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Qua trinh in 3D kim loai SLM 1a mét qua trinh phuc tap co rat
nhiéu thong s6 cong nghé khac nhau (130). Bai bao gidi thigu su
anh hudng cia cac thong sé cong nghé dén cac chi tiéu do cung té
vi clia qua trinh SLM. Phan quan trong clia bai bao 1a vigc Iva chon
céc thong sé cong nghé, ciing nhu viéc phat biéu va giai bai toan tbi
wu hoa thong sd.
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The process of 3D metal SLM printing is a complex process that has
a lot of different technological parameters (130). This paper presents
the influence of technological parameters on the hardness of the SLM
process. The important part of the article is the selection of
technological parameters, as well as the interpretation and solution of
the optimization problem.
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1. PAT VAN DE

1.1. Nguyén ly hoat dong ctiia SLM (Selective laser melting)

Cong nghé in 3D kim loai SLM (Selective laser melting) duoc gidi thidu dau tién trén thé
giGi voi bang sang ché DE 19649865 vao nam 1995.

Cong ngh¢ SLM hay con goi 1a cong nghé in 3D kim loai - mang nhiing nguyén
Iy co ban cia cong nghé boi dip vat lisu AM (Additive Manufacturing) d6 1a xdy dung
san phim bdng cach chong cac 16p vat liéu 1én nhau cho dén khi hoan thanh san pham.
Céac 16p duoc tao ra bang cach dung chum laser ning lwong cao lam néng chiy cuc bd
vi tri laser chiéu trong diéu kién chéan khong hoac khi tro, kim loai bt c6 do r6ng nhét
dinh sau khi laser di qua bi 1am néng chay va hoa rin tao thanh vat liéu mang tinh chét
cia kim loai dic khéi. So d6 nguyén 1y co ban cua cong nghé SLM duogc thé hién trén

hinh 1 duéi day.
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Hinh 1. So d6 nguyén 1y qua trinh SLM

1.2. Cac thong s cong nghé
Théng s6 cong nghé SLM
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Hinh 2. Cac thong s6 qué trinh SLM [1]

Vén téc quét

Hinh 3. So d céc thong sb qua trinh SLM: Cong sut laser, khoang cach quét, van tdc quét va chidu day 16p bot [2]
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C6 khoang hon 130 thong sé duoc chia lam 4 nhom c6 anh huéng truc tiép dén qué trinh
xdy dung chi tiét, va cudi cung 13 vé& chét luong cua cac chi tiét [1]. Mot sb trong s6 von c6 ddi
voi vat lieu duoc chon nhu tinh dan nhiét, trong huong riéng, nhiét do nong chay, con nhiéu
thong s6 khac. RS rang la tat ca chung déu c6 tac dong truc tiép dén cong viéc xay dung, nhung
khong ¢ cach nao dé stra ddi chung.

1.3. Cac chi tiéu danh gia

Anh huéng cta cac thong sb cong nghé (TSCN) dén tinh chat sir dung (TCSD) duoc tac
gia Ning Yu [3] va B. AlMangour [4] nghi€n ctru, khai quat rd qua hinh 4. Ching ta cling rat ra
dugc mot ket luan chung nhat sau nhitng dan ching cung nhu cac thong tin da de cap trong céac
muc dd qua rang: Cac TSCN c6 anh hudng 16n va nhit dinh dén TCSD cua chi tiét duoc tao hinh
qua SLM. Tir d6, dé dat dugc cac tinh chit mong mudn cua chi tiét tao hinh tir SLM, phai thiét
lap cac TSCN thich hop. Hinh 4 thé hién cho ching ta thiy nhitng duong miii tén két néi mdi
TSCN nay v6i thudc tinh chit lrong san phdm (CLSP), TCSD ma TSCN d6 anh huéng manh.

Théng s6 cong nghé Cic chi tiéu kinh té
Céng suit laser Téc d6 tao hinh
Téc 46 quét * D6 nham bé mit

Do cimg
Khoang cach quet Do chinh xac
Chién lege quét Mat d6

Hinh 4. Anh hudng cia cac thong s cong nghé dén CLSP va TCSD

Do d6 viéc to1 uu hoa céc thong s6 qua trinh ¢6 anh hudng va y nghia to 16n trong viéc
nang cao nang suat va chat luong san pham SLM.

