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PEN PQ CHINH XAC KiCH THUOC SAN PHAM
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BO GIAO DUC VA PAO TAO CONG HOA XA HQOI CHU NGHIA VIET NAM

TRUONGDAIHQCSU PHAMKY THUAT Poc lap - Tw do - Hanh phiic
THANH PHO HO CHI MINH
S6: 1641/QD-DHSPKT Tp. H6 Chi Minh, ngdy 28 thdng 8 nam 2018
QUYET PINH

Vé viéc giao d@ tai ludn viin t6t nghiép va ngwdi hwéng din nim 2018
HIEU TRUO'NG TRU'O'NG PAI HOC SU PHAM KY THUAT TP. HO CHi MINH

Can cit Quyét dinh s6 426/TTg ngay 27 thang 10 nim 1976 ciia Thi twéng
Chinh pht vé mgt s6 van dé cdp bach trong mang lwéi cac trwdmg dai hoc va Quyét
dinh s6 118/2000/Qb-TTg ngay 10 thang 10 ndm 2000 ctia Thii twdrng Chinh phii vé
viéc t6 chirc lai Pai hoc Qudc gia Thanh Phd Ho Chi Minh, tich Trwdng Pai hoc
Sw pham Ky thugdt Thanh phé H6 Chi Minh tryc thudc Bo Gido duc va Pio tao;

Can c Quyét dinh s6 70/2014/QD-TTg ngay 10 thang 12 nim 2014 ctia Tha
twéng Chinh phti vé viéc ban hanh Diéu I trwdmg Pai hoc;

Can civ Quyét dinh s6 937/QP-TTg ngay 30 thang 6 ndm 2017 vé viéc phé
duyét dé an thi di€ém d6i moi co ché hoat dong ctia Trwong Pai hoc Sw pham
Ky thuét Tp. H Chi Minh;

Can ctt Théng tw s6 15/2014/TT-BGDDT ngay 15/5/2014 ctia B6 Gido duc va
Dao tao vé viéc Ban hanh Qui ché dao tao trinh dé thac sf;

Can cir vao Bién ban bdo vé Chuyén dé clia nganh Ky thuit co khi vao ngay
25/08/2018;

Xét nhu cau cong tac va kha nang can b;

Xét dé nghi ctia Trwdng phong Pao tao,

QUYET PINH:

Diéu 1. Giao dé tai Luan van tdt nghiép thac si va ngudi hwéng din Cao hoc

nam 2018 cho:

Hoc vién : Bui Van Thoi MSHV: 1780418
Nganh : Ky thudt co’ khi
Tén dé tai : Nguyén ctru dnh hwéng théng sé in 3D nhwa dén dé

chinh xdc kich thwdéc san phdm

Nguoi hwing din : PGS.TS. Pham Son Minh

Theoi gian thyc hién: Tir ngay 28/8/2018 dén ngay 28/02/2019

Piéu 2. Giao cho Phong Pao tao quén ly, thuc hién theo diing Qui ché dao tao
trinh do thac si ctia Bo Gido duc & Pao tao ban hanh.

Diéu 3. Trudng cac don vi, phong Pao tao, cdc Khoa quan nganh cao hoc va cac
Ong (Ba) c6 tén tai Pidu 1 chiu trach nhiém thi hanh quyét dinh nay.

Quyét dinh c6 hiéu lwc ké tir ngay ky./. \%
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BIEN BAN HOI PONG

) BO GIAO DUC VA DAO TAO CONG HOA XA HQI CHU NGHIA VIET NAM
- TRUONG DPATHQC SU PHAM KY THUAT Piclip - Ty do - Hanh phiic
THANH PHO HO CHI MINH

BIEN BAN CHAM LUAN VAN TOT NGHIEP THAC ST_NAM 2019
NGANH: Ky thuat Co khi_ KHOA 2017-2019

Hoi ddng chdm LVTN theo QD sé: 2168/QP-DHSPKT-SDH, ngay 09/1 0/2019 /I

Cé mat s B Ving mat: ...\

Chu tich Hoi ddong : PGS.TS. Nguyén Trudng Thinh

Thu ky Héi déng : TS. Pham Thi Héng Nga

Hoc vién bao vé LVTN : Biii Vian Thoi MSHV: 1780418

Giang vién huéng dén : PGS.TS. Pham Son Minh
Glang vién phan bién  : PGS.TS. Pham Huy Tudn
TS. Nguyén Thanh Hdi

Tén dé tai LVTN i NGUYEN CU'U ANH HU'O'NG THONG SO IN 3D NHU'A DEN DO CHINH XAC
) .. KICH THUOC SAN PHAM
L. KET QUA BAO VE: o
TT ~ Thanh vién héi déng Két qua biové | Ghichu
1 _|PGS.TS. Nguy&n Trwdrng Thinh 5.5 -
2 _|TS. Pham Thi Hong Nga 6.5
3_|PGS.TS. Pham Huy Tuan - h.5
4 |TS.Nguyén Thanh Hai e
5 |TS.Nguyén Pirc Nam 6.5
Téng diém S 2940
Diém trung binh 6.0
IL KET LUAN:

(Thae Iy ‘mi d‘unq aghi ro cdc yf kién r,uu thanh vién hgi déng vé vige chinh sira, b6 sung nhitng ngi dung gi trong LVTN)
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Tp.Ho Chi Minh, ngay 26 thdng 10 ndm 2019

CHU TICH HOI PONG THU KY HOI PONG
(Ky, ghi ré hoc hiam, hoc vi & ho tén) (Ky, ghi ré hpc ham, hoc vi & ho tén)

PGS.TS. N ruérng Thinh TS. Pham Thi Héng Nga




NHAN XET CUA GIANG VIEN PHAN BIEN 1

BO GIAO DUC VA PAO TAO
TRUONG DAl HQC SU PHAM KY THUAT
THANH PHO HO CHi MINH

HCMUTE
PHIEU NHAN XET
LUAN VAN THAC SY - HUONG UNG DUNG
(Danh cho giding vién phin bién)

Tén dé tai ludn vin thac s§: NGUYEN CUU ANH HUONG THONG SO IN 3D
NHUA PEN BQ CHINH XAC KICH THUOC SAN PHAM

Tén tac gia: Bai Vin Thoi MSHV: 1780418
Nganh: KJ thugt co khi Khoéa: 2017-2019
Ho va tén ngudi phan bién: TS. Nguyén Thanh Haii

Chtre danh: Giang vién Hoc vi: Tién ST

Co quan cong tac: DH Bach Khoa TpHCM
Dién thoai lién hé: 0938493366

I Y KIEN NHAN XET

1. V& hinh thire & két cfiu lufn viin.
Trang bia, tén T4c gia cdn phai ghi ¢6 ddu, tiéng Viét

Muc fue, phén thy muc con phai thut diu dong. Vidy, myc 1.7.1, 1.7.2 phai thut vao
so véi mye 1.7, Tuong ty cho cde d& muc bén dudi mue con: 2.1.1, 2.1.2...

Chuong 3, phin chit “Phuong phap thuc nghiém" bj nhay xuéng dong. CAn hiéu
chinh lai. Chuong 4 ciing bj gibng nhu véy.

Mug lyc hinh dnh dtng chuén,

Tai liéu tham khéo ghi chura diing chuén.

2. V& ni dung
2.1 Nhiin xét vé tinh khoa hoc, ré rang, mach lgc, khiic chiét trong lugn vin.
86 liéu trong hinh 1.1 chua %lﬂ rd tai ligu tham khao. Phin tai liéu tham khéo trong
nudce chua ¢6 tim hiéu sdu vé céc nghién clru ctia nhitng nha khoa hoc dé thye hién,
Hinh anh, cach trinh bay phin mém dé& hiéu, xtc tich, ngudi doc ¢6 thé thao tac thye
hién lai d& dang,
2.2 Nhgn xét dinh gid vige siv dung hofic trich din két qui NC ciia ngUoi
khdc cé diing qui dinh hi¢n hinh cia phdp lugt sé' hivu tri tug.
Tac gid sir dyung 16 tai ligu tham khao. Tuy nhién, ¢6 vai ch téc gid chua trich din
ngudn cy thé. Vidu & cdc mye 1.5 va 1.6.
2.3 Nhgn xét vé myc tiéu nghién civu, phwong phdp nghién ciru siv dung
trong LVTN,
Muc tiéu nghién cr téc gia chua dua ra thanh d_é muyc ma ndm trong phén: Phuong
phép nghién ctu. D nghj tic gia dua ra thinh dé myc riéng,
Tuy nhién, cdc myc tiéu nay twong doi cy thé va rd rang.
Déi twgng va pham vi nghién ciru phi hop.
2.4 Nhin xét Tong quan ciia dé tai.



P& tai co ban néu ra duge phin tng quan. Tuy nhién, tic gia cdn trinh bay thém cde
nghién ciru cu thé cua nhiing nha khoa hoc trong va ngodi nude.

2.5 Nhiin xét ddnh gid vé ngi dung & chdlt lugng ciia LVTN.
N6i dung Luén van phi hop véi tén dé tai. Chét luong du.

2.6 Nhiin xét ddnh gid vé kha niing vng dung, gid tri thuc tién ciia @ tai.
Ap dung cho vige giéng day & cée trl.rém g Dai hoc, cao ding phi hop. .

2.7 Ludin van cdn chinh siva, b6 sung nhitng npi dung gi (thiét sét va ton tai).
Chinh sira theo nhitng gép ¥ & phén trén.

II. CAC VAN PE CAN LAM RO
(Céc cau hoi clia giang vién phan bién)

1.Trong 19 thong s6 tac gia nghién ciru, tic gia danh gid nhu thé ndo vé sy lign
hé giita cdc théng s& d6 voi nhau?
2. Téc gia suy nghi nhu thé nio vé viéc ap dung Quy hoach thyc nghiém cho
céc thi nghiém nay?

[1I. PANH GIA
Dénh gid
T Muc danh gid Khong
' - Dat dat
1 {Tinh khoa hoc, rd rang, mach lac, khue chiét trong ludn vin. X

2 |Dénh gia viée st dung hodic trich din két qua NC chia ngudi khic] - x
¢¢ ding qui dinh hién hanh cta phép lugt s& hitu trf tug.

3 |[Muc tiéu nghién ciru, phuong phap nghién ctru sir dung trong| x
LVTN.

4 {Tong quan cla d& tai.

5 Danh gi4 vé ndi dung & chat lugng ciia LVTN.

6 [PDanh gia vé kha ning tng dung, gid tri thye tién cua d@ tai.
Bdinh ddu chéo (x) vao 6 mudn Pdnh gid
1V. KET LUAN
(Gidng vién phan bign ghi ré ¥ kién “Tdn thanh lugn vin" hay “Khéng tdn thanh lugn vin")
Ddng y cho bao vé& va ¢6 chinh stra nhéd theo gop ¥.

TP Hb Chi Minh, ngay 18 thang 10 nim 2019

Ngwdi nhin xét
(K & ghi rff ho tén)

TS. Nguyéh Thanh Hai




NHAN XET CUA GIANG VIEN PHAN BIEN 2

BQ GIAO DUC VA PAO TAQ
TRUONG PAI HQC SU PHAM KY THUAT
THANH PHO HO CHI MINH

HCMUTE

PHIEU NHAN XET
LUAN VAN THAC SY - HUONG UNG DUNG
(Danh cho gidng vién phan bién)

Tén dé tai luéin viin thac s§: NGUYEN CUU ANH HUONG THONG SO IN 3D
NHUA PEN DO CHINH XAC KICH THUOC SAN PHAM

Tén tac gid: Bai Vin Thoi MSHV: 1780418

Nganh: Ky thugt co khi Khoa: 2017-2019

Ho va tén nguoi phan bign: PGS.TS. Pham Huy Tudn

Chirc danh: Phé Gido sur - Giang vién Cao cs‘lp ......................................... Hoc vi: Tién ST

Co quan céng tac: Co Khi Ché Tao May — DH Su pham k¥ thudt TpHCM
Dién thoai lién h¢: 0919636515

I. Y KIEN NHAN XET

1. V& hinh thire & két cfiu Iufin viin.
- Ludn van trinh bay dai dong, céch dién dat chua khéi quat duge vén dé, thidu sic
tich, c¢d dong.
- Thwu mét Chuong tdng két chung cho toan b ndi dung thye hién trong ludn vin,
2. V¢ ndi dung
2.1 Nhin xét vé tinh khoa hoc, ré rang, mach lac, khiic chiét trong lugn vin,
- Hém lugng khoa hoc cda ludin vin khéng cao, chi tién hanh thye nghig¢m cdc théng
s6 c6 sin clia phin mém dé khao sat mirc d6 anh hudng dén dé chinh xéc kich thuée
ciia san phdm in 3D nhua. Tuy nhién dudng nhu hge vién chua co sy sang loe phan
tich dé khao st xem yéu t& nao 14 thye sy ¢6 anh hudng trire tiép dén d chinh xéc dé
tap trung nghién clu.
- Phuong phdp khao sat don gian.
2.2 Nhan xét dinh gid vige sie dung hodic trich din két qua NC cia nguwoi
khdc c6 diing qui dinh hié¢n hanh cia phdp ludt s¢ hitu trf tug.
- Céc tai ligu tham khéo, trich déin hau hét 1a kién thire phd thong. Khong thiy c6 tai
li¢u tham khéao dang ¢éng trinh nghién cru khoa hoc clia c'm tap chi chuyén nganh
- Trong ludn vin, khéng thiy ¢6 bét ky trich din nao ve vige tham khao cac ndi dung
& ngudn ndo nhu danh muc Tai liéu tham khao liét ké cudi Iudn van.
2.3 Nhin xét vé muc tiéu nghién cicu, phiwong phip nghién citu siv dung
trong LVTN.
- C6 myc tiéu nghién ciru ro rang. Tuy nhién phuong phép nghién ciru chwa mang tinh
khoa hoc cao.
2.4 Nhan xét Tong quan ciia dé tai,
- Phén tbng quan chi 12 kién thirc phd thong v& Iinh vy in 3D vén da rét phd bién trong
cuge séng‘



2.5 Nhin xét dinh gid vé ngi dung & chdt lwgng ciia LVTN.
- Noi dung va chit qumg ciia LVTN & mic binh thudng. Thim chi ¢6 thé danh gia
chi & mire d& ciia mt Bd én tot nghiép dai hoc.
2.6 Nhgn xét ddanh gid vé kha ning ting dung, gid tri thuc tién ciia dé tai.
- Déng g6p cho thue tidn tir cde két qua cia ludn viin chira cao.
2.7 Lugin vin cin chinh siva, b3 sung nhitng ndi dung gi (thiét sét va tén tqi).
- Ky niing trinh bay béo cdo k¥ thuft chua dat. Chura biét cach mo ta khdi quét vén
d&. Trinh bay dai dong, thiéu siic tich, c& dgn g. Str dung qué nhiéu hinh anh cia phin

mém nhung théng tin cung cép 14 khong nhidu,
- Tong s6 trang hign thoi cia LVTN 14 202 trang. Cén viét rit gon lai cho ¢ dong va

ste tich hon.
II. CAC VAN PE CAN LAM RO

(Céc cdu hdi cua giang vién phan bién)

1. D) chinh x4c cilia kich thuée san phdm in 3D nhua ngoai cc thong s6 6 thé
higu chinh dugc trong phin mém in 3D, theo hoc vién con ¢6 yéu 5 nao bén
ngoai ndo khéc anh hudng dén d¢ chinh xdc kich thwdée ndy khéng?

11II. PANH GIA

) Dénh gia
T Muyc ddnh gid Khéng
] ) Pat dat
1 |Tinh khoa hoc, rd rang, mach lac, khic chiét trong ludn vin. X
2 |Danh gid viée sir dyung hoic trich dan két qua NC cua ngudi khac X

co dang qui dinh hign hanh cta phdp lut s& hitu trf tué,
3 Muc tidu nghién ctru, phuong phap nghién ciru sir dyng trong x
LVTN.
4 |Tdng quan ctia d& tai.
Dénh gid v& n6i dung & chét lugng clia LVIN,
6 |Danh gi4 vé kha ning tmg dung, gié trj thuo tién cua dé tai.
" Ddnh dau chéo (x) vao 6 muon Deanh gid
IV. KET LUAN

(Gidng vién phan bién ghi v3 y kién “'Tdn thanh lugn vin" hay “Khéng tdn thanh lugn vin”)

Téan thanh luan vin

N

TP H6 Chi Minh, ngay 23 thang 10 nim 2019
Ngwdi nhin xét
(Ky & ghi r ho tén)

PGS.TSYPham Huy Tuin




LY LICH KHOA HQC

I.LY LICH SO LUQC:

Ho & tén: BUI VAN THOI Giéi tinh: Nam
Ngay, thang, nam sinh: 15-01-1993 Noi sinh: Phu Yén
Qué quan: Pha Yén Dan toc: Kinh

Chd & riéng hoic dia chi lién lac: Puong 182- Phuong Tang Nhon Phit A-Quan 9
bién thoai nha riéng: 0353353156
E-mail: vanthoihbsg@gmail.com
II. QUA TRINH PAO TAO:
1.DPai hoc:
Hé dao tao: Chinh quy Thoi gian ddo tao tir 09/2015 dén 09/2017
Noi hoc: Truong Pai hoc Su Pham Ky Thuat TP.HCM
Nganh hoc: Céng Nghé Ché Tao May

Tén db &n, luan &n hoic mén thi tot nghiép: Nghién cizu, thiét ké, tinh toan cum dao
trén may phay lan rang CNC

Ngay & noi bao vé do an, luan an hozc thi tot nghiép: 04/01/2017 tai Truong Dai hoc
Su Pham K§ Thuat TP.HCM

Nguoi huéng dan: PGS.TS Lé Hiéu Giang, ThS. Bang Minh Phung

2. Thac si:

Hé dao tao: Chinh quy Thoi gian dao tao tir 10/2017 dén 10/2019
Noi hoc (trudng, thanh phd): Trudng Pai hoc Su Pham Ky Thuat TP.HCM

Nganh hoc: K¥ Thuat Co Khi



Tén luan van: Nghién citu dnh huéng thdng sé in 3D nhua dén dé chinh xéc cua kich

thwéc san pham.

Ngay & noi bao vé luan van: 19/10/2019 tai Truong Pai hoc Su Pham K Thuat

TP.HCM

Nguoi huéng dan: PGS.TS. Pham Son Minh

I11. QUA TRINH CONG TAC CHUYEN MON KE TU KHI TOT NGHIEP DAL

HOC:
. Cong viéc dam
Thoi gian Noi cong tac J _?C ¢
nhiém
Nhan Vién Van
2013-2015 Cong ty CNC Tech i
ongty e Hanh Méay CNC
02/2017- Cona tv Framas Nhan vién Lap
Pén nay Yy Trinh CNC




LOI CAM POAN

T6i cam doan day 1a cong trinh nghién ctru riéng cua ca nhan t6i, dugc thyuc

hién véi sy hudng dan khoa hoc cia PGS.TS. Pham Son Minh.

Cac sb liéu, két qua néu trong luan van 1a trung thyc va chua timg duoc ai

cong bd trong bat ky cong trinh nao khéc.
Tp. Ho Chi Minh, ngay 09 thang 10 nam 2019

(Ky tén va ghi rd ho tén)

BUI VAN THOI



LOI CAM ON

Loi dau tién toi xin bay t6 1ong kinh trong va biét on sau sic nhat dén
Thay PGS.TS. Pham Son Minh d3 tan tinh hudng dan, luén quan tim, dong
vién, khich 18, gitip d& va tao moi diéu kién thuan loi cho tdi trong sudt thoi
gian thuc hién luan van. Toi xin chan thanh cam on Ban giam hiéu, Phong
Pao Tao truong Pai Hoc Su Pham K§ Thuat TP.HCM da tao diéu kién dé toi
c6 thé hoan thanh chuong trinh dao tao bac cao hoc.

Trong sudt thoi gian thuc hién luan van tét nghiép, t6i xin chan thanh
cam on quy thiy c¢d phu trach chuong trinh dao tao thac si dd truyén dat
nhitng kién thac quy bau, cung cip ngudn tai liéu day du va kip thoi, dong
thoi t6i cling xin cam on vi luén nhan dugc sy dong vién gitp d& cua tap thé
can bo Khoa Co Khi Ché Tao May caa Truong Pai Hoc Su Pham K§ Thuat
da tao diéu Kién dé toi c6 thé hoan thanh chuong trinh dio tao bac cao hoc.

T6i cling mong muén dugc cam on ban bé, ddong nghiép va nguoi
than da dong vién, gitp d& t6i trong sudt thoi gian hoc tap va thuc hién
luan van.

Xin chan thanh cam on!

TP.HCM, thang 10 nam 2019.



TOM TAT

Hién nay, may in 3D vai cong nghé FDM (Fused Deposition Molding) duoc
sir dung rat nhiéu va phat trién rat nhanh béi nhimg vu diém nhu vat liéu thong
dung, khong gay doc hai, chi phi thip, va tao mau nhanh. Tuy nhién dé c6 dugc mot
mau in c6 d6 chinh xac cao, thoi gian hoan thién mau in nhanh va tiét kiém duoc
chi phi in thi can phai c6 mot théng sé in ph hop. Chinh vi vay, nhém tac gia chon
dé tai nghién ctu anh huong théng sb in 3D nhya dén d6 chinh xé4c kich thudc san
pham véi cdng nghé FDM. Tién hanh nghién ctu, phan tich ly thuyét dua trén viéc
tham khao, tim kiém céc bai bao va cac tai liéu trong nudc va qubc té cé lien quan
dén in 3D. Tién hanh céc thi nghiém trén cac mau in c6 thdng sé in (mat do dién
day, dang dién day ¢ bén trong, & mat trén va mat dudi mau in, d6 day ting 16p in,
cac dang dién day support, s 16p in, téc d6 va vat liéu) in khac nhau. Sau khi in
trén may in c¢6 do chinh xac cao, thoi gian in dugc kiém tra, va do sai léch kich
thude d6i vai cac mau in duoc do kiém. Két qua cho thay rang mau in sir dung vat
lieu PLA, dang dién day bién trong mau: dang t6 ong, dang dién day mit trén/dudi
mau: dang dudng thang zigzag, va mat do dién day 60-80 %, sé 16p in thanh mau 7
16p, s6 16p in mat trén va mat dudi mau in 6-7 16p, téc do in 60-70(mm/s), va do
day ting 16p 0.2-0.3(mm) thi mau in dat do chinh xé4c cao, chat lwgng bé mit min
béng, thoi gian hoan thién mau in nhanh, va tiét kiém duoc chi phi.

Hoc vién thuc hién

BUI VAN THOI



ABSTRACT

Currently, the 3D printer machine with FDM (Fused Deposition Molding)
technique is popular using and fast developing by many advantages such as
common materials, non-toxic, low cost and creating quickly product. However, in
order to create a high-precision print pattern, finish printing fast time and save
printing costs, an appropriate printing parameter is required. Therefore, the authors
choose and performed this research: affects the 3D printing parameters on the
accuracy of plastic product by the FDM technology. We have researched, analyzed
from the reference, domestic and international science articles related to 3D
printing. Beside we also did the experiments on printed patterns with different print
specifications. (infill Density, infill Pattern: honeycomb, Top/Bottom infill:
(rectilinear, concentric, hilbert curve, octagram spiral), Layer height (mm), Support,
Thickness, Horizontal shells/Solid layer/ top-bottom, Speed and different materials).
After printing on a high-precision printer, checked the print time and tested the size
deviations of the printed samples. The results show that the printed samples used
PLA material, the full filled inside the samples infill Pattern: (rectilinear),
Top/Bottom infill (rectilinear, concentric), infill Density: 60-80%, Horizontal
shells/Solid layer/ top-bottom: 6-7, Speed: 60-70(mm/s), Layer height: 0.2-
0.3(mm)) have high accuracy, the surface quality is glossy, the time for finishing
the sample is quick, and the cost is saved.
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MO PAU
Cac nudc phéat trién trén thé gioi, su dot pha vé khoa hoc ky thuat da giap ho
tim ra nhitng k¥ thuat tién tién ap dung trong san xuét, ché tao. Pén thoi diém hién
nay, viéc ung dung k¥ thuat trong cudc séng, cdng viéc ciing nhu nhiéu linh vyc
khac di va dang duoc ap dung phd bién rong rai hon. Cong nghé du di téi dau ciing
déu nham phuc vu va cai thién doi séng con ngudi, trong do, sé ¢6 nhitng céng nghé
va phat minh c6 thé thay d6i toan dién cudc séng con ngudi.

Nhitng xu huéng cong nghé sé& thay d6i cudc séng twong lai:
+ Tri tu€ nhan tao—Robot.
+ Cong nghé nano va khoa hoc vat li¢u.
+ Cong nghé in 3D.
+ Su nd rd cua cac thiét bi deo duoc.
+ Cong nghé pin va sac khong day.
+ Man hinh cong.
+ Smart home.
+ Dién todn ddm may.
+Thuong mai dién tu.
+ Thuc té 4o0.

Cong nghé in 3D 1a mot trong nhitng xu hudng phat trién cta khoa hoc k¥ thuat,
dang thu hut sy chil ¥ ctia hang loat cac nudc trén thé gidi. Cong nghé in 3D hién
gio da khong con qua xa la voi gidi chuyén moén va ngudi sir dung trén toan thé
gioi.

Vit liéu in 3D va cac thong s6 in n6 anh huong rat 16n dén d6 chinh xac cua san
pham in 3D. Hién nay c6 rat nhiéu loai nhya dung cho may in 3D FDM: ABS, PLA,
PETG, HIPS, FLEX, ASA, Nylon... Trong d6 3 loai nhya pho bién nhét hién nay
la PLA, ABS va PETG.

Vi vay dé c6 mot san pham in tot, thi viéc lya chon vt li¢u in va di€u chinh cac

thong s in 13 rat quan trong.



CHUONG 1: TONG QUAN

1.1 Cong nghé in 3d

Cach day khoang 40 nam vé trudc, nhiing ai lan dau tién nghe tiéng phat ra
trén radio, nhin thay hinh minh trén 1 tim gidy, hay xem nhiing con ngudi bé ti
chay nhay trong chiéc hop vudng thi ta da thiy cong nghé d6 that hién dai.Ngay nay
khoa hoc cong nghé phat trién vuot bac, di bat cir dau ching ta ciing nghe thay TV
3D, phim 3D, &m thanh 3D, Hinh 3D. T4t ca nhitng cum tir trén dung dé chi nhitng
cdng nghé tao 4o giac hinh khéi 18n thi gi4c va thinh gi4c cua con ngudi, nhim mo
phong lai nhiing gi ta c6 thé thay va nghe dugc. Nhung 3D trong cong nghé in 3D la
mot dinh nghia hoan toan khac véi 3D mang tinh mé phong ma ta da noi nhu ¢ trén.

In 3D ¢ day san pham that, vat thé that ma ta co thé cam trén tay, quan séat
mét cach chinh xac, 3D & ddy 1a moi thr xung quanh ta, ma tir nguyén thuy dén
hién nay ta van tiép xdc hang ngay, qua quen thudc ma ta ching goi né 1a 3D lam
oi.

Thé nao 1a in 3D? In 3D Ia in 4n ra mot vat thé theo khong gian ba chiéu
(Dai-Rong-Cao) ma ta c6 thé cam nim, quan sat hay sir dung né nhu: mé hinh xe
hoi, may bay, lo hoa, gidy, quan 4o... tham chi 1a mot ngéi nha, doi giay, cai chup
den ngu. DPdi v6i in 3D, cam hiing sang tao la vo tan, tat ca nhirng gi ban can 1a mot
y tudng tuyét voi [1].

