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UNG DUNG PHUONG PHAP TAGUCHI NGHIEN CUU
ANH HUONG CUA CHE DO CAT VA GOC XOAN

CUA DAO PHAY NGON LIEN KHOI BEN LUC CAT
KHI PHAY VAT LIEU NHOM Al6061

APPLICATION OF THE TAGUCHI METHOD TO INVESTIGATE THE EFFECTS CUTTING PARAMETERS AND HELIX
ANGLE ON CUTTING FORCE WHEN MILLING ALUMINUM ALLOY Al6061 BY A SOLID END MILL TOOL

TOM TAT

P& danh gia dong thoi thong sd ché do cat va thong sd hinh hoc clia dung cu
cat dén bién do luc cat trong qué trinh phay vét liéu nhom AIB061 béng dao phay
ngon lién khdi. Nghién ctu nay tng dung phuong phap quy hoach thuc nghiém
Taguchi va phan mém phan tich thong ké Intercooled Stata 8.2™ d€ xéy dung
md hinh toan hi quy gitra ché d cat va géc xodn dao phay ngon lién khéi voi cac
thanh phan bién do lurc cat khi phay bién dang. Qua d6, phan tich va du doan anh
hirong clia ché do cat va goc xoan clia dao phay ngén dén I cét trong qua trinh
gia cong va (ing dung phuong phap phan tich phuong sai (ANOVA) dé phan tich
mitc d6 anh hudng cla thong s ché do cat va géc xodn dao phay ngén dén bién
0 luc ct khi phay bién dang. K&t qua nay c6 thé tng dung trong thiét ké ché tao
dung cu cat va cong nghiép ché tao.

Tlr kh6a: Ché do cat, gdc xodn, luc cat, phay bién dang, dao phay ngén lién
khai, vt liéu nhom AI6061

ABSTRACT

In order to simultaneously evaluate the cutting parameters and the geometry
of the cutting tool to the cutting force’s amplitude when milling AI6061 aluminum
meterial by solid end mill. This study applied Taguchi method and statistical
analysis software Intercooled Stata 8.2TM to build regression mathematical model
between cutting parameters and helix angle of solid end mill with cutting force’s
amplitude components when milling profiles. Thereby analyzing and predicting the
effect of cutting parameters and helix angle of solid end mill on cutting force during
machining and applying Analysis of variance (ANOVA) method, the effect of cutting
conditions and helix angle on the amplitudes of cutting forces were analyzed and
modeled when milling profiles. This study can be applied in designing and
manufacturing cutting tools and industry machining.

Keywords: Cutting parameters, cutting force, helix angle, milling, solid end
mill, AI6061 aluminum material.
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1.DAT VAN BE

Vat liéu nhom la mot kim loai khd mém, déo, nhiét do
néng chay cao va khéng bi oxy héa khién nhém c6 moét do
bén cao, vi vay nhdm duoc st dung rét rong rai trong k¥
thuat hang khong, nganh cong nghiép 6 td, do ga, xay
dwng va sinh hoat hang ngay... Cé nhiéu phwong phap khac
nhau gia céng cac chi tiét, sdn pham vat liéu nhém nhu: cac
phuong phap gia cong ap luc, duc, gia cong cét got... Trong
do, phuong phéap gia cong cat got chiém ty 1& kha cao
trong nén cong nghiép san xuat o td, may bay, dién thoai...

Dai v6i cac doanh nghiép ché tao van dé lién quan dén
hiéu qua kinh té la can thiét va cap thiét phai nghién ctru.
Dé dap (ng duoc diéu kién phat trién va nhu cau clia cac
cong ty ché tao chi tiét may, cac cong ty ché tao dung cu
cat nghién ciru thiét ké dung cu cat dé dam bao qua trinh
gia cong ting nang suit va tang tudi bén ctia dung cu cat.

Hinh 1. Goc xo&n dao phay ngon lién khdi [3]

Cong nghé ché tao dung cu cét dong vai tro quan trong
vi khéng c6 dung cu cat tét v& chat lwong, nhiéu vé sb
lwvgng thi khéng thé ché tao dwgc nhirng may moc voi chat
lvgng cao, khdng thé ting nang suét lao déng, ha gia
thanh san pham va cai thién diéu kién lam viéc [1] d&c biét
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nghién ctru doi voi loai vat liéu méi. Mot trong cac yéu té
anh huéng truc ti€p dén kha nang gia cong cda dung cu
cat la cac théng s6 hinh hoc ctia dung cu cét. Trong bai bao
nay, nhém tac gia tap trung nghién ctru &nh huéng dong
thoi théng s ché dd cat va théng s6 hinh hoc goc xoén clia
dao phay ngon lién khai dén bién do luc cat khi phay bién
dang va lieu nhém AIB061. Goc xoan clia dao phay ngon
lien khéi dwgc xac dinh nhu hinh 1 [3].

