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Optimizing the algorithm control of 3D cake printer
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Tém tit. Bai bao nay trinh bay cac bwéc thiét ké may in banh 3D, thiét ké bd diéu khién 3 truc cho may. B diéu khién dwge mé
phéng bang Simulink/Modelsim va thuc nghiém trén Kit DE2-70 d@é kiém nghiém thuit toan trwéc khi lip dit vao may thuc té.
B diéu khién toc dd va vi tri cho dong co servo la by diéu khién mo két hop phuong phap diéu khién vector. Ngon ngir lap trinh
md ta phan cing dwoc siv dung dé thuc thi thuit toan diéu khién. Cubi cung két qua mé phéng va thuc nghiém dwoe so sanh va
thao luan.

Tur khéa: 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.
Keywords: 3D printer; Control; FPGA
Ky hiéu

vong/phut Bicn ngdn ngit dau vao cua bg dieu
khién mo
- vong/phut Téc do dat
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Tham s6 diéu chinh cho bo diéu
khién mo
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Very high speed IC hardware description
language

Space vector pulse width modulation
Proportional integral derivative

Digital signal processor

Analog to digital converter

Quadranture encoder pulse

Central processing unit

Fuzzy controller

1. GIOI THIEU

Trong thoi budi hién nay va trong tuong lai ludn can sy
tiét kiém vé khong gian, thoi gian, ning lugng tiéu thy va
hon thé nira 12 huéng dén suc khoe cua con ngudi. Nguy co
chay nd, 4m khoi, tiéu tdn nhiéu ning lwong & cac dung cu
nha bép truyén théng, mat nhiéu thoi gian cho bita an nhe
Idn an chinh vi vay viéc ra doi chiéc may in banh 3D s& dap
{mg dugc nhu cau trong tuong lai.

Dau tién phai n6i dén sy tién dung cia may la rat ngin
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thoi gian ché bién banh, nguoi dung c6 thé an thic dn ngay
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ma chi ¢6 nhimng nguoi dau bép gioi méi lam dwoc trude
d6, nhitng lic budn hay vui thi chiéc banh vin “dep” va
“ngon”.

Cong nghé in 3D d3 va dang tao ra budc tién dot pha
trong k¥ thuat ché tao mau, may in banh 3D da duoc cac
don vi ngoai nudc nghién ctu [1-2]. Trong nude da cod
nhiéu don vi thiét ké va ché tao thanh céng may in 3D
nhung chua c¢6 bat cr don vi ndo tién hanh nghién ctru san
pham in banh 3D.

Hé thong st dung 3 dong co truc chinh dé diéu khién voi
phun banh trong khong gian X, Y va Z (Hinh 1). Bai béo
tng dung bo diéu khién mo, phuong phap didu khién
vector va didu ché vector ’khong gian dya trén ngdn nglr mo
phong phan cing dé thiét ké bo didu khién. Hién nay rét
nhiéu phuong phdp diéu khién da duoc nghién ciru nhu
didu khién thich nghi, diéu khién thong minh. Hau hét cac
bo diéu khién déu sir dung chip xu 1y tin hiéu 50 (DSP), véi
nhuge diém 1a chiém nguon tai nguyén va ton nhiéu thoi
gian dé phat trién ung dung. Trong khi d6 cong nghé FPGA
1a mot ngon ngir lap trinh phan cing véi day du nhiing tinh
nang nhu tinh toan nhanh, ti€u thu nang lugng it, tich hop
CPU, d0 chinh xac cao, v.v.[3-4].

Y tuong thiét ké bo diéu khién vector 1a moment va cac
thanh phan tir hoa cta tir thong stator dugc diéu khién doc 1ap.
Dong dién ba pha stator dwoc bién déi thanh vector dong dién
cung cap cho bo diéu khién (nhur thé hién trong Hinh 1). Mot
khi céc thong s6 bo diéu khién dwoc chon lua tot dong dién
diéu khién id ~ 0, gip cho viéc diéu khién dong co servo
twong tw véi viée didu khién dong co mot chiéu. Moment cia
dong co dugc diéu khién thong qua dong dién trén truc q (iq)
[5]. Hinh 1 mo ta cau tric cta bo diéu khién truc X, Y va Z va
cu triic phan cimg cta may in.

