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Sir dung két cau H-bot trong thiét ké va ché tao may in ba chiéu

Using H-bot in design and fabrication of a three-dimensional printer
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Tom tat

Két cau truyen dong cac tryc X, Y, Z trong cac may
diéu khién sb noi chung va may in ba chiéu néi riéng
1a mot trong nhimg yéu t6 quan trong anh huong dén
tdc do, do chinh xac gia cong cua may. Hién nay, hau
hét cac may in ba chidu ¢ gia thanh ré ban trén thi
truong sir dung két cdu truyén dong thong dung, & do
mdi truc (X, Y, hodc Z) duoc truyén dong doc 1ap bai
mét dong co thong qua bd truyén dong: vit me — dai
dc, dai rang, xich... Nhuoc diém cua két cAu nay la
luc quan tinh 16n khi ¢6 mét truc truyén dong (gia st
X) dugc mang bai mét truc khac () vi lic nay ngoai
khéi lugng cua truc X thi con co khéi luong cua dong
co. Vi vay, luc quan tinh sé& ting dang ké khi co cu
c6 toc do thay d6i hay chuyén dong ¢ toe do cao. Hon
nira, lic nay dong co truyen dong cling phai c6 cong
suat 16n hon. Nham han ché nhugc diém ciia co cau
truyén dong thong dung, bai bao gi¢i thicu vé phan
tich dong hoc cua két chu truyen dong H-bot va sau
d6 d& xuat str dung trong thiét ké, ché tao may in ba
chidu. Két qua cua viéc sir dung két cau H-bot cho hai
truc (X, Y) cho thdy khong nhimg 1am don gian két
cAu truyén dong hai truc ma con cho phép ting toc do
gia cong dang ké. Hay ndi cach khac sir dung co ciu
H-bot cho phép giam dugc thoi gian gia cong san
pham trén may in ba chiéu.

Tir khéa: may in ba chiéu, két cdu truyén dong thong
dung, két cau H-bot, toc d6 gia cong, do chinh xac gia
cong

Abstract: A structure transmission of X, Y, Z axes
of CNC machine in general and 3D printer in
particular is one of the important factors affect the
machining speed and the precision of machines. At
present, most of commercial cheap 3D printers use
popular structure transmission where each axis is
transmited by an independent motor and a
transmission such as lead-screw, belt, chain... A
disadvantage of this structure is the inertial force of
the transmission. If an axis (eg. X) carries another
axis (eg. Y) includes their motor the inertial force will
bigger because of increasing of mass. Furthermore,
the motor need to be more powerful. To over the
disadvantage of the popular structure transmission,
this article presents a dynamic analysis of H-bot
structure and then proposes to use it in design and
fabrication of a 3D printer. The results show that
using H-bot, suppose for X, Y axes, not only simplify
the structure transmission of X and Y axes but also
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can increase the machining speed significantly. In
other word, using H-bot allows us to reduce the
machining time of 3D printer.

Keywords: 3D  printer, popular  structure
transmission, H-bot, machining speed, machining

time

Chir viét tit

3D Three-dimensional

CNC Computer Numerical Control

1. Mé dau

Gia cong chi tiét dya trén cong nghé dép 16p vat liéu,
da va dang dugc phat trién, img dung rong rii trong
cac linh vue khac nhau. Mgt trong nhiing uu diém nodi
trdi cua cong nghé nay la tiét kiém vat liéu dung tao
ra san phim hoan chinh. Cong nghé dip 16p vat liéu
duoc xem la mdt trong nhitng cong nghé cua tuong
lai. Cong nghé dap 16p vat liéu co thé tao ra cac san
pham ¢6 do phuc tap cao ma ¢ cong nghé gia cong
truyén théng kho c6 thé thuc hién dugc. Su phat trlen
manh mé cta cong nghé ndy & cac nudc tién tién
trong 10 nam tro lai day co thé ké dén dy 4n may in
ba chiéu str dung phdn mém ma ngudn mé. Viét Nam
ciing khéng ndm ngoai xu hudng nay, trong hai nim
tr lai ddy, cac may in ba chiéu gia ré duoc nhap vao
Viét Nam va st dung trong cac linh vyc khac nhau
nhu: dao tao va giang day ¢ cac truong dai hoc, tao ra
cac san phém luu niém, tao ra cac mo hinh nghé thuat,
md hinh sir dung trong kién tric, ...