1.4. B4 tri thi nghi¢m

1.4.1. Mady thi nghiém

Thi nghiém dugc thyc hién trén may SLM ( The national metal and Materials Technology
Centre, Thailand) nhu hinh 5 v6i thong sé k¥ thuat bang 1.
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Hinh 5. May SLM dugc phat trién bai The national metal and Materials Technology

Bang 1. Thong s6 k¥ thuat ctia may dugc sir dung trong SLM

Loai Soi Lazer
Budc song 1,064 mm
Ché 4o CW va xung
Lazer Cong sult ti da trén phoi ~300W (CW)
Buong kinh chum trung binh ~ 80 pm
M?( Chét luong chim ) 1,05
He¢ théng ling dong bot Recoater v6i 1 scraper
‘ Chiéu day 16p bot Téi thiéu ~100
Buong chay ol ied Hm

Ban may lam viéc

100mm x 100 mm

Piéu khién mirc d6 Oxygen

Dong khi lién tuc

1.4.2. Ddc tinh bot
Thép khong ri 316L duoc st dung trong thi nghiém & dang bot da qua xir 1y (d6 tinh khiét
99%) cho qua trinh SLM. Hinh 6 cho biét cac hinh thai hoc cta bot thép khong ri 316L. Bot ndy

c¢6 dang hinh cau va kich thudc hat trung binh khoang 36,6 pm. Thanh phan cua bot nay 1a Fe
can ddi, 16,9% Cr, Ni 10,9%, 2,1% Mo, 1,36% Mn, 0,46% Si, 0,029% P, 0,015% S, 0,016% C.

Bang 2 cho thiy gia tri ciia mot sb tinh chit vat Iy ciia thép khong gi 316L.

{b)

ha

Hinh 6. a, Anh hién vi SEM dién hinh ctia dang hat 316L SS va b, hinh anh phéng dai cao hon
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Bang 2. Mot sb dic tinh vat 1y ctia thép khong gi 360L ( Gusarow et al.2007)

Mat do (p — kg/m®) 4700

Diém néng chay (T, — K) 1,783

Nhiét nong am nong chay 272,500

Din nhiét ¢ nhiét do phong (A — W/mK) 20

Nhiét dung riéng tai nhiét do phong (€, — J/kgK) 500

Hg¢ so phan xa( R) 0,7
1.4.3. Miu

MaAu danh gia phai co6 mot $6 yéu clu can phai c6 hoac dat dugc nhu:

- Kich thuéc quan trong cAn thuc hién vira va da nho dé tao diéu kién kiém soat chét luong
¢o kich thude 10x10x10mm nhu hinh 7.

- D& do luong, khong tiéu tén nhidu vat liéu va thoi gian tao hinh khong qua lau.

10 mm

10 mm

Hinh 7. M3u dugc san Xuat tir may SLM dé do do cting, 6 nham bé mat, d0 chinh xac va do xép

1.4.4. Kiém tra dp cirng té vi Vickers

Do cimg ctia miu 32 bing thép khong gi 316L SLM duoc xac dinh bang phuong phap
kiém tra do cung té vi Vickers (ASTM C1327-03) v6i mot may do kiém tra do cimg té vi
(Mitutoyo AVK-C2) nhu hinh 9. D6 ctng dwoc do bing cach chiu tai trong 400 g trong 15 gidy.
Cac vi tri 10m duoc xac dinh béng cach st dung ludi 3x3 voi khoang cach 2,5 mm gitra mdi vi tri
Hinh 8.

Direction of building

Hinh 8. Chuén bj kiém tra d6 cimg cho chi tiét
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Hinh 9. May kiém tra do cing, Mitutoyo AVK-C2

2. PHUONG PHAP GIAI BAI TOAN TOI UU HOA
2.1. Phit biéu bai toan t6i wu héa mét muc ticu

Muc tiéu cua bai toan tdi wu hoa 1a xac dinh gia tri cac thong s6 cong nghé sao cho ham
muc tiéu dat cuc tri.

Ham s6 m6 ta quan hé gitra chi ti€u to1 wu va cac thong s6 cong ngh¢ goi la ham muyc tiéu.
Bai toén to1 vu hoa dugce phat bieu dudi dang toan hoc nhu sau:

Ham xac dinh céc gia tri x; sao cho:

Ham muc tiéu: Y(x) = max x=(2),%5, 0, x,)7

thoa man: c;(x) =0, i=1,2,....,m (1)

O bai bao nay ta ding chi tiéu toi vu 1a: T6i d6 climg chi tiét SLM.

2.2. Giai bai toan t6i vu hoa

Ban chit cua cong nghé bdi dip vat lidu 1a nguyén ly bdi dép theo 16p nén do nham bé mat
tuong ddi cao kho - cai thién. Vi thé rat it tic gia nghién ctru trong d6 ¢ Ning Yu [3] vdi cong
sudt laser tir 80 - 200W, tdc do quét tir 100 - 250 mmy/s, khoang cach quét tir 0,14 - 0,24mm va
chiéu day 16p bot tir 0,04 - 0,16 mm thi d6 nham bé mit dat dugc tir 17 - 21 wm. Hau hét ho tap
chung vao cac dac tinh quan trong ctia cong nghé nay la mat do, do cling, téc do tao hinh &
day ta chon chi tiéu t6i wu la do crng va rang budc la: 80,03% < Mat d6 =< 99,3% va
0,93 cm® /h < Tdc d6 tao hinh < 2,58 cm? /h .

