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Trong cOng nghé tao hinh bing tia laser, cac tham sb cong nghé anh hudng tryc tiép den
chit luong san pham Bai bao nghlen ciru sy anh huong cia cong suat ngudn laser dén do dong
déu chiéu day chi tiét thanh mong, Sir dung phu*ﬂng phap phén tir hitu han mé phong trudong
nhiét d6 chi tiét thanh mong, két qua cho thiy néu ¢ dinh ¢6ng suit laser trong sudt qua trinh
tao hinh thi nhi€t 46 ving ndng chay s& ting theo chiéu cao tao hinh, do dé lam tang chiéu da}r
thanh méng theo 4 cao. Mubn duy tri syt 6n dinh nhi€t @5 cha vung nong chay O mét gia tri nhét
dinh d& dam bao sy dong déu vé chiéu day thanh mong thi phal diéu chinh cong suét laser giam
dan theo chiéu cao tao hinh. Thuc nghlem do nhiét do vung néng chay trong qua trinh tao hinh
cho két qua pht hop voi két qua mb phong, ddng thoi xac dinh duoc quy ludt diéu chinh cong
suat ngudn laser theo d6 cao tao hinh d3 ning cao duge d6 ddng déu vé chifu day chi tiét thanh
mong.

Tir khéa: cdng nghé tao hinh bang tia laser, viing néng chay, trudmg nhiét do, thanh méng.

1. GIOI THIEU

Cong nghé ché tao san phdm sir dung phuwrong phap thiéu két true tiép bt kim loai béng tia
laser (Laser Direct Metal Forming, LDMF) la mét trong nhitng cong nghé tac hinh san pham
kim loai hién dai hién nay. Ccmg nghé nay bit diu phat trién tir nhimg nam 90 thé ky XX, 1a su
tich hop cua cdng nghé laser, cong nghé diéu khién s6 (CNC), cdng nghé may tinh, cdng nghé
vt liéu... sir dung ngudn ning lugng laser thidu két bt kim loai tao hinh san pham theo nguyén
li tao hinh ting 16p vat liéu (layer by layer) ma khéng cén st dung cac dung cu cét cling nhu céc
loai dd ga phirc tap. Cong nghé nay sau do dugc phat trién rat nhanh, dugc img dung rong rai
trong cac linh vuc hang khéng vil tru, cong nghlep 6 t8, tau thily, quén su va y hoc [1]. Uu diém
vuot trdi clia céng nghé LDMF la khi tao hinh san pham khong phai quan tim dén do cirng clia
vét liéu; hoat dong trén nguyeén li sir dung chum tia laser nang lugng cao dé 13m ndéng chay bot
kim loai theo timng don vi thé tich nhé. Sau khi chum tia laser di chuyén sang vi tri khac thi ving
kim loai noéng chay dugce két tink véi tbe do ngum cuc nhanh, qua trinh nay tiép tuc cho dén khi
hinh thinh xong mét 16p vat lidu. Sau d6, qua trinh duge Hip lai dé tao hinh 16p tiép theo trén I6p
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vit liéu vira duoc tao hinh va két thac khi hoan thanh 16p cudi cing caa san pham [2].

Cong suft ngunn laser la mét trong nhitng tham sb quan trong ¢an diéu khién trong qui
trinh tao hinh. Nghién cifu quy lut anh huong cia cong suat laser dén chat lirgng san phim c6 y
nghia rét quan trong. Cong suét ngunn laser anh hudng truc tiép dén nhiét do vung ndng chay
khi tao hinh, do 46 anh huong den kich thudc coa lop tao hinh [3]. Lam thé nao dé tim ra quy
luat anh hudng cha cong suét nguun laser dén do chinh xdc vé kich thude [op tao hinh, ning cao
chét luong san pham {2 mot yéu ciu cap thlet va co y nghia thuc tién. Xuat phat tir nhitng khé
khin gap phai trong qua trinh tao hinh, tién hanh mé phong s& trudng nhiét 46 thanh mong dé
tim quy ludt anh huong cua cong suat ngudn laser dén nhiét do vung néng chay, tir do dinh
hm'mg thie nghiém do nhiét df thuc té ving nung chay va su anh huong cua né dén dob dﬂng déu
vé chiéu ddy thanh méng, tién hanh diéu chinh céng suit ngudn laser dé ning cao d6 dong déu

chiéu day thanh méng.

