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Trong nhing ndm gan diy ching ta c6 thé chimg kién sy bung nd cia cac
md hinh va phuong phap t6i uu hoa (TUH) ché do cit. Mot s6 trong
ching dugc cho la don gian, nhanh va hi€u qua. Nhung theo quan diém
cong nghé truyén thong thi cac m6 hinh qua don gian khong thé mo ta
dang qua trinh gia cong, vé ban chat 1a phi tuyén voi cic rang bude ve
kinh té va k¥ thuat. Bai bdo nay gi6i thiéu cic mo hinh TUH tuyén tinh,
phi tuyén, mot muc tiéu, da muyc tiéu, tinh dén tat ca cac yéu tb cong nghé
va cac rang budc co ban. Qua trinh tién hop kim Titan Ti-6Al-4V duoc
gi6i thiéu 1am vi du minh hoa. Mot s6 phuong phap truyén thong va hién
dai dd@ duoc su dung va so sanh véi nhau. Két qua cho théy cach do co thé
1a phu hop nhét.
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In recent years we can see thebooming of models and methods for cutting
parametersoptimization. Some of them are said to be simple, quick and
efficient. But from technological point of view, the overly simple models
are unable to describe the right machining process, being non-linear in
nature with appropriate technical and economic constraints. This paper
introduces the linear, non-linear, single-objective and multi-objective
optimization models, that consider every basic technological factors and
constraints. The turning process of titanium alloy Ti-6Al-4V is offered as
the case study. Some traditional and modern methods are employed and
compared. Results show that this method may be the most suitable.
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1. PAT VAN PE

TUH ché d6 cit von 1a bai toan kinh dién trong gia cong co. Tur sau thap ky 198x voi su
phd cap rong rai cac may CNC voi cac hé truyen dong vo6 cép, cac nha cong nghé¢ khong con
nghi ngai vé tinh kha dung cua ché do cat ti wu va quan tdm nhiéu hon dén bai toan nay. Theo
xu thé, hé thong gia cong s& dugc thong minh hoa nho ing dung k¥ thuat didu khién thich nghi
va cong nghé¢ CAD/CAM/CAPP, ché do cit sé duoc TUH va hiéu chinh on-line, ngay trong khi
gia cong. Nghién ctru cac loai vat liéu mdi, dung cu cit méi, phuong phép cong nghé méi,...
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khong nguing xuat hién, ciing doi hoi TUH ché d6 cat. Vi thé TUH ché d6 cit khong chi can thiét
ma ngay cang cap thiét. Mat khac, chung ta dang dugc thira huong sy bung nd cua cac cong cu
tin hoc hd trg mo hinh ho4 va tinh toan, khién viéc giai cac bai toan TUH phic tap (phi tuyén,
nhiéu bién da muyc tiéu, kho biéu dién tu:ong minh bang toan hoc,.. ) tro nén dé dang. Nhu vay la
ca nhu ciu lan kha nang déu da chin mudi, tao ra ca huc kéo (pull) 1an luc day (push), dua van dé
TUH che do cét tir moi truong nghlen cu'u tai cac truong, vién ra moi truong san xuat.

Diém cic cong trinh da cong bd vé TUH cho thdy sy da dang vé mo hinh va cong cu giai
bai toan. Dé tiét kiém thoi gian, c6 thé tham khao cac tai liéu tdng quan, nhu [2], [3]. Téng quan
58 cong trinh tir 1907 dén 2005, trong [2] tac g1a da chia cac phuong phap TUH thanh 2 nhom:
cac phuong truyén thong va cac phuwong phap "méi". Tong quan 21 cong trinh tir nim 2007 dén
2015, tac gia [3] da chi ra cac phuong phap moi, gom Taguchi, mang no ron nhén tao (ANN),
mit dap tng (RSM), giai thuat di truyén (GA),... chiém sb lugng ap dao; trong d6 Taguchi chiém
dén 48%; cac phuong phap khac, nhu GA, RSM, ANN,... chia nhau phan con lai.

Tir hai tai liéu tong quan trén c¢6 thé nhan ra hai xu huéng trai ngugc nhau. Cac mé hinh
TUH truyén théng dan ra trong [2] hoan chinh hon vé toan hoc, phan 16n 1a cac md hinh nhiéu
bién (thuong 14 téc do cét v, luong chay dao s va chiéu sau cit £); dung ham muc tiéu ning suit
va kinh té; c6 cac diéu kién rang budc. Nguoc lai, cac md hinh "méi" trong [3] déu dung ham
muyc tiéu don gian, khong c6 diéu kién rang budc.

Nhin rong ra khoi pham vi cac tai liéu vira dan, co thé thay birc tranh tuy khong hoan toan
giébng nhung ¢ nhitng nét tuong dong Trong nhiéu tai lidu ciing gap cac mo hinh khong c6 dicu
kién rang budc, VO’l ham muc tiéu téc do boc vt lidu (MRR) [4] hodc d6 nham bé mit (R,) [5],
[6], [7], [8], luc cit F [9]. Md hinh trong [10] c6 xét dén nhiéu muc tiéu (tudi bén cua dung cu
16n nhat, Iyc cit nho nhét, R, nhé nhat) nhung lai tach thanh cac bai toan riéng biét. Mot so it tac
g1a lya chon m6 hinh hoan chinh hon, dung ham myc tiéu 1a tong chi phi gia cong hodc tong thoi
gian gia cong voi cac diéu kién rang budc vé do nham bé mat, luc cit, cong sut cat nhung mo ta
vé chiing kha mo nhat [11], [12]. M6 hinh trong [13] c6 dén 3 muc tiéu: ning suit cao nhat
(T, p_,mzn) chi phi gia cong nhd nhat (Cp— min), 46 nham bé mit nho nhat (R, - min) dugc dat
ra voi cac didu kién rang budc vé& cong sudt dong co (Pua) VA luc cit (F.) nhung lai duogc
chuyen vé bai toan TUH mot muc tiéu, dung ham dai dién y = f(7,, C,, R,) va sit dung ANN dé
tranh nhitng ric roi vé toan hoc.

