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TOM TAT

Bai bdo nay gidi thiéu két qua nghién ciru tong quan vé cdc phirong phdp can thiét @é danh
gid chat lwong bé mdt ciia cdc san pham kim logi déc trung cho cong nghé ndau chdy bang laser
6 chon loc (phwong phdp SLM) tir cdc hop kim chiu nhiét, dwoc danh gid la ¢é trién vong nhat dé
sir dung trong nganh cong nghiép may bay. Mdc dit phwong phép ndy c¢é nhitng wu diém ré rang,
nhung ciing rat khé dw dodn cdce déc tinh ciia cdc san pham dwoe ché tao vi ¢é nhiéu yéu té anh
huwéng dén chat lwong bé mat cia né. Két qua tong hop va phdn tich mét sé nghién ciru da dwoc
cong bé cho thdy kha nang phat trién cdac tham sé khi két hop vé mdt todn hoc va vt Iy dé danh gid
chat lwong san pham thu dwoce bang phwong phdap SLM khi gia cong cdc san pham tir hop kim chiu
nhiét.

Tir khéa: Cong nghé phu gia; Phwong phdp SLM; Chat leong 16p bé mdt.
ABSTRACT

This paper presents the results of an overview study on the methods to evaluate the surface
layer quality of metal products by selective laser smelting (SLM method) from heat-resistant alloys.
This method is considered the most promising for use in the aircraft industry. Although the SLM
method has obvious advantages, it is also difficult to predict product properties due to many factors
affecting its surface layer quality. The results of synthesis and analysis of a number of studies show
the possibility of developing parameters by combining mathematics and physics to evaluate product
quality obtained by SLM method in machining heat-resistant alloy products.

Keywords: Additive technology, SLM method,; Surface layer quality.
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1. MO PAU

Viéc tmg dung cong nghé san xuét hién
dal vao cac linh vyc quan trong ctia cudc song
gin bo chit ché véi su phat trién ciia cac nganh
cong nghiép cong nghé cao va tién b khoa
hoc. Trong linh vuc gia cong co khi, phuong
phap nau chay bang laser c6 chon loc (Selective
Laser Melting -SLM) trong cong ngh¢ in 3D
cho phép ché tao céc chi tiét co hinh dang hinh
hoc phirc tap ma phuong phép truyén thong rat
khé c6 thé lam duoc. Phuong phap nay ap dung
cho nhiéu loai vat liéu khac nhau va qua trinh
san xudt cac bd phéan co thé duoc trién khai
ngay sau khi san pham dugc thiét ké [1].

Nhiing nam gén day, da xuét hién mot
s6 luong 16n céc cong trinh nghién ctru vé thiét
bi va cong nghé SLM. Nhiéu nghién ctru dd cho
thdy ciu tric ciing nhu cac dic tinh cua cac chi
tiét duoc gia cong bang phuong phap nay phu
thudc vao nhiéu thong sb cong nghé nhu: cong
suat laser, toc do, budc va hudng quét, thanh
phan va kich thudc bot, v.v [2, 3]. Viéc ap dung
phuong phap SLM vao san xudt c6 thé lam
giam dang ké su phan tach khong dong nhét vat
liéu ctia cac san pham lam bang hop kim chiu
nhié¢t [4, 5]. Tuy nhién, cong nghé nay dua trén
ky thuat dung hop bot, st dung chum tia laser
dé thiéu két bot hop chit theo timg vi tri dé tao
ra chi tiét theo tung 16p, ting 16p maot. Do do,
cac 16p vat liéu nay ciing c6 thé bi tach rdi nhau
duéi nhimg tac dung ctia img sut hodc luc tac
dung nhét dinh. Ngoai ra, khi 16p bé mit cting
lai, cac bd phan c6 xu hudng co lai gay ra ung
suat du dang ké trong cac san pham duoc ché
tao. Nhitng ing suat du nay c6 thé dan dén bién
dang va tham chi pha huy bé mit. Vi Vay, trong
qua trinh hinh thanh cac 10’p cua san pham can
phai kiém soat sy phat trién ctia img suat du, ca
trén bé mat va thé tich cua chi tiét gia cong [6].
Trong linh vuc cong nghé hang khong, hop kim

