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Nghién ctru thue nghiém dé danh gia anh huéng ciia cac thong sé cong nghé
den chiéu sdu tham nhiét phoi thép 9XC qua toi sau khi gia nhié¢t bang laser
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Abstract

Laser assisted turning (LAT) is using a laser beam to preheat the workpiece before turning [1]. In order to
verify the influences of parameters on the depth of osmotic heating after laser heating 9XC hardened alloy
steel (62 HRC hardness), various parameters such as: laser power, distance of laser tip to the workpiece,
laser position, cutting speed and feed rate had been sellected using Taguchi experimental method. The
results shows that the laser power is strongly affect to the depth of osmotic heating of 91,27 % comparing
with the others of laser source’s pararmeters. Besides that the effect of cutting parameters on depth of
osmotic heating was 95,69 % of cutting speed and 4,31 % of feed rate, respectively. From experimetal
results, a formula for the surface layer as a function of laser power and cutting speed had also been
constructed. Results confirmed that permeability characteristic shows a minor change with increasing of
cutting speed, whereas laser power demonstrates a significant effect on permeability characteristic.

Keywords: 9XC hardened alloy steel, laser power, cutting speed, feed rate, Taguchi.
Tém tat

Tién cé gia nhiét bang laser la viéc st dung chum tia laser dé nung néng truéc bé mét phéi khi tién [1]. Pé
kiém tra dnh huéng cta cac tham sé dén chiéu séu thdm nhiét chi tiét sau khi gia nhiét bang laser thép hop
kim 9XC qua t6i (d6 ctng 62 HRC), céc tham sé nhu: céng suét laser, khodng céch dau laser dén bé mat
phéi, vi tri diém dat laser, vén tdc cét va lwong tién dao da duoc Iwa chon theo phuwong phap thuc nghiém
Taguchi. Két qua ch/ ra rang cong suat laser c6 &nh huéng I6n dén chiéu séu thdm nhiét la 91,27 % khi so
sénh véi cac tham sé con lai cia nguon laser. Bén canh d6 dnh huéng cla céc tham sé ché d6 cat dén dic
chiéu séu thdm nhiét la 95,69 % dbi véi van tbc cét va 4,31 % vaéi lwong tién dao. Tir két qua nghién ctru
thue nghiém, nghién ciru cung da tién hanh xay dung phwcyng trinh héi quy I16p bé mét Ia ham cta céng suét
laser va téc do cét. Két qua xac nhan réng dnh huéng cda van téc cét la khéng dang ké so véi dnh hudng
cla céng suét nguén laser.

Tt khéa: Thép hop kim qua t6i 9XC, cong suét laser, téc d6 cat, lwong tién dao, Taguchi.

1. Giéi thiéu

Trong gia cong cat got co nhiéu chi tiét dugc
lam tir cac vat li€u khé gia cong nhu thép hop kim,
thép chiu nhiét, thép da qua t6i, thép khong gi v.v.
[4]. Hién nay, viéc gia cong ché tao chi tiét lam bang
nhitng vat liéu ndy c6 mét sé phuong phap nhu: gia
cong bang tia lira dién, gia cong dién hoa, gia cong
bang siéu am, gia cong bang mai, gia cong cao tdc,
V.v. [3]. Tuy nhién, cac phuong phap gia cong ndy
gip nhiéu kho khan nhu: nang suat gia cong thap, chi
phi dat, dung cu cit phai lam tir vat liéu c6 dg cing
cao (kim cuong, CBN), dung cu cit bi mai mon
nhiéu, gia thanh san phdm cao.

“Dia chi lién hé: Tel: (+84) 988693047
Email: toan.nguyenduc@hust.edu.vn
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Do do, viéc nghién cuu phuong phap gia cong
nhim dam bao chét luong bé mit, mang lai hi¢u qua
kinh té cao di va dang dwoc cac nha khoa hoc nghién
ctru. Cac giai phap gia cong duoc dé xuit bao gdém:
ché tao dung cu cat méi, phuong phdp gia cong mdi,
ché tao thiét bi ct got mdi, nghién ciru nguyén 1i gia
cong moi.

