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TOM TAT

Cong nghé gia cong s dung laser quang soi cong sudt cao hién dang dwoc dp dung rong
rdi, phé bién trong nhiéu nganh gia cong co khi nhw cat han, phun phi, khdc, lam sach, ... Tuy
nhién, sau mot thoi gian sir dung, cdc thiét bi tich hop nguon laser cong sudt cao bi gidm hiéu Suci't,
chat lwong. Mot trong nhitng nguyén nhén dan dén hién trang nay la théng sé nguén da bi suy gidm
dan dén viéc hiéu suat, chat lwong lam viéc cua thiét bi khong dat nhw ban dau. Vi thé, viéc kiém
tra déanh gid lai thong s6 ciia nguon laser sau mot thoi gian sie dung dé hiéu chinh lai cdc théng sé
may la mot nhu cau thiét yéu trong qud trinh sir dung. Bai bdo trinh bay mét hé thong do kiém cdc
théng sé chinh ciia nguon laser dieoc nhém tac gia nghién ciru, xdy dung. Poi twong dwoc sir dung
dé do kiém la nguon laser cia hing IPG véi cong sudt 1000 W, Cdc két qua do kiém, so sanh, ddanh
gid dwoc trinh bdy cu thé trong nghién civu ndy.

Tw khéa: Laser cong sudt cao; Po kiém laser; Thiét bi do kiém thong s6 laser:
ABSTRACT

Processing technology using high-power fiber lasers is currently widely applied and popular
in many mechanical processing industries such as cutting, welding, coating, engraving, cleaning,
etc. However, over some time, using devices with integrated high-power laser sources has reduced
performance and quality. One of the reasons for this situation is that the source parameters have
been reduced, leading to reduced performance and quality, the device's performance is not as good
as it was before. Therefore, re-checking and re-evaluating the parameters of the laser source after
a period of use to recalibrate the machine parameters is an essential need during use. This article
presents a system for measuring and testing the main parameters of laser sources, researched and
developed by the authors. In this research, the object used for measurement is a laser source from
IPG with a capacity of 1000 W. The results of testing, comparison, and evaluation are presented
specifically in this research.
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1. MO PAU

Laser c¢6 nhiéu ung dung quan trong
trén nhiéu linh vuc khoa hoc va céng nghé nhu
trong hoa hoc, vat 1y, k¥ thuat, khoa hoc vat
liéu, y hoc, thong tin lugng tur, quang dién tu,
sinh hoc va khoa hoc méi truong [1-3]. V&i cac
dic tinh vu viét nhu chat lugng chum tia tdt, do
n dinh cao, gia thanh thép, nho gon..., laser soi
quang da dugc Gmg dung nhiéu trong céng nghé
gia cong vat liéu nhu cit, han, khic, lam sach...
[4-8]. Nguon laser soi quang cong suit cao >
1 kW véi cac ché do hoat dong lién tuc (CW)
hodc ché d6 diéu bién xung (Modulated) dugc
ung dung rong rai tmg dung cho nganh cong
nghiép gia cong vat liéu kim loai. V&i cac tinh
nang vuot tri so voi cac loai laser khac nhu
Laser CO,, Laspr Y‘AG thi l}ién nay laser quang
so1 dang dan dau vé thi phan ngudn laser cong
sudt cao trén thé gidi theo cac nghién ciru cua
Future Market Insight (FMI) [9]. Hién nay ¢
Viét Nam, cong nghé gia cong vat liéu cét, han,
khic, lam sach bang laser dang duoc ing dung
rong rdi trong hau hét cic nganh cong nghiép
ché tao. Tuy nhién, sau mot thoi gian sir dung,
cac ngudn laser cong déu co xu hudng bi giam
ning lugng nhung van chua c6 phuong phap
do kiém, danh gia chinh xac mirc do ton that
ctia ngudn laser dé qua d6 ngudi sir dung c6
thé bu lai biang nhitng co cau khac cua may nhu
phan co khi, phan dién, phan diéu khién. Vi
vay, nghién ctru nay la mot phuong phap méi
dé qua do co thé xac dinh chinh xac ton hao cia
nguon laser theo thoi gian, 1am tién dé cho viéc
can chinh, thay doi cac thong s6 may phu hop
dé nang cao hiéu suét, chat luong cta thiét bi
trong qua trinh st dung.

2. VAT LIEU VA PHUONG PHAP

Trong nghién ciru nay, ddi tuong su
dung dé danh gia 1a ngudn laser cua hang IPG

v6i cong suit dau ra 1000 W. Bang 1 mo ta cac
thong sb ctia ngudn laser IPG-YLS 1000CUT.

