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Khao sat anh hwong cua cong nghé toi laser
t61 df cing va cau tric té vi ciia thép P18
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Tom tit:

Bai bdo gi¢i thi¢u cong ngh¢ tdi laser va trinh bay két qua khio sat dd cing, cdu triic té vi cia miu thép P18 sau
khi toi laser. Cong nghé téi laser cé wu diém chinh xac, han ché cong vénh, tiét kiém niing lwgng va thén thién voi
moi treong so voi cac cong nghé toi truyen thong Miu thep P18 ¢6 kich thuwéc 022x20 mm dwgc mai qua ¢ cac glay
nham #240, 400, 600, 1000 va 1200 trwoce khi toi (truyen thong va laser). Nghién ciru 4nh hu’(rng cia cong suét nguon
toi laser va cong nghé toi truyen thong (nung noéng thep trong 16 dién tré va lam ngudi trong dau) dén do cing va to
chire té vi ciia thép P18. T6 chirc té vi va dd cirng té vi cia mau lan lwot dwge xac dinh bang kinh hién vi quang hoc
Axiovert 40 MAT va may do d¢ cirng té vi FM-700e. P9 cirng miu sau toi voi cong sudt ngudn laser 300, 500, 700 va
900 W twong \rng 1an lwgt 12 280, 450, 940 va 1050 HV, v do cing mau toi truyen thong 12 650 HV . Tir anh hién vi
quang hoc mau thep sau toi laser, quan sat thay ving sang mau va tdi mau lan lwgt twong irng VO’l Vung c6 d¢ cing
cao va vung chuyen tlep c6 do cirng thap hon trong két qua do d§ cirng té vi.

Tir khéa: nhiét luyén, thép P18, tdi laser, xir Iy bé mit.
Chi 56 phin loai: 2.5
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trong moi truong phu hop (nudc, dau, khinén...) [1]. Sau qua trinh | Cong huomg quang hoe
nhiét luyén, céu tric cua thép thay d6i so vdi cAu truc ban dau, dan
t6i co tinh (49 ctmg, bén...) cta thép duoc nang cao. Cong nghé
nhiét luyén truyén théng nhu t6i nudc, t6i dau, khi nén... ¢ nhiing
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han ché nhu: c6 thé giy cong vénh, sai léch kich thudc, thoi gian
qua trinh kéo dai [2].

Trong linh vyc xir Iy bé mit, laser di dugc Gmg dung trong
cong ngh¢ toi laser [3]. Chum tia laser c6 nang lugng cao dugc
quét trén bé mit chi tiét, nung nong bé mat chi tiét dén nhiét do
trén nhi¢t do austenit hoa, khi tia laser di qua, bé mit chi tiét Xay ra
qué trinh giam nhiét do truyén nhiét vao thé tich vat toi (con goi la
tur t01), két qua dan dén hinh thanh t6 chirc mactenxit véi o cimg
cao [3]. Cong nghé toi laser dwgc nghién ctru va tmg dung 1an dau
tir nhitng nam 1970 [4].

Nguon laser khi CO, v6i cong sudt 2-5 kW duogc img dung dau
tién de toi laser cho thép, vdi hé so hap thu nang luong tia laser dat
td1 60-70%. Nam 2004, laser diode nang luong cao da dugc ng
dung dé toi thép [4-7]. Ngoai thép va gang thi toi laser dang duoc
nghién ctru tmg dung cho nhiéu loai vét liéu khac. So dd céu tric
mot hé thong toi laser dugc thé hién & hinh 1.
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Hinh 1. M6 hinh t6i laser [2].

Trong cong nghé toi truyén thong, ca khdi chi tiét duoc nung
néng trong 10 rdi lam ngudi trong nudc, trong dau, khi nén..
Nguoc lai, cong nghé toi laser cho phép lua chon chinh xac vung
can 61, vi du chan rang trong banh ring, phin ludi cua mili dao
tién... Do d6, cong nghé nhiét luyén mai nay gitp tiét kidm thoi
gian va niang luong, khong gy cong vénh chi tiét sau toi va 1a cong
nghé than thién vi moi truong.

Dé toi duogc thép, chiim tia laser can phai nang nhiét cta ving
thép t6i nhiét o austenit hoa, ddy 1a nhiét do xay ra chuyén bién
pha ferrit thanh austenit ctia thép. Ham bién d6i nhiét d¢ trong qua
trinh nung nong boi chiim laser dugc thé hién trong cong thirc sau:

T (1, 7, T) = —rabs f
pca(4na)2

z? r?

