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

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

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

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

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

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

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

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

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

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

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

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

4. bat van de.

5. Vat liéu va phuong phap nghién ctru.

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

7. Két luan.

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

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

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

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

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

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

3.4. Phén bién: Sau khi nhan bai viét giri ding dang v6i Thé thirc quy dinh ciia Tap chi Co khi Viét Nam, Hoi dong Bién tap s& gui
bai viet cho cac phan bién.

Nhu'ng bai viét dugc chap nhén déng, cac tac gia s€ nhén duoc thu phan hdi cua Hoi ddng Bién tap vai thoi gian stra chira
dugc yéu cdu tiy theo chat lucng clia bai viét. Ban stra chita lan cudi cua tac gia s€ dugc coi 1a ban goc.

Bén thao co thé nop truc tiép hodc guri qua E-mail cta Tap chi.
Quy tac gia mudn biét thém thong tin, xin vui 1ong lién hé véi TOA SOAN TAP CHI CO KHI VIET NAM

Dia chi: S6 4 Pham Vian ang (trong Vién Nghién ctru Co khi), Mai Dich, Cau Giéy, Ha Noi
Dién thoai: (024) 37 920 650 - 0904 177 637 / 0982 254 465
Email: Tcckvn.bbkh@gmail.com * Website: cokhivietham.vn / tapchicokhi.com.vn
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TONG BIEN TAP ; FILIETrT DU JARAIRAT
N VIETNAM MECHANICAL ENGINEERING JOURNAL
DUONG AHELUE TN | CO QUAN CUATONG H(:" CO KHi leT NAM « http://cokhivietnam.vn / tapchicokhi.com.vn
PHO TONG BIEN TAP
HA DUY KHANH
PANG VAN LONG
HQI DPONG BIEN TAP

TS. PO HU'U 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 +3+ Dot pha cong nghé in 3D SLA trong quy trinh ép phun nhwa

GS,TS. CHU VAN PAT <%+ Nghién ciru thiét ké va 1ap dat ban thye hanh ty dong hoa khi nén, thay lwc
PGS,TS. TRAN VINH HUNG
PGS,TS. PAO QUANG KE
PGS,TS. NGUYEN VAN BAY )

PGS,TS. PAO DUY TRUNG ;Ep{]h[:(?]]?\:f{\llftl:il[: :I?:t3llénh ngiy 25 thing 12 nim 2023
PGS, TS. LE THU QUY
PGS,TS. BUI TRUNG THANH
PGS,TS. LE VAN PIEM

<+ Nghién ciru anh hwéng cliia mot s6 thong sé téi nang suatmay pha dong dang gau

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

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

PGS,TS. TRAN NGQC HIEN
PGS,TS. TRUONG HOANH SON
TS. HO TRAN ANH NGQC

Vin ban chép thudn ting trang s6 1632/CBC-QLBC ngay 22 thang 12 ndm 2023 ctia Cuc Béo chi,
B0 Thong tin va Truyén théng, dé xuat ban s 310 thang 12 ndm 2023

Vin phong dai dién:

1. Tai TP. Ho Chi Minh: 2. Tai tinh Quéing Ninh: 3. Tai Thai Nguyén:
- PGS,TS. Bui Trung Thanh - TS. Hoang Minh Thuén - GS,TS. Vii Ngoc Pi
Phong T4.0, Nha T, Truong Pai hoc Cong nghiép  Truong Cao ding Cong nghiép va Xay dung, $6.234 Pha Xa, TP. Thai Nguyén, tinh Thai Nguyén
. . TP. Ho Chi Minh Lién Phuong, Phuong Dong, Udng Bi, Quang Ninh ~ Dién thoai: 0974 905 578
THIET KE MY THU AT 86 12 Nguyén Vén Bo, phuomg 4, quin Go Vép,  Di¢n thoai: 0904 116 189 Email: vungocpi@tnut.edu.vn
J TP. Ho Chi Minh Email: minhthuan.tcckvn@gmail.com
NGAN GIANG Pién thoai: 0913 921 407

Email: teck.tphem@gmail.com

- GS,TS. Nguyén Hiru Lic

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

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

Dién thoai: 0913 603 264

Email: nhloc@hemut.edu.vn

*Tap chi Co khi Viét Nam:

~In tai Cong ty C6 phn In Khoa hoc Cong nghé Ha Noi h’héng vién thuong tri:
- Khuén khé 20,5cm x 28,5cm

- 124 trang _l'IuTé?Tig‘iIil'i’;a"g:

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

- Gid ban 50.000 d6ng/quyén Tap chi Email: daidientcck@gmail.com
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MUC LUC
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NGHIEN CUU - TRAO POI (5 - 120)

1. Hoang Minh Hai, Lé Thanh Tinh: Nghién ctru thiét ké va 1ap dat ban thyc hanh tu dong
hoa Khi €N, thULY TUC......eieiie ettt e s e e ve e e saseeesareeenseeens
2. Thanh Binh, Trin Ngoc Thién*, Nguyén Lé Trung Thé, V6 Quéc Kién, Ta Hai Duy,
Nguyén Hoang Phiic An, Tran Tuin Anh, Tran Vin Ti: Dot pha cong nghé in 3D SLA
trong quy trinh ép phun NRWA ..........ooooiiiiie e
3. Vii Quang Huy: Nghién ctru m6 phong anh hudng cua cac phuong phap cung cip CNG
dén tinh ning k¥ thuat va phat thai cuia dong co CNG dugc chuyén doi tir dong co phun xing
L6 1T 4 1 1) SRS
4. Lé Xuén Thuyén, Tran Ngoc Huy: Hé thong giam sat ty dong quy trinh dong géi thi cong
5. ThS. Pham Vin Huang, ThS. Poan Vin Minh: Nghién ctru anh hudng ctia mot sé thong
$6 tO1 ndng suat mAy pha AONE dANEG GAU.........c.vuvieeeeeeeeeeeeeeeeee e
6. KS. Nguyén Trong Tin, PGS,TS. Nguyén Thé Bao: Nghién ctru thuc nghiém cip dong
CAra CO MO 1Y SONG SIBU AML.......ovveeeeeeceeeee e,
7. ThS. Trinh Thi Mai, ThS. Nguyén Tién Diing: Kiém soat gia cong trén cic may phay
CNC bang mo phong sd trén dién thoai thong Minh...............ooeeeeeveeeeeeeeeeeeeeeeeeeeeeeeeeeneene
8. TS. Nguyén Quang Manh, ThS. Lé Hoang Hiép: Nghién ctru tinh toan thiét ké dau dao
chudt ranh X0An NONE PhAO P-230..........o.ovieieeeeeeeeeeeeeeeeeeee e
9. Pd Viin Minh, Hoang Kim Thanh, Bui Xuin Son, Nguyén Vin Huong, Bui Minh
Tuén: Nghién ctru anh huéng cua phuong phap lién két giita ddu dan va vo dan t6i qua trinh
CAE QAT QAN........ceoeeeeeeeeeee et
10. Pham Thi Thiiy, Nguyén Thanh Tung: Tinh toan, thiét ké va xay duyng mo hinh may
tACh DUN trUC VIt G ATA.....eeiiiiiiiii ettt ettt e e e e eaaa e e e e e e eeaans
11. ThS. Mai Quy Sang, KSCC. Nguyén Ha An, ThS. Ha Minh Thing: Tinh toan kiém
nghiém thiét ké hé thong gia d& 16 hoi nha may dién hat nhan theo tiéu chuan ASME............
12. TS. Bui Vin Binh, ThS. Pham Hai Trinh: Dao dong tuy do ctia tim hinh thang lam
bang vat liéu composite soi thily tinh NN POLYESLEL..............v.eveeveeeeeeeeeeeeeeeeeee e
13. Lé Phiit Cuong*, Cao Xuén Lai, Lé Thai Son: Anh huong ctia viéc nung thép 40x dé
nhi¢t luyén trong moi trudng Khi NItO.......ocouiiiiiiiiiiiiee e
14. Nguyén Thi Nhw Lan, Pham Ho Mai Anh: Nghién ciru mé hinh manikin toa nhiét mo
PRONE CO thE IEUO....eveeeeeeeeeeeeeeee et
15. TS. Nguyén Hiru Tii: Xac dinh co tinh ciia cic mang mong vat liéu hai chiéu P-CS,
P-GEO, P-SNS VA P-SNSE.......oiiiieieiecieeee ettt et aeensesneensens
16. Hung Ha Minh, Me Nguyen Van, Hung Nguyen Van, Huy Trieu Quy, Quan Nguyen Hoang,
Mac Dinh Khac: Study of mechanical - physical and metallographic characteristics of
composite materials of copper friction alloy - steel - copper friction alloy powder metallurgy.
17. Tri Dung Dang, Nguyen Minh Trieu, Nguyen Truong Thinh: Feedbot: A simple and
smart design self-feeding robot for parkinson’s patients and the elderly.............cccceeverrnnennnee.
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DANH SACH
NHA KHOA HQC THAM GIA PHAN BIEN KHOA HQC CAC BAI BAO.
KHOA HQC DANG TAI TREN CHUYEN MUC NGHIEN CUU - TRAO DOI
TAP CHI CO KHi VIET NAM, SO 310, THANG 12 NAM 2023

HQC HAM, HOC VI; R A
TT ’ RN i PON VI CONG TAC
HO VA TEN ’
1 | TS. Vii Trung Tuyén Vién Nghién ctru Co khi, B6 Cong Thuong
2 | TS. Nguyén Hoang Hai Hoc vién K¥ thudt Quan su

3 | PGS, TS. Ha Minh Hung
Vién Phat trién K§ thuat Cong nghé Tién tién

4 | PGS,TS. Pham Pirc Thiing

5 | TS. Nguyén Vin Trang Truong Pai hoc K§ thuat Cong nghiép, Pai hoc Thai Nguyén
6 | PGS,TS. Bui Hai Lé DPai hoc Bach khoa Ha Noi

7 | TS. Trin Manh Ha Truong Pai hoc Cong nghiép Vinh

8 | TS. Hoang Minh Thuin Truong Cao dang Cong nghiép va Xay dung

9 | PGS, TS. Pham Son Minh

Truong Pai hoc Su pham K thuat TP. Hb Chi Minh
10 | TS. Phan Cong Binh

11 | TS. Trin Vin Thuy Truong Pai hoc Pham Vin Dong

12 | PGS,TS. Lé Pirc Hanh Truong Pai hoc Bach khoa, Pai hoc Qudc gia TP. Hb Chi Minh
13 | TS. Tran Pirc Huan Truong DPai hoc M¢ - Dia chét

14 | TS. Nguyén Viin Miui Truong Pai hoc Kinh té - K§ thuat Cong nghiép
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CUU - TRAO BOI

NGHIEN CUrU THIET KE VA LAP BDAT BAN THU'C HANH
TU DPONG HOA KHi NEN, THUY LUC

RESEARCH, DESIGN AND INSTALLATION OF A PNEUMATIC - HYDRAULIC
AUTOMATION PRACTICE TABLE

Hoang Minh Hai, Lé Thanh Tinh
Truong Cao dang Cong nghiép va Xay dung

TOM TAT

Voi y twong tao ra mo hinh hoc cu thuc hanh da chicc nang ap dung dwoc nhiéu bai hoc,
dam bdo cdc yéu cau vé muc tiéu giang day va hoc tdp véi nhiéu mé dun, mon hoc khdc nhau, giip
nguoi hoc lam quen va rén luyén dwoc cdc ky nang co ban trong thiét ké, thwe hanh ldp rdp va ldp
trinh diéu khién qua ting bai hoc, timg mé dun, mén hoc khéc nhau, qua dé givip nguoi hoc tiép
cdn ngay véi trang thiét bi hién dai trén thi truong hién nay va bdt kip véi cong nghé san xudt ciia
doanh nghiép. Nhém tc gid dd nghién ciu, thiét ké va tao ra Ban thiee hanh t ddng héa khi nén,
thity lwc phuc vu gidang day va boi dudng vé cdc néi dung: Piéu khién dién khi nén, thity luc sir dung
ro le trung gian, sir dung PLC; Diéu khién khi nén, thiy liec sir dung HMI, PLC; Xdy dung hé thong
Scada s dung HMI, PLC; chp dat ti dién diéu khién.

Tir khoa: Thiét bi ddo tao; Khi nén; T) huy lyc; PLC; HML
ABSTRACT

With the idea of creating a multi-functional model of practical learning tools that can apply
many lessons, ensuring the requirements of teaching and learning goals with many different modules
and subjects, helping learners do get familiar with and practice basic skills in design, assembly
practice and control programming through each lesson and each different module and subject,
thereby helping learners immediately access current equipment modern in today's market and keep
pace with the production technology of the enterprise. The author group has researched, designed
and created a pneumatic-hydraulic automation practice table to serve teaching and training on
the content of electro-pneumatic and hydraulic control using intermediate relays, using use PLC;
Pneumatic and hydraulic control using HMI, PLC; Building Scada system using HMI, PLC; Install
electrical control cabinets.

Keywords: Training equipment, Pneumatics — hydraulics; PLC; HMI.
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NGHIEN CUU - TRAO DOI

1. PAT VAN PE

Xuét phét tir thyc trang trang thiét bi
phuc vu cong tac giang day mo dun di¢n khi
nén, thuy luc ctia nha trudng con it, mot s6 mo
hinh chua c6 tinh da dang trong ing dung vao
nhiéu bai hoc, mé dun. Do phai giang day &
nhiéu co s& nén viéc van chuyén trang thiét bi
dao tao di lai kho khan.

Nhu cau thyc té can b sung trang thiét bi
dap tmg cho viéc nang cao chat luong day va hoc
trong diéu kién nha truong con kho khan vé kinh
phi dau tu mua sam ma gia thanh mua lai cao.

Khai thac tiém nang tri tu¢, suc sang tao
cua dogi ngii nha gido, hoc sinh, sinh vién va can
bd quan ly cia nha truong trong viéc tu lam
thiét bi dao tao nham phuc vu cho cong tac dao
tao va nang cao chét luwong dao tao.

Trao d6i, hoc hoi 1an nhau giita cac co
sO giao duc nghé nghiép vé kinh nghiém séng
ché, cai tién thiét bi dao tao; Lua chon cac thiét
bi dao tao ty lam co chat lugng, hiéu qua trong
dao tao dé ap dung rong rai trong nganh.

2. Y TUONG THIET KE

V6i cac mé dun, mon hoc chuyén
nganh nhu k¥ thuat cam bién, diéu khién dién
khi nén, k¥ thuat 1ap trinh PLC,... phai dap
mg dugc nhitng yéu cau doi hoi cua thuc tién
nghé nghiép lién quan dén phan van hanh, bao
tri, stra chira hé thong tu dong hoa trong cong
nghiép. Nguoi hoc khong chi tiép thu nhiing
tri thic khoa hoc ma con phai biét van dung
nhing kién thirc vao thyc tién nghé nghiép véi
nhiéu tinh hudng khac nhau.

Vi y tuong mod hinh hoc cu thuc hanh
phai co tinh da chic nang ap dung dugc nhiéu

bai hoc, phai dam bao cac yéu cAu vé muc tiéu
giang day va hoc tap voi nhiéu mo dun, moén
hoc khac nhau, gitip nguoi hoe lam quen va rén
luyén dugc cac ki ning co ban trong thiét ké,
thue hanh lap rap va 1ap trinh diéu khién qua
tung bai hoc va timg mo6 dun, mon hoc khac
nhau, qua d6 gitp ngudi hoc tiép can ngay voi
trang thiét bi hién dai trén thi truong hién nay
va bét kip voi cong nghé san xuat cia doanh
nghiép.

Ban thyc hanh tich hop duoc cac khdi
kién thtrc vé khi nén, thuy lyc, PLC, HMI, dé
giang day lap trinh diéu khién, giam st trong
cong nghiép, cac thiét bi duoc bd tri thanh
nhitng khdi mé dun ¢ chire niang riéng (M6 dun
diéu khién dung PLC, M6 dun HMI Weintek,
Mo dun co cdu chap hanh 1a cic xylanh) gitp
thuan tién cho viéc vira hoc vira thao tac dau
ndi, kiém tra, stra chira.

3. PHAM VI UNG DUNG

Ban thyc hanh duoc thiét ké dé thuc
hién mot s6 md dun thuc hanh hién dai, sat véi
thuc té lién quan dén linh vuc Pién, Pién tir, do
d6 ban thyc hanh co thé duoc str dung dé giang
day cho nhém nghé: Lap dat dién va diéu khién
trong cong nghi€p; Pién cong nghiép; Pién tr
cong nghiép; Co dién tir va tu dong hoa;

Ban thyc hanh 1a phuong tién day hoc
khi giang day mot s6 mon hoc va mé dun cy thé
nhu: M6 dun Diéu khién dién khi nén, thay luc;
Mb dun PLC co ban, PLC nang cao; Lap dat ta
dién diéu khién cong nghiép;

Noi dung giang day: Piéu khién dién
khi nén, thuy lyc st dung ro le trung gian, st
dung PLC; Diéu khién khi nén, thuy luc su
dung HMI, PLC; Xay dung hé thong Scada sir
dung HMI, PLC; Lép dit tu dién diéu khién;
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Ban thyc hanh duoc ldp dit theo kiéu
module, d& dang thao lip, van chuyén nén co
thé co dong di chuyén di xa dé phuc vu giang
day va boi dudng cac 16p ngan han ¢ nhiéu dja
diém khac nhau, cho cac hé dao tao So cép,
Trung cép, Cao d'fmg va Pai hoc.

4. CAU TAO VA PAC TiNH KY THUAT
4.1. Ciu tao

Khung ban thyc hanh 1am bang sit son
tinh dién, phia dudi co ngin kéo tu chtra thiét
bi, dung cu thuc hanh, b tri may nén khi phia
trén bé tri thiét bi cip ngudn va cac thiét bi thuc
hanh.

Wi hinh didy Wi tri gh Wip v dun i tri g 1Ap thidt
khicn MM ngudn, ro e, mt bim b thire: sk

Hinh 3. Panel bé tri nguon va thiét bi khi nén

- Mot mat dung cho cac thiét bi khi nén;

T dién dign

i - M6 dun bom dau thity Iyc: C6 02 dong
co ba pha (01 dong co du phong).

theo mau ik hoo sau

Nghu ko dé vt n, M dun phia Panel gi lip
thidt b, dyag ey logi sn phim thit bj chio bai

Hinh 1. Céu tricc tong quat ban thuwc hanh
(mat truoc)

Céu trc phia trén chia hai phan: Mit
trudc va mat sau.

- Mot mit danh cho céc thiét bi thuy

luc;

Hinh 4. M6 dun bom dau thity lyc
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. “ap
Cilng b chndn
il Ao Nay :
Ci nit bdmdidn |
kit

Hinh 5. Tii dién diéu khién

Mgt cima khan cap

- Ta dién diéu khién:

| B PLC FX3U

Hinh 6. Cdu triic bén trong tii dién diéu khién

- Ban dé cac thiét bi thuc hanh:

Hinh 7. Panel bé tri day thity liec va thiét bi khi

nén thuy luc

- M6 dun Phén loai san phdm theo mau
sac d€ phuc vu bai tap nang cao: Lap trinh di€u
khién, giam sat st dung PLC, HMI:

Hinh 8. M6 dun Phan logi san pham theo mau sdc

Céc thiét bi bd tri trén ban thuc hanh:

+ Hé thdng diéu khién: PLC Mitsubishi,
HMI, ro le trung gian.

+ Hé théng truyén dong: Xylanh khi
nén, xylanh thay luc.

+ Céc thiét bi thuy luc va khi nén c6 thé
dugc lap dat trén bang c6 ranh T.

+ C6 6ng két ndi nhanh, chuyén dung
dé két ndi cac bd phan thuy luc va khi nén.

4.2. Dic tinh ky thuat

- Ngudn cap cho ban thyc hanh 1a ba
pha 380V.

-Bo diéukhién st dung PLC Mitsubishi.

- Man hinh diéu khién st dung HMI
Weintek, ¢ thé két ndi voi PLC.

- Khéi diéu khién dung ro le trung gian
cuon hut 24V mot chieu.

- Cac van khi nén str dung da dang céc
loai van: 3/2; 4/2; 5/2; 5/3; 4/3; tin hi€u dicu
khién van 1a dién mot chidu 24V, khi nén.
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5. HUONG DAN VAN HANH, SU DUNG

Dé thyc hanh, ta phai thyc hién day du
theo cac budc sau day:

- Lap dat, ddu ndi cac thiét bi: Can ctr
vao yéu cdu cong nghé cua timg bai tap cu thé,
ngudi hoc s& tién hanh ndi day theo dung so do,
dau n6i xong ding dong hd van nang kiém tra
két ndi, dam bao ding so dd, chic chin, an toan.

- Thiét ké mach diéu khién theo timg
yéu cau cu thé theo bai tap. Mach diéu khién
c6 thé sir dung ro le trung gian, sir dung PLC
hodc PLC két hop HMI theo mirc d6 kho tang
dan. Lap trinh PLC sir dung may tinh c6 cai
dét phan mém GX Work2 hoidc GX Develop dé
viét chuong trinh diéu khién. Pam bao chuong
trinh diéu khién phai dung voi yeu cau cong
nghé. Chuong trinh viét ngan gon, d& hiéu.

- X4y dung giao dién diéu khién va giam
sat cho HMI Weintek: Tuy theo tirng bai hoc cu
thé de xay dung giao dién dieu khién va giam sat.

- Két n6i may tinh v6i PLC Mitsubishi,
HMI Weintek.

- Download chuong trinh tir may tinh
cho PLC, tai giao dién tir may tinh cho HMI.

TRUGNG CAD DANG CONG NGHIEP VA XY DUWG p alue o PR, .
COLESE 06 MOSTIAL AN CEMSTEIETINL 0 TRUGNG 21:::1: vﬂN:::l:;l.P\.! kY DU

BAN THYC HkHR T BGNG HiA Kid NEN, THIY LC
s,y mdw sl ubhmnmsiluhnuld.lm

BAN THU'C HAMH TV BENG HOA KHI NEM THIY LT
T . i B 1 2 e i

- . _.'\,.-P .‘r
- :,-?cp/' """""""""""
Tgroe b .l'l|:f .'I:'lr fl:'{ . l
M e mmm&t&
Hinh 9. Giao dien HMI diéu khlen, giam sat cdc

mo hinh

- Stra cac 16i va chay hoan chinh hé
thong: Thao tac bang cach tac dong vao cac nut
an trén man hinh HMI hoac nit bam trén ta dién
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dé kiém tra hé théng da chay ding theo yéu cau
k¥ thuat. Kiém tra va sira cac 16i phat sinh (néu
c6). Chay hoan chinh toan by hé théng, diéu
khién va gidm sat bang man hinh HMI.

6. KET LUAN

Pay 1a mdt ban thyc hanh hoan chinh,
dam bao cac tiéu chi, cac nguyén tic cua thiét
bi day hoc nhu tinh khoa hoc, tinh thAm my,
tinh thyc tién, tinh su pham, kha ning tmg dung
va gia thanh khong cao, ddm bdo an toan khi str
dung, thuan tién trong van hanh, bao quan va
bao dudng.

San pham d4 tham gia va dat Giai Nhat
Hoi thi Thiét bi dao tao tw lam tinh Quang th
giai Ba Hoi thi Thiét bj dao tao ty 1am toan quéc
nam 2022 va giai Khuyén khich Cudc thi Sang
tao k¥ thuat tinh Quang Ninh ndm 2023.

Hinh 10. Anh nhém tdc gid va ban thyc hanh tw
dong hoa khi nén, thiy lyc

Hinh 11. Pai dién nhom tac gia nhan Bc%ng khen
cua B¢ truong Bo Lao dong — Thuwong binh va Xa
héi cho Thiét bi dat gidi tai Hoi thi Thiét bi dao
tao tu lam toan quo”'c nam 2022 t6 chire tai Thanh

pho Viing Tau.
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DOT PHA CONG NGHE IN 3D SLA TRONG QUY TRINH EP PHUN NHUA

BREAKTHROUGH IN 3D SLA PRINTING TECHNOLOGY IN THE INJECTION
MOLDING PROCESS

P46 Thanh Binh, Tran Ngoc Thién*, Nguyén Lé Trung Thé, Vé Quéc Kién, Ta Hai Duy,
Nguyén Hoang Phiic An, Tran TuAn Anh, Tran Vin Td
Trudng Pai hoc Su pham K thuat Thanh phd HS Chi Minh (HCMUTE)

TOM TAT

Ngay nay, nguoi tiéu ding c¢é nhu cau sir dung cdc san pham nhira rat phong phii va da
dang. Vi vdy, san leong sdn xudt cdc san pham nhia ngay cang giam va thay doi mau ma lién tuc.
Piéu nay dan dén gid thanh san pham sé tang theo vi qud trinh san xudt can phdi thay doi khuén ép
phun. Hién nay, véi sy bung né ciia céng nghé in 3D SLA, ddc biét la sw phat trién ciia vt liéu in
3D da dwoc g dung trong nhiéu linh viee khdc nhau. Chinh vi vay trong nghzen curu nay da ng
dung cong nghé in 3D SLA voi vat liéu chuyén dung Rigid 10K nham ché tao tam long khuon dé
tao hinh cho san pham nhya c6 san heong nhé hodc vong doi ngdn. Muc dich cia nghién ciru nay
nham ndng cao chat heong ngoai quan san pham va chat leong san pham ép phun. Bén canh do,
nghién ciru nay ciing danh gia kha nang lam viéc cua tam long khuén dwoc in 3D SLA sau 50 chu
ky ép. Két qua cho thdy rang, kha ning dap iing viéc ché tao khudn rat dang ké, bé mat ngoai quan
san pham ép 1a nhiwe khuén kim loai truyén théng. Tuy nhién, chu ky ép mét san pham dai hon va do
bén kéo doi véi san pham nhwa giam so véi san pham dwege ép bang khudn truyén thong. Bén canh
a6, nghién civu nay lam 16 ra nhitng han ché nhw vin dé béi tron bé mdt khudn va giai nhiét khuén
can dwoc xem xét tiép theo.

Twr khoéa: In 3D khuon ép nhua; In 3D SLA; Khuon ép phun; San lwong ép phun nho; PA6;
EVA.

ABSTRACT

Today, consumers have a growing demand for a wide variety of plastic products. Consequently,
the production volume of plastic items is decreasing, and the designs are constantly changing. This
leads to increased production costs as the injection molding process necessitates mold changes.
With the recent explosion of SLA 3D printing technology, especially the development of 3D printing
materials applied across various fields, this study seeks to employ SLA 3D printing technology using
specialized Rigid 10K material for creating mold inserts for low-volume or short-lifecycle plastic
products. The objective of this research is to enhance the visualization and quality of injection-
molded products. Additionally, this study evaluates the working capabilities of SLA 3D printed
mold inserts after 50 molding cycles. The results demonstrate a significant ability to create a mold
insert in a short time, the visual quality of products is similar to traditional metal molds. However,
the molding cycle for each product is longer, and the tensile strength of the plastic products is
reduced compared to those molded using traditional molds. Furthermore, this research highlights

limitations such as surface lubrication and mold cooling issues that require further consideration.
Keywords: 3D SLA printing; Mold Insert; Low-volume,; PA6; EVA,; Polymer blended.
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1. PAT VAN PE

Hién nay, ép phun a2 mét trong céc
phuong phap phé bién duoc dung dé san xuat
cac san pham nhwra ngdy cang da dang vé chiing
loai, sb lugng 16n va nang sut cao. Vi thé, viéc
thiét ké va ché tao khuon ép phun ngay nay da
duoc tiéu chuin hoa véi vo khuon véi do chinh
xac cao, viéc con lai la phu thudc vao qua trinh
thiét ké va ché tao tdm long khuodn (tm tao
hinh cho san pham). Déi véi trudc day, long
khuon duoc 1am bang kim loai va ché tao bang
cac phuong phép gia cong cit got. Didu nay
dan dén chi phi dau tu cho mot bo khuodn 1a rit
16n va mat nhiéu thoi gian nén chi pht hop cho
dang san xuat hang loat 16n trg 1én. Con ddi
v6i cac dang san xuat hang loat vira tré xudng
thi tinh kinh té s& khong duoc dam bao néu st
dung phuong phap ép phun dé ché tao.

Ngay nay, in 3D dang phat trién véi tc
dd nhanh chong vé cong nghé va vat li¢u nham
hd tro t6i uru cho cac phuwong phép truyén thong
1a diéu hét strc can thiét [1]. Cung v6i xu huéng
nay, viéc ung dung cong nghé in 3D vao vi¢c
ché tao long khudn ép phun ngdy cang thu hat
duoc su quan tdm cua céc nha san Xuét may in
va gidi khoa hoc vi giai phap nay giai quyét
duoc van dé tiét kiém vat liéu va thoi gian khi
ché tao khuon cho cac loat san phém c6 thé tich
nho va sb lugng khong dang ké, dic biét 1a cac
san pham trong giai doan ép thir. Trong nghién
ctru ciia Novus Applications tao hang trim nip
ren voi khuon in 3D sir dung vat li¢u Rigid
10K. Ho d4 tién hanh khoang mot tram chu ky
ép phun, san pham c6 tinh 6n dinh tt khi do
sai léch trung binh kich thudc duong kinh 1a +
0,04 mm. Ho d tiét kiém rat nhiéu thoi gian va
don gian hoa quy trinh phtrc tap trudc day va
ude tinh rang viéc in 3D khuon c6 gia thip hon
mot ntra so véi viée gia cong nhu trude day [2].
Cung voi d6, Holimaker da tién hanh ép phun

trén khuén in 3D nhya Grey Pro [3] véi 100 1an
phun dbi véi vat liéu PA & muc nhiét do 270°C
va 100 lan phun ddi voi PP, TPE, hoac POM ¢
nhiét do thap hon. Holimaker ciing d thiét ké
mot hé théng lam mat tich hop trong khudn dé
gitip giam chu ky 1iy san pham. Ho da san xuat
khuon trong mot tudn va chi phi giam 4-5 1an so
v6i khuon kim loai [2]. Braskem ché tao hang
nghin day deo khau trang trong mot tudn véi
khuon in 3D stir dung nhuya High Temp Resin
[4]. Ho dung vat liéu bdi tron dé thuan tién cho
viéc tach san pham, phun sau mdi 50 dén 60
lan phun, tong thoi gian chu ky trung binh 13
30 gidy, bao gdm ca viéc 1am mat va tach thu
cong. Dbi v6i nghién ctru ndy, Braskem d di tir
¥ twong dén san xuat trong vong mot tuan, tiét
ki€ém dugc 90-94% thoi gian va 80-97% chi phi
so v6i cac giai phap thay thé [2]. Stratasys ciing
da str dung khuon ép in 3D dé san xut va thir
nghiém cac bd phan boc kin nudc cho cac linh
kién dién tur st dung vat liéu nhya ABS [2].

Tir nhitng nghién ctru ndy cho thay viéc
ché tao khuon bang cong nghé in 3D hién nay
dang 1a xu thé méi trong viéc san xuét cac san
pham nhwa c6 khéi luong nho & dang san xuét
vira va nho hodc 1a cac san pham thir nghiém
ban dau trude khi san xuat hang loat. Tuy nhién,
vat liéu in trong cong nghé in 3D SLA hi¢n con
nhiéu han ché va tudi tho khuén in 3D cling
can duoc nghién ciru nhiéu hon nira dé danh gia
kha nang Urng dung cua ching trong nganh san
xudt san pham nhua. Vi thé, trong nghién ctru
nay sé& tap trung vao viéc thiét ké, mo phong va
ché tao 1ong khuén in 3D két hop véi vo khudn
kim loai dé tao ra cac mau thtr kéo, sau do so
sanh d6 bén kéo ctia mau dugc ép bang khudn
in 3D v&i cac mau duge ép bang khudn truyén
théng. Ngoai ra, két qua ctia nghién ctru nay
cling cho thiy mot s6 van dé can luu ¥ khi ché
tao 10ng khudn bang cong nghé in 3D SLA.
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2.VATLIEU VA PHUONG PHAPNGHIEN
cUu

2.1. Phwong phap ép phun
2.1.1. Ep phun nhwa

La quy trinh ché tao san phim nhya ma
trong d6 hat nhya dugc dinh lugng va hoa déo
bang hé thong cap liéu trudc khi bom véi ap
luc cao vao bén trong 1ong khuon da dugc dong
kin. Sau qua trinh ngudi so b thi khuén sé mo
ra, san phérn s€ dugc hinh thanh va cung lic
nay hé théng ty day sé& day san pham ra khoi
khuon. Chu ky nay s€ duoc lap di 1ap lai trong
sudt qué trinh san xuat san pham (Hinh 1).

Hinh 2. Khuon ép.
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2.1.2. Long khuon ép nhwa dwoc in 3D SLA

Khac véi khuon truyén thong, long
khuodn tao hinh san phém duoc lam tu vat liéu
kim loai va dugc gia cong cit got va gia cong
CNC thi diém ndi bat ciia nghién ctru nay la
long khuén duoc ché tao béng nhua chiu nhiét
chuyén dung Rigid 10K trong cong nghé in 3D
SLA do hing Formlabs nghién ciru phat trién.
T4am 10ng khudn trong nghién ctru nay 1 khuén
family dé tao hinh cho hai mau kiém nghiém do
bén kéo va udn voi muc dich so sanh két qua
véi hai mau twong ty dugc ép phun béi khudn
kim loai truyén thong (Hinh 2). Kich thudc tim
1ong khuon dugc thiét ké dé c6 thé in trén may
in 3D SLA Form 2 cta hang Formlab (Hinh 3).

2.1.3. Vit li¢u va thong sé ép

Vit lidu dugce st dung dé thir khudn
trong thi nghiém nay 1a hdn hop nhya gom 70%
PA6 + 30% EVA theo khi lugng [6]. Véi vat
liéu PA6 hay con duge goi l1a “nylon”, ndi bat
v6i do cung cao, do bén tét, kha nang chéng an
mon tot, chiu nhiét do thép, dé gia cong, do tron
bong cao, khong doc, dé pha mau nhung tinh
chiu axit kém, khong thé nhuém mau véi chat
nhudm c¢ tinh axit. Trong khi nhua EVA co
kha nang chiu luc cao va khong doc hai nhung
kha nang chiu lyc cao va khong doc hai. Vi thé,
trong nghién ctru nay da tron hai loai nhua nay
lai v&i nhau dé giam nhi¢t d§ nhya vao khuon
va cai thién co tinh san pham ép.

N

Hinh 3. Tam long khudn family
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Hon hgp nhya PA6 va EVA duge cho
vao trong bon may theo % khdi lugng, khuay
va tron lién tyuc, sau d6 s& dugc mang di sdy
kho trong 8 tiéng trude khi ép trén may Haitan
Mars 1200 III v6i cac thong sé ép duoc néu &
Bang 1.

Bdng 1. Théng s6 ép phun

Ap suét phun (bar) 50
Nhiét do phun (°C) 230
Téc d6 phun (%) 60
Thoi gian phun (s) 2.8
Thoi gian 1am ngudi (s) 40

2.2. Vit liéu va quy trinh in 3D tAm long khudn
2.2.1. Vit liéu in 3D SLA

Nhua in dugc st dung trong nghién ctru
nay 1a nhya Rigid 10K c6 d6 climg cao nhat ma
Formlabs nghién ctru va phat trién. Rigid 10K
thich hgp cho cac by phan cong nghiép chinh
xé4c can chiu duoc tai trong dang ké ma khong
bi udn cong. Nhya Rigid 10K c6 bé mit mo
min va c6 kha ning chiu nhiét va hoa chét cao
[5]. Nhya Rigid 10K thuong dugc ung dung
vao viéc ché tao khudn ép va long khuon tudi
tho ngén hodc cac bd phan, dd ga va dd dac
chiu nhiét va tiép xtc véi chat long.

Bdng 2. Mét s6 tinh chat ciia nhywa Rigid 10K

Green UV Post-cured UV + Thermal
Tinh chit bén kéo
Do bén kéo (MPa) 55 65 53
Modul kéo (GPa) 7.5 10 7.5
Do dan dai gioi han (%) 2 2 2
Thudc tinh udn
Do bén ubén (MPa) 84 126 103
Moédun udn (GPa) 6 9 10
Thudc tinh tac dong
Do bén va dap 10ZD (J/m) \ 16 16 18
Tinh chit nhiét
Nhiét do 1éch nhiét 1.8 MPa (°C) 56 82 110
Nhiét d6 1éch nhiét 0.45 MPa (°C) 65 163 218
Su gidn nd nhiét 0 + 150°C (um/m/°C) 48 47 46

2.2.2. Phan tich mdu ép

Dua vao két qua phan tich trén phan
mém Modex 3D (Hinh 4), gia tri ap suat tap
trung 16n nhat & phan miéng cudng phun, sau d6
giam dan dén hé thdng kénh dan va cubi cung
dén san pham. Qua trinh dién day: 4p suit luc
dau ting twong ddi nhanh dén thoi diém 0.222s

dat gia tri 14.785 MPa, sau do ap suat ting dén
cuc dai tai thoi diém 2.782s voi ap suat 32.756
MPa r6i tiép tuc giam xudng khoang 28.052
MPa trong khoang thoi gian con lai cua qua
trinh dién day. Qua trinh giit ap: ap suit giam
tir cudi qué trinh dién day tiép tuc giam nhanh
tai thoi diém 6.545 s véi gia tri 15.847 MPa,
sau d6 giam dan vé gia trj 10.245 MPa tai thoi
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diém 8,858 s. Cudi cung ap sudt giam vé gia
trj 0 va két thiic mot chu ky ép phun. Dya vao
két qua mo phong, ta thdy ap suat suit 16n nhat
trong qua trinh ép khoang 32.8 MPa va chu ky
¢ép 1a khoang 9s.

5
e o 6,600

Hinh 4. Két qua phan tich dp sudt mau ép.

Nhin chung gia tri 4p suat khoang tir
12.2 MPa dén 15.8 MPa phan b ¢ hé thong
kénh dan, ciing 14 khoang gia tri 16n nhat tac
dong 1én tim long khuon. Tir do, ta s& liy gia
tri 16 MPa dé phan tich do bén cho long khuén.

Hinh 5. Két qua phan tich ré khi va dwong han.

Dua vao két qua mo phong ¢ Hinh 5, ta
c6 thé thiy cac rd khi xuat hién & cac goc nhon
clia san pham. Vi vay trong viéc thiét ké tam
1ong khuon can dugc bd tri rinh thoat khi. Bén
canh dé, khi phén tich dudng han cho thiy san
pham khong xuét hién duong han do khong c6
su dbi dau cua hai dong chay. Vi vdy, cin xem
xét dén ap lyc va nhiét 6 cia dong chay phu
hop dé ting d6 bén khuon.

