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Tém tit. Bai bdo nay trinh bay cac bwéc thiét ké may in banh 3D, thiét ké by didu khién 3 truc cho may. B didu khién dwgc md
phéng bing Simulink/Modelsim va thwe nghiém trén Kit DE2-70 dé kiém nghi¢m thudt toan truéc khi lip dit vao may thuc té.
B6 diéu khién tc dd va vi tri cho déng co servo 1a bd diéu khién mo két hop phwong phap diéu khién vector. Ngon ngit 1ap trinh
mé ta phin cirng dwgc sir dung dé thuc thi thuat toan diéu khién. Cubi cing két qua méd phong va thue nghiém dwge so sanh va
thao luan.

Tir khoa: 3D printer; Control; FPGA

Abstract. This work presents the design of a 3D cake printer. The controller is co-simulated by Simulink/Modelsim and
experimented with the DE2-70 FPGA board of Altera. A fuzzy-based and vector controller are then designed for controlling the
speed and position of a servo motor. Next, the control algorithms are implemented using VHDL. Additionally, simulation and

experimental results are compared and discussed.
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1. GIOI THIEU

Trong thoi budi hién nay va trong twong lai luén cén sy
tiét kiém vé khong gian, thoi gian, ning lwong tiéu thy va
hon thé nita 1 huéng dén sirc khoe cua con ngudi. Nguy co
chay nd, am khoi, tiéu tén nhiéu nang lugng ¢ cac dung cu
nha bép truyén théng, méit nhiéu thoi gian cho bita dn nhe
14n an chinh vi vay viéc ra doi chiéc may in banh 3D s& dap
trmg dwoc nhu cau trong tuong lai.

Dau tién phai n6i dén sy tién dung cta may la rat ngén
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thoi gian ché bién banh, nguoi dung c6 thé an thirc dn ngay

Bién ngdn ngit dau vao cua bo dicu

Tham s didu chinh cho bo didu

ma chi c¢6 nhimng ngudi dau bép giéi méi lam duge trudce
d6, nhimng lac budn hay vui thi chiéc banh vAn “dep” va
“ngon”.

Cong nghé in 3D da va dang tao ra budc tién dot pha
trong k§y thuat ché tao miu, may in banh 3D di duoc cac
don vi ngoai nudc nghién cuu [1-2]. Trong nudc da co
nhiéu don vi thiét ké va ché tao thanh céng may in 3D
nhung chua c6 bét cir don vi ndo tién hanh nghién ctru san
phim in banh 3D.

Heé théng st dung 3 dong co tryc chinh dé didu khién voi
phun banh trong khong gian X, Y va Z (Hinh 1). Bai bdo
tmg dung bo didu khién mo, phuong phap didu khién
vector va didu ché vector khong gian dya trén ngdn nglr mo
phong phan cling dé thiét ké bo diéu khién. Hién nay rét
nhiéu phuong phap diéu khién di duoc nghién ctu nhu
didu khién thich nghi, diéu khién thong minh. Hau hét cac
b6 didu khién déu sir dung chip xtr ly tin hiéu so (DSP), véi
nhuoc diém 1a chiém ngudn tai nguyén va tén nhiéu thoi
gian dé phat trién ing dung. Trong khi d6 cong nghé FPGA
1a mot ngdn ngit lap trinh phan cimg voi ddy du nhitng tinh
nang nhu tinh todn nhanh, ti€u thu nang lugng it, tich hop
CPU, d¢ chinh xac cao, v.v.[3-4].

Y tuong thiét ké bo diéu khién vector 13 moment va cac
thanh phén tir héa cia tir thong stator duge diéu khién doc lap.
Dong dién ba pha stator duoc bién déi thanh vector dong dién
cung cép cho b diéu khién (nhw thé hién trong Hinh 1). Mot
khi cac théng sb bo didu khién duoc chon lya tét dong dién
diéu khién { , =0, gitp cho viée didu khién dong co servo
tuong tu voi viée diéu khién dong co mot chiéu. Moment cta
dong co duge didu khién thong qua dong dién trén tryc q (iq)
[5] Hinh 1 m ta cAu tric ctia bd diéu khién truc X, Y va Z va
cau triic phan cling ciia may in.

2. CAU TRUC PHAN CUNG

Kiéu dang banh can in dugc thiét ké trén may tinh
thong qua phan mém CAD. Sau d6 dugc chuyén qua phan
CAM dé xuat ra tap 1énh G.
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Hinh 1. Céu triic bé diéu khién va phdn cirng cua may

Dong co diu phun nhién lidu duoc cép dién khi may bét

dau chay theo hanh trinh. Gidi han hanh trinh cta ba truc

X, Y va Z lan luot 1a 370mm, 370mm va 145mm. Dau

phun nhién lidu dugc thiét ké gém 4 co cdu song song.

Hinh 2 bao g(“)m dAu don (1), déng co (2), truc vit ép nhién
liéu cho dau dun (3).

