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TOM TAT

Boi dap kim logi tryc tiép bang laser (Direct Laser Metal Deposition-DLMD) la cong nghé
tao hinh hi¢n dai, co tiém néng g dung Ién trong cdc nganh céng nghiép trong diém. C6 nhiéu
yeu 16 dnh hieong t6i chat luong 16p tao hinh, trong do, cac thong so cong nghé co anh huong
rdt 1om. Bai bdo nghién ciru anh hwéng cia cdc thong sé cong nghé: cong sudt laser (P), leu
luong cap bt (Mp), toc dg quét ciia dau phun (V) dén cdc dic trung hinh hoc ciia 10p tao hinh:
chiéu cao (h), chiéu rong (We) va do siu (hmzx) khi tao hinh vit liéu 316L bang céng nghé
DLMD. Két qud cho thay Céng sudt laser cé anh hwéng I6n nhdt dén chiéu réng duong don
(chiém 45,97%) va chiéu sdu diong don (chiém 42,05%); Trong khi @6, heu heong cap bot dnh
hiwong 16m nhat dén chiéu cao dwong don (chiém 58,44%).

Tir khoa: Cong nghé bdi dép truc tiép bing laser; DLMD; Laser; 316L.
1. MO PAU

Boi dédp kim loai truc tiép bang laser 1 cong ngh¢ tao hinh quan trong, dugc phat trién nhanh
chong trong nhiing nam gan day [1]. Cac chi tiét duoc tao hinh theo tung 16p bang cach nung
chay vat liéu bot bang chum tia laser théng qua dau phun trong h¢ théng DLMD. Pau phun c6
thé 1a loai dau phun dong truc hodc khong ddng truc. Trong do, dau phun ddng truc (lién tuc hodc
gian doan) duogc st dung phd bién. Do DLMD chu yéu lién quan dén sy tuong tac gitta chum tia
laser va dong bot, nén viéc nghién ctru qua trinh phun bdt dé nang cao chét luong ché tao va hiéu
suét str dung vat liéu c6 y nghia quan trong [2, 3]. Pic biét, DLMD con cho phép tao ra céac chi
tiét co bién dang hinh hoc phirc tap tir nhiéu loai kim loai v6i thoi gian ngén [4]. So véi cong
nghé truyén théng, DLMD c¢6 hé s su dung vat liéu cao hon, chi tiét duoc tao boi cong nghé
DLMD can it thoi gian hon cho gia cong 1dn cudi. Nang suét ciia qua trinh va chét lugng tao hinh
phu thudc nhiéu vao chat lwong va hinh dang ctia voi phun [5, 6].

Trong qué trinh tao hinh bang c6ng nghé¢ DLMD, dudng don 1a don vi co ban dé hinh thanh
nén vt thé. Cac dic trung vé kich thude, hinh dang hinh hoc ciia duong don nay anh hudng truc
tiép dén chét luong san pham. Do dé, nghién ciru quy lut anh hudng cua cac tham sé cong nghé
dén cac dic trung vé kich thudc mit cat ngang duong don, tir d6 tim ra pham vi tham s6 cong
nghé hop li, day 1a co s& dé nang cao chét lugng san phém Hién nay, c6 mot s6 nghién ctru nang
cao do chinh xac san pham thong qua t01 uu hoa tham sO cong ngh¢ [7, 8], tuy nhién, dé tim
duoc pham vi tham sé cong nghé hop li can tién hanh mét s6 luong 16n cac thi nghiém. Phong
thi nghiém RP thudc truong dai hoc cong nghiép Tay Bac-Trung Qudc da nghién ctru sy anh
hudng cia qua trinh quét thudn va quét nghich cta dau phun 1éch truc t61 d6 chinh xac 16p tao
hinh. Két qua nghién ctru cho thiy: ddu phun léch truc chi thich hop tao hinh nhiing chi tiét c6
hinh dang don gian ma khong thich hop tao hinh nhing chi tiét c6 bién dang duong cong phirc
tap [9]. Pau phun ddng truc c6 kha nang khic phuc dwoc nhuoc diém trén cia dau phun léch
truc. Dong bot co phan bd déu trong khong gian va dong truc voi chum laser, do d6, khong chiu
anh huong ctia hudng quét va bién dang quét.
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Nghién ctru khoa hoc cong nghé