2. CAU TRUC PHAN CUNG

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

Pong co dau phun nhién liéu dugc cp dién khi may bét

dau chay theo hanh trinh. Giéi han hanh trinh cua ba truc

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

phun nhién liéu duoc thiét ké gom 4 co ciu song song.

Hinh 2 bao gom dau dun (1), déng co (2), truc vit ép nhién
liéu cho dau dun (3).

!
Hinh 2. Cdu tao dau phun nhién liéu

Ving 1~

Hinh 5. Co cdu truyén dong truc Z
Vung 2

~ ving 3
Na g

Nz

Hinh 3. Cdu tgo cua dau dimn

Céc thong s thiét ké cta dau dun duge moé ta nhu trong
Hinh 3. Phan nhién liéu chuyén dong cua vat liéu trong dau
dun dugc phan lam ba vung: vung chay tang (vung 1),
vung chay roi (ving 2), vung dong nhat (vung 3) [4].

Hinh 4 mo ta ciu tao cua co cau truyén dong truc X gébm

mot dong co PMSM (1), ddy dai kéo ban d& san phim gan 7 R
rén truc X (2), ranh mang 4 (3), ban d& san pham (4). Hinh 6. Co cautruyen dong truc
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Hinh 5 mé ta co ciu truyén dong cua truc Z bao gém
dong co (1), bulley va day dai (2), 6 bi va gia do (3), thanh
truot din hudng (4), truc vit me bi (5), co cdu d& dau phun
nhién ligu (6).

Hinh 6 bao gém thang cép (1), dong co (2), gia d& truc Z
(3), day dai kéo truc Y (4), thanh truot dan huéng (5).

3. THIET KE BO PIEU KHIEN

3.1 Phuong phap néi suy

DPé co thé tao hinh dang phuc tap cho san pham méy
duoc thiét ké véi 3 truc diéu khién. Chuyen dong cua dau
phun duoc chia thanh nhing thanh phan tuong Gng véi moi
truc, quy dao cua dau phun duogc tao ra thong qua su két
hop dich chuyén riéng 1¢ cua ba truc X, Y va Z. Hinh 7
minh hoa viéc di chuyén dau phun tir diém Py dén diém P,
véi téc do Vr trong mat phang XY. Trong thoi gian di
chuyén trong mat phang XY, truc Z ciing dugc cap xung dé
di chuyén mot doan tuong ung theo yéu cau.Viéc noi suy
cac bién dang phtic tap bang cach chia nho thanh cac doan
thang.

w
X
Vi }
v2
B |

:
Hinh 7. Phirong phdp di chuyén ciia dau phun

3.2 Bo diéu khién mo

Bo diéu khién mo dwoc sur dung dé diéu khién téc do va
vi tri cho ting truc. Tin hiéu dau vao cua ting bo diéu
khién 1a d6 sai léch gitra gia tri dat voi gia tri phan hdi do
dugc trén dong co va do sai léch bién doi theo thoi gian

[5].
e(k) = A () - A (K) "
de(k) =e(k)—e(k-1) @)
Luat diéu khién dwoc xay dung véi ciu trac

Néu e = Ep va de = DE, thi U = Cmp (3)

#(e) Ham lién thudc cia E

1
8 e (O=1- pen(@f--

o
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g en(e) o
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Eg (rpm)