; o i 1 I
Hinh 2. Céu tao dau phun nhién liéu

Vung 17

Vung 2

~N Vung 3
- Ung

Hinh 3. Céu tao ciia ddu dim

Céc thong sb thiét ké cua d4u dun duoc mé ta nhu trong
Hinh 3. Phan nhién liéu chuyén déng cia vt liéu trong diu
dun dugc phan lam ba ving: ving chay tang (ving 1),
ving chay réi (viing 2), viing ddng nhit (ving 3) [4].

Hinh 4 mé ta cAu tao ctia co cdu truyén dong tryc X gdbm
mot dong co PMSM (1), day dai kéo ban d& san pham géan
trén truc X (2), rinh mang cé (3), ban d& san phdm (4).

Hinh 6. Co cdu truyén dong truc
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Hinh 5 md ta co cdu truyén déng cia truc Z bao gdm
déng co (1), bulley va day dai (2), 6 bi va gia d& (3), thanh
truwgt din hudng (4), truc vit me bi (5), co cdu d& dau phun
nhién ligu (6).

Hinh 6 bao gdm thang cap (1), dong co (2), gia d& truc Z
(3), day dai kéo truc Y (4), thanh trwgt din huéng (5).

3. THIET KE BO PIEU KHIEN
3.1 Phuong phap ndi suy

Pé c6 thé tao hinh dang phirc tap cho san phdm may
duogc thiét ké voi 3 truc didu khién. Chuyén dong cia déu
phun dugce chia thanh nhitng thanh phan twrong tmg véi mi
truc, quy dao cia diu phun duoc tao ra théng qua su két
hop dich chuyén riéng 1¢ ciia ba truc X, Y va Z. Hinh 7
minh hoa viéc di chuyén dau phun tir diém P, dén diém P,
voi the do Ve trong mat phang XY. Trong thoi gian di
chuyén trong mat phing XY, truc Z ciing duge cAp xung dé
di chuyén mét doan twong ung theo yéu ciu.Viéc ndi suy
cac bién dang phirc tap béng cach chia nhé thanh cac doan
thang.
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Hinh 7. Phwong phép di chuyén ciia dau phun
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3.2 Bo diéu khién mo

B diéu khién mo dwoc sir dung dé didu khién tbc do va
vi tri cho timg truc. Tin hiéu d4u vao cua ting bd diéu
khién 14 d6 sai léch gitra gia tri dat v6i gia tri phan hdi do
dugc trén dong co va do sai léch bién ddi theo thoi gian
[S].

e(k) = A, (k)— A, (k)

(D
de(k)=e(k)—e(k—1) @

Luat Qiéu khién duoc xay dung vé6i cdu trac
Néu e = Ey, va de = DE, thi Us=Cpyp 3)

1- ppg, (de)
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X — 2 g IL’L Eo | B | E2 | Es | Ex | Es | Es
i 5
H LC‘“ DEg|NL | NL NL |NL NM |NS zz
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Hinh 8. Ham lién thudcva co sé tri thire cdi dit cho cdc ludt diéu
khién ciia b diéu khién mo

Ham lién thudc cua bd diéu khién FC 1a tam gidc dbi
ximg (Hinh 8) vi vdy ham tinh gia tri ngd ra cua bo didu

khién mo duge xac dinh nhu sau [5]:

i+l j+1

22 Conl s, ()% e (de)]
Uy (e,de) = n:liﬁ:/jﬂ
z z [, (€)* ppg (de)]  (4)
n=i m=j
i+l j+l
D z z cm,n * dn,m
n=i m=j

Nhu mé ta & Hinh 8, dua vao ham lién thudc, mdi gi tri
cia e va de ddu vao ta c6 thé xac dinh duoc 2 gia trj DE va
2 gia tri E, dya trén luat diéu khién ta tinh toan dugc 4 gia
tri cua cma la NM, NS, NS va ZZ véi dnm duge xac dinh
nhu sau:

d,, = g (€)= ppy (de) Q)
d, 1 = Mg (€)* i,  (de) ©
= 41y, (&)*(1— , (de))
d,im= Il'lEnﬂ( )*.UDE (de) e
=(I—p; (de))* ppy, (de)
Ayt = My, (€)* tyy;,  (de) )
= (1 p15, (@) * (1~ (de))
vad, +d, .+d, ., +d, ., =1 )
2§ Srn secte vEmon (11 downte )i~ (ethers 1)
process (c1x)
if @ <= 1000111175 40e"

CMPRR<=CMPR1;
CMPBB<=CMPR2 ;
CMPCC<=CMPR3;
end if;
end if;

Hinh 9. B tao séng mang trong khéi SVPWM duoc ldp trinh
bang VHDL

4. MO PHONG

So d6 khéi tdng quat mé ta toan bo hé théng ¢ Hinh 1.
Pé dé& dang kiém tra tinh hiéu qua va chinh xac cia thuit
toan diéu khién, bai bao thwc hién mé phong toan bd thust
toan bing cach nhing md8 VHDL vao méi truong
Simulink/Matlab dé v& cac dang song dap ung trén dong co
khi tin hleu diéu khién ¢ ngd vao thay ddi.