2. MO PHONG SO TRUONG NHIET PQ CHI TIET TRONG CONG NGHE LDMF

Sir dung phan mém phan tich phan tir hitu han ANSYS xay dung mo hinh ba chiéu trudmg
nhiét d6 tirc thai ciia két clu thanh mong trong cong nghé thidu két truc tlep bdt kim loai dé tao

hinh san pham.
2.1. M6 hinh phén tir hiru han

Tmng qua trinh tao hinh san pham muon xac dinh chinh xéc quy luat thay dbi nhiét db theo
thoi gian két cau thanh mﬂng, phai thiét 13p mé hinh tinh toan giong vai qua trinh tao hinh thyc
té. Pé thyc hién qua trinh nay, dé tai da sir dung ki thudt phan tich cao cap “sinh t& phén ti”
(Bl[’th and Death Element) trong phan mém ANSYS [4]. Hinh 1 thé hién nguyen li cia ki thuft

“sinh tir phan 16" mé phdéng trudmg nhiét do trong qua trinh hinh thanh két cau thanh méng. Pau
tién, khi chim tia laser chua hoat dung thi tit ca cac phan tlr tao hinh déu bj “glet chét”, khi
chim tia [aser quét dén cac vj tri ¢o phan tir bi “giét chét” thi cac phan tir nay s& dwgc kich hoat.
Do d6, thong qua ki thuat “sinh tir phan ti” trong phan mem ANSYS cé thé xay dung durge md
hinh tinh toan truong nhiét dd cua chi tiét thanh mong gidng nhir qué trinh tao hinh thre té.

Bm vdi md hinh ba chiéu cua két cau thanh mong, dé ¢ thé x4c dinh chinh xéc quy lut
phén bé trudmg nhiét dd coa chi tiét, yéu cau kich c& chia lugi phin tr phai twong d6i nho dé dat
dugc d§ chinh x4c tinh toén. Nhung dé tranh hién tlm'ng chia ludi qua nho, din dén thoi gian
tinh toan qua dai, khi chia luéi phén tir hitu han, trong vung vit liéu tao hinh chon phuong phip
chia lugi rét nhu cac vang khéc trong mé hinh chon phuwong phap chia luéi tuong doi thé, sur
dung phan tir nhiét sdu mit tam tlet diém SOLID70 nhu thé hién trong Hinh 2. Vat liéu nén la
hop kim chju nhiét DZ125L dang tam, kich thudc 50x20x5 mm, vit liéu tao hinh ciing 13 hgp
kim chiu nhiét DZ125L dang bét. Thanh phdn va céc dac tinh nhiét vat li cua vat liéu thé hién
tmng Bang 1, Bang 2 [5]; ku::h thude thanh méng 14 20x0,5%4 mm, két cdu c6 20 lop, chiéu day
moéi lop 1a 0, 2 mm. Tham s c6ng nghé thé hién trong Bang 3.
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Hinh I. So 46 nguyén li cong nghé LMDF., Hinh 2. M6 hinh phan tir hitu han.
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Béng 1. Thanh phin vét liéu hop kim chiu nhiét DZ125L (%).

C Cr Co Mo W Al Ti Ta B Ni

0,09 9,70 9,64 2,18 7,14 4,90 3,12 3,78 | 0,015 Cian bing

Bang 2. Bic tinh nhiét vat I cda hop kim chiu nhiét DZ125L.

Nhistds | Hesbgianng | Matdas | OF i;ﬁn Nhfé:g““g He 56

o 1/C kg/m’ wW/C ke'C Poison
20 1,48x107 8230 8 350 0,33
200 1,52x107 8230 9,67 385 0,33
400 1,56x107 8230 13,44 456 0,33
600 1,62x107 8230 16,79 498 0,33
800 1,69x107 8230 19,63 506 0,34
1000 1,75%107 8230 19,43 473 0,35
1100 1,80x107 8230 19,00 443 0,35

Bang 3. Tham sb cdng nghé.

