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3. Y kién cua giang vién cham phan bién

Pugc bao vé Khéng duoc bao vé Diém huéng dan
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LOI CAM ON

Khi hoan thanh do 4n tét nghiép nay ciing 1a em két thiic thoi gian hoc tap tai
truong Pai hoc Dan 1ap Hai Phong. Khoang thoi gian hoc tap va nghién cuu tai
truong dd giap em hiéu va yéu quy noi day nhiéu hon. Nha truong va Thay Co6
khong nhitng truyén dat cho em nhirng kién thirc chuyén mén ma con gido duc cho
em vé 1y tudng, dao dirc trong cudc sdng. Pay 1a nhitng hanh trang khong thé thiéu
cho cudc sdng va su nghiép ctia em sau nay. Em xin bay to 10ng biét on siu sic dén
tat ca cac Quy Thay C6 da tan tinh chi bao, din dat em dén ngay hom nay dé co thé
virng budc trén con duong hoc tip va lam vi¢c sau nay.

D6 an tot nghiép da danh ddu viéc hoan thanh nhig nim thang miét mai
hoc tip ctia em. Va dd 4n nay ciing danh déu sy truéng thanh trén con duong hoc
tap ciia em. Qua day em xin gii 15i cam on dén gia dinh va ban bé da ludn dong
vién va tao moi diéu kién dé nhém hoan thanh khoa hoc.

Cubi cing, em xin bay to 10ng biét on sau sic nhat dén Thay Pinh Thé Nam
v6i su nhiét tinh giap do, tao diéu kién thuén loi va su dinh huéng diung dén va kip

thoi cua Thay da gitp em rat nhiéu trong qua trinh thuc hién do an.

Sinh vién thuc hién

Nguyén Hung Son



TOM TAT PO AN
THIET KE CHE TAO MAY IN 3D CHAT LIEU NHUA

Trong nhitng nam tr¢ lai ddy, cong nghé in FDM (Fused Deposition
Molding) dugc phat trién rat nhanh véi nhiing vu diém nhu vat liéu d& kiém, khong
gay doc hai, két cdu may don gian, chi phi thap, .... Dé tai duoc xay dung trén co s&
nhirg wu diém cia cong nghé in 3D, phat huy nhitng vu diém va han ché mot sb
nhugc diém ciia may in 3D. Noi dung cia dé tai 1a nghién ctru thiét ké truyén dong
cho may in 3D, ti uu hoa duong di chuyén dau phun, dé c6 thé tdi uu hoa giira chat
lrgng mau in va thoi gian in.
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CAM Computerized Aided Manufacturing
FDM Fused Deposition Modeling

SLA Stereo Lithography Apparatus

3DP Three Dimensional Printing
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CHUONG 1:
GIOI THIEU TONG QUAN VE CONG NGHE TAO MAU NHANH

1.1.  Gi6i thiéu vé cong ngh¢ tao miu nhanh

Cong nghé tao mau nhanh ra doi tir nhitng thap nién 80 voi sy xuét hién dau tién
ctia cong nghé tao mau lap thé SLA dugc phat minh & My vao nhitng nim 1983
bai Charles Hull. Tr d6 dén nay cong nghé tao mau nhanh kha phat trién véi
nhiéu céng nghé voi dugc phat minh.

Cong ngh¢ tao mau nhanh hd tro rat nhiéu cho nguoi thiét ké va nhirng nha san
xuat c6 thé kiém tra cac chi tiét hay hé théng duoc thiét ké trude khi dugc cap
vbn dé san xuét hang loat. Cac cong nghé tao mau nhanh da giup cac nha san xuat
day manh viéc thiét ké san pham, han ché cac sai sot khong dang cé trong qua
trinh thiét ké va san xuat.

Vé co ban cong nghé tao mau nhanh 14 qua trinh tao mau san pham giup nguoi
san xudt quan sat nhanh san pham cudi cung. Qua trinh tao mau dugc hd tro boi
cac phan mém CAD gitip thiét ké nhanh san pham, cac phan mém cat 16p. Tao
duong chuyén dong.

bdac diém cua cong nghé tao mau nhanh la:

- Thuyc hién tao mau trong thodi gian ngan, ddy chinh 1a diém manh cua
phuong phap nay.

- San pham ciia qua trinh tao miu nhanh c6 thé dung dé kiém tra cac
mau dugc san xuat bang cac phuong phép khéc.

- Mau tao ra c6 thé dung hd trg cho qua trinh san xuat.

1.2.  Céc buéc ciia qua trinh tao mau nhanh.

Qua trinh tao mau nhanh dugc thé hién qua so d6 khéi sau:

M4 hinh | Tién xir | Tao mau Hau xis I¢

Hinh 1.1: So d6 qué trinh tao
mau

Buwéc I: Tao md hinh 3D dang mit hay khoi.



Budc 2: Tién xur Iy

- Chuyén d6i dinh dang file CAD 3D sang dinh dang file .stl xap xi bé
mat dudi dang tam giac.

- Sir dung cac phan mém thiét ké cac két cau hd trg (support), kiém tra
file stl va chinh stra, cat 16p chi tiét.
- Xuét file Geode tao duong chuyén dong

Budc 3: Tao mau ty dong.
Buwdc 4: Hau xu ly
Thao céc bd phan support, xur ly bé mat, ...

1.3. M@t sb cong nghé tao miu nhanh
1.3.1. Cong nghé SLA

Cong nghé SLA dugc phat minh & M§ vao nam 1984. Phuong phap tao mau lap
thé SLA dua vao nguyén tic dong cing vat lidu 1ong photopolymer thanh hinh
dang rd rang khi n6 duoc chiéu boi mot chum tia laser cuong do cao. Co thé str
dung Laser He-Cd véi budc song 325nm hoidc Laser dang ran Nd:Y VO, vé6i bude
song 354,7nm.

Nguon sang UV
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Hinh 1.2: So d6 nguyén 1y tao mau SLA

Tai vi tri bé d& cao nhat thi trén tim 1a mot 16p chét long can. May phat
laser phat ra chum tia cuc tim tap trung trén mot dién tich cua lop chat long va di
chuyén theo huéng X — .



Chum tia cuc tim chiéu sang lam dong dac 16p dung dich tao nén mot khéi dic,
bé d& dugc ha xudng mot khoang bang chiéu day 1 16p va qua trinh duoc 1ap lai.

Qua trinh dugc tiép dién cho dén khi dat dugc kich thuée cua chi tiét. Phan dung
dich xung quanh khong bi déng két va c6 thé duoc st dung cho 1an ké tiép.
1.3.2. Cong ngh¢ in 3DP

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

Chat két dinh

Pi§t0n ;. T l Piston ché tao
phan pho1
bot

Hinh 1.3: So d6 nguyén 1y tao mau 3DP

Pau phun s€ phun dung dich keo két dinh trén bé mat 16p nén bot vat liéu ché
tao. Bot s& két dinh véi nhau & nhiing vi tri c6 keo dinh. Sau khi 16p d4u tién hoan
thanh piston ché tao s& di xudng mot khoang bang bé day mot 16p. Piston phan
phdi bot di 18n, con lin chay qua day bot cung cip tiép tuc cho qua trinh. Qua
trinh duoc 1ap lai cho dén khi toan bd vat thé duge ché tao xong trong nén bot.

1.3.3. Cong nghé FDM

Cong nghé in FDM duoc sir dung kha nhiéu trong cac loai may in hién nay
v6i két cau don gian, vat lidu dé tim.



Soi nhya

Banh rang
to1 nhua

Dau phun
nhya—

Hinh 1.4: So d6 nguyén Iy tao mau FDM
Nguyén 1y hoat dong:

O vi tri ban dau ban in cach dau phun nhiét mdt khoang b.'?mg chiéu day 16p in.
Soi nhya dugc dua vao kim phun nho hé thé)ng to1 nhua béng cap banh rang mot
cach lién tuc. Tai dau phun nhya, nhya dugc nung néng tdi khoang nhiét do thich
hop bdi bd phén gia nhiét. Nhya néng chay dugc dun ra theo bién dang dich
chuyén cua dau phun. Sau khi 16p tht nhat hoan thanh ban may dich xuéng mot
khoang bang chiéu day mét 16p. Qua trinh tiép tuc cho dén khi hoan thanh chi
tiét.

1.4.  Gi6i thiéu mot s6 miu may in 3D
1.4.1. M4y Prusa i3

Hinh 1.5: May in 3D prusa 13



DPuoc phat trién tir nhimg nim 2010 boi Josef Prusa. Day 1a mot trong nhitng
mau may in 3D cong nghé FDM khé phd bién trén thi trudng hién nay. Mirc gia
cta loai may ndy giao dong tir 4 triéu dén 6 triéu. Uu diém cua loai may nay 1a
két cau don gian, d& lap rap, tuy nhién nhuoc diém la d6 chinh xac khong cao, do
bong bé mit thap.

1.4.2. May Delta Kossel

Duoc phat trién bai Johann tai Seatle, My vao nim 2012. Dong may nay st dung
co cAu delta, cong nghé in FDM, loai nhya thuong dugc st dung 1a nhua ABS,
PLA.

Hinh 1.6: May in 3D Delta Kossel

Loai may Delta

Toc do in 320 mm/s

Do phan giai dong co 100 step/mm

Khong gian in Puong kinh in 170 mm, chiéu cao 240 mm
Do phan gidi mdi 16p in 0.2 mm

Gia 600USD

Bang 1.1: Thong s6 may in 3D Delta Kossel

Uu diém cua mau may nay 1a may hoat dong ém, it rung, toc do va do
chinh xé&c cao cd thé in dugc vat thé cd chi€u cao 16n, co cau c6 do cung ving
Cao.

Bén canh nhitng vu diém d6 14 nhiing nhuoc diém nhu kho may 16n, cong kénh,
két cdu phurc tap, kho can chinh, gia thanh dat hon so voi dong may prusa.




1.4.3. May Ember

May ember dugc phét trién boi cong ty Autodesk nim 2015. Pay 1a dong may in
st dung cong nghé SLA, str dung vat li¢u la loai nhya long.
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Hinh 1.7: May in 3D Ember

Do phan giai truc XY 50micron

D0 phan giai truc Z 10 — 100 micron.

Khoéng gian in 64x40x134 mm.

Toc d6 in 18 mm/h.

Loai nhya Acrylate photosensitive resin.
Kich thudc may 325 x 340 x 434 mm.

Gia thanh 7495USD bao gom nhya 1ong.

Bang 1.2: Thong s6 may in 3D Ember.

Uu diém cua dong may la d6 phan giai cia may cao, do chinh x4c cao, kich
thudc may nho gon, chi tiét sau khi in c6 do cting cao, d§ bong bé mét cao

Nhuge diém cia may 14 gia thanh cao, toc d9 in thap.
1.5. Kétluan

Chuong nay di gidi thiéu mot s6 cong nghé in 3D va mot s6 mau may in 3D dién
hinh va dugc str dung kha pho bién trén thi trudng hién nay tir 6 lam tién dé cho
viéc lua chon ké cau va cong nghé in sur dung trong dd an.




CHUONG 2:
CO SO LY THUYET
2.1. Khai quat chung vé may in 3D

May in 3d dau tién ra doi vao nhitng nim 80 1a nhitng dong méy in 3D SLA dau
tién trén thé giGi. V& co ban moi may in 3D déu c6 két cau co khi gan gidng nhau,
chi khac nhau vé bo phin tao miu. Xét vé téng quan cic may in 3D FDM c6 két
cAu gém 3 phan chinh: phin mém diéu khién, phan dién, phin co khi, bd dun
nhya.

Phan mém
» CAD/CAM
R Y Phén
mém > Phin mém
diéu khién

| Dai

Truyén dong céc

\ > truc
MAY | Phan > Vit me dai éc
i CO
IN 3D Kkhi >
Bo dun nhya
» B0 phan diéu »  Vidieu

khién khién
> Phan dién »| Dong co

bude
» BO phan chip »  Dau phun

hanh nhya

». Cam bién
nhiét

Hinh 2.1: Cau trac may in 3D

CAu truc co khi cia mdt may in 3D gin gidng véi cac loai may CNC véi truyén
dong cua cac truc. Bo truyén ¢ thé 1a b truyén vit me — dai ¢ hodc bd truyén
dai.

Dic diém cia truyén dong co khi trong may in 3D 12 tai trong tac dung 1én khong
dang ké do d6 viéc thiét ké twong ddi don gian, két cdu cac truc twong ddi gon

7



nhe, cac chi tiét 1ap rap khong doi hoi vé kha ning chiu luc khong cao do d6 co
thé str dung cac chi tiét in dwoc bang cac may khac dé lap rap. Do ciing 13 mot uu
diém cua cac may in 3D. Mot sé dong may in 3D c¢6 khoang 80% cac chi tiét lap
rap 1a dugc in bang cac may in 3D séan co.

Phan dién cta may in 3D c6 thé chia thanh 2 khéi: khbi diéu khién va khéi chap
hanh. Khéi diéu khién gdm cac thanh phan nhu: Vi diéu khién, Board két ndi,
Driver.

Khéi chdp hanh gdm céc thanh phan nhu: déng co budc, cac cam bién nhiét, dong
co servo (néu cd), tan nhiét, ...

Bo dun nhya 1a mét trong nhitng phan quan trong nhét trong may. Bo phan nay
thuc hi€én 2 chltc nang trong may: bd toi nhua cung cép nhua chay lién tuc, dau
phun nhua thuc hién chitc ning nung chay nhua va dun nhya tao nén mau.

Phan mém duoc chia 1am 2 thanh phan: phan mém CAD/CAM, phan mém diéu
khién. Phan mém CAD la cic phan mém cé chirc ning tao mau 3D, day 1a cac mo
hinh s& duoc in trén may in 3D. Cac phan mém CAD dugc st dung ¢ thé 1a
Solidwork, Creo, Sketchup, .... Cdc mo6 hinh 3D sau khi dugc tao ra phai dugc
chuyén d6i sang dinh dang STL tir d6 c6 thé dua sang cac phan mém CAM dé xur
Iy tiép theo. Cac phan mém CAM la cac phan mém thuc hién cic chic ning cat
16p vat thé do cong nghé in 3D 1a in theo tirng 16p, 16p cit cang co kich thudc nho
thi chat lugng mau in cang t6t tuy nhién thoi gian in s& ting 1én va nguoc lai, 16p
in cang 16n thi chat luong giam va tdc d6 in ting 1én. Pé t6i uu hoa gitta chat
lugng in va tde 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 Geode hau
hét gibng voi geode trén may CNC tuy nhién c6 mot sé ma 1énh riéng ddi véi
may in 3D.

