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Tém tit — Bai bao nghién ciru xac dinh cc hé sb trong cong
thirc Taylor co ban va mé rong Thiét ké thuc nghiém, dleu kién
cit v6i van toc cit V= 300 + 400 (m/phat); bude tién dao
S= 0,1+ 0,3 (mm/vong); chleu sdu cit t= 0,3 + 0,7 (mm). Chon
phuong phap quy hoach hén hop dang B, tién hanh 8 thi nghiém
tai nhan, 6 thi nghi¢ém & céc diém sao va mdi thi nghiém 13p lai
41an. Thyc nghiém dugc thyc hién trén may tién CNC MASCUT
AC1840, diing may SJ-301 dé kiém tra d6 bong. Khi gia tri do
bong Ra dat tir 2,5 + 0,63 (um) dirng thi nghiém va co gid tri tuél
bén dao T (phut) tuong ung. Két qua thyc _nghiém thé hién médi
quan hé gilra cac yeu t6 cit (S, V, t) dén tudi bén dao (T). Tir do,
x4y dung cac hé s6 (n, C) va (n, a, b va Ct) trong cong thirc Taylor
co ban va mo rong.

Tjr khoéa - Dung cu cit; dung cu cit co 16p phu; tudi bén; ché do
cat; phuong phéap qui hoach thuc nghi¢m.

1. Pat vin dé

Thoi gian gan day, cac két qua nghién ciru vé vt liu
dung cu cit dugc ap dung ngay cang nhiéu vao thyc té san
xuat dic biét 1a dung cu cét c¢6 16p phu. Hién nay, dung cu
cét ¢6 16p phi duge ng dung rat phd bién cho cac méy
nhu: may tién, phay, khoan, ta ro,... trong gia cong thép,
gang, nhdm va cac loai vét liéu khac. Vat liéu pha chinh
thong thuong la: Carbide Titanium (TiC), Titanium Nitride
(TiN), Oxyt Nhém (Al;O3), Titanium Cacbide Nitride
(TiNC) 14 cac vat liéu rat cing, c6 do chdng an mon va do
tro hoa cao, tang kha nang chong mai mon gitra dung cu
cit va phoi. Pam bao tudi bén dao va lam ting ning suit
gia cong lén dang ké nho nhitng dung cu dic biét, cling nhu
nhiing k¥ thuat gia cong chudn va chinh xac ap dung trén
tién CNC duoce str dung cho nghién ciru nay [1].

Do do, trong gia cong can c6 bang tra cac thong sd hay
cac bang hé so lién quan gita vat li¢u gia cong, vat liéu lam
dao, ché d¢ cat va tudi bén cia dao dé trong qua trinh sir
dung dugc nhanh hon va giam thoi gian thur nghiém.

Thuc té, nhitng nghién ctru khoa hoc lién quan dén viéc
xéc dinh cac hé sb cua vat lidu gia cong va dung cu cit chu
yéu tap trung nghién ctru xac dinh cac hé sb cua vat lidu
thép cacbon dung cu, thép cit tbe do cao, hop kim dtic, hop
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kim cimg, gdm kim loai, cacbit phi1 va ceramic [2]. Vi hién
nay c6 rat nhiéu nghién ctru méi vé vat liéu duoc 4p dung
cho dung cu ct tién tién, hang nam cé rat nhiéu sang kién
dugc ap dung tai cac hang ché tao dao cu [3], [4]. Nhu
nghién ctu [5], nhdm t&c gia dd 4p dung phuong phap
nghién ctru, quy hoach thyc nghiém va st dung hai phuong
trinh xac dinh tudi bén dung cu cét: phuong trinh Taylor
TxV"= C, va phuong trinh Wu’s: TxVfPxt'= C nham
nghién ctru so sanh tudi bén dung cu cét carbide khong phu
va vt liéu nén 1 carbide v6i hai 16p phu khac nhau TiC va
TiC + Al0s.

Hién nay, & Viét Nam nghién ctru chu d& nay con nhiéu
ma&i mé va ¢6 mot vai nghién ctru lién quan nhu: “Nghién
ctru anh huong cta yéu t cat (S, t) dén do nham bé mat
(Ra) khi phay mat Archimedes trén trung tdm CNC Super
MC” [6].

Vi vdy, can c6 nhiéu hon nira cic nghién ctru dén viée
xé4c dinh cac hé sd lién quan gifra vat liéu gia cong va vét
liéu dung cu cit, dac biét la vat liéu c6 mot 16p phu TiN va
tudi bén dao véi hop kim nhém [AlSisZn,Cu] dé cung cip
thém dir liéu ing dung trong san xuét va dao tao. Do vay,
nghién ctru: “Xéc dinh cac hé sb trong cong thuc Taylor
khi tién hop kim nhdm [AlSisZnsCu] st dung vt liéu phu
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Titanium Nitride (TiN) trén may tién CNC” 1a rat can thiét
va diém khac biét quan trong ctia nghién ciru nay so véi
cac nghién ctru trude day. Cac hé $6 Taylor xac dinh dugc
¢6 thé dung dé thiét 1ap bang tra ché do cat t6i wu cho dao
tién c6 16p phu TiN khi gia cdng hgp kim nhom.