Ngoai ra, khi tao hinh cac loai vat li¢u chiu nhiét, néu ham lugng 6 xi trong buéng tao hinh
qué 16n rat d& hinh thanh 16p 6 xit, tap chit trong 16p tao hinh, c¢6 dnh huéng 1on dén do chinh
xac vé& hinh hoc, t& chirc té vi va co tinh san phiam. Do do, trong qua trinh tao hinh phai khong
ché ham lugng 6 xi & mirc d6 cho phép nhat dinh dé ngan chan sy hinh thanh 6 xit giita cac 16p
tao hinh. Phong thi nghiém Sandia cia M¥ trong qua trinh tao hinh yéu ciu khéng ché ham
lugng 6 xi ¢ mirc 2+3 ppm [10]. Phong thi nghiém Los Alamos (DLF) khong ché ham lugng 6 xi
dudi 10 ppm [11]. Phong thi nghiém trong diém qudc gia Canada (LC) khi tao hinh hop kim
inconel 738 khdng ché ham luong 6 xi & mirc nhé hon 50 ppm [12]. Phong thi nghiém trong
diém qudc gia - Pai hoc cong nghiép Tay Bic, Trung quéc khi tao hinh san pham khéng ché ham
luong 6 xi & mirc 150 ppm [13]. Nhitng nghién ctru ké trén da chi ra dugc mot s0 phuong phap
néng cao d¢ chinh xéc tao hinh. Tuy nhién, do tinh phtrc tap cua cong ngh¢ nén van con rat nhiéu
van dé lién quan dén d6 chinh xé4c tao hinh chwa duoc di sdu nghién ctru. Ngoai ra, cac bdo co
chi ding lai & viéc thong béo két qua nghién ctru, con vé van dé co s& 1y thuyét va cong nghé thi
ludn dugc bao mat, khong cong bd cong khai.

Bai bao lwa chon loai vat liéu 1a thép khong gi 316L lam di twong nghién ctru. Vat liéu nay
dugc ung dung rat nhiéu trong nganh hang khéng vii try va cac nganh cong nghiép trong diém
khac [14, 15]. Phuong phép thyc nghiém Taguchi dd duge st dung trong bai bao dé xac dinh quy
luat anh hudong cua cac tham s6 cong nghé dén kich thudce duong don, 1am co sé xac dinh pham
vi tham s6 cong nghé hop li dé tao hinh duong don.

2. MO HINH THU'C NGHIEM
2.1. Thiét bi thue nghiém
Thiét bi thi nghiém la hé théng tao hinh DLMD, bao gém hé 'théng bap may co6 kich thudc
(3500x1400x1600 mm), h¢ thong laser co cong suat 500W, h¢ thong chuyén dong CNC 3 truc,

hé thong Cap bot tu dong, bo phan lam mat va khi Argon bao V¢, dau laser cip bot ddng truc lién
tuc. So d6 nguyén ly va thiét bi thé hién trong hinh 1.
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Hinh 1. Hé théng DLMD: (a) So @ nguyén ly; (b) Hinh anh thiét b.

2.2. Vit liéu thi nghiém

Vit liéu nén la thép SS304 dang tam, c kich thuéc 200x200x5 mm?. Truéc khi thi nghiém,
tam nén duoc danh bong va lam sach bang con, axeton dé tay qau m& trén be mat. De cai thién
tinh chay long cua Iop bot tao hinh [én I6p bé mat caa vat liéu nén, tam nén dugc say khd & nhiét
do6 80 °C trong 10 phdt.

Vit ligu tao hinh duoc su dung la bot thép khong gi 316L dang bot, c6 kich thudc hat 15~50

um, thanh phan héa hoc nhu bang 1 thé hién.

Tap chi Nghién ciru KH&CN quan su, 88 (2023), 154-161 155



Co ky thudt & Co khi dong lyc

Bdng 1. Thanh phan hda hoc cua bt kim logi 316L Wt(%).

Thanh phan | C Mn p S Cr | Ni | Mo Fe 0

Ham lugng | 0,02 | 1,06 0,005 0,003 17 12 2,04 Canbang 0,02

2.3. Thiét ké thyc nghi¢m

Anh hudng dén cac chi tiéu vé kich thudc duong don trong cong nghé DLMD c6 cac thong
s6 nhu sau: Cong sut laser; Luu luong cép bot; Tdc do dau phun; Puong kinh hdi tu chum tia
laser; Khoang cach tir dau phun téi térn nén; nhiét do tim nén . Trong nghién ctru nay, nhom tac
gia chi xét anh huong cua 3 thong s6 cong nghé 1a Cong sut laser; Luu lugng cap bot; Téc do
dau phun. Ly do la cac thong s6 khac bi rang bude boi diéu kién tao hinh va thuong c6 dinh, rat
kho thay ddi trong qua trinh tao hinh, do d6, thuong khéng dwoc xem xét va coi nhu mot théng
s6 mic dinh:

Puong kinh hoi tu chum tia laser: day 1a thong s6 rat kho thay ddi, phu thudc vao thau kinh
héi ty trong dau phun, mdi dau phun chi sir dung mét thiu kinh hoi tu, do d6, dudng kinh hoi tu
chum tia laser khong d6i trong sudt qué trinh tao hinh.

