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TOM TAT

Bai bao trinh bay nghién ctru ing dung cong ngh¢ CAD/CAE trong danh gia chat
luong san pham in 3D kim loai san xuét bang cong nghé ép dun vat li¢u (Material Extrusion
— ME) théng qua viéc ché tao thir nghiém cac mau thir kéo duoc in theo ba huéng khac
nhau: phang, canh, thang dung. Su dung vat liéu thép khong gi 17-4 PH, cong ngh¢ do
khong tiép xtic dé quét mau, két qua do duoc so sanh va danh gia dua trén tham chiéu ban
CAD cuia ban thiét ké. Két qua thuc nghiém cho thiy may in 3D kim loai Markforged dat
d6 chinh xéc cao (98,1%) so véi kich thudc danh nghia. Tuy nhién, do chinh x4c kém nhat
& cic mau in canh do bién dang trong qua trinh théu két v6i dién tich tiép xic nén thép.
Huéng in ¢6 anh hudng 16n dén hinh dang san pham, cac mau in theo hudng thing ding
bi v& vun, do khéng dam bao co cdu hd tro. Hudng in ciing tac dong dang ké dén chat
lwong bé mat va sai 1éch hinh hoc, véi sai léch 16n nhét 1a d¢ phing. Do d6, thiét ké in nén
t6i wu dién tich tiép xuc giira 16p dau va 16p cudi ciing dé giam thiéu sai léch.

Tir khoéa: In 3D kim loai, san xuat boi dép, in dun vat liéu, thép khong gi 17-4 PH,
do khong tiép xuc

ABSTRACT

This paper presents the application of CAD/CAE technology in evaluating the quality
of metal 3D printed products manufactured using Material Extrusion (ME) technology
through the experimental fabrication of tensile test specimens printed in three different
orientations: flat, edge, and upright. Using 17-4 PH stainless steel material and non-
contact measurement technology to scan the samples, the measured results were compared
and evaluated based on the CAD reference of the design. Experimental results show that
the Markforged metal 3D printer achieves high accuracy (98.1%) compared to nominal
dimensions. However, the lowest accuracy is observed in edge-printed samples due to
deformation during sintering with low bed contact area. Printing orientation significantly
affects product shape; upright printed samples deform due to inadequate support. Printing
orientation also has a substantial impact on surface quality and geometric deviations,
with the greatest deviation observed in flatness. Therefore, print design should optimize
the contact area between the first and last layers to minimize deviations.

Keywords: Metal 3D Printing, Additive Manufacturing, Material Extrusion Printing,
17-4 PH Stainless Steel, Non-Contact Measurement
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1. GIOI THIEU

San xuat boi dip (Additive
Manufacturing — AM), hay con goi 1a in
3D, 14 mot quy trinh san xuit cho phép tao
ra cac san pham bang cach boi dap vat liéu
ting 16p dé tao thanh chi tiét tir mo hinh s6
3D [1-3]. Céc tiéu chuan ASTM/ISO phan
loai cac cong ngh¢ in 3D kim loai thanh 7
nhom khac nhau: Ep dun vat liéu (Material
Extrusion — ME), Phun vat li¢u (Material
Jetting — MJ), In chat lién két (Binder
Jetting — BJ), Quang hoa VAT, Nung chay
bot vat liéu (Powder Bed Fusion — PBF),
Chiéu chum tia nang luong tryuc tiép (Direct
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Energy Deposition — DED), va dan 16p vat
liéu (Sheet Object Lamination) (ASTM
ISO/ASTMS52900-15, 2015).

Cong nghé ME chiém 10% thi truong
in 3D kim loai vao nam 2020 [4]. Pac diém
co ban cua cong nghé in ME 1a viéc ép dun
hdn hop vét liéu timg 16p qua du phun tao
thanh san pham. Khac véi cac quy trinh in
dya trén bot kim loai, cong nghé¢ ME ép
dun vat liéu dudi dang s¢i. Soi nay la vat
liéu linh hoat dugc ché tao tir hdn hop bot
kim loai va chét lién két [5, 6]. Qua trinh
in 3D trong cong nghé ME trinh bay trong
hinh 1.