Hau hét cic vat lidu trong cong nghiép cit got
déu c6 dic diém 1a do bén, do climg s& bi giam di khi
duoc gia nhiét dén cac gia tri nhét dinh [5] (hinh 1).

Nghién ctru nay sir dung chiim tia laser dé nung
nong phodi trong qua trinh tién. Cac cong bd trude da
cho két qua khi chim laser chiéu 1én bé mat phoi da
qua t6i, dat 36 ciung 62 HRC véi diéu kién chua thuc
hién qua trinh cét got, sau khi phoi ngudi dem di kiém
tra tb churc t& vi ta thdy xuét hién 16p bé mit c6 chiéu
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sau thay ddi va do ctng té vi thay dbi so véi t6 chirc,
dd cung ban dau (goi la chiéu sau tham nhiét); gia tri
thay d6i nay phu thudc vao cac thong so cong nghé.
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Hinh 1. D¢ cing vat liéu phu thudc vao nhiét do [5]

Céac chi tiét nhan duoc sau khi tién co su gia
nhiét cta laser cling da duogc kiém tra t& chuc té vi;
két qua khao sat chi ra rang dé nhan duogc tinh chat
ctia chi tiét thong qua do cung té vi khong thay doi
sau khi gia nhiét can chon cac thong s6 cong nghe
hop li. Vay cac thong sb cong nghé d6 anh huong dén
chidu siu 16p bé mit theo quy luat nao? Céc thong sb
d6 duoc diéu khién nhu thé nao dé nhan duoc chiéu
sau thdm nhiét theo yéu ciu nhim dam bao chon
chiéu sdu cét sau khi tién tinh chat vat liéu chi tiét
khong thay d6i? Nghién ctru ndy nhim giai quyét cac
van dé dit ra phia trén bang phwong phép thuc
nghiém Taguchi, qua d6 danh gia cac thong s cong
nghé anh huong dén chiéu sau 16p bé mat va tir 46 sir
dung phuong phap quy hoach thyc nghiém dé xay
dyng ham hdi quy toan hoc mé ta anh hudng ctia viée
gia nhiét bang laser dén chiéu sau tham nhiét thép
hop kim qua toi.

2. H¢ thong thi nghiém
2.1. Trang thiét bi, vit liéu thi nghiém

Hinh 2. Thiét bi do a) cong suét laser va b) nhiét do

H¢ théng,thi nghiém g6m co: rpéy tién van nang
T6M16; h¢ thong may phat laser ran Nd:YAG cong
suat 350W voi phan bo nang lugong ctia chum tia laser
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c6 dang Top-hat, ché do phat xung c6 budc song
1,064um va hé théng lam mat; may do cong suét
laser FieldMaster cua hing Coherent (M¥); may do
nhiét IR-AHS cua cong ty SINO.

Phoi tién 1a vat ligu thép hop kim 9XC, dugc
gia cong tién thd dat duong kinh ggzy¢, sau d6 dem
nhiét luyén dat do ctimg 62HRC. H¢ sb hap thy cia
vat litu thép 9XC véi nguodn laser co budc séng
1,064pum nay la tir 31 dén 78% (phu thudc vao nhiét
d6 cua phoi) [8].

2.2. Xdc dinh théng sé cong nghé cin nghién ciru

Dé xéc dinh anh huong ciia cac thong sb khi gia
nhiét béng laser dén chidu sdu thidm nhiét, ta tién
hanh x4c dinh anh huéng cua thong s laser nhu:
cong sudt laser P(W), khoéng cach tir dau laser dén bé
mat phoi h(mm), vi tri dlem dat laser o(°) (hlnh 3)
va anh huong cta thong sb ché do cat nhu: tbe do cat
(m/ph), luong chay dao (mm/vg).

