Nghién ciru khoa hoc cong nghé
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Tém tit: Béi tron lam ngudi toi thiéu (MQL) su dung hat rdn véi kich thude nano da
dwoc ung dung thanh cong trong gia cong cat got kim logi thay thé cho phirong phdp béi
tron lam ngudi truyén thong. Trong d6, viéc lwa chon tham sé ciia qud trinh béi tron lam
nguoz dong vai tro quan trong trong vi¢c cai thi¢n chdt lwong gia cong. Trong nghién ciu
nay, anh huong cua cdac thong s6 MQL sw dung hat nano bao gom nong do hat nano, ap
sudt khi nén va luu lwong dung dich tron ngudi toi do nham bé mat da dwoc khao sat. Hat
nano dwoc thém vao dung dich cdt 1a hat nano AlLOs. Viéc thiét ké qua trinh thi nghiém
ciing nhw phdn tich sé liéu dwoc thuc hién béi sir dung phwong phdp t0i wu Taguchi. Ty l¢
tin hiéu trén nhzeu (S/N) va phan tich phwong sai (ANOVA) da dugc sir dung dé tim ra dzeu
kién MOL t6i wu nham dat dwoc do nham bé mat la tot nhat. Két qud ciing chi ra yéu té
nong d¢ hat nano cé dnh huéng rat Iém téi dg nham bé mat gia cong.

Tir khoa: Phay ciig; Phuong phap Taguchi; MQL; Hat nano Al.Os; P nham bé mat; AISI H13.
1. MO PAU

Trong qua trinh cét got kim loai, chét boi tron lam ngudi duoc ng dung dam nhiém ba chirc
nang chinh d6 14 truyén nhiét nham giam nhiét cit, boi tron nham giam ma sat, giam sy cao xudc
bé mit va loai bo cac vun kim loai ra khoi ving cit, tranh hién tuong ket phoi [1, 2]. Trong gia
cong truyén thong, chat 16ng tron ngudi duge cho vao ving cit voi mot lwong 16n bao phu hoan
toan ving cat hay con goi la phuong phap tudi tran. Qua trinh lam mat va boi tron truyen thong
nay c6 mot han ché rat 16n d6 1a ting chi phi vé dung dich tron ngudi, cac chi phi vé lam sach va
déc biét 1a cac tac hai toi moi truong va stc khoe con ngudi [2-4]. Hién nay, c6 mot s6  phuong
phap méi da dugc dé xuét va tmg dung rat thanh cong va dan thay thé phuong phap truyén théng
d6 1a gia cong kho va gia cong tudi ngudi téi thiéu MQL. Phuong phap cit kho dua trén sy phat
trién cua khoa hoc vat liéu, trong do6 vét liéu dung cu cit co kha ning gia cong & trang thai nhiét
dd cao, chiu mai mon tét. Phuong phép gia cong khd loai bo hoan toan dung dich cét, 1o rang, la
mét phuong phap gia cong rat than thién v6i moi truong. Ngoai ra, phuong phap nay ¢ wu diém
1a giam chi phi do tiét kiém chi phi 1am mat va 1am sach [4-6]. Tuy nhién, nhiét 6 cao trong qua
trinh cét 1am cho tudi tho dung cu thip va d6 nham cao l1a mot han ché cua gia cong khé [7, 8].
Mot giai phap mang day du nhimng wu dlem clia gia cong truyén thong va gia cong kho da duoc dé
Xudt gan day la gia cong voi tudi ngudi t6i thiéu MQL. Phuong phap gia cong MQL la phuong
phap gia cong str dung mot luong rat nho dung dich cit (voi luong dudi 50 ml/h) [9, 10]. Hi€u qua
ctia MQL trong viéc cai thién do nham, ting d6 bén dung cu cat, giam nhiét cit va giam chi phi
gia cong da dugc dua ra trong nhidu nghién ciru [11-13]. Hién nay, mot xu huéng méi 1a viée bd
sung cac hat ran c¢é kich thudc nanomet vao dung dich cat dugc ap dung trong gia cong MQL.
Phuong phap nay mang lai hi€u qua cao trong gia cong nhu cai thién do nham, giam luc va nhiét
cit, nang cao tudi tho dung cu va giam mai mon dung cu [5, 14-16].