Muc dich ctia nghién cru nay xay dyng mé hinh toan
hoc hdi quy gilta cac thanh phan bién do Iuc cit vai bon
thong s6: téc do cat (V,), lvong chay dao (f), chiéu sau cét
theo phrong hudng kinh (a,) va goc xoén cuia dao (B) khi
phay bién dang vat liéu nhém Al6061.

Nghién ctu nay ng dung phuong phap phan tich
phuong sai (ANOVA) danh gia mic dé anh huéng cla
thong s6 dau vao dén thong s6 dau ra va phan mém tng
dung théng ké Intercooled Stata 8.2TM dé xay dung mo
hinh toan hoc hdi quy va dv doén lyc cat trong qué trinh
gia cong.

Trong qua trinh gia cdng st dung dao phay ngén lién
khoi lc cat thay déi lién tuc trong sudt qua trinh gia cong.
Cac thanh phan luc cat tire thoi duoc tinh toan duwa trén sy
thay d6i ctia dién tich cét. Trong qua trinh gia cong co rat
nhiéu théng sé anh hudng t6i luc cat deoc téng hop bang
biéu do6 swong ca (hinh 2) [8, 9]. Nghién clru nay chi tap
trung vao nghién ctru anh hwéng va mic dé anh hwéng
dodng thoi clia thong s6 ché do cat (téc do cat (V,), luong
chay dao (f), chiéu sau cat theo phuong huwdng kinh () va
g6c xodn clia dao phay ngon lién khéi (B) dén cac thanh
phan bién do luc cat theo phuong X, Y, Z khi gia cong vat
lieu nhom Al6061.

Théng sé gia cong

Phéi gia cong Phoi

Hinh 2. Biéu d xvong & cc yéu t6 anh hudng I cét trong qué trinh gia cong

Trong gia cong cat got lvc ct 1a mot trong théng s6
vat ly danh gia va dy doan qua trinh gia céng nhu hién
twong mon v& dung cu cét, rung dong clia may, do chinh
Xac gia cong va chat luong bé mat. Luc cat 1a mot thong
s0 trung gian trong qua trinh gia cong dé thuc hién toi wu
héa thich nghi.

Luc cét 1a théng s6 qua do co thé dy doan duoc quy luat
cla chat lvgng bé mat chi ti€t trong qua trinh gia cong [10].
Viéc nghién ctu va dy doan luc cét trong qué trinh gia
cbng la rat quan trong doi véi nha cdng nghé va ché tao
dung cu ct.
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2. PHAN TiCH LUC CAT TAC BONG LEN LUGI CAT CUA
DAO PHAY NGON LIEN KHOI

— 1o

) / %‘P
e
A1)
By al

‘% p

Hinh 3. Hinh hoc dao phay ngén réinh xoan [5]

Trong qua trinh gia céng bang dao phay ngon lién khoi
tai trong tac dong chu ky gay ra (rng sudt theo chu ky co
hoc va nhiét tac dung 1én dao cat, dan dén tudi tho clia dao
ct giam. Cac loai dao phay ngon ludi cit xodn duoc s
dung dé lam giam su thay d6i dot ngdt cac thanh phan
rung dong cla lwc cat va duoc st dung khi chiéu sau cét
I6n, nhung chiu rdng cat nhé. Chirc ndng chinh clia ching
la phay duong bao dé dat duoc chat lvong bé méat duong
bao. Mat dao phay ngén dién hinh véi ranh xoan dwoc thé
hién trong hinh 3. Sy xo&n cda ludi cat lam ting dan dan
Ic doc theo dwdng ranh xoan clia dao phay ngén [6]. Néu
goc xodn trén dao phay la B, mot diém trén cac canh cla
ludi cit s& bi tré so voi diém cudi cla dao phay. Goc tré ()
& chiéu sau cat theo phuong doc truc (z) dwoc xac dinh nhu
hinh 4.

tan = g—f (1)

