU dong co xe ting T-54 [4] va cac dau may c&

16m. Tai Viét Nam, chi tiét nay da dugc sir dung

Bom BHK-12TK duoc thiét ké dé cung
cap nhién liéu tir binh dén bom nhién liéu va
loai bo khong khi khoi hé théng néu muc nhién
li¢u trong binh nam dudi bo loc nhién liéu, sau
d6 bom nhién liéu vao hé théng cung cap dién
trudce khi khéi dong dong co. N6 dugc sir dung
trong dong co diesel J16, 1112, B2-450, Y116,
A-01, A-41, JI-442 va céc phy tung thay thé
cua chung [1-3]. Dac biét, bom BHK-12TK con
duoc tmg dung nhu mot phan quan trong cia
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trong mot khoang thoi gian kha dai va thuong
dugc thay thé bang con duong nhap khau. Tuy
nhién, trong khoang thoi gian vira qua viéc nay
gip nhiéu kho khin, do d6 viéc 1am chu cong
nghé ché tao 1a rat can thiét.

Trong cum bom BHK-12TK, than bom
1a bo phan quan trong nhat va thuong duoc ché
tao tir hop kim nhom bang phuong phéap duc.
Nhung quy trinh cong nghé duc chi tiét nay con
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dang 14 mot déu hoi 16n va gan nhu chua duoc
cong bo trén bat ky tai liéu nao.

Chinh vi véy, bai bao nay tién hanh thiét
ké duc va ché tao thir nghiém chi tiét than bom
BHK-12TK tir miu nguyén ban bang phuong
phép duc trong khuon cat nhua. Pay la co sé
cho qua trinh 1am cha cong nghé, tién téi san
xuat hang loat chi tiét dap tmg nhu ciu ngay
cang cao hién nay.

2. POI TUQNG NGHIEN CUU
2.1. Chi tiét dac

Than bom BHK-12TK ¢6 hinh dang va
ciu tao nhu trong hinh la. C6 thé thiy chi tiét
nay c6 hinh dang kha phirc tap véi nhiéu bién
dang va tiét dién thay doi khac nhau. Bén trong
chi tiét gdbm nhiéu phan rdng dang tru bic, vanh
khuyén, chir thap — hinh 1b. Chi tiét duoc ché
tao tir hop kim AK9U (GOST 1583 — 93) bang
phuong phép duc.

a)
Hinh 1. a) Chi tiét diic; b) Chi tiét sau khi cat.

2.2. Hop kim diic

Thanh phan hoéa hoc hop kim AK9U
(GOST 1583 —93) nhu trong Bang 1. Hop kim
dugc ndu trong 10 dién tré. Trong qua trinh nau
kim loai 16ng dugc che phii bang hdn hop mudi
c¢6 thanh phan: 15 % Na3AIF6, 40 % NaF, 45
% NaCl, lugng dung khoang 0,1 = 0,2% khdi
luong hop kim long [5], va dugc nung kho ¢
100 °C tr 15 phut tro 1én. Khi hgp kim chay
long hoan toan, duy tri 10 phut tai cac nhiét
d6 rot ¢é dam bao dong déu nhiét do. Nhiét do
rot: 700 °C. Hop kim long dugc rot vao trong
khuon cat nhua Ecolotec.

Bdng 1. Thanh phan héa hoc hop kim AK9Y (GOST 1583 — 93) [6]

Si Fe Cu Mn

Mg

Pb Al

8§-10,5 <10 <0,3 <0,15

0,17-0,30

<0,05 Con lai

3. THIET KE PUC CHI TIET THAN BOM
BHK-12TK

3.1. Chon mat phan khuon va phwong phap
rot

Mit phan khuén duoc chon di qua
duong tam cua bich ndi nhu trong hinh 2a. Do
day 1a chi tiét thanh mong, kich thudc khong
qué 16n va tiét dién thay d6i lién tuc dé dam bao
dong chay ém, phuong phap rot bén hong duogc
lwra chon — hinh 2b.

ap {1H]

Hinh 2. a) Mat phdn khuén, b) Phuong an rot.
3.2. Thiét ké rudt va hop rudt

Hinh 3a biéu dién cu tao bén trong
cta chi tiét than bom BHK-12TK. Phan rdng
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bén trong vat duc dugc tao nén béng rudt. Tuy
nhién, do céu tao phtrc tap nén khong thé tién
hanh lam rudt nguyén khéi ma chia ra thanh
cc rudt nho. Phan rudt dang chir thap I dugc
tao thanh tir hop rudt I trong hinh 3¢ va co dau
gac cho rudt dang tru bac dat vao — hinh 3d.
Trong khi, hop rudt II dung dé ché tao rudt
dang tru bac II. Tuong tu, rudt dang khuyén III
va dang mong ngua IV dugc ché tao tir cac hop
rudt I11 va IV trong hinh 3c¢. Cac rudt déu duoc
ché tao bang hon hop cat nhya furan. Sau khi
ché tao, céac rudt duoc gén vO1 nhau béng keo
dan Corfix 9.

- e
Hinh 3. Thiét ké ruét va hop rugt
a) Cau tao phdn réng bén trong vit diic;

b) Phuong an lam rudt; c) Hop rugt;
d) Ru¢t cat nhwa thuc e

3.3. Thiét ké miu

Sau khi tinh toan co ng6t va kich thude
ctia cac 6 gac rudt dé tién hanh lam khuén can
ché tao mau. Phuong 4n thiét ké mau duoc thuc
hién trén phan mém Solidwork dé téi wu hoa do
chinh xac — hinh 4a. Sau d6 mau dac duoc dat
ché tao bang hop kim nhém 6061 nhu hinh 4b.
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Hinh 4. Thiét ké mau
a) Phwong dn thiét ké; b) Mau thuec té bang hop
kim nhom 6061

3.4. Thiét ké khuén duac

Hai ntra mau vat dac va mau hé théng
rot dugce su dung dé ché tao hai nira khuon tir
hdn hgp cat nhya furan. Khuén sau khi dong
ran, tién hanh dit rudt vao trong khudn — hinh
5. Trudc khi tién hanh rét thir nghiém 15 phut,
rap khudn va dat ra vi tri cho rét. Kim loai 1ong
duoc rot vao bén hong cua vat duc.

Hinh 5. Thiét ké khuén dic
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4.PUC THU NGHIEM CHI TIET

Hinh 6 biéu dién hinh anh chi tiét than
bom BHK-12TK sau khi rét dac va lam sach
s0 bo. C6 thé thiy chi tiét dién day t6t. Khong
thdy xuét hién hién tugng bi khép tai vi tri mat
phan khuon. B& mat khong bi rd cat, ngam cat.
Céc rudt tao hinh tot phan rng bén trong vat
duc. Mot sb bavia xuat hién tai vi tri giao gitra
rudt va khudn duc tuy nhién céd thé dugc loai bo
hoan toan trong budc 1am sach tiép theo.

s

Hinh 6. Vit duc sau khi pha khuon.

So sanh chi tiét dtic véi mau nguyén ban
— hinh 7 ¢6 thé thiy hinh dang bén ngoai cia
chi tiét dap tmg t6t, cac hoc khudn co hinh dang
phurc tap dugc tao hinh chinh xac (vi tri 1 va 2).
Tir ddy, co thé dénh gia so bd rang phuong an
thiét ké dtic nay 1a kha phu hop dé ché tao chi
tiét than bom BHK-12TK.

Hinh 7. So sanh mau nguyén ban va vit diic

5. KET LUAN

Phuong 4n thiét ké dtc chi tiét than
bom BHK-12TK trong nghién ctru nay to ra kha
phi hop. Chi tiét duoc dién day tt va khong co
cac dang khuyét tat bé mat. Mac du dé khéng

dinh chic chén, chi tiét can duoc kiém tra cac
khuyét tat t& vi bén trong va thir ap suét. Tuy
nhién, nhitng két qua dat dugc la tién dé cho
cac nghién ctru hoan thi€n sau nay.

Phuong phap dtc khudn cat nhua co
thé duogc sir dung dé ché tao chi tiét than bom
BHK-12TK, diéu nay gitp tan dung ngudn vat
liéu san c6 tai cac xuong va tiét kiém chi phi
dau tu khuon kim loai.
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NGHIEN CU'U THIET KE, XAY DUNG HE THONG DO KIEM
THONG SO NGUON LASER CONG SUAT CAO

RESEARCH DESIGN AND CONSTRUCTION OF A SYSTEM FOR HIGH-POWER
LASER SOURCE PARAMETER MEASUREMENT

Phan Anh Tuén', P Thanh Tung?, Cao Khic Thién?, Nguyén Thi Ngoc Linh*
"Phong Han, Kim loai va Vat liéu mdéi, Vién Khoa hoc Cong nghé Xay dung
2Phong Thi nghiém Trong diém Cong nghé Han va Xir 1y bé mat, Vién Nghién ctru Co khi
3Phong Thi nghiém Fiber Laser, Vién Ung dung Cong nghé
‘Cong ty TNHH Green Laser

TOM TAT

Cong nghé gia cong s dung laser quang soi cong sudt cao hién dang dwoc dp dung rong
rdi, phé bién trong nhiéu nganh gia cong co khi nhw cat han, phun phi, khdc, lam sach, ... Tuy
nhién, sau mot thoi gian sir dung, cdc thiét bi tich hop nguon laser cong sudt cao bi gidm hiéu Suci't,
chat lwong. Mot trong nhitng nguyén nhén dan dén hién trang nay la théng sé nguén da bi suy gidm
dan dén viéc hiéu suat, chat lwong lam viéc cua thiét bi khong dat nhw ban dau. Vi thé, viéc kiém
tra déanh gid lai thong s6 ciia nguon laser sau mot thoi gian sie dung dé hiéu chinh lai cdc théng sé
may la mot nhu cau thiét yéu trong qud trinh sir dung. Bai bdo trinh bay mét hé thong do kiém cdc
théng sé chinh ciia nguon laser dieoc nhém tac gia nghién ciru, xdy dung. Poi twong dwoc sir dung
dé do kiém la nguon laser cia hing IPG véi cong sudt 1000 W, Cdc két qua do kiém, so sanh, ddanh
gid dwoc trinh bdy cu thé trong nghién civu ndy.

Tw khéa: Laser cong sudt cao; Po kiém laser; Thiét bi do kiém thong s6 laser:
ABSTRACT

Processing technology using high-power fiber lasers is currently widely applied and popular
in many mechanical processing industries such as cutting, welding, coating, engraving, cleaning,
etc. However, over some time, using devices with integrated high-power laser sources has reduced
performance and quality. One of the reasons for this situation is that the source parameters have
been reduced, leading to reduced performance and quality, the device's performance is not as good
as it was before. Therefore, re-checking and re-evaluating the parameters of the laser source after
a period of use to recalibrate the machine parameters is an essential need during use. This article
presents a system for measuring and testing the main parameters of laser sources, researched and
developed by the authors. In this research, the object used for measurement is a laser source from
IPG with a capacity of 1000 W. The results of testing, comparison, and evaluation are presented
specifically in this research.

Keywords: High power laser; Laser measure; Laser measure equipment.
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1. MO PAU

Laser c¢6 nhiéu ung dung quan trong
trén nhiéu linh vuc khoa hoc va céng nghé nhu
trong hoa hoc, vat 1y, k¥ thuat, khoa hoc vat
liéu, y hoc, thong tin lugng tur, quang dién tu,
sinh hoc va khoa hoc méi truong [1-3]. V&i cac
dic tinh vu viét nhu chat lugng chum tia tdt, do
n dinh cao, gia thanh thép, nho gon..., laser soi
quang da dugc Gmg dung nhiéu trong céng nghé
gia cong vat liéu nhu cit, han, khic, lam sach...
[4-8]. Nguon laser soi quang cong suit cao >
1 kW véi cac ché do hoat dong lién tuc (CW)
hodc ché d6 diéu bién xung (Modulated) dugc
ung dung rong rai tmg dung cho nganh cong
nghiép gia cong vat liéu kim loai. V&i cac tinh
nang vuot tri so voi cac loai laser khac nhu
Laser CO,, Laspr Y‘AG thi l}ién nay laser quang
so1 dang dan dau vé thi phan ngudn laser cong
sudt cao trén thé gidi theo cac nghién ciru cua
Future Market Insight (FMI) [9]. Hién nay ¢
Viét Nam, cong nghé gia cong vat liéu cét, han,
khic, lam sach bang laser dang duoc ing dung
rong rdi trong hau hét cic nganh cong nghiép
ché tao. Tuy nhién, sau mot thoi gian sir dung,
cac ngudn laser cong déu co xu hudng bi giam
ning lugng nhung van chua c6 phuong phap
do kiém, danh gia chinh xac mirc do ton that
ctia ngudn laser dé qua d6 ngudi sir dung c6
thé bu lai biang nhitng co cau khac cua may nhu
phan co khi, phan dién, phan diéu khién. Vi
vay, nghién ctru nay la mot phuong phap méi
dé qua do co thé xac dinh chinh xac ton hao cia
nguon laser theo thoi gian, 1am tién dé cho viéc
can chinh, thay doi cac thong s6 may phu hop
dé nang cao hiéu suét, chat luong cta thiét bi
trong qua trinh st dung.

2. VAT LIEU VA PHUONG PHAP

Trong nghién ciru nay, ddi tuong su
dung dé danh gia 1a ngudn laser cua hang IPG

v6i cong suit dau ra 1000 W. Bang 1 mo ta cac
thong sb ctia ngudn laser IPG-YLS 1000CUT.

Bdng 1. Théong s6 nguon Laser IPG — YLS

1000CcUT

Tén thong so B(g:) V! M6 ti chinh

Budc song nm 1070+ 5
£ i A CW/
Che d6 hoat dong Modulated
Tén s6 Hz 200 — 5000
Cong suét dau ra ti da W 1000
Dai diéu chinh cong sudt | % 10— 100
Do 6n dinh cong sudt % +2
Puodng kinh 161 um 50
Chét luong chim tia | 0% <4
mrad

N e & 400 V/3 Pha +
Nguodn dién cap VAC 10%, 50/60 Hz
Phuong thirc 1am mat Nudc
Nhiét ¢ 1am viéc °C 20-50
D06 am khong khi % 40 - 90
Kich thuéc (DxRxC) | mm 10045);6804 x

Céc thong sb chinh ctia nguon laser s&
dugc do kiém bao gém cong sudt nguodn, tan
s6 hoat dong, do rong xung, chat lugng chum
tia. Hé thong do kiém duoc tinh toan, thiét ké,
xdy dung 14 sy tich hop ctia cac thiét bi chuyén
dung nhu thiét bi do cong suit, thiét bi do tan
sé, thiét bi do xung nham do kiém chinh xéc céac
thong s dic trung cua cac ngudn laser duoc sir
dung dé nghién ctru. Hinh 2 mé ta so d6 cau
hinh thiét bi cta hé thdng do kiém ngudn laser.
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Beam qualitymeter

caoling ALIF ] Power ALK Cogling
Laser haad  —
] | —7 meter NIV 2

Cucilescops

Hinh 1. So' do khéi hé thong do kiém cdc thong so
cua nguon laser.

Pé do kiém thong sd cua nguodn laser,
nhom nghién ctru da str dung thiét bi do chét
luong chum tia cta hang Primes c6 ma hi¢u
FM+ voi cong suat do kiém cho phép 1én toi
25000 W va phu hop v&i nhiéu budc song
trong d6 c6 budc song cua fiber tor 850 nm
dén 1080 nm. Tiép theo, dé kiém tra cong suit
ngudn laser phat ra, nhom nghién ctru sir dung
hé thng thiét bi do cia Ophir véi ma hi¢u PD
11kW va NoVa II véi dai do cong suét 1én toi
11000 W va dai budc song co thé dung cho
nhiéu loai laser trong dé c6 fiber voi budc
song ~ 1100 nm. Ngoai ra, dé kiém tra chinh
xéc tan s6 hoat dong va cac ché do hoat dong
ctia ngudn laser, nhém nghién ctru str dung hé
théng High Speed PD két hop véi thiét bi hién
song (Oscilloscope) dé thu va phan tich tin hiéu

xung phét ra ciia ngudn laser. Hinh 2 mo ta thiét
ke 3D va thiét bi ché tao thuce t€ ctia hé thong do
kiém.

(@) ) ()
Hinh 2. H¢ thong do kiém: (a) Thiet ké 3D, (b) Hé
) théng do sau khi ché tao
3. KET QUA VA THAO LUAN

3.1. Do kiém cong suat laser va d¢ on dinh
cong suat

Nguén laser véi 16i ra HLC-8 sau khi
di ra khoi ngudn laser véi chum tia phan ky
duoc dan hudéng vao hé thiu kinh chuan truc
tao ra chiim tia song song, tiép d6 s& dugc dan
hudng vao thiu kinh hoi tu dé cho ra chum tia
hoi tu va di vao thiét bi do cong sudt bén trong
hé théng.

Bdng 2. Céng sudt nguon laser IPG do khi do bang hé thong

Cong suét dit vao (W) 100 | 150 | 200 | 300 | 400 | 500 | 600
Cong suét do (W) 98 | 149 | 205 | 310 | 415 | 520 | 625
Cong suét dat vao (W) 700 | 800 | 850 | 900 | 950 | 1000
Cong suét do (W) 730 | 830 | 880 | 935 | 980 | 1100

Cong suat dau ra ctia ngudn laser dugc
do lai v&i hé thong do ctia nhom nghién ciu.
Bang 2 thé hién cac gia tri do thuc té, Hinh 3
mo ta d6 thi so sanh cong suat dau vao va cong
suat dau ra khi do bang hé thong thuc té.
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Véi két qua do duoc tir hé théng cho
thay, cong suat dat vao va cong suat do thyc té
gan nhu tuong dwong va gidng voi két qua ma
nha san xut da cong bd véi sai s6 trung binh 1a

3,36%, sai s6 16n nhét 1a 10%.
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PO CONG SUAT

Cong suat do

Cong smal 44t vio

Hinh 3. Do thi so sanh céng sudt ddt vao va cong
sudt do thuc té (W)

bé xéc dinh duge do 6n dinh cta nguén
laser trong luc hoat dong, nhom nghién cuu
da st dung b thiét bi do va hién thi cong suat
ngudn laser va do lién tuc trong vong 8 gio véi
tan s6 lay mau 1a 0,5 gio. Bang 3 thé hién gia
tri cong suat laser thuc té trong 8 gio hoat dong
lién tuc, hinh 4 1a d6 thi thé hién d¢ 6n dinh
cong suat ngudn laser trong vong 8 gio hoat
dong lién tuc (Cong suit P =415 W, tan sb f=
5000 Hz, Duty = 100%).

Bdng 3. Gid tri cong sudt laser hoat dong lién tuc trong vong 8 gio

Timer, h 1 1,5 2 2,5 3 3,5 4 4,5
Power, W 416 415 415 415 415 415 416 415
Timer, h 5 5,5 6 6,5 7 7,5 8
Power, W 415 416 416 415 415 415 415

Power Stability at 415W

ain Pais =415 = 0.23

416 #1656 416

Hinh 4. D6 thi dé én dinh cong sudt laser IPG
trong 8 gio lién tuc

Tir két qua thu dugc cho thdy do on
dinh cong suét cua hé théng thu duoc bfmg hé
thdng do khi hoat dong lién tuc trong vong 8
gio ndm trong pham vi cho phép theo thong s6
dua ra ctia nha san xuét.

3.2. Po xung va tn so hoat dong cita nguon laser
Véi didc tinh hoat dong & ché 46 CW/

Modulated va dai tan s hoat dong tir 200 —
5000 Hz. Bé do kiém chinh xac thong sb nay

cua nguén laser IPG, nhom da str dung bo thiét
bi do chuyén dung bao gdm: Cam bién tc dod
cao cua hang Hamamatsu (High Speed PD),
thiét bi hién song (Oscilloscope).

Véi bo thiét bi chuyén dung trén cho
phép nhom nghién ctru thu dugce tin hiéu xung
phat ra ctia ngudn laser trong qua trinh hoat
dong. Hinh 5a 1a két qua do tan sd ngudn laser
khi cai dat & 200 Hz va Hinh 5b 1a két qua do
tan s6 nguodn laser khi cai dat & 5000 Hz véi
thong s6 ngudn laser dugc cai dit (Cong suit P
=500 W, Duty = 100%).

(@)
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¢

(b)
Hinh 5. Két qua do tan sé ciia nguon laser IPG:
(a) 200 Hz, (b) 5000 Hz

Vi két qua thu duoc nhu hinh 5 cho
thdy hé do di xac dinh ding tan sd dau ra cia
nguon laser khi cai dit véi cac muc tan s khac
nhau & dau vio.

3.3. Po thong s6 chit lwong chum tia cia
nguon laser

Thong s6 M? clia ngudn laser 1a mot
trong nhiing thong s6 quan trong dé 1am co s
danh gia chat luong ngudn laser. Bé xac dinh
dugc thong s6 M? cia ngudn laser duoc ché
tao, nhom nghién ctru da sir dung thiét bi do
vo1 model FM+ cua hang Primes. V&1 bg thong
s6 ngudn laser di duoc cai dat (Cong suat P =
500 W, Duty = 100%) Hinh 6 mé ta két qua do
thong s0 M? ctia nguon laser.

« - ARSEEEREN I
S —— - .
—_— T — —
. — - 5T |
—— - f -
= & ( .
e EE .
f =
-

Hinh 6. Két qua do théng s6 M ciia nguon laser IPG

Két qua thu duoc tir Primes FM+ cho
thay két qua chat luong chum tia cua ngudn
laser duoc xac dinh véi M? ~ 2,5 mm x mrad
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thda man thong sO ctia nha san xuat dua ra la
M? <4 mm x mrad.

4. KET LUAN

Bai bao di trinh bay céc két qua nghién
ctru thiét ké xdy dung hé thdng do kiém cac
thong sd chinh cua ngudn laser IPG — YLS
1000CUT. Cac két qua thu dugc cho théy,
cac thong s6 do thuc té c6 cac gia tri gan nhu
tuong duong voi cac thong s ciia nha san xuét
cong bd: Cong suit laser c6 sai s6 trung binh 1a
3,36%, sai s6 16n nhat 14 10%; d6 on dinh cong
suat laser tai 500 W dugc duy tri 6n dinh trong
sudt 8 gior thir nghlem t1n hi€u xung cua nguon
laser dam bao & cac tan s6 200 va 5000 Hz; chat
luong chum tia ciia ngudn laser dugc xac dinh
thong qua chi s6 M? dam bao < 4 mm x mrad.
Két qua cua nghién ctru cho thy tiém ning
mg dung cta hé théng do kiém nay trong viéc
phat trién cong nghé laser cong suat cao tai Viét
Nam.

Loi cam on:

Nhoém tac gid xin cdm on Phong Thi
nghiém trong diém Cong nghé Han va Xir Iy bé
mit, Phong Thi nghiém Fiber Laser, Vién Ung
dung Cong nghé di hod trg thoi gian, phuong
tién va co s vét chat cho nghién ctru nay. %

Ngay nhan bai: 16/10/2023
Ngay phan bi¢n: 18/11/2023

Tai liéu tham khao:

[1]. X.Yu,etal.(2014), “Laser-induced breakdown
spectroscopy application in environmental
monitoring of water quality: A review”,
Environ. Monit. Assess., 186(12), pp.8969-80.

[2]. L. Fiorani, et al. (2010), “Environmental
monitoring by laser radar”, RomanianJournal

of Physics, 56(3), pp.448-459.



NGHIEN CUU - TRAO DOI

[3].
[4].

[5].

[6].

L.F. Viana, et al. (2019), “Use of fish scales in
environmental monitoring by the application
of Laser-induced breakdown spectroscopy
(LIBS)”, Chemosphere, 228, pp.258-263.
htps://www.sme.org/technologies/
articles/2016/february/fiber-lasers-continue-
to-gain-market-share-in-material-processing-
applications/.

https://www. laserfocusworld.com/industrial-
laser-solutions/article/14215551/highpower-
fiber-lasers-gain-market-share.

N.Z. Michalis, et al. (2014), “High power fiber
lasers: A review”, IEEE Journal of Selected
Topics in Quantum Electronics, 20(5), pp.219-
241.

[7].

[8].

[9].

C.P. Katherine, et al. (2015), “Ultrafast laser
processing of materials: A review”, Advances
in Optics and Photonics, 7(4), pp.684-712.

S. Popov (2009), “Chapter 7: Fiber laser
overview and medical applications”, Tunable
Laser Applications, CRC Press.

Future Market Insights, “Fiber Laser Market:
Elevating  Frequency of Conventional
Laser Replacements in Material Processing
Applications to Support Growth: Global
Industry Analysis 2013 - 2018 and Opportunity
Assessment, 2019 —2027”.

ISSN 2615 - 9910 (ban in), ISSN 2815 - 5505 (online)
TAP CHI CO KHI VIET NAM, S6 309, thang 11 nim 2023
cokhivietnam.vn / tapchicokhi.com.vn



NGHIEN CU’U - TRAO BOI

NGHIEN CU’U GIAI PHAP XEP BAO TU PONG LEN XE TAl
TRONG VAN CHUYEN XI MANG BAO

STUDYING SOLUTIONS FOR AUTOMATIC BAG LOADING ON TRUCKS
IN TRANSPORTATION OF BAGGED CEMENT

TS. Vii Viin Khoa, ThS. Pham Xuan Trwong, KS. Nguyén Vin Minh,
KS. Tran Vin Tung, KS. Nguyén Xuéin Thé
Vién Nghién ctru Co khi, B Cong Thuong

TOM TAT

Bai bdo gidi thiéu két qua nghién ciru gidi phdp méi trong qud trinh boc xép vin chuyén sé
liong 16 bao xi méang (50kg) tir cdc nha mdy san xudt hodc tram xudt xi méang 1én xe tdi van chuyén
c6 thiing hé. Phuwong phdp truyén thong thuong la van chuyén don 1é tirng bao va xép bao thii cong
lén thiing xe, ton rdt nhiéu thoi gian, nhdn céng véi méi triweong lam viéc déc hai (rat nhiéu bui xi
mang). Véi gidi phdp méi, bao xi mang dwege xép tir dong, chdc chdn, tiét kiém thoi gian xép do, tiét

kiém khong gian sdp xép bao trén phirong tién vin chuyén.
T khoa: Xép bao twr dong; Vin chuyén xi mang bao.
ABSTRACT

This article introduces the results of research on new solutions in the process of loading and
unloading large quantities of cement bags (50kg) from production plants or cement distribution
terminal onto open-tank transport trucks. The old method is usually to transport each bag
individually and loading it manually on the truck, which takes a lot of time, labor with toxic working
environment (lots of cement dust). With the new solution, cement bags are loading automatically,

securely, saving loading and unloading time and space for arranging bags on the transport vehicle.

Keywords: Automatic bag loading, Bag cement transport.
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1. PAT VAN PE

Hién nay, tai cac tram Xuét xi mang tai
Viét Nam hodc khu vuc nha dong bao trong
nha may san xuét xi ming, hau hét déu sir dung
phuong phap van chuyén bao xi ming 50 kg
xuéng cac don vi van chuyén 16n nhu 6 t0 tai,
xa lan, tau thuy bang hé thdng van chuyén bang
tai don thudn, két hop vai cac thiét bi xuét déu
stt dung nhan cong bdc xép 1én phuong tién
bang thi cong, c6 ning suat khong cao, chi dat
dugc tbi da khoang 80 tin/h va moi trudng lam
viéc rat nhiéu bui xi miang anh hudng t6i sirc
khoe nguoi lao dong.

Mot tré ngal nira trong phuang phap
truyén thong 13 s6 luong bao, khi sip xép
khong duogc déu, hay bi x6 1éch, tir 6, dan toi
viéc khong tiét kiém dugc khong gian sap xép
t6i wu ctia don vi van chuyén.

Thoi gian gan déy, giai phap st dung
mot may xép bao tu dong két hop v6i hé théng
van chuyén bao bang bang tai dang dugc ap
dung tai mot s6 nha may san xuat va tram xuat
xi ming cho thiy hiéu qua rd rét vé kha ning
tiét kiém nhan luc, thoi gian cling nhu hi¢u qua
trong cong tac van chuyén xi mang 1én thiét bi
van chuyén 1a xe tai hodc tir xe tai xudng kho
tap két vat liéu xdy dung. Nang suit van chuyén,
xép d& duoc nang cao hon so v6i phuong phap
truyén thong.

2. PHUONG PHAP NGHIEN CUU

Nhom tac gia khao sat cac hé thong xép
bao tu dong da duoc lép dat, van hanh tai cac
nha may san xuat xi ming trong nudc. Tham
quan khao sat nha may ché tao thiét bj cua cac
hang 16n trong linh vyc cung cép thiét bi dong
261, xép d&. Tim kiém tai liéu thiét ké, 1ap dat
va van hanh hé théng ciia mot s6 hing hang dau

thé gidi trong linh vyc dong goi, xép d& san
pham, qua d6 nghién ciru nguyén 1y, cau tao
cach thuc hoat dong ctia h¢ théng, tr d6 dé ra
giai phap ap dung, dinh huéng nghién ciru ché
tao thiét bi xép bao ty dong trong twong lai.

3. KET QUA NGHIEN CUU

3.1. Giai phap va cau hinh h¢ théng may xép
bao tw dong

3.1.1. Céu tao chung hé thong mdy xép bao
tw dong

Hé théng xép bao tu dong duogc thiét ké
va ldp dat cho tram xuét xi ming bao truyén
thdng hoidc khu virc nha dong bao ctia nha may
san xuat xi mang nham nang cao ning suat xép
hang va tinh an toan, chic chan khi van chuyén.
Céc bao dugc xép chong chic chan, dam bao
t61 wu khong gian chtra hang.

Hé théng xép bao tu dong cho phép xép
bao xi ming vao xe tai cling nhu xép bao lén
pallet trén xe tai. Cac bao dén tir may dong bao
dugc xép truc tiép 1én khoang chira hang cua
xe tai mui tran. Xe phai dap tmg cac diéu kién
sau: mui mo, tudng sau cd ban 1&, khong gian
ché hang déu. Bén trong kich thudc giita cac
thanh bén cta xe phai 16n hon chiéu rong cua
dau chat hang. Khong gian tai trong khong can
c6 céac bo phan nho ra.

Nguoi lai xe phai dat xe tai vao duong
dan dudi khung gam ctua Hé thong xép bao
tw dong va ha thanh sau cua thung xe xuodng.
Pé bu dap cho nhirng sai s6t nho vé vi tri cua
xe tai, diu chat tai co thé duoc di chuyen theo
hudng ngang trong mot pham vi nhat dinh. Hé
thdng xép bao tu dong duoc di chuyén vao vi tri
ban dau tir man hinh diéu khién (HMI). Sau do,
s6 hang va 16p ciing nhu tong sb tai dugc nhap
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vao hé thong diéu khién. Qua trinh chit bao xi
mang 1én xe tai s€ tu dong hoan toan dén khi
ket thuc.

Nguyén 1y hoat dong va céu tao cia
may x&p bao ty dong 1én xe tai dugc mo ta nhu
hinh 1 va hinh 2 dudi day.

BANG TAI TIEP cocAu gp o' cAu X0AY BAN XEP LGP
NHAN VA LUU *  pHANG BAO * BAO *  BAOLENXE
TR BAO

Hinh 1. So' d6 nguyén Iy hoat déng ciia mdy xép
bao tw dong lén xe tai

Hinh 2. Nguyén Iy cdu tao ciia mdy xép bao xuong
xe tai thung ho [1]:
I - Khung gam di déng; 2 - Toi nang ha, 3 - Hé
bang tai luu triv; 4 - Bang tdi tinh tién tiép nhdn
bao; 5 - Pau xudt bao; 6 - Ray di chuyén

a. Yéu cau chung

Do tdc do xir 1y cao, cac bao va xe tai
dugc chit hang phai dap tng mot sé yéu ciu
nhét dinh can phai duoc tuan thu. Pé dam bao
cong suat va tinh san sang ctia toan bo Hé thong
xép bao tu dong, tit ca cac bo phan cua hé thong
phai dugc diéu chinh mot cach t6i wu.

Céc yéu cau sau ddy phai dugc tuan tha
dé dam bao chat tai to1 uu:

e Kich thudc bao phu hop voi may Xép
bao tu dong;
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e Chuan bi bao trén day chuyén;
e Xe tai c6 khong gian chd hang phu hop;
e Cich sip xép va trang thai ciia pallet.

b. Yéu cau doi véi bao xi mang

Céc bao xi miang duoc van chuyén phai
co chat lugng khong ddi, tac 1a mac do dﬁy,
trong luong, kich thudce chiéu dai x chiéu rong
x chiéu cao cua chiing phai dugc giit trong dung
sai cho phép, dac biét 1a lugng khi con tdn tai
trong bao xi mang trong qua trinh dong bao.
Nhitng thay d6i lién quan dén hé sé ma sat bén
trong va bén ngoai, do nhi¢t d9, lugng khi con
tdn tai trong bao, su thay ddi vat liéu hodc vat
liéu két dinh, anh hudng dén su tich tu, xoay va
xép tui. Do d6, toan bd ciu hinh ngin xép trén
xe tai bi anh hudng. Cac bd phan chuan bi bao
xi mang duoc lap dat trong day chuyén cap li¢u
phai dugc diéu chinh mot cach t6i wu. Viée xép
chéng on dinh dat duoc nhd cac tai duoc 1am
sach tot, 1am phing va thong gio.

Trong nhiéu truong hop, thi bi rach, v&
hodc tham chi ddy mot nira khong dan dén truc
trac cua Hé théng Xép bao tu dong. Tuy nhién,
dé dat dugc xép chong 6n dinh va giam sy hao
mon ctia may, can dam bao rang cang it bao 16i
tir may déng bao cang tét. Dé tranh truc tric
ctia Hé thong xép bao tu dong, cac tai khong
dung kich ¢& s& duoc thai ra trén day chuyén
cap liéu.

Khi thoi gian ding hé thdng kéo dai
anh huong dén chat lugng bao ton dong trén hé
théng, bao xi mang c6 thé bi bién dang do tac
dong cua nhiét hodc bi hut 4m nén khong con
phu hop véi may tu dong. Do do, toan bo hé
théng tir may dong bao dén Hé thdng xép bao
tu dong phai dugc lam sach trudce khi van hanh
may.
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¢. Yéu cau doi vai xe tai

Kha ning xép hang cao cua Hé théng
xep bao ty dong chi dat dugc néu thoi gian can
thiét dé diéu chinh xe tai cang ngin cang tot.
Vi ly do nay, khong gian chit hang phai duoc
chuan bi k¥ trude khi xe tai vao vi tri chat hang.

d. Xuit bao xi ming Ién pallet

Cho phép chénh léch chiéu cao ctia cac
pallet 1a 2 cm theo hudng vén chuyén. Khi di
chuyén ngang, khoang cach gitra cac pallet
phu thudc rat nhiu vao chiéu rong cua chung.
Khoang ho gitra pallet va thanh xe tai phai
bang nhau ¢ ca hai bén. Cac pallet phai & giita
khong gian chat hang. Cho phép c6 su khac biét
vé chiéu cao cua cac pallet theo hudng ngang
nhung anh huong dén hinh dang cua chong
Néu c6 thé, cac pallet phai co cung chiéu cao
theo hudng ngang.

Hang pallet dau tién phai cach thanh
trudc clia xe tai 50 mm dé bao vé tm vach ngan.
Céc bg phan nho tur thanh trude cua xe tai vao
khoang chira hang phai dugc xem xét dé khong
cham vao hang bao dau tién. Khoang cach giira
cac hang pallet phu thudc vao chiéu dai ciia bao
xi ming. Cac pallet c¢6 thé nam canh nhau theo
hudng di chuyén néu chiéu dai gap doi ctia bao
ngan hon chiéu dai cta pallet 3 cm.

Nguoi 1ai xe phai can chinh cac pallet co
chiéu rong 800 mm theo chiéu ngang sao cho ¢
khoang cach 200 mm giita ching. Mot mau (mot
tAm van 100 mm c6 tay cm & gitta) c¢6 thé hitu ich
cho viéc nay. B9 nghiéng qua mirc ctia cac pallet co
kich thudc 800 x 1000 1a khé bét loi vi hinh chiéu
clia cac tai 1én t6i 25% chiéu rong ctia chung. Dé
viée d& hang duoc dé dang hon, nén bd tri khoang
cach 3-5 cm gifra céc pallet voi kich thude 1.000 x
1.200 mm. Béng cach nay, cic chong bao s& dugc
ngan khong cho nho ra sang mat pallet khac ngay
cé khi dau tai dugc dat sai vi tri.

Néu céc pallet da duoc dit trong khong
gian chat hang thi sé& dé dang hon dé dénh gia
xem chiéu rong cta xe tai c6 du hay khong
hoic khoang cach can thiét giita pallet va tudng
c6 duoc giitr tir 100 dén 200 mm hay khong.
Khong glan chat hang cua xe tai khong c6 pallet
chi 6 thé duogc kiém tra bang cach do. Dé lam
diéu nay, phai st dung mdt mau da chuén bi sén
(mdt tim vén c6 chiéu dai twong Gmg véi chidu
rong cta dau tai cong v4i 200 mm).

3.2. Cac thanh phén chinh ciia hé thong xép
bao tu djong

3.2.1. H¢ khung gam di chuyén va toi nang ha

Hé thdng duoc din dong & vi tri tai bang
khung di chuyén. Khung di chuyén duoc trang
bi bén bo banh dan dong. Bo phan dich chuyén
chéo duoc g:fln chat vao cac bo phan dan hudng
phia trudc va phia sau, dugc toi nang di chuyén
theo hudng thing dimg. Dau xuit bao duoc
treo vao by phan dich chuyén chéo. Pau tai
dugc can chinh chinh gitta véi khong gian tai
bang bd phan dich chuyén chéo. Tu diéu khién
v6i thiét bi dau cudi diéu khién duoc gan chat
vao mot bén ctia dam bang bd banh xe (hinh 3).

Hinh 3. Nguyén Iy cdu tao hé khung gam di dong
va toi nang ha [1]:
I - Khung gam di déng; 2 - Dan hirdng phia trueée;
3 - Toindng; 4 - Dén huong bén canh; 5 - Tu diéu
khién;: 6 - Thanh chéng di chuyén chéo
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3.2.2. Pdu xudt bao xi ming

Pau xuat bao tao thanh khudn xép bao
va xép cac 16p bao 1én xe tai. Dé hinh thanh cac
khuon 16p dong goi, cac bao xi dugc xép chong
lén nhau theo hudng doc va ngang. Thong
thuong, cac bao duoc van chuyén theo hudng
doc va chuyén tai vao dau nap. Nhirng bao nay
duoc goi la bao doc. Tuy thude vao kiéu dong
26i, mot s6 bao duoc quay 90 do trén bang tai
dinh vi. Nhitng chiéc bao nay duoc goi 1a bao
quay.

Tur bang tai dinh vi, cadc bao dugc van
chuyén giita cac bang tai cp bao. Bang tai cip
bao van chuyén hét hang bao nay dén hang bao
khac 1én ban trugt. Co cdu day bao di chuyén
16p tai trén ban trugt sang trai va sang phai.
Ngay sau khi 16p tai hoan chinh ndm trén ban
truot, ban truot s€ dugc mo. Nhiing chiéc tui
dugc dit trén xe tai. Trong qua trinh xép chong,
thiét bi ép 16p s& dan hudng cho 16p thi. Nguyén
1y cAu tao dau xut bao xi mang dugc mo ta nhur
hinh 4.

Hinh 4. Nguyén Iy cau tao dau xudt xi méng bao [1]:
1 - Co cdu day bao, 2 - Bing tdi cap bao;
3 - Bang tai dinh vi; 4 - Thiét bi xoay bao dang
thanh; 5 - Thiét bi ép I6p; 6 - Ban truot
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3.2.3. Thiét bi luu triv bao

Céc bao xi mang dugc tich Illy trén day
chuyén luu trir trong khi Hé thong xép bao tu
dong di chuyén. Ca hai bang tai dinh thoi déu
van chuyén cac bao riéng 1¢ vao dau nap. Khi
thiét bi luu trir bi ddy bao, ca duong luu trir va
duong cép liéu déu bi ngit két ndi. Trén day
chuyén luu trir, cac bao duoc din hudéng bang
mot thm ép tur trén cao dé dam bao van chuyén
an toan (hinh 5).

Hinh 5. Nguyén Iy cdu tao thiét bi luu trit bao [1]:

1 - Thiét b giit bao phia diwedi; 2 - Bang tai luu giiv

bao phia duoi; 3 - Bang tai luu gitr bao phia trén;

4 - Thiét bi luu trit bao phia trén; 5 - Thiét bi gii
bao phia trén

3.2.4. Bang tdi di dong

Bang tai di dong nhan bao xi mang tu
hé théng cp bao xi ming sau may dong bao.
Thiét bi bang tai di dong c6 cira nhan bao cb
dinh tir bang tai cép bao cua hé théng, khung
bang tai di dong dwoc gan chit vao thiét bi luu
trit va duoc di chuyén cung Hé thong xép bao
tu dong. Thiét ké va chiéu dai cua bang tai kéo
phu thudc vao khoang cach di chuyén va cach
bb tri dudng cap liéu. Cac bao duoc chuyén tir
day chuyén cap liéu t6i bang tai kéo thong qua
mot mang trugt (hinh 6).
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Hinh 6. Nguyén 1y cdu tao bang tdi di dong [1]:
1 - Bg banh xe co gia do; 2 - Bang tdi cao su;
3 - Bo banh xe

3.2.5. H¢ théng dign diéu khién cho thiét bj
xép bao tw dong

3.2.5.1. H¢ théng dién dong luc

bién dong luc cung cap cho hé thong
xép bao ty dong dugc lay tir nguon dién san c6
ctia nha may hodc tram phan phéi. Nguon dién
cap 1a ngudn tiéu chuan 380 VAC — 50 Hz, dam
bao su 6n dinh dién dp. Ngudn dién cling c6 thé
dugc cap mot 16 dy phong tir hé thdng may phat
hoac b¢ luu dién dé dam bao tinh lién tuc trong
truong hop ngudn ludi chinh bi sy ¢b. Tu dién
cap ngudn cua hé thong duoc lap dat trén hé
khung gam di chuyen va di chuyen cung may.
Hé thong dién bao gdm: Cap det mém, hé dam
ray truot, hop ndi dién cb dinh, ta dién dong
lyc, dugce thé hién nhu hinh 7.

-

Hinh 7. Hé théng ccfp dién dong luc:
1 - Tu dién dong luc; 2 - Hop noi dién co dinh;
3 - Ray treo cap dién; 4 - Khung gam di dong,

5 - Cap dong luc det

3.2.5.2. Hé thong diéu khién

He¢ thdng dién diéu khién duoc str dung
trong hé théng 1a dién 230 VAC cho céc thiét bi
diéu khién cong suat 16n nhur xy-lanh, cac thiét
bi dién tir... D61 voi cac tin hi¢u cam bién, dén,
cac thiét bi dién t&r nhu man hinh cham (HMI),
PLC dién 4p dugc st dung la dién mot chidu
24 VDC. Hé théng str dung cam bién quang va
cam bién tiém cén dé bao vé, canh bao, dém
bao.

Mot man hinh van hanh tai chd (HMI)
duoc dat tai tu diéu khién cia hé thong xép
bao ty dong. Trudc mdi 1an xuét bao xuéng
xe tai, nguoi van hanh can thao tac trén man
hinh diéu khién (HMI) dé dua thiét bj vao vi tri
khéi dong, can chinh vi tri cua dau xuét chinh
gitra thung xe, nhap céac s6 liéu can thiét cho 16
hang phi hop véi thong s6 xe tai nhu s6 16p xép
chdng cho mot pallet; s6 pallet sau do khoi
dong may dé may chay xép bao tu dong Céc
thong so cua may va thong s6 san xudt co thé
duoc truyén vé phong diéu khién dé theo doi tir
xa, luu sb lidu va xuat bao cao dinh ky (hinh 8).

Hinh 8. Giao dién diéu khién hé thé,ng xudt bao tu
dong lén xe tai [1]:
1 - Thanh trang thai; 2 - Tiéu de: 3 - Vung hién
thi; 4 - Thanh diéu huong, 5 - Nut van hanh chinh
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3.2.5.3. Cdu hinh diéu khién, gidm sdt

CAu hinh diéu khién cua hé thdng duoc
xay dung trén nén diéu khién va gidm sat cia
Nha may xung quanh bd diéu khién kha trinh
PLC cép cao va hé thong diéu khién giam sat
thich hop. Bo diéu khién kha trinh PLC diéu
khién cac hoat dong cia may xép bao mot cach
tu dong va két ndi v6i bo diéu khién PLC cua
nha may qua giao dién Ethernet truyén thong
cong nghiép.

Hé thong dong bao va xép bao tu dong
cling duoc két ndi voi hé thong diéu khién trung
tam cua Nha mdy hodc Tram phan phdi bang
dudng cap quang véi toan bo cac thong tin can
thiét nham quan 1y va giam st ciing nhu dam
bao viéc van hanh 6n dinh va dam bao nang
sudt yéu cau.

4. KET LUAN

1) Qua viéc nghién ctru giai phap xép
bao ty dong 1én xe tai trong van chuyén xi
ming bao danh gia cac wu diém cua hé théng
xép bao ty dong: dam bdo su an toan cho khau
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van chuyén, nang cao nang suat giao hang, tict
kiém chi phi nhan cong xép do, chi phi thué bén
bai va thoi gian giao nhan.

2) Vién Nghién cuu Co khi da 4p dung
giai phap xép bao ty dong dé trién khai thiét
ké, ché tao va cung cip lap dit thiét bi cho silo
lwu trit xi mang 15.000 tin bao gém: hé thong
duong 6ng nhap xi ming, hé théng xuét xi
ming rdi va hé thdng may dong bao, may xép
bao ty dong 1én xe tai voi cong suat xép bao
1én t6i 120 tan/h, gap 1,5 1an so voi ning suét
van chuyén truyén thong cho Tram phan phdi
xi mang Ninh Thuy — Cong ty Xi mang Nghi
Son (Ninh Thuy, thi xa Ninh Hoa, tinh Khanh
Hoa), du kién s& ban giao vao dau nam 2024.

Ngay nhan bai: 28/10/2023
Ngay phan bién: 12/11/2023

Tai liéu tham khao:

[1]. BEUMER autopac® 3000, BEUMER
autopac® 3000 - Operation instruction, OI-
623-080026-VO0l1.

[2]. BEUMER autopac®, A modern, fully
automated loading system for single bags.
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NGHIEN c(rU PHAN TiCH SONG HAI BIEN AP TRONG LUl BIEN
KHI HOA LUO'l HE THONG PIN NANG LUONG MAT TROI

RESEARCH AND ANALYSIS OF VOLTAGE AND CURRENT HARMONICS IN THE
POWER GRID WHEN CONNECTED TO THE SOLAR BATTERY SYSTEM

TS. Bui Ngoc Hung, ThS. Nguyén Truong Giang,
ThS. Kim Thi CAm Anh, ThS. Cung Quang Khang
Trudng Pai hoc Mo — Pia chat

TOM TAT

Ngay nay, cdc hé thong pin nang lwong mdt troi la mét trong nhitng giai phdp tot nhat thay
thé va bé sung nguon nding lwong dién cho hé thong ludi dién quoc gia va dap ting nhu cdu ciia xa
héi. Tuy nhién, bén canh nhitng wu diém, khi hoa hedi hé thong pin ndang lirong mdt troi ciing cé
nhitng anh hwéng truc tiép t6i chat lwong dién nang cia hé thong. Dé lam ré nhwoc diém nay ciia
hé thong pin ndng lirong mdt troi, trong nghién ciru tdp trung phdn tich va danh gid séng hai dién
dp théng qua chi s6 tong do bién dang séng hai dién ap va dong dién (THDv, THDi) trong ludi dién
khi c6 két néi hé thong pin nang lwong mdt troi trén phan mém Matlab/Simulink. Tir cac két qua
phan tich @é dwa ra dé xuat giai phap lam cho hé thong pin ndng leong mdt troi tré nén dang tin
cdy va hiéu qua hon.

Tir khéa: Pin ndng lwong mat troi; Nang heong tdi tao; Chdt lwong dién nang; Song hai
dién ap; Ky thudt dién — dién tu.

ABSTRACT

Today, solar battery systems are one of the best solutions to replace and supplement
electrical energy sources for the national grid system and meet the needs of society. However,
besides the advantages, when connecting to the grid, the solar battery system also has direct effects
on the system's power quality. To clarify this drawback of solar battery systems, the study focuses
on analyzing and evaluating voltage harmonics through the index of total voltage and current
harmonic distortion (THDv, THDi) in the power grid when connected to the solar battery system on
Matlab/Simulink software. From the analysis results, propose solutions to make the solar battery
system more reliable and efficient.

Keywords: Solar battery; Recycled energy, Power quality,; Voltage harmonics, Electrical
and electronic engineering.
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1. PAT VAN PE

V6i tiém ning ky thuat khoang 1677
GW, Viét Nam 1a mot qubc gia co tiém ning
ning lwong mat troi rat 16n. Trong thoi gian
vira qua, Viét Nam mac du da phai huy dong
t6i da cac nguon dién nhung dang phai di mat
v6i nguy co thiéu dién. Theo tinh toan, nim
2024-2025 ngudn dién can bo sung 1a tir 4.000
dén 5.000MW [1], chinh vi vay can thiét phai
phat trién cac du an ngudn dién, trong d6 c6
dién mit troi (PV) nham dap tng nhu cu dién
cho phat trién kinh té, dam bao an ninh ning
lugng Qudc gia.

Tuy nhién, tng dung hé théng PV trong
viéc cung cap dién gip nhig kho khin va
rdo can nhat dinh vé mit k¥ thuat. Mot trong
nhiing van dé phat sinh d6 1a song hai. Khi hé
théng PV két ndi lu6i dién s& c6 hai ngudn gy
ra séng hai: Thir nhat 1a do thiét bi phi tuyén
ctia mach két ndi (Diode, IGBT, Thyristor,...);
thir hai 14 do viéc bién d6i tir dong mot chiéu
thanh dong xoay chiéu thong qua cac bo DC/
DC, DC/AC. Trong ndi dung bai bao nay, tac
gia nghién ctru danh gia chi s6 méo dang song
hai THDv va THDi ctia luéi dién khi két ndi
hé théng PV c6 loc va khong cé loc. M6 hinh
hoa hé thong dugc xdy dung trén phan mém
Matlab/Simulink va két qua mo phong véi
ludi dién don gian. Cubi cung la két luan va
cac dinh hudng nghién ctru tiép theo.

2.NQI DUNG VA KET QUA NGHIEN CU'U
2.1. Cong ngh¢ sir dung nang lwgng mat troi

Nang lugng mat troi 1a nang luong
duogc tao ra tu cadc phan ung nhi¢t hach hat

nhan trén mat tro1. Hién nay c6 hai cong nghé
chinh str dung nang lugng mat troi. P6 1a cong
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nghé dién mat troi dua trén hi¢u ng quang
dién; cong nghé nhiét mat tro1 dya trén hié¢u
ung nha kinh va cong ngh¢ nhi¢t mat troi hoi
tu.

Cac hé thong pin quang dién hoat dong
dya trén co ché cac tim pin quang dién dudi
tac dong cua anh sdng mat troi phat sinh ra
dong dién mot chidu. Cac tAm pin quang dién
dugc két ndi lai voi nhau nham gia ting cong
suét ctia hé théng. Dong dién mot chiéu duoc
dua qua hé thong bién d6i dién tir cong sudt
nghich luu thanh dong xoay chiéu va dua 1én
luoi dién.

2.2. So' @6 khdi hé thong dién niing lwong
mat troi, PV

H¢ thdng dién ning luong mat troi 1a
mot trong nhirng cong nghé nang luong tai
tao tot nhat khong chi gitp tiét kiém chi phi
hi¢u qua ma con than thi¢én véi moi truong.
Tai khu vyc ¢6 ngudn anh sang voi cuong do
16n, ching ta c6 thé can ciu hinh hé thong
két ndi truc tiép cung cap dién niang vao ludi
dién (hinh 1a) [2]. Tuong tu, chiing ta ciing c6
thé lua chon ciu hinh hé théng dién mat troi
khéng can két ndi vé6i ludi dién (hinh 1b) [3].
Tat ca cac loai hé thong dién mit troi déu hoat
dong dua trén cac nguyén tic co ban gidng
nhau. Cac tAm pin dau tién chuyén doi ning
lugng mit troi thanh dién mot chiéu bang cach
st dung hiéu Gmg quang dién. Sau d6, ngudn
dién mot chidu co thé dugc luu trit trong pin
(hinh 1c¢) [3] hodc duoc bién doi bang bo bién
tan nang luong mat troi thanh dién xoay chiéu
¢6 thé str dung dé chay cac thiét bi gia dung.
Tuy thudc vao tung loai hé¢ théng, lugng dién
mat troi du thira ¢6 thé duoc dua vao ludi dién
dé ban dién, hodc dugc luu trit trong h¢ théng

pin luu trir.
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Hinh 1. Céu hinh hé théng dién nang luong mat troi
a — Noi ludi truc tié}?; b —Déc lap; Néi lwi ¢ heu
trir nang luong

V61 quy mo cua phong thi nghiém k¥
thuat dién — dién tr tai Truong Pai hoc Mo —
Dia chat Ha Noi, so do khéi hé thong dién mat
troi khong st dung dc-quy du phong két hop véi
Inverter ndi lugi dugc nhom tac gia lua chon
nhu hinh 2. Trong so dd khéi, cac bdo DC/DC
c6 nhiém vu thyc thi thudt todn bam cong sudt
cuc dai thong qua thuat toan MPPT (Maximum
power point tracking), bén canh do ciing tao
ra mot sb nguén 30VDC, 12VDC, 5VDC theo
yéu cau cua myc dich thi nghiém. Théng qua
b6 bién ddi DC/AC tao ra dugc dién ap ra dang
hinh sin va dam bao kha ning ndi ludi cua hé
thong (dong bd va giam sat ludi), dong thoi bo
bién ddi ciing dam nhiém cac chirc niang trao
d6i cong suat tac dung, cong suat phan khang
gitra h¢ théng pin mat troi va ludi. Dé thuc hién
theo so' d6 khdi, nhom téc gia thanh lap so do
nguyén ly mach diéu khién nhu hinh 3.
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f * Ludn dién
Diéu khién DCDC Diéu khién DCIAC

Hinh 2. So dé khéi hé théng dién mdt troi néi ludi
khéng c6 dc-quy dir phong
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Hinh 3. So' do nguyén Iy diéu khién mach nghich
lwew Inverter néi luGi

2.3. M phéng hé thong quang dién hoa ludi sir
dung pin quang dién b%ing Matlab/Simulink

Mo hinh hé thdng PV két ndi ludi trong
phin mém Matlab/Simulink dwoc gidi thiéu
trong hinh 4. M6 hinh dugc thiét ké voi cong
suat hé théng PV ndi ludi 3 pha 1a 20kW, dién
ap dau ra ciia bd DC/DC 14 680V, ctia bo DC-
AC 12 380V.

pogowow L

Hinh 4. So' d6 mé phéng hé thong dién pin mdt troi
noi luoi.

2.4. Két qua thue hién

Céc két qua phan tich trén mo hinh mo
phong cho ta thiy duoc, khi thay d6i birc xa
trong khoang 1000-750-500-250 (W/m?) thi
cong suat bom vao ludi ciing giam dan. Dién
ap dau ra ciia b bién doi DC/DC giir kha 6n
dinh. Dién ap, dong dién tai diém nbi thé hién
hinh 5.
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Hinh 5. Dang séng dién dp va dong dién tai diém noi hedi
a— Co su dung loc LCL; b— Khong suwr dung loc LCL
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Hinh 6. Gia tri song hai dién ap: a — Khi co loc; b — Khi khong loc
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Hinh 7. Gia tri song hai dong dién: a — Khi co loc; b — Khi khong loc
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Dé danh gi4 anh hudng song hai ctua hé
thong PV nbi ludi, nhom tac gia xem xét hai
truong hop. Truong hop hé thong PV ndi ludi
c6 str dung loc thu dong va truong hop hé thong
PV ndi ludi khong st dung loc song hai. Vi
mdi trudng hop, tac gia tién hanh mo phong va
so sanh chi s6 THDv, THDi. Két qua thu duoc
tin hiéu séng hai dong va ép tai diém ndi ludi
trong hai truong hop dugc thé hién trén hinh
6 va hinh 7. Khi khong st dung loc LCL cac
chi s6 THDv = 330%, THDi = 241% gip rat
nhiéu 1an khi ¢6 bd loc LCL, tin hiéu dong va
ap khong du diéu kién ndi ludi.

3. KET LUAN

Mot mo hinh hé théng PV két nbi ludi
dién da dugc xay dung trén phan mém Matlab/
Simulink va thuc hién nghién ctru song hai khi
ndi ludi duge bai bao mo ta. Cac phan tir clia
hé théng PV dugc nghién ctru va trinh bay dudi
mé hinh toan hoc cu thé.

Bai bao da mo ta tdic dong giy nén
song hai ctia hé théng PV thong qua cac chi s6
THDv va THDi cla luéi dién khi két ndi cac
ngudn PV. Két qua mo phong da cho thiy song
hai lam méo song dong di¢n cua ludi dign khi
ndi ludi hé thong PV. Ngoai ra, bai bao ciing
da dé xuét s dung bd loc LCL va minh chiing
duoc tac dung va kha ning cua nd. Phan tich,
danh gia anh huong song hai cua ludi dién do
hé thdng két ndi nhiéu cip dién ap khac nhau,

nhiéu diém két ndi hon va két hop cac ngudn
nang luong tai tao khac nhau sé tiép tuc dugc
dau tu nghién cru va phat trién cac bo loc dé
nang cao chat lugng dién ning.

Loi cam on:

Pé hoan thanh nhiing nghién ctru cia
minh, nhom tac gid xin chan thanh cam on tdi
Truong Pai hoc Mo — Dia chit d3 tao diéu
kién cho nhoém téc gia thyc hién dé tai co so
T23-07.4

Ngay nhan bai: 18/10/2023
Ngay phan bi¢n: 08/11/2023

Tai liéu tham khao:

[1]. Hoang Cong Tuin, “Pdnh gid thire trang va
dé xudt gidi phdp phat trién bén viing dién mt
troi tai Viét Nam”, Tap chi Khoa hoc va Cong
nghé Thuy loi s6 59-2020.

[2]. Jaka Windarta, “Implementation and Testing
of Rooftop Solar Power Plant with On-Grid
System 1215 Wp Household Scale”, 2020
7th International Conference on Information
Technology, Computer, and Electrical
Engineering (ICITACEE).

[3]. Chaudhry Bilal Muzaffar, M.Tariq Iqgbal
(2020), “Design and Analysis of Off Grid
Solar System for DC Load of a House
in Pakistan”, 2020 11th IEEE Annual
Information Technology, Electronics and
Mobile Communication Conference.

ISSN 2615 - 9910 (ban in), ISSN 2815 - 5505 (online)
TAP CHI CO KHI VIET NAM, S6 309, thang 11 nim 2023
cokhivietnam.vn / tapchicokhi.com.vn



NGHIEN CU’U - TRAO BOI

NGHIEN ClrU ANH HWONG CUA LUU LUONG GIO PEN
PHAT TAN BUI TRONG GUWONG LO DAO TAI MO THAN
DWONG HUY SU’ DUNG CFD

STUDY ON THE INFLUENCE OF MASS FLOW ON DUST DISPERSION IN THE
HEADING FACE AT THE DUONG HUY COAL MINE USING CFD

Nguyén Vin Quang*, Nguyén Vin Thinh, Nguyén Thanh Tung, Nguyén Thi Tuyét Mai
Truong Pai hoc M6 — Dia chat

TOM TAT

Nghién ciru nay tdp trung vdao van dé quan trong vé é nhiém bui trong méi trwong lam viéc
trong mo than, ddc biét la vé bui hé hdp gdy hai cho sitc khée ciia nguweoi lao dong. Bui mé thiong
phat sinh trong qud trinh thi cong, chong gitk va van tdi trong gwong 1o dao, ddc biét la trong qud
trinh né min, khéng chi danh hwéng dén tién do cong viéc ma con de doa sirc khde ciia nguoi lao
déng. Nham giam thiéu tac ddng cia bui doi véi sivc khée va méi truong lam viée, nghién ciru nay
st dung mé hinh s6 CED (Computational Fluid Dynamics) két hop voi dit liéu khdo sat thuc dia dé
nghién curu qud trinh phat tan bui trong khong gian va thoi gian tqi guong lo dao mo than Dwong
Huy. Két qua nghién civu cho thay moi quan hé giita heu lwong gié va nong do bui trong khéng
gian dwong 10 theo thoi gian ti 1é nghich véi nhau. Piéu nay c6 y nghia quan trong trong viéc hiéu
va qudn 1y tot hon vé phat tan bui trong méi trieong lam viéc ciia mé than, nham bdo vé sirc khoe
ciia ngudi lao ddng va toi wu héa quy trinh khai thac. Khi tang heu lwong gié tir 150 dén 500 m? thi
leong bui giam dang ké, con tir 500 dén 700 m? thi lirong bui giam on dinh.

Tw khéa: Bui; M6 phong CFD; Luu luong gio; Lo dao.

ABSTRACT

This study focuses on the significant issue of dust pollution in the working environment of
coal mines, particularly concerning respirable dust that poses health hazards to the labor force.
Dust in mines often arises during construction, support, and transportation processes within the
heading face, especially during blasting. This not only impacts the progress of work but also poses
a threat to the health of workers. In order to minimize the impact of dust on health and the working
environment, this study employs Computational Fluid Dynamics (CFD) models in conjunction with
on-site survey data to investigate the dispersion of dust in space and time at the heading face of
the Duwong Huy coal mine. The research results indicate a reciprocal relationship between air flow
rates and dust concentrations in the heading face over time. This has significant implications for
better understanding and managing dust dispersion in the coal mine working environment, aiming
to protect the health of workers and optimize the extraction process. When increasing the air flow
rate from 150 to 500 m’, a considerable reduction in dust is observed, and a stable decrease in dust
is maintained between 500 and 700 m’.

Keywords: Dust; CFD simulation,; Airflow rate; Heading face.

ISSN 2615 - 9910 (ban in), ISSN 2815 - 5505 (online)
TAP CHI CO KHI VIET NAM, S6 309, thang 11 nim 2023
cokhivietnam.vn / tapchicokhi.com.vn



NGHIEN CUU - TRAO DOI

1. PAT VAN PE

Theo Quy hoach diéu chinh phat trién
nganh than Viét Nam dén nim 2020, c6 xét
trién vong dén nam 2030 dugc Thi tuéng Chinh
phi1 phé duyét tai Quyét dinh s6 403/QD-TTg,
ngay 14 thang 03 ndm 2016, san lugng than san
Xuét toan nganh s€ dat 51-54 tri¢u tAn vao nam
2025 va 55-57 tridu tAn vao ndm 2030 [4]. Diéu
nay dong nghia véi viéc cac mo than s& phai
tang san luong khai thac, xay dung thém nhiéu
duong 160 dao méi dé phuc vu qué trinh khai
thac than. Mo than Duong Huy d3 1én ké hoach
tién hanh xay dung 10 duong 16 dio mdi véi
cac tiét dién va quy mé khac nhau. Tuy nhién,
viéc dao cac duong 10 mai s€ tao ra mot luong
bui dang ké, anh hudng dén tién do thi cong va
dac biét 1a stc khoe cua nguoi lao dong. Vi vay,
da c6 nhiéu nghién ciru trong nude da dé xuat
giai phap giam nong do bui trong moi truong
lam viéc trong mo than ham 10, nhu st dung
giai phap phun swong két hop véi thong gié [2,
3]. Mot s6 nghién ciru trén thé gisi nhu: Ky
thuat khir bui trong guong 10 dao chi yéu bao
gdém phun suong [8], phuong phéap thong gio
[6, 10], phun ép nudc vao via than [5]. Toém
lai, cac nghién curu trude day da dua ra nhirng
phuong phap khic nhau dé giam noéng do bui
trong mdi truong dao 16, nhung phan 16n trong
nhitng nghién ctru nay da tap trung vao viéc thi
cong duong 16 bang co gidi héa. Vi vay can
phai tién hanh nghién ctru dua trén dic diém k§
thuat ctia timg moé than va tinh cht than ting
khu vure, boi vi chung c6 thé khac nhau. Trong
nghién ciru nay, chiing t6i da phat trién mot mo
hinh 3D duya trén dic diém duong 10 doc via van
tai muc -90 V14 va tién hanh phén tich ndng do
bui tai cac vi tri Im, 2m, 4m, 6m cach guong
10 dao sau khi n6 min. Nghién ciru ndy st dung
md hinh CFD d& mo phong va phan tich su
tuong tac gitta luu lugng gid va phat tan bui,
voi1 muc ti€u cai thi€n qué trinh khai thac than

va bao v¢ stic khoe cia nguoi lao dong. Nghién
ctru da tién hanh voi sy thay doi cua luu lugng
gi6 khac nhau véi Q = 150, 300, 400, 500, 600,
700, 800 m*/phut dé danh gia mdi quan hé giira
lwu lwong gid va nong do bui trong khong gian
duong 10 theo thoi gian.

2. XAY DUNG MO HINH VAT LY

Hinh 1. M6 hinh duong lo doc via van tai muc -90 V14

Dé xay dung mé hinh vat Iy véiti1é 1:1
so véi thuc té, chung t61 chon kich thudc phu
hop véi hinh 1, bao gdm chiéu dai 60 m, chiéu
rong 4 m va chiéu cao 3,5 m. Néng do bui duoc
xac dinh 1a 0,0018 kg/s va thoi gian moé phong
la 900 gidy. Chung t6i xem xét cdc mo hinh
voi cac luu luong khi (Q) khac nhau: 150, 300,
400, 500, 600, 700, 800 m*/phut. Trong mo
hinh, ching t6i s& tip trung vao su lan truyén
cua bui trong khong khi dya trén luu lugng khi
va cic thong s vat 1y ctia md hinh. Qua do,
chung t61 s€ phan tich anh hudng cta cac mirc
luu lwong khi khac nhau ddi véi sy lan truyén
cua bui trong khong gian da dugc xay dung.
Qua qua trinh mo6 phdéng, ching t6i ky vong co
c4i nhin rd hon vé cach ma luu luong gié anh
huéng dén sy phén tan va tich luy ciia bui trong
mo hinh vat 1y da xay dung. Diéu nay c6 thé
cung cap thong tin quan trong dé dé xuat cac
bién phap kiém soat 6 nhiém khong khi hiéu
qua va cai thién chat lugng khong khi trong
moi trudng thuc té.

3.MO HINH TOAN HOC CUA DONG KHi
VA DONG BUI

Phuong trinh lién tuc cé thé duoc biéu
thi dudi dang [7, 9]:
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(1) Pha khi phuong trinh lién tuc trong
dong chay hai pha ran-khi la:

3 P g+_(pg J) (1)

Trong d6: t dai dién cho thoi gian; P,
la khdi luong riéng cta khi; u biéu thi van
toe trung binh theo thoi gian; 1, j dai dién cho
hudng trong hé toa do tu do.

