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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 Phong vién thuong tra:
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48 wang

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

NGHIEN CUPU THIET KE CHE TAO KENH HO CO DAP TRAN BE
KHAO SAT PHUONG TRINH NANG LWONG BERNOULLI

RESEARCH ON DESIGN AND MANUFACTURE OF OPEN CHANNEL WITH
SPILLWAY TO INVESTIGATE BERNOULLI ENERGY EQUATION

TS. Dwong Pé Tai'", ThS. Nguyén Thi Thach Thao?
'Truong Pai hoc Tran Pai Nghia (Truong S quan K thuat quéan sy)
Trudng Pai hoc Bach Khoa, Pai hoc Quéc gia Thanh phd H6 Chi Minh

*Email: duongdetai@gmail.com
TOM TAT

Nghién ciru trinh bay két qua thiét ké ché tao mé hinh kénh hé c¢é gan ddp tran hinh thang
nham khao st ddc tinh nang lirong dong chay dwa trén phwong trinh nang lwong Bernoulli. Puwa ra
quy trinh khdo st anh huéng ciia mot sé yéu té dén ton that ning lwong dong chdy qua dap tran.
Két qua nghién ciru c6 thé dwoc vmg dung trong viéc giang day cdc mén hoc Co lwu chat, Thity lirc
bdc dai hoc, dong thoi hé tro cdc nghién ciru vmg dung cia giang vién lién quan dén phdn tich va

16i wu nang heong dong chdy trong cdc cong trinh thiy.

Tir khoa: Phuong trinh Bernoulli; Dong chay kénh hé khéng dp; Pdp tran hinh thang; Ton

that nang lwong.
ABSTRACT

This study presents the design and manufacturing of an open channel model equipped with
an isosceles trapezoidal spillway to investigate flow energy characteristics based on the Bernoulli
energy equation. The effects of several factors on flow energy loss through the spillway were
examined. The findings contribute to undergraduate teaching in Fluid Mechanics and Hydraulics,
and support applied research by lecturers on the analysis and optimization of flow energy in

hydraulic structures.

Keywords: Bernoulli energy equation; Free-surface open channel flow, Trapezoidal weir;

Energy loss.
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1. PAT VAN DE

Co hoc luu chét (CLC) 1a moén hoc co
sO quan trong trong chuong trinh dao tao k¥
thuat va dang duoc giang day pho bién tai cac
truong dai hoc ¢ Viét Nam va thé gidi. Di ciing
v6i viée nghién ctu 1y thuyét, dé giup sinh vién
hiéu 16 hon vé cac hién tuong vat Iy caa dong
chay, vi¢c xay dung cadc mo hinh thi nghiém,
mo phong dong chay 14 can thiét. Nhiéu truong
ky thuat trén thé giéi di trang bi phong thi
nghi¢m Co luu chét cho sinh vién thuc hanh
[1]. Tuy nhién, tai Viét Nam, ) luong phong
thi nghiém nay con han ché do tinh chat phirc
tap cta thiét bj va chi phi 16n [2].

Tur thé ki 18, D. Bernoulli va L. Euler
da dat nén méng viing chac cho nganh Co hoc
lvu chit ngay nay thong qua phuong trinh
Bernoulli - mt cong cu quan trong trong viéc
phan tich cac dai lugng dong chay nhu luu
lwong, ap sut va ning luong.

Xuat phat tir nhu cau giang day va thuc
hanh mén Co hoc luu chét tai cac truong dai
hoc ky thuat, chung t6i da nghién ciru, thiét ké
va ché tao mo hinh kénh hé ¢ gin dap tran dé
khao sat dac tinh nang lugng dong chay theo
phuong trinh Bernoulli, dong thoi thuc hién
céc thi nghiém dé danh gia kha niang tmg dung
ctia mo hinh.

2. PHUONG PHAP NGHIEN CUU
2.1. Co s6 Iy thuyét

Phuong trinh Bernoulli cho dong chay
Iy tuong c6 dang:

2

z+2+% = const (2.1)
Yy 2g

Trong d6: z, ply, v*/2g, z + p/y + u?/2g

cokhivietnam.vn

lan lugt 1a vi ndng, 4p ndng, dong nang va co
nang don vi.

Pbi v6i luu chét thyc, dong chay xét
dén d6 nhot cia chat luu, ma sat bé mat giira
Iy chit va thanh ran gy ra ton that nang lugng
dong chay. Khi xét truong hop riéng cho chét
1ong, vi van toc dong chay thong thuong khong
qua 16m, t6n that niang luong chu yéu bi giy
ra bdi hién tuong “budc nhay thuy luc” — xay
ra khi dong chay co tiét dién thay d6i dot ngot
(gap vat can trong long dong chdy), phuong
trinh Bernoulli cho doan dong chay tir mit cit i
dén mat cit j dugc viét dudi dang tong quat nhur
sau:

at”iz _ pj' ai”?
29 zj +—=+ 2— + hfi—j (2.2)

Trong do: o, o la hé s6 dong nang tai
cac mit cat i, j; o = 1 neu dong chay roi; o = 2
néu dong chay tang Trong thuc té, cac dong
chay da phan 1a rdi, nén chon a =~ 1; h. . la ton
that nang luong dong chay di tir mat cat i dén
j. Phuong trinh Bernoulli (2.2) thudng dung dé
xac dinh ton that ctia dong chay.

2.2. Thiét ké mé hinh dong chay

Trong kénh hd, ton that nang luong cta
dong chay chii yéu xay ra tai ving “budc nhay
thiry luc”. Viée bd sung vat can dé thay doi tiét
dién dong gitp quan sat truc quan sy bién doi
cua dong chay qua vat can. Vi vdy, viéc chon
mo hinh kénh hé dé ché tao 1a phu hop. Dong
chay trongkénh hd 1a dong khong ap, dugc phan
lam hai loai: dong chay déu va khong déu [4-5].
Dong chay déu khi cac thong sb luu luong, mat
cat udt, dd doc day va d§ nham khong doi theo
thoi gian va doc theo kénh. Néu mot trong cac
diéu kién nay khong dam bao, dong chay s& tro
thanh khong déu trén mot doan nhat dinh [4].
Nguyén nhan pho bién giy ra dong khong
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déu 1a do vat can trong 1ong kénh nhu dép tran,
khién muc nudc dang 1én, hodc do thay do6i do
doc day 1am d¢ sau dong chay bién doi [4-5].

Nhu vay, viéc thiét ké mo hinh kénh ho
c6 dong chay khong déu s& giup mo phong sat
v6i cac diéu kién thuc té dong chay thudng gip
trong ty nhién. Tu do, nhom nghién ctru lya
chon phuong 4an dat vat can hinh thang trong
1ong kénh chir nhat dé tao su thay doi tiét dién
dong chay. Kénh nuéc dugc cdu tao bai bon
phan chinh (Hinh 2.1):

+ Thung nudc hoi, trong d6 dit may
bom dé dua nudc 1én kénh thong qua duong
6ng dan. Trén duong ong dan co thiét ké van
diéu tiét luu lwong nudce 1én kénh dan.

Hinh 2.1. Mé hinh kénh nwoc

+ Nu6c khong truc tiép dua 1én kénh
dan, ma dua 1én thung lang, trén d6 c6 lap cac
tdm chin song, dé giam dao dong cua nudc,
dam bao nudc khi ra kénh dan ludén duoc on
dinh. Tam chin song nay lam tir ludi c6 6 nho
gdm 10 16p dit cach déu nhau. Nudc dugc dua
vao day thing, sau d6 dang lén, di qua cac tim
chin song, gitip mau chong triét tiéu cac hién
tuong nhiéu dong.
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Hinh 2.2. Mé hinh vdt can

+ Kénh c6 dang hinh hop chir nhat, kich
thude 1.6 x 0.2 x 0.2 (m?). Vi tri cach dau ra
cua kénh 0.4m dat vat can hinh thang (Hinh
2.2).

+ Tai dau ra cua kénh co thiét ké hé
thong dap chan nudc (bo tran), dung dé dicu
tiét myc nude ha luvu.

3. KET QUA VA THAO LUAN
3.1. Két qua thiét ké va ché tao

Trén co s¢ ban vé thiét ke, nhom nghién
ctru tién hanh gia cong, ché tao céc chi tiét:

+ Khung — gia & kénh (Hinh 3.1); trén
khung c6 lip bd phan dé thay doi d6 nghiéng
kénh. Cubi khung lip dat hé thong dap tran co
thé thay ddi do cao dua vao truc vit.

+ Hé théng kénh nudc (Hinh 3.2a) bao
gém: Kénh hinh chir nhat, thanh kénh duoc lam
tir mica trong suét day 12mm. Thuong luu cta
kénh duoc lip vao ngudn cip nude tir thung
lang (Hinh 3.2b). Muc nuéc ¢ ha luu duoc diéu
tiét boi dap tran (Hinh 3.3c).

+ Bom chim cong suét 75W, luu luong
t6i da: 7000 lit/gio, co thé tiy chinh luu lwong
duoc dat o thung nude hoi. Hé thong tao thanh
mot chu trinh tuan hoan khép kin.

cokhivietnam.vn
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Hinh 3.2. Kénh sau khi ché tao

Sau khi ché tao, lép rap mo hinh, nhém
tac gia tién hanh chay thr nghiém, quan sat
dong chay. Hiéu chinh d6 can bang cua kénh
nude dé dam bao kénh nudc ludn duoc dit &
vi tri ndm ngang bang thudc can bang. Sau khi
dong chay da o6n dinh, nhom tién hanh thyc
nghi¢m do d6 cao muc nudc tai dau ra va tai
cac mit cat cia kénh, tir d6 xac dinh ton that
cua dong chay theo cong thuce (2.2).

cokhivietnam.vn

3.2. Quy trinh thuc nghiém

Trén co s& kénh dong chay da duogc
thiét ké va ché tao, nhom tac gia tién hanh dua
ra quy trinh thuc nghiém cho kénh dong chay,
dé phuc vu cho viéc nghién ctru va giang day
nhu sau:

Hinh 3.3. Mt cat dong chay

1) Xac dinh vi tri cac mat cit trén kénh
kinh tmg véi cac diém tir 1 dén 6 theo thir tu tir
thuong luu dén ha Iuu bac nhu Hinh 3.3.

2) bo fi(f) cao day kénh Z . tuong ung
v6oi cac mat cat tir 1-6, va d§ cao mat thoang
nudc h, tinh tir ddy kénh twong ng tai cic mat
cit.

3) Giir luu lugng khong d6i, chinh muc
nude ha lwu khac bang canh diéu chinh do cao
dinh bo tran. Poi dong chay trong kénh 6n
dinh, 13p lai cac budc do Z va h.

Vian tdc trung binh tai mat cét i:
Q
Vi =
A;
Véi: A la dién tich mat cit udt i.
T6n that nang luong giira hai mat cat i

va j dugc xac dinh nho 4p dung phuong trinh
Bernoulli:

v b
hfi_jr' = (Zi + 5) — (Zj -— 5) (3.2)
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4. KET LUAN

Viéc thiét ké mo hinh dong chay ho c6
tiét dién thay doi c6 y nghia thyc tién trong viéc
giang day moén Co hoc luu chat. Sinh vién c6
thé truc tiép quan sat dong chay, do muc nudc,
u’ng dung phuong trinh Bernoulli dé tinh toan
t6n thit niang luong dong chay. Ngoai ra, san
pham nay con gitp cac gido vién co thé tién
hanh nghién ctru do dac thyc nghiém dong chay,
xéc dinh ton that ning luong cua dong chay qua
cac vat can khac nhau va anh hudng cia mot sd
yéu t6 nhu hinh dang vat can, nham bé mit 1én
dong chay. Day la nhing van dé phtic tap va
can dugc tiép tuc nghién ctru. Vi kénh nay, c6
thé so sanh dugc sy sai léch giira két qua tinh
toan sb so véi két qua thyc nghiém.
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TIM HIEU MOT SO TiNH CHAT CUA VAI DET KIM
ANH HUONG DEN VIEC THIET KE MAU RAP

A STUDY ON THE PROPERTIES OF KNITTED FABRICS
INFLUENCING PATTERN MAKING

Tran Thi Minh, Nguyén Thi Van, Pham Vin Quyén
Khoa Cong ngh¢ May va Thoi trang, Truong Dai hoc Su pham K§ thuat Hung Yén
Email: minhtt1982@gmail.com;
vannguyenll12@gmail.com;
quyen96.utehy@gmail.com

TOM TAT

Trong bai bdo nay, nhém tdc gia tdp trung vao nghién ciru mét sé tinh chat vé dé day, thanh
phcfn va do gian cua 3 mau véi kiéu dét khdc nhau va dwoc thue hién 03 mau ap dung theo TCVN
1755:1986;, TCVN 8041: 2009, ISO6330. Muc tiéu cua nghién cuu nhom tac gia tap trung nghién
ciru vao 3 logi vai cu thé véi thanh phdn, do day, va do co gian khac nhau, nham tim ra sw bién doi
cia vdi ¢é dnh hwong nhie thé ndo dén viéc lam mau rdp phuc vu cho qud trinh lam mau. Bai béo
sir dung phirong phdp nghién ciru phan tich thire nghiém trén co sé khado sat 3 mau vai va dwoc sir
dung phan mém Microsoft Excel dé tong hop va tinh todn. Tir nhitng két qua cho thdy cdc két qua
cdc thi nghiem vé dé co gian, thanh phdn va do day cua ba logi vai dét kim voi cac tiéu chuan danh
gid nhu ISO 6330 va AATCC 135, ta tién hanh diéu chinh théng s6 mau rdp theo diing yéu cau ciia
khach hang.

