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T6i wu hoa thong so qué trinh nham cai thién do
bén nén cua san pham FDM
(Fused Deposition Modeling)

Huynh Hitu Nghi, Tran Minh Tén, Nguyén Hitu Tho va Thai Thi Thu Ha

Tom tit—Hién nay, Céng ngh¢ in 3D hay con
goi 1a Cong nghé bdi dip vat litu (AM —
Additive Manufacturing) dwoc thé giéi xem nhw
l1a mft cong nghé quan trong cia cich mang
cong nghiép 4.0. Trong cic cong nghé in 3D,
cong nghé FDM (Fused Deposition Modeling) 1a
cong nghé phd bién nhit. Chit lwong cia sin
phflm AM noé6i chung va FDM néi riéng phu
thudc rt nhiéu vio cic théng sb trong qua trinh
ché tao san phidm. Bai bao dé cap dén vin dé tbi
wu hod cac thong sé qua trinh nhim cai thién do
bén nén ciia sin pham. Cac thong sé dwoc lya
chon 1a: kiéu dién diy, mat dp dién day, sb 16p
thanh, bé day 16p, goc raster. Phwong phap
Taguchi dwoc sir dung dé thiét ké thi nghiém
(DOE) va tdi wu hoa cic thong s6. Pong thoi sir
dung phan tich ANOVA dé danh gia mirc dd
anh hwong cia cac thong s6 dé dén dd bén nén
ciia sin phim

Tir khéa—Po bén nén, téi wu hoa, FDM, ANOVA,
Taguchi.

1 GIOI THIEU
Cong nghé bdi dip vat liéu (AM) dang dugc chii
tdm bdi nhiing lgi ich né mang lai v cung to 16n.
N6 ¢6 thé ché tao san phém mdt cach nhanh chong
v6i chi phi va thoi gian duge giam dang ké so véi
céc cong nghé truyén thong. Tir dit lidu thiét ké 3D
trén may tinh (CAD — Computer Aided Design),
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céc thiét bi AM tao thanh san pham theo nguyen ly
bdi dap vat lidu theo timg 16p, lop sau chong lén
16p trudc cho dén khi hoan tit qua trinh. Véi
nguyén 1y trén, cong nghé AM c6 thé tao ra nhiing
san pham c6 hinh dang phic tap mot cach nhanh
chéng ma cac phuong phap gia cong truyén thong
kho hodc khong thé ché tao duge. Hién nay, cong
nghé AM bao gom rat nhiéu céng nghé nhu FDM
(Fused Deposition Modeling), LOM (Laminated
Object Manufacturing), SLS (Selective Laser
Sintering), SLA (Stereolithography)... Trong do,
cong nghé¢ FDM 1a mdt trong nhimng cong nghé phd
bién nhét do gia thanh ré va s dung cac loai vat
liéu thong dung, dé tim va than thién ddi v6i moi
truong. Cong nghé FDM sur dung nguyén li dun sgi
nhya dugc gia nhiét téi trang thai ban 10ng qua mot
voi phun va bdi dép theo timg 16p dé tao hinh san
pham. Hinh 1 cho ta thiy dugc truc quan hon vé
nguyén li cong nghé¢ FDM. Mac du cong nghé
FDM ngay cang duoc ung dung rong rii trong
