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TOM TAT

Bai bao trinh bay nghién ciru vimg dung cong ngh¢ CAD/CAE trong danh gid chat lwong san
phédm in 3D kim logi san xudt bang cong ngh¢ ép dun vt li¢u (Material Extrusion — ME) thong
qua viéc ché tao thir nghiém cdc mau thir kéo dwoc in theo ba hudng khdc nhau: phang, canh,
thang ding. Sir dung vat ligu thép khong gi 17-4 PH, cong nghé do khong tiép xiic dé quét mau,
két qua do dwoc so sanh va danh gid diea trén tham chiéu ban CAD ciia ban thiét ké. Két qua
thuwe nghiém cho thay may in 3D kim loai Markforged dat @ chinh xdc cao (98,1%) so véi kich
thwée danh nghia. Tuy nhién, do chinh xdc kém nhdt & cdc mau in canh do bién dang trong qud
trinh théu két véi dién tich tiép xiic nén thap. Huéng in c¢6 dnh hwong Ién dén hinh dang sdan

phdm, cdc mdu in theo huéng thang dirng bi v& vun, do khéng dam bdo co cdu hé tro. Huwdng
in ciing tac dong dang ké dén chdt lirong bé mdt va sai léch hinh hoc, voi sai léch lon nhat la

do phang Do d6, thiét ké in nén toi wu dién tich tiép xiic giita 16p dau va 16p cudi cing dé giam
thiéu sai léch.

Tw khéa: In 3D kim logi, san xudt boi ddp, in din vit liéu, thép khong gi 17-4 PH, do khong
tiép xiic

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

1. GIOI THIEU

San xuit bdi dip (Additive Manufacturing — AM), hay con goi 1a in 3D, 13 mot quy trinh
san xudt cho phép tao ra cac san phim bang cach bdi dép vat lidu timg 16p dé tao thanh chi tiét
tr mo hinh s6 3D [1-3]. Cac tiéu chudn ASTM/ISO phan loai cac cong nghé in 3D kim loai
thanh 7 nhém khac nhau: Ep dun vat liéu (Material Extrusion — ME), Phun vat li¢u (Material
Jetting — MJ), In chét lién két (Binder Jetting — BJ), Quang hoa VAT, Nung chay bot vat liéu




(Powder Bed Fusion — PBF), Chiéu chum tia ning luong truc tiép (Direct Energy Deposition
— DED), va dan 16p vat li€u (Sheet Object Lamination) (ASTM ISO/ASTM52900-15, 2015).

Cong nghé ME chiém 10% thi trudng in 3D kim loai vao nam 2020 [4]. Dic diém co ban
ctia cong nghé in ME 1a viéc ép dun hon hop vit liéu timg 16p qua dau phun tao thanh san
phém. Khac véi cac quy trinh in dya trén bot kim loai, cong nghé ME ¢€p dun vat liéu dudi dang
soi. Soi nay 1a vét liéu linh hoat duoc ché tao tir hdn hop bot kim loai va chit lién két [5, 6].
Quad trinh in 3D trong cdng ngh¢ ME trinh bay trong hinh 1.
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Hinh 1. So' do6 qud trinh in ciia céng nghé in kim loai ME [14]

May in ME bao gdm hai cudn day, mot cudn vat liéu in va cudn con lai la vat licu gbém dung
dé in cac 16p phén tach giita san pham va ban may hodc giita san phidm va cac ciu tric hd tro.
Trong qua trinh in, dau phun lam nong vt liéu in vuot qua nhiét do nong chay cua chat lién
két polymer, ép dun vat liéu dd mém 1én ban may. Pau phun di chuyén 1én xudng doc theo truc
z, ép dun timg 16p vat liéu. Pong thoi, ban may di chuyén theo hudng x-y, dinh hinh hinh dang
ctia san pham.

Sy phat trién rong rii ciia cong nghé ép dun vat liéu (ME) trong in 3D kim loai hién dang
gap phai nhleu han ché khac nhau, mot trong nhimg van dé chinh 1a chat luong san pham in.
C6 nhiéu yéu té anh huong dén chat lugng san pham in, trong d6 c¢6 anh huong cua dg co vat
li¢u va céc thong sb in nhu hudng in, tdc dd in, do day 16p in va nhiéu yéu td khac [7, 8, 9].
Dic tinh co ng6t cua céc vat li¢u kim loai khi in béng cong nghé ME la mot van dé quan trong
trong qua trinh in kim loai, cac san pham sau khi in phai c6 kich thuéc duoc tinh toan dé bu lai
d6 co ngdt trong qua trinh rira va thiéu két.

