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TOM TAT

Cong nghé in 3D kim loai theo phwong phap dun vat lieu (MFE) dang ngay cang dwoc quan
tam nho kha nang tao ra chi tiét phirc tap véi chi phi t6i wu. Tuy nhién, thach thire 1om ciia cong
nghé nay la kiém sodt dg chinh xdc kich thuéc san pham qua timg giai doan, dédc biét la & trang thdi
Green Part. Nghién civu ndy nham ddnh gid anh hieong va t6i wu héa cdc théng sé in dén dé chinh
xdc kich thuoc cua San phcfm Green Part dé nang cao chat lwong tong thé. Ndm théng s6 cong nghé
dwoc khdo sat bao gom bé day I6p in (LH) toc do zn (PS) nhiét @ in (PT), sé IO’p vo (NS) va huong
che tao (BO) voi ba mirc gia tri cho moi thong s0. Két qua thi nghiém tir thiét ké FCCCD véi 29
mau cho thay LH va PS anh hwéng manh nhdt dén sai sé theo phwong X va Y, trong khi phwong Z
bi chi phéi béi cdc twong tac phi tuyén nhw LHXLH va PTXNS. M6 hinh hoi quy c6 dé phit hop cao
v6i R? trén 87,00%. Sai sé kich thiede 16n nhat ghi nhdn theo phiong X, Y la 2,8% va phwong Z la
1,2%, chii yéu do cdc hiéu ing tich lily giita cdc I6p in va twong tdc théng so. Téi wu héa da muc
tiéu chi ra bg thong sé téi wu chung cho ba phwong la LH = 0,2 mm, PS = 30 mm/s, PT = 210°C,
NS = I va BO = 0°. Két qua nghién ciru dé xudt mot quy trinh t6i wu héa dang tin ¢y va lam co sé
cho viéc tiép tuc danh gia moi lién hé giita Green Part va Final Part trong twong lai.

Tix khéa: MFE: Green Part: Cu/PLA; Té6i wu héa; ANOVA.
ABSTRACT

Metal 3D printing using the Material Extrusion (MFE) method is increasingly gaining
attention due to its ability to fabricate complex parts at an optimized cost. However, a major
challenge of this technology lies in controlling the dimensional accuracy of the product throughout
each stage, especially in the Green Part state. This study aims to evaluate and optimize the
effects of printing parameters on the dimensional accuracy of the Green Part to enhance overall
quality. Five process parameters are investigated, including layer height (LH), print speed (PS),
printing temperature (PT), number of shells (NS), and build orientation (BO), each with three
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levels. Experimental results based on a Face-Centered Central Composite Design (FCCCD) with
29 runs show that LH and PS have the most significant influence on dimensional error in the X
and Y directions, while the Z direction is predominantly affected by nonlinear interactions such
as LHXLH and PT*NS. The regression models exhibit high goodness-of-fit with R’ values above
87.00%. The maximum recorded dimensional errors were 2,8% in the X and Y directions, and 1,2%
in the Z direction, mainly due to accumulated errors between layers and parameter interactions.
Multi-objective optimization identified an optimal parameter set for all three directions: LH = (.2
mm, PS = 30 mm/s, PT = 210°C, NS = 1, and BO = 0°. The study proposes a reliable optimization
procedure and provides a foundation for further investigation into the relationship between the

Green Part and Final Part in future work.

Keywords: MFE; Green Part; Cu/PLA; Optimization; ANOVA.