Cong nghé bdi dap vat liéu (AM) dang duoc chl tm boi nhitng loi ich nd mang lai
vo cling to 16n. N6 c6 thé ché tao san pham mét cach nhanh chéng véi chi phi va
thoi gian dugc giam dang ké so vai cac cong nghé truyén thong. T dir lidu thiét ké
3D trén may tinh (CAD — Computer Aided Design), cac thiét bi AM tao thanh san
pham theo nguyén ly boi dap vat liéu theo tirng 16p, 16p sau chong 1én 16p trudc cho
dén khi hoan tat qua trinh. Véi nguyén ly trén, céng nghé AM c6 thé tao ra nhiing
san pham c6 hinh dang phirc tap mot cach nhanh chéng ma cac phwong phap gia
cong truyén thong kho hodc khdng thé ché tao duoc [4].

MJ3i cong nghé tao mau ¢ nhitng wu diém riéng cua né. Trong d6, cong nghé FDM
la mot trong nhitng cong nghé phé bién nhat do gi4 thanh ré va st dung cé4c loai vat
lieu thong dung, dé tim va than thién ddi véi moi truong.

Cong nghé tao mau nhanh, tir khi ra doi dén nay da duoc cai tién va phat trién rat
nhiéu. Hang loat phuong phap va cong nghé tao miu ra doi nhu FDM (Fused
Deposition Modeling, SLS (Selective Laser Sintering), SLA (Selective Laser
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Sintering)... Mdi cdng nghé tao miu cd nhitng wu diém riéng cia no. Trong do,
cdng nghé FDM 1a mét trong nhitng cdng nghé phd bién nhat do gia thanh ré va sir
dung cac loai vat liéu thong dung, dé tim va than thién ddi v6i moi truong.

Cong nghé in 3D xu hudng caa twong lai!

Cong nghé in 3D c6 nhirng dic diém gi khién cac chuyén gia danh gia day 1a
xu huéng phat trién ¢y manh mé trong thoi gian téi, xu huéng cua tuong lai?

Uu diém dau tién: Ping nhu tén goi cua nd: céng nghé tao mau nhanh cong
nghé nay co su vuot troi vé thoi gian ché tao mot san pham hoan thién. “Nhanh” &
day ciing chi 12 mot gidi han tuong dbi. Thong thudng, dé tao ra mot san pham moi
méat khoang tir 3-72 gio, phu thudc vao kich thuéce va do phic tap cua san pham. C6
thé ban cho rang khoang thoi gian nay ¢ vé cham, nhung so vai thoi gian ma cac
cong nghé ché tao truyén thong thuong mat tir nhiéu tuan dén nhiéu thang dé tao ra
mét san pham thi né nhanh hon rat nhiéu. Chinh vi can it thoi gian hon dé tao ra san
pham nén céc cong ty san xuat tiét kiém dwoc chi phi, nhanh chong dua ra thi
truong nhixng san pham méi.

Uu diém dac biét thir 2: vi du ta ¢d thé ché tao duoc cai dau ngudi véi day dua
bo phan ca bén trong 1an bén ngoai mot cach chi tiét chi trong mot lan thuc hién ma
cac phuong phéap truyén théng khong thé ché tao duoc.

Cung vai su phat trién cia cong nghé va may in 3D, sy phét trién cua vat liéu
in cling khong hé kém canh. Vat liéu in ban dau cha yéu 1a nhua déo, bot kim loai
hay bot sir, nhung véi sy tim hiéu nghién ctitu khdng ngirng nghi cia con ngudi, cac
vat li¢u in ngay cang da dang.

Vit liéu in 3D: C6 thé 1a nhua PLA, ABS, PETG, Flexible, Wood, gidy, bot,
polymer, kim loai, dic biét 1a socola, kem...c4c vat liéu nay c6 dic diém la co sy két
dinh vé6i nhau dé vat liéu 16p bén trén két dinh véi 16p bén dudi duoc [1].

1.2 Lich sir phét trién cong nghé in 3d

Co ché hay tinh chat cua cong nghé. Thuat ngir “in 3D” s& cho nguoi nghe
hinh dung vé viéc s dung may in phun véi dau muc di dong. C6 rat nhiéu thuat
ngit khac nhau duge ding dé chi cong nghé san xuat dap dan, quen thudc nhat 13
Cong nghé in 3D, bén canh nhiing tén khac nhu Cong nghé tao mau nhanh, Cong
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nghé ché tao nhanh va Céng nghé ché tao truc tiép. Nhu vay, hau hét cac thuat ngir
nay déu ra doi dua trén chuyén trén gidy dé tao ra cac san pham hoan thién, giéng
nhur may in binh thudng hién nay van hay sir dung tai vian phong. Trén thuc té thi
cdng nghé san xuat dap dan ciing c6 thé hoat dong twong tu nhu vy, nhung n6 con
c6 nhitng qua trinh, ki thuat tién bo hon. Mot cach cu thé, Hiép hoi vat liéu va the
nghiém My (American Society for Testing Materials - ASTM) da dua ra mot khéi
niém rd rang vé cong nghé dap dan: “Céng nghé san xuit dap dan 1a mot qué trinh
s dung cac nguyén liéu dé ché tao nén mo hinh 3D, thuong 1a chong ting 16p
nguyén liéu 1én nhau, va qua trinh ndy trdi nguoc véi qua trinh cat got van thuong
dung dé ché tao xura nay”. C6 thé thiy day 1a mot phuong phap san xuat hoan toan
trai nguoc so Véi cac phuong phap cat got - hay con goi 1a phuwong phap gia cong,
mai gifla vat liéu nguyén khéi - bang cach loai bo hoic cit got di mot phan vat liéu,
nham c6 dugc san pham cudi cung. Con véi san xuat dip dan, ta ¢ thé coi no la
cdng nghé tao hinh nhu dtc hay ép khuén, nhung tir nhitng nguyén liéu riéng lé dé
dap dan thanh san pham cudi cung.

Cong nghé san xuat dap dan ra doi di duoc 30 nam nay. Nam 1986, Charles
Hull [1, 2, 3, 23] sang tao ra mot qua trinh goi 1a Stereolithography — san xuat vat
thé tir nhua long va lam cang lai nho laser. Sau dé, ong Hull thanh 1ap céng ty
3DSystems, mot trong nhitng nha cung cip cong nghé 16n nhat hién nay trong linh
vuc san xuat dap dan. Néu lap biéu thoi gian thi ching ta s& thay céng nghé nay
phét trién theo mot biéu dd logarit. Tir 1986 dén 2007, trong 20 nim dau tién, cong
nghé nay méi chi cé cac bude di nho, cham, day dugc goi la giai doan xdm nhap,
buéc nén cho cdng nghé tao mau nhanh. Tuy nhién dén nim 2009, da c6 mot sy
bién dong 16n trén thi truong, nhiéu bang sang ché vé cong nghé nay di hét han bao
vé ban quyén, trong d6 c6 bang sé hitu FDM. Qua trinh Fuse Deposition Modelling
(FDM) tao hinh san phdam nh& nu chay vat liéu rdi xép dat chong 1op, vén duoc s6
hitu bai hang Stratasys, mot trong nhitng ddi tha canh tranh hang dau trong linh
vuc. Khi bing sang ché vé FDM hét gi4 tri, cong nghé nay da thu hat nhidu nha san
Xuit tham gia. Gia thanh san xuét giam va FDM trg thanh mét trong nhiing chia
khoa cdng nghé co ban cua cac may san xuat dap dan duoc tiéu thu trén thi truong
hién nay. Ngoai ra, dén nim 2014, cac bang sang ché cho cdng nghé Nung két sir
dung laser (Selective Laser Sintering-SLS) ciing bat dau hét han, tao co héi cho
nhitng sang ché méi phét trién hon nita nganh san xuat dap dan, mo duong cho mot
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thoi ky phat trién manh mé cia nganh cong nghiép nay trong tuong lai rat gan.

Nam 2013, nganh cong nghé san xuat dip dan tri gia khoang 3,1 ty
USD/ndm, ting 35% so v&i nam 2012. Trong vong sau nam téi, tdc do tang truong
trung binh dugc dy doan & mic cao, khoang 32%/nam va dat muc 21 ty USD vao
nam 2020.

Thi trwo'ng san xult ddp dan (ty USD)
21.00

12.50
7.00 l

170 230
D - :

2011 2012 2013 2016F 2018F 2020F

Hinh 1.1: Biéu do phat trién cua cdng nghé in 3D [23]
1.3 Tinh hinh céng nghé in 3d mat sé6 nwéc trén thé giéi
[23] Cong nghé in 3D rat duoc quan tdm bai cac nuéc trén thé gii. Tang
cudng trong san xuat cdng nghiép va giao duc 1a chu dé thu hit sy quan tdm caa cac
nudc véi cong nghé nay.

O My: cdng nghé in 3D ¢ vai trd 1a tiém ning cach mang hoa trong phuong
phap san xuét ra hau hét tit ca moi thi. Chinh phu My da hd tro cong nghé nay tir
nhiéu thap ky truéc. Nam 2012, NAMII duoc thanh 1ap nham thac day cong nghé in
3D ¢ My. Nam 2014, NAMII dau tu 9 triéu USD cho viéc nghién ciu tng dung in
3D. Ngoai ra, quy khoa hoc qudc gia va bd quéc phong My rat quan tim va dau tu
cho cbéng nghé in 3D.

O Trung Qudc (TQ): nim 2012, TQ d3 dwa cong nghé in 3D vao chuong
trinh nghién ctu va phat trién cong nghé cao québc gia. Chinh phit TQ cép 6,5 triéu
USD nghién ctiu tap trung vé in 3D. 6/2013, TQ cam két du tu 245 triéu USD cho
viéc nghién ctu in 3D.



O Anh: 6/2013 Anh hd trg 13,9 triéu USD cho cac cong ty tu nhan dé phat
trién in 3D. 2014, Anh cong b thanh lap trung tdm quéc gia in 3D vai khoan dau tu
25 triéu USD.

O Nhat Ban (NB): 2014, NB danh khoang 44 triéu USD trong ngan sach dé
hd tro hoat dong nghién cau, phét trién cong nghé 3D.

Tinh hinh nghién ciru thudc linh vuc dé tai ¢ ngoai nwéc:
Dé tai “Study on optimization of 3D printing parameters (Nghién cau ti vu

hoa cac thdng sb in 3D)” [26]

Nhom nghién ciu bao gdm Junhui Wu va cac céng su thuc hién. Nghién ctu téi vu
hoa cac thong sé in 3D. Tién hanh thir nghiém thay dbi cac thong s6 do day ting
I6p in dé x4c dinh sy anh hudng cua thoi gian in, tiéu hao vt liéu, va do chinh xéac
ciia mau in. Mau duoc in trén may model Raise3D N2plus, véi nhiét do dau phun
210°C, vat liéu PLA, mat do dién day 10%. Sau khi tién hanh thi nghiém da chi ra
rang do day ting 16p in cang nho thi cang d6 chinh xac kich thudc cao hon. Véi su
tang do day ting 16p in, ty 1¢ chinh xac kich thudc thay doi c6 xu huéng ting. khi
d6 day cua Iép nho thi tbe d6 in cham hon. Khi 16p day hon, téc d6 in nhanh hon,
nhung mé hinh tré nén thd. khi chiéu cao I6p 1a 0,14mm, thoi gian in ngan nhat c6
thé dat duoc dudi tién dé dam bao chat lugng in (hinh 1.5).

Layer height
, = 0.02 0.04 0.06 | 0.08 0.1 0.14 0.2 0.26 | 0.32 0.4
(mm)
Printing - -
. = 1.18 0.62 0.43 | 0.33 0.27 022 | 0.17 0.13 | 0.12 0.1
time(h)

Hinh 1.2: Két qud dnh huong cia dé day ting 16p in dén thoi gian [23]

Layer height
(mm)
Consumables(m) | 0.36| 0.36| 037| 038 038 0.39]| 041 043 | 0.44 0.47

0.02 0.04 0.06 | 0.08 0.1 0.14 0.2 0.26 | 0.32 0.4

Hinh 1.3: Két qud danh huéng ciia dé day ting lop in dén tiéu hao vat liéu [23]

Layer height 002| 004] 006] 008 01| 0.14| 0.2 026 032 04
(mm )

Error(% ) 2 25 28 4 5 6 6.5 7 7.7 g

Hinh 1.4: Két qud danh huéng ciia dé day ting ldp in dén d@é chinh xac [23]
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Hinh 1.5: Biéu d6 dnh hwong cia dg day ting 16p in dén dg chinh xéc, thoi gian,
tiéu hao vat liéu [23]

Dé tai “Toi wu héa cdc théng s6 cho may in 3D FDM” [27]

Nhom nghién cau bao gébm Yash Magdum, Divyansh Pandey, Akash
Bankar, Shantanu Harshe, Vasudev Parab, Mr. Mahesh Shivaji Kadam thuc hién.
Nghién ctiu téi vu hoa cac thong sb in 3D. Tién hanh thir nghiém thay d6i cac thong
s6 d6 day ting 16p in khac nhau (0,1 mm, 02mm & 0,3 mm), d6 day vo (0,6mm,
0,8mm va 1.0mm), mat do dién day (50%, 75% va 100%), dé xac dinh su anh
huong dén tinh chat co hoc va d6 chinh xéac ctia mau in. Str dyng vat liéu PLA, V6i
nhiét ¢6 dau phun 215°C. Sau khi tién hanh thi nghiém da chi ra rang tinh chat co
hoc va @6 chinh xac mau in ting khi d6 day tung I6p in nho, ¢ day vo ting va mat
do dién day tang.

Dé tai “Anh huéng dé day 1op dén tinh chdt bé mat vat liéu in dioc san xudt
tir vat liéu bét gé va so nhira PLA” [12]

Nadir Ayrilmis va cong su [12] da nghién ciru anh huong cua do day 16p in
dén do nham bé mat cua mau in. Két qua cia nghién ciru nay cho thay do day Iop in
tac dong tryc tiép dén d6 nham bé mat. P nham bé mit tang khi do day I6p in ting.
Thoi gian in ting khi giam d6 day 16p in kéo dai thoi gian san xuat va ting chi phi
in. Dua trén két qua kiém tra va thoi gian in, 16p in c6 do day 0.2mm dugc dé xuat
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1a @6 day 16p in téi wu. Khi bé mit khdng lang min béng thi sai sé kich thudc cua
Mau in cang cao, qua d6 anh huang rat 16n dén d6 chinh xac kich thuéc cua mau.

Dé tai “Anh hirong cua céc thong sé dé day 1dp dén céc tinh chdt co hoc va
do chinh xac cua vat liéu ABS.” [13]

Pritish Shubha, Arnab Sikidarn, Teg Chand [13] d4 nghién ctru va dua ra két
luan d6 day 16p in dong vai tro quan trong trong viéc diéu chinh cac co ché cua vat
licu ABS. Khi d6 day 16p tang thi do bén kéo giam, d6 cing giam, va do chinh xéac
mau giam.

Dé tai “Anh huéng cua cac thdng s6 mé hinh infill dén thoi gian, dé chinh

xdc va do nhdm bé mgt mau in)” [10].

Dhruv Maheshkumar Patel va cong su [10] da dua ra tim anh huong cia mat
d6 dién day dén chat luong, d6 nham bé mat va thoi gian cia mau.

Dhruv Maheshkumar Patel va cong su [10] di nghién ciru va dua ra két qua
khi ting mat do dién day thi kiéu chay nhua dang dong tdim nhu: concentric (hinh
1.7) s& ton it thoi gian dé in san pham hon céac kiéu chay nhua dang thang zigzag:
rectilinear (hinh 1.6) con lai.

Hinh 1.6: Kiéu zigzag Hinh 1.7: Kiéu concentric
T nhitng théng tin trén thiy dugc nhitng ung dung to 16n cta cdng nghé in 3D
cling nhu tac dong, anh huong cu thé cua théng s in dén do chinh xac cua san
pham.Vi vay nghién ctu anh huong théng sé in dén do chinh xéac kich thudc san
pham in 1a van dé rat quan trong nham nang cao chat lwong mau in, tiét kiém thoi
gian va chi phiin.



1.4 Tinh hinh c6ng nghé¢ in 3d é viét nam

Cong ngh¢ in 3D ¢ viét Nam da c6 mat khoang nam 2003, tuy nhién do gia
thanh con cao nén van chua dugc ung dung nhiéu, cha yéu ding trong cong tac
nghién ctu. Hién nay cong nghé nay dwoc tng dung phé bién hon trong rat nhiéu
cac linh vuc. Cong nghé in 3D c6 thé ting truang loi ich kinh té tdi da cho doanh
nghiép ndi chung va cac c& nhan néi riéng. Vi viéc mua may in 3D va co thé thiét
ké 3D, ban ¢ thé bién y tuong thanh vat mau chi trong thoi gian ngan.

Hién nay, d6i véi cac doanh nghiép san xuat cong nghiép, cong doan tao
prototype thudng chiém kha nhiéu thoi gian trong quy trinh nghién ctiu va phat trién
san pham mai, vi phai dua mau thiét ké dén cac co so gia cong thyuc hién, nhung do
chinh x&c lai chua cao va tbn mot khoan chi phi déng ké.

Tinh hinh nghién ciru thudc linh vyre dé tai & ngoai nuwéc:

ThS. Tran Minh Thé Uyén va cong su [4] sau khi thuc nghiém nghién ciu
trén mo hinh may, kiém tra cic mau in va dua cac két qua nhu sau: honeycomb,
archimedeanchords, 3dhoneycomb 1a cac kiéu chay nhwa twong déi pha hop véi 16p
& phia trong khi véi nhiing kiéu chay nhwa nay c6 thé in véi toc do cao hon. Kiéu
rectilinear, linear, concentric thuong dung cho nhitng l6p day va 16p phia trén cta
mau in do dat dugc thim mi cao hon mit khéc, nhitng 16p nay khong yéu cau chay
téc d6 cao nén cd thé str dung duoc nhitng kiéu nay.

Dé tai “Toi wu héa théng s6 qué trinh nham cdi thién d@é bén cua san pham
FDM’’ PGS.TS. Thai Thi Thu Ha, TS. Nguyén Hitu Tho, ThS. Huynh Hitu Nghi
[24] d3 thuc hién nghién ctu diéu chinh céac théng so: kiéu dién day, mat do dién
day, sb 1op thanh, bé day 16p, goc raster dén d6 bén nén cua san pham FDM. Nho
vao phuong phap thiét ké thi nghiém (DOE) cho ta biét duoc sb thi nghiém can lam
dat do tin cay cao. Phuwong phap Taguchi di giup ta phan tich két qua thi nghiém va
cho thiy duoc bo thdng sé toi uu nhit cho viéc ting d6 bén nén. Phuong phap
ANOVA sau khi phan tich cho thdy mat do dién day 1a yéu t6 quan trong nhat dén
d6 bén nén cua mau in.

Hién nay trén thi truong Viét Nam c6 rat nhiéu cac cong ty may in 3D tham
gia vao thi trrong trong nudc.



e Cong ty 3D MAKER: chuyén nghién ctru, san xuat, phan phdi cac loai
may in 3D uy tin, chat luong véi nhiéu dong khéc nhau: STARTER,
PRO225, PRO230, PRO350...

e Cong ty Flashgorge Viét Nam: cong ty phan phdi may in 3D tai Viét
Nam véi nhiéu loai may da dang: 3D printer chocolate, 3D full color
HD printer, 3D printer A Finder,3D Creator X...

i —
5 CTANATER

Creatar X

Hinh 1.8: May in 3D maker starter [1] Hinh 1.9: May in 3D creator X [1]
1.5 Ung dung trong san xuit va doi séng
Cong nghé san xuat ché tao [6]:

Tat nhién, cac nganh cdng nghiép san xuat da tré thanh ddi twong sir dung in
3D nhiéu nhat. Li do chinh khién céng nghé san xuat dip dan duoc sir dung rong
dai trong méi trudng céng nghiép 1a do n6 cho phép san xuit cac bo phan véi sb
lugng it, bd phan cé hinh dang phuc tap, cit giam phé liéu, tao nhanh san pham thi
nghiém, san xuat theo yéu cau. Li do nira & in 3D gilp giam d6 phwc tap trong quan
I chudi cung tng, cho phép san xuat cac bo phan tai chd thay vi phai san xuét & noi
khac mang dén.

Nganh cdng nghiép 6 t6 di sir dung in 3D dé san xuét nhitng chiéc xe hoan
chinh. Trén thuc té, mot chiée xe tén 1a Urbee dd duoc san xuit toan bo bang cong
nghé in 3D. Nha san xuat chiéc xe nay di tap trung vao viéc ting tbi da sé luong
cac bo phan xe duoc in 3D véi muc tiéu chinh 1a tiét kiém nhién liéu.
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Hinh 1.10: Chiéc xe Urbee dwoc in bang cong nghé 3D [23]
Cong nghiép dién tir [6] ciling 1a mot trong nhitng nganh tng dung dau tién
cta in 3D. May in 3D da duoc sir dung dé ché tao cac bo phan phuc tap dic biét tir
cac chat liéu khac nhau va ¢3 mo ra mot trao luu méi ciia nganh cong nghiép nay.

Hinh 1.11: Loa dién tir in bang cong nghé 3D
Y té, cham soc suc khoe [6, 25]:

Cong nghé in 3D rat hitu ich trong y té (san xuit chan, tay, ring, tai gia...)

Hinh 1.12: Réng gia in bang cdng nghé 3D
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Hinh 1.13: Hinh hoc bang céng nghé in 3D

Ngoai ra, cong nghé in 3D con dugc dung dé thiét ké va san suat cac bo phan
co thé gilp cho phau thuat tai tao va cdy ghép.
Giéo duc:

In 3D ciing c¢6 nhitng (ng dung thiét thyc trong gido duc, dic biét lién quan
dén cac mon khoa hoc, cong nghé, k¥ thuat, k§ nang toan hoc (hinh 1.9)

Kién tric va xay dung [6]:

Xay dung cé4c toa nha biang may in 3D khong 16. Vat liéu phd bién nhét cho
in xay dung 1a nhya, bé tong va cat. Phuong phap in 3D mang lai nhitng cai tién
dang ké vé chat luong, toc do, chi phi, dac biét 1a trong chi phi lao dong, cai thién
tinh linh hoat, dam bao an toan xay dung va giam cac tac dong moi truong.

Hinh 1.14: Xay nha bang in 3D
Trong gia dinh [6]:

May in 3D dé ban cd thé cho phép ban san xuit nhitng gi ban mudn ngay
trong cin nha riéng ctia minh, tat nhién 12 véi kich thudc pht hop véi may in va céc
nguyén liéu cd thé co. Céc vat dung yéu thich nhu d6 choi, d6 dung va db trang tri

12



la nhitng @ng dung phé bién nhat. Nhd may in 3D dé mdi ngudi c6 thé ty thiét ké va
san xuat vat dung theo y&u cau riéng biét, 1am nén ca tinh cua ban than...

1.6 Téng quan nghién ciru

Cac théng sb chinh anh huong dén do chinh xac kich thuéc cua mau in co thé
duoc tom tit nhu sau:

Mat do dién day (Fill density): Mat d6 dién day xac dinh luong nhya dién day
bén trong chi tiét in. Ty 1& phan trim va mau anh huong dén trong lwong in, st
dung vat lidu, do bén, thoi gian in va do6i khi tinh chat trang tri. Dhruv
Maheshkumar Patel va cong su [10] di dua ra tim anh huong caa mat d6 dién day
dén chit luong, d6 nham bé mat va thoi gian cua mau. Cu thé khi in & mat d6 20%
(hinh 1.19) va 40% (hinh 1.20) c6 su khéc biét rat 16n vé do nham bé mit, ciing nhu
thoi gian in caa san pham.

Céc dang dién day (Infill pattern): Phan mém Slic3r cung cip kha nhiéu duong
chay nhua khac nhau dé c6 thé lya chon duong chay nhwa téi wu cho ting loai mau
in khac nhau. ThS. Tran Minh Thé Uyén va cong su [11] sau khi thuyc nghiém
nghién ctu trén mé hinh may, kiém tra cd&c miu in va dwa cac két qua nhu sau:
honeycomb, archimedeanchords, 3dhoneycomb la cac kiéu chay nhya twong ddi
phu hop vai 16p & phia trong khi vai nhitng kiéu chay nhwa nay c6 thé in vai toc do
cao hon. Kiéu rectilinear, linear, concentric thuong dung cho nhitng 16p day va 16p
phia trén ciia mau in do dat duoc tham mi cao hon mit khac, nhiing 16p nay khéng
yéu cau chay téc d6 cao nén co thé sir dung duoc nhitng kiéu nay. Dhruv
Maheshkumar Patel va cong su [10] d& nghién ctru va dua ra két qua khi ting mat
d6 dién day thi kiéu chay nhya dang dong tAm nhu: concentric (hinh 1.24) s& ton it
thoi gian dé in san pham hon cac kiéu chay nhua dang thang zigzag: rectilinear
(hinh 1.22) con lai.

Do day 16p in (Layer height): P day cua mdi 16p xac dinh d6 phan giai cua
ban in theo cach twong ty nhu sé pixel xac dinh do phan giai cia man hinh tivi hoic
may tinh. Chiéu cao 16p thap hon thuong dan dén cac bo phan cd bé mit min hon.
Nhuoc diém 1a chiéu cao 16p cang thap thi cang mat nhiéu thoi gian dé hoan thanh
mot ban in. Nadir Ayrilmis va cong su [12] da nghién cru anh hudng cua d6 day
I6p in dén do nham bé mat caa mau in. Két qua cua nghién ciu nay cho thay do day
I6p in tac dong truc tiép dén d¢6 nham bé mat. Po nham bé mat tang khi d6 day Iop
in ting. Thoi gian in tang khi giam do day Iép in kéo dai thoi gian san xuat va ting
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chi phi in. Dua trén két qua kiém tra va thoi gian in, 16p in c6 do day 0.2mm duoc
dé xuét 1a @6 day 16p in téi wu. Khi bé mat khong lang min béng thi sai sb kich
thudc cia mau in cang cao, qua d6 anh huong rat 16n dén d6 chinh xac kich thudc
cta mau. [13] Pritish Shubha, Arnab Sikidarn, Teg Chand di nghién ctru va dua ra
két luan d6 day Iop in dong vai trd quan trong trong viéc diéu chinh cac co ché cua
vat liéu ABS. Khi do day 16p ting thi d6 bén kéo giam, do cung giam, va do chinh
Xac mau giam.

Pdi voi cac cong nghé FDM thi chiéu cao 16p 1a mot tham sé thiét ké quan trong
anh huong dén thoi gian in, chi phi, hinh thac trec quan va tinh chét vat Iy caa mot
phan duoc in.

Do day 16p in dau tién (First layer height): Moi ngudi déu biét rang viéc co dugc
I6p dau tién cua ban dang 1a 90% trong cudc chién dé c6 dwoc mot ban in 3D thanh
cong. Ngay ca khi nhiét d6 caa ban va moi thu khac déu chinh xéc, néu chiéu cao
vOi phun cua ban tat, ban s& c6 d6 bam dinh kém trén 16p dau tién. Giam chiéu cao
l6p dau tién va giir chiéu rong & mic 100% s& tao ra d6 bam dinh tt hon véi cac
duong nho, chat chg, gan nhu lién mach.