2.2.3. Phan tich tim long khuon

Qua két qua phén tich Ung suét trén
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phan mém Ansys (Hinh 6) cho thiy mg suét
phan bd déu trén bé mat 10ng khudn va c6 nho
hon tmg suat & kénh dan. Gia tri ing suét cao
nhat 50.482 MPa 14 tai vi tri cong vao nhya va
thip hon d6 bén ubn va do bén kéo cia Rigid
10K (Bang 2) sau xir Iy UV lan luot 14 126 MPa
va 65 MPa, qua do théa man diéu kién bén cua
vat liéu.

Hinh 7. Két qua phan tich bién dang tam long khuén.

Bén canh d6, voi két qua mo phong
bién dang tam long khudn cho thiy ving bién
dang 16n nhat c6 gia tri 0.0127 mm tai hai khu
vuc chtra nhiéu nhua ciia mau kéo va cac canh
ctia mau do bén ubn (Hinh 7). Tuy rang hai vi
tri nay khong gay anh huong 16n dén két qua
kiém nghiém nhung can phai luu y vé kha ning
hinh thanh ba-via khi sb luot ép ngay cang ting

1én vé sau.
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2.2.4. Quy trinh in 3D SLA tim long khuén

{lNHRL’J’AHSﬁIY\‘U’

Bude 1: Nham thiét 1ap cac thong sb
in dat 6 cting cao nhit cho chi tiét, mdi 16p
in 12 0.05mm (d6 day mdi 16p in nhé nhét cho
vat liéu Rigid 10K). P nghiéng cta tim long
khuon so véi ban in 1a 45 dd voi hé théng do
nhu hinh 3 [7].

Budc 2: Sau khi in xong, ban in s€ dugc
thdo ra khoi may in 3D SLA va dugc ga dat vao
may Form Wash dé 1am sach nhya bang dung
modi [PA trong 20 phut (thoi gian nay dugc
khuyén cdo boi Formlabs cho nhwa Rigid 10K).

Budc 3: Sdy UV. Sau khi qué trinh rira
mau in hoan tat, mau duoc lay ra khoi ban in
truée khi dén cong doan siy tia UV dé ting do
ctng cho long khuén in 3D. Sdy & muc nhiét 60
do va trong 60 phut [5].

Budc 4: U nhiét bé sung. U nhiét bd
sung dé giam kha nang bién dang nhiét cho chi
tiét dugc in voi nhiét d6 90°C trong thoi gian
125 phut [5].

3. KET QUA VA THAO LUAN
3.1. Két qua miu sau khi ép
3.1.1. Ngogi quan

Sau 50 chu ky ép, két qua thu duoc miu
30%EVA + PA6 dugc ép bang khuén in 3D ¢
ngoai quan turong trr véi mau duoc ép bdi khuon
kim loai [6]. Tuy nhién, quan sat Hinh 8 thiy
c¢6 ba-via xuat hién xung quanh cac mau ép do
khuon chua kin trong qué trinh phun. Nguyén
nhan cua 18i nay c6 thé 1a do qué trinh xur 1y hé
théng d& chi tiét in chua phang hodc hdc ding

dé lip ghép trén vo khudn gia cong chwa phang.

HTHEL

by

Hinh 8. San pham sau khi ép

3.1.2. Pj bén kéo

Do thi bién dang cua cac mau chiu kéo
do duogc trong qua trinh thi nghiém thu duogc
c6 hinh dang cua mdt biéu dd nhya déo thong
thuong (Hinh 9), mau bi kéo dut nim trong
khoang dut cho phép vdi do gian dai trung binh
ctia mau chiu kéo 1a 105.10 mm, nhé hon 15.72
mm cua mau duge ép bang khudn kim loai. Ly
do kha ning chiu kéo ciia mau dugc ép bang
khuon in 3D 14 do tdc d6 giai nhiét ctia khudn
nhya chdm hon khuoén kim loai. Vi vay, thoi
gian lam ngugi s€ dai hon va do la nguyén nhan
dan dén d6 bén kéo ctia mau trong nghién ctru
nay nhé hon mau truyén thdng [8]. Pay nhuoc
diém 16n can phai dugc nghién ctru khic phuc
khi str dung tim 1ong khuén bang nhya in 3D.

Biéu d6 so sanh cac duong cong ung
sudt — bién dang (Hinh 10) dua ra két qua do
dugc thap hon khi so sanh voi san pham tir
khudn truyén théng véi hai thong s 1an lugt 1a:
g suét tai diém dat 12 33.79 MPa so v6i 49.03
MPa va tng suit diém chay 1a 22.01 MPa so
v6i 26.5 MPa. Diéu nay tiép tuc cho thiy thoi
gian nguoi cia khuon in 3D s€ anh hudng dang
ké dén co tinh san pham nhya noi chung va do
bén kéo néi riéng, vi thé can tiép tuc nghién
ctru dé khic phuc van dé nay.
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Hinh 9. Két qua dé bién dang ciia cdc mau ép.
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Hinh 10. Biéu do so sanh dwong cong g sudt —
bién dang gitta hai loai khuon.

4. KET LUAN

Ung dung in 3D vao khudn ép phun dé
ché tao long khuon cho viéc san xuét cho cac
san phém nhya c6 san lugng hodc san xuét thir
nghiém trudc khi dua vao san xuit hang loat 14
diéu can thiét. Va trong nghién ctru ciing cho
thiy rang:

- Viée thiét ké va ché tao khuon ¢p nhya
két hop gitta vo khudn kim loai va tim 1ong khudn
in 3D cho loat san xuét nho s& tiét kiém vat licu,
thoi gian va su chi dong trong viée san xuat.

- Long khuon duoc in tir nhya Rigid
10K c6 kha niang dap Gmg dugc cac diéu kién
ép phun san pham nhua c6 san lugng nho.

- Sau 50 luot san phém duoc ép, do bén
long khudn van duoc dam bao. Bén canh d6 co

thé thay doi thong s6, quy trinh in va xir Iy sau in
d¢ cai thién thém co tinh ctia khudn in 3D SLA.

- Chét luong ngoai quan san pham ép
tuong ddng véi san pham duoc ép bang khuon
kim loai.

- Tuy nhién, cac chi s6 vé do bén kéo
nhoé hon nhiéu so v6i khuon truyén théng do
thoi gian ngudi trong khudn con qua 16n. Can
xem xét dé cai thién van dé nay ¢ cac nghién
ctru tiép theo.
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NGHIEN clrU MO PHONG ANH HUONG CUA CAC
PHUONG PHAP CUNG CAP CNG DEN TINH NANG KY THUAT VA
PHAT THAI CUA PONG CO CNG PU'Q'C CHUYEN POI TU
DONG CO PHUN XANG DIEN TU

THE STUDY OF THE EFFECTS OF CNG SUPPLY METHODS ON TECHNICAL
FEATURES AND EMISSION OF CNG ENGINE CONVERTED FROM ELECTRONIC
FUEL INJECTION ENGINE

Vii Quang Huy
Khoa Co khi, Truong Pai hoc Thuy lgi

TOM TAT

Bai bdo nay trinh bay két ‘qua nghién ciru mo6 phong anh hwong cua cac phirong phap cung
cap khi thién nhién nén CNG dén ddc tinh ky thudt va phdt thai ciia dong co CNG dugc chuyen
doi tir dong co phun xdang dién tir kiéu INZ-FE do hang Toyota san xudt. Két qua cho thdy, déng
co phun xang khi chuyén sang sir dung CNG cdp vao dwong nap (ca khi ding bg tron va khi phun
dién ti) va khong thay doi két cau ciing nhie géc danh lira sém thi cong sudt giam nhiéu nhung ham
liong phat thai, sudt tiéu hao nhién liéu dwgc cdi thién dang ké so véi dong co xang nguyén thiiy.

Sit dung phwong phdp phun CNG diéu khién dién tir thi ham lwong phdt thai CO va HC thap
hon so voi dong co CNG s dung bg hoa tron trong khi phat thai NO, cao hon. Tuy nhién mirc chénh
léch ham lwong phdt thdi gifta hai phirong phdp cdp CNG khéng nhzeu chi tur 5% ~+ 6%.

Tw khéa: Khi thién nhién nén (CNG); Pong co CNG.
ABSTRACT

This article presents the results of simulation research on the effects of CNG compressed
natural gas supply methods on the technical characteristics and emissions of CNG engines converted
from INZ-FE electronic fuel injection engines manufactured by Toyota. The results show that when
the fuel injection engine switches to using CNG supplied to the intake manifold (both when using the
mixer and when using electronic injection) and does not change the structure or ignition advance
angle, the power is greatly reduced, but emissions and fuel consumption are significantly improved
compared to the original gasoline engine.

Using the electronically controlled CNG injection method, CO and HC emissions are lower
than those of CNG engines using a mixer, while NO_emissions are higher. However, the difference
in emission content between the two CNG supply methods is not much, only 5% ~+ 6%.

Keywords: Compressed natural gas (CNG); CNG engine.
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1. GIOI THIEU

Khi thién nhién 1 nhién liéu thay thé c6
tiém ning 16n. Khi thién nhién c6 thanh phan
chinh 12 methane (70-90%) cong thém mot s6
cac hydrocacbon va céc tap chét khac. Do do,
stt dung khi thién nhién 1am nhién liéu rat tot
cho dong co ddt trong dbt chay cudng birc. Khi
thién nhién c6 ty 1¢ C/H nho hon so voi xdng va
diesel nén phat thai CO va CO, thap hon. Mat
khac, khi thién nhién c6 gidi han thanh phan hon
hop chédy dugc rong hon céac loai carburhydro
khac nén dong co chay tot hon va c6 thé lam
viéc v6i hon hop ngheo hon. Nhi¢t d§ mang lira
ctia hon hop thap nén nong do NO, trong san
pham chay ciing thip. Nhién liéu c6 thé duoc
lwu gitr & dang khi thién nhién nén (CNG) dé
cung cip cho dong co clia cic phuong tién van
tai [1, 2]. Bai bao nay tap trung vao nghién ctru
lam rd 4nh huong cta cac phuong phap cung
cAp CNG dén tinh ning ky thuat va phat thai
cua dong co, nghién ctru dugc thuc hién trén
dong co INZ-FE phun xang dién tor do Toyota
san xuat.

2. PHUONG PHAP NGHIEN CUU

Nghién ctru dugc thuc hién mé phong
bang phin mém AVL-Boost trén dong co
Toyota Vios INZ-FE st dung nhién liéu xang
truyén théng va nhién liéu khi thién nhién nén
(CNG) dugc cung cip bang hai cach: Mot 1 tir
mot bd hoa tron bd tri trén duong nap va hai la
sir dung hé théng diéu khién dién tir phun vao
duong nap dong co [3, 4]. Sau d6 cong suit, mod
men, ti€u thu nhién li¢u va phat thai ciia dong
co duoc so sanh v6i hai phuong phap trén dé
dua ra nhan xét.
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Bdng 1. Théng s co ban ciia dong co Toyota Vios

INZ-FE

Théng s6 Ky hiéu | Gia tri
H,anh trinh piston/Puong D 84.7/75
kinh (mm)
S6 xylanh i 4
Cong suit dinh mirc (kW) N, 80
Mo men cuc dai &
n =4200 v/ph (Nm) M 140
S6 vong quay dinh mtrc
(v/oh) n, 6000
Ty s6 nén € 10,5:1

3. KET QUA NGHIEN CUU

3.1. X4y dung mo6 hinh mo phéng trén AVL-
Boost

Duya vao cac thong s k¥ thuét cta nha
san xuét cling nhu cac théng sb do dac trén thuc
té, mo6 hinh mé phong dong co duoc xdy dung
nhu thé hién trén hinh 1 bang phan mém chuyén
ding mé phong dong co dbt trong AVL-Boost
(3, 4].

Buomg cip CNG

(a) M6 hinh mo phong dong co phun xang va phun
CNG
(b) M6 hinh mé phong dong co cung cap CNG
bang bé hoa trén kiéu ong Venturi

Hinh 1. M6 hinh déng co INZ-FE trén AVL-Boost &
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3.2. Panh gia do tin cy ciia mo hinh

Bang 1 thé hién so sanh két qua tinh toan mo phong cong suét va suit tiéu hao nhién lidu cta
dong co & duong dic tinh ngoai vai s lidu thuc nghiém. Do thi cho thay sy sai léch 16n nhat giita
cong sudt tinh toan va so liéu do 1a 7,8% tai toc dd 4000v/ph va sai 1éch trung binh 2,0% trén toan
dai téc do ctia dong co. Suét tiéu thu nhién liéu moé phong cé sai 1éch 10n nhét 2,4% so voi thuc va

sai 1éch trung binh 0,1% trén toan dai toc do.

Badng 1. So sanh két qua tinh toan mé phong cong sudt va suat tiéu hao nhién liéu cia dong co ¢ duong
ddc tinh ngoai voi so liéu thuc nghiém

Téc do dong co (v/iph) | 1000 | 1500 | 2000 | 2500 | 3000 | 3500 | 4000 | 4500 | TB
N, — thuc nghiém
W) 7.1 12.5 200 | 282 | 350 | 41.1 | 464 | 53.0
N_—mb phong (kW) | 7.5 12.8 191 | 27.0 | 369 | 444 | 500 | 52.1
Sai léch (%) 52 2.5 47 | 42 | 55 79 | 78 | -17 | 20
g, — thuc nghi¢m 3627 | 3063 | 272.0 | 2547 | 245.6 | 2569 | 279.7 | 281.0
(kKW.h)
g —md phong (kW.h) | 355.6 | 300.3 | 271.8 | 258.1 | 251.4 | 253.9 | 2825 | 285.0
Sai léch (%) 2.0 2.0 0.1 13 24 | 12 | 1.0 14 | 01

3.3. Panh gia tinh ning kinh té, ky thuit va
phat thai cia dong co INZ-FE khi chuyén
sang sir dung nhién licu CNG

Viéc nghién ciru mo phdng danh gia
tinh nang kinh té, k¥ thuat va phat thai cua
dong co INZ-FE khi st dung nhién licu CNG
dugc thyc hién qua viéc so sanh két qua tinh
toan md phong cac thong s6 cong suit, suat tidu
hao nhién li¢u va phat thai cia dong co khi st
dung CNG duoc cung cép boi hé thong phun va
boi bd hoa tron kiéu éng Venturi so voi khi sur
dung xang.

- Cong suit: Bang 2 so sanh cong suét
ctia dong co & ché do toan tai tir tbc do 1000v/
ph +4000v/ph khi sir dung xdng RON 92, CNG
phun vao ctra nap va CNG dugc cung cap boi
b6 hoa tron kiéu dng Venturi. C6 thé thay trén
toan dai toc do, cong suat cua dong co khi sir
dung CNG déu thap hon so vé&i khi st dung
xang. Trong do, phuong phap phun CNG cho
cong suat thap khoang 4,8% + 16,3%, trung
binh 16,2% so v&i khi s dung xang trong khi
phuong phap st dung bd hoa tron kiéu ong
Venturi cho cong suat thip hon khoang 21,1%
+26,7%, trung binh 20,7% so v&i khi st dung
xang.
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Bdng 2. So sdnh cong sudt mé phong khi sir dung xang va CNG & cdc toc dé

Téc d dong co (v/iph) | 1000 1500 2000 2500 | 3000 | 3500 | 4000 | 4500 | TB
Xang RON 92 (kW) 7.5 12.8 19.1 27.0 36.9 44.4 50.0 | 52.1
CNG-tron (kW) 5.6 9.8 14.9 21.3 27.0 334 38.8 | 41.2
Chénh 1éch (%) -25.2 -23.3 -21.7 21.1 | -26.7 | -24.7 | -22.4 | -21.0 | -20.7
CNG-phun (kW) 4.8 10.7 16.9 23.0 30.8 36.9 41.8 | 432
Chénh 1éch (%) -35.9 -16.4 -11.3 -148 | -16.6 | -17.0 | -16.4 | -17.1 | -16.2

- Suét tiéu hao nhién li¢u: Trén Bang
3 so sanh suét tiéu hao nhién li¢u cua dong co
& ché do toan tai tir te do 1000v/ph + 4500v/
ph khi sir dung xang RON 92, CNG phun vao
ctra nap va CNG dugc cung cip boi bd hoa
tron kiéu 6ng Venturi. Do thi cho théy, sudt tiéu
hao nhién li€u cia dong co dugc cai thién rd
rét khi st dung nhién liéu CNG so v6i nhién

liéu xang. Murc giam tiéu hao nhién li¢u trung
binh khoang 7,2% khi st dung phun CNG va
giam 3,9% khi str dung b hoa tron so voi khi
su dung xang. Do CNG c6 nhiét tri khéi luong
cao hon xing nén cong sut sinh ra tinh trén
mot don vi khdi lugng nhién lidu tiéu thy cao
hon.

Bdng 3. So sanh sudt tiéu hao nhién liéu mé phéng khi sir dung xing va CNG & cdc toc do

Tdc do dong co (v/iph) | 1000 1500 2000 2500 | 3000 | 3500 | 4000 | 4500 | TB
Xé?g/ligls) 92 355.6 300.3 271.8 | 258.1 | 251.4 | 253.9 | 282.5 |285.0
CNG-tron (g/kW.h) 354 301.0 264.2 | 2447 | 236.3 | 240.8 | 258.7 | 263.0

Chénh 1éch (%) -0.3 0.2 -2.8 -5.2 -6.0 -5.1 -84 | -7.7 | -39
CNG-phun (g/kW.h) 356 2953 2523 | 2355 | 2283 | 232.86 | 239.1 |242.0

Chénh 1éch (%) 0.3 -1.7 -7.2 -8.7 -9.2 -8.3 -153 | -15.1 | -7.2
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- Phat thai CO: D thi trén Bang 4 cho
thdy, ham luong phat thai CO cua dong co khi
sir dung CNG giam trung binh dén 76,2% va
77,4% trén toan dai téc do tuong tng véi tron
va phun CNG. Vi nhién liéu CNG (thanh phan
chinh la CH,) coty le:: C/H nhé hon so V('),’i xang
(thanh phén chinh gan véi CH ) voi cau tric

don gian hon, hdn hop chay dong nhit hon va
chay kiét hon nén phat thai CO cta dong co
khi str dung CNG thép hon nhiéu so véi khi sir
dung xang. Pong co phun CNG phat thai CO
thdp hon khong nhiéu so v6i dong co CNG sir
dung bd hoa tron, mirc chénh léch trung binh
dudi 5%.

Bdng 4. So sanh nong dg phdt thai CO khi sir dung xing va CNG & cdc toc do

Tdc d dong co (v/iph) | 1000 1500 2000 2500 | 3000 | 3500 | 4000 | 4500 | TB
Xang RON 92 (ppm) | 5372.1 | 5976.2 | 6729.0 | 7052.0 | 7263.6 | 7356.1 | 7694.4 | 7865.0
CNG-tron (ppm) 1209.3 | 8724 7319 | 854.8 | 854.8 | 958.1 | 1072.2 | 1178.0
Chénh 1éch (%) -77.5 -85.4 -89.1 -87.9 | -88.2 | -87.0 | -86.1 | -85.0 | -76.2
CNG-phun (ppm) 1168.4 | 854.8 6752 | 710.1 | 710.1 | 801.0 | 885.2 | 1184.0
Chénh léch (%) -78.3 -85.7 -90.0 -899 | -90.2 | -89.1 | -88.5 | -849 |-774

- Phat thai HC: Bang 5 cho thiy dong
co khi str dung CNG c¢6 ham lugng phat thai
HC giam nhiéu so véi khi sir dung xang trén
toan dai toc d6 cua dong co, giam trung binh
dén 81,1% ddi véi bo tron va 81,4% véi phun
CNG trén toan dai téc do va giam 16n nhat dén
92,5% & toc d6 3000v/ph. Khi st dung CNG,
phat thai HC giam manh nhu vay 1a do hon hop
CNG-khong khi dong nhat hon so véi hdn hop
xang-khong khi nén chay kiét hon. Thém nira,

nhién liéu CNG c6 ty s6 C/H nho hon so véi
nhién liéu xang trong khi phat thai HC cung
dugc tinh quy vé ham luong C,H; nén ham
luong phat thai HC cua dong co khi sir dung
CNG sé& thap hon nhiéu so vé6i khi st dung
nhién li€u xang. Pong co phun CNG phat thai
HC thap hon khéng déng ké so véi dong co
CNG str dung bd hoa tron. Murc chénh 1€ch 16n
nhit khoang 5%.

Bdng 5. So sanh phat thai HC khi sir dung xang va CNG ¢ cdc toc do

Tde do dong co (v/iph) | 1000 1500 2000 2500 | 3000 | 3500 | 4000 | 4500 @ TB
Xang RON 92 (ppm) | 1295.7 | 1433.0 | 1600.6 | 1805.3 | 1922.5 | 1922.5 | 1901.3 | 1900.0
CNG-tron (ppm) 137.4 137.4 137.4 | 1374 | 144.6 | 1555 | 171.6 | 170.0
Chénh 1éch (%) -89.4 -90.4 -91.4 -924 | -925 | 919 | -91.0 | -91.1 | -81.1
CNG-phun (ppm) 132.2 132.2 1322 | 140.8 | 140.8 | 148.0 | 164.8 | 162.0
Chénh 1éch (%) -89.8 -90.8 -91.7 -922 | -92.7 | 923 | 913 | 915 |-814
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- Phat thai NO_: Bang 6 cho thdy ham
luong phat thai NO, giam dang ké khi sir dung
nhién li¢u CNG so voi khi sir dung xdng, muc
giam trung binh trén 50%. Diéu nay dugc giai
thich do nhiét &6 chay ctia CNG thip hon xing,

do d6 1am giam nhiét d9 qua trinh chay dan t6i
phat thai NO_ giam. Pong co phun CNG phat
thai NO_cao hon mdt chit so voi dong co CNG
su dung bd hoa tron, murc chénh I¢ch trung binh
khoang 6%.

Bang 6. So sanh phat thai NO_khi sw dung xang va CNG ¢ cac toc do

Tocdodongeo | 100 | 1500 | 2000 | 2500 | 3000 | 3500 | 4000 | 4500 | TB
(v/ph)

Xénfp};rng 1,802.9 | 1,891.5 | 2,282.6 | 2,980.9 | 3,759.6 | 4272.1 | 4,346.4 | 4,457.0

CNG-tron (ppm) | 520.8 | 874.7 | 1,199.8 | 1,419.0 | 1,472.4 | 1,499.7 | 1,499.7 | 170.0

Chénhléch (%) | -71.1 | -53.8 | 474 | -524 | -608 & -649 | -655  -962 |-56.9

CNG-phun (ppm) | 606.6 | 900.9 | 1,209.8 | 1,430.2 | 1,515.9 | 1,604.3 | 1,654.7 | 1,712.0

Chénh léch (%) | -664 | -524 | 470 | -52.0 | -59.7 | -62.4 | -61.9 | -61.6 |-51.5

4. KET LUAN

DPong co phun xing khi chuyén sang sir
dung CNG cép vao dudng nap va khong thay
d6i két cdu ciing nhu goc danh lira sém cia
dong co thi cong suat giam nhidu nhung ham
lwong phat thai duoc cai thién dang ké so voi
dong co xdng nguyén thuy. Suat tiéu hao nhién
li¢u cua dong co CNG cling dugc cai thi¢n so
voi1 dong co xang nguyén thuy.

Dong co phun CNG c6 ham lugng phat
thai CO va HC thap hon so véi dong co CNG
st dung by hoa tron trong khi phat thai NO_
cao hon. Tuy nhién, mirc chénh l¢ch ham lugng
phat thai gita hai phuong phap cap CNG khong
nhiéu, chi tir 5% + 6%.
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HE THONG GIAM SAT T DPONG QUY TRINH BONG GOl
THU CONG

AUTOMATIC MONITORING SYSTEM FOR MANUAL PACKAGING PROCESS

Lé Xuin Thuyén', Tran Ngoc Huy?
"Phong Thi nghiém Innovation FabLab, Truong Pai hoc Bach Khoa,
Pai hoc Qudc gia Thanh phd H6 Chi Minh
2B mén Diéu khién Ty dong, Khoa bién — DPi¢n tir, Truong Dai hoc Bach Khoa,
Pai hoc Qudc gia Thanh phd H6 Chi Minh

TOM TAT

Déng g6i san phdam la mot trong nhitng quy trinh phé bién va quan trong trong sdn xudt
nhing lai khé d@é tw dong héa hoan toan trong nhiéu nganh san xudt do nhitng rdo cdan vé mat tdi
chinh va kj thudt. S thiéu thon cdc co ché tw dong héa quy trinh déng goi tao ra nhiéu khé khan
trong viéc sé héa quy trinh san xudt do thiéu nguon dir liéu gidm sat. Nham gidi quyét vin dé trén,
nghién ciru ndy dé xudt xdy dung cdc hé thong giam sdt cac quy trinh déng géi thii cong thay cho
viéc ty dong hoa toan bo quy trinh. Két qua thyc nghiém tai mot nha may o Viét Nam cho thd'y hé
théng dwoc dé xudt cé kha nang sé héa dwge quy trinh dong géi va tao tién dé dir liéu cho cac hé

théng s6 khdc.
Tir khéa: S6 hoa san xudt; Péng géi san pham; IoT: MES.
ABSTRACT

Product packaging is one of the common and important processes in manufacturing but it
is difficult to automate completely in many industries due to financial and technical barriers. The
lack of automation mechanisms for packaging processes creates many difficulties in manufacturing
digitalization due to the lack of reliable and constant data sources. To address this issue, this study
proposes to build monitoring systems for manual packaging processes instead of automating the
entire process. Experimental results at a factory in Vietnam show that the proposed system can

digitalize the packaging process and create data foundations for other digital systems.

Keywords: Manufacturing digitalization, Product packaging, loT; MES.
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1. GIOI THIEU

DPong gbi san pham 1a mot quy trinh
quan trong trong coéng nghiép san xuit. Quy
trinh dong géi san pham gitp bao vé san pham
khoi tdc dong tir mdi truong trong qua trinh
dua san pham dén tay nguoi dung ciing nhu hd
trg cho qua trinh marketing san pham. Mic du
cac cong nghé san xuat hién dai dd co gioi hoa
va tu dong héa nhiéu khau trong qua trinh san
xuat hang hoa, trong nhiéu nganh san xuat, dic
biét 1 cac nganh san xuat c6 san pham khong
& dang chét 16ng hoidc dang hat, quy trinh dong
g01 san phém van chua dat dugc trinh do tu
dong hoa va co giéi hoa nhu nhiéu quy trinh
san xuat khac. Tinh trang nay 13 do quy trinh
dong goi qua phirc tap & cac nganh nay, dan dén
kho c6 thé dua ra cc giai phap co gidi hoa va
tu dong hoa hi€u qua va co thé sinh loi vé mic
chi phi [1].

Su thiéu ving cac may méc hd tro cho
quy trinh dong gbi san pham khong chi dé lai
hau qué 1a 1am ting chi phi san xuat san pham
ma con lam céan tr¢ qua trinh hién dai hoa san
xuat thong qua cac cong nghé s6 [2]. Céc cong
nghé tir Cudc Cach mang Cong nghiép lan thu 4
doi hoi ludng dir liéu lién tuc va déu dan tir hién
trudong san xuét dé xir ly, luu tri, hién thi va
duara quyét dinh [3]. Viéc tao ra luéng dur liéu
nay s& dé dang hon rat nhiéu trén cc quy trinh
san xut tu dong nhd co ché giao tiép may-may
thay vi ngudi-may. Tuy nhién, ngay ca diéu nay
cling khong tao du dong luc dé cac chu doanh
nghiép du tu vao cac quy trinh dong géi tu
dong, dac biét ddi voi cac san pham phuc tap
va doanh nghiép vira va nho.

Dé giai quyét van dé tao nén tang dit liéu
cho céc cong nghé sb, nghién ciru nay dé xuat
phuong phap tu dong hoa khau gidm sat va thu
thap dir li¢u cac quy trinh dong goi thu cong,
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thay vi tw dong héa ca quy trinh dé giam thiéu
chi phi va rui ro cho cac nha mdy san xuat san
sang xay dung quy trinh ty dong hoa hoan chinh.

Pé hé théng sat voi thue té, nhom
nghién ctru tién hanh khao sat quy trinh dong
6i thi1 cong tai mot nha may san xuat phy kién
v¢ sinh nhya tai Viét Nam vdi quy trinh dong
g6i dién hinh cho cac quy trinh dong géi kho
thuc hién ty dong hoa: kich cd céac thanh phén
khong d@)ng déu, da dang vé chung loai (nhua,
gidy, bao bi,...). Qua khao sat, nhom nghién
ctru nhan thay quy trinh déng goi tai nha may
gap phai nhitng van dé sau day:

— Thiéu co ché kiém soét sai sot trong
qua trinh dong goi, dan dén tinh trang dong goi
thtra, thieu hodc sai linh kién.

— Viéc thu thap di liéu dugc thyc hién
thu cong vao cudi ca, dan dén de€ sai sot hoac
gian lan.

— Tién do thuc hién khong dugce giam
sat lién tuc.

— Thiéu ngudn dir liéu dé tich hop céac
cong nghé s6 hoa quy trinh quan 1y nha may.

— Nha may c6 quy tic phan cong cong
viéc trong mot ca cho cac cong nhan, tuy nhién
qué trinh nay dugc thyc hién bang tay din dén
dé sai sot, mat thoi gian va khong t6i uu.

Trong nghién clru nay, nhom nghién
ctru s& xay dung mot hé thong giup giai quyét
cac van dé ké trén. Trong muc 2, nghién ctru
nay s€ di sau vao phan tich quy trinh dong goi
thi cong tai nha may néu trén va phuong an
gidi quyét van dé, muc 3 sé& di sau vao phuong
an xay dung hé théng va muc 4 mo ta két qua

dat duoc.
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2. QUY TRINH VA PHUONG AN

Nha may dugc khdo sat 1a mot nha may
c6 quy trinh san xudt tiéu biéu cho kiéu job-
shop v&i cac san pham dugc san xuét thong qua
nhiéu khau khac nhau. Sau mdi khau, san pham
s& duoc nhap kho dé chd xuit ra cho khau tiép
theo. Danh sach cac chi tiét can dong goi co
su da dang nhét dinh vé hinh dang, kich thudc,
trong luong, do do rat kho dé tu dong hoa quy
trinh dong gbi ma khong can nhiéu chi phi.

Quy trinh dong g6i dugce thuc hién theo
ca. Mbi ca, mdi ngudi cong nhan s& nhan duoc
phan cong dinh mtrc riéng cho ca lam viéc. Viéc
phan cong nay s& dugc thyc hién theo quy tic
cta nha may va kinh nghiém ctua nguoi quan
1y quy trinh. Cong nhan thyc hi¢n dong goi cac
san phém mot cach tuan tu, hét loai san pham
nay dén loai san pham khac. Cudi mdi ca, két
qua lam viéc s€ dugc thu thap lai. Dt liu nay
s& duoc dung dé quan 1y tién do san xuét va tinh
lvong cho cong nhan.

Hinh 1. Bang nhdn nhiém vu dong goi cua tung
cong nhan

Theo quy tic ciia nha may, cong viéc
ctia moi cong nhan s& duoc dua trén do thanh
thuc ctia cong nhan va sb loai san phim cin
dong gobi trong ca. Cac cong nhan chua thanh

thuc (dwoc tinh ning sudt thap hon ning suit
tiéu chuan) sé& chi duoc giao mot loai san pham
v6i d phirc tap thap dé tap 1am quen véi cong
viée. Cac phan cong viéc 1& (co quy ddi thap
hon ning sut 1 ngay cua cong nhan) s& duoc
phan cong cho céc cong nhan giau kinh nghiém
hon.

bé giai quyet cac van dé néu ¢ muc
trén, h¢ thong giam sat quy trinh dong goi tu
dong dé xuat can thyc hién cac nhiém vu:

— S0 hoa dugc quy trinh dong goi tai
nha may tur lac nhan chi tiéu san xuat cho toan
ca dén khi tao cac bao cdo san xuat lién quan;

— Cung cép cho ngudi quan 1y giao dién
giam sat toan b quy trinh voi nhi€u tram;

—Tuong tac dugc voi cong nhan dé hién
thi tién do va béo 101 cac goi hang dong goi sai
quy céch;

— Cung cép duoc dir liéu cho cac hé
thong khac;

— Qua trinh phan cong cong viéc dugc
thuc hién tu dong theo cac quy tac da dat ra cua
nha may.

Pé thyc hién nhiém vu sd hoa, giam
sat va thu thap duogc dir li¢u, hé théng s& can
g dung giao dién va may chu dé xu 1y va luu
trir dir liéu. Dé cung cap dir liéu cho giao dién
ndy va tuong tac v6i cong nhan, mdi tram déng
g6i s& dugc trang bi cac thiét bi dé hién thi cac
thong tin can thiét cho cong nhan, cu thé:

— 86 lugng san pham (Pat chuan, Li);

— Thong tin (ID) ma hang dang dong
goi;
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— Dau hiéu xac nhan c6 chi tiét bi thiéu
trong goi hang dé cong nhan nhan dién va bo sung.

V& van dé nhan dién sai sot va kiém
soat chat lugng, do céc chi tiét trong quy trinh
déu khac nhau vé khéi luong, hé théng can va
thanh gat s€ duoc st dung dé nhan biét va phan
loai san phém dé cong nhan co thé thuc hién
dong goi lai khi can.

3. XAY DUNG HE THONG KIEM SOAT
QUY TRINH PONG GOI TU PONG

3.1. Céu tric hé thong

a) Tong quan hé thong

<P O O OF 9P
Hinh 2. So' do hé thong kiém sodt va gid ldp dong
20i tw dong

Dua vao phuong 4n thyc hién & phan
trén, hé thong s€ gom cac thanh phan sau:

« Ung dung may tinh: Pugc thiét ké dé
giam sat toan bd quy trinh san xuit ciia hang
hoa, trong pham vi bai bdo nay la quy trinh
dong goi te dong, nhd d6 giam thiéu duoc khau
ghi gidy to. Ngoai ra, phan mém con cung cap
giao dién than thién véi nguoi dung la quan ly,
truong ca. Cac chirc nang chinh cta phan mém
quan ly dong goi:
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— Nhép, chinh stra, x6a thong tin cua
cac don hang da thuc hién;

—Poc thong tin don hang dinh dang file
Excel 1én phan mém, cung cip cac théng tin va
cho phép ngudi sir dung chon, chinh stra cac r6
dé xuét kho;

— Giam sat tién trinh [am viéc cua cong
nhan thong qua bo dir li¢u gui tir cdc may dong
g01 1én may chu;

— Giao tiép voi may chu dé luu trix 1au
dai dir li€u va truy xuat dir li¢u theo yéu cau;

— Hién thi thong bao khi co 15i xay ra
hodc khi thuc hién thao tac thanh cong.

* May chu (Server): Luu trit va xur ly div
liéu san xuat vao database. Dit liéu ndy c6 thé
dugc truy xuit thong qua REST API trén g
dung may tinh dé tao bao céo. Ngoai ra, REST
API c6 thé duoc dung dé tan dung ngudn dir
liéu lién quan dén cic ca san xuat trudc nham
mo rong hé théng nhd vao tinh théng dung cao
cua no [4].

« Raspberry Pi: Giao tiép voi may chi
dé nhan don hang déng géi giri xudng tir may
chu, xir Iy goi tin dd gui cling nhu truyén dir
li¢u lam viéc hién tai Ién may chu (Ma may,
Thoi gian truyén/nhéan, S6 lugng don hang, S6
lugng san phém, Ma san phém, Tén san phém,
Chi phi vat tu, Khéi luong chuin san phém,
Chuan déng goi, S6 lwong san pham dat chuan
va khong dat chuan, Thoi gian lam viée, Thoi
gian van hanh).

« Hé thong phan ctng: Nhu trong pham
vi bai bdo nay, 1 hé str dung 2 tay gat xy lanh
duong kinh ®32, hanh trinh 300mm, ap sut
khi 0.1-1MPa kém can dién tir v4i ba muc chia
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0.2g, 0.1g va 0.05g str dung ngudn 220VAC
(£10%) dugc st dung dé phan loai san pham.
B LED 7 doan sir dung nguon 12VDC ding
dé hién thi tién d6 lam viéc (s6 san pham dat
chuén), ché d6 lam viéc (binh thuong, tam
dung — STOP, ma san phém hién tai) va bao
thiéu hodc du chi tiét trong goi san pham (néu
c6), ngoai ra bo LED con hién thj trang thai
két ni giira hé théng dong goi va may chu. Bo
ba nGt nhan gém ba mau xanh, vang, d6 theo
thir ty tir trén xudng biéu thi ba chic nang: Xac
nhan/Tiép tuc, Hién thi ID don hang hién tai,
Tam ding (STOP) va dén bao biéu thi trang
thai cia don hang.

« Giao thirc truyén nhan: MQTT — Giao
thirc truyén nhan dit liéu/tin nhin theo mé hinh
publish/subscribe, dugc str dung cho cac thiét bi
IoT véi bang thong thap, do tin cdy cao va kha
nang duoc sir dung trong mang ludi khong 6n
dinh [5]. Trong hé thdng nay, giao thirc MQTT
gitip luan chuyén dir liéu giira tmg dung may
tinh, may chu va cac gateway Raspberry thong
qua mang khong ddy. Pong thoi, MQTT cling
cung cap kha ning mé rong hé thong thong
qua ngudn dir liéu giam sat c6 tinh mé tir cac
gateway phat ra theo thoi gian thuc.

b) Lap trinh

Vé tong thé, chuong trinh kiém soat
quy trinh déng géi san pham hoat dong theo
nguyén 1y nhu hinh 3.

Trinh ty cac budc xur ly goéi tin (don
hang) va phan loai san pham nhu sau:

- Budc 1: Kich co giit dén khi c6 goi
hang dat 1én can.

- Budc 2: Néu khdi luong can tra vé 1on
hon 0.05kg va xac lap trong vong 2s, tién hanh

so sanh khoi lugng goi hang dat 1én can va khoi
luong chuan cua goéi hang.

- Bu6c 3: Néu khéi luong dung nhu
khdi lwong chudn (sai s khong qua 5 gram),
xy lanh 1 s& duoc kich 1én thong qua GPIO ndi
v6i van dién tir 5/2, tién hanh diy san pham dat
chuan vao 10.

- Budc 4: Tang sb luong san pham dat
chuan 1én 1, hién thi gia tri d6 1én LED 7 doan
va truyen dir li¢u 1én server.

- Budc 5: Néu khoi luong khong dung
nhu khéi lvong chuén (sai s6 vuot qua 5 gram),
xy lanh 2 s& dugc kich 1én thong qua GPIO ndi
voi van dién tur 5/2, t1en hanh diy san pham
khong dat chuan vao ro.

- Bu6c 6: Tang sb lugng san pham
khong dat chuan 1én 1, hién thi mi bao thiéu
hodc thira chi tiét trong goi hang va truyén dir
liéu Ién server.