1. TONG QUAN NGHIEN CUU

Cong nghé in 3D bang phwong phap dun
vat liéu (Material Extrusion) — Metal Filament
Extrusion (MFE) dang ngay cang dugc ung
dung rong rdi trong san xudt va nghién ctru
khoa hoc nho kha nédng ché tao céac chi tiét
phirc tap vé6i chi phi tdi wu. Trong s6 cac vat
liéu dang trong giai doan nghién ctru, dong 1a
mot trong nhitng vat li¢u dé bat dau nhat [1].
Hon thé nita, dong duoc biét dén véi tinh linh
hoat cao, nho d6 vat li¢u nay ngay cang thu hut
su quan tdm trong cong dong in 3D nho sy két
hop tuyét voi gitra d0 dan dién, nhiét cao, do
bén co hoc t6t va kha ning chong dn mon. Vat
liéu nay hira hen s& mang dén mot cudc cach
mang hoa vé cac ung dung trong nhiéu nganh
cong nghiép khac nhau, dac biét trong ba linh
vuc chinh 1a linh kién dién tir, hé théng quan ly
nhi¢t va hang khong vii tru [2]. Tuy nhién, mot
trong nhiing thach thirc 16n khi stir dung loai vat
liéu nhya pha kim loai nay no6i chung va vat
liéu (Cu/PLA) noi riéng 1a kha ning kiém soat
chat luong san pham. Vong doi san pham cua
phuong phap MFE trai qua ba trang thai chinh:
Green Part — Brown Part — Final Part tuong ing
v6i cac giai doan: In 3D — Loai bd chét két dinh
— Thiéu két trong 10.

n Final
@ Deblndl"g @
= )

Hinh 1. Tén goi cdc san pham ¢ cdc giai doan [3]

Qua qué trinh loai bo chat két dinh va
thiéu két, san pham cudi cung bi co rut theo
moi phuong lam giam kich thudc dang ké so
v6i san phim Green Part ban dau [2]. Piéu nay
chting to rang viéc kiém soat d6 chinh xac kich
thude san phim qua timg giai doan 1a hét sic
can thiét.

Buj-Corral, 1. va cac cong sy [4] da
nghién ciru vé d6 chinh xac kich thudc va do
x6p ctia cac bo phan in 3D tir soi nhwa Cu/PLA
trong d6 chira khoang 35% dong theo khodi
luong. Két qua cho thdy, do chinh xac kich
thudc cua cac chi tiét in phu thuoc nhiéu vao
chiéu cao 16p va nhiét d6 in ddi v6i phuong X,
Y, trong khi phuong Z bi anh hudng béi téc do
in va tuong tac giita chiéu cao 16p véi toc do in.
Mahros Darsin va cac cong su [5] tap trung vao
dd chinh xac kich thudc, phat hién réng nhiét
dd voi phun 220°C, chiéu cao 16p 0,3 mm va
duong dién day dang dudong mang lai do chinh

xéc kich thuge tot nhat. Ajjarapu, K. P. K. [2] ¥~
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da chi ra rang sai léch kich thudc theo phuong
X, Y c6 thé 1én dén 6,6% va véi phuong Z con
sd nay vao khoang 2%, nghién ctru con chi ra
rang viéc sai 1éch kich thudc c6 thé anh huong
dén tinh lép ghép, do bén co hoc va cac dic tinh
vat Iy khac cua san pham, 1am giam chat luong
va hiéu suét in. Do d6, viéc nghién ctru va t6i
wu hoa cac thong sd in dé nang cao do chinh
xac kich thudc ciia san pham Green Part [a mot
ndi dung khong thé thiéu trong phuong phéap
MFE.

Mic du nhiéu nghién ctru dd xem xét
anh huong cua thong s6 in 3D dén tinh chét co
hoc va d6 chinh xac kich thudc cua san phém
Cu/PLA, nhung mbi quan hé giita Green Part
va san pham sau thiéu két van chua dugc 1am
rd. Hau nhu chua c6 nghién ctru nao dé cap dén
su thay ddi kich thude, co ngot, bién dang sau
thiéu két dya trén thong sé in ban dau. Viéc
hiéu & mdi lién hé nay s& giup t6i uu héa quy
trinh san xuét, dam bao chit luong va nang cao
ung dung cua cong nghé¢ in 3D kim loai MFE
v6i vat liéu nhya pha kim loai n6i chung va vat
liéu Cu/PLA noi riéng.

Nghién ctru nay s& giai quyét cac noi
dung néu trén bang cach xét dén 3 mirc d6 anh
huong cua 5 thong sb cong nghé anh hudng dén
chat lugng cta san pham Green Part. Hon thé
nita, mdi lién hé vé d6 co rat ciia Green Part va
Final Part sé dugc lam ro, tir do dét ra yéu cu
cho san pham Green Part.