T khéa: Thanh phan; B¢ gidn; DY day; Mau rdp.
ABSTRACT

Inthis article, the authors focus on studying several properties such as thickness, composition,
and elasticity of three fabric samples with different knitting types. The study was conducted on three
samples based on standards TCVN 1755:1986, TCVN 8041:2009, and ISO 6330. The research aims
to analyze the variations in three specific types of fabrics with different compositions, thicknesses,
and elasticities to determine how these fabric changes affect the pattern-making process. The article
employs an experimental analysis method by surveying three fabric samples, using Microsoft Excel
for data compilation and calculation. The results from the experiments on elasticity, composition,
and thickness of the three knitted fabrics — evaluated using standards such as ISO 6330 and AATCC
135 —enable adjustments to pattern - making parameters in accorvdance with customer requirements.

Keywords: Composition, Elasticity, Thickness; Pattern-making.
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1. GIOI THIEU

Hién nay trén thé gioi, linh vuyc thiét ké
thoi trang va mau rdp da phat trién manh mé,
v6i nhiéu cong trinh nghién ciru lién quan dén
anh huong cua tinh chét vai dén quy trinh thiét
ke.

Céc nghién clru nudc ngoai da di sau
vao vi¢c phan tich dac tinh vai nhu do co gian,
do day, do bén, tinh hép thu nudc, va kha nang
thoat hoi am ciia nhiéu loai vai khic nhau.
Chang han, nghién ciru tir cac truong dai hoc &
Anh va My di chi ra rang tinh chét co hoc cia
vai anh huong tryc tiép dén viéc thiét ké mau
va quéa trinh san xuat thoi trang. Cac nghién
ctru tai My, dac biét tr Vién Cong nghé Thoi
trang [1] (Fashion Institute of Technology), da
tap trung vao vi¢c hiéu rd hon vé mbi quan hé
giita tinh chat vai va k¥ thuat cat mau.

Mot s cong trinh tiéu biéu nhu cua [2]
Albers & Gray (2018) di chi ra rang cac yéu t6
nhu d6 bén kéo, do co gian va do nén cua vai
dong vai tro quan trong trong viéc diéu chinh
mau rap. Nghién ciru nay nhin manh rang viéc
hiéu rd tinh chit co hoc cuia vai khong chi gitip
cai thién mau rdp ma con gitp t6i vu hoa cac
budc cit may va tao form quan 4o.

Tai Viét Nam da c6 rat nhiéu cong trinh
nghién ctru vé linh vyc thoi trang va thiét ké
mAu rip tiéu biéu trong nhimg nim gan diy
nhu: [3] TS. Cao Thi Kién Chung nam 2020
“Nghién ctru mot s6 didc trung cua vai to tam/
visco vao thiét ké thoi trang”, tac gia da nghién
clru mot sd dic trung anh huong dén thiét ké
trang phuc, ngoai ra viéc nghién ctru chuyén
sdu vé mdi lién hé giita tinh chat vai va quy
trinh thiét ké mau rap con khéa han ché. Mot
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s6 trudng dai hoc va co s nghién ctru vé may
mic, thiét ké thoi trang da tién hanh cac cong
trinh lién quan dén vai va mau rap, nhung phan
16n céc nghién ctru chi dung lai ¢ viéc phan tich
tinh chét vat ly va hoa hoc cua céc loai vai ma
it cha trong dén mdi quan hé v6i qua trinh thiét
ke.

Trong nganh cong nghiép thoi trang va
may mic, viéc thiét ké mau rap chinh xac va t6i
uu 1a mot bude quan trong, anh huong tryuc tiép
dén chit lugng san pham ciing nhu hiéu qua
san xudt. Mau rap 1a co s¢ dé dinh hinh cac san
pham thoi trang, dam bao rang quan do duoc
cit va may dung theo yéu cau thiét ké va form
dang. Tuy nhién, mot trong nhiing yéu t6 quan
trong nhat nhung lai it dugc chu y dang mirc
trong qua trinh thiét k& mau rap 1a tinh chat cia
véi. Su khéc biét vé cac tinh chat co hoc nhu do
co gidn, do day, 4o bén, va tinh hiit Am cua timg
loai vai c6 thé anh hudng manh mé dén viéc tao
hinh mAu rap va qua trinh san xuét.

Do vay, viéc nghién ctru vé “Tim hiéu
mdt s6 tinh chat cua vai dét kim anh huong dén
viéc thiét ké miu rap” 1a vo cung cip thiét. Dé
tai khong chi dap Gmg yéu cau thuc tién cia
nganh may mic Viét Nam ma con gop phan vao
viéc t6i wu héa quy trinh san xuit, nang cao
chat lugng san pham va ting cuong kha ning
canh tranh quéc té.

2. THUC NGHIEM
2.1. Pbi twgng nghién ctru
Trong bai bao, nhoém téc gia tap trung

vao nghién ctru 3 mau vai c6 thanh phan vai va
dd co gian, d§ day khac nhau dugc thé hién &

bang 1.
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Bdng 1. Bang théng tin mau

STT = Kiéugge | KV hiéw - Thanh
'3 Mau phan
Ml
95%
1 Ribs cotton 5%
polyester
M2 75%
cotton
2 Interlock . 25%
polyester
M3
. 100%
3 Single Jersey ' cotton

2.2. N¢i dung nghién ciru

Nghién ctru stir dung 3 mau vai c6 thanh
phan nhu trong bang 1 dé tién hanh khao sat vé
do day, thanh phﬁn, c6 dd co gian. Dé tir d6 tim
ra duoc luong ting hay giam mau nhim dap
mg yéu cau ctia thong s ma khach hang cung
cap.

2.3. Phuong phap nghién ciru

Bai bdo st dung phuong phéap thuc
nghiém va phuong phap xir 1y s liéu dé xéac
dinh mot s6 tinh chat cua véi. Noi thuc hién thi
nghi¢ém 1a phong thi nghiém cta Cong ty Dét
Nhuom Jasan va Phong Thi nghi¢ém Khoa Cong
ngh¢ May va Thoi trang - Truong Pai hoc Su
pham K§ thuat Hung Yén. Tong Cong ty May
10, theo chuan: TCVN 1755:1986; TCVN
8041: 2009, ISO6330.

2.3.1. Xac dinh dj day cuia vai

Thiét bi st dung: Thudc do do day co
ban chinh xac 0,01mm, méi mau vai duoc thuc

hién 3 14n, theo tiéu chudn TCVN 5071:2007.

LM HEERNEE
ifmsEraen
W, N |

\

Hinh 1. Hinh anh do thiét bi d day cia vii.
2.3.2. Xac dinh dj co gian

Bdng 2. Bang kich thuéc mau

Kich thuéc mau thir (dai x Sé

STT r@ng) luo'ng
Miul | Mau2 | Mau3 | mau
50x50 | 50x50 | 50x50

Tiéu chuan ap dung: TCVN 1755:1986;
TCVN 8041: 2009, ISO6330.

- Mau thir dwoc ldy cach dau cudn vai
tir 6 — 7 (m), cach bién vai tir 30 — 50 (cm).

- Chuén bi mau tht véi kich thude 50 x
50 (cm).

- Dudng mau thir kich thuéc 35 x 35
(cm).
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|

A

Hinh 2. May sdy Y(B) 743 Tumble dryer

Hinh 3. Thiét bi kiém tra co rit giat
2.3.3. Xdc dinh thanh phan ciia vii

Noi thuc hién thi nghiém vé thanh phan
cua vai Phong Lab Tong cong ty May 10; dugc
ap dung theo ti€u chuan: ISO/TR 11827:2012,
TCVN 5465:20009.
3. KET QUA VA BAN LUAN
3.1. Két qua do day caa 3 loai vai

Mdi miu vai duge tién hanh thuc nghiém

3 1an Theo tiéu chuan TCVN 5071:2007, duoc
ghi nhan véi két qua nhu sau:
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a. Vai 1 (vai tring):

Lan 1: M1 = 1,60 mm;
Lan2: M2 = 1,58 mm;
Lan 3: M3 = 1,57 mm.

M1+M2+M3  1,60+1,58+1,57

My, = p S = 1,58 (mm)
b. Vii 2 (vaii cam):
Lan 1: M1 = 1,68 mm;
Lan 2: M2 = 1,70 mm;
Lan 3: M3 = 1,70 mm.
My = M1+l\;2+M3 _ 1,68+1,:0+1,70 1,69 (mm)
¢. Vai 3 (vai tim):
Lan 1: M1 = 1,80 mm;
Lan 2: M2 = 1,82 mm;
Lan 3: M3 = 1,82 mm.
My, = M1+1V;2+M3 _ 1,80+1,:2+1,82 = 1.81 (mm)
PO DAY
1.85
1.8
1.75
1.7 mdj day

1.65
1.6

1.55
1.5
1.45 >

Vai 1 vai 2 Vai 3

(mm)

Hinh 4. Biéu dé so sanh do day cua 3 loai vai

Tir két qua v6i do day lan luot 1a 1,58
mm, 1,69 mm, va 1,81 mm thudc phan loai vai
day va can co sy diéu chinh khi thiét ké mau
rap dé dam bao sy vira van va tranh cac van dé
vé cop dudng may nhiéu 16p ¢ cac vi tri nhu:

vai con, nach...
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3.2. Két qua thanh phan cia 3 loai vai

Noi thyc hién thi nghiém vé thanh phan
ctia vai Phong Lab Tong cong ty May 10; duoc
ap dung theo tiéu chuan: ISO/TR 11827:2012,
TCVN 5465:20009.

- MAu vai M1 (vai tring): Voi thanh
phan 95% cotton, 5% polyester;

- Mau vai M2 (vai cam): Véi thanh
phan 75% cotton, 25% polyester;

- MAu vai M3 (vai tim): Vi thanh phan
1a 100% cotton.

3.3. So sanh d¢ gian cua 3 loai vai

Mdi mot loai vai duogc tién hanh thi
nghiém hai 1an. Theo tiéu chuan ISO 6330 vé
thir nghiém gidt va bao dudng cho hang dét:
Ddi voi vai dét kim, d6 co rat trong pham vi tr
-3% dén -5%, vi cac loai vai nay c6 xu hudng
co lai khi giit va sdy.

a. Miu vii 1 (vai tring):

- Su thay ddi kich thudc theo chiéu dai:

Lin1: Uy = &3729 4 100% = -2.8%
Lin2: Uy= E5) ¢ 100% = -2.8%
uTb — M — _2_8%

- Thay d6i kich thtrc theo chiéu rong:

Lin1: Uy = (252;25%: 100% = 0%
Lin2: Up= &2 ¢ 100% = 0%

0+0
Uth — T =0%

b. Mau vai M2 (vai cam):

- Su thay d6i kich thudc theo chiéu dai:

Lin1: U; = &22729 ¢ 100% = -8.4%
Lin2: Uy= (232‘5253:{ 100% = -8.0%
U = [—8.4];—[—8.0] _ -82%

- Sy thay d6i kich thudc theo chiéu rong:

Linl: Uy = %x 100% = -3.6%
Lin2: Up= 229+ 100% =-3.2%
U = [—8.4)+[—8.0] _ _3 4%

2
¢. Méu vai M3 (vai tim):

- Su thay d6i kich thudc theo chiéu dai:

Lin1: Uy = $25729 £ 100% = -9.6%
Lin2: Uy= 2425 4 100% =-10.4%
U = (—9.6}1-2(—10.4) _ _10%

- Sy thay dbi kich thudc theo chiéu rong:

(24.4—25)

Lan1: Uy = x 100% = -2.4%

(24.3-25)

Lan2: U, = x 100% =-2.8%
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up, = 2D ) 6og

PO CO GIAN

%
15
10
5
0 I I

Vai 1

vai 2 Vai 3

W Co dgc ®Congang

Hinh 5. Biéu do so sanh do co gian cua 3 logi vai

Vai 1 dat yéu cau voi mirc co rat ¢ chiéu
dai 13 -2,8% va khong c6 co rit & chidu rong.
Diéu nay chimg té vai 1 c¢6 kha ning giir kich
thude t6t sau gidt va sdy, phu hop dé sir dung
cho cac san pham yéu cau d6 6n dinh cao.

Vai 2 va vai 3 khong dat yéu cau, do
mirc d6 co rat qua 16n & chiéu dai, 1an luot 1a
-8,2% va -10%. Ca hai loai vai nay déu vuot
qua giéi han co rat cho phép cia tiéu chuan
ISO 6330, dan dén nguy co bién dang kich
thudc sau gidt va siy, khong dap ung duoc yéu
cau vé do 6n dinh cho cac san pham chét luong

cao. Vi 1 ¢6 su thay doi vé kich thudc khong
dang ké, va co thé str dung cho san xuét. Vai 2
va vai 3 d3 vuot qua murc tiéu chuan do d6 can
diéu chinh thong s6 mau rap trudc khi dua vao
san xuat.