(2) Phuong trinh bao toan dong luong

la:
%(pgui)-'_aim(p ) ax (alej) + Ffs+pgg (2)
(3) Phuong trinh K:
d(pk) E{PIW-]
ot T om [u+ ]+Gk pE(3)
(4) Phuong trinh &:
olpz) | dlpzwy) _ B
et ax [”+ ]+ ClEka C2€P k (4)
Trong do:
du; , 8u;| oy . k?
Gk:Ht B_}cj—'_ﬂxr El'x t_pcl-la

O day: X, va x; 1a toa do theo cac huong
X,YvaZ;u vau lavan tc theo phuong X, Y
vaZ (m/s); pla mat d¢ khi duong bo (kg/m’); p
la ap suat rdi hiéu qua (pa); pu 1a hé so nhot dong
rdi; G, la téc do tao nang luong rdi gay ra boi
gradlent Van tc trung binh theo thoi gian (%);
K 13 hé s6 nh6t dong chay r01 k 1a nang lugng
roi (J); & 1a toc do tleu tan r6i (%); C.C,.C,
o, vaoc,_lacac hang s6 thuc nghi¢m.
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4. KET QUA VA THAO LUAN

4.1. Anh huwéng ciia luu lwong gié dén khuéch
tan bui trén toan by khong gian duong 10 va
vi tri cach nén dwong 10 1,Sm

Sau khi tién hanh n6 min tai duong 10,
mot luong 16n bui véi kich thudce cac hat khac
nhau tir bé mat guong 10 phat ra vao khu vuc
duong 10. Lugng bui phat tdn bi anh hudng
tir quéa trinh nd min va sau d6 di chuyén trong
khong gian dudng 10 theo hudng gi6 di chuyén
trong duong 10. Trén hinh 2, 3,4, 5, 6, 7 thé hién
két qua phat tan bui trong khong gian duong 10
va vi tri cach nén 10 1,5m (vi tri hit tho cua cong
nhan). Két qua cho thiy rang qué trinh phat tan
bui theo khong gian va thoi gian la mdt ham bac
2. Vi 7 md hinh luu luong cho thiy qué trinh
phat tan bui trong toan bg khong gian va vi tri hit
thd cta cong nhan cu thé nhu sau.

Vi luu lugng g = 150 m*/phtt: Sau thoi
gian 300s thi lwong bui phat ra toan by duong
10, con tai vi tri hit thd thi 500s s€ phat ra hét
60m duong 10, hinh 2.

a. Trong khong gian dwong lo

b. Tai vi tri cich nén 1,5m
Hinh 2. Phat tan bui theo thoi gian va khong gian

duong lo voi Q = 150 m?/phut
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Véi luu lugng q = 300 m*/phut: Lugng
bui phat sinh trong khong gian duong 10 mat
150s, tai vi tri hit tho mét 250s dé bui phat sinh
hét 60m duong 16, hinh 3.

Vi luu lugng q = 500 m*/phat: Lugng
bui phat sinh trong khong gian duong 1o mat
100s, tai vi tri hit thd mat 150s dé bui phat sinh
hét 60m dudng 10, hinh 5.

a. Trong khong gian dwong lo

a. Trong khong gian dwong lo

b. Tai vi tri cdch nén 1,5m
Hinh 3. Phat tan bui theo thoi gian va khong gian
duwong lo voi Q = 300 m*/phut

Vi luu lugng q = 400 m*/phut: Lugng
bui phat sinh trong khong gian dudng 16 mat
150s, tai vi tri hit tho mat 150s dé bui phat sinh
hét 60m dudng 10, hinh 4.

b. Tai vi tri cich nén 1,5m
Hinh 5. Phat tan bui theo thoi gian va khong gian
duong lo voi Q = 500 m*/phut

Vi luu lugng q = 600 m*/phat: Luong
bui phat sinh trong khong gian dudng 10 mat
100s, tai vi tri hit thé mat 150s dé bui phat sinh
hét 60m duong 16, hinh 6.

a. Trong khong gian dwong lo

b. Tai vi tri cach nén 1,5m
Hinh 4. Phat tan bui theo thoi gian va khong gian

dwong lo voi Q = 400 m’/phut

a. Trong khong gian dwong lo

odng chch phat 14

b. Tai vi tri cach nén 1,5m
Hinh 6. Phat tan bui theo thoi gian va khong gian
duong lo voi Q = 600 m?/phut
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Véi luu lugng q = 700 m*/phut: Lugng
bui phat sinh trong khong gian duong 10 mat
100s, tai vi tri hit thd mat 150s dé bui phat sinh
hét 60m dudng 16, hinh 7.

a. Trong khong gian dwong lo

b. Tai vi tri cdch nén 1,5m
Hinh 7. Phat tan bui theo thoi gian va khong gian
duwong lo voi Q = 700 m*/phuit

4.2. Anh hwéng ciia lwu lwong gié dén ndng
do bui tai khu vuc l1am viéc trudc guwong 10

Nang d4 bl (kgfm3)
-

a. Tai vi tri cach guwong Im

Hiang 89 bilkg/m3)

7

sax e
Thirl glan(s)

b. Tai vi tri cach guong 2m
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g
2
E
I
ot glan (o)
c. Tai vi tri cach guong 4m
|
F,
2
i

Theirl glain{s)

d. Tai vi tri cach guwong 6m
Hinh 8. Nong do bui tai cac vi tri cach guong Im,
2m, 4m, 6m

Dé danh gia hidu qua giam ndng bui tai
khu vuc lam viéc cua cong nhan tai guong 10
dao. Bai bao lya chon cac vi tri cach guong 1m,
2m, 4m, 6m vé&i cac luu lugng gié khéc nhau
dé danh gia nong do bui theo thoi gian. Két qua
danh gia tai thoi diém 100s-900s.

Tai vi tri Im trudc guong dao: Véi q
= 150 m’/phat ndéng d6 bui 16n nhat 1a 230
mg/m’, q = 300 m?/phut 1a 54,75 mg/m?, q =
400 m*/phut 1a 69,5 mg/m?, q = 500 m*/phat la
23,17 mg/m?, ¢ = 600 m*/phut 1a 46,13 mg/m°,
q =700 m*/phat 1a 8,07 mg/m°.

Tai vi tri 2m trudc guong dao: Voi q =
150 m3/phut ndng d6 bui 16n nhét 1a 70 mg/m?,
q =300 m*/phut 1a 18,2 mg/m?, g = 400 m*/phut
la 70,4 mg/m?, q = 500 m*/phut 1a 12,5 mg/m’, q
= 600 m*/phuit 1a 8,63 mg/m?, q = 700 m*/phut la

2,63 mg/m’.
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Tai vi tri 4m trude guong dao: Voi q =
150 m3/phut nong d6 bui 16n nhat 1a 280 mg/
m?®, g =300 m*/phut 1a 24,6 mg/m?, g =400 m?/
phut 1a 16,9 mg/m3, q = 500 m*/phut la 4,88
mg/m?, g = 600 m*/phut 1a 4,16 mg/m?, g =700
m?®/phut 1a 4,17 mg/m?.

Tai vi tri 6m trude guong dao: Voi q =
150 m*/phiit ndng do bui 16n nhét 1 407 mg/m’,
q =300 m*/phut 1a 46,5 mg/m?, q = 400 m*/phut
la 24,2 mg/m?, ¢ = 500 m*/phut la 8,23 mg/m?, q
= 600 m*/phut la 6,45mg/m?, q = 700 m*/phut la
8,76 mg/m’.

Két qua cho thay ring, trong cac mo
hinh luu lugng gid voi q = 150-400 m*/phut thi
ndng d6 bui trong khoang thoi gian danh gia
100-900s van con khé cao, hiéu qua giam bui
thip; v6i q = 500-700m’/phut duoc cai thién
nhiéu so v6i cac luu lugng gio trén.

5. KET LUAN

Quy luat phat tan bui trong duong 16 bi
anh huong boi luu lugng gié cung cip cho guong
10, qué trinh phat tan bui trong duong 10 theo
khong gian va thoi gian la ham bac 2 c6 dang y
= ax’? + bx + ¢. Véi luu lugng q = 150-400 m?/
phat thi hiéu qua giam bui thap, = 500-700 m?/
phtt ham lugng giam bui hi¢u qua dam cac tiéu
chuan theo quy pham, khi tang luu lugng gio6 tir
150-500 m*/phut thi ham lugng bui giam dang
ké con tir 500-700 m*/phiit ham lugng giam on
dinh. Két qua q = 700 m*/phut hiéu qua giam bui
t6t nhét tai cac vi tri trudc guong nong do bui
<10mg/m?. Vay, viéc thay doi luu luong gi6 co
anh huong rat 16n dén hiéu qua giam bui tai khu
vuc lam viéc trudc guong 10 dao khi khong st
dung céc bién phép giam bui khac.
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NGHIEN Cl’U XAC BINH PO TROI CON QUAY
3 BAC TU DO TREN THIET Bl BAY

RESEARCH OF DRIFT DETERMINATION OF GYROSCOPE WITH 3 DEGREES OF
FREEDOM FOR FLYING DEVICES

ThS. P Tién Cin, TS. Nguyén Phi Thing, TS. Nguyén Hanh Hoan
Vién Khoa hoc va Cong ngh¢ Quan sy

TOM TAT

Con quay la b phdn quan trong trong hé thong diéu khién cia thiét bi bay. B¢ tréi ciia con
quay anh hwdng truc tiép dén dé chinh xdc cua thiét bi bay khi bay. Bai bdo dé cdp dén mé hinh
todn phwong trinh chuyén dong con quay 3 bdc tir do trén thiét bi bay va cac phirong phap xdc dinh
dé tréi ciia con quay bang phirong phdp mé phong sé va phwong phdp thir nghiém. Bang phiong
phdp mé phong s6 da dap dung tinh todn cho con quay S-125. Mét s6 nguyén nhdn co ban dnh hwéng
dén dé tréi con quay da dwoe chi ra phuc vu cho viéc thiét ké va cdc phirong én cong nghé khi khao
sat, thu nghiém.

Tw khéa: Con quay 3 bac tw do; Con quay S-125; D¢ troi.
ABSTRACT

The gyroscope is an important part of the flying devices control system. The drift of the
gyroscope directly affects the accuracy of the flying devices in flight. The article refers to the
mathematical model of the gyro equation of 3 degrees of freedom on the flying devices and methods to
determine the drift of the gyroscope, numerical simulation and experimental methods. By numerical
simulation method, calculations have been applied to the gyroscope S-125. Some basic causes
affecting the accuracy of flying devices gyro have been pointed out for the design and technological
options when surveying and testing.

Keywords: Gyroscope with 3 degrees of freedom,; S-125 gyroscope; Drift.

1. PAT VAN PE qué trinh tinh toan thiét ké va thir nghiém con

quay, viéc xac dinh dg tro1 con quay va khao

Con quay la bg phan quan trong trong h¢ sat anh huong cua cac yéu to két ciu va dong

thong diéu khién dung dé xac dinh céc vi tri goc luc hoc dén do6 troi con quay 1a mot ndi dung
ctia thiét bi bay (TBB) trong khong gian. Trong nghién clru quan trong.
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Vén dé lién quan t6i d0 troi ctia con quay
tuy di duoc nhiéu téc gia trén thé gidi quan tim
nghién ctru giai quyét, song cac bai toan vé giai
hé phuong trinh chuyén dong con quay thudng
giai theo phuong phap giai tich vdi cac gia
thiét thuong dugc don gian hoa. Cung véi su
phat trién cua khoa hoc cong nghé, cang ngay
cang c6 nhiéu cac phan mém mo phong sb cho
phép xay dung cac bai toan c6 do phuec tap cao,
sat véi diéu kién thuc té hon. Trong bdi canh
diéu kién lam thuc nghiém con han ché va tén
kém, thi viéc xay dung chuong trinh mo6 phong
phuong trinh chuyén dong con quay 3 bac tu do
trén thiét bi bay dé khao sat anh hudng cua cic
yéu td két cAu va dong luc hoc té1 do troi ctua
con quay ¢ y nghia thiét thuc, gop phan phan
tich danh gia dua ra cac phuong an hop ly khi
kiém tra va hiéu chinh con quay.

Trong khudn kho bai bao s& tip trung
dé cap dén cac phuong phap xac dinh do troi
con quay 3 bac tu do trén thiét bi bay véi ddi
tugng khdo sat 1a con quay trén tén Ira S-125.
Con quay trén tén ltra S-125 1a con quay 3
bac tu do ¢6 nhi€ém vu xac dinh vi tri géc cren
(goc quay quanh truc doc) cua TBB. D¢ trdi
con quay S-125 chinh 1a d¢ tr6i cuia khung céc-
dang ngoai va khung cac-dang trong. B9 troi
con quay phu thudc vao céac yéu td dong luc
hoc nhu: dao dong ctia h¢ r6-to khung cac-dang
do mo-men mét can béng, mo-men ma sat, d
cling viing cac khung cac-dang, do do cac moi
ghép, cac sai sb khac do ché tao va lip rap....

2. PHUONG PHAP MO PHONG SO XAC
PINH PO TROI CON QUAY

2.1. Phwong trinh chuyén ddng ciia con quay

So db dong hoc con quay 3 bac tu do ¢d
thé duoc biéu dién nhu hinh 1:

Hinh 1. So dé dong hoc con quay 3 bdc tw do

Con quay 3 béc ty do ¢6 ciu tao gom:
R6-to, khung trong va khung ngoai (hinh 1).
Ro6-to ga 1én khung trong, khung trong gé 1én
khung ngoai, khung ngoai g 1én than thiét bi
bay. Ro-to dugc khoi dong va duy tri tée do
quay bang dong co dién.

Hé phuong trinh vi phan phi tuyén tong
quat cua h¢ con quay dudi tdc dong cua mo-
men ngoai lyc ¢ dang sau [3]:

R Ry\R R - T R R Ty 2 o
(I +I)B-T,pccosp+(Jy +J =T, =1, )a" sinBeosPp=-M,
[ 42 +1%)cos™ B+ 1] sin” B |- 2(0% + 17 — 1% - 1 )asin peosp - ()

-1 oPcosp+Itpsinp=M,
JX(@+disinB+apcosp)=M,

Trong do: a, p — Goc trdi cua truc ré-to
theo cac mat phang xoz va yoz; ¢ — Goc quay
cua ro-to; J,, J,, J,; My, M, M, — Mo6-men
quan tinh va mé-men ngoai luc theo cac truc
0x, Oy,0z; R,T,N — Cac chi s6 ky hiéu tuong
ung voi ro-to (R), khung trong (T), khung ngoai
(N).

Tién hanh giai hé phuong trén, ta sé
tim dugc mdi lién hé giira do troi cua con quay
vOi cac yéu to dong luc hoc. Tuy nhién, trong
timg diéu kién cia bai toan cu thé, viéc giai hé
phuong trinh trén khong hé don gian, nhét 1a
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viéc xac dinh gia tri cac thanh phén cua mo-
men ngoai lyc phat sinh trong qué trinh hoat
dong cua con quay.

C6 thé tinh gan dung do trdi cua con
quay theo cong thure (3):

M
c=A(t)+— 2
e=A(t) q 2)
Trong do:

A(t) — Ham bién thién thay doi theo thoi
gian, phu thudc vao két cau dong luc hoc cua
con quay va mot sd tac dong khac.

M — Mb-men tic dong 1én hé thong
nhu: Mo-men ma sat, mé-men xung luc, mo-
men mat can béng, mé-men diéu khién,...

H — Mo6-men dong lugng cua rdé-to con
quay.

Trong biéu thirc (3), thanh phan thu
nhat A(t) thuong co gia tri nho, nhat 1a khi con
quay da dat tdc d6 On dinh, cho nén téc do troi
ctia con quay phu thudc chi yéu vao thanh phan
thtr hai, tirc 1a gié tri ciia nd ti 1¢ thuan véi mo-
men ngoai lyc va ti 1€ nghich véi mé-men dong
lugng cua 16 to con quay.

2.2. Phwong phip mé phéng sé xac dinh dd
troi con quay

Trén co so hé phuong trinh chuyén
dong cua con quay 3 bac tu do (1) trén thiét bi
bay, c6 thé xay dung chwong trinh mo phong
trong Matlab-Simulink nhu trén hinh 2.

Chuong trinh mo6 phong dugc xay dung
gdm 3 khdi chinh: Khéi khung cac-ding ngoai,
khdi khung cac-dang trong va khdi ro-to con
quay. Mdi khéi mé ta dong luc hoc cua ddi
tugng tuong Gmg dudi tac dong cua cac yéu td
ngoai lyc. Chuong trinh mo6 phong cho phép tu
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dong hoa qua trinh tinh toan, danh gia cac tham
s6 thiét ké, khao sat anh huong cta cac tham sb
két cdu va dong luc hoc té1 dg troi con quay 3
béc tu do trén thiét bi bay.

» = - —
B = B

! e =

P = LT

Hinh 2. Chuong trinh mo phong phwong trinh
chuyén dong con quay 3 bdc tu do

Trong cac két cAu thuc té cta cac thiét bi
con quay, quanh céc truc khung trong va khung
ngoai c6 cac mo-men ngoai lyc tdc dong. Cac
mé-men nay 1a khong mong mudn gy ra do
trdi con quay nén chung dugc goi l1a cac mo-
men c6 hai [4]. Dbi v6i con quay thiét b bay,
cac mo-men c6 hai bao gdm: Md-men ma sat
vong bi, mé-men do mét can bang, md-men can
khi dong r6-to, mé-men ma sat chdi quét, mo-
men do do cimg vimg khong déu ctia hé khung
cac-dang.

Viéc danh gia anh hudng cua cac mo-
men c6 hai nay dén do troi ciia con quay thiét
bi bay co thé duoc thuc hién nho chuong trinh
mo phong sd.

2.3. Mt s6 két qua md phéng s6 xac dinh do
troi con quay trén tén lira S-125

2.3.1. Céu tgo con quay S-125
Con quay S-125 1a con quay co dién 3

bac tu do co cau tao gém: Ro6-to, khung trong
va khung ngoai (hinh 3). R6-to g4 1én khung

trong, khung trong ga 1én khung ngoai, khung &
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- M6-men ngoai lyc khung ngoai:
My =12.10° N.m;

ngoai ga 1én than thiét bi bay. Ro-to dugc khai
dong va duy tri toc d quay bang dong co dién.

- M6-men ngoai luc ro-to:
M =4.10"° N.m.

- Tbc d6 quay ban dau cia ro-to:
Q =30.000 vong/phut.

Céc thong s6 khdi lugng, quan tinh
duoc can do thuc t€ va chuan hoa bang mé hinh
3D trong phan mém Inventor.

Hinh 3. Két cau con quay thiét bi bay S-125

2.3.2. Thong sé ddu vao phuc vu mé phéng

Céc thong sb dau vao phuc vu mo phong _
con quay trén tén Itra S-125: =

1
- M6-men ngoai luc khung trong: B = sEasEsiascE
M =4.10°N.m;

Hinh 4. Xdc dinh mé-men qudn tinh bang phan
mém Inventor

Bdng 1. Céc théng so khoi lwong, qudn tinh cac cum khoi con quay

. m (g) J . (g.mm?) J o (g.mm?) J . (g mm?)
Cum r6-to X . z
185 50.006 32.244 32.213
J .mm? J .mm? J .mm?
Cum Khung trong m, (2 o« (gmm?) r (gmm?) - (gmm?)
42,509 15.240,367 20.301,649 10.588,632
J .mm?* J _(g.mm? J .mm?*
Cum khung ngoai ™ o (gmm?) o (gmm?) r (g.mn’)
165 104.458 153.733 124.633
2.3.3. M{jt s6 két qud khdo sat mé phong 1 i
Véi bd thong s6 dau vao trén, ta tién g B
hanh mo6 phdéng xac dinh toc do trdi va goc troi o
con quay theo thoi gian. Sau day 1a mot so két

qua mo phong: o
Hinh 5. Két qua mo phong do tréi con quay theo
thoi gian
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Goc ol foa
o
= -

Trol gian

Hinh 6. Két qua mé phong géc tréi con quay theo
thoi gian

Bing viéc thay d6i cac tham sé dau
vao, md hinh mé phong cho phép danh gia anh
huong cua cac tham sd dén do troi ctia con quay.
Hinh 7 thé hién két qua khao sat anh huong cia
ma sat khung ngoai t6i toc do tréi con quay.
Nhan thiy, khi ma sat khung ngoai ting thi do
tro1 cua con quay cling tang lén.

Toodo ol coneuin (ddplub
A - ™ P4
] - -

_____________________________________________________________

Hinh 7. Khdo sat anh huong cua mé-men ma sdt
toi toc do troi cua khung ngoai

3. PHUONG PHAP THU NGHIEM XAC
PINH PO TROI CON QUAY

3.1. Po dd trdi con quay bing phwong phap
quang hoc

Thiét bi thtr nghiém xac dinh do troi
con quay bang phuong phap quang hoc (hinh 3)
bao gdm: Ban xoay, ngudn chiéu chum tia laze
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va man hung thu nhén tia phan xa. Con quay
thir nghiém duogc ldp trén ban xoay, truc con
quay dong truc voi truc ctia ban xoay. Khi thir
nghiém, ban xoay dugc quay voi van toc mod
phong theo chuyén dong quay ctia TBB. Chum
tia laze duoc chiéu tGi guong phan xa ¢6 dinh
trén khung trong cia con quay. Tia phan xa tur
guong danh dau vi tri twong g trén man chin
c6 toa do tuong ung theo cac truc 1a Ax, Ay. B
troi cia khung cac-dang duoc do bdi do 1éch
clia tia laze phan chiéu tir gwong lap trén khung
trong con quay 1én man hirng. Trén man hing,
& vi tri ban dau khi ma con quay dang & trang
thai khoa, chum sang ¢ vi tri 0. Sau khi ting toc
ro-to con quay, con quay dugc m¢ khoa, vi tri
chum sang trén man himg bt dau dich chuyén
do guong phan xa bi I¢ch cac goc twong ung
theo hai phuong.

Cac toa do Ax, Ay cua chum sang trén
man chan ti 1€ véi goc tréi cua khung trong va
khung ngoai con quay theo cong thuc lugng
giac:

Ax = LsinAa
. 3)
Ay =LsinAf
Trong do, L 1a khoang cach tr guong
t6i man chan.

Khi goc tréi nho thi cé thé 14y gan dang:

sinAa =~ Aa;
4

sinAf = Ap;
Téc d6 troi ciia con quay duoc tinh bang
cong thuc (5):
. Ao A, A A
At LAt At LAt

Khoang thoi gian At dugc do bang dong
ho do thoi gian. Céac khoang cach Ax, Ay dugc

xac dinh bﬁng vach chia trén man chan.
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Vi dy, khi khoang cach gitta man chiéu
va guong L = 57,3 mm thi mdt vach chia 10
mm trén man hirg twong Gng vaéi goc troi 1°.

il i
Hinh 8. Thiét bj do do tréi con quay bang phirong
phap quang hoc
1 — Ban xoay; 2 — Den laze; 3 — Man hung;
4 — Con quay.

Viée do tdc dd quay cua ro-to con quay
duogc tién hanh bang cam bién quang khong
tiép xtic. B& mit ré-to con quay dugc boi den
mot phan. Khi ro-to quay, phan bé mat den hap
thu anh sang, con phan sang phan chiéu anh
sang tir cam bién anh sang, di-6t anh tao ra cac
xung vudng ti 18 véi tbe dd quay cua ro-to. Tan
s tin hiéu tir di-6t dugc do bang thiét bi do tan
s6. Pé do chinh xac tan sd, chum sang tir cam
bién 4nh sang phai vudng goc véi mit dau ro-to
va khong c6 cac anh sang khac.

Hinh 9. Thiét bi do toc dé ré-to
1 — Gid: 2 —Ré to; 3 — Cam bién quang

3.2. Po dd trdi con quay bing phwong phap
do tin hiéu dién

Thanh phan thiét bi thar nghiém xac
dinh d9 trdi con quay bang phuong phap do tin
hiéu dién sir dung cam bién vi tri goc (hinh 5)
cho ddi twong con quay S-125 bao gom: Gia,
bé quay, con quay, cam bién vi tri goc (st dung
Encoder tuyét d6i) va bd ngudn cung cap cho
dong co dién con quay. Con quay dugc gan
ddng truc trén bé quay. Encoder duoc gi c¢d
dinh trén gia. Truc quay Encoder gin cb dinh
va dong truc voi bé quay. Ban xoay dugc quay
v6i van tbec mo phong theo chuyén dong quay
ctia thiét bi bay. Khi d6, tin hiéu vi tri géc nhan
duge tir Encoder 1a vi tri goc cta bé xoay (dé
con quay). Do troi ciia con quay duoc thé hién
béng dd 1€ch tin hi€u vi tri gbc gitta nhan dugc
ttr cam bién vi tri goc va tin hiéu nhan duoc tir
¢ gbp cua con quay (hinh 11).

Nhu vay, béng thiét bi do do tréi con
quay, ta c6 thé danh gia duoc do troi cua con
quay theo chi tiéu thiét ké.

Hinh 10. Thiét bi do dé tréi con quay bang cdm

bién vi tri géc
1 — Encoder; 2 — Con quay, 3 — Gia; 4 — B¢ quay
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Hinh 11. B6 thi so sanh tin hiéu vi tri goc cua con
quay Encoder theo thoi gian

Két qua thir nghiém (sau 200s co goc
tro1 1,6°, do troi trung binh 0,5°/phut) so voi
két qua tinh toan ap dung cho con quay trén tén
ltra S-125 twong ddi twong dong cho thiy do tin
cay cua cac phuong phap nghién ctru.

4. KET LUAN

Con quay la by phan quan trong trong
hé thong diéu khién ctia TBB. D0 troi cia con
quay anh huong truc tiép dén do troi cia TBB
khi bay. Bai bao di dé cap dén moé hinh toan
phuong trinh chuyén dong con quay 3 béc tu
do trén TBB va phuong phép xac dinh do troi
clia con quay bang phuong phap tinh gan ding,
phuong phap mé phong sb va cac phuong phap
thir nghiém. Phuwong phip mo phong sd va
phuong phép thir nghiém da ap dung cho con
quay trén 1én lira S-125 véi cac két qua tuong
ddng cho thdy do tin cdy cua cac phuong phap
nghién ctru.

Qua nghién ctru, khao sat, c6 thé chi ra
mat sO nguyén nhan co ban anh huéng dén do
troi cua con quay:

- Mb-men ma sat trong cac 6 truc cla
khung cac-dang: Pay la nguyén nhan chinh anh
huong dén do tré1 con quay.
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- Mb-men do mat can bang tinh va dong
10-to con quay (trong tim ro-to khong nam trén
truc quay tinh va dong).

- Tinh khéng dbi xtmg tuyét ddi cua
hé con quay: Tinh dbi xtimg tuyét ddi cia hé
con quay duoc hiéu 1a diém giao nhau cua cac
truc quay khung cac-dang véi truc quay ro-to
phai trung nhau tai mat diém va diém d6 chinh
1a trong tim ro-to con quay. Day 13 van dé rat
quan trong vi néu trong tim ro-to khong tring
v6i vi tri trén thi khi thiét bi bay chuyén dong
c6 gia tc s& phat sinh mo-men ngoai luc tac
dong 1én ro-to con quay va lam thay d6i hudng
truc cua no. <

Ngay nhan bai: 16/9/2023
Ngay phan bién: 26/10/2023
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KHAO SAT ANH HUONG CUA VAN TOC CHAY DAO VONG
DEN DO NHAM BE MAT KHI MAI TREN MAY MAI TRON UG20

SURVEYING THE EFFECT OF ROUND KNIFE RUNNING SPEED
TO SURFACE ROUGHNESS WHEN GRINDING ON ROUND GRINDING MACHINE
UG20

Nguyén Khic Chinh, Trwong Nguyén Hién, Ngb Vin Giang
Khoa Co khi ché tao, Truong Dai hoc Su pham K§¥ thuat Vinh

TOM TAT

Dura vao két qua khdo sat thuc nghiém mai tron ngoai trén vdt lieu thép C45 da qua nhiét
luyén dé danh gid do nham bé mat Ra dat duoc sau khi gia cong, tu do tim ra dwoc mién toi wu ciia
cdc thong s6 cong nghé khi mai trén may mai tron UG20. Két qua nay sé la co s6 khoa hoc cho cdc
ban hoc vién, sinh vién va nhitng nguoi lam ky thudt trong linh vuc gia cong tham khao va dp dung,
dong thoi sé la co s khoa hoc dé mo réng pham vi nghién ciru cho cdc ban sinh vién nganh Ché
tao may, Khoa Co khi ché tao, Truong Dai hoc Sw pham K3 thudt Vinh trong nhitng nam tiép theo.

Tir khéa: PG nham Ra; Mdi tron; Ché dé cdt khi mai.
ABSTRACT

Based on the results of experimental survey of external circular grinding on heat-treated C45
steel material to evaluate the surface roughness Ra achieved after machining, thereby finding the
optimal range of technological parameters when grinding on external circular grinder UG20. This
result will be a scientific basis for practitioners, students and technicians in the field of machining
to refer to and apply, and will also be a scientific basis to expand the scope of research for students
majoring in Machine Manufacturing, Faculty of Mechanical Engineering, Vinh University of
Technical Education in the following years.

Keywords: Roughness Ra; Rounded grinding; Cutting mode when grinding.

1. MO PAU Ngay nay, véi hé thong san xuét linh

hoat va tich hgp, mai ciing dugc danh gia la

Nhu ching ta da biét, mai la mot phuong
phap gia cong tinh c6 thé dat do chinh xéc cap
(6 + 7) va cap 46 nham bé mit (8 = 10) nén mai
thuong dugc chon lam phuong phap gia cong
tinh 14n cudi cho céc chi tiét sau nhiét luyén va
quyét dinh dén chat lugng bé mit san pham.

mot chién lugce va la chia khoa dé nang cao chat
luong bé mat cho cac san pham chi tiét khi gia
cong.

Chét luong chi tiét khi mai phu thudc
vao rat nhiéu thong sé cong nghé nhu van tdc
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cit, lugng chay dao, chiéu sau cit, kiéu da mai,
loai hat mai, dung dich tron nguoi,... va thuong
dugc danh gia thong qua chét lugng bé mit chi
tiét sau khi mai. Viéc phan tich anh hudng cia
cac thong sd cong nghé s& giup ich cho viée
nhan biét dugc cac dic trung ctia qua trinh gia
cong mai, mirc do anh hudng cia cac thong sb
d6 dén chat luong chi tiét gia cong.

Hién nay, dd c6 rat nhiéu cac nghién
ctru, phan tich vé dnh hudng cia thong sb cong
nghé nhu anh hudng cta thong sb t (chiéu siu
cit), S (luong chay dao), V (van tc cit) dén
d6 nham bé mit. Tuy nhién, viéc phan tich anh
huong cua yéu t6 Vs  (van tdc chay dao vong)
dén do nham bé mat Ra khi mai tron trén may
van nang con it dugc dé cap dén.

Mat khac, Truong Pai hoc Su pham K§
thuat Vinh da duoc dau tu méi 01 may mai tron
hiéu UG22 (Made in England). Pé nang cao
hi€u qua str dung, gitp ich cho viéc giang day,
hoc tap can c6 nhimg nghién ctru chuyén siu
trén thiét bi nay.

Két qua nghién ctru nay sé& 1a co s¢ khoa
hoc cho céc ban hoc vién, sinh vién va nhiing
nguoi lam k¥ thuat trong linh vyc gia cong co
khi tham khéo va ap dung, dong thoi sé 13 co s
khoa hoc dé mé rong pham vi nghién ciru cho
cac ban sinh vién nganh Ché tao may, Khoa Co
khi ché tao, Truong Pai hoc Su pham K§ thuat
Vinh trong nhitng nam tiép theo.

2. NQI DUNG NGHIEN CUU
2.1. P6i twong nghién ciru

May mai tron UG20 (Made in England),
cac thong sd ky thuat cia may nhu sau:

Khoang cach chdng tdm: 500, 750 mm;
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Chiéu cao trung tdm: 135 mm; Tai
trong toi da phoi khi chéng tim: 100 kg; Puong
kinh mai ngoai toi da: @180 mm; Goc xoay dau
mang da mai: 30°; Pon vi cai dat tb1 thiéu (diéu
chinh vi mo): 0.001 mm; Mot vong quay vo
lang (phan d9): 2 (0.005) mm; Kich thudc da
mai (DK ngoai, Rong, PK 15): 400*50*203
mm; Téc d6 da mai (truyén dong dai) 50 Hz:
1670 vong/p;

Hinh 2.1. May mai tron UG20

Van tdc d4 mai: 35m/s; Cong suat dong
co dau da: 4kw (5.36hp); Con truc chinh: MT3;
Téc do truc chinh (c6 thé thay doi): 50HZ, 25-
380 vong/phut; Con u dong: MT3; Goc xoay
ban: -3 +12; Tdc do hanh trinh: 50-5400 mm/p;
bong co truc da mai: 2.2 KW (4P); Truc chinh
mang phoi: 0.37 KW (4P); Bom thuy luc: 0.37
KW (4P); Bom lam mat: 0.18 KW (2P); Truc
chinh dau mai 16: 0.18 KW (2P); Bé chira chét
long thuy luc: 63L; Bé lam mat: 110 L; Trong
luong may: 2000 Kg.

2.2. Pham vi nghién ciru
Nghién ctru anh hudng ctua lugng chay
dao vong (Sv) dén do nham bé mat (Ra) trén

vat liéu thép cac bon két cau C45 da qua nhiét
luyén dat do cing (57 + 59) HRC.
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2.3. Qua trinh nghién ciru
2.3.1. Vit li¢u diing dé khdo sdt

Str dung thép cac bon két ciu C45 da
qua nhi¢t luyén dat do ctrng (57 +59) HRC lam
mau thir cho qua trinh mai, ddy 1a loai thép
thong dung duoc str dung rong rai trong nganh
co khi. Chi tiét mAu thir cho qua trinh khao sat
c6 kich thude ¢ 35 x 150.

Thanh phan hoa hoc ctia thép cic bon
két cau C45, don vi tinh %:

Hinh 2.2. Chi tiét mau thir

Cacbon: 0,42 + 0,5 (%); Silic: 0,42 +
0,5 (%); Mangan: 0,42 = 0,5 (%); Photpho:
< 0,035; Luu huynh: < 0,04; Crom: < 0,025;
Niken: < 0,025; Dong: < 0,025.

2.3.2. Da mai

Loai da mai: WA60H, kich thudc da
400 x 50 x 203.

Thong s6 k¥ thuat hat mai: Mau sac:
Xanh; Do ctiing: 8,2 Mohs; Vi d cting: 2870;
Ky hiéu c& hat mai: Size 80; Kich thudc hat
mai: 300 pm.

2.3.3. Théng so ché dp cit ciia qud trinh khéo
sat

Bdng 1. Théng s6 ché do cdt

Théng sb Pon vi Gia tri
Van tbc cét m/gidy 35
Chiéu sdu ct mm 0.005
Luong chay dao doc
(Sd) m/p 0.78

Céc gia tri khdo sat lugng chay dao
vong (Sv) lan luot 1a: 2,7; 5,7; 6,8; 11,6; 14.6;
17,5; 20,5; 23,5; 26,4; 29,4; 32.4; 35,3; 38,3
(mét/phut).

3. KET QUA KHAO SAT VA THAO LUAN
3.1. Két quéa do dd nham (Ra) sau khi mai

Viéc do d6 nhan duoc thuc hién trén
may do TR100 cta hing Time Group Inc, xuét
xtr Trung Quéc, su dung dau do co hoc, chon
khoang do chuan L =5 mm, duong kinh dau do
1um, két qua do 14y theo tiéu chuan ISO, thang
do Ra.

Thong s6 may nhu sau:

Model: TR100; Thong s do do nham:
Ra, Rz; Chiéu dai duong quét: 6 mm; Tdc
d6 duong quét: 1 mm/s; Ngudng chiéu dai:
0.25mm/0.8mm/2.5mm;

Hinh 3.1. Do do nham trén mat tru
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Chiéu

dai

udc

luong:
1.25mm/4.0mm/5.0mm; Pham vi do: Ra: 0.05-
10um; Rz: 0.1-50pum; Dung sai: < +15%; Kha
nang 1ap lai: < 12%; BJ loc: RC Analogue;
Bo cam bién: Ap dién; Ban kinh va goc cua
diém do: Kim cuong, ban kinh: 10+2.5um,

Bang 2. Két qua do dé nham Ra

Goc 90° (+5° hodc -10°); Do 4m: < 80%; Nhiét
do lam viéc: 0°C dén 40°C; Nhiét do luu trir:
-25°C dén 60°C; Ngudn cung cap: 3.6V/2 x pin
NiMH; Bén nén: No; Bo sac: DC 9V, 8-12h
(thoi gian sac); Kich thudc (mm): 125x73x26;
Trong luong (g): 200.

Lwong chay Vin toc
Vatligu cit | Thinghigm Y30 0CCat | odocsa | Chicusau | chaydao /DY nhim Ra
o : (m/s) . catt (mm) | vong V(Sv) (pm)
(m/p) /
(m/p)
1 35 0.78 0.005 27 0.68
2 35 0.78 0.005 5.7 0.73
3 35 0.78 0.005 6.8 1.04
4 35 0.78 0.005 11.6 0.78
5 35 0.78 0.005 14.6 0.94
Thép C4s 6 35 0.78 0.005 17.5 0.77
nhiét luyén
dat do cimg 7 35 0.78 0.005 20.5 1.01
57 HRC + 59
HRC 8 35 0.78 0.005 235 0.7
9 35 0.78 0.005 26.4 0.8
10 35 0.78 0.005 29.4 0.65
1 35 0.78 0.005 32.4 0.6
12 35 0.78 0.005 35.3 0.78
13 35 0.78 0.005 38.3 0.68

ISSN 2615 - 9910 (ban in), ISSN 2815 - 5505 (online)

TAP CHI CO KHI VIET NAM, S6 309, thang 11 nam 2023

cokhivietnam.vn / tapchicokhi.com.vn



NGHIEN CUU - TRAO DOI

3.3. Théo ludn

Tir bang 2 xdy dung db thi mo ta mbi
quan h¢ gitta van toc chay dao vong véi do
nham bé mat.

BIEU DO THE HIEN QUAN HE GIUA VAN TOC CHAY

DAO VONG VOI DO NHAM BE MAT

o 101

08 078
7 0.68
0.65 :
N o/

DG nlvam Ra (micromer)
=
=

] T T—T T T T L e —T ™
L7 57 68 116 146 175 205 235 264 294 324 383 383

Vin téc chay dao vong Sv (mévphiu)

Hinh 3.2. Do thi thé hién quan hé van t6c chay dao
vong V(Sv) dén dp nham bé mat

Tir hinh 3.2 cho thay:

- Trong ving khao sat van tc chay dao
vong V(Sv) =2,7 + 29,4 (mét/phut) d0 nham do
duoc bién thién khong theo xu hudng nao (1én
xubng that thuong), didu nay duoc giai thich
nhu sau: Pay 13 nhing thi nghiém dau, trudc
khi tién hanh thi nghiém, da mai da duoc mai
stra, nhitng hat mai trén bé mat ngoai ciing ctia
d4 duoc lam sic canh tao ra nhitng géc nhon
nén khong c6 R mili dao. Pong thoi, tai ving
nély, Vén téc chay dao vong rat thip so voi van
tc cit cua da (V =35 m/p) (phodi quay cham
s0 voi d4) dan den tai mot vi tri trén pho1 da
mai s€ tham gia cat got nhiéu lan, vi vay bé mat
da gia cong s€ bi ct lai tao ra nhiing vét xude
lam cho bé mat xuét hién d6 nham Ra khong on
dinh va thuong c¢6 xu hudng tang cao.

- Trong vung khao sat van toc chay dao

vong V(Sv) = 29,4 =+ 32,4 (mét/phut), d0 nham
c6 su bién thién 6n dinh theo chiéu huéng giam

dan va dat duoc gia tri t6i wu tai vi tri V(Sv) =
32,4 mét/phut véi gia tri Ra = 0.6 um. Diéu nay
dugc ly gidi nhu sau: Tai vung khéo sat nay, da
mai da thuc hién mot sd thi nghiém trude do
nén nhiing canh sdc cta hat mai da duoc lam
clin tao ra R, gia tri R nay twong thich v&i chidu
sdu cat t = 0.05, dong thoi tai ving khao sat
nay, toc d6 quay cia phoi va téc do quay cua
da co sy twong thich véi nhau (V, = 35 m/p, V
phoi = 32,4 m/p) nén khong c6 hién tugng cat
lai, vi vay Ra ctia ctia bé mat dat két qua tdi wu.

- Trong vung khao sat V(Sv) = 32,4+
38,3 (mét/phut), dd nhdm cé xu hudng tang va
cling khong tudn theo quy luat. Piéu nay duoc
Iy giai nhu sau: Tai thoi diém nay, da mai da
thuc hién duge mot sb thi nghiém dan dén hat
mai di bi mon nhiéu (R miii dao 16n), do vay
kha ning cit got ciia hat mai giam dan (giong
nhu dao cun dan dén d4 mai bi tro). Bén canh
d6, do R miii dao 1én két hop voi van tde chay
dao vong V(Sv) cao hon so voi van tdc cit
cua da (phoi quay nhanh hon da), trong khi do6
chiéu sau cét (t) khong doi nén dan dén hién
tugng trugt dao xay ra, vi vay 16p kim loai trén
bé mat chi tiét co hién tuong bi ddn nén vung
kim loai, do d6 d nham tang dan.

- Tuy nhién tai vung khao sat V(Sv) =
2,7 +29,4 va V(Sv) = 32,4 = 38,3 (mét/phut),
d6 nham van co hién tuong ting giam that
thuong va trén do thi van con nhimg diém chua
tuan theo quy ludt cta nghién ctu 1y thuyét,
van dé nay mot phan do yéu t6 chu quan d6 1a
két qua tac gia do dugc 14 str dung may do bang
dau do co hoc, két qua do trén may nay né phu
thudc rat nhiéu yéu td nhu vi tri dat dau do,
d6 thing bang cua thiét bi (46 nghiéng cia dau
do), duong kinh dau do, ban kinh 16m nhip nhé
té vi bé mit ctia ving do,... nén cho ra két qua
bi bién dong khong theo quy luat nhat dinh.
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4. KET LUAN

Duya vao cac phan tich, tinh toan trong
dé tai két hop voi két qua khao sat thuc nghiém
gia cong mai tron ngoai trén vat li¢u thép C45
da qua nhiét luyén dat d¢ cung 57 + 59 (HRC)
dé danh gia do nham bé mat Ra dat duge sau
khi gia cong, budc dau co thé dua ra két luan
nhu sau:

D06 nham bé mit (Ra) sau khi gia cong
mai dé dat duge gia tri tdi wu phu thudc vao
rat nhiéu cac yéu t6 gia cong nhu: Cong suit
may, do cing viing cua hé théng cong nghé,
da mai, phoi, tudi ngudi va ché do cét... Trong
mot diéu kién san xuét nhat dinh, khi cac yéu td
nhu céng suat, do cimg viing cta hé thong cong
nghé, d4 mai va phoi khong thé thay doi duoc
thi yéu t6 vé& “ché do cat” nguoi thg co thé truc
tiép tac dong dé nang cao do nhan bong bé mit
chi tiét gia cong. Tir két qua khao sat va nhiing
phan tich trén co thé thiy rang, trong yéu té
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“ché d6 cat” c6 thong s6 van tdc chay dao vong
V(Sv) ¢6 anh hudng truc tiép dén do nham cua
bé mat gia cong va dé dat duge gia tri Ra tdi vu
nay can diéu chinh mién toc do chay dao vong
“V(Sv)” (tbc d6 quay ctia phoi) phai 1an can voi
toc do cat cia da “V . (téc d6 quay cua dd).
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THIET KE CO KHi MAY HAN CON LAN TUV DONG
MECHANICAL DESIGN OF AUTOMATIC ROLLER WELDING MACHINE

Ngé Xuin Cuong"*, Lé Thu Quy', Tran Vin Diing, Hoang Pirc Long®, Lé Vin Duyén*
'Phong Thi nghiém trong diém Cong nghé Han va Xir Iy bé mat, Vién Nghién ctru Co khi
Trung tdm Thiét bj Cong nghiép, Vién Nghién ctru Co khi
3Vién Nghién ciru Co khi
“Vién Thiét ké Tau Quan sy, Tong cuc Cong nghiép Qudc phong

TOM TAT

Bai bdo nay trinh bay két qua nghién ciru thiét ké co khi mdy han con lan ti déng. Pady la
mét thiét bi hoan toan méi dwoc dp dung dé san xudt con lan bang tdi véi tinh nang ky thudt chinh
nhu sau:

- Dinh vi, kep chat tu dong, tw dinh tam dwong kinh ngoai;
- Téc d@é quay diéu chinh phit hop toc dé han tinh todn;

- Kha néng han cho cdc loai ong:

+ Han dong thoi hai dau ong;

+ Duong kinh ong cho phép: 76-180 mm;

+ Chiéu dai 6ng cho phép: 200-2000 mm.

Tw khéa: Mdy han con lan ty dong, May han ty dinh tam; Qua trinh han tw dong con lan.

ABSTRACT

This paper present the design results of a machine for automatic roller welding, which is a
completely new device applied to produce conveyor rollers with following technical features:

- Automatic center ball holder,

- Rotating speed is adjustable to the calculated welding speed;
- Weldability for pipes:

+ Simultaneous welding of two pipe ends;

+ Allowable pipe diameter: 76-180 mm,

+ Allowable pipe length: 200-2000 mm.

Keywords: Automatic roller welding machine; Self-centering welding machine; Automatic
process conveyor roller welding.
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1. GIOI THIEU

Co gioi hoa, tu dong hoa cac qua trinh
san xudt nham ting ning sudt san pham, 6n
dinh chat luong va giam nhe stc lao dong cho
con nguoi, dem lai hiéu qua kinh té. Nén kinh
té nudc ta hién nay dang trén da hoi nhap. Cong
nghiép hoa, hién dai hoa dang phat trién manh
mé & tit ca cac linh vuc tao nén toc do tang
truong cao trong khu vire va trén thé gidi. Viéc
thiét ké, ché tao trang thiét bi, 46 ga gitip cho
tang nang luc, trinh d6 va quy mo phat trién cia
co s& san xudt 1a nhu cau rat can thiét.

Nghién ciru thiét ké, ché tao may han
con lin tu dong nhim dap ung nhu cau san
xudt con lin bing tai gop phan nang cao sy chi
dong, strc sang tao, trinh do san Xuét tu dong
hoa bang noi lyc trong nude.

2. CO SO NGHIEN CUU THIET KE VA
CHE TAO

Qué trinh nghién ctru thiét ké va ché tao
dua trén:

- Cong nghé han hd quang va ty dong
hoa qua trinh han con lan bang tai;

- Ap dung co khi ty dong hoa dé han
con lan bang phuong phap han hd quang, xac
1ap quy trinh van hanh 1am co so dé thiét 1ap bo
diéu khién ty dong cho qua trinh han con lin
hai moé dong thoi.

2.1. Nguyén ly két cAu co khi

Trong viéc han con lan, khi dau han &
vi tri x4c dinh so véi chi tiét dng thép theo mod
hinh (Hinh 1), dng thép quay, hé théng phai
duoc thiét ké dam bao dong tam va dong truc,
viéc ga 6ng con lan can phai dinh tdm nhanh
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phoi, thoa man chuyén dong quay tron va kep
dugc nhiéu duong kinh khac nhau (076 ~ @180
mm) (Hinh 2).

~

Hinh 1. M6 hinh kep ong con lin
2.2. Phwong phap nghién ctiru

Két hop nghién ctru véi thuc nghiém:
cong nghé han hd quang — co khi ty dong hoéa.

3. THIET KE KET CAU CO KHi VA HE
THONG PIEU KHIEN THIET BI HAN TU
PONG CHO CON LAN

3.1. So @6 két cAu tong thé

Hinh 2. Co khi mdy han con lan ty dong

Hé thdng dwoc phan tich trén co so
cong nghé ché tao may [2], [4]. Trén hinh 2 1a
cAu trac may han con lan ty dong 2 mo han véi
6 thanh phﬁn chinh: 1. B dinh tdm khi nén; 2.
Ban di chuyén; 3. Khung may; 4. U g cdc bi;
5. Cum bénh ty truyén dong; 6. Gia d& phai.

Hé théng 1am viéc theo quy trinh nhu

mo ta tiép theo ddy. Quy trinh nay 1a co so dé
thiét ké dicu khién ty dong qua trinh han.

&



NGHIEN CUU - TRAO DOI

Tai vi tri O, moi co cau O vi tri bat dau
qué trinh lam viéc theo cac budc:

1 - Nap phoi: nap cdc bi hai ddu thong qua cum
u dong 4, hai u dong di vao vi tri;

2 - Nap 6ng trén gia d& 6;

3 - Hai uy g4 phoi di vao dong thoi véi cum dinh
tam tay don 2 lam viéc lap ghép cbc bi va
ong;

4 - Kep phdi dong thoi tay don khi nén (chinh
ap suat phu hop);

5 - B9 truyén dong quay vao vi tri ty quay;

6 - Pau han tién vao han dong thoi hai dau (tc
do han co s¢ 45 m/h);

7 - Hai u dong di ra bang khi nén;

8 - Hai u g4 phoi 2 di ra vé vi tri ban déu;

9 - Thao san pham.

3.2. Pinh vi ong

Chon co ciu kep nhanh dung khi nén
tac dong qua hé canh tay don c6 con lin dé kep
dinh tam. Thiét bi dung 02 bo kep tu dinh tdm
ddng tryc [1], [2]. Hinh 3 1 mé hinh co cdu kep
dinh tdm véi cac yéu té ky thuat:

- Buong kinh kep: 76-190 mm;
- Kep dinh tam khi nén tac dong lén h¢
don kep, do chinh xac 0,05 mm;

Hinh 3. So dé két cdu kep tw dinh tam

So d6 thiét ké néu ¢ Hinh 2 cho phép
kep duoc dng co duong kinh tir 76-190 mm nho
hé thong 5 tay don kep. Tac gia dung ngudn khi
nén cong nghiép P = 6MPa c6 thé diéu chinh
ap luc dé dua ra luc kep phu hop véi d6 day va
duong kinh ng, sir dung xy lanh kep khi nén
D40 x 200.

Céc cum di chuyén: Ban di chuyén (2)
va cum ga cdc bi nam ddng tryuc trén ray dan bi.
Hoat dong cua cac cum nay nho céc xy lanh khi
nén va duogc diéu khién nhd chuong trinh PLC
lap san.

3.3. Vit liéu ché tao

Két hop giita cac chi tiét tiéu chuan va
phi ti€u chuan:

- Céc chi tiét tiéu chuan: vong bi, xy
lanh khi nén, thanh ray 6 truot, dau noi,...;

- Cac chi tiét phi tiéu chudn: cac chi tiét
thiét ké [5];

+ Vat liéu khung, vé: dung thép C45;

+ Vat lidu cac chi tiét chiu mon: dung
thép SKD61.

3.4. Dung sai, cip chinh xac ché tao

Cép chinh xéac ché tao: Cép 6 (cip 6 +
cap 11, dung ap dung cho cac mdi lip ghép) [6].

3.5. Gia cong ché tao chi tiét

Céc chi tiét thiét ké duoc gia cong tao
hinh trén may CNC dat cép chinh xéac 6 [3].

Céc chi tiét chiu mon duoc nhiét luyén
dat 42-45 HRC trudc khi gia cong tinh.
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4. KET QUA VA THAO LUAN
4.1. Két qua

4.1.1. Thiét ké co khi tong thé co khi mdy han
con lan tw dong

Trén hinh 4 1a thiét ké 3D tong thé co
khi may han con lan ty dong bao gdm 06 cum
chinh dugc thé hién tiép theo & hinh 5.

Hinh 4. Ban thiét ké 3D tong thé co khi mdy han
con lan ty dong

]

2. Cum dinh tam

3. Ban di chuyén 4. Cum u ddng ga coc bi

6. Gia do

5. Cum banh ty
Hinh 5. Cac cum chinh trong co khi may han con

lan tw dong
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1. Bé may: Lép dit thanh trugt 6 bi din
huong, c6 nhiém vy dinh ra duong truc con
lan trong qua trinh 1am viéc cta thiét bi va dan
huéng cac cum co khi chap hanh dam bao tinh
chinh xac khi hoat dong.

2. Cum dinh tam: V&i két cau tay don bi
hinh sao c6 nhiém vu kep va dinh tdm ong theo
duong truc.

3. Ban di chuyén: C6 nhiém vu dua céc
bd phén coc bi di vao ga lap véi hai dau ong.

4. Cym y dong ga cde bi: Véi dau ga
bung dan hoi, thuc hi¢n viéc ga kep hai coc bi
trudce khi vao ga lap véi ong con lan.

5. Cum banh ty: Thuc hién truyén
chuyén dong ong trong qua trinh han theo toc
do han tinh toan.

6. Gia do: Thuc hién viéc nap phoi va xac
dinh vi tri so bo cua ong trude khi ga kep dinh tam.

4.1.2. Két qua tinh ning ky thudt ciia thiét bi

- Thiét ké hoan chinh co khi may han
con lan ty dong dam bao yéu cau thiét ké: ga
lap han dong thoi hai md dé san xuat con lan

bang tai;

- Thiét bi dép tmg day du quy trinh van
hanh dat ra.

4.2. Théo luan
- Thiét ké hé thdng co khi mang tinh
cong nghé, dé ché tao, kiém tra chi tiét va thao

lép;

- Hé thdng ph hop véi qué trinh han tu
dong con lan bang hai mé han dong thoi;
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- biéu chinh tdc d6 quay phu thudc te
dd han tinh toan, khong phu thudc duong kinh
ong;

- Vi¢c dung h¢ tay don bi hinh sao lam
giam bién dang nhiét khi han do bé mat ong
ludn dugc khong ché dong trén vong tron nhat
dinh;

- Pau ga bung dan hoi tranh duogc hién
tuong ket khi lép, thao san phém;

- Céac phan chuyén dong giita cac chi
tiét lién quan dén do chinh xac quy dinh chat
luong 6n dinh cua san pham duoc 4p dung boi
cac vat liéu chéng mon, gidm ma sat va co ché
dd boi tron phu hop;

- Day la thiét ké hoan toan méi dap tmg
dugc qua trinh ga lap han dong thoi hai mo dé
san xudt con lin bang tai. Ap dung thiét bi nay
gilip ting ning suit lao dong, ning cao chat
luong, giam gia thanh san xuét, cai thién diéu
kién lam viéc cta cong nhan.

- C6 thé tich hop véi cac thiét bi khac
tao thanh day chuyén san xuat con lan tu dong;

- C6 thé dang ky dé tai khoa hoc cong
nghé trong linh vyc k¥ thuat co khi;

- C6 thé dang ky so hitu tri tué.
5. KET LUAN

Trén co s& phan tich, lya chon két cdu
va nguyén ly phu hop, ap dung t61 da cac chi
tiet tiéu chuan, giam gia thanh che tao, tac gia
da thiét ké hoan chinh co khi mdy han con lan

tu dong vdi céc tinh nang sau:

- Kep nhanh;

- Ty dinh tam;

- Han hai mé ddng thoi;

- Mittc dinh tam chinh xac: 0,05 mm;

- Piéu chinh c& san pham: Dudng kinh
kep 1a 76190 mm; Chiéu dai san pham la
200+2000 mm.

- Thiét bj c6 thé tich hop trong day
chuyén san xuit ty dong.

*Ky hiéu, chir viét tit:

O: Vi tri bat dau;

P (Mpa): Ap suit;

D (mm): Budng kinh;

PLC: B diéu khién lap trinh logic;

SKD61: Loai thép do NIPON san xuét
theo tiéu chuan JIS cua Nhat Ban;

TCVN: Tiéu chuan Viét Nam.
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THIET KE BO PIEU KHIEN CHO THIET Bl HAN CON LAN
TU DPONG

CONTROLLER DESIGN FOR AUTOMATIC ROLLER WELDING EQUIPMENT

Ngb Xuin Cuwong"*, Lé Vin Duyén>*, Hoang Dirc Long’, Nguyén Anh Diing®
'Phong Thi nghiém trong diém Cong nghé Han va Xt Iy bé mit, Vién Nghién ctru Co khi
2Vién Thiét ké Tau Quan su, Tong cuc Cong nghiép Qudc phong
3Vién Nghién ciru Co khi

TOM TAT

Trong bai bao nay gioi thiéu viéc thiét ké, ché tao hé th(fng diéu khién thiét bi han con lan tw
déng va trinh bay két qua nghién civu tong hop b diéu khién dong co xoay chiéu ba pha én dinh téc
dé xoay san pham. Chién liwge diéu khién véc to dinh hwéng tir théng rotor; trong dé b diéu khién
toc do va dong dién la b diéu khién PI dwoc tong hop theo phwong phdp toi wu mé dun. Thiét bi c¢é
tinh nang ky thudt chinh sau:

Dinh vi, kep chat tw dong, tu dinh tam dwong kinh ngoai;
Téc dé quay diéu chinh phit hop véi dwong kinh han.

Tw khoa: Mday han con lan tw dong.
ABSTRACT

In this article, the author introduces readers to the design and manufacture the control
system of automatic roller welding machine and present the results of a synthesis study of a three-
phase AC motor controller that stabilizes the rotational speed of the product. The rotor flux oriented
control strategy is performed with PI speed controller and PI current controller. The device has the

following main technical features:

Positioning, automatic clamping, self-centering outside diameter;

Rotating speed can be adjusted to suit the welding diameter.

Keywords: Automatic roller welding machine.
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1. GIOI THIEU

Tu dong hoa da va dang dugc g dung
rong rdi trén nhiéu linh vuc khac nhau: Co
khi, xay dung, giao thong, khai khoang, y té,
ndng nghiép, dién, dién tu, tau... Trong nhiéu
nha may hién nay, cac hé théng san xuat day
chuyén, robot, ty diéu khién dang dan thay thé
mot phén hodc hoan toan cac cong viéc do con
nguoi dam nhiém. Viéc ung dung cac cong
nghé hién dai gitip két ndi, diéu khién cac loai
may moc, robot van hanh chinh xac va mang
dén nh&ng san pham c6 chét lugng cao, dong
déu. Didu nay gitp tiét kiém nhién liéu, tang
nang suat, ning cao do linh hoat trong san xuat.
Thém vao do, khi van hanh, cac h¢ thong thlet
bi tu dong hoa dugc thiét 1ap cac thong sd can
thiét cho quy trinh, chat luong san xut, vi vay
gitip san pham dau ra dat chét luong tét, dong
déu, han ché 13i, giam chi phi. Viéc nghién ctru,
thiét ké, ché tao may han con lan tu dong trén
co s& tong hop bd diéu khién 6n dinh toc do
xoay san pham va cac linh kién sin c6 trén thi
truong khi ap dung truc tiép vao san xuat da
cho ra cic san pham dat chat lugng cao, han
ché 151, giam chi phi dap ung duoc yéu cau khat
khe ciia nha san xuat.

2. CO SO NGHIEN CUU, THIET KE VA
CHE TAO

Qué trinh nghién ctru thiét ké va ché tao
dua trén:

- X4y dung bai toan diéu khién va thiét
ké phﬁn mém dua trén ché do han cho tung loai
san pham, két ciu co khi va quy trinh lam viéc
cua thiét bi.

- Viéc lua chon thiét bi phuc vu thiét
ke, che tao tu dicu khién va dép tng bai toan
diéu khién; dua trén co sé cac linh kién thiét bi

tu dong hoa phd bién cua cac hang n6i t1eng,
san c6 trén thi trudng, dam bao chét lugng, tudi
tho, d6 tin cay khi 1am viéc va dé dang thay thé
trong qué trinh bao dudng, stra chita thiét bi.

2.1. Két cau tong thé thiét bi han con Lin ty
dong

Trén hinh 1 14 thiét ké 3D tong thé thiét
bi han con lan ty dong Thiét bj bao gdm cac bd
phan chinh: Co cdu ga kep phoi, nap phoi, b
truyén dong xoay san pham, hé théng han dong
thoi hai dau.

Hinh 1. So dé 3D thiét bi han con lin tw dong

Quy trinh lam viéc:

Vi trf O: Moi co ciu & vi tri bit dau qua
trinh lam viéc theo cac budc:

1 - Nap phdi: Nap cdc bi hai dau thong qua cum
u dong 4, hai u dong di vao vi tri.

2 - Nap 6ng trén gia d 6.

3 - Hai u g4 phoi di vao dong thoi voi cum dinh
tam do hé tay don 2 1am viéc lap ghép coc
bi va 6ng.

4 - Kep phoi dong thoi tay don khi nén (chinh
ap suét phi hop).

5 - B truyén dong quay vao vi tri ty quay.

6 - Hai mo han dong thoi (téc d6 han co so
45m/h).

7 - Hai y dong 4 di ra bang khi nén.

8 - Hai u g4 phoi 3 di ra vé vi tri ban dau.

9 - Théo san pham.
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2.2. Co s& thiét ké hé thong diéu khién cho
qua trinh han ty dong

- Ttr quy trinh lam viéc ctia qua trinh han
con lan ty dong bang hd quang dién; giai quyét
bai toan mdi han dat tiéu chuan theo yéu ciu
dit ra can phai xay dung hé théng diéu khién
str dung bo diéu khién 1ap trinh logic (PLC) va
tong hop bd diéu khién 6n dinh téc do quay
phoi va cac budc han tu dong. Gidi phép duara
1a str dung hé diéu khién véi co cdu chap hanh
ctia hé thong 1a dong co dong bo nam cham
vinh ctru xoay chiéu ba pha (PMSM). Bo diéu
khién tdc do cin cir vao 1éch giira tbe do dat va
téc d6 phan hdi ctia co cau quay phdi dé tinh
ra gia trj tin hiéu diéu khién cap cho bién tan,
diéu khién dong co chuyén dong theo ché do
yéu cau. PLC va man hinh cam tng (HMI) cua
hang Siemens dugc sir dung dé diéu khién toan
bd qua trinh han ty dong. Véi sy tro gitip cua
giao dién ngudi-may cam ung, ché do han, cac
thong sb ky thuat co thé duoc cai dit trén man
hinh HMI, duogc luu trir va truy xuat. Hé théng
s€ tu dong tinh toan tbe do xoay phoi trén co
s& cac tham s6 dau vao dat trén man hinh, cling
nhu dua ra cac thong s6 vé thoi gian chay may,
thoi gian hoan thanh san phiam, dém sb luong
san pham va dua ra cac canh bao bao dong va
chi béo 16i trong qua trinh han.

- Xay dung b diéu khién 6n dinh téc d6
st dung dong co PMSM véi bo diéu khién véc
to tua tir thong, trong khudn kho cia Iy thuyét
hé tuyén tinh. So do khdi hé thong diéu khién
cho trén hinh 2. Pay 1a hé thong diéu khién
dugc xay dung theo nguyén 1y diéu khién hé
thdng véi cac vong diéu khién 18 thudc [1]. Cac
b diéu khién dong dién, toc d6 duoc tong hop
theo phuwong phap t6i wu md dun. Vong dong
dién, bao gom hai vong VDD1, VDD2. Vong
VDD1 dung d:é di}eu khien dong dién i , vong
VDD2 dung d¢€ di€u chinh dong dién i,. Vong
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tbc do VTD, dau vao ly tir sai sb giira toc do
dat va toc do phan hoi, dau ra VTD la dau vao
vong VDDI.
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Hinh 2. So do6 khoi hé thong diéu khién toc do siv
dung dong co PMSM

So d6 tong hop b dicu khién VDDI,
VDD2 cho hinh 3. Coi bd diéu ché do rong
xung 1a khau quan tinh véi hé s6 khuéch dai 1a
K, va héng s6 thoi gian 1a T,. bat: T = L/R,
hang s6 thoi gian dién tur.

Ham truyén cta doi tuong:

Ky /R
(Ty s+1)(1+Tys)(ts+1)

Wod = (1)

Do: T,,t<<T,T,1<<T,+t,datT, =
Tv+r. Ta co:

Ky /R
(Ty, s+1)(14T;s)

Wod = 2)

Chon hing s6 khong bu T. Tong hop
theo tiéu chuan t6i wu mo dun, ham truyén
mong muén cua bo didu khién dong dién co
dang [1]:

1
W = ——————— 3
T s(Tis + 1) ®)

Ham truyén bd diéu khién cua vong
dong dién dugc xac dinh la:

Wi _ (L5 +1)(Ts + DR
Woai = —ddn. — (4)

W,  2Ts(Ts+DK,

&
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Ta c6 b diéu khién dong (PI): W, =K,
+ 1/sT, trong d6: K, = RT /2T K; T, = 2T,
K,/R

iy
LYl
-_',_m 1'|I o | ¥ m

ar[Lifa & oy
3 |: m " A
W2 L - =
- - Tk & 1 i + -

Hinh 3. So' do tong hop cdc bé diéu khién
VDPI, VDP2

B6 diéu khién 6n dinh toc d6 duoc téng
hop sau khi da tong hgp bd di€u khién dong
dién theo tiéu chuan toi wu mé dun.

- “” “”?"‘IE el :I"'@"“ J-tx T

rlrl

Hinh 4. So do tong hop bg diéu khién VTD

Ham truyén ddi tugng diéu khién cia
vong van toc khi ké dén hﬁng s6 thoi gian nho
T, cta khau do luong toc 4o, gan ding xem nhu
khau tuyén tinh, c6 dang:

Wtd - Udt/(Ddc (5)

Trong do: U, 1a luong dat vao bo diéu
khién toc do.

Ham truyén cia ddi twong trong vong
diéu khién toc do:

_ K¢
Wea = Js+B)@Tis+DTs+1) O
bat: T.=T +2T, T, =J/B, taco:
~ Kc/B
Wia » (Typs+1)(Tes+1) )

Chon hing s6 khong bu T. Tong hop

theo tiéu chuan t6i vu mo dun, ham truyén mong
muon cua b diéu khién toc do co dang [1]:
1

Wedamm = 2Ts(Tes+1) ®)

Ham truyén bo di¢u khién ctia vong toc
do duoc xac dinh la:

Witmm _ 1 BTy s+1)(Test1) _
Wy 2Tes(Tgs+1) K¢

= e s +1) (9)

Wikea =

bat: K, =B, /2K .T., T,=2K_T /B

CcC " C
Ta c6 bd diéu khién téc do (PI):

WV = KZ + - (10)

T,5

2.3. Phwong phap nghién ctiru

- St dung cic phan mém mo phong dé
tong hop bd diéu khién 6n dinh toc do xoay san
pham.

- Xay dung so d6 khdi, so d6 nguyén Iy
cua hé thong di€¢u khién theo quy trinh lam viéc
cua thiét bi.

- Chon cam bién, ddi twong chap hanh,
bd xtr ly trung tdm, man hinh giao tiép theo so
do chirc nang.

- Xay dyng thuat toan diéu khién va
trién khai ché tao va thir nghiém.

3. THIET KE HE THONG PIEU KHIEN

TREN CO SO QUY TRINH LAM VIEC
CUA THIET BI

3.1. Xay dung so dd chirc ning ti diéu khién

- Céc thiét bi diéu khién duoc lp dit
trong 01 ta di€u khién. Tu di€u khién c6 chiric
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ndng giam sat, dicu khién quy trinh 1am vi¢c
cua h¢ thong, bao gom:

+ Thu thap dir li¢u tir cac cam bién, cac
ddi tuong chép hanh; Xtr 1y va thuc hién cac
phép todn logic trén cac dir liéu thu thap duoc
dé thuc hién ding theo cic budc cong nghé;

+ Thuc hién ché d6 diéu khién tu dong
hodc bang tay;

+ Giao tiép gifta nguoi va may thong
qua man hinh cam Gng HMI (hién thi va cai
dit cac tham sb cua hé théng; chon ché do van
hanh);

+ Tu dong tinh toan toc do xoay phoi
trén co sO cac tham sb dau vao dit trén man
hinh (vat liéu, chiéu day, duo’ng kinh phai...),
cling nhu dua ra céc thong so vé thoi glan chay
may, thoi gian hoan thanh san pham, dém s6
luong san pham va dua ra cac canh bao bdo
dong va chi bao 15i trong qua trinh han.