2.VATLIEU VA PHUONG PHAPNGHIEN
cUu

2.1. Vit liéu va lya chon miu thye nghi¢m
May in dugc st dung trong nghién

ctru thugc dang may in 3D FDM duogc dat tai
PTN CAD/CAM, Truong Pai hoc Bach Khoa,

PHQG — HCM. Vat liéu dugc st dung trong
nghién clru nay la soi nhua pha kim loai Cu/
PLA (Copper Filament™) véi duong kinh
1,75 mm va chira 87 + 90 % khdi luong dong.
Vit li¢u duoc nhap tir nha cung Gng Virtual
Foundry™ [1].

Dya trén tiéu chuan AS/ISO/ASTM
52902:2021 [6] va cac bai bao lién quan, mau
thir dang 14p phuong duoc chon dé tién hanh
thuc nghiém. Nhu da dé cap 6 Muc 1, tai day
yéu cau k¥ thuat cho san phim Green Part
dua vao cac dic diém co rit cia vat lidu s&
dugc dé cap. Theo hudng dan cua The Virtual
Foundry™ [1], d6i v6i vét liéu Cu/PLA sau khi
thiéu két, kich thudc co rat khoang 7 + 10%.
Nghién ctru ndy chon gia tri co rat 1a 6 = 10%.
Voi kich thudc Final Part dugc chon la 13,5
x 13,5 x 13,5 mm thi mau thuc nghiém s& c6
kich thude 15 x 15 x 15 mm (dung sai 0,2 mm
cho mdi canh). Viéc lua chon dung sai dya trén
su két hop cuia tiéu chuan ISO 2768 — 1 [7] va
dung sai cho phép ctia may in 3D thong thudong
la £0,2 mm.

Mau c6 cac thong sb cb dinh nhu cach
dién day dang duong, ti 1& dién day 1a 30% va
duong kinh voi phun 13 0,6 mm. Cac mau duoc
in tng mau mot doc lap voi nhau va duoc in
cung tai mot vi tri & chinh gitra ban.

. Zz
S TZ;H
J 1
& AN o X
S
5y NG

Hinh 2. Kich thudc va dung sai ciia san pham
Green Part duwoc lva chon
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Final Part
Green Part = ﬁ (1)

2.2. Phwong phap nghién ctru

Phuong phéap Face-Centered Central
Composite Design (FCCCD) dugc st dung
trong bai nghién ctru nham xac dinh muc anh
huong cua cac yéu td cling nhu twong tic cla

chung. Muc tiéu cia nghién clru 1a xem xét
5 thong sd quy trinh va 3 muc do cua chung
anh huong dén do chinh xéc kich thudc cua
san pham Green Part. Ta c6 tong s thi nghiém
duoc tinh toan dua trén tai liéu [8], thu duogc
26 thi nghi¢ém chinh va 3 lan 1ap thi nghiém tai
tam. Vay tong cong c6 29 thi nghiém duoc thuc
hién. Céc thong s6 lua chon va cdc mutc d anh
huéng dugce thé hién trong Bang 1.

Bang 1. Cdc nhan to va mure gia tri cua cdc thong so duwoc chon

Ky hiéu Mike gia tri .
A LK cxs 1t - - = - — Khoang
Nhan to Giai thich y nghia Tw Ma Dwéi | Cosé | Trén Ze
A , thay doi
nhién | hoa -1 0 +1
BE day lép in, Bé day mdi 16p in LT | x 01 | 02 | 03 01
(mm) y Op 1 b 9 b 9
Téc d6 in, (mm/s) | Van tdc di chuyén cta dau in PS X, 20 30 40 10
Nhiét d¢ in, (°C) Nhiét d6 vung in PT X, 200 210 | 220 10
S6 16p vo, (16p) S6 16p tao bén ngoai vat in NS X, 1 2 3 1
Huéng ché tao, (°) ?rllu(mg dat khac nhau trén ban BO x, 45 0 a5 45

