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Tém tit

Trong qud trinh gia cong cdt got kim logi, hién
twong “leo dao” la mét trong nhitng nhan té quan
trong danh hiong dén chat lwong bé mat, tuéi bén
dung cu cdt va ndng sudt gia cong. Hién tieong leo
dao hinh thanh do su dinh két kim logi chi tiét va
phoi trén bé mat ludi cat, dac biét trong diéu kién
cdt khéng téi wu nhir toc do cdt thap, béi tron lam
mat khéng hiéu quad,... Hién twong nay dan dén bé
mat chi tiét bi bién dang hodc xudc, lam giam chat
lirong bé mat. Bai bdo nay trinh bay dnh hiong
cuia téc do cdt dén sw hinh thanh va phat trién cia
leo dao thong qua viéc danh gia do nham bé mat
trén hai logi vat liéu thép C40 va thép khong gi
SUS303. Dit liéu thi nghiém dwoc thu thdp ¢ dai
toc dé cdt tir 3 m/phiit dén 100 m/phiit, véi cdc gia
tri A6 nham bé mat duoc do lap lai ba lan. Két quad
cho thdy, ¢ viing toc @6 trung binh, hién tiong leo
dao ¢é xu hirdng phdt trién manh, dan t6i dé nham
bé mdt tang. O téc do rat cao hodc rat thép, hién
tuong leo dao suy giam, kéo theo chi tiéu Ra giam.
Nhitng két qua nay gop phan dinh hidng viéc lya
chon ché do cdt hop ly dé han ché leo dao, nang
cao chat lwong bé mat va hiéu qua kinh té trong
gia cong tién.

Tir khéa: Gia cong tién, dp nhdm bé mdt, vin toc
cat, dung cu cat, leo dao.

Abstract

In metal cutting processes, the phenomenon of

“built-up edge” (BUE) is one of the key factors
affecting surface quality, tool life, and machining
productivity. The BUE forms due to the adhesion
of metal fragments and chips on the cutting edge
surface, especially under suboptimal cutting
conditions such as low cutting speed, ineffective
cooling lubrication, etc. This phenomenon leads
to deformation or scratches on the workpiece
surface, thereby reducing its surface quality. This
paper presents the influence of cutting speed on

the formation and development of built-up edge by
evaluating surface roughness on two types of
steel: C40 and stainless steel SUS303.
Experimental data were collected at cutting
speeds ranging from 3 m/min to 100 m/min, and
surface roughness values were measured three
times at each speed. The results show that, in the
medium speed range, the phenomenon of tool
backtracking tends to develop strongly, leading to
increased surface roughness. Conversely, at very
high or very low speeds, this phenomenon
diminishes, resulting in a decrease in the Ra index.
These findings contribute to guiding the selection
of a suitable cutting mode to [limit tool
backtracking, thereby improving surface quality
and enhancing economic efficiency in turning.

Keywords: Turning process, surface roughness,
cutting speed, cutting tool, built-up edge (BUE).

1. Mé dau

Gia cong tién la mot trong nhitng phuong phap gia
cong co khi phd bién nhét, chiém vai trd quan trong
trong san xuét cac chi tiét dang tron xoay nhu truc,
bac, ren va céac loai bé mat tron khac. Du da xudt hién
tir rat 1au, phuong phap nay van lién tuc phat trién nho
kha nang linh hoat, dap trng do chinh xac cao va tinh
kinh té trong qua trinh san xuit. Chét luong bé mat
san pham khi gia cong tién bi chi phdi boi nhidu yéu
t6 nhu dic tinh vat liéu phoi, vét liéu dung cu cat,
thong s6 ché do cét (téc do cét, luong an dao, chiéu
sdu cit), diéu kién boi tron va lam mat, cling nhu trang
thai hao mon va hong hoc cua dung cu cat [3], [4], [5].

Trong s6 cac hién tugng thuong gip lam suy giam
chét lugng bé mat trong qua trinh tién thép, hién tuong
leo dao (built-up edge - BUE) 1a mot vin d& quan
trong can dugc nghién ctru va khic phuc. Leo dao xuét
hién khi kim loai tir chi tiét gia cong bam dinh 1én ludi
cit tao thanh mot khdi kim loai du, gayrasu bién dang
vé mat hinh hoc cua dung cu cit. Khéi kim loai nay
khong 6n dinh va c6 thé bong tréc timg phan trong
qué trinh cat, din dén nhimg hau qua nghiém trong
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nhu anh hudng téi luc cit, rung dong va dac biét la
gdy ra vét xude, vét 16m hodc bién dang déo trén bé
mit chi tiét gia cong, tir d6 lam tang dang ké d6 nham
bé mit san pham [4], [6], [7].

