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TOM TAT

Nganh cong nghé in 3D va vi¢c str dung may in 3D ngay cang phat trién manh mé, su da dang va hoat dong chinh
xéc cua san phdm ngay cang dugc nang cao. Cong nghé in FDM (Fused Deposition Molding) dugc phat trién rong
rdi véi nhitng vu diém da dang ddi dao vé vat lidu, dé kiém, khong doc hai, két cAu may don gian, dé dang ché tao,
stra chita va gia thanh ré phu hop véi thi truong.. Nghien ctru khao sat dong hoc va dong luc hoc cua may in 3D
st dung cong nghé in FDM, cho ta thiy duoc chuyen dong cua cac khau déu la chuyen dong tinh tién va phuong
trinh chuyén dong mong muén tuan theo ham didu hoa nén cac khau cling chuyén dong tuan theo ham diéu hoa.
Khao sat dong luc hoc ngugc clia may in 3D I tir vi tri mong mudn thong qua phwong trinh dong luc hoc ta tinh
duoc luc, mé men diéu khién tac dong vao cac khau. Sau qué trinh tinh toan, khao sat bang phin mém Matlap ta
6 két qua lyc lon nhét tac dong vao khau X 14 0,015 kN, khau Y 1a 0,045 kN va khau Z 1a 8,831 kN. Luc nay cha

yéu phu thudc vao gia téc va khdi lugng ctia khau nén ciing s& tuan theo chu ky.
Tur khoa: dong hoc, dong luc hoc nguge, may in 3D FDM, mo hinh héa.

1. PAT VAN PE

Cong nghé in 3D ra doi cach day hon 30
nim va dang ngay cang phat trién, khong chi
giup cho viéc ché tao khuén mau duge chinh
xac va dé dang hon ma con tim duoc nhidu tng
dung trong thuc té cudc séng. Coéng nghé in 3D
hién dugc Ung dung nhiéu va ngay canh phd
bién trong cac linh vuc san xudt cong nghiép,
xdy dung, y té - cham soc strc khoe, gido duc. ..

Vi¢c nghién ctru tinh toéa thiét ké va ché tao
may in 3D da thu hat sy quan tdm cda cac nha
khoa hoc trong khoang ba thip nién gan day.
Céac cong trinh cua nhom tac gia Samuel N.
Bernier, Bertier Luyt va Tatiana Reinhard
(2015) v6i md hinh vat thé duoc cét thanh
hang tram 16p in, mdi 16p dugc chuyén thanh
mot dudng din dé may di theo trong khi in 3D.
Mot sb giai phap cong nghé cho in 3D kim loai
(DMSL, EBDM, DMD, SLM), cua thuc phém
(ép dun) va cac bo phan co thé chwa dugc dua
vao chuong nay. Mot s ky thuat khac ciing
dang trong qua trinh nghién ctru, hodc chi danh
cho stir dung cong nghiép. Lya chon ctia nhom
tac gia trong danh sach nay giai quyét phan 1on
cac lya chon tao mau nhanh c6 sin cho nguoi
tiéu dung ngay lap tuc dudi dang dich vu hodc
trong may in 3D c4 nhan. Hodc la céc cong
trinh nghién ctu vé may in 3D cua James
Floyd Kelly (2013), cua Asadi Aaron (2015)
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déu nghién ctru vé cach thiét ké va ché tao may
in 3D v6i mo hinh vat thé trong 100 ngach
khac nhau: y té, ky thuat, xay dung, thé thao. ..

O Viét Nam hién nay méy in 3D khong con
qué xa la, cac nha sang tao tré, nha khoa hoc
tré tai cac truong dai hoc chuyén nganh ky
thuat va ty dong héa & Viét Nam nhu ¢ trudong
Pai hoc Bach khoa Ha Noi, Pai hoc Cong
nghiép Ha Noi... cling d ty ché tao may in 3D
cho ca nhan phuc vu lam dé tai khoa hoc, luan
van thac si va thdm tri phuc vu cho qua trinh
thvong mai. Con sd di 1én dén hang chuc
ngan, trim ngan don vi san xuét c6 to chuc va
don vi ca nhan.

