‘ ~ 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 trinh khoa hoc-bai bao 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 - 0985 696 263 / 0982 254 465
Email: Tcckvn.bbkh@gmail.com * Website: cokhivietham.vn / tapchicokhi.com.vn
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PHO TONG BIEN TAP
HA DUY KHANH
PANG VAN LONG

HOI PONG BIEN TAP
TS. PO HUU HAO (Chu tich)
GS,TSKH. BANH TIEN LONG (P. Chu tich)
KS. TA QUANG MAI (P. Chu tich)
TSKH. PHAN XUAN DUNG
PGS,TS. HA MINH HUNG
PGS,TS. TRUONG VIET ANH
GS,TS. PINH VAN CHIEN
GS,TSKH. PHAM VAN LANG
GS,TS. CHU VAN PAT
PGS,TS. TRAN VINH HUNG
PGS, TS. PAO QUANG KE
PGS, TS. NGUYEN VAN BAY
PGS,TS. PAO DUY TRUNG
PGS,TS. LE THU QUY
PGS,TS. BUI TRUNG THANH
PGS,TS. LE VAN PIEM
GS,TS. LE ANH TUAN
GS,TS. NGUYEN HUU LQC
PGS,TS. DUONG VAN TAI
TS. PHAN PANG PHONG
TS. TA NGOC HAI
PGS,TS. TRAN NGQC HIEN
PGS,TS. TRUONG HOANH SON
TS. HO TRAN ANH NGQC

THIET KE MY THUAT
NGAN GIANG

*Tap chi Co khi Viét Nam:

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

- 240 trang

- Xudt ban m6i thdng mot ky

- Gid ban 120.000 dong/quyén Tap chi

TAP CHi

& GO KR!
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VIETNAM MECHANICAL ENGINEERING JOURNAL

CO QUAN CUA TONG HOI CO KHi VIET NAM = http://eokhivietnam.vn / tapchicokhi.com.vn

e (Png dung phwong phap LMD trong danh gia tinh trang ky thuat hép sé co khi
#f* Nghién ciru tiéng &n khi déng bén trong xe 6t6

+}+ Nghién ctru thiét ké va ché tac may khac gé CNC 4 truc

S6 318, thang 8 nam 2024

Tap chi Co khi Viét Nam phat hanh ngay 25 thang 8 nim 2024

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
Dién thoai: (024) 3792 0650  Hotline: 0985 696 263 - 0982 254 465
Email: tcckvietnam@gmail.com
Website: cokhivietnam.vn / tapchicokhi.com.vn
* 3k 3k
Gidy phép hoat dong Tap chi in va Tap chi Pi¢n tir ciia By Thong tin va Truyén théng
S6 378/GP-BTTTT, ngay 22 thang 6 ndm 2021

Vin ban chip thuan ting trang s6 1121/CBC-QLBC ngay 21 thang 8 nam 2024 ciia Cuc Béo chi,
B0 Thong tin va Truyén thong, dé xuat ban s 318 thang 8 ndm 2024

Vin phong dai dién:

1. Tai TP. Ho Chi Minh: 2. Tai tinh Quéing Ninh:

- PGS,TS. Bui Trung Thanh - TS. Hoang Minh Thuén
Phong T4.0, Nha T, Truong Pai hoc Cong nghiép  Trudng Cao ding Cong nghiép va Xay dung, $6234 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

S6 12 Nguyén Van Bao, phuong 4, quan Go Vap,  Dién thoai: 0904 116 189 Email: vungocpi@tmut.edu.vn

TP. Ho Chi Minh Email: minhthuan.teckvn@gmail.com

Dién thoai: 0913 921 407

Email: teck.tphem@gmail.com

3. Tai Thai Nguyén:
- GS,TS. Vii Ngoc Pi

- 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

Phéng vién thuong tria:

1. Tai Hai Phong:

- Lé Thé Higp

Dién thoai: 0913 063 747
Email: daidientcck@gmail.com
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MUC LUC
TAP CHi CO KHi VIET NAM SO 318, THANG 8 NAM 2024

NGHIEN CUU - TRAO DOI (6-234)

1. Trinh Kiéu Tuén: Giai phap tmg dung ning luong dia nhiét nhdm giam tiéu thu dién ning cta hé
thdng diéu hoa khong khi 1am mét cho cac toa nha van phong & Viét Nam............cc.coocovvevveecererenennn.
2. Mac Vin Giang: Nghién ciru anh huong ciia mot s thong sé cong nghé dén do chinh xac kich
thudc khi gia cong thép gio SKH51 trén may cit day VLO00Q...........oveweeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeenen
3. Poan Thanh Xuan: Bo d6i s6 két hop Al trong san xudt sinh dugc pham...........cc.coovvvveveeveeenne
4. Pham Vin Liéu, Nguyén Twdng Vi, Pinh Vin Phwong: Nghién ciru thiét ké, ché tao mé hinh
hé théng phun xdng va danh lira cua dong co dot trong phuc vy dao ta0........cceevvevieriinieeie e
5. Nguyén Ngoc Sang: Nghién ctru ché tao mo hinh mé phong hé théng chiéu sang tu dong trén 6
t6 stt dung phan MEMm Proteus VA ATAUINO. ............ov.eveveeeeeeeeeeeeeeeeeeeeeeeeee e ee e seeeeeseee e eeeenan
6. Nguyén Anh Tuén, Nguyén Quang Diing: Nghién ciru thiét ké va ché tao méay khic gd CNC 4 truc
7. Hoang Thi Kim Dung: Nghién ctru tiéng on khi dong bén trong Xe 6t0.........c..ceveevveeeeeeeeeerreennn.
8. Hoang Thi Kim Dung: Nghién ctru anh hudng ciia bién dang dén dic tinh 4m khi dong canh.......
9.TS. Nguyén Quang Lugng, TS. Nguyén Nam Quy, TS. Lé Hiru Ban: Panh gia kha nang 4p dung
tiéu chuin STANAG 4367 cho tinh toan thudt pPhONG trONG.............oveveeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeenen
10. Tran Xuan Hiép, Péng Vin Keo, Banh Quéc Nguyén: Phuong phap xac dinh bd cuc cho
khuon ép nhya nhidu 10ng KNUBGIL...........c.covovieieeeeeeeeeeeeee oo
11. TS. Ngé Vin Tuyén, TS. Tran Thanh Hai, ThS. Vi Pire Diing, ThS. Lé Viin Thao: Xac dinh
hé s6 gidn nd nhiét ciia thép OXH3M®A ding dé ché tao nong phao c& 16n bang phuong phép lap
HEP CO GO A1ttt ettt ettt
12. Luu Thanh Tung, Nguyén Hoang Long: Nghién ctru thuat todn Deep Reinforcement Learning
diéu khién mobile robot diéu RGN t GONG.........o..ovivieeeeeeeeeeeee e
13. ThS. Pham Pirc Khéi, ThS. Bui Hoang Pat: Céc yéu té vé két ciu anh huong dén do chinh xéac
ban clia sUNG trung HEN the N8 MGH..........veeeeeeeeeeeeeeeeeeeeeeee e
14. Nguyén Thanh Tung, Tran Thé Vin, Vii Pirc Phiic, Ping Quang Mén: Thiét ké, gia cong va
danh gia d6 chinh x4c bién dang CIC ctia rotor bom KidU FOOLS. ...........oweeveeeeeeeeeeee e
15. Nguyén Gia Phong: Ung dung cong ngh¢ CAD/CAM trong giang day thiét ké thoi trang...........
16. Nhia Twong Linh: Panh gia anh hudng cua tiét dién dudng dng va kich thude xi-lanh chinh dén
su chuyén dich ctia piston xi-lanh cong tac trong hé thong phanh dan dong thiy luc trén xe du lich...
17. Nguyén Vin Khién, Pang Vin Hai: TSi wu hoa co cdu dn dao chinh xéac 2 bac ty do sir dung
thudt todn NSGA-IT VA ANN...c.ioiiiiiiiiie ettt ettt ebe e
18. ThS. Nguyén Thi Hiéu Thao, ThS. Nguyén Pirc Vin: Nghién ciru ing dung mang no ron nhan
tao dé du doan d6 nham bé mit nham ti wu hoa cac tham sd qua trinh tién CNC véi thép SUM24L...
19. Lé Anh Tuén, Nguyén Vin Céng: Thiét ké, ché tao co ciu g4 kep bén trong dng liéu dan phao

20. Pinh TAn Huwng: Nghién ciru mé phong dic tinh khi dong ctia khi cau treo dang Helikite............
21. Trwong Vin Thuin: Nghién ctru anh huong ctia mot s6 thong sd két ciu hé thong treo dén dao
dong clia X 0 t0 GIEN CO MNO.....c.eiiiiiiiieie ettt ettt et e et e ettt seee et e eaeeeneeens
22. Vii Vin Duy, Tran Trong Thing: Nghién ctru thiét ké vi tri cac dém khi ctia 6 dém khi chiu luc
hudng tim sir dung trong thiét bi chuan Mo Men TWC............ov.oveveeeeeeeeeeeeeeeeee e,
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23. Pham Anh Tuén, Nguyén Manh Hung, Lé Vin Trung, Lai Viét Anh: Thiét ké bo diéu khién
danh 15i dién tir cic cam bién trén dong co phun xang truc tiép (GDI) phuc vu cong tac dao tao va
NEHIEN CHU KNOA NOC....c.eiiiiiiiiiiee ettt ettt eseaeeneeeneeenes
24. Pinh Tan Hung: Thiét ké, ché tao va thir nghiém mach diéu phdi nang lwong ting dung cho
UAV NANG THONZ MEL T1OT...0eiutiiiiiieiii ettt ettt e et e et e e st e e seseesabeessbeeesseeessaeasaeessseensseessseessseeenses
25. Tran Thi Thanh Hai: Giai phap tu dong quan vong dai ¢b dinh cho cudn day trong trong loa 4m thanh
26. Lé Pirc Hiéu, Pinh, Quéc Cwong: Ung dung phuong phap LMD trong danh gia tinh trang k¥
HUAL BOP SO CO KNt
27. Nguyén Ngoc Thuin, Pham Anh Tuén, Vii Pirc Hoan, Bui Vin Hiéu, Nguyén Trong Hiéu:
Thiét ké tim khuon duong nham ché tao bang phuong phap WAAM.........c.ooveeeeeeeeeeeeeeeeeeeeen.
28. Nguyén Viét Tuan Anh, Trwong Vin Thanh, Tran Chi Bio, Nguyén Trong Hiéu: Thuc
nghiém do phan bd nhiét d9 ctia khuon duong ctia khuon phun ép nhua.............cooovvevereeeeereeeeeeeene.
29. Bui Vin Hiéu, Cao Pham Dirc Hiéu, Hoang Van Hiéu, V6 Vin Lam, Tran Minh Thé Uyén:
Ung dung CAD trong thiét ké khuon phun ép NAWA. .............cooueveeeeieeeeeeeeeeeeee oo
30. Hoang Thi Kim Dung: Nghién ctru anh huong cia ty s thon dén dic tinh khi dong canh Delta..
31. Béo DPién, Pham Anh Tuén, Lé Viét Phi, Vii Pirc Hoan, Tran Thai Son: Nghién ctru do bén
kéo ctia san pham dang truc tao ra bang cong nghé WAAM Layer véi cac khoang offset khac nhau....
32. Lé Pirc Hiéu, Pham Minh Hiéu, Lé Huy: Thiét ké va mo phong hé thong l4i trg luc dién bang phan
BN INVEILOL. ..o eeeeee e ee s ee e eee e s e s e ee s ee e eee s ee e s eee s eeeenseeeenenns
33. Nguyén V6 Thanh Cong, Tran Pic Luéin, Nguyén Ngoc Duy, Vii Pinh Thing, P5 Thanh Trung:
Khao sat anh huong toc do han dén chat lugng san pham in 3D kim loai WAAM..............ccocovervrnnnene.
34. Tran Minh Thé Uyén, Tran Thai Son, Phing Anh Quang, Huynh Thi Tuyét Minh, Trin Tudng Vi:
Nghién ctru mé phong kiém soét su thay doi nhiét d6 trong long khuén hinh chit nhat........................
35. Nguyén Pirc Manh, Nguyén Dirc Nam, Nguyén Khic Nhat, Lwong Thanh Khanh, Pham Son Minh:
Thuyc nghiém c6ng nghé WAAM cho san phdm dang truc véi cac cuong do dong dién khac nhau......
36. ThS. Vit Pinh Trang, ThS. Phiung Cong Diing, ThS. Nguyén Xuin Hoa, TS. Bui Vin Tram:
Nghién ctru thiét ké va ché tao khung cau chit A lap trén tau khao sat moi truong bién............ccc.c........
37. Trwong Minh Dirc, Nguyén Tuin Hung: Nghién ctru, danh gia chit lugng bé mat chi tiét khi
phay €O ST hO trg CUA TUNE STEU M.t en e
38. Nguyén Minh T4n, Ngé Thi Thiao, Nguyén Vin Nhit, Nguyén Anh TuAn: Nghién ciru ché tao
thiét bi mai mon ung dung kiém tra d6 bén mon truc han dép phuc 1Y) OO
39. Nguyen Nhu Hieu, Pham Ngoc Chung: Static pull-in instability analysis of a microcantilever
under uniformly distributed loading and electrostatic interaction force using shooting method............

DOANH NGHIEP - DOANH NHAN (235-236)

— LILAMA 10 cung thanh vién ctia Lién danh Tong thiu Hyundai E&C l4p dit thanh cong bdn chira
(Storage Tank) thudc td may sb 1, tai Du 4n Nhiét dién Quang Trach 1......cccooeviiieiiiieeeee
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. DANH SACH L
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 318, THANG 8 NAM 2024

TT HQC HAM, HQC VI; HQ VA TEN PON VI CONG TAC
. P . on Vién Nghién ctru Co khi,
1 | TS.Vii Trung Tuyén, TS.Hoang Trung Kién B6 Cong Thuong

PGS,TS. Nguyén Diing Diém,

Truong Pai hoc Cong ngh¢ Giao thong

2 | TS. Dao Manh Quyén Van tai
PGS,TS.Tran Quang Diing, TS. V6 Vian Bién,
3 | TS. P6 Manh Tung, TS. Nguyén Ding Quy, | Hoc vién K¥ thuat Quan sy
PGS,TS. Tran Vin TAn
TS. Pham Thi Thuy, . . \ . £
4 | PGS.TS.Nguyén Vin X6, TS. Bii Thj Thay | o1& Paihoc Mo - bia chat
TS.Nguyén Tuwong Vi, TS.Hoang Anh Tuin, . . Y G
5 | TS. Pham Trung Kién, TS. Trwong Minh Dirc, gl}:loni ia} hoc Kinh t€ - Ky thuat
TS. Pham Vin Liéu ong nehiep
A . Truong DPai hoc Cong Thuong
6 |TS.Pao Vian Dudng TP. Ho Chi Minh
7 | TS. Nguyén Anh Ngoc Truong Pai hoc Giao thong Van tai
x e Truong Dai hoc Su pham K§ thuét
8 | TS. Nguyén Quoc Manh Hung Yén
GS,TS. Vii Toan Thing, TS. Nguyén Tién
9 Diing, TS.Dwong Van Lac, TS.Lé Thi Tuyet Truong Co khi,
Nhung, TS. Pinh Tuan Hung, Truong Pai hoc Bach khoa Ha Noi
PGS, TS.Hoang Thi Kim Dung
lo | PGS.TS.Vé Tudng Quin, TS. Hb Triét Hung, | Truong Dai hoc Bach khoa,
TS.Vd Ngoc Anh Tuan Dai hoc Quoc gia TP. H6 Chi Minh
PGS, TS. P:hamVS(m Mlnh, TS. Nguyén Tran Phu, Truong Pai hoc Sw pham K§ thuat TP.
I1 | TS. Nguyén Van Thirce, H Chi Minh
TS.Tran Minh The Uyén, TS.Pang Hung Son
12 | TS. Pham Minh Hiéu, TS. Nguy&n Xun Tugn | L2018 Cokhi O 16,

Truong Dai hoc Cong nghiép Ha Noi
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NGHIEN CUU - TRAO DOI

GIAI PHAP NG DUNG NANG LUONG DPIA NHIET NHAM GIAM
TIEU THU PIEN NANG CUA HE THONG DPIEU HOA KHONG KHi
LAM MAT CHO CAC TOA NHA VAN PHONG O VIET NAM

SOLUTIONS TO UTILIZE GEOTHERMAL ENERGY TO REDUCE POWER
CONSUMPTION OF AIR COOLING SYSTEMS FOR OFFICE BUILDINGS IN
VIETNAM

Trinh Kiéu Tuin
Trudng Pai hoc Kinh té — K§ thuat Cong nghiép

TOM TAT

Bai bdo nghién citu va diwea ra gidi phdp g dung dia nhiét nham giam tiéu thu dién ning
ciia hé thong diéu hoa khong khi khi lam mat. Duea trén cdc két qud nghién ciru vé sw on dinh ciia
nhiét do o tdng nong ngay dwoi mat dat khong phu thuoc nhiéu vao nhiét do trén bé mdt trdi dat,
dira vao cdc két qud nghién ciru iing dung ndang heong dia nhiét, tac gia da dwa ra gidi phdp va tién
hanh tinh todn thiét ké mé hinh hé thong g dung nang lwong dia nhiét gitip qud trinh hoat dong
ciia hé thong diéu hoa khéng khi giam tiéu thu dién nang khi lam mat. Téc gid ciing da tién hanh
thuee nghiém trén mé hinh céng sudt nhé dé kiém tra hiéu qua cua gidi phdp, tir d6 dé xudt ing dung
trong thiec té trén cdc hé thong diéu hoa trung tam lam mat cho cdc toa nha vin phong & Viét Nam.

Tw khéa: Nang lwong dia nhiét; Piéu hoa khong khi; Piéu hoa trung tam; Nang lwong
xanh; Bom dja nhiét.

ABSTRACT

This article researches and proposes solutions to utilize geothermal heat to reduce power
consumption of air conditioning systems for cooling. Basing on the stability of temperature in the
shallow layer just below the ground surface, which does not depend much on the earth's surface
temperature and on research results on geothermal energy applications, the author proposes
solutions and conducts calculations to design models of geothermal energy systems to reduce power
consumption of air conditioning system for cooling. The author also conducted experiments on
a small capacity model to evaluate the effectiveness of the solution, thereby proposing practical
applications on central air conditioning cooling system for office buildings in Vietnam.

Keywords: Geothermal energy, Air conditioner; Central air conditioning, Green energy;
Geothermal pump.
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1. PAT VAN PE

Theo nghién curu, dién nang tiéu thu
trong cac toa nha chiém khoang 40% ning
lwong dién tiéu thy toan cau [1], trong d6 hon
60% nang lugng dién dugc st dung dé diéu hoa
khong khi. 0] Viét Nam, vao mua hé, nhu cau su
dung dién cho diéu hoa khong khi dé 1am mat
trong ca nudc 1a dac biét l1on va la nguyén nhan
thuong xuyén giy ra thiéu dién trong nhiing
nam gan day va anh huong 16n t6i an ninh ning
luong qudc gia. Phan 16n ngudn cung cap dién
¢ Viét Nam la tur thay dién va nhi¢t dién, ca
hai phuong phap nay déu co nhiing tic dong
xau d6i voi moi truong [2]. Vi vay cip thiét
can phai ¢6 cac giai phap tiét kiém nang luong
dién hi¢u qua cho viéc diéu hoa khong khi song
hanh véi viéc khai thac ung dung cac ngudn
ndng lugng xanh than thién v&i moi truong.

Trén thé gioi, nang luong dia nhiét da
dugc tmg dung dé lam mat va sudi tir lau va
ngay cang pho bién. Cach thirc sudi 4m va lam
mat nay dua trén viéc nhiét do ¢ téng ndng vai
mét dudi bé miat ludn & mirc khoang 10 toi 15
d6 bat ké mua dong hay mua hé. Thong qua hé
thong bom dia nhiét tin dung nhiét d6 on dinh
néu trén cho trao doi nhiét v4i nhiét do trong
phong bang cach diy chat tai nhiét tudn hoan
trong vong dng dit ngam bén dudi nha va chon
trong long dét. Viéc ung dung ning luong dia
nhiét cho 1am mét va sudi am theo phuong phap
nay gitup giam dén 30% luong dién ning tiéu
thu so v6i str dung diéu hoa khong khi truyén
théng va dac biét 1a vo cung than thién véi moi
truong [3]. Tuy nhién, gia thanh lap dat mot hé
thdng bom dia nhiét nhu vy c6 gia thanh kha
cao. Giai phap nay chi thyc sy phu hop trién
khai & cac qubc gia c6 chinh sach khuyén khich
va tro gia nhu & cac nudc chau Au va My [4].

O Viét Nam, chi phi cho viéc diéu hoa
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khong khi sir dung ga truyén thong twong doi
ré nén phan 16n cac toa nha van phong hién nay
déu 1am mat bang hé théng diéu hoa trung tam.
Véi thyc trang thiéu dién mdi khi mua hé t6i
cung véi xu thé giam dan s dung cic ngudn
ning luong c6 tac hai xdu t6i moi truong, tac
gia dé xudt mot giai phap ing dung ning luong
dia nhiét hd tro qua trinh tan nhiét cta hé thong
didu hoa khong khi truyén thong nham giam
dién nang ti€u thu khi sir dung.

2. NOI DUNG

2.1. Xdy dung mé hinh h¢ théng tng dung
niing lwong dia nhiét hd trg qua trinh tin
nhiét ctia h¢ thong dieu hoa trung tim

Hé thong diéu hoa trung tim cua toa nha
vin phong chon lam d6i twong nghién ciru gdm
30 dan ngung tu (dan néng) ctia hang Panasonic
model U-20ME2H7 (hinh 1) c¢6 cong suat lam
lanh 56 kW (tuong duong 191,100 BTU).
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Hinh 1. Dan néng diéu hoa Panasonic model
U-20ME2H7 va so do ldp dat.

Mo hinh hé théng Gmg dung ning luong
dia nhiét ho tro qua trinh tan nhiét ctia hé théng
diéu hoa trung tim hoat dong nhu mot hé thong
lam mét bang chit Iong (hinh 2). Mbi chat lam
mat chuyén dong tuan hoan trong hé thong
duong 6ng nho Bom nude, nhd d6 chit 1am
mat thue hién trao d6i nhiét tai vi tri dan nong
ctia diéu hoa chuyén vao trong long dét thong
qua hé thong duong dng dia nhiét. Véi cac dic
tinh phu hop, nudc lam mat dong co 6 té6 duoc
Iwra chon lam moi chit 1am mat cua hé théng

diéu hoa dia nhiét trong nghién ciru.
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Hinh 2. Mé hinh hé thong vmg dung ndang lwong
dia nhiét ho tro qua trinh tan nhiét cia hé thong
diéu hoa trung tam.

Khi chuwa c6 hé théng diéu hoa dia
nhiét, théng qua hé thong diéu hoa khong khi,
nhiét do trong phong trao doi nhiét truc tiép voi
khong khi ngoai troi tai khu vuc dan nong. Vi
vay, nhi¢t do tai khu vuc nay thuong rat cao,
ddc biét vao mua hé nhi¢t do c6 thé 1én téi 50-
60 do lam chénh 1éch nhiét do trong phong va
khu vuc trao doi nhiét ngoai troi rat 16n dan toi
hé thdng diéu hoa can phai tiéu thy lugng dién
nhiéu hon. Sau khi hé théng diéu hoa dia nhiét
hoat dong, nhi¢t luong tai khu vyc dan nong
duoc trao doi v6i 1ong dat gitp nhiét do tai khu
vuc nay khong ting 1én nhiéu, tir d6 giam duoc
luong dién nang tiéu thy cua hé thong diéu hoa.
Dé dién tich choén hé thdng dng dia nhiét t6i
uu, tac gia dé xuat chon hé théng 6ng dia nhiét
thang dimg ¢ d6 sau 3m so v6i mat dat (hinh 3).

Hinh 3. M6 hinh chén ong dia nhiét thang dimg.

Tai mdi dan nong ciia hé théng diéu hoa
trung tam, mot dan diéu hoa dia nhiét (bao gé)m
cac dudng 6ng chay quanh co trong tdm tan
nhiét) s& dugc lap song song dé hap thu nhiét
vao moi chat, tir d6 nhiét do khong khi xung
quanh giam théap trudc khi dugc quat thdi cua
dan nong diéu hoa théi qua hé thong dan ngung
tu giup viéc tan nhiét hiéu qua hon (hinh 4).

AEEEER
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Hinh 4. Mé hinh hé théng diéu hoa dia nhiét tai
dan nong hé thong diéu hoa trung tam.

2.2. Tinh toan cac thong s6 ky thuit chinh
ciia hé thong

2.2.1. Tinh todn lwu lwong méi chit

Theo luu lugng nude can thiét dé tan
nhiét cho cuc néong duogc tinh toan dya trén tai
nhiét, dugc tinh toan bang cong thic [5]:

Q = M. C.{:Tg - TE]

Trong do:

Q: Tai nhiét (kW);

m: Luu luong nude (kg/s);

c: Nhiét dung riéng cia nude (4,2 kJ/
kg"C);

T,: Nhiét do nuéc d@u vao (°C);

T,: Nhiét do nudce dau ra (°C).

Thay vao cong thirc (2.3), ta dugc:
1680 = m.4,2.(25-15)

1680
4,210

7 k
- Luulugngnudce (m) = =40-7 = 144m*/h.

ISSN 2615 - 9910 (ban in), ISSN 2815 - 5505 (online)
TAP CHI CO KHI VIET NAM, So6 318, thang 8 nim 2024
cokhivietnam.vn / tapchicokhi.com.vn



NGHIEN CU’U - TRAO BOI

2.2.2. Tinh todn chiéu dai éng dia nhiét

Theo kinh nghiém, hé ) truyén nhiét
cho hé théng dia nhi¢t & Vi¢t Nam thuong nam
trong khoang 50-100 W/m.K.

Theo [4, 5, 6], cong thirc tinh toan chiéu
dai dng dia nhiét téi thiéu:

Q
(h.AT)

Trong do:

- L: Chiéu dai 6ng dia nhiét (m);

- Q: Cong suat lam mat (W) = 1680kW
= 1680000W;

- h: Hé s6 truyén nhiét (W/m.K) (50-
100 W/m.K);

- AT: Chénh léch nhi¢t do gitra trong
1ong dét va nudc trong hé thong (K).

Gia sir nhiét d6 long dét 1a: 10°C = 10
+ 273 =283 K va nhiét d6 nudc trong hé théng
1a: 20°C =20 + 273 =293 K —chénh léch nhiét
d61a 10 K.

Thay vao cong thirc trén, ta co:
V61 h =100 W/m.K:

Q 1680000
T (h.AT)  100.10
V6i chidu dai duong ong dia nhiét 1a
1680m, ta chia 26 giéng dia nhiét v6i khoang
cach cac giéng 1a 6m va duong kinh trong ciia
6ng 13 0,1m, duong kinh ngoai 13 0,11m.

L = 1680 (m)

2.2.3. Tinh todn cong sudt mdy bom

Cong suit may bom duogc tinh theo
cong thuc:
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, h
= Mm.g.—
r

Trong do:

« P: Cong suat may bom (kW);

* m: Luu lugng nudc (kg/s);

« g: Gia tdc trong truong (9,81 m/s?);
* h: Cot 4p (m);

« : Hiéu sut may bom (0,8).

Thay s vao cong thirc (2.5), ta duoc:

P= 106,43.9,81.% = 13050,1 W = 13,05 kW.

2.3. Xay dung mo hinh thir nghiém danh gia
hi¢u qua kinh té ciia giai phap

Dé thir nghiém tinh dung dan cia mo
hinh ciing nhu danh gia hiéu qua kinh té cia
giai phép, tac giad xay dung md hinh thuc
nghiém v&i cong suat nho véi diéu hoa khong
khi 9000 BTU/h va hé thong dia nhiét dugc gia
1ap bang thung kin chita nudc da 1am mat.

= / ‘ ,]
Hinh 5. M6 hinh hé thong diéu hoa dia nhiét thir
nghiém

Mo hinh gém hé théng diéu hoa khong
khi 9000 BTU, hé thong duong 6ng dia nhiét
dit trong thung xdp dung nudc d4 gia lap nhiét
d6 dudi long dat diéu chinh duy tri ngudng 12
d6, hé théng dan diéu hoa dia nhiét gin trudc
quat gi6 dan noéng, hai cam bién nhiét do nhiét
do tai khu vyc dan nong va nudce dé trong thung
x6p. Moi chét 12 nude 1am mat dong co 6 t6
dugc bom tuan hoan trong hé thong (hinh 5).
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M6 hinh dugc van hanh thir nghiém
trong 2 ngay, mdi ngay 10 gio. Ngay dau tién
chay v6i hé thong diéu hoa dia nhiét khong
hoat dong, nhiét d6 khu vuc dan néng diéu hoa
luén & murc trén 50 do, két qua do dugc diéu
hoa tiéu thu 9 KWH dién. Ngay tha 2 chay véi
hé théng diéu hoa dia nhiét hoat dong nhiét do
khu vuc thung x8p (dan dja nhiét) duy tri ¢ 14
d6, khu vuc dan nong diéu hoa ludn khong qua
28 d6 (hinh 6). Két qua do duogc diu hoa tiéu
thu 6,5 KWH dién.

Hinh 6. Cam bién nhiét @6 khi mé hinh diéu hoa
dia nhiét hoat dong

Vé6i thr nghiém nhu trén da cho thiy
giai phap d& ra 1 hoan toan kha thi, két qua cho
thdy giai phap co thé gitip tiét kiém gan 28%
dién nang ti€u thy cla diéu hoa.

3. KET LUAN
Mo hinh hé thong tmg dung ning luong
dia nhiét hd trg qua trinh tan nhi¢t cuia h¢ thong

diéu hoa trung tAm da dugc thiét ké hoan chinh.
Hi¢u qua kinh té cling da dugc thyc nghi¢m

danh gia voi murc tiét kiém t6i gan 28% dién
nang ti€u thu. Véi tinh kha thi cao va y nghia
thuc tién to 16n trong viéc tiét kiém nang luong
cho viéc lam mat khi st dung diéu hoa khong
khi, gop phan vao viéc dam bao an ninh ning
luong va bao vé mdi truong thi can nhanh
chong ap dung giai phap dé xuit cho céc toa
nha, van phong sir dung diéu hoa khong khi tai
Viét Nam. %

Ngay nhan bai: 12/5/2024
Ngay phan bi¢n: 03/6/2024
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NGHIEN CU'U ANH HUONG CUA MOT SO THONG SO CONG
NGHE DEN DO CHINH XAC KICH THUO'C KHI GIA CONG THEP
GIO SKH51 TREN MAY CAT DAY VL600Q

STUDY ON THE INFLUENCE OF CERTAIN TECHNOLOGICAL PARAMETERS ON
DIMENSIONAL ACCURACY IN MACHINING SKHS51 HIGH-SPEED STEEL USING
VL600Q WIRE CUT MACHINE

Mac Van Giang
Khoa Co khi, Truong Pai hoc Sao Do

TOM TAT

DPé ddnh gia tic dong ciia mot s6 yéu té cong nghé dén dd chinh xdc kich thuée khi gia
céng thép gié SKHS51 trén may cat day EDM VL600Q, mét phwong trinh hoi quy méi da dwoc dé
xudt dwa trén phwong phdp thiét ké thi nghiém Box-Behnken. Nghién civu nay da xdc dinh céc yéu
16 quan trong dnh huwéng dén do chinh xdc gia céng cia kich thude 16. Két qua ciia phwong phdp
thiét ké thi nghzem v6i ham hoi quy dé xudt (1) cho thdy dg chinh xdc dw dodn ciia phirong trinh hoi
quy (1) dat dén 99,47%. Ngodi ra, dién danh hia (U, ) ¢6 anh huong ZO’n nhat dén dg chinh xdc klch
thudc trong qua trinh gia cong (65,13%), trong khi dnh hwéng ciia yéu t6 cong nghé thoi gian ngit
xung (Tf) la it quan trong nhdt (3 68%). Noi dung cua bai bdo cung da thiét ldgp mét chirong trinh
héi quy dé tinh todn cdc théng sé cong nghé khi biét truée sai so gia cong, dong vai tro lam co so
tham khdo cho viéc xac dinh do chinh xac kich thuoc khi gia cong 16 trén vit liéu SKH5 1 bang may
cat day EDM VL6000Q.

Tir khéa: Gia cong tia lira dién; Dé chinh xdc kich thude; Thong s6 cong nghé.
ABSTRACT

To evaluate the impact of certain technological factors on dimensional accuracy when
machining SKH51 high-speed steel using the VL600Q wire EDM machine, a new regression
equation was proposed based on the Box-Behnken design of experiments method. This study
identified the key factors affecting the machining accuracy of hole dimensions. The results from the
design of experiments method with the proposed regression function (1) showed that the predictive
accuracy of regression equation (1) reached 99.47%. Furthermore, the ignition voltage (U) had the
most significant impact on dimensional accuracy during machining (65.13%), while the influence
of the pulse-off time (T O_f) technological factor was the least significant (3.68%). The content of
the paper also established a regression program to calculate technological parameters given the
machining errvor, serving as a reference for determining dimensional accuracy when machining
holes on SKH5 1 material using the VL600Q wire EDM machine.

Keywords: Electrical Discharge Machining; Dimensional Accuracy; Technological Parameters. &

ISSN 2615 - 9910 (ban in), ISSN 2815 - 5505 (online)
TAP CHI CO KHI VIET NAM, S6 318, thang 8 nim 2024

cokhivietnam.vn / tapchicokhi.com.vn



NGHIEN CUU - TRAO DOI

1. TONG QUAN

Hién nay, cac quy trinh gia cong doc
do trong linh vuc co khi da thu hat nhiéu sy
cha y nghién ctru nho tinh chinh xac va hiéu
qué cao. Dic biét, phuong phap cat day tia lira
dién (Wire Electrical Discharge Machining —
WEDM) dang tré nén phd bién do kha ning
gia cong vat lidu cimg, bén va phirc tap ma cac
phuong phép truyén thong khoé thyc hién [1, 2].

Trong qua trinh gia cong 16 bang
WEDM, d¢ chinh xac dugc danh gia qua dung
sai kich thudc duong kinh va do khong tron
[3]. Cac yéu té cong nghé nhu thanh phan vat
liéu, loai dién cuc, dién ap danh Iua, thoi gian
phéng tia lira, tinh dan dién va nhiét cua vat
liéu anh huong truc tiép dén hiéu qua gia cong.
Viéc nghién ctru anh hudng ctia cac yéu td nay
1a can thiét dé xac dinh cac thong sd cong nghé
hop 1y [4].

Nhiéu nghién ctru da chi ra cac yéu td
quan trong anh huéng dén do chinh x4c va higu
sut gia cong, nhu nghién ctru cia Muhammad
Umar Farooq vé Ti6Al4V va Tran Qudc Hing
vé SKD11. Tuy nhién, chua c6 nghién ctru day
du vé anh huong cta nhiéu thong s6 cong nghé
dén dung sai kich thudc duong kinh khi gia
cong thép SKH51 trén may cit diy VL600Q
[5, 6].

Trong nghién ctu nay, ching t6i tap
trung vao cac thong sd co ban nhu dién ap
danh lua (U)), thoi gian phong tia lua (T ), thoi
gian tit xung (T, ;) va toc do chay day (W) anh
huéng dén chat lugng kich thudce 16 (Y). Két
qué thi nghiém va phan tich bang Minitab 19
cho thay U, T_va W_déu anh hudng dang ké
dén dung sai kich thudc 18, cung cép co s cho
viéc lya chon cic thong s6 cong nghé hop 1y,
nang cao do chinh xac va hiéu qua gia cong.

Nghién ctru nay gop phan hiéu rd hon vé anh
huong cua cac thong s6 cong nghé khi gia cong
thép SKH51 trén may cit day VL600Q va md
ra hudng phat trién cho cac nghién ctu tiép
theo, cai thién cht lugng san pham va hiéu
sut trong nganh co khi chinh xéc tai Viét Nam.

2. VAT LIEU VA THIET BI
2.1. Thiét bi thi nghiém
Thiét bi phuc vu thuc nghiém la may

cit day tia ltra dién VL600Q tai Cong ty cb
phan Co khi Hung Dao, Chi Linh, Hai Duong.

Hinh 1. May cdt day VL600Q

May cit day tia Itra dién VL600Q co
cac thong s6 lam viéc co ban nhu sau:

- Kich thuéc gia cong toi da: X/Y/Z =
600/400/270;

- D6 chinh xac dat duge tdi da: £0,03mm;

- Dién ap phong tia ltra dign U2 50 +~ 125 V;

- Cuong do dong dién xung 1: 2 + 32 A;

- Thoi gian bat xung T_: 1 +9 ps/s;

- Tl}éyi gian tit xung T 2+ 18 us/s;

- Toc do chay day W : 0 ~ 420 mm/s;

- Lyc cang day W : 490 + 2400 g;

- Ap Iy nude va chat dién moi W, : 0+ 16 kg/em®.
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2.2. Chon dung cu do

Panme do 16 3 chéu, thang do Ipm
Mitutoyo Nhat Ban 368-163 c6 cac thong sb ki
thuat nhu sau: Pham vi do tr 10 + 12mm; Do
chia 12 0,001mm; B¢ chinh xac 14 £2um.

2.3. Vit liéu dién cuc

Vit liéu dién cyc dugc su dung la day
dong co duong kinh 0,2mm ctia Hang Pungkuk
(Han Quéc) c6 ky hiéu CuZn35, d6 bén kéo ciang
co hoc 750 + 790N/mm?. Day 1a loai vat liéu dién
cuc théng dung, dang duoc dung phd bién trong
cong ngh¢ gia cong tia lira dién hién nay.

3. XAY DUNG THi NGHIEM

Mau thi nghiém 1a thép gi6 SKH51, con
duogc biét dén 1a thép M2 theo tiéu chudn AISI
cua Hoa Ky, 1a mot loai thép cong cu tbe do
cao (HSS — High-Speed Steel) c6 ham lugng
molypden va vanadi cao, cho phép n6 gilr duoc
do cung tdt ngay ca khi lam vi¢c ¢ nhiét do cao.
Day la mot trong nhiing loai thép phd bién nhat
trong viéc san xudt cac dung cu cit kim loai
nho vao tinh chit wu viét, duge st dung ché
tao: Dung cu cit kim loai, khudn mau, céc chi
tiét may chiu tai trong ndng, dung cu do, cac chi
tiét trong nganh hang khong, vii tru.

7

I
S

R f | I_ﬁi(fi".-{,_

22

Hinh 2. Ban vé mdu thi nghiém
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3.1. Tién hanh thye nghiém

- Cac thong sb (bién) sé& thay doi trong
qua trinh thi nghiém bao gom U, T _va W :

+X,=U,=70+80 V;

1
+X, =T, =2+8us;
+X, =T =4+12 ps;
+X, =W, =6+ 10 mm/s.

- Céc thong ¢b dinh chon phu hop véi
may thi nghiém, cu thé:

+ Luc cang day tuong ung muc 10,
twong tmg voi: W = 1390 g;

+ Ap lyc nudc va dung mdi twong tng
v6i mire 4, twong ung voi: W, = 10 kg/cm?;

+ Cuong do dong dién xung tu dong
dicu chinh theo di¢n 4p phong tia Iua dién.

- Theo [6], dé giam chi phi va van dam
bao d6 chinh x4c cia phwong trinh hdi quy, st
dung phuong phap quy hoach Taguchi. Bién
ma hoa dugc trinh bay trong bang 1.

Badng 1. Bien ma hoa cac thong so dau vao

Cac mire thuc
o nghiém
STT Bién so

Mtic | Mtc | Muc

min | gita | max
1 X, =U. (V) 50 60 70
2 X, =T, (us) 2 5 8
3 X, =T, (us) 4 8 12
4 X, = W_(mm/s) 6 8 10
5 Biénmahoa | -1 0 +1
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Theo [6], sit dung phuong phap quy hoach Box-Behnken Design véi tong so thi nghiém la
N =2k +2k+1=25thi nghlem Tién hanh gia cong tai 25 vi tri véi cac thong s6 dau vao duoc
diéu chinh, sau khi gia cong tién hanh do 3 14n tai cac vi tri, do gia tri duong kinh trung binh tai cac
vi tri (D). Tinh todn d¢ chinh xé4c kich thuéc Y =D, —~D, va quy d6i ra don vi do pm, két qua thuc
nghiém duoc trinh bay trong bang 2.

Bdng 2. Két qua thiee nghiém

TT | U(V) | T,(usls) | T, (usls) (m‘;vns/s) D (mm) | D, (mm) | ¥ =(]3;?11 ) D,,
1 60 5 4 6 11,008 11 8
2 60 5 12 6 11,005 11 5
3 60 5 8 10 11,015 1 15
4 60 5 12 10 11,013 11 13
5 50 2 8 8 11,014 11 14
6 70 2 8 8 11,001 11 1
7 50 8 8 8 11,022 11 22
8 70 8 8 8 11,007 1 7
9 50 5 8 6 11,014 i 14
10 70 5 8 6 10,998 1 2
1 50 5 8 10 11,022 11 22
12 70 5 8 10 11,008 11 8
13 60 2 4 8 11,008 11 8
14 60 8 4 8 11,016 1 16
15 60 2 12 8 11,005 1 5
16 60 8 12 8 11,013 1 13
17 60 2 8 6 11,003 1 3
18 60 8 8 6 11,01 11 10
19 60 2 8 10 11,011 11 11
20 60 8 8 10 11,019 11 19
21 50 5 4 8 11,019 1 19
22 70 5 4 8 11,005 1 5
23 50 5 12 8 11,016 11 16
24 70 5 12 8 11,002 11 2
25 60 5 8 8 11,011 11 11
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Chi tiét sau khi gia cong dugc trinh bay

trong hinh 3.

Hinh 3. Céc chi tiét sau khi gia cong

3.2. Phan tich thuc nghiém

Str dung phan mém théng ké Minitab

19 dé phan tich két qua trong bang 4 cho ham
muc tiéu Y, ta duoc két qua nhu trong bang 3, 4.

Bdng 3. Mirc d¢ hoi quy ciia mé hinh thiee nghiém

. R-sq
S R-sq R-sq (adj) (pred)
0,40908 99,67% 99,6% 99,47%

Nhan xét vé bang 3: Vi cac gia tri trén,
chung ta c6 thé thiy rang mo hinh hoéi quy rat
phu hop va ¢6 do chinh xac cao trong viéc giai
thich va du doan d¢ chinh xéc kich thudc (Y).
Céc hé sb R-squared, R-squared diéu chinh va
R-squared du doan déu rét cao, chi ra ring mé
hinh hdi quy 12 manh mé& va déng tin cay.

Bdng 4. Mirc do twong thich cua mé hinh thuc nghiém

Term Coef SE Coef T-Value P-Value VIF
Constant 0=32_.872 0,903 36,41 0
X, A=-0,7074 0,0118 -59,91 0 1
X, B =1,2436 0,0394 31,60 0 1
X, C=-0,3992 0,310 -12,87 0 1
X, D =2,1453 0,593 36,20 0 1
Nhan xét vé bang 4: thuge giam. T va W_co cac h¢ s6 duong, chi

- Y nghia thong ké: Tt ca cac hé s hdi
quy co gia tri p < 0,05, chi ra rang tat ca cac
bién dQc l?lp (U,i’ T.T.W) déu co tac gi(f)ng
dang ké dén bién phu thude (Y). Cac hé s6 cua
céc bién doc 1ap déu co ¥ nghia thong ké cao,
cho thiy rang cac bién nay 1a cac yéu té quan
trong trong viéc duy doan do chinh xac kich
thude.

- H¢ s6 va tac dong: U, ¢6 h¢ s6 am,
chi ra rang khi dién 4p tang, do chinh x4c kich
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ra rang khi thoi gian phong dién va tc do cit
téng,, d0 chinh xéc‘kich thudce cai thién., T co
hé sO am, chi ra rang khi thoi gian ngat xung
tang, do chinh xac kich thudc giam.

- Pa cong tuyén: Khong c6 da cong
tuyén giita cac bién doc 1ap (VIE = 1,0 < 5,0).

- Tu bang 4 xay dung duoc phuong

trinh hdi quy xéac dinh do chinh xac kich thudc
nhu sau:
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Y =32,872 - 0,7074.U, + 1,2436.T, — 0,3992.
T . +2,1453.W. (1)

Nhan xét chung: Phuong trinh héi quy
(1) duoc xay dung la phu hop va c6 y nghia
théng ké cao, va n6 dugc st dung dé du doan
do chinh xac kich thude (Y) dua trén cac thong
s6 dau vao cua quy trinh thye nghiém (U, T_,
T . W).

- Tinh toan mtc d¢ anh huong cua

cac thong s6 cong nghé dén do chinh xéac kich
thudce:

+ Budc diéu chinh trén méay voi AU, =
10V, do d6 mirc d§ anh huéng cua U, 1én Y la:

10.|Al/0.|Al+]|B|+|C|+|D]|)=6513%(2)

+ Budc diéu chinh trén may voi AT =
lus, do d6 mrc 6 anh huéng cia T 1€n'Y 1a:

B/(10.|A|+|B|+|C|+|D])=11,45% (3)

+ Budc diéu chinh trén may voi AT .=
lus, do d6 muc do anh huéng cua T 1én Y la:

c/(10.|A|+|B|+|C|+|D|)=3.68% (4)

+ Budc diéu chinh trén may véi AW =
1m/s, do d6 mre 36 anh hudng cua W 1€n'Y la:

D/(10.|A|+|B|+|C|+|D|)=19,75% (5)

Nhén xét: Di¢n ap danh lva (U) 1a
thong sb diéu chinh quan trong nhat d6i voi do
chinh x4c kich thudc, vi mtrc d§ anh hudng cua
n6 dat dén 65,13%, 1on nhat trong 6 bbn thong
s6 cong nghé duoc dé cap o trén.

3.3. Khio nghiém phwong trinh héi quy (1)

Tir phuong trinh (1), ¢6 thé thiy rang
viéc tinh toan céc gia tri thong s6 dau vao U,
T, T, W) khi biét trude sai s6 kich thude
Y = a (um), gap rat nhiéu kh6 khan. Do do,
dé t6i vu hoa qua trinh tinh toan, mot chuong
trinh Python két hop vé6i cac thu vién numpy
va scipy.optimize dugc st dung. Chuong trinh
duoc xay dung nhu sau:

- So db thuat toan: So d6 thuat toan
duoc trinh bay trong hinh 4.

<>

It CdC thar waln
{Prrgry, SCpy OpEreze]

Eenh rghia phuromg rink b
QU (Megnessesn  squabon)
[

Einh nghla cic
FArg Dl
!
Ennhi mghia gidi han
chio e gl in

Cung ol gid b khdi ddu
chi e T S (xe)

1

Chigdin hda gid in
Y=g

BN
-
4 'I:-Id';.r: I'uén'.h:;l:\“}_
LI e |
I ki s
(L, Toe, Tom, W)

Hinh 4. So do6 thudt todn tinh todn théng sé
dau vao

Sai
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import remgy a3 op
from scipy.optinine leport minbedze

¥ Glven regresslon sqeatios
duf regression spatleals, a):
Wi, Tea, Teff, i = %
retees (30872 - 87074 ° U & 12435 * Ten - @3990  Teff + 3.0453 Wy - @)=

# Deflne the constralety
coratraints = |
{'type’s “ineg”, “fun’
{'type’: “ineg”, “fun'

lombda x: xf8] - 50}, ® W » %
: lambda w: T -:'!”'. B s M

i 'type': “ineg", = lambeds 9 w{1] = 2}, @ Toa 3= 2
{'type': "ineg", “fun'c lamdbda w2 8 - 2[1]}, e Toad=2
{'type': "ineg", "Fen's lambdda x: xf2] - 4],  F Teff 3= 4
{'type's “ineg, “Fen's lambds m: 32 - af2]}, # TefF &= 12
['type': "ineq", “fun': lembds x: xf3] - 6], P a6
{'type':s “Ineg”, “fun': lembds 2z 00 - xf3]} ¥ ax o= 19

o Dafine the bousds
bounds = [{58, 78], (2, B), (4, 12}, (&, 18]

# Jainkal posdi
o 60, 5, 8, 4]

# Deslred value of ¥
a= M i Replace with the specific value of ¥

¥ Perforn the aladeization

ey
sul dtralAtisgonitralats, boundisbicti)

print(“dn #rror ofturred:™, str(e])

Hinh 5. Chirong trinh Python dé tinh todn cdc
théng sé dau vao

Duya trén so do thudt toan trinh bay
trong hinh 4, tao chuong trinh Python dé tinh
toan cac thong sé cong nghé dau vao nhu trinh
bay trong hinh 5.

- Chuong trinh tinh toan trong hinh 5
cung cap cac két qua sau:

+ U, = 54,37749135919918 (V);
+T,_ = 6,6867519757461835 (us);
+T_.=5,750996437308077 (us);
+W_=9,124500200086356 (m/s).

- Chon céc thong sé cong nghé thyc té
trén may:

+U. =50 (V);
+T, =7 (us);
+T 5= 6 (us);
+W_ =9 (m/s).
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- Sai s tinh toan theo phwong trinh hoi
quy (1):
Y=Y

c (50,7, 6,9)

= 32,86 (um)

- Tién hanh gia cong véi tit ca cac diéu
kién twong tu nhu cac diéu kién thuc nghiém
ban dau. Két qua do cho thiy do chinh xac kich
thude véi sai s6 14 Y, = 33 (um).

Nhan xét: Viéc xac thuc cho théy Y. =
Y., do d6 phuong trinh hél quy dam bao do
chinh xac cao trong thuc té.

4. KET LUAN

- Tién hanh gia cong thuc nghiém thép
gi6 SKH51 trén may ciat diy EDM VL600Q
bang dién cuc day dong, két qua nghién ciru da
thiét 1ap phwong trinh héi quy (1) véi mic do
du doan do chinh xac kich thuéc 1a 99,47% tur
cac thong sd cong nghé dau vao.

- Két qua nghién ciru ciing cho thay rang
bdn thong s cong nghé anh huong dang ké dén
d6 chinh xac kich thudc cua chi tiét bao gdbm
dién ap kich 1a thong s6 quan trong nhét (U, -
mirc d6 anh hudng 13 65,13%), tiép theo 1a tdc
do day (W, — mirc d6 anh hudng la 19,75%),
thoi gian phong dién (T — mutrc d anh hudng
13 11,45%), va cudi cung 1a thoi gian ngit xung
(T,;— muac do anh hudng 1a 3,68%).

- NOi dung cua bai bao nay ciling trinh
bay mot chuong trinh Python dé tinh todn bo
bon thong s6 cong nghé¢ (U, T,, T ., W) khi
sai s0 kich thudc gia cong dugc xac dinh.

- Nhitng két qua nghién ctru nay phuc

vu nhu mot tai liéu tham khao cho viéc xac
dinh cac thong so cong nghé¢ khi sit dung may

cit diy EDM. <
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BO bOI SO KET HOP Al TRONG SAN XUAT SINH DUQ'C PHAM

AI-COMBINED DIGITAL TWIN IN BIOPHARMACEUTICAL MANUFACTURING

Poan Thanh Xuan
Truong Co khi, Pai hoc Bach Khoa Ha Noi

TOM TAT

Sinh dwoc pham, bt ky san pham diege pham ndo dwoe san xudt, chiét xudt hodc ban tong
hop tir cdc nguon sinh hoc, la cong cu khéng thé thiéu trong nghién cieu va phat trién thuéc. Cong
nghé khoa hoc déng vai tro quan trong trong san xudt sinh dwgc pham, mang lai nhiéu loi ich tir
tang cuong nang sudt dén cdi thién chdt hrong san pham. Tong quan ndy cdp nhdt nhitng xu hwong
itng dung tién tién ciia Bo doi sé két hop Al trong linh viee san xudt sinh dwoc pham. Linh viee nay
sé la trong tam ciia cdc tdp doan dwgc pham I6n trong cudc cach mang cong nghiép 4.0.

Tir khéa: BJ déi so; Tri tué nhan tao; Sinh dwoc phcfm; San xudt.
ABSTRACT

Biopharmaceuticals, any pharmaceutical drug product manufactured in, extracted from, or
semisynthesized from biological sources, are indispensable tools in drug research and development.
Scientific technology plays a crucial role in the production of sino-pharmaceuticals, bringing many
benefits from increased productivity to improved product quality. This overview updates the advanced
application trends of the AI-combined digital twin in the field of biopharmaceutical manufacturing.
This sector will be the focus of major pharmaceutical corporations in the Industry 4.0 revolution.

Keywords: Digital twin; Artificial intelligence; Biopharmaceuticals;, Manufacturing.

1. PAT VAN PE

San xut sinh dugc phdm va ung dung
khoa hoc cong ngh¢ vao linh vuc nay dong vai
trd vO cung quan trong trong y hoc hién dai.
Sinh duoc pham, két hop giita cong nghé sinh
hoc va dugc hoc, da trd thanh cong cu khong
thé thiéu trong nghién ctru va phat trién thude.

Thi trudng duoc pham sinh hoc d3 co
su phat trién déng ké tir khi dugc phé duyét 1an
dau vao nam 1982. Cung véi do, tién bo trong
cong nghé san xuit di lam ting d6 chin mudi
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khoa hoc. Ban dau, quy trinh san xuat tap trung
vao md rong va cai thién ning suat. Thap ky
2000 ching kién nhiing thay d6i phap ly va
Chat luong theo thiét ké (Quality by Design),
nhan manh sy quan trong cua viéc phat trién
quy trinh san xuit dam bao chat lugng. Cac
cong ty hién tap trung vao quy trinh nén tang
va tuong tac chat luong va diéu kién xu 1y. Quy
trinh san xuat ngdy nay dit ra tiéu chuan cao vé
hiéu sudt, chat luong va an toan [1].

Cong ngh¢ khoa hoc dong vai tro quan
trong trong san xuat sinh dugc pham, mang lai
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nhiéu loi ich va co hoi tiém ning cho nganh
cong nghiép nay tir viéc ting cudng ning suat
dén cai thién chat lugng san pham. Sy tién tién
trong cac linh vyc nhu tri tué nhan tao, in 3D,
va blockchain da tao ra cac giai phap moi va
gitp giai quyét cac van dé phirc tap mot cach
hi¢u qua hon [2].

Trong bai viét nay, chung ta s& kham
pha nhirng tmg dung tién tién cua Bo doi s6 két
hop Al trong nganh cong nghiép nay dé thay rd
tam anh huong cua chung ddi véi tuong lai cia
san xudt sinh dugc pham.

2. UNG DUNG BO bOI SO TRONG SAN
XUAT SINH DUQC PHAM

Bo d6i sb (Digital Twin — DT) 1a mot
mo phong 4o cia mot ddi tuong hodc hé théng,
duoc ciu thanh bdi moé hinh méy tinh va di
liéu thoi gian thuc [3]. DT nhan thong tin tir
cac cam bién vé cac khia canh khac nhau cua
hé théng vat 1y va quy trinh nhu nhiét do, muc
d6 nguyén lidu tho va sy tich lity san pham. Tir
dir liéu nay, DT chay cac mo phong dé nang cao
va tdi wu hoa quy trinh, di doan két qua cu thé,
danh dau cac hanh dong can thiét va hd trg diéu
khién quy trinh vong kin [4].

Trong nganh cong nghiép san xuét sinh
duge pham, DT hoat dong 4o song song vai cac
d6i tac thé gisi thuc, md phong nhiéu quy trinh
dong thoi. Cong nghé dam may cho phép DT
hoat dong trong moéi trudng cong nghiép kiém
soat cao ma khong can két ndi vat 1y giita hé
thong va bo diéu khién. DT c6 thé tong hop két
qua tir nhiéu mé hinh dang chay dong thoi va
hd trg cic quy trinh ty gidm sat, thich tmg voi
ludng thong tin da chidu tir cac cam bién thiét
bi hodc quy trinh (hinh 1). DT cung cép dit li¢u
hoat dong lién quan, truyén dat nhitng hiéu biét
cho nhan vién giam sat hodc hé théng, tao ra

—l---l-

IF

P
>

Cam bién ghi lai dir liéu
tir hé thong trong thé gidi

thyc (vi du: lo phan ing
sinh hoc trong do thiét bi,

nguyén li¢u thé va con
nguoi tuong tac voi nhau)

biéu dién ao chinh xac hon nhiéu so voi md
phong cd dién.

Hé thong phan ing sinh
hoc do (song sinh ky thudt
sé) nhdan dir liéu tir cam
bién va cdc cong cu phin

tich dwoc két néi véi hé
thong vdt ly. Al sir dung

théng tin dé dé mé hinh
hoa dong luc hoc cua hé
théng vat Iy va duw dodn
ket qua cua qud trinh
Hinh 1. B6 déi s6 la mé hinh o ciia mot doi twong
hodc quy trinh (Al = tri tu¢ nhan tqo).

Trong phat trién ban dau ctia mo hinh
s6 hoa, dit liéu ban dau tir hé théng vat ly tao ra
mot “ban sao mang” (cybercopy). Tuy theo mirc
d6 két ndi thoi gian thyce, c6 ba loai mo hinh )
hoa: (i) khong két ndi trong thoi gian thyuc (ban
sao mang 1a mo hinh tinh ciia hé thong vat 1y,
khong cap nhat dir li¢u thoi gian thuc; hiru ich
trong phat trién thudc va thiét bi y té); (ii) két
ndi mot chiéu (cap nhat lién tyc thong tin thoi
gian thyc, mo phong cac diéu kién thyc té; hiru
ich cho cong ngh¢ phan tich qua trinh (Process
Analytical Technology), giam sat va diéu khién
tir xa); (iii) két ndi toan phan (két ndi hai chiéu,
hd tro hé thong san xut vat 1y bang cap nhat
thoi gian thuc, didu khién vong kin thong minh;
San pham duoc san xuit ding cach qua giam
sat lién tyc). DT 1a vi du cia mé hinh két ndi
toan phan, cho phép trién khai trong cudc cach
mang cong nghiép 4.0 voi Internet van vat
(Internet of Things), dién toan dam may va Al
(tri tu¢ nhan tao).
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3. VAI TRO CUA TRi TUE NHAN TAO
TRONG HO TRQ BO POI SO

Maic du nganh Al ra doi vao nhitng nam
1950, nhung chi gan ddy cac cong nghé méi du
manh dé hd tro né. Al thu hit su chu ¥ trong
gi61 hoc thuat va kinh doanh, va xa héi dang
nhanh chong 4p dung Al Trong qua khtr, linh
vuc Al da gap tré ngai do han ché vé strc manh
tinh todn vao nhiing ndm 1970 (su ra doi cla
may tinh c4 nhan di khic phuc diéu nay) va do
han ché vé khong gian luu trir va téc do xur Iy
vao nhiing ndm 1990, nhung cong nghé dam
mAy da khic phuc nhimg van dé nay. Hién nay,
cac tmg dung Al da ndi bat trong nhiéu linh vuc
nhu sinh hoc, véi AlphaFold cua DeepMind va
GPT-4. Al gitip nhan dang mau, du doan két qua,
phan tich dir liéu, va xtr Iy hinh anh trong y hoc
va cac nganh cong nghiép khac. Tuy nhién, con
ngudi van can thiét ¢& dao tao va dam bao Al
dugc ap dung dang cach. Al hién hd trg chuyén
ddi dit liéu thanh su hiéu biét toan dién, cung cép
giai phap cho nhiéu thach thirc tir 1au [5].

Ngay nay, cic cong nghé da phat trién
dén muc DT dugc hd trg boi Al sé tranh duoc
cac han ché cua phuong phap phan tich truyén
thong, gébm két qua kém do thoi quen va thién
vi ctia con ngudi. Ngoai viéc hiéu sau tir dir
liéu trong co s¢ dir liéu 16n, DT cung cap ly
luan sang tao tir cac ngudn khong truc quan. Al
hd trg DT phan tich phan thuc nhanh, cung cap
cdu tra 10i cho cac tinh hudng gia dinh trong
thoi gian thuc, nhu dy doan két qua néu mot
hanh dong khac dugc thuc hién hodc dé xuit
hanh dong dua trén gia tri do luong khac. Cac
gia tri gid dinh nhanh chéng bao vé giai phap
quy trinh trudc khi thay doi vat 1y, dong thoi
gitp xac dinh sy kién nhan qua. Phan tich phan
thuc 1a cong cu manh mé céi thién hiéu biét vé
hé thong va giai phap mo hinh.
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DT duoc hd tro bai Al ¢o nhiéu chirc
ning va ung dung, ké ca trong chan doan y té
va san xuit cac ché pham sinh hoc. Chung phuc
vu phan tich mé ta bang cach thu thap va bao
c4o dir liéu qua khtr, phan tich chan doan dé lam
sang to mbi quan h¢ dir liéu va nguyén nhan, va
phan tich dy doan dé du bao hanh dong. O dang
tién tién, mo hinh nay cung cap kiém soat hé
thdng vong kin bang cach thyc hién thay doi dé
duy tri quy trinh mong mudn. Mot DT dugc hd
trg boi Al trong vong diéu khién chi hanh dong
dua trén cac bién s xac dinh trong mang hé
théng.

Néu thuét toan la dong co trong mo
hinh AL thi dix liéu 12 nhién liéu, va hiéu suét
cua nd phu thude vao $6 lugng va chét lugng.
Trong san xuét thude, dit liéu duoc tao ra tir
nhiéu ngudn khac nhau. Céc tién bo trong giam
sat quy trinh, bao gdm phan tich méi va cam
bién thoi gian thuc, dang nang cao hiéu biét vé
quy trinh sinh hoc [6, 7]. Céc linh vuc "-omics"
[vi du: bao gdm nghién ctru gene va chiic nang
gene (genomics), nghién ctru protein va chirc
nang protein (proteomics), nghién cuu héa chi
té bao (metabolomics)] ciing dong gop tuong
tu [8, 9]. Cac nha san xuat dugc phém hién tao
ra hang petabyte dit liéu mdi nim, nhung nhiéu
dir liéu nay thuong khong duoc sir dung, dan
dén mat co hoi hiéu biét sau hon vé quy trinh
va san pham.

Xu huéng niay dang thay doi khi cac
tién bo trong khoa hoc dir li€u va cong nghé
dam may gitip dam bao chit lugng va san co
cta dir liéu. Khoa hoc dit liéu hién dai két hop
toan hoc, théng ké, lap trinh va Al dé quan ly
dw 1i€u hiéu qua [10-12]. Khai ni¢m "chu y dir
liéu" (data intentionality) dé xuat rang co ché
tao va quan 1y dit liéu nén dugc thiét ké dé phuc
vu truc tiép cho cac mé hinh tri tué nhan tao,

thay vi chi dé phén tich thu céng va kham pha &
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giai phap. Ngoai ra, Internet of Things (IoT)
két ndi cac ddi tuong vat Iy véi cong nghé dam
may, cho phép truyén tai dit liéu an toan, luu trit
"big-data" va tinh todn song song khong gidi
han. Do d6, cac k¥ thuat da bién duoc ap dung
vao céc tap dir li¢u 16n dé tao ra cac ban sao a0
ctia cac hé thong vat 1y da tao ra dir licu.

Kién thic tong hop trong nganh cong
nghiép dugc pham doi hoi xur Iy dir liéu tién tién
dé phat hién, phat trién, san xuat thudc va giam
sat thir nghiém 1am sang. Trudc day, nghién ctiru
dugc pham thudng dwa vao cac mod hinh don
gian hoa trong phong thi nghiém dé giam bién
dong két qua. Tuy nhién, cac co quan quan ly
hién nay khuyén khich nganh duoc pham tiép
can voi sy phuc tap thuc té béng cach st dung
khoa hoc tién tién, d6i mit v6i su bién dong va
phirc tap ty nhién ctia san pham sinh hoc, quy
trinh san xuét va cac hé théng lién quan [13].

Ngay nay, tri tu¢ nhan tao (AI) cho phép
danh gia bién dong va phtic tap nhu cac thong
sO ty nhién cia mot phuong trinh cong suat
[14]. Kién thuc tong hop tir Al gitip may moc
phan tich luong 16m dit liéu, nhan dién mau, hoc
hoi va dua ra cac két luan hodc du doan ma
con ngudi khong thé tuong tuong duge. Bang
cach loai bo cach tiép can don bién ci, chung
ta c6 thé lam viéc voi thuc té phic tap thong
qua phan tich Al trén lugng dit 1i€u 16m thu thap
trong sudt vong doi ctia san pham thudc.

Qua trinh san xuét sinh hoc phirc tap do
nhiéu bién thé xuat hién trong qua trinh va su
tuong tac giita cac bién thé d6 ciing véi cac van
dé vé thanh phan bén ngoai can thiét. Piéu nay
khién viéc thiét 1ap co s¢ ha tang quan Iy chinh
xac va manh mé& cho kiém soat phan tich tré
nén kho khan. Al s€ dong vai tro quan trong
trong viéc giai quyét van dé nay, va IoT 1a cong
cu ly tuong dé két ndi dir licu thé gidi vat ly

hién dai tir giam sat truc tuyén v6i kha nang luu
trlt va xur 1y dir 1liéu khong gidi han trén dam
may.

Tri tu€ nhan tao (Al) trong chu ky san
pham c6 thé gitip xuét sic trong cac linh vuc
riéng 1¢ nhung doi khi han ché viéc danh gia cac
anh huong rong 16n hon. Nhiéu nha khoa hoc
danh gia cao Al trong linh vuc cia ho nhung
chua nhan thac hét pham vi Gmg dung rong
16n ciia né trong nganh dugc pham, tir kham
pha muc tiéu dén giam sat sau tiép thi [15]. Vi
du, trong qué trinh kham phé va phat trién san
pham, AI di cai thién viéc thiét ké thi nghiém
(DoE) dua trén toan bd pham vi cac tham sb
anh huong dén tinh chét sinh hoc hoa hoc cua
cac hé thdng dang dwoc nghién ciru. Trong phat
trién quy trinh, Al dang ting cudng phan tich
DT cua dit liéu khong ddng nhat tir nhidu cong
cu phén tich va dau do, cho phép mé phong da
tham sé [16, 17].

Trong qua trinh x4ac nhan quy trinh, cac
nha khoa hoc phai phat trién hiéu biét sau rong
vé d6 chinh xac va hiéu qua cua phuong phap
phan tich cua ho. Tir thiét ké quy trinh (Process
Design) dén chimg nhan quy trinh (Process
Qualification) va xac nhin quy trinh tiép tuc
(Continued Process Verification), Al cung cap
cac cong cu manh mé& cho phén tich da bién hd
trg giam sat va diéu khién quy trinh thoi gian
thuce [18].

Cac nha khoa hoc dam bao chét luong/
kiém soat chat luwong Quality Assurance/
Quality Control dang sir dung Al dé kham pha
va hiéu cac dic diém chat lugng quan trong
(Critical Quality Attributes) va tham s quy
trinh (Critical Process Parameters), phat trién
ké hoach kiém soat chat lugng (Quality Control
Plans), duy tri so ghi chép thi nghiém dién tur
(Electronic Laboratory Notebooks) va bang
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diéu khién hé thng quan 1y thong tin phong thi
nghiém (Laboratory Information-Management
System), ciing nhu hd trg giam thiéu va phan
phéi dir liéu méi. Cac DT kich hoat boi Al
dang cai thién hoat dong san Xuat, gitp tao
ra cac 10 hang t6i wu bang cach phan tich va
thuc hién dua trén dir li¢u quy trinh thoi gian
thuc va tuong tac voi dir li€u lich su. Vi cac
DT 1a ban sao sb cua quy trinh san xuat vat 1y,
chung 13 cong cu 1y tuong dé diéu tra va danh
gi4 quy trinh ma khong anh huong dén ching.
Kha ning nay giup mo phong diéu kién va sy
kién, du doan tinh hudng khong mong mudn va
dé xuit két qua da bién, t6i uu hoa san xuit san
pham chat luong cao.

Mic du viée ap dung Al cho dit liéu lich
sir mang lai nhiéu loi ich, nhung tiém ning 16n
hon s& xuit hién khi kién thac do duge quan
ly theo thoi gian thuc. Dé thyc hién chién luge
nay, can c6 cac co ché phu hop (nhu DT duge
hd tro boi Al) dé dam bao trao dbi thong tin
song phuong 6n dinh gitra thé gi6i vat 1y va ao.
Chung ta ciing can tranh tao ra cac ngin xép
kién thirc méi bang cach duy tri cac DT khong
lién két voi nhau. Chi khi cac quy trinh ngang
hoic doc duoc két ndi, ta mai co thé phat hién
ra sy phuc tap trong cac hoat dong doc trong
cung mot don vi hodc mang ludi (Hinh 2).

Mang lw6i DT téng hop
die liéu tir nhiéu treomg
hop st dung va khung dé
nédng cao quy trinh thue té

Dir liéu thu dwoe tir hé thong thiee

dirge diea vao nhiéu bong ky thudt

56, tao ra mét mang hedi cde ban
sao do hoat dong déng thai

Hinh 2. DT c6 thé duoc cau hinh theo nhiéu cdch,
bao gom cd mét phan ciia mang
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K¢ tir khi insulin sinh tong hop Humulin
U-100 ra doi vao nam 1982, nganh dugc pham
sinh hoc di phat trién dang ké trong ca san
pham va cong nghé san xuat. C6 nhiéu tién bo
trong k¥ thuat dong té bao, nudi ciy té bao,
kiém soat va phan tich quy trinh. Tuy nhién,
dir liéu quy trinh sinh hoc phtrc tap va co tinh
da chiéu (do sy twong tac ctia nhiéu bién) gay
kho khin cho viéce tidu chuan hoa va st dung
cac ky thuat co dién. Cac tién bo trong giam
sat va phan tich quy trinh, tuw dong hoa, khoa
hoc dir liéu va phan tich da bién da gitp xir 1y
luong dir li¢u 16n va da dang. Su ti€u chuin hoa
va hoc mdy (Machine Learning) hira hen gitip
mo phong va giai quyét cac kho khan trong quy
trinh sinh hoc [19, 20].

Trong quy trinh san xuit 16 truyén
théng, cac dugce chat (Active Pharmaceutical
Ingredients) duoc san xudt theo timg budc
khong lién tuc, co thé dién ra vao cac thoi diém
va dia diém khac nhau. Trai lai, quy trinh san
xudt lién tuc (Continuous Manufacturing — CM)
dién ra lién tuc, khong gian doan véi viéc nap
vat liéu va xa san pham dong thoi. CM phirc
tap va can hé thong kiém soat dong tién tién dé
gidm sat va tuong tac voi thiét bi va san pham
theo thoi gian thyc. Vi du, viéc kiém soét lidu
lugng vat liéu khoi dau nhu moi truong nuoi
ciy phai twong ung véi luong tiéu thy trong
qua trinh. CM cua thudc phan tir nho da phd
bién tir 1au, va trong thap ky vira qua, mot s6
cong ty dugc pham sinh hoc di trién khai bé loc
tuan hoan dé hd tro san xuét lién tuc.

DT c6 thé cai thién qua trinh loc tudn
hoan va cac budc tiép theo khac bang cach
d& xuat hogc tham chi diéu chinh téc d6 bom
dé giam thiéu sd chu ky can thiét. Roche va
Biogen da su dung céc hoat dong lién tuc va
dang co cac bao cdo vé CM cho ca quy trinh

thuong ngudn va ha ngudn [21]. Nhilng phat &
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trién nhu vay lam tang trién vong vé CM tich
hop, tur dau dén cudi cho khdi luong nho cua
mot s6 liéu phap tién tién va khéi luong 16n cac
thude sinh hoc c6 ngudn gde protein [22, 23].

4. KET LUAN

Céc tién bo trong giam sat quy trinh,
kha nang truy cap dir liéu va sttc manh tinh
toan dang thuc ddy sy phat trién cua cic mod
hinh hd trg boi Al va su dan cht héa cong nghé
nay. Cac mé hinh bo d6i s (DTs) c6 thé nhanh
chong giam thiéu sy phirc tap cia cac phép do
trong cac hoat dong san xudt sinh dugc pham,
dua ra cac két luan co thé thuc hién duge. Khi
dugc dao tao boi cac chuyén gia co kién thirc
chuyén mén, cac DTs c6 thé gitip san xuét cac
16 sinh duoc pham dudi diéu kién t6i wu mot
cach lién tuc ma khong can sy chi y ciia ngudi
van hanh. Hiéu biét, phat trién va kiém soat
quy trinh sinh hoc dang cai thién dang ké nho
viéc trién khai cac DTs ¢ hd tro cua Al trong
nganh cong nghiép duoc pham. Day 14 linh vuc
s& duoc cac tap doan duoc pham 16n tap trung
khai thac trong cudc cach mang cong nghiép
4.0.¢
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NGHIEN Cl’U THIET KE, CHE TAO MO HINH HE THONG
PHUN XANG VA PANH LUA CUA PONG CO BOT TRONG
PHUC VU PAO TAO

RESEARCH, DESIGN AND MANUFACTURE MODELS OF FUEL INJECTION AND
IGNITION SYSTEMS OF INTERNAL COMBUSTION ENGINES FOR TRAINING
PURPOSES

Pham Vin Li¢u, Nguyén Twong Vi, Pinh Vin Phuwong
Khoa Co khi, Truong Pai hoc Kinh té — K§ thuat Cong nghiép

TOM TAT

Bai bdo nay trinh bay két qua nghién ciru thiét ké, ché tao mé hinh hé thong phun xdng va
danh lira ciia ddng co dot trong phuc vu cong tac dao tao sinh vién chuyén nganh Cong nghé kj
thudt 6 t6. Mé hinh dd mé ta dwoc cdu tao va nguyén Iy hoat dong ciia hé thong phun xdang va hé
thong danh lira dién tir ciia déng co dot trong, givip sinh vién c6 diéu kién quan sat toan bg hé thong
phun xdang va hé thong danh lira dién tir ciia ddng co mét cach thiee té nhat. Ngodi ra, mé hinh con
6 tinh mé pham va cé tinh tham my cao, than thién véi ngwoi ding, dap ing dwoc nhu cau dao tao

sinh vién nganh cong nghé ky thudt o6 to.
Tw khoa: Phun xang, Panh lia; Pong co; Mo hinh.
ABSTRACT

This article presents the results of research into the design and manufacture of models of
fuel injection and electronic ignition systems of internal combustion engines to serve the training
of students majoring in Automotive Engineering Technology. The model describes the structure
and operating principles of the fuel injection system and electronic ignition system of the internal
combustion engine, helps students observe the entire fuel injection system and electronic ignition
system of the engine in the most realistic way. In addition, the model is also didactic and highly
aesthetic, user-friendly, meeting the needs of training students in the field of automotive engineering

technology.

Keywords: Fuel injection, Ignition; Engine; Model.
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1. GIOI THIEU

Cung véi sy phat trién khong ngimg cua
khoa hoc k¥ thuat, hé thong phun xing va danh
ltra dién tir cta 6 t6 c6 nhiéu cai tién vé cong
nghé [1]. Nhiing cai tién nay giup hé théng hoat
dong manh mé va on dinh hon ma khong can
diéu chinh tan s dién, dong thoi hé théng danh
Ira md&i dugce cho 14 ¢6 kha nang céi thién tiéu
hao nhién li¢u va it phat thai ra moi truong [2].
Do do, trinh d¢ chuyén mon cua ddi ngll stra
chita bao dudng hé théng nay can dap tng yéu
cau thuc té. Chinh vi vay, viéc ché tao md hinh
hé thong phun xang va hé thong danh lia dién
tor ciia dong co phuc vu cong tac giang day va
hoc tép tai cac co s¢ dao tao mang tinh thiét
thuc va cap thiét hién nay. Bai bao nay, nhom
tac gia trinh bay qua trinh nghién ctru va dua ra
phuong an thiét ké ché tao mo hinh hé thong
phun xing va hé théng danh Iira dién tir dé lam
rd nguyén 1y hoat dong ciing nhu cau tao, chirc
nang cua céc linh ki¢n dién, dién tir trong mo
hinh [3, 4, 5], déng thoi giup sinh vién co didu
kién quan st toan bo hé théng phun xing va
hé théng danh ltra ctia dong co mdt cach thuc
té nhat. Ngoai ra, mo hinh con c6 tinh su pham
va c6 tinh thim my cao, than thién véi nguoi
ding, dap ung dugc nhu ciu dao tao sinh vién
nganh cong ngh¢ ky thuat 6 to.