nhiéu linh vuc quan trong, nhit 1a trong linh vuc
ché tao ra céc chi tiét sir dung ngay, tuy nhién chat
luong ctia san phdm FDM con can phai dugc cai
tién thém dé dap mg nhu ciu cua khach hang, dic
biét 1a co tinh. Do ban chét ciia cong nghé 1a bdi
dap va lién két vat liéu v6i nhau theo tirng 16p nén
co tinh cua san phdm rat kém theo phuong ché tao
(thuong 1a phuong Z). Qua trinh ché tao san phdm
bang cong nghé FDM 1a mdt qua trinh phirc tap,
chit lugng san pham FDM phu thudc vio rat nhiéu
thong sb quéa trinh, hay con goi 1a thong sé cong
ngh¢ khac nhau [1, 2, 4]. Vi v@y, mot trong nhiing
thach thic ddi v6i nguoi sir dung cong nghé FDM
hién nay 1a chat lugng ciia san pham, han ché nay
mot phan 1a do vat liéu st dung nhung cha yéu do
nguyén 1y ché tao bing céng nghé FDM. Theo
hudng nay, cong viéc hién tai 1a tap trung vao viéc
cai tién chét lwong san phim bang cach kiém soat
(lua chon, cai dat gia tri) dting cac thong s6 cua qué
trinh. Sood va cong sy [1] di chi ra ring cac thong
s6 qué trinh nhu d6 day 16p, dinh huéng xay dung,
goc raster, chiéu rong raster, khoang cach khong
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khi khong chi anh huong dén ciu triic hé ting cua
phan xdy dyng ma con anh huong dén viée lién két
va bién dang theo mot cach thirc phtrc tap, dan dén
cac dac tinh gion va di hudng cua bd phén san
phim FDM. Vi vy ta can nghién ciru anh huong
cta bién thé cua cac tham sb ché tao dén do bén
nén. Tai trong nén thuong cé trong nhiéu hé théng
ky thuat, do tai nén truc tiép hodc do tai udn hoic
do tai va dap. Mot hién tugng khac két hop véi tai
trong nén 1am han ché nghiém trong hiéu qua trong
két cAu cuia hé thdng khi sir dung céc tinh chat vat
liéu thuc té [1]. Ang va cong su [4] thyc hién
nghién ctru vé& d6 bén nén khi diéu chinh cac thong
sO qua trinh dé tao ra mau vdi cac do rdng xdp khac
nhau nhung vin dam bao vé co tinh trong ki thuat
mo (TE), thong qua viéc str dung phuorng phap thiét
ké thi nghiém (DOE) tinh chat rd va tinh chét co
hoc cua khung 1am bang chit déo dang acrylic duogc
tao ra boi FDM (vat li¢u xay dung ti€u chuén FDM,
ABS P400, duoc lya chon thay cho vat li¢u
bioresorbable dé giam $6 luong cac bién, cu thé cac
bién khong duoc tdi wu héa cho quéa trinh FDM).
Ahn va cong su [9] so sanh d9 bén kéo va nén cia
c4c nguyén mau FDM dugc lam bang ABS P400,
véi cac bd phan ép phun cung mot vat li¢u.