_ 2ztanf
B @

Khi diém duwai ring cat cha dao phay ngén c6 géc dn
dao ¢, mot diém trén ring cit dé cét chiéu sau z(mm) khi
do6 goc &n dao (¢ - ). Chéc chén rang, chiéu day ctia phoi bi
loai b6 doc theo rdnh xoén cling sé& khac nhau & mdi diém.
Qua su phan bd chia lyc cét trén lwdi cat cho thay s6 ludi cat
va goc xoén clia dao phay ngon c6 anh huwéng dang ké dén
dong luc hoc trong qua trinh gia cong. Sv &nh hwéng nay
tac dong truc ti€p dén chéat lvgng san pham gia cong.
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3. KHAO SAT LUC CAT KHI PHAY BIEN DANG BANG DAO
PHAY NGON LIEN KHOI
3.1. biéu kién khao sat

Trung tam gia cong CNC 5 truc dong thoi (DMU5S0) hé diéu
khién Siemens 840D: Hanh trinh truc X/Y/Z =500/450/400;
hanh trinh truc B: -5 d6 dén +110 dg; hanh trinh truc C: 360
do; Bong co truc chinh: téc do truc chinh tir 20 dén 14.000
(vong/phat), cong suat dong co truc chinh: 20,3kW, con
truc chinh SK40 tiéu chuan DIN69871. Ban lam viéc: toc do
quay truc B va C max: 20 (vong/phut); dai dao: s6 dao: 16 vi
tri; chiéu dai dao t6i da: 300; trong lvgng dao t6i da: 6kg;
t6c do di chuyén céc truc; téc do gia cong t6i da theo céc
truc X/Y/Z: 30.000mm/phut; toc dd chay dao nhanh theo
céc truc X/Y/Z: 30.000mm/phat.

Hinh 4. Hinh &nh may CNC 5 tryc DMU50
Dung cu cat: S dung dung cu cat dao phay ngon khéi
gia cong bién dang, vat liéu hop kim cling CKi*10 clia Bic.
Puong kinh dao (D) = duwong kinh chudi = 8mm. S6 ludi cét:
4. Chiéu dai doan lam viéc; 26,5mm. Téng chiéu dai: 82mm.
G6c nghiéng Helix; 15, 30, 45 d0.

Hinh 5. Hinh &nh dung cu c&t thuc nghiém

Thuc nghiém s dung thiét bj do luc 3 thanh phan ma
sO Kistler Type 9139AA: giai do (-3kN =+ 3kN), hop xt ly dir
liéu va mot may tinh cling véi phan mém DynoWare dé do
vaxu ly dit liéu thdng tin nhw hinh 6.
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a. Méy CNC5truc
¢. Hop x(t Iy dir liéu

b. Thiét bi do lyc
d. H& thong may tinh va phan mém x( Iy

Hinh 6. So d0 thiét Iap do luc cat

Chi tiét gia cong: Vat liéu gia cong thép nhdm Al6061
kich thuéc mau thi nghiém LxWxH=70x70x10(mm). Thanh
phan héa hoc ctia hgp kim nhém Al6061 trong bang 1.

Bang 1. Thanh phan héa hoc clia hop kim nhom A6061 (%)

Si | Fe Cu Mn Mg Cr In Ti | Al

04-1 07 | 015-| 015 | 08- | 004- | 025 | 0,15 | Con
08 04 12 0,35 lai

Péc tinh k§ thuat ctia hop kim nhom A6061 duoc thé
hién trén bang 2.
Bang 2. Béc tinh vét Iy clla hop kim nhdm A6061

Pactinhvatly Gid tri Pactinhvatly Gid tri
Nhiét do nong chay (°C) | 582-652 | M6 dun dan hoi (Gpa) 68,9
HE s6 dan nhiét (W/m.K) 167  |Diéntré (Q.m) 3,99e-006
Nhiét dung riéng (/g.C) | 0,896 |Ung suét udn (MPa) 96,5
Ty trong (kg/m?) 2,7 |Ung suat kéo (MPa) 276
B0 ciing (HB) 95 | H&so Poisson 0,33