Hau hét cac may in gia ré ban trén thi trudng va ty
ché tao tai Viét Nam c6 két cdu truyén dong thong
dung, & d6 mdi truc (X, Y, hoic Z) duoc truyén dong
doc lap boi mot dong co théng qua bd truyén dong:
vit me — dai éc, dai rang, xich.... Nhuogc diém cua két
chu nay 1a lyc quan tinh 16n khi c6 mot truc truyén
dong (gia st X) dugc mang boi mot truc khac (Y) vi
lac nay ngoai khdi lwong cua truc X thi con ¢ khéi
luong cua dong co. Vi vay, lyc quan tinh s€ tang dang
ke khi co ciu co tbc d6 thay doi hay chuyen dong &
toc do cao. Hon nira, lac nay dong co truyén dong
ciing phai c¢6 cong suat 16n hon.

Trong nghién ciru thiét ké va ché tao may in ba chiéu
tai Viét Nam, nam 2013 tac gia da thiét ké va ché tao
thanh cong may in gia ré [1] voi két cau truyén dong
thong dung duge st dung cho Cac truc X, Y, va Z.
Véi muc dich cai tién ket cAu truyén dong cua may in
ba chidu dé nang cao toc do gia cong san pham bai
bao gidi thiéu va phén tich wu diém cia két cdu H-bot
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dé sir dung trong thiét ké ché tao may in ba chiéu
trong phién ban lan nay.

2. Keét cau truyén dong
2.1Két cAu truyén dong thong dung
Mot vai két cAu truyén dong thong dung dugc sir
trong cac may in ba chiéu hién nay nhu:
Két cdu truyén dong ¢ d6 c6 truc Z nim thing ding
mang cum truyén dong truc X bao gém: két cau, bd
truyén dai, va dong co. Py la mot trong nhing
nhitng két cau duoc str dung trong nhiéu thé hé may
in ba chiéu khac nhau. May in Prusa 13 (hinh 1) la
mdt trong nhiing thé hé may in sir dung két cau nay.

H.1  Két cdu truyén dong may in Prusa I3

Hinh 2 ciing 1a mot két cAu truyén dong thong dung
khéc sir dung cho hai truc X, Y. Trong két cau nay
truc X, Y duoc truyén dong bdi hai dong co va hai bo
truyén dai doc lap; truc Y mang cum truyén dong truc
X bao gdm: két cau, bod truyén dai va dong co.

H.2  Két cdu truyén dong XY thong dung

Nhu di phan tich & trén, cac két cau truyén dong
thong dung nay co luc quan tinh 16n khi toc do truyén
dong thay d6i hay khi hoat dong & toc do cao do khdi
luong trén truc truyén dong 16n. Do vay, kho co thé
gia cong & toc do cao khi str dung cac két ciu nay.

2.2 Két cAu truyén dong H-bot

Két cAu H-bot duoc dé xuét sir dung nhim han ché
nhuoc diém trong két cdu truyén dong thong dung
nh¢ vao cac ru diém s& phan tich bén duéi.
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Két ciu H-bot con duoc biét dén vai tén goi H-frame

(khung chit H) vi hai truc truyén dong duoc bd tri ¢d

hinh nhu chir H. Cac nghién ctru [2, 3] dé cho thiy

H-bot c6 nhiu wu diém, cu thé c6 thé ké dén nhu:

e (o két cau don gian, chi s dung mét bo truyén
dong dai trong truyén dong hai truc X, Y;

e Dong co truyén dong cho hai truc X, Y dat cd
dinh trén than may, do d6 giam dugc khdi lugng
trén truc truyén dong;

e Cho tdc do truyén dong cao ma van dam bao do
chinh xéc.