Wash Sinter Use

Generate print data Print
Design
Conversion i A
ml 8
File Transfer v
Configuration

5
SINTER-1

Hinh 1. S0 dé qud trinh in cda céng nghé in kim loai ME [14]

May in ME bao gom hai cudn day, mot
cudn vat li€u in va cudn con lai la vat liéu
gbém dung dé in cac 16p phan tach giita san
pham va ban méy hodc giita san pham va
céc cau triic hd trg. Trong qua trinh in, dau
phun lam néng vat li€u in vugt qua nhiét
d6 néng chay cua chét lién két polymer,
ép dun vat lidu dd mém 1én ban may. Pau
phun di chuyén Ién Xuéng doc theo truc z,
ép dun timg 16p vat liéu. Pong thoi, ban
may di chuyén theo huéng x-y, dinh hinh
hinh dang ctia san pham.

Su phat trién rong rii cua cong nghé
ép dun vat liéu (ME) trong in 3D kim loai
hién dang gip phai nhiéu han ché khéc
nhau, mot trong nhirg van dé chinh 14 chit
lugng san phdm in. Co nhiéu yéu t6 anh
huong dén chat lugng san pham in, trong
d6 c6 anh huong cua do co vat liéu va cac

28

thong s6 in nhu huong in, tde do in, do day
16p in va nhiéu yéu t6 khéac [7, 8, 9]. Pic
tinh co ngdt cua cac vat liéu kim loai khi
in bang cong nghé ME 1a mot vin dé quan
trong trong qua trinh in kim loai, cic san
pham sau khi in phai c¢6 kich thudc duoc
tinh toan dé bu lai d6 co ngdt trong qua
trinh rira va thiéu két.

Do chinh x4c cua chi tiét may 1a murc
d6 giébng nhau vé kich thudc, hinh déng
hinh hoc, vi tri twong quan cua chi tiét may
dugc san xudt so voi chi tiét thiét ké DO
chinh xdc cua may in 3D la d6 Iéch giira
cac ban in 1ap lai [10,11]. C6 mot s6 nghién
ctru vé& do chinh xac cua san phém in[12,
13], nhung ) luong con han ché. Mot sb
nghién ctru da kham pha tac dong cua vat
liéu dén d6 co ngdt trong in kim loai. Trong
nghién ctru cua Dang LC et al (2023) [14],
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da nghién ctru anh huéng ctia hudng in dén
cac tinh chit co hoc vét liéu thép khong gi
17—4 PH trong cong nghé ME, luu y ring
su thay ddi cau trac duong in 16p bén trong
cling anh hudng dén téc d6 co ngét va anh
hudng dén kich thude va cong vénh cua san
pham. D¢ chinh x4c trung binh chiéu cao va
chiéu rong véi tat ca cac hudng in 1an luot 1a
98,89% va 97,85% so vai kich thudec danh
nghia. Caminero va cong su (2021) [15] da
quan sat thiy cac mirc d6 co rut di hudng
khac nhau, tr 17,1% dén 20,9%, trén truc
X va z, nhAn manh anh hudng cia hudng
in, tc d6 in va chiéu cao 16p. Ho phat hién
ra rang cac mau dugc in theo huéng thing
ding co su bién ddi 16n vé gia tri do co so
véi cac mau dugce in theo hudng canh hodc
theo hudng phang. Trong mot nghién ciu
cua Kurose et al (2020) [16], st dung vét
lidu thép 316L, viéc thay d6i hudéng in da
dan dén hién twong di huéng co hoc va co
ngét trong cac san pham in ME khi in bang
vat liéu Steel 316L, vdi gid tri d§ co ngodt 1én
t6i 15% doc theo truc x-y va 1én dén 17%
doc theo truc z. Tosto va cong su (2022)
[17] da nghién clru tdc dong cua cac thong
s6 qua trinh in dén dic tinh co hoc cia thép
Steel 316L bang cach thay ddi chiéu cao
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16p, nhiét d6 dau in va toc do in. Ngoai ra,
Quarto va cong sy [18] tap trung vao viéc
kiém tra nhimg thay d6i trong thong sb in
anh huéng nhu thé nao dén hanh vi co ngét
cua céc chi tiét in tir Steel 316L, d6 cao 16p
khéac nhau ¢ muc 0,1 va 0,4mm, téc dd in
& 20mm/s va 50mm/s va nhiét do dau in &
muc 170°C va 240°C, trong khi van gitr mat
d6 dién day va nhiét d6 ban in khong doi.

