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TOM TAT

Xdc dinh chinh xdc nhiét @ trong qud trinh in rdt quan trong doi véi san xudt boi ddp. Nhiét
dé qud nhé hay qua I6n déu anh hwéng dén chat lwong san pham in. Pé dam bdo chdt lwong san
pham in, nhiét &g trong qud trinh in phdi I6n hon nhiét @6 chdy ciia vt liéu in. Nghién ciru ndy xdc
dinh anh huwong cua cac thong 56 cong nghé in toi phan bé nhiét o khi in vt lidu bot Ti6AI4V theo
phirong phép in néng chay laser chon loc (SLM). Cdc théng sé cong nghé in SLM bao gom céng
sudt nguon laser, van toc in, chiéu day I6p in. Két qua nghién ciru cho phép xdc dinh b théng sé
cong nghé hop Iy khi tién hanh in trén mdy in 3D.

Tir khoa: Phdin bé nhiét khi in; Théng sé cong nghé in; San xudt béi ddp,; Néng chay laser
chon loc; Vat lieu bot Ti6Al4V.

ABSTRACT

Determining the exact temperature during the printing process is very important for additive
manufacturing. Too low or too high of temperature affects the quality of the printed product. To
ensure the quality of the printed product, the temperature during the printing process must be
higher than the melting temperature of the printed material. This study determines the influence of
printing parameters on the temperature distribution when printing Ti6Al4V powder material using
the selective laser melting (SLM) printing method. The SLM printing parameters include laser
power, printing speed, and printing layer thickness. The research results allow determining the
reasonable values of printing parameters when printing on a real 3D printer.

Keywords: Temperature distribution; Printing parameters, Additive manufacturing;
Selective laser melting; Ti6Al4V powder material.

ISSN 2615 - 9910 (ban in), ISSN 2815 - 5505 (online)
/I TAP CHI CO KHI VIET NAM, S6 331, thang 8 nim 2025
cokhivietnam.vn



NGHIEN CU’U - TRAO BOI

1. GIOI THIEU

Cong nghé san xuét boi dap (Additive
Manufacturing, viét tait AM) da va dang duogc
tmg dung trong nhiéu linh vuc tir gido duc, y
té dén cac ung dung cong nghiép. Véi sy phat
trién cua khoa hoc cong ngh¢ va vat liéu mai,
ngay nay cong ngh¢ AM khong nhiing dugc sir
dung dé tao ra cic san phim mau (thuong la
vat liéu nhya) trong giai doan thiét ké ma con
duoc st dung dé tao cac chi tiét, san phém cudi
cung voi vat li¢u kim loai [1]. Trong cong nghé
AM, c6 nhiéu phwong phap in di va dang duoc
ap dung. Phuong phap in néng chay laser chon
loc (SLM) 1a mot trong nhitng phuong phéap in
duoc dung dé tao san phém tur bot kim loai [2].
Hinh 1 thé hién co ché in SLM. Ban dau 16p
bot kim loai duoc rai trén tAm nén, nguén laser
thong qua hé thong quang hoc 1am néng chay
16p bot va hinh thanh 16p in dau tién. Dé in 16p
th hai, ban in duogc dich chuyén Xuéng theo
phuong thing ding mot lwong bang chiéu day
16p in. Hé thdng cip bot rai 16p bot mai 1én 16p
vura in. Sau do, 16p bdt nay duoc lam ndng chay
boi nang lugng laser dé hinh thanh 16p thi hai.
Qua trinh nay duoc lap lai dén hét chiéu cao
cta chi tiét can in [3]. Dé dam bao duoc cac
yéu cau lam viéc, chi tiét in phai thoa man cac
yéu cu vé do chinh xac kich thude, d6 chinh
xac hinh dang, chét lugng bé mat va cac thude
tinh co khi. Tuy vdy, co ché in phiic tap véi
su thay ddi trang thai cta vat liéu tir ran (trang
thai ban dau) dén long (giai doan néng chay)
va cudi cung 13 trang thai rin (sau khi in xong),
thoi gian chuyén trang thai ngin dan dén anh
huong dén chat luong san pham in. Chinh vi
vay, nghién ciru nham nang cao ning suét, chit
lwong san pham luén duge cac nha nghién ciru,
don vi ung dung quan tam. Bai bao trinh bay
cac két qua nghién ctru vé phan bd nhiét khi in
theo phuong phap SLM trong méi lién hé voi
cac thong sb cong nghé cua qua trinh in.
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Hinh 1. Co ché in SLM [3]

