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LOI NOI PAU

Sau thoi gian 4 nam dugc dao tao vé cac phan 1y thuyét co ban caa “Thiét ké chi tiét
may”, “Co sé thiét ké may”, “Diéu khién ty dong”,...vv, két hop v6i qua trinh ty tim toi
hoc héi, chiing em da rut ra, tich lily dugc nhirng kién thtrc ban dau hét strc quan trong
dé bat tay vao 1am d6 an tot nghiép. Tuy nhién su non tré vé kinh nghiém thyc té khién
chung em khong khoi lung ting trong qua trinh thiét ké dé c6 mot hé thong hoan chinh,
thAm my va hiéu qua kinh té. Mic du sach tham khao hién nay kha nhiéu tuy nhién véi
thoi gian thyc hién kha ngan nén em khé c6 thé nim bat hét cac kién thirc chuyén sau
cling nhu cac kinh nghiém quy bau duoc dtc két trong sach thiét ké may, ché tao may,. ..
Chinh vi vy viéc van dung 1y thuyét hoc duoc dé giai quyét nhitng van dé c6 lién quan
dén yéu cau thuc tién san xuét cling nhu diéu kién lam viéc, thi truong,... la rat han ché.

Véi sy huéng dan tan tinh cta thay Th.s. Nguyén Thanh Tung, cung véind luc
clia ban than chiing em trong sudt thoi gian thyc hién do an tot nghiép, cudi cing chiing
em di hoan thanh tai lidu trinh bay qua trinh Thiét ké va ché tao may in nhua 3D.
Trong tai liéu ching em di trinh bay cac phan tinh toan dong hoc toan may, tinh toan

dong hoc, dong luc hoc cho hé thong, thiét ké hé thong diéu khién,...

Khi thiét ké chung em da c6 gang dé hoan thién ban thiét ké thong qua may. May
hoat dong 6n dinh, cho ra san phém chét luong tuy nhién véi nhitng han ché vé chu quan
cling nhu khach quan thi tai liéu nay s& khong tranh khoi nhimng thiéu sét, kinh mong

nhan duoc sy dong gop cua quy Thay (CO).

Pa Naing, ngay thdng 06 nam 2025

Sinh vién thuc hién

Nguyén Trung Dirc



CAM DOAN

Em xin cam doan rang dé tai “ Thiét ké va ché tao may in 3D core XY “ dugc tién hanh
mot cach minh bach, cong khai. Moi thr dugc dua trén su cd géng ciing nhu su nd luc
ctia ban than cung véi su gitp dd khong nho gido vién huéng dan Th.s . Nguyén Thanh
Tung

Céc sb liéu va két qua nghién ctiru dugc dua ra trong d6 an 1a trung thuc va khong sao
chép hay str dung két qua cua bat ky dé tai nghién ctru nao twong ty. Néu nhu phat hién
rang co su sao chép két qua nghién ciru dé nhimng dé tai khac ban than em xin chiu hoan

toan trach nhiém.

Sinh vién thuc hién

Nguyén Trung Dtrc
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DANH SACH CAC TU VIET TAT

FDM (Fused Deposition Manufacturing).
SLA (Stereolithography apparatus).
LOM (Laminated Object Manufacture).
SLS (Selective Laser Sintering).

ABS (Acrylonitrile Butadien Styrene).
PLA (Polylactic acid)

IoT(Internet of Things)



Thiét ké va ché tao mdy in nhwa 3D

LOI MO PAU

1. Tinh cip thiét cia dé tai

Cong nghé tao miu nhanh tir khi ra di dén nay da duoc cai tién va phat trién rat nhiéu.
Hang loat phuong phép va cong nghé tao mau ra doi, mdi cong nghé tao mau co nhing
vu diém riéng. Hién nay mot trong nhitng phuong phap tao mau duoc sir dung phd bién
nhét 1a cong nghé¢ FDM v6i nhitng vu diém nhu don gian, dé thiét ké, vat liéu dé tim,

khong giy doc hai ....

Bén canh nhitng wu diém d6 thi nhuoc diém 13 do bong bé mat thap, toc do in chua

cao...

Tir nhitng vu diém va nhugc diém d6 nhom quyét dinh thiét ké ché tao mau may in 3D
c6 thé phat huy duoc nhitng wu diém cia cong nghé nay dong thoi nang cao toc do va

chét luong mau in.
2. Y nghia khoa hoc va thue tién ciia dé tai
Dé tai c6 nhimng ¥ nghia khoa hoc va thyc tién:

- Thiét ké miu may in 3D véi chat lugng mau in t6t phuc vu cho cong viéc nghién
clru va giang day trén truong 16p.

- Phat trién chit luong vé mau in, két cdu may so voi nhirng dong may in 3D truyén
thong trén thi truong tir nhung van phai dam bao vé muc gia hop 1y.

3. Muc tiéu nghién ciru

Pé tai nham muc dich nghién ctru thiét ké va ché tao may in 3D str dung céng nghé in
FDM, thay doi mot so thiét ké so véi mot s dong may in 3D truyén thong, nang cao

chat luong mau in, toc d6 mau in.

4. Poi twong va pham vi nghién ciru

4.1.Déi twong nghién ciru
Dbi twong nghién ctru: Nghién ctru, thiét ké, ché tao may in 3D cong nghé FDM.
4.2.Pham vi nghién cuu

Pham vi nghién ctru ctia dé tai nhu sau:

1
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Thiét ké va ché tao mdy in nhwa 3D

- Nghién ctru tong quan vé cong nghé in 3D.
- Nghién ctru, thiét ké co ciu truyén dong ctia may.
- Nghién ctru tinh toan toan dién.
- Nghién ctru phan mém dao tiép, hd tro 1ap trinh 3D.
5. Co sé phuwong phap luin
Tir co s& cac tai liéu, cac nghién ctru, dé tai di trude, cac mau may co trén thi trudng dé
phan tich nhitng vu diém ciing nhu nhitng nhwgc diém cua cic dong may co trude tir d6
lua chon thiét ké dugc mau may tot hon.
6. Phwong phap nghién ctru
Pé tai két hop nghién ctru gitta phuong phép 1y thuyét va thuce nghiém trén mé hinh.
Cu the:
Nghién ctru 1y thuyét:
- Tim kiém, tong hop cic tai lidu lién quan dén dé tai.
- Nghién ctru vé 1y thuyét tao mau nhanh véi cong nghé FDM.
- Tong hop tai lidu tinh toan, thiét ké co ciu truyén dong dam bao do chinh xac,
t6i wu héa chuyén dong.
- Tim hiéu vé thuat toan diéu khién dudng chay cta dau phun.
Thuce nghiém:
- Ché tao mo hinh may in 3D tir 6 ap dung, kiém tra lai cac 1y thuyét trudc d6 da
nghién cuu.
- Nghién ctru cac kiéu dudng chay nhua c6 thé str dung ddi véi cac mau in dé toi
wu mau in.
7. Két ciu dé tai
Chuong 1: Tong quan vé cong nghé tao mau nhanh va co sé 1y thuyét.
Chuong 2: Phén tich va Iya chon phuong 4n thiét ké.
Chuong 3: Tinh toan thiét ké hé théng co khi.
Chuong 4: Thiét ké hé thong dién va diéu khién.

Chuong 5: Huéng dan sir dung may.
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Thiét ké va ché tao mdy in nhwa 3D

Chwong 1: TONG QUAN VE CONG NGHE TAO MAU NHANH VA COSO LY
THUYET

1.1.  Giéi thi¢u vé cong nghé tao miu nhanh

Cong nghé tao mau nhanh ra doi tir nhitng thap nién 80 véi su xuét hién dau tién cua
cong nghé tao mau 1ap thé SLA dwgc phat minh & My vao nhitng nim 1983 boi Charles
Hull. Tir d6 dén nay cong nghé tao mau nhanh kha phat trién v6i nhiéu cong nghé véi

dugc phat minh.

Cong nghé tao mau nhanh hd tro rat nhiéu cho nguoi thiét ké va nhitng nha san xuét co
thé kiém tra cac chi tiét hay hé thong duoc thiét ké trude khi duoc cap von dé san xuit
hang loat. Cac cong nghé tao mau nhanh d3 gitp cic nha san xuat diy manh viéc thiét

ké san pham, han ché céc sai s6t khong dang c6 trong qua trinh thiét ké va san xuat.

Vé co ban cong nghé tao mau nhanh 1a qua trinh tao mau san pham gitip nguoi san xuat
quan sat nhanh san pham cudi cung. Qua trinh tao mau duogc ho trg bdi cac phan mém

CAD giup thiét ké nhanh san pham, cac phan mém cat 16p. Tao duong chuyén dong.
bic diém cua cong ngh¢ tao mau nhanh la:

- Thyc hién tao mau trong thdi gian ngan, day chinh 1a diém manh ciia phuong
phéap nay

- San pham cta qua trinh tao miu nhanh c6 thé dung dé kiém tra cac mau duoc san
xuét bang phuong phap khéc.

- MaAu tao ra c6 thé dung hd tro cho qua trinh san xuat.

1.2. Cac buéc clia qua trinh tao miu nhanh.

Qua trinh tao mau nhanh duoc thé hién qua so d6 khoi sau:

- Tao mau

Hinh 1. 1 So bé qua trinh tgo mau
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Thiét ké va ché tao mdy in nhwa 3D

Budc 1: Tao mé hinh 3D dang mat hay khdi.
Budc 2: Tién xir Iy
- Chuyén ddi dinh dang file CAD 3D sang dinh dang file .stl x4p xi bé mat dudi
dang tam giac.
- Sir dung cic phan mém thiét ké cac két cau hd trg (support), kiém tra file stl va
chinh stra, cit 16p chi tiét.
- Xuét file Geode tao duong chuyén dong

Buéc 3: Tao mau tu dong.
Budc 4: Hau xur 1y

- Thao cac bd phan support, xir Iy bé mt, ...
1.3. Mot s6 cong nghé tao miu nhanh
1.3.1. Cong nghé SLA

Cong nghé SLA dugc phat minh & My vao nam 1984. Phuong phap tao mau lap thé SLA
dua vao nguyén tic déng ctng vat liéu long photopolymer thanh hinh dang rd rang khi
n6 duge chiéu béi mot chum tia laser cuong do cao. Co thé sir dung Laser He-Cd v&i
budc song 325nm hodc Laser dang ran Nd: YVO4 véi budce song 354,7nm.