Viéc chon m6 hinh TUH phu thudc vao muc dich nghién ctru va diéu kién thuc té cua mdi
tac gia, kho phan xét vé Jdung hay sai, tot hay xéu Tuy nhi€n, c6 mdt vai binh luén nhu sau:

- Céc nha san xuat thuong phai giai quyet hai hoa 3 yéu cau méu thuin nhau: nang suét,
chit luong va gia thanh. Muc ti€u ma ho c6 gang dat la nang suét cao nhat chi phi thip nhat
nhung chat lugng chi vira dat yéu cau. Y tuong ty cling duoc dién ta ngin gon bang mot tir JIT
(Just-In-Time), nghia 1a san xuat Vira di s6 lwong (khong nhiéu hon, khéng it hon), Ping chit
lwong (khong tt hon, khong tdi hon), dung Luc (khong s6m hon, khong mudn hon). Theo do thi
muc tiéu TUH nén 1a chi phi gia cong thdp nhat (bai toan chi phi), nang suét gia cong cao nhat
(bai toan ning suét), nhung néu tinh day du cac yéu t6 trong d6 thi bai toan s& kha phtc tap. Phai
ching d6 1a nguyén nhan, khién rat nhiéu tac gia "hién dai" ua chon ham muc tiéu d6 nham bé
mit, tudi bén, luc cat,... nhu d3 dan ra & trén?

- Céc diéu kién rang buoc dam bao cho Kkét qua TUH phu hop thuc tién. D6 nham bé mat,
bién dang cho phép cua chi tiét, Iyrc cat, tudi bén cua dung cu,... 1 cac yéu t6 dam bao chit lwong
san pham hogc sy lam vige binh thuong cua hé thong Nguoi ta khong cd dat tot nhat cac chi tidu
niy, nén s& hop 1y hon néu dwa ching vao cic diéu kién rang budc thay vi ham muc tiéu trir mot
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) truong hop dac bi¢t, vi du khi nghién ctru vé tinh gia cong cua vat li€u, kha nang cit cua dao,
chon dung dich tron ngudi,...

- Viéc chon phwong phap giai bai toan phy thudc trude hét vao md hinh. Vi cac md hinh
don gian, khong c6 diéu kién rang budc co thé ding cac phuong phap don gian, nhu Taguchi,
RSM [6], [7], [8], [9]. Cac mé hinh phuc tap, c6 diéu kién rang budc can dén cac cong cu

"chuyén nghi¢p" hon. Cac phuong phap truyén thong, trong do 16p cac phu:(mg phép quy hoach
toan hoc thudng cho két qua on dinh, chinh x4c nhung phtrc tap vé thuat giai dang dan dugc két
hop v6i hodc thay thé bang cac phuong phap tim kiém (heuristic), dya trén tinh toan tién hod va
tri tué nhan tao. Cac phuong phap mdi thong dung nhét 1a GA [6], [9] giai thuat bay dan (PSO)
[4], [5], [10].... Chiing c6 thuat toan don gian, dé thuc hién ngay ca vé&i cac bai toan phi tuyen
phtrc tap.

Nham phan 4nh mot cach day dii nhit cac khia canh kinh té, k¥ thuat ctia bai toan TUH
ché do cét, trong bai bao nay, chung to1 gi6i thiéu va phén tich mé hinh TUH cac thong sd ché
do cit (v, s, @) véi ham muc tiéu tong chi phi gia cong va tong thoi gian gia cong, co tinh den day
du cac yéu t; dong thoi co xét dén cac diéu kién rang budc co ban: lyc cét (F), cong sut (dong
co) truc chinh (P), d6 nham bé mit (R,), tudi bén cia dung cu (7), va cac diéu kién bién. Mo
hinh s€ dugc minh hoa béng qua trinh tién hop kim Titan Ti-6Al-4V, mot loai vat liéu bén nhiét,
co tinh tuyét hao nhung dién hinh vé tinh khé gia cong: bén, dai, dinh bam manh, din nhiét kém,
gay luc cit 16n, ton nang lugng, nhiét do ving cdt cao va mon dao cuc nhanh; duoc kiém chimng
bang cac phuong phéap giai khac nhau, ca truyén thong (QHTT) va hién dai (GA).

2. MO HINH TOI UU HOA CHE PQ CAT

V& toan hoc, bai toan TUH téng quat dugc phat biéu nhu sau: cuc tiéu hoa ham muc tiéu
(a) vdi cac dieu kién rang budc (b)

Y =[3(x)..y.(x)] > min (a)
g =[g,(x)..gu(x)] <0

r (1)
f(x)=1h=[h(x)..h,(x)] =0 (b)
Xmin S X S Xmax
trong d6, x = [X1 ... Xi ... Xa]' - vector cac bién dau vao; = [y1... ..y2]" - vector muc tiéu,

biéu dién céc tiéu chi tdi wu; trong (b), lan luot 1a cac Vector biéu dlen cac rang budc dang bat
dang thirc, dang dang thic va diéu kién bién.