2. CO SO KHOA HQC
2.1. H¢ thong phun xiing dién tir

Heé théng phun xing dién tir c6 thé goi
tat 1a EFI hodc FI (viét tit cua tir Electronic
Fuel Injection hodc Fuel Injection trong tiéng
Anh). Theo d6, chung 1a mdt hé théng hoa khi
thé hé méi thay thé cho bo ché hoa khi (binh
xang con) nhu cii. Hé thong phun xing dién
tor dung mot khéi hé thong tinh chinh va diéu
khién dién tir & can thiép vao cac budc phun
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nhién li¢u vao buong dot cua dong co, tor do
nham t61 vu hoa qué trinh st dung nhién li¢u &
dong co va thiét bi.

EFI ¢6 nhiém vu chinh 1a t&i uvu hoa qué
trinh tiéu hao nhién li¢u tai dong co va giup xe
hoat dong on dinh. Bén canh d6, hé thdng nay
con ¢6 nhiém vu hd trg mot s6 bod phan cua
dong co [1].

2.2. H¢ thong danh lira

Hé thong danh lira trén xe 6 t6 gdm co
hai mach: Mach thu cép va mach so cép. Bo6-
bin danh ltra ctia mach so cap 1a may bién thé.
N6 sé& thuc hién quy trinh chuyén dong dién tir
ic quy thanh dong dién cao ap. Khi d6, ngudn
dién cao ap s& dugc mach thir cép nhan tir bo-
bin danh ltra va truyén dén bugi théng qua cac
day phin cao ap. Hé thdng danh lira xe 6 t6 co
cAu tao rat don gian, duoc diéu khién béng tua
vit. Ngay nay, hé théng danh lira trén xe 0 t6
dugc thiét ké ciu tao hién dai hon, di kém voi
nhiéu tinh nang ndi bat dé dap tng nhu cau cta
xa hoi hoa [1].

3. THIET KE VA CHE TAO MO HINH
3.1. Thiét ké palen cho mé hinh

Sau khi nghién ctru vé hinh dang bén
ngoai, nguyén 1y hoat dong ciia timg chi tiét,
cum chi tiét trén hé thong phun xing va danh
lira, nhom tac gia da tién hanh thiét ké vi tri lip
dat ciia cac chi tiét trén tim palen roi dwa di gia
cong bang may CNC dé tao ra mot san pham
theo y mubn, dudi day 1 hinh anh palen duoc
thiét ké va gia cong khoét 16 cia mé hinh phun
xang danh ltra sau:
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Hinh 3.1. M6 hinh phun xang danh lia dién tie
3.2. Lap dit md hinh

Sau khi nghién ctru tinh toan va thiét ké,
nhom tac gia da tién hanh lip dat cac chi tiét,
cum chi tiét 1én tAm panel dam bao yéu cau ky
thuat, dap tmg tinh su pham va tinh thim my
cao. Qué trinh ldp dat mo hinh hé théng phun
xdng va danh lira ciia dong co duogc tién hanh
nhu sau:

3.2.1. Lip dit bé diéu khién ECU

Bo diéu khién ECU (hinh 3.2) ¢6 chirc
niang diéu khién qua trinh 1am viéc ctia hé
thdng, d& hu hong khi chiu va dap, vi vay khi
lap dat 4 bu 1ong treo can nhe nhang, dam bao
khoang khe h¢ giita bo diéu khién ECU voi gia,
dam bao d& dang cim 3 gidc két ndi chan hop.

Hinh 3.2. Bé diéu khién ECU

Hinh 3.3. Cum chan ga
3.2.2. Lap ddt cum chin ga

Cum chan ga (hinh 3.3) duoc lap phia
dudi khung gid, can dam bao chic chan khi dap
ga dé van hanh, lap 4 vit M6 v&i gia can chic
chan, vi tri cdm gidc két ndi du khong gian.

3.2.3. Lip ddt cum buwom ga

Cum budm ga (hinh 3.4) duoc lip phia
trén khung gia, can dam bao chic chan, dé quan
sat trang thai lam viéc dé van hanh, lap 4 bu
long M6 v6i gia can chic chan, vi tri cdm gidc
két ndi du khong gian.

Hinh 3.4. Cum buom ga

T e il i

F =

Hinh 3.5. Cum bo-bin danh lva
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3.2.4. Ldp dit cdc bo-bin dinh liva

Cum bo-bin danh Itra (hinh 3.5) duogc
lap gitta khung gia, can dam bao chic chan khi
van hanh, lip 8 vit M6 véi gia can chic chin,
vi tri cim giéc két ndi du khong gian. Pac biét,
bd bo-bin danh lra lam viéc véi dién ap cao
nén can bo sung tm thép che chan tia lira dién,
tranh bi dién giat khi van hanh.

3.2.5. Ldp dit cdc voi phun xing

Céc voi phun xing (hinh 3.6) duogc lip
bén phai khung gia, can dam bao chic chan khi
van hanh, 1ap 8 vit M6 véi gia can chic chan, vi
tri cdm gidc két ndi di khong gian.

Hinh 3.7. Bom xang

3.2.6. Lip dit Bom xing

Bom xing (hinh 3.7) cdn dam bao chic
chan khi van hanh, lip 2 vit M6 voi gia can
chac chan, vi tri cdm gidc két nbi du khong
gian.
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3.2.7. Ldp ddt cum cam bién truc cam, truc
khuyu

Cam bién truc cam, truc khuyu (hinh
3.8) duoc lap phia dudi khung gia, can dam bao
chéc chén khi van hanh, lép 6 vit M6 voi gia, la
phan phat tin hiéu c6 chuyén dong quay nhanh,
d& mét an toan nén can duoc che bai mica dé d&
quan sat.

B

Hinh 3.8. Cum cam bién truc cam, truc khuyu

3.2.8. Lap dat cac loai cam bién khac: Cam
bién luu lwong khi nap, cam bién oxy, cam
bién nhiét dp nuwdc lam mat, cam bién kich no

Cam bién luu luong khi nap duoc lip
giira khung gi4, can dam bao chic chan khi van
hanh, 13p 4 vit M6 véi gia can chéc chin, vi tri
cam gidc két ndi da khong gian.

Cam bién oxy duoc lap trén khung gia,
can dam bao chic chan, vi tri cam gidc két ndi
du khéng gian. Cam bién nhiét do, cam bién
kich né nudc lam mat trong nghién ctru nay la
cam bién 13y tin hiéu 4o, can dam bao chinh xac
vi tri da thiét ké trén palel.

Sau khi hoan thién viéc lép dat cac chi
tiét, cum chi tiét tién hanh dau ndi day, van
hanh thir nghiém va diéu chinh théng sé phu
hop két qua cho thdy mé hinh hoat dong dat két
qua tot voi két qua chinh xac, phu hop véi muc
tiéu dat ra.
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Hinh 3.9. Hoan thanh viéc ldp dét hé thong phun
xang dién tir va danh liia

4. KET LUAN

D3 nghién ctru cu tao, nguyén 1y cia
hé théng phun xing va danh lia dién tr cua
dong co ddt trong. Tir d6, nhom tac gia tinh
toan, thiét ké palen va lya chon vi tri lép dat cac
chi tiét, cum chi tiét.

Pi ché tao va lép dat hoan thién mo
hinh hé théng phun xing dién tir va dénh lira
ctia dong co ddt trong, dam bao yéu cau ky
thuat, tinh su pham va tinh thAm my cao.

Kiém tra va van hanh thtr nghiém mo
hinh hé théng phun xing dién tir va dénh lira
ciia dong co ddt trong. Két qua cho thdy mo
hinh hoat dong tdt, dap ung muyc tiéu nghién
clru. <
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NGHIEN Cl’U CHE TAO MO HINH MO PHONG HE THONG
CHIEU SANG TU DPONG TREN O TO SI* DUNG PHAN MEM
PROTEUS VA ARDUINO

RESEARCH TO MANUFACTURE A SIMULATION MODEL OF AUTOMATIC
LIGHTING SYSTEM IN CARS USING PROTEUS SOFTWARE AND ARDUINO

Nguyén Ngoc Sang
Khoa Co khi, Truong Pai hoc Kinh té — K§ thuat Cong nghiép

TOM TAT

Bai bdo nay trinh bay két qud vmg dung phan mém Proteus 8.1 dé mé phong hé thong chiéu
sang tw dong trén 6 16, sau d6 nhom tdc gid thwe nghiém thiét ké, ché tao mé hinh sir dung nén tang
ma nguon mé Arduino. Qud trinh mé phong cé sir dung phan mém CodevisionAVR dé Idp trinh C
cho vi diéu khién Atmegal 6, man hinh hién thi cieong @ sang LCD 16x2 va cdc linh kién khéc. Két
qua nghién ciru cho thdy, mé hinh hé thong chiéu sang tw dong hoat déng theo tham sé cwong do
dnh sdng dat ra cia ngwoi ldp trinh va hoan toan phit hop véi hoat dong thuc té ciia hé théng nay

trén cac 6 té hién dai.
T khoa: Proteus; Hé thong chiéu sing; Arduino.
ABSTRACT

This article presents the results of applying Proteus 8.1 software to simulate a car automatic
lighting system, then the authors experimentally design and manufacture the model using the open
source Arduino platform. The simulation process uses CodevisionAVR software to program C for the
Atmegal 6 microcontroller, 16x2 LCD brightness display screen and other components. Research
results show that the automatic lighting system model operates according to the light intensity
parameters set by the programmer and is completely consistent with the actual operation of this

system on modern cars.
Keywords: Proteus, Lighting system; Arduino.
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1. PAT VAN PE

Nhing nam gan day, cong nghé chiéu
sang 6t6 dd c6 nhitng phat trién budc ngoit.
Véi sy xuat hién cua bong dén LED c6 cudng
d6 sang manh va tam chiéu sang xa, cho 4nh
sang nhu 4nh sdng ban ngay, cac nha san xuat 6
t6 da giai duoc bai toan vé ngudn chiéu sang.

C6 mot s6 nghién ctru md phong tng
dung phan mém Proteus 8.1 da cong bd vé mach
diéu khién ty dong dén pha trén 6 to. Trong do,
dién hinh 1a nghién ctru ctiia Okrah S.k ¢ dua
ra duoc so dd mach bo diéu khién dén pha tu
dong bat tat st dung cam bién 4nh sang LDR
[1]. Nghién ctru cua O. Akinsanmi, cling dua ra
dugc so d6 mach diéu khién ty dong bat/tit dén
pha trén co s¢ tin hi¢u cuong do sang duoc do
bang mot cam bién anh sang LDR [2].

Mit khac, khi 1ai xe trong diéu kién
cuong do anh sdng mdi truong bén ngoai xe
kém nhu lac troi toi, di qua hAm ngam... theo
quy dinh, cac l4i xe déu dugc hudéng din chuyén
ché @6 chiéu sang ciia dén pha tir ché do chiéu
sang pha sang ché do chiéu sang cdt khi phat
hién c¢6 phuong tién di nguoc chiéu ¢ khoang
cach khoang 150m. Pé han ché cuong do anh
sang chiéu vao mét nguoi diéu khién phuong
tién di nguoc chiéu. Nhung qua thuc té, didu
nay rat it khi dugc thue hién. Cac l4i xe thuong
c6 thoi quen chi dé dén pha ¢ ché do chiéu sang
pha va it chuyén ché do chiéu sang vé ché do
6t khi co phuong tién di nguoc chiéu. Théi
quen nay la nguyén nhan gay ra hién tugng
ch6i mit cta ngudi diéu khién phuong tién di
nguoc chiéu do chum tia sang cuong do cao
chiéu thing vao mét nguoi diéu khién phuong
tién di nguoc chidu.

be¢ hiéu sau va toan dién hon veé cau tao,
nguyén ly lam viéc va mach di€u khién, vi diéu

khién ctia hé théng chiéu sang tu dong trén 6
td, bai bao nay tap trung nghién ctru mo6 phong
va ché tao md hinh hé théng chiéu sang tyr dong
voi cuong do anh sang dudi 400Lux; tir 400-
600Lux va trén 600Lux.

2. MO PHONG MACH PIEU KHIEN

So d6 mé phong mach hé thong chiéu
sang trén 6 to duoc thyc hién trén phan mém
Proteus [3, 4]. Hé théng nay st dung mot sd
khéi chinh nhu: Vi diéu khién Atmegal6 [5],
man hinh hién thi LCD 16x2 [6], cam bién anh
sang 1C LM393.

Trong diéu khién tu dong nédi chung
c6 thé sir dung nhiéu loai vi diéu khién khac
nhau nhu: Atmega8, Atmegal6, Atmega32,
Atmega64, Atmegal28, Atmegal280,... Mbi
loai vi diéu khién c6 wu, nhuoc diém riéng,
tly theo tng dung diéu khién ma Iya chon cho
phul hop. Trong nghién ctru ndy, vi diéu khién
dugc chon 1a Atmegal6 (hinh 1), day 1a dong
vi diéu khién 8 bit, cac thong s0 chinh cua vi
diéu khién Atmegal6 dugc thé hién trong bang
1[7].

U1
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Hinh 1. Vi diéu khién Atmegal6
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Bang 1. Céc théng sé chinh ciia vi diéu khién

Atmegal6 [5]
Théng sb Gia tri
Dién ap lam viée 4,5+55V
Tan s6 lam viée 0+ 16MHz
S6 chan loai PDIP 40
S6 chan /O 32
S6 kénh ADC 10 bit 8
S6 kénh PWM 4
S6 kénh time 8 bit 2
S6 kénh time 16 bit 1
B0 nhé chuong trinh flash 16 K bytes
Bo nhé EEPROM 512 bytes
B6 nhé SRAM 1 K byte

Dé hién thi cuong do anh sang, nhom
tac gia sir dung man hinh hién thi LCD 16x2 [6]
(hinh 2), day 14 loai man hinh hién thi ky tu cho
phép hién thi thong tin trén hai hang, mdi hang
hién thi toi da 16 ky tu. Mot s6 thong s6 chinh
cia man hinh LCD 16x2 duoc thé hién trong
bang 2.

e it ]
ECER

Hinh 2. Man hinh hién thi LCD

Bdng 2. Cdc théng s6 chinh ciia man hinh LCD

16x2 [6]
Théng sb Gia tri
Kich thudc 16x2

S6 chan diéu khién 3

S6 chén bus dit lidu 8
Chén VSS Nguén 0V
Chan VDD Nguon 5V
Chan VEE Do tuong phan
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Thuét toan didu khién danh lira (Hinh
3) va chuong trinh diéu khién dugc thuc hién
trén phian mém CodeVisionAVR dugc viét
bang ngon ngit C++, chuong trinh nay duoc
bién dich va nap vao Atmegal6 dé diéu khién
hé théng chiéu sang ty dong.
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Hinh 3. Thudt toan hé théng chiéu sang ty dong

3. MO PHONG VA CHE TAO MO HINH
HE THONG CHIEU SANG TU PONG

3.1. Két qua md phéng

Dé thyc hién muc tiéu nhu trinh bay &
phan 1, mo phong dugc thuc hién véi cac thong
s6 cudong do anh sang nhu sau: Dudi 400Lux;
tir 400Lux dén 600Lux; trén 600Lux.
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a) Dudi 400Lux: dén pha, deén cot déu tdt; b) Tir
400Lux dén 600Lux: dén pha sing, dén cot tdt
¢); Trén 600Lux: dén pha tdt, dén cot sang
Hinh 4. Két qua mé phong hé thong chiéu sing
tw dong

3.2. Ché tao mé hinh

Qua trinh ché tao mo hinh hé théng
chiéu sang tu dong dugc thuc hién theo cac
budc sau:

- Chuén bi linh kién: Céc linh kién nhu
Ardruino, cam bién anh sang quang tré 4 chan,
deén pha — cdt, khung giéd nhua, bo mach, day
nbi, nguon.

- Lip rap va hoan thién mé hinh: Thiét
ké va gia cong panel gan thiét bi, thiét ké, ché
tao khung gi4, lap rap mo hinh, di day va van
hanh mé hinh. M6 hinh hé thong chiéu sang
tu dong duogc ché tao thanh cong thé hién trén
hinh 5.

Hinh 5. M6 hinh mé phong hé thong chiéu sang tir dong

4. KET LUAN

Pi mo6 phong thanh cong hé thong
chiéu sang tu dong theo céc tin hi¢u cuong do
anh sang khac nhau, dong thoi xay dung duoc
thuat toan diéu khién va chwong trinh diéu
khién bang phan mém CodevisionAVR.

Pi ché tao thanh cong mo hinh mo
phong hé théng chiéu sang tu dong hoat dong
theo cac tin hiéu cudng do anh sang gom: dudi
400Lux: dén pha, dén cbt déu tit; tir 400Lux
dén 600Lux: dén pha sang, dén cot tit; Trén
600Lux: dén pha tat, dén cbt sang. <
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NGHIEN Cl’U THIET KE VA CHE TAO MAY KHAC GO CNC 4 TRUC

STUDY ON DESIGN AND MANUFACTURE 4-AXIS CNC WOOD ENGRAVING
MACHINE

Nguyén Anh Tuén', Nguyén Quang Diing?
'Khoa Co khi, Truong Dai hoc Kinh té — Ky thuat Cong nghiép
?Khoa Vi khi, Hoc vién K¥ thuat Quan su

TOM TAT

Hién nay, viéc vmg dung mady khiac CNC 4 truc trong linh viee diéu khdc dang ngay cang
phé bién, dic biét véi cdc chi tiét diéu khdc c6 bién dang phirc tap. Cac mdy khdic gé CNC 4 truc
hién nay trong cdc co sé san xudt va cdc trieong dai hoc chii yéu la nhdp khau. Tuy nhién, gid thanh
nhdp ngoai ciia cdc mdy khiac CNC 4 truc thiong 16m va trong qud trinh sir dung, khi c6 s co thi
viéc thay thé, hiéu chinh may kha phirc tap, ton kém. Vi vy, trén co sé ké thira cdc nghién civu trude
ddy, nhém tdc gia da nghién ciru thiét ké ché tao may khac gé CNC 4 truc, véi mong muon lam chii
cong nghé ciia may khdc gé CNC 4 truc dé phuc vu céng tac dao tao. Két qua thir nghiém cho thdy
may khdc gg CNC 4 truc da thiét ké ché tao hoat dong 16t, ¢ thé gia cong dwoc cdc chi tiét trén mot
$6 vt liéu nhuw g6, mica, nhwa, ... nham giam lao déng thii cong va ting ndng sudt lao déng. Dong
thoi, két qua ciia nghién ciru nay ciing cé ¥ nghia thiét thwe trong dao tao, ldp trinh, vin hanh mdy

CNC.
Tw khéa: CNC; May khdc g6 CNC 4 truc.
ABSTRACT

Currently, the application of 4-axis CNC engraving machines in the field of sculpture is
increasingly popular. Especially, the fabrication for parts with complex profiles is only effective
when machining on 4-axis CNC machines. However, the imported cost of 4-axis CNC engraving
machines is often very high, and during use, when there is a problem, the replacement and adjustment
of the machine is quite complicated and expensive. Therefore, on the basis of inheriting previous
research, the authors have researched, designed and manufactured a 4-axis CNC wood engraving
machine, with the desire to master the technology of a 4-axis CNC wood engraving machine to
serve training in universities and towards mastering the technology of 4 axis CNC wood engraving
machine. Test results show that the machine works well on a number of materials such as wood,
mica, plastic, etc. to reduce manual labor and increase labor productivity. At the same time, the
results of this study also have practical significance in training, programming, and operating CNC
machines.

Keywords: CNC; The 4-axis CNC wood engraving machines.
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1. PAT VAN PE

Hién nay, cac may khic gd CNC 04
tryc dang dan thay thé cac may gia cong truyén
thdng va duoc img dung rat pho bién trong linh
vuc gia cong gd, dic biét 1a cc linh vuc can
ché tao cac chi tiét c6 do phtc tap cao nhu diéu
khéc tranh anh, khic hoa tiét hoa van trén cac
san phdm qua ting... [1]. Do d6, viéc tinh toan
thiét ké ché tao may khic gd CNC 04 tryc da
duogc nhiéu tic gia ¢ cic nudc phat trién trén
thé gi6i thuc hién nghién ctru tir trude dén nay
dé khong ngimg cai tién vé ning suat va do
chinh xéc gia cong, tudi tho va d6 on dinh cua
may,... Mot sd cong trinh nghién ctru di duoc
cac hing ché tao mdy trén thé gisi ung dung dé
ché tao thanh cac san pham thwong mai... Tuy
nhién, cac cong bd cua cac hing thudng mang
tinh chét gi6i thidu, khong c6 tai lidu thiét ké va
cong nghé cy thé nén kho ap dung.

Tai Viét Nam, mot sb it nhiing dé tai
nghién ctu da duogc thyc hién trude day vé thiét
ké ché tao may khic gd CNC nhu dé tai “Nghién
ctru, thiét ké va ché tao may khic da CNC 3
truc”, thuc hién nam 2020 ctia nhom tac gia Bui
Thanh Luan va Nguyén Doan Hai da thiét ké va
ché tao duoc mot may khac da CNC 3 truc [2].
Gan day, dé tai “Thiét ké, ché tao may khic gd
CNC 3 truc dang nho” cua nhom tac gia Tao
Quang Bang, Truong Dai hoc Bach khoa, Dai
hoc ba Nrflng thuc hién nam 2022 da tinh toan
thiét ké ché tao dugc mot may khic CNC 3 truc
dang nho [3]... Tuy nhién, cac nghién ctu vé
thiét ké ché tao may khéc g6 CNC 4 tryc o Viét
Nam dén nay két qua dat dugc con nhiéu han
ché. Céac nghién ctru vé thiét ké ché tao may
khic gd CNC 4 tryc & Viét Nam van chi mang
tinh thir nghiém 1a chu yéu.

V61 nguoi dung ca nhan hoac céc co sd
san xuat gia cong nho, dac biét cac co s dao tao

1ap trinh va van hanh may CNC nhu céac trudong
dai hoc, cao dang, trung hoc chuyén nghiép,...
thi can t6i wu chi phi dau tu may moc thiét bj ma
van dam bao duoc cac yéu cAu dit ra. Vi vay,
viéc nghién ctru thiét ké tao may khic gd CNC
4 tryc c6 kich thudce phu hop, hoat dong hi¢u
qua, gia thanh thp c6 thé phuc vy nhiing yéu
cau néu trén 14 rat can thiét, gitip toi wu chi phi,
chu dong hon trong viéc ché tao, sir dung may.
Dic biét, d6i vi Khoa Co khi, Trudng Pai hoc
Kinh té — Ky thuat Cong nghiép, diéu nay 1a rat
can thiét dé gitip sinh vién c6 thé dugc thuc tap
van hanh trén cac may CNC 4 truc, hudng dén
lam cha dugc cac may moéc thiét bi hién dai,
tiép can duoc véi thyuc té san xuat.

Trong bai bdo nay, tac gia trinh bay két
qua nghién ctu thiét ké va ché tao may khic
gd CNC 04 truc ung dung trong giang day tai
Khoa Co khi va Cau lac bo STEM, Truong Pai
hoc Kinh té — K§¥ thuat Cong nghiép.

2.NOI DUNG

2.1. Pic diém két cAu ciia may khic g6 CNC
4 truc

May khéc gd CNC 4 truc s& c6 kha nang
di chuyén theo bon hudng khac nhau, thuong 1a
ba chuyén dong tinh tién theo ba huong (x, vy,
z) va mot chuyén dong quay (thuong truc A).
Diéu nay cho phép may khic gd CNC 4 truc
thue hién gia cong dugc cac bé mit phuc tap
hon so v&i cac may phay gd CNC 3 truc, vi
diéu nay cho phép thuc hién cac thao tac phay
hodc khic & cac gbc do khac nhau.

s Z

Jr

A~ Sy

X Y

Hinh 1. H¢ truc toa do trén may CNC [1-3]
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V& co ban, may co ciu tao gém mot
truc chinh véi téc d6 quay cao duge gan dung
cu cit. Khi lam viéc, truc chinh sé tinh tién theo
truc Z, phoi dugc ga ¢ dinh trén ban may va
tinh tién theo truc X, Y két hop voi truc Z dé
tao hinh san phadm. Ngoai ra, trén cac may khic
g0 CNC 4 tryc s& dugc mo rong thém mot truc
chuyén dong xoay xung quanh tryc X hodc Y
hodc Z nhu thé hién trén hinh 2. Do do, may
c6 kha nang gia cong cac loai chi tiét phirc tap
v6i 01 lan ga dat, s& giup gia cong duoc cac chi
tiét o6 bé mit phtc tap, tdc do cat vat liéu cao,
giam thoi gian gia cong, giam thoi gian ga dat
phoi, nang cao chat lugng bé mit va do chinh
xéc cua chi tiét gia cong.

Hinh 2. Cau tao ciia may khéc g6 CNC 4 truc
2.2. Thiét ké két cAu may khic g6 CNC 4 truc
2.2.1. Phan tich lwa chon phwong dn thiét ké

Dua vao vi tri cdc truc quay, may khac

gS CNC 4 truc dugc phan loai thanh 03 dang
chinh nhu sau:
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+ Truong hop 1: Ban may di chuyén
theo truc X, Y. Phoi duoc ¢ dinh trén ban may,
ban may dich chuyén theo huéng X va Y, truc
chinh chuyén dong theo hudng Z, truc A nam
trén ban may tdm quay quanh truc X.

+ Truong hop 2: Ban may di chuyén
theo truc Y. Phoi dugce c¢d dinh trén ban may,
ban may dich chuyén theo hudng Y, truc chinh
chuyén dong theo huéng X va Z, truc A nam
trén ban may tam quay quanh truc X.

+ Truong hop 3: Ban méy ¢ dinh. Phéi
¢d dinh trén ban may, ban may khong dich
chuyén, truc chinh chuyén dong trén ca ba truc
X, Y, Z, truc A nam trén ban may tdm quay
quanh truc X.

Trén co s& phan tich uu, nhuoc diém
ctia cac loai cu hinh may khic gd CNC 4 truc
& trén, nhom tac gia lya chon phuong an thiét
ké méy 4 tryc voi két ciu ban may di chuyén
theo truc X, Y (truong hop 1). Vi phuong an
nay, may s& c6 két céu chic chin, cac bé may
truc X va Y phai duoc thiét ké, tinh toan chinh
xac dam bao viéc nang do cac bo phan khac.
Bén canh do6, dau cuia dong co truc chinh phai
nam gitta khong gian hoat dong ctia ban may dé
tan dung toi da ving gia cong.

2.2.2. Thiét ké cum truc X, Y, Z va cum A

Dya trén muc dich st dung mo hinh
may khic gd CNC 4 truc tai Khoa Co khi va
Céu lac bo STEM, Trudng Pai hoc Kinh té —
K¥ thuit Cong nghi€p, nhém nghién ctru dit ra
nhitng yéu cau cac thong sb dau vao can thiét
ké ciia may khic gd CNC 4 truc nhu sau:

- Gia cong dugc phdi co kich thudc
500x250x150 mm;
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- Ga lép duoc cac loai dao c6 duong
kinh tir ®1 dén @12;

- Toc do cat toi da 24.000 vong/phut;

- P06 chinh xéc kich thudc cao nhat 0,01
mm;

- Kich thuéc may: 750 x 680 x 800
(mm).

Trén co so nhimng yéu cau vé cac thong
s6 dau vao nhu trén, nhom nghién ctru da thyc
hién tinh toan thiét ké hé thong co khi va hé
théng diéu khién cta may. Trudc tién, thuc
hién tinh toan thiét ké ddi voi céc chi tiét tiéu
chuan. Viéc tinh toan thiét ké cac chi tiét tidu
chuén dya trén nguyén tic tinh chon. Can ctr
vao catalog cac chi tiét tiéu chudn ctia cac hing
san xuit, nhom nghién cuou da thuc hi¢n tinh
toan va lua chon duoc cac chi tiét va thiét bi co
ban cua hé théng may khic gd CNC 4 tryc nhu
sau:

-Pong co budc diéu khién vit-me 3 tryc
X, Y, Z 1a dong co servo c6 Model 86 HBMS8O0-
01-1000;

- Bong co diéu khién truc A 1a dong co
servo c6 Model 86 HBM&0-01-1000;

- Bong co truc chinh c6 Model 1a GDZ-
80- 2.2B;

- Thanh dan huéng cta 3 truc X, Y, Z ¢6
Model 1a HGW20CA;

- Truc vit-me cta 3 truc X, Y, Z 1an luot
c6 Model la SFS01620-1.8, SFS01605-3.8,
SFS01620-1.8 cua hang TBI MOTION.

Day 14 co s¢ dé thyc hién thiét ké cac

cum chi tiét chinh ctia may khic gb CNC 4
truc. Cu thé nhu sau:

a. Thiét ké cum truc Z

(1): Khung truc Z; (2): Goi gd spindle; (3):
Spindle; (4): Ray truot;
(5): Pong co truc Z; (6): Khép noi; (7): Bé truyén
vit-me dai éc bi; (8): Goi dé vit-me.

Hinh 3. Két cau cum truc Z

Hinh 3 thé hién két ciu cum tryc Z cua
may khic gd CNC 4 truc. Khi dong co (5) quay,
thong qua khdp nbi (6) s& truyén chuyén dong
quay cho truc vit-me bi (7). Khi do, truc vit-me
bi an khop véi dai dc bi dan dén ao dai dc bi (4)
gan v6i ban may chuyén dong tinh tién tao ra
chuyén dong chay dao dtng ctua may khic gd
CNC 4 truc.

b. Thiét ké cum truc X

Hinh 4 thé hién két cdu cum X cua may
khic g6 CNC 4 truc. Khi dong co (6) quay,
thong qua khép ndi sé truyén chuyén dong
quay cho truc vit-me bi. Khi do, truc vit-me bi
an khop véi dai dc bi dan dén dai ¢ bi chuyén
dong tinh tién tao ra chuyén dong chay dao
ngang ctia ban may khac gé CNC 4 truc.
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(1): Tam d; (2): Bé truyén vit-me dai éc bi; (3):
Ray truot; (4): Ban mdy,
(5): Bich ga dong co; (6): Dong co
Hinh 4. Két cau cum truc X

c. Thiét ké cum truc Y

Hinh 5 thé hién két cau cum truc Y cua
may khic gd CNC 4 truc. Khi dong co (7) quay,
thong qua b truyén dai rang sé truyén chuyén
dong quay cho truc vit-me bi. Khi do, truc vit-
me bi an khop voi dai bc bi din dén ban may
chuyén dong tinh tién tao ra chuyén dong chay
dao ngang ctia may phay CNC 5 truc.

(1): Truc vit-me bi; (2): Ray truot; (3): Con truot;
(4): Tam dé;
(5): Bich gd ddng co; (6): Pong co; (7): Khdp noi;
(8): Goi dv vit-me; (9): Khung truc Y
Hinh 5. Két cau cum truc Y
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d. Thiét ké cum truc A

(1): Béng co; (2): Goi do truc A;
(3): Hop giam toc;
(4): Bich ga mam cap, (5): Mam cap, (6): U
chong tam
Hinh 6. Két cau cum truc A

Hinh 6 thé hién két cdu cum truc A cua
may khic gb CNC 4 truc. Khi dong co truc A
(1) quay, mé-men dugc truyén qua khop ndi
1am truc dau vao cua hop giam toc (3) sé quay.
Khi d6, mé-men duoc truyén qua cac cip banh
rang cua hop giam téc theo ti sb truyén 1/10,
lam cho truc dau ra cta hop giam toc s& quay,
dan t6i bich g mam cap (4), mam cap (5) va
chi tiét duoc ga trén mam cip s& quay theo tao
ra chuyén dong quay cua truc A.

2.2.3. Thiét ké tong thé hé thong co khi ciia
mdy khic g6 CNC 4 truc

Trén co s& két cau cac cum truc X, Y, Z,
A di thiét ké o phan truéc, nhom tac gia thuc
hién lap rap cac cum chi tiét trén moi truong
Assembly ctia phan mém Inventor s& xay dung
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duogc két cdu chung cua may khic gd CNC 4
truc. Ttr d6, nhém thue hién thiét ké cum ban
may s& xdy dung duoc két cAu tong thé hé
thdng co khi ctia may khic gd CNC 4 truc nhu
thé hién trén hinh 7.

R

=,

-

N,

(1): Cum tu dién; (2): Cum may tinh; (3): May
khdc g07 CNC 4 truc;
(4): Cum ban may, (5): Két nuéc
Hinh 7. Két cau hé thong co khi ciia mdy khdc gé
CNC 4 truc

2.3. Thiét ké hé thong diéu khién ciia may
khic gb CNC 4 truc

2.3.1. Lwa chon phin mém diéu khién ciia
mdy khic gé CNC 4 truc

Trong thuc té, co rat nhiéu phz‘?ln mém
c6 thé diéu khién cho may khac gd CNC nhu

phﬁn mém: Fanuc, NCstudio, Mach3, ... Trong
nghién ciru ndy s& lya chon phan mém Mach 3
12 phan mém diéu khién may vi chtc ning cua
phan mém nay da dang, giao dién twong thich
v6i nguoi dung, d& khai bao cac thong sé cua
hé thdng va tiét kiém dugc chi phi dang ké khi
ché tao may [4, 5].

Hinh 8. Giao dién phan mém Mach 3 [4-5]

2.3.2. Thiét ké so d6 khéi hé thong diéu khién
ciia mdy khic g6 CNC 4 truc

Pé dam bao sy hoat dong on dinh va
chinh x4c cta thiét bj dap tng ding cac yéu cau
dat ra, nhom nghién ctru thiét ké so dd khdi hé
thong diéu khién ctia may khéc g CNC 4 truc
nhu sau:

l—] | My timh r | [
Wpmatie .
. - | tdl
—_— 11+ .I L
s : I .
| Bila ehn I { e —{ ¥4+ |
= | | Ve .'
| F g
Ihrinar Isriver Iriner D || [ =)
Ak X Axk Ak Axh A — |
Emvn ant] Brvw Brvw
Matar Nl Meaar Nleter
LR AxkY Axh £ Anh g

Hinh 9. So dé khéi hé thong diéu khién cia mdy
khdc g6 CNC 4 truc
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Trong do:

- Phan mém Mach3 va may tinh: C6 vai
tro nhu bo dicu khién CNC, di¢u khién toan bo
hoat dong cuia may.

- Bién tan: C6 tac dung diéu chinh toc
dd, chiéu quay cua truc chinh.

- Mach MK4 dugc két n6i v6i may tinh
qua cong két ndi USB, cong két ndi nay vira c6
tac dung truyén tin hiéu tir may tinh dén mach
Mach3 vira ¢6 tac dung cung cép ngudn dién
5V tr may tinh cho mach dém MK4 hoat dong.

- bong co va driver dong co servor
duoc s dung dé dan dong ban may dé hinh
thanh quy dao chuyén dong cua dau gia cong.

- Cong tac hanh trinh dugc st dung de
gi61 han hanh trinh di chuyén cac truc nham
ngan ngura ban may va cham véi cac goi do.

2.4. Ché tao, thir nghiém gia cong va danh
gia hiéu qua hoat dong

Tir thiét ké két cau co khi va hé théng
diéu khién, nhom nghién ctru di tién hanh gia
cong ché tao cac chi tiét co khi va lya chon
cac thiét bi, linh kién dién tir da tinh chon. Sau
d6, nhom tién hanh lap rap, diéu chinh va thir
nghiém thanh céng may khac gd CNC 4 truc
v6i cac thong sb ki thuat dung theo thiét ké.

Hinh 10. Hinh anh mdy khdc g6 CNC 4 truc sau
khi thiét ké ché tao
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Dé danh gia kiém nghiém kha nang hoat
dong ctia may, nhom nghién ctru da tién hanh
gia cong thir nghiém mot s chi tiét dién hinh.
Két qua cho thdy may phay CNC 5 truc ma
nhém thiét ké ché tao hoat dong on dinh, dam
bao cac thong sd ky thuat yéu cau di dua ra,
san pham gia cong c6 do chinh xac kich thudc
va hinh hoc dat yéu cau ky thuat dat ra véi do
chinh x4c kich thudc 0,01 mm va do nham bé
mat dat Ra=2,5.

Hinh 1. Hinh dnh mét sé san phcfm droc thuc
nghiém gia cong trén may

3. KET LUAN

Bai bao trinh bay mot sé két qua nghién
ctru thiét ké va ché tao may khic g CNC 4
truc. Sau khi tién hanh thyc nghiém gia cong
nhan thay:

- M4y van hanh dé dang, thuén loi trong
di chuyén, dé bao tri va bao dudng;

- Gia cong dugc cac chi tiét co bién
dang phtic tap nhu ng tuong, con rong, con dai
bang... trén cac vat liéu nhu gd, nhya, mica. ..
San pham thir nghiém gia céng trén may ¢ do
chinh xac hinh hoc va kich thudc dat yéu cau
dat ra.«»

Ngay nhan bai: 12/5/2024
Ngay phan bién: 26/6/2024
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NGHIEN ClrU TIENG ON KHi PONG BEN TRONG XE OTO
RESEARCH ON AERODYNAMIC NOISE INSIDE A CAR

Hoang Thi Kim Dung
Truong Co khi, Pai hoc Bach khoa Ha Noi

TOM TAT

Tiéng on khi dong la tiéng on c6 nguon goc khi dong gdy ra do hinh dang ciia vt thé. Bai
bdo nghién ciru mé phong sé tiéng on khi ddng bén trong xe 6t6 sir dung phan mém ANSYS két hop
v6i phan mém ACTRAN. Két qua cho thdy ¢ téc do chuyén dong 100km/h, tiéng on khi dong bén
trong xe nam trong khodng 35-75dB. Pdy la mirc cwong dé dm nhé khong anh huwéng nhiéu dén
nguoi lai va hanh khach trong xe.

Tir khoa: Tiéng on khi dong; Nhiéu dong dp sudt ém ¢ thanh; Nhiéu dong dp sudt réi ¢
thanh; ANSYS; ACTRAN.

ABSTRACT

Aerodynamic noise is noise with origin of aerodynamic caused by the shape of the object. This
article studied the simulation of aerodynamic noise inside a car using ANSYS software combined
with ACTRAN software. The results showed that at a moving speed of 100km/h, the aerodynamic
noise inside the car was in the range of 35-75dB. This was a low sound intensity level that did not
affect the driver and passengers in the car much.

Keywords: Aerodynamic Noise; AWPF,; TWPE; ANSYS; ACTRAN.

1. GIOI THIEU

Tiéng on c6 ngudn goc khi dong trén
cac phuong tién giao thong 1a linh vuc rt duoc
cac nha khoa hoc quan tam nghién cuu [1-3].

Khi xe 6t6 chuyén dong, cac dong chay
khi dong xuat hién. Khi dong chay nay chay
qua cac vi tri khong lién tuc hay c6 hinh dang
phurc tap s€ gay ra su nhiéu dong ap suét tao
nén cac dong chay réi. Cac dong chay rdi nay
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gdy ra nhiéu dong ap suit tac dong lén cira s6
xe (Wall Pressure Fluctuation — WPF) tao ra
dao dong cho cau trac déo-dan hoi cua cira sd
xe sinh ra tiéng dn bén trong xe [1].

Bai bao nay nghién ctru am khi dong
bén trong 6td két hop phan mém ANSYS va
phan mém ACTRAN dé xir Iy két qua 4m thanh,
khao sat am khi dong xuat hién bén trong xe va
danh gi anh hudng cua tiéng 6n khi dong dbi

vo1 nguoi l1ai va hanh khach.
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2. TIENG ON KHi PONG BEN TRONG
XE

2.1. Co ché hinh thanh tiéng 6n khi déng bén
trong xe

Hinh 1. Sy hinh thanh am khi dong bén trong xe
oto

Hinh 1 trinh bay céc hién tugng xay ra
trén xe va co ché hinh thanh tiéng on khi dong
bén trong xe. Chi tict gom:

- Dong rdi 1 ngudn cua tiéng 6n [1-3]:

+ Céu tric xody cta dong chay sau
guong chiéu hau la ngudn gay tiéng on khi
dong;

+ Tiéng dn bi anh huong boi sy hién
dién cua ctra s6 hinh thanh nhiéu dong mirc ap
am ¢ tuong (Acoustis Wall Press Fluctuation —
AWPE, 1a);

+ Tiéng 6n dugc truyén cuc bd thong
qua cua so (1b).

- Dong r01 cing gay ra sy thay doi
nhiéu dong ap suat roi ¢ tuong (Turbulent Wall
Pressure Fluctuation — TWPF): diéu nay gay ra
rung dong trong cau trac déo-dan hoi cua ctra
sO.

2.2. Mo phoéng bai toan am khi dong bén
trong xe

Hinh 2 thé hién qua trinh mo phong bai
toan am khi dong bén trong xe két hop phan
mém ANSYS Fluent va phan mém ACTRAN.

Dau tién, phan mém ANSYS Fluent duoc sir
dung dé mo6 phong, xuit ra cic gia tri ap suét
trén bé mit ctra sO, van toc khi xung quanh 6t6.
Tiép theo, phan mém ACTRAN xtr 1y cac gia tri
thu duogc tir Fluent, ap dung mo hinh dao dong
am hoc trong ACTRAN dé dwra ra 4m thanh bén
trong xe. Vi bai toan &m khi dong bén trong
xe hién tai, ta chi xét dén sy thay ddi cua ap
sudt bé mat ctra s6 dé tinh muc ap 4m & tudng
AWPF do cic cau tric xoay va mirc nhidu dong
r0i & tudng TWPF hinh thanh do rbi.

Syr thay d6i dp sulit & bd mjt clra 58

\— Ny, -—

Phlbn tich ur dung

umn
e el tri sody

hmmm e——

pr— 1 —
\.— - -~ ===
Hinh 2. M6 phong bai toan am khi dong
3. KET QUA

3.1. M6 phéng bang Fluent

<

a. M6 hinh mo phong

b. Mién tinh todn trong Fluent
Hinh 3. M6 hinh mo phong

Mo hinh xe nghién ctru dugc trinh bay
trong Hinh 3a, mién tinh todn duoc trinh bay
trong Hinh 3b. B gidi trong bai toan Fluent
duoc cai dat voi:
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- LES, dong khong nén dugc;
- Budc thoi gian: At = 0,0001s;
- Xuat dir liéu theo tirng budc thoi gian.

Nhu viy, két qua cua bai toan Fluent
cho ta truong phan bd ap sudt dé tinh toan
TWPF tai cira s6 (Hinh 4) va sy thay doi van
téc xung quanh cira s6 dé tinh toan ngudn 4m
khi dong (str dung trong tinh toan Lighthill [1])
(Hinh 5).

Hinh 4. Ap suat roi va cham vao cika so

Hinh 5. Truong phdn bé vén toc

3.2. Tinh toan ap am AWPF

AWPF phan giy ra tiéng 6n boi rdi va
truyén dén cua so (Hinh 6).

MNgudn &m kb :‘!';,-"l:

Hinh 6. AWPF
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e

Ving dégm

Hinh 7. Tao lwoi AWPF

my

100 Hz 200 Hz

Hinh 8. Ap sudt am ving nguon

Tinh toan am hoc cho ludi am hoc
AWPF (Hinh 7), ta c6 4p sudt 4m & ving niy
(Hinh 8). Tiép theo, ta tinh toan ap suit am
AWPF trén ctra s6 (Hinh 9).

Hinh 9. Ap am AWPF trén cira s6

3.3. Tinh toan nhifu dong ap suit rdi trén
thanh TWPF

TWPF 1a dong rbi tac dong truc tiép
vao ctra sO theo co ché mo ta trong Hinh 10.
Ludi bén trong dugc chia nhu Hinh 11 véi 16p
thaty tinh cta cira s6 xe day 4mm.

Top view

Sy va cham clia dp sudt roi
—

Hinh 10. TWPF
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| Khéng khi K‘ w
i 2
& :

Cira s8

Hinh 11. Tao luoi TWPF

TWPF trén cira sd xe dugc tinh toan
trong Hinh 12.

= "y
m AL

a. 100Hz b. 200Hz
Hinh 12. TWPF trén cira sé xe

3.4. Am khi dong bén trong xe

Str dung két qua AWPF (Hinh 9) va
TWPF (Hinh 12) dé tinh toan 4m hoc bén trong
xe. Hai diém thu Am thanh dugc thiét 1ap trong
0td tuong g vai vi tri cia nguoi 1ai (2,45;
0,45; 1,25) va hanh khach (2,45; 1,3; 1,25) nhu
trong Hinh 13.

| [245.1 ?,1 25)

Hinh 13. Piém thu am thanh trong xe

[245,0.451.25]

Hinh 14. Am thanh tai vi tri nguoi lai

—
— TWPF

] 166 ) 360 0 560
oruiny

Hinh 15. Am thanh tai vi tri hanh khdch

Am thanh trong xe 6t6 udc tinh khoang
35-72dB (Hinh 14, Hinh 15). Pay la mic am
thanh nam trong ngudng nghe dwoc nhung
khong anh huong qua nhiéu dén con ngudi.

Nhu vay, nguoi 1ai va hanh khach it bi
tac dong boi a am khi dong hinh thanh do dong
r0i gan cira so xe.

4. KET LUAN

Ot6 chuyén dong voi van tée 100km/h
gay ra khoang tiéng 6n khi dong trong khoang
35-72dB bén trong xe l1a kha nho khong anh
hudng qua nhiéu dén 14i xe va hanh khach. Tuy
nhién, do han ché cia nghién ctru van chua
xem xét dén toan bd cac dong rdi quanh xe nén
nghlen cu’u md phong am khi dong bén trong
Xe van can tlep tuc phat trién, hoan thién & cac
nghién ctru tiép theo nham tbi vu hoa két ciu
hinh dang khi dong ctia xe dé han ché tdi da
tiéng On khi dong, giam thiéu tac hai do tiéng
on gay ra dbi voi con ngudi. <

Ngay nhan bai: 26/4/2024
Ngay phan bién: 20/5/2024
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NGHIEN ClrU ANH HWONG CUA BIEN DANG PEN DPAC TiNH
AM KHi PONG CANH

RESEARCH ON THE INFLUENCE OF AIRFOIL ON AEROACOUSTIC
CHARACTERISTICS OF WING

Hoang Thi Kim Dung
Truong Co khi, Pai hoc Bach khoa Ha Noi

TOM TAT

Am khi dong la am thanh c¢é nguon goc khi dong. Bai bdo nghién ciru mé phong so am khi
déng ciia canh mdy bay véi bon bién dang khdc nhau gom: NACA4412, NACA2412, Clark Y, NASA
SC(2) — 0610. Nghién ciru dwoc thiee hién & toc dé chuyén dong 0,8M la toc dé chuyén dong ciia
mady bay thwong mai. Két qua nghién ciru cho thdy chdt lwong khi déng cang I6n thi dai mirc dp
sudt am cang nhé va nguoe lai. O ddy, bién dang NASA SC(2) — 0610 cho chdt lwong khi dong tot
nhat khodng 19 va mirc dp sudt am nhé nhdt tir 39-47dB. Ca bon bién dang nghién ciru déu c6 ddi

dp sudt am kha bé nam trong ngudng nghe ciia tai ngueoi.
Tir khéa: Bién dang; Am khi dong; ANSYS; Phwong phdp tach riéng nguon.
ABSTRACT

Aeroacoustic is the sound of aerodynamic origin. This paper researched the aeroacoustics
simulation of the aircraft wing with four different airfoilssuch as NACA4412, NACA2412, Clark Y,
NASA SC(2) — 0610. The research was carried out at a moving speed of 0.8M is the moving speed
of a commercial aircraft. Research results showed that the greater the aerodynamic quality, the
smaller the sound pressure level range and vice versa. Here, NASA SC(2) — 0610 airfoil gave the
best aerodynamic quality of about 19 and the smallest sound pressure level of 39-47dB. All four
research profiles had a relatively small sound pressure range within the hearing threshold of the

human ear:

Keywords: Airfoil; Aeroacoustic;, ANSYS; SSPM.
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1. GIOI THIEU

Am khi dong 13 4m thanh c6 ngudn gdc
khi dong, hinh thanh hoan toan do su bién doi
cua truong ap suat qua vat thé.

V61 muc dich nghién ctru am khi dong
qua cac canh c6 bién dang khac nhau, bdn bién
dang canh dugc lya chon va nghién ctu & tde
do 0,8M. Nghién ctru dugc thuc hién voi sy tro
gitip ciia phan mém ANSYS. Dau tién, bai toan
khi dong duoc thyc hién dé tinh trudng phan
bd ap sudt qua canh [1-3]. Sau d6, phuong phap
tach nguén SSPM dugc str dung, xem phan bd
ap sudt cua bai toan khi dong nhu dau vao dé
tinh mac 4p am trén canh.

2. MO HINH CANH NGHIEN CUU

M0 hinh cénh nghién ctru c6 dang hinh
chir nhat véi sai canh 1m, day cung 0,2m va
bién dang gom (Hinh 1):

- NACA4412: B6 day 16n nhat 13%
tai vi tri 30% day cung, do vong 16n nhat 4%
tai vi tri 40% day cung. Thuong dugc st dung
cho may bay mo hinh, dong may bay Aeronca,
Champion, Jabiru, Stinson...

- NACA2412: Do day 16n nhat 12%
tai vi tri 30% day cung, do vong 16n nhat 2%
tai vi tri 40% day cung. Thuong dugc st dung
trong cac dong may bay: Baumann, Cessna,
Fleetwings, Reims...

- Clark Y: Do day 16n nhat 11,7% tai vi
tri 28% day cung, do Véng 16n nhat 3,4% tai vi
tri 42% day cung. Thuong duoc sir dung trong
cac dong may bay: Aerocomp, Aeronca, Avia,
Call Air, Kinner, Monocoupe, Spartan...

- NASA SC(2) — 0610: D9 day 16n nhét

10% tai vi tri 38% déy cung, d6 vong 16n nhat
1,8% tai vi tri 82% day cung. Profil NASA
SC(2) — 0610 c6 d6 day va hinh dang tuong tu
voi profil cia Airbus A380.

a. Kich thuoc canh

NACA 4412

NACA 2412

Clark Y

NASA SC(2) - 0610
b. Bién dang canh
Hinh 1. M6 hinh canh

Hinh 2. Mién tinh todn va chia luéi
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S6 lwong | Skewness | Ortho
NACA 4412 | 432.106 0,255 0,844
NACA 2412 | 490.923 0,254 0,846
Clark Y 488.299 0,257 0,843
NASA SC(2)
0610 467.814 0,258 0,841

Bai toan khi dong duoc giai voi diéu
kién lam viéc ciia may bay thuong mai & toc
d6 0,8M voi budc thoi gian 2,5%107°s dung mo
hinh réi k-¢ tiéu chuan trong ANSYS. Mién
tinh todn va ludi mo6 phong cia cac bai toan khi
dong vai sb luong phan tir va chat luong ludi
duoc thé hién trong Hinh 2.

Bai todan am hoc su dung phuong
phap tach riéng ngudn (Segregated Source
Propagation Methods — SSPM) [1].

3. KET QUA
3.1. Dac tinh khi dong

Dong chay qua bon bién dang duge thé
hién trong Hinh 3. Piém tiép xuc dau tién giita
dong khi va mép vao cua canh cho ap suat 16n
nhét. Chat luong khi dong, C /C,, dugc téng
hop trong Bang 1. Canh c6 bién dang NASA
SC(2) — 0610 cho chét lwong khi dong tot nhat
1a 19,00.

Prassure
Contour 2
1.5560e+005
qlaﬁt-ﬂ:ﬁ
1.114e+005
B 853e-004
6.558e+004
4. 313e-004
2 038e+004
-2 36be+003
-2 512e+004
4?&?9-1!01
-1 D62e+004
Pa)

a. NACA 4412
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b. NACA 2412

Prassure
Contout 2

1.5320+005
H 1.341e+005
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957404004
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5 7418+004
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c. Clark'Y
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. 3 78504004
2 88%e-004
1.0080+004
1.01der004
9 081e+002
£ 32Te+003
1. 750e+004

-2 B80e+004
H 3 80034004

4 53Te+004
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d. NASA SC(2) — 0610
Hinh 3. Phdn b6 dp sudt qua canh

3.2. Pic tinh Am thanh
Hinh 4, 5, 6 1a mtc ap am cua cac canh

c6 bién dang khéac nhau tai ba vi tri c6 toa do:
A(0; -1; 0) — Gbc canh; B(0; -10; 0) va C(0;

-20; 0).



NGHIEN CU'U - TRAO BOI

Véi am thanh & tan s6 du6i 10 kHz thi
muc ap am cao nhu'ng chua 6n dinh. Con VO’i
am thanh & tan s6 trén 10 kHz, muc ap am da on
dinh hon nhung mirc ap Am & tan s6 nay khong
gdy ra qua nhiéu tac hai ddi voi tai nguoi.

Bang 1 tong hop dai 4p suat 4m cta cta
bbn canh c6 bién dang khac nhau. Canh NASA
SC(2) — 0610 cho chat lwong khi dong t6t nhat
va ¢ dai ap suat 4m kha bé. Ca bdn bién dang
déu cho dai 4p suit 4m trong khoang tai ngudi
nghe thiy ma khong cam thay dau, nhéi. C6 thé
két ludn rang, chat luong khi dong cang 16n thi
muc ap am hinh thanh cang bé [2], [3].

300000
100000
0 2000 D00 000 SO00 10000 12000 14000 16000 18000 20000
Fregquency (H)

a. NACA4412

-I 2000 4000 SO00 SOO0 10000 1000 14000 15000 18000 0000
Franguency (Hz)

b. NACA2412

.l 2000 4000 6000 00O 10000 12000 14000 16000 18000 20000
Freguency (42

c. Clark Y

0 2000 4000 6000 @000 10000 12000 14000 16000 18000 20000
Freguency (Hz)

d. NASA SC(2) — 0610
Hinh 4. Muc ap suat am tai vi tri A

a. NACA4412

l- 7000 4000 SO00 SH00 10000 12000 14000 16000 15000 20000
Froquency (H2

b. NACA2412

0 2000 4000 GOO0 BDOO 10000 12000 14000 16000 15600 10000
Frequency O

c. Clark Y

d. NASA SC(2) - 0610

Hinh 5. Mikc dp sudt am tai vi tri B

0 000 4000 000 G000 10000 12000 14000 16000 18000 10000
Frogquency (R0

a. NACA4412

'l. IO 000 6000 |-."—1-I-|-a

b. NACA2412
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@ 2000 4000 €000 BOOD 10000 12000 14000 16000 18000 20000
Frequency (H)

c. Clark'Y

0 2000 4000 SOOO G000 10000 11000 16000 15000 19000 10000
Frequency (Hz)

d. NASA SC(2) - 0610
Hinh 6. Muc ap sudt am tai vi tri C

Bdng 1. Chat lwong khi dong va ddi ap sudt am
doi véi timg canh

Ap suit am (dB)
Profil canh C./C

Piém | Piém | Piém
A B C

NACA4412 4,70 | 20-62 | 20-62 | 15-45

NACA2412 4,775 | 40-77 | 40-77 | 30-52

Clark Y 3,30 | 50-65 | 50-65 | 53-56

NASA SC(2) —
0610

19,00 | 39-46 | 39-46 | 43-47
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4. KET LUAN

Am khi dong cua canh hinh chir nhat
v6i cac bién dang khac nhau dugc nghién cuu
mo phong dung phan mém ANSYSS.

bac tinh khi dong cta canh cang 16n thi
dai 4p suat 4m hinh thanh cang nho va nguoc
lai. O day, bién dang NASA SC(2) — 0610 co
chét lwong khi dong cao khoang 19,00 va dai
4p sudt am hinh thanh bé ndm trong khoang 39-
47dB.%
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DANH GIA KHA NANG AP DUNG TIEU CHUAN STANAG 4367
CHO TiNH TOAN THUAT PHONG TRONG

EVALUATION OF APPLICABILITY OF STANAG 4367 STANDARDS
FOR CALCULATING THE INTERIOR BALLISTIC

TS. Nguyén Quang Lwong, TS. Nguyén Nam Quy, TS. Lé Hiru Ban
Khoa Vii khi, Hoc vién K¥ thuat Quan su, Bo Quéc phong

TOM TAT

Bai bdo tién hanh so sanh mé hinh thudt phong trong theo tiéu chuan STANAG 4367 cua
NATO véi mé hinh thudt phong trong ciia Lién Bang Nga dang dieoe sik dung tai Viét Nam; doi twong
dp dung la phdo 105mm ciia My. Két qua tinh todn cho thdy, mé hinh theo tiéu chuan STANAG 4367
phan énh chinh xdc ban chdt cia bai todn thudt phong trong va sai léch két qua kha nhé so véi mé
hinh ciia Lién bang Nga (LB Nga); cé thé dp dung mé hinh ndy dé tinh todn thudt phdong trong cho

cac logi sung phdo khac.
T khéa: Thudt phéng; Thudt phéng trong; Tiéu chudn STANAG 4367.
ABSTRACT

The article compares the interior ballistic model according to NATO's STANAG 4367
standard with the Russian Federation's interior ballistic model being used in Vietnam; The object
of application is the American 105mm artillery. Calculation results show that the model according
to STANAG 4367 standard accurately reflects the nature of the interior ballistic problem and the
deviation of the results is quite small compared to the model of the Russian Federation, This model

can be applied to calculate the interior ballistic for other types of artillery guns.

Keywords: Ballistics, Interior Ballistic; STANAG 4367 Standards.
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1. PAT VAN PE

Trong bién ché cua Quan ddi ta hién
nay, c6 mot luong khong nhd sung phao, dan
duoc xudt xur tir My va cac nudc NATO, mot
phan trong s d6 dugc mua méi nhitng ndm gan
day, phan con lai 13 chién loi phdm thu duoc
trudc nam 1975. Tuy nhién, viéc nghién curu
thuat phong trong (TPT) cua nhiing loai sing
phao nay & nude ta hién nay nham xac dinh cac
tinh nang chién — ky thuat con han ché. Thong
thuong, khi nghién ctru TPT cua céac loai sung
phéo, nguoi ta st dung md hinh tinh toan theo
quan diém thuét phong cua LB Nga [1]. Trong
bai bao nay, cac tac gid dua ra mo hinh toan
va tién hanh lap trinh tinh toan TPT cho phao
105mm cta My bang hai phuong phap ké trén,
tir d6 danh gia kha ning st dung tiéu chuin
STANAG 4367 dé nghién ctru TPT cho cic loai
sung phao.

2. MO HINH TOAN BAI TOAN THUAT
PHONG TRONG CUA SUNG PHAO

Theo [1, 2, 4], hé phuong trinh mo ta bai
toan TPT trong long nong siing phao bao gom
cac phuong trinh mé ta quy luét tbc do chay,
quy lut sinh khi ctia thuc phong, phuong trinh
moé ta chuyén dong cua dan trong long nong,
phuong trinh co ban TPT va mét vai phuong
trinh mo ta cac mdi quan hé bo sung. Két qua
clia bai toan TPT 1a mbi quan hé cia cac phan
tir thuat phong, trong d6 quan trong nhat 1a cac
quy luat thay d6i cua ap suat khi thudc va toc
d6 chuyén dong cua dan theo thoi gian va theo
quing duong chuyén dong cua dan, tic 1a quy
luat p(1), v(1), va p(t), v(t). Cac h¢ phuong trinh
nay dugc cu thé hoa trong Bang 1 dudi day,
theo quan diém thuat phong cua LB Nga va
theo tiéu chuan STANAG 4367 [1, 3].

Bang 1. H¢é phuwong trinh mo ta bai toan thudt phong trong ciia sung phao

Theo quan diém thuit phong

Tén phwong trinh ciia LB Nga Theo tieéu chuan STANAG 4367
Quy luat toc do chay cta thude dz _p _ %
—=— = A +k
phong a 1= 1o B(P) +hy,

Quy luat sinh khi cta thube
phong

w = yz(l+ Az + pz*)

Phuong trinh chuyén dong cua
dan

v _sp o _dl
dt om — dt

4z, _Sh

dt Vgl
v = d(vp) — A(B, _fRPR)
r dt m

P

t t
X= jo v,dt+ IO v, dt

Phuong trinh co ban TPT

Sp(l, +1)= foy —ggomvz

- T « F°CZ F,
pP=— z L_,_I_Cf
VC i=1 T .

0,

i i

Céc moi quan h¢ bo sung

3m, 3m,

I)b =|:I_)+ CT(fRPR):|/|:1+ CT :|
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Do hai hé phuong trinh déu bao gdm
nhitng qua trinh giéng nhau nén trong mdi
phuong trinh mo ta tung qué trinh dugc tinh
toan tuong ty nhau, cong thirc c6 thé khac nhau
nhung tinh chat cua chung thi lai gidng nhau.
Trong md hinh toan theo quan diém ctua LB
Nga: vi¢c xac dinh nhiét d¢ trung binh cua liéu
phong gip kho khan do trao doi nhiét xay ra
cham, dic biét liéu phong co thé bi anh hudng
boi nhiét d6 bé mat budng d6t; thira nhan thude
phong tudn theo quy ludt tbe d6 chay tuyén tinh
mot sb hang. Con mo6 hinh toén theo tiéu chuin
STANAG 4367: di tinh dén anh hudng cua
nhiét do thanh budng ddt trong phwong trinh
tinh 4p sudt trung binh cuia khi thudc trong 1ong

nong; thudc phéng tuan theo quy luét toe do
chay ¢ dang tong quat, khong phai xac dinh cac
dic trung hinh dang thudc phong ma chi can
xac dinh kich thudc cua n6. Ngoai ra, trong ca
hai mé hinh déu da tinh dén cac loai ton that
nang lugng trong long nong thong qua cac hé
sO.

3. TINH TOAN THUAT PHONG TRONG
3.1. Dit liéu du vao
Dit liéu dAu vao cho bai toan tinh toan

thudt phong trong cho phdo 105mm cua My
duogc thé hién trong Bang 2 [3, 5].

Bdng 2. Cdc dit liéu dau vao

Ki hiéu
Cac dir liéu Theo LB Nga Theo STANAG Tri s6 Pon vi
4367
Thé tich budng dot W, v, 0.0024362 m’
Dién tich tiét dién long nong S 0.89 dm?
Chiéu dai nong 1, X 3.11 m
Trong lugng dan q m 14 kG
Ap suat tong dan P, P, 3000000 kG/m?
Trong lugng thudc phong ® C, 3.25 kG
Luc thube phong f F, 998000 kG.m/kG
Luogng cong tich o b, 1.096 dm*/kG
Mat d6 thudc phong 8 P, 1.68 kG/m?
Xung luong toé}n phfm clia ap suét I 2710 KG.s/dm?
khi thude k
Dic trung hinh dang thudc phong X 1.06
Hé sb mii doan nhiét cta khi thube 0 0.2
Nhiét do ngon Iua T, 2631 K
Téc do chay theo cap sd nhan Q. 0.64
Heé s toc do chay B. 0.000000509 |  m/sMPa
Nhiét dung riéng Y; 1.258
Chiéu dai cta hat thudc phong L, 0.105 m
Puong kinh ngoai, duong kinh D, 0.0206
trong cua hat thube phong d, 0.008 m
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Heé s6 toc do chay f 1
Hé s6 cit dai dan f, 1
Hé s6 nhiét do chay £ 1
Hé s6 nhiét do £ 1

3.2. Két qua va thdo luin

Str dung hai mé hinh TPT da néu dé giai
bai toan TPT cho phao 105 mm ciia My, két
qua thu duoc 1a quy ludt ap suat khi thudc va
van tdc dan, dugc thé hién trong Hinh 1.

P(\Vipa)

— M hinh cia LB Nga Hm's)
—-—--MBhinh STANAG 4367

(1)

__ MphinhcialBNga "%
-~ Mbhinh STANAG 4367

ifs)
0002 0004 0006 0008 001 0012

(b)
Hinh 1. Quy ludt dp sudt khi thuoc va van toc dan
vdo quing dwong chuyén déng (a)
va thoi gian (b)
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Tir Hinh 1 cho thdy, quy luat thay dbi
ctia ap suat khi thudc va van toc dan theo quéing
duong chuyén dong cia dan trong 10ng nong va
theo thoi gian & ca hai phuong phap déu phan
anh chinh x4c ban chit cia bai toan thuat phong
trong trong long nong sung phéo. Khi tinh toan
theo quan diém thut phong cia LB Nga thi
ap suét 1on nhat trong long nong P, = 263.05
MPa va van tdc dau nong V= 475.4 m/s; con
khi tinh toan theo tiéu chuan STANAG 4367,
ta thu duoc P = 247.53 MPa va v, = 482.,3
m/s, ta co thé thay su sai khac la kha nhé (doi
voip, la khoang 5.9% va d6i véi v 4 lakhoang
1.4%). Nhu vay, khi tinh toan TPT cho sing
phdo, ca hai phuwong phap néu trén déu cho két
qua tuong duong nhau.

4. KET LUAN

M6 hinh toan 4p dung tiéu chuin
STANAG 4367 mo ta bai toan thuat phong
trong ctia sung phao sat thuc t& hon so véi mo
hinh toan theo quan diém ctua LB Nga, tuy nhién
s6 luong tham sb dau vao 1a twong d6i nhiéu,
trong d6 mot vai tham sé kho c6 thé tim kiém
hodc khoé c6 thé do nhu cac thong s6 vé nhiét
dd, luc ma sat va luc cat dai dan,. .. Ngoai ra,
vé6i viée tinh toan cho nhiéu loai thudc phong
khéac nhau va cac loai ton that nhiét trong khi
bin dan dén sb lugng phuong trinh tinh toan
nhiéu, khéi luong tinh toan tuong dbi lon.

Két qua tinh toan cho thdy, ca hai mo
hinh déu phan anh twong dbi chinh x4c ban chat
cua bai toan thuat phong trong trong long nong
sung phao va su khac biét két qua tinh toan 1a
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khong nhiéu. Nhu vay, viéc st dung tiéu chuin
STANAG 4367 dé tinh toan thuat phong trong
cho cac loai sting phao c6 xuét xi ngoai NATO
1a hoan toan c6 thé va cho két qua tot. <
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PHUONG PHAP XAC BINH BO CUC CHO KHUON EP NHUA
NHIEU LONG KHUON

METHOD FOR DETERMINING THE LAYOUT OF FAMILY MOLD

Tran Xuéin Hiép"2 Pong Vin Keo"2, Banh Qudc Nguyén"**
"Khoa Co khi, Truong Pai hoc Bach khoa, Dai hoc Quéc gia Thanh phé H6 Chi Minh
2Pai hoc Qudc gia Thanh phé H6 Chi Minh

TOM TAT

Khuén nhiéu long khuén la mét phieong phdp hiéu qua dé san xudt cac san pham nhiea hang
loat vira va nhé nham giam gia thanh gia cong. Hai diéu kién dwoc dwa ra trong bai todn cdn bang
khuén la do mat dp sudt dong nhwa qua cic doan ré nhanh téi cdc long khuén phdi giong nhau.
Bén canh dé, thoi gian dién ddy qua cdc giai doan trén kénh dan, cong phun nhiea va san pham
phdi giong nhau nham tranh cdc khuyét tdt san pham ciing nhuw dé dang diéu chinh ché dé ép nhua.
Nghién cvru dat trong tdm vao viéc xay dung co so toan hoc nham xdac dinh bé cuc so bg cho khudn
nhiéu long khuén. Phiong phdp ludn dwoc xdy dwng tir tinh chat leu bién ciia dong chdy nhiea, sir
dung mé hinh nhét Power law va moi quan hé giita do nhot va toc dé cat. Thiét ké can bang cho
khuén hai long khuén dwoc dwa ra cho thdy loi ich ciia phwong phdp tinh da dé xudt.

T khéa: Khuon nhiéu long khuén; Thoi gian dién day; Dé sut dp; Power law.
ABSTRACT

Family mold is an effective method for small and medium mass production, reducing
outsourcing costs, and is applied in plastic injection molding applications. Two conditions are
proposed in the Family mold balancing problem: the pressure drop of the plastic flow through
branching sections to different cavities must be the same. Additionally, the filling time through
the runner system, gates, and products must be the same to avoid product defects and facilitate
easy adjustment of the molding process. The research focuses on establishing a mathematical basis
to determine a preliminary layout for the Family mold. The theoretical method is built upon the
rheological properties of plastic flow, using the Power law viscosity model and the relationship
between viscosity and shear rate. An example of balanced design for a 2-Cavity Family mold
demonstrates the benefits of the proposed method in determining the runner system design at the
initial stage.

Keywords: Family mold; Filling time,; Pressure Drop; Power law.
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1. PAT VAN PE

Khudén nhidu long khuén khac nhau
duoc st dung nhiéu trong san xuat san pham
nhua vi du nhu dd choi va san phém gia dung,
vi 6 thé san xuét hiéu qua va tiét kiém céc san
pham nhya khéac nhau [1]. Trong thiét ké khuon
nhiéu long khuén (TKKNLK), cach bd tri bd
cuc long khuodn 1a cong vi¢e quan trong nhét,
anh huong truc tiép dén hiéu suit cua khuon va
nhiéu yéu t6 then chdt vé thiét ké nhu: dién day
nhua, kénh dén, 18i khuon, khudn va cac yéu to
khac [2]. Kho khan trong TKKNLK lién quan
dén cac to hop sip xép long khuon, kénh dén va
d6 phirc tap cua cac san pham [3]. Cac phuong
phédp TKKNLK thu cong phu thudc vao con
ngudi va su thiéu hut cac nha thiét ké khudn
mau c6 kinh nghiém gay ra thoi gian thiét ké
dai, thiét ké khong t6i wu.

Trong qua trinh thiét ké khuon, viéc can
bang hé thong kénh dan 1a vo clng quan trong
khi thiét ké khuon, cac thong s6 dugc diéu
chinh nhu: thé tich kénh dan, ap suat ép, huéng
kénh dan... muc tiéu hudng dén vé téi uu chi
phi, can bang dong chay, thoi gian dién day...
[4], [5]. Hé théng kénh din phai duoc thiét ké
sao cho mdi 1ong khuén duge 1ap day ¢ cung
thoi diém va ap suat. Khi hé thong kénh din
dugc sir dung dé can bang dong chay, tong do
mat ap suat dién day cta kénh dan cong voi do
sut ap long khudn phai bang nhau tinh tir cac
nhanh & [6]. Viéc thay doi hé théng kénh din
s& lam thay d6i muc giam &p suat trong 1ong
khuén vi téc do dong chay va hé s6 ma sat nhiét
s& thay ddi. Su can bang giita cac 1ong khudn
khéac nhau va bén trong ting long khuon cang
ddng déu thi chat lugng san phim cang cao va
dé dang dé san xuét.

Hién nay, cung voi su phat trién cua
cong nghé ép phun, c6 mdt s6 phan mém CAE

(computer aided engineering) throng mai chang
han nhu Moldflow [7] dugc st dung rong rai va
cling duoc chap nhan nhu mot cong cu danh
cho nghién ctru. Tuy nhién, c6 mot sé kho khan
khi str dung cac phan mém trén dé can bang do
sut ap hay thoi gian dién diy. Cac k¥ su can
phai chudn bi cac k¥ ning vé mé hinh hoa 3D
va kién thuc ‘md phong [8]. Khi thay d6i tham
s6 thiét ké can thuc hién lai chu ky mo phong
s& ton nhiéu thoi gian. Hon nita, cac phan mém
moé phong thuong mai nhu trén kha ton kém dé
mua va van hanh, va dé truy cap tu:ng mo-dun
mo phong rleng can pha1 mua thém gidy phép.

Be giai quyét van dé trén, nhom tac gia cung
cAp mot giai phap sir dung Microsoft Excel dé
thu dugc cac tinh toan 1y thuyét [9], sau d6 két
qua dugc dua vao md phong Moldflow. Véi y
tuong do, vic két hop tinh toan ly thuyet SO
bo, sau do su dung két qua vao phan mém mo
phong hd tro tot hon cho qué trinh m6 phong va
tinh toan. Trong bai bao ndy, chung t6i dé xuét
mot phuong phap nghién ctru s€ tap trung vao
can bang do sut ap va thoi gian dién day, tir d6
dé xuat mot bd cuc so bd cho khudn nhiéu long
khuon khac nhau.

2. MO HINH TOAN CHO DONG CHAY
NHUA

2.1. Tinh chit lwu bién ciia dong chay nhét

Qua trinh chay ctia nhya nong chay
dugc coi 1a dong gan nhu 6n dinh cua cua chét
1ong Newton khong nén dugc trong diéu kién
khong dang nhiét. Mot trong nhimng mé hinh
phd bién dé moé ta hanh vi luu bién cua dong
nhya la m6 hinh Power law [6]. D& nhdt n
khong phai 13 hiang sb ma 1a mot ham thay doi
vé6i bién la toe do bién dang [10], tng sudt truot
¢6 thé biéu dat nhu sau:

r=n(y)y (1)
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D6i voi chat long Newton téng quat,
mdi quan hé giita d6 nhét 1 va toc do truot p
c6 thé duoc dien dat nhu sau [8]:

n=ry"! 2)

Trong d6, k 1a hang s6 (véi don vi
Pes™) va n 1a chi s Power-law.

2.2. P§ mit ap qua ong tiét dién tron
Tir phuong trinh lién tuc ciia dong chét
long trong toa d¢ try, ta c6 phuong trinh rit gon
bén dudi chi voi thanh phan v 1a c6 gia tri:
r ) -ﬂ X
Inkgt " |_ i i Ou'!lr.u
8

Hinh 1. D¢ sut qua 5ng hinh tru

ov
=0 3
0z ®)

V6i v, = v, = 0, phuong trinh bao toan
dong lugng trong hé toa do tru trd thanh:

op 10
O=—F"—+—— 4
0z r@r(rT’Z) @

Téc d6 bién dang dugc biéu dat dudi
phuong trinh:

8vz
or

dvZ
dr

B dvZ
Cdr

y=|e = (5)

Str dung phuong trinh (1) va (2), ta c6
thé suy ra tmg suat cat 7 _:

B dv, ! 6
f =k - (6)
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Luu luong dong chay qua tiét dién tron
la:

R 3+l l
ntR " dp 1 |
_[2rv.dr = _dp 1 7
Q ! S P ( dz21{j @)

Tir (7) ¢6 thé suy ra d6 giam ap sudt AP
= P, — P, gilra hai dau 6ng hinh tru chi€u dai L.

®)

AP = 2kL{ Q(Bn+1)
R nrR’

2.3. P) sut qua ong tiét dién chir nhat

X y W\

- H

Inlet Outlet

P,

L
Hinh 2. D¢ sut ap qua 5ng tiét dién hinh chit nhdt

Luu luong dong chay qua dng tiét dién
chir nhat la:

H/2

1

nWH? ( dp H |
= [ Wody= S0
0= [ Wordy 4(2n+1){ dz2zcj )

—-H/2
Do gidm 4p sudt AP = P, - P, giita hai
dau ong tiet dién chir nhat:

Ap o 2L (2Q(2n + 1)] (10)

H H*Wn

3. UNG DUNG TiNH TOAN
3.1. Pic tinh nhya du vao

Céc dac tinh tan chdy ctua nhua PP
(polypropylen) trong mo hinh nhot Power law
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& nhiét d6 200°C 1a: « = 7.5x10° (Pes" ), chi sb
Power-law = 0.38 (duogc ldy tir co so dit lidu
MoldFlow).

3.2. Tinh toan hé théng kénh din

Cho luu lugng nhya dau vao la Q=50
cc. Cac thong sb hinh hoc ctia hé thong kénh
dan va san pham duoc dwa vao Bang 1. Voi
diéu kién do giam ap qua cac doan r& nhanh toi
cac Cavities phai bang nhau, ta c6 phuong trinh
sau:

Alf’r1+A1"gl+APpl=APr2+Asz+APp2 (11)

Hinh 3. M¢ ta kich thwoc hé th(fng dan nhua

Bdng 1. Cdc tham s6 thiét ké cho hé thong dan nhiea

Kénh din Kich thuéc
L, L =15mm
D, R, (bién thiét ké)
L, L,= 15 mm
D, R, (bién thiét ké)
G, 2 mm
G, 2 mm
G, 2 mm
G, 1 mm
G, 1 mm
G, 2 mm
C 10 mm
C, 4 mm
C, 80 mm
C, 30 mm
C,, 6 mm
C, 70 mm

Dé thoi gian qua cac giai doan bang
nhau, ta c6 phuong trinh sau:

LA, _ L, A, (12)

0, 0

Trong do, 1 = (kénh dan, céng, chi tiét)
la cac doan ma dong nhya chay qua.

