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TOM TAT

Nghién ciru dugc thuc hién nhdm danh gid anh huong cua cac thong
50 ché dg cdt, gom van toc cdt (V), leong chay dao (S) va chiéu sdu
cdt () dén g nham bé mat Iom cia chi tlet khi phay vdt liéu thép
SKDI1, sir dung dao phay ngén dang cau trén may CNC 3 truc.
Phwong phép quy hoach thwc nghiém todn phan dwoc sir dung két
hop véi phén tich hoi quy bang Minitab, mé hinh héi quy thuwc
nghiém mé ta quan hé giita do nham bé mdt va cdc thong sé cdt da
duwoc xdy dyng. Gia tri do nham bé mat lom dwoc xac dinh tir 0,468
um dén 3,054 um, twong vmg véi vn toc cdt tir 75 + 85 m/ph, lwong
chay dao 800 + 1000 mm/ph, chiéu sdu cdt 0,1 + 0,3 mm. Mé hinh
toan hoc thu duoc cho thdy chiéu sdu cdt va lwong chay dao la hai
Yéu 16 ¢6 anh hirong Iém dén do nham bé mat. M6 hinh cé thé dirge
dung dé du dodn dé nham bé mat trong gia cong, luva chon ché dg
cdt hop Iy trong gia cong bé mdt lom trén thép SKDI 1.

Tir khéa: Chiéu sdu cdt, d¢ nham bé mat, gia cong bé mat lom,
liwong chay dao, mé hinh hoi quy, van toc cdt

ABSTRACT

This study aims to evaluate the influence of cutting parameters,
including cutting speed (V), feed rate (S), and depth of cut (t), on the
surface roughness of concave parts when milling SKD11 steel with
a ball-end mill on a 3-axis CNC machine. Using a full experimental
design and regression analysis in Minitab, an experimental
regression model describing the relationship between surface
roughness and cutting parameters was developed. The surface
roughness values for concave parts, after machining, were
determined from 0.468 um to 3.054 um, corresponding to cutting
speeds from 75 + 85 m/min, feed rates from 800 + 1000 mm/min, and
depths of cut from 0.1 ~ 0.3 mm. The resulting regression model
showed that depth of cut and feed rate were two factors that
significantly influence surface roughness of the workpiece after
machining. The model can be used to predict surface roughness
during machining and to select appropriate cutting parameters for
machining concave surfaces on SKD11 steel.

Keywords: Concave-centered surface cutting, cutting speed, depth
of cut, feed rate, regression model, surface roughness

249



Tap chi Khoa hoc Dai hoc Can Tho Tap 62, S6 CP: Khoa hoc va Cong nghé cho su phat trién bén vieng cua ving DBSCL: 249-257

1. GIOI THIEU

Nganh cong nghiép khuén mau hién nay dang
giil vai tro then chot trong san xuat hién dai, dac biét
trong céc linh vyc 6 t6, dién tir, nhya, y té va hang
tiéu dung. Chat lugng khuon phu thugc nhiéu vao
cong nghé ché tao, ché do gia cong, trong d6 cac dac
tinh vé& d6 chinh xé4c va d6 nham bé mit cua chi tiét
khuon can dugc xem xét. Néu cac bd phan long
khuon, 161 khudn c6 kich thude kém chinh xac hoac
d6 bong bé mat khong dat yéu cau thi san pham nhya
duoc tao ra bai khudn co thé bi bién dang, khong dat
chinh xac vé hinh dang, kich thudc va chat lugng bé
mit. Pac biét, cac san phém nhya thanh mong c6 thé
bi anh hudng dén d6 bén, gy giy v, hu hong va do
bong bé mit kém.

Trong thiét ké va ché tao khudn, bé mat tu do
(Free form surface) thuong duoc sir dung rong rai,
c4c bé mat nay thuong dugc ciu thanh tir mudi ving
bé mit cuc bd (Stephen, 2019). Trong do, bé mat ¢o
cAu trac 16m 1a mot dang dién hinh thuong gip trong
thiét ké va gia cong khuon. Do chinh xac va d6 nham
bé mat cac chi tiét c6 cau trac 16m phu thugc vao
nhiéu yéu td, ddc biét 1a vat liéu ché tao va ché do
gia cong (ché do cit) c6 anh huong truc tiép. Néu
chat lugng d6 bong bé mat khi gia cong khong dat
yéu cau thi cac budc gia cong hoan thién nhu mai,
danh bong tn nhiéu thoi gian va chi phi, 1am giam
hiéu sudt san xuét.

