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Toém tat - Tao mau bang phuong phap gia cong dép |6p vat liéu,
da, dang dwoc phat trién va (ng dung rong nho' vao wu diém vé
gia thanh hop Iy Tuy nhién, v&i cac thiét bj co gia thanh thap thi
dd chinh xac cta san phdm chwa cao, kich thwéc san pham gia
cbng con han ché. Hién nay cac may phay CNC ba truc dugc trang
bi rong radi nhd vao kha nang gia cong véi dd chinh xac cao. Bai
bao nay khai quat cong nghé tao mau dua trén nguyén ly dap Iép
vat liéu clia cac may hién cé trén thj trwdng. Tw nguyen ly dap I&p
vat liéu, tac gia da thiét ké, ché tao trang bi cbng nghé st dung cac
chuyén dong ctia may phay CNC ba truc dé tao céc chi tiét. Cac
phan tich vé sw twong ddng clia chwong trinh gia cdng dép I&p vat
liéu va gia cdng truyén théng ciing dwoc gidi thiéu trong bai bao.

Tir khéa - tao mau nhanh; RepRap; may phay CNC; dép |&p vat
lieu; mé rong kha nang céng nghé.

1. Téng quan

Hién nay & cac nude tién tién trén thé gidi, cong nghé
tao mAau nhanh di va dang dugc wu tién nghién ciru va phat
trién voi nhidu phuong phap khéc nhau [1]. Trong so do,
phai noi dén cong nghé tao mau nhanh theo nguyén ly dép
16p, cu thé 12 may in ba chiu bang soi nhua. Trong do6 c6
thé ké dén du an RepRap [2], [4], 1a du 4n nhim dua may
in ba chleu dén voi cong ching nho vao sy don gian trong
két cAu may va phin mém mi ngudn mé.

Tai nudc ta, hau hét cac may tao mau nhanh, may in ba
chiéu duoc mua hoac duoc lép rap tu nhitng linh kién duoc
nhép tir nudc ngoai. Hon nita, véi mot may in c6 gia thanh
ré chi ¢6 thé dung dé tao ra céc sin phém ¢6 do chinh xac
khong y€u cAu cao va kich thudc nho. Do do, dé tao duoc
san pham c6 do chinh xac cao va kich thudc 16n thi may
can ¢6 do cung vimg cao, kich thudc 16n nén gia thanh
cling cao hon. Xét vé dic diém ciu tao clia cac méy in ba
chidu hién c6 trén thi thuong: chuyén dong 2 truc X, Y
dugc didu khién bang dong co bude thong qua bd tmyen
dai rang, tryc Z dugc didu khién _thong qua b truyén vit
me-dai oc thuong, va by phin dan dong bo dun vét ligu
duogc didu khién bang dong co budc thong qua bo truyén
béanh rang. Do do, chét luong san phém in phu thudc rat
nhiéu vao cac két cdu co khi noéi trén. Trong khi d6, cac
méy phay CNC ba tryc hién duogc trang bi rong rii c6 diém
twong dong vé& cac chuyén dong so voi may in ba chiéu.
Hon nira, may phay ba truc con c6 vu diém vé do chinh xac
gia cong cao va co thé gia cong dugce cac chi tiét co kich
thudc 1on. Véi cac phan tich trén, may phay Baz15 CNC
hién dugc trang bi tai truong Pai hoc Bach khoa, Pai hoc
Da Ning dugc dé xuit sir dung trong nghién ctru ndy nhim
mo rong kha nang gia cong chi tiét dua trén cong nghé dap
16p soi nhya. Sau ddy 1a tom tat thong s6 ky thuat ciia may
phay Baz15 CNC: D¢ chinh xac trong chuyén dong cua 3

Abstract - Rapid prototyping (RP) based on additive manufacturing
technology has developed and gained applications worldwide because
the equipment has reasonable prices. However, cheap commercial
devices often have low quality and the dimensions of products are
limited. In recent years, 3-axis CNC milling machines have been widely
used because they can develop products with large dimensions and
high precision. This article presents an overview of rapid prototyping
based on the additive manufacturing principle of recent commercial
machines. From this principle, the author has designed and made a
device using movements of 3-axis milling machine to produce parts.
The similariies of the control program between the additive
manufacturing and the traditional manufacturing are also analyzed in
this article.
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truc X, Y, Z: 0,015mm, kich thu6c chi tiét c6 thé gia cong
duoc: 600x400x600mm. Va ¢ Bang 1 1a cac thong s ky
thuat cua mot $6 may in ba chiéu c6 trén thi truong:

Bang 1. Thong s6 ky thudt mét s6 mdy in ba chiéu [3]

Loai may in Kich thudc vat in (mm) | P chinh xac (mm)
RepRap Mendel 200x200x 110 0,1
RepRap Huxley 140 x 140 x 110 0,1
MakerBot Replicator 225 x 145 x140 0,2
MakerGear Mosaic 127 x 127 x 127 0,15
Ultimaker 210x 210 x 220 0,04
WhileAnt CNC 160 x 190 x 125 0,25
Aleph Object AO-100| 200 x 190 x 100 0,1
Printrbot 150 x 150 x 150 0,3

2. N¢i dung nghién ciru
2.1. Co s nghién ciru

Mot thiét bi tao mau nhanh dién hinh gdm c6 3 chuyén
dong tao hinh theo phuong X, Y, Z va mot chuyén dong dé
dun vat liéu nhua ra khoi dau dun. TAt ca céac chuyén dong
nay duoc diéu khién bang chuong trinh ngon ngit G-Code.
Tuong ty nhu mot thiét bi tao mAu nhanh, may CNC ba
truc thong thudng ciing ¢6 3 chuyén dong theo phuong X,
Y, Z va chuyén dong quay cua truc chinh. Vi timg hing
san xuat may CNC, hé diéu khién c6 thé khac nhau. May
phay CNC Bazl15 ctia hing AIZMETALL sir dung hé diéu
khién Heidehain phién ban TNC 426/430M. May ¢6 2 lya
chon chay dugc ca G-code va H-code.

Do d6, dé co thé tao miu bang phuong phap dip 16p
trén may phay nay, ngoai chuong trinh didu khién G-code
dugc tiry chinh cho may CNC va mach diéu khién nhiét do
cua dau dun, can phai c6 bd dun nhya dé gén 1én truc chinh
clia may phay, lay chuyén dong quay cua truc chinh lam



ISSN 1859-1531 - TAP CHi KHOA HOC VA CONG NGHE DAl HOC DA NANG, SO 1(86).2015 45

chuyén dong dun vt liéu.

Chu tao va nguyén ly lam viéc ciia mot by dun vat liéu
st dung trén may in ba chiéu thong dyng co6 thé dugc biéu
dién nhu Hinh 1.

Day nhya | Dong co bude
Chiéu réng éng X
déan day nhira - ]
=
Bénh rang nh
Banh ring 16n O o g nho
Conlin 7 (= L RA 4
tao lue ép| ’, Bf din
Ph?\ z
annong Nhiét dién tré
hodc cip nhiét
dién
Thiét bi gia nhigt

Chiéu réng du dun
Hinh 1. Cdu tao by dim trén mdy in ba chiéu [5]

B6 dun la mét trong nhiing bd phdn quan trong va co
anh hudéng 16n dén chat lugng san phiam ciia may in ba
chiéu. Thong qua chuyén dong cua 3 truc, soi nhya dugc
b diin din ra va tao nén hinh dang chi tiét. Thong thuong
cAu tao clia by dun gdm hai phan chinh: Phan dan dong soi
nhua duoc diéu khién boi dong co budc, thong qua bd
truyén banh rang, dudi lyc ép ctia con lan, s¢i nhya co
duong kinh 1,75 mm hodc 3 mm duogc déy xudng phan
nong. Phan néng duge lam noéng béng dién trd nhiét, tai
day soi nhua bi nong chay va chay ra khoi dau dun dudi
dang soi. Nhiét d6 tai phﬁn néng luoén dugc kiém soat boi
cam bién nhiét gin trén d6. Puong kinh dau dun dao dong
tr 0,1-1 mm.

2.2. Phwong dn thiét ké bg din nhua

So sanh huéng chuyén dong truc chinh trong by phan
dun vat liéu va huéng chuyén dong truc chinh trén may
phay Baz15 CNC, ta can st dung mdt b truyén truc vit-
banh vit hay banh riang con dé ddi hudéng chuyén dong cho
bd dun vat liéu 1ap trén truc chinh ciia may phay Bazl5
CNC. Dé c6 thé chon ti sé truyén cua bd truyén st dung
trong bd dun vat lidu, chung ta can phan tich s vong quay
cua truc dan dong trong bo dun.