+ +45° A
IV
/00
{ >
—45°

Huong ché tao duoc lua chon nghién cuiu

Phan mém cit 16p Cura duoc st dung
dé tao thanh cac tép G-Code. Cac mau dugc in
theo huéng thang dtng theo chiéu duong Z cia
may in. H¢ truc toa do cua phﬁn mém va cla
may in l1a nhu nhau. Kich thudc ba phuong X,
Y, Z cia mau s& dugc do luong bang thudce cip
dién tir Insize 1114-300A véi d6 chia nho nhat
14 0,01 mm. Vi tri do trén mau dugc chon béng
cach chon ngau nhién tap A gdm 15 méu trong
29 mau, sau d6 do kiém tra 5 vi tri cich nhau 3

mm trén tdp A. Céc vi tri ¢6 tan sudt xuat hién
sai léch nhiéu nhat s€ duoc chon dé tién hanh
ap dung trén toan bd mau.

3. KET QUA VA THAO LUAN
3.1. Panh gia sai sb

Nhin chung, céc thi nghiém véi bé day
16p cao s€ cho ra cac kich thudce 16n hon, dac
biét theo phuong Z. Nguyén nhan c6 thé duoc
giai thich boi sai s tich lity theo timg 16p in.
Khi chiéu cao 16p ting, sb 16p giam dan dén
mdi budc di chuyén theo truc Z 16n hon. Qué
trinh dun vét lidu & chiéu cao 16p 16n thudng di
keém véi kha ndng nén ép gitra cac 16p kém hon,
khién vat liéu c¢6 xu hudng gian nd theo chiéu
cao hodc lan ra ngoai bién. Ngoai ra, viéc giam

s6 16p ciing 1am tang hiéu tng bac thang giy &
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kém chinh x4c bién dang bé mat va dan dén sai phuong X s€ dugc tinh todn nhu sau (twong tu
léch kich thudc theo ca chidu cao va phuong cho cac phuong Y va Z):

ngang. Nhimng yéu t6 nay két hop gy ra sai
s6 duong so voi gia tri muc tiéu. Sai sd theo Edx(%) = ‘ 15

5
X 100%

Bdng 2. Ma trgn FCCCD dang tw nhién, két qua do heong gid tri trung binh va sai s6 X, Y, Z