3.2. Phan tich va danh gia két qua thyc nghiém

Qua mo hinh nghién cru ti€n hanh thi nghiém voi v, f, a, va
g6c xoan B thay doi, chiéu sau cat doc truc a, =10 (mm) khong
thay déi. Ung dung phuong phép thuec nghiém Taguchi Ly,
trec giao v6i 3 mitc khac nhau dé thuc nghiém phan tich dy
doan Iyc ct khi phay bién dang. Trén co s& khuyén céo clia
nha s&n xuét dung cu cét déi véi vat liéu dung cu c&t hop kim
clrng CKi*10 ctia Biic cac thong sd cat khi gia cong tinh vat liéu
Al6061 trong khoang gi¢i han nhu sau:

- Van tdc cat v trén may phay cao t6c ndm trong
khoang: 200 + 400 m/phdt;

- Chiéu sau cét theo phuong hudong kinh a,: 0,1 + 1mm;

- Budc tién f, nam trong khoang: 0,025 + 0,075mm/phit;

- Thong s6 goc xoan cua ludi ct theo thuc nghiém
nghién ctru thuong 15 - 45° tuy thudc vao tirng dac tinh ki
thuat clia vat liéu gia cong.

Theo ly thuyét quy hoach thwc nghiém tryc giao
Taguchi lya chon thyc nghiém véi 3 mic va dugce xac dinh
nhu bang 3.
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Bang 3. Bang thdng s6 dau vao nghién ciru thyc nghiém

o Mécl | Mic2 | Mirc3
T Thdng sb
-1 0 1
1 |Vantdccat (V) [m/phit] 200 | 300 | 400
2 |Lrong tién réng (f,) [mm/rang] 0,025 | 005 [ 0,075
3 |Chiéu séu cat hung kinh (a,) [mm] 01 | 055 1
4 |Goc xodn dao phay ngon lign khdi (B) [d6]| 15 30 45

Trong nghién cru thuc nghiém, v6i 4 thdng s6 dau vao,
moi théng s6 gdm c6 3 mirc khac nhau. Ma tran thi nghiém

Bang 4. K&t qué do bién do luyc cat theo 3 phrong X,Y,Z

phu hgp nhét la [6] (L,; - 34) bao gobm 27 thi nghiém duoc
Iwa chon dé tién hanh nghién ctru thyc nghiém anh hwdng
clia 3 thong s6 ché do cat la van tét cat, lwvong tién rang,
chiéu sau cat hudng kinh va goc xoan clia dao phay ngon
dén lyc cét khi phay bién dang.

3.2.1. Phan tich bién do luc cit theo phurong X

St dung phuong phap ANOVA phan tich mic do anh
hudng clia cac théng sé cho thdy, goc xoan dao phay ngon
anh hudng lon nhat dén bién do luc ct theo phrong X
(52,473%), t6c do cét (V) anh hudng chiém 29,588%, con
cac théng s6 khac anh huédng it hon 7% duogc tinh toan
bang phan tich ANOVA (bang 5).

Bién ma hda Thong s6 thuc nghiém ; ] ]
Thi X | % [ [ v, | N 8 Bién do luc cat theo Bién do luc cat theo Bién do luc cat theo
L (miphtt] | (mm/ring]| [mm] | [do] phuong XA, (N) phiong Y A, (N) phueng Z A, (N)
1 |-1]-1]-1]-1 200 0,025 01 15 327,04 114,24 79,06
2 |-1]-110]0 200 0,05 01 30 223,90 81,47 65,39
3 |-1]-1)1]1 200 0,075 01 45 137,719 72,55 72,98
4 1-1101(-1]0 200 0,025 055 | 30 192,91 32,81 54,92
5 [-1]10(0]1 200 0,05 055 | 45 142,63 72,78 69,37
6 |[-1]0(1]-1 200 0,075 05 | 15 441,39 188,86 131,72
7 |-1]1(|-1]-1 200 0,025 1 15 330,18 12379 91,61
8 |-1]11]0]0 200 0,05 1 30 259,82 83,64 82,46
9 |-1]1]1]1 200 0,075 1 45 214,04 76,25 93,98
10 (0]-1|-1]1 300 0,025 01 45 125,76 58,85 45,70
11 |0]-1]0]-1 300 0,05 01 15 459,72 141,19 129,28
22 |0]-111]0 300 0,075 01 30 321,21 93,46 105,07
13 (0]0(-1]1 300 0,025 055 | 45 180,95 63,10 63,35
14 10(0]0(-1 300 0,05 055 | 15 506,22 158,65 140,06
5 (00110 300 0,075 055 | 30 371,12 104,37 128,75
16 (0]1(-1]0 300 0,025 1 30 308,46 70,82 67,74
17 (01|01 300 0,05 1 45 176,50 59,83 76,65
8 |0]1]1]-1 300 0,075 1 15 701,75 174,34 148,43
19 |1]-1]-1]-1 400 0,025 01 15 664,41 138,84 149,29
20 [1]-1]0]0 400 0,05 01 30 432,32 87,57 156,28
20 | 1]-1]1]1 400 0,075 01 45 285,97 80,37 119,53
2 [1]0]-1]0 400 0,025 055 | 15 629,88 149,75 123,98
23 [1]0]0]1 400 0,05 055 | 45 278,06 60,55 111,69
24 | 1]0(1]-1 400 0,075 055 | 15 1042,39 223,45 224,63
25 | 1]1]-1]-1 400 0,025 1 15 664,27 151,77 124,63
26 [1]1]0]0 400 0,05 1 30 419,37 130,92 133,40
21 [1]1]1]1 400 0,075 1 45 339,34 80,11 146,73
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Bang 5. K&t qua phan tich ANOVA bién dd lirc cat theo phurong X