; " L Ban kinh chiim 1
Cong suat laser Téc do quét Tdc d6 cap bét ai ullasgr um tia
(W) (mm/s) (g/phiit) —
230 10 6,5 0.5

2.2. M6 hinh ngudn nhiét va diéu kién bién cho trudmg nhiét d9
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2.2.1. Cdc gia thiét

- Téc d6 tao hinh va toc dd quét chia chim tia laser gidng nhau;

- Nhiét dé méi truong (nhiét do trong phong thi nghiém) 12 20°C;

- Piéu kién bién 14 truyén nhiét d6i luu va birc xa nhiét;

- Nhiét d6 caa ving néng chay la nhiét dé do nang luong nguf:‘:rn laser sinh ra.

2.2.2. Phuong trinh diéu khién

Pic diém cia coéng nghé thiéu két trirc tiép b6t kim loai bing tia laser 1a tdc do gia nhiét
lam ndng chay bét kim loai rat nhanh, sau khi chum tia laser di chuyén di thi viing kim loai nong
chay ciing duoc lam ngudi va két tinh véi tde do cuc nhanh, dteu do lam cho nhiét do cua chi tiét
va céc dac tinh nhiét vét i cia vét liéu thay d6i véi toc do rat nhanh. Do d6 truyén nhiét trong
cong nghé LDMF thudc loai truyén nhiét tirc thdi phi tuyén tinh. Phuong trinh cén bing ning
luong nhu sau [6]:

ar oT oT oT

g =0+ —(K —) —(K —(K

v YAy oz ()

trong do:
K«, Ky, K;-hé 56 truyén nhi€t theo cac huong x,y,z / W-(m'K)";
Q - hiéu suét sinh nhiét trong mét don vi thé tich / W-m™,;
p - mat d6 vat lidu / kg:m™;
C - nhiét dung riéng coa vit liéu / J-kg-K";
{ - thdi gian / s.

2.2.3. Didu kién bién

- Diéu kién bién ban dau coa hé thong:
T(x,y,z,t)_, =T, (2)
trong doé:
To- nhiét d6 ban déu la 20°C.
- Diéu kién bién ddi luu;
g, =nT, —T;) (3)
trong do:
h - hé sb déi leu/ Wm™.'C";
T, — nhiét 46 tirc thoi / 'C;
To — nhiét d6 mdi trudong xung quanh.,
- Diéu kién bién birc Xa:
g, =e0 (T - T}) *)
trong do:
¢ - cOng suét birc xa /W -m?sr;
o - hé s6 Stephen Boltzmann / (5.67x10° YW-m2K™*
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2.3. Két qua tinh todn va phén tich

Hinh 3 thé hién trudmg nhiét d6 thanh mong tai céc thdi diém khac nhau. Hinh 3(a) 14 hinh
anh trudng nhiét d6 tai thoi dlem khi két thiic 16p thir nhat (thoi gian tao Hinh | l6p 1a 2s, dung
Is d€ ndng diu quét laser 1én, tong thai gian tao hinh 1 16p la 3s), trén hinh c6 thé thiy trang thai
cia trudng nhiét do la trang thai “ddng”, tirc 12 nhiét do thay ddi theo sur di chuyén ciia chiim tia
laser. Hinh 3(b) thé hién trrong nhiét dg tai thoi diém tao hinh % lép thir 10, trén hinh cho thay
nhigt 4o vung nong chay rit cao, khoang 2200 °C (lon hon nhiét d§ nong chay caa vit liéu
1456 °C). Hinh 3(c) thé hién trudng nhiét do & tho dtem két thie 16p thir 20, lic nay nhiét dd
cua thinh mong da ting 1én 2700 °C va nhiét db tim nén cling dd tang 1én dang ké.