Céc nghién ctru trude day da chi ra rang leo dao
hinh thanh rd rét trong khoang toc do cit tir thip dén
trung binh, nhét 1 khi diéu kién 1am mat va béi tron
khong téi wru hodc khong duoc sir dung [5], [6]. Diéu
nay duoc giai thich bdi viéc nhiét do ct trong vung
nay lam kim loai phoi bi bién dang déo, tao diu kién
cho sy bam dinh va phat trién leo dao trén bé mat dung
cu. O toc do cit rat cao, nhiét do vung cit tang dang
ké, 1am giam kha ning bam dinh va on dinh cia leo
dao, dan toi hién tuong nay suy giam hoic bién mat
hoan toan. Nguoc lai, khi tdc do cit qua thép, luc cét
va nhiét d6 ving cat déu khong du 16n dé kich thich
su hinh thanh leo dao mot cach én dinh, do d6 leo dao
xudt hién khong 16 rang hoac rat nho [8], [9], [10].

Theo nghién ctru vé co ché hinh thanh leo dao cho
mot sb nhom vat lieu [11] d& xac dinh dugc mo hinh
1y thuyét vé sy tién trién cua leo dao. Cac két qua
nghién ctru d tién hanh thyc nghiém ddi véi hop kim
nhom A6063-T3 va thép cacbon thip STKM-11A.
Cac nghién ctru da chi ra sy hinh thanh cling nhu dy
doan vé cac chu ky hinh thanh leo dao cho hai nhém
vt liéu nghién ctru. Nghién ciru vé thay di toe do cit
cho vat li¢u Inconel 718 [12] da trinh bay anh hudng
céc toc do cat dén sy hinh thanh cac 16p leo dao khac
nhau. Nghién ciru dd chi ra véi toc do cit 1on
80m/phut d chi ra khong thay xuat hién leo dao dang
xép chéng & trén bé mat dung cu. Véi tdc do cét thép
hon thay xuét hién hién twong nay.

V6i muyc dich 1am 13 hon co ché hinh thanh, phat
trién va mirc d6 anh huong cua leo dao trong gia cong
tién thép, nghién ctru nay dugc tién hanh nhim danh
gia mbi quan hé gitta tdc do cat voi hién tuong leo dao
trén hai vét liéu thép dién hinh la thép cacbon trung
binh C40 va thép khong gi SUS303. Hai loai vat li¢u
nay duoc lya chon dya trén sy khac biét 1o rét vé co
tinh va kha ning gia cong, cho phép phén tich cu thé
su anh hudng cia tung loai vat liéu dbi voi hién tuong
leo dao; hon nira chua thdy c6 cong trinh nghién ctru
cho hai nhom thép nay.

Két qua cua nghién ctru s& gop phan lam sang to
hon co ché tac dong cua leo dao t6i do nham bé mat
trong qua trinh tién, qua d6 cung cép thém céc co s&
khoa hoc quan trong dé t6i wu hoa ché d cit nham
han ché hién tuong leo dao, cai thién chét lugng bé
mit chi tiét va nang cao hiéu qua kinh té trong thuc té
san xuét [2]. Pong thoi, két qua nghién ctru ciing 1a co
sO quan trong dé mo rong cac nghién ctru tiép theo vé
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anh huong tong hop cuia nhiéu yéu té khac nhau nhu
luong chay dao, chiéu sdu cét, cac dang dung cu cit va
diéu kién 1am mat - boi tron dén hién tuong leo dao
trong tién thép noi riéng va gia cong kim loai noi chung.
2. P6i twong va phwong phap nghién ctru

Dé danh gia anh huong cua téc do cat dén hién
tugng leo dao, nghién ciru st dung hai loai thép
thuong dung trong ché tao co khi 1a C40 va SUS303.
Cac mau thép str dung dang tron dic, kich thude @30,
chidu dai m&i mau 55mm. Thanh phan ciia 2 méc thép
duoc cho trong Bang 2.

