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DU DOAN ANH HUGNG, TOI UU HOA DONG THO
DO NHAM BE MAT VA NANG SUAT GIA CONG KHI TIEN
HOP KIM SKD 61 TRONG DIEU KIEN BOI TRON TOI THIEU

PREDICTION AND OPTIMIZATION OF SURFACE ROUGHNESS AND MATERIAL REMOVAL RATE
IN TURNING OF SKD 61 USING MINIMUM QUANTITY LUBRICATION METHOD
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TOM TAT

Nghién ctu nay trinh bay gidi thudt méi nham toan t6i vu héa da muc tiéu
qua trinh tién tinh thép SKD61 trong diéu kién bdi ton t6i thi€u va (ng dung phan
tich ANOVA dé du dodn anh hudng cla cac tham s6 cong nghé qua trinh tién tdi
@6 nham bé mat R, (um) va ndng sudt gia cong MRR (cm?/phdit). Nghién ctu thuc
nghiém dugc thuc hién véi thiét bi béi tron t6i thiéu tich hop tinh nang diéu khién
loT va kha nang diéu khién thich nghi trén co s6 dit liéu thu thap trong qua trinh
thuc nghiém. Muc tiéu cta nghién c(tu la toi da hda nang sudt gia cong MRR, dong
thi dam bao dugc dd nham bé mat san pham R, van duy tri dugc ngung yéu cau
bang cach st dung thudt toan t6i uu héa phan ting hda hoc CRO (CRO - Chemical
Reaction Optimization).

Tirkhda: SKD61; MQL, loT; CRO; ANOVA.

ABSTRACT

This study presents a new algorithm for multi-objective optimization of the
SKD61 steel turning process under minimum lubrication (MQL) conditions and the
application of ANOVA analysis to predict the influence of cutting parameters on
surface roughness R, (um) and machining productivity MRR (cm*/min) in turning
of SKD 61 mould steel. The experimental research was carried out by combining
the MQL-loT system with the ability to adaptive control capabilities based on data
collected during the experiment. The goal of the study is to maximize the MRR
machining productivity while ensuring that the value of surface roughness R, does
not exceed the limitation by using Chemical Reaction Optimization(CRO).

Keywords: SKD61; MQL; loT; CRO, ANOVA.
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1. GIGI THIEU
SKD61 la mot loai thép hop kim chiu nhiét va chiu mai
mon cao dugc st dung rdng rai trong nganh san xuat khuén
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mau, khuén ép va khudn dap. Gia céng thép hgp kim SKD61
néi chung va gia céng tién noi rieng déu gap phai nhiéu kho
khan. B6i vai gia cong SKD61, kho khan chinh 1a d6 cling va
tinh chiu mai mon cao cuta thép, gay ra d6 kho trong viéc cat
va gia cong . Thém vao do, tinh chiu nhiét ctia SKD61 ciing
lam tang d6 khé trong qua trinh gia cong. Trong qua trinh
gia cOng cat got ndi chung va gia céng tién thép ciing SKD61
nai riéng, dau tudi ngudi thudng dugc st dung bdi nham boi
tron vling gia céng, gidm nhiét cat, déng thai lam sach phoi,
dam bao chat lugng bé mat qua trinh gia céong [1]. Mac du
c6 vai tro to I6n trong qua trinh gia cdng cat got, nhung dau
boi tron cling mang lai nhitng tadc dong tiéu cuc téi moi
truong, suc khée va cad kha nang canh tranh cla doanh
nghiép. Theo nghién ctiu clia D& gidm nhiét trong qua trinh
gia cdng, déng thoi hé trg lam sach bé mat gia cdng, nang
cao chét lugng bé mat sdn pham, tang tudi bén dung cu...,
dau gia céng thudng dugc st dung [2]. Bén canh nhing uu
diém nay, dau gia céng cling mang lai nhiing tac déng tiéu
cuc t6i méi trudng, stic khoe ngudi lao dong, déng thai lam
gidam tinh canh tranh ctia san ph&dm gia céng do chi phi s
dung, van hanh 18n, 1én t&i 15% tng chi phi san xuat [3]. Dé
han ché nhiing nhugc diém nay, nhiéu phuong phap bé
tron-lam mat méi da dugc nghién clu va ng dung trong
thai gian gan day, c6 thé ké dén nhu phuong phap gia cong
kho, gia cdng gan khé, béi tran t8i thiéu, lam mat bang khi
Ni tg, CO,... trong nghién cltu nay, boi tron téi thiéu MQL
dugc st dung bdi nhing uu diém trong gia cdng tinh, dic
biét la véi nhém hop kim, thép ciing nhu SKD61 [4].