S6 16p in thanh, 16p day va 16p dinh (Solid layers) can dé in. Sé 16p in bao phu
rat quan trong déi véi @6 chinh xac cia mau. Bé mat vat thé 1a ting 16p nhya két
dinh vao nhau. Sé I16p qua thua thi cac 16p nhua khong c6 chd dua chic chan, dé
bién dang va tao nén bé mat san sui, nhiéu khe ho. Tang sé 16p thi mau dugc dién
day, chic chin. Qua d6 tao tién dé cho céc Iop trén chinh xac theo.

Do day thanh (side thickness): lién quan dén s6 16p ma tuong ngoai sé co trudc
khi bat dau in. Cai dat cang cao cho do day vo, cac bic tuong bén ngoai caa dbi
tuong cua ban s& cang day. R rang, cac birc tuong day hon tao ra mot vat thé chic
chén hon.

Do day 16p trén va lép dudi (Top/Bottom Thickness): Cai dit nay xac dinh sb
lwong vat liéu s& duoc dat xudng trude khi bat dau in 4n va bao nhiéu vat liéu s&
duoc dit sau khi in xong. Do day cua vt liéu ¢ trén cing va dudi cung cua doi
tugng cua ban rat quan trong vi vat liéu day hon & dudi cung cua déi twong caa ban
S& cung cap mot co s& manh mé va 6n dinh hon. Thir hai, vat liéu day hon & phia
trén cua ddi twong cta ban s& ngin chin su chay xé va gdi xay ra khi 16p vat liéu
trén cing duoc dat trén mang tinh thé. Diéu nay dic biét quan trong néu ban dang
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sir dung cai dit chiéu cao 16p nhé hon. Trong trudng hop nhu vay, d6 méng caa 16p
c6 thé khong du dé che phu hoantoan 16p phu trir khi sir dung nhiéu 16p.

[16] Téc d6 in thanh san pham anh huong rat I6n d&én kha ning bam dinh cta

cac 16p vat liéu. Téc d6 in qua thap (hinh 1.16) thi thoi gian in cang lau, téc d6 thap
c6 thé gay ra hién twong dun nhwa ¢ dau phun, gay tic nghén dau phun. Téc d6 in
qua nhanh (hinh 1.18) thi c6 thé khién cac duong nét sgi nhya dugc dun ra khong
dung vi tri, kha ning bam dinh cua cac 16p vat liéu thap, san pham bi bién dang
cong vénh.
Hién nay, di c6 nhiéu cong trinh nghién ciu vé anh hudng cua cac thong sé cong
nghé dén do bén kéo, ubn, do va dap... ciia san pham. Tuy nhién, d6 chinh xac kich
thude ciing 1a mot chi tiéu quan trong can dugc nghién ciu. Muc dich nghién ciu
ctia bai béo nay 1a cai thién do chinh xac kich thude khi diéu chinh cac théng sé qua
trinh ding cu thé cho muc dich san xuét trong cac nganh in 3D nhu 6 t6, hang
khong hay trong dan dung. Sau khi c6 két qua thi nghiém ta cé thé danh gid mirc do
anh huong cua cac thong sé dén do chinh xac kich thudc va tir d6 dua ra két luan
cho bai bao nay.

3D printer nozzle
s maeter

——— e A B C

ayer
thickness
0.05 mam 0.1 mm 0.2 mm .3 mm

Hinh 1.15: Dé day lop in [12] Hinh 1.16: Téc dé in 30 mm/s [16]

A B C A B C

Hinh 1.17: Téc dé in 40 mm/s [16] Hinh 1.18: Téc dé in 80 mm/s [16]
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Hinh 1.19: Mdt dé dién day 20% [10] Hinh 1.20: Mdt d¢ dién day 40% [10]

T
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Hinh 1.21: Goc nghiéng khi in [17]

Slic3r cung cép kha nhiéu duong chay nhya khac nhau dé co thé lya chon duong
chay nhua tdi vu cho timg loai mau in khac nhau.

Mot s6 kiéu duong chay dau phun nhua [18]:

Hinh 1.22: Kiéu rectilinear Hinh 1.23: Kiéu line Hinh 1.24: Kiéu concentric
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Hinh 1.25: Kiéu honeycomb  Hinh 1.26: Kiéu hibertcurve
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Hinh 1.27: Kiéu archimedeanchords Hinh 1.28: Kiéu octagramspirals

e

Moi kiéu chay nhya déu c6 uu diém va nhugc di€ém riéng.

Kiéu rectilinear va kiéu line vé co ban la gidng nhau vé kiéu chay tuy nhién kiéu
line giira cic duong chay nhya c6 lién két véi nhau do d6 c6 giam thoi gian cac
duong chay khong khac véi kiéu rectilinear khong cé sy lién két véi nhau do d6
t6n thém thoi gian cho khoang chay khong in.

Kiéu hilbertcure cac dudng chay nhya c6 nhiéu dudng gap khuc do d6 khong nén
chay voi tdc d6 cao do quan tinh va gia tdc tai nhimg vi tri nay 1 kha 16n s& 12 anh
huong dén may va chit lvong miu in.

Kiéu honeycomb, archimedeanchords, 3dhoneycomb 1a cac kiéu chay nhwa tuong
dbi phu hop voi 16p & phia trong khi v6i nhitng kiéu chay nhua nay cé thé in véi
tdc d6 cao hon.
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Kiéu rectilinear, linear, concentric thudng ding cho nhiing 16p day va I6p phia trén
cua mau in do dat duoc thim mi cao hon mit khac nhiing 16p nay khéng yéu cau
chay tdc do cao nén co thé sir dung duoc nhirng kiéu nay.

1.7 Y nghia khoa hoc va thuc tién dé tai

1.71Y nghia khoa hoc:

Xéc dinh mot s yéu té: Anh hudng caa vat liéu, va sy anh huong cua cac thong sé
in nhu mat do dién day, dang dién day o bén trong, dang dién ddy & mat trén va mat
dudi miu in, do day ting 16p in, cac dang dién day support, goc nghiéng in support,
s6 16p in, téc d6 va vat liu in khac nhau dén d6 chinh xac kich thugc san pham in
3D.

1.7.2 Thuec tién caa dé tai:

-Céc két qua nghién ctru caa dé tai nay sé phuc vu cho tng dung vé linh vuc d6
chinh xéc kich thudc san pham in 3D.
1.8 Muc tiéu nghién ciru

Muc tiéu nghién ctru cia dé tai nay 1a nghién ctu anh huéng cua vat liéu, va

su anh hudng cua cac thong sé in nhu mat do dién day, dang dién day ¢ bén trong,
dang dién day ¢ mat trén va mat dudi miu in, do day ting 16p in, cc dang dién day
support, géc nghiéng in support, s 16p in, tbc do va vat liéu in khac nhau dén do
chinh xéc kich thudc san pham in 3D. Tir qua trinh nghién ctru, dua ra két qua toi
ru vé thdng sé in, dé qua d6 nang cao do chinh xac chit lugng cua mau in.

1.9 Phwong phap nghién ctru
Nghién ctru, phan tich ly thuyét dua trén viéc tham khao, tim kiém cac bai bao
Vva céc tai lidu trong nudc va qudc té co lien quan dén in 3D. Tién hanh cac thi

nghiém vai c4c mau in 3D va dua ra biéu d6 dé giai quyét nhitng van dé sau:

- Xéc dinh anh huéng cua vat liéu dén d6 chinh xac kich thuéc san pham in
3D.

- X4c dinh anh huong coa mat d6 dién day dén d6 chinh xéac kich thudc san
pham in 3D.

- Nghién ctu anh huéng thdng sb in nhu dang dién day & bén trong, dang dién
day & mat trén va mat dudi mau in, do day tirng 16p in, cac dang dién day support,
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g6c nghiéng in support, sb 16p in, tc d6 va vat liéu in khac nhau dén d6 chinh xac
kich thudc san pham in 3D.
1.10 Péi twong nghién ciu

Déi twong nghién cau cua dé tai 1a: “Nghién cizu dnh hwong thdng sé in 3D
nhwa dén dé chinh xac cia kich thuéc san pham”. Thuc hién thi nghiém trén céc

mau in ¢d hinh dang, vat liéu, va thong sé in khac nhau.

1.11 Pham vi nghién ciu
Pham vi nghién ctu: Str dung ly thuyét vé céng nghé in dé giai quyét cac van

dé vé anh huong cua vat liéu va cac thong sé dén do chinh xac 1a linh vuc kha rong
I6n. Do vay pham vi nghién ctru cua dé tai chi thyc hién theo noi dung bén dudi:

- V6i mau in thir 1 thyc hién thi nghiém vai vat licu nhua ABS, cac gia tri
thong s6 khac nhu nhiét do, do dién day, chiéu day cua ting l6p in, cac kiéu
chay.... chon gia tri trung binh.

- Véi mau in the 2 thuc hién thi nghiém véi vat liéu nhua PLA, céac gia tri
thong sé khac nhu nhiét do, do dién day, chiéu day cua ting Iop in, cac kiéu
chay.... chon gia tri trung binh.

- V&i mau in tha 3 thuc hién thi nghiém véi vat liéu nhua PETG, cac gia tri
thong sé khac nhu nhiét do, do dién day, chiéu day cua ting Iop in, cac kiéu
chay.... chon gia tri trung binh.

Tuong tu v6i cAc mAu in tiép theo ta tién hanh thi nghiém thay di 1 théng sb diéu
chinh thi cac thdng sb khac gitr nguyén gia tri trung binh.
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STT THONG SO
1 Vat licu
2 Mit d6 dién day (%)
3 Dang dién day bén trong mau
4 Dang dién day mit trén, mit dudi ctia mau
5 Dang dién day & cac 16p nang d&
6 Goc nghieng m ¢ cac lop nang & (°c)
7 D6 day mit trén mau in (mm)
8 D¢ day mit dudi mau in (mm)
9 P day thanh mau in (mm)
10 S0 16p in bén thanh
11 S6 16p in bén trén
12 So 16p in bén dudi
13 Toc @6 in thanh (mmy's)
14 Téc d6 in bén trong mau (mnvs)
15 Do day tirng 1op in (mm)
16 D6 day 16p in dau tién (mm)

Hinh 1.29: Théng sé diéu chinh
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CHUONG 2

TIM HIEU CO SO LI THUYET VA CONG CU SU
DUNG

2.1 Tim hiéu co sé Ii thuyét

2.1.1 khai quat chung vé may in 3D

May in 3d dau tién ra doi vao nhimg nam 80 1a nhitng dong may in 3D SLA
dau tién trén thé gisi. V& co ban moi may in 3D déu c6 két cu co khi gan gidng nhau,
chi khéc nhau vé bo phan tao mau. Xét vé tong quan cac may in 3D FDM c6 két cau
goém 3 phan chinh: phan mém diéu khién, phan dién, phan co khi, bo dun nhua [1].

Phian mém
»| CAD/CAM
,| Phin
mem .| Phin mém
didu khién
,_’ Dai
Truyén déng cic
A » truc .
MAY | Pi’;n L » Vit me dai 6c
IN 3D khi o
| Bé diun nhwa
.| B6 phan ditu R “;h‘?fé”
khién h
»| Phan dién ,| Dongco
budc
B0 phin chip » Dauphun
hanh nhia
N Cam bién
nhiét

Hinh 2.0: Cdu tric may in 3D

CAu trlic co khi cia mot may in 3D gan giéng véi cac loai may CNC véi truyén dong
cua cac truc. Bo truyén 6 thé 1a bd truyén vit me — dai d¢ hodc bod truyén dai. Bac
diém cua truyén dong co khi trong may in 3D 1a tai trong tac dung 1én khong dang
ké do d6 viéc thiét ké twong ddi don gian, két cAu cac truc trong ddi gon nhe, cac
chi tiét 1ap rap khong doi hoi vé kha ning chiu lyc khong cao do d6 cd thé st
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dung cac chi tiét in duoc bang cac may khac dé lap rap. D6 ciing 1a mot vu diém cia
cac may in 3D. Mot sé dong may in 3D c6 khoang 80% cac chi tiét p rap 1a dugc in
bang cac may in 3D sén co.

Phén dién ctia may in 3D c6 thé chi thanh 2 khéi: khéi diéu khién va khdi chap
hanh. Khéi diéu khién gom cac thanh phan nhu: Vi diéu khién, Board két ndi, Driver.
Khéi chdp hanh gdm céc thanh phan nhu: dong co bude, cac cam bién nhiét, dong co
servo (néu co), tan nhiét, ....

Bo dun nhwa 1a mot trong nhitng phan quan trong nhét trong may. Bo phan
nay thuc hién 2 chirc ndng trong may: bd to1 nhya cung cép nhuya chay lién tuc, dau
phun nhya thyc hién chtrc ning nung chdy nhya va dun nhua tao nén mau.

[15] Phan mém dugc chia 1am 2 thanh phan: phin mém CAD/CAM, phan
mém diéu khién. Phan mém CAD la cac phan mém c6 chirc ning tao mau 3D, ddy
13 cic mé hinh s& dugce in trén mdy in 3D. Cac phan mém CAD duoc st dung c6 thé
la Solidwork, Creo, Sketchup, .... Cac mo hinh 3D sau khi dugc tao ra phai duoc
chuyén ddi sang dinh dang STL tir d6 c6 thé dua sang cac phan mém CAM dé xtr ly
tiép theo. Cac phan mém CAM la cac phdn mém thyuc hién cac chic ning cit 1op
vat thé do cong nghé in 3D 1a in theo tirng 1op, 16p cit cang co kich thudc nho thi
chat lvong miu in cang t6t tuy nhién thoi gian in s& ting 1én va nguoc lai, 16p in
cang 16n thi chat luong giam va téc do in ting 1én. Dé t6i wu hoa gitta chét luong in
va toc do in thi phai c6 cai dit cac thong sd in hop 1y. Sau khi cit 16p phan mém s&
tao chuyén dong khi in va xuit file Gcode. C4c ma 1énh Geode hau hét gidng véi
gcode trén may CNC tuy nhién c6 mot s mi 1énh riéng dbi voi may in 3D.

START
¥
CAD , CAM G-Code control
Geomagic ] -5t file 4.| Sli3R > file
e el

Hinh 2.1: So do nguyén ly hé thong CAD CAM [15]
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Cac phan mém CAM duoc st dung phd bién cho may in 3d 1a Cura, Slic3r,
Simplify, .... Mot sb phan mém s& tich hop cic module CAM va module diéu
khién trong mot, gilp cong viéc st Iy mau in nhanh hon va dat hiéu qua hon nhu
phan mém Repertier host. Phan mém nay tich hop céc cong cu CAM 1 Slic3r, Cura,
Skeinforge, co thé lya chon st dung mdt trong ba module dé so sanh tir d6 lya chon
module t6t hon cho timg kiéu mau in khac nhau.

Pé may hoat dong ta phai nap Geode cho may. Co6 thé nap Geode thong qua phan
mém diéu khién hodc nap qua thé nhé trén man hinh LCD diéu khién. Phin mém
giao dién diéu khién duoc st dung cé thé 1a Repertier host hodac Pronterface.

2.1.2 Cong Nghé Tao Mau Nhanh FDM

Cong nghé in FDM dugc st dung kha nhiéu trong cac loai may in hién
nay véi két ciu don gian, vat liéu dé tim.

filament

| stepper

bearing motor

| heating
element

print
nozzle
filament

layer

Hinh 2.2: So d6 nguyén Iy tao mau FDM [5]
Nguyén ly hoat dong:

O vi tri ban dau ban in cach dau phun nhiét moét khoang bang chiéu day 16p in. Soi
nhya duoc dua vao kim phun nho hé théng toi nhya bang cap banh rang mot céch
lién tuc. Tai dau phun nhya, nhya dugc nung néng té1 khoang nhiét do thich hop
bo1 bd phan gia nhiét. Nhya ndng chdy duoc dun ra theo bién dang dich chuyén cua
dau phun. Sau khi 16p thir nhat hoan thanh ban may dich xudng mét khoang bang
chiéu day mét 16p. Qua trinh tiép tuc cho dén khi hoan thanh chi tiét.

Mic du cong nghé FDM ngay cang dugc tng dung rong rai trong nhiéu linh virc
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quan trong, nhét 1a trong linh vuc ché tao ra cac chi tiét st dung ngay, tuy nhién
chat luong cia san pham FDM con can phai dugc cai tién thém dé dap tmg nhu cau
cua khach hang, dac biét 1a do chinh xac kich thudc. Do ban chét cua cong ngh¢ 1a
bdi ddp va lién két vat liéu v6i nhau theo timg 16p nén co tinh va d6 chinh x4c cua
san pham rit kém. Qua trinh ché tao san phim bang cong nghé FDM 1a mét qua
trinh phic tap, chat luong san phim FDM phu thudc vao rat nhiéu thong sd qua
trinh, hay con goi 1a thong s6 cong nghé khac nhau.

Véi nhitng wu diém céng nghé nay c6 sy vuot troi vé thoi gian ché tao mot san
pham hoan thién, d& thiét ké, vat liéu khong gay doc hai. Bén canh nhitng wu diém
d6 thi nhugc diém 1a d6 chinh xac chua cao, do bong bé mit thip va téc do in chua
cao, thoi gian in con dai, ton kém chi phi [1,5, 7, 9].

Tir nhitng vu diém va nhuoc diém dé, quyét dinh nghién ciru anh huéng thong sb in
3D Nhua c6 thé phat huy duoc nhirg vu diém caa céng nghé nay, ddng thoi, nang
cao tdc do, 46 bong bé mit thap, thoi gian in va do chinh xéc chat lugng mau in.

2.2 Tong quan vét liéu nhua

Vit liéu duoc s dung trong may in 3D la nhya dang s¢i. S¢i nhya st dung
trong may in 3D phai 13 soi nhya nguyén chat, khong pha tap, khong nén dung soi
nhua tai ché thuong bi 1an cét, san, bui ban, ... khi sir dung d& 1am tic dau phun
nhira anh hudng dén chat lugng miu in, ...

Puong kinh soi nhira duoc ché tao tiéu chudn c6 2 loai dudng kinh 12 1,75 mm va 3
mm. Dung sai sgi nhya thuong 1a £0,05 mm. Puong kinh soi nhya phai duoc ché
tao dong déu vi néu duong kinh soi nhya khong dong déu, ¢ chd soi nhya bi thu
hep dudng kinh bit thudng thi dau phun khong du luc dé kéo soi nhwa vao, nguoc
lai, duong kinh soi nhya c6 chd 16n bat thudng s& 1am tic dau phun.

C0 3 loai vat liéu thuong dugc stir dung trong cac may in 3D FDM hién nay la nhya
ABS (Acrylonitrile Butadiene Styrene) va nhya PLA (Polylactic Acid), va nhya
PETG [1, 4, 6, 14].

2.2.1 Vat ligu nhwa ABS

Nhuwa ABS (Acrylonitrile Butadiene Styrene) c6 mét lich sir 1au dai trong thé gidi
in 3D. Vat liéu nay 1a mot trong nhitng loai nhya dau tién duge st dung v&1 may in
3D cong nghiép. Nhiéu nim sau, ABS van 1a mot vat liéu rat phd bién nho chi phi
thap va tinh chét co hoc t6t. ABS dugc biét dén nhd d6 déo dai va kha nang chong
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va dap cta no, cho phép ban in cac san phim bén chic s& giit cho viéc st dung va
mai mon t6t hon. Nhwa ABS ciing c6 nhiét do chuyén tiép cao hon, c6 nghia 13 vt
lidu co thé chiu duoc nhiét d6 cao hon nhiéu trude khi né bat dau bién dang. Piéu
nay lam cho ABS tr¢ thanh sy lua chon tuyét voi cho cac ing dung ngoai troi hoac
nhiét d cao. Khi in bang ABS, dam bao st dung khong gian mé véi thong gid tot,
vi vat liéu c6 xu hudng c6 mui nhe. ABS ciing c6 xu hudng co lai mot chit khi nod
ngudi, vi vay kiém soat nhiét do ciia san pham in va phan bén trong s& c6 nhiing lgi
ich 16n [1, 4]

Uu diém:

- Gia thap

- Chiu va dap tt

- Cho m6 hinh hoan thién min hon

- Chiu nhiét tot

Nhuoc diém:

- Nang cong

- Can ban in néng hodc khong gian in néng

- Tao mui hang khi in

- Cac chi tiét c6 xu hudng co lai dan dén khong chinh xéac

Yéu cau phan cimg;

- Trudce khi in 3D vo1 ABS dam bao may in 3D cua ban dap img cac yéu cau phan
ctimg duoc liét ké dudi day dé dam bao chat luong in tot nhat.

Ban in:

- Nhiét d6: 95-110° C

- Yéu cau ban ndng

Bé mit in:

- Bang kapto

Pau in:

- Nhiét do: 220-250 ° C

- Khéng c6 yéu cau dic biét

Nhua ABS 1a nhua nhiét déo. Nhua ABS ¢6 co tinh tt, nhiét d6 in cao (nhiét do in
tly theo nha san xuét nhung thudng 16n hon 2300C), do in vdi nhiét d6 cao nhu vay
nén trong qué trinh in san pham co thé bi cong vénh, gy do d6 nén thiét ké thém cac
hé théng support dé han ché hién tuong nay. Mit khac cac 16p dau tién ctia mau in
thuong khong két dinh v6i ban in do bi ngudi qué nhanh ciing 1a mot khuyét diém
khi in nhua ABS.

2.2.2 Vat ligu nhwa PLA

Nhwa PLA 13 nhya nhiét déo thuong c6 ngudn gbc tu nhién, do d6 kha than
thién va khong gy doc hai khi str dung. Nhwa PLA tuong dbi gion, d& bi giy trong

qué trinh in 1 tic dau phun nhua. Nhiét d in ctia nhya PLA thap chi tir 1900 ¢én
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2100C nén qua trinh in d& dang hon so véi nhua ABS. Gia thanh ciia nhua PLA
cling thudng thap hon nhya ABS tir khoang 100.000 VNP dén 200.000 VNP.

Nhuya PLA (Polylactic axit) 1a vét liéu chinh dé dung trong cong nghé in 3D tao ra
nhirg vat dung phd bién nhu gidy, dép thoi trang, ly tach udng nudc, hay nhitng
cong nghé in an phirc tap nhu in chan dung [1, 4].

2.2.3 Vat liéu nhua PETG
Nhua PETG co6 nguon gbe tr PET (Polyethylene terephthalate) day la mot
loai vat liéu théng dung dé san xuét bao bi, co tinh chong am cao. PETG la 1 loai
vat liéu mdi dung cho may in 3D du’NQC danh gia rat tot. PETG c6 do 9h1u nhiét cao
twong duong ABS (100°C tré 1én), d€ in nhu PLA ma lai c6 dd cing rat cao.
Uu diém:
- D6 co cua vat liéu PETG rat thép, tuong duong PLA nén rat dé in, vat thé in ra c6
dd chinh xéc cao, khong bi co rut, bién dang nhu ABS.
- D6 cong vénh thip
- CO theé tai ché o
- D¢ in va c6 d6 bam dinh 16p tot Bén chat
- Co the dugc khur trung o
- T6t khi lam vat dung dung thirc an va do6 uong
Nhuoc diém:
- PETG tré nén gion tir qua nong
- PETG c6 thé bi suy yéu véi anh sang UV
- Dé bi tray xudc.

Ung dung:
- PETG thuong duoc sir dung dé in céc chi tiét nho hay chiu va dap, mai mon nhu
banh rang, pulley nhua trong xich tai...

2.3 Tim hiéu cong cu sir dung va co sé dé thiét ké mau

2.3.1 Phan mém autocad

Cad la chir viét tit cuaComputer — Aid Design hoic Computer — Aided
Drafting (vé& va thiét ké voi su trg gilp cia may tinh). Phan mém Cad dau tién 1a
SKETCHPAD xuat hién vao nam 1962 dugc viét boi lvan Sutherland thudc vién
k¥ thuat Massachuselts.
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Str dung phan mém Cad c6 thévé thiét ké ban vé& hai chiéu (2D — chtc ning
Dafting), thiét ké mé hinh ba chiéu (3D - chuc ning Modeling), tinh toan két cu
bang phuong phéap phan ti hitu han (FEA — chirc ning Analysis).

Cac phan mém Cad c6 ba dic diém sau:

+ Chinh xéc.

+ Ning suét cao nho cac 1énh sao chép.

+ D& dang trao ddi véi cac phan mém khéac.

Hién nay trén thé gisi c6 hang ngan phan mém Cad va mot trong nhiing
phan mém thiét ké trén may tinh ca nhan phé bién nhat 1a Autocad.

Autocad 12 phan mém ng dung Cad dé tao ban vé& k§y thuat cho thiét ké 2D
hay 3D, duoc phat trién boi tap doan Autodesk. Phan mém nay duoc gidi thiéu lan
dau tién vao thang 11 nam 1982 tai hoi cho COMDEX va dén thang 12 nim 1982
cdng bd phién ban dau tién. Vao thoi diém d6, Autocad da tro thanh mot trong
nhitng chuong trinh vé& k¥ thuat dau tién chay duoc trén may tinh c& nhan, nhat 1a
may tinh IBM.

Nhitng phién ban truéc cua Autocad st dung cac ddi twong nguyén thuy —
nhu duong thang, duong polyline, duong tron, duong cong va text — dé xay dung
cac ddi twong tir don gian dén phuc tap. Tuy nhién, tir gitra thap nién 1990,
Autocad di hd tro cong cu ¢ kha ning tly bién cao théng qua @ng dung 1ap trinh
ngdn ngir C++. Nhitng phién ban Autocad gan day bao gém nhiing cong cu co ban
vé hinh khéi 3D.

Véi sy phét trién ngay cang manh mé vé nhiéu mit so véi nhirng phién ban
dau. Tir Autocad 2007 da duogc cai thién thém cac céng cu hd tro nguoi dung dyng
va chinh stra cac mé hinh 3D tbt hon va d& dang hon. Bén Autocad 2010 thi da
phat trién thém chuc niang quan Ii dbi twong theo tham sé va mé hinh luéi.

Cac dinh dang tap tin chinh cua Autocad 14 DWG va dinh dang trao d6i
DXF, hai dinh dang nay duoc tro thanh tiéu chuan trén thyc té vé dir liéu Cad. Gan
day Autocad ciing hd trg dinh dang DWF, mét dinh dang duoc phat trién va quang
cd0 c6 muc dich xuat ban dix liéu Cad.
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Ngay nay, Autocad 1a mot phan mém quan trong trong linh vuc co khi, xay
dung va mét sé linh vire khac. Autocad duoc dung dé thuc hién cac ban vé k thuat
trong cac nganh: Xay dung, Co khi, Kién tric, Dién, Ban d5,... Ban v& nao thyc
hién duoc bang compa, bit chi va thuée ké, ... thi c6 thé thiét ké bang phan mém
Autocad.

Mot trong nhiing ly do khién Autocad tro thanh mét phan mém phé bién bac
nhét, ang dung dugc cho nhiéu linh vuc, tir co khi dén kién tric, xay dung dé 1a
Autocad c6 thé gidp ta thiét lap duoc ban vé, vé va hiéu chinh dugc cac hinh dang
bat ky trong céc ban vé k¥ thuat co khi, hay xay dung théng qua cac 1énh vé va cac
Iénh hiéu chinh can thiét trong khi v&. Bic biét, Autocad in dwgc ban vé chinh xéc
theo diing ti 18 va co thé xuat ban vé& sang nhiéu dinh dang tuong thich véi cac phan
mém khéc. Str dung Autocad gilp cac nha thiét ké dua nhitng y tuong thiét ké cua
minh 1&n ban V&, st ly va stra d6i mot cach nhanh chong va it tén kém. Giao dién
va cac lénh trong Autocad thi dé dang cho nguoi sir dung, ngdn ngir st dung trong
giao dién thuong Ia tiéng anh don gian nén khdng quéa gay kho khin cho nguoi sir
dung.

