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Tém tit. Do bong bé mat cua Thep SKD61 dugc cai tién bang phuong phap gia cong phay CNC. Phucmg
phap Taguchi dugc dé xuat dé dleu tra cac thong s6 phay t6i wu. Dura vao két qua thyc nghiém va gia tri ti
s6 (S/N), gia tri toi wu cac théng s6 phay CNC dugc nhan dang nhu sau: vén toc cit 63 (m/phit), bude tién
ban may 200 (mm/pht), chiéu sau cat 0,25 (mm), dung cu cit hop kim cimg 4F. D6 bong bé mit mau thir
thép SKD61 dugc cai thién tir 6,23 pm dén 1,30um twong tng voi 79,1 %.

Tir khéa. Phuong phap Taguchi, phay CNC, thép SKD61, t6i wu, d6 bong bé mat, ti s6 S/N.

1 GIOI THIEU

Thép SKD61 dugc tng dung phd bién trong cic nganh cong nghiép co khi nhu: lam khuén duc ap luc,
khuon rén dap, xy lanh nganh nhua,,,.Dac biét trong nganh khuon dac, dd chinh xac khuoén dac ciing nhu
d6 bong bé mat 1ong khuon anh hudng 16n dén chat luong san pham. Dé cai thién do bong bé mat long
khudn voi vat liéu thép SKD61, ngudi ta sir dung mot s6 phuong phap gia cong khac nhau nhu: danh bong,
lan ép, mai,..[1,2,3]. Trong nghlen clru nay, nhom tac gia dé xudt phuong phap gia cong Pphay CNC dé cai
thién do bong bé mat thép SKD61. Phuong phap thuc - nghiém Taguchi dugc tmg dung dé tim ra céc thong
so phay tbi wu trén vat liéu thép SKD61. Cac thong s0 phay dugc chon dé khdo sat thi nghiém 1a: van toc
ct ctia dao, budc tién ban may, chidu sau cét, vat liéu lam dao. Sau khi cac thi nghiém ma tran Lg duoc tién
hanh, dua vao gia tri ti s6 S/N, gié tri t6i wu cac thong sé phay CNC hoan toan duoc xac dinh. Trinh tu cac
bude dé nhan dang cac thong s6 phay CNC tbi wu duoc trinh bay trong Hinh 1.

2 NOI DUNG THUC NGHIEM

2.1  Dung cu Phay CNC

Trong thuc nghiém nay, dung cu dao phay dugc chon 3 loai vat liéu khac nhau nhu sau: dao phay ngédn (vt
liéu thép gid); dao phay ngon (dao hop kim ctimg Micro Crain Carbide End Mill(<55HRC)); dao phay ngén
(Dao hop kim cung: 4F (<63HRC)). (Hinh 2).

© 2024 Trudng Pai hoc Cong nghiép thanh phé H5 Chi Minh



Tac gia: Pham Hitu Loc va Cong sw

Chuén bi dao phay CNC

I

Thiét ké& va ché tao
dd ga kep chit chi tiét

I

Lwra chon cac théng sb va céc
murc cho thi nghiém Taguchi

'

Tién hanh thi nghiém
Taguchi Ls

‘

Po dd nham b& mét cha mau

l

Tinh todn ti s6 S/N,
Xdc dinh cac thdéng s phay tdi wu

Thi nghiém kiém chirng véi
céc théng sd tdi wu

I

Cdc théng sb phay
i wu duoc xdc dinh

A

Hinh 1. Trinh ty cic budc nhan dang cac thong sb phay tdi wu bang phuong phap thyc nghiém Taguchi.

15



NGHIEN CUU CAI TIEN PO BONG BE MAT....

Dao thép gio Dao hgp kim cung Micro Crain Dao hop kim cting: 4F (<63HRC)
Carbide End Mill(<55HRC)

Hinh 2: Dung cu thi nghiém.

