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Gia cong laser 1a qué trinh gia cong khéng tiép xdc co hoc truc tiép gitka phdi va thiét bi cat,
kha nang boc tach vat hiéu dwa trén hiéu (rng nhiét nén rat thich hop dé cat cac vat liéu ky
thuat tién tién kho gia cong bang cac phwong phap truyén théng. Tinh ndng quan trong nhéat
cla cat laser 1a kha ndng tao ra nhiét nang tap trung cao dé thuc hién gia cong nhanh va
chinh xac, tao ra dwéng cét hep, chéat lwong tét va viing anh hwéng nhiét nhé. D& danh gia
anh hwéng cta cac tham sé dén do nham bé mat ranh cét trén SKD11, cac théng sb: cong
suét laser (P), van tbc cat (v) va dwong kinh dau cat (d) da dwoc lwa chon theo phwong
phap thuwc nghiém Taguchi. Két qua cho thay van tbc cét 1a yéu t& anh hwéng chinh dén
nham bé mat v&i 45,73%, tiép theo la cong suét laser véi ty 1é 1a 36,95% va dudng kinh dau
cat la 15,93%. Tw dir liéu thwe nghiém, phwong phap quy hoach thywc nghiém trwc giao
dwoc st dung dé xay dwng md hinh toan hoc clia ham nham bé mét véi cong suét laser,
van téc cat, dworng kinh dau cat. Két qua xac nhan rang anh hwéng ctia van tbc cat Ién hon
so v&i anh hwdng ctia cong suat va dwdng kinh dau cét.

Cét laser, SKD11, d6 nham bé mat (Ra), Taguchi.

Laser machining is a directly mechanical noncontact process between tools and workpiece;
the possibility of splitting material based on the thermal effect is very suitable for advanced
materials which are difficult to machine by traditional methods. The most important feature of
laser cutting is the ability to generate highly concentrated thermal energy to perform
high-speed machining with high precision, with a narrow cutting kerf, high-quality cuts and
small heat affected zone. To evaluate the effect of cutting parameters on surface roughness
on SKD11, cutting parameters including power laser (P), cutting speed (v) and nozzle
diameter (d), have been selected according to the Taguchi method. The result has revealed
that the main factor affected to surface roughness was cutting speed with 45,73%, laser
power at a ratio of 36,95% and nozzle diameter with 15,93%. A mathematical model of
surface roughness function including power laser, cutting speed and nozzle diameter is
formed by the orthogonal experimental design method though the experiental statistics. The
outcome has proved that the effect of cutting speed is higher than the effects of power laser
and nozzle diameter.

Laser cutting, SKD11, surface roughness (Ra), Taguchi.
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1. GIOI THIEU

Trong cac phuong phap gia cong mdi thi
phuong phép gia cong bang cac chum tia c6
ngudn nhiét tap trung di dwoc st dung phd
bién nhu: gia cong bang Plasma, gia cong
bang chum tia dién tir, gia cong bang tia laser.
Trong d6 gia cong vat liéu bang laser 1a mot
trong nhitng cong nghé méi dugc tng dung
rong rdi trong nganh gia cong cit got vai lgi
thé vé& chat luong gia cong, hiéu qua kinh té
va kha nang tao hinh so véi cac phuong phap
gia cong truyén théng [4].

