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LOI CAM ON
Tac gia xin bay t6 long biét on chan thanh gui t6i thdy TS Lai Anh
Tuén va thady TS P56 Tién Lap da tan tinh hudng din, dong vién va gitp dd
nghién ctru sinh trong sudt qué trinh thyc hién véi thoi gian dai va hoan thanh

luan an nay.

Tac gia xin tran trong gt 101 cam on t6i cac thdy, dong nghiép, ban bé
d3 va dang cong tac trong bd mon Ché tao may, Khoa Co khi, trong Trung
tam Cong nghé thudc Hoc vién K¥ thuat Quan su da gitip d& va tao diéu kién

thuan loi cho nghién ctru sinh trong qua trinh thyc hi¢n luan an.

Cubi cung, tac gia xin bay to long biét on, tinh yéu thuong téi gia dinh
da luon bén canh ung hy, dong vién trong subt thoi gian thuc hién va hoan

thanh luan an.
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Tac gia xin cam doan day la cong trinh nghién clru cua riéng toi, cac
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trong bat ky cong trinh nao khac, cac thong tin trich dan trong luin an nay déu

dugc ghi rd nguon goc.

Ha Noi, ngay thang nam 2022
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DANH MUC CAC KY HIEU, CHU VIET TAT THUONG DUNG

Ky hi¢u Pon vi Dai lugng
CNC May diéu khién sd
HSM Gia cong cao toc
CAD Thiét ké c6 su hd tro cla may tinh
CAM Gia cong co6 sy hd tro cia may tinh
EDM Gia cong bang tia ltra dién
F.F.F N Luc ct trén cac truc OX, OY va OZ
Ning luong tong, co ban, chay khong va
B, LB, E, kWh 5 .
nang lugng cat got
Ning luong tong khi gia cong, ning luong
ETotal ? cut > " air k Wh 4 o . A <
cat got, nang luong khi khong cat
Nang lugng ti€u thu khi quay truc chinh,
Spindle > " feed? " cool kWh 1 ,
chay dao va lam mat
Nang luong ti€u thuy ¢ dinh, nang lugng
fiz > " azes kEWh v n n ,
ti€u thu trén cac truc
B o1 changer kWh | Nang lugng tiéu thy khi thay dao
anis—chillers kWh Néng luong 1ém 1anh CéC truc
ESpmdle—chiller kWh Néng hl'O'ng lam lanh tI'U.C chinh
Eomp_wm,eyor kWh Nang lugng ti€u thu khi tai phoi
Nang luong ga kep va nang lugng tiéu thu
pallet—clamp ® ~—cb kEWh )
co ban
Cong suat tiéu thu co ban va cong suit cit
cb > 1)cg ]{?W
got
_ Tho1i gian may chay trong giai doan co bén,
Leps Leg h (gi0)

va thoi gian cit got




PX,Py,PZ kW Cong suat tiéu thu ctia cac truc X, Y, Z
My Vong/phut | Toc do dong co truyén dong truc chinh
U Ti s6 truyén dong truc chinh
S Jaemax Hz Tan s6 va tan s6 16n nhat cua dong co
0] rad/s Van toc goéc
1, Nm M6 men xoan truc chinh
M6 men quén tinh truc chinh, r6 to dong
J J k mz \ A /4 4 h h/\ h/{ A
1> rotor > ms g. CcO va mO men quan tinh h¢ thong truyen
dong truc chinh
' Chiéu sau cat, chiéu sau cat nhé nhat, 16n
> “min’ “max’ "0 mm X <A A 2, ’ )
nhat, chiéu sau cat & muc co ban
a, mm Budc dao ngang
h Toc do chay dao, nho nhat va 16n nhat, toc
F’ Fmin’ max’ ™ 0 mm/ p " , , )
do chay dao & murc co ban
Toc do cat, nho nhat va 1én nhat, toc do cat
‘/C’Vmirﬂ max"/[] m/ph R , R
O muc co ban
To6c do truc chinh, nho nhat va 16n nhat, toc
) nmin’ nmax’ nO 'Ug/ph A ’ ) , ”
do truc chinh & mirc co ban
3 }( ~A r 14 ~n ‘A
MRR m / ph | Toc @6 boc tach vat lidu
T, mm Bién s6 ting vo1 chiéu sau cat
x, mm/ ph | Bién sb tng véi toc do chay dao
T, vg/ ph | Bién s6 ung véi toc do truc chinh
Ham toan hoc vé duong kinh va sai so kich
Y, DK * Yss mm ,
thudc
Y, Ham toan hoc mo ta d6 nham bé mat

um




Yu EWh Ham toan hoc mo ta dd nang lugng tiéu thu
by, Céc hé sb ctia phuong trinh hdi quy
Phuong sai tai hién va phuong sai tuong
Sth > Stl ,
thich
At mm Khoang bién thién ctia chiéu sau cat
AF mm/ ph | Khoang bién thién cta toc do chay dao
AV m/ ph | Khoang bién thién cta toc do ct
Khoang bién thién cua sé vong quay truc
An vg/ ph
chinh
Hé s6 khoang cach mé rong tinh tir tim thi
a nghiém trong 1y thuyét thuc nghiém truc
giao
Ham da muc tiéu tong theo phuong phap
$x, w) ;
trong so
Trong s6 danh gia mirc d6 anh hudng cua
Wi \
tng ham muc tiéu thanh phan
f.(x) Ham muc tiéu thir i ¢4 chuan hoa
x Nghiém ham da muc tiéu (nghiém Pareto)
Gi4 tri dung sai kich thudc (gi61 han trén
ES,es mm
va gidi han dudi)
Gia trj sai s6 cho timg gia tri ham muc tiéu
Lsaiso %
trong mang tri tu¢ nhan tao
Gia tri sai sb tong trong mang tri tu¢ nhan
Tsaiso %

tao
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MO DAU

Ngay nay trong thot dai cong nghiép 4.0, viéc canh tranh trén thi truong &
moi linh vuc ngay cang khdc liét va thé hién trén nhiéu mat thong qua cac chudi
cung tng va chudi gia tri, dic biét 1a trong cong nghiép san xuit. Didu d6 dan
t61 sy thiét 1ap nhiéu tiéu chuan mdi trong gia cong. Yéu cau vé tién do thoi
gian va hiéu qua kinh té ngdy cang cao. Pay chinh 1a dong luc cho sy phat trién
ctia nhiéu qu4 trinh san xudt va san pham ki thuat méi. Gia cong cao toc chinh
1a mot trong cac giai phap dugc wu tién lua chon hang dau trong khoang 10
nam tr¢ lai day.