2.2 Vit ligu ciaa mau thi nghiém
Trong bai bao nay, thép SKD61 lam mau thir & tién hanh phay CNC (Hinh 3). Mau thtr c6 kich thudc nhu
sau: 54x30x15 mm. Tinh chat co hoc va cong thirc hoa hoc mau thi nghiém duoc gidi thiéu trong Bang 1.
Mau thi nghiém trude khi phay CNC ¢6 d6 nham bé mat (Ra) 6,23 um. Mau do dugc tién hanh trén may do
d6 nham Mitutoyo SJ-310. (Hinh 4)

s

Hinh 3: Mau thi nghiém thép SKD61.

Bang 1. Tinh chat co hoc va cong thirc hoa hoc cua vat liéu SKD61. [4]

Tinh chat Gia tri
Thanh phan hda hoc C 0,40%, Si 1,0%, Cr 5,3%, M01,4%, V 1,0 %
Dic diém Thudc nhém thép hop kim Crédm Molybden Vanadium gia cong nong, do

chéng mai mon néng cao, d6 dai néng cao, truyén nhiét tot, khong bi nirt khi
nhiét do cao

D6 cling 54 HRC sau khi nhiét luyén
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Hinh 4: May do ¢6 nham Mitutoyo SJ-310.

2.3 Thiét 1ap thi nghiém

Mau thi nghiém thép SKD61 duogc phay trén may trung tam gia cong 3 truc, loai LEADWELL V30 Dai
Loan [5] (Hinh 5). Chuong trinh gia cong NC dugc tao ty dong bang phian mém NX12 va duoc dua vao
may trung tdm gia cong 3 truc qua thé nhd compact flash (CF).

Hinh 5: Phay mit phang véi SKD61 trén may Phay CNC 3 truc LEADWELL V30.

2.4 Matran qui hoach thuc nghiém Taguchi

Ma tran qui hoach thuc nghiém dugc tién hanh dé diéu tra tac dong cua céc thong s6 phay 1én thep SKD61
[6,7]. Trong gia cdng phay CNC, nhimg thong s tac dong nhleu nhit ¢én d6 nham be mit cia mau thi
nghiém la: vén tdc cat cua dao, budc tién ban may, chiéu sdu cat va vat lidu dung cu cét [8]. Nhiing thong
s0 nay dugc lya chon dé tim ra cac gia tri tdi wu dya vao phuong phap thuc nghiém Taguchi. Bang 2 gidi
thiéu cac thong sb thi nghiém phay CNC. Bén thong sb va ba murc duoc lya chon phay CNC duoc biéu thi
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Bang 2. Tur 4 thong s0 va 3 muic gi4 tri nén mang truc giao Le (3%) dugc xac dinh [6]. Do d6, 9 thi nghiém
riéng biét tién hanh thi nghiém Taguchi.(Bang 3)

Bang 2. Thong s gia cong phay CNC trén may LEADWELL V30.

I S Mouc gid tri

Thong so thi nghiém 1 > 3

A. Van toc cat (m/phut) 47 54 63

B. Budc tién ban may (mm/pht) 200 250 300

C. Chiéu sau cat (mm) 0.1 0.25 0.5

Hop kim cing Hop kim cung Micro Crain
D. Vit liéu dao Thép gio AR (<63HRC) Carbide End Mill
(<55HRC)

Trong thiét ké thuc nghiém Taguchi, c¢6 3 loai co ban thiét ké thi nghiém: ‘“Nho hon 4 tét hon’ (smaller is
better), “Trung binh Ia t6t nhat> (nominal is best) va ‘Lén hon 13 t6t hon’ (larger is better) [6,7]. Him muc
tiéu cho thiét ké thuc nghiém Taguchi la ty sé S/N (Signal to Noise Ratio). Mau thi nghiém duoc phay CNC
phai c6 d6 nham bé mt nho hon gia tri ban diu. Do d6, qué trinh phay CNC 1a mét mé hinh caa bai toan ‘nhd
hon la tot hon’. Ty s6 S/N (1)) duoc xac dinh bang cong thirc [6]:

n =-10log,, EZ y?} (dB) 1)

n: S cac 1an do trong 1 miu thi nghiém.