2. Gidi thiéu cong thire Taylor
2.1. Khdi ni¢m vé tuéi bén dao

Tudi bén dao la khoang thoi gian cét ma dao c6 the lam
viéc lién tuc cho dén khi dao mat kha nang cat got phai mai
lai, va duoc ky hiéu T (phat).

Ngay nay, tudi bén dao manh Insert duoc xem la thoi
gian lam viéc cua mot “miii” dao. Tuy nhién, trong san
xuat, thuong gap kho khan trong viéc mai sac lai dur)g cu,
vi anh hudng dén chat lwong bé mat, @6 chinh xac vé kich
thudc chi ti@t. Do d6, luva chon mét mae do tudi bén dao
hop ly co the dugc xem la mot tiéu chi quan trong cua qua
trinh tinh kinh té trong gia cong.

Tudi bén dao phu thude nhiéu yéu t: Vat liéu lam dao,
vat liéu gia cong, thong s6 hinh hoc ctia dao, ché do cét, nhiét
cit, do cing vimg cua hé thong cong nghé... Do do, tay
trudng hop cu thé ma ta chon tudi bén dao khéac nhau [7].
2.2. Phuong trinh Taylor

_ Trong qua trinh ,ca“it got nhi?:u yéu ‘t6' anh huong dén tudi
bén dao: van toc cit, bu:o"c tién, chiéu sau cat, dung dich
tudi ngudi, vat licu ch,i tiét gia péng, ... Trong d6 nhém anh
huodng cua vat 1iéur rat khg’) d@: diéu chinh, con nhom anh
huong cia ché do cat co thé di€u chinh dugc trong qua trinh
1ap trinh gia cong CNC. Trong cac yéu td cua che do cét thi
van tdc cit 1a yéu t6 anh huong 16n nhit dén tubi bén dao.

Vao khodang nam 1900 cua thé ky truge Frederick
Winslow Taylor da tien hanh nghién ctru bang thyc nghiém
v6i vt liéu dung cu cét 1a thép cat toc do cao khi gia cong
thép. Va ong da tim ra dugc mdi quan hé giita véan toc cit
va tudi bén dao, dugc thé hién & cong thirc (1), [2]:

VxT"=C (1)
Trong d6:

+V 1a van tdc cit (m/phat).

+ T 14 tudi bén cua dao (phut).

+n va C 1a céc hé sb, phu thudc vao bude tién, chleu

sdu cat, vat lidu 1am dao, vat liéu chi tiét gia cong va tudi
bén dao tiéu chuin duoc str dung.

Bing 1. Bing gid tri n va C trong céng thikc tuéi bén Taylor [2]

thé hién sy anh hudng cua ca vén tdc, luong chay dao va
chiéu sau cat. Bé duoc goi la cong thirc Taylor mé rong:

VXT"XS3t° = C; )
Trong d6: n, a, b va C; la cac hé sb.

Theo nhu (Bang 1), tir thap nién 90 dén nay thi cac hé
s0 trong cong thirc Taylor dugc xac dinh 6 cac loai vt liéu
khac nhau nhung chi ding lai ¢ vat liéu dung cu Ceramic.
Do @6, viéc xac dinh cac h¢ so trong cong thirc Taylor véi
vat li¢u phu 1a rat can thiét.

2.3. Lich si¢ phdt trién dung cu cit

Vit liéu dung cu cit da c6 lich sir phat trién trai qua cac
giai doan v6 cung manh mé. Tur khi thép cat toc d cao ra
doi da cai thién van toc cat dang ke so voi cac loai vat licu
truge do, tiép sau d6 cac nhom vat liéu hop kim clmg, vét
lidu gdm co thé cho vén tdc cat cao lam ting ning suit va
cai thién chat luong bé mit chi tiét gia cong. Lich sir phat
trién va déc tinh cia céc loai vat liéu dung cu dugc trinh
bay trong (Bang 2).

Bing 2. Lich sit va dic tinh ciia vdt liéu dung cu cdt [8], [9]

o Van tbc | Nhiét do .
Nam Vvt lleléé(:ung o cit gidi hgn dac D(&;lgl)g
(m/phat) |tinh cat (°C)
1894 | IhPeachondungl 5| 900-300 | 60
1900 |Thép hop kim| g 300 - 450 60
dung cu
1900 |Thép gi6 12 450-550 | 62-65
1908 | Thép gi6 cai tién | 15-20 | 500-600 | 66— 68
Thép gio (tang Co } ) )
1913 | 3 W) 20-30 | 600 - 650
1931 |Hop kim cimgl 50, | g5y 1000 91
cacbit vonfram
Hop kim cung
1934 | @ T 300 | 800-1000 | 91-92
1955 | Kim cuong nhan tao 800  [100000 HV
1957 |Sanh sir 300-350 1500 9294
1965 | Nitrit Bo 100-200 1600 | 8000 HV
Thép toi
Hop kim cing 18000
1970 | ot (TiC) 300 1000 Y

Tu biéu do (Hinh 1) ta thiy, cling véi sy phat trién cua
dung cu cit thi toc do gia cong ciing tang theo. Do do, su
cai tién ‘dung cu cét 1a mot trong nhimg yéu t6 gop phan
phat trién mot nén cong nghi¢p hién dai va hiéu qua.