Nghién clru nay ung dung cong nghé
CAD/CAE danh gid d¢ chinh xac in 3D
kim loai cua san pham duoc san xuit bang
cong nghé ME. Cac mau thtr kéo dugc in
theo ba huéng khac nhau: phang, canh, va
thang ding. Nghién ctru str dung hé thong
in 3D cua Markforged, vat li¢u thép 17-4
PH dugc chon dé thu nghi¢m. St dung
cong nghé do khong tiép xtic dé quét mau,
két qua do duoc so sanh va danh gia dua
trén tham chiéu ban CAD thiét ké.

2. NOI DUNG

2.1. Thwe nghiém in trén may
MetalX ciaa hang Markforged

Mau in thir nghiém 1a mau thir kéo ¢
kich thudc tiéu chuan Hinh 2. Mdi huéng
s& in 5 mau.
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Hinh 2. Kich thudc cia mau in

Dit liéu CAD cua mau duéi dinh dang
STL duoc quan i truc tuyén boi nguoi
dung bang trang web cta hing cung cip,
trén do thiét 1ap cac thong s6 ctia mau lién
quan dén: vt liéu, kich thudc mau, vi tri

dat mau & ban in, ... Déng thoi kiém soat
dugc thoi gian in, va chi phi san xuit mau.
TAt ca céc chi tiét thu nghi¢m déu duoc in
trong cung 1 mot diéu kién va mot ché do
in, duoc thé hién trong bang 1.
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Bang 1. Ché d¢ in

Vat liéu Thép khong gi 17-4PH
Chiéu cao 16p in sau khi thiéu két | 0.125mm

Pon vi gbc Mét

Tilé 0.4

Kiéu dién day Pién day dang hinh tam giac

S6 16p nén va so 16p mét (mai)

4

S6 16p tuong (thanh)

4

Hinh 3. Mdu sau khi in

Sau khi in giam nhiét d6 mau tir 20

phut dén 30 phut. Mau in duoc ngdm trong
dung moi Opteon SF97 tai budng ngam,
dung moi s& dugc nung dén nhiét do soi
tai budng soi. Phan 16n chat két dinh sap
va polyme s& bi loai bo trong qué trinh
nay béng nhiét do. Mau dugc chuyén dén
budng siy sau kh1 qua trinh rira hoan tat,
thoi gian rira va siy mau s& phu thudce vao
hinh dang, kich thuéc va vt li¢u dugc su
dung. Qué trinh sdy dam bao rang mau kho
rdo hoan toan, khong con dung mdi nao sét
lai trong mau lam anh huéng dén qua trinh
thidu két.
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Hinh 4. Qud trinh riia: a) Méu duoc sdp xép trong buéng ngdm; b) Mau trong buéng sdy
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Khdi lugng ctia mau sau khi siy phai
dam bao diéu kién mat du khdi luong
(khoang 4,2% ddi véi thép khong gi 17-4
PH). Néu con nhiéu chat két dinh séap trong
chi tiét c6 thé khién qua trinh thiéu két bi
hong, giam chét luong hodc c6 thé gay tich
tu sap trong 16. Do do, chi tiét can duoc
céan, tinh toan k¥ ludng khdi lugng hao hut
va néu van chua di khdi lwong thi qua trinh
rira s& duoc thuc hién lai

(@)

Cac mau s& duoc xir ly nhiét theo quy
trinh gia nhiét khong ap sudt cu thé trong
10 voi nhiét do t6i da dudi diém néng chay.

