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Tom tat

Bai bao nay trinh bay cac budc thiét ké may in banh
chocolate 3D, thiét ké bo diéu khién 3 truc cho may.
Bo6 didu khién duoc md phong  bing
Simulink/Modelsim va thuc nghiém trén Kit DE2-70
dé kiém nghiém thuat toan trudc khi ldp dat vao may
thuc té. Bo diéu khién téc do va vi tri cho dong co
servo 1a bo diéu khién mo két hop phuong phép diéu
khién vector. Ngon ngir lap trinh mo ta phan cang
dugc sir dung dé thyc thi thuat toan diéu khién. Cudi
cung két qua md phong va thuc nghiém duoc so sanh
va thao luan.

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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Chir viét tat

FPGA Field programmable gate array

VHDL Very _hlgh speed IC  hardware

description language
SVPWM Space vector pulse width modulation

PID Proportional integral derivative

DSP Digital signal processor
ADC Analog to digital converter
QEP Quadranture encoder pulse
CPU Central processing unit

FC Fuzzy controller

1. Giéi thiéu
Pau tién ph@i noi den sy tién dung cua mqéy rit ngan
thoi gian ché bién banh, ngudi ding cé thé an thirc an

ngay khi may lam xong. Diéu nay rat tién dung cho
ngudi thudng xuyén ban ron nhung mudn an nhiing
chiéc banh nghé thuat do minh tu ché bién. Dic biét
trong thoi budi cong nghé hién nay, nha hang ung
dung céng nghé cao dang bat dau phat trién trong
nuéc, chiéc may khdng chi gidp thiét ké mau banh dé
dang hon, thay d6i mau nhanh hon, ma con lam cho
hinh anh nha hang tré nén chuyén nghiép trong mét
khach hang. Tinh méi & day 1a may giup tiép kiém
khuén va khong gian lam viéc. Trong cong nghiép cac
nha san xuat phai rét dich chocolate vao khuén sau d6
lam lanh dé lam cing chocolate roi tich khudn. May
in 3D c6 thé thay thé hoan toan cac loai khudn truyen
thong rdt ngan tbi da thoi gian tao mau béanh.

Chiéc may s& gilp tu 1am nhitng chiéc banh yéu thich
dep mét phi hop véi ho ma chi c6 nhirng nguoi dau
bép gioi mai lam dugc trude do nhung ldc budn hay
vui thi chiéc banh van “dep” va “ngon”.

Cong nghé in 3D di va dang tao ra budc tién dot phéa
trong k¥ thuat ché tao mau, may in chocolate 3D da
dugc cac don vi ngoai nudc nghién ctu [1-2]. Trong
nudc dd co nhiéu don vi thiét ké va ché tao thanh
cong may in 3D nhung chua c6 bét cir don vi ndo tién
hanh nghién ciru san pham in banh chocolate 3D.

Hé théng sir dung 3 dong co truc chinh dé diéu khién
voi phun chocolate trong khong gian X, Y va Z (H.1).
Bai bao tng dung bo diéu khién mo, phuong phap
diéu khién vector va diéu ché vector khong gian dua
trén ngbn ngir md phong phan cung dé thiét ké bo
diéu khién. Hién nay rat nhiéu phuwong phap diéu
khién da dwoc nghién ctu nhu diéu khién thich nghi,
diéu khién thong minh ... Hau hét cac bo diéu khién
déu sir dung chip xu Iy tin hiéu s6 (DSP), véi nhuoc
diém la chiém nguon tai nguyén va ton nhiéu thoi
gian dé phat trién ing dung. Trong khi d6 cong nghé
FPGA la mot ngon ngit lap trinh phan cing véi day
da nhitng tinh nang nhu tinh todn nhanh, tiéu thu nang
lugng it, tich hop CPU, do chinh xac cao...[3-4]. Y
tuong thiét ké bo diéu khién vector 1a moment va cac
thanh phan tir hoa cua tir thong stator duge diéu khién
doc lap. Dong dién ba pha stator duoc bién di thanh
vector dong dién cung cip cho bo diéu khién (H.1).
Mot khi cac thong sé bo diéu khién duoc chon lya tot
dong dién diéu khién iy =0, giup cho viée diéu
khién dong co servo twong tu Véi viéc didu khién
dong co mot chiéu. Moment cua dong co duge diéu
khlen thong qua dong dién trén truc q (ig) [5] H.1 md
ta cAu tric cua bo didu khién truc X, Y va Z va cau
trdc phan cirng ciia may in.
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H.1 Céu tric bé diéu khién va phén cing cla may