- Bu6c 7: Poc gia tri khoi lugng hién
thoi trén can dé xac dinh xem san pham da
dugc day di chua va reset cd. Néu khdi luong
hién thodi van con 16n hon 0.05kg tirc 1a c6 16i
xy lanh xay ra.

i o kg b i

[ ——

Hinh 3. So' do chwong trinh kiém sodt quy trinh
dong goi
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Dé giai quyét van dé phan viéc tu dong,
hé théng s& quy d6i sé luong san pham can
dong goi trong ca thanh ngay cong san xuét va
chia thanh cac goi cong viéc dua trén loai san
pham va ning suit cong nhan. Sau d6, hé thong
s€ phan cong cong viéc cho cac cong nhan co
d6 thanh thyc thap trudc dya trén cong suat cia
cong nhan va do phirc tap ciia cua san phiam
da duoc luu san trén hé théng. Sau do6, cac goi
cong viée 16 (co quy d6i ngay cong bé hon 1) s&
dugc phan cho cac cong nhan c6 kinh nghiém.
Céc gobi cong vige con lai s€ duoc chia cho cac
cong nhan khac.

¢) Két noi dir liéu

Khi bat dau ca 1am viéc, ngudi quan 1y
quy trinh nhan vé thong tin don hang tir cac
phong ban khéc trén hé thong. Thong tin don
hang nay s& dugc nhip vao phin mém dé tinh
ra lugng san pham dugc phan cong cho timg
cong nhan. Thong tin nay s& dugc giri truc tiép
dén hé théng hién thj tai cac tram dong gbi cho
ting cong nhan c6 thé nam duoc cong viée can
thue hién. Xuyén sudt qua trinh déng goi, toan
b dir liéu s€ duogc cap nhat lién tuc vé giao
dién giam sat dé nguoi quan 1y ¢6 thé nim duoc
tién d6. Cudi ca, dir liéu nay s& duogc chinh sira
lai 1an cudi trude khi duge luu trit 1au dai trén
méy chu va trich xudt dé tao cac bao céo can
thiet.

Khu vy B6ng g4 Desktop app Server
_______________________ Wahsdn 1TTTTTTTTIITTY qhgegun TTTTTTTTTTTTTTS
. wudt ' doenhing |

i —
i EM 1
i i
i | | [I——1 —_— E |
i Tink trang Luru trik
dom hang o cdo

Hinh 4. So' do truyén nhdn gitta cdc khoi (May chii
— Ung dung may tinh — May déng géi)

Céc chudi va broker giao tiép gitra tmg
dung may tinh va may dong géi duoc quy udc
nhu bang sau:
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Tén topic Muc dich

e T

ValueMessage : trang dong
goi

PS/DG1 / Iliia}spfgg ;’u‘tbli;sih c}:

MachineStatus cu ve trang thar cu
may
Topic LWT khi
Raspberry két nbi dén
PS/DGI/LWT broker, khi Raspberry

mat két noi, broker sé
tu gl tin nhan mat ket
ndi vao topic nay

Ung dung may tinh
giri tin nhin config vé
thong tin don hang can

thuc hién

PS/DG1 /ConfigMess

Raspberry Publish
canh bo 16i may 1én
may chu

PS/DG1 /ErrorMessage

4. KET QUA

Toan b hé thong kiém soat quy trinh
dong g6i tu dong hoat dong lién tuc va chinh
xac trong thoi gian dai.

Hinh 5. Tram dong goi sau khi dwoc trang bi hé

thong gidm sdt
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Phan mém c6 thé ty dong phan cong
cong vi¢c cho céac tram dong goi dua trén cac
quy tic va dit liéu dau vao nha may da dinh
trude. Toan bd qua trinh dong goi s€ dugce giam
sat lién tuc trén giao dién phan mém thong qua
cac bang tién do va biéu dd. Biéu db tién do cua
cong nhan dong goi cho phép nguoi trudng ca
c6 thé theo ddi va can thiép néu cong nhan lam
cham so v&i tién do dong goi (Hinh 6).

| p—
KO e

=y

Hinh 6. Giao dién phan mém quan 1y hé thong

Sau khi hoan thanh ca lam viéc, toan bd
dir li¢u thu thap duogc trong ca c6 theé dugce dung
dé tao cac bao cdo va luu trir trén may chu.

Hinh 7. Bdo cao cuoi ca duoc tao ty dong

Ngoai viéc sé hoa quy trinh dong goi,
hé théng con cung cap kha nang mé rong thong
qua REST API ddi véi cac dir lidu bao cao cudi
ca va giao thirc MQTT voi céc dir licu giam sat
theo thoi gian thuc. Cac dir li¢u nay co thé duoc
cac bén thr ba truy cap nham cai thién hodc
tich hop hé thong vao nhimg hé thong sé hoa
cao hon nhu h¢ thong MES.

5. KET LUAN

Nhim giai quyét van dé tao nén tang
thong tin cho quy trinh dong goéi thu cong, cai
thién kha ning quan 1y va giam sat san xuat,
nghién cru nay dé xuat viéc xay dung mot hé
théng giam sat cac quy trinh déng goi thu cong
mot cach tu dong ma thong qua viée tur dong
hoa va co gidi hoa quy trinh.

Hé thong dugce dé xuat dugce dua trén
quy trinh déng géi thu céng dién hinh tai mot
nha may ¢ Viét Nam, bao gém céc may tinh
nhung va ngoai vi can thiét thu thap di liéu tai
cac tram dong goi, giao dién may tinh giam sat
quy trinh va may chu luu trit va quan ly dir li¢u
bao cdo. Sau khi dugc xay dung va ung dung
thuc té, hé thong duoc dé xuat c6 thé van hanh
6n dinh, thu thap duogc dir li€u tr cac quy trinh
dong gbi ciing nhu cung cap cac cong cu giup
nguoi dung s6 hoa mot s6 hoat dong lién quan
nhu luu trit va xuét cac loai bao céo.

Hé thdng con cung cap kha ning mo
rong thong qua viéc str dung kénh truyén thong
dir liéu theo thoi gian thue MQTT va REST API
dé truy cap dit liéu san xut trong qué khir. Tinh
dién hinh cta hé thong ciing cho phép viéc xay
dung cac hé thong tuong tu trén cic quy trinh
dong goi thu cong khong qua dac biét trong
truong hop cac doanh nghiép san xuat khong
thé, hodc chua mudn dau tu vao cac hé théng tu
dong toan phan cho quy trinh dong géi.

Lo1i cam on:

Chung t61 xin cam on Phong Thi nghiém
Ché tao San phim méu (Innovation FabLab),
Truong Pai hoc Bach Khoa, PHQG-HCM va
Cong ty Nhya C.H.A. d3 hd trg cho nghién ctru
nay. <
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NGHIEN ClrU ANH HWONG CUA MOT SO THONG SO TOI
NANG SUAT MAY PHA DONG DANG GAU

RESEARCH ON INFLUENCES OF SOME PARAMETERS ON RECLAIMING
CAPACITY OF TYPE BUCKET WHEEL RECLAIMERS

ThS. Pham Van Hung, ThS. Poan Vian Minh
Vién Nghién ctru Co khi, B6 Cong Thuong

TOM TAT

Hién nay o Viét Nam, cac nha may nhiét dién than, nha may xi mang,.. déu sir dung vat liéu
dang roi (nhu than, da, dat sét, ... ) duoc chira trong kho lam nhién liéu dot cho 1o hoi/hodc lam
nguyén liéu dé san xudt xi mang/hodc ddy chuyén san xudt khdc. Thiét bi phd dong dang banh xe
gau xiic dirge sir dung khd phé bién trong ddy chuyén cong nghé dé lay vit liéu tai kho chira cdp vao
cdc thiét bi khdc dé van chuyén téi noi tiéu thu theo yéu cau. Nang sudt phd dong dwoc tinh todn
ddp vmg dii yéu cau tiéu thu nguyén liéu ciia day chuyén cong nghé san xudt. Bai bdo trinh bay sir
anh huéng ciia mot s6 théng sé téi nang sudt thue té cia qud trinh phd dong bang may pha dong

dang banh xe gdu xiic.
Tir khéa: Mdy phd dong; Banh xe gau,; Nang sudt.
ABSTRACT

Currently in Vietnam, coal-fired power plants, cement plants, etc. use bulk materials (such
as coal, limestone, clay,...) stored in storages as fuel for boiler/or as raw material for cement
production/or other production line. The bucket wheel reclaiming machine is used quite commonly
in the technological line to take bulk materials at the stockpiled storage and feed them to other
equipment for transportation to the required consumption place. The reclaiming capacity is
calculated to meet the raw material consumption requirements of the technological production line.
This paper presents the influence of some parameters on the actual reclaiming capacity of bucket

wheel reclaimers.

Keywords: Reclaiming machine; Bucket wheel; Capacity.
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1. PAT VAN PE

Xu ly va chuyén tai cac vat liéu ran roi
trong kho chtra dong moét vai trd quan trong
trong ddy chuyén céng nghé san xut ctia nha
may/dy an. Chi phi cia cac hoat dong nay cé
tac dong dang ké toi hoat dong cua cac cong
doan sau va anh hudng truc tiép t6i gia ciia san
pham cudi cung. Do d6, hé théng xtr Iy nguyén
vat liéu nay phai hoat dong hi¢u qua, dang tin
cay, V(’yi chi phi thap nhat. Diéu nay doi hoi cac
may xép dong va do dbng hoat dong hiéu qua
hay ning suat pha dong phai dap ung yéu cau
cho cac cong doan tiép sau.

Céc thiét bi duogc sir dung dé xu ly
nguyén li€u tho (rat liéu) trong kho dugc goi la
may pha dong doc 1ap hodc may lién hop (c6 ca
chirc ning danh déng va phé déng) May pha
dbéng duogc sir dung kha pho bién tai cac nha
may nhiét dién than, nha may xi mang,... vdi
kho chtra nguyén li¢u dang kho dai la cac may
pha déng doc lap/lién hop dang banh xe gau di
chuyén trén duong ray doc theo chiéu dai kho
chua.

Pham vi gidi han cua bai bao chi phan
tich anh hudng ctiia mot sé thong sd nhu V —
Thé tich vat liéu 1y duoc khi hoat dong pha
déng, t. — Thoi gian dé(?, t — Thoi gian I}O@t
dong td1 nang suat thuce t€ (hoat dong pha dong)
ctia thiét bi pha d6ng dang banh xe gau trong hé
thdng xtr Iy nguyén ligu ran, rdi trong cac day
chuyén san xuat hién nay.

2. NGUYEN LY HOAT PONG CUA MAY
PHA PONG BANH XE GAU

So luge cau tao va hoat dong cua may
pha dong dang banh xe gau dugc mo ta tai
hinh 1.
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Hinh 1. So do nguyén Iy hoat dong ciia mdy pha
dong dang banh xe gau
(Lk — Chiéu d‘di can banh xe gci‘u S Y- Chiéu cao
can tqi tdm quay cua may,
X — Khodng cdch gitta tdm quay va can ; 2d —
Khodng céch 2 ray; D — Puong kinh banh gau)

May phé déng gém c6 cac bd phéan chinh:

- Banh xe giu xtic véi bo truyén dong;

- Can banh xe gau voi bang tai trén can;

- B6 phén quay can banh xe;

- BO phan di chuyén may trén ray;

- Khung may va can dbi trong;

- Hé thong dién va diéu khién.

Trong gué trinh pha dong, gau xuc cua
cdc may chuyén dong tudn theq mot quy dao
3D duogc xac dinh boi mdt sy két hop cua cac

chuyén dong co ban, gom:

- Chuyén dong quay ctia gau quanh truc
cua chinh véi vén toc, v ;

- Chuyén dong quay ngang clia can xoay
quanh truc trung tdm cua may voi toc do, v, ;

- Di chuyén ctia may trén ray song song
v6i déng vat liéu véi van toc, v

- Chuyén dong nang/ha (1én/xudng) cta
can banh xe dé do tai hét chiéu cao ctia dong.
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Nhu vay, voi cac chuyén dong cia may
nhu trén, vat liéu tai dong trong kho duoc giu
mic d6 vao bang tai ldp trén can va chuyén t6i
céc thiét bi cong nghé khéc theo yéu cau. Thong
thudng, c6 04 phuong phap pha dong duoc st
dung (tiy theo don vi sir dung) va déng vat
liéu trong kho duoc d& hét (theo chiéu rong va
chiéu dai). Qua trinh hoat dong pha déng duoc
1ap lai nhu ban dau.

3. MOT SO YEU TO ANH HUONG TOI
NANG SUAT CUA MAY PHA PONG

3.1. Ning suit pha dong

Ning sudt pha déng 1y thuyét duoc tinh
nhu sau [2], [3]:

Q=V,.y=60.V, .z y.n .y (1)

Trong do:

- Q;: Niing suét tinh toan ly thuyét (tan/h);

-V, Dung tich mét gau (m’);

- z: SO lugng gau trong banh xe gau;

- y: Hé s6 dién day gau xuc;

-n;: Sb vong quay banh gau (v/p);

- v: Trong luong riéng ctia vat lidu (tin/m?).

Tuy nhién, gia tri trén khong phai la gia
tri thuc ¢ thé duoc mong doi. Do d6, khi st
dung nén biét nang suat thuc t€ cia may dé lap
ké hoach san xuét phu hop. Ning suét thyuc té
ctia mot hoat dong pha dong bi anh huong cua

hau hét céc yéu td quan trong, nhu:

« Thong s6 thiét ké cuia may;

« Céc yéu t co ly (dic tinh ciia vat liéu roi);

« Cac thong sb cong nghé (hinh dang
khéi, phuong thtrc hoat dong).

Céc yéu t6 va anh hudng t6i nang suat
pha dong c6 thé dugc mo ta trong hinh 2.

Ningsuatly thuyet  |e Dauvio
T (théng 6 chinh thiét ké banh xe gau)
Chicningbiendoi | — - ,
Cac yéu to dnh hudng dén ning suat
v - théng o vé dictinhvitlitu
Niing suat thuee té - thong sd cong nghé
Diur) - cacthéng so thist ké khac

Hinh 2. So do quan hé su anh huong cdc yéu to
dén nang sudt phd dong

bay 1a mot van dé quan trong, vi vi¢c
danh gia khong chinh xac cac thong sb thiét ké
ciia may pha déng ¢ giai doan chon trude co thé
gdy ra hau qua tiéu cuc (va ton kém) cho nguoi
sir dung. Ning suit qua mirc (du thira) khong
mong mudn thudng lién quan dén vén va chi
phi van hanh cao hon, trong khi néu khong du
nang suit co thé gy nguy hiém cho hiéu qua
hoat dong cta toan b hé thong xur 1y vat lidu
r0i va cac cong doan tiép sau. Viéc danh gia
chinh x4c ning suat pha dong tré thanh mot
trong nhitng diém quan trong ctia qua trinh
thiét ké, lya chon va van hanh thiét bi.

Ning suét pha dng phu thudc vao hinh
dang kho du trit, thoi gian dao thay doi theo
dang khéi (hep hodc day), trong khi thoi gian
hoat déng cta may phu thudc vao ché do khai
thac. Mdi quan hé giira cac kich thudc tuyén
tinh cuia may va kich thuéc hinh hoc cua déng
(khéi) khi hoat dong pha déng dugc mo ta tai
hinh 3.
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a)Dang khoi hep b)Dang toin khoi (khoi du)

Hinh 3. Hinh vé méi lién hé cdc théng sé cia khéi vt liéu khi hoat dong pha déng
H - Chiéu cao dong vat liéu; h - Chiéu cao ciia I6p vit liéu kthha dong, Y - Chiéu cao can tai tam quay
may, o. - Goc dong vat ligu; S, - Chleu rong dong; A - Chiéu réng khoi dong (khoz day); S Téng chiéu
rong khoz dong, R, Khoang cdch can tiép cdn khi pha dong, B, - Goc quay can phla xa dong, B, - Géc
quay can phia gan dong, a - Khodng cach gitra truc di chuyen cua may va chan dong, d. - Chiéu rong dong
tai lop pha dong thiri; a, Khoang cdch giita truc di chuyén va mep gan lop dong i; a,, - Khoang cach
gitka truc di chuyén va mep xa lop dong i d Chiéu réng mdt phang dinh dong; d Chzeu rong mat dinh
dong (khoi day); d - Chiéu réng mdt dinh dong chwa pha dong

3.2. Anh huéng ciia mét sé yéu té dén niing v
suat pha dong Qeff — ﬁ (2)
Ning suat thuc t& khi may hoat dong Trong do:

pha déng phu thudc vao thiét ké thiét bi, cac
thong s cong nghé, cling nhu cac dic tinh co
1y va dic diém cta vat liéu chat dong.

- Q_,: Nang suat thuc té (m*/h);
- V: Thé tich (khéi lwong) pha dng (m?);
- t.: Thot gian dao (h);

Ning sudt pha dong thuc té dugc xac - t . Thoi gian hoat dong cua may khi
dinh nhu sau [4], [5]: pha ddng (h).
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Tir cong thire (2), ta nhan thiy sy anh
huong cua cac thanh phan téi nang suat khi
hoat dong pha dong:

- Thé tich vat liéu ldy duoc khi hoat
dong pha déng (V): Khéi lugng thu hdi trong
mot lan dao twong Gng véi thé tich dugc dao
boi banh xe gau trong mot chu ky quay vong —
tir bén trong (gan) dén bén ngoai (xa) ciia dong
vat liéu va duogc xac dinh (xem hinh 3a, 3b):

+ V6i khdi hep:

B R, -h, “Chyy -[sin p, +sin g, —(sin B, +sin ﬁir]] (3)

2-cos f,
+ V6i khoi day:
_ Ry, -h-cp, -[sing, -0.5-(sin g, +sin, )] 4)
:(?J - cosﬁlr

- Thoi gian dao (t): Tong thoi gian dao
1a tong thoi gian dao clia timg phan va duogc xac
dinh nhu sau:

t=2% &)

Thoi gian dao timg phan lién quan dén
chuyén dong quay vong cua can banh xe gau
xuc. Khi hoat dong pha ddng theo khdi, trong
d6 chi c¢6 chiéu sau dao thay doi voi goc quay
ngdy cang ting cua can banh xe giu. Su thay
ddi nay c6 thé duoc mo ta boi quy tic sau (xem
hinh 4):

(6)

C; huong di chu_\'érl

- gocquay

Cy-chitu siu dio tai g= ¢°
C,-chi@ru saudaotai g= 49°
h-chitu cao dio
b,-chidurénglop daotai g= ¢
brchi.éu rong Iop dao tai 5= 45°

Hinh 4. So d6 moi lién hé giira chiéu sau dao voi

su tang goc quay can

Trong qué trinh quay vong, khi chiéu
cao vét cit khong d6i. Pé bu dap cho sy hut
khéi luong va giit cho cac gau ludn day thi toc
d6 quay ctia banh xe giu phai ting twong Gmg
va duoc xac dinh nhu sau:

VKo
cosf8

- Thoi gian hoat dong ciia may khi pha
dbng (t ): Thoi gian hoat dong t_ 1a thoi gian
tinh dén cac thao tac ctia mot may nhat dinh
trong qua trinh dao. Tty thudc vao ché do pha
dbng, thoi gian nay dugc tinh khac nhau. No
khong phu thudc vao loai khéi (khoi hep hoac
khéi ddy du) trong mot hoat dong pha déng.
Thoi gian nay dugc xac dinh nhu sau:

n n=1 n
L, =1, +1,+ Zlfp,m + zifadm + Z’:pm ®

Trong do:

- t_la thoi gian dich chuyén may, hanh
dong nay du’oc thyuc hién sau khi nang can banh
xe gau 1én 16p déng cao nhit va may duoc dinh
vi dé bit ddu chu ky thu hdi trong mot mo-dun
m&i, né phu thugc vao H, h , v

- t; 1a thoi gian nang can phu hop voi
khéi khi pha dbng, n6 phy thudc vao H, h,

-t 1a thot gian cho viée di chuyén may
¢ do sau vét dao dé dao mot vét cat méi, nd phu
thudc vao toc do v, , so lan dao khi pha dong;

- t , 1a thoi gian may quay tro lai dé dao
16p méi tren dong vat li¢u, n6 phu thudc vao
chiéu cao ddo va téc do ctia may V.

-t 1a thot glan dé ha can banh xe gau
xubng thap dé pha dong 16p vat liéu tiép theo,
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n6 phu thude vao H, Vo kich thudc banh xe

gau.

Vi vay, khi tinh todn ning suat, diéu
khién van hanh may pha dong dap mg yéu cau
cua tung du an th1 can thiét phai xem xét va tinh
toan cac thong s6 anh huong téi ning suat néu
trén.

4. KET LUAN

Tir phan tich trén c6 thé rat ra két luan
sau:

- Ning suit pha dong thuc té cua may
may pha dong dang banh xe gdu nho hon ning
suat pha dong tinh toan 1y thuyét. Ning sut
thue té bi anh huong boi cac yéu td nhu: Thong
sd thiét ké ciia mdy, thong sé cong nghé (hinh
hang khéi déng va phuong thirc hoat dong pha
d6ng), dac tinh co 1y ciia vat lidu chat dong
(lién quan dén kha ning chdng dao, vi thé co
anh hudng thém t6i cong suét tiéu thu dién
nang cua may);

- Nghién ctru anh huong cia cac thong
sO (V t , t) trén cling la co s¢ dé tinh toan,
thiét ké, lua chon nang suat ctia may pha dong
kiéu banh xe gau xtc dap tng kha ning xur Iy
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nguyén vat liéu trong kho dong bd vdi yéu cau
xur 1y vat liéu trong kho cua day chuyén cong
ngh¢ san xuat. %
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NGHIEN ClPU THU'C NGHIEM CAP BPONG CA TRA CO HO TRO
SONG SIEU AM

EXPERIMENTAL RESEARCH ON ULTRASOUND-ASSISTED FREEZING OF
STRIPED CATFISH

KS. Nguyén Trong Tin, PGS, TS. Nguyén Thé Bao
Truong Pai hoc Bach Khoa, Pai hoc Quoc gia thanh pho H6 Chi Minh

TOM TAT

Cdp dong c6 hé tro séng siéu am la mét cong nghé bdo qudn thuc pham phé bién va ding
chii Y nham béo ton céc ddc tinh cam quan va gia tri dinh dwong. Viéc lva chon cdc thong sé séng
siéu am hé tror cho quda trinh cdp dong lal khéng giong nhau cho tat ca cac logi vt liéu va phwang
phap cap déng. Bai bdo trinh bay mét sé cdc anh thO’ng clia séng siéu am dén thoi gian cap dong,
mau sdc va chat wong dinh dwéng trong qud trinh cap dong cd tra phi Ié.

Tir khéa: Séng siéu am; Qud trinh cdp déng; Ca tra phi 1é; Thay doi mau sdc; Chat lwong
cap dong.

ABSTRACT

Ultrasound-assisted freezing is a popular and notable food protection technology that
preserves organoleptic properties and nutritional values. The selection of ultrasound parameters
for the freezing process is not the same for all types of materials and freezing methods. This article
presents some effects of ultrasound on freezing time, color change and nutritional quality during the

[freezing process of striped catfish fillets.

Keywords: Ultrasound; Freezing Process; Striped Catfish Fillet; Color Change; Frozen

Quality.
1. PAT VAN PE

Qua trinh cdp déng duoc chia lam ba
giai doan: giai doan dau tién 13 giai doan lam
lanh so bd — lam lanh vat liéu tir nhiét d6 ban
dau dén nhiét do dong bang. Giai doan thu hai
la giai doan chuyén pha — két tinh am trong
vat liéu (qua trinh chuyén pha tir 1ong sang rin
béng cach loai bo nhiét 4n cua vat ligu), giai
doan thtr ba la giai doan qua lanh — qua lanh vat
liéu dén nhiét do cudi cung. Giai doan chuyén

pha 13 giai doan quan trong nhat lién quan dén
qua trinh két tinh 4m trong vat liéu, quyét dinh
dén thoi gian cip dong va chit lugng cua vat
li¢u. Trong giai doan nay chia lam hai budc: tao
mam va ting truong tinh thé [1].

Vé anh huong cua song siéu am ddi véi
qua trinh cdp dong, ngudi ta cho rang qua trinh
cép dong c6 thé dugc dién ra nhanh hon boi sy
hd tro ctia séng siéu Am nhd qua trinh tao mam
va ting cudng qua trinh truyén nhiét va truyén
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chat. Qua trinh tao mém c6 hd tro song siéu
am gay ra chu yéu bao gdm ha1 giai doan: tao
mam Ny cap va tao mam thir cap. Giai doan tao
mam so cap duoc bat dau khi nhiét 4o dat dén
nhiét do tao mam. Trong qua trinh tao mam thu
cap, dya trén céc tinh thé bang co sin, sy chiéu
xa cla song siéu am co6 thé pha v& cac dudi
gai ctia bang ton tai tir trudc thanh nhidu manh
nho hon, do su pha v& bong bong va luc cit
bt ngudn tir dong chay vi md, dan dén nhiéu
vi tri tao mam khéc nhau dugc tao ra. Su pha
v& va chuyén dong cua cac bong bong co thé
thay doi dong luc hoc chit long va ting hé sd
truyén nhiét va chat. Tuy nhién, khong phai &
cuong do va thoi gian phat song si€u am nao
cling tao ra anh hudng tich cuc dén qué trinh
cip dong [2]. Do vay, néu chon cudng do séng
siéu am qua 16én va thoi gian phat song dai s€
c¢6 anh huong khong c6 loi cho qua trinh cap
dong do hiéu rng nhiét lam tan chay cac tinh
thé da sau do tinh thé nay két tinh tré lai 1am
tang thoi gian cap dong [3]. Mdi loai vat liu
khéc nhau thi anh hudng cua cuong do va thoi
gian phat song khac nhau. Do d6, can c6 nghién
ctru riéng cho tirng loai vat liéu.

Hau hét cac nghién clru cap dong vat
liéu c6 ho trg cua soéng siéu am, vat li¢u duoc
nhung trong chat tai lanh:

Delgado va cong su [4] da khao sat anh
huéng cia song siéu am dén qua trinh dong lanh
ngam v4i mau cat tiép tuyén va cit xuyén tim
qua tao trong hon hop etylen ghcol (C HO,)
va nude (1:1, v/v). Két qua cho thdy rang ung
dung cua song siéu am (40 kHz, 0,23 W/cm?)
trong 120 gidy giam dang ké thoi gian cap dong
1én dén 8% so v6i dong lanh ngdm khong st
dung siéu am.

Franco va cong su [5] da nghién cuu
anh hudng cua song si€u am (40 kHz, S0W)
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dén cht luong cta chudi trong qua trinh lam
lanh. Két qua cho thiy rang kha ning cai thién
chdng oxy hoa va giit lai dugc thanh phan
phenolic mot cach hi¢u qua, tir d6 duy tri dugc
mau sdc va chat dinh dudng tét hon. Ngoai ra,
cong nghé 1am lanh c6 hd trg séng siéu am c6
kha nang chdng duoc vi khuan tét hon.

Islam va cong su [6] cho thiy rang giam
hon 40% thoi gian cap dong duoc quan sat thdy
trong tt ca cac mau nam thir nghiém trong qué
trinh cAp dong ngam c6 hd trg siéu am (20 kHz,
0,39 W/cm?) trong mot dung dich chira 50%
ethylene glycol va 50% nudc (v/v).

Chow Va cong su [7] khao sat qua trinh
tao mam so cAp va thir cap cua bing dugc
nghién ctru trong dung dich sacaroza duogc tao
ra béng song siéu am. Nhi¢t do tao mam cd
thé dat duoc 16n hon khi so véi cac diéu kién
khong c6 siéu am. Cac quan sat bang kinh hién
vi cho thdy céc tinh thé bang trén bé mat c6 thé
bi pha v& thanh cac manh nhé hon bang song
siéu am.

Qiu va cong su [8] da khao sat sy anh
huéng cta phuong phap hd tro song siéu am
v6i tan s6 25kHz va cong suat 150W, 200W
va 250W dén chat luong cua c4 me tring Hoa
Nam. Két qua cho thiy rang séng siéu 4m &
cong suat 250W thic day qua trinh oxy hoa
protein, & cong suat 200W thi kha ning giir
nudce va 6n dinh protein 13 tot hon so voi cac
day cong suit khac.

J. Tu va cong su [3] da nghién ctru qua
trinh cip dong cii sen ¢ hd trg ctia song siéu 4m
voi tan s6 30kHz, cong sudt 1an lugt 90, 150 va
210W. Két qua nghién ctru cho thay rang hd tro
song siéu 4m & cong suat 150W co toe do cip
dong nhanh, cai thién do cimg va giam sy mat
nudc, ting kha ning bao vé vi ciu tric ctia ci sen.
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Xin va cong sy [9] di chimg minh ring
ciu trac vi mo va do climg cta bong cai xanh
lam lanh ¢6 hd tro song siéu am t6t hon rd rét
so v6i nhitng mau lam lanh bang phuong phap
lam lanh ngam truyén théng. Va diéu kién lam
lanh c6 hd song siéu am tdi wu thu duge khi
cong sudt siéu am 1a 150 W, 30 kHz va 175 W,
20kHz.

2. VAT LIEU VA PHUONG PHAP
2.1. Vit liéu

Cé tra phi 18 twoi dugc mua tai thanh ph
Hb Chi Minh dugc bao quan ¢ nhiét do khoang
tir -1 + 4°C véi thoi gian cho dong khong duoc
vuot qua 4 gid. Cé tra phi 16 mdi miéng c6 khdi
luong 250g + 5%, chiéu day 15mm + 5% va
khdi lugng cé tra phi 1é cho mdi mé cip dong
1000g. Nhiét do ca tra phi lé trude khi dua vao
cap dong tir 10 + 12°C.

2.2. Thiét bi thi nghiém

1) Thiét bi cap dong: Tu dong gi6 hé
théng lanh 2 cap.

- May nén cép 1: Model SECOP
SC18CL; xuat x&t Trung Qudc.

- May nén cap 2: Model TECUMSEH
CAJ2446Z; xuit x(r Malaysia.

- Dan nong dai nhiét gio: Kewely FNF
— 1.2/5.4; xuat x&t Trung Qudc.

- Dan lanh: Model SUPCOOL DE-
0.45/2.5; xuat xt Trung Qudc.

2) Budng cip dong:
Kich thudc: 800 x 600 x 500 (mm).

3) BO phat song siéu am:

Model CDEXIM0620: tan sé phat song
20kHz; xuét xtr Trung Qudc.

2.3. Thiét bi do lwong
2.3.1. Po nhigt dj

Nhiét d6 tam vat liéu duoc do bang thiét
bi Fox 1004 (-40 d&n 90°C =+ 0,1°C), xuit x{r
Han Qubc.

2.3.2. Cén khéi lwong

Khdi lugng vt liéu duoc can bang thiét
bi can dién tr Super SS vdi sai s0 + 5g, xuat xtr
bai Loan.

2.3.3. Po mau sic

Cac thong sé dic trung cia mau sic
L*(light/dark), a*(red/green), b*(yellow/blue)
dugc do bang may do mau CHN SPEC CS-10
(Model: CS-10, xuat xt Trung Qudc). Chi sb
mau WI (White Index) duogc tinh theo ba thong
s6 trén bang cong thic sau [10]:

WI=1OO—J(100—L")2+-:I*2+b*2 (1)

Miic d6 thay doi mau sic so voi gia tri
chuan duoc danh gia thong qua thong sd dE
duoc xac dinh theo cong thuce [11]:

dE:J(L*_L;e}’)z_‘_(a*_a;e}’)z_"(b*_b;ef)z (2)

Trong d6: Ly.r; @rep: b;ef la cac gia tri
chuan, st dung cac gia tri ban dau cia vat li€u
tuoi (trude khi cap dong) lam gié tri chuan.

2.4. Quy trinh thi nghiém

Van hanh hé théng hoat dong cho dén
khi nhiét do ghi nhan dugc ¢ budng cip dong
1a -35°C. Vat liéu cap dong voi dau do nhiét do
duoc dit vao tim cta vat liéu duoc tién hanh
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dua 1én khay cip dong tiép xuc véi dau phat
song siéu am trong budng cap dong, qua trinh
cap dong ket thiic khi nhiét do tam vat li¢u dat
-18°C.

Hinh 1. So' do nguyén Iy mdy cdp dong c6 hé tro
cua song siéu adm
1 - May nén cap 1, 2 - Mdy nén cap 2;
3 - Dan ngung giai nhiét gio,

4 - Binh chira cao ap, 5 - Phin loc I;
6-Kinhxemga l; 7 - Van dién tie 1, 8 - Van tiét
luu nhiét 1; 9 - Dan lanh; 10 - Binh tach long;
11 - Binh trung gian 6ng xodn; 12 - Phin loc 2;

13 - Kinh xem ga 2;
14 - Van dién tir 2; 15 - Van tiét luu nhiét 2;
16 - Khay chira vt liéu cap dong;
17 - Ddu phdt song siéu am;
18 - B6 nguon phdt song siéu am;
19 - Vit liéu cap dong.

2.5. Phwong phap thuc nghiém

Str dung phuong phap thuc nghiém don
yéu to dé xac dinh cac anh hudng cta song siéu
am dén qua trinh cap dong cua vat li¢u:

- Thi nghiém anh hudng cta cong suit
phat song 0, 75, 100, 125, 150 va 175W ¢ tan
s6 20kHz dén thoi gian cap dong vat liéu.

- Thi nghi€ém anh hudng ty 1€ phat song
siéu 4m gian doan dén thoi gian cap dong.

- Xac dinh anh huong cua song si€éu am
deén chat lugng dinh dudng, bién doi mau sac
cua vat liéu sau cap dong.
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3. KET QUA VA THAO LUAN

3.1. Thye nghiém anh hwéng ciia cong suat
phit séng siéu Am dén thoi gian cAp dong ca
tra phi lé

Thuc nghiém cip dong ca tra phi 1é ¢o
hd tro ctia song siéu am & tan sb 20kHz vai cac
cong suat phat song OW, 75W, 100W, 125W,
150W va 175W.

Két qua thi nghiém:

Khi cap dong ca tra phi 18 ¢6 su hd trg
clia s6ng siéu am tan sd ¢d dinh 20kHz va cong
suét thay doi OW, 75W, 100W, 125W, 150W va
175W & cing diéu kién nhiét d6 moi truong,
nhiét d vat liéu ban dau, nhiét do va toc do
khong khi dbi luu trong budng cip dong. Két
qué cho thiy rang khi ting cong suat phat song
siéu &m tir OW dén 75W thi thoi gian cap dong
tang 6,3%, tiép tuc ting cong suit phat song
siéu 4m 1én dén 100W thi thoi gian cap dong
duoc rat ngan khoang 8,1% khi so véi thoi gian
cip dong khong c6 hd tro cua séng siéu am.
Néu tiép tuc ting cong suat phat song siéu am
1én dén 125W, 150W va 175W thi thoi gian cp
d6ng c6 xu hudng ting déu cu thé 1a ting thém
lan luot khoang 22,7%, 27,7% va 37,6% khi so
v6i thoi gian cap dong khi co hd tro song siéu
am ¢ 100W. Nhu vay, thoi gian cap dong vat
lidu c6 hd tro cua sdng siéu 4m & muc cong sut
100W 1a thap nhat. Tuy nhién, khi ting cong
sudt phat song thi thoi gian cap dong ciing ting
theo do hi¢u rng nhiét tao ra tur séng si€u am

13].
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Hinh 2. Thoi gian cap dong voi cac mirc cong suat
song siéu am

Thuec té, tong thoi gian cap dong khong
phan anh chinh xac anh hudng cta séng siéu am
dén qua trinh cap dong c4 tra phi 16. Nguoi ta
thudng tinh thoi gian cp dong bang tong thoi
gian cua ba giai doan: Lam lanh, chuyén pha va
qua lanh. Hinh 3 thé hién duong cong cip dong
g véi cac ché do cap dong co va khong c6 hd
trg clia song siéu am, c6 thé chia lam ba giai
doan: Giai doan lam lanh (12 + 0°C), giai doan
chuyén pha (0 + -5°C) va giai doan qua lanh (-5
+-18°C) [1].
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Hinh 3. buong cong cdp dong voi cac mirc cong
suat song siéu am

Hinh 4 thé hién rang trong qua trinh cip
dong thi thoi gian chuyén pha 1a 16n nhat va
thoi gian 1am lanh 13 ngan nhéat & cac ché do
cap dong. Poi v6i thoi gian & giai doan lam
lanh va qua lanh s& ting dan khi ting cong suat
cua song si€u am, cu thé 1a ¢ giai doan lam
lanh, khi ting cong suat song siéu am dén 75W,
100W, 125W, 150W va 175W thi thoi gian kéo

dai hon tuong ung khoang 5,9%, 11,1%, 20%,
27,3% va 52,9% khi so vai thoi gian 1am lanh
khi khong c6 ho trg ciia song siéu am. Tuong tu
nhu vay, ddi vai giai doan qua lanh thi thoi gian
tang tuong tng la 6,5%, 15,7%, 17,3%, 18,9%
va 20,4%. Diéu d6 co thé thiy, song siéu 4m
hau nhu khong déng vai tro c6 ich trong viéc
rat ngan thoi gian cap déng ¢ cac giai doan nay.

Xét dén giai doan chuyén pha c6 thé
thdy rang & cac cong suét siéu am 75W, 125W,
150W, 175W déu lam gia ting thoi gian ¢ giai
doan nay, cu thé thoi gian chuyén pha tuong
mg mat 47,5 phut, 52 phat, 56,5 phat va 66
phut khi so v6i 44,5 phit 1a thoi gian chuyén
pha khi khong c6 hd trg cua song siéu am.
Riéng ddi voi truong hop & cong suit siéu am
1a 100W thi thoi gian chuyén pha giam déng
ké, 1én dén 24,7% khi so véi thoi gian chuyén
pha khi khong c6 sy hd trg cua song siéu am.
Qua cdc thi nghiém trén c6 thé két luan rang,
khi Iyra chon cong sudt song siéu am phu hop la
100W dbi vé6i vat liéu cap dong thi s& gitp rat
ngan thoi gian chuyén pha dang ké so véi khi
khong c¢6 hd tro clia song siéu 4am dan dén rit
ngan toan bd qua trinh cap déng. Piéu do6 ciing
dugc giai thich rang trong qua trinh chuyén
pha, song siéu 4m giy tac dong tao ra nhiéu
bong bong trong long vat liéu gitp hinh thanh
nhiéu cac tinh thé bang min hon va tang cuong
qua trinh trao d6i nhiét, trao doi chat [2].
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Hinh 4. Thoi gian moi giai doan cap dong voi cac
murc cong sudt song siéu am
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3.2. Thuc nghiém dnh hwéng cia ty 1€ gian
doan deén thoi gian cap dong cta ca tra phi lé

Thyc nghiém cap dong ¢ mirc cong suat
100W (nhiét do phat song 0°C) voi ty 1€ gian
doan 1an luot 13 0, 0,2, 0,4, 0,6 va 0,8. Ty 1&
gian doan duogc tinh theo cong thuce [12]:

= oL 3)
TorrtTon

Trong d6: T — Thoi gian cap dong céd
X NG o A
ho trg cua song si€u am; T . — Thoi gian cap
dong khong phat song siéu am.