+ Diéu khién van khi kep phoi, cum u
dong, u ga phoi, diéu khién va on dinh toc do
dong co cho hé thong truyén dong quay phai.

MACH DAL RA

MGITAL
= HGITAL OUT

W D T TR,

t
Min | || e -
TR TR TER ]

0 Dk KHIEs

Hinh 5. So do chirc nang ti diéu khién

- Bo diéu khién trung tdm nhan cac tin
hiéu dau vao 1a cac cam bién vi tri, tbc do, cac
nut diéu khién va cac tham s cai dit hé thong
to man hinh HMI. Trén co s¢ cac budc cong
nghé va quy trinh han ty dong dé diéu khién
cac van khi thuc hién kep, dinh vi san pham,
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diéu khién xoay san phim va may han. Ty dong
tinh toan tc do xoay phéi trén co sé cac tham
sO dau vao dat trén man hinh. Truyén cac thong
s6 vé thoi gian chay may, thoi gian hoan thanh
san pham, dém s luong san pham va dua ra
cic canh bdo bao dong va chi bdo 15i trong qua
trinh han 1én man hinh hién thi.

3.2. Thiét ké tu diéu khién

- T diéu khién kiém soét toan bo cac
hoat dong cua thiét bi theo cac budc cong nghé.
Trén co s6 chtrc ning cta thiét bi tién hanh tinh
toan va lya chon vat tu, linh kién phuc vu cho
ché tao ti diéu khién. Cac linh kién chinh dugc
lua chon ché tao hé théng diéu khién:

+ B lap trinh diéu khién logic PLC
loai CPU cuia hang Siemens; 14 dau vao s, 10
dau ra s6; Chuan giao tiép PROFINET; nguon
220VAC.

+ Man hinh HMI: Man hinh duoc lua
chon cua hang Siemens; Hién thi man anh rong
TFT, dén nén LED; Kich thudc man hinh: 7
inch ( 154,1 x 85,9 mm); Sd lugong mau sc:
65536; D6 phan giai: 800 x 480 Pixel; Ngudn
24VDC.

+ St dung dong co GV-50-750-1800-
S-B, cong suat: 750W, ti sd truyén: 1/1800.
Bién tin Mitsubishi, cong suit 1,0 KW.

+ Céc hé thong van diéu khién, dén bao
su dung ngudn 24VDC.

4. KET QUA
4.1. Két qua mé phéng

Tir két qua dong dién, toc do (VDDPI,

VDD2, VIP) da tong hop dugc, tién hanh ¥
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md phong, kiém tra déanh gia trén phan mém
Matlab-Simulink. So d6 mé phong bd didu
khién tdc dd cho trén hinh 6.

Két qua md phong trong trudng hop toc
do dong co dugc dat ¢b dinh 500 vong/phut.
Céc két qua md phong cho thiy cac bo didu
khién 6n dinh toc d6 bam sat gia trj dat tiém can
dén gia tri mong muén va dat trang thai xac 1ap,
tac dong nhanh, sai s6 tinh nho.

LT T - EE R | | R R jp pe | ¥ H AW | . [N, e |
- -

Hinh 8. Ddp ung dong dién i, i

4.2. Ché tao thiét bi va thir nghi¢m
Trén co so so d6 chic ning, so do
nguyén 1y va céc linh kién dugc lya chon. Tién

hanh xay dung mé hinh thyc nghiém bo diéu
khién PI nham 6n dinh téc d6 xoay san pham

voi cac tham sb duoc dit tir man hinh diéu
khién trung tAm(HMI); xdy dung thudt todn
diéu khién dap tng cac budc cong nghé. B4 tri
linh kién bén trong tu diéu khién va man hinh
giao tiép thé hién trén hinh 9.

SILLATRE 1Y

B

F| 5 5] = =] =] = =

Hinh 9. Bé tri linh kién bén trong tii diéu khién va
man hinh HMI

5. KET LUAN

Trén co s& két cdu co khi tong thé cia
thiét bj va quy trinh 1am viéc cia qua trinh han
con lan tu dong bang hd quang dién da thiét ké
thanh cong hé thong diéu khién; xay dung phan
mém diéu khién dat duoc cac tinh ning dé ra.
C6 kha ning nap phoi, diéu khién u dong, ga
phoi di vao dong thoi, kep phoi dong thoi tay
don khi nén, diéu khién quay va 6n dinh toc
d6 xoay san pham, diéu khién dau han vao han
dong thoi hai diu dam bao cac budce cong nghé
theo thiét ké. Ché d6 han, cac thong s thiét
bi ¢6 thé dugc cai dat trén man hinh HMI. Hé
théng s& tu dong tinh toan tbc do xoay phdi,
cling nhu dua ra cac thong sd vé thoi gian chay
may, thoi gian hoan thanh san pham, dém s6
luong san pham va dua ra cac canh bao bao
dong va chi bao 16i trong qua trinh han.

Trén co s& bd didu khién toc do téng
hop duogc, cac Kkét qua ché tao va thu nghiém
hé théng diéu khién da dem lai nang suét cao,
nang cao chit lugng san pham. C6 thé ap dung
két qua nghién ctru vao cac day chuyén san xuat
qudc phong va trong cong nghiép dan dung. <
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NGHIEN Cl’U THU'C TRANG LUC BINH KET KHOI TAI HUYEN
VINH HUNG, TiNH LONG AN

STUDY ON THE WATER HYACINTH BLOCKS STATUS AT VINH HUNG DISTRICT,
LONG AN PROVINCE

Nguyén Cong Nguyén', Nguyén Thi Kiéu Hanh?, Lé Thanh Son"3, Phan Hoang Long"*
Poan Xuin Chanh’, Nguyén Tén Tién"*
'DCSELab, Truong Pai hoc Bach khoa, Pai hoc Québc gia Thanh phé H6 Chi Minh (PHQG-HCM)
’Khoa Co khi — Cong ngh¢, Truong Pai hoc Nong Lam Thanh phé Hb Chi Minh
3Cong ty C6 phan Co khi Ché tao may Long An
“Khoa Co khi, Truong Pai hoc Bach khoa, Pai hoc Qudc gia Thanh phd HS Chi Minh (PHQG-HCM)
5Cong ty C6 phan Cap nude va Dich vu d6 thi Vinh Hung

TOM TAT

Thiee trang 6 nhiém nguon nude ngdy cang gia tang da tao co héi cho luc binh, cé dai phat
trién nhanh chong, chung tro thanh loai thuc vat néi xam lan, lam hai hé sinh thai thuy. Mat do luc
binh day déic da lam giam dg éxy hoa tan trong nuée, anh hwéng dén doi séng cia dong vt diedi
mdt nwée (tém, cd nwée ngot,...). Van nan vé luc binh néu trén da c6 tac dong lam cdn tré dong chdy
trén hé thong kénh rach, gdy khé khén cho cdc phirong tién tham gia giao théng dwong thiy trong
hoat dong san xudt, kinh doanh, doi séng cua nguoi dan. Dac biét doi véi dia ban tinh Long An
hién nay, cac céng trinh thiyy loi thodt nwée, hé thong giao théng dwong kénh néi dia bi tic nghén
va rdt can cé mét gidi phdp hoat dong on dinh, ndng sudt, hiéu qua kinh té — ky thudt dé gidai quyét
cdac van dé luc binh néu trén.

Bai bdo trinh bay cdc két qud nghién ciru khdo sdt thuce trang luc binh tai séng, kénh va rach
trén dia ban tinh Tay Ninh va tinh Long An noi chung va cua huyén Vinh Hung noi riéng. Tu do xdc
dinh dwoc cdc théng sé cia luc binh, diéu kién lam viéc, va mé ra kha nang xdy dung phwong dn
thiét ké cdc t6 hop thiét bi truc vét luc binh kha thi, ¢é tinh kinh té — ky thudt phit hop véi nhu cau
thue tién.

Tw khéa: Luc binh, Giai phap xu ly luc binh két khoi; Mdt dé luc binh.

ABSTRACT

The nowadays water polution status provides the ideal environment for aquatic weeds to
rapidly grow, especially water hyacinth. Gradually, their massive density and growth speed threaten
the local aquatic ecosytem and biodiversity by reduce the level of disolved oxygen in water which
greatly affects the life of aquatic animals. On the other hand, they block the transportation on rivers
and waterways where they appears. This paper gives a overview look about the water hyacinth
problems and propose the solution for this problem.

Keywords: Water hyacinth; Solution for water hyacinth block.
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1. TONG QUAN
1.1. P6i twong nghién ciu

Cay luc binh (water hyacinth, jacinthe
d’eau, kemeling telur, bunga jamban) con dugc
goi la beo tay, béo sen, beéo Nhat Ban. Luc binh
la cay than thao, thuy sinh, duong kinh trung
binh tdm 15mm va cao trung binh so véi mat
nudce 30cm, ndi 1én mit nude hodc bam noi dat
bun. Luc binh ¢ céac ca thé khit dinh v&i nhau
nhd mot doan cin hanh, tron, don & ré dang ré
chum cé mau den dai khoang chung 50cm. Luc
binh c6 dic diém sinh truong va phat tan rat
nhanh trong diéu kién kénh, song cua Vi¢t Nam
va thuong xuyén lam tic nghén song, kénh, rach.
Mot cay c6 thé phat sinh ra cac than cay con va
tang s6 lugng gap hai 1an sau 14 ngay. Co tinh
cua luc binh c¢6 gia tri trung binh nhu sau [11]:

Bang 1. Pac tinh cua luc binh

TT Théng sb Gia tri
| Mt d6 luc binh két khdi Y
nudc tinh, kg/m?
5 Mat d{? lucAbinh két khéi e
nudc dong, kg/m?
Mat d6 luc binh két khéi da
3 . (it(r)o;l; lEénh, lfg/m20 e 60100
4 | Khdi huong riéng chua bam, kg/m? ~48
Khoi luong riéng sau khi
> béni kg/ng13 =190
6 Do x6p cua lyc binh, % | 69,6 + 91,6
7 Ung suét kéo, N/cm? 45+ 85
8 Ung suét nén, N/cm? 86 = 104
9 Ap suat cat thai, N/m 5000
10 Do am, % 8+15
11 Hé s ma sat v6i thép 0,6
12 Hé s ma sat v6i cao su 0,7
13 Heé s6 ndi ma sat 0,8
14 | Tbc 6 sinh truong, cm/ngay 2
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Khio sat cho thdy toc do sinh trudng
cua luc binh gay ra céc tac hai ti€u cuc tai cac
song, ho, kénh va rach theo thong ké khao sat:

- Can tr¢ giao thong duong thuy va kha
nang khai thac thuy san ctia nguoi dan.

- Lam tic nghén dong chay ciia nudc,
1a diéu kién cho bun dat, réc thai trén song tich
tu va cac chat doc hai bi léng sau xuéng long
nudc.

- Giam sy da dang sinh hoc cua vung
nudc ngot do mat do day dac, phu kin bé mat
song lam giam ndng d6 oxy dudi nudc nudi
sdng céc sinh vat thay sinh.

- Téc @6 phan huy cua luc binh nhanh
hon so véi cac loai thuc vat khac, gy ra lugng
16n CO,, tao rr}l‘li héi cho méi truong xung
quanh, gidm chat luong nguon nudc, cac cum
luc binh ciing 14 noi & ciia mudi, cac loai con
trung gay bénh.

Nguon gdc lyc binh tap trung tai tinh
Long An la do cac khu vyc lan can c6 luc binh
mang vé nhu khu vuc giap Campuchia ¢ huyén
Vinh Hung va mot phan tai tinh Tay Ninh
huong song Vam Cé PBong. Pac biét tai huyén
Vinh Hung gidp bién gidi voi Campuchia
theo hudng song Vam Co6 Tay chay bét dau tir
Campuchia huéng vé trung tim tinh Long An
c6 lugng luc binh 16n trén céc kénh chinh giao
thong, cac tuyén kénh nay thuong 1a cac tuyén
kénh chinh, kénh cap ngudn, trong yéu c6 tinh
chat giao thong hang hoa mang lai kinh té va co
tinh chét bao dam an ninh qudc phong.

Theo khao sat va danh gia cho thay dic
tinh luc binh cua cac khu vuc 1a nhu nhau, luc
binh két khdi vao mua kho, luc binh thua thét
vao mua mua, luc binh s& két khéi tang 16n tai

&
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cac doan séng gip khuc, vi tri tap trung theo
hudng gi6 ting thoi diém trong ngay. Bai toan
xtr 1y luc binh két khdi mua kho 13 bai toan
chung can giai quyét, phuong phap xir 1y truc
v6t, bam pha luc binh can dat duoc hai muc
tiéu chinh: trén cac dong song giao thong duoc
thong thoang trong mua luc binh két khdi voi
bé rong trén 50 mét, trong cac dong kénh chinh
cip ngudn phuc vu giao théng hang hoa thi
can duoc lam sach dén trén 95% dién tich mit
nudc.

1.2. Phwong phap nghién ctru va ky thuat st
dung

Nghién ctru 4p dung phuong phap so
sanh v6i cac tai liéu nghién ctru hién co két
hop véi thuce tién khao sat d¢é danh gia. Str dung
phuong phéap chuyén gia trong diéu tra, xir 1y
s6 liéu va thong ké. Tir két qua nghién ciru céc
mau may hién c6 trén thi truong da ap dung
dé danh gia va thyc hién phan khiic dong cong
suat may dé xuat mot s6 phuong an cho t6 hop
truc vot (té hop truc vét bao gém hai thiét bi
pha tang két khdi va truc vot luc binh) dé phan
tich danh gia hiéu qua kinh té k¥ thuat. Phuong
phap théng ké mo ta, phan tich trong nghién
ctru s& dugc ap dung dé thuc hién xtr Iy cac dir
liéu thu duge tir khao sat vé thuc trang luc binh,
tir do thuc hién viéc phan tich, danh gia, du béo
nhu cau cung cap t6 hop thiét bi.

2. KET QUA KHAO SAT VA PANH GIA
THU'C TRANG LUC BINH

2.1. Khado sat tai tinh Tay Ninh

Khao sat song Vam Co Tay, phan gidp
v6i tinh Long An:

- Poan ¢6 nhiéu lyc binh un tic giao
thong thuy c6 chiéu dai khoang 105km, bat

ngudn tir Campuchia dén ranh gidi Long An di
qua dia ban Chau Thanh, Hoa Thanh, Go Dau
va Trang Bang. Lyc binh xuét hién chi yéu vao
mua kho, thuong & mat $6 khu vuc song co dia
hinh ubn khuc chin dong di chuyén cua cac
phuong tién thuy va thuong s& thay doi vi tri
phu thudc theo hudng gi6. Cu thé tai cac khu
vuc thuong ngudn séng Vam Co Poéng dén
gidp ranh tinh Long An bao gdm c6 22 diém
chinh géy ra tic nghén thong thoang, chu yéu
1a diém khuc quanh co. Vao mua mua, luc binh
bi phan tan do suc chay cua dong nudc.

- Theo sb liéu théng ké nam 2021, tai
huyén Chau Thanh, chiéu dai kénh, rach ¢6 luc
binh can truc vot trén 90,55km, voi dién tich
mit nudc thuong xuyén co luc binh can xur 1y
la 725.135m?.

- Theo sb liéu théng ké nam 2022, cac
don vi c6 dién tich mat nudc bi luc binh che

phu mat d6 day cho boi Bang 1 va Bang 2.

Bang 2. Bé rong kénh, rach tai cac xa/huyén

TT XG Bé rong kénh rach,
m

1 Ninh Dién 20

2 Long Vinh 3+6
3 An Binh 4+8
4 Thanh Pién 9+10
5 Phudc Vinh 12 +55
6 Tri Binh 7+15
7 Hoa Thanh 20 +25
8 An Binh 15

9 Hoa Hoi 4

10 Bién Gidi 6-+10
11 Thanh Long 9+14

Luc binh tap trung nhiéu trén cac kénh
rach chdy ra song Vam Cé Bong nhu xa Hoa
Thanh: Rach Tay Ninh c6 chiéu rong kénh 30 +
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40m va Rach Go Dudi — Kénh Séllive c6 chicu
rong kénh 20 + 25m; xa Long Thanh Nam:
Kénh X4 Tic, chiéu rong kénh 25m.

T4p quan cua dan séng & cac bd kénh
c6 lyc binh 1a déng coc cha trong cac kénh
rach chay ra song Vam C6 Dong dé nudi trong
cdy luc binh cho than dai tir 600 + 800mm dé
thu hoach phoi kho. Khao sat long séng va
mat nudc tai cac xa An Hoa (chiéu rong kénh
8 = 10m), Phudc Binh (chiéu rong kénh 4,5 +
20m), va Phudc Chi (chiéu rong kénh 5 + 15m)
cho thdy bé rong kénh thuong < 20m va it co
phuong tién tau 16n chd hang hoa di chuyén,
cha yéu 1a phuong tién vo 1di ca nhan c6 kich
thude nhd.

Vao mua mua, hinh thanh cic dong
chay tu nhién cho nén kha nang két khéi cua
luc binh 12 khong thé, tac dung cta dong nudce
con lam tréi di luc binh trong cac kénh rach mot
phan, phan con lai di két khdi 16n thi s& tiép tuc
phat trién manh cho dén mua khé, vi vay luong
luc binh sinh trudng ting dan theo thoi gian.

Céc s6 liéu khéo sat théng ké trén duoc
stir dung 1am co sé dé giai quyét van dé luc binh
két khéi can dugce xir Iy nhdm dam bao giao
thong thuy va phat trién kinh té.

Bdng 3. Tong chiéu dai va dién tich can lam sach
luc binh tai cac xa/huyén

TT Pon vi Chiiu dai, | Dién gich,
m m
1 | Chau thanh 90,55 725.135
2 Bén Cau 59,20 440.600
3 | Hoa Thanh 12,24 146.480
4 Go Dau 60,07 515.700
5 Trang Bang 19,79 119.239
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Tir ndm 2021 dén nay, phuong an thuc
hién xir 1y giai quyét van dé thong thoang giao
thong trén cac doan song chu yéu duoc truc
v6t bang may mac két hop truc vét mot phan
trong kénh nhd, bam pha mé duong trén song
16n biang may pha do don vi Tap doan Thanh
Thanh Cong thuc hién. Sau khi luc binh dugc
tach ra thanh ting mang nho s& dé troi tu do,
khong dé lai két khéi thanh mang 16n bam chit
vao nhau dé lam tic nghén cuc b, gitp cho
phuong tién thuy di chuyén thudn loi. Phuong
4n nay hién nay tai Tay Ninh 13 giai phap t6t
nhat trong thuc tién. Théng ké cho thdy, tong
dién tich mit nude can duge xu 1y truc vét luc
binh vao thoi diém mua kho phat sinh thém &
tinh Tay Ninh 1én dén 2.381km2 Trén toan dia
ban tinh Tay Ninh, téng nhu cau xi 1y luc binh
12 1.947.154m? trén tong chiéu dai kénh rach
la 241,85km, trong d6 c6 105km dudng song
Vam Co6 Dong nhanh ngudn c6 nhu cau xir 1y
cap thiét dugc Tap doan Thanh Thanh Céng
thuc hién.

Tai Tay Ninh da co ban xay dung duoc
mot s6 dinh mirc cho viéc xur 1y luc binh trén
mit song Vam Co Pong dam bao ludng tau
chay va mat d6 luc binh thong thoang 70% dién
tich bé mat. Thuc hién vét luc binh trén bé mat
kénh rach c6 bé rong < 80m, dam bao yéu cau
lugng luc binh tryc vét Ién hai bén bo song 1a
95% dién tich mat kénh, rach.

2.2. Khdo sat tai tinh Long An
a. Phén cip cong trinh thiy lgi

Hi¢n nay, do chua c6 don vi truc tiép
thuc hién viéc cung cép dich vu truc vét va xur
1y tron goi cho nén viéc thuc hién vét luc binh
dugc phan cép vé cac huyén dé thuc hién theo
thuc trang quan 1y. Dua theo QCVN 5664:2009

phan cép k¥ thuat duong thuy ndi dia va danh ©
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gia thuc trang quan 1y thong ké s6 lidu & tinh
Long An cho thiy, cac cong trinh thily loi duoc
phan chia thanh cic phan cép chinh: Kénh
chinh, tao nguén; Kénh, rach cép 1; Kénh, rach
cép 2; va Kénh, rach cép 3.

Théng ké tai biéu do ty 18 cta cac phan
cap kénh, rach phan b trén dia ban tinh Long
An duoc thé hién tai Bang 3, cac dong kénh
chinh phuc vu phat trién kinh té cua dia ban
tinh Long An chiém ty 1¢ dén 31% cap ngudn
cho cac kénh loai 1, loai 2 va loai 3. Luc binh
tap trung trén cac kénh nay rat 1on gy can tro
giao thong do duoc cung cip lai tir song Vam
Co Tay chay tir phia Campuchia vé Long An.

Chiéu dai cac doan kénh cép ngudn
chinh chiém trén 22% chiéu dai duong song
phuc vu giao thong va c6 gia tri kinh té cao vi
1a doan duong budc phai di chuyén cua tau 16n
thong thuong hang hoa.

Bdng 4. Phan tram chiéu dai va dién tich ciia cdc
phdn cap kénh, rach tinh Long An

TT | Phén cip tuyén | Chiéu dai | Dién tich
1 Kénh chiflh, 229% 31%
tao nguon
2 Kénh, rach cép 1 60% 58%
3 | Kénh, rach cip 2 17% 10%
4 Kénh, rach cip 3 1% 1%

Do d6, dé co thé xir 1y luc binh nim
trong hé thong cac kénh thudc phan cap kénh
chinh, tao ngudn, tir d6 s& giai quyét duoc tinh
trang luc binh tr cac kénh chinh nay dat vao
cac kénh, rach loai 1, loai 2, loai 3.

b. Kénh, rach cé luc binh ciia tinh Long An

Long An c6 trén 3.682 cong trinh thuy
loi, trong d6 huyén Vinh Hung chiém 9% trén
tong sb cong trinh cua tinh Long An, quan 1y
18 kénh chinh c6 dién tich 81.072ha, chiéu dai
327.267m, kénh tao nguén 104 kénh, rach cép 1
c6 dién tich 21.624ha, chiéu dai 243.402m; 74
kénh, rach cp 2 co6 dién tich 12.405ha, chiéu
dai 154.288m; 17 kénh, rach cap 3 c6 dién
tich mit nudc can xur 1y luc binh 2.160ha, téng
chiéu dai 41.890m, trong d6 tong nhu cau can
giai quyét luc binh 1a 253.902ha vé dién tich va
2.150.590m vé chiéu dai. Huyén Vinh Hung
chiém 40% dién tich trén tong nhu cau can truc
vot luc binh trén dién tich 100.474ha chay tu
bién gigi Campuchia vé& Viét Nam, cho nén khi
xtr 1y luc binh tai huyén Vinh Hung trén tuyén
kénh cap ngudn chinh thi s& giam dugc toi da su
phat sinh luc binh cho cac kénh rach cép 1, cip
2, cip 3. Khao sat cho thiy huyén Vinh Hung
chua chiém nhiéu nhat so v6i Tan Hung va
Thanh Hoé nhung 13 huyén tiép giap vé6i luong
luc binh 16n tir ngudn d6 vé tir Campuchia.

2.3. Khao sat tai tinh huyén Vinh Hung, tinh
Long An

Tuyén kénh ¢6 nhu cau truc vét luc binh
tai huyén Vinh Hung theo két qua phéi hop thuc
hién khéao sat v6i Cong ty C6 phan Cap nudc
va Dich vu d6 thi Vinh Hung két luan dé danh
gia chon lya giai phép thuc hién truc vt thong
thoang cho cac tuyén kénh chinh cip nudc va
kénh dau nguén la cép thiét can thuc hién truc
vt xtr Iy. Tuyén kénh dau ngudn c6 gia tri kinh
té 1a tuyén Kénh 28, néu tuyén nay duogc xir ly
thi toan bo lwong luc binh phat sinh tir dau ngudn
Campuchia chay vé s& khong lan sdu vao trong
cac kénh ndi dia, hoat dong van chuyén hang
hoa duoc khai thong mang lai hiéu qua kinh té
cho huy¢n.
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Theo két qua nghién ctru khao sat, tuyén
Kénh 28 ¢6 cac dac diem chinh dugc trinh bay
trong Bang 5.

Bdng 5. Pdc diém, thong soé cua tuyén Kénh 28

TT Pic diém Thong sb
Dia diém Kénh 28 (Vinh
Hung)
Cau KT8
(Vi do:
Tu 10°57'28,23";
1 Kinh do:
105°41'13.24")
Cau Binh Chau
(Vi do:
Dén 105°4113,24";
Kinh d6:
105°5037,54™)
) Chiéu dai thtr nghiém, 71
km
3 Cao trinh day, m -3
4 | Chiéu rong day, m 10
5 | Chiéu rong kénh, m 30+ 70
6 Do thong thuy, m 1,9
Van toc dong chay, .
7 Kkm/h 2+3
Khoang cach ngin
8 | nhat gilra cac tru cau, 6
m

Trong d6, nhom déc tinh cua Kénh 28,
cao trinh ddy c6 y nghia quan trong c6 tinh
quyét dinh dén hinh dang hinh hoc cua thiét bi
ndi, so sanh va khao sat thuc tién thi chi ¢ thiét
bi n6i hinh dang dang xa lan 1a phu hop vi ¢o
lwong chira nudc gan dat tir 80% + 90%, khi d6
phan mang u6t s& khong qua sau va lam méc
can to hop. Trudce nhitng dién bién vé bién dbi
khi hau nhu hién nay thi cao trinh day vao sau
thang mua kho, dac biét 1a mua luc binh két
khéi thi cao trinh day trung binh —1,5m, Hinh 1.
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Hinh 1. Théng sé ddc tinh kénh tai Vinh Hung

Pic diém vé d6 thong thuy cho phép
cta tuyén Kénh 28 (+1,9m) va theo khao st
1a thong s6 dic trung cua cac tuyén kénh hién
nay, do d6 trong thiét ké thi viéc nghién ciru dé
c6 thé nang ha céac thiét bi trén mat boong khi
di chuyén qua céc cau 1a rat can thiét va phai c6
cac nhom giai phap hi¢u qua.

Nghién ctru khao sat bé rong day Kénh
28 dé xay dung tiéu chi cho thiét ké bd tri khong
gian theo bé rong, bé cao cua to hop thiét bi.
Viée bb tri khong gian ti wu s& cho duge cac
nhoém phuong an t6 chic truc vét. Vi yéu cau
dbi voi viée truc vét trong kénh < 80m, dam
bao yéu cau luong lyc binh truc vt 16n hai bén
bo song 1a 95% dién tich mat kénh, rach sé dam
bao duoc tinh kinh té — k¥ thuat.

2.4. Khio sat danh gia ning suit cic may
truc vét xir ly luc binh

Hién nay c6 rat nhiéu may vét luc binh
Trung Quéc dugc nhap vé lam viéc tai Viét
Nam va mot s6 don vi trong nudce da thuc hién
ché tao cac may truc v6t dé ap dung. Trong do,
dé danh gia duoc hiéu qua xu 1y thi cac don vi
tiép can thong s vé téc do di chuyén khi lam
viéc két hop voi bé rong lam viéc, tir d6 udc
tinh cong suat may co thé giai phong duoc mot
don vi dién tich mat nudc c¢o luc binh. Trén co
so khao sat phan cdp kénh dé thuc hién phan
khuc cong sudt may thanh ba dong chinh dé
phuc vu cho cac dang song, kénh, rach dugc

trinh bay trong Bang 6.
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Bdng 6. Phdn khiic cong sudt mdy xir Iy truc vot

luc binh.
. ) Ky | Ning suit,
TT Dong may hiéu m*h
1 Nang suat thap (ap NS 4.000

dung kénh cép 1, 2, 3)
Ning suat trung binh

2 | (4p dung cho kénh cap | NS2 | 15.000
ngudn)
3 Nang suat 16n (&p NS3 63.000

dung cho song)

Xét tong nhu cau xir ly da thyc hién
théng ké nhu trén, kha nang thuc hién cua thiét
bi truc vét cho thiy duoc tong nhu cau to hop
xu ly trong Bang 7.

Bdng 7. Pdanh gid so b nhu cau vé thiét b xir Iy

truc vot.
So Nang
gio suit Tinh | Tinh | Huyén
May | thuc (T Tay | Long | Vinh
hién ngay) Ninh | An | Hwng
(gi0)

NS1 8 420 473 | 872 169

NS2 | 8 | 1.820 | 109 | 201 | 39
NS3 | 8 | 7543 | 26 | 49 9
3. KET LUAN VA KIEN NGHI

Két luan:

Bai béo trinh bay co ban cac dac tinh
ctia lyc binh dé lam co s& cho qua trinh tinh
toan thiét ké cac phuong an bam pha va truc
v6t s& thuc hién, cac két qua duoc trinh bay ¢
Bang 1. Luc binh 1a loai thyc vat c6 dac tinh
chtra nude bén trong than nhiéu cho nén viéc
xtr Iy bam phé hodc truc vot dé t6i uu duge kha
nang chira thi cic phuong an thiét ké t6 hop

thiét bi cin quan tim dat tiéu chi xur 1y nudc
bang cac phuong phéap co hoc dé co thé toi uu
duogc lugng luc binh vét 1én nhiéu nhat.

Két qua khao sat danh gia thuc trang,
danh gia dia hinh kénh, rach tai céc tinh lan can
Long An, két qua nghién ctru da xac dinh dé
khoanh vung khu vuce truc ddm bao dugc hi¢u
qua kinh té k¥ thuat t6i wu 12 tai tuyén Kénh 28
cua huyén Vinh Hung, tinh Long An.

Két qua nghién ciru khao sat danh gia
tong nhu cau xtr 1y vin nan luc binh thong qua
céc thiét bi truc vét, bam phamdduongla rat16n,
cu thé: tai Tay Ninh tong nhu cau 1.947.154m>,
chiéu dai 241,85km; tai Long An téng nhu cau
2.539.020m?, chiéu dai 2.150,59km; tai huyén
Vinh Hung tong dién tich 1.004.740m?, chiéu
dai 502,68km yéu cau 9 thiét bi truc vot.

Kién nghi:

Thuc hién ché tao to hop thiét bi truc
v6t theo cac phuong an dé dénh gia so sanh.
Nghién ctru xay dung cac nhom kich ban truc
v6t luc binh dé tim duoc giai phap hiéu qua ap
dung cho tung truong hop xur 1y luc binh trong
kénh, rach cta tinh Long An va céc khu vyc lan
can trén co so két hop voi Cong ty Co phan Cap
nude va Dich vu d6 thi Vinh Hung trong thoi
gian thyc hién trién khai cac thir nghi¢m.

Loi cam on:

Nghién ctu nay dugc tai tro boi Bo
Khoa hoc va Cong nghé trong khudn kho Dé
tai ma s6 DTPL.CN-26/21. Chiing tdi xin cam
on Phong Thi nghiém trong diém Diéu khién
S6 va Ky thuat Hé thong, Trudng Pai hoc Bach
khoa va Cong ty C6 phan Cap nuéc va Dich vy
d6 thi Vinh Hung da hd trg thoi gian, phuong
tién, co so vat chat cho nghién ctru nay. %

ISSN 2615 - 9910 (ban in), ISSN 2815 - 5505 (online)
TAP CHI CO KHI VIET NAM, S6 309, thang 11 nim 2023
cokhivietnam.vn / tapchicokhi.com.vn



NGHIEN CU’U - TRAO BOI

Ngay nhan bai: 20/8/2023
Ngay phan bién: 05/9/2023

Tai liéu tham khao:

[1]. S¢ Giao thong Van tai tinh Tay Ninh; Bdo
cao Cong tac xur ly luc binh trén song Vam Co
Péng. S6 77/BC-SGTVT, 2021.

[2]. UBND huyén Chau Thanh; Ké hoach Xir Iy
luc binh trong cac kénh, rach nam 2022. Sé
24/KH-UBND, 2022.

[3]. UBND thi xa Trang Bang; Ké hoach Thuc
hién cong tac xir ly luc binh va thao do coc
cha trong cac kénh rach chay ra song Vam Co
Pong. S6 347/KH-UBND, 2022.

[4]. UBND thi xa Chau Thanh; Ké hoach Thuc
hién cong tac thao do coc, cha va xw ly luc
binh trong cac kénh rach chay ra song Vam
Co Dong trén dia ban thi xa Hoa Thanh nam
2022. 86 28/KH-UBND, 2022.

[5]. UBND tinh Long An; Phdn cdp qudn Iy cong
trinh thuy loi trén dia ban tinh Long An. 2020.

[6]. Bui Trung Thanh, Nghién ciru thiét ké, ché tao
hé thong mdy, thiét bi cdt rong, ¢6 dai, vot béo
tdy, rdc thdi néi trong long kénh, mwong, ho
chita nwdc. Bao cao tong két dé tai cap Nha
nude ma s6 KC 05-1/06-10, 2009.

ISSN 2615 - 9910 (ban in), ISSN 2815 - 5505 (online)
TAP CHI CO KHI VIET NAM, S6 309, thang 11 nim 2023
cokhivietnam.vn / tapchicokhi.com.vn

[7]. Elliott R. Donnelley (180), Aquatic Weed
Cutter. U.S. Patent 4196566.

[8]. Mujingni Epse Cho, Jenette Tifuh,
Quantification of the Impacts of Water
Hyacinth  on  Riparian Communities in
Cameroon and Assessment of An Appropriate
Method of Control: the Case of the Wouri
River Basin. World Maritime.

[9]. Elham A. Ghabbour, Metal Binding by Humic
Acids Isolated from Water Hyacinth Plants
in the Nile Delta, Egypt. Elsevier Publisher,
2004.

[10]. Minh, D., Phwong phdp ching ndam
Trichoderma dimg xir Iy chdt thai hitu co,
Truong Pai hoc Can tho, Tai liéu ndi b, 2006.

[11]. Minh, D. va ctv; 2006; Tac dong cua cac
ching nam doi khing Trichoderma néi dia
trong viéc phong tri, Tap chi Nghién ctru Khoa
hoc, Truong Pai hoc Can tho, 2006.

[12]. Richard J. Cyr., Judith A. Jernstedt; 1988.
Root Contraction in Hyacinth. In Changes
in Tubulin Levels, Microtubule Number and
Orientation Asociated with Differential Cell
Expansion, Planta, Springer-Verlag, 1988.

[13].Lé Phat Qudi, Nghién civu san xudt phdan hitu
co tir luc binh, S6 Khoa hoc va Cong nghé tinh
Long An, 2011.



NGHIEN CUU - TRAO DOI

SU DUNG TUA BIN TRU'C GIAO PHAT BIEN CHO KHU VU C
VEN BIEN, HAI PAO

USING DARRIEUS TURBINES TO GENERATE POWER FOR THE AREA COASTAL
AND ISLANDS

Pinh Minh Haii, Trin Anh Tuén, Nguyén Tran Trong
Vién Nghién ctru Co khi, B6 Cong Thuong

TOM TAT

Dao déng myc nuée bién cia medc ta khéng nhiéu va khéng phdi la noi cé trién vong dé
xdy dung cac nha may dién thuy triéu I6n, ¢6 dang dap nhw & mét s6 noi trén thé giéi (thuwong do
lon thuy triéu phdi tir 5 + 6m tré len) tuy nhién chiing ta ¢6 mét hé thong cdac viing, vinh ven bién
c6 thé khai thac tan dung thuy triéu dé phat dién. Bai bao gidi thiéu tua bin tryc giao su dung nang
luwong thuy triéu (dong muée chay do chénh léch triéu cao thdp) phat dién phuc vu ving ven bién,
hai ddo, té may da dwoc lap dat tai hon Tai Kéo (Cat Ba — Hai Phong).

Tw khoa: Tua bin truc giao; Thiét bi phat dién cho ven bién, hai ddo.
ABSTRACT

Our country's sea level fluctuations are not much and it is not a promising place to build large,
dam-shaped tidal power plants like in some parts of the world (usually the tidal magnitude must be
from 5 < 6m or more), however, we have a system of coastal bays and bays that can take advantage of
the tides to generate electricity. The article introduces Darrieus turbines that use tidal energy (flowing
water due to difference between high and low tide) to generate electricity to serve coastal areas and
islands, the generating unit has been installed at Tai Keo island (Cat Ba - Hai Phong).

Keywords: Darrieus turbines; Generators for the area coastal and islands.

1. TONG QUAN

Thuy triéu & ven bién nudc ta thé hién
day di cac dang dao dong. C6 noi trong mot
ngay dém thuy triéu ¢ d6 c6 mot lan dat tri s6
16n nhat, mot 1an dat tri s nho nhét, cling ¢o
noi mot ngay dém thuy triéu c6 hai lan dat tri
s6 16n, hai 1an dat tri s6 nhé va c6 noi trong mat
thang thuy triéu lai thé hién & ca hai loai trén
v6i nhiing cao d§ khac nhau.

Tt bang 1, ta nhan thay thuy tridu &
Viét Nam ¢ day du cac dic diém, ché do va
cac dang triéu: Tai Cira Ong, Hon Gai, Hai
Phong 1a ché d6 nhat triéu déu; & Thanh Ho4,
Ctra Hoi, Ron 1a ché do nhat triéu khong déu;
con ¢ Ctra Ranh, Cua Tung, ba Na:lng la ban
nhat triéu khong déu; & Ha Tién lai 1a triéu hdn
hop.
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Do cao thuy triéu ¢ ven bién nudc ta
ciing bién dong theo vi d6 va dia Iy ting ving,
trong khi tai Ctra Ong bién do triéu datt614,7m,
tai Héng Gai — 4,3m, Ctra Ranh — 2,1m, Ctra
Tung — 1,4m, thi tai Viing Tau bién d6 triéu dat
t6i 4,2m, con & Ha Tién bién do triéu chi dat
1,7m.

Bang 1. Myc nudc thuy triéu 16n nhét
trong nhiéu nam tai mot sd khu vuc ven bién
Viét Nam (Nguon: Vii Nhu Hoan — Thuy triéu
& ven bién Viét Nam — 2000).

24

CHINA

e

%DI 104 106 108 1 [v] 112

Hinh 1. Ban d6 déc diém thuy triéu trén bo bién

Viet Nam (Diurnal tide: nhat trieu, Semi-diurnal

tide: ban nht triéu, Irregula Semi-diurnal tide:
ban nhdt triéu khong déu)
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Bang 1. My nuede thuy triéu lom nhdt trong nhiéu nam
tai mot sO khu vue ven bién Vi,ét Nam (Nguon: Vii Nhuw
Hoan — Thuy triéu o ven bién Viét Nam — 2000).

Tri 56 lém nhat

Bia phwong Ché dé trién trong nhiéu
nim (m)

CraOng | Nhit triéu déu 47
Hong Gai | Nhit triéu déu 43
Hai Phong | Nhit tricu déu 40
Thanh Hod | Nhit tricu khéng déu 38
Cura Hoi Nhit triéu khéng déu 32
Rém Nhit triéu khéng déu 32
CtraRanh | Ban nhit triéu khéng déu 2.1
CtaTing | Ban nhit triéu khéng déu 14
DaNing | Bén nhit trifu khéng déu 1.6
Quy Nhon | Nhit tridu khéng déu 23
Ving Tau | Ban nhat tricu khong déu 42
HaTién | Triéu hén hop 1,7

Nhin chung, d¢ cao thuy triéu dat chi s6
16n nhét & Vinh Bic Bo, dong thoi ché do tridu
& khu vuc nay 1a nhat triéu thuan nhét, hiu hét
s6 ngay trong thang, trén dudi 26 ngay, chi c¢6
mot 1an nudce 16n va mot 1an nudce rong.

2. NGUYEN LY LAM VIEC TRAM DIEN
THUY TRIEU

- Pép dap tich nude vao hd triéu — lip
dat to may dién thuy triéu vao long dap. Khi
tridu 1én thi ta tich nudc vao hd triéu bang
cach mo cong lay nudc. Khi nude dang dén
dinh tridu, ta dong cong lay nude lai cho dén
khi triéu rat xudng tao chénh léch cot nudc t6i
vu (s& duoc tinh toan cu thé cho timg ho triéu)
giita bén trong va bén ngoai ho triéu thi ta mo
van tua bin dé cho nuéc chay tir hd triéu ra bién
va dién phat ra dugc tich vao ac quy, dién tur ac
quy qua bd bién ddi 1én 220V xoay chiéu cip

cho ho tiéu thu;
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- Loi dung dong chay c6 van toc 1on &
cac cura khe hep khi chénh 1éch myc nudce triéu
l1én va xudng, lap dat t6 may phat dién.

MAY PHAT BIEN THUY TRIEU

Hinh 2. Nguyén 1y nha mdy dién thiy triéu

HT do luimg,
hién thi va bdo vé Céng to dién

Ludi
truyén
tai va
phén
phéi AC

B¢ chuyén déi nguon DC/AC

Miy phit dién

(Or==p

—
B¢ diéu khién sac

Hé¢ théng ic quy
Hinh 3. Hé thong tich trit va phdn phéi dién

3. TINH TOAN KHA NANG CUNG CAP
PIEN NANG CUA CAC PAM HO [1]

DPam ho nudi thuy san va cac ho tridu c6
muc nudc chénh 1€ch gilta trong va ngoai dap
khi x4 nudc ra dao dong trong khoang tur 1,2 +
1,5m, néu dép dap 1én cao thém 20cm nira thi
dd chénh muc nudce s€ dao dong trong khoang
1,4 +1,7m.

01 héc ta mat nudc thi nang luong du
trit dé san xuat dién nang dugc:

- Luong nudce du trir khi mtrc nude dao
dong tir 1,4 dén 1,7m la:

V =0,3m x 10000m* = 3000 m’.

- Thoi gian xa 1a 8 gio, thi luvu lugng
nudce duoc xa la:

Q= ¥:¥:375m3 /h =0,104 ms.

- Cong suat dong nudc tao ra duoc la:

N, =9,81QH =9,81.0,104.1,55 = 1,581 kW.

- Néu hd nude c6 dién tich 10 héc ta thi
cong suat nhan dugc la:

N,,=10.N, = 15,81kW.

- Tinh t6i hiéu suét to may, ddi v6i may
thuy dién cuc nhé cong suat 500 +~ 1.000W thi
hi¢u suat t6 may co gid tri gan ding bang:

N = NNy = 0,75.0,78 = 0,58.

Khi do, ta nhan dugc cong sut béng:

N,,,=N10m=15,81.0,58 = 9,170 kW.

- Néu sir dung cac t6 may cong suit 3
+ 5 kW thi hiéu suat t6 may c6 gia tri gan dung
bang:

N = NNy = 0,80.0,80 = 0,64.

Khi dé, ta nhin duoc cong suit bang:

N, =N,,n=15.81.0,64 =10,118 kW.

Dbi voi cac ho tridu, do khong phai giir
lai lugng nudc t6i thiéu nhu trong hd nudi thity

san nén ta co thé tang thém dugc thoi gian phat
dién dé tang san lugng dién. Nhu vay, ta thay
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sir dung cac t6 may cong suit 3 + 5 kW sé& thu
duogc cong suat nhiéu hon, c¢6 loi hon vé mat
nang luong.

Tai cac xd dao c6 nhiéu dam va ho 16m
dién tich tir hang chuc t6i hang tram héc ta, néu
tai cac xa ddo ta st dung cac may thuy dién
lam viéc hai chiéu va véi muc nude chénh dao
dong 16n, chung ta s& nhan dugc cong suat di
dé phuc vu cho doi séng va sinh hoat cua cu
dan trén dao.

Van dé & day la phai lya chon duogc
phuong an xay dung tram dién thuy triéu hop
1y, lya chon loai may vdi cong suét thich hop,
may moc thiét bi phai c6 kha ning chiu duogc
moi truong nudc man, van hanh thuan tién, gia
thanh thich hop thi méi c6 thé didy manh duogc
viéc khai thac va ing dung dién thuy tridu phuc
vu san xuat va doi sdng cua cu dan trén dao,
nham dong gop cho sy phat trién kinh té va
cung ¢o quoc phong, bao vé vung lanh tho trén
bién cua T6 qudc.

4. TUA BIN TRUC GIAO

Loai tua bin nay dugc dit truc tiép tren
song, bién va ning luong duoc tao ra chu yéu
tor dong nang cua dong nude. Nang luong co
thé khai thac duoc 1a ham cua ti trong va vén
tdc dong chay. Yéu cau vé van toc dong chay dé
c6 thé van hanh duoc tua bin tryc giao thuong
1a 1+ 2 m/s, nhung véan tbc dong chay c6 thé sir
dung trong pham vi 1 + 3,5 m/s.

Bang 2 tong hop cac loai tua bin tryc
giao di duogc tiéu chuan hoa cua hing New
Eenergy Corporation dé khai thac ning luong
dong chay ven song, ven bién. Cén clr vao bang
nay, co thé tham khao dé so bd lya chon duoc
loai tua bin phtl hop véi diéu kién dong chay tai
vi tri can l:flp dat.
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Bdng 2. Cac logi tua bin tryc giao cua hang New
Energy Corporation

Coéng suat Vén toe Kich thwéc tua bin
to may | thiet k€ | pyyng kinh | Chidu cao
(kW) (m/s) (m) (m)
5 kW 3,0 1,5 0,75
5 kW 2,4 1,5 1,5
10 kW 3,0 1,5 1,5
25 kW 3,0 3.4 1,7
25 kW 2,4 4,8 2.4
125 kW 3,0 7,6 3,8
125kW | 24 7,6 7,6
250kW | 3,0 7.6 7.6

4.1. Ciu tao cia tua bin truc giao

Tua bin tryc giao vé co ban duoc cai
tién va phat trién tir mau profile banh cong tac
tua bin gi6 truc dung kiéu Darrieus dugc nha
sang ché nguodi Phap (Darrieus) nghién ctru
dau tién véi banh cong tac dang canh thang va
profile canh song song véi truc tua bin. Hinh
dang két cdu cta canh banh cong tac bao gom
cac 1a canh profile d6i ximg va dugc gin chat
Vo1 truc quay.

Banh cong tac tua bin truc giao truc
ding gém cac 14 canh co bién dang profile
giéng nhau doc theo chiéu dai 14 canh, duoc bd
tri d6i xtng véi tAm quay, do d6, chiéu quay va
dac tinh lam viéc cling nhu hi¢u suét cua tua
bin khong phu thudc vao chidu dong chay va
cOt nudce lam viéc nhu cac loai tua bin truyén
thdng khéc.

Tua bin truc giao c¢6 uwu diém la cau tao

don gian, de ché tao va lap dat, chi can c6 bo
phan neo gitr ¢ dam bao vé€ su cing viing va
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van hanh an toan, kho bi pha hong. Ngoai ra,
cac banh cong tac tua bin truc giao truc dirng
c6 thé duoc gin trén cting mot truc thiang ding
thanh nhiéu tang nhu hinh 4.

Khuzg b tdng 68 miy

-
Py

True tus bin

i . :f?ﬂi-uh chum tix
0 1&/

::ib —~ O

Hinh 4. Tua bin truc giao ¢é 03 tang banh céng téc.

Véi két cAu nhiéu tang, nang luong ciia
tua bin dugc tao ra do st dung tat ca dién tich
mit cit ngang cua dong chay dé ting cong sut
may, nho d6 giam duogc chi phi tong thé cia
nha may phat dién.

4.2. Lap dit tua bin truc giao tai khu vue
hon Tai Kéo

, L] 3 "
Hinh 5. Khao sat dong chay tai khu viee hon
Tai Kéo

O khu vuc hon Tai Kéo, tién hanh do
dac tai chd co dia hinh co hep (vi tri E toa do
20°45'34.3"N 107°03'54.0"E) nhu hinh 5, s
liéu vé van toc dong chay qua vi tri diém E nhur
bang 3:

Bang 3. Van t6c dong chay tai vi tri diém E

STT | T(s) (HSS) STT | T (s) (IES)
1 | 000 | 000 | 14 |23.400 280
2 | 1.800 | 2,13 | 15 | 25200 | 2,77
3 3.600 225 | 16 | 27.000 | 2,75
4 | 5400 | 2,81 | 17 | 28.800 | 2,74
5 | 7200 2,82 | 18 | 30.600 | 2,73
6 | 9.000 294 | 19 | 32400 | 2,72
7 1 10.800 | 3,41 | 20 | 34200 | 2,71
8 | 12,600 | 3,83 | 21 | 36.000 | 2,70
9 | 14400 3,88 | 22 | 37.800 | 2,69
10 | 16200 | 3,89 | 23 | 39.600 | 2,50
11 | 18.000 | 3,87 | 24 | 41.400 | 2,00
12 | 19.800 | 3,80 | 25 | 43.200 | 1,50
13 | 21.600 | 3,80

Bang 3 cho thiy van tdc trung binh cta
dong chay tai vi tri E 14 2,80 (m/s), tién hanh do
25 1an, mdi 1an cach nhau 30 phut, tong cong
thoi gian do 1a 12 gio va sb thoi gian c6 van
tdc dong chay 16n hon 2 m/s 1a 8 gid. Nhu vay,
néu do 24 gio thi s& c6 khoang 13 +15 gio dong
chay duy tri ¢ van tdc trén 2 m/s.

Qua két qua nghién ctru va khao sat
thuce té vé dong chay tai 05 vi trf cho thiy, dong
chay tai tit ca cac vi tri déu c6 kha ning khai
thac duoc, véi van toc trung binh cuia dong
chay khoang 2 (m/s) va thoi gian khai thac
trong ngay khoang 10 gio. Trén co s¢ do, ta
tién hanh tinh toan, ché tao tua bin va lép dat.
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g

Hinh 8. Lap dat, do dac théng sé thiét bi

o

Sau khi lap dat, hiéu chinh, ta tién hanh
do dac, kiém tra cac thong s6. Két qua nhu bang
4:

Hinh 7. Tram dién Tai Kéo

Bdng 4. Két qua chay tram dién Tai Kéo

Van toc dong chay V (m/s) 1,2 1,5 2,0 2,2 2,5
S6 vong quay n (v/ph) 27,3 40,8 65,2 87,3 114,8
Cong sudt trén truc P (W) 98,09 319,30 | 1.081,21 | 2.055,85 | 3.351,98
Dién ap AU (V) 224,00 | 224,00 | 224,00 | 224,00 | 224,00
Cudng d6 dong dién 1(A) 0,51 1,66 5,62 10,69 17,43
Hiéu suét tua bin n (%) 10,58 17,6 25,2 36,0 40,0
Vian téc dong chay V (m/s) 2,7 3,0 32 3,5 2,7
Sb vong quay n (v/ph) 143,4 174,4 194,7 225,8 143,4
Cong suét trén truc P (W) 3.926,95 | 4.686,48 | 5.118,89 | 5.626,12 | 3.926,95
Dién ap AU (V) 224,00 | 224,00 | 224,00 | 224,00 | 224,00
Cudng do dong dién 1(A) 20,41 24,36 26,61 29,25 20,41
Hiéu suét tua bin n (%) 37,2 32,4 29,1 24,5 37,2
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Qua céc két qua cho thdy, cong sut tua
bin 16n nhat & van tc 3,2m/s (5.626,12 W), tuy
nhién hiéu suét chi dat 24,5 %; hiéu sut tua bin
16n nhat (40%) ¢ van toc 2,5 m/s (3.351,98 W),
dién ap on dinh, st dung dugc cho tram.

5. KET LUAN

Thuy triéu 1a ngudn ning luong tai tao
sdn ¢6 & cac ving ven bién va hai dao, khong
gdy 06 nhiém méi truong, st dung tét ngudn
nang lugng nay phuc vu dan sinh s€ thu hut
dugc nguoi dan dén dinh cu, lap nghiép ¢ cac
dao cing ¢ an ninh quéc phong cho Quéc gia.

Tua bin tryc giao da dugc ché tao, lép
dit van hanh dat cac yéu ciu tinh toan, hoan
toan co thé sir dung dé khai thac nguon ning
luong nay cho ving ven bién va hai dao & Viét
Nam. %

Ngay nhan bai: 25/10/2023
Ngay phan bi¢n: 10/11/2023

Tai liéu tham khao:

[1]. Nguyén Vil Viét; Nghién ciru thiét ké, ché tao
va ldp ddt t6 may dién thiyy triéu cé céng sudt
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bién va Hdi ddo 2011.
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DANH GIA CHAT LUONG KEO CHO O TO CON SU DUNG HE
THONG TRUYEN LU’C CO KHi CO CAP

EVALUATION OF TRACTION QUALITY FOR CARS USING MT POWERTRAIN

TS. Luwu Pire Lich™*, ThS. L& Vin Lwong?, Ngé Sy Pong?
'Trudong Pai hoc Bach Khoa, Pai hoc Pa Nang
*Truong Pai hoc Su Pham K¥ thuat Vinh

STruong Pai hoc Dién luc
TOM TAT

Tinh todn kiém tra sirc kéo ciia 6 t6 c6 lién quan mdt thiét dén cdc thong soé két cau chii yéu
cua dong co va hé théng truyén Iuec trén 6 t6. Muc tiéu ciia viéc tinh todn kiém tra sirc kéo 6 16 la
xac dinh cac thong $6 ddanh gia chat lwong kéo cua o té6 nhu téc dé cwc dai cé thé dat dwoc & diéu
kién khai thac cu thé, kha nang vieot doc, thoi gian tang toc va quang dwong tang toc. Trong bai
bdo nay, cdc tdc gia sir dung phan mém Matlab/Simulink dé tinh todn kiém tra sirc kéo ciia 6 t6 bang
phwrong phdp gidi tich. Két qua dwoc biéu thi & dang dé thi cho thdy dé chinh xdc cao, giam thoi
ligng tinh todn so véi phirong phdp do thi.

Tw khéa: Tinh toan dong luc hoc kéo; Xac dinh ty ) truyén hé théng truyén lyc, Pong

lue hoc.
ABSTRACT

Calculating and testing the traction capacity of a car is closely related to the main structural
parameters of the car's engine and transmission system. The goal of calculating and testing the car's
traction capacity is to determine the parameters to evaluate the car's traction quality such as the
maximum speed that can be achieved in specific operating conditions, the ability to go uphill, and
the time and travel distance. In this paper, the authors use Matlab/Simulink software to calculate
and test the car's traction. The results are expressed in figure form, showing high accuracy and

reducing calculation time compared to the graphical method.

Keywords: Car dynamics; Determine the transmission ratio of the powertrain.
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1. PAT VAN PE

Heé thdng truyén lyc bao gom hang loat
cac cum, tong thanh thyc hién nhiém vu truyén
mo men xodn tir dong co dén cac banh xe chi
dong [1], [2]. Tinh chat dong luc hoc kéo ciia 6
t6 anh huong dén kha ning khoi hanh va ting
tdc cua 6 to, van tdc trung binh, van tde cuc
dai, nang suit va gia thanh van chuyén, do ém
diu va tinh an toan trong diéu kién chuyén dong
v6i dudng xa va cac tay sd khac nhau [3], [4],
[5]. Nho tinh toan stic kéo c6 thé giai quyét
hang loat cac van dé xuit hién khi khai thac 6
to va xay dung duong b, nhu khi khai thac 6
t6 can xac dinh téc ¢ chuyén dong trung binh,
kha ning tang tbc, thoi gian ting toc, tai trong
cho phép, kha nang kéo moo6c hodc so-mi ro-
modc... trong xdy dung dudng bd can chon
dang bé mit duong, do dbc, gbc cua phu hop
véi suc kéo cua 0 to.

Tinh toan thiét ké strc kéo duge thuc
hién cho 6 t6 méi, nham xac dinh céac thong
s0 chii yéu ctia dong co va hé thong truyén luc
nhu cong suat cyc dai, moé men xoan cuc dai
ctia dong co, ty sb truyén hop sb, ty sb truyén
truyén lyc chinh. Pong thoi, ta can chon hang
loat thong s6 nhur hiéu suét truyén lyc, ban kinh
banh xe... nhitng théng sé nay duoc chon trén
co s& nhimng 6 t6 trong ty di duoc san xuat.

Tinh toan kiém tra stc kéo duoc thuc
hién ddi voi mot xe da duge san xuat, cac thong
s6 két cAu co ban cua xe da biét. Muc dich cua
viéc nay 1a danh gia chat luong kéo, chat luong
van toc va tim ra vung hoat dong cua xe.

Trong bai bao nay, tdc gia tinh toan
dong luc hoc kéo bang phuong phap gii tich
str dung phan mém l4p trinh Matlab dé giai bai
toan dong luc hoc kéo cta 6 t6 nham xac dinh
cac thong sb danh gia cht luong kéo cua 6 t6

nhu téc d6 cuc dai co thé dat dugc & diéu kién
khai thac cu thé, kha nang vuot doc, thoi gian
tang toc va quang duong tang toc.

2. PONG LUC HQC KEO O TO TRUYEN
PONG CO CAP

Hé théng truyén luc co khi nhu hinh
1 13 hé théng lién két véi nhau théng qua cac
cum truyén co khi, co ban gdm: Ly hop ma sat,
hop s6 co khi, hop phan phdi (néu c6), truc cac
dang, ban truc, khép ndi... Trong qua trinh xe
chuyén dong, luc can thay doi tuy theo diéu
kién duong, mudn xe chuyén dong 6n dinh thi
ngudi l4i phai thyc hién qua trinh sang s hop
Iy phu hop véi timg thoi diém. Khi x4c dinh
dugc thoi diém sang s6, nguoi lai xe phai thuc
hién mot loat cac thao tac nha ga, cit con va tay
di chuyén can sé dé chuyén s6 khac. Do ém diu
chuyén dong va thoi gian chuyén sé phu thudc
chinh vao trinh d¢ va kinh nghiém cua nguoi
14i xe. Néu nhu xé4c dinh sai thoi diém chuyén
s6 hodc thao tac khéng nhuin nhuyén co thé
khién cho xe bi rung giat hodc chét may.

Hé thong truyén luc co khi sir dung ly
hop ma sat do két cdu don gian, hi¢u sut cao,
kha nang dong luc hoc tdt c6 thé truyén duoc
md men 16n nén duoc sir dung phd bién trén
cac loai 6 t0 van tai.

Hinh 1. So do hé théng truyén lye MT
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2.1. Pwong dic tinh téc dd ngoai ciia dong
co dot trong

DPuong dac tinh ngoai cua dong co la
mbi quan h¢ gitta m6 men, cong suét, voi toe do
quay cua truc khuyu khi buém ga mé hoan toan
dbi véi dong co xdng va phun nhién liéu cuc
dai v6i dong co diesel. M_ = f(n ), N_ = f(n ),
g, = f(n ). Puong déc tinh nay c6 thé dugc xay
dung thuc nghiém bang cong thic thuc nghiém
Le-déc-man (Kiencke, 2006):

2 3
[ o2 _c(m” N—
nN nN nN

Trong d6: N — Cong sut cua dong co;
N __—Cong suat 16n nhét caa dong co; a, b, c—
Hé s6 tinh theo thuc nghiém; n_— Sé vong quay
cua dong co (vong/phut); n, — Sb vong quay
cua dong cotai N __ .

2.2. Luc kéo 6to

DPé 6 o chuyén dong duogc thi luc kéo
sinh ra & banh xe chi dong phai can bang tat ca
cac luc can tac dung lén 6 t6. Phuong trinh can
bang luc kéo c6 dang sau:

B =P, tR+PtP )

Trong do: kaM; P, = fGeosa';

T

P =Gsina; P,=KFV*; P, :§§i.j, tuong
g

ung la luyc kéo cua 6 t6, luc can lan, luc can lén
doc, luc can khong khi, lyc quan tinh.

‘ O day: i —Ty s6 truyén cua hé thong
truyén luc; r, — Ban kin}} banh xe; G — Trong
lugng cua 6 t0; o — DY doc cua duong; f— HE
s6 can lan; K — Hé s6 can khong khi; F — Di¢én
tich can chinh dién 6 t6; V — Van téc 6 to, bo
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qua stc can gio; g — Gia tdc trong truong; S, —
H¢ so anh huong cua céc chi tiet chuyén dong
quay; j — Gia toc cua 0 to.

2.3. Nhén t6 dong luc hoc

Nhan tb dong luc hoc dugc dung dé
danh gia chat luong kéo cac 6 t6 c6 cung luc
kéo, cung trong lugng, hé théng truyén luc
nhung khac nhau vé hinh dang khi dong hoc.
Phuong trinh nhan td dong luc hoc c6 dang sau:

5.J

D=f+i+x1L 3)
g

2.4. Thoi gian ting toc
Thoi gian ting toc clia 6 to tir toc do v,
dén toc do v, dugc tinh theo cong thirc sau:

=1 v (4)
v

2.5. Quing dwdng ting tdc

Quiéng duong tang toc ciia 6 to tir toe do
v, dén toc d v, dugce tinh theo cong thirc sau:

v2

Sin= Ividti Q)

vl
2.6. Xac dinh ty so truyén cia hop sé
Ty s truyén cua truyén lyc chinh dugc
xac dinh tur diéu kién dam bao 6 t6 dat toc do

cuc dai ¢ soO truyén cao nhat, xac dinh theo cong
thure sau:

i =0,105 2 lemx (6)

Iy

c

&
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Ty sb truyén cia tay s6 1 dugc xac dinh
theo dicu ki¢én khac phuc can 16n nhat cua mat
duong, dong thoi thda man diéu kién bam sau:

GY¥r,

<i, <
M,ii.n,

(7)

Trong do: VY, (p, » 1o 1, tuong tmg 1a hé
so can mit dudng, hé sd bam cua mat duong, ty
sO truyen luc chinh, ty s6 truyen luc cudi cung,
ty s truyén cao nhét ciia hop so.

Xéc dinh ty sb truyén trung gian cia
hop s6 ¢6 hai cach xac dinh theo quy luét cap
s6 nhan va theo cap diéu hoa. Trong bai bao
nay, tac gia sir dung theo quy luat cip sé nhan

Sau.:
. —nlf; nk
e = Nl

Trong d6: n — S lugng tay s6; k=2 +n
la tay soO trung gian.

(8)

3.MO PHONG PONG LUC HQC KEO O TO
3.1. Thong s6 mé phéng

Trong bai bao nay, tic gid su dung
Matlab [6] dé giai cac phuong trinh chuyén
dong cua 6 t6, tir d6 danh gia chat luong kéo
qua céc chi tiéu nhu: Tc do cuc dai cua 6 t0;
kha nang tang toc; thm gian ting tdc; quang
dlr(mg tang toc. Thong sb cho trudce va thong sb
can chon, tac gia chon xe tham khao la Toyota
Vios.

3.2. Két qua tinh toan

250

200 —

Me[N.m], Ne [K]

1] 1000 2000 3000

ne(vip)

4000

5000 G000

Hinh 2. D6 thi dwong ddc tinh ngodi déng co

Pk1

PK, Pc [N.m)

Pc

0 5 10 15 20 25

V [mi's]

30

35 40

Hinh 3. D6 thi luc kéo 6 16 tai banh xe

[=]

Dy, 1

D3

D4

5 10 15 20 25
V [mis]

35 40

Hinh 4. P6 thi nhan té déng lec hoc 6 t6
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]
ar
n
B

V' [mis]

Hinh 5. D6 thi thoi gian tang toc 6 t6

1200

1000

800

Li] 5 10 15 20 25 30 35 40
W [mis]

Hinh 6. Do thi quing dwong ting toc 6 t6

Qua két qua mo phong, tac gia da xac
dinh dugc thong s6 co ban cua dong co thé hién
qua (hinh 2) dudng déc tinh ngoai cua dong co
xang: M_ = f(n); N_ = g(n ) véi cong sudt cyc

daiN__ =90 [kW] tai s6 V(‘)ng quay n_= 5000
v/p; mo men xo0dn 16n nhat M__ =215 [N.m]
tai s6 vong quay n, = =2524 V/p, n . =[850-

5 500] Heé thong truyen luc khong c6 hop phfm
ph01 khong c¢6 truyén luc cu01 cung, hop so
gom 4 tay s0, trong do tay so 5 ¢6 ty sb truyén
tang, ty s6 truyén timg tay s6 xac dinh nhu sau:

=241 =18;1.=1,4;1,=1,0, coi ly hop

> hy > "h3 > “h4
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khong bi truot, ty so truyén i = 1; ty sO truy€n

lyc chinh i, = 6.3.

Qua d6 thi luc kéo thé hién ¢ hinh 3, 4
cho thay luc kéo tir tay s6 1 dén tay sb 4 nam
trong khoang luc bam va luc can hay ndi cach
khac ddm bao diéu kién bam va diéu kién can,
Van téc cuc dai V_..= 40 m/s tai lyc keo (7 tay
s6 4. Nhan t6 dong luc hoc cho tung tay s thé
higén ¢ hinh 5, D_ = 0,35, cho thay 0 t0 co tinh
co dong cao.

Thoi gian ting toc va quing duong ting
tc thé hién tuong tmg hinh 5, 6. Thoi gian ting
tbc bang khong va quing dub‘ng téng toc bang
khong tai Van téc nho nhat A\ . Dbi voi 6 16
trang bi hop sb co khi c6 cép, th(n gian tang toc
va quing duong ting téc phu thudc vao trinh
dd nguoi 1ai thao tac ra, vao s6. Vi vay, két qua
& hinh 5, hinh 6 chi mang y nghia Iy thuyét.
Trong thuc té can xac dinh béng thuc nghiém
v6i 6 to chuyén dong trén duong.

4. KET LUAN

Bai bao da xay dung mé hinh dong luc
hoc kéo va xay dung chuong trinh tinh toan
trén phan mém Matlab. Két qua mo phong, xac
dinh duogc thong s6 co ban cua dong co nhu
md men xodn cuc dai, cong suat cuc dai va xay
dung dugc duong dac tinh ngoai ctia dong co,
cho phép xac dinh duoc mo men, cong suat tai
s6 vong quay bt ky cua dong co. Xac dinh
duoc ty s6 truyén tu:ng tay s6 ctia hop sd va ty
sO truyen ctia truyén luc chinh dé 6 t6 dat duoc
van toc cuc dai da dat ra. Két qua cho phép
danh gia chit luong kéo nhu kha ning khic
phuc can, kha ning ting toc, thoi gian ting toc
va quing duong ting tdc qua cac dd thi. Dua
vao chuong trinh tinh toan, chiing ta ¢6 thé tinh
toan thiét ké strc kéo hay tinh toan kiém nghiém

cho mot xe bat ky bang cach chi can nhap thong &
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s6 can thiét, chuong trinh tinh toan s& cho két
qua chinh x4c cao, tryc quan va giam thoi gian
so vOi phuong phap do thi. s
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NGHIEN CU'U BE XUAT GIAI PHAP TRUC VOT LUC BINH
KET KHOI

STUDY ON SOLUTION FOR CLEANING THE WATER HYACINTH BLOCKS

Nguyén Cong Nguyén', Nguyén Thi Kiéu Hanh?, Lé Thanh Son"?, Phan Hoang Long"*,
Poan Xuin Chanh’, Nguyén Téan Tién"*
'DCSELab, Trudong Pai hoc Bach khoa, Pai hoc Québc gia Thanh phé H6 Chi Minh (PHQG-HCM)
2Khoa Co khi — Cong ngh¢, Truong Pai hoc Nong Lam Thanh phd H6 Chi Minh
3Cong ty Co6 phan Co khi Ché tao may Long An
“Khoa Co khi, Truong Pai hoc Bach khoa, Pai hoc Qudc gia Thanh phé Ho Chi Minh (PHQG-HCM)
5Cong ty C6 phan Cap nudc va Dich vy d6 thi Vinh Hung

TOM TAT

Thyec trang luc binh, co dai phat trién nhanh chong trén song rach tai Long An lam cho hé
thong giao théng dwong kénh ngi dia tdc nghén dat ra nhu cau can cé mét gidi phdp hiéu qua vé
mat kinh té — ky thudt dé giai quyét cdc van dé nay. Tiép theo bai béo khao sdt vé thiee trang luc binh
[13], bai bdo nay dé xudt giai phdp kha thi cho yéu cau thuc té nay.

