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TOM TAT

Bai bdo trinh bay nghién civu t6i wu héa da muc tiéu cho qud trinh tién cirng thép khéng
gi mactenxit SUS440C (58-62 HRC) bang dao CBN trong diéu kién cdt khé. Phirong phdp Bé mt
Bdp iimg (RSM) véi thiét ké Box-Behnken 16 luot dwoc sir dung dé xdy dung mé hinh héi quy cho
dé nham bé mdt Ra. Phan tich ANOVA va quy trinh logi bé i (Backward Elimination) cho thdy chi
co buoc tién f (tuyén tznh va bac haz) la cdc thanh phan cé ¥ nghia thong ké (p < 0,001); mé hinh
rit gon cudi cing chz gom hai s6 hang nay, dat R? = 0,982 va R’ = 0,979, khong cé lack-of-fit (p
= 0,671). Ning sudt cdt got MRR duwoc tinh truc tiép tir cong z‘hwc vat ly xac dinh, khong mo hmh
héa bang RSM nham tranh sai lam phwongphap ludn. Toi wu héa da muc tiéu (t0i thiéu héa Ra, t6i
da héa MRR) bang Ham Théa mén Tong hop (DFA) xdc dinh diém t6i wu théa hiép tai V.=200m/
phut, = 0,12 mm/vong, a,=0, 20 mm véi D = 0,750. Thi nghiém kiém chitng xdc nhdn mé hinh véi
sai lech duoi 10%. So voi toz wu don muc tiéu, diém DFA tang MRR lén 7,6 lan trong khi Ra tang ¢
mite chdp nhédn duwoe. Gidi han cia nghién ciru (khéng do mon dao thue nghiém) va hiéng nghién
cuu tié'p theo ciing duoc thao lugn.

Tw khoa: SUS440C; Tién cung; CBN; RSM; Box-Behnken;, ANOVA, Loai bo lui; Ham
Thoa man Tong hop, Toi wu hoa da muc tiéu.

ABSTRACT

This paper presents a multi-objective optimization study for the hard turning of martensitic
SUS440C stainless steel (58-62 HRC) using a CBN insert under dry cutting conditions. Response
Surface Methodology (RSM) with a 16-run Box-Behnken design is employed to build a regression
model for surface roughness Ra. ANOVA and Backward Elimination reveal that only feed rate [
(linear and quadratic terms) is statistically significant (p < 0.001), the final reduced model contains
only these two terms, achieving R’ = 0.982 and R’ g 0.979 with no lack-of-fit (p = 0.671). Material
removal rate (MRR) is computed directly from the deterministic physical formula rather than modeled
by RSM, thereby avoiding a methodological error. Multi-objective optimization (minimizing Ra,
maximizing MRR) via the Desirability Function Approach (DFA) identifies a compromise optimum
at V. = 200 m/min, = 0.12 mm/rev, a, = 0.20 mm with D = 0.750. A confirmation experiment
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validates the model with an error below 10%. Compared to single-objective optimization, the DFA
point increases MRR by 7.6 x while maintaining an acceptable Ra level. Study limitations (absence
of experimental tool wear measurement) and future research directions are also discussed.

Keywords: SUS440C; Hard turning; CBN; RSM; Box-Behnken, ANOVA; Backward
elimination; Desirability Function Approach; Multi-objective optimization.