100000

Vit tigu n [ Cht phi kim Cca’t kim loai

dung cy (miphat) | (m/phat)
Thép cacbon dung cu 0,1 70 20
Thép téc do cao (thép gid) | 0,125 120 70
Hop kim cing 0,25 900 500
Gém kim loai 0,25 600
Cacbit phu 0,25 700
Ceramic 0,6 3000

_ Cong thirc Taylor (1) thé’hién anh huong cua van toe
dén tuoi bén dao 1a 16n nhat. Nhung thyc t€ hién nay,
Taylor ciing da ching minh va thiet 1ap dugc mot cong thire

PCD/c-BN
10000 -

g Ceramics
2 1000 | o
& =
2 1001 HM _ i
g g T
= HSS +
2 101 carbon } ey
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1 & ; ‘
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Nim

Hinh 1. Qud trinh phat trién ciia dung cu cdt [9], [10]
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Hién nay, su canh tranh dén dén viéc ung dung cac cong
nghé tién tién cla cac nha san xuat 1a tinh tit yéu dé ning
suét tang va san pham giam gia thanh. Trong do, viéc lya
chon dung cu cit phi hop 14 tiéu chi dugc cac ¢ong ty, nha
may gia cong ché tao uu tién hang dau. Dya vao nhu ciu
tir thyc té, dung cu cat ¢6 16p phii dugc phat trién khong
ngimg va da dang vé chiing loai (Hinh 2).

Vit liéu Lop pha
gia cong ngay nay

Lop phu
teong lai

> | N.=.

Hinh 2. Nhitng ving dung cia dung cu phi ¢ hién tai va
twong lai [10]

Ngay nay, dung cy cit ¢6 16p phu dugc str dung phé
bién trong gia cong cét got va c6 nhleu loai dung cu phu
khac nhau vé vat liéu nén (thép cit tbc do cao, hop kim
cimg) va khac nhau vé 16p phu nhu: TiC, TiN, MozN,
AlLO;..., khac nhau vé sé 16p phii nhu: phit mot 16p hay
phu nhiéu 16p. Trong d6, dung cu cat c¢6 phu 16p TiN dugc
sir dung phd bién. Trén thé gidi co nhiéu hiang ché tao dung
cu cat tién tién nhu: Sandvik, Diamond Innovations,
Precision Dormer, Nachi, Seco, Mitsubishi, Hitachi,...

2.4. Céu tao va dic diém ciia dung cu cdit cé I6p phii
Phan cit got ¢ c4u tao gdm hai phan chinh (Hinh 3):
+ Mot 1a, phﬁn nén thudng cé hai loai vat liéu: thép cit
toc d6 cao va hgp kim cung.
+ Hai la, phén phu gém cac vat liéu nhu: TiN, TiC,
Titanium Carbonitrit (TiCN), Titanium Aluminium Nitrit
(TIAIN).

Ti (CN)

Lép phii (TiN)
Vit liéu nén
Vit liéu nén
() Dung cu phii mét l6p (b) Dung cu phii nhiéu I6p
Hinh 3. Cdu tao dung cu cdt ¢6 I6p phii (nguén tir SANDVIK)
L6p phu thuong rat méng khoang 0,002 + 0,01mm véi
dd ctng rat cao [11], hé s6 ma sat nho nén luc ma sét giira
phoi va mit trude cua dao giam. Do vay, trong qué trinh
gia cdng phoi thodt ra lién tuc khong du thoi gian truyén
nhiét tir phoi vao dao, 1am tudi bén cua dao ting. Dung cu
nhiéu 16p phu s& tan dung dwoc vu diém cia cac 16p phu
khac nhau, dé tao ra dung cu c6 chét luong cao hon. Tuy
nhién, quy trinh phu khong don gian va din dén gia thanh
san phim cao.

3. Thi nghiém xac dinh cic hé¢ so trong cong thirc
Taylor doi v6i manh dao c6 16p phu Titanium Nitric
(TiN) Khi tién hgp kim nhém [AlSisZnsCu]

3.1. Trang thiét bj va dung cu do kiém thwe nghi¢m

Hinh 4. May tién CNC
MASCUT AC1840

,
|
‘

200

Hinh 6. Phoi [AlSisZnsCu]

Hinh 5. Mdanh dao tién ngoai
WNMG 08 04 04-XF GC15

N
iy,

Hinh 7. So d6 ga phoi

Hinh 9. Mdy do dé nham
Mitutoyo SJ-301

Hinh 8. Thuéc cap 1/100_
300mm va Panme 0,01_(25-50)

3.2. Thi nghi¢m xdc dinh cdc hé sé trong céng thirc
Taylor VXT" = C vdi mdnh dao cé lop phu Titanium
Nitric (TiN) khi tién hop kim nhom [AlSisZnsCu]

3.2.1. Xdy dung phirong trinh hoi quy [PTHQ]

s Phwong phdp quy hoach thuc nghi¢m [12]

Trong nghién ctru nay tac gia chon mo hinh quy hoach
thuc nghiém dang B (Face Central Composite Design
(FCCCD)) vi:

Quy hoach dang B 1a dang quy hoach hdn hop dbi xtng
vamo ta twong ddi t6t tinh chét doi tuong nghién ciru trong
toan bo khong gian thiét ké, cac nhan t6 ndm trong mién
gi4 tri. Mdi nhan t6 chi yéu cau 3 gia tri.