chiu nhiét dong vai tro dac biét quan trong do
cac thiét bj thuong lam viée trong diéu kién moi
truong c6 nhi¢t do trén 1000° C. Khi lam viéc,
bé mit ctia cac chi tiét nay chiu mai mon manh,
nhiét d6 cao nén trong nhiéu truong hop cac bd
phan nay bat dau danh mét di myc dich sir dung
ban dau cua chung. Mot trong nhimg yéu td
chinh anh huéng dén sy hao mon sém cua cac
bd phan la chét lugng 16p bé mit cua cac chi
tiét ma no lai chju anh hudng cua phuong phap
va quy trinh cong ngh¢ khi gia cong [7]. Nghién
ctru ctia Bruno [8] ciing chimg minh rang sai
1éch kich thudc khi gia cong bang phuong phap
SLM la khong thé tranh khoi. Pdng thoi viéc
1am ngudi chi tiét dan dén co ngét va do nham
bé mit cao do cac hat bot bam vao cling anh
huong dén kich thude cua chi tiét.

Gan déy, nhiéu cong trinh nghién ctu
vé cong nghé va vt lidu gia cong clia cac chi
tiét trong linh vuc hang khoéng bang phuong
phap SLM di duogc cong bd [9-11]. Tuy nhién,
mot trong nhing thiéu st cua cac cong trinh
nghién ctru nay la chua di sau vao viéc danh gia
cu thé chat lugng 16p bé mit ctia cac san pham.
Do d6, bai bao nay gidi thidu két qua nghién
clru tong quan vé mot s6 phuong phap danh gia
chét luong 16p bé mat cua cac san phém duoc
tao ra bang phuong phap SLM tir hop kim chiu
nhiét.

2. PHUONG PHAP NGHIEN CUU

Nham muc dich phan tich cic phuong
phap va cong cu danh gia chat luong 16p bé
mit ctia cac san pham dugc tao ra bang phuong
phép SLM tur hop kim chiu nhiét, nghién ctru
nay da st dung cac phuong phap nghién cuu
chu yéu 13 ké thira tai liéu, tong hop va phan
tich mot sb két qua nghién ctru vé cac phuong
phap va cong cu danh gia chat luong 16p bé
mit ctia cac san pham dugc tao ra bang phuong
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phap SLM tir hop kim chiu nhiét trén thé gi6i
va Nga di cong bé ciing nhu cac ngudn tai lidu
dang tin cay khac.

3.KET QUA PHAN TiCH VA THAO LUAN

3.1. Méi quan hé giira cic dic tinh hoat dong
va chat lwgng 16p bé mat

Do nham bé mit, cdu tric, thanh phﬁn
pha va thanh phan hoa hoc cua 16p bé mit anh
huong dén cac dic tinh hoat dong cia cac bo
phan theo nhimng cach khac nhau. Kién thirc vé
quy luat tdc dong phure tap va riéng biét cua cac
thong ) 16p bé mat cua cac bd phan 1én cac dac
tinh hoat dong cta ching s& cho phép téi uu
hoa quy trinh san xudt cac bd phan theo cong
ngh¢ SLM.

Khi danh gia chat lugng va kha ning
hoat dong cua san phém, tinh 6n dinh cua céac
thong s6 chét lugng bé mait cua bd phéan duoc
dic biét nghién ctru. D6i v6i cac bd phan cia
may bay, cac ddc tinh hoat dong quan trong
nhat cua vat liéu 1a do bén va do bén moéi, kha
nang chong dn mon va kha ning chiu tai trong
dong. Nguoi ta da chimg minh rang d6 bén moi
ctia kim loai lién quan chit ché dén chat luong
cia bé mat (cac thong s6 hinh hoc, vat ly va
co hoc). Vi du, bé mit khong déu gay ra su tap
trung tmg suat, co thé 1am giam dang ké d6 bén
moi cta cac bd phan. Ung suét tap trung chu
yéu & cac chd 16m, chd 16m cang sau thi mirc
do tap trung tng suét xay ra cang nhiéu [12].