Soinhwa

Béng co kéo nhwa ————
Déu gia nhigt ————

San phdm ____
Ban in

Hinh 1. Nguyén li cong nghé FDM

2 TONG QUAN CAC NGHIEN CUU

Sood va cong su [1] dd nghién ctru cac thong sb:
bé day 16p, hudng tao mau, goc raster, khoang ho,
chiéu rong raster anh huong dén d6 bén nén cta san
phim FDM boi tinh di huéng cta san phim FDM,
dua ra két qua giai thich 96,13% bién thé ctia phan
{mg va su phu hop dé thiét ké thyc nghiém cho cac
tmg dung k§ thuat trong tuong lai. T6i wu hoa qua
trinh cua QPSO (quantum-behaved particle swarm
optimization) tao ra 4p suit nén toi da la
17,4751 MPa va gia tri t6i wu cua do day 16p,
huéng tao miu, goc raster, chiéu rong raster va
khoang cach khong khi 1a 0,254 mm, 0,036 4o,
59,44 d6, 0,422 mm va 0,00026 mm tuong Ung.
Gianluca Percoco [2] dd ngdm miu trong héa chit

sau d6 kiém tra d6 bén nén cua san phdm FDM
thong qua cac thong s didu chinh la: bé rong
raster, goc raster, thoi gian ngam. Két qua cua viéc
nghién ctru cho thdy thoi gian ngam 90%
dimethylketone va 10% nudc tdi da 1a 300s cai
thién d6 nham dén 90%, mat khac sau khi ngdm co
tinh kéo, udn, nén ciia san pham ting 1én dang ké.
F. Knoop, V. Schoeppner [3] d& thyc hién nghién
ctru vé d6 bén kéo va nén véi 2 thong sé: hudng tao
mau, goc raster. Ang va cong su [4] thuc hién
nghién clru vé khoang ho, d¢ day raster, hudng tao
mau, goc raster, bé day 16p dé tdi uu hoa co tinh
nén cho bd phén gian gido trong k¥ thuat moé (TE).
Upadhyay va cong su [5] dd nghién ctru vé do di
hudng cta san phin FDM khi diéu chinh huéng tao
mau ngang va doc dé danh gia vé co tinh qua cac
thi nghiém kéo, nén, va cham Izod, d¢ cing. Uddin
va cong su [6] danh gia vé co tinh kéo va nén cia
san pham FDM bang cach diéu chinh thong sb: do
day 16p, huéng tao mau, mat phing tao mau. Aaron
M. Forster [7] dua ra thong ké va d& ra cac tiéu
chudn do miu vé stc cing, do cong vénh, stc nén,
do cing nut, va cham, sirc chiu lyc va nén co 16
tron cho san phim tao mau nhanh AM cho vat liéu
polymer, tinh trang hién tai va kha nang ap dung
thuc té. Shah va cong su [8] da diéu tra anh hudng
clia cac thong sd qua trinh cu thé 1a 2 thong sb
huéng tao mau va sb 16p thanh dén d6 bén nén, tinh
déo cua san phém FDM v6i vat ligu st dung 1a
ABS-M30 dé phuc vu trong qué trinh ng dung khi
cic san phém chiu ap lyc nén 16n. Vi vay, viéc
nghién ctru dé nang cao d6 bén co hoc, & day 1a do
bén nén, bang viéc lya chon cic th6ng s6 t6i uu
trong qua trinh van hanh may 1a van dé quan trong
can duogc xem xét. Hién nay, di c6 nhidu cong trinh
nghién cu vé anh hudng cua cac thong sd cong
nghé dén d6 bén kéo, udn, do6 va dap... cua san
phdm. Tuy nhién, d6 bén nén ciing 1a mot chi tiéu
quan trong can dugc nghién ciru. Muc dich nghién
clru ciia bai bao nay 1a cai thién do bén nén khi diéu
chinh céc thong sb qué trinh dung cu thé cho muc
dich san xuat trong cac nganh nhu 6 t6, hang khong
hay trong dan dung, st dung phuong phap Taguchi
dé thiét ké thi nghiém. Phwong phap Taguchi la
mdt phuong phap giap cho viéc thuc nghiém dé
dang hon, tra 16i cho cau hoi sb thi nghiém can thue
hién 1a bao nhiéu ma van dam bao dugc do tin cay
clia cac bo sb lidu thong ké cho viéc phan tich va
danh gia. Sau khi c6 két qua thi nghiém ta ding
ANOVA dé danh gid muc do anh hudng cua cic
thong sb dén co tinh nén tir d6 dua ra két luan cho
bai bao nay.



Tap chi Phat trién Khoa hoc va Cong nghé, tap 20, s6 K5-2017 39

3 THIET KE THi NGHIEM

St dung may in 3D (REPMARBOX) ma ngudn
mé duoc nghién clu ché tao boi nhém
3DprinterCKBK thuoc B6 mon Ché tao may, Khoa
Co khi - Pai hoc Bach Khoa, PHQG-HCM, dung
dau phun 0,4mm vé6i ddu phun co thé in chia tdi
thiéu dén 0,Imm mdi 16p dé tao miu hinh 2. Tiéu
chuan dugc sir dung dé thi nghiém dwoc thuc hién
theo Aaron M. Forster [7] va chon ra tiéu chudn
miu D695-2a “Standard Test Method for
Compressive Properties of Rigid Plastics”. Trong
nghién ciru ndy, st dung vat lidu tao mau la PLA
(Polylactide Acid) 1a loai vat li¢u sinh hoc than
thién v4i moi tredng va con nguoi.

~
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Hinh 2: Mau thi nghiém.

