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VE CONG BO CONG TRINH KHOA HQC VA
PANG BAI BAO KHOA HQC TREN TAP CHi CO KHIi VIET NAM

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

Tap chi Co khi Viét Nam 1a co quan béo chi thuc hién ngdn luan - 1y ludn cta Tdng hoi Co khi Viét Nam, dong thoi la tleng
n6i, kénh thong tin chinh théng cua nganh Co khi Viét Nam. Tap chi cung con 14 dién dan nghién ciru khoa hoc cta cdc nha quan
ly- khoa hoc-chuyén gia- nghlen cgu sinh, hoc vién cao hoc, ... trén ca nudc, do d6 da dugc B¢ Khoa hoc va Cong nghé cap ISSN
2615 - 9910 (md s6 chudn quéc té doi voi xudt ban pham nhiéu ky) va Hoi d‘éng Chikc danh Gido sw Nha nieée cong nhdn tinh diém
cong trinh khoa hoc-bai bao khoa hoc.

Tap chi Co khi Viét Nam c6 nhiém vu tuyén truyén, pho blen chu truong chinh sach cua Dang, phap luat cua Nha nudc va
dinh huéng phat trién, hoat dong cua nganh Co khi Viét Nam; cong b cong trinh khoa hoc, két qua nghién ctru va chuyén giao cong
nghe chuyén dé khoa hoc va cong nghé c6 ham luong khoa hoc va gia tri thuc tlen cao cta nha quan ly-khoa hoc-chuyén gia, 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 la noi
cong bo nhitng phat minh, sang ché, két qua, thanh tich, dién hinh tién tién trong hoat dong nghién ctru khoa hoc, quan ly, dao tao va
san xuat, kinh doanh linh vuc Co khi ¢ trong va ngoai nudc t6i dong dao ban doc.

2. Viée cong bd cong trinh khoa hoc/ 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 nhan cong b cong trinh khoa hoc/ dang bai bao khoa hoc trong nganh Co khi va lién quan dén linh
vuc Co khi cua nha quan ly-khoa hoc- chuyen gia-nghién ctru clru sinh, hoc vién cao hoc.,... trén Tap chi Co khi Viét Nam (ban in g1ay)
gom: 'Co khi Ché tao may, *Co khz Quéc phong, *Co khi Gigo thang, ‘Co khi Nong- lam nghzep ’Co khi Xay dung Co khi Thity san,
"Co khi Pia chat, *Co khi Hoa chat, *Co khi Bdo quan ché bién nong lam thiry san, "’Co khi Béng cor dot trong, "'Co khi O 16 - May kéo,
2Co khi May thiy khi, *Co khi Céng nghé nhiét lanh, '*Co khi mdy nang lwong, *Co khi Céng nghé dét, "°Co khi Cong nghé cat may,
"Co khi Co-dién tir, *Co khi Ky thudt hé thong cong nghiép, *Co khi dao tao nguon nhdn luc va nghién ciru 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 bdo khoa hoc khi dugc diang trén Tap chi Co khi Viét Nam phai
dam bao cac yéu cau, nhu sau:

3.1. Yéu ﬂcﬁu chung: Cong trinh khoa hoc/ bai bao khoa hoc dang trén Tap chi Co khi Viét Nam phai la két qua nghién ctru gbc;
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 gia, dong tac gia (kém theo ghl chu vé chire danh khoa hoc, hoc ham, hoc vi, tén co quan cong tac, emall)

3. Tom tét bai bao bang tiéng Viét va tiéng Anh khong qua 350 tir (bao gom co tur khoa tiéng Viét va tiéng Anh, dbi véi 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 (c6 thé tach thanh 2 phan riéng biét: Két qua, Thao luén).

7. Két luan.

8. Tai liéu tham khao (trich dn 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 18 trai pha1 moi bén: 3 cm, cdn 1& trén dudi: 2,5 cm, ché do 1&: “Justlﬁed” Dung luorng moi
bai bao khoang 1.600-2.500 tur. Cac do thi, hinh va anh can trinh bay rd rang.

C4c thuat ngit khoa hoc néu chua duoc Viét hoa thi uu tién dung nguyén ban tiéng Anh. Cac ky hidu viét tt cdn phai giai
thich khi xudt hién Ian dau.

Thu ty bang va hinh dugc danh s theo trinh tu trong bai, khéng danh theo thir tw d& muc. Khong duge viét tit cac tidu muc,
tén bang, hinh v&. Tén bang dugc ghi bén trén bang, tén hinh vé duoc ghi bén dudi hinh. Cha thlch in nghleng

Chi co nhlrng tai liéu duoc trich dan thyug sy trong ndi dung bai Vlet méi dua vao phan tai liéu tham khao. Tai liéu tham
khao dugc sap xép theo thu tur trich dan (ta1 liéu tiéng nudc ng0a1 dugc sap xep theo ho cuta tac gla tai liéu tleng Viét sap xep theo
tén tac gid) va theo trinh tu: tén tac gid, nam xudt ban trong ngoac don (. ); tén sdch, tén nha xuat ban, noi xuat ban (d01 voi sach)
hodc tén bai bao, tén tap ch1 tap, s6 (461 v6i bai bao), trang dau va trang cudi cua tai heu D4i voi nhimg tai liéu khong c6 tac gia thi
xép theo chit cai cta tir dau tién cta co quan ban hanh tai li¢u. Trong ban thao, & nhimg ndi dung tac gia da tham khao hodc sir dung
ket qua nghién clru tir cdc tai liu khoa hoc khac, can danh dau bang so6 (dat trong dau [...]) - 1a s6 thur ty cua tai liéu xép trong danh
muc cac tai liéu tham khao. Tai li¢u tham khao can ghi theo ngdn ngir goc, khong phién am, khong dich.

3.3. Giri hodic ndp bai: Ban thao gdm 2 ban in va 1 ban dién tur. Khi dang ki ndp bai, cac tac gia co thé dé xuét 2 phan bién. Viéc
chon cac phan bién chuyén mén phu hop thude quyén cua Hoi ddng Bién tap Tap chi Co khi Viét Nam.

3.4. Phin bién: Sau khi nhan bai viét giri dang ding véi Thé thiic quy dinh ctia Tap chi Co khi Viét Nam, Hoi dong Bién tap s& gii
bai viet cho cac phan bién.

Nhiing bai viét duoc chép nhan dang, cac tac gia s€ nhan dugc thu phan hdi ciia Hoi ddng Bién tap vai thoi gian stra chita
duoc yéu cau tuy theo chat lugng cua bai viét. Ban stra chita lan cuoi cia tac gia s€ duogc coi 1a ban goc.

Ban thdo c6 thé ndp truc ti€p hodc guri qua E-mail cua Tap chi. | . .

Quy tac gid muon bict thém thong tin, xin vui long lién hé véi TOA SOAN TAP CHI CO KHI VIET NAM

Pia chi: S5 4 Pham Vin Dong (trong Vién Nghién ctru Co khi), P. Phii Dién, TP. Ha Noi
Dbién thoai: (024) 37 920 650 - 0985 696 263 / 0982 254 465
Email: Tcckvn.bbkh@gmail.com * Website: cokhivietnam.vn
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*Tap chi Co khi Viét Nam:

- In tai Cong ty C6 phan In Khoa hoc Cong nghé Ha Noi
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- Xudt ban m6i thdng mot ky

- Gid ban 60.000 d6ng/quyén Tap chi
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Vin phong dai dién:

1. Tai TP. Ho Chi Minh:

- PGS,TS. Bui Trung Thanh

Phong T4.0, Nha T, Truong Pai hoc Cong nghiép
TP HO Chi Minh

S6 12 Nguyén Van Bao, phuong Hanh Thong,
TP. H Chi Minh

Dién thoai: 0913 921 407

Email: teck.tphem@gmail.com

- GS,TS. Nguyén Hiru Lic

Phong 205, Nha B11, Truong Pai hoc Béach khoa,
Pai hoc Quéc gia TP. H6 Chi Minh,

s6 268 Ly Thuong Kiét, phuong Dién Hong,
TP. H6 Chi Minh.

Pién thoai 0913 603 264

Email: nhloc@hcmut.edu.vn

Phéng vién thuong tria:

1. Tai Hai Phong:

- Lé Thé Higp

Dién thoai: 0913 063 747
Email: daidientcck@gmail.com

2. Tai tinh Quéng Ninh:

- TS. Hoang Minh Thuén

Truong Cao ding Cong nghiép va Xay dung,
$6 54, khu Lién Phuong, phuong Yén T,
tinh Quang Ninh

Dién thoai: 0904 116 189

Email: minhthuan.tcckvn@gmail.com
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3. Tai Thai Nguyén:

- GS.TS. Vii Ngoc Pi

$6 234 t6 Phu Xa 5, phuong Tich Luong,
tinh Thai Nguyén

Pién thoai: 0974 905 578

Email: vungocpi@tmut.edu.vn
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NGHIEN CUU - TRAO POI (4 — 42)

1. Phan Lé Nam, Lé Doén Trinh, P§ Quang Hiép: Nghién ctru, thiét ké, ché tao thiét bi
ChuAn tan 8O AN 100 MHZ............ooioeeeieeeeeeeeeeeee oot
2. Tran Nguyén Duy Phuong, Trin Lé Phuong Uyén, Phan Minh Khéi, Nguyén Quang Minh:
Phat trién mii chinh hinh hop so cho tré so sinh bi QAU DCL. e,
3.KS. Lé Van Hoat, ThS. Mai Van An, ThS. Ta Ba Diing: Nghién ctru tinh toan anh hudéng
ctia tiét dién 16 diéu chinh khi thube dén van toc khda nong may 12,7mm SM12,7-K...............
4. Nguyén Hong Thanh, Nguyén Thi My, Buii Thi Tuyét Nhung: M6 phong han nbi éng
thép cac bon trung binh bang phuong phap phan tir hitu han...........o.cooveeeeveveeeeeeeeeeean,
5. PGS, TS. Tran Quang Hiung, PGS,TS. Luwu Dirc Thach, ThS. P§ Gia Cuong: Dong luc
hoc cum trong lan thiét bi thi cong mit dudng bé tong Xi MANG..........cc.cveveveeeeeeeeeeeeeeeeeeeen.
6. Tran Huu Danh, Nguyen Cong Danh, Mai Tat Loi, Vu Ngoc Pi, Nguyen Manh Cuong:
Simultaneous optimization of material removal rate and surface roughness in ultrasonic
vibration-assisted EDM of HARDOX 500 using NSGA-II and MABAC.........cccccooirienienen.
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A . Truong Pai hoc Bach Khoa,
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5 TS. Nguyén Viin Hung Khoa Vi khi, Hoc vién K¥ thuét quan su
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NGHIEN CUU, THIET KE, CHE TAO THIET Bl CHUAN TAN SO BEN
100 MHz

RESEARCH, DESIGN, AND DEVELOPMENT OF A FREQUENCY STANDARD
DEVICE UP TO 100 MHz

Phan L& Nam', L& Doin Trinh"*, D6 Quang Hiép>
'Trung tam Stra chita Phuong tién do, Cuc Tiéu chuén — Po luong — Chat luong
?Khoa Dién — Ty dong hoa, Truong Pai hoc Kinh té — K¥ thuat Cong nghiép
*Email: anhletrinhnd@gmail.com

TOM TAT

Bai bdo trinh bay két qua nghién ciru, thiét ké va ché tao thiét bi chudn tan sé dén 100 MHz,
phuc vu cong tac do luwong va kiém dinh cdc thiét bi va hé théng dién tir, vién thong. T hiét bi ¢ kha
nang phat tin hiéu chudn tiv 0,1 Hz dén 100 MHz véi dé chinh xdc va on dmh cao, dong thoi la mot
trong nhitng thiét bi dau tién dmfc ché tao thanh céng trong mede véi ddi tan rong nhuw vay. Két qua
mo phong va thit nghiém thyec 1é cho thay thiét bi dat d chinh xdac £3 <105, tin hiéu ra on dinh, ddp
ing tot nhu cdu g dung trong cong nghiép va quan su.

Tw khéa: Chuan tan sé; Tin hiéu; P chinh xdc; Tan so.

ABSTRACT

This paper presents the research, design, and development of a frequency standard device
up to 100 MHz, intended for measurement and calibration of electronic and telecommunication
equipment and systems. The device can generate reference signals from 0.1 Hz to 100 MHz with high
accuracy and stability, and represents one of the first domestically developed instruments with such
a wide frequency range. Simulation and experimental results demonstrate that the device achieves
an accuracy of £3x10°%, provides stable output signals, and fully meets application requirements in
both industrial and military fields.

Keywords: Frequency standard; Signal; Accuracy, Frequency.

Céc thiét bj OCXO tiéu biéu nhu FS725 cua
Stanford Research Systems [1] hay 10811A

1. TONG QUAN

Chuan tan s6 1a mot trong nhirng thanh
phan quan trong trong linh vuyc do luong —
kiém dinh, déng vai tro tham chiéu dé dam
bao do chinh xéac ciia cac thiét bi va hé thong
dién tir, vién thong. Trén thé gidi, nhiéu san
pham chudn tan s& thuong mai di dugc phat
trién v4i do 6n dinh va do chinh xac rit cao.

cua Keysight ¢6 d6 chinh xac khoang 107 va
d6 6n dinh ngan han dat 102 — 103, Chuan
Rubidium nhu PRS10 cua SRS hay Microsemi
8040C/8040CL [2] c6 do chinh xéac dai han t6t
hon, dat mirc 10"~ 102, Cé4c thiét bi GPSDO
(GPS Disciplined Oscillator) nhu Trimble
Thunderbolt E va Jackson Labs FireFly [3] co
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thé dat do chinh xac tuyét d6i dén 10-'2khi khoa
theo GPS, trong khi mot s6 chuan tan s cao
cap hon nhu Cesium hodc Hydrogen Maser [4,
5] dat t6i 107> — 10°'5 nhung chu yéu sir dung
tai cac vién do ludong qudc gia. O Nga, cac thiét
bi chuédn tan s truyén thdng thuong s dung
OCXO (Oven Controlled Crystal Oscillator)
hodc Rubidium, dd chinh xac phé bién trong
khoang 107 dén 10, song thiét ké cong kénh,
cong nghé lac hau va it phu hop cho cac nhiém
vu co dong.

Tuy nhién, hau hét cac thiét bi qudc té
no6i trén déu co gia thanh cao, kho tiép can, it
linh hoat trong tich hop véi cac hé thong do
kiém dic thy, va da sb chi cung cép mot sb tan
s6 chuan c¢6 dinh (1 MHz, 5 MHz, 10 MHz),
chua dap g yéu cau tao dai tan rong dén 100
MHz. Tai Viét Nam, hién chua c6 san phém
thuong mai hoan chinh nao dugc nghién ctru,
ché tao trong nudc; cac nghién ctru con roi rac,
chu yéu dimg ¢ mirc thir nghiém, chua du dé
ung dung rong rai.

Trudc thuc tién d6, nhom tac gia da
nghién ctru va phat trién thiét bi chuan tan sb
dén 100 MHz, nham cung cap mot giai phap c6
d6 chinh xéac va 6n dinh cao, song van dam bao
chi phi hop 1y va kha ning tiy bién. Thiét bj c6
thé tao ra nhiéu tan sé chuan roi rac trong dai tir
0,1 Hz dén 100 MHz, phuc vu tdt cho cong tac
kiém tra, hiéu chuén va sta chira thiét bi dién
tir, vién thong. Cac két qua mo phong va thu
nghiém thuc té cho thay thiét bi dat d chinh
xac dén murc £3x10°%, mot gia tri dd hoan toan
dap Gmg du yéu cau sir dung trong thuc té cong
nghiép va quan su.

2.NGUYEN LY HOATPONG CUA THIET
BI

Thiét bi chuan tan s6 dugc phat trién

ISSN 2615 - 9910 (ban in), ISSN 2815 - 5505 (online)
TAP CHI CO KHI VIET NAM, S6 333, thang 10 nim 2025

trén co s sir dung dao dong tinh thé 6n nhiét
1am ngudn tan sé tham chiéu. Dao dong tinh thé
nay c6 uu diém vé do 6n dinh ngan han, do troi
thap va nhiéu pha nhé, dam bao tin hi¢u dau ra
duy tri tinh chinh xac trong thoi gian dai.