Qua trinh tao hinh bé mat ty do (freeform
surface) cua chi tiét da dugc tip trung nghién ctru
kha nhiéu. Trong qué trinh gia cong khuon, di co
nhitng nghién ctru lién quan dugc thuc hién nhu
phuong phap tinh toan duong chay dao, sy mai mon
ctia dao cat (dao phay) trén may phay CNC (Thai,
2008); cac yeu t6 anh huong dén chét luong tao hinh
bé mit tw do ¢o cau triic dang elip 16m khi gla cong
trén may CNC (Ha, 2014); phuong phép gia cong
bing dao phay cau cho bé mit parabol trén may
phay CNC 3 truc, voi két qua déanh gia do nham bé
mit chi tiét tmg véi nam kiéu duong chay dao 3D
offset, spiral, radial ascendant, radial descendent,
parallel passes (Adriano et al., 2014). Bén canh do,
phuong phap Taguchi cling dugc ap dung trong
nghién ctru dé danh gia tac dong cua kiéu dudng
chay dao, tdc do cit va bude tién ngang dén do chinh
xéc khi gia cong bé mit chi tiét dang yén ngua trén
may phay CNC 3 truc (Quy & Tuyen, 2019); phat
trién 1y thuyét vé tao hinh bé mat va img dung trong
k¥ thuat co khi (Long & Tuyén, 2012). Chat luong
bé mit ty do khi gia cong bang may phay CNC 3
truc va 5 truc da duogc phan tich, viéc st dung ba
kiéu dudng chay dao linear, offset va spiral da duoc
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nghién ctru (Zuzana et al., 2022), két qua nghién ctru
nay cho thdy ring gia cong trén may phay 5 truc
mang lai d chinh x4c cao hon dang ké so v6i may
phay 3 truc. Ngoai ra, chét luong tao hinh bé mat tu
do ciing dugc nghién ciru (Miké & Baranyai, 2016).

Két qua nhitng phén tich trén cho thiy viéc danh
gia cac anh huong cia cac thong s6 ché do cét nhu
van tdc cit (V), luong chay dao (S), chiéu sau cit (t)
den d6 nham va chét luong bé mit khi gia cong chi
tiét co bé mat 16m dugc nghién ctru, véi vat li€u thép
SKD11., Viéc str dung dao phay céu, trén may CNC
3 truc giup xac dinh dugc muc do anh hudng cua
cac thong s6 nay dén chat luong bé mit chi tiét gia
cong, dac biét gitp du doan dugc d6 nham bé mat
chi tiét trong gia cong khuon.

2. PHUONG PHAP NGHIEN CUU
2.1. Vat liéu va thiét bi

Vit liu duoc dung dé ché tao chi tiét 1a thép
SKD11 v6i thanh phan hoa hoc dugc trinh bay trong
Béng 1. Chi tiét gia cong 1a chi tlet ‘insert” co cau
trac tim 16m, ding cho khudn nip nat dimg khan
cip trong ti dién. Phoi mau c6 dang hinh try kich
thuéc $60x15 (mm) & Hinh 1, cac mau duoc gia
cong dong nhit vé hinh dang, kich thudce va dung
sai. B¢ cung cua vat li¢u SKD11 trudce khi gia cdng
duoc xac dinh 1a 20 + 25 HRC.

Bing 1. Thanh phin héa hoc ciia thép SKD11
(Fujimetal, 2022)

Thit tw Thanh phin %
1 C 1,4-1,6
2 Si <04
3 Mn <0,6
4 Ni 0,25
5 Cr 11-13
6 Mo 0.8-12
7 \Y% 02-0,5
8 Cu 0,25
9 P 0,03
10 S 0,03
11 Fe Con lai

Thi nghiém gia cong dugc thyc hién trén may
phay CNC diung Mazak VCN-430A SG. Cac thong
s6 k¥ thuat nhu kich thudc ban may 1a 900 mm x
430 mm, c4c hanh trinh theo truc X-Y-Z lan luot la
560 mm — 430 mm — 510 mm; bo diéu khién cia
may la Mazatrol smooth C.