Thép SKD 11 dugc xép vao nhém vt liéu
khé gia cong vi cac dac tinh vat liéu va luyén
kim cua n6. Vi kha nang ung dung rong réi
cua thép SKD11 trong nganh cdng nghiép 6t6,
khudn mau, khudn duc nho dic tinh tét nhu
d6 bén, d6 cung cao [5]. Viéc danh gia cac
ché do cat dén chat luong gia cong da dugc
cac nha nghién ctru quan tim nhu gia cong
phay, gia cong tia ltra di¢n... Cac nghién ctu
vé gia cong SKDI11 di dwoc xem xét thuc
hién bang md phong va thuc nghiém. Guojun
Zhang va cong su [6] da dua ra nhitng phan
tich chat luong bé mat phdi (Ra) va téc do
loai bo vat ligu (MRR) trong qua trinh gia
cdng vat lieu SKD11 bang gia cong cat day tia
lra dién toc do trung binh (MS-WEDM). Mac
Thi Bich va cong su cho rang khi gia cong vt
liecu SKD11 bang phuong phap phay c6 trg
nhiét TAM bang gia nhiét cam ung, luc cat
giam téi da 66,9% so véi gia cdng thong
thuong [2]. Gia cbng laser la qua trinh gia
cong khdng co tiép xuc tryc tiép giira phoi va
thiét bi cat nén rét thich hop dé cat cac vat ligu
ky thuat tién tién kho gia cong. Tinh ning
quan trong cua cat laser 1a kha ning tao ra
nhiét nang tap trung cao dé thyc hién gia cong
nhanh va chinh xac, tao ra duong cat hep, chat
lwong tét va ving anh huong nhiét nho (HAZ)
[7]. Tuy nhién chat lwong cat laser rat kho

phan doan do tinh chat nhiét phuc tap cua qué
trinh cit. Vi thé dé ting ning suét cit va chat
lugng san phé‘im khi cit laser trén vat liéu
SKD11 can str dung bo tham sé céng nghé gia
cong: Cong suat laser, toc do cat, duong kinh
dau cit, &p suat khi hd trg, khoang cach dau
cit t6i bé mat phdi, vi tri diém hoi tu... mot
cach hop ly. Trong d6, mic do anh hudng cua
cong suat va van toc cit, ap suat khi hd tro,
duong kinh dau cat 12 van dé can dugc quan
tam.

Phuong phap gia cong bang laser ¢6 nhiing wu
diém so Vi cac phuong phap gia cong thong
thuong: Bé mit gia cong cho chét luong tét
(bé mit it phai xu Iy sau gia cdng), chiéu rong
ranh cat nho (tiét kiém duoc vat liéu), it bién
dang (do vung anh hudong nhiét nho) [8]; qua
trinh cit khong phu thudc vao co tinh cta vat
licu nén phuwong phép gia cong nay co thé
khoan, han, cat dat cac vat liéu c6 do bén cao,
phi kim loai va khé gia cong bang phuong
phép truyén thong [1].

Khi nghién ctu vé méi quan hé giira cong
suat laser, toc do cit va nham bé mat trén cac
vat liéu carbon thap va thép khéng gi, cac
nghién ctu cho rang d6 nham cua rinh cit
tang khi ting cong suat va giam khi ting téc
d6 cat sau d6 ting nhe khi tiép tuc ting téc do
cat. Trong cAc nghién ciru nay ciing dénh gia
téc do cat co anh huong quan trong nhat dén
d6 nham bé mat gia cong [9-12]. Khi tién
hanh nghién ctu trén thép carbon thip KJ
Muralidhara [12] bang viéc st dung md hinh
ANN (md hinh mang noron nhan tao —
Artificial Neural Network) dd danh gia anh
huong cua cdng suat laser, téc do cat, ap suat
khi théi 1én ¢6 nham bé mat khi gia céng bang
laser CO, va chi ra khi cong suat laser ting thi
d6 nham bé mat rdnh cit tang; khi ting van
tbc cat, 6 nham cua bé mit s& giam, tuy
nhién néu tang toc d6 cit qué Ion thi thoi gian
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tuong tac cua laser voi vat liéu khong du dé
cat vat lieu dan dén vét cat s& bi tao xi & bé
mat dudi cua vét cit, lam do nham bé mat
tang 1én. M.Boujelbene [13] da nghién ctu va
t6i wu hoa anh huong cua qué trinh cit bang
laser CO, dén @6 nham bé& mat vét cit trén vat
licu thép carbon thip. Trong cac nghién ciu
nay, cac tac gia da két luan: D6 nham trung
binh bac hai (Rq) giam nhe khi cong suat laser
(P), &p sut dong khi théi hd tro ting 1én, con
khi van téc cit (v) ting thi do nham giam
manh. Ciing bang phuong phap thuc nghiém
trén vat liéu thép EN43 day 2 mm Lin Li va
cong su [14] danh gia anh huong cua céng
suat laser, van téc cat, khoang cach hoi tu, &p
suat khi thoi dén do nham bé mat. Nghién cau
da chi ra rang & van tc cit tang thi d6 nham
bé mat co xu huéng giam. Tuy nhién céc
nghién ctru danh gia anh hudng caa cac thong
s cat dén hiéu qua va chat luong gia cong
trén vat liéu SKD11 bang laser van chua dugc
quan tam.