Tai Viét Nam, viéc nghién cuu vé may in
3D tmg dung trong nganh khuoén mau di dugc
nghién ctru tir nhiéu nim voi nhiéu cong trinh
nhu: Nam 2016 dong tac gia Pang Canh Ha,
Tran Van Léan, Nguyén Trong Kha di nghién
ctru vé: “Thiét ké va ché tao mdy in 3D sir
dung két cdu corexy”. Tac gia Phan Ha Nhat
Tan va Nguyén Phuong nghién ctru: “Nghién
curu va thi cong may in, scan 3D”, da tng dung
may in 3D dé thi cong ra may scan 3D nim
2016. Tac gia Nguyén Vinh Hung va Nguyén
Phi Long nghién ctru: “Thiét ké, thi céng mé
hinh may in 3D dung Kit Arduino” trong
nghién ctru tién hanh thiét ké va 1ap rap ra may
in 3D dung Kit Arduino két qua rat tot nam
2016. Tac gia Liéu Chi Thing nim 2016
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nghién ciru: “Nghién ciru ché tao mdy in 3D
dang SCARA”, ché tao ra may in 3D dang
Scara, nghién ctru cac kiéu dudng chay nhua
sir dung d6i véi cac miu in dé t6i wu mau in.

Trong bai béo nay, dwa trén cac mau thiét
ké c6 san, cy thé may in 3D cong nghé FDM
cia dé tai nghién ctru cip co s& cua B6 mon
Co s0 ky thuat, Khoa co dién va Cong trinh,
Truong Pai hoc Lam nghi€p, nhom tac gia da
mo hinh hoa va tinh toan dong lyc hoc cho moé
hinh may in 3D.
2. PHUONG PHAP NGHIEN CUU

Mot trong cac phuong phép hay duoc su
dung dé xay dung mé hinh dong hoc va dong
luc hoc hé nhiéu vat rin ghép ndi voi nhau
bang cac khép, chi yéu 1a khdp quay va khop
tinh tién, 13 phuong phip ma trin Denavit-
Hartenberg (DH) va su dung phuong trinh
Lagrange loai II. Chi tiét vé noi dung phuong
phap niy c6 thé tham khao trong cac tai lidu
Nguyén Vian Khang (2017), Nguyén Vin
Khang, Chu Anh My (2011). Tir m6 hinh xay
dung duogc ta di giadi bai toan dong hoc nguoc
va dong lyc hoc nguoc. Két qua khao sat cac
phuong trinh bai bao da sir dung phin mém
matlab - simulink dugc trinh bay trong tai li€u
Nguyén Quang Hoang (2019), cho ra dugc do
thi ham toa dd, van tdc, gia tdc, luc diéu khién
cua cac khau.
2.1. Xay dueng mo6 hinh dong hoc may in 3D
FDM
2.1.1. Bai toan dong hoc

Khao sat dong hoc may in 3D FDM gdm:
Xac dinh vi tri dau dun, van téc va gia tbc dau
dun tir dich chuyén cta cac khau. Khong gian
thao tac cua dau dun duogc gidi han 1a 20 x 20 x
30 cm. Ta co thé in céc chi tiét c6 kich thude
trong vung khong gian thao tac. Xay dung cac
truc toa d§ cua may cho phép ta xac dinh dugc
chiéu chuyén dong cua cac khau da duogc trinh
bay trong tai liéu Tran Van Dich (2004). Chon
hé truc toa do Dé-cac trong khong gian ba
chidu X, ¥, Z c6 chiéu duong x4c dinh theo quy
tic ban tay phai duoc thé hién trén hinh 1
(ngdn tay cai chi chiéu duong cua truc X, ngon
tay gifra chi chiéu dwong cua truc Z, ngoén tay
tré chi chiéu duong cua truc Y).

+Y +Z

+X

+Z +X

Hinh 1. H¢ truc toa d9 theo quy tic ban tay phai

May in 3D 13 mot loai may cong cu diéu
khién sd, chi tiét phdi gia cong dugc xem nhur
c¢b dinh va luén gin voi hé truc ¢b dinh tai do.
Ta quy udc hé truc toa do cia may nhu sau:

+ Truc Z tring véi tryc chuyén dong cua
truc chinh;

+ Truc X nam trong mit phang song song
v6i ban may;