2.3.2 Co s thiét ké mau

Mau in dong vai trd rat quan trong trong in 3D. N6 anh huéng dén do chinh
xéc, chat luong, thoi gian va chi phi trong qua trinh in. Vi vay néu ban thiét ké mau
in t&i wu thi s& tao ra mot miu in 3D duoc dep, ding kich thudc, tiét kiem vat liéu,
thoi gian va chi phi in. Mot s6 co s¢ dé thiét ké mau ding trong in 3D hién nay [1]:

Thiét ké dwa vao giéi han cia may in 3D
Tiy theo dong méy va cong nghé in 3D ma s& c6 nhiing gisi han nhat dinh. Bat ky
MOt may in 3D nao cling c6 pham vi tao mau o dinh. Thuong thi chiéu cao (truc Z)
bé hon so vai cac chieu con lai (XY). Can chl y t6i dieu nay, hodc ban s& phai cat
mau in 3D ra lam nhiéu phan ghép lai néu kich thuéc mé hinh vuot qué kho in.
Toc do in 3D: May in 3D hién nay con kha cham, ¢6 khi ban phai mat ca vai ngay
dé hoan thi¢n nhitng mau c6 d6 phuc tap cao. bi€u gi quyet dinh tsi thoi gian in
3D? Xét ve mat thict ke, co thé ké ra: kich thudc md hinh, d6 phac tap, lugng
support can dung.
Thoi gian in qua dai sé dan téi viéc ban gap mot hodc nhiéu tinh trang:

- X4c suat dau in bi ket nhua cao hon va néu khong phat hién kip thoi, ban sé

phai in lai tur dau.
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Mau in dé& bi cong vénh hodc tréc khoi bé mat ban in.

Thiét ké dya trén nguyén ly in 3D [28]

Support la phan vat liéu can thiét ¢&& ¢ md hinh. M6 hinh cang phuc tap thi cang
t6n nhiéu support, cang nhiéu support thi thi gian in cang dai, chi phi cang ting. Vi
vy, dé giam thoi gian, chi phi ta c6 thé giam lwong support théng qua khau thiét

ke.
Néu duoc, hay thiét ké theo hinh mau “kim tu thap™, tic 13, phan dudi to
phan trén nho. 7
Phan nho ra nén nén gigi han mot goc <45 do theo phuong thang ding.
Nén han ché goc nho ra >45 dg, vi phai in thém support. C6 the khdng can
in, nhung s¢€ rat xau.
Support material —
uncerncul
gecmetry
Mo support
material — less
than 45* from

the vertical axis

Hinh 2.3: Phan nhd ra mau in ¢ gdc gisi han theo phuong thang dung <45 do [28]

Phan chan dé phai thiét ké phang, han ché I6i 16m va khang c6 mat dé phang sg rat
kho @€ in, hoac in ra xau vi phan duéi phai in thém support.
Bé day tdi thiéu [28]: Bé day cua thanh véach hoic do rong rugt cua mo hinh ¢6 anh

huong tuong dbi toi chat lugng va gia thanh in 3D. M6t s6 luu ¥ vé d6 day khi thiét
ké mau dé in:

Can han ché céc vi tri bé day bé, tot nhat nén dé bé day 16p hon ba 1an so V4i
duong kinh voi phun, dé ting do cang viing, han ché sy co rit, bién dang caa
mau sau khi in.

Nhitng phan ria mong nhu: doi canh, déi tai, toc,... thuong bi hu trong qua

trinh in. Ban nén cha dong thém gan tang cung hoic ting bé day Ién.

Hinh 2.4: Kich cé bé bay madu in qua nho [28]
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Lip ghép cac chi tiét in 3D: in 3D khdng chi linh hoat trong tao mau nhanh ma con
duoc rat nhiéu ngudi &p dung cho cac bo san pham lip ghép. Dac biét 1a ché tao
robot, rap may in 3D Reprap, ho can nhitng cum chi tiét c6 kha ning 1ap ghép véi
nhau va dam bao d¢ chinh xéac cua hé 15, duong bién...Do vat liéu in 3D chu yéu la
nhua ABS, PLA, PETG thanh tha mau in 3D s& c¢6 d6 co rdt nhit dinh. Hon
nita, chat lugng ciia may in 3D khong dam bao tuyét doi. Nén viéc lap ghép céc chi
tiét co khép/ngam véi nhau rat kho. Khi soi nhya dun ra khoi dau phun, chung sé bi
ép xudng va tran ra 2 bén, bién dang md hinh s& bi du ra 0,1-0,3mm & mdi chiéu. Vi
vay tiy thudc vao muc dich str dung cia mau in ma ta thiét ké mau cho phi hop dé
dam bao chat luong, tiét kiém thoi gian va chi phi in.

Vi vdy dé ¢6 mau in 3D dugc dep, ding kich thudc, tiét kiem vat ligu thoi gian in,
chi phi, ban can dam bao c4c van dé co s dé thiét ké mau in nhu sau:

- Thiét ké md hinh theo kiéu “kim tu thap” tic 1a dudi to trén nho.

- M0 hinh file 3D phai kin dat, khdng xuét hién hién twong bung mat, mat mat
trén file 3D khi xuat sang may in.

- Mat dé nén thiét ké phang dé mau luén cang virng khi in 18n cao.

- Han ché bé day thanh, dé ctia mau qua nho.

- Han ché thiét ké céc phan qua bé trén md hinh 3D: mat, mii, tai, go, nat
bam,... boi vi rat kho in hodc khong thé in 3D. Vi vay ta nén thiét ké thém
gan ting cing hodc ting bé day.

- Céc phan nhd ra nén c6 goc nghiéng >45 do so véi phuong ngang. Han ché
phan nhd ra nam ngang, hodc phia dudi trong khong, vi du nhu in mau cay
cau.

- Neén khdng ché md hinh nam vira kho in ciia may in 3D, cling dirng nén qua
bé ta khong in dugc hoac in ra xau.

- ChUy téi do phan giai cia mé hinh khi xuét ra file STL.

- M0 1én xem lai file STL/OBJ vira xuat ra. Hoic ding coéng cu kiém tra 13i
file 3D.

Dé tai “Study Optimization of 3D Printing Process” [29]

Nhom nghién ctu bao gom Ajinkya C. Pawar, Prashant P. Rokade, Tushar T.
Nikam, Deepak A. Purane, Kedar M. Kulkarni thuc hién. Nghién ctu tdi wu hoa
quy trinh in 3D va céac thdng sb in nhu: do day 16p in, toc @6 in, mat do dién déy cua
mau in. Mau duoc thiét ké va sir dung trong qua trinh nghién cuu la khoi lap
phuong (hinh 2.5). Tién hanh in, do kiém va dua ra két qua voi mau in c6 thong so
d6 day 1op 0.3mm, téc @6 in 70 mm/s, va mat do dién day 30% la mau in khéi lap
phuong duoc do chinh x4c nhat. Do chinh xac kich thudc ting khi ting do day, va
tang mat do in.
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Hinh 2.5: Mau hinh lap phuong [29]
Tir mot s6 co s& dé thiét ké mau ding trong in 3D & trén va dé thuan tién cho viéc
do kiém, tiét kiém vat liéu cling nhu tiét kiém thoi gian, chi phi in nén quyét dinh
thiét ké mau thi nghiém (hinh 2.6) dé Iam mau thi nghiém &p dung cho nghién ciu
de tai.

Hinh 2.6: Mau thi nghiém Hinh 2.7: Mau thi nghiém sau khi in

CHUONG 3: PHUONG PHAP THUC NGHIEM

3.1 Phan mém diéu khién va mé phéng &ng dung cho viéc nghién ciu

C6 nhiéu phan mém diéu khién may in 3D nhu repertier host, pronterface ... Trong
luan van, st dung phan mém repertier host. Phan mém repertier host 1a phan mém
mién phi c¢6 vu diém 1a dung lwong phan mém nho, giao dién truc quan, dé st dung.
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3.1.1 Thong s6 phan mém cam repetier host

Repetier Host I giai phap phan mém tat ca trong mot cho cac loai may in 3D
Reprap, bao gém céc chirc ning kiém tra mé hinh 3D, tao Geode (slicer), diéu khién
va theo d6i may khi van hanh.

3.1.1.1 Thiét I1ap may in 3d

Sau khi cai va khoi dong Repetier Host, tai giao dién chinh chon “Config” ->
“Printer Setting” dé thiét 1ap may in.

Trong tab “Connection” ta thiét lap nhu sau:
+ Default: tén do nguoi dung tu dat.

+ COMB3: tén cong COM két ndi gitra may tinh va mach diéu khién (Arduino
Mega 2560). Dé biét may tinh két néi véi may in qua cong COM nao, vao
muc Device Managercia may tinh dé xem.

+ Céc thiét lap khac dé mac dinh theo phan mém
Trong tab “Extruder” ta thiét lap nhu sau:
+ Number of Extruder: s6 ¢au dun ciia may in.
+ Max. Extruder Temperature: nhiét d6 ti da cua dau dun.
+ Max. Bed Temperature: nhiét d6 t6i da cua ban nhiét.
+ Diameter (0.4) 1a duong kinh 16 dun nhya. Puong kinh 16 duoc ghi trén

dau dun nhua (vi dy: 40 thi duong kinh 12 0.4 mm).

3.1.1.2 Thiét lap slicer

Repetier Host tich hop hai bo cong cu dung dé cat vat in 1a Cura Engine va
Slic3r.

Pé thiét 1ap Slicer, ngoai man hinh chinh chon tab “Slicer”:
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Hinh 3.2: Tab Slicer
Chon Slicer muén sir dung: Cura Enginr hozc Slic3r.

Sau khi chon Slicer, click vao Configulation dé thiét lap Slicer d chon.
Thiét 1ap Layers and perimeters:

Trong do:

+ Layer height I chiéu day 1 16p, chiéu day mét 16p cang nho thi chi tiét in

cang min tuy nhién thoi gian in cham. Lép in cang moéng thi cang han ché dugc khéc
khuyét tat cia mau in nhu nhitng vét nhya du, chay nhua, .... Nguoc lai 16p in cang
day thi thoi gian in cang nhanh tuy nhién c6 thé c6 mét sé nhuge diém nhu sai léch
kich thudc s& 1on hon, d6 bong bé mat thap, chat lwong mau in khong cao. Chiéu

day mot 16p in téi da khong qua duong kinh cta dau phun nhyra.

+ First layer height 14 chiéu day 16p in dau tién, chiéu day 16p in dau tién 16n

dam bao vat in bam chic trén ban in. tuy nhién chiéu day 16p dau quéa 16n thi ton
hao vat liéu, do d6 can lya chon phu hop. Pé c6 thong sé phu hop thi phai phy
thudc vao hinh dang kich thudc cia mau in, ciing nhu kinh nghiém in ting loai chi

tiét va vat liéu khac nhau

+ Solid layers 1a s6 16p in can dé in 16p day va 16p dinh. Thong sb nay tuong
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dbi quan trong nhat 1a déi vé6i 16p dinh.

+ C4c thiét 1ap khac c6 thé dé mic dinh.
Thiét lap Infill:
Trong do:
+ Fill density: phan tram dién day vat liéu trong 1ong vat in.

+ Fill pattern: dang dién day (rectilinear, honeycomb, line, concentric, 3d
honeycomb)

+ Top/bottom fill pattern: dang dién kin mat trén/dudi cing (rectilinear,
concentric, hilbert curve, octagram spiral, archimedeanchords).

+ C4c thiét 1ap khac c6 thé dé mic dinh
Thiét 1ap Support material:

Support material 12 cau tric vat liéu dugc may in tao ra nham nang d& céc bo
phan caa vat in. Sau khi in xong can loai bo 16p d& nay thu cong.

Thong thuong khdng can ding téi chirc ning nay trir trudng hop vat in ¢6
hinh dang dac biét.

Thiét 1ap Speed:
Trong do:
+ Perimeters (external): téc d6 in thanh/vach phia trong/ngoai cua vat thé.
+ Small perimeters: toc d6 in thanh/vach khi vat in c6 kich thuéc nho.
+ Infill: téc d6 di chuyén khi dién vat liéu trong vat in.
+ Solid infill: toc d6 dién day khu vuc vat in can lam dic.
+ Top solid infill: téc d6 dién day kin mat trén vat thé.
+ Support material: toc d¢ in 16p nang/da.
+ Bridges: toc do khi in qua khe hé.
+ Gap fill: téc d6 khi dién vat liéu trong nhitng khe hep.

+ Travel: toc do di chuyén dau dun khi khong dun vat liéu.
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+ Céc thiét 1ap khac c6 thé cai mac dinh.

Trong tab “Filament Settings” (thiét 1ap nhya in) ta thiét Iap cac théng s6 nhu
sau:

Thiét lap Filament:
Trong do:
+ Diameter: duong Kinh sgi nhya in.
+ Extrusion multiplier: hé s dun nhya.

+ Extruder/Bed: nhiét 6 dau dun/ban nhiét ¢ 16p dau tién (first) va cac Iop
sau d6. Nhiét d6 dau dun/ban nhiét 16p dau tién c6 thé cao hon mot chut dé
vat thé in bAm chéc hon vao ban nhiét.

Thiét 1ap Extruder
Trong do:
+ Nozzle diameter: dudng kinh 15 dun nhya (trén dau dun nhya c6 in sb).

+ Length: chiéu dai doan nhya sé& bi rat nguoc lai trudgc khi may in di chuyén
qua vung khong dun nhya.

+ Lift Z: chiéu cao dau dun s& dugc nang 1én trude khi rat ngwoc nhya in va
di chuyén xang vi tri khéc.

+ CAac thong s con lai c6 thé cai mac dinh.

Cha y: Sau khi thiét 1ap cac thugc tinh xong, nhan chon ky hiéu sau

EH® 42 1y cac thudc tinh da dugc cai dat lai.

3.1.2 Cac buée co ban dé in 3d

3.1.2.1 Dwng hinh 3d bing phan mém vé 3d va xuit file 3d ra dinh dang stl

Ban thiét ké md hinh 3D bang cac phian mém v& 3D nhu Autocad 3D,

Solidworks, 3D Studio Max... Thong thudng cac phan mém vé 3D déu c6 chirc
nang xuit ra dinh dang STL. Néu mic dinh khéng c6 ban cé thé cai thém cac
plugin.
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3.1.2.2 Puwra file stl vao phan mém in 3d repetier host

Giao dién chinh ctia phan mém sau khi khoi dong nhu hinh 4.1. Sau khi mé
Repetier Host, click “Connect” dé két ndi voi may in, két ndi thanh cong sé& co biéu
tuong mau xanh ¢ goc bén trai nhu hinh sau:

Hinh 3.3: Két néi may tinh véi may in

Click vao biéu tuong “Load” dé nap file chi tiét 3D, c6 thé nap mot hozc
nhiéu file dinh dang STL tuy theo kich thudc vat so vai ban nhiét.

Cac file chi tiét 3D sau khi nap s& hién 1én cira sé cia phan mém Repetier
Host.

Muén x6a chi tiét ndo, click vao biéu trgng thung rac bén phai tén caa chi
tiét twong ung.

Muén xoay céc chi tiét (theo 3 chiéu X, Y, Z), click chon chi tiét va an “R”
sau d6 dién goc mudn quay twong tng vao ting truc (théng thuong quay 90 do hoic
180 d¢).
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Object Placement | Slicer | Print Preview | Manual Control | 5D Card |
1 i
RO A o ah
Rotate Object E
x 0 P Reset Rotation
Y: 0
- A Lay Flat
Z 0 *
@ hiphun 1 - £+ i)

Hinh 3.4: Xoay chi tiét theo cac truc
Muén phong to/thu nho vt in, click chon vat in rdi 4n “S”. Sau d6 dién ti lé
nhu hinh (16n hon 1 1a phéng to, nho hon 1 1a thu nho):

Object Placement | Slicer | Print Preview | Manual Control | SD Card |

ROMDEESG A oAk

Scale Object E

o2 ;r-rl Scale to Maxdimum

Y: |12 a
7 [12 ‘-) Reset

@& biphun 1 - 0 [}

Hinh 3.5: Phong to/ thu nho theo cac truc

Chu y: Nén xoay cho mit phang c6 kich thudc 16n caa vat in tiép xGc vai ban
nhiét dé vat in duoc gitr chac chin. Dong thoi xoay vat in sao cho trong qua trinh in
c6 cang it phan cua vat in bi nhd ra ngoai ma khong c6 16p d& bén dudi cang tot.

Sau khi da chinh xong, trong man hinh chinh ta chon Slicer, sau d6 click
“Slice with Slic3r” dé cat vat thé va tao file G-code.

Sau khi tao xong file G-code, click biéu twong “Print” dé bat dau in. Trong
quéa trinh in, Repetier Host s& hién thi qua trinh in cac 16p ciing nhu cac théng sd
(nhiét do, vi tri...) cta qué trinh in trén man hinh may tinh.
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Teggle Leg Prister Settings  Easy Mode  Ermergendy Sieg
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Silio
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Show Singhe Layer
Show Layer Rarge

Hinh 3.6: Start print

3.2 Thiét ké thi nghiém

Str dung mdy in 3D dung dau phun 0,4mm voi dau phun c6 thé in chia toi
thiéu dén 0,1mm mdi 16p dé tao mau hinh 8. Trong nghién ciru ndy ta tién hanh cac
thi nghiém cac mau in 3D véi cac vat liéu va thdng s in thay ddi khac nhau. Khi
tién hanh thi nghiém mét trong nhitng théng s néu trén thi cac théng sb in con lai
st dung gia tri trung binh. Sau d6 thu duoc két qua va dua ra biéu do dé giai quyét
nhitng vin dé sau: Xac dinh anh huéng cua vat liéu dén do chinh xac kich thuéc
san pham in 3D. Véi 3 loai vat liéu sit dung nghién ctu tao mau 1a PLA
(Polylactide Acid) la loai vat liéu sinh hoc than thién véi moi truong va con nguoi,
nhuya ABS (Acrylonitrile Butadiene Styrene) ABS van 1a mot vt liéu rat phé bién
nho chi phi thap va tinh chat co hoc tét. ABS duoc biét ¢én nho do déo dai va kha
nang chéng va dap caa nd, cho phép ban in cac san pham bén chac s& giir cho viéc
st dyng va mai mon tét hon. Va nhya PETG (Polyethylene terephthalate) day la
mét loai vat liéu méi dung cho may in 3D duoc danh gia rat tot. PETG c6 do chiu
nhiét cao trong dwong ABS (100°C tré 18n), d& in nhu PLA ma lai c6 d6 cung rat
cao.

Xac dinh anh huéng cua mat do dién day, dang dién day ¢ bén trong, & mat
trén va mat dudi mau in, do day tirng 16p in, céc dang dién day support, do day tiung
I6p in, toc d6 va vat lién in khac nhau dén do chinh xac kich thuéce san pham in 3D.
Mo hinh CAD model duoc thiét ké bing phan mém Soliwork va xuét ra file c¢6 dinh
dang.STL chia luéi va sau d6 dugc dwa vao phan mém cat 16p “Slic3r” dé diéu
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chinh cac théng sé chay miu, sau d6 xuit sang file c6 dinh dang gcode va nap truc
tiép vao may in 3D FDM.

STT THONG SO GIA TRI TRUNG BINH
1 Vat liéu Nhurra PLA
2 Mt d6 dien day (%) 60
3 Dang dién day bén trong mau Bumlg(:];?;:ii?j;ﬁ AEZAR
4 Dang dién dﬁy mat trén, mat dwdi cia mau Bumlg(;[‘ﬁ?ii?f;% ABAg
5 Dang dién day o cac 16p nang d& Dang hinh tru (pillars)
6 Goc nghieéng in ¢ cac 16p nang do (°c) 45
7 D6 day mdt trén mau in (mm) 6
8 D6 day mit dudi mau in (mm) 6
9 D9 day thanh mau in (mm) 6
10 S6 16p in bén thanh 5
11 S6 16p in bén trén 5
12 S0 16p in bén dudi 5
13 Toc d6 in thanh (mmy/s) 60
14 Téc d6 in bén trong mau (mm/s) 80
15 D¢ day ting 1op in (mm) 0.3
16 Do day 16p in dau tién (mm) 0.35

Hinh 3.7: Gi4 trj trung binh thdng s¢ thi nghiém
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STT THONG SO GIA TRI THAY POI

1 Vit licu Nhira PLA. NlwraABS, Nhura PETG
2 Mt d6 dién day (%) 20, 40, 60, 80, 100

Duong thing dang zigzag (rectilinear), Té ong (honeycomb), Duong thing
3 Dang dién ddy bén trong mau dang song song (line), Xon déng tim (concentric). Xoén dc

(archimedeanchords)

Duong thang dang zigzag (rectilinear). T6 ong (honeycomb). Xoan ddng tim
4 Dang dién day mat trén, mat dwdi cia mau | (concentric), Xoan oc (archimedeanchords), Pwéng cong gap khnic (hilbert
curve),

5 Dang dién diy & cac 16p nang 43 Dang hinh try (pillars), Dudng thing dang zigzag (rectilinear), To ong

(honeycomb)
6 Goc nghiéng in & cac 16p nang d& (°c) 0.45,90
7 D6 day mjt trén mau in (mm) 4,5.6,7.8
8 D6 day mit dwéi miu in (mm) 4.5.6.7.8
9 Do day thinh méu in (mm) 4,5,6.7.8
10 $6 16p in bén thanh 3.4,5,6,7
11 S6 16p in bén trén 3,4,5,6,7
12 $6 16p in bén dudi 3,4,5,6,7
13 Téc d6 in thanh (mm/s) 40. 50, 60, 70, 80
14 Téc d6 in bén trong mau (mm/s) 60. 70, 80. 90, 100
15 D¢ day timg lop in (mm) 0.2,0.25,0.3,0.35,0.4
16 D§ day 1op in ddu tidn (mm) 0.3,0.35,0.4

Hinh 3.8: Gi& trj thay déi théng sé thi nghiém
3.3 Théng s tién hanh thi nghiém

3.3.1 Thong s6 thi nghiém véi sw thay déi vt liéu
- V6i mau in thir 1: thyc hién thi nghiém véi vat liéu nhua PLA

Cac gia tri thdng sé khac nhu mat do dién day (%), do day cua ting 16p in
(mm), cac kiéu in bén trong mau, kiéu in mat trén va mat dudi caa mau in, kiéu di
chuyén dau in khi in Support, géc nghiéng in support, 6 day thanh (mm), do day
mat trén va mat dudi mau (mm), sé 16p in thanh, s6 16p in mat trén va mat duéi mau
in, tc d6 in (mm/s), d6 day 16p in dau tién (mm) — chon gia tri trung binh.

- V6i mau in thtr 2: thyc hién thi nghiém véi vat liéu nhua ABS

Céc gié trj thong s khac nhu mat do dién ddy (%), d6 day cua tung I6p in
(mm), cac kiéu in bén trong mau, kiéu in mat trén va mat dudi caa mau in, kiéu di
chuyén dau in khi in Support, géc nghiéng in support, d6 day thanh (mm), do day
mat trén va mat dudi mau (mm), sé 16p in thanh, sb 16p in mat trén va mat dudi mau
in, tdc d6 in (mm/s), 6 day 16p in dau tién (mm) — chon gia tri trung binh.
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- V&i mau in thir 3: thyc hién thi nghiém véi vat liéu nhya PETG

Céc gié tri théng s khac nhu mat do dién day (%), d6 day cua tiang 16p in
(mm), cac kiéu in bén trong mau, kiéu in mat trén va mat dudi caa mau in, kiéu di
chuyén dau in khi in Support, géc nghiéng in support, 6 day thanh (mm), do day
mat trén va mat dudi mau (mm), sé 1ép in thanh, sb 16p in mat trén va mit dudi mau
in, téc d6 in (mm/s), 6 day 16p in dau tién (mm) — chon gia tri trung binh.

3.3.2 Théng sb thi nghiém véi sw thay d6i mat d dién day
- V&i mau in thir 1: thue hién thi nghiém véi mat do dién day (20%)

Cac gia tri thong sé khac nhu d6 day cua tung 16p in (mm), cac kiéu in bén
trong mau, Kiéu in mat trén va mat dudi cua mau in, kiéu di chuyén dau in khi in
Support, goc nghiéng in support, d6 day thanh (mm), d6 day mat trén va mat dudi
mau (mm), sé 16p in thanh, sé 16p in mat trén va mit duéi mau in, toc d6 in (mm/s),
d6 day 16p in dau tién (mm) — chon gia tri trung binh.

File Window Help
Print Settings | Filament Settings | Printer Settlngs|

Untitled (modified) ~|EH&

W Layers and perimeters Fill density:
Infill Fill pattern:
(=) Skirt and brim pattem:
Ll Support material Top/bottom fill pattern:
) Speed
| Multiple Extruders . L
7 pdvanced Reducing printing time
= Output options Combine infill every: 1 = layers
1 Notes Only infill where needed: =
Advanced
Solid infill every: n = layers
Fill angle: 45 =
Solid infill threshold area: 70 mm?
Only retract when crossing
perimeters:
Infill before perimeters: =

Version 1.2.9 - Remember to check for updates at http://slic3r.org,

Hinh 3.11: Thiét ldp mdr dé dién day: 20%
- Twong tu Vi mau in tiép theo: thuc hién thi nghiém véi mat do dién day
(40%, 40%, 80%, 100%)
Cac gia tri thong sé khac nhu d6 day cua tung 16p in (mm), cac kiéu in bén
trong mau, kiéu in mit trén va mat dudi cia mau in, kiéu di chuyén dau in khi in
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Support, goc nghiéng in support, d0 day thanh (mm), do day mat trén va mat dudi
mau (mm), sé 16p in thanh, sé 16p in mat trén va mat dudi mau in, toc do in (mm/s),
d6 day 16p in dau tién (mm) — chon gia tri trung binh.

3.3.3 Thong sé thi nghiém véi su thay déi kiéu in bén trong miu
- Véi mau in thir 1: thyc hién thi nghiém véi céc kiéu in bén trong mau:
rectilinear.

Céc gié tri thong s khac nhu mat do dién ddy (%), d6 day cua tung 16p in
(mm), kiéu in mat trén va mat dudi cua mau in, kiéu di chuyén dau in khi in
Support, goc nghiéng in support, d6 day thanh (mm), d6 day mat trén va mat dudi
mau (mm), sé 16p in thanh, sé 16p in mat trén va mat dudi mau in, toe d6 in (mm/s),
d6 day 16p in du tién (mm) — chon gia tri trung binh.

File Window Help
Print Settings | Filament Settings | Printer SEttings|

Untitled (modified) ~|EH® s

@l Layers and perimeters Fill density: 60%  ~ %
Infill )
(=) Skirt and brim Fill pattern: I Rectilinear - I
[l Suppert material Top/bottom fill pattern: Rectilinear -
5) Speed
U Multiple Extruders . S
5 Advanced Reducing printing time
& Output options Combine infill every: it = layers
1 Notes Only infill where needed: =
Advanced
Solid infill every: 0 < layers
Fill angle: 45 Z
Solid infill threshold area: 0 mm?
Only retract when crossing
perimeters:
Infill before perimeters: =

Hinh 3.12: Thiét Igp kiéu in bén trong mdu: rectilinear
- Twong ty Voi mau in tiép theo: thuc hién thi nghiém véi cac kiéu in bén
trong mau: honeycomb, line, concentric, 3d honeycomb

Cac gia tri thdng sé khac nhu mat do dién day (%), 46 day cuaa ting 16p in
(mm), kiéu in mat trén va mit dudi cia mau in, kiéu di chuyén dau in khi in
Support, goc nghiéng in support, d6 day thanh (mm), d6 day mat trén va mat dudi

42



mau (mm), sé 16p in thanh, sé 16p in mat trén va mat dudi mau in, toe do in (mm/s),
d6 day 16p in dau tién (mm) — chon gia tri trung binh.