Trong cit got, chi tiéu do nham 1a mot chi tidu quan trong trong viée danh gia chit lvong san
pham gia cong. Cac tham s6 ctia ché d9 tron nguoi anh huong rat nhiéu dén d6 nham bé mat. Vi
vay, viéc lya chon ché do6 cat va lam mat thich hop 1a chia khéa dé giam d6 nham. Méi quan tam
16n trong gia cong cit got kim loai 13 tim ra anh huong cua cac thong s6 gia cong va didu kién lam
mét t6i d6 nham bé mat va tir d6 dat dugc d6 nham tét nhét.

Trong nghién ctru nay, phuong phap t6i vu Taguchi duoc 4p dung dé tim anh hudng cia cac
thong so cua diéu kién MQL c¢6 sir dung hat nano bao gom nong d6 hat nano, ap suat khi nén va
luu lugng chat long dén d nham bé mat. Diéu kién MQL t61 uvu dé giam thi€u d6 nham dugc xac
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dinh bang ty 18 tin hiéu trén nhidu (S/N). Ngoai ra, théng s6 MQL c6 anh hudng nhiéu nhét dén
d6 nham ciing duoc tim ra bang cach st dung phan tich phuong sai.

2. THIET KE THi NGHIEM

Trong nghién ctu nay, thiét ké thi nghiém cua Taguch1 duogc sir dung dé xay dung cac thi
nghiém. Ba thong sO cua diéu kién boi tron 1am ngudi ti thiéu cé thém hat nano 1a nong do hat
nano, ap suét khi nén va luu luong chét long da dugc lya chon dé khéao sat. Mdi tham s co ba
mirc. Do d6, mang truc giao Lg ctia Taguchi 1a pht hop dé t6 chirc thi nghiém. Bang 1 hién thi cac
thong sd MQL va cac mic duge lya chon trong nghién ciru.

Bing 1. Céc tham sé dau Vao.

A Muc
Tham so 1 5 3
Nong dd hat nano ¢ (W%) 0 2 4
Luu lugng chét long cat f (ml/h) 40 60 80
Ap suit p (KG/cm?) 3 4 5

Tét ca cac thi nghiém dugc thuc hién trén mot trung tim gia cong phay CNC. Cac ché do gia
cong phay dugc thyc hi€n véi van tde cét 1a 70 m/phit, lugng tién dao 13 0,01 mm/rang va chiéu
sau cat 1a 0,2 mm [8]. Ché d6 phay nay dugc cd dinh trong toan thi nghiém. Phoi thép H13 ¢ kich
thude 200 x 100 x 50 mm, dugc toi t6i dd cimg 50 HRC. Céc hat nano AlO3 (Trung Quéc) cb
kich thude 20 nm véi do tinh khiét 99,9% duge bd sung vao dung dich cit emunxi. Dung dich
exumxi 1a dung dich dau ZP-600 (Pai Loan) dugc pha véi nudce vai ti 16 1:20. Mot thiét bi khudy
tor dugc st dung dé tron déu cac hat nano vao dung dich cit. Dung cu cit 1a dao phay ngon ¢10
phit TIAIN. P9 nham bé mit dugce do bang cach sir dung thiét bi SJ-201 ciia Mitutoyo. Mdi thir
nghiém duoc lap lai ba 1an dé loai bo sai s ngau nhién c6 thé xay ra.

3. KET QUA VA THAO LUAN

Két qua cua qua trinh phay ctng thép H13 va gia tri cua ty 1€ S/N duoc dwa ra ¢ bang 2. Cac
thong s6 dau vao cia dleu kién MQL bao gdm ndng d6 hat nano trong dung dich cit (c), luu luong
dung dich (f) va ép suét khi nén (p). Muc dich cua nghién ctru nay la t6i uru hoa cac thong sb diéu
kién MQL dé dat dugc d6 nham bé mat (Ra) tdi thiéu. Do do, khi ap dung phuong phép Taguchi,
ty 1€ S/N “the smaller is the better” (nho hon la t6t hon) da duoc chon va dugc xac dinh trong
phuong trinh (1) dudi day:

1 n
S/y = —10log—(> ¥?) ®

Trong d6: yi 1a dir liéu duoc quan sat; n 1a sb thi nghiém duoc lip lai.
Bing 2. Két qua thi nghiém.