Tin hiéu tham chiéu tir ngudn chuan tan
s6 sau d6 duoc xtr Iy qua cac khdi chia — nhan
tan sb dé tao ra dai tan chuén roi rac tir 0,1 Hz
dén 100 MHz. Vi diéu khién giir vai tro diéu
khién qué trinh nhan — chia, lya chon tan so,
dong thoi quan 1y hién thi va giao dién nguoi
dung. So d6 khéi chirc ning cua thiét bj duoc
thé hién & hinh dudi:

Man hinh Khoi tao Khoi Khéidém | f
hién thi dao dong |{——» nhan/chia —— daura [—»
chuan tan
Khéi diéu Khéi chuyén
Ban phim khién trung —— mach chon
tam tan so
Khéi ngudn

220V/50Hz
nuoi

Hinh 1. So d6 khoi chitc ndng ciia thiét bi.

Nguyén 1y hoat dong cua thiét bi nhu
sau: Tin hiéu tir khéi tao dao dong chuén duge
dua dén khdi nhan/chia tan va khdi chuyén
mach dé tao ra céc tan sd roi rac theo yéu cau.
Sau d9, tin hi¢u dugc khuéch dai va 6n dinh tai
khdi dém dau ra trude khi phat ra ngoai. Toan
bd qua trinh duoc khdi diéu khién trung tam
quan ly, cho phép nguoi dung lya chon va cai
dit thong sé thong qua ban phim, dong thoi
két qua duoc hién thi trén man hinh. Hé théng
dugc cung cap nang lugng tir khéi ngudn nudi,
chuyén doi dién ludi 220V/50Hz thanh cac
mure dién ap DC phu hop cho cac khéi mach.

Do chinh xac cua chuan tan so duogc

danh gia thong qua quan hé giira tan s thuc té
f . vatan so danh dinh f theo cong thirc sau:

cokhivietnam.vn
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A=f oS0 (1
Sf=Af1f, 2)
Trong do:

- Af* Sai s6 tuyét ddi cua tan s6 (Hz);
- Of: Sai s6 tuong doi cua tan s6 (Hz).

3. NGHIEN CcUU, XAY DUNG SO PO
NGUYEN LY

3.1. X4y dung so' d6 nguyén ly

Trén co s& so d6 khdi da xay dung, so
dd nguyén 1y chi tiét cua thiét bj duoc xay dung
cho timg khdi chirc ning nhim xac dinh linh
kién, cach thire két ndi va nguyén tac hoat dong
cu thé. Cac khdi nguyén 1y chinh bao gom:
Khéi ngudn nuéi (hinh 2), khdi dao dong chuan
va nhan tan (hinh 3), khéi chuyén mach va dém
dau ra (hinh 4), khéi diéu khién trung tam (hinh
5), khéi chia tan (hinh 6, hinh 7).

T e
e

oz

Hinh 3. So' do nguyén Iy khoi dao dong chudn va

nhan tan.

Hinh 4. So @6 nguyén Iy khéi chuyén mach va dém
ddu ra.
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Hinh 7. Sor dé nguyén Iy mach chia tan trén 1 MHz.
3.2. M6 phéng thiét ké

bé kiém chung hoat dong cua thiét bi
theo so d6 nguyén 1y, nhom nghién ciru lya
chon phan mém Proteus. Pay 1a cong cu cho
phép mé phong ca mach twong tw, mach sb va
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NGHIEN CU’U - TRAO BOI

vi diéu khién, dong thoi hd tro hién thi dang
song, kiém tra logic va danh gia tin hiéu dau ra.
Viée st dung Proteus gitip rat ngan qua trinh
thiét ké, phat hién 15i sém trudc khi ché tao
mach in va lip rap thyc té.

Trong cac khdi chirc ning chinh cia
thiét bi, khoi quan trong nhét 1a mach chia tan
va mach dém dau ra, vi vay, trong bai bao chi
tap trung mo phong khdi chirc ning nay. Hinh
dudi md phong so dd nguyén 1y va két qua mod
phong mach chia tan va mach dém dau ra cia
thiét bi.

Hinh 8. So d6 nguyén Iy mach chia tan.

e [=]

Hinh 9. Dang xung trén Oxilo khi mo phong trén
mady tinh.

Két qua cho thdy cac mirc tin s6 chuin
tir 10 MHz duoc chia xudng theo yéu cau, dang
song sau mo phong 6n dinh, dap Umg tot cac chi
tiéu k¥ thuat dat ra.

4. CHE TAO SAN PHAM
4.1. Ché tao san pham

Sau khi hoan thanh thiét ké nguyén 1y
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va mod phong, nhom nghién ctru da tién hanh
ché tao thiét bi chuén tan sd. Qua trinh ché tao
duoc thuc hién theo cac budc tir thiét ké va in
mach PCB; Lua chon va lép rap linh kién; Thiét
ké co khi va vo thiét bi. Mot s6 hinh anh vé san
pham duoc thé hién ¢ hinh duéi.

Hinh 10. So d6 ldp rdp mach chinh.

Hinh 11. So' do ldp rdp mach chia tan.

Hinh 13. Hinh anh mdt sau ciia thiét bi.

4.2. Két qua do dac

DPé danh gia hoat dong cua thiét bi,
nhém nghién ctru di tién hanh kiém tin hiéu
dau ra & cac muc tan s6 chuan khac nhau bang
may hién song Keysight DSOX3104T. Hinh
anh tin hiéu dau ra dugc thé hién & hinh dudi.

&
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Tin hiéu dau ra cho thy rang: bién do
tin hi¢u duy tri & mtc khoang 3,5 Vpp va thay
doi rat it theo tan sd. Cac sudn lén va sudn
xudng cia xung c6 do dbc 16n, hinh dang rd
rang va it bi méo hai, ching té mach tao xung
¢6 chat lugng cao. O cac tan s6 thip nhu 100
Hz va 1 kHz, tin hiéu thé hién sic nét; khi tang
lén dén hang chuc MHz, tin hiéu van giir dugc
dic tinh gan vudng 1y tudong. Piéu nay cho thiy
thiét bi dam bao dwoc tinh 6n dinh cta bién
dang song, dap ung t6t yéu cau str dung lam
chuan phat tan sé.

LGN ME0-X 3104T, MY63160108, 07.57.2023033130: wed Jul 30 11:37:04 2025

B lso0 100w 2 5000ms/_ 00s Auto 113V D3
Meas (5]

— — — — ——

Save 1o fle = (250738
Save Recall Email Default/Erase Press to
- Save

Hinh 14. Hinh dnh tin hiéu dau ra ¢ tan sé 100 Hz.

+

A KEYSIGHT HS0-X 3104T, MYB3160108, 07.57.2023033130: wed Jul 30 11:37:18 2025
=50 1o0v 2 00/ 005 Awe  § 1 13V
T Meas 3| B
Frea(l)
10000k¢
FlCPK(D):
346V
Counte(l
——— f— J— J— JI—— sy
+
J
p— — — J— ——
Save o fle = (20735
@ Sa Recal Email DefaulErase Pressto
- - - - Save

Hinh 15. Hinh anh tin hiéu dau ra é tan sé 1 kHz.

KEvSIor. HS0-X 3104T, MY63160108, 07.57.2023033130: Wed Jul 30 11:37:57 2025

2 50 100w 2 SM00ns  00s  Awe £ 1 13V I

Mess [ B
Fre(1)

1.0002MHz
PhP(1)

342v
Courter(1)

SpBpEninse
@UJLJU

Save to fle = [scope_42
Save Recall Email Default/Erase Pressto
- - - - Save

Hinh 16. Hinh danh tin hiéu dau ra ¢ tan sé 1 MHz.

+

e  H0-X 3104T, WIG3160108, 07.57.2023033130: Wed Jul 30 11:38:08 2025
E) 50 100 2 000ns/ 005 Aue [RE:Y
Meas B

Freq(1):

5.005MHz
Ph-PK(1)

Counter(1)

HeNsRaRaRs -
L 2 A W I W L

Save to file = [scope_a3
Save Recall Email DefaulErase Press fo
- - - - Save

Hinh 17. Hinh anh tin hiéu dau ra & tan sé 5 MHz.

*

Pé danh gia vé do chinh xac, nhom
nghién ctru tién hanh so sanh tin hiéu dau ra
ctia thiét bi v6i may dém tan chuan CNT-90XL.
Két qua do dac dugc thé hién & bang dudi.

Bang 1. Do chinh xdc cua tan soé tir thiét bi.

Tén s6 Gi4 tri do Sai s6 Sai s6
danh dinh : tuyét doi | twong doi
100,000 3.0x1077 5

100 Hz 000 30 Hz Hy 3.0x10
1 000,000 | 9.0x10°¢ "

PkHz - h00 001z | Hz 9.0x10

1 000 5
1 MHz 000,025 2.5¢10 2.5x10°®
Hz
Hz

100 000 <

100 MHz 003.0 Hz 3.0 Hz 3.0x10

Két qua do cho thdy do chinh xac cia
tan s6 chuan dat mac 10° & tan sb thap va
khoang 10°® & tan sb cao. Cu thé, & 100 Hz, do
chinh x4c cua tan s6 dat 3x107° Hz, trong khi ¢
100 MHz do chinh xac ctia tan sé dat 3x10°,
Céc gia tri nay khang dinh thiét bi c6 kha ning
cung cap tin hiéu tham chiéu véi do chinh xac
cao. Nho @6, thiét bi chuan tan sb hoan toan
thich hop cho céc ung dung trong hi¢u chuan
kiém dinh va nghién ctru khoa hoc, noi yéu cau
nghlem ngdt vé dg tin cay cua nguon tan sb
chuan.
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5. KET LUAN

Bai bao da trinh bay qua trinh nghién
ctru, thiét ké, mo phong va ché tao thiét bi
chuan tan s6 dén 100 MHz. Thiét bi str dung
dao dong tinh thé 6n nhiét lam ngudn dao dong
tham chiéu, két hop véi cac khdi nhan/chia tan
sO va vi diéu khién dé tao ra dai tan tir 0,1 Hz
dén 100 MHz.

Két qua do dac thuc té cho thiy thiét bi
dap tmg day du cac yéu cau ki thuat: d6 chinh
xéac cao (£3x107%), tin hiéu 6n dinh, nhiéu thap,
kich thudc nho gon va chi phi ché tao thap hon
nhiéu so vé6i thiét bi nhap khau. Vi nhirng vu
diém nay, thiét bi c6 tiém ning ung dung rong
rai trong cac phong thi nghiém do luong, co sO
hiéu chudn va nghién ctru dién tir — vién thong.

Trong tuong lai, thiét bi c6 thé duoc
nang cap theo hudéng mo rong kha ning giao
tiép voi may tinh va hé thong do luong tu dong,
gdp phan 1am cha cong nghé va giam phuy thudce
vao san pham nhap ngoai.
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PHAT TRIEN MU CHINH HINH HQP SQ CHO TRE SO’ SINH
Bl PAU BET

DEVELOPMENT OF A CRANIAL MOLDING HELMET FOR INFANTS WITH FLAT
HEAD SYNDROME

Tran Nguyén Duy Phwong"", Trin Lé Phwong Uyén?, Phan Minh Khdi', Nguyén Quang Minh'
'Khoa Co khi, Truong Pai hoc Bach Khoa, Pai hoc Qudc gia Thanh phé H6 Chi Minh
Trudng Trung hoc phd thong chuyén Lé Hong Phong (Thanh phé H6 Chi Minh)

*Tac gia lien hé: tnduyphuong@yahoo.com

TOM TAT

Nghién ciru nay tdp trung vao viéc toi wu héa hiéu qua hoat déng ciia mii chinh hinh théng
qua ba phuwong an thiét ké. Phiong dn thit nhat va thir hai nham gidi quyét cac van dé lién quan dén
nhiét dé va dé am, trong khi phwong an thir ba theo doi stress va cam xuc cua tré so sinh voi muc
tiéu cdi thién trai nghiém trong qua trinh diéu tri va diéu chinh hinh dang dau mét cach hiéu qua. O
phirong dn thir nhdt, chiing t6i trinh bay thiét ké bang ¥ twéng duc 16 thodt nhiét. Téi wu héa phan
thiét ké, vat liéu, mé phong nhiét d@é kiém tra hiéu qua ciia phwong dn. O phwong dn thir hai, chiing
16i trinh bay thiét ké hé thong diéu hoa khong khi, mé phong nhiét dé xdc dinh cdc vi tri can thiét
cho viéc diéu hoa. Chiing téi ldp dat cac cam bién dé theo déi nhiét @, dé am va mé ta nguyén Iy
hoat ddng ciia hé thong diéu hoa. O phirong dn thir ba, chiing t6i cung cap hiedng dan vé cach dinh
vi va xdc dinh s6 lwong dién cwe EEG can lap dat. Chiing t6i sit dung hé thong cung cap khi dé ting
cwong tiép xiic giita cdc dién cuc va da dau. Ngodi ra, ching téi trinh bdy chi tiét vé hé thong diéu
khién, tir thu thap tin hieu EEG dén hién thi két qud trén man hinh.

Tw khéa: Chinh hinh hop so,; Tré so sinh, Bet dau; EEG.

ABSTRACT

This research focuses on optimizing the operational efficiency of molding helmets through
three design options. The first and second options aim to address issues related to temperature
and humidity, while the third option monitors the stress and emotions of infants to improve the
experience during treatment and effectively adjust head shape. In the first option, we present a
design based on the idea of heat escape holes. We optimize the design, materials, and thermal
simulations to test the effectiveness of the option. In the second option, we present the design of an
air conditioning system, thermal simulations to identify necessary locations for conditioning. We
install sensors to monitor temperature and humidity, and describe the operating principles of the
air conditioning system. In the third design option, we provide guidance on how to position and
determine the number of EEG electrodes that need to be installed. We use a gas delivery system to
enhance contact between the electrodes and the scalp. Additionally, we present in detail the control
system, from collecting EEG signals to displaying results on the screen.

Keywords: Skull molding; Infant; Flat head; EEG.
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1. GIOI THIEU

Hoi ching bet dau & tré so sinh 1a tinh
trang hop so cia tré bi bt ddi xtmg do tac dong
ap luc tir bén ngoai lién tuc trong mot khoang
thoi gian [8]. Cac nguyén nhan gdy nén tinh
trang nay gdm tinh trang da thai hay chén ép
trong lac sinh, viéc ngt khong ddi tu thé trong
thoi gian dai [12]. Nghién ctru cua O’Broin
[15] dd bao cdo rang viéc nam ngira dé tranh
nguy co dot tor ¢ tré so sinh lai lam tang tinh
trang bet dau & tré so sinh. Trong nghién ciru
cua Stellwagen va cong su [17] chi ra tinh
trang veo co (Torticollis) & tré so sinh lam cing
ctimg cb nén khong thé ddi tu thé ngn nén dan
dén bién dang dau. Cac dang bet dau chu yéu
gom 3 dang sau ddy: Plagiocephaly (dau xién),
Brachycephaly (dau ngin), Dolichocephaly
(dau dai).