3.3. Két qua diéu chinh théng s6 miu

Dua trén két qua céc thi nghiém vé do
co gidn, thanh phan cta vai va do day cua ba
loai vai (vai 1, vai 2, va vai 3), cung vdi cac tiéu
chuan danh gia nhu ISO 6330 va AATCC 135,
ta tién hanh diéu chinh thong s 4o T-Shirt ma
hang PPK303027. Viéc tinh toan dya trén cong
thirc:

Hé sb diéu chinh = Kich thudc ban dau
x [1 + D3 co/gian(%)]

Cong thic nay cho phép diéu chinh
kich thu6c thiét ké ban dau nham bu ddp cho
su thay doi kich thudc thyuc té cia vai sau khi
gidt va say. Tir do, cac thong sé dugce toi wu hoa
dé dam bao san pham hoan thién dat yéu cau vé
kich thudc va chit luong theo tiéu chuan cua
ma hang. Puoc thé hién & cac bang sau:

Bdng 3. Mau vai 1

. x 1.z | Pdco(%) | Py giin (%) | Thong | Cong thirc | H¢ so
STT Vi tri Thanh I()llé?n/ kicu Co | Co | Giian | Gian | s6theo | diéu chinh | diéu
) doc | ngang | doc | ngang | taili¢u | kich thwée | chinh
Rong nguc
D 18 V2 x[1
1
1 dlIO’ll’I’laCh Cotton pha 2.8 0 0 0 18 ¥4 - 0%] 18,5
Polyester
J’_
2 Ha eo i 28| 0 | 0 0 16 | 10X 64s
A """5-,:." 2,8%]
v ! ’r'
3 Rong eo w?l n 2,8 0 0 0 17 Y 177 x [1 17,5
ong AR ’ : +0%] ’
A 2 19 15 % [1
1
4 Rong gau 2,8 0 0 0 19 % - 0%] 19,5
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5 Ha nach do
vudng
6 Rong ctra
tay
Dai tay do 3
7 X
diém
8 Chom vai
9 Xuoi vai
10 Rong vai
Rong tic
11 trude dudi
dau vai 5 %7
Rong trc sau
12 | dudi dau vai
5 1/2”
Dai than
13 trudc tu
dinh vai
Rong co tir
14 duong may
dén duong
may
Sau ¢ trudce
15 | dén duong
may
Sau ¢b sau
16 | dén duong
may
Vong )
17 | kéo cang toi
thiéu
18 Thong sd
day dét BTP

8 Yax[1+
3
2,8 8 %4 2.8%] 8,99
5% x[1+
3
2,8 5% 0%] 5,75
13 % x[1
3
2,8 13 % T 2.8%] 14,14
Yax [1+
1
2,8 Va 2.8%] 0,26
1% x[1+
1
2,8 1'% 2.8%] 1,16
14 x[1+
2,8 14 0%] 14
122 x[1
1
2,8 12 T 0%] 12,5
13 % x[1
3
2,8 13 % T 0%] 13,75
26 x[1+
2,8 26 2.8%] 26,73
8 Vax[1+
1
0 8 Va 0%] 8,25
4 x[1+
1
0 4 0%] 4,5
1 x[1+
0 1 0%] 1
24 x[1+
0 24 0%] 24
9 x[1+
0 9 0%] 9
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Bdng 4. Mau vai 2

X x .z | DPdco(%) | Dogiin (%) | Thong | Cong thirc | HE sb
STT Vit | [hanh ggj‘“/ kieu = T Co | Gian | Gian | s6 theo | didu chinh | didu
) doc | ngang | doc | ngang | taili¢éu | Kich thwéc | chinh
Rong nguc . 18 12 x [1
1 Jusi néch 17 82| 3,4 0 0 18 % 3.4%] 19,13
16 x[1+
2 H 2 4 1 17,31
aeo 8, 3, 0 0 6 8.2%] 7,3
R 17 % % [1
1
3 Rong eo 82| 34 0 0 17 V2 1 3.4%] 18,09
. 19 72 x[1
n £ .
4 Rong gau 82| 3,4 0 0 19 2 3.4%] 20,16
Cotton pha
Polyester ,
i +
s | Handchdo 82 | 34 | 0 0 g | SAXIIY g4
vuong — A 8,2%]
Rong ctra U ; \l! s S¥ax[l+
6 tay 4""'!-; e | 82| 34 0 0 5% 3.4%] 5,95
Dai tay do 3 Interlock 3 13 %<1
7 didm 82 | 34 0 0 13 % 8.2%] 14,88
A : Yax [1+
1
8 Chom vai 82 | 34 0 0 Va 8.2%] 0,27
P . 1 1/8 % [1 +
1/8
9 Xudi vai 8,2 3,4 0 0 1 8.2%] 1,22
R . 14 x [1 +
10 Rong vai 8,2 34 0 0 14 3.4%] 14,48
Rong uc 1
11 | trude dudi 82 | 34 0 0 12 127 %1 12,93
A : 2 + 354%]
dau vai 5 2
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Rong vrc sau 13 % [1
12 | dudi dau vai 8,2 3,4 0 0 133 * o 14,22
51, +3,4%]
Dai than
+
13 trude tu 82 | 34 0 0 26 268 Xz(;l] 28,13
dinh vai e
Rong co tir
duong may . 8Uax[1+
14 dén duong 0 0 0 0 8 Va 0%] 8,25
may
Sau cb trude .
15 | dén duomg o o | o 0 | 4w (APXUE s
may 0%]
S@ucf) sau 1 x[1+
16 denn(li;/ong 0 0 0 0 1 0%] 1
Vong ¢
£ +
17 | kéo cang tdi 0o 0o | o 0 24 | 2420 24
thiéu 0%]
Thong sb 9x[1+
18 day dét BTP 0 0 0 0 ? 0%] ?
Badng 5. Mdu vai 3
. x 1.z | Pdco(%) | Py giin (%) | Thong | Cong thirc | H¢ so
STT Vi tri Thanh I()lléfn/ kicu Co | Co | Giian | Gian | s6theo | diéu chinh | diéu
) doc | ngang | doc | ngang | taili¢u | kich thwée | chinh
Rong nguc . 18 2 x[1
U1 qui nach 17 10026 101 0 1 187 1 )6y | 1898
Cotton pha
Polyester
16 x [1+
2 Ha eo e .gfq;'.f.{ 10 | 2,6 0 0 16 10%) 17,6
‘:F Ij. b S -{h
3| RO Tt 00 10 26 | 0 o 17w | 7AXI 706
ong €o =y e I.".: . 2 + 2,6%] .
A % 19 %5 x [1
1
4 Rong gau 10 2,6 0 0 19 1 2.6%] 20,01
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Ha nach do
vudng

Rong cua
tay

Dai tay do 3
diem

Chom vai

Xuoi vai

10

Rong vai

11

Rong trc
trudce dudi
dau vai 5 57

12

Rong trc sau
dudi dau vai
5 1/2”

13

Dai than
trudce tur
dinh vai

14

Rong cb tir

duong may

dén duong
may

15

Sau co trudc
deén duong
may

16

Sau co sau
deén duong
may

17

Vong co
kéo cang toi
thiéu

18

Théng sb
day dét BTP
(inch)

10 | 26 o | 8y S 3/;(;, /(E]l "1 963
10 | 2,6 0o | 5w |0 ?;/E} T 589
10 | 2,6 0 | 13% 113140;)51 15,13
10 | 2,6 0 v %1E<£j]+ 0,28
10 | 26 0 1y | ! l/foxo /(E]l 124
10 26 0 14 1‘;;0[/3]+ 14,37
10 | 26 0 | 12% lf ;/jg /0[]1 12,83
10 | 26 0 | 13% 1+3 ;‘g A)[]l 14,12
10 | 2,6 0 26 2613(5] T 286
0| o o | su |8 %0;)51 T o805
0| o o | 4y | * 1/20:/051 T a5
0 0 0 1 ! S(y[ol] T

0 o 0 2 24(; /(E]l T4
0 o 0 9 |7 (X)(g] Tl
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4. KET LUAN

Dua trén két qua cac thi nghiém vé do
co gidn, thanh phan va do day cua ba loai vai
(vai 1, vai 2, va vai 3), cung voi cac tiéu chuin
danh gia nhu ISO 6330 va AATCC 135. Viéc
tinh todn dya trén cong thirc da tim ra dugc hé
s6 diéu chinh thich hop cho 3 mau vai voi cong
thie diéu chinh nhu sau:

Hé sb diéu chinh = Kich thudc ban dau x
[1 + D3 co/gian(%)]

Cong thirc nay cho phép diéu chinh
kich thu6c thiét ké ban diu nham bu dép cho
su thay d6i kich thudc thuc té cia vai sau khi
gidt va sdy. Tir d0, cac thong s6 duoc tdi vu hoa
dé dam bao san phém hoan thién dat yéu cAu vé
kich thudc va chit lugng theo tiéu chudn cia
ma hang tai mdot s6 vi tri co ban nhu:

cokhivietnam.vn

- P41 véi céc kich thude chiéu ngang
(nhu rong nguc, rong eo, rong gau, rong vai):
Ap dung do co ngang;

- Pbi v6i cac kich thude chiéu doc (nhu
ha eo, dai than, dai tay): Ap dung do co doc.<*

Ngay nhan bai: 23/7/2025
Ngay phan bién: 14/8/2025

Tai liéu tham khao:

[1]. Cac nghién ctu tai My, dac biét tor Vién
Cong ngh¢ Thoi trang (Fashion Institute of
Technology).

[2]. Albers & Gray (2018).

[3]. TS. Cao Thi Kién Chung, nam 2020, “Nghién
ctru mét s6 dic trung cua vdi to tam/ visco vao
thiét ké thoi trang”.
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MO HINH TOAN VA PHUONG PHAP GIAI BAl TOAN BAN BON
TRONG HE THONG PIEU KHIEN HOA LU’C SUNG MAY PHONG
KHONG TREN XE CHIEN DAU

MATHEMATICAL MODEL AND METHOD OF SOLVING THE PROBLEM OF
INTERCEPTION IN THE FIRE CONTROL SYSTEM OF ANTI-AIR MACHINE GUNS
ON COMBAT VEHICLES

ThS. Hoang Vin Pang, TS. Nguyén Nam Quy, ThS. Nguyén Vii Hoai Nam
Khoa Vi khi, Hoc vién K¥ thudt quan sy
Email: nng26021983@gmail.com

TOM TAT

Trong qud trinh diéu khién héa lyc sing mdy phong khong trén xe chién ddu can gidi quyét
hai bai todn quan trong, mét trong sé do la xdc dinh cac goéc dan hiedng dam bao cho dan chuyén
déng theo diing quy dao can thiét dé ban triing muc tiéu, bai todn con lai la tim kiém thudt todn diéu
khién d@é dwa sing tai thoi diém dan ra khoi nong vé diing vi tri twong iing véi cdc goéc dan huéng
dd dwoc xdc dinh. Bdi toan dau tién chi duoc gidi quyét khi xac dinh dwoc chinh xdc toa do trong
khéng gian cia diém ban dén. Bai bdo nay dé cdp cach thiét ldp mé hinh todn va dwa ra phwong
phdp gidi bai todn bin don dp dung trong hé thong diéu khién héa lic cho sing mdy phong khong
ldp ddt trén xe chién ddu trong cd hai truong hop khi xe chién dau ditng yén va khi dang hanh tién.

T khéa: Diém bin don; Hé thong diéu khién hoa liwc; Sing mdy phong khéng.
ABSTRACT

In the process of controlling the fire of an anti-aircraft machine gun mounted on a combat
vehicle, two critical problems must be addressed. One is determining the lead angles to ensure that the
projectile follows the correct trajectory to hit the target. The other is developing a control algorithm
to move the gun, at the moment the bullet leaves the barrel, to the exact position corresponding to
the previously determined lead angles. The first problem can only be solved once the coordinates
of the aiming point in space are accurately determined. This paper discusses the formulation of a
mathematical model and presents a method for solving the aiming problem, applicable to the fire
control system of anti-aircraft machine guns mounted on combat vehicles, in both stationary and
moving conditions.

Keywords: Interception point, Fire control system; Anti-aircraft machine gun.
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1. PAT VAN PE

Trong qué trinh diéu khién hoa luc cin
giai quyét hai bai toan quan trong, mot trong sd
d6 1a xac dinh cac goc dan huéng dam bao cho
dan chuyén dong theo dung quy dao can thiét dé
bén trang muc tiéu, bai toan con lai 13 tim kiém
thuat toan diéu khién dé dua sing tai thoi diém
dan ra khoi nong vé dung vi tri tuong tmg véi cac
goc dan hudng di dugc xac dinh. Bai toan dau
tién dugc goi 1a bai toan bén dén, con bai toan thr
hai duoc goi 14 bai toan dan hudng [1-3].

Viéc gidi quyét bai toan dau tién bao
gom cac budc sau day:

- Tinh toan cac toa do diém ban don
trong khong gian theo cac toa do hi¢n thoi cua
muc tiéu va quy luat thay doi ciia chung, day 1a
diém ma dan va muc tiéu gip nhau sau khi két
thac thoi gian bay cua dan (thoi gian bian dén);

- Xéc dinh céac goc dan hudng cho sing
trén co so cac toa d§ ban don nhan duogc & trén.

Trong pham vi cua bai bao nay, chiung
ta s& tién hanh thiét 1ap mo hinh toan cia bai
toan ban don trong hé thong diéu khién hoa luc
dbi véi sing may phong khéng trén xe chién
d4u, phan tich va dua ra phuong phap giai bai
toan nay trong cac truong hop khac nhau khi xe
chién ddu dung yén, khi hanh tién va khi muc
tiéu di dong véi toc do thay doi.