+ Truc Y vudng goc véi hai truc con lai theo
quy tic ban tay phai.
<>

Zy

Hinh 2. H¢ truc toa d9 gin Ién 1én may in 3D

2.1.2. Tinh toan dong hoc

May in 3D ciing 1a mot loai robot cong
nghiép, duoc tao thanh bdi mdt tdp hop céac
khau (links) ta coi cac khau duogc lién két véi
nhau bédi cac khép (joints). Mot phuong phap
thuong dung dé phén tich dong hoc va dong
luc hoc ctia hé nhiéu nhu trén 13 phuong phap
ma trin Denavit-Hartenberg (DH). Bang viéc
stt dung cac phép bién d6i thuan nhit va ma
tran bién d6i thuan nhat ta co thé mé ta vi tri
tuong dbi va hudng gitra cac khau ké tiép bang
mot ma trdn A. Pon gidn hon, A 12 mdt ma
tran bién doi thuan nhat bai phép quay va phép
tinh tién tuong ddi gitra hé toa do cua hai khau
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ké nhau. Ta ki hiéu °A; 1a ma trin mé ta huéng
va vi tri cia khau dau tién, 'As 1a ma trin mo
ta hudng va vi tri ctia khau thtr 2 so véi khau
thir nhat. Nhu vay hudng va vi tri cta khau thi
hai so v&i hé toa dd géc duoc xac dinh bdi ma
tran T bang tich cdc ma tréan:
T>="A1.'A; (1)
Tuong tu, 2A3 12 ma tran xac dinh huéng va
vi tri cta khau 3 so véi khau 2. Ta ciling co:

T; =A1.'A2.%A; ()
Néu hé ¢6 n khau, ta cé:
Tn = OAI. IAZ. . n_lAn (3)

Ty 1a ma trdn mo ta hudng va vi tri ciia khau
chap hanh cudi doi voi hé toa do goc.
2., khaui+l

Hinh 3. Biéu dién cic théng s ciia khép quay
Pé xac dinh duoc cac ma trin A theo
Denavit-Hartenberg (DH) ta phai di xay dung
mot h¢ toa do khdp (Oxyz); tuan theo cac quy
luat sau:

+ Truc z; dugc chon doc theo truc khop
dong thu i;

+ Truc x; dugc chon theo dudong vuong goc
chung cua hai truc z; va z;+;, hudng tr z; té1
zi+1. Néu truc z; cét truc zi+; thi truc x; dugc
chon tily ¥, mién 13 vudng gbc véi truc z:. Néu
zi /] ziv1 €6 vO s6 dudng vudng goc chung, truc
x; chon theo hudng phap tuyén chung;

+ Gbc toa d6 O; 1a giao diém cua x; va z;;

+ Truc y; dugce chon theo quy tic ban tay phai.

H¢ toa d0 (Oxyz); duoc goi la hé toa do
khép. H¢ toa do nay gén lién vao khau i, dat tai
khop i.

Vi tri ctia hé toa d6 khop i dbi voi hé toa do
khép i-1 duge xac dinh bang bén tham sb dong
hoc nhu sau:

+ ais : goc quay quanh truc xi; dé truc zi;
tién t&i z; song song véi truc z;;

+ a;.; : doan dich chuyén tinh tién doc truc
xi.1 dé gbc Op; tién dén O;

+ 6; : goc quay quanh truc z; dé truc x;; tién
to1 x i (x i /] xi);

+ d; : doan dich chuyén tinh tién doc truc z;
dé truc x; tién t&i x; (hay O’; tién t6i O).

Bébn tham s6 ai.;, ai;, 6;, di duge goi la cac
tham sd dong hoc Denavit-Hartenberg, goi tat
1a DH. Trong d6 a1, ai.1 1a cic hang s6, con 6;
1a bién khép néu khép 1a khép quay va d; 1a
bién khdp néu khép 1a khop tinh tién.

Dua vao cach xac dinh hé toa do theo DH va
so do dong hoc cua may in 3D FDM, ta c6 hé toa
d6 gin vao cac khiu ciia may nhu sau (hinh 4).

Hinh 4. Hé truc toa d§ may va so dd dong hoc ciia may in 3D
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Tir so d6 dong hoc cuia may in 3D ta thay
may co 4 khau va 3 bac tu do. Khau 0 1a khau
dé cb dinh, khau 1 1a ban gia nhiét chuyén
dong theo phuong truc x, khau 2 chuyén dong
theo truc z, khau 3 1a chuyén dong theo tryc y,

khau 4 13 khau thao tac cudi chira dau dun gén
lién voi khau 3. Cac khau déu chuyén dong
tinh tién. Nhu vy ta c6 bang thong s dong
hoc cia may nhu bang 1.

