HOI NGH| KHOA HOC VA CONG NGHE TOAN QUOC VE CO KHi LAN THU V - VCME 2018

Xay dung bai toan dong hoc, dong luc hoc
cho mo6 hinh may khac laser

Building kinematic and dynamic problems for laser engraving models

Hoang Ngoc Hai, Doan Nguyén Vi, Nguyén Truong Cong Thing,

Nguyén Quang Thanh’, Ngé Kiéu Nhi

PTN Co hoc Ung dung, Truwong Pai hoc Bach khoa TPHCM
*Email: nqthanh@hcmut.edu.vn

Tel: +84-8378637868; Mobile: 0973 184 199

Tom tit

Tur khoa:

May khéc laser, bong hoc, Dong
hoc nguoc, Bong luc hoc, Pdng
lyc hoc ngugc.

Hién nay hé thong diéu khién may khac, cat laser da va dang duoc tng
dung rong rai trong ché tac cac san pham trong cac linh vuc nong
nghi€p, cong nghiép va giao duc. V6i viée diéu khién bang may tinh,
may khic laser c6 thé cit kim 10a1 theo nhiing duong cong dé dang nhu
duong thang, thim chi 1a duc rdng bén trong khéi phoi, tia nhitng dudng
hoa vin chinh xac v6i van téc nhanh hon rat nhiéu so véi may CNC
théng thuong. Nghién ctru di vao tinh toan dong luc hoc may khic laser
va md phdéng qua trinh van hanh ciia may trong qua trinh hoat dong. Cac
két qua nghién ctru 13 tién d& cho qué trinh van hanh va diéu khién cac
loai may khiéc laser tu ché tao tai Viét Nam hién nay.

Abstract
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Currently the systems of laser cutting and engraving machines have
widely been applied in manipulating many products in agricultural,
industrial and educational fields. Under the control of computer systems,
laser engraving machines can cut metals following some curves easily like
the straight lines, not to mention the opaque in the drafts, trim patterns
accurately with faster speed than traditional CNC machines. This research
has been carried out to calculate dynamics for laser engraving machines
and emulate their operating process during working process. The findings
lay the foundation for the process of operating and controlling laser
engraving machines presently self-manufactured in Vietnam.
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1. GIOI THIEU

Hién nay, trén thé gidi da va dang phat trlen rat manh cac san pham vé hoc thuat va ché tao
may CNC va dang chuyén dong cua cac may gibng nhu may CNC trong d6 co may khic (cat)
laser. Vi€c sir dung cac may khac (cit) laser nang cao do chinh xac gia cong va hiéu qua kinh té,
ddng thoi cho phép rat ngin dwoc chu ky san xudt vi c6 thé chay & véan tdc cao. Hiéu qua trong
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qué trinh cit got hon hin so voi nhitng may phay, tién CNC hién nay. Do d6, hién nay nhiéu
nude da va dang ung dung rong rai vao linh vyce co khi ché tao, dic biét ché tao cac khuén miu
chinh xéc, cac chi tiét doi hoi d6 chinh xac va d6 phuc tap cao. Str dung may lasercho phép giam
kh01 luong gia cong chi tlet nang cao d¢ chinh xac gia cong va hiu qua kinh té, dong thoi rat
ngin dugc chu ky san xuit. Mic di cong nghé gia cong bang may khac laser du nhdp vao Viét
Nam cham hon nhiéu so véi thé gidi, nhung trong mét thoi gian ngin c6 thé noi cong nghé nay
d3 co chd dung tai Viét Nam va tin chéc trong nhiing ndm téi ddy cong nghé niy s& dugc ding
nhiéu trong cac xi nghlep, phén xuong, nha may, khu cong nghlep, khu cong ngh¢ cao. So sanh
gitra sy phat trién ciia vigc ap dung cong nghé khic laser vao gia cong trong nudc va ngoai nudc
thi & cac nudc phat trién tap trung vao gia coéng co khi chinh xac nhu banh rang xoan, canh
tuabin... trong khi nudc ta da sd tap trung nhidu vao linh vic mat hang thii cong diéu khic my
nghé [1-6]. Nhu di trinh bay ¢ trén, nganh cong nghiép gia cong co khi bang may khic laser
hién nay di va dang phat trién mot cach nhanh chéng, di kém véi d6 1a sy nghién ctru, tim hiéu
vé nguyén 1y hoat dong ctia may khic laser ciing dong vai trd dic biét quan trong. Cu thé 1a
chung ta di sau, nghlen clru qua trlnh dong luc hoc, hinh thanh co s& can ban vé kha nang hoat
dong, tir d6 cung cap dap ung vé tai trong, luc, moment.. . dé may khic laser c6 thé thyc hién
duogc nhing gi ta mong mudn. Nhu cau may khic laser cang nhiéu, ta cang phai nghién ciru vé
hoc thuat cua may, dé hiéu, co thé tu ché tao, cai tlen cac loai may phu hop véi thi truong Viét
Nam, han ché viéc nhap cac loai may khic laser dat tién trén thé gidi.