(de)

dE

DEo|NL |NL | NL [NL |[NM [NS zz

g{ DE1|NL |[NL [NL |[nMm NS | 2Z | Ps

DE2INL |NL [NM [NS ZZ | PS | PM

DE3INL |NM [NS | ZZ | PS |PM | PL

DE4|NM |NS ZZ |PS |PM | PL | PL

DEs NS ZZ |PS | PM| PL [ PL | PL

Ham lién thugc ciia DE

DEg| 2z |PS |PM|PL |PL |PL | PL

Co sé tri thie
Hinh 8. Ham liér:/thuépvd co SO tri‘ thiee cai dat cho cdc lugt diéu
khién cua bo diéeu khién mo
Ham lién thudc cua bo didu khién FC l1a tam giac ddi
xung (Hinh 8) vi vdy ham tinh gia tri ngd ra cua bo didu
khién m& duoc xac dinh nhu sau [5]:

i__ Ji Cm,n [/uE,, (e) *,UDEn (de)]
i i [/uEn (e) */uDEn (de)] @

n=i m=j

u, (e,de) =

i+1 j+1
D Z Z Cm,n *dn,m
n=i m=j
Nhu mé ta & Hinh 8, dwa vao ham lién thugc, mdi gia tri
clia e va de dau vao ta co thé xac dinh dugc 2 gia trj DE va
2 gia tri E, dya trén luat diéu khién ta tinh toan duoc 4 gia
tri cua cmp 1a NM, NS, NS va ZZ véi dnm duge xac dinh
nhu sau:

Ao = He, (e)- Hpe, (de) ®)
dyms = HE, (e) *:uDE,M (de)

(6)
= He, (e)*(1- Hpg, (de))

dn-+—1,m :uEn+1 (e) :uDE (de) (7)
— *
_(1_/uE (de)) HpE, (de)
Aiame = He (e)* Hog, (de) ®)
- (1_ He, (e)) (1_ HpE, (de))
va dnm + dn,m+l + dn+l,m + dn+1,m+1 - 1 (9)
pwm_counter: block
signal D : 87D LOGIC:="0";
signal @ : STD LOGIC VECTOR ( downto 0):=(others =>'0");
begin
process (clk)
begin
if clk'event and clk="0"' then
if D="0" then
if Q@ <x"615" then —- 010000001111=XxX"40F"
D<= '0";
G <= oFx"1";
else
D<= "1"
Q <= x"6ln";
end if;
end if;
if D="1" then
if Q > x"ooL”
D<= "1";
R €= Qg-x" ;";
else
D<= "0";
Q <= =x"000";
CMPRR<=CMPRI1;
CMPEE<=CMPR2;
CMPCC<=CMPR3;
end if;
end if;

Hinh 9. Bj tao song mang trong khoi SVPWM dwoc \dp trinh
bang VHDL

4. MO PHONG

So @6 khdi téng quat mé ta toan bo hé théng & Hinh 1.
bPé dé dang kiém tra tinh hiéu qua va chinh xac cua thuat
toan diéu khién, bai bao thyc hién mé phong toan bo thuat
toan bang cach nhing ma VHDL vao modi truong
Simulink/Matlab dé vé& cic dang song dap ung trén dong co
khi tin hi¢u diéu khién & ngd vao thay doi.

Tan sé chuyén mach cua SVPWM duoc thiét ké 1a
16kHz va thoi gian tri hodn déng cat giita khoa dién tur
cong sudt phia trén va phia dudi 1a 1.2ps. St dung thu vién
Power system blockset dé thiét ké bo bién tin dya trén
cong nghé IGBT, ngudn DC va PMSM.
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Hinh 10. M6 hinh mé phong Simulink — Modelsim cua truc x .
Trong m6 hinh Simulink-Modelsim (Hinh 10) M1 dugc nhung ma VHDL cua bd diéu khién vi tri; M2 chira ma VHDL
cua bé diéu khjén téc do; M3 chira ma VHDL cua bo diéu khién vector va SVPWM. ) )
SO lugng cong logic va bd nhd hé thong da sir dung trong mo6 phong dugc liét ké & Bang s6 1. Thong s6 cia dong co
ding trong mo phong liét ké ¢ Bang sé 3. Gia tri toc do dat 0): dugc thay ddi nham kiém tra dap tng toc do cua dong co.
Két qua dap ung vi tri cia dong co duoc thé hién ¢ Hinh 11.