Trong d6, diém dit laser (w) 1 goc tao boi giita
dau laser va vi tri diém dat miii dao tién. Sy phan bo
nang lugng chum tia laser nay c6 dang top-hat.

Hinh 3. Cac vi tri dat diém laser trén phoi

Trén co so so tinh toan, chon ché do cat got theo
ly thuyet [3], két hop vai diéu kién lam viée cia dao
va diéu kién trang thiét bi cua thi nghiém; cac thong
sO thuc nghiém dugc chon véi 3 mirc nhu sau:

Bang 1. Céc thong s laser anh huong dén chiéu sau
tham nhiét

. Cac muc
Théng so
Muc 1 Muc 2 Muc 3
Cong suit(W) 270 300 330
Khoang cach_
dau laser toi bé 15 20 25
mat phoi(mm)
Diém dat laser °)| 70 80 90
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Bang 2. Cac thong s6 ché do cat anh huong dén chidu
sau tham nhiét

Thong sb Cdc mirc
£ Macl | Mac2 | Muac3
Toc @6 cat
(mioh) 25 62,5 100
Lugng chay dao | ¢ s | 19 | 018
(mm/vg) ' ’ ’

3. Két qua va thio luin
3.1. Chiéu sdu thdm nhigt

Céc chi tiét thi nghiém sau gia nhiét dugc kiém
tra cdu triic 16p bé mat thong qua cat, mai, danh bong,
tam thuc dung dich 3%HNO3 (hinh 4). Cau tric
chiéu sau thdm nhiét (hw) dién hinh bao gdm: 16p
trang (do anh hudng cia qua nhiét) va 16p c6 do hat
nho hon so véi do hat cia vat liéu ban dau.

Léptring < ——
45 o S ;

Lép hat nho

Hinh 4. Ciu tric 16p bé mit phdi sau gia nhiét bang laser

3.2. Pdnh gid mirc d¢ dnh huéng cia cdc thong sé
laser dén chiéu sdau tham nhiét

Trong nghién ctru nay, nhom tac gia da tién
hanh khao sat cac thong so cuia laser:

Cong suat laser (P) phu thu¢c vao cuong do, do
rong xung va tan s6 cua laser. Cong suét thiét bi laser
ding dé 1am thi nghiém c6 thé diéu chinh dugc véi
cong suat toi da 1a 350W va phat ¢ ché do xung.
Chum tia laser phat ra tir budng cong hudng 1 chum
tia song song. Chum tia nay dugc dinh hudéng di qua
thiu kinh hoi tu va huéng chim hoi tu vao bé mat

phoi. Mat d6 cong suét cta chum laser hdi tu phu
thudc vao tiét dién clia chim tia khi d6 tiét dién chum
tia laser trén bé mat phoi phu thude vao khoang cach
tir dAu laser dén bé mit phoi (h). Trude khi lam cac
thi nghiém nay nghién ciru da tién hanh khao sat cac
thong s6 dé dua ra cac nhan dinh so bo: trong khi gia
cong s& co hién tugng ban toé cac phoi co nhiét do
cao khi dau laser tién lai gan phoi ¢ khoang cach
(h<15mm). Céc phoi ¢6 nhi¢t d6 cao nay s& ban vao
dau laser nén can dugc han ché khoang céach tbi thiéu;
Bén canh d6, néu dé dau laser cach xa bé mit phoi
lon véi khoang cach (h>25mm), nhiét 6 bé mat phoi
thép va tinh chat phan vat liéu bé mat chi tiét gia cong
gan nhu khéng bi anh huong. Do dé nghién ctru da
chon khoang gi¢i han 15<h<25 dé tién hanh cac thi
nghiém khéo sat.

Cac thong s6 ché d¢ cit v = 62,5 m/ph, s = 0,12
mm/vg duoc gitr khong ddi. Tir bang 1, véi 3 thong
s6 dAu vao thay ddi voi 3 muc thi nghiém, chon bang
truc giao Taguchi L9 [2] nhu bang 3.