Do song bé mit 1a chu ky khong bang
phang ctia bé mat chi tiét duge quan sat trong
pham vi 16n, trong khi d0 nham bé mat 1a tap
hop nhimg nhip nho cia bé mit chi tiét xét
trong pham vi hep. Hién nay van chua c6 dinh
nghia xac dinh chat ché gitta d6 song va do
nham. Tuy nhién, nhiéu tai liéu dua vao ti 1&

chiéu cao nhép nhé va budc séng dé phan biét
va xac dinh, thong thuong nguoi ta xac dinh
nhitng map mé ¢ budc 16n hon 40 1a do séng
(Hinh 1).

B nham B séng

Tuyén tid, %%
&

As A

M Bude sing

Hinh 1. Nhitng ddc trung chuyén giao bién dang
do nham va dj song.

Theo tiéu chuan ISO, d6 song co hai
thong s duoc nghién ctru 1a chiéu cao do song
W va budc song S (Hinh 2).

o]
I"'I(‘:""Iu'.\.

Hinh 2. Chiéu cao va cdc buéce khi nghién civu do

song bé mat

Do nham bé mit thuong duge danh gia
qua céc tiéu chuan chinh nhu sai léch profin
trung binh cdng R ; chidu cao nhap nhé cta
profin theo mudi diém R; chiéu cao 16n nhat
cac nhap nho cua profin; R budc trung binh
cac nhap nhé cua profin S_; bude trung binh
nhap nhd cua profin theo dinh S (Hinh 3) [13].
Ngoai ra, c6 mot sd lugng dang ké khoang hon
30 thong sb phi tiéu chuin kh?'.c (Rp, R,R,,...)
[14]. Thong thuong, trong nhi€u truong hop cac
thong s6 d6 nham tiéu chuan chinh thé mo ta
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day du bién dang nhu trong phuong phap SLM.
Trong trudng hop nay cé thé sir dung cac dic
diém chire nang mo ta bién dang, chéng han st
dung dang dudng cong Abbott-Firestone.

Hinh 3. M6 td d6 nham bé mat

Céc sai 1éch vi m c6 thé quan sat dugc
bang mat thuong va c6 thé duoc phat hién bang
cach xtr Iy toan hoc cac biéu do. Po léch vi mod
(Hlnh 4) dugc dac trung boi1 H - do Ieéch vi
mo ti da, H - chidu cao san bang do 1éch vi
mo

Hinh 4. Cac dang sai léch vi mo 16i, 16m va chéo

Ngoai hinh anh vi mé, 16p bé mat bj
anh huong dang ké bai cac tinh chat vat 1y va
co hoc nhu 1a 16p bién cling va tng sudt du
[15]. Chiéu sau cua 1ép bién cimg phan 16n
phu thudc vao diéu kién hinh thanh cua 16p bé
mat. Di v6i phuong phap SLM thudng 13 nim
trong khoang 0,1 ... 0,25mm. Ung suét du trong
kim loai x4y ra trong qué trinh hinh thanh 16p
bé mit bang phuong phap SLM van con 1a mot
van dé 16n trong cong nghé in 3D tir hop kim
chiu nhiét. DAy la nhitng tng suét ton tai va can
bang bén trong trong qué trinh 1am ngudi san
pham [16].

Ung suit du (9,,,) trong lop bé mat vat

lidu ctia cac chi tiét duoc gia cong bang phuong
phap SLM dugc xép vao nhom céc van dé kho
giai quyét. Tur do can phén biét ba hé qua co
ban khac nhau vé tac dong ctia cac (mg suét nay
trong qua trinh sir dung san pham. Thir nhét,
néu san pham dam bao do cimg va gia tri cua
ung suat du vuot qua gidi han bén cua vat liéu
thi trén bé mat san pham s& xuat hién cac vét
nat. Thit hai, néu tmg suat du du 16n nhung d6
clig ciia san pham thap thi s& xay ra sy bién
dang cua san pham. Tht ba, néu san pham c6
d6 cling cao va (mg suat du khong dat dén gioi
han d6 bén thi nguy co pha hily san phdm van
con néu cac dau hiéu cua Gng suat du xay ra
cung luc [17].