2.MO HINH TOAN VA PHUONG PHAP GIAI
BAI TOAN BAN PON TRONG HE THONG
PIEU KHIEN HOA LUC SUNG MAY PHONG
KHONG TREN XE CHIEN PAU

2.1. Thiét 13p mé hinh to4n ciia bai toan ban

dén trong qua trinh diéu khién hoa hre siing
may phong khong trén xe chién dau

cokhivietnam.vn

Néu biét khoang céch hién thoi téi muc
tiéu D thi dé tinh todn céc toa d diém bén dén,
ta can giai tam giac khong gian OAA, (Hinh 1):

D+L =D, (1)

Trong d6, L 1a véc-to ngdm don (quing
dufmg muc tiéu di dugc trong thoi gian dan bay
t6i diém ban dén); D la véc-to khoang cach
ngam don.

Hinh 1. Cdc tham sé vé vi tri twong doi giita muc
tiéu va xe chién dau:
MM, - Duong chuyen dong cua muc tiéu; NN,

- Bzm'ng chuyén dong cua xe chién déau; OA -
Duong ngam; OA - Duong ban; D - Khodng cdch
16i myc tiéu; D - Khoang cdch béin don; H - Bé
cao cia muc tleu H - Bg cao bén dén muc tiéu.

Trong trudng hop chung, tri s6 cua L
duoc xac dinh theo cong thure sau:

fe;
£=_U Vq(l‘)iﬁ: )

Trong d6, V, 14 trj s0 hinh chiéu véc-to
tdc do cia muyc tiéu trén hudng AA ; T, la thoi
gian bin don.

Pé dam bao cho dan gdp muc tiéu thi
thoi gian chuyén dong cua dan va muc ti€u tdi
di€m ban don phai bang nhau, do do:
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szFT(Dyafw,g), 3)
Trong do, F_la ham thuat phong xac
dinh su phu thudc cua th(n glan ban T, Vao
khoang cach bin don, cac yéu to khi tuong va
dia h1nh anh hudng t61 quy dao bay cua dan f
- Hé s dic trung cho anh hudng cua cac yéu to
dia hinh, khi tuong va thuat phong téi quy dao
bay cua dan.

Suy ra, dé xac dinh céac toa do cua diém
ban don can giai dong thoi cac phwong trinh
(1), (2), (3) d6i véi véc-to Dy, tuc la trén co sé
giai phuong trinh:

D+ V#:@}(E)Ff(ﬁ}'rﬂvfj - 5}. = 5(4)

Nhu vay, qua trinh xay dyng thuat todn
giai bai toan ban dén doi hoi phai thiét 1ap
duoc cac phuong trinh dong hoc 1ién hé cac toa
do ban dén muc tiéu voi cac tham sd chuyén
dong cua xe chién d4u va muc tiéu, cling nhu
cac phuong trinh thuat phong lién hé cac dai
luong thuat phong voi cac tham s ban don.
Viéc giai cac phuong trinh trén cho phép nhan
dugc cac mdi lign hé hinh thic xdc dinh cac
goc dan hudng ctia sung dudi dang ham cua cac
dai luong anh hudng t6i quy dao chuyén dong
ctia dan va ctia cac tham sb chuyén dong cua xe
chién ddu va muc tiéu.

2.2. Phwong phap giai bai toan bian dén
trong qua trinh diéu khién héa lyc siing may
phong khong trén xe chieén dau

Viée xéac dinh toa do ban déon muc tiéu
duogc thuc hién trén co s¢ giai phuong trinh
véc-to (4). Dé giai phuong trinh nay, ta sir dung
phuong phap chiéu cac phuwong trinh 1én cac
truc cua mot hé toa do nao do cho phép chuyén
phuong trinh (4) thanh hé phuong trinh vo
hudng.
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Str dung céac hé toa do sau (Hinh 2):

O X, Y Z - H¢ toa d§ vudng goc di
dong gin VO'l xe chlen dau c6 cac truc tao thanh
hé toa do trai (hé toa do trai dat);

0.X,Y,Z, - H¢ toa do vudng goc gin
voi thap phao ctia xe chién ddu va quay so véi
h¢ O XY ,Z, mét goc q, quanh truc O, Z ;

0,&n¢ - Hé toa do vudng goc gin véi
dudng ngam va quay so v6i h¢ O, X,Y,Z, mot
goc ¢ quanh truc O.n;

0, X,Y,Z, - H¢ toa do vudng goc gin
vOi sung va quay so véi h¢ toa do O &nl mot
gbc Bq quanh truc O, va goc o, quanh truc
0,Y;

O XY Z - Hé toa do vudng goc lién
két voi muc tidu.

Hinh 2. Cac hé toa do dwoc ding dé thiét lgp hé
phuwong trinh dong hoc cua bai toan ban don
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2.2.1. Truwong hop xe chién diu ditng yén

Chung ta s& tim khoang cach ban dén
va cac phuong trinh dong hoc déi v6i muc tiéu
dang chuyén dong voi nhimng gia thiét sau:
muc tiéu chuyén dong thang déu, cac tham sd
chuyén dong giit nguyén trong thoi gian bay
cta dan; toc do chuyén dong cua xe V_ = 0.

V6i nhing gia thiét trén thi phuong
trinh véc-to (4) c6 thé duogc viét dudi dang:

D+V,()r, —D, =0, (5)

Trong do, D= DEéz; 5y = DyEX3;

1'7 V, s8x+V, ,;,e,} V,. 8 Vy,; 1a cac thanh
phan cua vée-to toc do cua muc tleu €. - Véc-to
don vi cua truc 1 nao do.

Khi Xac dinh ddu cua cac goc €, va o,
chung ta coi rang chiing duong khi nang duong
ngam (1a am khi ha duong ngam). Céac goc 9
va 3, duoc coi la duong khi quay dufong ngim

sang phai (1a am khi quay duong ngam sang
trai).

Chiéu phwong trinh (5) 1én céc truc cla
h¢ toa d§ O, &ng, ta nhan dugc ba phuong trinh
v huong sau:

Dyexses = Degeg +7p (._th,§e§e§ +Vynenes +Vyreres J
Dyey ey = Degey +7p(Vyy sesen +Vy neney +Vy.cezey),

Dyey ey =Deger +1p (__1'/;!r= zezey +V peper +V, reqer ] .

Goi A, 1a ma tran chuyén tir hé toa do
0,&nC sang hé toa do O, X, Y ,Z,. A la tich cua
hai ma trgn A _va AB:
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cosey, 0 singy || cosf, sing, 0
A=Ay dg=| 0 1 0 - sing, cosp, 0|=
-sing, 0 cosg, 0 0 1
cosa,cosf,  cosnsing, 0
=l - sing, cosf, 0
—sineycosf, —singgsing,  cosa,

Va cha y ring ee, =1 khii=jvaee =
0 khi i # j, ta nhan dugc:
Dycosaycosfiy =D +1ply £.
Dycosaysingy =150y . (6)
Dy sinay, =10, -

Giai hé (6) doi véi cac bién la D, a, va
Bq, ta nhan duoc:

TV,

tmﬁ!ﬁ &5
D+T5V ;

rbV 1
tan & = D V 2

+Tp E

(714
1+ b y.n (7
D+75V:;

D,=(D+ rg,V%ga]\/(l+tana )(1+ tan 57 )

Tiép theo, chiing ta s& tim biéu thirc cac
thanh phan toc d6 ctia muc tiéu qua cac tham s6
xac dmh vi tri ciia vec-to toc do V ,frong hé toa
d6 gin v6i duong ngam.

Hinh 2 thé hién vi tri vec-to toc do V,
cua muc ti€u so voi cac h¢ toa do O &nC va 0O,
X;%Y Z , cac tryc cua h¢ nay gilr nguyén khong
doi tren mit dat, ngoal ra, cac tryc O X, va O,
Y trung vOi mat phang nam ngang.

Trén Hinh 2, h¢ toa do O XY, Z, gin
vO1 muc tiéu va quay so voi hé O X Y Z maQt
goc v (gbe tao boi vec-to te do V01 mat phang
ngang ctia Trai dat) quanh truc 0,Y,,, quay so
voi hé 0,8nC goc q, quanh truc O Z | va goc g,
quanh tryc 0Y,.
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Phuong trinh ma tran dé xac dinh cac
thanh phan cua vec-to V, co thé dugc viet dudi
dang:

Vyx

= A A AWV, ¥

U“w

v,
Vi
V,r V,z

Trong do, A - Ma tran chuyén tir hé
sanghé O X Y Z, sangheOX Y2 AsA, -

yl"yl?
Cac ma tran chuyen tir hé O X Y Z,, sang he

0,&nc.

St dung quy udc xac dinh ddu cac goc
nhur trén ciing nhu cac quy tac bién doi ma tran,
ta xac dinh duoc tich cac ma tran A = AgAqu
nhu sau:

coss, 0 sins,

0 1 0

—sing, 0 coss,

cosq, sing, Ollcosy 0 —sinv
0 1 0

sin g, 0 coss,

A=A 4,4, = - sing, cosg, O =

0 0 1

CUSSW COSCI!JCOSV + SIHSWRHV

- sing,cosv cosg,

CUSS!JSUJQ!; 7CUSE:’ CUSQWSIHV+SIH SWCUSV

= sing, sinv

7511].‘:” COqu’;COSV+ Cos &, SInV 7Slﬂ£!’;Slﬂqq

V1V

sin Sz’ cos q,;sm v+ COSE!JCOSV

= V con V V = 0, nén
biéu thuc cac thanh phan toc do cua muc tiéu
c6 thé duoc viét dudi dang:

Vzgch = V!?{ (COSEI,{ €0S¢,COSV +sIng, sm V);

Vg = v sing,sinv
Loy =L (cosa‘gsm V—sin £, cOs qqcosv) (8)

2.2.2. Trwong hop xe chién diu hanh tién

Céac phuong trinh (7) dung d6i véi xe
chién ddu dimg yén. Trong trudng hop ban khi
hanh tién dé khtr anh huong cua toc dd chuyén
dong cua chinh xe chién ddu téi téc d6 dau
nong cua dan, ciing c6 nghia 1a t6i su thay do6i
quy dao cua dan, thi can dua vao céc luong
hi€u chinh dong hoc.
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Pé tim céac lugng hi€u chinh nay, ta str
dung phuong trinh véc-to:

Ve =Vo+77r, 9)

Trong d6, ¥y =Voex3: Vr = Vrex: V,

- Véc-to toc d§ dau nong cua dan.

Chiéu phuong trinh (9) 1én cac truc cia
hé toa d6 O X Y.Z., ta nhan duoc:

3773

Ve x3=Voexsexs +Vrexiexs.

Ve y3=Voexseys +Vrexieys. (10)
Ve z3 =Voexsezs +Vrexiezs.

Ma tran chuyén tir hé toa do 0.X,Y,

Z sang h¢ toa do O X,Y,Z, dugc xac dinh nhu

sau: Ay = Alﬁg_! A@’E’ trong do:

cosg, 0 sing,
4, =0 1 0 |
—sing, 0 cosg,
cosqgy  singg 0O
4, =|-singg cosqgg  Of;
0 0 1

- Goc nang cua duong ngim so voi
truc doc cua thap phao; q, - Goc hudng cua xe
chién dau (goc quay cua thap phdo).

Str dung cac quy tic bién ddi ma tran va
két hop voi (10), ta nhan dugc:

Vex3s=Wy+¥r (cosaqcosﬁqcos;qcosqgfcoszxq sin f, sing —sina, sin sﬂcosqﬂ],
Veys=-Vr (cosﬁq sing +sin ﬁqcosajcosqs), ( 1 1 )

V.z3="Vr (sinaqcosﬁqcos.sjcosqﬁ +eosay, sing, sin g —sin A sin By sin qg).

Biéu thirc nhan dugc cho phép xac dinh
su thay doi toc do dau nong cua dan trong mat

phing ngang va mit phang thiang ding. Anh &
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hudng cua cic thay d6i nay t6i do chinh xac
ban c6 thé duge tinh téi bang cach dua lugng
hiéu chinh twong tng vao cac goc ngam dong
hoc, cac lugng hi€u chinh dugc xac dinh theo
cac cong thure sau:

Vc,ZS

; B, = —arctan A ,

Ve xs Ve xs
Trong dé a va B_ 1a lugng hi€u chinh
tuong tmg dbi voi goc o, vap,.

o, = —arctan

c

Ngoal ra, toc do V., cua xe chién dau
dang chuyen dong ciing anh huong to1 sy thay
doi téc do dau nong cua dan, dai luong nay co
thé duoc xac dinh tir biéu thirc: OVy=V 4 —
V,, trong do V 1a tbc do dau nong cua dan khi
VT =0.

Do cac dai lugng o, va o, B, va B timg
cip khong phu thuoc 1an nhau nén cac phuong
trinh dong hoc cua bai toan ban don trong
truong hop chung 14 xe chién dau chuyén dong
6 thé duoge viét dudi dang:

G =0y +
B 2)81; + L

D, =(D+ Vu:,;rb]\/(H tana,}f](u anpg). (12)

2.2.3. Trwong hop téc dé muc tiéu thay doi

Tiép theo, chung ta s& thiét 1ap cac
phuong trinh dong hoc ciia bai toan ban dén
trong trudng hop toc d6 ciia myc tiéu thay ddi
theo thoi gian.

Gia thiét rang toc do cua muc tiéu, vi

du, trong mit phang ngang, duoc mé ta boi da
thirc bac n nhu sau:

V,[®)=ag+at+ ot +..+a ",
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Trong do, a, - Cac h¢ s6 ¢b dinh 14 cac
tham sO cua quy luat chuyén dong, gia tri cia
ching dugc xac dinh trén co sé do dac toa do
hién thoi cia muc ti€u trong qua trinh bam.