Dudi ddy 1a mot s6 tap 1énh thuong dung véi mdy in 3D:

Ma 1énh Céu trac Chtrc nang

GO GO Xnnn Ynnn Znnn Ennn Di chuyén nhanh

Gl G1 Xnnn Ynnn Znnn Ennn Fnnn Di chuyén theo dudng
thang

G2/G3 G2/G3 Xnnn Ynnn Znnn Ennn Fnnn | Di chuyén theo cung tron,
duong tron

G17,G18, G19 Lua chon mat phang in

G21 bat don vi theo h¢ mét




G20 bat don vi theo hé Inch

G28 G28XYZ Vé home

G90 Str dung toa d6 tuyét doi

G91 Str dung toa do tuong doi

M18 M18 XY Z EO V6 hiéu cac truc

M21 Cai dit thé nhé

M24 Bit dau/ tiép tuc in tir thé
nhé

M104 M104 Ennn Cai dat nhiét d6 dau phun

M106 Bat quat tan nhié¢t

M107 Bat quat tan nhié¢t

M114 Lay toa do vi tri hién tai

M119 Tra vé trang thai endstop

M120 Bat endstop

M121 Tit endstop

M140 M140 Snn Set nhiét d6 ban nhiét

M150 M150 Rnnn Unnn Bnnn Thiét 1ap mau hién thi

M190 M190 Snn Doi dén khi ban nhiét dat
dén nhiét do duoc set
(dung khi gia nhi¢t nhya)

M200 M200 Dxx Cai dit duong kinh soi
nhua

M201 M201 Xnnn Ynnn Znnn Ennn Cai dat gia toc in tdi da

M203 M203 Xnnn Ynnn Znnn Ennn Cai dat toc do in tdi da

Bang 2.1: Mot sé Geode thuong dung

Céc phan mém CAM duoc 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 viée sir Iy mau in nhanh hon va dat hiéu qua hon nhu

9



phan mém Repertier host. Phan mém nay tich hop cac cong cu CAM 1a Slic3r,
Cura, Skeinforge, c6 thé lya chon st dung mot trong ba module dé so sanh tir d6
Iira chon module t6t hon cho timg kiéu miu in khac nhau.

Dé may hoat dong ta phai nap Geode cho may. C6 thé nap Geode thong
qua phan mém diéu khién hodc nap qua thé nhé trén man hinh LCD diéu khién.
Phian mém giao dién diéu khién duoc sir dung co thé 1a Repertier host hoac
Pronterface.

2.2. Dong co buéc

Pong co budc (stepper motor), thuc chit 1a mot dong co déng bo dung dé
bién ddi cac tin hiéu diéu khién dudi dang cac xung dién roi rac ké tiép nhau
thanh cac chuyén dong goc quay.

Hinh 3.2: Dong co budc

Vé céu tao dong co budc gém c6 cac bg phan 1a stato, roto 1a nam cham vinh ctu
hodc trong trudng hop cia dong co bién tir tro 1a nhitng khoi rang 1am bang vat
liéu nhe co tir tinh. Pong co bude duoc diéu khién boi bo diéu khién bén ngoai.
DPong co budc va bo dicu khién dugc thiét ké sao cho dong co co thé giir nguyén
bat ky vi tri ¢b dinh ndo ciling nhu quay dén mot vi tri bat ky nao.

Pong co budc co thé sir dung trong hé théng diéu khién vong hd don gian, hoic
vong kin, tuy nhién khi sit dung dong co budc trong hé diéu khién vong ho khi
qua tai, tat ca cic gia tri ctia dong co déu bi mat va hé thdng can nhén dién lai.

Mot s0 dac diém cua dong co budc:

bong co budc hoat dong dudi tac dung clia cac xung roi rac va ké tiép nhau. Khi
c6 dong dién hay dién ap dat vao cudn day phan ng cia dong co budc lam cho
roto ctia dong co quay mdt goc nhit dinh goi 1a bude cta dong co.

Goc budc 1a goc quay cua truc dong co tuong tng véi mot xung diéu khién. Goéc
budc dugc xac dinh dya vao cau truc cua dong co budc va phuong phap dicu
khién dong co budc.

10



Tinh ning mé may cia dong co duoc dic trung béi tan sb xung cuc dai co thé
mo may ma khong 1am cho roto mat dong bo.

Chiéu quay dong co budc khong phu thude vao chiéu dong dién ma phy thudce
vao thir tu cap xung cho cac cudn day.

bong co budc dugc chia thanh 3 loai chinh la:

- Pong co bude bién tir tro.

-  Dong co budc nam chdm vinh ctru.

- Pong co budc hon hop/lai.
2.2.1. Pong co bwé’c nam cham vinh ciru
Pong co budc nam cham vinh ctru ¢ roto 1a nam cham vinh ciru, stato ¢6 nhidu
ring trén mdi ring c6 quan cac vong diy. Cac cudn ddy pha co cuc tinh khac
nhau.

cowns

STATOR CUPB”
OUTPUT SHAFT—

Hinh 2.3: Ciu tao dong co budc nam cham vinh ciru

Nguyén 1y hoat dong cua dong co budc nam chadm vinh cuu cé 2 cdp cudn pha
dugc trinh bay ¢ hinh:

Ban d4u vi tri cta stato va roto dang ¢ pha A. Khi cip dién cho 2 cudn day
pha B va D trong 2 cudn s¢€ xuat hién cuc tinh. Do cuc tinh cua cudn day pha va
roto nguoc nhau dan dén roto chuyén déng dén vi tri nhu hinh phase B on. Khi
cuén ddy pha Bva D ngét dién cudn day A va B dugc cép dién thi roto lai chuyén

dong dén vi tri nhu hinh pha C on.
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a.) PHASE A ON.

¢.) PHASE C ON. d.) PHASE D ON.

Hinh 2.4: Nguyén ly hoat dong dong co budc nam cham vinh ctru

Goi so rang trén stato 1a Zs, gbc budc cua dong co la Sy, goc bude cua dong co
nay duoc tinh theo cong thirc sau:

S 360
de — Zs

2.2.2. Pong co budrc bién tir tré:

Pong co budc bién tir tré ¢6 ciu tao gidng v6i dong co bude nam cham vinh ctru.
CAu tao cta stato ciing c6 cac cudn pha d6i xting nhau, nhung cic cudn pha doi
xtrng c6 cung cuc tinh khac v4i1 dong co budc nam cham vinh ctru. Géc bude cua
stato 1a S.

Roto ctia dong co budc bién tr tr& duoc cau tao tur thép non c6 kha nang dan tur
cao, do do khi dong co mét dién roto van tiép tuc quay tu do roi méi dung han.

Nguyén 1y hoat dong ciia dong co budc bién tir dugc thé hién nhu hinh:

=

8[8lz(3(3[2(3]=
S(2(3(3/2(313]"
1

2(3/3/2/3(3/2/8[3(2(3(3 2|~
\

$[3i2(3/8ls
3l2(3/8(2/3
£

Hinh 2.5: Nguyén Iy hoat dong dong co bude bién trir tr
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Khi cdp dién cho pha A (hinh a), timg cip cudn diy A bd tri dbi xtimg nhau c6
cung cyc tinh 12 nam (S) va bac (N). Liic nay cac cudn day hinh thanh cac vong tir
d6i xtmg.

Khi cip dién cho pha B (hinh b). Luc nay tir tré trong dong co 16n, momen tir tic
dong 1én truc roto 1am cho roto quay theo chiéu giam tir tré. Roto quay cho t6i khi
tir trd' nho nhét va khi momen béng khong thi truc dong co dung, roto dat dén vi
tri cAn bang méi.

Tuong tu nhu vét khi cAp dién cho pha C, dong co hoat dong theo nguyén tic
trén va roto & vi tri nhu hinh c. Qua trinh trén 13p lai va dong co quay lién tuc theo
tht tw pha A [ B [ C. Bé dong co quay nguoc chiéu chi can cap dién cho cac
pha theo thir ty nguoc lai.

Goi s6 pha cta dong co 1a Np, 6 ring trén roto 13 Zr, goc bude cua dong co budc
bién tir tro 13 S ta tinh duoc cong thic sau:

360
N,.Z,

2.2.3. Pong co bude hdn hop

DPong co budc hdn hop (con goi 1a dong co budc lai) co dic trung ciu trac
ctia dong co bude nam cham vinh ctru va dong co bude bién tir. Stato va roto co
ciu tao twong ty dong co bude bién tir trd nhung s ring cua stato va roto khong
bang nhau.

Roto ctia dong co budce thudng cé 2 phan: phan trong 13 nam cham vinh ciru dugc
gén chat Ién truc dong co, ph?m ngoai la 2 doan roto dugc ché tao tur 14 thép non
va rang cua 2 doan roto dugc dat 1éch nhau.

Nam cham vinh ctru

Roto 2 \

Roto 1

y motor
Nap
dong co\%\
Stato
Truc
dong co

Cudn day

O bi
Hinh 2.6: Ciu tao dong co budc hdn hop
Gdc bude ciia dong co bude hon hgp duge tinh theo cong thirc:
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Trong d6: S 1a gbc bude cla dong co, S, 1a goc giita 2 ring ké nhau, Zg 1a sb cip
cuc trén stato.

Dong co budc hon hop duoc st dung rong rai vi két hop cac vu diém cua 2 loai

dong co trén 1a dong co bude nam cham vinh ctru va dong co bude bién tir tro.
2.2.4. Dong co budc 2 pha

Hién nay cac dong co budc 2 pha duge st dung rat théng dung, c6 két cdu nhu
dong co budc hdn hop va dong co budc nam cham vinh ciru. Tuy nhién dong co
budc 2 pha con dugc phan loai dua vao cach dau day céc cap cuc.

bong co budce don cuc: cudn day pha cd ba day dau ra. Biém trung tdm cua cudn
day duoc dau ra ngoai. Khi cap dién, day trung tam dugc nd1 véi dau duong cua
nguon di¢n, hai dau day con lai dugc noi voi dau am.

Pong co budc ludng cuc: cudn diy pha cia loai dong co nay chi c6 2 dau ra. Mot
dau day duoc nbi v6i ngudn duong va dau con lai duoc nbi voi dau 4m ciia ngudn
dién. Pong co bude ludng cuc c6 két cu don gian nhung diéu khién phirc tap
hon dong co budce don cuc.

o &l O

Phase B vy, Phase B

Phase B

Hinh 2.7: Bong co budc 2 pha ludng cuc va don cuc
2.2.5. Cac phwong phap diéu khién dgng co buéc

Hién nay c6 4 phuong phap diéu khién dong co budc.
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Hinh 2.8: Phuong phap diéu khién dong co budc

Diéu khién dang song (Wave): 13 phuong phap diéu khién cip xung diéu khién
1an luot theo thtr ty chon timg cudn day pha.

Piéu khién budc di (Full step): 1a phuong phap diéu khién cap xung dong thoi
cho 2 cudn day pha ké tiép nhau.

Diéu khién nira budc (Half step): 1a phwong phéap diéu khién két hop ca 2 phuong
phap déu khién dang song va diéu khién budc du. Khi diéu khién theo phuong
phap nay thi gia tri goc budc nho hon hai 1an va s6 budc cta dong co budce ting
1én

2 1an so v6i phuong phap diéu khién budc du tuy nhién phuong phap nay co bd
phat xung diéu khién phirc tap.

Piéu khién vi budc (Microstep): 1a phwong phap méi duoc ap dung trong viée
diéu khién dong co budc cho phép dong co budc dung va dinh vi tai vi tri nira
bude giita 2 bude du. Uu diém cia phuong phap nay la dong co cé thé hoat dong
v6i gbe bude nho,dd chinh xac cao. Do xung cip c6 dang séng nén dong co hoat
dong ém hon,han ché dugc van dé cong huong khi dong co hoat dong.

2.3.  Truyén dong vit me — dai oc.
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Vit me — dai dc 13 co ciu truyén dong bién truyén dong quay thanh chuyén dong
tinh tién. Truyén dong vit me — dai dc c6 2 loai 1a vit me - dai ¢ truot va vit me
dai 6c bi.

2.3.1. Co céu vit me — dai ¢ truot

' ((““@((m@,

Hinh 2.9: Vit me dai 6c
Co céu vit me — dai dc¢ trugt co nhirng dac diém:

- Do chinh xac truyén dong cao, ty sd truyén 16n.

- Truyén dong ém, c6 kha nang ty ham, lyc truyén 16n.

- C6 thé truyén dong nhanh véi vit me c6 bude ren hoic sé vong
quay lon.

- Hiéu suét truyén dong thap nén it dung dé thyc hién nhiing chuyén
dong chinh.

Keét cau vit me — dai oc trwot:

Dang ren: Vit me thuong c6 2 dang ren chi yéu I3

Ren c6 dang hinh thang v&i goc 30° ¢6 wu diém: gia cong don gian, ¢ thé phay
hodc mai. Néu dung véi dai 6¢ bo doi thi ¢ thé dong mo 1én ren dé dang.

Ren ¢6 hinh dang vudng chi dung ¢ nhitng may cat ren chinh xac va may tién hot

lung.

V¢é mat két cau nén ché tao vit me véi 2 ¢o6 truc giong nhu nhau dé sau mét thoi
gian st dung, c6 thé lap dao nguoc vit me lai nham Iam cho bé mat lam vi¢c ctuia
vit me dugc mon déu ¢ 2 bén

O d& vit me: 6 d5 vit me c6 tac dung dam bao cho truc chuyén dong véi do dao
hudng truc va do hudng kinh nho.

Pai oc vit me:

16



Pai 6c¢ lién: dung trong co cu vit me — dai ¢ c6 ché d6 1am viéc it, khong
yéu cau do chinh xac cao, gilra cac ren co thé c6 d6 ho nhét dinh.
Uu diém cia dai 6c lién 1 don gian, gia thanh thap, c6 thé tw ham & mirc d nhat
dinh.

Pai 6¢ 2 nira: st dung dé dong, tach dai dc khoi vit me khi tién vit me trén
may tién van nang.

Hinh 6-7: Dai 6c hai nita.
1 - Vit me

2 — Dai &c hai nita

3 — Dia c6 ranh cong

4 — Chat

5 — Tay quay

Hinh 2.10: Két cdu dai dc 2 nira
Dé giam d6 bién dang cia vit me co thé dung nhimg phuong phép sau:

- Nang cao clng ving ctia gdi d& bang cach dung bac véi ty 1¢ 1/d 16n
(v6i11a chiéu dai va d 1a duong kinh trong ctia gbi dd).
- Khéng bd tri vit me ¢ ngoai thin may ma bd tri phia trong may
nham giam momen 1t ctia ban may.
- Dung gbi d& treo phu cho nhiing vit me qua dai va ning.

2.3.2. Co cAu vit me dai 6c bi

Hinh 2.11: Vit me dai 6c bi

Co cau vit me dai 6c bi c6 nhitng dac diém sau :

- Ton that ma sat it nén c6 hiéu suit cao, c6 thé dat tir 90 — 95 %.
- Luc ma sat gan nhu khong phy thudc vao tbc d6 chuyén dong nén
dam bao chuyén dong & nhung van tc nho.
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- Hau nhu khéng c6 khe hé trong mdi ghép va cé thé tao ra luc cing

ban dau, dam bao d6 ctng vitng hudng truc cao.
Vi nhitng wu diém d6 vit me dai ¢ bi thudng duge sir dung cho nhitng may can
¢6 truyén dong thang chinh xac nhu may khoan, doa toa dd, cdc may diéu khién

chuong trinh sd.

Keét cau vit me dai oc bi

)S'JJJ;

Hinh 2.12: Két cu vit me dai dc bi

Gitlra cac ranh cua dai 6c 1 va vit me 2, nguoi ta dat nhitng vién bi 3, vi vay bién
ma sat truot tré thanh ma sat lan cua nhitng vién bi chuyén dong mdt cach lién
tuc. Nho mang nghiéng 4 ma bi dugc dan tir rinh cudi vé rinh dau.