2.1. Ham muc tiéu

Muc tiéu cta san xuit 1a dat chat luong yéu cau vé6i hidu qua cao nhit nén ham muc tiéu
thuong la chi phi gia cong (thap nhat) hodc nang suat gia cong (cao nhat).
2.1.1. Muc tiéu ning sudt gia cong cao nhit

Naéng suét gia cong c6 thé duoc tinh bang mot trong hai tiéu chi:
- Thé tich vat liu phoi duge hdt di trong mot don vi thoi gian, chinh 14 toc do boc vat ligu,
goi theo thuat ngir quoc té 1a Material Removal Rate (MRR) 16n nhat

7 = v.s.a — max (2)
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- Thoi gian nguyén céng nhé nhat

T,
ph md _> mln (3)
trong do, T) - thoi gian chinh; T »h - thot glan phu; 7,4 - thoi gian mai dao; T, - thoi gian chuin
bi, két thuc loat gia cong; 7 - s6 luong chi tiét trong mot loat hay mot ca. Vi T, »h va T khong phu
thudc ché do cat nén c6 thé bo qua trong trudng hop nay. Khi d6 (3) trg thanh

T t
T =T +2t =—(I+2%)— min 4
nc 0 T md Z( T) ( )

trong do, t,,- thoi gian cho 1 1An mai dao; T - tudi bén cua dung cu; V (cm3) - thé tich vat liéu
phoi dugc hét trong loat hay ca. ‘
Thay cho T, nguoi ta thuong dung thoi gian gia cong mot don vi thé tich vat li¢u phoi

r. 1 ¢,
2 =— 424 5 min (5)
v Z T
Tudi bén cua dung cu dugc tinh theo cong thuc Taylor
T C vmt nt kt (6)

Thuong thi cac sé mii déu 4m va |me| > | nt| > |kt| nén c6 thé boé qua anh hudng cia s va a.
Thay (6) vao (5) va cha ¥ ring Z=v.s.a (cm’/ph), duge ham muyc tiéu

T,_ 1. ‘

e —

V  vsa

CTvmt+1Snt+1akt+1 — min (7)

Ta thay, tong thoi gian gia cong ¢ 2 thanh phan. Thanh phan thir nhat 13 thoi gian chinh
Ty, chi lién quan dén Z. Thanh phan thir hai lién quan dén thoi gian mai dao va tudi bén. Néu chi
tinh dén thanh phan thir nhat nhu trong [4] thi mé hinh don gian nhung khong day du, dan dén
Kkét qua sai l¢ch, nht 1a khi cit cac vat liéu kho gia cong, dao mon nhanh.

2.1.2. Muc tiéu chi phi gia cong nhé nhit
Chi phi gia cong la chi phi can thiét dé thyc hién nguyén cong, tinh bang don vi tién té, vi

du nghin dong (ng.d).

KZKm+Kd+Kmd (ngd) (8)
trong d0, K,, 1a chi phi tryc tiép gia cong, gdm chi phi chay may va lrong thg dimg may

A
K =AT, _Ar
Z

v&i A 1a chi phi cho 1 phut chay may (ng.d/ph);
- Ky 1a chi phi mua dao, tinh cho ca nguyén cong

BT, T, BV

T T ZT
v0i z - s6 1an mai trong toan bd thdi gian st dung dao; B. - chi phi mua dao (ng.d); B = B./z - chi
phi mua dao tinh binh quan cho 1 chu ky mai;

K_

q=
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ma 12 chi phi mai dao tinh cho c4 nguyén cong
_ AT, AV CV

K = t = t =
md T md ZT md ZT

VO1 tyg - thoi gian 1 lAn rpéli dao; C=A.t,,4 - chi phi cho 1 1An mai dao.
Thay céc thanh phan vao (8), nhan dugc ham muc ti€u
AV BV CV
=t —t—
Z ZT ZT
Vi B va C déu 14 hing s va cung thir nguy€n nén co6 thé gop ching vao hing s6 C; = B+C
= B+A.tya, go1 chung 1a chi phi dao d€ nhan dugc ham muc ti€u dudi dang don gidn hon
AV N cry

min ©)

= 10
~ (10)
Ngudi ta ciing thuong dung chi tiéu chi phi gia cong Iem’ vit liéu
k_4 +& — min (11)
Vv Z ZT
Thay cong thirc tudi bén (6) vao (11) ta nhan duoc
K 1 C,/ 4
Koq eG4 i 12
V (VSCI CTvalSnHlakHl ) ( )

Twong tu nhu trong (7), néu chi tinh thanh phan thir nhat (chi phi tryc tiép cit got) thi mo
hinh rat don gian, nhung khong thé chip nhan duoc khi dung dao dat tién hodc mon nhanh. Ciing
d& nhan thay, thanh phan thir nht cua cic ham muc tiéu (7) va (12) chi khac nhau & hing sb 4,
nén néu bo qua mon dao thi bai toan ning suat va bai toan kinh té gibng nhau. Néu lai bo qua cac
diéu kién rang budc nira (nhu da dan trong nhiéu coéng trinh & muc 1) thi khong can tinh toan
cling thay ngay la gia tri tdi wu cua v, s, a s& trung voi can trén (Vimay, Smax, @max) CUQ chung. NOi
cach khac, néu khong tinh den mon dao va cac diéu kién rang bugc thi y nghia khoa hoc va thyc
tién ctia bai toan TUH s& rat thap. Nhung néu tinh day du cac yéu to trén thi bai toan s& kho giai,
khién nhiéu tac gia né tranh chiing.

Céc ham muc ti€u (7) va (12) co thé dugc dung truc t1ep trong cac mo hinh phi tuyén, von
kho g1a1 vo1 cac phuong phap truyén thong V61 m6 hinh tuyén tinh thi dang tong ciia ching 1a
tré ngai ddi voi phép tuyén tinh hoa bang logarit, vi vay can phai bién d6i chiing sang dang tich.

Thot gian va chi phi gia cong tinh theo (5) va (11) déu phy thudc g1a tri tudi bén T. Néu T
14 hing so thi cac chi tiéu t6i wu vé ning suét cit 7},/V — min va chi phi gia cong K/V — min ¢6
dang glong chi tiéu Z — max hay 1/Z — min. Gia tri T ting v6i nang suat cao nhat duoc goi la
tudi bén nang suat 7). Gia tri T ing voi chi phi thdp nhit duoc goila tu01 bén kinh té 7,. Sau day
chiing ta sé& thay la Ty va Te deu la hang s0, khong phu thude ché @6 cat va co thé tinh duoc.