Gia st rang trong truong hop nay quy
dao chuyén dong ctia myc tiéu 1a mot dudng
thang. Khi do, bﬁng cach st dung so dd tinh
toan toa do diém ngam duoc trinh bay ¢ trén, ta
nhén dugc biéu thire dé tinh toan cac goc ngam
nhu sau:

]:’ v, - ()t

{I!J = ]
D(z3)+f; V., c(t)dt

f: v, (Ot

5, = b :
D(tz)+ fo v, (0)c

Trong do, D(t,) la khoang céach tur xe toi
muc tiéu tai thoi diém ban.

Viéc sir dung cac cong thic trén dé xay
dung thuat toan ngoai suy co nhiéu dic diém
lién quan t6i tinh chét thay ddi toa d6 hién thoi
cuia muc tiéu.

Trong cac hé théng diéu khién t6 hop
phao trén xe chién d4u hién dai thi viéc bam
muc tiéu dugc thuc hién theo goc bdi vi cac dai
luong do dac duoc khong phai 1 cac tham sd
tuyén tinh cia muc tiéu, ma 1a cac tham sb goc.

Str dung phuong trinh lién két co ban
gitra toc do goc va toc do tuyen tinh co the viét:

Vyn® _ag +ayt + att + .+ at”

D(t) D(t) .

(1) =
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Ta s€ sur dung cac ky hiéu sau:

=20, 0= U ;@ 2 )
D(1) D(t) D(1) D(t)
Khi do:

@, (1) = @y + oWt + 0P + .+ oM.

D@ nhan thay rang, khac véi cac tham
s6 chuyén dong tuyén tinh, cac tham s chuyén
dong gbdc cua muc ti€u khong phai 1a cac dai
luong ¢ dinh ma 1a cac ham cua thoi gian.

Thé (13) vao cong thirc tinh goc B, va
thuc hién tich phan, ta nhan duoc:

2 3 n+1 :
_ 0%, ®% m % | D) (14
i e A S TR (n+1)!] D, (19
b
Trong do, D, =D(tg) +].O Vye (H)dr .

Vi cac phuong phap xac dinh cac tham
s6 chuyén dong ciia muyc tiéu déu dugc xay dung
trén co s& vi phan nhiéu 1an toa d6 hién thoi cia
muc tiéu nén vi¢c t1nh goc [3 theo cong thure (14)
luén kém theo sai so phuong phép do sy phu
thudc ctia cac tham sé chuyén dong goc ctia muc
tiéu vao thoi gian. Ngoai ra, tri s6 cia cua cac
sai s6 nay phu thudc dang ké vao khoang toc do
chuyén dong ctia muc tiéu va gia thiét dugc chap
nhan. Thyc Véy, gia str, vi du muc tiéu chuyén
dong véi gia toc khong doi, nghia a V(t) = a, +
a t. Khi do, ap dung phép vi phan dbi voi (13) co
the dé dang thiy rang sai s6 phuong phap trong
xac dinh gia toc goc a, s€ la:

1 [ dD
%()Dﬁ)[ i),

dD r 2 .
Trong do, [EJ la toc do thay doi

khoang cach tir xe té1 muc fiéu trén hudng ngam.
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Tiép theo, chiing ta s& xem xét mot cach
tiép can khac dé xay dung thuat toan ngoai suy
cac quy luat chuyén dong ctia myc tiéu trén co
s¢ tinh toan cac tham s tuyén tinh ctia né tai
nhing thoi diém roi rac.

Gia st rang muc tiéu chuyén dong véi
gia toc khong doi voi goc hudng nhu minh hoa
trén Hinh 3.

Hinh 3. Céch thiét ld@p thudt toan béin dén khi muc
tiéu chuyén dong thang véi gia toc khéng doi

Trong truong hop nay V.=V sinq ,
VL} = V ,cosq vaV =0.Suy ra, phuong tr1nh
goc ngam don B co dang

2
, Ty .
Vytpsingy + a? sin g,

By~ :
Dz_

. (15)

T
Vot cosg) + a?'{’ COsq;

Trong do6, chi sé “2” twong ung voi gia
tri cac dai luong V (t) D(t), va q, (t) tai thoi
diém tién hanh phat ban to.

Nhan thay rang, trong truong hop Vi#
0 thi c6 thé nhan dugc cong thire tinh B tur (15)
bang cach thay thé \A b01 Vi

Gia thiét rang, dé xac dinh cac dai

luong chua biét trong biéu thic (15), ching ta
c0 thong tin vé gia tri cua toc d0 goc o (o, ®,)
u 1 2
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Vé} khoang cach D (D, D)) tai hai thoi diém lién
tiépt vat, =t (t,>t).

Theo so d6 chuyén dong ctia muc tiéu
duoc minh hoa trén Hinh 3, ta ¢6 hai déng thirc
hién nhién sau:

(16)
(17)

oDy =Vsing, ;
a)2D2 = V2 SiIl q2 .

Trong d6, q,=q, +B,; V,=V, +at_;
‘[2_1 = tz— t1'

Két hop véi cac biéu thire dd duoc trinh
bay ¢ trén, ta co thé bién doi (17) vé dang:
wy Dy =Vysin(qy + ) + aty_sing; .

7 Do q>>, nén c6 thé coi rang B, =0, tur
bi€u thirc trén nhan duoc:

asinqz =M. (18)
-1
Thé (18) vao (15), ta tim dugc:
5
Dt @Dy — D) T
ﬁq — e . b + i e qﬂ)l i (19)

D, Djtyy 2°

Trong do, D, 1a mau sb cua (15), nghia la:

2
T
Dy, =D, —| Vprpcosq, + a;bcosqz

Trong phuong trinh trén tién hanh thay
thé V, =V, +at, va ciing coi rang B, = 0, khi
d6 ta nhan duoc:

2
Dy, =D, - [ ViTpe08q + acosqty_17p + a%bcosql - (20)

Ta s€ bicu dién V cosq, va acosq, qua

cokhivietnam.vn

cég dai lugng do dac duoc la o, o, ’Dl, D,.
bé lam diéu nay thi cung vdi viéc chap nhan
gia thiét rang q,=q, ta can str dung hé gom 4
phuong trinh sau:

@D, =V sing) + at,_ysing;;

oDy =V;singy;
@D, _wlDl; Q1)

asing = ;
2-1

2
TH_

Dy — Dy =Vjcosq; + a%cosql.

Giai hé (21) voi déi sb 1a cac dai luong
can tim, ta nhan duoc:
A0 -D)ady 2D -Dy)(@Dy—orDy)

) ql - 2
t2—1(w2D2 +Cz)1D1) (t2—1) (0)2D2 + C()IDI)
Sau khi thé céc biéu thire tim duoc cua
V. cosq, va acosq, vao cong thirc tinh D, ta
nhan duoc:
2
Dy —sz 200Dyt @Dy — el % | (9
fhoy k oDy ta Dy oDy + oDy ty

Bang cach so sanh thuat toan vira nhan
duoc dé xac dinh toa do ban don cuia muc tiéu
1a (19) va (22) voi thuat toan su dung cac tham
s0 chuyén dong goc cua muyc ti€u, ma doi véi
quy ludt chuyén dong dang dugc xem xét thi
cac tham s6 nay c6 dang:

Vicosq; =

D,=D,-

S

h

2
13'}.:13»»—}91_‘02 rb;ﬁqzta’z%ﬂ“@@%J% :(23)

trong do, oD =2"9
-1
3. KET LUAN

Viéce str dung céc gia thiét phirc tap hon
vé quy luat chuyén dong ciia muc tiéu, va cing
v6i d6 1a phai vi phan nhiéu 1an dé xac dinh cac
tham sb ctia n6, dan t6i ting rat manh cac sai sd
phuong phép. Vi vy, biéu thtrc (14) chi duoc
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str dung mot cach han ché dé ngoai suy cac quy
luat chuyén dong phuec tap.

Viéc str dung cac tham sb chuyén dong
tuyén tinh ctia muc :[iéu dé xac dinh BQ,VQ D,
cho phép gidm sai so tinh toan toa d§ ban don
do xéc dinh chinh x4c hon gia tbc chuyén dong
cua muc tiéu, cling nhu do giam dugc sai $b
tinh toi sy thay doi ciia khoang cach t6i muc
tidu trong thoi gian ngam don.

Bai bdo da dua ra mo hinh todn cuia bai
toan bén don trong qua trinh diéu khién hoa lyc
sting may phong khong trén xe chién ddu va
phan tich phuong phap giai bai toan ndy nhim
xac dinh toa do trong khong gian cia diém ban
don trong nhiing truong hop cu thé khi xe chién
d4u dimg yén, xe chién dau hanh tién va khi toc
ddé muc tiéu thay ddi.

Két qua cia bai bao dd duoc ap dung
trong qua trinh 13p trinh phdn mém xic dinh
phan tir ban cia hé thong diéu khién hoa lyuc
cho sung may phong khong 12,7mm dat trén
xe chién dau. Két qua bai bao 1a mot phén noi
dung cia dé tai ma s6 24.TXM.04 do Hoc vién
K¥ thuat quan sy quan ly. <
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TiNH TOAN KHA NANG LAP BAT NONG PHAO 125mm
TREN GIA PHAO 152mm D20

ASSESSMENT OF THE FEASIBILITY OF INTERGRATING A 125mm GUN BARREL
ONTO THE 152mm D20 ARTILLERY MOUNT

TS. Tran Thanh Hai, ThS. Kiéu Duy Thanh
Vién Vii khi, Téng cuc Cong nghiép qubc phong
Email: duythanh.mta@gmail.com

TOM TAT

Nghién ciru nay tdp trung vao viéc tinh todn kha néing lap dat cdc loai nong phao 125mm
2A446M, nong phdo thir nghiém 125mm lén gia phdo 152mm D20. Thong qua viéc sur dung mo hinh
bai todn thudt phéng va mé hinh bai todn ham lii, nghién civu dd xdc dinh cdc théng sé thay doi khi
lcfp dat cdc loai nong phao 125mm dé xac dinh diéu kién én dinh khi ban cac loai dan xuyén vuot
toc va dan né pha ding cho nong phédo 125mm 2A46M. Két qua nghién cieu gitip t6i wu héa thiét ké

va dam bdo an toan khi sir dung phdo dé thir nghiém trong thuec té.
Tir khéa: Nong 125mm 2446M; Phéo 152mm D20; Thiét ké hé thong ham hii.
ABSTRACT

This study focuses on calculating the possibility of installing 125mm 24A46M gun barrels,
125mm test gun barrels on 152mm D20 gun mounts. Through the use of the launch algorithm model
and the recoil problem model, the study has determined the parameters that change when installing
125mm gun barrels to determine the stability conditions when firing high-velocity armor-piercing
and high-explosive shells for the 125mm 2A46M gun barrel. The research results help optimize the

design and ensure safety when using the gun for testing in practice.

Keywords: 125mm 2446M barrel; 152mm D20 artillery; Recoil system design.

ISSN 2615 - 9910 (ban in), ISSN 2815 - 5505 (online)
TAP CHI CO KHI VIET NAM, S6 332, thang 9 nim 2025

cokhivietnam.vn



NGHIEN CU’U - TRAO BOI

1. GIOI THIEU

Xe tang T-90S gitr vai trd quan trong
trong luc luong tang - thiét giap hién dai nho
kha ning két hop giita hoa lyc manh, tinh co
dong cao va kha nang phong vé tot. Vi phao
nong tron 125mm 2A46M c6 thé ban nhidu
loai dan khac nhau, bao gém ca tén lua chéng
tang dan duong, T-90S dam bao strc manh tin
cong vuot troi trén chién truong. Nho su can
béng gitra suc manh, d¢ tin cdy va chi phi van
hanh, T-90S tr¢' thanh mét trong nhitng dong
xe ting chi luc duge nhiéu qudc gia tin dung,
g6p phan ning cao niang lyc tac chién va rin de
chién luoc ctia quan doi. Trong nhitng nim gan
day, xe tang T-90S trang bi nong phdo 125mm
2A46M (nong chién du) di duoc dua vao bién
ché trong Quan doi ta. Tuy nhién, do ngudn
cung dan dugc va nong thay thé cho phao nong
tron 125mm 2A46M con han ché, viéc nghién
clru va phat trién cac loai dan dung cho phéo va
nong thay thé trd nén vo cing céap thiét. Dicu
nay khong chi giup dap tmg nhu cau dan duoc,
va nong thay thé trong nudc, giam thiéu chi phi
va tiét kiém ngoai té tir viéc nhap khau, ma con
g6p phan ning cao nang lyc ty chu trong san
xudt vii khi va trang bi k¥ thuat qudc phong.

Dic biét, trudc tinh hinh thé gidi va khu
vuc ¢6 nhiéu bién dong phuc tap, viéc nhap
khau vat tu va thiét bi k§ thuat lién quan dén vii
khi va dan dugc ngay cang tréd nén kho khan.
Nham dam bao tinh cha dong va kha ning san
sang chién d4u, Bo Qudc phong dd dua ra ké
hoach nghién ctru, ché tao va thr nghiém nong
phdo nong tron 125mm 2A46M va céc loai dan
tuong thich véi nong phdo 125mm 2A46M.