2.2. Ung dung céng nghé do khong
tiép xic dé do miu

Qua trinh quét mau dugc thuc hién
bing may Scan ATOS Compact. Qua trinh
quét mau duoc thuc hién trén té)ng cong
15 miu bao gdm 3 mau theo hudng phing
chua thiéu két, 3 mau theo hudng canh chua
thiéu két, 3 mau theo hudng thing chua
thiéu két, 3 mau theo huéng phang da thiéu
két va 3 mau theo hudng canh d thiéu két.
Pbi v6i cac mau theo hudng thang ding
do da bi bién dang pha hay trong qué trinh
thiéu két nén khong thuc hién quét.

ISSN 261 5-9945

Giai doan thiéu két c6 tac dung két hop
cac hat bot kim loai lai voi nhau, lip day
céc khoang tréng cua polyme dé lai sau qué
trinh rira va ting d6 day cia san pham.

Dé cac mau khong bi bién dang hinh
hoc, anh huong 1an nhau boi hién tuong
néng chay ctia kim loai nén khi dua mau
vao may phai dam bao mau khong bi chong
1én nhau va phai c6 khoang céach gitra cac
mau.

Hinh 6. Qud trinh quét mau béng céng nghé do
khéng tiép xtc

Dua dir liéu CAD cuia mau thiét ké va
dir liéu do va tién hanh ghép chong dir ligu.
Str dung cac 1énh do kich thudc dé kiém tra
v€ dung sai hinh hoc, va dung sai vi tri.

2.3. Két qua va thao luin

Két qua thyc nghiém do kiém vé dung
sai hinh hoc va dung sai vi tri dugc trinh
bay qua cac hinh anh va bang dudi day,
minh hga mét cach chi tiét va rd rang cac
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két qua ctia cac mau. Céc sb liéu nay cung
cAp cai nhin tong quan vé sy phan b va sai
sO trong cac thong sb ky thuat, gop phan
vao viéc danh gia chinh xac hiéu suét va
do tin cdy. Thong qua cic biéu d6 va bang

ISSN 2681 5-9945

tong hop, da xac dinh dugc cac muc do
dung sai va sai s0 vi tri, tr d6 dua ra céc
nhan xét va danh gia cu thé vé anh hudng

cua ching dén qua trinh san xuat.

Flatness Tolerances

Plane 7

1.03

= Nominal | Actual | Dev.
—— (Flatness 7)

Plane 2
= Nominal | Actual| Dev.
o

Check
Check. 0.12 8  (Flatness 2)

= Nominal | Actual | Dev. Check Plane 4
0.24 —— (Flatness 5) = Nominal| Actual | Dev. Check
0.08 @ (Flatness 4)
Plane 3
= Nominal | Actual | Dev. Check Plane 6
011 8 (Flatness 3) ® Nominal  Actual| Dev. Check
=] 0.47 ——1 (Flatness 6)
Y Plane 8
X z Plane 1 = Nominal | Actual | Dev. Check
= Nominal | Actual | Dev. Check b.20 117 8 (Flatness 8)
017 —0 (Flatness 1)
Element Datum | Property | Nominal | Actual [Tol - |Tol + |[Dev |Check |Out
= plane 1 7 +0.00| +0.17 [ +0.00 | +0.20| +0.17 |——QO
= plane 2 7 +0.00| +0.12|+0.00| +0.20| +0.12 |
= Plane 3 I +0.00| +0.11|+0.00 | +0.20| +0.11 |—A&
= plane 4 Yoy +0.00 | +0.08 +0.00 | +0.20 | +0.08 |—&
" Plane 5 L7 +0.00 | +0.24 ( +0.00 | +0.20 | +0.24 || +0.04
" Plane & =y +0.00| +0.47 (+0.00| +0.20| +0.47 |——™| +0.27
" plane 7 = +0.00| +1.03(+0.00| +0.20| +1.03 || +0.83
" Plane 8 =4 +0.00| +1.17 (+0.00 | +0.20| +1.17 || +0.97
~ 2 a 2
Hinh 7. Két qua do dé phang
r \ 9
7 A 2 \ ‘A r A ~ ‘A A ‘A M ~ M /4
Céac ket qua tur viec ghép chong dir li¢u thé hién sai 1éch vi tri
Surface comparison towards CAD top side
[mm]
0.73
0.60
0.45
0.30
0.15
0.00
-0.15
-0.30
-0.45
Y -0.60
23k
X -0.74
| Prealignment Length unit: mm