Trong gia céng tinh noéi chung, ngoai chi tiéu quan trong
can phai dat dugc [a d6 nham bé mat sdn phdm R,, cac nha
san xudt con phai huéng téi dat dugc dong thai mét trong
cac muc tiéu khac nhu gidm thiéu luc cét, gidm thiéu nang
lugng tiéu thy, tang tudi bén dung cy, tdng nang suat gia
cong... D& dat muc tiéu nay, nhiéu phuong phép t6i uu hoa
da muc tiéu nhu TOPSIS [5], MOORA [6]... da dugc dp dung
do phuong phap tinh todn don gian, tham chi véi bai toan
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rat nhiéu muc tiéu. Tuy nhién, nhugc diém ctia phuong phap
nay la téc dé tinh toan thap, va gia tri t6i uu chi dugc lua
chon tir mét trong cac bé s6 liéu thuc nghiém. Do vay, day
6 thé khong phai la gia tri t6i uu, ma |a gid tri t6t nhat trong
céc bé gia tri tham s6 da trién khai.

Do su phat trién cla khoa hoc may tinh va toan hoc,
nhiéu thuat mai da duoc gidi thiéu va ting dung nham néang
cao d6 tin cay cing nhu téc d6 tinh toan trong xi Iy cac bai
toan t6i uu, két hgp vai cong nghé tri tué nhan tao va cac
thuyét tién hda, gitp nang cao do tin cdy cla két qua tinh
toan theo thdai gian. Day la gidi phap c6 y nghia cao trong
thuc tién, dac biét khi 4p dung trong diéu khién thich nghi
hodc cong nghé két néivan vat loT, khi ma cac tham s6 cong
nghé dugc gidm séat va diéu khién dé nang cao chat lugng
san pham, hiéu qua san xuat. Trong nghién ctu nay, nhom
tac gia st dung thuat toan Téi uu héa phan ing héa hoc
(CRO - Chemical Reaction Optimization) dé t6i uu héa qua
trinh tién hgp kim SKD61, v6i muc tiéu t6i da héa nang suat
gia cdng MRR, déng thai ddm bao dd nham bé mat san
pham sau gia cong van trong pham vi cho phép.

2. PHUONG PHAP NGHIEN cUU
2.1. Diéu kién thuc nghiém

Thuc nghiém dugc thuc hién trén trung tam gia cong
Tién phay DMG Mori Seiki CLX 350 (hinh 1a).

'

(b) Mau thi nghiém thép SDK61
Hinh 1. Mdy va phéi thuc nghiém

Thi nghiém st dung can dao va manh cat dugc cung cap
b&i DORMER PRAMET. Can dao tién kep vit gitt manh dao cat
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vGi 20mm (chiéu cao can dao) x 20mm (réng) x 125mm (dai)
thudng dugc st dung dé tién doc bén ngoai (hinh 2a).
Manh cat DCMT 11T304E-UR:T8330, hinh thoi 55° véi khe
ha 7°, dudng kinh vong tron noi ti€p 9,525mm, day 3,97mm,
ban kinh mai 0,4mm. Vat liéu manh cat 1a HKC mot cacbua
WC-Co hat min dugc phd PVD tng dung dé gia cong thép,
thép khoéng gi va gang tur tinh dén thé.
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Hinh 2. (a) Dung cu cdt va b) My do nhamMitutoyo JS-201

Trong nghién ctu nay, gia tri @ nham cda méi phoi sau
thuc nghiém dugc do 3 lan trén may do nham JS-201 cla
hang Mitutoyo (hinh 2b). Gia tri nang suat cat cho méi thuc
nghiém dugc tinh toan dua trén gia tri vé V,, f,, a,. Két qua
thuc nghiém dugc thu thap va trinh bay nhu bang 2.
2.2, Trién khai thuc nghiém

Trong nghién ctu nay, 5 tham sé céng nghé cla qua
trinh gia céng tién dugc khao sat la van toc cat V. (m/ph),
chiéu sau cat ap (um) va lugng chay dao vong f, (mm/vong)
vGi cac khoang gia tri tuang iing dugc lya chon trén co sé ké
thira cac nghién ctu tuong tu va khuyén nghi ti nha san
xudt dung cu cét; Tham s6 cdng nghé boéi tron t8i thiéu dugc
khéo sat la Ap suat dau vao cla dong khi P (MPa) va luu
lugng dau boi tron Q (ml/gid), véi khoang gia tri khao sat
dugc lua chon trén co s& ké thiia cac nghién clu tuong tu va
diéu kién thuc hién tai don vi. Khodng gia tri ciia cac bién
dugc thé hién trong bang 1.
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Bang 1. Tham s6 cong nghé dugc khao sét va khoang gid tri tueng (ng