1
(t+ '[f)\/? exp(_E B 4a(t+ Tf))dT (1)

trong do: T (r, z, t) 12 ham cta nhi¢t do theo ban kinh ving nung
néng r va chiéu sau ving tuong tac z, nung nong trong khoang
thoi gian 1; P, la cong suét cua tia hap thy; 7, 1a thoi gian can
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Abstract:

The article introduces laser quenching technology and presents
the results of surveying the hardness and microstructure of P18
steel sample after laser quenching. Laser quenching is a new
candidate technique for having precise heat treatment, limiting
warping, saving energy, and being environmentally friendly
compared to traditional quenching. Before quenching samples
(laser quenching or normal quenching), the $22 mm diameter x
20 mm thickness samples were sequentially ground by abrasive
papers with a grit size of #240, 400, 600, 1000, and 1200. This study
aimed to investigate the influence of laser quenching power and
traditional quenching on the hardness and microstructure of P18
steel... The microstructure and microhardness were observed by
the Axiovert 40 MAT optical microscope and the Future Tech Corp
FM-700e hardness tester, respectively. The results showed that the
quenched sample hardness with a laser source power of 300, 500,
700, and 900 W are 280, 450, 940, and 1050 HV , respectively,
and compared to the traditional harden, it only reaches 650 HV .
Observation of the microstructure of the laser-hardened sample in
cross-section, including a bright white high-hardness region and a
dark transition region.

Keywords: heat treatment, laser quenching, P18 steel, surface
treatment.

Classification number: 2.5

thiét dé nhiét truyén den khoang céc r, (t=r/4a); r.1a khodng cach
tir chim tia tir cong suat giam xubng l/e cua gia tr1 16 nhat truc
chum tia; z la toa d§ vudng goc véi bé mat vat liéu theo hudng
nung nong; r 1a ban kinh toa dg, vuong goc vai toa df z; ¢ 1a nhiét
dung riéng cta vat liéu; p 1a khbi luong riéng cua vat li¢u; a 1a h¢
s6 dan nhiét cua vat lidu.

Trong thyc té t0i laser, qua trinh nung nong bang mot chim tia
¢b dinh 14 hiém gap. Thong thuong chum tia laser hodc bé mat vat
liéu dugc dich chuyén voi mot van toc v cho trude. Trong trudng
hop nay nhiét d6 nung nong dugc mo ta bang phuong trinh phan
b6 nhiét do trong mat phang, doc theo truc x, dung voi phin bd
Gausian cua mat d6 cong suat cua chum tia:

Tz 1) =T+

Pabs exp {_ [ Z—1Z + }
1
2mu[t(t + 17)] f2 dat  da(t+Tp)
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trong do: T 1a nhiét do moi truong; A 13 hé s dan nhiét; v 1a toc
do di chuyen chum tia; z 1a toa dg cao; z, la chidu sau cua nhiét
tham nhap vao vat liéu trong qua trinh chum tia laser hoat dong
trong thoi gian r:rL/v; x la toa d9 vudng goc véi toa d9 z, phu hop
v6i hudng di chuyén clia chum tia.

Trong qua trinh t6i thép, nhiét d¢ 1a thong 56 cong ngh¢ quan
trong nhét anh hudng téi cdu triic va tinh chit cua thép sau toi.
Thir nhét, dé t6i duoc thép thi cin nung thép dén nhiét do austenit
héa, ddy 1 nhiét do xay ra chuyén bién pha ferrit thanh austenit.
Thit hai, tbe d 1am ngudi phai dii 16n dé pha ferrit chuyén thanh
mactenxit. Do do, tily vao diéu kién i laser ma cdu tric ving
duogc t0i ¢6 thé xuat hién thanh phan pha khac nhau. Dudi tac
dung cua nhiét d§ do chum laser cung cép, qua trinh nung nong
cuc b va toi thép cuc bd xay ra. Thong s0 dugc st dung dé diéu
khién qué trinh t6i laser chinh gdm co cong sudt ngudn P va
toc do di chuyen ctia chiim tia v. Phan b nhiét do trong vung to1
laser dugc thé hién nhu hinh 2.
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Hinh 2. Phan bé nhiét dé trong viing tdi laser theo mit cét ngang cua
mau [3].

Maic du cong nghé toi laser da dugc tng dung rong rai tai
cac nudc phat trién, nhung & Viét Nam cong nghé nay van chua
dwoc mg dung vao nghién ciru va san xuat. Do d6, can co
nhimg khao sat va nghién ciru dé dua cong nghé nay vao san
xuat.

2. Doi tugng va phuong phap nghién ciiu
2.1. Péi twong

Thanh thép P18 c6 kich thudc 322x400 mm ban diu duge
cat thanh cac mau thép c6 kich thude @22x20 mm. Mau thép
trudc khi t6i laser duoc phan tich thanh phan quang phd phat
xa ARL3460 dé kiém tra thanh phan méc thép. Mau dugc mai
lan luot qua cac giéy nham #240, 400, 600, 1000 va 1200 trudce
khi i (truyén thong va laser). Ky hiéu miu thép & trang thai
cung cap 1a CC.