Bing 1. Thanh phéin hod hoc ciia thép C40 va SUS303
Thanh phén hoa hoc ciia thép C40 (%)

C Si Mn P S
0,37+0,43 | 0,15+0,35 0,~0,9 <0,03 <0,035

Thanh phén hos hoc SUS303 (%)
C Si | Mn | Ni Cr p S

<0,15 <1,0 <20| 810 1719 <02 | <015

Qua4 trinh thyc nghiém duoc tién hanh trén may
tién CNC KNC-50G, c6 tdc do vong quay truc chinh
tdi da 6000 vong/phut, ddng co truc chinh 3,7 - 5,5
(kW) va tdc d6 di chuyén truc X/Z 1a 30 m/phat (Hinh
2). Dung cu cit su dung 1a dao tién dau théng gén
ménh hop kim cting, tiét dién hinh vudéng 16x16 (mm),
chidu dai 120mm véi goc nghiéng chinh ¢ = 45° va
tudi bén dao T = 45 phut.

a) Thép SUS303
Hinh 1. Cic méu thép SUS303 va thép C40

b) Thép C40

Trong qué trinh thyc nghiém, chidu sau cit t dwoc giir
¢ dinh & 1,25mm va luong chay dao S 1a 0,25mm/vong
[1], qua trinh ct thir nghiém khéng str dung dung dich
tudi ngudi. O mbi thay ddi vé tdc do cat, hién tuong leo
dao duogc danh gia thong qua d6 nham bé mat, qua dé
xac dinh dai tc do cit tai d6 hién tuong leo dao anh
hudng dang ké dén chat lugng bé mat, 1am co s dé rat
ra cac két luan t6i wu vé ché do cit.

Sau khi gia cong, cic mau thép duoc xac dinh do
nham bé mit bang may do ¢ nham cam tay SRT-6223.
Mdi miu duge do 3 1an & cac vi tri gan ké nhau trén
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duong sinh, sau d6 ldy gié tri trung binh. Bang dit liéu
day du vé toc do cit, sb vong quay truc chinh, gid tri
d6 nham cho tung lan do, trung binh ¢ nham cho ca
3 1an dugc ghi lai.

a) May tién b) Qua trinh tién

Hinh 2. May tién KNC-50G va qud trinh thwe nghiém

3. Két qua va thao luin

Két qua thuc nghiém anh hudng cua te do cit dén
hién tugng leo dao thong qua chi tiéu do nham bé mit
duoc thé hién trong Hinh 3 va Bang 2.

Céc gia tri thue nghiém duogc thé hién trén do thi
Hinh 4 va phuong trinh dudng dy dodn sy phu thude
d6 nham vao tdc do cit gia cong cua thép C40 va
SUS303 dugc xac dinh trong phuong trinh (1) va (2)
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Do nham bé mat (C40) = 2.36591 - 0.24736 A +
0.0350293 A2-0.00141033 A® +0.000025 A*
2.01354x107 A5 + 6.22686x1071° A® (1)

R?=0.984, R? du doan = 0.882.

Do nham bé mit (SUS303) = 0.83382 + 0.326981
A -0.0121158 A% + 0.000152273 A3 - 6.32182x1077
A*(2)

R?=10.893, R? du doan = 0.801.

Vé6i A la toe do cit (m/phit).

Phuong trinh hdi quy thu duoc tir dit lidu thuc
nghiém c6 h¢ s6 xac dinh R? va h¢ sé R2 dy doan dat
gié tri cao, cho thay phuong trinh xay dung phan 4nh
t6t moi quan hé giita cac thong sb cong nghé va do
nham bé mit. Piéu nay chimg minh riang phuong trinh
hdi quy c6 thé sir dung mot cach hiéu qua dé dy doan
cac gia tri d6 nham tuong tng véi cac toc do cét trung
gian chua tién hanh thuc nghiém, tir d6 hd trg cho viéc
xéc dinh khoang tdc do cét t6i uu trong gia cong.

