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NGHIEN CUU ANH HUONG CUA DA YEU TO DEN CHAT LUONG
BE MAT VA NANG SUAT GIA CONG KHI MAI PHANG HOP KIM
TI-6AL-4V BANG DA MAI CBN

THE EFFECT OF MULTI-PARAMETER ON SURFACE QUALITY AND MACHINING
CAPACITY IN THE SURFACE GRINDING OF TI-6AL-4V ALLOY USING CBN WHEEL
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*Truong Pai hoc Bach Khoa Ha Noi

TOM TAT

Khi mai phang hop kim Ti-6Al-4V (Ti64) bing dé mai cBN, viéc ddnh gid dugc dnh hudng
ctia ché do cong nghé t6i chdt lugng gia cong, xdy dung dugc mot bo thong s cong nghé phis hop dé dat
dugc chdt lugng bé mat va nang sudt gia cong theo yéu cdu la rdt can thiét. Trong nghién ciu nay sit
dung phudng phdp t6i uu héa bdy dan PSO (Particle Swarm Optimization) dé thanh 1dp bai todn t6i
wu vGi ham muc tiéu la ndng sudt gia cong va ba ham diéu kién bién, bao gom hai ham gidi han thong
s6 ché dg cong nghé (lugng tién dao, chiéu sdu cdt) va mot ham gii han vé d6 nhdm bé mdt ciia chi tiét.
Nghién ctiu t6i vu hoa da muc tiéu bdng thudt todn bdy dan PSO thu dugc bo thong s6 ché d¢ cat t6i
Uy tudng ting 6 F = 10000 mm/ph; t = 0,0063 mm. Sai s6 trung binh cia gid tri do nhdm Ra va ndng
sudt gia cong Q gida két qud thuc nghiém va PSO tuong ting la 5,39% va 6,82%. Piéu dé chiing té két
qud cia ham PSO tuong doi phit hop véi thuc nghiém va c6 thé si dung dé xdc dinh cdc tham s6 gia
cong cho qud trinh mai nay.

T khéa: Hop kim Titan; Dd mai cBN; T6i uu héa bdy dan PSO; Mai phing.
ABSTRACT

In the surface grinding of Ti-6Al-4V (Ti64) alloy with cBN wheel, it is nescessary to evaluate the
effect of cutting condition on machining performance to establish a set of cutting parameters to achieve
the desired surface quality and machining capacity. In this study, an optimum problem is solved with
using Particle Swarm Optimization (PSO) algorithm, including objective function of machining capacity
and three boundary functions including two functions of cutting parameter limitation (workpiece
speed, depth of cut) and one function of surface roughness limitation. The multi-optimization with PSO
shows that the achieved optimum cutting parameter set is at F = 10000 mm/min, t = 0,0063 mm. The
average deviation of surface roughness Ra and capacity Q between experimental and prediction results
5,39% and 6,82%, respectively. Therefore, the predicted outcomes with PSO are relatively adequate
to experimental ones, which could be used for determination of cutting condition for given surface
roughness Ra and capacity Q.

Keywords: Titanium alloy, cBN wheel, Particle Swarm Optimization, Surface grinding.
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1. GIOI THIEU

Mai la mot trong cac nguyén cong quan
trong trong cong nghiép, may mai diéu khién
s6 bing mdy tinh tit lau da dugc st dung trong
cac hé thong gia cong linh hoat. T6i tu héa qua
trinh mai chu yéu dua trén viéc t6i thi€u hoa
chi phi gia cong, t6i da héa nang suét va dat
dugc chit lugng bé mat cao nhit c6 thé. Do do
phtc tap va tinh phi tuyén cao ctia nguyén cong
mai ma céc phuong phép truyén thong dya trén
kinh nghiém hodc s6 tay déu c6 diém han ché
riéng. K& ti nam 2000, cac thuét toan téi uu
héa thong minh nhu thuét toan di truyén (GA),
thuat toan bay kién (ACO), tim kiém phén tdn
(SS), tién héa vi phan (DE), t6i uu héa bay dan
(PSO), ... da dugc st dung rong rai d€ timra cdc
thong s6 t6i wu cha qua trinh mai nhu véan téc
cit, budc tién dao, chiéu séu cat,... thong qua
mo6 hinh ham da muc tiéu c6 trong s6. Trong
d6, PSO la mét thuat toan tinh todn tién hoa
hiéu qud do Kennedy va Eberhart {1] dé xuat
vao nam 1995. PSO c6 thé dua ra cac 10i gidi co
d6 chinh xdc cao trong thoi gian ngin va kha
niang hoi tu t6t. Trong nghién ctiu ctia Zhang
et al [2], thuat toan t6i uu héa bdy dan hon hop
(HPSO) két hgp véi toi uu hda bay dan lan can
dong lic (DN-PSO) da dugc tac gia si dung dé
gidi bai todn t6i uu héa da muc tiéu qua trinh
mai phang. Cac thong s6 ddu vao la van toc cat,
budc tién dao va chiéu sau sta da, con cac ham
muc tiéu la chi phi gia céng, nang suat gia cong
va d6 nham bé mat. Hiéu qua ctia thuat toan nay
da dugc thé hién ré khi so sanh véi cac phuong
phép t6i vu hda khéc. Ti€p theo, Mondal et al
[3] d4 (ing dung t6i uu hoa bay dan dé€ xac dinh
b6 thong s6 t6i uu v6i ham muc tiéu 1a do nham
bé mit nho nhat khi mai vo tam chot moc can
ciu bing vat liéu thép C40. B thong s6 tdi wu
thu dugc 1a t6c do quay cua da mai 12 vg/ph,
d6 ma clia van 1am mat 1/3 va chiéu sau cat 20
pm. Cudi cung, Lee et al [4] da st dung t6i uu
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héa PSO véi ham muc tiéu la hé s6 boc got vat
liéu (MRR) 16n nhét va cac ham diéu kién bién
1a chét lugng va khuyét tat bé mat dé t6i uu hoa
qué trinh mai vat liéu SiC. Phan tich thong ké
vé céc gid tri do nham bé mat va s6 lugng vét
nut cho thdy phuong phap PSO cho két qua tot
hon thuit todn tién hda (GA).