Dé tinh tudi bén nang suét, lay dao ham 2 v¢& cua (7) theo v (bo qua anh hu:ong cua s va a)
va giai phuong trinh véi vé phai bang 0, nhan duoc cong thirc tinh tudi bén ning suét

T, =-t, (mt+1) (13)

ns

T,s ty 1¢ thudn voi thoi gian mai dao va phu thudc vao s6 mii cua v trong cong thic Taylor.
Béng cach tuong ty, tinh dugc tudi bén kinh té
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I =——=(mt+1) (14)

Chii y, cac cong thirc tinh T}, va T, chi c6 nghia khi mr < -1, va thyc té 1a nhu vay.
Thay gia tri T, tir (13) vao (5) hodc 7. tir (14) vao (11), ta nhan duge cac ham myc tiéu:
- Tong thoi gian gia cong nho nhat

- Tong chi phi gia céng nho nhit
K

7=E( ) 2 5 min (16)

Ham muyc tiéu (15) twong duong voi (5), (16) twong duong voi (11) nhu:ng (15) va (16) co
dang tich, c6 thé lay logarit dé thanh ham tuyén tinh, ding trong cac mé hinh tuyén tinh.

2.2. Cac diéu kién rang budc va diéu kién bién
Céc diéu kién rang bugc dam bao cho qua trinh gia cong dap ung yéu cau k¥ thuat, phu
hop diéu kién thuc té hodc tlen trién binh thuong. Trong ly thuyét cat got kim loai, quan hé giira

cac dai luong ra voi ché do cit thuong (tuy khong bét budc) co dang ham mil. Sau ddy 1a cac
diéu kién rang budc thuong gip. Theo ¥ nghia, chung dugc phéan thanh 3 nhom.

2.2.1. Nhém thé hién yéu cau ky thudt can dat
- Piéu kién rang budc vé d6 nham bé mat

R Rvmi nr kr SR (17)

max

Céc rang budc v& sai b kich thuée, hinh dang néu c6 cling dugc biéu dién tuong tu.

2.2.2. Nhém dim béo diéu kign lam viéc binh thuwong ciia hé thong
- Piéu kién luc cat khong vuot ngudng cho phép
F=Fv"s"a" <F (18)

max

Diéu kién nay dam bao khong Xay ra bién dang qua muc cua phoi, sy an toan cua h¢
thong, ... Cung loai, c6 cdc rang budc vé bién dang cua phoi, rung dong, nhiét d§ ving cit,.

- Piéu kién tudi bén cua dung cu biang tudi bén ning sut (7,,) hoic tu01 bén kinh te (T,),
nhét thiét phai c6 khi sir dung cac ham muc tiéu (15) va (16) trong md hinh tuyén tinh:

T
T C mt nt kt — ns 19
{T (19)

e

2.2.3. Nhém phu thugc tinh ning ciia hé thong cong nghé
- Piéu kién cong suét cit khong vurot qua cong suat dong co truc chinh (P,,)
5

=— 1 i < p 20
60.1000 'l 20)
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- Mién gi6i han tdc d6 cat, lugng chay dao, chiéu sau cat, con dugc goi 1a di€u kién bién

Vmin S 1% S Vimaxs Smin S S S Smaxs Amin S a S Amax

3. CAC PHUONG PHAP GIAI BAI TOAN

1)

Mo hinh ’TU’H trong myc 2 13 md hinh truyén thng. Vi dang ciia bai toan ning suit va bai
toan chi phi giong nhau, nén ¢ day chi giadi cho bai todn chi phi, dung ham muc tiéu (11).

3.1. M6 hinh thwe nghi¢m

Quy hoach thyc nghi¢m 3 c6 yéu tb (v, s, a), 3 muc, dugc chon phu hop voi cap vat ligu
phoi (Ti-6Al-4V) - vat li¢u dao (BK6) nhu trong Bang 1.

Bang 1. Céc yeu t6 dau vao va cac muc cua chung

Yéu tb Miic 1 Mikc 2 Mikc 3
v (m/ph) 20 35 50
s (mm/v) 0,10 0,20 0,30
a (mm) 0,50 1,0 1,5

Diéu kién thi nghiém nhu sau: May tién CNC kiéu EMCO-E25. Tryc chinh: cong sut
5,5kW, tdc do tbi da 6300v/ph; md men 16n nhat 35Nm. Phoi tir hop kim Ti-6Al-4V, kich thudc
DxL = 50x300 mm. Dao tién gdn manh hop kim ctimg BK6. Cac thong sb dugc do gom:

Luc cat F, dung luc ké 3 thanh phan

) Biang 2. S6 liéu thi nghiém
9257BA cua hang Kistler - Thuy Si; do

nhdm bé mit R,, dung thiét bi SJ-201 cua Thi Che 4 cat 30 Beu do
Mitutoyo - Nhat; tudi bén 7, 1a thoi gian nghiém| (m/p) | s(mm'v) | amm) | FO) | Re(um) Tiph)
AT o ea L O 1 20 0.10[ 0,50] 183,11] 0,69[ 111091
gia cong tir khi dao mdi mai dén khi chi¢u > 20 0.00] 1.00| 246,69 0.75| 438.83
cao trung binh cua ving mon mat sau dat 3 200 0,10] 1,50] 293.68] 0.79] 254,88
h=0,3 mm. Dung quy hoach thyc nghi¢m
da yéu t6 toan phan (L27) v&i 27 thi 25 50[ _ 030] 050 893,07] 510 1542
nghiém, nhin duoc bang sb lidu (da 4n 26 50| 030 1,00[1203.18] 558 6,09
mot 56 hiang cho gon) trong Bang 2. 27 50| 030 1,50[143235] 5.88] 3,54

Gia tri giéi han cia cac thong s6 nhu sau: luc cit Fu = S800N; cong suét truc chinh
Prax= 5,5kW; d6 nham bé mit Ry = 2,5um; céc gidi han vé toc do cét: v= (20+50)m/ph; lugng
chay dao: s = (0,10+0,30)mm/v; chiéu siu cit: a = (0,5+1,50)mm. Tu thuc té, xac dinh duoc cac
hang s6 C;=35 ng.d; 4 = 2,5ng.d/ph.

