Tap chi Khoa hoc Céng nghé va Thuc pham 21 (1) (2021) 86-97

NGHIEN CU'U, THIET KE VA CHE TAO MAY IN 3D
CHOCOLATE

Nguyén Tran Phong, Vé Phic Viét, Lé Duy Trong,
Nguyén Huy Hoang, Pham Vin Toan, Nguyén Hiru Tho*
Trwong Pai hoe Cong nghiép Thuc pham TP.HCM

*Email: tho.nh@hufi.edu.vn

Ngay nhén bai: 31/8/2020; Ngay chap nhan ding: 06/01/2021

TOM TAT

Cong nghiép in 3D 1a mot xu huéng cua cach mang cong nghiép 4.0 va 1a xu thé cua
tuong lai, dan thay thé viéc ché tao cac chi tiét tir don gian dén phic tap chi bang vai thao tac
nho. Trong vai nim gan day, tng dung cong nghé in 3D trong thyc pham dang thu hut rat
nhiéu nha nghién ctru, dic biét trong linh virc am thuc. O Viét Nam, linh vuc nay chwa dugc
tiép can nhiéu. Do d6, nghién ctru nay ung dung cic nén tang cia may in 3D cho vat liéu
nhua PLA va ABS dé xay dung mé hinh may in 3D cho thuc phdm chocolate. Bai bao nay
dé xuét két ciu co khi va didu khién cho may in 3D chocolate phyc vuy linh vyc &n ubng va
trang tri. Cac két qua dugc trinh bay co trinh tu tur Vlec tom tit qua trinh hinh thanh y y tuong,
tinh toan va thiét ké, ché tao, Iap rép va chay mau tht nghiém. Céc két qua vé mau in
chocolate cho thay may duoc thiét ké c6 kha nang dap ang viéc in mau thoa man hinh dang
caa m6 hinh thiét ké CAD.

Tir khéa: Cong nghé in 3D, may in 3D, chocolate, thuc pham.

1. GIOI THIEU

Cong nghé¢ in 3D 1a mot chudi két hop cac cong doan khac nhau dé tao ra mot vat thé
trong toa d6 khong gian. Kodama da dé xuét in 3D vao nam 1980 va ciing duoc xem 1a cha
dé caa cong nghé in 3D. Vao nim 1984, Stereolithography (STL) duoc cip cho nhém k¥ su
ngudi Phap nhung cudi cing di vao bé tac. Cho t6i naim 1986, STL méi dugc dang ky ban
quyén thanh cong boi Charles Hull va duoc phd cap hoa cho dén ngay hém nay [1].

Qua 40 nim hinh thanh va phat trién, cong nghé in 3D trén thé gisi dat dugc rat nhidu
thanh tyu dang chu y trong linh vuc xay dung, 6 t6, hang khong, y hoc...

O Viét Nam va trén thé gidi, cac thong tin vé in 3D ciing dang 13 xu huéng quan tdm
ctia nhiéu nha nghién ctu [2, 3]. Viéc du nhap cong ngh¢ in 3D vao ndm 2003 nhung vi gia
thanh kha cao nén khong duoc su dung réng rai, da s6 nam trén gidy td nén viéc (ng dung
vao thuc té van con mang tinh chét thir nghiém [4]. Thanh tyu ndi bat nhat & Viét Nam duoc
ghi nhan 14 in manh so bang methyl methacrylate dé va 13 thung trén dau nan nhan [5].

Sy tién bo cua khoa hoc k§ thuat va phat trlen cua xa hoi ngay nay khién cho thuc pham
khong chi don thuan 1a dé dap tmg dwoc nhu cau thiét yéu cua con nguol ma con la sy
thuong thic tinh té va nghé thuat trong cdc moén an. Tao hinh cho thuyc pham chua yéu sir
dung khuén dtc va sy khéo tay ciia ngudi dau bép. Viéc tao ra hang loat cic san phdm lam
tir thyc pham giong nhau dat ra nhiéu thir thach, dac biét 1a véi chocolate. Viéc tao hinh
chocolate tir xua t6i nay chi yéu ding khuén 1a chinh. Tuy nhién, khu6n khong the duac ra
cac hinh dang phuc tap. Véi nhitg nguyén do trén va qua tim hiéu, khao sat vé nhu cdu may
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thuc phdm thi may in 3D chocolate 14 mot hudng di méi gop phan vao cong cude dbi moéi
theo thoi dai cong nghiép 4.0. Vi vay, nghién ctu, thiét ké va ché tao may in 3D chocolate
phuc vu trong nganh thuc pham da va dang thu hiit sy quan tam tir giéi nghién ciru, day la
linh vuc méi va nhiéu thir thach [3, 6-10]. My co thé tao ra cac hinh dang chocolate méi dé
phuc vu cho thi truong c6 nhu cau cao vi n6 la mot trong nhitng thyc pham st dung nhiéu
trong am thyc banh ngot va trang tri. Do vay, nghién ciru thiét ké va ché tao may in 3D
chocolate s& mang lai tiém nang 16n, gitip cho viéc tao hinh 3D vat lidu chocolate don gian,
dé thuc hién, ¢6 hinh dang phuc tap va thim my dé thoa mén nhu cau da dang ngay cang cao
cua khach hang.

