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May khic laser khong chi quan trong trong nganh co khi ma con trong
nhiéu nganh khac nhu: may mic, gidy dép, vé mach dién tur... va ddc
biét dugc ing dung trong nganh thi cong my nghé. Véi wu diém cia
méy khic di va dang nang cao kha ning ty dong hoa cia doanh nghiép
tai Viét Nam nhu: nguoi van hanh it, it phai can thi€p vao hoat dong cia
may. Nhiéu méay khic laser co thé ty dong chay lién tuc cho toi khi két
thuc va nhu vay giai phong nhan luc cho cong viéc khac va it xdy ra
héng héc do 16i van hanh, thoi gian gia cong dugc du bao chinh xac,
ngudi van hanh khong doi hoi phai c6 ky nang thao tac (chén tay) cao
nhu diéu khién may cong cu truyén thong Trong nghién ctru ndy, nhom
tac gia thuc hién viéc nghién curu, thiét ké, ché tao may khic laser trong
diéu kién phat trién tai Viét Nam. Cac Két qua nghién ciru cho thdy kha
ning chu dong trong ché tao va dap timg yéu cau trong didu khién.

Abstract

Keywords:
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The laser engraving machine is not only important in mechanical
engineering but also many other industries as: garment, footwear,
electronics, and especially in handicrafts. Any laser engraving machine
will also improve the level of automation of the business: little operator.
Many laser engraving machine can automatically run continuously until
the end and freeing manpower for other work, it is less error-prone to
operate, processing time is predicted accurately, the operator does not
require manipulation skills (hand-foot) high as machine control
traditional tools. In this study, the authors conducted research, design
and manufacture of laser engraving machines under conditions of
development in Vietnam. The research results show that the ability to be
proactive in fabrication and meet the requirements in control .

Ngay nhan bai: 12/7/2018
Ngay nhan bai sua: 10/9/2018
Ngay chap nhan dang: 15/9/2018

1. GIOI THIEU

Tir khi dugc phat trién cudi thap nién 1940 dau thap nién 1950, su xuat hién ctia may CNC
(Computerized Numeric Control) 1a mot trong nhitng thanh tyu khoa hoc, k¥ thuat ciia nhan loai,
nhanh chong thay doi viéc san xuat cong nghiép. May CNC da gop phan giai quyét nhiém vu cap
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bach hién nay la ty dong hod qué trinh san xuit, tao nén sy phat trién dang ké vé& chinh xac va
chat luong. Tuy nhién, & Vi¢t Nam, vi¢c nghién cuu, ché tao va ung dung CNC vao san xudt gap
rat nhiéu han ché. Pa phian miy CNC hién nay chi duoc dau tu & cac doanh nghiép chuyén vé
gia cong, ché tao khudn miu véi quy mé san xuét 16n. Tuy nhién, hdu hét cac xuong gia cong
nho, phong thi nghiém tai trudng Pai hoc, Cao Dang k¥ thuat it dugc sir dung may CNC dac biét
cac may CNC nhiéu truc véi cong ngh¢ hién dai. Pé khic phuc nhiing kho khan hién tai, nhiéu
don vi doanh nghiép va mot s6 truong dai hoc, cao dang da va dang c¢b ging tu chii dong ché tao
méay CNC dé dap (g nhu cau ctia xa hoi.

My khic laser ty dong 1a mot dang khac ciia may CNC. N6 phu hop véi dinh hudng
nghién ctru chung cua xa hoi vi nd phuc vu theo dung nhu cu cudc sdng. Do d6, hudng nghién
ctru nay khong nhiing giup chu dong tim toi, nghién ctru, dan dan lam chu kién thuc hnh Ve nay
trong tuwong lai. Khai niém vé laser con twong doi méi mé & Viét Nam, véi "LASER" viét tit cua
"Light Amplification by Stimulated Emission of Radiation", laser 1a sy khuéch dai 4nh sang
bﬁng phat xa kich thich. Burc xa laser dugc tao ra tir mot bo nguén laser. Hién nay hai loai laser
ngudn thong dung 1a laser tinh thé ban dan va laser khi. Ngudn laser c6 thé dugc kich hoat bang
anh sang (dén chdp hodc diot) hodc dién thé. Tinh thé laser hodc khi dugc dit giita hai guong
cho phep cong huong va dinh huéng chum tia laser. Mot ti 1€ xac dinh cua chum tia laser dwoc
truyén qua guong phan xa ban toan phan va no c6 thé dung dé g1a cong vat liéu. Ngoal ra, laser
con co rat nhidu tmg dung khac nhu trong cong ngh¢ quan sy, vién thong, do luong, y té [13-17].