A = 0: Phat séng lién tuc;

A =0,2: 30s bat 7,5s tat;

A= 0,4: 30s bat 20s tat;

A= 0,6: 30s bat 45s tit;

A =0,8: 30s bat va 120s tat;

A = 1: Khong phat song siéu am.

Céc nghién ctru trude day chi ra rang,
phat séng lién tuc anh hudng dén thoi gian cap
dong. Viéc kéo dai thoi gian phat song s€ gay ra
hiéu g nhiét 1am tang thoi gian cdp dong. Do
6, thoi gian cap dong giam so véi ché do cap
dong khong hd trg song siéu am khong nhiéu
[13]. Mot sb nghién ciru anh hudng cua ty 1¢
phat song gian doan dén thoi glan cap dong
[14]. Két qua nghién ctru cho thay, ty 18 phat
song gian doan anh huong dén thoi gian cip
dong. Hinh 5 cho thay, & cac ty 1& phat song 0,2,
0,4, 0,6 déu co thoi gian cép dong thép hon ché
dd khong hd tro clia song siéu 4m va khi c6 hd
trg song siéu am lién tuc. O ty 18 0,4, th0’1 gian
cap dong thap nhit trong cic ché do cap dong,
gitp rat ngan khoang 18,9% thoi gian cap dong
khi khong c¢6 hd tro song siéu am. Diéu d6 cho
thdy viéc lwa chon ty 18 thich hop gitp rut ngin
thoi gian cip dong, giam thoi gian phét song va
dam bao chét luong san pham.
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Théi gian cdp déng [phit)

:M a4 n_-.ip ﬂdnq

A=)

Hinh 5. Anh huong ty 1é phdt séng gidn doan dén
thoi gian cdp dong vit liéu

3.3. Anh hwéng cta séong siéu Am deén mau
sac cua vat li€u sau cap dong, ra dong

Mau sic cua vat liéu sau cip dong co
thé dugc dénh gia béng cam quan hodc dya
vao thong s mau sac Trong nghién clru nay,
dwa vao cac thong s dic trung clia mau sic
L*(light/dark), a*(red/green), b*(yellow/blue)
dugc do bang may do mau CHN SPEC CS-10
(Model: CS-10, xuat x& Trung Qudc). Chi sb
mau WI (White Index) dugc tinh theo ba thong
s6 trén bang cong thic (1):

WI =100 — J[IOO —L)2+a*? +p*?

Mirc d6 thay d6i mau sic so voi gia tri
chuan dugc danh gia thong qua thong so dE
duogc xac dinh theo cong thirc (2):

& 2 * * * *
dE=J(L*—LTEf) (@ — aye)? + (b™ — by, )2

Trong do: Ly ¢; IE a,. Iz b, 7 la cic gid
tri chuan, sir dung cac gid tri ban dau cua vat
lidu twoi (truwde khi cip dong) 1am gia tri chuan.
Qua cac thyc nghiém vé anh hudng cta siéu am

dén thay d6i mau sic, két qua nhu sau:
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Bang 1. Chi s6 mau cia mau vt liéu twoi va cac mau vt liéu sau cap dong

Loai vat liéu L* a* b* WI
Mau tuoi 46,26 + 0,26 -1,21+£0,03 | 0,53 +0,03 46,24
Khéng ¢6 hd tro sidu am 60,13 + 0,48 1,73+ 0,15 5,08+ 0,10 59,77
H3 tro siéu 4m 100W lién tuc 59,64+ 0,11 2,30+ 0,30 5,78+ 0,10 59,16
HJ tro siéu 4m 100W; A = 0,4 58,12 + 0,40 1,53 + 0,22 5,35 + 0,05 57,75

Cac két qua 0 bang 1 ¢6 thé nhan thiy rang, chi sé L* va WI & cac ché do cp dong déu khac
nhau khéng dang ké va tat ca déu cao hon so véi mau tuoi chua qua cip dong. Diéu dé duogc giai
thich rang trong qua trinh cip déng, 4m c6 xu hudng di chuyén tir bén trong ra bé mat vat lidu cap
dong va két tinh. Do d6, cac mau sau cap dong & cac ché do s& c6 mau sic sang hon so voi mau vat
liéu twoi. Két qua nay ciing phu hop voi két qua tir cac thi nghiém ctia Tu va cong su vé ¢t sen [3].

Bang 2. Chi s6 mau cua mau vat liéu twoi va cac mau vt liéu sau ra dong

Loai vat liéu L* a* b* WI dE
Mau tuoi 4626 +026 | -121+0,03 | 0,53+0,03 | 46,24 -

Khong c6 hd trg siéu 4m 53,14+0,11 | 2,70+0,07 | 2,40+0,01 | 53,00 | 8,13

HJ tr siéu am 100W lién tuc | 52,12+0,12 | 3,13+0,05 | 2,83+0,07 | 51,93 | 7,65

HJ tro siéu am 100W; A=0,4 | 51,71+0,06 = 1,91+0,02 | 1,14+007 | 51,66 | 6,31

Mau sic 1a chi s6 quan trong dé danh
gid cam quan cua vat liéu. Cac chi s6 L*, a*,
b* con duoc tng dung dé tinh toan do thay d6i
mau sic thong qua chi sé dE. Chi s6 dE cang
cao thé hién cho murc d6 thay ddi mau sic cang
16n khi so v&i mau chuan (mau tuoi). Qua bang
s liéu c6 thé thay rang, & cac ché do cap dong
khac nhau déu s& lam thay d6i mau sic cta vat
liéu sau khi ra dong khi so véi vat li¢u tuoi ban
dau chua qua cap dong. Khi cap dong khong co
hd trg clia song siéu am thi do thay ddi mau sic
s& 16n hon khi c¢6 sy hd tro cta song siéu am.
Cu thé d6i véi qua trinh cip dong khong c6 hd
trg cua song si€u am thi chi s6 dE 14 8,13, theo
sau d6 1a qua trinh cap dong c6 hd trg song siéu
am lién tuc ¢ cong suat 1a 100W thi chi s6 dE la
7,65 va qua trinh cap dong c6 hd trg song siéu
am voi ty 1é gian doan 1a 0,4 & cong suat 100W
thi cho chi sé dE 14 thap nhét véi 6,31.

Qua cac két qua tir bang 1 va bang 2, ta
c6 thé két luan rang khi cp dong c6 hd tro cua
song siéu am s& khong lam anh huéng dén mau
sdc cua vat liéu sau cap dong va giup giam do
thay d6i mau sic cua vat liéu sau ra dong khi so
vé6i khi cap dong khong ¢ hd trg ciia sdng siéu
am.

3.4. Thuc nghiém anh hwéng cua song siéu
am dén chit lwgng dinh dudng cia ca tra
phi 1¢ sau cip dong

O ca tra phi 16 bao gém rat nhiéu cac
thanh phén dinh dudng khac nhau, dac biét
protein 1a thanh phan dinh dudng chiém ti 1¢
cao nhit. Pé danh gia anh hudéng cua song siéu
am dén ham luong protein con lai sau khi rd
dong so véi mau tuoi, ta s& phan tich mau theo
phuong phap AOAC 991.20 tir trung tdm phan
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tich mau thi nghiém. Két qua phan tich cac mau
thi nghiém & céc ché d6 cap dong nhu sau:

Céc nghién ctru da chi ra rang viéc tng
dung song siéu am khi hd trg cho qua trinh cip
dong co kha nang gitr lai duoc thanh phan dinh
dudng t6t hon khi so véi qua trinh cip dong
khong c6 song siéu am [6].

Hinh 6 thé hién két qua ham luong
protein & cac ché do cAp dong khac nhau va
ham luong protein c6 trong mau cé tuoi. Qua
két qua trén, ta thay rang khi c6 su hd trg cia
song siéu am trong qua trinh cap dong da gitp
cho ham luong protein sau ra dong cao hon
dang ké so voi viée cap dong khong co sy hd
trg cta song siéu am. Dbi v6i song siéu am cd
cong suat 100W va ty 1¢ gian doan ¢ 0,4, ham
luong protein sau cap dong 1a 14,4 g/100g c4,
cao hon khoang 26,4% khi so v6i qua trinh cap
dong khong c6 hd tro ciia song siéu am 1a 10,6
g/100g ca va d6i véi qua trinh cap dong hd tro
song si€u am ¢ ty 1€ gidn doan 1a 0,2 thi ham
luong protein sau cip dong 1a 14,2 g/100g ca,
thap hon khoang 1,4% khi so v6i qua trinh cap
dong ¢ ty 1€ gian doan 0.4 1a 14,4 g/100g ca.
Qua cac két qua trén, ta két luan rang song siéu
am c6 anh huong tich cuc hi¢u qua trong vi¢c
dam béao chat lugng dinh dudng cua vat liéu sau
cap dong.

PROTEIN (g/00g)
o

MEu turi A=02 A=04
CHE B0 CAP BONG

Hinh 6. Anh hwong cua song siéu dm den ham
luong protein sau ra dong

ISSN 2615 - 9910 (ban in), ISSN 2815 - 5505 (online)
TAP CHI CO KHI VIET NAM, S6 310, thang 12 nim 2023
cokhivietnam.vn / tapchicokhi.com.vn

4. KET LUAN

- Pé tai nghién ctu thuc nghiém cho
thiy riang séng siéu am cé anh huodng tich
cuc dén qué trinh cdp dong cé tra phi 1&. Doi
v6i séng siéu am & cong sudt 1a 100W, tin sb
20kHz va ty 1€ gian doan phat song 1a 0,4 giup
rat ngin thoi gian cip dong, dam bao mau sic
va chét luong dinh dudng vat liéu sau cip dong,
ra dong tot nhat.

- Hudng phat trién tiép theo cua dé tai:
Tir cac két qua thuc nghiém don yéu tb, tién
hanh thuyc nghi¢m da yéu t6 nham xac dinh
duogc ché do cap dong thich hop. <

Ngay nhan bai: 28/10/2023
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KIEM SOAT GIA CONG TREN CAC MAY PHAY CNC
BANG MO PHONG SO TREN PIEN THOAI THONG MINH

MACHINE CONTROL ON CNC MILLING MACHINES BY DIGITAL SIMULATION
ON SMARTPHONES

ThS. Trinh Thi Mai, ThS. Nguyén Tién Diing
Khoa Co khi, Truong Pai hoc Kinh t& — K thuat Cong nghiép

TOM TAT

Pé giam thiéu téi da viéc gy dao, hong chi tiét va dac biét la va dap may trong qud trinh
gia cong trén cdc may cong cu CNC, ciing nhw giam thoi gian phy truée khi tién hanh cdt got trén
mdy CNC thi viéc kiém sodt gia cong trén cdc mdy cong cu CNC néi chung va mdy céng cu phay
CNC néi riéng la vé cing quan trong. Bai bdo nghién civu xdy dung quy trinh ing dung phan mém
mé phong s6 CNC Milling Simulator trén dién thoai théng minh hodc mdy tinh bang dé kiém sodt
dwong chay dao, tng dung cdt va gia cong trén cdc mdy phay CNC Xmill 640 va CNC Xmill M640
tai xuong co khi, Trwong Pai hoc Kinh té — Ky thudt Cong nghiép.

Tir khéa: Mé phong sé; NC; CAD/CAM/CNC.
ABSTRACT

In order to minimize tool breakage, part damage and especially machine impact during
machining on CNC machine tools, as well as reduce extra time before cutting on CNC machines,
the control Machining on CNC machine tools in general and CNC milling machine tools in
particular is extremely important. The article researches on building the process of applying CNC
Milling Simulator software on smartphones or tablets to control toolpaths, cutting and machining
applications on Xmill 640 and Xmill M640 CNC milling machines at the mechanical workshop of

the University of Economics — Industrial Technology.

Keywords: Numerical simulation; NC; CAD/CAM/CNC.
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1. PAT VAN PE

May cong cu CNC la mot thiét bi kha
dat do, tuy nhién né khong con xa la trong
nganh coéng nghiép hién nay. Dé tiép cin va gia
cong dugc trén may CNC doi hdi nguoi ding
may phai nam viing trinh tu cac budc thao tac
van hanh va ddm bao chuong trinh NC 18p ra
duoc dam bao c6 do chinh xéc cao. V&i nhu ciu
cap thiét do, cac phan mém gia 1ap mot may gia
cong CNC xuat hién kha nhiéu trén thi truong
da giup cho ngudi hoc, ngudi méi bat dau tiép
can may cong cu CNC phan nhiéu lam quen
v6i cong viée gia cong trén cac may CNC. Bai
bao di vao nghién ctru xay dung quy trinh ing
dung phan mém mo phong sd trén smartphones
gitip kiém soat duong chay dao, va dap trong
qua trinh gia céng cét got trén may phay CNC,
dong thoi thuc nghiém tng dung gia cong cat
got trén cac may phay CNC Xmill 640 va Xmill
M640.

2. QUY TRINH VA THUC NGHIEM

2.1. Trinh tw cac buéc dé gia cong mdt san
pham trén may phay CNC

- Budc 1: Poc va nghién ctru ban ve.

- Bude 2: Viét chuong trinh NC cho chi tiét.

- Budce 3: G4 phoi 1én mam cadp va ga
dao 1én dai dao.

- Budc 4: Thiét lap ting dao.

- Budc 5: Nhap chuong trinh NC vao
may cong cu phay CNC.

- Budc 6: Chay khong tai (c6 thé bo qua).

- Buéc 7: Gia cong san pham.

Trinh ty thuc hién trén khong kiém tra
dugc hét cac 16i ¢6 thé xay ra khi may gia cong.
Diéu nay dan dén viéc kho kiém soat tinh trang
va dap may, vi vay can c6 bién phap dé khic
phuc tinh trang nay, dac biét ddi voi nhitng

nguoi méi dung may cong cu phay CNC.
2.2. Ung dung phﬁn mém CNC Simulator

+ Budc 1: Tai phan mém va cai dat
phan mém vé dién thoai thong minh.

Vao App Store trén dién thoai, tim kiém
phan mém va cai dit phan mém “CNC Milling
Simulator”.

+Budc 2: Tim hiéu vé giao dién phan mém.

+ Budc 3: Thue hién mo phong gia cong
chi tiét trén phan mém CNC Milling Simulator
dé kiém soat duong chay dao.

Vi dy: Kiém soat lap trinh va quan sat
ket qua khi lap trinh gia cong chi tiét nhu hinh 1.

1
P °@

55
60

Hinh 1. Ban vé chi tiét

60
55

45

iy Q]O
Mo
A

- Bué6c 3.1: Khai béo phéi va gbc phoi.
A

ESC ‘ COORDINATE SYSTEMS:

COORDINATE SYSTEM:
Ne1 [G54]

NULL POINT (X [mm]):

NULL POINT (Y [mm]):

NULL POINT (Z [mm]):

50

Hinh 2. Cai ddt thong sé phéiva khai bdo goc phéi

- Budc 3.2: Khai bao dao.
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ESC TOOLS PARAMETERS

TOOL NUMBER

TOOL OFFSET [

172

Hinh 3. Chon dao va khai bao dao

- Budce 3.3: Nhap chuong trinh NC.

Hinh 4. Nhdp chuong trinh NC

- Bu6c 3.4: Chay md phong va kiém
soat chuong trinh.

Hinh 5. An play dé chay chirong trinh
- Budc 3.5: Nhan xét.

Dua vao céc canh bdo, nguoi lap trinh
s€ kiém tra lai chuong trinh chinh sua kip thoi.

Hinh 6. Canh bdo va cham
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Hinh 7. Canh bdo chuong trinh chua lap trinh
buéc tién

- Bué6c 3.6: Quan sat san phim sau mo
phong.

Hinh 8. Két qua san phdam sau mé phong

+ Budc 4: Gia cong cat thir trén may
phay CNC.

LA

d .

Hinh 9. Gia céng san pham trén mdy phay Xmill
M640

Hinh 10. Gia céng san pham trén mdy phay Xmill

640
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3. THAO LUAN

- V61 phuong phéap nghién ctu ly thuyet
két hop thuc nghiém gia cong san pham thuc té,
tac gid da dua ra dugc mot quy trinh sir dung
phin mém CNC Milling Simulator dé kiém
soat duong chay dao va chuong trinh NC dam
bao may hoat dong khong bi 1i trong qua trinh
gia cong chi tiét.

- Pé sir dung duoc phan mém doi hoi
nguoi ding phian mém c6 ky ning lap trinh
bing tay chuong trinh gia cong phay CNC,
hiéu rd vé quy trinh van hanh may gia cong
phay CNC.

- Két qua cta d¢é tai co thé st dung trén
dién thoai thong minh vé6i hé didu hanh bat ky
hodc trén may tinh bang, thong qua hai budc
thuc hién co ban sau:

+ Buéc 1: Cai dit phan mém “CNC
Milling Simulator” trén dién thoai thong minh
hodc may tinh bang.

+ Budc 2: Thiét 1ap nhitng thong sb dau
vao nhu ph01 dao, chuong trinh NC; sau do
quan sat dé kiém soat duong chay dao, mé hinh
san pham tao thanh.

4. KET LUAN

- Két qua cua dé tai c6 thé img dung
trong qua trinh nghién ctu khoa hoc, thu
nghiém, giang day, hoc tap va san xuat.

*- Trinh tu thuc hi¢n mo6 phong gia cong
chi tiét trén phan mém hoan toan khdp vdi trinh
tu dé thuc hién gia cong san pham trén may
cong cu tién CNC.

- Két qua cua bai bao gitip ngudi sir
dung phan mém thtr nghiém va dua ra quyét
dinh c6 nén dau tu mot khoan kinh phi dé su
dung phan mém c6 mét phi hay khong. <
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NGHIEN CU'U TINH TOAN THIET KE BAU DAO CHUOT RANH
XOAN NONG PHAO P-230

THE DESIGNING CALCULATIONS BROACHING TOOL TO MACHINING
TWIST ON P-230 GUN BARREL

TS. Nguyén Quang Manh, ThS. Lé Hoang Higp
Vién Cong ngh¢, Tong cuc Cong nghi€p Qudc phong

TOM TAT

Bai bdo gi6i thiéu két qua nghién ciru tinh todn thiét ké dau dao chudt ranh xodn nong phdo
P-230. Trén co so tinh toan thzét ké, img dung cong nghe CAD/CAE dé tinh todn kiém bén bé dao
chuot dung dé gia cong ranh xodn nong phéo P-230. Ket qud nghién civu la can cir dé lwa chon cdc
théng s6 céng nghé ciia dao chudt trong thuc té san xudt.

Tir khéa: Ranh xoan; Cong nghé CAD/CAE; Gia céng nong phdo; Dao chudt.

ABSTRACT

The article introduces results of the designing calculations broaching tool to machining
twist on P-230 tube. Based on the designing calculations, CAD/CAE technology is applicated to test
the durability of the tool kit to machining the twist of P-230 gun barrel. The research results will be
the basis for selection parameters of broaching tool in real production.

Keywords: Twist; CAD/CAE technology; Machining gun barrel; Broaching tool.

1. MO PAU

Trong ché tao cac chi tiét ciia phéo thi
véan dé cong nghé va thiét bi ché tao nong phéo
14 co ban nhéat, dic biét 1a phén ranh x0dn nong
phao. Ranh xoin ndng phao 14 rinh nam trén bé
mit long nong va chay theo dudng vit & trén tat
ca chiéu dai phan din hudng [1].

Gia cong ranh xodn nong phao c6 nhiéu
dic diém giéng V01 qua trinh chudt 15 then hoa
nhung c6 goc x0dn nho va gia cong trong 15 rat
sau [2]. Cat ranh xo4n 12 nguyén cong gia cong
tinh, trong do viéc tach phoi, chira phoi, thoat
phoi rat phtic tap do két cau cua nong phao rat
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dai. Qua trinh cit ranh xodn khong thé ngimg
dé thay dao khi may dang thuc hién budc gia
cong, thay dao chi ¢6 thé trong truong hop da
két thuc hanh trinh, khi ddu dao ra khoi nong.
Nham bé mit cua rinh sau khi cit phai phu
hop véi yéu cau cua ban v&, thong thuong Ra
=0,63+0,16 pm [3]. Téc do cat dao dong trong
khoang 4,5 = 10 m/phat. Téc do cit nay can
phai dam bao chinh xé&c. Trong thoi gian gia
cong rianh xodn ciia mot nong phao phai dam
bao khong duoc hong dao hay stra bé rong ludi
cit, boi vi da s6 cac truong hop nay déu gay
phé pham va khuyét tat cho nong phéo. Viéc
tinh bén dau dao dam bao bén trong qué trinh
1am viéc 14 rat quan trong, khi thiét ké dao phai
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tuan thii theo 1y thuyét cat kim loai va dam bao
ddc dieém cua cong nghé cat ranh xoan.

Dbé dam bao diéu kién lam viéc cua dau
cit cia dao theo chuin cua cac nha san xut,
viéc ap dung cong ngh¢ CAD/CAE tinh toan
kiém bén, dam bao do tin cdy trong qua trinh
gia cong la gidi phap hop ly dugc nhém nghién
ctru dé xuat.

2. CO SO TiNH TOAN THIET KE

Vit lidu ché tao nong phao P-230 la
thép OXH3M®A, TOCT 5192-78. Yéu cau do
cung 34 + 39 HRC.

Bdng 1. Mt s6 théng sé chinh ciia nong phdo

P-230.
- Puong kinh duong tuyén D300
d, mm
- Puong kinh 4m tuyén, mm 31008
- Chiéu dai I, mm 1805
- Chiéu dai buéc xoan, mm 840
- Goc xoin cua ranh, ® 6°24°6”
- S0 ranh xodn (huéng )l(ian phai)
- Chiéu rong ranh X0&n, mm 4,5%04

Qua nghién ctru két cdu cua ranh xodn
nong phao P-230 va phan tich wu, nhuoc diém
clia cac loai dau cat va kha ning coéng nghé
trong nudc[4], chon phuong phap cit theo so
dd kéo voi dau dung cu dang ludi don, cho
phép thay dao trong qua trinh cit, phuong phap
nay phu hop véi may cai tao va trinh do cong
nghé nudc ta. Bdi vi: nd phu hop véi nong co
chidu rong rinh xoin khong 16n; két cdu don
gian, dé& ché tao, diéu chinh, phuc hdi va thay
thé; d& thoat phoi, boi tron; dam bao yéu cau ki
thuat ranh xodn nong phao.

D¢ nghién ctru ban chat cia nguyén cong
cat ranh xodn, xem x¢ét lyc tdc dung lén dau dao
khi cat ranh xoan dugc mo ta trén hinh 1:

Hinh 1. So d6 luc cdt khi cdt ranh xodn:

a — Truong hop hedi cdt ciia dao vudng goc
Vv6i phwong ciia ranh xodn; b — Trurong hop
luéi cat cia dao vudng goéc véi phwong
chuyén dong tinh tién ciia dung cu

Luc tac dung 1én dao R va R’ tinh theo
cong thuc [1]:

R=\O*+K*; R'={O +K} (1)

Trong d6: Q - Luc kéo ciia may; K -
Luc tiép tuyén véi phuong chuyén dong cua
dao, phat sinh do phdi quay cudng burc véi dao.
Céc luc nay dugc tinh theo cong thirc:

Q=P cosw va K=P sino 2)

voi P 1a luc cat doc dat vao ludi dao,
c6 hudng phép tuyén véi ludi cat cta dao (doc
theo hudéng chuyén dong cua dao) dugc tinh
gan dung theo cong thic sau:
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B =pf (N 3)

Trong dé: p 1a luc cat don vi, dbi véi
thép lam nong phao thi p = 3200 N/mm?; f -
Dién tich mit cat cta 16p cat (mm?).

Tong dién tich mat cat F cua toan bd 16p
cat voi dau dao co n ludi cat sau mot 1an cat la:

F= Zn: f, =abn (mm?) 4)

Trong d6: a — Chiéu day 16p cit (mm);
b— Chleu rong 16p cat (mm); n — Sb dao cua
dau cat.

Luyc ma st tai hai ludi cit bén ctia dao
v6i hai thanh bén cua ranh xoén T (N). Thanh
phan lyc nay c6 thé bang nhau trong diéu kién
cac goc sau bang nhau va cac goc tao gitra ludi
cit canh dao véi thanh ranh xodn (trong mat
phang dtmg) 14y 1,5° (hinh 2).

Luc tdc dung Ién dao theo phuong
hu(fpg kinh P_ (N). Lug néy khong can xét dén
vi dau dao c6 12 dao cat doi xang. Co6 thé tinh
theo cong thirc gan dung sau:

P, =03P, (5)

Néu 1udi cat ciia dao khong vudng goc
v6i phuong ciia rinh xoin, ma vudng goc véi
phuong chuyén dong tinh tién cta dau dung
cu, thi luc sé& phén bd nhu hinh 3b. Khi do, luc
phép tuyen P, can tang hon dé can bang voi
thanh phan luc xodn va kéo R’. Hop luc P, va
P 1a P’ can bang voi luc kéo R, P, xdc dmh
theo cong thirc:

P, = Pigw (6)

Thanh phan lyc P s€ gdy ra sai léch
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dao do d6 16n cta né thay d6i nén 1am cho dao
bi dao dong, diéu nay da duogc chirng minh
trong thuc té san xuat. Nguyén nhan gy ra &
day chinh 1a do thiét ké dao va mai dao khong
chinh xac.

Truong hop ludi cat cuia dao vudng goéc
v6i1 phuong ranh xodn:

P =0,015.4,5.12.3200 = 2592 (N).
Luc kéo can thiét 1a:

Q = 2592.c0s6°24°6” = 2574 N; K = 2592.
sin6°24’6” =302 N

Khi do, ta co:

R =+/2574> +302> = 2592 N

Trudong hop ludi cat khong vudng goc
voi huéng xoén, ta co: P'=+/P.> + P’

Luc kéo can thiét 1a:

2592° +302° =2610N

Q, =2610.c0s6°24°6” = 2592 N;
K, =2610.5sin6°24°6” =304 N

Khi do, ta co:

R'=+/2592% +304° =2610N

Nhu vay, qua phan tich lyc nhu trén, ta
nhan thiy ring trudong hop ludi cit vudng goc
v6i huéng xodn cta ranh xodn thi luc kéo nho
hon nhung khong dang ké. Tuy ludi cat cua
dao khi gia cong vudng goc voi hudng xodn co
loi vé lyc hon nhung qua trinh gia cong s& kho
khin, d& dan dén sai s6 nén chon phuong an

thiét ké 1udi cit vudng goc voi truc dao.
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Trén co s& phan tich va tham khao céac
thong s6 cong nghé gia cong tuong tu, cong
nghé ché tao dao [4],taco thé két luan va chon
cac thong sd hinh hoc ciia ludi cat: Goc sau a
liy bang 4° véi dao thd va ban tinh, 3° véi dao
cét tinh, goc nay c¢6 anh huong dén nham bé mat
gia cong; Dé tang do bén lau cia dao va nham
bé mit gia cong, goc trudc y = 5°; Do luong du
nho nén dinh ludi cit dé sic néu khong sé gay
truogt.

Than dao c6 dang tron, dao dang nguyén
khéi. Chiéu rong ludi cit twong tmg véi chidu
rong ranh xodn. Kich thudc danh nghia va dung
sai chiéu rong ludi cat phu hop véi chiéu rong
ranh xoin, dung sai ché tao va do mon dao.
Thuec té trong cac nha may, chiéu rong ludi cit
khong b tri tiéu chuan.

Bdng 2. Théng s6 cdc dao chuot.

STT Tén goi Puwong kinh D Géc sau a (°) Goc truée vy (°)
1 Dao chubt s6 1 30,03, 4 4 5
2 Dao chubt s6 1 30,06, 4 4 5
45 Dao chudt s6 45 31,30, 100 3 5
46 Dao chudt s6 46 31,32, 100 3 5
47 Dao chudt s6 47 31,34 0, 3 5

DPé chudt hoan thién rinh xoin nong
phao P-230 dat kich thudc truéc ma crom
(chiéu day 16p ma 0,06 + 0,09mm), theo tinh
toan & trén can 47 con dao chudt. Thong sb cia
cac dao dugc trinh bay trong bang 2. Tac gia
lua chon dao chudt sb 1 dé tinh toan kiém bén.

3. UNG DUNG CONG NGHE CAD/CAE
TINH TOAN KIEM BEN PAU DAO

Thong sé dau vao khai bao dé tinh toan
ngoai cac thong sé luc, diéu kién bién nhu tinh
toan & trén con chon vat li¢u dao 1a thép gio
PO®-1 1a loai thép gid c6 do cing va do dai
va dap cao, chiu mai mon tdt, thanh phﬁn vat
li€u nhu sau: W - 9%; V - 1%; C - 1,4 1,5%.
Do cung phan dau cit cia dao khoang 62 + 65
HRC.

Két qua phan tich tng sudt tuong
duong, chuyén vi va hé s6 an toan cho lan luot

trén cac hinh 4 + 6. Cac gia tri tuong tng theo
mau va vi tri trén dao.

Hinh 5. Két qua tinh chuyén vi
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Hinh 6. Két qua tinh hé sé an toan

Tir két qua tinh toan kiém nghiém cé
thé thdy, cac gia tri img sut, chuyén vi, hé sd
an toan hoan toan nam trong gidi han cho phép
cia vat liéu ché tao dao. Vung cé gia tri lon
nhit nim & phan ludi cit, day 1a ving chiu cac
tai trong trong qua trinh cit.

4.MQT SO HINH ANH QUA TRINH CHE
TAO PAU DAO CHUOT VA RANH XOAN

Dua trén két qua nghién ctru tinh toan
thiét ké dau dao chuot, da ché tao thanh cong
ranh xoan trén nong phdo P-230.

Hinh 8. Anh minh hoa qud trinh chuét ranh xodn
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Hinh 9. Anh bé mdt rdnh xodn bén trong nong
phdo P-230 sau khi chuot

5. KET LUAN

- Pa ing dung cong nghé CAD/CAE dé
tinh toan thiét ké kiém bén dao chudt, xac dinh
duogc cac gia tri ing suat min — max va chuyén
vi xuat hién trong qua trinh gia c6ng ranh xoan
nong phao P-230.

- Két qua da dua vao san xuét thir thanh
cong tai nha may ché tao thuoc Tong cuc Cong
nghiép Qudc phong 1a tién dé cho viéc lam chu
cong nghé ché tao trong nudc, thay thé hang
nhap khéu. <

Ngay nhan bai: 12/9/2023
Ngay phan bi¢n: 26/10/2023
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NGHIEN CO’U ANH HUONG CUA PHUONG PHAP LIEN KET GID'A
DAU BAN VA VO BPAN TOl QUA TRINH CAT DAI DAN

A STUDY ON THE INFLUENCE OF THE METHOD OF LINKING BETWEEN
PROJECTILE AND CARTRIDGE CASE ON THE ROTATING BAND ENGRAVING
PROCESS

P4 Vin Minh!, Hoang Kim Thanh?, Bui Xuin Son', Nguyén Vin Huong', Bui Minh Tuin!
'Khoa Vi khi, Hoc vién Ky thuat Quan su
2Nha méay Z113, Tong cuc Cong nghiép Qubc phong

TOM TAT

Bai bao nghién curu anh huong cua phu"ong phap lién két gitka dau dan va vé dan trén co s¢
mo hinh toan xdy dung bangphmmgphap $6, sir dung ngon ngit lgp trinh MATLAB. Két qua nghién
civu chi ra phwong phdp lién két giiva dau dan va vé dan c6 tac déng 16n t6i qud trinh cdt dai dan
vdo rdnh nong (khdo sdt théng qua théng sé liec cdan cdt dai). Khi sir dung phirong phdp lién két
theo chiéu hwéng gia tang luc lién két gitka dau dan va vé dan thi lwc can cdt dai tang 1én va dat gid
tri 16n nhdt khi két cau sir dung 2 ranh lan top va méi ghép cé do déi (ting 1777,6% so véi truong
hop khéng sir dung lién két). Bén canh dé, bai bdo tién hanh khdo sdt anh hwong cia tham sé do
déi moi ghép t6i gid tri luc lién két va lwc can cdt dai. Két qua khdo sat chi ra rang liee lién két va
gia tri lyc can cat dai phu thuoc theo quy ludt da thirc bac 4 doi véi tham sé do doi. Trong khoang
khao sat, gia tri do doi tang twr 0 + 0,2 mm, téc do tang cua luc lién két va luc can cdt dai lém hon
khi gia tri do doi tang tr 0,2 +~ 0,75 mm.

T khoa: Phucong phdp lién két gitta dau dan va vé dan; Qud trinh cdt dai; Luc cdt dai.

ABSTRACT

This article studies the effects of the linking method between the projectile and the cartridge
case on the basis of a mathematical model established by numerical methods, using the MATLAB
programming language. Research results show that the linking method between the projectile and
the cartridge case has a great impact on the process of engraving the rotating band into the barrel
groove (surveyed through the rotating band engraving resistance force). When using the linking
method in the direction of increasing the linking force between the projectile and the cartridge
case, the rotating band engraving resistance force increases and reaches the maximum value
when the structure ammunition uses 2 grooves and joints with redundancy (increased by 1777.6%
compared to the case of not using links). In addition, the article investigates the influence of the link
redundancy parameter on the value of linking force and rotating band engraving resistance force.
The investigating results show that the linking force and engraving resistance force value depend
according to the 4th-degree polynomial rule on the redundancy parameter. During the investigating
range, the redundancy value increased from 0 = 0.2 mm, the rate of increase of the linking force and
engraving resistance force was larger when the redundancy value increased from 0.2 + 0.75 mm.

Keywords: The linking method between the projectile and the cartridge case; The rotating
band engraving process, The engraving resistance force.
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1. MO PAU

Thoi ky tong dan kéo dai tir thoi diém
dan bat dau chuyén dong dén khi cac dai din
duoc cat hoan toan vao ranh nong. Thuat ngit
téng dan trong phao binh thé hién duong kinh
cua dan l6n hon duong kinh cta nong, cling
nhu qué trinh lién quan d&én su cét dai dan vao
ranh nong hoac nén dai bit kin [1, 2].

Hién nay, phuong phap téng dan thuan
tién hon ca 1a ham chuyén dong cua dan trong
giai doan dau nho st dung dai dan, duong kinh
clia cac dai din 16n hon dudng kinh cuiia nong.
Két qua cua viéc ndy 1a qua trinh cat dai dan
vao ranh nong va xuat hién lyc can cit dai (F).
Khi nghlen ctru thoi ky tong dan noi chung, qua
trinh cat dai din vao rinh nong néi riéng can
phai xem xét phuwong phap lién két giita dau
dan va vo dan (hay phuong phap nap dan vao
budng nong). Néu khong sir dung phuong phap
lién két gitrta vé dan va dau dan (dan nap roi),
qua trinh cit dai din bat dau ngay lap ttc & thoi
diém dan bat dau chuyén dong va dién ra véi
toc do twong ddi thap. Trong khi do, ddi voi
dan nap lién dau dan duoc ¢d dinh & miéng vo
dan, khi chuyén dong cta dan bat dau dién ra
qua trinh tach lién két giita dau dan va vo dan,
khi d6 dau dan théng tac dung cua luc can —
luc liéq két gitta ddu dan va vo dan (F). Tiép
theo, dau dan thuc hién mot hanh trinh tu do
cho t6i khi bat ddu qua trinh cit dai, trong qué
trinh d6 s& dién ra cac diéu kién dong khi tdc
d6 dau dan di tang cao. Vi vy, phuong phap
lién két giita dau dan va vo dan anh huong 16n
t61 qua trinh cét dai dan, cac thong sé dong hoc
trong qua trinh cat dai [3-5]. Tuy nhién, hién
nay cac cong trinh nghién ctru vé chiéu hudng
va mirc do anh hudng ctia phuong phép lién két
gita dau dan va vo dan téi qua trinh cit dai n6i
riéng, téi dac tinh dong hoc cua qua trinh dan
chuyén dong trong nong néi chung chwa nhiéu.
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Hién nay, trong két cau dan, dé dam bao
mobi lién két gitra vo dan va dau dan c6 nhiéu
phuong phap nhu: lip ghép c6 doi doi, han
niing diém, ép ovan mleng v dan, lap chit nho
st dung rénh lan tép va két hop giira lip c6 do
do6i va st dung ranh lan tép [6-8]. Tuy nhién,
phd bién ¢ hau hét cac phat ban dan phao 1a st
dung phuong phép lap ghép c6 d6 doi, hodc két
hop gitra c6 d¢ doi va sir dung ranh 1an top. Vi
vay, bai bao tap trung xay dung mo hinh tinh
toan khao sat anh huong phuong phap lién két
gilta vo dan va dau dan téi qua trinh cit dai
thong qua luc can cat F_voi céac tmong hop
lién két glu’a vo dan va dau dan cu thé: khong
str dung moi ghép (dan nap roi), lip ghép c6 do
doi, lép chdt sir dung 1 ranh lan top, mbi ghép
két hop sir dung 1 rinh lin top va ghép c6 do
doi, mdi ghép két hop sir dung 2 ranh lan top
va ghép c6 do doi. Bén canh do, trén co sé md
hinh xay dung, bai bao tién hanh khao sat anh
huéng cua cic tham sb kich thuée dic trung
cua mei ghép téi gié tri luc lién két F, va luc
can cat dai Fc. Két qua bai bao la mot co s¢
dinh huéng lya chon phuong phap lién két giira
dau dan va vo dan, qua trinh tinh toan thiét ké
cac tham s6 kich thudc cua mbi ghép giita dau
dan va v dan.

2. PHUONG PHAP NGHIEN CUU

2.1. M6 hinh toan xac dinh luc lién két giira
diu dan va vé dan

Dé tong quat cho mo hinh tinh toan, bai
bao tién hanh tinh toan lyc lién két gitra dau
dan va vé dan trong truong hgp phuong phéap
két hop (ghép co d6 doi va st dung ranh lan
top). Trong trudng hop nay, luc lién két giita
dau dan va vo dan duge tinh toan theo cong
thire (1):

Ft: Ftl T FtZ

(1) F
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Trong do:

F, — Luc liél} két gitra dau dan va vo
dan dugc tao ra bdi lap ghép c6 do doi;

F,— Luc lién két gitta ddu dan va vo
dan duoc tao ra boi lap ghép sir dung ranh lin
top.

Theo [2, 3, 7], F,, duwoc xac dinh theo
biéu thirc:

A
Foa = 2.7 Lee Byt @)

Trong do: L, la chiéu dai phan tlep Xuc
giita dau dan va vo dan mm; f 1a hé sO ma sat
giita dau dan va vo dan; E, =(0,01...0,05).E, véi
E 12 mo-dun dan hoi vat lleu vo dan, N/mm?; t
1a bé day mleng vo dan, mm; A, 1a d§ doi moi
ghép giita dau dan va vo dan, mm; R =4d/2, v&i
d 14 ¢& nong, mm; m 1a hang s6 thyuc nghiém.