Tir khéa: Luc binh; Gidi phap xir Iy luc binh két khéi; Mdt dj luc binh.
ABSTRACT

The rapid growth of water hyacinths and weeds on rivers and canals in Long An province is
causing congestion and blockage in the local inland waterway transportation system, which calls
for an effective economic and technical solution to address these issues. Following the survey on
the current situation of water hyacinths [13], this paper proposes a feasible solution to meet these
practical requirements.

Keywords: Water hyacinth, Solution for water hyacinth block; Water weed harvester; Water
hyacinth harvester.

1. TONG QUAN - Str dung ngudn lyc nhan cong lao
dong, vét luc binh bang cac cong cu thd so:
Hién nay, trén dia ban tinh Long An dang Gidi phép nay mang lai hi¢u qua vt luc binh
gip rat nhiéu kho khan trong cong tac quan 1y, khong cao, chi mang tinh chit tuyén truyén,
kiém so4t tinh hinh lyc binh két khéi xuat hién  van dong.
trong h¢ théng kénh rach trén dia ban tinh [13].
Tai Viét Nam, mot s6 giai phap duoc dé xuat va - Phun thudc diét cé: Phuong an nay

thuc hién trong nhiéu nam tré lai day nhu: mang lai hiéu qua di¢t luc binh cao so véi chi &
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phi xtr 1y, tuy nhién viéc phun thudc diét co dé
giai quyét lyc binh lai mé ra mot van dé méi vé
6 nhiém méi truong, anh huong dén doi song
cua nguoi dan va da dang sinh thai.

- V6t luc binh bang may xuc véi giu
xtc dugc nang cdp voi kha ning vot cao: Giai
phap vét luc binh ¢6 ning suat vét cao hon viée
v6t bang tay, tuy nhién kha ning di chuyén cta
t6 hop may khong linh hoat va chi phi vét cao,
tir 46 dan dén hiéu qua kinh té trén ning suat
v6t khong cao, gy hao phi.

- Mot sb nghién ctru da duogc trién khai
dé ché tao thiét bi truc vt luc binh, tuy nhién
khong hiéu qua vé mat kinh té — k¥ thuat nén
chua dugc ap dung vao thuc té [4], [5].

Tiép theo, bai bao khdo sat thuc trang luc
binh két khdi & Long An. Bai bao nay dé xuat
giai phap xir 1y luc binh bang phuong tién pha
khéi va vét, ung dung cho dia hinh kénh, rach
cua tinh Long An v&i mat do cao mdt cach hi¢u
qua, mang lai ning suat va hiéu qua kinh té.

2. PHUONG AN PE XUAT XU LY LUC
BINH KET KHOI

2.1. Quy trinh xir ly luc binh

Quy trinh xtr ly luc binh 1a& mét qua
trinh k¥ thuat nham giam thiéu luong luc binh
troi ndi trén cac kénh, rach. Quy trinh xtr 1y luc
binh bao gom nhiéu budc khac nhau, tiy thudc
vao phuong an xur 1y dugc 4p dung. Qua qua
trinh nghién ciru, quy trinh hop 1y nhat ddi véi
viéc xtr 1y tinh trang luc binh két khoi, mang lai
hiéu qua kinh t& — ky thuat.

Bam pha Truc Bam tha Van

SO cap vot cap chuyén Xir ly

Hinh 1. Quy trinh xit Iy luc binh két khoi

Céc phuong an xir 1y lyc binh két khéi
dé xuét trong bai bao nay dé cap dén cac to hop
tau tryc vot luc binh sur dung tai cac kénh, rach
¢6 cac mang luc binh két khdi theo quy trinh
nhu Hinh 1.

2.2. Sir dung t6 hop truc vét gom 2 tau

Phuong an nay dé xuét tach biét cum
bam pha so cap va cum truc vot trén hai than
tau tach biét v4i nhau. Tau cét pha luc binh so
cAp mang nhiém vu pha v& cac lién két giira
cac tang luc binh, tao diéu kién cho tau truc vét
luc binh thyc hi¢n chirc ndng vét luc binh. Luc
binh dugc vét s& dugc van chuyén sang may
cit thai lyc binh nham gia ting tai trong tai luc
binh c6 thé chira trén tau. Luc binh trén tau vét
s& duoc van chuyén vé b dén co so xtr 1.

2.2.1. Thiét ké tau bam phd luc binh

Tau bam so cip duoc thiét ké voi hé dao
bam phé so cap dit & phia trudc than tau, sir
dung phdi hop chuyén dong tinh tién cua tau va
chuyén dong xoay ctia dao dé bam pha cac khi
luc binh két mang 16n va dat ra hai bén. Tau
bam pha so cép ¢6 thé hoat dong ddc 1ap so voi
tau truc vt luc binh. Tau bam pha lyc binh so
cip c6 thé sir dung l1am thiét bi m¢ dudng cho
cac phuong tién khac c6 thé di chuyén dugc
trong diéu kién luc binh day dac. Tau bam so
cAp dé xuit sir dung cac phuong an:

==

>

Hinh 2. Co céu tau bam thén don dao cdt dia
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Vé than tau, c6 hai phuong an thin tau
gdm than d6i va than don. Trong khi tau than
don cho phép téi uu kha ning nbi cia thuyén va
tang cudng tai trong chira trén than thuyén, tau
than doi cho phép thuyén giam can nudc va van
hanh khi di chuyén trén mit nudc. Trong moi
truong luc binh day dac nhu da khao sat, viéc
gia ting tang tai trong 1a chua that sy can thiét
néu xét dén phuong dién tau kho c6 kha nang di
chuyén duoc giita cac mang luc binh két khoi
cho du dd dugc bam so cip. Két cdu tau than
d6i cho phép tau ré nude hiéu qua va day luc
binh vé phia sau cho cum tau truc vot.

Hinh 3. Co cdu tau bam so cdp thin déi dao cat
try xoan nghiéng

Vé dao cit, ta xét phuong an dao cit
dia va dao cit tru. Dao cit dia léch tam mang
tinh thong dung va dé gia cong ché tao. Trong
qué trinh str dung, mdt nira than dao dugc ngam
vao nudc tac dong cat thai 1én b phan ré két
khdi cua céac mang luc binh. Dao cit tru mat
khac t6i wu hon trong van dé cat thai khi yéu
cAu nang luong cit nhé hon, cho ra do bén cua
dao cao hon va hd tro r& luc binh da bam ra hai
huéng néu lp hai bén dao nguoc chiéu nhau.
Bén canh d6, loai dao lap tru c6 kha nang bd tri
lép & hai bén than, vira cit luc binh & hai bén
tau vira hd tro luc di chuyén cho tau.
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Vi hai phuong an trén, chon phuong
an phdi hop giira than tau d6i va dao cét tru cho
kha ning di chuyén tdi uu gitra cac mang luc
binh két khéi va mang lai hiéu suat cat thai cao
hon, tao tién dé hd trg cho thiét bi truc vét cac
khéi luc binh d3 dugc bam so cép.

2.2.2. Thiét ké tau truc vot luc binh

Tau vét luc binh 1a mot loai tau duoc
thiét dé thu gom luc binh tir mit nudc dé
chuyén tai 1én bo. Tau truc v6t hoat dong hidu
suét cao nhat trong diéu kién lyc binh c6 mat do
6n dinh. Trong nghién ctru thiét ké s& thyc hién
dinh hudng theo cac module chirc nang, cu thé:

a. Module bang tai vot luc binh

C6 chuc nang vét lyc binh 1én khdi mat
nude va tao dugc mot d6 dn dinh cua luc binh
trong khu vuc vot. Phuong an thiét ké Module
bang tai vét dam bao cong sudt ~ 150 tin/gio,
khéi lugng < 1000 kg, cong suit < 15 Hp, tudi
tho thoi gian dai, do tin cay khi lam viéc lién
tuc thi 1a phuong an bing tai vdi co céu treo
tao goc vot tét nhat. Bing tai dang ludi duoc
lap dat trén khung truyén dong bang xich tai
gin v6i dong co va co co ciu nang ha dé didu
chinh goc nghiéng khi lam viéc. Dé thuc hién
cac nhom yéu cau thiét ké néu trén c6 mudi
phuong an trinh bay ¢ Hinh 4.
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Vé6i yéu cau cum bing tai vot ¢ thé
diéu chinh goc do thong qua hé théng nang ha
dé thuan tién cho qua trinh vét ciing nhu qua
trinh di chuyén va stra chira k¥ thuat cho cum.
Két qua phan tich nghién ciru, danh gia hiéu
qua cua cac co cAu nang ha khung cum vét luc
binh, co cau thay doi goc nghiéng khi thyc hién
vot luc binh tai Hinh 5.

Hinh 5. Phwong dn thay doi géc nghiéng Module
bang tdi vot

Phan tich nguyén 1y ctia phuong an:
Bing tai truc vot (1) dugc ndi véi xylanh thiy
luc (2) dé nang ha, véi cac khép xoay duoc két
n6i voi gia 1a than tau. Bang tai dugc thiét ké co
thé diéu chinh goc nghiéng tiy theo trang thai
d6i twong lyc binh trén mit song, chuyén vao
bd phan nbi tiép lién ké va ning 1én cao hon so
v6i mit nude trong truong hop di chuyén va
bao dudng.

Yéu cau luc binh dé)ng déu dé thuc
hién vét dat nang suat va on dinh trong diéu
kién da dang cua luc binh trén song, theo phan
tich thiét ké dé xuat mot tréng cung cap liéu
& Hinh 6. Can ctr vao 1y thuyét thai vat ligu
dang 6ng try dai, tiéu hao nang luong thip nhat
trong nghién ctru may thai Vonga 5 [1] la dang
dao hinh try xodn nghiéng. Trén co s do, qua
trinh thiét ké phuong an pha so b dé cép liéu
dugc dinh huéng theo trong pha dang tru tron
xoan thuc hién cit pha luc binh cép liéu. Theo
phuong an thiét ké, canh dao mang bién dang
Hinh 4. Céc phirong dn vé co cau dé xudt cho hinh hoc xoan khi tac dung 1én doi tuong luc

Module béng tdi vét binh tao ra hiéu tmg pha két khdi ting phan,
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qua trinh hoat dong sé tao ra dugc dong chay
c6 tinh dinh hudng ra hai phia hodac hudéng vao
trong. Thuc hién diéu chinh hudng nghiéng cia
dao thi cung mot tréng dao co thé tao ra dugc
hiéu img hudng dong vao gitra hoac tach roi ra
hai bén sau khi phé luc binh. Trong thiét ké sir
dung phuong an huéng dong vao giita dé hd
trg cho qua trinh vét ciia bang tai. Tréng cung
cap (1) duoc lap dat truc tiép trén khung cua
Module bing tai v6t (2). Trong thiét ké nay, khi
gip vat can khong thé pha duoc trong diéu kién
truc v6t thuc tién nhu: gbe cdy, ré tre, cac vat
ndi co do cimg khong xac dinh, rac... thi co
ciu tréng pha co thé dao chiéu quay dé hudng
t6 hop khong mic vao cac di vat.

!
™~

Hinh 6. Trong cung cdp tich hop trén Module vét
luc binh

Pé b6 sung hiéu qua cua qua trinh vot,
trong thiét ké sir dung thém cum tay gom ciing
duoc dé xuét thiét ké hd tro cho qué trinh vot.
Khi thiét ké, co ciu tay gom duoc tich hop trén
bd khung cta bang tai vot, du kién tang do rong
khi 1am viéc 1én 1,5 ~ 2 1an, dé thuc hién yéu
cau ndy c6 thé str dung bdn phuong an thiét ké
¢ Hinh 7.

Hinh 7. Cac phwong an vé co cau dé xuat cho cum

bang tdi vot luc binh

Két qua nghién ciru, phan tich va danh
gia thuc tién, phuong an ti wu duoc trinh bay &
Hinh 8, dam bao dugc kha nang cung viing, tinh
linh hoat va giam khéi lugng cho Module vot
luc binh. Phan tich phuong 4n nay thi: tay gom
(1), (4) duoc lap dit trén khung ctia Module
v6t va diéu chinh goc do hoat dong thong qua
hai xylanh thay Iyc (2, 3). Bé mit tiép xtc voi
luc binh dugc thiét ké v6i dang mat ludi nham
giam lyc can cua nudc sinh ra trong qua trinh
thu gom luc binh. Kha nang mé rong churc nang
clia cum tay gom trong thiét ké s& tich hop bing
tai xich, cum dao cét phan ludng dé ting dong
di chuyén lyc binh hd tro qua trinh ph4 tang luc
binh két khoi.
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Hinh 8. Co cdu tay gom luc binh
b. Module cit thai luc binh thir cap

Module cit thai luc binh thi cép la cum
cong tac dugc b tri lién ké v&i Module vot luc
binh, c¢6 chirc ning xtr 1y, cat thai luc binh da
vot thanh cac manh nho ¢6 kich thude < 50mm,
niang suét thai d6i v6i luc binh vt 1én 200 tan/
gid, trong lwong 400kg, cong suat thai 25Hp.
Dé thuc hién yéu cau nay, co thé st dung nam
phuong an trinh bay & Hinh 9.

Hinh 9. Cdc phwong dn thiét ké cho Module cit
théi luc binh thir cdp

Két qua phan tich va danh gia thyc tién,
phuong an phu hop cho thiét ké s& theo nguyén
Iy & Hinh 10, v&i phuong an nay dam bao duogc
kha ning cat thai, tiép liéu dinh lugng dé chat
luong théi dat dugc kich thudc vat thai thanh
phiam < 50mm. Lyc binh sau khi thai s& duoc
tai vé Module bang tai chira va van chuyén dé
chtra va thdo li€u Ién hai bén bo, thao tai qua
phuong tién chira trung gian hoac thao tai tai vi
tri tap két.

Hinh 10. Thiét ké mdy thai luc binh thir cdp

Theo nguyén 1y cét thai c6 tim ké két
hop v&i cap liéu lién tuc c6 dinh lugng, luc binh
sau khi dugc van chuyén 1én bang bang tai vét
(8) s& qua hé théng cudn ép bao gdm cac ruld
cudn (6) dé cung cip vat liéu cho qua trinh thai
cta tréng thai xodn (3) mot cach dong déu va
lién tuc, dong thoi qua trinh cubn ép s& khién
cho luc binh mat nuéc gitp thuan lgi hon cho
qua trinh chta. Trong dao xodn phdi hop vai
tam ké (5) dé cit thai luc binh.

c. Module bang tai chira va van chuyén

Module bang tai chira va van chuyén
duoc thiét ké thuc hién chirc nang chua vat
liéu sau khi thai va thao liéu Ién hai bén bo,
thdo tai qua phuong tién chira trung gian hoac
thao tai tai vi tri tap két. Trong phan tich thiét
ké yéu cau cac phuong an dé xuit c6 kha ning
chtra luc binh sau thai, c6 kha nang thao li¢u
v6i nang suat tinh theo luc binh sau thai 100
tan/gio, cong suat Module bang tai chia va van
chuyén luc binh 30Hp, b tri tdi vu khong gian
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trén dién tich hep. Pam béao cac yéu cau trén, co
thé dé xuat bon phuong an thuc hién ¢ Hinh 11.

.._.
[

1 2 Hinh 12. Thiét ké chon cho Module bang tdi chira
va vin chuyén

. - Phuong 4n thiét ké bd tri chung cho
o ¢ td hop tau phé két hop truc vét: Tir qué trinh
@ ﬂ] nghién cuu, xay dung phU:o:ng an cho ta‘lp vot

luc binh, phuong an tong thé phu hgp nhat véi

Hinh 11. Nhém phicong dén thiét ké Module bing dicu kién k,é nb, r‘f“ih trén dia ban tinh Long An
da dugc the hién bang Hinh 13.

tdi chita va van chuyén

Phén tich va chon phuong an 'Ehiét ké O 1T 3§ o]
cho Module bang tai chira va van chuyén duoc ‘w. i l
trinh bay ¢ Hinh 12. Trong phuong an bao “ :iljg ‘ - b l
gdm: mot thing chira (1) ndm nghiéng, c¢b dinh d y " Y e 7
dé tich trir luc binh da thai, luc binh duoc phan
bb déu bén trong thing chira thong qua bang tai u/% 7
xich cao nam dudi day thung chira, mot bang e o/ !
tai cao su duoc bd tri nam ngang (2) dé thuan Hinh 13. B6 tri chung 16 hop tau phd két hop
tién cho qua trinh thai liéu. truc vot &
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Phuong an thiét ké co thé bién doi theo
thuc trang ctia cac kénh khi van hanh. Phuong
an c6 thé tiy bién thay d6i theo nhu cau truc vét
hodc bam pha dé mo dudng do trong phuong
an da thuc hién viéc module hoa cac cum chirc
ning. Cu thé, néu mudn thay d6i may pha
luc binh thanh may vét thi tich hop thém céac
module nhu: Bang tai vot, Bang tai thao liu.

Phuong an thiét ké trién khai san pham
theo module s& cho phép giai quyét duoc cac
bai toan thuc tién véi cac kénh c6 bé rong nho
hon 20m, phat trién cac t6 hop vot co cong sut
cao hon, ap dung cho cic séng chinh ¢ bé rong
< 80m. Toc do di chuyén tir noi neo dau dén
noi cong tac s€ thuc hién di chuyén v&i van tde
tir 12 km/h ~ 14 km/h. Téc do thyc hién truc
v6t toi da tir 2 km/h ~ 3 kmv/h trong diéu kién
luc binh két khéi. Trong thuc tién, véi mot ca
lam viéc thi qua trinh xa liéu tr mat nude 1én
bo ¢ thé chiém tir 30% dén 35% thoi gian 1am
viéc ctia mot ca va qué trinh di chuyén khong
tai dén diém tap két tir 20% dén 25% tong thoi
gian lam vié€c, vi vay thuc té qua trinh truc vot
phai c6 nang suat cao dé bu vao cac khoang
thoi gian tréng khi to hop thuc hién cong tac xa
liéu luc binh.

Phuong an tryc vot: trong pha ctia may
thyc hién danh tan cac tang luc binh két khdi,
sau d6 bang tai s& thyc hién thu gom va chuyén
vé cum thai va thung chira va duoc phong 1én
hai bén bd kénh. Thoi gian lam viéc cia may
2 ca/ngay, cong nhan phuc vu la 2 cong. Thoi
gian lam viéc cua may vot trong nam s€ phu
thudc vao nhu cau xt 1y thuc té.

3. KET LUAN
Bai bao d& xuat nhom cac phuong an,

gidi phap dinh hudng giai quyét van dé luc
binh két khéi dic trong kénh, rach va thong

thoang dong chay trén soéng 16n cép ngudn
chinh. Phuong an thiét ké tau pha va tau vét két
hop lién hoan phu hop voi diéu kién 1am viéc
khi lyc binh trong kénh, rach c6 két khdi dic,
phuong 4n ndy con c6 thé ap dung cho séng cap
nguon chinh dé thyc hién khai thong dong chay
v6i bé rong khai théng dén > 50m. Phuong an
thiét ké bd tri chung cho t6 hop tau pha két hop
truc vot theo dé xuat phi hop véi diéu kién luc
binh trong kénh khong c6 két khdi dic, phu hop
vo1 cong tac thuc hién truc vot thong thoang
kénh c6 bé rong < 80m. Bé c6 duoc phuong an
phtl hop va tdi wu cho timg dia hinh lam viéc
ctia kénh, rach thi cdn nghién ctru thyc nghiém
danh gia.

Lo1i cam on:

Nghién ctu nay dugc tai trg boi Bo
Khoa hoc va Cong nghé trong khudén kho Dé
tai ma s6 PTPL.CN-26/21. Chiing tdi xin cam
on Phong Thi nghiém trong diém Diéu khién
Sb va K¥ thuat H¢ théng, Truong Pai hoc Bach
khoa va Cong ty C6 phan Cép nudc va Dich vu
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NGHIEN C(rU THUAT TOAN TiM BUONG BI TOI YU CHO ROBOT
CO KHA NANG TRANH VAT CAN TRONG MOI TRUONG
BIET TRUYOC

MOBILE ROBOT FAST PATH PLANNING ALGORITHM FOR OBSTACLE
AVOIDING IN KNOWN ENVIRONMEN

Nguyén Vin Huéng, TS. Nguyén Trong Doanh
Truong Co khi, Pai hoc Bach khoa Ha Néi

TOM TAT

Thiét lgp dwong di cho robot di dong c6 kha néng tranh vét can la mot trong nhitng chii dé
thu vi cua cdac nha nghién cuu trong qua khu, ciing nhuw ngay nay. Tuy nhién, cac cong trinh nghién
cibu trude ddy chii yéu tdp trung vao viéc tim ra qudng dwong ngdn nhat giita vi tri ban dau ciia
robot va vi tri muc tiéu ciia robot trong méi trieong biét trude. Con dwong toi wu ciia robot khéng
chi phy thude vao quing dwong di ngdn nhat ma con phu thuée vao téc dé di chuyén cia robot dé
dén dwoc vi tri muc tiéu. Lap ké hoach tim duong di 16i wu cho robot véi mét toc dé gioi han co thé
cho phép robot di dong dén muc tiéu trong khodng thoi gian nhanh nhat. Bai bdo ndy dé xudt mot

thudt todn Idp ké hoach dwong di véi thoi gian di chuyén dén muc tiéu nhanh nhat.
Tw khoa: Robot di dong, Thuat toan, Tranh vat can, Lap ké hoach duong di.
ABSTRACT

The mobile robot path planning for avoiding obstacles is one of the most interesting
researching topics. Actuel research works concentrate to find the shortest path between the initial
robot position and target position in known or dynamic environment. The optimal path depends
not only on the shortest path, but also in speed of mobile robot to goal achieving. To find fast path
planning with speed contrain can allow a mobile robot achieve target position in the shortest time.
This paper proposed a new fast path planning algorithm for avoiding obstacles with the shortest

time target achieving.

Keywords: Mobile Robot, Algorithm,; Path Planning; Obstacle Avoidance.
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1. TONG QUAN

Tim duong di ngin nhét va tdi vu nhat
cho robot di dong ludn 1a van dé nong trong
linh vuc diéu khién robot. Bai toan lap quy dao
di chuyén cho robot tir hanh c6 thé chia lam hai
dang: bai toan toan cuc (global) va bai toan cuc
bd (local). Trong bai toan toan cuc, moi truong
lam viéc ctia robot hoan toan d3 biét, robot dua
vao d6 dé tim quang duong di chuyén sao cho
ding muc dich cua nguoi nghién ctru. Trong
bai toan cuc b9, moi truong lam viéc cua robot
hoan toan chua biét, d6i véi trudng hop nay
can sir dung dén cic cam bién gin trén robot
dé tranh vat can. Do vay, thuong c6 hai su lya
chon cho dé tai nay:

- Mot 1, robot di chuyén trong méi
truong da biét.

- Hai 13, robot di chuyén trong méi
truong dong hay moi truong khong xéac dinh.

Di ¢ rit nhidu cac nghién ctu lién
quan dén thuat toan tim dudng di tdi wu cho
robot nhu: Thuat toan Dikstra [7], Bug 1 [5, 7,
9], Bug 2 [5, 7, 9], Thuat toan theo doi khoang
cach FGA [8], Thuat toan theo doi khoang cach
thong minh IFGM [3], Thuat toan tim dudng
ngau nhién RRT [5, 11], Thuat toan A* [5, 8,
12, 14]. Cac cong trinh nghién ctru déu tap
trung tim duong di ngin nhit cho robot ma
khong cht y dén toc do di chuyén. Cac chudng
ngai vat co rat nhiéu cac hinh dang khéc nhau,
mot s trudng hop rat d& tim duong nhu chit U,
chir H, hinh chir nhat, tam giac. Tuy nhién, viéc
tim dudng mat rat nhidu thoi gian va khong
phai con duong t6i uu.

Dua trén thuat toan phan tich duong di
toan cuc cho robot [9], thuat todn cua tac gia Lé
Xuan Hai cho két qua tot hon so véi hai thuat

toan cb dién Bugl va Bug2.

—o—NSPMR algorithm
+— Bugl algonthm

25| = = = Bugl algorithm

wndinate Y{m)

M)

Coordinate Xim)

Hinh 1.1. Két qua dwong di ciia thudt todn NSPMR

Tuy nhién ddy van chua phai con duong
di ngin nhat va thoi gian dén dich ngan nhat.
Van con con duong di tdi wu hon khi xét dén
vén tdc cua robot. Puong sé 1 mau vang gdm
4 doan thang va 3 doan cua, dudng sd 2 gdm
3 doan thing va 2 doan cua. C6 thé thiy rang
duong mau vang co quing duong di chuyén
ngan hon tuy nhién khi xét d&én van toc chay
cua robot thi duong mau do lai c6 thoi gian di
chuyén dén dich 1a nhanh hon.

== NSPMR algonithm
+— Hug? algonthm
251 |===RBugl algorithm

Coordinate Yim)

Coordinate X(m)

Hinh 1.2. Pé xudt dwong di méi 1
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Dua vao thuat toan RRT*, Qi va cac
cong su [11] da thuc hién mot soO stra doi va da
dat dugc mot két qua tot hon.

Hinh 1.3. Két qua dwong di ciia thudt todn RRT*

Viéc tim kiém duodng di duoc t6i wu hoa
bang thuat toan MOD-RRT* ngan hon so véi
thuat toan RRT ban dau. Tuy nhién van con cac
giai phap t6t hon nhu duong mau vang va do

trong hinh dudi.

Hinh 1.4. Dé xudt dwong di méi 2

Tuong tu ddi véi thuat toan PSO cua
Adamu va céc cong su [2], ta c6 thé tim duoc
con duong di to1i uu hon.

ROBOT PATH N A W00 SEARCH SPACE WATH THREE OBSTACLES
Wr v . * + + - * .

3 b

Y-CORTINATE

o 1 2 3 4 5 B 7 8 9 10
£ CORDINATE

Hinh 1.5. Pé xudt dwong di méi 3

Viée xét dén tdc do cua robot 1a mot yéu
t6 quan trong dé giam thiéu thoi gian di chuyén
té1 dich. Bai bao nay s€ xay dung mot thuat
toan moi giup robot di chuyén dén dich nhanh
nhét, robot s& di chuyén véi toe do t6i da & cac
cung dudng thiang va s& di chuyén véi van toc
bang 70% van tdc ti da & cac cung dudng cua.

2. PE XUAT THUAT TOAN TiM PUONG
PI TOI UU MOI

2.1. Co s6 ly thuyét

Thuat toan tranh vat can voi thoi gian di
chuyén nhanh nhat dugc gia thuyét nhu sau:

- B& mit phang, khong trugt;

- Moi truong lam vig¢e da biét;

- Vi tri, hinh dang ctuia chudng ngai vat
xac dinh;

- Kich thudce cua robot duoc xac dinh
bang hinh tron ¢6 ban kinh da biét;

- Toc d6 di chuyén tdi da va téc do goc

da biét.
ve
VatcanI (Xo.Yo) ® Piém muc tiéu
dy /
< ._
Vit can J
(X, Y)
X, 1)
et R
@ Diém bat dau
(Xin, Yin) .

0 X

Hinh 2.1. M6 hinh héa hé thong

DPuong di to1 vu nhat 1a duong thang
noi diém ban dau va di€ém muc tiéu. Do do,
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khoang cach giira hai vat can 1a yéu t6 quan
trong quyét dinh xem robot c6 thé di qua giita
cac chudéng ngai vat hay khong. Néu khoang
cach gitra hai chudng ngai vat 16n hon hai 1an
ban kinh ctia robot thi cho phép robot di chuyén
qua céc chudng ngai vat.

Khoang cach hay khoang cach nhé nhét
gitta hai chudng ngai vat dugc xac dinh bf?lng
cong thuc:

dy= =%’ +(-n)? )

2R < d; 2)

Phuong trinh duong muc tiéu (la dudng
thdng ndi tir diém bat dau dén diem két thuc):

—Y;
y =2y 4 3
X —Xin 3)

Phuong trinh tiép tuyén tr mot diém

dén cac diém dau mut cua vat can dugc bao boi
duong tron c¢6 ban kinh R tinh tir tdm ctia robot:

1/1_ mbsX +b (4)

Xo—Xiobs
2.2. So' @6 khoi thuit toan

Thuat toan tim dudng di chuyén ti uu
duoc thuc hién nhu sau:

e Budc 1: Thiét 1ap ban dd, xac dinh
sO vat can trong moi truong lam viée (N ), Xac
dinh diém bat dau (init_point) va diém ket thtic
(final_point).

® Budc 2: Xac dinh phuong trinh duong
thang tuor diém bat dau va diém két thuc (duong

muc tiéu Y).

e Budc 3: Giai quyét bai toan:

» Truong hop 1: Khong ¢6 vét can (N,
= 0) => Puong t6i wu nhat 1a duong thang di
qua diém bat dau va diém két thuc.

P Trudng hop 2: Co N la s6 vat can (N, = N).

Kiém tra xem dudng muc tiéu co cit
vat can khong va tinh khoang cach nho nhat tir
vét can dén dudng muc tiéu. Néu dudng muc
tiéu khong cét vat can va khoang cach nho nhét
tir vat can dén duong muc ti€u 16n hon R thi
duong di tbi vu 1a duong muc tiéu Y. Nguoc lai,
néu duong muc tiéu cit vat can hodc khoang
cich nho nhét tir vat can dén duong muc tiéu:

- Xac dinh cac duong tron tam I ban
kinh (R + 0.1R); trong d6 I 1a dinh cac dau mut
cua vat can, R 1a ban kinh cua robot; 0.1R 1a h¢
s6 an toan.

- Tao danh séach cac tiép diém; trong do
Is_init 1a danh sach cac tiép diém ké tir diém bat
dau dén dudng tron tam I; 1s_final 1a danh sach
cac tiép diém ké tir diém két thuc dén duong
tron tam [.

- Luu cac tiép diém p, vao Is_init véi p,
thoa mén diéu kién: Doan thang (init_point; P )
khong cit bat ky vat can nao va dudng thing
nay khong cat bat ky canh nao dbi véi vat can
dang xét.

- Luu géc tiép diém D, Vvéo Is final voi
p, thoa mén’dié’u kién: Poan thang (final _pojnt;
p,) khong cét,bét,k}‘/ vat can nao Vé} duong thang
nay khong cat bat ky canh nao doi véi vat can
dang xét.

- Xac dinh giao diém (intersec_point)
giita hai duong thang (init_point; p,) v6i (final _
point; p,).
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+ Néu ton tai giao diém (intersec_point)
thoa man diéu kién: Poan thing (init_point;
intersec_point) khong cat vat can nao va khoang
cach tir doan thang nély dén vat can 16n hon R;
dong thoi doan thing (final point; intersec
point) khong cét vat can nao va khoang cach tir
doan thang nay dén vat can 16n hon R.

+ Tinh khoang cach tir init point dén
diém giao va diém final point (distance path).

+ Tinh khoang cach tir diém init_point
to1 P, Jr"khoémg cé}ch pl‘t(')i p, + khoang cach
tur P, tdi1 final point (distance over tangent
point).

+ Néu distance path - distance over
tangent point < 6R thi thém intersec_point vao
danh sach Is tangent p va nguoc lai.

- Is_tangent > 0 thi:

+ Tinh toan quing dudng di chuyén.

+ Tinh thoi gian di chuyén véi gia thiét
dén khuc cua van toc di chuyén cua robot bang
70% van toc toi da khi di chuyén trén doan
thang.

v=v_ (1-0.7cosa)

Trong do, a la gbc quay cuia robot.

+ So sanh thoi gian di chuyén va chon
quang duong di chuyén c6 thoi gian ngan nhat.

-Néu Is_tangent = 0 thi:
+ Xac dinh p,_tangent, p, tangent lan

luot 1a tiép diém giira hai dudng tron co tiép
diém trong danh sach cua Is_init va Is_final.

+ Xdac dinh p,_new la giao diém cua
hai duong thang (init_point; p,) va (p,_tangent,
p,_tangent).

+ Xdc dinh p,_new la giao diém cua hai
duong thang (final point; p,) va (p,_tangent,
p,_tangent).

Poan thing (p,_new; p, new) thoa
mén diéu kién: Khong cat bat ky vét can nao
va khoang cach giita doan thing nay so vé6i vt
can phai l6n hon R).

+ Tinh khoang cach tir diém init point
toi p,_new +khodng cach p,_new t6i p, new +
khodng céch tir p,_new t6i final point.

+ Tinh thoi gian di chuyén.

+ So sanh thoi gian di chuyén va chon
quang duong di chuyén c6 thoi gian ngan nhat.

Ciydurg = iy L w:
Tz ek o o i oy ded
Cnadet fdew shifls =a_gmeg
Cpaden didw sbemes iEeai_pen
el o o e |7

- WS -_.- H_n I
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s - = Thut toan dua ra quiang duong di chi voi
::'::" S 1 khtc cua, trong khi thuat toan PSO dua ra
SRR quing duong di chuyén voi 6 khic cua, diéu do
e dan dén thoi gian di chuyén cta thuat toan méi
e 13 15.6s con thuat toan PSO di chuyén véi thoi
T — gian 25.4s.
K

Déi v6i thuat toan NSPRM cua Lé

e J e Xuan Hai va cac cong su:
.-.__,.. ¥ P =3
—a *-‘.-ﬁ:;.":.‘.:?:-""'" ﬁ;'-:":.:‘z‘i =k .
L g1 e s ] “1
- o=_ i T g i ]

e |
]
-
X 1
4,

Hinh 2.2. So dé6 khéi cua thudt toan : —
Thuat toan NSPRM

3. KET QUA VA THAO LUAN
Tién hanh mo phong thuat toan voi cac ) u
thong s dau vao nhu sau:
]

- Ban kinh ctia robot: R = 1; . .
-Vantoc max:v_ =1, f

- Vén toc khtc cua v ="70%v__ . J
+»» D061 voi thuat toan PSO cua Adamu va cac

A Thuat toan Bugl
cdng su:

Thudt toan Bug?2
T . Hinh 2.4. Két qua dwong di so véi NSPRM,
Hinh 2.3. Két qua dwong di so véi PSO Bugl, Bug?
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Ta c6 bang so sanh cac thuat toan nhu sau:

Bdng 1.1. Bang so sanh thoi gian di chuyén giita
cac thudt toan

Thuat My

tosn | method NSPRM | Bug2 | Bugl
Thot 1 455 50.7 58 | 1292
gian (s)

Bén canh do, t6i cling thuc hién so sanh
thuat toan cua minh voi cac thuat toan co dién
nhu A start, Dijkstra va déu thu duoc két qua tot
hon:

Hinh 2.5. Két qua dwong di so voi thudt todn A*
va Dijsktra

Mot sb truong hop khac cua thuat toan:

Hinh 2.6. M{t s6 truong hop tim dwong khdc

4. KET LUAN

Thuét toan méi tim duong di t6i wu cho
robot mang mot y tuéng méi mé, s dung hinh
hoc dé giai quyét bai toan. Va két qua cua thuat

toan nay ludn cho thoi gian di chuyén tét hon
50 Vi cac thuat toan ¢ dién trude day nhu A*,
RRT, Bugl, Bug2.... Ta c6 thé 4p dung thuat
toan ndy vao cic cong viée ciia doi sdng hang
ngay rat hiéu qua, dac biét la trong chién dau
va tac chién dién tir khi yéu cau can thoi gian di
chuyén dén dich nhanh nhét tir cac don vi chi huy.

Loi cam on:

Nghién ctru nay duogc tai tro boi Truong
Co khi. Tac gia xin cdm on Truong Co khi, Pai
hoc Bach Khoa Ha Noi da hd tro thoi gian va
co s& vat chit cho nghién ciru nay. <

Ngay nhan bai: 15/9/2023
Ngay phan bi¢n: 09/10/2023
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THIET KE THIET Bl GAP CANH BUOI PONG CO TRONG QUA
TRINH BAO DUONG, SIPA CHO’A DAN PHAN LU'C 9M-22Y

DESIGNING THE TAIL ENGINE FOLDING DEVICE FOR THE MAINTENANCE
AND REPAIR OF THE 9M-22Y JET ENGINE

ThS. Nguyén Vin Cuong, ThS. Nguyén Quang Huy
Hoc vién K¥ thuat Quan su

TOM TAT

Pé tai "Nghién ciru thiét ké thiét bi gdp canh dqudi dong co trong qud trinh bdo dwdng, sira
chita dan phan e IM-22Y theo nguyén Iy cam" nhdn manh vdo viéc phat trién mot thiét bi chuyén
dung dé thuwce hién thao tac gdp canh dudi dong co trén dan phdn lic IM-22Y trong qud trinh bdo
dudng va sika chita nham cdi thién hiéu sudt va an toan trong qud trinh bdo dweong. Pady la mot dé
tai co y nghia ly thuyét va thue tién cao, mang lai su tién loi va dam bao tinh toan ven cua dan phan
lyc trong qua trinh bao quan s dung.

T Khoa: Thiét bi gdp canh; Sira chita dan phan hec; Nguyén Iy cam.
ABSTRACT

The research topic "Design of a cam-based tail engine wing-folding device for maintenance
and repair of IM-22Y jet engines" emphasizes the development of a specialized device for performing
the task of folding the tail engine wings on the 9M-22Y jet engine during maintenance and repair.
This operation is currently carried out manually or through makeshift equipment, leading to issues
such as labor accidents and damage to the engine's tail wings.

Keywords: Wing folding devic,; Jet engine maintenance; Cam principle.
1. PAT VAN PE

Trong qua trinh bao dudng va stra chira
dong co dan phan luc 9M-22Y, viéc gap canh dudi
dong co hién dang thuc hién thu cong hodc qua
cac thiét bi ty ché. Piéu nay gay ra van dé vé do
chinh x4c, an toan, va thoi gian. Vi vay, viéc phat
trién mot thiét bj tw dong dua trén nguyén Iy cam
va khi nén dé hd trg qua trinh nay trd nén quan
trong. Thiét bi ndy gitip ndng cao hidu qua, an toan,
va sy san sang cta dong co, dong thoi giam nguy Hinh 1. Thiét bi gdp canh dudi dong co dan phan
co hong hoc va tai nan lao dong [ 1, 3]. lwc OM-22Y
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2. THIET BI GAP CANH PUOI PONG CO
TRONG QUA TRINH BAO DUONG, SUA
CHUA PAN PHAN LUC 9M-22Y

2.1. Xac dinh d¢ nghiéng ranh cam, ban kinh
6ng rinh cam

Mdi quan hé giira goc nghiéng ciia rinh
cam o, ban kinh dng ranh cam R va hanh trinh
chuyén dong tinh tién cia canh Al dugc thé
hién trong hinh 2.

Tt hinh 2, ta xac dinh duogc:

_A4B _ 4Al 2Al
tan o =——=a= arctan(H—)

2.1
04 20R @

B

Al

2I1R

4
Hinh 2. Moi quan hé d¢ nghiéng ranh cam va bdn
kinh ong ranh cam

Tur cong thuce 2.1, ta 1ap dugc bang gia
tri moi quan hé gitra o, R nhu bang 2.1, ta chon

goc a~ 10°, R =25mm.

Bdng 2. 1. Gid tri méi quan hé giita a, R

o R a R
ST @) | mm) | 5™ | @)  (mm)
41.7 5 4 12.5 20%

24 10 5 10 25%%

3 16.5 15% 6 8.4 30

2.2. Xay dung mo hinh tinh toan va tinh toan
luc day pittong

Xét co hé gom chi tiét ddn huéng dang
cam va truc pittong.

Ta ky hiéu: E;l_éluc day cua pittong;
F,yr 1a luc 10 xo0 doc; F)q la lyc ma sat; G la
trong luc; £y, 1a phan lyc ranh cam; o 1a goc
nghiéng ctia rinh cam; Al 13 hanh trinh chuyén
dong tinh tién cua canh; 0 1a goc quay cua canh
quanh truc ctiia n6; R 1a ban kinh 6ng ranh cam;
1t 12 hé s6 ma sat.

Cac lyc tac dung 1én truc pittong dugc
thé hién nhu trong hinh 3.

—_— — —

F = Fop+F g+ F+F,+G  (2.2)

Goi F F FHF FT dugc phan tich
thanh hai thanh phan‘ Mot 1a lyc theo phuong
vudng goc voi tiép tuyén cua ranh cam tai vi

tri xét, tao ra lyc ma sat (F_}M;) can tré chuyén
dong cua pittong. Hai 1a lyc trung véi tiép tuyén
cua ranh cam tai vi tri xét, tao ra lyc lam pittong
chuyén dong tinh tién vé phia trudc [2, 4, 5].

Y

0 X
Hinh 3. So' do luc tac dung lén truc pittong
Khi do, ta co:
F=F +F +F, +G (2.4)

Xét cong thirc (2.4) trén phuong chuyén
dong cia chat diém, ta co:

F=F,sina—F,.cosa.u (2.5)

Cac momen tac dung 1én canh dong co:

Momen do 10 xo M, ; Momen do thanh phan
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tiép tuyén cua luc day ]\_1; .

R

Taco: M

—_

=M, +M,

Xét trén chi€u quay cua canh, ta co:

M=M,-M,
Trong do:
F .sina.R
M_=F_ Al =—1T—— Al 2.6
T e c Alc +R c ( )

F .. 1a lyc tr vOong bi ty 1én cénh, A 14

khoang cach tur vi tri ti€p xtic cia vong bi.

Tir (2.5) va (2.6), ta ¢ diéu kién dé co

céu hoat dong 1a:

sin a > cosa.

AEC +R
FH > Mu-f + Fm
asc.R.smrx

2.7)

Ta thay F, dat gia tri max khi A_dat gid

tri min (v6i Al = 15 + 70 mm).

Thong s6 dau vao 1a a = 10°, R = 25
(mm), Al = 15 (mm), u = 0.07, F ,  (Max) =
1400 (N), M, , dugc thé hién theo hinh 4. M,
(Max) = 2,04 (Nm). Piéu kién hoat dong cua co

cau la:

F2=1.7+0.34(N.m)

[~

F1=0.78%0.34(N.m)

60°

155°

170°

Hinh 4. So d@é luc 16 xo

sina > cosa.u = 0.17 > 0.069
Al +R

F_> 4.MLX. +F, = 6353(N)
Alc R.sina

3. KET QUA VA THAO LUAN

Khao sat voi R tir 15 mm dén 30 mm, ta
thdy v6i goc o= 10°, R =25 (mm), khong xay ra
hién twong ti him, dé ché tao. Luc day dat mirc
6353 (N), 1a mot gia tri twong d6i 16n. Phuong
an nghién ctru va dua ra dugc goc nghiéng ranh
x0dn va ban kinh tbi wu, tuy nhién lyc day can
cung cip 1a kha 16n, khong phu hop trong diéu
kién thuc té. <
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NGHIEN ClPU THU'C NGHIEM VE ANH HUONG CAC THONG SO
CONG NGHE IN 3D KIM LOAI PEN CHAT LUONG SAN PHAM IN

EXPERIMENTAL RESEARCH ON THE EFFECT OF 3D PRINTING PROCESS
PARAMETERS TO THE PRINTED PART QUALITY

Nguyén Thai Son', Tran Ngoc Hién?
'Trung tam Khoa hoc Cong nghé Giao thong Van tai, Truong Pai hoc Giao thong Van tai
?Khoa Co khi, Truong Pai hoc Giao thong Van tai

TOM TAT

In 3D cho phép tao cdc san pham chuyén dung da va dang dwoc tmg dung trong nhiéu linh
viee. Nghién ciru bé théng sé cong nghé in tdi chdt lwong san pham in la rdt can thiét. Bai béo trinh
bay cdc két qua nghién ciru thie nghiém cia phwong phdp in béi dap ling dong (FDM) sit dung ré
bot han. Céac mé hinh todn thé hién méi lién hé gitka ché dg in khi in vt liéu hop kim Titan véi dé
nhdam bé mdt, dé citng ciia mdu in da dwoc thiét ldp. Cdc két qua thuc nghiém cho thdy cdc gid tri
dé nham bé mdt va dé cung cua cac mau in nam trong gioi han co tinh cua vdt liéu hop kim Titan.
Két qud nghién ciru la co s dé lira chon cdc bo théng s6 cong nghé hop 1y khi in 3D doi véi cdc vit
liéu kho gia cong.

Tiwr khéa: M6 hinh hod béi dap lang dong; In 3D; Théng sé cong nghé in; Nham bé mdt;
Do cung.

ABSTRACT

3D printing allows creating specialized products that have been applied in many fields.
Research on the set of printing parameters to determine the quality of printed products is necessity.
This article presents the results of experimental research on the fused deposition modelling (FDM)
using the welding robot. Mathematical models showing the relationship between the printing
parameters when printing Titanium alloy material and the surface roughness, and the hardness of
the printed sample have been established. Experimental results show that the surface roughness and
hardness values of the printed samples are within the mechanical properties limit of Titanium alloy
material. The research results are the basis for choosing appropriate technological parameter sets
when 3D printing difficult-to-process materials.

Keywords: Fused deposition modelling, 3D printing; Printing process parameters; Surface
roughness; Hardness.
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1. IN 3D KIM LOAI VA BQ THONG SO
CONG NGHE

1.1. In 3D kim loai sir dung robot han

San xuat bdéi dip  (Additive
Manufacturing — AM) hay in 3D da duoc ap
dung thanh cong cho nhiéu linh vuc bao gém
th(n trang, hang khong vii try, hang khong Va
qudc phong, y te va xay dung [1]. Mic du gan
day sy phat trién cho thiy viéc sir dung ngay
cang tang cac hé théng AM dé ché tao cic cu
trac quy mo 16n. Phuong phap in mo hinh hoa
bodi dip ling dong — FDM duogc thé hién trén
Hinh 1.

Cugm diy

. Iiiu im

San phiim in

Hinh 1. Phuong phdp in mé hinh hod boi dap ling
dong — FDM

V6i phuong phép i in nay, day horp kim
Titan tir cudn day duoc cap t6i dau in, dau in
gia nhié¢t vat liéu dén trang thai chay dé tao 16p
in trén tAm nén duoc dat trén ban in. Cac hé
thong may AM dang nay phan 16n ¢ dang ba
truc va thuong in san phém vat liéu nhua [2-3].
Tuy thude vao hinh dang va kich thudc cta vat
thé, cac cau triic hd trg c6 thé dugc yéu cau din
dén tang thoi gian ché tao, tiéu thy nguyén liéu
va chi phi ché tao [4]. Hon nira, cdc mdy san
xuét bdi dip ba truc duogc lién két véi phuong
phap ché tao timg 16p nghiém ngit, tao ra cac
vat thé co hiéu Gmg béc thang dién hinh [5]. Tt

nhig loi ich va han ché cua cac ing dung san
xuat bdi dap thong thuong, cac phuwong phap
san xuit AM dugc diéu khién bang ro bt da
truc dugc st dung cho phép mang lai chat
luong, tinh linh hoat, va ning suat hon [6-9].
Viéc st dung két hop hé théng 16 bot da truc va
cong nghé san xuat boi dap mang lai kha ning
san xuét bdi dép da truc va ché tao céc hinh hoc
phirc tap trong cac méi trudng san xuat khac
nhau. Phan 16n cac hé thdng duva trén phuong
phap dun vat lidu dugc hd tro bang ro bot dang
dugc sir dung dé tao ra cac hinh dang phirc tap
va thuong 13 cac vat thé 1on. Zhang va cong su
[10] da sir dung robot ABB dé diéu khién dau
in dun. Mot nén tang tinh toan co tén Robot
Studio (do ABB phat trién) di dugc sir dung
dé cho phép mé phong, t6i wu hoa va truc quan
hoa qué trinh ché tao. Cac chi tiét sir dung vat
liéu ABS da duoc san xuat nhung hé théng nay
¢ thé dugec mo rong sang cac vat lidu khéc,
chfmg han nhu vi¢c s dung soi carbon dé san
xudt cac chi tiét bang composite. Tuong tu,
Wu va cong su [11] d4 st dung canh tay ro bot
6-DOF UR3 dé san xudt cac chi tiét vat lidu
polyme tir PLA ¢ dang soi, voi cau triic hd trg
tbi thiéu hodc khong co ciu trac hd tro. Mot
cong cu tinh toan da duoc phat trién bang C++
dé phan tach cac mo hinh thanh nhiéu mé hinh
con hd tro, dugc in theo trinh ty khong xung
dot.

Bai b4o nay trinh bay cac két qua nghién
ctru thue nghiém xac dinh anh huong bd thong
s6 cong nghé in 3D kim loai dén chit luong san
pham in sir dung phuwong phép in FDM trén ro
bot.

1.2. B thong sé cong nghé

Qua trinh in 3D ¢6 su hd trg canh tay
robot cong nghiép thong thuong yéu cau bo

thong sb cong nghé chinh: (1) Lap ké hoach &
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quy trinh in, (2) Kiém soat cac thanh phan ciia
dau in (vi du: ép dun, bé gia nhiét, quat, tbc do
tryc xoay), (3) Kiém soat duong dan in thong
qua bd diéu khién canh tay robot va (4) Giao
tiép giita bo didu khién canh tay ro bdt va ca
dau in. Van dé quan trong 1a bd diéu khién
canh tay ro bt va bo diéu khién dau cong/trir
c6 thé dong bo hoa va giao tiép dé cung cap
cac 16p in chat lugng cao va nang suét. Trong
gidi han nghién ctru ndy, cac mau in kim loai c6
hinh dang hinh hop chit nhat duoc thiét ké voi
kich thudc 35x60x35mm. Cac duong chuyén
dong cua canh tay 1o bdt duge tao ra dua trén
hé thong tich hop sin trén canh tay r6 bot han
cong nghiép KUKA.

2. THIET LAP THUC NGHIEM

2.1. R6 bot han va cac thong so thwe nghiém
RO bét han sir dung cho quy trinh thuc

nghiém dugc thé hién nhu trong Hinh 2. Cénh

tay ro bot nang 291kg va c6 kha ning tai 8kg

vOi tAm véi 2101 mm.

Cum binh xe
ddy diy han
=

i Cudn div han
Té dign \ b el
3 L9

s | = L |.
S |

| =
Db ga quay
2 truc

Hinh 2. Cdnh tay ré bot han cong nghiép KUKA

Céac thong s6 cong nghé chinh dugc
thé hién nhu trong Bang 1. Trong nghién ciru
nay, ba thong s6 cong nghé duoc st dung dé
nghién cuu do 1a: Cuong do dong dién I (A);
Dién ap han U (V); Van téc han S (cm/phut).
Dé danh gia anh huong cac thong s qua trinh
dén chat luong in, 08 mau duoc thuc hién véi
cac gia tri thay ddi cta bo ba thong sb néu trén.
Céc gia tri nay duoc lya chon phu hop véi kha
ning hoat dong hiéu qua cia canh tay ro bot
han céng nghiép va cac diéu kién thuc té thi
nghiém: nhié¢t d§ noéng chay cua kim loai in, chi
phi in, thot gian thue nghiém in.

Bdng 1. Théng sé dau vao qud trinh thire nghiém.

K Gi tri tr?;;n
Théng sb Ay Ponvi | nhé *
hi¢u : nhét () nhat
)
Cutng do | A 160 | 180
dong dién
Piénaphan | U \% 26 28
Vantéchan | S |cm/phat| 10.57 | 13.4

2.2. Vit liéu in va miu in thue nghi¢m

Hop kim titan 1a hop kim c6 chira hon
hop titan va cac nguyén té hoa hoc khac. Vat
liéu hop kim titan c6 do cung cao, thugc nhom
vat li¢u kho gia cong. Chung c6 trong lugong
nhe, c6 kha nang chéng an mon dac biét va
kha nang chiu dugc nhiét do khéc nghiét. Tuy
nhién, do chi phi cao cta ca nguyén li¢u tho va
qua trinh gia cong ché tao da han ché viéc su
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dung chung trong cic tng dung quan sy, may
bay, tau vi try, xe dap, thiét bi y té, do trang
suc, cac by phan chiu ing suit cao nhu thanh
két ndi trén 6 to thé thao dat tién va mot sd thiét
bi thé thao cao cap va thiét bi dién tir tiéu dung.
V&i muc tiéu danh gia kha nang ché tao cac chi
tiét sir dung vat liéu titan bang cong nghé in
3D, trong nghién ctru nay da su dung vat li¢u
in 1a vat li¢u Titan — Gr2 dang soi, c6 duong
kinh 2.4 mm duoc cudn thanh cac cudn co khoi
luong 2kg. Thanh phan héa hoc cua loai hop
kim nay duogc trinh bay trong Bang 2.

Bdng 2. Thanh phan héa hoc hop kim titan — Gr2

Thanh phén TY trong (%)
Titanium, Ti >98.9
Iron, Fe <0.30
Oxygen, O <0.25
Carbon, C <0.080

Theo bang thong sb thiét 1ap cho quy
trinh thuc nghiém 08 mau in bang vat liéu Titan
duoc tién hanh véi kich thude 35x60x35mm.
Quy trinh in dugc thuc hién nhu sau, sung han
mang theo sg¢i Titan dugc gia nhiét téi trang
thai long va phun lién tuc trong qua trinh in,
canh tay ré bot mang theo sing han di chuyén
theo quy dao 1a cac duong thang va di theo ciing
mot hudng véi van tde khong doi (van tdc han)
(Hinh 3). Khoang céach giita hai duong di lién
ké nhau cta sting han duoc bang 0.8 lan kich
thude ving kim loai 10ng trén bé mit twong

mg v6i gia tri khoang cach 6.4 mm. Két qua
thyc nghiém duogc trinh bay nhu trong Hinh 4.

arding i cuin iy I

Twm Tmim
ls'nll_,_a, /,’I?ﬂ'i ™

Miit bén

Hinh 4. Két qua thiee nghiém mau in 3D sir dung

cdnh tay ré bot

Vé6i muyc dich thiét 1ap mo hinh hdi quy
thé hién mbi lién hé giira thong s6 cong nghé in
v6i cac thong s6 dau ra 1a d6 nham bé mat va
d6 cimg, phuong phap thiét ké thi nghiém véi
yéu t6 hai mirc ddy du nhu thé hién trén Bang 3.
Vé6i 02 mire va 03 yéu t6 dau vao, tong cong co
08 thi nghiém duoc thiét 1ap. Sir dung may do
do ctmg DTR 200, véi phuong phap tht TCVN
257-11:2007 (ISO 6508-1:2005) cho gia tri do
cirng HRB ctia cac mau tuong tng. Vé do nham
bé mit, sau khi xtr Iy sau in bé mat, do nham
cac mau duoc do st dung thiét bi do do nham
bé mit TR210. Gia tri d6 nham nay 1am co s&
dé tién hanh cac cong nghé sau in ddi voi chi
tiét in nhu phun pht bé mat san pham in.
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Bang 3. Keét qua dau ra vé do cung va do nham cua 08 mdu in

Mau in nginéi (:6( ;1;‘)ng Pién zg), )hiln U sz;zl nt}(“/)rc)l:lli\tl)l S| Do r;ﬁzln)l Ra P ciing HRB
1 160 26 13.40 1.339 73.8
2 180 26 10.57 1.525 74.3
3 180 26 13.40 1.324 75.4
4 180 28 13.40 1.256 78.8
5 160 28 13.40 1.435 75.5
6 160 28 10.57 1.351 74.2
7 160 26 10.57 1.755 68.5
8 180 28 10.57 1.835 73.5

3. PANH GIA ANH HUONG CUA BQ
THONG SO CONG NGHE DPEN CHAT
LUQNG IN

Cac mo hinh héi quy tuyén tinh bac
nhit da dugc thiét 1ap Gimg dung Minitab. Cac
mo hinh nay thé hién méi lién hé giita ché do
cong nghé in bao gébm cuong d6 dong dién,
dién ap va toc do in v6i do nham bé mit va véi
do cung clia mau in.

3.1. Anh hwéng ciia ché d9 in t6i dd nham
bé mat

Mau in sau khi dugc xir 1y sau in bang
nguyén cong mai da duge danh gia do nham bé
mat nhdm 1am co s& trién khai cac giai phap
cong nghé khac trén mau in. Xét anh hudng
doc lap cua cac yéu t6 dén d6 nham bé mit cua
mau in:

Ra=2.75+0.00075*1—-0.00825*U —0.09823*S (1)

Xét anh hudng twong quan cua cac yéu

to dén do nham bé mat ctia mau in:

Ra =29.73 —0.1374*1 — 1.3062*U + 0.2836*S +
0.00687*1*U — 0.00396*I*S + 0.0108*U*S  (2)
3.2. Anh huéng ciia ché d¢ in téi dd cing ciia
san pham

Xét anh hudng doc 1ap cua cac yéu to
dén do cung cia mau in:

HRB = 5.4863 + 0.125*] + 1.25%U~+1.1484*S (3)

Xét anh hudng tuong quan cua cac yéu
to dén do cung cuia mau in:

HRB=-267.796+1.76617*1+11.2383*U+0.9717*S
—0.06*T*U —0.001774T*S + 0.0176 7%U*S @)

3.3. Ban luin két qua

Céc mo hinh hdi quy cho phép xac dinh
dugc bo thong sé cong nghé khi in sir dung
canh tay ro bét cong nghiép. Két qua dau ra
cua cac mo hinh nay phu hop véi dai gia tri cho
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phép cua vat li¢u hop kim Titan — Grade 2. Cu
thé gia tri HRB trong pham vi gia tri ciia Titan
— Grade 2 1a 75 HRB va co tinh cua nhém vat
li¢u kho gia cong.

4. KET LUAN

Nghién ctru thuc nghiém qua trinh in
3D theo phuwong phap FDM su dung 1o bot
cong nghiép cho phép thiét 1ap duoc cac mod
hinh hdi quy thé hién mdi lién hé gitra thong sb
cong nghé in v4i do nham bé mat va do ciing
cia mau in. Cac mé hinh toan tir 1 dén 4 cho
phép xac dinh dugc bo thong sb cong nghé in
hop 1y dam bao cac muc tiéu dau ra theo yéu
cau. Cac nghién ctru vé ciu tric t& vi miu in
va co tinh khac 1a nhitng nghién ciru tiép theo
nhiam dam bao cac yéu cau chét luong cua san
pham in ddi véi cac ing dung cong nghiép.

Loi cam on:

Nghién ctru nay duogc tai trg boi Truong
bai hoc Giao thong Van tai (PHGTVT) trong
dé tai ma s6 T2023-TTKHCN-001. %
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NGHIEN C(rU GIAI PHAP TIET KIEM NANG LUONG HE THONG
DPIEU KHIEN THUY LU'C DUNG VAN SERVO

A STUDY ON ENERGY SAVING FOR A SERVO VALVE HYDRAULIC SYSTEM
Ho Triét Hung', Vii Dinh Hai

'Khoa Co khi, Trudng Dai hoc Bach khoa, Pai hoc Qudc gia thanh phd Ho Chi Minh
’Khoa Co khi, Truong Dai hoc Cong ngh¢ Sai Gon

TOM TAT

Bai bdo tdp trung gidi quyét van dé ndang cao hiéu sudt sir dung nang lwong ciia hé thong
thity liee servo van nhiung dam bdo déic diém ddp vmg nhanh va chinh xdc cia hé. Bai bdo dé xudt
phirong phdp diéu khién dp sudt cap cho van phu thude vdo tin hiéu dp sudt hoi tiép tir xy lanh. Bang
phirong phdp nay, cong sudt thiyy lee cap cho xy lanh dwge diéu khién, qua do han ché ton that ning
leong cung cdp tir nguon. Ung dung diéu khién téc do bom nham diéu khién dp sudt nguon cdp la
phirong phdp méi nén can nghién cieu Iy thuyét va thiee nghiém. Bai bdo da dé xudt y twong, thuce
nghiém kiém chung. Két quad thuc nghiém ban dau cho thd'y hiéu sudt ciia hé cdi thién dang ké so

véi phwong phdp diéu khién ap sudt truyén thong.

Tir khéa: Hé thity lwc van servo; Hé thong thiy luc Load sensing; Co cdu chdp hanh dién
thuy lyec.

ABSTRACT

The article focuses on solving the problem of improving the energy efficiency of the servo
valve hydraulic system but ensuring the fast and accurate response characteristics of the system.
The article proposes a method to control the pressure applied to the valve depending on the feedback
pressure signal from the cylinder. By this method, the hydraulic power supplied to the cylinder
is controlled, thereby limiting the loss of energy supplied from the source. Applying pump speed
control to control supply pressure is a new method, so theoretical and experimental research is
needed. The article has proposed ideas and tested them experimentally. Initial experimental results
show that the performance of the system is significantly improved compared to traditional pressure
control methods.

Keywords: Hydraulic servo systems; Load sensing systems;, EHA.
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1. GIOI THIEU

Hé¢ thong diéu khién thuy lyc dung
van servo duogc st dung rong rai trong cong
nghi¢p do cac uu diém ndi bat nhu chinh xac,
dap ung nhanh [1]. Tuy nhién, han ché 16n nhét
ctia cac hé thong nay 13 hiu suat sir dung ning
luong khong cao khi so sanh voi cac hé thong
Load sensing hay EHA (Electrical-hydraulic
Actuator) [2, 3]. pé nang cao hi¢u suét cua hé
thong thuy Iuc servo van, thong thuong bom
thay doi luu lugng duoc str dung thay thé cho
bom c6 luu luong ¢b dinh. Béng cach nay, hi¢u
suat ctia hé ting dang ké, tuy nhién han ché 16n
nhat cua giai phap nay chinh 1a khé xac dinh
gia tri ap suét gi61 han cua van tran trén bom [4,
5]. Khic phuc han ché nay, Loadsing dugc dé
xuat, bang cach thay doi gid tri ap suat cai dat
thong qua viéc hoi tiép gia tri 4p sudt cla tai.
Han ché 16n nhét ctia hé thong nay chinh 14 tinh
6n dinh va gia thanh cta bom [6, 7].

Khic phuc cac han ché trén, giai phap
dugc dua ra trong nghién ctru nay la str dung
bom c6 thé tich riéng khong doi két hop véi
dong co AC servo thay ddi van toc dé diéu
khién 4p suat ngd ra ctia bom. Van servo duoc
st dung dé diéu khién van téc cua xylanh. Véi
su két hop nay, ca dap tng va hiéu suat sir dung
ning luong déu duge dam bao.

Nbi dung cta bai bao niay bao gom cac
ndi dung: D& xuit mach thiy Iyc va tién hanh
lam thyc nghiém kiém chung. Cac két luan
quan trong dugc dua ra.

2. PE XUAT MACH THUY LUC

Hé théng dé xuit duoc trinh bay trong
Hinh 1. Hé thdng str dung mét xy lanh tac dong
kép dugc van hanh bédi van servo 4/3. Bom
ngudn thuy luc trong hé théng 14 loai bom bién

d6i Iuu luong bang cach thay ddi van téc quay
cua truc bom thong qua viéc di€u khién dong
co servo AC.

Commasd r 1
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Hinh 1. Hé théng thuy lyc dé xuat

Diém khac biét cua hé thdng chinh 1a
bom c6 thé tich riéng ¢ dinh két hop voi dong
co thay doi téc d6 bang bién tan duoc st dung.
Bang cach nay luu luong ctia bom duoc thay
d6i tuy theo yéu cau cua xy lanh. Viéc diéu
khién luu lu’(mg nay du’orc thyc hién gian tiép
qua hoi tiép ap suat cip vao van servo dam bao
chénh léch &p viura du dé van hoat dong tdt va
han ché t6n that nang luong thuy luc that thoat
qua van tran.

3. THIET KE HE THONG PIEU KHIEN

B0 diéu khién hé théng duoc mo ta trén
hinh 2. Bo diéu khién hé théng gom hai bién
diéu khién doc 1ap, bién diéu khién DK, diéu
khién chinh x4c vi tri ciia xy lanh thng qua van
servo, bién diéu khién DK, diéu khién dam bao
chénh I¢ch 4p suat trudc va sau van servo bang
hz‘ing‘ s6. Vai tro ctia bién diéu khién‘ DK, f:hinh
la diéu khién chinh xéac luu lugng can thiét cho
xy lanh véi ap sudt thay dbi tuy thudc vao tai
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trong cua xy lanh. Hay no6i cach khéc, bién diéu
khién DK, chinh la bién diéu khién cong sut
cua h¢ thong. Bang cach nay, han ché t61 da su
chénh 1éch cong suit ctia hé thong thuy luc servo
van. Két qua ctia qua trinh diéu khién nay lam

4. THU'C NGHIEM KIEM CHUNG
4.1. Mo hinh thyuc nghiém

Mo hinh thyc nghiém hé thong dugc

giam nang lugng ti€u hao cua mach thuy luc.

Conireller

mo ta trong hinh 3. Bang thong sb cac thiét b
duoc mo ta trong bang 1. SO liéu duogc thu thap
dung thiét bi NI va phan mém LabView.

Hinh 2. So do diéu khién hé thong thiy luc

servo van

Trong nghién ciru nay, bo diéu khién co
ban PID duoc dung véi céc hé s6 K, K, va K
dugc xéc dinh bang phuong phap thir sai.

Hinh 3. M6 hinh thuc nghiem hé théng

Bdng 1. Théng s ky thudt ciia mé hinh

Ky L ps U SRV
hi¢u Thiet bi Thong so ky thuéat
1 May tinh Dung phan mém Labview, giao tiép qua cong USB
Hang san xuat: MOOG, Nhat Ban.
2 Van servo 4/3 -Model: D633; Ap suat max: 350 bar; Luu luong: 65 LPM; Dién ap vao:
24VDC; Tin hiéu vao: +/- 10V; Tin hiéu ra: 4-20mA
3 Xy lanh thity luc tac dong kép | -Puong kinh 100mm; Pudng kinh can piston 32mm; Hanh trinh 150mm.
S iex . f - Hang san xuat: Daikin, Nhat Ban.
4 Van diéu khién dp suat - Model: LPV-02; Ap suit max: 250 bar.
, -Thé tich riéng: 5.8 cm¥/rev; Ap sut max: 70 bar; Van tdc 16n nhéit n
5 Bom thuy lyc B ; max
= 4400 rev/min.
6 | Cam bién vi tri hanh trinh piston - Bo chinh xac:  0.05%.
R —— -Hang SX: YAKAWA, Nhat Ban.
7 Bién tan A1000 cua Hang |y p 401 A 1000: Dong bién tn c6 chirc nang didu khién dong co TPM ¢
Yakawa, Nhat Ban Ao L R
hoi tiep (Pong co AC servo)
-Hang SX: NATIONAL INSTRUMENTS
8 Card giao tiép may tinh Ni6002 - Model: Ni-6002; Input: 0-10VDC, 4-20mA; Output: 0-10VDC,
4-20mA
9 Cam bién 4p sudt (pressure -Hang SX: Nagano Keiki, Nhat Ban.
ransducer) - Model: KH-15; Ap suét: 0-100bar; Output: 0-5VDC
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4.2. Két qua thi nghi¢m

Giao dién cua phz‘?ln diéu khién dugc mod
ta trén hinh 4. Cac hang s6 dugc chon bang cach
thir-sai cho dén khi két qua chdp nhan duoc.
Thuc nghiém diéu khién vi tri duge mo ta trén
hinh 5a, 5b va 5c cho cac dap tng step, sin va
hon hop twong tng. Trong d6, dudng mau do
1a tin hiéu mong mudn, dudng mau xanh 1a két
qua thuc nghiém.