Vi vay trong nghién ctu ndy, ching tdi sé tién
hanh thuc nghiém dé danh gid qua trinh cat
laser trén vat liéu SKD11. Nghién ctu nay sé
tap trung danh gia anh huong cua cong suat
ngudn laser, toc do cat, duong kinh dau cat tgi
do nham bé mit ranh cét tir d6 lva chon bd

tham sé c¢éng nghé tham khao (P,v,d) phu hop
cho qua trinh gia cong vat liéu SKD11 trong
thuc té. Nghién ctu ciing dé xuat mé hinh
toan hoc du do tin cay, mo ta su phu thudc cua
cac tham sb dau vao va dau ra ¢ cac diéu kién
nhat dinh.

2. THPC NGHIEM

Qué trinh thyc nghiém duoc tién hanh trén
thiét bi may cit laser 3015 CNC - Raycus
3300W (Hinh 1). Tia laser duoc phét & ché 4o
song lién tuc va sir dung khi Ny lam khi hd tro
trong qua trinh cat (dong truc voi chum laser).
Cac thdng s thuc nghiém duoc thiét ké theo
phuong phép quy hoach truc giao bang cach
thay ddi cong sut laser (P), van téc cat (V) va
duong kinh dau cat (d) cho vat lieu SKD11 ¢
ba cip do (Bang 1). Thanh phan héa hoc cua
phoi duoc cho trong bang 2.

Mau duogc cat theo dang hinh luge nhu hinh 2.
P6 nham bé mat ranh cat dugc do trén may
Mitutoyo SJ301 véi tiéu chuin do nham
JS2001 va duoc chup phong dai 80 lan bang
kinh hién vi HHM 500 (hinh 3). D6 nham bé
mit rdnh cét dugc do tai 5 diém trén khoang
chiéu dai cua rianh la 40mm va do trén 9 rinh
cho mot mau (hinh 2, hinh 3).

Bang 1. Tham sé diéu khién va cac mirc dod

o . Mirc dd
Ky hig¢u Tham so dieu khien Pon vi
1 3
A Cong suat (P) W 2200 2400 2600
Van téc cit (v) mm/ph 1500 1650 1800
C Puong kinh dau cét (d) mm 2,5 35 45
Bang 2. Thanh phan héa hoc cua vat liéu SKD11 [15]
C Cr Mo Si Mn Ni V
% 1,4-1,6 11,0-130 | 0,7-12 | <06 <0,6 | - 0,15-0,3
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Hinh 2. Kich thwéc ctia mau cat
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Hinh 4. Hinh anh bé mit rénh cét & ché dé khac nhau

3. KET QUA VA THAO LUAN

3.1. Danh gia anh hwéng cua cac thdng sé
cdng nghé dén dé nham

3.1.1. Anh hwéng cta cong suat laser dén
nham bé mat

Mic du, gia cong bang laser 1a mot qué trinh
gia cong khéng tiép xuc nhung nhiét d6 cua
chim laser sinh ra 16n lam anh huong dén
chat lugng bé mit caa ranh cit. Chét luong bé
mit ciing phu thudc vao ap suat cua khi hd tro.
Mot trong nhitng chiic ning cta khi hd tro la
loai bo kim loai ndng chay ra khoi bé mat
ranh cit. O &p suit khi cao hon viéc hinh
thanh rdnh cat s& nhanh va chat luong bé mat
t6t hon. Viéc danh gia chét lugng bé mat duoc
thuc hién bang cach s dung thong sé do
nham bé mat (R,). Gia tri Ry duoc cho trong
bang 3. Khi thuc hién véi céc gia tri cong suat
laser thay doi tir 2200 dén 3000 W, cac thong
s6 v = 1800 mm/ph, ap suat khi N, = 1,4 Mpa
dugc gitr ¢b dinh.