2. XAY DUNG BAI TOAN PONG HQC

2.1. Bai toan dong hoc thuin :
Bai toan dong hoc thuan nhim xac dinh van ' ‘JO_’
tdc, gia toc cla cac khau may dua trén toa do suy Lo
rong va cic ma tran chuyen d6i toa 6 ctia may oA ‘}LY : a
Ta c6, ma tran chuyen ddi toa do duoc xac ‘
dinh ttr phuong phap () cho 3 khau:

I 0 0 x 0 -1 0 O g
o 0T 00| |1 0 0 y|
T;: 5 2: 5
0 01 0 0 0 1 0
0 0 0 1 0 0 0 1 B
0 -1 0 «x
1 0 y
T, = (1) ‘ .y
0 1 0 Hinh 1. So d6 dong hoc may khac laser
0 0 1

Ma tran bién d61 van toc cac goc toa d gilra cac khau cia may:

000 17100 —x|] [0o0 01

o o 000 O[]|0T 0 O] <000 O

N="TxT =x x =X (2)
0000[]|001 0 0000
0000/[000 1 0000
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0 0 0O 0 1 0 -y 0 0 0O
. <10 0 0 1 -1 0 0 O <10 0 0 1
]V:]T lT—1: — 3
2= = 00 00 o1 o] Yoo oo )
0 0 0O 0 0 0 1 0 0 0O
Pé xac dinh gia tdc, ta can xac dinh dao ham cép hai cua cac ma tran chuyén ddi toa do:
0 0 0 1 0 0 00O
* d . 0 0 0 0|} d . =00 01
OT [ OT = 1T' = — 1T' = 4
= 0 0 o] T E 0 0 0 o @
0 0 0O 0 0 00O
Vay gia tdc tuong g cac khau cia may la:
(0 0 0 1] (x 1
0 o 0 0 0 0 O 0] =0
a, = Ax 1, =x X =X
! ! 0 0 0O 0 0
10 0 0 0] \1 0
[0 0 0 0] (0 0
-0 0 0 1 vy =1
1 :lA 1 — —
Q.= RX 10 =Yg o 0 o0 o0
10 0 0 0] \1 0
000 1] [0 0 0 0] (x 1 0) |[x
o 14 " "OOOO+"0001Xy "O+"1 y (5-6)
a = X 7, =< X =X = -
o 2 0000 ”[ooo0 oo oyo0
0 0 0 0] 0 0 0O 1 0 0 0
2.2. Bai toan dong hoc ngugc
Ta c6, mdi quan hé giita dau laser va ban may la:
X, X, 0 x+d
0
Yolospm | =tpH, | |=] %
z, A 0 -z
1 1 1 1

Gia str, dau laser chuyén dong theo cac truc nhu sau:
x,=0,4+0,09Cos(¢); y,=0,4+0,098in(t); z, =z

Trong hé toa do ciia may, dau laser chi chuyén dong theo hai phuong x, y. Tuy nhi€n, co
ba toa d6 suy rong can phai xac dinh trong ma trén truyén 1a x, y, z nén bai toan du chuyén dong.
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Pé co thé giai, ta dat mot toa do suy rong c6 phuong trinh chuyén dong cho trudc, dbi voi hé toa
dd nhu da chon, ta chon toa d§ suy rong z, 1a héng sb, tirc ban may chuyén dong déu.

. m
z, =t(mm); z, =1(mm/s); z, =0(mm/s*)

K&t qua the hién vi tri (toa d9), van toc, gia toc cua cac khau:

5 Do thi b!eu dien cac toa do s‘uy rong 5 Dothi ‘bleu dien van toc cac khau Dothi bleu dien gia foc cac khau
01
——x= 04 +0,08"cos{}10 {mm) | L ——Khau 1 (mm/s) ~ M T =5
0, —de= =0 4+0,00"sin(l)mm) Py 7t Khiu 2(mmis)) A e
# 2= {(mm) ot / b - Khiu 3(mmis) = Khéu 2(mmis )
N\ o \. p % & d g | )
2 % - N s K 3(mms”) |
-4 L €02
R g <
£ E @
£+ £ i
s FRL _S,
S8 = 2
[ 8 5
e ———— N ars——— z &
10 06
12
08
-14
16 -1 P ho 01
0 5 10 15 0 5 10 15 0 5 10 15
thoigian(s) Thoigian(s) Thoigian(s)
(a) (b) (©)