Dung cu dao cit duge sir dung trong thi nghi¢m
la céc loai dao phay tho, dao phay ban tinh va dao
phay tinh, 1an luot 14 cc dang dao phay ngén, dau
bang, hop kim, duong kinh D = 6 mm (Endmill D6
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-ES06015 - Hang Handstone); dao phay cau hop
kim, ban kinh R = 3,0 mm (Ball mill R3.0x12/90-6
- Hang Widin); dao phay cau hop kim, ban kinh R =
1,5 mm, chiéu dai ludi cit 6 mm, duong kinh dao D
=4 mm, chiéu dai tong thé 50 mm, 2 ludi cit (Ball
mill R1.5%6*D4*50*2F - Hang Widin).

231,79

-\Rs.

e

Hinh 1. Hinh dang miu thép dung trong thi
nghiém
Dung dich 1am ngudi dugc str dung la Emuxy

4% va nudc, voi luu luwong phun 20 lit/phat truc tiép
vao vung gia cong.

Hinh 2. May do d¢ nham bé mit HANDYSURF

Bang 2. Thong s6 may do dé nham Handysurf
(Accretech, 2025)

Théng s6 GiA tri
JIS 2013/2001
n 2 1SO 1997/2009
Tiéu chuan do DIN 1990
ASME 2002/2009
Tée d6 do 0,5; 0,6; 0,75; 1,0 mm/s
Lyc do 4 mN/ 5 um 90°
Do phan giai 0,0007 um
Hanh trinh doc 16 mm

Thiét bj do d§ nham bé mit HANDYSURF+35
cua hang ACCRET nhu Hinh 2, véi cac thong so
duoc trinh bay ¢ Bang 2.
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2.2. Phwong phap thi nghiém
2.2.1. Xdc dinh phwong trinh hoi quy

Phuong phap quy hoach thuc nghiém toan phin
dugc ap dung vai 3 yéu té dau vao 1a van tc cat V),
luong chay dao (S) va chiéu sau cat (t). Thong sb
danh gia 1a d6 nham bé mit ciia chi tiét sau gia cong.
Theo két qua ctia cac nghién ciru trude day (Tuyén
& Ngoc, 2019; bich, 2003, 2010; Binh va ctv.,
2015a, 2015b; Hué & Thé, 2017), mbi quan hé giira
cac thong s6 ché do cat va do nham bé mit gia cong
R, duoc biéu dién qua ham sb mii c6 dang:

R, = K,.t%.5% V% (1)

Trong d6: K, 1a hing s0; a,, a,, as 1a hé sé thyc
nghiém.

M6 hinh toan trong phuong trinh (1) dugc tuyén
tinh héa bang ham logarit va dugc viet lai nhu sau:

LnR, = Ln(Ky) + ay. Ln(t) + a,Ln(S) + azLn(V) (2)
2.2.2. Bé tri thi nghiém

Thi nghiém gia cong chi tiét dugc xay dung bing
phuong phéap quy hoach thuc nghiém toan phan véi
ba yéu 6V, S, t. Phuong phéap phéan tich phuong sai
(ANOVA) biang phin mém Minitab duoc dung dé
phan tich dit li¢u thu dugc (Ranjit, 2010).

Qua trinh gia cong thoé dugc thuc hién dé boc
tach phan 16n lugng du vat liéu va tao hinh so bo bé
mit chi tiét. Dao phay ngén, dau bang, hop kim
Endmill D6 - ES06015 dugc st dung vdi cac thong
sO: van tdc cat V = 30 m/phit, luong chay dao S =
600 mm/pht, chiéu sau cat t = 0,5 mm; kiéu duong
chay dao Surface rough pocket. Sau do, qua trinh gia
cong ban tinh duoc thuc hién dé hoan thién hinh
dang bé mat 16m va lwong du cho gia cong tinh. Dao
phay cau hop kim R3.0%12/90-6 dugc sir dung véi
céc thong s: van tde cat V =40 m/phut, lugng chay
dao S =650 mm/phut, chiéu sdu cit t = 0,3 mm; kiéu
duong chay dao Surface high speed. Lugng du danh
cho gia cong tinh 16n nhat 14 0,3 mm. Trong b tri
tong thi nghiém véi chiéu sau cat t 1a 0,1; 0,2; 0,3
mm, thuc hién nhiéu hodc mot luot chay dao, dam
bao chidu sdu cit cua luot cit sau cung twong Ung
gié tri t trong bd tri thi nghiém.