Theo [2, 3, 6], F, dugc xac dinh theo
biéu thirc:

Ag .
Fp, = k.m.ngp (Z'W_a + h) -t 05 (sina + f.cosa)(3)

Trong d6: k 1 hang sb thuc nghiém; n_
1a s6 ranh lan top; A, 1a do séu ranh lan top,
mm; o la gbc vat ranh top, rad; h 1a bé rong ranh
lan top, mm.

2.2. M6 hinh toan xac dinh luc can cat dai

2.2.1. Gid thiét

Dé x4c dinh gid tri lyc can cat dai F,
mot s6 gia thiét sau duoc sir dung [2, 3]:

- Pai dan c6 hinh dang chir nhat, vat
liéu dai dan 1a vat liéu cung déo tuyén tinh,
trang thai bién dang dai dan trong qua trinh cit

dan vao ranh nong la phang;

- Cic diéu kién chat tai 1a tinh, khong co

céc bién dang cia thanh nong va than dan, cac
ranh nong c6 hinh dang chir nhat va bé qua anh
huong ctia goc khuong tuyén ranh nong, anh
huong ciia ap suat khi thude trong thoi ky téng
dan 1én vé dan.

2.2.2. M6 hinh todn xdc dinh lyc cdn cdt dai

M6 hinh tinh x4c dinh F_ dugc thé hién
trong hinh 1. Trong d6: d 1a duong kinh ngoai
cta dai dan, mm; B 1a bé rong dai din, mm; d,
la duong kinh day ranh nong, mm; d, la duong
kinh rdnh vong trén than dan dé lap dai dan,
mm; o, la goc con vao thu nhat ctiia nong phao,
do o, la gbc con vao thir hai ciia nong phao, do;

= (d —d)21a bé day dai dan, mm; H, =(d,
— d )2tg  la chiéu dai phan con tron cia nong
phao, mm; H, = = (d,—d)2tg , la chiéu dai phan
cOn ¢o ranh xoan cua nong phao.

Khi dai dan dugc cit vao rinh nong,
gitra nong phao va bé mit dai dan xuat hién bé
mat tiép xtic S, trén do ton tai cac (g sudt tiép
xUc o, T, Cac mg suat nay lién hé v6i nhau
qua he so ma sat p giita thanh nong va dai dan

[3]:
T,= U0, (4)

Céac mg suat nay sé& tac dong tir nong
dén dau dan thong qua dai dan mot lyc can cit
dai theo truc dan. Luc can cét dai duoc xac dinh
theo biéu thic:

Trude khi cdt dai dan Khi cat dai ddn
Hinh 1. M6 hinh qua trinh cat dai dan vao
ranh nong
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g

Trong do, o, 1a goc con vao cta nong
phéo (k =1, 2 ung vdi goc con vao thir nhat va
thir hai cia nong phao).

oy sina;, d S, +J’j T cosadS,, (5)
Sk

k

Gia thiét réng, cac phén tr cua vat liéu
dai dan chi dich chuyén doc theo truc OX véi
toc do khong d6i va nhu nhau theo chiéu cao
cua bién dang (u =u =y, = = 0) va trén tit ca
cac diém cua tiét dlen ab cua ving bién dang
cac ng suat phap tuyén 1a nhu nhau. Ta tach
trong ving bién dang mot phan tir abef ¢6 chiéu
dai don vi (Hinh 1) va viét cac diéu kién can
bang cta no:

Theo truc OX:

dh, 1, dh,

dgx = (gk - gx)h— teay h.’

(6)

Trong d6, h_1a gia trj tirc thoi clia chiéu
cao tiét dién ngang cua dai dan.

Khi tinh dén dang thirc dh_= —dxtg , va
bo qua cac sO hang bé bac cao, ta nhan duoc
cong thuc:

do, = ( )dhx T, dh,
Oy = O — Oy hx + tgﬂfk hx » (7)
Theo truc OY:

Oy c0SA d X — Ty Sina d x — g,dx = 0, (8)
Véi gia thiét o, kha nho, ¢ thé coi:
6,=0 9)

y k

Str dung phuong trinh déo, ta viét no &
dang:

csy—cx=§12k (10)
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Trong do € 1ahé s tinh t6i anh hudng
ctia ing sudt tiép, duoc xac dinh theo biéu thirc:

G=[1-CH2 (1n)

Giatri § dugc xac dinh trén co so's6 lidu
thuc nghlem & <lo,= o, voi o, 1a luc can
thuc té bién hinh khi kéo va nén don gian; o, 1a
gi61 han chay quy uéc). Trong biéu thirc (10)
(11), k 1a hé so déo, du’oc xac dinh theo biéu

thic: k = ko(1+ n — nlix )V(nk.:,— —Jd>

la he déo cua vat liéu dai dan trude khi cat nla
hé s bién cing cua vat liéu dai dan.

Phuong trinh (7) c6 tinh dén dang thic
(9) va (10) dugc bién doi1 vé dang:

Oyhy — (0, + doy) (hy + dhy) — 7, cosay dx — sina dx =0, (12)

Céc (rng suat tiép xtc c,, T CO mdi quan
hé theo dang thirc (4). Ta coi cac dal lugng p,
k, &, o _lakhong d6i, khi d6 nhan dugc phuong
trinh vi phan véi cac bién phan ly:

dh,,
do, = (2k&, + iﬂk) T (13)

Tich phan phuo’ng trinh (10) theo o, tur
O dén 6,; theo h tirhy dén h nhan dugc bleu
thuc dé tlnh ung suit tlep xuc phap tuyén o, tai
tiét dién bat ky cua con nbi tiép:

o= 214y 222 -1], a9

Trong do Y = £ 1a thong s6 phu
thudc vao hé s6 ma sat (téaﬂfa thanh nong va dai
dan) va goc con vao ctia nong phao.

Gia tri ban dau cua Gmg suat o, tai diém
O dugc xac dinh tir dang thirc (10) kh1 coi o,
=o,vac =p,voip ladap suat khi thudc tac
dung bé mat tu do cua vat liéu dai dan Okm, p,
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4.F

duoc xéac dinh theo biéu thirc pPr = —a

Oro = 2k$1 (1

2;{% (15)

Ta dua vao quang duong cua dan x khi
cat dai nho dang thic h = h — xtg, . Khi do,
biéu thire (14) duoc viét lai & dang:

o =22 (1 +y (1 - Ekx)r 1]
0
Qkfl Th.o __ Bagy Ny
[(1 Y (1 - )Y ~ 1].(16)

Trén co s ket qua giai bai toan ve cac

{mg suét tiép xtic (S k) c6 thé thu duoc cong

thirc xac dinh luc can cit, voi gia thiét o, b dinh:

F. = pcosa(1+ tgak)fﬂ( 03 dSy. (17)

3. KET QUA VA THAO LUAN

Dua trén mo hinh tinh toan, nhom tac
gia da tién hanh nghién ctru anh huong cia

phuong phap lién két giita dau dan va vo dan
t6i qua trinh cat dai din thong qua gia tri luc
can cit dai ctia dan xuyén thép 23 mm béng
phuong phap sb, str dung ngén ngir lap trinh
MATLAB.

Anh huéng cua phuong phép lién két
gitra dau dan va vo dan dugc thé hién trén bang
1 va d6 thi hinh 2.

Tir d6 thi hinh 2 nhan thay: gia tri luc
can cit dai rat nho khi khong st dung phuong
phap lién két gitra dau dan va vo dan. Khi sir
dung phuong phap lién két theo chiéu huéng
tang luc lién két F (tr1 dén 5) thi gia tri luc can
cat dai F_tang l1én r0 rét va dat gia tri 16n nhét
khi gia tri luc lién két giira dau dan va vo dan 1a
16n nhét (ting 1777,6 %), Gmg véi mbi ghép két
hop str dung 2 ranh lan top va ghép c6 do doi.
Két qua tir bang 1 va hinh 2 cho thiy phuong
phap lién két giita dau dan va vo dan co tac
dong 16n té1 gia tri luc lién két gitra dau dan va
vo dan, tir do anh huong 16n t6i1 gia tri luc can
cit dai khi dai dan dugc cat vao ranh nong.

Bdng 1. Anh hudng ciia phirong phap lién két giita dau dan va vé dan téi qud trinh cdt dai

r r 0 a G 5l
e Re L Luwec lién két | Lwc can cat o Tang cua F, f © VOE
TT Loai moi ghép . trwong hop khong sw
F,N dai F, N Ao 1,
t ¢ dung moi ghép
1 Khéng sir dung mdi ghép 0 5,6.10 0
Str dung mdi ghép c6 do doi , ,
2 (A, = 0,16 mm, gia tri thit ké) %710 11610 2061
Str dung 1 ranh lan top 4 ;
: (A, = 0,42 mm, gié tri thiét ké) 1,04.10 439.10 7829
Str dung 1 rinh lan top va moi ghép co do
4 | doi, (A, =0,16 mm, A = 0,42 mm — gia tri 1,3.10 5,57.107 993.6
thiét ke)
Str dung 2 ranh lan top va mbi ghép c6 do
doi, (A, = 0,16 mm, A, = 0,42 mm — mg voi 4 ;
> 2 ranh lan toép)/Truong hop khao sat ng voi 2,33.10 9,96.10 1777,6
két cau thuc
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z e 0,2 2980 12800000

] 0,25 3200 13800000

; 0,3 3400 14600000

- 0,35 3600 15400000

i . 0,4 3700 16100000

B | Plnm’n-g phap ;iéll két g;il'm (I‘:llll(I‘x_lll va :'ﬁ dan ) 0’45 3900 16700000

- - 0,5 4000 17300000

Hinh 2dj4n£1 huﬂé‘ng fZa pft’utolngp}vzdp lJité; l«fét gitta 0,55 4200 17800000
au dan va vo dan toi lyc can cat dai:

1. Khong su’ dung mgi ghép;' 2. Méi ghép c6 dé 0.6 4300 18300000

doi; 3. Str dung 1 ranh lan top; 0,65 4400 18800000

4. Sir dung 1 ranh lan top va moi ghép do doi; 0,7 4500 19300000

5. Str dung 2 ranh lan tép va méi ghép do déi 0,75 4600 19700000

T thuc té thiét ké, khai thac dan cho
thy khi tang gia tri luc lién két s& dam bao didu
kién bén mdi ghép khi nap dan vao budng nong
(tranh gay hién tuong long dau dan), ting duoc
tbc do ban do tang tde do nap dan, dam bdo
diéu kién bit kin thubc phong trong qua trinh
bao quan, bit kin khi thudc khi ban. Tuy nhién,
khi tang luc lién két gitta dau dan va vo dan, luc
can cit dai ting dan dén tang sy mai mon ndng
phéo khi ban, lam giam tudi tho ctia nong phéo
Vi Vay, trong qua trinh thiét ké doi hoi phai t6i
rru vé didu kién mon nong, toc do ban, kha nang
dam bao bén va diéu kién bit kin khi lya chon 1000000

, ‘A A c~ A \ 5 100000
phuong phép lién két gitra dau dan va vé dan. 00T
10000 *

1000

100 |y =-3E+08x*+ 6E+08x%-4E+08x2
10 + 1E+08x+ 362919
1 R2=0.9942

=-83491x*+151573x3-
29205x+ 73.543
R2=10.9937

97743x2+

Lare lién két Ft, N

0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8

Po doi, mm

Hinh 3. Anh hiong cia do doéi dén lyc lién két
gitta dau dan va vo dan

Anh huong cua tham sb kich thudce: do
doi mdi ghép A, 161 gid tri lyc lién két gitra dau
dan va vo dan, gia tri luc can cit dai duoc thé
hién trén bang 2 va do thi hinh 3.

Lure cin eat dai Fe, kN

0.1

0.01

0 01 02 03 04 05 06 07 0.8
Po doi, mm

Bdng 2. Anh hieong ciia dé doéi dén lic lién két
gitra dau dan va vé dan, luc can cat dai

Hinh 4. Anh hieong ciia @6 doéi dén liec can cdt dai

P9 déiA,, | Luclienkét = Luec cin cit
mm F,N dai F,N
0 0 56300
0,1 2400 10200000
0,15 2700 11600000
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Tir @6 thi hinh 3, hinh 4 nhan thay: sy
phu thudc ciia d6 déi mdi ghép (khi sir dung méi
ghép c6 do doi giita ddu dan va vo dan) vao luc
lién két va luc can cét dai tuan theo quy luat ham

da thie bac 4. O vi tri d6 doi A, = 0, img véi &
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trudng hop khong sir dung moi lién két, lyc can
cat dai co gia tri nho nhat. Khi tang do doi A

1én, lyc lién két ting, luc can cit dai ting len
Khi gla tri do doi A, trong khoang (0 + 0, 15)
mm, toc do tang cua hrc lién két va lyc can cat
dai 16n hon nhiéu khi do doi A, trong khoang
0,15+0 75) mm, diéu nay duoc thé hién rd &
d6 ddc cua dd thi hinh 3, hinh 4 & doan dau 16n
hon nhiéu ctia doan sau.

4. KET LUAN

Bai bao da dua ra mo hinh toan nghién
ctru anh huéng cta phuong phap lién két gitra
dAu dan va voé dan toi qua trinh cit dai thong
qua luc can cat dai. Tir két qua nghién ctru cho
thiy phuong phap lién két c6 anh huong 16n
t61 gia tri luc can cét dai. Khi str dung phuong
phap lién két theo chiéu hudng gia ting luc
lién két gitra dau dan va vo dan thi luc can cét
dai tang 1€n rd rét. Trén co s& mod hinh toan
xdy dung, nhom tac gia tién hanh khao sat
anh huong cta tham sb kich thude do doi méi
ghép dén gia tri luc lién két va lyc can cit dai.
Két qua cho thay khi tang gia tri d6 doi, luc
lién két va luc can cét dai déu ting, tuy nhién
mirc d6 tang 16n hon khi d6 doi mdi ghép ting
trong khoang (0 + 0,15) mm. %
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TINH TOAN, THIET KE VA XAY DYNG MO HINH MAY TACH BUN
TRUC ViT bA DIA

CALCULATION, DESIGN AND BUILDING MODEL OF DEWATERING MULTI-
DISC SCREW PRESS

Pham Thi Thity, Nguyén Thanh Tung
Truong Pai hoc M6 — Dia chat

TOM TAT

Bai bdo trinh bay phwong phap tinh todn, thiét ké may tach bin truc vit da dia. Trén co s
toan hoc, nghién cvru da chi ra thong s6 hinh hoc téi uu cho truc vit may tach bun. Noi dung bai bao
ciing dé cdp phirong phdp thiét ké cdc cum chi tiét chinh ciia may tach bun. Két qud bai bao da xdy
dung dieoc mé hinh may tach bun kiéu truc vit da dia. Két qud nay la co s6 quan trong cho viéc ché
tao may tach bun truc vit da dia trong diéu kién ¢ Viét Nam.

Twr khéa: May tach bun; Truc vit; Multi-Disc Screw Press.
ABSTRACT

The paper presents the calculation method, design of Dewatering Multi-Disc Screw Press.
Based on the geometric analysis and mathematical model, the screw profile of filter sludge is
generated. In this paper also shows design method of main machine'’s parts of filter sludge. The
consequence of design demonstrates model of filter sludge is generated. It is based on important for

manufacuring the filter slugde on conditions in Vietnam.

Keywords: Filter slugde; Screw; Elipptical gear.

1. PAT VAN PE

Bun thai mot phan san pham cudi cung
cia mdt qua trinh xu ly nudc thai. N6 gay 0
nhiém mai truong séng, mdi truong lam viée.
Viée xir Iy 6 nhiém mai truong va han ché tac
hai ctia né t6i doi sdng dang dwoc tit ca cac
qudc gia trén thé gidi quan tim. Pa co nhiéu
nghién ctru vé phuong phap xtr 1y bun va tach
bun di dugce cong bd, chu yéu tip trung vao
cac phuong phép vat 1y, hod hoc va sinh hoc
nhiam chuyén hoa bun thanh cic dang khong
doc hai hodc tiéu huy luong bun phat sinh. Cac
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nghién ctru vé thiét bi tach bun, ching chu yéu
dugc cac nha san xuét, cong ty cong nghé ché
tao nén rat it cac cong bd chi tiét vé loai thiét
bi nay. Hién nay, mot s6 nghién ciru da cong bd
vé thiét bi tach bun phai ké t6i nhu: may tach
bun kiéu truc vit, tach bun kiéu bang tai, tach
bun kiéu chan khong, tach bun kiéu khung ban,
may tach bun da dia,...

May tach bun kiéu tryc vit cho bun sau
ép kho, van hanh may dé dang nhung tryc vit
mon nhanh, dé xay ra hién tuong ket nudc, hiéu

qué théap khi ép cac loai bun min va bun c¢6 hat %
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cting [1]. Tach bun kiéu bang tai cho nang suat
va tudi tho thiét bi cao [2] nhung gia thanh ché
tao 16n, dd Am cua bun sau tach c6 do 4m cao,
hiéu sudt tach nudc tir bun kém. Tach bun kiéu
chan khong duoc st dung pho bién trong khai
thac khoang san do ¢6 nhiéu vu diém nhu [3]:
Bun sau tich c6 d6 4m thip (bun kho), tach
duoc cac loai bun min nhung tudi tho vai loc
thap, chi phi ddu tu va van hanh cao. Tach bun
kiéu khung ban c6 thé ép duoc nhiéu loai bun
khac nhau [2], bun sau ép c6 do 4m nho nhung
nang sudt ép thap va chi phi sir dung cao.

a gy b

ke g B

s el i
B o'l ey

J H [ iy |-II'7rI1"I '41"'ﬁ1'“l,
_-||.-| JI.I.ﬂIJI! I|.J||.|J. r.|:||J: |J Jl.l
b (R ek b ot F
Hinh 1. Nguyén ly lam viéc may tach bun truc vit
da dia

Trén thé gidi, di co nhidu nghién ciru vé
phuong phéap va thiét bi xir Iy bun thai. Nhém
tdc gid Anne Wambui Mumbi, Li Fengting,
Fridah Mwarania and Batzorig Uuganchimeg
[4], nghién ctru d3 dua bién phap giam tiéng
on trong str dung may truc vit dé loc tach bun.
Tac gid J. Oliver, J. Vaxelaire [5] nghién clru
su anh huong cac yéu t hoat tinh t6i kha ning
tach bun cta vai loc trén may tach bun kiéu
chan khong. Nhom tac gia Okada, Takesi [6]
da nghién ctru dé t6i vu hoa bién dang truc vit
nham nang cao kha nang lam viéc cua truc vit
trong may tach bun kiéu truc vit. T. Remat, R.
Branion [7] nghién ciru méy tach bun kiéu bang
tai va kiéu truc vit dé danh gia hiéu qua lam
viéc trong quy mo phong thi nghiém. Hat bun
chuyén dong manh theo phuong trong luc nén

nudc tir bun dé dang duoc tach khoi bun va it
xdy ra hién tugng ket nudc hay tac nudce.

May tach bun truc vit da dia c6 nhiéu
vu diém trong linh vuc nay va dang duoc tng
dung phd bién trong viéc tach bun dé xur 1y moi
truong. Véi dic trung khong bi tac nghén do
cac dia dong va dia tinh ludn c6 chuyén dong
tuong dbi va hoat dong véi nhiéu néng do bun
khac nhau nén c6 thé stir dung nhu 1a thiét bi co
dic va ép bun, gitp tiét kiém mat bang va chi
phi dau tu cho tram xir 1y nudc thai.

Duya trén xu huéng phat trién may tach,
nhom tac gia tap trung vao tinh toan thiét ké dé
xay dung mo hinh may tach tryc vit da dia. N6

la co s& quan trong trong viéc ché tao thiét bi
nay trong nudc.

2. CO SO TINH TOAN THIET KE

2.1. Nguyén Iy 1am viéc va ciu tao

Hinh 2. Nguyén ly lam viéc

Trudc tién, may tach bun truc vit da
dia sir dung may bom bom hdn hop chét thai
vao bé chira. Bun lodng dugc chuyén vao bon
khudy tron nam trén may ép bun bang thiét bi
bom bun. Pong thoi, bom dinh luong s& bom
hoa chat polymer da dugc pha lodng véi nong
d6 0,1-0,2% véao bon khudy tron. Tai ddy, motor
khuay s& khuay tron déu bun lodng va polymer
dé dam bao ndng do bun dau vao twong ddi on
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dinh va bun dugc keo tu va tao bong. Sau do,
bun lodng s& di chuyén xudng bén dudi bang
chuyén dong quay cua truc vit va qua trinh co
dic bun, tach nude dién ra.

Truc vit & ddy dung budc vit thay doi
nho dan vé phia cac dia vit cudi, lam 4p suit
bén trong tang 1én do thé tich nho dan tao ap
luc dé tach nudc ra khoi bun. Nudce dugc tach
ra khoi bun qua céc ké ho gifra cac dia.

Buin kho sé& di chuyén ra dau con lai cia
may ép nho chuyén dong quay tinh tién cia
tryc vit va chuyén dong cua dia ép thing lai
chuyén dong tinh tién cua truc vit. Bun sau khi
ép s& dugc thu gom va van chuyén bang thing
chtra hodc hé thng vit.

May dugc cAu tao boi cac bd phén chinh
nhu: 1 — Bon khudy; 2 — Motor khudy; 3 — Dia
di dong, dia tinh; 4 — Truc vit; 5 — Motor truc
vit; 6 — Pia ép; 7 — Hé thong vo; 8 — Khung
may; 9 — Mang thu nudc.

2.2. Tinh toan thong sb truc vit
Bui thai dugc chon 14 loai phd bién véi
do pha rin trung binh 45%; Nang suét lya chon:

Q=4,0 m*h.

Theo [6], ning suat cta vit tai Q (tn/h)
duoc xac dinh qua cong thirc sau:

n.D*

0 =60. pn.pk, k, (1)

Trong d6: D — Buong kinh vit tai (mm);
p — Budc vit trung binh (mm); p — Khéi luong
riéng cua vat liéu van chuyén (kg/mm?); k —H¢
s6 chira déy tiét dién mang, phu thudc vat li¢u,
lay k_=2,9; k_—H¢ s6 phu thudc géc nghiéng p
do clia vit tai, chon p=20° thi k_=0,65; n—S6
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vong quay vit tai (vong/ phut), p =
D

12 hé sb phu thudc vat liéu véi bun lodng, 1ay

k =1,8.

2/5
0
2 | 02054
(377/(1«ka m O

v c n

Chon D theo tiéu chuan, lay D =200 (mm).
Buong kinh trong truc vit s€ la:
d=3,3.D=3,3.200 = 60 (mm). 3)

Dé tao ra luc ép dé tach nudc ra duoc
hiéu qua thi thé tich budng ép dugc giam dan
vé cudi giai doan ép. Budc vit thay doi dan, P =
150 mm, P,= 120 mm, P, = 90 mm, P,= 60 mm.

Vi 1 - Bue pl Viing 2 - Bude p2 Viing 3 - Bude p3 Vikng 4 - Bude pd

600 480 360 240

150 __150_ 150 150 120 110 | IZU 120 90 90 90 90 606060 | 60

_"‘f.‘ ;’\ /\ f\ ". “’\ A AN n.“l!"lufu
(= == 'l' EEEmananaTaE

\VRVARVARVARVAVAVERVAVETA TR VAN I ®

e

Hinh 3. Truc vit ép

Goc xodn vit thay ddi theo bude vit:

tana = i (4)
.

Bang 1. Thong so truc vit va goc xoan

Budc vit P 150 | 120 | 90 | 60
(mm)

Goc xoan vit | 13,43 | 10,82 | 8,16 | 5,45
(d9)

Pé dam bao qué trinh tach nudc va bun
thi khe h¢é gitra truc vit va cac dia tinh va dong
phai dugc dam bao mot ti 1€ hop ly. Khoang
cach a gitra dinh vit va cac dia tinh dong phai

da nho dé tao ra budng ép tot nhung khong &
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dugc lam mon dinh vit, chon a=1 mm. Khoang
cach b gitra dia dong va dia tinh tao nén khong
gian dich chuyén ctia dia dong dé nudc thoat ra
ngoai dé dang, dong thoi chéng hién tuong ket
dia.

Két qua thyc nghiém cho thiy tong khe
hé phu hgp véi may tach bun b= 0,5 mm la phu
hop.

Hinh 4. Khe ho tinh toan

2.3. Tinh chon ddng co va cac thong sé dong
hoc khac

Bui thai duoc chon 1a loai phé bién véi
do pha ran trung binh 45%; Nang suat tach
nudc Q =4 m*/h.

Van toc bun dau vao truc vit:

:g:%zl,%(m/s) (5)
A n.(D —d )
4 ’
Trong do, A 1a dién tich mat cat ngang
khoang tach bun.

Vl—max

Véi luong bun kho tach ra c6 do am
30% thi lugng nude tach ra 70% thi luu luong
dau ra cia may Q’=0,3Q = 1,2 m*/h.

Van toc bun dau ra truc vit:

Qo Q .
V2—max - A TC,(Dz—dz) 0,55(11’1/8) ( )

4

Toc do truc vit dugc tinh theo van toc
dau ra:

60000.v
n=

=5,25 (Vong/phat)  (7)
.D

Cong sudt trén truc vit tai xac dinh theo:

P= co.@+@ =0,945KW  (8)
360 360

Trong d6: Q — Niang suat cua vit tai (kg/
gid); L — Chiéu dai van chuyén (m), H — Chiéu
cao van chuyén (m); c,— HE s6 luc can, lidu véi
bun lodng lay c, = 36.

Hiéu suit chung ctia hé thong:

N =1, N, Ny = 0,72 9)
Cong suét dong co:

0,945
0,72

=1,31 KW (10)

2.4. Két cau mot so co’ cau chinh

41 1471

Hinh 5. Cum tdach bun
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Hinh 6. Cum bun vao

[

o

-.l

Hinh 7. M6 hinh may tach bun

3.KET QUA

Dua trén nguyén ly lam viéc va dic
diém ciu tao may. Nhom tac gia tap trung tinh
toan dong luc hoc hinh thanh tryc vit cua may
tach bun. Tir d6, nhom tép trung tinh toan thiét
ké va xdy dyng mo hinh cac cum tach nudc,
cum truyén dong, cum khung may va cudi cung
1a ban v& lip hoan chinh (hinh 7). Ban v& lap
1 tai liéu quan trong phuc vu qué trinh ché tao
trong thoi gian téi.
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TiINH TOAN KIEM NGHIEM THIET KE HE THONG GIA B0 LO HOI
NHA MAY PIEN HAT NHAN THEO TIEU CHUAN ASME

DESIGN VERIFICATION CALCULATION OF STEAM GENERATOR SUPPORT FOR
NUCLEAR POWER PLANT ACCORDING TO ASME CODE

ThS. Mai Quy Sang, KSCC. Nguyén Ha An, ThS. Ha Minh Thing
Vién Nghién ctru Co khi, B6 Cong Thuong

TOM TAT

Lo hoi la thiét bi quan trong cua nha may dién hat nhan. Viéc tai thiét ké dwoc thuc hién vi
muc dich dao tao va kiém tra thiét ké 16 hoi theo tiéu chuan ASME. Gid dé 10 hoi dé toan bo trong
leong, chiu dp sudt va tdi trong gdy ra boi cdc thanh phan twong tac dam bdo tinh toan ven ciia 10
hoi. Muc tiéu ciia bai viét phan tich sw thay doi cuong dé g sudt tuyén tinh trong vimg lién tuc
va khéng lién tuc cia gid dé sir dung phan mém ANSYS. Két qua dwoc so sanh véi cdc gid tri tiéu
chuan ASME, xdc dinh dg chinh xdc ciia phén tich FEM véi mé hinh doi xiing truc 2D don gian héa.

Tir khéa: Lo hoi; Gia do; Tiéu chuan ASME; Phén tich FEM.
ABSTRACT

The steam generator is an important equipment of the Nuclear Power Plant. The design re-
engineering was carried out for training object and inspection Steam Generator design according
to ASME codes. The support of Steam Generator supports all the weight, bear pressure and loads
caused by interacting components to ensure the integrity of the SG. The goal of this paper is to
analyze the Linearized Stress Intensity change in the continuous and discontinuous regions of
the support by using ANSYS software. Results compared to the standard values of ASME code,
ascertained the accuracy of the FEM analysis with the simplified 2D axisymmetric model.

Keywords: Steam Generator (SG); Support; ASME code; FEM analysis

1. GIOI THIEU

Lo hoi 1 thiét bi trao d6i nhiét, chuyén
ndng luong phan ung hat nhan thanh nang
luong hoi nude chay tua bin phat dién. Hé
thdng gia d& co6 dang tru non rong, dam bao
d6 clmg vitng dé ngan can sy ¢d ro ri nudc 1lam
mat chira phong xa ra moi trudong va duy tri lién

két hé thong trong moi diéu kién hoat dong. Mo
hinh phén tich bao gdm hé théng d& va phan
dau dudi 16 hoi (vong 1). M6 hinh ddi xing
truc 2D phan tich (mg suat mang va mg suat
u6n tuyén tinh. Két qua tinh toan tng suét thiét
ké va diéu kién loai A dugc so sanh véi gidi han
cho phép cuia ASME Phan III, muc NB va NF.
Gia do va 1o hoi duge mo ta nhu hinh 1.
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2. PHUONG PHAP NGHIEN CUU
2.2.1. Mé hinh phén tich

Phuong phap phan tich 1a phan tich d6i
xtng truc do mit cit ngang cia gia d& ¢ dinh
quanh tryc trung tdm. Trong ANSYS, céac diéu
kién tai trong duoc ap dung va cac két qua lién
quan dugc tinh toan bdi phan tich déi xing
truc. Tur kich thudce 16 hoi cta (tham khao APR
1400 SG), tao ra mo hinh 2D cua gia do trong
ANSYS. Dé dit tai trong dé dang, mé hinh 2D
v6i phan dau 16 hoi va tdm lap dng nhu trong
hinh 2.

2.2.2. Yéu ciu

Gi6i han tinh toan thiét ké dugc x4c dinh
trong ASME: Phan III- myc NF-3000, thiét ké
[1]. Gia d& thudc loai 1 dugc phan loai kiéu
v6 va theo “Tiéu chuan thiét ké cho cac gia d&
dang tAm va dang v6” nhu di chi ra trong muc
NF-3200. Theo muc NF-3220, gidi han cuong
d6 (mg suét phai duoc thoa man diéu kién dbi
v6i tai trong thiét ké 1a:

(a) Ung sudt mang: P <S_

(b) Ung suit mang + (mg suit udn: P +P <
1.5S

Hinh 1. Gia do lo hoi
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eE - fre
= T

Hinh 2. Mt cdt cia gid d& 16 hoi

Gia tri ng suét cho phép yéu cau (a) 1a
S ¢ nhiét do thiét ké va (b) 1a 1.5S , trong do
S 1a g suat ctia vat lidu. Vat liéu cua gia d&
duqc chon nhu vat liéu cua vo 10 hoi la SA-508
muc 3 loai 1. T ASME: Phan II, muc D, gia tri
S_ & nhiét d¢ thiét ké nhu bang sau [2]:

Badng 1: Cuong dj img sudt cho phép:

., £ Ung suit cho phép
Loai ung suat (MPa):
S 184
1.5S 276

M6 dun dan hdi E =207*10° MPa va hé
s6 Poat - Xong v =0.3.

Trong loai A, tai trong bao gdm ap sut
thiét ké va tu trong cua 10 hoi. “Tiéu chuan va
gidi han mg suat phai duoc thoa man trong
phan tich dan hoi dbi voi bat ky tai trong 1am
viéc loai A nao tir yéu cau cua thong s thiét ké
duoc dua ra trong NF-3221.1 va NF-3223 nhan
v6i hé sb gidi han cudng d6 tng suét thich hop

tr bang NF-3221.2-1 cho cac loai tai trong va &~
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mg suit cu thé”. Theo bang NF — 3221.2-1,
hé s6 gidi han Gmg suét ap dung cho cuong do
g suat mang thiét ké cho phép hodc cudong do
g suit mang cong véi cudng d6 ing suit udn
(K, K ) va h¢ s6 giéi han Gng suat ap dung
cho g suat cit thiét ké cho phép (K) 1a 1,0.
Trong muc NF — 3121.11, khong yéu cau danh
gi4 ing suat nhiét trong gia dd [1].

2.2.3. Tinh todn tdi trong
a. Khéi lwong ciia cac bd phan cia 10 hoi

Tur kich thude cua 106 hoi, khdi luong
cua cac bo phan dugc uodc tinh nhu bang sau:

Bdng 2. Két qua tinh todn khoi lwong cdc bg phdn

16 hoi:
STT Mo ti Gis tri D.vi
p | Khoi E‘-’“g VO 55545160 | ke

Vo

Tam lap ong va

2 b6 éng 362,903.65 kg
Vach ngan va
3 cac bo phan 59,817.41 kg
phia trén
4 | Khoiluong 11031170 | ke
nudc

* Khéi lugng nude bén trong 16 hoi:

Mywge = Vnu’é‘c * Prnwéc
(1)
= (Vvé - V’éng) Pruwéc
Trong do:

Thé tich vo va thé tich 6ng dugc tinh
nhu sau:

Voeg =m*Dg*xH
— 2 2
Vﬁng = Lﬁng & (Tfro - )

Trong vong lam mat thtr 2 (phia trén
tAm 13p bo dng), nhiét do 1am viée: t = 284.2
°C, 4p suat lam viéc: P=1000 psi.

* Khoi lugng ctia b ong:

My =V ™ Ping (2)

Voi vit liéu cua 6ng 1a hop kim Inconel
690.

Ib
Péng = 0.296m—3 = 8,193.3kg/m?

b. Tinh toan cac tai trong

* Tai trong phan bd trén vo giy ra boi
trong luong vo:

PV() - mvé* 10/AV6 (3)

* Tai trong phan bd trén vo giy ra boi
ap suat bén trong:

Pv0’2 - P2nd*Atrong/AV(') (4)

* Tai trong phan b trén tam lap Ong
gdy ra bdi trong lugng cua vach ngin va bo
tach am:

Pvélch - 1Tlve’lch* 1O/IAveich (5)

* Tai trong phan bd trén tap lap 6ng gay
ra boi trong Iuwgng cua tam lap ong va bo ong:

=my,, FI0A, (6)

b6 éng b6 dng

* Tai trong phan bd trén tam lap 6ng
gay ra bdi trong lugng nudce:
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Pnuc’rc - mnudc* 1O/IAtrong (7)

* Gidi han thiét ké [3]:

Gi6i han thiét ké bao gdm ap suat thiét
ké va tu trong cta cac bo phan:

Bdng 3. Két qua tinh todn giGi han thiét ké:

STT Mo ta Giatri | D.vi

Phia vong lam mat so
cap (vong 1)

Ap suat thiét ké 2500 | Psi
2 Nhiét d6 thiét ké 650 °F
Phia vong lam mat thtr
cap (vong 2)
3 Ap suét thiét ké 1200 | Psi
Nhiét d6 thiét ké 570 °F

Céc tai trong

5 Tai do trong lugng vo 2.56 MPa

Tai trong do ap suat

bén trong 66.65 | MPa

7 | Téi trong trén vach ngan 1.24 MPa

Tai trén tim lap 6ng | 0.199715 | MPa

Tai do trong lugng nudc | 0.052637 | MPa

* G161 han lam viéc loai A [3]:

Gi6i han lam viéc loai A 1a & diéu kién
van hanh binh thuong ctia nha may né bao gom
ap suét van hanh va tu trong cua cac bd phan.
Badng 4. Két qud tinh toan gioi han lam viéc logi A:

STT Mo ta Gia tri | D.vi
Phia vong 1am mat so cip
(vong 1)
1 Ap suat van hanh 2250 | Psi

Nhiét d6 lam mat dau vao | 615 °F
3 | Nhiét do 1am mat ddura | 555 °F
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Phia vong lam mat thu
cap (vong 2)
4 Ap suit hoi 1000 | Psi
5 Nhiét 6 hoi 543.6 | °F
Tai trong

TAt ca céc tai trong giéng nhu Gidi han
thiet ke

3. PHAN TiCH UNG SUAT THEO TIEU
CHUAN ASME

3.1. Két qua tinh toan cho giéi han thiét ké

Trong co khi, mo6 hinh lu61 dugc tdi wu
hoa thong qua kich cd canh, ) luong kiéu phan
chia cua ludi phu thudoc vao dé nhay cua canh
va d6 1éch duge diéu chinh cho phu hop. Tét ca
céc canh duge diéu chinh nhu mo ta trong hinh
3 dé chuan bi mo hinh cho viéc danh gia tng
suit theo yéu cau cua tiéu chuén.

Pé cho phép danh gia cudong do tng
sut tuyén tinh hoa tai cac vi tri khac nhau
trong gia d&, bao gdm cuong do ing suat mang
chinh, cudng d6 tmg suat mang cuc b va ting
suat udn, cac duong (path) dugc tao & cac vi tri
quan tam khac nhau. Tdm duong da dugc tao
trong mo hinh nhu dugc mé ta trong hinh 4 dé
danh gia chi tiét cac phan cua gia do, dac biét 1a
cac vung gian doan.

T6 hop tai trong dugc ap dung theo
bang 3 va dinh vi ¢d dinh gia d&, mo hinh tinh
toan duoc thé hién trén hinh 5. Nhiét d6 khong
yéu cau d6i véi diéu kién thiét ké do d6 hiéu
g nhiét khong can xem xét trong truong hop

nay.
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Hinh 6. Ung sudt twong dwong cia gid do

Hinh 4. Cdc dwong phan tich img sudt

M5 hinh sau d6 duoc danh gia vé bién Hinh 7. Bien dang tong thé
dang téng thé, ung suit twong duong (hinh 6)
va cuong do Gmg suét tuyén tinh (hinh 8, hinh 9
va bang 5).

[ - s E OE B
et TS~ S
i B E B B
o EEm— e
~ 5 = & =
=l LB E O OE
[>3 = = =
Hinh 5. To hop tai trong doi voi gioi han thiet ké Hinh 8. Ung suat tuyét tinh trén duong 1
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gi4 dd, tmg suét theo du’(‘mg 8 1a 16n nhat. Tur
bang 5, cuong d6 ung suat cia gia d& o diéu
kién thiét ké thoa man gi6i han dua ra boi tiéu
chuan thiét k¢ ASME BPVC phan III, muc 1
NF-3221.1 va NF-3223.

3

= 3.2. Két qua cho Giéi han loai A

mw
o o

TH hop tai trong duogc ap dung trén mat
cit theo bang 4 va dinh vi ¢ dinh 4p dung cho
gid d&, mo hinh tinh toan duoc thé hién trén
hinh 10.