Bang 3. Gia tri 6 nham bé mét (Ra) & cong suét
laser (P) khac nhau

Cona suit Puong kinh dau cit d (mm)
IasergP (W) 2.5 - ‘ - 39 | 4.5
Nham be mat, Ra (um)

2200 3,726 4,016 4,092

2400 4,016 4,196 4,402

2600 4,188 4,378 4,656

3000 4662 | 4738 | 4,962

—e—2 5 (mm) —#-35 (mm) ——45 (mm)

v = 1800 mm/ph

T 4,80 /
3 4,60 2
E 4,40
_§ 4,20 M
§ 400 W

3,80 e

3,60

2200 2400 2600 3000

Céng suét laser P (W)

Hinh 5. B6 thj anh hwéng cla cong suét laser (P)
dén d6 nham bé mat (Ra)
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Két qua trén hinh 5 cho thay, khi cit & van téc
cit 1800 mm/ph, véi duong kinh dau cat 1a
2,5 mm thi khi cong suét laser ting tir 2200
dén 3000 W, d6 nham bé mit rdnh cét ting tir
3,726 dén 4,662 um diéu nay la do & muc
cong suat laser cao s& dan dén ning luong
laser du thira hap thu vao vét cit, ldc nay vat
liéu nong chay qua muc dugc tao ra va hinh
thanh cac van chong 1én nhau trén bé mat. Ap
suit khi thdi cling anh huong l6n dén chét
luong bé mat, khi &p suat khi co toc do 16n,
duong kinh dau cit nho, vat liéu nong chay
loai bo ra khoi bé mit nhanh hon ngan can sy
bam vat liéu ndng chay 1&n bé mit cit.

3.1.2. Anh huwéng cda van téc cat dén
nham bé mat

Van téc cat (v) 1a téc do di chuyén caa nguon
nhiét tap trung trén mat cua phdi. Tai mot
cdng suét ¢ dinh, khi van téc cat thap thi do
nham bé mat ranh cit s& cao diéu nay duoc
giai thich la do thoi gian tuong tac gitra chum
laser va kim loai 1au hon, khién lwong nhiét
tai vi tri cat Ion, vat liéu bi néng chay nhiéu
hon, bé mit bj pha hiy nhiéu hon bai nhiét do
chum laser tac dong 1én, didu nay ciing dong
nghia véi viéc chiéu rong ranh cit 16n hon.

Khi ting van toc cit, chat luong nham bé mat
dugc cai thién, tuy nhién néu tiép tuc ting van
téc cat s& xay ra hién tuong cit khong dut do
goi 1a diém gigi han cua vén tdc, tai van tbc
nay ngudn nhiét nay tap trung khong du thoi
gian dé 1am nong chay vat liéu can cat. Gi4 tri
van toc giéi han nay phu thudc vao chiéu day
vat liéu va loai vat liéu gia cong.

Pé danh gia anh huong van téc cit ¢én nham
bé mat rdnh cit, thuc hién voi cac gia tri van
tc thay dbi tir 1500 + 2100 mm/ph, céc thong
s6 d = 3,5 mm, &p suat khi N, = 1,4 MPa;
khoang cach tir ddu cat dén phdi h = 0,8 mm
dugc gitt ¢6 dinh. Két qua thi nghiém cho
trong bang 4.