Trong nghién ctu nay, st dung phuong
phép t8i vu hoa bay dan PSO dé€ xdc dinh céc
thong s& ché do cat t6i uu trong qua trinh mai
phang hop kim Ti-6Al-4V bang da mai ¢BN,
vGi hdm muc tiéu la ndng sudt gia cong va ba
ham diéu kién bién, bao gom hai ham gidi han
thong s6 ché do cong nghé (lugng tién dao,
chiéu siu cédt) va mdt ham gioi han vé do nhdm
bé mat cua chi tiét.

2. XAY DUNG BAI TOAN TOI UU
2.1. Thanh lap bai toan tdi uu da muc tiéu

Noi dung cua bai toan t6i uu khi mai
phing hgp kim Ti-6Al-4V bing dd mai cBN
cu thé nhu sau: Tim trong khong gian thong
s6 ché do mai x = [F, t]" b thong s6 cong nghé
hop ly dé: Q(x) = 9,188.F*¢*t"9% (mm’/ph) dat
gid tri l6n nhét, voi cac diéu kién bién:

R4 — FO.ZlOl.tOAZt’)Z < 0.8

a

3000 <F <10000 (1)
0,005 <t < 0,015

Trong d6, ham héi quy thuc nghiém
ndng sut Q va do nham R_thu dugc tli két qua
thuc nghiém sau khi ap dung phuong phép quy
hoach thyc nghiém binh phuong nho nhat.

2.2. Giai bai toan t6i vu

Céac diéu kién bién cua bai todn toi uu

nhu sau: g: R = FO2100,t04262 < 0,8; ¢ : 3000 < F; &
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g, F < 10000; g 0,005 < t; g:t< 0,015.

Thut todn giai bai todn t&i vu ndng sudt
gia cong Q c6 cdc budc thuc hién quy trinh tim
kiém nhu sau:

- Budc 1: Khdi tao qudn thé.

a) Thiét lap cac hang so: k =300,¢c,=2,¢c,=2
(trong d6 k__la s6 vong lap t6i da).

b) Khdi tao quan thé nghiém ngiu nhién ban
déu gém n = 100 vector nghiém: x" =[x °, x °,...,
xjo,..., x ], Vector X},O = [FJ.O, tj"], trong do: Fj0 =
3000 + (10000 - 3000) T tj0 = 0,005 + (0,015 -
0,005) I T T, 1a nhiing s6 dugc tao ngau nhién
trong khodng [0, 1]. Sau d6 kiém tra g: R <
0,8.

¢) Khéi tao ngau nhién vin t6c nghiém ngiu
nhién: -v*  <v® <v*  véi j=1,..,n.
max J max

d) batk =1.

- Budc 2: Tao nghiém mdi bang cdch cdp nhat
cdc thé hé.

Nghiém mdi xjk+1 dugc tao ra bang cich
cap nhat thé hé dya trén co s& nghiém ca X},k la:

kel ko kel
=X v,
% By =Yy
Vi
Vi = wovl + ¢ rand, (). (P x4) + ¢,.rand, (0.(Gpy x*)

Sau d6 phai kiém tra diéu kién giGi han
cta bién. Sau khi kiém tra cic diéu kién bién
vé€ gidi han khong gian bién phai kiém tra diéu
kién bién vé giéi han ham gl: R < 0,8. Néu
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diéu kién bién vé giéi han ham khong dugc
théa man thi phai tao lai ngiu nhién vén téc
nghiém v* r6i tinh lai v! va x*' theo cong
thiic trén cho dén khi diéu kién g1 théa min
thi thoi.