IO LD ol bl ol il i i o

CYEEEEIIEEiiitease s

e

18w b

e
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Hinh 9. Ung sudt tuyet tinh trén duong 8

Tur cac duong, ing suat udn, ing suat
mang 16n nhat theo bang 5, sau d6 so sanh véi
ung suat cho phep cua vatliéu S .

Bdng 5. Phdn tich img sudt cho gidi han thiét ké:

P (hode | g 155

P)+P
L b | MPa | MPa .
MPa Hinh 10. To6 hop tai trong cho logi A

1(A1-A2) | 487 | 523 | 184 | 276
2(B1-B2) | 769 | 968 | 184 | 276
3(C1-C2) | 427 | 512 | 184 | 276
4(DI1-D2) | 340 | 343 | 184 | 276
S(EI-E2) | 540 | 757 | 184 | 276
6 (F1-F2) | 403 | 1250 | 184 | 276
7(G1-G2) | 172 | 1107 | 184 | 276
8 (HI-H2) | 27.9| 103.9 | 184 | 276

Pm
MPa

Puong (path)

||
|
|
|
|
|

Céac duong 1, 4 va 5, Gmg sudt mang
la img suat mang chinh (vi tri lién tuc). Trong
duong 2, 3, 6, 7 va 8 & cac vi tri khong lién tuc

vi vay g suat mang 13 g suét cuc bo. Trong Hinh 11. Ung sudt twong dwong cho giéi han logi A ¥
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Hinh 12. Ung sudt tuyén tinh theo dwong 8

Bdng 6. Phan tich img sudt cho gidi han logi A:

buimg atty | Fs | Pyip, | Sy 1SS
MPa
1 (Al-A2) | 53 | 63 | 184 | 276
2(BI1-B2) |11.2 16.6 184 | 276
3(C1-C2) | 41 | 55 | 184 276
4(DI1-D2) | 34| 36 | 184 | 276
5 (E1-E2) 15.6 | 18.7 184 | 276
6 (F1-F2) | 14.1| 49.7 | 184 | 276
7(G1-G2) | 153 | 57.6 184 | 276
8 (HI-H2) | 18.5| 447 | 184 276

Tir cac két qua trong bang 6, cudng
d6 tmg sudt cua gia d& ¢ gi6i han loai A thoa
man gia tri gidi han dugc dua ra boi tiéu chuin
ASME.

4. KET LUAN

1) Hé thong gia do dang vo da duac
tinh toan lai dudi goc do phan tich ung sut.
Ung suit tinh toan dap ung cac yéu cau gioi
han, cho thiy rang, gia d& co thé chiu tai trong,
trong lugng cuia 16 hoi trong qué trinh van hanh
an toan.

2) Thiét ké gia d& 10 hoi dd dugc danh
gi4 va phan tich bang phuong phip FEA sir
dung ANSYS Workbench. Viéc phan tich két
c4u tinh duoc tién hanh cho mot sd truong hop
& mot s6 vi tri khac nhau. Két qua phan tich
dugc so sanh véi cac gidi han cua ti€u chuin
ASME dé cho thdy rang no tuan thu cac yéu
cau. <

Ngay nhéan bai: 05/12/2023
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DAO DONG TU DO CUA TAM HINH THANG LAM BANG VAT LIEU
COMPOSITE SQI THUY TINH NEN POLYESTER

FREE VIBRATION OF GLASS FIBER/ POLYESTER COMPOSITE PLATE

TS. Bui Vian Binh, ThS. Pham Hai Trinh
Truong Pai hoc Bién luc

TOM TAT

Cdc canh gié diéu khién mdy bay khéng nguwoi ldi, canh tuabin, canh diéu khién hwéng trong
tau lan, tén lia, ... thuong co dang hinh thang voi cac vat liéu khdc nhau. Hiéu duwoc cdc ung xu
dao dong cua chung la rdt quan trong trong viéc thiét ké két cdu va diéu khién. Bai bdo trinh bay
két qua tinh todn tan sé dao déng, dang dao déng tw do ciia tam dang hinh thang lam bang vat liéu
composite sgi thity tinh/nén polyester. Anh hwéng cua goc s, hinh dang hinh hoc cua tam dwoc
khao sat. Thudt todn va chirong trinh tinh dwoc viét bang Matlab dwa trén Iy thuyét tam bédc nhat
Reissner-Mindlin, sir dung phan tir dang tham sé 8 niit, moi mit c6 5 bdc tw do.

Tir khéa: Tam hinh thang; Vit liéu composite; Dao déng tw do; Dang dao dgng; Phwong
phap phan twr hitu han.

ABSTRACT

Wind blades that control drones/aeroplane, turbine blades, direction control blades in
submersibles, missiles,...are often trapezoidal in shape with different materials. Understanding
their vibration behaviors is important in structural design and control program design. This paper
presents some numerical results of free vibration and mode shape analyses of the glass fiber/polyester
composite plate. The effects of fiber orientations, geometric shape of the plate were considered. The
Matlab programming using eight-nodded rectangular isoparametric plate element with five degree
of freedom per node based on Reissner-Mindlin plate theory was built to solve the problems.

Keywords: Trapezoidal plate; Composite material; Free vibration;, Mode shape; Finite
element method.

1. PAT VAN PE nhe, d& dang gia cong bang phuong phap thu

cong,...Tinh toan dao dong cia than, canh may

Vit li¢u composite 16p thuong dugce st
dung dé ché tao than, canh may bay loai nay vi
cac dac tinh dac biét cia no so voi cac loai vat
lidu khac nhu kha nang chong rada, giam thiéu
cac anh huong cua truong di¢n tur, trong luong
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bay, canh may bay khong nguoi 1ai, canh tua
bin,... 1 mot trong nhitng mdi quan tim hang
dau ciia cac nha khoa hoc, nguoi thiét ké ky
thuat. Nhiing nim gan day, nhiéu nghién ctru

vé tmg xtr co hoc cua cac két cAu tAm c6 hinh ¥
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dang hinh hoc nhu vat, xién, chéo va cac tam
dang hinh thang da duogc cong bo voi nhiéu
cach tiép can khéac nhau.

Nam 2017, Blandzi va cac cong su trong
[1] d4 tinh toan u6n va dao dong ciia tim dang
tor gidc dua trén nguyén ly Hamilton. Kumari
va Lal [2], dya trén 1y thuyét bién dang cit bac
nhit v&i quan hé chuyén vi bién dang cua Von
Karman, phan tich phi tuyén tng xir uén cta
tdm hinh tir gidc c¢6 ké dén bién dang cit va
tinh khong dbi xing cua hinh dang hinh hoc
duéi tai trong phan bd déu. Kumari va Lal [3]
phan tich phi tuyén tmg xir udn cua tim hinh tir
giac dbi xung va khong d6i xtmg lam bang vat
lidu composite nhiéu 16p. Trong d6, mé hinh
tinh c6 ké dén bién dang cit va tinh khong doi
xtng cua hinh dang hinh hoc dudi tai trong
phan b déu bang phuong phap phan tir hiru
han. Blandzi va céc cong su trong [4] da tinh
toan udn va dao dong cta tim dang t&r gidc 1am
bang bay 16p kim loai véi hai 16p giita gip nép
dang luon song hinh thang xép truc giao nhau
dudi tac dong cua tai trong tinh va tai trong
xung. Nam 2018, Jeyaraj va Ashok [5] trinh
bay két qua tinh toan do vong va tmg suét nhiét
clia tAm composite dudi tic dong cia truong
nhiét khong déu va co ké dén sy bong tach cac
16p,...Nam 2020, Maharudra va cac cong su [6]
sir dung 1y thuyét bién dang cét bac cao, thiét
1ap cong thic phan tir hitu han dé khao sat dao
dong, on dinh cua tim composite dang tir gic
c6 va khong khoét 19,...

Tai Viét Nam, cac cong trinh nghién
ctru vé loai két cau nay da va dang duoc quan
tam nghién ctru. Bai bdo trinh bay mot s két
qua tinh toan tan s6 dao dong tu do, phan tich
dang dao dong cua tim composite co dang
hinh thang dua trén 1y thuyét tim ctia Reissner-
Mindlin khi thay doi cac tham sé hinh hoc va
gbc soi composite cua vat li¢u.

2. THIET LAP CONG THUC PHAN TU
HUU HAN

2.1. Co s6 ly thuyét

Theo Reissner-Mindlin [7], cac thanh
phan chuyén vi u, v, w cua tam dugc bi€u dién
nhu sau:

u(xay,z) = uO('x’y) + ng(X,)’)

v(xayaZ):v0(x’y)+29y(xay) (1)

W(X,y,Z) = WO(xay)

Trong d6: u, v, va w la cac thanh phan
chuyén vi ciia diém trén mat trung binh (z = 0)
theo cac phuong x, y va z.

0 _va 9y lan luot 1a goc xoay cua phap
tuy€n mat trung binh quanh céc truc y va x.

2.2. Xay dung cong thirc phan tir hiru han

Ap dung 1y thuyét tim nhiéu 16p [8],
luc mang {N}, momen udn {M} va lyc cit {Q}
dugc xac dinh bang tich phan tmg suét theo do
day cua tim va dugc xac dinh nhu sau:

{N} [Ai,] [B,j] [0] {80}
vit=[[5] [D] 1] [ixt @
O [ [0 (s

Trong do:

(L4 108 [ 2)])= ,; J (2102

By

véii,i=1,2,6 3)

[F]-3 7 (6] )=

= Ty

voi f =5/6; i,j=4,5 “4)

ISSN 2615 - 9910 (ban in), ISSN 2815 - 5505 (online)
TAP CHI CO KHI VIET NAM, S6 310, thang 12 nim 2023
cokhivietnam.vn / tapchicokhi.com.vn



NGHIEN CU’U - TRAO BOI

n: 14 56 16p composite, &, ,, A, : 1an luot
la do cao vi tri clia mét trén va mat dudi cua lop
thir k.

[Q'], va [C'], la cdc ma tran d cing
thu gon cua 16p thu k.

Bing viéc s dung phan tir dang tham
sO0 8 nat, moi nit ¢6 5 bac tu do, cac chuyén

vi cua diém bat ky cia mat trung binh cua tam
duoc xac dinh:

8 8
Uy = ZI:N,(EJ?)-%; vy = Z_I:Nf (&.m)v,:

8 8
wo =D Ni(Emws 0,=Y Ni(&m).0,:
i=1 i=1

g
6,=2 . N,(Em0,: ()
i=1
N,(&.) 1a cac ham dang ciia phan tir
dang tham s6 8 nut trong hé toa do phan tir (§, 1).

Ma trén do cimg phan tr duoc xac dinh
nhu sau:

[ = [ ([8]")[#11[BYeaa, (o)

Phuong trinh dao dong tu do khong can
cua két cau duoc xac dinh la:

[M ]} + [ K T{uj = {05 )

Trong do: {u}, {u } 1a véc to chuyén vi
nut, véc to gia toc cua chuyén vi nut trong hé
toa do tong thé.

[M], [K] lan luot 12 ma tran khéi lugng,
ma tran do cung trong hé toa do tong the, duoc
xac dinh nhu sau:
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_ i[k*l ; ®)

(7] ) 70 (& ], =[7] [#LI7]:

Vé6i n 1a sé phan tu, [T] 1a ma tran
chuyén truc toa do.

—
3
*
L1
o
Il

3. KET QUA TiNH TOAN SO
3.1. Pdi twong khio sat

Xét két cau tim composite 16p (ABCD)
c6 hinh dang thang, kich thudc nhu Hinh 1.

L

A
Hinh 1. Tam hinh thang bang vit liéu
composite lop

Trong do, H = 1(m); L= 0.8 (m); tam
day t = 1(cm) gom 10 16p composite co ciu
hinh géc sgi [éch truc 1a [45/-45], va cAu hinh
dang truc 1a [90°0°], (ky hi¢u la 6 =90°); gbc o
va ¢ (d9).

Vit liéu composite dugc khao sat la
composite cot soi thuy tinh nén polyester c6 co

tinh nhu trong Bang 1.
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Bdng 1. Co tinh vit liéu composite cot soi thiy
tinh/nén polyester:

E (GPa) |E(GPa) | G (GPa) | v, | p(kg/m’)
60.7 24.8 12 0.23 1300

Piéu kién bién dugc khao sat trong
truong hop: ngam tai canh AD, céc canh khac
tu do.

3.2. Khao sat anh hwéng cia hinh dang hinh
hoc

Dé khao sat anh huéng cua hinh dang
hinh hoc dén tan s dao dong cua tam, bai
bao xét tim c6 cau hinh géc soi [45%/-45%], va
[90°/O°J , cho céc truong hop véi cac goc a va ¢
thay doi nhu sau:

AP1: Goc a=5 (d0) va 9=45 (dj); AP2:
Goc o =10 (do) va =40 (d9);

AP3: Goc a = 20 (d9) va ¢=30 (d9);
AP4: Goc o = 25(d0) va ¢=25 (d9).

Két qua tinh toan nim tan s6 dao dong
dau tién dugc trinh bay trén Hinh 2 va Hinh 3.

So sanh 5 tan so dao déng véi cic trudng
hop AP1, AP2, AP3, AP4 khi [45/-45]s
400
350
300

250
200
150
o  HEm
1 2 3 4 5

EAP1 mAP2 mAP3 mAP4

& 8

Hinh 2. Anh hieong ciia céc gée géc o va ¢ thay
doi den nam tan so dao dong riéng dau tién khi

cau hinh goc soi léch truc [45/-45]

So sanh 5 tin s6 dao déng vdi cic trudng
hop AP1, AP2, AP3, AP4 khi [0/-90]5
450
400
350
300

250
200
150
EEm III
1 2 3 a s

[T
o

o

WAP1_ 090 ®WAP2_090 mAP3_090 AP4_090

Hinh 3. Anh huéng ciia cdc géc a va ¢ thay doi
deéen nam tan so dao dong riéng dau tién khi cau
hinh goc soi dung truc [0/90]

Nim dang dao dong dau tién twong ing
voi cac truong hop AP1, AP2, AP3, AP4 khi
cau hinh géc soi 1éch truc [45/-45], dugc trinh
bay trén Hinh 4, Hinh 5, Hinh 6 va Hinh 7.

Mode 1 " Mode 2 Mode 3 " Mode 4 " Mode 5

Hinh 4. Nam tan s6 dao dong riéng dau tién khi
a =5"va p=45" (AP1)

v v iviv v

Mode 1 Mode 2 Mode 3 Mode 4 Mode 5

Hinh 5. Nam tan s6 dao dong riéng dau tién khi
a=10"va p=40" (AP2)

{w v il il

Mode 1 “Mode 2 Mode 3 Mode 4 Mode 5

Hinh 6. Nam tan sé dao dng riéng dau tién khi
a =20"va p=30"(AP3)

Hinh 7. Nam tan sé dao dong riéng dau tién khi
a =25"va p=25° (AP4)
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Nhan xét:

- Hinh 2 va Hinh 3 cho thiy, khi hinh
dang hinh hoc ctia két cAu tam thay d6i ma tong
cac goc ¢ day hinh thang khong doi thi tin sd
dao dong riéng cua két cdu tam khong thay do6i
nhiéu cho cé hai truong hop cau hinh composite
dung truc va léch truc. Tan s dao dong riéng
ctia cac két cAu tAm co cAu hinh dung truc 16n
hon tan sb tuong tmg khi tAm c6 cau hinh léch
truc.

- Hinh 4 dén Hinh 7 cho thay, nim dang
dao dong dau tién cla cac tim tuong tng Vi
cac truong hop AP1 dén AP4 twong ty nhau.
Trong do, dang dao dong thu nhét 1a udn, thi
2 1a xoan, thtr 3 13 udn thir 4 va thi 5 1a udn va
xoan két hop.

4. KET LUAN

Bang viéc st dung phuong phap phan
tr hitu han dua trén ly thuyét tAm bac nhit cua
Reissner-Mindlin, thudt toan va chuong trinh
tinh toan sé da duogc thiét 1ap dé khao sat dao
dong ctia tAm c6 dang hinh thang lam bang vat
liéu composite cdt soi thiy tinh nén polyester.
Thong qua cac két qua khao sat sd cta nghién
ctru, c6 thé dua ra mot s6 két luan nhu sau: Khi
thay d6i hinh dang hinh hoc ctia tim ma tong
cac goc & day hinh thang khong d6i thi tan sb
dao dong va dang dao dong cua két cau tim
khong thay doi dang ké.

Bai bao nay 1a két qua nghién ctru dé tai
ma s6: PTKHCN.07/2022 cua Truong Pai hoc
bién luc nam 2022. <
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ANH HUONG CUA VIEC NUNG THEP 40X DE NHIET LUYEN
TRONG MOI TRUONG KHi NI TO

EFFECTS OF BINKING STEEL 40X FOR HEAT TREATMENT
IN A NITROGEN ENVIRONMENT

Lé Phu Cwong*, Cao Xuan Lai, Lé Thai Son
Truong Pai hoc Su pham K¥ thuat Vinh

TOM TAT

Chung toi da cdi tgo lo dién tro CHO thanh 10 nung trong méi truong dwoc cung cap khi N,
bang cdach sir dung phirong phép don gian va tiét kiém chi phi. Két qua dat dwoc khi 16 tang cuong
thém khi N, nung ¢ nhiét do 850°C + 900°C dé nhiét luyén thép 40Xch0 thay hiéu qua tang Ién khi
nung phoi trong méi truong diege cung cap lién tuc khi N, vdiap sudt 0,3at trong qud trinh nung va
gnr nhi¢t khi N, dwoc duwa lién tuc vao lo. Phoi dwoc dwa vdo 16 khi 16 dat nhiét d¢ 400°C. Pé tqo
diéu kién cho qud trinh tham 500°C = 550°C, phéi duweoe giiv nhzez‘ trong 1 gio voi nhiét do va ap. sudt
khong khz nhe trén (d6i véi phdi nung trong méi trieong dwoc cdp lién tuc khi N,). Mot loat mau da
e tién hanh thi nghiém trong ciing nhiét dé va moi trwong nhiét luyen chi khac moi truong nung,
dé doi chu’ng so sanh. Dung may do do cing, kinh hién vi dién tu" dé kiém tra cdc mau thi nghzem
ta thay két qua thay doi, méi truong nung trong 16 dwoc cung cdp thém khi N, chat lwong san pham
sau khi nhiét luyén da tang lén dang ké.

Tw khoa: Khi Nito; Lo nung; Luu luong;, Tham Nito; Chat lwong bé mat.
ABSTRACT

We converted the resistance furnace CHO, into a furnace in a nitrogen-fed environment
using a simple and cost-effective method. The results achieved when the furnace was supplemented
with nitrogen gas at a temperature of 850°C + 900°C to heat 40X alloy steel showed increased
efficiency when heating the workpiece in an environment continuously supplied with nitrogen gas
at a pressure of 0.3at. During the heating and heating process, nitrogen gas is continuously fed into
the furnace. The embryo is put into the furnace when the temperature reaches 400°C. To facilitate
the permeation process at 500°C + 550°C, the workpiece is kept heated for 1 hour with the above
temperature and air pressure (for workpieces heated in an environment continuously supplied
with nitrogen gas). A series of samples were tested at the same temperature and heat treatment
environment, only the firing environment was different, for comparison. Using a hardness tester and
an electron microscope to check the test samples, we found that the results changed. The heating
environment in the furnace was provided with additional nitrogen gas, and the quality of the product
after heat treatment increased significantly.

Keywords: Nitrogen gas; Furnace; Flow rate; Nitriding,; Surface quality.
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1. PAT VAN PE

Nito trong ty nhién xuat hién dudi dang
khi khong mau, khong mui, khong vi. khong
chay va khong doc hai, ¢ didu kién tiéu chuan
chiém 78% theo thé tich cua khi quyén cua
Trai dat nhung s& khong ty nd hd tro su sdng
ma dugc hoa cung khi Oxy [2, 3]. Trong nhiét
luyén, N, gép phan quan trong quy’ét dinh dén
do cung, chat lugng bé mat chi tiét, dam bao
thAm my, nang cao kha ning chéng in mon,
chéng bj Oxy hoéa trén bé mit kim loai [1].

Thim N, xay ra vao khoang 500’°C (5,
6], vi vay khi nung dé nhiét luyén chi tiét thép
40X, dé nhiét luyén chi nén nung dén 850°C,
khong nén nung véi nhiét do cao s& lam t6
chirc hat chi tiét 16n 1én, lam tang tinh gion,
giam tinh déo dai von c6 ctia né [4]. Trong qué
trinh nung trong 10 dién tré dugc cép lién tuc
khi N,, ching t6i nhan thdy san pham da bot
mot phﬁn Oxy hoa, chét lugong bé mat t6t hon,
ddc biét do cung chi tiét sau khi nhiét luyén
dugc cai thién dang ké. Nhu vay, cong nghé
nay nén duoc nhan rong dé nung phoi, phuc vu
qua trinh nhiét luyén.

2. CAC BUOC TIEN HANH
2.1. Piéu kién thi nghiém

Chung t6i da tién hanh thi nghiém véi
12 mau thwr, thye hién ¢ hai ché d6 nung khac
nhau, nung trong moi truong dugc lién tuc cung
cap khi N, véi luu lugng 0,3at, giit nhiét 1h va
nung trong mdi truong khi ty nhién theo céac
cap nhiét do 800°C, 850°C, 900°C. Mdi bac
nhiét do s& c6 4 mau dugc nung trong hai moi
truong khac nhau, sau khi nhiét luyén xong thi
c6 2 mau khong dugc ram, con 2 mau s& ram
trong 10 voi thoi gian 1 phit va dé ngudi trong
khong khi tinh dé dbi chimg so sanh.

Hinh 1.1. Lo nung dung thi nghiém
Ghi chu: 1. Binl‘t chira khi NZ," 2. Bo loc kﬁz’;
3. Van mot chiéu, 4. Cam bién do ap suat,
5. Bé‘ng ho bdo nhiét do; 6. Van an toan,
7. Lo nung; 8. Bo diéu chinh nhiét dé nung.

Hinh 1.3. Mdy do dé cimg bé mdt Matsuzawa
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Hinh 1.4. Nhiét do nung cua cdac lan nhiét luyén
khac nhau

Hinh 1.5. Anh chup d¢ cimg cdc phéi do dwoc

trong qud trinh thi nghiém
2.2. Két qua thi nghiém
San phém sau khi nhié¢t luyén duoc tién
hanh mai bong bé mat trén may mai bong TPN

-1020FR ctia Pai Loan, ta c6 két qua nhu sau:

Bang 1-1. 86 liéu thi nghiém qua cdc lan do

I:Ihlet Mau 1 Maiu2 | Mau3 Mau 4
do nung
o | 4926 | 4585 | 4814 | 462.1
800°C | py HV HV HV
Nhict | 205 | Miu6 | Miu7 | Miug
d6 nung
| 5153 | 5190 | 5107 | 4953
80°C T v HV HV HV
Nhict | 200 | MBu10 | Mau 11 | Miu 12
do nung
| 5758 | 5740 | 561.6 | 5193
200°C 1 Ty HV HV HV

Mau 1; 5; 9 duoc nung trong moi truong
c6 cung cap khi N,, thoi gian nung 1h, gitr nhiét
va lam ngudi trong moi truong nudce sach 20°C.

Mau 2; 6; 10 duoc nung trong moi
truong khi ty nhién Oxy chiém 20,9%, giit
nhiét va lam ngudi trong moi truong nude sach
20°C.

Mau 3; 7; 11 duoc nung trong moi
truong ¢ cung cap khi N,, thoi gian nung 1h
gilt nhiét va lam ngudi trong moi trudong nudc
sach 20°C, sau d6 dugc ram 200°C trong 10
dién tro thoi gian gilr nhi¢t 1 phat va [am ngudi
trong khong khi tinh.

Mau 4; 8; 12 dugc nung trong moi
truong khi ty nhién Oxy chiém 20,9%, giir
nhiét va lam ngudi trong moi truong nude sach
20°C, sau d6 dugc ram 200°C trong 10 di¢n tro
thot gian gitr nhiét 1 phat va lam ngudi trong
khong khi tinh.

Nhin vao két qua do do cung, ta nhan
thay khi phoi duoc nung trong méi trudng cd
cung cap thém N,, d6 ctmg chi ‘tié't giqu tang
1én, tuy nhién con phu thudc nhicu yéu to.

2.3. Xir Iy s6 liéu va thao luin két qua

Tur bang 1-1, sir dung phan mém Excel,
ta c6 do thi sau:

| D5 cirng clia cac chi tiét sau khi nhiét luyén

580
560
540
520
500
480
460 -
440

420

400

80O B50 500
.
—Mau 3

—MEu ]l —Mau 2 Mau 4

Hinh 1.6. Két qua thi nghiém
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T (Hinh 1.6), ta thiy khi nung phoi
trong moi trudng duge cap thém khi N, v6i ap
suat 0.3at, do clirng phoi sau khi nhiét luyén
duoc tang 1én. O giai doan 800°C, ta thay do
cung phoi dugc nung trong moi trudng c6 thém
N, da duogc tang Ién, diéu nay phfl hop V(’)’j cac
nghién ctru cua [2, §]. Khi thdm N, ¢ thé khi
thong thuong chi tiét duge nung téi nhiét do
khoang 510°C (500+575°C) trong mdi trudong
phan hay khi Amoniac. O nhiét d6 thdm Nito,
khi Amoniac phan huy Nito nguyén tir va bi
hap thu boi thép theo phan Gng:

NH, <=>3/2 H, + N(Fe)

Trong phan ing trén, N(Fe) 1a nguyén tu
Nito bi hap thy trén bé mat thép. Thép (chi tiét)
trude khi thAm Nito phai duoc tay rira sach dau
m& va khong con gi hay Oxit trén bé mit. Khi
nung phdi tir nhiét 6 20°C 1én dén 800°C, phoi
duoc trai qua thoi gian ting dan nhiét do nén
khi dén giai doan 500°C thi hién tugng theftm NZ
[1, 3] trong moi truong giau khi N, da bat dau
xay ra, tuy nhién qua trinh nay khong tang mai
theo thoi gian nung, ma s& cham lai dugc thé
hién trén dd thi (Hinh 1.6). Khi nhiét do tang
1én dén 850°C, d6 ctng cua chi tiét dugc tham
va chi tiét khong tham déu tang. Diéu nay duoc
giai thich 1a thép 40X dd duoc nung dén nhiét
d6 chuyén bién pha dé giir nhiét va 1am ngudi
[2], nén ca hai chi tiét dugc tham N, va chi tiét
nung trong moi truong khi tuw nhién déu co6 do
cling tang 1én. Quan sat trén do thi, ta thay khi
nung dén 900°C, do cung cua hai chi tiét dugc
thim va khong thdm déu ting manh do chi tiét
dugc nung trong moi truong giau khi N, higén
tuong thoat cac bon xdy ra cham hon nén do
thim toi s& tot hon [1, 2]. Khi nung dén nhiét
d6 nay, thép 40X da chuyén bién pha hoan toan
nén khi nhiét luyén trong moi truong nudc 13,
hodc méi trudng dan qua nude, chi tiét déu cho
do cung tot, dap Gmg duoc yéu cau ky thuat
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can thiét va day 1a do cting cao nhit ma khi
nhiét luyén thép 40X da dat duoc néu ta tiép tuc
tang nhiét do 1én, d ctmg chi tiét sau khi nhiét
luyén sé giam xubng, vi khi d6 ta nhan dugc
t6 chirc thd dai do hat tinh thé 16n, d két dinh
kém, phoi gion, chit lugng chi tiét kém di, diéu
nay duogc giai thich dé dam bao do bén, d6 cing
cho chi tiét cac san phém sau khi nhiét luyén
thuong dugc ram, dé ddi di mot phﬁn do cung
va ldy d6 déo dai. Tuy nhién, khi nhiét d6 ting
dén 900°C, ta thay chi tiét nung trong 10 thuong
sau khi nhiét luyén do cting cé xu hudng giam
nhiéu so véi chi tiét dugc nung trong 16 ¢6 ting
cudng khi N, d€ nhiét luyén, vi khi nhiét d cao
thép 40X chiu tac dong cua hién tugng Oxy hoa
va thoat cac bon. Nhiét nung cang cao thi hién
tugng Oxy héa va thoat cac bon cang ting dan
dén kim loai mat dan cac bon [4] 1am cho d6
cting khi nhiét luyén giam xudng.

3. KET LUAN

Khi NZ 1a khi tro trong tu nhién nhung
c6 tac dung rat 16n trong qua trinh nhiét luyén,
n6 ¢co tac dung bao vé bé mit chi tiét vira nang
cao do ctng, do bén cua chi tiét nén viée nghién
c?t‘u du:a} khl N, vao nhiét luyén [6] 1a viéc lam
can thiét dé phuc vu giang day cho sinh vién,
ddng thoi tham gia san xuat phuc vu cho cac
nganh cong nghiép & mét nhiém vu quan
trong. Khi cung cap thém khi N, dé nung phéi
can cung cap mdt luong vira du khoang 0,3at,
néu cung cip khi nhiéu hon thi nhiét do cua 1o
s& bi giam xudng vi lac nay khi mang theo nhiét
do moi truong. Chi y gilt nhiét do cua 10 trong
qua trinh nung & 500°C dé tao diéu kién cho
qua trinh tham N, 1én bé mat chi tiét, khong nén
gilt nhiét ¢ nhiét do cao hon 727°C dé thanh
phan chi tiét duoc nung khong bi chuyén bién
pha lam t6 chire hat 16n 1én, anh hudng 16n dén
co tinh cta chi tiét sau khi nhiét luyén. Trong
cac phuong phap xir Iy, dé nang cao do cting bé
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mit chi tiét cin chu y phuong phap héa nhiét
luyén vi phuong phéap nay dé ap dung, ré tién
va phu hop diéu kién cua Viét Nam.
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NGHIEN CU’U MO HINH MANIKIN TOA NHIET MO PHONG
CO THE NGUOI

RESEARCH OF THERMAL MANNEQUIN MODEL SIMULATING
HUMAN BODY

Nguyén Thi Nhw Lan", Pham Ho Mai Anh?
'Khoa Co khi, Truong Pai hoc Bach Khoa, Pai hoc Quoc gia Thanh phé HO Chi Minh
*Truong Pai hoc Cong Thuong Thanh pho H6 Chi Minh

TOM TAT

M6 hinh ma-no-canh téa nhiét dwoc g dung réng rdi trong nghién ciru dé danh gia nhiét
dé va twong quan giita co thé nguoi voi moi truong. Ma- no-canh téa nhiét ciing duwoc irng dung dé
danh gid cdc dac tinh y sinh cua quan do nhu do thoai mai, an toan khi su dung. Trong nghién curu
nay tdp trung xdy dung va phdt trién mé hinh ma-no-canh mé phong trang thdi téa nhiét ciia co thé
nguoi ¢ 15 vi tri khac nhau.

Tir khéa: Manikin téa nhiét; M6 phong co thé.
ABSTRACT
Thermal manikin systems have been applied widely in research to investigate temperature

and relationship between human body and environment. Thermal manikin also used to evaluate
biomedical properties of clothing and textiles such as comfortable, safe levels when wearing. This

study focuses on build and develop manikin model simulating thermal body in 15 positions.

Keywords: Thermal manikin,; Simulated human.

1. GIOI THIEU

Hé théng ma-no-canh téa nhiét hay h¢
thdng ma-no-canh mé phong nhiét do ra doi tir
nam 1940, va tr¢ thanh mot cong cu phuc vu
nghién ciru vé qua trinh chuyén doi nhiét do
tir co thé nguoi ra mdi trudng [1]. Ma-no-canh
téa nhiét dugc ung dung rong rai trong cac thi
nghiém mo6 phdéng nguforl Vi du: thi nghlem
mod phong ngudi ngodi trong xe hoi nham thir
nghiém d¢ thoai mai ctia diéu kién noi that xe
[2]. Mot nghién ctru khac cling ing dung ma-
no-canh nhiét dé thir nghiém quén 4o chira chay
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[3]. Tuwong ty, moi trudng diéu hoa khong khi
khac nhau (ching han nhu hé thong suéi san
bang birc xa va hé thong sudi khong khi ddi luu
str dung mo phong s6 dé danh gia kha nang tiét
kiém nang lugng trong cac toa nha dan cu cling
duoc dung thuc nghiém bfmg mo hinh ma-no-
canh toa nhiét [4]. Ngoai ra, c6 cac phép do da
duoc thuc hién trén mot mo hinh nhiét ngéi Vo1
nhiéu tiy chon khac nhau vé thiét bi dau cubi
khong khi, nhiét do moi truong va nguén cung
cap khong khi dé nghién ctru dnh huéng cia
qué trinh tho dén nhan thirc vé moi truong nhiét
trong qua trinh st dung hé théng thong gi6 ca
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nhan hoéa [5]. Ma-no-canh toa nhiét con duoc
g dung trong cac nghién ctru vé cac tién nghi
vé nhiét (d6 bén kéo, do gidn dai, kha nang chiu
nhiét, d§ thoang khi) khi dung ma-no-canh thir
nghiém trén céc vat li¢u khac nhau [6].

Cac md hinh ma-no-canh ciing duogc
xdy dung va phat trién kha da dang. Vat liéu
sir dung trong cac thiét k& ma-no-canh nhiét
cling phong phu, tir vat liéu gd [7], nhua [8],
phé bién nhit 1a vat liéu téng hop [9, 10].

Thiét ké ctia ma-no-canh ciing thay doi
lién tuc tuy thudc vao muc dich str dung. Thong
dung van 1a cac loai ma-no-canh mo phong
nhiét d6 co thé nguoi ¢ muc 34°C, mo phdéng
trén toan bo vi tri co thé [11].

Trong nghién clru nay, muc ti€u s& tap
trung vao xay dung va phat trién hé thdng ma-no-
canh toa nhi¢t, mé phong 15 vi tri téa nhiét dac
trung trén co thé ngudi. Tuy nhién, mdi vi trf trén
co thé nhiét d s& khong dong nhét hoan toan. Mo
hinh xay dung mong mudn mé phoéng gan nhu
giéng hoan toan nhiét do timg ving co thé.

2. PHUONG PHAP
2.1. Nguyén 1y hoat dong ciia hé thong

Trong hé thdng duoc thiét ké hai bo
diéu khién déng vai tro 1a IoT Gateway (1 bo)
va cac [oT Node (2 by). Cac IoT Node lam
nhiém vu thu thap dit liéu tir cdc cam bién nhiét
do gui dén IoT Gateway thong qua giao thirc
giao tiép ESP-NOW. IoT Gateway lam nhiém
vu tiép nhan cac dir liéu tr cac IoT Node, phan
tich cac dir liéu va gui dir liéu 1én may tinh.

IoT Gateway sé& duoc két ndi véi may
tinh da cai giao dién hién thi trén man hinh.
Giao dién s& hién thi 15 diém do trén mo hinh,
bao gdm phan cai dit nhiét d6 va phan hién thi

nhiét do.

Ddi voi cac 1oT Node, mdi IoT Node s&
quan 1y va diéu khién 8 cam bién nhiét do va
8 b gia nhiét. [oT Node s€ nhan Iénh cai dat
nhiét 6 va tu diéu khién nhiét 46 cho timg bod
gia nhiét. Trong hé thong nay c6 2 IoT Node
quan 1y 15 diém do trén m6 hinh thi nghiém.

2.2. So' @6 khdi mach diéu khién

Thiét ké mach diéu khién bao gém céc
chtic ning nhu: dong/cit relay diéu khién tai,
thu thap dir lidu tir cam bién dua 1én giao dién
nguoi dung thong qua giao thuc MQTT. Céc
mach nay dong vai tro 1a Gateway va cac Node
trong hé thong, nén vi vay Gateway va Node s&
sir dung chung mét phan cimg v6i nhau.

el NG Wi

Hinh 1. So dé khéi mach diéu khién

Khéi ngudn sé& cung cap dién 4p 6n dinh
cho cac khéi vi diéu khién (ESP8266), khbi
cam bién, khdi hién thi, khdi nat nhan, khéi
dong luc. Khéi nay sé& bao gdm cac bd phan
nhu: Module nguon AC — DC Hilink HLK —
PMO1 5VDC 3W, Module ngudn cach ly DC
—DC B0505S 1W va IC 6n 4p AMS1117 3.3V,

Khéi nut nhan s& dua tin hiéu vao khdi
vi dieu khién (ESP8266) dé cap tin hi¢u dicu
khién khoi dong luec.

Khéi cam bién s& thu thap gia tri tur
cac cam bién nhu: cam bién nhiét do, d0 am
DHTI11,...
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Khéi dong luc s& nhan tin hiéu tir khbi
vi diéu khién (ESP8266) dé diéu khién bat/tit
cac relay. Khéi ndy s& bao gom cac linh kién
nhu trd, BJT, Opto quang, led, relay.

Ngoai ra, Gateway con c¢6 khéi hién thi
s& hién thi cac thong tin nhu: trang thai két ndi
Wifi, trang thai Relay, gia tri thu thap tor cam
bién, trang thai két ndi cua cac Node.

2.3. Thiét ké ciia mach diéu khién

Mach dugc thiét ké bao gém cac linh
kién nhu: Module vi diéu khién ESP8266 (ESP-
07), Module nguén AC — DC Hilink HLK —
PMO1 5VDC 3W, Module ngudn cach ly DC
— DC B0505S 1W, IC 6n 4p AMSI1117 3.3V,
Opto quang PC817, BJT NPN C1815, relay 5V,
diode, dién tro, tu va led.

2.3.1. Chon linh ki¢n va gidi thich khéi nguén

KHOI NGUGON
i ' .
==y
] i
-

Hinh 2. So' d6 nguyén 1y khoi nguon
Ta c6 cong sudt tong cta toan mach 1a:
P =Pt Prpay> Vi cac phan khac c6

cong suat rat nho, khong dang ké nén khong
can tinh toan.

«Tacdcongsuitciarelay SRD-05VDC-
SL-C theo datasheet cia nha san xut 1a 0,36W,
ma mach sir dung 2 relay nén ta c6 tong cong
suat cua relay 1a: Py ., =0,36%2=0,72W

« Ta ¢6 dién ap cap vao Module vi diéu
khién ESP8266 (ESP-07) 1a 3,3V va dong dién
khi hoat dong téi da 1a 170mA.

P, =3,3%0,17=0,561W
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Suy ra, tong cong suit cua mach la:
+P =0,561+0,72=1,281W

RELAY

P =Py

Vi vay, lya chon Module nguén AC —
DC Hilink HLK — PMO01 5VDC c6 cong suat
3W lam nguon chinh dau vao 1a hop ly, dap
g duogc yéu cau cung cip ngudn dién 6n dinh
cho mach.