Dau tién, tién hanh cac thi nghiém & nhan (2%thi nghiém
(k=3)) dé thu dugc PTHQ bac 1. Sau d6, kiém tra tinh
tuong thich cua PTHQ bac 1. Néu tuong thich ta dimg thi
nghiém va st dung PTHQ bac 1. Néu khong tuong thich ta
tiép tuc thi nghiém ¢ cac diém sao (2.k) va tam (1 thi
nghiém) d¢ thu dugc PTQH bac 2.

% Xdc dinh sé thi nghiém lip lai cho méi mikc thi
nghiém

Véi @6 chinh xac ctia may do do nham SJ-301 (Hinh 9)
s=0,001pm va do chinh xac mong doi E = 0,001 um, murc
v nghia la 95% thi t= 1,97 (bang Student) [12], so thi
nghiém 13dp lai cho mo6i murc thi nghiém tdi thiéu Ia:

t2xs? 1,972 x0,0012

E2 0,0012 =39 @)

Do do, trong thuc nghi¢m nay duoc lap lai 4 14n v&i moi
murc thi nghiém. Céc thi nghiém dugc thuc hién trén may
tién CNC MASCUT AC1840 (Hinh 4); st dung manh dao
tién ngoai (Hinh 5); dung thudc cdp, panme do kiém kich
thude (Hinh 8) va khdng st dung dung dich tudi ngudi.

N>
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Trong thi nghiém, chon thong s6 y (tudi bén dao). Vat
liéu gia cong 1a hop kim nhéom [AlSisZnsCu] v6i thanh
phan héa hoc nhu (Bang 3). Kich thudce va hinh dang ciia
phdi nhu (Hinh 6). Phoi dwuoc kep mot dau va mot dau
chbng tam (Hinh 7).

Bing 3. Thanh phan héa hoc Hop Kim Nhom (%(m/m))

Al

Si

Mn

Cu

Fe

Zn

Ti

85,1

5,67

0,23

1,61

1,63

4,65

0,03

Gia trj trung binh nhan t %; va ¥ theo cdng thirc sau:

__ ¥ixj _ 1050
ETST T

_ Yy 176
=220 - 170 - 58,67

=350 (4-3)

(4-4)
Kiém tra diéu kién:
¥ = 58,67 ~ 233,67 — 0,5.350 (thda diéu kién) (4-5)
Nhu vay, két qua thuc nghiém c6 thé biéu dién bang

Yéu t6 dugc xem anh huong dén thong sd y 1a véan tdc cat
V (m/pht) ki hi¢u x1va S, t xem nhu khong anh hudéng (Bang
4) va dugc chon theo nha ché tao dung cu cat [13], [14].

Bing 4. Théng s6 anh hudng va mire do thue nghiém (1)

phuong trinh: ¥ = 233,67 — 0,5.x4

v
(m/ph)

450

400

350

300

250

200

V=400 (m/ph)

V=350 (m/ph)

(4-6)

V=300 (m/ph)

0

56

85T (phiit)

. Mirc
Thong so .
Cao Co ban Thap
x1 (m/ph) 400 350 300
X2 (mm/vg) 0,1
x3 (mm) 0,3
Phuong trinh hdi quy bac nhat mot nhan tb ¢6 dang:
¥y = bo +byx; 4)
Bing 5. Két qua quy hoach thire nghiém (1)
Do nham |, 4. x| Tudibén
sir| V|3 Ul et | TUOEDEN g binh
(m/ph) | (mm/vg) | (mm) | 5o (um) T (phat) T(pht)
L1 |1,3 |79:32:10
L2 [1,32|86:42:39
1| 300 0,1 0,3 85
L3 [1,35(87:35:10
L4 [1,38(88:59:26
L1 1,16 |50:10:32
L2 [1,21|57:39:42
2 | 350 0,1 0,3 56
L3 [1,24|58:10:35
L4 [1,25|59:21:33
L1 [0,91|30:45:53
L2 0,99 |33:01:16
3 | 400 0,1 0,3 35
L3 [1,12|38:10:23
L4 (1,16 {39:25:04
Ma tran quy hoach thyc nghiém:
STT | x y1 ye y3 ya y
1 300 79 86 87 88 85
2 350 50 57 58 59 56
3 400 30 33 38 39 35

Cac hé s6 phuong trinh hoi quy (PTHQ) [12]:
_ (Z]N==13 Yi)X(Z]N==13 X%j) - (Z]N;f leYi)X(ZJN==13 le)
Nx YN xF; — (I Xli)z

_ 176x372500 — 59100x1050

by

3x372500 — 10502~ 23367 (4-1)
C N Y xyys — (852 y)x(B)57 xy5)
e - ()
_ 3%59100 —176x1050 )