Do chinh xac cua chi t1et may la muc do glong nhau Ve kich thudc, hinh dang hinh hoc, vi
tri twong quan cta chi tiét may duoc san xut so voi chi tlet thiét ké. D¢ chinh xac cua may in
3D 1a d6 1éch giira cac ban in lap lai [10,11]. C6 mot sb nghién ciru vé d6 chinh x4c cia san
pham in [12, 13], nhung sb luong con han ché. Mot s6 nghién cru d3 kham phé tac dong cta
vat lidu dén d6 co ngot trong in kim loai. Trong nghién ctru cua Dang LC et al (2023) [14], da
nghién ctru anh hudng cua hudng in dén cac tinh chat co hoc vat liéu thép khong gi 17-4 PH
trong cong nghé¢ ME, luu y rang sy thay dbi cau trac duong in 16p bén trong cling anh hudng
dén toc do co ngot va anh huong dén kich thudc va cong vénh cua san pham. D6 chinh xac
trung binh chiéu cao va chiéu rong véi tat ca céc huéng in 1an luot 1 98,89% va 97,85% so véi
kich thudc danh nghia. Caminero va cong su (2021) [15] d quan sat thay cac mirc do co rat di
huéng khac nhau, tir 17,1% dén 20,9%, trén truc x va z, nhidn manh anh huong cua hudng in,
tdc d6 in va chiéu cao 16p. Ho phat hién ra riang cac miu duoc in theo hudng thang dimg co su
bién ddi 16n vé gia tri do co so voi cac mau duge in theo hudng canh hoic theo hudng phing.
Trong mdt nghién ctru ctia Kurose et al (2020) [16], st dung vat liéu thép 316L, viéc thay ddi
huéng in da dan dén hién tuong di hudng co hoc va co ngét trong cac san pham in ME khi in
bang vat liéu Steel 316L, voi gia tri 6 co ngdt 1én téi 15% doc theo truc x-y va 1én dén 17%
doc theo tryc z. Tosto va cong su (2022) [17] da nghién clru tdc dong cua cac thong 5O qua
trinh in dén dic tinh co hoc cua thép Steel 316L bang cach thay ddi chiéu cao 16p, nhiét d6 dau



in va toc do i in. Ngoai ra, Quarto va cong su [18] tap trung vao viéc kiém tra nhiing thay do6i
trong thong s6 in anh hudng nhur thé nao dén hanh vi co ngot cua cac chi tiét in tir Steel 316L,
dd cao 16p khac nhau & muc 0,1 va 0,4mm, tdc d6 in & 20mm/s va S0mm/s va nhiét d6 dau in
& mirc 170°C va 240°C, trong khi vin gilt mat do dién day va nhiét do ban in khong doi.
Nghién ctru nay ing dung cong nghé CAD/CAE danh gia d6 chinh xac in 3D kim loai cua

san pham duoc san xuat bang cong nghé ME. Cac mau thir kéo dugc in theo ba hudng khac
nhau: phing, canh, va thang dimg. Nghién ctru sir dung hé thong in 3D ciia Markforged, vat
liéu thép 17-4 PH duoc chon dé thir nghiém. Str dung cong nghé do khong tiép xuc dé quét
mau, két qua do dugc so sanh va danh gia dya trén tham chiéu ban CAD thiét ké.

2. NOI DUNG

2.1. Thyc nghiém in trén may MetalX cia hang Markforged

Mau in thir nghiém 14 mau thir kéo c6 kich thudc tiéu chuan Hinh 2. Mdi hudng sé& in 5 mau.
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Hinh 2. Kich thwoc cua mau in

2z

Dit liéu CAD ctia mau duoi dinh dang .STL dugc quan li tryc tuyen boi nguoi dung bang
trang web cua hang cung cap, trén do thiét lap cac thong sO ctia mau lién quan dén: vat liéu,
kich thude ~mau vi tri dat mau ¢ ban in, Dopg thoi kiém soat dugc thoi gian in, va chi phi
séq Xuat mau. Tétqcé cac chi tiét tha nghiém deu duogc in trong cung 1 mot diéu kién va mdt
ché do in, duoc thé hién trong bang 1.