St HEH THLL Sl HEE M VAT LY BE 0% THLY LG SAY EP

wwly rim iy gl gy yn'mpd i’ s e

rep——

- T

Hinh 4. Giao dién diéu khién trén LabView

iy T e s VAT LY e e Ty L A

- - S

Hinh 5a. Két qua thuc nghiém voi tin hiéu dau vao
dang step

Hinh 5b. Két qua thue nghiém voi tin hiéu dau vao
dang sin

=
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Hinh 5¢. Két qua thuc nghiém voi tin hiéu dau vao
dang hon hop

5. PHAN TICH PANH GIA
5.1. Phan tich dap @ng

Két qua thuc nghiém ddi vai cac tin hiéu
step, sin va hon hop duge mo ta trén cac hinh
5a, 5b va 5c cho thdy v6i phuong phap diéu
khién co ban PID thi sai s& chép nhan duogc. Co
thé nang cao do chinh xac bang cach tinh chinh
cac gia tri cta bo diéu khién.

5.2. Phén tich hi¢u suét sir dung ning hrong

Ning lugng hé thdng khao sat trong 30s
dugc thu thap dir 1iéu, 1dp ham tinh todn va hién
thi nhu biéu d6 Hinh 6, hinh 7a, 7b cho truong
hop ham ram v61 nang lugng ti€u thy, hi¢u suét
trong hai trudng hop 4p suit bang hang s6 va
ap suét thay doi theo tai véi chénh léch ap suat
bang hing s6 va bang 10 bar. Trong do, ning
luong dau ra cua hé théng duoc xac dinh bé“mg
cong thuc 1:

t
Eout - ftlz Pout(t) dt (1)
E,, — La nang lugng dau ra cta hé

thong (W).

P_.—Lacong suat dau ra ctia hé thong
(W/h).
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Ning luong dau vao cia hé théng dugc
xac dinh bang cong thuc 2:

_ [P (t)dt 2

E. - La nang luong dau vao cua hé
théng (W)

P —Lacong sudt dau vao cta hé thong
(W/h).

]
]

Hinh 6. Ning hrong hé thong.

Trong so d6 7, dudng mau xanh 14 biéu
thi ning luong dan dong bom thuy lyc & mod
hinh thuc nghiém vat 1y. Gia tri nang lugng nay
duoc xac dinh bang cach do gian tiép thong qua
tin hiéu dong dién va dién thé cip vao dong co
dién dan dong bom va tinh toan, xac dinh trong
khoang thoi gian xét 1a 30s. Gia tri xac dinh
duogc 1a 120,27W. Ta thay c6 su sai léch nho
(6%) so voi két qua tir mo phong 1a 113,64W
dugc biéu thi bang dudng mau xanh (blue) trén
dd thi. Su khac chénh léch nay c6 thé duogc
giai thich 1a xuét phat tir phwong phap do. Trén
mo hinh m6 phdng, nang luong duoc xac dinh
bang cach 1ap ham tinh tir 2 thong s6 1a mo6 men
x04n trén truc bom va van toc truc bom. Trong
khi do, trén md hinh vat 1y thi nang luong duoc
xac dinh tr dai lugng dong dién va dién 4p do
dugc thong qua bo bién tan diéu khién dong co
quay truc bom. Do d6, két qua nay c6 thé chap
nhan duoc.

Ning luong dau ra trong thyc nghiém
trén md hinh vat 1y duoc xic dinh bang cach
gian tlep thong qua gia tri van toc piston va gia
tri luc day thay luc (lay gia tri ap suat do duogc
tir cam bién ap sut tuyén tinh nhan véi tiét dién
xy lanh). Két qua xac dinh duoc 1a 57,76 W. Két
qua ndy ciing c6 sy sai 1éch nho so véi két qua
mo phong 13 60,83W (sai léch 3,07%). Két qua
nay ciing ¢6 thé chip nhan duoc.

Hiéu suat ning luong cua ca hai hé
théng dugc xac dinh dya vao nang lugng ra va
ning luong dau vao ciia hé thong va dugc xéac
dinh bang cong thirc sau:

( ) _[ out (t )dt E (3)
lf- J— out
g j > (1)dt E,

1(t) 1a hiéu suit nang lugng trung binh
ctia hé théng (%).
Eout ft:" P,..(t) dt1a nang lugng dau
ra cua hé thong

f P, (t)dt 1a ning lugng dau

vao cua he thong
P lacong suat dau ra ctia hé thong (Wh).
P la cong suat dau vao ctia hé théng (W/h).

Hiéu suit nang lugng trung binh ctia hé
théng trong 30s: Hiéu sudt ning luong trong
truong hop nay cling dugce xac dinh tir phuong
trinh (3) va duoc thé hién bang biéu d6 Hinh
7a. Quan sat biéu dd hinh 7a, ta théy hiéu suit
ning luong trung binh cua hé théng mé phong
1a 58,60 (thé hién bang dudng mau do) tot hon
két qua thyc nghiém trén mo hinh vat 1y 1a
50,44% (thé hién bang duong mau xanh 13). Sy
chénh 1&ch 13 8,16% va diéu nay ciing duoc 1y
giai voi nguyén nhan tuong ty nhu truong hop
trén.
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Hinh 7a. Hiéu sudt ciia mach khi dp sudt bang
hing so

Hiéu suit nang luong trung binh cta hé
thdng trong 30s: Hiéu suit ning luong trong
truong hop ap suét thay doi theo tai ndy cling
duoc xac dinh tir phwong trinh (3) va duogc thé
hién bang biéu d6 Hinh 7b.
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Hinh 7b. Hiéu sudt ning leong hé thong khi dp

suat dieu khién thay doi theo tai

Tir biéu dd Hinh 7b, ta thiy hiéu sut
nang luong trung binh cua hé théng mé phong
1a 86,14% (thé hién bang duong mau do), cao
hon két qué thuc nghiém trén mo6 hinh vat Iy 1a
78,7% (thé hién bang duong mau xanh 14), va
hiéu suat nay ting déang ké so véi gia tri trung
binh khoang 50% trong diéu kién 4p suat bang
hang sb.

6. KET LUAN

Nghién ctru nay giai quyét van dé nang

cao hiéu suit cta hé théng thuy luc servo van
bang cach diéu khién cong suat ctia bom thong
qua ap suat hoi tiép. Bang cach sir dung bom c6
thé tich riéng ¢ dinh két hop véi dong co AC
servo diéu khién toc d6 két hop véi van servo
thity Iyc hé théng dam bao hai tinh chat dap
ung nhanh va chinh xac cta van cling nhu nang
cao hiéu suit cta hé. V&i diéu kién thi nghiém,
hé thdng ting 20% hiéu suat khi so sanh véi
phuong phap diéu khién ap suat bang hang s6
truyén thong.

Ngay nhan bai: 17/9/2023
Ngay phan bi¢n: 25/10/2023
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NGHIEN ClrU THIET KE MAY KHOAN COC NHOI TREN MAY
CO SO’ CUMMINS M11C310

STUDY AND DESIGN A BORED PILL DRILLING BASE ON CUMMINS M11C310
MACHINE

Huynh Céng Lén*, Lwong Van Téi
Khoa Co khi, Truong Pai hoc Bach Khoa, Pai hoc Quéc gia Thanh phé Hd Chi Minh

TOM TAT

Bai bdo nay trinh bay qud trinh tinh todn thiét ké cic bé phdn trén bé cong tdc ciia mdy
khoan coc nhéi chuyén dung dang can hép nham muc dich nghién ciru va xdy dwng mé hinh ciia
may. T hiét ké bé cong tac may khoan coc nhoi bao g&m viéc thiét ké cdc bé phan theo thir tw nhu
gau khoan, mam xoay, toi ndng ha, can hép va cdc chi tiét phu khdc. Viéc thiét ké trén can xdc dinh
dige cong sudt can thiét cia mam xoay thong qua 1y thuyét khoan xoay dé tinh todn. Ngodi ra can
dwa vao cdc thong $6 va diéu kién lam viéc nhur duong kinh va chiéu sGu khoan, logi dat va khi hdu,
phirong phép khoan diing ong vach va dung dich khoan, quy trinh thi céng... Cdc bg phdn c¢é cdu
tao phirc tap nhw gau khoan va can hdp can dwoc mé phong va phan tich trén phan mém chuyén

dung dé hé tro tinh todn sirc bén.
Tir khéa: Mdy khoan coc nhéi kiéu gau xoay; May khoan coc nhéi dang can hop.
ABSTRACT

This article presents the design process of parts on the working set of a specialized pile
drilling machine with mast for the purpose of researching and building that model. Designing the
pile drilling machine work set includes the design of parts in order such as drilling bucket, rotary
head, lifting winch, mast and other auxiliary details. The design work needs to determine the driving
power required work of the rotary head through rotary drilling theory to calculate. In addition, it
is necessary to rely on working parameters and conditions such as diameter and depth, soil type
and climate, casing drilling method and drilling application, construction process, etc. Structural
parts complex structure such as drilling buckets and mast need to be simulated and analyzed on

specialized software to support strength calculations.

Keywords: Bucket drilling machine; Pile drilling machine; Rotary drilling rig.
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1. PAT VAN PE

Xay dung céc cong trinh nha cao tang,
cong trinh c6 quy md 16n doi hoi phai co ki
thuat thi cong nén méng thich hop va hiéu qua.
Dé dap tmg nhitng yéu cau d6, nganh xay dung
khong nhiing can dén trinh d6 tay nghé cia
cong nhan, trinh d6 quan 1y cua céac ky su ma
con phai dau tu nhitng trang thiét bi may moc
ky thuat. Vi vay, may xdy dung 1a mot phan tat
yéu ciia cong tac xdy dung, trong d6 may khoan
coc nhoi 1a mot trong cac thiét bi quan trong
khong thé thiéu. Cong tac cai tao va thiét ké cac
may xay dung mot cach hop 1y va khoa hoc phu
hop véi dac thu cong viée, thuan 1gi cho cong
viéc to chirc thi cong cac cong trinh xay dung
nham phat huy lgi thé thi cong 1a mot trong
nhirng yéu t6 v6 cting quan trong c4u thanh nén
su thanh cong ctia mot cong trinh xay dung. Dé
lam chu cong nghé, chu dong trong khai thac
van hanh may va tién t6i thiét ké ché tao mot
phan hay toan bd may khoan coc nhdi 1a viéc
1am hét strc c6 y nghia va can thiét.

2.NOIDUNG QUA TRINH NGHIEN CUU
THIET KE

2.1. X4c dinh luc can tic dung 1én giu khoan
trong qua trinh khoan dat

O hau hét cac gau khoan hién nay, ring
gau hay con goi 12 ludi cat c6 dang hinh chém.
Ciing nhu céc loai ludi cat cﬁa may lam dét
khac ring gau co cac thong sO chmh nhu goéc
sdc B, goc tru’orc Y va goc cit . Trén gau khoan
céc rang gau duoc bd tri tir mép ngoai clia giu
vao tam thanh hai phan theo ban kinh va c6
chiéu nguoc nhau. Gitra ring gau va day giu
c¢6 khe ho dé khi gau quay, ring gau tién hanh
cat dat va dong thoi dat s& theo khe ho di vao
trong gau. Do khoang cach gitra cac ring giu
13 rat nho so voi chiéu dai ciia mot ring cét nén

c6 thé coi nhu trén mat dudi cia gau c6 gan hai
ludi cat co chieu dai bang ban kinh cta gau.

Trong 1y thuyét vé cong nghé khoan
xoay, cho thiy qua trinh pha v& dat da duoc
thuc hién 13 do lyc tac dung cua vat thé cung
ma ¢ day 1a ludi cat ciia khoan vao dat da mém
hon. Trong khi khoan, dudi tdc dung cua luc
doc truc va mé-men quay, ludi cit vira chuyén
dong tinh tién, vira chuyén dong quay tron theo
quy dao xoan vit dé cit va pha v d4. Néu gap
dat mém thi ludi cat pha vd dat theo timg 16p.
Khi d6, lic tac dung cta ludi cit trong qua trinh
pha v& dit thay ddi khong dang ké. Néu gap
dat d4 ctmg thi luc tac dung cua ludi cit trong
qua trinh pha v& dat da sé thay doi theo chu ky
tur gid tri cuc dai xuéng gia tri cuc tiéu. Cac
thanh phan luc can tiép tuyén va phap tuyén tac
dung Ién dao cit duoc tinh toan dua trén co s¢
g suat giéi han chiu nén cua dat. Riéng thanh
phan lyc can tiép tuyén, dé ké dén dic diém pha
v dat d4 & mit trude cua ludi cat khong chi do
luc nén cua ludi cit ma con do dit bj trugt 16
nén thanh phan lyc nay thuong duoc liy giam
di thong qua mot hé sé k = 0,5 + 0,7. Thong sb
lam viéc cia may: Puong kinh 16 khoan d = 1,2
m; chiéu sau 15 khoan 1 s = 46 m; toc do khoan
n_ =30 vong/phut; cap dat IV. Thiét bi co s&
la may xuc thuy lyc Cummins M11C310 cua
hang BUMA.

2.1.1. Xdc dinh luc can thiét dé lwéi cit xam
nhdp vao nén dat tao chiéu day phoi cat

Khi khoan, cic ring gau thyc hién qua
trinh cit dat da dudi tac dung cua luc doc truc
Fa Va mo-men xoin M truyen qua can khoan
dén gau. Luc doc truc F, thu:ong duoc tao ra
nho trong luong ban than gau va can khoan,
nhiéu truong hop con c6 thém lyc ép cua xy-
lanh thuy lyc hay cua toi thong qua pa-lang

cap. Khi nay, lyc doc truc F_ phai khéc phuc &
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luc khang cua dat da tiac dung 1én phan dién
tich mat dau cua ludi cit khi ludi cat 4n vao dat.
Mb-men xo0dn M cén phai vuot qua lyc can &
phan trudc cua ludi cat dé lam v& dat da.

Hinh 1 thé hién so d6 4n ludi cét vao
nén dat. Su tach roi ctia cac hat dat da dudi day
hé khoan trong qua trinh khoan xay ra do sy tac
dong lién tuc cua lyc 4n F_ vamo6-men quay do
can khoan tao ra. Viéc tach, cat pha dat da dudi
day hé khoan trong qua trinh khoan xay ra do
tac dong lién tuc va déng thoi cta luc 4n doc
truc va mo-men quay tac dong tir can khoan 1én
cac ludi cat.

Hinh 1. So do lyc tac dung cua rang gau khi an
mii dao vao nén

Duéi tac dung cua luc F_, ludi cat bi
an vao nén dat voi do sau h. Sy thAm nhép cua
ludi cat vao nén dat chi xay ra khi:

F . >S.o (1)

Trong df53 S,=Lb, (cmz) 1a dién tich bé
mat cua ludi cat; 1 (cm) 1a chiéu dai cua ludi
cit, gan bang bé,n kin}} cﬁa, gau; b (cm)la cbiéu
rong cua ludi cat, phan tiép xac véi ludi cat; o
(N/cm?) 13 gidi han bén nén cia dét da.

Ludi cit xam nhap vao nén dit xay ra
khi: F_/S > o, tirc 1a khi ap luc tac dung 1€n

nén dat 1én hon strc khang cta nén trong quéa
trinh khoan. Luc tdc dung s€ phai tang lén khi
d6 mai mon cua ludi cat ting do n6 lam ting
dién tich bé mat tiép xuc véi dat da.

Khi bat dau khoan, lyc an gau vao nén
l1a F_ trén mot ludi cat co:

F_=F/m )

Trong d6: m 1 sé ludi cit trén gau
khoan; N, N, (hinh 1) la cac thanh phan lyc do
dat tac dung 1én mat sau va mat trudc cua ludi
cat.

Chong lai sy di xudng cua ludi cét con
¢6 cac thanh phan lug ma sat F_ cua dat véi
rng“tt sau vaF_ cua dat véi mat tru:('y‘c cua ludi
cat. MoOi quan hé gitta cac thanh phan luc nay
nhu sau:

Trong d6: p = tge 1a hé sb ma sat giita
dat va dao cit.

Lay phuong trinh cin bang lyc theo
phuong ngang:

N,—N,sinb +F__ .cos0 =0 4)

Thay gia tri F__tir (3) vao (4) va rit N,
ra.

N, = N;(sinf — tge. cosO)

sinf.cosg —sin@.cos6  sin(0 — @)

= Nl' N]_. (5)

cos @ cos @

Lay phuong trinh cén bang lyc theo
phuong dung:

F —F ,—N.cos6-F  .sin0=0 (6)

2
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Thay F_ , F__ tir (3) va N, tr (5) vao
(6) co:
B sin(6 — @) )
E,, = N;,. W.tgtp +tge.sind + cosb | (7)

V6i: 6, = o. cosO (N/cmz) 1a ing suat
nén theo phuong tiép tuyén véi mat sau ludi
cat, ta co:

N, =LA0.0, = .

o 6=1Lo2% ()
sing" ¢ €050 = 'J'tgﬁ (N)(8)

Thay (8) vao (7) co:

— hy [sin(6 — @) ing a1(9

ao — O'tg—g W-tg(p-ptg(p.sln Pt ( )
bat:

N =" . tgp + tgp.sind + cosd  (10)
Rutra: hg = .l (1

Heé s phu thuoc vao cac thong sd h1nh
hoc cua rang gu va gbc ma sat giita ring gau
vGinén dat. Thay cac gia tri goc ma sat ¢ = 30°,
gdc sdc P = 20°, goc cat & = 55° twong tng Vi
gdc sau 0 = 35° vao biéu thirc (10) nhan duoc 1)
=(1,112 - 1,285).

Do gdc ma sat gitta ring gau voi nén dat
o, strc khang ctia nén dat dbi véi rang gau o kho
c6 thé xac dinh duge mot cach chinh xac nén dé
don gian trong tinh toan, ta ¢ thé lay n = 1,3.
Khi do, ta co:

hg
Fao 1 3.lo. tg—e (12)

Luc can thiét d€ nhan gau cao nén dat
voi chi€u séu h la:

hy 2,5
F,=m.F,, = 13.m. l.o-.tg—g = 55 = 71479 (N) (13)

Khi cho trudce luc an gau F_ c6 thé xac

dinh duogc chiéu sau phoi cat 1a:

F,.tg9

ho = 1,3.m.lLa,

(14)

Luc 4n F, duogc phan déu ra cac dao cit
trén gau khoan, khi d6 lyc 4n 1én mdi ludi cat
trén gau khoan phai dam bao diéu kién:

a

Fao :a> SO.O'

2.1.2. Quing dwong, chiéu siu phoi cit va
vdn toc khoan

Quéng dudng ludi cit thAim nhéap vao
nén dat sau mot vong quay la:

h =h.m=252=5 (cm) (15)

Toc do tién dao cua gau khoan:

h
Vv, = % = h,.m.n = 2,5.2.30 = 150 (cm/ph)(16)

Trong do: t_(phut) la thoi gian mot vong
quay va n (vg/ph) 1a téc d6 quay ciia gau.

Véi mot thoi gian cho trude t, thi chiéu
sau H cua ludi cat tham nhap vao nén dat la:

H=h mn.t (cm) (17)

Khi dao cét 1am viéc, d0 mon cun cua
dao cit phu thudc tuyén tinh theo thoi gian, sy
tham nhap cta dao cit vao nén dét s& giam di,
khi nay chiéu sau phoi cét thuc té cua ludi dao
s€ la: h=h —y, trong do y la lwvong mon cua
dao theo hu’0’ng an dao. Toc do khoan thyc té
khi nay la:

Vi =hman= (hy - y).mn= (2,5 - 0,3).230 = 132 (cm/ph) (18)

D¢ an sau cua gau vao nén dat sau mot
vong quay la:
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_ Ve 120
2.1.3. Cong sudt can thiét dé quay gau khi cit
va tich dat vao gau

Cong suat can thiét dé khoan dugc xac
dinh theo bicu thirc:

P=P +P,+P +P,+P (kW)  (20)

Trong do: P 1a cépg §uét c,e‘in t}lié’t’ dé
pha v& dat; P, 1a cong suat can thiet dé thﬁr}g
luc can ma sat gitra by phan cong tdc v4i nén
dat; P, 1a géng sut can thiét dé quay can va gau
khoan khac phuc lyc can cua dung dich khoan;
P,1a cong suét can thjét de th"flng cac luc can dp
q}lé trin,h dl}’a phoi dat vao gau; P, la c@ng suat
can thiét dé thang luc can ctua dao cat thanh
bén.

a) Cong suit can thiét dé pha vo dit

R=Ds2

i

Hinh 2. Phoi cdt khi tinh hee can phd vé ddt

Khi ndm & d6 sdu h va chuyén dong
quay theo gau dé cat dat, ludi cat gap phai suc
khang tiép tuyén cua nén dat:

h.k,.D

Ty = (N)

Trong do: k (N/cmz) la lu’c can cit
rleng cua dat; h (cm) 1a chiéu sau an coa ludi
cit vao nén dat; D (cm) 1a dudng kinh tng véi

mép ngoai cua ludi cat.

Stc khang tiép tuyén cia gau, véi sb
ludi cat m la:
T=m.Ty=m.h.k,.D/2 (N)

Cong suét can thiét dé tach cac hat dat
da la:
P, =T.v/1000 (kW) 21

Trong d6: v (cm/s) 1a van tbc theo
phuong tiép tuyén cia diém dat lyc T. Coi diém
dat lyc nam tai vi tri cach tim 2/3 ban kinh tinh
dén mép ctia dao cét nén ta co:

2 D.n.m -
=3'50.100 &S (22)

Tir d6 ¢6 cong suét can thiét dé tach cac
hat dat da la:

T.v mhk D D.onm m.h.k.p.DZ.n.Tr

= 1000 21000 "90.100 180.10° (et (23)
bit:
_Tr.Dz_nr.1102 , _m.h.ky.n
A= Co: P1 = W (kW)(24)

4_4

Do dia tang cta dat khong dong déu vi
vay luc can cta nén ciing khong dong déu, nén
cong sudt can thiét dé pha v& dat da duoc didu
chinh thong qua hé $6 k,va dugc xac dinh nhu
sau:

m. h. kp.n.A

Pr = ko-—7=—08

(kW) (25)

Trong do: k, la he sO diéu chinh ké dén
su khong dong nhat ctia nén dat (k,> 1) thuong
lay k, =2, thay gia tri cua h tir (19) vao (25), ta
duqc

bk V. A 520 132.9503
- T 45105

o kp 35 105 = 11,15 (kW) (26)
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b) Cong suit can thiét dé thing lwc ma sat
giita b phin cong tac véi nén dat

Trong khi khoan, lyc ma sat xuat hién
trén bé mat phia sau va mat bén cua ludi cat.

Luc ma sat trén bé mat phia sau cua
ludi cat la:

F=nF, (N) 27)

Trong do: p la h¢ so6 ma sat gitta dao va
nén dat, u=0,6; F_la luc an gau khoan vao nén
dat tuong ung voi chiéu sau an dao 1a h.

Pé ké thém dén ma sat mép bén cua
ludi cat di voi thanh dung hd khoan, tong luc
ma sat gitra bo phan cong tac véi nén dat duoc
tinh bang cach nhan thém hé sb k (lay k = 1,2)
vao cong thuc (27), ta dugc:

F.=kuF (N) (28)

Cong sudt can thiét dé thang lyc ma sat
1én bd phan cong tac la:
P, = F;.v/1000 = k.. F,.v/1000 (kW) (29)

Thay gia tri cua v tur (22) vao (29), ta
duoc:

p T k.pun.D.F, m120,6.30.110.71479
2T 9108 9.106

=59,28 (kw) (30)

¢) Cong suit can thiét dé thing luc can cia
dung dich khoan

Trong qué trinh khoan, cin khoan va
gau nam trong khdi dung dich khoan chira trong
hé khoan. Khi quay, ching c¢6 chuyén dong
tuong di v6i dung dich khoan, do d6 xuat hién
mod-men can ma sat gitta by phén cong tac véi
dung dich khoan. Céong suit dé thing luc can
ctia dung dich khoan c6 thé ap dung cong thirc
thuc nghiém sau:

Py = a.y.L.d%n Yn=9.107.105.10.110%.30.330 = 10,66 (W) (31)

Trong d6: v = 1,05 (g/em’) la ty trong
cua dung dich khoan, phy thudc vao méi truong
khoan; L = 10 (m) 1a chiéu dai ctia can khoan
ngap trong moi truong thuy luc; d = 110 (cm) la
dudng kinh ngoai ciia gau khoan; n = 30 (vg/ph)
1a tbe d6 quay can khoan; o 1a hé s6 thuc nghiém.

d) Cong suit can thiét dé thang cic luc can
do qua trinh dwa phoi dat vao gau khoan

Cong suat can thiét dé thing duoc cac
luc can do qua trinh dua phoi vao gau khoan
dugc xac dinh bang bicu thic sau:

P,=P, +P, (32)

Trong do: P, !2‘1 cong suit dé théng }uc
can ma sat khi phoi cat truot trén ludi cat dé di
vao gau; P 4, 1a cong sudt tiéu ton dé nang dat
vao gau duoc tinh ¢ cudi giai doan day gau.

Cong sut dé thang luc can ma sat khi
phoi cat trugt trén rang gau:

‘ms: U

~ 1000
Trong d6: v 1a van tdc tiép tuyén duoc

liy theo cong thirc (22), véi: F =Tu= m.h.kp.
tgp.D/2 (N).

Py (kW) (33)

m.30.110%
18.106

m.n.D?
Pua = b byt oo = 2222006,

=3,35 (kW) (34)

Cong suat tiéu ton dé dua dat vao gau &
cuoi giai doan day gau dugc xac dinh nhu sau:

Luc can dé nang dat 1én do cao cua 16p
dat trén cung khi day gau H_ la:

T, =mhHgy.D/2 (N)
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Luc can ma sat do c6 sy trugt twong déi
gitra dat voi dat trong qua trinh lam day gau:

T = m.Hg.}’d.k;.D/Q m) (36)

Trong do: ¢, 1a gbc ma sat trong cua
dat; y f (N/cm3) 1a trong lugng riéng ciia dat da;
k 13 hé sé phu thudc vao goc ma sat trong cia
dat VOl

tges
Lt+tg2e

1=

Cong suat tiéu ton dé dua dat vao gau &
cuoi giai doan day gau la:

Th1 + Tz

P —_
42 1000

(kW) (37)

Véi: v duge xac dinh theo biéu thuc
(22), cudi cung ta duoc:
monm.y,. D?
18.10%
7.30.2.18.107%, 1102
18.10°

= (h.H, + ky.Hy).

=(2,2.100 + 0,3.1007%).

= 7,34 (kW)

Thay véo biéu thirc (32), ta dugc:
P,=P, +P,_=335+734=10,69 (kW).

e) Cong suit can thiét dé thing luc can cia
dao cat thanh bén

2.20.10.5.1,88
1000

. _ 2k,.B.C.v'
1000

= 3,76 (kW)

Trong d6: B =10 cm 14 bé rong phoi dat
mo rong; C= 5 cm 1a do day phoi dat mé rong;
v’ (cm/s) la van toc theo phuong ti€p tuyén cua
diém dat luc.

D,nm 12030.w

v’ = = = 1,88 (cm/s)
60.100 60.100

Viy, tong cong sut 1a:
P=P +P,+P, +P, +P =1115+ 5928 +
10,66 + 10,69 + 4,5 = 96,28 (kW)

Mo6-men céan tinh toan trén can Kelly tir
tong cong suat can va toc do quay can Kelly:

_ 9550.P _ 9550.96,28
on 30

=30649,13 (Nm) ® 31 kNm

2.2. Gi6i thiéu vé cin khoan

Can khoan hay con goi 1a thanh Kelly,
n(') bao gom cac doan ndi v6i nhau theo kiéu
ong long dang ang ten. Chtrc nang cua no 1a
truyen mo-men xo0dn tir mam xoay thuy luc va
tong luc nén doc truc Xuong gau khoan dé thuc
hién cit va tich dét vao gau. CAu tao can khoan
bao gom 2 dén 5 6ng 10ong vao nhau, trén bé
mit ngoai cua dng c6 han cac vau truyén luc
mo-men va gd hinh thang vuéng dé khéa cac
thanh Kelly lai voi nhau ciing nhu dé nhéan va
truyén lyc doc truc cho gau khoan. Trong qua
trinh 1am viéc, can khoan chiu xodn va nén doc
truc, ngoai ra ching con chiu luc va dép va
rung dong tir mam xoay va gau khoan.

Hinh 3. Qud trinh phdn tich mé phong can khoan
tir Cong ty SIP&T Foundation Drilling Tools
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2.3. Mo phéng dieu kién lam viéc dé tinh
toan strc bén cua gau khoan

Théng s6 co ban cua gau: Du(‘)'ng kinh
thanh gau D, = 1100mm; duong kinh 16 khoan
DQ = 1200mm chiéu cao H= IOOOmm thé tich
gau V=0, 95m?; kh01 luong gau M ~ - 700K g;
chiéu day thanh gau b=20mm. Loai gau 2 ludi
cit va c6 8 rang cit.

Vi két cdu gau kha phirc tap nén ta dung
phan mém dé xiy dung mé hinh va mé phong
dé ho tro tinh toan strc bén cua gau. Trong qua
trinh x4y dyng mo hinh thi toan bo giu duogc
coi la déng nhét vé vat liéu, chat luong mdi han
ctia gau dat tiéu chuén.

Vat liéu ché tao gau 1a thép CT3 cb
cac thong sd nhu sau: o, =450 MPa; 6, =250
MPa; E = 206 Gpa; hé s6 Poisson 13 0, 3

Hinh 4. Luc nén va xoan tac dung lén co gau

Két qua mo phong va phan tich trén
phan mém Creo Parametric:

Hinh 5. Phdn bo iing sudt va chuyén vi trén gau
khi lam viéc

Ung suét 16n nhit nim & vi tri lién két
gita cd gau va than giu, gia tri ung suat 1a 213
MPa, véi vt liéu ché tao gau 1a thép CT3 va
chat lugng mbi han thi gau dam bao diéu kién
lam viéc.

Chuyén vi 16n nhét cua gau kh1 lam
viéc 1a 3,16 mm. Véi gia tri nay, gau van thoa
diéu kién 1am viéc.

2.4. Mam xoay din dong can khoan

Bo truyén co khi din dong cho mam
xoay la cum chi tiét may gém co hop giam tdc
banh ring hanh tinh, cip banh ring try, cac 0
lan va khép ndi. BO truyén c6 nhiém vu truyén
cong suit tir dong co thuy luc dén mam xoay dé
quay thanh Kelly va gau khoan, tién hanh thyuc
hién cat va tich dat vao gau.

g o b

—~ 3\
.'/d_ i

— [ 2 N:r]
H ] \__/@.

Hinh 6. So do bé truyén dan déng cho mam xoay
1. Bong co thuy luc,
2. Hop gidm toc hanh tinh;
3. Banh rang chu dong;
4. Truc réng dan dng can khoan;
5. Banh rang bi dong

Phan phdi ti s6 truyén: u,, .. =30;u_, =3

Thong s6 ctia dong co thiy luc: Mo-men

trén truc dong co M .= 700 Nm; s6 vong quay

=900 vg/ph (co the thay d6i dugc tir 450 dén
950 vong/phiit); cong sut P, =70 kW.

Phuong phap tinh toan ung sudt trén
truc rong:
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Ung suat uon:

_ 32M 18
9 = wd2 (1-C%) (38)
Ung suat do luc doc truc:

4F,

= — 39
9a md2(1-C2) (39)
Ung suat do mo-men xoan:
T= il 40

md2(1-C4) (40)

Ung suét tuong duong:

Kp.0p+ ky.0p+0,\2
Org = 22 t’“+J( v 4 (ke 1)? (41)

Ung suat cat cuc dai:

T, = J (@)2 + (keT)?  (42)

Trong d6: C = d/d_ (d, la duong kinh
trong cua truc, do la duong kinh ngoai cua
truc); k, 1a hé sfS két hop gitia §60 va moi déi
vO1 truc (;hiu uon; k 1a hé §6 ket hop gitra soc
va moi doi vdi truc chiu xoan.

: 1. Tay do dan déng
b can khoan

2. Truc rong lién két
vanh rang va tay ao
= 3. Lién két bulong

4. Vanh rang bi dong

--:.:j-g-' %
s % e !
f
F L
¥
¥
L] Lg
il ¥
Bl &
AP,
et

Hinh 7. Cum dan dong can khoan

2.5. Mo phéng dieu kién lam viéc dé tinh
toan strc bén cia can hop

Can hop bao gdm phan than chia thanh
ba phan va hé puly d6i huéng. Phan than han
tir tim kim loai day 15 mm duoc udn dang chir
U doc suét chiéu dai véi mot tam kim loai khac
dé tao thanh tiét dién hinh chir nhat rong, bén
trong duoc han cac tam gan ting cing. Cac bd
phén chinh cua can hop dugc lién két v&i nhau
bang ban 1& dé c6 thé gap gon lai khi di chuyén
va bulong khi lam viéc. Trong qua trinh xay
dung mo hinh thi toan bo can duoc coi 1a déng
nhét vé vat liéu, chat luong mdi han cia can
hop dat tiéu chuan. Vat liéu ché tao can hop
1a thép CT3 co cac théng sb nhu sau: o, =450
MPa; 6 =250 MPa; E = 206 Gpa; kh01 luong
riéng y = 7850kg/m3 hé sb Poisson 14 0,3.

.,-_.;—:33'." =

Hinh 8. Két cau cia can hdp va lién két bulong ¢
khop ban lé

Diéu kién bién: Coi hai vi tri 13 lién két
can hop voi xy-lanh va gid do 1a lién két Pin
(lién két chdt, cho phép quay quanh tryc nhung
khong di chuyén tinh tién doc truc).

Két qua md phong Va phan tich hai
tru’ong hop 1am viéc clia can hop trén phan
meém Creo Parametric:

2.5.1. Trwong hop 1: Khi dang khoan dit
Céc lyc tac dung 1én can hop la:

m Trong lugng ban than can hop phan bd déu
trén chiéu dai cua no;

m Tai trong gié ¢ do cao dudi va trén 10m duoc
phan bo déu trén chiu dai cua can;
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m Lyc ép xudng cua xy-lanh thay luc;
m Mo6-men xoan do mam xoay tac dung lén can
hop.

Hinh 11. Chuyén vi trén can khi khoan

Ung suét 16n nhat cta can nam ¢ 16 lap
chét ban 18 ndi gitra van than giita va than dudi.
Gia tri img suat 1a 211MPa véi vat lidu thép
CT3 dép tmg yéu cau lam viéc.

Chuyén vi 16n nhét cia cAn nim & hai
doan cubi cua ray din hudng mam xoay voi do
16n 1a 1,52mm thi cdn hop van thoa diéu kién
lam viéc.

2.5.2. Trwong hop 2: Khi rit can khoan lén

Thoi diém bat dau dugc rat 1én giu
& vi tri sdu nhat (46m), gau chira day dat va
dang ngap trong dung dich Bentonite. Khi rut
gau khoan, dung dich theo khe hé giita giu va
thanh 16 khoan chay xudng phia duéi gau. Luc
ma sat caa dung dich 1én gau khoan thuc té rat
nho so véi cac thanh phan khac nén cé thé bo
qua. Theo két qua tinh toan thi hop luc tic dung
1én ba truc puly ddi hudng cua toi chinh lan
lugtla S =179kN; S, =170 kN va S, =55 kN.
Phan bo g suat va chuyén vi cua can dugc thé
hién ¢ hinh 12 va hinh 13.

Hinh 13. Chuyén vi trén can hdp khi kéo gau
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Hinh 14. Phdn bé vmg sudt trén can hop khi kéo
gau lén

Chuyén vi 16n nhit nam & tAm kim loai
thang ding cua hé puly véi gia tri 1a 3,64mm
thi can hop thoa diéu kién lam viéc.

Ung suit 16n nhét 1a & goc lugn trén
tam thép cta hé puly nim gin mit phang tiép
xtc cua than gitra can hop va hé puly. Gid tri
g suét 1a 218MPa véi vt liéu thép CT3 thi
can hop thoa diéu kién 1am viéc. Thong qua md
phong trang thai ung suat cua can hop khi luc
nang 16n nhat va moé-men xodn 16n nhat thi cac
{rmg suét phan b trén toan bd can hop déu nho
hon so vdi gidi han chay cua vat li¢u.

3. KET LUAN

Xéc dinh luc va mé-men can cua dat tic
dung 1én bd cong tac cia may khoan coc nhoi
kiéu gau s& 1a co so dé tinh toan két cu gau
va hé dan dong cho gau khoan ciing nhu lya
chon ché d¢ van hanh phu hop ctia may khi cap
dat va duong kinh 16 khoan thay dbi. Pa tién
hanh xac dinh céac truong hgp lam viéc ciia may
nham x4c dinh cac diéu kién cho viée phan tich
phan tir hitu han can hop. Sau d6 sir dung phan
mém Creo Parametric dé phan tich két cdu va

nhan duoc két qua thé hién cac diém lam viéc
bat loi cua can hop, tr do théy duoc két cau
mo hinh dua ra ddm bao kha nang chiu lyc va
dap Gmg nhu cau coéng viéc ciia may. Cac két
qué tinh toan va dé xuit két cau cua bd cong
tac khoan c6 thé sir dung dé trién khai ché tao
trong nuwéc nhim muyc tiéu giam gia thanh so
v6i nhap khau. %
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THIET KE VA PHAT TRIEN BAN TAY ROBOT DANH DAN PIANO
DESIGN AND DEVELOPMENT OF BOTH HANDS ROBOT PLAYING PIANO

Trinh Pirc Cwong, Nguyén Truong Thinh
Vién Cong nghé Thong minh va Twong tac, Truong Pai hoc Kinh té
Thanh phé H6 Chi Minh — UEH

TOM TAT

Bai bdo nay mé ta qud trinh thiét ké va phdt trién robot ddanh dan piano. Robot dwoc thiét ké
trén nén tang cia co cau 4 khdu ban 1é dé tao nén cdc ngén tay cé thé hoat déng trén phim dan. Hé
théng robot gom cé 2 ban tay c6 thé truot theo chiéu dai ciia dan va ¢ thé thuwce hién phoi hop hai
ban tay va cdc ngon tay trén phim dan nham tao ra nhitng ban nhac theo yéu cau. Qud trinh thiét
ké, ldp trinh, phan tich va mé phéng kha nang danh dan trén phim dan thdt diea theo mét file midi
da dwoc mo phong mang lai kha nang linh dong hon cho robot danh dan piano, robot danh piano
s€ co kha nang thuc hién nhiéu bai nhac nhat cé thé ma chi can mot nguoi lam mau trén phim dan
mot vai lan. Két qua thue nghiém cho th(f)/, robot ¢6 thé thuc hién biéu dién cdc ban nhac trén dan

piano mot cach linh hoat va chinh xdc cao.
Tir khéa: Robot ddnh piano; Co cdu 4 khdu ban 1é; Robot am nhac; Cdnh tay robot.
ABSTRACT

This paper describes the design and development of a piano-playing robot. The robot is
designed on the basis of a 4-link mechanism to create fingers, which can operate on the keyboard.
The robotic system includes two hands sliding along the length of the piano and cooperating
with these two hands and the fingers on the keyboard to create music as required. The designing,
programming, analyzing, and simulating of the ability to play on the keyboard of a real piano
based on a MIDI file brings more flexibility to the piano-playing robot. The piano-playing robot
can play many songs based on the learning from the player playing on the keyboard several times.
The experimental results show that the robot can perform music on the piano flexibly and with high

accuracy.

Keywords: Piano-playing robot; 4-link mechanism; Musical robot; Manipulator.
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1. TONG QUAN

Hién nay, cing véi toc do ting truong
nhanh ctia nhu cau vé phat trién robot trong moi
truong cong nghiép va dich vu thi trong linh vuc
ngh¢ thuat ciing dang dugc nghién ctru va trién
khai tng dung robot [1]. Ngoai linh vuc cong
nghi¢p va dich vu thi robot trong ngh¢ thuat
chua c¢6 nhiéu két qua boi 1& vi day 1a mot moi
truong dac thu mang tinh cam xuc thi robot kho
c6 kha nang mang lai dugc nhiing hi¢u Ung trén
san khdu nhu mot nguoi nghé si thyuc thu [2]. bé
dap tmg nhu cau vé van dé trén thi viéc tng dung
robot vira c6 kha nang sir dung nhac cu theo cam
xuc thi d6 1a dinh hudng nghién ciru nham trién
khai cac tmg dung ciia robot trong cudc song
[3]. Do do, bai bao nay s& tap trung dé cap dén
nghién ctru va phat trién mot robot choi dan
piano v&i nhitng déc tinh robot nhu sau: Robot
khi d4nh piano thi c6 thé biéu cam bang khudn
mit trong qua trinh biéu dién dé tir 46 tang kha
nang tuong tac dén khan gia; Robot c6 thé thuc
hién biéu dién nhiéu bai nhac da dang [4]. Robot
d& lap ghép va co tinh linh hoat cao, ¢6 thé dé
dang di chuyén va st dung tai nhiéu méi truong
khéc nhau; Robot ¢ thé thuc hién nhiéu thao tac
danh phim dan khac nhau véi do chinh xac va
tdc do cao; Robot mang tinh doc ddo nén co thé
str dung nhiéu trong thuong mai, 1an kinh doanh
cho mot sb doanh nghi¢p dac thu. Bén canh do,
robot van ton tai mot sé nhuge diém nhu: Can
dén khong gian hoat dong rong 16n dé c6 thé bd
tri vi tri tay, anh huong boi tiéng on trong qua
trinh di chuyén cic ngon tay trén b truyeén...
Nhimng khuyét diém ciing di dwoc giam thiéu
boi 1€ robot chot plano co the st dung thém loa
de tang am luong va sip xép mot vi tri rong 16n
dé bd tri robot hoat dong thoai mai. Nghién ctru
nay nham nghién ctru va phat trién robot choi
dan piano 1am cho robot két ndi dén véi moi
truong nghé thuat theo cach gan giii va mang
nhiéu cam xac [5].

Su hinh thanh so khai cta robot choi
dan bat dau tir nhimg nam 1800 dau tién trén
thé gii duoc goi 1a “The Musician” va duoc
phat trién bai nha phat minh Pierre Jaquet-Droz
[6]. The Musician 1a mot loai robot tu dong co
thé choi piano béng cach str dung cac bo phan
co hoc va co ché dic biét. Pay 1a mot sang kién
cong nghé dot pha tai thoi diém do6 va da gay su
chu y 16n trong gidi am nhac. Cung luc d6 The
Maillardet's Automaton dugc tao ra boi Henri
Maillardet 1a mdt robot ty dong c6 kha nang
choi nhac trén dan piano [7]. Automaton nay
c¢6 thé nhan cic phim piano mot cach tw dong
dé tao ra am thanh. No hién dang duoc trung
bay tai mot s6 bao tang noi tiéng nhu Bao tang
Franklin & Philadelphia va Bao tang Quéc gia
ctia Scotland. Nghién ctru lién quan dén robot
choi dan piano cho thiy su phat trién va su
quan tdm dang ké tir cac nude trong viée khai
thac tiém nang ctia cong nghé robot trong linh
vuc am nhac. Cac nghién ctu va dy an trong
linh vuc nay dang tao ra nhimng tién bd dang
ké va dua robot choi dan piano ngay cang gn
hon véi khd nang choi nhac chuyén nghi¢p va
tuong tac voi con nguoi. Hoa Ky 1a mot trong
nhirng qudc gia tién phong trong nghién ctru va
phat trién robot choi dan piano. Arpeggio la san
pham tri tué ctia Nick Morris, chu s¢ hitu cia
Majestic Piano Works ¢ California. Puogc trang
bi mot sb cong nghé tién tién nhat hién c6 va
co hé théng tai tao Live Performance LX cua
Wayne Stahnke. Hop 4m rai c6 thé tai tao man
trinh dién piano ctia con nguoi voi tat ca do
dong va sic thai ciia nghé si piano dang cap thé
gidi. C6 nhiédu trudng dai hoc va td chirc nghién
cuu nhu Pai hoc UC Riverside, Georgia Tech
va cac cong ty cong nghé dang thic day su
phat trién ctia robot choi dan piano & nudc nay.
Robot str dung bo nhd RAM hoat dong bang
khi dé choi dan piano, robot mém van dua phu
thudc vao dién tir cimg dé hoat dong, nhung
mot phat minh méi c6 thé giam bét sy can thiét
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cua viéc su dung chip khong linh hoat. Cac nha
nghién ctru tai Pai hoc UC Riverside da phat
trién bo nhé may tinh khi nén dugc str dung dé
gitip mot robot mém choi dan piano. Thay vi
sur dung cac bo khuéch dai va mach dién thong
thuong, bd nhéd "hoat dong béng khi" dua trén
van microfluidic dé diéu khién ludng khong
khi. Nhat Ban ciing 1a mot qudc gia tién phong
trong linh vyc robot va am nhac. Co nhiéu dy
an va nghién cuu tai cac truong dai hoc nhu
Dai hoc Tokyo va céc cong ty cong nghé Nhat
Ban nhu Yamaha dang phat trién robot choi
dan piano c6 kha nang tuong tac va choi nhac
chuyén nghiép. "RIBA-II: Robot for Interactive
Body Assistance" cua Pai hoc Tokyo (Nhat
Ban): RIBA-II 1a mét robot da nhiém duogc
thiét ké dé hd tro con ngudi trong cac hoat dong
hang ngay, bao gdm choi piano [8]. Robot nay
c6 kha nang cham vao cac phim piano va tao
ra 4m thanh. Chau Au ciing dang c6 su phat
trién dang cha ¥ trong nganh robot choi dan
piano. Cac nudc nhu Anh, Y va Duc ¢o nhiéu
du an nghién ctru va phét trién robot danh dan
piano thong qua su két hop cua cac truong dai
hoc, vién nghién clru va cac cong ty cong nghé.
"RoboPiano" cua Pai hoc Hertfordshire (Anh):
RoboPiano 1a mot robot dan piano ty dong co
thé choi cac ban nhac phirc tap. Robot nay st
dung cac cam bién va thuat toan dé nhan biét
cac ndt nhac va diéu chinh cac dong tac choi
piano.

2. THIET KE BAN TAY ROBOT CHOI
PIANO

Co so dé thiét ké robot choi dan piano
can phai dam bao thoa min cac yéu cau dé ra,
d6 1a: DO chinh xé4c; Linh hoat; Tinh 6n dinh;
Tinh tuong tac va kha nang hoc. Do do, cAu tao
ctia robot choi dan piano phu thudc vao thiét ké
cu thé va cong nghé str dung [9]. Trong nghién
curu nay, robot choi dan piano thuong c6 mot

khung chic chin dé giit co cdu chuyén dong
va cac thanh phan khac. Co ciu chuyén dong
bao gom ban tay, ngon tay va cac khép dé cho
phép robot di chuyén va cham vao cic phim
piano [10]. Co cdu chuyén dong nay co thé
duoc diéu khién béng cac dong co, bd truyén
dong hoac hé théng khi nén. Robot duoc diéu
khién bang phin mém va cac thuat toan diéu
khién dé thuc hién cac dong tac choi nhac. Hé
théng diéu khién nay co6 thé duoc lap trinh dé
tao ra cac ndt nhac, dong tac va céc yéu t6 khac
ctia mot ban nhac [11]. N6 ¢6 thé xu 1y dit liéu
tir cac cam bién va diéu chinh cac dong tac choi
piano tuong ung. Trong nghién cru nay, mat
thiét ké ban tay robot choi dan piano di chuyén
va choi dan bang Solenoid (nhu hinh 1). Véi
thiét ké nay dam bao viéc danh dwoc hau hét
cac phim dan & trén dan piano tai nhiéu thoi
diém khac nhau, ciing nhu han ché dugc phan
nao man trinh dién ctia robot choi dan piano trg
nén qué ctng trong sudt qua trinh biéu dién va
dé dang str dung trén nhiéu loai dan khac nhau,
6 thé danh duoc ca vi tri ndt den va ndt tréng
& hau hét cac vi tri ¢ trén phim dan. Néu robot
sir dung thiét ké nay sé da dang trong viéc trinh
dién nhiéu bai nhac khac nhau ma khong bi han
ché boi vi tri ¢6 dinh ban tay choi piano. Tuy
nhién, thiét ké nay c6 mot sé nhuoc diém nhu
sau: DO phirc tap trong qué trinh 1ap trinh dé
thue hién di chuyén cao; sai so tich lay dan dén
sai s vi tri ¢ nhiig yéu cau sau; yéu cau gia
cong phirc tap va mat nhiéu thoi gian dé thiét
ké, tinh toan, ché tao, thir nghiém; Solenoid
dem lai tiéng on 16n trong qua trinh hoat dong.
Dua vao cac kich thudc tidu chuan phim dan
ctia nha san xuét, ta c6 thé cho trudc duoc mot
s6 kich thudc dé thiét ké ngon tay dua vao co
cdu 4 khau ban 1&. Vi co céu 4 khau ban 1¢ kho
tim dugc kich thudc phu hop trén tirng khau,
vay nén dua vao kich thuéc phim dan tiéu
chuan va ta chon dugc mot sb kich thude nhat
dinh.
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Hinh 1. M6 hinh hoa hai ban tay (a) va ngon tay
(b) cuia robot danh dan piano dwoc thiét ke.

Hinh 2. Kich thudc tiéu chudn cia phim dan.

Tur céc kich thude cua phim dan (Hinh
2) va kich thuéc cia ca dan, chung ta co thé
thiét ké voi nguyén 1y 4 khau ban 1&. Co cau
thanh phang toan khép thap 1a co cdu phing,
trong d6 khép dong nbi giira cac khau 1a khép
thap (khop tinh tién loai 5 hay khop ban 18)
[2]. Tir d6 c6 thé mo phong dong hoc trén phan
mém Geogebra, tim ra duoc khong gian hoat
dong va tir d6 suy ra dugc quy dao di chuyén
ctia dau cong tac.

Dagna= B LA

@ ®)
Hinh 3. Khong gian hoat dong cua dau ngon tay
mé phong (a) ciing nhw hanh trinh danh not trdng
(b) trén phan mém Geogebra.

Phan mau den nhu trén hinh 3(a) la
khong gian hoat dong cta dau cong tac khi ca
hai Solenoid cung hoat dong ngau nhién, khac
thoi diém dé tao ra, sau d6 ta sé mo phong lai
dung trinh ty hoat dong ctia Solenoid dé tim
ra hanh trinh cta dau cong tac, theo phan mau
den thi mdi hanh trinh di cta dau cong tac la
khoang 20mm, ddy la diéu kién du dé nhan

duoc phim dan. Pan piano c6 thé ¢ ciu tric
va thiét ké khac nhau, lyc nhan ciia phim dan
piano thudng nam trong khoang 45-60gram tuy
vao cac loai dan khac nhau, do d6 luc can thiét
dé nhan mot phim c6 thé co su khéac biét. Dua
vao thong sb bé rong ciia mdi phim dan 1a 22
(mm), ta nén thiét ké bé rong to nhét ctia ngén
tay 1a 20 (mm) dé dam bao khoang cach an toan
t6i thiéu giira hai ngon lién ké 2 (mm) khong
cham vao nhau, tranh gip su ¢6 hodc hu hong
khi ching hoat dong. Pong thoi, ta phai tinh
toan, bd tri tat ca cac ngdn trén ban tay tdi uu
nhat dé choi diy du cac hop am, tao ra dugc
nhiéu bai nhac hay hon. Viéc tinh toan va thiét
ké vi tri ddt ngon tay dua trén hop 4m trudng va
hop dm thtr trong hop dm choi dan piano, lam
sao cho cac vi tri dat ngon tay c¢6 hanh trinh di
chuyén it nhit va co thé thoa man duogc tit ca
cac hop am truong va hop am thir xuat hién
trong mot bai choi dan piano.

3. KET QUA VA THUC NGHIEM

Mo hinh da dugc tao thanh sau qua
trinh thiét ké va thuc nghiém:

Hinh 4. Hai ban tay robot danh dan piano.
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Quad trinh thuc nghiém cho phép robot
choi dan piano dua trén thuat todn gidi ma tap
tin midi, thuat toan da duogc ap dung thanh cong
dua trén tép tin midi don gian d cho trudc dé
tim ra dugc cac ndt can nhan, thoi gian nhén va
thoi gian tha cac nbt do [12]. Dong thoi, thuat
todn cling tim ra dugc gia tri cia cac phim dan
tiép theo can phai nhan va sau d6 dua tit ca cac
dir liéu trén vao thuét toan di chuyén canh tay
trén timg ban tay choi dan piano. Cac ndt can
nhén, thoi gian nhan va thoi gian tha dugc thuc
hién sau qua trinh loc dir li¢u, tir d6 thuat toan
da tim ra duoc tay phai can nhan ndt ciing nhu
thoi gian gitr. Vi két qua nay, thuat toan da
cung cap chi tiét cac thong tin can c6, cho phép
robot dua vao thudt todn tim quang duong di
chuyén cho ban tay robot dé c6 thé danh dung
ndt nhac theo tép tin midi cung cép. Cac két
qua nay co thé duoc ap dung cho moi bo dau
vao tuong ty va dam bao tinh chinh xac va hi¢u
suét trong viéc diéu khién robot dé choi nhac
trén dan piano mot cach tu dong. Sau khi chay
thir nghiém thuat toan tur cac t&€p tin midi don
gian, ta co thé danh gia dugc hiéu suit va tinh
dung dan, va két qua cho thiy thuat toan cia
chung ta hoat dong tot trong viéc phan tich
va loc ra cac dit liéu can thiét tir tép tin midi
don gian dé cung cap cho thuat toan tim quing
duong di chuyén cho ban tay robot. Tuy nhién,
viéc ap dung thuat toan trén cac bd dir liu 16n
hodc cac tinh hubng phirc tap khac can duogc
tiép tuc nghién ctru va danh gid dé xay dung
hoan thién tinh tng dung va hi¢u qua cua thuat
toan nay. Trong phan két qua duoc in ra sau
khi chay thuat todn, thudt toan ctua chung ta
da duoc ap dung thanh cong dé tim ra quing
duong di chuyén ngin nhit va vi tri cac ngon
tay can nhan trén dan piano dva trén cac not
nhac da dugc danh va cac ndt nhac tiép theo
can danh. Véi két qua nay, thuat toan di cho
phép chiing ta tim ra quing duong di chuyén
ngan nhat va vi tri cac ngén tay can nhin dé

choi dung ndt nhac trén dan piano [13]. Cac
Kkét qua nay co thé duoc ap dung cho moi bo
dau vao twong tu va dam bao tinh chinh xac va
hiéu suit trong vi¢c diéu khién robot dé choi
nhac trén dan piano mot cach ty dong. Sau khi
chay thtr nghiém thuat toan tur cac tép tin midi
don gian, ta c¢6 thé danh gia dugc hiéu suat va
tinh dung dan, va két qua cho thiy thuit toan
ctia chiing ta hoat dong tét trong viéc tim quang
duong di chuyén ngan nhat va vi tri cac ngon
tay can nhan. Tuy nhién, viéc 4p dung thuat
toan trén cac bd dir liéu 16n hodc cac tinh huéng
phirc tap khac can dugc tiép tuc nghién ctru va
danh gia dé xay dung hoan thién tinh tng dung
va hiéu qua cua thuét toan. Sau khi cap dién,
do va ghi lai cac gia tri dong dién va dién ap
tai cac diém quan trong trong mach, bao gém
dong dién base, dién 4p base-emitter, dong dién
collector va di¢n &p collector-emitter, ta co thé
dam bao réng chét lugng in mach thyuc sy tdt va
mach hoat dong binh thuong, sau d6 mdi han
cac linh kién dién tu va dua vao su dung. Dién
tr& phu nam gitra chan Base (B) va chan tin hiéu
cua PCF8574 c6 vai tro gidi han dong dién vao
Transistor TIP120. Vi mach thiét ké nhu trén,
chung ta c6 thé kich hoat Solenoid 24V bang
cach cung cap tin hiéu tir mach PCF8574. Sau
khi chay thir nghiém mach d¢ kich cac Solenoid
trén ban tay, két qua thu dugc cho thay tin hiéu
mach dién nhanh, ¢6 tinh én dinh cao, nhiét do
hoat dong on dinh.

- - 'F'!"FHHT'11‘I- - w e

i i L g I

Hinh 5. Mach dién duwoc Zcfp vao diéu khién cac
ngon tay trén moé hinh thuc te.
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Béng 1 trinh bay thong ké cac thong sb
sau khi cho robot chay thuc nghi¢m trén phim
dan that. Banh gia két qua thyc nghiém, ta nhan
thiy két qua cho ra thong so t6t, ti 1¢ danh tring

cac vi tri phim dan cao, chiém ti 1& > 97%. Déi
v6i cac bai nhac dé dang, cham va thong dung
thi két qua cho ra c6 phan t6t hon khi ti 1¢ danh
tring cua phim dan 1a = 100%.

Bdng 1. Théng ké két qua choi dan chay thic nghiém

So liéu thu dwge | _x ., .. A3 e
Bai nhac 9 ' ' S;;:lll‘l“‘;‘“i"c“ S0 dl:il:l‘l‘l“l(%a“ Ti 1¢ hoan thanh
Lan thir :
1 136 3 97.84%
2 137 2 98.56%
Let it go 3 137 2 98.56%
4 138 1 99.28 %
5 138 1 99.28%
1 126 4 96.92%
2 126 4 96.92%
See you again 3 127 3 97.69%
4 127 3 97.69%
5 128 2 98.46%
1 69 1 98.57%
2 70 0 100%
Happy birthday 3 70 0 100%
4 70 0 100%
5 70 0 100%
4. KET LUAN Loi cim on:

Nghién ctru da hoan thanh va ché tao
thanh cong hai ban tay robot danh dan piano
thong qua qua trinh thiét k&, 1ap trinh, phan tich
va mo phong kha nang choi dan trén phim that.
Robot choi dan piano dat dugc hig¢u suét cao
va chinh x4c, ngoai ra robot con c6 kha nang
biéu dién cam xic va tuong tac véi khan gia.
Hé thdng robot duoc thiét ké va phat trién cung
cap kha ning thong minh va linh hoat cho phép
n6 choi duge nhiéu bai nhac khac nhau va thich
nghi véi yéu cau cta khan gia.

Nghién ctru nay duoc su hd tro vé tai
chinh cua Truong Pai hoc Kinh té Thanh phé
Ho6 Chi Minh — UEH. Bai bao nay 1a san pham
ctia d& tai nghién ciru khoa hoc cong nghé cép
truong c6 ma s6 CTD-2023-07 duoc tai trg boi
Trudong Pai hoc Kinh t& Thanh phd Ho Chi
Minh. ¢

Ngay nhan bai: 28/9/2023
Ngay phan bi¢n: 19/10/2023
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THIET KE VA CHE TAO ROBOT BAY DAN NG DUNG
TRONG NGHIEN cU(rU

DESIGN AND FABRICATE SWARM ROBOT FOR RESEARCH APPLICATION

Ping Tri Diing, Nguyén Minh Tri¢u, Nguyén Truomg Thinh*
Vién Cong nghé Thong minh va Twong tac, Truong Pai hoc Kinh té Thanh phd Ho Chi Minh

TOM TAT

Swarm robotics la mét linh viee nghién ciru da nganh tdp trung vao van dé xdy dwng cdc bo
diéu khién phi tdp trung dwoc ldy cam hing tir cdc loai sinh vét song thanh bay trong tw nhién dé
diéu khién mét sé lwong lon cac robot cung phéi hop thuc hién mot nhiém vu chung. Phan 1ém céc
ddnh gid ciia nhitng gidi thudt ndy yéu cau phdai thwe hién trén bdy robot ¢6 sé lwong cd thé Iom,
dan dén viéc cdc thwe nghiém robot bay dan tré nén kha ton kém. Bai bdo nay trinh bay vé qud trinh
thiét ké va ché tao mét bdy dan robot véi muc dich vmg dung trong nghién ciru. Cdc robot trong bdy
dan nay dwoc phat trién dé cé kha nang tw 16 chirc va lam viéc cung nhau dé thuc hién cac nhiém
vu nghién ciru phitc tap. Bai bdo bao gom théng tin vé qud trinh thiét ké, diéu khién va tich hop cdc
cam bién, ciing nhir vé viéc dap dung by dan robot nay trong cdc iing dung nghién ciru cu thé. Céc
két qua va loi ich ciia viéc tmg dung robot bdy dan trong nghién ciru ciing diege thao ludn trong bai

bao.
T khéa: Robot; Bay dan; Thiét ké; Ché tao.
ABSTRACT

Swarm robotics is a multidisciplinary research field focused on the development of
decentralized controllers inspired by natural organisms that live in swarms, aiming to control a
large number of robots collaboratively in performing common tasks. Most evaluations of these
algorithms require testing on large groups of robots, making swarm robotics experiments relatively
costly. This paper presents the process of designing and manufacturing a swarm of robots for research
purposes. These robots are developed to possess self-organization capabilities and work together to
perform complex research tasks. The paper includes information about the design, control, sensor
integration, as well as the application of this robot swarm in specific research scenarios. The results
and benefits of applying swarm robotics in research are also discussed in the paper.

Keywords: Robot;, Swarm,; Design, Fabricate.
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1. TONG QUAN

Trong linh vuc diéu khién hé da robot,
viéc diéu phdi mot luong 16n cac robot, tir vai
chuc dén vai nghin ca thé, thong qua cac bd
diéu khién phi tap trung dya trén kha nang giao
tiép cuc bd cua chung, dang dugc coi 1a mdt
huéng tiép can moi véi robot bay dan. Cach
tiép can nay thuong 1y cam himg tir cac hanh
vi tap thé cta sinh vat ty nhién, nhu cac loai
sdng thanh by, c6 kha nang tu t6 chirc. Tinh
tu t6 chirc ndy dang dugc nghién ctru va Gng
dung trong hé diéu khién da robot, tuy van con
kha méi va chua phé bién rong rai. H¢ diéu
khién cua robot bay dan khong tap trung vao
mot hé théng xtr 1y trung tim. Thay vao do, n6
dua vao kha nang giao tiép gitta cac robot dé
ho ¢6 thé trao ddi thong tin va hop tac dé hoan
thanh nhiém vu chung. Loai hé diéu khién nay
dugc goi 1a hé diéu khién phan tan. Nho vao
tinh tu t6 chic va hé diéu khién phan tan, hé
robot bay dan c6 ba uu diém ndi troi so voi cac
hé da robot khac: kha nang m¢ rong, tinh linh
hoat va tinh 6n dinh [1]. Kilobot 1a mot robot
cuc ki thich hgp trong viéc phuc vu nghién ctru
bo diéu khién phi tap trung cho robot by dan
vi sy nho gon, thiét ké don gian cia n6. Pugc
gidi thiéu lan dau tién boi Rubenstein va dong
su [2], va cac nghién ctru xoay quanh xay dung
hanh vi tap thé cho Kilobot ciing dugc phat
trién. Khac véi cac robot di dong thong thuong
c¢6 chuyén dong duya trén truyén dong hai banh
vi sai, chuyén dong cua Kilobot dya vao chan
ap dién rung dong (chuyén dong thanh truot).
Diéu nay khién robot di chuyen rat cham va
khong c6 hé thong hoi tiép cho kiéu chuyén
dong nay, dan dén 1a cac thuat toan ap dung
trén robot nay cting kho ap dung trén cac h¢
robot c6 san khac. E-puck 2 [3] ctia Francesco
Mondada va cong su tir Ecole Polytechnique
Federale de Lausanne, Thuy Si (EPFL) hay
Cellulo [4] ciia Quy Khoa hoc Qudc gia Thuy

Si, Ayberk Ozgiir 1a nhitng vi du khac cho
robot bay dan. E-puck 2 ¢6 kich thuéc nho (@
70mm, cao 45 mm), st dung bd vi sai hai banh
v6i mot bo cam bién phong phu: 8 cam bién
tiém can h6ng ngoai, camera mau CMOS, 3 x
microphone, diéu khién tir xa IR, gia toc ké 3D
va tit nhién c6 bo xur Iy manh mé duoc cung
cap boi dsPIC 30F6014A. Tuy nhién, thuc té
cho thiy, cac nghién ctru nay thuong dua trén
mé phong hoic sir dung s6 lwong ca thé robot
thap, do gi4 thanh ciia chung kha dit do. Vi du,
hé robot bay dan Cellulo di kém voi hé thong
dinh vi trung tam, diéu nay gidi han kha ning
mo rong cua no.

O Viét Nam, nghién ciru vé robot bay
dan tai cac truong dai hoc va vién nghién cuu
con han ché. Cac nghién ctru vé hé nhiéu robot
thuong tap trung vao viéc phét trién bo xir 1y
tap trung thay vi tdp trung vao bo xu ly phan
tan. Mac du d3 c6 mot s it bai bao cong bo vé
nghién ciru robot by dan [5-7], nhung chung
thuong dung lai & mirc moé phong. Nghién cuu
vé robot bay dan khong chi lién quan dén viéc
nghién ctru hanh vi ctia tung robot ma con
nghién ctru vé hanh vi ctia toan bd bay — hanh
vi tép thé, diéu nay rit quan trong cho viéc (mg
dung trong viéc diéu phdi cac hé thong robot
hoat dong hang ngay, vi du nhu robot trong
nha may, kho hang, chudi cung tmg, va nhiéu
tmg dung khéac. V&i su tap trung vao sd luong
16n robot, ching can tu td chire, tu cdu hinh va
diéu khién phi tap trung. Mic du c6 tiém ning
va kha nang tng dung rong rai cia nghién ctu
vé robot bay dan, nhung no hién dang dbi dién
v6i mot sb6 han ché, bao gdm van dé vé gia ca
va thiéu su quan tam trong nghién curu tai Viét
Nam, ciing nhu sy hiém hoi cta cac tmg dung
thuc té ctia robot bay dan trén toan thé gidi.
Ngodi ra, tinh phirc tap trong thiét ké va diéu
khién cua hé thong ciing 1a mot thach thirc dang
ké. Vi vay, nghién ctru ndy dé& xuit xay dung
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mot nén tang robot di dong co kich thudc nho
va chi phi hop 1y, nham hd tro nghién ctru trong
linh vuc robot bay dan. Nén ting nay bao gom
thiét ké phan climg va céc tac vu duoc thiét ké
phu hop véi nd, ciing nhu dap ing nhu cau cia
nhiéu nghién ciru trude day.