Vi tri dat Vi tri dong co
280 —— T T / T
E 260 [
= 240 \ \
s 220} :
>~ 200 1 1 1 1 1
—~ 0 ! 2 3 4 E1’ime (s)6
<
= 0.5 T T T T T
<
2
i~
=
(g 05 1 1 1 1 1
o 0 L 2 8 4 5I'ime (s)6 >
Hinh 11. Pdp imng tc do, dong diéu khién va dong ba pha cia Hinh 12. Phdn cing ther nghiém ciia may
dong co
Pap ung vi tri dong co bam rat tot duong vi tri dat, véi 300
mot chut vot 16. Dong diéu khién is xap xi bang 0. Két qua £ 200 Gk 8o duye
md phong da thé hién tinh hiéu qua va chinh x4c cua thuat =g e gjt
S A - X = L ia tri d3
toan dieu khién. 550

0 05 1 15 2 25 3 35 4 45 5
(a) Time (s)

5. THUC NGHIEM

Sau khi kiém ching toan bo cac chirc ning ciia hé thong E é MW—MMN*W
thong qua mo wph(’)ng, ma VHDL duoc tai vao chip FPGA g ; . ..
DE2-70 dé kiem nghiém lai lan nira thong qua hé thong L S 4-5Timefs)
thuc té. Tong quan vé hé thong thuc nghiém duoc moé ta ¢
Hinh 12. Hinh 13. Pap ung Vi tri Cia dong co

Cac th?lnh phﬁn chinh bao gbm may in banh 3D, board 7 o0 N camadm ]
mach diéu khién sir dung FPGA cua Altera, mach dém £ 300 A e °{A
cong suét, inverter. Pong co servo sir dung trong hé théng =§'_3go Gid trj dat \/
c6 thong sb trong Bang s6 4. Trong thuc nghiém ¢ thém 2 ee00f N

’ -900
doan md VHDL cua ADC va QEP duoc thém vao dé doc R SR A T A
tin hiéu dong dién va goc quay cia PMSM. Tai nguyén 100
FPGA sir dung trong thyc nghiém liét ké ¢ Bang s6 2.

Tuong tu VGi phan md phong, phan thyc nghiém ciing
thay doi gia tri dat cua téc do dé kiém tra dap ung cua dong 10005 T 15 s 25 s 35 4 a5 &
co. Tir Hinh 13 va Hinh 14 cho thdy vi tri dong co dép ung (0) Time (5)
rat tét véi sy thay ddi cua gia tri dat, hoan toan khong bi Hinh 14. Pép img téc dg ciia dong co

Vot 16 ca vé toc do 1an vi tri. Két qua thuc nghiém cho thiy
bo didu khién dong co da dap ung rat tét cho hé théng.
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6. KET LUAN ,
, ) Bdang 4.Thong so cua dong co servo trong thuc nghiém

So sanh két qua mé phong ¢ Hinh 11 va thyc nghiém &
Hinh 13 va Hinh 14 cho thay, dap tng toc d6 cua dong co
& ca ba tryc hoat dong hoan toan chinh xac ca vé vi tri va

téc do. Két qua mo phong va thuc nghiém cho thdy sirc 0.64 Nm
manh cia diéu khién mo va diéu khién vector, cac két qua 92V, 16 A
md phong va thyc nghiém ching minh dugc hé thong da

dugc thiét ké chinh x4ac va hoat dong hiéu qua. Su di 0.2 kw
chuyén chinh xéc ciia timg thanh phan truc X, Y va Z da 200 Hz
gitip cho may cé thé in dugc nhirng san pham c6 chi tiét

Sac sa0, nang cao sy hap dan cua san phim do may lam ra. 3000 r/min

Bdng 1. Tai nguyén FPGA sir dung trong mé phong
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