TT | ¢ (Wt%) | f (ml/h) | p (KG/ecm?) | Ra (um) S/IN
1 0 40 3 0,365 | 8,7541
2 0 60 4 0,368 | 8,6830
3 0 80 5 0,371 | 8,6125
4 2 40 4 0,341 | 9,3449
5 2 60 5 0,344 | 9,2688
6 2 80 3 0,217 | 13,2708
7 4 40 5 0.317 | 9,9788
8 4 60 3 0,200 | 13,9794
9 4 80 4 0,193 | 14,2592
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Thep bang 2, chi s6 d6 nham nam trong khoang 0,193 pm’dén 0,368 um. B nham co6 gia tri
lon nhat 13 0,368 pm trong thi nghiém 2 va c6 gia tri nh6 nhat la 0,193 pm trong thi nghiém 9.
Phan mém Minitab V17 dugc st dung dé cho ra két qua cua ty 1€ S/N va cac phan tich phuong sai.

Bang 3 cho bjét gia tri trung binh cua dap ung S/N db6i vai d6 nham bé mat. Dya trén phan tich,
thir hang cao nhat cua timg murc thong s6 la mre thir ba cua nong d6 hat nano, mire thir ba cua luu
lugng, va murc thir nhat cﬁg ap suat khi nén. Theo gic'), diéu kién to1 uu chq thi nghiém §é la (3-3-
1). Thir hang c6 nghia la néng d6 hat nano la yéu t6 anh hudng 16n nhat dén d6 nham bé mat, sau
do6 1a ap suat khi nén.

Bdng 3. Bap ung cho ty ¢ S/N.

Miic C f p
1 8,683 | 9,359 | 12,001
2 10,628 | 10,644 | 10,762
3 12,739 | 12,048 | 9,287
Chénh I¢ch | 4,056 | 2,688 | 2,715
Hang 1 3 2

Biéu d6 phan hoi S/N dugc hién thj trong hinh 1. Theo phén tich phan hoi S/N, dé dat dugc do
nham bé mat tot nhat, cac diérr} toi uu cua diéu kién MQL 1a nong d6 hat nano 1a 4 w% luu lugng
dung dich 1a 80 ml/h, va 4p suat 1a 3 kg/cm?,

Main Effects Plot for SN ratios
Data Means

f p

Mean of SN ratios

o 2 4 40 60 80 3 4 5

Hinh 1. Biéu dé ti s6 S/N cho d¢ nham.
Bdng 4. Phan tich phuong sai (ANOVA).

Source | DF | Adj-SS | Adj-MS | F-Value | P-Value | C%

C 2 ]0,025792 | 0,012896 | 1236,90 | 0,001 56,11
f 2 ]0,009728 | 0,004864 | 466,53 | 0,002 21,16
p 2 10,010421 | 0,005210 | 499,74 | 0.002 22,67
Saisd |2 |0,000021 | 0,000010 | - -

Tong |8 |0,045962 | - - -

R-sgq = 99,95%

Bang 4 md ta két qua phan tich phuong sai. Theo bang ANOVA, ndng d6 hat nano trong dung
dich 1a thong sb ¢6 anh huong nhét tiép theo 1a ap sut khi nén. Chung dong gop 1an lugt 56,11%
va 22,67% vao tong tac dong. Luu lugng la yéu to c6 anh huong 21,16% t61 do nham. Cac gia tri
P nho hon 0,05 ciia cac yéu té dau vao ¢ nghia rang anh hudng cia cac yeu t6 nay mang y nghia
thong ké. Voi R-Sq =99,95%, cho thay 99.95% d6 bién thién do nham bé mat dugc giai thich baoi
cac yéu td dau vao. Nong do hat nano ¢ anh huéng 16n nhét ti dd nham cho thiy rang viéc thém
hat nano vao dung dich cit cho hiéu qua rat t6t gop phan giam d6 nham gia cong.

Dé c6 dugc d6 nham tot nhét, didu kién MQL duge ap dung la néng d6 cao hon, luu lugng chét
16ng cao hon va ap suét khi nén thip hon. Ngudi c6 thé thiy rang mot lugng 16n hon cac hat nano
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dugc thém vao dung dich cat din dén cai thién dac tinh truyén nhiét va boi tron ciia chét 1ong. No6i
cach khac, hiéu qua tuyét voi cta viéc thém cac hat nano vao chét long cat da duge chung minh
khi so sanh voi MQL thong thuong. Luu lugng chit 1ong cao hon cung cip mot lwong chét long
cit 16n hon vao khu vuc cit, din dén tang hiéu qua boi tron va lam mat. Ap suat khi nén phu hop
la quan trong trong qua trlnh bdi tron lam ngudi. Dudi ap. suét 16n hon, mot luong 16n chat long
cit s& bi diy ra khoi ving tiép giap gitta dung cu cit va bé mit gia cong. Didu d6 lam giam hiéu
qua boi tron va lam mat.