Tur cac phuong trinh (11) va (12), ta sé
tim duoc gia tri R, = 2.293 mm, R, = 4.551
mm.

4. KET LUAN

Bai bao dé xuat phuong phap tinh toan
so bo dé can bang hé thong kénh din trong
khuon ép nhya. Phuong phap nay dam bao do
giam 4p va thoi gian dién day cho cac nhanh r&
13 bang nhau. Muc dich ctia phuong phap 13 hd
tro k¥ su thiét ké bd cuc so bd hé théng kénh
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dan, sau d6 c6 thé sir dung phan mém thuong
mai dé tinh chinh thém. Phuong phap nay gitp
rat ngan thoi gian thiét ké giai doan dau.
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XAC DINH HE SO GIAN NO' NHIET CUA THEP OXH3M®A
DUNG DE CHE TAO NONG PHAO CO' LON BANG PHUONG PHAP
LAP GHEP cO PO DOI

DETERMINING THE THERMAL EXPANSION COEFFICIENT OF OXH3M®A STEEL USED
TO MANUFACTURE LARGE-CALIBER ARTILLERY BARRELS USING THE METHOD
INTERFERENCE FIT

TS. Ngé Vin Tuyén', TS. Tran Thanh Hai', ThS. Vii Pirc Diing’, ThS. L& Vin Thao?
'Tong cuc Cong nghi€p Quoc phong
2Vién Nghién cuu Co khi

TOM TAT

Bai bdo trinh bay két qua nghién ciru tong quan vé cong nghé lap ghép cé dg doi ciia nong
phao co lon. Xay dung phwong an thuc nghiém xdc dinh hé ) gian no nhiét cua thép OXH3M®DA
diing dé ché tao nong phdo va éng boc. Két qua nghién ciru dwoc vimg dung dé tién hanh ldp ghép
nong phdo ¢& I6n tai Tong cuc Cong nghiép Quoc phong.

Tir khéa: Lap ghép cé do déi; Hé so gian né nhiét; Nong ghép.
ABSTRACT

This paper presents the results of an overview on interference fit technology of large-caliber
artillery barrels. Developing an experimental plan to determine the thermal expansion coefficient of
OXH3M®A steel used to manufacture artillery barrels and sleeves. The research results are applied
to assemble large-caliber artillery barrels at the General Department of Defense Industry.

Keywords: Interference fit; Thermal expansion coefficient; Compound cylinder.

1. PAT VAN PE

Mong dng boe

Z. %
SIS S M A Jﬂ_j{//__

Nong phéo 13 mot trong nhitng chi tiét
dic thu quan trong nhét, c6 anh huéng 16n dén
ch:élt luong c1:1a ca hé thong phao. N(‘)ng phéo cé e e ared
the dugc che tao tor mot phdi duy nhat — nong 002

don, hodac tor mgt vai phdéi — nong ghép. Nong
ghép duoc cac nude phat trién ap dung tir lau
dé ché tao cac loai nong phao cd 1én véi muc
dich ting d6 bén va giam khoi lugng cta ndng
trén co so str dung vat liéu mgt cach hop ly theo
chiéu dai nong (hinh 1).

Hinh 1. Nong ghép hai lop

Ban chat cua viéc ghép nong 1a tao ra &
thanh bén trong cua nong 16p tng suit nguoc
dau vé6i ung suat xuat hién khi ban do su nén
ép cua lop vat li€u ngoai vao 16p bén trong
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(hinh 2). Khi bén, 16p tng suit nay s& bu lai
mot phan Gng sudt tir phat ban ¢ bén trong long
nong dé ting do bén cho nong [1-3]. Trong qua
trinh khai thac str dung khong cho phép su dich
chuyén ctia nong so véi 6ng boc.

E'.'.-- .E-'-r 1-1"{.'.; "
¢) Tong hop khi ban
Hinh 2. So do phdn bo ap sudt va ung suat o

nong ghép

Pé lap ghép co do doi can thiét phai
nung nong chi tiét bao hodc lam lanh chi tiét
bi bao. Do kich thudc ctia nong phéo la rat 16n
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nén vi¢c ghép nong thuong duogc thuc hién
bang phuong phap nung ndng chi tiét bao (ong
boc). Qua trinh lip ghép nong phao c& 16n hét
sttc phirc tap do kich thudc 16n va tién hanh &
nhiét d§ cao nén doi hdi phai tinh toan chinh
xac cac thong sd cong nghé khi lap. Trong quéa
trinh 1ap ghép nong phio, éng boc dugc nung
noéng dén khoang nhiét d6 400-500°C. Pay la
nhiét d6 tdi da cho phép khi nung dé khong xay
ra chuyén bién ciu tric din dén thay doi tinh
chét co 1y cua vat liéu.

Nong sung phédo thong thuong
duoc ché tao tir cac méac thép chuyén dung
OXM, OXB, OXHIM, OXHI1B, OXH2M,
OXH3B, OXH3M, OXH3MA, OXH3B®A
va OXH3M®A [4]. Dé tinh dugc cac tham sd
cong nghé can thiét khi lip ghép can phai biét
hé s6 gidn nd nhiét ciia thép trong khoang nhiét
d6 nung nong. Hé sb nay d6i voi cac loai thép
khac nhau 14 khac nhau. Tuy nhién, dbi voi cac
loai thép chuyén dung st dung dé ché tao nong
phao thi hé s nay khong dugc cong bd. Vi
vay, viéc xac dinh h¢ s6 gian nd nhiét cua thép
OXH3M®A 1a hét stc can thiét dé xac dinh
tinh kha thi khi tién hanh lap ghép c6 d6 dbi cac
loai nong phéo ¢& 16n bang phuong phap nung
nong.

2.VATLIEU VA PHUONG PHAPNGHIEN
cUU

2.1. Vit liéu nghién ctru

Vat liéu nghién ctru 1a thép OXH3M®DA
da nhi¢t luyén dat do6 cting 39-45 HRC duogc
dung dé ché tao 6ng boc nong phao ¢& 125 mm.
Thanh phan hoa hoc cua thép duogc phén tich
bang thiét bj SpectroLab LAVMI1 theo tiéu
chuan ASTM E415-21. Két qua phan tich thanh
phan hoa hoc hoan toan pht hop véi tiéu chuin
['OCT B 5192-88 dugc trinh bay trén bang 1.
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Bdng 1. Thanh phan héa hoc ciia thép OXH3M®A

Thanh phin héa hoc cac nguyén tb (%)

Mac vat li¢u

C Si Mn P S Cr Ni Mo A\Y Cu
0,33- | 0,17- 0,25- 1,2- 0,35- 0,1-
OXH3M®DA 0.4 0,37 0.5 <0,015 | <0,016 15 3,0-3,5 0.45 0.18 <0,25

2.2. Phwong phap nghién ctru

Phéi dng boc tir thép OXH3M®DA trude
khi nung dugc gia cong dat kich thude nhu trén
hinh 3. bBuong kinh trong cua dng boc dugc gia
cong dén duong kinh lip ghép 268"
nong phéo 125 mm.

1
]
]
]
]
]
]
p2680%
#320

1250

Hinh 3. Kich thuéc co ban ciia ng boc dé
thur nghiém
Pé xac dinh hé s6 gidn nd nhiét khi
nung néng, tién hanh nung néng dng boc trong
10 dién dén 460°C roi giir nhiét trong 3 gid dé
nung néng toan bd khdi lugng kim loai dng boc
(Hinh 4a).

a) Lo nung  b) Mdy do nhiét d  ¢) Pong hé do 16
Hinh 4. Trang thiét bi thi nghiém

Nhiét do cua 6ng boc sau khi nung duogc
do bang may do nhiét do cam tay do chinh xac
dén 1°C (Hinh 4b). Kich thuéc 15 sau khi nung
dugc do ¢ hai vi tri vudng goc bang dong ho do
16 do chinh xac 0,01 mm (Hinh 4c).

3. KET QUA VA THAO LUAN

Hé s6 gian né nhiét khi nung néng dugc
xac dinh theo cong thtrc [5]:

(t—t.).D )
Trong do: Nmax+ S =D, - D la sy thay
d6i kich thude chi tiét sau khi nung; N _—-Do
doi lap ghép 16n nhat, mm; S — Khe ho nho nhét
khi ldp ghép, mm; t — Nhiét d6 cua chi tiét sau
khi nung, °C; t — Nhiét d6 moi tru’ong lap ghép,
°C; Dy Duorng kinh trong ctia dng boc sau khi
nung, mm; D — Puong kinh trong cta dng boc
trude khi nung, mm.

V01 nhiét do moi truong t =30°C, nhiét
d6 cta dng boc tai thoi diém do k1ch thude t =
441,8°C, duong kinh trong cua dng boc trude
khi nung D 268 mm, duong kinh trong trung
binh ciia 6ng boc sau khi nung D = 269,37
mm. Dya vao cong thuec, ta tinh duoc hé sb gidn
nd nhi¢t ¢ khoang nhi¢t d§ nghién ciu 1a o =
12,41.10°1/°C.

Nhu vay, véi phuong an thuc nghiém
dé ra, ta di tinh duoc hé sd gidn nd nhiét khi
nung cua thép OXH3M®DA trong khoang nhiét
d6 khi nung dé ghép nong phao c& 16n. Két qua
nay 1a phu hop véi cac nghién ctru 1y thuyét vé
hé s6 gidn nd nhiét cia thép [6]. Day 1a co so
quan trong dé tién hanh tinh toan xac dinh cac
tham s6 cong nghé khi lap ghép c6 do doi nong
phdo ¢& 10n bang phuong phap nung néng.
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4. KET LUAN

Bai bao d3 nghién ctru tong quan vé
phuong phép ting bén cho ndng phio ¢& 16n
bang viéc sir dung nong ghép c6 do doi. Cong
nghé lip ghép co do doi bang phuong phap
nung néng chi tiét bao dén khoang nhiét do
400-500°C dugc su dung rong rdi ¢ cac nudc
phat trién.

Béng thuc nghiém, bai bao da xac dinh
duoc hé s6 gian nd nhiét cua thép OXH3MDA
trong khoang nhiét d6 400-500°C 1a 12,41.10°
1/°C.

Két qua nghién ciru dd dugc ung dung
thanh cong vao thuc té san xuit nong phao lip
ghép c6 do doi cd 125 mm tai cac nha may cia
Téng cuc Cong nghiép Qudc phong. <

Ngay nhan bai: 18/6/2024
Ngay phan bién: 25/7/2024
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NGHIEN Cl’U THUAT TOAN DEEP REINFORCEMENT LEARNING
DPIEU KHIEN MOBILE ROBOT PIEU HUONG TU DONG

STUDY ON DEEP REINFORCEMENT LEARNING ALGORITHM FOR
AUTONOMOUS NAVIGATION OF MOBILE ROBOT

Luu Thanh Tung"2, Nguyén Hoang Long"?
"'Khoa Co khi, Truong Pai hoc Bach Khoa, Pai hoc Quéc gia Thanh phé HO Chi Minh (HCMUT)
Pai hoc Qudc gia Thanh phé HO6 Chi Minh (VNU-HCM)

TOM TAT

Hoach dinh chuyén dong (motion planning) la yéu té quan trong dé cho phép cdc robot di
dong hoat dong mot cach tw dong. Khi cac truwong hop ung dung cua robot tro nén phirc tap va
khé dodn hon, cdc bo hoach dinh chuyén dong phan cdp truyén thong gap phai nhitng thach thirc
dang ké. T uy nhién, voi nhiing tién b trong hoc sau, cdac bo hoach dinh chuyén dong dwa trén hoc
tiang cuong sau (DRL) da tré- thanh mét diém néng nghién cieu nho vao nhiéu tinh nang wu viét ciia
chiing. Trong bai bdo nay, chiing t6i dé xudt mét phwong phdp hoc tang cwong sdu, tdn dung cdc di
liéu laser thé va sir dung thue vién PIC4rl-gym dé xdy dwng méi truong mé phong trén Gazebo. Cdc
thi nghiém cho thdy phwong phdp dé xudt da cho thdy kha nang diéu hudng tir ddng hoan todn ciia
mobile robot, va két qua hudn luyén da xac nhan tinh hiéu qua cua thudt todn.

Tur khéa: Hoach dinh chuyén déng; Méi truong mé phong; Hoc ting cuwong sdu.
ABSTRACT

Motion planning is essential for enabling mobile robots to operate autonomously. As robot
application scenarios become more complex and unpredictable, traditional hierarchical motion
planners face significant challenges. However, with advancements in deep learning, motion planners
based on deep reinforcement learning (DRL) have gained attention as a research hotspot due to
their numerous advantageous features. In this paper, we propose a deep reinforcement learning
approach, leveraging raw laser scans and PIC4rl-gym library to build simulation environment on
Gazebo. The experiments show that the proposed method has enabled fully autonomous navigation
of the agent, and the training results verify the effectiveness of the algorithm.

Keywords: Motion planning,; Environment Simulation, Deep reinforcement learning.
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1. TONG QUAN

K¥ thudt hoach dinh chuyén dong (MP)
1a mot trong nhitng mo-dun quan trong nhat
giup cho robot di dong c6 kha nang tu hanh.
Chtrc nang cu thé cua bo hoach dinh chuyén
dong la tich hop thong tin trang thai cuc bo
hodc toan cuc cua hé théng robot va dua ra cac
quyét dinh 1ap ké hoach téi wu hodc gan téi uu
trong cac moi truong khac nhau, tir do6 lap ra
ké hoach di chuyén cho robot. M6-dun MP tiéu
chuan bao gdm bo 1ap ké hoach chuyén dong
toan cuc (global planner) va bo lap ké hoach
chuyén dong cuc bo (local planner). B 1ap ké
hoach chuyén dong toan cuc chiu trach nhiém
tao ra cac quy dao di chuyén, kha thi vé dong
hoc, an toan va c6 thé thuc thi dya trén thong
tin ban dd c6 sin. BO lap ké hoach chuyén dong
cuc bd chiu trach nhiém giup mobile robot dua
ra cac quyét dinh chuyén dong theo thoi gian
thuc trong cac moi truong dong cuc bd (vi du:
moi truong c6 sy tham gia ciia nguoi di bd, moi
truong ngoai troi, v.v.).

Cung v6i su cai thién dang ké vé suc
manh tinh toan va kha ning luu trit ctia phan
cing hé théng, cong nghé hoc siu (Deep
learning) da duogc st dung rong rai trong
hoc tang cuong. Trong nhiing nghién cuu
gan ddy, thuat toan hoc ting cudng sdu Deep
Deterministic Policy Gradient (DDPG) [1] tro
nén phd bién vi c6 kha ning dua ra quyét dinh
hanh dong trong khong gian lién tuc, trong do
[2] dd tng dung thanh cong thuit toan voi dau
vao 1a cac dir liéu laser thd va dau ra 1a mot
vector hanh dong bao gdm vén tc dai va van
tdc goc. Khong chi voi nhing dir lidu dau vao 1a
laser, H. Surmann et al. [3] da st dung k¥ thuat
tong hop cam bién (sensor fusion) dé két hop
thong tin thu vé tir cam bién Lidar va ca camera
dé tao ra mot khong gian quan sat truc quan
hon cho robot. M. Everett et al. [4], [5] da phat
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trién thuat toan DRL danh cho viéc né tranh vat
can la con nguodi. Van dé nay thuc su giy nhiéu
kho khan hon so véi viéc né vat can tinh nhu la
cac d6 vat trong van phong vi bén canh viéc né
tranh, chiing ta cAn quan tim dén sy anh huéng
clia viéc né d6 ddi voi nguoi di bo. Cac tac gia
da sir dung camera dé phan biét ngudi di bd
két hop voi Lidar 1am khong gian quan sat cho
thut toan va phat trién phan thuong (reward)
la cac quy luat xa hoi (social norm) trong viéc
bat chude hanh vi né tranh cia con nguoi. Tuy
nhién, cac thuat toan trén doi hoi su phic tap vé
mit thiét ké mé hinh, khdi lugng tinh toan 16n
va thoi gian huan luyén 1au ciing v6i sy két hop
cua da dang céc loai cam bién, s& 1a khong kha
thi dé ap dung cho nhiing truong hop don gian,
trong diéu kién ma moi yéu cAu trén déu bi han
ché. Trong nghién ctru nay, chung toi dua ra
mot khung moé hinh nghién ctru don gidn, chi
stt dung cam bién Lidar dé thu nhan dir liéu
dau vao cho thuat toan DDPG, ching tdi ciing
tan dung kha nang mo-dun hoa cua thu vién
PIC4rl-gym [6], gitp cho viéc huan luyén,
kiém tra va danh gia mo hinh mot cach dé dang
va tryc quan hon.

2. PHUONG PHAP
2.1. Mobile robot mo6 phéng

Pé thuc hién cong viée phat trién thuat
toan, ta can mot mo hinh robot don gian nhung
day du dé co thé chay duogc trong mo phong.
Nén tang robot di dong mat dat Jackal (UGV)
14 mot giai phap da nang va manh mé cho nhiéu
tmg dung robot khac nhau. Puoc thiét ké boi
Clearpath Robotics, Jackal thé hién tinh linh
hoat, d6 tin cay va kha ndng m¢ rong, lam cho
n6 phu hop véi nhiéu du 4n nghién ctru, gido
duc va cong nghiép. Vi ly do do, chung t6i str
dung mo hinh Jackal lam robot dai dién cho

qua trinh mo6 phong.
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Hinh 1. M6 hinh Jackal mobile robot mé phong
2.2. Moi trwong moé phong

Moi truong mo phong dugc xdy dung
dwa trén phan mém Gazebo (goi 1a world). Cac
world 12 mot file XML chira cac phan tir mo
ta tinh chat vat ly, cac vat thé va su chuyén
dong trong moi trudng mo phong. Moi truong
mo phong can phai dap tng d6 chinh xac so
v6i moi trudng thyc té, vi vy chung t6i chon
modi truong indoor — mai trudng moé phong van
phong phd bién gdm c6 cac vat dung va kich
thudc phi hop dé cam bién c6 thé quét duoc
nhiéu théng tin nhat co the.

Hinh 2. Pg bao phii ciia cam bién Lidar trong méi
truong mo phong van phong thuc té

2.3. Thuit toan hoc ting cwong siu

Thuat toan hoc ting cuong tiéu chudn
c6 thé duoc biéu dién bang mot Quy trinh
quyét dinh Markov (Markov Decision Process
— MDP). Mot MDP dugc md ta boi 5 phan tir
nhu sau: (S,A,P,R,y). Trong do:

S: Tap hop cac trang thai (State) ma
moi truong co thé ton tai.

A: Tap hop cac hanh dong (Action) ma
tac nhan (agent) co thé thuc hién trong mdi
trang thai.

P: Ham xac suat chuyén doi trang thai
(Transition Probability), biéu dien kha nang
chuyén tir trang thai hién tai s  sang trang thai
moi s, khi thyc hién mot hanh dong nhat dinh
a,.

R: Ham thuéng (Reward), biéu dién
muc dg "tot" hay "xau" cua viéc thuc hién hanh
dong a tai trang thai s.

y: Hé s6 lam phat (Discount Factor),
dung dé danh gid tam quan trong ctia cac phan
thudng tuong lai so voi phan thudng tuc thoi.

Khi mot agent bat dau twong tic voi
moi truong, agent s€ ¢ trong mot trang thai ban
dau s, dugc chon tir phan phéi xéc suat c¢b dinh
p(s,). Sau do, theo chu ky, agent s€ lya chon
mot h2‘1n7h dong a € A tai trang thai hién tai s, d,é
di chlvlyénqsang trang thai mﬁi S,,, VOi xac suat
chuyén doi P‘(st+1 s, a). Dong thoi, tac nhan
nhan dugc phéan thuéng r, = R(s, a).

Bo diéu khién (hay policy) cta thuat
toén‘h(_)c ting cuong m(a, | s) la mot ham s6
c6 dau vao la trang thai quan sat dugc tir moi
truong va dau ra 1a mot hanh dong. Bo diéu
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khién cua agent dugc huin luyén dé ti da hoa
tong ky vong vé phan thuong, hay noi cich
khac, muc tiéu cta ta la dat duoc policy tdi uu
m,” v6i tham s61a0:

T
n, = argmax .., Z yir, (1)
T

t=0

Thuat toan DDPG giai quyét bai toan
trén bang kién triic Actor-Critic, trong d6 Actor
la mot mang voi dau vao 1a mot state va dau ra
la mot hanh dong; va Critic 1a mdt mang véi
dau vao 1a mot cap trang thai va hanh dong va
dau ra 1a mot gia tri danh gia hanh dong do 1a
“t5t” hay “xau” (Q-value). Chi tiét vé kién trac
cta thuat toan DDPG dugc thé hién trong Hinh
4.

Dé tdi vu tham s cia Actor, chiing ta
dung cong thirc Policy Gradient:

V] = %Z vVQVu (2)

Pé tbi wu tham sb cua Critic, ching ta
tinh ham Loss:

1
L= EZ(yi —Q(s,a;109)* ()

Trong d6, y, la gia tri phan thudéng ky
vong muc tiéu va duoc tinh bang cong thirc:

Vi =1 +vQ"(Sis1, a’lﬂof) )

Ham phan thuong duoc thiét ké nhu

sau:r=r,+r_ +r  +r_,trongdo:
yaw goal col
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Tq = ¢ (demq — dy)

$.
Tyaw = C2| 12 (|—
Tgoal = 1000 lf dt = dgoal tolerancele‘lse 0
Teot = —200 lf dt = dcollision tolerancer else 0
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Hinh 3. Kién triic ciia thudt toin DDPG
3. THI NGHIEM
3.1. Huén luyén thuit toan

Phan cing tinh toan st dung dé huén
luyén 12 GPU Nvidia 1060Ti Max-Q. Thuat
toan dugc huin luyén trong tong cong 1a 900
nghin buéc, thoi gian huan luyén xap xi 12 gio.
Khong gian trang thai 1a mdt vector (38,) bao
gdm 36 gid tri cla tia laser va 2 gia tri biéu thi
vi tri va hudng tuong d6i ctia mobile robot so
v6i1 dich. Khong gian hanh dong 1a mot vector
(2,) bao gdém van tbc dai va van toc goc cia
robot. P6i véi mang Actor va Critic, chiing t6i
chon mdt mang no ron g@)m 2 16p an c6 sb chiéu
nhu sau (256,256). Thuat toan duoc toi uvu bang
thuat toan Adam. Két qua huan luyén duoc

thé hién trén cac Hinh 4, Hinh 5 va Hinh 6: &
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Hinh 4. Phan thuéng nhdn duoc trung binh trong
pha kiém tra

Hinh 5. P dai ciia méi episode trong toan bo qua
trinh huan luyén

Tif W \l'l.-

3T o
|'|”'L' 1Ir ."'l,l
i Ii II"I
Hinh 6. Mat mat ciia mang Actor trong bg
diéu khién

4. KET QUA VA THAO LUAN

Téng phan thuong tich lity duge xem
1a yéu td danh gid quan trong nhat, thong sd
nay phan anh kha ning dat dugc muc tiéu da
dé ra ctia thuat toan. Gia tri cang cao chimg to
trong mot vong ldp mod phong, thuat toan cua
ta da diéu khién robot di dung huéng. Do dai
ctia mot episode giam ciing 1a mot yéu té danh
gi4, nghia la theo thoi gian robot s€ thong thao
duong di, khién cho thoi gian hoan thanh giam.
Ham mat mét ciia Actor giam dan ciing 1a mot
déu hiéu cho théy mé hinh d3 duoc huén luyén
tt va dang hoi tu dén diém tdi vu.

Bdng 1. Bang théng sé danh gid d¢ hiéu qua ciia thudt todn sau 3 lan chay

Khoing Ti s6 khoang

Tinh trang Thoi gian Gée tICh‘ lay c‘ach t{ ““’% th)ang Duwong di cach trén

: trung binh | binh dén vt cach | .

. duong di

can

Success 28.13s 0.34 rad 4.54 8.96 10.17 0.88
Success Is 0.7 rad 6.41 0.77 0.45 1.71
Success 16.89s 0.33 rad 5.46 7.40 7.74 0.96
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Tir bang dénh gia trén, ta co thé thay
rang robot déu hoan thanh viéc di dén diém
dich trong khoang thoi gian chap nhan dugc.
Céc gia tri goc tich liiy trung binh thap nghia
1a trong qua trinh di chuyén robot ludn giir mot
hudng ¢ dinh. Khoang cach trung binh dén vat
can thip nghia 1a robot da luén duy tri khoang
cach an toan dén vat can. Cudi cing, thong s6
quan trong lién quan dén hoach dinh duong di
cho robot 1a ti sb khoang cach trén duong di,
trong d6 khoang cach chinh la khoang cach
Euclid tir vi tri ban dau cua robot dén vi tri dich.
Con sb nay cang gan 1 nghia 13 quing duong
ma robot da di gan tring véi khoang cach ban
dau gitra chung.

5. KET LUAN

Thuét toan huin luyén da diéu khién
robot di chuyén dén diém dich duoc cho trudc
vo1 ti 1€ bl va cham vodi vat can tinh gﬁn nhu
bang khong. Két qua thir nghiém trén mé phong
cho thdy robot c6 thé hoan thanh nhiém vu di
chuyén dén myc tiéu trong thoi gian ngén va an
toan. Vi do phirc tap thap va thoi gian huan
luyén khong cao, ddy chinh 1a nén moéng cho
viéc trién khai thuat toan vao thiét bi phan clig
dé dang va nhanh gon hon.

Loi cam on:
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CAC YEU TO VE KET CAU ANH HUONG BEN DO CHINH XAC BAN
CUA SUNG TRUNG LIEN THE HE MO

STRUCTURAL FACTORS AFFECT THE SHOOTING ACCURACY
OF NEW GENERATION MACHINE GUNS

ThS. Pham Pire Khoi, ThS. Bui Hoang Dat
Vién Vil khi, Tong cuc Cong nghiép Quoc phong

TOM TAT

Sing trung lién thé hé moi STrL-P duoc thiét ké lam mdt nong theo nguyén y két hop lam
mdat nong bang cdc ranh tan nhlet va dong khi cuong birc chay doc theo chiéu dai nong, do dé siing
c6 két cau mo, két hop véi mét sé gidi phdp cong nghé da gitip nang cao do chinh xdc bdn ciia sung
S0 V6i mdu sing tiong dwong Bai bdo nay trinh bay cdc yéu té vé két cau ciia siing trung lién thé
hé méi STrL-P dnh hwong dén dé chinh xdc cia sing khi so sanh véi mau sing twong dwong.

Tir khéa: Siing trung lién thé hé méi STrL-P; Sw dao déng ciia nong sing; D6 én dinh ciia
sung khi ban.

ABSTRACT

The new generation STrL-P medium gun is designed to cool the barrel according to the
principle of combining barrel cooling with heat dissipation grooves and forced air flow along the
length of the barrel, so the gun has a new structure, combined with a number of technological
solutions have helped improve the gun's shooting accuracy compared to comparable gun models.
This article presents the structural factors of the new generation STrL-P medium machine gun that
affect the gun's accuracy when compared with equivalent gun models.

Keywords: New generation machine gun, The vibration of gun barel; Gun stability when firing.

1. PAT VAN PE

Stng trung lién 1a loai sing tu dong
trang bi cho tap thé hodc ca nhan, dung dé tiéu
diét nhém sinh luc dich hodc cac muc ti€éu quan
trong voi cu ly hiéu qua tdi 800 m. N6 thuong
c6 hai chan truée va hop dan c6 dung luong
16n (hodc hop bang dan) va c6 thé ban & cac
tu thé khac nhau (dtng, ngdi, nam, quy). Sing
trung lién thé hé méi STrL-P duogc thiét ké theo
nguyén 1y cta sung PKP do Nga thiét ké, ché

tao, day la mot loai sting hi¢n dai dang dugc st
dung pho bién trong quan d6i Nga. Sting PKP
1a phién ban tién tién phat trién tir sing PKM,
sung PKMS véi cum nong duoc thiét ké dac
biét, phan dudi nong dugc lam mat nong khi
bin bang gan tan nhiét, phan dau nong duoc
lam mat bang dong khong khi cudng buc chay
qua bé mat ngoai cua thanh nong. Do dé, sung
c6 nhiéu wu diém vuot tréi so v6i phién ban
trude do (Sung PKM, PKMS) nhu:
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- Sting ¢6 thé ban lién thanh lién tiép toi
10.000 vién dan/gio ma khong suy giam tinh
nang chién dau va tuoi thg cia nong sung;

- Sting ¢6 thé ban lién thanh dén 600
phat lién tuc (Sting PKM, PKMS c¢6 thé ban tdi
da dén 400 phat lién tuc);

- Tudi tho cua nong sing khéng nhod
hon 25.000 phat bin (Nong sung PKM, PKMS
c6 tudi tho 12.500 phét ban, dé dat dugc tudi
tho 25.000 phat ban phai st dung dong b 02
nong).

Stng trung lién thé hé méi STrL-P ¢6
mot s6 thay doi vé két cau so v6i sing PKMS
(hién dang c6 trong trang bi) dé dat duoc cac
tinh niang vuot troi néu trén. Cac yéu té thay
d6i vé két cau anh huong dén do chinh xéac cua
sung. Trong nghién ctiru nay, ta s€ danh gia cac
yéu t6 thay ddi vé két cau va anh hudng cia
n6 dén do chinh xac ctia sung khi so sanh siing
trung lién thé hé méi vai sing PKMS.

2. KET QUA KHAO SAT VA CO SO PANH
GIA PQ CHINH XAC BAN CUA SUNG

2.1. Pic diém két cAu ciia siing trung lién thé
hé méi va sing PKMS

Sung trung lién thé hé méi STrL-P (Hinh
1- a) duoc phat trlen tur sing PKMS (Hinh 1 b)
phan 16n két cau cic chi tiét cia sung glong
nhau, nguyén Iy hoat dong, ché do bin giéng
nhau, cung sir dung mdt loai dan. Do nong sung
trung lién thé hé méi s dung nguyén 1y lam
mat khéc biét nén dan dén dic diém két cau cua
hai loai sung co ban khac nhau ¢ cum nong, cy
thé:

- Cym nong stng trung lién thé hé méi
STrL-P nang hon cum nong sing PKMS 1kg;
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- Vi tri ldp chéan sang khac nhau, sung
trung lién thé hé mai c6 khoang cach tir diém ty
vai clia bang sung dén vi tri lip chan sing dai
hon (Hinh 1-a, 1-b):

Hinh 1-b. Sung PKMS
Hinh 1. Sting trung lién thé hé méi va sing PKMS:
1 — Cum nong sung; 2 — Cum chdn sung

- Chiéu day thanh nong sung trung lién
thé hé méi 16n hon chiéu day nong siing PKMS,
xét 0 cung vi tri so voi miéng nong sung (Hinh
2):

& 3 \2

Hinh 2. So sanh chiéu day hai nong siing
1 — Nong siing trung lién thé hé méi; 2 — Nong
sung PKMS

Trong d6: @ — DBuong kinh trong; O —
DBuong kinh ngoai (@, > @, tir 5-8mm).

Céc khac biét vé mat két cau anh huong
dén do chinh x4c ban cua hai loai sung khi xét

trong cung mdt diéu kién bén.
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2.2. Panh gia @ chinh xac bin cia sing
trung lién the hé méi va sing PKMS theo
diic diém két cAu

a) Do chinh xac cia sting

Do chinh xac bin: Do chinh xac bin
biéu thi kha ning ban tring hodc sy tap trung
cia dau dan ¢ gén muc tiéu. N6 bao gém hai
yéu t6: do chum va do tring.

Do chum: Po chum biéu thi kha nang
tap trung cac diém roi cia dau dan trén mot
dién tich nho nhét khi vi tri duong ngdm khong
thay doi.

b trung: Do tring biéu thi mic do
trang hop gitta tim cham va diém ngim. N6
duge danh gid bang khoang cach gilta tdm
cham va diém ngim.

b) Po 6n dinh ciia sting khi ban

Do 6n dinh 1a kha ning cua sung gii
duogc vi tri ban dau khi bén véi toc d6 chinh xéc
nhét dinh trong diéu kién ban tu nhién. Tir do,
ta thiy rang do 6n dinh cua siing lién quan chat
ch& véi két ciu cua gia hodc b¢, bdi vay khi néu
ra dac trung on dinh bat budc phai chi rd diéu
kién dat sting dé ban (ban c6 bé ty, ti vai, co gia
hoac b¢).

Po 6n dinh cua sung tu dong khong
quyét dinh hoan toan nhung anh hudng 16n dén
d6 chum. Ngoai d6 6n dinh, d6 chum con phu
thudc vao cac yéu td khac nhu: sai s6 vé thude
phong, vé dan, diéu kién khi twong, do dao
dong cua nong sung... nhung do anh hudng 16n
ctia d6 6n dinh dén d6 chum nén c6 thé lay do
chum lam dic trung cho su 6n dinh.

Pbi v6i sing ty dong khong gia, khi
ban lién thanh (ti€u lién, trung li€n) do chinh

xac cua sung hau nhu dugc quyét dinh hoan
toan vao do 6n dinh cua sung [1].

Sung trung lién thé hé méi va sung
PKMS khi tiéu diét sinh luc dich tu thé bin co
ban 13 nam bén, bang sung ty vao vai xa thu,
sung dugc ty trén hai chan sing. Trong qua
trinh bin, sung sé& chiu tac dong 1én bang tir vai
va tay xa thu khién sung bi dao dong va lic nén
sung s€ quay quanh chan sing, vdi cung mot
luong chuyén dong cua diém ty vai, khoang
cach tir diém ty vai dén tim quay cang 16n thi
goc quay cang nhod so voi hudng ban. Sung
trung lién thé hé méi c6 khoang cach tir diém
ty vai dén tdm quay 16n hon nén géc quay nho
hon, ddng thoi sung c6 khéi lugng 16n hon nén
on dinh hon, do d6 stng c6 do chinh xac ban tét
hon sung PKMS.

¢) Sw dao dong ciia nong sing

Theo [2], khi ban nong stng bi dao
dong. Pac tinh va muc do dao dong phu thudc
rat nhiéu yéu to: chiéu dai, kich thudc ngang
ctia nong, sy phan bd khéi lwong, didu kién kep
nong, v.v.. Khé ma tinh hét nhitng anh huong
trén khi xac dinh cac dac trung dao dong cua
nong. Boi thé, khi nghién ctu nong thuong
xem no la mot thanh hinh tru hodc hinh c6n c6
mot dau ngam chat. Loai thanh nhu trén thuong
c6 cac dao dong ngang sau day (Hinh 3):

T

ik

R

Hinh 3. Dao déng ciia thanh khi ngam mét dau
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- Dao dong bac nhét ¢ nat dao dong &
tai diém ngam;

- Dao dong bac hai c6 mot nut dao dong
tai diém ngam va nuat tha hai ¢ cach dau tu do
0,22 1:

- Dao dong bac cao hon vdi s6 nut dao
dong tuong ng, bac dao dong cang 16n, tan so
dao dong cang cao va chu ky dao dong cang
nhd.

Tt ca cac dao dong ay phan 10n xdy ra
trén mit phang thing dung va duoc xép chong
1én nhau. Nhitng dao dong 4y c6 anh huong dén
d6 chinh xac khi ban, nhat 1a d6i véi sung tu
dong. Dao dong nong anh huong dén do chinh
xéac khi bin do nong bi uén cong va dau nong
c6 téc d6 chuyén dong ngang (Hinh 4).

Hinh 4. Pha dao dong cua nong sung

Mudn dam bao d6 chinh xéc, diéu quan
trong 1a thoi diém dau dan roi khoi nong sing
trong mdi phat ban goc 1éch cua dau nong phai
c6 gid trj xac dinh va khong ddi tic 1a phai c6
cung pha dao dong. Thyc té khong thé dam bao
diéu d6 duoc boi vi khong thé tranh khoi sy tan
mat vé thoi gian chuyén dong ctia dau dan trong
nong stng (t,) do nhiéu nguyen nhan khac nhau
(nhu d§ tan mat cua ap suat khi thudc 16n nhat
D, CUA khdi lugng dau dan g, ctia khdi lugng
thudc phong o, cua tinh chét cua thude phoéng,
v.v.). Do vay, dé dam bao do chinh xéc, can
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dam bao dau dan roi miéng nong ding vao pha
dao dong ma su tan mat c6 anh huong nho nhat
dén do tan mat ctia dau dan. Pha d6 c6 do léch
16n nhét cta dau nong so voi vi tri can bang. O
thoi diém do, bién d6 dao dong cta nong thay
ddi cham n€;n su tan mat cua t, keo theo sy tan
mat nhé nhat vé bién do (Hinh 5).

< | ¥ ||.d.l"
|
I

[ i)
2 1N |

L) I

Hinh 5. P6 thi dao djng ciia dau nong
Do d6, do tan mat vé dau dan s€ nho.
Mic du & thoi diém do, tde do dao dong cua
dau nong thay doi nhanh nhét nhung vi ¢6 tri s6
nho 1én anh huong khong dang ké dén do chinh
Xac.

Viéc tinh moi yéu t6 anh huéng dén dao
dong cta nong la rat phuc tap, dac bi¢t 1a xac
dinh thoi diém dau nong bat dau dao dong. Boi
vay khong thé tinh dao dong cuia nong va anh
hudng ciia né dén do chinh xac bang giai tich
duoc, cho nén thuong dung phuong phap thuc
nghiém dé nghién ctru dao dong nong. Céc bién
phap giam dao dong nong dé nang cao do chinh
xéac khi ban khi lua chon két cdu sung la:

- Chon chiéu dai nong hop 1y dé dau
dan ro1 khéi nong ¢ pha dao dong co 1oi nhéat;

- Chon chiéu day nong va phan bd khoi
lugng doc theo nong hop 1y dé bién do dao
dong cua dau nong xay ra khi ddu dan ra khoi
miéng nong;
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- Phan b cac diém tya cua nong hop 1y
dé dau dan co thé ra khoi nong trude khi dau
nong bat dau dao dong.

Tt ca cac bién phap trén chi c6 thé thuc
hién bang nghién ctru thuc nghiém khi ban.

Nong sung trung lién thé hé méi STrL-P
va nong sung PKMS duoc thiét ké co vat
liéu, d6 cung cua vat liéu, kich thudc 16 nong
tuong duong nhau, nhung do chiéu day thanh
nong cua sung trung lién thé hé méi STrL-P
16n hon hodc bang chiéu day thanh nong cua
sting PKMS xét & cung tiét dién so véi clng
mot vi tri trén nong, cum chéan sing dugc bd
tri xa hon vé phia ddu nong, khdi luong ning
hon do d6 mé-men quan tinh d6i véi truc dao
dong ngang cua cum nong sung trung lién thé
hé mai STrL-P 16n hon cua sing PKMS. Do
d6, do cing chdng udn cua sing trung lién thé
hé mé&i STrL-P 16n hon d6 cing chéng udn cia
sing PKMS, vi vay bién d) dao dong ngang
ctia nong stng s& nho hon, dan dén goc nghiéng
dau nong cua stng trung lién thé hé méi STrL-P
nho hon so vdi sing PKMS, do d6 sung trung
lién thé hé méi STrL-P ¢6 do chinh xéc ban tot
hon sing PKMS.

Ngoai ra, anh hudéng cua nhiét do khi
nong sung qua nhiét lam cho mé-dun dan hoi
cua vat liéu nong giam di. Theo [3], md-dun
dan hoi cia thép lam nong sing, phao giam di
theo nhiét 3o nhu sau:

Nhiét d9 [dd C] | Mé-dun dan hoi [KG/cm?]

20 2.110.000
400 1.820.000
500 1.680.000

Mb-dun dan hdi cua vat liéu 1am nong
sing giam, nong sing trd nén mém hon, pha
ubn cong ctia nong tién vé phia thoi diém vién
dan roi nong va 1am giam do chinh xac ban.

Nong stng trung lién thé hé méi STrL-P
dugc lam mat t6t hon nong sung PKMS, do d6
anh hudng cua nhiét d6 dén nong stng it hon
d6i voi sing PKMS néu xét trong cing didu
kién ban.

3. KET LUAN

Tir cic két qua phan tich cac yéu t6 két
céu anh huong dén do chinh x4c cua siing trung
lién thé hé méi STrL-P va sting PKMS, ta nhan
thdy két cau cua sing trung lién thé hé mdi
gitip cho sting c6 d6 chinh x4c ban tét hon siing
PKMS.

Thue t& qua thtr nghiém bén kiém tra
do chinh xac cua hai loai sting da chirmg minh
stng trung lién thé hé méi STrL-P ¢6 d6 chinh
xac cao hon 30-40% so v&i sting PKMS. <
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THIET KE, GIA CONG VA DANH GIA GIA PO CHINH XAC BIEN
DANG CIC CUA ROTOR BO'M KIEU ROOTS

DESIGN, PROCESSING AND EVALUATION OF PROFILE ACCURACY OF CIC
ROTOR FOR ROOTS PUMP

Nguyén Thanh Tung" %, Tran Thé Vin, Vii Pirc Phiic?, Ping Quang Mén?
'Khoa Co — BPién, Truong Pai hoc Mo — Pia chat
’Khoa Co khi, Truong Dai hoc Su pham K§¥ thuat Hung Yén
’Khoa Co khi, Truong Cao ddng Kinh té — K§ thuat T6 Hiéu

TOM TAT

Nghién cuu nay nham muc dich dwa ra mot thiét ké méi cho rotor bom kiéu roots dua trén
két hop ba dwong cong la dwong tron, dwong than khai va dwong tron goi la rotor kiéu roots dang
CIC. Dit liéu diém ciia qud trinh thiét ké dwoc sir dung dé gia cong rotor trén mdy cdt ddy. P chinh
xdc bién dang cia rotor CIC khi gia céng bang mady cdt déy dwoc do bang may CMM va dwoce ddnh
gid théng qua cdc so sanh vé sw tring khép giiva bién dang rotor tinh theo Iy thuyét va bién dang
rotor theo dit liéu do. Két qud so sanh di liéu diém giita bién dang rotor CIC theo 1y thuyét va bién
dang rotor theo két qua do dd chi ra rdang sai sé giita ching rdt nhé, I6n nhdt ciing chi la 0,007
(mm). Két qua nay cho thdy sir dung may cdt déay dé gia céng rotor CIC la mot phicong dn kha thi
va cho do chinh xac bién dang cao.

Twr khéa: Rotor CIC; D¢ chinh xac bién dang rotor; Gia céng rotor CIC.
ABSTRACT

This research aims to present a new design for a roots-type pump rotor based on a combination
of three curves: circle, body, and circle called a CIC roots-type rotor. Points data of the design
process is used to machine the rotor on the wire discharge machine. Profile accuracy of the CIC
rotor after machining was measured by the CMM machine and evaluated through comparisons of
the agreement between the theoretically calculated rotor profile and the rotor profile according to
measurement data. The results of comparing point data between the theoretical CIC rotor profile
and the measured rotor profile have shown that the error between them is tiny, the largest is only
0.007 (mm). This result indicates that using a wire discharge machine to produce CIC rotors is a
feasible option and provides high profile accuracy.

Keywords: CIC rotor; Rotor profile accuracy,; CIC rotor machining.
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1. GIOI THIEU

Bom chan khong kiéu roots dung dé
van chuyén dong chat khi va chét long trong
cac thiét bi cong nghiép. N6 duoc st dung
trong nhiéu nganh k¥ thuat nhu: Co khi, xay
dung va y té.... B6 phan quan trong nhat tao
ra uu diém vé dic tinh k¥ thuat va kha ning
lam vi¢c cua bom la rotor bom vi by phan nay
anh huong truc tiép dén luu luong, cot ap, toc
do dong chay va dac tinh rung dong ctiia bom.
Mot s6 cach hinh thanh bién dang rotor bom
kiéu roots d3 dugc mot sd tac gia dé xuit nhu
hinh thanh bién dang rotor tir ho dudng cong
don dang Cycloid, dang cung tron hodc dang
than khai [1-3]. M6t s6 nghién ciru hinh thanh
bién dang rotor bang cach t6 hop nhiéu dudng
cong lai v&i nhau [4-7]. Do dac tinh phtrc tap
ctia rotor nén hudng nghién ciru vé cong nghé
tao hinh cho rotor bom kiéu roots ciing dugc
cac nha nghién ctru quan tam [8-11]. C6 hai
phuong phap chinh dé gia cong rotor dang roots
1a phuong phép gia cong bang dao phay dinh
hinh [12] va gia cong bang may cat day [13].
Trong d6, phuong phép gia cong bang may cat
day c6 wu diém 1a dé sir dung, chi phi thap va
phil hop vé6i cac bién dang khong xodn. Mot
trong nhiing chi tiéu quan trong khi gia cong
rotor 1a danh gia do chinh xéac bién dang cua
nod, boi vi do chinh xac bién dang cia rotor anh
huong 16n dén dic tinh tiép xtc va kha ning
lam viéc ctia bom.

Nghién ctru ndy tap trung vao viéc dé
xuat mot sy hinh thanh bién dang rotor bom
kiéu roots dwa trén su két hop cua ba dudng
cong la duong cung tron, duong than khai va
duong cung tron (CIC). Dya trén bién dang dé
xuét, dir liéu diém dugc st dung cho vi¢c gia
cong rotor bang may cit day. Sy phu hop giira
bién dang thiét ké Iy thuyét va thuc nghiém cia
rotor CIC duogc danh gia bang cach so sanh dit

lidu diém cua ching theo thiét ké va theo két
qua do thuc nghiém trén may CMM.

2. THIET KE BIEN DANG ROTOR KIEU
ROOTS DANG CIC

Bién dang CIC 1a bién dang duoc tong
hop boéi mot cung tron (phan dinh ring — cung
AB,), va mdt cung than khai (doan nam trén
duong chia — cung B,C,) va mot duodng tron
liép h(_):p (phan chan rang — cung C.D,), nhu
bicu dién trén Hinh 1. Trong qué trinh 1am viéc,
phan dinh cta rotor 1 s& ddi tiép v6i phan 16m
cua rotor 2 va nguoc lai. Vi vdy ma ban kinh 161
cua cung tron cua dinh rotor 1 va ban kinh 16m
clia cung tron chén rotor 2 phai bang nhau.

Hinh 1. So d6 hé truc toa do xdc dinh bién dang
rotor CIC

Hinh 2. Bién dang rotor CIC
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- Chon h¢ tryc toa d6 O x,y,z, gén trén rotor 1
va chuyén dong cung rotor;

- Hé truqc toa do O,x,y,z, gan trén va
rotor 2 va chuyén dong cung rotor;

- Chon hé truc toa do ¢b dinh Oxyz,
co tém7 O, truing O,. Truc z vudéng goc voi
mat phang hinh v€. Quy tich bién dang rotor
ctia bom duoc biéu dién trong hé truc toa do
O x,y,z, nhu sau:

+ Mot 1a bién dang phan cung tron AB.:

5;,’1535)@) =r, cost

(AsBs)( )=
5;}535) (0)=r,sin/

Yo,

0<I<I(1)

+ Hai 13 bién dang phan dudng cong
thén khai B.C.:

X (/):(r/,McosaI,)cos z- _é —(cosa, cota, sin z_ !
2N rsina, 2N rsina,

kA !
-a, |cota,*r, sin 2

(BCs) _
o,

2)

uu r(/) lcos

2N rsina,

—u<l<u
N r,sina, ¢ )

+ Ba la bién dang cung tron C.D.. Phan
chén rang bién dang C D, la duong cong lién
hop an khép véi duong chan réng’ASB s (hinh ).
Cung tron chan rang C.D, la giong hét duc‘mg
chan rang E.F, vano du:oc xac dinh boi chuyén
truc toa do dong nhit duong cong A B, tir h¢
toa do O, sang h¢ toa do O,. Do do, du:ong cong
chan réng C,D, co thé thu duqc bang cach quay
doa‘n E.F, Qi m(f)t‘ gdc 3 = (N — 1)n/N ngugc
chiéu kim dong ho quanh truc z:

Xy *™ (£) = 2r, cos(§—£) + 1, cos(9+3/)

(Cst)( )= . . .
vy (0)=2r,sin(3— L) +r, sin($+30)

Iy

Str dung phuong trinh ma tran chuyén
truc toa do dong nhat tr hé toa do O, x,y, z
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sang O,x,y,z,. Quy tich bién dang CIC cua
rotor trong h¢ truc toa do O,x,y,z, dugc cho
nhu ¢ phuong trinh (4) va phuong trinh (5).
Phuong trinh an khop gitra rotor chu dong va
rotor bi dong dugc biéu dién nhu trong phuong
trinh (6) dudi day:

cos’g-sin’¢ —2cosgsing —E, cosg || X, (7)
r,(1.0) =M, (@), (1)=| 2cosgsing cos’g-sin’g -Esing || y, () |(4)
0 0 1 |
n, (7,4) =L, (¢)n, (7) (5)

(r, cosg—x, (TP, (2.9)+ (1, sing—y, (.97} (7.4) =0 (6)

Trong do: L, (¢) la ma tran con trén bén
trai c& (2x2) clia ma tran chuyén truc dong nhat
M, () c& (3x3).

Str dung cac phuong trinh (4), (5) va
(6), nguoi ta co thé thiét ké dugc cac bién dang
rotor bom roots dang CIC nhu hinh 2.

3. GIA CONG ROTOR BANG MAY CAT
DAY

Do bién dang rotor bom kiéu roots
khong thay doi trén subt chiéu dai ciia nd va
canh cua rotor CIC khéng c6 dang xodn nén
phuong phép gia cong phu hop 1a st dung may
cit day. Nghién ciru sir dung may gia cong rotor
1a may cit day DK 7730 voi cac théng sé: Kich
thudc ban may: 360x540 (mm); Hanh trinh gia
cong: 300x360 (mm); Chiéu cao cat tdi da: 400
(mm); Téi trong mét ban may: 200 (kg); Tbc do
gia cong ti da: 120 (mm?¥/phut); D6 bong bé
mit tot nhat: Ra 2,5 (um); Trong luong: 1250
(kg).

Dbi véi gia c6ng trén may cat dﬁy, mot
s6 nghién ctru da chi ra rang: cac thong sO cong

nghé chinh anh huorng t6i nang sudt va chat
luong gia cong gom: dién 4p danh tia ltra dién
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U, =90 Von, d6 kéo dai xung t. = 0,5s, khoang
cach xung t, = 10s, tbc do cit v = 110 mm?¥
phut va cuong do dong dién (I) [9-11]. Vat li¢u
ché tao rotor 1a thép khong gi SUS304. Mot sb

thanh phén hoa hoc va dac tinh co hoc chinh
cua Inox-SUS304 dugc cho ¢ bang 1:

Bang 1. Thanh phd‘n hoa hoc cua vat liéu SUS 304

Nguyén t6 C Mn P

S Cr Ni Si

Ty 1€ % 0.08 2 0.045

0.03 18 10 1

Hinh 3 14 hinh anh cu thé cua may gia
cong va mau rotor dang CIC 3 canh da gia
cong.

a) May gia cong

b) Mau rotor
Hinh 3. Mdy va mdu sau gia cong

4. PANH GIA PQ CHINH XAC BIEN
DANG ROTOR CIC BANG MAY PO CMM

Két qua do bién dang cta rotor s& duoc
thuc hién trén may do toa d@ CMM loai Global
07.10.07 Image clima Technical data. Két qua
do bién dang thuc nghiém s€ duogc so sanh voi
két qua bién dang thiét ké theo 1y thuyét dé
danh gia do chinh xac bién dang cua rotor dang
CIC cta bom roots. Mau rotor va thiét bi do
CMM duogc cho trong hinh 4.

Qua trinh do duoc thuc hién nhu sau:

- Bude 1: Xac 1ap hé truc toa do cho
rotor can do:

- Budce 2: Tién hanh do;

- Budc 3: Xt 1y dir liéu do va danh gia
sai sb.

> o}

Hinh 4. Mau rotor va may do CMM

S6 liéu sau khi do dugc cho dudi dang
toa do (véc-to dinh vi r cia cac diém do). Khi
do, toa do trong hé do ciia may khong trung
voi toa do gia cong rotor, nén dé xir ly sb lidu
do, ching ta can dua toa do diém do vé toa do
gia cong. Toa dd nay cling trung vdi toa do 1y
thuyét khi xdy dung phuong trinh bé mit. Khi
do, viée xac dinh sai sd s& don gian hon.
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Theo [13], sau khi x4c dinh dugc toa
do diém M; cua phép do (cac véc-to vi tri r),
ta tién hanh tim phuong trinh khoang cach cua
cac dwﬂm Mj so voi duong cong ndi suy tu dir
liéu diém tinh tr cac phuong trinh (4), (5) va
(6), n6 c¢6 dang nhu sau:

8, (u) =|r, —1,(w) (7)

Trong dd, r(u) vec-to vi tri cua diém
tuong ung voi dlem M, trén duong noi suy Iy
thuyét. Gia tr1 cuc tleu cua phuong trinh (7)
chinh 12 sai s giita bién dang do va bién dang
Iy thuyét ciia diém M, n6 duoc xac dinh tir diéu
kién cuc tri:

0

—0.(u)=0 8
50 . .
e T
30| ===~ Du leu Iy thuyet |__
= = Du heu do
g, | | T R s
10}-------4
0 ! !
20 25 a0 35

Hinh 5. So sanh bién dang Iy thuyét va bién dang
do cua rotor
0.008
0.006
0.004
0.002

0
0 50 100 150 200 250

Hinh 6. Sai s6 bién dang Iy thuyét va bién dang do
cua rotor
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Hinh 5 c6 thé thay bién dang rotor ly
thuyét va bién dang rotor do thuc nghiém sau
gia cong bang may cat diy ¢ cac diém kha
trung khép. Piéu nay cho thdy gia céng rotor
dang CIC bang may cat day 1a mot phuong an
phti hop va cho d6 chinh xac kha cao. Sai s6 cu
thé giira bién dang 1y thuyét va bién dang ¢ cac
diém duogc cho trén hinh 6. Co thé thdy rang
sai s6 16n nhét giita bién dang 1y thuyét va bién
dang do cua rotor CIC khi gia cong bang may
cit day chi 14 0.007 (mm). Sai s6 nay rat nho,
hoan toan c¢6 thé chap nhan trong thuc té. N
con cho thiy gia cong rotor CIC bang may cit
day cho d¢ chinh xac bién dang cao.

5. KET LUAN

Thiét ké, gia cong va danh gia do chinh
xac bién dang cua rotor la nhirng nhiém vu can
thiét, mang tinh tuan ty va tinh phan hdi cta qua
trinh thiét ké va gia cong rotor nham théa man
muc dich nang cao kha nang lam vi¢c va hi¢u
sudt cta bom kiéu roots. Nghién ctru nay da dé
xuit mot bién dang mdi cia rotor bom kiéu roots
trén co s két hop cac duong cong cung tron,
duong than khai va cung tron goi la rotor dang
CIC. Ngoai ra, nghién ciru ciing dé xuét va thu
nghiém gia cong rotor CIC bang may cit day va
danh gia do chinh xac bién dang cua rotor sau
khi gia cong. Trén co s& cac két qua cua nghién
ctru, mot s6 két luan duoc rit ra nhu sau:

- Két hop cac dudng cong cung tron,
duong than khai va cung tron 1a mgt phuong an
kha thi dé thiét ké bién dang rotor méi cho bom
kiéu roots. Biéu thirc cho viéc x4c dinh dit ligu
diém cia bién dang rotor duoc dua ra 16 rang &
cac biéu thic (4), (5) va (6);

- Str dung may cat day 1a mot phuong
an don gian, dé sir dung dé gia cong bién dang

rotor CIC;
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- B§ chinh x4c bién dang cua rotor cé
thé dugc danh gia thong qua so sanh dit lidu
diém theo 1y thuyét va theo két qua do thuc
nghiém trén may CMM. Két qua so sanh cho
thdy sy tring khop kha cao gita bién dang
rotor 1y thuyét va bién dang rotor sau gia cong
(trén 99%). Két qua nay khang dinh gia cong
rotor CIC trén may cat day 1a mot lwa chon phu
hop, dam bao do chinh xéac bién dang rotor va
hoan toan kha thi trong san xuat. «»

Ngay nhan bai: 12/4/2024
Ngay phan bién: 28/5/2024

Tai liéu tham khao:

[1]. Faydor L. Litvin and Alfonso Fuentes, 2004.
“Gear Geometry and Applied Theory”, the
second edition, Cambridge University Press.

[2]. Hwang Y-W, Hsieh C-F, 2006. “Study on high
volumetric efficiency of the Roots rotor profile
with variable trochoid ratio”. Proceedings
of the Institution of Mechanical Engineers,
Part C: Journal of Mechanical Engineering
Science. 220(9): 1375-1384.  https://doi.
org/10.1243/09544062JMES176.

[3]. Chiu-Fan Hsieh, Yii-Wen Hwang, 2008.
“Tooth profile of a Roots rotor with a variable
trochoid ratio”, Mathematical and Computer
Modelling, 48 (1,2), 19-33, https://doi.
org/10.1243/09544062JMES176.

[4]. Chiu-Fan Hsieh, 2015. “A new curve for
application to the rotor profile of rotary profile
of rotary lobe pumps”, Mechanism and Machine
Theory, (87), 70-81, https://doi.org/10.1016/j.
mechmachtheory.2014.12.018.

[5]. Kang, YH., Vu, HH, 2014. “A4 newly developed
rotor profile for lobe pumps: Generation and
numerical performance assessment”. J Mech Sci
Technol, 28, 915-926. https://doi.org/10.1007/
$12206-013-1159-7.

[6]. Ligang Yao, Zhonghe Ye, Jian S. Dai, Haiyi Cai,
2005. “Geometric analysis and tooth profiling of
a three-lobe helical rotor of the Roots blower”,
Journal of Materials Processing Technology,
(170)(1-2): 259-267, https://doi.org/10.1016/].

jmatprotec.2005.05.020.

[7].MimmiG, PennacchiP, 1999.“Analytical model ofa
particular type of positive displacement blower”.
Proceedings of the Institution of Mechanical
Engineers, Part C: Journal of Mechanical
Engineering Science.;213(5):517-526. https://
doi.org/10.1243/0954406991522743.

[8]. Lé buc Tung, 2022; “Nghién ciru anh huong cua
mét s6 thong sé cong nghé téi nang sudt va do
nham bé mdt khi gia céng banh rang khéng tron
trén may cdt day”, Luan van Thac si k¥ thuat Co
khi, Truong Pai hoc Su pham Ky thuat Hung
Yén.

[9]. Phan Ngoc Tuan, Duong Qubc Hiéu, Tran Thé
Vin, Vii Dte Phc, 2023; “T6i wu héa dé nham
bé mat khi gia céng rotor ciia bom chén khéng
trén may cdt ddy bang phwong phdp Taguchi”,
Tap chi Khoa hoc va Cong nghé, Truong Dai
hoc Su pham K§ thuat Hung Yén,; 37; 117-122.

[10]. Vi Quang Ha, 2012; “Nghién cuu dnh huong
ciia ché dg cong nghé dén nang sudt va chdt
lwong bé mat khi gia cong bang phicong phdp
cat day tia lwa dién”, Luan an Tién si K¥ thuat
nganh Cong nghé Ché tao may, Truong Dai hoc
Bach Khoa Ha Noi.

[11]. Gadakh, V. S, 2012. “Parametric optimization of
wire electrical discharge machining using topsis
method”, Advances in Production Engineering
& Management 7, 3, 157-164. https://doi.
org/10.14743/APEM2012.3.138.

[12]. Minh-Thuan Hoang, Yu-Ren Wu, 2021. “Error
compensation method for milling single-threaded
screw rotors with end mill tool”, Mechanism
and Machine Theory, 157, 104170, https://doi.
org/10.1016/j.mechmachtheory.2020.104170.

[13]. Hoang M-T, Wu Y-R, 2021. “Inter-lobe
clearance estimation for twin-screw rotor pairs
with  point-meshing features”. Proceedings
of the Institution of Mechanical Engineers,
Part E: Journal of Process Mechanical
Engineering.;235(2):560-570. https://doi.
org/10.1177/0954408920971399.

ISSN 2615 - 9910 (ban in), ISSN 2815 - 5505 (online)
TAP CHI CO KHI VIET NAM, So6 318, thang 8 nim 2024
cokhivietnam.vn / tapchicokhi.com.vn



NGHIEN CU’U - TRAO BOI

PNG DUNG CONG NGHE CAD/CAM TRONG GIANG DAY THIET
KE THOI TRANG

APPLYING CAD/CAM TECHNOLOGY IN TEACHING FASHION DESIGN

Nguyén Gia Phong
Khoa Dét may Thoi trang, Trudng Pai hoc Kinh té — K§ thuat Cong nghiép

TOM TAT

Phan mém thiét ké hién dai c¢é sw hé tro cia may tinh cung cdp kha nang cai thién do chinh
xdc, ndng sudt va té chire luong thong tin. Hé thong mdy tinh cho phép tao hinh dnh va minh hoa
san pham hai chiéu va ba chiéu. CAD/CAM la mét phan mém chuyén dung, cé tinh nang thiét ké rat
hitu ich cho nganh dét may thoi trang. Do do, cac truong dai hoc trong va ngoai nuwdc da va dang
dp dung dé giang day. Bai bdo di nghién civu phan tich tinh nang ciia phan mém dé g dung vdo
thiét ké nganh dét may, hwéng dan sinh vién vin dung phan mém. Sau khéa hoc, sinh vién cé thé
nhdp va xudt cdc khéi mau trong cac hé thong CAD khdc nhau, tao va sir dung cdc bang phan logi
cho thiét ké hang may mdc, tao cdc khoi mau mé hinh bang phién bdan dé hoa, ciing nhw tao cdc

mau tir mé hinh hodc cdc khéi co ban.
T khéa: CAD/CAM; Thiét ké quan do; Tao mau, Thir quan do do.
ABSTRACT

Modern computer-aided design software offers the ability to improve accuracy, efficiency,
and organizational flow information. The computer system allows for the creation of two-dimensional
and three-dimensional product images and illustrations. CAD/CAM is a specialized sofiware
with very useful design features for the fashion textile industry. Therefore, domestic and foreign
universities have been applying it to teaching. The article researched the software's analytical
capabilities for application to textile design and guided students in using the software. After the
course, students will be able to import and export solid models in various CAD systems, create and
use table partition types for defaultable design rows, also create solid models using map versions

like creating patterns from models or building blocks.

Keywords: CAD/CAM; Clothing design,; Pattern making, Garment virtual try-on.
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1. PAT VAN PE

Phan mém thiét k& hién dai c6 su hd
trg clia may tinh cung cap kha ning tranh cac
thao tac nho va cong vi¢c thu cong, nang cao
d6 chinh x4c, ning suat va to chirc ludng thong
tin [1]. Viéc sir dung cac hé thong thiét ké hang
may mac khong bao gé)m viéc chuén bi mau
thi cong ton thoi gian, tao bd cuc va sip xép lai
thong tin bang van ban. Cac hé théng may tinh
nham muc dich thuc hién tung quy trinh don 1¢
va tich hop tat ca cac quy trinh thanh mot ludng
chung, dé t6 chirc hau can va tinh di dong cua
cac nhiém vu cong viéc [2].

Viéc tin hoc hoa cac quy trinh khéc
nhau trong nganh may mic 1a can thiét dé giam
gia thanh san phdm va ning cao kha ning canh
tranh. Thiét ké hd tro may tinh (CAD) 1a viéc
stt dung may tinh dé phat trién k¥ thuat. Phan
mém thiét ké trén may tinh thuong hoat dong
& ché do hop thoai va su dung phﬁn mém duge
thiét ké dic biét dé phat trién cac ddi tuong cu
thé trong nganh, dau vao/dau ra cua do hoa,
may quét va cac thiét bi tir xa khac.

Phan mém cho phép tao hinh anh va minh
hoa san pham hai chiéu, ba chiéu [3]. C6 thé tao
cac mau may mic c6 su hd tro ciia may tinh, su
chuyén mau va mau ao dau tién ciia mau — nhing
hoat dong c6 su hd trg clia phf?ln mém nhu vay
gitp giam dang ké mirc tiéu thy thoi gian va chi
phi can thiét dé thiét ké mot san pham. Chi phi
cua mot san phém c6 thé duge tinh toan véi su
tro' giip clia phan mém quéan 1y san pham theo
cac thong sd phat trién, cach b tri mau, chi phi
dét may, do phuc tap va thong ) ky thuat cta
mau ciing nhu kinh nghiém truéc day ciia cong
ty duoc luu trit trong co so dit liéu. Mic du phan
mém tao diéu kién thuén loi dang ké cho viéc phat
trién san pham nhung kién thirc va k¥ nang ciia
ngudi ding van rat quan trong [4-6].

2. SU DUNG PHAN MEM CAD/CAM
TRONG GIANG DAY

M6 phong thoi trang 4o 3D duogc cung
cap boi phan mém CAD LECTRA. Muc tiéu
va muyc dich cta khoa hoc 1a cung cp cho hoc
vién kién thtrc va k¥ nang can thiét dé lam viéc
v6i phan mém CAD LECTRA, ciing nhu gidi
thiéu cho hoc vién vé thiét ké thoi trang 3D.

Hoc vién can tiép thu kién thtrc vé: cdu
tric cia phan mém CAD thoi trang LECTRA;
nguyén tic va chirc niang phat trién trén co so
Modaris V6R1; nguyén tic thiét ké miu may
mic; quy tic phan loai méau theo kich thudc;
dinh nghia vé mot phong cach va cic phién ban
cua no; phan h¢ tao marker Diamino V5R4; lua
chon kiéu dang va kich co; tao diém danh dau
trén vai voi cac thong sd xac dinh va thay doi;
thong s k¥ thuat may mic trude khi san xudt
str dung KaledoStyle V2R2; chuan bi cac khoi
mau dé mé phong 3D trong CAD LECTRA
Modaris 3D Fit V5R2.

Thiét ké trang phuc thuc té — cac tac vu
duogc thyc hién thu cong, sau d6 dugc thuc hién
trén mdy tinh véi su trg giup cia phin mém
CAD/CAM. Qua d6, kién thic hién co dugc
mo rong, tiép thu kién thirc méi va nang cao
nang suat 1am viéc ciing nhu viée str dung phan
mém CAD/CAM.

Céac phan mém duoc sir dung cho dén
nay di cho phép thuc hién tit ca cac nhiém vu
thiét ké — tao ban v& thoi trang, tao ra cac phién
ban cta no, tao hinh anh tryc quan, phat trién,
léy va v& cac mau, tao mau, tao diém danh dau.
Tuy nhién, gan day v6i nhu cau thiét ké hang
may mac theo kich thudc, xu huéng mé rong
hé théng CAD thoi trang 2D thanh CAD 3D
[7-9]. Man hinh 40 may mac 3D la mot trong
nhirng nganh thu vi nhit trong linh vuc thoi
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trang — dudi dang biéu dién 4o 3D cua thoi
trang mang lai tiém ning cao cho thiét ké, phat
trién hang may mic va tiép thi: danh muc san
pham, thuong mai dién tir, san xuét theo kich
thuade [10-13].

Pay khong chi 1a co so 1y thuyét dugc
mo rong trong qué trinh tiép thu phin mém
CAD/CAM ma con 1a thir nghiém thuc té cac
mau bang cach in chung va may quan o, ciing
nhu thiét ké trong moéi truong 4o — nhing két
qua nay phai duoc so sanh va dua ra két luan,
duoc rut ra lién quan dén hoat dong cua phan
mém.

3. VAI TRO CUA PHAN MEM CAD/CAM
TRONG GIAO DUC

Mot trong nhiing giai doan tao ra san
pham may mic quan trong nhat 1a xay dung
cac phan mém cung cap chu trinh san xuét va
phat trién hang may mic day du rat quan trong
dbi voi hoat dong san xuét va phuc vu cho muc
dich gido duc [14-15].

Nhiém vu danh cho hoc vién lam viéc
v6i phan mém CAD/CAM [16] 1a cac nhiém
vu san xuat két hop: tao cic mau quan 4o cé sy
hd tro ctia mdy tinh, chuyén mau va mau ao dau
tién cua kiéu. Thiét ké trang phuc dugc thuc
hién tuan tu trong mot khoa hoc va qué trinh
nay dugc chia thanh cac giai doan sau:

* Thu thap dir liéu nhan tric hoc, tinh
toan murc do thuan ti€n, phat trién cong trinh
co ban trong CAD GRAFIS. Xuat cic muc
dit liéu dd hoa cua ciu trac co ban sang CAD
LECTRA, phat trién b6 cuc mau.

« Pau vao dit liéu nhén tric hoc dé tham
s0 hoéa ma-no-canh, phat trién ma-no-canh
duogc ca nhan hoa trong CAD LECTRA. Mo
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phong ciu triic co ban trong méi truong 3D
trong CAD LECTRA, so sanh céc blrc anh mo
phong va mo hinh.

« Phat trién cac ban v& mé hinh, trang
tri, lya chon vat liéu dét, giai phap hoa van va
mau sic, tao ra cac bién thé khac nhau trong
CAD LECTRA.

« X4y dung hinh anh so dd cia mé hinh
cong trinh xay dung. Xay dung md hinh, luu dir
liéu vao CAD LECTRA.

« Xt 1y dit liéu dd hoa dé chuan bi 1am
viéc voi md phong 3D trong CAD LECTRA.
Bit chude tat ca cac mé hinh trong méi trudng
3D trong CAD LECTRA, danh gi4 hinh thutc
bén ngoai cia mo hinh.

3.1. Nhip va xuit miu

Hinh 1. Xudt cic mau tir CAD GRAFIS sang CAD/
CAM LECTRA

Dé phat trién cac miu xdy dung co ban,
trude hét phai chon phuong phép thiét ké phu
hop trong CAD GRAFIS cho ting loai cu thé.
Viéc thu thap dir liéu nhan tric hoc phai duoc
mo ta ngan gon; bang do ludng véi cac s6 do
co thé riéng 1¢ can thiét cho viéc str dung CAD
GRAFIS, phai chén phép tinh tro cp d& dang
theo phan loai. Viéc xay dung co ban phai dugc
lwa chon cho da phat trién bang/kich thuéc do
luong riéng 1é va cac mirc cho phép dé dang;
thiét ké tuong tac phai duoc thuc hién dé dé
dang str dung tro cip, cac gia tri tro cip d& dang
phai duoc chimg minh. Néu mé hinh co ban cia
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bd suu tap theo ké hoach khong phai la mot cAu
truc co ban thi phai thyc hién mo hinh hoéa, cac
mau khong c6 cac bién phap vuot qua duong
noi phai duoc thiét ké — bang cach nay, cic mau
c6 thé duoc xuit sang CAD/CAM LECTRA
ma khong can thay d6i cac mau vé mat do hoa.
Cac mau da tao s& duoc in (dé cat mo hinh da
may) va xuat sang CAD/CAM LECTRA dé tao
mo hinh 4o (Hinh 1).

3.2. X4c minh méu

Dé tao mo hinh trong méi truong 4o,
mot s6 hoat dong phai duoc thuc hién. Cac miu
phai dugc xtr 1y theo yéu cau cia hé théng mo
phong 3D. Bo mau phai duge xac dinh trong hé
thong va s6 mau va dinh nghia ddi xtmg phai
duogc thuc hién trong bién thé hé théng con cua
nd. Viéc xac dinh duong may phai dugc thuc
hién thong qua hé théng con nay trong hé thong
con 3D Fit Stitching (Hinh 2), cling nhu can
xé4c dinh diém truot cho tt ca cac bd phan co
thé, 16 ¢6 va cac bo phan khac,...

Hinh 2. Dinh nghia dwong may — mot manh (Inese
Pazane)

Dé co thé so sanh quan 4o dugc may va
quén ao duoc tao ra a0, mdt ma-no-canh tham
s0 duoc ca nhan hoa dugc phat trién. Phan mém
nay cung cip cic mau ma-no-canh duogc ché
tao khac nhau danh cho nam gidi, phu nit va tré
em & cac do tubi khac nhau. Dé tham sb hoa 3D
cua mQt ma-no-canh, vi¢c nhap dir li¢u nhan
tric hoc duoc thuc hién va két qua 1a mot ma-

no-canh dugc c4 nhan hoa dugc tao ra trong
phan mém MODARIS 3D Fit, cac diém truot
x4c dinh dugc kiém tra, md hinh da chuan bi
duoc mé ra, mot phién ban duge chon véi cac
két ndi dudng may xac dinh va cac diém truot
xac dinh, mot loai vai thich hop dugc chon, voi
quan 4o dugc may boi cau triic soi va mau sic
ctia nd. Phan mém phan 4nh cac budc cua qua
trinh lép a0. Cac bd phan dugc ty dong dat 1én
ma-no-canh, sau d6 tién hanh trai vai. Quan
ao thanh phém ¢6 thé duoc nhin tir cac goc do
khéc nhau va c6 thé do duoc do cang va dg vira
van.

Hinh 3. So sanh mé hinh — nhin tir phia sau
(Annija Kesele)

Hinh 4. Mau in (but chi), cac bién thé hinh anh va
mau sac dwoc giam thiéu
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Céc hinh anh m6 phong duoc phat trién
phai duoc so sanh véi anh mau may that. Viéc
so sanh phai duoc thyuc hién tir ba goc do (mat
trude, mit bén va mit sau). Can phai danh gia
hinh thirc va d6 vira vin ctia tmg mau (that hay
nhai) va so sanh chung véi nhau (Hinh 3).

3.3. Thiét ké truwc quan ciia mot mé hinh

Céc ban v¢ k¥ thuat, mo6 td mo hinh, so
d6 cit duong may va thong sd k¥ thuat phai
duogc phat trién cho mé hinh da chon. Mot
(hodc mot sd) loai vai dét thich hop phai dugc
chon cho mau da phat trién, cac dic tinh cta nd
phai dugc mé ta ngan gon, mau phai duoc quét
va thém vao. Su lua chon phai hop 1y. Mot bic
tranh, mot d6 vat, mot phong canh hodc mot dd
vat truyén cam hung khéc phai dugc tim thiy.

=]
— - e

|
,_ 5 b o
' !, i\ _..:'Il = ".:l-
o ' L he
Iy i Y
r ' 0 y A
b,r '.'T i-" '.'I.Ir.
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Hinh 5. Phién ban mau in — ban vé ky thudt va mé
hinh 3D

Mau hinh anh phai dugc chon trong
CAD LECTRA dé sir dung no cho viéc tao ra
bo suu tap phién ban mau vat licu dét. Tuy theo
cha dé cua ngudn cam himg, mot sd (it nhét 1a
3) mau in phai dugc tao trong CAD LECTRA
— soc, ca 10, cham, thiét ké hoa, mau 16n, mau
nho, v.v. S6 lugng ban in phu thudc vao cam
htng va cac chi tiét cu thé ciia mo hinh. Phai
tao 2-3 phién ban mau cho cac phién ban in da
chuén bi sin (Hinh 4).
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Chén mau sic, hinh in, hoa tiét vao ban
v& mau theo concept. M6 hinh da chuan bi phai
duoc thé hién béng tat ca cac bién thé mau séc
(Hinh 5).

4. KET LUAN

Thiét ké trang phuc 13 sy phat trién cia
mot to hop tai liéu k¥ thuat dam bao viéc san
xuat hang may mic. Trong tai liéu ki thuat, mo
hinh trang phuc dugc mo ta béng dd hoa, s6 hoc
va bang 16i n6i. CAD c6 mét vai tro quan trong
trong viéc tao ra tai li¢u nay.