Do su da dang cua cac tham sb vé trang
thai ctia 16p bé mit nén cac phuong phap danh
gia chung khong cho phép chiing ta tim ra mot
tham sé duy nhat. Do d6, trong thuc tién khoa
hoc va k¥ thuat, trang thai cia 16p bé mat duoc
wodc tinh bang mot tap hop cac tham sé don
hodc phirc. Trong nhitng nim gan dy nhimng
tham s phirc két hop mot sé tham s riéng 1é
bang toan hoc hoic vat 1y hoc ngay cang duoc
str dung nhiéu hon.

(1) modun dan hdi E

La ty sb giita tmg suat dudi gidi han ty
1€ véi bién dang tuong ung. No 1a thude do do
cung cua vat liéu.

(2) P6 bén moi

Dé xac dinh do bén moi dbi véi mot bé
mit cua cac chi tiét lam viée c6 thé su dung
phuong trinh 1am tham sb phuc dé danh gia
trong qua trinh in SLM:

. _ 140 (x
Y 7 tmSp s T

— JRmax Rp)
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(3) b cting

Pé danh gia kha nang chiu lyc cua bé
mat hoac do cung tiép xtc cua chi tiét co thé
ding tham sb phirc chit lwong 16p bé mit cia
san pham sau:

1

vaZHZ f1;|-+4

m= (m) )
Up

(4) Pé danh gia toan dién chét luong
ctia bé mit ma sat, c6 thé st dung mdt s6 tham
s6 doh nham bé mat da néu trén bao gom ng
suat du bé mat dic trung cua giai doan hoan
thién xir ly bé mat sau khi in SLM:

_ RWlpVe
x 3;’251/"2 ZIBA

tm m H

Trong d6 A — 14 hé s6 anh hudng cta
ung suat du beé mat.

(5) B6i voi mo hinh lién két truyén tai
doc truc hodc mémen xodn c6 thé st dung tham
s6 phtrc dic trung cho murc tiéu thu kim loai
cua chung nhu sau:

C =R +W +H (4)
n p p p

Thong qua két qua théng ké trong mot
) cong trinh nghién ctu, cac dac tinh hoat
dong quan trong nhit cta cac bd phan va muc
d6 anh huong cua cac tham sé chinh dén chat
luong 16p bé mit cta cac bod phan dugc tao
ra bang cong nghé SLM duoc trinh bay trong
Bang 1. Két qua cho thdy ring cac tham sb
khac nhau cta 16p bé mit anh huong dén cac
dac tinh hoat dong cua cac san phém & cac muc
d6 khéc nhau. Vi dy, cac tham s sai 1éch vi md
bé mit c6 anh huong 16n nhéat dén cac dic tinh
hoat dong cua céc bd phan.

Bang 1. Moi quan hé gitra cdc ddac tinh hoat dong cua bo phdn va cac tham s6 chat luwong cua lop bé mat:

Cic tham s6 anh huéng dén Tai trone truc
diic tinh hoat dong ciia bd | P cirng tiép xtic | Tinh haomon | Py bénmoéi | .~ . ° g tru’
A va md men xoan
phan
b6 nham,R_ ,R,R,S_ Trung binh Trung binh Manh Trung binh
bosongW_ W, S t Trung binh Manh Yéu Manh
Sailegchvimo H_ , Hp Manh Manh Manh Manh
Vatly —cohocd ., E Trung binh Manh Manh Yéu
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3.2. Cac phwong phap truyén thong va hién
dai dé do chét lwong 16p bé mit

Cac phuong phéap phd bién nhat dé
kiém tra trang thai 16p bé mit cta cic san pham
1a str dung dau do tiép xtc. Pau do bang kim
cuong dugc gin lién trén than ctia may va 1a bo
phan tiép xuc truc tiép véi bé mat cua vat licu.
Phuong phap nay c6 d6 chinh xéc cao, do kiém
duoc hau hét cac bé mit c6 tiét dién vira va 16n.
Tuy nhién, khi do tiép xtic can thiét phai ton tai
mot luc do gitra dau do va bé mat chi tiét do dé
dam bao sy tiép xuc 6n dinh. Diéu d6 co thé
gay ra su bién dang trén bé mit chi tiét do nhat
la dbi voi cac chi tiét mong kém cimg viing
hodc bién dang cua co cdu do s& sinh ra sai sd
do lyc do. Cac thiét bi do dang tiép xtic nay cho
phép do cac nhap nho bé mat vai chiéu cao tir
0,8 dén 63 um véi sai s6 theo phuong thang
dung 13 tir + 5 dén = 10% va phuong ngang la
khong qua + 10% [18].