(Eley Téc | Nhigt Sél6p | Hwomg | | |
STT | 500y | d0in | ddin | vé | chétao| X Y Z | Edx | Edy | Edz
(mm) (mm/s) | (°C) | (16p) )
1|01 | 20 [ 200 1 45 | 1489 | 14,88 | 1510 | 0,73 | 0,83 | 0,67
2 103 | 20 [ 200 1 45 | 1498 | 1493 | 1514 | 0,13 | 0,50 | 0,92
3 ] 01 | 40 [ 200 | 1 45 | 1490 | 15,02 | 1514 | 0,69 | 0,13 | 092
4 1 03 | 40 | 200 | 1 45 1517 | 1532 | 1518 | 1,12 | 2,13 | 1,20
5 | o1 | 20 |20 | 1 45 | 1490 | 15,02 | 1502 | 0,64 | 0,16 | 0,16
6 | 03 | 20 |20 | 1 45 | 1504 | 15,10 | 15,14 | 025 | 0,67 | 0,96
7 101 | 40 | 220 ] 1 45 | 1490 | 1504 | 1507 | 069 | 024 | 049
8 | 03 | 40 | 220 1 45 | 1524 [ 1525 | 1517 | 161 | 1,65 | 113
o | o1 | 20 |20 | 3 45 | 1488 | 1501 | 1502 | 083 | 0,05 | 0,16
10 | 03 | 20 | 200 3 45 | 1508 | 1521 | 1514 | 051 | 141 | 092
1| 01 | 40 | 200 | 3 45 | 1492 | 15,02 | 1499 | 056 | 0,11 | 0,09
12 | 03 | 40 | 200 ]| 3 45 | 1528 | 1542 | 1517 | 1,84 | 2,80 | LI
13 101 | 20 | 20| 3 45 | 1488 | 1499 | 1509 | 0,80 | 0,09 | 0,61
14 | 03 | 20 | 20| 3 45 | 1511 | 1520 | 15,10 | 0,75 | 1,32 | 0,64
15 | 01 | 40 | 20| 3 45 | 1492 ] 1505 | 1510 | 0,56 | 033 | 0,68
16 | 03 ] 40 | 220 3 45 | 1523 [ 1541 | 1504 | 1,53 | 2,72 | 095
17 | o1 | 30 | 210 2 0 | 1487 | 1501 | 1506 | 084 | 0,09 | 0,37
18 | 03 | 30 | 210] 2 0 | 1516 | 1530 | 1508 | 1,05 | 2,01 | 0,56
19 |02 ] 20 | 210 2 0 | 1494 | 1508 | 1496 | 039 | 056 | 0,29
20 | 02 | 40 | 210 | 2 0 | 1528 | 1516 | 1498 | 185 | 1,04 | 0,12
21 | 02 | 30 | 200 | 2 0 | 1506 | 1513 | 1506 | 041 | 0.88 | 0,37
2 | 02| 30 |20 | 2 0 | 1499 | 1511 | 1502 | 005 | 071 | 0,13
23 | 02 | 30 | 210 | 1 0 | 1499 | 1505 | 1501 | 007 | 033 | 0,07
24 | 02 | 30 | 210 3 0 | 1505 | 1518 | 1502 | 032 | 1,19 | 0,11
25 | 02 | 30 |20 2 45 | 1505 | 15,16 | 1506 | 035 | 1,04 | 037
26 | 02 | 30 | 210 2 45 | 1501 | 15,15 | 1500 | 0,04 | 0,97 | 0,01
27 1 02 | 30 |20 2 0 | 1502 | 1514 | 1504 | 013 | 092 | 0,28
28 | 02 | 30 | 210 | 2 0 | 1503 | 1516 | 1504 | 0,19 | 1,07 | 0,29
29 | 02| 30 | 210 2 0 | 1503 | 1516 | 1504 | 0,19 | 1,07 | 0,29
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Dua trén cac s6 liéu thu duoc trén Hinh
3, ta thay hau hét cac gia tri Y luén 16n hon X
trong cac truong hop. Trong khi, trén 1y thuyét
hai phuong nay thuong dugc xem la dang
huéng do nam trén ciing mit phang va duogc
diéu khién boi hé truyén dong twong dwong.
Nguyén nhan c6 thé dén tir cac yéu té nhu do
cang dai khong déu, hiéu chuin va cach hoat
dong duong in cua dau in khong ddng nhat theo
tung phuong. Ngoai ra, hién tugng dun du va
lan rong vat liéu tai bién ciing c6 thé xay ra lam
gia tang sai I¢ch di hudng gilra chung.

15.4
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Hinh 3. Kich thuoc trung binh (a) Truc X, (b) Truc
Y, (¢) Truc Z voi thanh l6i twong ung la + Do léch
chudn cia phép do tirmg mau

Sai s6 nho nhit theo cac phuong dugc
ghi nhan tai cac mau 22, 23, 26 (Edx), mau 9,
13, 17 (Edy) va mau 23, 26 (Edz), trong d6 bé
day 16p in 0,2 mm, toc do in 30 mm/s va nhiét
d6 210°C t6 ra uu viét hon. Mau 23 dat sai s6
trung binh nhé nhat véi bo thong sé: LH = 0,2
mm; PS = 30 mm/s; PT = 210°C; NS = 1; BO
= 0°. Nguoc lai, sai s6 16n nhat xuét hién & céc
mau c6 toc do in cao (40 mm/s), bé day 16p in
16n (0,3 mm) va sé 16p vo nhiéu (3 16p), cho
thiy bé day 16p va tdc do in 1 hai yéu t6 anh
huéng manh dén sai sb theo ca ba phuong. Sai
s6 16n nhét theo phuong X, Y 1én dén 2,8%
va theo phuong Z 1a 1,2%. Tuy nhién, sai s6
Edx/Edy va Edz d6i khi thé hién hanh vi nguoc
nhau. O cac thi nghiém 2, 3, 6 va 15, mac du
Edx/Edy thap, nhung lai thu dugc gia tri Edz
khé cao. Piéu nay cho théy su phu thudc cua
do chinh xac kich thudc khong chi riéng 1€ vao
cac dai lugng ma co thé ¢o su phu thudc vao
tuong tac gitta ching. Do d6, nghién clru nay
da tién hanh t6i vu da muc tiéu va trinh bay chi
tiét trong Muc 3.3.
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3.2. M6 hinh hdi quy
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Hinh 4. Biéu do Parerto gid tri trung binh theo (a)
Phuong X, (b) Phuong Y, (c) Phuong Z