H-bot c6 két cau song song (hinh 3) bao gém: hai

dong co truyén dong (1,2) co gan puli rang dung din

dong, hai ray truot tuyén tinh (3) duot dat song song,

b truyén day dai rang ho (4) ¢6 hai dau duoc ¢b dinh

trén co cdu chip hanh (5), day dai ring dwoc dan

huéng boi 8 puli trong d6 6 hai puli dan cua dong co
va 6 puli cb dinh (6), cau ndi gira hai ray (3) cé ray
dan hudng tuyén tinh (7) ding b tri co cdu chap hanh
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H.3  Két cdu truyén dong H-bot
Dich chuyén cua co ciu chdp hanh (5) duoc thyc hién
thong qua bo truyén dai rang ho (4). Day dai rang
dugc dan dong nho hai puli gan trén hai dong co (1,
2) va dan huéng thong qua 6 puli ¢b dinh (6). Co cau
chdp hanh c6 chuyén dong theo phuong X khi ca hai
dong co quay cung chiéu, va c¢6 chuyén dong theo
phuong Y khi hai dong co quay nguoc chidu. Dong
hoc cta két cau H-bot dwoc phéan tich trong cac
nghién ctru [4, 5, 6] va c6 thé tom tz“it nhu sau:

¢ Cho mot dong co quay, gitr ¢b dinh dong co con
lai thi co cAu chdp hanh s& co chuyén dong tuyén
tinh theo hai phuong XY véi goc £45°;

Quy ude dong co co chiéu dwong nguogc chiéu kim

ddng ho (hinh 3) thi:

e Khi dong co (1) quay theo chidu duong, dong co
(2) duoc giir ¢6 dinh thi co cau chdp hanh s& dich
chuyén theo hudéng —X va —Y; va nguogc lai khi
dong co (1) quay chiéu &m, dong co (2) duoc giit
¢b dinh thi co céu chap hanh s& dich chuyén theo
huéng +X va +Y. Quan hé chuyén vi clia cac tryuc
¢6 thé biéu dién theo cong thirc toan hoc sau:

rAG =—Ax—Ay (1)

Trong d6, AX, Ay, vd A@; 1a cac chuyén vi theo

phuong X, Y, va goc quay cua dong co 1; r la ban

kinh cua puli din dong lip trén dong co.
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e Tuong tu, khi cho dong co (2) quay theo chleu
duong, dong co (1) duge gilr ¢b dinh thi co cu
chap hanh s& ¢6 dich chuyén theo hudng +X va —
Y; va nguoc lai khi dong co (2) quay chleu am,
dong co (1) duoc giit ¢d dinh thi co ciu chap
hanh s& dich chuyén theo huéng -X va +Y. Luc
nay, cac chuyén vi c6 thé biéu dién theo mbi quan
hé toan hoc:

rAg, = Ax—Ay  (2)

Giai (1) va (2) dé xac dinh AX, Ay, va c6 thé xac dinh

duoc mbi quan h¢ dong hoc giita AX, Ay nhu sau:
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Quan hé chuyén dong cua cic dong co va co cdu chip
hanh ciling c6 thé biéu dién nhu & hinh 4.

Pong co Co cau chap hanh
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H.4  Quan hé chuyén dong giita ddng co vd co cau chip
hanh

Nhu vay, co thé thay két cdu H-bot twong ddi don
gian nho vao viée bd tri hai dong co trén than may va
chi can mot bo truyén dai rang ho dé din dong co ciu
chap hanh theo ca hai phuong X, Y. Diéu nay cho
phép giam khéi lugng dat trén truc X, do vay, c6 thé
tang dugc téc do dich chuyén cia co cdu chép hanh.
Nho vu diém nay ma két cdu H-bot duoc dé xuét sir
dung trong thiét k& va ché tao may in ba chiéu trong
nghién curu nay.

MO

3. Thiéet ké may in ba chiéu sir dung két
cAu H-bot
St dung nhom tdm va nhém dinh hinh dé ché tao
khung may, ¢ d6 co ciu truyén dong cho hai truc X,
Y dugc thiét ké va lap dat trén tim nhom dugc gia
cong bang may phay CNC (hinh 5).