Bai bao trinh bay vé viéc tinh toan, thiét ké cac bd phan cia may dua trén 1y thuyét dong
thoi tién hanh mo phong bén cho két ciu bao gém cac chi tiéu vé do chinh xéac, do bén, tinh cong
nghé. Két qua tir nghién ctru cho thiy kha niang tu ché tao, chu dong ché tao may khéc laser tai
Viét Nam.

2.CO SO LY THUYET/PHUONG PHAP NGHIEN CUU

2.1. Tinh toan cong suit dong co [1-6]

Dong co chap hanh cho chuyén dong cua Laser theo hai phuong X,Y; dong co chay theo 2
phuong X, Y thudng co cing cong sudt. Trong trudng hop nay, luc cit bang 0 do dau laser
khong giy ra luc cit, chi chuyén dong tinh tién. Trong lugng cac b phan di dong gdm: két cau
cua cac cumtruc X va'yY.

Hinh 1. Co céu chuyén dong cua truc X, Y
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Téng khoi lugng cua dai va tai my, =3 (kg); m; =1 (kg)
Téc @6 di chuyén V =50 (mm/s)
Chiéu dai dich chuyén cta con trugt 1, = 600(mm); 1, = 400(mm)
Ngoai lyc tac dung Fa
Goc nghiéng cua truc so véi phuong ngang 0=0°
Buong kinh pulley =12 (mm)
Khdi luong mdi Pulley m,=0,01 (kg)
Hiéu suét day dai va pulley n=0,9
Tan s6 nguon cép f=60Hz
H¢ s6 an toan S¢=2
Do phan giai mong mubn Al =200 (mm/budc)
Thoi gian diéu chinh t,=2,4(s)

Ta c6 thong s6 dau vao nhu sau:

, . AL a an 3607  360° 0
Goc bude can thiét cia dong co: 6, = = =1,
Al 200
Tong so budc quay A trong hanh trinh hoat dong:
[ 360° 600 360° n!
A =—. = 10000— (budce)

N

" D, 6 2 1,8 ri(n—r)!

l o o
4, =—. 360 = 400 X 360 =6666,667 (budc)
D, 6 12 18

N

Thoi gian tang toc (giam tbe) : ¢, =¢,.0,25=2,4.0,25=0,6(s)
Tan s6 hoat dong £, :

A, - fit, 10000-0.0,2

= = =5,6(kHz) ;
S t,—t, 2,4-0,6 (iHt2)
A - fit, 6666,667—0.0,2
y 11 s s
= = =3,7(k Hz
Jay -t 2,4-0,6 (ke Hz)

Van tdc hoat dong N,,

L8
60 5, .
sz 1360
1 8
f‘2y 3 ‘

Luc gay ra khi tai chuyén dong:
F =F,+myg.(sin@+ ucosf)=0+3.9,8.(sin0+cos0.0,3) =8§,82(N)
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F,=F,+m;g.(sinf+ ucos)=0+1.9,8.(sin0+cos0.0,3) = 2,94(N)

Moment tai:

F..D, 8,82.12.10’3

T, =
2n

2.0,9

=0,0588(Nm); T,

Moment quan tinh cua day dai va tai:

12. 10*3

Sy = my( P) =3

12. 10*3

JMI} ( )

Moment quan tinh cua pulley: J,,,

=1(

Tdng moment quan tinh:

J, o =J,,. +2J,,=10810"+2.1,8.107 =1,0836.10"* (kg.m")
Lx Mlx M?2

Y =1,08.10" (kgn');

Y =3,6.10" (kgnr’)

1

_F.Dp _2,9412.107

2 2.0,9

Iy =Jyy 4204, =3.6x107 +2x1.8x107 =3.636x107 (kg.m®)

Moment gia toc:

70, fo. =S 4
T =(J +J,)—=2L=(J +1,08.10™).
ax ( 0 Lr)lgo t ( 0 )

T, =(J,+J, )=

=(J, +3,636.107).

1

78, oy —h
180 ¢
7.1,8 3703 704

180

9

n.1,8 5555,556

180 0,6

=193,92J,+7,051.107 (Nm)

Trong d6: J,: Moment quéan tinh cta rotor (kg.m’)

Moment hoat dong can thiét:

T, =(T,+T)S,;

= 0,0196(Nm)

= ngDﬁ = %.0,01.(12. 10°) =1,8.107 (kg.m?)