Phan mém CAD cho phép tao hinh anh
va minh hoa san pham hai chiéu va ba chiéu.
C6 thé tao cac cAu truc quﬁn 40 co su hd tro cia
may tinh, cac cAp d6 chuyén mau va mau 4o
dau tién ctia mo hinh. Nhiing hoat dong c6 su
hd trg cia may tinh nhu vay lam giam dang ké
thoi gian tiéu thu va chi phi can thiét dé thiét ké
mot san pham. Gia thanh san pham c6 thé duoc
tinh toan bang céng cu hé théng quan 1y san
pham duya trén cac thong sd phat trién, cach bd
tri mau, chi phi dét may, do phurc tap va thong
s6 k¥ thuat cua miu ciing nhu kinh nghiém
trudc day cia cong ty dugce luu trir trong co s¢
dir lidu.

Phan mém thiét ké hién dai c6 su hd
trg cia may tinh cung cap kha niang tranh cong
viéc thu cong, nang cao do chinh xac, nang Sut
va to chue ludng thong tin. Viéc sir dung cac hé
thong thiét ké hang may mic khong bao gdm
viéc chuan bi mau thu cong tén thoi gian, tao
bd cuc va sap xép lai théng tin bang van ban.
Cac hé théng may tinh nham muc dich thuc
hién timg quy trinh don 1¢ va tich hop tat ca cac
quy trinh thanh mot ludng chung, dé to chirc
h4u can va tinh di dong cua céc nhiém vu cong
viéce.
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Sau khoa hoc, hoc vién c6 thé nhap va
xuit cac khdi mau trong cac hé thong CAD
khéc nhau, tao va st dung cac bang phan loai
cho thiét ké hang may mac, tao céac khdi mau
mo hinh béng phién ban dd hoa, cling nhu tao
cic mau tir md hinh hodc cac khdi co ban. Kha
nang lam viéc voi cac chirc nang nhu vay da
duoc thé hién trong cac phong thi nghiém méy
tinh.

Hoc vién c6 thé tao ra cac mau kiéu
hodc cac khdi co ban va théng sb ky thuat.
Trong du &4n nghién ctru, hoc vién thé hién ky
nang ciia minh dé tao ra cac budc thiét ké va
phat trién h0’p Iy va hiéu qua, dong thoi st dung
cac nguyén tic va chiic nang phat trién cua hé
thdng cling nhu cac tham s6 ¢6 thé thay ddi cta
mau. Hoc vién ¢6 thé tao cac mau md hinh va
thuc hién mo phong 3D trong hé théng CAD
Lectra. Trong du an nghién ctru, cac hoc vién
chung té kha nang tao mo phong 3D hang may
mic chinh xéc, sira 16i va tao ra thiét ké truc
quan.
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DANH GIA ANH HUONG CUA TIET DIEN BUONG ONG VA KiCH
THUOC XI LANH CHINH DEN SU CHUYEN DICH CUA PISTON
XI-LANH CONG TAC TRONG HE THONG PHANH DAN DONG

THUY LUC TREN XE DU LICH

ASSESSING OF PIPING SECTION AND MASTER CYLINDER SIZE ON THE
TRANSITION OF WORKING CYLINDER PISTON IN HYDRAULIC DRIVE BRAKE
SYSTEM ON PASSENGINEER CARS

Nha Twong Linh
Truong Co khi, Pai hoc Bach Khoa Ha Noi

TOM TAT

Viét Nam la quoc gia c6 ty 1é sé hitu 6 16 tang nhanh nhat thé gici [1]. Co dén 70% s6 6 16
dang leu hanh la xe du lich, xe tdi ¢& nho, trung binh [2] va nhitng phirong tién ndy déu dwoc trang
bi hé thong phanh dan déng thiy liec. Viéc nghién ciru vé hé théng phanh thity lwc déng vai tro quan
trong trong viéc dira ra nhitng gidi phdp, cdi tién cong nghé nham giam thiéu tai nan, cdi thién tinh
hinh giao théng. Trén cdc diéu kién thue té két hop véi cdc Iy thuyét chat long thity hee, nhém tac
gid tién hanh xdy dung hé phwong trinh vi phdn mé ta hé thong phanh dan dong thiy lec. Thong
qua phirong phdp mé phéng tdp trung xdy dung cdc phwong trinh chuyén dong, phwong trinh dong
chay va phwong trinh luu lwong [3], phirong phdp mé phong Runge — Kutta dé mé ta chi tiét cdc
qud trinh xdy ra trong hé thong [4]. Cdc két qua vé thoi gian va quy ludt tang dp phit hop véi Iy
thuyét. Tién hanh khdo sdt va danh gid anh hwéng cia cac thong sé két cau nhw: tiét dién xi lanh
chinh, dwong ong dan dau, xi lanh cong tic so sanh véi tiéu chuan ECE R13 [5] va TCVN 5658-
1999 [6]. Céc két qua cho thdy, thong sé két cdu tuy khéng gdy anh hwéng Ion dén do tré trong hé
thong nhung lai gdy qua do, thay doi kich thiede cdc chi tiét dan dén hé théng sé phai bé tri lai sao
cho phii hop véi thiét ké ciia xe.

Tw khéa: Hé thong phanh dan dong thiy hec; Mé phong tdp trung; Mé phong Runge —
Kutta; Kich thuoc xi lanh chinh, Tiét dién duwong ong dan dau,; Xi lanh cong tac.

ABSTRACT

Vietnam is the country with the fastest growing car ownership rate in the world [1]. Up to
70% of cars in circulation are passenger cars and small and medium-sized trucks [2] and these
vehicles are all equipped with hydraulic brake systems. Research on hydraulic brake systems plays
an important role in providing solutions and technological improvements to reduce accidents and
improve traffic conditions. Based on actual conditions combined with hydraulic fluid theories, the
authors proceed to build a system of differential equations describing the hydraulic brake system.
Through the simulation method focusing on building the equations of motion, flow equations and &
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flow equations [3], Runge — Kutta simulation method to describe in detail the processes occurring
in the system [4]. The results on time and pressure rise law are consistent with theory. Conduct
surveys and evaluate the effects of structural parameters such as: main cylinder cross-section,
oil pipeline, working cylinder compared with ECE R13 standards [5] and TCVN 5658-1999 [6] .
The results show that, although the structural parameters do not greatly affect the latency in the
system, they do cause transients and changes in the size of details, leading to the system having to
be rearranged to suit the design, vehicle design.

Keywords: Hydraulic brake system; Centralized simulation; Runge — Kutta simulation;
Main cylinder size; Oil pipeline cross section; Working cylinder.

1. GIOI THIEU CHUNG

dung xi lanh chinh hai dong dugc str dung phd
bién hién nay trén xe du lich va xe tai cd nho,
trung binh. Khi nguoi lai tdc dung luc vao
ban dap phanh (1); théng qua bau tro luc chin
khong (2), ap luc phanh dugc tao ra tir xi lanh
chinh (2) qua cac duong éng dan dau (4) dén
tirng xi lanh banh phanh xe tai cdc co ciu phanh

cau trudc (5) va cau sau (6) thuc hién qua trinh 2. XAY DUNG MO HINH MO PHONG HE

dong phanh nay déu phai dap ung yéu cau vé

dam bao chi tiéu 13 hiéu qua phanh va 6n dinh
hudng chuyén dong khi phanh. Thong thuong
trén nhiing xe 6 t6 hién dai c6 bé tri thém cac hé
thdng hd tro dé nang cao hiéu qua phanh nhu hé
thong ABS (hé thong chong bo climg banh xe),
van diéu hoa lyc phanh LSV... V61 phuong ¢ qung mg hinh dan héi khi bo qua biu trg lye
phdp mo phong hé thong dqg dong Pha“h thuy phanh va hé théng ABS duoc trinh bay trén cac
luc dya trén mo hinh dan hoi, tac gia lya chon hinh 2 va hinh 3.

H¢ thong phanh dan dong thay luc sir /
Phia tnede

R AN
N/ L/

= )
Hinh 1. So do hé thong phanh dan déng thiry luc
trén xe du lich 5 cho

2.1. M6 hinh mé phéng hé dan dong phanh
thiy lwe hai dong doc lap

Thong qua phuong phap mo phdong tap
trung, so d6 mo6 phong hé thong phanh thuy luc

SO dé dan dong phanh thuy luc b tri doc lap B s
hai cau va lua chon xe tham khao Corolla Altis o
dé nghién ctru. Do van dé mo phong bau tro luc o S T
phanh va hé théng ABS kha phtc tap nén trong o PR I o = 050

pham vi cua bai bdo nay, tac gid xin khong trinh S B _ O ": T

bay su anh huong cua nhirng bd phéan trén, coi RoY Ewe U veos e A

nhu luc tac dung cua ban dap phanh tac dung 12 N
tryc tiép vao piston xi lanh chinh. So d dan M= RS »
dong cua hé théng phanh duoc trinh bay nhu E
trén hinh 1. Hinh 2. So d6 mé phong hé dan déng cau trude
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Hinh 3. So d6 mé phong hé dan déng cau sau

Céc thong sd trong cac so dd hinh 2 va
3 duoc dinh nghia nhu sau:

« Thé tich V, cta xi lanh chinh tép trung
tai nat (1), (5); Thé tich cua duong éng tap
trung tai nut (2);

« Thé tich khoang cong tic cua xi lanh
phanh banh xe V_ tap trung tai nat (i) (i =1, 2,
3,4);

« Kha ning gidn nd cia hé théng dugc
thé hién tap trung thong qua cac xi lanh ¢ 10 xo
voi hé sé dan héi vy (p) (i=1,2,3,4,5,6,7, 8);

« Cac nat (i) chia hé théng 1am i doan
v6i chiéu dai duong éng 1a 1. Mdi doan c6 khdi
luong chét long twong Gng 1a m, va stc can
thuy lvclaR (i=1,2,3,4,5,6);

* Y, Y, la céac dich chuyén piston cta xi
lanh chinh cau sau va trudc;

* z_la cac dich chuyén cua cac piston xi
lanh chap hanh cac banh xe cau sau va trudce (i
=3,4,7,8);

* X, la cac dich chuyén cua cot chat long
tai cac nut twong ung (i) 1i=1, 2, 3,4, 5, 6, 7,
8);

« f1a dién tich duong 6ng;
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* P 1a lyc sinh cong hitu ich tai cac xi
lanh chip hanhi (i=3, 4, 7, 8);

* v 1a d nhét dong hoc;
« £ 1a hé s6 can cuc bd.

Trén co s6 1y thuyét mo phong hé thong
phanh thuy luc [7, 8], h¢ phuong trinh vi phan
mo ta qua trinh hoat dong ctia dan dong phanh
¢6 chtra cac hé sd v.(p,) nén viéc giai h¢ phuong
trinh vi phan nay la vo cung kho khin. Nhan
thdy viéc rat gon va don gian hoa hé théng sé
khong 1am anh huéng nhiéu dén tinh chinh xéac
qua trinh [am viéc cua hé théng. Qua trinh hoat
dong xay ra tai piston xi lanh chap hanh banh
xe cau sau va cau trude doi mot 1a gidng nhau;
coi d0 cimg cuia cac phan tir trong hé thong du
16n, d6 dan hoi cua ching 1a khong dang ké;
sir dung mo hinh dan hoi 2 phan tir. So d6 dan
dong cau trude va ciu sau duoc rat gon hinh 4
va hinh 5.

¥ P % Phss X3y

1 b f
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=
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Hinh 4. So' d6 mé phong hé théng rit gon phanh
thiy lye cau truée

L Paa %y Prs. Xy —
ml—h m Row® F | P
Py T‘ P 4 |
%ﬂ T ==z 1
Koo Elwe

L 3 1%
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Hinh 5. So d6 mé phong hé thong rit gon phanh

thuy luc cau sau

H¢ phuong trinh vi phan mo ta qua trinh
hoat dong cua din dong phanh cdu trudc sau

khi rat gon:
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2

d’z,  dy dz, dz,
P, =Py t3,.—+a,.—+a,.| — | sgn—
A T T W dt
dy dz, dp,
—=a,—+a,— 1
N (1)
dZ1 dz dz
—— = —+ag—
dt  dt dt

Py, By = Cy, 2

H¢ phuong trinh vi phan mo ta qua trinh
hoat dong cta dan dong phanh cau trudc sau
khi rat gon:

2 2

dz dz dz dz
Py =Pog b —4b, —24b, | — | sgn—2
PR T a Cla dt
d dz d
—y:b4—2+b5& )
dt dt dt
dz, dz dz
72:7+b6'72
dt  dt dt
PasFs = Cgn 2y

Bang 1 dudi day thé hién cac thong
s0 dau vao cho qué trinh m6 phdéng hé thong
phanh cau trugc va cau sau:

Bdng 1. Gid tri dau vao mé phéng hé thong phanh cau trude va cau sau [9]

TT | Ky hiéu Noi dung Gia tri Pon vi
1 f Tiét dién duong ng 1.26%10° m?
2 p Khdi luong riéng chit long 850 kg/m?
3 1, Chiéu dai duong 6ng cau trude 1.5 m
4 L, Chiéu dai duong dng ciu sau 3.5 m
5 v Hé s6 nhét dong hoc chét long 20.4*10° m¥s
6 k, Hé s6 hiéu chinh 0.022
7 ¢ Hé sb can cuc bd 0.2
8 F, Dién tich mit tiép xtc xi lanh chinh 3.14*10* m
9 F., Dién tich mat tiép xtic xi lanh phanh 10.2*10* m
10 y bo déi: tl%'o‘ng d}mr}g cua xi 1Aanh c'hinh tuorng’l'rng voi 0.05 m

max1 thé tich chat long ban dau chtra trong ching.
1|, | Polmsbmecs i dtneined | ong
21w e e chit omg ban dhu chis rong ching. | 0% m
13 C,, Do cling dan hoi dan dong cau trude 31*10° N/m
14 Cy Do cing dan hoi dan dong cau sau 14,4*%10° N/m
15 v,(p) Heé s6 gian no ciia hé thong 1/E m?/N
16 k Cuong d6 dap phanh 23 /s
17 E Mo-dun dan hdi chit long 3.4%10° N/m?
18 Q,, Luc tac dong 1€n ban dap 867 N
19 m Khdi lwong xi lanh cong tac 0.2 kg
20 Do Ap suét cuc dai 14*10° Pa
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2.2. M6 hinh mé phéng chuyén dong theo
phwong doc cia 6 to du lich

Khi xe chuyén dong, dao dong cia xe
anh huéng dén luc tac dong tir khung xe 1én
banh xe tir &6 anh huong dén phan lyc F , thang
ding tr duong 1€n banh xe. Do do, cac lyc bam
doc F_va ,bém ngang Fy cling b1 anh hudng,
tdc dong dén hi¢u qua phanh va 6n dinh hudng
chuyén dong ctia 6 to.

Tuy nhién trong qué trinh phanh, anh
huong cua dao dong khung xe, ddm cau va banh
xe rat nho so véi su phan bd lai trong luong
1én cac cau xe. Hon nira, do mirc do phtic tap
khi mé phong hé thong phanh thuy luc, va dbi
tuong khdo sat 1a qua trinh phanh trén duong
thing, bang phiang cua xe con nén dé don gian,
cac anh huong nay s€ dugc bo qua.

Céc lyc tac dung vao xe khi phanh trén
duong thang, bang phang dugc thé hién dudi
hinh gém [10]:

Hinh 6. Cac lyc tac dung vao xe khi phanh trén
dwong thang, bang phang

Trong qua trinh phanh, xe c6 khbi
lwong m, gia téc chuyén dong cua 6 t6 % chiu
cac phan luc tr mat dudng 1én banh xe trudec,
sau F_, F_; luc can lan banh xe trudce, sau F,
F_; luc phanh ¢ banh xe trudc, sau F sz, F,
1a lyc can khi dong hoc theo phuong d(_)c va G
la trong lugng cua xe.
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Phuong trinh chuyén dong theo phuong
doc cua xe khi chiu tdc dung cua cac lyc duoc
viét nhu sau:

mi =F, +F, +F +F, +F, ()

Cac thanh phﬁn Iuc can lan, luc can
khong khi, luc phanh sinh ra tai cac banh xe
trong qua trinh phanh thong qua s6 xi lanh cong
tac n dugc dat tai banh xe, luc ép ma phanh vao
dia phanh P, ban kinh trung binh cta tAm ma
sat, d, duong kinh xi lanh cong tac ‘Eruc'rc, d,
duong kinh xi lanh cong tac sau, hé so can lan
f, xe c6 trong luong G, xe ¢ hé sé can khong
khi C , Amat do khong khi, dién tich can chinh
dién A va X van toc tuyét dbi cua 6 to so v6i
khong khi [11].

Phuong trinh chuyén dong theo phuong
doc ctia xe khi phanh (3) duoc viét lai nhu sau:

2 2
npmP, R, (d +d 1
S pPy) Ry (d) 2)_f.G_7,A,CW.A.(X)2(4)
2

rbx

3. KET QUA VA PANH GIA

Tu cac phuorng trinh vi phan (D), (2),
(4) da duo’c thiét 1ap ¢ muc 2, két hop str dung
phan mém Matlab-Simulink thiét 1ap cac khbi
mo phong mo hinh hé dan dong phanh thiy luc
theo phuong phap mé phong Runge — Kutta.
Chat luong 1am viéc cua hé thong phanh thuy
luc phu thudc vao nhiéu thong sé khac nhau.
Nhitng thong sb nay duoc chia thanh hai nhém
chinh: (i) Nhom thong sé két ciu bao gdm:
piston, xi lanh, duong 6ng, dd nhét chat long;
(ii) Nhom thong s6 sir dung bao gdm: van téc,
chit lugng mat duong, théi quen cua ngudi
lai.... Trong ndi dung bai bao nay, tac gia lua
chon ba thong sé két cau: kich thudc xi lanh
chinh, kich thudc xi lanh cong tac, kich thudce

duong dng.
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Do hoat dong ctia hé théng phanh ciu
trude co quy ludt twong tu nhu hé théng phanh
cdu sau, nén trong bai bao nay chi khao sat cac
thong s6 cho hé théng phanh cau trudc.

Céc thong so khao sat nhu sau:

- Kich thuéce xi lanh cong tac:
d,=0.043m; d, = 0.053m; d, = 0.063m;

- Kich thudc dudng dng:
d,=0.002m; d,=0.004m; d, = 0.008m;

- Kich thuéc xi lanh chinh:
d, =0.015m; d,= 0.02m; d,= 0.025m.

3.1. Khio sat va danh gia anh hwong cua
duwong kinh xi lanh cong tac

Nhom tac gid lya chon cac kich thude
xi lanh cong tac: d, = 0.043m; d, = 0.053m; d,
=0.063 m dé khao sat va danh gia.

Hinh 7. Qud trinh ting ap sudt tai xi lanh cong tac
khi thay déi kich thuée xi lanh céng tac

-

Hinh 8. Dich chuyén ciia piston xi lanh céng tic
khi thay doi kich thuoc kich thuoc xi lanh cong tac

Hinh 9. Dich chuyén ciia piston xi lanh chinh khi
thay doi kich thiée xi lanh cong tac

Hinh 7 trinh bay két cta qua trinh ting
ap sudt tai co cau phanh khi thay doi kich thudc
ctia xi lanh cong tac. Két qua cho thdy thay
d6i kich thudc xi lanh cong tac khong 1am anh
huong nhiéu dén qua trinh ting ap suat 1én hé
théng.

Hinh 8 va 9 1a cac két qua khao sat dich
chuyén cua piston xi lanh cong tac tai co cdu
phanh va dich chuyén ctia xi lanh chinh. C6 thé
nhan thay rang, cac kich thudc xi lanh cong tac
khac nhau khong gy anh huong nhiéu dén do
tré ting 4p trong hé thong, nhung lai c6 sy tac
dong 16n dén dich chuyén cta piston xi lanh
chinh. Cu thé, khi ting dudng kinh xi lanh thém
0.01 m (tir 0.053m 1én 0.063m) thi dich chuyén
cua piston xi lanh chinh tang to 7.37mm 1én
10.37mm, khi gidam duong kinh xi lanh 0.01m
(tir 0.053m xudng 0.043m) thi dich chuyén cia
piston xi lanh chinh giam 2.37mm. Mat khac,
khi thay d6i kich thudc xi lanh cong tac s& lam
thay d6i 4p luc tac dong 1én cac ma phanh (P,=
F.z) va b tri cac chi tiét trong hé thong phanh.
Luc phanh qua 16n s& lam cac banh xe bi trugt
1ét, luc phanh qua nho s& lam ting quing dudng
va thoi gian phanh, khong dam bao an toan khi
chuyén dong.

3.2. Khio sat va danh gia anh huong cua tiét
dién duwong ong

Nhom tac gia Iya chon céc kich thudc
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xi lanh chinh: d, = 0.02 m; d, = 0.015m; d, =
0.025 m dé khao sat va danh gia.

d = 0e0dm ||
wememn: f @ [ GO
d = 0 B0km

i,
L] h:.\‘lﬂﬂ

Hinh 10. Dich chuyén ciia piston xi lanh céng tdc
0 cau sau khi thay doi kich thudc ong dan

Hinh 11. Qud trinh tang ap sudt khi thay doi kich
thwée dwong ong dan

Hinh 10 va 11 thé hién qua trinh chuyén
dong cua piston xi lanh cong tdc va qua trinh
ting ap suat khi thay d6i kich thudc 6ng din
thiy lue. Két qua cho thy, duong kinh dng dan
16n s& lam giam d¢ cham tac dung cua hé théng
va nguoc lai, duong kinh dng din nho s& lam
tang do cham tac dung ctua hé théng.

Tuy nhién, viéc tang kich thuéc ng din
s& giy ra dao dong ap suét chit 1ong trong hé
thong, 1am ting thoi gian qua do ciia hé thong
va gdy ra cac ton that 1on. Vi vay, két qua nay
c6 thé dugce sir dung lam co s& dé lua chon céc
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kich thudc duong dng khi thiét ké cho phu hop,
gitip d& dang b tri va nang cao hiéu qua phanh.

3.3. Khio sat va danh gia anh hwéng ciaa
dwong kinh xi lanh chinh

Nhom tac gia lga chon cac kich thudc
xi lanh chinh: d, = 0.02 m; d, = 0.015m; d, =
0.025 m dé khao sat va danh gia.

Hinh 12. Dich chuyén ciia piston xi lanh chinh khi
thay d6i kich thieée xi lanh chinh

pi{Fa) .ap®
15

i

.....
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— ] 0

&= 003m

= e d u 0 025m

]

] ol o i 1) o4

Hinh 13. Qud trinh tang dp sudt trong hé thong khi
thay déi kich thieée xi lanh chinh

Cac két qua hinh 12 va 13 thé hién
chuyén dong cua piston xi lanh chinh va qua
trinh ting ap suat khi thay doi kich thudc xi
lanh chinh. Cac két qua cho thay, su thay doi

vé thoi gian ting ap suit trong hé thong khong &
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bi anh nhiéu khi thay d6i kich thuéc xi lanh
chinh, su dich chuyén cua cac piston trong xi
lanh chinh c6 sy thay doi dang ké. Cu thé, hanh
trinh cua piston tang 1én khi kich thudc xi lanh
chinh giam, diéu nay lam cho kich thuéc cua
xi lanh chinh s€ tdng, hanh trinh ban dap s& dai
hon va lyc tac dong dau vao cua nguoi lai lén
hé théng phanh ciing s& 16n hon. Mudn luc tac
dung dau vao ctia nguoi 1ai khong thay doi thi
can thiét ké hé théng trg luc phanh 16n hon,
diéu nay s& lam tang chi phi san xuét, kho khan
trong viéc bd tri cac hé thong trén 6 t6. Két qua
khao sat nay co thé duoc st dung dé lya chon
xi lanh chinh va bau trg lyc.

4. KET LUAN

Nhom tac gia da mo phong hoat dong,
khao sat va danh gid anh hudng cua céc thong
s6 két cdu trén hé thong phanh dan dong thuy
luc va rat ra mot s6 két luan:

Cac két qua mo phong hoat dong cua
hé¢ théng phanh thé hién dugc ban chat quy
luat do nhay cao cta hé théng dian dong thiy
lue, cac quy luat ting ap phu hop véi 1y thuyét,
thoi gian tang ap tir 0 1€n gid tri cyc dai (p, )
khoang 0.25s.

Céc thong s6 két cau ciia hé thong khi
thay doi s& anh huong t&i chat luong 1am viée
ctia hé thong vé qua trinh tang ap suat, thoi gian
cham tac dung hé théng hanh trinh dich chuyén
piston xi lanh chinh.

Viéc danh gia va khao sat cac thong s6
két cau co thé duogc st dung dé lya chon cac két
cdu chi tiét trén hé thong phanh din dong thuy
lwc nham t6i wu hoa hé thong va dat dugc hiéu
qua phanh cao nhat; Khi chuyén lan duong,
ngudi 1ai can c6 diéu khién tily theo trang thai
thuc té cua xe.

M5 hinh héa hé thong gdom céc xi lanh
chinh, cic duong dng va cac xi lanh cong tac.
Str dung phuong phap mo phong tap trung xay
dung cac phuong trinh chuyén dong, phuong
trinh dong chdy va phuong trinh luu luong
dé mo ta chi tiét cac qua trinh xay ra trong hé
théng. Str dung phuong phap mé phong Runge
— Kutta m6 phong qué trinh hoat dong cta h¢
thong. Cac két qua vé thoi gian va quy luét ting
ap phu hop véi Iy thuyét.

Két qua khao sat va danh gia anh huong
ctia cc thong sb két cdu (tiét dién xi lanh chinh,
duong Ong, xi lanh cong tic) va thong sb sir
dung (van tde trude khi phanh, diéu kién mat
duong) dén hiéu qua phanh. Céac két qua khao
sat duogc so sanh véi tiéu chuan ECE R13 va
TCVN 5658-1999. Cac két qua cho thay, thong
s6 két cau tuy khong gay anh hudng 16n dén do
tré trong hé thong nhung lai giy qua do, thay
d6i kich thudc cac chi tiét ddn dén hé thong s&
phai b tri lai sao cho phii hop vai thiét ké cua
Xe.

So sanh cac két qua dua trén tinh toan
1y thuyét tinh toan va tiéu chuan thuc té cho
thdy két qua thoa man cac diéu kién. Nhu vay,
phuong phéap nghién ctru ma tac gia su dung c6
doé tin cay cao, do do6 co thé st dung mo hinh
va két qua nghién ctru cho myc dich tinh toén,
kiém tra va thiét ké hé thong phanh thuy lyc.
Mit khac, cac két qua nay co thé dugc tham
khao dé lya chon céc chi tiét trong hé thong
phanh, co sé 1y thuyét cho cac thir nghiém thuc
te. <

Ngay nhan bai: 17/5/2024
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TOI YU HOA CO CAU AN DAO CHINH XAC 2 BAC TV DO SU
DUNG THUAT TOAN NSGA-II VA ANN

OPTIMIZATION OF 2 DOF FOR HIGH PRECISION FEED DRIVE USING NSGA-II
AND ANN ALGORITHM

Nguyén Vin Khién, Ping Vin Hai
Trudng Pai hoc Cong Thuong Thanh phd H6 Chi Minh

TOM TAT

Bai bdo gioi thleu thiét ké t6i wu co cau dan hoi 2 bdc tw do méi g dung cho gia cong
chinh xdc. Trong co cau dan hoi, két hop khép dan hoi dang ban nguyet va cac thanh dan hoi két
hop véi cdc thanh cimg dé tao ra chuyén vi mong muon. Thiét ké nay dwoc t0i wu héa da muc
tiéu bang két hop giita RSM (Response surface methodology), ANN (Artificial Neural Network),
NSGA-II (non-dominated sorting genetic algorithm-11), TOPSIS (Technique for Order Preference
by Similarity to Ideal Solution). M6 hinh todn xdp xi cia thiét ké dwoc xdy dung bang RSM-ANN
va sau dé dwoc t6i vu héa bcing thudt toan NSGA-II, két qua 16i wu dwoc chon dua trén phan tich
TOPSIS. Két qua t6i wu héa va mé phéng bang ANSYS cho thdy co cdu tao dwoc chuyén vi dau ra
80,29 um, tan sé ti nhién dau tién la 617,06 Hz. Ung sudt 16m nhat cia co cdu 62,968 MPa. Phirong
phdp dé xudt cé thé dwoc dp dung cho cdc thiét ké phic tap véi cdc loai khép dan héi khdc nhau,
nhiéu bién thiét ké va nhiéu ham muc tiéu. Trong twong lai thiét ké t6i vu dwoc chon, dwgc ché tao
bang phwong phdp cat ddy va iing dung gia cong chinh xdc trén mdy tién truyén thong ciing nhuw
may tien CNC.

Tir khoa: Co cdu dan hoi; Thudt todn di truyén; Pdp img bé mat; Mang ANN; Phwong
phap TOPSIS.

ABSTRACT

This article introduces the optimal design of a new 2-degree-of-freedom compliant mechanism
applied to precision machining. This paper proposes a new design of a compliant mechanism using
semicircular hinges and leaf springs combined with rigid bars to create the desired displacement.
This design is optimized for multiple goals by combining RSM (Response surface methodology),
ANN (Artificial Neural Network), NSGA-II (non-dominated sorting genetic algorithm-II), and
TOPSIS (Technique for Order Preference by Similarity). The equivalent mathematical model of
the design is built using RSM-ANN and then optimized using the NSGA-II algorithm, the optimal
result is selected based on TOPSIS analysis. Optimization and simulation results using ANSYS show
that the mechanism creates an output displacement of 80.29 um, and the first natural frequency is
617.06 Hz. The maximum stress of the compliant mechanism is 62.968 MPa. The proposed method
can be applied to complex designs with different types of flexural hinges, multiple design variables,
and multiple objective functions. In the future, the optimal design will be selected, manufactured
by wire cutting method, and applied to precision machining on traditional lathes as well as CNC
lathes.

Keywords: Compliant mechanism; NSGA-II; RSM; ANN; TOPSIS.
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1. PAT VAN PE

Co céu dan hdi ngay cang duoc tmg
dung rong rai va dong vai trd quan trong trong
cac linh vuc k¥ thuat nhu: gia cong co khi tién
chinh xac [1], gia cong hd tro rung dong bang
phuong phép phay [2], co cdu dinh vi chinh x4c
[3], co cAu can chinh chinh xac [4], co ciu kep
vat va co cAu gap vat siéu nho [5, 6]. Ngoai ra,
co cau dan hoi con dugc tng dung trong linh
vuc y sinh [7], diéu khién dong chay chat long
[8], thu nang lugng [9].

Trong thiét ké co cdu dan hoi, dé dat
duoc thiét ké mong muén, cac nha thiét ké
thudng str dung mot sé phuong phap nhu: xay
dung mé hinh toan, phan tich va t6i vu hoa
[10], t6i wu hoa thiét ké bang phuong phap
tryc tiép st dung giai thudt di truyén (genetic
algorithm — GA) [1], thuat gidi khac biét
(differential evolution — DE) [11], giai thuat
bay dan (particle swarm optimization — PSO)
[12], hodc t6i uu hoa bang phwong phap gian
tiép dua trén thiét ké thuc nghiém két hop véi
cac phuong phép t6i wu hda nhu Taguchi-RSM
[13], RSM-GA [14] & tim ra thiét k& mong

4

muon.

Bai bao nay dé& xuit mot thiét ké méi
cho co cau an dao chinh xéac 2 bac tu do. Viéc
xay dyng mo hinh hoa cho co cdu in dao 2 bac
tu do méi két hop véi phan tich phan tir hitu
han ding ngdén ngit ADPL trong ANSYS dé
xay dung md hinh co cdu dan hoi. Tiép theo t6i
wu hoa da muc tiéu co cdu an dao 2 bac tu do
bang thuat todan NSGA-II két hop véi ANN dé
t6i wu hoa ham muc tiéu mong mudn. Két qua
t6i wu dugce phan tich trong sb Entropy bang
phuong phap TOPSIS Iya chon 16i giai tot wu
t6t nhat. Phuong phap dé xuét c6 thé duogc ap
dung cho cac thiét ké phuc tap vé6i cac loai
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khop dan hoi khac nhau, nhidu bién thiét ké va
nhiéu ham muc tiéu. Phuong phép thiét ké két
hop trén duogc 4p dung thiét ké co cdu an dao 2
bac tu do c6 do phan giai micron.

Trong tuwong lai, thiét ké t6i wu dugc
chon va duoc ché tao bang phuong phép cat
day. Co ciu nay s& dugc thuc nghiém va diéu
khién vong kin vé chuyén vi ¢iu ra mong mubn
clia co cau dé gia cong trén may cong cu truyén
thdng ciing nhu may CNC.

2. THIET KE
2.1. Nguyén ly hoat dong

Hinh 1 va hinh 2 13 co céu an dao tao
2 chuyén dong theo hai phuong x va y (coi
phuong z va y 1a tuong duong nhu nhau) doc
1ap v6i ngudn kich dong 1a 2 PZT. Tao chuyén
vi theo phuong y 1a sir dung mot PZT véi tao
dich chuyén dau vao la y,» nho co ciu cach tay
don lam khuéch dai chuyén vi dau ra, & dau ra
clia co cdu theo phuong y ¢ co ciu bdn khau,
nham muc dich tang d6 cing va triét ti€u hoan
toan chuyén dong khong mong muén theo
phuong x. Pé tao chuyén dong theo phuwong x
ddc lap cua co cAu an dao, dung mot PZT thu
hai v6i chuyén vi dau vao la x. va tao chuyén
vi dau ra la X, Mho co cAu bon khau duoc bd
tri tao chuyeén vi theo phuong x nham muc dich
ting do cung va triét tiéu hoan toan chuyén
dong khong mong mudn theo phuong y. Pic
biét cua thiét ké 1a cac chuyén dong cua cac
phuong x va y dugc tach ro1 hoan toan, do dac
tinh cua thiét ké tach biét, theo hai phuong
chuyén dong khong phu thudc vao nhau nhu
hinh 2.
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Hinh 2. Co cau an dao chinh xdc hai bdc tw do
dung co cau dan hoi

2.2. Phén tich d§ khuéch dai

Trong hinh 2, (x,, X Yip You lan luot
la cac khoang chuyen vi ctia co cau PZT, co ciu
don by va co ciu bon khau song song. Tir so
dd dong hoc nay, mbi quan hé giira cac chuyén
vi ¢6 thé d& dang duoc mo ta boi hé phuong
trinh tuyén tinh thuan nhat (1):

Your — 7 ¥in — 0 (D

Gidi tim nghiém cua h¢ phuong trinh

(1), ta c6 duoc mdi quan hé

LZ
L__I}Fiﬂ.

-}Fﬂﬂﬂ' -

gitay  vay. :

2)

Goi hé so khuéch dai cua co cau an dao

nay laA,
sau:

— Your
}Fiﬂ

A

amp

hé s6 nay duoc tinh theo cong thirc

Ly

— €)

Ly

3.TOI UU HOA
3.1. T6i wu héa co cAu #n dao

Phén tich d6 nhay cua cac bién thiét ké
cho phép loai bo cac bién it anh hudng dén thiét
ké va mo rong vung hoat dong (g101 han) cua
bién thiét ké anh huong 16n nhat dén ham muc
tiéu mong mudn cua thiét ké. Trong hinh 3 cho
thiy bién thiét ke T, co anh huong 16n nhat dén
ham muyc tiéu tan sd, sau d6 thir tu 1an luot 14
T,R,L,T,. Pbi v6i ham muc tiéu 1a tmg suat
nho nhat cac bién anh hudng 16n nhét téi ham
muc tiéu la T, va L,, sau do thir tu cac bién con
lainhu: T, T, R..

i

T

I I
414 1
i, 1
|
T |

LYrig ma 2 kn mbad

155 mbayy (%

Tha & iy nfale Al e
Hinh 3. D¢ nhay cua cdc bién thiét ké voi cac ham
muc tiéu
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Trong hinh 4 cho thay cac diém dif liéu
déu nam chinh xé4c trén mot duong thang. Pidu
d6 c6 nghia 1a c6 mdi tuong quan rat tot giira
cac dur li¢u giam sat va dir liéu du doan cua
cac md hinh bang cach sir dung phuwong phap
két hop ctia RSM va FEA trong ANSYS. Tuy
nhién, su bién thién hau nhu ton tai trong bat
ky hé théng nao. Vi vdy, cac thi nghiém kiém
ching sau do s& tién hanh danh gia d6 chinh
xéac du doan ctia phuong phap dugc dé xuit.

Hinh 4. Két qua tring khép gitta diF liéu gidm sat
va dir lieu dw doan

Dé dam bao kha ning lam viéc va tmg
dung thuc té trong gia cong clia co cdu in dao.
Tan s dao dong tu nhién cao c6 thé cho phép
tang tde do cét got cua co cAu an dao. Do vay,
trong budc tdi wu hoa co cdu dan hoi, ham muc
tiéu duoc chon 1a tan s6 tu nhién cao va co ciu
ludn thoa diéu kién bén thi cyc tiéu héa ung
suét ctia co cau 1a ham muc tiéu thtr 2. Cac bién
thiét ké chinh dugc thé hién trén hinh 2. Giéi
han cua cac bién thiét ké, diéu kién rang budc,
ham muc tiéu cta bai toan ti uvu hoa nay duoc
thé hién chi tiét nhu bang 1.

N, kb e wlie ek =
oren
ey

Hinh 5. Luu do gidi thudt toi wu

Thuét toan t6i wu héa nhu hinh 5 gém
ba budc chinh:

Budc 1: Xac dinh van dé thiét ké: bién
thiét ké, diéu kién bién, ham muc tiéu cta thiét
ké. Xay dung mé hinh hoa hinh hoc cua thiét ké
bang ADPL Ansys. Kiém tra thiét ké ban dau
(kiém tra diéu kién rang budc, chia ludi, img
suét, ham muc tiéu).

Budc 2: Chon md hinh thiét ké gan
dung, thiét ké thyc nghiém bing mé phong.
Phan tich tinh, dong luc hoc bang phwong phap
FEM, xdy dung md hinh toan xdp xi RSM-
ANN. Kiém tra m6 hinh pht hop, néu mé hinh
khong phu hop thi thuc hi¢n chon lai m6 hinh
toan va sb thi nghiém.

Budc 3: Xy dung bai toan tdi wu hoa
da myc tiéu. Giai bai toan bang NSGA-II hudéng
tiép can tap nghiém Pareto. Lya chon thiét ké
t6i wu dung phuong phap TOPSIS: Sir dung
thuat toan NSGA-II hudng tiép can tap nghiém
Pareto, tiép theo str dung phuong phap TOPSIS
dé lya chon 10 giai tdi wu nhat tir tip nghiém
Pareto. TOPSIS 1a phuong phap dé danh gia xép
hang ddi tugng duoc gidi thiéu boi tai lidu [15].

Badng 1. Bai todn toi wu héa da muc tiéu co cau an
dao chinh xac

1. Ham muc tiéu:
f, = Max(f)) €)

f,= Min(o, ) “4)
2. Bién thiétké: T, R, L, T, T,
3. biéu kién bién:

(i) Gi6i han bién thiét ké (mm)

4<R <10 (5)
15<T,T,<6 (©6)
18<L,<42 (7)
3<T,<6 (8)

(if) H¢ s0 khuéch dai chuyénvi A, >1.5 (9)
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Vit lidu cua co cau dan hoi 1a hop kim
nhom (7075 - T6) véi cac thong sb cua vt lidu
nhu sau: modul dan hdi E = 71,7 (GPa), h¢ $6
Poisson 14 0,33, gi¢i han dan hoi 1a 503 (MPa)
va khéi luong riéng p = 2810 (kg/m?). Tong sd
phan tir duge chia ludi trong FEM cho thiét ké
clia bai toan 1a 17360 phan tir. Trong qua trinh
t6i wu hoa, s lwong thé hé duoc thiét lap 1a 50
thé h¢ va dan sb ctia mdi thé hé 1a 20. Céc thiét
ké t6i vu cua co cAu dan hoi 14 cac bién thiét
ké, sb luong bién thiét ké dugc st dung trong
co cAu nay la 5 bién. Thtt tu cta cac bién duoc
thé hién cu thé qua bang 1.

(-]
8
i

f, (Ungsudt ioninhit) Mpa
™
C o
o

f, (Tan so tw nhién dau tién) Hz

Hinh 6. Pé thi Pareto t6i wu

Hinh 6 biéu dién d6 thi Pareto tdi uu.
Muc tiéu cua bai toan la cuc dai hoa ham f| (tan
s tu nhlen) va dong thoi cyc tiéu ham f, (ung
suét nho nhat). Tuy nhién, trén hinh 6, khl tang
tan s6 tu nhién thi ing sudt 16n nhat cta co ciu
chua thé x4c dinh 1a ting hay giam. Nhu vay co
thé xdy ra sy xung dot giita hai ham muyc tiéu
nay, do vay khong ton tai mot nghiém 1y tuong
vira cuc dai tan s tu nhién, vira déng thoi cyu
tiéu gi4 tri img suat cta co cau. Co rat nhiéu su
lua chon céc diém thiét ké tdi wu ndm trén tap
nghiém Pareto front nhu trong hinh 6. Vi Véy,
o day su dung phuong phap TOPSIS dé hd tro
viéc ra quyet dinh chon d1em nao 1a nghiém tbi
wu tot nhat. Cac trong sb (Weight factors) dugc
tinh toan bang phuong phap Entropy dua trén
gia tri cua cac ham muc tiéu. Trong nghién ctru

nay, trong sd va cac uu tién cua hai ham muc
tiéu cua thiét ké duoc diéu chinh dya trén tam
quan trong ctia mdi muc tiéu mong mudn cua
nha thiét ké. Sau khi phan tich tinh toan, mot
s6 tmg vién tiém ning duoc tao ra. Cac ing ctr
vién dugc so sanh va udc tinh tim ra ing cu
vién tot nhat cta bai toan nhu trong bang 2.

Bang 2. Phan tich TOPSIS

No f, (Hz) (Mfi’a) Score | Ranking
73 617,060 @ 62,968 1,0 1
50 611,279 | 63,721 | 0,9811 2
56 583,350 | 64,939 | 0,9504 3

Két qua g véi diém c6 s6 73 (diém co
duong doc va dudng ngang trén hinh 6 va dong
dau tién ¢ bang 2) 12 nghiém tét nhat. Bang xép
hang cta cic Gmg vién c6 diém sb cao duoc
trinh bay o trong bang 2. Sau khi giai bai toan
t6i wu, tan so tu nhlen dau tién ting 38% va
g suit cta co cAu giam 23% so voi gia tri cac
thong s6 thiét ké dugc lua chon ngéu nhién ban
dau. Piéu nady mot lan nita chimg t6 t6i uu hoa
¢6 nhiéu loi ich vé mat kinh té va k¥ thuat.

Bdng 3. Két qua t6i wu héa

Bién ) Giatri | Ham muc Gia tri
thiet ke (mm) tiéu :
T, 1,60 f, 617,06 Hz
R, 9,23 f, 61%/1%28
T, 3,25 o 80,249 um
L, 39,65
T, 4,72
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3.2. Panh gia thiét ké tdi uvu

Su dung phan mém ANSYS dé mo
phong chuyén vi, ing suat cua co cdu. Thong
qua két qua mé phong, ta ¢ thé klem tra va
danh gia kha ning 1am viéc cua co cdu. Thiét
ké t6i uvu dugc tim ra trong bang 3 duoc dung
lai mé hinh 3D bang phin mém INVENTOR
va dugc mo phong lai trén phan mém ANSYS
Worbench. Muc dich ciia budc nay 1a kiém tra
lai két qua ctia ung suit, chuyén vi va tan sb
cho thiét ké t6i wu. Cac két qua mo phong duoc
thé hién qua hinh 7.

Qua hinh 7 ta thdy, véi chuyén vi dau
vao cua co cau D, =40 pm thi chuyén vi dau
ra clia co cu D, 80 ,29 um tuong u’ng V01
d6 khuéch dai cua co cau la A =2 Tan sb ty
nhién dau tién c6 g1a tri la 617 06 Hz. Ung suit
16n nhit cua co ciu c = 62,968 MPa thoa
man diéu kién rang budc vé do bén vat liéu cta
co cau.

L

e - -
— =
a =

(©)
Hinh 7. Két qua mé phong: (a) chuyén vi, (b) imng
sudt, (c) tan sé

4. KET LUAN

Trong nghién ctru nay, tic gia dé xuat
mot thiét k& méi str dung cac thanh dan hoi
va khop ban nguyét dé tao ra mot thiét ké 2
DOF ung dung cho gia cong tién chinh xac cao.
Thiét ké nay duoc t6i wu hoa da muc tiéu bang
két hop giita RSM-ANN, NSGA-II, TOPSIS,
két qua t6i vu thu dugc nhu trong bang 3. Dé
dam bao d tin cdy ctia phuong phap dé xuat,
két qua toi vu da duoc md phong bang phuong
phap phan tir hitu han trong ANSYS. Két qua
cho théy co cAu ¢6 thé tao duoc chuyén vi dau
raD = 80,29 pm, tan sd tu nhién déu tién la
617, 06 Hz. Ung suét 16n nhét cua co cau 62,968
MPa thoa man diéu kién rang budc vé d6 bén
vat liéu ctia co cdu. Nghién ciru ndy hira hen sé
mang lai hitu ich khi tmg dung thuc té dé gia
cong tién chinh xac cao trong tuong lai. Cac
thuc nghiém duoc tiép tuc di sau nghién ctru dé
danh gia vé nhiét do cit, luc cat trén may ti¢n
CNC ciing nhu may tién truyén thong va dugc
béo cao & bai viét tiép theo. %

Ngay nhan bai: 23/4/2024
Ngay phan bién: 20/5/2024
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NGHIEN CU’U UNG DUNG MANG NO' RON NHAN TAO BE
DY DbOAN DO NHAM BE MAT NHAM TOI WU HOA CAC THAM SO
QUA TRINH TIEN CNC VOl THEP SUM24L

RESEARCH ON USING ARTIFICIAL NEURAL NETWORK TO PREDICT THE
SURFACE ROUGHNESS IN CNC LATHE WITH SUM24L STEEL

ThS. Nguyén Thi Hiéu Thao, ThS. Nguyén Pirc Vin*
Truong Pai hoc Giao thong Van tai

TOM TAT

Bai bdo trinh bay mét phwong phép dé irmg dung mang no ron nhén tao dé dy dodn dé nham
bé mdt trong qud trinh tién CNC véi thép Sum24L. Céc két qud thuc nghiém sau qud trinh tién CNC
véi thép Sum24L da dwoc sir dung dé hudn luyén va kiém thir mang no ron nhan tao dé xudat. Céc
tham s6 dau vao dwoc lwa chon la chiéu sdu cdt, toc do cdt va mire chay dao. Mot mo hinh mang
no ron truyén thang nhiéu op dwoc dé xudt véi no ron sir dung ham kich hoat ReLU dé duw dodn d¢
nhdam bé mat sau qud trinh tién.

Tir khéa: DY nham bé mat; Mang no ron nhan tao, Qua trinh tién; Ham ReLU.
ABSTRACT

This paper presents a method for applying artificial neural networks to predict surface
roughness in the CNC lathe process with Sum24L steel. Experimental results from the CNC lathe
process with Sum24L steel were used to train and test the proposed artificial neural network. The
selected input parameters are cutting depth, cutting speed, and feed rate. A multilayer feedforward
neural network model is proposed with neurons using the ReLU activation function to predict
surface roughness after the process.

Keywords: Surface Roughness, Artificial Neural Network, Lathe; ReLU function.

1. PAT VAN PE

Trong nhitng ndm gan day, cac nha san
xuét da tap trung vao cac qua trinh ty dong hoa
trong san xuat cong nghiép dé nang cao ning
sudt va chat luong cua san pham. Cac tién bo
trong qua trinh ty dong hoa da gitip viéc quan
1y chit lwong dugc tich hop vao trong qua trinh
gia cong cua san pham. Véi yéu cau cang ngay
cang cao vé chat lugng san pham, cic nha san

xuat hién nay dang phai d6i mat voi thach thire
1a ting ning suit nhung khong lam giam chat
luong ciia san pham. Mot van dé thudng gip
clia cac nha san xudt 1a toi vu cac tham sé cia
qué trinh gia cong dé tao ra chat lugng san
pham t6t nhat. Mot chi tiéu quan trong trong
danh gia chat lugng san pham gia cong 1a do
nham bé mat (Ra). Pay 1a mot chi tiéu quan
trong nhung rat kho dé kiém soat boi vi phu
thudc vao nhiéu tham sb trong qua trinh gia
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cong cua chi tiét. Cac cong doan gia cong chi
tiét van phu thudc vao kinh nghiém cia ngudi
k¥ su van hanh may dé lya chon cac tham s t6i
uu cho ting chi tiét, do d6 do nham bé mat toi
wu ¢6 thé khong dat dugc. Hién nay, cac huéng
nghién ctru vé md hinh hoa va dy doén Ra trong
qué trinh gia cong cha yéu bao gém ba hudng
chinh: huéng nghién ctru sir dung md hinh thuc
nghiém, str dung mo hinh 1y thuyét va sir dung
mo hinh tri tué nhan tao.

Hién nay, huéng nghién ctru str dung
mo hinh tri tu¢ nhan tao dang nhan duoc rat
nhiu sy quan tim vé&i uu diém dat do chinh
xac cao va thoi gian hudn luyén ciing twong ddi
nhanh chong. Tuy nhién, cac cong trinh hi¢n
nay str dung da phan 13 cac mé hinh mang no
ron don gian véi it 16p va ham kich hoat don
gian. Nhom tac gia dé xuat mot mo hinh mang
no ron sau hon, v6i nhiéu 16p va danh gia do
chinh xac ctia mo hinh véi ham kich hoat ReLU
tién tién.

2. NGHIEN CUU THU'C NGHIEM

Ba yéu t6 duoc lya chon dé thay ddi
tham s trong qua trinh tién 1a tc do cat, luong
chay dao va chiéu sau cat. Cac gia tri cua ba
yéu t6 duoc trinh bay trong Bang 1.

Bang 1. Cac tham so dau vao cua qua trinh gia cong

Chidu sau cit | Técdpcit | Duocchay
(mm) t (m/mi'n) v dao
(mm/rev) s
0.05 1000 0.05
0.1 1500 0.1
0.2 2500 0.2

Mbi tham sé dau vao s& co 3 gia tri nén
tong cong c6 27 mau thi nghiém. Mai thi nghiém
s& duoc do d6 nham tai 5 diém phan biét. Bang 2
trinh bay cac két qua do 6 nham tai tong cong 27
mau thi nghiém. Mau thép dugce sir dung trong thi
nghiém la thép Sum24L.

Bdng 2. Cac két qua do do nham tai 5 diém ciia cdc mau thi nghiém

TT Ve}n toc Chiv’éu sau | Budc chay D6 nham Ra
cat (v) cat (t) dao (s) Ra2 Ra3 Ra4 Ras
1 1000 0.05 0.05 0.234 0.185 0.331 0.338 0.195
2 1000 0.05 0.1 0.567 0.531 0.559 0.577 0.632
3 1000 0.05 0.2 2.884 2.663 2.905 2.674 2.757
4 1000 0.1 0.05 0.282 0.296 0.298 0.22 0.239
5 1000 0.1 0.1 0.656 0.589 0.614 0.566 0.589
6 1000 0.1 0.2 3.061 3.037 2.905 3.085 2.876
7 1000 0.2 0.05 0.492 0.566 0.57 0.634 0.532
8 1000 0.2 0.1 0.633 0.643 0.607 0.641 0.658
9 1000 0.2 0.2 2.896 2.867 2916 2.897 2.929
10 1500 0.05 0.05 0.83 0.754 0.751 0.695
11 1500 0.05 0.1 0.772 0.729 0.736 0.736 0.733
12 1500 0.05 0.2 3.007 3 3.054 2.933 2.996
13 1500 0.1 0.05 0.594 0.791 0.737 0.723
14 1500 0.1 0.1 0.763 0.745 0.724 0.719 0.769

ISSN 2615 - 9910 (ban in), ISSN 2815 - 5505 (online)
106 TAP CHI CO KHI VIET NAM, So6 318, thang 8 nim 2024
cokhivietnam.vn / tapchicokhi.com.vn



NGHIEN CU’U - TRAO BOI

15 1500 0.1 0.2 2.958 2913 2.969 2.926 2.93
16 1500 0.2 0.05 0.759 0.78 0.637 0.683 0.704
17 1500 0.2 0.1 0.847 0.878 0.87 0.811 0.786
18 1500 0.2 0.2 2.494 2.526 2.513 2.534 2.551
19 2500 0.05 0.05 0.622 0.668 0.586 0.574 0.596
20 2500 0.05 0.1 0.778 0.768 0.812 0.815 0.783
21 2500 0.05 0.2 2.382 2.448 249 2.375 2417
22 2500 0.1 0.05 0.619 0.603 0.625 0.665 0.535
23 2500 0.1 0.1 0.741 0.751 0.754 0.741 0.732
24 2500 0.1 0.2 2.667 2.479 2.449 2.485 2.446
25 2500 0.2 0.05 0.675 0.62 0.555 0.607 0.618
26 2500 0.2 0.1 0.669 0.736 0.708 0.7 0.709
27 2500 0.2 0.2 2.454 2421 2.396 2.534 2451

3. MO HINH MANG NO RON NHAN TAO

Hién nay, mé hinh mang no ron nhan
tao dd duoc ap dung rong rdi trong rt nhiéu
linh vuc trong cong nghiép va doi séng. Trong
nghién ctru ndy, nhém tac gia dé& xuat phuong
phap str dung mang no ron nhan tao dé du doan
d6 nham bé mat Ra sau qué trinh tién cta thép.
Mo hinh mang truyén thang, nhiéu 16p duoc
xay dung va hudn luyén dua trén nhiing két qua
cua nghién cuu thyc nghiém.

Mo hinh mang no ron truyén thang mot
mo hinh mang tri tué nhan tao gdom nhiéu 16p,
mdi 16p gdm nhiéu no ron. No ron trong mdi
16p déu duoc két ndi day du véi cac no ron &
16p ké sau. Tuy nhién, cic no ron trong ciing
mot 16p khong duoc két ndi voi nhau. Hinh 1
mo ta nguyén 1y hoat dong cua mdt no ron.

Hinh 1. So do nguyén ly hoat dong ciia mot no ron

MG&i no ron trong 16p dau vao nhan cac
gia tri dau vao tir dir liéu dau vao hodc tir cac no
ron trong 16p trudc d6. Cac gia tri nay thuong
dugc truyén qua cac trong sd, duoc biéu dién
bang céac sd thuc, va duoc tong hop trong no
ron. Céc gia tri dau vao duoc nhan véi trong
s6 twong Gmg cta chung va sau dé duoc tong
hop lai. Trong mot no ron trong mang MLP,
diéu nay thuong dugc biéu dién bang mot phép
cong co trong s6. Sau khi tinh téng, mot ham
kich hoat duoc ap dung cho gia tri tong. Ham
nay thuong 1a mot ham phi tuyén tinh nhu ham
sigmoid, ham tanh, hodac ham ReLU, va giup
cho no ron ¢ kha ning hoc duoc cac biéu dién
phuc tap. Gia tri dau ra sau khi qua ham kich
hoat duoc truyén t6i cac no ron trong 16p tiép
theo dudi dang du vao, tiép tuc qua trinh tinh
toan cho dén khi dat dugc 16p dau ra. Qua qua
trinh ndy, moi no ron trong mang MLP déng vai
trd nhu mot b loc thong tin, hoc cach biéu dién
dir liéu dau vao mot cach phirc tap va thuong
c¢6 kha nang phan loai, du doan hodc giai quyét
cac van dé ma mang duoc huin luyén dé thuc
hién.

Trong qué trinh huan luyén, dir lidu

huén luyén dugc dua vao mang, sau d6 thong &
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qua mot chudi cac no ron va cic 16p no ron
khac nhau. Mdi noron tinh toan gia tri dau ra
dua trén trong s6 ctia né va du vao nhan dugc
tir cac no ron trong 16p trudc. Sau do, 16i duoc
tinh toan thong qua so sanh giira d4u ra du doan
va dau ra mong mudn. Qua qua trinh lan truyén
nguoc, 16i duoc lan truyén tir 10p cudi cing tre
lai 16p dAu tién cta mang, va cac trong s6 duoc
cap nhat dua trén gradient ctia ham 18i. Qua
trinh nay lap lai qua nhiéu epoch dé mang co6
thé hoc dugc biéu dién dit liéu tot nhat cho myc
tiéu huan luy¢n, thuong la viéc phan loai hodc
du doan dau ra.

Trong nghién ctru nay, nhom tac gia dé
Xuét sir dung hai m6 hinh mang no ron dé thuc
hién viéc dy doan do nham sau khi gia cong.
Mo hinh mang thir nhat 14 mé hinh mang no ron
noéng goém 1 16p dau vao, 2 16p an, mdi 16p gdom
10 no ron, va 1 16p dau ra gdm 5 no ron tuong
{mg voi 5 dau ra. Cac no ron sir dung ham kich
hoat ReLU. M6 hinh nay duogc st dung dé danh
gi4 hiéu qua ciia mé hinh mang no ron nong it
16p. M hinh mang thtr hai dugc huan luyén 1a
mo hinh mang no ron séu véi 5 16p an, mdi 16p
gom 10 no ron. Nhom tac gia co sir dung ham
kich hoat ReLU va Sigmoid dé danh gia hi¢u
qua cua hai ham nay trong mo hinh mang. Bang
2 mod ta tom tat cac tham s ciia mang va qua
trinh huin luyén cia mang. Viéc hudn luyén va
thir nghiém danh gia két qua cua mang duogc
thuc hién vo1 bo thu vién Tensorflow.

Bdng 3. Cdc tham s6 ciia hai mé hinh mang dé xudt

) M6 hinh M6 hinh
Tham so
mang 1 mang 2
S6 no ron dau vao 27 27
S6 no ron dau ra 5 5
S6 no ron 16p 4n 10 10
S6 16p an 2 5

108

N Sigmoid/
Ham kich hoat RelLU ReLU
S6 mau huan luyén 20 20
S6 mau kiém tra 7 7
S6 chu ky huan luyén 1000 1000
4. KET QUA DU POAN

4.1. Két qua dy doan ciia md hinh mang 1

Hinh 2 md ta biéu do ciia ham mat mat
voi tdp huan luyén va tap kiém tra khi danh gia
v6&i mo hinh mang 1.

Haem bt mak cua mode]

Gaks i e endbd ek

v v .
o e Lo B B3 00
8 liln bl hayde

Hinh 2. Ham mat mat cua moé hinh mang theo so
lan huan luyén

Ham mat mat duoc sit dung trong céc
danh gia 1a ham MSE (Mean Squared Error), 1a
ham réat pho bién trong céc nghién ciru vé mang
no ron nhan tao. Qua hinh 2 ¢6 thé thdy ham mat
mét da hoi tu kha nhanh véi ca tap dit liéu huan
luyén va tap kiém tra, voi trung binh tim 300
chu ky (epoch) huin luyén 14 mo hinh da hoi
tu véi mirc MSE < 0.01. Piéu nay ching t6 mo
hinh mang no ron ndng co thé duge huan luyén
kha nhanh va thich hop véi viéc trién khai trong
cac mo hinh san xudt von yéu cau ning suat va
san lugng cao.

Hinh 3 mo ta mirc d chinh xac ciia mo
hinh mang no ron véi 7 mau duoc st dung dé
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kiém tra do chinh x4c cia md hinh. M6 hinh s&
du doan do chinh xac tai 5 diém do.

NN N

Hinh 3. Két qud so sanh giita dit liéu dy dodn va dir
liéu trong tap kiém tra, mo hinh mang no ron thir
nhat tai 5 diem do

Qua hinh 3, ¢ thé thdy m6 hinh da du
doan voi do chinh xac cao tai 7 mau ding dé
kiém tra. 7 miu nay hoan toan khong duoc st
dung dé huan luyén mang va s& tuong duong
v6i cac mau méi trong qué trinh san xuét. Ty 18
chinh x4c trong du doan (sau khi lay trung binh
v6i ca 5 diém do) 1a khoang 88%.

4.2. Két qua dy doan ciia md hinh mang 2

Hinh 4 m6 ta biéu d6 cta ham mat mat
cta mo hinh 2 theo s6 lan huan luyén, voi ham
kich hoat 1a ReL.U va Sigmoid.

B bt g i Bl ]l ik Col mesdsl wid ML vl S

epraad
P

| [ [ =

Hinh 4. Biéu do cia ham mat mat theo sé lan hudn
luyén cia mo hinh 2, voi ham kich hoat ReLU va
Sigmoid

Qua hinh 4, ta ¢ thé thdy mo hinh mang
no ron tiép tuc hoi tu kha nhanh ddi véi ca ham
ReLU va ham Sigmoid. Tuy nhién, ham ReLU
c6 loi thé hon & viéc hoi tu rat nhanh, chi sau
khoang 50 chu ky huan luyén, so véi khoang
250 chu ky hudn luyén véi ham Sigmoid.

Hinh 5 mo ta do chinh xac cua mo hinh
mang no ron thr 2, va so sdnh do chinh xac gitra
no ron su dung ham kich hoat ReLU va ham
Sigmoid. Tap kiém tra van bao gom 7 mau va
duoc do tai 5 diém.

/_\\./\f~ /\‘./\.‘—7' {

4 ‘ ‘1 A
IWAVASSINFAVASS
Hinh 5. Két qua so sanh giita dit liéu dy dodn va
dir ligu trong tdp kiém tra, moé hinh mang no ron thir
hai tai 5 diem do, voi no ron sw dung ham RelLU va
ham Sigmoid

Két qua tir hinh 5 cho thdy mang no ron
sdu voi 5 16p van cho két qua tét va ham ReLU
c6 d6 chinh x4c 16n hon so v&i ham Sigmoid,
v6i d6 chinh xac 1an luot 1a 92% va 82%.

5. KET LUAN

Trong cong trinh nay, nghién ctru thuc
nghiém da dugc str dung dé xay dung bd dit licu
huén luyén va kiém tra cho mé hinh mang no
ron nhim du doan dd nham bé mit cua chi tiét
sau khi tién. Két qua xay dung va danh gia mang
cho thiy, cac mé hinh mang dugc danh gia déu
¢6 kha nang huan luyén nhanh, khong gy gian
doan néu dua vao qua trinh san xuat. Mo hinh
mang no ron néng van hoat dong hiéu qua voi
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dd chinh xac 88%. M6 hinh mang no ron sau
hon dat d6 chinh xac tot hon véi mirc 92% va
mo hinh sir dung ham ReLU té ra vuot trdi so
v6i mo hinh sir dung Sigmoid, vé mit thoi gian
hudn luyén 1an d6 chinh xac ctia mé hinh.

Loi cam on:

Nghién ctru nay dugc tai tro boi Truong
DPai hoc Giao thong Van tai (PH GTVT) trong
dé tai ma s6 T2024-CK-008. %
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THIET KE, CHE TAO CO CAU GA KEP BEN TRONG ONG LIEU
DAN PHAO cO 85MM

DESIGN AND MANUFACTURE OF AN INTERNAL CLAMPING MECHANISM FOR
AN 85MM ARTILLERY SHELL CASING

Lé Anh Tuén, Nguyén Vin Cong
Trung tdm Huan luyén 125 Vinh Phuc, Hoc vién K¥ thuat Quan su

TOM TAT

Bai bdo trinh bay két qua tinh todn thiét ké co cdu ga kep ben trong ong liéu dan phao co
85mm. Phuwong dan ap dung co cau ga kep kiéu don bay gitip cho co cau cé thé chui qua phan miéng
ong c6 kich thuée nhé va sau dé cé thé bung kep dé kep giir chdc chdn tai vi tri cé kich thuéce I6n
hon trong phd‘n than dng. San phcfm da duoc ché tao va duoc thu nghiém hoat dong trong diéu kién
thue té. Két qua thir nghiém da chimg minh thiét ké la hop 1y, san pham dap ing tot véi diéu kién
lam viéc.

Tir khéa: Co cau ga kep; Ong liéu théng minh; Dé ga trong éng.
ABSTRACT

This article presents the results of calculating the design of the clamping mechanism inside
the 85mm artillery shell casing. The plan to apply a lever-type clamping mechanism allows the
mechanism to pass through a small sized pipe mouth and then release the clamp to firmly hold the
clamp at a larger sized position in the pipe body. The product has been manufactured and tested
to operate under real conditions. Test results have proven that the design is reasonable and the
product responds well to working conditions.

Keywords: Clamping structure; Smart artillery shell casing; Jig in tube.

1. PAT VAN PE co khi co thé thyc hién viéc ga dat chic chin
céc thiét bi nhu da ké trén.

Ong liéu dan phao 1a mot két cau co khi

¢6 dang hinh tru, phan 16 miéng dng nhé hon
phan than dng, day 6ng bit kin va chi ¢ 16 ren
& gitra ddy dé 1ap bo ltra. Trong qua trinh cai
tao Ong liéu hoc tap thanh 6ng lidu thong minh
phuc vu hudn luyén, chung toi can ga cac thiét
bi nhu loa phat am thanh, mach xur ly tin hi¢u,
pin ngudn vao bén trong cua 6ng lidu. Didu nay
dat ra mot nhiém vu 1a can thiét ké mot két ciu

()ng liéu dan phao 85mm c6 mot s6 dic
diém nhu phan miéng éng liéu c6 dudng kinh
®84mm, phan than éng lidu c6 duong kinh
trong thay doi tir ®91,7mm dén ©95,7mm. Su
chénh 1éch 16n nhat vé duong kinh giira hai
phﬁn la 11,7mm, twong trng voi sy chénh I¢ch
vé ban kinh 12 5,85mm. Do su chénh 1éch gitra
duong kinh miéng ong va duong kinh phan
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than dng nén co cau ga kep can c6 kha ning kep
bung dé ban dau no c¢6 thé duoc chui qua miéng
ong, sau d6 maéi bung kep dé ga chic chin tai
mot vi tri trong than 6ng.

2. THIET KE, CHE TAO CO CAU GA KEP
2.1. Mt s6 dang co cAu kep bung

Mot s6 dang két ciu co khi don gian
co the thuc hién chirc nang kep bung, do la:
ket ciu dang don bay; két cau dang ném; két
cau dang ren vit. Ngoai ra, cac két cau phuc tap
hon nhu kiéu khi nén, thuy luc, ly tim vv... khi
dugc thiét ké thich hop ciing hoan toan c6 thé
thuc hién chirc nang kep bung.

Nguyén 1y co céu kep kiéu don bay
duoc thé hién trén hinh 1-a. Khi tac dong luc
FO vao dau bén nay cua thanh don thi tai dau
bén kia s€ tao ra luc F, co tac dung kep glu
Nguyén 1y kiéu don bay con 6 mot vu diém rat
quan trong d6 1a dé dang ap dung tu dong hoa
trong qua trinh kep va nha kep. Toc do kep va
nha thuong ciing rat nhanh.

Fydoekp)

/‘ﬁéu bur ldng kiap chaf

lar e khod
i

a) Kiéu don bay b) Kiéu ren vit

Hinh 1. Nguyén ly kep

Co cau kep kiéu ren vit co nguyén ly
dugc thé hién trén hinh 1-b. Khi thay doi chidu
cao cua dau bu 16ng kep bang cach vin vao
hodc van ra than bu 16ng, ta sé tao ra luc kep ¢
dau bu l6ng.

2.2. Lwa chon kiéu co cAu kep

Véi nhimg phan tich vé dic diém cia
ong liu, cung voi cac wu, nhuge diém cua mot
s6 dang két cAu kep bung. Chung t6i nhan thay,
ap dung co cau kep kiéu don bay 1a phu hop.

2.3. Thiét ké chi tiét co ciu ga

St dung co cdu ga bung kiéu don bay,
b6 tr1 d6i xtmg qua tam 6ng liéu, nguyén ly
co ciu kep dugc thé hién trong hinh 2(a). Vi
diém 0, C(A)‘dinh, ta nhan thiy khi tac dong m@t
luc F tai dau O, thi s€ tao ra mot luc F, tai dau
0O,. Véi canh tay don O O, = OO, thi gia tri cua
E,=F,.

Rang budc vé kich thudc ma co cau can
thoa man d¢ 1a: khi thu gon thi kich thudc d6i
xtng clia co cAu phai nho hon 84mm; khi bung
kep, co cAu can ty duoc vao bé mat trong éng
lidu tai vi tri c6 duong kinh lon nhét 13 95,7mm.

Hinh 2. So' do tinh todn lyc kep giir

Luc F, dugc phén tich thanh hai thanh
phan 1a F,va F Trong do, F, la thanh phan luc
nén doc theo truc cua tay don Thanh phan lyc
F, ‘12.11 tiép tuc duqc phéan tich thanh hai thanh
phan F, va F,, thé hién‘ nhu trong hinh 2(b).
Trong‘d('), F, la thanh phén‘ tac dung vuong goc
vao bé mat ty, chinh la bé mat bén trong cua
thanh éng liéu. Luc nay tao ra lyc ma sat dé kep
giit chic chédn co ciu bén trong dng lidu.
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D¢ dang chi ra cdc moi quan hé nhu sau:

F=F

1 0
F,=F.sina (1)

F,=F,.cosa
Do do: F, =F .sina.cosa (2)

Ta tinh duoc luc ma sat trén bé mat tiép
xuc (chinh 1a luc kep gitr) theo cong thire (3).

F_ = uwF sino.cosa 3)

Trong d6, p 1 hé s6 ma sét giita hai bé
mat tiep xuc. Trong trudong hop nay, hai bé mat
tiép xuc la gitra thép va thép nén ta chon p =
0,4.

Tai vi tri duong kinh trong 16n nhat cia
ong liéu la 95,7mm, ta tinh dugc gia tri goc
nghiéng a cua tay don l1a o = 75,9°.

Dé ting bé mit tiép xic nham tranh bién
dang 6ng liéu tai vi tri tay don ty vao, chung toi
st dung két cdu thanh thing chay doc theo dng
liéu, dong thoi ting cuong sd lugng tay don doc
theo thanh doc 1én 3 thanh nham lam ting tinh
6n dinh trong qué trinh hoat dong. Két qua thiét
ké so bo duge thé hién trong hinh 3.

1 4 2 3

Hinh 3. Két qua thiét ké co cau ga kep

Can cur vao cac dai lugng nhu lyc can
thi€t d€ tong 6ng li€u vao buong dan (F_); khoi
luong Ong liéu gdbm ca co cau ga; khoi luong

riéng co cau ga, chiing t6i di tinh dugc cac gia
tri can thiét. Cac két qua duogc thé hi¢n trong
bang 1.

Bang 1. Gia tri cac dai lwong co ban khi tinh todan
co cau kep

Ky | Gia | Don

Dai lugng hiéu tri vi
H¢ s6 ma sat u 0,4
Luc téng dan can thiét Fy 100 N

Khéi lugng tong cua Ong

liéu va co cu ga kep M 6 ke

Khdi lugng cocdugakep| m 2 kg

Gia tdc a 16,7 | m/s?
cochugitep | Far | B4 | N
Luc ma sat can thiét F_ 50 N
Ap luc F, 125 N
Luc déy doc truc F, 532,5 N

3. KET QUA VA THAO LUAN

Mot mo hinh san phém da duoc tao ra
tur ket qua thiét ké. Hinh anh cum co cau ga kep
duoc thé hién trong hinh 4.

Hinh 4. M6 hinh co cdu gd kep

Sau khi ldp co cdu vao trong 6ng lidu,
chung toi tién hanh van hanh thu nghiém. Két
qua thir nghiém cho thay co cau ga kep c6 vi tri
on dinh, viée ga kep dam bao do chic chan.

Nhu vay, bai bao da trinh bay qua trinh
tinh toan, thiét ké va ché tao co cau ga kep
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thiét bi bén trong dng liéu ¢& 85mm. San pham
sau khi duoc ché tao hoan thién da dugc thir
nghiém dé dan toi két luan ring, co ciu ga kep
dam bao thyc hién dugc chirc nang dinh vi va
kep gilr tai mat vi tri nhét dinh bén trong 6ng
lidu. Luc kep gitt duoc phan bd hop 1y dé dam
bao du kha nang kep gilr va cling khong lam
bién dang 6ng lidu. <
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Ngay phan bién: 25/6/2024
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NGHIEN Cl’U MO PHONG PAC TiNH KHi PONG CUA KHi CAU
TREO DANG HELIKITE

SIMULATION RESEARCH ON AERODYNAMIC CHARACTERISTICS OF
HELIKITE BALLOON

Pinh Tin Hung
Truong Co khi, Pai hoc Bach khoa Ha Noi

TOM TAT

Trong vong mot thé ky tro lai day, thiét bi bay sir dung khi (nhe hon khéng khi, LTA-Lighter
Than Air) dé dwoc sir dung cho nhiéu muc dich khdc nhau, chang han nhie tudn tra bién gidi, iing
phé tham hoa thién nhién, khdo sat dia hinh, gidm sdt qudn sw va nghién ciru khi quyén. Pé phuc
vu cac muc dich nay, khi cau cé thé diroc trang bi camera, radar va cac cam bién khdc c6 thé cung
cdp théng tin theo thoi gian thuc cho mdt dat, cho phép dwea ra cac quyét dinh mét cach kip thoi.
Bai bdo nay nghién civu mé phong sé hai dang hinh dang cia khi cau treo lai gom béng bay — diéu
hay con goi la Helikite, twong tw mé hinh da dwoc san xudt trude dé béi cong ty Allsopp Helikite
UK.

Tir khéa: Nhe hon khéng khi; Helikite; Khi cau,; Allsopp; M6 phong.
ABSTRACT

Over the past century, air-powered aircraft (LTA-Lighter Than Air) have been used for a
variety of purposes, such as border patrol, disaster response nature, topographic survey, military
surveillance and atmospheric research. For these purposes, airships can be equipped with cameras,
radar and other sensors that can provide real-time information to the ground, allowing decisions to
be made in a timely manner. This article studies the numerical simulation of two shapes of a hybrid
balloon-kite airship, also known as Helikite, similar to the model previously produced by Allsopp
Helikite UK.

Keywords: LTA; Helikite; Air Balloon; Allsopp; Simulation.
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1. GIOI THIEU

Khi cu treo 1a mét loai thiét bi nhe hon
khong khi (LTA) dugc ¢b dinh v6i tram mat dat
thong qua day budc va khong co dong co, thiét
bi ndy c6 thé bay trén khong nho sir dung khi
LTA [1]. Hién nay, vdi tién bd trong khoa hoc
vat liéu va dién tir, khi cau treo duoc st dung
trong cong viéc giam sat, lién lac khong day,
hoat dong ctru trg khén cép, giam sat va bao vé
canh dong néng nghiép, ghi dit liéu khi quyén,
phat dién, chup anh trén khong va kham pha
khong gian. Pay 14 thiét bi cung cap cic tng
dung trén véi chi phi thap do muc tiéu thy dién
nang thap Chung lo lu’ng trong khong trung ma
khong can bat ky ngudn ning lugng nao; day
budc duy tri vi tri cia chiung va luc nang dugc
tao ra boi khi LTA. Ngudn dién duy nhat can
thiét cho hoat dong cuia chiing 1a danh cho tai
trong va, néu can, cho khi cau hoat dong duy tri
ap suat bén trong ctia chiing. Nang luong c6 thé
duoc cung cap thong qua ning luong mit troi
hodc pin tich hop.

Trong diéu kién khong c6 gid, khi cau
treo va bong bay thong thuong st dung luc
nang cua khi LTA dé nang toan b tai 1én theo
phuong thang dtng. Tuy nhién, khi gip gid
16n, cac khi cu bay truyén thong sinh ra luc can
16n lam ching 1éch khéi vi tri can béng, dan
dén mét do cao khi bay. Hién tuong nay goi la
blow-by [2]. Bé khéc phuc hién tuong blow- by,
khi cau phai sinh ra luc nang 16n vuot qua can
thiét dé giir can bang. Diéu nay doi hoi khi cau
phai ¢ kich thude 16n dé chira da lwong khi
Heli can thiét, ddn dén tang khdi luong, ting
chi phi van hanh, gay khé khin trong viéc diéu
khién. Mot nhuge diém khéc cta khi cau thong
thuong 14 Iyc nang cta ching bi han ché do chi
phu thudc vao khi LTA. Bé khac phuc nhuoc
diém cta cac khi cu bay thong thudng, mé hinh
diéu két hop bong bay, goi 1a Helikite, da dugc
phat trién bai Sandy Allsopp [3]. Helikite ngoai

viéc ¢6 thiét ké doc dao, cac mo hinh nay con
nhe hon va nho gon hon so v6i cac loai khi cau
khéc nho vao céc vat liéu cdu thanh va hinh
dang khi dong doc dao. Helikite co uu diém on
dinh trong gi6, tiét kiém ning luong, thoi gian
bay kéo dai, khong c6 tiéng on va dé& van hanh
hon so véi khi cau c6 ddy budc thong thudong

[4], [5].