Véi ché do cong nghé cu thé da lua chon gém
chiéu sdu cit t=1,25mm, lugng chay dao
S=0,25mm/vong, khong st dung dung dich tudi ngudi,

Bing 2. Két qua do dp nhdm bé mit ciia thép C40 va SUS303 sau khi tién

Tée do Téc do Thép C40 Thép SUS303
. vong quay Gia tri do nham Ra Gia tri do nham Ra
cat truc chinh \ \ . Ra R R \ Ra
(m/ph) ° Lan 1 Lan2 Lan3 (um) Lan 1 Lan2 Lan 3 (um)
(vong/ph)
3 32 1,901 1,873 1,934 1,903 1,994 1,968 1,998 1,987
5 53 1,805 1,929 1,992 1,909 2,241 2,042 2,264 2,182
10 106 2,421 2,004 1,929 2,118 2,604 2,526 2,594 2,575
15 159 2,98 2,498 2,909 2,796 2,929 3,089 2,948 2,989
20 212 2,992 3,794 3,876 3,554 3,952 4,031 3,961 3,981
25 265 3,968 3,989 3914 3,957 4,289 4,381 4,389 4,353
30 318 4,241 4,202 4,086 4,176 3,602 3,514 3,541 3,552
35 371 3,589 4,061 3,902 3,851 2,715 2,679 2,714 2,703
40 424 3,598 3,501 3,106 3,402 2,318 2,309 2,324 2,317
45 477 3,106 2,968 2,96 3,011 2,141 2,102 2,069 2,104
50 531 2,49 2,689 2,741 2,64 1,951 1,951 1,979 1,960
55 584 2,502 2,385 2,316 2,401 1,784 1,776 1,769 1,776
60 637 2,409 2,489 2,298 2,399 1,567 1,531 1,496 1,531
65 690 2,129 2,283 2,006 2,139 1,538 1,532 1,519 1,530
70 743 2,012 2,122 1,957 2,03 1,509 1,506 1,501 1,505
75 796 1,835 1,702 1,726 1,754 1,511 1,514 1,479 1,501
80 849 1,512 1,605 1,511 1,543 1,606 1,635 1,549 1,597
85 902 1,302 1,432 1,242 1,325 1,538 1,515 1,535 1,529
90 955 1,312 1.369 1,275 1,319 1,544 1,532 1,554 1,543
95 1008 1,219 1,274 1,242 1,245 1,545 1,532 1,494 1,524
100 1061 1,219 1,192 1,202 1,204 1,549 1,521 1,539 1,536
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=
b) Mt ngoai mau thép C40

Hinh 3. Bé mt thép sau khi gia cong & téc dp vong quay 796 vong/ phiit

34

D6 nham (SUS303) (um)

0 20 40

A: Tac dd cat (m/phat)

60 a0 100

a) Thép SUS303

Bé nham (C40) (um)

T T T T T T
A: Tée d6é cat (m/phut)

b) Thép C40

Hinh 4. Dé thi méi lién hé giiva téc dp cit va dp nhdm Ra

dd nham bé mat thu duoc trong cac diéu kién thuc
nghiém déu ndm & cip trung binh. Diu nay phu hop
v6i dic diém chung ciia qua trinh tién kho, von thuong
¢6 do nham bé mit khong thé dat chét lugng cao nhu
khi sir dung phuong phap tudi ngudi. Theo yéu cau chét
luong gia cong bé mat dat ra dat cép 6, gidi han do
nham Ra tir 1,25um dén 2,5um, két qua cho thiy khong
phai tét ca cac mire toc do cit déu dam bao dat yéu cau.
Nguyén nhan chinh gay ra tinh trang nay la do sy hinh
thanh leo dao tai mot sb vung tdc do cat nhat dinh, lam
tang dang ké gia tri do nham bé mat va khién mot so
gia tri chi dat duoc cép d6 5 (Ra vuot qua 2,5um).

Cu thé, voi vat liéu thép cacbon trung binh C40,
hién tuong leo dao xay ra rd rét trong khoang téc do
cit kha rong, tir khoang 15m/phat dén khoang 60-65
(m/phut). Trong ving tbc d6 nay, d6 nham bé mit
thuong xuyén vugt gia tri gioi han trén (2,5um), cao
nhét vao khoang téc d6 30m/phut. Bic biét, d6 nham
bé mit ting manh trong khoang tir 20 dén 30 (m/phut),
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chung t6 day 1a ving tdc do thuan loi nhat cho su phat
trién leo dao. Khi téc do cét tiép tuc tang vuot qua
ngudng 30m/phut, hién tuong leo dao bit diu suy
giam, tir 6 6 nham bé mit cling giam theo. Khi vuot
qua mrc toc do cit khoang 75m/phit, d6 nham c6 xu
hudng giam rd rét, cai thién duoc mot cap so voi ving
xay ra leo dao manh nhit.