Khoang cach tir ddu phun téi tim nén: trong qua trinh tao hinh, yéu cau bat budc 1a ving hoi
tu ctia chum tia laser va ving hoi tu ctia dong bot phai tring nhau va nam trén tim nén (hoic 16p
tao hinh phia truédc), do d6, trudce khi tao hinh phai x4c dinh dugc thong sb nay, va gia tri cia no
s€ khong dugc thay d6i trong sudt qua trinh tao hinh.

Nhiét do tarn nen Trong qua trinh tao hinh, ving néng chay s& truyén nhiét xudng tim nen va
lam nhiét 6 tAm nén ting lén. Trong mot s6 nghién ctru trude day da chi ra nhiét do tim nén
khong anh huéng dén do chinh xac vé hinh dang, kich thudc 16p tao hinh, do do, trong nghién
ctru nay khong xét dén anh hudng ctia nhiét do tm nén.

Str dung phuong phép quy hoach thuc nghiém Taguchi Le dé nghién ctru anh huong cua 3
thong sb cong nghé tng voi 3 mirc bién doi.

Bdng 2. Cdc yéu to diéu khién va cac mirc.

Théng s6 - ,Cac mie -
Mirc 1 Mikc 2 Mitc 3
Tdc d6 quét dau phun V (mm/s) 8,0 9,0 10,0
Cong suat Laser P (W) 230,0 250,0 270,0
Luu lugng cip bot M, (g/phat) 8,0 10,0 12,0

Ham muc tiéu cua thiét ké thi nghiém la cac dac trung cta duc‘mg don don vat liéu 316L duoc
tao hinh bang cong ngh¢ DLMD: chi€u rong duong don W, chi€u cao duong don h, chi€u sau
duong don hpix. Hinh 2 thé hién cac dac trlmg ciia mat cat ngang duong don don.

|
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Hinh 2. M6 hlnh mat cat ngang dwong don.
Céc dudng don dugc tao hinh c6 chiéu dai 100 mm, sau d6, duoc cat bang méy ct day. Cac mau
mat cat ngang dugc danh bong, sau do dugc quan sat va do cac thong so trén may do quang hoc.

3. KET QUA THi NGHIEM VA THAO LUAN

3.1. Két qua thi nghiém
Sau khi tao hinh xong, cac mau duong don nhu thé hién trong hinh 3(a), mat cit ngang duong
don duoc thé hién trong hinh 3(b). Két qua do cac dic trung ciia duong don thé hién trong bang 3.
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Nghién ciru khoa hoc cong nghé
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Hinh 3. Két qud thuwc nghiém: a) Cac duong don; b) Mdt cdt ngang ciia mgt mau.

Bing 3. Két qua thire nghiém.

Tég do chay Cong suat Luru lwong cdp bot Céc thong s6 mit cit ngang

TT dau phun laser (g/phit) W H h
(mm/s) (W) =P (mm) | (mm) | (mm)
1 8 230 8 0,434 0,058 0,061
2 8 250 10 0,565 0,135 0,092
3 8 270 12 0,584 0,181 0,081
4 9 230 10 0,504 0,150 0,065
5 9 250 12 0,496 0,200 0,061
6 9 270 8 0,565 0,092 0,123
7 10 230 12 0,569 0,162 0,061
8 10 250 8 0,531 0,096 0,084
9 10 270 10 0,611 0,123 0,123
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3.2. Thao luin két qua va binh ludn
3.2.1. Xac dinh ty sé nhiéu

Theo phuong phép Taguchi, lya chon theo tiéu chi dinh murc tdt nhat thi ty s6 nhiéu dugc xéac
dinh theo cong thirc:

" N2
(S/N), :—10Iog(%2yi—yij i=1..9 (1)

Bdng 4. Két qua tinh ty sé nhiéu.