2. MO HINH TRUYEN NHIET CUA QUA
TRINH IN SLM

Khi ngudn laser quét trén bé mit 16p
bot, nang luong duogc truyén tir 16p trén cung
xudng cac 16p dudi théng qua nhiéu thay doi
vét 1y khac nhau, chiang han nhu: truyén nhiét,
burc xa, d6i Iuu, dan nhiét, dong chit long chay
trong viing ndong chay, nong chay, bay hoi va
phan ung hoa hoc [3].

Hwing quét laser

Nguin laser

Tim dir

Hinh 2. M6 hinh truyén nhiét khi in SLM [4]
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MBS hinh toan dé xéc dinh nhiét do trong
qua trinh in trong mdi lién hé véi thudc tinh
nhiét cta vat liéu, thong s6 cong nghé in duoc
thé hién nhu sau [5]:

aT
pC - + pCu VT = V(kVT) + Qnguan nhiét (1)

V6i T 1a nhiét do (K); p 1a khéi luong
riéng cua vat liéu (kg/m?); C 1a nhiét dung (J/
(kg.K)); k 1a @6 dan nhiét (W/(m.K)); u 1a van
tfr),c in (m/s); Qnguén whiee |8 nAng luong laser phan
bo cho vung can in cua 16p in (W/m?). Nang
lugong nguén laser duoc xac dinh trén co so la
tong nang lwong hap thy, truyén dan va bic xa
nhu thé hién & Hinh 2.

Ning lugng laser phan bd cho ving can
in duoc xac dinh nhu sau:

Qngufm nhiét - Qcﬁng suat yéu cau + Qdén nhiét (2)

Qcéng sudt yéu cau - ngudn Jaserdén Qdéi o QbL'rc xa_ Qdfan nhiét (3 )

Hinh 3 thé hién cac thong s6 cia mod
hinh Goldak biéu dién phan bd ning lugng
laser [6], cac thong sd va gid tri tuong tng duoc
stt dung cho mo phong duoc thé hién ¢ Bang
1. Ning luong cong suat laser yéu cau theo mo
hinh Goldak dugc xac dinh nhu sau:
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Hinh 3. Mé hinh Goldak biéu dién phin bé ndng
luong laser

Hinh 4 thé hién mo6 hinh Gauss biéu
dién phan bd ning luong laser [7, 8]. Ning
luong cong suit laser yéu cau theo mo hinh
Gauss duogc xac dinh nhu sau:

—3z2  —ay® -3x?
Q _20 28 FEEH )
céng suat yéucau — Y- V{ﬁe

Hinh 4. Mé hinh Gauss biéu dién phédn bé nang
luwong laser

3. PHAN BO NHIET TRONG QUA TRIiNH
IN SLM

Dé xac dinh phan bd nhiét trong qua
trinh in, cac budc thuc hién dugc thé hién trén
Hinh 5.