Nguon sing UV

\ Banning LLlsss
X 4 m ¢ = |+ J'I
Chim tia sang —3 /11 (o} o
§ LY -
s 8 (P R’
Bé mat i
Chiat long II E oy
] ! ' \ ]
I I \
oo OH—T18
/ I \
. B O S Y
Chi tiét ————DT G
Chat léng >
Thimg Chét__)
long v 7 LT B S (R RT BV S SEV o i A R G T LY

Hinh 1. 1: Sor d6 nguyén Iy tao mau SLA
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Thiét ké va ché tao mdy in nhwa 3D

Tai vi tri bé d& cao nhat thi trén tAm 1a mot 16p chit long can. M4y phat laser phat ra
chum tia cuc tim tap trung trén mot dién tich cua 16p chét 1ong va di chuyén theo huéng
X-Y.

Chum tia cuc tim chiéu sang lam dong dac 16p dung dich tao nén mdot khdi dic, bé d6
duoc ha xuéng mot khoang bang chiéu day 1 16p va qua trinh dugc lip lai. Qua trinh
duoc tiép dién cho dén khi dat dugc kich thude cua chi tiét. Phan dung dich xung quanh
khong bi déng két va co thé dugce st dung cho 1an ké tiép.

1.3.2. Cong nghé 3DP

Cong nghé in chidu dugc phat trién ¢ khoa k¥ thuat co khi vién cong nghé MIT.

Chat két dinh

D ~ A ~
au phun Dém bot ché
Con lan l_ tao

— B

Piston |
phéan pho1
bot

T l Piston ché tao

Hinh 1. 2: Cong nghé 3DP

Pau phun s€ phun dung dich keo ké dinh trén bé mat 16p nén bot vat lidu ché tao. Bot
s& két dinh v&i nhau ¢ nhitng vi tri ¢6 keo dinh. Sau khi 16p dau tién hoan thanh piston
ché tao s& di xuéng mot khoang bang bé day mot 16p. Piston phan phdi bot di 1én, con
lin chay qua day bot cung cap tiép tuc cho qua trinh. Qua trinh dugc lap lal cho dén khi

toan bo vat thé duoc ché tao xong trong nén bot.
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Thiét ké va ché tao mdy in nhwa 3D

1.3.3. Cong nghé FDM
Cong nghé in FDM dugc sir dung kha nhiéu trong cac loai may in hién nay véi két cau

don gian, vat li€u dé tim.

Nguyén ly hoat dong:

O vi tri ban dau ban in cach dau phun nhiét mot khoang bang chiéu day 16p in. Soi
nhya duoc dua vao kim phun nho hé théng to1 nhua bﬁng cap banh rang mot cach lién
tuc. Tai dau phun nhya, nhya dugc nung néng téi khoang nhi¢t o thich hop boi bo
phan gia nhiét. Nhua nong chay duoc dun ra theo bién dang dich chuyén cua dau phun.
Sau khi 16p thir nhat hoan thanh ban may dich xuéng mot khoang bang chiéu day mot
16p. Qua trinh tiép tuc cho dén khi hoan thanh chi tiét.

Vit ligu hé tre

Vit ligu chinh
au phun

.

Béanh xq
Ong gia nhieét

e VYOI phuyn

Chi tiét dang duge ché tao

f 1
Dé \1.

Cubn vat ligu ho tro ——\

Cuon vt liéu chinh \‘b

Hinh 1. 3: So' d6 nguyén Iy tao mau FDM

Chi tiét A&

1.4. Mot s6 miu may in 3D
1.4.1. May Prusa i3

Hinh 1. 4: May in 3D prusa I3

Sinh vién thyc hién: Nguyén Trung Dirc Hwéng dan: Th.S Nguyén Thanh Tung
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Thiét ké va ché tao mdy in nhwa 3D

Puoc phat trién tir nhitng nim 2010 béi Josef Prusa. Pay 13 mét trong nhitng miu may
in 3D c6ng nghé FDM kha phd bién trén thi trudng hién nay. Mirc gia cua loai may nay
giao dong tir 4 triéu dén 6 triéu. Uu diém cua loai may nay 13 két ciu don gian, dé lap

rap, tuy nhién nhuoc diém 1a do chinh xac khong cao, d6 bong bé mit thap.

1.4.2. May in Delta Kossel

Puoc phit trién boi Johann tai Seatle, My vao nam 2012. Dong may nay sir dung co cu
robot delta, cong nghé in FDM, loai nhya thuong duogc st dung 1a nhya ABS, PLA.

Hinh 1. 5: May in 3D Delta Kossel

Uu diém cta mau may nay la may hoat dong €m, it rung, toc d§ va do chinh xac cao co
thé in duogc vat thé c6 chi€u cao 16n, co cau c6 dd cing viing cao. Bén canh nhitng vu
diém d6 1a nhiing nhugc diém nhu khd may 16n, cong kénh, két cau phtc tap, kho can

chinh, gia thanh dat hon so v6i dong may prusa.

1.4.3. May Ember

May ember dugc phét trién bai cong ty Autodesk nim 2015. Pay 1a dong may in sir

dung cong nghé SLA, st dung vat liéu la loai nhya 16ng.

Uu diém: d6 phan giai ciia may cao, do chinh xac cao, kich thudc may nhoé gon, chi tiét

sau khi in c6 d¢ cung cao, d0 bong bé mat cao.

Nhuoc diém: gia thanh cao, toc d6 in thap.
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Hinh 1. 6: May in Ember
1.5. Khii quat chung vé may in 3D

May in 3d dau tién ra doi vao nhitng nam 80 1a nhitng dong may in 3D SLA dau tién
trén thé gidi. Vé co ban moi may in 3D déu c6 két cau co khi gan gidng nhau, chi khac
nhau vé bd phéan tao mau. Xét vé tong quan cac may in 3D FDM c6 két ciu gdm 3 phan

chinh: phan mém diéu khién, phan dién, phan co khi, bd dun nhya.

Phin diéu
_ khién [  Marlin
o B
Phan Cad
Cam
Dai

Truyén déng //
| céac truc - -
B i
B6 phan

Vi diéu
diéu khién khién
Phén dién Jongos

B phéan Péu phun
chap hanh nhua

Cam bién
nhiét

Hinh 1.8: Cdu triic méy in 3D
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Céu trac co khi cia mot mdy in 3D gan giéng véi cac loai may CNC véi truyén dong

cua cac truc. Bo truyén ¢ thé 1a bd truyén vit me — dai 6c hodc bd truyén dai.

Dic diém cua truyén dong co khi trong mdy in 3D 14 tai trong tac dung 1én khong dang
ké do d6 viéc thiét ké tuwong ddi don gian, két ciu cac truc twong ddi gon nhe, cac chi
tiét 1ap rap khong doi hoi vé kha ning chiu luc khong cao do d6 c6 thé sir dung céc chi
tiét in duoc bang cic may khac dé lap rap. D6 ciing 1a mot vu diém cia cac mdy in 3D.
Mot s6 dong may in 3D c6 khoang 80% cac chi tiét lap rap 1 duoc in bang cac may in

3D san cb.

- Phan dién cia may in 3D c6 thé chia thanh 2 khéi: khdi dicu khién va khbi chap
hanh. Khéi diéu khién gom céc thanh phan nhu: Vi diéu khién, Board két ndi,
Driver.

- Khéi chap hanh gom cac thanh phan nhu: dong co bude, cac cam bién nhiét, dong
co servo (néu c6), tan nhiét, ...

- B0 dun nhua 1a mot trong nhitng phan quan trong nhat trong may. Bo phan nay
thuc hién 2 chlrc nang trong may: bd toi1 nhya cung cép nhya chay lién tuc, dau
phun nhua thuc hién chirc ning nung chay nhua va dun nhua tao nén mau.

- Phan mém duoc chia lam 2 thanh phan: phan mém CAD/CAM, phan mém diéu
khién. Phan mém CAD la cac phan mém c6 chitc ning tao miu 3D, day la cac
mo hinh s& duoc in trén may in 3D. Cac phan mém CAD duoc sir dung c6 thé 1a
Solidwork, Creo, Sketchup, .... Cac mé hinh 3D sau khi dugc tao ra phai duoc
chuyén ddi sang dinh dang STL tir d6 c6 thé dwa sang cic phan mém CAM dé xir
1y tiép theo. Cac phan mém CAM la cac phan mém thuc hién cac chirc nang cat
16p vat thé do cong nghé in 3D 1a in theo ting 16p, 16p cat cang c6 kich thudc
nho thi chat lugng mau in cang tot tuy nhién thoi gian in s& ting 1én va nguoc lai,
16p in cang 16n thi chat lugng giam va tdc do in ting 1én. Pé tdi uu hoa giira chat
luong in va téc do in thi phai co cai dat cac thong sé in hop 1y. Sau khi cit 16p
phan mém s& tao chuyén dong khi in va xuat file Gecode. Cac ma 1énh G-code hau
hét gibng v6i G-code trén may CNC tuy nhién c6 mot sé ma 1énh riéng ddi voi

may in 3D.

Céc phan mém CAM dugc sir dung pho bién cho may in 3d 1a Cura, Slic3r, Simplify,
... Mot s6 phan mém sé tich hop cac module CAM va module diéu khién trong mot,
gitip cong viéc sir Iy miu in nhanh hon va dat hiéu qua hon nhu phan mém Repertier

host. Phan mém nay tich hop cac cong cu CAM la Slic3r, Cura, Skeinforge, co6 thé
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Thiét ké va ché tao mdy in nhwa 3D

lya chon sir dung mot trong ba module dé so sanh tir d6 lua chon module t6t hon cho
tirng kiéu miu in khac nhau.
Dé may hoat dong ta phai nap Geode cho may. Co thé nap Geode théng qua phan
mém diéu khién hoic nap qua thé nh¢ trén man hinh LCD diéu khién. Phin mém
giao dién diéu khién duoc st dung c6 thé 1a Repertier host hoac Pronterface.
1.6. Kétluan
Chuong nay di gidi thiéu mét s6 cong nghé in 3D va mot s6 mau may in 3D dién hinh
va dugc st dung kha pho bién trén thi truong hién nay tir d6 lam tién dé cho viéc lya
chon ké cdu va cong nghé in st dung trong do an.