Pé xét anh hudng cua cac yéu td dau vao co
diéu khién 1a cong suit laser, khoang cach dau laser
dén bé mit phoi, va vi tri diém dat laser; st dung hé
sO tin hiéu SN (signal to noise ratio) véi truong hop
yéu ciu 16n nhat vé chiéu sau thim nhiét nhu cong
thue (1).

SN, =-10log - 3" L
N| i=1 y

@)

Hé s& SN duoc tinh toan cho mdi chi s6 va cép
do, 1ap bang hé s6 SN cua 3 thong sd 3 muc va xép
hang theo tiéu chi 16n hon tot hon nhu trong bang 4.
Qua d6 c6 thé thay rang khoang cach tir dau laser dén
bé mat phoi va vi tri diém dat laser trén phoi anh
huong rat nho tuong tmg 14 6,12% va 2,61% so véi
thong s6 cong suat laser (91,27%) dén chiéu sau thim
nhiét. Tir két qua phan tich cho thdy, bo thong sb
laser hop 1y dé dam bao dat dugc chidu siu thim
nhiét 16n nhéit 1a (Ps, hz, ©1) tng v6i cong sudt laser
330W, khoang cach tir ddu laser dén bé mit phoi la
20mm va vi tri dat diém laser ndm & goc 70°

Bang 3. Bang truc giao Taguchi L9 véi céc thong sb thi nghiém va hé s6 SN

N | PL h ® Lan do hg Lan do hep Lan do heps hinTe SNL
W) | (mm) | (mm) (mm) (mm) (mm)
1 | 270 15 70 0,06 0,05 0,05 0,053 -20,74
2 | 270 20 80 0,07 0,06 0,07 0,067 -18,71
3 | 270 25 90 0,02 0,04 0,02 0,027 -26,60
4 | 300 15 80 0,1 0,11 0,11 0,107 -14.64
5 | 300 20 90 0,14 0,14 0,12 0,133 -12,75
6 | 300 25 70 0,12 0,13 0,11 0,12 -13,65
7 | 330 15 90 0,2 0,21 0,21 0,207 -8,01
8 | 330 20 70 0,23 0,25 0,24 0,24 -7.62
9 | 330 25 80 0,2 0,19 0,2 0,197 9,34
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Bang 4. Hé s6 SN ciia 3 thong s6 3 mirc va xép hang
theo tiéu chi 16n hon tot hon

Muc

P

h

®
1 -22,0167 -14,7633 -14,0033
2 -13,6800 -13,0267 -14,2300
3 -8,6233 -16,5300 -16,0867
R%b 274,4539 18,4101 7,8393
Phan b 0,9127 0,0612 0,0261

3.3. Pdnh gid mirc dp dnh hwéng cia cdc thong sé
ché dj cat den chiéu sdau tham nhiét

Tién hanh thi nghiém v&i bo thong sb hop 1y cua
nguén laser da dugc lya chon trude do va gitr khong
thay d6i cong suét laser 330W, khoang cach tir dau
laser dén bé mat phoi 1a 20mm, vi tri dat diém laser
nam & goc 70°. Theo nhu bang 2 véi 2 thong s6 dau
vao 1a toc do cat, luong tién dao thay d6i va 3 muc thi
nghiém lya chon bang tryc giao Taguchi L9 dugc két
qua nhu bang 5.

Bang 5. Bang truc giao Taguchi L9 véi cac thong s6 thi nghiém va hé s6 SN

™ Vv s Landohns | Landohmn, | Lando his hite SN,
(m/ph) (mm/vg) (mm) (mm) (mm) (mm)
1 25 0,06 0,38 0,36 0,38 0,37 -3,8648
2 25 0,12 0,37 0,36 0,35 0,36 -4,1027
3 25 0,18 0,34 0,35 0,36 0,35 -4,3474
4 62,5 0,06 0,25 0,28 0,27 0,27 -6,6015
5 62,5 0,12 0,23 0,25 0,24 0,24 -7,6245
6 62,5 0,18 0,21 0,20 0,21 0,21 -8,7844
7 100 0,06 0,19 0,20 0,20 0,20 -9,2081
8 100 0,12 0,20 0,18 0,18 0,19 -9,6537
9 100 0,18 0,17 0,19 0,18 0,18 -10,1234