3.3.4 Thong sb thi nghi¢m véi su thay d6i kiéu in & mat trén miu
- V&i mau in thir 1: thue hién thi nghiém véi cac kiéu in & mit trén mau:
rectilinear.

Cac gia tri thong sé khac nhu mat do dién day (%), 6 day cua ting 16p in
(mm), kiéu in bén trong cua mau in, kiéu in mat dudi caa mau in, kiéu di chuyén
dau in khi in Support, goc nghiéng in support, do day thanh (mm), d6 day mat trén
va mat duéi mau (mm), nhiét do, sé 1op in thanh, s 16p in mat trén va mat dudi
mau in, tc d6 in (mmy/s), 6 day 16p in du tién (mm) — chon gia trj trung binh.
29 . .. ' -

File Plater Object Settings View Window Help
Print Settings 3¢
Untitled (modified) - B@ Infill |

(&l Layers and perimeters Fill density: 60 v %
R ol Fill pattern: [ —
() Skirt and brim pattern: lnear ——— _
2l Support material Extemal infill pattern: Top: Rectilinear ~ [Jottom:| Rectilinear -
) Speed
" Multiple extruders —— —
# Advanced educing printing time
2 Output options Combine infill every: 1 = layers
Ty - 1ay
Motes
. Only infill where needed:
& Shortcuts y 0
Advanced
Fill gaps:
Solid infill every: 0 = layers
Fill angle: 45
Solid infill threshold area: 70 mm?
Only retract when crossing
perimeters:
Infill before perimeters: =

Hinh 3.13: Thiét Idp kiéu in & mat trén mau: rectilinear

- Twong ty Voi mau in tiép theo: thuc hién thi nghiém véi cac kiéu in & mat
trén mau: concentric, hilbert curve, octagram spiral, archimedeanchords

Cac gia tri thdng sé khac nhu mat d6 dién day (%), do day cuaa ting 16p in
(mm), kiéu in bén trong cua mau in, kiéu in mat dudi caa mau in, kiéu di chuyén
dau in khi in Support, géc nghiéng in support, do day thanh (mm), d6 day mat trén
va mat duéi mau (mm), s 16p in thanh, sé 16p in mat trén va mat dudi mau in, toc
d6 in (mmy/s), d6 day 16p in dau tién (mm) — chon gi4 tri trung binh.
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3.3.5 Thong sé thi nghi¢m véi su thay doi support
- Véi mau in thir 1: thyc hién thi nghiém véi kiéu di chuyén dau in khi in
Support: pillars

Céc gia tri thong s6 khac nhu mat do dién day (%), do day cua ting 16p in
(mm), cac kiéu in bén trong mau, kiéu in mat trén va mat dudi cua mau in, goc
nghiéng in support, d6 day thanh (mm), d6 day mat trén va mat dudi mau (mm), s6
I6p in thanh, s6 16p in mat trén va mat duéi mau in, toe do in (mm/s), do day 16p in
dau tién (mm) — chon gid tri trung binh.

i e e e

File Window Help

Print Settings | Filament Settings | Printer Settings|

Untitled (modified)  ~|[E@  support material

@l Layers and perimeters

Generate support material:
Infill =
= Snk'lrt d bri Overhang threshold: 0 =
irt and brim

.ul Support material Enforce support for the first: 0 = layers
) Speed

I Multiple Extruders Raft
__‘-" Advanced a

= Output options Raft layers: 0 | layers

| Motes

Options for support material and raft

Contact Z distance: 0 (soluble) * mm
Pattern: I [pi\lars '] I
Pattern spacing: 4 mm
Pattern angle: 45 = =
Interface layers: = layers
Interface pattern spacing: mm

E o~

Deon't support bridges:

Hinh 3.14: Thiét Idp kiéu di chuyén dau in khi in Support: pillars

- Twong ty V&i mau in tiép theo: thuc hién thi nghiém véi kiéu di chuyén dau
in khi in Support: rectilinear, honeycomb

Céc gia tri théng s khac nhu mat do dién day (%), do day cua ting 16p in
(mm), cac kiéu in bén trong mau, kiéu in mat trén va mat dudi cua mau in, goc
nghiéng in support, d6 day thanh (mm), d6 day mat trén va mat dudi mau (mm), s6
I6p in thanh, s6 16p in mat trén va mat duéi mau in, tée do in (mm/s), do day 16p in
dau tién (mm) — chon gid tri trung binh.
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- V&i mau in thir 4: thuc hién thi nghiém véi goc nghiéng in: 0°c)

Céc gié tri théng s khac nhu mat do dién day (%), d6 day cua tiang 16p in
(mm), cac kiéu in bén trong mau, kiéu in mat trén va mat dudi caa mau in, kiéu di
chuyén dau in khi in Support, d6 day thanh (mm), d6 day mit trén va mat dudi mau
(mm), s6 16p in thanh, sé 16p in mat trén va mat dudi mau in, toe d6 in (mm/s), do
day 16p in dau tién (mm) — chon gié tri trung binh.

File Window Help

Print Settings | Filament Settings | Printer Settings|

[untitled (modified)  ~|El®  support material

= La).rers and perimeters Generate support material:

= ISHI:iIrl‘ll: and brim Overhang threshold: 0 =

2] Support material Enforce support for the first: 0 = layers

=) Speed

o I

= Output options Raft layers: h] = layers

| Motes
Options for support material and raft
Contact Z distance: 0 (zoluble) - mm
Pattern:
Pattern spacing: 4 mm
Pattern angle: | 0 = |
Interface layers: 1 = layers
Interface pattern spacing: 0 mm
Don't support bridges:

Version 1.2.9 - Remember to check for updates at http://slic3r.org/

Hinh 3.15: Thiét Idp goc nghiéng in: 0°c
- Twong ty V&i mau in tiép theo: thuc hién thi nghiém véi gc nghiéng in
(pattern Angle: 45°c, 90°c)

Céc gié tri thong s6 khac nhu mat do dién day (%), do day cua ting 16p in
(mm), c&c kiéu in bén trong mau, kiéu in mat trén va mat duéi cia mau in, kiéu di
chuyén dau in khi in Support, do day thanh (mm), d6 day mit trén va mat dudi mau
(mm), s 16p in thanh, sb 16p in mat trén va mat dudi mau in, tée do in (mmy/s), do
day 16p in dau tién (mm) — chon gi4 tri trung binh.
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3.3.6 Thong s6 thi nghiém véi su thay déi d§ day tirng l6p in
- V&i mau in thir 1: thyc hién thi nghiém véi @6 day Iop in: 0.2 (mm)

Céc gia tri thdng s6 khac nhu mat do dién day (%), cac kiéu in bén trong mau,
kiéu in mat trén va mat dudi caa mau in, kiéu di chuyén dau in khi in Support, goc
nghiéng in support, d6 day thanh (mm), d6 day mat trén va mat dusi mau (mm), sd
I6p in thanh, s6 16p in mat trén va mat dudi mau in, tée d6 in (mmy/s), do day 16p in
dau tién (mm) — chon gi4 tri trung binh.

Y sicsr N =

File Window Help

Print Settings | Filament Settings | Printer Settings|
’Untitled (modified) ']B@ Layer height =

\@ Layers and perimeters

Layer height: 0.2 mm
Infill ; ]

- - . . 4o
(= skirt and b First layer height: 0.35 mm or %

irt and brim
Lol Support material
U Speed Vertical shells
W Multiple Extruders B
47 Advanced Perimeters: 5 : (minimum)
= Output options Spiral vase: |
| Motes

Harizontal shells

m

Solid layers: Top: 5 = Bottom: 5

Quality (slower slicing)

Extra perimeters if needed:

Awvoid crossing perimeters: [

Detect thin walls:

Detect bridging perimeters:
Advanced

Seam paosition: Aligned -
External perimeters first: [}

]
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Hinh 3.16: Thiét ldp dé day Iép in: 0.2mm

- Twong ty Voi mau in tiép theo: thuc hién thi nghiém véi do day 16p in:
0.25mm, 0.3mm, 0.35mm, 0.4mm

C4c gia tri thdng s6 khac nhu mat do dién day (%), cac kiéu in bén trong
mau, kiéu in mat trén va mat dudi caa mau in, kiéu di chuyén dau in khi in Support,
gbc nghiéng in support, d6 day thanh (mm), d6 day mat trén va mat dudi mau
(mm), s 16p in thanh, sb 16p in mat trén va mat dudi mau in, tée do in (mmy/s), do
day 16p in dau tién (mm) — chon gi4 tri trung binh.
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3.3.7 Thong sé thi nghi¢m véi su thay doi toc dd in
- V&i mau in thir 1: thue hién thi nghiém véi tée do in thanh: 40(mm/s)

Céc gié tri thong s6 khac nhu mat do dién day (%), do day cua ting 16p in
(mm), vat liéu nhya PLA, cac kiéu in bén trong mau, kiéu in mat trén va mat dudi
ctia mau in, kiéu di chuyén dau in khi in Support, goc nghiéng in support, do day
thanh (mm), d6 day mat trén va mat dudi mau (mm), s6 16p in thanh, sé 16p in mat
trén va mat dudi mau in, d6 day 16p in du tién (mm) — chon gia tri trung binh.

T i N x| o= g e

File Window Help
Print Settings | Filament Settings | Printer Settings|

’Uﬂtiﬂ ed (modified) - ] Ee Speed for print moves u:
@l Layers and perimeters Perimeters:
Infill
= Snkilrt and brim Srall perimeters: 15 mm/s or %
2l Support material External perimeters: 50% mm/s or %
(&) Speed Infill: 80 mmy/s
Il Multiple Bxtruders Solid infill 2 mm/s or %
o Advanced L .
& Output options Top solid infill: 15 mm/s or % e
| Motes Support material: 60 mmy/s
Support material interface: 100% mm/s or %
Bridges: 60 mmy/s
Gap fill: 20 mmy/s
Speed for non-print moves
Travel: 130 mmy/s B
Modifiers
First layer speed: 30 mm/s or %
Acceleration control (advanced)

- n Pz
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Hinh 3.17: Thiét Idp toc dé in thanh: 40mm/s

- Twong ty V&i mau in tiép theo: thuc hién thi nghiém véi toc do in thanh:
50(mm/s), 60(mm/s), 70(mm/s), 80(mm/s)

Céc gia tri thong sé khac nhu mat do dién day (%), d6 day cua ting 16p in
(mm), vat liéu nhua PLA, cac kiéu in bén trong mau, kiéu in mat trén va mit dudi
ctia mau in, kiéu di chuyén dau in khi in Support, géc nghiéng in support, do day
thanh (mm), do day mat trén va mat dudi mau (mm), s6 16p in thanh, sb 16p in mat
trén va mat dudi mau in, d6 day 16p in dau tién (mm) — chon gi4 tri trung binh.

- Vi mau in thir 6: thue hién thi nghiém véi tée do in bén trong mau in:
60(mm/s)
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Céc gié tri théng s khac nhu mat do dién day (%), d6 day cua tiang I6p in
(mm), vat liéu nhua PLA, cac kiéu in bén trong mau, kiéu in mat trén va mit dudi
cua mau in, kiéu di chuyén dau in khi in Support, goc nghiéng in support, do day
thanh (mm), d6 day mat trén va mat dudi mau (mm), s6 16p in thanh, sb 16p in mat
trén va mat dudi mau in, d6 day 16p in du tién (mm) — chon gia trj trung binh.

File Window Help
Print Settings | Filament Settings | Printer SEttings|

[U”tIﬂEd (modified) ']a@ Speed for print mowves =
@ Layers and perimeters Perimeters: 60 mmy's
Infill
= Snkilrt and brim Small perimeters: 15 mm/s or %
_ul Support material External perimeters: 50% mm,s or %
£) Speed Infill: 60 mmy/s
I/ Multiple Extruders Solid infill 20 mAm/s or %
& Advanced . L
& Output options Top solid infill: 15 mm,/s or % 3
| Motes Support material: 60 mm,/s
Support material interface: 100% mm/s or %
Bridges: ] mmy's
Gap fill: 20 mm/s
Speed for non-print moves
Travel: 130 mm,/s
Muodifiers
First layer speed: 30 mm./s or %
Acceleration control (advanced)
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Hinh 3.18: Thiét Idp toc dé in bén trong mdu in: 60mm/s

- Twong ty Voi mau in tiép theo: thuc hién thi nghiém véi téc d6 in bén trong
mau in: 70(mm/s), 80(mm/s), 90(mm/s), 100(mm/s)

Cac gia tri thdng sé khac nhu mat do dién day (%), o day cuaa ting I6p in
(mm), vt liéu nhua PLA, céc kiéu in bén trong mau, kiéu in mat trén va mat dudi
ctia mau in, kiéu di chuyén dau in khi in Support, goc nghiéng in support, do day
thanh (mm), d6 day mat trén va mat dudi mau (mm), s6 16p in thanh, sb 16p in mat
trén va mat dudi mau in, d6 day lép in dau tién (mm) — chon gid tri trung binh.
3.3.8 Thong s6 thi nghiém véi su thay déi s6 16p in mat trén miu in

- Vi mau in thir 1: thyc hién thi nghiém véi s6 16p in mat trén mau: 3

C4c gia tri thong s6 khac nhu mat do dién day (%), 4o day cua tirng lép in
(mm), vt liéu nhua PLA, céac kiéu in bén trong mau, kiéu in mat trén va mat dudi
ctia mau in, kiéu di chuyén dau in khi in Support, goc nghiéng in support, do day
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thanh (mm), d6 day mat trén va mat dudi mau (mm), s6 16p in thanh, sb 16p in mat
dudi mau in, tbc d6 in (mm/s), do day I6p in dau tién (mm) — chon gi4 trj trung
binh.

File Window Help

Print Settings | Filament Settings | Printer Settings|

Untitled (modified) - a@ Layer height =

@l Layers and perimeters Layer height: 03 mm
Infill

= Snkilrt and brim First layer height: 035 mm or %
_ul Support material
\55' Speed Vertical shells

1 Multiple Extruders
&% Advanced Perimeters: 5 = (minimum)
= Output options Spiral vase: ]

| Motes

Horizontal shells

Solid layers: Uttum: E s

Quality (slower slicing)

m

Extra perimeters if needed:

Avoid crossing perimeters: ]

Detect thin walls:

Detect bridging perimeters:

Advanced

Seam position: Aligned - L 4
O

External perimeters first:
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Hinh 3.19: Thiét Idp sé 1ép in mat trén mau: 3

- Twong ty Voi mau in tiép theo: thuc hién thi nghiém vai sé 1op in mat trén
mau: 4,5, 6, 7

Cac gia tri thong sé khac nhu mat do dién day (%), do day cua ting I6p in
(mm), vat liéu nhwa PLA, céc kiéu in bén trong mau, kiéu in mat trén va mat duéi
ctia mau in, kiéu di chuyén dau in khi in Support, goc nghiéng in support, do day
thanh (mm), d6 day mat trén va mat dudi mau (mm), s6 16p in thanh, sb 16p in mat
dudi mau in, téc d6 in (mmy/s), do day lép in dau tién (mm) — chon gia tri trung
binh.

3.3.9 Thong sé thi nghiém véi sw thay doi s6 6P in méit dwéi mau in
- V&i mau in thir 1: thuc hién thi nghiém véi 6 16p in mit dudi mau in: 3

Cac gia tri théng sé khac nhu mat do dién day (%), o day caa ting 16p in
(mm), vat liéu nhua PLA, cac kiéu in bén trong mau, kiéu in mat trén va mit dudi
ciia mau in, kiéu di chuyén dau in khi in Support, goc nghiéng in support, do day
thanh (mm), do day mit trén va mat dudi mau (mm), s6 16p in thanh, sé 16p in mat
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trén mau in, toc d6 in (mm/s), d6 day 16p in dau tién (mm) — chon gia trj trung
binh.

L
File Window Help

Print Settings | Filament Settings | Printer Settings|

Untitled (modified)  |[E©  Layer heignt =

@ Layers and perimeters

Layer height: 03 mm

Infi

" _IH . First layer height: 035 mm or %
(=) Skirtand b yerneg

Ircan nm

.ul Support material
\EJ Spesd Vertical shells
" Multiple Bxtruders
A Advanced Perimeters: 5 = (minimum)
= Output options Spiral vase: (]
| Motes

Harizontal shells

m

Solid layers: Top: 5

Quality (slower slicing)

Extra perimeters if needed:

Ayoid crossing perimeters: [

Detect thin walls:

Detect bridging perimeters:

Advanced

Seam position: Aligned = 4
External perimeters first: [}

Version1.2.9 - Remember to check for updates at http://slic3r.org/

Hinh 3.20: Thiét Idp sé 16p in mdt duwdi mau in: 3

- Twong ty v&i mau in tiép theo: thuc hién thi nghiém véi sé 16p in mat dudi
mau in: 4,5,6,7

Céc gié tri thong s khac nhu mat do dién ddy (%), d6 day cua tung 16p in
(mm), vat liéu nhua PLA, cac kiéu in bén trong mau, kiéu in mat trén va mit dudi
ctia mau in, kiéu di chuyén dau in khi in Support, goc nghiéng in support, do day
thanh (mm), d6 day mat trén va mat dudi mau (mm), s6 16p in thanh, sb 16p in mat

trén mau in, toc d6 in (mm/s), d6 day lép in dau tién (mm) — chon gia trj trung
binh.

3.3.10 Théng s6 thi nghiém véi sw thay di sé I6p in bén thanh miu in
- Vi mau in thir 1: thuc hién thi nghiém vai s6 16p in bén thanh mau: 3

Cac gia tri thdng sé khac nhu mat do dién day (%), 4o day caa ting 16p in
(mm), vt liéu nhua PLA, céc kiéu in bén trong mau, kiéu in mat trén va mat dudi
cuia mau in, kiéu di chuyén dau in khi in Support, goc nghiéng in support, do day
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thanh (mm), d6 day mat trén va mat duéi mau (mm), sé 16p in mat trén va mit dudi
mau in, toc d6 in (mm/s), 46 day 16p in du tién (mm) — chon gia trj trung binh.
 sicr R

File Window Help
Print Settings | Filament Settings I Printer SEttings|

| |Untitled (modified)  ~ [Hl@  Layer height -
@ Layers and perimeters Layer height: 03 mrm

Infill
(E5] Skirt and brim
il Support material

() Speed Vertical shells

" Multiple Extruders

B Advanced Perimeters:

= Output options Spiral vase: i

| Motes

First layer height: 035 mm or %

Horizontal shells

m

Solid layers: Top: b = Bottorn: 5

Quality (slower slicing)

Extra perimeters if needed:

Avoid crossing perimeters: =

Detect thin walls:

Detect bridging perimeters:

Advanced

Seam position: Aligned - L 4
[

External perimeters first:
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Hinh 3.21: s6 I6p in bén thanh mau: 3

- Twong ty Voi mau in tiép theo: thuc hién thi nghiém véi sé 16p in bén thanh
mau: 4,5,6,7

Cac gia tri thdng sé khac nhu mat do dién day (%), d6 day cua ting I6p in
(mm), vat liéu nhua PLA, cac kiéu in bén trong mau, kiéu in mat trén va mit dudi
cua mau in, kiéu di chuyén dau in khi in Support, goc nghiéng in support, do day
thanh (mm), d6 day mat trén va mit dudi mau (mm), sé 16p in mat trén va mat dudi
mau in, toc d6 in (mmy/s), 6 day 16p in dau tién (mm) — chon gia trj trung binh.

3.3.11 Théng sb thi nghiém véi sw thay déi dé day Iép in dau tién miu
- Vi miu in thi 1: thuc hién thi nghiém véi do day Iép in dau tién mau:
0.3mm

Céc gié tri thong s6 khac nhu mat do dién day (%), do day cua ting 16p in
(mm), vat liéu nhya PLA, cac kiéu in bén trong mau, kiéu in mat trén va mat dudi
cia mau in, kiéu di chuyén dau in khi in Support, goc nghiéng in support, do day
thanh (mm), d6 day mat trén va mit duéi mau (mm), s6 16p in thanh, sé 16p in mit
trén va mat dudi mau in, toc do in (mm/s), d6 day 16p in dau tién (mm) — chon gia
tri trung binh.
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File Plater Object Settings View Window Help

Plater | Print Settings 3¢ | Filament Settings I Printer Settings |

Untitled (modified) BIEE]

@l Layers and perimeters

< Infill
[E3) Skirt and brim
5l Suppert material

Layer height

Layer height:
First layer height:

Use adaptive slicing:

(D) Speed Adaptive quality: 75
" Multiple extruders )
4 Advanced Match horizontal surfaces:
= Output options
2] Notes Vertical shells E
,/’/L’ Shortcuts
Perimeters: 5 : {minimum})
Minimum shell thickness: 6 mm
Spiral vase: | =]
Herizental shells
Solid layers: Top: 5 = Bottom: 5 =
Minimum shell thickness: 7| mm L 4
Quality (slower slicing)
Extra perimeters if needed:
Avoid crossing perimeters: =l
Detect thin walls: .

Hinh 3.22: Thiét Idp dé day I6p in dau tién mau: 0.3mm

- Twong ty Voi mau in tiép theo: thuc hién thi nghiém véi d6 day 16p in dau
tién mau: 0.35mm, 0.4mm

Cac gia tri thong sé khac nhu mat do dién day (%), d6 day cua ting I6p in
(mm), vat liéu nhwa PLA, cé4c kiéu in bén trong mau, kiéu in mat trén va mat dudi
cua mau in, kiéu di chuyén dau in khi in Support, gbc nghiéng in support, do day
thanh (mm), d6 day mat trén va mat dudi mau (mm), s6 16p in thanh, sb 16p in mat
trén va mit dudi mau in, tbe do in (mm/s), do day 16p in dau tién (mm) — chon gia
tri trung binh.
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CHUONG 4

PHAN TICH KET QUA THUC NGHIEM VA THAO
LUAN
4.1 Kiéu dwong di chuyén bén trong miu in

Tién hanh thi nghiém in véi nhitng kiéu duong di chuyén bén trong chi tiét in
infill Pattern: rectilinear, honeycomb, line, concentric, 3d honeycomb.

4.1.1 Hinh anh thuc nghiém kiéu dwong di chuyén:

Hinh 4.1: Kiéu dwong di chuyén rectilinear

Hinh 4.1: Kiéu dwong di chuyén rectilinear
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Hinh 4.2: Kiéu dwong di chuyén line

Hinh 4.3: Kiéu dwong di chuyén concentric

. O SHOT ON AEOMINOTE 7 ks
HI DUAL CAMERA - o SHOT ON REDMI NOTE 7
LD g

Hinh 4.4: Kiéu dwong di chuyén honeycomb
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Hinh 4.6: Kiéu dwong di chuyén hilbertcure

4.1.2 Két qua thuc nghiém
Sau khi tién hanh thi nghiém ta thu duoc két qua thuc nghiém nhu sau:

- sai léch kich thwéc theo phuong x y z ciia cac kiéu duong di chuyén dau in.

AlLx{mm) Aly(mm) Alz{(mm)
line -0.17 -0.25 -0.03
concentric -0.15 -0.25 -0.08
rectiliner -0.01 -0.15 -0.16
honeycomb -0.12 -0.12 -0.08
3d honeycomb -0.08 -0.21 -0.25

Hinh 4.7: D¢ sai léch kich thudc theo phuong x y z

-Biéu dd thé hién do sai léch kich thudc theo phwong x y z cua cac kiéu duong di
chuyén dau in.
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LINE

-0.25

-0.25

-0.3
line

B DLx{mm) -0.17
M Dly(mm) -0.25
M Diz{mm) -0.03

B DLx{imm) M Diy{mm) ™ Diz{mm)

Hinh 4.8: Biéu do thé hién d¢ sai léch kich thuéc theo phirong x y z

o kiéu di chuyén line

CONCENTRIC
0
01 -0.08
-0.15
-0.2
-0.25
03 -0.25
' concentric
B DLximm) -0.15
B Diy{mm) -0.25
B Diz{mm)} -0.08

B DlLx(mm) M Dly{mm) @ Diz{mm)

Hinh 4.9: Biéu do thé hién do sai léch kich thuéc theo phirong x y z

¢ kiéu di chuyén concentric
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RECTILINER

0 I

-0.02 -0.01
-0.04
-0.06
-0.08

-0.1
-0.12
-0.14
-0.16 -0.15

-0.16

-0.18

rectiliner
W DLx{mm) -0.01
B Dly{mm) -0.15
W Dlz{mm}) -0.16

B DLx{imm) MEDly(mm) M Dlz{mm)

Hinh 4.10: Biéu do thé hién do sai léch kich thuéc theo phirong Xy

o kiéu di chuyén rectiliner

HONEYCOMB
0
-0.02
-0.04
-0.06
-0.08
-0.1
-0.12
014 -0.12 -0.12
honeycomb
B DLx{immy} -0.12
B Dly{mm} -0.12
m Dlz{mm) -0.08

B DLy{mm) M Dlyimm) M Diz{mm]

Hinh 4.11: Biéu do thé hién do sai léch kich thuéc theo phwong x y z

& kiéu di chuyén honeycomb
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3D HONEYCOMEB

-0.05
-0.1
-0.15
-0.2
-0.25
-0.3
3d honeycomi

o DLx{mm) -0.08

= Diy{mm) -0,21

m Diz{mm) -0.25

mDL<{mm) ®mDiyimm) mDNz{mmj}

Hinh 4.12: Biéu do thé hién dé sai léch kich thuéc theo phiwong x y z
¢ kiéu di chuyén 3d honeycomb

-Biéu dd tong thé thé hién do sai léch kich thudc theo phwong x y z cua cac kiéu di
chuyén:

INFILL/ INFILL PATTERN

0.2
0.1
mm
o]
-0.12 -0.12
-0.2
-0.21
03 -0.25 0,25
-0.4
line concentric rectiliner honeycomb 3d honeycomb
u DLx({mm] -0.17 -0.15 -0.01 -0.12 -0.08
B Dly(mm) .25 0.25 0.15 0.12 0.21
m Dlz{mm) -0.03 -0.08 -0.16 -0.08 -0.23

Hinh 4.13: Biéu do tong thé thé hién dg sai léch kich thude theo phirong x y z
Nhan xét: Tir biéu dd thé hién do sai 1éch kich thuéc theo phuong x v z ta

nhan thiy rang: khi tién hanh thi nghiém véi nhitng kiéu di chuyén dau in bén trong

58



san phém: rectilinear, honeycomb, line, concentric, 3d honeycomb khac nhau thi do
sai 1éch kich thudc ddi véi kiéu di chuyén dau in honeycomb, kiéu line va kiéu
rectilinear 1a thap. Kiéu rectilinear va kiéu line vé co ban 1a gidng nhau vé kiéu
chay tuy nhién & kiéu line gitta cac dudng chay nhwa c6 lién két véi nhau do d6
kiéu chay nay giam thoi gian cac dudng chay khéng. Khac véi kiéu rectilinear
khong co su lién két v6i nhau do d6 tén thém thoi gian cho khoang chay khong in.
Kiéu honeycomb 14 cac kiéu chay nhwa twong d6i phu hop véi 16p ¢ phia trong khi
v6i nhitng kiéu chay nhua nay c6 thé in vé6i toc dd cao hon, giam bét thoi gian in
hon. Vi thé tir d6 ta c6 thé chon kiéu line va kiéu honeycomb 1a kiéu di chuyén dau
in bén trong san pham 1a t5i wu nhét.