2. PHUONG PHAP THIET KE
2.1. Céu tric may in 3D

Két c4u méy in 3D bao gém cac thanh phan nhu dong co, dién tu, vit me dai 6c¢ bi, 6 bi,
két cau khung, dai rang, dau phun, vat liéu in, bo mach, cong tac hanh trinh, cam bién, dau
phun, ngudn cung cap dién, ban in, dé in va hé théng diéu khién voi man hinh tuong tac
ngudi dung [12, 13]. Tat ca két hop dé tao thanh mot may hoan chinh va hoat dong 6n dinh.

Céu trac co khi cia mot may in 3D gan giéng voi cac loai may CNC (Computer
Numerical Control) véi truyén dong caa cac truc. Bo truyén cé thé 1a b truyén vit me - dai
¢ hoic bo truyén dai. Pic diém cua truyén dong co khi trong may in 3D la tai trong tac
dung khong dang ké. Do @0, viéc thiét ké tuong ddi don gian, két cau cac truc tuong dbi gon
nhe, cac chi tiét lap rap khong doi hoi vé kha nang chiu luc cao. Do vy, ta c6 thé sir dung
cac chi tiét in duoc bang cac may in 3D khac dé lip rap. D6 ciing 1a mot wu diém cua cac
may in 3D.

Phan dién ciia may in 3D c6 thé chia thanh 2 khdi: khéi didu khién va khdi chap hanh.
Khéi diéu khién gom cac thanh phan nhu: vi diéu khién, board két néi, driver. Khoi chap
hanh gdm cac thanh phan nhu: dong co budc, cic cam bién nhiét, dong co servo (néu co),
tan nhiét... Tiép theo 1a bd phan dun, mot trong nhitng phan quan trong nhat trong may. Bo
phan nay thuc hién 2 chirc ning trong may: bo toi cung cip chay vt liéu lién tuc, dau phun
thuc hién chtic nang nung chay va dun tao nén mau theo ting 16p.

Phian mém dugc chia lam 2 thanh phan: phan mém CAD/CAM va phan mém diéu
khién. Phan mém CAD (Computer Aided Design) 1 cic phadn mém c6 chic ning tao mau
3D. M6 hinh nay s& duoc in trén may in 3D. Cac phan mém CAD dugc sir dung c6 thé 1a
CATIA, UGS NX, Solid Edge, Autodesk Inventor, FreeCAD, Solidworks, PTC Creo,
Sketchup. ... Cac mé hinh 3D sau khi duoc tao ra phai dugc chuyén d6i sang dinh dang tép
* STL tir d6 co thé dua sang cac phan mém CAM (Computer Aided Manufacturing) nhu
CURA d xir 1y tiép theo. Cac phan mém CAM 1a phan mém thyc hién cac chirc ning cat 16p
vat thé do cong nghé in 3D 14 in theo tirng 16p, 16p cit cang co kich thudc nho thi chat lwong
Mau in cang tot. Tuy nhién, thoi gian in s& ting 1én va nguoc lai, 16p in cang 16n thi chat
luong giam va toc do in ting 1én. DE tdi uu hoa giita chat lugng in va téc do in thi phai cai
dat cac thong sb van hanh may in hop 1y. Sau khi cat I6p phan mém s& tao chuyén dong khi
in va xuét sang tép *.Gcode. Cac mi 1énh Geode hau hét twong tu véi Geode trén may CNC
nhung c6 mot s6 ma 1énh riéng ddi voi may in 3D.

2.1.1. Phan logi may in 3D

Mdy in 3D thuong co ciu tric theo 4 dang nhu: Cartesian, Delta, Polar va SCARA.
Trong do, cau truc dang Cartesian 1a cac may in 3D di chuyén dau dun nhya nho cac chuyén
dong theo phuong X, Y, Z trong h¢ toa d Cartesian (Hinh 1a). Dai dién tiéu biéu dong may
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in 3D ma ngudn m& loai Cartesian chinh 14 Prusa i3 hay Mendel. May in 3D kiéu Cartesian
dugc phat trién tir nhimg nim 2010 boi Josef Prusa. bay la mét trong nhiing mau may in 3D
cong ngh¢ FDM (Fused Deposition Modeling) kha pho bién trén thi truong hién nay [14].
May nay c6 wu diém 13 lap rap, can chinh va bao dudng dé dang, cong dong ma ngudén mo
I6n, phii hop véi nguoi méi bat dau lam quen cong nghé in 3D. Nhuge diém: Khéi luong cac
co cﬁu di dong 16n, nén tdc d6 in khong cao va gy 6n. Khi hoat dong may thuong bi rung va
do vay lam giam d¢ chinh xéc. Kich thuéc ngang 16n, thuong bi han ché chiéu cao vt in.

Kiéu ciu trac thir hai 1a Delta. Delta 1a cac may in 3D di chuyén déu dun nhya theo
nguyén 1y cta robot delta (robot song song). Pai dién tiéu biéu cho dong may in ma nguon
m¢ dang Delta la Delta robot 3D printer (Kossel) nhu mé ta trong Hinh 1b. Dong may nay
st dung co cdu delta, cong nghé in FDM, loai nhya thudng dwoc sir dung 1a nhya ABS va
PLA. Uu diém 1a khéi luong cac co cdu di dong nhé va mot phan di chuyén theo cac truc
thang dng hoat dong ém, it rung, toc do cao va chinh xac ¢6 thé in dwoc vat in c6 chiéu cao
I6n. Ban nhiét (noi dat vat in) khong di chuyén trong suét qua trinh in nén vat in duoc giit chic
chin hon. Khung bé chic chan. Nhuoc diém 1a lip rap, can chinh méay hoi phuc tap, nhung khi
d3 da thao thi rat d&. May nay thuong dit hon mot chit so voi may dang Cartesian.