VCCA-2015

gl

H.5  Thiét ké hai truc X, Y theo két cdu H-bot

Ban méy dé in san pham c6 phuong dich chuyen theo
phuong Z, c6 chleu duong huéng tr trén xudng dudi
(hinh 6, 7), co ciu truyén dong cho truc Z dugc lap
dat trén thanh nhom dinh hinh.

=

.6 Hinh Fhiéu dimg ciia thiét ké tong thé mdy,ban may
chuyén vi theo phuong Z

B JhH
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H.7  Hinh chiéu canh ciia thiét ké tong thé mdy
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4. Che tao may in ba chieu
4.1 Két cAu may
Hai truc X, Y duoc thiét k& va ché tao dua trén két
céu H-bot (hinh 8), ¢ d6 céac truc duge dan huéng nho
cac thanh trugt vudng co 6 trugt tuyén tinh, co céu
chap hanh co thé chuyén dong theo hai phuong nhd
vao b truyén dai ring ho

H.8  Huai truc X, Y dugc ché tao theo két cau H-bot

Truc Z dugce dan hudng béng hai thanh tru tron c6 &
truot tron tuyén tinh. BO dun s¢i nhua gém hai dau
dun lap dat trén co cau chap hanh thudc truc X, Y.
Nham giam tai trong dit trén co cdu chap hanh, bd
dun vat liéu duogc tach lam hai phén riéng biét: dong
co va co cdu dun soi nhya (hinh 9) dugc gin ¢b dinh
trén than may, phan dan hudng va lam néng soi nhya
(hinh 10) dt trén co céu chap hanh.

H.9  Dong co va co cau dun soi nhua

H.10 Phan dan huwong va lam nong soi nhu_a ctia bo dun
vat liéu

Ngoai ra, bo truyén vit me - dai dc dugc sir dung dan
doéng cho tryc Z.

Nham ting d6 chinh xac cho chi tiét gia cong, cam
bién tiém can dugc g'Zin bén canh cum dau dun (hinh
11) dé do do 1éch theo phuong Z tai cac vi tri co toa
do duoc thiét 1ap trudc trong phﬁn mém. Do léch nay
sau d6 dugc xur 1y trong chuong trinh gia cong dé bu
lai sai 1&ch ban may trong qua trinh in chi tiét.
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H. 11 Cam bién tiém cén dung do d¢ léch cia ban may

H.12 Két ciu tong the mdy gia cong
Hinh 12 biéu dién tong thé cia may ché tao duoc véi
c4c sb ky thuat:
e Hanh trinh truc X, Y, va Z: 290x250x200mm
e Tbc do cua cac truc:
- Truc X,Y: chay khong (150mm/s), tbe do gia
cong toi da (70mm/s);
- Truc Z: (10mm/s).
e Kich thudc may

- Chiéu rong tong thé: 550 mm
- Chiéu dai tong thé: 460 mm
- Chiéu cao tong thé: 700 mm
- Khdi lugng téng thé:  10kg

4.2 Nguyén ly hoat dong clia may

Trudc khi gia cong may s€ dugc thiét lap v& hé toa do
ban ddu cua cac truc X, Y, va Z, cam bién tiém can
gin co cdu chap hanh (hinh 11) s& dugc sir dung dé do
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d6 nghiéng ctia ban may va duogc st dung dé bu sai s6
do d6 nghiéng ban may trong sudt qua trinh in.
Chuong trinh gia cong duoc luu dudi dang G- code dé
diéu khién may in ba chiéu théng qua phan mém dicu
khlen cai dat trén may tinh hodc str dung thé nh¢ SD
gan trén may in ba chiéu. O 16p in dau tién, dau dun
c6 khoang cach so véi ban may theo phuong Z mot
khoang nho hon hoic bang véi dudng kinh soi nhya
dun ra. Gia tri nay duoc thiét 1ap trong phan mém cét
16p va xut dir liéu gia cong. Sau khi nhiét do cta
phan lam nong ctia bd dun vat liéu va ban may dat gia
tri thiét lap, 16p vat lidu dau tién cua san pham duoc
hinh thanh nh¢ vao sy di chuyén cua dau dun theo hai
phuong X, Y. Sau khi két thic 16p dau tién, truc Z
mang ban may di chuyén mot luong bang véi dudng
kinh soi nhwa dun ra theo chiéu duong dé dau dun
hinh thanh 16p vat liéu tiép theo. Clr nhu viy, san
pham dugc hinh thanh tir cac 16p vat lidu dap chong
1én nhau theo céc tiét dién ciia san pham.