Dung phuong phap hoi quy, xac dinh dugc cac quan hé thuc nghiém sau:

F — 64'v0,95S0,65a0,43 (22)
Rﬂ — 5’5.V0,45S1,45a0,13 (23)
T =9546. 218547134 (24)

Tir (20) va (22) nhan duoc

P =0,0013."%5%654%4 (25)
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Theo (14) tinh dugc T, = 20,3ph; theo (16) dugc Ax=4,22ng.d. q
Thay cac quan hé va céc gia tri gigi han vao (1), nhan dugc md hinh TUH tong quat cho
mo hinh phi tuyén nhu sau:
2,5 35

= 24541 (—185+1) (~134+1
v.s.a 9546 2 g(TLEH) (1344

— min (a)

64 V0,95S0,65a0,43 < 800
0,0013."*s"%q"* < 5,5 26)
5,580 <2,5
fx) = (b)
20<v <50
0,1>25<0,3
0,5<a<l,5
Néu dung mo hinh tuyén tinh thi thay ham muc tiéu sau vao (a)
y= 4,22 — min (27)
v.s.a
va bo sung diéu kién rang budc vé tudi bén kinh té sau vao (b)
9546, s g =20,3 (28)
Sau do, 1ay logarit cac phuong trinh, dit x;=In(v), x;=In(s), x;=In(f), durgc md hinh sau:
y=144 x, =x, -x; — min @
4,16+0,95x, +0,65x, +0,43x, <6,68
~6,62+1,95x, +0,65x, +0,43x, <1,70
1,70+0,45x, +1,45x,+0,13x, <0,92 (29)
f(x)=49,16-2,45x, —1,45x, —1,34x, =3,01 (b)
3,0<x,<3,91
~2,3<x, <-1,20

~0,69< x, <0,41

3.2. Giai bai toan t6i wu hod myt muc ticu
Phan nay trinh bay tom tit cac budc giai bai toan bang mot sé phuong phap dlen hinh va so

sanh két qua dé danh gia tinh hop ly cua cac mé hinh TUH. Thong tin chi tiét vé cac phuong
phép va thuat toan co thé tim thay trong céc tai liéu chuyén d¢, nhu [1].

3.2.1. Phwong phdp quy hoach tuyén tinh

QHTT la phuong phap kinh dién, c6 co s& toan hoc 1a dai sd tuyén tinh, chat ché va tin
cdy. Thuat toan co ban cua n6 la thuat toan don hinh. Khi chua ¢6 may tinh s0, thuat toan nay
c6 thé dugc thyc hién bang tay. Ngay nay, QHTT duoc ho trg boi hau hét cong cu tinh toan, tir
phan mém vin phong Microsoft Excel dén cac phan mém k¥ thuat chuyén dung, nhu Matlab.
Pé tang tinh tryc quan v6i ban doc, phuong phap QHTT s& dugc thyuc hién boi cong cu Solver
cua Excel.
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J K L M N O P Q R S
39| Diéukién rang bude Yo X1 X0 X3 y Gia tri gi6ihan | Th. sb TU]
40| F <= Fmax N 4,16] 0,95 0,65 0,43 6,62 6,68 800,00 751,48
41 P <=Pp kKW -6,62| 1,95 0,65 0,43| -0,59 1,70 5,50 0,55
42| R,<= Rumax pm 1,70 0,45 1,45 0,13 0,92 0,92 2,50 2,50
43| v <= Vinax m/ph 1 3,56 3,91 50,00 35,26
44| s<=smax | mmivg 1 -1,69] -1,20 0,30 0,19
45|  a<=amax mm 1 0,41 0,41 1,50 1,50
46| v>=vi, m/ph 1 3,56 3,00 20,00 35,26
47 S >= Smin mm/vg 1 -1,69]  -2,30 0,10 0,19
48 a>= anmin mm 1 0,41 -0,69 0,50 1,50
49 T=T. ph 9,16] -2,45| -1.85| -1,34 3,01 3,01 20,30 20,30
50 Ham muc tiéu 1,44 3,56/ -1,69 0,41 -0,84] K/'v= 10,4310
51 Kiém tra két qua v s a Z A/Z | CJZT | K/V in
52 | voiché do cét tbiuu 35,26/ 0,19 1,50 | 9,800 [ 0,255 | 0,176 | 0,431
53 Chi phi truc tiép A (ng.d/ph) 2,5 Chi phi dao Cd (ng.d) 35,0 |Te(Tns)| 20,30

Hinh 1. Mau nhap dit liéu va giai bai toan QHTT trong Excel

Mb hinh tuyén tinh (29) dugc nhdp vao bang tinh ciia Excel nhu Hinh 1: ham muc tiéu
trong mang L50:050. Ban dau x;, x2, X3 (M50:050) dugc géan gia tri tuy y, vi du (1, 1, 1), s€
dugc cap nhat trong qua trinh giai. Cac diéu kién rang budc va diéu kién bién trong L40:049; gia
tri gidi han ctua chiing trong R40:R49.
Giao dién cua Solver nhu trong hinh 2. Pbi chiéu véi hinh 1, c6 thé nhan ra gid tri ham
muc tiéu (Set Objective) & 6 P50; cac bién (By Changing Variable Cells) trong cac 6 M50:050,
cac didu kién rang budc bat ding thirc (>, <) va ding thire (=) duge mé ta trong ving Subject to
the Constaints.

