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Tém tit: Cong nghé laser dang diroc s dung rong rai trong cat, han, khoan, xir ly bé mdt va ché tao hién dai nho kha
ndng tdp trung nang leong cao, toc d xir Iy Iom va thudn loi cho tw dong héa. Bai viét phan tich co sé kj thudt ciia gia cong
laser va dé xudt hieong tich hop néi dung nay vao dao tao nganh han. Trén co s6 tong hop tai liéu va diéu kién t6 chire thuc
hanh ciia co sé dao tao véi quy mé t6i da 25 sinh vién/nhom, nghién cieu xdc dinh bon nhém ndng lwc can hinh thanh va dé
xudt mé hinh 05 tiéu nhém ludn phién qua cdc tram hoc tdp. Mé dun dwoc té chike theo chu trinh 1y thuyét — an toan — thiét
lap théng s6 — quan sat/van hanh — do kiém — phan tich san pham, qua d6 gop phan cap nhdt cong nghé va nang cao ning
luec thue hanh cho sinh vién nganh han.

Tir khoa: cong nghé laser, cdt laser; han laser; ddo tao nganh han, nang luc thuc hanh.

APPLICATION OF LASER MATERIAL PROCESSING TECHNOLOGY IN
WELDING EDUCATION TOWARDS PRACTICAL
COMPETENCE DEVELOPMENT

Abstract: Laser technology has been widely applied in cutting, welding, drilling, surface treatment, and modern
manufacturing due to its high energy concentration, high processing speed, and suitability for automation. This paper
analyzes the technical fundamentals of laser processing and proposes an approach to integrating this technology into
welding education. Based on a review of relevant literature and the practical training conditions of an educational institution,
with a maximum class size of 25 students, the study identifies four key competency groups to be developed and proposes a
rotational learning model consisting of five small groups assigned to different learning stations. The module is organized
according to a structured sequence comprising theoretical instruction, safety training, parameter setting, observation and
operation, measurement and inspection, and product analysis. This approach contributes to updating students’ knowledge

of advanced manufacturing technologies and enhancing the practical competencies of welding students.
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I. PAT VAN PE

Dao tao nganh han c6 dic trung gin chat véi
thiét bi, quy trinh cong nghé va k¥ nang thuc
hanh. Trong khi cac phuong phap han ho quang
va cit nhlet tmyen thong van giilt vai tro nén tang,
san xudt hién dai dang ting cuong sir dung cac
nguc“m nang lugng c6 mat do cong suét cao, hé
théng diéu khién sb va tu dong hoéa. Vi vay, ndi
dung dao tao can gitp ngudi hoc khong chi thyc
hién dugc cac quy trinh han — cit truyén thong ma
con co kha nang tiép can, nhan biét va van hanh
cac cong nghé méi. Ban thao ban dau da tong hop
kha day du cac dac diém cua cét laser, pham vi
Vat heu va mot sb ché do cong nghé. Tuy nhlen
néu tiép can dudi goc do khoa hoc glao duc, van
dé quan trong hon 1a xac dinh nhiing kién thirc, k§
nang va thiét bi nao can duoc dua vao qua trinh
dao tao nganh han, & muc do nao va td chuc day
hoc ra sao dé phii hop véi nang lyc cia co so dao
tao. Laser la nguc“m birc xa dién tir ¢6 tinh don sic,
tinh dinh huéng va kha nang hoi tu cao. Khi chum
tia dugc hoi tu 18n bé mat vat liéu, mat do nang
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luong 16n cho phép thuc hién cac qué trinh nung
néng, néng chay, bay hoi hodc bién dbi bé mit.
Trong gia cong vat liéu, cac ing dung pho bién
gom cét, khoan, han, xtr Iy bé mit va ché tao boi
dap. Vi vy, dbi voi dio tao nganh han, laser nén
dugc tiép can nhu mot cong nghé gia cong hién
dai gén v6i thiét bi s6, tu dong hoa, kiém soat chat
lugng va an toan. Tu thyc tién trén, bai viét tap
trung vao hai muc tiéu: (i) hé thong hoa nhing
noi dung cong nghé laser c6 gia trj truc tiép déi
v6i sinh vién nganh han; (ii) d& xudt cdu tric mo
dun va phuong thic t6 chire dio tao ¢6 kha niang
trién khai theo diéu kién thiét bi ctia co s& gido
duc nghé nghiép va dai hoc tmg dung.