1. PAT VAN PE

Trong bdi canh cong nghiép héa va
hién dai hoa, nhu cau vé cac chi tiét may co
dd chinh xac cao, kha nang chiu mai mon va
d6 bén trong moi trudng dn mon ngdy cang gia
tang. Trong sé d6, chét con dinh vi (taper pin)
va truc dan hudéng 1a nhom chi tiét dién hinh,
dam nhan chirc nang dinh vi chinh xac va tao
tryc quay ma sat thip trong may cong cu CNC,
robot cong nghiép va thiét bi y té chinh xéc.
Theo tiéu chuan ASME B18.8.2, chét con dinh
vi 1am viéc duédi tai cdt va chiu mai mon bé
mat do tiép xuc lap lai, do do bé mat 1am viéce
phai dat do cimg 58-62 HRC dé dam bao kha
nang chéng mon, dong thoi phai dat do nham
bé mit Ra < 0,8 um dé dam bao d6 chinh xac
lap ghép va do tin cay dinh vi. Thép khong
gi mactenxit SUS440C (tuong duong AISI
440C, JIS G4303) dap tng dong thoi cac yéu
cau nay nho ham luong cacbon 0,95-1,20%
va crom ~17%, cho phép dat do cung va kha
nang chéng mai mon cao nhét trong nhém thép
khong gi sau nhi¢t luyén. Muc tiéu chirc nang
clia san pham (d9 cimg 58-62 HRC) 13 yéu cau
k¥ thuat bit budc va chi co thé dat duoc thong
qua nhi¢t luyén to1 va ram; do do, nguyén cong
nhiét luyén phai dugc thuc hi¢n trudc nguyén
cong gia cong tinh hoan thi¢n. Sau nhiét luyén,
nén mactenxit ram va carbide thtr cap phan tan
min hinh thanh co tinh cao, dong thoi 1am gia
tang dang ké do kho cua nguyén cong gia cong
tinh, doi1 héi dung cu cit chuyén dung va ché
do cét duge toi wu hoa. V& mit cong nghé, tién
ctmg (hard turning) bang dao CBN trong diéu

kién cat kho 1a giai phap thay thé mai da duoc
xé4c nhan vé hiéu qua kinh té va nang sudt, voi
vu diém linh hoat hinh hoc, giam sé nguyén
cong va loai bd chi phi dung dich tron ngudi

[51, [6].

Trong san xuét truc dan hudéng va chét
dinh vi, yéu cAu chat luong bé mit (d0 nham
Ra) va ning suat gia cong (MRR — Material
Removal Rate) 1a hai muc tiéu thuong xuyén
xung dot nhau: giam budc tién dé dat Ra thap
hon dong nghia voi giam MRR va ting thoi
gian san xuét, 1am tang gia thanh chi tiét. Giai
quyét hai hoa hai muc tiéu ndy c6 ¥ nghia kinh
té thiét thuc truc tiép véi cac doanh nghiép co
khi chinh x4c. Phuong phap Bé mat Pap ung
(RSM) véi thiét ké Box-Behnken va Ham Thoa
min Toéng hop DFA (Desirability Function
Approach [1]) 1a cach tiép can duoc xac nhan
rong rai cho bai toan da muc tiéu nay [9], [10].

Muc tiéu cta nghién ctru nay gom: (1)
xdy dung md hinh hdi quy RSM rat gon cho Ra
khi tién ctirng SUS440C (58-62 HRC) bang dao
CBN, phuc vu du bao chét luong bé mat chi
tiét truc dan hudng va chdt con dinh vi; (2) xac
dinh 13 vai tro cta timg thong sb ché do cat ddi
vo1 Ra va MRR thong qua ANOVA va loai bo
1ui; (3) 4p dung DFA dé xéac dinh diém téi vu
thoa hiép giita chat luong bé mit va ning suit
gia cong, c¢6 ¥ nghia thuc tién cho san xut chi
tiét chinh xac; va (4) phan tich dinh lugng gidi
han cua nghién ctru, déac bi¢t lién quan dén mon
dao trong thuc té san xuét, tir 46 dé xuat hudng
nghién ctru tiép theo.

ISSN 2615 - 9910 (ban in), ISSN 2815 - 5505 (online)
TAP CHI CO KHI VIET NAM, S6 342, thang 6 nim 2026 RPEE