Phuong phip giai dugc chon (Select  FEEIIIIEEEE

the Solving Method) 1a QHTT, don hinh
(Simplex LP). Sau khi bdm l¢nh giai
(Solve), mang M50:050 cua

Hinh 1 dugc cép nhat cac gia tri tbi
uu: X = 3,56, X2 =
-1,69; x3= 0,41, twong Gng v = 35,26m/ph;
s = 0,19 mm/v, a = 1,5mm. Gia tri ham
muyc tiéu la -0,84, tmg vdi chi phi gia cong
thip nhit: KV = exp(-0,84) =
0,431ng.d/cm’. So sanh gia tri gidi han
trong cdt (R40:R49) voi gia tri tinh cac dai
lwong twong tmg ché do cit tdi vu trong
cot (S40:549) c6 thé thay Ruax dmax VA Ty
duoc st dung hét.

Céc diéu kién khac (F, P, v, s) con
du trir. Mudn giam tiép chi phi thi phai ngi
rong R, va a.

Set Objective: spssol

To: () Max (®) Min () value Of:

By Changing Variable Cells:
SMS50:50550

Subject to the Constraints:

SP340:5P345 <= 50Q540:50545 Add
SP346:5P348 > = 50Q546:50548 -
$P349 = 30549

Load/Save

] Make Unconstrained Variables Mon-Negative

Sglect a Solving Method: Simplex LP B Options

Solving Method

Select the GRG Monlinear engine for Solver Problems that are smooth nonlinear, Select the LP
Simplex engine for linear Solver Problems, and select the Evolutionary engine for Solver
problems that are non-smooth,

Hinh 2. Giao dién giai bai toan QHTT trong Excel

l
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3.2.2. Ding gidi thudt di truyén tuyén tinh

GA 1a mot nhanh cua tinh toan tién hoa (Evolution Computing - EC), 1a mot cach khoa hoc
k¥ thuat hoc & tu nhién. Ly thuyét va k§ thuit GA dugc cong bd lan dau tién vao nam 1975 bsi
Holland, lay ¥ tudng tir quy luét tién hoa, chon loc tur nhién cua gioi sinh vat, dugc tong két
thanh nguyén tic "khon song mong chét" trong hoc thuyét vé di truyén ctia Darwin (1809-1882).
Thuat toan TUH bang GA dugc m6 ta trong Hinh 3.

Vi —»| Toquanthé | | Dinhgiido 6aman ham Ci thé t6t nhat
ban dau thoa man uc tiéu?
A S
c-—-f--—-————————F------ \
I 1
I
- | pienketqua
: Tao quén thé : *
: i :
1 . Ra
1 1
I 1
1 1
] 1

Hinh 3. So d thuat toan t6i wu hoa véi GA

Quy luét tién hoa trong tu nhién dugc GA ké thira va mo phong nhu sau:

1- Moi truong song ludn ludn bién dong. DE c6 thé tOn tai va phat trién, sinh vat phai
khong ngirng tién hoa va thich v imng;

2- Nhiing ca thé thich (g t6t s& song sot, giao phdi dé duoc ndi ddi, c4 thé nao thich mg
kém s& bi loai hodc khong dugc chon noi doi;

3- Nhiing déc tinh cua céc ca thé wu ta nhit s& duoc di truyén cho doi con. Su chon loc va
di truyén cho cac thé hé sau nita dugc tiép tuc theo cac vong lap, khién cho céc thé hé sau ludn
6 cac dic tinh tdt hon céc thé hé trude;

4. Poi khi ¢o thé xay ra hién tugng dot bién, khién qua trinh tién hoa nhanh hon.

Bén chét cta qua trinh chon loc néi trén 1a TUH. Chwong trinh duoc 1ap trong Matlab vai
sb ca thé (PopulationSize: 40), s6 thé hé (Generations: 40).

Bost. 136621 Moan: 1.36614 ===TOI UU HOA CHE DO CAT VOI LINEAR-GA ===
-1.2 Toc do cat toi uu :v =35.07 (m/ph)
E . f;;f'ft:::; Luong an dao toi uu :s = 0.19 (mm/vg)
z 13 Chieu sau cat toi uu :a = 1.50 (mm)
£ .'.. Nang suat gia cong :Z =9.802 (cm”3/ph)
ic e eeee838cc0000000000000000000000000000000 Do nham be mat :Ra= 2.50 (um)
"o 10 20 30 40 Luc cat :F =751.21(N)
Cu"eﬁ‘:“::‘::;mual Cong suat trucchinh ~ : P = 0.55 (kW)
T 4 Tuoi ben tinh toan : T =20.28 (ph)
E Tuoi ben kinh te :Te =20.30(ph)
£ 2 Chi phi truc tiep : K1 = 0.255 (ng.d/cm*3)
g 0 Chi phi dung cu : K2 =0.176 (ng.d/cm”"3)
§ Chi phi gia cong : K/V=0.431 (ng.d/cm~"3)
3 - p > 3 Thoi gian tinh toan 1t =3.107 (s)
Stop Pause Number of variables (3)

Hinh 4. Két qua TUH nhd GA tuyén tinh
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Dién tién cua qua trinh TUH duoc thé hién trong ntra trén cua Hinh 4, theo d6 chi
sau khoang 10 thé hé (Generation) ham muc tiéu (Fitness Value) di dat dén gid tri t6i wu
Best = -1,36621. Déi chiéu véi

Hinh 1, ta thiy n6 xap xi gia tri nho nhét (-1,37) cta In(4/Z). P thi nira dudi cho nghiém
i uww x; = 3,5 x; = -1,69; x; = 041, ung véi v = 35,07m/ph;
s =0,19mm/v; a = 1,5mm. Két qua nay ciing dwoc in ra man hinh nhu nira bén phai ctia Hinh 4.

3.2.3. Ding gidi thudt di truyén phi tuyén

V&i GA phi tuyén, md hinh (26) s& dugc dung. Dién tién ctia qua trinh ,TU’H, du:oc’thé, hi¢n
trong nua trén cia Hinh 5. D6 thi ntra dudi va thong tin trén man hinh cho thay ché dg cat toi uu:
v =35.26m/ph; s = 0,19mm/vg; a =1,5mm tng v&i chi phi nhé nhit K/V = 0,43 Ing.d/cm’.