Trinh bay nhiing van dé 1y thuyét co ban vé nhitng thanh phan str dung trong két cu

may cua do an tir dé lam tién dé€ cho viéc lya chon va thiét ké may sau nay.
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Chuong 2: PHAN TiCH VA LUA CHON PHUONG AN THIET KE

2.1. Lydolua chon FDM

Céac may Stereolithography sir dung chit 10ng co khi 6 nhiém, chiing phai duogc xir
1y can than. Phuong phap Laser Sintering sir dung cac hat kim loai nho hodc bot
plastic ¢6 thé gy 0 nhlem Ca hai qua trinh nay déu sir dung nang lugng tia laser co
thé gay nguy hiém cho mat. Nhitng dic diém nay da n6i 1én hé théng
Stereolithography va Laser Sintering dugc lip dit cho mot phan cac thlet bi tir phong
k¥ thuat. Tir viéc mudn tao ra cac miu nhanh nhung lai khong mudn ton nhiéu chi phi
cho viéc lap dat, thi phuong phéap tao mau nhanh FDM c6 thé cung cap mot su lya
chon t6t nhat. So sanh v&i phuong phép Stereolithography va Laser Sintering thi c6 vé
nhu FDM 13 rang 13 mot phuwong phép tt nhat.

Céac may FDM hau nhu dé stra chita, dé dang thay ddi vat liéu, cAu tao don gian, gia
thanh thap so véi cdc may st dung 2 phuong phép con lai nhung van dap tng dugc
cac nhu cau cua tao mau nhanh.

2.2. Nguyén ly hoat dong

Néu nhu 2 phuong phéap Stereolithography va Laser Sintering sir dung tia laser va cac
vat liéu thi FDM xay dung bang cach kéo dai nhwra nong chay r0i hoa ran timg 16p tao
nén cau trac chi tiét dac. Vat lidu xay dung trong cau trac cua mot sgi dac manh duoc
dan tir mot cudn téi dau chuyén dong diéu khién bang dong co servo. Khi soi nay toi
dau do n6 noéng chay bai nhiét do sau d6 duoc day qua voi phun 1én mat phang chi tiét.

Khi vat liéu nong chay dugc ddy ra nd bang nhd voi phun. Do rong cta dudng trai
dugc xac dinh bang kich thudc dau phun. Miéng phun khong thé thay doi trong qua
trinh tao mau, vi thé viéc phan tich mo hinh phai dugc chon lya trude.

Khi kim loai néng chay dugc san déu no6 ngudi nhanh khoang 1/10s va déng cung lai.
Khi mot 16p phu hoan thanh trén mat phang, gia do di chuyén xudng phia dudi mot 16p
mong tir 0.005 dén 0.01inc, va qua trinh duogc 1ap lai.

Hé théng FDM doc file STL theo dau vao cua tat ca cac phuong phap tao mau nhanh.
File STL bao gém mot ludi tam giac kin duogc tao ra tir mit phang ctia mé hinh CAD.
Phan mém trong hé théng sé cét file STL thanh chudi cac mat cét ngang, n6 duoc do
day boi dau phun vat liéu.

Dé tao ra chi tiét chinh x4c, né diéu khién nhiét d6 t6i han cia budng va qua trinh hinh
thanh chi tlet Nhiét d6 cuia budng phai giir thip hon nhiét do nong chay cua vt liu,
vi thé chi can mot lugng nhiét nho ciing di nung chay soi toc do ra va hinh thanh chi
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tiét bién dang. Chi tiét phai dugc giit du lanh dé vat liéu nong chay héa cimg va lién
két véi nhau.

2.3. Théng sé may
- Khong gian in t6i da: 300x300x300 mm - Dung sai cho phép 0.2 mm
- Tdc do khi in toi wu 60 ~ 100 mmy/s.
- Tbc d6 t6i da 150 mms.

2.4. Cac loai chuyén dong ciia cong nghé FDM

Dua trén théng tin ban cung cép, dudi day 1a tém tit cac loai chuyén dong ciia may in
3D cong nghé FDM:

2.4.1 Cartesian (Hé toa do Descartes)

- Nguyén Iy: Str dung hé truc X, Y, Z, vé6i dau in di chuyén theo X va Y, ban in hoic
dau in di chuyén theo Z.

- Co chu phé bién: HBot, CoreXY, Prusa i3.
- Uu diém: D@ thiét ké, diéu khién, d6 chinh x4c cao nhd chuyén dong tuyén tinh.
- Nhuoc diém: Téc do han ché do khéi lwong 16n, can khéng gian rong cho kich thude
in 1on.
2.4.2 Delta

- Nguyén ly: Ba tay don lién két diéu khién dau in treo, mdi tay do mot dong co budc

& chan may diéu khién, ding hé tam giac dong.
- Uu diém: Téc dd in cao, chuyén dong muot, phi hop in vat thé cao hodc hinh tru.

- Nhuoc diém: Khé hiéu chinh, d6 chinh xac giam & ving bién, phu thudc vao tay don

va lap rap.
2.4.3 Polar (Hé toa do cuc)
- Nguyén ly: Di chuyén theo truc quay (), truc tinh tién (r), va truc Z cho chiéu cao.
- Uu diém: Hiéu qua v6i vat thé ddi xang tron, giam chuyén dong tuyén tinh.

- Nhuoge diém: Kho didu khién (can thuit toan dic biét), d6 chinh xac khong dong déu,

it phd bién, kh6é mé rong cho vét thé phi tron.
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2.4.4 Ly do chon hé chuyén déng Cartesian:

- Do chinh xac cao, chuyen dong tuyén tinh theo truc X, Y, Z rd rang.

- Co ciu don gian, dé gia cong, lip rap va bao tri.

~ Chi phi thap, str dung linh kién phd thong, d& tim.

- D& hiéu chinh va diéu khién, twong thich tot véi firmware va phin mém slicer
chuan.

~ Phu hop in vét thé da dang, khong gi6i han hinh dang nhu Polar hay Delta.

- Tinh mé rong cao, d& nang cip 1én CoreXY dé ting toc d6 va hiéu suit.

2.5. Cac phuwong an thiét ké két cau may
2.5.1. Phwrong dn 1 truyén dong theo phwong XZ

Truyén dong Cartesian — XZ:

Trong két ciu nay ban in s& dich chuyén theo phuong Y, ddu phun s& dich chuyén theo

phuong XZ. 2 tryc XY st dung bd truyén dai, truc Z st dung bd truyén vit me — dai dc.
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B0 phan toi nhyra
Thanh ray truot
Truc vit me

Pong co buéc
Ban in

Déu in

OO A WN =

Hinh 2.1: Phuwong an 1
Uu diém cta két cdu nay la:

- Két cau don gian, dé thi cong.
- Chi phi ré, d cung virng tuong doi cao.
Nhuoc diém cua nd la:
- Do chinh x4c cua mau in khong cao.
- Do ban in di chuyén nén dé lam cho nhing 16p in dau tién dé bi dich
chuyén lam sai léch mau in.
- Do khéi lugng céac co cau di dong 1én nén quan tinh 16n, dé rung dong.

2.5.2. Phwong én 2 truyén déng theo phwong XYZ

Truyén dong Cartesian— XYZ.
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Trong két ciu nay ban in s& ding im, dau phun nhya dich chuyén theo phuong XYZ, 2
truc XY su dung bd truyén dai theo co ciu Core XY, truc Z st dung bo truyén vit me

dai Oc.

A/
_5\

N

BO6 phan t&i nhwra
Thanh ray trirot
Truc vit me
Ddng co budc
Ban in

Pau in

oL~

Hinh 2.2: Phuong an 2

Két cau nay co6 uu diém la:

- Cac két cau di dong nhod nén quan tinh may nho, di chuyén ém
- Do cung cliing kha cao, c6 thé in dugc vat co chi€u cao 16n

- Do chinh x4c va thoi gian in nhanh hon két ciu Cartesian — XZ
Nhuoc diém ciia may la:

- Kho may 16n, gay khé khan cho qua trinh di chuyén
- Kho céan chinh ban may
- Gi4 thanh cao hon mAu méy st dung két cau Cartesin — XZ

2.5.3. Phwong én 3 truyén déng theo phwong XY

Truyén dong Cartesian — XY.

15
Sinh vién thyc hién: Nguyén Trung Dirc Hwéng dan: Th.S Nguyén Thanh Tung



Thiét ké va ché tao mdy in nhwa 3D

Trong két cau nay ban in s& dich chuyén theo phwong Z, ddu phun nhya dich chuyén
theo phuong XY. 2 truc XY sir dung b6 truyén dai theo co cau CoreXY, truc Z st dung
b truyén vit me dai dc.

B0 phan t&i nhua
Thanh ray trrot
Truc vit me

Podng co budc
Ban in

Pau in

O O N -

Hinh 2.3: Phuwong dn 3
Uu diém cta két ciu nay:

- Két cdu don gian, dé lép dat.

- C6 thé in véi tdc dd cao hon so v6i két cdu Cartesian — XZ va twong duong véi
két cau delta.

- Céc két ciu di dong nho nén quan tinh nho, may hoat dong ém hon. - P chinh
xac tuong duong hodc cao hon may delta.

Nhuoc diém la:

- Kho can chinh ban in.
- Kich thudc may cé thé hoi 16n va cong kénh.
2.6. Lua chon phuong an
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Dua vao nhirng wu diém ciing nhu khuyét diém cta tirng két cdu nhu trén nhom da quyét

dinh st dung phuong an 2 — Cartersian XY cho may.

2.7. Ly do chon co ciu CoreXY

Dura trén phan tich so sanh, co cau CoreXY duoc Iya chon cho d6 an nay vi:

- Tinh nang vuot troi: Tbc d6 in cao, d6 chinh xac tot.
- Xu huéng phat trién: Pugc tmg dung trong cac may in 3D cao cip.
- Gi4 tri hoc thuat: Co cdu phuc tap, thach thic trong thiét ké.
- Ung dung thyc té: Phu hop cho san xuit va nguyén mau.
2.8. Trinh ty thyc hién
- Tinh toan thiét ké truyén dong dai cho truc XY.
- Tinh toan thiét ké truyén dong vit me — dai oc cho truc Z.
- Thiét ké, gia cong céc chi tiét may.

- Lua chon, tinh toan phﬁn dién.
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Chuong 3: TINH TOAN THIET KE HE THONG CO KHI

3.1. Thiét ké cum co khi truc Z

Truc Z 1a truc it di chuyén nhét trong qua trinh 1am viéc, tuy nhién né c6 yéu té quyét
dinh dén chat lugng san pham nhét vi n6 lién quan dén chiéu day ctia mdi 16p in, thong

s0 nay anh hudéng dén do bong cling nhu dung sai kich thudc vé chi€u cao cua chi tiét.

Thong thuong ddi véi truc Z ta co thé st dung truyén dong vit me — dai bc, vit me dai

dc bi, truyén dong dai.