Polar 1a loai may in 3D nay méi va it phd bién hon hai loai trén. Pau dun nhya di
chuyén theo nguyén 1y ciia toa do cwc. May in 3D polar dwgc phat trién bai Cong ty
Autodesk nam 2015 nhu Hinh 1c. Pay la dong may in sir dung cong nghé SLA, str dung vat
liéu 1a loai nhya ABS, PLA... Uu diém la kiéu dang méi. May hoat dong it bi rung lic nhu
kiéu Cartesian. Kich thudc vat in c6 thé 16n. Nhuoc diém 14 moémen quan tinh cta ban nhiét
16, téc do in khong cao, lap rap va hiéu chinh may kho va gia thanh cao.

Dua vao nhitng vu va nhuge diém duge phan tich ¢ trén, nghién ctru nay quyét dinh lya
chon phuong an thiét ké két cau may in theo dang Cartesian.

a. May Cartesian [15] b. May Delta [15] ¢. May Polar [15]

Hinh 1. Céc dang két cAu may in 3D
2.1.2. Quy trinh ta0 mau san pham in 3D

Quy trinh ta0 MAu cac san pham in 3D thuc pham ciing twong tuy nhu cac loai may in
khac cho vat liéu nhua, bao gom 3 bude dugc thé hién nhu trong Hinh 2.

Budc 1: Tao md hinh 3D dang mat hay khdi st dung phian mém CAD nhu Autodesk
Inventor, CATIA, UGS NX, Solidworks va Solid Edge...

Budc 2: Tién xu 1y, bao gom cac cong viée nhu: ddi dinh dang file CAD 3D sang tép
* STL xap xi bé mat dudi dang tam giac. Tép *.STL 1a tép trung gian giao tiép giira hé thong
CAD va mdy in. Str dung céc phan mém thiét ké cac cau trac d& phy, klem tra va chinh sira
15i tep * .STL dung phin mém MeshLab va cat I6p chi tiét voi phan mém CURA. Thiét lap
cac thong s6 van hanh may in trén phan mém CURA va xuat file tép Gcode tao duong
chuyén dong dé giao tiép véi may in 3D théng qua cap ndi tryc tiép gitra may tinh va méy in
hozc thé nhé luu tép Geode cim vao may in.
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Buéc 3: Tao mau ty dong.
Budc 4: Hau xur 1y, bao gom cac cong viéc nhu: thao cac cau tric d& phuy, xu 1y bé mat,
danh bong va son mau...
Xay dwng md hinh CAD ttr Thiét l1ap cac théng sb cua Nhap tép *STL vao phan mém

cac phan mém nhw Inventor, tép *STL va lwu md hinh Meshlab dé chinh stra cac 16i
Solid Edge, Solidworks CAD duwéi dang tép *STL xay ra trong khi lwu

Khéi dong, dua di liéu Xuét tép Geode chira cac ma DBua tép *STL vao phan mém

Gcode vao may in 3D thuc digu khién may in 3D, dong CURA va thiét lap cac thong s6
ph&m théng qua thé nhé thoi cho biét thoi gian in van hanh may in 3D thywc phdm

LAy san phdm sau khiin, lam Chiéu day 16p dun, tbc d6 dau
sach c4u tric d& phy, danh dun, nhiét d6 dau dun, dwong
béng, son... chay dao, I6p dé va Iép mét...

Hinh 2. Quy trinh tao mau san pham in 3D
2.2. Thiét ké két cAu ciia may in 3D

!(ét cau may duge chia lam 2 phan chinh: Phan co khi bao gdm: khung may, bo dun,
cac tam ga...; va phan dién bao gom chu yéu str dung mach MEGA2560, RAMPS 1.4 va
A4988...

2.2.1. Vé thiét ké co khi

Hé thdng co khi ciia may in dugc mo ta thyuc té trong cac Hinh 3 va 4. Chi tiét quan
trong nhat 1a vit me dai dc bi cua cum tryc Z c6 duong kinh D = 10 mm. Nghién ctru ndy st
dung b dun nang va can luc ép 16n nén cac vit me c6 bude tir 10 mm tr¢ 1én khong dat yéu
cau vé do ctng viing khién cho dong co bi truot budc dan dén sai sb. Trai qua qua trinh tinh
toan va thuc nghiém, nghién ctru nay da chon vit me c6 budc bang 6 mm. Dé dam bao truyén
dong tir dong co sang cdc co cau chip hanh cua cum X va Y, dai GT2 dugc sir dung véi cac
thong s6 nhu bude ring 2 mm va rong 8 mm. V& phan dau dun chocolate, qua tinh toan ding
mot vit me c6 duong kinh D = 8 mm, budc P = 8 mm. Vé phan tinh xung, ap dung cac cong
thure tinh xung va do thong s6 vit me bang thuéc cip tinh dugc cac thong s6 nhu sau ddi Véi
cum X, Y, ta c6 xung bang 80, cum Z va bd diin c¢6 xung lan lugt 1a 400 va 5.