3x372500 — 10502

Hinh 10. D6 thi quan hé gita Vva T
~ Qua d0 thj quan hé giira V va T (Hinh 10), khi S khong
doi tai S=0,1 (mm/vong) ta nhan thay, khi V tang thi T gidm.
3.2.2. Thi nghiém xdc dinh cic hé sé trong céng thirc
Taylor VxT"=C
Theo cong thirc Taylor VXT"= C (1) va tir cdc két qua
thuc nghiém thiét 1ap dugc cac phuong trinh sau:

300x79"=C  (1-1) 300x87"'=C  (1-5)
400x30"=C  (1-2) 400x38"=C  (1-6)
300x86"=C  (1-3) 300x88"=C  (1-7)
400x33'=C  (1-4) 400x39"=C  (1-8)

T cac phuong trinh trén xac dinh duoc cac hé s6 sau:

1-) & (1-2)=>m=0,29 (1-3) &(1-4)=>n=0,3

(1-5) & (1-6) =>n3=0,357 (1-7) & (1-8) =>n,=0,354

Tur céc gia tri trén xac dinh hé s6 n:
nq+nz+nz+ny

n =" = 0,33 (4-7)
Thay n=0,33 vao (1-1) va (1-2) xac dinh C:
(1-1)—C, =300x79%% = 1269} _ _C+G
(1 —2)—-C, = 400x30%33 = 1229 2
=1249 (4-8)

Két luan 1: Tu Kkét qua thuc nghiém nhan duoc cac hé
sd trong cong thirc Taylor VxT"= C khi tién nhém dic sir
dung dung cu phu TiN trén may tién CNC cd: C= 1249;
n=0,33. Tir d6 ta thiy, néu V cang ting thi tudi bén T cang

giam.

Bing 6. Két qua thiee nghiém va cdc hé s6 (1)

STT | Hés6C | V(miph) | T (phat) n
1 300 85
1249 0,33
2 400 35
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3.3. Thi nghi¢gm xdc dinh cic h¢ so trong céng thirc
Taylor vé moi quan hé VXT"XS*t°= C; vdi mdnh dao co
lop phii Titanium Nitric khi tién hop kim nhom

3.3.1. Xdy dung phwong trinh hoi quy

a. Thwe nghiém cac yéu t6 toan ph?m

Tuong tu nhu trén, trong thyc nghiém nay duoc lap lai
4 1an v61 moi mue thi nghiém.

Trong thi nghiém chon thong sO toi wu lay (Fuéi bén
dao). Céc yeu to khic duge xem c6 anh hudng dén thong
sO toi uu la vén toc cat V (m/phit) ki hiéu x1, luong chay
dao S (mm/vong) ki hiéu X, chiéu sau cat t (mm) ki hiéu
X3. Céc yeu 1o (t, S, V) dugc chon theo nha ché tao dung cu
cat [13], [14].

Quan hé cac nhan té duoc mi hoa:
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V-V, _ V-350
X1 = AV0 T (1)
S-S $-0,2
X2 = = on (5-2)
_ o _ 05 i
35 T oz (5-3)
Bing 7. Théng s6 dnh hiéng va mike dg thuee nghiém (11)
‘ Murc Khoéng
Thong so - 2.
g Cao | Coban | Thip |thay ddi(A)
x1 (m/ph) 400 350 300 50
X2 (mm/vg) 0,3 0,2 0,1 0,1
x3 (mm) 0,7 0,5 0,3 0,2

Phuong trinh hdi quy c6 dang:

y=b,+ bX, + b,X, + bX; + b,X,X, + DX X; + DX, X,

5
Bing 8. Két qua quy hoach thue nghiém (11) ©
R s t D6 nham thyc té Ra (um) Tudi bén T (phiit) Tgéi bén trung
(m/ph) | (mmivg) | (mm) | L1 L2 L3 L4 L1 L2 L3 L4 binh T (phut)
1 | 300 0,1 03 | 13 | 132 | 135 | 1,38 | 79:32:10 | 86:42:39 | 87:35:10 | 88:59:26 85
2 | 400 0,1 03 | 091 | 099 | 112 | 1,16 | 30:45:53 | 33:01:16 | 38:10:23 | 39:25:04 35
3 | 300 03 03 | 1,92 | 248 | 25 | 2,62 | 27:45:05 | 29:10:04 | 31:21:16 | 32:45:16 30
4 | 400 03 03 | 1,9 | 232 | 232 | 2,37 | 20:18:47 | 25:10:30 | 25:10:42 | 26:48:47 24
5 | 300 0,1 07 | 1,49 | 158 | 165 | 1,69 |105:08:12108:10:30 | 109:10:45 | 110:45:44 108
6 | 400 01 07 | 1,42 | 143 | 143 | 1,46 | 81:48:45 | 82:45:48 | 84:00:07 | 85:21:33 83
7 | 300 03 07 | 29 | 293 | 299 | 3,18 | 18:47:30 | 19:31:10 | 21:30:47 | 22:21:46 20
8 | 400 0,3 07 | 281 | 281 | 285 | 2,85 | 13:46:60 | 14:31:12 | 16:54:46 | 17:21:16 15
Ma tran quy hoach thuc nghiém: s? Y 2 S3 Sz SZ Sz S3
Stt | xo | X1 | X2 | Xs | XaXe | Xixs | XeXs | Y 1667 | 18 | 492 | 7,3 | 467 | 3,33 | 333 | 3,33
1 1 17171 1 1 1 |85 Phuong sai hé s6 PTHQ [12]:
S EEEaEaEREE TRt 2 JENE TRV
4 1 1 -1 1 -1 -1 24 Theo tiéu chuin Student [12], kiém tra murc ¥ nghia cac
5 [ 1| -1 ] 1|1 1 -1 -1 | 108 | hé sé:
6 | 1 | 1 | -1 ] 1| -1 1 -1 | 83 ¢ = Lol (5-9)
7 1|11 |1 -1 -1 1 |20 Sb;
8 | 1] 1| 1|1 1 1 1 |15 ty = I:_]I (5-10)
Xac dinh cac hé s6 PTHQ [12]: bi )
1 Tir cong thire (5-9); (5-10) nhan dugc két qua nhu sau:
by = - ¥ Xoi Vi (5-4)
1 /e to ty ta t3 t12 i3 ta3
by = - XL (x1x2)iy; (5-5) " 1102,25| 21,89 | 56,75 | 13,29 | 163,6 | 6,65 | 23,01