Hinh 2. D6 thi biéu dién vi tri, van toc gia tdc cac khau cua may

3. XAY DUNG BAI TOAN PONG LUC HQC

Bai toan dong luc hoc nham md phong chuyén dong ciia cac khau mdy khi blet cac
moment tao ra tir dong co (bai toan dong luc hoc thuan) hodc tinh toan cac moment can thiét
cung cip cho qua trinh diéu khién dé thyc hién chuyén dong mong mudn (bai toan dong luc
hoc thuan).

3.1. Bai toan dong luc hoc thuin
_ Dua trén phuong phap Newton Euler va phep dé quy, phuong phap nay dua trén hé lyc can
bang tac dong lén khau thir i. Céc luc tdc dong lén khau thir i 1a:

+ Lyc 'F, 1a lyc quén tinh do chuyén dong tinh tién c6 gia toc cua khoi lwong m; cua khau
thir i gdy nén. Lyc nay dat tai tim khdi luong C, cua khau. Moment ‘N, 1a moment quan tinh do
chuyén dong quay c6 gia téc clia khau thir i (c6 moment quan tinh 7,). Luc "' £, 1a lyc do khau
thir i+1 tc dong 1én khau thtr i tai khop i+1. Moment "'z, 1a moment do khau thir i+1 tac dong
1én khdu thwr i tai khp i+1. Luc 'f; 1a lyc do khau thir i-1 tdc dong 1én khau tht i tai khop i.
Moment ‘7, 14 moment do khdu thir i-1 tac dong 1én khau thir i tai khop i. Trong céc luc ndy thi ta

c6 thé xac dinh duogc cac luc quan tinh ', va moment quan tinh 'N,, con cac luc 'f,, "', va
moment ‘7, “'57.,, chua biét. Néu chi dua vao 2 phuong trinh cn bang lyc va moment thi khong
thé xac dinh dugc 4 4n sd nay. Tuy nhién, ddi véi khau thir n thi ta c6 thé xac dinh dugc lyc
"1 . va moment "'y vi d6 la cac thanh phan ngoai luc tic dong 1én khép n+1. Do do, dua
vao phuong trinh can bang lyc va moment ctia khau thir n ta c6 thé xac dinh duoc cac thanh phin

luc " f, va moment "7, tadc dong lén may. Tiép tuc v6i khau n-1, vi ta da biét Iuc /., va moment



HOI NGH| KHOA HOC VA CONG NGHE TOAN QUOC VE CO KHi LAN THU V - VCME 2018

"1, nén dya vao phuong trinh can bang lyc va md men ciia khau thir n-1 ta c6 thé xac dinh dugc
cac thanh phan luc "' f | va moment "'y , tac dong lén khép n-1. Qué trinh dwoc lip lai vai

khau n-2 cho dén khau 1. Qua trinh nay dwoc goi 1a qué trinh dé qui.
Xéc dinh cac ma tran chuyén doi toa do can thiét:

100 0 1 0
'R,=|0 1 0[;°R=|-1 0 0 ®)
00 1 0 0 1

Khung may ding yén, truc Z thang dung:
0 0

‘w,=0; ‘@,=0;",=(0 0 g)
0 0
Voi Oa)o ; Oa)o ; Ovo 1an lwot 1a vector van tbe gdc, gia tde gdc va vector gia tdc dai.
Khau 1:
Vector van toc goc: .., = *'R, "o, (Khép tinh tién)

i

='o='R,’0, = x0=0(rad / s)

[ R
S = O
- O O

0 0

Vector gia toc goc: "'w.,, = 'R, ‘o, (Khép tinh tién)

. 0 -1 0
=’w,="R'o,=|1 0 0|[x0=00ad/s”)
0 0 1

Vector gia toc dai:

0

. L . .u LIU ~ . LIU ~ . ~ . . ~ r
"y =’“R{lvl.+di A +2('w xd A)+ 'oxd.B + o x('ow xd A) | (khop tinh tien)
1 00 0 1 00 1
0 0 m R o
= v ="Ryx v+ RyxxxX=[0 1 0x|0[+/0 1 0[x|0|xx
0 0 1 g 0 0 1 0
m
0 1 X
m
=10 [+|0|xx=|0 [(mm]s)
g) \0 g

