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NGHIEN ClPU THU'C NGHIEM VE ANH HUONG CAC THONG SO
CONG NGHE IN 3D KIM LOAI PEN CHAT LUONG SAN PHAM IN

EXPERIMENTAL RESEARCH ON THE EFFECT OF 3D PRINTING PROCESS
PARAMETERS TO THE PRINTED PART QUALITY
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TOM TAT

In 3D cho phép tao cdc san pham chuyén dung da va dang dwoc tmg dung trong nhiéu linh
viee. Nghién ciru bé théng sé cong nghé in tdi chdt lwong san pham in la rdt can thiét. Bai béo trinh
bay cdc két qua nghién ciru thie nghiém cia phwong phdp in béi dap ling dong (FDM) sit dung ré
bot han. Céac mé hinh todn thé hién méi lién hé gitka ché dg in khi in vt liéu hop kim Titan véi dé
nhdam bé mdt, dé citng ciia mdu in da dwoc thiét ldp. Cdc két qua thuc nghiém cho thdy cdc gid tri
dé nham bé mdt va dé cung cua cac mau in nam trong gioi han co tinh cua vdt liéu hop kim Titan.
Két qud nghién ciru la co s dé lira chon cdc bo théng s6 cong nghé hop 1y khi in 3D doi véi cdc vit
liéu kho gia cong.

Tiwr khéa: M6 hinh hod béi dap lang dong; In 3D; Théng sé cong nghé in; Nham bé mdt;
Do cung.

ABSTRACT

3D printing allows creating specialized products that have been applied in many fields.
Research on the set of printing parameters to determine the quality of printed products is necessity.
This article presents the results of experimental research on the fused deposition modelling (FDM)
using the welding robot. Mathematical models showing the relationship between the printing
parameters when printing Titanium alloy material and the surface roughness, and the hardness of
the printed sample have been established. Experimental results show that the surface roughness and
hardness values of the printed samples are within the mechanical properties limit of Titanium alloy
material. The research results are the basis for choosing appropriate technological parameter sets
when 3D printing difficult-to-process materials.

Keywords: Fused deposition modelling, 3D printing; Printing process parameters; Surface
roughness; Hardness.
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1. IN 3D KIM LOAI VA BQ THONG SO
CONG NGHE

1.1. In 3D kim loai sir dung robot han

San xuat bdéi dip  (Additive
Manufacturing — AM) hay in 3D da duoc ap
dung thanh cong cho nhiéu linh vuc bao gém
th(n trang, hang khong vii try, hang khong Va
qudc phong, y te va xay dung [1]. Mic du gan
day sy phat trién cho thiy viéc sir dung ngay
cang tang cac hé théng AM dé ché tao cic cu
trac quy mo 16n. Phuong phap in mo hinh hoa
bodi dip ling dong — FDM duogc thé hién trén
Hinh 1.

Cugm diy

. Iiiu im

San phiim in

Hinh 1. Phuong phdp in mé hinh hod boi dap ling
dong — FDM

V6i phuong phép i in nay, day horp kim
Titan tir cudn day duoc cap t6i dau in, dau in
gia nhié¢t vat liéu dén trang thai chay dé tao 16p
in trén tAm nén duoc dat trén ban in. Cac hé
thong may AM dang nay phan 16n ¢ dang ba
truc va thuong in san phém vat liéu nhua [2-3].
Tuy thude vao hinh dang va kich thudc cta vat
thé, cac cau triic hd trg c6 thé dugc yéu cau din
dén tang thoi gian ché tao, tiéu thy nguyén liéu
va chi phi ché tao [4]. Hon nira, cdc mdy san
xuét bdi dip ba truc duogc lién két véi phuong
phap ché tao timg 16p nghiém ngit, tao ra cac
vat thé co hiéu Gmg béc thang dién hinh [5]. Tt