Bién | Donvi Mé ta Mic1 | Midc2 | Mic3
P |MPa Ap sudt khi 15 4 6,5
Q |ml/gio Luu lugng 50 100 150
3 |pm Chiéu sdu cat 100 300 500
V. [m/ph Van toc cat 100 130 160
f,  |mm/vong |Lugng chay daovong 0,05 0,1 0,15

V&i s6 bién khao sat la 5, s6 muc cla moi bién la 3 (cao -
trung binh - thap), nhdm nghién ctu chon ma tran thuc
nghiém Taguchi L,; (3A13) dé tién hanh khdo sat anh hudng

3. KET QUA PHAN TiCH

3.1. Phan tich anh huéng cia cac tham sé céng nghé téi
d6 nham bé mat

D{ liéu d6 nham clia 27 thi nghiém dugc phan tich dé
thay dugc anh hudng clia ché dé cat va cac thong s6 clia ché
dé béi tron t6i thiéu dén dd nham bé mat trong qua trinh
gia cong vat liéu thép SKD61. Phan tich ANOVA cho thay mai
lien hé gilia cac théng sé cdng nghé qua trinh tién va tham
s6 boi tron t6i thiéu tsi dd nham bé mat san pham, dugc
trinh bay trong bang 3.

Bang 3. Anh huding clia céc thong s cong nghé téi do nham bé mat

cla cdc nhém tham sé cdng nghé cat got bao gobm van toc L . . E- P-
c&t Ve (m/phut), chiéu sau cét a, (mm), luong chay dao ring | Source | DF | SeqsSS |Contribution| AdjSS | AdjMS |, 1\ . o
f, (mm/rang) va tham sé boéi tran t8i thiéu |a 4p sudt nguén ) .
khi lam mét P (MPa), luu luong déu béi tron Q (mm/gid) t6i Regression | 12 | 3,53156 | 90,26% |3,53156 | 0,294297 | 10,81 0
ddé nham bé mat R, (um) va nang suat cit got MRR Q 11022074 | 564% | 0,00% [0,000002| 0 |0,9%
(cm?/phat). P | 1]021317| 545% |52,60%0,525999 | 19,33 | 0,001
Bang 2. Tong hop két qua thufc nghiém Ve |1 |001846| 047% | 035% [0003507 | 0,13 | 0,725
Luu | 5 qus | Van toc [ugng chay) Chiéu | Do Nang suit f, |1 116476 | 29779% [53,13% | 0,531249 | 19,52 | 0,001
lugng cat dao  |sducit| nham | it
STT Q P V. £, a |[R(m)| MRR EN 110471 12,04% 1,82% (0,018154 | 0,67 | 0,428
(ml/gic) (kgF/em’)) ohit) (mmAvong) | (um) (amé/ph) QP | 1(074451| 19,03% [1632% 0,16315 | 6 | 0,028
1 50 1,5 100 0,05 100 |0,9313 0,5 Q*V. 110,12379 3,16% 4,42% |0,044242 | 1,63 | 0,223
2 50 1,5 100 0,05 300 10,9793 1,5 Q*a, 1 10,10729 2,74% 10,73% | 0,107289 | 3,94 | 0,067
3] 30 15 | 100 | 005 | 500 |1,0320) 25 PV, | 1 (00449 | 1,15% | 4,50% | 0,044956 | 1,65 | 0,22
4 20 4 130 01 100109517 13 P*a, 1 10,06288 1,61% 6,29% |0,062882 | 2,31 | 0,151
5 50 4 130 0,1 300 |0,9747 39
V¥a, 1 10,08795 2,25% 8,80% |0,087951| 3,23 | 0,094
6 50 4 130 0,1 500 |1,0253 6,5
* 0, 0,
7 50 6,5 160 0,15 100 | 1,1490 24 f¥a, 1 10,27195 6,95% 27,20% | 0,271954 | 9,99 | 0,007
8 50 6,5 160 0,15 300 1,1953 7,2 Error 14 0,38097 9,74% 38,10% 0,027212
9 50 6,5 160 0,15 500 |1,2795 12 Total | 26 |3,91254| 100,00%
10 100 1,5 130 0,15 100 {13833 1,95 Model Summary
1 100 1,5 130 0,15 300 [1,3805| 5,85 S R-sq R-sq(adj) PRESS R-sq(pred)
2] 100 | 15 | 10 | 015 | 500 |15620] 975 0164962 | 90,26% | 8192% | 1,64275 58,01%
13 100 4 160 005 | 100 [01620] 08 —
Két qua phan tich & bang nay chi ra rang: lugng tién dao
4] 100 4 160 0,05 300 109335] 24 f, la théng s6 don anh hudng I6n nhat dén nham bé mat chi
15 100 4 160 0,05 500 |1,0620 4 tiét sau khi gia cong (29,77%), cling véi d6 anh hudng cla
16 | 100 6,5 100 0,1 100 |0,4770 1 chiéu sau cat a, chiém 12,04%, anh huéng ctia tac dong chéo
17 1 100 6,5 100 0,1 300 |0,4683 3 gitra luu lugng phun va ap sudt phun 1a 19,03% (Q*P). Ngoai
181 100 65 100 01 500 | 0,560 5 ra anh hL{c’jng cUa cac théng so cua ch\é’ do boi t,rdn tf"ii thiéu
lan lugt la 5,64% (luu lugng phun Q) va 5,45% (ap suat phun
19 150 15 160 01 100 1053%0| 16 P), tdc dong chéo gilta lugng tién dao va chiéu sau cat (f,*a,)
20 | 150 15 160 01 300 10,5050 438 dat 6,95%. Cung vdi d6 la cac dnh hudng tdc dong chéo gilra
21| 150 1,5 160 0,1 500 10,7715 8 cacthéng s6 c6 anh hudng khéng dang ké dén d6 nham cla
2| 150 4 100 0,15 100 [1,2185| 15 chi tiét. Anh hudng clia cac thdng sé khéc it hon hodc khong
23| 150 4 100 015 300 [12363] 45 dang ké dugc tinh toan trong bang phan tich héi quy.
5| 150 | 65 | 130 | 005 | 100 |02303] o065 | ' UONg chieusaucata, fathong so co muc do anh hudng
it nhat t&i d6 nham bé madt gia cong, lugng tién dao f, va luu
26| 150 6,5 130 0,05 300 103503 | 1,95 lugng phun Q la 2 yéu t6 dnh hudng I6n nhat t6i dd nham
27 150 6,5 130 0,05 500 |1,4003 | 3,25 khi thay ddi qua cac muc.
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Bang 4. Mitc d6 anh hudng clia cdc tham s6 téi do nham bé mat

