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Tom tat. Trong bdi canh cong nghe in 3D ngay cang dugc ing dung rong rai trong san xuat nhanh, ché tao
mau va céc linh kién k¥ thuét, viéc toi wu hoa co tinh ciia vat liéu in 12 yéu té quan trong dé mo rong pham
vi ng dung thuc tién. Nghién ctru ndy tap trung cai thién do bén kéo ctia nhua PETG - mét vt lidu phd
bién trong cong nghé in 3D FDM (Fused Deposition Modelling) nh¢ déc tinh co hoc t6t va kha nang gia
cong thuan lgi. Cac thong sb in anh huong dén d6 bén kéo duogc khao sat va tbi uu bang phuong phap thyc
nghiém Taguchi. Dya trén ty s6 tin hidu—nhiu (S/N) 16n nhat, bo thong s6 in FDM t6i wu duge xac dinh
gom: chiéu cao 16p in 0, 1 mm, toc do i in 60 mm/s, mat do dién day 40%, va kich thudc voi phun 1,2 mm.
Khi ap dung cac thong s6 t6i uru ndy, mau thar PETG dat do bén kéo 11,62 N/mm2. Két qua nghién ctru cung
cép co sé khoa hoc va thuc nghiém gitip néng cao chat luong san pham in 3D tir nhwa PETG, dong thoi hd
trg' qua trinh lya chon thong s in phu hop trong cac img dung yéu cau do bén co hoc cao.

Tir khéa. Nhua PETG, Taguchi, in 3D FDM, t6i uu, ti s& S/N.

1. GIOI THIEU

Nhwa PETG (Polyethylene Terephthalate Glycol) la mot loai nhya nhiét déo thugc nhom polyester, dugc
tao ra tir PET (Polyethylene Terephthalate) bang cach thém glycol vao qua trinh san xudt. Su bd sung glycol
gitip PETG c6 d0 bén co hoc cao hon, kha ning chiu lyc tot hon va d& gia cong hon so véi PET. Hién nay,
PETG duogc str dung rong rai trong in 3D, dac biét dudi dang s¢i nhua cho cac may in FDM [1].

Cong nghé in 3D, hay con goi la cong nghé bdi dap vat liéu (AM — Additive Manufacturing), 1a phuong
phap ché tao san phim bang cach dép tung 16p vét lidu dya trén m6 hinh CAD (Computer Aided Design).

Cong ngh¢ nay cho phép tao ra san pham trong thoi gian ngan chi phi thap va linh hoat vé hinh dang so
v6i cac phuong phap gia cong truyén thong [2]. Do do, chat lugng co hoc cua san pham in 3D ngay cang
dugc quan tam, ddc biét khi cong ngh¢ nay dan duoc tng dung trong san xudt cac chi tiét chiju tai.

Dbi véi cac chi tiét nhya in 3D, d6 bén kéo 1a mot trong nhing thong sO quan trong phan anh tryc tiép kha
nang chiu lyc cua san pharn Do bén nay phu thu¢c vao nhiéu yeu t6 nhu chat lugng voi phun, nhiét d6 in,

d6 am, vat liéu nhua va céu trac thiét ké [3]. Mac du da cd nhiéu nghlen ctru vé ti wu hoa thong s6 in 3D,

nhung céc phan tich tép trung riéng trén vat liéu PETG van con han ché. Dic biét, viéc xac dinh bo thong
s6 in FDM tdi uu nharn néng cao do bén kéo cho PETG van chua duoc nghién clru day du. Khoang trong
nay dat ra nhu cAu can thiét phai thuc hién cac thi nghi€ém c6 hé thong nham nhéan dang cac thong s6 anh
hudng va tim ra gia tri toi uu.

Bai bao nay tap trung nghién ctru bo thong s in 3D FDM t6i uu dé cai thién do bén kéo ctia san pham nhya
PETG. Phuong phap Taguchi dugc ap dung dé danh gid anh huong ctia cac thong s6 in 3D ddi voi vat liéu
PETG. Céc thong s6 khao sat gdbm: chiéu cao 16p i in, téc d6 in, mat do dién day va kich thudc voi phun. Sau
khi thue hién cac thi nghiém Taguchi, bo thong s0 tbi wu duge xac dinh dua trén két qua ti sé S/N. Hinh 1
md ta quy trinh nhan dang cac thong sé in 3D tdi uu.