Bang 1. Ché dé in
Vat liéu Thép khong gi 17-4PH
Chiéu cao 16p in sau khi thiéu két | 0.125mm

Pon vi gbc Meét

Til¢ 0.4

Kiéu dién day Dién day dang hinh tam giac
S6 16p nén va s 16p mit (mai) 4

S6 16p tuong (thanh) 4




Hinh 3. Mau sau khi in
Sau khi in giam nhiét d6 mau tir 20 phat dén 30 phit. Mau in duoc ngam trong dung moi
Opteon SF97 tai budng ngam, dung méi s& duoc nung dén nhiét do soi tai budng soi. Phan 16n
chat két dinh sap va polyme s& bj loai bo trong qua trinh nay bang nhiét d6. Mau duoc chuyén
dén budng sdy sau khi qué trinh rira hoan tat, thoi gian rira va siy mau s& phu thudc vao hinh
dang, kich thudc va vat liéu duoc stir dung. Qua trinh séy dam bao réng mau kho rao hoan toan,
khong con dung méi nao sot lai trong mau lam anh hudng dén qua trinh thiéu két.

Hinh 4. Qud trinh rira: a) Mdu dwoc sdp xép trong buéng ngdm; b) Mau trong buéng sdy

Khéi luong ciia mau sau khi sdy phai ¢dam bao diéu kién mat da khéi lugng (khoang 4,2%
dbi voi thép khong gi 17-4 PH). Néu con nhiéu chét két dinh sap trong chi tiét co thé khién qué
trinh thiéu két bi hong, giam chat lwong hoic c6 thé gy tich tu sap trong 16. Do d0, chi tiét can
duogc cén, tinh toan k¥ ludng khdi lugng hao hut va néu van chwa du khdi luong thi qua trinh
rira s€ duoc thuc hién lai

Giai doan thiéu két co tac dung Kkét hop céac hat bot kim loai lai véi nhau, lép déy cac khoang
trong ctia polyme dé lai sau qué trinh rira va ting d6 day ctia san pham.



D¢ cac mau khong bi bién dang hinh hoc, anh hudng lan nhau boi hién tugng ndng chay ctuia
kim loai nén khi dua mau vao may phdi ddm bao mau khong bi chong 1én nhau va phai cé
khoang céch gitra cdc mau.

a)
Hinh 5. Qud trinh thiéu két: a) Mau dwoc sdp xép trén ban gom; b) Pura mdau vao mady thiéu
két
Céc mau s& duoc s& duoc xir Iy nhiét theo quy trinh gia nhiét khong ap suét cu thé trong
16 v&i nhiét d¢ ti da dudi diém nong chay.
2.2. Ung dung cong nghé do khong tiép xic dé do miu
Qua trinh quét mau dugc thuc hién bang may Scan ATOS Compact. Qua trinh quét mau
duogc thuc hién trén tong cong 15 mau bao gdbm 3 mau theo hudng phang chua thiéu két, 3 mau
theo hudng canh chua thiéu két, 3 mau theo hudng thang chua thiéu két, 3 mau theo hudng
phang d3 thiéu két va 3 miu theo hudng canh di thiéu két. Pbi v6i cac miu theo hudng thing
dung do da bi bién dang pha huy trong qua trinh thiéu két nén khong thuc hién quét.
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Hinh 6. Qud trinh quét mau bang cong nghé do khéng tiép xiic
Pua dir liéu CAD cua mau thiét ké va dir liéu do va tién hanh ghép chong dir liéu. Sir
dung céc I¢nh do kich thudc dé kiém tra vé dung sai hinh hoc, va dung sai vi tri.
2.3. Két qua va thao luin
Két qua thuc nghiém do kiém vé dung sai hinh hoc va dung sai vi tri dugc trinh bay qua
cac hinh anh va bang du6i day, minh hoa mét cach chi tiét va rd rang cac két qua ctia cac mau.
Céc s6 liéu nay cung cdp cai nhin tong quan vé sy phin bd va sai sd trong cac thong sb ky



thuat, gop phan vao viéc danh gia chinh xac hi€u suat va dé tin cdy. Thong qua cac bi¢u do va
bang tong hop, da xac dinh dugc cac mirc d¢ dung sai va sai s6 vi tri, tir d6 dua ra cac nhan xét
va danh gia cu thé vé anh huong cua chung dén qua trinh san xuat.
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Hinh 7. Két qua do dj phang

Céc két qua tir viéc ghép chdng dir liéu thé hién sai 1éch vi tr

Surface comparison towards CAD top side

Prealignment Length unit: mm

Hinh 8. B chinh xdc kich thwée khi xép chong dir liéu



Bdng 2. Ty 1é phan tram do chinh xdc trung binh thu dwoc tir cde phép do chiéu cia

mau quét
Sample Settings Length (%) SD (%)
H 100 +0
Flat L 99.44 +0.38
a B 100 +0
b 100 +0
H 100 +0
L 99.79 +0.14
On-edge B 97.83 +0.1
b 94.76 +0.18

So sanh d6 chinh x4c kich thudc clia cac mau in theo hai huéng (Flat, On-edge). Mau
in Upright bi bién dang nén khong thi nghiém dugc. P9 chinh xac kém nhit & mau in canh
(On-edge) do dinh vi 16p in kém va ti 1€ dién tich 16p in lon.