Puong chay dao trong gia cong tinh dugc th1et
ké va chon lya qua mé phong trén phan mém
Mastercam. Két qua mo phong v6i dao phay cau hop
kim, ban kinh R = 1,5 mm, chiéu dai ludi cit 6 mm,
duong kinh dao D = 4 mm, chiéu dai téng thé 50
mm, 2 ludi cét (Ball mill R1.5*6¥D4*50%2F), & ché
d6 van téc cit V = 85 m/phut, luong chay dao S =
1000 mm/phut, chiéu sau cit t =0, ,3 mm, buge tién
dao ngang ae = 0,1 mm, cho thiy ring 2 kiéu duong
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chay dao phu hop dé gia cong tinh 1a Hybrid va
Scallop. Tuy nhién, kiéu Scallop dugc chon dung
cho gia cong tinh trong nghién ctru ndy do ¢6 thoi
gian gia cong ngan nhit. Viéc xac dinh lugng tién
dao va chiéu sau cét trong truong hop gia cong tinh
nay la bai toan mo phong dé xac dinh kiéu chay dao.
Theo 1y thuyét, thuong khi gia cong tinh thi lugng
chay dao giam dé cai thién do nham. Tuy nhién,
trong nghién ctru nay, viéc gia cong tinh c6 lugng
chay dao 16n hon gia cong tho va ban tinh, 1a do toc
dd quay n cua truc chinh tang (do van toc cit V
tang), dé giir dugc lugng an dao (f,) nho va khong
dbi, cn phai ting luong chay dao S tuong tmg, theo
cong thie: S = f,.z.n. Ngoai ra, do dic diém cia dao
cau, chiéu siu cit nho dé giam lyc cét, cling nhu
theo khuyén cdo ving lam viéc t6i uu cia dao cua
nha san xuét.

Thi nghiém gia cong tinh dé tao hinh bé mat 16m
chi tiét trong nghién ctu nay duoc thiét ké theo
phuong phap quy hoach thuc nghiém toan phan vai
ba yéu t6 ddu vao S, V vat (k= 3), véi 3 thi nghiém
duogc thyc hién ldp lai tai mirc tam no=k =3 (Tuyén,
2005).

Téng sb thi nghiém: N =2 +no=8+3 =11.

Céc thong s6 ché do cit cung muc gia tri lua
chon dé khao sat duoc thé hién & Béng 3.

Bang 3. Bing gia tri cic thong s ché d§ cit

Yéu to V(X)) SX) t(X3)
Miic cao (+1) 85 1000 0,3
Miic co s& (0) 80 900 0,2
Miic thap (-1) 75 800 0,1
Khoang bién thién 5 100 0,1

T hop cac thi nghiém va két qua xac dinh do
nham dugc trinh bay trong Bang 4. O mdi thi
nghiém, gia tri d0 nham R, , Ry, , Ry3 duge do ¢ 3
vi tri khac nhau (Hinh 3), tir d6 gia tri trung binh R, w
da duoc xéc dinh. Trong dé, van tdc cit (V) co gia
trj thay doi tir 75 + 85 m/ph, luong chay dao (S) co
gia tri tir 800 +~ 1000 mm/ph, chleu sau cat thay doi
tir 0,1 + 0,3 mm. Céc thong s6 ché d¢ cit ban dau
duoc lua chon dua trén khuyén c4o ctia nha san xuat
chi mang tinh dinh hudng. Trong thuc té, didu kién
gia cong dugc xac dinh trén co s¢ thong sé hoat
dong cia may CNC hién c6, dd ciing vitng cua may,
tinh trang dao va dac tinh vat liéu SKD11 ¢6 thé anh
hudng dang ké dén chat luong bé mit. Do do,
phuong phéap quy hoach thuc nghiém toan phan da
duoc st dung dé khao sat va danh gia do nhay cua
timg yéu t6 (V, S, t) dén do nham bé mat. Cac két
qua thu dugc co tinh thuc nghiém cao va phan anh
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dung diéu kién gia cong thuc té, dam bao d tin cay
cua mo hinh trong pham vi dugc chon.

