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NGHIEN CUU UNG DUNG CO CAU H-BOT ,
TRONG PIEU KHIEN MAY IN 3D REPRAP THEO PHUONG PHAP
FDM (FUSED DEPOSITION MODELLING)

APPLIED RESEARCH STRUCTURE OF H-BOT IN THE 3D PRINTING
DRIVER REPRAP WITH FDM (FUSED DEPOSITION MODELLING)

Huynh Hiru Nghi, Nguy&n Anh Tuén, Thai Thi Thu Ha
Truong Pai hoc Bach Khoa - DHQOG Tp.HCM, Viét Nam
Ngay toa sogn nhan bai 25/11/2016, ngay phan bién danh gid 16/12/2016, ngay chap nhdn dang 21/12/2016
TOM TAT
FDM (Fused Deposition Modelling) la céng nghé ir] 3D phé bié'n hién nay. Coéng nghé
ndy da va dang c6 nhitng g dung manh mé trong doi song, san xuat va dac biét la cung cap
cac tri‘thd’c trong moi truong hoc thugt. Vi vdy, hién nay tai Viét Nam ciing nhu trén the gidi,
nhhu cau trang bi hodc ti che tao may in 3D theo cong nghé FDM trong cdc co s¢ gido duc
nham trang by kien thirc ve thiet ke, ché tao ciing nhu k nang thuc hanh cho nguoi hoc la rat
Ion. Nham phuc vu cdng tac giang day thuc hanh, thi nghiém dong thoi gitp cho sinh vién tw
tang cuong ky nang thuc hanh theo md hinh giang day CDIO; nhom tac gid da nghién cuu img
dung cua ket cau dang H-bot va giai thudr dieu khien cua may in 3D REPRAP, thiet bi nay da
dwot che tgo thanh cong tai Khoa Co Khi, Truong Pai hoc Bach Khoa — PHQG TP.HCM.

Tir khod: In 3D; Boi ddap ldng dong; San xuat; CDIO; H-bot.
ABSTRACT

FDM (Fused Deposition Modeling) has become an increasingly popular technology in
the field of Additive Manufacturing since it has various industrial as well as agricultural
applications. Moreover, it provides valuable knowledge in the academic environment. As a
result, in many countries including Vietnam, the need to equip or self-produce 3D printers
using FDM method in universities and institutes is significantly great to equip learners with
design and fabrication skills. In order to serve the practical and experimental teaching in the
CDIO Initiative, the authors have studied the application of H-bot structure and its control
algorithms for constructing a REPRAP 3D printer. This device has been successfully designed
and assembled at Faculty of Mechanical Engineering, Bach Khoa University — VNU.

Keywords: 3D printer; FDM; Manufacturing; CDIO; H-bot.
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nay (con duoc goi la cong nghé in 3D FFF).
Pién hinh 1a cac dang may in 3D Reprap
hoac may in 3D gia ré (makerbot, Printerbot,
Flashforge...).

Hinh 1. So' dé may in 3D theo cong nghé FDM

Cong ngh¢ FDM trén thé gidi dang phat
trién rat nhanh chong véi doanh sé hang nam
khong ngumg tang. Nhiéu nghién ciru vé cac
cdng nghé tao mau nhanh noi chung va tao
mau nhanh bang cong nghé FDM néi riéng
nham ung dung trong doi séng san xuat
mang lai hiéu qua va lgi nhuan cao. Pac biét
xét ¢ khia canh nghién cau hoc thuat, cac
may tao mau nhanh 1a mot dé tai da dang ung
dung day du cac tri thie: co khi — dién tir —
lap trinh va vat liéu cho céac truong dai hoc.
Do d6, dé tai dugc lra chon nghién ctu tng
dung két cau H-bot trong diéu khién may in
Reprap 3D theo phuong phdp FDM 1ng
dung trong nghién ctu hoc thuat, 1a md hinh
truc quan phuc vu cho céng tac giang day va
hoc tap trong moi truong dai hoc.