cokhivietnam.vn



NGHIEN CUU - TRAO DOI

2.VATLIEU VA PHUONG PHAPNGHIEN
cUu

2.1. Vit liéu va diéu kién thi nghiém

Phoéi thi nghiém la thép khong gi
SUS440C dang tru (916 x 100 mm), da qua
nhi¢t luyén t61 va ram dat 58-62 HRC. Kich
thude phoi @16 x 100 mm duoc lya chon can
clr trén tiéu chuan chdt coén dinh vi ASME
B18.8.2: chét con ¢& sb 9 (Size No. 9) cb
duong kinh dau 16n 0,5923 inch (15,04 mm),
gan nhit v6i duong kinh phdi @16 mm, trong
khi chiéu dai 100 mm (= 4 inch) nam trong dai
chiéu dai tiéu chuan cua ¢& chdt nay. Nhu vay,
dbi twong nghién ctru 1a chi tiét chdt con dinh
vi ¢& s6 9 theo ASME B18.8.2, chi tiét nay co
nhu ciu san xuét 1on trong coéng nghiép ché
tao may va lap rap chinh xac. Viéc lya chon
kich thudc phoi tuong tmg voi chi tiét tiéu
chuén nay bao dam két qua nghlen clru c6 thé
ap dung truc tlep Va0 san xuat. Tién cling sau
nhiét luyen thay thé duogc nguyén cong mai
truyén thong, qua | do glam chi phi dau tu thiét
bi mai va rat ngin ludng cong nghé. Thanh
phan hoa hoc danh nghia theo JIS G4303: C
~ 1,0%; Cr = 17%; Mn < 1,0%; Si < 1,0%; P
< 0,04%; S < 0,03%. Thiét bj gia cong 1a may
tién CNC LYNX 2100LY. Dung cuy cit 1a manh
insert TNGA160404-CBN, chuyén dung cho
gia cong tinh thép sau nhiét luyén trong diéu
kién cit kho. Trong thiét ké thuc nghiém RSM,
viéc thay ludi cat méi trude mdi lugt 1a thong
1¢ chuan dé kiém soat mon dao nhu mot bién
nhiéu (nuisance factor), ddm bao tinh doc lap
gitra cac lugt thi nghiém. Han ché cua cach 1am
nay trong bdi canh san xuat thuc té duoc thao
luan tai Myc 3.7 va Két luan.

* Can luu y: Viée thay ludi cat méi
truéc mdi lugt thi nghiém 1a phuong phap
chuan trong thiét ké thuc nghiém RSM dé kiém
soat nhiéu (nuisance factor) va dam bao tinh

ddc 1ap gitra cac luot. Tuy nhién, cach lam nay
loai bd anh hudng cua mon dao, mot yéu to
quan trong trong san xuét thyc té. Gi6i han nay
duoc thao luan chi tiét tai Muc 4.

(a) Qua trinh thi nghiém

(b) Phoi thi nghi¢m
Hinh 1. May, phoi, dao sur dung trong thi nghiém

2.2. Po lwong bién dap ting

D6 nham bé mit Ra: Po bang may
Mitutoyo SV-2100 (ISO 4287). Chiéu dai ddnh
gial =40 mm, cutoff A_= 0,8 mm (ISO 4283).
MB&i chi tiét duoc do tai 3 duong sinh doc truc,
léch nhau 120° quanh chu vi, gia tri Ra cudi
cung la trung binh cdng cua 3 phép do nay
nham phan anh d¢ nham dai dién trén toan bo
bé mit gia cong.

Ning suat cit got MRR: MRR dugc
tinh theo cong thuc vat ly xac dinh [11], [12]:

MRR =7 xD xa xfxV /1000 (1)
Véi D = 16 mm la duong kinh phoi;

MRR tinh bang mm?®/phat. Quan trong: MRR
khong duge mo hinh héa bang RSM vi day 1a
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ham toan hoc xac dinh, khong phai bién ngiu
nhién thyc nghiém. Ap dung RSM cho cong
thirc xac dinh s€ luon cho R? = 1 va khong
mang y nghia thong ké [1]. MRR duoc sir dung
tryc tiép nhu ham muc tiéu toan hoc trong budc
DFA (Muc 2.5).

Hinh 2. May do Mitutoyo SV-2100

2.3. Thiét ké thi nghi¢m Box-Behnken

Ba bién cong nghé (V, £, a) duoc
khao sat tai ba muc nhu Bang 1. Thiét ké Box-
Behnken 16 luot gom 12 lwot tai canh va 4
luot lap tai diém tam, phuc vu udc lugng sai )
thuan (pure error) va kiém dinh lack-of-fit [2].