4.3 Nguyén ly cia bd dun vét liéu

Soi nhya dugc st dyng lam nguyén li€u ché tao cac
chi tiét trén may in ba chidu, mdi 16p cia chi tiét dugc
hinh thanh nh¢d vao soi nhua dun ra tir bo dun vt liéu.
Mot bo dun vat liéu gdm hai phan chinh: phan dan
dong s¢i nhya va phﬁn lam nong dé dun nhua ra dudi
dang soi. BPuong kinh s¢i nhya dua vao by dun vat
liéu l1a 1,75mm hay 3mm, s¢i nhwra dugc dun ra khoi
b dun vat liéu c6 duong kinh dao dong tir 0,3 dén
0,5mm. Nhi¢t d¢ 1am néng s¢i nhya tuy thudc vao
loai vat liéu, vi du: 190°C — 210°C dbi voi PLA va
230°-250°C d6i v6i nhya ABS. Ngoai ra con co thé
str dung sgi dugc lam tir cac vat li€u khac nhu nylon,
soi nhya gia cudng soi cacbon, soi nhya tron bot go...
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H. 13 Nguyén ly bé dun vit liéu

Nguyén 1y lam viéc cua by dun (hinh 13): s¢i nhya
ban dau (1) dugc tao luc day di vao bo phan lam nong
(5) nh& vao hai con lin (2) va (3) dugc dan dong boi
dong co budce. Phan (5) dugc 1am néng nho dién tré
dbt nong (6). Ong dan (4) dwoc lam bang vat liéu cach
nhiét hodc lam mat cudng birc bang quat nhim cach
ly phﬁn néng va phﬁn tao luc dun cho soi nhua. Soi
nhua sau khi dugc lam nong va dudi ap luc tao ra nho
céc con lan dugc dun qua dau dun (7). Nhiét do tai bo

VCCA-2015

lam néng dugc kiém soat boi nhiét dién tro gin trén

phén 1am nong.

B6 dun vat liéu ciing 1a mot trong nhiing co cAu anh

hudng truc t1ep dén chat lugng cia chi tiét in trén

méy. Vi vy, dé san pham gia cong ra c6 do chinh xac

cao, bo dun vat liéu cia hang Micron 3DP (hinh 9,

10) duoc chon dé sir dung cho may ché tao. Thong sb

k¥ thuat cua bo dun:

¢  Dong co bude: 200 bude/vong, 1,8°/budc;

e Hop giam tdc gin trén dong co co ti sb truyén
13,76;

e Nhiét d ctia lam néng s¢i nhya co thé dat 280°C;

e  Duong kinh sgi nhya st dung: 1,75mm,;

e Duong kinh soi nhya ra khoi dau dun: c6 thé thay
thé voi duong kinh 0,3 hay 0,5mm.

4.4Pong co va mach diéu khién

Pong co bude

Véi wu diém c6 thé diéu khién vi tri chinh xac dong
co bude duge sir dung dé diéu khién cac co cau chip
hanh. Bong co dugc lua chon: Nemal7 hai cuc (hinh
14), 1,8°/budc, dd chinh xac mdi budc 5%, momen
xodn 40Ncm, dién thé 3,4V, va dong 1,7A.

H. 14 Djng co budc nemal7

Mach diéu khién

Hién nay c6 nhiéu loai mach diéu khién st dung cho
may in ba chiéu dugc ban sin voi gia thanh phi hop
nhu: RAMPS, Sanguinololu, Printrboard.