Bdng 1. Théong s6 nguon Laser IPG — YLS

1000CcUT

Tén thong so B(g:) V! M6 ti chinh

Budc song nm 1070+ 5
£ i A CW/
Che d6 hoat dong Modulated
Tén s6 Hz 200 — 5000
Cong suét dau ra ti da W 1000
Dai diéu chinh cong sudt | % 10— 100
Do 6n dinh cong sudt % +2
Puodng kinh 161 um 50
Chét luong chim tia | 0% <4
mrad

N e & 400 V/3 Pha +
Nguodn dién cap VAC 10%, 50/60 Hz
Phuong thirc 1am mat Nudc
Nhiét ¢ 1am viéc °C 20-50
D06 am khong khi % 40 - 90
Kich thuéc (DxRxC) | mm 10045);6804 x

Céc thong sb chinh ctia nguon laser s&
dugc do kiém bao gém cong sudt nguodn, tan
s6 hoat dong, do rong xung, chat lugng chum
tia. Hé thong do kiém duoc tinh toan, thiét ké,
xdy dung 14 sy tich hop ctia cac thiét bi chuyén
dung nhu thiét bi do cong suit, thiét bi do tan
sé, thiét bi do xung nham do kiém chinh xéc céac
thong s dic trung cua cac ngudn laser duoc sir
dung dé nghién ctru. Hinh 2 mé ta so d6 cau
hinh thiét bi cta hé thdng do kiém ngudn laser.
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Hinh 1. So' do khéi hé thong do kiém cdc thong so
cua nguon laser.

Pé do kiém thong sd cua nguodn laser,
nhom nghién ctru da str dung thiét bi do chét
luong chum tia cta hang Primes c6 ma hi¢u
FM+ voi cong suat do kiém cho phép 1én toi
25000 W va phu hop v&i nhiéu budc song
trong d6 c6 budc song cua fiber tor 850 nm
dén 1080 nm. Tiép theo, dé kiém tra cong suit
ngudn laser phat ra, nhom nghién ctru sir dung
hé thng thiét bi do cia Ophir véi ma hi¢u PD
11kW va NoVa II véi dai do cong suét 1én toi
11000 W va dai budc song co thé dung cho
nhiéu loai laser trong dé c6 fiber voi budc
song ~ 1100 nm. Ngoai ra, dé kiém tra chinh
xéc tan s6 hoat dong va cac ché do hoat dong
ctia ngudn laser, nhém nghién ctru str dung hé
théng High Speed PD két hop véi thiét bi hién
song (Oscilloscope) dé thu va phan tich tin hiéu

xung phét ra ciia ngudn laser. Hinh 2 mo ta thiét
ke 3D va thiét bi ché tao thuce t€ ctia hé thong do
kiém.

(@) ) ()
Hinh 2. H¢ thong do kiém: (a) Thiet ké 3D, (b) Hé
) théng do sau khi ché tao
3. KET QUA VA THAO LUAN

3.1. Do kiém cong suat laser va d¢ on dinh
cong suat

Nguén laser véi 16i ra HLC-8 sau khi
di ra khoi ngudn laser véi chum tia phan ky
duoc dan hudéng vao hé thiu kinh chuan truc
tao ra chiim tia song song, tiép d6 s& dugc dan
hudng vao thiu kinh hoi tu dé cho ra chum tia
hoi tu va di vao thiét bi do cong sudt bén trong
hé théng.

Bdng 2. Céng sudt nguon laser IPG do khi do bang hé thong

Cong suét dit vao (W) 100 | 150 | 200 | 300 | 400 | 500 | 600
Cong suét do (W) 98 | 149 | 205 | 310 | 415 | 520 | 625
Cong suét dat vao (W) 700 | 800 | 850 | 900 | 950 | 1000
Cong suét do (W) 730 | 830 | 880 | 935 | 980 | 1100

Cong suat dau ra ctia ngudn laser dugc
do lai v&i hé thong do ctia nhom nghién ciu.
Bang 2 thé hién cac gia tri do thuc té, Hinh 3
mo ta d6 thi so sanh cong suat dau vao va cong
suat dau ra khi do bang hé thong thuc té.
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Véi két qua do duoc tir hé théng cho
thay, cong suat dat vao va cong suat do thyc té
gan nhu tuong dwong va gidng voi két qua ma
nha san xut da cong bd véi sai s6 trung binh 1a

3,36%, sai s6 16n nhét 1a 10%.
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PO CONG SUAT

Cong suat do

Cong smal 44t vio

Hinh 3. Do thi so sanh céng sudt ddt vao va cong
sudt do thuc té (W)

bé xéc dinh duge do 6n dinh cta nguén
laser trong luc hoat dong, nhom nghién cuu
da st dung b thiét bi do va hién thi cong suat
ngudn laser va do lién tuc trong vong 8 gio véi
tan s6 lay mau 1a 0,5 gio. Bang 3 thé hién gia
tri cong suat laser thuc té trong 8 gio hoat dong
lién tuc, hinh 4 1a d6 thi thé hién d¢ 6n dinh
cong suat ngudn laser trong vong 8 gio hoat
dong lién tuc (Cong suit P =415 W, tan sb f=
5000 Hz, Duty = 100%).