Hinh 8. Pé chinh xdc kich thuéc khi xép chéng dir liéu
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Bang 2. Ty 1¢ phin trim dd chinh xac So sanh d¢ chinh xac kich thudc cua
trung binh thu dwgc tir cac phép do cac mau in theo hai hudng (Flat, On-edge).
chiéu ciia mau quét Mau in Upright bi bién dang nén khong
. Length thi nghiém dugc. PO chinh xac kém nhat
Sample Settings | o ¥ SD (%) | & mau in canh (On-edge) do dinh vi 16p in
H 100 +0 kém va ti 1€ dién tich 16p in 16n.
Flat I]; 919(‘;(1)4 i(igg Hau hét’céc mau déu dat d6 chinh X'i'lc
b 100 0 t1‘198,710% dén 99,86%. Kich thlr('wchNméu
H 100 10 in phang (Flat) va kich thuéc B, b & mau in
On-edge L 99.79 +0.14 canh (On-edge) c6 sy khéc bi¢t ding kqé.
B 97.83 +0.1 Mau in phang (Flat) cho kich thudc chuan
b 94.76 +0.18 nhat va i uu hon.
100 100 99.44 99.79
99
os 97.83
97
£ 96
g o 94.76
g : | I l I l l
93
92
91
90

H Flat ®On-edge
Hinh 9. So sdnh dé chinh xdc kich thu'éc trung binh ctia cdc mau quét duoc san xudt theo cdc huéng in khdc nhau

Bang 3. Dir liéu do sai Iéch hinh hoc miu in bing

Mau Tol + Do phang | D6 song song | PO vudng goc
Plane 1 0.2 017 |03 | o008
Plane 2 0.2 0.12 0.17 0.01
Plane 3 0.2 0.11 0.12 0.08
Mau in Plane 4 0.2 0.08 0.07 0.04
bang 1 Plane 5 0.2 0.17 0.08
Plane 6 0.2 0.09 0.08
Plane 7 0.2 0.08 0.00
Plane 8 0.2 0.11 0.09
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Plane 1 0.2 0.13 0.12 0.04
Plane 2 0.2 0.07 0.07 0.03
Plane 3 0.2 0.07 0.05
Mau in Plane 4 0.2 0.10 0.07
bang2 | Planes 0.2 0.12 0.12
Plane 6 0.2 0.09 0.09
Plane 7 0.2 0.01 0.00
Plane 8 0.2 0.00 0.00
Plane 1 0.2 0.07 0.00
Plane 2 0.2 0.19
Plane 3 0.2 0.07 0.07 0.04
Mau in Plane 4 0.2 0.16 0.11 0.05
bang3 | Planes 0.2 0.07 0.01
Plane 6 0.2 0.17 0.09
Plane 7 0.2 0.02 0.01
Plane 8 0.2 0.03 0.01

Mau in bang 1 va 2 ¢6 gia trj Tol+ 6n  phing va vudng goc tot hon so v6i mau 2

dinh quanh 0.2, cho thiy d6 1éch sai thap.
M4u in bing 3 dao dong manh (0.06 dén

va 3. Mau in bang 3 c6 do song song cao

054)’ thé hlél’l su kh@l’lg 61,1 dll’lh va dé (Vi dl_l 05), cho théy su khac blét 16n so voi
chinh x4c kém hon. Mau in bang 1 ¢6 40 mit phang tham chiéu.

Bing 4. Dir li¢u do sai Iéch hinh hoc miu in canh

Mau Tol + Do phang | Do song song | Do vudng goc
Plane 1 0.2
Plane 2 0.2
Plane 3 0.2 0.06 0.01
Mau in Plane 4 0.2 0.18 0.08
canh 1 Plane 5 0.2 0.16 0.07
Plane 6 0.2 0.11 0.08
Plane 7 0.2 0.03 0.03
Plane 8 0.2 0.04 0.03
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Plane 1 0.2
Plane 2 0.2
Plane 3 0.2
MaAu in Plane 4 0.2
canh 2 Plane 5 0.2
Plane 6 0.2
Plane 7 0.2
Plane 8 0.2
Plane 1 0.2
Plane 2 0.2
Plane 3 0.2 0.03
Mau in Plane 4 0.2 0.07 0.06
canh 3 Plane 5 0.2 0.05 0.01
Plane 6 0.2 0.18 0.12
Plane 7 0.2 0.19 0.09 0.01
Plane 8 0.2 0.18 0.03 0.01
Cac mau in canh 1, canh 2 va canh 3 ¢6 3. KET LUAN