Tir cong thirc (5-4); (5-5) nhan dugc két qua nhu sau:

b/b bO bl b2 b3 b12 b13 b23
" 80 [-10,75|-27,75| 65 |6,125| 3,25 |-11,25
Udc lugng phuong sai tai hién:
2 2 2
Sz(y):sl +S, +...+55 :61,64:7’7 (5-6)
N 8

Véi cac phuong sai cua cac lan thuc nghiém 1a:

g2 — Zi=1Gu-yw)? (5-7)

1

n-1
Tir cong thire (5-7) nhan dugc két qua cac phuong sai
nhu sau:

Theo bang phén’bé Student, dai lugng t, dugc xac dinh
voi g=0,05 va sO bac tg do phuong sai tdi hién:
f,= N.(n-1)=8.(4-1)=24 ta thu duoc ty= 2,06. Céc gia tri t
déu 16n hon tp. Do 6, cac hé sb déu c6 ¥ nghia va PTHQ
c6 dang nhu sau:

}_7 = 50 - 10,75X1 - 27,75X2 + 6,5X3 + 80X1X2

+3,25X1X3 - 11,25X2X3 (5'11)
Kiém tra tinh thich hop PTHQ:
- Phuong sai thich hop:
8 Z\? _
sm:an(yj—yJ) =40,9 (5-12)
=1
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- S6 bac ty do PSTH:
f,=N-p=8-7=1 (v6i p=7: s6 h¢ s6 PTHQ) (5-13)

- Phuong sai thich hop:
st =30 _ 4006 (5-14)

th
th

Tinh Fy theo PSTH:

2
_ Stn _ 4096

Theo bang Fisher ¢6 fn= 1, £= 24 ta tim duoc Fy= 4,26.
Ta thay Fi > Fy: m6 hinh chua thich hgp. Do do, theo ly
thuyét vé quy hoach dang B ta tién hanh tiép 2k= 6 thi
nghiém o cac diém sao.
% Thuc nghiém theo phwong phap bic hai dang B
Tuong ty nhu phan thuc nghiém toan phan c&c nhan td
duoc ma hoa va PTHQ c6 dang:
y = by + byxq + byx, + bzX3 + byyx1X, + bi3XiX3