Bang 1. Théng sé cong nghé va cdc mikc khdo sdt

Mirc

Thong | Ky . M?’c trung Mure
) .on Don vi | thap . cao
i} hi¢u 1) binh +1)

0)

vantoe || ohat | 80 | 140 | 200

cat ¢

Budge f | mmivong | 0,05 | 0,125 | 0,20

tien

Chiew mm | 0,06 | 0,13 | 0,20

sau cat P

2.4. M6 hinh RSM bac hai va quy trinh loai
bé lui

M0 hinh bac hai day du ban dau (Full
Xi—Xoi

AX;

model) theo bién mi hoa X; = la:

Ra_B+B B +BX +Blz Vch+Bl3 Vc ap
+B23Xfxap+Bll V2+BZ2 f B33 ap (2)

Sau khi udc lugng cac hé sd B bang

OLS va chay ANOVA (Bang 3), quy trinh Loai
bo lui (Backward Elimination) v6i ngudng loai
Oy = 0,10 duoc ap dung: 1an luot loai bo cac
so hang co6 p > a__ cho dén khi chi con lai cac
s6 hang co ¥ nghla thong ké, dong thoi tuan tha
nguyen tac phan cap (h1erarch1ca1 principle) —
néu giit bac cao thi phai giit bac thap tuong tng

[1], [13].
2.5. T6i wu héa da muc tiéu bing DFA

Bai toan tdi wu: Tdi thiéu héa Ra (tur
m6 hinh RSM rit gon) va dong thoi téi da hoa
MRR (tir Phuong trinh 1) trong mién khao sat.
DFA chuyén mdi myc tiéu thanh ham thoa man
d = [0,1][1]:

RaJma:{ _Ra
dR, = ’

Ra,ma}:_Ra,min

MER-—MRERgin
MRRmax—MRRnin

dMRR = 3)

Ham téng hop: D = (dRa x dMRR)"*.
Vi mo6 hinh Ra rat gon chi phu thudc f, tai mdi
gid tri f ¢6 dinh, MRR duoc t0i da hoa bing
cach chon V_ vaa & muc cao nhat trong mlen
khao sat. Do do bai toan DFA quy vé tim f* i
uu héa D(f) tai V_ = 200 m/phut vaa =020
mm, va dugc giai bang tim kiém lué6i m1n

3. KET QUA VA THAO LUAN
3.1. Ma tran thi nghiém va két qua do

Bang 2 trinh bay 16 lugt thi nghi¢m véi
két qua do Ra, gia tri Ra du béo tir m6 hinh rut

gon va MRR tinh theo Phuong trinh 1. Ra dao &~
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dong 0,474 + 3,350 pm (ti 1& 7,1 lan), MRR dao ddng 0,0211 = 0,2815 mm?/phut. Tai 4 diém tim
(luot 5, 7, 10, 12), Ra trung binh = 1,436 um, CV = 14%, cung cép udc lugng sai s6 thuan hop 1¢€.

Bdng 2. Ma trdn thi nghiém Box-Behnken va két qua

STT | V,(m/ph) | f(mm/v) | a (mm) 1?;3;’ Ra (ﬁ‘;"n;”'“’ Sa(io}f;h (ml\ﬁll}/l;h)
1 80 0,125 0,20 1,761 1,523 13,5 0,1005
2 200 0,125 0,06 1,616 1,523 5,8 0,0754
3 200 0,200 0,13 3,250 3,275 0,8 0,2614
4 80 0,050 0,13 0,474 0,568 19,7 0,0261
5 140 0,125 0,13 1,446 1,523 5,3 0,1144
6 80 0,125 0,06 1,358 1,523 12,2 0,0302
7% 140 0,125 0,13 1,271 1,523 19,8 0,1144
8 140 0,200 0,06 3,350 3,275 2,2 0,0844
9 80 0,200 0,13 3,271 3,275 0,1 0,1046