Mii chinh hinh duoc gi6i thiéu 1an dau
boi Clarren [4]. Khi tré mic chung bet dau ¢
dang trung binh hodc nghiém trong, llic nay mii
chinh hinh duoc khuyén nghi sir dung va chiing
minh 1a ¢6 hiéu qua sau khi st dung va khong
anh huong dén sy phat trién cua tré. Hién nay,
mil chinh hinh d4 dat dugc nhiing tién bo dang
ké trong viéc phuc hdi hinh dang cua dau, tuy
nhién né van dang d6i mit véi nhimng han ché.
Céc mii chinh hinh hién nay thuong tap trung
cht yéu vao kha ning diéu chinh hinh déng va
gilr chat dau, n6 thiéu di su quan tam dén cac
khia canh diéu hoa nhiét do va theo ddi céc
phan g cua tré khi doi mii. Thoi gian tré doi
mil chinh hinh dé mang lai hiéu qua diéu trj t6t
nhat 12 hon 20 gio mdi ngay [23]. Piéu nay lam
cho tré tang kha niang tiét mo hoéi va viém da.
Mot vai bao céo [19, 7] phat hién cac truong
hop bi d6 mo hoi va viém da dau do doi mil
chinh hinh (Hinh 1). Trong phién ban nang cap
mil chinh hinh v& viéc 1am mat cho mi, thiét
ké cua Vasatova [20] khoét thém cac 15 trén mil
chinh hinh dé tang kha ning giai nhiét. Tuy mil
chinh hinh da dugc khoét thém 16 dé lam mat,
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mdt vai phan hoi tir cha me cua nhiing dua tré
dang diéu tri véi mil chinh hinh néi rang con
cua ho da phal du’ng st dung mii chinh hinh do
d6 qua nhiéu mo hoi, viém da do qua nong hoic
khoc nhiéu [18].

Hinh 1. Viém da déau do doi mii chinh hinh
(Nguon [24]).

Céc van dé nhu nhiét d6 va viéc khong
thoai mai khi str dung mii chinh hinh c6 thé 1am
cho tré cam thay kho chiu va c6 thé dan dén tinh
trang stress. Stress 1a mot phan tmg cua co thé
d6i véi nhing ap luc, cang thing tir bén trong
hodc bén ngoai tac dong dén co thé. Stress o tré
so sinh 1a mot van dé quan trong can duoc danh
gia va giai quyét mot cach can than. Tré so sinh
¢6 hé thong than kinh chua phat trién nén chua
c6 cach ng xu dbi voi cac tac dong bén ngoai
nén co thé dé bi stress hon so voi nguoi lon.
Stress & tré so sinh c6 thé gay ra cac van dé vé
suc khoe, hanh vi va su phat trién. Tré so sinh
c6 kha nang duy tri nhiét do kém hon so véi
nguoi 16n do hé thong diéu chinh nhiét d6 & tré
chua hoan thién [13]. Bé khic phuc tinh trang
stress nhiét & tré so sinh can duy tri nhiét do
moi trudng phi hop va thoai mai cho tré. Poi
v6i1 nhiing tré sinh ra ¢ nhitng d&i khi hau nhiét
d6i nhu Viét Nam, nhiét do khuyén nghi cho tré
so sinh tir 26 - 28 6 C. Cac khu vuc doi khi hau
on d6i nhu tai chau Au thi nhiét do méi truong
xung quanh tré so sinh dugc khuyén nghi tir 21
- 24 @6 C. B6 am khuyén nghi tir 40 - 60% [3].

Trong khi stress, nhiét do ¢ tré so sinh
cO thé tao ra nhiing tac dong khong mong

&
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muén, nghién ctu vé hoat dong ndo bg cua tré
trong tinh trang nay mé ra nhitng co hdi méi dé
hiéu 16 hon vé anh hudng ctia moi truong nhiét
d6 1én phan g sinh hoc cua co thé. K¥ thuat
ElectroEncephaloGram (EEG) da tr¢ thanh mot
cong cu manh mé, cho phép theo ddi chinh xac
nhitng bién ddi dién trudng trong ndo bo. Viéc
ap dung EEG dé phan tich tinh hiéu nio trong
ngit canh stress nhiét d6 c6 thé mé ra nhimng
co hoi méi dé danh gia va hiéu rd hon vé cach
ndo cua tré so sinh hoat dong. Nao bo 1a mot
hé thdng phirc tap véi cac ving chirc ning nhu
thuy tran xtr 1y thong tin va tu duy, thuy thai
duong luu trir by nhé va phat trién k¥ nang ngon
ngir, thiy dinh nhan biét moi tru:ong Va thong
tin thi giac, thity cham lién quan dén gidc mo va
xtr Iy thong tin trong trang thai mo khi ngu va
tiéu ndo diéu chinh thing bing va phdi hop ctr
dong [14], diéu d6 tao nén mot hé théng phirc
tap, linh hoat dong vai tro quan trong trong moi
hoat dong thé chat va tinh than ctia con nguoi.
Céc dién cuc EEG duoc dat trén da dau va do
duoc sy thay doi dién truong cua té bao ndo. Sy
thay d6i dién trudong nay rat nho, tuy nhién cac
dién cuc EEG van do duoc tin hiéu nay. Dir liéu
thu duoc s& duoc hién thi duéi dang song. Dua
vao tan s6 va bién do song, ta co thé chan doan
duoc cac hanh vi cia ndo [11]. Cac dai tan s
song thu dugc s€ danh gia céc trang thai sinh ly
va cac van d& vé phan tng cua co thé (Bang 1).

Bdng 1. Ddi tan sé va hoat dong sinh Iy dwoc gdn
cho tung dai EEG [2]

Dai tan so

Tén (Hz) Y nghia sinh ly
Delta (d) <4 Ngt sau
Theta (0) 4-7 Thu gian, mo

Alpha (o) 8-15 Nghi ngoi
Beta (B) 16 - 31 Tap trung, ap luc
Gamma (y) >32 Thién sau

Viéc lép dat cac dién cuc EEG 1én dau
can tuan theo hé thong 10— 20 cua Hiép hoi Sinh
Iy hoc Than Kinh Lam sang Hoa Ky (ACNS) [1]
dé mang lai hiéu qua cao trong qua trinh thu thap
tin hi¢éu tir dién cuc EEG (Hinh 2).

Thiry dinh
s

Thiry tran

Thity \
théi dueng U tigu nio

Hinh 2. Tiéu chuan dat dién cuc EEG trén cdc
vung ndo theo huwong dan cua Hiép hoi Sinh Iy hoc
Than kinh Lam sang Hoa Ky (ACNS).

2. THIET KE
2.1. Thiét ké bién dang mi

Trong qué trinh thiét ké can tudn thu
nghiém ngat tinh an toan va tinh dao duc trong
y sinh. Dao dtrc y sinh bao gom céc nguyén tic:
nguyén tic ton trong tu chu, nguyén tac khong
gay hai, nguyén tic loi ich, nguyén tic cong
bang [6]. Viéc thiét ké bat dau tir qua trinh xay
dung mo hinh 3D dau ciia mot dia tré. Chiing
t6i sir dung ky thuat photogrammetry dé dung
mo hinh 3D dau cia mot tré nho. Phuong phap
nay 1a mot k¥ thudt an toan nén sé khong gay
hai cho tré nho va mang lai d§ chinh xac cao
[16]. May anh dugc sir dung 1a Canon - EOS
5D va 196 buc anh da duoc chuyp lai xung
quanh tré (Hinh 3A) va dua vao phan mém
3DF Zephyr xtt Iy (Hinh 3.B). Nhiing birc hinh
do tré di chuyén trong qué trinh chup s& duoc
phan mém loai bo nén day 1a mot wu diém tot
hon so v6i cac phuong phép quét 3D laser, CT,
MRI. Sau do, qué trinh téi tao bé mat duoc
dién ra (Hinh 3C). Cubi cung la viéc hau xu
Iy mé hinh, qua trinh nay dwoc xir 1y trén phan
mém Autodesk Meshmixer (Hinh 3D). Qua
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dam bao mil s& vira vin v6i dau (Hinh 3E). Sau
khi‘ tao khung, mii sé dugc tao va loai bo nhitng
phan thura (Hinh 3G).

Lop lot

trinh thiét ké mii dugc thiét ké trén phian mém
Unigraphics NX12. Céac khung ctia mi duogc
tao ra va bam sat véi bién dang dau, diéu nay

. B

Hinh 3. Qud trinh tao mé hinh 3D: (A) Tré duwoc chup anh lai tir nhiéu géc do, (B) Anh dwoc phan tach thanh cdc
diém anh, (C) Tdi tao bé mat, (D) Qud trinh hdu xir Iy, (E) Tao cdc dwong khung cho mi, (F) Tao khéi cho mi,
(G) Cac bo phan cua mii chinh hinh.

Viéc chon kich thudc dé khoét 18 giai nhiét cho mii phai dam bao giai nhiét tot nhat va tdi wu hoa vét
liéu nhat. Phia duéi 1a két qua mo phong nhiét cia mot s6 kich thudc 16 khac nhau.

Bdng 2. Két qua mé phong nhiét bang Ansys

. . hiét do hiét do ca hiét do
Kich thude tll'\lllnge b?l(;)h : (:lh%(; o tl:épgnl?gt AtTB/max “TB/min A
04 35.644 37.756 29.519 2.112 6.125 8.237
08 35.792 37.601 29.575 1.809 6.217 8.026
010 35.816 37.699 29.462 1.883 6.354 8.237
014 35.974 37.562 29.796 1.588 6.178 7.766
015 35.979 37.325 29.882 1.346 6.097 7.443
16 35.989 37.365 29.724 1.376 6.265 7.641
018 35.996 37.286 29.585 1.29 6.411 7.701
020 36.014 37.298 29.526 1.284 6.488 7.772

018

Hinh 4. M6 phong nhiét tir 16 @4 dén @20 bang phan mém Ansys

220
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Vi cach md phong nhiét bang phan
mém Ansys, chung t6i nhan thay rang véi kich
thude @15 mii c6 kha nang thoat nhiét tt nhat,
v6i kich thude 18 nay thi giam duoc kha nhiéu
phan vat liéu, dong thoi 1am giam khdi luong
mil.

2.2. Thiét ké hé thong diéu hoa nhiét do

Viéc st dung mii chinh hinh trong thoi
gian dai s& 1am cho tré bi nong va cam thiy
kho chiu. Trong thiét ké nay, chung toi dé xuét
phuong an diéu hoa nhiét d6 cho mii chinh hinh
véi muc dich mang lai cam giac thoai mai trong
bat ky thoi tiét ndo. Trong diéu kién thoi tiét
lanh, hé théng s€ cung cép nguén nhiét dé susi
4m cho dau tré. Nguoc lai, véi thoi tiét noéng hé
thdng s& cap dong khi mat dé 1am diu con ndng.

Pau tién 1a qua trinh mod phong nhiét
dé xac dinh cac vi tri c6 nhiét dd cao va bd tri
hé thong 1am mat tai nhimng vi tri nay. M6 hinh
dau duogc doi mi va tién hanh mo phong nhié¢t
trén phan mém Solidworks 2019. Nhin vao két
qua phan tich nhiét (Hinh 5A), cac vung nhiét
do cao tap trung ¢ phia sau gay va phia trén cua
phan tran. Cac hé thong dng khi s& dugc cap va
1am mat tai ving ndy. Cac cam bién T2, T3, T4,
T5 bén trong mii c6 tdc dung do nhiét do hién
tai bén trong mdl.

So d6 nguyén ly ciia hé thong lam mat
duoc md ta & Hinh 5B. Viéc tao cac dong khi
nong va lanh s€ dugc tao bodi module Peltier tai
vi tri may diéu hoa AC. Module Peltier 13 mot
thiét bi nhiét dién (thermoelectric) hoat dong
dua trén hiéu timg Peltier. Khi duogc cép dién tur
nguén 12V, tdm Peltier tao ra sy chuyén dong
cua cac hat dién tich trong dan nhiét, gy ra su
néng lén & mot bé mat va lam lanh & bé mat
khac.
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Hinh 5. (A) M6 phong nhiét khi d¢i mi, (B) So do
nguyén ly dieu hoa nhiét do, (C) H¢ thong ong khi
trén mil.

Khi can lam mat (Hinh 6) cho mi, may
bom M2 (CH298RB52QY cua hang Excluzo,
Trung Qudc) s& cip dong khi di qua mat lanh
ctia tam Peltier. Dong khi di ngang cac thanh
tan nhiét ¢ nhiét 6 thap lam cho dong khi lanh
di qua va ngung tu hoi nudc tai cac thanh tan
nhi¢t. Nhu vay, dong khi lanh va kho nay s€
dugc bom qua van Y1 (J4V110-06 cua hang
JELPC, Trung Qudc) va cap vao thing diéu hoa
c6 thé tich 26 lit. Nhiét 6 va do am trong thing
diéu hoa dugc kiém soat thong qua cac cam
bién HT1, HT2, HT3 va HT4 (Module DHT11
ctia hing Aosong, Trung Quéc). Do 4m khuyén
nghi dé 1am cho tré thoai mai 1a tir 40% dén
60% RH. Nhiét do khuyén nghi vao ban ngay
khoang 27 + 1 d¢ C, va ban dém khoang 28 + 1
do C tai cac vung c6 khi hau nhiét ddi. Tai cac
ving ¢ khi hau 6n ddi, nhiét ¢ nay thap hon
khoang 22 + 1 @6 C vao ban ngay va 24 = 1 do
C vao ban dém (Blume va cong su, 2016). Khi
do 4m qua thép, modt module cép 4m H1 duoc
kich hoat va cip lai d6 am cho khéi khi trong
thing. Qua trinh 1am mat khéi khi bén trong
thing c¢6 thé mat dén 15 phit. Trong khoang
thoi gian nay, khi lanh s€ dugc cép lién tuc vao
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trong thung chira. Do d0, ap suat trong thing
diéu hoa tang cao gy nén hién twong nhiét do
s& tang cao theo nguyén 1y Joule-Thomson. Dé
khic phuc tinh trang nay, mot dng xa ap R duogc
lap dat trén thung. Nhiét d6 va do am sau khi
dat dugc gia tri phu hop s& dugc bom M3 thdi
dong khi nay vao mii chinh hinh dé lam mat.
Van tdc cép khi cho mil chinh hinh duoc diéu
chinh nam trong khoang 0.5 dén 1.5 m/s va
dugc kiém soat bang van do luu lugng F1. Tin
hiéu tir van do luu luong 13 co so dé diéu khién
van toc cap khi ctia may bom M3.

Qu4 trinh sudi 4m cho mil chinh hinh
xdy ra ngugc lai véi qua trinh lam lanh. Theo so
d6 nguyén Iy Hinh 4B, néu nhiét d6 bén trong
mil qué thap duoc do tir cac cam bién nhiét T2,
T3, T4, T5 thi tin hiéu tir cac cam bién nay s&
kich hoat va chuyén trang thai hé thong van Y1
(Hmh 6B) va cap dong khi nong vao trong thung
dleu hoa. Néu dong khi néng trong thung mang
d6 4m qua cao vuot qua gid tri khuyén nghi cho
phép 1a 60%. Dong khi lanh va kho tir méy bom
M2 thay vi bom ra ngoai méi truong s& 1a ngudn
khi cung cdp lai cho may bom M1 théng qua
viéc chuyén trang thai van Y2 (Hinh 6C). Qua
trinh lam am khi duoc kiém soat nghiém ngat
boi cac cam bién. Sau khi khéi khi dat ding
nhiét 46 va d6 4m yéu cau, khéi khi nay s€ dugc
may bom M3 cip vao mii chinh hinh.

Hinh 6. Nguyén 1y diéu hoa nhiét do: (A) Lam mat
khi véi dé am phit hop, (B) Lam am khi véi dé am
phit hop, (C) Lam am khi véi dg am cao.

2.3. Thiét ké mi chinh hinh tich hop EEG

Trong no luc nghién ctru va phat trién
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giai phap mil chinh hinh cho tré méc ching
bet dau, ching t61 da dat ra mot muc ti€u quan
trong: tdi wu hoa su thodi mai va trai nghiém
cta tré khi deo mil. Ddi dién voi thuc té réng
viéc deo mil c6 thé gay ra cam giac nong va kho
chiu cho tré nho. Chung t6i dé xuat tich hop
cac dién cuc EEG vao mi chinh hinh, khong
chi nhim muc dich diéu chinh hinh dang dau
ctia tré ma con dé do luong cam xuc va hanh
vi ciia tré trong qua trinh sir dung. Bang cach
nay, chung t6i ¢ thé khong chi cai thién tinh
trang vé hinh dang dau ma con nim bét duoc
nhitng phdn img cam xuc va su thoai mai cua
tré. Tir d6 dua ra cac didu chinh phu hop dé toi
vu hoa trai nghiém deo mil. Piéu ndy mo ra
mot hudng di méi cho viée hiéu rd hon vé tam
1y va cam xuc cta tré. Ching toi tin rang su két
hop gitta cong nghé do ludng va thiét ké chim
soc stre khoe s& mang lai nhirng tién bo dang
ké trong viéc giai quyét van dé nay va tao ra
mil chinh hinh khong chi cham séc vé mit y té
ma con mang lai trai nghi¢m thoai mai va tich
cuc cho tré nho. Hién nay, k¥ thuat EEG khong
chi don thuan 13 nhitng may moc & cac phong
y té, nhiéu sy phat trién vé EEG di duoc tich
hop vao mii cho ngudi lao dong dé theo ddi ho
trong qua trinh lam viéc [22] hodc khai thac tin
hiéu tir EEG dé diéu khién cac trd choi [10].