- Buidc 3: Téi vu héa.

a) Kiém tra nghiém mdi xjk+1 6 tot hon nghiém
cii xjk hay khong. Tinh gid tri ham muc tiéu Q
tai gia tri nghiém méi va nghiém ca d€ so sanh.
Néu Q(xjk“) > Q(x}.k) thi 1dy nghiém mdi xjk*1 bod
nghiém ca xj“, nguadc lai thi gil nguyén nghiém
xjk. Vi tri xjk+1 (hoac xjk) c6 gia tri Q lén hon
chinh la Pbestj’ Vi tri xjk+l (v6ij = [1,n]) c6 gia tri
Qlonnhétchinhla G .

b) Néu théa man tiéu chudn hoi tu thi diing lai
roi thuc hién budc 4.

c) Cap nhat tat ca cac van téc vjk va vi tri xjk. Sau
budc tao nghiém nay sé tao ra quin thé cé cac
nghiém méi t6t hon quan thé nghiém ci.

d) Téngj. Néuj>nthiditj=1, ting k.
e) Quay trd lai tit budc 2 [5].

- Budc 4: Két thiic.

3. KET QUA VA THAO LUAN

Dé t6i uu héa ché do6 cong nghé bing
phuong phép PSO véi muc tiéu 1a him ning
suat gia cong Q 16n nhat, trong khi d6 nham Ra
< 0,8 um, & nghién cttu nay thuyc hién lap trinh
tric tiép trén phdn mém Matlab. Két qua tién
hanh chay chuong trinh, sau mot s6 14n chay
thu dugc cdc gid tri nhu trong Bang 1.
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Bdng 1. Két qua chay chuong trinh xdc dinh ché do cong nghé t6i wu bing PSO:
? F(mm/ph) t (mm) Ra (um) Q (mm?¥/ph)
Lan chay 1 10000 . 0,00632020 0,799965902 16,53567649
. Léanchay2 10000 . 0,00631990 0,799949719 16,53481624 |
. Linchay3 10000 | 0,00632070 0,799992875 16,53711024 |
| Trungbinh 10000 | 0,006320267 0799969499 |  16,53586766 |

Viéc ki€m tra bing thuc nghiém véi cic
thong s6 dau vao nhu trén théng qua tién hanh
mai thyc nghiém véi ché do cong nghé: v_= 30
m/s; F = 10000 mm/ph; t = 0,0063 mm. Sau khi
thi nghiém, cac gia tri so sanh gitta két qua thuc
nghiém véi két qua moé phong biang PSO dugc
thé hién trong Bang 2. Bang 2 cho thay sai s6
trung binh cta gia tri d0 nham bé mat Ra va
ndng sudt gia cong Q gitia két qua mo6 phong
PSO va thuyc nghiém tuong tng la 5,39% va
6,82% (nho hon 10%). Nguyén nhédn géy ra sai
sO trén Ja do & day van ton tai sai s6 do va sai s0
ngau nhién. Ngoai ra, viéc thiét lap cac phuong
trinh hoi quy thuc nghiém theo phuong phap
binh phuong nhé nhat ludén c6 sai s6 gitia gia
tri tinh todn va gia tri thuc nghiém.

Bdng 2. Sai s6 cia Ra va Q gitia phuong phdp PSO
va phuong phdp thuc nghiém khi si dung ché dé

mai toi wu:
' SaiséciaRa Saisd cua Q i
Bién s6 | gitta PSO va gitta PSOva |
. thyc nghi¢m thuc nghiém
| (%) (%)
- Lanchay 1 l 2,43 5,87
' Lan chay 2 | 7,99 | 7,87
Linchay3 | 575 | 671
' Trung binh ° 5,30 6,82
4. KET LUAN

Trong nghién ctiu nay st dung phuong
phap t6i uu hoéa by dan PSO d¢€ xac dinh cac
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thong s6 ché d6 cat t6i uu cua quéd trinh mai
phang hop kim Ti-6Al-4V béng d4 mai cBN.
Tt d6 ¢6 thé rut ra cac két luan sau:

- Sau khi t6i uu hoa da muc tiéu bang
thuat toan bdy dan PSO, nghién ctu thu dugc
b thong s6 ché do cit t6i uu la: F = 10000 mm/
ph; t = 0,0063 mm.

- Sai 86 trung binh cta gia tri 46 nham
bé mdt Ra va niang sudt gia cong Q gifia két qua
mé phéng PSO va thyc nghiém tuong ung la
5,39% va 6,82% (nho hon 10%). Diéu do chiing
to két qua mo6 phong PSO tuong d6i phu hgp
véi thuc nghiém va c6 thé dung d€ xac dinh cac
thong s0 ctia qua trinh mai. <
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