Anh hudng ctia P, My, V dén | Anh huong ciia P, M, V dén | Anh huong ctia P, My, V
We h dén hmix
TT 2 —\2 —\2
(yi_yi) S/N (yi_yi) S/N (yi_yi) S/N
1 0,0112125 29,045 0,0056601 32,014 0,0004999 42,553
2 0,0006306 41,545 0,0000028 65,105 0,0000743 50,831
3 0,0019458 36,651 0,0022912 35,942 0,0000085 60,268
4 0,0012880 38,443 0,0002981 44,798 0,0003348 44,294
5 0,0019262 36,695 0,0045114 32,999 0,0005094 42 472
6 0,0006306 41,545 0,0016511 37,365 0,0015517 37,634
7 0,0008475 40,261 0,0008161 40,425 0,0004901 42,639
8 0,0000790 50,565 0,0013567 38,218 0,0000009 70,162
9 0,0050568 32,504 0,0000967 49,688 0,0015469 37,648

3.2.2. Anh hueong cua P, M,, V dén Wc

Xét anh hudng cua céc thong s6 cong nghé toi chiéu rong duong don: Dya trén két qua tinh ty sb
nhiéu ta 1ap bang phéan tich, tinh gia tri trung binh ty s6 nhiéu cho moi yéu to ¢ cdc muc khac nhau.
Bdng 5. Bang phdn tich danh gid két qua.

S/N trung binh theo
M bién d6i cac muc
\Y P M,
1 35,747 | 35,916 | 40,385
2 38,804 | 42935 | 37,497
3 41,110 | 36,900 | 37,869
Delta 5,362 7,018 2,887
% anh huong | 35,12 45,97 18,91

_ Dua vao két qua thi nghiém, xéc dinh dugc mirc d anh huong cua céc thdng s cong nghé
dén chicu rong duong don We duogc xep theo thir tu giam dan: Cong suat laser, chiem: 45,97% >
Toc dg chay dau phun, chiém: 35,12% > Luu lugng cap bot, chiém: 18,91%.
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Hinh 4. Anh huong cia P, V, M, dén chiéu rong dwong don W..
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Nghién ctru khoa hoc cong nghé

Hinh 4 m6 ta anh huong cua cac thong s cong nghé dén chiéu rong duong don. Trén hinh 4
c6 the quan sat thay rat r6 ving gia tri cao nhat W, = 0,61 mm dat gia tri cao nhat ung véi cong
suat laser 1a 270 W, toc do dau phun 10 mm/s va luu lugng cap bot 1a 10 g/phut. Diém thap nhat
tuong g véi W, = 0,43 mm voi gia tri cong suat laser la 230 W va toc do dau phun 8 mm/s va
luu lugng cap bot 8 g/phut.

3.2.3. Anh hwong cua P, Mp, V @én chiéu cao dwong don h

Xét anh hudng cua cac thong S(:S cong nghé t6i chiéu cao duong don h: Lap bang phan tich,
danh gia ket qua dua trén ty so nhieu S/N cho moi thi nghiém, tinh gia tri trung binh ty s6 nhicu
cho mai yéu to & cdc mirc khac nhau.

Bdng 6. Bang phdn tich danh gid két qua.

. .z 22. | S/N trung binh theo cac mirc
Mirc bién doi N P M,
1 44,354 | 39,079 | 35,866
2 38,387 | 45,441 | 53,197
3 42,777 | 40,998 | 36,455
Delta 5,966 6,362 17,332
% anh huong | 20,11 21,45 58,44

Mirc d6 anh huong cua cac thong s6 cdng nghé dén chiéu cao dudng don h dugc danh gia
nhu sau: Luu lugng cap b6t anh huong Ic'rn nhat voi gié tri 58,44%; trong khi do, toc do quét dau
phun va cong suat laser c6 gia tri xap xi bang nhau, lan lugt chiem: 20,11 va 21,45%.

Xay dyng d6 thi danh gia anh huéng riéng re cua cac thong sé cong nghé dén chiéu cao
duong don h nhu trong hinh 5 thé hién.
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Hinh 5. Anh huong cua P, V, M, dén chiéu cao dwong don h.

Tir dd thi ciia hinh 5, chiéu cao dwong don dat gid tri cao nhat h,= 0,2 mm Ging véi cong suat
laser 1a 250 W, toc d6 dau phun 9 mm/s va luu lugng cap bot 12 g/phut. Gia tri thap nhat cua
duong don hy = 0,05 (mm) twong ung vaéi cdng suat laser la 230 W, toc d6 dau phun 8 mm/s va
luu lugng 8 g/phat.