Truc Z 1a tryc it di chuyén nhét trong qué trinh 1am viéc, tuy nhién n6 c6 yéu té quyét
dinh dén chat lwong san pham rat 16n do lién quan dén thong sb chiéu day mét 16p in, thong
s6 nay anh huong dén d6 bong ciing nhu dung sai kich thudc vé chiéu cao cua chi tiét. Boi
Véi truc Z, ta sir dung truyén dong vit me - dai 6c bi. Truc X va Y doi hoi téc d6 in nhanh
nhung van dam bao do chinh xac. Vi vay, nghién ciru da st dung bo truyén dai GT2 cho truc
X va Y. Phan khung may gém cac thanh nhém dinh hinh (2) c6 kich thudc (30 x 30) mm
chiu luc va dam bao d6 cing viing cia may. May sir dung cap ray truot (10) dé dan dong cho
truc X. Ray gitip dan huéng chinh xac hon, giam do ro va ting do cang ving cho may. Ray
1a bd phan chiu toan bd tai trong cua bo dun ciing nhu luc ép xubng ciia dau dun. Tiép theo
1a 2 truc c6 duong kinh @8 mm duoc gan cb dinh vao cac gia ¢ dinh truc chit T (13) ding
dé dan huéng cho ban in (1). Cac tim nhom day 5 mm (7, 8, 11) dugc gia cong dé lam cac
tam do dong co va cum truc Z. Vé hé théng din gém c6 ray truot (5) dé dan huéng. Truc vit
me (12) truyén luc ép chocolate trong xylanh (4). Xylanh dugc gia cong bang nhom dé ting
kha nang chiu nhiét do, duy tri lyc ép khong doi trong Suot qua trinh in. Pau kim c6 kich
thudc @1,4 mm duoc gia cong bang inox. Tat ca cac chi tiét tiép xuc v6i chocolate déu bén
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vé6i nhiét do cao hon chocolate gip nhiéu lan, than thién véi méi truong, va lam ting tinh vé
sinh an toan thyc pham.

a. Ban vé cAu tao may in 3D chocolate b. M6 hinh c4u tao may in 3D chocolate
Cau tao ciia may in 3D gom: (1) ban in, (2) thanh nhom dinh hinh, (3) gan tang cung,
(4) xylanh, (5) bo phan d:fm huéng, (6) ong tron dinh hudng, (7, 8) tam nhom, (9) dong co,
(10) cap ray truot, (11) tam nhém day 5 mm, (12) truc vit me, (13) gia co6 dinh truc chir T.
Hinh 3. Mb hinh co khi may in 3D thyc pham

a. Ban vé cum dau dun goém: (1) xylanh, (2) tim dé, b. M6 hinh cym dau dun
(3) ray kep, (4) tam d& vit me, (5) truc vit me,
(6) khép noi, (7) dong co.

Hinh 4. Cum dau dun chocolate

Mot hé thdng khéc ciing chiém tim quan trong nhu vit me dai dc bi. N6 quyét dinh dén
su thanh coéng ciia mot may in 3D 1a hé théng dau dun. Vé thiét ké hé thong, dau dun kha
don gian gom co 1 ray truot din hudng, st dung vit me va dai 6¢ dé dan hudng va tao luc ép
cho bo dun (Hinh 4a va 4b). Gan véi dai 6c va cum truot caa ray 1a mot tim nhém cho phép
truyén luc ép 1én xylanh. Ttr d6 1am cho cho xylanh di chuyén xuéng va day vat liéu
chocolate nong chay. Luc ép dugce tinh toan dya trén cac thong s nhu dudng kinh miii kim,
dudng kinh thanh 6ng va van tc chay cua chocolate tai dau dun. Hé thdng duoc truyén dong
bdi mot dong co bude. Khi dong co budc quay véi van tée duge tinh toan tir trudc Sé tao ra
mét luc ép vira du dé dat duoc van téc ra ciia chocolate tai dau kim. Van téc nay phai thoa
man yéu cau dé khong pha v CAu tric ciia chocolate khi tién hanh in. D4i vai loai chocolate
ding dé in thi xung nhép vao dong co bude thuong nam trong khoang 5-8. Vé thiét ké, day
1a mot co cau don gian, nhung do 6n dinh va hiéu Qua rat cao. Lugng chocolate di ra khoi
xylanh tai miii kim kha 6n dinh va dat dung yéu cau. Vé phan xylanh, nghién ciru sir dung
inox dé co thé gia nhiét cho chocolate dat duoc trang thai phu hop nhat dbi vai viéc in 3D.
Puong kinh trong cta xylanh 12 20 cm. Dung tich xylanh dat dwoc 20 mL. Bdi véi dung tich
nay c6 thé in cac chi tiét vira va nho. Nhom co gia cong thém mot tim nhom dé c6 thé dinh
vi 6ng xylanh nam dang vi tri. St dung cac bu long M4 dé ¢6 dinh ciing nhu kep chat xylanh
dé dam bao 6n dinh trong qua trinh in. Co cau nay cho phép iy xylanh ra khoi may mét cach
dé dang dé tiép thém nguyén liéu cho qua trinh in. Pau kim dugc gia cong bang inox 304 dam
bao vé sinh an toan thuc phim va chiu duoc nhiét do khi tién hanh gia nhiét cho chocolate.
Khoang cach thich hop giita diu kim va ban in duoc tinh trong khoang 0,6-0,8 mm dé dat
dugc duong in dep va chac chin nhét. He thong dun duoc thiét ké bang cac tim nhom nén
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dam bao vé do ciing vitng va toéa nhiét trong qua trinh in khién cho may khéng bi nong qua
anh hudng t6i qua trinh in. Trong luong cua bo dun nang khoang 2,5 kg 1a mot trong lugng
nang doi véi mot may in 3D. B$ dun nay van chua thyc sy tdi wu vé trong lugng. Chi co the
ép tir trén xudng chtr chua kéo tir dudi 1én duoc. Pay ciing 14 gidi han ciia nghién ciru va can
dugc cai tién trong cac phién ban tuong lai.