Tan s chuyén mach cia SVPWM duoc thiét ké 1a
16kHz va thoi gian tri hodn déng cit giita khéa dién tir
cong suat phia trén va phia dudi 1a 1.2ps. St dung thu vién
Power system blockset dé thiét ké bo bién tan dua trén
cong ngh¢ IGBT, nguf)n DC va PMSM.
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Hinh 10. M6 hinh m6 phong Simulink — Modelsim ca tryc x .
Trong mé hinh Simulink-Modelsim (Hinh 10) M1 duoc nhiing md VHDL ctia bg diéu khién vi tri; M2 chira ma VHDL
cua ‘pcf) diéu khién toc do; M3 chira ma VHDL cua bo diéu khién vector va SVPWM. ) )
SO luwgng cong logic va bd nhd hé thong da sir dung trong moé phong dugc liét ké & Bang so 1. Thong s6 cua dong co
dung trong md phong liét ké & Bang s6 3. Gia tri toc do ddt @, dugc thay ddi nhim kiém tra dap tmg tdc do cia dong co.
Két qua dap tng vi tri ciia dong co dugc thé hién & Hinh 11.

Vi tri dit Vi tri djng co’
_ 280 —r T T / T
g 260
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= nof
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Z 05 . . . . .
<
£
)
2, PJPM‘“—L'“
=
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Hinh 11. Dép img toc g, dong diéu khién va dong ba pha ctia
dong co
Dap tmg vi tri dong co bam rét tét duong vi tri dat, voi
mot chit vot 16. Dong diéu khién i xdp xi bing 0. Két qua
mod phong da thé hién tinh hiéu qua va chinh xac cua thuat
toan diéu khién.

50 ——

5. THUC NGHIEM 2 0 05 1 15 2 faf 3 35 4 4.5Time?s)

Sau khi kiém ching toan bo cac chirc ning cua hé théng E .1,
thong qua _‘mf) thc’)ng, ma VHDL duoc tai vao chip FPQA “E _'; [ o L L .
DE2-70 d¢€ kiém nghiém lai lan nita thong qua hé thong S (55)
thuc té. Tong quan vé hé thong thuc nghiém duge mo ta & ‘
Hinh 12. Hinh 13. Dap ung vi tri cia dong co

Céc thanh phén chinh bao gdm may in banh 3D, board = 900 : y y y y — " "]
mach diéu khién st dung FPGA cia Altera, mach dém Eggg A Gl HOM
cong suét, inverter. Dong co servo sir dung trong hé théng ‘%_330 Gid trj dat \/
c6 thong sb trong Bang sb 4. Trong thyc nghiém co thém 2 ﬁggg P A
doan md VHDL cua ADC va QEP dugc thém vao dé doc R~ S R
tin hiéu dong dién va géc quay cia PMSM. Tai nguyén w
FPGA sir dung trong thuc nghiém liét ké & Bang s 2. E 5;' i ' "

Tuong tw voi phin mé phong, phan thuc nghiém ciing F-50
thay dbi gia tri dat cia tbe do dé kiyém tra dap Ung cta dong A0 T T T 15 2 25 3 35 4 a5 s
co. Tt Hinh 13 va Hinh 14 cho thay vi tri ddng co dap (g ®) Time (5)
rt tot v6i sy thay dbi cua gia tri dat, hoan toan khong bi Hinh 14. Dép img téc dg ciia dong co

vot 16 ca vé tbe d6 13n vi tri. Két qua thyc nghiém cho théy
b6 didu khién dong co da dap tng rat tot cho hé thong.
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6. KET LUAN

So sanh két qua mé phong & Hinh 11 va thuc nghiém &
Hinh 13 va Hinh 14 cho thiy, dap tmg tbc d6 cua dong co
& ca ba truc hoat déng hoan toan chinh xac ca vé vi tri va
tbe do. Két qua md phong va thyc nghlem cho thay suc
manh cta diéu khién md va diéu khién vector, cc két qua
mo phong va thye nghiém chirng minh dugce hé thong da
dugc thiét k& chinh xac va hoat dong hiéu qua. Su di
chuyén chinh x4c cia timg thanh phan truc X, Y va Z da
giup cho may ¢ thé in duoc nhirng san phdm c6 chi tiét
séc sao, nang cao sy hip din ciia san phdm do may lam ra.

Bidng 1. Tai nguyén FPGA sur dung trong mé phong

Bdng 2. Tai nguyén FPGA su dung trong thuc nghiém

O paitukntieas | o o
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Bing 3.Théng s6 ciia ddng co servo trong mé phong

1.3Q
6.3mH
4
0.000108 kg*m?
0.0013 N*m*s
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Bing 4.Théng s6 ciia dong co servo trong thuc nghiém

0.64 Nm
92V,1.6 A
0.2 kW
200 Hz

3000 r/min
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