Sy phat trién ngdy cang nhanh chong ctia cong nghé vat liéu lam cho viéc
gia cong chi tiét tré nén ngay cang kho khin. Viéc tim kiém giai phap gia cong
m&i cho cac vat liéu mai 12 vo cling can thiét va gap nhiéu tré ngai. Nganh cong
nghiép khong gian doi hoi cac loai vat lidu bén nhiét, hop kim thép khong gi,
hop kim nhom, titan vira nhe vira bén... Nganh cong nghiép 6 to doi hoi cac
loai vat liéu ludng kim, composit, kim loai gan két vai graphit va nhom. Nganh
cong nghiép ché tao khudén mau lai yéu cau cha yéu vé gia cong tir tho dén tinh
cac vat liéu c6 do cung rat cao. Mt khac, yéu cau vé chat luong cua san phém
ngay cang cao va gia cong cao toc dam bao rat tot diéu nay. San pham sau gia
cong gan nhu khong phai sira ngudi. Pay 1a diém rat quan trong trong ché tao
khuén méu véi cac hinh dang hinh hoc dang 3D phirc tap. Mot trong nhitng yéu
td canh tranh chinh dé tiéu thu dugc san phém 1a tinh méi la. Vong do1 trung
binh ctia mot mau xe moi 1a khoang 3 nim, may tinh khoang 1,5 nam va dién
thoai khoang 3 thang. Poi hoi tién quyét cho sy phat trién chinh 1a su thay doi
nhanh vé thiét ké va thoi gian rat ngin dé dua ra thi truong san phim méi do.
Gia cong cao toc (High Speed Machining - HSM) chinh 14 giai phap ki thuat
phu hop.



Trong vai nam day, cong nghé in 3D phat trién manh mé&, mang lai luéng gi6
méi cho cong nghiép san xuat. Tuy nhién, cong nghé in 3D kim loai van con
dang rat méi mé, van can phai dugc nghién ctru nhiéu hon trude khi dua vao
tmg dung gia cong co khi chinh x4c. Do vay, gia cong cao toc van chiém vai
tro chu dao. Hon nira, sy phat trién manh mé cua cac nhiéu loai may gia cong
diéu khién s6 (Computer Numerical Control — CNC) té¢ do cao; céc loai dung
cu cét o thé gia cong cac vat li€u cung, si€u cung; hé théng truc chinh ctng
viing, do can bﬁng cao; hé diéu khién thong minh va su phat trién manh ctia céac
phﬁn mém CAD/CAM (CAD - Computer Aided Design: thiét ké co su tro gitip cia
may tinh, CAM - Computer Aided Machining: gia cong c6 sy trg gilip cua may tinh)
v6i kha nang tich hop va thich nghi cao di md dudng cho nhiéu loai hinh gia
cong méi voi nhidu giai phap ki thuat méi. Trong d6, phuong phap gia cong

cao toc dugc trng dung nhi€u nhat.

Panh gid nhu vay dé thdy rang, mang gia cong téc do cao van la linh vuc
con nhiéu van dé can giai quyét hién nay, nhat 13 & Viét Nam. Trang thai gia
cong c6 su khac biét rd rang so voi nhitng gi ching ta dd biét trude d6 nhu luc
cat, nhiét cét, rung dong, ma sat, mon dao, d§ chinh xac, nang lugng ti€u thu,
...Theo d6, nghién ctru ndm bat va lam cha duoc cong nghé gia cong cao tde
phuc vu cho nén san xuat trong nudc van can phai duoc thuc hién manh mé
hon nfra.

Tinh cap thiét ciia dé tai luin an

Thach thirc ciia nganh gia cong san xuat hién dai luon 1a nang cao chat
luong san pham, ting ning suit va giam chi phi ché tao. Dé giai quyét van dé
nay, cac nha san xuat thuong huéng dén thay d6i phuong thic gia cong san
Xudt va phat trién san pham véi gia thanh hop 1y. Trong bdi canh d6, gia cong
cao tdc 1a mot trong nhitng cong nghé san xuat hang dau duogc lua chon dé phat

trién trong nén san xuat hién nay. Cac linh vuc chinh st dung nhi€u cong nghé



gia cong cao téc gdm: linh vuc gia cong céac chi tiét vat liéu nhom trong san
xuét linh kién 6 t0, may tinh va thiét bi y té do linh vuc nay can toc do loai bo
vét liéu nhanh do quy trinh cng nghé thuong phuc tap va ¢ nhiéu nguyén
cong; linh vuc gia cong cac chi tiét nhom dai va thanh mong trong nganh san
xudt may bay; cudi ciing 1a nganh cong nghiép san xuat khuén mau lién quan
dén gia cong cac vat liéu cimg va siéu cimg.

Mot trong nhitng ddc diém chinh ctia cong nghé gia cong cao toc 1a thudng
st dung cac trang thiét bi, may moc hién dai va gia cong hiéu qua cac loai vat
lidu tién tién, kho gia cong c6 dic tinh luyén kim dic trung nhu thép hop kim
cing (thép C45 va SKD11 sau nhiét luyén), hop kim si€u cting (hop kim cta
Titan nhu TiAIN, TiCN, Ti6A14V, ...). B0 cing céac loai vat li¢u nay thuong
nam trong pham vi tir 40 dén 60 HRC. Pay 1a ving d cimg ma cac phuong
phép gia cong cat got truyén thong kho c6 thé thuc hién duogc. Do d6, can thiét
phai nghién ctru cong nghé gia cong cao tdc cho vat lidu hop kim cimg.

Trong gia cong cao tdc, c¢d rat nhidu yéu t6 can duoc xem xét nhu luc cit,
nhiét cat, rung dong, mon dung cu, nham bé mit, bién dang, hinh thai phoi, d0
chinh xac kich thudc, nang lugng ti€u thu. Trong sb do, chét luong bé mat, do
chinh x4c kich thudc ludn 1a mot trong cac tiéu chi hang dau dé danh gia hiéu
qua gia cong va chit lugng san pham. Chét lwong bé mit tdt gitp cai thién do
bén moi, kha ning chéng dn mon va tudi tho cua san pham. Mat khac, d6 nham
va do chinh xéc kich thudc trong qua trinh phay cao tdc s& co nhiéu diém khac
biét véi gia cong thong thudng do sy bién doi khac biét trén bé mat cimg cua
chi tiét trong qua trinh gia cong. Ning luong tiéu thu trong qué trinh gia cong
no6i chung va gia cong cao toc noi riéng chiém mot phan dang ké trong chi phi
san xuat nén can thiét phai duoc tinh dén trong danh gia tinh kinh té va ning

cao hi¢u qua cua ca qua trinh.