2. THIET KE CO KHI

Cum truc truyén dong X, Y 1a mét trong
nhitng cum chi tiét hét stc quan trong trong
may in 3D. Thiét ké cum truc XY trén may in
3D bao gom 2 phan la cum truyén dong truc
X va cum truyén dong truc Y,véi yéu cau
chung la:

+ Két clu don gian, thao lap dé dang,
trong lugng nhe nhung van dam bao cung
ving.

+ Truyén dong mot cach chinh xéc, diéu
khién d& dang va c6 kha nang hiéu chinh
duoc luc cang dai ¢ hai bén may theo
phuong Y va theo phuong X.

Trén thuc t& cum truyén dong xy theo
két cdu xy doc lap kha 1a phd bién vi don
gian va dé diéu khién hon két cau H-bot.
Nhung két ciu H-bot lai c6 loi thé gon nhe,
hoat dong ém hon vi 2 dong co cum Xy
khéng chuyén dong, luc quén tinh nho hon vi
chi c6 cum dau dun 13 di chuyén. Chuyén
dong cua cum dau dun 1a chuyén dong két
hop cua ca 2 dong co nén do chinh xac chi
tiét in cao hon. Két cAu cum truc X, Y theo
H-bot duoc thiét ké nhu hinh 2.

Bdng 1. Thon

s6 mdy dwoc thiét ké

Théng sb

Giatri

Kich thudc may

390 x 390 x 460 (mm)

Kich thudc mau
I6n nhat

200 x 200 x 180 (mm)

Vat liéu tao mau

PLA,ABS,Ninjaflex....

buong kinh day
nhua

1.75 mm

S6 luwong dau dun

1 dau dun

Van tc khi dan

V=40 mm/s

Van téc khi chay
home

V=110 mm/s
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Hinh 2. So' @ nguyén Iy cum truc XY

Voi:

1.Con truot ngang
2.Co c4u chap hanh
3.Vung lam viéc
4.Thanh trugt ngang
5.Pulley bi dong
6.Dai rang

7.Pulley dan huéng
8.Con truot doc
9.Thanh truot doc
10.Bong co
11.Pulley chu déng
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Vi chi tiét in thuong cé khdi luong
khong quéa 16n nén nhuoc diém dé bi cong
vénh, bién dang cum truc Z va ban may
khéng qua anh huéng dén do chinh xéac cua
méy. Do d6, da sd cac may in 3D thuong st
dung mét truc vit me, dai ¢ — 2 ti truot vi
két cau don gian, gon gang, dé lip rap, can
chinh nhu hinh 3.

Hinh 3. Két cau cum truc Z
6.Dé dong co

7.Ndi truc dan hoi

1.Truc vit me dai ¢ bi

2.D3& truc vit me

3.Gbi dd ti truot 8.Pong co
4.Ti truot 9.Ban trén
5.0 lan tuyén tinh 10.Ban dudi

Hinh 4. Thiét ké may in 3D

3. PHAN TiCH PONG HQC

Sau khi di hoan tat thiét ké co cdu cua
hé thdng, can thiét phai phan tich dong hoc
thuan, nguoc cua co cu in 3D dé tim ra céc
mdi lién hé giita toa d6 cua b phan cong tac
va thong sé diéu khién dong co. Tur d6 diéu
khién bo phan cong tac chuyén dong theo
quy dao mong mudn.

Xét mat phang xy véi bai toan dong hoc
ctia co cau H-bot. Chon chiéu duong goc quay
dong co va hé toa d0 XOY nhu hinh 2. Dya
vao so dd nguyén ly, xét mot sé trudng hop
co ban cua goc quay Aa, AP cua 2 dong co.