2.2.2. Thiét ké dién va diéu khién
Vé phan dién: Mach diéu khién RAMPS 1.4 duoc két néi véi vi diéu khién Arduino

Mega 2560. Cac dong co dan dong cac truc X, Y, Z, cac cam biénvvj tri, nhiét dd, man hinh
hién thi dugc két noi vai mach diéu khién RAMPS 1.4 nhu dugc thé hién trong Hinh 5.

CTHT truc 2

©), Cam bién nhigt CTHT true Y
@) p!Gia nhiét GTHT truc X
LCD (5)
(1)——» Arduino Mega 2560 RAMPS 1.4
«—®

A4988 ||A4988 || A4988 || A4988
cum dun truc X

[ [
B/C cum| | B/C BIC bIC
dun truc Z| |trucY| |truc X

I\Tguén
truc Z || truc Y

®

Hinh 5. So 6 khbi mach diéu khién méy In 3D chocolate.

(1) Arduino MeGA 2560, (2) B¢ gia nhiét, (3) Cam bién nhiét, (4) Cum cong tic hanh trinh 2 truc
X,Y,Z, (5) Man LCD, (6) RAMPS 1.4, (7) Pong co buéc 4 truc X,Y,Z,E, (8) Ngudn.

3. PINH DANG TEP *.STL

3.1. Vé dang file ma phan mém sir dung

Mo hinh CAD

Mo hinh STL

Hinh 6. Tép *.STL

Tép STL luu trit théng tin vé cac mod hinh 3D (Hinh 6). Dinh dang nay chi mé ta hinh
dang bé mit caa mot dbi twrong 3 chidu ma khéng co bat ky biéu hién nao vé mau séc, két
ciu hodc cac thudc tinh mo hinh phé bién khac. Cac tép nay thuong dugc tao bsi chuong
trinh thiét ké hd trg may tinh (CAD), nhur mot san pham cudi cung cua quy trinh m6 hinh
3D. binh dang tép *.STL la dinh dang tép duoc st dung pho bién nhat dé in 3D. Khi dugc sir
dung cing véi may cit 3D, nd cho phép may tinh giao tlep vé6i phan cing may in 3D. Muc
dich chinh cua dinh dang tép *.STL 1a mi hoa hinh dang bé mat caa vat thé 3D (Hinh 7).
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Hinh 7. Mot file ban vé da chuyén sang file STL  Hinh 8. D6 min (d¢ phan giai) bé mat ngoai ciia vat

Dinh dang *.STL 1a quy tich cta cac mit tam giac phang lap rap lién tuc véi nhau thé
hién bé mat cua vat thé trong khong gian 3 chiéu. Do dinh dang *.STL sir dung cic yéu t6
mat phang nén né khong thé hién bé mat cong mot cach chinh xac. Tang s lugng mat tam
giac co thé cai thién d6 min cia bé mit cong nhung bu lai dung lwong tép s& ting. Cac chi tiét
I6n, phuc tap s& can nhiéu thoi gian cho khau tién xir Iy va xay dung dinh dang *.STL (Hinh
8). Do d6, nguoi thiét ké phai xem xét gitta yéu td thoi gian, dung luong file va do chinh xéac
dé co duoc mot tép *.STL hop 1y.

3.2. Thong sb caa tép STL

o chiéu cao hgp 4m .

a = goc 15 do theo
mic dinh
Hinh 9. D6 léch Hinh 10. Goc giita phap tuyén cua hai tam giac lién ké

Chiéu cao hop 4m 1a khoang cach t6i da tir bé mat cua thiét ké ban dau va ludi STL
(Hinh 9). Neu chon dung sai phu hop, ban in chi tict trong muot ma va khong bi thd. RS rang
1a chicu cao hop 4m cang nhd, cac mét cang the hién chinh xac be mat thuc t€ cua mé hinh.
Day la khoang cach gitra be mat cua ban vé goc va cac hinh tam giac (xep 16p hodc lat gach).
Goc gioi han goc gitra cac chuan cua cac tam gide lien ké. Géc méc dinh thuong dugc dat &
15 d6 (Hinh 10). Giam d6 Iéch (co6 thé dao dong tur 0 dén 1) cai thién do phan giai khi in.