Bang 4. Gia tri bé nham bé mit (Ra) & van téc cat (v)

khéac nhau

. Cong suit laser (W)

Van toe cAtv. 75900 | 2400 | 2600
(mm/ph) 3

Nham bé mit, Ra (um)
1500 4570 | 4,736 4,886
1650 4,378 4,676 4,710
1800 4,016 | 4,196 4,378
2100 3,825 4,075 4,345

Trong qué trinh gia cong laser, van téc cat anh
huong dén tde @6 loai bo vat liéu cling nhu
chat lwong bé mit cit. O van téc cit thap
(<1650 mm/ph) xuét hién cac van trén tit ca
cac mau, chiéu cao cta van I6n dan dén do
nham bé mat cao. Khi van téc cat ting 1én,
khoang van bé mit tro 1én néng dan va cd xu
huéng xuat hién vé phia duéi cua ranh cét, khi
van téc cat tir 1800 mm/ph tré nén thi bé mat
ranh cit phang hon va lwong van bé mat dong
déu hon, d6 nham bé mit R, = 4,016(um) tai
van téc cat 1800 mm/ph (hinh 6).

d=3,5mm
=W-2200(W) —A—=2400(W) =%=2600(W)
510
49
g A
2 a7 “\
5
& 450 B
B o430 \-\ ———
B 410 \\
- X A
g 39 \-\
z. ——
3,70
3,50
1500 1650 1800 2100
Vian tée cét, v {(mm/ph)

Hinh 6. B4 thi anh hwéng cha van téc cat (v)
dén d6 nham bé mat (R,)

3.1.3. Anh hwéng cua dwong kinh dau cat
dén dé nham bé mat ranh cat

Anh huéng cia dudng kinh dau cat dén nham
bé mit duoc thé hién nhu hinh 7, duong kinh
dau cit dugc khao sat tir d = 2,5 + 5,0 mm tai
van tc cat, v = 1500 + 1800 mm/ph, khi gia
cong bang laser ludng khi c6 anh hudng dén
chat lwong vét cit nhu trinh bay & trén ap suét
khi hé tro ting thi ¢6 nham s& giam.
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d=3,5mm
—B-2200(W) —A—2400(W) —%2600(W)
5,10
4%
E T\V
2 a0 N
& 450 -‘\\l\
g 430 \\‘—*
.i: 4,10 \.\ —=
£ 390
z —a
3,70
3,50
1500 1650 1800 2100
Vin tée cit, v {mm/ph)

Hinh 7. D6 thi anh hwéng dwong kinh dau cat (d)
dén nham bé mét (Ra)

Hinh 8. Hinh anh ranh cat dwéi cé bavia
khi st dung dwéorng kinh dau cat d =5.0 mm

Khi duong kinh dau cit I6n (d = 4,5 mm) ¢
van toc cat nho (1500 mm/ph), d6 nham bé
mit ting do lwong nhiét tap trung qua lau dan
dén hinh thanh nhiéu van trén bé mat, diéu
nay cho thdy van téc 1a yéu t6 anh huong
chinh dén chat lugng bé mat. Qua cac két qua
thuc nghiém thay rang khi duong kinh dau cat
tang (2,5+4,5 mm) tai cong suét laser 2400 W,
van téc cat 1800 mm/ph thi do nham bé mat
¢6 xu hudng ting tir 4,016 dén 4,402 um. Tuy
nhién tai, mot &p suat ¢ dinh (Px = 1,4 MPa),
duong kinh dau cat ting manh (d = 5,0 mm)
s& lam dong khi hd trg bi phan tan dan dén
ludng khi hd trg khong du dé loai bo vat ligu
ra khoi bé mit gia cong, khi d6 lugng kim loai
nong chay khong c6 duong thoat co thé co

hién tuong trao nguoc Ién bé mat cua phoi,
pha hong vét cit, d nham bé mit ting, xuit
hién xi trén bé mat ranh cét duéi (hinh 8).

3.2. Xay dwng mo hinh toan hoc nham bé
mat

Tir két qua cua bai toan thuc nghiém, sir dung
phan mém Minitab, bang phan tich ANOVA
cho d6 nhdm bé mit rénh cit cho thay, van téc
cit (v) c¢6 anh huéng Ion nhat 45,73% dén
nham bé mat ranh cat. Tiép theo d6 phan trim
anh huong cua cong suat (P) va duong kinh
dau cit (d) thap hon lan luot 1a 36,95% va
15,93%.