4.2 Kiéu dwong di chuyén & mit bén trén va bén dwéi miu in

Sau khi tién hanh thi nghiém in véi nhitng kiéu duong di chuyén & mat bén trén,
bén dudi mau: rectilinear, concentric, hilbert curve, octagram spiral,
archimedeanchords.

-Pj sai léch kich thwéc theo phuong x y z ciia cac kiéu duong di chuyén dau in.

Alx{imm) Aly(mm) Alz{mm)

concentric -0.12 -0.13 -0.05
rectiliner -0.01 -0.15 -0.16
hilbert curve -0.33 -0.37 -0.02
octagam spiral -0.28 -0.25 -0.05
archimedeanch: -0.18 -0.13 -0.08

Hinh 4.14: D¢ sai léch kich thudc theo phuong x y z

-Biéu do thé hién do sai léch kich thudc theo phuong x y z cia cac kiéu duong di
chuyén dau in.
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concentric

0

-0.02
-0.04
_0.06 -0.05
-0.08
-0.1
-0.12
-0.12

-0.14 -0.13
concentric

| DLx{mm) -0.12

W Dly{mm) -0.13

m Diz{mm) -0.05

EDLzimm)] ®Dly(mm) ®Diz{mm}

Hinh 4.15: Biéu do thé hién do sai léch kich thuée theo phiong x y z

o kiéu di chuyén concentric

rectiliner
0 S
-0.02 -0.01
0.0
-0.06
-0.08
0.1
012
-0.14
-0.16 015
-0.16
0,18
rectiliner
m DLxmm) 0.01
u Diy{mm] .15
u Diz{ mm]) .16

B Dlximm) o Dhyfmm) ® Diz[mm)

Hinh 4.16: Biéu do thé hién do sai léch kich thuéc theo phiong Xy 2

o kiéu di chuyén rectiliner
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hilbert curve

° I

-0.05 -o.02

-0.1
-0.15

-0.2

-0.25

0.2

-0.35 -0.33

-0.37

-4 hilbart curve
m DLx{mm} 40.33
m Diy{mm]) -0.37
o Diz{mmn} 0.02

m Dlx{mm} mDhimm)} = Di{mm)

Hinh 4.17: Biéu do thé hién do sai léch kich thuée theo phiong x y z
o kiéu di chuyén Hilbert curve

octagam spiral

D -
-0.05
-0.05
0.1
-0.15
0.2
-0.25
0.25
= 028

03 octagam spiral
W DLx(mm) -0.28
M Dly{mm) -0.25
m Diz{mm) -0.05

B Dlx{mm) ®Diyimm} = Diz{mm)

Hinh 4.18: Biéu do thé hién do sai léch kich thuée theo phirong x y z

¢ kiéu di chuyén octagam spiral
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archimedeanchords

o
-0.02
-0.04
-0.06
-0.08
-0.08
0.1
-0.12
-0.13
-0.18

-0.14
-0.16
-0.18
-0.2
archimedeanchords
u DLxfmm) -0.18
o Dhyfrnm) -0.13
m Diz{mm) -0.08

mDOlx(mm) mOl(mm) mDizimm)

Hinh 4.19: Biéu do thé hién dé sai léch kich thuéc theo phwong x y z 6 kiéu di
chuyén archimedeanchords

-Biéu db tong thé thé hién d6 sai léch kich thudc theo phuong x y z cua cac kiéu
duong di chuyén dau in:

TOP/BOTTOM INFILL PATTERN

0
— |
I 0 o ooz N []
-0.05 0.05

-0l 008,

-0.12 513 os -0.13
- -15.0.16
0.2 018

-0.25
-0.28
0.33
-0.37

-0.3

-04

-0.5

08 concentric rectiliner hilbert curve octagam spiral archimedeanchords
M DLx{mm)} -0.12 -0.01 -0.33 -0.28 -0.18
B Dly{mm) -0.13 015 -0.57 -0.25 -0.13
m Dlz{mm) -0.05 -0.16 -0.02 -0.05 -0.08

Hinh 4.20: Biéu do tong thé thé hién dg sai léch kich thude theo phirong x y z

Nhin xét: Tir biéu do thé hién do sai léch kich thudc theo phuong x y z ta
nhan thdy rang: kiéu duong di chuyén & 16p bén trén, bén dudi mau: rectilinear,
concentric, hilbert curve, octagram spiral, archimedeanchords khac nhau thi d¢ sai
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1éch kich thu6e theo phuong X dbi véi kiéu di chuyén dau in concentric va kiéu
rectilinear 13 thap. D¢ sai léch kich thuéc theo phuong Y ddi véi kiéu di chuyén
dau in concentric 1a thdp nhat. Va d¢ sai léch kich thudc theo phuong Z dbi voi
kiéu di chuyén dau in concentric va kiéu hilbert curve 1 thip hon nhiing kiéu in
con lai. Kiéu rectilinear, concentric thudng dung cho nhitng 16p day va 16p phia trén
ciia mau in do dat duge thAm mi cao hon nhiing kiéu chay khéac. Vi thé ta co thé
chon kiéu concentric va kiéu rectilinear 1a kiéu di chuyén dau in & 16p bén trén va
bén dudi mau 1a t6i wu nhat,

4.3 Thay d6i vat liéu in
Tién hanh thi nghiém in v&i vat liéu PLA, ABS, PETG

4.3.1 Hinh anh thgc nghiém

Hinh 4.21: Puwong di chuyén dau in ¢ mdt ddy va mat trén
khi stz dung nhya PLA

Hinh 4.22: In ¢ v; tri thanh va v; tri support mdu khi si dung nhia PLA
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Hinh 4.25: In ¢ thanh va v; tri support mau in khi siz dung nhiza ABS
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Hinh 4.27: In ¢ thanh va v; tri support mau in khi si dung nhwa PETG

4.3.2. Két qua thwe nghiém va nhan xét

Sau khi tién hanh thi nghiém in véi vat liéu PLA, ABS, PETG ta thu duoc két
qua thuc nghiém nhu sau:

-b¢ sai léch kich thwéc theo phuong x y z khi sir dung vat liéu PLA, ABS va
PETG:

Alx(mm)  Aly(mm) Alz{mm)

ABS -0.3 -0.24 -0.06
PLA -0.01 -0.15 -0.16
PETG -0.08 -0.15 -0.3

Hinh 4.28: D¢ sai léch kich thudc theo phuong x y z
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-Biéu db thé hién do sai léch kich thuéc theo phuong x y z:

ABS
i
ass ]
01 -0.06
-D.15
-0.2
-0.25
-0.24
-0.3
-D.35 AES
M DL (mm) -0.3
B Dy {rim) -0.24
m Diz{mm) -0.06

EDLx{mm) ™ Dlyimm) mDiz{mm}

Hinh 4.29: Biéu do thé hién dé sai léch kich thuéc theo phwong x y z
khi su dung vat lieu ABS

PLA
“ [
=002 -0.01

-0.04
-0.06&
-0.08
=0.1
-0.12

-0.14

-0.16 -0.15

-0.16

-0.18
PLA

W DLx{rmm) -0.01
m Dly(mm) -0.15
H Diz{mm) -0.16

M DLx{mm) ™ Dly{mm) B Dlz{mm)

Hinh 4.30: Biéu do thé hién do sai léch kich thuée theo phiwong x y z
khi szt dung vat lieu PLA
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PETG

0
.
-0.1 -0.08
-0.15
02
-0.25
0.3

-0.35
PETG

W DLx{mm) -0.08
M Dy {mm) -0.15
m Diz{mm} -03

B Dlx{mm) ™ Diy{imm)} B Dlzjmm)

Hinh 4.31: Biéu do thé hign do sai léch kich thuéc
theo phwong x y z khi str dung vat ligu PETG

-Biéu dd tong thé thé hién d¢ sai léch kich thwéc theo phwong x y z cia 3 loai
vat liéu PLA, ABS, va vit liéu PETG:

MATREIAL
o —
-0.01
-0.05
-0.08
0.1 -0.08
0.5
015
-0.2
-0.25 024
0.3
-0.35
ARS PLA PETG
m DLx(mm) 0.3 0.m 008
m Diy(mm) 0.24 015 015
o Dz mm) -0.06 0.16 0.3

m Dlxfmmm} = Dhy[mm) = D{mm)

Hinh 4.32: Biéu do tong thé thé hién d sai léch kich thiréc
theo phuong x y z cua 3 loai vdt liéu PLA, ABS, PETG
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Nhan xét: Nhua in ciing 1a 1 thanh phan quyét dinh chat luong caa san pham in

ra, khi in ra san pham c6 nhing 16 nho trén bé mat, hoic dau in bi tic khéng rd
nguyén nhan, dau in gay ra tiéng no ti tach cé thé gay ra thiéu nhua véi san pham in
va anh huong dén d6 chinh xac cia mau in.
Tir biéu d6 thé hién do sai léch kich thuée theo phuong x y z ta nhan thay rang: khi
tién hanh thi nghiém in voi 3 loai vat liéu PLA, ABS, PETG khac nhau thi do sai
léch kich thuéc theo phuwong X, Y ddi véi vat lieu PLA 1a thap nhat. Va do sai léch
kich thudc theo phuong Z dbi véi vat liu ABS 1a thap nhat. Vat liéu nhya ABS va
nhua PETG c6 d6 sai léch kich thudc 16n hon.

Nhua ABS phai can nhiét d6 in cao, do in véi nhiét d6 cao nhu vay nén trong quéa
trinh in san pham c6 thé bi cong vénh, giy do d6 nén thiét ké thém céc hé thdng
support dé han ché hién tuong nay. Mit khac cac Iop dau tién caa miu in thudng
khong két dinh véi ban in do bi nguoi qua nhanh. Nhya ABS ciing ¢6 xu huéng co
lai khi n6 ngudi. Vi thé khi in dan dén sai Iéch kich thudc 16n.

Nhya PLA 12 nhwa nhiét déo thuong cd ngudn gdc tu nhién, do d6 khong gy doc
hai khi st dung, pht hop va than thién véi moi trudng, it mui, toc d6 in cao do
phan giai tét, ti mi, it cong hoic vénh phu hop véi nhitng san pham doi hoi su ti mi
cao. Vi thé khi st dung vat liéu nhya PLA dé in c6 thé dat chét luong va do chinh
xéc kich thudce 1a tdt nhét.

4.4 Thir nghiém d¢ chinh xéc véi cac dang chiéu day ciia miu in

4.4.1 Hinh anh thgc nghiém

SHOT ON REDMI NC
M1 DUAL CAMERA/

Hinh 4.33: H¢ day thanh mau in: 4mm
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Hinh 4.36: ¢ day thanh mdu in: 7mm
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Hinh 4.37: g day thanh mau in: 8mm

4.4.2 Hinh anh thwc nghiém do day do day & l6p trén va lép dudi mau in

Hinh 4.39: P¢ day 16p duwdi mau in: 7mm
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Hinh 4.40: P¢ day 16p dwdi mau in: 8mm

4.4.2. Két qua thwe nghiém va nhén xét

4.4.2.1 Thay déi chiéu day thanh miu in
Sau khi tién hanh thi nghiém in véi nhitng kiéu thay doi chiéu day thanh chi tiét
in. Ta thu dugc két qua thuc nghiém nhu sau:

-Pj sai léch kich thwéc theo phuong x y z khi thay doi chiéu day thanh chi tiét:
4(mm), 5(mm), 6(mm), 7(mm), 8(mm)

Alx(mm) Aly(mm) Alz(mm)

4(mm) -0.23 -0.06 -0.19
5(mm) -0.03 -0.26 -0.11
6(mm) -0.01 -0.15 -0.16
7(mm) -0.12 -0.02 -0.15
8(mm) -0.09 -0.02 -0.02

Hinh 4.41: ¢ sai léch kich thuée theo phirong x y z khi thay doi
chiéu day thanh mau in

-Biéu db thé hién db sai léch kich thuéc theo phuong x y z khi thay dbi chiéu day
thanh chi tiét:
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THICKNESS/SIDE: 4mm

-0.05 -
-0.06
-0.1
-0.15
-0.2
-0.23
4{mm})

-0.25
W DLx{mm) -0.23
B Dly{mm] -0.06
m Dlz{mm) -0.19

B DLx(mm) M Dly{mm) ®@Diz{mm}

Hinh 4.42: Biéu do thé hién dé sai léch kich thuéc theo phwong x y z
khi thanh mdu in :4mm

THICKNESS/SIDE: 5mm

-0.05
-0.1
-0.15
-0.2
-0.25
-0.26
-0.3
S{mm)
m DLx{mm) -0.03
W Diy{mm) -0.26
m Diz{mm) -0.11

B Dlx{mm) ™ Dly{mm)} & Dlzimm}

Hinh 4.43: Biéu do thé hién dé sai léch kich thuéc theo phwong x y z
khi thanh mau in:5mm
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SIDE/THICKNESS: 6mm
0

|

-0.02 0.01
0.04
0.06
-0.08

0.1
0.12
0.14

015

40.16

018 -
B DLx{mm} -0.01
o Dly{mm} -0.15
m Diz{mm} 016

m Dlejmm) mDlyimm} m Diz{mm}

Hinh 4.44: Biéu do thé hién dé sai léch kich thuéc theo phiwong x y z

khi thanh mau in: 6mm

THICKNESS/SIDE: 7mm

s ]
-0.02
-0.04
-0.06
-0.08
-0.1
-0.12
-0.12

-0.14

s 7{mm)
M DLx{mm) -0.12
H Dly{mm) -0.02
m Diz{mm) -0.15

B Dlx{mm) ®Diy{mm)} 8 Dlz{mm)

Hinh 4.45: Biéu do thé hién dé sai léch kich thuéc theo phiwong x y z

khi thanh mau in:7mm
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THICKNESS/SIDE: 8mm

-0.01
-0.02
-0.03
-0.04
-0.05
-0.06
-0.07

-0.08

-0.09

-0.09

-0.1
Bimm)

W DL (mm) -0.09
Dy {mmn) -0.02
m Diz{mm) -0.02

B Dlx{mm) ®mDiy{mm)} & Dlz{mm)

Hinh 4.46: Biéu do thé hién do sai léch kich thuée theo phiong x y z
khi thanh mau in:8mm

-Biéu db tong thé thé hién d6 sai léch kich thudc theo phuong x v z khi thay doi
chiéu day thanh mau in:
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-0.05

-0.1

-0.2

-0.3

B DLx{mm)
B Dy[mm)
o Diz[mm)

-0.15

-0.23

4{mm|
0.2
008
018

THICKNESS/SIDE

|
-0.01
-0.03
011
015
018
-0.28

5{ mm) &lmm)
-0.03 -0.01
-0.28 0,15
011 018

B Dleimm] ™ Diy{mm] =& DiE{mm)

T{mm]
0.1z
0.0z
018

-0.02-0.02

8/ mm]
0.09
0.0z
0.0z

Hinh 4.47: Biéu do tong thé thé hién dg sai léch kich thude theo phirong x y z

Nhan xét: Tur biéu db thé hién d¢ sai léch kich thudc theo phurong X y z ta nhan
thay rang: do sai léch kich thude d6i véi thanh co chiéu day: 4(mm), 5(mm) I cao
hon d6 sai léch nhitng chiéu day con lai. Chiéu day thanh chi tiét cang Ion (7-8mm)
thi do sai leéch kich thuéc cua chi tiét in cang thap, chi tiét in cang chinh xac. Cai dat
cang cao cho do day thanh thi céc birc tuong bén ngoai cia san pham in s& cang
day. R& rang, do day thanh cang 16n tao ra mot vat thé chac chan hon, vi vay néu
chi tiét can dén chét luong do chinh xac cao thi phai ting d6 day thanh mét céach
thich hop. Nguoc lai, néu chi tiét dung dé trang tri thuong khong doi hoi dén do day
thanh nhiéu. Viéc ting d6 day thanh trong cac trudng hop nay khong mang lai lgi

ich thuc su cao.

4.4.2.2 Thay doi chiéu day & 16p dwéi miu in
Sau khi tién hanh thir nghiém in véi nhiing kiéu thay doi chiéu day ¢ l6p duéi
mau in. Ta thu dugc két qua thuc nghiém nhu sau:

-Pj sai léch kich thwéc theo phuong x y z khi thay doi chiéu day 16p duéi mau in:

4(mm), 5(mm), 6(mm), 7(mm), 8(mm)
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AlLx(mm) | Aly(mm) | Alz(mm)
4(mm) -0.25 -0.23 -0.03
5(mm) -0.2 -0.25 -0.07
6(mm) -0.01 -0.15 -0.16
7(mm) -0.18 -0.17 -0.01
8(mm) -0.1 -0.12 -0.01

Hinh 4.48: D¢ sai léch kich thuéc theo phirong x y z khi thay doi
chiéu day 16p dwéi mau in
-Biéu do thé hién d sai léch kich thuéc theo phuwong x y z khi thay d6i chiéu day
l6p dudi mau in:

Bottom/Thickness (4mm)

-0.03

-0.23

4 mm]

m DL [mm) -D.25
mDhy(mm) -0.23
m Dlz{mm) -D.03

m Dlx{mm} = Diy{mm} = DE{mm)

Hinh 4.49: Biéu do thé hién do sai léch kich thuée theo phwong x y z
khi chiéu day 16p duéi 4(mm)
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Bottom/Thickness (5mm)

1]

_0.05 -
-0.07

-0.1

-0.15

-0.2

-0.2
-0.25
-0.25

03 E[mm]}
m DLs(mm) 0.2
= Diy(mm) -0.25
W Dlz{mm) 0.07

W DL<(mm) WD[mm) o Dzimm)

Hinh 4.50: Biéu do thé hién dé sai léch kich thuéce theo phwong x y z

khi chiéu day 16p duwéi 5(mm)

Bottom/Thickness (6mm)

° |

-0.02 -0.01
-0.04
-0.06
-0.08

-0.1
-0.42
-0.14

-0.15
-0.16

-0.16

-0.18 &{mm)
m DLx[mm) 0.0
m Dly(mm) -0.15
o Dlz{mm) -0.16

m Dlx{mm} = Dhfmm) =mDE{mm)

Hinh 4.51: Biéu do thé hién do sai léch kich thuéc theo phirong x y z
khi chiéu day 16p duwéi 6(mm)
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Bottom/Thickness (7mm)

|
I _ﬂ-m
-0.17

Flmm}
W CLefmm) 018
W Dly({mm) -0.17
m Dlz{ mm) -0.01

-0.02
-0.04
-0.06
-0.08

-0.12
-0.14
-0.16
-0.18

mDlximm) mDlimm) mDizimm)

Hinh 4.52: Biéu do thé hién do sai léch kich thuée theo phirong x y z
khi chiéu day 16p duéi 7(mm)

Bottom/Thickness (8mm)

-0.02 -0.01
-0.04
-0.06
-0.08

-0.1

0.1
-0.12
-0.12

-0.14 8{mm)
m DLx{mm) o1
 Diy(mm) 012
m Dlz{mm) 0.0l

mDLdmm) mDlyimm) mDlzdmm)

Hinh 4.53: Biéu do thé hién do sai léch kich thuéc theo phiong x y z
khi chiéu day 16p diwéi 8(mm)
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-Biéu db tong thé thé hién d6 sai léch kich thudc theo phuong x v z khi thay doi
chiéu day 16p dudi mau in:

Bottom/Thickness (mm)
0.04
001 . || 0
0.0 -0.01 -0.01
-0.03
-0.06
-0.07
011 01
012
016 -0.15
018
-0.17
-01E
-0321 0.7
0.23
-0.28 -0.25 -0.25
-031
a 5 & 7 8
B DLx{mm] -0.25 0.2 -0.01 -0.18 -0,
= Diy{mm] -0.23 -0.25 015 -0.17 012
o piz{mm] 003 -0.07 016 -0.01 001
m DLx{mm] = Dhyimm] = Dizjimm]

Hinh 4.54: Biéu do tong thé thé hién dg sai léch kich thude theo phirong x y z
khi thay déi chiéu day 16p duwdi mau in

Nhan xét: Tir biéu do thé hién do sai léch kich thudc theo phuwong x y z ta
nhan thay rang: khi tién hanh thir nghiém voi nhimng kiéu thay doi chiéu day 16p
du6i mau in khac nhau thi @6 sai 1éch kich thuéc theo phuong X d6i véi 16p dudi
c6 chidu day: 6(mm),8(mm) 13 thap. Do sai 1éch kich thuéc theo phuong Y, va
phuong Z ddi véi 16p dudi cé chiéu day: 8(mm) 1a thap nhat. Qua d6 ta thiy rang
chiéu day 16p duéi (bottom/thickness) chi tiét cang 16n: 8(mm) thi miu in cang
cimg virng, chic chin, do sai 1éch kich thuéc ctia mau in thap, mau in cang chinh
X&c.
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4.4.2.3 Thay doi chiéu day & I6p trén miu in
Sau khi tién hanh thir nghiém in véi nhitng kiéu thay doi chiéu day ¢ 1op trén
mau in. Ta thu dugc két qua thuc nghiém nhu sau:

-Pj sai léch kich thwéc theo phuong x y z khi thay doi chiéu day I6p trén mau in:
4(mm), 5(mm), 6(mm), 7(mm), 8(mm):

Alx(mm) Aly(mm) Alz(mm)
4(mm) -0.25 -0.23 -0.09
5(mm) -0.02 -0.12 -0.25
6(mm) -0.01 -0.15 -0.16
7(mm) -0.06 -0.18 -0.06
8(mm) -0.04 -0.15 -0.02

Hinh 4.55: D¢ sai léch kich thuéc theo phirong x y z khi thay doi
chiéu day I6p trén mdu in

-Biéu d thé hién d sai léch kich thudc theo phwong x y z khi thay d6i chiéu day
I6p trén mau in:

THICKNESS/TOP: 4mm

-0.05
0.1
0,15
-0.2
0,25
-0.25
0.3
Hmm}
m Dx{mm] -0.25
B Diy{mm] 0.23
u Diz{ mm]} -0.08

m Dlx(imm)  ® Dh(mm)  ®Diz(mm)

Hinh 4.56: Biéu do thé hién do sai léch kich thuée theo phirong x y z
khi chiéu day lp trén 4(mm)
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THICKNESS/TOP: 5mm
’ I

-0.02

0.2

5{mm)
B DLx{mm} 0.0z
B Dlylmm} 017
 Dlzfmm) 0.25

m DLe{mm]} ® Dly{mm) = D{mm)
Hinh 4.57: Biéu do thé hién do sai léch kich thuéc theo phwong x y z

khi chiéu day 1p trén 5(mm)

TOP/THICKNESS: 6mm

|

-0.02 0.01
-0.04
-0.06
-0.08

01
012
-0.14

-0.15
016

-0.16

018 &{mm)
M DL (mm) -0.01
H Dly{mmm) -0.15
m Diz{mm) -0.16

B Dlx(mm) ®Diy{mm) o Dlz{mm)

Hinh 4.58: Biéu do thé hién do sai léch kich thuée theo phiwong x y z
khi chiéu day Ip trén 6(mm)

81



-0.02

-0.04

-0.06

-0.08

-0.1

-0.12

-0.14

-0.16

-0.18

W DLx{mm)
M Dly{mm)

m Dlzimm)

-0.2

TOP/THICKNESS: 7mm

-DDE I _0-06
-0.18

7imm)
-0.06
-0.18
-0.06

EDL<imm) ®@Dly(mm) @ Diz{mm}

Hinh 4.59: Biéu do thé hién do sai léch kich thuée theo phirong x y z

-0.02

-0.04

-0.06

-D.08

-0.1

-0.12

0.4

-0.16

W DLx{mm)
W Diy{mmj
m Diz{mm)

khi chiéu day lop trén 7(mm)

TOP/THICKNESS: 8mm

- -D-BZ
-0.04
-0.15

8(mm)
-0.04
-0.15
-0.02

M Dlx{mm) = Diy(mm) = Dlz{mm)

Hinh 4.60: Biéu do thé hién do sai léch kich thuéc theo phirong x Y 7

khi chiéu day Ip trén 8(mm)
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-Biéu db tong thé thé hién d6 sai léch kich thudc theo phuong x v z khi thay doi
chiéu day 16p trén mau in:

THICKNESS/TOP
]

o - N
-0.01

-0.02 -0.02

0.05 004
-0.06 -0.06
0.1 -0.0%
-0.12
0,15
015 -0.15
-0.16
023
-0.25 0.25

0.2 0.18

0.3

4{mm) {mm)} &{mm) F(mm} B{mm)
B DLx{mm) -0.25 -0.02 -0.01 0.06 -0.04
u Dly(mm) 0.3 012 015 018 015
m Dlz{mm) 0.09 0.5 016 0.06 002

HDlx(mm) ®mDy{mm} 8 Diz{mm]

Hinh 4.61: Biéu do tong thé thé hién dg sai léch kich thude theo phirong x y z

khi thay doi chiéu day I6p trén mau in

Nhan xét: Tir biéu do thé hién do sai léch kich thudc theo phuwong x y z ta
nhan thiy riang: khi tién hanh thir nghiém véi nhimg kiéu thay doi chiéu day 16p
trén mau in khac nhau thi d sai léch kich thuéc theo phuwong X dbi véi 16p trén co
chiéu day: 6(mm),8(mm) 1a thip. Do sai léch kich thudc theo phuong Y ¢6 chiéu
day: 5(mm) 8(mm) la thap. Va do sai léch kich thudc theo phuong Z ddi véi 16p
dudi c6 chiéu day: 8(mm) 13 thip nhit. Qua d6 ta thiy chiéu day 16p trén
(top/thickness) chi tiét cang nho thi chi tiét in khong chic chédn, xuat hién hién
tuong co rut nhya lam cho chi tiét in co thé bi bién dang, cong vénh. Nguoc lai
chiéu day 16n: 7(mm) 8(mm) thi chi tiét in cang chic chan, do sai 1éch kich thuéc
ctia chi tiét in thap, chi tiét in cang chinh xéc.

4.5 Thir nghiém @9 chinh xac véi cac mat do dién diy san pham
Sau khi tién hanh thi nghiém in véi nhirng kiéu mat do dién day mau in: 20(%),
40(%), 60(%), 80(%), 100(%). Ta thu duoc két qua thuc nghiém nhu sau:
83



- sai léch kich thwéc theo phuong x y z khi thay doi mat d6 dién day mau in:

20(%), 40(%), 60(%), 80(%), 100(%).