=290,89., +0,0314(Nm)

T, =(T,, +T,.)S, = (0,0588+290,89.J, +0,314).2 = 0,1804 + 581,78, (Nm)

T,

My = (T Ly

Bang 2. Chon dong co c6 thong s6 ki thuat

+T,)S, =(0,0196+193,92J, +7,051.107).2 = 0,0533+387,84J, (Nm)

bong co budc Nema 17

Dbac tinh k¥ thuat chung Dbic tinh k¥ thuat dién

Goc bude 1,8° Dién 4p dinh muac 3,75V

Sb pha 2 Dong dién dinh muc 2A

bién tro cach nhiét 100 MQmin (500V DC) Dién tré mdi pha 3,3 Q+10%
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Loai cach dién B Cam khiang mdi pha 5 mH%10%
Quan tinh cua rotor 57gx cm? Moment kéo 480 mNxm
Khdi lugng 0,28 kg Moment ham 15 mNxm

Véi J, =57.10" khi &6, moment yéu ciu theo thong s cua dong co:

T,, =0,0533+387,84J, =0,0533 + 387,84.57.107 =0,055(Nm) < 0,48( Nn1)
Véi J, =57.10" khi d6, moment yéu ciu theo thong sd cua dong co:

T, =0,1804+581,78J, =0,1804+581,78.57.10"" = 0,184(Nm) < 0, 48( Nm)
= Két luan: bong co thoa yéu cau truc X,Y.

2.2. Pong co chip hanh cho chuyén dong ciia may theo phwong Z

Ta c6 thong s dau vao nhu bang 3.

Bing 3. Thong s6 ddu vao cia may theo phuong Z

Téng khéi luong cua ban va tai m, =10 (kg)
Tbc 46 di chuyén V =20 (mm/s)
Ngoai luc tac dung F,
Goc nghiéng cia tryc so voi phuong ngang 0 =90°
Téng chiéu dai vitme L, =400 (mm)
DBuong kinh vitme D, =8 (mm)
Khoang dich chuyén khi vitme quay 1 vong p, =8 (mm)
Hiéu suét n=0,9
Do phén giai mong mubn A =200 (mm/budc)
Khéi luong riéng cua vitme p=7,9.10° (kg / m’)
Hé s6 ma sét giita bé mit vitme va con truot 1=0,3
Hé sb an toan Sf =2
Thoi gian diéu chinh t,=0,8
Hé¢ 56 ma sat trén ren u,=0,2

Trong truong hop nay, luc cit bang 0 do ban may chi chuyén dong tinh tién. Trong luong
cac bd phan di dong gom: khdi lugng vat va khoi lugng cum ban may.
360" _360° _ 18’
] ) Al 200
Tong s6 budc quay A trong hanh trinh hoat dong:
A L 360° _ 400 360°
D, 0 8 1,8

N

Goc budc can thiét cua dong co: 6, =

= 10000 (budc)
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Lyc doc truc: F =F, +mg.(sin@+ ucos @) =0+10.9,8.(sin 90 + c0s 90.0,3) = 98(N)
Lyc gay ra trén truc vitme: F, = g = ? =32,667(N)

Thoi gian tang tc (giam toc): ¢, = t,.0,25=0,8.0,25=0,2(s)

A- fit, 10000-0.0,2

Téan s6 xung hoat dong: f, = =16666,667(Hz)

t{, ~t,  0,8-0,2
Van tc hoat dong: N, = f, YO 60 = 8.
FD, F.D, 8.10° 0,2.49.8.10°
Moment tai: 7, = ( ”0 )1 288107 02898107, 1 47(Nm)
2777z i 27.0,9 2
8.107

Moment quan tinh cua ban va tai: J, = m.(%)2 =10.(—— - Y =1,62.107 (kg.m?)
V4
Moment quén tinh cta vitme:

J, = —,oLD4 = 7,9.10°.400. 10°.(8.107)* =1,27.10" (kg.m*)
32 32
Tong moment quan tinh: J, =J, +J, =1,62.107 +1,27.10° =1,747.107 (kg.m")
Moment gia toc:
7.1,8 16666,667

=(J, + J)ﬁe Lok =(J, +1,747.107). =2617,99J, +0,0457(Nm)
180 ¢ 180 ° 0,2

Trong d6: J,: Moment quan tinh cta rotor (kg.m”)

Moment hoat dong can thiét:

T, =(T, +T,)S, = (0,147+2617,99J, +0,0457).2 = 0,3854 + 5235,98J, (Nm)

Bang 4. Chon dong co c6 thong s6 ky thuat

Pong co budce 17

bic tinh k¥ thuat chung bic tinh ky thuat dién

Goéc bude 1,8° Dién ap dinh mirc 72V

SO pha 2 Dong dién dinh muc 1.2A

bién trd cach nhiét 100 M Qmin (500V DC) Dién trg mdi pha 6 Q+10%
Loai cach dién B Cam khiang mdi pha 7 mH £20 %
Quan tinh cta rotor 82 gxcm’ Moment kéo 650 mNxm
Khdi lugng 0,5 kg Moment ham 92 mNxm