Mit khéc, gia cong cao tdc vat liéu cimg noi chung va gia cong phay thép
hop kim ctmg néi riéng c6 nhirng loi nhét dinh, dic biét loi thé vé khia canh
kinh té. Mdi cong nghé méi duoc hinh thanh ludn an ding sau né 1a loi ich vé
kinh té. Mot trong nhiing phuong thirc hiéu qua nhat dé ting tinh kinh té
trong san xudt d6 1a thay d6i truc tiép cac thanh phan tao nén tong chi phi
san xuat. Qué trinh phay cao toc thép hop kim cimg cling c¢6 nhiéu yéu td
anh hudng dén chi phi san xuat. Trong d6, nang luong tiéu thy, thoi gian gia
cong, chat luong san phém (do chinh xac kich thudc, dd nham bé mit, ced),
tudi bén dung cu cit 1a nhimg yéu t6 anh huong truc tiép nhat. Do dé, can
thiét phai xem xét dén cac yéu t6 nay khi phay cao toc thép hop kim cimng.

Rét nhiéu nghién ctru di chi ra rang, sy thay ddi cua cac thong sé cong
ngh¢ trong qua trinh cat got nhu van tdc cat, toc dod chay dao, chiéu sau cit,
bé rong cat c6 anh hudng rat 1on dén cac hién tuong vat 1y khi cat nhu lyc
cit, nhiét cat, rung dong, mai mon va anh hudng truc tiép dén chat lugng
san pham ciing nhu chi phi ché tao khong chi trong gia cong thong thudng
ma ca gia cong cao tdc. Viéc xay dung mo hinh toan hoc mo ta mbi quan hé
clia cac yéu td trén véi cac thong sd cong nghé 1a vo cing can thiét va 1a co
so cho viéce toi uu hoa qué trinh gia cong, gop phan quyét dinh dén viéc nang
cao chit lugng san pham, giam chi phi ché tao va nang cao ning suét.

TU cac van dé di néu & trén, ludn an da lya chon dé tai nghién clru:
“Nghién ciru toi wu héa ché dj cit khi phay cao toc thép hop kim sau
nhiét luyén trén mdy CNC” véi muc tiéu xdy dung mo hinh toan hoc va tbi
uu hoa cac thong s6 cong nghé nham giam nang luong tiéu thu khi phay tho
va tinh, ting do chinh x4c kich thudc va ting d6 nham bé mit khi phay tinh

cao tbc thép SKD11 sau nhiét luyén.



Muc dich nghién ctru ctia luan an

Nghién ctru toi vu hoa ché d6 cong nghé khi phay cao tdc thép hop kim ctng
trén may CNC thong qua nghién ctru 1y thuyét va thuc nghiém.
Poi twong va pham vi nghién ciu

Déi twong nghién ctru cta luan an 1a phuong phap phay cao toc cho thép
SKD11 sau nhiét luyén (d6 cting trén SSHRC).

Pham vi nghién ctru cta luan 4n 1a phay cao tdc tho va tinh hdc tron thép
SKD11 sau nhiét luyén (d6 cing 55 HRC) trén may phay ding cao tdc 3 truc
ctia hing DMG (thong sb cu thé caa may dugc thé hién trong phu luc 1). Dyung
cu cat 1a dao phay ngon lién khoi cuia hang YG chuyén ding cho gia cong cao
tdc thép sau nhiét luyén. Puong kinh phan cit va duong kinh can dao 1a 8mm,
s6 rang cat 1a 4, goc nghiéng helix 35 d6 va co phu 16p TiAIN.

Noi dung nghién ctru cia luan an

Nghién ctru co s xdy dung mo hinh toan hoc thé hién anh huéng cua cac
thong s6 cong nghé t6i ning luong tiéu thu khi phay cao toc tho, do chinh xac
kich thudc va d6 nham bé mat khi phay tinh cao toc thép SKD11 sau nhiét
luyén.

Nghién ctru thuc nghiém xay dung cac mo hinh toan hoc néu trén.

Nghién ctru co s& toi uu hoa va giai bai toan tdi vu nham giam ning luong
ti€u thu khi phay tho cao tdc, nang cao do chinh xac kich thuéc va do nham bé
mit khi phay tinh cao toc thép SKD11 sau nhiét luyén.

Phuwong phap nghién ciru ciia luin an

Phuong phap nghién ciru 1y thuyét két hop véi nghién ciru thyc nghiém dugc
st dung trong toan bd qua trinh thyc hi¢n luan an.

Nghién ctru 1y thuyét vé qua trinh gia cong cao tdc thong qua viéc tong hop

va danh gid két qua cac nghién ctru da dugc cong bo trudce day.



Thudng xuyén trao d6i, thao luan va tiép thu y kién cua cac nha nghién
clru, cac chuyén gia trong cac co sd dao tao va san xuat vé van dé lién quan
nhim xac dinh muc tiéu, phwong phap nghién ctru va trién khai thuc nghiém.

Thuc nghiém phay tho va tinh cao téc thép SKD11 sau nhiét luyén dé lay
dir liéu phuc vu x4y dung mo hinh toan hoc. Ly thuyét va phan mém quy
hoach thuc nghiém, xtr Iy s6 liéu duoc st dung trong cac nhi¢m vu nay.

Ung dung 1y thuyét t6i wu (céc thuat toan GA, PSO va mang tri tué nhan
tao) dé giai cac bai toan tbi uu trong qua trinh phay tho va tinh cao toc thép
SKD11 sau nhiét luyén.

Pong gop méi cua luan an

B sung kién thirc vé mé hinh, phuong phéap va két qua nghién ctru thuc
nghiém phay cao toc thép SKD11 sau nhiét luyén. Céac két qua cho phép phan
tich, danh gia sy anh huong cla cac thong s6 cong nghé dén nang lwong tiéu
hao, sai s6 gia cong va nham bé mat va lam co s& dé giai bai toan toi wu hoa

qua trinh gia cong.