Nghién ctru ¢ bai bao dung phuong phap do theo
tiéu chuan: ISO  604-2003  “Plastics —
Determination of compressive properties”. V&i may
nén nhu hinh 5, tai ti da 30 kN v&i do chinh xéac
do 1a +5% va tbc do nén sir dung cho mau 13 0.8
mm/ phut, két qua do hién thi trén man hinh may
tinh va dimg tic dong tai khi mau bi pha v&. Mo
hinh CAD model dugc thiét ké bang phin mém
Soliwork va xuét ra file c6 dinh dang .STL chia
ludi va sau d6 file .STL sau d6 dugc dua vao phan
mém cét 16p “Slic3r” dé diéu chinh cac thong sb
chay mau, sau do xuét sang file c6 dinh dang
.gcode va nap tryc tiép vao may in 3D FDM. Mot
két qua do ctua mau thir s 25 dwoc hién thi qua
bang 1 va hinh 3. Gi4 trj lyc ting dan cho dén khi
mau thir xay ra bién dang hodc bi pha huy.
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Hinh 3. P thi méi quan hé giita luc va chuyén vi

Hinh 3 cho thdy luc cang ting thi chuyén vi ciing
tang theo va khi téi gia tri toi da ciing 1a lac mau bi
bién dang hodc giy. Ta quan sat do thi dugc hién
thi trén may tinh két ndi v6i may do, khi gia tri luc
dat dén gia tri cuc dai va bat dau giam ta dung thi
nghiém va ghi lai két qua do.

Bang 1. Gi4 tri do tbi da

Chuyén vi Ung sut
Luc (kgf) (mm) (kgf/mm?)
Téi da 20674,1 2,68 51,69

Hinh 4. MAu bi bién dang va pha hity khi nén.

Bang 2. Thong s va cac mirc

Mikc Bon

hiéu vi
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| >
Hinh 5. Thir nén trén méay JTM tech. Model TM-UTC

Dua vao cac bai bao di nghién ciru cho thiy céc
thong sé diéu khién quan trong véi d6 bén nén do
la:

- A: Kiéu dién diy la hinh dang ciu triic bén
trong ctia san pham.

- B: Mat do dién day 1a ti 18 dién ddy bén
trong, tao nén do rong x6p cua san phim.

- C: S6 16p thanh 1a sé 16p ngoai cung tao nén
san pham.

- D: Bé day 16p 1a chiéu day mdi 16p cit.

- E: Goc raster 1a goc hop boi hudng dién day
bén trong san pham véi truc x trong mat phang nam
ngang.

Thiét ké thi nghiém va t6i vu hoa bang phuong
phap Taguchi dugc thiét ké trén “Minitab R16”.
Nhap dau vao 1a 3 mirc v6i 5 yéu t& nhu bang 2 ta
thiét 1ap dugc 27 thi nghiém nhu bang 3.

Bang 3. Dir liéu thuc nghiém thu duoc tir DOE

12 21112133 8,75

13 2121311 41,07
14 2121312 22,98
15 212|313 27,90
16 213|112 |1 37,82
17 213|122 39,00
18 213|123 39,65
19 311|321 13,55
20 311|322 15,02
21 3|11(3]2]3 16,00
22 31213 |1 19,88
23 312|1(3]|2 19,13
24 312|133 20,74
25 313211 51,69
26 313|212 46,42
27 313|213 47,00
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4 KET QUA THAO LUAN

St dung Taguchi dé phén tich do 1&ch gitra gia tri
thuc nghiém va gia tri mong mudn. Dé tinh toan do
nhiu, ham dua ra dé tinh toan 1la S/N
(signal/noise). Thong thuong cé ba loai danh gia la
smaller-the-better, the-larger-the-better va the-
nominal-the-best. Muc dich cta bai bao 1a t6i uvu do
bén nén, do do chon the-larger-the-better va duogc
biéu dién bang phuong trinh:

N, = 101g(u® + 0?) = 10lg(- X2, y2)

Trong do: yi 1a dir liéu c6 dugc & thi nghiém thir
i va n 14 s6 thi nghiém.

Main Effects Plot for SN ratios
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Signal-to-noise: Larger is better
Hinh 6. Anh hudng cua cac thong sé dén do bén nén.