2. Nguyeén liéu Chocolate
Chocolate rat so nhiét d6 cao va ning chiéu tryc tiép vi mot
khi chocolate da chay, né dé dang két tinh lai thd nham,
mét ngon. Nhiét do toi wu dé bao quan chocolate 1a 20 dén
25°C nén rat phu hop dat may in trong phong lam viéc co
trang bi may lanh.
Nguyén liéu dung cho may in c6 thé tir bot Chocolate den:
chocolate liquor 40%, bo ca cao 12%, duong 47,5%, chat
nhil héa 0,5%, huong vani hoac Chocolate tring: Bo ca cao
23%, Sita bot nguyén kem 30%, duong 46,5%, chit nhii
hoa 0,5%, huong vani. Ngoai ra nguyén liéu con c6 thé su
dung tir cac loai chocolate ban san trén thi truong. Khi
chon duoc loai nguyén liéu thich hop thi can phai cach
thay & nhiét 6 70-80°C dé chocolate tan chay hoan toan,
han ché t6i da viéc cho chocolate tiép x(c véi hoi nuée
trong qué trinh cach thay. Néu chi can mét giot nude dinh
vao thi ca mé socola s& bi nhat, bi sui lam mét ngon chiéc
banh lam ra.
Sau khi cach thuy khoang 10 phut, dich chocolate dugc dét
truc tiép vao dau dun dé may in banh 3D c6 thé bat dau
hoat dong. ) .

3. Cau truc phan ciéng:
Kiéu dang chocolate can in duoc thiét ké trén may tinh
thong qua phan mém CAD, sau d6 dwgc chuyén qua phan
CAM dé xuét ra tap 1énh G. Phan mém diéu khién may in
chocolate 3D doc tap Iénh G dé noi suy, tinh toan sé luong
xung cap cho dong co ¢ ca ba truc. Pong co dau phun
nhién liéu dwoc cép dién khi may bét dau chay theo hanh
trinh. Gigi han hanh trinh cua ba truc X, Y va Z lan luot &
370mm, 370mm va 145mm.

|
H.2 Céu tao dau phun nhién liéu

Dau phun nhién ligu duoc thiét ké gom 4 co cu song song
de tang toc d¢ in banh. H.2 bao gom dau dun (1), dong co
(2), truc vit ép nhién li¢u cho dau dun (3).
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H.3 C&u tao cda du dun
Céc thong sb thiét ké cua dau dun dugc md ta nhu trong
H.3. Phan nhién liéu chuyén dong cua vt liéu trong dau
dun dwoc phan 1am ba ving: vung chay tang (ving 1),
ving chay rbi (viing 2), ving dong nhat (ving 3) [4].

H.4 Co céu truyén dong truc X.
H.4 m6 ta ciu tao cua co cau truyén dong truc X gdm mot
dong co PMSM (1), day dai kéo ban d& san pham gén trén
truc X (2), ranh mang cé (3), ban d& san pham (4).
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H.5 Co céu truyén dong truc Z



H.5 md ta co cau truyén dong cua truc Z bao goém dong co
(1), bulley va dy dai (2), 6 bi va gi4 d& (3), thanh truot
dan huang (4), truc vit me bi (5), co cau d& dau phun nhién
liu (6).

_ H.6  Corcéutruyén dong truc Y
H.6 bao gom thang cap (1), dong co (2), gid d& truc Z (3),
day dai kéo truc Y (4), thanh truot dan hudng (5)

4. Thiét ké b diéu khién:

3.1 Phwong phap ndi suy:

Dé ¢6 thé tao hinh dang phirc tap cho san pham may dugc
thiét ké véi 3 truc diéu khién. Chuyén dong cua dau phun
dugc chia thanh nhiing thanh phan tuong tng véi mdi tryc,
quy dao cua dau phun dugc tao ra thong qua su két hop
dich chuyén riéng ¢ cua ba truc X, Y va Z. H.7 minh hoa
viéc di chuyén dau phun tir diém P, dén diém P, vai toc do
Vt trong mat phang XY. Trong thoi ‘gian di chuyen trong
miat phang XY, truc Z ciing dugc cap xung dé di chuyén
mot doan tuong (ng theo yéu cau. Viéc noi suy cac bién
dang phtc tap bang cach chia nho thanh cac doan thing.

i

¥
H.7  Phuong phap di chuyén ciia dau phun
3.2 B diéu khién mor
Bo diéu khién mo duoc sir dung dé diéu khién toc do va vi
tri cho tung truc. Tin hiéu dau vao cua tung bo diéu khién
la d6 sai léch giira gia tri dat vai gia tri phan hdi do duoc
trén dong co va do sai léch bién doi theo thoi gian [5].