- Thuis tinh vii lifu in
- MG hinh 3D cia min in

* Phirong trinh triyéa ahigt
* M hinh Gauss phiin bo ning

lwrgmg laser
— *  Cic thuje tinh nhigt cila vt ligu

* Chia Idi phin tir

* Nhip mi hinh Gauss, Galdak, diéu
kifn bién va théng s ciing nghé

*  Phin tich phin bo nhigt

*  Phiin bd nhift véi cac b théng
50 cing mghé _
* 5o smh va dinh gid ket qui

Cor ché phin bé ohift va
bi thing si cing nghé in

Hinh 5. Cac buoc xac dinh phan bé nhiét va bé
thong so cong nghé

Co ché phan bd nhiét va bo thong )
cong nghé in da dugc xac dinh tmg dung phan
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mém Comsol véi cac bude tir thiét 1ap mé hinh
truyén nhiét, phan tich qué trinh in téi phén tich
két qua phan bd nhiét. Trong bude thiét 1ap mo
hinh truyén nhiét, mé hinh nhiét (1), mé hinh
Gauss, mo hinh Goldak thé hién niang luong
laser phan b (4) (5) va cac thudc tinh vt lidu
dugc nhap vao méi truong Comsol. Dé phan
tich qua trinh in, phuwong phap phan tir hitu han
duoc 4p dung, mé hinh in dugc chia ludi cho
phan tich; diéu kién bién va cac thong sé cong
nghé in dugc thiét lap. Két qua phan bd nhiét
v6i cac bo thong s6 cong nghé in khac nhau

nhu cong suit nguén laser, van toc in, chiéu
day 16p in, va khoang cach gitra cac duong in
nham xéc dinh duoc bo thong sb cong nghé in
phu hop.

Trong nghién ctru nay, vi tinh chat lap
lai cua cac duong in nén chi nghién ctru qua
trinh in mot duong don dé xac dinh gia tri cua
nhiét d khi in. Bang 1 thé hién céc gia tri duoc
su dung dé xac dinh truong nhié¢t véi mo hinh
Goldak va mo hinh Gauss.

Bdng 1. Gid tri cia cdc théng s6 mé phong [9, 10]

hliié}; Théng s6 Mo hinh Goldak M6 hinh Gauss

X, Toa do x ban dau 0 [mm] 0 [mm]
Yo Toa d6 y ban dau 0 [mm] 0 [mm]
Q | Cong sudt ngudn laser tir may 150 [W] 150 [W]

a Chiéu rong chum tia laser theo truc y 0.4205 [mm)] 0.4205 [mm)]

b Chiéu sau tham nhép cua chum tia laser 0.1682 [mm] 0.1682 [mm]

theo truc z

C Chleu dai phan bod phia trudc ctia chum 0.4205 [mm] 0.4205 [mm]

f tia laser theo truc x
C Chicu dai phan bo phia sau ctia chum tia 0.84 [mm] 0.4205 [mm]

r laser theo truc x

£ He; s0 ngudn nhiét phia trudc ciia chum 3 1

tia laser

¢ H¢ s0 ngudn nhiét phia sau cua chum tia 43 1

r laser

u | Vantdcin 1500 [mm/s] 1500 [mm/s]
C Nhiét dung 710.10° [J/(g.K)] 710.10° [J/(g.K)]
k Hé sb dan nhiét 7.5.10° [W/(mm.K)] 7.5.103 [W/(mm.K)]
T, | Nhi¢t d0 moi truong 293 [K] 293 [K]
h | He sd truyén nhiét déi luu 186.3 [W/(mm>.K)] 186.3 [W/(mm>.K)]
h | Heé sé truyén nhiét bic xa 4.4 [W/(mm2.K)] 4.4 [W/(mm2.K)]
h Chiéu day 16p in 0.045 [mm] 0.045 [mm]
Ha | Khoang céch giita hai duong in 0.07 [mm)] 0.07 [mm)]
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Time=0.024654 5 Vahame: Temperature K
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Hinh 6. Phédn bo nhiét véi mé hinh Gauss

Hinh 6 mo ta truong nhiét do khi in SLM
cho vit liéu hop kim Titan vé6i cac thong s mod
hinh Gauss nhu trong bang 1. Vi mo hinh
Gauss, 4p dung v6i cong suat ngudn laser 1a 150
W, van tdc in 1a 400 mm/s, nhiét do tai vung
nong chdy vat lieu dat dugc 1a T_= 2660 K.

Time=>0.014008 «

Volume: Tomporature (K
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Hinh 7. Phén bé nhiét véi mé hinh Goldak

Ap dung v6i mo hinh Goldak, trong
cung diéu kién giébng nhau vé cong suat (150
W), van tdc in (400 mm/s), nhiét do tai ving
nong chay vt li¢u dat dugc 1a T_ = 4000 K.