Trong bai bao nay, hai mo hinh Helikite
duoc lya chon nghién ctiru gdm mé hinh Helikite
dang cau va mo hinh Helikite dang elip.

2. NGHIEN CUU MO PHONG
Mb hinh Helikite gdm [3]:

- Bong: Hinh elip hodc hinh tron, lam
bang vai hodc vat liéu nhe dé chira khi heli hodc
khi hydro dé tao nén khdi lwong nhe hon khong
khi. Phan bong giup Helikite bay 1én khong
trung & diéu kién khong cé gié: trong hang
dong, trong ring cay, dia hinh thap, khuat gio...
Theo théng ké cuia [3], ty 18 chiéu dai trén chiéu
rong cua Helikite phd bién ndm trong khoang
tir 0,83 dén 1,67. Trong do, ty 18 1,5 dugc su
dung nhiéu nhit cho Helikite. Vay nén, mo
hinh Helikite trong bai bio duoc thiét ké theo
ty 1€ nay;

- Canh diéu: Pugc lam bang vai hodc
cac loai vat liéu bén, duoc gan vao phan bong
cta khi cau. Sau khi Helikite dat duoc do cao
nhd phan bong, canh diéu tao ra lyc nang giup
Helikite duy tri do cao. Ngoai ra, canh diéu
gitip ting sy On dinh va kiém soat ciia Helikite
trong khi bay;

- PBubi dung: Co6 hinh dang tam giac
phang, dat phia dudi cta diéu, bao gdbm khung
va vai. Phan dudi dung nay co tac dung nhu
mot bé mit 6n dinh ctia may bay giap khi cdu
on dinh khi c6 su thay doi huéng gio;
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- Day: Gidng nhu khi cau treo khac,
Helikite c¢6 cudn day di kém dé két ndi véi mat
dat, thuong dugc 1am bang diy cudc hodc cic
loai vat liéu méng nhe c¢6 kha nang chiu lyuc.
Day budc giup két ndi Helikite vi mat dat va
¢ dinh pham vi hoat dong ctuia Helikite;

- Tai c6 ich: Phuc vu cac muc dich khac
nhau, tai c6 ich khac nhau. Kha nang mang tai
ctia mot Helikite c6 thé thay doi tuy thudc vao
mau cu thé va kich thudc cia khi cau.

2.1. M6 hinh Helikite
a. Helikite dang cau

M6 hinh Helikite dang cau c6 phan
bong véi duong kinh 80 cm. Hinh dang va kich
thudc cua Helikite dang cau duoc tong hop
trong Hinh 1.

b. Helikite dang elip

Mo hinh nay dugc thiét ké véi phan
bong dung khi Heli dang elip det, ciing thé tich
chtra khi Heli so v6i mé hinh dang cau nham
muc dich so sanh, phat trién san pham. Ty 1&
D1/D2 cta mé hinh (Hinh 2) dugc thiét ké dua
trén mo hinh Helikite cua cong ty Allsopp [3].
Chiéu dai H va goc M dugc giit nguyén so véi
mo hinh Helikite dang cau.

2.2. Thiét 1ap méd phong

Nghién ctru mo phdng trng x1r ciia dong
chay qua Helikite dugc thyc hién véi sy tro
gitip ctia phan mém ANSYS. Dic tinh khi dong
ctia mo hinh Helikte dang cau va elip duoc so
sanh v6i nhau va so sanh voi bong hinh cau
khong c6 diéu (Hinh 3) ¢ van tc gid 5 m/s, voi
gdc tan o thay doi tir -20° dén 60°. Goc tan nay
duoc dinh nghia 1 goc vénh cua Helikite so voi
phuong gié thdi nhu minh hoa trong Hinh 4.

Mién tinh toan 14 hinh hop chit nhat voi
kich thude xac dinh trong Hinh 5 [6].

Kich thwéc | Gid tri

D (cm) g0
L (cm) 80
H (cm) 30

M (d6) 58,41

Hinh 1. Hinh dang va kich thuoc Helikite

dang cau
Kich thwée | Gia tri
a% DI (am) 63
% ‘r D2 (cm) 90
, L (cm) 90

H (cm) 30
M (48) 5841

Hinh 2. Hinh dang va kich thuoc Helikite

dang elip

a. Béng hinh cau b. Helikite dang cdu c. Helikite dang elip
Hinh 3. M6 hinh Helikite

Hinh 5. Mién tinh todn
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Tiép theo, mién tinh toan duoc chia luéi
dé tinh toan mo phong. Chia ludi 1a mot cong
doan quan trong trong qua trinh mé phong, anh
huong truc tiép dén thoi gian mé phong va dic
biét 1a két qua bai toan. Thém vao d6 hinh dang
ctia Helikite phtrc tap, c6 nhiéu diém ndi véi
kich thudc nho, nhat 1a ¢ phan lién két giita
canh didu va vo bong nén ludi khong ciu triic
dang tur dién dugc lya chon st dung. Téng )
lu6i thu duoc 1a 2.498.341 phan tir (Hinh 6).

g
T

Hinh 6. Chia luvoi Helikite

MBS hinh rdi k- duoc lua chon st dung
trong bai bao. Pay 1a mé hinh rdi pho bién nhat
duogc str dung trong md phong dong chay qua
vat thé [6].

3. KET QUA

Dbi v6i bong hinh cau, phuong gié tao
v6i hinh cau tai moi phuong déu nhu nhau, vi
vay ta chi mo phong mét trudng hop duy nhat
dbi voi bong hinh cau. Ddi v6i hai md hinh
Helikite, cac goc tan thay doi tir -20° dén 60°.

Két qua lyc nang va luc can cta hai mo
hinh Helikite ting dan theo goc tan (Hinh 7).
Luc nang va luc can cua hai mé hinh Helikite
nho hon so v&i bong hinh cau & goc tan -20°,
xap xi bong hinh cau & goc tan -10° va 16n hon
bong hinh cau tir goc tin 0° dén 60°. Mic du lyc
can cua Helikite 16n hon m6 hinh bong khong
diéu, tuy nhién viéc két hop diéu voi bong ciing
tao ra lyc nang 16n hon boéng hinh cau. Piéu
nay khién Helikite giir 46 cao trong diéu kién
gi6 16n tot hon bong hinh cau. Luc can cua hai

mo hinh ting tuyén tinh trong khoang tir 0° dén
40° va tang cham dan trong khoang tir 40° dén
60°. Luc nang va lyc can cua mo hinh Helikite
dang elip 16n hon so voi mo hinh Helikite dang
cau.
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Hinh 8. Chat luong khi dong Helikite

Mo hinh Helikite dang elip c¢6 hé sb
chat lwong khi dong tot hon mé hinh Helikite
dang cau (tir -10° d&én 60°) (Hinh 8). Hé s6 chit
luong khi dong ctia hai mo hinh dat cuc dai
trong khoang 0° do dén 10° va giam dot ngot
khi goc tAn am. Nguyén nhén 1a do khi goc tin
am, phan diéu bi bong can lam mat luc ning
ciia canh diéu. Vi vy, goc tin cta diéu can
dugc chon trong khoang tir 10° dén 30° nham
dam bao d6 on dinh cta diéu.
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DBudng dong cua dong chdy qua hai mé
hinh tai goc tan 30°, van toc 5 m/s duoc biéu
dién trong hinh 9. Dong khi di tir mét trén cua
phan bong di xudng két hop voi dong khi di tir
dudi canh diéu di 1én tao mot ving xody sau
bong. Cac dong xody nay c6 thé anh huong dén
hiéu suét bay cua Helikite.

a. Helikite dang cau

b. Helikite dang elip
Hinh 9. Puong dong qua Helikite

4. KET LUAN

Bong hinh cau do tinh doi x{mg nén
phuong gid tao VO’1 hinh cdu tai moi phuong
déu nhu nhau Va gan nhu khong tao lyc nang.
Helikite, khi cau treo két hop bong va diéu, cho
luc nang, luc can 16n hon va ddng thoi ciing
tao ra chét luong khi dong tdt hon nhiéu so véi
bong hinh cau. Luc nang, luc can va chat luong
khi dong cua mo hinh Helikite dang elip 16n
hon so v6i mé hinh Helikite dang cau véi goc
tAn tir -10° dén 60°. <
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NGHIEN Cl’U ANH HUONG CUA MOT SO THONG SO KET CAU
HE THONG TREO PEN DAO DONG CUA XE O TO PIEN CO' NHO

STUDY ON THE EFFECTS OF VARIOUS SUSPENSION SYSTEM STRUCTURAL
PARAMETERS ON THE VIBRATIONS OF SMALL ELECTRIC VEHICLES

Trwong Van Thuin
Truong Pai hoc Phenikaa

TOM TAT

Xe dién la loai phwong tién dang dwoc cdc nha san xudt trén thé gidi wu tién tdp trung
nghién civu va phat trién. Poi véi xe dién c& nhé, véi ddc trung tdi trong nhé va chuyén dong véi
van toc trung binh, can thiét phai danh gia tinh tién nghi va on dinh dong luc hoc cua o6 t6 khi di
trén cdc loai mat dwong c¢é map mé khdc nhau [1]. Chinh vi vdy, viéc nghién civu khdo sat dao déng
xe 6 16 dién cé nhoé khi chuyén déng trén dwong mdp mé la mét van dé cé y nghia khoa hoc va thuc
tién. Mé phéng dao déng va khdo st danh gid do cimg 10 xo va hé sé can giam chan dao dong ciia

0 t6 dién co nho khi di trén duwong co mdp mo theo tiéu chuan.

Tw khéa: H¢ so can giam chan; Do cung lo xo; Mo phong dao dong; Dao dong xe dién co

nho.
ABSTRACT

Electric vehicles (EVs) have become a priority for automotive manufacturers globally, with
significant focus on research and development. For small electric cars, which are characterized by
light payloads and moderate speeds, it is essential to evaluate ride comfort and dynamic stability on
various uneven road surfaces. Consequently, studying the vibration response of small electric cars
on bumpy roads is of scientific and practical significance. This includes simulating vibrations and
analyzing the spring rate and shock absorber damping coefficients of the suspension system as the

vehicle navigates standardized uneven terrains.

Keywords: Shock absorber damping coefficient; Spring rate; Oscillation simulation;

Oscillation of small electric vehicles.
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1. GIOI THIEU CHUNG

Xe dién c¢d nho dang trg thanh mot xu
huéng phat trién quan trong trong nganh céng
nghi¢p 6 to tai Viét Nam ddc biét trong boi
canh gia ting nhu cdu vé cic giai phap giao
thong bén vimg va giam thiéu 6 nhiém moi
truong. Theo bdo cao tir Hi€p hoi cac nha san
xuét 6 to Viét Nam (VAMA), doanh s6 xe dién
da tang 200% trong nam 2023, v4i cic mau xe
¢ nho chiém ty trong 16n nhét [3]. Bao céo nay
cho thiy su ua chudng ciia ngudi tiéu dung do
thi dbi véi cac mau xe co thiét ké nho gon, linh
hoat, d& dang di chuyén trong cac khu virc dong
dtc. Ngoai ra, chinh sach hd trg ctia Chinh phii
Viét Nam, nhu mién thué nhap khau va giam
thué tiéu thu dac biét cho cac loai xe dién, di
gop phan thuc ddy sy phat trién cua thi truong
nay. Theo B§ Cong Thuong, cac bi¢n phap nay
khong chi giup gidm gia thanh xe dién ma con
gop phé{l vao vi¢c giam lugng khi thai (;02, ’céi
thién chat luong khong khi va giam thi€u tiéng
on trong cac khu vuc do thi [2].

N 2% ’

=1

£ :} .

Hinh 1. Hé théng treo truoc trén xe dién co nho
Vinfast VFe34
1. Cum giam chan truée; 2. Goi do trén (cao su);
3. Rotuyn cdn bang; 4. Cum tay don dwdi trude;
5. Dam truée; 6. Thanh cén bcing; 7. Gia do sau
dong co, 8. U cao su; 9. Giam chan sau; 10. Dé I6t
dau trén 16 xo, 11. Lo xo tru sau, 12. Dé 16t dau
duéi 10 xo; 13. Dam xodn sau; 14. Mat bich

2. XAY DUNG MO HINH DAO PONG
CUA XE O TO PIEN CO NHO

2.1. M6 hinh mé phéng hé dan dong phanh
thiy lwe hai dong doc lap

Xe 0 t0 dién c& nho doi hoi tinh ém diu
cao, vi vay dé mo ta dong luc hoc, bai bdo s
dung mé hinh dong luc hoc khong gian tong
quat ap dung cho 6 to dién 5 chd do Viét Nam
san xuit ¢6 2 cau (cu trude chii dong) 1a dbi
xtng theo truc doc ctia xe, than xe 1 mot tim
phang c6 khéi luong M dit tai trong tam [3].
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Hinh 2. M6 hinh khéng gian cua xe 6 to dién
VFe34

Trong bai todn xét dao dong cua xe khi
chuyén dong thang, than xe c6 3 chuyén dong
(3 béc tu do) gom: chuyén dong tinh tién theo
truc thang dung z, goc lic ngang ¢, — quay
quanh truc x va goc lac doc ¢, — quay quanh
truc y; Than xe dugc ndi véi cic cau xe thong
qua hé thong treo dac trung badi cac do cung C;

va hé s can glam chan K, (1:1 — trudce, 2 — sau;
j=1+2); Cac cau xe (cu tru:oc — 1, cau sau —
2) 1a cac khéi lwong khong duoc treo duoc coi
nhu cac chat diém co khéi luong m, , m

Al Al12°
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m,, dat tai trong tdm cua ching. Cac cau xe
co chuyen dong tinh tién theo truc thang dimg
(?;AH, - &Az) Banh xe dan hoi 1a bo phan lién
ket cau xe véi mat duong bang, dac trung boi
d6 ctg CLij; Bo qua thanh phan can cua 16p;
Bo qua tac dong cua gié dén chuyén dong cia
xe; Banh xe tiép xtc diém voi mat duong. Véi
cac gia thiét cau tric nhu vay thi mé hinh dong
luc hoc xe 6 td dién ¢& nhé co thé duge md ta
theo cac thé hién nhu hinh 2 [4].

2.2. Xay dung hé phwong trinh vi phin mo
ta dao dong xe

2.2.1. Phwong trinh vi phin mé ti chuyén
dong cua cac vit

Bang phuong phap tach vat va dit cac
ngoai lyc 1én timg vat 14 cac phan luc lién két
gitra cac vat, sau do thiét 1ap cac phuong trinh vi
phan mé ta chuyén dong cua ting vat theo cac

toa do suy rong dé xay dung hé phuong trinh vi
phan mo ta dao dong cua xe. Cac phuong trinh
nay dugc thiét 1ap nho phuong phap cén bang
luc va md-men tac dong 1€n vat [5].

Hé phuong trinh vi phan mod ta dao
dong cua xe dugc mo ta nhu sau:

MZ=Feyt+ Fyt Foppt Frppt Fogy t Byt Fop + By

Jo=-1 (Ferr Feurt Fonnt Fenn )+ b (Fear+ B Pt Fn)

729, = by (Fets i Fenn Fran )+ Wi (Fon+ Fien - Fon- Fn)

m 8= oo+ Forn) - oyt By + Fogp + Fiay) 1))
T 1529200~ b3 (P~ Fam ) + Wa (Ben + Fenn~ Fon~ B )

m 1 €an= FCLll'(FC11+ Fx_u)

M 5 Gu, Fop- (Fqurqu)

Trong str dung mot sb thong sd két cau
& bang 1, véi mot s6 thong sd tham khao tir
xe nguyén ban Vinfast Vfe34, mot s6 thong sd
duogc xac dinh tir phuong phap do truc tiép va
quy doi.

Bdng 1. Théng so sir dung trong tinh todn mé phong dong lic hoc [6]

TT Théng sb Ky hiéu Gia tri Pon vi
1 | Gia téc trong truong g 9,81 m/s?
2 | Hésb can lan f 0,02
3 | Ban kinh tinh banh xe rt 0,325 m
4 | Po cling hé thong treo trudce C,.C, 31250 N/m
5 | Do cling hé théng treo sau C,,C, 58200 N/m
6 | Hé s can giam chin trude K, K, 1090 N.s/m
7 | Hé s6 can giam chin sau K,,K, 1450 N.s/m
8 | Do cing hudng kinh 16p trude C.,C, 62500 N/m
9 | P clmg huéng kinh 16p sau Cp,p Cppy 62500 N/m
10 | Khéi lugng khong dugce treo trude m, 140 kg
11 | Khbi lugng khong dugc treo sau m,, 200 kg
12 | Khoi lugng toan bo xe day tai M 1860 kg
13 | Khéi lugng toan bd phan cho cau trude M, 870 kg
14 | Khéi lugng toan bd phan cho cau sau M, 670 kg
15 | Chiéu dai toan b ciia xe L, 43 m
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16 | Chiéu rong toan b cua xe B, 1,77 m

17 | Chiéu cao toan bd cua xe H,, 1,61 m

18 | Chiéu dai co so L 2,61 m

19 | Mot nira khoang cach vét banh xe trudc b, 0.745 m

20 | Mot nira khoang cach vét banh xe sau b, 0.745 m

21 | Mot ntra khoang céch treo sau w, 0.67 m

2 Mo6-men quan tinh khoi lugng cua than xe quanh I 1400 Kg.m?
truc doc x *

73 Mo-men quan tinh khoi lugng ctia than xe quanh I 2600 Ke.m?
truc ngang y y

4 Moé-men quan tinh khoi lugng cia cau sau quanh I 250 Ke.m?
truc doc x Ax2

Trong cac théng s trén, cac thong sd
vé khbi lugng, kich thudc dugc tham khao tur
catalog ciia nha san xuét va do truc tiép trén
xe. Cac mo-men quan tinh dugc tinh gan ding
theo phuong phap khéi dong chat. Cac thong sb
ctia hé thong treo, 10 xo nhu do ciimg, hé s6 can
giam chan dugc tham khao.

3. KET QUA VA PANH GIA

Nhiing nghién ctu trude diy da chi ra
rang: cac thong sb két ciu cta hé thong treo c6
thé anh hudng dén cac chi tiéu dao dong 1a do
cimg C va hé sé can K. Duéi day sé lan luot
trinh bay mot s6 khao sat anh hudng cua cac
thong s6 trén dén dao dong ciia xe. Dé khao sat,
ham kich dong ciing 1a map moé mat dudng theo
tiéu chuan ISO [7]. Céac thong sd khao sat trén
mot md-dun cho cau sau. Nghién ctru trén loai
duong trung binh (C-D) cho xe chay véi van
toc 35-50 km/h.

3.1. Nghién ctru 4nh hwéng cia d¢ cing C

Khao sat do ctrg 10 xo trudc C, va sau
C, .thay doi trong dai [0,5: 1,‘5]*C1, [0,5‘:1,5']*C2
v6i budce hé s6 1a 0,1 x&c dinh dugce gia tri cac
thong so: gia toc thang ding cuc dai ctua than

xe (Zmaz)» hé 6 tai trong dong cuc dai (k i)

hé sé tai trong dong cuc tiéu Ky i) dé danh
gia.

Két qua khao sat anh huong cia do
cung C,, C, cta h¢ thdng treo trude va sau dén
gia toc dao dong thang dung cuc dai cta than
xe thé hién trén do thi hinh 3 va hinh 4. Két qua
cho thay: Khi 6 t6 di trén duong trung binh (C-
D), v&i mdi gia tri van tde khao sat, gia toc cuc
dai cua khéi lugng dugc treo déu vuot ngudng
can thi¢p. Khi C | tang dan, gia téc dao dong
thang dimg cuc dai giam dan. Nhu vay, trong
thiét ké dé cai thién d6 ém dju cho hanh khach,
can chon d cimg sao cho pht hop. Khi C,, tang
dan, gia toc dao dong thang dirng cuc dai cling
tang dan va tt ca cac gia tri déu dudi ngudng
canh bao. Nhu vay, xe ddm bao dugc chi tiéu an
toan cho hang hoa va nguoi ngdi trén xe.

Hinh 3. Khao sat sy anh huong cua C, dén gia toc
cuc dai trén mat dwong C-D
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Hinh 4. Khao sat sy anh huong cua C,, dén gia toc
cuce dai trén mat duong C-D

Khi 6 t6 di trén duong trung binh (C-D)
v6i moi gia tri van toc tir 35-50 km/h, moi gia
tri ctia hé s6 tai trong dong cuc dai ciia phan
luc thing dung tir mat dudng tac dong 1én cac
banh xe déu dudi ngudng 2,5. V&i mdi gia tri
van ‘Féc khao sat trén hinh 5, khi C | tdng dan,
hé s0 tai trong dong cuc dai c6 xu hudng giam
dan. Véi mdi gia tri van tdc khao sat trén hinh
6, khi C, tang dan, hé sb téivtr()ng dong cuc
dai nhin chung khong thay do6i. Nhu vay, khi
ting do cimg cua hé thong treo trudc va sau sé
khong lam tang gia tri tai trong dong tac dong
ctia banh xe phia sau va dudng. Di nhién, can
phai két hop véi mot nghién ctru tong thé vé
tinh toan thiét ké va khao nghiém d6 bén két
céu 6 t6 dé c6 dugc phuong an hop 1y.

0.78
0.775
077
3
§ 0.765
£ B
0,76 I[=—350cmh) ©
: 40(kmh)
a—45(kmh)
0.753 50(kmih)
0.75 :
1 2 3 4 5

C11 (Mim) 10*

Hinh 5. Khdo sdt sw anh hiéng ciia C,, dén hé so
tai trong dong trén mat duong C-D

077
5 o—f—f——a—8———8—8—=0
5 0.765 |
2
076}
2 4 6 8 10

C21 (Nim) 104

Hinh 6. Khao sat sy anh huong cua C,, dén hé sé
tdi trong dong trén mat dwong C-D

Khi C tang dan thi cac gi tri goc lac
doc cling tdng dan, ciling c6 nghia la khi tang do
clmg cua hé thdng treo trudc sé lam ting hé sd
9, viéc nay s& anh huong dén dao dong cua xe
the hién trén hinh 7. Vi thé, trong thiét ké nén
giam d¢ cimg C, cua hé théng treo trudc. Khi
C, tang dan thi cic gia tri goc lac doc ciing
tang dan, cling c6 nghia la khi téng dd cung cua
hé thong treo sau s& lam ting hé sd O viéc nay
s€ anh huong dén dao dong cia xe. Chinh vi
thq, trong thiét k(? nén giam dg cliing ‘CZI cua hg
thong treo sau thé hién trén hinh 8. Can phai két
hop v6i mot nghién ctru tong thé vé tinh toan
thiét ké va khao nghiém d¢ bén két cau 6 to dé

c6 duoc phuong an hop ly.
0.024
—=—35(kmh)
e 40(kmm)
—a—45(kmh)
7 e 50(kmih)
0018
a
0.016 e
oon} s
0.012 .
1 2 3 4 5

C11 (N/m) «10%

Hinh 7. Khéo sdt sw danh huong ciia C,, dén hé so
9, trén mat dwong C-D
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Hinh 8. Khao sat sy anh huong cua C,, dén hé so

¢, trén mat duwong C-D
3.2. Anh huwéng ciia hé s6 cin giam chén

Trong khdo sat nay, xe chay véi céac
van toc tir 35-50 km/h trén loai duong trung
binh (C-D). Cho K,, K, thay dbi trong dai
[0,5:1,51*K , [0,5: 1,5]*K, v6i bude hé s6 la
0,1 xac dinh dugc cac gia tri dé danh gia bao
gdm gia tdc thing dimg cuc dai cua than xe
( imax), hé sb tai trong dong cuc dai (k dijm),

h¢ s6 tai trong dong cuc tiéu (kg ).
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Hinh 9. Khao sat sy anh huong cua K, dén gia toc

cuc dai trén mat duong C-D
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Hinh 10. Khao sat sy anh huong cua K, dén gia
toc cuc dai trén mat duong C-D

‘ Véi m(x)’i gia tri van tég khao sat, khi K
tdng dan, gia toc dao dong thang ding cuc dai
s& giam dan. Chinh vi thé, trong thiét ké dé cai
thién do an toan cho hang hoa, nén ting hé sd
can giam c,hén K, cua h¢ thong treo trude. Két
qua cho thay: Khi 0 t6 di trén duong trung binh
(C-D), v6i gia tri van tdc khao sat 35-50 km/h,
khj K, tdng dan, tit ca gig’l tri gia téc dao dong
thang dung cuc dai s€ déu dudi ngudng canh
bao. Chinh vi thé, trong thiét ké dé cai thién do
an toan cho hang hoa, nén chon h¢ s6 can giam
chin K, cua hé théng treo sau sao cho phu hop.

07T p—"—""

0.7654

kdmax2

0.76
I )
600 800

1000 1200 1400 1600

K1 (M.s/m)

Hinh 11. Khdo sdt sw dnh huong cia K, dén hé s6
tai trong dong trén mat dwong C-D
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Hinh 12. Khdo sat su anh huong ciia K,, dén hé so
tdi trong dong trén mat duwong C-D

Khi 6 t6 di trén duong trung binh (C-D)
v&1 moi gia tri van tdc tir 35-50 km/h, moi gia
tri ctia hé sd tai trong dong cuc dai ciia phéan luc
thang dmg tir mat duong tac dong 1én céc banh
xe déu dudi ngudng 2,5. V6i mdi gid tri van
tdc khao sat, khi K, ting dﬁnz hé sb tai trong
dong cuc dai cua phan lyc thang ding tor mat
duong tac dong 1én cac banh xe s& giam dan.
Nhu vay, khi tang hé sb can giam chin cua hé
thdng treo sau s& 1am giam gia tri tai trong dong
tac dong dén xe va duong, viéc nay lam giam
muc do anh huong x4u dén dd bén cua cac chi
tiét trén xe va anh huong dén cau dudong. Chinh
vi thé,, trong thiét ké nén ting hé sb can K, cua
hé thong treo trudc.
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Hinh 13. Khdo sat su anh huong ciia K, dén hé s6
@, trén mat dwong C-D
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Hinh 14. Khao sat sy anh huong cua K, dén hé s6
¢, trén mat dwong C-D

Hinh 14 thé hién két qua khao sat anh
h,u("mg ctia hé sb can giam chin K, dén géc
lac doc @ cua banh sau sau khi 6 t6 chuyén
dong trén loai duong trung binh C-D trong dai
van toc khao sat tir 35-50 km/h. Trén db thi, khi
tang hé s6 can giam chan thi goc lic doc cuc
dai c6 xu hudng giam dan, nhu vay tot cho dao
dong cua xe, tang sy ém diu. Vi vay, dé tang
su ém diu trong thiét ké s& ting hé s6 can giam
chan K,

Két qua trén cac hinh v& cho thay: Khi
0 t0 di trén duodng trung binh (C-D) v6i moi gia
tri van tbc tir 35-50 km/h, moi gia trj ctia hé sb
tai trong dong cuc dai cta phan luc thang ding
tr mat dudng tac dong 1én cac banh xe déu
du6i ngudng 2,5. Vi mdi gia tri van toc khao
sat, khi K, tang dﬁg, hé sb tai trong dong cuc
dai cua phan lyc thang dung tor mat duong tac
dong lén cac banh xe nhin chung khong thay
d6i. Nhu vay, khi ting hé s6 can giam chan cua
hé thong treo sau s& lam giam gia tri tai trong
dong tac dong dén xe va duong, viéc nay lam
giam mirc d6 anh hudng xau dén d6 bén cua cac
chi tiét trén xe va anh huong dén cau duong.

Hinh 3.23 thé hién két qua khao sat
anh huong cua h¢ so can giam chan K dén
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goc quay @ cuc dai ctuia banh sau sau khi 6 t6
chuyén dong trén loai dudng trung binh C-D
trong dai van tdc khao sat tir 35-50 km/h. Trén
d6 thi, khi tang hé s6 can giam chén thi goc lic
doc cuc dai c6 xu hudng giam dan, nhu vay tdt
cho dao dong cua xe, tang su €ém diu. Vi vay, dé
tang sy ém diu trong thiét ké s& tang hé s can
giam chin K..

4. KET LUAN

Nghién cuu da khao sat anh hudng cua
d6 cung va hé sé can giam chin cta hé thong
treo sau. Két qua theo cac chi tiéu vé an toan
dong luc hoc va an toan hang héa cho théy
réng, hé treo mém cung voi hé s6 can 16m s& ¢
loi hon.

Két qua nghién ciu da danh gia dao
dong 6 t6 dién c¢d nhé dua trén phén mém mo
phong Matlab Simulink. Cac thong sé danh gia
duoc lya chon theo cac chi tiéu dao dong va
dugc xac dinh bang cach tinh toan mo phong
dua trén mo hinh dong luc hoc téng quat cua
o t6 dién véi cac diéu kién chuyén dong thing
trén cac loai mat duong theo tiéu chuén ISO.

ba xay dyng mo hinh dong luc hoc
tong quat ctia 6 to v6i kich dong tir map mo
mit duong 1a ngau nhién dugc xac dinh theo
tiéu chuan ISO 8608:2016 dé danh gia dao
dong cua 6 t6 dién. St dung cong cy Simulink
trong phan mém chuyén dung Matlab dé giai
cac phuong trinh vi phan chuyen dong va cho
két qua 1a chuyen vi, van toc, gia toc cua cac
khoi lwong, cac két qua tai trong dong chinh 1a
hé s6 tai trong dong. Két qua khao sat dao dong
dong luc hoc duoc xac dinh trong diéu kién 6 to
dién chuyén dong trén loai dudng C-D cho thay
6 to di dat yéu cau vé dao dong.

Bai bao str dung bién dang map mo mit
duong theo tiéu chudn ISO 8608:2016, chua co
duoc sy thi nghiém thyc tién cia sy map mo
duong thuc té & Viét Nam dé c6 duoge két qua
nghién ctru sat thuc hon. Chua phan tich dao
dong cuia 6 to trong mot sd bai toan thyc té khi
xe chay trén duong nhu ting toc, phanh hay
quay vong. Can c6 mot nghién ciru hoan chinh
hon dé danh gia dao dong 6 t6 trong cac trudng
hop nay. <
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NGHIEN CUrU THIET KE VI TRi CAC BPEM KHi CUA O PEM KHi
CHIU LUC HUONG TAM SU’ DUNG TRONG THIET Bl CHUAN
MO MEN LUC

RESEARCH DESIGN OF THE LOCATION OF AIR CUSHION POSITION OF AIR
BEARING RADIAL FORCE USED IN TORQUE STANDARDS DEVICE

Vii Viin Duy, Tran Trong Thing
Truong Pai hoc Cong nghiép Ha Noi

TOM TAT

Thiét bi chudan mé men luc la thiét bi tao ra mé men chuan, thiét bi nay co mot truc quay
@dn véi canh tay don va 6 quay. Pé tao ra mé men chudn thi yéu cau quan trong dé la mé men ma
sdt ciia 6 quay phdi rat nhé. Vi vy, gidi phdp sir dung 6 dém khi la mot phirong dn hiéu qua dé dap
1ng yéu cau trén.

Déi véi thiét bi chudn mé men kiéu truc ngang thi 6 dém khi duoc sir dung la dang 6 chiu lyc
hwéng tam, do dé6 viéc nghién ciru két cau ciia 6 dém khi chiu lec huéng tam sé dwa ra cdc phirong
dn ddp img cdc yéu cau vé kha nang chiu tai; khe hé 6 dém khi déi véi yéu cdu cu thé cia thiét bi
chudn mé men luc.

Tir khéa: O dém khi chiu liec huéng tam; Kha nang tdi ciia 6 dém khi; Khe ho 6 dém khi;
Thiét bi chudn mé men.

ABSTRACT

A torque standard device is a device that creates a standard torque, this device has a rotating
shaft attached to the lever arm and rotating bearing. To create a standard torque, the important
requirement is that the friction moment of the rotating bearing must be very small. Therefore, the
solution of using air bearings is an effective solution to meet the above requirements.

For horizontal shaft-type moment reference devices, the air bearing used is a radial force
bearing, so studying the structure of the radial force air bearing will provide options to meet
the requirements load-bearing capacity requirements; air bearing clearance for the specific
requirements of the torque standard device.

Keywords: Air bearing radial force; Load capacity of air bearing; Air bearing clearance;
Torque standard device.
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1. 0 PEM KHi CHIU LUC HUONG TAM

O dém khi 14 loai 6 quay sir dung mang
mong khi nén véi mot ap suat nhat dinh dé
can trd su tiép xuc truc tiép gitra hai bé mat.
Do khong c6 tiép xtic co khi giira bé mit bac
dém khi va bé mit truc quay nén cac van dé
vé ma sat, sy mai mon, bdi tron... s& dugc giai
quyét khi tng dung 6 dém khi [3]. Tuy nhién,
do khong khi luon dugc thoat ra tir cac khe ho
nén phai duy tri lién tuc ap suit dé tao luc nang
théng duoc luc tai 1am viéc cua d.

Céu tao co ban ciia 6 dém khi gém hai
phan chinh: rotor (truc quay) va stator (bac, 16
dém khi). Trong d6, stator dugc gia cong cac 10
dan, ranh thoat khong khi. Stator c6 bién dang
16 dong dang vai bién dang ciia rotor va co tac
dung dan khi véi 4p suat cao vao khoang tréng
giifa rotor va stato nham tao ra mot 16p mang
khi nén giita hai bé mat. M6 hinh 6 dém khi
nhu hinh 1 va hinh 2 [2].

+ O dém khi dang chit H: Khi do, bé
mat cﬁa,rotor gém bé me:lt tru ¢co cl‘liéu dai L,
dugc chan boi hai mat phang & hai dau (hinh 1).
Lép khi nén duge cip vao phan bé mit tru va
mat phang giita rotor va stator.

Iw

1 L:
¥ L'- |
Hinh 1. O dém khi dang chiv H [2]
*Chu thich hinh 1: 1 — Puong dan khi: 2 — Dia
chan; 3 — Rotor; 4 — Stator; L,— Do dai cua rotor;
L.~ B¢ dai ciia 6 dém khi.

+ O dém khi dang chir X: Bé mit nim
giira truc quay rotor va 6 d& stator c6 dang chir
X nén khong can mit chin ¢ hai dau rotor (hinh
2). Ngoai ra, dé thuan tién trong qua trinh lip
rap 6 dém khi thi stator & day thudng dugc cdu
tao gdm hai phén lip ghép voi nhau.

[ ]

= Le=L3 -

Hinh 2. O dém khi dang chit X [2]
*Chu thich hinh 2: 1 - Puong dan khi: 2 - Rotor;
3 - Stator, L, - B¢ dai cua rotor; L, - D¢ dai cua 6
dém khi.

Trong qua trinh 1am viéc, loai 6 nay chu
yéu chiu tai trong hudng tam. Ddi v6i 6 dém
khi tinh dung cho may chuin moé men [4], tai
trong hudng tam la trong luong cia mot s6 bod
phan trén may chuan mo men (trong luong cua
truc, canh tay don, quang treo va cac qua tai tao
mo men). Van dé dit ra khi st dung loai b trén
1a can nang cao kha ning tai cta 6.

Theo [5] thi kha ning tai cta 6 dugc xac
dinh dya trén cong thirc mang tinh nguyén tic:
Kha ning tai = (Dién tich bé mit) x (ap suat
cip) x (hiéu sudt).

Tur cong thirc trén, ta nhan théy dé b co
kha nang tai 16n thi mét trong cac giai phap la
tang dién tich bé mat try tiép xuc véi truc quay.
Pé dat duoc muc dich nay, co thé ap dung hai
giai phap sau:
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+ Tang duong kinh cua truc quay:
Phuong 4n nay 1am ting mdé men ma sat tai O
quay, nhung do hé sd ma sat khi rat nho nén
luong tang nay s& khong dang ké.

+ Tang chiéu dai cia 6 dém khi, truc
quay: Phuong 4n nay c6 kho khan khi ché tao
dém khi.

2. CAC PHUONG AN THIET KE PEM KHI
CUA O PEM KHI CHIU LUC HUONG TAM

O dém khi duoc cdu tao bdi cac dém
khi bé mat try. Theo [1], quan hé giira gia tri luc
nang (F) va khe h¢ (z) tai vi tri trung tdm cua
dém khi bé mat tru nhu hinh 3:

F(N)
400

1300

1200

1100

1000

900

800

700

600

400

N N N T T S S
0 0001 0.002 0.003 0.004 0.005 0.006 0.007 0.008 0.009 0.01
z+ (mm)
Hinh 3. Quan h¢ gitta luc nang F va khe ho z* ¢
tam cua dém khi [1]

Truc dugc d& boi hai 6 dém khi & hai
dau truc. Noi dung bai b4o nay sé khdo sat )
luong va phuong an bb tri cac dém khi bé mat
tru (lam viéc véi khe hg dém khi trong khoang
tir 2,1 pm dén 9,5 um — khong c6 tiép xiic co
khi) dé cAu thanh mot 6 dém khi véi cac thong
sO:

+ Trong luc cua truc, canh tay don va
quang treo tdc dung lén mot 6 1a: F_;

+ Trong lyc cua cac qua tai tao mo men
tac dung 1én mot 6: F_;

+ F.: Lyc ddy cua dém khi i (i 1a vi tri
dat vitri, 6 day cac vitrila A, B, C...).

2.1. B6 tri 03 dém khi trén mdi diu truc (PA 1)

Phuong an don gian nhét 1a mdi dau
truc bd tri 03 dém khi. Pdng thoi, dé ting kha
nang chiu tai la trong luc, b tri phia bén dudi
hai dém khi sat vao nhau, phia bén trén b tri
mot dém khi, nhu hinh 4.

Khi do, lyc tac dung 1én truc quay cua o
dém khi gom nhiing lyc sau:
F—'A, FB’,}TC la lyc nang hodc déy cua tung dém
khi tdc dung theo phuong hudng tam.

FT la trong luc cua qua tai.

F, 1a trong lugng cua truc, canh tay don va
quang treo phan chia trén moi dau tryc.

F 1a tai trong cua o, (l?zfr+]?ﬁ).

Hinh 4. So d6 bé tri 03 dém khi trén mét dau truc.
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Tir so do luc tac dung 1én truc quay
(hinh 4}), ta co quan hé vé tri sb: F,=F_. (do
tinh d6i xtng, tri s lyc tai hai dém khi B, C
bang nhau).

Ciing do tinh d6i ximg vé tai trong va
két ciu, nén ap dung phuong trinh cin bang luc
theo phuong y trong mit cit ngang ciia mot dau
truc, ta co:

F +F. +F_ = 2.FB.cosa
F . =2F,cosa-F —F_ (1)

Tdng trong lugng clia truc, canh tay don
va quang treo cua thiét bi thr nghiém duoc xac
dinh 1a 550 N. Mat khac, do truc dugc do boi
hai 6 dém khi nhu nhau tai hai dau truc, nén tai
mdi du truc, ta c6: F_=550/2=275N.

Xét truong hop chiu tai 16n nhat (F =
F,,,) thi khe ho nho nhat & B va C van phai
dam bao d€ dém khi lam vi¢c. Lwa chon z, =z
= 2,1 um. Khi do, ta co:

F,=F.=F =1000 N, thay vao (1), ta co:

F,.. = F;=2.1000.coso.— F, —275. (2)
Tt phuong trinh (2) & trén, ta nhan thay
lac nay phéi chon F, sao cho z, con nam trong
vung khdao sat cia d¢m khi, xac dinh duoc gia
tri 16n nhét cua luc F laF,, .Chonz,=9,5um,
khi d6 can cu vao duong dac tinh chiu tai cua
dém khi [1], ta tim dugc F, = 500 N. Mat khac,
do tat ca cac dém khi dugc thiét ke & day co goc
chan cung 13 ¢ = 60° nén suy ra a = 30°.
Thay s6 vao (2), ta co:
F,..=2.1000.cos30° - 500 - 275 =957 N
Suy ra, tai trong 16n nhét cua ca hai 6
dém khi & hai dau truc 1a: 1914 N.

Vi canh tay don 1a L =500 mm nén mo
men 16n nhét trong trudng hop nay la:

T, = 1914.0,5=957 N.m

Nhén thiy gia tri m6é men 16n nhét nay
16n hon gi4 tri md men chuan can tao ra theo
yéu cau (Tyeupau =500 N.m), do do khi dat gia tri
mo men chuan 1a 500 N.m thi khe ho tai B va C
s& 16n hon 2,1 pm. Diéu nay ching to s& khong
¢6 tiép xtic co khi trong truong hop c6 tai trong
tao md men chuén.

Tuy nhién, can xét thém trudng hop khi
khéng co tai trong tao mo men chudn ma chi
cO tai trong cua truc va canh tay don thi truc
s€ dugc nang 1én mot khoang 6 (theo phuong
thang dtmg). Theo phuong trinh (1), ta cé:

F =2F,.cosa—F,—275 3)

Khi khong c6 tai trong tao m6 men thi
FTZ 0, khe hé tai Qién} A s?; giam di mot khoang
bang o, theo so do bo tri 6 nhu hinh 4, khe ho
tai B va C s€ tang 1én mot khoang 1a d.cosa.
Cac gia tri luc tai cua cac dém khi tai A; B; C
tuong ung véi khe hd cua ting dém khi phai
thoa man diéu kién do 1a thay vao phuong trinh
(3) s& cho két qua F.= 0.

Phuong phap xac dinh gan dung gia tri
0, duoc trinh bay nhu sau:

Chon budc tinh 6 = n.x, trong do x la
bude tinh (x=0,1 pm), nlahésdé (n=1,2, 3....).

Lan luot léy caicgiatrin=1,2, 3,... dé
tinh cac khe hé ctia dém khi tai cac vi tri A, B,

C theo so d0 bo tri cua 6 dém khi.

Xéc dinh lyc tai cia cadc dém khi tuong

{ng theo khe ho dya trén dudng ddc tinh hinh 3.
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Thay cac gia tri lyc tai cia dém khi tai
cac vi tri twong rng vao phuong trinh (3), ta
thu dugc gia tri F,, do dich chuyén cua truc khi
khong tai dugc xac dinh gan dung la gid tri o tai
bude tinh c6 két qua theo phwong trinh (3) cho
giatri F_ gan bang khong.

Cuthé, véin=1,taco8=0,1 pum, khi
d6 khe ho tai A giam di va c¢6 gia trila: 8, =9,5
-0,1=94 um.

Theo so d6 bd tri 6 dém khi hinh 4, khe
h¢ tai B va C (dugc coi la bang nhau do tinh
chat doi xing) tdng 1€n va co gia tri 1a: 6, = §_.

=2,1+93.c0os30°=2,1+0,1.cos30° =2,2 pm.

Theo d6 thi quan hé giira lyc nang va
khe ho ciia dém khi (hinh 3), véi khe ho 1a 9,4
um, ta co luc tai la 550 N, véi khe ho 14 2,2 pm
cho ta luc tai cia dém khi 990 N, do do ta co:
F,=550N,F,=F_.=990 N.

Thay vao phuong trinh (3), ta c6:

F. =2¢990ec0s30° —550-275=890 N

Lap lai, lan luot cho n b;ing cac gia tri 2,
3,... ta cd gia tri tuong g nhu bang 1, nhu sau:

Bang 1. Céc gid tri twong vmg véi khe ho ciia 6 dém khi (PA 1)

TT (n) Sum) |z, (um) | z,z.m)  F,N) | F,F.N) | F®N)

0 0 9,5 2,1 500 1000 957
1 0,1 9,4 2,2 550 990 890
52 5,2 43 6,6 775 630 41

53 53 4,2 6,7 780 625 27
54 5,4 4,1 6,8 790 620 9

55 5,5 4,0 6.9 800 610 19
56 5,6 3,9 6,9 805 610 24

F, c6 gia tri &m, khi do6 luc F_ co chiéu
tur dudi Ién trén theo phuong thang dirng, nhin
vao bang gia tri trén c6 thé 1ay gia tri & = 5,4
um, khi d6 luc F_c6 gid tri gan bang khong.

Nhu vay, khi trong lyc tao m6 men
chuén thay doi tir 957 N dén 0 N (truong hop
khong c6 tai trong tao md men chuén) thi khe
hé ctia dém khi tai A giam tir 9,5 um xudng 4,1
um; khe ho tai cac vi tri B va C tang tir 2,1 pm
dén 6,8 um, tdm truc dich chuyén theo phuong
thang dimg mot khoang 13 § = 5,4 um.

2.2. B6 tri 04 dém khi trén mdi diu truc (PA 2)

Vi muc dich tang kha nang chiu tai cua
6 dém khi, PA2 thiét ké mdi dau truc s& duogc
bb tri 4 dém khi. Trong d6, mot dém & phia trén
dé ting do cimg vitng, ba dém duoc bd tri lién
nhau (goc B = 60°), so d6 bd tri dém khi duoc
thé hién trén mat cit ngang di qua tAm cac dém
khi, hinh 5.
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Hinh 5. So dé bé tri 04 dém khi trén mét dau truc.

Céc dém khi tai A, B, M, N c6 luc nang
tong hop ciia mdi dém la: F,, F,, F,,, F, . Tix
so do phan tich cac lyc tac dung Ién truc quay
trén hinh 5, ta nhan thay: F|, = F .

Ap dung phuong trinh can bang lyc
theo phuong y trong mit cit ngang ciia mot dau
truc, ta co:

F,+F +F_=F+2FM.cosf

Suyra:F =F,+2.F .cosp-F, —F_(4)

Khi F dat gi tri 16n nhat, gia thiét F, =

F,,=F,=F, = 1000 N, trong tmg khe ho bang
2,1 um; F, = F, = 500 N, twong ung khe ho

bang 9,5 pm.
Thay sb vao phuong trinh (4), ta co:

F,..=F,=1000+2.1000.cos 60° - 500

Max

—-275=1225N

Suy ra, tai trong 16n nhét cia hai 6 dém
khi & hai dau tryc 1a: 2.1225 = 2450 N

M6 men 16n nhat la: T,, = 2450.0,5 =
1225 N.m

Khi khong c6 tai trong tao moé men
chuan thi tryc dwoc ning 1én mot khoang &,
theo so d0 hinh 5 thi khe ho dém khi tai A giam
di mot khoang bang voi khoang cua khe ho
dém khi tai B tdng 1én mdt khoang 1a o, theo
tinh chét dbi ximg khe ho tai M va N ting 1én
mot lwgng nhu nhau 1a 6/cosp (f = 60°).

Ap dung phu:ong phép xac dinh 6 twong
ty nhu truong hop 6 dbi v6i phuong an 1, dé
xac dinh khe hd tai cac dém khi tai cac vi tri
thudc & dém khi, dua vao do thi quan hé gitra
luc nang va khe ho cta dém khi (hinh 3) dé xac
dinh dugc luc tai cia cac dém khi twong tng
v6i khe ho. Sau do, ta thay céc gia tri lyc tai vao
phuong trinh (4) dé xac dinh gan dang 3, cho
két qua nhu bang 2.

Bang 2. Cdc gid tri twong itng voi khe hé ciia 6 dém khi (PA 2)

TT(m) | (um) | z,(um) | zum) | z,zm) | F,N) | ) [ F RN | FON
0 0,0 9,5 2,1 2,1 500 1000 1000 1225
1 0,1 9,4 2,2 2,2 505 990 990 1200
66 6,6 2,9 8,7 5,4 905 530 690 40
67 6,7 2,8 8,8 5,5 920 530 685 20
68 6,8 2,7 8,9 5,5 930 525 685 5
69 6,9 2,6 9,0 5,6 940 520 680 -15
70 7,0 2,5 9,1 5,6 950 515 680 -30

ISSN 2615 - 9910 (ban in), ISSN 2815 - 5505 (online)
TAP CHI CO KHI VIET NAM, S6 318, thang 8 nim 2024 133
cokhivietnam.vn / tapchicokhi.com.vn



NGHIEN CUU - TRAO DOI

Nhu vay, khi trong lyc tao mo men
chuan thay ddi tir 1225 N dén 0 N (truong hop
khong c6 tai trong tao md men chuén) thi khe
ho cia dém khi tai A giam tir 9,5 pm xudng
2,7 um; khe ho tai cac vi tri B tang tir 2,1 um
dén 8,9 pm, tam truc dich chuyén theo phuong
thang dmg mot khoang 13 & = 6,8 um.

2.3. Bo tri 05 dém khi trén mdi dau truc (PA 3)
Trong phuong an nay, vdi muc dich ting

d0 on dinh cua 6 dém khi, moi dau cua truc duogc
bo tri 05 dém khi cach déu nhau, nhu hinh 6.

Hinh 6. So dé bé tri 05 dém khi trén mét dau truc

Cac dém khi B; M; N; C; D ¢6 luc nang

ctiamdi dém lan luotla F,, F,,, F,, F., F, . Tu
so dd dat luc ¢ hinh 6 nhan théy: F,=F;F.=
F_ (do tinh chat doi ximg).

Ap dung phuong trinh cén bang luc
theo phurong y trong mit cit ngang ctia mot dau
truc, ta co:

F +F_+2F_cos(y/2) =F,+ 2.F,.cos(y)
F =F, +2.F cos(y)-F —2.F_.cos(y/2) (5)

Trong truong hop nay, do 5 dém bd tri
cach déu nhau trén chu vi cua truc nén ta co:

360°

y = =72°

Tuong tu nhu cac truong hop 1 va
truong hop 2, chon F, = F = F =F = 1000
N, twong trng v&i khe hor2 1 pum; F F =500
N tuong ung v6i khe ho 9,5 pm. Khl do 6 chiu
tai trong 16n nhét. Thay céc gid tri tinh toan vao
phuong trinh can bang (5) ¢ trén, ta co:
F,...=F;=1000+2.1000.cos72° —

Max

c0s36° =534 N

275-2.500.

Tong tai trong 16n nhat cua hai 6 dém
khi ¢ hai dau tryc la: 2.F =2.534 = 1068 N

Pé xac dinh cac théng sd khi khong co
khdi lwgng qua tai, khao sat cac vi tri ctia khe ho
dém khi, dua vao d6 thi quan h¢ gitra lyc nang
va khe ho cua dém khi (hinh 3) dé xéac dinh duge
lyc tai cua cac dém khi twong g véi khe ho.
Thay céc gia tri lyc tai vao phuong trinh (5) de
duoc xac dinh khi gia tri F gan bang khong, ta
6 két qua cac gia tri nhu bang 3.

Bdng 3. Cdc gid tri twong g voi khe hé ciia 6 dém khi (PA 3)

TT(m) | é(um) | z,(um) | z,Z (um) z.,z (um) | F®N) | F,F ) F,F®N) | F(N)
0 0,0 2,1 2,1 9,5 1000 1000 500 534
1 0,1 2,2 2,2 9,4 990 990 505 516
29 2,9 5,0 3,0 7,2 730 890 590 50,4
30 3,0 5,1 3,0 7,1 720 890 595 323
31 3,1 5,2 3,1 7,0 710 885 600 11,1
32 3,2 5,3 3,1 6,9 700 885 610 -15,0
33 33 5,4 3,1 6,8 690 885 620 -41,2
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3.LUA CHON PHUONG AN THIET KE THIET KE O PEM KHi CUAMAY CHUAN MO MEN
3.1. Mot s6 thong s6 co ban ciia cac phwong an thiét ké 6 dém khi

Trén co sé tinh todn cho cac phuong 4n & trén, ta ¢6 bang tong hop két qua thong s6 co ban
cua cac dang 6 dém khi, theo bang 4.

Bdng 4. Nhitng théng sé co ban ciia cdc dang 6 khi

TT So dd bd tri dém khi 2.F.  (N) 5 (um)

*" Tmax

A

1 . _ 1914 5,4

2450 6,8

1068 3,1
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3.2. Lwa chon phwong an bo tri bac dém khi
trén truc dung trong chuan mé men lue

Trén co sé bang cac thong s6 co ban
cua ba dang 6 dém khi (bang 4), ta nhan thay:

- Truong hop bd tri cac dém khi theo
phuong an 2, 6 dém khi c6 kha ning tai 1on
nhat, khoang cach dich chuyén cua tim truc
quay gitlra truong hop c6 tai va khong tai lai co
gi tri 16n nhat.

- Truong hop bd tri cac dém khi theo
phuong an 3, 6 dém khi c6 kha ning tai nho du
dé tao ra m6é men chudn dén 500 N.m, nhung
khoang nang ha cua truc khi c6 tai va khong cé
tai lai nho nhat. Nguyén nhan do luc nang cia
dém khi tai B; M; N doéng gop vao luc nang voi
hé s6 (1 + 2.c0s72°) = 1,618 nhung luc ning
ctia dém khi tai C va D lai c6 tac dung day truc
xudng vai hé s 1a 2.cos36° = 1,618.

4. KET LUAN

V6i thiét ké dém khi theo phuong an
3, trong mdi 6 dém khi c6 03 dém khi & phia
dudi co tac dung tao luc nang, 02 dém khi &
phia trén tao luc nguoc chiéu véi lyc nang co
tac dung ting do cimg ving cua hé théng. Hai
cap dém khi ¢ hai dau truc duoc bé tri dbi xtng
nhau qua dudng thang theo phuong thang dimg
di qua tam truc. Ngoai ra, & mdi mat day cua
truc bd tri mot dém khi dé han ché bac tu do
tinh tién theo phuwong thang dimg. Khi d6, nhan
thay céc luc tic dung ctia 05 dém khi bé tri trén
mit try ¢ hai dau truc quay s& hudng vao tim
truc quay. %
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THIET KE BO PIEU KHIEN PANH LOI BPIEN TP CAC CAM BIEN
TREN PONG CO PHUN XANG TRUC TIEP (GDI) PHUC VU
CONG TAC PAO TAO VA NGHIEN Cl’U KHOA HOC

DESIGN OF ELECTRONIC ERROR CONTROLLER FOR SENSORS ON DIRECT
INJECTION GASOLINE ENGINE (GDI) FOR TRAINING AND SCIENTIFIC
RESEARCH

Pham Anh Tuin, Nguyén Manh Hung, Lé Vin Trung, Lai Viét Anh
Vién Co khi Pong lyc, Hoc vién K¥ thuat Quan su

TOM TAT

Péng co phun xang truc tiép (GDI) néi bit véi nhitng wu diém vé hiéu sudt, tiét kiém nhién
liéu va diéu khién dong co hoat dong o cac ché do thong qua hé théng cac cam bién gui tin hiéu
lién tuc vé bé diéu khién trung tam ECU. Trén mo hinh co thiét ké mot bo danh 16i dong co bcfng co
khi, givip cho hoc vién, sinh vién truc tiép thong qua cdc dau hiéu hoat déng binh thuwong hodc bat
thwong ciia déng co dé chan dodn hw héng cia dong co, tir 6 dé ra phwong hieéng, bién phdp khdc
phuc hw hong. Tuy nhién, trong qud trinh khai thac bg danh 16i co khi, mét sé van dé ndy sinh ciing
nhu nhitng nhuoc diém dat ra yéu cau can phai cai tien hodc thiét ké méi mét bé danh 16i khac khdc
phuc dwoc nhitng nhiroc diém va van dé d6. Bai bdo nghién civu thiét ké nham thay thé b déanh 16
co khi thanh b danh 16i dién tir cdc cam bién trén dong co phun xang triee tiép, dap img yéu cau
phuc vu cong tac dao tao va nghién cuu khoa hoc.

Tir khéa: Dong co phun xdng truc tiép GDI; B danh 16i dién tir.
ABSTRACT

Direct Injection Gasoline Engine (GDI) stands out with advantages in performance, fuel
efficiency, and engine control through the operation of modes via a system of sensors continuously
sending signals to the central control unit (ECU). The model is designed with a mechanical engine
fault simulator, allowing students to directly diagnose engine faults through normal or abnormal
operating signs of the engine, thereby proposing solutions to rectify the faults. However, during the
exploitation of the mechanical fault simulator, several issues arose, as well as disadvantages that
necessitate improvement or the design of a new fault simulator that overcomes these drawbacks and
problems. The research paper aims to design an electronic fault simulator to replace the mechanical
fault simulator for sensors on the direct injection gasoline engine, meeting the training and scientific
research requirements.

Keywords: Direct Injection Gasoline Engine (GDI); Electronic fault simulator.
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1. PAT VAN PE

Trong nhitng nim gan day, cac hang san
xudt 0 t6 ngay cang sir dung phd bién loai dong
co kiéu GDI trén nhimng san pham ctia minh vi
tinh kinh té cling nhu kha ning diéu khién tbi
uu cua no [1], [2]. Phuc vu yéu cau, nhiém vu
dao tao, day hoc, cac co s& dao tao da duoc
trang bi mgt mo6 hinh dong co phun xang truc
tiép. Tuy nhién, trong qua trinh khai thac bo
danh 13i co khi, mot s6 van dé ndy sinh ciing
nhu nhirg nhuoc diém dit ra yéu cau can phai
cai tién hodc thiét ké méi mot bo danh 15i khac
khéc phuc dugc nhiing nhugc diém va van dé
d6. Cac van dé gip phai trong qua trinh khai
théc bo danh 18i co khi do la:

- B0 danh 16i st dung cong tac co khi,
khi déng hodc ngit tin hiéu cam bién, dong
dién bién thién dot ngdt sinh ra tir trudng gy
nhiéu cho céc thiét bi dién tir khac cling nhu
gy nhidu cho chinh cac tin hiéu tir cam bién
guri vé, 1am sai léch, anh huéng dén hoat dong
cua dong co va cac thiét bi dién tir trén xe.

- V6i bo danh 16i co khi hién tai, dé
dam bao yéu ciu nay, gido vién mdi khi thuc
hién thao tac danh 15i can dam bao hoc vién,
sinh vién khong thiy duoc hanh dong cia minh
hodc phai yéu cu hoc vién, sinh vién khong
dugc quan sat. Didu nay 1a thuc sy bét tién.

Cung v6i su phat trién cua khoa hoc,
cong nghé, viéc thuc hién cac thao tac don gian
nhu vy nén duoc thay thé bang giai phap tu
dong héa hodc diéu khién thong qua may tinh,
dién thoai hodc céc thiét bi dién tur thong minh,
vira thuan tién, gidm bat ste luc cling nhu thoi
gian thyc hién, qud trinh hoc tdp, giang day
cling tir d6 ma trd nén khach quan, tha vi hon.

2. THIET KE BQ PIEU KHIEN PANH LOI
PIEN TU CAC CAM BIEN TREN PONG
CO PHUN XANG TRUC TIEP

Bo danh 138i str dung vi diéu khién la
khéi diéu khién trung tim, c6 kha niang két ndi
va giao tiép voi may tinh, nhan 1énh tir may
tinh dé diéu khién cac co cdu chip hanh la cum
nhirng linh kién véi vai trd nhu nhitng cong tic
dong ngit co khi truyén thong. Qua nghién ctru
thuc nghi¢m trén moé hinh dong co GDI, nhém
tac gia da lwa chon phuong an str dung vi diéu
khién Arduino dé thiét ké bo diéu khién danh
16i dién tir cac cam bién trén dong co phun
xang truc tiép.

2.1. Tinh toan thiét ké, lwa chon cac linh
kién, thanh phin

a. Vi dieu khién Arduino

Sau qua trinh nghién ctu, tim hiéu
mo hinh, nhém tac gia lya chon vi diéu khién
Arduino Mega 2560. Vi diéu khién nay c6 uu
diém ndi bat 1a c6 nhiéu chan giao tiép, diéu
khién, dap Gmg duoc nhiém vu dong ngat tat ca
c4c tin hiéu cam bién trén mo hinh dong co [4].

Hinh 1. Vi diéu khién Arduino Mega 2560

b. Tinh chon nhém phan ti chdp hanh

Dé thyc hién nhiém vu dong ngit dong
dién, thong thuong str dung cac cong tac dién
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co khi. Tuy nhién, viéc st dung cac cong tic
nay cho mo hinh dong co trén phong trang bi
nay sinh mot s6 van dé va bét tién nhu da néu.
Nhom tac gia dd nghién ciru thay thé cac cong
tac co khi d6 bang nhimg “cong tic” dién ti.
Trén thuc té, c6 nhiéu linh kién dién tir c6 thé
dap tmg duoc chtic nang nay, dong thoi, ¢ thé
diéu khién dong ngit bang cach dat mot dién ap
hodc dong dién vao no.

Transistor, mosfet hay relay, mdi loai
linh kién c6 nhitng vu va nhuogc diém riéng.
Tuy vy, cac linh kién ban dan thuong lam viéc
va chiu dugc nhitng dong dién cé cuong do,
dién ap thap hodc cong suit khong cao lam.
Trén 6 to, cac thiét bi dién su dung nguén dién
tir 4c quy hodc mdy phat dién, dién ap c6 thé
1én t61 24V va cuong do dong dién 1én tdi vai
ampe, bién dong trong sudt qua trinh sir dung.
Qua nghién ctru va tim hiéu, nhém tac gia lya
chon phuong 4an sir dung két hop ca transistor
va relay trong co cdu chdp hanh dé dam bao
vira dép tng dugc yéu cau dit ra ciia bd danh
161.

2.2. Tinh toan lya chon linh kién, xay dung
nguyén ly hoat dong

a. Transistor

Transistor c6 thé hoat dong nhu mét bd
khuéch dai hodc mot khoa dién. Dé sir dung nhur
mot khoa dién (chtrc niang dong ngat), ta phai
tinh toan, dua transistor hoat dong trong vung
bao hoa. Vi diéu kién nay xem nhu cuc thu va
phat kin mach va duoc ky hi¢u bé“mg khoa dién
trong duong kin mach. Khi transistor dat dén
muc bao hoa, gia tri dién &p roi trén transistor
trong khoang 0,3 V dén 0,5 V.

g

Hinh 2. Nguyén li hoat dong ciia transistor & ché
do dong ngat

Transistor cting nhu cac linh kién dién
tr khac déu c6 giéi han trong pham vi hoat
dong. Céc gidi han nay dugc xac dinh theo
thong s6 dinh mic quy dinh boi cac nha san
xuat va trinh bay trong cac tai liéu k¥ thuat.
Theo tiéu chudn, gia tri ti da cho phép cua cac
thong so transistor bao gom dién ap: Ve Ve
V> dong I . va va cong suat ti€u tan P [3].

BE’

Trong do:
B, =V, (1)

Tich sb cua V; va I khong duge vuot
qué murc cong suadt tiéu tan cuc dai cho phép
P]?marx. va cac gia tri V, va I, khong thé dat gia
tri toi da cung luc.

Vi vay, dé transistor hoat dong tdt &
ché d6 dong ngit, can dam bao dong dién diéu
khién I, 16n hon gia tri da tinh toan. Thong
thuong, gia tri khuéch dai cia transistor trong
khoang 100 dén 200, gi4 tri I..1a cudong d6 dong
dién cam bién, cd gia tri vai tram mA cho dén
vai A. Nhu vay, gid tri dong I, 16n hon 100 mA
dé dam bao transistor lam viéc tot & ché do da
chon.

Gia tri cyc dai cua dién tro R, ap dung
phuong trinh can bang ap phia cuc nén, ta co:
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V., =V,
R,=—*% 58 (3)

I

B
Trong do:

- V. 1a gia tri dién ap dau vao;
- V]?‘E !é gl‘é t‘n dién ap cuc pén — phat.
Vi gia tri dién ap vao la dién 4p ra cao
cua vi di€u khién, V., =5V, diénap V.= 0,7V,
thay vao cong thuc (3), ta dugc:
V., =V 5-0,7

R, =i =222 470
I, 0,1 (2]

Ta chon gia tri di¢n tr6 R, = 1k,
transistor loai NPN C1815 vdéi gia tri dién ap
va dong dién toi da chiu dugce 1a 50V, 150mA.

b. Relay

Relay duogc chon 1a loai lam viéc véi
dién ap 5V, cuong do dong dién chiu dugc cd
vai Ampe. Cu thé, ta chon relay SV10A SRD-

05VDC-SL-C.

a. b. c.
Hinh 3. Cac linh kién swr dung trong mach:
a) Transistor NPN C1815, b) Pi¢n tro 1kQ-1206,
¢) Relay 5V10A4

c. Thiét ké bang mach:

Béang mach dugc xdy dung bang phan
meém Altium chuyén dung cho thiét ké mach
dién tr voi mot sO yéu cau nhu sau [4]:

- BO tri céc linh kién hop li, gon gang,
khoa hoc, dam bao lam viéc ding nguyén li;

- Day di gon, khong rdi, kich thude day
dam bado chiu dugc dong dién cao trong cac
cam bién ma khong bi chay;

- Viéc thao lap vi diéu khién Arduino dé
dang;

- C6 giai phap thiét ké phuc vu cho viéc
noi tat cua nguoi hoc.

Hinh 4. M6 hinh khéi bj dénh 16i dién tir
d. Thiét ké giao di¢n chwong trinh
St dung phan mém Labview thiét ké

chuong trinh diéu khién bd danh 16i dién ti,
quaé trinh tao 16i thye hién trén may c6 giam sat.
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Hinh 5. M6 hinh khéi bé danh 16i dién tir
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3. KET LUAN

Dua trén co s& 1y thuyét do luong, bai
bao da thiét ké ra duge mot bo diéu khién danh
16i cic cam bién trén md hinh dong co phun
xang truc tiép (GDI). Bo didu khién da thay
thé bo danh 18i kiéu co khi v6i nhiéu wu diém
vuot troi hon ciing nhu khic phuc duoc nhiing
nhuoc diém ma b danh 15i kiéu co khi con ton
tai. San pham dap tmg duoc cac yéu ciu ky
thuat dat ra va thuan tién hon trong qua trinh
giang day, dao tao. BO diéu khién danh 18i dién
tur 1a cong cu c6 gia tri khoa hoc cho cac nghién
ctru sdu hon ¢6 lién quan dén chan doan chuyén
sdu trén dong co phun xang tryc tiép. <
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THIET KE, CHE TAO VA THU NGHIEM MACH BIEU PHOI
NANG LUONG (PNG DUNG CHO UAV NANG LUONG MAT TROI

DESIGN, FABRICATION AND TESTING OF A MPPT CIRCUIT FOR APPLICATION
IN SOLAR UAV

Pinh Tan Hung
Truong Co khi, Pai hoc Bach khoa Ha Noi

TOM TAT

Véi nhiéu wu diém, may bay khong nguwoi lai (UAV) dang dwoc nghién civu, phdt trién trén
toan thé gidi va c6 nhiéu vmg dung trong ca dan sw va qudn sw. Hau hét cac UAV déan dung déu cé
thoi gian bay duwéi 1 gio, diéu ndy han ché kha ning iing dung ciia ching. Vi vdy, nhiéu nha khoa
hoc tdp trung vdo viéc tang thoi gian lam viéc ciia UAV dé mé rong pham vi vmg dung. Va, UAV
sir dung nang lieong mdt troi la mot trong nhitng gidi phdp givip ting thoi gian bay. Pé hé thong
pin nang lwong mdt troi trén UAV hoat ddng véi céng sudt t6i wu, mach MPPT (Maximum Power
Point Tracking) dwoc lva chon st dung trén UAV nang lwong mat troi. Bai bdo nay nham muc dich:
(i) Thiét ké, ché tao va thir nghiém mach MPPT; va (ii) Tich hop mach MPPT trén mau UAV nang
lwong mat troi da dwoc phat trién. Mach MPPT tich hop trén UAV dau tién duwoc kiém tra tinh trén
mat dat dé danh gid do on dinh ciia mach trong hé thdng hoan chinh va sau do thu nghiém trén cac
chuyén bay cia UAV dé danh gid kha nang tang thoi gian bay trong cdc diéu kién thoi tiét khdc
nhau.

Tir khéa: Mach MPPT: Piéu khién sac nang lwong mat troi; Nang lwong mat troi; UAV
nang lwong mat troi.

ABSTRACT

With many advantages, unmanned aerial vehicle (UAV) is being studied, developed
worldwide and has many applications in both civilian and milittary. Most developed civil UAVs
has a flight time less than 1 hours which limit their applications. Thus, many scientists focus on
extending the endurance of UAV to open a wide range of application. And solar powered UAV
is one of the solutions to increase the flight time. For solar battery systems on UAV operate with
optimal power, the MPPT circuit is used on solar UAV. The aims of this paper consist of (i) Design,
fabrication and testing of a MPPT circuit, (ii) Integration of the MPPT circuit on the solar UAV
prototype. The MPPT circuit integrated on the UAV was first static test on the ground to evaluate the
stability of the circuit in complete system and then flight testing to evaluate the increased endurance
in different weather conditions.

Keywords: MPPT circuit; Solar Charge Controller, Solar power, Solar UAV.
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1. GIOI THIEU

La mot ngudn ning lugng tai tao, ning
lugng mit troi dang ngdy cang tré nén pho bién
trong doi song hién dai. N6 hoan toan cé thé
thay thé cic ngudn ning luong khong tai tao
nhu than d4, ddu mé va nang luong hat nhan.
Ning lwong mit troi khong 6 nhiém, tin cdy va
c6 thé san xuit ning lwong bat ctr noi nao cd
mit troi chiéu sang. N6 tham chi con ¢6 1oi thé
hon cac ngudn nang lugng tai tao khac nhu gio
va nang lugng nude. Nang lugng mat troi dugc
tao ra tir cac tAm pin, khong can bét ky bo phan
co khi truyén dong 16n nhu tuabin gié, khong
gy 6n va bao tri don gian. Tudi tho cta cac tAim
pin mat troi co thé kéo dai dén vai chuc nim ma
khong can thay thé. Mit khac, khdi luong cua
mot hé théng pin mat tro1 1a khé nhe so véi cac
hé thong cung cdp ning luong khac véi cing
mot cong suat. Tur nhimg wu diém cua ning
luong mat troi, viéc ing dung no6 trén UAV dé
kéo dai thoi gian bay la hoan toan kha thi. Thyc
té, trén thé gidi da co cac nghién ciru vé linh
vyc ndy va da c6 cac san pham kha thanh cong,
kéo dai thoi gian bay cua UAV 1én dén 1 tudn
[1]. Tuy nhién, nang lugng di¢én mat troi luon
bi anh huong boi didu kién thoi tiét (nhiét do,
cudng do sang), dé khic phuc diéu nay, pin mat
troi s& duoc két hop véi pin luu trir dé dam bao
cong sudt du ra cho tai trén UAV. Vay, viéc
nghién ctru va thiét ké mach do tim diém cong
suat 1am viéc t6i uu cho hé thong pin mat troi
& cac diéu kién thoi tiét khac nhau, phdi hop
ngudn ning lugng pin mit troi va pin luu trix
trén UAV 1 rit can thiét va 1a van dé dang duoc
nghién ctru hién nay.

Trén thé gidi da co nhiéu nghién ctu
vé mach MPPT duoc cong bo, tuy nhién cac
nghién ctru chi yéu tap trung cho hé thong pin
mit troi va acquy dat tinh tai mat dat, chua co
nhiéu nghién ctru vé mach MPPT cho UAV

ning lugng mat troi. Vi thé can thiét phai
nghién ctru vé mach MPPT cho Solar UAV.

Muc tiéu cua bai bao bao gom:

- Thiét ké, ché tao va thr nghiém mach
MPPT tng dung cho mau solar UAV;

- Tich hop mach trén solar UAV va tién
hanh thtr nghiém:

+ Thtr nghiém tinh dé danh gia d6 6n
dinh cta mach trong mdt hé thong hoan chinh;

+ Thir nghiém bay dé danh gia thoi gian
bay tang thém trong cac dicu kién thoi tiét khac
nhau.

2.LY THUYET

2.1. Pwong dac tinh lam viéc cia pin mat

troi

Vé mit nguyén 1y, pin mat troi twong
duong véi so d6 mach gdm ngudn dong thuc
mic song song voi diode nhu trong Hinh 1 va
duong dac tinh -V nhu trong Hinh 2.

g (W

Viltage %)

Hinh 2. Duong dac tinh I-V cua pin mdt troi
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Quan h¢ gitra dién ap (V) va dong dién
(I) cua pin mat tro1 nhu sau (Hinh 2):

Izlsc_ld _IP

1
=akbk -1, exp( qv J—l _r M
n,k,T R,

Trong do, I 1a dong quang dién, ty 1€
(o)) v6i cudng do chiéu sang ctia mit troi (E) va
do duoc thuc nghiém bang cach do dong ngan
mach; I, 1a dong qua diode tuan theo ham mi
voi 1 1a dong bdo hoa qua diode, phu thudce dic
tinh cua tung diode; I la dong qua tr& R.

2.2. Nguyén ly dung hop tai

Khi pin mit troi duge mac truc tiép vai
tai, diém lam viéc cua pin sé 1a giao diém giira
duong dac tinh I-V cua pin va dudng dac tinh
I-V cua tai. Trén duong dac tinh P-V cua pin
luén c6 mot diém cong sudt cyc dai (MPP). Khi
do, diéntro taiR =V /I v6iV 1  ladién
ap va dong dién ra; Tai 16n nhat cua pin R
= Vi ey VOI Vi Iy, 18 di€n ap va dong
dién tai diém cong suat cuc dai MPP. Khi gié
tri cua tai khép voi gia tri R thi cong suét
truyén tir pin dén tai s& 1a cong sudt 16n nhat.
Tuy nhién, diéu nay thuong hiém khi dat duoc
trong thuc t€, nén hé khong sinh ra cong suit
16n nhat. Mach MPPT s& diéu khién dién ap
hai dau pin mat troi dé diém lam viéc dao dong
quanh diém MPP. Phuong phap MPPT c6 thé
xéc dinh chinh x4c dén 97% diém MPP. Trong
bai bdo nay, mach gidm 4p Buck [2] (Hinh 3)
v6i xung diéu khién (Hinh 4) dugc sir dung dé
phéi hop tro khang.

| -V

u[()_#gﬁn_zs T‘unL c.l_ R Iu,

Hinh 3. Mach giam ap Buck

MR

On U

o a | -
- w 1
Dy evle [ (%)

- Ll
Penad T- 1A

Hinh 4. Xung diéu khién

Nhu vay:
V. V. /D R
= in _ out/ — _2 (2)
Iln DIOM[ D

Vé6i D 1a ti sb giira thoi gian khoa S
dong va chu ky T.

2.3. Thuit toan bam diém 1am viéc ¢é cong
suit 16n nhat (MPPT)

C6 nhiéu phuong phap dé thuc hién
thudt toan MPPT, trong bai bdo nay, ta sir dung
phuong phéap nhiéu va quan sat (Perturb and
Obsserve — P&O). Bay 1a phuong phap don
gian va duoc st dung thong dung nhat nho sy
don gian trong thuat toan va viéc thuc hién dé
dang. Thuat toan nay xem xét sy tang, giam
dién ap theo chu ky dé tim dugc diém 1am viéc
c6 cong suat 16n nhat. Néu su bién thién cia
dién ap 1am cong suat ting 1én thi su bién thién
tiép theo s& giit nguyén chiéu huéng ting hodc
giam. Nguoc lai, néu sy bién thién lam cong
sudt giam xudng thi sy bién thién tiép theo s&
¢6 chiéu hudng thay d6i nguoc lai. Khi diém
lam viéc c6 cong suét 16n nhét duoc xac dinh
trén duong cong dic tinh thi su bién thién dién
ap sé dao dong xung quanh diém lam viéc c6
cong suat 16n nhat do.
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Hinh 5. Phuong phap P&O
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Hinh 6. Luu do thudt toan P&O

Cu thé nhin vao Hinh 5, ta thdy néu
APAV > 0, diém lam viéc dang nim bén trai
diém MPP, ta can ting gia tri dién ap (V. hay ti
1€ D) dé diém lam viéc tién gan téi diém MPP.
Nguoc lai, diém lam viéc dang nam bén phai
diém MPP, ta can giam dién 4p. Diéu nay dan
dén dao dong ciia diém lam viéc xung quanh
diém MPP, gy ton hao mot phan cong suat. Dé

giam su dao dong nay, ta c6 thé giam bude bién
thién cia D, tuy nhién nhu vay mach lai dap
mg chdm v6i su thay d6i cua diéu kién thoi
tiét. Hinh 6 1a luu d6 thuat toan P&O.