Tu dir liéu trong Bang 2 xay dung md
hinh hdi quy bang phan mém Minitab thu dwoc
dd thi Pareto thé hién trén Hinh 4, D6 thi hiéu
tmg chinh va D thi tuong tac giita cac bién
trén Hinh 5.

Biéu d Pareto cho thiy toc do in 1a yéu
t6 anh huong 16n nhét theo phuong X, tiép do
1a bé day 16p in. Bén canh d6, PSxPS thé hi¢n
anh hudng phi tuyén cua toc d6 in va cac tuong
tac nhw LHxBO, LHxNS cho thiy ching can
dugce diéu chinh dong thoi. D6i v6i phuong
Y, s6 16p vo 1a yéu té anh huéng manh nhét,
tiép dén 1a bé day 16p in va twong tic LHXNS.
Ngoai ra, tuong tac PSXPT va PTxNS ciing c6
anh huong do lién quan dén kha nang lap day
vat liéu. Mic khac, cac yéu to anh hudng toi
phuong Z 1a cac yéu tb phi tuyén nhu LHXLH
va cac tuong tac nhu PTxNS.
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Hinh 5. Biéu d6 hiéu vmg chinh va biéu do tiwong
tac giita cdc bién: (a) (b) Phwong X, (c) (d)
Phuong Y va (e) (f) Phuong Z

Bi¢u d0 hiéu tmg chinh cho thay kich
thuéc X ting manh véi xu hudng gan nhu
tuyén tinh véi bé day 16p in thay doi tir 0,1 dén
0,3 mm. Tdc d6 in ciing gop phan lam ting kich
thudc, dac biét tai 40 mm/s. Tuy nhién, hudéng
ché tao co biéu hién trai nguoc khi lam X giam
dan. Trong cac twong tac thi LHxBO thé hién
tuong tac manh nhat khi cac duong dap tmg cat
nhau 13 rét, cho thdy anh hudng cta bé day 16p
1én X phu thudc 16n vao hudng ché tao.

Bén canh d0, gia tri Y thé hién cung xu
huéng voi X. Cac thong sb bé day 16p in, toc
d6 in va sb 16p vo; anh huong tir cao dén thap;
déu co quan hé dong bién véi Y. V& tuong tac
cac cap LHxNS va LHxPS c6 anh huéng manh
nhit v6i dang phan ky 13 rét, cho thay tac dong
ctia bé day 16p in dugc tang cuong khi két hop
voi sb 16p vo hodc tde do in. Cap LHxBO va
PSxBO c6 sy dao chiéu noi 1én anh hudng cua
bé day 16p in, téc d6 in 1én Y c¢6 phu thude vao
huéng ché tao.

Gia tri Z ¢6 xu hudng anh huong phi
tuyén boi cac thong s6 véi cuc tri tai moi mirc
gié tri trung binh, trong d6 bé day 16p in 1a yéu
t6 c6 anh huong 16n nhat. Bién do bién thién
ctia Z nho nhat trong ba phuong (quanh 15,00-
15,10), hau hét cac cap tuong tac déu khong
c6 y nghia ngoai trr LHXPS va LHXPT. Cap
LHxPS thé hién twong tac rd nhat khi Z dat cuc
tiéu nhung mirc gidm phu thudc vao PS. Cap
LHxPT ciing c6 anh huéng nhat dinh, du bién
do nho hon.
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Bdng 3. Két qua mé hinh hoi quy theo cdc phuwong X, Y, Z