Dé xét anh huong cia cac yéu t6 dau vao khi
thay ddi van tbe cit, lwong tién dao; véi truong hop
yéu céu 16n nhit vé chiéu sau 16p bé mit cong thic
(1) van duoc st dung. Hé s SN duoc tinh toan cho
moi chi s6 va cap d6 nhu trong bang 6. Két qua chi ra
rang thong s6 téc do cat c6 anh huong 1a 95,69% va
16n hon anh hudng cua cia lugng tién dao 1a 4,31%
dén chiéu sau l6p bé mat mot cach rd rét. Bo thong )
ché d¢ cét hop 1y dé dam bao dat dugc chiéu sau 16p
bé mat 16n nhat la (vi, S1) ing véi vat tde cat 1a 25
(m/ph) va lugng tién dang 0,06 (mm/vong).

Bang 6. Hé s6 SN ciia 2 thong s6 3 mirc va xép hang
theo tiéu chi 16n hon tot hon

S6 thi nghiém can thyc hién N =

22 = 4; cac chi

tiét thi nghiém sau gia nhiét duoc cit, mai, danh
béng, tam thyc dung dich 3%HNO3. Cau truc 16p bé
mat quan sat trén kinh hién vi, két qua chiéu sau tham

nhiét

cho trong bang 8.

Bang 7. Diéu kién quy hoach thuc nghiém

Dic tinh P (w) V (vg/ph)
Gia tri co s& 300 62,5

Khoang bién dong 30 375
Gia tri trén 330 100
Gia tri dudi 270 25

Bang 8. Ma tran quy hoach thyc nghiém

Muc \Y} S
2 7.670 7127 LR (w) 2 (M/ph) | s (mm)
3 -9,662 7,752 1 - - | 270 25 0,14
R2p 47,5575 2,1400 2 | + - | 330 25 0,37
Phéan bd 0,9569 0,0431 3 - + | 270 100 0,02
4 | + + | 330 100 0,20

3.4. Xay dung mo hinh todn hoc chiéu siu thim
nhiét khi tién co gia nhiét bang laser thép 9XC

Theo két qua danh gia mirc 4o anh hudng cia
cac thong sb & trén (bang 4 va bang 6), cac thong sb
anh huong chinh dén chidu siu tham nhiét 1a cong
suét laser va toc do cét. Su dung phuong phap quy
hoach thyc nghiém truc giao [6] dé xdy dyng mo hinh
toan hoc mo ta moi quan hé gitra chiéu sau tham nhiét
v6i cac tham s6 anh hudng chinh.

38

Phuong trinh hdi quy dugc viét dudi dang cong
thire (2)

y=b, +bx +b,X, @

X1, X2 ¢6 quan h¢ véi P, Vo, (Gia tri co sé tai tam
thi nghiém) nhu cong thirc (3)
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X, 0o 41 x, =Y Vo
AP Av

Cin cr vao s liéu bang 8 ta c6 tinh dugc:

bo=0,183; b1 = 0,103; b, =-0,073

Pé kiém tra tinh co nghia cua cac h¢ so nay, ta
can lam cac thi nghiém tai tam.

=+1

®3)

Bang 9. K& hoach thuc nghiém tai tim

T P \Y hin
TN1 300 62,5 0,155
TN2 300 62,5 0,160
TN3 300 62,5 0,165
hthTB = 0,160
1 3
s s’ =3125.10°°

y T a_ [

314
2 _
\/: /312510 88410

Theo,phu luc 15 [6] chon t = 9,925 khi f=m-1=2
véi xac suat tin cay p = 0,99. Nhu vay:

Sp.t=8,84.104.9,925 =87.10*

So sanh sb.t v6i cac hé sb ta thiy:

| bol = 0,183> Sp.t;
| bl = 0,103>Sp.t;
| b2 = 0,073> Sp.t.