20(%)  40(%) 60(%) 80(%)  100(%)

Alx(mm) 015  -008  -001  -0.05  -0.06
Aly(mm) 017 -012  -005 -0.01  -0.04
Alz{mm) 005  -005 -006 -001  -0.01

Hinh 4.62: D¢ sai léch kich thuée theo phirong x y z khi thay doi

mdt dé dién day mau in

- Biéu d6 tong thé thé hién do sai léch kich thudc theo phuong x y z khi thay doi

mat do dién day mau in:

0.04

Infill/infill Density(%)

0oz

o]

-0.1

-0.12

-0.14

-0.16

-0.18

-0.02 -0.01 -0.01-0.01 I -0.01
-0.04
-0.04
-0.06 -0.05 -0.05 -0.05 -0.05
-0.06 -0.06
-0.08
-0.08
-0.12
-0.15
-0.17

02 20(3¢) 0{%) 60(3¢) 80{%) 100(%)
# DLx(mm) 0.15 0,08 -0.01 -0.05 -0.06
# Dly(mm} -0.17 0.12 -0.05 -0.01 -0.04
1 Dlz{mm) -0.05 0,05 -0.06 -0.01 -0.01

Hinh 4.63: Biéu do tong thé thé hién dg sai léch kich thude theo phirong x y z

khi thay déi mdt dé dién day mau in

Nhan xét: T biéu db thé hién do sai léch kich thudc theo phurong x y
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z ta nhan
thay rang: mat do dién day mau in: 20(%), 40(%), 60(%), 80(%), 100(%) khéac nhau
thi d6 sai léch kich thudc ddi véi kiéu mat do dién day san pham 60(%),80(%),
100(%) 1 thap. Qua d6 ta thay dwoc mat do dién day san pham cang lén thi do
chinh xéc kich thudc san pham in cang cao, san pham cang bén viing, thoi gian in



cang lau. Vi vay tly vao chit luong caa san pham in va diéu kién 1am viéc cua chi
tiét in ma ta cd thé chon mat do dién day san pham cho hop ly. Ta nén chon mat do
dién day san pham 60(%),80(%) d¢ tiét kiém thoi gian in va chi phi in ma véan dat
duoc d6 chinh xé4c kich thudc san pham cao.

4.6 Thir nghiém d¢ chinh xéc véi cac dang thay doi sé 16p in bén thanh
Sau khi tién hanh thir nghiém in véi nhitng kiéu thay di sé 16p in bén thanh
mau in. Ta thu dugc két qua thuc nghiém nhu sau:

-Pd sai léch kich thwéc theo phuong x y z khi thay doi s6 16p in bén thanh mau in:

3 4 5 6 7
ALx(mm) -0.17 -0.25 -0.01 -0.05 -0.06
Aly(mm) 0.1 -0.15 -0.15 -0.08 -0.02
Alz(mm) -0.07 -0.02 -0.16 -0.15 -0.04

Hinh 4.64: D¢ sai léch kich thuéc theo phirong x y z khi thay doi
s6 16p in bén thanh mau in
- Biéu d6 tong thé thé hién do sai léch kich thude theo phuong x y z khi thay doi s6
I6p in bén thanh mau in:

Vartical shells/Perimeters

0.04
001 - L
-0.01 -0.02
0.06 .05 -0.04
-0.06
-0.07 0.08
0.11 o1
0.16 -0.15 015, 0.15
017 :
0.21
0.26 025
0.31
3 1 5 6 7
B DLx{mm) 0.17 0.25 0.01 0.05 0.06
H Dly(mm) 0.1 0.15 0.15 0.08 0.02
Dlz{mm) -0.07 -0.02 0.16 0.15 0.04

® DLx(mm) = Dly{mm) Dlz[mm)
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Hinh 4.65: Biéu do tong thé thé hién do sai léch kich thuée theo phirong x y z khi
thay doi 6 16p in bén thanh mdu in

Nhan xét: Tir biéu do thé hién do sai léch kich thudc theo phuong x y z ta nhan
thdy rang: khi tién hanh thr nghiém véi nhitng kiéu thay ddi s6 16p in bén thanh
mau in khac nhau thi d6 sai léch kich thudc theo phuong X d6i véi 16p in bén thanh
mau in: 5 va 6 16p 1a thip nhat. Do sai léch kich thudc theo phwong Y, Z d6i véi 16p
in bén thanh mau in: 7 16p 1a thap nhat. Vi vay ta nén chon sé 16p in bén thanh mau
in cang 16n (6 dén 7 16p) thi chi tiét in cang ctiing viing, chic chan, d6 sai léch kich
thude cua chi tiét in thap, chi tiét in cang chinh xac.

4.7 Thir nghiém @9 chinh xéc véi cac dang thay doi s6 16p in bao phii bén
trén ciing miu in
Sau khi tién hanh thir nghiém in vai nhitng kiéu thay d6i sé 16p in bao phu bén
trén cing mau in. Ta thu duoc két qua thyc nghiém nhu sau:

-Pj sai léch kich thwéc theo phuong x y z khi thay doi s6 16p in bao phii bén trén
cling mau in:

ALx(mm) | Aly(mm) | Alz{mm)
3 -0.25 -0.1 -0.09
4 -0.27 -0.1 -0.08
5 -0.01 -0.15 -0.16
b -0.02 -0.1 -0.03
7 -0.1 -0.02 -0.03

Hinh 4.66: ¢ sai léch kich thuéc theo phirong x y z khi thay déi s6 16p in
bao phu bén trén cling mau in

- Biéu d6 tong thé thé hién do sai léch kich thudc theo phuong x y z khi thay doi s6
I6p in bao phu bén trén cing mau in:

86



HORIZONTAL SHELL/SOLID LAYER-TOP

-0.01
=002
A0.05
0.1
01
-0.1s

-0z

0.3
40,35
3 4 5 B 7
B DLx{mim) -0.25 0.27 0.01 -0.02 0.1
m Diyimm) 01 01 0.15 o1 -0.02
M Dlz{ mm} -0.08 -0.08 0.16 -0.02 -0.03

B Dlx{mm) = Dhyfmm)} = DE[mm)

Hinh 4.67: Biéu do tong thé thé hién dg sai léch kich thude theo phrong x y z khi
thay doi sé 16p in bao phu bén trén cling mau in

Nhan xét: Tur biéu dd thé hién d¢ sai léch kich thudc theo phurong X y z ta nhan
thay rang: khi tién hanh th nghiém véi nhitng kiéu thay doi s6 16p in bao phu bén
trén cing mau in khac nhau thi do sai léch kich thuéc theo phuwong X ddi véi l6p in
bao phu bén trén cling mau in: 5 va 6 16p 1a thap nhat. Do sai léch kich thudc theo
phuong Y, va phuong Z d6i véi 16p in bao phu bén trén ciing mau in: 6 va 7 16p la
thip hon nhitng 16p in con lai. Qua d6 ta thdy rang s6 16p in bao pha bén trén cung
chi tiét cang 16n thi chi tiét in cang cang viing, chic chan, bé mat in cua chi tiét
cang chinh xéc, han ché sy co rat nhua sau khi in, d6 sai léch kich thuéc cua chi tiét
in thap, chi tiét in cang chinh xéc.

4.8 Thir nghiém d¢ chinh xéc véi cac dang thay doi sé 16p in bao phii bén
dwéi cing miu in
Sau khi tién hanh thir nghiém in véi nhitng kiéu thay d6i sé 16p in bao phu bén
bén dudi cing mau in. Ta thu duoc két qua thuc nghiém nhu sau:
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-Pd sai léch kich thwéc theo phuong x y z khi thay doi s6 16p in bao phi bén dudi

cling mau in:

ALx(mm) | Aly(mm) | Alz(mm)
3 -0.12 -0.06 -0.23
4 -0.28 -0.23 -0.03
5 -0.01 -0.15 -0.16
5] -0.04 -0.12 -0.01
7 -0.05 -0.02 -0.01

Hinh 4.68: D¢ sai léch kich thuéc theo phirong x y z khi thay déi s6 16p in
bao phu bén duéi cling mau in

- Biéu d6 tong thé thé hién do sai léch kich thudc theo phuong x y z khi thay doi s6
I6p in bao phii bén dudi cling mau in:

HORIZONTAL SHELL/SOLID LAYER-BOTTOM

0

. - - -
-0.01 001 -0.01
00 -0.02
-0.05 ) -0.04
005
0.06
0.1
012 012
-0.15
015
015
0.2
0.95 023 023
03 0.28
3 4 5 6 7
B DLx{mm) 012 028 -0.01 -0.04 -0.05
u Diy{mm) -0.06 023 015 012 -0.02
= Diz(mm) 023 0.03 015 001 001

EDLximm) ™ Dlyjmm) mDiz{mm)

Hinh 4.69: Biéu do tong thé thé hién do sai léch kich thuée theo phirong x y z khi

thay doi sé 16p in bao phu bén duwdi ciing mau in
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Nhan xét: Nhu chung ta da biét sb 16p in bao phu bén dudi cung rat quan
trong. L6p dudi dién day, chic chan thi tao tién dé cho céc 16p trén chinh xéc
theo.Tir biéu do thé hién do sai léch kich thudc theo phurong X y z ta nhan thay rang:
khi tién hanh thir nghiém véi nhitng kiéu thay doi s 16p in bao phi bén dudi cling
mau in khac nhau thi d6 sai léch kich thudc theo phuong X ddi véi 16p in bao phu
bén dudi cing mau in: 5, 6, 16p 1a thap. Do sai léch kich thude theo phuong Y, va
phuong Z ddi véi 16p in bao phu bén duéi cing mau in: 7 16p 1a thip hon nhing 16p
in con lai. Qua d6 ta thay riang sé 16p in bao phu bén dudi ciing mau in cang 16n thi
chi mau in cang ctng virng, han ché sy co rat nhya sau khi in, han ché sy cong
vénh.Vi vay ta nén chon sb 16p in bao phu bén dudi cling mau in: 6 dén 7 16p dé in
thi dat duoc sai léch kich thudc cua mau in thip, mau in cang chinh xéc.

4.9 Thir nghi¢ém @9 chinh xic véi cic dang thay doi kiéu dwong di chuyén
khi in support
Sau khi tién hanh thi nghiém in véi nhitng kiéu duong di chuyén khi in support:
rectiliner, Pillars, honeycomb. Ta thu duoc két qua thuc nghiém nhu sau:

- sai léch kich thwéc theo phuong x y z khi thay doi nhirng kiéu duong di
chuyén khi in support: rectiliner, Pillars, honeycomb

ALx{mm)  Aly{mm)  Alz{mm)

rectiliner -0.25 -0.16 -0.05
Pillars -0.01 -0.15 -0.16
honeycomb -0.15 -0.18 -0.23

Hinh 4.70: D¢ sai léch kich thuée theo phirong x y z khi thay doi
nhaing kiéu dwong di chuyén khi in support

- Biéu db téng thé thé hién do sai leéch kich thude theo phuong x y z khi thay doi
nhitng kiéu duong di chuyén khi in support:
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SUPPORT/PATTERN

0 —
-0.05
-0.05
-0.1
-0.15
-0.15 -0.15
-0.16 -0.16
-0.18
-0.23

-0.2
-0.25
-0.25
-0.3
rectiliner Pillars honeycomb

B DLx{mm) -0.25 -0.01 -0.15
® Dly{mm) -0.15 -0.15 -0.18
= Diz{mm) -0.05 -0.16 -0.23

mDLx{mm) ®mDly{mm) = Dlz{mm)

Hinh 4.71: Biéu do tong thé thé hién dg sai léch kich thude theo phirong x y z khi
thay doi nhiing kiéu dwong di chuyén khi in support

Nhan xét: Support rat quan trong, 1a cau ric vt liéu duoc tao ra nhim ning d&
cac bo phan cua vat in. Vi vy ta nén lya chon cai dit théng sb in support cho hop
ly thi chi tiét méi dat do chinh x&c cao. Sau khi tién hanh thi nghiém vai 3 kiéu di
chuyén dau in khac nhau thi d6 sai Iéch kich thuéc d6i vai kiéu duong di chuyén
Pillars 1a thap. Kiéu rectilinear khong c6 su lién két v6i nhau do d6 tén thém thoi
gian cho khoang chay khéng in. Kiéu honeycomb la cac kiéu chay nhya tuong dbi
phu hop véi 16p & phia trong khi véi nhitng kiéu chay nhua nay c6 thé in véi tée do
cao hon, giam b6t thoi gian in hon. Vi thé tir d6 ta co thé chon kiéu duong di
chuyén Pillars 1a kiéu di chuyén dau in khi insupport I t6i vu nhat.

4.10 Thir nghiém d¢ chinh x4c véi cac dang thay déi kiéu goc nghiéng khi
in support
Sau khi tién hanh thi nghiém in véi nhirng kiéu goc nghiéng khi in support caa
mau in: 0(°C), 45(°C), 90(°C). Ta thu duoc két qua thuc nghiém nhu sau:

-Pj sai léch kich thwéc theo phuong x y z khi thay doi nhing kiéu goc nghiéng khi
in support caa mau in: 0(°C), 45(°C), 90(°C)
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Alx(mm) Aly(mm) Alz{mm)

0(°C) -0.17 -0.08 -0.17
45(°C) -0.01 -0.15 -0.16
90(°C) -0.23 -0.2 -0.08

Hinh 4.72: D¢ sai léch kich thude theo phirong x y z khi thay doi

nhitng kiéu géc nghiéng khi in support ciza mau in

- Biéu d6 tong thé thé hién do sai léch kich thudc theo phuong x y z khi thay doi
nhitng kiéu géc nghiéng khi in support cia mau in:

SUPPORT/PATTERN ANGLE
0 _—
0.01
-0.05
o1 0.08 -0.08
-0.15
-0.15
016
047 017
-0.2
0.2
-0.23
025 0{°c) 45(°C) 30(°C)
m DLx{mm) 0.17 0.01 0.3
m Dlyimm]} -0.08 0,15 0.2
m Diz{mm]) 017 0.16 -0.08

m Dlxfmm)  w Dhfmm)  m D[ mm)

Hinh 4.73: Biéu do tong thé thé hién dg sai léch kich thude theo phirong x y z khi

thay doi kiéu goc nghiéng khi in support ciza mdu in
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Nhan xét: Tir biéu do thé hién do sai léch kich thudc theo phuong x y z ta nhan
thay rang: Khi tién hanh thir nghiém véi nhiing kiéu géc nghiéng khi in support cuia
mau in: 0(°C), 45(°C), 90(°C) khéac nhau thi do sai léch kich thuéc dbi vai kiéu goc
nghiéng: 45(°C) la thap. Déi vai kiéu goc nghiéng: 45(°C) sau khi in ta co thé lay
support tach ra khoi san pham in mot cach dé dang. Tiét kiém thoi gian, va tang do
chinh xac cua kich thuéc san pham khi in. Vi vay khi in support ta nén chon goc
nghiéng 45(°C) d¢ in.

4.11 Thir nghiém dd chinh x4c véi cac dang thay ddi téc dd in thanh cia
mau in
Sau khi tién hanh thi nghiém in véi nhitng kiéu toc do in thanh cia mau in: 40
(mm/s), 50 (mm/s), 60 (mm/s), 70 (mm/s), 80 (mm/s). Ta thu duoc két qua thuc
nghiém nhu sau:

- sai léch kich thwéc theo phuong x y z khi thay tde do in thanh cia mau in: 40
(mm/s), 50 (mm/s), 60 (mm/s), 70 (mm/s), 80 (mm/s)

ALx(mm) Aly(mm) Alz{mm)

40(mm/s) -0.2 -0.18 -0.02
50(mm/s) -0.09 -0.01 -0.03
60(mm/s) -0.01 -0.15 -0.16
70(mm/s) -0.3 -0.25 -0.05
80(mm/s) -0.31 -0.25 -0.13

Hinh 4.74: D¢ sai léch kich thuéc theo phirong x y z khi thay doi
téc dé in thanh cia mau in

- Biéu d6 tong thé thé hién do sai léch kich thudc theo phuong x y z khi thay doi tc
do in thanh caa mau in;
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SPEED/PERIMETERS(mm/s)

0 | |
-0.01 -0.01
-0.05 e -0.03
-0.05
-0.1
-0.08
-0.15
015016
-0.2 -0.
-0.25
-0.25 -0.25
-0.3
-0.3
-0.31
-0.35 i i
40(mm/s) 50({mm/s) 60(mm/s) 70(mm/s) 80(mmj/'s)
B DLx(mm]) -0.2 -0.0% 0.01 -0.3 -0.31
H Dly{mm) 018 -0.01 0.15 -0.25 -0.25
Dlz{mm) 0.02 -0.03 -0.16 -0.03 -0.13

B Dlx{mm) o Dly(mm) Dlz{mm)

Hinh 4.75: Biéu do tong thé thé hién dg sai léch kich thude theo phwong x y z khi
thay doi toc do in thanh ciza mdu in

Nhan xét: Do sai léch kich thude ddi véi tée @6 in thanh cia mau in: 50
(mm/s), 60 (mm/s) 1a thap. Téc d6 in thanh mau in nam trong khoang 50 (mm/s), 60
(mm/s) c6 d6 dién day san pham tét hon, kha ning bam dinh cua céc 16p vat liéu in
cang cao. Tuy nhién véi téc do in qua thap (40mm/s) thi thoi gian in cang lau, téc
d6 thap co thé khién cac duong nét (soi nhua duoc dun ra) khong dung vi tri, gay ra
hién tuong dun nhua ¢ dau phun, gy tic nghén dau phun. Tdc do in qua nhanh thi
c6 thé khién cac duong nét (soi nhya duoc dun ra) khong dung vi tri, kha ning bam
dinh cua céc 16p vat liéu thap, san pham bi bién dang cong vénh...Vi vay ta nén
chon téc do : 50 (mm/s), 60 (mm/s) dé in thanh cia mAau in 12 tdi vu nhat.

4.12 Thir nghiém @6 chinh xac v6i cac dang thay d6i toc do in phan dién
day bén trong miu in
Sau khi tién hanh thi nghiém in véi nhirng kiéu toc d6 in phan dién day bén
trong ctia mau in: 60 (mm/s), 70 (mm/s), 80 (mm/s), 90(mm/s), 100(mm/s). Ta thu
duoc két qua thuc nghiém nhu sau:

-Pj sai léch kich thwéc theo phurong x y z khi thay toc do in phan dién day bén
trong caa mau in: 60 (mm/s), 70 (mm/s), 80 (mm/s), 90(mm/s), 100(mm/s):
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Alx(mm)  Aly(mm)  Alz(mm)
60(mm/s) 0.15 0.2 -0.04
70(mm/s) 0.13 0.2 -0.01
80(mm/s) 0.01 -0.15 -0.16
90(mm/s) 0.2 -0.27 -0.18
100(mm/s) 0.04 -0.28 -0.15

Hinh 4.76: D¢ sai léch kich thude theo phirong x y z khi thay déi téc dé in
phan dién ddy bén trong cia mau in

- Biéu d6 tong thé thé hién do sai léch kich thudc theo phuong x y z khi thay ddi téc
d6 in phan dién dy bén trong caa mau in:

SPEED/INFILL
u . | |
.0.05 o -0.01 -0.01
-0.1
-0.15 -0.13
-0.15 -0.15
-0.16
0.2 018
-0.2 -0.2 -0.2
-0.25
03 027 -0.28
035 80(mm/s) 70(mm/s) 80(mm/s) 90(mmy/s) 100({mm/s)
B DLx(mm) -0.15 0.13 -0.01 0.2 0.04
B Dly{mm) 0.2 0.2 015 027 028
B Dlz(mm) 004 0.01 0.16 0.18 0.15

EDLximm) ®mDly(mm) = Dlz{mm)

Hinh 4.77: Biéu do tong thé thé hién dg sai léch kich thude theo phirong x y z khi
thay doi téc dé in phan dién day bén trong cia mau in

Nhan xét: Tir biéu do thé hién do sai léch kich thudc theo phwong x y z ta nhan
thay rang: toc do in phan dién day bén trong cia mau in: 60 (mm/s), 70 (mm/s), 80
(mmy/s), 90(mmy/s), 100(mm/s) khac nhau thi d6 sai léch kich thuée d6i véi toe do in
phan dién day bén trong ctia mau in: 60 (mm/s), 70 (mm/s) I thap. Qua do ta thay
duoc tdc d6 in phan dién dy bén trong cia mau in nam trong khoang 60 (mm/s), 70
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(mm/s) thi d6 chinh xé4c kich thuéc san pham in cang cao, & téc do nay thi kha ning
bam dinh cua cac 16p vat liéu in cang cao. P dién day san pham cang tt. Tuy
nhién vai tée do in nay thi thoi gian in cang lau. Tay vao chat luong cua san pham
in va diéu kién 1am viéc cua chi tiét in ma ta c6 thé chon téc in phan lip day bén
trong cua san pham in cho hop 1y. Dé qua d6 ta c6 thé tiét kiem thoi gian in va chi
phi in.

4.13 Thir nghiém d6 chinh xac véi kiéu thay ddi do day lép in

Sau khi tién hanh thi nghiém in véi nhitng kiéu do day 1op in: 0.2 (mm),
0.25(mm), 0.3(mm), 0.35(mm), 0.4(mm). Ta thu duoc két qua thuc nghiém nhu
sau:

- sai léch kich thwéc theo phuong x y z khi thay doi do day 16p in: 0.2 (mm),
0.25(mm), 0.3(mm), 0.35(mm), 0.4(mm)

0.2(mm) 0.25(mm) 0.3(mm) 0.35(mm) 0.4{mm)

ALx(mm) 0.15 01 001 011  -0.15
Aly(mm) 013 017 015 022  -0.22
Alz{mm) 004 006 016  -0.15 0.2

Hinh 4.78: D¢ sai léch kich thudc theo phwong x y z khi
thay doi dé day I6p in
- Biéu d6 tong thé thé hién do sai léch kich thuée theo phuong x y z khi thay do day
l6p in:
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Layer height (mm)

|

-0.01
005 -0.04

0.06
01
0.1
011
mim
015 -0.13
-0.15 -0.15
-0.16
-0.17
-0.22

-0.2
-0.2

-0.22
-0.25

0.2{mm]} 0.25(mm)} 0.3(mm]} 0.35(mm) 0.4{mm)
m DLx{mm) -0.15 -0.1 -0.01 -0.11 -0.15
m Dlyimm) -0.13 -0.17 -0.15 -0.22 -0.22
Dlz{mm) -0.04 -0.06 -0.16 -0.15 -0.2

B DL(mm) mDlylmm) Dlz{mm)

Hinh 4.79: Biéu do tong thé thé hién dg sai léch kich thudc theo phirong x y z
khi thay doi dé day lép in

Nhan xét: Tur biéu db thé hién d¢ sai léch kich thudc theo phurong X y z ta nhan
thdy rang do day Iép in: 0.2 (mm), 0.25(mm), 0.3(mm), 0.35(mm), 0.4(mm) khéc
nhau thi d6 sai léch kich thuéc theo phuong X dbi véi do day 16p in: 0.3 (mm), la
thip nhat. Do sai léch kich thuée theo phuwong Y, va phuong Z d6i véi do day 16p
in: 0.2 (mm) va 0.25 (mm) la thap hon db sai léch kich thudc cua nhiing 16p in con
lai. Qua d6 ta thidy dugc d6 day Iép in san pham nam trong khoang 0.2 (mm),
0.3(mm) thi d6 chinh x4c kich thudc san pham in cang cao. D6 day 16p in cang thap
thi chi tiét in cang min, tuy nhién thoi gian in cham. Lép in cang mong thi cang han
ché duogc khac khuyét tat cia mau in nhu nhitng vét nhua du, chay nhya,.... Nguoc
lai 16p in cang day thi thoi gian in cang nhanh, tuy nhién c6 thé c6 mét s nhuoc
diém nhu sai 1éch kich thudc s& 16n hon, d6 bong bé mat thap, chat lwong mau in
khong cao. Chiéu day mét 16p in tdi da khong qua duong kinh caa dau phun nhya.

4.14 Thir nghiém dd chinh x4c v6i Kiéu thay d6i do day 16p in diu tién
Sau khi tién hanh thi nghiém in véi nhitng kiéu do day I6p in dau tién 0.3 (mm),

0.35(mm), 0.4(mm). Ta thu duoc két qua thuc nghiém nhu sau:

-Pj sai léch kich thwéc theo phuong x y z khi thay doi do day 16p in dau tién: 0.3

(mm), 0.35(mm), 0.4(mm)
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Alx(mm)  Aly(mm) Alz{mm)

0.3(mm) -0.03 0.11 -0.04
0.35(mm) -0.01 -0.15 -0.16
0.4{mm) -0.13 -0.24 -0.15

Hinh 4.80: D¢ sai léch kich thudc theo phuwong x y z
khi thay doi dé day 16p in dau tién
- Biéu d6 tong thé thé hién do sai léch kich thwéc theo phwong x y z khi thay do
day lép in dau tién:

FIRST/LAYER HIGHT

0 -
4003
-0.05 -0.04
-0.1
-0.11
0.15 013
-0.15 -0.15
018
-0.24

-0.3

0.3{mm} 0.25imm} 0.4{mm)
 DLx[mm) 0.03 0.0 013
 Dlyfmm} o1 0.15 024
m Diz[mm} -0.04 0.16 -0.15

m Dlx{mm)} m Dhyimm) mDk{mm)

Hinh 4.81: Biéu do tong thé thé hién dg sai léch kich thude theo phirong x y z
khi thay déi do day |6p in dau tién
Nhan xét: Tir biéu do thé hién do sai léch kich thudc theo phwong x y z ta nhan
thdy rang: d6 day lép in ddu tién 0.3 (mm), 0.35(mm), 0.4(mm) khac nhau thi d6 sai
léch kich thudc theo phuong X ddi voi do day lép in dau: 0.3 (mm), 0.35 (mm) la
thip. Do sai léch kich thudce theo phuong Y, va phuong Z d6i voi d6 day 16p in dau
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tién mau in: 0.3 (mm) la thap nhat. Qua d6 ta thiy duoc d6 day I6p in dau tién san
pham nam trong khoang 0.3 (mm) thi d6 chinh xac kich thuéc san pham in cang
cao. Viéc co duoc l6p in dau tién chinh xé&c va bam dinh chic chin vao ban in thi c6
dugc mot san pham chinh xac 1a rat cao. Do day 16p in cang nho thi dam bao vt in
bam chic trén ban in. Dé cd thong s phi hop thi phai phu thugc vao hinh dang kich
thudc ciia miu in, cling nhu kinh nghiém in ting loai chi tiét va vat liéu khac nhau
ma ta chon d6 day 16p in dau tién cho hop Iy, han ché vat liéu in va tiét kiém duoc
thoi gian in.

CHUONG 5
KET LUAN

Sau khi tién hanh ther nghiém cac mau in (hinh 10) véi nhitng théng sb in thay
ddi khac nhau ta thu duoc két qua nhu sau:

Mat do dién day (biéu db hinh 4.63) xac dinh luong nhya dién day bén trong
chi tiét in. Sau khi tién hanh thi nghiém véi cac dang dién day san pham khéac nhau
thi ta nhan thdy rang: d6 sai léch kich thuéc do6i voi mat do dién dady mau
20(%),40(%) la cao hon nhitng phan trim dién day con lai. phan trim dién day san
pham cang 16n thi tao cu tric manh m& va bén viing bén trong chi tiét, do chinh
xéc kich thuéc san pham in cang cao, tuy nhién thoi gian in cang 1au. Ta nén chon
phan trim dién day san pham 60(%),80(%) dé tiét kiém thoi gian in va chi phi in
ma van dat dugc d6 chinh xac cao.

Biéu do (hinh 4.13) khi tién hanh thi nghiém véi nhitng kiéu di chuyén dau in
bén trong san pham khac nhau thi d6 sai léch kich thudce d6i vai kiéu di chuyén dau
in honeycomb, kiéu rectilinear 1a thap. Kiéu rectilinear 1a kiéu chay nhua dang
thang. Tuy nhién & kiéu chay nay cac duong chay nhua khdng cé su lién két véi
nhau do d6 ton thém thoi gian cho khoang chay khéng in. Kiéu honeycomb 1 cac
kiéu chay nhua tuong dbi phu hop voi 16p & phia trong khi véi nhitng kiéu chay
nhya nay cé thé in véi toe d6 cao hon, giam bét thoi gian in hon, tiét kiém vat liéu
in. Vi thé tir d6 ta co thé chon kiéu honeycomb 1 kiéu di chuyén dau in bén trong
mau in 12 ti vu nhat.