Mot loai thiét bi khac sir dung phuong
phap tiép xuc do bién dang bé mit 13 kinh hién
vi. Kinh hién vi lyc nguyén tir (Atomic Force
Microscope, AFM) 1a mot thiét bi quan sat cdu
tric vi mo bé mat cta vat ran dua trén nguyén
tac xac dinh lyc tuong tic nguyén tir giita mot
dau miii do nhon v6i bé mat ciia mau, duogc st
dung rong rdi cho cac muc dich do bé mat ¢
d6 phan giai ngang dén cap do nanomet va do
phan giai doc dén dudi nanomet. Tty thudc vao
tinh chét cua lyc tac dong gitra ddu do va bé
mit mau, c6 thé chia lam ba ché do hoat dong
ctia AFM: tiép xuc, béan tiép xtic va khong tiép
xtc [19]. Uu diém cua phuong phéap nay 1a kha
nang thu dugc hinh anh c¢6 d9 phan giai cao
cua dia hinh siéu vi bé mit va c6 thé hoat dong
ngay trong moi truong binh thuong. Tuy nhién,
kich thudc truong quét nho, tbe do quét bé mit
thap, chat lugng anh bi anh hudng boi qua trinh
tré ctia bo quét ap dién [20].

Kinh hién vi quét diu do (Scanning probe
microscopy, SPM) 1a tén goi chung ctia nhom
kinh hién vi ma viéc tao anh bé mat cia mau
vat duge thuc hién bang cach quét mot mii
do nho trén bé mit ciia miu vat. Day 1a mot
trong nhitng phuong phap day hira hen dé do
d6 nham cho bé mit siéu min. Thiét bi SPM
c6 mét sd uu diém nhu cho phép nhan duoc
cdu tric bé mat ba chiéu that va diéu kién do
ctia SPM déu c6 thé thuc hién trong méi trudng
khong khi. Tuy nhién, nhuoc diém ctia SPM a
kich thudc trudng quét cia vat thé nho, tot nhat
la 150 X150 pum.

Hi¢n nay co rat nhiu cac dung cu do bé
mit st dung phuong phép do khong tiép xuc.
Céc phuong phép nay tng dung céac ky thuat
quang hoc dé danh gia do0 nham dya trén su
phan xa anh sang tu bé mat, tan xa anh sang
hodc khuéch tan, va cong nghé hong ngoai
(laze). Uu diém cua cac phuong phap nay la
chum tia khong thé 1am hong bé mit chi tiét,
pham vi chiéu cao ctia cic map mo siéu nho co
thé do duoc do dugce tu dong hiéu chinh. Tuy
nhién, khuyét diém ctia chiing 1a su phu thudc
cua héng ) quang hoc trén bé mit vat liéu.

Trong sb thiét bi do khong tiép xuc,
kinh hién vi dién tir quét (Scanning Electron
Microscope, SEM) [21]c6 thé thu dwoc hinh
anh bé mit mau v6i do phan giai cao (vai
nanomet). Kinh hién vi dién tur quét co thé tao
ra anh v&i d6 phén giai cao ctia bé mit mau vat
ran bang cach str dung mot chum dién tir (chum
cac electron) hep quét trén bé mit miu. Viéc
tao anh ciia mau vat duoc thyc hién thong qua
viéc ghi nhan va phan tich cac birc xa phat ra tur
tuong tac cua chum dién tr véi bé mit mau vat.
Uu diém caa phuong phap nay bao gém kha
nang quét mot khu vue mau twong ddi 16n ciing
nhu ¢6 nhiéu phuong phap phan tich cho phép

do v6i d6 phan giai dén nanomet. Ngoai ra, két &
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qua do c6 d6 sic nét sau dang ké cua hinh anh,
kich thude vat the 16n va pham vi phong dai tur
3 - 150.000 lan.