Str dung phuong phap quy hoach thuc nghiém
truc giao [3] dé xay dung mé hinh toan hoc
md ta mdi quan hé gitta d6 nham bé mat véi
céc thong sé anh huong chinh. S6 thi nghiém
N = 2% = 8 va mét thi nghiém tai tm (bang 5).
Phuong trinh hoi quy viét dudi dang:

Ra — boprlvaZdefﬁ (l)

Str dung phan mém Minitab 19 dé tinh toan,
sau d6 chuyén phuong trinh hoi quy voi céc
bién ma hoa vé phuong trinh véi cac bién
thuc ta nhan duoc M6 hinh toan hoc cua nhdm
bé mat ranh cit c6 dang :

Ra = 2.4843xp" %1 xy 09?165 )

Str dung phan mém MATLAB ta vé duoc d6
thi mdi quan hé do nham bé mat véi cac thong
s6 cOng suat laser, van toc cit va duong kinh
dau cat (hinh 9, 10).

Hinh 9 cho thay, khi ting cong suét laser, do
nham bé mit ting lén. Piéu nay la do mic
cong suat laser cao s& dan dén ning luong
laser du thira hap thu vao vét cit 1am cho vat
ligu nong chay qua muc tir do hinh thanh cac
van chong 18n nhau trén bé mit cit. Van tc
Cét ting, twong tac cuia chum laser Ién vat liéu
s& it hon. Piéu nay c6 thé dan dén do nham
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bé mit thdp hon nhung bé rong rdnh cit s&
giam di.

Hinh 9, 10 cho thiy, dudng kinh dau cit ting
thi nham bé mit tang. Tuy nhién, khi tang tiép

duong kinh dau cat, ¢ hién tuong tut ap, ldc
nay ap suat khong du dé day kim loai nong
chay ra khoi viing cat, dé lai nhiéu bavia dong

tai mat dudi cua vung gia cong.

Bang 5. Ma tran quy hoach thwc nghiém

4=35mm

150 ~—— 20
v(mm/ph) 150 2200 PW)

Hinh 9. M&i quan hé gitba 6 nham bé mit (Ra)
v&i cong suét laser (P) va van téc cat (v)

1 Tt
V(mmiph) ; d(mm)

Hinh 10. Méi quan hé gitra d6 nham
v&i van téc cat laser va dwong kinh dau cat

TT [ Xy | Xo | X3 | X (W) X, (mm/ph) X3 (mm) (S;)
1 |- |- |- 2200 1500 2.5 4.170
2 |+ |- |- 2600 1500 2.5 4.694
3 (- |+ |- 2200 1800 2.5 3.726
4 |+ |+ |- 2600 1800 2.5 4.188
5 [- |- |+ 2200 1500 45 4,740
6 [+ |- |+ 2600 1500 45 4.944
7 |- |+ |+ 2200 1800 45 4,092
8 |+ |+ |+ 2600 1800 45 4.656
9 0 |0 2400 1650 35 4.676

4. KET LUAN

Nghién ciru nay di tién hanh danh gia anh
huéng cua théng sé cong nghé: Cong suét
laser (P), van tc cit (V), duong kinh dau cat
(d) dén d6 nham bé mat ranh cét trén vat liéu
SKD11 bang phuong phap thuc nghiém
Taguchi va xir ly trén phan mém Minitab 19.
Két qua cho thiy van tdc cat 1a yéu td anh
huong chinh dén nham bé mit voi 45,73%, tiép
theo 1a cong suat laser voi ty 18 1a 36,95% va
duong kinh dau cit 1a 15,93%. Tir dir liéu thyc
nghiém va phuong phdp quy hoach thyc
nghiém tryc giao, mo6 hinh toan hoc ctia ham
nham bé mat voi cong suat laser, van tde cat,
duong kinh dau cit da duoc xay dung. Két qua
xac nhan rang anh hudng cua vén toc cit 16n
hon so v6i anh hudng ciia cong sudt va dudng
kinh dau cit. Két qua nay cho thiy cac yéu to
nhu cong suét, van tdc cat anh huong dén nham
bé mat co chung quy luit voi cac nghién ciu
trudc do trén cac loai vat liéu khac.
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