Ranh cua vit me — dai 6¢ bi dugc ché tao dang cung nira vong tron hoac
ranh vom.

bé diéu chinh khe h¢ vit me — dai 6c bi, dai 6c kép dugc sir dung. Gitta cac dai
oc 1 va 2, dat vong cang 3. Khi xiét chat vit 4, cac ranh cua 2 dai 6c s€ ti sat vao
bé mat bi, khir duoc khe ho gitra vit me va dai 6c dong thoi tao dugce luc cang ban
dau.

by

Hinh 2.13: Co ciu diéu chinh khe hé vit me — dai dc bi
2.4.  Soéng truot din huéng

Song trugt dan hudng c6 2 chirc ning co ban:
- Dung dé dan huéng cho cac bd phadn may nhu ban may, cac cum
truc, ... theo mot quy dao hinh hoc cho trudc.
- Dinh vi ding céac bd phan tinh
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Do vay, séng truot can c6 cac yeéu cAu sau :
- DPam bao do chinh xac tinh va do chinh xac di chuyén cho cac bo
phan lap trén d6. Yéu ciu ndy chu yéu phu thudc vao do chinh xac gia
cong sdng truot, cach bd tri séng truot phu hop bé mit chiu luc. B tri
sao cho luc tac dung 1én sé)ng truot 1a nhé nhét va bién dang séng truot
1a it nht.
- Bé& mat lam viéc phai c6 kha nang chiu mon cao dé dam bao do
chinh xac 1au dai. Yéu cau nay phu thudc vao do cting bé mit ciia séng
truot, do bong bé mait cua séng trugt, ché do boi tron va bao quan séng
truot.
- Két cau song truot don gian, c6 tinh cong nghé cao.
- (o6 kha nang diéu chinh khe ho khi mon, tranh duge phoi va bui.

Hinh 2.14: Sbng truot dan hudng

Bao vé va boi tron séng truot :

Bao vé séng truot khoi bui ban, phoi, ... cling nhu boi tron hop ly bé mit séng
truot c6 tac dung 1am giam do mon déng ké cua sdng truot va giit duoc do chinh
x4c ban dau cua song trugt.

Céac phuong phéap bao vé sbéng trugt thudng ding

nhu :

- Lap 14 chan bui.

- Dung cac chdi quét, lau di dong cung ban may. - Cac bién phap che

day séng truot.
Pong thoi voi cac bién phap chdng bui 1a viée boi tron séng trugt hop 1y, thong
thuong ddi voi sdng truot tuyén tinh hién nay cac nha ché tao déu c6 hudng dan
boi tron cho timg dong sdng truot dé dam bao hiéu qua tt nhat

2.5.  Truyén dong dai

Bo truyén dai 12 bo truyén co khi duge sir dung sém nhat va hién nay van dugc
st dung rong rai, co6 nhi€u loai dai nhu dai thang, dai det, dai rang,....
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Hinh 2.15: Truyén dong dai

So vo1 cac bd truyén khac bd truyén dai c6 nhitng vu di€ém nhu:

Truyén dong gitra cac truc xa nhau.

Lam viéc ém va khong on do d6 bén va déo cua dai do d6 co thé
truyén dong véi véan toc cao.

Tranh cho co ciu khong c6 su dao dong nho vao su trugt tron ctia
dai khi qua tai.

Két cu va van hanh don gian.

Tuy nhién no cling ton tai nhitng nhugc diém nhu:

Hiéu suét bo truyén thap.

Ty s6 truyén thay ddi do sy truot dan hodi gitta banh dai va dai.
Tubi tho dai thap.

Kich thudc b truyén 16n.

Tai trong tac dung 1én tryc 16n do phéi cing dai ban dau.

2.6. Kétluan

Trong chuong nay da trinh bay nhiing van dé 1y thuyét co ban vé nhiing thanh
phan sir dung trong két cau may ciia do an tir d6 lam tién dé cho viéc lya chon va
thiét ké may sau nay.
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CHUONG 3:
PHUONG HUONG VA CAC GIAI PHAP THIET KE
3.1.  Thong s6 may
- Khéng gian in t6i da: 200x200x200 mm
- Do phan giai cua mét 16p in: tor 0.1 ~ 0.4 mm - Dung sai cho phép +0.1
mm.
- Téc dd khi in 90 ~ 130 mmy/s.
- Téc do tdi da 300 mm/s.
3.2.  Cac phuong an thiét ké két cau may
3.2.1. Phuong an 1
Truyén dong Cartesian — XZ
Trong két cau nay ban in s& dich chuyén theo phuwong Y, dau phun s& dich
chuyén theo phuong XZ.
2 tryc XY str dung bd truyén dai, truc Z st dung bd truyén vit me — dai dc.
Uu diém cta két cu nay la:
- Két cau don gian, dé thi cong
- Chi phi ré, d6 cting vitng tuong dbi cao
Nhuoc diém cia né la:
- Do chinh x4c ctia mau in khong cao
- Do ban in di chuyén nén d& 1am cho nhitng 16p in dau tién d& bi dich
chuyén lam sai Iéch mau in
- Do khéi luong cac co cau di dong 16n nén quan tinh 16n, dé rung dong
3.2.2. Phwong an 2
Str dung két cau robot delta, dung truyén dong dai.
Két cau nay c6 wu diém la:
- Céc két cau di dong nho nén quan tinh may nho, di chuyén ém
- Do cung cimg kha cao, c6 thé in dugc vat c¢6 chiéu cao 16n
- Do chinh x4c va thoi gian in nhanh hon két cdu Cartesian — XZ Tuy
nhién nhugc di€ém cua loai may nay la:
- Kho may 16n, gay kho khan cho qua trinh di chuyén
- Kho cén chinh ban may
- Gia thanh cao hon mau mdy sir dung két cau Cartesin — XZ
3.2.3. Phuong 4n 3
Truyén dong Cartesian — XY
Trong két cdu nay ban in s& dich chuyén theo phuong Z, dau phun nhya dich
chuyén theo phuong XY.
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2 truc XY st dung bo truyén dai theo co ciu CoreXY, truc Z sir dung bo truyén
vit me dai oc.
Uu diém cta két cdu nay:
- Két cdu don gian, dé lap dat.
- €6 thé in véi tbe do cao hon so v6i két cdu Cartesian — XZ va twrong duong
voi két cau delta.
- Céc két cau di dong nho nén quan tinh nho, may hoat dong €ém hon. - PO
chinh xac tuong duong hodc cao hon may delta.
Nhuoc diém cua két cdu nay:
- Kho can chinh ban in.
- Kich thudc may c6 thé hoi 16n va cong kénh.
3.3. Luwa chon phwong an
Duya vao nhitng vu diém ciing nhu khuyét diém cua ting két cau nhu trén nhom
da quyét dinh st dung phuong an 3 — Cartersian XY cho may.
3.4.  Trinh ty thwe hién
- Tinh toan thiét ké truyén dong dai cho truc XY.
- Tinh toan thiét ké truyén dong vit me — dai 6c cho truc Z.
- Thiét ké, gia cong céc chi tiét may.

- Lua chon, tinh toan phén dién.
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CHUONG 4:
TINH TOAN, THIET KE CO KHi

4.1. Thiét ké khung may

Dbi v6i két cau khung may danh cho may in 3D, do khong chiu tai trong 16n nén
em quyét dinh thét ké khung may bang nhom dinh hinh nham tiét kiém vé gia ca,
dé thao 1ap va sira chita trong qu4 trinh ldp may.

Kich thudc nhém dinh hinh st dung 12 20x20 dé khung may nho gon.

&
4
o Xm
8l 2
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gl ©f <
& e
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2010.25

Hinh 4.1: Kich thudc nhom dinh hinh
Khung may la bo phan quan trong, chiu luc 16n nhét va dam bao do
chinh x4c cia may nén yéu cau do chinh xac khi gia cong cao.
Yéu cau phai ¢dam bao vé kich thudc cua cac thanh nhom, d6 vudng goc khi lap
ghép.

Céc thanh nhom dinh hinh duoc cit bang may cua tay véi dung sai 2 — 3mm, sau
d6 dugc dua 1én may phay CNC dé phay phang 2 dau nham dam bao kich thudc

va do phang.

Céc thanh nhom duoc ndi véi nhau bang bat ke goc nhom va bu 16ng luc giac

Hinh 4.3: Bu 16ng, ke goc, con truot
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Chéan may dugc lip thém 4 chin dé cao su nhim lam giam rung dong khi may
hoat dong.

Hinh 4.4: Chan dé cao su

4.2. Thiét ké cum co khi truc Z

Truc Z 14 tryc it di chuyén nhat trong qué trinh 1am viéc, tuy nhién n6 c6 yéu t6
quyét dinh dén chét luong san pham rat 16n vi no lién quan dén thong so chiéu
day mot 16p in, thong sé nay anh huong dén do bong ciing nhu dung sai kich
thudc vé chiéu cao cua chi tiét.

Thong thudng ddi voi truc Z ta co thé st dung truyén dong vit me — dai dc, vit
me — dai ¢ bi, truyén dong dai.
Truyén dong dai c6 uu diém 1a két cAu nho gon, hoat dong €m, d@ thiét ké nhung
tryc Z chuyén dong 1én xudng s& d& gay truot dai. Truyén dong vit me — dai dc bi
duogc st dung trén truc Z do truyén dong c6 hic¢u suét cao, it gay ra hién tugng
truot, van hanh ém.
4.2.1. Tinh toan truyén dong vit me — dai dc bi truc Z
Théng s6 truc Z:

- Khdi lugng ban in: m = 1 kg.

- Van tbc di chuyén tbi da: V; = 20 mm/s.

- Van tbc di chuyén khi in: V, =5 mm/s.

- Gia tdc tdc hoat dong lon nhét cta hé théng: a =2 mm/s>.

- Tbc d6 vong quay cta dong co: N = 1000 vong/phut.

- Thoi gian 1am viéc: T;= 21900 h (5 nam, 12h mdi ngay).

Lua chon kiéu lép truc vit:
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C6 3 kiéu lap truc vit thudng duoc sir dung 1a kiéu fixed — fixed, fixed —
support, fixed — free.

Kiéu fixed — fixed hai dau vitme duoc cb dinh, véi kiéu lép nay dat do
cung viing cao, chiu dugc tai trong cao gidm su rung dong cua truc Z, tuy nhién
két cdu phirc tap, kho lip dat.

‘ Buckling load ‘ Critical speed

[F-F) ' (F-F)
Hinh 4.5: Kiéu lap vit me fixed — fixed.

Kiéu fixed — support mot dau vit me duoc gin 6 bi, kiéu lip nay co do
ctimg virng thip hon so véi kiéu fixed — fixed, kha ning chiju tai trung binh.

Slide Supported
Fixed
HENLERE
AN | [T
Buckling load ’ Critical speed ‘
[F-F) [F-S)

Hinh 4.6: Kiéu lap vit me fixed — support.

Kiéu fixed — free mot dau vitme dé tu do, kiéu lép nay co két cau don gian
nhat, d& lép dat, chiu tai trong thép twong duong véi kiéu fixed — support, d§ cung
vitng thip hon kiéu fixed — fixed.

Slide Free
Fixed i f
L}

I ‘|.IHH||. .|‘.nI|H = %

— R

Buckling load ‘ Critical speed ’
T T 1

[F-F) [F-Free)

Hinh 4.7: Kiéu lap vit me fixed - free
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Débi voi két cdu ban in cia may do khoang dich chuyén nhé, tai trong dit
trén ban may nho nén ta lya chon kiéu fixed — free dé dé lap dat.

Ll// Daong co bude

57—~ Khép nbi

| ~Truc dan hréng

Hinh 4.8: So d6 khdi truc Z

Quy trinh tinh todn lgya chon vit me c6 thé thé hién qua so dod sau:

Chon kiéu lép vit
me

.| Tinh so b bude vit
v me

v — 3

Tinh toan vit me -

Lue doe true

Tinh lue va tai

L 4

dai bc¢ trong Tai trong tinh
-
Tinh chidu dai - ban Tai trong dong
> kinh vit me

A 4

Lua chon vit me -
dai Oc
Khang »|  Tudi tho vit me
dat
A 4
Kiém nghiém vit | Toc dd quay cho
me phép
| »| Do dich do thay ddi
nhiét do

Hinh 4.9: Quy trinh Iya chon vit me

Khi tinh toan va lya chon truc vit me thi yéu td do chinh xac cua vit me kha quan
trong vi n6 anh hudéng dén chét luong 1am viéc cua truc vit. Dé luya chon cép do
chinh xé4c ta c6 thé tra trong catalouge cua hang. D4i voi mé hinh nay nhom st
dung vit me bi cta hiang PMI. Véi yéu cau do chinh xac +0,1/300mm ta c6 thé
chon cép chinh xéac 1a C7 1a dap Gmg duoc yéu cau.

Tinh todn budc vit dua vao cong thuec:
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Vmax

[ >
Nmax

Trong do Vi« 12 van tdc 16n nhat (mm/s).
Nmax 12 toc d6 vong quay 16n nhat (vong/s).
Tu d6 tinh duoc:

Voax Vi 20

l = = =
Npax  Nmax 16,67

v

1.2

Ta chon budc ren 2.5mm.
Diéu kién 1am viéc va cac thong s6 duoc tinh chon.
Luc chéng truot:
Fo = pu Wy, =01101 = 1IN
Tinh toan luc doc truc:
Tang toc Foy=mg + ma=1.10+1.2 = 12N
Chay déu Fo, = mg = 1.10 = 10N
Giam toc Fas=mg —ma=1.10—12=8N
Luc doc truc trung binh Fmax = Fa; = 12N Tinh
toan tai trong.
Tai trong tinh:
Co= fs. Fmax
Trong do:
Co 1a tai trong tinh.
fs 13 hé s6 bén tinh, dbi v&i may théng thuong fs= 1,2~2 chon fs= 2.
Foax luc 160 nhit tac dung 1én vit me.
Do d6 Co= fs. Frax=2.12 = 24.

Tai trong dong:
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Vé6i bude ren 1=2.5mm, s vong quay danh nghia 1a Nm=V1/1=333/2,5=133,2
(vong/pht).

fw1a hé sb tai, truc z di chuyén véi tée d6 v < 15 (m/phut) nén 1dy fw=1,2.
Tai trong dong tinh duoc:
Ca= (60. Nim. Le)"®. Fina. fw. 1072=(60.133,2.21900)*%. 12.1,2. 10 2=
1611 kgf

Chon ban kinh truc vit

Tong chiéu dai truc vit = khoang dich chuyén + chiéu dai dai 6¢ + khoang
thoat = 200 + 30 + 30 = 260 mm.

Kiéu lap 1a fixed — free f = 3.4.
Ban kinh truc vit:

n. 12

f

Chon vit me ¢6 ban kinh 4mm.

1000.270? 1

-7 — -7
3,4

d, = 2,1mm

Dua trén catalog cuia hang PMI ta chon loai vit me: FSM0801 — C3 — 1R — 0248.

Specification of ball screw

Production Specification P}’Ye,‘},’;d \g’rig‘ozlg
Number of Thread / Thread Direction 1/Right
BCD 8.1
Lead 1
Ball Dia. 0.8
Effective Turns (Circuit x Row) 25x1
Lead Angle 2.25
Dynamic Rate Load Ca (kgf) 66
Static Rate Load Co (kgf) 140
Axial Play 0 0.005 or less
Preloading Torque (kgf-cm) 0.01~0.2 | 0.05 orless
Screw Spindle (Shaft) Length Lead Accuracy
Model No. i Specified Accumulated Lead Deriation
L L2 L3 Grade e reference lead 3g]orandom
deviation E im:i€a00
080 R-0 80 92 138 3 0 0.012 0.008
110 122 168 3 0 0.012 0.008
140 152 198 3 0 0.012 0.008
190 202 248 3 0 0.012 0.008

Hinh 4.10: Thong s6 vit me — dai dc bi
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Hinh 4.11: Ban v& vit me — dai 6c bi.

Kiém tra so bo

Tudi tho lam viéc:

Ca \° 1 161.1\°
R
12.1,2 60.1000

, = = 23337,15h
Ez fw 60.N
Téc d6 quay cho phép:
_ ﬁ 7 _ 4 7 _ N .
n=f. R 107 = 3,4.2702 .10” = 1865,57 (vong /phut)

Do dich do thay d6i nhiét do.
ALy=p. 6. L =12.10"° 3.270 = 0,00972mm.