Hau hét cdc mAu déu dat do chinh xac tir 98,10% dén 99,86%. Kich thudc L & mau in
phing (Flat) va kich thudc B, b & mau in canh (On-edge) ¢ su khac biét dang ké. Mau in
94.76

phang (Flat) cho kich thuéc chuan nhét va téi vu hon.

Hinh 9. So sanh dg chinh xdc kich thuée trung binh cia cdc mau quét dwoc san xudt
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theo cac huwong in khdc nhau
Bang 3. Dit liéu do sai léch hinh hoc mau in bcing

Mau Tol + 6 phi Do song song Do vuong goéc
Plane 1 0.2
Plane 2 0.2
Plane 3 0.2
Mu in bing 1 Plane 4 02
Plane 5 0.2
Plane 6 0.2
Plane 7 0.2
Plane 8 0.2
Mu in bing 2 Plane 1 0.2




Plane 2 0.2 0.03
Plane 3 0.2 0.05
Plane 4 0.2 0.07
Plane 5 0.2 0.12
Plane 6 0.2 0.09
Plane 7 0.2 0.00
Plane 8 0.2 0.00
Plane 1 0.2 0.00
Plane 2 0.2 0.19
Plane 3 0.2 0.07 0.04
Mau in bing 3 Plane 4 0.2 0.16 0.11 0.05
Plane 5 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 c6 gia tri Tol+ 6n dinh quanh 0.2, cho thay d¢ léch sai thip. Mau in
bfmg 3 dao dong manh (0.06 dén 0.54), thé hién su khong 6n dinh va dd chinh xac kém hon.
Mau in bang 1 ¢6 d6 phang va vudng goc tét hon so v6i miu 2 va 3. Mau in bang 3 c6 do song
song cao (vi du 0.5), cho thay sy khac biét 1on so véi mit phang tham chiéu.

Bang 4. Dir liéu do sai léch hinh hoc mau in canh

Mau Tol + Do song song Do vudng goc
Plane 1 0.2
Plane 2 0.2
Plane 3 0.2
x . Plane 4 0.2
Mau in canh 1 Plane 5 02
Plane 6 0.2
Plane 7 0.2
Plane 8 0.2
Plane 1 0.2
Plane 2 0.2
Plane 3 0.2
x . Plane 4 0.2
Mau in 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 0.01
x . Plane 4 0.2 0.07 0.06
Mauincanh 3 ™5, 05 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 c6 gié tri Tol+ quanh 0.2, cho théy d6 1éch sai s6
6n dinh. MAu in canh 1 va 2 c6 do phang tir 0.14 dén 1.12, trong khi mau canh 3 tir 0.14 dén
1.66, thé hién su khong 6n dinh. Po 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 hudng in déu c6 gia tri Tol+ quanh 0.2, d6 phing ctia hudng
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 &
rét. Do song song va vudng goc cua ca hai hudng in déu 6n dinh, khong co su khac biét dang
ké. Két qua cho thay khong c6 wu thé rd rét giira hai hudng in vé chat lugng san phdm in 3D
kim loai.

3. KET LUAN

Nghién ctru ndy da 4p dung cong nghé CAD/CAE dé danh gia d6 chinh xac ctia san pham
in 3D bang thép khong gi 17-4 PH, st dung cong nghé in dun vat liéu (ME). Két qua cho thay
may in 3D kim loai Markforged dat d§ chinh xac cao (98.1%) so vé1 kich thude danh nghia,
nhung mau in theo canh (on-edge) c6 do chinh xé4c thap nhat do bién dang trong qu4 trinh thiéu
két. Hudng in c6 tac dong 16n dén chét lugng va hinh dang san phém, dic biét cac mau in theo
huéng thang dtng (upright) bi v& do thiéu bd phan hd trg. Hon nita, hudng in ciing anh hudng
dang ké dén bé mit va do 1éch hinh hoc, véi sai 1éch 16n nhét 1a d6 phang. Tur cac két qua thuc
nghiém, nghién ctru khing dinh vai trd quan trong cta viéc diéu chinh huéng in va cac tham
sb cong nghé dé dat dugc san phém in 3D kim loai c6 chat luong tdt nhat.
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