Hinh 3. Vi tri do dd nham bé miit 16m chi tiét
2.2.3. Phan tich két qua

Két qua gia tri 6 nham trung binh dugc phan
tich bang phan mém Minitab. Cac hé s6 ctia mo hinh
toan trong phuong trinh (2) dugc xac dinh véi d¢ tin
cay cua mo hinh dugc danh gia qua phuong phap
phan tich phuong sai.

3. KET QUA VA THAO LUAN

3.1. Do nham bé mit chi tiét

Két qua nghién ctru cho thy ba thong s6 ché do
cét 1a van toc cit (V), lugng chay dao (S) va chiéu
sdu cit (t) déu co anh huong dén do nham bé mit
ctia chi tiét gia cong. Do nham trung binh (Rag) do
duoc trong 11 thi nghiém tmg v6i ché do cat khac
nhau duogc trinh bay trong Bang 4.

Mirc d6 anh huong cua timg thong s6 va tac dong
két hop gitra cac thong sd dén do nham bé mat chi
tiét duoc xac dinh thong qua cac hé sé X1, X2, X3.
Trong gi6i han diéu kién thong s hoat dong, do
nham trung binh ctia bé mat 16m cua chi tiét sau gia
cong dugc xac dinh c6 gia tri tir 0,468 um dén 3,054
pm. Cac gia tri nay hoan toan hop ly véi gia tri do
nham dat dugc trong gia cong khudn bang thép SKD
11 noi chung.

Két qua phan tich hdi quy bang phin mém
Minitab cho théy cac gia tri d6 nham thu dugc & cac
thi nghiém c6 d6 tin cdy cao véi cac hé s R-Sq va
R-Sq (adj) déu 16n hon 99,9% (Bang 7). Gia tri hé
s trong md hinh hdi quy (3) va mirc d6 anh hudng
ctia cac yéu to duge xac dinh va thé hién qua Bang
5, Bang 6. Trong do, cac gia tri h¢ so thé hién tac
dong doc lap cua timg yéu tb thong s6 gia cong, cac
tuong tic doi, twong tac ba gitra cac yéu t6 dén do
nham bé mat trung binh cia chi tiét.
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Bing 4. Bang ma trin to hep thi nghiém va két qua x4c dinh d9 nham trung binh.

STT Bién mi héa Bién thwe nghiém Két qua do do nham Ra(um)
X1 X2 X3 V(m/ph) S(mm/ph) t(mm) Rai Raz Ras Raw
1 -1 -1 -1 75 800 0,1 0,523 0,444 0,438 0,468
2 +1 -1 -1 85 800 0,1 0,597 0,587 0,652 0,612
3 -1 +1 -1 75 1000 0,1 0,836 0,789 0,831 0,819
4 +1 +1 -1 85 1000 0,1 0,778 0,797 0,776 0,784
5 -1 -1 +1 75 800 0,3 2,176 2,302 2,368 2,282
6 +1 -1 +1 85 800 0,3 2,555 2,570 2,683 2,603
7 -1 +1 +1 75 1000 0,3 2,617 2,990 2,571 2,726
8 +1 +1 +1 85 1000 0,3 3,061 3,060 3,040 3,054
9 0 0 0 80 900 0,2 2,456 2,482 2,597 2,512
10 0 0 0 80 900 0,2 2,640 2471 2476 2,529
11 0 0 0 80 900 0,2 2,573 2,493 2,570 2,545
Bing 5. Hé s6 trong mé hinh hdi quy quan h¢ giita Ln(Raw) v6i Ln(V) = X1, Ln(S) = Xz va Ln(t) = X3
. X Anh huén N A Sai so0 chuan Giatri T Giatri P
Bi¢n (Term) (Effect) ¥ Hgsb (Coen (SE Coef) (T-Value)  (P-Value)
Hing s (Constant) 1,66838 0,00595 280,29 0,000
V (X1) 0,18925 0,09462 0,00595 15,90 0,004
S (X2) 0,35425 0,17713 0,00595 29,76 0,001
t(X3) 1,99542 0,99771 0,00595 167,62 0,000
V*S (X1*X2) -0,04292 -0,02146 0,00595 -3,61 0,069
V*#t (X1*X3) 0,13492 0,06746 0,00595 11,33 0,008
S*t (X2*X3) 0,09325 0,04663 0,00595 7,83 0,016
V*S*t (X1*¥X2*X3) 0,04642 0,02321 0,00595 3,90 0,060
Diém trung tim (Ct Pt) 0,8603 0,0114 75,48 0,000

Bing 6. Mitc d9 anh hwéng cita cic thong sé ché d cat dén d9 nham qua phén tich Anova.

