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CHAT LUONG SAN PHAM TRONG MAY IN 3D FDM KHO RONG
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TOM TAT

Mdy in 3D FDM la mot trong nhirng dong mdy st dung céng nghé in hién dai dwoc nhiéu doanh
nghiép tng dung vao quy trinh sdn xudt va kinh doanh ciia nghanh céng nghiép ché tao mdu. C6 thé ndi,
sw xudt hién ctia cong nghé mdy in 3D FDM dd gdp phdn gitip nganh céng nghé in 3D FDM dwoc phdt trién
manh mé. Dwa trén mét sé loai mdy in 3D hién cé va dwa trén nhu cdu vé kich thwéc in khé I6n thi tdc gid

muén nghién cttu lwa chon thong sé vé két cdu truc core XY, gidi phdp t6i wu khd ndng tiép xic gitta mau
in va bé mdt ban in, va mét s6 gidi phdp lwa chon théng s6 mach diéu khién nhdm ndng cao chdt lwong
sdn phdm trong mdy in 3D FDM. Tir dé dp dung cho mdy in ¢ kich thuéc viing in lén dén 1000x1000x1000
mm cé thé ing dung dé€ in cdc mdu Iém nhw cdnh bom, cdnh tua bin, vé mdy, bé mdy.

Tir khéa: wind turbine double blade

1. M& dau

Cong nghé in 3D dang la mdt trong nhirng xu
hwéng phat trién méi chia khoa hoc va ki thuat
hién dai. Hién nay trén thé gidi, cong nghé in 3D
da dugc img dung trong viéc tao san phidm phuc
vu doi song - x3 hoi. Mot sO san pham dwoc tao
bing céng nghé in 3D trong mét s6 linh virc nhw
thiét ké thoi trang, linh kién thay thé, thwe phiam,
cong nghiép, xay dung va y hoc [1-3].

Trong vai ndm tré lai day, voi sw phat trién vé
kinh té trén toan thé gigi thi cong nghé in 3d tai
Viét Nam méi dwoce chi y va phéat trién manh mé.
Pdc biét, cong nghé nay da dwoc ing dung ca
trong thuc tién véi rat nhiéu linh vuc. Cong nghé
in 3d di tao ra nhirng chi ti€t may thir nghiém san
udt nhirng m6 hinh cong trinh thu nho...

Hinh 1. M6 hinh mdu in 3D FDM

Cackét qua vé nghién ctru thiét ké ché tao may
in 3D dworc dé cAp & trén da dat dwoc cac két qua
budc dau vé gidi phap cong nghé nhw ing dung
céng nghé in FDM, DLP. K€ thira cic két qua
nghién ctru ctia cic nhdm nghién ctru dwoc trinh
bay & trén, tac gia chid trong t&i van dé chat lwong
san pham in, kich thuéc vt mau in trong dé giai
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quyét dwgc cac van dé ton tai c6 anh hwdng dén
chit lwgng in nhw sy t6i wu vé ché do in, kich
thwéc miu in. Bai bao trinh bay lwa chon théng
s6 in va mot sO gidi phap nang cao chit lwgng san
pham trong mday in 3d FDM khé rong.

2. Thiét ké, ché tao may in 3D FDM khé rong .

2.1.Nguyén Iy haot d6ng may in 3D FDM

Bai bdo nay trinh bay két qua nghién ciru,
thiét ké va ché tao hé thdng may in 3D khd rong.
Hé thong nay bao gdm mot co ché chuyén déng
qua lai 3 truc, b6 diéu chinh nhiét d6 dun va tw
déng bd diéu khién. Mot s6 giai phap dé xuit
nhdm ting tinh ddng nhat, @ chinh xac cao cho
s6 lwong in 1om nhu thiét k€ trinh diéu khién va
thu4t toan diéu khién phu hop, ting dd cing
dwoc ap dung. May c6 cac tinh nang ki thuat sau:
Cong nghé in: FDM; Chat liéu nhya: PLA, ABS;
Kich thwécin 1000(X) x 1000 (Y) x 1000 (Z) mm;
b6 phan giditruc: X, Y, Z: 5,10, 1 6 twong trng; In
téc do: 75 mm/s; Chiéu cao 16p in: 0.1-0.4 mm ;
Tép in: tép Geode, STL; Bo dau in: 0.4, 0.6, 0.8, 1.0,
1,2mm; Két néi may in 3D va dir liéu: SD, USB,
Wifi, Internet; Phin mém: Marlin.
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Hinh2. Phwong phdp in FDM (Fused
Deposition Modelling)

Quy trinh in FDM dwoc thé hién trén hinh 2 :
Tao mau theo cong nghé FDM lam véc theo
nguyén Iy 1a ddu phun di chuyén theo 2 hwéng X-
Y phun tirng 16p dé tao thanh mét ddi twong ran
trén tAm dé. TAm dé€ duwgc duy tri & nhiét do thip
hon, d€ cho nhwa nhiét déo héa cirng nhanh.