2.YEU CAU THIET KE ROBOT BAY PAN

Khi cac loi ich ctia hé thdng robot bay
dan duoc thao luan, thuong co ba loi thé chinh
duoc dé cap [8], d6 1a: 6n dinh, linh hoat va mé
rong. Piém 6n dinh xuét phat tir tinh du phong
va sy thiéu vang diém 16i don 1¢ trong dan robot
ddng déu. Ngay ca khi c¢6 16i nho, hiéu suit
tong thé van giit nguyén. Tinh linh hoat phat
sinh tir viéc cac robot trong dan gin nhu gidng
hét nhau, cho phép mdi con thuc hién nhiéu vai
tro va thich tng vdi cac nhiém vu ma khong
can phai tiy chinh phan cimg. Kha ning mé
rong dén tir viée cac phuong phap diéu khién
ctia dan robot linh hoat v6i bat ky quy mé nao.
Giao tiép trong dan c6 thé 14 16 rang hodc ngam,
tiry thudc vao viée thong diép duoc giri truc tiép
hay hanh vi dugc diéu chinh dua trén cac dau
hiéu cam nhéan dugc, tao diéu kién cho su hop
tac. Stigmergy, hodc giao tiép thong qua moi
truong, ciing dong vai tro trong su phdi hop
ctia dan robot, chang han nhu dau pheromone &
kién hodc tin hiéu trong vat li¢u xay dung [9].

3. THIET KE PHAN CUNG

V& mit tong thé, thiét ké phan cting cho
robot bay dan c¢6 nhiéu khac biét so v&i robot
don 1é. Trong bay robot, phan cting c6 thé da
dang vé mit dong nhat hodc khong dong nhat,
nhung né phai dam bao sy don gian, nho gon
va chi phi thap. Nghién ctru nay tap trung vao
thiét ké mot nén tang robot bay dan dong nhat
v6&i muc tiéu st dung trong moi trudng gido duc
va phong thi nghiém véi chi phi thdp. Hon nita,

viéc thiét ké phai hd trg viéc thao roi va lap
rap d& dang, vi san xuét va lip rap mot luong
16n robot c¢6 thé ton thoi gian va chi phi. Muc
tiéu cua nghién ctru la tao ra mdt bo mach hoan
chinh véi day du cac bo phan cam bién, vi diéu
khién va module chtrc ning dé cac cé thé robot
co kich thudc nhé gon. Ngoai ra, nang lugng
va kha nang di chuyén ciing dugc xem xét dé
dam bao kich thudc cua robot. Thiét ké cua
Millibot tip trung vao ba muc tiéu chinh: Ho
trg mo rong cac hoat dong cua dan robot, linh
hoat trong viéc chon lya hé thong truyén thong
va kha nang thuc hi¢n cac tac vu dai han.

3.1. Thiét ké hé thong dién cho ca thé robot

Véi cac yéu cau duoc néu ¢ cic phan
trén thi hé théng dién cua robot ¢ thé duoc dé
xuat nhu hinh 1. Dé ¢ thé t6i vu hoa kich thuée
cuia robot, tit ca cic cam bién, cac module chirc
nang, co cau chip hanh déu phai duoc tich hop
lén trén cac bo mach. Dya trén hé théng déxuit o
hinh 1, cac thanh phan c6 thé onboard bao gom:
B9 xtr Iy trung tdm, bd phan truyén nhan dir liéu
bang anh sang hong ngoai, bd phan truyén nhan
dir liéu bang am thanh, bo thu/phat WiFi, IMU,
driver va bo nguén. Viéc chon lya cac thanh
phan cho hé thong dién néu trén phai dap cac
tiéu chi dé xay dung mot hé thdng robot bay dan
duoc néu ¢ phan tong quan. Hé thong dién cia
cé thé robot dugc chia 1am hai phan chinh phan
bd trén hai bo mach phan bi¢t c6 churc nang cu
thé va khong thé tach roi: Locomotion board va
main board. Bo mach chinh chtra cac bd phan
chic ning bao gdm bo diéu khién chinh tich
hop cac chuan truyén thong WiFi va Bluetooth,
cam bién va hé théng giao tiép cuc b gitra cac
robot dia trén 4nh sang hong ngoai va 4m thanh.
Trong khi dé, locomotion board ¢ day di chirc
nang chiu trach nhi¢ém cho viéc di chuyén cua
robot. Thiét ké cua cac ca thé robot dugc biéu
dién trén hinh 2.
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Dual bridge
motor driver

Hinh 1. Hé thong dién ciia Millibot gom hai phan
chinh: Main board va locomotion board.

Hinh 2. Millibot voi main board (trai) dwoc dat
phia trén va locomotion board (phai) dwoc dat
phia dudi cua robot.

3.2. B diéu khién trung tim

Viéc chon lya bd diéu khién trung tam
cho c4 thé robot phu thudc vao céc tdc vu ma
n6 dam nhan va kha nang xu ly cia no. Theo
céc chi tiéu vé chi phi, toc do xir Iy va cac chirc
nang co6 sin ctia no, bo diéu khién trung tim cia
Millibot dwoc cung cap boi dong Espressif’s
System on Chip (SoC) ESP32 c6 bd vi xu 1y
Xtensa 32-bit 1561 kép voi téc do co thé thiét
1ap 1én toi 240 MHz. Bé giam kich thude cia
mainboard, ESP32-PICO-D4 duoc lua chon vi
n6 dugc tich hop tat ca cc thanh phan ngoai
vi t6i thiéu dé b diéu khién c6 thé hoat dong
trong 01 package duy nhat bao gém oscillator,
bo nho flash 4MB, céc tu loc va mach matching
tan s6 RE. ESP32 hd tro giao tiép WiFi 2.4
GHz va Bluetooth low energy trong cung 01
package. Module ESP32-PICO-D4 dugc dong
g61 dudi dang 01 chip PLA 48-pins nhd gon véi
kich thudc 7mm x 7mm.

3.3. Hé thong di chuyén

Millibot st dung hai dong co DC co
hop giam toc (9161C), duoc dit song song va
khong ddng truc nham giam tong kich thudc
cua robot. Hai banh lan béng bi inox dugc dat
d6i xtmg dé giup robot duy tri cin bing va tao
mé hinh skid-steered. Vi tinh 6n dinh co hoc
va kha ning tiép can, mo hinh skid-steered 1a
mot trong nhitng mo hinh pho bién nhat dugc sir
dung trong robot di dong. Sy phtrc tap cua mo
hinh tuong tac gitra banh xe va dia hinh duoc
biéu dién thong qua tham s6 d0 ma sat bé mat
khi robot di chuyén trén duong cong, 1a mot
van dé kho giai quyét trong mé hinh nay. M6
hinh nay tré' nén phirc tap do banh xe ctia nén
tang skid-steered phai trugt ngang va’hoac doc
khi thuc hién chuyén dong theo duong cong.
Tuy nhién, do gi61 han tinh toan cua tirng robot
trong bay dan, chuyén dong theo dudng cong
hiém khi duoc sir dung trong cac ting dung. V&
chuyén dong tinh tién va quay tai chd, ngay ca
khi cac dong co khong quay quanh cung mat
truc, robot van c¢6 lyc va mé-men tuong ty nhu
robot ¢6 banh di chuyén kiéu vi sai. Do d6, mo
hinh dan dong vi sai ciia hai banh van c6 thé
ap dung trong truong hop nay. Goi V va o biéu
dién van tdc goc va van tde tuyén tinh cua mot
c4 thé robot bat ky, van toc banh xe bén phai va
bén trai, 6.va 6, c6 thé duge xac dinh thong
qua phuong trinh 1.

1 v

6] |n n v

.{9,}_ 1 7 L}} D
2]

Trong do, r. va r_ lan lugt la khoang
cach gitra hai banh xe va ban kinh ctia moi banh
Xe.
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Dbé diéu khién sy di chuyén cua robot,
ching ta tich hgp mot chip diéu khién dang cau
H kép (DRV8833) vao mach. Chip nay dugc sur
dung dé gidi han dong dién cam ung cho moi
cau H. Pién ap cung cip cho mach diéu khlen
duoc quy dinh & mirc 3,3V va dong dién tdi da
cung cip cho mdi déng co duoc gidi han trong
khoang 133 mA. Véi banh xe c6 duong kinh
18mm, tc do trung binh ctia bay dan 1a khoang
25 cm/s. Ngoai ra, c¢6 thé sir dung dau vao cia
bo diéu khién dé diéu khién téc do dong co
thong qua PWM 8-bit tich hop trong bo diéu
khién trung tam. Phan hoi vé toc d6 dugc cung
cap boi bo encoder tir mot kénh trén moi dong
co. Dé gitp robot di chuyén theo quy dao mong
mudn, chung ta ap dung hai bo diéu khién vong
kin van toc doc 1ap (bd diéu khién PID) cho mdi
banh xe. Tuy nhién, van dé chinh trong thiét ké
ctia Millibot 14 tin hi¢u phan hdi chi dugc cung
cép tor b0 ma hoéa mot kénh, trong khi hau hét
cac platform mobile robot trude day st dung it
nhét hai kénh cho bd encoder. Do do, bo diéu
khién théng thuong chi c6 kha ning xac dinh
tbc do chir khong thé xac dinh van tbc. Pidu
nay din dén viéc robot khong thé dao hudng
banh xe trong lac di chuyén néu st dung bod
PID thong thuong.

Dé c6 thé diéu khién dong co quay theo
huéng mong mudn, tham sd virtual direction
sign dugc dua vao. Y tuéng chinh ciia phuong
phap nay 1 tao diém dit tam thoi ¢ téc do bang
0 cho bo diéu khién PID khi dong co dao chiéu
quay cuand. Goi S, S, € {1,-1} lan luot 1a
virtual direction sign cua banh xe trai va phai,
van téc banh xe trai va phai co thé duoc xac

dinh bang phuong trinh 2.
. 2rr,
0, =s, T m, ()

Véi T 1a thoi gian cho mét vong quay
cua truc dong co va mg la ty so truyén cia dong
co. Virtual direction sign s¢ khong doi cho dén

khi dong co dimg. Tai thoi diém ngay khi dong
co dimg, diém dit mong mudn s& duoc thiét
lap va virtual direction sign s& thay doi. Bang
phuong phéap nay, toc d6 phan hoi ciia bo diéu
khién PID s& bi giam di va phu thudc vao téc do
phan hoi ctia phuong phép zero speed detection
dugc st dung trong bd diéu khién. Trong thuc
té, do gidi han phan ctng don gian, zero speed
khong thuc su duoc phat hién, chi ¢ thé phat
hién T vuot qua mot nguong cho trude T, va
ngudng nay phu thudc vao toc do didu khlen
tbi thiéu cua dong co. Trong trudng hop cua
Millibot, voi m =1:171 va tbe do tuyén tinh t6i
thiéu trung binh ciia Millibot 1 10 cm/s,nén T
duogc dat 40ms.

3.4. H¢ théng ning hrong

Nghién ctru nay st dung pin Lipo lam
ngudn ning luong cho robot vi nd co kha
nang chiu tai tdt va hoat dong & muc di¢n ap
tir 4.2V dén 3.3V, phu hop véi tat ca cac linh
kién trong Millibot. Mot bg pin Li-Po 3.7V 2
cell ndi tiép c6 kich thude 38 x 25 x 12 mm
va dung luong 1000mAh duge dung dé cap
nguodn cho Millibot. Mic du cac thanh phan
dién tur trong robot c6 dai dién ap hoat dong
khac nhau, nhung chiing déu c6 thé hoat dong
binh thuong ¢ 3.3V, vi vay nghién ctru st dung
céc bo diéu chinh ap véi ap roi thap gid ré. Cac
b6 diéu chinh 4ap thong thuong nhu AMS117
hoac LV317 khong thich hop trong truong hop
nay do d¢ roi ap cao. Thay vao do, nghién ctru
stt dung RT9013-33G, mot bo diéu chinh ap
phu hop nhét véi dai dién ap hoat dong rong tir
2.2V dén 5.0V va dau ra ¢ dinh ¢ 3.3V. Cu thé,
dién ap roi toi da trén dau ra 12 250mV khi dong
cuc dai 1én to1 S00mA.

3.5. Phuong thirc truyén thong giira cac ca
thé

Trong robot bay dan, nhiém vu chi yéu
duoc thuc hién thong qua sy cOng tac gitra cac
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robot. V&i sy thiéu hut ctia bo diéu khién trung
tam, giao tiép gitra cac robot trd thanh mot yéu
t6 quan trong cho sy hoat dong cua timg ca thé
trong bay. Giao tiép nay co6 thé duoc chia thanh
hai loai chinh: truc tiép (explicit) va gian tiép
(implicit). Trong nhiéu nghién ctru, giao tiép
dua trén phuong phap st dung pheromone, nhu
kién, da dugc ap dung cho robot. Tuy nhién,
phuong phéap niy ciing mang theo nhiéu han
ché, bao gdm kha ning truyén tai thong tin
han ché (sensor chi co thé phat hién su c6 hodc
khong co cuia chit gia pheromone), ciing nhu
kha ning chi thi dich xac ca thé can tiép nhan
thong tin. Phuong phép truyén thong qua song
radio, nhu wifi, Bluetooth, RF, NFC ciing dugc
str dung rong rai trong robot. Tuy nhién, nhiing
phuong phap nay doi hoi nang luong ti€u thy
cao va c6 thé tré nén qua tai khi s lwong robot
trong bay tang 1én. So voi nhimg phuong phap
giao tlep gilta cac robot da dugc dé cap, sir
dung hdng ngoai tré thanh mot lya chon hop 1y
cho viéc trao ddi thong tin giita cac robot trong
cac tmg dung bay dan. Piéu nay dic biét thich
hop véi céac robot c6 kich thudc nho st dung
trong moi truong phong thi nghi€ém do tinh linh
hoat va kha nang m¢ rong cta no.

Cam bién hdong ngoai da duoc lua chon
vi ching c6 chi phi thap, dang tin cdy trong
pham vi cho phép, va dé dang trong viéc thiét
ké va cai dat. Moi truong hoat dong cia cac
c4 thé trong bay dugc gia dinh va da dugc xac
dinh trudc, bao gdm thong tin vé khong gian
hoat dong voi su gioi han. Do do, thong tin
vé moi truong xung quanh robot 1a 6 6n dinh va
khong thay doi. Ngoai ra, do mdi ca thé robot
dugc gia dinh co6 cau tric don gian va xu Iy cac
nhiém vu véi tai nguyén tbi uu, sai ) trong vi¢c
do khoang cach chi cho phép mot mirc d6 nhat
dinh (1én dén Icm). Millibot dugc trang bi 6 b
thu phat hong ngoai duoc phan bd déu quanh
bo mach chinh ctia robot. Mdi bd thu phét bao
gdm mot dén LED phat hong ngoai va mot
transistor hong ngoai duoc str dung dé thu séng

anh sang hong ngoai, véi goc mé khoang 60
d6. Tat ca cac dén LED phat hong ngoai duoc
diéu khién thong qua cic bd chuyén tiép bit
8-bit serial-in, parallel-out, c6 kha nang cung
cAp tan sb chuyén doi dau ra 1én dén 1kHz. Sau
transistor hdng ngoai nay két ni truc tiép véi 6
kénh ADC riéng biét 12 bit trén bo mach chinh.
Nho vao chiic nang direct memory access, dit
lidu tir cac kénh ADC nay c6 thé dugc luu trit
truc tiép vao bo nh¢ ma khong ¢ can sy can thiép
ctia CPU, din dén tc do lay mau toi dao tat ca
céc kénh 1én dén 20kHz. O toc do truyen 1kHz,
trong khong gian hoat dong cua Millibot, vdi
khoang cach t6i da 1én dén 45 cm, c6 thé truyén
dir lidu tir tat ca cac bo thu phat hong ngoai. Tin
hiéu phan xa c6 thé duoc nhan biét tir khoang
cach 15 cm. bo khoang cach udc tinh dya trén
cac gia tri mau analog duoc do tir cuong do anh
sang phan xa tir cac vat thé trudc mit.

4. CAC TAC VU CO KHA NANG MO
RONG CO BAN

Nhu d3 dé cap trude do, qua trinh van
hanh mot lwong 16n robot bay dan c6 thé mat
nhiéu thoi gian khi st dung cong tic bat/tat
ngudn truyén thong véi cong tic vat ly. Bén
canh do, robot c¢6 thé dugc céu hinh trong mot
khu vuc déng ctra da 16n dé hoat dong, gidi
han su tuong tac giita con ngudi va toan bo bay
robot. Diéu nay chi cho phép ngudi ding can
thiép vao bay robot sau khi di bat ddu qua trinh
su dung. Mot han ché khéac cua cong tac bat/
tat thong thuong 1a robot tiéu thu ning luong
nhanh chong trong qué trinh cho khéi dong
toan bo bay robot. Hon nira, trong qua trinh
thir nghiém thuat toan, nguoi dung thuong mat
thoi gian dé phat trlen phan mém, va trong thoi
gian nay, robot néu khong dugc tat hodc khong
c6 ché do chod sé nhanh chong tiéu hao ning
lwong va can pin trude khi ding lan tiép theo
6 thé dién ra hoan toan. Do d6, viéc ¢6 mot
co ché chuyén ddi ché do hoat dong cho bﬁy
robot 14 diéu can thiét cho viéc van hanh chung.
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Nghién ciru nay gidi thiéu 04 ché do hoat dong
cua béy robot ¢6 thé duogc chi dinh boi nguoi
dung trong qua trinh hoat dong dugc minh hoa
10 rang trong Hinh 3:

« Ché d6 hoat dong binh thuong (normal
mode): Tét ca cac thiét bi ngoai vi ¢ ché do
mo va hoat dong theo chuong trinh chinh. O
ché do nay, b diéu khién trung tam, Esp32, &
ché d6 hoat dong binh thuong (tt ca cac chirc
ndng hoat dong binh thuong theo chuong trinh
chinh).

« Ché d6 nang cip firmware (upgrade
mode): Tt ca cac thiét bi ngoai vi va locomotion
board cta robot ngirng hoat dong. Trong khi do,
Esp32 van & ché do hoat dong binh thuong dé
thiét 1ap mesh network dua trén WiFi dugc st
dung dé phuc vu qua trinh nang cép firmware.

« Ché dd cho (idle mode): Thay vi tit
robot béng cong tac vat ly, ché do nay dugc
sir dung khi nguoi ding mudn bay dan nghi
ngoi trong khi nguoi dung thuce hién cac nhiém
vu khac nhu phat trién phan mém hodc stra 16i
robot. Ngudn danh thirc (wake-up source) duoc
dat trude khi by dicu khién trung tdm Esp32
chuyén sang ché do ngt sau (deep sleep mode).
Khi Esp32 ¢ ché do nay, chi c6 bo xtr 1y ultra
low power (ULP) coprocessor va mo-dun RTC
dugc phép hoat dong.

« Ché d6 ngi (sleep mode): Chi mot sd
thanh phan thiét yéu ctia robot duoc duy tri hoat
dong khi robot & ché d nay dé tiét kiém nang
luong trong khi duy tri kha ndng danh thirc ctuia
hé thong boi cac kich thich bén ngoai. Bo diéu
khién trung tam ESP32 & ché do ngi sdu. O
ché do nay, robot chi ti€u thu 0,5mAh, do do
robot c6 thé ngli va khong can sac lai trong hon
02 thang. Nguon danh thirc giita idle mode va
sleep mode ctia Millobot 1a khac nhau.

Hinh 3. Céc ché do hoat dong khdc nhau cua
Millibot va phwong thirc chuyén doi giita chiing.

[ "i‘:, 2 575':. &
P g L5
. &
ot 2 %

Hinh 4. Anh chup thir nghiém chuyén tir normal
mode sang idle mode. Pén led mau xanh cho biét
robot dang ¢ normal mode trong khi den led mau
cam cho biét robot dang & idle mode. Trdi: nguoi
diing cham vao mét robot bdt ky trong bay dé khai
dong idle mode. Gitra: Thong bao "cho" dwoc lan
truyén khdp noi trong bay. Phdi: Toan b bay dan

chuyén sang idle mode.

Trong ché do thong thudng, robot co
kha nang chuyén doi sang cac ché do khac dya
trén twong tac ctia nguoi dung. Mot ca thé robot
hodc ca bay co thé bi anh hudng boi twong tac
nay. Cu thé, nguoi dung c6 thé st dung cam
bién cham dé tuong tac véi robot. Robot co
kha ‘nang xéac dinh ché d6 ma ngudi ding mong
mudn dya trén cach ho tuong tac véi cam bién
cham tich hop trén robot. Khi ngudi dung hoan
thanh twong tac, robot sé tién hanh xoay tai chd
trong mot khoang thoi gian xéc dinh va phat di
mot thong diép dd ma hoa qua hé théng giao
tiép hong ngoai dén tit ca robot 1an can. Cac
robot nhan dugc thong diép nay s& tiép tuc
thuc hién qua trinh tuong tu, va thong di¢p
cudi cung s& duoc truyén ti toan bo bay robot.
Cach tiép can nay gitp twong tac v6i toan bd
bay robot trd nén nhanh chéng va giam thiéu
su tuong tac vat ly gilta nguoi dung va robot.
Robot ¢6 thé chuyén sang ché do cho bang mot
lan cham nhanh, ché d6 nang c4p bang hai lan
cham nhanh lién tiép va ché d6 ngu bang mot
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1an cham va gitr it nhét ba giay. Mot vidu cy thé
cho céach hoat dong nay dugc minh hoa trong
Hinh 4, trong d6 ngudi dung chi can tuong tac
v6i1 mot robot, nhung tdc dong nay s€ lan rong
dén toan bo bay robot.

Ngoai ra, ngudi dung cé thé chuyén tir
ché do chd hodc ché d6 ngii riéng cho tirng robot
bang cach lic hoic 1at nguoc robot turong tng.
Serial port trén main board c6 thé dugc sir dung
dé nang cap firmware cho ting robot riéng 1¢ khi
can. Trude khi robot chuyén sang ché do cho,
cam bién cham va cac kénh analog duoc gan
v6i bo thu hong ngoai duoc ding ky nhu ngudn
kich thtrc dénh thirc. Néu ngudi dung cham vao
robot hodc cam bién héng ngoai nhan tin hi¢u
nao do, robot s€ bi danh thirc. Nguoi dung chi
can cham vao mot robot bat ky dé danh thirc ca
bay. Ngay sau khi bi danh thurc, robot s& bat tat
ca cac dén hong ngoai trong mot khoang thoi
gian xé4c dinh, xoay tai chd va kich hoat toan bo
robot 1an can thong qua ngudn kich thirc thi hai
da dugc néu. Ngoai ra, robot s& chuyén sang
ché d6 ngi néu khong dugc danh thic sau ba
gid & ché d6 cho dé tiét kiém ning luong pin.

5. KET LUAN

Nghién ctru nay da phat trién mot nén
tang robot di dong (goi 1a Millibot) dé sir dung
trong cac hoat dong nghién clru va hoc tap.
Millibot da dugc thiét ké, xay dung va kiém
tra trén mot loat tadc vu lién quan dén hé théng
robot bay dan. Nén tang robot dé xuat ndy cung
cap mot loat tinh ning c6 thé tuy chinh, cho
phép nguoi dung tién hanh nhiéu thr nghiém
nghién ciru v6i mot chi phi thap, chi khoang 23
d6 la cho mdi ca thé prototype. Millibot chia
sé nhiéu dic diém twong tu véi cac nén tang
robot di dong hién c6 da dugc mo ta trong cac
nghién ctru trude day, nhu da dugc trinh bay ¢
cac phan trudc. Nghién ciru nay cling gidi thiéu
mot s thao tac co ban trén bay robot, va c6 kha
ning mé rong dé nguoi dung co thé thuc hién

trén mot bay Millibot quy mo 16n ma khong
can can thi¢p vat ly hodc it can thi€p nhat.
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Nghién ctru nay 14 san pham ctia dé tai
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NGHIEN ClrU THIET KE ROBOT PAU DU'A TREN
NHAN TRAC HOC CUA NGU Ol VIET NAM

RESEARCH AND DESIGN THE ROBOTIC HEAD BASED ON VIETNAMESE
ANTHROPOGRAPHY

Nguyén Minh Triéu, Nguyén Truomg Thinh
Vién Cong nghé Thong minh va Twong tic, Trudong Pai hoc Kinh t& Thanh phé H6 Chi Minh

TOM TAT

Robot ngay cang tro nén pho bién va c6 iing dung da dang trong doi song hang ngay. Ti iy
nhién, dé tao ra nhimng robot 6 thé twong tdc tw nhién véi con ngwm chiing can cé kha nang thé
hién cam xiic va giao tiép hiéu qud. Tai Viét Nam dd c¢é nhiéu né lic phdt trién robot nhung hau
hét chi tap trung vao mét khia canh cu thé, chwa dap iing dwegc nhu cau twong tdc ciia con nguoi.
Nghién ciru nay tdp trung thiét ké mét robot ¢é dau nguwoi c¢é hinh dang va kich thude giong nguwoi
that dva trén cac thong s6 nhdn trdc hoc cia nguoi Viét Nam. Robot nay co kha nang thé hién cam
xuc, noi chuyén va dwoc tich hop tri tué nhan tao. Dw dn nham muc dich tao ra mét robot cé thé ho
tro nganh y té, thuwe hién cdc nhiém vu nhw tie van, sang loc va giao tzep voi bénh nhan ma khong
can tiép xiic trie tzep Piéu nay gitip gidm nguy co ldy lan bénh truyén nhiém va gidm bét ap lyc
cho nhdn vién y té va bénh nhan. Ngodi ra, robot ndy con c6 thé dwge sir dung trong vai tro 1é tin
hodc dich vu khdch hang. Sy hiéu biét vé giai phdau dau nguwoi va cdc thong sé vdan hanh sé dwoe dp
dung vao viéc thiét ké va ché tao cdc co ché co khi ciia robot, gitip chiing tré nén thit vi va hitu ich
hon trong cudc séng hang ngay.

Tir khéa: Tri tué nhan tao; Robot dau;; Suny robot; Humanoid robot.

ABSTRACT

Robots are becoming increasingly popular and have diverse applications in everyday life.
However, to create robots that can interact naturally with humans, they need to be able to express
emotions and communicate effectively. In Vietnam, there have been many efforts to develop robots,
but most only focus on one specific aspect, and do not satisfy human interaction needs. This research
focuses on designing a human-headed robot with the same shape and size as a real person based on
the anthropometric parameters of Vietnamese people. This robot is capable of expressing emotions,
and talking and is integrated with artificial intelligence. The project aims to create a robot that can
assist the medical industry, performing tasks such as consultation, screening, and communication
with patients without direct contact. This helps reduce the risk of spreading infectious diseases and
relieves pressure on medical staff and patients. In addition, this robot can also be used in the role of
receptionist or customer service. Understanding of human head anatomy and operating parameters
is applied in designing and manufacturing robots' mechanical mechanisms, helping them become
more interesting and useful in everyday life.

Keywords: Artificial intelligence; Robotic Head; Suny robot; Humanoid robot.
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1. TONG QUAN

Robot hinh ngudi (Humanoid Robotics)
da tr¢ thanh mot linh vuc nghién ctu va phat
trién hip din va ngay cang phd bién vé robot va
tri tu¢ nhan tao. Nhitng yéu t6 cong ngh¢ tién
tién ndy dd mo ra co hoi phat trién cia robot
hinh ngudi va robot xa hdi cé kha nang tuong
tac vi con ngudi mot cach ty nhién hon bang
cach bt chude cac dic diém va biéu cam gidng
con nguoi. Dé tao ra giao dién tryc quan va
day cam xtc cho tuong tac gitra con ngudi va
robot, viéc thiét ké diu robot 1a mot phén quan
trong. Trong nhiing nim gan déy, tién b dang
ké trong cong nghé cam bién, tri tué nhan tao
va co ché truyén dong da cho phép viéc thiét
ké cac robot ddu c6 nhitng budc dot pha. Cac
robot dugc thiét ké dé tao ra cac ban sao ngoai
hinh ctia con nguoi, tuy nhién, kha nang tu duy
doc lap cua robot 1a diéu khong mong mudbn
cho cac loai robot nay vi tinh an toan thong
tin ciia con nguoi. Cau hoi "Tai sao lai ché tao
robot gidng con nguoi?" duoc moi ngudi quan
tam, hién nay co nhiéu cau tra 161 cho van dé
nay. Cac nghién ctru vé hanh vi con nguoi ludn
dugc quan tam badi vi no kich thich sy to mo cua
con ngudi vé ban than ciia ho. Robot giéng con
ngudi ciing duoc str dung dé moé phong va danh
gia do an toan cua thiét bi trong méi truong
nguy hiém. Theo Hanson va BarCohen [1], moi
ther déu duogc tao ra dua trén nhan tric hoc va
cu triic cia con ngudi, vi vay robot hinh ngudi
1a lya chon t6t cho cac tng dung huéng téi con
ngudi. Ngoai ra, dé cai thién twong tac giira
ngudi va robot, robot thuong dugce thiét ké véi
mot phan dau cung cap phan hdi xa hoi thong
qua biéu cam khudén mat, su cha y, giao tiép
bang mit, va nhidu yéu t6 khac. Trong nghién
clru nay da gi6i thiéu mot du robot co sinh
hoc dya trén nhén tric hoc cua nguoi Viét Nam.
Céc dic diém trén khuén miat duge nhan dang
va theo ddi dé xac dinh gia tri cam xtc. Day

ciing 1a d& tai thu hut nhiéu nha nghién ctru trén
the gidi va da dat dugc nhicu thanh tyu dang ké
[2, 3].

Robot dau dua trén nhan tric hoc cua
nguoi Viét Nam danh dau su tién bd dang ké
trong linh vuc robot hinh nguoi va tri tu¢ nhan
tao. Trong thoi dai hién dai, robot hinh nguoi
da tré thanh mot phﬁn quen thudc cua cude
séng, va su phat trién cua céng nghé di cho
phép chiing ta tién xa hon trong viéc thiét ké
va phat trién cac robot c¢6 kha ning tuong tac
vo1 con nguoi mot cach tu nhién. Viéc thiét ké
robot dau dua trén nhén tric hoc cta nguoi Viét
Nam la mgt budc quan trong dé tao ra céc robot
¢ ngoai hinh va biéu cam gan gidng con nguoi.
Diéu nay c6 ¥ nghia 16n trong viéc tao ra giao
dién truc quan va day cam xuc cho tuong tac
gilta con nguoi va robot [4]. Nghién ctru nhan
trac hoc va cac dic diém trén khudén mit nguoi
Viét Nam dd dong gop dang ké vao viée xay
dung robot dau c6 kha nang biéu cam. Trong
nghién ctru nay, mat dau robot duogc dé xuit
thiét ké v6i cac chi s6 nhan tric ciia ngudi Viét.
Céc co so 1y thuyét duge sir dung cho thiét ké
dugc gidi thiéu trong phan 2. Phan 3 trinh bay
cac thiét ké co khi cua cac cum bd phan trén
dau nguoi nhu ham, mat, moi, c¢d. Cac thuc
nghiém va danh gia cho dau robot dugc trinh
bay trong phan cudi.

2. CO SO LY THUYET PUQC SU DUNG
CHO THIET KE PAU ROBOT DUA TREN
GIA TRINHAN TRAC NGUOI VIET NAM

Céc chuyén dong chinh cua dau ngudi
dugc tao ra thong qua sy két h0’p cua su di
chuyen cta xuong, khdp, va co bip [5]. Dua
trén cau tric cua xuong, dau ngudi duoc chia
thanh ba phan chinh dé don gian hoa viéc phan
tich va thiét ké cau tric mo phong bao gdm co,
ham — moi va mat. Muc tiéu cua chuong nay la
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trinh bay cac budc trong viée thiét ké cau trac
co khi dé mo phong timg phan cua dau nguoi.
Céac cu trac duoc thiét ké dua trén kién thic
co ban vé giai phau chuyén sau. S6 bac tu do
cua cac bd phan dugc xac dinh dua trén viéc
so sanh su di chuyén giita cac bd phan co khi
cua robot va con nguoi. Tu do, cac co ché duoc
thiét ké dé phan tng véi s6 do tu do va thuc
hién cac chuyén ddi thich hop. Pau robot duoc

thiét ké dua trén cac kich thude nhan tric cua
con nguoi dugc xac dinh béng d6 16n cua cac
diém méc trén mit duge dinh nghia nhu Hinh
1. Céc chi sd nhan tric c6 thé biéu dién duoc
cac dac trung cua con nguoi, chung dugc sur
dung cho nhiéu muc dich khac nhau nhu 13 tai
lidu dé thiét ké cac thiét bi bao hg, nhan dién
danh tinh cta con nguoi, v.v [6].

Bang 1. Pinh nghia cdc phép do nhan trac hoc dau nguoi

Ky hiéu Do dai Miéu ta

d1 ot Do cao tir dinh dau dén tr voi tr 1a diém trén chan toc ¢ duong giita

p tran.
d2 tr—g Khoang cach thang dung tir tr dén g nghia 1a chidu cao ciia tran.

Chiéu dai doc theo truc thang dimg tir g dén chop miii (prn), trong mat
d3 g—prm B . P
phang nay, dugc coi la chicu dai cua mii.
. Chiéu dai theo truc thang dtmg tir chop mili (prn) dén li (diém trén cua
d4 pm —1li o
miéng)

ds li—1li Chiéu dai miéng theo truc thang dtng.

. Chiéu dai tir mép dudi ciia miéng (1i) dén mdc trung binh thap nhat &
do6 li—gn N o 0

vién dudi ham dudi (gn).
d7 ch—ch Chiéu dai miéng theo truc ngang
ds Trung tim mét Khoang cach ngang tir trung tim cta mét
d9 ex —en Chiéu dai cta mat
d1o g0 — g0 Khoang céach tir diém go (bén phai) dén diém go (bén trai)
Khoang cach giira hai diém xy, day la chiéu dai dién hinh cho chiéu
di1 Xy — Xy n . e
rong cua khudn mat
412 Do rong ciia diu Khoang cach giira diém g Va‘?len} tiép }uye;n O phia sau co dau, bieu
thi chiéu rong cua dau
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Céc thur nghiém trén robot Suny da
duoc thuc hién véi 02 nhom tham gia. Nhom
dau tién bao gém bay k¥ su trong linh vuc ki
thuat. Nhom con lai gém 100 nguoi Viét Nam
trong do tudi tir 18 dén 35 tudi, voi sy da dang
vé gidi tinh va dac diém khuon mit. Phu nit
chiém 34%, trong khi nam gi6i chiém 66%.
Nhom tudi tir 18-25 chiém ty 1& 16n (87%).
Qua trinh thtr nghiém dé danh gia kha ning mo
phong chuyén dong ciia dau robot véi sy tham
gia ctia nhém dau tién bao gém bay k¥ su. Vi
cac phép do dugc biéu dién trén Hinh 1. Cac
phép do dugc thuc hién nham tao ra su chan
that ciia dau robot trong thiét ké, cac két qua
phép do duogc dugc lua chon dugc trinh bay
trong Bang 1. Trong qué trinh thiét ké robot,
xét gia thuyét vé “uncanny valley” ctia Mori
[7] dugc xem xét, n6 dong vai trd quan trong
trong viéc danh gia su tuong tu gitra robot va
con ngudi. Gia thuyét nay cho biét rang khi
mot thiét ké robot chwa dat dén murc d6 giéng
con ngudi thi mdt cam giac ky qua1 trong qua
trinh twong tac voi con ngudi co thé xay ra. Dé
tranh hién tuong nay, chung ta da xem xét ky
vé “uncanny valley” trong qué trinh thiét ké
robot, nham dam bao rang robot khong giy
cam giac s hai khi giao tiép voi nguoi ding.
“Uncanny valley” theo gia thuyét ciia Mori da
chi ra rang khi robot khong hoan toan giéng
con ngudi vé ngoai hinh va cir chi, nd co thé
gdy ra cam giac tiéu cuyc cho nguoi d6i dién.
Dé dam bao tuong tac hiéu qua va thoai mai voi
nguoi dung, ching ta da quan tdm va nghién
ctru vé hanh vi va cam xtic ciia con ngudi trong
qué trinh giao tiép v4i robot. Ngoai gia thuyét
ctia Mori, dd c6 nhiéu tac gia khac ciing dua
ra cic gia thuyét bo sung vé thung liing ky la
(uncanny valley), nhung ching khong bac bo
gia thuyét ban dau cia Mori ma chi b6 sung va
mo rong thém. Hon nra, nghién ctru cua Kim
va cong su [8] dé chira rang cac robot co ngoai
hinh giong con ngu:cn & mirc d6 thap va trung
binh ciing ¢ thé gy ra cam giac ky quai cho
nguoi dung. Theo Cheetham va cong su [9],

hién tuong “uncanny Valley xudt hién khi mot
robot gidng con ngudi dén khoang 70%, diéu
nay twong thich véi gia thuyét cia Mori nhu
dugc thé hién trong Hinh 2.

Hinh 1. Céc diém moc nhan trdc hoc dwoc siv dung
lam Iy thuyet dé thiet ke robot.

Sur o ng wham
A
\

Hinh 2. Thung liing ky la (uncanny valley) trong
thiét ke robot hinh nguoi

3. THIET KE CO KHi CHO CAC BQ
PHAN CUA ROBOT PAU

3.1. Thiét ké cum mit

Dua trén nhitng phan tich vé co so giai
phau cua mat, cAu trac co khi cua cc bd phan
ctia robot can c6 kha ning di chuyén voi sd
d6 ty do bang voi con nguoi [10]. Cum mit
dugc thiét ké v6i kha niang di chuyén tuong tu
nhu con ngudi, véi tong cong ba dong co diéu
khién. Mdi dong co dugc lién két thong qua cdu
tric bon canh quat. Bac biét, dong co ¢ gitra tao
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ra kha nang chuyén dong len xudng cho ca hai
mat. C4u tric nay cung cap mot pham vi hoat
dong rong 1on, cho phép mit cia robot c6 kha
nang nhin 1én, xudng, sang trai va sang phai voi
giéi han goc nhin 1én dén 110° va goc Chuyen
dong sang trai/phai 1én dén 165°. DPiéu nay
tuong duong v&i kha ning chuyén dong cia
miét con ngudi, trong khi mét ngudi chi c6 kha
nang chuyén dong khoang 70° cho ca chuyén
dong thi giac lén/xudng va chuyén dong thi
giac trai/phai. So dd dong hoc cua mit dugc
trinh bay ¢ Hinh 3a. Hinh anh co ché mit tach
101 dugc trinh bay ¢ Hinh 3b véi cac khop xoay
chuyén dong dd dugc chi thich trong hinh 3.

- pabr (]
e P % di '
& 5 3 I - __T ’

Hinh 3. So d6 dong hoc va thiét ké ciia cum mat.

Két qua cua thiét ké nay da giup robot
c6 kha nang theo ddi va phan anh cac biéu cam
va chuyén dong mat mot cach tuy nhién, giong
v6i cach ma mat ctia con ngudi hoat dong. Pidu
nay lam cho giao tiép giira con ngudi va robot
trd nén tryc quan va gan giii hon, dong thoi tao
diéu kién thuan loi cho cac ing dung trong linh
vuc truyén thong, twong tac con ngudi-mdy
tinh, va cong ngh¢ robot hoc. Thiét ké cum mét
nay la mot budc quan trong trong viéc tao ra
cac robot c6 kha ning twong tc va giao tiép voi
con nguoi mot cach hi¢u qua va tu nhién.

3.2. Thiét ké cum méi

Dungcod

Bléngeo 7 Béng co 5
2 } —1 Bingeo 3
) // E)ongcol
‘ /7
t+ 4

Dmgca

Bmgcua *

Hinh 4. So do thiét ké cia cum moi

Cum mdi duge thiét ké véi mot hé
théng diéu khién gdm tong cong 07 dong co,
cho phép tao ra cac chuyén dong twong tu nhu
moi nguoi. Maéi dong co c6 nhiém vu riéng biét
trong viéc tao ra cac biéu hién va chuyén dong
ctia moi. Hé thdng nay dugc lap trinh va kiém
soat mot cach ty dong dé tai hién cac biéu hién
mdi nhu m& mdi, cudi, ndi, va cac biéu hién
khac. Su linh hoat ctia hé théng cho phép tao
ra mot loat cac biéu hién ty nhién va chan thuc,
tao nén kha nang tuong tac chan thyc va giao
tiép dong v6i nguoi dung. Cac dong co 3, 4
va 5 duoc thiét ké dua trén cAu trac cta bdn
canh quat. Khi mdt trong nhitng dong co nay
xoay v&1 mot tde do gbc cu thé, n6 truyén dong
dén cac khép dong dat & canh cua bang dudi.
Nhimng diém & dau cia thanh hinh dang moi
cling di chuyén 1én va xubng theo hoat dong
ctia dong co, tir d6 thay d6i hinh dang ctia moi.
Péi voi cac dong co 1, 2, 6 va 7, tat ca bon
dong co nay 1a ngudn cia cdu tric bén canh
quat, va khi chung hoat dong, ching gay ra su
di chuyén ctia khép nbi giira hai truyén dong
chinh, tao ra chuyén dong cho phan ngoai vi
cua moi.

3.3. Thiét ké cum ham

Dua trén co s& giai phau cua ciu tric
ham rang cia con nguodi nhu dugc trinh bay,
ciu tric co khi ctia ham ring can c6 kha ning
di chuyén giéng nhu ham ring thuc su ciia con
nguoi va s6 do tu do ciing phai bang nhau. Mot
biéu d6 dong di duoc cung cap dé mo ta mot
cach tryc quan nhit cc chuyén dong ma ham
rang co thé thue hién nhu Hinh 3a. Néu khong
xem xét khia canh biéu hién cam xuc, ciu trac
ham 1-DOF hoan toan phu hgp véi nghién ctru.
Néu loai bo hai bac tu do cta cdu trac ham,
didu nay gdy ra sy mat mat I6n vé sd luong
biéu hién c6 thé tao ra. Theo két qua nghién ctru
[14], khong c6 biéu hién con ngudi duoc tao ra
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bang cach di chuyen ham rang sang trai va phai.
Déi véi chuyen dong ham rang 1én xudng, day
1a chuyén dong chinh ctia ham rang khi nguoi
biéu thi cam xuc cta sy khinh thuong, vi vay
chuyén dong nay khong dugc bo 13. Vi vay, chi
can gitlr lai hai do tu do cho cAu triic ham rang,
12 mé va dong ham, cung voi chuyén dong ham
ring 1én xubng, va loai bo chuyén dong ham
rang sang trai va phai.

p P g

Hinh 5. So do dong hoc va thiét ké ciia cum ham

3.4. Thiét ké phan cb

Co cdu cb phai c6 kha nang di chuyén
gidng nhu ¢6 nguoi that va sb bac tu do ciing
phai béng nhau. Dé tao thuén loi cho viéc phan
tich va lua chon co ché, mot so dd dong hoc
duoc tao ra dé thé hién mot cach truc quan nhét
cac chuyén dong ma ¢d ¢6 thé thuc hién. Cu thé,
chuyén dong quay quanh truc Oy trong khong
gian hé toa d6 Oxyz cia dau ngudi (chuyén
dong nghiéng dau). Cao do 1a chuyén dong
quay quanh truc Ox cua dau nguoi (chuyén
dong gat dau) va chuyén dong quay quanh truc
Oz cua dau (xoay dau). Khi dong co 1 va dong
co 2 cung quay voi cing téc d6 goc va cung
lic, nén duoc gan vao khép chéo di chuyén
trong mit phang yOz véi mot goc bang voi goc
quay dugc tao ra boi hai dong co. Tuy thudc
vao goc quay cta hai dong co, c6 thé quyét dinh
chuyén dong 1én hodc xudng ciia dau. Khi dong
co 1 va dong co 2 cung quay cung téc do goc
nhung theo cac huéng ddi dién, nén duoc gin
vao khép chéo s& di chuyén trong mit phang
xOz voi mot goc bang véi su khac biét giira

hai goc quay cua hai dong co. Tuy thudc vao
su khac biét goc cua hai dong co, co thé quyét
dinh chuyén dong nghiéng dau sang trai hoic
sang phai. Banh ring 1 két hop véi dong co
khi hoat dong c6 thé truyén cong suit cho banh
rang 2. Cac by phan dat trén banh rang 2 bao
gém hai dong co, truc két ndi cling nhu nén
xoay theo quay cta banh rang 2. Tuy thudc vao
gbc quay ciing nhu téc do cua banh ring 1 dé
xéac dinh goc quay va toc do quay cua khoéi dau
robot véi so dd dong hoc va thiét ké duoc thé
hién trong Hinh 6.

g .
%L \,rg;“

~
= Bmg o3 Emhmngl

\_
Bihring 2 —
Bingco 1

Hinh 6. So do dong hoc va thiét ké cum c6

4. THUC NGHIEM VA PANH GIA KET
QUA

Robot duoc thiét ké dua trén cac chi sb
nhan tric hoc cua nguoi Viét Nam, véi cac chi
s6 nhan triac hoc dugc tinh trung binh dé lam
co s& 1y thuyét vimg chéc trong thiét ké cac bd
phan cho dau robot. Cac chi s6 nay duoc trinh
bay trong Bang 2 v&i cac phép do dugc trinh
bay ¢ phan 2. Thiét ké nay c6 muc tiéu tao ra
mot hé théng dau robot c6 kha ning mo phong
chuyén dong va biéu cam khudn mit ctia ngudi
Viét Nam mot cach chan thuc. Céc chi s nhan
tric hoc, bao gém gioi tinh, dac diém khuon
mit va do tudi, dd duoc can nhic dé dam bao
rang dau robot c6 kha ning twong thich va thich
hop dé sir dung cho mot loat cac ngudi dung
trong do tudi tir 18 dén 35, voi su da dang vé
gidi tinh. Cac co cau cua robot dugc thiét ké voi
yéu cau dap ung duoc cac chuyén dong gidng

nhu cac chuyén dong cua con nguoi. Thict ké &
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co khi cta robot dugc trinh bay & Hinh 7 voi
hinh a 1a phan bén trong cc co cdu ciia robot
va hinh b 1a robot dugc trang bi da nhan tao c6
d6 dan hoi va mau sic gidng nhu con ngudi.

Céc thi nghiém duoc thiét 1ap dé danh
gia cac phan hoi vé gidi han cac goc cua cac
bd phan trén mat. Muc tiéu cia cac thi nghi¢m
nay 1a dam béao ring robot co kha ning biéu
cam tuong ty nhu con nguoi. Nhin chung, cac
chuyén dong cta robot dugc danh gia 1a phu
hop v6i céc yéu cau vé robot ¢ thé biéu cam

nhu con nguoi, voi cac goc tao ra trén robot va
con ngudi dugce so sanh trong bang 3. Két qua
tir cc thi nghiém dé cho thay ring cac chuyén
d6ng cta robot thuc su phu hop véi cac yéu cau
vé kha ning biéu cam tuong tw nhu con nguoi.
Bing cach so sanh cac goc tao ra trén robot va
con ngudi, chung ta ¢ thé thy rang robot c6
kha ning mo phong va tai tao cac biéu hién
va chuyén dong ctia con ngudi mot cach hiéu
qué. Piéu nay c6 thé lam cho giao tiép giira con
ngudi va robot trd nén ty nhién hon va dé dang
hon trong cac ing dung twong tac va giao tiép.

Bdng 2. 86 liéu tir cdc phép do la co so dé thiét ké dau robot

Thong sb d1 d2 d3 d4 ds
Gia tri (mm) 37.25 72.68 49.33 18.48 41.10
Thong s6 dé d7 ds d9 d10
Gia tri (mm) 62.41 35.14 149.37 49.08 197.32

Hinh 7. Thiét ké co khi hoan chinh va dau robot
thuee té véi I6p da nhan tao bao phii bén ngodi

Bang 3. So sanh cac gia tri goc xoay cua nguoi va

robot Suny
Thongsh | (SR wbi | robet
Mit Truc x 70 72.6
Trucy 70 62.7
Ham — mo6i Truc x 41 49.2
Truc z 45 42.1
Co Truc x 115 99.6
Trucy 140 180

Robot Suny 1a mot thiét ké dic biét
trong linh vuc robot hinh nguoi, n6 mo phong
chuyén dong ctia con nguoi. Véi su tich hop
ciia cac tham sé chuyén dong, bao gém cac
gbc xoay clia mat, cam va cd, Suny Robot da
dat duoc sy tuong dong dang ké véi cac phong
cach chuyén dong cua con nguoi. Piéu nay bao
goém kha nang mo phong cac biéu cam khudn
mit va cac phan ing chuyén dong phic tap. Vi
viéc gia lap va tai hién chinh xac cac chuyén
dong va biéu cam cua con nguoi, Suny Robot
c6 tiém nang st dung rong rii trong nhiéu linh
vue. N6 ¢ thé duoc ap dung trong gido duc dé
tao ra cac mo hinh hoc tap séng dong. Ngoaira,
trong linh vuc giai tri, Suny Robot c6 thé tao
ra cac nhan vat ao doc dao va hép dan cho tro
choi dién tr va phim anh. Nghién ctru va phat
trién ctia Robot Suny ciing chu trong dén viée
tranh hién tugng “uncanny valley” — tinh trang
khi robot gay ra cam gidc ky quai trong tuong
tac v4i con nguoi khi chua hoan toan giong
nguoi. Muc tiéu la tao ra mot trai nghi¢m giao
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tiép ty nhién va thoai mai voi ngudi dung. Nhu
vay, Suny Robot dai dién cho su tién bo trong
nghién ciru va phat trién robot v6i kha ning mo
phong chuyén dong va biéu cam ngudi, mo ra
nhiéu co hoi tng dung sang tao trong twong lai.

5. KET LUAN

Robot dau duge thiét ké dua trén nhan
tric hoc cua nguoi Viét Nam la su két hop tinh
té gitta khoa hoc va cong nghé dé tao ra mot
robot c6 kha ning biéu cam va tuong tic véi
con nguoi mdt cach tu nhién. Nghién ciru nay
da dat nén tang cho su phat trién cua cong nghé
robot hoc tai Vit Nam va cung cép mdot du
an mau cho viéc tao ra cac robot thong minh
va linh hoat véi cac biéu cam nhu con nguoi.
Trong qué trinh thiét ké, mot sd yéu t6 quan
trong cua nhan tric hoc da dugce xem xét bao
gdm cAu trac mat, miéng, va cd ctia nguoi Viét
Nam. Viéc dam bao robot c6 du béac tu do dé
md phong cic chuyén dong cua con nguoi da
1a mot thach thtrc 16n. Tuy nhién, két qua cua
nghién ctru da ching minh rang diéu nay hoan
toan c6 thé thuc hién duoc. Robot dau dua trén
nhén tric hoc cua nguoi Vigt Nam da dat duoc
su thanh cong trong viéc téi tao cac biéu hién
va chuyén dong ctia con nguoi. Piéu nay mo ra
co héi cho ing dung trong nhiéu linh vuc, bao
gdm gido duc, y té, va cong nghiép. Ngoai ra,
nghién ctru nay da dong gdp vao sy phat trién
toan cau cua nganh robot hoc va khéng dinh vi
tri ctia Viét Nam trong cong dong khoa hoc va
cong nghé qudc té.

Loi cam on:

Bai bdo ndy 1a san phim coa dé tai
nghién ctru khoa hoc cong nghé cép trudng cd
mé s6 CTD-2023-04 dugc tai tro boi Truong
Pai hoc Kinh té Thanh phd Ho Chi Minh. <
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TOM TAT

Dé c6 thé lwu hanh trén thi trieong, dau phun chita chdy phdi dwoc kiém dinh theo quy dinh.
Nghién ciru dé xudt giai phdp tw déng héa quy trinh kiém dinh givp giam sai sot, ting tinh dong
nhdt va nang cao hiéu quad kiém dinh. Bai bdo gom hai phan: Phan 1 trinh bay nghién ciru cdc tiéu
chi kiém nghiém dau phun chita chdy lam co sé cho viéc dé xudt gidi phdp t ddng héa quy trinh
kiém nghiém trong Phdn 2. Bai bdo tdp trung viéc lirong héa cdc tiéu chi kiém nghiém dau phun
chita chay theo TCVN 6305-1: 2007 va céc tiéu chudn lién quan.

Tir khéa: Pau phun; Kiém dinh; Tu dong héa; Phong chdy chita chay (PCCC).
ABSTRACT

Fire sprinklers should be thoroughly tested by regulations before being made available on
the market. To make the inspection process more efficient, it is worth researching and proposing
automation solutions. This article will focus on the criteria for testing fire sprinklers and suggest
ways to automate the process. Part 1 will study the criteria for fire sprinkler testing, while Part 2

will propose solutions for automating the inspection process. We will be using the criteria outlined
in TCVN 6305-1: 2007 and related standards to guide our discussions.

Keywords: Sprinkler,; Testing equipment, Automation; Fire protection.
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1. TONG QUAN

Viée kiém dinh chéat luong trude khi
dua ra thi truong 13 yéu ciu bt budc cia cac
san phdm phuc vu PCCC. Ty dong héa quy
trinh kiém dinh ddi véi cac thiét bi PCCC giup
giam sai sot, ting tinh dong nhat va nang cao
hiéu qua kiém dinh. O Viét Nam hién nay, viéc
tu dong hoa ciing nhu nghién ctru vé ty dong
hoa quy trinh kiém dinh 13 chua dugc quan tim
ding muc. Trudce tinh hinh nay, DCSELab —
Phong Thi nghiém Trong diém Qubc gia Didu
khién S6 va KV thuat Hé¢ théng da xem viéc
tu dong hoa quy trinh kiém dinh céc thiét bi
PCCC la mot trong cac uu tién nghién clru tai
Lab. Mot s6 giai phap di dugc trién khai va
tmg dung trong thuc té nhu: Ty dong hoa 10
dbt kiém dinh vat liéu chng chay [4], [7] ,[8],
[9]; Thiét ké hé théng kiém dinh voi chita chay
[3],... Ngoai ra, DCSELab dang tién hanh thiét
ké va thuc nghi¢m mat s6 hé théng nhu: thiét
ké robot kiém dinh binh chita chay [5], [6]....
Dé thyc hién viée tu dong hoéa quy trinh kiém
nghiém dau phun chita chay, trudc hét, tac gia
lugng hda cac budc cia phép thir trong QCVN
03: 2021/BCA va TCVN 6305-1:2007 (gom 19
tiéu chi). Tiép theo, cac budc trong céc tiéu chi
duoc sap xép theo trinh ty phu hop cho viée tu
dong hoa kiém dinh cac tiéu chi twong tng. Sau
d6, dé xuit phuong an két hop cac tiéu chi theo
nhém chure nang lién quan, phu hop cho viée tu
dong hoa trén cung mot may. Cudi cing, dua
vao cac nhom tiéu chi d3 két hop, thiét ké, ché
tao may kiém dinh. Bai bao nay trinh bay téng
quan vé sprinkler va luong hoa céac tiéu chi
kiém nghiém dau phun chita chdy theo TCVN
6305-1:2007.

Pau phun chita chay (sprinkler) 1a co
cdu dugc thiét ké dé kich hoat & mot nhiét do
xac dinh. Sau khi duoc kich hoat, dau phun
chita chay s& xa mot ludng nudc va phan bd

luéng nudce do theo mot dac tuyén va luu lugng
duoc thiet ké trudce.

Rennbi ddu Skg

Nit chdn
Cam img nhié&
Than sprinkler
Téam dinh hudmg

Hinh 1. Céu tao dau phun chita chay.

Nguyén 1y hoat dong: khi ¢ trang thai
binh thuong, bd phan cam Ung nhiét s& gilr
cho nut chan khong bi roi ra. Khi nhi¢t do moi
truong dat dén nhiét do lam viéc cua sprinkler
(nhiét d6 1am v& bau thity tinh hodc nhiét do
lam chay mbi han ciia phan tir nong chay), bo
phéan cam tng nhiét cua sprinkler sé roi ra, tu
d6 nut chan dugc giai phong va cho phép nude
phun ra.

Sprinkler dugc phan loai theo: 1.
Puong kinh miéng phun: ¢10; $15; va $20 [1];
2. Phan tir cam tng nhiét: bau thity tinh va phan
tir néng chay; 3. Hudng lap dat: huéng xudng,
huéng 1én, sprinkler bén vach; 4. Téc do phan
g d6i voi nhiét: tiéu chuan, nhanh, dic biét.

—r::-—t:-
h B

Hinh 2. Nguyén ly hoat dong cua sprinkler
2. TIEU CHUAN KIEM PINH SPRINKLER

QCVN 03:2021/BCA [2] duara 19 yéu
cau va phuong phép thir d6i voi sprinkler dua
theo TCVN 6305-1:2007.
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2.1. So' bo

Gom hai bai kiém tra: 1. Tinh 6n dinh;
2. Kha ning lap rap. Ddi v6i bai kiém tra thu
2, sprinkler phai dugc thir thao 1ap bang tay va
thao 1ap bang dung cu thao chuyén dung.

2.2. Truc quan

Gdm ba noi dung: 1. Ghi nhan; 2. Sy
pht hop véi ban v&; 3. Khuyét tat nhan thay
duoc bfmg mét. Noi dung ctia nhan dugc néu &
muc 8 cua tiéu chuén [1].

2.3. B¢ bén than va tai trong lam viéc
Yéu cau:

Dung cu do chiéu dai c6 do chinh xac
0,01mm. D¢ gian dai cua sprinkler khong dugc
> 0,2% chiéu dai than sprinkler trudc khi kiém
nghi¢m.

Quy trinh:

Budc 1: Po chiéu dai ciia than sprinkler
trude khi lap sprinkler vao may.

Budc 2: Cép ap suit thay tinh 12bar tai
clra nap cua sprinkler.

Budc 3: Do chiéu dai cua sprinkler.

Budc 4: Giam ap sudt vé Obar va thao
phan tir cam tg nhiét cua sprinkler ra.

Budc 5: Do chiéu dai cua sprinkler.

Budc 6: Tang tai trong co hoc < 500N/
min dén khi sprinkler dat chidu dai nhu khi
dat 4p sut 12bar, ghi lai tai trong co hoc (lam
viéc).

Budc 7: Tiép tuc ting tai < 500N/min
dén hai 1an tai trong lam viéc quy dinh, duy tri
15 £ 5s.

Budc 8: Thao sprinkler khoi may kiém
nghiém va do do dai cua sprinkler.

2.4. Kha niing chong ro, do bén thity tinh
Yéu cdu:

Khi ting, giam va duy tri ap suat, khong
duoc co bat cir dau hiéu ro ri nao xuat hién va
sprinkler khong bi pha huy.

Quy trinh:

Budc 1: Loai bé hét bot khi trong
sprinkler va dudng dng.

Budc 2: Lap 20 sprinklers, ting ap suat
nude 1bar/s dén 30bar, duy tri 3min.

Budc 3: Giam ap suét 1bar/s vé Obar.

Budc 4: Tang ap suat 0,lbar/s dén
0,5bar, duy tri 15s.

Budc 5: Tang ap suit 0,1bar/s dén
10bar, duy tri 15s.

Budc 6: Tang ap suit 20bar/min dén
48bar, duy tri 1min.

Bude 7: Giam ap suit 20bar/min vé 0
va thao sprinkler.

2.5. Chwre nang
Yéu cau:

MG&i 8 sprinklers duogc 1ip vao mot vi tri
ap sut, v6i 3 muc: 0,35, 3,5 va 12bar. Sau 60s,
tai bat ky vi tri ap sudt nao, cac manh v cua
phan tir cam Gng nhiét van vudng lai va can tre
su phan b6 nudc cua canh hudng dong thi pha1
tién hanh thur la1 thém 3 1an nita tai vi tri 4p suat
d6 va tong s6 sprinkler khong thoa khong > 1
sprinkler.

Quy trinh:
Bude 1: Lap 24 sprinklers vao 16 nung,

ting ap sudt tai cic vi tri 1én ap suét chi dinh
(mdi vi tri 8 sprinklers).
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Budc 2: Tang va ghi lai nhiét d6 10 nung
400 £ 20°C trong 3min (tiép tuc tang nhiét do
v6i cung do tang toc d6 ddi voi sprinkler van
hanh > 420°C).

Budc 3: Tiép tuc thuc hién cac bai thi
vé luu luong, phan bd nudc cho cac sprinkler
da van hanh khi nung trong 10.

2.6. Nhiét do lam viéc

Thiét bi:

Bé thir theo TCVN 6305-1:2007.

Yéu cau:

Yéu ciu vé chit 1ong thir: Nude di khir
chat khoang doi véi sprinkler ¢6 nhiét do lam
viéc < 80°C; hodc Dau thuc vat, glycerin hoac
dau téng hop néu sprinkler c6 nhiét d lam viéc

cao hon.

Nhiét ké c6 do chinh xdc =+ 0,25%.
Sprinkler phai van hanh trong khoang:

1+(0,351+0,62) (1)

Véi: I 1a nhiét do lam viéc danh nghia,
°C, duoc quy dinh theo Bang 2.

Badng 1. Bang nhiét do lam viéc danh nghia

Sprinkler ¢é phan tir dé chay

I,°C Mau phan tir dé chay
57+177 Khéng son mau
80 + 107 Tring
121 + 149 Xanh da troi
163 + 191 bo
204 + 246 Xanh la cay
260 + 302, 320 + 343 Da cam

Sprinkler ¢6 bau thity tinh
I,°C Mau bau thuy tinh
57 Da cam
68 bo
79 Vang
93, 107 Xanh la cay
121, 141 Xanh da troi
163 Hoa ca
182,204, 227, 260, 343 Pen

Quy trinh:

Budc 1: Lap sprinkler vao bé chét long.

Budc 2: Chuan bi, d6 chat long vao bé.

Budc 3: Tang nhiét do trong bé < 1°C/
min dén mirc thap hon nhiét d6 lam viéc 20 +
22°C.

Budc 4: Duy tri nhiét d§ 10min.

Budce 5: Tang nhiét 0,5 = 0,1°C/min
dén khi sprinkler van hanh. Ghi lai nhiét do van
hanh.

2.7. Kha niing bau thiiy tinh chju nhiét
Yéu cau:

Chat 1ong thr nhu muc 2.6. Bau thiy
tinh khong dugc vd sau khi trai qua bai test.
Phép thtr dugc thuc hién boén 1an cho ting
sprinkler.

Quy trinh:

Budc 1: Lap sprinklers vao bé thir.

Budgc 2: Chuén bi, d6 chat long vao bé.

Budce 3: Tang nhi¢t 1°C/min tir 20 +
5°C dén < 20 + 2°C nhiét do lam viéc.

Budce 4: Tang nhiét d§ 1°C/min dén <
5°C nhiét d6 lam viéc.

Budc 5: Lay sprinkler ra khoi bé chit
long va lam ngudi trong khong khi.

ISSN 2615 - 9910 (ban in), ISSN 2815 - 5505 (online)
TAP CHI CO KHI VIET NAM, S6 309, thang 11 nim 2023 165
cokhivietnam.vn / tapchicokhi.com.vn



NGHIEN CUU - TRAO DOI

2.8. Séc nhiét
Yéu cau:

Chét 16ng thtr nhu 2.6. Sau khi qua bai
kiém tra vé soc nhiét, sprinkler phai théa yéu
cau cua bai kiém tra chirc nang.

Quy trinh:

Budc 1: Piéu hoa sprinkler & nhiét do
20 £ 5°C trong > 30min.

Budc 2: Lép sprinkler vao bé.

Budc 3: Chuén bi chat 1ong nhu yéu cau
va db chat 16ng vao bé.

Budc 4: Tang nhiét dén nhiét do <10+
5°C nhiét do lam viéc.

Budc 5: Lay sprinkler ra khoi bé va
nhing vao mot bé nude di khir khoang (6 10 +
5°C) sau < 5s.

Budc 6: Tién hanh thir chirc nang.

2.9. Luu lwgng nudc
Yéu cau:

Hé sb K duoc tinh

K=g/N10p 2)
Voi:

q: Luu lugng nudc, /min;

p: Ap suét, bar.

Gia tri cua K cho ¢ Bang 2.

Bdng 2. Hang s6 luu heong sprinkler theo dwong
kinh danh nghia miéng phun

Puwong kinh miéng phun, mm K
10 57+3
15 80+4
20 115+6

Quy trinh:

Budc 1: Lap sprinkler vao may.

Budc 2: Cip nudc.

Budc 3: Tang ap sudt tir 0,5bar dén
6,5bar voi muc tang lbar, tinh toan, danh gia
hé s6 K cua ting mirc 4p suat.

Budc 4: Giam ap sudt tir 6,5bar dén
0,5bar voi muc giam 1bar, tinh toan, danh gia
hé s6 K ctia timg mirc ap suat.

2.10. Phan b6 nwéc doi véi sprinkler khong
thudc loai sprinkler bén vach

Yéu cau:

S6 luong thung do c6 lwong nude <
50% khong dugc it hon sé lugng duoc quy dinh
trong Bang 3.

Bdng 3. Bang théng sé phan bo nuée cho sprinkler
khong thuoc dang sprinkler bén vach

I:;:i:lr(({:f/ Dién tich bdo | Khodng cach
Umin ’ vé, m? sprinkler, m
50,6 20,25 4,5
61,3 12,25 3,5
135 9 3
90 9 3
187.,5 6,25 2,5
Khoang cach | SL ’thl‘mg do Ap S}lx?it cin
sprinkler, m toi thiéu thiét, bar
4,5 8 0,78
3,5 5 0,58
3,0 4 1,37
3,0 4 0,61
2,5 3 2,65
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Quy trinh:

Budc 1: Do duong kinh miéng phun.

Budc 2: Lap dit 4 sprinkler cing mot
loai va ¢ miéng phun vao phong thir.

Budc 3: Cung cap nudce véi luu luong,
ap suat theo Bang 3 trong 10min.

Budc 4: Bo va théng ké luu luong nude
trong cac thung do.

2.11. Phan bd nwére sprinkler bén vach
Yéu cau:

Nuée tir sprinkler xa xubng tir canh
hudng dong phai dat tir 40% + 60%.

Quy trinh:

Budc 1: Do duong kinh mi¢ng phun.

Budc 2: Lap 2 sprinkler ¢6 cung c&
miéng phun vao phong kiém nghiém.

Budc 3: Cap luu luong (Bang 4) can
thiét trong 10min.

Budc 4: Po va théng ké luu luong nudce
trong cac thung do.

Budce 5: Quan sat phan dién tich tuong
ma sprinkler lam u6t.

Bang 4. Bang quy dinh luu lwong nudc cho bai
kiém tra phin bé mede sprinkler bén vach

Puwong kinh | Luwgng bao phi | Luu lugng,
miéng, mm nwéc, mm/min 1/min
<15 >2 57
> 15 >2,8 78

2.12. Phan b6 nwéc phia trén va phia duéi
canh hudéng dong

Quy trinh:

Budc 1: Do duong kinh miéng phun.

Budc 2: Lap sprinkler ndm ngang trong
gia thir theo so d6 quy dinh.

Budc 3: Cip nudce trong 30s (Bang 5).

Budc 4: Do lugng nudce cua hai ngan va
danh gia.

Bdng 5. Bang théng sé bai thir phdn b6 nude
phia trén va phia duoi canh huong dong

Puwong kinh
miéng phun Ap suit, bar Luu lugng
eng phun, P ’ nwéce, I/min
mm
10 0,78 50,6
15 0,58 61,3
20 0,61 90

2.13. B§ chiu an mon do swong muoi
Yéu cau:

Phun suong natri clorua 20%, pH = 6,5
+172,1,126 = 1,157g/ml & 35 + 2°C vao mau
thtr & vi tri 1am viéc trong budng c6 thé tich >
0,43m°.

Quy trinh:

Budc 1: P6 day nudc va bit kin miéng
sprinkler.

Budc 2: Gan sprinkler vao budng thir.

Budc 3: Piéu ché dung dich mubi.

Buéc 4: Phun dung dich mudi vao
budng thir & 0,98bar trong 10 ngay.

Budc 5: Nang nhiét d trong budng 1én
mirc 35°C.