Truyén dong dai co két cdu nho gon tiét kiém, hoat dong ém, dé thiét ké nhung truc Z
chuyén dong tinh tién 1én xubng s& dé gay truot dai. Truyén dong vit me — dai 6¢ duoc

st dung trén truc Z vi nd c6 hi¢u suit cao, it gay ra sy trugt, van hanh ém.
3.1.1. Tinh todn truyén déng vit me dai oc.
Thong $6 cum truc Z:
+ Khoi lugng ban in m= 2kg
+ Van toc di chuyén tdi da: Vi=20mm/s
+ Van tdc di chuyén khi in: V2= 5mm/s
+ Gia tdc hoat dong lon nhat cua hé théng: a= 2mm/s?
+ Téc d6 vong quay cua dong co: N= 1000vg/phut
+ Thot gian lam viéc: T= 21900h (5 ndm ngay 12h)
Lua chon kiéu lép truc vit:
C6 3 kiéu lap thuong dugc str dung fixed — fixed, fixed — support, fixed — free.

Kiéu fixed — fixed hai du vit me duge ¢ dinh, véi kiéu lép nay dat d0 cting viing cao,
chiu duogc tai trong cao giam sy rung dong cua truc Z nhung két cAu phtrc tap, khé lép
dat.
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Thiét ké va ché tao mdy in nhwa 3D

Slide
Fixed [
o~
| | LA
;:m
Buckling load ’ Critical speed ’
(F-F) ' (F-F) '

Hinh 3.1: Kiéu ldp vit me fixed — fixed

Kiéu fixed — support mot dau duoc gin vao 6 bi, kiéu lip nay c6 do ctig thap hon so

voi fixed — fixed, kha nang chiu tai trung binh.

Buckling load ’ Critical speed ‘

[F-F) ’ (F-s)

Hinh 3.2: Kiéu ldp vit me fixed — support

Kiéu fixed — free mot dau vit me dé tu do, kiéu lép nay két ciu don gian nhéat, d& lép dat,
chiu tai trong thap twong duong véi kiéu fixed — support, 46 ctng viing thip hon kiéu
fixed — fixed.

Hinh 3.3: Kiéu ldp vit me fixed — free

Sau khi phan tich thi nhoém chon kiéu 1ép fixed — free, mot dau c6 dinh mot dau tu do dé

lap cho truc Z ctia may in 3D.

*** Tinh toan truc vit me

19
Sinh vién thyc hién: Nguyén Trung Dirc Hwéng dan: Th.S Nguyén Thanh Tung



Thiét ké va ché tao mdy in nhwa 3D

Tinh toan budc vit me:

Viax _ 9000

= = = 4,
Noax 2000

5mm

Chon 1 =8 mm
Tinh toan luc doc truc gém co:
+ luc ma sat ctia vit me va dai 6c, thanh truot va con trugt
+ lyc quéan tinh khi c6 gia téc.
+ trong luc cua ban in
Céc thanh phan trong cong thirc:
+ gia tdc trong trudng g = 10m/s>
+ gia tdc hoat dong 16n nhat cta hé théng a= 1 m/s>
F, = (P+ Fpsy + Fps2).S
=(m.g+m.g.f).2=(2.10+ 2.10.0,01).2 = 40,4 (N)
Trong do:
+£=0,01 h¢ s6 ma sat
+S =2 hé s6 an toan

Tinh toén tai trong dong:

Cox = (60.Nm.Lt)%.me. 1072 = (60.125.21900)%. 0,21.1072 = 1,15(kgf)
Tinh chon duong kinh truc vit
Ta chon phuong an bd tri 14 mot dau ¢d dinh mot dau tuy dong
L= tong chiéu dai di chuyén max + chiéu dai 6 bi + chiéu dai ving thoat
=300+ 30+ 30 =360 mm
Kiéu 6 bi 1a mot dau cd dinh mot dau tuy dong sau ra f= 15,1
Téc d6 quay ctia dong co 1000 rpm.

Puong kinh truc vit:
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J >n.L2 10-7 — 1000. 3602
V= 151

.1077 = 0,85(mm)

Vay ta chon duong kinh tryc vitla d = 8 mm

Téc d6 quay cho phép:

d v
n= f.L—;. 107 = 15,1. .107 = 9320,98 (p—i)

3602
Trong d6 d: 1a duong kinh 161 ren = 8 mm

Tbc do nay lén hon véi tbc do quay lén nhét duoc thiét ké. Do vay lya chon nhu trén

thoa man.
3.1.2 Tinh todan chon dong co truc Z

Hé sd ma sat truot: ta chon u=20,12
Gia tdc trong truong g= 10m/s>

Khdi lugng phan dich chuyén m= 2kg
Goc nghiéng cua truc: a = 0°

Ti s6 truyén giam tbc i=1

Hiéu suit cua dong co: chonn = 0,9

+ + + + + 4+ 4+

Luc can do ma sat 1on nhat Fn=0,2 N
*Tinh momen can do ma sat truc trén khép nbi dong co

Mo = W F.cosa _ 0,12.40.4.cos0
‘T min 2314109

= 0,021N.m

*Tinh momen phat sinh do truyén dong khong dong truc:
My =M.

*Tinh van tdc dai

Véi duong kinh truc vit chon 1a 8mm:

_ mD.n 31481000
Vmax = 01000 60.1000

= 0,42m/s

*Tinh momen can do ma sat tinh ctia phan dich chuyén:
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1. By
M = = 0,035N.
mach = 9 w.i.n. vmax m

*Momen can thiét d& mo may
My, = M,,, + M, = 0,035+ 0,021 = 0,056N.m

Dua vao thong sb tinh dugce ta chon dong co c6 ma 42H47HM - 0504A - 18. Mot $6

thong sb cuia dong co:

+ Goc bude nho nhét: 1,8°

+ Momen xoan: Trate = 0,45 (N.m)

+ Momen quan tinh: Jm = 72.10* (g.cm?)
+ Khéi lwong motor: m = 367 (g)

+ Dong dinh muc: 1=1,7 (A)

+ Momen him: T =37.10* (N.m)

42. Imax
48nax 31%0.1

|

I
31=+0,1
42, Imax

622345
i
|
|
|
|
|
[

Hinh 3.4: Ban vé dong co buoc
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3.1.3Truc dan huwdng va bac dan huéng

Hinh 3.5: Ban v€ cum truc z.

o Déng co buoe
Khop ndi mém

7 | Gaddng cobudctruc Z

6 Bu long

5 Khung may

4 Ke géc vong 30x30

3 Thanh truot tron

2 Trucvitme T8

1 Géi 44 truc SK12

Lira chon bac dan huéng LMK 12UU c¢é chiéu dai trong ddi, giam rung lic khi trugt

§ K

Vg

—

LMF

4- 13 1ap ghép

LMK
4- 16 13p ghép
/

dr pd 06 Mirc tai trong
M3 hang P.C.D d1 d2 h vu‘::; ; ¢ <N [com
sai (Bgng) | (Tinh)
SRS 6 12 19 28 22 20 35 6 33 210 270
LMK6UU
LBSUU' 8 15 0 17 32 25 24 3.5 6 31 180 220
LMK8SUU -0.011 2 4
LMF8UU
_— 1 8 15 24 32 25 24 35 6 31 280 400
LMK8UU
M 10 2 19 29 40 30 29 45 7.5 41 0.012 | 0.012 | 380 560
LMK10UU -0.009 0
LMF12UU -0.2
— 2 21 30 42 32 32 45 7.5 4.1 520 800
LMK12UU 0
F -0.013
M 13 23 32 43 34 33 4.5 7.5 41 520 800
LMK13UU
Hinh 3.6: Thong so con Truot
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Thiét k& va ché tao mdy in nhuwa 3D

3.1.4.Khép noi

Khdp noi 1a chi tiét may cd nhiém vu truyén chuyén dong, truyén momen gitra 2 truc

vG1 nhau

Hinh 3.7: Mot sé loai khop noi

Khép ndi gdbm: ndi truc, ly hop va ly hop tu dong. Khép nbi 1 chi tiét tiéu chuin. Thong
thuong dbi véi cac dong mdy in 3D ta thuong dung loai khép ndi dan hdi bang hop kim

nhom do kich thude khép né1 nhéd gon, kha nang truyén momen xoan cao.

Ta lga chon khép ndi loai PC1, do duong kinh motor 1a Smm, chon loai c6 kich thude 2
dautruc1a 5 - 8.

.
dungcusangtao.com

i RALsRee N 1n L] 04 (N 3 Ly (I

o [ Lne e 1 w | oe] 20 s3] w 12
maiens 3, 4,080,000, 1" B3| oa]ro]|as] w0 L3
e HHE AR IFTH T T T T T
RIZEX0 y ~- w0 | o« ] 20| ¢ [

e iy N NMTEE) xq o4 Jawm | «0 ] w )
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Hinh 3.8: Théng sé va kich thuéc khép néi

3.2. Thiét ké co khi cum truc XY
3.2.1.Két cdu truyén dong XY

Két cau truyén dong cho 2 truc XY ma nhom lya chon cho dd anla truyén dong CoreXY.
Két cau truyén dong nay thuc chit 1a mot bién thé cua truyén dong theo toa do Dercasrte,
tuy nhién s& phdi hop dong thoi chuyén dong theo 2 phuong dé xac dinh vi tri ctia diém

trong toa d. Pay 1a mot uu diém cling 1a mot nhugce diém cia co cau nay.

Uu diém d6 chinh 1 do ¢6 2 dong co cuing phdi hop chuyén dong do do cung cap mot
momen 16n hon, nhu vay co thé ho trg cho cum truc c6 khéi luong 16n hodc cling co6 thé
sit dung dong thoi 2 dong co ¢c6 momen nho hon van truyén dong duoc cho cum truc

nay.

Tuy nhién mot nhuoc diém c6 thé gy ra d6 chinh 13 kha ning giy ra sai s6, va hién
tugng nhiéu khi cip xung cho dong co. Do ciing mét luc 2 dong co cung hoat dong nén
s& dé gay ra hién tuong sai so tich lily cia 2 dong co, c6 thé anh huong dén qué trinh
van hanh thiét bi.

Dbi voi dang truyén dong nay wu diém 16n nhat chinh 1a tbc d6. Thuong dbi voi mot sb
dong may in 3D nhu Prusa, Mendel dong co 13 bd phan cung cip ning luong truyén
chuyén dong thuong dit trén bd phan di chuyén 1am cho khi lugng cua cac b phan di
chuyén ting 1én khién cho quan tinh 16n nén tc do in giam di. O két cau nay, cac bo
phan di dong co két cAu nho, nhe nén giam duoc luc quan tinh nén co thé in véi toc do

cao hon.