Trong do:

p 13 hé s6 dan no khi thay d6i nhiét do (12um/m°C).

6 1a nhiét d6 thay d6i cua tryc vit.

L 1a chiéu dai truc vit.
Nhu vay thoi gian hoat dong va s6 vong quay déu dat yéu cau.
4.2.2. Tinh toan chon dong co truc Z

bé lva chon dong co budc phu hop 1a can can ctr vao: momen tai quy doi,
memen quan tinh, s6 vong quay toi da.

Dé don gian trong qua trinh tinh toan ta sir dung cong cu tinh toan dong co
budc co sin trén trang orientalmotor.com:
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Select the unit Imperal ® Matric
Load and linear guide
Total mass of loads and table m = 1 kg
Friction coefficient of the guide W =|0.05 Ve
BalllLead screw specifications
Diameter Dg = 8| mm
Total length Ls = 270 mm
Lead (pitch) Ps = 2 5| mmirev (Distance the screw moves in one rotation)
- clenc n = 5 % ref; ballscrew 80 — 085%,
Eff y 9 7 80 — 95
jeadscrew 30 < 70%,
Msterial 0 =| Stainless-steel 304 v
Breakaway torque of the screw Ts  =| 0.036/nm
External force
Fa
Fao = 0| N (1kgf=2.8N)
Direction of
operation
Stopping accuracy

acy £ 0.1 mm

Stopping acci
Safety factor

Safety factor 2 v
Hinh 4.12: Thong s6 tinh toan dong co

Meachanism angle a = 90|+

Tl "
Other requirement(s)

7 It is necessary to hold the load even after the power supply is tumed off.
— You need an electromagnetic brake.

#| Itis necessary to hold the load after the motor is stopped, but not necessary to hokd after the power supply is tumned off
Fixed speed operation Operating speed Vy = mmis
| 5mws —=V2 = 20 mms

® Variable speed operation Operating speed Vy
Positioning operation (Fill in the fields, f any) %
Rotor inertia Jo =
Gear ratio i =
If the rotor inertia and the gear ratio are unknown, the acceleration torque will be ¢ latad

with an inertia ratio of 5:1 (see the motor selection tips that will appear on the resuit window
for the detail)

Operating Y |
Speed
Positioning distanca
L= mm
Acceleration  Deceleration)
time t1 time t1
Positioning time 9= = Stopping time = =

If & spacific acceleration / deceleration time s required 4 = s
If & specific operating spead is required V = mm's

Hinh 4.13: Thong s6 tinh toan dong co

Trong do :

Total mass of load and table: khdi lwong ciia ban may va phéi, m = 1kg.
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Friction coefficent of guide: hé s6 ma sat cua thiét bi dan huéng.
Dianmetter: duong kinh cua tryc vit D = 8mm.

Total length: tong chiéu dai cua truc vit, L = 270mm.
Lead: budce vit, p = 2,5mm.

Efficient: hiéu suét, d6i v6i vit me bi ¢6 hiéu suit 1a 95%.
Material : vat liéu l1a thép khong ri.

Safety factor: hé s6 an toan.

Mechanism angle: goc nghiéng cua co cau.

Load Inertia. @ 5= 1.027e6 [kg-m?]
Required Speed ¥ Vi = 120.0 [r/min]
V2 = 480.0 [r/min]
Required Torque T = 8.482e-2 [N-m]
RMS Torque ¥ Toms = N/A [N-m]
Acceleration Torque & T, = 0.000 [N-m]
Load Torque @ = 4241e-2 [N-m]
Required Stopping Accuracy @ 8 = 14.40 [deq]
Other Requirement(s) Magnetic Brake, Holding Torque

Hinh 4.14: Két qua tinh toan dong co
Nhu vay ta c6 cac thong sd can thiét:
Momen quén tinh: J, = 1,0.27.10° (kg.cm?).
Momen tai quy d6i: T = 8,48.107 (N.m).
S6 vong quay tdi da: V = 480 (vong/phut).
Vi tiéu chi
Niae > Nimax: toc d6 dinh murc cua dong co 16n hon tdc d6 yeu cau cau vitme.
Trate >T: momen dinh murc dong co 16n hon momen can thiét.

0,5 >t > 2 s e
Jm : trong d6 Jm 1a momen quan tinh dinh mirc cua dong co.

Dua vao céc tiéu chi thém vao do6 1a van dé vé gia ca cac loai motor va do
chinh x&c motor nén ta lya chon dong co budc ma 42H47HM - 0504A - 18. Mot s6

thong so cua dong co :
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Goc bude nho nhat : 0,9°,

Momen xodn: Ty = 0,45 (N.m).
Momen quén tinh: J,,= 72.10™ (g.cm?).
Khéi lwong motor: m = 367 (g).

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

Momen ham: T =37.10" (N.m).

Thong sd kich thudc ciia motor :

42, 3max
48nax M+0.1

|

|

I
N+0.1
42, 3max

$ 22,052

Hinh 5.15: Ban vé dong co budc.

4.2.3. Truc din huéng va bac din huéng

Lya chon bac dan huéng LHFRDMS, do chiéu dai cua bac do tuyén tinh
cao hon, giam d¢ rung lac khi di chuyén.

-
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Hinh 4.16: B,C dn huéng LHFRDMS.

i Round Flange Square Flange Compact Flange
Wiy Cirtin )  dr=6-13 dr=16-30
i1 4-Mcunting Holes 4-Maunting Holes — 2-Mounting Holes ~ 4-Mouting Holes

I O}
R

AL
- = T T A ¥
¥ )Body length is approximately 1.5 times of single type, and allowable moment is approximately 4.3 times. (See Allowable Load Com parison)
Part Number D Tolerance L 5
No Eccentricity o
Sikface H|T|d|d |t |PcD |W|[F|A of :
Type | dr | Tolerance Surface e Tolerance (Max.) Balls Perpendicularity
Treatment

6 12 |0 0 29 28 | 20 |22]| - (20

8 150013 008 [y 2| || 7| 2 |25]- |2
LHFRD [10|g 19 40| 29 [30]- |20 o i e
LHFSD 4510010 [21] 0 a7 (22| 2 [a2]-[2|
LHFCD | 1 —1 6 |45|75|41

13 23 |-0016 | -0021 43| 33 [34]- |33
LHFRDM [ I ey
LHFSOM | 16 28 % 48| 38 [37(22(31
LHFCD |20 32 65 sS4 J 43 42124 |36 5

252 2 3 le2] ® %% ° | st [s0[22[40| o0 002

25 4 2 | 1 2 | 4 .02 .02

] 0012 %] oote  [-00s |% o2 | e

30 45 90 74 ‘ 10(66( 11 (6.1 60 |58 ! 35|49

Hinh 4.17: Thong s kich thudc bac din huéng.
4.2.4. Khép ndi

Khop ndi 1a chi tiét may c6 nhiém vu truyén chuyén dong, truyén momen gitia 2
truc vo1 nhau

Hinh 4.18: Mot s6 loai khép ndi

Khép ndi gdm: nbi truc, ly hop va ly hop tu dong. Khép ndi 1a chi tiét tiéu chuan
vi vay trong thiét ké thuong dya vao momen xoan tinh toan Ty, dugc xac dinh
theo cong thuc :

Te=k.T<[T]
Trong do :

T 1a momen xoan danh
nghia. k 1a hé s6 ché dd lam
viéc.
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Loai may cong tac k

- Bang tai, quat gi6, may cat kim loai ¢6 chuyén dong lién tuc. | 1,2 +1,5

- Xich tai, vit tai, bom ly tam. 1,5+2
- May cat kim loai ¢ chuyén dong tinh tién dao chiéu. 1,5+2,5
- May nghién, may bua, mit cit ly tim, may can. 23
- Gudng tai, may truc, thang may. 3+4

Bang 4.1: H¢E s0 lam vi¢c cia mot sO

may

Momen xo0an theo tinh toan 1a T = 0,08
(N.m), Hé s6 1am viéc k = 4.
Vay momen x0dn tinh toan duoc 14 :

T.=0,08.4 = 0,32 (Nm)

Thong thuong ddi véi cac dong may in 3D ta thudng dung loai khdp nbi dan hoi
bang hop kim nhom do kich thudc khép ndi nho gon, kha ning truyén momen
X04n cao.

Ta lya chon khop ndi loai PC1, do duong kinh motor 1a Smm, chon loai c6 kich
thude 2 dau truc 12 5 — 8.

e
N “T?“
o
¥
Dimension
oD odi. ®d2 L (] L2 SianpsEay
e mm mm mm Mm mm M Ra“::m“
16 3~6 23 75 35 25 15
20 48 2% 85 4 25 15
PC 2 210 K] 10 S 2 20 1
32 6~12 41 12 6 a 30
20 8~18 56 14 7 5 40
Specification
- op | Rated Angblar Parallel Static Max. | Moment | Axial
es (mm) Torque Misalignment Misalignment | Tensional Speed Inemg Motion
(N-m) (mm) Stiffness | (r/min) | (Kg:m®) | (mm)
16 1.0 110Nmrad | 7600 | 25x10° | 103
20 20 170Nwrad | 6100 | 7.4x10° | 404
[Ze] 40 15 o1 280 Nojad | 5000 5210 202 1

%2 80 500Nmrad | 4800 | 27x10° | 05
40 15.0 980 N-mirad | 4500 | 8.6x10° 105

Hinh 4.19: Thong s§ kich thugC Khgp néi
4.2.5. Thiét ké ban nang truc Z

Nhom lya chon ban nang truc Z lam béng vat liéu mica do c6 khéi lugng nhe sé&
han ché hién tuong ban may bi cong xon, déng thoi gia thanh khong qua cao.
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Str dung 10 xo va dai 6c dé can bang ban may.

Phia trén cing st dung mot tim kinh day khoang 3 — 5mm d¢é in truc tiép trén
tam kinh.

Hinh 4.20: Thiét ké ban in.

4.3. Thiét ké co khi cum truc XY
Thong sb cum truc XY:

- Khbi lugng truc Y: m =5 kg.
- Khbi lugng truc X: m =1 kg.
- Chiéu dai lam viéc: S, =200 mm; S, = 200 mm.
- Van toc t0i da: Vi = 150 mm/s. - Van tdc khi in: V; = 100 mm/s.
- Thoi gian hoat dong: T/=21900 h (5 nim, 12h mdi ngay). - Toc do dong
co: N = 1500 (vong/phut).
4.3.1. Két céu truyén dong truc XY

Két cau truyén dong cho 2 truc XY ma nhém lga chon cho dd an 1a truyén dong
CoreXY. Két ciu truyén dong nay thuc chit 13 mot bién thé cua truyén dong theo
toa d6 Dercasrte, tuy nhién s& phdi hop dong thoi chuyén dong theo 2 phuong dé
xac dinh vi tri cua diém trong toa d§. Pay la mot uu diém cling 12 mot nhugc
diém cua co ciu nay.

Uu diém d6 chinh 13 do ¢6 2 dong co cung phdi hop chuyén dong do d6 cung cap
mot momen lén hon, nhu vay co6 thé ho tro cho cum truc ¢6 khoi lugng 16n hoac
cling c¢6 thé sir dung dong thoi 2 dong co ¢ momen nhé hon van truyén dong
dugc cho cum truc nay.

Tuy nhién mot nhuge diém c6 thé giy ra d6 chinh 1a kha ning gay ra sai sd, va
hién tuong nhidu khi cip xung cho dong co. Do ciing mét luc 2 dong co cung hoat
dong nén s& dé gay ra hién tuong sai sb tich lily ciia 2 dong co, ¢ thé anh hudng
dén qua trinh van hanh thiét bi.
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Dbi v6i dang truyén dong nay wu diém 16n nhét chinh 13 téc do. Thuong ddi véi
mot s6 dong may in 3D nhu Prusa, Mendel dong co 1a bo phan cung cip ning
lwong truyén chuyén dong thudng dit trén bo phan di chuyén lam cho khéi luong
ctia cac bo phan di chuyén ting 1én khién cho quan tinh 16n nén tc d6 in giam di.
O két cu nay, cac bo phan di dong cé két cAu nho, nhe nén giam duoc luc quan
tinh nén ¢6 thé in véi tdc d6 cao hon.

Mot vu diém nira ctia co cdu CoreXY 1a su don gian trong thiét ké co cau. Co
ciu nay c6 thé 1ap dat kha don gian vé6i chi cac tim d& va cac cum bac dan ding
dé dan hudng cho dai. Chi phi lap dat thap, vat liéu st dung dé gia cong cac chi
tiét kha linh hoat, c6 thé su dung nhiéu loai vat liéu khac nhau.

Dbi v6i co cau nay khi 2 dong co quay cung chiéu véi nhau sé tao thanh chuyén
dong theo truc X, khi 2 dong co quay nguoc chiéu nhau sé tao thanh chuyén dong
theo truc Y.

Hinh 4.21: So do nguyén 1y truyén dong CoreXY.

Phuong trinh truyén dong cia co ciu:
1 1
AX = E(AA + AB),AY = E(AA — AB)

AA = AX + AY,AB = AX — AY
4.3.2. Lwa chon b truyén

DPdi véi truyén dong truc XY ta lya chon bd truyén dai rang do két cAu bod truyén
don gian, hoat dong €m, co tinh giam chan, d& thay thé.

Mot sb kiéu dai thuong dugc sir dung trong may in 3D nhu dai T2,5 ; TS ; MXL,
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Dai go hinh thang Dai go hinh tron

Ky hiéu Budc dai p, mm Ky hiéu Budc dai p, mm
MXL 2,032 T2,5 2,5
XL 5,080 TS5 5
L 9,525 T10 10
H 12,7 T20 20
HTD5 5,0 ATS5 5,0
HT8 8,0 AT10 10,0
HTD14 14,0 AT20 20,0
STD5 50
STD8 8,0
STD14 14,0

Bang 4.2: Mot s6 loai dai

Tuy nhién ddi v6i nhing loai dai nay, tiy theo kha nang diéu chinh cing dai ma
chét luong in ciing thay d6i theo. Mit khac nhitng loai dai trén déu 1 nhiing loai
dai duoc thiét ké dé truyén chuyén dong quay khong phai thiét ké tdi wu cho dang
truyén dong tuyén tinh cho may in 3D, do d6 nd s& khéng tinh toan dén hién
tuwong backlash khi dao chiéu chuyén dong cua dong co.
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Hinh 4.22: Bién dang dai rang

Pé khic phuc ta sé lya chon loai dai duoc thiét ké riéng cho truyén dong tuyén
tinh 12 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 str dung dai GT3 tuy nhién loai dai
nay kho tim trén thi truong Viét Nam.