H.15 Mach RAMPS 1.4 va cdc mach diéu khién dong co
buoc

Vé6i vu diém vé kha ning nang cip vé sau, mach
RAMPS (hinh 15) dugc lua chon. RAMPS dugc két
n6i voi cac mach didu khlen cho dong co budc, va co
cac cong két ndi dé cung cip ngudn cho by dun vat
liéu, nhiét dién tré 1lam ndng ban mdy, thu nhén tin
hiéu tr cac cong tdc hanh trinh, cam bién tiém can
diéu chinh d6 1éch ban may. ..

4.5 Phén mﬁ‘sm mi ngudn mé va firmware

Mot san pham dugc hinh thanh trén may in dugc thuc
hién thong qua cac budc nhu so d6 bén dudi (hinh
16).
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Mot trong nhitng yéu t6 lam giam gia thanh ché tao
may in ba chiéu 1a sir dung cac phan mém ma ngudn
mo. Chi tiét duoc thiét ké va luu dudi dinh dang STL
bang cac phan mém thiét ké mi nguén mod nhu
SketchUp hay céc phin mém chuyén nghiép. Sau do
phﬁn mém mi nguén mé Slic3r, Skeinforge, Cura
hodc SFACT duoc st dung dé cit md hinh theo cac
tiét dién song song va bién dich sang ma diéu khién
G-code dé goi dén may in ba chiéu thong qua phan
mém diéu khién. Trong nghién ctru ndy tic gia sir
dung phin mém Repetier (hinh 17) dé diéu khién
may.
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H.17 Giao dién phdn mém Pronterface

Ngoai cac phan mém ma nguén mé duge sir dung dé
tao mo hinh cit 16p, xuat md lénh diéu khién,
firmware dugc sir dung dé thiét 1ap céu hinh ciia méay
trén mach diéu khién. Firmware c6 thé xem nhu mot
phdn mém c6 dinh lién quan dén nhimg thong s6 co
ban cua mot thiét bi. Vi du nhu dung dé cau hinh hanh
trinh cua cac truc X, Y, va Z; hay dung dé khai bao
céc thong s6 didu khién cho dong co bude. Mot sb
thong sé dugc st dung dé khai béo trong firmware s&
dugc gidi thidu trong phan sau. Hinh 18 thé hién mot
vai khai béo trén firmware.
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fdefine X_ENABLE ONH O
#deCine Y _ENABLE_O0W O
#define 2 ENAELE_OH D
#define DISABLE X O
#defin= DISANLE ¥ O
fd=fine DISABLE 2 0
§datine DISABIE E 0
#define THVERT_X _DIR 1
#defins INVERT ¥ DI 1
#define INVERT 2 DIR |
fdetine X _HOME_DIR -1
¢#define Y_HONE DIR )
fdefine I _HOME DIR -1
#define X _MAX LENGTH 250
#d=fine ¥ MAX_LENGTH 250
fdefine 2 _MAX LENGTH 185
#define X _NIN POS O
#define Y NIN POS O
Sd=fine Z_MIN_POS O
#d=fine DISTORTION _CORRECTION 1

H.18 Cac thong s6 khai bdo trong firmware

4.6 Mt so tinh toan cho cac thong sé khai bao
trong firmware

Ngoai viéc khai bdo gia tri hanh trinh cac tryc X, Y,

Z, thong s6 linh kién dién tor sur dung trén may nhu

nhiét dién trd, cam bién nhiét do..., mot sb thong s6

khac can duoc tinh toan trudc khi khai bao trén

firmware. Trong phan nay s& gidi thiéu cac tinh toan

thong sé diéu khién cua cac dong co din dong bo dun

va 3 truc X, Y, Z. Cac gia tri nay dugc tinh toan dya

trén dic diém cua dong co, thong s hinh hoc cua cac

bd truyén vit me - dai 6c, dai rang. Vi du bén dudi 1a

khai bao thong sé diéu khién cac dong co s dung

trong may.