nhig loi ich va han ché cua cac ing dung san
xuat bdi dap thong thuong, cac phuwong phap
san xuit AM dugc diéu khién bang ro bt da
truc dugc st dung cho phép mang lai chat
luong, tinh linh hoat, va ning suat hon [6-9].
Viéc st dung két hop hé théng 16 bot da truc va
cong nghé san xuat boi dap mang lai kha ning
san xuét bdi dép da truc va ché tao céc hinh hoc
phirc tap trong cac méi trudng san xuat khac
nhau. Phan 16n cac hé thdng duva trén phuong
phap dun vat lidu dugc hd tro bang ro bot dang
dugc sir dung dé tao ra cac hinh dang phirc tap
va thuong 13 cac vat thé 1on. Zhang va cong su
[10] da sir dung robot ABB dé diéu khién dau
in dun. Mot nén tang tinh toan co tén Robot
Studio (do ABB phat trién) di dugc sir dung
dé cho phép mé phong, t6i wu hoa va truc quan
hoa qué trinh ché tao. Cac chi tiét sir dung vat
liéu ABS da duoc san xuat nhung hé théng nay
¢ thé dugec mo rong sang cac vat lidu khéc,
chfmg han nhu vi¢c s dung soi carbon dé san
xudt cac chi tiét bang composite. Tuong tu,
Wu va cong su [11] d4 st dung canh tay ro bot
6-DOF UR3 dé san xudt cac chi tiét vat lidu
polyme tir PLA ¢ dang soi, voi cau triic hd trg
tbi thiéu hodc khong co ciu trac hd tro. Mot
cong cu tinh toan da duoc phat trién bang C++
dé phan tach cac mo hinh thanh nhiéu mé hinh
con hd tro, dugc in theo trinh ty khong xung
dot.

Bai b4o nay trinh bay cac két qua nghién
ctru thue nghiém xac dinh anh huong bd thong
s6 cong nghé in 3D kim loai dén chit luong san
pham in sir dung phuwong phép in FDM trén ro
bot.

1.2. B thong sé cong nghé

Qua trinh in 3D ¢6 su hd trg canh tay
robot cong nghiép thong thuong yéu cau bo

thong sb cong nghé chinh: (1) Lap ké hoach &
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quy trinh in, (2) Kiém soat cac thanh phan ciia
dau in (vi du: ép dun, bé gia nhiét, quat, tbc do
tryc xoay), (3) Kiém soat duong dan in thong
qua bd diéu khién canh tay robot va (4) Giao
tiép giita bo didu khién canh tay ro bdt va ca
dau in. Van dé quan trong 1a bd diéu khién
canh tay ro bt va bo diéu khién dau cong/trir
c6 thé dong bo hoa va giao tiép dé cung cap
cac 16p in chat lugng cao va nang suét. Trong
gidi han nghién ctru ndy, cac mau in kim loai c6
hinh dang hinh hop chit nhat duoc thiét ké voi
kich thudc 35x60x35mm. Cac duong chuyén
dong cua canh tay 1o bdt duge tao ra dua trén
hé thong tich hop sin trén canh tay r6 bot han
cong nghiép KUKA.

2. THIET LAP THUC NGHIEM

2.1. R6 bot han va cac thong so thwe nghiém
RO bét han sir dung cho quy trinh thuc

nghiém dugc thé hién nhu trong Hinh 2. Cénh

tay ro bot nang 291kg va c6 kha ning tai 8kg

vOi tAm véi 2101 mm.

Cum binh xe
ddy diy han
=

i Cudn div han
Té dign \ b el
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s | = L |.
S |
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Db ga quay
2 truc

Hinh 2. Cdnh tay ré bot han cong nghiép KUKA

Céac thong s6 cong nghé chinh dugc
thé hién nhu trong Bang 1. Trong nghién ciru
nay, ba thong s6 cong nghé duoc st dung dé
nghién cuu do 1a: Cuong do dong dién I (A);
Dién ap han U (V); Van téc han S (cm/phut).
Dé danh gia anh huong cac thong s qua trinh
dén chat luong in, 08 mau duoc thuc hién véi
cac gia tri thay ddi cta bo ba thong sb néu trén.
Céc gia tri nay duoc lya chon phu hop véi kha
ning hoat dong hiéu qua cia canh tay ro bot
han céng nghiép va cac diéu kién thuc té thi
nghiém: nhié¢t d§ noéng chay cua kim loai in, chi
phi in, thot gian thue nghiém in.