Lap lai qué trinh trén véi cac bo thong
sO cong nghé in khac nhau (trong truong hop
nghién cuu néy chi thay d6i cong sut nguén
laser va van tdc in), gia tri cla T_ duoc the
hién & Bang 2. Trong d6 voi cong suat ngudn
laser 150 W, gia tri cua chiéu sau tham nhap
cia chum laser 13 1.682 mm (nhu thé hién &

bang 1); voi cong sudt ngudn 16n hon, gia tri
ctia chiéu sau thAm nhép cua chum laser sé& 16n
hon. Cu thé, véi cong suat ngudn laser 1a 250
W gia tri ctia b= 0.35 mm; v6i cong suit ngudn
laser 1a 350 W gia tri cua b = 0.5 mm da duoc
st dung cho qué trinh mo6 phong.

Bang 2. Gia tri nhi¢t do tai vung néng chay (T, )
voi mo hinh Goldak va Gauss

Ngudn | Vin MO MO
£, hinh hinh
STT laser toc in
W) (mm/s) Goldak | Gauss
T, (K) T, (K)
1 150 400 4000 2610
2 350 400 4030 2750
3 150 1500 3630 2480
4 350 1500 3900 2720
5 250 950 4090 2660

Tir két qua Bang 2 ta nhan thay rang, voi
cong suét nguén laser 150 W, 250 W, va 350 W;
van tbc in 400 mm/s, 950 mm/s, va 1500 mm/s
gia tri truong nhiét do ap dung moé hinh Gauss
va mo hinh Goldak déu 16n hon nhiét d6 chay
yéu cau ciia vat liéu hop kim Titan 1 1877 K
[11]. Tuy vay, gia tri dat dugc thong qua mo
phong 4p dung mo hinh Goldak la qué 16n, va
déu 16n hon nhiét do bay hoi cua vat liéu hop
kim Titan la 3533 K [12].

Tur két qua Bang 2, ap dung moé hinh
Gauss, gia tri ngudn cong suét laser Q = 150
W va van toc in u = 1500 mm/s 1a phu hgp cho
qud trinh in SLM vé1 vat liéu hgp kim Titan. St
dung két qua nay véi b thong sb cong nghé Q
=150 W, u = 1500 mm/s va chiéu day in 0.03
mm, két qua in trén may in 3D FF-M180D véi
bot hop kim Titan dugc thé hién ¢ Hinh 8.
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Hinh 9. Danh gia do chmh xdc hinh hoc ciia mdu
in 3D

Két qua mau in c6 do chinh xac hinh
hoc dat dugc cao thong qua phuong phap quét
3D mAu in va so sanh véi mo hinh 3D ban dau
nhu thé hién & Hinh 9 vé6i do 1éch 1a 0.142 mm
(thé hién boi mau do).

4. KET LUAN

Xac dinh phan b nhiét trong qua trinh
in SLM trong mdi lién hé véi cac thong sb cong
nghé in 14 rat can thiét d6i véi qua trinh in thuc
té nham str dung hiéu qua thiét bi va dam bao

chat luong san pham in. Nghién ctru nay dé xuat
b thong sd cong nghé in phi hop cho qua trinh
in SLM trén co s¢ xac dinh gié tri nhiét dd nong
chay Tm ctia vat liéu hop kim Ti6Al4V. Dé xac
dinh dugc Tm, phuong trinh truyén nhiét da
duoc thiét 1ap véi mo hinh phan bd ngudn nhiét
laser duoc xét theo ca mé hinh phan b Goldak
vamo hinh phan b Gauss. Trén co s& d6, phan
mém Comsol v&i phuong phap phan tir hiru han
dd duoc sir dung dé mo phong phan bd trudong
nhiét do khi in theo phuong phap in SLM. Tu
ket qua mo phong bo thong so cong nghe bao
gom cong suat nguon laser 150 W, vén toc in
1500 mm/s, va chiéu sau in 0.03 mm da duoc
st dung dé in trén may in 3D — FF-M180D. Két
qua mau in cho d6 chinh x4c hinh hoc cao.
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