Level Q 4 V. f, ap
1 1,0576 | 1,0093 0,9081 0,7878 0,7835
2 0,8883 | 0,9809 1,0297 0,6976 0,8915
3 08361 | 0,7917 0,8441 1,2966 1,107
Delta 0,2215 | 0,2176 0,1856 0,5989 0,3236
Rank 3 4 5 1 2

D6i véi cac thong s6 ché do cat, tur hinh 3 cho thdy anh
hudng I6n nhat thudc vé lugng tién dao vong f,, khi diéu
chinh f, tU muc 2 (0,7mm) t&i muc 3 (0,15 mm) thi d6 nham
bé mat da c6 su tang manh tlr 0,8 um 1én dén 1,7um.

Xé&p sau f, vé muic d6 anh huéng téi d6 nham bé mat la
chiéu sau cat ap, Mot trong cac thong s6 clia ché do cat, do
nham bé mat da tang mot khoang xap xi 0,3um trong qua
trinh thay déi cadc muc cha chiéu sau cit a,. Mot thong s6
khac khién cho d& nham bé mat c6 xu hudng giam la luu
lugng phun Q, véi d6 nham dat 1,0um & muc 1 (50ml/gid) va
gidm xuéng con 0,8um & muc 3 (150ml/gid). Trong khi dé,
van toc cat Vc khién dé nham bé mat gilt & gia tri quanh mc
trung binh (0,92um) khi thay d6i qua cac muc.

Q P Ve fv ap.
13 4
f
12 {
{
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2 u / [
§ )
L /
= \ - {
S 10 \ & /\ !
c - /\ |
& \ ) \ {
g \ \ / \ f
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° ‘ ) { /
o8 L . f ¢
/
{
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50 100 150 15 40 6.5 100 130 160 005 010 035 100 300 500

Hinh 3. Anh huéng clia ché d9 cong nghé tdi d6 nham bé mét R,
3.2. Téi wu héa qua trinh tién thép SKD61

Trong nghién ctu nay, thuat toan t6i uu héa phan tng
héa hoc CRO (Chemical Reaction Optimization), dugc ap
dung dé€ t8i uu hoa bd théng s6 qua trinh cong nghé gia
cdng cét got trong diéu kién boéi tron téi thiéu, hudng téi
muc tiéu |a t6i da hda nang suat gia cong, dong thai duy tri
chét lugng bé mat san pham.