3.THIETKE, CHE TAO VA THUNGHIEM
MACH MPPT

3.1. Thiét ké, ché tao mach MPPT

Mach MPPT hoat dong theo nguyén ly
cua mach giam ap Buck DC-DC Converter véi
chi tidu thiét ké:

- Pién 4p dau vao (pin mit trdi) 15-30V;

- Péu ra két ndi pin Lipo 2-4S (7,4V —
14,8V);

- Dong dién 16n nhét 15A, ¢6 chéng
dong xa nguoc;

- Cong suat 150W;

- Sai s dién ap dau ra khong qua 5%.

So d6 khdi mach MPPT dugc thé hién
trong Hinh 7 va mach MPPT thiét ké duoc thé
hién trong Hinh 8.

Wmame

s

BLUK converier

Hinh 7. So dé khéi mach MPPT

Hinh 8. Mach MPPT
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3.2. Thir nghiém tinh va hiéu chinh mach
MPPT

a. Kiém tra xung PWM ciia cdu Mosfet

Str dung oscilloscope kiém tra tin hiéu
xung PWM ctia ciu Mosfet véi D = 50%. Cac
két qua cho thay tin hiéu PWM khong nhiéu,
khong méo va chinh xac (Hinh 9).

Hinh 9. Xung ra tir Mosfet

Hinh 10. Két qud Buck & @6 rong xung 75%
b. Kiém tra d¢ chinh xdc ciia mach Buck

Cép dau vao 1a Pin Lipo 3S dién ap do
duogc 11,889V, sau do6 chon do rong xung D la
75%. Xung tin hi¢u thu dugc & di€p ap ra Hinh
10 c6 gia tri dién ap dau ra on dinh 8,942V so
v6i 1y thuyét 1a 8,917V. Sai sb bang 0,28% la
rat nho, phu hop chi tiéu thiét ké da dua ra.

c. Dung bg loc Kalman xuw ly tin hiéu cam bién

Tién hanh thir tai va ldy mau gid tri
dong dién do duoc tir cam bién dong (téc do
lay mau 10 1an/s) v6i viée dung va khong ding
bd loc Karman [3-4]. Khong st dung b loc
Karman (Hinh 11a), gié tri dong dién do duogc
khong on dinh va c6 nhiém (do linh kién, di¢n
ap nguon...). Con voi bd loc Karman (Hinh
11b), cac gia tri wéc lugng twong ddi 6n dinh
va chinh x4c, gia tri nhiém d3 bi loai bo.

4
35

3
25
= 2
S1s 1o ]
E
S 1
Al
0.5 A
0 A G LRI EROI S
) 50 100 150 200 250

Number of samples

a. Két qua khéng bé loc Karman

15

05 . ':
0 Mol . Smemamas
o s0 100 150 200 250 300
Number of samples

b. Két qua voi bo loc Karman
Hinh 11. Két qua cam bién

3.3. Thir nghi¢ém
a. Thir nghiém tinh

Thir nghiém tinh dugc tién hanh trén
mat dit voi hai phuong 4n: (1) Chi pin Lipo
don thuan; va (2) Két hop pin Lipo v&i pin mat
troi. Két qua do dac ¢ Bang 1 cho thay, viéc st
dung pin mat troi voi mach diéu phdi di cho
két qua rat tét & ca hai ché do tiéu thu ning
lugng 50% ga va 70% ga. Thoi gian st dung
pin Lipo két hop véi pin mit trdi trong cac lan
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thir nghiém c6 sy chénh 1éch 16n do diéu kién
nang trong mdi lan thir nghiém khac nhau. Két
qua thtr nghiém cho thay, thoi gian hoat dong
c6 thé 1én t6i 133 phut ¢ ché d6 50% ga (day
1a mirc cong suat ciia dong co khi may bay bay
bang) cho thdy mach MPPT di hoat dong 6n
dinh trong mdt thoi gian kha dai.

Badng 1. Két qua thir nghiém tinh

) Chi pin Lipo | <¢thop pin Lipo
Mirc ga va pin mat troi
Lian1 | Lan2 | Lan1 | Lan2
133
o , , ,
50% | 20 phat | 20 phat | 63 phut phit
70% 8 phut | 8 phut | 11 phut | 30 phut

b. Thir nghiém bay thuc té véi mach MPPT

Thir nghiém bay tu dong UAV nang
lwgng mat troi cua [5] voi truong hop st dung
pin Lipo két hop voi pin ning lwong mat troi.
Két qua thoi gian bay voi mach MPPT ting
gép hon hai lan tir 15 phat 1én 35-40 phut trong
diéu kién c6 nang (Bang 2). Két qua hién tai da
chtirng t6 mach hoat dong tdt va on dinh, phat
huy tac dung cia pin mat troi.

Bdng 2. Két qua bay thir nghiém véi pin mdt troi

va mach MPPT
N Lén 1 Lén 2 Lén 3
Diéu ki¢n NG g
thoi tiét | Ning nhe, | Néng nhe, a1:g ga t
khi ba , N ., , N ., 40 C, 1t
Y | it may, gid | it may, g1 méy, gi6
thi 4p 1- ap 1- ’
cap 1-2 cap 1-2 nhe
lgzct’}lm 3 gio 3 gio | gio
& o chiéu chiéu chiéu
nghiém
Téi c6 ich
trén Og Og 800 g
Thoi gian , , ,
bay thir 35 phut 40 phut 40 phut

TAP CHI CO KHI VIET NAM, S6 318, thang 8 nim 2024

4. KET LUAN

May bay khong nguoi 1ai sir dung nang
luong mat troi 1a mdt trong nhitng gidi phap
giip tang thoi gian bay va mé ra pham vi ing
dung rong rai cia UAV. Mach MPPT dugc thiét
ké thanh cong, hoat dong on dinh, chinh xéc
va phu hop véi yéu cau ciia UAV ning luong
mit troi. Két qua bai bao cho thdy mach MPPT
dong vai trd quan trong trong viéc phdi hop
ngudn ning lugng mit troi va pin Lipo véi tai
hé thong trén UAV. Khi két hop mach MPPT
va pin nang lugng mat troi, thoi gian bay tang
hon gap d6i. Két qua nay 1a co s& dé phat trién
mach MPPT ting dung trong UAV nang luong
mat tro1 & quy mo 16n hon trong tuong lai. <+
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GIAI PHAP TU PONG QUAN VONG PAI CO PINH CHO CUON DAY
TRONG TRONG LOA AM THANH

A SOLUTION TO AUTOMATIC COLLAR WRAPPING TO FIX THE WINDING OF
VOICE-COIL IN LOUDSPEAKER

Tran Thi Thanh Hai
Truong Co khi, Pai hoc Bach khoa Ha Noi

TOM TAT

Bai bdo gidi thiéu hé thong tw dong qudn vong dai dé cé dinh cudn ddy cia cén loa dm
thanh. Dy dai dwegc quan quanh cén loa theo nguyén Iy, ¢on loa di chuyén trén bang tai dong thoi
dwege quay tron khi quan dai nho co cau ma sdt ciia cdc con lan, cén loa lan cuon theo ddy dai. Ddy
dai bang gidy Kraft dwegc phii keo trén mét mat, 16p keo nay bi tan khi tiép xiic véi con 90° lam ddy
dai s& dinh chat vao bé mat con loa. Sir dung bo diéu khién PLC S7-1200 dé diéu khién hoat dong
ciia thiét bi. Hé thong dap iimg ndng sudt quan vong dai cho 20 san pham/phiit, dwong kinh ciia con
loa tir 10 mm dén 40 mm.

Tw khoa: Con loa; Vong dai; Cuon ddy, PLC.
ABSTRACT

This paper presents the automatic collar wrapping system to fix the winding of voice-coil
in loudspeaker. The collar strap is wrapped around the coil according the principle that the coil
moves along the belt conveyor and at the same time rotates while wrapping the collar by the friction
mechanism of the rollers, the coil rolls along the strap. The Kraft paper strap is coated with glue on
one side. This layer of glue dissolves when exposed to 90° alcohol, causing the strap to stick tightly
to the coil surface. Use PLC controller S7-1200 to control system operation. The system responds
to the capacity of 20 products/minute, the diameter of the coil ranges from 10 mm to 40 mm.

Keywords: Coil; Collar, Winding, PLC.

1. DAT VAN PE tao ra luc tur dé di chuyén mang loa va tao ra

am thanh. Vong dai dang bang dinh gidy duoc

Cuon day loa, hay con goi la con loa, la quén quanh 15i dé gitr cho cudn day khéng bi

mot thanh phan quan trong trong hé thong loa noi1 1ong, hodc tudt ra khoi 161 va ciing dinh vi

am thanh. Con loa (Hinh 1) gdbm mot cudn day cudn day chinh xac trong khoang khong gian

déng duoc quén quanh mot 161 béng chét liéu ctia 151 tir nham dam béo luc tir duoc tao ra boi
khong tir tinh, khi dong di¢n di qua cudn day cudn day truyén hiéu qua vao mang loa.
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Viéc quan vong dai cua con loa duoc
thyc hi¢n hoan toan thu cong, vi vady, nghién
clru ndy dé xuét xdy dung thiét bj tw dong quan
vong dai cho con loa. Phoi con loa hay con loa
ban dau va goi 1a con loa di dugc quan cac vong
day dong va phoi vong dai (bang dinh gidy) ¢
dang cudn (Hinh 2). Con loa s& dugc phun con
90° dé kich hoat 16p keo trén day dai khién day
dai bam dinh vao con loa khi quin. Con loa ¢
khéi luong 50 g, duong kinh 14 mm, chiéu cao
24 mm v&i phan quan day dai 14 mm. Dy dai
bang chét lidu gidy Kraft, day 0,3 mm.

Yo dis

-\

Hinh 1. Céu tao con loa am thanh
Béng dinh

@
’ *
Con loa LQ

Hinh 2. Con loa am thanh va phoi bang dinh

2. HE THONG QUAN VONG PAI CON
LOA

Hinh 3 1a so d nguyén ly hé thong
quan vong dai ¢ dinh cho cudn day trong loa
am thanh. Pong co (13) dan dong cho bing tai

(1) thong qua khop ndi (12), truc (7) va tang
(6), bing tai mang con loa (8) can quin vong
dai. Hai con lan (9) va (10) dugc dan dong boi
dong co (5) co nhiém vy cap day dai, khi hai
con lin quay, vong dai dugc dan theo khe giita
hai con lan. Khi day dai dugc ¢ dinh véi con
loa, dao cit (4) s& di chuyén xudng dé cit day
dai, sau d6 con loa s& duoc di chuyén dén vi
tri gitra cap con lan bi dong (2) va con lan chu
dong (11) duge dan dong boi dong co (3) (cac
con lin ndy tao thanh co cdu quan dai). Cip
con lan (2) duoc di chuyén theo hudng vudng
goc voi bang tai dé day con loa tiép xuc véi con
lan (11), nho lyc ma sat, con loa s€ quay tron
va day dai duoc quin quanh con loa tao thanh
vong dai, sau d6 cip con lin (2) 1ui vé vi tri ban
dau va con loa duge dua dén cudi bang tai, két
thiic chu trinh quan vong dai cho cén loa.

4 k] 4 2

1 13
Hinh 3. So' do nguyén Iy quan dai cén loa

Hé théng can dap Gng ning suit quin
vong dai cho 20 san pham/phut, dudng kinh
ctia c¢on loa tir 10 mm dén 40 mm. M6 hinh
hé thdng co6 két ciu nhu Hinh 4. Khi cam bién
(6-1) x4c dinh c6 con loa, hé thdng phun codn
s& hoat dong va phun cbn vao con loa, dong

thoi xi lanh (5-1) ddy ép con loa dinh vao day ¥
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dai va chd mot gidy, sau d6 co cdu dao cit s&
cat day dai, sau 0,5 gidy, xi lanh Iii vé va dong
co nha day dai hoat dong dé day doan day dai
moi ra vi tri cho. Luc ndy, con loa co gin day
dai tiép tuc di chuyén theo bang tai di dén vi
tri quan day dai. Khi cam bién (6-2) phat hién
c6 con loa, co ciu quin dai dugc kich hoat va
thue hién quan dai quanh con loa. Anh chyp hé
thdng quin vong dai nhu Hinh 5. Diéu khién
hoat dong cua hé thong thong qua diéu khién
cac dong co, cac xi lanh khi nén va bom cdn st
dung bd diéu khién PLC. Céc chi tiét va cum
chi tiét cua hé thong duoc thiét ké, ché tao va
1ap rép theo tiéu chuan thiét ké may va gia cong
[1], [2], [3], [4], [5]. Cac chi tiét may bang kim
loai két hop mét sd chi tiét nhura.

Hinh 5. Hé thong qudn vong dai con loa

- Khung thiét bi va biing tai
Khung may duoc ché tao tir nhém dinh
hinh, tinh toan bang tai dugc dugc cac thong so

nhu trong Bang 1.

Bdng 1. Théng sé cia bing tdi

Kich thudc bang tai (mm) 730 x100 x 1
(Dai x rdng x day)
Vin tbc bang tai (m/s) 0,0608
Khoang cach gitra cac phoi 23
trén bang tai (mm)
Luc kéo bang tai (N) 8,65
Mo-men trén truc tang (Nm) 0,043
Cong suat dong co bude (W) 0,54

- Co ciu day dai

Cum cip day dai c6 két cu nhu Hinh
6. Day dai tir cuon phoi vong dai (3) dugc kéo
qua khe giita cip con lan tiép xtic nhau (2). Day
dai duogc kéo ra ¢ vi tri cho dé khi con loa duge
bing tai dua dén s& ¢ dinh véi con loa. Sau
khi dao cat cit day dai, con loa di chuyén theo
bang tai, va dong co céap vong dai (1) quay dé
dan day dai ra nhu ban du chuén bi cho con
loa tiép theo.

Hinh 6. Co cdu cap day dai
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- Co cau phun con

Co cu phun swong con vao con loa sir
dung hai dau phun va dong co din bom R385
12 VDC. Khi day dai tiép xtic véi con loa, con
s€ lam tan keo trén day dai lam cho day dai
bam chat vao con loa. Hinh 7 1a mé hinh co céu
phun con va anh chup co cdu trén thiét bi. Thoi
gian phun cdn 13 1 gidy dé con duoc phun déu
trén bé mit con loa.

Hinh 7. Co cdu phun con

- Co cdu cit ddy dai

Hinh 8 va Hinh 9 la m6 hinh va anh
chup co cdu cit day dai. Sau khi con loa duoc
giit chat boi xi lanh khi nén va cb dinh voi day
dai, dau dao cit mang ludi cat duoc diy xudng
b6i xi lanh khi nén dé cit day dai va duoc xéac
nhan boi cam bién quang, sau d6 xi lanh ddy
dao cat Iui vé. Vi tri ctia diém cét cach dau day
dai mot khoang bang 1,3 vong con loa.

Hinh 8. Co cdu cat ddy dai

u] T T

Lsrdr] dlad a1

|

Hinh 9. Anh chup co cau cat déy dai
- Co chu quén day dai

Co ciu quin ddy dai quanh con loa co
két cau nhu Hinh 10. Khi cam bién xéc dinh
con loa dén vi tri quan day, xi lanh s& day cip
con lan bi dong ép gitr con loa tiép xuc véi con
lan chu dong dang quay dé day dai dugc quéin
quanh con loa. Hinh 11 13 anh chup co cdu quan
day dai.

Hinh 11. Anh chup co cdu quan ddy dai
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- H¢ thong khi nén

So dd nguyén hé théng khi nén nhu
Hinh 12. Ba xi lanh cho céc co cau phun con,
dao cit va co cdu quan dai déu cing loai Airtac
PB16X50SU. Van dao chiéu cho céc xi lanh st
dung cung ba van 5/2 diéu khién dién mot dau
ra ¢6 ky hiéu XGPC 4V110-L-06.

M lanht M lanh 2 K lmnih ¥

Cor ol phwn Dy dao e Cor s quln dai
By N, s TR a1 AL
= e =
= - - | = -
" - & ’
0 el e L= WS L W ™
EoN - » M - ¥ (.1 o . I

o—a— '
Hinh 12. So do nguyén 1y hé thong khi nén

- Hé thong diéu khién

Hé théng str dung bo didu khién PLC
S7-1200 dé diéu khién ba dong co bude, ba xi
lanh va mdt bom con [6]. Cac dong co gdm:
dong co 1 — dan dong bang tai 57HS76; dong
co 2 — quay con lin cdp day dai KV4234-
F2B009; dong co 3 — quay con lin cum quéin
day dai 42HS48. Cac xi lanh gom: xi lanh 1 day
tAm giit ép con loa tai vi tri phun con dé cb dinh
day dai vao con loa va khi cat day dai; xi lanh 2
day dau dao cit va xi lanh 3 ddy cdp con lin bi
dong cua co cdu quan ddy dai, diéu khién ba xi
lanh nay thong qua ba van dao chiéu 5/2. So d6
mach diéu khién va anh chup mach diéu khién
thuc té nhu Hinh 13 va Hinh 14. Céc thong s6
dau vao (input) gdm: cac ndt nhan start, stop;
cam bién 1 — phat hién con loa tai vi tri phun
cdn; cam bién 2 — phat hién dao; cam bién 3 —
phat hién con loa tai vi tri quan dai. Cac thong
s6 dau ra (output) gdbm: cac xilanh, bom va ba
dong co budc.

Hinh 14. Anh chup mach diéu khién

3. LAP TRINH PIEU KHIEN VA THUC
NGHIEM

3.1. Lap trinh diéu khién
Chuong trinh diéu khién hé théng dugc

1ap trinh trén phan mém TIA Portal [7] theo so
d6 thuat toan Hinh 15.
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Hinh 15. So d6 thudt todn
3.2. Thue nghiém quén vong dai con loa

Hé thdng quin vong dai con loa hoat
dong dap ung quan day dai xung quanh con
loa dé giir cuon day dong ciia con loa theo yéu
cau dit ra. Hinh 16 thé hién cac budc trong qua
trinh quin vong dai con loa. Con loa duoc dua
vao bang tai va chuan bi qua tim dan hudng
(1), sau d6 dén vi tri phun con (2), xi lanh day
piston mang tam déy giit ép con loa voi day dai
(3), dao xubng cit day dai (4), con loa da dugc
dinh day dai di chuyén theo bang tai dén vi tri
qua‘in dai (5), c@p con lan bi dong dugc déy ra
ép con loa tiép xtic voi con lan chu dong va
thuc hién quan day (6), con loa duoc di dugc
quén dai chuan bi ra khoi bang tai (7) va céac
con loa sau khi da dugc quan day dai.

Hinh 16. Cdc buéc trong qud trinh qudn vong dai

4. KET LUAN

Vong dai dang bang dinh gidy dugc
quin quanh cbn loa c6 nhiém vu gitt ¢ dinh
cudn day dong trén coén loa nham dam bao luc
tur dugce tao ra boi cuon day dugc truyén hiéu
qua vao mang loa. Mgt bang tadi mang con loa
di chuyén dén vi tri cum phun cdn quanh con
loa nham lam tan keo trén day dai khi tiép xuc,
tiép theo dau day dai dugc ¢ dinh véi con loa,
cum dao cat cit day dai voi chiéu dai du quan
1,3 vong quanh con loa. Tiép theo, con loa di
chuyén tiép dén vi tri quan day dai theo nguyén
1y con loa lan khong trugt nhd co cau ma sat
ctia cac con lan cudn theo ddy dai quin quanh
con loa. Piéu khién thiét bi st dung bo didu
khién PLC S7-1200. %

Ngay nhan bai: 18/5/2024
Ngay phan bién: 28/6/2024

Tai liéu tham khdo:

[1].  Trinh Chét, Lé Vin Uyén; “Tinh todn thiét ké hé dan dong
co kh”, NXB. Giao duc, 2006.

[2]. Ninh Dac Tén, Nguyén Thi Xuin Bay; “Gido trinh Dung
sai ldp ghép va k thugt do heong”, NXB. Giao duc, 2016.

[3]. Trin Vin Dich, Nguyén Trong Binh, Nguyén Thé Dat,
Nguyén Viét Tiép, Tran Xuan Viét; “Céng nghé ché tao
may”, NXB. Khoa hoc va Ky thuat, 2003.

[4]. Bangtaibingchuyén congnghiép Viét Nhat, bangtaivietnhat.
com.

[5]. Nguyén Tién Ludng; “Tu déng hod thuy khi trong may cong
nghiép”, NXB. Giao duc, 2008.

[6]. S7-1200 system manual, https://cache.industry.siemens.
com/.

ISSN 2615 - 9910 (ban in), ISSN 2815 - 5505 (online)
TAP CHI CO KHI VIET NAM, S6 318, thang 8 nim 2024 153
cokhivietnam.vn / tapchicokhi.com.vn



NGHIEN CUU - TRAO DOI

NG DUNG PHUONG PHAP LMD TRONG DANH GIA TINH TRANG
KY THUAT HOP SO CO KHi

APPLICATION OF LMD METHOD IN ASSESSING TECHNICAL CONDITION OF
MECHANICAL GEARBOX

Lé Pirc Hiéu"", Pinh Qudc Cudng?
Truong Co khi — O t6, Trudng Pai hoc Cong nghiép Ha Noi
2Vién Nghién ctru Co khi

TOM TAT

Phuwong phap phan tich tin hiéu rung dong LMD la mot phwong phap maoi trong xuw Iy cdc tin
hiéu phi tuyén va khéng on dinh. Trong bai bdo nay, phirong phdp LMD két hop véi en-tré-pi niang
lwong (EN) duwoc ung dung trong phan tich cac tin hiéu rung dong va danh gia tinh trang lam viéc
ciia hép s6 co khi. Cdc tin hiéu rung déng dwoc phan tich thanh cdc thanh phan PFs boi phirong
phdp LMD. Sau d6, tir mét sé thanh phan PFs dau tién dwoc chon lam cdc vée-to ddc tinh hw hong
tréi nhdt cia cdac thanh phdn trong hép sé, tir cac véc-to nay dwoc sdp xép lai va tinh gid tri ndng
lieong dé phan tich, danh gid tinh trang ky thudt ciia hdp sé. Két qua cho thdy phwong phap LMD
két hop voi EN da danh gia dwoc tinh trang lam viéc cua hop $6 mot cdch hiéu qua va chinh xac
cao khi dwoc so sanh voi cac phwong phap khdac nhu EMD va EN.

Tir khéa: Hop s6 co khi; Chan dodn 16i; Phwong phdp LMD.
ABSTRACT

LMD vibration signal analysis method is a new method in processing nonlinear and unstable
signals. In this paper, the LMD method combined with energy entropy (EN) is applied to analyze
vibration signals and evaluate the working condition of mechanical gearbox. The vibrated signals
are decomposed into PFs components by the LMD method. Then from the first some PFs components
are selected as the most dominant damage characteristic vectors of the components in the gearbox,
from these vectors are rearranged and the energy value is calculated to be divided for evaluation.
Technical condition of the gearbox. The results show that the LMD method combined with EN can
effectively and accurately evaluate the working condition of the gearbox when compared with other
methods such as EMD and EN.

Keywords: Mechanical gearbox; Fault diagnosis;, LMD method.
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1. TONG QUAN

Hop s6 1a phan khong thé thiéu trong
cac hé théng truyén dong co khi noi chung va
trong hé thong truyén dong ctia cac phuong tién
van tai ndi riéng. Trong qua trinh khai thac,
céc chi tiét bi hao mon, xuat hién cac hu hong
khong mong mudn, nhu hu hong cac cap banh
rang, O bi, cac tin hiéu rung dong cua hop sb
co khi ¢6 dic tinh khong 6n dinh, phi tuyén. Vi
vay, viéc xac dinh cac dang hu héng cua céc chi
tiét trong hop sé co khi 1a rat can thiét. Pi co
nhiéu cong bd vé chan doan hu hong ciia hop sd
co khi dang trén céc tap chi uy tin [1-7].

C6 nhiéu phuong phap trong chan doan
hu hong cta hop sb: phan tich tin hidu 4m
thanh, dénh gia chat lugng hop sb thong qua
chat luong cua dau boi tron (gidm sat cac mat
kim loai bi mai mon trong dau boi tron) va phan
tich tin hiéu rung dong [5]. Trong do, phuong
phéap tin hiéu rung dong dang dugc su dung
nhiéu hon céc phuong phap con lai. Trong phan
tich tin hiéu rung dong, thuong dugc s dung
céc phuong phap: xur Iy tin hiéu trong mién thoi
gian, xtr Iy tin hiéu trong mién tan s, va xu 1y
tin hiéu trong mién thoi gian — tan sd. Trong
bai bao nay st dung phuong phap phan tich tin
hiéu trong mién thoi gian — tan sb dé phan tich
tin hiéu rung dong ctia hop s6. Trong mién thoi
gian — tan sb da c6 nhimg nghién ctru nhu: bién
d6i nhanh Fourier, phan b Wigner-Ville va
phan tich Wavelet [8], EMD (Empirical Mode
Decomposition), EEMD (Ensemble Empirical
Mode Decomposition) [5-7]. Nhung cac
phuong phap d6 c6 nhiéu han ché nhu: chi ap
dung cho cac tin hi¢u tuyén tinh, khong phai la
phuong phap xtr 1y tin hi¢u tu thich nghi. Hon
nita, cac tin hiéu rung dong ctia hop sb co khi lai
chiu anh huéng ciia nhiéu yéu t phi tuyén: tai
trong, khe ho, ma sat, do cing bé mit... Tém
lai, trong diéu kién 1am viéc téng quat, cac tin

hiéu rung dong cua hop giam tdc 1a khong on
dinh, phi tuyén nén viéc xac dinh cac diéu kién
lam viéc cta hop sé co khi gip nhiéu khé khin
khi sir dung cic phuong phap truyén thong.
Chinh vi vay, mét phuong phap phan tich tin
hiéu méi LMD (Local Mean Decomposition)
duoc gidi thi€u trong bai bao nay giap chung ta
giai quyét duoc nhitng han ché cua cac phuong
phap truyén théng. LMD 1a phuong phap duoc
phat trién boi Smith [9], cac tin hiéu dugc phan
1 thanh cac PFs khic phuc duge nhuoc diém
vé nhiéu cua phuong phap EMD va EEMD.

Bai b4o tng dung phuong phap LMD
trong xir 1y tin hiéu rung dong cta hop sb co
khi. Pau tién, tin hiéu rung dong dugc phan tich
boi LMD thanh céc PFs, sau do st dung en-trd-
pi ning luong dé trich xuat dic tinh hu hong
clia timg chi tiét ctia hop sb (hu hong cap banh
rang, hu hong cua vong bi). Cac gia tri en-trd-
pi ning luong cua cac thanh phan khac nhau s&
khac nhau ¢ cac dai tan khac nhau trong quéa
trinh hoat dong ctia hop sb co khi. Két qua cho
thiy phuong phap LMD cho két qua phan tich
tin hiéu rung dong ctia hop sb co khi vuot troi
hon cac phuong phap EMD va EEMD.

2. PHUONG PHAP NGHIEN CcUU
2.1. Phuong phap LMD

Phuong phéap LMD la mét phuong phap
phan tich tin hiéu trong mién thoi gian — tan
s6 tur thich nghi, phu hop dé xtr 1y cac tin hiéu
rung dong dugc diéu ché bién tan (AM — FM).
Phuong phap nay dugc S. Smith phat trién dé
phan tich bat ky tin hiéu phi tuyén va khong 6n
dinh y(t) nao d6 thanh cac thanh phan ham tich
(PFs) va mot ham don di€u u,.

Phuong phap LMD dugc xu ly theo céac
budc sau:

ISSN 2615 - 9910 (ban in), ISSN 2815 - 5505 (online)
TAP CHI CO KHI VIET NAM, S6 318, thang 8 nim 2024 155
cokhivietnam.vn / tapchicokhi.com.vn



NGHIEN CUU - TRAO DOI

« Mot: Tinh todn gia tri trung binh m,
cua hai cyc tri lién tiép n, van_:

N +Mi4q (1)

m; =
t 2

« Hai: V& tat ca cac gia tri trung binh m,
cua hai cuec tri lién tiép bang duong thang;

* Ba: Tinh toan dao dong cuc bd cua
moi ntra séng theo cong thure:

_ [n;—m;441
=gl @
« Bbn: Tinh gia tri h, (t) cta tin hi¢u:

« Nam: Tinh tn s6 sau diéu ché cua tin hiéu:
5, (1) =h,(O/a, (1) 4)

Ttr phuong trinh (1) dén (4), ta co:

( hy () = y(t) — my,(2)
hip () = 515 (8) —my, ()
3 : (5)

(hyn (E) = Sl(n—.l) () — my, (0)

* Sau: Tinh gia tri a (t) theo cong thirc sau:

a® = @ @ay©a®) - a,@ = | |a,0)6)

=1

Trong d6: lim,,_,, a;,,(t) =1 (7)

« Bay: Xac dinh pha ttrc thoi (IP) va tan
s tirc thoi (IF) theo cong thuc (8), (9):

@1 (t) = arccos(si, (1))  ©®

_ f.‘.’r’dfpl{t:} 9
fi(t) = e ©)

Thanh ph?m PF, dau tién duge xac dinh
theo cong thuc (10):

PF (t) =a,(t).s,n(t) (10)
Tir cong thic (1) dén (7), ta co:

¢ w(®) = y(t) - PF(t)
u, () = 1y (£) — PF,(2)

3 (11)

1, (£) = ey () — PE(D)

Trong phuong trinh (11), u (t) 1a tin
hiéu dao dong mai, toan bd quy trinh dugc lap
lai T 1an cho dén khi u (t) la mot ham don di¢u.

« Cudi cung, tin hiéu y(t) duoc phén tich
thanh t PFs va mot ham don di¢u u (t):

}'(t) — Z;ﬂ PFp(t) + ur(t) (12)
Dé ching minh phuong phap LMD xir

Iy dugc cac dang tin hi¢u khéac nhau, gia thiét
co tin hiéu y(t) gom y (t) va y (t), nhu sau:

y1(H)= (1.5 + 0.5sin(97))sin(100 7 + sin(52)) (13)
ya(t) = 1.5cos(3077) (14)

Y(@) = y1(6) + y2(2) (15)

Dang tin hiéu goc va sau khi xtr Iy bang
phuong phap LMD thé hién nhu Hinh 1 va
Hinh 2:
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Hinh 1. Dang tin hiéu y(t).
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Hinh 2. Két qua phan tich tin hiéu y(t) bang LMD.

- 1T STTTIT i
= ol U AR A e L et -
= R L L L ! Ll

"0 [ [ 06 08 1
T
£ 0 '
= b WMWY VWMWY W W ]
0 02 k4 LLX.] LR 1
Fion's
0.2
= OF~ 1
02 L L . M
02 4 LUX] LR 1
Fivw's

Hinh 3. Két qua phan tich tin hiéu y(t) bang EMD.
2.2. Phuong phap en-tré-pi nang lugng

Khi hop giam téc dang hoat dong voi
cac hu hong khac nhau, thi cic thanh phan tan
sd cong huong tuong tng duoc tao ra trong
cac tin hiéu rung dong, va ¢ d6 nang lugng cua
tin hiéu rung dong thay d6i voi su phan bd tan
s6. D& minh hoa cho trudng hop thay ddi nay
nhu dé cép & trén, phuong phap en-tro-pi ning

lugng LMD dugc trinh bay trong bai bao nay.
Néu n PFs va mot phan du u_dugc tim ra boi
phuong phap LMD dé phan tich tin hi¢u rung
dong y(t) cua vong bi, & d6 nang luong cua n
PFs theo thir tur 1an lugt 1AE , E,,..., E . Sau do,
theo tinh tryc giao cua su phan tich LMD, tong
ning luong cua n PFs bang téng ning luong
cua tin hiéu gde y(t) khi phan du u_ dugc bo
qua. Khi fi(’), ‘céc I”Fs C, Cy..., € bao gém cac
thanh phan tan s6 khac nhau, E = {E ,

E }, tao nén sy phan b ning lu:ong trong mlen
tan sb cua tin hidu rung dong hop sé co khi. En-
tro-pi nang lugng LMD tuong ung dugc dinh
nghia nhu sau:

Hpy = — X7 1 pi logp; (16)

Trong do, p, = E/E 1a ti 1€ phan trim
nang lugng cua c, trong toan bg nang lugng E
(E=E +E,+...+E).

Tin hiéu rung dong caa hop sb co khi
thé hién qua cac tin hiéu do duoc tir cac vong
bi, cdp banh rang nhu Hinh 4a, Hinh 4b. Hinh 5
1a két qua phan tich tin hiéu rung dong ctia hop
s6 bang phuong phap LMD.

N i T T S

Hinh 4a. Dang hu’ hong cua vong bi.

ol |" oV Al b 1 g g £t PP P NP et
Al

sk "y

Wrmg

"','Iiu.-.c*u.:f.-..w :'f'"‘l""',nﬂwfﬁl\""".,'.‘I-':.'ﬁ""d.-\ldi‘:.‘,\»'\'l""q:!'!|.’4\k='n'-‘l‘h‘a-',l,*.'.\*,ﬁ' M'."’"\‘ R

;.J.U-W 4%%% 1&#‘-,,"*-
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Hinh 4b. Dang hu hong cua banh rang.
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Hinh 5. Két qua phdn tich tin hiéu rung dong ciia
vong bi bang LMD khi hong ca trong.

Cac en-tro-pi nang lugng LMD co6 gia
tri nhu Bang 1 va Bang 2:

Badng 1. En-tro-pi nang luwong LMD cua cdc dang

hw hong vong bi
Bl{lh Hong‘ ?a Héng bi Hong ca
thwong ngoai trong
1,9453 1,3718 1,2814 1,1545

Badng 2. En-tro-pi nang luong LMD cua cdc dang
hw hong banh rang

Binh thwong Mé rang Gay rang

2,2375 1,8286 1,4698

Theo Bang 1 va Bang 2, en-tro-pi nang
luogng trong truong hgp vong bi va banh rang
& trang thai binh thuong 13 16n nhét so véi cac
truong hop con lai vi khi ¢6 hu hong xdy ra
& vong bi hodc banh ring, thi cic thanh phan
tan s6 cong huong twong tmg duoc tao ra, do
d6, en-tro-pi nang luong co thé giam boi vi
nang luong phan bd chu yéu trong dai tin cong
huong va dic biét 1a ¢ dai tan cong huong cao
thi muc d¢ anh hudng con nghiém trong hon.
Tom lai, ning luong tap trung vao vao dai tan
s6 cong huong nhidu hon va en-tré-pi ning
luong luc day 1a nho nhat. Tir viéc phan tich
trén co s& en-trd-pi nang luong bang phuong
phédp LMD phan anh dugc tinh trang lam viéc
va céac loai hu hong cua hop sb co khi. Vi vay,

viéc phén tich, danh gia diéu kién lam viéc cua
hop s6 bang LMD két hop véi xac dinh en-tro-
pi ning luong phi hop dé dénh gia tinh trang
k¥ thuat ctia hop s co khi ndi riéng va cac may
chuyén dong qua ndi chung.

3. UNG DUNG PHUONG PHAP LMD-EN
TRONG PANH GIA TINH TRANG KV
THUAT HQP SO CO KHi

3.1. Thu thap dir liéu

So d6 thi nghiém mo ta nhu Hinh 6, )
lidu duoc ldy ra tir hai cam bién gan trén vo
hop s6 tai cac tan sé 30, 35, 40, 45 va 50 Hz ¢
céc tai trong thap va cao véi tan s6 lay mau f =
200/3 kHz, cac budc ldy mau duoc 1ip lai bon
lan. Tdc ké tao ra 10 xung cho mdi vong quay
cua truc chu dong c6 do chinh xac cao, cac dir
liéu duoc ldy mau dong bo tir hai cam bién
(cam bién 1 va cam bién 2) [10]. Cac két qua do
duoc luu lai dudi dang *.text, va dung tia la-de
dé tao ra cac hu hong trén bé mat chi tiét. Trong
bai bao nay, cac cip banh ring ring thing duoc
chon 1am dbi tugng chin doan ¢ ba trang thai:
binh thuong, mé ring va giy ring véi tan sb
lay mau 2048 Hz. Vi mdi trang thai ¢6 24 tin
hiéu rung dong chia thanh 10 nhom dugc chon
ngau nhién lam mau dé thir nghiém. Bo dit liéu
thi nghiém cua vong bi duoc 1dy theo cac didu
kién: binh thuong, hdng ca trong, hong bi, va
hong ca ngoai. Voi mdi didu kién 1ay duoc 60
tin hiéu rung dong va trong 20 nhom Iy ngau
nhién ra bo dit liéu dau vao cho phuong phap
LMD-EN.

Hinh 6. So' do thi nghiém
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3.2. Phuong phap danh gia tinh trang ky
thuat hop so co khi LMD-EN

Pau tién, sau khi cac tin hiéu gbc duoc
phan tich thanh cac PFs bdi phuong phap LMD,
tam hodc sau PFs dau tién chira thong tin hu
hong chiém wu thé nhat dugc chon va duge sép

xép tir cao dén thép trc, c,..., C tiép theo
tur cac cong thuc (8), (10) va (14), ta tim dugc
véc-to ddc tinh hu hong T’. Dé thiy rd hon hiéu
qua cua phuong phap LMD-EN trong xu ly cac
tin hi¢u rung dong, trong bai bdo nay LMD-EN
dugc so sanh voi phuong phap phan tich EMD-
EN. Két qua xem trong Bang 3 va Bang 4.

Bdng 3. Két qua ddnh gid tinh trang hie hong vong bi theo LMD-EN

;oA Phwong
Tin hi¢u phép xir Iy E, E, E, E, E,
Binh LMD-EN | 0,9368 0,3438 0,1635 0,1356 0,0932 0,0570
thuong | pvpEN | 07749 0,4667 0,3521 0,2467 0,2213 0,2069
Hongca | LMD-EN | 0.9556 0,3268 0,0619 0,0250 0,0082 0,0037
trong EMD-EN 0,7865 0,4365 0,3675 0,2660 0,0619 0,0180
LMD-EN | 0,9476 0,2856 0,1279 0,0235 0,0090 0,0035
Hong bi
EMD-EN | 0,6870 0,3562 0,2098 0,1309 0,0575 0,0098
Hongca | LMD-EN | 0.9538 0,2687 0,1570 0,0697 0,0338 0,0230
ngoat EMD-EN 0,6038 0,4515 0,4621 0,3578 0,2680 0,2119
Bdng 4. Két qua danh gid tinh trang hw hong banh rang theo LMD-EN
fpea Phwong
Tin hiéu phiip xi I§ E, E, E, E, E, E, E, E,
Binh LMD-EN | 0,9235 | 0,3482 | 0,1670 | 0,1307 | 0,0896 | 0,0573 | 0,0388 | 0,0325
thudng | £\ ipEN 0,6849 | 0,4737 | 03550 | 0,2691 | 0,2101 | 0,1992 | 0,1958 | 0,1692
LMD-EN | 0,9483 | 03498 | 0,0610 | 0,0269 | 0,0089 | 0,0047 | 0,0029 | 0,0025
Mé rang
EMD-EN | 0,7835 | 0,4356 | 0,3875 | 02560 | 0,0579 | 0,0158 | 0,0078 | 0,0065
Giy LMD-EN | 0,9525 | 0,2478 | 0,1517 | 0,0719 | 0,0257 | 0,0212 | 0,0095 | 0,0018
"0 | EMD-EN | 0,5756 | 0.4611 | 04418 | 03534 | 02748 | 02185 | 0,0687 | 0,0635
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Hai phuong phap LMD hodac EMD
ding dé xir Iy cac tin hiéu rung dong nhim
danh gia tinh trang k¥ thuat ciia hop sd co
khi. Theo Bang 3 va Bang 4 c6 thé thiy rang
phuong phap LMD-EN tbt hon phuong phap
EMD-EN, d¢ chinh xéc trung binh ctia phuong
phap LMD-EN dat 96,70%, bdi vi phuong
phap EMD-EN khéng xtr 1y triét dé nhiéu tac
dong trong qua trinh xtr ly tin hiéu. Mat khac,
phuong phap LMD la mot qua trinh tu thich
nghi theo ban than tin hi€u, qué trinh phan tich
tin hiéu ctia n6 phu thudc vao thong tin thay d6i
cua tin hiéu va do d6 n6é nhay hon véi cac dang
hu hong cta hop s6.

4. KET LUAN

Do déc tinh khong on dinh cta céc tin
hiéu hu hong hop sé co khi, mot phuong phap
chan doén tinh trang k¥ thuat dua trén phuong
phap LMD-EN da dugc trinh bay trong bai bao
nay. Pau tién, LMD dugc st dung dé xu ly
trudc cac tin hiéu rung dong khac nhau. Sau do,
do tinh trang lam viéc ctia hop so thay doi, en-
tro-pi nang luong LMD ciing thay d6i, didu ndy
cho thay rang nang lu’orng cta moi thanh phan
tan sb thay doi khi hop s6 1am viéc voi mdi mot
hu héng khac nhau. Do d6, ning luong clia moi
thanh phan PF duoc ldy l1am dic tinh dé danh
gi4 tinh trang 1am viéc cta hop sb. Tir viéc phan
tich 1y thuyét va cac két qua thuc nghiém, c6
thé két luan ring:

(1) LMD la mot phurong phép xtr 1y tin
hiéu tu diéu chinh c6 thé duoc ap dung cho cac
qua trinh phi tuyén va khong on dinh.

(2) Su két hop ctua LMD va en-tro-pi
nang lugng (EN) da giap cho viéc danh gid
thanh cong tinh trang lam viéc va cac dang hu
hong ciia cac bo phan caa hop sb co khi.

(3) Phuong phap LMD-EN c6 kha nang
nhan dang va phan loai hu hong cta hop s co
khi (d6 chinh xéc trung binh 96,70%) cao hon

so voi phuong phap EMD-EN (d¢ chinh xac
trung binh 85,6%). %
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THIET KE TAM KHUON DUW'ONG NHAM CHE TAO BANG PHUONG
PHAP WAAM

DESIGN A CORE FOR MANUFACTURING USING THE WAAM METHOD

Nguyén Ngoc Thuén*, Pham Anh Tuén, Vii Pirc Hoan,
Bui Vin Hiéu, Nguyén Trong Hiéu
Trudng Pai hoc Su pham K thuat Thanh phd H5 Chi Minh (HCMUTE)

TOM TAT

Céng nghé in 3D kim loai (AM) la c¢ong nghé san xudt phu gia hién dai, cho phép ché tao
truec tiép cdc san pham kim logi ma khong can khuén mau. Trong d6, cong nghé in 3D kim logi
bang phirong phdp ling dong ho quang kim logi day (WAAM) la mét trong nhitng céng nghé tién
tién nhdt. Nghién ciru nay thue hién quy trinh thiét ké tam khudn dwong, véi muc tiéu toi wu héa
quy trinh san xudt va ndng cao chdt heong san pham. Chiing téi sir dung céng cu mé phong va thir
nghiém @é danh gia hiéu sudt va d¢ bén ciia tam khudn. Két qua cho thdy tam khuén dwong dwgc
thiét ké bang phwong phdp nay cé thé gitip giam thiéu sw bién dang va ndng cao do chinh xdc ciia

sdan pham cudi ciing.
T khéa: Tam khuén dwong; WAAM; Khuén; San pham 2D; AM; Kim logi.
ABSTRACT

Metal 3D printing technology (AM) is a modern additive manufacturing technology that
allows for the direct fabrication of metal products without the need for molds. Among these,
metal 3D printing technology using Wire Arc Additive Manufacturing (WAAM) is one of the most
advanced. This study implements the process of designing positive molds, with the aim of optimizing
the manufacturing process and improving product quality. We use simulation and experimental
tools to assess the performance and durability of the positive molds. The results show that positive
molds designed using this method can help minimize distortion and enhance the accuracy of the

final product.

Keywords: Core; WAAM; Mold; 3D product; AM; Metal.
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1. GIOI THIEU
1.1. Téng quan

Cong nghé in 3D kim loai WAAM dugc
phat trién tir nhitng nam 1990, nhung chi thyc
su dugc quan tdm nghién ctiru va ing dung rong
rdi trong 10 ndm gan day.

Céc nude phat trién nhu Anh, My, Pic,
Nhat Ban, Trung Quéc... da dau tu manh cho
nghién ctru va phat trién cong nghé WAAM.
Nhiéu tap doan, vién nghién ciru 16n di cong
bd cac cong trinh nghién ctru quan trong.

Céc nghién cuu tip trung vao nhiing
khia canh nhu: t6i wu hoa thong sb in, nang cao
chét luong va kich thudc chi tiét, mo rong vat
lidu co thé in, cai thién cAu tric va tinh chit vat
liu, tu dong hda qua trinh in, rng dung trong
linh vuc ché tao khudén mau...

Mot s6 san phém dién hinh da duoc ché
tao thanh cong bang WAAM nhu cac chi tiét
16n trong nganh hang khong vil try, khuén mau,
cau thang. ..

biac biét, cong nghé¢ WAAM da dugc
g dung thanh cong dé ché tao cac loai khudn
mau 3D phirc tap ma cac phuong phap truyén
thong kho c6 thé thyuc hién dugc. WAAM da
dugc ung dung trong san xuét thuc t& ¢ mot
sO cong ty, tap doan 1én. Trién vong ung dung
rong rdi vi nhitng vu diém vé toc do, chi phi,
kha ning ché tao céc chi tiét phuc tap.

Nhu vay, cong ngh¢ WAAM da dugc
chu trong nghién ctru va ung dung thanh cong
dé ché tao cac loai khuoén mau 3D tai nhiéu
nudce phét trién trén thé gioi.

Tai Viét Nam, nhimg nghién ctu vé

cong nghé in 3D kim loai n6i chung va WAAM
n6i riéng con kha méi mé. Mot sé don vi nghién
clru da trién khai cac dé tai, du 4n nghién ciru
thi diém nham khao sat kha niang tng dung
cong ngh¢ nay.

Céc nghién ciru chu yéu tap trung vao
khao sat cac thong sb in, cAu trac vat liéu va
danh gia tinh chét co hoc cua mot s6 kim loai
thong dung nhu thép, nhom, titan... Viéc ung
dung thyc tién cong nghé AM noi chung va
WAAM néi riéng trong san xuat tai Viét Nam
van con han ché, chua c6 nhiéu ung dung dién
hinh.

Nhin chung, cac nghién ctru lién quan
dén tmg dung cong ngh¢ WAAM dé ché tao
khuon mau, dic biét 1a khuén mau 3D tai Viét
Nam van con kha m&i mé va han ché. Do do,
rat can c6 thém cac nghién ctru va ung dung
thue tién WAAM trong linh vuc nay dé phat
trién cong nghé in 3D kim loai hién dai cho
Viét Nam.

1.2. Co s 1y thuyét

Viée thiét ké tdm khuén bang phuong
phap WAAM nham cai thién qua trinh san xuét.
Tam khuon dwong duogc thiét ké dé hd tro qua
trinh x4y dung 16p va giam thiéu cac van dé
lién quan dén bién dang nhiét.

So v6i cac phuong phap truyén thong,
WAAM cho phép ché tao nhanh chéng cac
khudén mau cé hinh dang phtic tap. Diéu nay
gitip rit ngan thoi gian va giam chi phi ché tao
khuén mau dang ké.

Dé tai con gop phan ddo tao ngudn nhan
lyc, nang cao trinh do vé cong ngh¢ in 3D cho
can bd k¥ thuat. Nhu vay, dé tai co y nghia khoa
hoc va thuc tién cao, phi hop véi xu thé phat
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trién cong nghé in 3D kim loai hién dai trén thé
gidi va tai Viét Nam.

Dé tai nay nghién ctru va thiét ké tAm
khudn dwong nham ché tao bang phuong phap
WAAM. Tam khuon duong s& dugc thiét ké
hoan chinh va sau do6 chia thanh tirng 16p véi do
day tir 3mm dén 4mm, nhiing 16p nay s& dugc
cit laser véi vat liéu thép C45, sau do s€ su
dung phuong phap han MIG dé lién két nhiing
16p nay thanh mot khdi hoan chinh.

2. THIET KE TAM KHUON DUONG
2.1. Phin mém thiét ké

Creo Parametric 1a mdt trong nhiing
phén mém du nhdp vao Viét Nam tu rat sém
(khoang dau nhiing nim 2000), PTC Creo
Parametric c6 mot cong dong ngudi dung rong
16n va duoc sir dung trong rat nhiéu linh vuc
co khi, ddc biét 1a nganh thiét ké va gia cong
khu6n mau.

Do do, chung t61 quyét dinh chon phﬁn
mém Creo Parametric dé thiet ké tam khuon
duong.

2.2. Thiét ké san phim
Sau nhiéu lan thao luan, déng gop va

lén y tuong vé san pham, nhom ching toi da
chon ra dugc san pham phu hop.

Hinh 1. San pham

Dua trén san phém da thiét ké, chung
to1 chon khuon 2 tam véi 2 long khuon dé phun
ép san pham.

Hinh 2. M6 phong phun ép san pham
2.3. Thiét ké tim khuén dwong

Tam khudn duong duogc thiét ké voi
kich thudc 300x300x80mm dé phu hop voi
kich thu6c san phdm ciing nhu bién dang cua
duodng nuoc.

Hinh 3. M6 phong tam khuén dwong

2.4. Thiét ké dwong nuéc

Thay vi chon thiét ké duong nuée thang
theo phuong phap truyén thdng thi voi phuong
phap WAAM, ta co thé thiét ké duong nudc
chay theo bién dang san phdm dé t6i vu héa
qué trinh giai nhiét cho long khuon.
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Hinh 4. M6 phong duong nudc 6m theo bién dang
sdan pham

2.5. Tach 16p khuon duwong

Dé thiét ké tAm khudn duong nham ché
tao bang phuong phap WAAM, ta can tach 16p
tam khuon duong thanh nhiéu 16p véi do day tir
3mm dén 4mm va lién két nhing 16p nay thanh
mot tim khuon duong hoan chinh.

Hinh 5. M6 phong tach 16p tam khuén dirong
3. KET QUA VA THAO LUAN

Két qua mod phong cho thdy tdm khudn
duong c6 thé giam thiéu su bién dang nhiét
dang ké. Thir nghiém thuc té xac nhan rang san
pham cubi cling c¢6 do chinh xac cao hon va it
bién dang hon so v&i khi khong st dung tim
khudn. Hon nita, tim khuén c6 thé tai st dung
nhiéu 1an ma khong bi hong héc dang ké.

4. KET LUAN

Thiét ké tim khuon dwong di chimg
minh hi¢u qua trong viéc cai thi¢n qua trinh
WAAM. Nghién ctru nay mé ra huéng di méi
cho viéc tdi uu hoéa cong nghé san xuat bang
WAAM, gitp nang cao chéit lwong san phim

va giam thiéu chi phi san xuét. Cac nghién ciru
tiép theo co thé tap trung vao viéc tdi uu hoa
hon nira thiét ké tim khudn va kham pha cac
vat liéu moi co thé sir dung cho tim khuon.

(*) Bong gop cua tac gia:

- Hinh thanh y tuong va muc tiéu nghién
ctru: Nguyén Trong Hiéu;

- Thyc hién nghién ctru, thu thap dir
li¢u, phan tich dir liu, viét va chinh sira bai
bao: Nguyén Ngoc Thuan*, Pham Anh Tuén,
Vil Btic Hoan va Bui Vin Hiéu.

Loi cam on:

- Nhom nghién ctru xin cam on Trudong
Pai hoc Su pham K¥ thuat Thanh phd H6 Chi
Minh d tai trg kinh phi cling nhu hd tro trong
qué trinh nhom thuc hién nghién ctru nay. Bai
bao nay 1a san pham cua dé tai NCKH véi ma
s6: SV2024-263.%
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THU'C NGHIEM PO PHAN BO NHIET DO CUA KHUON DUONG
CUA KHUON PHUN EP NHUA

SIMULATION OF TEMPERATURE DISTRIBUTION OF PLASTIC INJECTION
MOLD FOR 2.5D PRODUCTS

Nguyén Viét Tuan Anh*, Trwong Vin Thanh, Tran Chi Bio, Nguyén Trong Hiéu
Truong Dai hoc Su pham K§ thuat Thanh phd Hd Chi Minh (HCMUTE)

TOM TAT

Viéc ché tao cdc kénh lam mdt phit hop da tré nén dé dang hon va tiét kiém chi phi hon nho
nhitng tién bé gan day trong san xudt béi dap. Cdc kénh lam mat phi hop dang layer cho hiéu sudt
lam mdt tét hon cdc kénh thong thuong (khoan thang) trong qud trinh ép phun. Ly do chinh cho
diéu nay la layer 6 thé di theo dwong dan ciia hinh dang xép 16p, nhwng cdc kénh thong thuwong thi
khéng thé. Layer cé thé dwoc sir dung dé giam iing sudt nhiét va cong vénh dong thoi giam thoi gian
chu ky va tao ra sw phdn bo nhiét d¢ dong déu hon. Mé phong ky thudt dwoc hé tro boi mdy tinh
(CAE) rdt quan trong dé thiét Igp mot thiét ké hiéu qud va tiét kiém chi phi. Bai viét nay tap trung
vao viéc t6i wu héa thiét ké cia khudn ép phun, voi muc tiéu 16i wu hda vi tri ciia cde kénh lam mat
dé giam thoi gian phun va tang dé dong déu phan bo nhiét dp. C6 thé suy ra rang ky thudt dwoc tao
ra co hiéu qua va phu hop voi muc tiéu cua cong viéc nay.

Tir khéa: Phdn bé nhiét dg; Khudn phun ép nhwa; San pham 2.5D.
ABSTRACT

Fabricating suitable cooling channels has become easier and more cost-effective thanks
to recent advances in additive manufacturing. The layered conformal cooling channels provide
better cooling performance than conventional channels during the injection molding process. The
main reason for this is that layers can follow the paths of layered forms, but regular channels
cannot. Layers can be used to reduce the response temperature while also reducing cycle times and
creating more uniform temperature distribution. Computer-aided engineering (CAE) simulation is
important for establishing an efficient and cost-effective design. This article focuses on the design
optimization work of the injection molding machine, with a targeted level of optimization of cooling
channels to reduce injection time and increase temperature synchronization speed. It can be thought
that the technique can produce effective results and is consistent with the goals of this work.

Keywords: Temperature distribution; Plastic injection molds, 2D products.
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1. GIOI THIEU
1.1. Tong quan

Kha nang gia nhi¢t va giai nhiét cua
cac kénh lam mat phu hop da dugc cai thién
nho viée st dung céac ki thuat ché tao boi dap.
Khuon ép ky thuat st dung thé hién nhiing dic
diém dic biét. Cooling layer cho phép kha ning
giam thiéu ca cong vénh va bién dang nhiét.
Viéc danh gia “phan bd nhiét d6” duoc tién
hanh bang cach sir dung ANSYS mé-dun phan
tich. Cac nha nghién ciru da tién hanh danh gia
cac thanh phan riéng 1¢ va thuc hién so sanh
giita mo phong va thuc nghiém bang cach st
dung Mo-dun md phong giao dién Truyén
(MPI). Cac kénh phu hop d6 thé hién toc do
lam mat nhanh hon so véi cac kénh gidi nhiét
binh thudng (khoan thing). Cac nha nghién ctru
st dung polyme PP lam vat li¢u va dung nuéc
lam mat dé xac dinh nhiét do caa khudn. Mot
phuong phap t6i wu hoa thiét ké trong phan tich
ba chiéu. Mot nghién ctru tuong ty nhu hién tai,
nhung ¢ dang phan tich 2D. Nghién ctru nay
trinh bay mot sd su khac biét giita phan tich
nhiét trc thoi tai vi tri bat ky va tim hiéu qua
trinh x4c nhan chéo ca hai mé-dun va bao gdm
b chia ludi phi hgp dé xac dinh mat do phan
b6 nhiét do phu hop.

1.2. Co s 1y thuyét

Phuong phép phan tir hiru han (FEM)
van ¢ nhitng diéu khong chic chan vi no coi
16p ludi 1a mot sy li€n tuc. Mac du mo hinh c6
thé két hop cac dac tinh vat li¢u phu thudc vao
nhiét do va cac thay doi dé cai thién do chinh
xéac ctia md hinh, nhung né van cé nhimng diém
khong chic chan vi no coi 16p nhwra 1a mot chat
lién tuc va thuong bo qua cac tac dong cua thuy
dong luc hoc, chang han nhu st cing bé mit,
dan dén sai s6 dang ké trong du doan hanh

vi ctia bé tan chay. Ky thuat FEM hién duoc
su dung rong rai dé du doan nhiét do bé mat
16p, tng suat du, do xop va do bién dang hinh
hoc ctia cac bd phan dugc ché tao bang quy
trinh PBE. Cac mé phong sb khac, chang han
nhu phuong phap thé tich hitu han (FVM) va
Phuong phéap Lattice Boltzmann (LBM), chu
yéu duoc sir dung dé nghién ctru thay dong luc
hoc cua bé tan chay. Phan mém duoc sit dung dé
giai quyét van dé bao gdom ANSYS, ABAQUS,
COMSOL, FLUENT/CFX,... Trong bai bao
nghién clru ndy, cic tac gia dung phian mém
ANSYS WORKBENCH dé mé phong phan
tich.

2. PHUONG PHAP MO PHONG MO HINH
KHUON SAN PHAM DANG 2.5D

2.1. Thiét ké md hinh CAD

Xay dung md hinh dudong nudc va
khuén theo kiéu Cooling layer nhu hinh 1, mé
hinh khuon gdom dudng nude, 1ong khuodn va vo
khuon.

Hinh 1. M6 hinh thiét ké tam khudn san pham
dang 3D

Bang 1. Cung cdp cdc yéu té cdu thanh ciia hinh
hoc cua mo hinh.

S6 thir ty cic thanh phéin M0 ta
1 Kénh [am mat
2 Long khudén
3 Khuoén
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2.2. Vit liéu

Trong phan md phong, cic nha nghién
ctru st dung cac vat liéu dé 1am tham s dau
vao: nudc dugc s dung trong kénh lam mat,
polypropylen (PP) duoc st dung trong phin
phun nhya vao long khudn. Thép C45 duogc
sir dung dé ché tao khuodn. Trong sb cac thanh
phan, nudc 1a chat long, con PP va thép C20
duoc coi 1a vat liéu ran.

Bdng 2. Trinh bay tong quan vé tinh chdt ciia cdc

vat liéu.

Vit liéu Nuée | PP | C45
Khoi luqng3rleng 997 | 850-950 | 7850

(kg/m’)
Nhiét dung riéng

(J/kg.K) 12007 2000 | %
Do dan nhiét

(W/m.K) ol o |8

2.3. Phuong an va két qua mé phéng

Phuong phap chia luéi trong nghién
ctru nay la Inflation va Face Sizing, hai mo-
dun nay déu st dung cac tham s6 ludi dugce tao
boi phan mém Workbench. M6 hinh chua dugc
tham s6 hoa (hinh 2a) va mé hinh di dugc tham
s6 hoa chia lugi (hinh 2b) trong hinh 2.

(a) )
Hinh 2. M6 hinh chwa tham so (a) va mé hinh da
tham sé chia luéi (b)

Thiét ké hé théng duong nudc vao
khuon nhu hinh 3. Thiét 1ap khuén & 30°C, sau

d6 gia nhiét khudn bang nudc ¢ nhiét d6 80°C
trong 70 gidy, ta ¢6 két qua mo hinh mo phong
nhu hinh 4.

Hinh 3. Buong nudc vao tam khuon

Temperature
Dafnit Fluid Scid Intertacs in MOLD Side 1

7.8

Hinh 4. Két qua mé phong

DPé xem rd hon cac nhiét do tai cac vi
tri nhat dinh, cac nha nghién ctru dung phuong
phap Line dé xuat ra dir liéu nhu hinh 5. Dé so
sanh vai thuc nghiém khi do nhiét do phan bd
thue té, cac tac gia dung dir liéu polyline tao
thanh biéu d6 duong vién nhu hinh 6.

Femperature
MOLD Defautt
79.8

Hinh 5. Xdy dung két qua mé phong dudi dang line
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Temperstare (C)

Hinh 6. Két qua dwdi dang biéu do dwong vién
3. KET LUAN

Hoat dong nhiét cia mo hinh dugc cai
thién dang ké nho cac quy trinh tdi vu hoa. T6i
wu hoa cai thién dang ké hiéu suit nhiét cua
phan cubi ciing trong diéu kién nhiét d6i luu tu
do. Céac tham sb da danh gid ma toi wu hoa va
ham muc tiéu. Cac két qua ctia phuong phéap
phan tir hitu han ANSYS cho phép danh gia
nhiét ciia cac md hinh ban dau va dugce tdi vu
hoa. Quy trinh t6i wu hoa da phat trién co thé
duoc ap dung cho bat ky bd phan nao, trong
cac khuén c6 kich thude bat ky va voi bat ky sb
luong kénh lam mat nao. Téi wu hoa cai thién
dang ké hiéu suét nhiét cta bo phan/thanh phﬁn
duogc phan tich. Cac bién thiét ké dugc chon
la phu hop vi gié tri ciia ching trong m6 hinh
dugc t6i wu hoa thay doi dang ké so voi gia tri
trong md hinh ban dau. Trong cac tmg dung va
diéu kién 1am viéc trong thé gidi thuc, do dbe
nhiét d§ giam s€ lam gidam cong vénh va cai
thién chét luong san pham. Phuong phap dugc
phat trién & day c6 thé hitu ich dé gitp cac ky
su thiét ké xac dinh vi trf tdi uu cua cac kénh
lam mat.

Viéc phat minh ra mdt phuong phap
gitip cac k¥ su thiét ké du doan vi tri nén dat
cac kénh 1am mat dé cai thién chat lugng cua
cac bo phan dugc san xuét 14 tién bo quan trong
nhat d6i voi thyc hanh k§y thuat. Phuong phéap
duoc su dung trong nghién ctru nay c6 cac ung
dung cong nghiép lién quan dén ép phun. La
mot phén cong vi¢c cua ho, cac ky su thiét ké
cling c¢6 thé thay chién lugc nay kha hiru ich

trong viéc lya chon vi tri dat cac kénh [am mat.
Trong tuong lai, cdc kénh lam mat phu hgp
cudi cung sé& co thé duoc san xuat bang phuong
phap san xuét bdi dip va duoc thir nghiém thuc
nghiém. Phuong phap nay ciing ¢ thé duoc
st dung voi cac khudn khac nhau vé nhiét do
thanh phan cudi cung, so lugng kénh 1am mat
va kich thudc khuon.

(*) Bong gbp cua tac gia:

- Hinh thanh y tuéng va muc tiéu nghién
ctru: Nguyén Trong Hiéu;

- Thuc hién nghién ctru, thu thap dir
liéu, phan tich dir liéu, viét va chinh stra bai
bédo: Nguyén Viét Tudn Anh, Truong Vin
Thanh, Tran Chi Béo.

Lo1i cam on:

Nhoém nghién ctru xin cam on Truong
Dai hoc Su pham K§ thuat Thanh phd H6 Chi
Minh d tai trg kinh phi ciing nhu hd tro trong
qua trinh nhom thyuc hién nghién clru nay. Bai
bao nay 1a san pham cua dé tai NCKH véi ma
50: SV2024-262.%%

Ngay nhan bai: 15/5/2024
Ngay phan bi¢n: 03/6/2024
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(’NG DUNG CAD TRONG THIET KE KHUON PHUN EP NHUA
CAD APPLICATION IN PLASTIC INJECTION MOLD DESIGN

Bui Van Hiéu*, Cao Pham Durc Hiéu, Hoang Van Hiéu,
Vo Vin Lam, Tran Minh Thé Uyén
Trudng Pai hoc Su pham K§ thuat Thanh phd H5 Chi Minh (HCMUTE)

TOM TAT

Bai bdo nay tdp trung vdo viéc dp dung phan mém CAD (Computer-Aided Design — Thiét
ké hé tro mdy tinh) trong qua trinh thiét ké khuén phun ép nhwa. CAD la céng cu quan trong trong
nganh céng nghiép san xudt dé tao ra cdc mé hinh 3D chinh xdc va hiéu qua. Trong bdi bdo, cdc
tac gid tdp trung vao viéc dp dung CAD dé toi wu héa qud trinh thiét ké khudn, tir viéc tao mé hinh
3D cho dén phan tich va kiém tra tinh kha thi ciia khuén. Bang cach nay, ching ta cé thé giam thiéu
thoi gian va chi phi trong qud trinh phdt trién san pham, dong thoi ndng cao chdt lwong va dg chinh
xdc ctia khudn phun ép nhya. Pong thoi, bai bdo ciing dé cdp dén nhitng tiém nang va han ché cia

viéc sir dung CAD trong nganh cong nghiép nay, ciing nhuw hiedng phdt trién trong tuwong lai.

Tw khéa: CAD; Khuon phun ép nhua; Te 6i 1ru héa qua trinh thiét ké: Tiét kiém thoi gian va
chi phi.

ABSTRACT

This article focuses on applying CAD (Computer-Aided Design) software in the process
of designing plastic injection molds. CAD is an important tool in the manufacturing industry for
creating accurate and efficient 3D models. In the article, the authors focus on applying CAD
to optimize the mold design process, from creating 3D models to analyzing and checking mold
feasibility. In this way, we can reduce time and costs in the product development process, while
improving the quality and accuracy of plastic injection molds. At the same time, the article also
mentions the potentials and limitations of using CAD in this industry, as well as future development

directions.

Keywords: CAD; Plastic injection mold; Optimize the design process; Save time and costs.
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1. GIOI THIEU
1.1. Tong quan

Bai bao tap trung vao viéc ap dung cong
nghé CAD (Computer-Aided Design — Thiét ké
v6i sy hd trg ciia may tinh) trong quy trinh thiét
ké khudén phun ép nhya. Khuén phun ép nhya
12 mot phan khong thé thiéu trong quy trinh san
xuat cac san pham nhya, va viéc st dung CAD
mang lai nhiéu loi ich dang ké cho quy trinh
nay. Két cdu va kich thudc cua khudn dugc
thiét ké va ché tao phu thudc vao hinh dang,
kich thudc, chit luong va sd luong cia san
pham can tao ra. Ngoai ra, con rat nhiéu van dé
khac can phai quan tdm dén nhu cic thong sd

cong nghé cta san pham (goc nghiéng, nhiét do
khuén, ap suat gia cong,...), tinh chat vat liéu
gia cong (d9 co rut, tinh dan hoi do cung,...),
céc chi tiéu vé tinh kinh té ctia bo khuon.

1.2. Co sé ly thuyét

Co so 1y thuyét cua “Ung dung CAD
trong thiét ké khuoén phun ép nhya” tip trung
vao hai linh vyc chinh: CAD (Computer-Aided
Design) va quy trinh thiét k& khu6n phun ép
nhya. Vat li¢u dugc str dung dé ché tao long
khudn 1a thép C45. Theo tiéu chuin TCVN
1766 — 75, thép C45 1a loai thép c6 két cAu chat
lugng tdt, d6 bén cao, do kéo phu hop.

Bdng 1. Chi s6 cap bén thép C45

Mic thé Tiou chudn | P bén dit 6, | Py béndits, | D) béndin P ciing
P (Mpa) (Mpa) twong dbi 5 (%) HRC
C45 TCVN 1766-75 610 360 16 23
Bdng 2. Thanh phan héa hoc cia thép C45
0 s 5 (0 fho ° ; . 0
Mic thep | C (70) min- | Si(%o)min- 1 Mn (%) | p o 65 g0 | S (%) thida| TP
max max min-max min-max
C45 0,42-0,50 0,15-0,35 0,50-0,80 0,025 0,025 0,20-0,40
Badng 3. Dac tinh co hoc cua thép C45
, 2 Yield St Elon- bo ... | Benda- D¢ day danh nghia, t
Mac biéu - . , Nhiét \
thép Kien Strength | cang gation cung o kha 1,95mm <t<10.0mm
i (Mpa) (Mpa) | A5(%) | HRC ) nang Can Nung
Can 460 750 18 58 820
Nung 330 540 30 55 860
Nué Ban
uoc kinh uén
C45 ngé:p 2270 cong 2,0xt 1,0xt
nuoc (5900)
Dau 1980
ngap
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Bdng 4. Théng s6 mdy phun ép san pham nhwa

Injection Pressure MPa 229 ‘ 186 ‘ 147
Injection Stroke mm 170
Screw Speed r/min Q=285
Minimal Mold Dimension (LXW) mm 290x290

2. MO PHONG KHUON EP NHUA BANG
PHAN MEM CREO PARAMETRIC

Véi Creo Parametric, ching ta c6 thé
thuc hién m6 phong mdt cach chinh xéc va linh
hoat, gitip t6i uvu hoa quy trinh thiét ké va san
xuat khuén ép nhua. Dya trén két qua ciia mo
phong dé diéu chinh cac diéu kién mo phong
dam bao rang qu4 trinh san xuat s& dién ra mot
cach hiéu qua va dang tin cdy. Dudi day 1a hinh
anh san pham nhya dang 3D dwgc méd phong
trén phan mém Creo Parametric.

Hinh 1. Hinh dang san pham phun ép nhwa dang
3D

Sau khi d tién hanh cac bude nhu: tao
md hinh khuén €ép nhya, x4c dinh vat liu, tao
két cau ludi (mesh), thiét lap diéu kién bién
(boundary conditions), chay mo6 phong va phan
tich két qua. Néu cac két qua cho thdy san pham
c6 kha nang dién day long khuon, ta tién hanh
di tao ao khuon cho khuén ép nhua béng EMX
trén phan mém Creo Parametric. Du6i day la
hinh anh bg khuon hoan chinh dugc mé phong
trén phan mém Creo Parametric.

Hinh 2. Hinh anh bo khuon hoan chinh cua san

phdm phun ép nhira
3. KET QUA THU'C NGHIEM

Trong qua trinh thuc nghiém tng dung
CAD trong thiét ké khuon phun ép nhya, chiing
t6i di tién hanh cic budc thiét ké va phan tich
trén phan mém CAD dé danh gia hiéu qua va
d6 chinh x4c cta cong nghé nay. Két qua thu
duoc nhu sau:

- Tang cuong d6 chinh xac cho chi tiét
thiét k& M6 hinh 3D ctia khudn phun ép nhya
dugc tao ra vdi d§ chinh xac cao, cho phép
kiém tra va diéu chinh céc chi tiét nho nhat.
Diéu nay gitp giam thiéu sai s6t va dam bao
san pham cudi cung dap ung cac tiéu chuan ky
thuat va cht luong.

- Téi wu hoa thoi gian thiét ké: Thoi
gian dé hoan thanh mot ban thiét ké khudn da
dugc giam dang ké nho vao cac tinh ning tu
dong hoa va thu vién linh kién san co trong
phan mém CAD. So véi phuong phap thiét ké
truyén thong, thoi gian tiét kiém duoc 1én dén
30-40%.

- Cai thién kha nang mo6 phong va phan
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tich: Cac cong cu mo phong trong CAD c6 thé
d& dang chia sé giita cac b phan va dbi tac thong
qua cac dinh dang file tiéu chudn. Didu nay giup
tiét kiém nguyén liéu va giam chi phi san xuét.

- Giam chi phi va lang phi: Nho vao viéce
mo phong va tdi wu hoa thiét ké, s6 lugng thir
nghiém thuc té va cac mau bj loai thir giam dang
ké. Piéu nay gitp tiét kiém nguyén liéu va chi
phi san xuat.

- Nang cao kha nang hogp tac va chia s¢é
thong tin: Cac thiét ké CAD c6 thé dé dang chia
sé gitra cac b phan va dbi tac thong qua cac
dinh dang file tiéu chuan. Diéu nay ting cuong
kha nang hop tac, trao d6i y tuong va giai quyét
cac van dé mot cach nhanh chong va hiéu qua.

Két luan, viée ung dung CAD trong thiét
ké khudn phun ép nhya khong chi mang lai tinh
hiéu qua vé mat k¥ thuat va kinh t& ma con nang
cao chét luong va dd chinh xac cua san phém.
Nhimg két qua thuc nghiém nay khiang dinh
CAD la cong cu khong thé thiéu trong nganh
cong nghiép ché tao khuon mau hién dai.

4. KET LUAN

Ung dung CAD trong thiét ké khuon
phun ép nhya dd mang lai nhiing cai tién vuot
bac cho nganh cong nghiép ché tao khuén mau.
Nho vao cac cong cu va phan mém CAD tién
tién, qua trinh thiét ké tr& nén nhanh chong,
chinh xéc va higu qua hon. Céc k¥ s c6 thé tao
ra cac mo hinh 3D chi tiét, thyc hién cac phan
tich mé phong dé du doan va giai quyet cac van
dé tiém an trudc khi tién hanh san xuat thyc té.
Diéu nay khong chi giip giam thiéu chi phi va
thoi gian san xudt ma con nang cao chat luong
san pham cudi cung.

CAD con hd trg t6i wu hoa thiét ké
khuon, tir vi€c chon vat li¢u, bo tri h¢ thong
kénh dan, dén viéc thiét ké h¢ thong lam mat va

thoat khi. Cac thay doi trong thiét ké c6 thé duoc
thuc hién dé dang va nhanh chong, gitp ting kha
ndng linh hoat va dap tmg nhanh chong véi yéu
cau thi truong.

Tém lai, CAD da va dang dong vai tro
then chdt trong vi¢c hién dai héa va nang cao
hiéu suat ctia quy trinh thiét ké khu6n phun ép
nhya, gop phan thic day sy phat trién bén viing
cuia nganh cong nghi¢p nay.

(*) Bong gop cua tac gia:

- Hinh thanh y tuéng va muc tiéu nghién
ctru: Tran Minh Thé Uyén;

- Thyc hién nghién ctru, thu thap dir ligu,
phan tich dit liéu, viét va chinh stra bai bao: Bui
Van Hiéu, Cao Pham Puc Hiéu, Hoang Van
Hiéu va V5 Van Lam.

Loi cam on:

Nhom nghién ctu xin cdm on Truong
bai hoc Su pham K¥ thuat Thanh phé Hb Chi
Minh d tai trg kinh phi ciing nhu hd tro trong
qué trinh nhém thyc hién nghién ctru nay. Bai
b4o nay 1a san pham cia dé tai NCKH v6i ma
s6: SV2024-268.
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NGHIEN ClrU ANH HWONG CUA TY SO THON DEN PAC TiNH
KHi PONG CANH DELTA

RESEARCH ON THE INFLUENCE OF TAPER RATIO ON DELTA WING
AERODYNAMIC CHARACTERISTICS

Hoang Thi Kim Dung
Truong Co khi, Dai hoc Bach khoa Ha Noi

TOM TAT

Ty 56 thon ciia canh Delta dwoc nghién civu mé phong sir dung phan mém ANSYS Fluent &
toc dg thap 20m/s véi ddi thay doi tir 0 dén 0,7. Két qua nghién civu cho thdy, dac tinh khi déng canh
Delta gan nhur khéng bi anh hwong gi & ty s6 thon nhé. Trong khi 6 ty s6 thon I6n, géc thit toc ciia
canh Delta thay doi tir 22° dén 35° va hé s6 chat lwong khi dong 16n nhat thay doi tir 0,84 dén 1,26.

Tir khéa: Canh Delta; Ty s thon; ANSYS.
ABSTRACT

Taper ratio of Delta wing was studied and simulated using ANSYS Fluent software at a low
speed of 20m/s with a range varying from 0 to 0.7. Research results showed that the characteristics
of Delta wing were almost not affected at a small taper ratio. While at large taper ratio, the stall
angle of the Delta wing changed from 22° to 35° and the maximum lift coefficient changed from 0.84
to 1.26.

Keywords: Delta Wing; Taper Ratio; ANSYS.

1. GIOI THIEU

Cung vé6i sy phat trién khong ngimg
cua khoa hoc k¥ thuat ndi chung va trong linh
vuc hang khong néi riéng, cac thé hé may bay
trén 4m dic biét 1a cac may bay chién déu doi
hoi phai ting hiéu qua, hiéu suat 1am viéc cling
nhu sy linh hoat khi bay. Trong do, may bay
canh Delta duoc str dung rat nhiéu bai kha nang
co dong va kha ning bay & van tdc cao. Tuy
nhién, van con rat nhiéu vin dé can phai nghién
ctru vé loai canh nay 1a dic tinh khi dong ciing

nhu sy hoat dong cua canh Delta khi bay & goc
tan 16n ¢ toc do thap, diéu ma rat 1a quan trong
khi méay bay ha canh va cat canh, cling nhu viéc
diéu khién may bay trong diéu kién do.