- x . . D s s g . Ao or
Vi d, : 1a gia toc dai cua khop thir i; 4., B, : 1a cac vector don vi chi phuong di chuyén cia

khau th i+1. Khi 6, Vector gia toc dai ctia tam khdi lwong;
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0 0
i+l 1+]

0
i+1 _ i+l i+1 1+1
Veary = O X Peaay T Oy (M@, % pC(Hl)) Vi

O L m T
= vc(l) W (x 0 gj (mm/s*)
Luc quan tinh tai tdm khéi luong:
O O m T
ME =m, My, ='F=m'v. =m (x 0 j (N)
it = My C(i+) 1 =My Veaqy =My g
Véi m,,, 1a khdi luong ctia khau i+1

Khau 2:
Vector van toc goc:

0 1 O
"o, =""R'e0, = 0,="R'o,=|-1 0 0|x0=0(rad/s)
0 0 1
Vector gia tc goc:
! ! . . 0 -1 0
"o, ="R'w, = ’0,="R'o,=|1 0 0|x0=0(rad/s”)
0 0 1

Vector gia toc dai:

i+1

. u . .u LIU ~ . LIU ~ .u ~ . . ~
*ly :I”R{lvpL d A+2(wxd 4)+'0xdB +'ox(o, xdl.Al.)}

m
0 1 0 X 0 1 0 0
0 m R 0
:>2v2=2R]><1v1+2R1><y><Y: -1 0 0x[|O0(+|-1 0 O|x|1|xy
0 0 1 g 0 0 1 0

[

0 1 y
M1 M M
=|-x[+yx|0|=|—x
g 0 g

Vector gia toc dai ciia tim khéi lugng:

0

i+ 1+1 1+1 1+1
VC(1+1) 1+1>< pC(Hl) @, X ("o, x pC(1+1)) + +

= vc(z) —-X (mm/s)

©)
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Luc quan tinh tai tdm khéi luong:

m m
y m, y
0 a m m
i+l i+1 2 2
il =My Ve = Fy=my Ve =my| —x |=| —myx (N) (10)
g mg

Tinh lye va moment tai cac khép tir khép n dén khép 1:
Luyc tac dong tai dau laser: * f+ =0; moment tadc dong tai dau laser: 4774 =0;Luyc tac dong
1én khép 2:

m m
y (my+m,)y

: . o m m

l/fi:lF;+lRi+1l+1fi+1:> 2fzzzez(mz"'mn —x |=| =(my+my)x |(N) (11)
g (my +m,)g

m m r . L

Véi *°F, = (m, +m4)( Yy —x gj do khép 2 va dau laser gan lién voi nhau.

Luec tai khép 2:

7. ="' £ 4 (Khop tinh tién)

2>1'2=2/’2T);=((m2+m4); —(m2+m4)§cu (m2+m4)gj><(0 1 0)=—(m2+m4)§cn (N)

Luyc tac dong 1én khop 1:

M
M
max| (0 -1 oy | ()Y

iJ’i:iF;+iRi+1i+1fi+1:>lfllel"'lezfzz 0 |+ 1 0 0]x|—(my+m)x
mg 0 0 1 (my, +m,)g

M M
ml; (m,+m,)x (m +m,+m,)x

m m
= 0 |+|(my+m)y|=| (my+my)y [(N) (12)
mg (my+m,)g (m +m,+m,)g

Luec tai khép 1:
1

. A ~ M M
T, = ’ﬁTAi =71 = 1flTX=((ml+m2 +my)x (my+my)y (m +m, +m4)g)>< 0
0

= (m +my +m)x (N)
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3.2. Bai toan dong luc hoc nguge

Co s 1y thuyét: Str dung phuong phap Lagrange cho h¢ hai béac ty do. Phuong phap
Lagrange str dung dong nang (K) va thé nang (V) cua ca h¢ thong may

Xét hé may 2 bac tw do trong mat phang Oxy co:

Xét m,, m,: lan luot 1a khéi lugng cua khau 1 va khau 2; x, y: lan luot 1a cac toa do
suy rong tuong ung voi tung khau.