Mot wu diém nira cta co cau CoreXY 1a sy don gian trong thiét ké co cau. Co cdu nay
6 thé lép dat kha don gidn véi chi cac tdm d& va cac cum bac dan dung dé dan huong
cho dai. Chi phi 1ap dit thap, vat liéu sir dung dé gia cong cac chi tiét kha linh hoat, c6

thé sir dung nhiéu loai vat liéu khac nhau.

Déi v6i co cdu nay khi 2 dong co quay cung chiéu v6i nhau sé& tao thanh chuyén dong
theo truc X, khi 2 dong co quay nguoc chiéu nhau s& tao thanh chuyén dong theo truc
Y.
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Thiét ké va ché tao mdy in nhwa 3D
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Hinh 3.9: So d6 nguyén 1y truyén dong CORE XY

Phuong trinh truyén dong ciia co cau

3.2.2.Lwa chon bo truyén

1
AX =5 (A + AB)

1
AY = =(AA — AB)

2
AA = AX + AY
AB = AX — AY

Xéc dinh modun va chiéu rong dai

Modun dugc xéc dinh theo cong thirc:

m= 35)(3\/E
ni

Trong do:

+ Py 14 cong suat trén banh dai chu dong

Sinh vién thyc hién: Nguyén Trung Dirc
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+ 1y 12 s6 vong quay trén banh dai chu dong vg/ph

3Py 3/5.10~
m=35 |—=35 = 1.022
ny 20

b =1,Dd.m

Chiéu rong dai b:

Trong d6 Y, =6...9 1a h¢ sb chiéu rong dai chon gia tri nhoé khi léy modun tiéu chuin
16n hon modun tinh todn va léy gia tri 16n hon khi chon ngugc lai. chiéu rong b léy trong
bang tiéu chuan.

Maodun
cia dal Chitu rfng dal rang b, mm
m, mm
1 8:;4:;56;8;10;125
1.5 3;4:;5;8;10;125;16;20
2 5:;8;10;125;16;20
3 125;16;20;25;82;40; 560
4 20;25;32;40;560;,63;80; 100
5 25;32;40;560;63;80; 100
7 40;560;63;80;100; 125
10 50;63;80;100;125;160;200

Tir két qua phan tinh trude ta chon bé rong dai b=Smm
Tinh toan luc trén dai:

Khac voi cac truyén dong dai khac phai méc 1én banh dai ban dau mét luc cing da 16n
dé tao ra lyc ma sat can thiét thi trong truyén dong dai rang luc cing ban dau chi nhim
khic phuc ke ho khi dn khop va dam bao dai tiép xuc tdt v6i banh dai. N6 chi can 16n

hon véi luc ly tdm sinh ra.

Ta c6 momen xoan trén truc dong co

5.107*
T =9,55.106. 0 - 238.75 (N/m)
Lyc vong:
2T 2.238,75
F, =—=——————=0,05(N)

d  1222.10-3

Luc tac dung 1én truc:
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E.=(1+12)F,=(1+12).0,05=0.055(N)
Vay ta chon lyc ban dau 1a Fo=0.06 (N)

bdi véi truyén dong truc XY ta lya chon bd truyén dai rang do két cau bd truyén don

gian, hoat déng ém, c6 tinh giam chan, dé thay thé.

Mot sd kiéu dai thuong dugc sir dung trong may in 3D nhu dai T2,5; TS; MXL, ... Tuy
theo kha ning diéu chinh cing dai ma chét lugng in ciing thay doi theo. Mt khac nhiing
loai dai trén déu 1a nhitng loai dai duoc thiét ké dé truyén chuyén dong quay khong phai
thiét ké t6i uu cho dang truyén dong tuyén tinh cho may in 3D, do d6 no s& khéng tinh

toan dén hién twong backlash khi déo chiéu chuyén dong cua dong co.

bé khic phuc ta s€ lya chon loai dai dugc thiét ké riéng cho truyén dong tuyén tinh 1a
dai GT2. Pai GT2 va banh dai duoc thiét ké va ché tao dong bo danh riéng cho truyén
dong tuyén tinh do d6 han ché duoc hién tuong backlash, dam bao chat luong truyén
dong. Ngoai dai GT2 c6 thé sir dung dai GT3 tuy nhién loai dai nay kho tim trén thi
truong Viét Nam.

Hinh 3.10: Pai GT2 va pulley Hinh 3.11: Théng sé dai GT2
Lua chon banh dai GT2 — 20 rang dé tang do phan giai cho 2 truc.
3.2.3.Thiét ké so by cum XY

Cum truc XY dam bao hau hét cac chuyén dong di chuyén khi in va yéu cau cua b truc

nay la:
+ bam bao d vuong goc gitra 2 truc X va'Y
+ Céc chi tiét d& dam bao do phang.
+ 2 thanh trugt dam bao 1ip song song v4i nhau

Chiéu dai cum truc X:
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Lx=Sx+2.chiéu day dd ga + khoang an toan = 300+2.30+30 = 390 mm
Chiéu dai cum truc Y:

L,=Sy+2 .khoang cach 2 bac dan + khoang an toan =300+30+25=355 mm
Chiéu dai dai:

La=2. Lxt+ 2. Ly= 2. 390+2. 355= 1490 mm

Hinh 3.12: Ban vé cum truc xy.

3.3.Bd phén toi va dun nhya
3.3.1.Cum toi1 nhya

Dé nhya duogc cung cép lién tuc can phaicé 1 co cu dé kéo soi nhwa mot cach lién tuc.
B toi nhya duoc diéu khién bai mot dong co bude. Pong co bude quay lam quay banh
ring gan trén dong co s& day soi nhya xudng bd phan gia nhiét.

Thong s k¥ thuat:

« Dién ap cip: 20 V.

« Cong suat: 40 V.
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« Kich thuéc dau nung: 6x20mm (dudng kinh x chiéu dai).
« Chiéu dai day: 150mm.

* Trong lugng: 20g.

« Pong co budc 42 va dau ndi 6ng teflon ren nho.

* Tuong thich v6i nhya in c¢6 dudong kinh 1,75mm.

Hinh 3.13: Bo toi nhua MKS8

3.3.2.Pau phun gia nhiét

Pau phun 13 noi nung néng sgi nhyra va dun nhya ra tao mau in. Hau hét cac bod phan &
dau phun déu duogc ché tao bang hop kim nhom dé dam bao tinh tan nhiét tot. Dau phun

gom c6 cac bg phan:

- Khdi tan nhiét nham nhiém vu gidm nhiét d§ ¢ vung phia trén dau phun nham
han ché nhua bi chdy long trude khi duge phun ra lam tic dau phun nhya, tran
nhwra lam anh hudng dén chit luong dau phun nhya.

- L&i dan nhya nham nhiém vu dinh hudng duong di ctia sgi nhya vao diung dau
phun. L&i ddn nhya thuong dugc ché tao bang nhom bén trong c6 16t 6ng lam
bang nhya teflon dung dé dan hudng va cach nhiét cho s¢i nhya.

- Cuc ndéng bao gém dién tro gém c6 tac dung gia nhiét, cam bién nhiét do dé diéu

khién nhiét d6 nong chdy cta nhya. Day 1a bd phan néng nhét trén dau phun do
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d6 can can co bién phap an toan, tranh tiép xuc truc tiép véi bd phan nay. Thuong
cuc néng duoc boc voi 16p bang keo cach nhiét dé tranh thoat nhiét ra ngoai, ting
hiéu qua qua trinh nung chay nhuya.

- Pau phun 14 noi dinh hinh kich thudc ctia nhya 16ng khi dwgc phun ra thuong cd
céc kich thudc dau phun tir 0,1 mm dén 0,5 mm. Tuy theo kich thuéc ddu phun
thi c6 gidi han vé kich thude mot 16p in khac nhau. Pau phun duong kinh nhé thi
bé day mot 16p in cang nho tuy nhién s& dé xay ra hién tuong tic nhya, tran nhua
néu chat luong dau phun khong tot.

- Thong s ky thuat:

Vat liéu: nhom, dau phun va dau ndi 6ng dan nhua teflon béng déng.

Puong kinh nhya st dung : 1,75mm.

JeMn

Hinh 3.14: B6 dun nhya e3d — V6 Hinh 3.15: So do6 phan bé nhiét do dau in
3.3.3.801 nhwa

Vit liéu duogc st dung trong may in 3D la nhya dang s¢i. Soi nhya sir dung trong may

in 3D phai 13 s¢i nhuya nguyén chat, khong pha tap, khong nén dung soi nhuya tai ché
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thuong bi 1an cat, san, bui ban, ... khi st dung dé lam tac dau phun nhya anh huéng dén

chat lugng mau in, ....

buong kinh sgi nhua dugc ché tao tiéu chuén co 2 loai duong kinh 1a 1,75 mm va 3 mm.
Dung sai s¢i1 nhya thuong 1a £0,05 mm. Puong kinh s¢i nhya phai duoc ché tao dff)ng
déu vi néu duong kinh sgi1 nhya khong déng déu, & chd soi nhua bi thu hep duong kinh
bat thuong thi dau phun khong du luc dé kéo soi nhua vao, nguoc lai, duong kinh soi

nhwra c6 chd 16n bat thudng s& 1am tic ddu phun.

Co 2 loai vat liéu thuong dugce sir dung trong cac may in 3D FDM hién nay 1a nhya ABS
(Acrylonitrile Butadiene Styrene) va nhua PLA (Polylactic Acid).

Nhua ABS 1a nhya nhiét déo. Nhua ABS c6 co tinh tot, nhiét d6 in cao (nhi¢t d in tuy
theo nha san xuat nhung thudng 16n hon 230°C), do in véi nhiét d6 cao nhu vay nén
trong qua trinh in san pham co thé bi cong vénh, giy do dé nén thiét ké thém cac hé
thng support dé han ché hién tuong nay. Mit khac cac 16p dau tién ctia miu in thuong
khong két dinh véi ban in do bi ngudi qua nhanh ciing 1a mot khuyét diém khi in nhua

ABS. San pham tir nhira PLA c6 thé 1am min bang Acetol (xing thom).

Nhya PLA 13 nhua nhiét déo thuong c6 ngudn gbe tir nhién, do d6 kha than thién va
khong gay doc hai khi sir dung. Nhya PLA twong dbi gion, d& bi gdy trong qua trinh in
1a tic dau phun nhya. Nhiét do in cta nhya PLA thap chi tir 190° dén 210°C nén qua
trinh in d& dang hon so v&i nhya ABS. Gia thanh cua nhua PLA ciing thudng thip hon
nhwa ABS tir khoang 195.000 VND dén 250.000 VND.