Dbi vai thép khong gi Austenit SUS303, von duge
biét dén 12 loai thép co tinh gia cong cit kém hon, hién
tuong leo dao xuét hién trong pham vi hep hon, bit
dau tir khoang gan 10m/phut va két thic xung quanh
30m/phut. Gia tri d6 nham bé mat cao nhét ddi voi
SUS303 dugc ghi nhan tai tbe do cat khoang
25m/phit, sau d6 giam dan khi ting toc d6 1én trén
30m/phut. Tuy nhién, & mot sb tbe do cat vuot qua
ngudng hinh thanh leo dao, gia tri d6 nham co6 tang
1én, cho thiy sy anh huong cua cac yéu td khac nhu
nhiét do cdt, sy mai mon dung cu cit da ¢ nhiing tac
dong nhét dinh & ving tde do cao.
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Két qua so sanh gitra hai vat liéu cho thiy, pham
vi x4y ra leo dao cta thép cacbon C40 rong hon dang
ké so voi thép SUS303, tuy nhién gia tri do nham &
vung leo dao cyuc dai cta thép C40 lai thép hon so véi
thép SUS303. Piéu nay c6 nghia 1a mic du leo dao
xuét hién trong mot pham vi tbe do cit rong hon,
nhung anh hudng dén d0 nham bé mit & thép C40 lai
thip hon so véi thép khong gi Austenit SUS303. Tir
day, c6 thé suy luan riang chiéu cao leo dao khi gia
cong thép Austenit SUS303 cao hon so véi thép

cacbon C40 trong cung mot ving tde do xay ra leo dao.

M0t trong nhitng nguyén nhén giai thich hién tugng
nay la ham lugng cacbon cao trong thép C40 [am mo
rong pham vi tdc do cit ma leo dao xudt hién nhung
ddng thoi lai lam giam chiéu cao leo dao. Nguoc lai,
thép khong gi Austenit SUS303, mic du pham vi toc
do xay ra leo dao hep hon, nhung do d6 déo cao va
kha néng bam dinh 16n hon nén chiéu cao leo dao lai
cao hon dang ké, tir 46 1am gia ting d6 nhdm bé mit.

Tir phan tich trén, c6 thé thiy viéc xac dinh ving
tc do cat xay ra leo dao va mirc d6 anh huéng cta hién
tuong nay dén chét lvong bé mat 14 co s¢ quan trong dé
lwa chon ché do cong nghé pht hop nham t6i wu héa
chat lwong bé mit va nang cao hiéu qua ciia qua trinh
gia cong ti€n khong sir dung dung dich tudi ngudi.

4. Két ludn

ba xac dinh dugc phuong trinh d§ nham bé mat
theo tdc do cat ctia 2 mac thép C40 va SUS303 nhur sau:

D6 nham bé mit (C40) = 2.36591 - 0.24736 A +
0.0350293 A2 - 0.00141033 A3 + 0.000025 A* -
2.01354x107 A5 + 6.22686x1070 AS

D6 nham bé mat (SUS303) = 0.83382 + 0.326981
A-0.0121158 A% +0.000152273 A% - 6.32182x107 A*

Két qua phan tich thuc nghiém cho thay, loai thép
¢6 ham luong cacbon thap hon (SUS303) thudng xudt
hién leo dao trong mdt pham vi tde do cit hep hon so
véi loai thép co luong cacbon cao hon (C40). Tuy
nhién, khi leo dao hinh thanh trong ving toc do cét c6
anh huong manh thi muac d§ anh hudng cia leo dao
t6i do nhim bé mat cua thép SUS303 lai 1o rét va
nghiém trong hon so véi thép C40.

Pé giam anh huong cua leo dao, ddi véi thép
cacbon trung binh (C40), nén str dung tc d¢ cat trén
75 m/phut, con véi thép khong gi Austenit SUS303
nén chon tdc d6 cit cao hon 60 m/phat.
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