D3 sir dung phuong phap t6i wu héa qué trinh gia céng don muc tiéu va
da muc tiéu vé giam ning luong tiéu thy, giam sai s6 kich thude va d6 nham
bé mit trén co sé ap dung giai thuat di truyén GA va giai thuat bay dan PSO
khi phay thép SKD11 sau nhiét luyén, gop phan lam phong phti thém co s 1y

thuyét cua cong nghé gia cong cao tic.

Pi xay dung dugc md hinh dy doan céac thong s6 cong nghé trong mién

kha thi theo yéu cau vé d¢ chinh xac gia cong trén co s¢ mang notron.

Da giai bai toan t61 vu don muc ti€u, da muc tiéu dé xac dinh b thong
sO ché do cat phu hop cac muc ti€u dat ra: tang do chinh xac gia cong, gidm

muc ti€u thu ndng lugng va gidam do nhdm bé mat gia cong.



Y nghia khoa hoc

Dua trén két qua nghién ctru 1y thuyét va thue nghiém vé qua trinh phay tho
va tinh cao tdc thép SKD11 sau nhiét luyén, mo6 hinh toan hoc thé hién mdi
quan h¢ cua cac thong s6 cong nghé vdi nang lugng ti€u thy, dd nham bé mat
va d6 chinh xac kich thudc duge xay dung. Pay 1a co sé khoa hoc dé nghién
ctru anh hudng ciing nhu tdi wu héa cac thong sd cong nghé ti cac muc tiéu
néu treén.

Phuong phap nghién ctru trong ludn an c6 thé duoc sir dung dé xac dinh anh
huong cua cac thong sd cong nghé t6i cac chi tiéu khac nhau trong qua trinh
phay tho va tinh cao toc thép SKD11 sau nhiét luyén noi riéng va cac vat liéu
kim loai khéac no6i chung.

Mat khac, phuong an dé xudt str dung thuit toan tri tu¢ nhan tao co thé 1am
co s& dé bat dau ung dung nhiing thanh qua cta cach mang cong nghiép 4.0
vao san xuét co khi.

Y nghia thue tién

Két qua nghién ctru c6 thé dugce sir dung dé giam t6i da niang luong tiéu thu
khi phay tho cao tdc, nang cao do chinh x4ac kich thudc va do nham bé mit khi
phay tinh cao téc thép SKD11 sau nhiét luyén, gop phan giam chi phi ning
luong, thoi gian gia cong va ning cao chét luong gia cong chi tiét.

Céu tric luin an
Lu4n 4n gom phan M6 dau, 04 chuong, két luan chung, tai liéu tham khao
va phu luc.

Chwong 1. Tong quan vé gia cong cao téc

Chuong nay trinh bay tong quan vé gia cong cao téc noi chung va phay cao
tdc thép hop kim cung noi riéng. Téng hop va danh gia co ban cac két qua
nghién ctru vé gia cong phay cao toc thép hop kim cing da duoc cong bd trong

va ngoai nudce. Panh gid co ban vé dnh hudng cta cic thong s6 cong nghé téi



mot s chi tiéu trong qua trinh phay cao téc thép hop kim cung. Tir d6 dua
ra cac nhan dinh can thiét dé xac dinh cu thé noi dung nghién ctru cta luan
an.

Chwong 2. Co 56 Iy thuyét khi phay cao téc va phwong phdp thuc
nghiém

MO hinh tinh toan nang lugng tiéu thy trén may CNC, van dé vé do nham
bé mit, 46 chinh xac kich thude va phuong phap thuc nghiém duogc xem xét
cu thé trong ndi dung ctia chwong. Viéc phan tich cac mo hinh tinh toan ning
luong tiéu thu khi gia céng trén may CNC trong cac cong bd khoa hoc trude
day va thong qua danh gia diéu kién san xuét thyc té tai Viét Nam cho phép
lga chon phuong an nghién ctru phu hop cua luan an. Viéc xdy dung mo
hinh todn hoc mé ta mdi quan hé giita cac thong sd cong nghé véi ning
luong ti€u thu, d6 chinh xéc kich thudc va d§ nham khi phay tho va tinh cao
tdc thép hop kim ctng duge xac dinh rd rang. Co so 1y thuyét phuong phap
quy hoach thuc nghiém truc giao cap 2 dugc phan tich cu thé.

Chwong 3. Thurc nghiém phay cao toc thép hop kim sau nhiét luyén

Chuong nay tap trung mo ta he théng thuc nghiém, cac bai toan thuc
nghiém, két qua thuc nghiém va xay dung mo hinh toan hoc thé hién su anh
huong cta cac thong sb cong nghé toi ning luong tiéu thy, d6 chinh xé4c gia
cong va do nham bé mit khi phay tho va tinh cao tdc thép SKD11 sau nhiét
luyén thong qua 1y thuyét quy hoach thuc nghiém, lam co s& cho viée giai
bai toan t6i uu & chuong sau. Két qua tinh toan duoc kiém chtng trén modul
ANOVA ctia phan mém DESIGN EXPERT 12.

Chuwong 4. Toi wu héa cdc théng sé cong nghé khi phay cao toc thép
hop kim sau nhiét luyén.

Chuong cudi nay trinh bay thuat toan, phuong phap giai va két qua bai

toan toi vu don myc tiéu va t6i wu da myc tiéu nang luong tiéu thu khi phay



thd cao tdc, nang cao do chinh xac kich thudc va tdi wu do nham bé mait khi
phay tinh cao toc thép SKD11 sau nhiét luyén. Panh gia anh hudng cua cac
thong sb cong nghé t6i cac dai lugng. DE xuit phuong an st dung mang tri tué
nhan tao trong viéc dy doan cac thong sd cong nghé khi cd yéu cau cho trude

vé d0 chinh xéac kich thudc dya trén phuong trinh hoi quy.
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CHUONG 1. TONG QUAN VE GIA CONG CAO TOC

Noi dung ctia Chuong tap trung vao trinh bay téng quan vé gia cong cao
tbc noi chung va phay cao toc thép hop kim ctimg néi riéng. Tong hop va
danh gia co ban cic két qua nghién ctru vé gia cong phay cao tdc thép hop
kim ctmg da dugc cong bd trong va ngoai nudc. Panh gia co ban vé anh
hudng ciia cac thong sé cong nghé téi mot sd chi tiéu trong qua trinh phay
cao tdc thép hop kim ctng. Tir d6 dua ra cac nhan dinh can thiét dé xac dinh
cu thé ndi dung nghién ctru cua ludn an.