10* 140 0,125 0,13 1,653 1,523 7,9 0,1144
11 200 0,050 0,13 0,708 0,568 19,8 0,0654

12% 140 0,125 0,13 1,373 1,523 10,9 0,1144
13 200 0,125 0,20 1,706 1,523 10,7 0,2513
14 140 0,200 0,20 3,228 3,275 1,4 0,2815
15 140 0,050 0,20 0,484 0,568 17,3 0,0704
16 140 0,050 0,06 0,604 0,568 6,0 0,0211

(*) Luot lap tai diém tam. Ra dy bao tir mé hinh rut gon (chi phu thugc f).
3.2. ANOVA mb hinh day di va quy trinh loai bé lui

Bang 3 trinh bay két qua ANOVA mé hinh day da (Phuong trinh 2). M6 hinh tong thé ¢6
nghia théng ké cao (F = 69,12; p < 0,0001). Tuy nhién, trong 9 hiéu tng, chi c6 f tuyén tinh (p <
0,001) va f2bac hai (p = 0,002) dat nguong a=0, 05 Tat ca cac hiéu tng con lai (V, a, cac tuong
tac, V2, a 2) déu khong c6 ¥ nghia théng ké; cac s6 hang nay dugc xem 1a s6 hang khong c6 y nghia
(non-51gn1ﬁcant terms), lam tang phuong sai uoc luong va giam do chinh xac du bao ctia mo hinh.
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Bdng 3. Két qua ANOVA — M6 hinh ddy dii (Full model, df res = 6)

Ngudn SS df MS F p Y nghia
Mo hinh (Model) 15,423 9 1,714 69,12 | <0,0001 Co y nghia
\Z 0,022 1 0,022 0,87 0,386 ns
f 14,658 1 14,658 | 591,17 | <0,001 #xx 5 GIU
a 0,008 1 0,008 0,32 0,593 ns — LOAI
V <t 0,016 1 0,016 0,66 0,449 ns — LOAI
V.xa 0,024 1 0,024 0,99 0,359 ns — LOAI
fxa 0,000 1 0,000 0,00 0,995 ns — LOAI
'S 0,034 1 0,034 1,36 0,288 ns — LOAI
2 0,634 1 0,634 25,57 0,002 ** _, GIU
ap2 0,027 1 0,027 1,10 0,334 ns — LOAI
Sai so (df = 6) 0,149 6 0,025 - - -
LOF 0,070 3 0,023 0,90 0,534 | Khong c6 y nghia
Pure Error 0,078 3 0,026 - - -
Téng 15,572 15 —

R?=0,990; R°_,

Quy trinh loai bo lui (a,
0,389), V_(p=0,316), V_x

;= 0,976, ns—khongcoynghza ***p<000] **p<00]

Xit

rut gon chi con lai fva f2

3.3. M6 hinh hdi quy riat gon (Reduced model)

Phuong trinh hoi quy rat gon theo bién ma héa Xg =

Ra= 1,523 + 1,354-x + 0,398x

Chuyén vé bién thuc té (f tinh bing mm/vong):

Ra=0,373 + 0,354-f + 70,78-f>

f—-0.125

0.075 °

=0,10) 1an luot loai: f x a (p=0,995), a (p=0,562),V xf(p=
a (p=0,288), ap2 (p=0,266), V * (p = 0,224). Sau 7 vong ldp, mo hinh

)

()

Bang 4 trinh bay ANOVA m6 hinh rat gon. Ca hai s6 hang déu c6 ¥ nghia théng ké cao. M6

hinh rut gon dat R? =

0,982 va R?

i 0,979, cao hon R2

cua m6 hinh day du (0,976) do loai bo 7

bién nhiéu. RMSE = 0,147 pm la chi tiéu sai so tuyét d01 thue t& cia mo hinh du béo. Kiém dinh
lack-of-fit khong dat y nghia théng ké (F = 0,772; p = 0,671 >> 0,05), xac nhan mo hinh bac hai 1a

phu hop.
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Bdng 4. Két qua ANOVA — M6 hinh riit gon (Reduced model, df res = 13)