e Dinh nghia s6 budc/mm cia cac dong co dicu
khién truc X, Y, Z:

#define XAXIS_STEPS_PER_MM 160

#define YAXIS_STEPS_PER_MM 160

#define ZAXIS_STEPS_PER_MM 400

e Dinh nghia s6 budc/mm cua dong co didu khién
b6 dun vat liéu 1 va 2:

#define EXTO_STEPS_PER_MM 1274,16

#define EXT1_STEPS_PER_MM 1274,16

Goi Py, Py, Pys Pey» P, 140 luot 13 cac thong sb

khai bao cho cac dong co diéu khién truc X, Y, Z va

hai b¢ dun 1, 2.

Vi truc X, Y duogc diéu khién béng hai dong co Nema

17 va mot bo truyén dai rang (két cdu H-bot) nén

thong s6 khai bao cho hai tryc c6 thé tinh nhu sau:

pmpr' ps 2 (4)
oL
Trong do:
Prpr = 200 s6 budc trén mdi vong quay cua dong co

Pxy =

p, =1/16: thong sé dugc dinh nghia béi mach diéu
khién dong co budc hay con goi 1a vi budc, nghia la
voi dong co c6 goc bude 1,8°, mach c6 thé diéu khién
dé dong co thuc hi¢n 16 budc trong 1,8°.
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P, = 2mm : budc rang trén day dai
Z, =20: s0 rang trén puli gan trén dong co
Do d6:

Dy, = 200.16
X220
Gia tri cia pz )
Gia tr’i pz duoc tinh theo thong so hinh hoc cia vit me

- dai Oc :

2=160

_ pmpr ' ps (5)
Py
Trong do:
P, = 2mm: budc ren trén truc vit me

A

t=4 s6 ddu mdi coa truc vit me, do vay:

_ 20016
Pe =702
Gia tri cia pg,, Pg, dung dé diéu khién 1mm nhya
duoc dun ra va dugc tinh theo cong thirc:

pmpr X Pg X1

Pe = 7T.D_ (6)
Trong do: ) . o
i =13,76: ti sO truyén hdp giam toc gan trén dong co

=400

cua bd dun vat liéu,

D =11mm: duong kinh cta con lan chu dong dun soi

nhua

Do do:

~200.16.13,76
.11

Sau khi thiét 1ap cac thong sb cho mach diéu khién,

d6 chinh xac dich chuyén cua cac co ciu chap hanh s&

dugc kiém tra va danh gia lai nho phuong phap do

truc tiép bang thude cap va hiéu chinh néu c6 sai 1éch.

=1274,16

E

5. Thuc nghiém va két qua

5.1 Thue nghi¢m toc d9 in ciia may

Ngoai sy don trong viéc bd tri cic co cdu chip hanh

trén truc X, Y nho két cau H-bot, toc do truyén dong

hai truc X, Y con dugc nang cao dang ké so véi may

in dugc ché tao véi két cAu truyén thong. Dé danh gia

hidu qua str dung két ciu H-bot, mot vai gia cong thuc

nghiém da duoc tién hanh trén may ché tao.

Két chu may va thong sb duge thiét 1ap cho gia cong

thuc nghiém :

e Hanh trinh cac truc X, Y, Z lan luot:
300x250x200mm

e Soinhua st dung: PLA, duong kinh 1,75mm

e Duong kinh soi nhua ra khoi dau dun vat liéu:
0,3mm

e Nhiét 46 bo dun vat liéu va ban may lan luot:
200°C va 60°C

e Tbéc do truc X, Y : 40-60mm/gidy (gia cong),
100-130mm/gidy (chay khong)

e Tbc d6 truc Z : Smm/gidy (gia cong), 10mm/gidy
(chay khong)

Chi tiét dé twong dai (hinh 19) ¢6 kich thudc theo 3

phuong X, Y, Z lan luot: 71x71x83mm, thé tich

238cm® dugc tién hanh gia cong v6i the do
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60mm/giay déi truc X, Y va Smm/gidy dbi véi truc Z,
thoi gian hoan thanh chi tiét: 2 gio 46 phit. Trong khi
d6 néu in vai toe do toi da 40mm/gidy (truc X, Y) voi
méy c6 két céu truyén dong truc X, Y theo kiéu théng
dung [1] thi thoi gian hoan thién 1a 3 gio 46 phut.