98



T biéu do (hinh 4.20) nay ta nhan thiy rang d6 sai léch kich thudce d6i voi
kiéu di chuyén dau in concentric va kiéu rectilinear 1a thip hon nhitng kiéu dién day
con lai. Kiéu rectilinear, concentric thuong dung cho nhitng Iép day va 16p phia
trén cua mau in do dat dugc thim mi cao hon nhitng kiéu chay khéc. Vi vay ta nén
kiéu concentric va kiéu rectilinear 1a kiéu di chuyén dau in ¢ 16p bén trén va bén
duéi mau in 1 tét nhat.

S6 16p in bén thanh (biéu d6 hinh 4.65): sau khi tién hanh thi nghiém vai s6 16p
in bén thanh mau khac nhau thi d6 sai léch kich thudc theo phwong X, Y, Z d6i Voi
I6p in bén thanh mau: 7 16p 14 thap nhat. S6 16p in bén thanh mau cang 16n thi han
ché su co rat, cong vénh, va chi tiét in cang chinh xac.

S6 16p in bao pha bén dudi mau (biéu d6 hinh 4.69) Nhu ching ta di biét sb
I6p in bao phu bén dudi va bén trén cling rat quan trong. Bé mit vat thé 1a tang 16p
nhya két dinh vao nhau. Lép dudi qué thua thi cac 16p nhya khdng c6 chd dua chic
chan, d& bién dang va tao nén bé mit san sui, nhiéu khe ho. Néu Lép dudi dién day,
chac chan thi tao tién dé cho cac 16p trén chinh xéac theo. Twong tu Sé 16p in bao
phu bén trén cling mau cang I6n thi bé mat in cia mau cang chinh xac, han ché su
chay x¢, han ché su co rat nhya sau khi in. Di véi 16p in bao phi bén dudi va bén
trén cung mau véi 6-7 l6p thi do sai léch kich thudc in 1a thap nhat, mau in chinh
Xac.

Vit liéu in (biéu dd hinh 4.32) Sau khi tién hanh thi nghiém in véi 3 loai vat
liéu PLA, ABS, PETG khac nhau thi @0 sai léch kich thuéc ddi vai vat liéu PLA la
thap nhat. Vat liéu nhya ABS va nhwya PETG c6 d6 sai léch kich thudc 16n hon.

G6c nghiéng in 16p ho tro mau: Tir (biéu d6 7) ta thiy duoc do sai léch kich
thude dbi véi kiéu goc nghiéng: 90(°C) la cao nhat. Béi véi kiéu goc nghiéng:
45(°C) sau khi in ta c6 thé lay support tach ra khoi san pham in mot cach dé& dang.
Tiét kiém thoi gian, va ting do chinh xac cua kich thudc san pham khi in. Vi vay
khi in support ta nén chon goc nghiéng 45(°C) dé in.

Téc do in thanh san pham (biéu do hinh 4.75) nam trong khoang 50 (mm/s), 60
(mm/s) c6 do dién day tdt hon, kha ning bam dinh cua céc 16p vat liéu in cang cao.
Tuy nhién véi toe do in qua thap (40mm/s) thi thoi gian in cang lau, téc do thap cé
thé gay ra hién twong dun nhwa & dau phun, gay tic nghén dau phun. Téc d6 in qua
nhanh thi c6 thé khién cac dudng nét soi nhua duoc dun ra khong dung vi tri, kha
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ning bam dinh cua cc 16p vat liéu thap, san pham bi bién dang cong vénh. Vi vay
ta nén chon toc do: 50 (mm/s), 60 (mm/s) dé in thanh cua mau 12 tdi uu nhat.

Do day caa mdi 16p in (biéu d6 hinh 4.79) xac dinh d6 phan giai cia ban in. Do
sai léch kich thudc dbi véi do day ép in san pham 0.35 (mm), 0.4 (mm) |a cao hon
do6 day 16p in con lai. Do day 16p in cang lon thi thoi gian in cang nhanh. Tuy nhién
c6 thé c6 mét s6 nhuge diém nhu sai 1éch kich thudc s& 1on hon, d6 béng bé mat
thap, chat lwong mau in khong cao. Do day Iép in cang thap thi chi miu in cang
min, han ché dugc khac khuyét tat cia mau in nhu nhitng vét nhua du, chay nhya.
Vi vay ta nén chon do day Iop in san pham nam trong khoang: 0.2-0.3 (mm) thi
chét luong bé mit in cang tét, ¢ chinh xéac san pham in cang cao.

Bai bao da thyc hién thi nghiém véi cac thong sé khac nhau anh hudng dén do
chinh xac mau in. Va tién hanh phan tich, thao luan két qua thi nghiém, qua do6 dua
ra thdng s in téi vu: sir dung vat liéu PLA, dang t6 ong dién day bién trong mau,
dang dién day mit trén/dudi mau: dang dudng thang zigzag, va mat do dién day 60-
80 %, s6 16p in thanh mau 7 16p, s6 16p in mat trén va mat dudi mau in 6-7 16p, toc
do in 60-70(mm/s), va do day tung I6p 0.2-0.3(mm) thi mau in dat d6 chinh xac
cao, chat luong bé mat min bong, tiét kiém dugc thoi gian va chi phi cho viéc ting
chat lugng d6 chinh xac cua kich thudc mau in.
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CHINH XAC KiCH THUOC SAN PHAM
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TOM TAT
Tom tat—Hién nay, may in 3D véi cong nghé FDM (Fused Deposition Molding) dwoc sir
dung rat nhidu va phét trién rat nhanh bai nhimg vu diém nhu vat liéu théng dung, khdng
gdy doc hai, chi phi thap, va tao miu nhanh. Tuy nhién dé c6 duoc mot mau in c6 do chinh
X4c cao, thoi gian hoan thién mau in nhanh va tiét kiém duogc chi phi in thi can phai c6 mot
thong sé in phu hop. Chinh vi vay, tac gia chon dé tai nghién ctru anh huéng théng sé in
3D nhya dén dé chinh x4c kich thudc san pham véi cong nghé FDM. Tién hanh nghién
ctru, phan tich ly thuyét dya trén viéc tham khao, tim kiém céc bai béo va céc tai liéu trong
nuéc va qudc té co lién quan dén in 3D. Tién hanh cac thi nghiém trén cac mau in c6 thong
s6 in (mat do dién day, dang dién day & bén trong, & mat trén va mat dudi mau in, 6 day
ting 16p in, cac dang dién day support, sb 16p in, toc d6 va vat liéu) in khac nhau. Sau khi
in trén may in ¢6 d6 chinh xac cao, thoi gian in dugc kiém tra, va do sai léch kich thuéc
dbi vai cac mau in duoc do kiém. Két qua cho thiy rang mau in sur dung vat liéu PLA,
dang dién day bién trong mau: dang t6 ong, dang dién day mat trén/dudi miu: dang duong
thang zigzag, va mat do dién day 60-80 %, s6 16p in thanh miu 7 16p, sé I16p in mat trén va
mat dugi mau in 6-7 16p, téc do in 60-70(mm/s), va do day ting 1op 0.2-0.3(mm) thi mau
in dat do chinh xac cao, chat luong bé mat min béng, thoi gian hoan thién mau in nhanh,
va tiét kiém duoc chi phi.
Tiur khéa: Anh huang thong s6, may in 3D, mat do dién diy, do chinh xac, FDM.

ABSTRACT

Currently, the 3D printer machine with FDM (Fused Deposition Molding) technique is
popular using and fast developing by many advantages such as common materials, non-
toxic, low cost and creating quickly product. However, in order to create a high-precision
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print pattern, finish printing fast time and save printing costs, an appropriate printing
parameter is required. Therefore, the authors choose and performed this research: affects
the 3D printing parameters on the accuracy of plastic product by the FDM technology. We
have researched, analyzed from the reference, domestic and international science articles
related to 3D printing. Beside we also did the experiments on printed patterns with
different print specifications. (infill Density, infill Pattern: honeycomb, Top/Bottom infill
(rectilinear, concentric, hilbert curve, octagram spiral), Layer height (mm), Support,
Thickness, Horizontal shells/Solid layer/ top-bottom, Speed and different materials). After
printing on a high-precision printer, checked the print time and tested the size deviations of
the printed samples. The results show that the printed samples used PLA material, the full
filled inside the samples (infill Pattern: rectilinear), Top/Bottom infill (rectilinear,
concentric), infill Density: 60-80%, Horizontal shells/Solid layer/ top-bottom: 6-7, Speed:
60-70(mm/s), Layer height: 0.2-0.3(mm)) have high accuracy, the surface quality is glossy,
the time for finishing the sample is quick, and the cost is saved.

Key word: Parameter effect, 3D printer machine, filling density, accuracy, FDM
I. GIOI THIEU

Cong nghé boi dip vat liéu (AM) dang dwoc chl tdm boi nhitng lgi ich né mang lai
v cling to Ién. N6 cd thé ché tao san pham mot cach nhanh chong véi chi phi va thoi gian
dugc giam dang ké so vai cac cong nghé truyén thong. Tir dir liéu thiét ké 3D trén may tinh
(CAD — Computer Aided Design), cac thiét bi AM tao thanh san pham theo nguyén ly boi
dép vat liéu theo ting 16p, 16p sau chong 18n 16p trude cho dén khi hoan tit qua trinh. Vi
nguyén ly trén, céng nghé AM c6 thé tao ra nhitng san pham c6 hinh dang phic tap mét
cach nhanh chéng ma cac phuong phap gia cong truyén thong khé hodc khong thé ché tao
duoc [10].

Cong nghé tao mau nhanh, tir khi ra doi dén nay da duoc cai tién va phat trién rat nhiéu.
Hang loat phuong phap va cong nghé tao mau ra doi nhu FDM (Fused Deposition
Modeling, SLS (Selective Laser Sintering), SLA (Selective Laser Sintering)... Mdi cong
nghé tao mau cd nhimg wu diém riéng cua nd. Trong d6, cong nghé FDM la mét trong
nhitng cong nghé phd bién nhat do gi4 thanh ré va sir dung cac loai vat liéu théng dung, d&
tim va than thién d6i v6i méi trudng.
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Hinh 1: So d6 nguyén ly tao mdu FDM
Mic du cdng nghé FDM ngay cang duoc tng dung rong rai trong nhiéu linh vuc quan
trong, nhit 1a trong linh vuc ché tao ra cé4c chi tiét st dung ngay, tuy nhién chét luong cua
san pham FDM con can phai duoc cai tién thém dé dap ung nhu cau cua khach hang, dic
biét 1a d6 chinh x4c kich thuéc. Do ban chat caa cong nghé 1a bdi dap va lién két vat liéu
vé6i nhau theo tirng 16p nén co tinh va do chinh xé4c cua san pham rat kém. Qua trinh ché
tao san pham bang céng nghé FDM 1a mét qua trinh phuc tap, chét luong san pham FDM
phu thudc vao rat nhiéu thong sb qua trinh, hay con goi la thdng s6 cdng nghé khac nhau.
Véi nhitng vu diém cdng nghé nay co su vuot troi vé thoi gian ché tao mot san pham hoan
thién, dé thiét ké, vat lieu khong gay doc hai. Bén canh nhitng uwu diém d6 thi nhuge diém
12 d6 chinh xac chua cao, d6 bong bé mit thap va toc do in chua cao, thoi gian in con dai,
tén kém chi phi [1, 2, 8, 9].
Tir nhitng vu diém va nhuoc diém do, quyét dinh nghién ctu anh huong thong sé in 3D
Nhua c6 thé phat huy duoc nhitng wu diém cua cong nghé nay, dong thoi, nang cao toc do,
d6 béng bé mat thap, thoi gian in va d6 chinh xac chét luong mau in.
Il. TONG QUAN VE CAC NGHIEN CUU
Céc thong sb chinh anh hudng dén do chinh xéac kich thude ciia mau in ¢6 thé duoc tom tit
nhu sau:

Mat d6 dién day: Mat do dién day xéac dinh lugng nhua dién day bén trong chi tiét in.
Dhruv Maheshkumar Patel va cong su [3] da dua ra tim anh huéng caa mat do dién day
dén chat luong, d6 nham bé mit va thoi gian ciia mau. Cu thé khi in & mat d6 20% (hinh 3)
va 40% (hinh 4) c6 su khac biét rat 16n vé do chinh xac, d6 nham bé mat, ciing nhu thoi
gian in cua san pham.

Céc dang dién day: ThS. Tran Minh Thé Uyén va cong su [4] sau khi thuc nghiém
nghién caru trén md hinh may, kiém tra cac mau in va dua céc két qua nhu sau:
honeycomb, archimedeanchords, 3dhoneycomb 1a cac kiéu chay nhua twong ddi pht hop
Vvé6i 16p & phia trong khi véi nhitng kiéu chay nhua nay c6 thé in véi tée d6 cao hon. Kiéu
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rectilinear, linear, concentric thuong diing cho nhiing 16p day va 16p phia trén cia mau in
do dat duoc tham mi cao hon mat khac, nhirng 16p nay khdng yéu cau chay téc d6 cao nén
c6 thé str dung dugc nhitng kiéu nay. Dhruv Maheshkumar Patel va cong su [3] dd nghién
clru va dua ra két qua khi tang mat do dién day thi kiéu chay nhya dang ddng tAm nhu:
concentric (hinh 7) s& ton it thoi gian dé in san pham hon céc kiéu chay nhua dang thang
zigzag: rectilinear (hinh 5) con lai.

Do day 16p in (hinh 2). Junhui Wu va céac cong su [5] thuc hién da nghién ctu thur
nghiém thay déi cac thong sé do day ting 16p in dé xac dinh su anh huéng cua thoi gian in,
tiéu hao vat liéu, va do chinh xac cia mau in. Mau duoc in trén may model Raise3D
N2plus, vai nhiét &6 d¢au phun 210°C, vat liéu PLA, mat d6 dién day 10%. Sau khi tién
hanh thi nghiém da chi ra ring do day tung 16p in cang nho thi cang do chinh xéc kich
thudc cao hon. khi d6 day tung I6p in 12 0,14mm, thoi gian in ngan nhat, c6 thé dat dugc
chat lwgng mau in.

Téc d6 in thanh san pham anh huong rat 16n dén kha ning bam dinh cua cac 16p vat
lieu. Toc do in qué thap thi thoi gian in cang 1au, toc do thap co thé gay ra hién tuong dun
nhua ¢ dau phun, gay tic nghén dau phun. Téc d6 in qua nhanh thi cd thé khién cac duong
nét soi nhra dugc dun ra khong dung vi tri, kha nang bam dinh cua cac 16p vat liéu thap,
san pham bi bién dang cong vénh.

Hién nay, da c6 nhiéu cdng trinh nghién ctu vé anh huang caa cac thong sé cong nghé dén
d6 bén kéo, udn, do va dap... cua san pham. Tuy nhién, d6 chinh x4c kich thudc ciing 1a
mét chi tiéu quan trong can duoc nghién ciu. Muc dich nghién ciu cua bai bao nay 1a cai
thién do chinh xac kich thudc khi diéu chinh cac théng sé qué trinh ding cu thé cho muc
dich san xuét trong cac nganh in 3D nhu 6 t6, hang khong hay trong dan dung. Sau khi c6
két qua thi nghiém ta c6 thé danh gia mirc d6 anh hudng cua cac thong sb dén do chinh xac
kich thudc va tir 6 dua ra két luan cho bai bao nay.

3D printer nozzle
diameter

0.2 mm

Hinh 2: B¢ day ting 16p in khac nhau [5]
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Hinh 3: Mdt dé dién day 20% Hinh 4: Mdt dg dién day 40% [3]
AN

Hinh 6: Kiéu hibertcurve [4]

Hinh 5: Kiéu rectilinear [4

—_

= Pata

Hinh 7: Kiéu concentric [4]  Hinh 8: Kiéu honeycomb [4]

I11. THIET KE THI NGHIEM

Str dung may in 3D dung dau phun 0,4mm véi dau phun c6 thé in chia téi thiéu dén
0,1mm mai lép dé tao mau hinh 9. Trong nghién ctu nay ta tién hanh cac thi nghiém cac
mau in 3D vai c4c vat liéu va thdng sé in thay d6i khac nhau, khi tién hanh thi nghiém maot
trong nhirng thdng sé néu trén thi cac thdng sé in con lai st dung gié tri trung binh. Sau d6
thu duoc két qua va dua ra biéu do dé giai quyét nhitng van dé sau: Xac dinh anh huong
cta vat lieu dén d6 chinh xac kich thuéc san pham in 3D. Véi 3 loai vat liéu st dung
nghién cau tao mau 1a nhya PLA (Polylactide Acid), nhua ABS (Acrylonitrile Butadiene
Styrene), va nhya PETG (Polyethylene terephthalate).

Xéc dinh anh huong caa mat do dién day, dang dién day & bén trong, & mat trén va mat
dudi mau in, do day tirng 16p in, cac dang dién diy support, d6 day ting lép in, toc do va
vt lién in khac nhau dén d6 chinh xac kich thudc san pham in 3D.
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M6 hinh CAD model duoc thiét ké biang phan mém Soliwork va xuét ra file c6 dinh
dang.STL chia ludi va sau d6 dugce dua vao phan mém cat 16p “Slic3r” dé diéu chinh cac
thong s6 chay mau, sau d6 xuit sang file co dinh dang gcode va nap truc tiép vao may in
3D FDM.

STT THONG SO
1 Vit liéu
2 Mat d6 dién diy (%)
3 Dang dién diy bén trong mau
4 Dang dién diy mat trén. mat dudi cia mau
5 Dang dién day & cac 1op nang d&
6 Goc nghiéng in ¢ cac 1op nang d& (°c)
7 Do day mit trén mau in (mm)
8 D6 day mat dudi mau in (mm)
9 D6 day thanh mau in (mm)
10 Sé 1ép in bén thanh
11 S& 16p in bén trén
12 S6 16p in bén dudi
13 Tdc dé in thanh (mm/s)
14 Téc d6 in bén trong mau (mm/s)
15 Do day timg 16p in (mm)
16 D6 day ldp in dau tién (mm)

Bdng 1: Thong sé thi nghigm

Hinh 9: Mdu thi nghiém Hinh 10: Mdu thi nghiém sau khi in

IV. KET QUA VA THAO LUAN

Sau khi tién hanh thir nghiém cac mau in (hinh 10) véi nhitng thong sé in (bang 1)
thay d6i khac nhau ta thu duoc két qua:

Mat do dién day (biéu d6 4) xac dinh lwong nhya dién day bén trong chi tiét in. Phan
tram dién day san pham cang 1on thi tao cau tric manh mé va bén viing bén trong chi tiét,
d6 chinh x4c kich thuéc san pham in cang cao, tuy nhién thoi gian in cang lau. Ta nén
chon phén trim dién day san pham 60(%),80(%) dé tiét kiém thoi gian in va chi phi in ma
van dat duoc do chinh xac cao.
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(Biéu dd 1) khi tién hanh thi nghiém vai nhitng kiéu di chuyén dau in bén trong san
pham khéac nhau thi d6 sai léch kich thude ddi véi kiéu di chuyén dau in honeycomb, kiéu
rectilinear 1a thap. Kiéu rectilinear 1a kiéu chay nhya dang thang. Tuy nhién ¢ kiéu chay
nay cac duong chay nhwa khong co su lién két voi nhau do d6 tén thém thoi gian cho
khoang chay khong in. Kiéu honeycomb 1a cac kiéu chay nhya tuong ddi pha hop véi 16p
& phia trong khi véi nhitng kiéu chay nhwra ndy c6 thé in véi tée do cao hon, giam bét thoi
gian in hon, tiét kiém vat liéu in. Vi thé tir d6 ta co thé chon kiéu honeycomb 1a kiéu di
chuyén dau in bén trong mau in 13 ti wu nhat.

Tur (biéu do 2) nay ta nhan thiy rang do sai léch kich thude d6i véi kiéu di chuyén
dau in concentric va kiéu rectilinear 1a thap hon nhitng kiéu dién day con lai. Kiéu
rectilinear, concentric thuong ding cho nhiing 16p day va 16p phia trén cia mau in do dat
dugc thim mi cao hon nhiing kiéu chay khéc. Vi véy ta nén kiéu concentric va kiéu
rectilinear 12 kiéu di chuyén dau in ¢ 16p bén trén va bén dudi mau in Ia tot nhat.

S6 16p in bén thanh (biéu d6 5): Do sai léch kich thude theo phuong X, Y, Z ddi véi
I6p in bén thanh mau: 7 16p 1a thap nhat. Sé 16p in bén thanh mau cang 16n thi han ché su
co rdt, cong vénh, va chi tiét in cang chinh xac.

S6 16p in bao phu bén dudi mau: (biéu d6 7) nhu chung ta da biét sb 16p in bao pha
bén dudi clng rat quan trong. Bé mat vat thé 1a ting 16p nhua két dinh vao nhau. Lop dudi
quéa thwa thi cac 16p nhwa khdng c6 chd dua chic chan, dé bién dang va tao nén bé mat san
sti, nhiéu khe hé. Néu Lép dudi dién day, chic chan thi tao tién d& cho cac 16p trén chinh
xéc theo. DI véi 16p in bao phi bén dudi ciing miu vai 6-7 16p thi d6 sai léch kich thudc
in 12 thap nhat, mau in chinh xac.

Vit liéu in (biéu dd 3) Sau khi tién hanh thi nghiém in vai 3 loai vat liéu PLA, ABS,
PETG khéc nhau thi d6 sai léch kich thudc ddi voi vat lieu PLA 13 thap nhét. Vat liéu
nhua ABS va nhua PETG c6 d6 sai léch kich thudc 16n hon.

G6c nghiéng in 16p hd trg mau: Tir (biéu db 7) ta thiy duoc do sai léch kich thudc dbi
véi kiéu goc nghiéng: 90(°C) la cao nhat. Bdi véi kiéu goc nghiéng: 45(°C) sau khi in ta
c6 thé lay support tach ra khoi san pham in mot cach d& dang. Tiét kiém thoi gian, va ting
d6 chinh xéac cua kich thuéc san pham khi in. Vi vay khi in support ta nén chon géc
nghiéng 45(°C) dé in.

(Biéu @6 9) Tdc dd in thanh san phdm nam trong khoang 50 (mm/s), 60 (mm/s) c6
d6 dién day tt hon, kha ning bam dinh cta cac I6p vat liéu in cang cao. Tuy nhién vai toc
d6 in qua thap (40mm/s) thi thoi gian in cang lau, toc d6 thap c6 thé gy ra hién tuong dun
nhyua ¢ dau phun, gay tic nghén dau phun. Téc do in qua nhanh thi c6 thé khién cac duong
nét soi nhya dugce dun ra khong dung vi tri, kha ning bam dinh cua cac 16p vat lidu thap,
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san pham bi bién dang cong vénh. Vi vay ta nén chon toc d6: 50 (mm/s), 60 (mm/s) dé in
thanh ciia mau 1 ti uu nhat.

Do day caa mdi 16p in (biéu do 10) xac dinh do phan giai cua ban in. Do sai léch
kich thudc ddi véi do day 16p in san pham 0.35 (mm), 0.4 (mm) Ia cao hon do day I6p in
con lai. B day 16p in cang 16n thi thoi gian in cang nhanh. Tuy nhién c6 thé c6 mot sé
nhuoce diém nhu sai 1éch kich thuéc s& I6n hon, d6 bong bé mat thap, chat lwong mau in
khéng cao. Do day 16p in cang thap thi chi mau in cang min, han ché duoc khéac khuyét tat
cia mau in nhu nhitng vét nhya du, chay nhya. Vi vay ta nén chon d6 day I6p in san pham
nam trong khoang: 0.2-0.3 (mm) thi chat lwong bé mat in cang tét, d6 chinh xac san pham
in cang cao

INFILL INFILL PATTERN

[+
[-51
mm
0
o1 o - '
008 0.08 0
€12 Qa2
oz a1 -l 15008
02!
o3 0.4 0.25 0.5
0.4
line concentric rectiiner hemeycomb 2d haneyearnb
# Dlx{mm] 017 0.15 001 0.12 <0.08
® Diy{men) 0.25 .25 0.15 0.12 0.21
 Diz{rnm) 0,08 0.0 0.16 9.08 0.25

Biéu do 1: D¢ sai léch kich thuéc kiéu di chuyén bén

trén/dwdéi mau

TOP/BOTTOM INFILL PATTERN

— -
Il = u Il
005 005
01
-0.08
012013 ous 013
02 150,16 018
025
az 028
033
04 037
05
o8 N . 8 .
concentric rectiliner hilbert curve octagamsgiral  archimedeanchards
= DLx{mm) -0.12 -0.01 033 -0.28 018
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= Dizmm) -0.05 016 002 005 008

Biéu dé 2: D¢ sai léch kich thudc kiéu di chuyén bén

trén/dwéi mau

TOP/BOTTOM INFILL PATTERN

—_— —
I " = - u I B
.05 005
01
008
012913 ais 013
02 15016 018
025
03 028
033
04 037
05
-08
concentric rectiliner hilbert curve octagamspiral  archimedeanchords
= DLx(mm) -0.12 0.01 033 028 018
B Dly(mm) -0.13 0.15 -0.37 025 013
= Diz{mm) 005 016 -0.02 -a0s 008

Biéu db 2:

D¢ sai léch kich thude theo phuwong x y z cua Cac
kiéu di chuyén bén trén/dudi mdu
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Biéu do 3: D¢ sai léch kich thuée phwong x y z cia 3 logi vat
lieu PLA, ABS, PETG
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Biéu db 4: P¢ sai léch kich thudc theo phirong x y 7 khi

thay d6i mdt dg dién day mau
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Biéu do 5: D¢ sai léch kich thudc theo phwong x y z khi

thay déi so 16p in bén thanh khi thay dé tée d in thanh mdu
HORIZONTAL SHEI.IJSOLID LAYER-BOTTOM Layer height (mm}
o n o
0.05 Nu 008 e 08
o1 o
0.1 : Bz o
011 s 0]!0 = 015 015 015
015 017 a1s
v ,‘O 16 &
0.2 022
e o mm) a 18t o imm] 0 B8imem] Q@ dfmem)
0% 0 = D) Qi 1 am an 01
= Diyiram) 013 017 015 0 02
= Olz{rem) aos 008 018 an 03
0.3 3 3 3
Lletl ] o1z 028 a0 o0ns 00s WOwimm) W Ohvdmm)  wOammy
®Diyfmm) 006 251 Q15 412 “mn
sl 2 s 28 2 Biéu do 10: D¢ sai léch kich thuéc theo phuwong x y z
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Biéu d6 7: D¢ sai léch kich thiée theo phirong x y z khi thay doi d¢ day lép in

khi thay d6i s6 16p in bén duwdi mdu
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Biéu d6 8: D¢ sai léch kich thiéc theo phirong x y z khi thay
déi goc nghiéng khi in lop hé tro ciia mau

V. KET LUAN

Bai bao di thyc hién thi nghiém véi cac théng sé khac nhau anh huéng dén do chinh

4
A

x4c mau in. Va tién hanh phan tich, thao luan két qua thi nghiém, qua d6 dua ra théng sb
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t6i wu: str dung vat liéu PLA, dang t6 ong dién day bién trong miu, dang dién diy mit
trén/dudi mau: dang duong thang zigzag, va mat do dién day 60-80 %, s6 16p in thanh mau
7 16p, 6 16p in mat trén va mat dudi mau in 6-7 16p, toc do in 60-70(mm/s), va do day
ting 16p 0.2-0.3(mm) thi miu in dat d6 chinh xac cao, chit luong bé mat min béng, tiét
kiém duoc thoi gian va chi phi cho viéc ting chét lwong do chinh xéac cua kich thuéc mau
in.
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