2 |0.15(1.00|0.555 | 0.40 | 1.38 | 0.75 | 0.63 | 0.254 |
5T| 3 |0.25(1.52| 0.85 |0.61 |2.40 |1.14 |1.26 | 0.381

PLD_

Hinh 4.23: Dai GT2 va pulley Hinh 4.24: Thong s6 dai GT2
Lua chon banh dai GT2 — 20 ring dé tang d6 phan giai cho 2 truc.
4.3.3. Thiét ké so' bd cum truc XY

Cum truc XY dam nhiém hau hét chuyén dong khi in nén yéu cau doi véi cum
truc nay la:

- Pam bao do vudng goc gitra 2 truyc X va Y.
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- Céc chi tiét d& dam bao d phang.
- 2 thanh trugt dam bao lip song song véi nhau.
Cuym bac dan 5 I /'C um bac dan 1

O

UO-—-—-—-""'—_ _» Cum bac dan 2
Cum bac dan 6 1

AY

Ly

Cum bac dan 7 % d»/"Cum bac dan 3
Cum bac dan 8 Cum bac dan 4
T/\»‘« f i
) O] (<] O]
B Ol
o 0) o o \
bong co

Hinh 4.25: So d6 tinh toan truc XY
Co cu dong hoc CoreXY str dung 8 cum bac dan c6 tac dung dan huéng cho dai,
gitip cho dai dich chuyén ding hudng trong khong gian lam viéc. O day ta ding
bac dan ky hiéu 624zz , do bac dan c6 duong kinh ngoai 13mm, béng vo1 duong
kinh ngoai pulley do d6 cho phép thiét ké dong bo va dé tinh toan hon.

2

Bearing | Boundary
Number | dimensions(mm)

TBBS

§§ 624 - 13 5

Hinh 4.26: Thong s6 bac dan 624zz.

B

Qo
Q
|

Chiéu dai cum truc X:
Lx = Sy + 2*Chiéu day d6 ga + khoang an toan = 200 + 2*40 +50 = 330 (mm).
Chiéu dai cum truc Y:

Lv =Sy + Khoang cach cum bac dan 1 va 2 + khoang an toan + chiéu day cum
truc X =200+ 25+ 50 + 35 =310 (mm).

Chiéu dai dai :
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Ls=2*Ly + 2*L, = 2*310 + 2*330 = 1280 (mm).
Tinh toan thiét ké séng trwet din huéng

Cum truc XY dam nhiém phén 16n chuyén dong trong qua trinh in, do d6 dé ting
d6 chinh xac, ting thoi gian 1am viée, quyét dinh st dung sdng truot ddn hudng
cho cum truc XY.

Viéc lua chon séng truot dan hudng phu thude vao rat nhiéu yéu t6 nhu d6 chinh
xac cua may, do cing virng, thoi gian 1am viéc va yéu cau vé tinh kinh té. Dé c6
duge mot sdng truot phi hop thi 2 yéu té 13 kha ning chiu tai va tudi tho 13 2 yéu
t6 duoc wu tién nhat. Két hop gitta cac yéu td nay dé lwa chon duoc séng truot
dan hudéng c6 thé dam bao duoc kha nang chiu tai can thiét va dat dugc gia tri
kinh ké phu hop nhét.

Viéc lap dat cac séng trugt ciing phai dam bao vé trinh ty dung quy trinh néu
khong sau mot thoi gian hoat dong s€ 1a hu bi trong con lan, gidm dd chinh xac
séng truot, ....

Thuong ddi voi méi nha san xuat déu co quy dinh vé ky hiéu thanh trugt dé dé
dang cho nguoi st dung tinh todn va lua chon, mdi serie cua ting loai séng truot
s& cho biét dugc loai séng truot, kich thudc séng truot, kiéu séng truot

MGN123 C BEN Z1 BPS M 5 U

MGN / MGW Series 7]
Model Size -5, 7,9, 12, 15 Bottom Seal Option?
M: Stainless Steel

Block Type
C : Standard None: Alloy Steel
H:Long

Precision Code : C, H, P

E: Special Block
None: Standard Block

Preload Code : ZF, Z0, Z1
Hinh 4.27: Ky hi€u series song trugt

Dua theo sb series cua song trugt ta ¢ thé nhan biét cac thong sé quan
trong nhu:
- Kiéu séng trugt dua vao 3 chit cai dau tién.
- Sb tiép theo chi kich thudc chiéu ngang cua ray truot.
- Chir cai tiép theo chi kiéu con trugt.

- Tai trong dat trude ZF, Z0, Z1. - Vat liéu ctia sdng truot.

Trinh ty tinh toan s6ng truot dan hudng dua theo catalouge ciia hing HIWIN .
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Xac dinh diéu
kién lam viéc

A

Yy

Chon kiéu séng
truot

y

Chon cép chinh

XAc Chon kich thude

A

Tinh tai trong i
da dat trudc

A

Tinh tai trong dat
trudc

A

Tinh tudi tho

hanh trinh song
trugt

A

Lya chon boi
tron » chong mon

Hinh 4.28: Quy trinh tinh toan séng trugt din hudng.

DPbi v6i may nhom quyét dinh st dung thanh truot din hudéng ctia hing
HIWIN 13 hing chuyén san xuat cac thiét bi lién quan dén linh vuc truyén dong
nhu vit me, thanh truot, .... Do sdng truot cia hang ban kha nhiéu trén thi truong
Vi¢t Nam hién nay véi gid thanh khong qua cao.

Theo hudng dan trén catalouge cta hing dé lua chon duoc sdng truot hop
1y ta phai dwa vao diéu kién hoat dong ciia may dé lwa chon so bd dugc series
song trugt phu hop.

Lua chon kiéu séng trugt : - P6i voi cac loai may nghién, may phay, may
khoan ... dung dong HG.

- Dbi voéi cac loai may cit gd,may van chuyén tdc do cao, may do ... dung
dong EG.
- Dbi véi cac loai may van chuyén, robot, may ban dan, may tu dong dung
dong WE/QE.
- Dbi v6i cac loai may tai nhe, may dung trong y té c6 thé dung cac dong
MGN/MGW.
bdi véi may in 3D do yéu cau tai nhe nén ta lya chon dong séng troerot MGN.

Sau khi lya chon dugc series thich hop cong doan tiép theo 1a lya chon cép
chinh xac thiy thudc vao diéu kién 1am viéc.
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Cac dong MGN sbéng trugt ciia HIWIN chia 1am ba loai chinh x4c normal (C),
hight (H), Precision (P). Do yéu cau d6 chinh xac khong qué cao nén ta chi cin
Iwra chon d6 chinh xac normal cho séng truot.

Accuracy Classes (r\é]ormal mgh (Ii]recxsmn
Dimensional tolerance of height H +0.04 +0.02 +0.01
Dimensional tolerance of width N +0.04 +0.025 +0.015
Pair Variation of height H 0.03 0.015 0.007

Pair Variation of width N [Master Rail) 0.03 0.02 0.01

Hinh 4.29: Céc cip d6 chinh xé4c clia song truot.

Rail Length Accuracy (pm) Rail Length Accuracy (pm)
(mm] [ (H) (P [mm) ic (H) 2]
~50 12 3 2 1,000~1200 25 18 n
50~ 80 13 7 3 1,200~1300 25 18 1
80~125 14 8 35 1,300 ~ 1,400 26 19 12
125~200 15 9 4 1,400~ 1,500 27 19 12
200 ~ 250 16 10 5 1,500~ 1,600 28 20 13
250~ 315 17 1 5 1,600~1700 29 20 14
315~ 400 18 n 6 1,700 ~ 1,800 30 21 14
400~ 500 19 12 6 1,800 ~ 1,900 30 21 15
500~ 630 20 13 7 1,900~2,000 31 22 15
430~800 22 1% 8 2,000~ 31 22 16
800~1,000 23 16 9

Hinh 4.30: Dung sai kich thuéc cta cac cap chinh xac
Lua chon so bd kich thudc cho séng truot.

Chon so bd séng trugt ma MGNIC.
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Model No.

MGNSC
MGN7C
MGNTH
MGN9C
MGN9H
MGN12C
MGN12H
MGN15C
MGN1SH

Dimensions
of Assembly
{mm)

Note : 1 kgf =981 N

20

27

32

Dimensions of Block [mm)

B B € L
8 Ba 9.6

8 135
12 25

13 218

10 189
15 25

1% 299

15 217
20 35

20 324

20 267
25 35

25 434

.

908 M2x15 1

0

0

4

2 M2x25 15

M3x3 138

02 M3x35 25

45 M3

Maxé 3

36 36 08

48 42 23

65 & 35

10 & 45 3

Dimensions of Rail [mm)

Basic

Basic

Mokt Dynamic Static

Bolt for
Rail

d P E [mm)

24 15 § M2x4
24 15 § M2xé
35 20 75 M8
535 25 100 M3x8
35 40 15 M3x10

Load

Load

Rating Rating

ClkN)

054
098
137
186
255
284
372
461

6.37

c, [kN)

084
124
196
255
402
392
588
5.59
LAY

L]

Static Rated
Moment

11.76
19.60
25.48
3822
4508
7350

M,
N-m
13
284
480
7.35
18.62
13.72
3626
2156
57.82

Weight

Block Rail

kg
0.008
0.010
0.015
0.016
0.026
0.034
0.054
0.059

0.092

Hinh 4.31: Thong s6 kich thudc song truot dan hudng

Tinh toén tai trong t6i da dit 1én séng truot.

Trong do6:

Hinh 4.32: So d6 tinh toan séng truot din hudng.

Khoang céch gitra 2 con trugt khac ray: ¢ = 340 (mm)

Khoang céach gitra 2 con trugt cung ray: d = 0 (mm)

Luc tac dung 1én truc: F =0 (N).

Khoang cach tir luc dén trong tdm truc theo phuong Y: a = 0 (mm)

Khoang cach tir luc dén trong tdm truc theo phuong X: b = 0 (mm)

Cong thuec tinh lyc tdi da dat 1én séng truot.

p, =

w

4

F
4

43

+F.a
2.c

+F.b
2.

kg/m

0.15
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w F F.a F.b
b=yt et 24
w F F.a F.b
=gt 2c% 24
w F F.a F.b
b=t 2724

Do khong c6 ngoai lyc tac dung vao h¢ théng truot truc Y nén cong thic cod thé

thu

w

gon thanh P 4

V6i W=m.g=5.10=50 N.
m 1a khéi truot dit trén 2 truc dan huodng.

50
Ta chi sir dung 2 con trurgt nén Py=P, =5 =7=25N

Lua chon lyc cang ban dau.

Mot thong sé quan trong khi tinh toan sdng truot 13 Iyc cing ban dau — preload.
Luc cang ban dau dat 1én séng trugt c6 tac dung khur khe hé va tang do cting viing
cho séng trugt. Song trugt c6 preload cang cao thi hoat dong cang ém, do chinh
xac cang cao, do clrng viing cao.

Ddi véi séng trugt caa HIWIN ta c6 thé lua chon duoc stc cang ban dau theo
catalouge dura vao yéu cau vé do cimg viing va do chinh xac khi 1ap ghép giita cac
bé mit ciia séng truot.

Do tai trong dit 1én séng truot 1a khong 16n va khong yéu cau do chinh xac
16n nén dua trén catalouge dbi voi dong series MGN ta lura chon sirc cing ban dau
kiéu Z0.

Class Code Preload Accuracy
Light Clearance ZF Clearance 4-10pm c

Very Light Preload Z0 0 C-P

Light Preload Z1 0.02C C-P

Hinh 4.33: Lua chon sic cing ban dau.

Hé sb tai tinh Cy: Tai trong tinh dinh murec CO dugc dat theo gidi han tai trong tinh
cho phép.

Su bién dang tap trung khong do6i s& ting gitta kénh din va bi lan khi ray dan
hudng nhan tai trong thtra hay chiu va dap dién rong. Néu do 16n cua bién dang
vuot qua gidi han cho phép, nd s& can trd su di trugt cia song truot dan hudng.
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Momen tinh cho phép Mo: Mdomen tinh cho phép Mo dugc dit theo gidi han cia
momen tinh.

Khi 1 momen tac dung vao ray dan huéng, cac vi tri bi lan cudi cing s& chiu ap
Iirc 16m nhét gitra cac ap luc phan bd trén toan bo bi lan cia hé théng. Momen tinh
cho phép cuia song truot din hudng duoc chia ra theo 3 momen: M, Mg, M.

Mg M; My

i ’?_/({;::-::\%\" ."/(’::::"\‘S\/\ ,vx./(’ “‘%A\

\ \ L )
\ - -
- = -~

@ %} . @ i

Hinh 4.34: Cac thanh phan momen tinh cho phép

Hé s6 an toan tinh phu thudc vao dic€u kién lam viéc va diéu kién van hanh. H¢ so
an toan lon thi dam bao hé thong dugc van hanh an toan, han ché va dap.

Hé s0 an toan tinh :

Co
stZF

Trong d6 :
Co 14 hé sb tai tinh 2,55kN.

P 1a luc ti da dat 1én séng truot, P = 25N.

Do do6 :
p C, 2,55.1000 102
stTp 25
Ta c6 mot s6 hé s an toan tinh
Load Condition fop . fou (Min.)
Normal Load 1.0-3.0
With impacts/vibrations 3.0-50

Hinh 4.35: Hé sd an toan tinh
Nhu vay h¢ s6 an toan tinh dat yéu cau.

Tuodi tho o thé thu duoc bang cach tinh toan trén co s 1y thuyét bang cong thirc
thuc nghiém dya trén viéc danh gia thong qua tai trong dong danh nghia.
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Tudi bén danh nghia cua ray dan huéng chiu anh hudng cia tai trong 1am viée
thuc t& . Tudi bén danh nghia co thé dugce tinh toan dua trén tai trong dong dinh
mirc va tai trong lam viéc thuc té .

Tudi bén cua hé thong ray chiu anh huéng 16n cia hé sé moi truong nhu do clng
vitng cla ray truot, nhiét 6 moi truong, diéu kién chuyén dong . Tinh tudi tho
danh nghia :

S OV
L= (f“ Ji ) .50(km)
fw-P
Trong do :
£ 12 hé sé do cang, sdng truot c6 dd cing 60HRC nén f, = 1.

ftlahé s nhiét do, nhiét @6 1am viéc cua may trong khoang tor 100 — 150 46 ta
lay f¢=0,9.
C 1 hé sb tai dong cua sdng truot, C=1,86 (kN).

fwhé sb tai, hé sd tai duge cho trong bang :

Loading Condition Service Speed &

No impacts & vibration V = 15 m/min 1 -12
Small impacts 15 m/min <V = 60 m/min 1.2-15
Normal load 60m/min < V = 120 m/min 15-2.0
With impacts & vibration V >120 m/min 20-35

Hinh 4.36: Hé sb tai

May hoat dong c6 rung dong va van téc V < 150(mm/min) ta 1y hé sb tai
la1,2.

P=25N.

Do d6 tudi tho danh nghia cua séng truot:

fo. fr C\° 1.0,9.1,86.1000\°
L=( ).50k =( ).50:350116k
f.P (em) 1,2.25 (km)

Thoi gian hoat dong cua séng truot :

L.103 (%).50.103
"T Y60 T 1,.60

V.14 van tdc hoat dong, Vs = 150 (mm/s) = 9 (m/min).
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Do do:

L.103 (%).50.10° ) (22522 50.10°

Ly = = =
"y, 60 V,.60 9.60

= 172222,2h

Thoi gian hoat dong dat yéu cau cho trude.

Tryc X mang tai trong nho nén dé dong bo va dé thiét ké ta sir dung sdng
truot cho truc X tuong tu truc Y.

4.3.4. Tinh toan lua chon dfng co cum truc XY

St dung cong cu tinh todn d6i véi truyén dong dai. Cac thong sé nhu hinh
dudéi.

Belt Actuator i Linear Guide

\
y

Load Belt @ Selectthe unit O

5= L Imperia Metric
<= i
SO \// Load and linear guide
P 7 A Primary Pulley
// F T Total mass of loads and conveyer belt m = 5|xg
& >
Drive Pulley > o B Friction coefficient of the belt and the inear guide v =[005 vie
> B
< e
Secondary Pulley Drive pulley specifications

Drive pulley diameter D, = 12| mm

B Drve pulley mass m = 0.1 kgipe

If you are not sure about the mass

Drive puliey length L = ‘ o

Drive pulley matenial o =| Please select
B Number of drive puteys @ o= 10| pe
Efficiency = 2 80| %

External force

F M [ 4 irecion
e of
Fo = 0| N (1kgf = 0.8N) () () operation

Hinh 4.37: So do va thong sb tinh toan dong co.