2.2.1. Nhép div ligu

Thong sd qué trinh dugc gidi han bao gdm cong suat lazer (25-225W), tbe dd quét (50-320
mm/s), khoang cach quét (0,04 - 0,06 mm) va chién luoc quét (c6 hay khong chia ving quét
trung gian trong mit cit ). S6 liéu dwoc 1y trén thi nghiém [5] dugc nhap vao nhu sau:
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Bang 3. Ki hiéu va muc trong img cua cac thong s cong nghé

Bién Xi : Cap
Thap (-) Cao (+)
Cong suit laser (W) X, 75 175
Téc dd quét (mm/s) X, 80 200
Khodng cach quét (mm) X 0.04 0.06
Chién lwgc quét (mm) Xy 5 (chia ving quét trung gian trong mat cit) | 10( quét xuyén sudt mit cit)

EH File Edit Data

Bang 4. S6 liéu thi nghiém dwoc nhap vao phan mém minitab

Calc Stat Graph Editor To||F File Edit Data Calc Stat Graph Editor Toc

HH e xEm D #|5 - 2@ 9 i
| =] | =

+ (= 2 3 4 5 + (=] c2 3 c4 5

X1 X2 X3 X4 Y X1 X2 X3 X4 Y

1 75 200 0,04 10 20842 17 75 200 0,06 10 20202
2 75 200 0,04 10 208,46 18 75 200 0,06 10 203,30
3 175 200 0,04 10 219,50 19 175 200 0,06 10 216,14
4 175 200 0,04 10 21937 | 20 175 200 0,06 10 215,94
5 75 200 0,04 5 212,15 21 75 200 0,06 5 209,91
(3] 75 200 0,04 5 211,71 22 75 200 0,06 5 209,00
T 175 200 0,04 5 22913 23 175 200 0,06 5 223 49
8 175 200 0,04 5 22770 24 175 200 0,06 5 222,53
9 75 a0 0,04 10 208,34 25 75 a0 0,06 10 214,40
10 75 80 0,04 10 208,97 26 75 a0 0,06 10 215,15
n 175 a0 0,04 10 22766 27 175 a0 0,06 10 226,39
12 175 a0 0,04 10 22826 | 28 175 80 0,06 10 226,39
13 75 a0 0,04 5 213,30 29 75 80 0,06 5 214,75
14 75 80 0,04 5 214,15 30 75 30 0,06 5 214,44
15 175 a0 0,04 5 226,29 £ 175 a0 0,06 5 222 .06
16 175 a0 0,04 5 225,21 32 175 a0 0,06 5 221,33

2.2.2. Xir Iy di ligu

Sau qua trinh phan tich phwong sai ta dwoc phuong trinh hdi quy chi tiéu d6 ctng:

D¢ cing:

Y= 217,1 +6,5X; - 2,1X; -

X3 - 1,5X4 +b0,3X:X; - 0,8X: X5 + 0,4X; X4 - 1,2X5X3

- 1,8X0X4 +0,4X5Xy + 0,8X1X0X5 - X1 XX - 0,6X5X3X4 +0,5XX0X3X4

Két qua d6 nam trong tin cdy R% = 99,47%. Céc su tuong tac khong anh huong dang ké
dén két qua (P > 0,05) da bi loai bo khoi phuong trinh.

3. KET QUA

St dung phan mém Minitab dé giai bai toan tdi wu ta nhan duoc két qua sau:

Do cirng dat gia tri toi wu 1a ¥

Khi cac TSCN ¢ gia tri: X
vung quét trung gian trong mat cat)
Vay cac thong sb ché tao: Cong suét laser, toc d6 quet, khoang cach quet va chlen lugc
quét c6 anh huong dang ké dén do clng cua chi tiét. Va voi cac didu kién tdi wu cong suét laser

max

175W; X, =

= 228,3 HV
200mm/s;

X5 = 0,04mm; X, = 5mm (Chia
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14 175W, tdc d6 quét 200mny/s, khoang cach quét 0,04 mm va chién lwge quét 5Smm co thé tao ra
chi tiét co do cimg 228,3 HV.

4. HUONG PHAT TRIEN

Giai cac bai toan to1 wu hoa khac nhu mat do, toc do tao hinh va bai toan da muc
tiéu.
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