Bang 1. Bang cac thong sé dong hoc may

Khiu 0: ai a; (m) d; (m) 1]311?);
del,
1 0 0 - dyo2, d
dz03
2 0 -90° 0 d> d>
3 0 -90° 0 ds ds
4 0 90° ds -
Do khau 1 1a bac ty do thuan tay nén: 100 d
dvor = di, dyor = 0,045 m, d-o1 = 0,09 m va . 010 d,
vi tri ddu dun so v6i khau 3 1a: as = 0,04 m, ds L="A4= 01 4
z01
= 0,05 m. 000 1
R U (4)
Ma tran xac dinh hudng va vi tri cua cac

khau 1 so véi khau dé:

1 0 0 01 0 0

o 00 1 offo o 1
T,="A,%A A, =

0 -1 0 4|0 -10

00 0 1[0 00

Do dau dun chuyén dong tuong ddi so véi
ban gia nhiét, ta di xay dung quan hé gitra vi tri
ctia dau dun so v6i ban gia nhiét:

Goi O4 1a vi tri clia diu dun ta da xac dinh
duogc toa d6 thong qua T4. Ta co:

R =R 4R ©)

Phuong trinh ma tran tuong ung (6) co
dang:

FA:O) = rl(O) + r1(40) = rl(O) + OAlrl(A:) (7)

Theo phuong phidp ma tran DH, phuong

trinh (7) s€ c6 dang:

rJO) — OAI rl(O) rl(i) (8)
T I I S O

Hay:

- N o o

Ma tran xac dinh hudng va vi tri ctia cac
khau 4 so voi khau de:

1 0 0 a, 1 00 a,
0 0 -1 0 _ 0 0 1 d, )
01 0 d, 01 0 d,—-d,
0 0 0 1 0 0 0 1
xﬁo) 1 0 0 d, xl(i)
yA(tO) _ 010 dyOl yl(éll) 9)
z¥ 0 0 1 d,/|zY¥

1 0 0 0 1 1

Tt (9) ta thiét 1ap mdi quan hé chuyén dong
gitra vi tri dau dun so voi phéi:

xl(éll) a,—d,
Zl(élt) d,—d,—d,
1 1

Ma trdn vin toc giiva dau din va phéi:

Ta c6 hé thuc x = f{g). Khi d6, van tdc
chinh 13 dao ham béc nhéit cua véc to x theo
thoi gian, ta co:
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o

x=—q=J(q)q (11)
oq
Trong do:
9 9% 9
o 3
o q, q, q,
J@=or= e (12)
o, v o
R

Nhu vay ta tinh toan dugc ma tran Jacobian
dé x4c dinh van tdc:

-1 0 0
J(q)= 0! (13)
1 0
0 0
Vay ta co:
-1 0 04,
=0 1 o 19
0 0 Off1

Ma tran gia toc gitta dau dun so véi phoi:

qa(t) bong lyc hoc

i=J(@i+J (@) (15)
Do hé cac khau chuyén dong tinh tién nén

J(q)=0.

-1 0 0] 4
V=0 0 1|d, (16)
0 1 0fd,

2.2. Xay dung mé6 hinh dong luc hoc, dong
lwe hoc nguwgc may in 3D
2.1.1. Bai todn dong luc hoc

Phuong trinh tong quat dong luc hoc cta hé
nhiéu véat duoc thiét 1ap bang phuong trinh
Lagrange II c6 dang ma tran nhu sau:
M(q)q+C(q.9)q+g(q)=" (17)

voi q=104,,9,,9,] =d,,d,,d,] 1a véc to
toa do suy rong, M(q) la ma tran khdi luong
suy rong, C(q, q) 1a ma tran Coriolis va ly tam,
g(q) 1a ma tran lyc suy rong do trong luc, tla
ma tran lyc/mo men diéu khién dé thuc hién
chuyén dong mong mudn.

So d6 khdi didu khién may in 3D c6 dang:

vi tri mong mudn

LI

P q()
M 3D
\_/ ay m

Hinh 5. So' 6 khdi diéu khién may in 3D

Tt phuong trinh dong luc hoc, ta c6 hai bai
toan co ban la bai toan dong lyc hoc thuan va
bai toan dong luc hoc nghich. Bai toan dong
luc hoc thuan: Cho biét lyc/md men diéu khién
tao ra tir cac dong co tim chuyén dong cia
robot: 7—>(q,4,q) ; Bai toan dong luc hoc
nguoc: cho trude cac chuyén dong mong mudn
tim luc/md men diéu khién cac dong co dé
thuc hién chuyén dong d6: (¢,4,§) > 7.