1.1. Tong quan vé gia cong cao toc
1.1.1. Pinh nghia gia céng cao téc
Theo nghién ctru cta C. Salomon [20], ngudi da nhan bang sang ché cua

Puic ndm 1931 (s6 hiéu 523594) nghién ctru vé qua trinh mon dung cu, nhiét
cit va téc do cat toi han thi cho rang gia cong cao toc 1a kiéu gia cong co tbe
d6 cit gap 5 dén 10 1an gia cong thong thuong, nhiét do tai ving cat s& giam do
duoc truyén sang cho phoi. Gia cong cao tdc duge xem xét dya vao cac yéu to
sau: Gia cong voi tée do cit cao, gia cong véi toc dd chay dao cao, gia cong

vo1 toc do cat cao va toc dd chay dao cao, gia cong vai hi€u suat cao.

Hop kim nhom

Hop Kim ﬂfmg

Gang

Theép

Hop kim Titan

Vit liéu Inconel

10 100 1000 10.000
Van toc cat (m/phiit)
Viing chuyén tiép - Viing cao toc

Hinh 1. 1. Vung t6c do cat cho mét sé loai vat lidu [19]

V¢é co ban, co6 thé cho rang gia cong cao toc la cong nghé gia cong ma ¢ do

su két hop cua tbc d6 truc chinh cao, lugng an dao 16n (high feed), hé¢ diéu
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khién s6 (CNC) cao cép, thiét bi ga dao 6n dinh, can béng; dung cu cat dam bao
va phﬁn mém CAD/CAM phu hop Uimg véi mdt loai vat liéu cit cu thé. Gia
cong cao tdc cling co thé ap dung cho nhiéu loai vat liéu khac nhau va dinh
nghia gia cong cao tdc ciing hoan toan phu thudc vao loai vt lidu gia cong
(hinh 1.1).

Phuong phap gia cong cao téc c6 nhiéu wu diém noi troi khi ting dan téc do
cit nhu nang sut cit got ting, chat lugng bé mit tang, luc cit giam. Tuy nhién,

cang tang toc do cat thi tudi bén dung cu cit cang giam (hinh 1.2)

Ning suét cat

Chat lueong bé mit
chi tiét gia cong

Caic chi tiéu

Luec cit

Tudi bén dung cu cit

Toc 4 cit ——— =
Hinh 1. 2. M{t sé dic diém chinh cia gia céng cao toc [20]

1.1.2. So sdnh gia céong thong thwong va gia cong cao toc
So véi gia cong truyén thong thi gia céng cao tdc c¢6 nhitng vu diém ndi bat.

Gia cong cao toc c6 thé lam giam thoi gian gia cong dén 50% va giam dén 30-
50% chi phi gia cong, tiy treong hop [88]. Vi du, ta co thé so sanh ba quy trinh
gia cong khuoén mau dién hinh (hinh 1.3).
a. Quy trinh A: gia cong thong thuong

(1) Phoi gia cong chua nhiét luyén

(2) Gia cong tho

(3) Gia cong ban tinh

(4) Nhiét luyén dat 46 climg theo yéu cau
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(5) Gia cong tia ltra dién (EDM: Electrical Discharge Machining) cac vi tri
kho gia cong (chiéu sau 16n, ban kinh nhé hodc khe nho...). Tai nguyén
cong nay phai mat thoi gian va chi phi cho gia cong dién cuc

(6) Gia cong tinh bé mit sau nhiét luyén

h SN
-PH-PH#P%%*W

4

a7
5 6

B

Hinh 1. 3. Cdc quy trinh gia céng trong ché tao khudn [30]

(7) Stra nguoi

c -
1
U . Sitangupi

b. Quy trinh B: gia céng bdn cao téc

Dang gia cong nay chi thay thé nguyén cong (5) (EDM) bang nguyén cong
tinh cao toc. Sau d6 stra ngudi. Dang B giam dugc 1 nguyén cong so véi dang
A.
c. Quy trinh C: gia céng cao toc

Dang nay ngay tir dau da str dung phuong phap phay cao toc tir nguyén cong
phay tho (2) dén nguyén cong phay tinh bé mat (4) véi cac dang dao khéac nhau.
Piém dic biét 1a ngay tir khi ché tao phdi (1), nha san xuat da nhiét luyén ngay
tir dau nén giam dugc 2 nguyén cong gay mat thoi gian va chi phi.

Trén thyc té, quy trinh B thudng ap dung cho céc chi tiét 16n, chiéu sau 16n.
Quy trinh C nén 4p dung cho cac chi tiét khong qué 16n va chiéu sau khong 16n.

Ngoai ra, gia cong cao tbc dam bao hon gia cong thong thudng ¢ toe d6 boc
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vat liéu cao, chat lugng bé mat gia cong tdt, 36 chinh x4c cao, c6 kha nang gia
cong duge cac gan mong, thanh mong va giam viéc tao bavia, it gdy hu hai bé
mit gia cong. Bang 1 thé hién thong sb vén tdc cit so sanh giira gia cong thong
thuong va gia cong cao tdc.

Bdng 1. 1. So sdnh vdn téc cdt gia cong truyén thong va gia cong cao toc

(m/phut) [30]

Gia cong
Do clirng ; . HSM thé | HSM tinh
Vit liéu truyén thong
(HB) (m/phut) | (m/phut)
(m/phut)

Thép 01.2 150 <300 >400 <900
Thép 02.1/2 330 <200 >250 <600
Thép 03.11 300 <100 >200 <400
Thép 03.11 390-480 <80 >150 <350

Thép 04 480-580 <40 >100 <250

GC1 08.1 180 <300 >500 <3000

Nhom 60-75 <1000 >2000 <5000
Non-Ferr 100 <300 <1000 <2000

1.1.3. Ung dung ciia gia cong cao toc
Gia cong cao toc duoc chu yéu trong cac linh vuc cong nghiép chinh nhu

sau:
a. Gia céng linh kién va thiét bi trong céng nghiép 6 16, y té, mdy tinh, hang
khong va vii tru.