Best: 0.429954 Mean: 0.431608 ====TOl UU HOA CHE DO CAT VOI NONLINEAR-GA ====

: Toc do cat toi uu :v =35.26 (m/ph)

Luongandaotoiuu :s = 0.19 (mm/vg)
Chieusaucattoiuu :a = 1.50(mm)

Nang suat gia cong :Z =9.800 (cm”3/ph)

tiree ‘ ‘ ‘ ‘ ‘ ‘ ‘ Do nham be mat :Ra= 2.50 (mu)
5 10 15 20 25 30 35 40 Luc cat :F =751.48(N)
Generation Cong suat trucchinh  : P = 0.55 (kW)

o
)

Fitness value
o
(2]

0.4
0

© Current Best Individual h A
5 40 Tuoi ben tinh toan : T =20.30 (ph)
iE Tuoi ben kinh te :Te =20.30(ph)
'*é 20 Chi phi truc tiep : K1=0.255 (ng.d/cm~3)
g Chi phi dung cu : K2 =0.176 (ng.d/cm”"3)
2 0 ‘ Chi phi gia cong : K/V=0.431 (ng.d/cm~"3)
o]
3] 2 3 Thoi gian tinh toan 1t =4.684(s)

Stop Pause Number of variables (3)

Hinh 5. Két qua TUH nho GA phi tuyén

3.2.4. Gidi bai todn téi wu hod da muc tiéu
Mo hinh TUH da muc tiéu dung 2 ham

Toi uu hoa che do cat tuyen tinh da muc tieu

muc tiéu, 13 2 thanh phan cia (26): 02 o

- Chi phi cit K;=A/Z; 018 ° g —

- Chi phidao K,= C/ZT. S o Y:0.1614

Hai muc tiéu nay phy thudc trai nguoc £ 016 'OO
nhau vao ché do cit. C6 thé ding mé hinh N ., 0
tuyén tinh hodc phi tuyén va nhan dugc két < o
qua tuong tu nhau. Tuy nhién, chi trong cac ﬁ 0.12 %
phién ban méi nhat cia Matlab (R2018a), = C
méi thiy hd tro giai bai toan phi tuyén da  © © o,
muyc tiéu c6 rang budc. Phan nay chi minh 0,08 ‘ %
hoa md hinh tuyén tinh. Tap nghiém Pareto 02 025 03 035 04 045
duoc biéu dién trén Hinh 6, gia tri cua Chi phi cat AZ (ng.d/em °)

chiing dugc xuét ra bang tinh Excel trong

Bang 3 (da in mot s 5 hang cho gon). Hinh 6. T4p nghiém Pareto khi TUH da muc tiéu
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Bang 3. Két qua TUH da muc tiéu tuyén tinh véi GA

v(m/ph)| s(mm/v) [ atmm) | A/Z |Cid/AZ| K/V Z(mm®) T(ph) | R.(um) | FN) | PkW) |Ky/K(%)
22,83 0,21 1,48 0,358 | 0,102 | 0,460 6,986 | 48,743 | 2,396 |531,576| 0,253 22,25
32,84 0,19 1,48 0,271 | 0,161 | 0,432 9,235 | 23,393 | 2,495 [710,656| 0,486 37,35
24,68 0,21 1,49 0,331 | 0,114 [ 0,446 7,543 | 40,458 | 2,463 |571,381| 0,294 25,63
38,56 0,18 1,50 0,242 | 0,195 [ 0,436 | 10,346 | 17,325 | 2,465 |800,707| 0,643 44,60
34,20 0,18 1,49 0,267 | 0,167 | 0,434 9,357 | 22,324 | 2,430 |724,937| 0,516 38,45
21,31 0,19 1,47 0,417 | 0,087 | 0,503 5,998 | 67,076 | 2,081 [472,416( 0,210 17,21

23 38,30 0,18 1,48 0,245 |1 0,193 | 0,437 | 10,220 | 17,698 | 2,472 |794,611| 0,634 44,07

Sl= o= -3

Diém can trén - trai cua do thi va hang 5 trong bang tng voi chi phi cat nho nhat chi phi
dao 16n nhat, ning suat cao nhat, tudi bén ciia dao thip nhit, lyc cit cham ngudng téi da cho
phép (800N) va cong suit tiéu hao 16n nhat. Nguoc lai, diém can dudi - phai (hang 19 trong
bang) c6 chi phi dao nho nhét chi phi cit 16n nhét, nang suat thip nhit, tudi bén ciia dao 16n nhat
c6 thé,... Phuong 4n c6 tong chi phi nho nhét (t6i wu) ndm & doan giita ctia d6 thi (hang 2 trong
bang) 1a sy dung hoa gilta 2 loai chi phi. Ngoai 3 phuong an dac bi€t noi trén, nguoi dung c6 thé
chon phuong an bét ky, tuy thudc tidu chi ndo (ndng suét cit hay tudi bén dao) dwoc wu tién.

4. TONG HOP KET QUA

Bang 4 tong hop két qua giai bang 5 phuong phap khac nhau: QHTT (dung Solver ctia
Excel) va dung GA v&i 4 mo hinh: 2 m6 hinh TUH mdt muc tiéu (SOOP), va 2 md hinh da muc
tiéu (MOOP), tuyén tinh (L) va phi tuyén (NL).