yi: D6 nham bé mat rnéu thir & 1an do thir L

Bai toan ‘nho6 hon 14 tot hon’ c6 myc tiéu t6i wu 1a xac dinh gié tri 16n nhat cua ti s6 S/N (1) véi tung thong
sd phay CNC [6]. Piéu kién t6i wu cho qua trinh phay CNC dugc tim thdy dua vao gia tri 16n nhét cia ti s6
SIN. Goi Nopt 12 gi4 tri ty s6 S/N trong diéu kién ti wu va duoc xac dinh bang cong thirc [6]:

Mopt = m+ Z(mi - m) 2

Mopt: ty $0 S/N trong diéu kién t6i wu; m: gid tri trung binh ctia ty s6 S/N (n); mi: gid tri ty s6 S/N trong diéu
kién t6i uwu cho thong so thir i.

Néu gié tr nop gin bang gid trj ty s6 S/N ciia thi nghiém kiém chimg (xap xi 90%) thi cac thong s6 phay
CNC dugc xem ddc lap, khong anh hudng lan nhau.[6,7]

3 KET QUA PHAN TIiCH THUC NGHIEM

3.1  Gié tri tbi wu cac théng sé phay CNC

Két qua do cac mau thir sau khi phay CNC dugc minh hoa Bang 3. Mbi mau thi nghiém tién hanh do 3 vi
tri khac nhau va gia tri ty s6 S/N dugc xac dinh dya vao cong thire (1). Bang 4 minh hoa ket qua gia tri
trung bmh ty 6 S/N ctia bbn thong sb twong tmg véi cac mirc 1,2 va 3. Mdi thong sb c6 mirc t6i rru khi gla
tri ty s6 S/N (1)) tai mirc d6 1a 16n nhat. Dua vao két qua tinh toan Bang 4, cac mirc t6i wu cho 4 thong sd
do la: AsB1C2D; (Hinh 6). Nhu vy, gid tri t6i uru cac thong s6 phay CNC dbi vi thép SKD61 nhu sau: vén

tdc cit 63 (m/phut), bude tién ban may 200 (mm/phut), chidu sau cét 0,25 (mm), dung cu cit hop kim cimg
4F minh hoa trong Bang 5.

Bang 3: Két qua cac mau thi nghiém phay CNC.

R . A Do nhdm

Mau thi Théng sé bo ?Hranr? Ra TS};:IO Ra trung
nghiém binh
A B C D 1 2 3 (dB) (um)
1 1 1 1 1 1,63 1,33 1,39 -3,262 1,47
2 1 2 2 2 1,72 1,54 1,43 -3,906 1,56
3 1 3 3 3 1,82 1,59 1,40 -4,150 1,60
4 2 1 2 3 1,35 1,43 1,26 -2,597 1,35
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5 2 2 3 1 1,89 | 199 |1,98 -5,818 1,95
6 2 3 1 2 141 | 142 |1/45 -3,087 1,43
7 3 1 3 2 1,21 | 153 | 1,46 -2,964 1,4
8 3 2 1 3 169 | 149 |1,72 -4,278 1,63
9 3 3 2 1 146 | 148 |1,38 -3,171 1,44
Bang 4: Két qua gia tri ty s6 S/N (dB).
Théng sb A B C D
Muc 1 -3,773 -2,941 -3,542 -4,084
Mtc 2 -3,834 -4,668 -3,225 -3,319
Muc 3 -3,471 -3,469 -4,311 -3,675
Trung binh -3,693
Bang 5: Thong sé phay ti wu cho thép SKD61.
Théng sb Giatri
A. Van toc cat (m/phut) 63
B. Budc ticn ban may (mm/phut) 200
C. Chiéu sau cat (mm) 0.25
At lia Hop kim cing
D. Vit liéu dao 4F (<63HRC)
A B
0.5 1 15 2 2.5 3 S5
-3.450 o 0.5 1 15 2 25 3 35
TR 0.000
' -0.500
-3.550 1000
-3.600 1500
-3.650 -2.000
-3.700 25
-3.000
-3.750 _3.500
-3.800 -4.000
-3.850 -4.500
-3.500 -5.000
C D
0 0.5 1 15 2 25 3 35 4] 0.5 1 15 2 25 3 3.5
0.000 0.000
-0.500 -0.500
-1.000 -1.000
-1.500 -1.500
-2.000 -2.000
-2.500 -2.500
-3.000 -3.000
-3.500
-3.500
et /‘\ ‘/l\
4500 -4.000
-5.000 -4.500

Hinh 6: Gia trj ty s6 S/N ciia A, B, CvaD.