Hinh 5. Mt s6 trieong hop co ban cua goc
quay 2 dong co XY

Xét su phu thudc toa do lan luot cua tryc
Y cua co cau chap hanh theo géc quay cua 2
dong co qua cac truong hop cu thé:

Trwong hep 1: Aa#Z0va AB=0

Khi dong co 1 quay goc Aa tong chiéu
dai AB + BC + CD thay d6i mot luong (RAa)

Hay: A(AB+BC+CD)=R.A«a (¢D)]
(Vi R 1a ban kinh pulley gin véi dong co)

Ma chiéu dai BC khong d6i bén canh
tinh chat doi xrng cua co cau nén:

AAB:ACD:R'—ZAa (2)
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Hay do bién thién toa do theo truc Y
cua co cau chap hanh phu thudce vao dong co
1la:

R.Aa
- ®3)

Trwong hop 2: Aa=0va AB#0

AY =

Tuong tu nhu truong hop trén, luu y la
do6 bién thién AY va AB nguoc dau nén
phuong trinh thé hién mdi quan hé gitra su
bién thién toa do theo truc Y cua co cau chap
hanh va goc quay dong co 2 la:

ay--228 )

Két hop phuong trinh (1) va (2) suy ra:
(%)

’ Xét su phu thuoc toa do truc X cua co
cau chap hanh theo géc quay cua 2 dong co:

Trwong hep 3: Aa#0va Ap=0

RAa-RAS
2

AY =

Khi dong co 1 quay goc Aa tong chiéu
dai AB+ BC+ CD thay doi mot lugng RAa.

Tuc la:
A(AB+BC+CD) = A(AB+BE+ED) = R.Aa
Xét tuong tu truong hop 1:

AAB=R_§“

Do d6 d6 bién thién toa dd cua co ciu
chap hanh theo truc X phu thudc vao dong co
1la:

RAx

=7 ©)

Trwong hgp 4: Aa=0va AB#0

Twong tu, luu § do bién thién AEC va
AP ngugc dau nén:

AEC = —RAB

Ma AX va AEC nguoc diu nén do bién
thién toa d6 cua co cau chap hanh theo truc X
phu thudc vao dong co 2 la:

AX =-AEC = RAS

(7)

Két hop phuong trinh (4) va (5) suy ra:

RAa+RAB
— (8)

Tu phuong trinh (3) va (6), phuong trinh
dong hoc thuan cua co cau H-bot:

AX =

RAa+RAB
2

RAa—RAB ©)
2

AX =
AY =

Két hop chuyén dong thuan tuy theo
phuong Z cua ban may, dong hoc hé thong
da hoan thanh phan tich.

_ Tu phuong trinh dong hoc thuan cua co
cau H-bot suy ra phuong trinh dong hoc
nguoc cua hé:

AX+AY
R
AX—-AY
R

Aézz—ﬁAZ

p

4. MACH DIEN VA GIAI THUAT PIEU
KHIEN

~ Mach dién thiét ké cua h¢ thong dugc
thé hién nhu so do hinh 6.

May tinh

Aa =

AB= (10)

May in 3D

Cong tic
hanh trinh

|
RS232 \ )

’ o Vi didu khidn |—~
1
Driver

l

Step motor

[ =]

[

12v

A

Hinh 6. So do khai thiét ké mach dién

Xir ly dir liéu trén may tinh

Chuong trinh xir Iy cét lop cac mau in
3D duci dang file .STL bang phan mem
slic3r, thiet 1ap cac thong so hoat dong (do
day I6p in, dang dién day, toc do in...)
Chuong trinh s& xuat ra file G-code bao gom
nhitng Iénh chie nang va 1énh di chuyén, sau



d6 1énh duoc lan luot truyén xudng vi diéu
khién theo chuan giao tiep RS232 cho dén
khi hoan tat in. Giai thuat duoc mo ta don

gian bang so d6 khoi:

Hinh 7. Giai thudt xur ly trén may tinh

( Bitdau )

Nhap théng sb
may

|

Nhap dir liéu in
dinh dang STL

|

Thuc hién ndi suy

!

Xuét ra G-code

Giai thuat vi diéu khién

Thiét 1ap gia tri
ban dau cho céc
bién

Nhan dir liéu
tir may tinh?