Ta thdy, cac mo hinh mot muc tiéu cho ket qua gidng nhau nhit, dam bao dung yéu ciu k¥
thudt (Rg= Ramax= 2,51m) va tudi ben xap xi tudi bén kinh té (7'~ T,= 20 ,30ph), chi phi gia cong
nho nhat (K/V 0,43 1ng.d/cm’). Két qua ctia cac mo hinh da muyc tiéu kha gan nhau chi hoi
khac so v6i két qua cua cac md hinh mot muc ti€u. Nhirng sai khac phat sinh tir 2 nguon chinh.
Thtr nhat, GA von 1a phuong phap gin dang, chi dam bao nghiém gan t6i wu. Tha hai, tap
nghiém Pareto 13 tap roi rac, nghiém thuc sy t6i vu co thé khong tring véi cac diém dugc xuét ra.
Bu lai, nguoi dung co thé chon linh hoat mot nghi¢m nao do6 trong tap Pareto hodc lan can no,
tuy khong han t6i vu nhung phtt hop yéu ciu ciia minh.

Biang 4. Tong hop két qua TUH véi cac phuong phap khac nhau

Ph. phap giai |v(m/ph)|s(mm/vg)| a(mm) Z T Ra A/Z CyZT K/V
Solver (Excel) | 35,26 0,19 1,50 9,80 20,30 2,50 0,255 0,176 0,431
SOOP-LGA | 35,07 0,19 1,50 9,80 20,28 2,50 0,255 0,176 0,431
SOOP-NGA | 35,26 0,19 1,50 9,80 20,30 2,50 0,255 0,176 0,431
MOOP-LGA | 32,84 0,19 1,48 9,23 23,39 2,49 0,271 0,161 0,432
MOOP-NGA | 33,01 0,19 1,48 9,24 23,39 2,49 0,271 0,162 0,432
Kiém ching | 35,00 0,19 1,50 9,92 21,46 2,55 0,252 0,164 0,417

Két qua tinh toan da dugc kiém ching bang cach 1am 3 thi nghiém vé6i ché do cit nhu hang
cudi cua Béang 4. C¢6 2 dai luong duge do va léy gia tri trung binh, 1a 7 va R,; cac dai luong con
lai duoc tinh. Sai sé 16n nhét so véi gia tri trung binh cia céac dai lugng xép xi 3,5%, hoan toan
chip nhan duoc.

Tir s6 liéu TUH da myc tiéu trong Bang 3, ngoai gia tri cta tong chi phi gia cong, c6 thé
danh gia vé sy phin bd giita cac thanh phan. Cot K»/K ghi ty 1& (%) cua chi phi dao (C,/ZT) trong
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téng chi phi. Ty 1& nay nho nhét (17,21%) 6 phu:ong an cit nhe nhat (tui bén 16n nhat); 16n nhat
(44,60%) 6 phuong an cit nang nhit (tudi bén nho nhat), bang 37 ,35%, nghia la c6 sy dung hoa
& phuong an téi wu. RS rang, vai ty 18 nay thi chi phi dao khong thé bo qua dugc.

5. KET LUAN

Bai bao di dwa ra m6é hinh TUH ché d6 cit c¢6 tinh dén day du cac yéu t6 chi phi va cac
diéu kién rang budc thuong gip. Viéc don gian hoa mé hinh bang cach bé qua chi phi dao
va/hodc bo qua cac diéu kién rang budc khong nhiing lam sai 1éch ban chét toan hoc ctia mod hinh
ma con lam mét ¥ nghia thyc tién ciia bai toan. Tuy nhién, dua chi phi dao vao ham muc tiéu va
tinh dén cac diéu kién rang budc thyc té 1am cho bai toan phuc tap va kho giai hon nhiéu can xur
Iy ddc biét vé toan hoc. Vi sy bét tién ndy ma md hinh day du thuong bi né tranh, khong cho 1oi
gidi tuong minh va tin cdy.

Ngay nay, voi su bing nd cua cac cong cu tin hoc, ching ta c6 nhiéu Iya chon, trong do
cac cong cu dya trén thuét toan kiém t&i wu cho phep giai tryc tiép mod hinh phi tuyén v6i hé rang
budc bat ky. Ung dung cac phuong phap "méi" giam bot ganh néng vé xdy dung moé hinh va xu
ly toan hoc, nhung phai tra gia vé d6 chinh xac, tin cdy va 6n dinh cua két qua. Néu chon hop 1y
cac théng s6 cua thudt toan thi co the nhan dugc két qua_ t6t nhung doi hoi kinh nghiém ctia
nguoi dung. Trong ) nay c6 mot s6 thuét toan d& hiéu, dé tu dong hod, thyc hi¢n nhanh, phu
hop v6i nhiém vu giam sét tryc tuyén va diéu khién thich nghi qua trinh gia cong.

C6 4 dang md hinh TUH di dugc thiét lap dé so sanh: mot myc tiéu, da muyc tiéu, tuyén
tinh va phi tuyen da duoc xay dung va giai bang cong cu Solver cua Microsoft Excel va GA
trong Matlab. Két qua kha glong nhau gita ching va gan véi két qua thyc nghiém kiém ching
cho thay cac mo hinh va thuat gidi dugc thuc hién 1a tin cdy.

DANH MUC/ DANH PHAP/ KY HIEU

chir it ¥ ngha chir it ¥ nghia
a (mm) Chiéu siu cit v (m/ph) | Thc d¢ cit
A (ng.d/ph) | Chi phi chay may V (cm’) Thé tich vat lidu dugc hot
C, (ng.d) | Chiphi mua va mai dao | Z (cm’/ph) | Tdc d6 béc vat liéu (MRR)
F (N) Luc cét ANN Mang no ron nhan tao
K (ng.d) Tong chi phi gia cong CAPP Chuén bi cong nghé c6 may tinh trg gitip
m, n, k Céc sb mii CNC Diéu khién sb dung may tinh
P (kW) Cong suét dong co GA Giai thuat di truyén
R, (um) D6 nham bé mit PSO Tbi uu hoa bay dan
s (mm/v) Luong chay dao QHTT Quy hoach tuyén tinh
¢t (ph) Thoi gian RSM Phuong phép méit dap ing

T (ph) Tudi bén ctia dao TUH Tbi wru hoa
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