Pap umg R? (%) R? (adj) (%) Bién tac dong manh nhit
PS
X 98,42 94,49 LH
LHxBO
B NS
Y 96,83 88,90 LH
LHxNS
LHxLH
Z 87,06 54,70 PTxNS
PSxPS
3.3. T6i wu héa da muc tiéu
Bdng 4. Bé théng s6 t6i wu cho tirng muc tiéu
. P PT N B mposit
Myc ticu LH mn?/s °C 1()185 (°()) ]Seosirgl())islit;
X 0,2 31 200 2 45 1
Y 0,2 28,5 200 1 45 1
z 0,1 20 207 3 45 0,974
XY.Z 0,2 30 210 1 0 0,571

Sai 1€ch gay ra theo phuong X, Y c6
lién quan mat thiét dén bé day 16p in, toc do in
va s 16p vo. Tuy nhién theo phuong Z, yéu t6
anh huong sau sic lai 13 cac bién tuong tac. Vi
vay, bai toan tdi uu duoc dat ra nham tim gia tri
muc tiéu 15 + 0,1 mm cho mdi canh. Bén canh
d6, md hinh tdi wu hoa da muc tiéu dugc thiét
1ap dé tim ra bo thong s tdi wu chung cho ca ba
phuong X, Y, Z. B6 thong sb tdi uu chung cho
ca ba phuong X, Y, Z dugc quan sat tai cac muc
gia tri trung binh voi bé day 16p in 0,2 mm, tdc
dd in 30 mm/s, nhiét do in 210°C, s 16p vo la
1 cung vo1 hudng in tai 0°.

NS

Cptimal
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D:10.5751 HT ‘“.

Low 450
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¥ = 150352
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Targ: 150
¥ 149957
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Hinh 6. Két qua t6i wu cho ca ba phiwong X, Y, Z
4. KET LUAN

Nghién ctru hién tai chi ra rang, do
chinh xac kich thudc ctua san pham Green Part
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ctia cong nghé in 3D kim loai bang soi vat liéu
Cu/PLA phuy thudc nhiéu vao cic yéu td cong
nghé. Céac két luan chinh cta bai nghién ctu
nay c6 thé ké dén bao gdm:

- Sai s6 kich thudc 16n nhét theo phwong
X, Y Ién t6i 2,8% phu thude vao day 16p in, toc
d6 in va so 16p vo;

- Sai s6 16n nhit theo phuong Z véi gia
trj nho hon roi vao khoang 1,2% chu yéu phu
thudc vao do phi tuyén LHXLH va twong tac
ctia cip thong sb PTXNS;

- Bo thong s6 tbi wu duge tim ra cho ca
tung phuong va téng hop ba phuong X, Y, Z.
B¢ thong 50 t6i uru dugce tim ra 1a bé day 16p in
0,2 mm, tde d6 in 30 mm/s, nhiét @6 in 210°C,
s6 16p vo 1a 1 cung véi hudng in tai 0°.

Nghién ciru ndy dé xuét bo thong sd tdi
uu cling nhu mét phuong phap thuc nghiém
cho loai vat liéu Cu/PLA ndi riéng va vat li¢u
nhya pha kim loai n6i chung trong cong nghé
MFE. Tuy nhién, viéc nghién ciru tiép tuc & giai
doan Final Part 1 hét strc can thiét dé xac nhan
lai d0 co rut va danh gia sau thém vé tim quan
trong cua viéc kiém soat chét luong Green Part
dén chat luong san pham sau cing.

Loi cam on:

Nghién ctru nay dugc tai trg bdi Truong
Pai hoc Bach Khoa, Dai hoc Quéc gia TP. HO
Chi Minh (HCMUT — VNU-HCM) theo mi s6
dé tai SVKSTN-2024-CK-49. Nhom nghién
ciru xin chan thanh cdm on Truong Dai hoc
Bach Khoa, Pai hoc Quéc gia TP. Ho Chi Minh
da ho trg thuc hién nghién ctru nay. <
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