Dién cuc udt c6 wu diém véi trg khang
thép, dd 6n dinh cao nén cung cép tin hiéu kha
tin cay [21]. Tuy nhién, qua trinh lép dat dién
cuc wdt ton nhidu thoi gian va khong thich
hop véi tinh ning di dong hay théo lip thuong
xuyén. Trong nghién clru nay, ching toi st
dung di¢n cuc kho lam tur silicone. Do silicone
c6 do dan hdi va tuong thich sinh hoc t6t nén s&
gitip tré nho cam thiy thoai mai nén viéc nhan
tin hiéu s& tt hon. Pién cuc silicone dugc chon
su dung la DX-S02A (Greentek, Trung Quoc)
[9]. Pién cuc nay dugc ciu tao gom 3 phan:
(1) Phan dién cuc gitip nhan tin hiéu song nio;
(2) Phan 16 xo lam bang silicone ¢6 kha ning

co gian (hinh 6A), khi cép khi phan 10 xo nay ¥
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s& gidn ra va giup dién cuc EEG tiép xtic véi
dau t6t hon; (3) Phan ren M 10 duogc két ndi voi
mii chinh hinh. Trong nghién ctru cua Geoftroy
[5] da trinh bay rang cc bac si da thir nghiém
lam sang va két luan ap luc tr viéc sinh truong
ctia dau tré so sinh tac dung 1én mii chinh hinh
12 1000 Pa (0.1 N/cm? = 10 g/cm?) trong diéu
kién tré doi mii ma van cam théy thoai mai. Véi
tiét dién ciia bé mat tiép xuc dién cuc EEG 1a 1
cm?. Vay ap luc can thiét cta dién cuc EEG tac
dung 1én dau 1a 0.1 N. Trong nghién ctu nay,
duong kinh trong ctia dng cap khi 1a 4 mm nén
dién tich mat cit ngang 13 1.25x10° m?. Ta ¢6
thé xac dinh duoc ap suét can thiét cép cho dién
cuc la 8000 Pa.

Vi tri lép dat cac dién cuc duoc tuan
theo tiéu chuan 10 — 20 (Hinh 2) vé lip dat
dién cuc EEG dugc Hiép hoi Sinh 1y hoc Than
kinh 14m sang Hoa Ky huéng dan. Pong thoi
dwa vao cac chic ning cua cic ving nido dé
Iva chon $6 lugng dién cuc can lép dat. béi
v6i thuy dinh s€ cam nhan céac tac dong tir moi
truong, thiy tran s& quyét dinh vé mat cam xuc
va tu duy nén thuy dinh va thuy tran la viung
duoc lya chon dé lap dat dién cuc. Theo tiéu
chuan 10 — 20, vi tri lap dat dién cuc EEG sé 1a
9 vi tri bao gém: Fpl, Fp2, F7, F8, Fz, C3, C4,
P3, P4 (Hinh 7D).

Ging khi nén
Trang théi gidn Trang thédi co ~ Ditn cire EEG
- ’
E T e Day tin hidu
l ) ?i \ V&5 & 2

Hinh 7. (A) Kha nang co gian cua dién cuc, (B)
Hinh anh thyc té cua dién cuc; (C) Mii chinh hinh
duoc ldp cdc dién ciee EEG; (D) Mt trong ciia mii
va vi tri ldp dat cac dién cuc EEG theo tiéu chudn

10-20 cua ACNS.

Theo so d6 khdi nguyén 1y hoat dong
mil chinh hinh tich hgp hé thong EEG duoc
mo ta nhu Hinh 7B, khi tré bi stress hoac phan
g lai cac tac dong tir moi trudng, cac té bao
nao s€ hoat dong va truyén tin hiéu 1an nhau.
Diéu nay lam cho tir trudng xung quanh céc
té bao ndo thay ddi va céc dién cuc EEG sé do
duogc su thay doi nay. Céc tin hi¢u nay s€ dugc
truyén vé bo mach mo rong HackEEG shield,
¢ day céc tin hiéu nhan dugc tur cac dién cuc
s& dugc khuéch dai 18n va chuyén thanh cac dir
lidu s6. Diéu nay s& gitp tin hiu rd rang va dé
xtr ly hon. Céc tin hi¢u sau khi duogc khuéch
dai 1én s& duoc dua vé vi diéu khién Arduino
DUE. Tin hiéu nhan dugc ¢ Arduino DUE s¢
duoc xuét két qua hién thi 1én man hinh may
tinh thong qua phan mém OpenBCIL. OpenBCI
1a mot phan mém ma ngudén mé va mién phi
chuyén phén tich vé tin hiéu ndo va dung cho
muc dich nghién ctru khoa hoc hoac cac du an
sang tao lién quan dén EEG.

D6i lic tré can hoat dong va tach roi
khoi hé thong man hinh EEG va hé thong cap
khi cho nhitng muc dich ca nhéan riéng. Luc nay,
cac EEG khong con duoc cap khi nén kha ning
tiép xuc giira dién cuc EEG va da dau sé giam,
vi vay can thoa 1én cac dién cuc mét loai gel
két dinh c6 tron thém cac chét gitp dan tin hiéu
t6t hon. Céc tin hiéu thu thap duoc s& duoc dua
vé Arduino DUE va ghi truc tiép 1én thé nh.
Hé théng nay duoc duy tri bang ngudn pin 5 V.
Cac dur liéu duogc luvu trir tai thé nhé dugc dem
di phan tich sau do. Trong tuong lai, dir liéu tr
thé nhé nay s€ dugc dem di phan tich chuyén
sau va két hop vdi tri tu¢ nhan tao va hoc may
dé dua ra cac két luan tuong ddi chinh xac vé
mat cam xuc va hanh vi cua tré.
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Hinh 8. (4) So' do cdp khi cho dién cwe EEG;
(B) So do khéi diéu khién;
(C) Sor d6 huémg dan ldp mach.

Hé théng cap khi cho cac dién cuc
EEG dugc mo ta tai Hinh 8A. Trong nghién
ctru nay, may bom khi dugc chon st dung 1a
CH298RB52QY cua hang Excluzo. May bom
nay hoat dong véi dién ap 12 VDC va c¢o6 kha
nang cap khi 1én dén 5 lit/phat v6i ap suat bom
t6i da 1a 120 kPa. Motor bom khi nay dugc
diéu khién thong qua driver L298N dugc két
ndi véi Arduino DUE. Khi duoc méay bom
cung cap di qua van mot chidu va di vao thung
chira khi. Thung chira khi nay dugc gidi han
ap suat thong qua mdt van an toan duoc thiét
lap gia tri khoang 40 kPa. Trong thung chua
khi s& lép dat mot cam bién ap suit c6 thé do
ap suat t6i da 1a 100 kPa (MPX5010GP cua
hang NXP Semiconductors, Ha Lan). Khi gia
tri ap suét trong thung khi giam con khoang 15
kPa, cam bién ap suit nay s¢ truyén tin hiéu vé
Arduino. Arduino sé& cp 1énh cho driver diéu
khién motor hoat dong bom khi tro lai dé nang
ap suat trong binh 1én.
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Dong khi tir thung chura nay s€ di qua
mot van giam ap (ITV1000 cua hang SMC,
Nhat Ban) duoc thiét 1ap gia tri 12 8000 Pa va s&
dugc cung cap dén van Y1. Dong khi s& di qua
van nay va cung cép cho dién cuc EEG. Néu hé
thong cap khi gip 16i va trong truong hop Xau
mot ap suit cao ¢o the tac dong lén dau cua dira
tré. D& dam bao vé an toan nay, mQt cam bién
ap suét duoc 1ap sau hé théng van giam ap 8000
Pa, néu gia tri tang qua cao so véi gla tri 8000
Pa thi cam bién ap suit s& cung cap tin hi¢u
vé Arduino dé diéu khién van Y1 dé ngit ngay
dong khi cap cho dién cuc EEG nham dam bao
an toan cho tré.

Trong Hinh 8C, ching to6i trinh bay
cach thirc két ndi c4c linh kién va cam bién voi
vi diéu khién Arduino DUE. Pau tién, két ni
cac day tin hiéu tir dién cuc EEG vao cac kénh
trén HackEEG shield. Sau d6, HackEEG shield
dugc gin 1én phia trén cua Arduino. Két néi cac
chan ngudn va chan GND trén cam bién hodc
linh kién véi1 Arduino. Cac chan tin hiéu duoc
két ndi voi cac cong digital hodc analog tuong
ung.

Nho su tich hop cua hé théng diéu hoa
nhié¢t o vao mi chinh hinh, chiing t6i da dat
dugc nhing két qua tich cuc trong viéc giai
quyét van dé nong va viém da khi tré doi mil.
Cac cam blen va vi diéu khién ket hop hiéu qua
de cung cap dong khi mat khi can thiét va lam
4m moi truong khi tre can. Két qua cho thay
su giam dang ké vé tinh trang viém da va thoai
mai hon khi d6i mii. Didu nay giup tré duy tri
viée diéu tri ma khong gip phai nhitng van dé
khong mong muodn.

Vi phién ban mii chinh hinh tich hop
hé thong cac dién cuc EEG da cho phép chung
t6i hiéu rd hon vé cam xuc, hanh vi va phan
ung cua tré so sinh trong qua trinh do1 mii chinh
hinh. Viéc 1y tin hiéu ndo va phan tich chung
d3 mang lai thong tin quan trong vé tdm trang
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va su thoai mai cua tré. Hé thong cap khi thong
minh da gitip t6i wu hoa viéc tiép xtc giita dién
cuc va da dau, dong thoi dam bao viée thu thap
tin hiéu duogc thuc hién mot cach chinh xac.

3. KET LUAN

Qua ba phién ban mii chinh hinh, ching
t6i da trinh bay nhiing phat trién trong viéc giai
quyét mot sé van dé khi diéu tri cho tré so sinh
bi bet ddu. Mii chinh hinh khoét 15 tan nhiét,
hé¢ thong diéu hoa nhiét do va h¢ thong EEG
khong chi gitip gidm viém da ma con giup giam
sat trang thai tAm 1y cua tré trong qua trinh diéu
tri. <
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NGHIEN CU'U TINH TOAN ANH HU'ONG CUA TIET DIEN LO
DPIEU CHINH KHi THUOC BEN VAN TOC KHOA NONG MAY
12,7mm SM12,7-K

RESEARCH AND CALCULATION OF THE EFFECT OF GAS REGULATOR PORT
CROSS-SECTION ON THE BOLT CARRIER VELOCITY OF THE 12.7mm SM12.7-K
MACHINE GUN

KS. Lé Van Hoat', ThS. Mai Vin An? ThS. Ta Ba Diing?
"Nha may Z111, Tong cuc Cong nghi€p quoc phong
2Vién Vii khi, Tong cuc Cong nghiép quoc phong

TOM TAT

Sing mdy 12,7mm SM12,7-K duwoc thiét ké theo nguyén Iy trich khi, pit-téng i dai khéa
nong xoay. Khéa nong la khdu co sé ciia méy tw dong khi ban. Siing cé co cau diéu chinh khi thuée
nham thay doi toc d bdn trong cdc diéu kién chién dau khdc nhau. Nghién ciru nay trinh by vé bai
todn déng lyc hoc may tw déng, dong thoi nghién civu sw dnh hirong ciia tiét dién cdc 16 diéu chinh
khi thuéc dén vin toc khéa nong khi ban. Két qua cia nghién ciru ¢é thé dp dung cho viéc tinh todn
thiét ké cac logi siing cé két cau twong tw ciing nhw lam co s6 cho qua trinh danh gid tic dong suw
hao mon 16 trich khi khi sir dung ldu dai.

Tw khoa: Sung may 12,7mm; Trich khi; DPiéu chinh trich khi.

ABSTRACT

The 12.7mm SM12.7-K machine gun is designed based on the gas-operated principle with
a long-stroke piston and rotating bolt system. The bolt assembly is the fundamental component of
the automatic mechanism during firing. The weapon features a gas regulation system designed to
adjust the rate of fire under different combat conditions. This study presents the dynamics problem
of the automatic mechanism while investigating the influence of gas regulator port cross-sections
on bolt carrier velocity during firing. The research results can be applied to design calculations for
weapons with similar configurations and serve as a foundation for evaluating the impact of gas port
wear during extended use.

Keywords: /2.7mm machine gun; Gas-operated system; Gas regulation.

1. PAT VAN PE ché d6 ban lién thanh. Stng hoat dong theo
nguyén 1y trich khi, nong sting khi ban duoc

Stng may 12,7mm SM12,7-K 1a loai lam mat bang khong khi; tiép dan bang day,

sting trang bi cho ca nhan dung dé tiéu diét sinh hop tiép dan co thé thao lip nhanh chong va
luc dich, ctr diém mit dat hodc phong khong sung chi ¢o tinh ning bin tu dong giup nd tré

tAm thip. Sung ding dan 12,7x108mm, c6 mot  thanh mot loai vii khi c4 nhan cht khong phai &
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1a vii khi tap thé. V6i kha nang tac chién da
dang, sting dugc thiét ké co cau dicu chinh trich
khi dé tang hi€u qua chién dau.

2. BAI TOAN PONG LUC HQC MAY TU
PONG VA NHIET PONG BUONG KHIi

2.1. CAu tao may tw dong va khau diéu chinh
khi thude

Hinh 1. Sung may 12,7mm SM12,7-K

Hinh 2. Cdu tao cum may ty dong va co cdu diéu
chinh khi thuéc

Stng may 12,7mm SM12,7-K (hinh 2)
bao gom cac bd phan chinh: Nong sung, Than
sting, Cum khoa nong (Than khoa nong, Khoa
nong) Cum 16 xo0 day ve (C6t 10 x0 day ve, Lo
xo day vé), Khau truyén khi, Piston day vé..
D6i v6i sung hoat dong theo nguyén 1y trlch
khi, bai toan nhiét dong budng khi 13 thanh
phan quan trong khi xay dung bai toan dong luc
hoc may tu dong. Pay la bai toan phuc tap lién
quan dén nhiéu thong sé vé két cdu va thong
s6 cua khi thude. Vi sung ban dan tiéu chuan
12,7x108mm nén c6 thé coi cac thong s6 vé khi
thudc 1a on dinh trong qué trinh ban va may tu
dong cua sung da hoat dong dung quy luat.

Viéc tinh toan, khao sat cac thong s 16
trich khi dugc két hop véi giai bai toan dong
lre hoc may tw dong nham danh gia anh huong
ctia su thay ddi ap suat khi thudc trong budng
khi dén hoat dong cua khau co s0.