Number of obs; 27 R-squared: 0,9998
Root MSE: 11,4355 Adj R-squared: 0,9972
Source Sum of squares Degree of freedom Mean square F-value Prob>F | Percentcontribution (%)
Model 1193118,1200 24 49713,2550 380,16 | 10,0026
Ve (m/min) 353092,9790 2 176546,4895 1350,05 0,0007 29,588
fz [mmAV] 50987,6532 2 25493,8266 194,95 0,0051 4273
3, [mm] 36295,2198 2 18147,6099 138,77 0,0072 3,041
B 626204,7430 2 313102,3715 2394,29 0,0004 52,473
Ve*fz 28396,8941 4 7099,2235 54,29 0,0182 2,380
Vc*a 16446,1069 4 4111,5267 3144 0,0311 1,378
Ve*B 79358,2880 4 19839,5720 1511 0,0066 6,650
fr*a 2336,2337 4 584,0584 447 0,1912 0,196
f7*B 0 0,000
a*B 0 0,000
Ve*Ve 0 0,000
fz*fz 0 0,000
a*a 0 0,000
B*B 0 0,000
Error 261,5408 2 130,7704 0,022
Total 1193379,6585 26 45899,2176 100
Bang 6. K&t qua phan tich ANOVA bién dd luc cat theo phuong Y
Number of obs: 27 R-squared: 0,9948
Root MSE: 12,1112 Adj R-squared: 0,9323
Source Sum of squares Degree of freedom Mean square F-value Prob>F | Percentcontribution (%)
Model 56027,0458 24 2334,4602 15,92 0,0607
Ve (m/min) 3854,84635 2 1927,4232 13,14 0,0707 6,844
fz [mm/v] 3108,55873 2 1554,27%4 10,6 0,0862 5,519
3, [mm] 1924,88957 2 962,4448 6,56 0,1322 3418
B 42388,5227 2 21194,2614 144,49 0,0069 75,263
Ve*fz 2632,22464 4 658,0562 449 0,1905 4,674
Ve*a 220,336422 4 55,0841 0,38 0,816 0,391
Ve*B 1632,0329 4 408,0082 2,78 0,2815 2,398
fr*a 265,634453 4 66,4086 0,45 0,7742 0,472
f*B 0 0,000
a*B 0 0,000
Ve*Ve 0 0,000
fz*fz 0 0,000
a*a 0 0,000
B*B 0 0,000
Error 293,361238 2 146,6806 0,521
Total 56320,4070 26 2166,1695 100

Phuwong trinh héi quy anh huéng cla cac thong s6 ché
dd cét va goc xoan dao phay ngén lign khéi dén bién do luc
cat theo phuong X mic do anh hudng clia tirng théng s6
riéng 1é va sw anh hudng 1an nhau thong s6 dau va téi luc
cat theo phuong X dugc danh gia bang phan tich ANOVA
bang 5. So sanh két qua do dugc tir thuc nghiém va gia tri
du doan bién db lvc cat theo phuong X dwgc mé ta hinh 7.