Tuy nhién, vi¢c thir nghi¢m va nghiém
thu cac san pham nay tryc tiép trén xe ting
T-90S 14 khong kha thi vé mat ky thuat. Vi
vay, lua chon tién hanh thir nghi¢m trén phao
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thir nghiém thay vi truc tiép trén xe ting duoc
xem la giai phap hiéu qua va kha thi nhat. Phao
thir nghiém duoc tao ra bang cach lap dit nong
phao 125mm (nong chién déu 125mm 2A46M
va nong thir nghi€ém 125mm) 1én mot loai gia
phdo hién c6 trong trang bi.

Qua qua trinh nghién ctru, khao sat thuc
té cac loai gia phao hién co trong quéan doi ta
hién nay, viéc lap dat nong phao 125mm lén gia
phdo 152mm D20 dugc x4c dinh 1a phuong an
t6i wu. Giai phap nay khong chi gitp tan dung
t1 da trang thiét bi hién c6 trong quan doi ma
con tiét kiém chi phi do khong can thiét ké méi
hoan toan mdt gid phao chuyén dung. Pay la
nhiém vu mang tinh cp bach, co y nghia khoa
hoc va thyc tién cao trong bdi canh hién nay.
Tuy nhién can dam bao diéu kién hoat dong on
dinh, dam bao bén khi ban nong phao.

2. CO SO LY THUYET VA PHUONG
PHAP TINH TOAN

2.1. Bai toan thuat phéng trong cia phao
125mm 2A46M

2.1.1. Co 56 Iy thuyét

Dé danh gia anh hudng cua céc loai dan
dén chiéu dai Iui khi ban nong phao 125mm
2A46M lap trén gia phao 152mm D20, nghién
ctru str dung phuong phap s6 dé giai truc tiép hé
phuong trinh mo ta qua trinh thuat phong trong
[4]. Phuong phap nay cho phép mo6 phong chi
tiét cac giai doan trong mot phat ban, tir do xac
dinh duogc tdc dong cua céc loai dan khac nhau
dén hé thong ham Iui va chiéu dai 1ii cia nong
phéo.

Qué trinh thudc phéng chay chia ra lam
bbn thoi ky:
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- Thoi ky so bd: Bét dau tir khi licu
thuoc phong bat dau dugc moi chay cho toi khi
dai dan dugc hoan toan tong vao ranh nong.

- Thoi ky thir nhat: Tir khi dan bat dau
chuyén dong cho tdi khi thudc phong chay hét.

- Thoi ky tht hai: Tur khi thube phong
chay hét cho t6i khi dan ra khoi miéng nong.

- Thoi ky tac dung sau cung cua khi
thudc: Pugc tinh theo quy luat Bravin.

H¢ phuong trinh vi phan mo ta qua trinh
xdy ra trong mot phat ban nhu sau:

%=§,_, Li=1.2,.n
d ki
dy,
=7 (1+24z +3 &
7 =x.( z, /12)
v _ Spg
dt  ¢@q
dl
7 (1)
(S, dt//,-j dv o, dy,
dT_g[e'dt em Z Te dt
dt ﬁw,!//,
Z[ 76 J

4 4
W= WO _z(l _Wi)%_zaia)il//i + 81
=] . =

1 &, 0 pqv’
P W;(L VTS g )

Trong do:

- I la xung lu0’ng toan phan cta khi thudc
phong tai thoi diém thudc phong chay hét.

- z la bé day chay tuong dbi cua 16p thude
phong da chay tinh dén thoi diém dang xét.

-% A, n1a ddc trung hinh dang cta thude phong.
- ® 1a trong lugng cua lidu thude phong.

- f1a lyc thude phong.

- p 1a 4p suét trong long nong.

- q la trong luong dau dan.

- S 1a tiét dién ngang cta long nong.

- W, 1a thé tich budng dét.

- & 1a mat do thudc phong.

- o 12 lugng cong tich khi thude.

- g 1a gia tdc trong truong, lay g = 9,81 m/s2.

- v 1a van tdc chuyén dong ctia dan trong long nong.
- 112 quang dudng dan chuyén dong.

-y 1a luong thude phong chéy tuong doi.

- T, 1a nhi€t d6 chdy cua thudc phong.

-T la nhlet do khi thudc trong 1ong nong

-p=K+ 5; 13 hé s6 tinh cong tht yéu.
Diéu kién ban dau:

Khi t =0 thi v=0; [ = 0 (khi dan chua
chuyén dong):

w=w,— ) —
=5
P~ pmm’
- z=0 la thu6c phong bat dau chay.
1/A-1/6

-y, = 7P +a _1/5(khi tinh dén anh huong

moi mot

ctia thubc moi);
- n 1a s0 loai thude phong trong phat ban.

2.2. Bai toan may ham lui phdo thir nghi¢m
2.1.1. Co 56 Iy thuyét

Bai todn ham lui phdo thir nghiém
thudc dang bai toan ngugc ham lui, dya trén:
Kich thudc két ciu cua may ham Iui trén gia
phdo 152mm D20 [3], nong phdo thir nghiém
125mm 2A46M [6] va két qua tinh toan tir bai
toan thudt phong trong.

Hé phuong trinh vi phan chuyén dong
cua khoi lui [1] c6 dang:

ar _h =R
dt M,
2)
ax _
dt
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Trong do:

- X, V: Quing duong va van téc chuyén
dong cua khéi ui;

- P Hop luc khi thubc tac dung 1én
long nong trong mot phét ban;

-M;: Khéi lugng khéi ui;

- R: Hop luc can lui.

Dung phuong phép tich phan sé theo
Runghe-Kutta, ta c¢6 thé giai dugc hé phuong
trinh (2) theo so do thuat toan duge cho trén
hinh (4).

Trong d6: j - Chi sb chay; h - Budc tich
phan; A - Chiéu dai Iui.

Diéu kién ban dau:
t=0;v=0;x—xo;z=zo;p—p0;
V=O;X=O;P PIO,R R,.

Didu kién dé két thuc quéa trinh tinh
toan: V[j] = 0 hoac X[j] >\

2.3. X4c dinh diéu ki¢n on dinh va diéu ki¢n
bén ciia phéo thir nghiém

Dé xé4c dinh diéu kién on dinh va diéu
kién bén cua phao thir nghiém, nghién ctru két
hop gitta hé phuong trinh (1) va (2). Str dung
thuat toan Runge Kutta lam co s¢ dé giai bai
to4n thuat phong trong trén may tinh bang
phuong phap s6 trén phan mém Matlab.

Giéi hé phuong trinh (1) va (2) véi
thong s6 bal toan thuat phong trong cua cac
loai dan n6 pha sat thuong, dan xuyén vuot toc
dung cho nong phao 125mm 2A46M [2] va
thong s két cau cua nong chién dau, nong thu
nghiém [6], [9] va thong sb két cdu cua may
ham Iui, may day lén ciia gia phao 152mm D20
[4] v6i thong s thay doi:
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Nong Irong A% Goc
. lwugng | Hi€u suat loa )
phao J N a1 ban
125mm khoi lui ham lui [dd]
[kG] j
Nong 0 (khong co loa
chién dhu | 79 ham Iui) 0
Nongjhu’ 4136 0 (kh~ong c6 loa 0
nghiém ham lui)

Két qua giai hé phuong trinh (1) va (2)
ta xac dinh dugc ap suét khi thudc 16n nhat P
va chiéu dai 1ui & cua phéo khi bén céc loai dan
khac nhau. Diéu kién 6n dinh va diéu kién bén
cua phao thur nghi¢m duogc x4c dinh nhu sau:

- Piéu kién 6n dinh:

+ A <93mm [4];

+ Kiém tra diéu kién 6n dinh cua can
diéu tiét [4].

- Két qua giai hé phuong trinh (1) va (2):

Hinh 1. D6 thi luc can i theo chiéu dai i khi
bdn phdo thir nghiém nong thir nghiém

cokhivietnam.vn
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O oy it 1

sa b wil Famry

] 1 f ¥ ] [ & T i
Tt i b [iorn

Hinh 2. D6 thi luc can i theo chiéu dai I khi
bén phdo thir nghiém nong chién ddu

Két qua tinh toan da chi ra khi bin dan
xuyén chdy vach duong trén phéo thu nghiém
lap nong thir nghiém va phao thir nghiém lap
nong chién dau déu cé chiéu dai lui 1én hon khi
ban dan nd pha sat thwong. Chiéu dai lui 16n
nhit khi ban phdo thir nghiém A = 74 dm < 93
dm, dam bao diéu kién 6n dinh vé chiéu dai lui.

- Piéu kién 6n dinh ctia can dicu tiét:

Trong thoi ky dy 1én, bén trong khoang
10ng can, mot ap sudt kha 16n s& tac dong, khién
can diéu tiét chiu Iuc nén doc truc véi do 16m
bang luc him déy 1én. Can diéu tiét c6 két cau
mot dau ngoam ¢d dinh, dau con lai gén ban 18
va chiu tac dong cua lyc nén doc truc. Do chiéu
dai can diéu tiét 16n hon nhiéu lan so véi kich
thudc ngang, nén khi chiu lyc nén, c6 nguy co
xdy ra méat 6n dinh hinh dang, dan dén hién
tugng cong vénh cua can diéu tiét.

Kiém tra 6n dinh can diéu tiét, hay noi
cach khac, kiém tra udn doc, thuc chat 1a xac
dinh hé s dy trit 6n dinh ctia n6. Can diéu tiét
duoc kiém tra d6 6n dinh dudi tac dung cua luc
nén 16n nhéat.

Trong moi truong hop khi mot thanh
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chiu nén doc truc, luc t61 han — gia tri lyc nén
16n nhat ma thanh c6 thé chiu trudc khi xay ra
hién tugng mat 6n dinh — duoc xac dinh bang
cong thirc cua L. Euler. Cong thirc nay mo ta
moi quan hé gitra lyc toi han, d6 cing udn cia
thanh, diéu kién lién két hai dau va chiéu dai
tinh toéan, tor d6 gitp du doan chinh xac kha
ning chiu tai va nguy co mét 6n dinh cua thanh.

ﬂ-zEImin

P =
th (/Jl)z

Cong thire nay chi dung khi tmg suat va
bién dang nam trong gidi han ty 1¢, tuc 1a ting
suat téi han bang gidi han ty 1€ cua vat liu.

Trong do:

E = 2,16.105 MPa la moé dun dan hoi
cua vat liéu can;
V4 . L
I . = aéﬁﬁn M6 men quan tinh cuc
nho nhét cua tiét dién can diéu tiét;
Smm = 35,22 mm la duong kinh nhé nhat
cua can dicu tiét.

Hé s6 an toan 6n dinh uon doc cua can
dugc chap thuan bang:

n:L>2,5
)

hd max

Giit nguyén cac thong sé cua vong diéu
tiét va can diéu tiét cuia may ham lui trén gia
phao 152mm D20, két qua tinh toan trong diéu
kién khéi 1ui [ui 16n nhat cua phao thr nghiém
nghién ctru da xac dinh hé s6 an toan on dinh
udn doc cua can la:

n=—>Lu__512525

hd max
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3. KET LUAN

Két qua tinh toan di chi ra rang chiéu
dai Iii ctia phao thir nghiém khi lap nong chién
dau 125mm 2A46M hoic nong thir nghiém
125mm bén céc loai dan n6 pha sat thuong va
dan xuyén vuot téc co chidu dai 1ui cua khoi
lui ndm trong gidi han tiéu chuan, can diéu tiét
dam bao diéu kién 6n dinh ma khong can diéu
chinh kich thuéc, do 6 phuong an ldp dat nong
phéo 125mm trén gia phao 152mm D20 c6 tinh
kha thi tin cdy, dong thdi mé ra hudng cai tién
dé mo rong kha ning sir dung véi cac loai dan
¢ ap suit cao hon, dam bao an toan va hiéu
qua cta phéo thr nghiém trong cac diéu kién
khac nhau. <

Ngay nhan bai: 12/8/2025
Ngay phan bién: 03/9/2025
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NGHIEN C(rU LAP LICH SAN XUAT LINH HOAT CHO NGANH
SON: I’NG DUNG MO HiNH MILP VA THUAT TOAN HEURISTICS

A STUDY ON FLEXIBLE FLOW SHOP SCHEDULING IN THE PAINT INDUSTRY:
APPLICATION OF MILP MODEL AND HEURISTICS ALGORITHM

Lé Thi Yén Vy
Khoa Quan 1y Cong nghiép, Truong Dai hoc Qudc té, Pai hoc Qubc gia Thanh phd HO Chi Minh
Email: levy.vt294@gmail.com

TOM TAT

Trong san xudt cong nghiép hién dai, ldp lich san xudt la céng cu trung tdm dé dam bdo
don hang giao diing han, giam chi phi va ndng cao hiéu qua sir dung nguon hec. Nganh son bot tinh
dién, véi ddc thir quy trinh nhiéu cong doan, nhiéu mdy song song va thoi gian setup phu thugc trinh
tie, 1a mot vi du dién hinh ciia méi truong Flexible Flow Shop (FFS). Néu ldp lich thii cong, doanh
nghiép thuong phdi doi dién véi 1y 1é giao tré cao, mdy méc hoat dong khong dong déu va chi phi
setup lon.

Bai bdo nay dé xudt khung gidi phap hai tang. Tr ru’(rc hét, mé hinh todn Mixed Integer Linear
Programmmg (MILP) dwoc xdy dung dé tim nghzem 16i 1eu cho b dit liéu nhé va kiém chimg mo
hinh. Tiép d6, mét thudt todn heuristics dwgc thiét ké dé xir Iy dit liéu [6m hon, véi muc tiéu riit ngdn
thoi gian tinh todn va tao lich kha thi. Két qua thie nghiém tai Cong ty AkzoNobel cho thdy MILP
dat makespan 16i wu véi bé dir liéu nhé (5 cong viéc, 8 may, 3 cong doan), trong khi heuristics gidi
quyét thanh cong b dit liéu 1om (41 cong viée, 19 may, 7 céng doan) chi trong 14,6 gidy.