= = = 5,32 (5-15)
UG +by3%,X3 + by X2 + byyx? + bysx? (5-16)
Bing 9. Két qua quy hoach thiee nghiém (111)
STT 7 i s/ t D¢ nham thyc té Ra (um) Tudi bén T (phut) tm;l Eﬁ?h
(m/ph) | (mm/vg) | (mm) [ 4 L2 L3 L4 L1 L2 L3 L4 T (phut)
9 300 0,2 0,5 1,7 1,71 1,72 1,73 | 55:52:32 | 56:17:48 | 58:14:59 | 59:21:16 57
10 400 0,2 0,5 1,61 1,61 1,64 1,64 | 39:49:03 | 41:42:39 | 42:10:15 | 42:07:30 41
11 350 0,1 0,5 1,5 15 1,51 1,54 | 70:47:71 | 70:50:00 | 73:42:39 | 75:15:00 72
12 350 0,3 0,5 2,22 2,22 2,27 2,27 | 34:23:56 | 34:15:40 | 38:30:19 | 38:05:16 36
13 350 0,2 0,3 2,02 2,06 2,08 2,08 | 36:46:26 | 37:27:81 | 39:40:23 | 39:53:33 38
14 350 0,2 0,7 2,09 2,17 2,17 2,19 | 23:50:40 | 24:40:55 | 24:30:25 | 29:06:22 25
Ma tran quy hoach thuc nghiém: - TZX(Zjlf1 Yi) = 199,24 (5-
Stt | Xo | X1 | X2 | X3 | XXz | XiXa | XoX3 | X1? | X2% | X2 |y 23)
Llvfafafaft [ e[t [rlafaf8s] p _py(sixagy)=1 (5-24)
2|11 (-1]|-1| -1 -1 1 111]1]35 14
3|11 A [ 1 | 1111 30| Dbis=Tex(Txuxsyi) = 3,25 (5-25)
41|11 |1 1| 1]-1]1|1]|1]24 Bus = Tex (X2 xx3jyi) = 13,125 (5-26)
511 (-1]-1|1 -1 -1 11| 1]108
6 ] 1]1]-1]1) -1 1 1 ]1]1]1]83 Phuong sai cho céc lan thyc nghiém:
- - - 2 2 2
7|11 |-1]1]1 1 1 1 111120 Sz(y) _ Si+S3+.+4S%, _ 87,79 =627 (5-27)
8|1 (1|1]|1 1 1 1 111]1]15 N 14
ol1lalolol o 0 o 110l 0]l 57 Tu cong thie (5-27) nhéan duge két qua cac phuong
wli1l1lolol o 0 0 11010l a1 sai cua céc lan thyc nghiém la:
1ml1]of-2fo] o[ o|ofol1]o]7 sz s, s, sz, sz, sz,
1211010 0 0 0 01| 0] 36 3,33 2 6 5,33 2,25 7,33
13/1]0/0]-1] 0 0 0 |0]0 ) 1]38 Phuong sai hé s6 hdi quy va covarian giita chiing:
1al1]oflof1] oo ]ofofo|1]2 . 040924
. S2{by} = (=) xS%{y} = x6,27 = 0,64 (5-28
Xic dinh cac hé s6 PTHQ: (0o} = ()50 = () (>-28)
Theo Bang 4.3 trong [12], véi (k= 3, N= 14) ta cd: S?{b,} = S?{b,} = S*{bs} = (:) xS%{y}
T T, Ts T T T - (ﬂ) X6,27 = 0,157 (5-29)
0,40924 | 0,15624 0,1 0,5 -0,09375| 0,125 + -
2 _ Q2 Y _ (TatTs) 2
bO - T1X(Z] 1Y1) sz Zl 1Yi (Z] 1X1]Y1) 45,8 (5'17) S {bll} - :5{221§7; S {b33} - ( ) S {y}
by = Tsx(Zf xyyy1) = —10,2 (5-18) = () x6,27 = 0,637 (5-30)
T
b, = T3x(2j1:1 XZjYi) =-20,6 (5-19)  S%*{byp} = S*{bi3} = S*{by3} = (?6) xS*{y}
by = Tyx (T} x35y;) = 3,9 (5-20) = (32)x6,27 = 0,196 (5-31)
4
by, = T4x(21 1X1]Y1) + Tsx Xi= 1(21 1X1]YI) cov{by, b,} = — (%) xS%{y} = (0 15624) x6,27
- Tox(Ti i) = 216,7 (5-21) = 0,245 (5-32)
bao = Tex(Ej2y x3y1) + Tsx Tica (i21 x55y1) cov{by;, b;,} = (%) xS%{y} = (%9375) x6,27
- Tx(Tj4 yi) = 2167 (5-22) =—0,147 (5-33)

bs; = T4x(Z] 1X3]yl) + Tsxz 1(21 1X3]Y1)

Theo tiéu chuén Student [12], kiém tra muc y nghia cac
hé s6 tir cong thire (5-9); (5-10) nhan dugc bang gia tri sau:
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L4 51 t t3 ti2
57,25 25,7 51,98 9,84 2,25
ti/tij
U3 a3 ti1 L2 33
7,3 29,64 2715 2715 249,6
Theo tiéu chuin Student [12], gi4 tri tra bang hé
sO voi muc y nghia q = 0,05 va sO0 bac ty do

f = Nx(n-1) = 14x(4-1) = 42 tim dugc t, = 2,01. Céc gid tri
t déu 1on hon t,. Do d0, cac hé so6 deéu co y nghia.
Kiém tra tinh thich hgp PTHQ:
- Phuong sai thich hop (PSTH):
14 ~\?
S =an(yj —y,.j =57,648
=1

- S6 béc ty do (PSTH):

f,=N-p=14-10=4 (v6i p=10: s6 h¢ s6 PTHQ) (5-35)

- Phuong sai thich hop:
¢ Sy, _57,684

th fth

Theo tiéu chuan Fisher, kiém tra tinh déng nhét ta tinh

Fi« theo phuong sai thich Si hop va phuong sai tai hién
S(Y): p_ Sh _14421_,, (5-37)
P N
S(y) 6,27
Theo bang Eisher co fi= 4, =42, ¢= 0,05 ta tim du(_yg
Fr=2,61. Ta théy Fit < Fp: mo hinh 12 thich hop va c6 thé
st dung mo ta doi tuong va PTHQ c¢6 dang:

y = 45,8 — 10,2x; — 20,6%x, + 3,9%3 + X;X,
+3,25x,X3 + 13,125x,%5 + 216,7x3 + 216,73
+199,24x3 (5-38)

Dé phan tich s6 liéu tac gid str dung phan mém Modde

(\/ersjon 5.0) dé dang nhan thay anh hudng cta cac che do
cat dén tudi bén.

(5-34)

=14,421 (5-36)

Hinh 11. D6 thi quan hé T-V-S tgi t = 0,3 mm khi
tién nhém dic bang dao phu TiN

24
oz JE
n 020 RO 4z 5|
.