2.2.2. Xay dung phwong trinh dong luc hoc
cho may in 3D

- Bong nang cua h¢:

T=Ta+T;+Ts+Tc

Trong do:

Ta: dong ning cua vat ning tai lién két ngam

(18)
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1 .
A: T, =§mA.q22

T1: dong nang cua thanh ngang AB:
1.
I = E m -6]22

Tg: dong nang cua con chay B:
1 P
Ty =~ mgd: +43)
1 .
Tc: dong ning cua ban chay: T, = S e q;
Vay dong nang cua toan h¢:

1o, O
T'=med; +o (mtmy+my)gy +—my.d;

- Thé ning cua hé:
19)

V= (mA +m + mB)'g'qZ

- Ham Lagrange:
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L=T-V
- Str dung phuong trinh Lagrange:

Trién khai (20) viét du6i dang ma trén, ta

d ( oL j_ oL _. 20) duoc phuong trinh dong lyc hoc ciia may in
dt\ 0q ) 0Oq 3D nhu sau:
mg 0 01| ¢ 0 T,
0 my+m+m, 0 |G |+|(m,+m+myg|=|1, (21)
0 0 my || g, 0 T,
3. KET QUA VA THAO LUAN [0,05sin(7) a,—d.,, 0,04—d,
3.1. Két qua tinh toan d(}ng,hqc 7 0,05cos(r) [=| dy—d,, |=|d,—0,045 (23)
Ta da Xé.y dLl’l’lg ‘du’()’c moi quan hé chuyén _0,0ICOS(t) d2 —d4 _dzol_ d2 -0,14
dong gitra phoi va dau dun ¢ (10): Suy ra:
Qié st quy dao duong chuyén dong mong J 0,04—0,05sin(r) |
muodn c6 phuong trinh nhu sau: ! ’ ’
X =0,05.5in(0), y = 0,05.cos(t), z=0,0L.cos®) 2) |9 |=|0:05c0s(t)+0,045 (24)
Khi giai bai toan dong hoc nguoc, toa dd dau | d, 0,01cos(r)+0,14 |

dun s& thay ddi theo ba truc x, y, z thong qua ba
toa do suy rong q; = di, g2 = d2, q3 = d3. Nhu
vay thay vao (22) ta cé:

0.16 T T

Do thi Toa do khau
T

Trién khai biéu thirc (24) bang phan mém
Matlab thu duoc két qua cac gia tri vé toa do
suy rong cua cac khau khop theo thoi gian nhu
trén hinh 6; 7; 8.

0.14
012

011
0.08

0.06

Toa do (m)

0.04

10 12 14 16 18 20

Thoi gian t(s)
Hinh 6. P thi toa d9 khau theo thoi gian

0.06 T T

0.04

0.02

Van toc (m/s)
o

-0.02

-0.04

-0.06 1 | | |

Do thi Van toc khau
T

10 12 14 16 18 20

Thoi gian {(s)
Hinh 7. P thi vén toc khau theo thoi gian
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Do thi Gia toc khau
T

0.04
o 0.02
£
E
o 0
el
@
O .02
-0.04
~
-0.06 L L L L L L | | |
0 2 4 6 8 10 12 14 16 18 20
Thoi gian t(s)

Hinh 8. Do thj gia téc khiu theo thoi gian

Qua cac d6 th1 hinh 6, 7, 8 ta nhan thay, quy
dao mong mudn 12 ham diéu hoa nén van tdc,
gia téc ciia nd ciing 13 ham diéu hoa do véy khi
tinh toan dong hoc ta ciing nhan duoc chuyén
dong, van tde, gia tdc ctia cac khau cling tuan
theo ham diéu hoa. Ta nhan thdy rang gia van
tdc va gia toc ctia khau 2 (chira ca khau 3) twong
d6i nho, do trong qua trinh in thi khoang cac cac

16p in theo thiét ké trong dbi nho 0,2 mm. Con

van toc va gia toc cua ctia khau 1 va 3 16n hon vi

chuyén dong tao hinh chu yéu dwa vao chuyén

dong cua hai khau nay.

3.3. Két qua tinh toan dong luc hoc nguwoc
Thong s6 ciia may in 3D duoc thé hién trong

bang 2.

Bang 2. Cac thong so ciia tay may hai khau dan hdi

ma 0,2 (kg) Khéi lugng tai dau A
m; 0.5 (kg) Khéi lugng thanh ngang AB
mg 0.2 (kg) Khéi lugng dau dun
mc 0.3 (kg) Khdi lwong ban in
g 9,81 (m/s?) Gia toc trong trudng

Ban in ¢6 kich thude 20 x 20 cm. Chiéu cao
in i da 30 cm.