4. NGUYEN LIEU
4.1. Quy trinh chuin bi chocolate

Gia nhiét
Gia nhiét (dun R Lz R Hut chocolate S -
cich thiy) Lam ngudi bang nwéc (bang éngt|ém)_b| IN 3D H San pham

Hinh 11. Quy trinh chuén bj chocolate

i

Hinh 11 trinh bay quy trinh chuén bj vat liéu chocolate. Bu6c dau cua quy trinh 1a xir ly
chocolate. Tién hanh dun cach thuy chocolate c6 ham lugng ca-cao phu hop. Khi chocolate
da chuyén tir dang ran sang dang long hoan toan, ta tién hanh bom chocolate vao dng tiém.
Khi bom chocolate vao, chocolate phai khong c6 khong khi trong xylanh dan dén luong
chocolate ra khong déu khi in. Tién hanh gin dng bom vao hé théng dun. Luc nay, chocolate
da nguoi va chuyén thanh dang ran s& gy kho khin cho qua trinh in 3D. St dung dau gia
nhiét dé dua chocolate vé dang long thich hop cho viéc in. Khoang nhiét do dé chocolate dat
trang thai thich hop nhat khi in 12 32 °C. Khi nhiét d6 da dat va 6n dinh, tién hanh m& may
va bat dau in.
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4.2. Vat ligu thuc pham chocolate
4.2.1. Gigi thiéu

Chocolate dugc lam tir hat ca-cao duoc sy kho va nghién nho. Chocolate 1a hdn hop
gitta ca-cao va bo ca-cao, dugc cho thém dwong, sita va nhitng chat khac vao, va cudi cung
dugc dong thanh dang thanh.

4.2.2. Phan logi chocolate

Chocolate déng, hay bot chocolate 1a loai chocolate nguyén chat, ddm mui va co vi
dang ty nhién cua ca-cao. Sau khi duoc tron véi duong, nd 1a nguyén liéu cua nhiing san
pham banh c6 chia chocolate khac nhau nhu banh ngot, banh quy... Chocolate den la
chocolate khong pha 13n sira, doi khi né con dugc goi 1 "chocolate nguyén chat". Chinh phu
Hoa Ky quy dinh phai c6 it nhat 10% chét chocolate dic, con ¢ chau Au thi quy dinh 14 35%.
Chocolate sira 1a chocolate dwoc pha lan véi bot sita hay sira dic nham tao vi ngot. Chinh
phit My quy dinh phai c6 it nhat 10% chét chocolate dic, con EU thi quy dinh 1a 25%
chocolate ngot vira thudng dugce ding trong nau an [16]. N6 chinh 1 chocolate den voi ham
lwong dudng rat cao bén trong. Chocolate ngot déing 1a mot loai chocolate chira dwdng, nhiéu
bo ca-cao hon, ngoai ra con chira thém lecithin va vani. Nhidu hing san xuat thuong ghi trén
bao bi ham lugng ca-cao chira bén trong va c6 mot quy luat nhu sau: “cang nhiéu ca-cao thi
chocolate s& cang dang”.

Couverture 1a mét loai chocolate chtra nhiéu bo ca-cao hon. Nhitng loai niy c6 chura rat
nhiéu ca-cao (hon 70%) va c¢6 ham luong chat béo cao (30-40%) [16]. Chocolate tring 1a bo
ca-cao dugc pha ché ma khong cé ca-cao dic. Bot ca-cao 1a loai ca-cao dic gan nhu nguyén
chit ma khong c6 bo ca-cao. Bot ca-cao ¢6 mau nhat, ¢6 tinh axit va mui chocolate rat manh.

4.3. Nhiét @ ly twong dé in chocolate
Bdng 1. So sanh nhiét d6 in chocolate [17]

Nhiét do Trang L o Anh huéng dén
chocolate théi Kha nang in Kha nang lam lanh dong co
<30 Kho rin | Khong thé in
e Ao X Chocolate dong cung Yéu cau cung cap
32 Sat Kha nang in t01dCta0 | o+ khi duoc théi khi | nhidu xung dé kéo
thanh khoi
lanh xy lanh
C6 kha néng tao khdi | Chocolate dong cung Yéu cAu cung ci
34 Nhio nhung d& bi sap khi | cham khi duoc thdi khi U cung cap
A 12 xung vira phai
1én 16p cao lanh
X Khé dung hinh va dé | Chocolate khong thé dong | Kho canh chinh tdc
>34 Long . , L o
bi chay xung quanh ctng trong khi in d6 dong co

Qua Bang 1 so sanh nhiét d6 in chocolate, nghién ctru nay chon nhiét d6 in phu hop la 32 °C.
4.4. Bao quan may in 3D chocolate
Trong diéu kién thoi tiét va khi hau nhiét doi a am gi6 mua cua Viét Nam, viéc bao quan

bao dudng may in 3D chocolate 1a rat cin thiét. Do d6, viéc nim viing mot sb yéu ciu trong
qua trinh sir dung ciing nhu viéc bao quan may in 3D chocolate khéng chi lam cho may lu6n
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hoat dong t6t, ma con kéo dai duogc tudi tho va tiét kiém chi phi khi sir dung may. Dudi ddy
1a mot s cach giup may hoat dong bén bi va én dinh hon:

Vi tri dat may: bat noi bang phing, thong thoang, day dién, mach dién di gon gang,
tranh xa tam tay cua tré em. bac biét tranh xa anh ning mat troi tryc tiép dé tranh 1am blen
dang san pham trong qua trinh 1am viéc vi chocolate tan chay & nhiét do tir 32 °C, yéu té
guan trong lam giam chat lugng san pham va giam tuoi tho ctiia may.