CRO la mét thuat toan t6i uu hoa toan cuc (global
optimization algorithm) dugc st dung dé t6i uu hoa qua
trinh phan tng héa hoc [7]. Thuat toan nay dugc ldy cam
hing ti qua trinh phan Ung héa hoc trong tu nhién [8], trong
dé cac hgp chét tuong tac véi nhau dé tao ra san pham
mong mudn. CRO st dung moét phuong phap tueng tu nhu
thuat toan di truyén (GA - Genetic Algorithm), véi viéc s
dung céc "phan tir hda hoc" dé mé ta cac diéu kién phan
tng, nhu nhiét d, ap suat, ty 1& phan (ng va thai gian phan
(ing. Qua trinh t6i uu hoa bat dau bang cach tao ra mét tap
hgp cac "phan tirhda hoc" ngau nhién va thuc hién cac phan
tng hoda hoc tuong Ung. Sau d6, cac "phan ti héa hoc" t6t
nhat dugc lua chon va két hop lai dé tao ra mét tap hop
"phan ti hoa hoc" méi tét hon. Qua trinh nay dugc lap di lap
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lai d&n khi dat dugc mot két qua téi uu mong muén. So dé
gidi thuat CRO dugc trinh bay nhu trong hinh 4.

Bit diu
¥

I Khdi tao tham s6 céa thujt toan CRO I
v

I Tao ra cdc phin tir héa hoe |

Tao s6 ngsu nhiénk e [0,1]

Chon ngau ahién 2 hodc nhiéu

Chon nghu nhién 1 phin ti tir
phén tir tir hé thong 5

hé thong

Y !

Sai

Théa mdn
diéu kién (*)

Dimg

Théa mén
diéu kién (**)

Phin img va cham
v61 thanh binh

! )

Phin img phin tich

nhat gidi phap
tot nhat

Dimg

Hinh 4. So do giai thuat thudt todn t6i uu hda phan ting hda hoc (CRO)

Ung dung giai thuat CRO véi diéu kién bién dé nham
bé mat sau tién tinh trong gidi han d& nham gia céng tinh
(Ra< 1,25um) va t6i da hoa MRR ta nhan dugc bé gia tri toi
uu nhu béng 5 va hinh 5.

.....

P Q V. f, a, R. MRR
(MPa) | (ml/gio) | (m/ph) | (mm/vg) | (um) (pm) | (em*/ph)
6,467 | 50,838 | 159,556 | 0,141 | 499,676 | 123 | 12,195
convergence
—_— EC
80 -
70 4
60 4
¢ 50 4
40
30 4
(I) 260 460 G(IJO 8(I)0
population

Hinh 5. Su hdi tu clia thudt toan CRO
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4, KET LUAN

Bang su két hop gitia phan tich ANOVA va giai thuat toi
uu héa phan ung hoéa hoc CRO, bai bdo da phan tich dugc
nhiting anh hudng cla cac thdng s6 cong nghé qua trinh cat
got cling nhu théng s6 boi tran t6i d6 nham bé mat khi tién
tinh thép SKD61 trong diéu kién boi tron téi thiéu. Két qua
nghién ctu thuc nghiém cho thdy, lugng chay dao f, va
chiéu sdu cat c6 anh hudng 1é6n nhat t6i dd nham bé mat,
tiép theo la luu lugng dau béi tron Q, véi mdc dé quan trong
thu 3. Vi gid dinh 1a chat lugng sdn pham sau gia cong can
dat d6 nham trong vung gia cong tinh, tic R, < 1,25um,
thuat toan CRO cho b6 théng s6 cong nghé téiuulaP, Q, V,,
fu, ap lan lugt la 6,467 (Mpa); 50,838 (ml/gi®); 159,556 (m/ph);
0,141 (mm/vg) va 499,676 (um), tuang Ung vdai gia tri nang
suat cat got MRR du bao la 12,195 cm?/ph va gia tri @ nham
13 1,23um.

Két qua du bdo cho thdy su khac biét ctia thuat toan CRO,
khima cac gia tri cia bo théng sé cdng nghé t6i uu déu khac
vdi gia tri duoc lua chon, déng thai gia tri ndng suat cat got
du béo clng 16n hon so véi gia tri MRR t6i da trong bang
thuc nghiém.

LOI CAM ON

Bai bdo dugc thuc hién véi su hé trg ctia Trudng Dai hoc
Coéng nghiép Ha Noi thong qua dé tai ma s6 03-2021-RD/HD-
PHCN.
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