Nhan dang va xtr
Iy G-Code
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19
Giai thuat diéu khién vi tri dau dun
Ung véi goc budc cua dong co 0, dé 3
dong co quay dugc goc Aa, AB, AS thi can
cap cho 3 dong co so xung lan luot la i, j, k.

Aa=i6
AB=j0
AS =k6

Tu do, phuong trinh dong hoc ngugc
dgqc su dung cho giai thuat diéu khién vi tri
dau dun:

i:AX+AY
RO

. AX-AY

Y

k=2Zaz

po

Ngit diéu khién vi tri

/Sé xung va chu ky xung/

iém tra s xung
DPC2 cap du?

Lénh chirc nang?

énh didu khién
chuyén dong?

Thuc hién chirc nang
twong tmg (Diéu khién
nhiét d6 dau dun/tit mo
quat/...)

Diéu khién chuyén
dong dau dun

( Return )

Hinh 8. Gidi thudt xi Iy trén vi diéu khién

Két thuc cdp xung | | Tiép tuc cép
bC2 (N2=1) 1 xung BC2
P
time2=0

Guri ky tu ‘N’ 1én may tinh;
N1=0, N2=0, N3=0
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5. THU'C NGHIEM

) Mo h‘lnh thuc nghiém may in 3D dugc
che tao va lap rap giong ban thi€t ke vei kich
thudc thue dugc thé hién bai hinh 10:

iém tra s6 xung
DC1 cap du?

Keét thuc cap xung Tiép tuc cap
DC1 (N1=1) 1 xung PC1
timel1=0
Return N e L
Hinh 10. M0 hinh thyc té may in 3D

_Chay thir nghiém mo hinh véi cdc mau
thiét ké khac nhau nhu hinh 11:

iém tra s6 xung
bC3 cap du?

Hinh 11. Cac san phdam da in thuc té

v Trong qué trinh van hanh thyc nghiém,
Ket thuc cap xung Tiep tuc cap nhom dua ra két luan rang: Thong sé bé day

DC3 (N3=1) 1 xung BC3 I6p va van toc dau dun 1 hai thong sd rat
quan trong. Véi thiét bi da ché tao, thuc
nghiém vai van toc dau dun

time3=0 v =50—-80(mm/s), nhom da xac
dinh gia tri van toc toi uu cho thiét bi la
" v = 60 (m/s)
( Return ) Dudi dﬁy la thuc nghiém danh gia anh
huong cua be day 16p dén do chinh xac cua

Hinh 9. Gidi thugt xi Iy trén vi diéu khién mau in.
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Mau khao sat dugc chon 13 mau khdi 1ap
phuong kich thudc 20x20x20 mm (hinh 12)
va khéi tru kich thudc 20x20 mm (hinh 13).
Véi thdng sb bé day 16p 14 0.2 mm va 0.3 mm.

_ Céc méu nay duoc ché tao voi s6 lugng 10
mau. Chi tiet két qua do ¢ bang 2 va bang 3

Mau in khéi lap phuong kich thuéc 20 mm:

mm va 1.4% véi bé day 16p 0.3 mm. Truc z
dugc truyen dong boi vit me dai oc bi cho sai
S0 chiéu cao gan nhu bang khong.

‘Mau in khéi try duong kinh 20mm,
chiéu cao 20mm:

Hinh 13. Khdi tru kich thuéc 20 x 20 mm
Bdng 3. Sé lidu do thuc té mau hinh try

Hinh 12. Khai ldp phiong kich thieéc TT | Ghé | Busng | bpcao | Thai gian
20 x 20 mm a0 Kinh 2 (mm) (ohat)
Bdng 2. S6 liéu do thuc té mau hinh ldp phwong (mm)
TT [Ché| Canh |Canhy|Pgcao| Thai 1 19.6 20
do (mxm) (mm) |z (mm) (g;launt ) 5 198 20
1 198 | 20 20 3 (02 |198 20 17.30
2 19.8 19.8 |20 4 19.6 20
3 |02 |196 |198 |20 |2144 5 198 19.8
4 19.8 19.8 |20 6 19.8 20
5 198 198 |20 [ 19.6 19.8
6 196 198 |20 8 |03 |198 20 15.48
7 198 |196 |20 9 19.8 19.8
8 (03 198 [198 |20 |1848 10 198 19.8
9 19.8 198 |20 V6i mau in khoi tru nhu trén hinh 13 va
0] s Ji6 | cad gt 10.72 6,66 rom thec ign trong