I1. NQI DUNG NGHIEN CUU

2.1. Phuwong phap nghién ctru

Nghlen ctru s dung phuong phap tong quan
tai liéu két hop phén tich, tong hop va ddi sanh noi
dung dao tao. Cac tai liéu dugc lua chon tap trung
vao ba nhém ndi dung: Nguyén 1y va dic diém
cong nghé cat, han bang laser; Cac thong sb cong
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ngh¢ anh hu’orng dén qua trmh gia cong va chat
lu’ong san pham; Yéu ciu vé an toan, thiét b Va
t6 chirc thuc hanh laser. Trén co s¢ phan tich mbi
lién hé giira ddc diém cong nghé véi yéu cau ning
luc cua nguoi hoc nganh han, cac ndi dung dugc
lra chon va ciu trac lai theo hudng phuc vu dao tao
thuc hanh. Tur d6, nghién ctru xéc dinh cdc nhom
nang luc can hinh thanh, xay dung ndi dung mo
dun va dé xuét phuong thirc t6 chirc thuc hanh phu
hop véi diéu kién dao tao t6i da 25 sinh vién/nhom.

2.2. Pic diém cong nghé laser c6 y nghia dbi
voi dao tao nganh han

So v&i cat oxy — khi chay va plasma, cat laser
1a qua trinh gia cong khong tiép xuc, ning lugng
duoc hoi tu trén vung nhdé nén c6 kha nang tao
ranh cat hep, do chinh xac cao va han ché vung
anh huong nhiét khi Iya chon ché d6 phu hop.
Chat lugng cit phu thude déng thoi vao cong suét
laser, toc do cit, vi tri tiéu diém, duong kinh dau

phun, khoang cach dau cit — phoi, loai va ap sut
khi hé trg cling nhu tinh chat quang — nhiét ciia
vat li¢u. Trong cat laser, khi hd tro ¢6 nhiém vu
day vat liéu nong chay va san pham phan tng ra
khoi ranh cit; voi cat oxy, phan tng oxy hoa con
b sung nhiét cho qua trinh, trong khi nito hodc
khi tro dwoc dung khi can han ché oxy hoa bé
mit. D6i voi han laser, hai ché do tuong tac nhiét
thuong gap 1a han dan nhiét (conduction mode) va
han 16 khoa (keyhole mode) su chuyen do6i glu’a
cac ché do lién quan dén mat d6 cong suat, toc do
han, tiéu diém, dic tinh vat liéu va diéu kién bao
vé. Pbi véi dao tao nganh han, khong can chuyén
toan bo ndi dung vat 1y laser thanh mot hoc phan
quang hoc chuyén sau. Can lya chon kién thic
theo nguyén tac “du dé hiéu — du dé lya chon — dir
dé van hanh va danh gia”. Bang 1 khai quat nhiing
khac biét c6 y nghia su pham gilta ba nhom cong
nghé cat thudng gap.

Bang 1. So sanh mét s6 dic trung phuc vu Ia chon ndi dung dio tao

Tiéu chi Oxy — khi chay

Plasma Laser

Chu yéu thép cac-bon
va vat liéu dap ung
dicu kién oxy hoa

Pbi tuong vat liéu

Nhiéu loai kim loai va
phi kim, tiy nguon laser
va h¢ thong
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Hb quang plasma nhiét | Twong tac chum tia hoi

ung oxy hoa do cao tu voi vat liéu
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mong phu hgp
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Hinh 1. So d6 nguyén Iy ciit laser va cdc théng sé céng nghé cin hinh thanh cho ngwdi hoc

O Viét Nam, nghién clru cua Nguyén Buc
Duong va cong su da khao sat viée xac dinh chinh
xac di€m hdi tu cua chum laser trong gia cong vat

lidu, cho thay vi tri hoi tu 1a thong sd c6 ¥ nghia
doi voi do chinh xac va hi€u qua cua qua trinh.
Két qua nay 1a mdt co s phu hop dé dua ndi dung
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xac dinh tiéu diém, thiét 1ap thong sd va danh gia
san pham vao bai thyc hanh thay vi chi gidi thiéu
nguyén 1y cong nghé.