V& sinh may: Vé sinh may sau khi lam viéc xong dé tranh bui b?ln bam vao, nhét la
lugng chocolate sau khi in xong con vudng vai. Ngoai ra, khong nén d¢ may in ngirng hoat
dong qua lau, it nhat mét tuan cho may in mot lan.

Bao tri, bao dudng: Cang day dai 5 thang 1 lan d6i voi may thuong xuyén hoat dong, vé
sinh kim phun sau moi lan st dung. Tra dau m& thuong xuyén dé may hoat dong tron tru hon.

Lua chon nguyén liéu chocolate phu hop: Chon nguyén li¢u in ciing la viée kha quan
trong trong bdo quan, bao dudng may in 3D chocolate. Boi néu chon loai chocolate kém chat
lugng khong chi lam tac nghn dau dun ma con lam san phm in ra khong duoc nhu y boi cau
tao ctia moi loai chocolate sé khac nhau, do d6 nén chon ding loai chocolate.

5. KET QUA VA THAO LUAN

Nghién ciru da thiét ké, Ché tao, van hanh va thr nghiém may in 3D chocolate. Két cau
co khi nho gon va hoat dong 6n dinh. Nguyén liu cling 1a mét nhan t6 quan trong gop phan
vao sy thanh c6ng cho may in 3D thuc pham. Chocolate dugc sir dung dé kiém chimg mo
hinh may da thiét ké va ché tao. i vai chocolate, nhiét do phu hop déin chocolate khoang
33-35 °C. Trai qua qud trinh in thir va kiém tra d6 bén cho thay ‘may hoat dong on dinh, cac
chi tiét co khi dugc van hanh t6t, cac hé théng dién tir hoat dong t6t nhung van con c6 mot sb it
15i do phan mém. Céc san pham da dwoc hoan thanh tir 2D dén 3D. Hinh 12 1a may in 3D thyc
pham thyc té da duoc thiét ké va ché tao. Hinh 12 trinh bay 2 huéng nhin ctia may in 3D
chocolate, thé hién rd nguyén 1y truyén dong st dung bo truyén dai va co cdu vit me dai ¢ bi.

Hinh 13. San pham in 3D chocolate
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Chocolate dugc in & nhiét do 45 °C cho thdy nhiét d6 nay 1a chua phu hop Vi
chocolate, khién cac dudng bién bi bién dang, chay xé va dé 1én 16p in ¢ dudi (Hinh 13).
Hinh 13 cho thdy san pham chua dat yéu cau vi anh huéng cua nhidu yéu té nhu nhiét do,
chiéu day 16p in, ché d6 1am kho chocolate sau khi in, va cau tric d& phu... Chocolate chua
khé nhanh dan dén két cau cua san pham khong bén viing, d6 bén khong cao va chua c6 tinh
tham my cho san pham.

Hinh 14. San pham in 3D chocolate

Qua nghién ctru va thuc nghiém nhiét do tét nhat dé in 3D chocolate (dugc do tai dau
in) 1a 32-36 °C. Tdc d¢ in ciing anh huong Ién dé chat luong cua san pham. Téc do phu hop
trong khoang 5 m/phat. Hinh 14 thé hién san phdm chocolate c6 hinh dang va mau mi cai
tién hon nhiéu khi duoc in ¢ 35 °C.

May in 3D thuc pham duoc ché tao da tao ra san pham c6 d6 bong bé mat dat yéu cau
dit ra cua nhom nghién ctru. May dd phan nao giai quyét dugc vin dé tao hinh 3D cho
chocolate, thay thé dan viéc sir dung khuon dé tao hinh cho chocolate. Pay 1a bude di tién
phong, tao nén tang kién thic ban dau dé tiép tuc nghién ciru va phat trién nhiéu hon nira
nham cai tién chat luong may va san pham in. Pdi véi may in da ché tao, may co cac uu
diém nhu in dugc san pham c6 d6 chinh x4c twong duong vai yéu cau trong ban vé. Cac san
pham duoc tao ra twong ddi 6n dinh, cac duong I6p (layer) déu nhau khong ¢6 hién tugng
chay xé, d6 sap khi in cac chi tiét c6 chiéu cao trén 40 cm. Tat ca cac chi tiét déu duoc gia
cong bang nhom va c6 d6 day 16n gitip hé théng co khi c6 d6 cing viing cao, chiu dwgc chan
dong trong qua trinh in, gitip cho cac duong in khong bi léch trong qua trinh in. Vi dugc gia
cong bang nhom nén tranh duoc céac tinh trang gi sét, oxy hoa anh huong to1 do bén cua may
cling nhu tinh thAm my. Cac thanh phan trong may déu than thién véi méi truong, it phan
trng khi gap nhiét do cao va dam bao tinh vé sinh an toan thyc phdm. Phan diéu khién chinh
xéac diing voi yéu cau thiét ké, hé thong dién tir hoat dong chinh xac, diéu khién cac hé thong
co khi van hanh mét cach hiéu qua. May hoat dong tuong d6i 6n dinh, gon nhe gitip dé dang
van chuyén tir noi ndy sang noi khac. May c6 tu dién tach roi d& thay thé cac linh kién dién
tir khi co sy ¢b. Cac duong day dién dwoc quan mot cach gon gang tranh anh huong trong
qua trinh in. Tuy nhién, may ché tao vin con ton tai nhiéu nhuoc diém can cai tién nhu phan
dién tir van hay c6 16i trong qua trinh in, bo dun hoat dong chua thuc su hiéu qua con hiéu
chinh va mét nhiéu thoi gian trong qua trinh chuan bi. Trong thoi gian may hoat dong khong
thé tiép thém nguyén lidu chocolate vao, khién cho may chi in dugc cac chi tiét cé kich
thuéc nho phu hop voi lugng chocolate c6 san trong xylanh. Trong qua trinh in, khi in qua
nhanh cac 16p in chua chuyén sang trang thai rén, con long khién cho két cau cua san pham
khong duoc cing vimng va giam tinh tham my. Do vay, hé thong can c6 thiét bi 1am lanh dua
chocolate vé nhiét 6 16 °C dé khic phuc hién twong nay. Trong xylanh con c6 hién tuong
bot khi anh huéng rat 16n dén qua trinh in cling nhu tinh thAm my cia may. Cac bot khi nay
khién cho chocolate duoc ép ra mot cach khong déu, doi khi chay mot vai 16p in thi vat lidu
chocolate khong ra khoi dau dun. Qua trinh chuan bi con mat rat nhiéu thoi gian va trai qua
nhiéu coéng doan. Hién tai, nghién ciru chua thé tim kiém dwoc mét loai chocolate én dinh
trong qua trinh in. Nghién ciru nay con han ché ¢ chd may in 3D thuc pham chi c6 thé in
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duoc chocoalate ma chua in duge cac loai vat liéu khac dé tang tinh da dang va linh hoat cho
san pham nham dap ung nhu cau khach hang.