Vi 5 lan in & moi ché do (bé day lop 0.2
mm/0.3 mm) bang thong so trén cho thay:
Sai s6 trung binh canh x/ y/ z dat 19.76
mm/19.84 mm/20mm thuc hién trong thd‘i
gian trung binh 21.44 phuat khi ¢ ché d6 bé
day 16p 0.2 mm.
~V6i ché do bé day lop 0.3 mm, cac con
so6 nay lan luot la: 19.72 mm/19.72 mm/20
mm thuc hién trong 18.48 phdt.
~V6i co cau H-bot, sai s6 kich thudc x-y
nam trong khoang 1.2% véi bé day l6p 0.2

thoi gian trung binh 17.30 phat khi ¢ ché do
bé day I6p 0.2 mm. Va & ché do bé day lop
0.3 mm, sai s6 trung binh dwong kinh/ chiéu
cao dat 19.76 mm/19.88 mm thuc hién trong
thoi gian trung binh 15.48 phut

Sai s dwong kinh nam trong khoang
1.2% so véi bé day 16p 0.2 mm va 1.4% so
véi bé day 16p 0.3 mm. Nhung 1an in mau
hinh tru nay, sai so chiéu cao di ting 1én
dén 0.6 %. Diéu nay c6 thé giai thich bai
mot s6 18i thuong gap trong qué trinh chay
thuc té: chi tiét bi in thiéu 16p hodc khoang
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cach chua hop ly gitra ddu dun va ban may
khong dong deéu.

Qua qué trinh in céc chi tiét c6 bién dang
phtc tap va cac khoi co ban, cac so liéu duoc
néu ra ¢ trén, mot s6 nhan xét dugc dua ra:

- Chon huéng tao mau quyét dinh dén sai
s6 kich thuéc in cua san pham. Véi ciu
hinh may in 3D nay, d6 chinh xac theo
phuong z 14 cao nhat. Do d6, tuy theo do
chinh xac mong muén phuong ma co cac
huéng dat mau khac nhau trong khau xir
1y file CAD.

Qué trinh can chinh ban dau cia may in 1a
hét stc quan trong quyét dinh dén do
chinh xé&c cua san pham (do vuéng goc/
khoang céch cua dau dun véi ban may,...)

Khi budc dong co duoc ting 1én (téc do
in duoc ting 1én), qua trinh in dién ra
nhanh hon, nhung dong nghia véi viéc
giam di do chinh xdc ciing nhu chét
lugng bé mat cua vat thé.

- V6i cac mau c6 bién dang phuc tap dugc
in trén thiét bi, @6 chinh xac kich thuéc
van dugc dam bao.

6. KET LUAN

Bai bdo di hoan thanh thiét ké, ché tao
va dua ra giai thuat diéu khién danh cho may
in 3D ciu hinh H-bot. Bén canh d6, thuc hién
kiém tra kich thudc cdc miu in co ban dé
danh gia do chinh xac cua may in 3D. Ddi
véi mot chi tiét in 3D céc chi tiéu dé danh gia
chat lwong cua mot san pham in 3D ciing
gidng véi cac san pham cua phuong phap gia
cong truyen thdng, nhung bén canh cac yéu
t6 quyét dinh d6 chinh xac cua chi tiét trong
phuong phap gia cong truyén théng la thong
s6 cong nghé cua cic nguyén cong thi do
chinh xéc cua chi tiét in 3D con bi anh hudng
tryc tiép tir nhitng thdng s6 khac nhu: nhiét
d6, chat lwong nhya in, méi trudng l1am
viéc...ma day la nhiing yéu té chua duoc
khao sét trong ndi dung nghién cuu.
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