2.3. Xac dinh ning luc laser cin hinh thanh
cho sinh vién nganh han

Tir yéu ciu nghé nghiép va dic diém cong
nghé, ndi dung laser nén duogc td chirc theo nang
lyc thay vi chi cung cp danh sach thong s6 may.
Bon nhém nang lyc cbt 16i duge dé xuat nhu sau:
Thir nhat, ning lyc nhan biét nguyén 1y va thiét bi:
giai thich dugc dac trung chum tia, cdc by phan
chinh ctia hé thong laser, duong truyén chum tia,
dau cat/dau han, hé théng khi, lam mat, ban may
va co ciu diéu khién. Sinh vién can phan biét ¢
mirc tmg dung cac ngudn CO:, Nd:YAG va laser
soi quang (fiber laser), dong thoi nhan biét gidi
han cua tung h¢ théng. Thtr hai, nang luc thiét lap
va lya chon thong s6: xac dinh duoc mbi quan hé
gitra cong suét, tbe do, vi tri tiéu diém, duong kinh
vét hoi tu, loai/ap suat khi hd tro va chét luong
duong cit hodc méi han. Muyc tiéu khong phai ghi
nhd mot bang ché do ) dinh, vi thong ) phu
thudc thiét bi va vat liéu, ma la biét doc tai liéu
cong nghé, thyc hién thir nghiém co kiém soat va
didu chinh theo két qua. Thir ba, ning lyc danh
gia chit lugng: quan sat va do cac chi tiéu nhu

chidu rong ranh cat, d6 vudng goc, bavia, ving
anh hudng nhiét; ddi v6i han laser 1a hinh dang
mbi han, chiéu sau ngéu, r6 khi, nat, 16m va cac
khuyét tat lién quan. Hoat dong nay gitp lién két
cong nghé laser véi cac hoc phan kiém tra chét
luong mbi han. Thi tu, nang lyc an toan va tu
dong hoa: nhan biét nguy co tur burc xa laser truc
tiép va phan xa, dién, chay, khoi/hoi kim loai va
khi cong nghé; tuan thi ving kiém soat, che
chan, lién dong, dimg khan cap va phuong tién
bao v¢ phu hop. TCVN 12670-1:2020 quy dinh
phan loai thiét bi va cac yéu cu an toan ddi véi
san pham laser; TCVN 12670-14:2020 cung cip
huéng dan st dung an toan. Vi vay, noi dung an
toan phai du’orc hoan thanh trude khi nguoi hoc
tiép can quyen van hanh thiét bi. Png thoi, sinh
vién can hiéu méi quan hé giira laser, CNC/robot,
cam bién va giam sat qua trinh trong hé thong san
xuat hién dai.

2.4. D¢ xuit mé dun “Cong nghé laser ing
dung trong han — cat”

bé phu hop vai dac diém dao tao ung dung, bai
viét dé& xuit mo dun 60 gio, co thé bd tri nhu mot
phan cta hoc phan Cong nghé han dic biét/Cong
nghé cit hodc mot méd dun tu chon. Cau trac dugce
trinh bay tai Bang 2.

Béng 2. Cau tric mo dun dé xuat

Chu dé Noi dung chinh Thoi lwong | San pham/Ning luc
danh gia
Nguyén ly, dac trung chum tia, Giai thich so dd va
1. Co s¢ laser nguon CO2/Nd:YAG/fiber, tuong 4 gio lyva chon ngudn theo
tac laser — vat liéu tinh huong
. Phan loai nguy co; che chan; lién . Checklist an toan va
2. An toan laser dong; PPE; quy trinh trudc van hanh 4 g0 nhan dién nguy co
Co ché cat; tiéu diém; cong suat; toc
3. Cét laser 6; khi h3 tro; khuyét tht mép cit g gio | Thictldp/doc bing thong
s0; danh gia mau cit
‘ Conduction/keyhole; thong s0: | Phan tich méi han va dé
4. Han laser khi bao v¢; khuyeét tat; kiém soat 8 gio IPRY ]
£ xuat dieu chinh
chat luong
5. CNC/robot buong chay; toa dg; tich hop thiét 12 iy M6 phong hodc lap
va giam sat bi; cam bién/monitoring & trinh bai tap don gian
Thiét ké bai cit/han; van hanh c6 : -
> e . : am + phié +
6. Thuc hanh/Project [ gidm sat hoac mo phong; do ki€ém; 24 gio Safm p%lamN phAleu do
béo cdo bao cdo ky thuat