2. NOI DUNG THi NGHIEM

2.1 Vat liéu thi nghiém

Vit liéu in 3D FDM 1a c4c vat liéu nhya dang soi. Soi nhya nguyén chét khong pha 1an va duong kinh soi
nhya c6 2 kich thudc 1,75mm va 3mm, dung sai thuong + 0,05mm Trong nghién ctru nay, vat liéu thi
nghiém dugc chon 1a nhya PETG (Hinh 2). Cac mau thi nghiém in 3D FDM duoc tién hanh do luc kéo dut
nhya trén may do luc kéo durt nhya theo tiéu chuan ASTM D638 (Hinh 3).
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Hinh 2: Vit liéu thi nghiém nhya PETG.
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Hinh 1. Qui trinh thyc nghiém Taguchi dé xac dinh cac théng s6 in 3D tdi uu.
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Hinh 3: May do luc kéo dut nhya.

2.2. Thong s6 miu thi nghi¢m

Chon mau thi nghiém theo tiéu chuan mau A1 ISO 3167, kich thudce mau thir theo tiéu chuan quéc gia
TCVN 9853:2013, bé day mau thur 1a 4mm c6 kich thude cu thé nhu sau (Hinh 4):
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Hinh 4: Thong s6 kich thudce mau thi nghiém PETG.
2.3. Ché tao miu thi nghiém

C6 rat nhiéu phan mém sir dung dé diéu khién may in 3D nhu Prusa slicer, Firmware, 3D Printer Control,
Cura...Trong bai bao nay, phan mém Cura dugc sur dung dé€ cai dat va diéu chinh thong so6 in [4]. Cac mau
thi nghiém dugc in trén may in 3D i-mate (Hinh 5).

Hinh 5: May in 3D FDM hiéu i-mate
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2.4. S6 miu thuc nghiém

Do bén kéo 12 mot trong nhimg nhan t6 dé danh gia chat lwong cua vat liéu nhya. Cac thong s6 in 3D FDM
anh hudng dén dén d6 bén kéo vat liéu nhya dugc xac dinh dya vao thi nghiém ma tran Taguchi [5, 6].
Cong ngh¢ in 3D FDM, céc thong sO quan trong anh hu'ong dén d6 bén kéo ctia nhya PETG la: chiéu cao
16p in (mm), toc do in (mm/s) mat d¢ dién day (%) va kich thude voi phun (mm) [4]. Cac thong s thi
nghiém duoc trinh bay cu thé trong Bang 1. Cac thong sé nay bao gom 4 thong so chinh véi 3 mue gid tri
nén cac thi nghiém ma tran sir dung mang truc giao Le (3%) [7]. Tong s lugng thi nghiém riéng biét dé tién
hanh in 3D FDM 13 9 . Mdi thi nghiém lp lai 3 1an can 3 mau dé do luc kéo dut, nhu vay tong sé mau la
27.
Béng 1. C4c thong s6 va mirc gia tri trong thi nghiém in 3D FDM.

A A 1a Ky Murc gia tri
Céc thong so thi nghiém hiéu 1 5 3
Chiéu cao 16p in (mm) A 0,1 0,2 0,3
Tbc d6 in (mm/s) B 50 60 70
Mat do dién day (%) C 20 30 40
Kich thudc voi phun (mm) D 0,4 0,8 1,2

Thiét ké thyc nghiém theo phuong phép Taguchi chia lam 3 truong hop: ‘Nho hon 12 tot hon’ (Smaller-the-
better), “Trung binh Ia tot nhat’ (Nominal-is-best) va ‘Lén hon 12 tot hon’ (Larger-the-better) [5,6]. Mau thir
nhya PETG duoc yéu cau phai co d6 bén kéo cang 16n cang t6t. Qua trinh in 3D FDM 1a mét trudng hop cta
mo hinh ‘Lén hon 14 tot hon’. Cong thire tinh ty s6 S/N (1)) xac dinh nhu sau [7]:

n

n =-10log,, {%Z%} (dB) (1)

i1 Yi
n: S6 mau do trong mot thi nghiém (n=3)
yi: Luc kéo dit mau thi nghiém & lan do thir 1.
M® hinh ‘Lén hon la tbt hon’ voi myc tiéu t6i wru 12 xac dinh gia tri lon nhat ti s6 S/N (1) véi tng thong sO
in 3D [5, 6] Cac thong s6 tbi wu in 3D FDM xéc dinh dya vao ti s S/N 16n nhét. Goi nopt 13 ty s6 S/N trong
diéu kién tbi wu va dugc tinh theo phuong trinh [7]:

nopt =TT +Z(T7i _nm) )
Nopt: Gid tri S/N t6i wu; Nm: gid tri S/N trung binh chung; n;: gia tri S/N g véi nhan t6 thi i.