T

018 =e1 [ ~—
au 677 —
o1 |77 '
at

o T
300 319 320 330 M0 50 IN0 IT0 30 330 40
Vv

Hinh 12. D6 thi quan hé T-V-S tai t = 0,5 mm khi
tién nhom duc bang dao phu TiN

v
w20 OR 04 TR 34 s ) 90 e s i

v

Hinh 13. D6 thi quan hé T-V-S tqi t = 0,7 mm khi
tién nhom ducbang dao phu TiN

Qua db thi quan h¢ gitra T-V-S (Hinh 11, Hinh 12, Hinh
13), ta nhan thay, khi V tang thi T giam nhanh hon ¢ ving
S nho hon 0,2 (mm/vong). Do d6, anh huong cua S 1én tudi
bén dao khong tuyén tinh.
%Xiac dinh cic hé sb trong cong thirc Taylor mé rong
T=f(V, S, 1)

Theo cong thirc Taylor mo rong VXT"xS*t° = Ct (2)
va tur cac két qua thyc nghiém ta thiét lap dugc cac phuong
trinh sau:

300x85"x0,1%X0,3°= C; (2-1)
400x35"X0,12x0,3°= C; (2-2)
300x20"x0,3X0, 7°= C; (2-3)
400x15"%0,3%X0,7°= C; (2-4)
400x41"X0,22X0,5°= C; (2-5)
350x72"x0,1%X0,3°= Cy (2-6)
350x25"%0,2%X0, 7°= Cy (2-7)

Tt cac phuong trinh trén xac dinh dugc cac hé s6 nhu sau:
(2-1) & (2-2) =>n;=0,32 (2-3) & (2-4) =>n3=1,0
(2-1) & (2-6) =>n,=10,93
Tur céc gia tri trén ta xac dinh gia tri hé s n la:

G NHn+ng

=0,75 (5-39)

Xac dinh hé sé C; nhu sau:
(2 — 1)—300x85"x0,1?x0,3° = C,
(2 — 5)—400x41"x0,22x0,5° = ct}
a b 0,75
o ()G = ()
< (0,5)2x(0,6)° = 0,77
< aln0,5 + bIn0,6 = 1n0,77
(2 — 1)—300x85"x0,1?x0,3° = C,
(2 — 7)—350x25"x0,22x0,7° = ct}
a b 0,75
o ()G = ()
< (0,5)2x(0,43)° = 0,47
< aln0,5 + bln0,43 = In0,47
Tur d6 c6 h¢ phuong trinh sau:

{ aln0,5 + bln0,6 = [n0,77 . {a = —-0,71
aln0,5 + bln0,43 = [n0,47 b=1,48

Thay n=0,75; a=-0,71; b= 1,48 vao (2-1); (2-2); (2-3);
(2-7) duoc:

(5-40)

(5-41)
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(2-1)— Cy= 300x85075x0,1-971x0,31 %= 7250
(2-2)— Cz= 400x35%75x0,1-971x0,31 %= 9495
(2-3)— Ca= 300x20075x0,3971x0,716= 3934
(2-7)— Ca= 350x25075x0,2:0710,714= 7237

—’C — C1+C+C3+Cy — 6979

(5-42)

Két luan 2: Qua két qua thuc nghiém nhan duoc cac
hé sd trong cong thirc Taylor V.T".S2.t°= Cq khi tién hop
kim nhom sir dung dung cu phu TiN trén may tién CNC
co: C= 6979; n= 0,75; a= -0,71; b= 1,48. So v&i cong
thirc V.T"= C thi hé s6 C ting khoang 5, 6 lan con sb
mi n ting 2,3 lan. S6 mi cua t cao hon s6 mi cua S
nghia 1a anh huéng cia t nhiéu hon cua S. Do vdy, anh
hudng ctia cac yéu t6 cat dén tudi bén dao khong phai la
tuyén tinh.

Bing 10. Két qua thiec nghiém va cdc hé sé (1)

Hésé| V S t T
TT | , n
STUEC | (miphy | (mmav) | mm) | (phat) a | b
1 ol | 03] 85
300
2 03 | 07| 20
6979 0,75| 0,71 | 1,48
3 01 | 03] 35
400
4 03 |07 ] 15

4. Két luan

Trong nghién ctu nay, tac gia s dung phuong phap
quy hoach dang B dé nghién ciru anh huong cuia cac ché do
cit dén tudi bén dao c6 16p phu Titanium Nitric (TiN) khi
tién hop kim nhom [AISi5Zn4Cu]. Trong do, tap trung giai
quyet mot s6 van dé sau: Cac két qua thuc nghiém vé tudi
bén cua dao c6 16p phu Titanium Nitric khi tién hop kim
nhém [AlSisZn,Cu] trén may CNC véi cac ché do cat khac
nhau. Phuong trinh hdi quy thé hién tubi bén dao véi cac
thong s6 ché d6 cit (S,V,t). Nghién ctru ndy cung cip mot
bd hé s6 Taylor méi cho dao TiN khi tién hop kim nhém
[AlSisZn,Cu] trén méy tién CNC, diéu nay chua dugc dé
cap trong cac nghién ctru trude d6. Trong twong lai, can
nghién ctru thém vai cac vat liéu khac nhu thép khong gi
hodc gang dé ma rong tinh ing dung.
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