2.5. Phuwong thire to chire day hoc va thiét bi

tam. Nguoi hoc di tir chuan bi kién thirc, nhan

Phuong thirc to chie dugc thiét ké theo nguyén  dién nguy co, thiét 1ap ché do, quan sat/van hanh
tac lay hoat dong thuc hanh va an toan lam trung c6 giam sat dén do ki€m va phan tich san pham.
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Véi didu kién cua Truong 1a t6i da 25 sinh vién/
nhom thuc hanh, t chirc theo cac tram luan phién
gitip han ché tinh trang nhiéu sinh vién cung tap
trung quanh mot thiét bi va tao co hdi cho tung
nguoi ddm nhan nhiém vy cu thé.

2.5.1. M6 hinh t6 chirc thuc hanh véi nhom t6i
da 25 sinh vién

Mot nhoém thue hanh dugc chia thanh 05 tiéu
nhoém, mdi tiéu nhém khoang 05 sinh vién. Nam
tram gdm: (1) an toan va nhan dién thiét bi; (2)
chuan bi dir liéu, lya chon vat liéu va thiét lap
thong sd; (3) quan sat/van hanh may laser dudi

giam sat truc tiép; (4) do kiém dudng cat hoic
mbi han; (5) xu 1y dir 1i€u, nhan dién khuyét tat
va 1ap bao cdo. Mdi tiéu nhom luan phién khoang
30-35 phut/tram tuy ndi dung bai hoc.

Trong mdi tiéu nhom nén phan vai: truong
nhom kiém kiém soat checklist an toan; sinh vién
chuén bi file/thong s6; sinh vién van hanh dudi
giam sat; sinh vién do kiém; sinh vién ghi dir liéu
va téng hop bao céo. Vai tro duoc ddi & cac bai
tiép theo dé bao dam moi sinh vién déu dugc rén
luyén cac ndng luc chinh.

MO HINH THU'C HANH 01 NHOM <25 SINH VIEN

TRAM 1
An toin & —
nhin dign thiét bj

TRAM 2
Thiét lip -
thing s6

TRAM 3 TRAM 4
Vin hinh/ — Po kiém
quan sit my chit lwgng

1

TRAM 5
Phin tich dir ligu
& bio cio

LUAN PHIEN / QUAY LAITRAM ] ——————— =

0 tidu nhom = Khodng 05 SV + 30-33 phimam, * GGAg WEnkR trudt vidn Kidm 5ot tryec tidp tram mdy laser

Hinh 2. Mé' hinh 05 tram thwc hanh cho mot nhom tdi da 25 sinh vién

2.5.2. Phuong an thlet bi va khong gzan thuc hanh

Thiét bi dugce dé xuét theo ba mirc dé phu hop
kha nang dau tu. Muc 1 gom mo hinh/so do6 he
thong, video ky thuat, mau duong cit — moi han,
phan mém CAD/CAM va phleu thong s6;  phu hop
day nguyén ly, an toan va danh gia chat luong,
Mirc 2 bd sung | thiét bi laser cong suét phu hop de
huin luyen thiét 1ap, van hanh va gla cong mau
dudi sy giam sat. Muc 3 su dung may cat laser
CNC va hé théng han laser cong nghiép tai trudong
hoac doanh nghlep lién két de thuc hanh tich hop.

Khong gian thyc hanh can phan ving rd khu
vuc may, khu vuc chuan bi dit liéu — vat liéu, khu
vuc do kiém va khu vyc thdo lun. Véi hé thong
laser cong sudt cao, wu tién giai phap bao che va
lién dong ky thuat; khu vye lam viéc phai duge
klem soat theo cap laser va danh gid nguy co cu
thé. Phuong tién bao vé mat phai phu hop budc
song va murc phoi nhiém; khong duoc xem kinh
bao hd la bién phap thay thé cho bao che, lién
dong va kiém soat ky thuat.