Dic diém cta canh Delta 1a mép vao
clia canh gay ra su tach dong trén bé mit canh
tiép theo hinh thanh cac xoay manh vai vén toc
x04y 16n ¢ mat trén cua canh. Nhitng xoay nay
c6 mot vai tro ddc bi€t quan trong trong viéc
tao lyc nang cam tng do xoay cho canh may

bay [1-3]. Bai bao nghién ctru anh hudng cua ty &
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s6 thon dén dic tinh khi dong canh Delta & tc
dd 20m/s st dung phan mém ANSYS dé mo
phong va ong khi dong dudi am dé thir nghiém.

2. POI TUQNG NGHIEN CUU

Hinh 1. M6 hinh canh Delta

Mo hinh canh Delta la dang canh Delta
don gian, c6 goc quét nguoc 40°, ddy cung gdc
canh ¢ = 200mm, day cung m}'lt canh c, d¢ day
canh 3mm va sai canh b. Ty s6 thon cua canh, A
= c/c,, thay d6i tir 0 dén 0,7. Ty sb dang, AR =
b%S v6i S 1a dién tich canh, cua canh Delta khi
ty s thon thay doi duoc thé hién trong Bang 1.

Bdng 1. Ty s6 thon va ty s6 dang ciia canh Delta

A 0 0,102} 03| 04]05] 06|07
AR | 4,77 | 3,90 | 3,18 | 2,57 | 2,04 | 1,59 | 1,19 | 0,84

Nghién ctru mo6 phong canh Delta dugc
thyuc hién boi sy trg giup cta phan mém ANSYS
Fluent. Cac thiét 1ap mo phong dua theo nghién
clru [2] v6i mién tinh toan dugc roi rac hoa béi
ANSYS Meshing luéi tir dién (Tetrahedral) voi
tong 1.165.127 phan tir lugi, 321.108 phan tir
nat va chi s6 Skewness, Orthogonal trung binh
1an Iuot 13 0,26 va 0,71 tng véi chat luong ludi
rat tot (Hinh 2).

Hinh 2. Mién tinh todn va chia ludi

Mo hinh rdi st dung 13 mé hinh hai
phuong trinh k- SST véi diéu kién van toc
dong vao 20m/s, ap sudt dau ra bang voi ap suat
moi truong va do chinh xac hoi tu bai toan la
10

3. KET QUA

3.1. Su hinh thanh xo4y trén canh

Hinh 3. Xudt hién xody trén canh

Mit trén cta canh xut hién xoay (Hinh
3), xody nay lam thay ddi phan b ap suét trén
canh [1] (Hinh 4, 5, 6). Ap suit mit trén xuét
hién ving ap suat thap, dy 1a vi tri cia cudn
x04y trén canh [1]. Trong khi d6, 4p sudt mat
dudi thay d6i mot cach don diéu 16n hon ap
suit & mat trén canh giup tao lyc nang cho canh.

3.2. Anh huwéng ciia ty so6 thon

O gbc tan thip o = 5°, phan bd ap suat
mat dudi va mat trén chénh léch khong 16n, luc
nang nho. Khi ting goc tin, sy chénh léch ap
suét ting 1én. O goc tin 16n hon tir 10°, mit trén
canh xuét hién vung ap sudt 4m doc hai mép
canh, day chinh 14 hai xo4y hinh thanh trén bé
mat canh. Cudn xoay nay hinh thanh va phat
trién, sau d6 suy giam khi ting goc tan. Nhu
vy, ngoai lyc nang do chénh léch 4p suat bé
mit thi hai cudn xody gop phan lam tang luc
nang cho canh, diéu nay phii hop véi Iy thuyét
[1]. Quan sat 4p sudt & goc 15°, ta thay hai cudn
x0dy ctia canh vai ty s6 thon 0,5 suy giam chdm
hon canh véi ty s6 thon 0 va 0,3.
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Heé s6 lyc nang, luc can theo goc tan tir
0 dén 40° voi ty sb thon khac nhau duoc néu
trong Hinh 7. O gbc tin 0° tit cic canh déu
c6 hé s6 C, nho hon 0. Khi ty s6 thon ting tir
0 dén 0,3 tat ca duong hé s6 luc nang C, ¢o
dang gan tuong ty nhu nhau cho thay ty s thon
khong anh huéng dén hé sé luc nang cia canh
Delta trong khoang A = 0-0,3. Hinh 7a cho thiy
goc that tdc ndm trong khoang 21° dén 23°, sau
diém that toc thi hé sb luc nang giam tir tir. Khi
ty s6 thon trong khoang tir 0,4 dén 0,7, goc that
tdc cia canh rat khac nhau. Sau thoi diém that
tdc thi luc nang cua canh A = 0,5 va 0,6 giam
nhanh (Hinh 7b).

-I 7 -“ ! - |
/ v

- = - = - =

Ap sudt mat trén

Ap sudt mat duci
al=0 b.2=0,3 c.A=035
Hinh 4. Phén bé dp sudt trén canh Delta (Goc tan
0° va vén téc 20m/s)

olals

- = ey = e E

S - - -

Ap sudt mdt trén

Ap sudt mat duéi
b.A=03

ai=10
Hinh 5. Phdn bé dp sudt trén canh Delta (Goc tan
10° va van toc 20m/s)

c.A=05

Hé s6 lyc can tang dan theo goc tan, tai
gbc tan tir 0-10° thi hé sb luc can cia tt ca céc
canh déu thip hon canh c6 ty s6 thon bang 0
(Hinh 7c, d). Nhu vay, ro rang 13 ty s6 thon lam
giam hé s6 luc can tai gbc tan tir 0-10°.

Ap sudt mat trén

(=S - -

Ap sudt mat duéi

ai=10 b.A=103 c.A=05
Hinh 6. Phan bo ap suat trén canh Delta (Goc tan
15°va van toc 20m/s)
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c.C -A=0-03 dC,-A=04-07
Hinh 7. Hé 56 luc nang, luc can trén canh Delta

Hinh 8 cho thiy anh hudng cua ty sb
thon dén goc that toc va hé s luc nang 16n
nhat. Goc thét toc va ty s6 thon cua canh Delta
v6i A = 0-0,3 gan nhu khong thay doi, nhung
khi ty s6 thon A = 0,4-0,7 thi goc that toc va hé
sé C,,... tang lén. Goc that téc s¢€ thay déi tur 22°
dén 35° con C, € thay doi tir 0,84 dén 1,26.

Hinh 8. Anh huéng cia ty sé thon dén géc thit toc
(stall angle) va C,,

4. KET LUAN

Ty s6 thon c6 anh huong dén dic tinh
khi dong canh Delta:

- Ty s6 thon tir 0 dén 0,3, ddc tinh canh
Delta gan nhu khong thay doi voi goc that toc &
22° va hé s lyc nang 16n nhét 0,84;

- Ty s thon tir 0,3 dén 0,7, dic tinh khi
dong ctia canh Delta bi anh huong 6 rét. Cu thé
1a goc that tdc thay ddi tir 22° dén 35° va hé s6
C,,, tang lén tir 0,84 dén 1,26.%

Ngay nhan bai: 05/5/2024
Ngay phan bién: 27/5/2024
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NGHIEN Cl’U bO BEN KEO CUA SAN PHAM DANG TRUC TAO RA
BANG CONG NGHE WAAM LAYER VOI CAC KHOANG OFFSET
KHAC NHAU

STUDY ON TENSILE STRENGTH OF SHAFT PRODUCTS CREATED BY WAAM
LAYER TECHNOLOGY WITH DIFFERENT OFFSET DISTANCES

Bio Pién*, Pham Anh Tuan, Lé Viét Phi, Vii Pirc Hoan, Tran Thai Son
Trudng Pai hoc Su pham K§ thuat Thanh phd H5 Chi Minh (HCMUTE)

TOM TAT

Bai bdo nay nghién civu dnh hwong ciia khoang offset dén do bén kéo ciia mau thir dang
truc. Thi nghiém do sy khac nhau cua do bén kéo, gioi han chay va do dan dai cua ba mau thir dwoc
tao ra bang phwong phdp WAAM Layer véi ba thong sé offset khdc nhau lan lwot la: 1,8mm, 2mm,
2,2mm. Két qua cho thdy khodng offset lam dnh hiong dang ké dén chat lwong méi han. Khodang
offset thich hop sé tao ra mot moéi han ¢é dé cung va do bén cao hon, trong khi mot moéi han ¢é

khodng offset qud om hodc qud nhé sé khién cho méi han cé chdt lwong kém.
Tir khéa: Khodng offset; WAAM; Bé bén san phdam, Truc, In 3D kim logi.
ABSTRACT

This paper investigates the effect of offset distances on the tensile strength of shaft test
samples. The experiment measures the differences in tensile strength, yield limit, and elongation
of three test samples created using WAAM Layer technology with three different offset parameters:
1.8mm, 2mm, and 2.2mm. The results show that offset distance significantly affects the quality of the
weld. An appropriate offset distance will produce a weld with higher hardness and tensile strength,

whereas a weld with either too large or too small an offset distance will result in lower quality.

Keywords: Offset; WAAM; Product strength, Shaft; 3D metal printing.
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1. GIOI THIEU
1.1. Téng quan

Cong nghé Wire Arc Additive
Manufacturing (WAAM) dugc quan tdm rat
nhiéu trong cong nghiép boi kha ning ché tao
nhing chi tiét kim loai 16n v6i chi phi thap va
thoi gian ngin. Pay 1a cong nghé tuong dong
v6i cac cong nghé in 3D kim loai dya trén bot
kim loai (EBM, DED,...). Tuy nhién diéu lam
nén sy khac biét ¢ day la cac cong nghé in
khac dung chum electron hoic laser 1am ngudn
nang luong dé nong chay bot hodc day kim loai
(PAW, GTAW) con cong ngh¢ WAAM lam chay
day kim loai bang hd quang dién.

Tuong tu nhu EBM va DED, cac
cong ngh¢ Wire Arc Additive Manufacturing
(WAAM) tao ra san pham gan gidng véi thiét ké
ban dau. Sau d6, chung két hop gia cong CNC
dé dat yéu cAu vé chét luong bé mat va kich
thude hinh hoc. Cach tiép can nay con duoc
hiéu 1a phuong phap tao phdi van ning, gilp
giam thoi gian gia cong, tiét kiém vat liéu va
nang cao nang suat san xuat.

1.2. Co sé 1y thuyét

Dé tai nghién ciru vé anh hudng cia
khoang offset dén chat lugng san pham dang
truc khi st dung phuong phap WAAM. Phuong
phap nay sir dung nguyén 1y ctia qua trinh han ho
quang, trong d6 mot dong dién duoc ap dung dé
tao ra cam bién han giita diy han va bé mat lam
viéc kim loai. Cong nghé¢ WAAM st dung cac
thiét bj han tiéu chuan c6 sin, bao gdm ngudn
dién han, mé han va hé thong cap day. Chuyén
dong cua qua trinh c6 thé dugc thuc hién bang
hé thong canh tay robot (hinh a) hodc hé thong
may CNC (hinh b). Phuong phdp WAAM loai
b6 cac budc ché tao truyén théng bang cach xay

dung san pham tir di liéu ky thuat sd, gitp tao
ra cac chi tiét c6 hinh dang phuc tap ma khong
can tén nhiéu thoi gian gia cong, tiét kiém vat
liéu va nang cao ning suat san xuat.

Uu diém cua phuong phap gia cong nay
1a: san xuat véi tbe do nhanh vi ty 18 ling dong
WAAM cao hon 2-3 14n so véi cac phuong phap
khéc, tinh tuy chinh cao, tiét kiém nguyén vat
lidu, tiét kiém chi phi, dat biét 1a c6 thé tao ra
cac san pham co kich thudc 16n véi hinh dang
phuc tap. Mit khac, cong nghé WAAM kém 6n
dinh hon va tao ra nhiéu tia lira han va khéi han
hon do dong dién dugc cép truc tiép vao nguyén
liéu tho.

Bdng 1. Cdc théng s6 ché tao mau thir

SPECIMEN
PARAMETER
A B C
I(A) 120 120 120
. . 22
Offset (mm) 1.8 (min) | 2 (mid) (max)
V (mm/pht) 425 425 425
Ché d6 han Thing Thing Thang
Do day mi| ) 25 25
han (mm)
RS0
I} — T 1 -
B17205 {2220 .
hd44 312444
L 120 n

Hinh 1. Mau kéo tiéu chudn TCVN-5400

Mau thit ¢6 hinh dang 13 hinh tru véi
duong kinh duong ngoai 1a @22mm va duong
kinh tai tiét dién kéo 1a @17mm duoc gia cong
bang phuong phap WAAM (Wire Arc Additive
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Manufacturing) véi sy hd trg cta hé théng 2. MO HINH THU KEO
CNC 4 tryc véi vat liéu la long dén sat.

T T 2B

111 1 o

L = =
= I %2

Kich thudc phai ,... P
Kich thudc mdu kéo

Hinh 2. M6 hinh xép phéi ché tao mau kéo

Pé tai nay nghién ctru vé anh hudng cta
khoang offset dén chit luong san pham dang
truc khi str dung phuong phap WAAM. Phu’orng
phap nay st dung cac thiét bi han tiéu chuan
¢ san, bao gom nguon dién han, mé han va
hé¢ thong cap day. Chuyén dong cua qua trinh
duoc thuc hién bﬁng su ho tro cta hé théng
may CNC 4 truc.

Hinh 5. M6 hinh may thir kéo

Hinh 3. Hé tho”'ng WAAM CNC 4 truc

Hinh 6. M6 hinh gd dét mau thir kéo

Hinh 4. Mdu thir sau khi ché tao va gia cong diing
tiéu chuan
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3. KET QUA THU'C NGHIEM

- ———

Hinh 7. Két qua dat dwoc sau khi thi nghiém

D6 bén kéo(Mpa)
20
210
200
190
180
A B L

Hinh 8. Biéu do thé hién dé bén kéo ciia mau thir

Gidihan chay(kN)

40

39
38
37
=1 I .
35
A B C

Hinh 9. Biéu do thé hién giGi han chay ciia
mau thi

P dan dai(%)
26.5
L0

25.5

25

24.5

23.3
A B c

Hinh 10. Biéu dé thé hién dé dén dai ciia mau thir

Qua két qua thi nghiém, ta co thé thay
khoang offset c6 anh huong 1on truc tiép dén
tinh chat co hoc cua san pham.

Khoang offset qua lon: Dan dén céac
moi han cach xa nhau hon, gidm d¢ lién ket
dan dén giam d¢ bén kéo.

4. KET LUAN

Thong qua qua trinh thuc nghiém va
phan tich két qua thyc nghiém, ta co thé thay
viéc thay ddi khoang offset lam anh hudng
dang ké dén chat lugng mdi han, kha ning két
dinh giita cac 16p phu, ciu tric vi mo va tinh
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chat co hoc cta san pham dang truc. Khoang
offset thich hop s€ tao ra mot mbi han c6 do
cung va do bén cao hon, trong khi mdt mbi han
c6 khoang offset qua 16n hodc qua nho sé& khién
cho méi han co chit lugng kém. Vi vay, viéc
lya chon khoang offset phu hop s€ gitip cho san
phém duoc tao ra cd chét lugng tdt hon.

(*) Pong gop cua tac gia:

- Hinh thanh y tudng va muc tiéu nghién
ctru: Tran Thai Son;

- Thyc hi¢n nghién ctru, thu thap du
lidu, phan tich dir liéu, viét va chinh sira bai
bao: Bao Dién*, Pham Anh Tuan, L& Viét Phi
va Vi Buc Hoan.

Loi cam on:

Nhoém nghién clru xin cam on Trudng
Dai hoc Su pham K¥ thuat Thanh phé Ho Chi
Minh d3 tai trg kinh phi cling nhu hd trg trong
qua trinh nhém thuc hién nghién ctru nay. Bai
b4o ndy 1 san phdm cta dé tai NCKH véi ma
s6: SV2024-260. %
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THIET KE VA MO PHONG HE THONG LAI TRO' LUC DIEN BANG
PHAN MEM INVENTOR

DESIGN AND SIMULATION OF ELECTRIC POWER STEERING SYSTEM USING
INVENTOR SOFTWARE

Lé Pirc Hiéu'", Pham Minh Hiéu', L& Huy?
"Trudong Co khi — O t6, Truong Pai hoc Cong nghiép Ha Noi
2Vién Nghién ctru Co khi

TOM TAT

Trong linh viee nganh cong nghé 6 té hién nay dang phdt trién rat manh mé ddc biét la nhing
phat minh nghién citu vé cdc hé thong trén xe ngay cang nhiéu. Trong do, hé thong lai la mét hé
thong dién hinh, sy ra doi cia hé thong 1di tro liee dién (EPS) dang dan thay thé hé thong 1di thong
thwong trén cdc dong é t6 hién dai. Uu diém chinh ciia hé thong EPS gitip nguoi ldi diéu khién xe
ngay mot nhe nhang va dé dang hon, giam thiéu nguy co méi tay trong diéu kién giao thong dong
duc. Hé thong con cé thé tich hop cdc tinh ndang an todan nhw hé tro gii lan dwd’ng hé tro phanh
khan cap, giip gidm nguy co tai nan giao théng. Hién nay, trén thé gici c6 rat nhiéu bai bdo, bdi
nghién cuu lzen quan dén hé thong ldi tro lee dién nham cdi tién, ndng cao qud trinh vin hanh cua
cdc cum chi tiét co khi trong hé thong. Trong bai nghién ciru nay, chiing téi da phan tich cdu tao va
nguyén y lam viéc ciia hé thong ldi tro lee dién, xdy dung cdc dwong cong tro luc, dieong dic tinh
va sir dung phan mém Inventor dé kiém nghiém bén ciia mot sé chi tiét trong hé thong ldi. Tir két
qud mo phong do, ta so sanh do chinh xdc cua cac gia tri moé phong so voi phwong phap tinh todan
truyén thong, qua dé chimg minh dwoc tinh kha thi ciia phirong phdp sir dung phan mém Inventor
dé kiém nghiém mot sé chi tiét trong hé thong ldi. Phwong phdp ndy givip giam thiéu thoi gian thir
nghiém, san xudt trong twong lai.

T khéa: Hé thong ldi tro e dién (EPS); Kiém nghiém bén; M6 phong; Inventor:
ABSTRACT

In the field of automotive technology, the industry is currently developing very strongly,
especially as research inventions on vehicle systems are increasing. In which the steering system
is a typical system, the introduction of electric power steering (EPS) is gradually replacing the
conventional steering system on modern cars. The main advantage of the EPS system is that it helps
the driver control the vehicle more smoothly and easily all day, minimizing the risk of hand fatigue
in crowded traffic conditions. The system can also integrate safety features such as lane-keeping
assist and emergency brake assist, helping to reduce the risk of traffic accidents. Currently in the
world, there are many articles and research articles related to electric power steering systems
to improve the operation of the mechanical assemblies in the system. In this study, we analyzed
the structure and working principle of the electric power steering system, built power steering
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curves and characteristic curves, and applied the method of using Inventor software to test the
durability of some details in the system. From that result, we compare the accuracy of the values
with the traditional calculation method, thereby proving the validity of the method of using Inventor
software to test some details in the steering system to help reduce testing and production time in the

future.

Keywords: Electric power steering system (EPS),; Durability testing,; Simulate; Inventor.

1. TONG QUAN

Hé thdng l4i tro lyc dién (EPS) 1a mot
hé thdng rat quan trong gitp cai thién kha ning
xtr 1y cua ngudi lai va do on dinh cia 6 to.
Hé thong EPS bao gom hé thong co khi va hé
thong dién tir va diéu khién, déng thoi né phai
hoat dong trong toan b hé théng co khi cua xe.
Mot trong nhitng phan quan trong nhét ctia hé
thong EPS 1a hé thong diéu khién dién, n6 nhan
tin hiéu duogc thu thap tir cdc cam bién vé tdc
do xe, goc lai, mé-men lai va diéu khién dong
co trg luc dé cung cép mdt lwong moé-men X04n
can thiét.

Linh vyc nay da thu hut rat nhiéu nhém
tac gia nghién ctu vé nhimng wu nhugc diém
ctia hé thong EPS. Noi bat trong cac nghién
ctru co thé ké dén bai bao “Study on Electric
Power Steering System Based on ADAMS”
cua nhém tac gia Hao Chen va cac cong su [1].
Nghién ctru nay da phat trién duong cong tro
luc EPS (Electric Power Steering) dugc tich
hop vao dic tinh trg 14i, nhdm cai thién kha
nang diéu khién va d6 6n dinh cta cia tay lai.
Két qua nghién ctru di cho thay hé thong EPS
v6i duong cong tro luc dugc thiét ké giup giam
thoi gian phan Umg va gia tri vugt muc, qua do
dam bao phan ung dong luc va do on dinh cua
xe khi van hanh. Bén canh do, bai nghién ctru
cua nhom tac gia Xiaodong Zheng va céac cong
su v6i dé tai [2] “Simulation analysis of electric
power steering System (EPS) test platform™ da
dé xuét va xay dung mot nén tang md phong

dé hd tro qua trinh thiét ké va phat trién cac hé
théng tro luc 1ai dién (EPS) hiéu qua hon. Bai
bao di sir dung phin mém Matlab/Simulink xay
dung m6 hinh moé phong hoat dong cuia EPS
dudi cac diéu kién hoat dong va diéu kién thir
nghiém khac nhau, qua d6 xac dinh dugc dong
dién trg lyc va moé-men tro luc can thiét cho
cac tinh hudng cu thé, cudi cing nhiing thong
tin thu dugc tir qué trinh mé phong sé dugc s
dung dé cai tién viéc thiét ké va phat trién cac
hé théng lai trg lyc dién trong tuong lai. Ngoai
ra, nhom tac gid N. Nazaruddin va céc cong su
[3] d3 nghién ctru véi dé tai “Electric power
steering: an overview of dynamics equation
and how it's developed for large vehicle”. Bai
nghién ctru d6 da gidi thiéu va giai thich cac
mo hinh phuong trinh chuyén dong di co cua
hé théng 14i trg lyc dién (EPS), tir 46 cung cip
cac kién thic chuyén sdu vé cidc mo hinh tinh
toan dugc su dung dé thiét ké va tdi wu hoa hé
thong 1ai tro lyc dién.

Trong qua trinh phét trién hé théng
EPS, cac hé théng khac nhau phai dugc phat
trién dong thoi dé giam thoi gian va chi phi phat
trién hé thong. Su hop tac gitta cac ky su cung
v6i cac bd phan lién quan dé phat trién cac hé
théng khac nhau ciing can thiét. Vi vay, phat
trién dya trén mo hinh 1a mot hudéng di hop 1y
cho su phat trién va hop tac song song nay [4-
6]. Hién nay, viéc sir dung cac phﬁn mém md
phong dé kiém bén cac chi tiét co khi trén 6 t6
dang phat trién rit manh mé. Trong bai bao nay,
nhom tac gia da ing dung phan mém mo phong
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Inventor dé kiém nghiém tinh bén mot sd cac
chi tiét trong h¢ thong lai tro di¢n (EPS).

2. CAU TAO VA NGUYEN LY LAM VIEC
CUA HE THONG EPS

2.1. Céu tao ciia hé thong lai tro luc dién
Hé théng lai tro luc dién tao mo-men

tro luc nho mo-to trg luc van hanh lai va giam
luc danh 1ai.

Hinh 1. So' do hé thong ldi tro liec dién bé tri trén
truc lai

1) ECU diéu khién; 2) Mé-to tro liee; 3) Cam bién
mo-men

ECU diéu khién tiép nhan cac thong sb
tin hiéu ctia cam bién mo-men, cam bién téc do
dong co, tin hi¢u IG, tin hi¢u tdc do xe sau do
tinh toan va diéu khién mo-to trg luc. Mo-to trg
lre ndi voi truc 1ai bang b giam tdc truc vit —
banh vit va duoc diéu khién bang ECU. M6-to
c6 thé dao chiéu va quay & cac toc d6 khac nhau
tuy theo mirc do danh lai cua nguoi lai va mo-
men can quay vong. Cam bién mo-men duogc
gin vao phia trong truc 1ai, dua vao hiéu tng
Hall dé cung cap dién ap dau ra tiy thudc vao
mo-men danh 14i va mo-men can. Dién 4p dau
ra ctia cam bién s& dugc gui vao ECU dé diéu
khién mo-to trg luc [7].

2.2. Nguyén ly hoat dong ciia hé thong

Téc dd xa - -

Tin hiu B — r__‘|

GoC quay vanh i — .|

ECU

MG men truc Bi ———————

Moch diu i

Téc 36 dbdng o0 —— =

Chil @& kihding tél —————=

-
Mach chin doan

LH’__L
Hinh 2. So' do tin hiéu diéu khién hé thong ldi tro
lye dién

Nguyén 1y 1am viéc ctia hé théng dua
trén nguyén tic ECU tiép nhan cac tin hiéu
chinh: tin hiéu dau vao tir cam bién mo-men
cta truc 14i va tin hiéu cta cam bién téc do cua
xe, tin hiéu B+, ché d6 khong tai dé tinh toan
diéu khién mo-to tro lyc phit hop voi didu kién
lai. Lyc danh lai cang 16n thi mé-to trg luc cang
nhiéu, nhung mé-men trg luc s€ giam dan khi
tde do xe tang dan. Khi hoat dong o trang thai
quay vong, ngudi diéu khién tic dong quay
vanh lai, xuat hién hién tuong xoay tuong ddi
giita hai dau thanh xodn, cam bién mo-men
thay d6i dién 4p tuy theo chidu quay va do
léch tuong ddi giita hai dau thanh xoén, sau do
truyén tin hiéu vé ECU, két hop véi tin hidu toc
do xe léy tr cam bién tdc d6, ECU tinh toan ra
dong dién diéu khién va chiéu quay cia mo-to
trg lyc cho phu hop. Khi hoat dong & trang thai
di thing, truc lai khong duoc tac dong do do
khéng c6 hién tuong xoay twong d6i ¢ hai dau
thanh xo04n, cam bién mo-men khong thay do6i
dién ap, vi thé ECU khong diéu khién mé-to trg
luc va trang thai di thang duogc gitt nguyén [7].

3.COSOLY THUYET
3.1. Xay dung dac tinh trg luc

bic tinh hd tro cua EPS duoc thé hién
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qua mdi quan hé gifra tin hiéu dau vao (mé-
men xodn va toc do) va tin hiéu dau ra (mé-men
ho tro hodc dong dién cta dong co). Trong qua
trinh 14i xe, luc can lai giam khi tbc d6 cua 6 to
tang, do d6 mo-men xoan hd tro ctia dong co sé
giam khi tang tde d6 va khi tde do vuot quéa mot
gidi han nhét dinh thi mé-to tro luc s& khong
duoc cap dién. Co ba kiéu duong cong dic tinh
hd tro phd bién: tuyén tinh, dudng gip khuc
va duong cong. Puong cong dic tinh hd trg
tuyén tinh rit don gian trong hinh thirc, d& diéu
chinh va trién khai trong thuc té va dugc su
dung rong ri nhat. Vi vay, bai viét nay sir dung
duong cong hd trg tuyén tinh dic trung 1am dbi
tugng nghién curu. Dac tinh ho tro tuyén tinh c6
thé duoc biéu dién dudi dang ham sau:

0, O0=Ts<Tu
Th=1 f(V)Ye(Ti=Ts0), Tao =Ti < T an
f{"’}'{ru’ max = I-"D]-. Tiu' = T-n' aa

Trong do: T, 1a mf)jmen can thiét cua
dong co dién; f(v) la hé s6 cdm ung tdc do;
T, ... 1a mo-men hé tro cuc dai cua mé-:to tro
lyc 1ai; T,  1a m6-men dau vao nhc} nbét cua
b dan dong luc moé-to trg luc 1ai bat dau hoat
dong; T, 1a md-men dau vao cia bo dan d@ng
khi mo-to tro luc 1ai hoat dong vdi cong suat
cuc dai.

Céc thong sé dic trung cta dudng dic
tinh dugc thiét 1ap nhu sau [8-10]:

Ty, = INm, T = 76Nm, T =
22Nm. H¢ s0 cam tng toc do dugc xac dinh
theo quy tic néu trong Bang 1 (can hiéu chinh
khi kiém tra thuc t€). Mo-to trg luc 14i ngimg
duogc cap dién ¢ toe do trén 80 km/h.

Bdng 1. Bang hé so cam irng toc dg

Van
tbe
H¢
s6

cam

ing

0 10 | 20 | 30 | 40 | 60 | 80

316 12,15 1.85| 1.5 | 1.3 | 1.050.72

Theo cac thong sb trén cua bang 1, muc
ho tro cua duong cong tro luc EPS c6 thé dugc
thiét 1ap nhu trong Hinh 3.

E:-E ....................... ﬂK.l'I:l"h

- 10Km/h

z : 20Km/h

., H

= : - 30Km/h

' i 40Km/h
/ G0Km'h
_ f{“_’_’i_- ; 80Km/h

ﬂ Tﬁ'l:I

Hinh 3. Duong cong tro luc cua EPS
3.2. Xay dung dwong dac tinh mo-to

Pé mo-to tro luc thay ddi theo toc do
ctia 6 to thi ta thay d6i mé-men tro luc bang
cach diéu khién dong dién cap cho mé-to theo
tbc d6 di chuyén cua xe va theo mo-men tac
dong trén truc 1ai [11]. V6i van tdc xe nho nhat
v_. = 0 (km/h), thi dong dién cuc dai cap cho
mo-to 1a 60(A). Véi van toc xe 16n nhatv_ =
160(km/h), thi dong dién cuc dai cip cho mo-to
la 17(A).

Vi vay, ta tinh dong dién cuc dai cho
mo-to ¢ cac van toc khac nhau theo cong thic
sau:

(60-17)V
160

1 =60~
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Bdng 2. Bang gid tri dong dién diéu khién theo
van toc

Van
tbc | 0 | 10 | 20 | 30 | 40 | 60 | 80
Xe

Dong

Ao 60|5731546| 52 | 49 | 44 | 38
dién

Ta c6 luc tac dung 1én vanh l4i nho nhat
khi bat dau trg luc 1a 20N, nhu vay mo-men tac
dung trén truc lai 1a = 20.0,25 = 5(N.m) (ban
kinh vanh lai R = 0,25m).

Ta c6 luc tac dung 1én vanh lai 16n nhét
khi trg luc hoat dong cuc dai 1a 60N, nhu vay
mod-men tac dung trén truc lai la = 60.0,25 =15
(Nm).

Ta c6 dd thi sau:

‘ Doéng dién Motor (A)

vvvvv

——

Hinh 4. Bdc tinh diéu khién mé-to dién

Trén hinh 4 ta thay, khi van toc xe cang
16n thi d6 dbc ciia d6 thi cang nho, co nghia la
dong dién cip cho mé-to cang nhod véi cling
mo-men tac dung trén truc l1ai, nhu vay mo-men
trg lyc cua mo-to thay ddi theo tdc do xe. Tdc
d6 xe cang 16n thi hé thong 1ai cung cap mo-
men tro luc c6 gia tri cang nhd.

4. KIEM NGHIEM HE THONG EPS

4.1. Kiém bén cac chi tiét bing phwong phap
truyén théng

4.1.1. Kiém tra bén Ro-tuyn

Bdng 3. Théng s6 kich thurde ciia Ré-tuyn

Théng s6 kich thwée | Ky higu | Gia tri
KPoarig C%Ch, tur {am . 23 (mm)
cau dén vi tri ngam N
Puong kinh tai vi tri

ngam tinh toan dy 18 (mm)
Puong kinh cau
Ro-tuyn D. 28 (mm)
Duong kinh bé mit ty
voi dém Ro-tuyn k 16 (mm)

Vit liéu ché tao tru cau sir dung thép
xé-mang-tit hoa 15HM, c6 nhiét luyén bé mat
dé tang tinh chdng mon, co cac théng sd nhu

sau [11]:

Bang 4. Bang thong $6 vt liéu ché tao tru cau

Théng s6 kich thuwée | Ky hi¢u Gia tri
Ung suét chén dap cho
phép [o,] 35 (MPa)
Ung sut uén cho o] 300
phép tai vi tri ngam u (MPa)
Ung suat cat cho phép
tai vi tri ngam (] 80 (Mpa)

Duya vao tinh chit va nguyén 1y lam viéc
cla tru cau, viéc kiém tra do bén cia tru cau s&
tap trung chu yéu vao viéc phan tich va danh
gia g suat chén dap tai vi tri lam viéc va kiém
tra d6 bén udn va cit tai vi tri ngam. Gia thuyét
rang: Luc tac dung 1én khdp cau 16n nhét chinh
1a luc cuc dai tac dung 1én don kéo ngang N =
7994,47 (N). So d6 luc tac dung nhu trén Hinh
5.
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" S
k- ¥ >

Hinh 5. So dé luc

Viée kiém tra do bén cia khop cau dua
trén g suat chen dap tai bé mat lam viéc cua
khop cau co6 thé dua vao cong thuc dudi day

[11]:

Trong do6: F_ — Dién tich ti€p xuc gitta
mat cau va dém ro-tuyn.

Trong thuc té lam viéc, dién tich 1am
viéc chiém 2/3 bé mit cua khoép cau, nén bé mat
chiu Iyc tiép xtc chiém 1/2.2/3 = 1/3 bé mat
khép cau.

Ta co:

Tc:i:%’glzzzzn Fc:lﬂ])c2
F, 3,140,028 3

D, — Dudng kinh cau ro-tuyn, D, =28mm.

o, =244 _ 31 40 (MPay<[o,]

;3.14.0.0282

Vay, chot cau thod man dicu kién chén
dap tai bé mat lam viéc.

Kiém tra theo d6 bén uén [11]:

Viéc kiém tra d0 bén uon cia chot cau
tai vi tri ngam c6 thé tinh toan dua theo cong
thure sau:

N
G uc = e =
Wu
Trong do:

W — Mo-men chong uon cua tiet di¢n
tinh toan, dugc tinh dya vao cong thuc sau:

W, =0.1d v’
Thay s vio, ta co:
~7994,47.0.023

(2
. 0,1.0,018°

o6 <[oc ], nhu vay c6 the két luan rang
, L uc uc R , AT
chot cau dam bao do bén uodn tai vi tri nguy
hiém nhat.

= 273,69 (MPa)

Viéc ki€ém tra d0 bén cat ctia r6-tuyn tai
vi tri ngam dugc thuc hién theo cong thurc sau:

"Trong do, F_ dugc tinh toan dya theo
cong thuec:

F = zD?
4
ST TR

¢ 3,14.0,028—
4

Co thé thay rang: T,< 1, vdy nén co thé
két luan rang khop cau théa man di€u kién cat
tai tict dién nguy hiém nhat.
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4.1.2. Kiém tra bén truc ldi

V222
s - "
,/f:_,.-:f e 4
: "’-;x:ff;;;-_. s
s

Hinh 6. Mat cat truc ldi

Hinh trén 1 hinh v& mat cét cta thanh
truc 1ai voi bién dang 1a thanh c6 hai duong
kinh. Véi nhitng thong sé duoc nhom tac gia
lura chon nhu sau:

- Buong kinh ngoai: D, = 25 (mm);
- Buong kinh trong: d, = 17 (mm).

Bén canh thong s6 vat liéu cho viéc tinh
toan 14 bo thong so vat lidu cua thép 35, khong
nhiét luyén voi thong sb tmg suét tiép xtac cho
phép: [t ] = 50 + 80 Mpa [11].

Dua vao nguyén ly lam viéc va dac
diém lam viéc cua thanh 1ai c6 thé thay thanh
tryc 14i cha yéu chiu Gng suit xodn trong qua
trinh 1am viéc. Viéc tinh toan ung suét xodn cho
tru 1ai dugc tinh toan theo cong thirc sau:

2,64
T 0,025 ~0.017°
0’2 P >

0,025

Trong d6: W_1a moé-men chong xoan
cua tiét dién tinh toan, moé-men chong xoan
duogc tinh todn theo cong thurc sau:

W ZO,Q_M

tl

Thay s0 vao cong thuec trén, ta co:

2,64
0,025~ 0,017
0,2 — >l
0,025
T =49.51 (MPa)
—> Ty = [Tx] ==Vvady truc ldi dam
bao do bén.

5. KIEM BEN MOT SO CHI TIET CUA
HE THONG EPS BANG PHUONG PHAP
PHAN TU HUU HAN

5.1. Quy trinh kiém bén theo phwong phip
phan tir hiru han

Muddel Construction ‘ Set Up Model ‘

» Simulate Other Cases
- Parameters

+|  SetUp The Solution

Geometry Optimization ‘Method | Mandling The Result

] &
EEE— Run Simulation | 5

b ‘ Create Reparts
1 .
Results

Hinh 7. So do khoi quda trinh thiét lqp bai todn

Meshing

apqupnay

Phuong phap phan tir hitu han 13 mot
phuong phép duoc sir dung rong rai dé giai
quyét nhiéu van dé khac nhau va né bao gébm
ba giai doan co ban: tién xtr 1y, thuc hién van
dé va danh gia két qua. Trong giai doan tién xur
1y, mé hinh trai qua qua trinh t6i wu hoa va roi
rac hoa trong mién tinh toan bang cach st dung
phan mém chuyén dung. Pay 14 giai doan ma
cac tham sd chinh cua van dé dugc thiét lap,
cudi cing anh huong dén két qua. O giai doan
tiép theo, van dé duoc thyc thi va két qua duoc
tao ra. Cudi cung, cac k¥ su giau kinh nghiém
s& danh gia do tin cay cua két qua phat hién va
dé xuat cai tién néu can.

5.2. M6 hinh vit liéu cho bai toan

Trong qua trinh thiét ké va san xuat,
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didu quan trong 1a phai biét cac loai thép khac
nhau dugc str dung. Ba loai phé bién nhét 1a
thép déo, thép cling va thép siéu ciing. Vat li¢u
thép duogc sir dung trong qua trinh san xuét cac
chi tiét ctia hé thong EPS c¢6 dai cuong do tir
210MPa dén 550MPa. Vit liéu can 1a tir dong
vat liéu Elasto-Plastic Johnson-Cook Law 2, c6
dic tinh dan hoi tuyén tinh va cac thong sé cu
thé. Céc thong sb vat liéu duoc trinh bay dudi
bang sau:

Bdng 5. Théng so vt liéu

Théng sb vat liéu Gia tri
Khdi lwong riéng 7,8E-09 Tan/mm?
Mo-dun dan hoi 210000 MPa
Hé s6 Poat-xong 0,3

Ung suit déo 280 MPa

5.3. Xy dung md hinh trong phin mém
Inventor

Nghién ctru tap trung vao viéc phan tich
cac dic tinh van hanh cuy thé cta khép bi trong
hé théng tro luc l4i dién (EPS). Muc dich 1a tao
ra mOot mo hinh mé phong tai hién mot cach
hiéu qua hoat dong thuc té ctia cac bd phan
trong qua trinh van hanh ctia hé thong lai. Sau
day 1a hinh minh hga mé hinh ré-tuyn trong
hé théng EPS dugc phat trién ti mi bang phan
mém chuyén dung.

Hinh 8. M6 hinh Ro-tuyn

Khi da tao mé hinh xong, ta tién hanh
chon vat li¢u cho mo hinh véi thong s6 nhu
bang 4.1, sau do ta tao rang budc, dat lyc va
chia Iudi cho mo hinh nhu hinh vé:

o

=

. —_—

=

= =g
y b I‘I

(a) (b)

. ‘/.

(@
Hinh 9. (a) Tao rang bugc, (b) Pat lyc tac dung
lén Ro-tuyn, (c) Mo hinh moé phong sau khi da
chia lwoi

6. KET QUA MO PHONG

Pty a0

e Tie v i e
A -] L Py

el z

AT, BT T
Ll

Mae

g

i

fs
1

11 1
L

-
o

fcl (d
Hinh 10. (a), (b): Ung sudt ciia ré-tuyn va truc ldi;
(c), (d): Chuyén vi cua ré-tuyn va truc lai

Hinh 10a 13 hinh thé hién két qua ung
suat chen dap tai bé mat lam viéc cua khop cau,
ta co thé thay ing suat 16n nhat tap trung chu

yéu tai ren 6c diéu chinh l4i véi gia trj 14 27,18 &
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MPa va tng suit nho nhat tap trung chu yéu ¢
khép cAu véi tri s6 14 0,1 MPa. Do d6, ta c6 thé
thdy tng suat chén dap 16n nhat khi str dung bai
to4n mod phong nhé hon tng suit chén déap cho
phép.

c,,= 27,18 (MPa) <[c_] =35 (MPa)

Hinh 10b 13 hinh thé hién két qua ung
suit xoan cua truc 1i, theo hinh 5.1b ta théy
mg suat xodn 16n nhat tdp trung 1én vanh lai
v6i tri s6 48,15 (MN/m?) va nho dan ra giira
truc 1ai. Ung sudt xoan 16n nhit cua truc lai khi
stt dung phan mém mé phong nhé nam trong
(g suat xoan cho phép cua truc 1ai.

T =48,15 (MN/m?) <[t ] =50+ 80 Mpa

Vay, két qua tng suat chén déap cua ro-
tuyn va ung suat xoan cua truc lai khi sir dung

phin mém mé phong déu nho hon ung suit
chén dap cta ro-tuyn va ing suat xodn ciia truc
14i cho phép, tir d6 ta c6 thé két luan truc 1ai
va ro-tuyn dam bao do bén trong qua trinh lam
vigc.

Hinh 10c 1a hinh thé hién chuyén vi
(bién dang) cua ro-tuyn khi tac dung luc. Bién
dang 16n nhat cua ro-tuyn tap trung tai khép
cau véi tri s6 1a 0,002363 mm va nho dan &
vi tri ren 6c¢ diéu chinh 1ai. P4i voi chuyén vi
(bién dang) cuia tryc 14i, nhin vao hinh 10d, ta
c6 thé théy bién dang 16n nhét tai vi tri gitra truc
14i véi tri s6 0,01222 mm va nho dan ra hai bén
dau truc tuong Gmg voi mau xanh duong duoc
thé hién trén hinh,

Ta 1ap bang so sanh tng suit cua hai
phuong phép kiém nghi¢m bén:

Bdng 6. Bang so sanh ing sudt ciia hai phwong phdp

Chi tiét kiém nghiém Aoy
phan mém

Phwong phap sir dung

Phuong phap cong thirc truyén thong

- Ung suat chén dap tai bé mat | khop clu:

- Ung suat chén dap tai bé mat lam viéc ctua

Ro6-tuyn N A
lam vi€c cua khép cau: N
6., = 27,16 (Mpa) O = 5 =31,42(MPa)
) Ung sut xodn do luc trén | - U'ng suit xodn do Iuc trén vanh lai sinh ra:
Truc lai : . :
: vanh 1ai sinh ra [5]: T, = % = M = 49,51(MPa)
1= 48,15 (MN/m?) Wy x
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Tir bang trén, ta c6 thé thay véi viéc dua
phuong phép str dung phan mém mé phong va
thiét 1ap diéu kién bién chinh xac thi s& cho ra
két qua sai 1éch khong dang ké so véi phuong
phap tinh toan truyén théng Su sai 1éch gitra
phuong phap st dung phan mém va phuong
phép tinh toan truyén thong d6i véi ro- tuyn
khoang 10% va su sai Iéch nay co thé khic
phuc bang cach 1a thay ddi hé sé an toan. Dbi
voi truc 141, su sai Iéch gitta hai phuong phap
130,2%. Qua do, ta c6 thé két luan viéc dua cac
phan mém mé phong vao dé kiém nghiém céc
chi tiét co khi s& cho ra két qua twong ddi chinh
Xac.

7. KET LUAN

H¢ théng 1ai trg lyc dién 1a mot hé
théng dong vai tro rat quan trong trong viéc van
hanh xe 6 t6 hién dai, mang dén nhiéu loi ich
cho ca nguoi 1ai va nha san xuat xe. Bai bao da
danh gia cac phuong phap kiém nghiém khéc
nhau gitra phuong phép tinh toan truyén théng
va phuong phap phan tir hitu han bang viéc ap
dung phan mém mé phong. Két qua cho thiy sy
sai léch cua hai phuong phap nay chi la 0,2%.
Vi vay, viéc ap dung phuong phép phan tir hitu
han trong viéc tinh toan kiém nghiém cac chi
tiét trén 6 to 1a tin cdy, phuc vu cho viéc thiét
ké, kiém nghiém va san xuét trong thyc té. <

Ngay nhan bai: 15/5/2024
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KHAO SAT ANH HUONG TOC PO HAN BPEN
CHAT LWONG SAN PHAM IN 3D KIM LOAI WAAM

SURVEY ON THE INFLUENCE OF WELDING SPEED ON THE QUALITY OF
WAAM METAL 3D PRINTED PRODUCTS

Nguyén Vé Thanh Céng*, Tran Pic Luin, Nguyén Ngoc Duy,
Vii Pinh Thing, P6 Thanh Trung
Trudng Pai hoc Su pham K§ thuat Thanh phd H5 Chi Minh (HCMUTE)

TOM TAT

Pé tai “Khao sdt anh huéng toc do han dén chat lwong san pham in 3D kim loai WAAM”
rdt cap thiét va c6 y nghia thuc tién cao. Toc dg han la yéu t6 quan trong anh hiedng dén ning sudt,
cdu tric vit lidu va dé bén co hoc ciia san phcfm WAAM. Téc dé han cao cé thé gay khuyét tat nhw
16 rong va vét mit, lam giam chat heong san pham. Hién chuwa c6 nhiéu nghién ciru ddy i vé anh
hiong ciia toc dd han dén chat lwong san pham WAAM dé xdc dinh diéu kién téi wu. Nghién ciru
nay nham xdc dinh toc dé han thich hop dé ndng cao nang sudt va dam bdo chdt lwong san pham,
g6p phan hoan thién quy trinh céng nghé in 3D WAAM va dwa vao tmg dung thyc té, thay thé dan
cdc phwong phdp gia cong truyén thong.

T khéa: WAAM; Toc dé han; In 3D kim logi; Cdu triic vit liéu; Phdn tich khuyét tdt.
ABSTRACT

The study “Investigation of the Influence of Welding Speed on the Quality of WAAM Metal 3D
Printed Products” is highly urgent and practically significant. Welding speed is a crucial parameter
affecting the productivity, material structure, and mechanical strength of WAAM products. High
welding speed can cause defects such as porosity and cracks, reducing product quality. Currently,
there is limited research on the impact of welding speed on WAAM product quality, lacking
comprehensive scientific and experimental bases to determine optimal conditions. This study aims
to clarify the mechanism and relationship between welding speed and the mechanical properties
and material structure of WAAM products, thereby identifying appropriate welding speeds to
enhance productivity and ensure product quality. The research results will contribute to improving
the WAAM 3D printing process, optimizing process parameters to produce high-quality metal
components, and gradually replacing traditional machining methods with WAAM technology in
practical applications.

Keywords: WAAM (Wire Arc Additive Manufacturing); Welding Speed; 3D Metal Printing;
Material Structure; Defect Analysis.
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1. GIOI THIEU
1.1. Téng quan

- Trong nudce: Cong nghe in 3D kim loai
WAAM (Wire Arc Additive Manufacturing)
méi chi bat dau duoc nghién ctru va tng dung
tai Viét Nam trong vai ndm gan day. Cac nghién
ctru tap trung vao kha nang ing dung trong linh
vuc ché tao khudn mAu, san xuit cac bd phan
hep trong 6 t6 va tau thuy. Mot sé don vi da
nghién ctru va ché tao thanh cong may in 3D
WAAM véi cac nguyén 1y va thong s6 ki thuat
co ban. Tuy nhién, nghién ctru vé quy trinh, co
ché hinh thanh c4u trac va tdi vu hoa thong sd
dé nang cao chat lugng san pham con han ché.

- Ngoai nude: Cong nghé in 3D kim loai
WAAM (Wire Arc Additive Manufacturing) 1a
mot cong nghé in 3D st dung cung cip day kim
loai lién tuc dé tao ra cac chi tiét kim loai theo
16p bang phuong phap han MIG/MAG. Cong
nghé niy c¢6 nhidu uu diém nhu toc do nhanh,
chi phi thip, kha ning san xuat cac chi tiét 16n.
Mot $6 nghién ctru da khao sat sy phu thude
ctia co ché bién dang, ciu trac hat va o bén co
hoc vao tée do han trong in 3D WAAM cho céc
hop kim nhom, sit khong gi, titan,... [2], [3].

1.2. Co sé 1y thuyét

- Pé tai s& nghién ctru co ché bién dang
nhiét va co ché hinh thanh ciu tric kim loai
trong qua trinh in 3D WAAM ¢ céc toc do han
khac nhau. Khao sat anh huéng cua toc do han
1én ciu trac vat lidu va cac tinh chéat co hoc
ctia san pham in 3D bang thi nghiém. Céc tinh
chét nghién ctru bao gém: ¢0 hat, khuyét tat, do
chat, cuong dd kéo, do cung,...

« Vat liéu: Kim loai pho bién trong in
3D WAAM la sit va thép.

- Mo ta hinh dang ban dau mau: Mau
dé han gém 24 long dén sit day 5mm co cac
duong kinh khac nhau nho dan vao giira phoi
nhu Hinh la, long d&n dugc gia cong theo
phuong phap cit laser. O giita cac long dén 1a
16 6.3 dé két nbi tat ca cac long dén bang mot
truc ren dai (Hinh 1b).

131 8
=TT o
A &
long S AA,
A5 m
A x
e
S |
a4 = 3
i} 2% -
21

Hinh la. Kich thuéc mau trén thiét ké

Hinh 1b. Mau thuc té

* Téc d6 han: Trong khoang 200 mm/
phat dén 2000 mm/phut, chon 3 toc d0 nam
trong khoang dé€ han theo Bang 1.

Bang 1. Bang théng s6 bién trong qud trinh han

Ko B v
STT | 1 dwong han | (mm/ (mm)
mau | (A) han (mm) | phut)
(mm)
1 ]120 2 Thang | 300 17
2 120 2 Thing | 425 17
3120 2 Thing | 550 17
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Cac mau vat sau khi han: - Tc @6 t6i da cac truc: 2500 mm/pht;
- B9 chinh xac 1dp lai: <0.03 mm.

2.2. M6 hinh may thir kéo

Hinh 2a. Mau vdt sau khi han
(chwa qua gia cong tién)

Hinh 4. Universal Testing machine _ WE-1000B

Hinh 2b. Mau thir kéo sau khi gia cong Thong s6 may:

- Model: WE-1000B;

- Serial number: 72106;

- Max force: 1000 kN;

- Accuracy: = 1 %;

- Tensile test space: 0-700 mm;

- Compression test space: 0-600 mm;

- Clamping jaw: Manual/Hydraulic;

- Clamping jaw for round specimens: ®14-45
mm;

- Clamping jaw for flat specimens: 0-40;

- Compression platen: ®225 mm,;

- Piston stroke: 200 mm;

- Diameter of bending roller: ® 50 mm;

G - Mainframe dimensions: 900 x 700 x 2250
Hinh 3. May han MIG 4 truc mim;

2. MO HINH THU NGHIEM

2.1. M6 hinh may han

- Control cabinet size: 550 x 500 x 1250 mm;
Thong s6 may: - Machine power: 1.1 kW;

- Weight: 2900 kg.
- Hanh trinh truc: 300 x 260 x 250 (mm);
- Cong sut tiéu thu ti da: 1.5 kW;
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3. KET QUA THU'C NGHIEM

e meen]

Hinh 5a. Biéu do Ung sudt — bién dang sau khi thuc nghiém kéo véi mau V = 300 mm/phit.

Hinh 5b. Biéu do Ung sudt — bién dang sau khi thic nghiém kéo véi mau V = 425 mm/phiit

Hinh 6. Biéu d6 Ung sudt — bién dang sau khi thire nghiém kéo véi mau V = 550 mm/phit.

Bdng 2. Két qua dat dwoc sau khi thi nghiém kéo

Mau Téc dd han Tiét dién Luc kéo Giéi han | Luc kéo dut Gl(;,rltl?n
mm/phut mm? chay (kN chiay (Mpa kN

(mm/phit)  (mm?) y(kN) | chiy Mpa) | (kN) (Mpa)

1 300 380.13 47.01 123.70 62.60 164.60

2 425 380.13 36.49 160.80 46.80 206.10

3 550 380.13 56.39 148.30 70.80 186.10
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Qua qué trinh lam thuyc nghiém do
cudng do kéo ctia ba mau han nhu trén thi ta rit
ra duoc bang thong sé va biéu d6 nhu trén Hinh
5a, 5b, 6 va Bang 2. Ta thy rang anh huong
ctia toc d6 han 1én do bén cua san pham 1a c6
thay d6i khi san pham c6 thong s6 han nhanh
hon can ung suat 16n hon dé bi bién dang giong
véi mau khac. Hon nita, diém bén kéo cua san
pham c6 toc do cao hon thi can (g suat va luc
kéo dut 1on hon.

- Tang toc d6 han cai thién do bén kéo:
Khi ting toc d6 han tir 300 mm/phut dén 550
mm/phit, luc kéo chdy tang tur 47.01 kN 1én
56.39 kN va lyc kéo dut tang tir 62.60 kN 1én
70.80 kN. Diéu nay cho thiy téc do han cao
hon gitp céi thién kha nang chiu luc kéo cua
mdi han. Trong cac tng dung doi hoi mdi han
chiu luc kéo 16m, viéc chon toc dd han cao hon
6 thé 1a mot lua chon tdt.

- Tang toc d6 han cai thién gioi han
chay va gioi han dut: Gidi han chay tang tur
123.70 MPa 1én 148.30 MPa va giéi han dut
tang tir 164.60 MPa 1én 186.10 MPa khi toc do
han ting. Diéu nay cho thdy rang mbi han s&
chiu dugc tng suat cao hon trude khi bt dau
bién dang déo cung nhu trudce khi gay. Trong
cac ung dung can mdi han c6 d6 bén cao, vige
tang toc do han co thé giup dat duoc yéu ciu
nay.

- T6i uu héa quy trinh han: Dé dat duoc
mdi han ¢6 tinh chét co hoc tdt nhat, can toi vu
hoa toc d6 han. Toc d6 han qué thap c6 thé dan
dén mbi han yéu hon, trong khi tbc do han qua
cao c¢6 thé dan dén cac van dé khac nhu qua
nhiét hodc bién dang khong mong mudn.

4. KET LUAN
Thong qua qua trinh thyc nghiém va

phan tich két qua thyc nghiém, viéc tang toc
d6 han 1am anh huong dang ké dén kha ning

bién dang, d§ cing va cuong do kéo cua mau
han WAAM. Tuy thudc vao yéu cau thuc tién
va kha nang tmg dyng cua san pham ma sé& sir
dung miu voi tbc d6 khic nhau. Trong cac
nganh coéng nghiép nhu ché tao may, xay dung,
va san Xuét két cau thép, viéc chon téc do han
phu hop rat quan trong. V6i nhiing ing dung
yéu cau mdi han co stc bén cao, tbe d6 han cao
c¢6 thé mang lai hidu qua 16n. Tuy nhién, can
can nhic thém vé cac yéu t6 khac nhu loai vat
lidu, hinh dang méi han va diéu kién thuc té.

(*) Bong gbp cua tac gia:

- Hinh thanh y tuédng va muc tiéu nghién
ctru: P Thanh Trung;

- Thuc hién nghién ctru, thu thdp dir
liéu, phan tich dir liéu, viét va chinh sira bai
bao: Nguyén V3 Thanh Cong*, Tran Pac Luan,
Nguyén Ngoc Duy va Vii Dinh Théng.

Lo1i cam on:

Nhoém nghién ctru xin cam on Truong
bPai hoc Su pham K¥ thuat Thanh phé Ho Chi
Minh d3 tai trg kinh phi ciing nhu hd trg trong
qua trinh nhom thyc hi¢n nghién clru nay. Bai
b4o nay 1a san pham cua dé tai NCKH v6i ma
50: SV2024-242.%%
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NGHIEN Cl’U MO PHONG KIEM SOAT SU THAY BOI NHIET bO
TRONG LONG KHUON HINH CHU’ NHAT

THE STUDY SIMULATION THE CONTROL TEMPERATURE CHANGE DURING
THE RECTANGULAR MOLD CAVITIES

Tran Minh Thé Uyén*, Tran Thai Son, Phing Anh Quang,
Huynh Thi Tuyét Minh, Tran Twong Vi
Trudng Pai hoc Su pham K thuat Thanh phd HS Chi Minh (HCMUTE)

TOM TAT

Kiém sodt nhiét @6 dong déu trong khudn hinh chit nhdt dong vai tro then chot trong linh
viee ép phun, mang dén san pham chat heong thwong hang va toi wu héa hiéu qua san xudt. Nghién
cibu nay tdp trung vao viéc g dung cdc phwong phdp diéu khién nhiét do tién tién nham tao ra
méi truong nhiét Iy hoan hdo bén trong khuén. Qua viéc phdn tich téc déng ciia cdc chién hroc diéu
khién khdc nhau doi véi phan bé nhiét @3, muc tiéu ciia nghién cuu la tao ra cac san phcfm nhua

dong nhat hoan hdo, giam thiéu khuyét tdt, tir d6 ndng tam hiéu qud san xudt tong thé.

Tir khéa: Khuon phun ép nhwa, Gia nhiét bang khi néng; Diéu khién nhiét Ao khudn; Tam

khuén am; Tam khudn dwong.
ABSTRACT

Achieving uniform temperature across a rectangular mold in injection molding is a game-
changer. Not only does it guarantee top-notch product quality, but it also streamlines production.
This research delves into cutting-edge temperature control methods to unlock the perfect thermal
environment within the mold. By dissecting the impact of various control strategies on temperature
distribution, we aim to create flawlessly consistent plastic parts and minimize imperfections,

ultimately propelling overall production efficiency to new heights.
Keywords: /njection molding; Air heating; Mold temperature control; Cavity plate; Core plate.
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1. TONG QUAN

(*) T6i wu héa kiém soat nhiét dé khuén
trong diic nhya phun bing hé thong swéi khi
nong

buc nhya phun & mdt phuong phap
san xuAt phé bién va linh hoat dé tao ra cac bd
phan nhya voi nhidu hinh dang khac nhau. Tuy
nhién, dé dat duogc san phém 6 chat luong cao
va d@)ng nhat, viéc kiém soat chinh xac nhiét
do khoang khuén doéng vai trd vo cung quan
trong. Nghién ctru nay kham pha tiém ning cta
hé thdng sudi khi néng nhu mot ky thuat kiém
soat nhiét do tién tién dé t6i wu hoa diéu kién
nhiét trong khudn, dac biét tap trung vao hinh
dang canh da giac.

(*) Vai tro quan trong ciia kiém soat nhiét do

Duy tri nhiét do on dinh va déng déu
trén toan bo bé mat khuon 1a yéu td then chot
trong duc nhya phun. No tryc tiép anh hudng
dén chat lugng san pham cudi cling & mot s6
khia canh chinh:

« Tinh toan ven ciu tric: Nhiét do anh
huong dén dong chay va su hoa ran cta vat lidu
tan chay trong khoang. Nhiét do toi uvu dam bao
viéc lap day thich hop va giam thiéu ung sut
bén trong c6 thé dan dén cong vénh hodc nit
vO.

« Lép hoan thién bé mat: Nhiét do
khong dong déu c6 thé gay ra cac khuyét tat bé
mat nhu nép nhan hodc ti vét. Kiém soat chinh
xéc thuc day 10p hoan thién min mang va tham
my.

* Do chinh xéc kich thudc: Sy gian no
va co ngo6t nhiét cua khuon do bién doi nhiét
do co thé dan dén sy khong nhat quan vé kich

thude trong san pham cudi cung. Kiém soat
chinh xdc dam bdo cac bd phan tuan thu cac
thong s6 k¥ thuat mong muon.

Ngoai ra, kiém soat nhiét do hiéu qua
con mang lai nhiing lgi ich dang ké vuot xa
chat lugng san pham:

» Tang hi¢u qua san xuat: Chu ky gia
nhiét va lam mat nhanh hon dan dén thoi gian
san xuat ngan hon va dau ra cao hon.

« Giam tiéu thy ning luong: Tdi vu hoa
qué trinh gia nhiét va 1am mat giup giam thiéu
lang phi ning luong, dan dén tiét kiém chi phi
cho nha san xuét.

(*) Muc tiéu nghién ciru va gia thuyét

Nghién ctru nay giai quyét cau hoi: Lam
thé nao dé ap dung hé théng suoi khi nong nhu
mot ki thuét kiém soat nhiét do tién tién dé tdi
uu hoa diéu kién nhiét trong khoang khuén cho
dac nhya phun véi hinh dang canh da giac?

Gia thuyét co ban 1a hé thong sudi khi
néng cung cap phuong phap kiém soét va hiéu
qua dé dat dugc ciu hinh nhiét mong mudn
trong khudn, din dén:

« Chit luong san pham duogc cai thién:
Kiém soat nhiét d chinh xac s& nang cao tinh toan
ven cau tréic, 16p hoan thién bé mat va do chinh xac
kich thudc cua cac bd phan co6 canh da giac.

« Hiéu qua san xuat ning cao: Viéc gia
nhi¢t khoang khudén nhanh chéng va c6 muc
tiéu s& dan dén thoi gian chu ky nhanh hon,
tang san lugng san xuit tong thé.

* Giam chi phi san xuat: Cac dac tinh
gia nhiét va lam mat hiéu qua cua khi néng co
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kha ning giam muc tiéu thy ning luong tong
thé, dan dén tiét kiém chi phi.

2. PHUONG PHAP MO PHONG

Puoc thé hién trong Hinh 1 1a thiét ké
ctia tdm chén khi, qua trinh 1am néng cta no
duoc quan sat dé danh gia su phan bd nhiét dd
trén tam 16t nhu thé hién trong Hinh 2. TAm
16t ¢6 kich thudc 200x100 mm va do day 1
mm. Trong sudt qua trinh gia nhiét bang khi,
nhiéu loai tAm chan khi véi do day thanh 1 mm
da dugc st dung (Hinh 3) dé nghién ctru anh
huong cua khoang cach phun, d6 cao thé tich
khi va sd lugng 16 thoat khi 1én phan b nhiét
dd cua tim 16t. Thi nghiém dugc chay voi nhiét
d6 khi dau vao 1a 400°C va thoi gian gia nhiét
la 20 giay.

Hinh 1. Thiét ké cua tam chan khi

200

Hinh 2. Tam insert

bé nghién ctru sy phan bd nhiét do trén
bé mat khuén, mdt mo hinh mé phong chi tiét
d3 duoc xdy dung. Bing cach thém mot 16p
cach nhi¢t bao quanh vung gia nhiét, mé hinh
dugc don gian héa va tap trung vao hai phan
chinh: tim 16t va ving khi néng. Hinh 3 va 4
lan lugt mo ta cac diéu kién bién va mé hinh
ludi. Bang 3 liét ké cac thiét lap mo phong.

Ludi cua phﬁn insert duoc tao ra béng
k¥ thuat vu tién cac khéi 1ap phuong, va phuong
phap tao ludi gian nd dugc ap dung 10 16p trén
cac bé mat tiép xuc dé cai thién do chinh xac
cua mé phong. Mat khéi ttr dién duge sur dung
dé mo ta thé tich khi. Phin mém ANSYS duoc
str dung dé nghién ctru qua trinh gia nhiét Ex-
GMTC va sao chép cac diéu kién bién cua thi
nghi¢m. Vi nhi¢t do moi truong xung quanh
13 25°C va hé sb truyén nhiét 1a 10 W/m?K, tat
ca cac bé mat ngoai cua tam khuon déu duoc
cAu hinh dé ddi luu ty do voi khong khi lam
ché do truyén nhiét. Dé cai thién hiéu qua gia
nhiét, mot tAm 16t cling dugc dua vao thiét lap
mo phong gan tam khoang. M6 phong st dung
pham vi nhiét d¢ tir 200°C dén 400°C cho khi
dau vao.

Hinh 3. Théng sé chup khi

Bdng 1. Théng s cua dwong polyline.

STT Cao @) caa diém
INPUT
1-E 2-D 3-C 4-B 5-A
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3. KET QUA VA THAO LUAN

Céc nghién ctu trudec day da chi ra
rang phuong phap GMTC bén trong lam ting
hi€u qua nhiét d¢ khoang, cai thién hi¢u qua
gia nhiét. Tuy nhién, phuong phap nay c6 thé
khong phti hop trong mot s6 trudng hop do su
thay doi nhiét d6 trén bé mat gia nhiét. Muc
tiéu cua nghién ctu nay la danh gia hi¢u qua
ctia tim chén khi Ex-GMTC trong qua trinh gia
nhiét khuén bang cach phén tich sy phan b
nhiét do cua tdm 16t. TAm 16t 1a nguén nhiét
chinh cho may say khi, co mot cong khi nong
duy nhat va giup ting tbc do gia nhiét va do
d6ng nhét nhiét do.

Mot md hinh ludi duge st dung dé
danh gia budc gia nhiét, voi nhiét do khong
khi néng dugc dat ¢ 400°C va thoi gian gia
nhiét 1a 20 gidy. Dé tim ra hinh thirc tot nhat
cho qua trinh gia nhiét, nhiéu loai tAm chén khi
khac nhau d4 dugc thir nghiém. Bang 1 hién thi
su phan bd nhiét do trén bé mit tim 16t & cac
khoang cach phun khac nhau thu duoc tir két
qua md phong. Két qua cho thiy nhiét do tbi
da dat dugc & khoang cach phun thap hon, gitp
cai thién kha nang hép thu nhiét cua tdm 1ot.
Mat khéc, khoang cach phun dai hon cai thién
su phan bd nhi¢t d6 vi khi nong lam tang tde
d6 luu thong khi khi di qua tAm chin trude khi
thoat ra. Nhirng phat hién nay cho thay khoang
cach phun anh huong dang ké dén nhiét do va
phan bd nhiét cua tAm 16t.

Bdng 2. Két qua mé phong.

No. (1111-11;:1) (121;111)1) (131;1(;) (;411-11131) (151;1?1) P14 P15 Denta (max-min)
1 4 4 2 4 3.5 114.507 410.466 22.809
2 4 4 2 4 4 114.423 401.598 14.025
3 4 4 2 3.5 2 114.516 401.246 13.58
4 4 4 2 3.5 2.5 114.568 403.18 15.462
5 4 4 2 3.5 3 114.471 405.515 17.894
6 4 4 2 3.5 3.5 114.522 403.944 16.272
7 4 4 2 3.5 4 114.385 401.357 13.822
8 4 4 2 3 2 114.558 407.328 19.62
9 4 4 2 3 2.5 114.391 405.808 18.267
10 4 4 2 3 3 114.432 403.079 15.497
11 4 4 2 3 3.5 114.395 401.378 13.833
12 4 4 2 3 4 114.48 401.375 13.745
13 4 4 2 2.5 2 114.414 406.222 18.658
14 4 4 2 2.5 2.5 114.442 401.237 13.645
15 4 4 2 2.5 3 114.496 401.795 14.149
16 4 4 2 2.5 3.5 114.396 406.91 19.364
17 4 4 2 2.5 4 114.439 401.313 13.724
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Dua trén cac truong hgp md phong
duogc trinh bay trong Bang 4, rd rang truong
hop thir 24 cho thdy sy thay d6i nhiét do it nhat
la 41,81°C trong qua trinh gia nhiét, vdi cac
tham s6 (a, b, ¢) = (20, 20, 15). Diéu nay cho
thay khi vi tri cta tham s ¢ dich chuyén xudng
dudi, gia tri nhiét d6 giam tir 20 xudng 15. Bén
canh do6, khi gia tri cua tham s6 b bit dau dan
chuyén dich vé phia gia tri cua c, tuong Gmg voi
vi tri cua 6ng thoat, thi sy phan bd nhiét do toi
vu nhit dat dugc. Didu nay ching minh hiéu
qua ctia viéc diéu chinh cac thong sb nay dé dat
duogc diéu kién gia nhiét t6i wu.

Hinh 4. Chup khi hinh chir nhdt

4. KET LUAN

Dé danh gia sy phan bo nhiét d6 dat dugc
trong qua trinh gia nhiét bang cach sir dung tim
chan khi, cling nhu tiém nang cai thién chiéu
dai dong chdy cua vat liéu nong chdy trong san
pham dac phun, nghién ctru nay da thyc hién
cac tinh toan va thi nghiém doc lap. Nhiéu loai
tam chan khi véi kich thudc khong d6i da duoc
danh gia: duong kinh 16 vao 1a 8 mm, dudng
kinh 16 ra duogc gitr ¢ dinh & mirc 6 mm va co
sau 16 thoat khi. Khodng cach giita 16 vao va 1
ra cling dugc gitt & muc 25 mm.

Két qua cho thay khi vi tri cua diém
C thay d6i hudéng xudng dudi, gia tri nhiét
do giam tu 20 Xuéng 15. Tai vi tri B, gia tri
nhiét d6 dan dich Chuyén vé phia gia tri tai vi
tri C, day cling 1a vi tri cua 6ng thoat khi, dat
dugc nhiét do toi wu nhat. Nhimng phat hién nay
ching minh hiéu qua cua thiét ké tim chan khi

trong viéc cai thién sy phan bd nhiét d6 va toi
uu hoda qua trinh gia nhiét trong dac phun.

(*) Péng gop cua tac gia:

- Hinh thanh y tudng va muc tiéu nghién
ctru: Tran Minh Thé Uyén;

- Thuc hién nghién ctru, thu thdp dir
lidu, phan tich dir liéu, viét va chinh sira bai
bao: Tran Thai Son, Phing Anh Quang, Huynh
Thi Tuyét Minh, Tran Tudng Vi.

Loi cam on:

Nhém nghién ctru xin cdm on B Gido
duc va Dao tao da tai trg kinh phi cho nghién
cru ndy. Bai bao nay 1a san pham cua dé tai
NCKH vé6i ma s6: B2022-SPK-06. %
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THU'C NGHIEM CONG NGHE WAAM CHO SAN PHAM DANG TRUC
VOI CAC CUONG PO DONG PIEN KHAC NHAU

EXPERIMENTAL WAAM TECHNOLOGY FOR AXIAL PRODUCTS WITH
DIFFERENT CURRENT INTENSITIES

Nguyén Dirc Manh*, Nguyén Dirc Nam, Nguyén Khic Nhat,
Lwong Thanh Khanh, Pham Son Minh
Truong Pai hoc Su pham K§ thuat Thanh pho H6 Chi Minh (HCMUTE)

TOM TAT

Trong linh viee WAAM, d@é hiéu sw anh hwong ciia cuong dé dong dién dén cdc ddc trung
trong qud trinh thiee hién nhu: toc dé lang dong, kha nang két dinh giita cdc 16p phii, cdu triic vi mé
va tinh chdt co hoc ciia san phcfm dang truc la mot thach thirc quan trong. Muc tiéu cua nghién curu
la gidi quyét van dé nay, théng qua cdc thi nghiém vé cong nghé WAAM cho san pham dang truc
e thee hién trén hé thong méay CNC véi nguon nang heong han MIG/GMAW cho thay: Cuong d¢
dong dién c6 anh huwong rdt lom dén toc do lang dong, kha nang két dinh giita cac I6p phii va tinh
chdt co hoc ciia san pham.

Tir khéa: Cong nghé WAAM; Han MIG/GMAW; San xudt phu gia; Kim logi; Tinh chdt co
hoc.

ABSTRACT

In the WAAM field, to understand the influence of current intensity on process characteristics
such as: deposition rate, adhesion between coatings, microstructure and mechanical properties
of Axial products are a significant challenge. The goal of the research is to solve this problem,
through experiments on WAAM technology for axial products performed on CNC machine systems
with MIG/GMAW welding power sources showing: The current intensity has greatly affects the
deposition rate, adhesion between coatings and mechanical properties of the product.

Keywords: WAAM technology, MIG/GMAW welding, Additive manufacturing; Metals;
Mechanical properties.

1. GIOI THIEU TONG QUAN

Ngay nay, voi sy phat trién manh mé
ciia nganh coéng nghiép 4.0, nhu cau tao ra
nhirng san pham c6 kich thudc 16n, hinh dang
phirc tap, tiét kiém thoi gian va chi phi dang
dugc khach hang uu tién Iya chon. Cong nghé
in 3D 1a phuong phap co thé giai quyét duoc
van dé nay. Cong nghé san xuat nay di pho bién

trén thé gidi, su két hop giira hd quang dién 1am
nguon nhiét va day lam nguyén liéu duoc goi
la WAAM da dugc nghién clru tir nhitng ndm
1990 [1], mic du bang sang ché dau tién duoc
cAp vao nam 1925, tuy nhién tai Viét Nam van
con kha maéi mé. Nhin chung, cac nghién ctru
vé in 3D tai Viét Nam chi yéu tap trung vao
méng polymer. Cac nghién ciru vé in 3D bang
day kim loai con rat han ché. Nén viéc nghién
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clru va cai tién quy trinh in 3D bang day kim
loai nham nang cao chit luong san pham 13 vo
cung can thiét. Nhu vy, linh vuc nghién ctu
ctia dé tai nam trong xu thé chung cua thé gidi,
phil hop véi dinh hudng phat trién cong nghé
tai Viét Nam. Cac két qua nghién ctru c6 thé
ung dung rong rai trong nganh hang khong vii
try, nganh hang hai, nganh 6 to,...

2.COSO LY THUYET

Pé tai nghién ciru vé sy anh hudng cia
cuong d6 dong dién dén chit luong san pham
dang truc, khi sir dung phuong phap in 3D bang
day kim loai. Str dung nguyén ly cua qua trinh
han hd quang, trong d6 mot dong dién dugc st
dung dé tao ra cam bién han giira day han va bé
mit 1am viéc kim loai. WAAM st dung thiét
bi han tiéu chuén sin cé: nguén dién han, mo
han va hé thong cap day [2]. Chuyén dong co
thé duoc cung cip bang hé thong robot (hinh a)
hodc hé théng may CNC (hinh b). WAAM loai
bo cac budc ché tao truyén thong bang cach xay
dung san pham tir dir liéu ky thuat sb, giup tao
ra san phdm c6 hinh dang phuc tap ma khong
can khudén miu hay coéng cu dit biét.

Hinh a

Hinh b
Hinh 2.1. Hé thong robot (hinh a) va hé thong mdy
CNC (hinh b)

Uu diém cta phuong phép gia cong ndy
la: san xuat voi toc do nhanh vi ty 1€ lang dong

WAAM dua trén GMAW cao hon 2-3 1an so
v6i cac ky thudt dua trén GTAW hodc PAW,
tinh tiy chinh cao, tiét kiém nguyén vat liéu,
tiét kiém chi phi, dat biét 1a co thé tao ra cac san
pham c6 kich thudc 16n v6i hinh dang phirc tap
[3]. Tuy nhién, WAAM dua trén GMAW kém
6n dinh hon va tao ra nhiéu tia ltra han va khoi
han hon do dong dién duoc cap truc tiép vao
nguyén liéu tho.

Hinh 2.2. Hé thong WAAM va cdc nguon ndng
luwong ho quang khac nhau co thé dwoc s dung.

Hién nay, cong ngh¢ WAAM dang dugc
nghién cru manh trén thé gio1, dac biét trong
khoang 15 nam tr¢ lai day. Trong d6, Pai hoc
Cranfield, Vuong qudc Anh 1a don vi din dau
nghién ctru va phat trién cong nghé nay. Tinh
dén thoi diém hién tai, moi c6 duy nhat Pai hoc
Cranfield va cong ty WAAM 3D da nghién ctru
va hoan thién h¢ thong cong nghé WAAM, bao
g6m hé théng phan cimg, phan mém di kém va
bat dau thwong mai hoa hé théng WAAM trén
thi truong trong ndm 2022. Bén canh d6, My,
Phap, Trung Quéc, Han Quéc, Ue,... cling 1a
nhimg nudc dau tu, nghién ctru va phat trién
manh vé cong nghé nay [4].