Néu nop x4p xi bang ti s6 S/N thi nghiém kiém ching (twong dwong 90%) cac nhan tb in 3D coi nhu doc
1ap, khong phu thudc nhau [6, 7].

3. PHAN TICH KET QUA VA THAO LUAN
3.1 B) thong sb in 3D FDM tdi wu

Bang 2 trinh bay két qua do luc kéo diit cac mau nhwa PETG sau khi in 3D FDM. MJi thi nghiém lap lai 3
lan va tién hanh do 3 méu thir. Ty s6 S/N cua 4 thong sé dugc minh hoa Bang 3. Dua vao gia tri 16n nhat
ty sb S/N (n), B thong s0 in toi wu 14 sy két hop céc thong s6 nhu sau: A1B>C3Ds (Hinh 6 va Bang 4). Bo
thong s6 in 3D tbi uu cho nhua PETG bao gém: chiéu cao 16p in 0,1 (mm), toc d6 in 60 (mm/s), mat do
dién day 40 (%), kich thudc voi phun 1,2 (mm). Nhu vay, nghién ctru chi ra chiéu cao 16p in nho nhét va
duong kinh voi phun 16n thi d6 bén kéo ting va mau in chic va bén hon. Van dé nay co thé 1y giai nhu
sau: Trong in 3D FDM, chiéu cao 16p in nho gitip ting dd bén kéo do dién tich tiép xuc giira cac 16p 16n hon va nhiét
d6 16p trude van du cao dé ting cuong khuéch tan phan tir. Nho do, lién két 16p dugc cai thién va cac khuyét tat rong
giam dang ké. D6i v6i duong kinh voi phun, voi 16n tao ra sgi dun c6 tiét dién 16n va ap luc ép cao hon 1én 16p bén
duéi. Didu nay 1am giam sb duong in trén mdi 16p, giam khe hé va ting do dic cua cdu trac. Két qua 1a lién két giita
c4c soi in tré nén bén hon, giup mau c6 do bén kéo cao hon.
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Bang 2: Két qua do Iyc kéo dit nhyra PETG sau khi in 3D FDM.

Théna s& Gia tri do lyc kéo dut Ty s6 Gia tri
Mau thir g nhwa PETG (N) SIN | trung binh
A B C D 1 2 3 (dB) (N)
1 1 1 1 1 369,07 | 456,48 | 338,79 | 51,580 388,113
2 1 2 2 2 | 454,52 | 475,99 | 453,54 | 53,274 | 461,35
3 1 3 3 3 | 496,47 | 479,42 | 479,61 | 53,714 | 485,167
4 2 1 2 3 | 455,11 | 406,6 | 439,73 | 52,717 | 433,813
5 2 2 3 1 385,14 | 364,07 | 345,45 | 51,217 364,887
6 2 3 1 2 382 | 365,64 | 424,05 | 51,784 390,563
7 3 1 3 2 404,84 | 448,25 | 478,34 | 52,882 443,81
8 3 2 1 3 384,19 | 477,16 | 469,71 | 52,812 443,687
9 3 3 2 1 371,52 | 318,11 | 322,52 | 50,500 337,383
Bang 3: Gia tri S/N trung binh chung (dB).
Théng sb A B C D
Mirc 1 52,856 52,393 52,059 51,099
Mirc 2 51,906 52,434 52,164 52,647
Mirc 3 52,065 51,999 52,604 53,081
Trung binh 52,276
Bang 4: Gié tri cac thong s6 in 3D FDM t4i wu.
Ky hiéu Théng sb Gia tri
A CI}iéu cao 16p (mm) 0,1
B Toc do in (mm/s) 60
C Mat d6 dién day (%) 40
D Kich thudc voi phun (mm) 1,2
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Main Effects Plot for SN ratios

Tac gia: Phagm Hizu Lgc
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Hinh 6: Gia tri S/N cac thong sé A, B, C, D