3.4 Thiét ké khung may

Dbi véi két cau khung may in 3D, do khong chiu tai trong qua 16n nén nhom quyét dinh
stt dung nhém dinh hinh dé 1am khung méay nham tiét kiém gia ca, d& thao lap va sta

chira trong qua trinh lip may.
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Kich thuédc nhom dinh hinh dugc st dung 1a 30x30 (mm)

Hinh 3.16: Kich thudéc nhom dinh hinh Hinh 3.17: Ban vé khung may

Phuong phép gia cong va lap rap khung may:

Khung mdy 1a b phan quan trong, chiu lyc 16n nhét va dam bao d6 chinh xac cua may

nén yéu cau do chinh xac khi gia cong cao.
Yéu cau phai dam bao vé kich thudc cac thanh nhém, 6 vudng goc khi 1ap ghép.

Céc thanh nhém dinh hinh duoc cit va phay phing 2 d¢iu nhim dam bao kich thude va

d6 phang. Cac thanh nhom dugc ndi voi nhau bang cac ke goc nhom va bulong luc gic.
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Hinh 3.18: Bulong va ke goc
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Chuong 4: THIET KE HE THONG PIEN VA PIEU KHIEN

4.1.Tinh toan thiét ké hé théng dién.

Pé hé thong hoat dong dugc ludn can phan dién. Hé théng dién chiu trach nhiém cung
cap ngudn dién, diéu khién cac thiét bi trong két cdu may nhu dong co bude, cum toi

nhwra, ¢au phun nhya.

Z. N Phan diéu Céc co cau
Khoi Nguon

khién chap hanh

Hinh 4.1: So d6 so bé hé théng noi dién
4.1.1.Khoi nguon
Khéi ngudn 13 b phan cung cip ning luong cho toan bd hé thong dién trong may. Doi
v6i may in 3D can can phai hoat dong 6n dinh nén ngudn cip phai dam bao vé dién ap

va dong dién luén on dinh. Ta c6 2 lya chon cho bd nguén cua may in 3D, stir dung nguén
t6 ong hodc ngudn LITEON.

Hinh 4.2: Nguon té ong Hinh 4.3: Nguon LITEON
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bé lya chon b ngudn phu hop, phai chtl y dén céc thiét bi st dung trong mach di¢n.
Dua vao thong so vé dién &p va dong dién yéu cau trén cac linh kién dién dé c6 thé lya
chon nguon nudi thich hgp. Dudi day 1a mot so6 linh kién dién tir va dién ap yéu cau cua

cac linh kién do:

Linh kién S6 lugng Thong sb

Board Arduino mega 1 6-24V; 50mA
2560

Driver A4988 4 5V; 0.5A
bong co budce 5 12V; 1.2A
Board RAMPS 1.4 1 12V;5A
Quat tan nhiét 3 12V; 50mA
LCD 1 5V;0.4A

Bang 4.1: Mot s6 linh kién

Céc thiét bi dién trong may c6 dai dién ap hoat dong tir 6 V — 24 V nén ta chon bd nguén tur
12 V — 5 A dé dam bao cung cap du dién ap va dong cho dong co va cac thiét bi khac.

Xét vé dién ap va cudng do dong dién cung cap ngudn to ong cung cap dién ap 12 V va
cudng d6 dong dién 30 A con ngudn LITEON 14 12 V—7,5 A. Xét vé gia thanh bd ngudn
t6 ong cao hon gia ctia cia bo ngudén LITEON. Tuy nhién dé thudn loi cho viéc nang
cép hé théng dién sau nay va dam bao hé théng dién hoat dong tdt nhét ta lya chon
ngudn t6 ong 12V —20 A

4.1.2.Phan diéu khién
Phan diéu khién c6 nhitng nhiém vu la:

- Cap xung, diéu khién chuyén dong ctia dong co budc cac truc chuyén dong.
- Diéu khién nhiét d6 dau phun nhya.
- Diéu khién bo toi nhya.

- Piéu khién quat lam mat d¢au phun, quat 1am mét san pham.
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r A

LCD

Cam bién
nhiét

Vi diéu Board keét Pau phun
khién noi nhua

Cong tac

hanh trinh

. Pone co
Driver s s
budc

Hinh 4. 4: So do néi cdc linh kién dién tir

X Endstop &
Y Endstop @

Z Endstop - ’

—Heated Bed Thermistor _
——Hotend Thermistor

w Extruder Stepper Motor

& Hotend Heater
& Layer Fan
¥ Heated Bed

~—

....

Power Supply Yim ! e Bl [ Adaptador LCD

\f’t,

V-

® Hotend Fan
E Electronics Fan

Z Axis Stepper Motor W
Y Axis Stepper Motor &
X Axis Stepper Motor

Hinh 4. 5: So' d6 ddu n6i mach may in 3D
Vi diéu khién:
Board diéu khién trong dd an nay nhoém quyét dinh st dung board Arduino Mega 2560

do board mach dé& sir dung ngay ca véi nhitng ngudi khong chuyén, su phd bién dé tim

kiém, ngdn ngir 1ap trinh dé hiéu, phan cing dugc két ndi dé dang.
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W (RC)

Responcivel pofa
Comunicagho USE
Corecror !
USETipo® .
. Chghtnis e
Fwntwed jrar o preed
ProtesSo de USS
Sepuioter NV
FONTE EXTERNA T oy
Tatv tTmi %3s313%s 23333333
¢ do dimentacho Farradas snabigoae Rotdo de BEMY

Hinh 4.6: Board arduino mega 2560

Board mach Arduino mega 2560 1a board mach vi xur Iy dugc thiét ké nham x4y dung
cac ung dung tuong tdc voi nhau hodc voi moi truong dugc thuan lgi hon. Board mach
duoc xay dung trén nén tang vi xir Iy ATmega 2560 8bit. Board mach ¢ 54 chén digital
1/0, 16 chan analog input, sir dung bo tao dao dong 16Mhz. C6 thé sir dung ngudn thong
qua cong USB hoic ngudn DC tir 6 dén 20V.

Vixu ly Atmega 2560
bién &p hoat dong 5V
Dién 4p truyén vao 7-12V
Dién ap t6i da 6-20V
Digita I/O port 54 (15 chan PWM)
Analog Port 16
Dong dién trén cac chan I/O 20mA
Dong dién vao 50mA
B¢ nhé FLASH 256Kb
SRAM 8kB
EEPROM 4KB
B6 dao dong 16MHz
Chiéu dai Board 101.52mm
Chiéu rong board 53.3mm
Khéi lugng board 37g

Sinh vién thyc hién: Nguyén Trung Dirc
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Bdng 4.2: Théng sé board Arduino mega 2560

Vi diéu khién c6 thé 14p trinh va flash code d& dang bang phan mém Arduino IDE. C6
thé str dung ngdn ngir lap trinh C/C++ dé 1ap trinh. Nhin chung ngdn ngir lap trinh cta
n6 twong ddi don gian va d& hiéu ngay ca voi nguoi khong chuyén vé vi diéu khién.
Phian mém duogc dung dé flash code cho board Arduino Mega 2560 1a phin mém
Arduino IDE. Phan mém c6 giao dién truc quan, dé st dung. Hé théng thu vién va ma

ngudn danh cho arduino mega kha 16n do d6 thuan tién cho qu4 trinh st dung.

A4988 la trinh diéu khién co s khong ho tro nhiéu cong vige, diéu chinh d¢ phén giai
tor budce 1/1 dén budce 1/16. A4988 ho tro bude dieéu khién bang vi diéu khién.

Voo

[T
]—GND
yower supiply

Hinh 4. 7: So d6 dau noi A4988

« Thong s ky thuat:
o cbng xuat ra téi 35V, dong 2A.
o Cb 5 ché do: full step, ntra budc, 1/4 budce, 1/8 budc va 1/16 bude.
o Diéu chinh do phan giai.
o Dién 4p hoat dong: 3-12V.
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o Dién ap logic: 3.3-5 VDC.
4.2. Cong tic hanh trinh

O day chung em str dung cong tic hanh trinh
khong c6 module cho 3 truc XYZ va can ban

tu dong.

Hinh 4.8: Céng tac hanh trinh.

4.3.Lap trinh diéu khién

Pé don gian trong qua trinh thiét ké ching ta sé& thiét 1ap chwong trinh diéu khién cua

firmware Marlin.

Firmware Marlin 1a mot loai firmware ma nguén mé duoc sit dung pho bién cho may in
3D. Firmware Marlin dugc thiét ké dé diéu khién cac may in 3D sir dung cong nghé
FDM (Fused Deposition Modeling), ciing nhu céc thiét bi CNC khac. N6 cung cip céc
tinh ning va tuy chon mo rong, gitip ngudi dung tiiy chinh va cai thién hiéu suét cta
may in 3D. Firmware Marlin hd tro nhiéu loai phan cting va bang diéu khién, va c6 kha
nang tuy chinh cao, tir cac thiét lap co ban cho dén cac chirc nang nang cao nhu ty dong
can chinh ban in, kiém soat nhiét d6 chinh xac, va nhiéu hon nita. Phién ban firmware
nay duoc cap nhat va phat trién lién tuc bai cong dong, giup né ludn theo kip voi nhiing

tién b mai nhat trong cong nghé in 3D.

- So db thuat toan qua trinh thyc hién in:
+ Khi tién hanh in may s& doc cam bién nhiét do ¢ kim phun nhua, tiép theo
doc ma Gceode tur thé nhd va gia nhi¢t kim phun nhya. Khi nhiét do dat dén
200°c dau dun nhya vé vi tri Home bat ddu qua trinh in. Sau khi hoan tat qua

trinh in dau in trd vé Home va két thiuc 1an in.
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SO O THUAT TOAN MAY IN 3D

i ridag socMiooe | g s
sTasT RECAM SN TUTHE O et
N oM soiCPe 5

slune - =
musetly (g— SRR sirpiosd g
sis Pl RN

Cac budc thiét 1ap chuong trinh diéu khién cua firmware Marlin:

Budc 1: khéi dong phan mém Arduino IDE. Click chon open m¢ file marlin.ino nhu
hinh 4.7

[T Nars o e
Hime [le inedite e .
- g N 01000 AM ' tike 5 o
CAnh pcce e Mon (e M CI% File 1«
iF :

Hinh 4. 9: Budc 1
Budc 2: Chon tab configuration.h dé tién hanh 1ap trinh.

Budc 3: Di chuyén dén doan code 133 dé chon loai mach diéu khién nhu & dd 4n nay

chung em su dung mach board ram 1.4 nén s€ chon nhu dudi hinh 4.9.