Sqi vit ligu
vao

Quat lim
mit

Hinh 3. Cdu tao ddu in 3D FDM
Sau d6, tim dé ha xu6ng, dau phun tao 16p thir
hai ndm trén 16p thit nhit. Ctr thé qué trinh 13p lai
cho dén khi hoan thién san phdm. Ciu tao dau
may in 3D FDM dwoc thé hién nhw hinh 3.
Nguyén tic chuyén déng chung ctia may in 3D
duoc thé hién & hinh 4:

Hinh 4. Nguyén tdc chuyén déng ctia mdy in 3d
FDM
Méy in 3D c6 nguyén tic chuyén dong ctia mot
may gia cong CNC 3 truc thong thwong, cac
chuyén dong ctia may nhuw sau: Chuyén déng truc
X mang theo d4u phun nhva di chuyén tinh tién
theo chiéu ngang cia mdy, chuyén dong nay dam
bdo kich thuéc theo chiéu réng cta chi tiét gia
cong; Chuyén dong truc Y dam bao cho d4u phun
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chuyén dong tinh tién doc theo may, chuyén dong
nay dam bao kich thuéc theo chiéu dai cia chi
tiét gia cong; Chuyén dong theo truc Z lam
chuyén déng tinh tién, 1én xudng cla dau phun
nhua, chuyén déng nay dam bao kich thwdrc theo
chiéu cao cta chi tiét gia cong.
2.2. Lwa chon m{t s6 két cdu méy in 3D FDM.

a. Cum truyén dong XY

Cac truc X, Y c6 thé lwva chon mot trong cic hé
truyén dong dai nhw hinh 5:

Hinh 5. Két cdu truyén dong truc XY
Phuwong trinh truyén déng ctia co ciu :

Ax = (apl —  ap2 )
(1.1)
by = (apl = apz )
(1.2)
b.  Cum truyén dong trucZ

Truc Z1a truc it di chuyén nhit trong qua trinh
lam viéc. Tuy nhién, truc Z anh hwéng dén chit
lwong san phdm rit16m vi lién quan dén thong s6
chiéu day mét 16p in, thdng s6 ndy anh hwdng
dén do6 bong ciing nhw dung sai kich thwéc vé
chiéu cao cua chi tiét. Théng thwong doi vi truc
Z, ta c6 thé sir dung truyén dong vit me - dai dc,
vit me - dai 6c¢ bi, truyén dong dai. Truyén dong
vit me - dai 8¢ bi dwoc st dung trén truc Z do
truyén dong cé hiéu suit cao, it giy ra hién twong
trwot, vin hanh ém tuy nhién khi xay ra sy c6
héng hoc phai thao ra thay méi. Truyén dong dai
c6 wu diém 1a két cau nhé gon, hoat dong ém, dé
thiétke.

Hinh 6 thé hién két ciu truc Z ctia mdy. Truc Z
c6 chirc nang di chuyén dau in tinh tién theo
phuwong thang ding, vi ban in ¢d dinh, truc Z di
chuyén Ién xuéng nén st dung chuyén dong dai
12 hop ly. Tuy nhién dé an toan nén cin thiét ké
thém b truyén dai véi dau ra c6 sé vong quay
nho hon dau vao dé gidm dwoc cong suit tir dong
co dén hé théng dai treo khung XY.
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Hinh 6. Co cdu truc Z mdy in.

2.3. Mot s gidi phdp ning cao chit lwong sin
phim trong mdy in 3D FDM khé rong.

Dé thuc hién lwa chon thong so t6i wu tac gid
chon mot mau may in sau: Dong mdy in core XY
1a mét trong nhitng dong may in FDM phé bién
nhit hién cé trén thi tredmng[2]. Uu diém cua
dong may nay 1a ciu tric co hoc don gian va do
chinh xac cao. Hé théng dau phun ctia may bao
gbm chirc ning nap va nung chay, trong qua trinh
hoat dong clia may, n6 di chuyén doc theo truc
bac dan c8 dinh. Nén tang tao mau ndm trén truc
bac dan phia dwéi cda may in 3D va hwéng
chuyén déng ciia nén tdng vuéng gbéc véi mat
phang chuyén dong clia hé thong dau phun.Dé
phan 4nh chinh xac tinh hudng thuc té cia may
in, phAn mém Solidworks dugc st dung dé mo
hinh hoa cdu tric tong thé ciia may in 3D theo
kich thudc thuc té ciia no.