Trong céc linh vuc ndy, hau hét cac linh kién déu co vat liéu 1a hop kim
nhom véi céc chi tiét dang khung, sudn may bay va cac thiét bi nhe khac [56],
[95] (hinh 1.4) va hop kim ti tan trong linh vuc hang khong, vii tru [40], [46],
[52] (hinh 1.5).
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Hinh 1. 5. Pong co hang khong lam bang hop kim titan
b. Céng nghiép ché tao khuén mau
Gia cong khuon mau 1a mot trong nhiing cong viée dién hinh cia nganh co
khi ché tao. Gia cong cao toc c6 thé tng dung trong khudén mau tir gia céng tho,
béan tinh va tinh dam béo tiét kiém thoi gian, do chinh xac rt cao, chét lugng

bé mat gia cong cao dén murc co thé khong can gia cong stra ngudi [62].

Hinh 1. 6. Gia cong khuén mau cao toc
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Mit khac, véi cac bo khudn doi hoi d chinh xac cao, nha san xuét thuong
phai nhiét luyén phoi trude khi gia cong nhim 1am ting d6 chinh xac sau gia
cong. Gia cong cao tdc 14 lwa chon hang dau dé dam bao duy tri duoc viée gia
cong khudn c6 do cung cao (hinh 1.6).

Ngoai cac tmg dung chinh ké trén, gia cong cao tdc con duge ing dung gia
cong & nhiéu khia canh khac nhu gia cong cac cuc, dién cuc c6 do cung rét cao
hodc thanh rat mong dung cho cong nghé gia cong bang tia lira dién. Gia cong
cac thiét bi y té siéu nho, siéu mong, cac bd phan may tinh, cac loai canh dong
co may bay, tén lira, tau thuy...

1.1.4. Han ché ciia gia céng cao téc

Gia cong cao toc cling c6 nhirng han ché nhat dinh. Van dé dau tién chinh la
hé théng cong ngh¢ voi nhitng yéu cau cao vé may, dung cu cat, hé diéu khién,
... Qué trinh gia cong bang phuong phap nay thi cac chuyén dong ludn co gia
tdc 16n, viée ting téc va giam tdc ciing nhu viéc khai dong hay dimg cac truc
s& gay mon cho cac thanh dan huéng, cac 6 truc, 6 bi...Chi phi cho viéc sira
chira, thay thé s& rat 1on. Yéu cau cao vé kién thuc l4p trinh, nam bét tinh cong
nghé khi gia cong cao tc. Quy trinh cong nghé phai rat chuan. Vi 1a phuong
phap gia cong c6 thé ap dung cho nhiéu loai vat liéu khac nhau, do cing khac
nhau v&i nhiéu dai thong s6 khac nhau nén can c6 rt nhiéu thir nghiém dé dam
bao tinh cong nghé khi khai thac cong nghé gia cong cao toc. Pac biét, do day
1a loai hinh gia cong & tbc do rat cao nén khi di xuat hién 18i di phan ctng hay
phan mém déu gay nguy hai rat 1on.

1.2. Tong quan nghién ctru trong va ngoai nwée vé van dé cin quan tim

cua luan an.
Nhu da trinh bay ¢ Phan m¢ dau, van dé quan tam nghién ctru cua luan an

duogc tap trung chu yéu vao nang luong tiéu thu khi phay tho cao toc thép hop
kim ctmg, d6 chinh xac kich thudc, d6 nham bé mat khi gia cong tinh thép hop

kim cung. Xay dung mo hinh todn hoc mo ta moi quan hé gitta cac thong so
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cong nghé voi cac yéu t néu trén 1a nhiém vu quan trong hang dau. Toi uu hoa
cac thong $6 cong nghé ddi vi cadc ham muc tiéu dya trén mo hinh toan hoc 1a
muc tiéu cudi cing cta ludn an. Tuy nhién, trudc hét ta can xem xét tong quan
cac cong trinh nghién ctru vé cong nghé gia cong cao toc hop kim cirng trong
va ngoai nudc nhiam xac dinh rd nhitng ndi dung di, dang va s& tiép tuc dugc
giai quyét.

Trong gia cong cat got kim loai, gia céng vat liéu cimg noéi chung va thép
hop kim cting néi riéng ludn 1a van dé kho khan, phtc tap bdi cac hién tugng
vat 1y clia qué trinh cit cling nhu yéu cau gia cong c6 nhiéu khac biét so véi
gia cong cao toc nhom, hop kim d6 cting thap va trung binh (dudi 30HRC)
hay gia cong thong thuong. Tuy nhién, trén thyc té, néu chiing ta nam duoc
nhimg dic diém co ban va giai quyét cac van dé mot cach chinh xac thi qua
trinh gia cong cao toc hgp kim cting s& trd thanh mot quy trinh c6 thé du
doan duoc. Lic nay, van dé gia cong cét got vat lidu ctng s& trd nén thuan
loi hon ma mang lai 1gi nhuan cao vé kinh té.

D& nhan thay, cac loai hop kim nhu hop kim cta Titan, thép hop kim sau
nhiét luyén (d9 ciing trén 40HRC) 1a cac loai vat liéu kho cat do 6 do cung
cao, d6 bén nhiét cao, kha nang chéng mai mon hoéa hoc cao. Nhiét do va tng
sudt ludn cao tai ving cit trong qua trinh gia cong do din nhiét kém, gy anh
huong dén mon dao va hinh thai phoi gia cong, ting chi phi gia cong. No6i cach
khac, khi dé cap dén van dé gia cong cao toc hop kim ciing, ta thuong quan tim
dén kha ning gia cong ching. Kha ning gia cong (machinability) thé hién mirc
do dé dang cua vat lidu dugc cat got theo két cAu duoc yéu cau. Céc yéu t6 nhu
luc cat, nhiét cat, rung dong, chét lugng bé mat, mon dao, nang lugng hao phi
déu anh hudéng dén tinh hoan thién cta két ciu nén c6 thé duge coi 1a co s dé
danh gi4 kha nang gia cong [23]. Qua trinh gia cong cao toc hop kim nhom va

hop kim do cting thap da dugc rat nhiéu cong trinh nghién ctru xem xét va dé
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cap bao gém luc cét, nhiét cat, rung dong, do nham bé mit, mon dao, ... Nhiing
cong trinh nay duoc liét ké va mo ta cu thé trong cac cong trinh nhu [7], [8],
[9]. Tuy nhién, gia cong cao téc hop kim c6 do cimg cao thi chua c6 nhiéu cong
trinh tap trung nghién ctru. Phan dudi day dé cap mot s cong trinh dién hinh
nghién ctru vé vén dé néu trén.
1.2.1. Cac nghién cvru trong nwoc

Céc cong trinh nghién clru trong nude chu yéu tip trung vao phan tich, ddnh
gid anh hudng cua céac thong s6 cong nghé tdi luc cit, dd nham bé mit, mon
dao, rung dong, hinh thai phoi. Pién hinh 13 cac nghién ctru trong [7], [8], [9].