Hinh 6 the hién muc tdi wu ctia cac bién thiét ké. Do doc cua dd thi cang I6n thi thé hién bién thiét ké anh
huéng manh dén d@rbén kéo. Theo do, biéﬁ D la anh hu(yr]g nh[éu nhét, k@ dén la bién A, tiép theo la bién
C va cudi cung la bién B. Nhu vay, nhan t6 anh huéng nhiéu nhat dén d6 bén kéo nhua PETG la kich thuéc

vOi phun.
3.2. Thi nghiém kiém chirng

Dé kiém tra do tin cay két qua thi nghiém Taguchi, cic thi nghiém kiém chimg dugc tién hanh dya vao bd
thong so in 3D t6i wu. 5 mau thur dugc thi nghiém dya vao thong so in 3D toi wu. Két qua do luc kéo dut
cua cac mau thir 1a 465,11 (N) (Bang 5). Véi tict dién tai vi tri gdy dat 1a 40 (mm?), do bén kéo ctia mau

thur 1a:

465,11
O =

—72=11,62(N/ mm?)
40

Bang 5: Gia tri luc kéo dut cac mau thir PETG

Mau thi nghiém | Gi4 tri do Iyc kéo Ty s6 S/N
kiém chimg | dat nhya PETG (N) (dB)
1 473,83 53,512
2 456,29 53,185
3 496,48 53,918
4 452,37 53,110
5 446,59 52,998
Trung binh 465,11 53,345

Dua vao Bang 3, ty s6 S/N trung binh c6 gia tri nm = 52,276. Nhu vy, nopt v0i diéu kién tbi wu x4c dinh

bdi cong thire (2):
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Topt = TTm + Z(77i - 77m)
=52,276 + (53,512 —-52,276) +(53,185-52,276) + (53,918 — 52,276) +
(52,998 -52,276) + (53,345 -52,276) =58,691(dB)
Theo ly thuyét Taguchi, néu nep xap xi bang S/N ctia thi nghiém kiém ching (twong duong 90%) cac nhan
to in 3D FDM dugc xem ddc 1ap, khong phu thudc nhau. Nhu vay, so sanh gia tri nop: = 58,691 (dB) véi

gié tri trung binh ty s6 S/N thi nghiém kiém chimg n = 53,345 (dB) (Béing 5), 2 gi4 tri nay xap xi tuong
duong 91%. Do d9, cac thong so in 3D xem nhu doc 1ap lan nhau.

4. KET LUAN

Nghién ctru ndy da xac dinh dugc cac thong sb t6i uu cho cong nghé in 3D FDM trén vt liéu nhya PETG. Céc thong
s6‘t6i uu dya trén phan tich ti s0 tin hi¢u nhicu (S/N) bao gom: chicu cao 16p in 0,1 mm, toc d6 in 60 mm/s, mat do
dién day 40% va kich thudc voi phun 1,2 mm. Két qua phan tich cho thay kich thudc voi phun la nhéan t6 c6 anh huéng
16n nh@t dén do6 bén kéo cua nhya }?ETG. Khi in véi bcfg thong so to1 wu, d6 bén kéo ciia mau thir dat 11,62 N/mm?,
cho thay kha nang cai thién hiu suat co hoc ctia san pham in 3D tu vat liéu PETG.

LOI CAM ON

Chung tdi xin tran trong cam on cac dong nghiép vi nhimg hd trg quy bau trong qua trinh thyc hién thi
nghiém, phan tich dir liéu va hoan thién ban thao bai viét. Chung t6i cling Xin cam on Cong ty trach nhiém
hiru han ILAB vi nhting ho trg phan do lyc kéo dut cac mau nhya PETG.
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RESEARCH ON OPTIMAL PARAMETERS OF FDM 3D PRINTING
TECHNOLOGY TO IMPROVE THE TENSILE STRENGTH OF PETG
PLASTIC

HUU LOC PHAM
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Abstract. As 3D printing becomes increasingly prevalent in rapid manufacturing, prototyping, and the
production of technical components, optimizing the mechanical performance of printed materials is
essential for broadening their practical use. This study aims to improve the tensile strength of PETG, a
widely used material in Fused Deposition Modelling (FDM) due to its favorable mechanical properties and
ease of processing. Key printing parameters influencing tensile strength were examined and optimized
using the Taguchi method. Based on the highest signal-to-noise (S/N) ratio, the optimal FDM settings were
identified as a 0.1 mm layer height, 60 mm/s printing speed, 40% infill density, and a 1.2 mm nozzle
diameter. Using these optimized conditions, the PETG specimens achieved a tensile strength of 11.62
N/mmz. The findings provide both scientific and practical insights that can help improve the quality of
PETG 3D-printed parts and guide the selection of suitable printing parameters for applications requiring
enhanced mechanical performance.

Keywords. PETG resin, Taguchi, FDM 3D printing, optimal, ratio S/N.
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