Mechanism Placement

Mechanism angle a = 0
Other requirement{(s)
v lt=necessaryto hold the load ev after the power supply is tumed off.

— You need an electromagn ke

#| Itis necessary to hold the losd &

Operating conditions
Fixed speed operation Operating speed Vi = mm/s
—
® Variable speed operation Operating speed Vai = | 0 mvs —V2 = 150 mnvs
Positioning operation (Fill in the fields, i any) &
Rotor inertia Jo = kg-m
Gear ratio =
If the rotor inertia and the gear ratio are unknown, the acceleration torque will be calculated
with an inertia ratio of 5:1 (see the motor selection tips that will appear on the result window
for the detai)
Operating Y
Speed

Positioning distance

L= mm

Acceleration  Deceleration|
time t1 time t1

Posttioning time g = 2 Stopping time f= s

If a specific acceleration / decaleration time is required 4 = s

If a specific operating speed is required Vv = mm's
Stopping accuracy

Stopping accuracy + 0.1/ mm

Safety factor

Safety factor 2 v
Hinh 4.38: Thong s tinh toan dong co
Ta duoc két qua tinh toan:

Sizing Resuits

Load Inertia @ 5 1.980e-4 [kg-m?]
Required Speed @ Vi 143.3 [r/min]
238.9 [r/min]
3.675¢-2 [N-m]
/A [N-m]
0.000 [N-m]
1.837e-2 [N-m]
Required Stopping Accuracy @ 8 = 9.554e-1 [deg]
Other Requirement(s) Magnetic Brake, Holding Torque

c
5
I

Required Torque W

RMS Torque & ms

Acceleration Torque W E]

Load Torque W

Hinh 4.39: Két qua tinh todn dong co budc
Ta tinh dugc momen xoén can thiét 1a: T = 0,036 N.m.

Momen quan tinh 1a: J, = 1,98.10" (kg.m?).
Duya vao céc thong sb ta lya chon dong co buodc 2 pha tuong tu nhu dong
budc dung trong truc Z 13 thoa méan yéu cau.



Hinh 4.40: Cum truc X

4.4. Thiét ké va gia cong cac chi tiét

Hinh 4.41: Cumtruc Xva'yY

Do cac két cdu, chi tiét trén may khong chiu lyc 16n, khong yéu cau dung sai qua
cao nén dé tiét kiém vé chi phi cling nhirng dé mua vat tu, vat liéu dugc st dung
cho cac chi tiét may 1a nhwa POM, phuong phép gia cong chi yéu 1a phay.

Danh sach cac chi tiét gia cong :

Tén chi tiét S6 lugng | Vatliéu | Phwong | Ghi cha
phap gia
cong
Tam ga tryc X 1 POM Phay Gia cong chinh
CNC xac vi tri cac 16
bét con truot.
Do ga bac dan 2 POM Phay - Gia
CNC cong

chinh x&c vi tri

216 ren trén

mit dau.

- Gia
cong

chinh xac kich

thudc bac.
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G4 dau phun 1 POM Phay - Gia cong
CNC chinh x4c vi tri
cac go phia
trong.
- Dam bao
do vudng goc.
G4 dau phun 2 POM Phay - Gia
CNC cong
chinh xac kich
thude, khoang
\ cach 2 10.
Tam ga bac dan 2 Mica Cit laser
Khéi d& truc X POM Phay - Gia
chinh xac kich
thudérc 10.
- bam
bao do phang
cua mat trén.
Tam ndi con truot truc X Mica Cit laser
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Ga cong tic hanh trinh truc 2 Mica Cit lase
XY

Ga cong tac hanh trinh truc Z | 1 PLA In 3d

Bang 4.3: Céc chi tiét gia cong
4.5. B¢ phan dun nhya

4.5.1. Cum toi nhua

Dé nhya dugc cung cap lién tuc can phai c6 1 co cau dé kéo soi nhya mot cach
lién tuc. Bo to1 nhya dugc diéu khién bdi mot dong co bude. Bong co budc quay
lam quay banh rang gan trén dong co s€ day soi nhya xudng bo phéan gia nhiét.

Hinh 5.42: B0 to1 nhyua

4.5.2. Pau phun gia nhiét

bau phun 1a noi nung néng soi nhya va dun nhya ra tao mau in. Hau hét cac bo
phan & dau phun déu dugc ché tao bang hop kim nhém dé ddm bdo tinh tan nhiét
tot. Pau phun gom cé céac b phan :
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- Khdi tan nhiét nham nhiém vu gidm nhi¢t do & vung phia trén dau phun
nham han ché nhua bj chay long trudc khi duge phun ra lam tic dau phun nhuya,
tran nhya lam anh huong dén chat lugng dau phun nhya.

- L6i dan nhya nhim nhiém vu dinh huong duong di ctia sgi nhya vao dung
dau phun. L5i dan nhua thuong duoc ché tao bang nhém bén trong c6 16t éng lam
béng nhya teflon dung dé dan hudng va cach nhié¢t cho s¢i nhya.

- Cuc néng bao gém dién tro gém c6 tac dung gia nhiét, cam bién nhiét do
dé diéu khién nhiét 46 nong chay cua nhwa. Day 1a b phan nong nhat trén dau
phun do d6 cén can ¢ bién phap an toan, tranh tiép xtc truc tiép v6i bd phan nay.
Thuong cuc néng dugc boc voi 16p bang keo cach nhiét dé tranh thoat nhiét ra
ngoai, tang hi€u qua qua trinh nung chay nhua.

- Pau phun 13 noi dinh hinh kich thudc cta nhua long khi dugc phun ra
thuong ¢ cac kich thude dau phun tir 0,1 mm dén 0,5 mm. Tiy theo kich thudc
dau phun thi ¢6 gi6i han vé kich thudc mét 16p in khac nhau. Pau phun dudng
kinh nho thi bé day mét 16p in cang nhé tuy nhién s& dé xay ra hién twong tic
nhura, tran nhira néu chat lugng dau phun khong tét.

So1 nhua
Khoi tan
nhiét

L5i dan
nhua

Cuc nong
L—" gia nhiét
Dau phun
nhua

: JHMI

Hinh 4.43: Két cau dau phun nhya
4.5.3. S¢i nhya.

Vit li¢u dugc sir dung trong may in 3D 1a nhya dang s¢i. S¢i nhya stir dung trong
may in 3D phai 13 soi nhua nguyén chit, khéng pha tap, khong nén dung soi nhwa
tai ché thuong bi 13n cat, san, bui ban, ... khi st dung dé& 1am tic dau phun nhua
anh huong dén chat lugng mau in, ....
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Puong kinh s¢i nhya dugc ché tao tiéu chuén c6 2 loai duong kinh 1a 1,75 mm
va 3 mm. Dung sai s¢i nhya thuong 1a £0,05 mm. Puong kinh soi nhya phai dugc
ché tao déng déu vi néu duong kinh soi nhya khong déng déu, & chd soi nhua bi
thu hep duong kinh bat thuong thi dau phun khong du lyc dé kéo soi nhua vao,
nguoc lai, dudng kinh sgi nhwra c6 chd 16n bit thudng s& 1am tic dau phun.

C6 2 loai vat liéu thuong duoc st dung trong cac may in 3D FDM hién nay la
nhua ABS (Acrylonitrile Butadiene Styrene) va nhua PLA (Polylactic Acid).

Nhua ABS 1a nhua nhiét déo. Nhua ABS ¢6 co tinh tot, nhiét d6 in cao (nhiét do
in tuy theo nha san xudt nhung thudng 16n hon 230°C), do in véi nhiét do cao nhur
vy nén trong qua trinh in san pham c6 thé bi cong vénh, gy do d6 nén thiét ké
thém cac hé thng support dé han ché hién twong nay.Mat khac cac 16p dau tién
ciia mau in thuong khong két dinh voi ban in do bi ngudi qua nhanh ciing 1a mot
khuyét diém khi in nhuya ABS. San pham tir nhua PLA c6 thé 1am min bang
Acetol (xang thom).

Nhuya PLA 1a nhya nhiét déo thuong co nguén géc tu nhién, do d6 kha than thién
va khong gay doc hai khi sir dung. Nhua PLA tuong d6i gion, dé bi gay trong qua
trinh in 13 tic dau phun nhya. Nhi¢t d§ in ctia nhya PLA thﬁp chi tr 190° dén
210°C nén qua trinh in d& dang hon so v&i nhya ABS. Gié thanh cua nhya PLA
cling thudng thap hon nhya ABS tir khoang 100.000 VNP dén 200.000 VND.

4.6. Tinh toan thiét ké phan dién

Dé hé théng hoat dong duoc ludn can phan dién. Hé thdng dién chiu trach nhiém
cung cap ngudn dién, didu khién céc thiét bi trong két cdu may nhu dong co budc,
cum toi nhua, dau phun nhya.

Phan diéu J| Cac co cau
khién chap hanh

A 4

Khoi nguon

Hinh 5.44: So dd khéi hé thong dién.
4.6.1. Khoi nguon.

Khdi ngudn 14 bo phan cung cap ning luong cho toan bd hé thong dién trong
may. Di voi mdy in 3D can can phai hoat dong 6n dinh nén ngudn cap phai dam
bao vé dién ap va dong dién ludn on dinh.

Ta co6 2 lua chon cho bd nguén cua may in 3D, st dung nguén to ong hodc nguén
LITEON.
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LITEG

Hinh 4.45: Ngudn t6 ong Hinh 5.46: Nguoén LITEON

Pé lua chon bd ngudn phu hop, phai chii ¥ dén céac thiét bi sir dung trong mach
dién. Dua vao thong sd vé dién 4p va dong dién yéu cau trén cac linh kién dién dé
¢ thé lya chon nguén nudi thich hgp. Duoi day la mot s6 linh kién dién tir va
dién ap yéu cau cia cac linh kién do:

Linh kién S6 luong Théng s6

Board Arduino mega 2560 1 6 —24V; 50 mA
Driver A4988 4 5V; 0,5A

bong co budce 4 12V;12A
Board RAMPS 1 12 V;5A

Quat tan nhiét 3 12 V; 50 mA
LCD 1 5V, 0,4A

Bang 4.4: Mot s6 linh kién dién

Céc thiét bi dién trong may c6 dai dién ap hoat dong tor 6 V — 24 V nén ta chon
b6 nguodn tir 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 cuong do dong dién cung cip ngudn to ong cung cap dién ap
12 V va cuong do dong dién 30 A con nguon LITEON 1a 12 V — 7,5 A. Xét vé gia
thanh bd ngudn t6 ong cao hon gia cia cta bd nguén LITEON. Tuy nhién dé
thuan loi cho viéc nang cfip hé théng dién sau nay va dam bao hé théng dién hoat
dong tot nhit ta lua chon ngudn t6 ong 12V - 30A.

4.6.2. Phan diéu khién.
Phén diéu khién c6 nhitng nhiém vy 1a :

- Cip xung, diéu khién chuyén dong cua dong co budc cac truc
chuyén dong.
- Piéu khién nhiét d6 dau phun nhuya.
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- Diéu khién b0 to1 nhya.

- Piéu khién quat lam mat d¢au phun, quat lam mat san pham.

Vi diéu
khién
Board két
ndi
Driver Cong tic Dau phun Cam .bién
hanh trinh nhua nhiét
bong co LCD
buédce

Hinh 4.47: So d6 khdi c4c linh kién dién ti.
Vi diéu khién
Board diéu khién trong do 4n nay nhém quyét dinh st dung board Arduino
Mega 2560 do board mach dé sir dung ngay ca véi nhitng ngudi khong chuyén, su

pho bién dé tim kiém, ngén ngit lap trinh dé hiéu, phan cing dugc két ndi dé
dang.

Hinh 4.48: Board Arduino Mega 2560.

Board mach Arduino mega 2560 13 board mach vi xtr 1y dugc thiét ké nham xay
dung céc trng dung tuong tac véi nhau hoac véi moi truong duge thudn 1oi hon.
Board mach dugc xay dung trén nén ting vi xir 1y ATmega 2560 8bit. Board
mach c6 54 chan digital I/O, 16 chan analog input, si dung bd tao dao dong
16Mhz. C6 thé sir dung ngudn thong qua cong USB hodc ngudn DC tir 6 dén
20V.

Vixu ly Atmega 2560

bié¢n ap hoat dong 5V
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bién &p vao (khuyén dung)

7-12V

Dién 4p vao (t6i da)

6-20V

Digital 1/0 Port

54 (15 chan PWM)

Analog Port 16
Dong dién trén cac chan I/O 20 mA
Dong dién vao 50 mA

B0 nh¢é Flash 256 KB (8 KB cho bootloader)
SRAM 8 KB

EEPROM 4 KB

Bd dao dong 16 MHz

Chiéu dai board 101,52 mm

Chiéu rong board 53,3 mm

Khéi lugng board 379

Bang 4.5: Thong s6 board Arduino Mega 2560

Vi diéu khién c6 thé lap trinh va flash code d& dang biang phin mém Arduino
IDE. C6 thé str dung ngdn ngit 1ap trinh C/C++ dé lap trinh. Nhin chung ngon ngix
1ap trinh ctia nd twong ddi don gian va dé hiéu ngay ca voi nguoi khong chuyén
vé vi diéu khién. Phan mém duoc dung dé flash code cho board Arduino Mega
2560 la ph?m mém Arduino IDE. Phin mém c6 giao dién tryc quan, dé su dung.
Hé thdng thu vién va ma ngudn danh cho arduino mega kha 16n do d6 thuan tién

cho qua trinh st dung.
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Kiém tra 16i, bién dich
. Mariin | Arduino 165 =&
chuong trinh
\ File Edit Sketch Tools Help

Upload
chuong trinh

Vung lap
trinh

mega2560 (Mega 2560) on COME

Hinh 4.49: Giao dién phan mém Arduino IDE.

Board két ndi

Dé két ndi cac thiét bi ngoai vi nhu driver, cong tac hanh trinh ta c6 thé ndi
day truc tiép vao board vi diéu khién, tuy nhién véi s6 luong driver nhiéu sd
lugng day nhiéu s& dé két ndi sai diy dan dén mach dién ko diéu khién dugc va
nang hon c6 thé dan dén chay board arduino. Mot diéu nita 1a khi s6 lugng day
ndi qua 16n thi tinh thim m§ khong cao.

Mot giai phap dé giai quyét van dé nay la str dung mot board giao tiép trung gian
dé két ndi giita board vi diéu khién vao cac thiét bi khac. Cé nhiéu board trung
gian dugc phat trién hién nay nhu RAMPS, Melzi, Generation ....

Hinh 4.50: Board RAMPS Hinh 4.51: Board MKS

M3i loai board mach déu c6 wu diém riéng, dé lya chon mot board mach
phul hop cho cong viéc can phai tinh dén cac yéu t6 nhu gia thanh, kha ning hd
trg ciia board mach, kha nang md rong, su tién loi don gian khi lép dat, su phé
bién cta board mach. Két hop cac yéu td trén dé co thé lya chon board mach can
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cho may. So sanh giita cac board két ndi thuong dung thi board RAMPS 1a board
mach c6 thé dap ung nhiing yéu cau trén

RAMPS la board mach dugc thiét ké dé két néi cac thiét bi dién can thiét
cho mot mdy in 3D véi kich thuéc nho gon va gia thanh ré. Board duogc thiét ké
v6i cac plug in c6 thé thé str dung véi cac driver cho dong co budce va dé& dang mo
rong. Céc linh kién trong board mach cé thé thay thé d& dang khi c6 hu hong.
Board RAMS dugc thé ké dé giao tiép vi board Arduino Mega 2560 véi nén
tang manh mé& va ho trg mé rong board mach kha tdt. Board mach duoc thiét ké
dé d& dang két ndi va lap dit véi cac thiét bi khac.