2.2. Bai toan ap suit budng khi va dong luc
hoc may tu dong

Trén co s& cac gia thiét co ban, két hop
voi két cau thue té cua sung va dan xay dung h¢
phuong trinh giai bai toan ap suat budng khi va
dong luc hoc cua sung nhu sau [1], [2]:

- H¢ phuong trinh dong lyc hoc may tu
dong:

dv _ .. pS
n =55 om
dl & o .-

e
dz  p

FIR
do
Tt
| dw . 1-ad p

o e, T 02z sy 1.1
Fr I .1

£ 0(1=23 zuli—v Gu-(1-5)6,
1

dp _ l[ep;u‘ 1- 28"

: 1 E . v |
f-Kp—— (1-2hz)-%KpSv -K_| ¥ 2G,-(1-2.1G, -K
W ‘ P ‘_‘L / ke | & HOs 1=z ¢ WP

4V _2pS—EI1-%Ry — P
| dt Mg,

- Hé phuong trinh nhiét dong budng khi:

O)b = (Gn - GAk )a:j) - aSGAx
W, =S V,&,

.1 \
Py = W[kPGn - kpb (GAk +&G,, ) —kop, ~kp, W, ] E““’

b

(1.2)

Trong do:

- z: Bé day chay thudc phong;

- y: Toc do chay cua thudc phong;

- v: Véan toc dau dan;

- I: Quang duong dan chay trong nong;

- W: Thé tich budng dbt;

-W,: Thé tjch buéng lfhi;

- &: Céac bién dieu khién;

- G, Luu lugng khi thudc chay tir
buong khi qua khe ho ra ngoai;

- p: Ap suat khi thudc trong long ndng;

-V,: Véan téc khoa nong;

- X: Hanh trinh khoa nong;

- 0,: Trong luong khi thudc trong budng
khi;
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-p,: Ap suat khi thudc trong budng khi;
-S; Dién tich piston; ,
- G, : Luu lwong khi thudc chdy tir nong
vao budng khi;
N -G, : Luu lugng khi thubc chay qua cac
10 xa khi.

3. KET QUA TiNH TOAN

Str dung phuong phép tich phan s trén
phan mém MATLAB 2011b dé giai hé phuong
trinh 1.1 va 1.2. Véi cac thong sé dau vao cua
dan 12,7x108mm, thong sé két cdu cua may
12,7mm SM12,7-K va tham khao [1], [2], ta
thu dugc cac két qua nhu sau:

Bdng 1. Cdc théng s6 co ban tinh todn dp sudt buong khi va dong liec hoc méy tw dong

TT Tén thong s6 Ky hiéu Pon vi Gia tri
1 | Chiéu dai nong sung . dm 9,88
2 Chiéu khuong tuyén L, dm 5,36
3 Khéi lugng ciia cum khoa nong m, kg 2,08
4 | Khbi luong cta 10 xo day vé m_ kg 0,25
5 Khdi lugng cia vo dan m,, kg 0,007
6 Khdi lugng cua vién dan m, kg 0,028
7 Do cling cua 10 xo day vé Cyy kG/m 3,9
8 | Lucnén so b ctia 16 xo day vé ., kG 7,28
9 ]C)l;jr]; ltligllgbg ;rrllét trong ban dau F,, dm? 0.6503
10 | Puong kinh 16 trich khi o dm 0,04
11 | Dudng kinh 13 diéu chinh to ., dm 0,04
12 | Dudng kinh 13 diéu chinh nho P, dm 0,03
3|t i L an
14 | Thé tich ban dau ciia budng khi W, dm? 0,0135
15 | Dién tich piston S, dm? 0,031
16 | Thé tich budng dot W dm? 0,0204

3.1. Két qua giai bai toan ap suat buong khi

- Tién hanh tinh toan vé&i dién tich 18
trich khi 16n trén khau diéu chinh ctia sung ¢ =
4,0mm va 16 nho ¢ = 3,0mm. Sau d6 thay doi
gia tri cia ¢ mdt luong (0,1mm) twong duong
v6i cac gia tri dung sai khi ché tao va chiéu day
16p mudi thude ¢ thé bam trén bé mit 15.
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Hinh 4. Dé6 thi bién thién vén toc khéa nong khi

thay d@6i 16 trich khi ¢ = 4,0 mm
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Hinh 5. Do thi bién thién dp sudt buong khi khi

dién tich 16 trich khi ¢ = 3,0 mm

Wi o o oy el 5]
i W [T

1 1 1 1 5
GOZ Cd COE OB C1 O
Tha gen N

Hinh 6. Do thi bién thién vin toc khéa nong khi

thay d@6i 16 trich khi ¢ = 3,0 mm

*Nhén xét két qua tinh toan:

Két qua tinh toan cho thiy quy luat anh
hudng cua dién tich 18 trich khi dén ap suat khi
thudc trong budng khi va van téc khoa. Khi
duong kinh 16 trich khi thay doi ting hodc giam
0,1mm thi van tbc khoa nong ciing ting hoic
giam mot gia tri trung binh ~ 1m/s. Tuy nhién,
theo tinh toan & trén khi duong kinh 16 trich khi
14 2,9mm thi toc d6 va cham sau cung chi con
0,4557m/s, day 1a van toc rat nho dbi véi may
tu dong cua stng 12,7mm. Néu dién tich giam
xubng dudi 2,9mm thi khéa nong s& khong co
va cham sau cung, dan dén may tu dong hoat
dong khong day du chirc ning. Vi vay, dé dam
bao may tu dong hoat dong tin cay, dién tich 15
trich khi can 16n hon 3,0mm.

4. KET LUAN

Qua két qua tinh toadn bai toan nhiét
dong buéng khi va dong luc hoc may tu dong &
trén c6 thé khang dinh cac thong sb két cau cac
16 trich khi ctia sung 1a hop 1y. Bai toan nay c6
thé 1am co s cho viéc nghién ctru khao sat thay
d6i dién tich 15 trich khi cta stng phu hop véi
qua trinh san xuét ciing nhu phi hop véi diéu
kién con nguoi va khi hau nudc ta. <

Ngay nhan bai: 18/9/2025
Ngay phan bién: 29/9/2025
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MO PHONG HAN NOI ONG THEP CAC BON TRUNG BINH BANG
PHUONG PHAP PHAN TU HOPU HAN

SIMULATION OF WELDING MEDIUM TWO STEEL PIPES BY FINITE ELEMENT
METHOD

Nguyén Hong Thanh*, Nguyén Thi My, Bui Thi Tuyét Nhung
Khoa Co khi, Truong Pai hoc Su pham Ky thuat Nam DPinh
*Email: thanh.we(@gmail.com

TOM TAT

Trong nhitng nam gan day, phmrng phap han hé que han thuéc boc (SMAW) dan dwoc thay
thé bang pthO’ng phap han CO, daé che tao két cdu thep nganh cong nghiép 6 to, dong tau,... nho
chdt lmmg moi han cao hon, nang sudt lém va co thé tw dong hoa Tuy nhién, hién twong tap trung
ing sudt va bién dang sau han van la cdc van dé quan trong can dwoc nghién citu. Bai bdo nay sir
dung phan mém Sysweld dé mé phong, dur dodn va danh gid bién dang ciing phdn bé iing sudt dw
khi han giap moi hai ong thép cac-bon trung binh EN 10025-2 (duong kinh {trong 200 mm, chiéu
day thanh ong 6 mm, tong chiéu dai méi néi 230 mm). Két qua mé phong Vé iing Suat dur va bién
a’ang dwoc tong hop so sanh va thao lugn nham lam ré quy ludt phdn bé 1ing sudt va bién dang,
dong thoi cung cdp co sé dir liéu dé tham khéo cho cac truong hop han fwong 1.

Tir khoa: Thép EN 10025-2; Bién dang; Ung sudt du; Han néi ong.

ABSTRACT

In recent years, shielded metal arc welding (SMAW) has increasingly been replaced by CO,
gas metal arc welding (GMAW) in the fabrication of steel structures, automotive, and shipbuilding
industries due to improved weld quality, higher productivity, and automation potential. However,
stress concentration and post-weld distortion remain critical challenges. This study employs Sysweld
to simulate, predict, and evaluate distortion and residual stress distribution in a butt-welded joint
of two medium-carbon steel tubes (EN 10025-2) with an inner diameter of 200 mm, wall thickness
of 6 mm, and a joint length of 230 mm. The simulation results on residual stresses and distortions
are compiled, compared, and analyzed to clarify their distribution patterns, thereby providing a
reference database for similar welding cases.

Keywords: EN 10025-2 steel; Distortion, Residual stresses; Welded joint of pipes.

1. GIOI THIEU kién tai trong bién ddi. Chinh vi diéu nay, két
c4u han s& dan dén kha nang pha huy moi theo
Bién dang han 1a mot trong nhiing thoi gian.
nguyén nhan gay nén hién tuong sai léch khi
lap ghép. Piéu nay s& lam giam kha ning chiu Dudi su phat trién ciia nganh khoa hoc

tai cua két cau, dic biét la lam viéc trong diéu may tinh ky thuat mé phong s6 dé du doan &
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truong nhi¢t d9, ng suét du va bién dang han
duogc st dung tu rat lau. Viéc 1am nay la rat can
thiét dé tir 6 ¢ thé du doan thoi gian 1am viée
ctia két cau han ciing nhu khoanh ving nhiing
khu virc tap trung Gmg suét cao va c6 kha ning
nat gay do m01 trong qua trlnh lam vi¢c. Qua
md phong s6, ma s6 lwong mau thyc nghiém
duoc giam xubéng mot cach dang ké [1].

2. THONG SO VAT LIEU

Co tinh va thanh phan héa hoc cua thép
EN 10025-2 [2] dugc cho trong bang 1 va 2.

Bang 1. Co tinh

Dac tinh Gia tri
M6 dun Young (GPa) 210
Gidi han chay (MPa) 355 min
Hé sb Poisson 0,29
Diém néng chay (°C) 1450
Diém dong dic (°C) 1400

Bang 2. Thanh phan hod hoc

C Si Mn P S
0,15 0,12~0,3 | 0,25~0,50 0,04 0,045
3. KY THUAT MO PHONG

3.1. M6 hinh nguén nhiét

Goldak va cong su [3] da dua ra mo
hinh ngudn nhiét han CO, c6 mat ¢ phan bd
ellipsoid kép, hinh 1.

Hinh 1. M6 hinh nguon nhiét han

3.2. M6 hinh truyén nhiét

Cong thirc 1 1a m6 hinh truyén nhiét 3
chiéu (3D). Su thét thoat nhiét ra méi trudng
xung quanh theo cong thirc 2 [1].

ST ST BT 80 ST
&x* ay ™ &z~ &x* ot
h(T-T,)+p e (T*-T) )=q, )

Qla nang luong duong (J/mm), q_ la
luong nhiét that thoat, T 1a nhiét do nong chay,
T, la nhlet d6 ban dau, t 1a thoi gian (s) O trang
tha1 gia 6n dinh, cong thirc 1 ¢6 thé duoc biéu
dién lai theo cong thirc 3:

2 2 2
AT CL.LUNEY
ox dy 0z ot

V, 14 téc d6 han (mm/s).
3.3. M6 hinh bién dang

Qua trinh md phong cac (mg suat thanh
phan theo 3 chiéu (x,y,z) dugc thé hién theo
cong thuc 4.

.= 3lloi-e:) +

Bién dang tong (g) gdbm: Bién dang dan
hdi (), bién dang déo (¢”) va bién dang nhiét
(M) dugc xac dinh theo cong thire 5.

ge=¢g +egb+egh Q)

0_2_0-3)2"'(‘73_0-1)2] “4)

Bién dang dan hdi duogc xéac dinh theo
dinh luat Hook [4], nhiét d§ phu thudc vao mo
dun Young va hé s6 Poisson (bang 1).

3.4. M6 hinh luéi

M6 hinh mé phoéng c6 thé duoc thiét
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ké bang phan mém VisualMesh, hinh 2a [3, 6].
Puong kinh trong ctia 6ng 200mm, chidu day
thanh ong 1a 6mm, tong chiéu dai mdi ghép
230mm.

a)
Hinh 2. M6 hinh lién két han:
a) M6 hinh moi ghép, b) Mo hinh luci

M6 hinh dugc chia ludi trén Sysweld
v6i 67.198 phan tir va 50.100 nit, hinh 2b [6],
ludi ¢ khu vuc mbi han va ving anh huong
nhi¢t (AHN) duoc chia véi kich thudc nhd hon
ving xa moi han.

Dé ngudn nhiét di diing quy dao thi can
phai c6 duong dan nhu hinh 3.

Hinh 3. Puong han va dwong dan

4.KET QUA

Khai bao thudc tinh cua vat liéu, mo
hinh nguon nhiét, phuong an kep chat va cac
dieu kién bién. Giai bai toan, ta thu duoc két
qua:
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4.1. Trwong nhiét do

m Y m

Hinh 4. Phén bé nhiét 6 khi han

Hinh 4 cho biét kich thudc bé han, ving
AHN, dya vao hinh anh phé mau thiy rang voi
nang lugng duong 1a 950J/mm la hoan toan
phu hop dé han mbi ghép ndi dng c6 chicu day
la 6mm.

4.2. Bién dang tong

2SN

7

m——— ]| —
coscosecspene
3IFFII I Y
~EREEaNEiEcERE
H L g8

Hinh 5. Bién dang tong
Duya trén ph mau ¢ hinh 5, ta thay bién
dang tong khoang 0,67mm va thudc ong khong
bi kep trong qua trinh han, theo tiéu chuan murc
do bién dang khong lam anh huong téi kha
nang lap ghép cua két cau.
4.3. Truong (ng suat

4.3.1. Ung sudt Von mises

Trén hinh 6, m6 td sy phan bo ung
suat Von mises cua toan lién két, theo quan séat
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phé mau thiy tmg suit nay co gia tri 16n nhat
tai diém bat dau va két thic duong han, vao
khoang 637MPa.

iy

Hinh 6. Ung sudt Von mises

Céc vi tri 1an can tng suat du twong ddi
thap tir 55 + 382MPa.

4.3.2. Uy ng sudt phdp

Quan sat phd mau, ta thiy rang (mg suét
du phan bd tap trung & dudng han dudi thanh
6ng khoang 301MPa, con trén bé mat thanh
6ng nho hon khoang 89MPa, hinh 7.

%%faﬁﬁbﬁsf?ﬁsss

514.38477
443.38203
ST2I0I0
301.37821
23037754
15037543
2837380

o az4EM =
— 19583379
— -Z9EAISES
ST HATE
-4IBA
4T 20

-ESDAIA0T

Emass : fmass WOD Y
Sagp
Hiada eA7as

43045868

24401126
— 18515016
— 148.z8505
. aTazmes
4856866
-i1.28424
4B 15533
SE01643

REEEER
18575863
£44.50871

A

Hinh 7. Ung sudt phdp:
a) Theo phuwong X; b) Theo phuwong Y

Theo phwong X, tmg sudt du kéo mait
duéi cua ong 13 twong ddi cao va phan bd sudt
mat dudi. Trong khi do6, theo phuong Y, ting
sudt dy tip trung mot phan tai ving AHN va
ving bat dau va két thuc duong han.

4.3.3. Ung sudt tiép

Dya vao ph6é mau nhan thdy rang ung
suat tiep, hinh 8, theo phuong X Ung suat du
kéo va nén la tuong doi nho (=154Mpa).
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15192006
13132260

CHG
Lty H
e g B
T
FHIATIAR
19 B
LT
TEAIES
— erardl
T )R
— fannmEn
A% 3TN
BN ke
— et
o=l2IATAN
16202160

LERICRE =]
B B U]
R I

A

Hinh 8. Ung sudt tiép:
a) Theo phuwong X; b) Theo phuwong Y

Theo phuong Y tng suat du kéo
(=261 MPa) va nén (=259MPa) chénh I¢ch nhau
khong dang ké, khoang 2MPa.