Bictw Téng binh Tong binh  Trung binh

Ngudn do phuong Mirc dong gép phuwong binh phwong GiatriF Gia tri P
(Source) (DF) (Seq SS) (Contribution) hiéu chinh  hi€u chinh (F-Value) (P-Value)
(Adj SS) (Adj MS)
Model 8 9,96255 99,99% 9,96255 1,24532 4393,52 0,000
Linear 3 8,28599 83,17% 8,28599 2,76200 9744,41 0,000
v 1 0,07163 0,72% 0,07163 0,07163 252,72 0,004
S 1 0,25099 2,52% 0,25099 0,25099 885,49 0,001
t 1 7,96338 79,93% 7,96338 7,96338 28095,01 0,000
2—Way 3 0,05748 0,58% 0,05748 0,01916 67,60 0,015
Interactions
V*S 1 0,00368 0,04% 0,00368 0,00368 13,00 0,069
V*t 1 0,03641 0,37% 0,03641 0,03641 128,44 0,008
S*t 1 0,01739 0,17% 0,01739 0,01739 61,36 0,016
3—Way 1 0,00431 0,04% 0,00431 0,00431 15,20 0,060
Interactions
V*S*t 1 0,00431 0,04% 0,00431 0,00431 15,20 0,060
Curvature 1 1,61477 16,21% 1,61477 1,61477 5696,95 0,000
Error 2 0,00057 0,01% 0,00057 0,00028
Total 10 9,96312 100,00%
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Mo hinh toan hdi quy dugc xac dinh theo cong
thirc:

Rag = -
10,21 +0,1141 V+0,0117 S+ 28,41 t- 0,000136
V*S - 0,283 V*t - 0,03247 S*t
+0,000464 V*S*t + 0,8603 Ct*Pt

Trong qué trinh gia cong chi tiét, c6 thé bo qua
su anh huong ctia do mon dao dén d6 nham bé mat
chi tiét. Do chi tiét gia cong co kich thudc nho, thoi
gian gia cong mot mau rat ngan (nhoé hon 2 phut),
luong du gia cong nho (0,2 mm), nén cé thé xem
nhu d6 mon dao khong dang ké va khong c6 anh
huong dang ké dén do nham bé mit chi tiét sau gia
cong. Ba vi tri dugc xac dinh d6 nham c¢6 mat cong,
bé day phan mit cong nay kha nhé (1,54 mm), ban
kinh cong 1a 5 mm (Hinh 1), nén kiéu chay dao
Scallop dugc lua chon. Day la phuong phap chay
dao 3D nham dat duoc sy dong déu bé mat tt nhat,
dugc kiém ching qua mo phong.

3.2. Anh huwéng ciia cac thong sé ché dp cit

dén do nham bé mit

Céc sb liéu phan tich dwoc thé hién qua phuong
trinh hdi quy (3), phéan tich phuong sai & bang 6 va
bang 7, dd thi Pareto Hinh 5 va biéu dd Hinh 4 cta
cac yéu té anh huong dén d6 nham bé mat. Két qua
cho thiy cac thong s6 ché d¢ cat 1a van toc cit, luong
chay dao va chiéu siu cit, cling nhu tuong tac doi
va twong tac ba ctia cac yéu td déu c6 anh huong dén
d6 nham khi gia cong bé mit ¢6 ciu trac tim 15m.