Hinh 7. M6 hinh don gidn hoa cia mdy in 3D
1. Thanh dim, 2.0 d& truc ditng, 3.0c vit don
gidn hoa. 4.5 Dong co burog, 6. O truc ngang, 7.
BDong corcdp liéu, 8. Diém din, 9. B phin nung
chdy d4u phun, 10. Thanh dan huong.

Trong qua trinh tao mé hinh, theo mirc d¢ anh
hwdng dén qué trinh phan tich phin ti hitu han
tiép theo, ciu tric may in dwoc don gian hoa. Hai
0 truc vit bén cia may in 3D c6 thé dwoc thay thé
bang 6 truc truc hinh tru tiéu chuin giéng nhau,
bd qua day dai dong bo va don gidn hdéa dong co
buéc bang mo hinh déng co c6 cung trong lwong
va hinh dang. Ché d6 don gidn hoéa cta ciu tric
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téng thé may in 3D va cac thanh phan chinh cla
noé dwoc minh hoa nhw hinh 7.

a. Pdm bdo dé cung vitng va can bang cho
khung mdy in

XvaY vaban in di chuyén doc theo chiéu doc
truc Z dé tao san pham in 3D. Vi diéu kién vat
liéu PLA hién tai, c6 thé chon ban in vira nhe, vira
phang, vira dep sw cirng nhic. Khi bo phan co khi
khéng 6n dinh, may duin rung va cé thé tao ra day
toc cac 16i xudt hién gan giong nhw chuyén dong
md xung quanh mép hoic cac chi tiét dac biét,
lam giam chit lwgng in. Cac Khung may in 3D cin
dwoc thiét k€ véi d6 bén cao d6 cirng giip may
khong bi rung l3c khi van hanh in 3D. Khung may
6 thé dwoc 1am tir cic thanh thép han hoic inox
302. DBdi véi may in dang nghién ciru tac gia sir
dung khung thép tAm 1.5mm.Cac khép noi phai
c6 d6 cirng va chdng sdc tét kha ning chéng lai dé
giam thi€u kha ning sai sét trong gia cong. Khi
d6 céac hé thdng truc XY ta cé thé st dung ray
trwot vudng dé tang sw clirng virng, gidm rung lac.
Cum di chuyén truc Z ta st dung bd truyén vitme
4 g6¢c may in két hop truc dan hwéng. D6i véi may
in khd 1000%¥1000*1000 tac gid st dung 4 bo
vitme 10 bwéc 5 (1005) két hop véi 4 truc dan
hwéng dudng kinh 20mm & bdn goc, tir d6 tao
lwc dong déu.

b.  Cdchxikly bé mdt tiép xiic ban in cia mdy
in3D

Phuwong phap gia cong bé mat tiép xic co hoc
rat quan trong déi véi ciu tric co hoc. Mit tiép
xuc cia mo hinh may in c6 thé dwoc chia thanh
hai loai chinh: tiép xtc ¢6 dinh va tiép xtc khong
tach roi. Tiép xuc c6 dinh thich hop cho cac déi
twong cé cach chuyén déng giong nhau, hai ddi
twong khong thé tich rod hoic trwot con, tiép xic
khéng tach roi cé thé c6 khe hé cho phép xoay,
nhung khong cho phép di chuyén ngang. Thanh
nhom dwoc lién két bing gia dor va duoc vin chit
bang vit loai M5*8. Lurc siét trudre 1a 6,4kN, du dé
6 dinh chdc chdn khung mdy in 3D. Do do, tiép
xuc cha cic vit c6 dinh trén cau tric may in duwoc
coi 1 tiép xuc cd dinh. Trong hé thong dau phun
va nén tang tao mau, bé mit tiép xuic véi 6 truc
ngang sé & trang thai tron trwgt khi may in hoat
dong.

¢. T6i vu hoa hé théng diu phun

DEkiém tra tinh kha thi ciia phwong phép, dau
tién voi phun dwoc tich ra, sau d6 hé thong voi
phun cia may in trudc va sau khi tach dwoc tinh
toan dé thuc hién phén tich tinh.
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Hinh 8. Bién dang tong thé cia hé thong diu
phun triréc va sau khi tich
Két qua phén tich tinh vé bién dang dwoc thé
hién trong Hinh 8 (a) (b) . Ttr phan tich tinh trong
Hinh 8, c6 thé thiy bién dang lén nhit cha hé
thong dau phun trwéc khi tach la 0,0788mm va
bién dang lén nhat sau khi tach 1a 0,0117mm.
Lwong bién dang ctia hé thong dau phun sau khi
tach ban dau so véi trwde khi tach da thay ddi
dang ké. Do hiéu qua cai thién cta phan tich tinh
cta voi phun tach roi, thiét k€ ctia bo phan voi
phun dwoc t6i wu hoa. Trong qua trinh hoat dong
clia may in 3D, nhiét do cia PLA néng chay la ti
180-210 do C, quat lam mat dwoc dat & hai bén
clia voi phun.