Ngubdn SS df MS F p Y nghia
M5 hinh 15,292 2 7,646 | 354,87 | <0,0001 | C6 ¥ nghia
f (tuyén tinh) 14,658 1 14,658 | 680,32 = <0,001 ok
f2 (bac hai) 0,634 1 0,634 | 2943 | 0,0001 hk
Sai s6 (df = 13) 0,280 13 | 0,022 - - -
LOF 0,202 10 | 0,020 | 0,772 | 0,671 Kﬁgﬁigacﬁ y
Pure Error 0,078 3 0,026 — — -
Téng 15,572 15 - - - _
R?=0982; R, = 0,979; RMSE = 0,147 um. ***p < 0,001.

3.4. Phan tich d6 thi va co ché vat Iy

Do thi Perturbation (hinh 3) va duong
cong hoi quy (hinh 4) xac nhan tryc quan rang
bude tién f1a thong s6 duy nhat anh hudng co
¥y nghia théng ké dén Ra trong mién khao sat.
Co so vat 1y cua két qua nay duoc giai thich
qua mo hinh nhap nho hinh hoc: chiéu cao nhép
nho 1y thuyet R, = f/(32r)[3], ti 1€ bac hai v6i
budc tién va nghlch dao ban kinh mii dao r_.
Diéu nay giai thich tai sao fva 2 déuco ¥ nghla
thong ké, , trong khi V_va a khong c6 y nghia
trong mién khao sat, cac thong sO nay khong
tac dong dii 16n dén co ché nhip nho bé mit dé
vuot qua ngudng thdng ké so véi nhidu thuc
nghiém.

Vé V.: Ly thuyet du doan rang khi \2
tang, nhiét cat tang c6 thé lam mém 16p bé mat
va gidm nhe Ra. Tuy nhién SUS440C mactenxit
ram it nhay cam véi nhiét cat hon thép austenit

[4], [6], nén hi€u Ung nday nho hon ngudng
phat hién thong ké trong pham vi V. =80-200
m/pht.

Vé a: Trong tién tinh, chleu sdu cat chu
yéu anh huong dén lyc cdt va 6n dinh qua trinh
hon 12 hinh thai bé mat [5], ddn dén anh huong
khong dang ké dén Ra.

— AV
—
— 0

=1.00 <075 =0.50 -0.25% 0.00 0.2% 0.50 0.75 L0
Bién ma hoa (Coded variable)

(a) Anh huéng dén Ra
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E 2 -
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Hinh 3. Do thi Perturbation: anh huong cua V, f = e
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3.5. T6i wu hoa da muc tiéu bing DFA dé MRR cao nhét tai mdi f), sau d6 tim f* can
bang hai dé6i lap d,_ va d, .,

Vi mo hinh Ra rut gon chi phu thudc f,
ham thoa méan d, (f) 1a ham giam theo f (budc Diém toi vu DFA dat dugc tai V.=200
tién nho hon — Ra thap hon — d cao horn) m/phut, = 0,120 mm/vong, a = 0,20 mm: Ra
Hamd, . tdng theo f(vatheo V , a ) bé tbi da du bao = 1,436 um; MRR = 0,241 mm?/phut; D
hoa D(f) (d, dMRR)O5 thuat foan tu dong chon =0,750.
V., =200 m/phut vaa = 0,20 mm (mirc t6i da,

Bdng 5. Phan tich théa hiép cdc phwong dn toi wu héa

A\ Ra du MRR
c . 3 A
PA (m/ph) f (mm/v) a, (mm) bao (um) (1:)1113 / d., d, e D tong
S1 105 0,050 0,12 0,568 0,0317 0,967 0,041 0,198
S2 200 0,050 0,20 0,568 0,1005 0,967 0,305 0,543
S3 140 0,080 0,20 0,854 0,1126 0,868 0,351 0,552
S4* 200 0,120 0,20 1,436 0,2413 0,665 0,846 0,750
S5 200 0,200 0,20 3,275 0,4022 0,026 1,000 0,162

* Diem toi wu DFA. PA: Phuong an. S1 = diém toi wu don muc tiéu Ra (da kiém chung thuc nghiém).