Phuong phap tiét dién t1a sang su dung
chum tia sang Xudt phat tr nguon sang qua mot
khe hep dugc thau kinh hudng mét goc a so
v6i bé mit can diéu khién. Chiéu cao cua cac
map mé siéu nho duge do tir dudng ngdm bang
micromet. Cac thiét bj hoat dong theo nguyen
Iy nay cho phép do do méap md be mit ¢6 chidu
cao tir 0,8 dén 62,5 um. voi hé sb sai sot tir 7,5-
24%. Céc thiét bi nay cho phép xac dinh céc
tham sb R,R_ .S va chup anh céc map mé
siéu nho.

Phuong phap laser elip dua trén viéc
phan tich nhiing thay ddi trong phéan cuc cua
anh sang truyén hodc phan xa tir ddi tuong
dugc nghién ciru. Trén nguyén tic cua phép do
elip, cac phuong phap nghién cuu khong tiép
xtc nhay cam trén bé mit cta cic chat khac

nhau, qua trinh hdp phy, dn mon mang oxit,
va cac phuong phap khac dugc xay dung. Birc
xa laser don sic duoc st dung nhu mot nguén
sang trong cac phép do elip. Thudc do dinh
luong ciia nhiing thay doi nay 1a cac goc phan
cuc dugc xac dinh bdi phuong trinh co ban cua
phép do elip [21].

Ngoai ra con ¢c6 mdt phuong phéap so
sanh khong tiép xtic, dya trén viéc so sanh bé
mit dugc do v6i cac mau c6 do nham (GOST
9378-93). Phuong phap nay don gian, gia thanh
thip va dam bao do kiém tra tin cdy khi R, >
1,25 ym va R > 10 um [22]. Tuy nhlen nhuoc
diém cua phu’O’ng phéap nay la sai s6 do cao do
két qua do phu thudc truc tiép vao cac yéu tb
chu quan.

Thong qua viéc phan tich mot s6 phuwong
phép xac dinh d0 nham bé mat, nghién curu tién
hanh so sanh va dua ra két qua nhu Bang 2.

Bdng 2. Bang so sanh cdc phwong phdp do lwong dé nham bé mdt ciia cdc bg phdn

Do luong do XKy 5o khé xir Iy d(gn(rg'cl*}ié'l;oific
STT Phuong phap nhz.lm bang thuat so‘ phép c 2:l ¢ phép do o Khéng
micromet do lwong Y ST
tiep xuc “—
1 Pau do tiép xuc 0,8 — 63 + Tuong dbi thap +
, N R >1,25 £
2 So sanh khong tiép xuc R > 10 - Thap -
3 | Phuongphiptietdien | o o) - Tuong déi thip -
t1a sang

4 Phuong phap laser elip | 0,0003 —0,0579 + Rét cao —
5 SEM 0,0004 + Rt cao -
6 AFM > 0,001 + Rét cao +
7 SPM >0,019 + Tuong dbi thap +
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Két qua tong hop trong Bang 2 cho
thiy tlly theo yéu cau can thiét co thé lya chon
phuong phap va thiét bi phu hop dé xac dinh
chat lwong bé mit cia chi tiét gia cong bang
phuong phap SLM. Viéc lya chon céc diéu kién
gi61 han duoc xac dinh bdi cac dac tinh lam
viéc ctia bé mit san phém. Vi dy, dé danh gia
chét luong bé mat cia canh tuabin duoc tao ra
bang phuong phap SLM c6 thé sir dung céc
phuong phap sb 1; 4 hay d6i voi cac san pham
va bd phan cia dong co tuabin khi can bd sung
thém cac phuong phap sb 2; 3. Pé diéu chinh
thiét bi dat duoc cac dic tinh bé mat vat liéu
xéac dinh trudc, can sir dung thém cac phuong
phap sb 5; 6 hay dé xac dinh ban chét cta su
xudt hién cac hu hong két ciu dic trung cia
cong nghé SLM bang phuong phap sé 7. Tat ca
cac phuong phéap do luong nay cho phép phat
trién mot bo cong cu kiém soét dang tin cay co
thé danh gia chat luong bé mit cta cac bo phan
lam bang hop kim chiu nhiét duoc san xut
theo phuong phap SLM.