3. PHUONG PHAP

Phin ndy cung cdp thong tin vé tiéu

chuin TCVN-5400 dé xac dinh d6 bén kéo cua &
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mau WAAM 3D dang truc. Ngoai ra, phan nay
con cung cap ve quy trinh san Xuat mau, cac
thong sb thiét ké va may thir nghiém.

Trong phuong phép han bdi dép, cudng
d6 dong dién c6 anh huéng 16n dén chét lugng
va d6 bén cua san phém Cuong do dong dién
dugc kiém soat tryc tlep trén may in. Khi cuong
do dong dién qua thdp s& dan dén hlen tuong
mbi han khong du lién két v6i vat liéu nén hodc
xut hién cac 16 khi ma ching ta c6 thé thay
duogc tir bén ngoai, nhu hinh dudi day:

Hlnh 3.1. Mdu thir san xudt theo phu'ong phap
WAAM trén hé thong mday CNC xudt hién 16 khi

4. THIET KE MAU THU

Budc dau tién trong nghién ctru 13 thiét
ké mau thir ¢ xac dinh d¢ bén kéo theo tiéu
chuan TCVN 5400 va md hinh 3D dugc tao
trén phan mém Inventor 2025 dwa theo hinh
dang va kich thudc cta tiéu chudn.

I
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Hinh 4.1. Méu kéo tiéu chuan TCVN-5400

5. SAN XUAT MAU THU

Bdng 5.1. Théng sé ciia mau thir

SPECMENT
PARAMETER
A B C
Cuong d6 dong dién
1(A) 110 120 130
Offset (mm) 2.25 2.25 2.25

Van toc miii han

( phiif) 450 450 450

Géc xoan (dd) 180 180 180

Ty 18 16p dép (%) 70 70 70

Véi cac thong sb quy trinh da chon,
mau thtr nghiém dugc chuén bi thong qua bon
budc duoc liét ké duoi day:

1) M6 hinh ba chiéu (3D) ctia mau thu
dugc chuan bi thong qua phan mém thiét ké
Inventor 2025. Nham xéc dinh phuong phép in
phu hop.

2) Tao chuong trinh G-code va tién
hanh nhap vao may CNC. Nham thiét 1ap hinh
dang chi tiét can san xudt vao may.

3) Mau duoc tao ra sau khi diéu chinh
thiét 1ap may.

4) Méu dugc lay ra khoi may sau khi
thuc hién hoan tit chuong trinh gia cong va tién
hanh loai bo cac vat liéu con thira.

6. KIEM NGHIEM VA BAO CAO

Sau khi qua trinh san xuit mau hoan
tat, thir nghiém do bén kéo duogc thuc hién dé
tim d6 bén kéo va d6 bién dang cuia mau. May
kéo van ning WA-1000B duoc sir dung dé thir
nghiém.
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Clamp jaw
Pull model

Hinh 6.1. Kiém tra do bén kéo ciia mau
7. KET QUA THU'C NGHIEM
Két qua thir nghiém cac mau vat duoc
mo ta trong ké hoach thir nghi¢m cé két qua

kéo nhu biéu dd duéi day:

515.149

'E‘J | I I

Cuing dd dong dién Cudng djccnjjﬂnCuongdojjntimn
1104 1304

Max-stress average
(MPa)

Hinh 7.1. Biéu dé thé hién do bén kéo ciia mau thir

Trong mot biéu d6 kéo, do bén kéo dut
1a chi s6 khong thé thiéu. V&i cac mau thir co
cuong do dong dién 110A, 120A, 130A thi co
d6 bén kéo tuong tmg 14 465.4 Mpa, 515.1 Mpa,
484.5 Mpa. Day 1a chi s6 vo cung quan trong,
vi n6 biéu thi cho cudng do cing t6i da ma vat
lidu c6 thé chiu dugc trude khi bi dut giy. Do
bén kéo dut phu thude chu yéu va thanh phan
hoa hoc, qua trinh san Xuét va xir 1y nhiét cua
vat liéu.

40 404.2
- 3543

Cirirng dd dong
@ién 1104

Upper yield (KN)

Curirng dd dong
dign 1204

Curirng dd dong
dién 1304

Hinh 7.2. Biéu do thé hién do bén chay ciia mau thir

Ta thay lan luot cac miu thir véi cudng
do dong dién 110A, 120A, 130A c6 gidi han
chay lan lugt & mirc 347.8Mpa, 402Mpa,
354.3Mpa. Pay 1a mot chi sd quan trong dé
danh gia tinh chat co hoc cua vat liéu, 13 noi
ma vat liéu bat dau chay va bién dang vinh vién
dudi tac dong cua tai trong. Trong thuc té, cac
nha thiét ké st dung chi s6 nay dé lua chon vat
lidu phii hop véi nhu ciu tai trong can ding.

Day dan hoi 1a chi s6 kha duoc cha ¥,
cac mau co cuong do dong dién lan luot 110A,
120A, 130A tuong tmg v6i diy dan hoi 54.4%,
62%, 58%. Pay 1a phan cta biéu d6 kéo bén ma
vat liéu van c6 thé phuc hoi vé trang thai ban
dau ma khong gy ra bién dang vinh vién sau
khi &p luc bi loai bo.

Nhin chung ta c¢6 thé thiy, cuong do
dong dién c6 anh huong 16n truc tiép dén tinh
chit co hoc cua san phém. Nhung thyc té,
cudng do dong dién cang ting thi d6 bén kéo,
gidi han chay va ddy hoi khong chic sé ting vi
trong quy trinh han cudong do cao, dong di¢n
16n s€ tao ra nhi¢t lugng 16n, gay ra nhiéu anh
huong dén vat liéu. Duéi ap luc nhiét do cao,
vat liéu c6 thé bi bién dang, lam giam do bén
ctia diém han. Piéu nay c6 thé dan dén viéc han
khong dong déu hodc kém chat luong. Dé co
Kkét qua han tét, viéc kiém soat ca dong dién la
rat quan trong.
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Hinh 7.3. Biéu do thé hién do dan dai ciia chi tiét
8. KET LUAN

Th()ng qua qua trinh thuc nghiém va
phan tich két qua thyc nghiém, viéc tang cuong
do dong dién lam anh hu’O’l’lg dang ké dén toc do
lang dong, kha ning két dinh giira cac 16p phu
c4u triic vi md va tinh chét co hoc ctia san pham
dang truc. Mot cuong do dong dién cao s€ tao
ra mot mdi han co do cirng cao hon, trong khi
mot mdi han c6 cudong do dong dién thap hon
s& tao ra moi han c6 d6 déo cao hon. Tuy thude
vao san pham c6 yéu cau vé do ctmg va do déo
cu thé thi ta s& xem xét str dung cuong d6 dong
dién phu hop, tir d6 gitip tiét kiém chi phi, ting
hiéu suét, tang hiéu qua kinh té.

(*) Pong gop cia tac gia:

- Hinh thanh y tuéng va muc tiéu nghién
cuu: Pham Son Minh;

- Thyc hién nghién ctru, thu thdp du
liéu, phan tich dit lidu, viét va chinh sira bai
b4o: Nguyén Pirc Manh, Nguyén Pirc Nam,
Nguyén Khic Nhat va Luong Thanh Khanh.

Loi cam on:

Nhoém nghién ctru xin cam on Truong
Pai hoc Su pham K¥ thuat Thanh phé HO Chi
Minh d3 tai trg kinh phi ciing nhu hd trg trong
qua trinh nhom thyuc hi¢n nghién clru nay. Bai
bao nay 1 san pham cua dé tai NCKH véi ma
s6: SV2024 — 246,
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Ngay phan bién: 05/6/2024
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NGHIEN CU'U THIET KE VA CHE TAO KHUNG CAU CHU’ A LAP
TREN TAU KHAO SAT MOI TRU'ONG BIEN

RESEARCH ON DESIGN AND MANUFACTURE OF A-FRAME CRANE MOUNTED
ON A SHIP FOR SURVEYING THE SEA ENVIRONMENT

ThS. Vii Pinh Trang', ThS. Phung Céng Diing?, ThS. Nguyén Xuin Hoa2 TS. Bui Vin Trim*
'Vién Cong nghé, Tong cuc Cong nghiép Quoc phong
*Truong Pai hoc Cong nghé Giao thong Van tai

TOM TAT

Bai bao gioi thiéu ngi dung nghzen citu nam trong Pé tai nghién ciru Khoa hoc Cong nghé
cdp Bé Tai nguyen va Moi truong, ma so: TNMT 2022.03.11. Noi dung bai bdo dé cdp dén phwong
phap thiét ké va ché tao khung cau chit A linh hoat phuc vu kéo tha thiét bi nghlen ciiu, diéu tra,
khao sat tai nguyén méi truwong bién. Két qua nghién civu dd thiét ké va san xudt thanh céng khung
cdu chiv A ldp trén tau khdo sat méi truong bién bang trinh dg va ndng lyc co khi trong nudc.

Tir khéa: Ché tao khung cdau chiv A; Thiét bi ndng trén tau; Kéo thiét bi quan trdc bién.
ABSTRACT

The article introduces research contents in Ministry of Natural resources and Environment
project, code: TNMT.2022.03.11. The paper refers to the design and make method of A-frame crane
to drag and drop marine monitoring device. The results of the study have successfully designed and
manufactured A-frame crane mounted on a ship for surveying the sea environment by level and
mechanical capacity in Vietnam.

Keywords: Manufacturing A-frame crane; Lifting equipment on ships;, Drag marine
monitoring device.

1. PAT VAN DE nhu quy hoach khai thac, sit dung bién theo
mot thé théng nhat [1; 2].

biéu tra, nghién ctu khoa hoc bién la

cong viéc quan trong, dugc cic qudc gia trén
thé gi6i, nhat 1a cac qudc gia ¢ bién chu dong
trién khai, nhim cung cap céc luan ctr khoa hoc
vé diéu kién ty nhién, moi truong, tai nguyén
bién cung cic quy ludt, quy trinh bién,... va
murc d6 bién d6i ctia cac yéu td néi trén dé phuc
vu viéc hoach dinh chinh sach, chién luoc ciing

C6 nhiéu loai trang thiét bi khac nhau
dé phuc vu viéc diéu tra, khao st bién, trong do
khung cau chit A linh hoat 12 mét thiét bi quan
trong hd trg dic luc cho viéc trién khai cac thiét
bi thdm do [3; 4]. Hién nay, viéc diéu tra, khao
sat bién ctia cac co quan nghién ciru trong nudc
chua duoc bién ché tau khao sat ddc ching, hau
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hét cdc cong trinh nghién ctru, khao sat bién déu
tan dung cac phuong tién tau va can cu sin co
tir cac don vi khac, dan ti ting chi phi do phai
thué thiét bi. Mat khac, cac thiét bi hd tro nay
con chua phi hop voi cac thiét bi chuyén ding
diéu tra, khao sat bién, gay khé khin khong nho
t6i tién dd va hiéu qua cua cong viéc khao sat
bién [2; 3]. Chinh vi vy, can nghién ctru thiét
ké va ché tao khung c4u linh hoat chit A 1ap trén
tau khdo sat moi truong bién nham thuc hién
cong viée duge an toan, hiéu qua va ning suit
cao [4-6].

2. TINH TOAN THIET KE KHUNG CAU
CHU A LAP TREN TAU KHAO SAT MOI
TRUONG BIEN

2.1. Phwong 4n thiét ké

Qua thu thip sb liéu va khao sat két
céu khung cdu ldp trén tau bién dugc ché tao
& trong va ngoai nudc [1-5], thiy rang c6 cac
dang két ciu nhu sau:

Hinh 1. Két cau nang ha kiéu can truc.

Hinh 2. Két cau dang khung cau chir A

Tur diéu kién thuce té va can clt vao nang
luc con nguoi, tiém ning co khi trong nudc,
nhom tac gia chon phuong 4n 2 (Hinh 2) dé tinh
toan thiét ké co cdu nang ha hang lap trén tau
khao sat moi truong bién. Két ciu cia phuong
an thiét ké dugc mo ta cu thé nhu Hinh 3.

Hinh 3. So do két cdu khung cdu chir A.
Trong d6: 1. Tau bién; 2. Cum tang toi;
3. Dé lién két: 4, 6. Xy-lanh thuy luc,
5. Co cdu hinh thang; 7. Can; 8. Xa ngang gii

puly; 9. Cum moc cau.
2.2. Tinh toan két ciu thép

Theo tai liéu [3], bai bao nghién clru
khung cau chit A cho tau bién phuc vu nhiém
vu kéo tha thiét bi nghién ctru, diéu tra, khao sat
tai nguyén moi truong bién, tap trung phan tich
sau vé két ciu, tm voi, kha nang hoat dong
clia céc loai ciu chit A c6 tai trong tur 5 dén 15
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tan dé 1am co s& nghién ctru, thiét ké khung cu
chir A. Khung cau gdm 2 doan véi 2 hé thong
thuy luc dé diéu khién viéc nang 1én, ha Xuéng
cling nhu viéc kéo vao va déy ra khoi man tau;
chiéu cao t6i da 8m, sirc nang tdi da 15 tan.

- Két céu khung thép cua cum dé bao
g6m 02 dam doc va 02 dam ngang duoc lip véi
nhau béng cac lién két bu long, cum dé duge
han tryc tiép vao mat boong tau, trén 2 dam
doc ¢ cac gbi dé 1ap cum hinh thang va cum
xy-lanh vuon ciia khung cau.

*

! 5440

I — L
[ 575

Hinh 4. Két cau cua cum dé khung cau

127!

- 1935 -

NN

Hinh 5. Két cau cum hinh thang

- Két cdu cum hinh thang 14 khung thép
c6 04 1 bat chdt dé lién két cum hinh thang véi
cum dé, cum dim doc va cum xy-lanh vuon,
cum xy-lanh can.

- Cum dam dung 1 khung thép két cau
trén d6 c6 02 16 bt chét dé lien két véi cum
hinh thang va cum xy-lanh cin, dau bich cia
cum dé lién két bu 1ong véi cum dam vudng.

- Cum dam vudng dai 1 khung thép két
cau trén do c6 dau bich dé lién két bu long voi
cum dam duing va cum dam ngang.

- Cum dam vudng ngan 1a khung thép
két céu trén d6 c6 dau bich dé lién két bu 16ng
v6i cum dam ding va cum dam ngang.

- Cum dam ngang 1 khung thép két ciu
trén d6 c6 02 dau bich dé lién két bu 1ong véi
02 cum dam vudng. Dam ngang ¢6 03 vj tri 1

treo puly dé sir dung linh hoat cho cac thiét bi
khao sat.

J—
| ——

Hinh 6. Dam dimg

B &
. w0 4 l

i

.

T

]

A

Hinh 7. Cum dam vudng

Hinh 8. Cum dam ngang

St dung phan mém SAP2000 tinh toan
két cau thép cac cum may véi cac budc sau:
Xay dung so dd hoa; khai bao vat liéu; khai bao
mat cat; khai béo tai trong va to hop tai trong;
xdy dung so dd tinh (khai bao lién két, mat cit,
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tai trong chi tiét); chay phan mém, xuat két qua
(biéu do, bang tinh); kiém tra kha ning chiu tai
va t6i ru mat cat. Trong qua trinh tinh toan thiét
ké ¢o cac két qua sau:

Hinh 9. Ldp ghép két cau khung ndng

Hinh 10. So dé tinh, dat luc

URES (mm)
7601
l 6.968
L 6334

- 57m

_ 5067

_ 4434

_ 380

_ 3167

. 2534

. 1900

1.267
l 0633
0.000

Hinh 11. Két qua phdn tich chuyén vi

Téi wu két cdu bang phan mém
SAP2000, ta dugc khung chinh lam bang thép
dic c6 mit 40x160mm; khung d& phéu chira
dung thép C60 chdng va thép C100 dé giang;
phéu chira dung ton 4mm.

2.3. Tinh toan hé théng thiy hrc

Noi dung tinh toan thiét ké mach thuy
luc sé tinh chon va kiém nghiém phﬁn tuo thuy
luc khi ldp ghép vao mach nham dam bao cac
thong s6 vé ap suét, luu lugng va cong suat dé
thuc hién chuc nang cta khung nang chir A.
Qua khao sat chirc nang va pham vi hoat dong
ctia khung nang, thiét ké duoc so dd mach thay
luc dan dong hé thdng khung nang (Hinh 12).
Céc phan tor thuy luc dugc tinh chon dua tren
yéu cau vé ap suét, luu lugng va cong suit can
c6. Thong s6 k§ thuat ctia cac phan tir thiy luc
thé hién ¢ Bang 1.

Hinh 12. So @6 mach thuy lyc dan dong hé théng
khung nang.

1. Béng co dién; 2. Bom thity luc; 3. Thing dau
thuy lyc, 4. Van an toan bao vé bom, 5. Loc dau;
6. Van an toan loc dau; 7. Pong ho do dp sudt
duong dcfy; 8. Van 4 cira 3 vi tri; 9. Van tiét luu 1
chiéu; 10. Van chia luwu luong; 11. Van chéng tut;
12. Xy-lanh ra, vao cum hinh thang; 13. Xy-lanh
ra vao can
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Bdng 1. Théng sé kj thudt ciia phan t thity liec trong hé thong

TT Tén goi SL Ky hiéu A(I;)::)at I(Jh%/gg:l‘tg)
Pong co dién dan ddong bo nguon
! th{aygluc 45 kW, 1500 %g/;}hagt 01 EM-225M-4 - -
2 | Bom ngudn thiy luc 01 HDS-84 350 126
3 | Béauloc 01 ME-20 - 700
4 | Puodng ong thuy lyc, phi 25mm DBK 280 -
5 | Thung dau, 420 lit 01 KSS-250 - --
6 | Van phan phi 02 | HUSCO-2101143201 - -
7 | Xy-lanh dai, 130mm 02 YR8XOH 280 82
8 | Xy-lanh ngén 02 MZ82CC 280 82
3. CHE TAO SAN PHAM 4. KET LUAN

Sau khi thiét ké, tinh toan va san xudt
ban vé k¥ thuat, ban vé cong nghé cac hé thong
két cAu thép, hé thong thuy luc va hé théng diéu
khién thi tién hanh ché tao san pham. Qua trinh
san xuét, ché tao san phém duoc thuc hién tu
cac chi tiét, cum chi tiét dén cum téng thanh va
lép rap, thir nghiém hoan thién h¢ khung nang.

Hinh 14. Hoan thién va thur nghiém san ph(fm trén
tau Bach Long Vi (SV45-01)

Trong qua trinh thiét ké va ché tao
khung ciu chit A linh hoat phuc vu kéo tha thiét
bi nghién ctru, diéu tra, khao sat tai nguyén moi
truong bién theo nhiém vu ctia D& tai nghién
ctru Khoa hoc Cong nghé cap Bo Tai nguyén va
Mbi truong, ma sd6: TNMT.2022.03.11, nhom
tac gia c6 cac két luan sau day:

- Pa phén tich két cdu, phan tich hé
thong va dua ra dugc phuong an thiét ké, ché
tao san pham phu hop va hi¢u qua;

- ba su dung phﬁn mém hién dai SAP
2000 dé tinh toan két cau thép cua khung nang
va str dung cac phan mém Inventer va Autocad
dé thiét ké ban v& va xac dinh thong sé dong
luc cua hé théng;

- Pa thiét ké moi hé thong truyén dong
thay luc, h¢ thong dicu khién véi do tin cay cao;

- P ché tao thanh cong hé thong khung
nang chit A, lap rap hé thong khung nang lén
tau Bach Long V1 va thir nghiém thanh cong hé
thong;
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- Noi dung bai bao da xay dung dugc

co s& khoa hoc, giai phap cong nghé khi thiét
ké ché tao khung nang chir A lp trén tau khao
sat tai nguyén moi trudng bién ciing nhu cc hé
thong nang ha c6 tinh ning twong dong. <

Ngay nhan bai: 15/7/2024
Ngay phan bi¢n: 18/8/2024
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NGHIEN C(rU, PANH GIA CHAT LUONG BE MAT CHI TIET
KHI PHAY CO S HO TRO CUA RUNG SIEU AM

RESEARCH AND EVALUATION OF SURFACE QUALITY OF MACHINED PARTS
WITH ULTRASONIC VIBRATION-ASSISTED MILLING

Trwong Minh Piic, Nguyén Tuin Hung
Khoa Co khi, Truong Pai hoc Kinh té — K§ thuat Cong nghiép

TOM TAT

Nghién ciru nay diéu tra va danh gid chat lirong bé mdt cia cdc chi tiét gia cong trong qud
trinh phay dwoc hé tro boi rung dong siéu am. Phay c6 ho tro siéu am (UAM) la mot kj thudt gia
cong tién tién tich hop cac rung dong tan sé cao vao quy trinh phay théng thuong dé nang cao hiéu
sudt. Nghién ciru tdp trung vao viéc kiém tra, danh gia chat lwong bé mat khi gia cong cé ho tro
rung siéu dm va gia cong thong thuwong. Qua hang loat thir nghiém, c¢é thé danh gid phwong phdp
rung siéu am cé chat lwong bé mdt tot hon phiong phdp gia cong thong thwong. Cdc phat hién cho
thdy rdng viéc ap dung rung dong siéu am givp cdi thién dang ké do hoan thién bé mat, gidm mdi
mon dung cy va ndng cao do chinh xdac cua cdac bo phdn gia cong so voi cac phwong phdp phay
truyén thong. Nghién ciru nay gép phan nang cao s hiéu biét vé UAM va irmg dung céng nghiép
nham dat dwoc chdt lwong bé mdt trong gia cong chinh xdc.

Tw khéa: Phay co hé tro siéu am; Chat luong bé mat; Bo nham bé mat; Pé chinh xdc gia
cong; Do rung siéu dm; Thong so phay; Do mon dung cu,; Gia cong chinh xdc.

ABSTRACT

This research investigates and evaluates the surface quality of machined parts during
ultrasonic vibration-assisted milling. Ultrasonic-assisted milling (UAM) is an advanced machining
technique that integrates high-frequency vibrations into conventional milling processes to enhance
performance. The research focuses on testing and evaluating surface quality when machining
with ultrasonic vibration support and conventional machining. Through a series of tests, it can
be evaluated that the ultrasonic vibration method has better surface quality than the conventional
machining method. The findings show that applying ultrasonic vibration significantly improves
surface finish, reduces tool wear, and enhances the precision of machined parts compared to
traditional milling methods. This study contributes to improving the understanding of UAM and its
industrial application to achieve surface quality in precision machining.

Keywords: Ultrasonic-assisted milling; Surface quality;, Surface roughness, Machining

accuracy, Ultrasonic vibrations, Milling parameters, Tool wear, Precision machining. &
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1. PAT VAN PE

Trong nganh cong nghiép ché tao, chat
luong bé mit cua céc chi tiét gia céng déng vai
trd quan trong, anh huong truc tiép dén tinh
nang va tudi tho cta san pham. Cac phuong
phap gia cong truyén thong mic du da dat dugc
nhiing tién bo dang ké nhung van gip nhiéu
han ché, dic biét 1a khi gia cong cac vat lidu
ctimg hodc khi yéu cdu d6 chinh xac cao. Bé
khic phuc nhing han ché nay, cong nghé phay
c¢6 su hd trg cua rung siéu am (UAM) di duoc
phat trién va tng dung r6ng rai. UAM la kS/
thuat gia cong tién tién két hop rung dong tan
s6 cao vao qua trinh phay thong thuong nhim
cai thién hiéu suét gia cong. Mac du UAM da
dugc nghién ciru va ap dung trong nhiéu linh
vuc, van can c6 nhiing nghién ctu chi tiét
va toan dién dé danh gia cu thé hiéu qua cua
phuong phap nay ddi vi chat luong bé mit chi
tiét. Viéc hiéu rd hon vé cach thirc rung siéu am
anh huong dén qua trinh gia cong Va két qua bé
mat s& gitp toi wu hoa cac thong so gia cong,
nang cao chat luong san pham va giam chi phi
san Xuat.

Bai b4o nay tap trung nghién clru va
danh gia chat lugng bé mat chi tiét khi phay
c6 su hd tro cia rung siéu am, so sanh véi
phuong phap phay thong thuong. Thong qua
cac thi nghiém va phan tich két qua, bai bao s&
lam sang to nhitng vu diém cta phuong phap
UAM, cung cap co s& khoa hoc va thuc tién
cho vi¢c ing dung cong nghé nay trong nganh
cong nghiép ché tao. Nam 2019, V.S. Sohna va
cong su da nghién ctru anh hudng cua rung siéu
am dén chat lugong bé mat va dd mon cua dao
cu trong qua trinh gia cong hop kim Ti-6Al-4V
[1], cling trong ndm nay thi tac gid R. Kozak va
cong su cling nghién ctru vé tac dong ciia rung
siéu Aam dén dic tinh bé miat va lyc cit trong
qua trinh gia cong vat liéu kho cdt [2]. L. Lu va

cong su thi tap trung vao viéc nghién cuu cai
thién chat luong bé mit san pham va ting tdc
qué trinh gia cong bang rung siéu 4m trong qué
trinh tién vat liéu Al6061 [3], Rudranarayan
Kandi va cong sy da mo phong luc cit va nhiét
& dau dung cu anh hudng dén d6 nham bé mat
cling nhu mot sb tac gia khac ciing da chimg
minh rung siéu 4m lam cho lyc cit giam di
dang ké va cai thién duoc chit lugong bé mat

[4], [5], [6].
2. NGUYEN LY HO TRQ RUNG SIEU AM

UVM doc tryc la cong nghé gia cong
dya trén phay thong thuong (CM) véi su hd
trg cua rung dong siéu am phoi rung doc theo
huéng nap. Trong nghién ctu nay, dao dong
siéu am voi tin hiéu hinh sin dugc tdc dong 1é€n
phoi, c6 thé 1am cho phéi dao dong véi tan s6
cao va bién do thap trong qua trinh gia cong.

Nguyén ly hoat dong cua phuong phép
gia cong phay voi sy gip do cua rung siéu
am (utrasonic vibration-assisted milling) 1a st
dung dao cat dé cat chat liéu trong khi 4p dung
rung siéu 4m c6 tan sb cao.

Khi dao cit tiép xtic voi bé mat gia
cong, rung siéu &m duoc truyén vao phoi va tao
ra dao dong nho, ting cuong kha ning cit cua
dao. Vi rung siéu am, luc cit tré nén nho hon
va dé dang hon dé dao cit bi mai mon va giam
d6 bén. Ngoai ra, ap dung rung siéu am ciing
gitip tao ra bé mit gia cong min hon, giam do
Xudc va cai thién chit lugng san pham.

Céc tham sb quan trong trong qua trinh
phay co sy trg gitp do cua rung si€u am bao
gdm tan s6 rung siéu 4m, bién d6 dao dong, tbe
do cat, do sau cat va do day cua 16p cit. Viéc
diéu chinh cic tham sb nay sé anh hudng dén
hiéu qua ctuia phuong phép gia cong nay.
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Nhu trong hinh 1, dao phay ding dung
dé phan tich qua trinh phay, quy dao dau dao 1a
mot duong cong xyclo, nhu hinh 2, trong d6 A
1a diém bat dau ctia qua trinh cat, O 1a tam dao
phay trong thoi diém nay Trong mot chu ky
cit, diém chay dao dat dén diém B va tdm dao
di chuyen dén diém O,, sau do khoang cach tir
diém A dén diém B la bude tién dao trén mdi

vong quay.

Hinh 1. Huong rung dong chinh trong qua trinh
phay co ho tro rung siéu am

‘

Hinh 2. BPuong di cua dao phay mot canh trong
1,5 chu ky

Trong hinh 2, tdc do tién dao va thoi
gian cit c6 thé anh hudng truc tiép dén quy dao
chuyén dong cia tdm dao phay. Bén canh do,
quy dao dau dao con bi anh hudng bai toc do
truc chinh va ban kinh dao phay.

Phuong trinh quy dao cua tdm dao phay
la:

xg=fz-N.n.t,
}Jn —
Phuong trinh quy dao ctia miii dao la N*:

Xp = fo-N.n.t +7r.5in(w.t — n.¢@),
Vo =71.cos(w.t — 1. @),

Trong do:

- f,1a budce tién dao trén mdi ring;
-1 1a téc d¢ tryc chinh;

- t 1a thoi gian cit;

- r 1a ban kinh dao phay;

- ® 12 tan sb goc quay cua dao;
-opla goc giita cac rang lién ké;

- N 1a s6 cua céc canh cit.

Dao phay loai 3 canh dugc xem xét, do
d6n =0, 1 va 2. Pé quan sat chuyén dong cua
ludi dao trong qué trinh phay mdt cach truc
quan hon, tde do tién dao duge dat 1a 40 mm/
phut va ban kinh dao 1a 8 mm.

Ngoai ra, phuong trinh quy dao cua tim
dao phay la:

xg = fobNnt + Asin(2nft + ),

v = 0.

Phuong trinh quy dao ctia miii dao la:

Xp = fpNnt + Asin(2uft + ¢¥) + rsin(wt — N¢),
Vv, = T cos(wt — N¢p),

Trong do:

- Ala bién d¢ dao dong;

- f1a tan sb dao dong;

- ¥ 1a goc pha ban dau cua tin hiéu dao
dong.
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Quy dao phay c6 hd tro rung dong cua
mdt trong cac miii dao don dugc md phong
bang Matlab nhu thé hién trong Hinh 3. Cong
viéc nay chu yéu tip trung vao rung dong
huéng tién dao, bao gdm anh hudng cua bién
d6 rung siéu am, tién dao trén mdi ring va tbc
do truc chinh d6i véi luc phay, do chinh xac gia
cong phoi va do chinh xac kich thudec.
"r-_-""l

i
1
1
[ ]

h Pyl B phang Y jnes

4 e
] ] | ] i
AN s Pl B BEES B PRE

Hinh 3. Quy dao cua dao

Gia cong phay c6 hd trg clia rung siéu
am doc truc la cong ngh¢ gia cong dua trén phay
thong thuong véi sy hd tro clia rung dong siéu
am phoi rung doc theo huéng chuyén dong.
Trong nghién ctru nay, dao dong si€u am véi
tin hiéu hinh sin dugc tac dong 1én phéi, co thé
lam cho phéi dao dong véi tan sé cao va bién
d6 thap trong qua trinh gia cong.

Nguyén 1y hoat dong cua phuong phap
gia cong phay voi su gitp d& cua rung siéu
am (utrasonic vibration-assisted milling) 1a st
dung dao cit dé cat chat lidu trong khi ap dung
rung siéu 4m c6 tan sb cao.

Khi dao cat tiép xuc v6i bé mit gia
cong, rung siéu am duoc truyén vao phoi va tao
ra dao dong nho, ting cudng kha ning cit cla
dao. Véi rung siéu am, luc cit trd 1én nho hon
va dé dang hon dé dao cit bi mai mon va giam
d6 bén. Ngoai ra, ap dung rung siéu am ciing
gitip tao ra bé mit gia cong min hon, giam do
xude va cai thién chét luong san pham.

Céc tham s quan trong trong qua trinh
phay c6 su trg gitip d& cua rung siéu am bao
gdm tan s6 rung siéu am, bién d6 dao dong, tdc
do cat, do sau cat va do day cua 16p cit. Viée
didu chinh cic tham sb nay s& anh huong dén
hiéu qua cua phuong phép gia cong nay.

3. NGHIEN CUU THUC NGHIEM

- Lap dat hé théng rung siéu 4m 1én may
phay CNC OKK, két n6i dau rung si€éu am voi
nguodn phat siéu am.

- Hé théng rung si€u am dugc kep chat
trén eto, phoi dugc kep chat nhu trén hinh vao
d6 ga va rung dong siéu am duoc truyén truc
tiép vao phoi.

* Thong s ky thuat

« Ngudn phat siéu am:
+ Cong sut: 1,5kW;

+ Dién ap: 220V;

+ Trong luong 6kg;

+ Xuét xtr: Trung Qudc.

« Diu phat song siéu am:

+ Cong suit: 60W;

+ Tan s6 phat song siéu am: 20kHz;
+ Trong luong: 1kg;

Hinh 4. Hé thong gia cong phay cé hé tro rung
siéu am
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- Sau khi lap dat xong, tién hanh thyc
nghlem 14 1an gia cong d6i voi g1a cong phay
c¢6 hd trg cla rung siéu am va 14 1an gia cong
phay khong c6 hd tro cta rung siéu am véi
cung ché do cit.

Do chat lugng bé mit sau khi gia cong
duoc danh gia két qua trén may do do nham SJ-
310 Mitutoyo voi thong so k¥ thuat:

- Pham vi do: Tir 0 dén 160 pm;

- B9 chinh xac do: £0,005 pm;

- Bo lap lai: £0,001 um;

- Chu triic cam bién: Cam bién dién

- PAu do: Phan diu do c6 kich thudc
4mm x 48mm
- Toc @6 di chuyén: 0,5mm/s.

Hinh 5. Po bé mat chi tiét sau khi gia cong

dung;
Céc thong sb gia cong duoc thé hién ¢ bang dudi day:
Téc dd quay Téc dd tién Chiéu siu cit | Phay thwong | Phay siéu am
dao v/p dao (mm/rang) (mm) Ra Ra
Lan 1 1000 0,3 0,1 1,551 0,542
Lan 2 1100 0,3 0,1 1,226 0,521
Lan 3 1200 0,3 0,1 1,223 0,508
Lan 4 1300 0,3 0,1 1,188 0,236
Lan 5 1100 0,3 0,2 1,830 0,466
Lan 6 1000 0,3 0,2 1,984 0,547
Lan 7 900 0,3 0,2 2,063 0,588
Lan 8 800 0,3 0,2 2,250 0,659
Lan 9 1200 0,3 0,3 2,207 0,755
Lan 10 1100 0,3 0,3 2,215 0,652
Lan 11 1000 0,3 0,3 2,711 0,617
Lan 12 900 0,3 0,3 2,935 0,588
Lan 13 700 0,2 0,4 3,547 0,881
Lan 14 800 0,2 0,4 3,445 0,755
ISSN 2615 - 9910 (ban in), ISSN 2815 - 5505 (online)
TAP CHI CO KHI VIET NAM, So6 318, thang 8 nim 2024 217

cokhivietnam.vn / tapchicokhi.com.vn



NGHIEN CUU - TRAO DOI

Tu bang trén, ta co dd thi quan h¢ do
nham giita phuong phap gia cong phay c6 hd trg
cua rung si€u am va phay thong thuong nhu sau:

Hinh 6. P6 thi so sanh gid tri dj nham

Nhan xét: T d6 thi so sanh gia tri do
nham, ta nhan thay khi gia cong c6 hd trg cua
rung siéu am, chét lugng do nham Ra dugc cai
thién 1o rét. Cu thé, tit ca cac gia tri d0 nham &
bang va d6 thi cua gia cong c6 hd tro cua rung
siéu am déu nho hon gia tri 46 nham cua gia
cong khong co6 hd trg ctia rung siéu 4m & cung
diéu kién gia cong.

Ngoai ra, khi ¢d dinh budc tién dao
va chiéu sdu cat, s6 vong quay ting 1én thi do
nham bé mat cling duoc cai thién, tc la gia tri
d6 nham giam dan; tuong tu d6i v6i giam chiéu
sdu cit, gid tri d6 nham ciing giam; va giam
budce tién dao, gia tri do nham ciing giam dan,
diéu nay ciing phu hop véi ly thuyét nham bé
mat [7] va phu hgp véi céc cong trinh nghién
ctru da cong bd trude day.

4. KET LUAN

No6i dung chinh cua chuong nay la tap
trung vao thyc nghiém va phan tich xtr ly s6
liéu tir anh huong cua cac thong sb van tdc cat
cuia hai phuong 4n phay thuong va phay c6 hd
trg clia rung siéu am thi ta thdy phuong phap
phay c6 hd trg ciia rung siéu am c6 dd bong cao
hon, chét lugng bé mit t6t hon. Khi thay dbi
tdc do truc chinh vong quay ting lén tir 700 —

1300 (vong/phit), toc do tién dao tir 0,3 — 0,2;
chiéu sdu cdt tir 0,1 — 0,4mm thi d6 nham bé
mit Ra d6i véi phuong phap gia cong phay co
hd tro cua rung siéu am déu cai thién so voi
phuong phép phay thong thuong.

Nhu vay c6 thé thay rang, phuong phap
gia cong c6 hd trg ctia rung siéu am 1a phuong
phap gia cong méi cai thién chat lugng bé mat
hon so v&i phuong phép gia cong thong thuong.
Pay ciing 1a tién dé dé nghién ctu sau hon
phuong phép nay ung dung trong giang day va
nghién ctru tai Truong Pai hoc Kinh té — Ky
thuat Cong nghiép cling nhu Ung dung trong
diéu kién san xuét gia cong ¢ Viét Nam. <
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NGHIEN ClrU CHE TAO THIET Bl MAI MON NG DUNG KIEM TRA
DO BEN MON TRUC HAN DAP PHUC HOI

STUDY ON FABRICATION OF ABRASIVE EQUIPMENT FOR TESTING WEAR
RESISTANCE RESTORED STEEL SHAFT

Nguyén Minh Tan*, Ngé Thi Thio, Nguyén Vin Nhat, Nguyén Anh Tuén
Truong Pai hoc Su pham Ky thuat Hung Yén

TOM TAT

Padnh gid @6 bén mon ciia cdc chi tiét lam tiv vat liéu phii cimg kim loai thuong gdp khé
khan trong viéc lua chon cap vat lieu mai mon. Pac biét cac bé mat can danh gida mai mon co do
citng cao, dé dam bdao d chinh xdc can dwoe thir nghiém trong khodng thoi gian dai. Do dé, vit
liéu twong g dé danh gid mon phdi cé tinh chiu mon cao trong nhiéu gio. Mdy phdi hoat dong on
dinh lién tuc trong sudt thoi gian thir nghiém. Bai bdo nay tdp trung vao nghién ciru ché tao thiét bi
kiém tra mai mon bé mdt truc thép han ddp phuc héi. Thiét bi nay dwoc vmg dung dé danh gid dé
bén mon 16p han ddp phuc hoi cua truc thép C45 bang phwong phdp han lan vét liéu han phu ddy
thép C70. Cac mau han dwoc thir mon dwa trén tiéu chuan ASTM G99-17 nham danh gid cdc théng
56 co ban ciia ché dé han nhw I,FQ dén chat luvong bén mon ciia mau truc han phuc hoi.

T khéa: Truc thép; Han ddp,; Han lan; Ddy thép C70; Truc thép C45; B bén mon.
ABSTRACT

Evaluating the wear resistance of hardfacing parts often involves difficulties in choosing
abrasive material pairs. Especially, the surfaces that need to be evaluated for abrasion have high
hardness. In order to ensure accuracy, they need to be tested over a long period of time. Therefore,
high wear resistance over a long time is a requirement of abrasion evaluation materials. The
machine must operate continuously throughout the testing time. This article focuses on researching
and manufacturing equipment that test the wear of restored welded steel shafts. This equipment is
used to evaluate the wear resistance of the restoration layer of the C45 steel shaft by resistance
seam welding using the C70 steel filler wire. The wear test samples were prepared based on ASTM
G99-17 standard to evaluate the influence of welding parameters such as I,, F; Q on the wear
resistance of the restored welded shaft.

Keywords: Steel shaft; Hardfacing, Resistance seam welding; C70 steel wire; C45 steel

shaft;, Wear resistance. &
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1. TONG QUAN

1.1. Tong quan vé han dap phuc hoi chi tiét
dang truc biang phwong phap han Lin vat
liéu phu day thép

Han phuc hdi chi tiét may dang truc 1a
phuong phép cai tién thiét bi dya trén phuong
phap han dién tiép xtic duong gian doan, trén
phuong dién két hop voi d6 ga xoay. Ngoai viéc
con lan dién cyc lan, ép va cap dong dién gian
doan thi dd ga kep phoi ciing xoay tron. Pong
thoi, con lan dién cuc hodc phdi, mdt trong hai
phai tinh tién theo phuong doc truc phuc hoi dé
tao ra vong xoan oc [1].

Han phuc hdi chi tiét tron xoay bang
phuong phap han dién tiép xuc dugc nha
khoa hoc Klimenko Y.V nghién ciru dau tién
vao nhitng nam 70, sau d6 dugc nghién ctu
va md rong rit manh bdi cac nghién ctru cia
ong va cac nha khoa hoc khac nhu: Dubrovsky,
Karakozov E. S, Nafikov M. Z, Nurtdinov D.

M [2], [3], [4], [5], [6].

Ban chit ciia qué trinh han dién tiép xtic
phuc hdi chi tiét tron xoay voi vat licu phu day
kim loai 1a sy bién dang déo dong thoi ctia day
kim loai phu va bé mit chi tiét truc phuc hdi
déu duoc nung nong dén trang thai chay déo
boi xung dién c¢6 cuong do cao trong khoang
thoi gian 0,02-0,06s. Sau mdi chu ky nhiét
va ép nén thi day kim loai s& bi chon lun dat
khoang 40+60 % [7]. Nguyén ly cua phuong
phap dugc thé hién nhu (Hinh 1).

1 — Chi tiét truc;

2 — Day han;

3— Dién cuc han kiéu con lan;
4 —Mam cap;

5 — Lop phu kim logi.

Hinh 1. So' dé han dién tiép xiic phuc hoi chi tiét
tron xoay vat lieu phu ddy thép [1]

1.2. Tong quan vé phwong phap kiém tra do
bén mon

Trong nghién ctru nay str dung phuong
phap kiém tra d6 bén mon theo tiéu chuin
ASTM G99-17 Standard Test Method for Wear
Testing with a Pin-on-Disk. Phuong phép thur
nay bao gébm quy trinh trong phong thi nghiém
dé xac dinh d6 mon ciia vat liéu trong qua trinh
truot béng thiét bi dang Pin dugc ghim trén dia.
Vit liéu dugc thur nghiém theo cdp trong diéu
kién khong mai mon thong thuong. Cac yéu
t6 duge quan tim trong thir nghiém 13 d¢ hao
mon cua cap vat liéu mai mon va hé s6 ma sat
s& dugc xéac dinh. Tiéu chuan phwong phap thir
nay st dung mot bd thong s6 thu cu thé (tai
trong, tde do truot, vat lidu, v.v.). M6 hinh thtr
nghi¢m dugc mo ta nhu (Hinh 2).

S
RI .F}
t1d

D

w
F la lire phép tuyén tac dung lén chét; d la diong
kinh chét hodac bi; D la duong kinh dia; R la ban
kinh vét mon va w la toc do quay ciia dia.
Hinh 2. So dé hé théng kiém tra dé mon ciia Pin-
on-Disk [8]

2. QUA TRINH THUC NGHIEM HAN
MAU

Nghién ctru nay lwa chon quy trinh han
phuc hdi chi tiét truc thép C45 véi vat liéu phu
1a day thép C70 véi cac ché do han chon nhu
trong Bang 1.
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Bdng 1. Bang thong sé ché dé han thiee nghiém [9]

Thong s6 cong ngh¢ Ky hiéu Pon vi Mikc 1 Miic 2 Miic 3
Puong kinh truc han D, mm 99 99 99
Duong kinh day han d, mm 1,8 1,8 1,8
Dong dién han I kA 6,5 7,5 8,5
Puong kinh dién cyc D mm 220 220 220
Luc ép dién cuc F kN 1,7 2,0 2.3
Thoi gian xung dién t s (gidy) 0,04 0,04 0,04
Thoi gian ding xung dién t s (giay) 0,08 0,08 0,08
Van téc han \'A cm/s L5 L5 1,5
Budc tién theo vong x0dn ¢ S, mm/vong 2,5 2,5 2.5
Luu luvgng nudc lam mat Q, Lit/phut 1,0 1,5 2,0

Cac thong s6 bién dong bao gém Cuong d6 dong dién han I, Iuc €p con ldn dién cuc F, luu
lwong nude lam mat Q_ dugc bo tri gdbm 9 thi nghi€ém theo ma trdn thuc nghi€ém Taguchi nhu trong
Bang 2.

Bdng 2. Théng s6 han cdc mau thiee nghiém bé tri theo ma tran thwe nghiém Taguchi

S6 thi nghiém MAu s6 I (kA) F (kN) Q, (L/phut)
1 Ml 6,5 1,7 1,0
2 M2 6,5 2,0 1,5
3 M3 6,5 23 2,0
4 M4 7,5 1,7 1,5
5 M5 7,5 2,0 2,0
6 M6 7,5 23 1,0
7 M7 8,5 1,7 2,0
8 M8 8,5 2,0 1,0
9 M9 8,5 2,3 1,5
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3. NGHIEN CUU CHE TAO THIET BI
KIEM TRA MAI MON

Duya trén nguyén ly cua phuong phép
ASTM G99-17 Standard Test Method for Wear
Testing with a Pin-on-Disk ma thiét bi duoc
ché tao ¢6 két cAu nhu trén Hinh 3.

1) Khung may duoc két ciu bang thép
hop 20x40x1.5; 2) Bong co dugce gén truc tiép
phia dudi mat ban gé, truc cia dong co nhd cao
1én phia trén mat ban ga dé lap ghép véi dia
mai; 3) Gia d& piston dugc ché tao bang nhém
hinh dé dam bao do chinh x4c va dan hudng cia
piston khi nén; 4) Piston khi nén duoc gin trén
mot phién truot bang nhém co thé diéu chinh
duoc théng qua chi tiét vit chinh nham thay d6i
ban kinh quét cua pin trén dia mai thong qua
thudc chinh (Hinh 5); 5) Tu diéu khién 1a phan
quan trong nhét ctia hé théng bao gdm méot man
hinh hién thi HDMI (Hinh 4) két n6i véi PLC
dé cai dat va lya chon thong $0, déng thoi co
thém dong ho hién thi s6 vong quay cua dia mai
va thoi gian thur nghi¢m (Hinh 4) thong qua hé
cam bién dém va mot nat kim loai duoc gin &
phia bén ctia cac dia mai (Hinh 6); 6) Dé duy tri
ap luc cua pin Ién dia mai thi may c6 sir dung
mot van khi nén tuyén tinh SMC ITV1030-
212CL (Hinh 7).

1 — Khung va ban may; 2 — Bong co servo, 3 — Gia dé piston;
4 — Piston khi nén; 5 — Tu diéu khién va hién thi;
6 — Van on dinh dp sudt khi nén

Hinh 3. Thiét bi kiém tra dé mon cuia Pin-on-Disk

fio viag quay din mak

iLim Btk FEDATT

Hinh 4. Ti cai dat va hién thi ché do kiém tra
thir mon

15

Hinh 7. Van tuyén tinh SMC ITV1030-212CL
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4. QUA TRINH GIA CONG MAU KIEM
TRA VA TIEN HANH THU NGHIEM

* Ché tao miu Pin mai mon

Pin kiém tra mai mon dugc cat day tir
cac mau han thuc nghiém c6 kich thudc nhu
Hinh 8. Puong kinh @4 c6 tiét dién twong
duong véi dién tich mot diém han. Cac Pin
kiém tra mai mon sau cit day duoc danh sb thir
tu theo cac mau han duoc cit ra nhu Hinh 11.

wn LA

oL [ A =

i : .
A
f ) - J 3
1 27 [\ axd%
?440,] A S

.|
b =

1 — Kim logi nén truc; 2 — Kim logi 16p han ddp
Hinh 8. Mdu Pin kiém tra mai mon

Pin han duoc gip trén mot dau kep Pin
dugc thiét ké va gia cong nhu Hinh 9 va ¢b dinh
trén dau Piston khi nén (Hinh 6).

* Ché tao mau dia mai mon

Dia mai cAn c6 bé mat tao ma sat cao
dé c6 kha ning mai mon duoc bé mat mdi han
da t61 c6 do cung cao khoang 50+55 HRC. Dua
trén cc nghién ctru thi dia mai duoc thiét ké va
ché tao nhu Hinh 9. Trén bé mit dia mai mon
dugc phun pha mot 16p bot kim loai P216/30
(Aluminium Oxide 87%, Titanium Dioxide
13%) cua hang Metallisation Limited — Anh
Quéc san xuat bang phuong phap phun Plasma.
Lép phii c6 d6 cung khuyén céo 1a 65 HRC.
Céc dia duge phun phii v6i cing mot ché do
tiéu chuan khuyén cdo ctia hing. Cac dia sau
phun ¢6 cau tao nhu trén Hinh 10.

m20£0.2—=

M5 == ©4+0.2
15202 =7 - &
] b
! e e il o0
M 1 o =)
@10+0.2 I I i

802~  — —10:0.
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Hinh 9. Pau kep va dan hiréng Pin kiém tra mai mon

(M0 2
02220.]

Ixd43®

Lxds
=120}~
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-, ]

(] 2402

i), |—

Hinh 10. Ban vé dia kiém tra mai mon

Céc cdp Pin va dia mai mon sau khi gia
cong duoc xép va danh dau thanh tig cap nhu
Hinh 11.

"t

— —

42 34 4 6 +¢8 9
Hinh 11. Pin va dia kiém tra mai mon sau
phun phi

5. KET QUA KIEM TRA VA BAN LUAN

Vi ché d6 mai mon duoc lya chon va
tién hanh trén thiét bi ché tao cho két qua vé do
hut trong lugng cua cac Pin mai mon nhu trong
Bang 3.
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Bdng 3. Két qua kiém tra lwong mon trung binh cdc mau han thiee nghiém

DPuon £ L. uan x
Tén miu k1”nhg Sqou;(;nl;g ;;::lt gu’(mg Tﬁ’i trong tl:_/{;;lc M?l‘lf sau | Do mon
quét D (vong) (gio) trugt S nén (N) mai (g) mai (g) AP (g)
(mm) (mm)
M1 30 2880 16 271296 15 2.057 1.933 0.124
M2 30 2880 16 271296 15 2.13 2.021 0.109
M3 30 2880 16 271296 15 2.18 2.098 0.082
M4 30 2880 16 271296 15 2.088 2.009 0.079
M5 30 2880 16 271296 15 2.163 2.091 0.072
M6 30 2880 16 271296 15 2.076 1.966 0.110
M7 30 2880 16 271296 15 2.099 2.000 0.099
M8 30 2880 16 271296 15 2.1 2.026 0.074
M9 30 2880 16 271296 15 2.122 2.053 0.069

Dé danh gia sy anh huong cua cac
théng s6 cong nghé: cuong do dong dién han
,» luc €p con lan dién cyc F, luu lugng nudce
lam mat Q , nghién ctru sir dung phuorng phap
thyc nghiém Taguchi va phan mem Minitab
xéc dinh dugc cac murc cua thong sb cong nghé
» B Q dé c6 duoc do hao hut cia Pin mai
mon 1a nho nhét (46 bén mon 16n nhat). Véi chi
tiéu lugng mon nho hon thi t6t hon duoc d6 thi
phan murc cac yéu td cong nghé dén chit luong
dau ra mai mon la: Cudng do dong dién han
I, luc €p con ladn dién cuc F, luu lugng nude
lam mat Q_twong ung 1a mirc 3-2-3 nhu Hinh
12.

Enmn g s
—

M 7 oy P B R ey

Hinh 12. Biéu do phan mitc ciia thong sé cong
nghé nham do dat dé bén mon lop han cao nhat
trén Minitab

+ V6i phan trim anh huéng cua cac
thong ngh¢ dén chat luong dd cirng dau ra nhu
trén Hinh 13.

Hinh 13. Biéu do thé hién su anh hwong cia cac
théng s6 cong nghé I, F Q, den do bén mon I6p
han dap

D¢ lam rd vé kha nang mai mon cua cac
mau thi, cac két qua do d6 cing macro cta cac
mau han ciing dua ra nhu trong Bang 4. Pong
thoi, bé mat pin thir mon cting dugc chup thong
qua hé théng dién tir quét Sem duoc thé hién
trén Hinh 14 nhim danh gia chinh xac hon do
bén mon cho cic miu han.
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Bdng 4. Két qua kiém tra d cirng macro cdc mau han ddp phuc hoi

Mau | Mau Ol | Mau 02 | Mau 03 | Mau 04 | Mau 05 | Mau 06 | Mau 07 | Mau 08 | Mau 09
Do cling
HRC 50,5 50,1 52,2 51,8 52,4 50,4 54,5 51,0 53,9

Béang 4 cho thay: Cac miu co6 do hut
nhé, tirc 36 bén mon cao. Cac mau c6 do bén
mon kha tuong ddng véi d6 climg cua cac miu
han. So bo cho thdy cac mau c6 do cing cao
nhu mau M7, M9, M3, M5 tuong (g cho do
bén mon & mirc trung binh va cao. Tuy nhién,
d6 cimg khong hoan toan quyét dinh do bén
mai mon cta chi tiét. Pic biét trong han dién
tiép xtc thi yéu t6 rén dap (luc ép con lan dién
cuc theo chu ky xung dién) cling c6 anh hudng
kha nhiéu dén d¢ bén mai mon cua chi tiét. Do
khong twong dong vé t chirc kim loai mdi han,
khong dugc dong déu nhu chi tiét co ban ban
dau ciing duoc xem 13 nguyén nhan dan dén 4o
bén mon mau thtr thay d6i. P6 ciing 1a nhuoc
diém coa phuong phap phuc hoéi so véi ché
tao mai. Ngoai ra, néu do cing qua cao, trong
qua trinh chiu mai mon mau thtr chi tiét c6 xu
hudng bi bo gion, 1ay hat. Day chinh la nguyén
nhan mau han M7 c6 do cting cao nhat nhung
lai khong phai 1a mau c6 do bén mon cao nhat.
Giai thich nay con dugc thé hién qua hinh anh
chup SEM bé mit cac mau thir mon (Hinh 14).

Mau 9
Hinh 14. Hinh danh bé mdt pin thir mon dwoc chup
théng qua hé thong dién tir quét Sem

cacmau 3, 5, 7,9
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Hinh dnh bé mit Pin thar mon cic mau
M3, M5, M9 c6 bé mit véi cac vét mai tuong
d6i déu, on dinh. B& mit tron va bong déu hon
ca duge thé hién trén mau chup s6 M9. Mau
M7 c6 do cing cao nhat nhung bé miat khong
tron boéng ma c6 xu huéng bi 1ay hat (cac hat
kim loai bi v& va tach ra khoi bé mat lién két),
do6 1a hién tuong bo ron khi gia tri d6 cirng vuot
qua gidi han khi chiu 4p lyc cia ma sat mai
mon.

Loi cam on:
Bai bdo nay da nhan dugc su hd trg vé
tai chinh cua d¢ tai khoa hoc cong nghé cap Bo

mi sd B2003-SKH-02.
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STATIC PULL-IN INSTABILITY ANALYSIS OF A
MICROCANTILEVER UNDER UNIFORMLY DISTRIBUTED LOADING
AND ELECTROSTATIC INTERACTION FORCE USING SHOOTING
METHOD

PHAN TICH TINH CHO DANG MAT ON DBINH KEO VAO CUA MOT DAM CONG-
XON KiCH THUOC MICRO CHIU TAI PHAN BO BPEU VA LUC TUONG TAC TINH
PIEN BANG PHUONG PHAP BAN

Nguyen Nhu Hieu"’, Pham Ngoc Chung’
'Faculty of Mechanical Engineering and Mechatronics, Phenikaa University, To Huu Str., Yen
Nghia Ward, Ha Dong Dist., Hanoi, Vietnam
Faculty of Basic Science, Hanoi University of Mining and Geology, 18 Vien Str., Duc Thang
Ward, Bac Tu Liem Dist., Hanoi, Vietnam

ABSTRACT

In this study, using the shooting method, the static pull-in instability phenomenon of a
microcantilever beam under the effect of uniformly distributed loading and electrostatic interaction
force is analyzed within the framework of the Euler-Bernoulli beam theory associated with the
modified couple stress theory. The shooting method is a numerical treatment applied to the
boundary value problem using approaches of numerical methods for initial condition problems. For
the microcantilever beam under consideration, the shooting method is implemented based on the
Runge-Kutta method combined with the Newton-Raphson iteration method. The profit of the present
approach is to take advantage of the accuracy of the well-known Runge-Kutta algorithm and the
Newton-Raphson method for algebraic equations with fast convergence. Because the governing
equation of the beam is nonlinear, a highly accurate method becomes important in determining
the pull-in characteristics of micro-electro-mechanical systems (MEMS). The static response of
the microbeam is investigated in detail. The pull-in curves are shown to be a good agreement in
comparison with those obtained from the finite difference method and experimental data.

Keywords: Modified couple stress theory, Microcantilever, Shooting method; Electrostatic
force; pull-in instability.

TOM TAT

Trong nghién ciru nay, cdc tdc gia sir dung phirong phdp bdn dé phan tich hién twong madt
on dinh tinh dang kéo vao (pull-in) cho mét dam cong-xén kich thiede micro dwdi tae dung ciia luc
ngodi ¢é phdn bé déu va luc twong tdc tinh dién trong khuén khé Iy thuyét dam Euler-Bernoulli
va Iy thuyét iing sudt ngau. Phwong phdp bdn la mét phirong phdp sé d@é xir Iy bai todn diéu kién

bién dia vao phwong phdp sé cho badi todn diéu kién dau. Vi bai todn dang xét, phirong phép ban &
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duge thiee hién thong qua viée dp dung thudt todn Runge-Kutta bic bon da biét va phirong phdp ldp
Newton-Raphson. Uu diém ciia cach tié}? cdn hién tai dé la su két hop gitta wu diém vé dg chinh xdc
ciia phwong phdp sé6 Runge-Kutta va toc do hoi tu nhanh cia phirong phdp Newton-Raphson. Béi
vi phwong trinh chuyén dong cia dam c6 dang phi tuyén, viéc tim mét phirong phdp chinh xdc cao
dé danh gia sy mat on dinh kéo vao la mét bai todn c6 y nghia. Két qua tinh todn sé dwoc phan tich
chi tiét cho cdc truong hop hé véi cdc tham sé khdc nhau. Cdc téc gia ciing chi ra rang két qua thu
duge la twong doi phit hop véi két qua da cé trude day sir dung phiong phdp sai phan hitu han va

phuwong phap thuc nghiém.

T khoa: Ly thuyét irng sudt ngdu cdi tién; Dam micro cong-xén; Phuwong phdp ban, Luc
tinh dién; Hién tuwong mat on dinh tinh dang kéo vao.

1. INTRODUCTION

Micro-electro-mechanical systems
(MEMS) play an important role in research
and development for modern applications
today. MEMS are integrated in devices
for applications such as sensors, actuators,
microswitches, micropumps, micromirrors,
etc. [1,2]. MEMS systems involve microscale
structures that are often made of constituent
components such as beams/plates with
different material/geometrical configurations
placed in a connection space with substrates
through electrostatic interactions. When a
voltage is applied, an electrostatic interaction
occurs to make the beams/plates deform and be
attracted to the substrate direction. The beam/
plate may touch the substrate as the voltage
reaches a certain critical value. This is known
as pull-in instability phenomenon [3.4,5].
This phenomenon is generally undesirable
because it can damage or destroy the MEMS
structure. Pull-in instability is studied in both
theoretical and experimental aspects using
different methods and approaches [6]. For the
theoretical research aspect, beam/plate models
are developed to better predict static and
dynamic characteristics of system responses
and pull-in parameters. Rhaeifard et al. [ 7] used
the Euler-Bernoulli beam model associated

with the modified couple stress theory to study
static pull-in instability of a microcantilever
beam. Those authors have shown that the
couple stress theory can remove an existing
gap between the experimental observations and
classical theory. Taati and Sina [8] investigated
an electrostatically actuated functionally
graded micro-beams based on the modified
strain gradient theory. Their results provide a
good reference for pull-in voltages where the
pull-in points predicted by the modified strain
gradient theory are very close to those obtained
from the experiments. Recently, a model of
nonlinear dynamics [9] has been developed
for analyzing the pull-in instability phenomena
of a microcantilever beam based on the
modified couple stress theory. Dai and Wang
[9] have shown that the presence of geometric
nonlinearities of beam model and length-scale
parameter can significantly change the pull-in
band of frequencies. Such a dynamic model
helps us understand further the nature of pull-
in phenomenon in MEMS systems.

In practice, the MEMS systems
often operate in environments with complex
interactions, including external excitations
which affect the response characteristics of
the system. To better describe the pull-in
phenomenon, in this study, the authors have
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proposed to investigate the influence of external
loads on the system response using a numerical
approach based on the shooting method. In the
framework of the present study, the external load
is assumed to be uniformly distributed along the
length of the beam, acting on a beam modeled
using the modified couple stress theory. The
influence of external loads can lead to a shift of
the pull-in curve. This shift is a new observation
and has been analyzed in this study.

2. GOVERNING EQUATION OF
MICROCANTILEVER AND SOLUTION
TREATMENT METHOD

We consider a microcantilever beam
with the length L, cross-section bxh, under a
uniformly distributedloading q and electrostatic
interaction force q, as illustrated in Fig. 1. The
Euler-Bernoulli beam theory associated with
the modified couple stress theory is used to
model the beam under consideration. The beam
material is assumed to be linear and isotropic.
The governing equation for beam is given by

[7]:

d*w
(EI+par) =474 (1)

where w = w(x) is the deflection; E, I
are the Young's modulus and the second-order
moment of inertial of cross-section, respectively;
u is the shear modulus; A is area of cross-section;
1 is a length scale parameter corresponding to the
modified couple stress theory.

___3,___11,[11111(“4 i '%* e
oD i, |d -

- F 1
’_{ Fixed subsirae |

Figure 1. Model of a microcantilever beam under
the uniformly distributed loading and electrostatic
interaction force

The electrostatic force q, is obtained
from the -electrostatic interaction between
surfaces of the beam and a fixed substrate
when a DC voltage V is actuated. In this
study, the fringing field effect is included in
the electrostatic interaction, and therefore, the
expression for q_ takes the following form [10]:

2 J—
q, lLVz(l +0.65% Wj )
2 (d, - w) b

where £, = 8.854 x 10" (F/m) is the
vacuum permittivity coefficient; d; is the gap
distance between the beam and fixed substrate.
In the expression (2), the second term represents
the fringing field effect. For the cantilever
beam, the boundary conditions are given by:

d d’ d’
w(0)="2(0) =" 5 (L) =" 5(1)=0 ®)

We introduce the following quantities:

4 4
0,:1-}—12“ 1 Z’BZSObL 'Y:qoL (4)

g=2 =
d,’ E (h/1) 2FEId}" " EId,

x
AR

Substituting Eq. (2)into Eq. (1) and using
new notations in (4), Eq. (1) is transformed into
the following form of dimensionless deflection
y=y()with0<E<I:

y(4)(§):BV 1 [1+O'65(1—y))+% )

Where y® denotes the fourth-order
derivative of dimensionless y(&), r, , is the ratio
of the beam's width b to the gap distance d , i.e.
r,, = b/d,. The boundary conditions for Eq. (5)
are obtained from Eq. (3) as follows:
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»(0)=y'(0)=»"(1)=»"(1)=0 (6)

Where the prime denotes the
derivative corresponding to the variable
& By introducing new state variables

1=(8). 3, =y'(8), y=¥"(&), va = »" (&)

Eq. (5) becomes a system of state variable
equations:

V=V V=5 V=V,
. BVt 1 0.65 (7
y4:B 2(1+ (l—yl)]+l
o (1_y1) rbd a

With boundary conditions:
y1(0):y2 (0):y3 (1)2)/4(1):0 (8)

In this study, our approach is to apply
a method, called shooting method [11,12], to
solve the boundary condition problem (7) based
on the well-known fourth-order Runge-Kutta
method of initial condition problems. The idea
of the shooting method is to find solution of
the initial value problem for different values
of initial conditions until the desired solution
satisfies the boundary conditions of the
boundary value problem. To that end, initial
conditions for Eq. (7) are introduced as follows:

yl(o) :yz(o) =0, Vs (O):yzo: y4(0) :y4o(9)

Where y,, y,, are two unknowns and
must be determined from the original boundary
conditions (8). From Eq. (7), the solution
variables y,, y,, y,, y, have the forms that
depend on two parameters y,, y,,:

:}30’}40) V3

N :}’1(bx}30’}40) V2 2(5
V4 (& 350, Y40 )(10)

= Y3 (5;}’30, Yao )

Using Eq. (10), two last conditions in
Eq. (9) lead to the following system of two
variables y, , v,

8 (y30,y40) =5 (1,y30,y40) =0,

(11)
Kl(y30’y40) = y4(1)y30;y40) :0

The algebraic system (11) of two
unknowns y,, vy, is solved by the Newton-
Raphson method with the following iteration:

-1

oy, oY,
(n+1) (n) — — v
Yo " | Yo Vao 3
(n+1) - (n) - aY aY Y (12)
Yao Yao o Yl 4 (},gg)y},gg))

Yoo Vao ((w) (n))

Y30 Va0

The iteration is convergent if the

condition [()2)| <€ is satisfied for an
arbitrary small tolerance ¢ (¢ = 107'? in our
computation).
the shooting method, we explore unique
characteristics of response related to pull-in
instability phenomena with different parameters
of the microcantilever beam system.

In the next section, using

3. NUMERICAL RESULTS AND
DISCUSSIONS
We have carried out numerical

calculations to find solutions of dimensionless
deflection y(&) and the corresponding response
at tip, i.e. y(1), of the beam using the shooting
method for the boundary value problem (7)
associated with the iteration process (12). The
beam's material and geometrical parameters
are given in Tab. 1. The gap distance is kept at
d, = 1.05 (um). The ratio of the beam's width
b to the gap distance d is computed to be r, | =
47.9190. The ratio h/l is selected as h/l = 4.96.
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Table 1. Material and geometrical parameters of the microcantilever beam

E (GPa) p (GPa) v

L (um) h (pm) b (pm)

169.2 65.8 0.239

75 +200 2.94 50

3.1. Pull-in instability of beam without
uniformly distributed loading

In this subsection, our calculations are
obtained in the case of absence of the uniformly
distributed loading, i.e. q, = 0. The curves of
dimensionless deflection or deflection ratio at
tip & = 1 depending on the DC applied voltage
V with different values of beam's length are
portrayed in Fig. 2. The value of length L is
selected from 75 (um) to 200 (um). It is seen
that the beam deflection will increase as the
applied voltage increases. If this voltage tends
to a critical value, the deflection will change
suddenly and, consequently, the beam contacts
with the fixed substrate. This phenomenon is
known as pull-in instability. The critical voltage
is called the pull-in voltage, denoted as V. For
the beam's length L = 75 (um), the obtained
pull-in voltage is approximate to V, = 76.5
(V). Because in this case the length of beam is
relatively short, it needs a large voltage to attain
the pull-in value. This means that if the interval
(0, V,) is considered as a working domain in
which the device operates well and no collision
appears, a wide range of V, will help the device
become more flexible with the applied voltage.
In design, however, the length of beam is limited
to a certain value, the value of applied voltage
can't be chosen arbitrarily. The determination
of pull-in voltage therefore becomes important.
For longer beams, the interval (0, V) becomes
narrower, for example, for L = 100 (um), the
pull-in voltage is found to be V, =43 (V), that
is smaller than V, =76.5 (V) in the case L= 75
(um). The curves of deflection ratio y exhibit

a monotonically increasing property as the
applied voltage increases. The slope of these
curves reflects the rate of change of the beam
deflection when the applied voltage changes.
The longer length of beam leads to a larger
slope of deflection. This means that the pull-in
instability occurs "faster". This feature shows
the voltage-dependent sensitivity of long beam
in microscale devices.

Fig. 3 illustrates the dependence of
pull-in voltage V, on the beam length L for
different approaches to solve the problem
under consideration. It is seen that when the
length scale parameter | in Eq. (1) is set to be
zero, the the governing equation (1) is reduced
to the one corresponding to the classical
Euler-Bernoulli beam theory. The curves of
deflection ratio y are plotted for the present
shooting method approach, the finite-difference
method by Rahaeifard et al, experimental data
by Osterberg, and classical beam theory. The
obtained results show that our method is a good
agreement with the experimental data in the
case the length scale effect is taken into account
for the model of cantilever beam at microscale.
In comparison with the experimental data, the
classical beam theory leads to an underestimate
for the pull-in voltage point as the beam's length
changes. As observed in Fig. 3, this lack has
been dealt with and fulfilled when the modified
couple stress theory is used to model the beam
in the problem of electrostatic interaction at
microscale.
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Figure 2. Graphs of deflection ratio y = w/d,
versus the applied voltage with 6 cases of beam
length: L =75, 100, 125, 150, 175, 200 (um)
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Figure 3. Plots of pull-in voltage V, versus
length L using four methods: present approach,
Rahaeifard's approach, experiment data, and
classical Euler-Bernoulli beam theory.
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Figure 4. Graphs of deflection ratio w/d,

versus the applied voltage V with different values
q,=0,0.25,0.5,0.75 1.0 (N/m).
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Figure 5. Dependence of the pull-in voltage on the
uniformly distributed loading q,,

3.2. Augmentation of pull-in instability due
to the external loading

The presence of uniformly distributed
loading q, leads to the fact that there exists a
deflected beam configuration before the DC
voltage is applied. In this situation, the beam's
tip has an initial deflection at V = O(V). The
material and geometrical parameters are the
same as in the previous subsection. Numerical
calculations are performed for the case of beam
length L = 75 (um) with different values of
q,» from 0 (N/m) to 1.0 (N/m). As learned in
books on Strength of Materials, the maximum
deflection of cantilever beam under the
uniformly distributed loading q, is q,L*/(8EI).
Because the fixed substrate lies under the beam
at a distance d,, the loading g, must be satisfied
the conditionq L*/(8EI) < d,. This gives the
resulting condition q, < 8EId, /L* for which
the quantity 8EId, /L* can be considered as a
maximum value of external applied loading
q, before the applied voltage V is actuated in
system. The curves of deflection ratio y = w/
d, for different values of q, are plotted in Fig.
4. Five values of q, are selected, q, = 0, 0.25,
0.50, 0.75, 1.0 (N/m). In the case q, = 0 (N/m),
the deflection curve is the same as in Fig. 2, for
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which the pull-in voltage is found to be V, =
76.5 (V). The starting point of the curve is zero
because at V = 0, q, = 0, the beam's tip is on
initial state with zero deflection. The presence
of loading q, generates a shift of pull-in curve
in the increasing direction of deflection. This
shift, however, makes the working voltage
domain (0, V) narrower. This feature exhibits
an aspect on the augmentation of pull-in
instability due to the added external loading. In
real engineering applications, when operating
in harsh and complex environments, external
loads are always present, and therefore their
influence on the pull-in characteristic must be
taken into account. For a simple, uniformly
distributed external loading model, the effect
of external loading is reflected through the
decreasing trend of the pull-in voltage. It is
described as follows: since the beam has initial
deflection due to an external load q,, the tip of
the beam is pushed to the substrate direction;
as the voltage is activated, the tip of the beam
will be pushed further to the substrate, but
with a voltage smaller than that in the case
without initial deflection. The pull-in voltage
V., depending on the loading q is portrayed in
Fig. 5. It is observed that, the relation between
the pull-in voltage V, and loading q, is a
nearly linear dependence. The calculated slop
of the curve q, -V, is approximate to value 15
(Vm/N).

4. CONCLUSION

The pull-in instability is an inherent
characteristic of micro-electro-mechanical
systems (MEMS) actuated by applied voltage.
Finding pull-in points is an important issue in
the design and manufacturing process of MEMS
systems. In this study, the characteristics of pull-
in curves and corresponding pull-in voltage
points were investigated using the shooting

method based on the fourth-order Runge-
Kutta algorithm combined with the Newton-
Raphson iteration method. The following
highlights are drawn from the numerical results
of the microcantilever beam problem under
consideration:

* The deflection at the tip of the beam
increases in the increasing direction of applied
voltage before the pull-in phenomenon occurs.
For short beams, the pull-in voltage has a large
value, and becomes smaller for longer beams.
This reflects the fact that the beams with
different lengths will operate within a certain
limited voltage range.

e In the framework of the modified
couple stress theory, numerical solutions of
beam response obtained from our present
approach show a good agreement with those
received from experiment data.

* The augmentation of pull-in instability
is described and analyzed for the first time, in
a simple situation of external loadings in which
the uniformly distributed loading is considered.
The dependence of the pull-in voltage on the
constant external loading is nearly linear.
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LILAMA 10 cung thanh vién ciia Lién danh Tong thau
Hyundai E&C lap dat thanh cong bon chiwra (Storage Tank)
thugc to may so 1 tai Du an Nhiét dién Quang Trach 1

an b, cong nhan vién Cong ty C6 phan
‘ LILAMA 10 lip dat thanh coéng bon

chtra (Storage Tank) niang 79,3 tan tai
Nha méy Nhiét dién Quang Trach 1, danh dau
mot budce tién quan trong trong qué trinh hoan
thién cac hang muc xay dyng cua dy an.

Lanh dao Coéng ty C6 phan LILAMA
10 cho biét, Storage Tank thudc t6 may so 1 tai
Dy 4an Nhiét dién Quang Trach 1 c6 chiéu dai
hon 21 m, duong kinh gin 4 m, trong luong
79.3 tan, duoc nang 1én va lip dit bang sy két
hop ctia hai can truc banh xich 350 tan va 180
tan tai vi tri c6 cao d6 23 m theo thiét ké da
duogc can by, cong nhan vién Cong ty CO phan
LILAMA 10 lap dat thanh cong lac 12h30 ngay
15/8/2024.

Tung budc nho trong bién phap lap dat duoc Lanh
dao Ban dy an, can bo ky thudt, cong nhan kiém
tra can thin véi tinh than trach nhiém cao nhat.

Bon chira nay c6 vai tro thiét yéu trong
viéc dam bao cung cip nhién liéu va nguyén
lidu can thiét cho qua trinh van hanh 16 hoi nha
may. Vi kich thudce va trong lugng 16n, viée

lap dat bon chira doi hoi su phdi hop chit ché
gitra cac bg phan an toan, k¥ thuit, giam sat va
thi cong.

Bon chira dwoc nang 1én va ldp ddt boi suw két hop
cua can truc banh xich 350 tan va can truc banh
xich 180 tan.

Vi viée 1ap dat thanh cong bon chira
(Storage Tank) nang 79,3 tAn, mot hang muc
quan trong trong qua trinh xay dung Nha may
Nhiét dién Quéng Trach 1, can by, cong nhan
vién Cong ty C6 phan LILAMA 10 d3 ghi déu
mot cot moc quan trong, dam bao tién do thi
cong cua dy an.

Qua trinh ldp dat dién ra dudi sy chi dao
sat sao cua Ban Lanh dao Cong ty va su tan
tam, chuyén nghiép ctua doi ngili an toan, k¥ su,
cong nhan. Tét ca cic cong doan déu tuan thu
nghiém ngit cac tidu chuan vé an toan va chat
lugng. Viée lép dat thanh cong bé chtra khong
chi dam bao tién do thi cong ctia dy an, ma con

khéng dinh ndng lyc thuc hién ctia Cong ty Cc6dF
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phan LILAMA 10 trong cac dy 4n cong nghiép

quy mo lén.

Bon chira 79,3 tin nay dong vai tro
quan trong trong vi¢c luu trir nhién li€u, giup
dam bao hoat dong lién tuc va on dinh cua lo
hoi nha may. Viéc hoan thanh lap dat bon chira
nay danh ddu mot bude tién quan trong trong
qué trinh hoan thi¢n cac hang muc xdy dung

cua du an.

Thanh cong nay la minh ching rd rang
cho tinh than lam viéc chuyén nghiép va trach
nhiém cua tap thé can bo, cong nhan vién Cong
ty C6 phan LILAMA 10. Trong thoi gian t6i,
LILAMA 10 s& tiép tuc tip trung vao cac hang
muc quan trong khac dé dam bao tién do va

chat luong ciia toan bo cong trinh.

: 15.Th8, 2024 11:05:09

Mac du thoi tiét 6 lic mua to, gio lon, nhung voi
¥ chi va quyét tam ciia toan thé can bg, nhan vién,
Ban dy an da hoan thanh viéc lép dat bon chira
nang 79,3 tan.

Nho su nd luc khong ngimg cua toan
thé can bo, cong nhan vién, Cong ty C6 phan
LILAMA 10 di va dang khiang dinh vi thé
cua minh trong vi¢c thuc hién cac du an cong
nghiép trong diém qudc gia, gop phan vao su
phat trién bén virng ctia nganh nang lugng Viét
Nam.

NGAN NGUYEN
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