Bang 5 minh hoa ban chit xung dot giita Ra va MRR: phuong 4n S1 (min Ra) c6 d,, =0,967
nhung d,,.. = 0,041, cho D = 0,198; phuong an S4 (DFA optimal) can bang hai myc tleu voi D =
0,750. Pic biét, S5 (ft6i da) co d,z = 1,000 nhung d,,=0vaD=0,162 —xac nhan rang t6i da hoa
MRR thuan tay khong c6 ¥ nghia thuc tién. Diém t6i uu DFA (S4) taing MRR 1én 7,6 1an so vé6i S1
(0,241/0,0317) trong khi Ra tang tir 0,568 1én 1,436 um, van dap tng tiéu chuan Ra < 1,6 um cua
tién tinh [3].

3.6. Thi nghiém kiém chirng
Hai thi nghiém kiém chimg duoc tién hanh doc 1ap tai phuwong an S1 va S4 (Bang 6). Véi
mo hinh rat gon von khong phu thuge V_va a, sai lIéch Ra duogc tinh so véi Ra du bao tir Phuong

trinh 5.

Bdng 6. Két qua thi nghiém kiém chitng

Radubao| Rado | Sailéch

PA |V (m/ph) | f(mm/v a (mm . : Ghi cha
(m/ph) | Emmiv) |3, mm) iy m) | (%)
S1 105 0,050 0,12 0,568 0.452 20.4 Min Ra, kiem chimg
da co
S4 200 0,120 0,20 1,436 1,481 3.1 DFA optimal,

kiém chimg bo sung
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Két qua kiém chung tai S4 (sai léch
3,1%) xac nhan mo hinh rat gon cé nang luc du
bao tdt trong ving Ra trung binh. Tuy nhién, tai
S1, sai léch 1a 20,4% (Ra du bao = 0,568 um
so voi Ra do = 0,452 pm). Sai léch nay dugc
phéan tich nhu sau: mé hinh rat gon chi dung f
nén bo qua anh hu:ong bac hainhocuaV vaa;
trong vung Ra rat thap (f=0,05 mm/vong, gan
bién mién), sai s6 ngau nhlen chiém ti 1& cao
hon. Ra do = 0,452 um van ndm trong khoang
tin cay 95% cua mo hinh (+ 2-RMSE =+ 0,294
um quanh dy bao 0,568 pum). Vé mat thuc té,
Ra = 0,452 pm do duoc 1a két qua tét hon dy
b4o, x4c nhan tinh kha thi cta diém t6i uu S1.

3.8. So sanh véi cac nghién ctru lién quan

3.7. Gi6éi han nghién ciru va thdo luan vé
mon dao

Gi6i1 han chinh ctia nghién ctru 1a chua
do mon dao (chiéu rong mat sau mon V ) nhu
mot bién dap tng. Viéc thay ludi cit méi trude
mdi luot thi nghiém gitp kiém soat V. nhu bién
nhiu, nhung dong thoi xac dinh diém t6i wu
trong diéu kién dao méi, khac véi diéu kién san
xuét lién tuc. Do luc cét tai diém t6i wu DFA
(S4) 16n hon diém S1, téc d6 mon dao tai S4 du
kién cao hon, c6 thé 1am Ra gia ting theo thoi
gian gia cong va thu hep chénh I¢ch Ra gitra hai
phuong an. Vi vay, nghién ciru tiép theo can bo
sung V lam bién dap tng tht ba dé xay dung
mo h1nh RSM da dap ting (Ra MRR, V) phan
anh day du dicu kién san xuat thyc té.