Budc 6: Liy sprinkler ra sau 10 ngdy va
dé kho trong khong khi 4 = 7 ngay.

Bugce 7: Thuc hién bai kiém tra chirc
nang va thtr nhi¢t dong luc hoc.

2.14. Py chiu dn mon do sunfua dioxit

Yéu cau:
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Sau khi trai qua phép thur 2.14, sprinkler
van thoa cac phép thir vé chirc ning va thir ting
nhiét dong luc hoc.

Quy trinh:

Bué6e 1: P diy nudc vao miéng cua
sprinkler va bit kin miéng sprinkler.

Budc 2: Lap sprinkler vao bé.

Budc 3: D chét 1ong vao bé.

Budc 4: Sau 6 ngay, thém 20ml dung
dich axitsulphuric vao bé thir.

Budc 5: Sau 2 ngay, lay sprinkler ra 1am
kho trong khong khi 4 + 7 ngay & nhiét do 35°C
va do 4m < 70%.

Budc 6: Pem sprinkler thtr chirc nang,
nhiét dong luc hoc.

2.15. Va dap thuy lue
Yéu cau:

Sprinkler phai thoa yéu cau cua bai
ki€ém tra chirc nang va bai ki€m tra ro ri sau khi
chiu tadc dong cua blia nudec.

Quy trinh:

Budc 1: Lap sprinkler vao may thir va
dap thuy luc.

Budce 2: Lam sach hét khong khi khoi
sprinkler va thiét bi thu.

Budc 3: Tao ra 3000 chu ky thay doi
ap sut tir 4 £ 0,5 + 30 % lbar véi toc d6 100 +
10bar/s.

Budc 4: Thao sprinkler ra may kiém tra
va dap thuy luc.

Budc 5: Thuc hién bai kiém tra chuc
ning va bai kiém tra ro ri cho sprinkler.

2.16. Rung

Yéu cau:

Sprinkler phai théa yéu cau cua bai
kiém tra chirc nang va bai kiém tra ro ri sau khi
dugc rung trong 120h.

Quy trinh:

Budc 1: Lap sprinkler vao ban rung.

Budc 2: Tac dong rung hinh sin, f=5Hz
+ 40Hz véi téc d6 Smin/octa, bién do lmm,
huéng rung nam doc theo truc ren ndi dng.

Budc 3: Néu phat hién tan sd cong
huong thi tién hanh rung tai mdi tan s6 cong
hudng trong 120h.

Budce 4: Thao sprinkler khoi may thu
rung va thuc hi¢n bai kiém tra chuc nang, bai
kiém tra ro ri cho sprinkler.

2.17. Va dap
Yéu cau:

Sau va dap, sprinkler khong gy Vo,
bién dang Sprinkler phai thoa man yéu cau cia
bai kiém tra ro i va bai kiém tra chirc ning véi
ap suat 0,35bar.

Quy trinh:

Budc 1: Can, ghi khbi luong sprinkler.

Budc 2: Lip sprinkler vao thiét bi thr.

Budc 3: Tha vat ning roi vao dau mit
cua bd phan huéng dong tir do cao 1m.

Budc 4: Thao sprinkler khéi may thu
rung dé thyc hién bai kiém tra chirc ning va bai
kiém tra ro ri.

2.18. P bén chiu nhiét
Yéu cau:
Sau bai thir vé dd bén chiu nhiét,

sprinkler khong duoc co bién dang nhin thiy
duoc hoac nit vo.
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Quy trinh:

Budc 1: Lép dit sprinkler vao 10 nung.

Budc 2: Nung ¢ 800°C trong 15min.

Budc 3: Liy sprinkler ra khoi 10 nung
va nhiing vao bé nudc nhiét 6 15°C.

Budc 4: Kiém tra chirc ning va kiém tra
10 i cho sprinkler.

2.19. Tiing nhiét dong lue hoc, hé s6 din
Yéu cau:

Gia d& bang dong thau duoc thiét ké
sao cho su tang nhi¢t do cua gia do hodc nudc
< 2°C trong thoi gian thtr lam ngudi dot ngdt
riéng biét v6i thoi gian phan tmg 55s. Néu thoi
gian phan tng > 55s thi nhi¢t d6 cua gia do
hodc nudc phai khéng duge > 0,036 lan thoi
gian phan ng ddi véi khoang thoi gian cia
mot phép thir dot ngdt riéng biét. Thiét bi do
thoi gian c6 sai s6 + 0,01s.

Quy trinh:

Budc 1: P6 25ml nuée dd 6n dinh &
nhiét d0 moi truong vo mi¢ng sprinkler.

Budc 2: Dung PTFE boc ren sprinkler
va lip vao budng diéu hoa & nhiét do moi
truong it nhat 30min.

Budc 3: it gia dd da gan sprinkler vao
budng thir dang 6ng va thoi khi véi toe do va
nhi¢t do theo Bang 5 [1].

Budc 4: Do thoi gian phan ung.

Budc 5: Tinh toan gia tri RTI

 —tut (1 + C/u)
RTI = 3)

AT,
In [1 — —&ia (14 C/ud%)

Vi, t: thoi gian sprinkler phan ung, s;
AT: nhi¢t d6 khong khi thyc t& trir nhiét do
gia do, °C; AT : nhiét d¢ 1am viéc trung binh

cua thung chat long trir nhiét d§ gia do, °C;
u: van téc khong khi, m/s; C: hé sb dan, C =
(AT /AT, — Du®. C =0,25% néu C < 0,5".

3. KET LUAN

Bai bao trinh bay tong quan vé sprinkler
va tiéu chi kiém dinh sprinkler theo TCVN
6305-1: 2007. Cac ti€u chi dugc lugng hoa chi
tiét trir hai tiéu chi kiém tra so bd va kiém tra
truc quan. Phan 2 ctia bai bao dé xuit luu do
kiém nghiém cho céc tiéu chi va dé xuit giai
phap két hop céc tiéu chi thanh cac nhém phu
hop cho viée ty dong hoa thiét bi kiém dinh.
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NGHIEN ClrU ANH HUONG CUA CAC THONG SO CHE PO HAN
DEN SU HINH THANH MOI HAN GOC TUW THE HAN NGANG KHI
HAN TU PONG DU'O'1 LOP THUOC HAN THIEU KET HE BAZO'
TRUNG BINH F7A(P)4-BK

RESEARCH THE INFLUENCES OF THE PARAMETERS OF THE WELDING
CONDITION ON WELD FORMATION OF HORIZONTAL FILLET WELD FOR
SUBMERGED ARC WELDING USING AGGLOMERATED BASIC FLUX F7A(P)4-BK

PGS,TS. Vii Huy Lan', ThS. Vii Thanh Quynh?
"Truong Co khi, Dai hoc Bach Khoa Ha Noi
2Trudng Cao ding Co dién Phu Tho

TOM TAT

Bai bdo ndy nghién civu dnh huéng cia cac thong sé ché dé han duwdi 16p thuoc thiéu két
bazo trung binh F7A(P)4-BK dén cdc kich thieéc méi han goc tie thé han ngang khi han trén két ciu
thép cacbon thdp va thép hop kim thap la van dé cap thiét trong trong linh viee san xudt vt liéu han
va cong nghé han. Bai bao nay da dan céc két qua nghién ciru anh hieong ciia cac thong sé ché do
han chii yéu (I, U, V) dén cdc kich thuée moi han géc tw thé han ngang va xdac dinh gid tri toi wu
cua chung. Keét qua nghién cvuu dwoc su dung dé xay dung ban huong dan sur dung thuoc han thiéu
két bazo trung binh F74(P)4-BK cho tw thé han 2F.

Tir khéa: T6i wu héa; Thuéc han thiéu két hé bazo trung binh; Thuéc han F7A(P)4-BK;
Théng sé ché dg han; Han tw dong diedi 16p thude; Moi han goc tw thé han ngang.

ABSTRACT

In this paper, the research the influence of the parameters of welding condition on geometry
of horizontal position fillet weld using the agglomerated basic flux F7A(P)4-BK during submerged
arc welding (SAW) for the production of low-carbon steel and low-alloy steel is currently an urgent
inssue manufacturing welding materials and welding technology. This paper presents the results of
research the influence of the parameters (I, U, V,) on dimensions of the weld and were determined
optimized values of the welding parameters. This results use to build the manual instruction of the
agglomerated basic flux F7A(P)4-BK with welding position 2F.

Keywords: Optimization, Agglomerated basic flux; Flux F7A(P)4-BK,; Parameters of

welding condition, Submerged arc welding (SAW), Horizontal position fillet weld. &
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1. PAT VAN PE

Ngay nay, cong ngh¢é han ty dong dudi
dong han SAW (Submerged Arc Welding) duoc
tmg dung phd bién ¢ nudc ta dé han cac két
ciu thép c6 chiéu day va chiéu dai dudng han
16n v&i yéu cau chat lugng cao, nén nhu cau vé
thudc han thiéu két bazo trung binh khé nhiéu.
Truong Pai hoc Bach khoa Ha Noi da nghién
ctru ché tao mot s6 loai thude han thiéu két hé
bazo khic nhau, trong d6 c6 loai thudc han
bazo trung binh F7A(P)4-BK. Trong sd nhiing
két cu thép thuong st dung loai thudc han nay
1a dam han, cy thé 1a mdi han goc véi tu thé han
ngang (2F). Vi vay, bai bao s& trinh bay két qua
nghién ctru anh hudng ciia ché d6 han va didu
kién han SAW tai vi tri 2F.

Muc tiéu va nfi dung nghién ciru

Muc ti€u nghién ctru 1a tim ra quy luat
anh huong ciia cac thong s6 ché do han va diéu
kién han SAW dén sy hinh thanh mdi han khi
dung loai thudc han thiéu két bazo trung binh
F7A(P)4-BK ¢ vi tri 2F.

Noi dung nghién ctru gom c6:

+ Nghién ctru anh hudng cia cac thong
s6 ché @ han SAW dén kich thudc va sy hinh
thanh mdi han goc khi ding thudc han thiéu két
bazo trung binh F7A(P)4-BK vi tri 2F.

+ Tdi wu hoa cac thong s6 ché do han
SAW khi dung thudc han thiéu két bazo trung
binh F7A(P)4-BK vi tri 2F.

2. POI TUQNG, VAT LIEU VA PHUONG
PHAP NGHIEN CUU

2.1. Pdi twong nghién ctru

- Déi twong nghién ctu 1a thudc han

thiéu két bazo trung binh (B = 1,6) tuong
duong voi loai thuéc han F7A(P)4 theo tiéu
chuan ciia Hoi Han My AWS A5.17-80 duoc ki
hiéu F7A(P)4-BK.

- Méu han: Thép tim day S = 15 mm,
khong vat mép, vi tri 2F, day han d = 4,0 mm.

2.2. Vit liéu va thiét bi nghién ciru
- Vit liéu dé ché tao mau han 1a thép két
cdu han SM400B theo JIS G3106, kich thudc

mau theo tiéu chuan [4, 5].

- Day han dung két hop véi thude han 1a
EM12K theo AWS A5.17-80.

- Thiét bi nghién ctru chu yéu:

* M4y han SAW model Dosun DZ1000.
* Cac dung cu do theo ti€u chuén.

2.3. Phwong phap nghién ctru

- Két hop nghién ctru 1y thuyét va thuc
nghi¢m.

- Ung dung quy hoach thuc nghiém dé
nghién ctru anh hudng cia cac thong sb ché do
han dén cac kich thude mdi han va xac dinh gia
tri hop 1y ctia chung khi han mdi han géc vi tri
han 2F.

- M6 hinh nghién ctru ¢6 dang tong quat:
Y =f(X),i=1+k

Trong do:

+ X, — Céc thong sb ché do han (I, U, V,);

+Y, — Ham muyc ti€u la cac kich thudc
moi han, gom co:
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« Chiéu rong mbi han b, mm;

« Chiéu cao 16i ctia mdi han ¢, mm;

« Chiéu sdu ngau ctia mdi han h, mm;
« Canh du6i cia mdi han goc k,, mm;
« Canh trén ciia mdi han goéc k,, mm.

M0 hinh c6 dang quan h¢ nhu sau:

b,c,hk,k,=f(,U,V,)) (1)
N
NS
| oA

Hinh 1. Cdc kich thuéc ciia moi han géc
Kich thudc ciia mdi han goc phu thudce
vao tinh chat 1y nhiét cta thubc han va cac
thong so ché do han.
3. KE HOACH THU'C NGHIEM
3.1. XAy dung ké hoach thuc nghi¢m

- Sau thi nghiém sang loc, mo hinh (1)
c6 dang da thire bac 2 nhu sau:

Y=b,+bX, +..+bX +b XX, +
e Fb X LT DX

Céac bién dau vao:

+ X, — Cuong d6 dong dién han I, A;

+X,-Dbigndp han U, V;

+X,-Van tdc han V,, cm/ph.

Céc bién sb con lai duoc gitlr ) dinh:

+ Chiéu day tdm miu han: t = 15mm;

+ Duong kinh day han dac: d = 4mm;

+ Tam voi dién cuc: 30mm;

+ Goc nghiéng dién cuc: a = 40°.

Chon ké hoach thuc nghiém truc giao
hai mutc to1 vu cua Box-Wilson vé1 khoang
bién thién cua cac bién s6 va ké hoach thuc
nghiém nhu sau:

Bang 1. Khodng bién thién cua cdc bién so

Bién thuwe Bién ma hoa
Cac
bién sb
LAIUV V. o oy
Z | Z, [cm/phZ | "1 2 3
Muce 1 en0 | 34 62 | 41| +1 | +1
tren
Mic co| 500 5 50 0ol oo
SO
MU Teoo 26 | 38 1| -1 |-
dudi
Khoang
bién | 100 | 4 12
thién

X .— Cac bien so mad héa (khong thir nguyén).
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Bdng 2. Ké hoach thue nghiém va két qua thi nghiém

Gia trij cac bién thuc

Gia trj cac bién ma héa

Gia tri cac ham muc tiéu

Ne thi

nghiem |7z |z, | X, | X, | X, | bY, oY, hY, k)Y, k.Y,
11600 2 | 38 | -1 | -1 | -1 | 99 | 066 7.8 | 874 | 7.74
2 | 800 | 26 | 38 | +1 | -1 | -1 | 1035 195 | 1071 | 9.86 | 8.46
301600 34 | 38 | -1 | 41 | -1 | 1123 | 165 | 945 | 949 | 8.
4 800 | 34 | 38 | +1 | +1 | -1 | 1157 227 | 1155 | 10.51 | 9.45
5 600 | 26 | 62 | -1 | -1 | +1 | 72 | 056 | 483 | 623 | 558
6 | 800 | 26 | 62 | +1 | -1 | +1 | 945 | 039 | 819 | 791 | 7.1l
7600 | 34 | 62 | -1 | +1 | +1 | 81 | 023 | 609 | 651 | 585
8 800 | 34 | 62 | +1 | +1 | +1 | 108 | 143 | 1050 | 7.63 | 6.93
9 5785 30 | 50 | L. O 0 9 | 044 630 | 660 | 585
0815 30 | 50| 2+1 s 0 0 | 1032 132 | 893 | 1042 | 9.54
1| 700 | 251 @ 50 0 | |,s O | 828 | 055 | 7.67 | 735 | 675
12| 700 | 349 | 50 U 2+1 S| 0 108 | 077 | 851 | 911 | 837
13700 | 30 |3514 0 0 | |55 1312 165 1019 | 10.60 = 981
14 700 | 30 | 6458 0 U ; S| 81 074 | 662 | 651 | 594
15 | 700 | 30 | 50 0 0 0 | 99 110 | 798 | 837 | 801
16 | 700 | 30 | 50 0 0 0 | 1025| 098 | 840 | 874 828
17 700 | 30 | 50 0 0 0 | 954 125 | 714 | 818 | 7.74
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3.2. Tién hanh thi nghiém

Mau thir duge chuén bj theo tiéu chuin
ANSI/AWS B4.0 va han mau véi gia tri cac
bién theo ké hoach thuc nghi¢m ¢ trén.

Hinh 2. Han mau tw thé 2F

Mau sau khi han s& duoc gia cong co
khi, tam thuc va do kich thudc moi han.

Hinh 3. Mau sau han duwoc cat dé do

Két qua cudi cung 1a gia tri trung binh
cua 03 thi nghi€ém song song sau khi xtur 1y loai
bo thi nghiém c6 sai s6 thé qua murc tiéu chuan.

Hinh 4. Mau sau tam thuc

4. KET QUA VA THAO LUAN
4.1. Xir 1y s6 liéu

X 1y s6 liéu thyc nghiém bang phan
mém chuyén dung thu dugc cic phuong trinh
hoi quy sau:

b = 9,941 + 0,67X, + 0,718X, — 1,241X, +
0,042X X, +0,52X X, - 0,037X X, — 0,221X *
—0,302X,2+0,422X 2 )

Hé sb tuong quan: R2 = 0,898.
c = 0,981 + 0,366X, + 0,208X, — 0,458X, +
0,087X X, —0,11X X, - 0,075X X, +0,016X >
—0,132X 4+ 0,229X?
Hé s6 twong quan R?= 0,856.
H=7,719 + 1,451X, + 0,639X, — 1,307X,+
0,04X X, +0,355X X, + 0,145X X, + 0,01X ?
+0,331X7 +0,545X ?
He¢ s6 twong quan R2 = 0,955.
k = 845 + 0,874X, + 0,323X, — 1,395X,
- 0,082X X, + 0,082X X, — 0,175X X, +
0,025X > - 0,164X >+ 0,0556X *
Hé s twong quan R?= 0,909.
k, = 8,01 + 0,836X, + 0,311X, — 1,185X,
+ 0,022X X, + 0,067X X, - 0,157X X, —
0,212X > - 0,304X > - 0,09X.?
Hé s6 twong quan R?= 0,883.

Céc hé sb twong quan cao cho thiy mtic

d6 tuong thich cua cac phuong trinh héi quy
t6t.
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4.2. Biéu dién cac duwong dic tinh

4.2.1. Sw phu thujc ciia chiéu réng moi han
vao ché do han

- Anh huong ctua cuong do dong dién
dén chiéu rdng moi han b:

0401--
10.20
10.00

9.80

mm

960

94015

92015

900+ i
50 80

0 610 G20 G630 G40 650 660 670 630 GO0 YOO 710 720 730 740 750 760 770 780 790 300 310
Ih, A

Hinh 5. Chiéu rong méi han phu thuoc vao [

- Anh hudng cia dién &p han dén chicu
rong moi han b:

10.40

1020

10.00

0.30

9.60

9.40

26 i =] 20 20 n

Uh, %

Hinh 6. Chiéu rong moi han phu thugc vao U

Dic tinh cho thdy khi I va U tang thi bé
rong moi han tang, nhung sau do tang cham.

- Anh huong ctia van toc han dén chiéu
rong moi han b:

Wh, emiphuat

Hinh 7. Chiéu rong moi han phu thugc vao V,

176

Hinh bi€u dién cho thay van toc han
lam giam manh bé rdng moi han.

- Su phu thudc cta chiéu rong moi han
b vao céac yéu to dang 3D:

+ Anh huong dong thoi cia dong dién
va dién ap han dén chiéu rdng moi han vai toc
dd han khong do6i nhu sau:

(AR EEIARLER AR SR
T SRS
Sy AT R PP Pl S b 7 ‘,;\
P ALK, K OIS
BRSO
B CERAERIES
R USEAS AL
: LEARREE R
'Q“ Tl

SN
”’,‘:“'Q'Q%i‘v’v‘vvw‘ﬁg‘w"
R
R A AR
"'.‘ v‘v.v

Hinh 8. Chiéu rong b phu thugc vao [ va U

+ Twong ty anh hudéng dong thoi cia
dong di¢n va tdc do han dén chiéu rong b:

Hinh 9. Chiéu rong b phu thugc vao Uva V,
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4.2.2. Sw phu thugc ciia chiéu cao 16i méi han

\ A FAa By a4l
vao ché do han o
BT
camfo
10 E
1a01 = T
vzl
TED
1.10
E
£ 100 7T
0.90 A K . N N N N N
0.80 i ' i} il 30 # a2 ] 34
LR Uh, &
590 600 610 620 630 640 650 660 670 G630 690 7OD 710 720 730 740 750 760 770 780 790 200 210 \ . /: A /\’ A \
. Hinh 14. Chiéu sau ngau phu thugc vao U

Hinh 10. Chiéu cao ¢ phu thuoc vao 1

Uh, W “wh, cmiphut
Hinh 11. Chiéu cao ¢ phu thudc vao U Hinh 15. Chiéu séu ngdu phu thuéc vao V,
1.80 r
. 4.2.4. Sw phu thujc ciia canh dwdéi moi han k,
1] vao ché dp han
E_ 170
° 1.00
0.20
10,50
0.60 i
40 0 &0 -
Wh, smiphut E ooy
Hinh 12. Chiéu cao c phu thugc vao V, ¢
8.50
Dbic tinh cho thay anh hudng manh nhat ol RN R -
Cua m01 han Vh den Chleu Cao C’ Sau do la I Va U. 590 600 G10 620 B30 640 B50 B60 670 630 690 I:DZND 720 730 740 750 R0 770 780 790 800 810
4.2.3. Sw phu thuéc ciia chidu sau ngéu méi Hinh 16. Canh dudi k, phy thugc vo I
han vao ché d¢ han
ot
. ool
E 0.80
E_S Z a0
- 9407
7
a.20
ﬁﬁﬂ.ﬁﬂﬂ.ﬁm.ﬁéﬂ G630 640 G50 G0 670 G680 G690 70O 710 720 730 740 750 760 770 78O0 TQD.SDD.SWD 26 w = 29 U:D\J o = % -
Ih, A f
Hinh 13. Chiéu séu ngdu phu thuoc vao 1 Hinh 17. Canh dudi k, phu thugc vao U
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“wh, Gmdphut

Hinh 18. Canh dudi k, phu thugc vao V,

4.2.5. Sw phu thugc ciua canh trén moi hin k,
vao ché do han

EEIE S
saol
sl
sl
E. 1l
1)
140l
w0l

TOOT W
500 600 G100 620 B30 G40 GBS0 GG0 GT0 GB0 GO0 FOD 710 720 730 740 TAD 760 FYD 7D TOD @00 £10
Ih, A

Hinh 19. Canh trén k, phu thugc vao 1

il i il ] 30 N 3 33 34
U,

Hinh 20. Canh trén k, phu thugc vao U

Hinh 21. Canh trén k, phu thugc vao V,

4.3. Xac dinh gia tri téi vu
4.3.1. Cdc diéu kién rang buéc

Trong truong hop nghién cuu, cic gia
tri ctia cac thong sd ché do han hop 1y phai thoa
man mot sb chi tiéu rang budc vé hinh dang va
kich thudc méi han cia mdi han goc tu thé han
ngang 2F.

Véi cap thude han — day han F7A(P)4-
BK-EM 12K, cic yéu cau vé sy hinh thanh méi
han véi céc rang budc sau:

+ Piéu kién tudng minh:

578 <I<821A;
25<U<35V; 3)
35 <V, <65 cm/ph.

+ Rang budc an:

Céc rang budc an dbi voi han SAW mbi
han géc tu thé han ngang thuong yéu cau phai
dam bao kich thuéc va hinh dang ctia méi han
theo murc B (nghiém ngit) chip nhan duoc [4]
va chiéu rong mdi han tir 8+25 mm véi cic rang
budc sau:

7
c<23 4)
6

Con su khac nhau giita cac canh cua
mdi han khong 16n (thong thudng canh dudi
mdi han k, 16n hon canh trén mdi han k, khoang
5+15 % la chap nhan duoc).

Tiép theo chon cac thong s6 ché do han
théa man 3 dicu kién trén.
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4.3.2. Két qud toi wu

Két qua giai bai toan t61 uu voi diéu ki¢n
lién két trén véi day han d = 4 mm nhu sau:

Bdng 3. Cdc gid tri toi wu

Dong dién han | 700 A
bién ap han U 30 \Y
Van toc han v, 50 cm/ph

Chiéu rong b 9,94 mm
Chiéu cao 16i ¢ 0,98 mm
Chiéu sdu ngau h 7,72 mm
Canh dudi k, 8,01 mm
Canh trén k, 8,45 mm

4.4. Théao luin

Tir két qua thu duogc co thé rat ra két
luan sau:

- Anh hudng cua cac thong sb ché do
han dén kich thudc mdi han goc ngang khi han
SAW sir dung thudc han thiéu két bazo trung
binh c6 thé dugc mo ta bang mdi quan hé toan
hoc véi hé sb twong quan cao.

- Anh huong cua cac thong sé ché do
han dén kich thuéc mdi han goc tu thé han
ngang trong han SAW str dung thudc han thiéu
két bazo trung binh khac déng ké so véi han
gidp moi. Thé hién rd nhat 1a chiéu rong va
chiéu sdu mdi han phy thudc vao I giam di
nhiéu. Cac dic tinh nay phan anh tinh chét vat
Iy ctia thudc han thiéu két bazo trung binh (B
~ 1,6) va dic diém cia cac vi tri han ddi voi sy
hinh thanh mdi han géc tu thé han ngang.

5. KET LUAN

- Két qua nghién ciru anh hudng cia
ché d6 han SAW dén kich thude méi han goc tu
thé han ngang st dung thudc han thiéu két bazo
trung binh c6 y nghia quan trong trong linh vuc
cong ngh¢ han.

- b3 thiét lap duoc mbi quan h¢ va dé
xudt phuong phap nghién ctru dinh luong dé
xac dinh gia tri hop 1y cua cic thong sé ché
d6 han mdi han goc tu thé han ngang st dung
thudc han thiéu két bazo trung binh.

- Cac két qua nghién ctru dugc dung dé
xdy dyng ban hudng din sir dung thudc han
thiéu két bazo trung binh F7A(P)4-BK cho méi
han ngang vi tri han goc. <
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NGHIEN CUO’'U SAY TRA HOA LAVENDER TREN HE THONG SAY
BOM NHIET TANG SOI

RESEARCH ON DRYING LAVENDER TEA ON THE FLUIDIZED BED HEAT PUMP
DRYING SYSTEM

Dwong Ngoc Khanh'-2, Phan Thanh Nhan'**
"B6 mon Cong nghé Nhiét Lanh, Khoa Co khi, Truong Pai hoc Bach khoa Thanh phé HO Chi Minh
Pai hoc Qudc gia Thanh phd HO Chi Minh

TOM TAT
Nghzen clru sdy tra hoa Lavender trén hé thong sdy bom nhzet tdng $6i Vi méi chat lanh

R134A. Hé thong sdy cé cong sudt may nén la 0,532kW, nang sudt tach am dan lanh 2,37kW, su
dung hal dan néng ndng sudt lan heot la 2,37kW va 0,472kW. Thye nghiém sdy tra hoa Lavender
dwoc tién hanh & pham vi nhiét do tir 38°C dén 52°C, bé day san pham tir 13mm dén 37mm, véi vin
toc gié la 1,5m/s. Péi véi anh huong ciia bé day 16p san pham khi sdy, tai nhiét dg sdy 45°C, thi
thoi gian sdy cia I6p vit liéu cang mong sdy cang nhanh, tuy nhién hé sé tach am trén 1kWh ciia bé
day 30mm 1a t6i wu nhat véi gid tri SMER gdp 3,87 lan so véi bé day 13 mm, va gap 1,24 ldan so véi
bé day 37mm. Phdn tich két qua anh hwéng ciia nhiét g sdy tai bé day 16p sdy 30mm, & nhiét do
say 50°C, thoi gian sdy c6 thé giam 3,4 lan va chi s6 tach am SMER tang gdp 3,15 lan so véi sdy &
40°C. Bén canh dé, bai bdo ciing so sanh sdy tra hoa Lavender trén hai hé thong sdy bom nhiét va
bom nhiét tang s6i, két qua rat dang ghi nhdn khi sdy ¢ cing ché dé nhiét va bé day san phdam, sdy
bom nhiét tdng s6i chiém wu thé vuot tréi.

. Tir khéa: Tra hoa Lavender; Tra hoa Odi Huwong; Sdy bom nhiét tang séi; Bom nhiét; Sdy
tang soi.

ABSTRACT

Research on Lavender tea on the fluidized bed heat pump drier with RI134A refrigerant.
The exploitation system has a compressor capacity of 0.532kW, a cryogenic separation capacity
of 2.37kW, and two energy applications of 2.37kW and 0.472kW respectively. Lavender drying
experiments were conducted at a temperature range of 38°C to 52°C, with product thickness from
13mm to 37mm, with a wind speed of 1.5m/s. Regarding the influence of product layer thickness
when drying, at a drying temperature of 45°C, the drying time of the material layer is faster. Still,
the separation coefficient per 1kWh of 30mm thickness is the most optimal with SMER value is 3.87
times greater than 13mm thickness, and 1.24 times greater than 37mm thickness. Analysing the
results of drying temperature at a drying layer thickness of 30mm, at a drying temperature of 50°C,
the drying time can be reduced by 3.4 times and the SMER decomposition index increased by 3.15
times compared to drying at 40°C. On that side, the article also compares Lavender firefighting on
two heating systems and boiling temperature, the results are very remarkable when breathing at the
same temperature regime and product thickness, breathing boiling layer heat dominance.

Keywords: Lavender tea flower; Oai Huong tea flower; Fluidized bed heat pump drying;
Heat pump, Fluidized bed drying.
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1. GIOI THIEU

Sy 1a mot trong nhiing cong doan ciia
qua trinh bao quan, ché bién nong san. C6 rat
nhiéu phuong phap sdy khac nhau da dugc tmg
dung rong rai trong nghién ctru va trong thuc té
san xuat ngay nay. Sdy bom nhiét 1a mot trong
nhitng phuong phap siy duoc tmg dung nhidu
trong thoi gian gan déy tai Viét Nam va trén thé
gidi. Tuy nhién, dé hé thong sdy mang lai hiéu
quéa cao hon nira thi nguyén 1y sdy bom nhiét
van 1a mot trong nhitng phuwong phap tiép tuc
nhéan duoc nhiéu sy quan tam cua cac nha khoa
hoc trong va ngoai nudc. Cai tién hé thong sdy
bom nhiét hay két hop hé théng say bom nhiét
véi cac thiét bi hd tro khac 12 mot trong nhirng
dic tinh co thé néi 1a vu viét va mang lai nhiéu
hiéu qua cao trong nghién ciru va trong san xuat
thiét bi sdy va qua trinh siy san pham. Thiét b
tang s6i 1a mot ¥ tuong khong méi trén thé gidi
nhung lai 1a phuong 4n mang tinh méi la duoc
tmg dung két hop véi hé thong bom nhiét tai
Viét Nam nham cai tién, ning cao ning suit,
dam bao chat lwong cta san pham sau khi say.

Say bom nhiét v6i sy hd tro thiét bi
téng s6i dd duoc thuc hién vé&i nhiéu nghién
ctiru dugc cong b trong va ngoai nude. theo
két qua nghién ctru vé ché do tang sbi qua lop
hat d6i v6i san pham hat tiéu tuoi va hat tiéu
kho cua nhom tac gid P. T. Nhan [1] dugc cong
bd nam 2021. Cac thi nghiém dugc thyc hién
v6i bé day 16p hat thay doi tir 4-44 mm va van
tdc tac nhan sdy thay doi tir 5-11 m/s. Két qua
phan tich tir thuc nghiém da xac dinh dugc van
tdc dong khong khi tdi thiéu dé 16p vat liéu soi
trong pham vi tir 5,2 m/s dén 6,5 m/s. Ton thét
ap suat qua 16p hat cta hat tiéu tuoi 1a 225 Pa,
con voi hat tiéu kho 1a 147 Pa g voi vi tri bé
day 16p hat 1a 37mm. Bén canh do, nhém tac
gia Bui Trung Thanh va Nguyén Hay [2] ciing
d4 ¢ nhitng nghién ctru vé sdy ting soi cho san

pham sdy mubi tinh v6i két qua nghién ctru dua
ra dugc cac yéu td anh hudng dén ton that ap
qua 16p hat bao gom: kich thude hat, néu hat co
nhiéu tap chat min ton that ap ting, d6 rong cta
khéi hat, d6 nhot dong luc hoc cia tac nhan say
& d6 soi toi thiéu. Thuc nghiém sdy ca rot trén
hé thdng may sdy bom nhiét ting s6i do nhém
tac gid Xukun Zhang [3] nam 2004 véi tac
nhan lanh R22, d dua ra két qua tdi da ctia hé
thng 1a tdc d6 tach am MER = 3,63 kg/h, toc
d6 tach 4m riéng phan SMER, = 1,25kg/kWh,
SMER = 0,715kg/KWh. Bén canh d6, nhom
tac gia cling da dua ra dugc phuong trinh thuc
nghiém véi dd tin cdy cao, cd so sanh voi Kkét
qua md phong dua trén phan mém mé phong
Comsol. Nam 2016, tac gia M. Yahya [4] cong
bd két qua nghién ctru thyc nghiém cho san
pham sdy lua gao trén hai hé thong siy tang soi.
Thir nhit 1a hé thdng sdy tang soi két hop véi
ning luong mit troi va d6t nhién liéu biomass,
hé thong sy thir hai 13 hé thdng sdy bom nhiét
tang so6i két hop ddt nhién lidu biomass. Tac
gia két luan, voi hé théng sdy bom nhiét ting
s0i két hop ddt biomass dat hidu qua sdy cao
hon so v&i hé thong con lai [4]. Vao nam 2017,
tac gia Gokul G Nair [5] ciing tién hanh nghién
ctru thyc nghiém hé théng séy bom nhiét c¢6 hd
trg ctia ting so6i & pham vi nhiét do say tir 50°C
dén 60°C va két luan nhiét do séy tang thi thoi
gian sy s& giam. Cung chu dé siy bom nhiét c6
su ho tro cua t?mg s01, nhom tac gia Stanislaw
P.Rudobachta va Galina A. Zueva [6] da cong
bd nghién ciru vao nam 2019 cho san pham siy
bép & ché do 60°C véi tac nhan lanh duoc st
dung 1a R600a (isobutane), két qua ctia nhoém
nghién ctru chi ra rang v6i hé théng say nay cho
phép tiét kiém t6i 66% nang lugng sir dung cho
qué trinh sy bép.

Pham vi nghién ctu cua bai bdo Ia
nghién ctru thuc nghiém su anh hudng cta ché
do say dén thoi gian say, toc do giam am cling

ISSN 2615 - 9910 (ban in), ISSN 2815 - 5505 (online)
TAP CHI CO KHI VIET NAM, S6 309, thang 11 nim 2023 181
cokhivietnam.vn / tapchicokhi.com.vn



NGHIEN CU'U - TRAO PO

nhu ning lugng tach 4m trén san pham tra hoa
Lavender. Bén canh do, thuc nghi€ém so sanh
danh gi tinh hi¢u qua cta siy san pham tra hoa
Lavender trén hai hé thong sy, hé thong siy
bom nhiét va hé thong sy bom nhiét tang soi
nham danh gia sy vuot trdi cua phuwong phap
sdy vé mit thoi gian, vé mit ning luong ciing
nhu chét lugng ciia san pham sau khi séy.

2. PHUONG PHAP NGHIEN CcUU

2.1. Xac dinh am d¢ va toc d§ giam am cua
san pham

Dé phan tich, tinh toan két qua say, cac
phuong trinh tinh vé lugng nudc tach ra cua
qua trinh sdy, vé am do san pham theo thoi
gian, vé toc do séy va hé sb tach 4m duoc trinh
bay nhu sau:

M, M, - M, (1)
Mo, =M.~ )
L T —w,
100 — W
WF: WE_MHZGITG (3)
100 — W,
W, = W, — Water.——— 4)
ME
M —M
ME = t+AE 3 (5)
At
M
SMER = 222 (6)

2.2. Nghién ctru thuc nghiém
2.2.1. Chudn bi méu vit liéu sdy — hoa Lavender

Hoa Lavender hay con goi la hoa
O4ai Huong voi tén khoa hoc la Lavandula
Angustifolia. Hoa Lavender dong Costa dugc
tréng tai thanh phé ba Lat, tinh Lam Déng,

Viét Nam. Trén hinh 1 minh hoa hoa Lavender
va cau truc cay.

Hinh 1. Hoa Lavender va cdu triic cdy
2.2.2. H¢ théng thi nghiém
M0 hinh hé thong siy bom nhiét ting sbi:

Hé thdng bom nhiét tang s6i dugce ché
tao va sir dung trong thuc nghiém say san pham
v6i cong suat may nén 1a 0,532kW, ning sut
tach am dan lanh 2,37kW, st dung hai dan
noéng ning suat lan luot 1a 2,37k W va 0,472kW,
tac nhan R134A duoc st dung trong hé thong.
Pham vi nhiét do vao budng sdy cé thé diéu
chinh tir 35°C dén 55°C. Vi ché do sdy bom
nhiét, hé théng quat ting sbi s& ngung hoat
dong.

Hinh 2. M6 hinh thiét ké 3D
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Hinh 3. M6 hinh ché tao

Tac nhan sdy tir budng hoa tron duoc
dua vao dudi ghi budng sdy. Ghi sy 1a mot tim
ludi thép cé nhiéu 16 c6 kich thude thich hop dé
tac nhén sdy di qua ma céc vat liu séy khong bi
r01 xubng. Tac nhan sdy & ché do say theo yéu
cau dugc qua 16p vit liéu, trong buong sdy, voi
téc do thich hop, nang cac vat liéu sdy 1én va
lam cho ching x40 tron bap bung trong dong
tac nhan nhu mot dich thé dang séi. Pic trung
ctia hé thong sy tang soi 14 vat ligu sdy ¢ thé
s0i trao d6i nhiét am v6i dong tac nhan. Khi toc
d0 tac nhan bé, 16p vat lidu sdy nam yén.

Dé tac nhan sdy dat ché do yéu cau,
hé thong bom nhiét duge sir dung dé xu 1y tac
nhan sdy. Tac nhan sdy di qua dan lanh duogc
tach nudc, sau d6 qua dan néng dé gia nhiét
1én lai dén nhiét do sdy yéu cau. Cac thiét bi
cam bién, thiét bj diéu khién dugc sir dung dé
tac nhan sdy dat duoc nhiét do, van tdc tai didu
kién thi nghi¢m.

Dung cu do:
Céc dung cu do dugc str dung trong céc

thi nghiém sy duoc trinh bay trong bang 1 véi
cac thiét bi c6 do chinh xac cao.

Bdng 1. Dung cu do.

Théng sb do Thiét bi Do chinh xac
Van toc Testo 425 +0.3 m/s
Nhiét do Datalogger TC L0.1°C

type K
Amdokhong | by ) + 3%
khi
Kh?‘ h.IAQng Digital scale + 0.1grams

vat liéu

Am do vat liéu | AND MX-50 £0.1%
Ton that Cole Parmer-

/ + 0,

ap suat PH721 2%

Diéu kién thi nghi¢m:

Céc thi nghiém dugc tién hanh & cac
diéu kién duogc trinh bay trong bang 2. Vi van
tde séy 1a 1,5m/s, pham vi nhi¢t o thay ddi tir
38°C dén 52°C, bé day san pham tir 13mm dén
37mm dugc tién hanh trén hai h¢ thong say la
bom nhiét va bom nhiét tﬁng SO1.

Bdng 2. Piéu kién thi nghiém.

Van téc 1,5m/s
Nhiét do 38, 40, 45, 50, 52°C
Bé day san pham 13, 20, 25, 30, 37mm
Ak Bom nhiét tang soi,
HE thong bom nhiét

3. KET QUA VA THAO LUAN

3.1. Panh gia anh huwéng cia nhiét do siy
dén qua trinh siy

Thuc nghiém siy tra hoa Lavender
duoc thuc hién trén hé théng séy bom nhiét
tang s6i & ché d6 van toc 1,5m/s, bé day 16p hoa
30mm vdi tai cac gia tri nhi¢t do 40°C, 45°C,
50°C. San phém ban dau c6 am do 1a 75% duoc

sdy dén khi 4m do con lai 1a 10%. Dé lam kho ¥~
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tra hoa Lavender ¢ 40°C mat dén 735 phat, ¢
45°C can 435 phut. trong khi ¢ nhiét 4o 50°C,
thoi gian sdy rat ngan 1a 210 phat, két qua duoc
trinh bay trén hinh 4. i vé6i toc do sdy, Hinh 5
thé hién két qua & ché d6 50°C, tdc do siy tang
gan gap 3 1an so voi & 40°C, diéu ndy c6 thé
théy sy anh huong cia nhiét do trén hé théng
sdy bom nhiét tang s6i 1a rat 16n. Bén canh do,
xét vé mit chat luong clia san pham, san pham
sdy c6 do gitr mau tot, hé thong siy tuin hoan
kin nén san pham van giir dugc mui huong.

—&— Day 30mm - 400C
==8— Day 30mm - 450C
=~ Day 30mm - 500C

2

W
(=]

Am dovit liéu sdy - W [%]
5 8 & 8

=

0 60 120 180 240 300 360 420 480 540 600 660 720
Thoi gian say - t [phut]

Hinh 4. Anh hu’ong cia nhiét dg say dén qua trinh
say thé hién trén dwong cong sy

--------- Day 30mm - 400C
————— Day 30mm - 450C
Day 30mm - 500C

o
o

Hd
(¥

e
=

R [%o/phut]

0 40 80
Am dovit liéu say - W [%]

Hinh 5. Anh huong cua nhiét do say thé hién trén
dwong cong toc do say

Dénh gia vé mit ning luong thé hién
qua chi s0 SMER thé hién trén hinh 6, c6 thé
thay hé thong say bom nhiét tang s61 ¢ nhiét do

50°C, van toc 1,5m/s c6 hé s SMER ting gip
3 lan so v6i 6 nhiét @6 40°C va tang gap 2,5 lan
so v6i ché do 45°C.

coDay 30mm - 400C
BDay 30mm - 450C

BDay 30mm - 500C 18.10

7.47

Hinh 6. Cdc chi s6 SMER ¢ cdc nhiét ¢ sdy

3.2. Panh gia sw anh hwéng ciia bé day ting
s0i dén qua trinh say

Dé danh gia sy anh hudng cua bé day
16p san pham dén qua trinh sdy trén hé thong
bom nhiét ting s6i, thi nghiém duoc thuc hién
& 5 mic bé day khéc nhau: 13mm, 20mm,
25mm, 30mm, 37mm. Van tc s6i va nhiét do
dugc duy tri khong ddi, voi van toe gi6 1,5m/s,
nhiét do thi nghiém 1a 45°C. Két qua thu duoc
thé hién trén Hinh 7, tai bé day 37mm can dén
720 phut dé siy kho san pham, trong khi d6 tai
bé day 13mm chi can 330 phit dé siy kho, bé
day 20mm can 450 phut, bé day 25mm can 615
phut.

[
o

—#—— Day 13mm - 450C
————— Day 20mm - 450C
——— Diy 25mm - 450C
Day 30mm - 450C
- —G- — Day 37mm - 450C

W [%]
2 3

[
=]

A .A
¢u say -

Am d6 vit li

0 60 120 180 240 300 360 420 480 540 600 660 720
Thoi gian say - t [phit]

Hinh 7. Anh hwong ciia bé day I6p séi d‘en qud
trinh sdy thé hién trén dwong cong sdy
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ot
-

——— Day 13mm - 450C
- = = = Day 20mm - 450C

=) ---¥--- Day 25mm - 450C
T3 Diy 30mm - 450C
= - -c - Day 37mm - 450C b
= -

> . :
=02
=

v

oS

S0.1

=
=
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80
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Hinh 8. Anh hu"ong cia bé day I6p soz dén qua
trinh sdy thé hién trén dwong cong toc dé sdy

Hinh 8 cho ta thay duoc téc do say &
bé day 13mm la cao nhit twong duong V(’)’i thoi
glan say 1a ngan nhat, mac du thoi gian say la
ngan nhét, tuy nhién chi s6 SMER cua bé day
16p vat liéu 13mm lai thap nhat; ddi vai 16p vat
lidu c6 bé day 30mm trai nguoc voi thoi gian
say dai hon so v6i 16p vat liéu 13mm nhung lai
c6 chi s6 SMER cao nhét, xép sau n6 1a 1op bé
day 37mm. Nhu vy, khi chon ché d¢ sdy xét
vé chi s6 SMER, ta nén chon bé day 1a 30mm

14 tt nhit.

®mDay 13mm - 450C
M Day 20mm - 450C
GDay 25mm - 450C
O Day 30mm - 450C
BDay 37mm - 450C 7.47

5.91 - 6,04

1,93

vvvvv

Hinh 9. Céc chi s6é SMER tqi cdc ché dé bé day
sdan pham sdy

3.3. So sanh sy tra hoa Lavender trén hé
thong say bom nhiét tang soi va bom nhiét

Dé so sanh tinh hiéu qua cua hé thong

sdy bom nhiét tang sdi cho san pham tra hoa
Lavender, thyc nghiém so sdnh say hoa trén hai
hé théng sdy bom nhiét ting sb6i va sdy bom
nhiét v6i cing ché do sdy nhiét do, bé day 1op
say. Két qua thé hién su vuot trdi cua hé théng
sy bom nhiét ting s6i so v6i hé thong bom
nhiét qua gia tri ty 1& tach 4m va thoi gian sdy,
cling nhu hé sé niang lwong SMER trén hinh
10, hinh 11 va hinh 12. Cy thé nhu sau: Véi
ché do say tra hoa Lavender ¢ nhiét 3o 52°C,
bé day 16p vat liéu 25mm, thoi gian sdy trén hé
théng bom nhiét tang soi giam 2,8 1an, téc do
sdy trung binh tang gap 3 lan va ty 1¢ tach am
tang gap 3,3 lan trén 1kWh nang luong dién
cung cap s0 v6i trén hé thong sy bom nhiét &
cung ché do.

-]
(=1

—6— Day 25mm - Siy bom
nhiét tang soi

—&— Day 25mm - Siy bom

nhiét

=i
(=]

Z

Am d6 vit ligu sdy - W [%]

0 60 120 180 240 300 360 420 480 540
Théi gian say - t [phit]

Hinh 10. Puong cong sdy trén hé thong sdy bom
nhiét tang soi va bom nhiét

0.6 —#— Day 25mm -

—_ Bom nhiét
= tang soi
= Day 25mm -
S 04 Bom nhiét
o

=

- 02

=

<>
-

E‘

0.0 ]
0 20 0 60 80
Am do vat lieu siy - W [%]
Hinh 11. Puong cong toc do sdy trén hé thong sdy
bom nhiét tang sé6i va bom nhiét
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EDay 25mm - Bom nhiét tang s6i
Day 25mm - Bom nhiét

14,30

Hinh 12. Chi s6 SMER sdy bom nhiét tang séi va
bom nhiét

4. KET LUAN

Nghién cuu thuc nghiém phan tich,
danh gia sy anh huong cia cac ché do sdy trén
san pham tra hoa Lavender tién hanh véi két
qua thé hién qua dudng cong siy, dudng cong
tde do séy va chi sd tach 4m trén mot don vi
nang luong tiéu ton. Két qua danh gia duoc tinh
hiéu qua ctia hé théng sy bom nhiét ting sbi so
v6i hé thong sdy bom nhiét thong thuong qua
s6 liéu vé thoi gian sdy giam 2,8 1an, tbc do sdy
trung binh ting gp 3 1an va ty 1& tich 4m trén
1kWh ting gap 3,3 lan. Pong thoi, ¢ nhiét do
cang cao, hiéu qua sdy san pham cang tdi uu,
tuy nhién dbi voi bé day 16p soi thi & ché do
30mm dat két qua kha quan nhat. <

Loi cam on:

Chung t61 xin cam on Truong Dai hoc
Bach khoa, Pai hoc Qudc gia Thanh phé Ho
Chi Minh d3 hd trg cho nghién ciru nay. <

Danh muc viét tat:

1\ Khdi luong san pham tuot;

M Khéi lwong san pham sau khoang thoi gian
say t;

M;: Khéi lwong san pham sau khi sdy;

M .. Luong nudce can 14y ra cta san pham;
W Am d6 ban dau cua san pham tuoi;
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NGHIEN ClrU TU PONG HOA KIEM BPINH PAU PHUN CH(’A CHAY
PART 2 — BE XUAT GIAI PHAP KIEM PINH DAU PHUN TU DPONG

STUDY ON AUTOMATION OF SPRINKLER TESTING SYSTEM
PART 2 — PROPOSED SOLUTION OF AUTO SPRINKLER TESTING

Nguyén Hitu Nhan', Phan Hoang Long" 2> Dwong Vin Ta">3,
Nguyén Huy Hung*, Nguyén Tén Tién" >3
'Khoa Co khi, Trudng Dai hoc Bach khoa, Pai hoc Qudc gia Thanh phd H6 Chi Minh
2DCSELab, Trudng Dai hoc Bach khoa, Pai hoc Quéc gia Thanh phd Ho Chi Minh
*Pai hoc Quéc gia Thanh phd H6 Chi Minh
*Truong Pai hoc Sai Gon

TOM TAT

Dé c6 thé lwu hanh trén thi trieong, dau phun chita chdy phdai dwoc kiém dinh theo quy dinh.
Nghién ciru dé xudt gidi phdp tw dong héa quy trinh kiém dinh givp giam sai sét, tang tinh dong
nhdt va ndng cao hiéu qud kiém dinh. Trong phan 1, cdc tiéu chi kiém nghiém dau phun chita chdy
da dwoc nghién civu. Trén co s6 nay, bai bdo xdy dung lweu do biéu dién quy trinh cdc phép thir, dé
xudt phwong dn két hop cdc tiéu chi theo nhém chirc ndang lién quan, phit hop cho bdi todn tw déng

héa kiém dinh dau phun chita chay.
Tir khéa: Dau phun chita chay, Kiém dinh; Tu dong héa; PCCC.
ABSTRACT

Fire sprinklers should be thoroughly tested by regulations before being made available on
the market. To make the inspection process more efficient, it's worth researching and proposing
automation solutions. This article will focus on the criteria for testing fire sprinklers and propose a
solution to automate the process. In part 1, we studied the criteria for testing fire sprinklers. On this
basis, the article presents the flowcharts of the test process and proposes a solution to combine the

criteria, suitable for fire sprinkler automated testing.

Keywords: Sprinkler, Testing equipment, Automation, Fire protection.
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1. TONG QUAN

Trong phan 1, nhém nghién ctu da
trinh bay tong quan vé sprinkler va luong hoa
cac budc cta cac tidu chi kiém dinh sprinkler
theo TCVN 6305-1: 2007. Trén co s¢ nay, bai
bao xdy dung cac luu dd biéu dién quy trinh
cac phép thu theo TCVN 6305-1:2007. Tt cac
diém chung cua cic tiéu chi, bai bio dé& xuit
giai phap két hop céc tiéu chi thanh cdc nhém
tiéu chi theo cac chirc nang lién quan, phu hop
bai toan tw dong héa kiém dinh dau phun chita
chay.

2. QUY TRINH KIEM NGHIEM
2.1. So' bd

GOm hai bai kiém tra: 1. Tinh 6n dinh;
va 2. Kha ning lp rap. D6i véi bai kiém tra thir
2, sprinkler phai dugc thir thio 1ip bang tay va
thao ldp bang dung cu thao chuyén dung.

2.2. Truc quan

Gdm ba ndi dung: 1. Ghi nhan; 2. Sy
phil hop vé&i ban v&; 3. Khuyét tat nhan thay
duoc béng mét. Noi dung cua nhan dugc néu &
muc 8 cua tiéu chuén [1].

2.3. D) bén thén va tai trong lam viéc

LZp 10 sprnkker vae may

KhaA d6ng may

Nhap chitu 43 L va (3
trong lam wéc frung
binh M

Thing bio “prinkler

knong thas yéu ciu

Thang bao “sprinier théa|
yeu car

Téng 3p suit en 12bar
(Lbar/s), duytri dén ki
chicu dd khong thay 461

D3 b tiitrong va ghilai
Ghi nhan 12i chigu dai Ly chidu dai Ly
tai 3p sudt12bar
_ Duy t téitrongm trong
Giam ap Lbar /= & 0 15 gidy

Thao phan (& cam ing
nhit 10 sprinkier

e

s

a 8
Tangtaitrong co’ hoc

Ts00N mim) I

Ghi lai ti trong 1am viéc*

D& dtron conocm
(500N /min)

Chigu daibing Lo

2.4. Kha niing chong ro, do bén thity tinh

[Lap 20 sprirkler vao may |
v

[ Knsidengrmay | Thong bao “sprinkler
khong thoay éu cau”

Tang ap suat 1bar /s dén
30bar, duy tri3min

Théng bao “sprinkler thaa
yéu cau”

[Giam ap sudt1bar /s véo|

Téng ap suat0.1bar/s
dén0,5bar, duy trilss

L]

Tang ap20bar /min dén
48har duy i 1min

Tang ap sudt 1bar /s dén
10bar, duy tri 155

[Lép 20 sprirklervao may|
¥

| Khéidang ey ] Théing bao “sprinkler
khingthoayéu cau”

Tang ap sudt 1bar /s dér
30bar, duy tri 3min

Thong bao “sprinkler thoa
yéu cau”

[Giam &p sudt1bar /s véo]

Téng ap suat0.1bar /s
den0,5bar, duytri15s

¥ L

Tang ap suit 1bar /s dén Tang apz0bar fmin dén
10bar, duy tri 15 48bar duy tri lmin

Lap mdi 8 sprinkler vao 3
vi tri &p suat0,35bar; |

Tang nhiét d¢ o

3,5barva12bar (130°C/min)
Yes prinkler hoat dong”?
ngucéer(w) lg{g Thur thém 24 sprinkler |
No o
| Kiém tra luu luong OOSC;BnSFg:‘gk|e>F
Yes
o AL A Thong bao “sprinkler
khong thoa yéu cau”
Yes

Thong béo “sprinkler thoa
yéu cau”

2.5. Chirc nang

(*) Can lang 1a hién twong nGt chin
hoac manh vd bau thuy tinh roi ra vudng vao

ISSN 2615 - 9910 (ban in), ISSN 2815 - 5505 (online)
KL TAP CHI CO KHI VIET NAM, S6 309, thang 11 nim 2023
cokhivietnam.vn / tapchicokhi.com.vn



NGHIEN CU’U - TRAO BOI

tam diéu hudng nudc,

phén bd nudc.

2.6. Nhiét do 1am viée

Chudn bi dung dich tha™
D& sprinker & mai
fruyng co nhiét do

20+ 5°C trong 30 phit

Lap thang ditng 15
sprinker 6 bau thiy inh
hodic 10 sprinker co phan

tir dé& chay vao khung

Nhiing sprinkler vao b&
Khii dong may

h&p nhigt 8 |am wé
danh nghia

lam anh huong dén sy

Xudt théng bac “sprinkler

thoa yéu cau

Kiém fra chirc ndng ddi

v sprnklertrong cing 16

[Tang nhiét 4 |&n tainhi&
d6 lam wéc cha sprinkler
(0,5 4 0,1°C/min)

Tang nhiét 46 1°C /min
dung dich tir 20 + 5°C
dén < 20 + 22°C nhigt
lam wéc, duy tri 10min

2.7. Kha niing chiu nhiét bau thiiy tinh

Chuan bi dung dich thi™

D& spnnker & moi
trurng co nhiét dd

20 + 5°Ctrong 30 phit

Lap thang di*ng 1
spnnker vao khung

Nhiing sprinkier vao bé

Tang nhiét 46 1°C /min
dung dich tr20 + 5°C
dan= 18 = 22°C phiat

1am vigg, duy ti 10min

2.8. Soc nhiét

Chuén bi dung dich thr*

Théng bao “sprinkier thoa

yéu cau

Thadng baoc “spnn kjer

khdng thda yéu cau

Tang nhiét1°C /min dén
<5C nhiét dg lam viéc

Thaéng bao “sprinker
khdng théa yéu cau”

B4 spnnker & moi
frutrng co nhiét dé
0+ trong 30min

L&pthang ddmg 5
sprinker vao khung

Nhing sprnkier vao bé
nong (= nhiét dé lam viéc

Le:éysprinHerra khéibé
dé kiémitra chirc ndng

Bau thiy
finh bi pha

L&y sprinder, nhing vao
bé lanh sau <5s

10 + 5°C)trong Smin

(*) Viéc chuén bi dung dich thir dugc trinh bay

trong [10].

2.9. Luu luwgng nuée

Bt dau

Bat ngudn may

Théo phan t&r cam (rng
nhiét 4 sprinkler

Nhép dwdng kinh
miéng phun D

Lép 4 sprinkler vao may
Cépnudc (0,5bar)

2.10. Phan bd nwée ddi véi sprinkler khong

Théng bao “sprinkler thoa
fiéu chuan taiap suat P~

Thdng bao “sprinker
khdng thoa tiéu chuan®

thugc loai sprinkler bén vach

Thao phan ti camiieng
nhigt 4 sprinkler

]

| Lap 4 sprinkler vao may

| Bat ngudn may

Dién tich bao phm §
caasprinkler

| Panhgian*

Théng ké sé thang do n
@ thé tich dwai 50%

| Bo gia tri muc nuéc |

)

Xa mroc” trang 10min |

&
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(*) Viéc xa nudce phu thude vao dién tich bao phu
S cua spinkler, s6 liéu dugc néu trong Bang 3 [10].

2.11. Phan b nuére sprinkler bén vach

Thao phan t'cam ung
nhig 2 sprinker valap 2

Kiém fra dién tich mrdc

phutrén tuémg

Nhap duting kinh

migéng phun D

Théng bac “sprin Mer
khéng thoa tiéu chuan”

X3 madc* trong 10min

Bro tong lugng nudc :@ B
@), tong luwgng nudc
treng cacthung do (g)

(*) Viéc xa nudc phu thuoc vao duong kinh
miéng phun D, sé liéu dugc quy dinh trong
Bang 4 [10].

2.12. Phan b6 nwéc phia trén va phia duéi
canh hudng dong

Théng bao “sprinkder
khdng thoa tiéu chuan”

Thiéng bao “sprinkier thoa
fiéu chuan”
d

B tong luu hegng nwde

(@), hau hegng nutdrc cda

budng phia duti bd phan
hwang déng ()

Thao phan tircam ting
nhié ciia 1 sprnkler

Lz'ip spankler vao may

Bwéng kinh migng
phun D cia sprnkler

Xa murac” trong 30s

2.13. P§ chiu in mon do swong mudi

D day nudc vao migng
10 sprinkler, bit kin miéng

Thuee hign kigm tra chic
| nang, nhiét dgng hec hoc

Lap 10 sprinkler vao may |

| Batnguén ma

Y

Tang nhiét dé budng phu
lén35°C

Lamkhao sprinker ti 4
dén 7 ngdy (= 20 + 5°C,
7 d5am= 70%)
Phun swrong mudivgi ap z = + =
&t poi 3 et Lay sprinkler ra khai
suat taidau phunbang =, = <
Ujgssm.?mﬁg 10 r?gagyr budng phun swong mu i

Dt sprinkler & mai
truerng co nhiét da

20 + 57 trong 30min

2.14. Py chiu dn mon do sunfua dioxit

Két thic

Hoatan 20g nati
tong 500ml nugc &

vao bé

thiosulfate ngam neerc

nhigt da45 + 3°C va dé

¥

Lap 10 sprinkler vao may

Phal56ml axt sulfuric

. — - &mZ0ml ax
10% vao 844ml nwéc e

2.15. Va dap thiy luc

Thi nhiét déng lec hoc
5spnnkler, thir chire
néng 5 sprinkler

Sau 2 ngay, lay sprinkler
ra lam khdtrang khéng
khi trong 4-7 ngay (35°C
vadéam = 70% )

Sau 6ngay tir lic bat

sulfuricy ao buging thir

L&y sprinker kiémtra
chirc narg varo i
i
Tang 4p suat lén4bar Giamapsuatve 0
1bar/s) (Lbar/s)

!

i

(100bar/s)

Téng ap sust lén30bar .

Gidm ap sudt »udng
4bar (100bar/s)

1

K=K+1

2.16. Rung

[ Lip5 sprinkder vao may |

Y

Chorungtir 3Hz dén
40Hz & ?Smin/acia,

Lrmm)

G digm ' &
cong hudng
No

Kiem fra dhircndrg o ap

suat 0,35bar va ro A

}

Cha rung lai tan 58 cdng

hutng trong 120k

Rungtigptir 5Hz dén
40Hz trong 120k

)
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2.17. Va dap

Canvaghila khdi heong

Thao sprikler khai may,

M caaspnnkler kiém tra chirc néng
v b
Lap sprinkler vaomay, Tha vat nang (khilegng

.

deflector hréng |én = M) tir d5 cao 1m

2.18. Pj bén chiu nhiét

Thaophintecaming | | Kiémtadébiéndang |
nhié cia 1 sprinkler +
— - Léy sprinkler ra, sau5 _
| Lap spinkler vao may ] gidy, tha sprinkler v do bé
od nhigt dg 15°C

Tang nhiét d6 1&n 800°C| f

va duy tritrong 15 phit

2.19. Ting nhiét dong lwc hoc, hé sé din

|

PD&25ml nutrcvao miéng Tinh gia FiRT1 |
sprinkler
[ Bo thari gian phan g |
| Bocsprinier bang PTFE|

Taoludnggio* |

Lap spinkler vao may thi A
@ gitr sprinkler & nhigt da Bt sprinkler vao may |
mbi fruirng trang30min

3. PHUONG AN

Mic du mdi phép thir nham kiém tra
cac tinh chat hoa-ly khac nhau cta sprinkler
nhung mot sé trong d6 lai ¢6 quy trinh kiém
nghiém c6 tinh twong déng véi nhau, mot sd
khac lai c6 yéu cau dic biét vé thiét bj kiém
dinh. Vi thé, dé t6i vu hoa cong ning thiét ké
clia cac may kiém nghiém va tdi vu héa qua
trinh kiém nghiém, tac gia da dwa vao quy trinh
kiém nghiém va yéu ciu vé thiét bi dé nhém
cac ti€u chi nhu sau:

3.1. Nhéom 1

Nhom 1 gém céc bai thir (9), (10), (11)
va (12). Nhirng bai kiém tra nay 1a déu yéu cau
may thir ¢6 thé cung cap luu lugng nudc theo
yéu cau cho sprinkler (phu thudc duong kinh
mi¢ng phun).

3.2. Nhom 2

Nhém 2 gbém cac bai thu s6 (3), (4),
(15) Khac Vm nhom 1, nhém sb 2 déu co yéu
cau chung rang thiét bi thir phai hoat dong & ap
sudt cao, dong thoi, né ciing phai c¢6 kha ning
diéu chinh toc d¢ tang/giam ap suat.

3.3. Nhom 3

Nhém 3 gbém cac bai thtr sd (5), (18).
Lo nung trong bai thir (5) néu co thé ting dén
800°C thi ciing c6 thé thoa man bai thir (18).

3.4. Nhom 4

Nhom 4 gdm cac phép thi s6 (6), (7),
(8) va (14). Theo yéu cau vé thiét bi va quy
trinh kiém nghiém, cac phép thir nay déu yéu
cAu mot bé chat 1ong va bé chat 16ng nay c6 thé
gia nhiét v6i toc do gia nhiét theo yéu cau. Néu
bé chat long duoc thiét ké c6 thé chiu dugc moi
truong khic nghiét sunfua dioxit thi ¢ thé dé
dang chira dugc cac loai chit 16ng ctia cac phép

(6), (7) va (8).
3.5. Nhém 5

Gom cac bai thir tac gia chua thé luong
hoa duogc, d6 12 bai thir s6 (1) va (2). Trong cac
tiéu chuén co cac hoat dong nhu thtr thao lép
sprinkler bang tay va ghi nhin, cac hoat dong
nay doi hoi sy can thiép ctia con nguoi rat 1on.
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3.6. Cac bai thir don

Bon bai thi (13), (16), (17) va (19)
c6 cac yéu cau va quy trinh khac biét so véi
céc bai thir khac vi thé chung khong duoc gop
thanh nhom véi céc bai thir khac ma phai duoc
thuc hién boi mot mdy riéng cho moi bai.

4. KET LUAN

Bai bao dé xuat giai phap tu dong hoa
quy trinh kiém dinh sprinkler. Tiép theo phan
1 [10], bai bao xay dung luu d6 biéu dién quy
trinh cac phép thir, d& xuat phuong an két hop
cac ti€u chi theo nhom chirc nang lién quan,
phtt hop cho bai toan tu dong hoa kiém dinh
dau phun chita chay.

Dua trén co so d& xuat ndy, cac may cac
dang dugc thiét ké va ché tao tai DCSELab dé
khang dinh giai phap dé nghi va phuc vu cho
nhu cau thuc té. Riéng hai tiéu chi dau tién:
kiém tra so bd va kiém tra tryc quan can tiép
tuc lugng hoa dé co thé tu dong hoan toan qua
trinh kiém dinh sprinkler.
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Qudc gia Thanh phé H6 Chi Minh (PHQG-
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NGHIEN CUU GIAI PHAP LAU TAM PIN NANG LUONG MAT TROI
HO GIA BINH KET HOP DRONE VA ROBOT HUT BUI

STUDY ON SOLUTION TO CLEAN HOUSEHOLD SOLAR PANEL USING DRONE
AND VACUUM ROBOT

Tran Thanh Dan"2 Trinh Vwong Quang Huy>3, Dwong Vin Ti"23, Nguyén Tan Tién" 23
'Khoa Co khi, Trudng Dai hoc Bach khoa, Dai hoc Qudc gia Thanh phd HO Chi Minh
2DCSELab, Trudng Dai hoc Bach khoa, Pai hoc Qudc gia Thanh phd H6 Chi Minh
Pai hoc Qudc gia Thanh phé HO Chi Minh

TOM TAT

Bai bdo trinh bay nghién ciru diing mobile robot hit/lau bui két hop véi drone dé vé sinh
dinh ky tam pin mat troi hé gia dinh. Drone givp diwea robot lén tam pin, thuong dwoc ldp ddt trén
mdi nha c6 do nghiéng lam mat kha ndng bdm ciia robot. Vin dé nay dwoc gidi quyét bang dé xudt
dung chinh canh quat cua drone dé tang do bam cho robot. T hiét ké va thuc nghiém dwoc trién khai

chitng minh tinh kha thi ciia gidi phéap dé nghi.
Tir khéa: Drone; Tam pin nang lirong mdt troi; Robot hiit bui.
ABSTRACT

This paper presents a study on the combination of robotic vacuum cleaners and a drone for
the regular cleaning of solar panels. The drone assists in lifting the robot onto the solar panels,
which are installed on inclined rooftops, posing challenges to the robot's mobility. This issue is
addressed by using the drone s propellers to create negative thrust that helps the robot adhere to
the inclined surface. Design and experiments on the robot are implemented to demonstrate the

feasibility of the proposed solution.

Keywords: Drone, solar panel, vacuum robot.
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1. GIOI THIEU

Cac vét ban (bui, ddém nuée, 14 cay,
phan hoa,...) bam trén tim pin mat troi lam
giam hiéu sut chuyén doi dién ctia tim pin. C6
nhiéu bién phap xir Iy nhitng chat byi nay: thoi
khi nén, phun nudc ap luc, lau sach béng tha
cong/robot, tao dao dong,... [1], [2], [3]. CO6 hai
phuong phap vé sinh tim pin trén thuc té 13 lau
uot va lau kho [4]. Lau kho don gian hon lau
udt, tuy nhién khong xur 1y dugc hoan toan khi
vét ban bam chat.