Dong nang cua tung khdu:

Khau 1 chuyén dong tinh tién, x 1a toa do suy rong; Khau 2 chuyén dong tinh tién, y
1a toa d6 suy rong, chuyén dong cua khau 2 dugc tong hop bai chuyén dong khau 1 va
chinh né, khi d6 dong nang cta khau 1 va 2 duoc thé hién nhu (13):

1 | PR
KI:Emlx ;Kzzamz(x+y) (13)

Pau laser chuyén dong giong nhu chuyén dong ciia khau 2 nén dong ning ciia né la:
1 0 0 s
Ky=2m(+y) (14)
Tong dong nang clia hé:
0o 0 0o 0

121 2, 1 2
K=K +K,+K,=— +— +¥) +— +
Z 1 2 Thy 2m1x 2mz(x ») 2m4(x ») (15)

1 0 0o 0 0
=5{(m1 +m, er4)x2+2><(m2 +m,) X xx y+(m, +m4)y2}
Thé nang ciia tieng khau:

Thé nang ctia khau 1;2; 41a ¥, =¥, =7, =0. Do d6, thé ning cta co h&: > ¥ =0
Co hé c6 hai bac tu do, phuong trinh Lagrange khi nay c6 dang:

d 815 8K+8V 0. d 8K 8K+8V 0, (16)
dt ox) Ox Ox dt 8y oy Oy

1 L 0o
Viét lai biéu thirc dong ning & dang: K ——(a11 x’+2a, x y+a, y %) (16”)

Theo biéu thirc ¢ trén ta co: a,, —m1 +m2 +m,; a,=m, +m4, a,, =m, +m,

7 9 7 oo
Viét lai biéu thtrc thé nang: V = (b11 x*+2b, x y+b,, y %)
Theo (16), ta co: b, =b, —b22 =0
Tinh cac dao ham, ta co:
oK . oK o ¢ d{aK} vow gy

—=0; —=a,, x+a,y; —| — |=a,x+a,y; —=0 (17)
ax ] 11 12 dt 0 11 12 8)(:
o0x o0x
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oK oK U U dl oK m 0
8_20; T =4y ytapXx; —
Y oy

o

T |Tadpyta,x,
oy

Chuyén thanh dang ma tran:

{ } x {QYHWWW) (m, +m,)
ap 4y ;E} 0,

e o) y o]

Str dung cac dao ham cép 2 cuia cac toa do suy rong dugc xac dinh nhu sau
m m
x=-0,09Cos(t) ; y =—0,09Sin(¢)

Thay vao phuong trinh ta dugc:

0, =-0,09(m, +m, +m, ) Cos(t)—0,09(m, +m, ) Sin(t)
0, =-0,09 (m, +m,) Cos(t)—(m, +m,)Sin(t)

Bang 1. Thong s6 khéi luong ciia cac khau va dau laser
Khau 1 3 kg
Khéu 2 1 kg
Dau laser 0,1 kg
DO thi biéu dién luc trén khau 1 va khau 2:
Do thi bieu dien luc tren khau 1
0.4 QA\.\ ﬂ’ﬁ% Do thi bieu dien luc tren khau 2
£3 £% i | |
03f &b i i 1
¥ 3 i |} il _
02t 4 e A 3 il ¥ v
. b s & A v v ¥
04r - B A L ™ 05 5} v ¥ ¥
. n‘l ] ] 4 A ; v v
3 T 4 § i ’ y v g Y
g i - = : Y )
T 0 & & - i &1 Z y { v ¥
3 - i 4 & : g o ¥ Y ¥
4 5 / i i 39 ¢ % | {g
QP & ; i 4 i ¥ v v ¥
i p A A : a5t ¥y v Y v i
4 A - ] 4 ki v ¥ vy
a2 | - by Y 7 - v g
A @\ ’ & ih § J w 3
Q31 4 A ’f‘ J'i A i w W_
it A, 2 A
oy "!‘ )
s A
04 -15 ; :
0 5 10 15 0 5 10
Thoigian(s)

Nhan xét: Qua cic ma tran tinh toan dugc. Luc chu yéu phu thudc vao gia toc nén cling sé

15
Thoigian(s)
Hinh 3. Do thi biéu dién luc trén khau 1 va khau 2

thay d6i theo chu ki ciia gia toc, khau 1 co khéi lwong va gia toc 16n nén Iyc 16n.

(17°)

(18)
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4. KET LUAN

Dua trén nhitng két qua nghién clru va tinh toan thiét ké dong hoc, dong luc hoc may khic
laser, ta co thé ap dung vao mdt sd cac nganh san xuét cong nghiép cia nudce ta. Nghién ctru da
giai quyét cac van de dong hoc, xay dung cac ma tran thé hién mdi lién hé giita miii khic va phoi
nhu toa do, van tbc, gia tdc. Huong phat trién tiép tuc ctia dé tai s& ap cac ma tran truyen ap
dung cac kién thirc dugc hoc dé giai bai toan dong luc hoc nguoc, tim lyc, moment can thiét
cung cip cho chuyén dong cia cac khau.
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