Diéu kién MQL t6i wru 12 ndng d6 hat nano 1a 4w% luu lugng dung dich 12 80 ml/h, va 4p suat
la 3 KG/cm?. Tuy nhién, diéu kién gia cong nay khong suit hi¢n trén bang 2. Diéu d6 cho thay can
c6 mdt thi nghiém kiém chung dugce thuc hién dé x4c nhan do tin cdy cua nghién ctru. Thi nghiém
kiém chimg duoc tién hanh véi didu kién MQL t6i wu nhu trén va dudi ché do cit twong tu cia
toan thi nghiém.

Bang 5 la bang so sanh gia tri d6 nham dat dugc gitra hai thi nghiém gom thi nghiém s6 9 (Thi
nghiém c6 gia tri dd nham nho nhét trong bang 2) va thi nghiém kiém chimg. Trong bang 5vla
van toc cét, fr 1a luong tién dao, d 1a chiéu sau cit, cac chi s6 cua tham sé MQL c, f va p.

Bdng 5. Bang so sanh gia tri do nham.

Thi nghiém Ché d cat Ché do MQL Do nham
v fr d c f p Ra
m/pht | mm/rdng | mm | W% | ml/gio | KG/cm? um
S69 70 001 |02 4 80 4 0,193
Kiém ching | 70 001 |02 4 80 3 0,188

Tir bang 5, ¢ thé thiy ring do nham dat dugc cta thi nghiém kiém ching 12 0,188 pum nhé hon
gia tri 6 nham cua thi nghi€ém s0 9. Di€u d6 chung t6 rang, két qua ctia nghién ciru c6 tinh tin cdy.

4. KET LUAN

Trong nghién ctru nay, phuong phap Taguchi da duoc st dung dé ti uru hoa didu kién MQL ¢
sir dung hat nano Al,Oz nham giam d6 nham gia cng khi phay ctmg thép H13. M6t s6 diém chinh
it ra nhu sau:

- Piédu kién MQL bao gdm ndng dd hat nano 4 w%, luu luong chit long 80 ml/h va ap suét khi
nén 3 kg/cm? 1a diéu kién t6i wu dé dat dugc gia tri d6 nham bé mit 1a nho nhat.

- Nong d¢ hat nano 1a yéu t6 anh huéng nhiéu nhat dén d¢ nham bé mat, dong gop 56,11% toi
tong tac dong. Tiép theo 1a ap suét khi nén va luu luong dung dich tron ngudi. Ching déng gép
lan Tugt 22,67% va 21,16% trong tong s6 anh huong dén do nham.

- Hiéu qua cua viéc thém cac hat nano vao chét long cit d3 dugc chirng minh khi ta nhan théy
16 rang rang ndng do hat nano & mirc cao 14 ti wu cho nong d9. N

Loi cdm on: Chlng tdi xin cam on Truong Pai hoc Ky thudt Cong nghiép Thdi Nguyén da ho tro nghién
cuu nay.
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ABSTRACT

OPTIMAZATION OF NANOFLUID MQL CONDITION USING Al03 NANOPARTICLE
DURING HARD MILLING OF AISI H13 ALLOY STEEL

Minimum quanlity lubrication (MQL) using nanoparticles has been successfully applied
in metal cutting to replace the traditional method. In particular, the selection of the
parameters of the cooling condition plays an important role in improving machining quality.
In this study, the effects of MQL parameters using nanoparticles including nanoparticle
concentration, air pressure and flow rate on surface roughness were investigated. The
nanoparticles added to the cutting oil are Al,Os; nanoparticles. The design of the
experimental process as well as the data analysis was carried out by using the Taguchi
method. The signal to noise ratio (S/N) and the variance analysis (ANOVA) were used to find
the optimal MQL condition to get the best surface roughness. Also, the results show that the
nanoparticle concentration is the factor having a great influence on the surface roughness.

Keywords: Hard milling; Taguchi method; MQL; Al203 nanoparticles; Surface roughness; AISI H13.
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