Module nguén cach ly DC—DC B0505S
1W ¢6 nhiém vu cach ly ngudn dién giira vi
diéu khién ESP8266 (ESP-07) véi relay, nhim
dé chong nhiéu vi diéu khién. Module nay c6
thé cung cip ngudn dién c6 cong suit toi da
1W, ma theo tinh toan bén trén thi vi diéu khién
ESP8266 (ESP-07) chi sir dung cong suét tbi
da 13 0,561W, nén Module ngudn nay dap Gmg
duogc yéu cau thiét ké vé ngudn dién cho vi didu
khién.

IC 6n 4p AMSI1117 3,3V ¢6 nhiém
vu ha mérc dién 4ap tir Module nguédn céach ly
DC — DC B0505S 1W cip vao xudng 3,3V, dé
cung cip ngudn dién 6n dinh cho vi diéu khién
ESP8266 (ESP-07).

Cac tu C1 =220 uF, C2=10uF, C3 =
22 uF va C4 = 100 nF c6 gia tri dugc lya chon
theo dé xuét cua nha san xuit, cac tu nay co tac
dung loc nhidu va lam phang ngudn dién cap
vao mach.

2.3.2. Chon linh ki¢n va gidi thich khéi dong
luc (Relay)

KHOIBOMG LG

NG % ||
v e o

Hinh 3. Khoi déng lc (relay)
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Khéi dong lyc (Relay) duogc thiét ké
bao gdm cac linh kién nhu: Opto quang PC817,
BJT NPN CI1815, Relay 5V, dién tro, led va
diode.

+ Cac dién tré6 R6 va R9 s€ dugc tinh
toan dé BJT bén trong Opto din bdo hoa thi
dong dau vao I = 20mA va dién 4p dau vao 1a
V.= 1,2V. Suy ra:

3.3-1,2
Re=Ro="002

* Chon dién tr¢ co gia tri chuan la:

=105 Q

R,=R,=100 Q.

+ Vi mach thiét ké chi can dong/cit
relay nén BJT NPN C1815 s& hoat dong & ché
do bao hoa. Vi vay, ta chon dién tr& RB cua
BJTla: R, =R, = 1kQ.

+ Chung minh BJT NPN CI1815 hoat
dong & ché do bdo hoa: Dya vao Hinh 3.17 thi
BJT NPN C1815 dugc st dung trong dé tai c6
mi 12 GR331, nén s& c6 hé s6 khuéch dai dong
dién hy 13 tir 200 dén 400, V. tr 0,1V dén
0,25V, VBE(Sao toi da 1V. Con di¢n trd cudn day
cua relay 5V la 70€Q2 nén suy ra R =70 Q.

« Gia sir BIT hoat dong ¢ ché do bao
hoa nén:

Vo= Vg 5-1
VCE:VCE(sat):O’IVIB: BBRB = :1000:4mA
1o = e~ Ver _ 200 J0ma

R, 70

* Kiém tra lai:

Ie ko) = g * 1, = 200%4mA = 800mA

* Ta co e 70mA, nén suy
ra véi R, = 1 kQ thi BJT s€ hoat dong ¢ ché do
bao hoa.

+ Tinh toan dién tré cho R8 cho Ledl
va R11 cho Led2.

e Ledl va Led2 la loai led d6 3mm nén
c6 muc dién 4p 1a 2V va dong dién 1a 10mA,
nén ta c6 thé tinh toan dién trd cho led 1a:

5-2
=——=300Q2
0,01

* Chon dién tr¢ c6 gia tri chuan la:

Rs =R},

R,=R, =330Q

+ Diode D1 va D2 c6 tac dung bao v¢
cho BJT QI va Q2, vi khi c6 dong dién chay
qua cudn day cua relay thi cudn day s€ co6 kha
nang tich trlt nang lugng. Nang luong nay co
kha nang sinh ra dong dién cdm tng khi khong
c6 dong dién nao chay qua cudn day lam danh
thung BJT, vi vay D1 va D2 s& phan cyc thuan
dan dong dién cam tng vé duong ngudn dé bao
vé cho BIT.

2.3.3. Khéi nit nhin

KHOI NUT NHAN

Ty T T P R _L-.-ﬁ:-- + R

Hinh 4. Khoi ddng lec (relay)

Nut nhan BT1 duge ndi GPIO 0 co tac
dung config Wifi va vao ché do BOOT d¢ nap
code cho Module vi diéu khién ESP8266.

Nut nhan BT2 va BT3 1a cac nat nhin
cap tin hiéu diéu khién dong/cat cac Relay 1 va
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Relay 2 cho Module vi diéu khién ESP8266.

2.3.4. Khéi vi diéu khién

o= = =r n - -
1 1 — - — o
= : -
g ol
1

LILIL]
4

—+ - )
KHOI VI BIEU KHIEN
1 N
=i
s -]
i W
. i -

Hinh 5. Khoi vi diéu khién ESP8266

Khéi nay duoc thiét ké két ndi giira
Module vi diéu khién ESP8266 (ESP-07) véi
cac Opto quang va cac header.

+ Cac chan GPIO 4 va 5 dugc ndi véi
chan cathode ctia Opto quang PC817, dung dé
cap tin hiéu mirc 0 dé dong dién chay qua lam
sang bong led bén trong Opto quang kich md
BJT bén trong Opto quang tir d6 kich m& BJT
C1815 dé dong/cit relay.

+ Céc chan GPIO 12 va 13 dugc két ndi
v6i header, tac dung ciia header nay 14 ndi thém
nat nhan bén ngoai, nit nhin nay ciing chirc
ning v6i cac nit nhan BT1 va BT2 déu 1a cac
nat nhan diéu khién relay.

+ Cac chan GPIO 14 va 16 dugc két ndi
v6i header, tac dung ctia header nay 1a dé két
ndi va doc dir liéu cua cac cam bién co giao
thire giao tiép 1a Onewire hodc 1a digital.

+ Hai chan TX va RX dugc ndi voi
header, muc dich dung dé nap code cho vi diéu
khién, 2 chan nay ciing c6 thé cdu hinh 1am hai
chan SDA va SCL dung dé giao tiép 12C véi
man hinh Oled hoic cac cam bién st dung giao
thire giao tiép I°C.
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+ Chan GPIO 0 dugc két ndi véi nit
nhan ding dé cau hinh Wifi hoic dé vao ché do
BOOT nap code cho vi diéu khién.

+ Chan GPIO 2 s& dugc két nbi véi mot
bong led bao trang thai két noi gitta cac Node
hodac két no1 Wifi ciia Gateway.

+ Hai chan ADC va GPIO 15 s€ khong
duoc su dung.

+ Cac dién tré R1, R2, R3 va R5 1a cac
dién tr¢ Pull-Up, dién tré R4 1a dién trd Pull-
Down. Céc dién tré nay co6 tdc dung xéac dinh
mtrc logic cho cac chan GPIO va cac chan chirc
nang, vi néu khong c6 cac dién trd nay thi cac
chan GPIO va céac chan chirc ning cia vi didu
khién s& & trang thai floating, tirc 13 muc tin
hiéu trén cac chan nay s€ ¢ trang thai khong
xac dinh, phu thudc vao bén ngoai nén vi diéu
khién s& khoi dong khong thanh cong.

Tu C5 ¢6 tac dung khai dong mém cho
vi diéu khién. Khi ngudn duoc cap vao vi diéu
khién thi ty s& dugc nap, ¢ dong dién chay qua
tu kéo chan Reset xudng murc thap 1am Reset vi
diéu khién, tu nay muyc dich nham dé doi nguén
dién on dinh roi méi khoi dong vi diéu khién.

3. KET QUA NGHIEN CUU

Co thé ngudi co nhiét do trung binh
la 98,6°F hay 37°C. Tuy nhién, nhiét d§ nay
khéng nhu nhau tai cac vi tri trén co thé. Tuy
thudc vao vi tri do nhiét do, diéu kién nhiét do
phong ma ta théng ké dugc 16 diém nhiét dic
trung cho co thé dugc mé ta theo cac vi tri trong
Hinh 6 [12]. Nhiét d co thé thuc té 1a khong
nhu nhau tai moi vi tri va c6 xu huéng giam
dan theo chiéu tir trén Xuéng. Cu thé, dau nhiét
d6 s& cao nhat, va ban chan nhiét do s& thap
nhét. Céc vi tri trung gian tu ¢, nguc, bung,
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hong, bap dui, bap chan... nhiét do s€ c6 xu
hudng gidm dan tir trén xuong dudi.

Trong nghién clru nay tap trung khao
sat nhiét do tai cac vi tri c6 s dung trang phuc
quan 4o, mil (nén). Do d0, vi tri ban chan s&
dugc bé qua. Ngoai ra, vi muc dich can thiét
ké 15 thong dé thoat nhiét tong thé tai vi tri bap
chan dudi va ban chan, vi vay nghién ctru s¢ tap
trung mo phong tong 15 vi tri toa nhiét, bo qua
vi tri ban chan.

Hinh 6. 15 vi tri nhiét dac trung cua co thé

Mo hinh ma-no-canh hoan chinh duoc
thiét ké véi 15 diém toa nhiét. Vi tri diém téa
nhiét s6 1 nam tai vi tri dau trén tran trai. Vi
tri toa nhiét s6 2 nam trén cd. Vi tri toa nhiét
s6 3 nam gitra nguc trai. Vi tri tdéa nhiét s6 4
nam trén ngyc phai. Vi tri toa nhiét s6 5 nam ¢
suon phai. Vi tri toa nhiét s6 6 nam dudi nguc
phai. Vi tri toéa nhiét s6 7 ndm trén bung trai
(trén ron). Vi tri téa nhiét sé 8 ndm dudi bung
phai (dudi rén). Vi tri toa nhiét s6 9 nam trén
dui trai. Vi tri toa nhiét s6 10 va 11 nam trén

dui phai. Vi tri toa nhiét s6 12 nam trén bép
chan trai. Vi tri téa nhiét sd 13 nadm trén canh
tay trai. Vi tri toa nhiét s6 14 nam tai khop gap
tay trai. Vi tri toéa nhiét s6 15 nim tai long ban
tay trai. Cac vi tri nay dugc mo ta trong Hinh
7. Tét ca céc vi tri toa nhiét nay dugc khao sat
& phan mit trude ctia ma-no-canh. Mit sau cta
ma-no-canh tap trung lap dat cac bo phan thoat
nhiét va co cdu tiép ngudn dién cho hé thong.

Hinh 7. M6 hinh manikin toa nhiét mat truoc va
mat sau

4. KET LUAN

Nghién ctru da xdy dung va phét trién
duoc mo hinh ma-no-canh toéa nhiét. Hé théng
mo phong 15 vi tri toa nhi¢t khac nhau trén co
thé. Tung vi tri nay dugc quy dinh nhiét do
va cai dit thong sb cu thé cho ting vi tri khac
nhau. Cac cam bién nhiét do s& thu thap nhiét
do va truyén vé hé théng, nhiét d6 s& dat dén
mirc yéu cau va hé thong s& tu ngit cung cap
nhiét va lam ngugi. Trong qua trinh nay, ching
ta c6 thé thu thap thong s6 vé nhiét do va thoi
gian bién doi nhiét. Hé théng ma-no-canh lam
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ra c6 ing dung rat hiru ich cho tit ca cac nghién
ctru mo phong nhiét do co thé nguoi. Bac biét
1a cac nghién ctru vé mdi lién hé giira trang
phuc va quin 4o (chit liéu, kiéu dang, kich
¢d...). Két qua ciia nghién ciru nay s& 1a tién
dé cho cac nghién ctru rong hon trong twong lai
¢6 lién quan dén sir dung mo hinh ma-no-canh
toa nhiét, m6 phdong nhiét do co thé nguoi theo
ting vi tri cu thé.
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XAC DINH CO TiNH CUA CAC MANG MONG VAT LIEU HAI CHIEU
P-CS, P-GEO, P-SNS VA P-SNSE

DETERMINATION OF MECHANICAL PROPERTIES OF P-CS, P-GEO, P-SNS VA
P-SNSE TWO-DIMENSIONAL MATERIAL THIN FILMS

TS. Nguyén Hiru Ta
B6 moén K¥ thuat co s¢, Khoa Khoa hoc Co ban, Hoc vién Hau can

TOM TAT

Trong bai bdo nay, thi nghiém kéo mang mong dwoc mé phong bang phwong phdp phan tir
hitu han nguyén tir voi viéc swr dung ham thé Stillinger-Webber déi véi bon vt lidu hai chiéu cau
triic nép gap gom: p-SnS, p-SnSe, p-GeO va p-CS. Qua dé, xdc dinh dwgc mét sé thong s6 co hoc
nhie hé s6 Poisson, tng sudt hai chiéu kéo ditt, mé dun dan hoi hai chiéu, bién dang khi kéo dirt. Két
qud mo phong thi nghiém xac dinh dwoc: Mo dun dan hoi hai chiéu cua cde vt lidu trén khi kéo
theo phuong zigzag trong khoang 24.28 +~ 75.6 N/m, phwong armchair trong khoang 9.13 + 15.7
N/m; Ung sudt hai chiéu 6n nhat trong khodang 1.68+7.75 N/m, hé sé Possion trong khodng -0.26
+ (.56, bién dang nhé nhdt va lém nhat khi kéo dirt trong vimg la: 14 + 30,6%. Két qud khi kéo cho
thdy cdc vt liéu nay c6 tinh di huéng. Nhitng két qud tinh todan dwoc c6 thé lam co so dé tinh todn
mét s6 théng sé co hoc khdc ciia chiing nhw tan sé dao dong riéng, chi tiéu phd hiy vt liéu va diing
dé tham khdo ciing nhw vimg dung trong thiee té.

Tw khoéa: Stillinger-Weber, Phan tir hitu han; Vit liéu hai chiéu; Pucked; Thi nghiém kéo.
ABSTRACT

In this paper, the membranes tensile test is simulated by the atomic finite element method with
using the Stillinger-Webber potential function of 4 two-dimensional materials with pucked structure
including: p-CS, p-GeO, p-SnS and p-SnSe. The results determined mechanical parameters such as
Poisson s ratio, two-dimensional tensile stress, two-dimensional elastic modulus, and tensile strain.
The results show that: the two-dimensional elastic modulus of these materials when tensile in the
zigzag direction appear in the range of 24.28 = 75.6 N/m, in the armchair direction appear in the
range of 9.13 ~ 15.7 N/m; The largest two-dimensional stress appear in the range of 1.68 ~ 7.75
N/m, the Poisson's ratio is in the range of -0.26 + 0.56, the smallest and largest deformation when
tensile are: 14 + 30.6%, respectively. Tensile results show that these materials are anisotropic. The
calculated results can be used as a basis to calculate some of their other parameters such as natural
oscillation frequency and material crack index. Results are useful for the design and application of
these materials.

Keywords: Stillinger-Weber, Finite element method, 2D material; Pucked; Tensile test.
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1. VAT LIEU HAI CHIEU

Cong nghé vé vat liéu na nd d3 duoc
nghién ctru va ung dung thanh céng ¢ nhiéu
linh vuc trong thoi gian gan diy va co nhiéu
cong trinh khoa hoc da dugc cong bd, trong do
phai ké dén giai N6 ben vat 1y nam 2010, duoc
trao cho hai nha khoa hoc Geim va Novoselov
tong hop thanh cong graphene [1, 2]. Cac mang
vat liéu na n6 nhu graphene [1,2], AIN, SiC [3],
silicnene [4], p-CS, p-GeO, p-SnS, p-SnSe...
1a nhitng vat liéu hai chiéu (2D material) cAu
tao do mot 16p nguyén tir tao thanh. Trong do,
graphene c¢6 két cdu dang mang luc gic phang
cac nguyén tir ndm ¢ 6 dinh cua hinh lyc giac

phing; silicnene [4] c6 ciu tao 1a mang luc giac
low-buck va cac vat li¢u: p-CS, p-GeO, p-SnS,
p-SnSe ¢c6 ciu tao mang luc giac pucked nhu
hinh 1 [5]. Mang lyc giac pucked cua cac vat
ligu p-CS, p-GeO, p-SnS va p-SnSe dugc tao
thanh boi hai nguyén tir khac nhau nim xen k&
0 cac dinh cua luc giac dong thoi cac nguyén
tr nam trén 4 mat phang song song (Hinh 1).

Bon mit phang lan luot chira cac nguyén tir sO
1,2; 56 3; 86 4 va sb 5, 6 cia mdt 6 co ban
(hinh chit nhat v& bang nét dat) trén Hinh 1,

kich thudc 6 co ban cho trong bang 1 véi a, 1a
chiéu day theo phuong z cua mang, d , va d ,la
chiéu dai lién két.

Bdng 1. Théng s6 hinh hoc ciia 4 vit liéu p-CS, p-GeO, p-SnS va p-SnSe [5]:

STT Vit li¢u a,A a, A d,A d,A
1 p-CS 4.323 2.795 10.0 1.757 1.849
2 p-GeO 4.801 3.055 10.0 1.956 1.986
3 p-SnS 4.347 4.047 10.0 2.728 2.595
4 p-SnSe 4.453 4.260 10.0 2.887 2.730

Armchair

T—b Zigzag

a)
Hinh 1. Cdu triic pucked ciia 4 vt liéu p-CS,
p-GeO, p-SnS va p-SnSe: a) Hinh chiéu thing goc;
b) Hinh chiéu truc do.

Céc nghién cuu chi ra rﬁng, vat li€u hai
chiéu c6 nhiéu tinh chat dic biét nhur kha ning
dan nhiét, dn dién t&t va co do climg rat cao,
vi du: Graphene cung tuong duong kim cuong
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va gip khoang 200 14n so v6i thép. Voi nhimg
tinh chat co, 1y, hoa vuot trdi nén vat lidu hai
chiéu duoc Gmg dung cho nhiéu linh vyc, nhu:
Thiét bi ning luong, thiét bi dién tir, y hoc [6]
va nhiéu linh vuc khac. Trong nghién ciru vé
vat liéu hai chiéu, thi nghiém dé cac dinh co
tinh ddi véi vat liéu 2D phtc tap va ton kém
nén céc vat lidu loai nay thudng dugc tién hanh
mo phéng thi nghlem su dung cac phuong phap
nhu: Ly thuyét mat do phiém ham, phan tir hiru
han nguyén tir, dong luc hoc phan tir. Trong do,
phuong phéap phan tir hitu han nguyén tir cho
két qua dang tin cay [7], trong nghién ctru nay,
ham thé Stillinger-Weber [8] duoc sir dung cho
4 vat liéu: p-CS, p-GeO, p-SnS va p-SnSe dé
tinh thé ning twong tic nguyén tir trong qua
trinh mo phong kéo mang nguyén cua chung.
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2. PHUONG PHAP MO PHONG THI
NGHIEM KEO MANG

2.1. Ham thé

Khi sir dung ham thé Stillinger-Weber
[8], th¢ nang tuong tdc nguyén ti duoc xac
dinh nhu sau:

E=E +E,;E. = ZVZ,E ZV

i=l1

v, = 4" (gt 1),

V, = Ke[pg N0y~ P/ (=i | (OOS( eijk ) 3 COS( 6, ))2

Trong do: E: Téng nang lugng lién két
nguyén tir; E (eV): Tong nang luong lién két
thang gitra hai nguyén tir cua mang; E; (eV):
Téng ning lugng lién két goc cua 3 nguyén tir

trén toan by mang; V, (eV): Nang luzong lién
két thang cua hai nguyén tur lién ké; V, (eV):
Nang luorng lién két cua 3 nguyen tur hen ké;
m, n: S lién két thang va lién két goc trong mod
hinh tinh; A (eV), K (eV): Hé sb vat liéu, phu
thudc vao timng loai vat liéu; p (A), B (A%, P
A), p, (A), 6° (d9): Thong s6 hinh hoc cua Vat
ligu; L, (&), rik (A): Chiéu dai lién két giira hai
nguyen tirivaj; gittanguyén tirivak; 0, (do):
Goc lién két giira ba nguyén tir i, j, k (trong do
i 1a nguyén tir & giira) (Hinh 2b). Cac thong sé
nay duoc tong hop trong Bang 2 va Bang 3.

Hinh 2. Cdc théng so vt liéu twong g khi sir
dung ham thé Stillinger-Weber: a) Thong so ciia
mé hinh lién két thang; b) Thong sé ciia mé hinh

lién két goc.

Bdng 2. Théong s6 ham thé Stillinger-Weber cho lién két thang ciia p-CS, p-GeO, p-SnS va p-SnSe véi cong
thite tinh thé nang tuwong tic V, = Ae["/(’n‘—fmw) (B /7 —1)[5]5

STT Vit li¢u Kich thuée | A, eV p, A B, A* LA r A
1 p-CS r, 8.898 1.894 4.765 0.0 2.669
r, 5.791 1.220 5.844 0.0 2.600

2 p-GeO r, 21.562 2.889 7.319 0.0 3.144
r, 9.258 1.384 7.778 0.0 2.815

3 p-SnS r, 0.782 0.106 27.692 0.0 2.997
r, 5.636 1.887 22.674 0.0 3.702

4 p-SnSe r, 0.565 0.056 34.734 0.0 3.088
r, 5.811 1.989 27.773 0.0 3.895
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Bdng 3. Théng so ham thé Stillinger-Weber cho lién két géc ciia p-CS, p-GeO, p-SnS va p-SnSe véi cong

thite tinh thé nang twong téc V, = K==/l (cos(9) ~cos(0, ) [5]. Thit tur cac nguyén tir nhi trén

Hinh 1b:
STT | Vatligu | Goc | K,V | 0,d0 | p,A | p,A | "mpz | Fogr | Fons | Fogasr | Tugarr | Fugay
1| pCS | 6, |134527 105384 1894|1894 | 0 |2669| 0 |2669 | 0 | 3559
0, | 79.992 | 118.100 | 1.220 | 1.894 0 | 2600 | 0 | 2669 | 0 | 4.046
0,, | 66283 | 104288 1220 | 1.894 | 0 | 2600 | O | 2669 | 0 | 392
2 | p-GeO | 6, |314.008 | 95989 | 2720 | 2720 | 0 2962 | 0 | 2962 | 0 | 3.720
0, | 85406 & 96000 | 1.133 2720 0 |2585| 0 |2962| 0 | 3875
0,. | 152.982|132.005 | 1.133 | 2720 0 |2585| 0 | 2962 | 0 | 4194
3 | pSnS | 6, | 1968 | 95762 | 0.106 | 0.106 | 0 | 2997 | 0 | 2997 | 0 | 4197
0, | 23.839 | 89.000 1887 | 0.106 | 0 |3.702| 0 | 2997 | 0 | 4366
0,, | 24.888 | 101.887 | 1.887 | 0.106 | 0 |3.702 | 0 | 2997 | 0 | 4.566
4 | p-SmSe | 6, | 2777 | 95087 | 0.056 | 0056 0 |3.088| 0 | 308 | 0 | 4357
0, | 27.996 | 92.500 | 1.989 | 0056 0 | 3895 0 | 3.08 | 0 | 4530
0,, | 28.193 | 95411 | 1989 | 0056 | 0 |3.895| 0 | 3088 | 0 | 4576

2.2. Phuong phap phin tir hitu han nguyén

tir ta co: oa =0; i =1+ N . Giai h¢ phuong trinh

Ou,
nay bang phuong phap lip Newton—Raphson s&
xac dinh dugc chuyén vi cia nguyén tir. Cach
st dung phuong phap lap Newton—Raphson

dugc thé hién rd trong [7], khi d6, phuong trinh
c6 dang: K¥.u® = F®

Goi X, va u, 1a toa do ban dau va chuyén
vi ctia nguyén ttr thtr i. Sau khi ¢ bién dang,
toa d9 ctia nguyén tir 1a x,=X,+u, . Khi do, thé
nang tuong tdc nguyeén tir cua toan by mang la
E =E(X,,X, ., ) v6i N 14 tong s6 nguyén
tor ¢6 trong mang. Biéu thuc ‘trén la m(f)tghélm N
cua toa do nguyén tu, bao gobm ca chuyén vi voi: KE = ol : Fi(k) l
ctia ching. Thé ning cua ngoai luc tac dung, ! Ou,0u, Ou, Ou,
v6i K®1a ma tran d6 cimg tong thé, u® 1a véc
to chuyén vi niit va F® 13 véc to lyc nat, mdi

aH(k) aE(k)

3

N
thé nang toan phan cua hé la: E, = Z fu,,
i=l1

[1=E-E,,, trong d¢: f la ngoai lyc tac dung ~ Nguyeén tur la mot nit, chuyén vi cua nguyeén tur
tir thir i trong tmg. O trén bién va phan tir 4 nat (Hinh 3b) ¢ phia
bén trong mang (Hinh 1). Kich thudc cac ma

© &

Ap dung nguyén 1y cuc tiéu thé ning tran do cimg phan tir trong tng la: [K Val ]9 .
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v6i phan tr 3 va 4 nit tuong

()

3Nx3N

va [KI’”P }i?xu

(mg. Ma trin do ctng tong thé [K ] la ma

tran hop khoi cua cac ma tran phan tu trén toan
mang. Céc véc to chuyén vi va véc to luc co kich
thudc tuong tng véi ma tran do cimg tong the.

a) b)

Hinh 3. M6 hinh phan tir khi sir dung phwong phdp
phan tir hitu han nguyén ti: a) Phan tir 3 niit;
b) Phan tir 4 niit.

3. KET QUA XAC PINH CO TiNH CUA
4 VAT LIEU P-CS, P-GEO, P-SNS VA
P-SNSE

3.1. M6 hinh thi nghiém kéo mang

Mo phong kéo mang nguyén cac vat
lidu trén véi diéu kién bién vé chuyén vi nhu
trén hinh 4: Cac nguyén tr trén bién kéo co
chuyén vi bang u(0); cac nguyén tir trén bién
giit c6 chuyén vi bang khong. Thay gia tri tir
diéu kién bién dé xac dinh chuyén vi, lyc nut
cua toan b nguyén tir trén mang ¢ tirng budc
kéo. Vi tri nguyén tir trong cac budc tiép theo

dugc xac dinh nhu sau: x,.,, = x,, +u, , qua

trinh I3p tiép tue dén khi |F,, | <& véi & 1a sai

sO cho trude.

Tién hanh mo phong kéo mang coi gan
ding 1a hinh vudng véi kich thudc cac canh
xap xi bang nhau. Trong 4 mang, mang p-GeO

¢6 s6 nguyén tu it nhat 1a 4730, mang p-SnS ¢
nguyén tir nhiéu nhét 6552; sé nguyén tir & cac
mang khac nhau 1a do théng sé mang cua timg
loai [5].

[OReasaeasasaoasi
(2

Zigzag

Armchair

a)

Hinh 4. M6 hinh kéo mang: a) Kéo mang theo
phuong zigzag, b) Kéo mang theo phuong
armchair.

3.2. Két qua mé phéng thi nghiém kéo va
thio luan

Két qua kéo mang cua cac vat lidu nay
dugc thé hién thong qua dd thi quan hé tng suét
- bién dang; m6 dun dan hdi hai chiéu duoc xac
dinh khi 1am tuyén tinh héa quan hé cta chung
v6i bién dang trong khoang tir 0 = 0.1; Hé s6
Poisson dugc xac dinh dua vao ty s6 bién dang
ngang va bién dang doc truc; v = -sy/sx; ung
suat kéo dut hai chiéu va bién dang kéo dut xay
ra khi két thuc chuong trinh kéo. Quan hé tng
suit va bién dang khi kéo cac mang nguyén cua
4 vat liéu duoc thé hién trén céc hinh 5 va 6.

a) 6 b) 8
5 p-CS 7 4 p—(reO
6

4 .
] I E 51 -
Z 3] Zigzag > 4] /,_ :
'y - - i - |
13 X Armchair B 3 ] ) .
. 1
. -7 2 1 7 ——Zigzag '
- . '
-7 | 1 - = = Armchair '
0 4= : 0 r — —

0 5 10 15 20 0 5 10 15 20 25 30 35
Bien dang, % Bién dang, %

Hinh 5. Quan hé vmg sudt va bién dang khi kéo
mang p-SiX; trong do: a) Kéo mang p-CS;
b) Kéo mang p-GeO.
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Hinh 6. Quan hé img sudt va bién dang khi kéo mang p-GeX; trong dé: a) Kéo mang p-GeS;
b) Kéo mang p-GeSe.

Gié tri m6 dun dan hoi hai chiéu, hé s6 Possion, ing suat hai chiéu khi kéo dut, bién dang

khi kéo dut dugc thé hién dudi day (Bang 4).

Bang 4. Két qua mé phong thi nghiém kéo mang ciia céc vit liéu p-CS, p-GeO, p-SnS va p-SnSe.

Trong do, t la chiéu day ciia mang.

M6 dun dan He s6 Ung suit hai kll?ilel’:’lndasl;g{ﬂ ¢ So sanh véi
STT | Vat liéu | Phwong kéo | hdi hai chiéu | _ * chiéu 16m NS SUAL |y &t qua ciia
Poisson ) hai chiéulom | , ., .
E.t (N/m) nhat .t (N/m) £ tac gia Jiang
nhat
1 p-CS | Armchair 15.7 -0.05 1.68 0.15 Két qua tinh
16.2 -0.06 43 0.38 [5]
Sai s6 %, so
3.1 -16.7 - - Vi [5]
Zigzag 70.4 -0.26 5,76 0.19 Két qua tinh
70.5 -0.27 522 0.22 [5]
- Ao
0.1 3.7 10.3 13.6 Sai $6 %, s0
voi [5]
2 p-GeO | Armchair 15.2 0.09 4.87 0.306 Két qua tinh
14.5 0.09 4.8 0.32 [5]
. A 0
4.83 0.00 1.46 438 Sal $6 %, 50
vo1 [5]
Zigzag 75.6 0.56 7.75 0.225 Két qua tinh
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78.9 0.65 8.2 0.23 [5]
- Ao
-4.18 -13.85 -5.49 2.17 Sai s0 %, so
voi [5]
3 p-SnS Armchair 9.13 0.16 2.09 0.277 Két qua tinh
9.6 0.18 23 0.36 [5]
. K 0
-4.90 1111 9.13 -23.06 Sai s0 %, 50
vo1 [5]
Zigzag 2428 0.44 291 0.192 Két qué tinh
245 0.47 31 0.20 [5]
- o
-0.90 -6.38 6.13 -4.00 Sai s0 %, s0
vo1 [5]
4 | p-SnSe | Armchair 10.85 0.1 2.24 0.254 Két qua tinh
11.4 0.11 23 032 [5]
- Ao
482 -9.09 261 -20.63 Sai s0 %, so
voi [5]
Zigzag 34.28 032 3.13 0.14 Két qua tinh
34.1 033 33 0.15 [5]
. K 0
0.53 -3.03 515 -6.67 Sai s0 %, 50
voi [5]

Trong bang 4, cho thiy, khi kéo mang
ctia cac vat lidu trén, két qua xac dinh dugc:
Mo dun dan hoi hai chiéu khi kéo theo phuong
zigzag trong khoang 24.28 + 75.6 N/m, theo
phuong armchair trong khoang 9.13 + 15.7
N/m; tmg suét hai chiéu 16n nhét trong khoang
1.68 + 7.75 N/m, h¢ s6 Possion trong khoang
-0.26 + 0.56, bién dang nho nhat va 16n nhat
khi kéo dut twong ung 1a 14% va 30,6%. Khai
niém tng suét hai chidu .t 1a tich s6 giita mg
suat khi kéo ¢ va chiéu day mang t, trong tu voi
mo du dan hoi hai chiéu (E.t). Tir két qua nay,
néu lay chiéu day cta tim 1a t = 3.4 A, tham
khao chiéu day mang graphene [9,10] thi mo
dun dan hoi cia p-GeO khi kéo theo phuong
zigzag 1a 22,24.10' N/m, khi kéo theo phuong
armchair 1a 4,47.10'°N/m; tuong duong do
cung cua thép CT3.

Két qua tinh toan dd duoc so sanh véi
nghién ctru cua Jiang [5], cho thiy su twong

ddng cao, sai sb khong qua 16n. Cu thé: Sai sd
ctia md dun dan hoi hai chiéu tir -4,9% (p-SnSn
khi kéo theo armchair) dén 4.83% (p-GeO khi
kéo theo phuong zigzag); Pbi vai hé s6 Poisson
-16.7% (p-CS khi kéo theo armchair) dén 0%
(p-GeO khi kéo theo phuong zigzag); Ung suat
hai chiéu 16n nhét khi kéo dat tir -9.13% (p-SnS
khi kéo theo armchair) dén 10,3% (p-CS khi
kéo theo phuong zigzag); bién dang khi dat tmg
suét 16n nhat c6 sai s trong khoang -23,6% dén
13,6%, tuong tmg khi kéo mang p-SnS theo
phuong armchair va p-CS theo phuong zigzag.

Két qua trong bang 4 cho thiy, p-CS ¢6
hé s6 Poisson nhé hon 0, phi hop véi nghién
ctru cta Jiang [5]. Két qua nay 13 do cdu tao va
thong $6 mang cua vat liéu p-CS gay ra, hé $6
Poisson am, chung t6 da c6 mot phuong bi co
lai khi kéo mac di mang nay chwa dén giai doan
that. Pac biét, d6i v6i mang p-CS khi kéo theo
phuong armchair dén bién dang 15%, mang da
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bi phang héa, giai doan tiép theo khong dap
tmg duogc mod phong thi nghiém kéo, nén két
qua tinh todn diung lai, day l1a nguyén nhan ma
tac gia khong so sanh tng suét 16n nhat va bién
dang khi (mg sudt 16n nhat cta nd véi nghién
clru cua Jiang.

Do thi trén hinh 7, biéu dién moi quan
hé giira ing suat va bién dang khi kéo mang
p-GeO, dé sao sanh két qua nghién ctru cia tac
gid va cua Jiang. Trong d6, dudng nét lién 1a
két qua cua nghién ctru; duong nét dut 1a két
quéa nghién ctru ctia Jiang khi sir dung MD dé
tinh ¢ 1 K. Cac duong nay gan nhu tring khép
nhau. Tuy nhién, khi str dung MD dé kéo mang
theo phuong armchair, mang c6 bién dang dai
hon trude khi bi pha hity khoang 4,4%; ddi véi
phuong zigzag, bién dang dai trudc khi pha hiy
sai 1éch nhau 2,2%. Nhu vay, c6 su phu hop va
tuong dong véi két qua nghién ctru cua Jiang.

8

7 -

6 1

5 Y
£ 4 ] '
Z. 3 ] ’ 2 F———Zigzag
S 5 ] ——— Armchair

: = = = Armchair [5]
(1) ----- Zigzag [5]

0 5 lIO IIS 20 25 30 35
Bién dang, %
Hinh 7. Quan hé vmg sudt - bién dang khi kéo
mang p-GeO.

Qua trinh m6 phong kéo mang s€ pha
huy khi lién két giita cac nguyén tir lién k& bi
pha v&. Trén hinh 8 cho thay su ph4 hity mang
p-GeO, khi kéo theo phuong armchair v6i bién
dang & = 0.313 di c6 mot vai lién két bi dut, khi
& =0.314 rat nhiéu lién két bi dt, luc nay mang
da bi pha huy. Tuong tu, khi kéo theo phuong

zigzag, v6i & = 0.226 da co mot vai lién két &
bién bi dut truée khi mang bi pha huy véi bién
dang € = 0.227.

e
e

RN RO

X

é

S
GR%

s
o

o
e

oo

£=0,312 £=0,313 =0,314

£=0,225 £=0,226 £=0,227

Hinh 8. Sy pha hiy cia mang p-GeO chiu kéo, trong
do: Bén trén) Kéo mang theo phuwong Armchair; Bén
dudi) Kéo mang theo phuong zigzag.

4. KET LUAN

Trong nghién ctru nay, co tinh cia 4 vat
liéu hai chiéu p-CS, p-GeO, p-SnS va p-SnSe
dugc xac dinh khi sir dung phuong phap phan
tr hitu han nguyén tr véi ham thé Stillinger-
Weber. Két qua cho thdy, nhitng vét liéu nay
¢ co tinh twong dbi tot (md dun dan hoi hai
chidu c6 gia tri trong khoang tir 9,13 N/m dén
75,6 N/m). Cac két qua nghién ctru c6 sy tuong
dong cao v&i cac nghién ctu trude dé cua
Jiang. Tt két qua cho thay, co tinh cua cac vat
li¢u nay theo hai phuong armchair va phuong
phuong zigzag khac twong d6i 16n, do d6 cac
vat li€u nay co6 tinh di hudng cao. Pic biét, vat
li¢u p-CS ¢6 h¢ s6 Poisson am, diéu nay khac
xa so véi vat liéu ¢ kich thudc vi moé ma chung
ta dang nghién ctru tinh toan. Hién tugng phang
hoa xay ra khi kéo mang p-CS theo phuong
armchair cling 1a mdt trong nhitng hién tuong
dac bi¢t. Cac thong s6 co hoc cua 4 vat liéu

p-CS, p-GeO, p-SnS va p-SnSe 13 co so dé &
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tinh toan, nghién ctru nhitng dac trung co hoc
khac cua ching, nhu: Anh huéng cua 161 mang
ctia vat liéu, dao dong va pha hiy mang, hé sb
cuong do ing suat. <
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STUDY OF MECHANICAL - PHYSICAL AND METALLOGRAPHIC
CHARACTERISTICS OF COMPOSITE MATERIALS OF COPPER
FRICTION ALLOY - STEEL - COPPER FRICTION ALLOY POWDER
METALLURGY

NGHIEN CUU PAC TINH CO - LY VA KIM TUONG HOC VAT LIEU COMPOSITE
HOP KIM PONG MA SAT — THEP — HOP KIM PONG MA SAT LUYEN KIM BOT

Hung Ha Minh"**, Me Nguyen Van*, Hung Nguyen Van*, Huy Trieu Quy?,
Quan Nguyen Hoang®, Mac Dinh Khac?
"National Research Institute of Mechanical Engineering
2University of Economics - Technology for Industries
‘Institute for Development of Advanced Technical and Technology, VUSTA
‘Bac Ninh College of Industry
*University of Engineering and Technology, Vietnam National University, Hanoi

ABSTRACT

The article introduces the experimental research results of fabricating a three-layer
composite material of friction copper alloy - steel - friction copper alloy by powder metallurgy
method, applied as a plasma welding blank of friction disk in the clutch transmission of large
power engine and heavy transport vehicles. The characteristic properties of the composite material
are investigated according to criteria such as: porosity, density, microstructure of the material
at the interface between the friction copper alloy layer and the steel substrate layer, investigated
according to the cross section of the sample.

Keywords: Copper alloy friction composite materials; Powder Metallurgy, Clutch disks.
TOM TAT

Bai bdo gidi thiéu két qua nghién ciru thie nghiém ché tao vit liéu composite 3 16p hop kim
dong ma sdt - thép - hop kim dong ma sdt bang phwong phdp luyén kim bét, vmg dung lam phéi han
plasma dia ma sat trong bé ly hop truyén déng may dong lwc cong sudt 1om va phwong tién vin tai
hang nang. Tinh chdt ddc trung ciia vt liéu composite dwoc khdo sdt theo cdc tiéu chi nhue: DY xop,
mdt dj, té chire té vi vdt liéu viing bién gidi gitka I6p hop kim dong ma sdt va I6p thép nén khao sat
theo mdt cdt ngang mau thit.