Bang 7. D¢ tin cdy mo hinh hdi quy

S R-sq R-sq(adj) R-sq (pred)
0,0168358 99,99%  99,97% *

Trong céc yéu t anh huong, yéu to chiéu sau cat
(t) co tac dong 1on nhét dén d6 nham bé mit, véi
mirc dong gop 1én dén 79,93%, F-value cao
(5969,01) va P-value nho6 hon 0,05 (P = 0,000). Su
anh huong cua yeu t6 nay cling thé hién 16 véi ty 18
anh hudng 16n nhét trén d6 thi Pareto va gia tri hé
s6 cao trong phuong trinh hoi quy. Khi chiéu sau cat
tang, d6 nham bé mat co xu huéng tang ro rét (Hinh
4). Hai yéu t6 con lai 1a toe d6 cit (V) va luong chay
dao (S) c6 anh huong dén d6 nham bé mit gia cong
thdp hon, voi mirc dong gop trong mo hinh lan lugt
120,72% va 2,52%; ca hai yéu t6 nay déu c6 y nghia
tac dong dén mo hinh, vai gia tri P < 0,05. Trong
Hinh 4, hai yéu t6 nay c6 anh huong 16n nhit lan
luot g véi gia tri 80 m/ph va 900 mm/ph. Khi tang
tdc do cét, dd nham co thé tang rat it do hé sb nho
(0,1141); trong khi tang lugng chay dao, mirc anh
huong s& nho hon véi hé sd lugng chay dao nhod
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(0,0117). Trong Béang 4, & cac thi nghiém 1, 2, 3 va
4, khi cung tdc do cit V va chiéu sdu cét t, budce tién
S 16n hon thu dugc do nham 16n hon; do khi tang
budc tién thi cic dinh nham cang cach xa nhau, két
hop két cdu dao ciu nén chidu cao nham ting.
Tuong tu, vdi cung van tdc cit V va bude tién S,
chiéu sau cit t tang tir 0,1 dén 0,3 cho dugc d6 nham
¢6 xu huéng ting rd rét, thé hién qua gia tri Ra trong
Béng 4. Nguyén nhan 1a khi chiéu sdu cit ting, luc
cit va tai trong tac dong Ién dao ting theo, lam ting
rung dong va bién dang trong qua trinh gia cong.
Vi két cau dao cau nén kha nang cat va lam viéc tot
hon khi & chiéu sau thich hop, tuy nhién, khi chiéu
sau cit 16n qua di 1am ting chiéu cao nhip nho bé
mat gia cong.

Céc tuong tac doi giita toc do cit va chidu sau
cit (V*t), giita luong chay dao va chiéu sau cit (S*t)
déu ¢6 y nghia théng ké voi P-value 1an luot 12 0,008
va 0,016 mac du mirc dong goép nho (0,37% va
0,17%). Trong khi d6, twong tac doi giita toc do cat
va luong chay dao (V*S), tuong tac ba giira toc do
cit, luong chay dao va chiéu sau cat (V*S*t) co P-
value 1an lugt 13 0,069 va 0,060 (gan ngudng y nghia
P =0,05), mirc dong gop chi dat 0,04% la rat nho,
6 anh huong rat it trong mot s6 truong hop thye
nghiém nhat dinh. Pic biét, yéu to do cong
(curvature) ciia m6 hinh ¢6 mic dong gop 16,21%
va P-value = 0,000, cho théy su tn tai cla quan hé
phi tuyén gitra cac yéu té ddu vao va do nham bé
mit. Do d6, md hinh toan hdi quy bac hai véi cac
tuong tac hai, twong tac ba 1a can thiét dé mo ta
chinh xac mdi quan hé nay.

Van toe cét V (m/phit) | Luong chay dao S (mm/phit) | Chiéu sau cat t (mm,
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/ \ /
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Hinh 4. Biéu d6 anh huéng cac yéu td V,Sva t
dén do nham bé mit (Raw)

Céc d6 thi thé hién mdi quan h¢ giira ¢ nham bé
mat khi gia cong (Rag) voi van tde cat (V) va luong
chay dao (S), 46 nham bé mat véi chiéu sau cat @
va lugng chay dao (S), d6 nham bé mit voi chiéu
sdu cit (t) va van tdc cit (V) dugc thé hién lan lugt
qua cac Hinh 6, Hinh 7 va Hinh 8.
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Pareto Chart of the Standardized Effects

(response is Ratb. a = 0,05)
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Hinh 5. Do thi Pareto ciia cic anh huong.
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Hinh 6. Quan hé do nham bé mit véi vén tdc cit
V va lugng chay dao S