2.2. Thwee nghiém téi mdu

T6i thé tich mau thép trong 16 nung dién tro co khi bao vé
theo quy trinh ¢ hinh 3.
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Hinh 3. Quy trinh tdi thé tich mau thép P18.

Ky hiéu miu thép toi truyén théng nhu quy trinh & hinh
31aTT.

St dung thiét bi laser fiber Model AKW-F1000W/CAS
v6i cong suat toi da 8000 W véi ché do lién tuc. St dung
cong suat 300, 500, 700 va 900 W dé toi mau voi khoang
cach ¢ dinh tir mau dén dau t6i laser 1a 300 mm, thoi gian toi
120 giay. Ky hiéu mau toi laser twong tng véi cong suat 300,
500, 700 va 900 W lan lugt 1a LS0,3, LS0,5, LS0,7 va LS0,9.

2.3. Po dac va phén tich mdu truée va sau toi

Thanh phin méc thép mau dugc phan tich bang may
quang phd phat xa ARL 3460 cua Vién Cong nghé, Bo Cong
Thuong. Do cimg bé mit miu trude va sau toi duge do bang
may FM-700e v6i thang do HV | (Vicker), tai trong 100 g.
Mau sau t6i laser dugc mai va danh bong theo mat cdt ngang,
sir dung kinh hién vi quang hoc Axiovert 40 MAT dé xac dinh
cu tric té vi ving mau t6i laser. Ngoai ra, nghién ctru ciing
st dung may do d cung HRC (Hardness rockwell C) va céac
thiét bi phu tro dé thyc hién qua trinh gia cdng mau khac.

3. Két qua va ban luan

Mau nghién ctru ¢6 thanh phan phan trim nguyén t6 chinh
lan luot 12 0,81C, 4,05Cr, 0,34Si, 0,30Mn, 18,02W, 0,72Mo,
1,02V-Fe (con lai). Két qua cho thay, mau thép sir dung co
thanh phan tuong duong véi mac thép P18 theo tiéu chudn
Nga GOST19265-73.

Hinh 4 thé hién mat cét ngang mau sau toi laser (4A),
gdm vung vat lidu da dugc toi (4B) va nén thép chua duoc toi
(4C). Quan sat bang mit thuong co thé thdy, ving t6i laser
gdm hai viing, ngoai bé mat 1a ving sang mau ¢ do cling cao
va ving chuyén tiép ti mau c6 d¢ ctng thap hon. Trong khi
d6, nén thép chua t6i gdm cacbit hop kim va nén ferrit.
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Hinh 4. Hinh anh mAu téi laser thép P18 véi cong suat 0,7 kW (LSO 7), thoi
gian twong tac gilra chiim laser va bé miat mau 120 giay. (A) Mt cat ngang
mau; (B) Viing mau ngoai cuing toi laser; (C) Nén thép ban dau.

So sanh cu triic miu toi laser va toi truyén thong c6 thé
thdy t6 chirc mau toi truyén thong ddng nhat tir b& mit vao 15i.
Nguyén nhan trong cong nghé toi truyén thong toan bg thé tich
mau dwogc nung nong va lam ngudi. Trong khi do, trong cong
nghé t6i laser chi mot vung vat li¢u sat bé mat dugce nung nong
va xay ra chuyén bién sau t6i. Trong qué trinh lam viéc chi co
bé mit yéu cau do ctmg cao dé c6 kha ning chéng mai mon. Vi
vay, cong ngh¢ toi laser ¢6 uu diém dat muc dich nang cao do
ctmg bé mat, thoi gian t6i ngén (120 gidy so voi 2,5-3 gid trong
toi truyén thong).

Tuy vao thanh phin mac thép va ché do toi ma cu tric pha
cta mau thép sau toi s& co sy thay doi. Sy thay doi thanh phan
pha dan t6i thay doi tinh chit cua vat lidu 1a do cimg. Cu thé,
thép ¢ trang thai ban dau mém (d¢ clmg thap) do dic tinh cta pha
ferrit. Sau qua trinh tdi, thép c6 d6 cliing cao do pha mactenxit co
d6 cimg cao. Khac vai cong nghé ti truyén thong sir dung thang
do do cting HRC dé do thi thang do HV, | thuong dugce st dung
dé xac dinh thay doi d6 clng nay. Anh huong cong sudt nguon
to1 do ciing bé mit mau sau t6i duge thé hién ¢ hinh 5.
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Hinh 5. So sanh dé cirng mau trwéc toi (CC), sau toi truyén thong (TT) va
mau toi laser v&i cong suét khac nhau.
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Két qua do do ctmg trén bé mat cac mau CC (275 HV ), TT
(650 HV ), LS0,3 (280 HV, ), LS0,5 (450 HV)), LSO, 7 (940
V,,) va LSO 9 (1050 HV, ) cho thay, mau thép 0r trang thai ban
dau CC ¢6 d cimg thip gdm nén ferrit va cacbit. Trong qué trinh
nung nong va gilt nhi¢t & nhi¢t do austenit hoa, carbon va nguyén
t6 hop kim, cacbit hoa tan vao nén austenit (do ferrit chuyén bién
pha thanh austenit). Qua trinh t6i thanh cong khi austenit chuyén
bién thanh pha clmg mactenxit co d9 clmg cao. Do cling ctia mau
thép sau t6i phu thuoc vao ham luong cac nguyén td hop kim,
cacbit da hoa tan vao nén.