Véi J, =82.107" khi d6, moment yéu ciu theo thong s cua dong co:

T, =0,3854+5235,98J =0,3854+5235,98.82.10" = 0,43(Nm) < 0,65(Nm)

= Két luan: Pam bao yéu cau vé moment kéo ciia dong co treo phuong Z.
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3. KET QUA VA THAO LUAN
3.1. Thiét ké mé hinh trén phan mém 3D [7-12]

Thiét ké khung may theo kich thudc udc lwong 830 x 580 x 550 (mm). Thyc hién khao sat
thuc té va do dacrcéc linh kién, yét liéu gia cong c6 san trén thi tru(‘mg dé tur do thiét ké mo hinh
may c6 ban v€ giong nhu thuc té€. M6 hinh nhu Hinh 2 va céc hinh chiéu nhu Hinh 3.

127 |
B o

(b) (©)

Hinh 3. Cic hinh chiéu ciia may

3.2. Két qua kiém tra bén cho cac khau

Trong diéu kién tinh, luc tac dung 1én truc Y nhu sau bao gém: Moment ctia dong co va
Trong lyc P cua truc Y.
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Hinh 4. Diéu kién bién va luc cho truc

von Mises [NfmA2)
233164007
2137e+007

| 1.843e+007

_ 1.148e+007

- 1.55de+007

_ 1.360e+007

| 1.186e+007

L 97134006

| 777064006

| 5828e+006
3.865e+006

I 1.943e+006
6856e+001

Hinh 6. Truong tng suét trén truc Y

URES (mm)
24T1e+001
2.27de+001

| 2088e+001
. 1861e+001
- 1.65de+001
| 147e+001
- 124e+001
- 1.03de+001
L B.271e+000

. 6200e+000

2135e+000
206e+000
10008030

Hinh 8. Truong chuyén vi ctia khau 2

3.3. Két qua kiém tra bén cho khung may

wan Mises (M/m*2)

L 1.943e+007

- L748e+007

- 155424007

L 1360e+007

L 1i66er007

L 9.713e+008

L 7.7T0e+008
L 5.626e+008

Hinh 5. Chia ludi cho khau 2

2.351e+007

21437ex 007

3.885e+ 006
1943e+006

8,856+ 001

Hinh 7. Vi tri tap trung img sut
ESTRN

Hinh 9. Truong bién dang cta khau 2

Bang 5. Thong s6 k¥ thuat ciia khung méay

2.375e-001
2177e-001
1.979-001

1.781e-001

. 1583001
13856001
| 1187001
| 9855002
L 7.916e-002

L 5.937e-002

3.958e-002
1878002

7434010

Thoéng sb vat liéu

Aluminum Alloy (Hop kim nhom)

Module dan hoi E ( MPa)

7,1.10"°Pa

Khdi lugng riéng p (kg/m’)

2770 kg/m’
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Hé s0 Poisson v

0,33

Yield Stress

2,8.10% Pa

Ludi c6 thé chia thanh 3 dang: luéi tetra, ludi mix (2 loai tetra va quad), luéi map (toan bo
la quad - tor giac). M6 hinh chia Iu¢i may in laser 3D st dung tinh ndng chia ludi ty dong cia
phan mém Ansys Workbench van thda céc ti€u chuan sau:

Bang 6. Tiéu chuan chia lu6i Ansys

Skewness 45°

Jacopian 0.7
Aspect Ratio 3.0
Min Length 5

Hinh 10. Thong sé chia luéi

Lwé6i quad

Pidu kién bién cho md hinh: O trang thai tinh, khung nhém chiu tic dung cia trong
luong toan b cac khau va trong lugng ctia ban than.

Hinh 11.Diéu kién bién cho mé hinh

Hinh 12.Két qua g suét

Hinh 13. Két qua chuyén vi tinh

Nhan xét: Ung suat 16n nhit 1a 8,81.10° (Pa) chua dat toi Gng suét chay déo (2,8.10%)

(Pa), khung thoa bén.
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3.4. M6 hinh thue té va san phim

Y

Hinh 15. Hinh dnh mét s6 san pham

4. KET LUAN

Két qua nghién ctru, thiét ké, ché tao dd lip rap hoan chinh phin co khi va phan dién cho
may laser theo m6 hinh di thiét ké. Tinh toan, mé phong bén cho khung va cic cum ciia may
dong thoi tng dung dugc cac phin mém CAD-CAM dé thiét ké va xuit file G-code. Trong
nhitng nghién ciru tiép theo nhém nghién ctru s& xay dung duge mo hinh tinh toan hoan chinh vé
tan s6 dao dong riéng cua khung, cac cum may, dau laser.
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