5. KET LUAN
St dung k¥ thuat mo phong dé dy doan

su phan bo tng suat va bién dang ciia mau han,
tac gia da:
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1) Tinh toan, phan tich va du doan dugc
su phan bd Ung suat du va bién dang khi han
noi hai ong thép céc bon trung binh;

2) Tir cac két qua mo phong, co thé dy
doan dugc sy phan bo ung suat du tai bat ki vi
tri nao trén mau han ma khong can do tryc tiép;

3) Ung suit du phap trén bé mat ong 1a
nho nhat, tiép theo la gilra Ong va 16n nhat la
phia dudi bé mat ong;

4) Théng qua md phong sé ma ta cd
thé giam s6 luong mau thyc nghiém 1a it nhat.
Qua d6 giam gia thanh san pham, giam 6 nhiém
modi truong va dam bao stre khoe ctia nguoi lao
dong. <

Ngay nhan bai: 19/8/2025
Ngay phan bi¢n: 10/9/2025
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DONG LUC HOC CUM TRONG LAN THIET BI THI CONG
MAT DUONG BE TONG XI MANG

DYNAMIC OF ROLLING DRUM CLUSTER CEMENT CONCRETE PAVEMENT
CONSTRUCTION EQUIPMENT

PGS, TS. Tran Quang Hung', PGS, TS. Luu Pirc Thach?, ThS. P Gia Cuwong>”
'Truong Pai hoc Thanh D6
*Truong DPai hoc Xay dung Ha Noi
3Vién KV thuat Co gidi quan sy, Téng cuc Hau cén - K¥ thuat
*Email: cuongveg2022@gmail.com

TOM TAT

Cum tréng lan thiét bi thi cong mdt dwong bé tong xi mang (BTXM) la cum thiét bi quan
trong nhat dam bdo chdt luwong cua bé mat BTXM vé dé phcfng, d6 nhan va dé bén mat duong. Vin
dé nghién ciru dong lwc hoc (PLH) cum trong lan la rdt can thiét nham hé tro qud trinh thiét ké,
giup cho viéc khai thac, sw dung va van hanh thiét bi hiéu qud, la co so aé tw dong hoa qua trinh
lam viéc cua thiét bi ciing nhu xdc dinh cdc thong sé lam viéc hop Iy ciia cum trong lan trong diéu
kién thi cong thuc té ¢ Viét Nam. Tir viéc nghién ciru xay moé hinh DLH cua cum tro”'ng lan thiét bi
thi céng mat dwong BTXM cé xét dén hé co khi — thity luc dwoc trinh bay trong [1], bai bdo nay
tdp trung nghién ciru khdo sat iing xir dong hec hoc ciia cum tréng lan thiét bi thi cong mdt dwong
BTXM c6 xét dén hé co khi — thuy luc lam co so cho viéc xac dinh gia tri hop ly cua cdc thong 56
lam viéc cua cum tré’ng lan thiét bi thi cong mat dwong BTXM.

Tir khéa: Trong lan; Péng luc hoc trong lan; M6 phong dong thoi co — thiy lic.

ABSTRACT

The roller assembly of cement concrete pavement construction equipment is the most
important equipment assembly to ensure the quality of the cement concrete surface in terms of flatness,
smoothness and durability of the pavement. The study of the dynamics of the roller assembly is very
necessary to support the design process, help exploit, use and operate the equipment effectively, is
the basis for automating the working process of the equipment as well as determining the reasonable
working parameters of the roller assembly in actual construction conditions in Vietnam. From the
research on the dynamic model of the roller assembly of cement concrete pavement construction
equipment considering the mechanical - hydraulic system presented in [1], this paper focuses on
the study and survey of the dynamic behavior of the roller assembly of cement concrete pavement
construction equipment considering the mechanical - hydraulic system as the basis for determining
the reasonable values of the working parameters of the roller assembly of cement concrete pavement
construction equipment.

Keywords: Control; Inverted pendulum — cart; Hedge Algebras.
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1. GIOI THIEU

Cum trbng 1an thiét bi thi cong mat duong
bé tong xi mang (BTXM) 1a cum thiét bi quan
trong nhat dam bao chat lugng ciia bé mit BTXM
vé do phfmg, d6 nhén va do bén mat duong. Do
dic diém di chuyén ngang cta cum tréng lan 1a
lam vi¢c theo chu ky luan phién & cac thoi ky tang
toc, chuyén dong binh on va dimg nghi ngén han
nén cac thong s6 dic trung cho ché d6 1am viéc
ctia bd cong tac ciing ludn thay d6i va anh huong
dén hiéu qua lam viéc cua cum tréng lan. Mat
khac, hé truyén dong xe con va tréng lan 1a hé
truyén dong thiy luc két hop vai bo truyén xich
nén trong qua trinh 1am viéc, mudn thay doi van
tdc di chuyén xe con va véan toc goc trong lan cho
pht hop v6i ché do thi cong, thi can diéu chinh
cac van tiét luu trong HTTL. Vi vay, viéc nghién
ctru BDLH hé co khi — thuy lyc cua cum tréng lan
13 rat can thiét nhim hd trg qua trinh thiét ké, giup
cho viéc khai thac, st dung va van hanh thiét b
hiéu qua, 13 co s& dé ty dong hoa qua trinh lam
viée cua thiét bi cling nhu xac dinh céac thong )
1am viéc hop 1y ctia cum trdng lin trong diéu kién
thi cong thuc té & Viét Nam.

Ngoai ra, kha ning lam phing cua trong
lan duoc danh gia thong qua thong sb “S” [4].
Do @0, tir viéc nghién curu xac dinh cac thong )
DLH, bai bao sé tién hanh khao sat cac yéu td anh
huéng dén ché do 1am phing mat duong BTXM
ctia tréng lan, dé 1am co sé cho viéc nghién ctru
xac dinh cac thong sd 1am viéc hop 1y ctia cum
tréng lan.

2. MO PHONG PONG LUC HOQC HE CO
KHI - THUY LUC

Trong nghién ctru [1], tac gia da xay dung
dugc mo hinh va dua ra dugc h¢ phuong trinh vi
phan hén hgp co khi — thity luc mo td DLH qua
trinh lam viéc ciia cum tréng 1an thiét bi thi cong
mit duong BTXM. So d6 khdi cac bude thiét
1ap hé phuong trinh dugc thé hién trén Hinh 1.
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Khi d0, ¢ thé sir dung phan mém Matlab dé mo
phong DLH hé co khi — thuy Iuc cia cum trong
lan. Céc ndi dung tinh todn mo6 phong dong luc
Iuc hoc hé co khi — thuy luc duge thé hién dudi
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Hinh 1. Sor do khoi cdc bude thiét ldp hé phirong
trinh vi phan hé co khi — thuy luc

Céc tham sd dau vao gdm 4 nhom: Cac
thong sb kich thudc hinh hoc; Céc dic trung dong
lyc hoc (Khéi lugng, m6é men quan tinh khoi
luong cac cum, hé s6 can, do ctmg); Phan lyc va
md men can; Cac thong s ctia hé théng TDTL.

Két qua tinh toan dong luc hoc h¢ co khi
— thily lyc ctia cum tréng lan gém: 4p sudt dau
trong khoang cao ap cua cac dong co thuy lyc;
van tdc, gia toe cua cac dong co thuy luc, trong
lan va xe con; cac thong s6 dong luc hoc cta dam

dui. Tuy nhién, v&i muc dich nghién ctru PLH hé ¥
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co khi - thiy luc dé 1am co s& cho viée xac dinh
gié tri hop 1y cua cac thong s6 1am viéc cum tréng
lan thiét bi thi cong mat duong bé tong xi ming
va so sanh véi két qua do thuc nghiém, nén trong
bai béo nay trinh bay cac két qua tinh toan sau:
Ap sut cua dong co thuy luc dan dong xe con,
ap suat ciia dong co thuy luc dan dong trong lan
dung dé so sanh voi két qua do thue nghiém; Van
toc va gia tc cua xe con, van toc va gia toc goc
cta trong lan dé khao sat, danh gia chét luong lam
phang ciia cum tréng lan, 1am co sé cho viée xéc
dinh gia tri hop 1y ctia cac thong s6 1am viée cum
trong lan.

Qua cac két qua md phong sé dugc thé
hién trén Hinh 2+5 ¢6 thé thay rang: Cac thong
s6 DLH thay d6i nhiéu trong giai doan khoi dong,
sau d6 binh 6n xung quanh gi4 tri trung binh cua
16, cu thé nhu sau:

- Ap suét trong mach cao ap thay d6i nhiéu
trong th01 gian khoi dong va gi,é tri lc'rr} nhat, cu thé:
Ap suat dong la 33,4 bar, ap suat binh 6n la 15,5 bar.

- Van tbc va gia toc goc cua dong co thay
luc dan dong xe con thay doi theo thoi gian. Toc
do vong quay dat gia tri lon nhét 1662 vong/phut
tai thoi diém 1,2 s khi khoi dong va dat gia tri
trung binh 145 vong/phit.

- Van tdc va gia toc ciia xe con thay doi
theo thoi gian. Van toc xe con ting tir 0 m/s dén
van toc 16n nhat 0,8 m/s tai thoi diém 1,8 s khi
khoi dong va dat gia tri trung binh 0,525 m/s.

- Ap suit trong mach cao ap thay d6i nhiéu
trong thot gian khoi dong va dat gid tri lon nhat: ap
suat dong la 43 bar, ap suat binh 6n la 35 bar.

- Téc dong quay va gia tc goc cta trong
lan trudc thay doi theo thoi gian. Toc do vong
quay dat gia tri 16n nhat 250 vong/phut tai thoi
diém 0,8 s khi khoi dong va dat gia tri trung binh
245 vong/phut.

Hinh 2. Ap sudt dau trong khoang cao dp ciia déng
co thity lye dan déng xe con

Hinh 3. Vn toc géc cuia dong co thiy lyc dan dong

Hinh 4. Ap sudt dau trong khoang cao dp ciia déng
co thity lye dan dong trong lan

al

Hinh 5. Vin toc géc cua trong lan

Kha ning lam phang cia tréng lin duoc
danh gia thong qua thong so “S” [4, 5], va dugc
xac dinh nhu sau [5]:

JDhA- h/D

2 2
S = \/v +v, +2vw,cos f.——M—m——
veos

V6i: R - Ban kinh cua trong lan, m; h -
Chleu cao san, m; v, - Van toc cua diém trén chu
vi tréng lan, V=0, R o, - Van tdc goc cla trong
lan, rad/s.

ISSN 2615 - 9910 (ban in), ISSN 2815 - 5505 (online)
TAP CHI CO KHI VIET NAM, S6 333, thang 10 nim 2025
cokhivietnam.vn



NGHIEN CU’U - TRAO BOI

- Tu két qua tinh toan cac thong s6 DPLH
clia cum trong lan, ap dung cong thirc (3) ta co dd
thi thong s6 “S” theo thoi gian dugc thé hién trén
Hinh 6. Qua db thj thiy rang, o giai doan khoi
dong, thong s “S” tang dan dén S = LA msau
do dat gia tri trung binh 6n dinh S = O 508 m. Nhu
vdy, néu vén toc xe con va van toc goc ciia tréng
1an khong déu thi d6 nham bé miat dudong BTXM

khong dong déu.

Hinh 6. Do thi suw thay doi ciia thong sé6 “S”’
theo thoi gian
3. KHAO SAT CAC YEU TO ANH HUONG
PEN CHE PO LAM VIEC CUATRONG LAN

Dé khao sat cac yéu t6 anh huong dén
ché @6 lam phing miat duong BTXM, bai bao
st dung mo6 hinh BPLH da dugc xay dung va tinh
toan x4c dinh thong sb “S” dé danh ga kha ning
lam phang cua trong ldn. Trong pham vi cta bai
bdo, tac gia trinh bay két qua khao sat anh huong
cta cac thong so: chleu cao san, 6 mo van tiét
lyc, dudng kinh tréng lan dén ché do lam phang
cta tréng lan.

3.1. Khao sat anh hwéng cia chiéu cao san deén
cheé d¢ lam viéc cia trong lan

Thay ddi chiéu cao san (h= 0,01 m; 0,02
m; 0,03 m) con cac thong s6 khac trong chuong
trinh van gilr nguyén.

AN

Hinh 7. S thay doi vén toc goc ciia trong lan trude
theo chiéu cao san h
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Hinh 8. Su thay doi théng s6 “S” theo chiéu cao san h

V6i cac gia tri trén Hinh 7 c6 thé thay
rang, khi thay ddi chiéu cao san thi cac thong s6
DLH cua trong lin thay doi nhleu nhit. Cu the
khi chidu cao san ting thi van toc goc cua tréng
lan giam. Ngoai ra, khi chiéu cao san cang 16n thi
thong s6 “S” cang 16n (Hinh 8).

3.2. Khao sat anh hwéong cia do¢ mé van tiet
luu diéu khién toc d§ xe con dén cheé d§ lam
viéc cua trong lan

Thuc hién chay chuong trinh md phong
v6i thong s6 dau vao coi nhu khong doi, nhung
thay doi do m& cia van tiét lyu dé thay d6i van
tc di chuyén xe con.

Qua do thi, ta thdy khi ting toc do di
chuyén ctia xe con, thi théng s6 “S” giam. Nhu
vdy, khi mudn ting tbc do cua xe con dé ting
nang suét thi d6 nham mat duc‘mg tang. Ngoai ra,
khi xét trong mot lan di chuyen clia xe con thay
rang, van toc xe con s& quyét dinh thoi gian duy
tri tac dung cua dam dui tai mot diém. Khi vén toc
xe con ting, thi thoi gian duy tri tic dung dam dui
tai mot vi tri s€ giam. Do do, can lya chon téc do
di chuyén ctia xe con hop ly dé vira dam bao chit
luong mit duong (d6 bén va do nham) vira dam
bao nang suat thi cong.

Hinh 9. Sy thay déi van toc di chuyén xe con theo do

mo cua van tiet luu
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Hinh 10. Sw thay doi théng sé “S” theo do mé ciia
van tiét heu

3.3. Khao sat anh huong cia do mé van tiét
Iuu dieu khién toc d quay trong lan dén che
do lam viéc cia trong lan

Thuc hién chay chuong trinh mé phong
v6i théng sd dau vao coi nhur khong doi, nhung
thay d6i d6 m& cia van tiét lyu dé thay doi van
toc di chuyén xe con.

\ qu'hWM’WWWMW

Hinh 11. S thay doi vén toc di chuyén xe con theo
dé mé ciia van tiét luu

]
By

L ! I.lu e Ty .
' M\WW’\NWNMNWW\&WM

Hinh 12. Sy thay doi théng s6 “S” theo dé mo
ctia van tiét uu

Qua db thi thdy rang khi ting vén tdc goc
ctia trong lan bang cach diéu chinh d6 mé ctia van
tiét luu, thi thong s6 “S” tang. Piéu nay chimg to,
khi van téc goc cta trong lan ting thi d6 nham
mit duong giam. Tuy nhién, do vit san dong toc
v6i trong 1an nén vén tde goc cua tréng lan qua

cao s& anh huong dén kha ning san hdn hop bé
tong cua vit san. Do do, can lya chon van toc gdc
ctia tréng 1an hop 1y dé vira dam bao do nham mit
duong, vira dam bao kha nang lam viéc cua vit
san cling nhu phtt hop véi cong suat ciia may.

3.4. Khao st znh hwéng ciia dwong kinh trong
lan va géc nghiéng san dén che dg lam viéc ctia
trong lan

Lan luot thay doi: goc nghiéng san (=
0°; 15°; 30°); duong kinh trong lan (D = 0,254 m;
0,381 m; 0,508 m).

Theo két qua tinh toan Hinh 13, khi B ting
thi S ting. Nhu véy, néu B ting thi d6 nham s&
giam. Tuy nhién, néu p qua 16n thi chiéu rong vét
san s& nho va kéo theo ning sut san phang nho.
Qua khao sat cac may thi cong bé mit bé tong
bang trong lan, lwa chon B = 15°.

Theo két qua tinh toan Hinh 14, khi D
tang thi S ting. Nhu vdy, néu D tang thi d6 nham
s& giam, tuy nhién néu D qué 16n thi khdi lugng
tréng ldn va may ting 1én, kéo theo do 1a cong
suat dan dong tréng lan tang 1én. Qua khao sat cac
may thi cong bé mit BT bang trong lan va tham
khao may Gomaco C-650, lya chon D =254 mm.