Két qua nghién ciru khang dinh sw bo sung giita hai phwong phdp: MILP mang tmh
chudn mue, trong khi heuristics phit hop g dung thuc tién. Huéng nghién ciru tiép theo gom
metaheuristics, t6i wu da muc tiéu va ldp lich dong theo dir liéu thoi gian thuc.

Tw khéa: Flexible Flow Shop, Setup phu thudc trinh tw; MILP; Heuristics; AkzoNobel.

ABSTRACT

In modern manufacturing, scheduling is central to ensuring on-time delivery, reducing costs,
and improving resource utilization. Powder coating production, characterized by multiple stages,
parallel machines, and sequence-dependent setup times, represents a typical Flexible Flow Shop
(FFS) environment. Manual scheduling often results in high tardiness rates, unbalanced machine
loads, and excessive setup costs.

This paper proposes a two-layer solution framework. First, a Mixed Integer Linear
Programming (MILP) model is developed to provide optimal solutions for small datasets and
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validate the models correctness. Then, a heuristics algorithm is designed to handle large-scale
datasets, aiming to reduce computation time while generating feasible schedules. Experimental
results from AkzoNobel show that MILP achieves optimal makespan on a small dataset (5 jobs, 8
machines, 3 stages), while the heuristics algorithm successfully schedules a large dataset (41 jobs,

19 machines, 7 stages) in only 14.6 seconds.

The findings highlight the complementary roles of MILP and heuristics: MILP provides optimal
benchmarks, while heuristics ensures practical feasibility. Future research directions include hybrid
metaheuristics, multi-objective optimization, and dynamic scheduling with real-time data.

Keywords: Flexible Flow Shop, Sequence-dependent Setup; MILP,; Heuristics, AkzoNobel.

1. TONG QUAN

Lap lich san xuat 12 van dé quan trong
trong quan 1y san xuat, dong vai tro cau ndi
gitra ké hoach chién lugc va hoat dong van
hanh hang ngay. Pbi v6i nganh son bot, quy
trinh san xuét gém nhiéu cong doan nhu trdn,
dun, nghién, sang loc, dong goi. O mdi cong
doan ton tai nhidu may song song, khong dong
nhat, ddn dén viéc phan cong va sip xép cong
viéc tréd nén phuc tap. Dac biét, yéu td 1am tang
do kho cua bai toan 1a thoi gian setup phu thudc
trinh tu: khi déi tir mau dam sang mau nhat can
nhiéu thoi gian vé sinh hon so vé&i doi nguoc
lai.

Thuc té tai Cong ty AkzoNobel cho
thay hé thong lap lich thii cong bang Excel giy
ra nhiéu han ché. Nam 2024, c¢6 hon 75% don
hang bi giao tré so voi cam két. Nguyén nhan
chinh 1a viéc phan céng khong khoa hoc khién
may moc mat can doi, thoi gian setup ting cao,
anh huong dén ning suét chung.

Trong nghién ctru trude, Cortés (2011)
dé xuat mo hinh da myc tiéu cho flow shop véi
may song song. Sun va Klein (2007) nghién
cuau lap lich mot may voi setup phu thudc.
Wang va cong su (2019) phat trién giai phap
cho flow shop nhiéu giai doan cé setup. Tuy
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nhién, it cong trinh nao 4p dung truc tiép cho
nganh son bot, noi dir li¢u 16n va setup chiém
vai trd then chot.

i- i "]Hﬁfh
'bﬁ-h
l

I

Hinh 1. Quy trinh tong qudt san xudt son bét véi
nhiéu cong doan va mady song song.

2. PE XUAT NGUYEN LY LAP LICH
TRONG FFS

2.1. Nguyén ly lam viéc

Bai todn 1ap lich trong modi truong
Flexible Flow Shop (FFS) c6 ban chét 1a to
chte dong cong viée qua nhidu cong doan, mdi
cong doan c6 nhiéu may song song khong dong
nhat. Nguyén Iy van hanh cta hé thong 1ap lich
dugc dé xuat trong nghién ctru nay 1a két hop
giira toi wru hoa chinh xac bang mé hinh MILP

va x4p xi bang thuit toan heuristics.
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M6 hinh MILP duoc thiét ké dé mo ta
day du cac yéu td cbt 18i cua hé thong, bao gom
phén cong cong viéc vao may, trinh tu thuc
hién, thoi gian bt dau — két thiic, va cac rang
budc lién quan dén setup phu thudc trinh ty.
Khi chay mo6 hinh trén dir 1iéu nhé, MILP cho
phép tim nghiém tbi vu, tir d6 cung cdp chuin
tham chiéu dé danh gia chét lugng céac thuat
toan xép xi.

Trong khi do, thuat toan heuristics hoat
dong theo nguyén tic wu tién dong. Mdi cong
viéc khi dén cong doan s& duoc gan cho may
ranh sém nhat, xét dén thoi gian setup néu ddi
loai san phém. Quy tac lya chon cong viéc dya
trén han giao hodc thoi gian xir Iy ngin nhat,
nhim vira giam makespan vira han ché don
hang tré han. Nho co ché nay, hé thong ¢ kha
nang sinh lich kha thi nhanh chong, phu hop de
trién kha1 hang ngay trong moi trudng san xut
thuc té.

{4) Lower- hnumi.f Upper bhound |

l |
(6) Exact method |l-[eunsuc| IMel.dheurl.\uc| [Mameuri:ﬂicl
l
MILP solver
Hinh 2. So dé thé hién giita hai phirong phdp
MILP va heuristics

2.2. Céc thong s6 co ban ciia hé théng 1ap lich
Dé lam rd dic diém cua hai cach tiép
can, nghién ctru phan tich cac thong so6 co ban
khi 4p dung MILP va heuristics.
Vé6i mé hinh MILP, hé thong duoc dic

trung boi tap hop bién nhi phan va bién lién tuc
bao gom: bién gan cong viéc — may, bién xac

cokhivietnam.vn

dinh trinh tu giira cic cong viéc, bién thoi gian
bat dau va két thuc, va bién tré han. Him muc
tiéu duy nhét 13 ti thiéu héa makespan. Cac
rang budc chinh bao gdm: mdi cong viée chi
duoc gan cho mot may tai moi tram, tuan thu
trinh ty qua céc tram, khong c6 hai cong viéc
trung lap trén cung may, va thoi gian setup phu
thudc trinh tu dugc cong vao gitra hai cong viéc
lién tiép. Vi cdu trac nay, MILP cho nghiém
t6i ru nhung thoi gian tinh toan ting nhanh khi
s6 jobs va sb may 16n.

Bdng 1. Cdc théng s6 co ban ciia bai todn MILP

Bién nhi phan, Xim = 1 néu job i gan cho

may m
X im Thoi gian bat dau cua job i trén cong
Bia Joama o
Fia Thoi gian két thuc cua job i trén cong
Y ijm d(.)i’ma. A Ao . A
Li Bién nhi phan, néu i dugc gan trudc j trén

cung mdt may m; otherwise Y ijm = 0
Bién nhi phan, Li =1 néu job i tré,
Li = 0 nguoc lai

Trong khi do, thuat todn heuristics dugc
mo ta bang cac thong sd didu khién don gian
hon. Input cua heuristics 1a tap jobs, danh sach
stations va nhém may song song & moi tram,
bang thoi gian xur Iy va ma tran setup phu thudc
loai san pham. Nguyén tic van hanh gdm: chon
cong viéc theo quy tdc uu tién (EDD, SPT hoac
ATC), gan cho may ranh sém nhat, cong thém
thoi gian setup néu co sy thay ddi loai san phém,
va cdp nhat lai lich cho vong lap tiép theo. Cac
thong sé dau vao khong thay doi, nhung co ché
xu 1y gidam dang ké do phtrc tap toan hoc, cho
phép heuristics giai quyét dir liéu 16n trong vai
giay thay vi khong kha thi nhu MILP.
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Hinh 3. So d6 khéi ciia Heuristics

3. MO PHONG
3.1. X4y dung mo6 hinh mo6 phong

M6 hinh MILP duogc thiét ké dua trén
b dit liéu nho (S) gdm 5 cong viéc, 3 tram va 8
may. Bo dir liéu nay cho phép MILP c6 thé giai
trong thoi gian hop 1y va tim duoc nghiém t6i
vu. Trong md hinh, cac bién quyét dinh gom:
gan cong viéc vao may, xac dinh trinh ty gitra
cac cong viée trén cling mot may, thoi diém bét
dau — két thiic, va bién tré han. Him muc tiéu 1a
t6i thiéu hoa makespan. Cac rang budc dam bao
mdi cong viéc di qua ding trinh tu cac tram,
khong c6 hai cong viéc thuc hién dong thoi trén
cung may, va thoi gian setup phu thudc trinh ty
duogc cong khi doi cong viéc.

Bdng 2. M6 hinh MILP duwoc lap trinh khi giai bang phan mém CPLEX

No Equation Constraint
1 Z=Y iLiI Calculates the total late orders
i=1
) Cmax = Fia Defines the make span which is the time to complete a
Vi,a € FinSet jOb
3 Em‘a feir(,r‘lel:l;ét Ensures that every job at one station is only assigned

Vi,a € NodeSet

once

Fia > Bia+ Y Xim X pim <s,m> eCellset

Guarantees that finishing time of job i must be greater

4 ; Lo o
Vi, a € NodeSet than sum of the beginning time and processing time
5 Fia<Bik, Vi a,ke€ArcSet Clarifies that for each job, the job must satisfy the
6 Y ijm+ Yjim < Xim, V i, j, m € SeSet workstation sequence constraint. Particularly, the
7 Yijm+Yjim<Xjm Vi j,me SeSet beginning of job k would be after the job is done before
q Y ijm + Yjim > Xim + Xjm -1 Descrllbe that only one of two job i and j is assigned on
Vi, j, m€ SeSet machine m and processed before the other
Ensures that the beginning of job j would be after that
9 Fia+sym-Bigh x (1-Yijm) < Bja of job i including the processing time and setup time
Vm,a€CellSetVi,j,meSeSeti+j J_ . g p g p
for job i.
10 dia- B\;gil\z : gnSLe? =Fia Identify the lateness of order. One order is late if
— —— finishing time of job i at station a is larger than its due
11 dia+ BigM X Li > Fia date

Vi, a € FinSet
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M4 hinh MILP dugc 1ap trinh va giai
bang phin mém CPLEX. Véi ciu tric ndy, md
hinh cho phép tim nghiém t6i wu ¢ bo dir liéu
nho, ddng thoi déng vai tro 1am chuan tham
chiéu dé danh gia chit luong cta cac phuong
phap xap xi. Tuy nhién, v&i bo dix heu 16n (L)
gom 41 cong viéc, 7 tram va 19 may, s6 bién va
rang budc bung nd khién MILP khong thé tim
dugc nghiém trong thoi gian hop ly.

Thuat toan heuristics dugc xay dung
dé khéc phuc han ché vé quy mé caa MILP.
Input cua heuristics 1a tdp cong viéc, danh sach
cac tram vOi may song song, thoi gian xu ly
va ma tran setup phu thudc loai san phém/méu.

Nguyén tic van hanh gdm: chon cong viéc
theo quy tic wu tién (EDD trong nghién ctru
nay), gan vao may ranh sém nhit, cong thém
thoi gian setup néu co thay doi loai san pham,
va cap nhat lai lich dé 1ap cho dén khi toan bd
cong viéc hoan tat.

Heuristics dugc lap trinh trén MATLAB
va ap dung cho ca hai bo dir liéu S va L. O bd
dir liéu nho, heuristics cho nghiém gan tdi wu,
1am co s¢ so sanh véi MILP. O bd dit liéu 16n,
heuristics chung minh kha nang m¢ rong véi
thoi gian tinh todn chi vai gidy, trong khi MILP
khong kha thi.

Bdng 3. M6 hinh thudt todn heusristics khi dwoc giai bang phwong phdp MATLAB

Lines Dataset Generation
1 Input data information
2 Assign jobs to a machine
3 If a job is not completed & machine is available
4 Enter time = max (job_release time, machine_release time)
5 Beginning time = Enter time
6 If job is not completed & machine has previous jobs processing
7 Last job ID = last position of job sequence in machine
8 Enter time = machine release time
9 Beginning time = Enter time + Setup time
10 Finishing time = Beginning time + Processing time
11 Departure time = Release time
12 Assign jobs to a station
13 Evaluate job and machine with setup time
14 If evaluated job_release time (end) < max (station release time)
15 max (station release time) = evaluated job_relase time (end)
16 Update machine candidate = evaluated machine
17 Update job_candidate = evaluated job
18 Assign a job to station and machine
19 If machine candidate release time < assigned job finish
20 time Finish job = job candidate
21 Finish machine = machine candidate
22 Assigned job_finish time = finish machine release time

H
(=]
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3.2. Phén tich két qua mé phong

Mo phong vai lugng cong viéc nhd bao
gom 3 cong doan, 8 may va 5 cong viéc. Hinh
4a, md phong MILP, két qua thyc hién khong
6 két qua tré lich va déu dung thoi gian EDD.
Hinh 4b, mé ta thuat toan heuristics lai tré hon
so voi MILP 1a 2 ngay so véi1 EDD (chi kéo dai
dén 16 ngay).