D6 nhém be mat Ratb(um)
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Hinh 7. Quan hé dd nham bé miit v6i chiéu siu
cat t va lwgng chay dao S

Biéu db Probability Plot & Hinh 9 cho thiy su
phan bd chuin cua dd nham (Ragw), phan 16n cac
diém dit liéu phan b6 gan dudng trung tim, cho thay
xu huéng phan phdi gan chuin. Chi s6 Anderson-
Darling (AD) thu dugc 1a 1,071 va gia tri P-value <
0,005 cho théy ¢6 su sai khac nhét dinh so véi phéan
phéi chuan & muc ¥ nghia 5%. Su sai khac nay ¢
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thé chap nhan dugc trong bdi canh thi nghiém DOE
v6i kich thuée mau nho (N = 11). Két qua nay cho
thdy mo hinh van c6 thé dugc sir dung dé phan tich
phuong sai va xdy dyng mé hinh toan hdi quy.

D6 nham bé mat Ratb(um)

Hinh 8. Quan hé d§ nham bé mat véi chi€u sau
cat t va van toc cat V

Probability Plot of Ratb
Normal - 95% CI

Mean 1903
StDev 09982
N 1

o0 P-Value <0,005
87

Percent
8

-2 -1 o 1 2 3 4 5 6
D6 nham be mat Ratb(um)

Hinh 9. B,iéu d(“z Probability Plot kiém tra phan
phoi chuan ciia Raw, trong Minitab

Céc db thi phan tich sai sb gitra mo hinh hdi quy
va thyc té trong Minitab ¢ Hinh 10 cho thay hau hét
cac diém dit liéu déu phan bd gan dudng chéo ¢ biéu
dd Normal Probability Plot, chi c6 mot diém & bién
xa hon, cho thay phan du gan véi phan phdi chuan.
Trong khi d6, biéu d6 Versus Fits dé kiém tra d¢ phu
hop ctia mé hinh hdi quy véi cac gia tri thuc nghiém
cho thay cac diém dir liéu dugc phan bd déu xung
quanh truc hoanh, minh chung cho sy phu hop cta
mo hinh hdi quy. Biéu d6 Histogram dugc phan bd
dbi xtng, hinh dang gan giéng vai phan phdi chuén,
cho thay sai s6 mo hinh nho va dir liéu phi hop voi
gia dinh phan phéi chuan. Biéu d6 Versus Order cho
thdy phan 16n cac diém dao dong nho va khong theo
xu hudng tang (hodc giam) lién tuc theo thoi gian,
cho thdy dit liéu khong bi anh huéng boi trinh tu
thuc hién va mé hinh khéng c6 yéu té nhiéu theo
thoi gian.
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Hinh 10. Cac biéu do thé hién sai s6 giira md
hinh hoi quy va thuc té trong Minitab

Két qua phan tich trén cho thdy mé hinh toan
hoan toan phu hop, ¢ thé dugc ap dung dé tién doan
d6 nham bé mat gia cong bé mat 16m chi tiét trong
gia cong khuén bang thép SKD11 véi nhitng diéu
kién gia cong tuong tu nhu trong nghién ctru nay.
Vé ban chét, thép SKD11 1a hop kim c6 d¢ cing
cao, kha nang chéng mai mon tot va tinh dan nhiét
kém hon so véi cac loai thép cac-bon thong thuong
(C35, C45, C50). Do d6, mo hinh toan trong nghién
ctru nay chua thé dugc 4p dung khi gia cong véi cac
loai thép céc-bon thuong; ma cin phai c¢6 nhing
nghién ctru chi tiét hon. Van téc cét (V) khi cét thép
SKDI11 thuong duge chon thip hodc trung binh,
trong khi thep C35, C45, C50 co thé str dung van toc
cit cao hon, do c6 do ctg thap va d& gia cong hon.
Luong chay dao (S) khi gia cong thép SKDI11 can
duoc kiém soat chit ché hon, nham giam tai trong
1én 1udi cat, giir 6n dinh khi gia cong; trong khi voi
thép cac-bon thudng, lwong chay dao ¢6 thé 16n hon,
nhung van dam bao do 6n dinh tét. Chiéu sau cit (t)
khi gia cong thép SKD11 thuong dugce chon nho hon
s0 v&i thép cac-bon thudong nhim giam lyc cét, han
ché rung dong.
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