Trong qua trinh san xuat san pham, dic
biét 1a ddi véi nganh hang khong thi can phai
¢ dugce cac chi tiét hoan thién véi cac dic tinh
hoat dong bé mat co thé du dodn dugc. Trong
s6 cac chi tiéu vé dic tinh hoat dong ma chung
t61 nghién ctru thi cac phuong phap va thiét bi
danh gia chét luong 16p bé mait cia bd phan dac
trung cho phuong phap SLM d6 1a: Do bén
moi; Kha niang chong mai mon; Do maéi do tiép
xtc va kha ning chong dn mon tot. DO tin ciy
vé chat lwong bé mit cta cac chi tiéu néu trén
phai duoc danh gia bang phuong phap khong
tiép xtc, ¢ tinh dén cau tric cua hop kim chiu
nhiét.

Pdi v6i cac san phém duoc ché tao
theo phuong phap SLM, viéc nghién clru cac
phuong phap kiém tra chit luong 16p bé mit 1a

xéac dinh dugc mbi quan h¢ gitta cac dac tinh
hoat dong va chat luong 16p bé mat. PO tin cay
ctia phép do céc chi sb c6 thé cho phép du doan
d6 bén, tudi tho va mot sb yéu té khac cua san
pham 1am bang hop kim chiu nhiét. Két qua
nghién ctru ndy di cho thdy kha ning phat trién
céc tham s khi két hop vé mit toan hoc va vat
Iy dé danh gia chét lwong san pham thu dugc
bang phuong phap SLM khi gia cong cac san
pham tir hop kim chiu nhiét.

4. KET LUAN

Trong nghién ctru nday, mdi quan hé
giita cac dic tinh hoat dong va chat luong 16p
bé mat, va mot s6 phuong phap do chét luong
16p bé mit cta cac san pham kim loai dic trung
cho phuong phdp SLM tur cac hop kim chiu
nhiét da dugc tong hop va phan tich. Nghién
curu da chira réng dac tinh hoat dong duoc xac
dinh boi cac dic tinh cua 16p bé mat, dic biét
v6i cong nghé SLM, su thay ddi hinh hoc vi
mo va vi md cling anh hudng dén chat luong
16p bé mat cua hop kim chiu nhiét. Cuy thé, cac
chi tiéu danh gia cho cac san pham tir phuong
phap SLM c6 thé xem xét d6 1a: 6 bén moi;
kha nang chéng mai mon; do moi do tiép xuc
va kha ning chéng an mon tot. Pong thoi, do
tin cdy vé chat luong bé mit cua cac chi tiéu
néu trén phai duge danh gia bang phuong phap
khong tiép xtic, c6 tinh dén ciu tric caa hop
kim chiu nhiét. Két qua nghién ctru nay 13 co s
b6 sung mot s6 thong tin hitu ich khi gia cong
cac san pham kim loai 4p dung phuong phap
SLM tir cac hop kim chiu nhiét. <

Ngay nhan bai: 02/11/2022
Ngay phan bién: 02/11/2022

ISSN 2615 - 9910 (ban in), ISSN 2815 - 5505 (online)
TAP CHI CO KHI VIET NAM, S6 298, thang 12 nim 2022 L%
cokhivietnam.vn / tapchicokhi.com.vn



NGHIEN CUU - TRAO DOI

Tai liéu tham khao:

[1].

[2].

[4].

[10].

[11].

264

Choi, J.-W. and H.-C. Kim, 3D printing
technologies-a review. Journal of the Korean

Society of Manufacturing Process Engineers,
2015. 14(3): p. 1-8.

I'puropesinn, A.I., J.YO. Hosuuenxo, and
HIO.  Cmypos, Jlasepnasa — adoumusHas
MEXHONO02U — U320MOBNEeHUsl  NOKPLIMULl U

oemaneli u3 KOMNO3UYUOHHO20 MAMepudd.
W3BecTrss  BBICHIMX  YYCOHBIX  3aBEICHHIA.
Mammnoctpoenue, 2011(7): p. 38-46.

. Hanzl, P, et al., The influence of processing

parameters on the mechanical properties of
SLM parts. Procedia Engineering, 2015. 100: p.

1405-1413.

Ding, H., et al., Design, microstructure and
thermal stability of a novel heat-resistant Al-Fe-
Ni alloy manufactured by selective laser melting.

Journal of Alloys and Compounds, 2021. 885: p.

160949.