gi4 tri Tol+ quanh 0.2, cho thay do 1éch sai
s6 6n dinh. Mau in canh 1 va 2 ¢6 d6 phang
tir 0.14 dén 1.12, trong khi mau canh 3 tir
0.14 dén 1.66, thé hién sy khong 6n dinh.
Do song song va vudng goc ciia mau canh
1 dao dong tir 0.06 dén 0.36 (song song)
va 0.01 dén 0.31 (vudng goc). Mau canh 3
c6 do song song tir 0.03 dén 0.61 va vudng
goc tir 0.01 dén 0.57.

So v6i hudng in bang, ca hai huéng in
déu co gia tri Tol+ quanh 0.2, d6 phing cua
huéng in bang tir 0.08 dén 1.17 va hudng
in canh tir 0.10 dén 1.12, cho thdy khong c6
su khac biét 1o rét. BJ song song va vuong
goc cua ca hai hudng in déu 6n dinh, khong
¢6 su khac biét dang ké. Két qua cho thay
khong c¢6 uru thé 15 rét gitra hai hudng in vé
chat luong san pham in 3D kim loai.

Nghién ctru nay da ap dung cong nghé
CAD/CAE dé danh gia d chinh x4c cua san
pham in 3D bang thép khong gi 17-4 PH, sir
dung coéng nghé in dun vat liu (ME). Két
qua cho thdy méy in 3D kim loai Markforged
dat d§ chinh xac cao (98.1%) so vdi kich
thudc danh nghia, nhung mau in theo canh
(on-edge) c6 do chinh xéc thip nhit do bién
dang trong qué trinh thiéu két. Huéng in c6
tac dong 1on dén chit luong va hinh dang
san phém, dac biét cac mau in theo hudng
thang dimg (upright) bi v& do thiéu bd phan
hd tro. Hon nita, huéng in cling anh hudng
dang ké dén bé mat va do 1éch hinh hoc, véi
sai 1éch 16n nhét 1a d6 phang. Tir cac két qua
thuc nghiém, nghién ctru khing dinh vai tro
quan trong ctia viéc diéu chinh huéng in
va céac tham s cong nghé dé dat duoc san
pham in 3D kim loai ¢ chit luong tt nht.

TRUGONG BAIHOC SU PHAM KY THUAT VINH LONG 35




JOUPI’]CII ol( Science - \/ L U T E ISSN 261 5-9945

TAI LIEU THAM KHAO

[1]. A. Vafadar, F. Guzzomi, A. Rassau, K. Hayward, “Metal Additive Manufacturing:
A Review of Common Processes”, Industrial Applications, and Current Challenges,
Appl. Sci., 11, 1213,2021, https://doi.org/10.3390/app11031213

[2]. D. G. Zisopol, D. V. Iacob, and A. I. Portoaca, “A Theoretical Experimental Study
of the Influence of FDM Parameters on PLA Spur Gear Stiffness,” Engineering,
Technology & Applied Science Research, vol. 12, no. 5, pp. 9329-9335, Oct. 2022,
https://doi.org/10.48084/ etasr.5183.

[3]. D. G. Zisopol, I. Nae, A. I. Portoaca, and I. Ramadan, “A Statistical Approach of
the Flexural Strength of PLA and ABS 3D Printed Parts,” Engineering, Technology
& Applied Science Research, vol. 12, no. 2, pp. 8248—-8252, Apr. 2022, https://doi.
org/10.48084/etasr.4739.

[4]. Wohlers, T.; Campbell, I.; Diegel, O.; Huff, R.; Kowen, J. 3D Printing and Additive
Manufacturing State of the Industry: Annual Worldwide Progress Report; Lund
University: Lund, Sweden, 2017.