Mot sb dic tinh ciia board RAMPS :

Dong dién cung cap tir 12V — 24V,

Dién &p SA — 30A.

Tuong thich v&1 may in 3D theo toa d§ Dercartes, robot delta.
C6 kha niang mé rong dé vai cac thiét bi ngoai vi khac.

3 mosfet cho quat tdn nhiét va bd gia nhiét, 3 mach diéu khién nhiét do.
Cau chi 5A béo v&.

Cap dong cho ban nhiét 1én téi 11A.

Cung cép 5 khe cim driver.

HJ trg diéu khién 2 tdi da 2 truc Z d6i véi cac may Prusa.

Ho trg LCD SD Card.

Bao tin hiéu bang LED khi gia nhiét.

C6 thé hd tro két ndi servo.

Céac chan I2C va SPI dé thuan loi cho viéc m& rong board mach.
TAt ca cac chan mosfet déu duoc két ndi vao chan PWM.

Hb tro két ndéi USB chuén B.
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MEGA Conn- | RAMPS 1.4 (RepRap Arduino Mega Pololu Shield)
=| reprap.org/wiki/RAMPSLi4 v s s aon e GPL V3

LED ' Endstops ' Thermistors [ 12C

e

heraistor 2
"
Theraistor 1

Heaters & Fans

Power ia 9 ' Reset Servos HUX—l AUX-2 AUX-3
, RA [—j an I
e a a D """" .
A -~ | &

Hinh 4.52: So d6 nguyén Iy board RAMPS.

Driver stepper motor

Mot bo phan khong thé thiéu diéu khién dong co bude d6 1a driver. Driver
nhu 1a m§t mach phan phéi xung cho dong co, lam nhiém vu cép dién cho dong
co budc hoat dong. Co 2 loai driver dugc s dung kha nhiéu trong cac may in 3D
hién nay la driver A4988 va DRV8825.

Hinh 4.53: Driver A4988. Hinh 4.54: Driver DRV8825.
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So sanh gitrta A4988 va DRV8825.

A4988 DRV8825
Su pho bién Pho bién rong Pho bién
Gia thanh 6,8 USD/5PCS 10 USD/5PCS
Dong dién 2A 25A
Vi budc 16n nhat 16 32
Mau PCB bdé/xanh Tim
Bién tro Gan chan Dir Gan chan En
Gia tri tré Rs ).05 Ohm 0,1 Ohm
).1 Ohm
).2 Ohm
Vref |_TripMax= Vref/(8*Rs) | I_TripMax= Vref/(5*Rs)
S6 16p mach in 2 4
Bdao v€ qué nhiét Co Co
Kich thudc >X5 mm 9,7x6,4 mm

Bang 4.6: So sanh driver A4988 va Drv8825.

O dd an nay, quyét dinh sir dung driver A4988 do driver nay phd bién va gia

thanh ré hon.

Driver A4988 co giai dién 4p hoat dong tr § V- 35 V.

Nhiét d6 t6i da 150°C.

bién thé diéu khién 3,3V -5 V.

Dong trung binh (RMS): 1 A, dong dinh: 2 A.

5 B0 phan giai khac nhau: du budc, nua budce, 1/4, 1/8, 1/16.

So d6 khdi
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Driver A4988 c6 ché do lua chon vi budc khac nhau tuy vao 3 chan MSI,
MS2, MS3. Tuy vao kiéu sé chan MS ndi véi VCC khac nhau ta ¢ thé diéu khién

Hinh 4.55: So do khdi A4988.

vGi cac vi budce khac nhau.

MS1 MS2 MS3 Vi budc
Khong n6i Khong n6i Khong n6i Pu budc
VCC Khéng noi Khong ndi Nura budc
Khoéng nodi VCC Khong ndi 1/4

VCC VCC Khong ndi 1/8

VCC VCC VCC 1/16

Pé ndi cac chan MS véi VCC ta c6 thé cam cac jumper trén board RAMPS nhur

hinh vé.

Dé st dung ché do vi budc 16n nhat 1/16 ta két ndi 3 jumper vao board mach.

Bang 4.7: Thiét 1ap cac ché do diéu khién

Chan Cém
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282A1A 18

I,
Chan Cam
driver

Hinh 4.56: Vi tri két ndi driver.
Cong tic hanh trinh

Cong tac hanh trinh 13 thiét bi phan hdi nham gi6i han hanh trinh chuyén
dong cua may. Board RAMPS hé tro t6i da 6 chan cam cong tdc hanh trinh, mot
vi tri min va mot vi tri max cho mdi tryc.

Dic diém cta cong tic hanh trinh 1 n6 14 cac tiép diém cia né c6 thé dong hay
mo khi cac bo phan di dong ciia may thyc hién mgt hanh trinh di dong nhét dinh.
Néu cong tic hanh trinh dung dé chuyén d6i mach & cudi hanh trinh thi ta goi 1a
cong tic cudi hanh trinh. Tuy theo két cAu cong tic hanh trinh c6 thé chia thanh
céc loai: kiéu nhan, kiéu don, kiéu quay, .... Trong d0 4n nay, sir dung cong tic
hanh trinh kiéu nhén.

Cong tac hanh trinh ludn c6 3 chan chan COM, chan NC, chan NO. Do dé cling
tuong tu ¢ 2 kiéu ddu day cong tic hanh trinh 1a dau kiéu NO va dau kiéu NC.

Dbi v6i kiéu NC: ndi chan S trén board RAMPS véi chan NC, ndi chan (-) trén
board mach véi chan C.

Dbi v6i kiéu NO: ndi chan S trén board RAMPS véi chan NO, ndi chan (-) trén
board mach véi1 chan C.

Chan cidm
Céng téc haph trinh

282A1A 18

Hinh 4.57: Vi tri két ndi cong tic hanh trinh.
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Man hinh LCD

Man hinh LCD c¢6 churc nang hién thi toa d0, cac thong sb va truc tiép in 4n ma
khong can phai thong qua két ndi v6i may tinh. O day ta dung module LCD 2004.

28

Hinh 4.58: Module LCD 2004

Hinh 4.59: Vj tri két ndi LCD

Cam bien nhiét

Cam bién nhiét cho phép ta biét duoc gia tri nhiét do cua déu phun nhya, ban
nhiét (néu c6), tir d6 quan 1y va diéu khién duogc gia tri nhiét d6 nay trude ciing
nhu trong qué trinh in. Board RAMPS hd trg cho ta 3 khe cam cam bién nhiét cho
dau phun nhya va ban nhi¢t. Str dung 2 day ndi cho cam bién nhiét, két ndi vao bo
mach tai cac vi tri TO, T1, T2 cho dau phun 1, ban nhiét (néu c6), dau phun 2 (néu
o).

Dién tré gia nhiét

Dién tr& gia nhiét c6 tac dung d6t néng gia nhiét cho cuc néng gitp cho nhya
noéng chay. Pién tro gia nhiét dugc két ndi vao cong D10 trén board mach
RAMPS.

Chan cam dién Chan cam cam
trg giaphiét bén nhi

Hinh 4.60: Vi tri két ndi cam bién nhiét va dién tro gia nhiét.

So db két ndi tong quat:
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Hinh 4.61: So dd két ndi tong quat.
4.7.  Thiét 1ap thong so6 phin cing clia may.

Pé may hoat dong can phai c6 vi diéu khién dé diéu khién hoat dong ciia may, dé
vi diéu khién co thé diéu khién chinh xac cac thiét bi phan cing trong may can
phai ¢ firmware phu hop véi cac thong s6 phi hop tuwong thich véi phan cimg
cia may. D6i v6i mo hinh mdy in 3D, sir dung firmware Marlin 1a firmware phd
bién nhét d& dang tuy bién cac thong s6 dé phu hop véi cic cu hinh phan cling
ctia cac loai may in 3D khic nhau. Céc thong s can thiét lap cho firmware bao
gém: thiét 1ap thong s6 board mach, cam bién nhiét, cac thong s6 cho dong co
budce, bd dun nhua, dau do (néu c0), thong sb6 bo PID diéu khién toc do dong co,

Thiét 1ap thong s6 Baudrate: Dé viéc truyén va nhan gilr liéu dugc d@)ng bo thi
gifta vi diéu khién va phan mém giao tiép phai cing mot thong s6 baudrate.
Baudrate 1a thong s chi s bit truyén trong 1s. Dé thiét 1ap thong sé baudrate,
thay d6i chi s6 ciia dong 1énh thanh thong s6 baudrate can thiét 1ap. Mot s6 thong
s6 ¢6 thé st dung nhu 9600, 11250, 25000, ...

#define BAUDRATE 250000.

Thiét 1ap thong sé vé board mach: Cé nhiéu board mach c6 thé str dung dé
diéu khién may in 3D nhu RAMPS, MELZI, ... mdi board mach s& c6 thong sd
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thiét 1ap khac nhau dé twong thich véi firmware. Thiét 14p thong s6 board mach
trong dong 1énh dudi :

#ifndef MOTHERBOARD
#define MOTHERBOARD BOARD_RAMPS 13 EFB
#endif.
Thiét 14p s lwong dau phun: Thay déi sb lugng dau phun trong dong 1énh sau:
#define EXTRUDERS 1
Thiét lap gia tri cam bién nhiét: tuong tu nhu thiét l1ap thong s6 board mach thi

mdi loai cam bién nhiét c6 1 gia tri khac nhau, firmware marlin hd trg tdi da 3
cam bién nhiét cho dau phun nhya va 1 cdm bién nhiét cho ban nhiét.

#define TEMP_SENSOR_0 6

#define TEMP_SENSOR 10

#define TEMP_SENSOR 20

#define TEMP_SENSOR_BED 0
Thiét 13p toa do di chuyén cho may: dé¢ may motor quay dung chiéu theo hé toa
d6 thi ta cAn phai thiét 1ap thong s6 trong firmware. Dung phuong phép thi sai dé
thiét 1ap cac thong sb ndy. Cho céc truc toa do di chuyén theo mot phuong nhét
dinh, néu truc toa do di chuyén nguoc huong thi thay ddi cau 1énh tir True thanh
False hodc nguoc lai. Thiét 12p toa d0 may trong cac cau 1énh ¢ dudi:

#define INVERT_X DIR true
#define INVERT_Y_DIR true
#define INVERT_Z_DIR true
#define INVERT_EO_DIR false
#define INVERT_E1 DIR false

#define INVERT_E2_DIR false
Thay doi hudng vé home cua 3 truc toa do: Trudce khi may bat dau in thi cac truc
toa d0 phai vé gbc toa do dé gia nhiét cho dau phun, ban nhiét, ... Pé cac truc di
chuyén vé goc toa do phu hop ta can thiét 1ap hudéng di chuyén cho céc tryc.
Phuong phap thiét lap tuong tu nhu thiét 1ap toa do di chuyén cho mdy, néu
hudng vé home khong mong mudn thi doi gia tri tor -1 thanh 1 hodc nguoc lai.
Céc thong sb duogc thiét 1ap trong cac ciu l1énh sau:

#define X_ HOME_DIR -1

#define Y_HOME_DIR -1

#define Z HOME_DIR -1

65



Thiét 14p khong gian 1am viéc cho may: Can phai giéi han khong gian 1am viéc
clia may theo nhu phan cing da thiét ké 1a lap dat. Cac thiét lap vé khong gian
lam viéc ctiia may duoc thay ddi ¢ nhitng cdu 1énh dudi day:

#define X_MAX POS 200
#define X_MIN_POS 0
#define Y_MAX_POS 200
#define Y_MIN_POS 0
#define Z_MAX_POS 200
#define Z_MIN_POS 0
Thiét lap sb truc toa do: Firmware hd tro diéu khién t6i da 5 truc tuong tng voi 3

truc X, Y, Z va 2 tryc toa do tuong (mg voi 2 dau phun nhya. Thay d6i cac thong
s6 trong cau 1énh sau:

#define NUM_AXIS 4
Thiét lap tbc do vé home: Thong s6 thiét lap tbc do khi dua cac truc vé géc toa
d0, thay doi cac thong sé trong cau lénh:

#define HOMING_FEEDRATE {50*60, 50*60, 4*60, 0}
Thiét 1ap cac thong sb vé toc do t6i da va gia toc toi da ciia cac tryc trong cc cau
Iénh sau:
#define DEFAULT_MAX_FEEDRATE {500, 500, 5, 25}  // (mm/sec)
#define DEFAULT_MAX_ACCELERATION  {9000,9000,100,10000}
Thiét 1ap module LCD: Néu str dung LCD dé giao tiép diéu khién may in ta thay
d6i thiét lap trong firmware bang cach thém dong 1énh sau trong firmware:

#define REPRAP_DISCOUNT_SMART_CONTROLLER
Thiét 1ap thong s6 step/mm: Pay la thong s6 quan trong nhat khi diéu khién, no
xac dinh gia tri s6 vong quay can thiét caa dong co dé vit me hodc dai dich
chuyén duoc Imm. Dé thiét 1ap cac thong sé nay can thuc hién qua 2 budc:

Budc 1: Tinh todn so by gia tri step/mm.

Budc 2: Tinh chinh lai cac thong sb.
Tinh toan so bd cac gia tri: tuy thudc vao bd truyén va cach diéu khién dong co

ma céc thong s6 nay khac nhau

ba1 véi b truyén dai:

Trong do:
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A 1a géc bude nhé nhit cua dong co, & day A = 0,9°

B 1a vi budc cua driver, ¢ day ta di€u khién dong co budc vdi ché do dicu khién
vi budc, B=1/16

C la budce dai, C = 2,5mm

D 1a s6 ring cua pulley, D = 20
360.B _ 360.16
Do dé: © ~ cbA~ 252009 128

Pbi vai bo truyén vit me — dai dc :
S 360.B
~AE

Trong do:

E 1a budce vit me, ¢ day st dung vit me budc 2,5mm do d6 E =2,5mm

360.B  360.16
, S = = = 2560
Do do6 AE 0,9.2,5

Ddi véi bd toi nhya.
_360.E.B
- mAG
Trong do:
E 1a ty s6 duong kinh cuia cip banh ring dan dong, & day khong diung cip banh
ring dan dong nén E = 1
G 1a duong kinh pulley to1 nhya

_ 360.E _ 360.1.16
Dodd"~ = mAG w0912

= 169,7

Pé tinh chinh lai cac thong s6 trén ta thuc hién nhua sau:

Ddi véi bd toi nhya, ta cho bd toi nhya di chuyén thu cong mot doan S0mm, sau
dé dung thudc kep do lai khoang dich chuyén thuc té cia soi nhua, gia tri thuc
ctia théng s step/mm dugc tinh nhu sau

S H
TT — I

Trong do:

Sy 1a gia tri step/mm thuc té
Sy 1a gid tri step/mm trén tinh toan

H 14 khoang di chuyén thii cong, (H =50mm) I 1a khoang dich

chuyén thuc 8.
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DPdi véi céac truc X, Y, Z ta in thtr mau in dang hop c6 kich thudc 50x50x50 mm,

sau do do lai céc kich thude va thyc hién tinh toan lai cac thong s6 nhu cong thirc

O trén.

Lap lai cac bude canh chinh trén nhiéu lan dé c6 thé dat gia tri chinh x4c nhét.