Website: https://tapchikhcn.haui.edu.vn

Qua hinh 7 cho thay, két qua dv doan rat gan voi két qua
do duoc. Gia tri R? clia phuwong trinh hdi quy ctia bién dé lvc
cat dat duoc 98,47%. Vi vay, mé hinh hdi quy toan hoc nay
la m6é hinh héi quy phu hgp nhét véi 4 thdng s6 dau vao
(van téc cat, chiéu sau cat theo phuong ban kinh, lvong
chay va géc xoan dao phay ngon) va théng s6 dau ra l1a gia
tri bién do luc cét theo phuong X.
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Ap, = 616,7385 — 1,958246 * V, — 4979,026 * f,
—10,46394 * a, — 4979,026 * B
+20,59011 * V, * f, — 0,1389388 % V, * a,
—0,0641506 * V, * B — 53,80464 * a, * f,
—177,6742 *f, B+ 1,921873 * a, * B
+0,006931 * V2 + 66765,78 x f,2
+46,32638 * a2 + 0,2680647 * B

R> = 9847%R%;y = 96,69%

Bién d luc cit theo phuwong X (Ayy)
Thyre nghiém_Afx Dy doan _Afx

1000

Cutting force [N]
a
8

12 3 4 5 6 7 8 9 10111213 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28

Run No.

Hinh 7. Két qua do tlr thuc nghiém va du doan bién dd luc cat theo phirang X

3.2.2. Phan tich bién dd luc cit theo phurong Y

St dung phuong phap ANOVA phan tich mc d anh
hudng clia cac théng sé cho thdy, goc xoan dao phay ngon
anh hudng lon nhat dén bién do luc cat theo phuong Y
(75,263%), t6c do cat (V.) 6,844%, lwvong chay dao theo
phuong huéng kinh 5,519% con cac thdng s6 khac duoc
thé hién bang phan tich ANOVA (bang 6).

Phuong trinh toan hoc héi quy anh huéng cla céac
thong s6 ché do cat va goc xodn dao phay ngon lién khoi
dén bién do luc cat theo phrong Y mitc do anh hudng clia
tirng thong s6 riéng & va sy anh huwdng 1an nhau théng s6

Bang 7. K&t qua phan tich ANOVA bién do luc cét theo phuong Z

dau va téi luc cat theo phuong Y dwoc danh gia bang phan
tich ANOVA bang 6. So sanh két qua do duoc tir thuc
nghiém va gia tri dy doan bién do lvc cat theo phuong Y
duoc md ta hinh 8. Qua hinh 8 cho thdy, két qua dv doan
rat gan véi két qua do duoc. Gia tri R? clia phuong trinh hoi
quy cla bién do luc cat dat duoc 95,84%. Vi vay, md hinh
ho6i quy toan hoc nay la mé hinh héi quy phu hgp nhat véi
4 thoéng s6 dau vao (van téc cét, chiéu sau cat theo phrong
ban kinh, luong chay va goc xoan dao phay ngén) va théng
s6 dau ra la gia tri bién do luc cat theo phurong Y.

A, = 220,8773 —0,5738021 = V. + 2430,745 * f,
—12,06736 * a, — 7,229925 * B
—0,5860904 * V, * f, + 0,0751852 * V, * a,
—0,0045221 * V, * p — 430,239  a, * f,
—45,70717 % f, * B + 0,0862069 * a, * p
40,0013401 * VZ 4 757,0037 * f,*
+12,88711 * a,2 + 0,1289566 * p*

R? = 9584%,R%,; = 91,00%

Bién db Iwc cit theo phwong Y (Ag,)

4)

#— = Thyc nghigm_AFy Dy doin _Afy

Cutting force [N]

123 456 7 8 91011121314151617 1819202122 232425262728
Run No.

Hinh 8. Két qua do tlr thuc nghiém va du doan bién dd luc cat theo phirang Y

Number of obs: 27 R-squared: 0,9921
Root MSE: 12,9442 Adj R-squared: 0,8971

Source Sum of squares Degree of freedom Mean square F-value Prob>F Percent contribution (%)