Cong trinh [7] nghién ctru t6i wu hoa cac thong s6 cong nghé khi phay cao
tdc thép C45 chwa nhiét luyén (16-24HRC) thong qua xay dung cac ham muc
tiéu d6 nham bé mat. Cac mo hinh todn hoc danh gia danh hudng cua cac thong
s6 cong nghé t6i luc cat, rung ddng va luong mon dung cu cling duge xac dinh.
Cu thé: tac gia da phan tich rd mo hinh tinh toan luc cit khi phay cao toc bang
dao phay lién khéi, van dé 6n dinh rung dong, cac dang mon va chi tiéu mon
dung cu. Két qua nghién ctru thuc nghiém di cho phép xay dung duoc mo hinh
toan hoc mo ta anh hudng cua cac thong sb cong nghé (van tdc cit v, toe do

chay dao f va chiéu sdu cit a ) toi lue cat, 6 nham bé mit, rung dong va mon
dao. Két qua thuc nghiém véi luc cit theo cac phuong X (F,), Y(F)), Z(F.)
va tong hop XY (F,) (hinh 1.6):

-0.5533 0.2389 _0.5346 -0.5279 ,0.2678 0.5260
F =179y " f57 a 7 F, =2163v " 7" a

p p

_ —0.8292 0.4368 0.7617, _ -0.545 ,0.2608 0.5277
F,=63% S a, T, =27352v T 7  a,

p

(1.1)

Dua trén két qua danh gia cua tac gia, chiéu sau cat anh hudng nhi€u nhat to1

luc cat. Két qua thuc nghiém vdi1 d§ nham bé mat R, (hinh 1.7):

Ra — O 144 1v—0.3023f0.3824a0.0572 (1 2)

p
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Hinh 1. 7. D6 thi mé ta anh huong ciia cac thong so cong nghé v, f,a téi lec
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Hinh 1. 8. D6 thi mo ta anh huong cua cac thong so cong nghé v,f,ap toi do
nham bé mat [8]
Tac gia danh gia, van toc cat anh huong nhiéu nhat dén d6 nham bé mat. Két

qua thyc nghiém voi rung dong theo cac phuong X (4,), Y(4,) va tong hop
XY(4,,) (hinh 1.9):

~0.0793 £0.0741 _0.3469
A =1316v S a

p

A — 1.57V—0.0742f0.1058a0.3606 (13)

y p

Axy — 1.653v—0.0766f0.0911ag.3542

-
-— -

.lu'l'l\&
III i

Hinh 1. 9. D6 thi mé ta anh huéng ciia cdc thong sé cong nghé v, f,a,toi
rung dong theo phuong X [8]
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Theo d6, chiéu sau cat anh huong nhiéu nhat téi rung dong. Két qua thuc
nghiém vé1 luong mon mat dao VB vaéi thot gian 7:

VB — 00 1 74v0.6205f0.2409a;)7.0823Z_l.3876 (1 4)

Tac gia két luan rﬁng van tbc cit va tée do chay dao anh huong nhiéu nhét dén
luong mon mat dao. Bai toan t6i wu hoa duge tac gid lya chon la t6i wu hoa do
nham bé mit bang thuat toan t6i vu bay dan (PSO). Két qua tdi uu cho phép
xac dinh do nham nho nhat véi cac diéu kién bién cho trude vao khoang do
nham cp 8, cip 9 va bo théng sé cong nghé twong tng.

Cong trinh [8] nghién ctru anh hudng cac thong sd cong nghé tdi luc cit,
mon dao va d6 nham bé mit khi phay cao tbc bé mat vat liéu khuoén SKD11
nhung chua qua nhiét luyén. Theo d6, tac gia phan tich chi tiét cac van dé vé
luc cat, mai mon, d6 nham bé mat, nhiét cat, rung dong xay ra trong qua trinh
phay cao toc khudn. Két qua nghién ctru thyc nghiém twong ty nhu cong trinh
[8] v6i cac phuong trinh toan hoc mé ta anh hudng cta cac thong sb cong nghé
t6i luc cat (hinh 1.10), 6 mon dung cy (hinh 1.11), 36 nham bé mat (hinh 1.12)
v6i dao phay ngoén va dao phay cau. Theo két qua nghién ctru, thanh phan luc
Fy c6 gia tri 16n nhét, toc do chay dao anh huong nhiéu dén luc cét; cac thong
s6 cong nghé tang thi dd mon tang; toc do chay dao va chiéu sau cat anh hudng

nhiéu nhat dén d6 nham.

]
\\\\E\\\\

Luc cat Fy (N}
Luc chtFy @)

. 0iZ 200 2 . .
Chieu sau cat t (mm) Wan toc cat V {miph)  Lueng chay dao s {mit) an toc cat V' (miph) Chiieu sau cat t (mm) ) o Luong chay {mmir)
chay dao =

Hinh 1. 10. D6 thi mé ta anh huong cua cac thong so cong nghé v, f,a , toi

luc F, vdi dao phay ngon [9]
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Hinh 1. 11. D6 thi mo ta anh huong cua cdc thong so cong nghé v, f,a , toi do

mon dung cu voi dao phay ngon [9]

KA
e entestr sl
bty ey
(A LRICRICK
GRS
G

Do nham R (micromet)

oz
Luong cray dan s (mm) Van o cat v jmiph) keny e it 1 e} e van ine cat v (migh) Chiss sau cat t gmm) L Luceg chay dac s jmmir)

Hinh 1. 12. D6 thi mé ta dnh huéng cia cdc théng sé cong nghé v, f,a,tdi do
mon dung cu voi dao phay cau [9]

Cong trinh [9] nghién ciru qua trinh tao phoi khi phay cao tc hgp kim nhom
Al6061 thong qua xdy dung mé hinh toan hoc mé ta anh huong ctia ché do cat
t61 luc cat, d6 nham, rung dong, vét tiép xuc gitta dao va phoi, hé s6 co rat phoi.
Tuong tu nhu cong trinh [7] va [8], tac gid phan tich, m6 hinh héa qua trinh tao
phoi, luc cat, rung dong va 6n dinh rung dong khi phay cao toc hop kim nhom.
Piém khac biét n6i bat 1 nghién ctru qua trinh tao phoi va danh gia anh hudng
ctia cac thong sb cong nghé t6i hé sb co rat phoi.