Tw khéa: Vat lieu hop kim d&ng ma sat; Luyén kim bot;, Pia ma sat.
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1. INTRODUTION

In foreign countries, powder metallurgy
friction materials based on copper powder mixed
with Sn, SiO,, AL O, powders with different
contents [1+5] (hereinafter abbreviated as
HKCuMS) are used. Some typical composite
material grades are often used to fabricate
friction disk details in the clutch transmission of
cars, power machines in mining, construction,
agriculture with a capacity of 500 + 1000
horsepower (HP) aiming to replace traditional
friction materials and have allowed to improve
wear resistance, thermal resistance and stability
when working.

In Vietnam recently at the Institute of
Mechanical Research, there have been some
experimental studies on the issue of fabricating
HKCuMS composite materials with different
compounds by powder metallurgy technology
such as: Pb, Sn, Zn, Cgr, SiO,, ALO,, Fe,...
[6+9] achieved promising results. However, due
to many limitations in the capacity of powder
metallurgy equipment currently available in
the country, the size of the composite material
blanks obtained has a geometric size that
is not large enough to meet the application
requirements for production. details of friction
disks in large power clutch transmission.
Especially in the mining and mineral industry
in Vietnam today there are a large number of
equipment, machinery and mining transport
vehicles in operation that are imported (Figure
2). In their operation process, every year it is
necessary to periodically replace many worn
parts that quickly break down, including
friction disks (Figure 3a).

This article introduces the results of
applying powder metallurgy technology to

fabricate copper - lead - tin - zinc - graphite -
ALQ, - Fe composite materials, used as friction
disks in the clutch of mining transport vehicles
[10], contributing to orienting mechanical
engineering enterprises in the country to absorb
new technologies and products.

2. RESEARCH METODOLOGY

2.1. Fabricating copper alloy - steel - copper
alloy composite materials:

To determine the feasibility of the
experimental product in the country by powder
metallurgy technology, choose a type of friction
disk in the clutch transmission of mining
transport cars available in the country.

Figure 1 is a schematic diagram of
the technology for fabricating copper alloy
friction - steel - copper alloy friction composite
materials (HKCuMS) by powder metallurgy
method (PM). Figure 2 is a picture of a few
self-dumping trucks produced by the Russian
Federation operating on open-pit coal and
mineral mines in Vietnam. Photo of some
details of the clutch transmission of trucks
manufactured by the Russian Federation
(Figure 3a) and introduce the test stand for
friction disks made from HKCuMS - steel -
HKCuMS composite materials on a laboratory
scale (Figure 3b) [8].

Figure 3b is a microstructure image
of the border area of 2 layers of steel - copper
alloy friction examined on imported friction
disk samples. Using TRIBOTESTER fast wear
tester of TRIBO-technic company (Germany)
used for experiments according to the diagram
of rotating disk carrying friction alloy sample
on Figure 4.
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(1). Prepare the powder (2). Spread the powder (3). Sintering (first time,
material (grinding and | = | material and level the | = [second time) in a protective | =
mixing) and the 65Mn steel powder layer on the gas environment
substrate surface 65Mn steel substrate (decomposed ammonia)
(4). Cold rolling to the (5). Heat treatment to (6). Quality inspection of the
= | appropriate thickness size | =)  achieve the required - finished trimetal blank
for different types of mechanical properties suitable for different types of
friction disk test specimens for the composite friction disk test specimens
material (if needed)

Figure 1. Schematic diagram of the principle of creating composite sheet blanks by powder metallurgy
technology [8]

The basis for selecting friction alloys for experiments: powder metallurgy materials based
on copper matrix, usually working in an environment with lubricating oil and having mechanical
- physical characteristics as shown in table 1. The frictional characteristics of the corresponding
friction alloys are shown in table 2 [8].

Table 1. Characteristics of some grades of copper friction alloy materials manufactured by the Russian

Federation [8]
Mechanical — physical properties of friction alloy materials
Frlctl?n Chemical .
material . Coefficient
composition, . . Thermal
grade N Volumetric . . Cutting . . of thermal
%o . Density, p, | Stiffness, conductivity, .
LKB porosity, ] strength, N expansion,
g/cm HV Cal/ecm, °C.s ¢
Y, %o G, MPa (20500 °C a, 1.10°,
' (20 + 500 °C)

71Cu; 9Sn;

MKS 9Pb; 7C; 3+5 6+63 |250+350| 60+90 0,1 0,11 -
4 Fe

74Cu; 6Sn; N N N - -
OOb 9Pb: 4Fe 3+5 6,1+6,3 | 300+450 | 60+90 0,1 +0,11 -

74Cu; 6Al, N . . -
DAb 9Pb: 7C; 4Fe 3+5 6,2-6,3 | 500+ 650 | 120 + 150 - -

74Cu; 4Fe;
DAOBb 7C; 2Sn; 3+5 6,0-6,3 | 450+550 | 120+ 150 - -

9Pb; 4Al
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Table 2. Working conditions, application range of copper friction alloy materials manufactured by powder

metallurgy by the Russian Federation [8]

Friction . Coefficient of Friction Wear resistance Limit of use
material Reciprocal Slidi
grade Fricti.on lubrication No lubrication No s leel:l(;g Pressure,
LKB Details lubrication lubrication | “P¢% MPa
m/s
MK 65Mn Steel; V:OS,O;S:?I)O 3’:1 75_(1))’:1 19023 1,5 pm/ 0,125 mm/ 60 35
C.40; C.45 W =10 W =10 1000 cycle | 1000 cycle
0,04 at: 0,19 at:
65Mn Steel; ’ ’ 8,0 pm/ 8,0 mm/
MK5 > | v=20; p=350; | v=12; p=400; ’ ’ 60 3,5
C.40,C.45 W =25 W =45 1000 cycle | 1000 cycle
vop | 6SMnsteel; | $0 A ] L6um/ | 0085um/ | )
C.40,C.45 V;fp: 6 ’ 1000 cycle | 1000 cycle
0,065 at:
65Mn Steel; | o o 2,3 pm/
PAb 040, cas VIS PTISO; - 1000 cycle ; - -
W =6
0,06 at:
65Mn Steel; | 20 U 2,0 pm/
PAOb | 40, cas | VT PEISO; - 1000 cycle ; ) )
W =6
Note: v — Speed at start of braking (m/s); p — compression pressure of friction elements (MPa); W —
specific function when braking ; K, —coverage factor; CK — brake cycle

104

a)

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

cokhivietnam.vn / tapchicokhi.com.vn

b)
Figure 2. Images of KrAZ-6510 (a) and KAMAZ-55111 (b) cars imported from the Russian Federation
operating on the mine site in Quang Ninh
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a)
Figure 3. Images of the details of the KAMAZ-55111 car transmission clutch (a) and the test stand of the
friction disk made from HKCuMS - steel - HKCuMS composite material (b)

3. EXPERIMETAL RESULT

3.1. Experiment to create composite sheet
blanks of copper alloy - steel - copper alloy

According to the schematic diagram
shown in Figure 1, carry out the sintering
and plastic deformation process to create
composite sheet blanks and test the main
criteria to evaluate the mechanical properties
and microstructural characteristics of copper
friction alloy materials with the composition
of selected mixed elements. The images shown
in figure 4 introduce the general steps of the
experiment and the main results as follows:

To create a 3-layer composite material
blank of copper alloy - steel - copper alloy using
experimental equipment including: grinding
and mixing machine for input powder material
for sintering type “V” (figure 4a), step furnace
for sintering metal powder in a protective gas
environment is decomposed ammonia NH,NO,
(Figure 4b), rolling fine-tuning composite
blank on Duo 100 rolling machine (Figure

4e) at mechanical manufacturing enterprise
automobile in Vietnam [8].

The  chemical composition  of
the powder material with the symbol
(73Cu6Sn6Zn3Pb4FedCgrdAl,O,) is a copper
friction alloy (by mass %) selected to be put
into grinding and mixing and has a change
compared to the material grade MK-5, ®Ob
of the Russian Federation. The grinding and
mixing regime and sintering of the copper
friction alloy powder layer on both surfaces
of the steel layer are carried out according to
a reasonable regime based on the experimental
results of the author’s work [8]. The size of the
steel substrate sheet is 2.5 x 100 x 300 mm. The
copper friction alloy coating layer after sintering
on the surface of the steel layer has a thickness
of about 6,ro = 2.0 + 2.5 mm, after rolling is
,rc = 1.2+ 1.5 mm. Figure 4f shows images of
some 3-layer composite material blanks after
sintering and rolling to meet the requirements
of total thickness size corresponding to the data
given in Table 2.
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Figure 4. Image of “V” type grinding and mixing machine to mix copper friction alloy powder (a); step-
type metal powder sintering furnace (b); feeding blanks into the heating chamber (c); composite material
out of the furnace after sintering and cooling in the step furnace chamber (d); Duo 100 rolling machine (e)

to deform the sample after sintering [8]
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3.2. Mechanical properties of composite material of copper friction alloy - steel - copper
friction alloy:

The mechanical and metallographic properties of the HK CuMS - steel - HKCuMS composite
material are studied on samples obtained at different sintering and plastic deformation regimes
according to the proposed experimental procedure in the previous section given in Table 3.

Table 3. Technical characteristics of HKCuMS - steel - HKCuMS composite material after sintering and

plastic deformation using plasma welding blanks:

Material type Specifications for samples of composite materials .
No. . Unit
composite made by powder metallurgy technology
- Thickness of 3 layers after sintering: HKCuMS
(8, =2.3+0.2) x steel (6, =2.5) x HKCuMS (5, = 2.3
T S T mm
+0.2) o
- Width x length (100 x 300) + 0,5 °
HKCuMS - steel - - Porosity of HKCuMS 1a¥er after first sintering (y,): o,
HKCuMS composite 19.5216.72
. Pe - Porosity of HKCuMS layer after second sintering (y,,): 3
1 material centerpiece i 02 g/cm
after the first and 14.48 = 13.98
o - Density of HKCuMS layer after 1* sintering (p,,): 3
second sintering , o1 g/cm
5.72 +6.09
- Density of HKCuMS layer after 2" sintering (p,,): u
6.38 ~ 6.41 V0,05
- Microhardness of HKCuMS layer after sintering:
70 +100
. . . mm
- Thickness of 3 layers of composite material after
plastic deformation: HKCuMS (6, = 1.3 + 0.1) x Steel
(8, =2.5) x HKCuMS (5, =1.3£0.1) mm
- Width x length (100 x 300) + 0,5 o
. . . 1]
HKCuMS - thép - - Porosity of HKCuMs layer .after rolling deformation
HKCuMS composite (v): 4.52 = 3.98 MPa
. . - Microhardness of HKCuMS layer after rolling
material centerpiece . .
2 . deformation (H,, .): 80 + 110
after total rolling V0,05 . . HB
. . | - Hardness of steel substrate after rolling deformation:
deformation g, = 10 +~ i
15 % 214 =240
- Adhesion strength of 2 layers of steel - HKCuMS after MPa
sintering and rolling deformation (c,): 56.86 +93.33
- Microscopic organization of HKCuMS after rolling
deformation: figure 6a + d, equivalent to the sample
produced by the Russian Federation (Figure 5) i
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Theexperimental data formanufacturing
test sheets of HKCuMS - steel - HKCuMS
composite material on the existing powder
metallurgy equipment line in the country
basically meet the mechanical and physical
criteria of the HKCuMS layer on both sides
of the 65Mn steel substrate layer equivalent
to the material of the Russian Federation
manufacturing.

3.2. Metallographic characteristics:

Figure 5 isanimage ofthe microstructure
of the 3-layer composite material HKCuMS -
steel - HKCuMS by optical microscope, studied
on the cross section on the imported sample
manufactured by the Russian Federation,
while figure 6 is on some typical experimental
samples obtained in the country.

Lop HECuMS  Bign gari Lop thép 65Mn Beén g Lap HRCuMS
Figure 5. Image of microstructure of material
at border area between steel layer and copper

friction alloy studied on imported finished product

sample (b) [8, 9]

[ L W (N

a) No.2x200:y,= 19.52 %, p,, = 5.72 glcm’,
6,= 56.86 MPa

Thép E5Mn

H.K . Cu BAS

b) No.6 x200: y, = 16.72 %, p,, = 6.09 g/cm’
c,= 80.96 MPa

Theép BEMM

H L S0 PSS

¢) No.8 x200: y, = 14.48 %, p,, = 6.38 g/cm’
6= 90.16 MPa

Ihap BSMN

d) No.9, x200:yg =13.98 %, Poy= 6.41 g/cm’
6= 93.33 MPa
Figure 6. Image of microstructure of material
at border area between 2 layers of steel 65 Mn -
73Cu6Sn6Zn3Pb4Fe4Cgr4Al,O, on sample after
sintering at regime: a) No.2 (sintering time 1:
p=0;,T, =875°C; t, = 50 min); b) No.6
(sintering time 1: p = 10, T, = 900°C; t, , = 50
min); c¢) No.8 (sintering time 2: p = 20;
T =875°C; t, = 50 min.); d) No.9 (sintering time 2:
p=20; T, =900°C; t, = 50 min)
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Analysis of microstructure images in
Figure 6 above shows:

1) Inside the HKCuMS Ilayer
(73Cu6Sn6Pb3Zn4FedCgrdAl,O,) on sample
No.2 there are sub-regions of black structure
(pores) with different shapes and sizes. The
pores have the largest size in the range of 120
~ 180 um, and the smallest is ~ 40 um. The
boundary between the 2 layers of 65Mn steel
and HKCuMS layer has no defects such as thin
film compounds or intermetallics on the entire
length of the sample studied. This ensures that
the adhesion strength between the 2 layers of
steel substrate and HKCuMS has a relatively
high value (¢ ,= 56.86 MPa);

2) Inside the HKCuMS layer on sample
No.6 there are also sub-regions of black porous
structure with different shapes and sizes ranging
from 50 ~ 160 pum. In addition, some light gray
sub-regions of structure with a size of about 25
~ 50 pum are scattered in the copper alloy matrix
(orange-yellow), which may be aluminum oxide
(ALQ,) or iron (Fe) particles mixed in the raw
material powder mixture before sintering. The
boundary between the 2 layers of 65Mn steel
and HKCuMS layer has no defects on the entire
length of the sample studied. This ensures that
the adhesion strength between the 2 layers of
steel substrate and HKCuMS has a value equal
to 6, = 80.96 MPa;

3) Inside the HKCuMS layer on sample
No.8 there are sub-regions of black porous
structure with different shapes and sizes
ranging from 30 + 160 um. On sample No.9, the
HKCuMS layer has elongated pores with sizes
ranging from 120 + 170 um. Some light gray
sub-regions of structure (ALO,) or iron (Fe) on
both of these experimental samples have a size
of about 20 + 60 um and are scattered in the

copper alloy matrix. The boundary between the
2 layers of 65Mn steel and HKCuMS layer has
no defects on the entire length of the sample
studied. This ensures that the adhesion strength
between the 2 layers of steel substrate and
HKCuMS has a value equal to 6, = 90.16 MPa
(sample No.8) and o, = 93.33 MPa (sample
No.9);

Thus: the metallographic characteristics
of the HKCuMS layer on 04 samples
of  composite  materials  manufactured
domestically in the state after sintering 1 and
2 have a microstructure similar to the sample
imported from the Russian Federation. Here,
the sub-regions of porous structure may contain
graphite (Cgr), while the sub-regions with
brighter orange-yellow color are Cu alloy with
other mixed metal elements, except Fe or AL,O,
(light gray) obtained after sintering. In case
of rolling to achieve the required size in table
3, the microstructure of the HKCuMS layers
will theoretically have a structure closer to the
imported material sample with elongated pores
(Figure 5). This allows it to be used as a blank
for the experimental step of plasma welding to
connect the pieces together as proposed in the
work [10].

4. CONCLUSION

1) Multilayer powder metallurgy
composite materials have superior technical
characteristics than monometal materials,
so they have been widely applied in
modern machinery and equipment in the
world. However, research on applying this
advanced technology in Vietnam has not
been systematically invested, and specialized
equipment still has many limitations and does
not meet the requirements of producing large-

sized parts, so there is a need for research &
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proposals to combine solutions with advanced
welding technology at laboratory scale to
overcome these weaknesses;

2)Twolayerscompositematerials(65Mn
steel - 73Cu6Sn6Pb3Zn4Fe4Cgr4AL,O, and
SS400 steel - 73Cu6Sn6Pb3Zn4FedCerd Al O,)
and 3 layers composite materials (65Mn steel
- 73Cu6Sn6Pb3Zn4Fe4Cgrd4Al,O, and SS400
steel - 73Cu6Sn6Pb3Zn4Fed4CgrdAl0,),
manufactured by powder metallurgy technology
using metal powder sintering furnace type
step currently available in the country have
mechanical - physical and metallographic
characteristics equivalent to materials tested
on friction disks in heavy-duty vehicle clutch
transmission manufactured by the Russian
Federation, qualified for use for welding
experiments to create blanks for machining
some friction disk details with larger geometric
size than allowed size for other power
transmission. %
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FEEDBOT: A SIMPLE AND SMART DESIGN SELF-FEEDING
ROBOT FOR PARKINSON'’S PATIENTS AND THE ELDERLY

FEEDBOT: MOT THIET KE DON GIAN VA THONG MINH CUA ROBOT TU CHO
AN CHO BENH NHAN PARKINSON VA NGUOI CAO TUOI

Tri Dung Dang, Nguyen Minh Trieu, Nguyen Truong Thinh*
Institute of Intelligent and Interactive Technologies, University of Economics Ho Chi Minh City,
Vietnam

ABSTRACT

The assistance for the elderly and Parkinson's patients has always been utterly demanding,
many robots assisted feeding (RAF) are designed to support Parkinson's patients and the elderly.
This paper demonstrates the design of a robot that helps disabled people in eating activities since
they can barely do this themselves. Visually, the robot consists of three main parts: a food tray, a
feeding arm, and a remote control in order to simulate the eating movement of humans. This design
aims to design a lightweight robot that operates autonomously and can analyze data based on
patients’ nutritional recommendations via smartphone monitoring software. Besides, the design
is also based on the study of adults’ experiences in their daily dining. This work aims to design a
robot-assisted feeding and apply it to reality in Vietnam.

Keywords: Parkinson; Self-feeding robot; Robotic manipulator.
TOM TAT

Viéc hé tror cho nguoi cao tuéi va bénh nhan Parkinson luén luén la mét nhiém vu ddy
thach thirc. Nhiéu loai robot hé tro cho viéc dn uéng (RAF) da duoc thiét ké dé hé tro bénh nhén
Parkinson va nguwoi cao tudi. Bai viét nay trinh bdy vé viéc thiét ké mét loai robot givip nguoi khuyét
tat trong hoat dong an uéng, boi vi ho thuong kho khan trong viéc tw thuc hién diéu nay. Vé mat
hinh thire, robot nay bao gom ba phan chinh: mét khay dwng thire dn, mét tay cam dwa thire an va
mét b diéu khién tir xa dé mé phong cir ddng an ciia con nguwoi. Thiét ké nay hiedng dén viéc tao ra
mot logi robot nhe va co kha nang hoat dong ty dong, co thé phdn tich dir liéu dya trén cac deé xuat
dinh dwdng ciia bénh nhén théng qua phan mém giam sat trén dién thoai di dong. Hon nita, thiét ké
ciia robot nay con dia trén viéc nghién civu vé trai nghiém dan udng hang ngay ciia nguwoi lém. Muc
tiéu cua cong viéc nay la thiét ké mét loai robot hé tro cho viéc an uéng va ap dung no vao thuc té
tai Viet Nam.

Tw khéa: Parkinson; Robot tw cho an; Canh tay robot.
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1. INTRODUCTION

Parkinson's disease is a disease of
neurological whichis popular among the elderly,
and it can be considered a chronic condition or
a source of disability. There is approximately
18.7% percent of the non-institutionalized US
population has been living with a disability [1],
and 12.3 million require assistance with their
activities of daily living (ADLs), for instance,
eating, bathing, dressing, and moving [2].
Moreover, depression and disability can be
worsened when there are assistances in their
ADLs because this is the loss of regular routines
that aggravates disability [3]. According to
University Medical Center Ho Chi Minh City,
1,089 patients with Parkinson’s were monitored
and under treatment for a total number of 4,000
treatments per year. Patients who are suffering
from upper limb impairments barely find
feeding themselves easily. Fortunately, in recent
years, there has been much research to apply
technology and science to support disabilities
[4-5]. There are several remarkable designs of
feeding-assistance robots introduced [6-7]. For
instance, Abou Haidar, Gaby, et al [6] came
up with RFDP consisting of an arm with five
degrees of freedom by using blink detection
technology; the user selects the appropriate
food plate and moves the arm towards it by just
blinking the eye. Turgeon, Philippe, et al [7],
designed a meal-assisted robot arm that aims
to stabilize the movements of people living
with movement disorders. In the market, Obi is
a robotic arm connected to a food tray of four
bowls. A removable spoon is attached to the
arm in order to pick up food from the tray. The
feeding movement of Obi is relatively identical
to other self-feeding robots, although it features
Teach mode which users can progressively
adjust the arm to a position in front of their
mouth and then record the position for further

feeding movement. The iEAT feeding robot
(Assistive Innovations, 2016) [8], is a feeding
device for people who have been living with
spasms, tremors, or quadriplegia by rotating
its food plate, the spoon can gather enough
amount of food to feed the user. These robots
share the same design and adjust to suit their
demand, they consist of a food tray, and arms
with an attached spoon, and can operate in
manual or automatic mode. In addition, they
are designed to bring state-of-the-art, safe, and
easy use. Patients with quadriplegia, spasms, or
Parkinson’s can benefit from features in their
daily eating routines [9]. However, in Vietnam,
rice, and soup, considered as primary food, are
usually served at the dining table in combination
with other dishes. Furthermore, gruel and rice
noodles are also everyday food and they are
often given to patients because they are delicious
food and easy to eat. These made consuming
food in this country a lot different from Western
countries not to mention dishes for the elderly
and patients who are under medical treatment
are usually offered meal plans for a healthy
diet. In Vietnam, Parkinson's patients are in
the final stage, all living activities are carried
out by relying on relatives, unable to control
their bodies. Besides drug treatment, physical
therapy exercises, and logical dining suggested
by doctors with outside support, people with
Parkinson's disease or Alzheimer's disease are
recommended a soft, easy-to-digest, and high-
fiber diet [10]. Nutrition has an important role
in neuroprotection and neurodegeneration [11].
In many of the observed cases, the patient needs
support for feeding. The task of feeding is not
too complicated for the medical staff or the
patient's family, however, it takes up their time.
They also do not feel for themselves which is
the most appropriate height of the spoon to feed
the food, but only the approximate. Therefore,
if the patient can control this height, they
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experience the most favorable eating and also
lose the feeling that others have to serve them.
Thus, in terms of product design, a robot for
feeding provides both the best experience in the
patient's physical activity and mental comfort
for the elderly with poor movement ability.
The purpose of the design is to automatically
adjust and match each patient, and the robot is
suitable for Vietnamese people's nutrition. The
design of this self-feeding robot enables bowls
to be inserted into each tray food tray, hence
these bowls can be separated for better cleaning
and hygiene. It is designed suitably for types of
common food in Vietnam, such as rice, soup,
or gruel. Moreover, it introduces the nutritional
data (including nutriment and quantity of
foods) collection feature, the accompanied
software can be used to record the nutritional
needs of the patient through a smartphone and
give the recommendation to the user. These
types of information can be easily observed and
controlled via the internet; thus, this enables
family members to have a better overview and
easily the condition of the patient.

2.ROBOT-ASSISTED FEEDING SYSTEMS
2.1. Target user

This research aims to assist the elderly
and individuals who are diagnosed with
Parkinson's disease. This debilitating condition
is known to decrease a person's ability to
move, making it challenging for them to
use their fingers, legs, and other extremities.
Bradykinesia, or slowness of movement, is a
prevalent symptom among Parkinson's patients,
and it often leads to pain and discomfort.
In addition, Parkinson's disease can cause
involuntary shaking of the hands and feet or
muscle stiffness, which can cause resistance
to muscle relaxation, making it challenging for

patients to perform daily activities [8]. People
who suffer from muscle disorders frequently
encounter poor muscle activity around their
elbows and shoulder joints, even though they
can lift their hands and have minimal motor
functions. Furthermore, the elderly often
experience difficulties with the motor functions
of their upper body, and those who are frail or
have disabilities require assistance with basic
activities of daily living. Such activities may
include feeding oneself, which can be extremely
challenging for some individuals. Therefore,
this research aims to develop solutions that
can aid these individuals, making it easier for
them to complete daily tasks and maintain their
independence.

2.2. The expectation of a self-feeding robot

The design is expected to support the
patient throughout their eating routines. Most
of the elderly are using wheelchairs to move
around, which helps them approach the device
easily. First, the robot can serve foods in both
liquid and solid forms. A removable spoon
attached to the arm is designed to reach all
areas of the bowl and is programmed to shake
lightly after scooping in order to prevent food
from falling out of it while eating. Second, this
system is designed for serving Vietnamese foods
including rice, soup, and gruel. The movement
of the arm needs to be suitable for eating those
foods that are scooped around the edge of the
bowl first. Third, this design is accompanied
by a dedicated application that can be used on
smartphones. This software sends and receives
information with the robot via Bluetooth and
the internet, the information includes nutrition
facts and meal quantity of meals and is stored
for medical check-ups. Fourth, the self-feeding
robot is mainly used for feeding purposes, that’s
why sanitation of the device is also a noticeable

ISSN 2615 - 9910 (ban in), ISSN 2815 - 5505 (online)
TAP CHI CO KHI VIET NAM, S6 310, thang 12 nim 2023 113
cokhivietnam.vn / tapchicokhi.com.vn



NGHIEN CUU - TRAO DOI

factor. The cleanliness brings the user a reliable
sensation from the robot, it makes the food
look more delicious, and to some extent, it
helps patients consume food if they are losing
appetite. Finally, since other self-feeding
robots, which were commercially introduced to
the market, are quite high-priced, this design
is supposed to be low-cost and approachable
to many users. These features make this robot
well-researched globally shortly.

3. DESIGN

As mentioned above, the RAF
robot can be approachable to many types of
users, especially the elderly and people with
Parkinson’s. The arm(s) of the robot should
be modeled to simulate human hand casual
movement while feeding elderly people, users
shouldn’t have to force themselves to move or
have a hard time leaning over to eat food.

3.1. Concepts

There are typical concepts for a self-
feeding robot, these concepts are likely
inspired by previous designs. These concepts
are considered uncomplicated while being the
most effective and approachable. The proposed
robotic system is specially designed to enhance
the dining experience for individuals, with
a circular tray serving as the base for a pair
of robotic arms. The tray is equipped with
the advantage of rotation, providing two key
benefits. Firstly, it ensures that food is accurately
given to the correct robotic arm at the perfect
time, preventing any spills or accidents during
mealtime. Secondly, the tray can be easily
removed for cleaning, sterilizing, and storing
in the kitchen area without impacting the rest
of the robotic-assisted feeding (RAF) system.
n terms of technical design, the robotic arm

has two degrees of freedom in perpendicular
directions, height, and width, making it
highly flexible (as depicted in Figure 1). This
design allows for better customization to the
individual's unique needs and preferences.
Additionally, in Vietnamese culinary culture,
people typically require the use of different
types of spoons during dining, and robotic
arms are well-suited for this purpose. With
the ability to accommodate two spoons, each
arm can function for different dishes, thus
enhancing the dining experience and aligning
with Vietnamese culinary culture.

The robot's ability to rotate also
allows for better accessibility and ease of
use, especially for individuals with mobility
limitations. The design of the robotic arms
provides improved dexterity and control,
enabling precise and accurate movements
while feeding, thus minimizing the risk of any
accidents. Furthermore, the system's modular
design allows for easy maintenance, upgrades,
and customization to better suit individual
needs and preferences.

Figure 1. Concept 1 for Feedbot.

The second design proposes a more
convenient method for choosing foods. Each
button in the controller is assigned to the
corresponding food tray. The robotic arms are
independent and there are more degrees of
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movement in this concept than in concept 1.
The arm and the food tray are not connected
by any link, which suggests the placement of
these be fixed. Otherwise, the robot cannot
scoop food properly.  This concept shares
the same common with concept 1 as the same
the eating activity of humans (Figure 2).
Simulating human movement helps the patients
in familiar with the robot easily as it serves
them frequently. It is designed based on user
experience, which is established in technology
as consumers’ experience [12]. This approach
initiates in the elderly with mentality, a will
for cooperation, and design, and it simulates
skillful human arms. However, this design, in
a sense, disables the caregivers and nurses with
its immobility and fixed position.

Vol by

Figure 2. Concept 2 for Feedbot.

The third concept shown in Figure
3 includes two arms, one is equipped with a
gripper and the other uses a spoon as usual. This
concept takes inspiration from the expectations
of users as the foundation of the design [13].
This design aims to simulate both hands of
humans, thus it can pick different types of
cultural foods and bring pleasure to users in
an interaction with the character both serving
and repeating how humans would use them in
the same context [ 14]. However, it repeated the
same disadvantage of the second design which
is not being conducive for caregivers or nurses
to place the food tray and the arms accurately.

Figure 3. Concept 3 for Feedbot.

The FeedBot is designed to serve
people in Vietnam, who have different eating
traditions from Western countries. In Vietnam,
the meal usually consists of rice, soup, and
different dishes in combination. This influenced
the design of FeedBot as it has an arm that
can scoop rice or soup on the tray in bite-
size and a food tray with three hemispherical
rooms for food bowls of different sizes. The
outside of the robot is covered in bright white,
bringing the user the feeling of sanitation and
trustworthiness of their meal. With the mission,
the manufacturing cost of the Feedbot is
reduced so the design must be simple but must
meet the proposed functions, Table. 1 shows
a comparison of concept design about design
complexity.

Table 1: Comparison of concepts

No.
Concept No. Dok No. Arms | actuator
of Arm
overall
1 2 1 2
2 4 1 4
3 5 2 5
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Among these concepts, the integration
of the feeding manipulator and the food tray
onto the same base is a thoughtful design
choice that offers several benefits. One
significant advantage is the compactness of the
system. By placing both components on the
same base, the device's overall size is reduced,
making it more manageable and practical to
use in different environments. Additionally,
the system's neatness is improved, giving it
a more professional and refined appearance.
Moreover, the user experience is enhanced by
this design. Caregivers can easily place food
on the tray and position the device on a table,
enabling the patient to eat comfortably without
any physical discomfort. This feature saves
time and effort while also making the feeding
process less stressful for both the caregiver
and the patient. The feeding manipulator arm,
which has two degrees of freedom, is another
key aspect of this design. The arm's flexibility
allows it to move in multiple directions, which
simplifies the device's calculations and control.
This capability also reduces the cost of the
equipment, making it more affordable for those
who need it. In conclusion, the integration of
the feeding manipulator and food tray onto the
same base as in Concept I is a smart design
that offers numerous benefits. From improving
the system's compactness and neatness to
enhancing the user experience and reducing
equipment costs, this design is a significant
advancement in the field of feeding assistive
technology.

3.2. Anthropometry

The self-feeding robot is designed for
Vietnamese users, whose body measurements
are considered. As the height of Vietnamese
people varies between men and women and
among areas of the countries, the dimensions

of the robot should follow corresponding
anthropometric figures [15]. This device is used
by a particular group of people, Fozard (1981)
and Stoudt (1981) research the anthropometry
of the elderly, stating that as their age increases,
the anthropometric value also differs from
other age groups. These data cannot be
used interchangeably among countries and
ethnicities [16-17].

Anthropometry is one of the determining
factors in any design of a robot for well-being.
Such values are:

» Sitting height of a person in a
wheelchair;

« Sitting mouth height of a person in a
wheelchair;

* Distance from crown to mouth;

* Distance from mouth to spoon (also
head reach).

They directly influence the dimension
of the robot and a design for the elderly should
certainly be specifically convenient. Because
stature is the most affected anthropometric
characteristic and according to the National
Institute of Nutrition of Vietnam in 2010, the
average height of Vietnamese people is 164.4
cm for men and 153.6 cm for women, which
belongs to the low average group. The data
of the Vietnamese’s average sitting height
is 84.4 cm and 79.5 cm for men and women,
respectively. The head of the man according to
the ratio of development of the body is usually
larger than the head of the female, and the head
height is shown at face length from the forehead
to the chin, with an average gender varying
from 1 cm to 1.5 cm. The ratio of head height
and body height varies from 1/7 approximately.
This means the head height of a man is 23 cm
and 21.7 cm for a woman. These values are
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essentially taken into account when it comes to
designing furniture because chairs and tables
are two objects that will be used for a long
time. This means they must be proportionally
designed to help users, particularly the elderly
to work and move with ease and comfort. And
with the height of the table in Vietnam has been
standardized to be 75 cm from the ground while
the chair is 42-45 cm. All measurements are
made by the same person for all the participants.
The measurer was given training in the use of
anthropometric instruments in the laboratory.
Before the data collection is started, several
trial runs are conducted in the laboratory to
make sure that the measurer fully understands
all procedures of measurement and follows
them consistently throughout data collection.
The measurements made by the measurer in
the trial runs are checked by another person to
determine the accuracy and consistency of the
measurements.

3.3. User Experience

The self-feeding robot's design
was evaluated practically by patients with
Parkinson's disease, in a series of research
and surveys conducted in nursing homes
and healthcare centers for the elderly in Ho
Chi Minh City, Vietnam. The need for such
a robotic system arises from the fact that in
nursing homes and healthcare centers, nurses
usually assist patients with their eating every
day. However, patients who are elderly or have
Parkinson's disease take longer to eat than
others, and each nurse or caregiver is often
assigned to look after more than one patient,
which can result in a lack of attentive care. This
highlights the crucial role that this robot can
play in enhancing the well-being of patients.

Most facilities

patients in these

use wheelchairs to move around, making
it challenging for them to feed themselves
independently. In response to this challenge, the
robot is designed to be placed on a table right in
front of the user, with the trays filled with food.
This placement ensures that patients can easily
access their food without having to struggle or
require assistance from caregivers, providing
them with greater independence and control
over their meals. The self-feeding robot's design
is well-suited for individuals with Parkinson's
disease, who often experience difficulty with
their motor functions, particularly in their
hands and fingers, making it challenging for
them to use cutlery. The practical evaluation of
the robot's design by patients with Parkinson's
disease is critical in ensuring that the system
is effective and meets the unique needs of its
target audience. The feedback and insights
provided by patients can be used to refine and
improve the robot's design further, enhancing
its usability and performance. Additionally,
the ability to conduct practical evaluations in
nursing homes and healthcare centers provides
a valuable opportunity to test the robot in real-
world scenarios, ensuring that it can meet the
challenges and demands of daily use. The arm
of the robot simulates the activity of a human
hand while eating routine. The simulation in
this study is an independent manipulator, a
rotating food tray that is easily controlled, a
highly integrated smart recommendation based
on the medical index, and lightweight plastic
fiber. During the meal, the mechanism allows
the user to scoop food in the tray simply by
only 2 simple buttons, it moves up to the user's
mouth. The patients only need to lean over a
little bit to take food on the spoon. Furthermore,
the robot is also programmed to serve rice,
soup, or gruel effectively through the agency
of variable angles its hand can rotate. The users
also notice the shaking motion of the arm after
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scooping food so that the food stuck outside
the spoon falls back to the tray and does not
fall out when the arm moves up to the user’s
mouth. It is worth noticing that the quantity of
scooped foods also affects the user experience
and quality of the meal. Depending on the kind
of food being served, the amount is scooped
differently. Watermelon, rice, and rice porridge
are being served in this experiment. Ultimately,
most of the participants were satisfied and
fascinated by the assistance of this robot.

4. RESULTS AND DISCUSSIONS

The design concept I shows the
advantages for users in the experience aspect.
Therefore, these product design brings
about important tools in the future since user
experience is increasing satisfaction and
sales of consumers by providing maximum
convenience, benefits, and enjoyment for last
users [18]. The goal of the design is around the
user and their interest in the culinary culture.
Vietnamese people have a plan for meals
differently from other ethnicities and races;
each dish bears different properties, so the mode
of scooping, spooning, and handling is also
different. Vietnamese anthropometry can be
used to collate the design and measurements of
each part. The actual Feedbot and the interface
are shown in Figure 4 with the specification
presented in Table 2.

Figure 4. The actual software and Feedbot.

Table 2: The specification of Feedbot

Feedbot
Size 408 x 367 x 390 mm
Weight 1.0 Kg
Power supply 9VDC

In the future, the design will improve
the smart recognition of food and for seat height
to advance to its fullest design features and
precise serving. Development of sensation into
the arm of the RAF is a possibility, granting the
machine the ability to awareness and memory
storage, then self-adjustment to the suitable
height of users.

The integration of the physical
properties of food allows the robot to select
the appropriate spoons and to further increase
precision in serving. The users are those that
require assistance in movements, they acquire
physical care, helping them in daily activities.
Moreover, they also need mental, as well as
emotional, care in serving and cultural habits
in activities and usage of the technology. Thus,
further progression of the Feedbot in the future
in quantity and quality is necessary. The plan
ideas and models for care gadgets depended on
the extraordinary necessities of the elderly and
difficult impediments in their eating abilities.
The conduct of the elderly the difficulties of
both senior individuals, and the parental figures
in the feasting region while eating are firmly
explored in both the ordinary consideration
unit and the extraordinary consideration unit of
the nursing home. Additionally, the dedicated
software can function as overall healthy diet
management, which is important for tracking
nutrients in food as well as the number of
meals. These data are recorded and they are
synchronized through smartphones via internet
connection. The proposed design is an elegant
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departure from the previous models. It comes
with a sleek design and a brighter color scheme
that does not become mucky overtimes.
Moreover, the dimension of the robot can be
reduced for convenience.

5. CONCLUSIONS

In this study, a self-feeding robot is
proposed with improvements for people in
Asia, especially in Vietnam such as cheaper
cost, suitability for traditional food, and ease
of use. This study is carried out with the
advice of doctors, nurses, and caregivers to
adjust the mechanical mechanisms suitable
for the elderly and Parkinson's patients. This
robot uses software to record the information
of each meal, this is the document to doctors
or patients' relatives can track via the internet.
Future research can address the subsequent
issues such as force control and user safety,
the addition of compliant devices to cut back
the chance of injury to users, expanding or
optimizing the image processing algorithm for
other varieties of foods, seamless integration
of the robotic and vision system, the addition
of other user interfaces in response to the vast
range of user needs, then testing and evaluating
the product on users is carried out to improve
the quality of the service of Feedbot.
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