Bdng 3. Gid tri cong sudt laser hoat dong lién tuc trong vong 8 gio

Timer, h 1 1,5 2 2,5 3 3,5 4 4,5
Power, W 416 415 415 415 415 415 416 415
Timer, h 5 5,5 6 6,5 7 7,5 8
Power, W 415 416 416 415 415 415 415

Power Stability at 415W

ain Pais =415 = 0.23

416 #1656 416

Hinh 4. D6 thi dé én dinh cong sudt laser IPG
trong 8 gio lién tuc

Tir két qua thu dugc cho thdy do on
dinh cong suét cua hé théng thu duoc bfmg hé
thdng do khi hoat dong lién tuc trong vong 8
gio ndm trong pham vi cho phép theo thong s6
dua ra ctia nha san xuét.

3.2. Po xung va tn so hoat dong cita nguon laser
Véi didc tinh hoat dong & ché 46 CW/

Modulated va dai tan s hoat dong tir 200 —
5000 Hz. Bé do kiém chinh xac thong sb nay

cua nguén laser IPG, nhom da str dung bo thiét
bi do chuyén dung bao gdm: Cam bién tc dod
cao cua hang Hamamatsu (High Speed PD),
thiét bi hién song (Oscilloscope).

Véi bo thiét bi chuyén dung trén cho
phép nhom nghién ctru thu dugce tin hiéu xung
phat ra ctia ngudn laser trong qua trinh hoat
dong. Hinh 5a 1a két qua do tan sd ngudn laser
khi cai dat & 200 Hz va Hinh 5b 1a két qua do
tan s6 nguodn laser khi cai dat & 5000 Hz véi
thong s6 ngudn laser dugc cai dit (Cong suit P
=500 W, Duty = 100%).

(@)
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¢

(b)
Hinh 5. Két qua do tan sé ciia nguon laser IPG:
(a) 200 Hz, (b) 5000 Hz

Vi két qua thu duoc nhu hinh 5 cho
thdy hé do di xac dinh ding tan sd dau ra cia
nguon laser khi cai dit véi cac muc tan s khac
nhau & dau vio.

3.3. Po thong s6 chit lwong chum tia cia
nguon laser

Thong s6 M? clia ngudn laser 1a mot
trong nhiing thong s6 quan trong dé 1am co s
danh gia chat luong ngudn laser. Bé xac dinh
dugc thong s6 M? cia ngudn laser duoc ché
tao, nhom nghién ctru da sir dung thiét bi do
vo1 model FM+ cua hang Primes. V&1 bg thong
s6 ngudn laser di duoc cai dat (Cong suat P =
500 W, Duty = 100%) Hinh 6 mé ta két qua do
thong s0 M? ctia nguon laser.
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Hinh 6. Két qua do théng s6 M ciia nguon laser IPG

Két qua thu duoc tir Primes FM+ cho
thay két qua chat luong chum tia cua ngudn
laser duoc xac dinh véi M? ~ 2,5 mm x mrad
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thda man thong sO ctia nha san xuat dua ra la
M? <4 mm x mrad.

4. KET LUAN

Bai bao di trinh bay céc két qua nghién
ctru thiét ké xdy dung hé thdng do kiém cac
thong sd chinh cua ngudn laser IPG — YLS
1000CUT. Cac két qua thu dugc cho théy,
cac thong s6 do thuc té c6 cac gia tri gan nhu
tuong duong voi cac thong s ciia nha san xuét
cong bd: Cong suit laser c6 sai s6 trung binh 1a
3,36%, sai s6 16n nhat 14 10%; d6 on dinh cong
suat laser tai 500 W dugc duy tri 6n dinh trong
sudt 8 gior thir nghlem t1n hi€u xung cua nguon
laser dam bao & cac tan s6 200 va 5000 Hz; chat
luong chum tia ciia ngudn laser dugc xac dinh
thong qua chi s6 M? dam bao < 4 mm x mrad.
Két qua cua nghién ctru cho thy tiém ning
mg dung cta hé théng do kiém nay trong viéc
phat trién cong nghé laser cong suat cao tai Viét
Nam.
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