Céc két qua nay chimg to ring cac hé sb b déu
¢6 nghia va phuong trinh hoi quy c6 dang:

y =0,183+0,103x, —0,073x,
Pé x4c dinh xem phuong trinh hoi quy vira nhan
dugc c6 nghia hay khong can tinh cac gia tri cia ham

Y.

Y, =053, Y, = 0,3559;

y, =0,007; y, =0,213;

Theo cong thic 11.14 [6] ta co:

8

1 n
Sau ZWZ()/: -

i=1

y*f =6,28.10°*

Chi ti€u Fisher Fb theo cong thic 11.13 [2]:

6,28.10*
3,125.10°°

2
_Sdu —

b =

S

=201

2
y
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Mtrc ¢6 nghia 0,001, f, = m-1= 3-1=2; f;=N-I =
4-3=1 tra bang chuin s& Fisher VII-4 [7].
F(2,1,p=99,9%)=998 véy: Fb < F(2,1,p0=99,9%) mo
hinh théng ké tuong hop véi hé thong thuye.

Chuyén phuong trinh hoi quy véi cac bien ma
héa vé phuong trinh véi cac bién thyc, ta nhan dugc
mo hinh toan hoc cua chiéu sau tham nhiét 1a:

h,, =—0,725+0,00341P, —0,00195v

Trong d6: hi 1a chiéu sdu thdm nhiét (mm); P
la cong suat laser (W); v 1a van toc cat (m/ph).

St dung phan mém MATLAB ta vé duoc do thi
quan hé giita kich thudc chidu sau tham nhiét phu
thudc vao cac thong sd cong suit laser va van toc cit
(hinh 5).

4. Két luin

Nghién ctu da su dung phuong phap thuc
nghiém Taguchi dé chon va danh gia cac thong sb
anh hudng dén chiéu sau thAm nhiét khi co gia nhiét
bang laser. Két qua cho thdy; cac thong sd khoang
cach tir dau laser dén bé mit phoi, vi tri diém dat cua
laser trén phoi va lugng tién dao trong diéu kién thi
nghiém nay anh hudng khong dang ké dén chleu sdu
thim nhiét. Thong s6 cong suét laser va van toc cit co
anh huong dang ké dén chiéu sau 16p bé mat.

a2

W{m/min) P)
Hinh 5. Mat hdi qui va do thi dwong mirc cua kich
thudc chiéu sau tham nhiét phy thudc thong so cong suat
laser va toc do cat

Tur cac dénh gid mic d0 anh hudng cua cac
thong s0 trén va ap dung phuong phap quy hoach
thyc nghiém tryc giao, dd xay dyng thanh cong mo
hinh toan hoc chicu sau 16p bé mat phéi. Can cu vao
mo hinh nay ta thay rang:
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- Khi tang cong suat laser, ma cic thong s6 khac
khong ddi, dan dén mat do cong suét cao lam vat liéu
gin bé mit phoi twong tic manh vai laser, nhiét do bé
mat tang, do vat li¢u phoi co tinh dan nhiét 1am cho
kich thudc chidu sau thim nhiét ting.

- Toc @6 cat tang, twong tng vai thoi gian tuong
tac gilra vat li¢u phoi va laser giam, 1am nhiét d be
mat phoi gidm, do d6 kich thudc chi€u sdu tham nhiét
giam; khi gidm toc d¢ cat thi kich thudc chiéu sau
tham nhiét tang.

Két qua ciia nghién ctru nay 1a co so dé nghién ctu,
dicu chinh chiéu sau cat khi tién cé gia nhi¢t bang
laser.

Loi caAm on
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khoa hoc va cong nghé quoc gia (NAFOSTED) trong
dé tai ma s6 “107.02-2016.01”.
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