E=

EVAYAYAYA

Hinh 13. Su thay déi thong s6 “S” theo géc

Hinh 14. Sw thay doi thong s6 “S” theo D
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4. KET LUAN

B4o cdo nay trinh bay vé két qua mod
phong va khao sat mot ) thong ) dong luc hoc
cua cum tréng lan khi 1am viéc. Két qua tinh toan
da mo ta duoc cac dac tinh lam viéc cia cum tréng
ln, cho thdy mé hinh d duoc thiét 1ap va viéc lua
chon phuong phép giai 1a hop 1y va kha thi. So véi
cac md phong co hoc va thuy luc don 1€, qua trinh
md phong hé hdn hop s& duoc ra cac thong s truc
quan va linh hoat hon, ddng thoi két qua mo phong
hop 1y va dang tin cay hon. Khao st cac yéu t6 anh
hudng dén ché do lam viéc ciia cum tréng lan thiét
bi thi cong mit dudng BTXM, thiy rang kha ning
lam phang mat duong BTXM cua trong lan phu
thudc chu yéu vao van toc di chuyén Xe con va van
tdc goc ciia trong lan. Cac két qua clia nghién ctru
nay c6 thé cung cap tai lidu tham khéo cho thiét ké
két cau, khai thac sir dung may c6 hiéu qua. Ngoai
ra, c6 thé 1am co s& co s¢ dé xac dinh cac thong )
1am viéc hop 1y ctia cum tréng lin trong diéu kién
thi cong thuc té & Viét Nam.

Hudng phat trién tiép theo ctia bai bao 1a
xdy dung duogc bai toan tdi vu dé xac dinh cac
thong s6 hop 1y ctia cum tréng lan thiét bi thi cong
mat duong BTXM véi chi tiéu chi phi nang lugng
nho nhat dap tng dugc cht luong mit dudng
BTXM theo thiét ké. <
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SIMULTANEOUS OPTIMIZATION OF MATERIAL REMOVAL RATE
AND SURFACE ROUGHNESS IN ULTRASONIC
VIBRATION-ASSISTED EDM OF HARDOX 500 USING NSGA-II
AND MABAC

TOI UU HOA BPONG THOI NANG SUAT BOC TACH VAT LIEU VA QO NHAM
BE MAT TRONG GIA CONG TIA LUA PIEN CO HO TRG RUNG PONG SIEU AM
TREN THEP HARDOX 500 BANG PHUONG PHAP NSGA-II VA MABAC

Tran Huu Danh', Nguyen Cong Danh? Mai Tat Loi *, Vu Ngoc Pi‘, Nguyen Manh Cuong*”
'Vinh Long University of Technology Education (Long Chau ward, Vinh Long province)
2Vinh Long Vocational College (Phu Quoi commune, Vinh Long province)
*Vinh University of Technology Education (Truong Vinh ward, Nghe An province)
*Thai Nguyen University of Technology, Thai Nguyen University
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ABSTRACT

In this study, a multi-objective optimization framework is proposed for ultrasonic vibration-
assisted electrical discharge machining (UV-EDM) of HARDOX 500 steel. The main objectives
are to simultaneously maximize the material removal rate (MRR) and minimize the surface
roughness (Ra), which represent productivity and surface quality, respectively. Experimental data
were modeled using Gaussian process regression (GPR), and the optimization problem was solved
with the Non-dominated Sorting Genetic Algorithm I (NSGA-1I) to generate a Pareto front of
trade-off solutions. To support decision-making, the Multi-Attributive Border Approximation area
Comparison (MABAC) method was applied to select the most balanced solution from the Pareto set.
The results demonstrate that the proposed NSGA-II-MABAC hybrid approach effectively identifies
optimal machining parameters, providing a favorable compromise between high MRR and low Ra.
The evolution of Pareto fronts across generations confirmed the convergence behavior of NSGA-
11, while the knee-point analysis further validated the trade-off characteristics. This integrated
framework offers a robust methodology for achieving simultaneous productivity and surface
integrity in ultrasonic-assisted EDM of hard-to-machine materials such as HARDOX 500, and it
can be extended to other advanced machining processes.

Keywords: Ultrasonic vibration-assisted EDM; HARDOX 500 steel; Multi-objective
optimization, Material removal rate (MRR), Surface roughness (Ra); NSGA-1I; MABAC.

TOM TAT
Nghién civu nay dé xudt mét khung t6i wu héa da muc tiéu cho qud trinh gia cong tia liva dién

vét liéu thép HARDOX 500 c6 hé tro rung déng siéu am (UV-EDM). Céc muc tiéu chinh la dong
thoi t6i da héa nang sudt béc tach vt liéu (MRR) va toi thiéu héa dé nham bé mat (Ra), dai dién
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lan lwgt cho nang sudt va chat lwong bé mat. Dik liéu thuc nghiém dwoc mo hinh hoa bdng Gaussian
Process Regression (GPR), va bai todn t6i wu dwoc gidi bang gidi thudt di truyén phén logi khong
tréi NSGA-II dé xdy dung bién Pareto cdc nghiém déanh doi. Dé hé tro ra quyét dinh, phwong phdp
MABAC (Multi-Attributive Border Approximation area Comparison) dwoc dp dung nham chon ra
nghiém can bang nhat tir tdp Pareto. Két qua cho thdy cdch tiép cin lai NSGA-II-MABAC dé xudt
dd xdc dinh hiéu qua cdc théng sé gia cong téi wu, mang lai s thoa hiép hop Iy giita MRR cao va
Ra thdp Qud trinh tién héa cac bién Pareto qua cdc thé hé khang dinh kha ning hi tu ciia NSGA-
II, dong thoz phan tich diém goi (knee -point) xac nhan ro rang dac trung danh doi. Khung tich hop
nay cung cdp mét phirong phdp tiép can manh mé dé dat dong thoi ndang sudt va chat Zu’ang bé mat
trong EDM ¢6 hé tro siéu am tren vit liéu khé gia cong nhir HARDOX 500, va c6 thé mé réng cho

cdc qud trinh gia céng tién tién khdc.

Tw khoa: Gia cong tia lra dién cé hé tro rung déng siéu am,; Thép HARDOX 500; Téi uu
hoa da muc tiéu; Nang suat boc tach vat lieu (MRR),; Do nham bé mat (Ra); NSGA-1I; MABAC.

1. INTRODUCTION

Electrical discharge machining (EDM)
has been widely applied for machining
difficult-to-cut materials, yet its performance
is often constrained by issues of low material
removal rate (MRR), poor surface integrity, and
inefficient debris evacuation. To overcome these
limitations, UV-EDM has been extensively
explored, as the introduction of ultrasonic
vibration can enhance debris removal,
improve flushing efficiency, and stabilize the
discharge process. For instance, Wang et al.
[1] demonstrated that the use of longitudinal
and torsional ultrasonic vibrations in deep-hole
EDM effectively suppressed taper formationand
enhanced debris motion. Similarly, Zhang et al.
[2] clarified the mechanisms of debris removal
during ultrasonic EDM drilling, showing
improved machining stability compared to
conventional EDM. Yin et al. [3] proposed a
novel EDM method using longitudinal-torsional
vibration electrodes for micro-holes, reporting
substantial improvements in machining quality
and efficiency.

At the micro-scale, Chenxue et al. [4]
investigated bubble behavior under ultrasonic
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vibration in EDM, confirming the role of
cavitation in stabilizing discharges. Li et al. [5]
explored two-dimensional ultrasonic circular
vibration (UCV) electrodes for micro-EDM and
revealed better surface integrity, while Li et al.
[6] earlier established that UCV electrodes can
significantly improve micro-hole machining
performances. Lei et al. [7] extended the
concept by applying laminated electrodes in
UV-EDM of enclosed microgrooves, which
improved dimensional accuracy and machining
throughput. These works emphasize that
ultrasonic vibration, whether applied to the tool,
workpiece, or electrode, fundamentally alters
discharge conditions and enhances machining
outcomes.

Beyond machining mechanisms, hybrid
processes have been explored. Han et al. 8]
investigated  ultrasonic  vibration-assisted
powder-mixed EDM of TiN ceramics and
reported improved surface finish with enhanced
MRR. Lin et al. [9] earlier demonstrated that
combining EDM with ultrasonic vibration
and abrasive jet machining could improve
machining efficiency, while Prihandana et al.
[10] analyzed micro-powder suspension and

ultrasonic vibration in dielectric fluid, validating &
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Taguchi-based optimization to enhance micro-
EDM performance. More recently, Dong et
al. [11] employed thermodynamic simulations
and experiments to evaluate vertical UV-
EDM, confirming its potential for machining
hard alloys. These studies highlight diverse
configurations of UV-EDM and the continuous
trend toward hybridized processes.

Theoretical and numerical modeling
has also contributed to understanding process
mechanisms. Singh et al. [12] presented finite
element modeling of ultrasonic vibration-
assisted EDM, providing insights into discharge
energy distribution, while Shervani-Tabar et
al. [13] investigated simultaneous ultrasonic
vibration of tool and workpiece, showing
synergetic effects on machining stability. Such
studies provide a foundation for predictive
modeling and optimization in UV-EDM.

Despite these advances, challenges
remain in systematically optimizing multiple
conflicting performance measures, particularly
in machining advanced materials such as
HARDOX 500 steel, known for its high hardness
and wear resistance. While prior works [1-6,
10-13] demonstrate improvements in either
productivity or surface quality, few studies have
considered simultaneous optimization of MRR
and Ra under UV-EDM conditions. Moreover,
while multi-objective evolutionary algorithms
like NSGA-II have been applied in EDM
contexts, limited research has combined them
with multi-criteria decision-making (MCDM)
methods such as MABAC to identify the most
balanced solution from the Pareto front. This
creates a research gap in developing a hybrid
optimization and decision-support framework
tailored for UV-EDM of HARDOX 500.

Therefore, the objective of this study is
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to address this gap by integrating GPR-based
modeling with NSGA-II for multi-objective
optimization, and applying the MABAC
method for decision support. Specifically, the
goals are to simultaneously maximize MRR
and minimize Ra in UV-EDM of HARDOX
500 steel. By combining evolutionary
optimization with decision-making analysis,
this work contributes a robust methodology
for enhancing both productivity and surface
quality in machining ultra-hard steels, while
providing a systematic framework extendable
to other advanced EDM processes.

2. METHODOLOGY
2.1.NSGA-II for Multi-Objective Optimization

The NSGA-II is one of the most widely
applied evolutionary algorithms for solving
multi-objective optimization problems due
to its elitist mechanism, fast non-dominated
sorting, and crowding distance-based diversity
preservation. Inthis study, NSGA-IIisemployed
to optimize two conflicting objectives in UV-
EDM of HARDOX 500 steel: maximizing the
MRR and minimizing the Ra.

Thealgorithmbegins withtheinitialization
of a population of candidate solutions generated
within the ranges of machining parameters (pulse
on-time, pulse off-time, discharge current, gap
voltage, and vibration amplitude). Each individual
solution is evaluated using GPR surrogate models
that predict MRR and Ra from the process
parameters.

The main steps of NSGA-II are as follows:
1) Fast Non-dominated Sorting: The

population is ranked into multiple Pareto fronts
based on non-dominance relationships.
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2) Crowding Distance Assignment: To
maintain diversity, the crowding distance of
each individual in a front is computed.

3) Selection: A binary tournament
selection based on Pareto rank and crowding
distance is used to select parents.

4) Crossover and Mutation: Offspring
solutions are generated through simulated
crossover and Gaussian mutation.

5) Elitism: Parents and offspring are
merged, and the best individuals are selected to
form the next generation.

Through iterative evolution, NSGA-
IT converges to a Pareto-optimal front that
represents the trade-off set of machining
solutions balancing Ra and MRR.

2.2. MABAC for Multi-Criteria Decision
Making

The MABAC method, introduced by
Pamucar and Cirovic in 2015, is employed
to rank the Pareto-optimal solutions obtained
by NSGA-II. Unlike classical multi-criteria
decision-making (MCDM) methods, MABAC
ranks alternatives based on their relative
distances to a defined “border approximation
area”, thereby allowing a robust and
interpretable decision process.

The MABAC procedure consists of the
following steps [14]:

*Step 1: Build the initial decision-
making matrix

1"11 e rlj Ten rln
X: rl was rij was rin (1)

rml . rmj . rmn .

Where: m is the number of alternatives
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and n is the number of criteria.
*Step 2: Normalize the decision matrix

For each criterion, the normalized
values are calculated as:

% I'jj — T
ba — ———— 2
Iy g )

1 1

+

+ _ Lij T
= 3
rl] r.‘—r:" )

i i
In which,1=1,2, ...,.mand j=1,2, ...,n.
Equation (2) is applied for criteria MRR, and
(3) is applied for Ra. Also, r,” = max(r,, 1,,....r, )
and r; = min(r, ,,...,r_).

*Step 3: Compute the weighted
normalized matrix

Vij = Wj + Wj X 1";]- 4)

*Step 4: Calculate the border

approximation area for each criterion

1/m

g = (IM2yvy) 5)

*Step 5: Determine the distance of each
alternative from the border approximation area

dij = Vij — 8i (6)
Where:1=1,2, ...mand j=1,2, ...,n.

*Step 6: Calculate the total distance for
each alternative

Si=XL;qji=1.2....m ()

*Step 7: Rank the alternatives by
maximizing S.
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3. EXPERIMENTAL WORK

Figure 1 illustrates the experimental
setup employed in this study. All machining
experiments were performed on a Sodick
A30 CNC EDM system, which was modified
to integrate a high-power ultrasonic vibration
module. The integration of ultrasonic vibration
aimed to enhance spark stability, improve
dielectric flushing efficiency, and promote
more effective debris evacuation during the
machining of hard materials such as HARDOX
500 steel.

Figure 1. Experimental setup

Ultrasonic vibrations were generated
using an MPI WG-3000 ultrasonic generator
(MPI Ultrasonics, Switzerland) with a rated
power of 3000 W. These vibrations were
transmitted through an RPS-5020-4Z ultrasonic
transducer operating at a frequency of 20 kHz
and a nominal power of 2000 W. To efficiently
transfer vibratory energy into the machining
zone, a custom-fabricated titanium horn was
employed. The horn provided -consistent
vibratory motion at the tool-workpiece
interface, which is critical for maintaining
uniform spark distribution and enhancing the
dielectric flushing mechanism.

The tool electrode used was HK2
graphite, selected due to its excellent electrical
conductivity and favorable wear resistance in
EDM applications. The dielectric fluid was Diel
MS 7000 (Total, France), a commercial EDM oil
chosen for its stable discharge characteristics and
high thermal resistance. The workpiece material
was HARDOX 500 steel, a quenched and
tempered alloy known for its high hardness and
abrasion resistance. Cylindrical specimens were
prepared to facilitate uniform flushing conditions
and consistent surface roughness evaluation.

Two performance indicators were
considered as the output responses: MRR
and Ra. The MRR was determined using
the gravimetric method, which offers high
precision and reproducibility in EDM research.
Prior to machining, each specimen was cleaned
with ethanol, dried with warm air, and weighed
using an analytical balance with a resolution
of 0.1 mg. Following machining, the same
cleaning and drying procedure was repeated
before reweighing. The MRR (g/h) was
calculated as:

MRR — mhe[ore_mafter . 3600 (8)
t

Where: m, . and m__ represent the
masses of the workpiece before and after
machining (g), and t is the machining time (s).

The Ra of the machined surfaces was
measured using a Mitutoyo SV3100 surface
roughness tester. To ensure reliability and
representativeness, three measurements were
taken at different positions along the external
cylindrical surface of each specimen, and their
average was reported as the final Ra.

The experimental design was based
on the Box—Behnken Design (BBD), which
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is particularly suitable for response surface
modeling involving  multiple variables
while minimizing the number of required
experimental runs. Five input parameters were
selected for investigation: A, T , T ., IP, and
SV. Each parameter was studied at three levels
(low, medium, high), with ranges determined
through preliminary trials and bounded by
the operational limits of the EDM system and
ultrasonic module.

The complete experimental matrix,
along with the measured responses of MRR
and Ra for each run, is presented in Table 1.

4. RESULTS AND DISCUSSION

4.1. Performance of GPR Models

GPR models were developed to predict
the machining responses Ra and MRR from the
five input variables (A, T , T ., IP, and SV).
The predictive accuracy of the models was first
evaluated using training and five-fold cross-
validation datasets. For Ra, the GPR model
achieved an R? of 0.95 on training and 0.59 on
cross-validation, indicating that although the
model fit the experimental data well, predictive
accuracy under unseen data conditions was
moderately limited. In contrast, the MRR
model yielded R? values of 0.94 (training)
and 0.86 (cross-validation), demonstrating
robust predictive capability. The predicted
versus actual plots (Figure 2) confirm that GPR
provides reliable surrogates for subsequent
optimization, particularly for MRR.