41
Sinh vién thyc hién: Nguyén Trung Dirc Hwéng dan: Th.S Nguyén Thanh Tung



Thiét k& va ché tao mdy in nhuwa 3D

m

Finline SERIAL FOBRT

Fisfine BAUDBAYE 280000

Enabile the Blusvnnth swrind Lusesfave an AYDOURE devines

LB ne r "

e follewing dufine sslactn which 18t ranion BoAEd you have
{ Flaass ahases the nems from baarde. b that matahas yousr sshug

Fifesat NOPHERBORRD
C BANE e MOTHENDOARD BOMD_FAMPE_14_ETH

WALona) Custom mane For your Bep@tiap »r Gthas sustos Maohine

Ulaplayed in whe LOD *Heady® message

Hinh 4. 10: Buoc 3

Budc 4: trén doan code 149 chung ta lua chon sé dau in ma chung ta thiét 1ap (¢ day 1a

1))

Enskles the Blust Ak serinl interfans n ATHOUNE devismes

fdat ine RLUETOOTR

The Tollowing define seisnts whioh slesstranies boasrd you havs
Plunss whnoos the mame frmm Boarde. i Shat matohes pous sohug

FLfndsl NOTRERBOARD

Fasline MOTHERDOARD BOARE FAMES 14 _Ers

- ame ¥ ' ay . - .
pla 1 ' " by eanage
am COM MACHINE MNAME * ' ] at
Define Unis ¢ st A unlgues Losntifing for this prinues, and Iy Sowe DEOUEaMS T 183300
" - . o » L ‘o- e B3 MR UMAAIO NS LASGE 0 3
SAntins MAONIME UUID *
Bametbun satsuides
INAS Selines Lha N T s andnre
' 1 2 ., %)
Mllnm“
aneralily sspeared fllianment diamsres 14 . .00, . Uned fas Lunanrin, Filemany
Foetine DREFAULT NOMINAL _FILAMENT DIA 1,758
T yulupn ar any "mulslosatrades™ shat sharns & singls neasls

Sdatfine ZINGLENCERLE

Hinh 4. 11: Buoc 4
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Buodc 5: Ching em sir dung nhya PLA loai s¢i 1.75mm duogc thiét lap ¢ cau Iénh 152.

e - ]
. .
- r - -t - wie - w wiw - aAve
— e Ahe name from - - Ahat mat - s SeLw
’ - RTRERD AN
St MOTHERBOARD DOARD RAMPS 14 BEF®
T
- - ame Lo . - - - .t - . -
. 2 -a " meesage
. ' i -
- - - - " - - » L ,et - - £ el B ame
- .. - - .- - enesters - - - : - hasg L PR AR
’ f " sy
?e
pelinan Yhe iy £ wetawdnse
.
o EXTRODERS )

Hinh 4. 12: Buoc 5

Budc 6: Lya chon co cdu chip hanh chinh Core XY ¢ dong 1énh 494

2 Martin - Configurationh | Arduino 1.0.19 (Windows Store 1.8.57.0)
Eile Eait Sketch Tools Help

Confguration h

fdnfine THENMAL PFROTECTION HOTENDS Enable thermal protection £or =11 sxtrudezs
(E3 fdafine THENMAL FPROTZCTION_ SBED Enakls tha:mal pcotection for the heated bed
---------------------------- Mechn nl Deattinge = - B P
2o I ma d
f these options snable rex exz YT kinwmat =

Hinh 4. 13: Buoc 6
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Budc 7: Thiét 1ap cong tic hanh trinh

Budc 7.1: M& 3 cong tic hanh trinh & vi tri MIN 3 truc XYZ nhu hinh 4.13

© Marin - Configurstionh | Arduino 1819 (Windows Stare LRS70)
Fite Eait Skeich Tools Hedp

Corhguratian h

/! BEnakle pullup for all endatope to pravent a flosting stete
fdefine EZNDETOPPULIUDE
fif DISADLED (ENDITOPPULLUPS)

/ Disable ENDATOPPULLUDA = et pullups itndivicdusily

Hinh 4. 14: Buoc 7.1
Budc 7.2: Thiét 1ap trang thai cta cong tic hanh trinh vi bon em xai cong tic
hanh trinh loai khong c6 modun nén & day chon true

@ Marfin - Configuration.h | Arduino 1.8.19 (Windows Store 1.8.57.0)
File Ectit Sketch Jools Help

Configurabon b

/ Znable pullup for all endstops to prevent A floating state
fdefine ENDSTOFEULLUES
$§if DIBABLED lDlCS'X\J?r'.TL..UES)

/ Disable END3TX 0 set pullups individually
//#define ETND
//#dafine E 2
/fdufine ENDSTOPRPULLUP SMIN_ PROBE
fendif
/ Mechanical endatop with COM to ground and NC to Signal uses “false® here (nost common sett

. fdefine X MIN_ENDSTOR INVERTING +:ue Ilmuuuulnntsmugioum-mm

C fdefine ¥ MIN | m INVERTING trum // set to ttus to Lnvert the legiz of the sudetop.
fd=fine 2 MIN_ENDOTOF_ INVERTING tzus [/ set t5 true to inweszt the logic =f the sndatop.

4 $define X MAX ENDSTOP_INVERTING false // set to true to invert the logic of the endstop.

£ fdadine v Uiy DuRamMAS TWPPDIMTOS fulee /f aar tm svim 4o immare tha lanis ~f cha andes -

Hinh 4. 15: Buoc 7.2
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Budc 8: Thiét lap driver diéu khién dong co budc ¢ day driver duoc chon la A4988

//8detine X_DRIVER_TYVE
//#detine ¥ DRIVER TYFE
/#4#datine 5_DRIVER TYPE
//$detine X2Z_DRIVER TYPE J
2 DRIVER_TYPE A%

22 DRIVER TYPE A458E

Hinh 4. 16: Buoc 8

Budc 9.1: Cai dat bude cho dong co.

@ Marlin - Configurationh | Arduino 18.19 {(Windows Store 18.57.0)
fite Edst Sketch Jools Help

Configuration h

. $dafine DEFAULT AXIS segps PEp uUNz® [ 30, B0, 400, S5 |

Hinh 4. 17: Budc 9.1
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Trén hinh chiing ta c6 4 thong sb can phai thiét 1ap {DCx, DCy, DC,, DCiu din}

*DCx va DCy duogc diéu khién béi truyén dong dai ring nén chiing ta c6 cong

thire tinh nhu sau:

360/(A.B
P _ 360/ B)
C.D

Véi:

+ A 1a géc quay ctia mdi budc cua dong co (¢ day st dung dong co budc nema
17 nén ching ta c6 bude 1,8°)

+ B 1a ché d6 diéu khién ctia modun diéu khién (& dy su dung driver A4988 nén
B=1/16)

+Clatisd truyén cua hé théng truyén dong, tinh tur truc ctia dong co tdi co cAu
di chuyén (d6i voi dai raing GT2 thi C=2mm)

+ D 1a sb rang cua puly din dong GT2=20
Vay tir cong thire trén ta tinh ra DCx= DCy = 80
*DC, dugc diéu khién bai truc vit me va dai dc thuong thi ta c6:

;- _ 360/(A.B)
F

Vi F 1a budc cua vit me F= 8 mm
Ta tinh duoc DC, = 400
* DCdau wi ta 6 cong thirc sau:

B 360/(A.B)
r= .G

Véi 1a duong kinh puly ctia dau toi nhya G = 10,5 mm
Ta tinh dugc DCaau toi = 97

Budc 9.2: Cai dit chiéu quay cia dong co & cau 1énh 848-850
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@ Manin - Configurationh | Arduno 1.219 (Windows Store 1L.857.00
fie Edit Skeich Jools Help

urhgurshion h

13 #Sefine DIBDABLE E Tolws ror all sxtrodezs
tSatine DISABLE_INACTIVE _EXTRUDER *rus Roep anly the sctive sstiudes enable
1 Sesction machine
Invert the steppar diresticon, Change (o rewvesrss the motor compectoz! if ap axis goes the swrong way

[ © T qna‘:.u,_a;_,ngt::m
1Setline DNVERT_Y_DIN tiun
fomtice INVERD 3 DIN fales

focction snreuder
For divect drive sstrisar vl sst To true, for gearved extruder set To falas

INVERT DIm S

INVERT DIR Zalse

INVERT, _PIR =a

.23 pIm £
INVERT X4 _DIR Zalss
o homing

Sdeline NO MOTION HEFCNE HOMING / Inhlbit sovesens ontll all asse have been howed
Pdefine UNPMOWN_ I NO_RAIAE Oon't saiam 3 (lowsr the bed) 12 3 is "upknoam.” Por beds that Call when 3 4

Hinh 4. 18: Buoc 9.2

Budce 10: Cai dit khoang ban in

@ Marlin - Configurationh | Arduino 1,819 (Windows Store 1.8,57,0)
File Edit Sketch Tools Melp

Canfiguration h

L Ll b oW

16 //ldetine 3 _NOMING NEIGHT 4 /7 (in mm) Minimal = height before homing (G20) tfor

/7 Mo mure you have this distance aver your & _MAX P

10 // Dlreotion of endstops when homdngy 1=MAX, -1=MIN
871|//7 +[-1,1]
tdefine X_HOoME DIp -1
fdefine ¥_HOME_DIR -1
4 fodefine &_MOME DIR -1

¢ // Umection machine

/G |// The size af the print bed
70 #derine X_BED_812E 300
200 gdefine ¥ BED arze 300|

/7 Travel limits (mm) after homing, corresponding to endstop positions.
fdefine X_MIN_POs O
S04 fdefine ¥Y_MIN_POS O
105 fdetfine Z_MIN_POA O
106 fdefine X_MAX_POS X_PED_STIZR
fdefine ¥ _MAX POA ¥_BED _SIZE
tderine 3_MAX_ FO& 250
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Hinh 4. 19: Buwoc 10

Budc 11: Chon loai man hinh LCD diéu khién

@ Marlin - Configurationh | Arduino 1.8.19 (Windows Store 1, 857.0)
Eile Edit Sketch Jools Help

arfiguraton h &

LOD —enfigurasicn: el //xepcap. org/wldl/28Y 30 _LLD

/ IMPORTANT: The USglib librusy is reguized for Grap

baspasligazhvb.condalikiasna/ URalin _Anduin

/ l‘r-l:"\?!'.-' unts UL FRAFPNT Aares contzoller
/ hotoil/repran . oralwiki/decRaphiscount Full Srxaphlc Smact anroller
f2atina 1 y FULL _SMART CONTROLLER

/! Repragforld Graphical LCT

fRsspesllaapzapsosld.conlipradusia detallsinsoducta L1010

fdofine NEFIAFEORLD ORACMICAL LOD

Hinh 4. 20: Buwoc 11
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CHUONG 5: QUY TRINH LAP RAP MAY IN 3D FDM

5.1. Giéi thiéu chung

Quy trinh 1dp rap 1a budc chuyén giao quan trong tir thiét ké CAD sang san pham thuc
té. Quy trinh nay bao gdm nhiéu cum cau trac, linh kién co khi, dién tir va truyén
dong. Viéc lip rap can thuc hién dung trinh tu, chinh x4c, vitng k¥ thuat nham dam
bdo may in hoat dong 6n dinh.