Bdng 1. Théng sé dau vao qud trinh thire nghiém.

K Gi tri tr?;;n
Théng sb Ay Ponvi | nhé *
hi¢u : nhét () nhat
)
Cutng do | A 160 | 180
dong dién
Piénaphan | U \% 26 28
Vantéchan | S |cm/phat| 10.57 | 13.4

2.2. Vit liéu in va miu in thue nghi¢m

Hop kim titan 1a hop kim c6 chira hon
hop titan va cac nguyén té hoa hoc khac. Vat
liéu hop kim titan c6 do cung cao, thugc nhom
vat li¢u kho gia cong. Chung c6 trong lugong
nhe, c6 kha nang chéng an mon dac biét va
kha nang chiu dugc nhiét do khéc nghiét. Tuy
nhién, do chi phi cao cta ca nguyén li¢u tho va
qua trinh gia cong ché tao da han ché viéc su
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dung chung trong cic tng dung quan sy, may
bay, tau vi try, xe dap, thiét bi y té, do trang
suc, cac by phan chiu ing suit cao nhu thanh
két ndi trén 6 to thé thao dat tién va mot sd thiét
bi thé thao cao cap va thiét bi dién tir tiéu dung.
V&i muc tiéu danh gia kha nang ché tao cac chi
tiét sir dung vat liéu titan bang cong nghé in
3D, trong nghién ctru nay da su dung vat li¢u
in 1a vat li¢u Titan — Gr2 dang soi, c6 duong
kinh 2.4 mm duoc cudn thanh cac cudn co khoi
luong 2kg. Thanh phan héa hoc cua loai hop
kim nay duogc trinh bay trong Bang 2.

Bdng 2. Thanh phan héa hoc hop kim titan — Gr2

Thanh phén TY trong (%)
Titanium, Ti >98.9
Iron, Fe <0.30
Oxygen, O <0.25
Carbon, C <0.080

Theo bang thong sb thiét 1ap cho quy
trinh thuc nghiém 08 mau in bang vat liéu Titan
duoc tién hanh véi kich thude 35x60x35mm.
Quy trinh in dugc thuc hién nhu sau, sung han
mang theo sg¢i Titan dugc gia nhiét téi trang
thai long va phun lién tuc trong qua trinh in,
canh tay ré bot mang theo sing han di chuyén
theo quy dao 1a cac duong thang va di theo ciing
mot hudng véi van tde khong doi (van tdc han)
(Hinh 3). Khoang céach giita hai duong di lién
ké nhau cta sting han duoc bang 0.8 lan kich
thude ving kim loai 10ng trén bé mit twong

mg v6i gia tri khoang cach 6.4 mm. Két qua
thyc nghiém duogc trinh bay nhu trong Hinh 4.

arding i cuin iy I

Twm Tmim
ls'nll_,_a, /,’I?ﬂ'i ™

Miit bén

Hinh 4. Két qua thiee nghiém mau in 3D sir dung

cdnh tay ré bot

Vé6i muyc dich thiét 1ap mo hinh hdi quy
thé hién mbi lién hé giira thong s6 cong nghé in
v6i cac thong s6 dau ra 1a d6 nham bé mat va
d6 cimg, phuong phap thiét ké thi nghiém véi
yéu t6 hai mirc ddy du nhu thé hién trén Bang 3.
Vé6i 02 mire va 03 yéu t6 dau vao, tong cong co
08 thi nghiém duoc thiét 1ap. Sir dung may do
do ctmg DTR 200, véi phuong phap tht TCVN
257-11:2007 (ISO 6508-1:2005) cho gia tri do
cirng HRB ctia cac mau tuong tng. Vé do nham
bé mit, sau khi xtr Iy sau in bé mat, do nham
cac mau duoc do st dung thiét bi do do nham
bé mit TR210. Gia tri d6 nham nay 1am co s&
dé tién hanh cac cong nghé sau in ddi voi chi
tiét in nhu phun pht bé mat san pham in.
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Bang 3. Keét qua dau ra vé do cung va do nham cua 08 mdu in