Table 1. Experimental matrix and measured responses (MRR and Ra)

No. A (um) T, (us) | T, (ns) IP (A) SV(V) |MRR (g/h)| Ra(um)
1 1.2 8 12 10 5 3.346 3.353
2 1.2 16 12 10 5 1.482 6.569
3 5.2 8 12 10 5 3.119 3.198
4 5.2 16 12 10 5 1.228 5.711
5 3.2 12 8 5 5 1.210 7.220
6 3.2 12 15 5 3.665 6.764
7 3.2 12 16 5 5 1.317 6.462
8 3.2 12 16 15 5 4.013 7.260
9 3.2 12 10 4 3.293 3.175
10 3.2 12 10 6 3.211 3.201
11 3.2 16 12 10 4 1.572 5.889
12 3.2 16 12 10 6 1.416 6.588
13 1.2 12 8 10 5 3.474 5.418
14 1.2 12 16 10 5 3.850 4.492
15 5.2 12 8 10 5 4.073 5.444
16 5.2 12 16 10 5 3.832 4.959
17 3.2 12 12 5 4 1.347 6.339
18 3.2 12 12 5 6 1.274 5.968
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19 3.2 12 12 15 4 3.732 6.726
20 32 12 12 15 6 4.167 7.312
21 3.2 8 10 5 4.216 3.430
22 3.2 16 10 5 3.290 3.256
23 3.2 16 8 10 5 1.391 7.280
24 3.2 16 16 10 5 1.360 5.313
25 1.2 12 12 5 5 1.351 6.730
26 1.2 12 12 15 5 3.943 7.595
27 5.2 12 12 5 5 1.243 6.099
28 5.2 12 12 15 5 3.993 8.799
29 32 12 10 4 4.010 5.790
30 3.2 12 10 6 4.069 5.019
31 3.2 12 16 10 4 4.046 5.287
32 3.2 12 16 10 6 4.041 5.479
33 1.2 12 12 10 4 3.759 4.408
34 1.2 12 12 10 6 3.746 5.259
35 5.2 12 12 10 4 3.853 6.312
36 5.2 12 12 10 6 3.811 5.564
37 3.2 8 12 5 5 1.444 2.965
38 32 8 12 15 5 3.364 3.850
39 3.2 16 12 5 5 0.969 7.694
40 3.2 16 12 15 5 1.566 12.089
41 3.2 12 12 10 5 3.733 4.483
42 3.2 12 12 10 5 3.829 4.919
43 3.2 12 12 10 5 3.822 5.483
44 3.2 12 12 10 5 3.799 5.032
45 3.2 12 12 10 5 3.764 5.455
46 3.2 12 12 10 5 3.775 4.785
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Figure 2. Predicted versus actual values of (a) Ra and (b) MRR using GPR models
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4.2. Pareto Front Generation Using NSGA-II

To provide a clear overview of all
experimental results, Figure 2 illustrates the AHP
Score for each experiment, with the best-performing
configuration (Rank 1) highlighted in red.

Final Pareto Front with Knee Point

3.8 4 i a4 46
MRR (/)

Figure 3. Final Pareto front with identification of
the knee-point solution

The NSGA-II was applied to
simultaneously minimize Ra and maximize
MRR. Over 100 generations with a population
size of 50, NSGA-II demonstrated consistent
convergence. The Pareto front obtained (Figure
3) reveals a distinct trade-off relationship:
lower Ra values are achievable at the expense
of reduced MRR, and vice versa. This trade-off
reflects the inherent conflict between surface
quality and productivity in EDM. The spread
and density of solutions indicate that NSGA-
IT effectively preserved population diversity,
thereby enabling a comprehensive exploration
of the solution space.

4.3. Selection of Optimal Solution Using MABAC

While the Pareto front provides
multiple non-dominated alternatives, decision-
making support is required to identify the
most balanced solution. The MABAC method
was employed to rank Pareto solutions based
on their relative distances from a defined
border approximation area. Results showed
that the optimal solution selected by MABAC
corresponded to machining parameters of
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approximately A = 3.90 um, T _ = 9.08 ps,
T ,=8.18 us, [P=11.63 A, and SV =532V,
yielding Ra = 3.92 um and MRR = 4.73 g/h.
This solution prioritizes higher productivity
with a moderate compromise in surface quality
compared to the knee-point solution.

4.4. Knee-Point Analysis

In addition to MABAC, the knee-point
of the Pareto front was identified using the
chord distance method (Figure 3). The knee-
point represents the most balanced compromise
between the two objectives. The selected knee
solution achieved Ra = 3.31 um and MRR =
4.19 g/h. Compared with the MABAC solution,
the knee-point emphasized improved surface
quality at the cost of slightly lower material
removal rate. This confirms the complementary
roles of MABAC and knee-point analysis: while
MABAC selects the best-ranked alternative
based on a global decision matrix, the knee-point
provides a purely geometric criterion for balance.

4.5. Discussion

The results confirm that the integration
of NSGA-II with MABAC provides a systematic
and effective decision-support framework for
UV-EDM optimization. The Pareto front clearly
illustrates the conflict between Ra and MRR
in machining HARDOX 500, while the use of
GPR ensures efficient and accurate evaluation
of candidate solutions. The MABAC solution
highlights  productivity-oriented optimization,
whereas the knee-point emphasizes balanced
surface quality. Together, these approaches offer
valuable flexibility to decision-makers, depending
on whether production throughput or surface
integrity is prioritized. Importantly, the proposed
framework can be generalized to other hard-to-
machine materials and hybrid EDM configurations,
demonstrating its broader applicability in advanced

manufacturing optimization.
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5. CONCLUSION

In this study, a hybrid framework
combining GPR, the NSGA-II, and the
MABAC method was developed and applied
to the UV-EDM of HARDOX 500 steel. The
following conclusions can be drawn:

1) GPR models provided accurate
predictive capability for both Raand MRR, with
the MRR model showing particularly strong
generalization performance, thereby enabling
efficient surrogate-assisted optimization.

2) NSGA-II successfully generated a
well-distributed Pareto front, highlighting the
trade-off relationship between minimizing
surface roughness and maximizing material
removal rate. Convergence analysis using
the hypervolume indicator confirmed the
robustness of the optimization process.

3) The MABAC method effectively
ranked Pareto solutions and identified an
optimal set of parameters (A= 3.90 um, T =
9.08 ps, T ;= 8.18 ps, [P= 11.63 A, SV = 5.32
V), yielding Ra~3.92 um and MRR = 4.73 g/h.
This solution emphasizes higher productivity
with a moderate compromise in surface quality.

4) Knee-point analysis provided an
alternative compromise solution (Ra~3.31 pm,
MRR = 4.19 g/h), which favors surface quality
at the expense of slightly reduced productivity.
The complementarity of MABAC ranking and
knee-point selection highlights the flexibility of
the proposed framework in decision support.
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LILAMA 10 ting toc trén cong trweong Ho chira nwée Canh Tang

6 chira nudc Canh Tang 1a mot trong nhiing
Hcf)ng trinh thity 1oi trong diém cua khu vuc

Bic Bo, ¢o y nghia dac bi¢t quan trong
trong viéc cung cip ngudn nudc tudi tidu, cip nudc
sinh hoat, phat trién san xuat néng nghiép va giam
thiéu nguy co i lut cho hang chuc nghin ho dén.
Dy an truée day thudce dia phan tinh Hoa Binh ci,
hién nay thudc tinh Phu Tho. Trong tong thé du 4n
quy md 16n nay, Cong ty C6 phan LILAMA 10 dam
nhiém mot trong nhitng hang muyc ky thuat then
chét — gia cong, ché tao va lap dat hé thong duong
dng D1700, D1600, dong vai trod truc tiép trong viéc
dan va diéu tiét nudc ciia toan bo cong trinh.

N& luc trén cong trudong — diu 4n ciia tinh than
LILAMA 10

Ngay sau khi nhan ban giao mat bang va
hop dong thi cong, LILAMA 10 di nhanh chéng
huy dong ddi ngii k¥ su, cong nhan lanh nghé cing
hé théng thiét bi, may moéc hién dai dé trién khai
cong viéc theo ding tién d6 va yéu cau ky thuat. Tai
Nha may ché tao thiét bi va két cAu thép Ha Nam,
hang trim tin 6ng thép c6 dudng kinh 16n duoc gia
cong, kiém dinh nghiém ngit va van chuyén dén
cong trudng trong diéu kién dia hinh mién ndi phirc

tap.

Doi ngii cua LILAMA 10 da chieng minh nang luc vieot troi
trong linh vyc co khi — lap mady cong nghiép va thiy loi.
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Tinh dén thoi diém hién nay, tap thé can bo,
k¥ su va cong nhan LILAMA 10 da dat dugc nhiing
két qua an tuong:

« Hoan thanh vén chuyén va lap dat 622 tin
thiét bi duong ng;

* Pat 65% khdi lugng cong viée theo hop
dong goi thau;

« Pam béo tuyét ddi an toan lao dong, tudn
thii cac tiéu chuan k¥ thuat va tién do dé ra.

Viée thi cong hé thong duong éng & 16n
v6i yéu ciu cao vé k¥ thuat han, d6 chinh xéc trong
lap dat va kha ning chiu 4p Iuc 16n 1a thir thach
khong nho. Dic biét, dia hinh cong truong chu yéu
1a viing ban son dia, nén dat yéu, diéu kién thi cong
phirc tap, thoi tiét thay doi that thuong, doi hoi su
phdi hop chit ch& giita cac bd phan va tinh than
lam viéc khan truong, ky luat. Tuy vay, doi ngii
cua LILAMA 10 da vugt qua moi kho khan, ching
minh nang lyc vuot trdi trong linh vyc co khi — la'ip
may cong nghiép va thiy loi, cling nhu kha nang
dam nhan nhirng dy 4n 16n c6 yéu ciu k§ thuit cao.

Hang muc trong diém — yéu t6 quyét dinh van
hanh céng trinh

Trong cau trac tong thé cua HO chira nuéce
Canh Tang, hé théng duong éng D1700, D1600
dong vai tro nhu “mach dan” ciia toan bd cong
trinh. Pay 1a phan viéc truc tiép dam bao kha ning
cAp nude, diéu tiét luu luong va duy tri dn dinh ap
Iie nudc trong sudt qua trinh van hanh. Moi sai léch
nho trong han, ghép ndi hay dinh vi déu co thé anh
huodng dén chat lugng, tudi tho cua cong trinh va
hiéu qua sir dung nudc.

Nhén thtc rd tim quan trong d6, LILAMA
10 da trién khai quy trinh kiém soat chat lugng
nghiém ngit theo tiéu chuan ISO 9001:2015, tir
khau chon vat lidu, han, kiém tra siéu 4m mdi ndi,
thtr 4p, cho dén qua trinh lap dit tai hién truong.
Mbi cong doan déu dugc giam sat va nghiém thu
chit ché, bao dam chat lwong cao nhét, d6 bén tbi

da va an toan tuyét doi.
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Khéng chi chi trong dén yéu t6 k¥ thuat,
LILAMA 10 con coi trong viéc bao v€ moi truong
va an toan lao dong trong sudt qua trinh thi cong.
Cac bién phap an toan dugc thyc hién nghiém tuc,
tir kiém tra thiét bi, huin luyén dinh ky cho cong
nhén, dén quan ly vat tu, chét thai, dam bao khong
gdy anh huong dén hé sinh thai khu vuc.

Theo quy hoach, hd Canh Tang dugc xay
dung trén song Sao — con song duy nhét con du
diéu kién khai thac ngudn nudc trong ving. Khi
hoan thanh, cong trinh s& cip nudc tudi truc tiép
cho 2.230ha dit nong nghiép, tao ngudn tudi cho
4.230ha dét canh tac thudc 13 xa cta hai huyén Lac
Son va Yén Thuy (nay thudc tinh Phi Tho). Day Ia
khu vyuc chiu anh hudng nang né boi tinh trang han
han, thiéu nudc kéo dai nhiéu nim qua.

Thuc té, vung ban son dia nay c6 dién
tich canh tac 1én dén 24.235ha, nhung chi khoang
12,5% dugc tudi ti€u chi dong. Viéc dua cong trinh
H6 chira nudc Canh Tang vao van hanh khong chi
gitip 6n dinh san xudt nong nghiép, ting ning suit
cdy trong, ma con cai thién doi sbng ngudi dan, tao
diéu kién phat trién thiiy san, du lich sinh thai va
cong nghiép nong thon.

Ngoai ra, cong trinh con c6 chlic nang
diéu tiét 1ti, bd sung ngudn nudc sinh hoat va cong
nghiép, gop phan dam bao an ninh ngudn nudc cho
khu vue trung du Bic Bo. Py ciing 1a du 4n co tac
dong tich cuc dén phat trién kinh té — xa hoi bén
virng, gin véi muc tiéu thich Gmg bién ddi khi hau
va st dung tai nguyén nudc hi¢u qua.

“Ky ludt — An toan — Chat lwong — Hiéu qua” - Kim chi
nam trong moi hoat dong cua LILAMA 10 — tir nha may

ché tao dén cong trueong thi cong.

cokhivietnam.vn

Quyét tim hoan thanh dung tién d9, dong hanh
cung phat trién dia phuwong

Trong sudt hanh trinh hon 40 ndm phat trién,
LILAMA 10 da ghi ddu 4n trén hang loat cong trinh
trong diém quéc gia, tir thuy dién, nhiét dién, dau
khi, cong nghiép nang dén cac du an ha tang k¥
thuat va dan dung. Nhiéu cong trinh nhu Thiy dién
Hoa Binh, laly, Son La, Lai Chau, Nha may Nhiét
dién Thai Binh 2, Dung Quat, Nghi Son... d khing
dinh ning luc vuot troi va vi thé hang ddu ctia doanh
nghiép trong linh vuc co khi — lip may Viét Nam.

Viéc tham gia thi cong duong 6ng Ho chira
nudc Canh Tang tiép tuc 1a minh chimg cho kha
ning lam chu céng nghé, quan 1y tién do va dam
bao chét luong thi cong cua LILAMA 10. Bang kinh
nghiém tich lily qua hang tram du an 16n, doanh
nghiép ludén duy tri triét 1y hanh dong: “Ky luat —
An toan — Chét luong — Hiéu qua”. Day khong chi
12 khau hiéu ma d3 tré thanh kim chi nam trong moi
hoat dong ciia LILAMA 10 — tir nha may ché tao
dén cong trudng thi cong.

Trude yéu cau cap bach vé tién do cua du
an, tap thé can bo, k¥ su va cong nhan LILAMA
10 dang nd luc 1am viéc lién tuc, t6 chire céc ca thi
cong linh hoat, vira dam bao an toan, vira dap ung
ké hoach ciia chu du tu. Tat ca déu hudng toi muc
tiéu hoan thanh toan bo khdi lwong cong viéc dung
tién do, chat lugng va an toan tuyét dbi, dong gop
vao thanh cong chung ctia du an.

Khi Hb chira nudc Canh Tang hoan thanh va
duogc dua vao khai thac, cong trinh khong chi mang
lai hiéu qua thiét thyc cho ngudi dan dia phuong
ma con khang dinh vai trd, uy tin ciia LILAMA 10
trong viéc tham gia xay dung nhing cong trinh thuy
loi, ha ting mang tam qudc gia.

Vi tinh than trach nhiém cao, ¥ chi ctia nhiing
nguoi “linh thg LILAMA?”, cung nang luc ky thuat da
duoc khang dinh qua nhiéu nim, LILAMA 10 tiép tuc
khang dinh vi thé 1a doanh nghlep hang dau trong linh
vuce co khi — lap may, gop phan quan trong vao cong
cudc hién dai hoa ha tang, phat trién kinh té& — x3 hoi va
bao dam an ninh ngudn nude cho dat nudc.
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