Chon dudng kinh s¢i nhya vao bd dun vat li¢u la 3mm,
duong kinh soi nhya ra khai dau dun 1a 0,4mm, thi ty 1¢
chiéu dai cua soi nhua vao va soi nhua ra khoi dau dun
duoc tinh nhu sau:

S wR* 1,55 2725

s o’ 02 004

Trong do: S, s lan luot 1a dién tich mat cat ngang cua
soi nhya 3mm va 0,4mm.

- 56,25 @2.1)

) Chon duong kinh cua truc din dpng sgi nhya d=10mm,
toc QC) soi ghua ra khoi dau dun thap nhat Fuin = 15mm{ S,
thi toc d0 toi thiéu ctia truc dan dong cho nhirng 16p in dau
tién la:

— Fmin — 15
d.n.56,25 10.3,14.56,25

=0,00848 (vong/gidy)(2.2)

Mat khac, tbc d truc chinh trén may phay CNC Baz15
CNC 12 npin = 10 vong/phut = 0,167 vong/giay.

Do tqc do tryc chinh cia may phay CNC chua dat yéu
cau ve toc do in thap nhat nén ta can sir dung bo truyén
giam toc co ti sO truyén toi thiéu:

_ 0167
0 00848

Véi yéu ciu vé ti sb truyén nhu trén, ta sir dung bd
truyén truc vit-banh vit trong bd dun vat li¢u.
2.3. Thiét ké va ché tao

Dé sur dung chuyén dong ciia truc chinh may phay lam
phan truyén dong trong bo dun vat lidu, truc vit duoc gin
trén truc chinh thong qua dau ga dao. Khi tryc vit quay s&
lam tryc dan dong soi nhya gén trén banh vit quay theo.
Gia cua by dun vat ligu dugc lién ket v6i thain may nham
chong xoay theo chuyén dong cua truc vit.

=19,6 2.3)

Kich thudc cua bd dun vat lidu duoc thiét ké va ché tao
dwa trén cac kich thudc & phan tryc chinh may phay Baz15
CNC, céc chi tiét may: 6 lan, duong kinh tryc cta banh vit,
truc vit. Vat liéu dugc str dung ché tao bo dun vat licu 1a
hop kim nhom. CAu tao bd dun nhya gé)m hai phé“m chinh:
phﬁn dun nhya co cAu tao nhu Hinh 2, phﬁn ga dau dun ¢6
cAu tao nhu Hinh 3.

[a—y
-~

Hinh 2. Céu tao bg dim soi nhuea ldp trén mdy phay CNC Bazl 5

Nguyén 1y hoat dong: Bé truyén truc vit-banh vit (1)
nhan chuyén dong quay tir truc chinh ctia may CNC thong
qua dau ga dao (2), nho thanh chdng xoay (3) ma gia bo
dun duge gitr ding yén so v6i truc chinh cua may CNC.
Banh vit chuyén dong lam tryc chu dong (4) quay, soi nhua
dugc ép chat va day xudng dau dun nho co ciu tao lyc ép
(5). Tdc @6 truc chinh ciia may CNC dugc tinh toan phu
hop véi van tde di chuyén cuacactruc X, Y, Z.

Nham giam thiéu cac rung dong tir bo phan dan dong
Hinh 2, phan ga dau dun dugc gin ¢ dinh trén than may
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chira truc Z, dau dun duoc lép voi phﬁn ga dau dun nhu
Hinh 3.

Hinh 3. Phan gd ddu dim

Bén canh thiét ké co khi cac co ciu chdp hanh, phin
diéu khién nhiét do caa bo dun vat lidu cling dong vai tro
quan trong trong sudt qua trinh gia cong. Trong pham vi
nghién ctru, tac gia da chon loai nhya PLA dé gia cong chi
tiét tir soi nhya. Mach didu khién dam nhiém cung cip
nguon cho nhiét dién tro dé gia nhiét cho dAu dun (2) trén
Hinh 3, va nhan tin hiéu tir cAm bién nhiét gén trén ddu dun
nham duy tri nhiét d6 duogc thiét 1ap ban dau trén mach didu
khién (Hinh 4).