e(k)=A(K)-A (k) (1)
de(k) =e(k)—e(k 1) @)

Luat diéu khién duoc xay dung vai ciu tric
Néu e = E, va de = DE, thi U; = C,,, (3)
Ham lién thuoc cua bo didu khién FC 1a tam giac doi xing
(H.8) vi vay ham tinh gi4 tri ngd ra cua bo diéu khién mo
duoc xac dinh nhu sau:[5]
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Co sé' tri thic

H.8 Ham lién thuéc va co sé tri thire cai dat cho cac luat
diéu khién cda bo diéu khién me

Nhu mo ta & H.8, dua vao ham lién thudc, mdi gia tri cua e

va de dau vao ta cd thé xac dinh dugc 2 gia tri DE va 2 gia

tri E, dya trén luat diéu khién ta tinh toan duoc 4 gié tri cua

Cmn 18 NM, NS, NS va ZZ véi d, , duge xac dinh nhu sau:

Ao = e, (8) — tipe, (de) (5)

O = He (€)™ tpe  (de) ©
= e (€)™ (1— ppe, (de))

Ay = e, (€)™ pipe_ (de) .
= (1— s (de))™ pupe (de)

Ay = te,, (€)™ tipe, (de) @

= (- s (€))* (1~ e, (de))
vad,, +d, o +dgn+ding =1 9)

5. MO0 phéng
So db khéi tong quat md ta toan bo hé théng & H.1. Bé dé
dang kiém tra tinh hiéu qua va chinh xac cua thuat toén
diéu khién, bai béo thyc hién md phong toan bo thuat toan
bing cach nhing md VHDL vao mdi truong
Simulink/Matlab dé vé& cac dang song dap (g trén dong co
khi tin hi¢u diéu khién ¢ ngd vao thay doi.
Tan sé chuyén mach cua SVPWM duoc thiét ké l1a 16kHz
va thoi gian tri hodn déng cit giita khoa dién tir cong suét
phia trén va phia dudi la 1.2us. St dung thu vién Power
system blockset dé thiét ké bo bién tan dua trén cong nghé
IGBT, ngudn DC va PMSM.
Trong md hinh Simulink-Modelsim (H.9) M1 duoc nhing
ma VHDL cua bo diéu khién vi tri; M2 chira ma VHDL
cua bo diéu khién téc do; M3 chira ma VHDL cua bo diéu
khién vector va SVPWM.
S6 lugng cong logic va bo nhé hé thong da sir dung trong
mo phong dugc liét ké ¢ bang sé 1. Théng sé cua dong co
diing trong md phong liét ké ¢ bang sb 3. Gid tri toc do dat
(0: dugc thay doi nham kiém tra dap tng téc do cia dong
co. Két qua dap tng vi tri cia dong co dugc thé hién ¢ H.
11. Pap ung vi tri dong co bam rat tét duong vi tri dat, voi
mot chit xiu vot 16. Dong diéu khién ig xap xi bang khong.
Két qua md phong da thé hién tinh hi¢u qua va chinh xac
cua thuat toan diéu khién.
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H. 12 Dap ung vij tri cda dong co




Bing 3. Thong s ciia dong co servo trong md phong

Thong sd Gia tri

R 1.3Q

La, Lq 6.3mH

P 4

I 0.000108 kg*m?

F 0.0013 N*m*s
Bang 4. Thong s6 cua dong co servo trong thuc nghiém:

Théng sb Giatri

K, 0.64 Nm

Vval 92V,16A

Cong suat 0.2 kW

Tan sé 200 Hz

\Vong quay 3000 r/min

7. Kétluan

So sanh két qua mod phong ¢ H.11 va thuc nghiém & H.12-
13 cho thiy, dap ung toc d6 cua dong co & ca ba truc hoat
dong hoan toan chinh xéac ca vé vi tri va téc do. Két qua md
phong va thuc nghiém cho thdy sic manh caa diéu khién
mo va diéu khién vector, cac két qua md phong va thuc
nghiém chirg minh duoc hé thong da duoc thiét ké chinh
x&c va hoat dong hiéu qua. Sy di chuyén chinh xéc cua
tirng thanh phan truc X, Y va Z da gitip cho may c6 thé in
duogc nhitng san pham c6 chi tiét sic sao, nang cao sy hip
dan cua san pham do méy lam ra.

.14 Phéan cimg thir nghiém cda may

o U

H. 15 Thai gian hoan thanh 1a 5.5 phut

H.16 Thoi gian hoan thanh 3.5 phat

H. 17 Thoi gian hoan thanh 6 phat

H.18 Thoi gian hoan thanh 5 phut
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