Machine [0 [ 1234567 [8]a[t0]11[12]13]14]15]186
Machine 1_[J3

Machine2 |01 J4 BER | [ |
Machine 3 [J2

Machine 4 [T T 1 J3
Machine 5 [ s H
Machine 6 U4 2 [ TT1
[Machine 7 2 4 i
[Machine 8 5 J3

Hinh 4a. Gantt chart cua MILP cho 5 cong viéc, 3
cong doan va 8 mday moc.

Hemt . : . . _
- [ ° B -
e _
g o - : -
i
[— - .
“-'"\'.'-
Hes . : -
Lt S ’ _
. . "

Hinh 4b. Gantt chart cua Heuristics cho 5 cong
viée, 3 cong dogn va 8 may moc.

Twong ty nhu vay, khi ting khdi luong
cong viée, cong doan va may moc lan luot theo
thtr ty (10, 4, 12) trude khi dua 1én mic mo
phong véi thuc té cua san xuat, bao gdm 7 cong
doan, 19 may va 41 cong viéc. Hinh 4c, 4d thé
hién Gantt chart cuia MILP va Heuristics cho
thdy MILP van dua ra két qua t6i wu hon (35
ngay due date so voi két qua Heuristics 1a 56
ngay).
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Hinh 4c. Gantt chart cua MILP cho 10 cong viéc,

4 cong doan va 12 may moc.

oo [+ S - [ -
(] 10 20 30

Time

0 0

Hinh 4d. Gantt chart cia heuristics cho 10 cong
viéc, 4 cong doan va 12 may moc

3.3. Kha ning ing dung vao thue té

Hinh 5 13 két qua moé phong luong
cong viée & thyc té trong mot ngay ctia cong ty
AkzoNobel gém 7 cong doan, 19 may moc va
41 cong viée can thyc hién, MILP boc 16 han
ché nghiém trong. S6 bién va rang budc ctia méd
hinh ting 1én mirc khong thé xir 1y trong thoi
gian hop 1y, do d6 MILP khong thé tim dugc
nghiém kha thi. Nguoc lai, heuristics van van
hanh hi¢u qua. Két qua cho thiy heuristics xay
dung lich kha thi véi makespan bang 120 trong
thoi gian tinh todn chi 14,6 gidy. Khi xét thém
han giao chit chg, c6 hai cong viéc bi tré, song
didu ndy van chap nhan dugc trong bdi canh
thuc té cong nghiép, noi dir li¢u bién dong lién
tuc va yéu ciu tdc do ra quyét dinh cao.

cokhivietnam.vn
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Hinh 5. Két qua sir dung thudt todn Heuristics
chitng minh dwoc tinh kha thi khi tmg dung thuc té.

Bdng 4. So sanh két qua giita MILP va heuristics

Thoi S6
Bo dir | Phuwong gian don
ligu phap Makespan | & p tré
toan han
. MILP n
Nho (S) (CPLEX) 16 2,3 giay 0
Nho (S) | Heuristics 18 2,6 gidy 0
. MILP 120
Nho (S) (CPLEX) 35 gitly 0
Nho (S) | Heuristics 56 60 gidy 0
. MILP
Lon (M) 1 cpLEx) - - -
Lén (L) | Heuristics 120 li’ 6 2
glay

Tir phén tich nay co thé thay rang MILP
dong vai trd quan trong trong viéc cung cap
chuan t6i wu dé danh gia, nhung khong thé
ap dung cho quy mo cong nghiép. Nguoc lai,
heuristics ching minh duoc tinh kha thi, toc do
va kha nang mo¢ rong, do d6 1a lya chon phu
hop hon cho bai toan 1ap lich san xuét linh hoat
trong nganh son.

4. KET LUAN

Nghién ctru da xay dung khung lap lich
san xuét linh hoat c6 xét dén setup phu thudc

cokhivietnam.vn

trinh tu, két hop m6 hinh MILP va thuat toan
heuristics. Két qua cho thay MILP phu hop véi
dir liéu nho, cung cap nghiém tbi wu lam chuan
tham chiéu, trong khi heuristics hiéu qua véi dit
liéu 16n, cho lich kha thi nhanh va gan ti wu.
Heuristics nho d6 1a giai phap phu hop dé Gng
dung trong thuc té cong nghiép, giup giam ty 1¢
tré han, nang cao hiéu qua sir dung may va rit
ngan thoi gian lap lich.

Lo1i cam on:

Nghién ctru ndy dugc hudng dan boi thay
Phan Nguyén Ky Phuc va sy gitip d& b phan Ké
hoach — San xuit ciia Cong ty AkzoNobel da hd
tro cung cap dir liéu va dong gop ¥ kién trong
qué trinh nghién ctru. Lo1 cam on cling xin duoc
gri dén cac dong nghiép da tham gia gop v va
giup hoan thién bai bao nay. <

Ngay nhan bai: 20/8/2025
Ngay phan bién: 09/9/2025
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17 tri€u gio’ an toan: Ban linh va trach nhiém cua LILAMA 10
tai du an trong diém quoc gia

v an Nha may Nhiét dién
Quang Trach 1 — mot
trong nhirng dy 4n nguén

dién chién lugc cua Tap doan
bién lyc Viét Nam (EVN) — da
ghi nhén thanh tich dang tu hao:
hon 17 tri¢u gid lam viéc an toan,
khong xdy ra tai nan lao dong.
Thanh tich nay khoéng chi phan
anh tinh than trach nhiém va su
chuyén nghi€p ctuia cic don vi
tham gia, ma con l1a minh chig
13 rét cho vai tro, ddu 4n cua Cong
ty C6 phan LILAMA 10 — mot
trong nhitng nha thau chu lyc thi
cong co khi va lap may tai dy an.

Vin héa an toan — nén ting bén
virng

Du an Nha may Nhiét
dién Quang Trach 1 dugc khoi
cong thang 12/2021 véi tong mirc
dau tu hon 42.000 ty dong, gdom
2 td may c6 tdng cong suat 1.403
MW. Khi hoan thanh va van hanh,
du kién nha may s& cung cép
khoang 8,4 ty kWh dién mdi nam,
g6p phan quan trong bao dam an
ninh niang luong qubc gia trong
b6i canh nhu cau dién ngay cang
tdng cao.

LILAMA 10 la mot trong nhitng nha
thau chit uc thi cong co khi va ldp mdy
tai di an Nhiet dién Quang Trach 1.

Trong birc tranh tong thé
éy, LILAMA 10 dugc giao thuc
hién hai goi thau 1on: Thi cong
co khi va lép dat toan bo hé théng
dién. Pay 1a khéi lugng cong viéc
dd s0, doi hoi nang luc ky thuat
cao, tién do khan truong va trén
hét 1a sy dam bao tuyét ddi vé an
toan.

Trén cong trudong Quing
Trach 1, hon 1.300 cén bg, k¥ su
va cong nhan LILAMA 10 luén
duy tri ky luat lao dong nghiém
ngat. Voi phuong cham “An toan
1a trén hét”, Cong ty da xay dung
van hoa an toan xuyén subt moi
hoat dong. Cong tac huin luyén,
ddo tao an toan duogc tO chuc
thuong xuyén; cac budi nhic nha,
kiém tra dinh ky va dot xut dugc
trién khai dé dam bao moi c4 nhan
déu tuan thu quy dinh.

Nho suw dong bé tir lanh dao t6i
teng nguoi tho ma moi truong
lam viéc luon dwoc duy tri an

toan, hiéu qua.

Phong An ninh — An
toan cua Ban du an LILAMA 10
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tai Quang Trach luon dong hanh
cung cac to, doi thi cong. Tiung
nguy co rai ro déu dugc nhén
dién, danh gia va dua ra giai phap
xtr Iy sém. Chinh nho sy dong bo
tur 1anh dao tdi tung nguoi tho ma
moéi truong lam viéc luén duoc
duy tri an toan, hiéu qua. Thanh
tich 17 triéu gio lam viéc an toan
chinh 1a két qua cta mét van hoa
an toan dugc duy tri bén bi, cht
khong chi dén tir nhitg quy dinh
mang tinh hinh thue.

Bén canh cac hang muc
16n nhu ché tao, lép dat hang
trim nghin ID &ng, hang chuyc
nghin tan thiét bi hay két ciu thép
khong 16, gia tri cia LILAMA 10
con nam & sy tham ling dong gop
clia timg c4 nhan. Mdi ngudi tho,
mdi k¥ su déu mang trong minh
y thuc trach nhiém: bao vé an
toan cho ban than, déng doi va du
an. Chinh nhiing hanh dong nho
nhung nhat quan — tir viéc tudn
thi quy trinh, st dung day du
trang bi bao ho dén viéc sin sang
nhic nhé dong nghiép — di tao
nén sitc manh tap thé, gop phan
vao thanh tich an toan chung.

Chung tay vi muc tiéu qudc gia

Tinh dén nay, LILAMA
10 da hoan thanh nhiéu hang muc
quan trong:

« Lap dat hon 20.000 tan thiét bi.

« Ché tao va lip dat trén 290.000
ID ong, dat 78% khdi luong.

&
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. Lép dat thiét bi cong nghé dat
94%, thiét bi va két cau thép hé
thong than dat 43%.

. Lép dat hé théng dién dat trén
35%.

Song song voi d6, Cong
ty di ban giao thanh cong nhiéu
hang muc phuc vu van hanh nhu:
Pong dién nguoc dén Nha diéu
khién trung tdm, hé thong xtr 1y
nudc, hé théng khi nén, 10 hoi
phu... Pay la nén moéng quan
trong dé dy an bude vao giai doan
chay thu.

Ngay 18/8/2025, du an da
danh dau c6t mbc quan trong khi
t6 may s 1 chinh thirc budc vao
giai doan d6t dau lan dau — budc
then chdt trude khi chay thir va
hoa luédi dién. LILAMA 10, voi
vai tro chii luc, dd gop phan quyét
dinh vao su kién nay.

Muc tiéu tiép theo ctia dy
an 1a hoan thanh chay dong b to
may sb 1 vao ngay 20/12/2025
theo chi dao cua Thu tudng Chinh
phu. Pay Ia thach thtrc 16n, song
tap thé LILAMA 10 dang cho
thdy ban linh va kinh nghiém day
dan. Su doan két, tinh than lao
dong hang say va y thuc trach
nhiém cua hon 1.300 can by cong
nhén vién di tao nén khi thé soi
noi trén cong trudng.

Thanh tich 17 triéu gio
lam viéc an toan khong chi mang
y nghia trong pham vi mét du an.
N6 con gop phan xdy dung hinh
anh nganh xay lip co khi Viét
Nam ngay cang chuyén nghiép,
tiém can cac chuin muc quéc té.

Day ciing 1a minh chimg cho thiy
cac doanh nghiép Viét Nam hoan
toan c6 thé lam chii nhiing cong
trinh phtic tap, quy mé 16n néu
biét dat an toan, ky luat va trach
nhiém 1én hang dau.

béi voi LILAMA 10,
thanh tich nay 1a niém ty hao tap
thé, 1a dong luc dé tiép tuc lan toa
van hda an toan t61 moi cong trinh
khac. No ciing thé hién cam két
lau dai cua Cong ty: dong hanh
cung cac du an nang luong chién
luge, gop phan bao dam an ninh
ning lwong va phat trién bén viing
cho dét nudc.

Khing dinh vi thé thwong hi¢u

Trai qua hang chuc
nam xay dung va truong thanh,
LILAMA 10 d3 ghi ddu an trén
nhiéu cong trinh 16n: Tir thuy dién
Hoa Binh, Son La, Lai Chau dén
cac nha may nhiét dién, xi mang,
hoa chét... Quang Trach 1 chi la
mot trong sd d6, nhung lai mang
tinh biéu twong mai cho ning luc
thi cong co khi — lip may trong
giai doan hién dai.
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Voi phwong cham “An toan la
trén hét”, Cong ty da xdy dung
van héa an toan xuyén sudt moi

hoat dong.
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Viéc duy tri an toan tuyét
dbi trén mot cong trudng quy mod
hang nghin lao dong, hang tram
nghin chi tiét k¥ thuat va khéi
luong cong viéc khong 16 khong
chi doi hoi nang lyc quan ly vuot
troi ma con phan anh tim voc
thuong hiéu. Véi Quang Trach 1,
LILAMA 10 d khang dinh minh
khong chi 1a mot nha thau uy
tin, ma con la mét lyc lugng tién
phong dong hanh cing muyc tiéu
phat trién nang luong qudc gia.

Du an Nhiét dién Quang
Trach 1 dang tién nhitng budc
vimg chic t6i giai doan hoan
thanh t6 may s6 1 vao cudi nim
2025. Trén hanh trinh d6, thanh
tich 17 tri€u gio lam viéc an toan
d3 tro thanh cot mbc dang nhd, thé
hién su chung strc cua toan bo cac
nha thau va dic biét 1a ddu 4n d4m
nét cua LILAMA 10. Thanh cong
nay khong chi gop phan bao dam
an toan cho dy 4n ma con khing
dinh vi thé cia LILAMA 10 — don
vi co khi 1dp may hang dau, ludn
dat “An toan — Chét luong — Tién
d¢” lam kim chi nam. Pay chinh
la nén ting dé Cong ty tiép tuc
ddéng hanh cung dit nudc trong
chang duong chinh phuc nhitng
cong trinh ning luong trong diém
trong tuong lai. s
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