Anh hudng cta cong sudt ngudn toi laser duoc thé hién qua két
qua do d6 ctmg bé mat mau LS0,3, LS0,5, LS0,7 va LS0,9. Tir két
qua do do ctng c6 thé thay duy nhit mau LS0,3 khong toi duoc
(khong tang do ctmg so vdi mau CC). Nguyén nhan do cong suat
ngudn laser khong di dé nung nong thép dén nhiét do chuyén bién
austenit hoa T, (voi thep P18 thi T,=1280°C). Khi nang cong suét
nguon nung P, theo cong thire (1) ¢ trén nhiét do truyén ti bé mat
mau thép tang 1en va nung nong bé mat thép. Khi ting cong suit
1én dén 500 W, nhi¢t d§ nung bé mit mau bit diu di dé xay ra qua
trinh chuyén pha tir nén ferrit thanh austenit va sau 6 c6 qua trinh
toi austenit thanh mactenxit. Két qua lam ting do ctng 1én 450
HV, so v6i do cing ban dau 1a 275 HV, . Tuy nhién, cong suit
thap nén ham luong C va nguyén t6 hop klm hoa tan vao nén nho
va vung dat nhiét T, mong trén bé mit. Nguoc lai, khi cong suét
di 16n mau LS0,7va LS0,9 dat d6 cimg 1én t6i 940 va 1050 HV, ,
cao hon ca miu toi truyén thong TT (chi dat 650 HV ). Nguyén
nhan 1a do trong cong nghé toi truyén thong ham luong carbon,
nguyén t6 hop kim va cacbit hoa tan vao nén thap hon dan t6i pha
mactenxit sau toi thap hon (khong hoan toan). Mot 1y do khac 1a
trong cong nghé toi truyén thong bén canh qua trinh tao thanh pha
mactenxit cing thi con austenit du.

Két qua do phan b6 do cimg cua cdc mau t6i laser thanh cong
LS0,5,L.S0,7 va LS0,9 dugc thé hién ¢ hinh 6.
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Hinh 6. Phan bé dé cirng clia cac mau toi laser thanh cong.
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Két qua cho thdy, do cimg miu toi laser giam dan tir bé mat
vao trong 16i. Néu xac dinh chiéu day 16p vat liéu hoa bén duoc
tinh tir bé mat dén vi tri co do cimg nén, thi chiéu day 16p hoa bén
cta cua cac mau LS0,5,1.80,7 va LS0,9 1an luot 1a 25, 70 va 125
um. Két qua phan bd do ctmg phi hop véi phan bé nhiét do nhu
mo ta & hinh 2. Viéc phan bd nhiét do nhu trén gii thich cho phan
b6 d6 cimg theo mat cit ngang. Cu thé, ving sang mau c6 do cimg
cao, viing chuyén tiép téi mau co do ctmg thap hon. Ving vét liéu
bén ngoai ciing c6 toc do ngudi di 1on do d6 chuyén bién thanh
pha mactenxit, viing sat voi nén khong kip chuyén bién do do ¢6
thanh phan pha 1a austenit du. Gitra hai ving mactenxit va vung
khong chuyén bién austenit 1a ving trung gian co sy xuat hién ca
hai pha nay [3].

4. Két luan

T6i laser 1a mot cong nghé xir 1y bé mit moi dang duoc nghién
ciru va tmg dung trong nhiéu linh vuc trén thé gi6i. Do do can co
nhimng nghién ctru va dy 4n trién khai tmg dung méi ciia laser &
Viét Nam.

Thep P18 to1 thanh cong trong didu kién nghién ciru voi cong
suét toi thiéu 500 W, khoang cach tir nguon t61 mau 300 mm va
thoi gian twong tic giira ngudn laser voi bé mat thép P18 trong
120 giay.

Cong nghé¢ to1 laser ¢ kha nang t6i cimg cao hon cong nghé
truyen thong, tuy nhién can nghién ciru khic phyc nhiing nhugc
diém gap phai trong nghién ciru nay nhu bé mat mau sau toi bj oxy
héa manh, chiéu day 16p t6i con thap hon nhiéu so v6i cc cong
b trén thé gi6i.
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