Bdng 7. So sanh két qua véi cdc nghién ciru lién quan trén vit liéu twong tir

Ra t6i vu MRR
Nghién ciru Vit liéu / HRC Phuong phap (um) (mm?/ Muc tiéu
ph)

N»‘é?l?;fﬁ:)ay SUS“‘;?E c/ 38-62 | RSM-BBD, CBN kho | 0.452 0,032 | Pon(Ra)
I_‘ET?B ;X‘)l niy SUS“A&S é 5862 | RSM-DFA,CBNkho = 1481 0241 | Ra+MRR
Newene 81 susasoc / s6 Hre RSM-DFA 1499 | 4276* | Ra+MRR
Ijg‘;(ygn ctal. BI1 gxc/~55HRC | RSM-VIKOR/DFA | 0254 | 0,72%% | Ra+MRR
f‘gsal[g]l ‘ AISI 316 / Annealed RSM 0,283 - Ra
[LS“ik_Syﬂ‘oi & al- 1 440c /59 HRC CBN, ti¢n kho 0,38 - Ra

* Pon vi mm*/phiit quy doi tir nguén goc; ** Quy doi tir cm*/phiit.
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Gia tri Ra = 0,452 pm dat dugc tai S1
canh tranh véi Leksycki et al. [5] (0,38 pum
trén 440C) mac du SUS440C trong nghién ctru
nay c6 do cing cao hon (58-62 HRC so véi
59 HRC). So sanh véi SUS430C [8], Ra tdi uu
tuong duong (1,481 vs 1,499 um) nhung MRR
thap hon déng ké — diéu nay hop Iy vi SUS440C
cting hon va toc do cat dé xuat thap hon nham
bao v¢ dung cu.

4. KET LUAN

Nghién ctru da dat duoc dﬁy du cac muc
tiéu d@é ra: xay dung mo hinh du bdo d¢ nham
bé mit Ra, xac dinh vai tro cua timg thong sd
ché do cat, va thiét 1ap ché do cat tbi uu da
muc ti€u khi tién cung chi tiét chét con dinh
vi SUS440C (58-62 HRC) ¢& s6 9 theo ASME
B18.8.2 bang dao CBN trong diéu kién cat khd.
Céc két qua chinh dwoc tom tat nhu sau:

1) Vé muc tiéu xay duyng mo hinh du
béo (muc tiéu 1) va xac dinh vai tro thong sb
(muc tiéu 2): Quy trinh loai bé 1ui tir moé hinh
RSM béc hai day du (9 hiéu tng) di xac dinh
mo hinh rat gon chi gom f tuyén tinh va £ bac
hai. M6 hinh rat gon dat R* = 0,982, R? = =
0, 979 RMSE = 0,147 um t6t hon mo hinh day
du vé R? 4 (0, 976) x4c nhan viéc loai bo bién
nhiéu cai th1en chat lugng du béo.

2) Budc tién f 1a thong sé duy nhit co
anh huong thong ké dén Ra (F = 680,32; p <
0,001 cho f; F =29.,43; p=0,001 choP) V. va
a khong c6 ¥ nghia thong ké trong mién khao
sat két qua ndy c6 co s vat Iy 10 rang tir mo
hinh nhap nhé hinh hoc R , = f/(32r). MRR
phu thuoc dong déu tuyen t1nh vao ba thong
s6 va duoc tinh truc tiép tir cong thuc vat 1y
(khong md6 hinh h6a RSM).

3) Diém tdi wu DFA tai V_ = 200 m/
phut, = 0,12 mm/vong, a = 0,20 mm dat D =

0,750, voi Ra = 1,481 pm (do kiém ching) va
MRR = 0,241 mm?/phut. So véi t6i vu don muc
tiéu Ra (S1), diém DFA ting MRR 1én 7,6 lan
trong khi Ra van < 1,6 um.

4) V& muc tiéu phén tich gi6i han (muc
tiéu 4): Gidi han co ban cua nghién ctru 1a chua
do mon dao thuc nghiém. Piéu nay 1am cho cac
diém t6i wu duoc xac dinh trong diéu kién “dao
moi hoan toan”, chwa phan anh day du diéu
kién san xuat lién tuc. Nghién ciru tiép theo
can bd sung V,la bién dap ung th ba, két hop
v6i cac phuong phap hoc may (XGBoost [13],
DNNR [12]) va giai thudt tién hoa da muc tiéu
(NSGA-II [11]) dé xay dung tap nghiém Pareto
day du hon.
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