Hinh 5.1 : M6 hinh mdy sau khi ldp dét

5.2. Cum khung may

Thanh phan: Nhém dinh hinh 3030, ke goc, bu 16ng M5, chan dé cao su.

Trinh tu lip:

- Cdt nhém theo kich thuéc CAD.

- Lap khung day — dung cot — khung trén.

- G4 ke gbc trong/ngoai, siét chit theo truc ddi xtng.

Ldi thudng gip:

49
Sinh vién thyc hién: Nguyén Trung Dirc Hwéng dan: Th.S Nguyén Thanh Tung



Thiét ké va ché tao mdy in nhwa 3D

- Khung léch, vénh do cit sai hodc siét 1 phia.
- Khong dung é-ke nén sai goc vuong.

Khic phuc:
- Dung thudc vudng, ga bang dén laze (néu co).

Hinh 5. 2: khung may

5.3.  Cum truc Z (vitme, thanh trwgt, ban in)

Thanh phﬁn: Vitme T8, dai c, 2 thanh truot truc 8mm, ban in nhom.

Trinh tu lip:

- Ga thanh truot song song hai bén.

- Lap vitme vao khép ndi dong co.

- Bit dai 6¢ vao ban in, gén bac truot.

Li thuong gip:
- Vitme cong, quay léch do lap kiéu Fixed-Fixed.
- Thanh truot va vitme khong song song.

Khic phuc:
- Dung thude kiém tra song song, lap kiéu Fixed-Free.
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S 4

Hinh 5. 3 Cum do ban in Hinh 5. 4: Cum vitme-6 do

Hinh 5. 5: cum truc z

5.4. Cum chuyén dong CoreXY (X, Y, dai, diu in)
Thanh phan: 2 dai GT2, 2 motor, 4 puly quay, carriage dau in.
Trinh ty lap:

- Gd motor X, Y va puly.
- Ludn dai theo so dd CoreXY.

51
Sinh vién thyc hién: Nguyén Trung Dirc Hwéng dan: Th.S Nguyén Thanh Tung



Thiét ké va ché tao mdy in nhwa 3D

- Lap carriage va dau in.
- Cang dai, c6 dinh bang dinh nhya hoic in 3D.

Ldi thuong gip:

- Ludn sai so @6 dai — CoreXY sai hanh vi.
- bai chung, I¢ch ranh puly.

- Motor quay ngugc — truc X, Y nhay loan.

Khic phuyc:
- Kiém tra voi tay trude khi cam dién, doi day A-B dé dao chiéu motor.

5.5. Cum dun nhya (Extruder)

Thanh phan: Extruder motor, 6ng PTFE (néu Bowden), truc va banh ring day.

Trinh ty lip:
- G4 motor extruder vao khung.
- Gin truc, banh ring, 6ng dan nhya.

Lbi thuong gap:
- Ong cong, nghet — tac nhya.
- Pun sai chiéu, motor quay 16i.

Khic phuyc:
- Cat ong thang, d61 day motor dé dao chicu.

Hinh 5. 6 Bo toi nhua
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5.6. Cum dau in (Hotend)

Thanh phan: Heater block, thermistor, quat, nozzle.

Trinh ty lip:

- Lip thermistor, gia nhiét va quat theo so dd.
- B61 keo tan nhiét.

- Lip vao carriage hoic gia d.

Li thuong gap:
- Sensor gin 16ng — do sai nhiét.
- Quat khong quay — tac nhura.

Khic phuyc:
- Test PID bang M303, chinh PID theo thyc té.

S,
=
6|

Hinh 5. 7: Cum ddau phun
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5.7. Cum diéu khién — dién — LCD

Thanh phﬁn: Arduino Mega, RAMPS 1.4, driver, LCD12864, nguén 12/24V.

Trinh tyu lap:
- Gan driver, cam motor, endstop, sensor nhiét.
- Gan LCD, nguon, cai firmware Marlin.

Ldi thuong gap:

- Cai sai firmware — khong khoi dong.
- Piu nham déy endstop, motor.

- Nguédn qua yéu, RAMPS néng.

Khic phuyc:
- Dung driver méi, test LCD trudce khi gan nguon.

X Endstop &
Y Endstop @
Z Endstop -

w Extruder Stepper Motor

& Hotend Heater
&-Layer Fan
9 Heated Bed

Ve

Power Supply Yo
- V- ——
Y :’ ;rj
® Hotend Fan
2R Electronics Fan

—Heated Bed Thermistor
——Hotend Thermistor

~-

Adaptador LCD

Z Axis Stepper Motor W«
Y Axis Stepper Motor &
X Axis Stepper Motor

Hinh 5. 8: Board Arduino mega 2560
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Hinh 5. 9 : Man hinh LCD 12864

5.8. .Kiém tra hoat dong ban dau

Trinh tu:

- Cai firmware Marlin.

- Test auto home truc.

- Kiém tra PID, buéc/mm, chiéu motor.
- In thtr test Benchy, cube 20mm.

Li thuong gip:

- Home sai truc, giy dau in.
- Nhiét sai, PID rung.

- Mat buée do driver yéu.

Khic phuc:
- Boc log tir Pronterface, kiém tra lai driver va day nguon.
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Chuwong 6: HUONG DAN SU DUNG MAY

6.1 Cach thirc sir dung:

Budc 1: Khéi dong phan mém Ultimaker cura dé tao ban in

M, UltiMaker Cura

j o)

= Quality
) walis

T TogvBottom

& 1nnn

- D watecial

e

(? Speed

= Wavel

el el Sl

Hinh 6. 1: Phan mém Ultimaker Cura
Budc 2: Xuit G — code qua thé SD dé thuc hién in
Buéce 3: Khéi dong may in 3D

Budc 4: Can bang ban may bang cach di truot dau in xung quanh ban sao cho

dong déu miii in cach mat ban 2mm

Budc 5: Chon model Print from SD cad dé chon file in d3 luu vao va dé may

chay tu dong.
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Move axis

4
¥
X
Main
Disable steppers Y
Auto home y
Preheat PLA Extrude

Preheat ABS
Main screen
Cold down - Preheat PLA setting
v | Temperature

Move axis ¥
’ — —
YRR Control Temperature
g . ontro
pARPmL 2 Nozzlke Fan speed
SDeand e MIN
Main MAX Bed
: BED Slore
Temperature Fan spoed Store setting
Motion PID-P
Storage memory PID -1
Load memory PID -D
Restore Failsafe Preheat PLA setting |,
Preheat ABS setting Preheat ABS setting

- wrd i

h 4

e Nozzle
Control Bed
: Acc o
Refresh XYZ - Jerk Store setting
Vmax - X
Vmax - Y
Vmax - Z
Vmax - E
Virav - min
Vmin

Amax - X
Amax-Y
Amax - Z
Amax - E
A - retract
Xstep'mm
Ystep'mm
Zstep/mm
Estep/mm

Main

Hinh 6.2 : So' d6 cdy thw muc thao thic trén man LCD

6.2 Bio tri va bao dudng may.

- Thuong xuyén lau chui phan ty truot ddn hudng cho dau in dé khong bi bam bui
va bdi thém dau nhét dam bao cho con truot di chuyén dé dang

- Sau mdi 1an in can iy phan nhuya thira tir ddu in khong dé bam dinh qué nhiéu

- Ban may la ban nhom nén phai st dung hd kho dé bam dinh vat in

- Sau khoang 400-500 gid hoat dong nén cang lai day dai dé tranh bi ro khién chat
luong in khong tét.
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KET LUAN VA PANH GIA

Sau khi nghién ctru, tinh toan va thiét ké, nhom da ché tao thanh cong mé hinh may in
3D, véi sai s san phém, chi tiét gia cong dugc dao dong tur 0,2 dén 0,3mm. Vit liéu

dugc st dung trong qua trinh in la nhya ABS va PLA.

Thong sb Gia tri

Kich thudc may 500x500x500 mm
Khong gian lam viéc 300x300x300
Khong gian 1am viéc ti uu 230x230x230

Tdc dd in toi da 150mm/s

Tdc d¢ in t6i wu 60-100 mm/s
Nguon dién 220V

Bang 5.1: Théng sé ki thudt ciia mdy
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MBD | SOUDWORKS CAM | SOLIDWORKS inspection
POAPMBEE © - v O

Hinh 6. 3: M6 hinh moé phong trén solidwork
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Hinh 6.4: M6 hinh thuc té

Nhuoc diém:
Hién tai may con 1 s6 nhugc diém nhu:

+ Do On dinh cua hé théng chua tt
+ Dung sai cua san phdm chua 6n dinh, ddi véi chiéu day mot 16p in cang nho thi

dung sai cang thap.
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TONG KET VA HUONG PHAT TRIEN
Tong két

Sau qua trinh nghién ctru va thuc hién dé tai “Thiét ké md hinh may in 3D”, nhém
da thu dugc nhiéu két qua. Dé tai khong phai 1a 1an dau tién dugc tim hiéu va nghién
curu tai Viét Nam nhung cling c6 nhirng két quéa noi1 bat nhu:

- P tim hiéu dugc mot cong nghé maoi rat c6 ich cho cudc séng hién nay.

- Da gidi thi€u duogc phﬁn mém can thiét cho viéc 1ap trinh tao hinh.

- Hiéu thém dugc cac bd phan va chi tiét can thiét dé tao ra mot may in 3D hoan
chinh.

- Ché tao thanh coéng mdy in 3D in duoc mot sb san pham.

- Tao ra duoc nhiing san pham c6 ich cho cudc song va img dung kha cao trong
thoi dai cong nghé moi.

Huéng phat trién

- Cai tién may in 3D dé in dugc nhirng san pham c6 d6 phirc tap cao.

- Ché tao mot may in c6 kich thude 16n hon, dé in dugc nhitng san pham c6 kich
thude 16n (mg dung trong cudc séng.

- Ung dung Internet of Things (IoT)

- Giao dién nguoi dung hién dai:

- Nang cap giao dién ngudi diing va trai nghiém sir dung
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