3.2.4. Anh hwéng cua P, Mp, V dén chiéu sau hpiy

Dua trén s6 lidu ty s6 nhleu xét anh huong cua cac thong s6 cong nghé toi chiéu sdu dudng

don hpiy, gia tri trung binh ty s6 nhiu cho mdi yéu t6 & cac mirc khac nhau.

Bdng 7. Bang phan tich danh gid két qua.

. .z 2. | S/N trung binh theo cidc muc
Murc bién doi v P M,
1 51,217 | 43,162 | 50,117
2 41,467 | 54,489 | 44,258
3 50,150 | 45,183 | 48,460
Delta 9,751 | 11,326 | 5,859
% anh huong | 36,20 42,05 21,75

Tap chi Nghién ciru KH&CN quan su, 88 (2023), 154-161 159



Co ky thudt & Co khi dong lyc

Murc do anh hudng caa cac thdng sé cong nghé dén chiéu rong duong don hyix duoc xép theo
thir ty 1an lugt nhu sau: Cong suét laser, chiém 42,05%; toc do chay dau phun, chiém 36,20% va
Iwu lwong cap bot, chiém 21,75%; Xay dung do thi danh gia anh huong riéng ré cua cac théng sb
cdng nghé dén chiéu sau dudng don hyiy:

hieu sau lop phu hmix (mm)

Hinh 6. Anh hwong cua P, V, M, dén chiéu sdau dwong don h.

Tir db thi anh huong cua céc thong s6 cong nghg, ta nhan thy gié tri hyx dat gid tri cao nhat
twong ng Voi luu lugng cap bot 10 va 8 g/phut va toc do dau phun twong tng 10 va 9 mmi/s. Gia
tri thap nhét cia do sdu duong don voi hm.X 0,0611 mm tai diém co luu luong cip bot 1a 12
g/phut, tc d6 dau phun 9 mm/s va cong suit laser 1a 250 W.

4. KET LUAN

~ Két qua nghién ctru da danh gia dugc anh huong cia cdc thong s6 cong nghé dén cac thong
s0 hinh hoc mat cat duong don khi tao hinh vat liéu thép khong gi 316L bang cong ngh¢ DLMD.
Két qua nghién ctru cho thay:

Mirc d6 anh huéng cia cac thong s6 cong nghé dén chiéu rong dudng don W dugc xép
theo thur tu giam dan: Cong suat laser (45,97%) > Toc d6 chay dau phun (35,12%) > Luu
lugng cap bot (18,91%).

Mitrc d6 anh hwong cua cac théng 30 cdng nghé dén chiéu cao duong don h chu yéu 1a luu
luong cap bot (58, 44%); trong khi do tbc o6 quét dau phun va cdng suat laser co gia tri xap xi
bang nhau, lan luot chiém: 20,11 va 21,45%.

Mirc d§ anh huéng cua céc thdng s6 cong nghé dén chiéu sau 16p tao hinh hyy lan lugt nhu
sau: Cong suat laser anh huong I6n nhat (42,05%); sau do den toc do chay dau phun (36,20%) va
Ccuoi cung la Iuu lugng cap bot (21,75%)

Do vay, dé tang chiéu rong va chiéu sau cua duong don tao hinh thi ta tang cong suét laser;
con khi nao muén tang chidu cao duong don thi ta ting luu lwong cap bot.

Loi cam on: Nhom tdac gia cam on sy tai tro ve kinh phi ciia dé tai ma sé KC4.0-15/19-25 thugc

Churong trinh khoa hoc va cong nghé trong diém cdp Quéc gia giai doan dén nam 2025 “Hé tro nghién
ciiu, phdt trién va img dung cong nghé ciia ciia cong nghiép 4.0”, Ma so: KC-4.0/19-25.
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ABSTRACT

Influence of process parameters on single track quality of 316L stainless steel
by direct laser metal deposition (DLMD)

Direct Laser Metal Deposition (DLMD) is a modern shaping technology with great
potential for application in key industries. There are many factors that affect the quality of
the formed layer, among which the process parameters have a significant impact. This
paper investigated the influence of process parameters, including laser power (P), powder
feed rate (Mp), and scanning speed (V), on the geometric characteristics of the single
track, such as height (h), width (W), and depth (hmix), when using the DLMD technology
on 316L material. The results showed that the laser power has the greatest impact on the
width of the single track (45.97%) and the depth of the single track (42.05%). Meanwhile,
the powder feed rate has the greatest influence on the height of the single track (58.44%).

Keywords: Direct laser metal deposition technology; DLMD; Laser; 316L.
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