17,588 T T VT T T R
28,085 .15 14 7% 05 %054 351,21 153 10 14

() Giita 16p thir 10 (¢) Két thiic 16p 20
Hinh 3. Su thay d6i nhiét d6 thanh méng tai cac thoi diém khic nhau.
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Hinh 4. Su thay d6i nhiét d6 ving nong chay theo Hinh 5. Su thay cong suat ngudn laser theo s6 16p
56 16p tao hinh. tao hinh khi giit nguyén nhiét dé ving nong chay.
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Hinh 4 the hién sy thay d6i nhiét do tir lcrp thir nhét dén 16p thir hai muoi khi gitr nguyen
cnng suat nguodn laser & gia tr 230 W, két qua cho thiy nhiét 40 vung néng chay tang dan theo
s6 16p tao hinh, tir 16p 1 dén 16p thir 5 nhiét d6 tang nhanh, sau do mirc d¢ tang nho dan va ¢ xu
huéng on dinh. D6 1a do khi méi bét dau tao hinh, I‘lhlEt do tam nen thap (bang nhiét 46 mé;i
trirdmg 20 °C), téc do truyen nhiét cia ving nong chay xudng tAm nén rat cao, do dé ma nhiét 45
viing nong chay ¢ lop déu tién thap (1400 °C). Khi tao hinh cac 1ép tiép theo, ving nong chay
truyén nhiét truc tlep xunng l6p vira méi tao hinh xong (c6 nhiét do cao hon nhiét do tim nén),
do d6 ma nhiét d ving néng chay ¢ cac 1op tiép theo cang ngay cang ting theo d¢ cao tan hinh,
Pén mot s6 16p nhit dinh sy tich liy nhiét dd & céc 16p phia dudt dat dén mot gia tri nhit dinh,
do d6 nhiét 4o vung nung chay & cac 16p tiép theo dén dat dén trang théi on dinh, khong tang
duoc nira. M6t nghién ciru chi ra ring kich thude vang nnng chay phu thuge vao nhi¢t dd ving
nong chay [7], do d6 trong qua trink tao hinh cin phai giit cho nhigt d¢ vung nong chay lubn on
dinh & mét khoang gia try nhét djnh dé dam bao chit lugng san pham tao hinh. Duya vao quy luét
thay d6i nhiét 6 viing néng chay theo chiéu Cao chi tiét ma diéu chinh cong suét ngucm laser sao
cho nhiét d§ vung nong chay & cac Iop Iudn & n dinh & mdt gia tri nhat dinh. Hinh 5 thé hién quy
lugt thay doi cong sudt nguon laser khi gilr nguyén nhi€t 49 ving nong chay & gia tri 1650 °C.
Tir Hinh 5 c6 thé théy, khi tfao hinh lop dau tién giir cong . sudt ngudn laser ¢ mot gia tri nhat dinh,
sau do giam din cong suat laser & cac lop tlep theo, dén mot s 16p nhét dinh giir cong sudt
nguon laser & trang thai on dinh, Cé nhu thé mdi dam bao duge nhiét 46 viing néng chay & céc
16p luén 6n dinh.

3. THI NGHIEM
3.1. Phwong phap thi nghi€ém

Thiét bi thi nghiém nhu thé hi¢n trén hinh 6, bao gom: ngudn phat chim tia laser Nd:YAG,
56 hiéu JK10028M-Anh, cdng sudt 1 kW: tiéu cu 160 mm, duong kinh hoi tu chim laser 0,5 mm;
may cap bot kim loai s6 hiéu DSPF-2; dau phun cip bot; hé théng didu khién CNC 3 truc; hé
théng cap khi tro Argon va mot 6 thlet bi tr¢ gilp khac.

(a) So 46 nguyén li () Thiét bi thi nghiém
Hinh 6. So 46 nguyén li va thiét bi thi nghiém.

Vit ligu thi nghiém: tAm nén sir dung loai hop kim chju nhiét DZ125L dang tAm, kich thude

70%x20%5 mm; vat liéu tao hinh sir dung hop kim chiu nhi¢t DZ125L dang bdt, thanh phan hoa

hoc vat liéu hop kim chiu nhiét DZIZSL nhu Bang 2 thé hién, chi tiét thanh mong kich thudc
50%0,5%10 mm (100 16p). Tham s6 céng nghé so bd nhu Bang 3 thé hién.
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Dau tién tao hinh chi tiét thanh mong voi didu kién cong suét ngudn laser khong ddi 1a
230 W, trong qua trinh tao hinh sir dung thiét bi do nhiét dé héng ngoai (SC7000 - hang FLIR ~
Thyy dién) dé do nhiét dé ving néng chay trong qua trinh tao hinh, x4c dinh quy luat thay d6i
nhiét do vung néng chay theo sb I6p tao hinh, so d6 do nhw Hinh 7 thé hién. Sau d6 cét chi tiét
thanh cdc mau nho d€ do su thay dbi vé chidu day chi tiét theo d6 cao.

Sau khi xac dinh quy ludt anh huéng ciia cong sudt ngudn laser dén su thay doi chiéu day
chi tiet I.;ién hanh thi nghiém voi diu kién cong suit laser thay ddi theo chidu cao tao hinh, kiém
tra d6 dong déu ve chiéu day chi tiét theo chiéu cao thanh méng.