. Zhang, J., et al., 4 novel crack-free Ti-modified

Al-Cu-Mg alloy designed for selective laser
melting. Additive Manufacturing, 2021. 38: p.
101829.

. Kruth, J.-P,, et al., Selective laser melting of iron-

based powder. Journal of materials processing
technology, 2004. 149(1-3): p. 616-622.
Shapiro, A.E. and E.Y. Ivanov. Heat-resistant
brazing filler metals for joining titanium
aluminide and titanium alloys. in Proceedings
of the 3rd International Brazing and Soldering
Conference (IBSC). 2006.

. Bruno, G., In-Situ Compression CT on Additively

Manufactured in 625 Lattice Structures. 2019.

. Razavi, SM.J,, et al., Fatigue strength of blunt

V-notched specimens produced by selective laser
melting of Ti-6A1-4V. Theoretical and Applied
Fracture Mechanics, 2018. 97: p. 376-384.
Hintze, W., et al., Finish machining of Ti6Al4V
SLM components under consideration of thin
walls and support structure removal. Procedia
Manufacturing, 2020. 48: p. 485-491.

Marbury, F.H., Characterization of SLM
printed 316L stainless steel and investigation of
microlattice geometry. 2017.

[12].

[13].

[14].

[15].

[16].

[17].

[18].

[19].

[20].

[21].

[22].

BacunekoB, [1.B., A.C. Aunekcanmpos, and
B.B. TommkoBa, Obecneuenue kauecmea
NOBEPXHOCMHO20 cnos 0MBemcmeeHHbIX
oemanei mawun. CHCTEMHBIH aHAIU3 H

ananutuka, 2019(1): p. 67-75.

Bacunwskos, MI., B. Beiin, and B. IlleBucHko,
Jlunamuka cucmemvl
mexanuyecxoi oopabomxu. 1997.

Baneros, B., et al., Asmomamusuposannas

MExXHoN02UYCCKOU

cucmema HenapamempuiecKou OYyeHKu
MUKpO2eomempuu nosepxnocmu/
Mawmnocmpoenue u asmomamu3sayus

npouzeoocmea. MexBy3. ¢0. HaydH. Tp.-CII10:
C3I1U, 1995: p. 54-67.

Kpasuos, A H. and H.B. Kpasuos,
Mooenuposanue MeXHON0SUYECKO20
obecneueHusi  IKCHAYAMAYUOHHBIX — CBOUCME

nogepxnocmei demanei mawiun. 2012,
POSDEEVA, A., 1. NIASHIN, and P. Trusov,
Residual stresses: Theory and applications.
Moscow, Izdatel'stvo Nauka, 1982, 112, 1982.
BaneroB, B.A. and A.IO. HBaHoB,
Henapamempuuecxkuii  nooxo0 K  oyeHke
Kkauecmea uzdenuti. Metamnoobpadorka, 2010(6
(60)): p. 55-59.

Hazapos, 1O., et al., Memoowi uccredosanus
U KOHMPONsS WEepoXo8amocmu noeepxHocmu
Memannos u cniagos. Pusnueckas WHXEHEPUs
noBepxHoctH, 2007.

Lapshin, R.V., Feature-oriented scanning
methodology  for probe microscopy and
nanotechnology. Nanotechnology, 2004. 15(9):
p. 1135.

Whangbo, M.-H. and S.N. Magonov, Surface
analysis with STM and AFM: experimental and
theoretical aspects of image analysis. 2008:
John Wiley & Sons.

beikos, 0., C. Kapnyxun, and M. Boiiuenko,
Pacmposasa  snexmpounas  muxpockonus —u
PEHM2eHOCHeKMpAIbHblll aHaau3. Armaparypa,
npuHIMI padotsl, npuMenenue/FOA brikos, CJ]
Kapnyxun, MK boituenko u ap. DnexTp. naH.
M.: MI'TY um. HD baymana, 2003.

AnypseB, B., Cnpasounux kxoncmpyxkmopa-
MAWUHOCMPOUMESL: B 3 T. M.:
Mammunoctpoenue, 2001. 1: p. 920.

ISSN 2615 - 9910 (ban in), ISSN 2815 - 5505 (online)

TAP CHI CO KHI VIET NAM, S6 298, thang 12 nim 2022

cokhivietnam.vn / tapchicokhi.com.vn