Hinh 9. (a) Mé hinh d3u inE va (b) mat cit gid
d& 6 dinh

Tém lai, PLA dap &ng cac yéu ciu vé thiét ké
gia do c6 dinh hd trg voi phun vé d6 bén co hoc
va kha néng chiu nhiét. Gia d& c6 dinh dwoc thiét
ké va bd phan voi phun duwoc 13p rap, sau d6 thuc
hién phin tich co hoc tinh ctia phan ti hitu han.
K&t qua phan tich dwoc thé hién trong Hinh 9 (c).
Sau khi lap dit gia d& c6 dinh dwoc thiét ké, c6
thé thay tir Hinh 9 (c) rang bién dang t3i da cia
hé théng dau phun la 0,0090mm.

d  To1 wu hod bo diéu khién mdy in.

Dai voi dong may khé rong tac gid st dung
A4988 13 driver diéu khién dong co bwédc cuc ky
nho gon, hé tro nhiéu ché d6 1am viéc, diéu chinh
dwoc dong ra cho dong co, tw dong ngat dién khi
qué néng. A4988 hd tro nhiéu ché do hoat dong
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cla dong co budc lwdng cuc nhu: Full, Half, 1/4,
1/8va 1/16 nhu hinh 10.

LR

B
=]

Hinh10. Mach driver A4988
V&i mach diéu khién thi tic gia st dung Mach
diéu khién mday in 3D MKS Gen L V1.0 14 san
phadm mach diéu khién cho mdy in 3D.

—

Hinh 11. So db chdn mach MKS Gen L V1.0

Puoc thiét ké véi day dt ngd ra cho cac phu
kién may in 3D nhw man hinh, driver diéu khién
dong co budc, firmware, endstop... nén rat dé
dang s dung. San phdm st dung chip x& ly
Atmega2560 twong tw nhu Arduino Mega2560
va cac chirc nang twong tw Ramp 1.4 nén rat tién
loi ma lai rat gon gang nhw hinh 11.

e. Toi wu hod sw sai s6 dinh vi ddu din mdy in
3D

Viéc str dung encoder - thuwéc quang d€ nhin
dirliéu dinh vi giri dé€n bd diéu khién cho phép dé
dat dworc do chinh xac dinh vi cao. Tuy nhién, giai
phap nay 1a tén kém. Trong hdu hét 3D may in,
déng co bwdc dwoc str dung, 1a ki thuit s6 dong
co, cho phép kiém soat chinh x4c vi tri dau. Vivay,
cong viéc chon truc Z dong co 1a dong co buér.
Cac dong co lai truc X-Y 1a dong co AC servo, né
1a can thiét d€ chon thiét bi truyén dong chit
lwong cao, ching han nhw Pong co AC Servo
Mitsubishi HC-KFS23 va MR-Trinh diéu khién
J2S-20A.

£ Gido phdp 67 wu hod téc dé diu dun va diéu
khién nhiét tw dong cho diu din.

Dé& t6i wu hoa t6c dd dau dun duoc diéu khién
bén theo t6c dd di chuyén clia dau in, sw chuyén
déng twong doi gidp lwgng nhwa dwoc dun ra
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déu, ko gay hién twong thira thiéu nhwa. Ngoaira
t6i wu nhiét d6 dau in d€ gidp cho gidm sw chay
nhwa (nhiét qua cao) hodc nhwa khong thé ra
(nhiét thip khéng du chay)

g Lwachon phin mém Idp trinh code.

CAac thong s6 clia san phidm dwoc lap trinh sau
d6 dwa vao may in va may thwc hién do vy, phan
mém l4p trinh code 4nh hwdng 1én nhit dén do
sdc nét bé mat vatin, bé day lop in.

3. Kétluan

Noi dung bai bao tac gia da tip trung di vao
viéc nghién ctru lwa chon théng s6 va mot so giai
phap nang cao chitlwong san phim trong may in
3D FDM khé rong. Tir d6 thay doi kich thwéc
viing in, dé in dworc cac chi tiét mau cé kich thuéc
16n hon. May in 3D M1000 sé c6 kich thwéc vung
in 1én dén 1000x1000x1000 mm. U'ng dung dé in
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cac mau 1é6m nhw canh bom, canh tua bin, vé may,
bé may ...
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