Pé 1am vé sinh cac tAm pin trén mai nha
hé dan dung, can phai dua robot 1én mai nha. Y
tudng s dung drone da duogc dé xuit va thuc
hién boi cac nhom nghién ciru tir nhiéu nude.
Nhom nghién cuu tr Pai hoc SKKU, Han
Qudc di duogc cap bang sang ché cho y tuong
két hop drone voi mobile robot dé lau don tAm
pin. Dé xuét thiét ké 6 model khac nhau cho dé
robot lau don, mot trong s6 do st dung banh dai
va dugc cho 1a c6 kha nang di chuyén trén goc
nghiéng dén 40°.

Hinh 1. SKKU robot

Solar Drone 1a cong ty phat trién drone
phun nudc vé sinh tim pin. Drone thiét ké
mang theo binh nudc riéng, c6 kha nang cho tai
Skg, pin sir dung dugc trong 20min, phun nudce
vé sinh & ap suat 27bar cach bé mat tim pin
0,3m. Hé thdng dinh vi bang cam bién LiDAR
va camera gitp drone thuc hién nhiém vu va
quay vé tram cla cong ty.

Hinh 2. Solar Drone robot

Trong [5], nhom nghién ctru thyc hién
vé sinh tAm pin chi str dung gi6 tir canh quat ciia
drone. Thir nghiém dugc thuc hién véi dudong
bay va luong bui khac nhau, chiing minh dugc
tinh hiéu qua cta phuong phap.

C6 3 két cau lip dat tAm pin trén mai
nha ho dan dung [6]: Lap dat trén mai ngoi,
mai ton va néc nha phang. Do doc cta mai
nha quyét dinh goc nghiéng ciia tim pin. Theo
TCVN 4604 2012, d6 déc cia mai dugc quy
dinh: Mai t6n 6,75° + 9°; Mai ng6i 13,5° = 27°.

Thyuc nghiém tai DCSELab st dung
robot ht bui gin voi drone, ta thiy robot khong
thé di chuyén trén mat phang nghiéng qua 8°.

Hinh 3. M6 hinh thyc nghiém ddu tién

Dé c6 thé cho robot di chuyén trén mit
phing nghiéng, phai c6 thém lyc hd trg robot
bam trén bé mit tim pin. Mot phuong phap tao
lyc bam ma st dung luc déy tor canh quat 1a
“propulsion adhesion”.
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Hinh 4. Robot Pai hoc Tsukuba

Robot cta dai hoc Tsukuba [7] ¢ thé
di chuyén trén mat phang nghiéng 1én dén 90°
v6i luc ép du 16n. Robot gdm khung drone DJT
1at nguge gan voi dé robot 4 banh qua 2 servo
motor dé diéu chinh phuong chiéu cua luc ép.
Hudng cua robot dugc xac dinh thong qua IMU
tich hop trén bo diéu khién bay, trong khi cam
bién cam bién tai trong dugc str dung dé do luc
day 4m ciia may bay khong nguoi lai. Dir liéu
nay, két hop véi thuat toan diéu khién duoc sir
dung dé tinh toan d6 16n va goc can thiét caa
luc bam dinh can thiét.

Hinh 5. Disney VertiGo robot

Mot ung dung khac cling st dung luc
day 4m dé bam dinh 1a robot VertiGo cua
Disney. Ca 4 banh cua VertiGo khong dugc
dan dong, robot di chuyén nho phan lyc tir 2
canh quat. C6 thé diéu chinh chiéu cta phan lyc

quanh 2 truc roll va pitch, dic diém nay giup
robot di chuyén tr mdt dat Ién tudng duogc.

Céc nghién ctru trén chua quan tam
dung muc dén viéc hat/lau bé mat pin. Viéc
hut/lau bui hién nay da dugc trién khai hau nhu
hoan thién qua cac robot hut/lau bui thuong
mai. Trén co s& ndy, bai bio dé xuat giai phap
lam vé sinh tAm pin mat troi dinh ky dung robot
hut/lau bui két hop véi drone. Drone gitp dua
robot 1én tAm pin, canh quat cua drone dung dé
tang do bam chéng truot robot. Thiét ké va thuc
nghiém dugc trién khai chimg minh cho tinh
kha thi ctia giai phap dé nghi.

2. BAI TOAN THIET KE

2.1. Co sé Iy thuyét

b)
Hinh 6. Phan tich luc trén robot truoc (a) va sau
(b) khi co luc ép cua canh quat
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Xét truong hop robot chay ngang trén
mit phang nghleng v6i: g 1a gia toc trong
truong; p 1a hé sb ma sat gitra banh va tdm
pin; 0 1a goc nghiéng tdm pin; m 1a khoi lugng
robot; L 1a khoang cach hai banh xe.

Khi khong c6 luc ép hd tro, diéu kién dé
robot khong truot la:

umgcosd > mgsind (1)

Khi 0 tang, P _tang nhung phan luc P
giam, lam cho phan luc 1én banh giam, dan den
luc ma sat gidm lam cho robot bi truot.

Xét phuong trinh momen quanh diém
tiép xuc ciia banh dudi robot va mit nghiéng,
chiéu duong cung chiéu kim déng hd, diéu kién
dé robot khong bj lat 1a:

ImgcosO - hmgsind - LN >0 (2)

Tur (1) va (2): Néu tang khdi lugng cta
robot thi s& ¢6 phan lyc 16n hon nhung dong
thoi lyc kéo xubng P_cling tang; Néu chi ting
hé s6 ma sat ctia banh thi c6 thé giup robot giam
truot nhung khong gitp chong 1t robot.

Khi ¢6 luc ép F, hd tro voi ¢ la goc
nghiéng gitta drone va de robot. Diéu kién dé
robot khong trugt tr¢ thanh:

u(mgcosO + F_cosp) > mgsind - F, sing 3)

Luc F_ khong chi gitip 1am tang lyc ma
sat ctia robot & vé trai ma con lam giam di luc
kéo truot vé phai néu duoc diéu chinh phuong
tac dung mot goc ¢. Lic nay, diéu kién chong
lat cua robot la:

Imgcos0 - hmgsin0 - LN '+1F, cos¢ +hF, sing >0 (4)

So véi diéu kién chéng lat trude, bat
dang thirc (4) d& thoa hon.

Tt thuc nghiém, hé s6 ma sat ctia banh
xe trén bé mat tim pin p = 0,4. Do thém bac tu
do dé thay d6i goc ¢ s& lam phurc tap thiét ké, &
day str dung (3) v6i khéi lugng robot m = 2,1kg
trong truong hop khong c¢6 goc ¢. Didu kién
chéng truot cua robot la F_ > 5,02N.

2.2. Robot hut bui
Hai ciu hinh robot hit bui két hop lau

dugc xem xét dé sir dung trong thiét ké 1a robot
BowAlI va Bissell Spinwave.

Hinh 7. Robot hut bui dung trong nghién cuu

Robot BowAI dan dong duy nhét bang
banh trudc, 141 mu hoan toan. Robot s€ chay
ngau nhién va khi dung trang vat can s& do6i
sang hudng di khac. Robot c¢6 2 chdi canh va
gié lau c6 thé thao roi, khong c6 chdi giira. Ca
2 chdi canh cta robot dugc 14i bang 1 motor va
bo truyén dai.

Robot Bissel Spinwave dan dong va
diéu hudng bang 2 banh 2 bén. Gidng véi cac
robot hut bui thong dung trén thi truong, hai
module banh xe gdm motor truyén dong qua
mot hé thong banh ring ra banh xe. Robot c6 2
banh dat & giita, 2 chdi canh 1ai doc 1ap bang 2
motor, chdi chinh hé trg dénh bui 1én cho motor
hut va 2 gié lau.
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Thyc nghiém véi hai cAu hinh robot trén
cho thiy vi tri 2 banh dan dong anh hudng 16n
dén kha ning bam cua robot trén tim pin. Ciu
hinh dung dé thuc nghiém st dung 2 module
banh dat ¢ giita robot va 2 chéi canh 1ai bang 1
motor qua bo truyén dai.

2.3. Co cu lit canh

Dé robot c6 thé bay dugc va dong thoi
tao luc déy am dé bam lén tAm pin mat troi,
robot can phai thay ddi chiéu tac dung cia luc
gi0 tir canh quat.

Hinh 8. So d6 nguyén Iy co cau lat canh

Co cAu 14t canh su dung bd banh rang
con vo1 mot motor truyén dong duoc dé xut.
bong co servo dugc sir dung dé 14t canh, ngoai
ra con dung dé giir cac banh ring khong quay
khi bay.

2.4. Quy dao cua robot

»(  Go forward I!

Tum right
900

Tum left
900

es i 0 [Yes
@ Go forward {(s) Tugnozg?fo
@ Go forward t(s) T%";Ji?ﬁo

Hinh 9. Flow chart quy dao hinh chit S

Theo [8], khi robot hut bui hoat dong,
chung duoc 1ap trinh dé di chuyén theo nhiéu
quy dao két hop bao gdm: Quy dao ngau nhién,
quy dao hinh xoan 6c, quy dao chit S va quy
dao bam tuong. Cling theo tai li¢u [10], qu¥y
dao chir S 1a quy dao ngan nhat dé robot hoan
thanh mot di¢n tich, do do ta chon quy dao nay
dé thuc nghiém robot.

» G <

o forward |«
Egde front?
Yes Yes

No

witch lane backward

Hinh 10. Flow chart quy dao robot lau pin

Trong trudng hop robot khong thé di
chuyén theo quy dao chit S, ta thuc nghiém
robot bang quy dao di chuyén giéng véi robot
lau pin mat troi.

3. KET QUA THUC NGHIEM

M6 hinh thuc nghiém cho ¢ Hinh 11
c6 cac thong sb: Puong kinh banh xe 58mm;
khoang cach banh xe 160mm; khdi luong robot
2,12kg.
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Hinh 11. M6 hinh thuc nghiém

Mo hinh thuc nghiém cua robot c6 thé
bay va hoan thanh dugc quy dao robot lau pin
trén tdm pin nghiéng 27° nhung khong hoan
thanh dugc quy dao chir S, thuong bi truot,
rot khi quay. Kha ndng bam cuia robot bi anh
huong khi xudt hién cac cht bam thir nghiém
nhu phén, bot mi,...

St dung camera dé ghi lai quy dao di
chuyén cua robot trén tam pin bam bui & goéc
nghiéng 22° cho két qua sau:

Unassisted robot’s trajectory
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Hinh 12. Quy dao robot trudc (a) va sau (b) khi co
liee bé sung ciia canh quat

Khi khong c6 luc hd tro tir canh quat,
robot lién tuc trugt va di chuyén léch khoi quy
dao thing mong mudn. Khi ¢6 luc hd tro tir
canh quat, robot khong con truot va di chuyén
theo quy dao thang mong mudn. Robot dugc 1ai
bang tay va sai s6 ctia robot trén quy dao duogc
cho trong Hinh 13.

) WHW‘W -

Emor (mm)

03 04 0s 06 07 08 09 1 1.1
Panel's length (m)

Hinh 13. Sai s6 ciia robot trén quy dao

Robot 1éch khoi qui dao vé bén trai xa
nhat 3,82mm va vé bén phai 5,23mm. Pé robot
bam quy dao tdt hon, co thé st dung bd diéu
khién dé 1ai robot tu dong theo quy dao mong
mudn.

4. KET LUAN

Nghién ctru dé xuét két hop robot hut
bui va drone cho bai todn v¢ sinh dinh ky cac
tam pin ning luong mat troi trong ho gia dinh.
Mo hinh thyc nghiém c6 thé hoan thanh quy
dao trén tAm pin nghiéng 27° khi banh xe sach
va 22° khi banh xe do. Co ciu lat canh c6 thé
thay doi phuong chiéu tac dung cua luyc gid va
khong 1am anh hudng dén kha ning bay cua
robot. M6 hinh con nhiéu khuyét diém, can
thiét ké lai bo banh ring cho co cdu lat canh,
b truyén dai dé 1ai chdi, dong co hat con yéu,
va kha ning bam cua robot khi ¢6 chit do can
duoc cai thién.
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THIET KE HE THONG PIN LUU TR LITHIUM-ION CHO THIET Bl
KHONG NGU'O'l LAl DUOI NUOC

STUDY ON DESIGN OF LITHIUM-ION BATTERY SYSTEM FOR AUTONOMOUS
UNDERWATER VEHICLE

Huynh Minh Nhat" 23, Nguyén Tién Minh Khéi" >3, Lam Hoang Anh>3,
Truong Céng Toai', >3, Nguyén Danh An‘, Dwong Vin Tu" >3,
Nguyén Huy Hung’, Nguyén Tén Tién"23
'Khoa Co khi, Trudng Dai hoc Bach khoa, Pai hoc Qudc gia Thanh phd Ho Chi Minh
DCSELab, Truong Pai hoc Bach khoa, Pai hoc Quéc gia Thanh phé Hd Chi Minh
*Pai hoc Quéc gia Thanh phd H6 Chi Minh
“Bo Tu Iénh Vung 2 Hai quan
SKhoa Pién tir Vién thong, Truong Pai hoc Sai Gon

TOM TAT

Bai viét nay trinh bay thiét ké bé nguon cong sudt cao cap dong cho dong co day trén
phuong tién khong nguoi lai dudi nuoc (AU V) Bé nguon dwoc thiét ké bang cach mac noz tiép cdc
cell pin Lithium co kha nang xa dong cao dé dat dwoe dién dp mong muon. Cdc cau noi giita cac
cell pin phai dam bdo di tiét dién dé dan dong dién I6n. Ngodi ra, mot hé thong gidm sat bg nguon
(BMS) ciing can phdi c6 dé giam sdt va can bang dién dp giita cdc cell pin. BMS sé ngdt dong tdi
ra khéi bo nguon khi dién dp trén mét cell pin qud thap khi xd va ngdt dong sac ra khéi bé nguon
khi dién ap trén mét cell pin qud cao. Céc két qua do dwoc tir thue nghiém chitng minh thiét ké dam
bao yéu cau cho itng dung ciia AUV trong thuec té.

Tw khéa: Pin Lithium-ion; Hé thong qudn 1y pin; An toan pin; Thiét ké mé dun; Thiét bi
khong nguoi lai duoi nuoc.

ABSTRACT

This paper proposed a design of a battery with large power. The battery supplies high
current to a motor assembled in an automotive underwater vehicle (AUV). To achieve the specific
voltage, Lithium cells with high discharge current were connected serially. There exists a connector
between two consecutive cells and high current can pass through the connector with large cross-
section. In addition, a battery management system (BMS) was utilized to monitor and balance
voltage between cells. BMS cut off charge or discharge current when cell was over-voltage or
lower-voltage respectively. Experimental results demonstrated that the design of the battery is
effective for AUV applications in practice.

Keywords: Lithium-ion battery, Battery management system; Battery safety;, modular
design,; Autonomous underwater vehicles.
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1. PAT VAN PE

Phuong tién tu hanh dudi nudc (AUV)
1a mot thiét bi tién tién c6 kha nang tu than hoat
dong bén trong moi trudong nudc. Ching ngay
cang dugc quan tAm hon boi sy dong gop rat
16n trong cac linh vyc nhu thim hiém, khao sat
moi truong nudc, hodc cac ing dung quén su
[1]. Tuy nhién, vin dé cung cip ning luong cho
AUV d3 ludn 1a mot han ché rat 16n anh huong
dén su phat trién cua chung. Dac biét 1a khi xu
huéng phat trién dang huéng téi cac AUV ¢
kich thudc nhé cung véi toe do vuot troi [2].

Mic du c6 nhiéu loai nang lugng khac
nhau, d6i v6i AUV ¢ nho, pin so cap va thir
cap 1a ngudn niang luong thong dung nhat [3].
Trong d6, pin lithium 1a Iya chon hang dau ké
ca d6i voi cac thiét bi dién tir hay cac thiét b
tu hanh nho vao mat do nang luong, cong suit
cao, cung voi vong doi 1on, va than thién véi
moi truong [4].

Mat khéc, tinh hi€u qua ciing nhu d6 an
toan khi sir dung pin lithium 13 nhitng han ché
rat 16n kim him sy phat trién cua pin [5]. Vi
vay, trong bd ngudn sir dung pin lithium thi mot
hé thong quan 1y cac cell pin lithium 1 can thiét
dé c6 thé diéu khién bod nguén hoat dong & diéu
kién t6i uru nhat. Nhiéu chirc ning cta hé thong
quan ly cac cell pin da dugc nghién ctru va phat
trién [5].

Bai viét nay tip trung vao thiét ké bo
ngudn cong suét cao co dong phong 16n trong
mot khoang thdi gian ma van dam bao dién ap
khong thay d6i qua nhidu. Phan II s& mé ta yéu
cau vé kich thudc va cac thong sb can thiét cua
bd ngudn. Phan III dé xuét thiét ké cua mot hé
thong hoan chinh giup dam bao viéc giam sat
va bao vé€ trong qua trinh van hanh sac xa cia
bd pin. Phan IV trinh bay két qua cta cac thuc

nghiém do dong xa va két qua giam sat bo pin.
Phan V cuoi cung sé& dua ra két luan cho bai bao
va tong ket cac két qua da thyc hién dugc.

2. MO TA HE THONG
2.1. Khung chiu lye cho hé théng pin

AUV duogc van hanh trong moi truong
nudc, nén tai trong va kich thudce cia hé théng
pin phai dugc dam bao nim trong ving sai s6
cho phép ciia nha san xuat dé ra. Bén canh do,
phan khung ctia AUV duoc thiét ké dé co thé
hoat dong dugc trong mdi truong co ap suit 16n
tir bén ngoai, nén khong gian bén trong cuia cac
khoang s€ bi gidi han.

Khoang chura pin cua AUV c6 duong
kinh ¢, chiéu dai 1. Hé thong pin dugc dit vao
bén trong khoang trén 2 ray trugt song song
cach nhau khoang cach d va dugc cb dinh bang
mot hé gidng giam chén.

2.2. Céc thong so yéu cau ciia by nguon
B¢ nguon cong suat 1on cung cap dong
xa cao cho dong co day cua AUV c6 cac thong

s6 co ban nhu Bang 1.

Bdng 1. Théng s ciia bé nguon can thiét ké

Théng sb Gia tri
bién ap danh dinh, V 90+ 10
Dong xa lién tuc, A 560+ 10
Dung lugng, Ah 100
Bao vé€ qua sac Co
Béao vé qua xa Co
Pién trd cach dién, MQ >20
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3. THIET KE DPE XUAT
3.1. Thiét ké co khi cho b pin
3.1.1. H¢ pin

Thanh phan chinh dung dé thiét ké bo
ngudn 1a cac cell pin lithium loai LiFePO4 ¢
dién ap danh dinh 1a 3.2V. DPay la loai pin c6
mirc do an toan va dung luong phu hop. Dé bd
nguén dat dugc dién &p danh dinh nhu bang 1
thi can phai méic ndi tiép 29 cell pin LiFePO4
lai v&1 nhau. Céc cell nay dugc chon loai co
dung luwong 16n 100Ah c6 trén thi truong dé
dap ing yéu cau vé dung luong va dic biét 1a
loai cell nay phai c6 kha ning xa 16n hon 5 lan
dung lugng (> 5C) ciia n6 dé dat dong xa cao.
O day cell duoc chon 1a dong xa 8C.

3.1.2. Cau néi cdc cell pin

Dé két ndi cac cell pin theo dang mic
ndi tiép thi giita cac cell phai co cau ndi véi yéu
cau 1a dam bao duoc kha ning din dong dién
16n. Cau ndi duoc thiét két bang dong vai yéu
cau dién tich mat cat ngang va dién tich tiép
xuc 13 hai yéu t tién quyét anh huong truc tiép
dén hiéu suat truyén tai dong dién.

Dién tich mat cit ngang t6i thiéu khi
thiét ké cuc dong duoc tinh bang cong thirc sau
[6]:

I 560

SCS—E—?M'9333?TL?H (1)

Vi, S_: Dién tich mat cit ngang, mm?;
I: Cuong do dong dién, A;J_: Matdo dong dién
qua mot don vi dién tich mat cit ngang, A/mm?,
dugc chon 1la 6A/mm? cho Vat 11eu dong [7].
Ngoal ra, dién tich tlep XUc can gap it nhat nim
lan dién tich mat cit ngang dé mang lai kha
nang truyén tai dién ning tot nhat [8].

Hinh 1. Cau noi “I”

Tuy theo cach bé tri cac cell pin ma cac
cau ndi s& khac nhau, tuy nhién van phai dam
bao yéu cau vé tiét dién va dién tich tiép xiic.
Trong khuon kho bai bao nay chi trinh bay mot
loai cu ndi dang chit I co chiéu day la Smm
nhu Hinh 1.

3.1.3. Khung chiu lwc cho hé thong pin

Khung chiu lyc sé dong vai tro chinh
trong viéc bao vé va nang d& cho hé thong pin
bén trong. Vit liéu dugc st dung cho khung
chiu lyc phai dam bao dugc do nhe, do bén, do
ctig, va chdng duoc oxy hoa, nén thép khong
gi SUS 304 1a mot giai phap vé mat vat liu toi
vu nhat danh cho hé théng.

Khong gian bén trong cua khung chiu
luc phai du khong gian cho toan bg hé pin va
mach quan ly pin. Véach khung sé dugc khoét
16 dé giam bét trong luong nhung van dam bao
d6 bén can thiét [9]. Ngoai ra, trén khung s& co
thém cac thanh gan tang cung chay doc theo hai
bén khung, tang tinh dam bao két cau.

Bdng 2. Cong thire duc 16

Thong so Giéi han
D, D
— 1,08 < —< 1,50 (2)
D{J DO
d d
') 1,25 < D—g <175 (3)
D, 0

Voi, D.: Khoang cach tam, mm; D, Duong kinh lo,
mm, dg: Chiéu cao vach, mm.
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Hinh 2. Hé khung do chinh

O hai phia dau, dudi ctia khung s& c6
thém hé ga chir “U” dung dé két ndi voi hé
gidng giam chin trén AUV, dong thoi dong vai
tro nhu tay cAm dung dé van chuyén hé thong.
Cac loai cuc déng dau ra dién ra cling duoc dat
tai hé ga nay. O phia bén dudi khung ciing duoc
thiét ké thém con truot béng nhya dé trugt vao
ray truot trén AUV. C6 tong cong 08 ray truot
dugc dat chia déu hai bén khung.

3.2. Thiét ké hé thong quan 1y pin

Do bd ngudn c6 sd luong cell ndi tiép
16n (29 cell) nén cau hinh cho BMS dugc chon
la cau hinh chinh-phu nhu hinh 5, trong do6 cac

BMS phu chi thyc hi¢n viéc do cac thong )
dién ap, nhi¢t do va truyén thong.

BMS phy

BMS Chinh

Hinh 3. Mach giam sat dién ap cac cell

BMS chinh nhan cac dir liéu tir cac
BMS phuy, thuc hién viéc tinh toédn va truyén
thong dén cac BMS phu.

Thanh phan do ludng va quan sat théng
sO pin 1a chirc nang co ban va quan trong nhat
ctia hé thong quan 1y khdi ngudn va duge thiét
ké bang vi mach LTC6813-1. Vi mach nay cho
phép dai do dién &p cua cell 0 ~ 5V, phu hop
v6i hau hét cac loai cell pin hién c6 trén thi
truong. Bén canh d6, LTC6813-1 do dién ap co
do chinh xac cao 1én dén £2.2mV.

Giao tiép gitra vi mach LTC6813-1 véi
vi diéu khién 1a giao thuc Serial Peripheral
Interface (SPI).

Ngoai ra, dé ting dong cén bang thu
dong nham giam thoi gian can bang thi mach
can bang bén ngoai dugc dé xuat nhu hinh 4.

cp A C
WW»

AAA
Qs =|) VW

A
VW

S

»
»

Y3 T

N = ™

Hinh 4. Mach can bang dién dp cell

Mot tinh ning can thiét nita ctia bo
BMS la quan 1y sac xa cho khdi ngudn. Vi mach
BQ76200 dugc st dung cho tinh nang nay nhu
Hinh 5.

BATT—AMW

CHGE
ENABLE N

W
[ |

WW- [-

= 3
22—

PDSG_E

“.uu.
EwwaonB

V5§

W
bq76200
SAFETY = bl b

1.CHG_EN, 2. CP_EN, 3. DSG_EN, 4. PMON_EN. 5.
PCHG_EN,. € CHG, 7. PCHG, 8.D3G, 9. PACK, 10. PACKDV

Hinh 5. Mach diéu khién sac, xd
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Mach quan ly sac va xa dua vao cam
bién dong dién qua tai hay dong dién sac va
dong thoi ciing dya vao dién ap trén céac cell
dugc thu thap tr LTC6813-1.

33

a3

p
-
<
A, SDA  VBUS —eAMAN EATT:
SCL scL VINP MM YINP
— A1 VINM A VINM
— AD GND
ISL28022 = ==
-

Hinh 6. Mach gidm sdt cong sudt

Gia tri dong dién dugc dién tr¢ shunt
bién doi thanh dién &p va vi mach ISL28022FUZ
doc va dua vé vi diéu khién gia tri dién ap nay
nhu so d6 mach & Hinh 6 thong qua giao tiép
12C.

4. THUC NGHIEM

Hé théng pin duoc thiét ké va thuc
nghiém tai DCSELab nhu Hinh 7.

B

-

a. Hinh dang tong thé

b. Mach quan ly pin (BMS)

c. Mach cong suat

Hinh 7. H¢ thong pin thuc nghiém

Céc chirc niang cia hé thong duoc xiy
dung trén thuat toan khong dugc trinh bay & bai
bao nay. Muc dich cuia thiét ké phan ctng 1a thu
thap cac thong sé va giam sat cac thong sb can
thiét cho viéc tinh toan ciing nhu ap dung céc
thuat toan phirc tap vé sau.

Os4n #p trung bimh

asa Lrcsens)| |

5 " " » E
Then gian (3]

Hinh 8. Két qua do dién ap trung binh

Dién 4p trung binh thu duogc tir cac cell
bang hé thong quan ly pin va va két qua thu
duoc tir ddng hod do dién ap thuc té cua tu‘ng
cell cho trén Hinh 8. Sai s cach biét chua dén
5mV (0,13%) da ching minh tinh ding dén va
dd chinh xac trong viéc giam sat dién ap cia hé
thong quan 1y.

W qua ns seng £ao

B e W aw m W
Hinh 9. Két qua do cwong do dong dién ciia quy
trinh xa 5604
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Dong x4 1én dén hon 500A duoc duy tri
trong thoi gian 350s chimg minh thiét ké van
dam bao dong xa cao trong thoi gian dai van
hoat dong on dinh nhu trén Hinh 9.

5. KET LUAN

Bai bao trinh bay thiét ké bo ngudn c6
kha nang cho dong phéng cao. Vi thiét ké co
kha nang mo rong va phuong an tach board cong
suat ra khoi board diéu khién, 1a d& xuét cho
thiét ké an toan va 6n dinh cho cac bd ngudn co
dong phéng 16n. Van dé hoan thién trén thiét bi
thyuc té dang duoc tiép tuc trién khai tai Phong
Thi nghiém trong diém Diéu khién S6 va Ky
thuat He théng, Truong Pai hoc Bach khoa,
DHQG-HCM (DCSELab).

Loi cam on:

Nghién ctru nay dugc tai trg bdi Pai hoc
Qudc gia Thanh phé H6 Chi Minh (PHQG-
HCM) trong khuon khé Dé tai ma s6 TX2023-
20b-01. Ching to6i xin cam on Phong Thi
nghiém trong diém Piéu khién S6 va Ky thuat
Hé théng, Truong Pai hoc Bach khoa, PHQG-
HCM d3 ho trg thoi gian, phuong tién va co s
vat chat cho nghién ctru nay. <
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XAY DUNG MO HINH NGHIEN CU’U TUOI THO CUA MQT SO LOAI
AC QUY S’ DUNG TREN O TO DIEN

BUILDING A MODEL FOR THE RESEARCH BATTERIES' LIFE USED ON
ELECTRIC VEHICLES

TS. Vii Ngoc Tuan', ThS. Nguyén Thanh Huy*, ThS. Nguyén Hiru Thanh’,
ThS. Nguyén Ngoc Cudong?
"Hoc vién Ky thuat Quan sy
’Phong Ky thuat Vung 4, Quan chung Hai quan
3STruong Cao dang Co khi Nong nghiép

TOM TAT

Ac quy la mét trong nhitng thanh phan quan trong nhdt va c6 gid tri cao nhdt trén 6 té dién.
Thiét bi nay quyét dinh khd nang huy dong cong sudt cho xe bén canh dong co va bg bién doi cong
sudt, nhung quan trong hon cd, né quyét dinh quang dwong cé thé di chuyén cia xe. Sw phdt trién
ciia 6 té dién van vap phdi rao can la tuéi tho va thoi gian sac ddy cho dc quy. Do vy, mé hinh héa
tuéi tho cua dc quy sé giip cho nha san xudt va nguwoi sir dung cé thé can nhdc phdt trién ciing nhu
quyét dinh lira chon logi xe ciia nguoi siv dung Nghién civu tuéi tho ciia dc quy c6 tinh thiee tién hién
nay khi 6 to dién ngay cang dwoe sir dung phé blen 0] baz bao nay, tac gia trinh bay cac dac tinh co
ban ciia bon logi de quy sir dung trén é 16 dién gom dc quy chi axit, Lithium-Ion, Niken- Cadmzum
va Niken-Metal-Hydride. Trén co sé cdc phdn mg 1y héa xdy ra bén trong ciia cdc loai dc quy, tir
a6 sir dung phan mém mé phong Matlab-Simulink dé xdy ding mé hinh nghién ciru tuéi tho ciia dc
quy stk dung trén xe 6 16 dién. Két qua c6 thé sir dung dé wéc lirong tudi tho cia cdc loai dc quy trén
6 16 dién dong thoi gitip nha san xudt va ngueoi sir dung xe 6 t6 dién c6 ké hoach bdo dudng, sira
chita ciing nhuw chon ché dg van hanh phu hop.

T khoa: M6 hinh dc quy; Tuéi tho dc quy; O t6 dién; Matlab-Simulink.

ABSTRACT

The battery is one of the electric vehicle's most essential components. This device determines
the vehicle's ability to mobilize power besides the engine and power converter, but more importantly,
it determines the distance the vehicle can travel. The development of electric cars still faces the
barrier of battery life and full charge time. Therefore, modelling the life of the battery will help
manufacturers and users to consider the development and decide on the user's choice of vehicle.
Studying the battery's lie is practical nowadays when electric cars are increasingly popular. In
this article, the author presents the basic characteristics of four types of batteries used in electric
vehicles: Lead-Acid, Lithium-Ion, Nickel-Cadmium and Nickel-Metal-Hydride. Based on the
physicochemical reactions inside the batteries, Matlab-Simulink simulation software has been used
to build a model to study the life of the battery used in electric vehicles. The results can be used to
estimate electric vehicle batteries' life. At the same time, it helps electric car manufacturers and
users plan maintenance and repair and choose the appropriate operating mode.

Keywords: Battery's model; Battery's life; Electric vehicles; Matlab-Simulink.
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1. PAT VAN PE

Thé giéi dang ding trudc hai van dé
16n 1a ndng luong va moi truong. Trong khi do,
cac phuong tién giao thong dong mot vai tro
rat quan trong trong ca hai van dé nay. Do vay,
cac phuong tién sir dung nang luong dién (xe
dién), dién hinh 1a 6 t6 dién, dang dugc nghién
clru va phat trién manh mé trén toan thé gioi.
Ac quy 1a mét trong nhitng thanh phan quan
trong nhat va co gi tri cao nhat tren 0 t6 dién
[1,2]. Ac quy bi suy giam hleu sut r0i dan dén
hong do qué trinh 130 hoa gdm 140 hoa theo thoi
gian va lao hoa chu ky [3, 4]. Viéc nghién ctru
du bao duoc tudi tho c quy cho xe 0 to6 di¢én
rat quan trong cho hé théng xe 0 t0 dién. Dua
vao két qua nghién ctru nay, ngudi st dung s&
biét ltc nao thay thé va sac ac quy. Trong [5],
nhém céc tic gia da danh gia cac thong s6 ldo
hoéa trong dc quy Lithium sit phdt phat, thong
qua viéc diéu tra cac toc do dong dién, nhiét do
moi truong lam viéc va do xa sau khac nhau.
Trong [6], nhoém tac gid da trinh bay mdt mo
hinh dc quy dong, c6 thé sir dung dé mé phong
mot hé thong quan 1y ¢ quy chung. Trong [7],
nhom tac gia trinh bay tom tit cac k¥ thuat, mo
hinh va thuat toan dugc st dung dé uéc tinh
tudi tho cua dc quy, di tir cach tiép can dién
hoa chi tiét dén phuong phap thong ké dwa trén
dir liéu. Trong [8], nhom tac gia dd cung cip
mot bai danh gia toan dién vé cac van dé chinh
lién quan dén sy xudng cip ciia dc quy Lithium
trong toan by vong doi. Tuy nhién, chua co
cong trinh nao dé cép t61 van dé so sanh su bién
thlen tudi tho cuia ac quy khi thay d6i gia tri cac
yéu té anh huong téi tudi tho dc quy trén xe 6
to dién.

Trong bai bao nay, tac gia tap trung trinh
bay mo hinh toan cta 04 loai ¢ quy sur dung
trén 6 to dién gom ac quy chi axit, Lithium-Ion,
Niken-Cadmium va Niken-Metal-Hydride.

Trén co s¢ do, sir dung phan mém mé phong
Matlab-Simulink dé xdy dung mo hinh nghién
ctru tudi tho (theo chu ky) ciia dc quy. Tién
hanh khao sat tudi tho cia mot sd ching loai
ic quy sir dung trén 6 t6 dién. Két qua sau do
dugc phan tich, danh gia 1am rd sy anh hudng
ctia cac yéu t6 nhu nhiét do méi trudong, toe do
phong dién t6i tudi tho cua ic quy.

2. MO HINH TOAN AC QUY TREN O TO
PIEN

2.1. M hinh toén ic quy trén 6 to dién

Theo [9, 10], ta c6 mo hinh toan cia cac
loai ac quy trén 6 t6 dién nhu sau:

-
N
Exp(s) _ A "
i Sel(s)  1/(B-i(t)) s+1
Exp
Y # v Moan
Euap = f20i1.0%, Exp. Kiéu ic quy) Kiém ngubn dién dp
Epwonz = f; (it.1*. Exp. Kiéu fc quy) Eae

Hinh 1. M6 hinh phéng, nap cia dc quy.
a) M6 hinh to4n dc quy chi axit

- M6 hinh phong (i* > 0):

S, Git,i%,i,Exp) =

Q o+ o 0O . xp(s)
E, - KQ—lt K.Q_it.zt+Laplace {S j(l)

- M6 hinh nap (i* <0):
(it i*,i,Exp) =

E,-K. Y i-K. Y it+ Laplace™ EXP(S).l 2)
it+0,10 Q-it Sel(s) s

b) M hinh toan ic quy Lithium-ion

- M6 hinh phong (i* > 0):
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St i#%,0) =

E, - K.ﬁ_i* -~ K.%jt + A.exp(—Bit) (3)
- M6 hinh nap (i* <0):

[t i*,0)=

o = o . .
E,-K. i —-K. it + A. —-Bit) (4
Kongt Kttt Aew(-Bit) (4)
¢) M6 hinh toan ic quy Niken-Cadmium va
ac quy Niken-Metal-Hydride

- M6 hinh phong (i* > 0):
(it i%,i, Exp) =

. 9 . L O . 1| Exp(s)
E, K.Q—it i K-Q—it it + Laplace ( Sel(s) .0) (5)

- M6 hinh nap (i* <0):
1ot *,i,Exp) =

E,-K. 0 i-K. 0 .it+Laplacel(EL(S).lJ (6)
lif] +0,10 0-it Sel(s) s

Trong do:

E, - Dién 4p khong doi (V);

Exp(s) — Pong luc ving ham mii (V);

Sel(s) — Pai dién cho ché d6 ic quy.
Sel(s) = 0 khi phong dién; Sel(s) = 1 khi nap
dién;

K — Hang s phan cuc (V/Ah);

it — Dung luong trich xuét (Ah);

i* — Dong dién tan sb thap (A);

Q—Dung lugng 16n nhét ctia 4c quy (Ah);

A —Ham dién ap (V);

B — Ham dung lugng (Ah).

2.2. M6 hinh khio sat xac dinh tudi tho cia
ac quy

2.2.1. Anh hwéng ciia hiéu irng nhiét dp

Theo [9, 10], tdic dong cua nhiét do lén
cac thong s6 ciia mo hinh ac quy dugc biéu
dien bang cac phuong trinh sau:

- M6 hinh phong (i *> 0):

fi(it:i*aiaT)T;) ZEO(T)

-K(T) &.(z’ *+it)+ A.exp(-B.it) - C.it (7

o)~ it
- M6 hinh nap (1 *<0):

or)

St BT T = B =KD oy

k(=29 4 exp(-Bit) - Cit ®)

oT,) it

Trong do:

T — Nhiét d6 bén trong dc quy (K);

T,— Nhi¢t do méi truong (K);

C — Do dbc duong cong xa danh nghia
(V/Ah).

2.2.2. Anh hwéng ciia hiéu irng lio hod
Theo [9, 10], tac dong cua qua trinh 1ao

hoéa lén dung luong dc quy va dién trg bén trong
dugc biéu thi bang cac phuong trinh sau:

~ 0,5 (., DOD(n-2)+DODM)) .. &
e(n) = {5(" D+ N(n—l)[z DOD(n—1) j i b=0 (9)

e(n—-1) otherwise

N = H(D ?ODJ)j g.exp[—w[i—ﬁ]]‘(% )Ly (10)

Trong do:

e — Yéu tb 130 hoa ic quy;

N — S6 chu ky 16n nhat;

H — Hang s6 chu ky;

& — Hé s6 mil cua DOD;

v — Hang sb toc d6 Arrhenius cho s6
chu ky;
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dis wver Ly e — DONg dién phong, nap
trung binh (A) trong khoang thoi gian nira chu
ky;
v, v, — Hé sb mil doi véi dong phéng
dién, dong nap dién.
DOD — D6 x4 sau (%) clia dc quy.

2.3. M6 hinh mo phéng tinh toan wéc lwgng
tuoi tho cua cac loai ac quy

M6 hinh mé phéng tinh toan tudi tho

«<soc (%)>

0% xb sdu (DOD)

<Bién ip (V>
<Doeg Gién (A
<Nt 0 b bio ("C)>
<Toth i 30 cukcy rorg GorgP|
<Dung hrng lén ohat (AR)> \‘ .
K gk G

Hinh 2. M6 hinh tong qudt tinh todn tuéi tho cia

ctia 4c quy (hinh 2) dugc xay dung bang cong dc quy.
cu Matlab-Simulink trén co s mo6 hinh toan da
dugc trinh bay ¢ trén.
3. KHAO SAT UOC LUQNG TUOI THQ AC QUY
3.1. Chon théng s6 dau vao
Bdng 1. Théng s6 co ban ciia dc quy.
Gia tri
TT Théng sb Pon vi Ghi chu
Lithium Niken Lead axit
1 bién ap danh dinh \Y 12,6
2 Dién ap cit \Y% 10,5
3 Dién ap sac day \Y% 13,8
4 Dung luong dinh murc Ah 40
5 Hing s6 chu ky (H) 4730 24900 24890
6 Hing s6 toc d6 Arrhenius (y) 1814 2013 2188
7 Hé s mii ciia dong phong ) 0,2803 0,2403 0,297
8 | Hé sd mil cua dong nap dién (v, 0,103 0,7719 0,8505
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3.2. Két qua khio sat bing mé hinh mé phong

3.2.1. Anh hwéng ciia nhiét dp moi truwong téi
tuéi tho ciia dc quy

Khao sat ¢ nhiét do moi truong 25°C
v6i d0 xa sdu DOD = [20 80 20] va toc do
phéng dién I, = [20 80 20] khong doi. Tiép
theo, thay doi gié tri nhiét d) moi trudong thanh
15°C, 40°C... v6i DOD = [20 80 20] va I,= [20
80 20] khong doi.

Két qua mo phong nhu sau: Khi nhiét

Anh hudng nhigt 86 toi tudi tho ohi axit
1 " - T T

Chu lej{ldn}

d6 méi truong thay doi voi cac gia tri khac
nhau thi c6 cac gid tri chu ky khac nhau, nhan
thay:

- Tai thoi diém t = 0,5.10° (s) thay d6i
nhi¢t do moi truong tr 25°C 1én 40°C va so
sanh sy thay ddi sé chu ky cua ba ac quy. Két
qua: A, = 7,65 (tang 42,1%) > A, = 7,04 (tang
36,7%) > A = 6,01 (tang 33,7%).

- Tuong tu, tai thoi diém t = 3,5.10° (s).
Két qua: A, = 79,8 (tang 42,3%) > A = 71,3
(tang 37,7%) > A,.= 61,7 (tang 34,2%).

Anh hudng nhiét 88 téi tudi tho Lithium-ion
. r v - - r

Chu lkildn)

Théi gianit) <1

55 anh hudng nhiét 35 téi tudi tho cla 3 3c quy

Chu ky(lén)
]
A
s

] 0s 1 15 2 25 3 as 4
Théi gian(s) 1P

Hinh 3. Anh huong ciia nhiét dé t6i tuéi tho ciia cdc dc quy.

Qua khdo sat anh huong cua nhiét do
moi truong dén tudi tho cua cac loai ac quy,
nhan thay:

- Sy bién thién chu ky cta c quy chi axit
14 16n nhét va dc quy Lithium-ion 1a nhé nhat;

- Nhiét d6 moi truong tang thi s6 chu ky
tang theo, nghia Ia tudi tho cua ac quy giam. So
sanh su bién thién tudi tho cua ic quy tai cac

nhiét d6 khac nhau, ta thiy khi nhiét d6 ting thi
s0 chu ky ciing ting dan theo thoi gian, nghia la
thoi gian cang giai doan vé sau, thi sy anh huong
ctia nhiét do t6i tudi tho cua ic quy cang tang.

3.2.2. Anh hwéng ciia toc dp phéng dién téi
tuoi the cua dc quy

Thay d6i cac gia tri dong phong dién
nhu sau: [, = [10 40 10]; I, = [20 80 20]; I,
[40 80 40] voi DOD = [20 80 20] va nhiét do
moi trudng bang 25°C khong doi.
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Két qua mo phong nhu sau:

Anh hwong déng phéng téi tudi tho Chi axit
- 4 = + i v

Thési gian(s) <10f

Anh huwéng déng phéng ti tudi tho Niken

Théi gian(s) 10°

Anh huwong dong phong téi tudi tho Lithium
- v v ¥ v v

Thai gian(s) 1

55 anh hwong dong phing toi tudi tho cda 3 dc quy

Chu by (léin)

Hinh 4. Anh hieong ciia dong phéng t6i tudi tho ciia dc quy.

Qua khao sat anh huong cia toc do
phong dién dén tudi tho cua céac loai ac quy,
nhan thay:

- Su bién thién chu ky cta ac quy chi
axit 1a 16n nhat va ac quy Lithium-ion l1a nho
nhéat;

- Téc @6 phéng dién tang thi s chu ky
tang theo, nghia 1a tudi tho cua dc quy giam. So
sanh sy bién thién tudi tho cua ic quy tai cac
toc do phong dién khac nhau, ta thay s6 chu ky
tang dan theo thoi gian, nghia 1a thoi gian cang
giai doan vé sau, thi su anh huong ctua tdc do
phong dién t6i tudi tho cua dc quy cang ting.

4. KET LUAN VA KHUYEN NGHI

Bai bao nay da tap trung trinh bay mo
hinh toan cua cac loai dc quy su dung trén 6
t6 dién. St dung phan mém mé phong Matlab-
Simulink dé xay dung mé hinh nghién ctru tudi
tho ctia ic quy. Phan tich d4nh gia 1am 13 sy anh
huong cia cac yéu to nhu nhiét d6 moi truong,
tdc do phong dién toi tudi tho cua dc quy. Khi

nhi¢t d0 moéi truong, tbe do phong dién tang
thi s6 chu ky tang, nghia 1a tudi tho cta ic quy
giam. Két qua cho thiy ic quy Lithium-ion chiu
anh huong it nhat, nghia 1a ic quy Lithium-ion
ding sé& tot nhat va co tudi tho cao nhat. Két
qua nay s€ dugc su dung cho cac nghién ctru
tiép theo vé viéc toi uu héa ngudn ning luong
trén xe 6 to dién, dong thoi giup nha san xuét
va nguoi su dung xe 6 t6 dién co ké hoach bao
dudng, stra chita cling nhu chon ché d6 van
hanh phu hop. <

Ngay nhan bai: 08/9/2023
Ngay phan bi¢n: 01/10/2023
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THIET KE BO LAM KiN HAI NUPA CHO TUA BIN THUY DPIEN

DESIGN AND MANUFACTURE OF STEPLESS CENTERING CLAMPS
FOR CYLINDRICAL PARTS

Ngé Xuin Cuong"*, Lé Thu Quy', Tran Vin Diing?, Pinh Khic Mac', P Quang Chién'
"Phong Thi nghiém trong diem Cong ngh¢ Han va Xur Iy bé mat, Vién Nghién ctru Co khi
*Trung tam Thiét bi Cong nghiép, Vién Nghién ctiru Co khi

TOM TAT

Trong bdo cdo nay, nhém tac gia gidi thiéu vé thiét ké b lam kin hai nira théo ldp nhanh

diing trong buong dp lic thiy dién.

Pay la bé lam kin c6 tinh nang: Lam kin déng; Bil khe ho va diéu chinh can bang dp lyc tai
mdt lam kin dong; Ap dung cho cdc t6 may thiy dién dirng va ngang; Thdo ldp, thay thé nhanh.

Tw khéa: Bo lam kin; Phot thuy dién, Gioang lam kin thuy dién; Lam kin hai nia.

ABSTRACT

In this report, the authors introduce the design of a quick-release double-half seal used in a

hydroelectric pressure chamber.

This is a seal that features: Dynamic sealing, Clearance compensation and pressure
equalization at the dynamic sealing face; Applicable to vertical and horizontal hydroelectric power

plants; Quick disassembly and replacement.

Keywords: Sealing kit; Hydroelectric seals; Hydroelectric Seal; Double Seal.

1. GIOI THIEU

Nganh thuy dién nudc ta dang phat
trién manh mé& ké ca vé quy mé va ky thuat.
San luong dién do thity dién chiém ty trong
khong nho, dap tmg nhu cau dién cho san xut
va sinh hoat trong nudc. Trong nha may thuay
dién, cac thiét bi chinh déu phai nhap ngoai.
Chung ta dang timg budc chi dong tir ngudn
luc trong nudc, nghién cuu, thiét ké ché tao, cai
tién k¥ thuat dé cung cép cho thi trudng trong
viéc xay dung, lép dat, thay thé sira chita cho

céc nha may thuy dién nham: ting ty 1& noi dia
hoa, giam ty 1€ nh@p ngoai. Viéc nghién cuu,
thiét ké bo lam kin hai nira cho tua bin thay
dién ciling khong ngoai muc dich do.

2. PHUONG PHAP NGHIEN CU'U, THIET
KE, CHE TAO

2.1. Xay duwng mé hinh thiét ké

Hinh 1 13 so d6 khu vuc budng xodn
ap luc va truc tua bin cua t6 may thuy dién.
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Truc tua bin thuy dién 1a truc ndi banh cong
tac va truc may phat. Banh cong tac nam trong
budng nude ap lyc. Nhu vay, gitta truc tua bin
va budng nudc ap luc can phai duoc lam kin
thong qua bo lam kin dong. Viéc lam kin nay
thuong chon cdp 2 mat guong ma sat. Cap mat
dia phang nay: 1 tinh, 1 dong luén chuyén dong
khong c6 khe hé véi nhau khi truc tua bin [am
viéc. Dé dam bao khe ho kin va bu mon mat
dia lu6n ma sat véi nhau & dicu kién nhat dinh.
Nhu vay, cip dia ciia mat phang lam kin 1a chi
tiét chiu mon va duoc thay thé ngén han hoac
dot xuat. Bé thuan loi cho qué trinh sua chira,
thay thé va théo lap ma khong can phai théo ca
t6 may, tic gia chon két cau hai nira dé ché tao
bo lam kin.

1. B0 LAM KB TRUC 2 BANH OONG TAC

| -

'! H‘ EEUROSG XA
I |H|'1 TUA BIN Jﬁfﬁ
=
I:':H ot |

Hinh 1. So dé vi tri b6 lam kin tua bin thuy dién
Trén hinh 2 13 két ciu bd lam kin:
- Két cAu hai nua.

- Mit lam kin A-A bao gém: Dia tinh va
dia dong.

Dia dong lip ghép ¢ dinh véi truc tua
bin, dugc ché tao béng vat liéu chiu mon do
cting cao. Pia tinh lip ghép v6i than di chuyén
doc va vo bo 1am kin hai nura tao thanh cdp lam
kin dong qua mit A-A. Pia tinh lam bang vat

li¢u PTFE: gidam ma sat, c6 tinh chiu mon va la
dia hy sinh va thay thé dinh ky.

- Co c4u bu khe ho: Hé thong 10 xo va
budng trich ap day than di chuyén doc dé dam
bao khe hd mat A-A ludn ludn kin.

- Ong x4: Xa nudc ro.

BO LO X0 BAY BUONG TRICH AP

’;i | -}_,jf BiA TINH
i A plA PONG
- -:p_ﬂ;‘t A PN

'

.

BUONG AP LT

.;f'i

n"'-'u
"s

¥
51""

ONG XA

Hinh 2. Két cau bé lam kin

BUONG TRICH AP

2.2. Phuong phap nghién ciru thiét ké
2.2.1. Phén tich mgt lam kin A-A

A-A 1a mat lam kin trong qua trinh lam
viéc cua tua bin vdi chitc nang khong cho nudc
tir budng ap luc theo truc tua bin vao to may.
Mat lam kin A-A dugc quy dinh boi dia dong
(lap ghép cb dinh véi truc) va mat tinh (lap
ghép voi vo), mat lam kin nay phai dat duoc
cac yéu té ky thuat:

- D6 bong can thiét 1.25;

- D6 phang can < 0.05;

- D6 vudng goc can < 0.05;

- Cap vat liéu c6 do chiu mon va h¢ )
ma sat thap.

Tu d6 chon vat li€u cho cap lam kin:
HKC — PTFE. PTFE lam tiét hy sinh can thay
thé dinh ky.
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- bia dong dung thép chiu mon do cing
cao > 55HRC;

- bia tinh dung vat li¢u PTFE voi céac
dac tinh uu viét:

+ Ap suét bé mit cho phép: 24 + 35Mpa;
+ H¢ s6 ma sat: 0,04;

+ Nhiét d¢ lam viéc: -180 ~ 260°C;

+ Nhi¢t do nong chay: 330°C.

Bai toan dat ra 1a duy tri d6 kin cia mat
A-A va tinh toan do0 mon cua dia tinh PTFE sé
quyét dinh chét lugng dbi véi bo lam kin. Viée
duy tri d6 kin mit A-A dugc hé 10 xo day va bd
can béng ap co diéu chinh thuc hién.

Tinh toan mon cho dia tinh PTFE: Can
ctr theo [7], dua trén phuong trinh tinh tbe do
hao mon:

V.=k.Fs

Trong do: F la tai trong, s 1a khoang
cach truot, V. 1a khoi lugng mai mon va k. 1a hé
s0 toc d§ mai mon cu thé.

Chi s6 i x4c dinh bé mit dugc xem xét.
Gia tri k dugc tinh bang mm?*N (hoac mm?/Nm).

Theo quan diém thiét ké, chiéu siu mon
h thuan tién hon V. Véi h. = V/A, ép suit tiép
xuc p = F/A véi A la dién tich chiu mai mon thi:
h. =k, ps.

Khoang cach trugt s ¢6 thé duoc thay
thé bang s = v.t trong do v 1a gia tri trung binh
cua toc do trugt va t 1a thoi gian chay.

Bé1 vi gia tri k phu thudc giong nhu h¢
sO ma sat vao rat nhicu tham so nén h¢ so nay
phai dugc tim ra bang thuc nghiém.

Dbi v6i PTFE: k= 2.5 x 10 [mm?Nm].
2.2.2. Co céu but khe hé

Mat lam kin A-A lu6n phai chiu ap luc
thudng xuyén cia cot nude tac dung 1én bé mat
dfa tinh. Mubn A-A ton tai thi khe ho gitta dia
tinh va dia dong ludn phai kin. Diéu nay chi c6
thé khi dia tinh va dia dong lap o vi tri ¢d dinh,
nhung khéng khic phuc duge qua trinh mon
khi thiét bi 1am viéc. Pé khic phuc van dé nay,
trong qua trinh thiét ké, tac gia thiét ké cum dia
tinh ¢6 thé di chuyén doc truc dé bu khe ho nhey
két hop gitra bo lo xo diy va ap luc cot nudc
trich ra dy dia tinh sat v6i dia dong.

Van dung [3], két ciu bo 1am kin thiét
ké mot budng trich ap c6 diéu chinh ap luc nho
van 4p suat dé giam ap luc ma sat trén mit A-A
t6i murc cho phép. Nghia 13 st dung ap luc day:
< 24Mpa (Dbi v6i PTFE, ap suét cho phép 24 +
35Mpa). Khi d6, toc 6 mon dién ra 6n dinh &
murc thap.

2.2.3. Yéu cau thiét ké

Trén co so [4], [5], [6], thiét ké chi tiét bo
Jam kin hai nira phai dam bao cac yéu cau ki thuat:

- D6 dong tam;

- B4 vudng goc;

- B§ song song;

- D9 phang;

- bia dong dung vat liéu SKD61 hodc
pht 16p hop kim cimg WC bé mit, d6 bong dat
0.32. bia tinh dung PTFE d¢ bong dat 0.63;

- C6 duong xa nudc 190;

- C6 bd 10 x0 két hop thuy luc didu
chinh 4p suat ddy tim tinh;

- Lam kin cac bo phan tinh va di chuyén
doc bang giodng cao su;
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- Kich thudc phu hgp voi duong kinh
tryc tua bin va khong gian lap ghép cu thé;

- Thao lap don gian, dé dang.

2.2.4. Thiét ké bé lam kin hai niva cho truc tua
bin duong kinh 250mm

Ttr cac tai lidu [1], [2] da thiét ké duoc
ban vé cho cac bd lam kin ¢6 ¢& truc 250mm va
465mm (Hinh 3), ban v€ chung 2D bd lam kin
hai ntra cho truc tua bin duong kinh 250mm.

B
T
F

zafilafafs]s

Hinh 3. Ban vé 2D bo lam kin hai nira cho truc tua
bin dwong kinh 250mm

Nguyén ly lam viéc ctia bo lam kin:

Khi may nghi hodc van hanh, mit tiép
xUc gitra dia dong 1 va dia tinh 2 [uon kin do luc
day ctia hé 10 xo va budng trich ap ngin khong
cho nudc tir budng 4p lyc theo truc tua bin vao
t6 may. Qua trinh mon dia tinh 2 theo thoi gian
luén dugce budng trich ap va diéu chinh hé 16
xo0 tac dong day dé 1am kin khe ho A-A. Piéu
chinh ap lyc nude trong budng trich ap, cho ra
luc ddy hop 1y t6i vu nham giam thap nhat do
hao mon dia tinh ma van dam bao kin.

3.KET QUA

Ban vé& 3D thiét ké tong thé (hinh 4) va
mit cit qua tdm (hinh 5) ctia bd lam kin hai nira
lap ghép phu hop véi truc tua bin cua té may
phat Thuy dién Nam Chim (duong kinh truc tua
bin ¥250).

Hinh 4. Ban vé 3D b¢ lam kin hai nita dwong kinh
truc 9250

Hinh 5. Mdt cdt 3D bé lam kin hai nira cho truc
a250

Trén hinh 6 12 ban v& mat cit 3D bd lam
kin hai nira lip ghép pht hop véi truc tua bin
ctia tO may phat Thuy dién Song Bac co truc
duong kinh truc tua bin ¥465.

N A

T ] —
T e, — -

Hinh 6. Ban vé 3D b¢ lam kin hai nira duong kinh
truc 9465
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4. THAO LUAN

1) Bo lam kin hai nira 1ap ghép phu hop
v6i truc tua bin cta to may phat thuy dién voi
cac duong kinh truc tua bin @250 va @465 dam
nhiém duoc chirc nang lam kin va giai quyét
duoc su ¢b tran nudc vao to may tu nhiéu nim
nay, dugc khach hang tin tudng, danh gia cao
va dat hang ché tao.

2) B6 1am kin hai nira trén co so két cau
hop 1y, phdi hop céc tinh nang co 1y, ap dung
vat liéu phu hop va dat dugc cac tinh nang ky
thuat:

- Lam kin nuéc giita ¢d truc tua bin va
budng ap luc;

- Lap ghép vao to may don gian, khong
can théo to may;

- Piéu chinh 4p lyc lam kin;

- D& str dung, diéu chinh trong khi may
dang chay;

- Lam viéc 6n dinh.

3) Co cau bu mon bang hé 10 xo day va
bo can bang ap suat giup bd lam kin lam viéc
on dinh va kéo dai tuoi tho.

4) C6 thé dang ky dé tai khoa hoc cong
ngh¢ trong linh vuc k¥ thuat co khi thuy cong.

5) C6 thé dang ky s& hiru tri tug.
5. KET LUAN

Thiét ké, ché tao bo 1am kin hai ntra cho
tua bin thiy dién theo nguyén 1y, két ciu nay
12 mAu san pham méi c6 thé ap dung cho tat ca
cac to may thuy dién (Thuy dién Nam Chim véi
dudng kinh truc tua bin ©250; Thay dién Song
Bac, t6 may c6 dudng kinh truc tua bin @465).
San pham dugc nghién ctru thiét ké bang cac

vat liéu lap ghép, két ciu phi hop nhim giam
gia thanh ché tao, tang thoi gian st dung va
giam chi phi cho nhirng vat liéu dit tién.

*Ky hiéu, chir viét tit:

P (Mpa): Ap suit;

D (mm): Budng kinh;

HKC: Hop kim cung;

PTFE: Nhua teflon;

HRC: B§ cung Rokwell;

SKD61: Thép do NIPON san xuét theo
tiéu chuén JIS cua Nhat Ban.

Lo1i cam on:

Nghién ctru nay duge hd trg cua Vién
Nghién ctru Co khi, Phong Thi nghiém trong
diém Coéng nghé Han va Xir 1y bé mit. Tac gia
xin cam on cac nha may: Thuy dién Nam Chim,
Thuy dién Song Bac, da tao diéu kién vé co s¢
vét chat va hién trudng 4p dung cho nghién ctru
nay. %
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TIEU CHi MAT ON BINH CUC BO CUA VIEC TAO HINH KIM LOAI
TAM VA (PNG DUNG TRONG BIEU PO GIO1 HAN TAO HINH (FLD)

INSTABILITY CRITERION OF SHEET METAL FORMING AND APPLICATION IN
FORMING LIMIT DIAGRAM (FLD)

Nguyén Chung, Nguyén Khic Chinh
Truong Dai hoc Su pham K§ thuat Vinh

TOM TAT

Chi tiéu mdt on dinh la mét yéu té quan trong anh hwong dén dg chinh xdc cia gian do giéi
han tao hinh (FLD), biéu thi trang thai bién dang cua vat liéu kim loai khi vat liéu dat dén gioi han
tao hinh. Trong bai bao nay, cac tiéu chi mat on dinh cuc bo trong qua trinh tgo hinh deo cua kim
logi tam dwoc phdn biét bang cac phwong phap suy ludn khéac nhau dia trén Iy thuyét mat on dinh
déo va cac hién tuwong thuc nghiém. Dua ra cdc tinh nang, ung dung trong FLD cua cac tiéu chi
khéng on dinh va cdc thach thirc can gidi quyét.

Tir khéa: Tiéu chi mat on dinh; Tam kim loai; Biéu do gioi han tao hinh (FLD).
ABSTRACT

The instability index is an important factor affecting the accuracy of the forming limit
diagram (FLD), which represents the deformation state of a metal material when the material
reaches the forming limit. In this paper, the local buckling criteria in the plastic forming process of
sheet metal are distinguished by different inference methods based on plastic buckling theory and
experimental phenomena. Outline features, applications in FLD of unstable criteria and challenges
to be addressed.

Keywords: Instability criteria;, Metal panel; Forming limit chart (FLD).

1. GIOI THIEU

Mit 6n dinh trong qua trinh tao hinh
déo ctia kim loai tAm c6 thé chia thanh hai loai:
mét 6n dinh khuéch tan va mat 6n dinh cuc bo.
MAét 6n dinh khuéch tan xay ra khi ngoai luc dat
cuc dai va mét 6n dinh cuc bo 12 bién dang tiép
theo sau mat 6n dinh khuéch tan. Chi tiéu mat
6n dinh 1 phuong trinh ctia bién dang giéi han,
khi bién dang trong qua trinh tao hinh bang véi
bién dang gi6i han thi xuat hién mat 6n dinh.

Boi vi hau hét cac bo phan van co thé duoc sir
dung trude khi xay ra mat 6n dinh cuc bg, nén
mét 6n dinh cuc bd thuong duge coi 13 gidi han
bién dang trong qué trinh tao hinh va tiéu chi
mét 6n dinh cuc bd duge su dung rong rai hon
so voi tiéu chuan khuéch tan.

Biéu d6 gi6i han tao hinh (FLD) thuong
duogc su dung dé biéu thi cac bién dang gidi han
& trang thai mat 6n dinh cyc b trong qua trinh
tao hinh déo cta kim loai tim dudi cac dudng
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bién dang khac nhau [1, 2]. Nhu dugc minh hoa
trong Hinh 1, FLD dugc mo ta dudi dang dd thi
ctia bién dang ghiph g, 80 vOi })ién dang phu ¢,
O trang thai mat on dinh khuéch tan hoac cuc
bd & trang thai ung suat phang dudi cac dudng
bién dang khac nhau, trong d6 cac dudng cong
biéu thi cac bién dang gi6i han c6 thé thu dugc
thong qua cac thi nghiém theo trang thai bién
dang cuc han [3]. Cac bién dang gidi han va
FLD bi anh huéng rat nhidu boi cac tiéu chi
mat on dinh, vi vy céc tiéu chi phai dugc lua
chon dung dé FLD c6 d6 chinh xac cao.

1.0

0.8
4 1
EJ 06 \/ a
8
204 I b
1 11
= 02 Trang thai bien dang Trang tha bién dang

Cang - nén & | —  cdng - cang
0.0 | | |
-0.5 -0.3 0.1 0 01 0.3 0.5

Bién dang phu &
Hinh 1. Biéu d6 gidi han tao hinh (FLD) ciia kim
logi tam: I, Il va Il lan lwot la vung no, ving nguy
hiem va ving tao hinh.

Trong bai bao nay, cac tiéu chi mat on
dinh cuc bd thong thuong trong qua trinh tao
hinh déo cta kim loai tim duoc phan biét bfmg
cac phuong phap suy luan khac nhau dua trén
ly thuyét mat 6n dinh déo va cac hién tuong
thuc nghi¢ém. Pugc chia thanh hai loai theo
cac gia thuyét vé thiét hai twong ing cia moi
truong lién tuc vi mo va thiét hai lién tuc vi mo.

2. TIEU CHI MAT ON PINH DUA TREN
LY THUYET MAT ON PINH DEO

Cac bién dang giéi han cua FLD c6
thé duoc xac dinh thong qua cac phuong phap
phan tich dwa trén 1y thuyét mat n dinh déo va
mot sd gia thuyét. Cac tiéu chi mat 6n dinh cuc
bo duogc chia thanh hai loai theo cac gia thuyét

ve thié€t hai lién tuc moi truong vi mo va thiét
hai lién tuc vi mo, tuong ing.

Do léch ciia cac duong cong FLD xuét
hién trong thr nghiém duéi cac duong bién
dang khac nhau, nhu dugc minh hoa trong Hinh
2. Mot mo hinh vat ly méi va phuong phap tinh
todn gidi han hinh thanh tuong Gng dugc phat
trién trong tiéu chi va tiéu chi bo qua cac gia
tri khuyét tat ctua kim loai va do day ban dau
khong dong nhét, chi xem xét anh hudng cua
d6 léch bién dang.

0.30g

£ 0.20f

iy _

2 |

E 0.10F ||

2 f ’
0 1 //u 1 I I 1
-0.10 0 010 0.20

Bién dang k¥ thut e

Hinh 2. Su dich chuyén bién dang cua FLD theo
cdc dwong bién dang khdc nhau

3. TIEU CHI MAT ON PINH DUA TREN
THU'C NGHIEM

Viéc tinh toan gidi han tao hinh véi tiéu
chi chay déo va tiéu chuan cimg hoa dwa trén
ly thuyét mat 6n dinh déo rat phtic tap nén mo
phong phén tir hitu han dugc sir dung trong giai
phap s6, 1 cong cu hiru hiéu dé tinh toan FLD.
Bing cach phan tich cac hién tugng trong mo
phong nhu sy bién thién cta g sudt, bién dang
va chidu day c6 thé thu duoc cac tiéu chi mat 6n
dinh dya trén céc hién tuong thuc nghiém.
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Nam 2011, H. Wang [5] dua ra ti€u chi
vé luc dot 16n nhat béng cach thuc hién mo
phong va thir nghiém tao hinh tdm hop kim
nhom cho théy bién dang gidéi han 1a tai vi tri
luc dot 16n nhit. Bﬁng cach do lyc chay thu
dugc dudong cong hanh trinh cta luc chay, quan
st thay rang lyc chay giam sau khi xay ra mat
on dinh, nhu minh hoa trong Hinh 3. Tiéu chi
sir dung phép thir Nakazima rat d& sir dung va
cac dy doan vé FLD s& khong chinh xac néu sy
mét 6n dinh bit dau tir canh cua kim loai.

90

g0 ° Két qua mo phong ~ T
= 70_Két qua thue nghiém / \ N .
% N / / | \V\ N\
g 5o /S N\
E y / Diem trang thai giéi han
€ 40 77
2 30 7
T 2o /

7/
10— /
iy
10 20 30 40 50
Dich chuyén (mm)

Hinh 3. Puong cong di chuyén lic dot dip
dién hinh

4. NHUNG THACH THUC CAN GIAI
QUYET

Do nguyén nhan nit va mat 6n dinh
bién dang déo phirc tap nén viéc nghién ctru
gidi han tao hinh con mot s6 van dé: 1) Két
qua tiéu chi con khac nhau voi nhiéu gia thuyét
khéc nhau, nén d& xuit mot tiéu chi v&i nhiéu
gia thuyét chi tiéu phu hop véi thuc tién; 2)
Tiéu chi truyén thong kho du doan FLD theo
cac duong bién dang toan dién hodc cac mod
hinh c4u thanh; 3) Tir cac cach khac dé dam
bao do chinh xac du doan cua FLD, chéng han
nhu duong din tai hoic mo hinh cu thanh.

5. KET LUAN

Tiéu chi khong on dinh dugc st dung
rong rai dé dy doan gidi han hinh thanh cua
kim loai. Céc tiéu chi mat 6n dinh cuc bo thong
thuong trong qua trinh tao hinh déo cua kim
loai tim dugc phan biét bang cac phuong phap
suy luan khac nhau dya trén 1y thuyét mat 6n
dinh déo va céc hién tuong thuc nghiém. Viéc
nghién ctru FLD van dang duoc tién hanh, viée
tim ra tiéu chi bat 6n dinh phu hop dé dam bao
do chinh xac dy doan cua FLD c6 y nghia can
thict. %
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