JWWWT
1. 121, 121, I,

Hinh 4. Mach dién dzeu khién nhlet do dau dun

Sau khi thiét 1ap két ndi gitra mach diéu khién va bo din
vat li¢u, chung t6i tién hanh céac thuc nghiém.

3. Thye nghi¢m va két qua
3.1. Chwong trinh gia cong

Tir mé hinh ba chiéu duoc thiét ké va luu dudi dinh
dang *STL, sir dung phan mém ma nguén mé nham ct
16p md hinh theo phuong ngang va xuat chuong trinh gia
cong dang G-code. Co nhiéu phan mém ma ngudn mé dung
dé cit 16p va xuit chuong trinh gia cong khac nhau, & ddy
tac gia da chon phan mém cit 16p Slic3r [6]. So sanh giira
G-code xut tir phan mém st dung cho méy in ba chiéu [7]
va G-code str dung cho may phay Baz15 CNC, ta nhan thdy
¢6 su khac biét. Vi vay, chuong trinh G-code nhén dugc tir
phﬁn mém Slic3r can c6 mot sé hiéu chinh. Bén dudi la
mot vi du vé su khac biét gitta G-code Xuét ra tir ph?m mém

Slic3r va G-code trén may phay ba truc:

Xét hai dong 1énh xuét tir Slic3r nhur sau:

M104 S205
Thiét lgp nhiét dg dau din & 205°C

G1 X80 Y100 E23.5 F1200
Noi suy theo du"o“ng thcing tir toa do hién ta{ dén toa do
(X80, Y100). Chiéu dai soi nhwa dwoc cung cap vdo tir gid
tri hién tai den 23.5 mm. Toc do di chuyén cua 2 truc X, Y
la 1200 mm/phuit.

Trong khi do, trong chuong trinh G-code trén may phay
CNC khong c6 lénI} thiét 1ap nhi§t do va chiéu dai s¢i nhua
cap vao bg dun. Doi véi viée dicu khi€n nhiét do thi da c6
mach dieu khiér} dam nhiém, g(‘)n d61 va6i chiéu dai soi nhua
cap bo dun ta can tinh toan té¢ do truc chinh cho phu hop
véi toc d6 di chuyén cua 2 truc X, Y.

Tdc d¢ truc chinh S duge x4c dinh dya vao tinh toén
nhu sau:

- S6 mdi ren trén tryc vit: z; = 1;

- S6 ring trén banh vit: z, = 64.

=> Ti s6 truyén cip truc vit-banh vit: i = 64.

. - buong kinh cua truc chu dong gin trén banh vit dé
day soi nhya: d = 10 mm;

- Téc d6 in F (mm/ph).

V6i 1mm soi nhya ra khoi dau dun, s6 vong quay cta
tryuc chinh trén may CNC dugc tinh nhu sau:

1 1 4
n= - = 6 =0,0362 (vong) (3.1)
id.m.56,25 10.3,14.56,25

Quan h¢ gitra tde do truc chinh va tdc do6 in duoc xac
dinh theo cong thirc sau:

S = 0,0362.LF. (vong/phut)

(3.2)

Trong do:

- I: ti 1¢ gitra tdc do dun nhua véi toe do di chuyén 2
truc X, Y. Theo phén tich thuc nghiém trén cac may
in nhuya, thi [ = 2,2 cho nhiing 16p in dau tién va I=1
cho cac 16p in tiép theo.

- F: tdc d9 di chuyén truc X, Y (mm/phut)

 Tu mdi quan hé giira :céc d6 di chuyén cua cac truc va
toc do truc chinh ta c6 thé hi€u chinh chuong trinh d¢ tién
hanh gia cong trén may phay CNC.
O coas: v S

File Edit Format View Help

%batdauin G71 -
N1 G30 G17 X+0 Y+0 Z-10 //dinh nghla gia tri nhé nhat cia phéi O
N2 G231 G90 X+30 Y30 Z+0 /fdinh nghia gi tri I6n nhat cua phéi

N3 M112

N4 G40 GSO

N5 T27

N6 GO0 Z15

N7 70.400

N8 GO X75.119 Y87.970

)

{fgoi dao 27, (b3 din)