Sau khi c6 cac gia tri can thiét, thiét 1ap lai cac théng s trong cac dong 1énh sau:
#define DEFAULT_AXIS_STEPS PER_UNIT {160,160,320,185}

4.8. Phan mém diéu khién.

Phan mém diéu khién mdy in giup ta c6 thé van hanh may trong trudng hop
khong c6 LCD va thuan ti€n trong cac thao tdc van hanh may thu cong.

Phan mém diéu khién co thé gifip ta thyc hién cic thao tac van hanh may bang
tay don gian va dé& dang hon so v&i LCD, khi LCD chi ¢ thé thuc hién cac thao
tac vé di chuyén cac truc, gia nhiét, thi phén mém diéu khién c6 thé thuc hién
dugc cac thao tac d6 dong thoi co thé nhap tha cong cac 1énh Geode cho cac qua
trinh test may, can chinh ban in, ...

C6 nhiéu phan mém diéu khién may in 3D nhu repertier host, pronterface ....
Trong d6 an, sit dung phan mém pronterface. Phan mém pronterface 1a phan mém
mién phi ¢6 vu diém 14 dung luong phan mém nho, giao dién truc quan, dé sir
dung.

& Pronterface [E=SREERTS
File Tools Advanced Settings Help
port | ] @[ 250000 ] comnect | Reset | Load fie | =0 | [ | o |
Motors off ~frmjmin :[ 100 = < >
4y +Z
0¥ 0
o ®
-X X
Y Z

Heat: 0 (off) A
Bed: 0 (off) &2

2
1
Extrude
Length: Speed: .
1
-2

fo0 =l = mm/
5.0 “Hmm e [100.0 1y

Print speed: —J— 100 e

4| Send-

Not connected to printer.

Hinh 4.62: Giao dién phan mém Pronterface

Phin mém CAM

Phian mém CAM la phin mém c6 nhiém vu cit 16p miu 3D sau d6 tao duong
chay nhua sau d6 xuit ra dudi dang file Geode. C6 nhiéu phan mém CAM duoc
sir dung véi may in 3D, trong dé tai nhom sir dung phan mém Slic3r 1a phan mém
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duge st dung twong d6i nhiéu. Slic3r c6 kha nhiéu théng s thiét 1ap cung véi
nhiéu dudng chay nhwa tir d6 c6 thé t6i wu duge chat lvgng miu in.

G Siic3r ] ]
File Plater Object Window Help
Plater | Print Settings | Filament Settings | Printer Settings |
(5 Add... || . Delete [ Delete All | Arrange |
Print settings: 5 Normal print v
Filament: [ Simple Mode v
Printer: (&) Simple Mode »
[ Export STL... H_C;Export G-code...
Name Cop... Scale
Bishop.stl 1 100%
Info
Size: Volume:
Facets: Materials:
Preview | Layers Manifold:
Generating support material... - .

Hinh 4.63: Giao dién phan mém slic3r.

Céc thong sb co ban khi thiét 1ap ché d6 in bao gom:

Print setting: Téc do, chiéu day 1 16p in, chiéu day 16p in, do dic cua chi
tiét, cac thong s6 cua support nhu chiéu day, do dac, ...

Filament setting: Duong kinh s¢i nhyua, nhiét dg cac 16p in.

Printer setting: Kich thudc ban may, dinh dang Gceode, cau trac Geode.

Dé dat chét lugng in tot nhat can thiét 1ap cac thong sd in phii hop tuong
thich voi phan cimg ctia may. Céac thong sb c6 anh hudng 16n dén chat lugng miu
in nhu toc d6 in bao gém téc do in 16p thanh, téc d6 in 16p phia trong, toc do chay
khong , chiéu day ctia mot 16p in, nhiét d6 gia nhiét soi nhwa, nhiét d6 in, .... Thiét
1ap cang nhiéu thong s6 thi gitip cho qua trinh in dugc kiém soat mot cach tbi da va
thudn lgi cho qua trinh in hon va cé thé tao diéu kién gitp cai thi¢n chét lugng mau

in tt hon.
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, Chiéu day 1 16p .
g sicxr [ (= [ E ]
File Plater Window Help

i» Plater \ Print Settings | Filament Settings | Printer Settings |

— 1cn
‘ - default - v {@@ Layer height
7; Layers and perimeters Layer height:
Infill First layer height:
|| | &) Speed

(&5 Skirt and brim
L2l Support material

Vertical shells

Notes Perimeters (minimum): 3 :
= Output options
/' Multiple Extruders Randomize starting points:

So6 16p in 16p dau va
Generate extra perimeters when A

needed: i 10p cyp1
Horizontal shells
Solid layers: @ > Bottom: 3 >

Advanced

o~ Advanced

Avoid crossing perimeters:
External perimeters first:
Spiral vase:

< i »

Version 0.9.10b - Remember to check for updates at http://slic3r.org/

Hinh 4.64: Thiét 13p Layers and perimeters.
Layer height 1a chiéu day 1 16p, chiéu day mot 16p cang nho thi chi tiét in cang
min tuy nhién thoi gian in cham. Lép in cang mong thi cang han ché dugc khac
khuyét tat clla mau in nhu nhiing vét nhua du, chay nhua, .... Nguoc lai 16p in
cang day thi thoi gian in cang nhanh tuy nhién c6 thé c6 mét sé nhuoc diém nhu
sai léch kich thudc s& 1on hon, do bong bé mat thap, chat lwong mau in khong
cao. Chiéu day mot 16p in tdi da khong qua dudng kinh ciia dau phun nhya.

First layer height 1a chiéu day 16p in dau tién, chidu day 16p in dau tién 16n dam
bao vat in bam chéc trén ban in. tuy nhién chiéu day 16p dau qua Ién thi ton hao
vat liéu, do d6 can lya chon phu hop. Dé c6 thong sd phu hop thi phai phu thudc
vao hinh dang kich thuéc ciia mau in, ciing nhu kinh nghiém in timg loai chi tiét
va vat liéu khac nhau

Solid layers 13 s6 16p in can dé in 16p day va 16p dinh. Thong sé nay twong ddi
quan trong nhét 1 ddi véi 16p dinh.

Perimeters 1a thong sé xac dinh s 16p thanh san pham, s6 10p thanh san pham
cang nhiéu thi chi tiét cang bén.

Solid layers 14 s6 16p in dé in phan day va phan dinh cuta chi tiét. D6i v6i nhing
chi tiét c6 d6 rdng cao thi can phan can nhic giita 2 phuong an in 16p dinh do6 1a
tang s6 16p in hodc ting chiéu day mot 16p, vi do réng cua chi tiét cang cao thi cac
16p in phia dinh s& dé bi chay nhya & nhitng khoang hd, hoang hd cang 16n thi
cang d& chay nhwa hon, dé 1am bé mit phia trén chi tiét bi ho.
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b0 dac cua chi

tiét

-
% Slic3r

[ESRER)

File Plater Window Help

Plater | Print Settings l Filament Settings l Printer Settingsl

Kiéu duong in

& Layers and perimeters Fill density:
Fill pattern:

3 Speed Top/bottom fill pattern:

Skirt and brim
il Support material

6p phia trong

| Notes Advanced
= Output options Infill every: 1 > layers 2 N .
= 1y: x
I/ Multiple Extruders 1cu dlIO'Ilg 1
/7 Advanced Only infill where needed: [} lUp day va 10p
z inh
Solid infill every: 0 < layers d
Fill angle: 45 =
Solid infill threshold area: 70 mm?
Only retract when crossing
perimeters: @
Infill before perimeters: ]
Version 0.9.10b - Remember to check for updates at http://slic3r.org/
& J

Hinh 4.65: Thiét 1ap infill.

Fill pattern dang chay nhya 16p trong.

Fill desity 1a do dic cua chi tiét,dd dic cang 16n thi chi tiét co d6 cling cang cao
tuy nhién thoi gian in 1au va tén nhiéu nhwa hon

Top/bottom fill pattern dang chay nhya 16p day va 16p dinh.

Téc d6 in thanh

N
Sttt y7uu

Gap fill: 20

Speed for non-print moves

Travel: 100
Modifiers
First layer speed: 30

Acceleration control (advanced)

mm/s

mm/s

mm/s or %

g sicr BN
File Plater Window Help
‘_Pla_th Print Settings | Filament Settings I Printer Settings
i Layers and perimeters Perimeters: @
Infill Small perimeters: 30 mm/s or %
ot External perimeters: 50% mm/s or % e T At ‘
Skirt and brim R - 5 Toc do in 16p
ry . Infill: ’
sl Support material phla trong
_| Notes Solid infill: 60 mm/s or %
= Output options Top solid infill 50 mm/s B - Téc dd in 16p
I Multiple Extruders Support material: 60 mi s
&7 Advanced i ’ trén
Bridges: 60 mm/s

" Tdc d6 in support

Version 0.9.10b - Remember to check for updates at http://slic3r.org/

Hinh 4.66:

Perimeters: toc do in thanh san pham.
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Small perimeters: toc do in thanh san phdm dbi voi nhitng chi tiét nho, ddi véi
nhing chi tiét nho c6 thé st dung tdc do thap nham dam bao vat liéu héa rin kip
thot va gidm quan tinh tac dung lén ban may.

Infill: tc d6 khi in 16p phia trong san phim, ddi v6i phia trong san pham co thé
in vé6i tde d6 cao hon céc vi tri khac cia san phém.

Top solid in fill: tc d6 in phia trén vat thé, nén in véi tdc d6 cham néu dé do dic
cta chi tiét thap.

Support material: toc do in 16p support.

Brigdes: toc d6 in khi di qua nhitng khe ho. Ddi véi cac chi tiét c6 do dic thap thi
doé hé cang cao can di véi tée do hop 1y dé tranh bi chay nhya 1am rd bé mat chi
tiét.

Gap fill: toc do in trong nhitng khe hep.
Travel: téc d6 chay khong in

First layer speed: toc do in 16p dau tién, tbc d6 16p dau tién khong nén thiép lap
qua cao vi 16p dau tién dugc coi 1a 16p ddy dé d chi tiét nén in cham dé vat liéu
hoa ran kip va bam dinh vao ban in

Puodng kinh
o sgi 71~Ja —E x|

File Plater Window Help
[ Piater | print Settings | Filament Settings [ rinter Settings |

‘Simple Mode v] @J@ Filament
@ -7 | Diameter: @

~ Cooling Extrusion multiplier: 1 Nhiét do in déu
Temperature (°C) ph n nhua
Extruder: irst layer: 200 = Other layers: 200
Bed: irst layer: 0 = Other layers: 0
Nhiét o ban
nhiét

< 1 »

Version 0.9.10b - Remember to check for updates at http://slic3r.org/

Hinh 4.67: Thiét 1ap s¢i nhya.

Filament Diameter: duong kinh sg¢i nhya, phé bién hién nay la nhua co
duong kinh 1,75mm; 3mm.
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Extruder temperature: nhi¢t d0 in, tuy theo tirng loai nhya khac nhau ma thiét dat
nhiét d0 in khac nhau.

Puong kinh dau
phun
s ™
& Slic3r / =B
File Plater Window Help
| Plater | Print Settings | Filament Settingsl Printer Settings
e
(=) General Nozzle diameter: O
¢ Custom G-code
Y Position (for multi-extruder printers)
Extruder offset: x 0 y: 0 mm Kh(?g rut nhl.la
Retraction
Length: 2 mm (zero to disable
Lift Z: 0 mm
Speed: 40 2 mmys
Extra length on restart: 0 mm
Minimum travel after retraction: 2 mm
Retract on layer change: |}
Wipe before retract: |}
Retraction when tool is disabled (advanced settings for multi-extruder setups)
Length: 10 I mm (zero to disable)
Extra length on restart: 0 mm
Version 0.9.10b - Remember to check for updates at http://slic3r.org/
S

Hinh 4.68: Thiét 14p dau phun nhya

Nozzle diameter: Puong kinh dau phun nhya. Puong kinh dau phun nhya 1a mdt
yéu t6 kha quan trong vi né anh hudng téi duong kinh cua soi nhya duge phun ra.
Can phai thiét 1ap dang voi duong kinh dau phun hién c6.

Retraction length: Chiéu dai doan nhya in sé& bi rat nguoc lai trude khi may in di
chuyén qua vung khong dun nhya dé tranh nhya bi chay rét.

Retraction lift Z: Chiéu cao dau dun s& duoc nang 1én trudc khi rat ngugce nhya in
va di chuyén sang vi tri khac.

4.9. Cac kiéu chay nhua.

Slic3r cung cap kha nhiéu duong chay nhua khac nhau dé c6 thé lua chon duong
chay nhya t8i wu cho ting loai mau in khac nhau.

Mot s6 kiéu duong chay dau phun nhua:

Hinh 4.69: Kiéu rectilinear. Hinh 4.70: Kiéu line
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Hinh 4.71: Kiéu concentric Hinh 4.72: Kiéu honeycomb

Hinh 4.73: Kiéu hibertcurve Hinh 4.74: Kiéu archimedeanchords

Hinh 4.75: Kiéu octagramspirals Hinh 4.76: Kiéu 3 dhoneycomb
Mai kiéu chay nhya déu c6 vu diém va nhuoc diém riéng.

Kiéu rectilinear va kiéu line vé co ban 1a giéng nhay vé kiéu chay tuy nhién kiéu
line gitra cac duong chay nhya c6 lién két v6i nhau do d6 co giam thoi gian cac
duong chay khong khac voi kiéu rectilinear khong co su lién két véi nhau do do
t6n thém thoi gian cho khoang chay khéng in.

Kiéu hilbertcure cac dudng chay nhua co nhiéu dudong gip khuc do d6
khong nén chay véi téc do cao do quéan tinh va gia tdc tai nhitng vi tri nay 1a kha
16n sé& 1 anh huong dén may va chét luong mau in.

Kiéu honeycomb, archimedeanchords, 3dhoneycomb 13 cac kiéu chay nhua
tugng ddi phu hop véi 16p & phia trong khi voi nhitng kiéu chay nhira nay c6 thé
in voi tée d6 cao hon.

Kiéu rectilinear, linear, concentric thudng dung cho nhitng 16p day va 1ép phia
trén cta mau in do dat duoc thAm mi cao hon mit khac nhitng 16p nay khong yéu
cau chay téc d6 cao nén c6 thé stir dung duoc nhiing kiéu nay.
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KET LUAN

Sau qua trinh nghién ctru, tinh toan va thiét ké, em di ché tao thanh cong
mod hinh may in 3D, véi dung sai chi tiét hién tai dao dong tur 0,1 ~ 0,2 mm. Vit
liéu duogc su dung trong qua trinh in 1a nhya ABS va nhya PLA.

Trudce khi van hanh méay nén bdi mot 16p keo dan 1én bé mit ban in dé c6
thé tang do két dinh cac 16p in dau tién. Trudc khi bat dau in can di chuyén dau
phun ra vi tri an toan sau d6 dung cac I¢nh thu cong cho dun s¢i nhya ra khoang
10mm sau d6 lau sach vét nhua dé dam bao dau phun khong bi tac nhua

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

- D0 bn dinh cua hé théng chua tot
- Dung sai san pham chua 6n dinh, dbi v6i chidu day mot 16p in cang
nho thi dung sai cang thap

Mot sb hinh anh san pham tir may:

Hinh 6.6: Mot s6 san pham tir may.

Huwéng phat trién:

- Khic phuc céc 13i trén may.

- Xay dung may in ¢ thé in duoc nhiéu mau sic.

- Cai thién tdc dd in cao hon.

- Nghién ctru vat li¢u in khéc co chat lugng cao hon.
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