6. KET LUAN

Nghién ctru ndy trinh bay quy cach thiét ké, ché tao may in 3D thuc pham chocolate,
quy trinh ndy trai qua nhiéu giai doan: tir viéc xac dinh loai chocolate phu hop, thiét ké hé
thong co khi sao cho dam bao do cimg virng va hoat dong 6n dinh dén phan diéu khién dién.
Nghién ciru va cach sir dung cac phan mém dé diéu khién may in 3D chocolate ciing di duoc
dé cap. Tét ca déu gop phﬁn tao nén mdt may in 3D chocolate hoan chinh vé mit thiét ké dén
ché tao va van hanh. May in 3D thuc phém da duoc ché tao, van hanh, thu nghi€m in va xac
dinh nhiét do chocolate pht hop dé in tao mau san pham 1a 35 °C. Quy trinh va cac thong s6
tao t€p .*STL cling dugc xac dinh nham hd trg nguoi thiét ké va tao mau duogc tdt hon.
Ngoai ra, nghién ctru nay con dé xuét quy trinh bao quan may in 3D thyc phim. Véi cac noi
dung trinh bay & trén, may in 3D véi nguyén liéu chocolate cho thiy may nay c6 nhiéu tiém
ning tmg dung trong thuc té va dic biét ¢ thi truong Viét Nam vira méi dé cap trong thoi
gian gan day.

Tuong lai nghién ctru nay s&: (1) phat trién hé thong cap liéu chocolate dé co thé vira in
vira nap chocolate gitip in dugc cac chi tiét Ion hon; (2) thay d6i hé théng dau dun tré nén
gon nhe va hiéu qua hon; (3) gia cong cac xylanh khac chuyén dung cho chocolate dé co thé
chiu nhiét do cao hon; (4) nghién ctru dé mdy in dugcC nhiéu loai vat li¢u khac khong chi gidi
han 14 chocolate; (5) may c6 thé in dwgc nhiéu chi tiét phic tap, ting su 6n dinh va tinh dong
déu cua cac duong 16p khi in; (6) thiét ké hé théng 1am lanh dé chocolate dong nhanh hon
tao do virng chéc cho cac chi tiét in 3D; va (7) nghién ciru phuong phap dé bom chocolate
vao xylanh mét cach don gian nhét va rat ngan thoi gian chuan bi.
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ABSTRACT

RESEARCH, DESIGN AND MANUFACTURE OF CHOCOLATE FOOD 3D PRINTER

Nguyen Tran Phong, Vo Phuc Viet, Le Duy Trong,
Nguyen Huy Hoang, Pham Van Toan, Nguyen Huu Tho*
Ho Chi Minh City University of Food Industry

*Email: tho.nh@hufi.edu.vn

The 3D printing industry is a trend of the industrial revolution 4.0 and the trend of the
future, gradually replacing the manufacture of products from simple to complex with just a
few small steps. In recent years, the application of 3D printing technology in food has been
attracting many researchers, especially in the field of food science. In Vietnam, this field has
not been paid much attention. Therefore, this research seeks the existing foundations and
wants to create a product that initially applies 3D printing technology in chocolate foods.
This paper proposes mechanical and control structures for chocolate 3D printers for dining
and decoration through summarizing conceptualization, computation and design, fabrication,
assembly and experimental investigation. The results of printed samples of chocolate foods
highlighed that the designed machine is capable of satisfying chocolate pattern, which is
suitable for the design shape from CAD software.

Keywords: 3D printing technology, 3D printer, chocolate, food.
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