{/dEu din dén vi tri 7=0.4mm

N9 GO1 X76.583 Y86.720 S88.8 M03 F1080.000 //t5c d6 truc chinh 88.8vg/ph, téc &6 in 1080mm/ph
N10 GO1 X78.743 Y85.905
N11 GO1 X80.000 Y85.7856
N12 GO1 X120.000 Y85.786
N13 601 X122.275 Y¥86.183
N14 CO1 X124.280 Y87.327
N15 GO1 X125.780 Y89.082
N15 GO1 X125.595 Y91.243
N17 GO1 X126.714 Y92.500
N18 GO01 X125.714 Y107.500
N19 601 X126.317 Y109.775

< 0

Hinh 5. M4t phan chuong trinh gia cong sau khi
da duoc hiéu chinh dé chay trén may phay Bazl5 CNC

3.2. Thue nghigm va cdc két qui
Céc budc chuan bj gia cong trén may phay Baz15 CNC
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¢6 thé dugc tién hanh nhu sau:

- Thiét 1ap dao va dit tén riéng cho dao, dao nay duoc
goi trudc de co the lap bo dun vat liu thong qua dau ga
dao;

- CAp soi nhya vao bd dun vat liéu;

- Thiét 1ap nhiét do cho diu din trong ng véi loai nhwa
st dung. Sau khi mach diéu khién bao dat nhiét d¢ thiét 1ap,
ta o thé tién hanh dun nhya thir dé€ ki€ém tra;

- Thiét lap gbc toa do cua chuong trinh gia cong
X=0,Y=0,Z=0);

- Chuyén chuong trinh gia cong tir may tinh sang may phay
thong qua chuong trinh két ndi va tién hanh gia cong.

Mot s6 két qué nhén dugc trong bude dau thuc nghiém:

- Nhya duoc dun ra khoi ddu dun déu;

- Téc d6 dun nhya phi hop véi te d6 di chuyén cac
truc X, Y, va Z;

-Di chuyén cac truc X, Y, va Z hoan toan theo chuyén
dong tao hinh ctia md hinh can gia cong.

Tuy nhién, chuong trinh gia cong con han ché vi viéc
hiéu chinh tir chuong trinh G-code xuat tir phan meém Slic3r
dugc thyc hién thi cdng nén chua thyc hién dugc nhiing
chi tiét phirc tap. Hinh 6 biéu dién qua trinh gia cong chi
tiét hinh vanh khan, Hinh 7 1a két qua thuc nghiém hai chi
tiet don gian. Budc dau cho thay by dun vat li€u soi nhya
duoc thiét k&, ché tao va lqép trén tryc chinh may phay
Baz15 CNC hoan toan c6 the sir dung d€ mo rong kha nang
gia cong chi tiét bang cong nghé dap 16p soi nhya.

N g " 5

Hinh 6. Qua trinh gia cong Chl tiét hinh vanh khan

Hinh 7. Hai chi tiét don gidn trong bude dau gia cong

4. Két luan

Bai bao gidi thiéu vé thiét ké va ché tao trang thiét bi
nhdm mé rong kha ning gia cong chi tiét bang cong nghé
dép 16p soi nhya trén may phay CNC.

Nhom tac gia da ché tao hoan thién phin co khi va mach
dién diéu khién nhiét ¢ cho b dun sei nhua, dua ra cac
phén tich vé su khac biét trong chwong trinh gia cong dé
xdy dung mdi quan hé trong viéc hiéu chinh. Day ciing 1a
co s& dé tién hanh viét phdn mém bién dich chuong trinh
G-code st dung cho may phay Baz15 CNC trong viéc gia
cong chi tiét voi cong nghé dap 16p vat lidu.

San pham gia cong ban dau tuy con don gian, nhung ta
c6 thé thiy dwoc ring dé xuit mé rong kha ning gia cong
chi tiét bang cong ngh¢ dap 16p trén my phay CNC Ia hoan
toan kha thi. Bang cach mo6 rong kha nang c6ng nghé nay,
chiing ta ¢6 thé sir dung may phay CNC hién c6 dé tao ra
nhitng san pham c6 d chinh xac cao hon va kich thuéc 16n
hon. Tir d6, nhom tac gia sé tiép tuc phat trién phan co khi,
mach diéu khién dé dat dugc d6 chinh xac cao hon va ¢
tinh thim my hon; xay dung phan mém bién dich dé c6 thé
tao ra chuong trinh gia cong cua céc chi tiét c6 kich thudce
16n hon, phtc tap hon.
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