Hinh 6 cho ta thdy mirc do anh hudng cta cac
yéu tb qua do dbc cua dd thi, va cac thong sb anh
huong nhidu nhat ciing nhu it nhit. Két qua cua
hinh 6 dugc dua ra tir phan tich nhidu S/N bang
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“Minitab R16”, qua d6 ta biét duogc cac thong $6 toi
uu nhat cho d6 bén nén d6 1a A(1l), B(3), C(3),
D(2), E().

Béng 4. Bang phan hoi tin hiéu ti 18 S/N

Level A B C D E
1 29,23 | 21,38 26,83 28,63 | 28,06
2 26,42 | 28,96 27,70 28,87 | 27,49
3 27,69 | 33,00 28,81 25,84 | 27,78
Delta | 2,81 | 11,62 1,98 3,03 0,57
Rank 3 1 4 2 5

Dua vio bang 4 cho biét thong s6 B anh hudng
nhiéu nhat, va yéu t6 E it anh huong nhat dén do
bén nén.

Céc phan tich hdi quy duoc sir dung cho mé hinh
hoa va phan tich mot s6 bién khi c6 mdi quan hé
gitta mot bién phu thudc va mdt hodc nhiéu bién
doc lap, vai cac bién dau vao la nim yéu td va bién
dau ra 1a 6 bén nén. Cac phuong trinh dy béo thu
dugc bang mé hinh hdi quy tuyén tinh bac mot cta
d6 bén nén nhu sau:

S=3,56037 R-Sg=96,49%

R-Sq(adj) = 94,30%

Phuong trinh hdi quy:

Do bén nén = 2,29 — 2,58A + 16,4B + 3,44C —
2,88D — 1,09E

Qua bang 5, ta tha“iy A, B, C, D cé gia tri p < 0,05
nén tip trung danh gid vao 4 thoéng sb d6. Thiy
dugc gia tri F cua thong sb B 16n nhat nén danh gia
dugc théng sé B anh huong nhiéu nhit dén do bén
nén.

Bing 5. Két qua phan tich ANOVA

Source | DF | SeqSS | AdjSS | AdjMS | F P
A 2 240,16 240,16 120,08 | 9,47 0,002
B 2 4826,60 | 4826,60 | 2413,30 | 190,38 | 0,000
C 2 293,22 | 293,22 | 146,61 | 11,57 | 0,001
D 2 182,24 182,24 91,12 7,19 0,006
E 2 32,56 32,56 16,28 1,28 0,304
Error 16 202,82 | 202,82 | 12,68
Total 26 5777,59

5 KET LUAN

Bai bao nay di thuc hién diéu chinh cic yéu t:
kiéu dién ddy, mat do dién day, sb 16p thanh, bé
day 16p, goc raster dén d6 bén nén cua san phim
FDM. Nho vao phuong phap thiét ké thi nghiém
(DOE) cho ta biét duoc s thi nghiém can lam dat
dd tin cay cao. Phuong phap Taguchi da giup ta
phan tich két qua thi nghiém va cho thdy dugc bd
thong s6 A(1), B(3), C(2), D1), E(1) 1a b6 théng sb
t6i wu nhat cho viéc ting do bén nén. Phuong phap

ANOVA sau khi phan tich cho thiy mat d6 dién
day l1a yéu té quan trong nhit dén do bén nén.
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Optimizing process parameters to improve the
compressive strength of FDM products
(Fused Deposition Modeling)

Huynh Huu Nghi, Tran Minh Ton, Nguyen Huu Tho and Thai Thi Thu Ha

Abstract—Nowadays, 3D Printing
Technology, also known as AM - Additive
Manufacturing plays an important role in the
4.0 industrial revolution. In 3D printing
technologies, FDM (Fused Deposition Modeling)
technology is the most popular technology. In
general, the quality of AM products and FDM
depend on the process parameters. The article
addressed the issue of optimizing process
parameters to improve the compressive strength
of the product. The parameters are considered

as the fill pattern, fill density, number of
contours, layer thickness and raster angle. The
experimental design based on the Taguchi
method is employed to identify the optimum
process parameters. In addition, ANOVA is also
utilized to evaluate the effect of each parameter
on the compressive strength of the product.

Keywords—Compressive
optimization,  FDM,

strength,

ANOVA,  Taguchi.