(a) May do nhiét 46 SC7000 ‘ (b) So dob do
Hinh 7. So d6 do nhiét 4§ ving nong chay.

3.2. Két qua thi nghiém va phan tich

_ Hinh 8 thé hién chi tiét thanh méng tao hinh khi khdng thay d3i céng suit laser trong
sudt qua trinh tao hinh, Hinh 8(a) thé hién hinh dang mét bén thanh méng, Hinh §(b) thé hién
hinh dang mat cat ngang thanh mdng theo phurong vubng gbc vdi phuong quét chum laser.

b R .
| 4 i R

L
¥ ir
' i !

(a) Chi tiét thanh mong (b) Mit cit ngang vudng goc
hudng quét

Hinh 8. Chi tiét thanh mong tao hinh khi khéng thay doi cong sut laser,
Str dung thiét bi do nhiét hong ngoai dé do nhiét d6 ving néng chdy trong 50 16p dau tién,

sy thay doi nhiét d6 viing nong chay nhur Hinh 9(a) thé hién, Hinh 9(b) thé hién sir thay d6i vé
chiéu day thanh méng theo chiéu cao tao hinh.
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(a) Su thay d6i nhiét 36 viing néng chay (b} Su thay dbi chiéu day theo chiéu cao
Hink 9. Su thay dbi nhiét d6 ving nong chay va chiéu diy thanh moéng khi khéng thay d6i cong suit laser.

Tir Hinh 9a) c6 thé thiy, tir khi bat dau dén khoang thoi gian 300 s (tirc 12 khodng 16p thir
30) nhiét d6 ving néng chay 6 xu hudng ting tir khoang 1400 °C dén khoang 1800 °C, sau d6
nhiét d6 vang néng chay dao ding & bién 4o rit nho, cd thé ndi 1a & trang thai “6n dinh”, diéu
kién truyén nhiét ciing dat dén trang thai “6n dinh”, do d6 ma nhiét d6 viing ncmg chay 6n dinh &
ving khoang 1800 °C. Mat khac trén Hinh 9(b) ¢6 thé thay d6 rong thanh mong tu iop thir nhat
dén [&p thir 40 ting dan tir 0,51 mm dén khoang 0,7 mm, sau do chiéu day on dinh hoidc  tang rat

chim. So sanh hai trang thai ting nhiét d6 viing néng chay va trang thai ting chiéu ddy thanh
mong phi hgp véi nhau.

Khi tao hinh trong diéu kién céng suit laser khﬁng thay déi trong sudt qua trinh thi nhiét do
viing néng chay ting dan, khi d6 xiy ra hién tirong sirc cang bé mit nhod hon trong luc, dan dén
vat liéu nong chiy tran sang hai bén trude khi két tinh lam ting d6 réng viing néng chay, do d6
d6 ddy thanh mong ting theo chiéu cao cia thanh mong, anh hudng nghiém trong dén do chinh
xac kich thudc thanh mong. Bé bao dam su dnng déu vé chiéu day thanh mung trén sunt chiéu

cao thi bét budc phai dleu khién cdng suat ngudn laser hop li dé dam bao sy 6n dinh vé nhiét do
viing néng chay trong sudt qué trinh tao hinh.

Dua trén két qua thyc nghiém cho thay, d8i véi vat liéu hop kim chiu nhi¢t DZ125L, khi
nhiét d§ vung nong chay 6n dinh & khoang 1650 °C thi dam bao tét d6 dong nhat vé hinh dang
kich thude vung nong chay [8]. Do d6, céc thi nghlem thiét dat muc tiéu didu khién cnng suat
ngudn laser de ludn ludn duy tri nhiét dm ving nong chay & khoang 1650 °C, tim ra mai quan hé
gilra cong suat nguon laser va chiéu cao thinh mong (sb lop tao hmh) Dua vao tin higu do duqc
ctia thiét bi do nhiét hnng ngoai 1am co s& diéu chinh cnng suAt ngunn laser, dam bao nhiét do

vung néng chay ludn 6n dinh & khoang nhiét d§ trén. M6i quan hé giita ¢ong sudt ngudn laser
vdi 56 16p tao hinh duge xdc dinh theo ¢ong thirc 5.