H. 19 Quad trinh gia céng mét san phiam

Bén canh d6 mot s6 mo hinh khac (hinh 20, 21) ciing
dugc tién hanh gia cong dé danh gia do chinh xac, do
on dinh ciia may gia cong.

Trong thoi gian thir nghiém ban dau, ché do hai dau
dun ciing dugce thue nghiém vdi hai loai nhwa ABS va
PLA véi hai mau khac nhau (hinh 22).

H.21 Sdan pham gia cong trén mdy sir dung mét bg din
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H.22 San phdam gia cong sit dung hai logi nhia (ABS,- -
PLA) c6 hai mau khac nhau

5.2 Thio luin két qua gia cong

Budge dau gia cong thyc nghiém trén may ché tao co

sir dung két cau H-bot, chit luong va thoi gian gia

cong cuia cac san pham c6 thé duge phan tich nhu sau:

e S dung thudc cap dé kiém tra dich chuyén cta
céc co cdu chdp hanh theo phuong X, Y, Z cho
thiy do chinh x4c dat dén 50 pm;

e Soi nhya dun ra khoi dau dun c6 do dong déu
cao, khong co bot khi;

e Chét lugng cac sgi nhua trén ting 16p duoc dién
day va déu;

e Tbc d6 gia cong san phim dugc cai thién mot
cach dang ké nhd vao so sanh gitra phién ban
trong nghién ctru lan ndy va phién ban trong
nghién ctru trude.

6. Kétluan

Bai béo trinh bay mot thiét ké va ché tao may in ba
chidu str dung két cdu H-bot trong truyén dong hai
truc X, Y. Két qua ban du dat duoc cho thiy khi st
dung két cau H-bot trong co ciu truyén dong cho
phép tang tbc do gia cong mdt cach dang ké nho giam
dugc khoi lwong trén co cau chap hanh. Bén canh do,
bai bao ciing gidi thi¢u tong quan vé phan tich dong
hoc cua két cau H-bot.

Vi thiét ké duge dé xuit va may in dugc ché tao
hoan chinh, két qua gia cong thuc nghiém ban dau
trén hai bo dun vat liéu rat kha quan, dich chuyén cua
co ciu chip hanh c6 do chinh xac dén 50 pm va thoi
gian gia cong giam dang ké. Bén canh d6 may con
cho phép gia cong voi hai loai vét ligu khac nhau
(chét liéu, mau sac) cho cung mot san phidm. Mot
trong nhiing uu diém khi st dung hai loai véat li¢u
khéc nhau c6 thé ké dén 1a viéc cho phép tao ra cac
san phrflm c6 d6 phuc tap voi do chinh xac cao, vi du
st dung soi PVA (tan trong nudc) lam gia o giup
hinh thanh bd phan hay bé mat cua chi tiét chinh xac
hon.

Hon nira, hién nay co rat nhiéu loai vat liéu co thé st
dung cho may in ba chiéu nhu: nylon, sgi nhya gia
cuong soi cacbon, ... Vi vay, khi st dung hai by dun
vat liéu cho phép tao ra cac san pham c6 do bén, do
dan hoi dugc gia cuong & nhing vi tri can thiét. Viéc
nay cho phép t6i wru hoa két ciu cua san phim va st
dung hiéu qua vét li¢u dé tao ra san phém. bay ciing
la mot hudng phat trién cong nghé in ba chidu ma tac
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gia s& hudng dén trong cac nghién ctru trong tuong
lai.

Loi cam on: Nghién ciru duoc thuc hién nho su hd tro
tir ngudn kinh phi nghién ctru khoa hoc nim trong
chudi sy kién huéng dén ky niém 40 nim ngay thanh
lap trudng Pai hoc Bach khoa, Dai hoc Pa Nang.
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