3.2 Thinghiém kiém chirng

Sau khi tim dugc gia tri t6i uu cac thong sg”') phay CNC, nhom tac gia tién hanh thi nghiém kiém chung
nham muyc dich xac dinh d6 chinh xac cua két qua thi nghiém. 3 mau thi nghiém phay CNC duogc tién hanh
v6i cdc thong so phay t0i vu. Gid tri Ra cia thép SKD61 sau thi nghiém kiém chimg 1a 1,30um (Bang 6).
Nhu vy, d6 bong bé mat cia thép SKD61 sau khi phay CNC dugc cai thién khoang 79,1 %.
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Bang 6: Do nham bé mit ciia thép SKD61 sau thi nghiém kiém chtmg.

Mau thi nghiém Dl() nhan; Ra (uﬁ;) Ty(ijoB?/N Ra tr(t:lnr?])blnh
1 1,38 | 1,32 | 1,29 -2,480 1,33
2 1,23 {135 | 141 -2.491 1,33
3 1,23 | 1,25 | 1,26 -1915 1,25
Trung binh -2,296 1,30

Tir s6 liéu Bang 4, gié tri trung binh ciia ty s6 S/N 1a m = -3,693. Gia tri nopt duoc tinh toan bang cong
thire (2):

Nopt =M+ 3(m; —m) =—1,878 (dB)
So sanh gid tri ty sO S/N cuia thi nghiém kiém ching n = -2,296 (dB) (Bang 6) vdi gia tri nopt = -1,878 (dB),

ta nhan thiy 2 gia tri nay tuong doi gan nhau. Nhu viy, cac thong sd gia cong phay CNC xem nhu doc l1ap
va&i nhau.

4 KET LUAN

Bai bao img dung phuong phap phay CNC dé cai tién do bong bé mit thép SKD61 dua vao phuong phap
thuc pghiém Taguchi. Cac th()ng s0 phay CNC toi wu duoc xéq dinh dga vao két qua thuc nghi’ém, do la:
vén toc cat 63 (m/phut), bude tién ban may 200 (mm/phut), chi€u sau cat 0,25 (mm), dung cu cat hop kim
cimg 4F. Bén canh do, két qua thi nghiém cho thay phuong phap phay CNC co thé cai thién dang ké do
bong bé mat thép SKD61 tir gia tri 6,23 um dén 1,30pum st dung cac thong so phay toi uu.

LOI CAM ON

Nhom nghién ctru chan thanh cam on céc ddng nghiép tai Khoa cong nghé Co khi ciia truong Pai hoc Cong
Nghi¢p Tp.HCM da tao dicu kién d€ hoan thanh nghién ciru nay va xin chan thanh cam on Trung tam Ky
thuét Tiéu chuan Po luong Chat lugng 3 da ho trg phan do d6 bong bé mat cac mau Phay CNC.
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Abstract. The surface finish of SKD61 steel is improved by CNC milling. The Taguchi method was used
to investigate optimal milling parameters. The optimal milling parameters were determined by the results
of the Taguchi experiment and the ratio (S/N). Based on the results of the Taguchi Lo experiment, the
milling parameters are determined as follows: cutting speed of 63 (m/min), feed rate of 200 (mm/min), cut
of depth of 0.25 (mm), materials of cutting tool: 4F hard alloy. The surface finish of the SKD61 steel was
improved from 6.23 pum to 1.30 pum, corresponding to 79.1%.
Keywords. Taguchi method, CNC milling, SKD61 steel, optimal, surface finish, the ratio S/N.
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