[5]. Huang, R.; Riddle, M.; Graziano, D.; Warren, J.; Das, S.; Nimbalkar, S.; Cresko, J.;
Masanet, E. Energy and emissions saving potential of additive manufacturing: The
case of lightweight aircraft components. J. Clean. Prod. 2016, 135, 1559-1570.

[6]. Rejeski, D.; Zhao, F.; Huang, Y. Research needs and recommendations on
environmental implications of additive manufacturing. Addit. Manuf. 2018, 19, 21—
28

[7]. T. Kurose et al., “Influence of the Layer Directions on the Properties of 316L Stainless
Steel Parts Fabricated through Fused Deposition of Metals,” Materials (Basel), vol.
13, no. 11, May 29 2020.

[8]. C. Tosto, J. Tirillo, F. Sarasini, C. Sergi, and G. Cicala, “Fused Deposition Modeling
Parameter Optimization for Cost-Effective Metal Part Printing,” Polymers (Basel),
vol. 14, no. 16, Aug 10 2022.

[9]. M. A. Caminero, A. Romero, J. M. Chacén, P. J. Ntfiez, E. Garcia-Plaza, and G.
P. Rodriguez, “Additive manufacturing of 316L stainless-steel structures using
fused filament fabrication technology: mechanical and geometric properties,” Rapid
Prototyping Journal, vol. 27, no. 3, pp. 583-591, 2021

[10]. Ender A, Mehl A. Accuracy of complete-arch dental impressions: a new method of
measuring trueness and precision. J Prosthet Dent 2013;109:121-8.

[11] DIN Deutsches Institut fir Normung. Accuracy (trueness and precision) of
measurement methods and results Part 1: General principles and definitions (ISO
5725-1:1994). 1997; Berlin: Bouth Vorlag GmbH.

[12] Hazeveld A, Huddleston Slater JJ, Ren Y. Accuracy and reproducibility of dental
replica models reconstructed by different rapid prototyping techniques. Am J Orthod
Dentofacial Orthop 2014;145:108-15.

36 TAP CHi KHOA HOC | 71ing’ 2020




JOUPnol o]( Science - V L U T E ISSN 261 5-9945

[13]

Park ME, Shin SY. Three-dimensional comparative study on the accuracy
and reproducibility of dental casts fabricated by 3D printers. J Prosthet Dent
2018;119:861.e1-861.e7.

[14].Dang LC,Nguyen CV, Le AH, Bui DT. A Study on the Influence of Printing Orientation

[15].

[16].

[17].

[18].

in Metal Printing Using Material Extrusion Technology on the Mechanical Properties
of 17-4 Stainless Steel Products. Journal of Machine Engineering. 2023;23(4):89-
100. doi:10.36897/jme/170509.

M.A. Caminero, A. Romero, J.M. Chacon, P.J. Nufiez, E. Garcia-Plaza, and G.P.
Rodriguez, “Additive manufacturing of 316L stainless-steel structures using fused
filament fabrication technology: mechanical and geometric properties”, Rapid
Prototyping Journal, Vol. 27 No. 3, pp. 583-591, 2021, doi: 10.1108/RPJ-06-2020-
0120

T. Kurose, Y. Abe, M.V.A. Santos, Y. Kanaya, A. Ishigami, S. Tanaka, and H. Ito,
“Influence of the layer directions on the properties of 316l stainless steel parts
fabricated through fused deposition of metals”, Materials, Vol. 13 No. 11, p. 2493,
2020, doi: 10.3390/mal13112493

C. Tosto, J. Tirillo, F. Sarasini, C. Sergi, and G. Cicala, “Fused Deposition Modeling
Parameter Optimization for Cost-Effective Metal Part Printing,” Polymers (Basel),
vol. 14, no. 16, Aug 10 2022.

M. Quarto, M. Carminati, and G. D’Urso, “Density and shrinkage evaluation of
AISI 316L parts printed via FDM process”, Materials and Manufacturing Processes,
Vol. 36 No. 13, pp. 1535-1543, 2021, doi: 10.1080/10426914.2021. 1905830

TRUGONG BAIHOC SU PHAM KY THUAT VINH LONG 37