2.5.3. Quy trinh 16 chirc mot buéi thiee hanh laser

Trude bu01 hoc, sinh vién hoan thanh ndi dung Iy
thuyet ngén, bai klem tra an toan va doc trudc phiéu
cong nghé. Dau budi, giang vién phd bién muc tiéu,

phan nhom, klem tra khu vuc lam vigc va minh hoa
thao tac chuan. Sau d6 cac tiéu nhom luan phién qua
cac tram; riéng tram mdy chi cho phep thao tac khi
sinh vién da dat yéu cau an toan va c6 giang vién/ky
thuat vién glam sat. Trong giai doan thyc hanh, sinh
vién thay doi co klem soat mot hodc mot s thong s6
nhu cong suat, tbe do, vi tri tiéu diém hodc ché do
khi theo bai tap; sau d6 do va ghi nhén ddc trung san
pham Cu01 budi, timg nhoém so sanh két qua giita
cac ché do, giai thich nguyén nhan hinh thanh bavia,
sai léch h1nh hoc, ving anh huong nhiét hoac khuyet
tat mdi han va dé xuat thong s6 hi¢u chinh. Nhu Vay,
san pham cua bu01 hoc khong chi la chi tiét da gia
cong ma con gdm phiéu thong so, dit liéu do va bao
cao phan tich.

2.5.4. Minh hoa thiét b, thao téc va méi trieong
thue hanh )

Céc hinh anh thuc té dudi day duogc lya chon
theo dung chudi nang lyc ma mo6 dun hudng toi:
nhan dién qua trinh cat laser; thuc hién han laser
trén cac dang lién két; va té chirc moéi truong thuc
hanh. Hinh 4nh khong chi mang tinh minh hoa ma
dugc sur dung dé giang vién dat cau hoi vé vi tri
dau cong tac, huong chum tia, g4 lap, duong han,
vung nguy hlem va tiéu chi quan sat chat luong.

Hinh 3. Qud trinh cdt tdm kim logi bing laser trén hé théng dibu khién s6
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Viéc lya chon bai tap giap mbi va lién két goc
¢6 co s& thyc tién: cac chuong trinh dao tao han
laser cam tay hién nay td chirc thuc hanh trén
nhiéu dang lién két, tir butt joint dén fillet weld;
nghién ctru vé han laser cim tay ciing khao sat
butt, lap, edge, corner va T-joint. Do do, hai dang
lién két trong Hinh 4 phu hop dé xay dung bai
thuc hanh tir co ban dén nang cao.

2.6. Panh gia két qua hoc tap

Danh gia nén két hop kién thirc, ky nang va thai
d6 an toan. C6 thé phan bo: 20% kiém tra nguyén
ly va thong sb; 20% bai nhan dién nguy co/an
toan; 30% thuc hanh hodc mé phong thiét lap qua
trinh; 30% san pham va bao cao phan tich chat
luong. Rubric thuc hanh can danh gia tdi thiéu
b6n thanh phan: tuan thii quy trinh an toan; thiét
lap dung thong sd; chét lwong san pham; kha nang
giai thich nguyén nhéan va dé xuét hidu chinh. Vi
cach danh gia nay, sinh vién khong chi biét “la-
ser cit nhanh va chinh xac” ma phai ching minh
duoc kha ning lya chon thong s6, nhan dién sai
léch, danh gia san pham va lam viéc an toan. Pay

1a diém can nhdn manh khi tich hop cong nghé
méi vao dio tao nghé han.

II. KET LUAN

Gia cong laser 14 mot ndi dung can duoc cip
nhit trong dio tao nganh han vi ¢6 quan hé tryc tiép
Vi cat, han, tu dong hoa va kiém soat chét luong
trong san xuat hién dai. Tuy nhién, viéc dua laser
vao chuong trinh khong nén dimg & mé ta wu diém
hoic liét ké ché do cit cua tung vat liéu. Can chuyén
sang tiép can theo nang lyc, trong d6 ngudi hoc hiéu
nguyén 1y, lya chon dugc thong sb, danh gia duoc
chét lugng va tuan thi an toan. Mo dun 60 gio dugce
dé xuét tao mot cAu tric kha thi dé tich hop laser
vao chuong trinh hién c6. Vi quy mo tdi da 25 sinh
vién/nhém, mo hinh 05 tiéu nhém luan phién gitp
tang mutrc d§ tham gia cua nguoi hoc, gidm thoi gian
cho va ting kha nang kiém soat an toan tai tram may.
Trong giai doan tiép theo, can trién khai thir nghiém
su pham trén mdt hodc nhiéu 16p, st dung rubric
théng nhét dé so sanh két qua trudc — sau, dong thoi
b6 sung dit liéu doanh nghiép nham tiép tuc hiéu
chinh ndi dung va thoi lugng thuc hanh.
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