Mau in nginéi (:6( ;1;‘)ng Pién zg), )hiln U sz;zl nt}(“/)rc)l:lli\tl)l S| Do r;ﬁzln)l Ra P ciing HRB
1 160 26 13.40 1.339 73.8
2 180 26 10.57 1.525 74.3
3 180 26 13.40 1.324 75.4
4 180 28 13.40 1.256 78.8
5 160 28 13.40 1.435 75.5
6 160 28 10.57 1.351 74.2
7 160 26 10.57 1.755 68.5
8 180 28 10.57 1.835 73.5

3. PANH GIA ANH HUONG CUA BQ
THONG SO CONG NGHE DPEN CHAT
LUQNG IN

Cac mo hinh héi quy tuyén tinh bac
nhit da dugc thiét 1ap Gimg dung Minitab. Cac
mo hinh nay thé hién méi lién hé giita ché do
cong nghé in bao gébm cuong d6 dong dién,
dién ap va toc do in v6i do nham bé mit va véi
do cung clia mau in.

3.1. Anh hwéng ciia ché d9 in t6i dd nham
bé mat

Mau in sau khi dugc xir 1y sau in bang
nguyén cong mai da duge danh gia do nham bé
mat nhdm 1am co s& trién khai cac giai phap
cong nghé khac trén mau in. Xét anh hudng
doc lap cua cac yéu t6 dén d6 nham bé mit cua
mau in:

Ra=2.75+0.00075*1—-0.00825*U —0.09823*S (1)

Xét anh hudng twong quan cua cac yéu

to dén do nham bé mat ctia mau in:

Ra =29.73 —0.1374*1 — 1.3062*U + 0.2836*S +
0.00687*1*U — 0.00396*I*S + 0.0108*U*S  (2)
3.2. Anh huéng ciia ché d¢ in téi dd cing ciia
san pham

Xét anh hudng doc 1ap cua cac yéu to
dén do cung cia mau in:

HRB = 5.4863 + 0.125*] + 1.25%U~+1.1484*S (3)

Xét anh hudng tuong quan cua cac yéu
to dén do cung cuia mau in:

HRB=-267.796+1.76617*1+11.2383*U+0.9717*S
—0.06*T*U —0.001774T*S + 0.0176 7%U*S @)

3.3. Ban luin két qua

Céc mo hinh hdi quy cho phép xac dinh
dugc bo thong sé cong nghé khi in sir dung
canh tay ro bét cong nghiép. Két qua dau ra
cua cac mo hinh nay phu hop véi dai gia tri cho
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phép cua vat li¢u hop kim Titan — Grade 2. Cu
thé gia tri HRB trong pham vi gia tri ciia Titan
— Grade 2 1a 75 HRB va co tinh cua nhém vat
li¢u kho gia cong.

4. KET LUAN

Nghién ctru thuc nghiém qua trinh in
3D theo phuwong phap FDM su dung 1o bot
cong nghiép cho phép thiét 1ap duoc cac mod
hinh hdi quy thé hién mdi lién hé gitra thong sb
cong nghé in v4i do nham bé mat va do ciing
cia mau in. Cac mé hinh toan tir 1 dén 4 cho
phép xac dinh dugc bo thong sb cong nghé in
hop 1y dam bao cac muc tiéu dau ra theo yéu
cau. Cac nghién ctru vé ciu tric t& vi miu in
va co tinh khac 1a nhitng nghién ciru tiép theo
nhiam dam bao cac yéu cau chét luong cua san
pham in ddi véi cac ing dung cong nghiép.
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