Bo qua can tai cac khau, viét lai phuong
trinh dong luc hoc (21) duéi dang tong quat:

M(q)q+g(q)=7 (25)

Ttr (24) tinh cac dao ham cép 2 va thay céac

Do thi Luc dieu khien khau X

dao ham cdp 2 vao (21), ta tinh duoc cac
luc/md men diéu khién cho cac khau dé thuc
hién cac chuyén dong mong mudn.

Thuc hién trién khai (25) trong phan mém
matlab ta dugc két qua tinh nhu hinh 9.

Do thi Luc dieu khien khau Z

. Do thi Luc dieu khien khau Y

0.015 8.831
0.01
8.83
0.005
z z =
< 0 X 9 < 8.829
L i L
-0.005
8.828
-0.01
-0.015 -0.05 8.827 £
0 5 10 15 20 0 5 10 15 20 0 5 10 15 20
Thoi gian t(s) Thoi gian t(s) Thoi gian t(s)

Hinh 9. P6 thi luc diéu khién cac khau theo thoi gian

Qua d6 thi thé hién luc diéu khién tai cac
khau trén hinh 9, ta nhan théy, khi cho cac
chuyén dong 1a ham diéu hoa thi lyc diéu khién
cling tuan theo quy luat ctia ham diéu hoa. Luc
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diéu khién khau 1 (khau X) va khau 3 (khau Y)
tuong d6i nho do hai khau nay khong chiu tac
dung cua trong lyc trong qua trinh chuyén
dong. Nguoc lai, luc diéu khién tac dung vao
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khau 2 (khau Z) 16n hon do khau nay chua ca
khau 3 va chiu tac dung cua trong luc.
4. KET LUAN

- Bdi vé6i khao sat dong hoc cua may in 3D,
do cac khau déu chuyén dong tinh tién va
phuong trinh chuyén dong mong mudn tuin
theo ham diéu hoa nén cac khdu ciing chuyén
d6ng theo ham diéu hoa. Vén tdc va gia tde cac
khau thay ddi theo chu ky do vi tri ciia chiing
ciing thay doi theo chu ky 1a 6s.

- Béi voi khao sat dong lyc hoc cua may in
3D, tir vi tri mong mudn théng qua phuong trinh
dong luc hoc ta tinh dugc luc diéu khién tac
dong vao cac khau. Lyc lon nhét tac dong vao
khau X 1a 0,015 kN, khau Y 1a 0,045 kN va khau
Z 1a 8,831 kN. Luc nay chu yéu phu thudc vao
gia toc va khdi lwong cua khau nén ciing s& tuan
theo chu ky. Ta thiy gia toc cta khau 1 va 3 16n
do can sy dich chuyén nhanh theo hai phuong x
va y nhung do khdi lugng khau nhoé nén luc s&
nho hon. Con khau 2 chuyén dong theo truc z,
c6 gia téc nho do khoang cach cac 16p in nho
nhung luc tdc dong vao 16n hon hai khau 1 va 3
do khdi lwong khau 16n (chira ca khau 3 — dau
dun) va chiu tac dong cua trong luc.
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BUILDING REVERSE DYNAMICS MODELS FOR MINI SIZE 3D FDM PRINTERS

Than Van Ngoc'", Nguyen Thi Luc', Nguyen Dang Ninh!,

Nguyen Thanh Trung!, Dang Thi To Loan'
"Vietnam National University of Forestry

SUMMARY

The 3D printing technology industry and the use of 3D printers are increasing development including the variety
and precision of products are increasingly enhanced. The FDM (Fused Deposition Molding) technology is widely
developed with the advantages of a wide variety of materials, easy to find, non-toxic, simple in structure, easy to
fabricate, to repair, and low in price. suitable for the market... Surveying the dynamics and dynamics of 3D
printers using FDM printing technology, we can see that the motion of the stitches is the translational motion and
the desired motion equation. obey the harmonic function, so the stages also move according to the harmonic
function. Investigating the reverse dynamics of the 3D printer is from the desired position through the kinetic
equation, we can calculate the force, the controlling torque on the stages. After the calculation and survey by
Matlab software, we have the result that the largest force impacting on stage X is 0.015 kN, stitch Y is 0.045 kN
and stitch Z is 8,831 kN. This force mainly depends on the acceleration and weight of the stitch so it will also

follow the cycle.

Keywords: dynamic models, FDM 3D printer, inverse dynamic, modeling.
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