Model 42013,5771 24 1750,5657 10,45 0,0909
Ve (m/min) 17633,8607 2 8816,9304 52,62 0,0186 41,640
fz [mmAV] 7703,2600 2 3851,6300 22,99 0,0417 18,190
a, [mm] 909,7465 2 4548733 2,71 0,2692 2,148
B 128145770 2 6407,2885 38,24 0,2550 30,260
Ve*fz 575,1995 4 143,799 0,86 0,6007 1,358
Vc*a 604,8937 4 151,2234 0,90 0,5859 1428
Ve*B 1180,9245 4 295,2311 176 0,3932 2,789
fr*a 591,1153 4 147,7788 0,88 0,5927 1,396
f7*B 0 0,000
a*p 0 0,000
Ve*Ve 0 0,000
fz*fz 0 0,000
a*a 0 0,000
B*B 0 0,000
Error 335,1062 2 167,5531 0,791
Total 42348,6834 26 1628,7955 100
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3.2.3. Phan tich bién dd luc cét theo phrong Z
St dung phuong phap ANOVA phan tich mc d6 anh
hudng clia cac théng s6 cho thdy, goc xoan dao phay ngon
anh huéng 16n nhat dén bién dé luc cat theo phuong Z
(30,26%), t6c do cat (V) 41,64%, lvgng chay dao 18,19%,
chiéu sau cat theo phrong hudng kinh nhé chiém 2,148%
con cac théng s6 khac dwgc danh gia qua bang phan tich
ANOVA (bang 7).
Phuwong trinh héi quy anh huéng clia cac thong s6 ché
dd cét va goc xoan dao phay ngon lign khéi dén bién do luc
cat theo phuong Z mic dd anh hudng ciia tirng théng s6
riéng lé va sw anh hudng 1an nhau théng s6 dau va téi luc
cat theo phuong Y dwoc danh gia bang phan tich ANOVA
bang 7. So sanh két qua do dugc tir thyc nghiém va gia tri
du doan bién dd lvc cat theo phuong Z dwgc mé ta hinh 9.
Qua hinh 9 cho thay, két qua du doan rat gan voi két qua
do duoc. Gia tri R? clia phuong trinh hdi quy ctia bién dé luc
cat dat dwoc 96,55%. Vi vay, md hinh hbi quy toan hoc nay
la m6é hinh héi quy phu hgp nhét véi 4 thdng s6 dau vao
(van téc cat, chiéu sau cat theo phuong ban kinh, lvong
chay va goc xoan dao phay ngon) va théng s6 dau ra 1a gia
tri bién do lyc ct theo phwong Z.
Ap, = 134,7146 — 0,5312286 * V, + 859,2726 * f,
+30,43535 * a, — 2,129851 *
+3,373772 %V, * f, — 0,1314124 * V, * a,
—0,0050189 * V, * B+ 123,0776 * a, * f,
—16,79662 * f, * B + 0,88386 * a, * (5)

+0,00114502 * V2 — 3843,486 x f,2
—16,69712 * a,% + 0,0369289 * B
R* = 96,55%R%;y = 92,52%

Bién dé lwc ciit theo phuong Z (Ag,)

Thyc nghigm_Afz Dy dodn _Afz

Cutting force [N]
bR NN
8 8 8 8 8

o

123456 7 8 9 1011121314151617 18 1920 21 22 23 24 25 26 27 28

Run No.

Hinh 9. Két qua do tir thuc nghiém va dw doén bién dd luyc cat theo phuong Z
4. KET LUAN

Thuc nghiém khao sat va phan tich anh hwéng théng s6
ché do cét va goc xoan (V,, f, a, B) t¢i thanh phan bién do
I cat khi phay bién dang vat lieu nhém Al6061 bang dao
phay ngén lign khéi. Ung dung phuyong phéap quy hoach
thirc nghiém Taguchi va phan mém Intercooled Stata 8.2™
da xay dwng dugc mo hinh toan hoc hoi quy thuc nghiém
gilta théng s& dau vao (ché do cat va goc xoan cla dao) va
thng s6 dau ra la thanh phan bién do luc cat (A, A, Ar)
phrong trinh (3), (4) va (5). K&t qua cho thay, bién do lwc cét
theo hai phwong X, Y twong (ng véi méc do anh hwédng cla
thong s6 gdc xoan, téc do cat, lvgng chay dao va chiéu sau:
phuong X (52,473%, 29,588%, 4,273%, 3,041%);, phuong Y

Website: https://tapchikhcn.haui.edu.vn

(75,263%, 6,844%, 5,591%, 3,418%). Bién do luc cat Iuc cat
theo phuong Z twong ¢ng véi mirc dd anh huwéng cla
thong s6 gdc xoan, téc do cat, lvgng chay dao va chiéu sau:
30,260%, 41,640%, 18,19%, 2,148%. Dya trén co s& phan
tich du doan vé lyc c&t dé phan tich, tinh toan trong thiét
ké va ché tao dao phay ngdn lién khéi va cé thé ting dung
trong céng nghiép gia cong.
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