E=re, (%)
trong do:
P; — cOng suét ngué‘m laser sir dung & 16p thir i ( 2 <i<40)/ W;
Py — cﬁng suit ngudn laser & I6p dau tién/ W;

o; — hé 50 thay d6i nguun laser theo sb 16p i, (0,8 < a; < 1, khi sd lap I thay doi tir 1 dén 40
thi hé 56 o; giam dan tir 1 dén 0,8. Sau d6 giir nguyén khi tao hinh cac lop ti€p theo).
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Hinh 10 thé hién mdi quan hé giira céng suit ngudn laser véi s6 16p tao hinh dé duy tri nhiét
dd vung nong chay & khoang 1650 °C.
250
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Hinh 10. Su thay ddi cong suit laser theo chidu cao thanh mong dé dam bao su 6n dinh nhiét do vung
néng chay.

Tién hanh thi nghiém tao hinh thanh mﬂng khi thiét dat cong suat laser thay doi theo quy
luat trén, két qua dat dugc chi tiét thinh méng nhu Hinh 11 thé hién, Trong qua trinh tao hinh sir
dung thiét bi do nhiét hung ngoai dé do nhiét d6 vimng nong chay, két qua thé hién nhy Hinh

12(a), tir hinh co thé thdy nhiét d6 ving néng chay ludn n dinh & nhiét d6 khoang 1650 °C. St
dung kinh hién vi dién tir quan sat hinh anh mat cat ngang thanh méng theo phuong vudng goc
vdi phuong quét laser, két qua nhu Hinh 12(b) thé hién. Tir Hinh 12(b) co thé thdy chiéu diy
thanh mong twong déi ddng déu trén toan chleu cao, on dinh & gia tri khuang 0,56 mm. Dn do,

su dung phuong phap thay d6i cnng suat ngudn laser theo quy luat hop li cé thé giai quyét duoc

vin dé khong dong déu vé chiéu day thanh mong trong qua trinh tao hinh, ning cao dugc chét
lugng san pham.

= e

g
'~.L ;-r'}Lh-l!l-h

(a) Chi tiét thanh méng (b) Mit cit ngang

Hinh 11. Chi tiét thanh mong tao hinh trong didu kién thay ddi céng sut laser theo chiéu cao.
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Hink 12. Su thay d6i nhiét do ving néng chay va chiéu day thanh méng khi thay ddi cong
suét laser theo chiéu cao.

4. KET LUAN

Thung qua md phong so va thuc nghiém do nhiét 46 viing nong chay chi tiét thanh mong
trong sudt qua trinh tao hinh trong cong nghe LDMEF cho thay:

)

2)

Khi giir khong d6i cong suat nguﬂn laser trong suét qua trinh tao hinh thi nhiét d ving
nong chay tang theo dd cao chi tiét thanh moéng va dat dén trang théi n dinh khi chiéu
cao thanh mong dat dén mot gi4 tri nhit dinh, do d6 lam cho chiéu day thanh méng ciing
ting dan theo chiéu cao.

Khi giam dan cung suat nguun laser theo s6 I6p tao hinh theo mét quy luat hop li s& gitr
cho nhiét do vung nung chay dn dinh trong sudt qua trinh tao hinh va do d6 dam bao
dirge do dong déu vé chiéu ddy thanh mong.
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ABSTRACT

THE EFFECT OF LASER POWER ON THE UNIFORM THICKNESS OF THE THIN-WALL
PART FABRICATED BY THE LASER DIRECT METAL FORMING TECHNOLOGY

Doan Tat Khoa , Ho Viet Hai
Military Technical Academy, 236 Hoang Quoc Viet, Tu Liem Dist., Hanoi, Vietnam

"Email: doankhoactm@gmail.com

To discuss the effect of laser power on the uniform thickness of the thin-wall part fabricated
by the Laser Direct Metal Forming (LDMF), the temperature field distribution was calculated by
numerical simulation. The numerical results showed that the molten pool temperature and
thickness of the thin-wall increases with the layer number when keeping laser power. In order to
achieve a steady temperature distribution surrounding the molten pool, the laser power must be
adjusted for each layer. According to the numerical results, the thin-wall part was fabricated by
experiments. The experimental results show that the laser power should be changed with the
layer number if a uniform thickness of the thin-wall part can be obtained, which is in agreement
with the numerical simulation.

Keywords: laser direct metal forming (LDMF), molten pool, temperature field, thin-wali part.

303