D@ thay, vé co ban cac cong trinh nghién ciru dé cap dén gia cong phay cao
tdc cho vat liéu hop kim c6 d6 ctirng thép, danh gid sy &nh hudéng cua cac thong
sb cong nghé to1 luc cat, rung dong, d0 nham, lugng mon dao 1a chu yéu. Chua
c6 cong trinh dé cap dén van dé vé nang luong hao phi, do chinh xac kich thudc,

tudi bén dung cu cit khi gia cong phay cao téc hop kim cung.
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1.2.2. Cac nghién cvru ngoai nwdc
Van dé gia cong cao toc hop kim cing da duoc quan tdm nghién cuu trén

thé giéi tir nhiéu nam. Tuy nhién, do gidi han vé cong nghé san xuat may, dung
cu cit va cac trang thiét bj do ma cac cong bd vé van dé nay chwa cd nhiéu.
Duéi day 1a mot s6 cong trinh dién hinh.
a. Luc cdt

Luc cit 1a mot yéu td rat quan trong trong qua trinh gia cong. Luc anh huong
nhiéu dén nhu cau ning luong cung cip, may, dung cu cat, nhiét cat va rung
dong. Khong nhiing thé, xac dinh duoc luc cat thi co thé danh gia anh huong
ctia no t6i kha ning gia cong cat got, qué trinh hinh thanh phoi va chat luong
bé mit ciia san pham. M6 hinh tinh toan luc cat khi phay cao toc da duogc rat
nhiéu cong trinh dé cap va nghién ctru nhu trong [13], [18], [54], [95] va duogc
mo ta lai trong cac cong trinh [7], [8], [9]. Tuy nhién, cac cOng trinh gia cong
cao toc hop kim ctng thi chua duoc dé cap dén. Mot s cong trinh nghién ctru
dién hinh vé luc cat khi gia cong cao tdc hop kim cimg c6 thé xem xét nhu dudi
day [37], [50], [62], [78].

Nghién ctru ciia Ozel [37] khi gia cong tinh cao toc dbi vdi thép hop kim
AISI H13 (50-55 HRC) cho théy, luc cat khong chi bi anh hudng cta cac thong
s6 cong nghé ma con bi anh hudng boi hinh dang hinh hoc ctia dung cu cat va
d6 cting ctia phoi. Lawani [50] thuc nghiém gia cong tinh cao toc thép hop kim
MDN 250 (50HRC) thi cho két qua rang, tbc do cat anh hudng khong nhiéu
dén lyc cat ma chiéu su cit moi 1a yéu té anh hudng déng ké nhét (t6i 89%)
trong mé hinh lic cit. Cac két qua thuc nghiém trong [58] khi gia céng tién cao
tdc thép hop kim AISI H11 (40-50HRC) véi dung cu cit phit CBN thi luc cét
bi 4nh huong chu yéu boi chiéu sau cit va do cimg cta phdi (hinh 1.13). Zhao
[62] thuc nghiém gia cong cao tdc khudn mau véi vat liéu P20 (3Cr2Mo)

(35HRC) thi cho két qua rang, véi duong kinh dao nhé (D8mm) thi anh huong
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ctia tbc do chay dao dén luc cit 1a khong rd rang. Theo nghién ctru cia Pawade
[66] khi gia cong cao toc hop kim cing Inconel 718 (36HRC), trong cac thong
s6 cong nghé thi luc cit chiu anh huéng nhiéu nhat béi toc d6 chay dao. Fang
[78] so sanh gia cong cao toc hai loai vat liéu cung 1a hop kim Ti6Al4V
(36HRC) va Inconel 718 (36HRC). Két qua cho thay, khi tbc d6 cit ting thi
cac thanh phan cta luc cat déu ting. Véi cing diéu kién gia cong thi luc cat khi

gia cong Inconel 718 cao hon. Mon canh dao khong 1am ting dang ké luc cit.

300 300
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Chiéu siu cit (mm)
Hinh 1. 13. Anh hieong ciia cdc théng sé cong nghé tdi lyc cdt [58]

b. Nhiét cdt

Khi qua trinh cat got bat dau thi bién dang déo cua vat liéu cat s& xuat hién
va sinh nhiét ving cit. Gan nhu c6 thé gia thiét rang toan bd ning luong cit
can thiét dugc chuyén thanh nhiét. Su sinh nhiét trong qua trinh gia cong s& lam
tang dan nhiét do tai ving cat. Nhiét cat c6 anh hudng téi d6 bén, do cimg, do
chéng mon, tudi bén dao va gy anh hudng dén viée kiém soat do chinh xac

kich thudc gia cong, d0 nham bé mat. Mot s6 nghién ctru dién hinh veé nhiét cat
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khi gia cong cao tdc ciing duoc trinh bay trong [7], [8], [9], con vé gia cong cao
tdc hop kim cimg c6 thé xem xét trong [26], [33], [39], [41], [49], [99]. Cu thé:

Ueda [26] nghién ctru thuc nghiém dé danh gia nhiét cit trén dung cu cit
khi phay cao toc hop kim thép AISI 1045. Két qua cho thy chiéu sau cat va
tdc do cit anh hudng nhiéu dén nhiét cét trén dung cu cit hon téc d6 chay dao
trong diéu kién thi nghiém. Anh hudng cua toc do cit 1a cao nhat. Ren [33] xéc
dinh nhiét cét trong qua trinh bién ctng vat liéu khi gia cong cao tdc hop kim
Ti (41HRC) bang dung cu cat pha PCBN. Két qua thé hién rang, nhiét cit ting
khi téc do cit va toc do chay dao ting. Abukhshim [39] da sir dung phan tich
phan tir hitu han dé udc tinh luong nhiét truyén vao dung cu cat trong qua trinh
gia cong cao tdc cta thép hop kim cudng d6 cao AISI 4140 bang cach st dung
dung cu cat khong 16p phi. Két qua cho thay nhiét do tiép xuc giita dung cu
cat-phoi ting 1én cing véi su gia ting téc do cat. Piéu nay duogc cho 1 nhiét
cit da truyén vao dung cu cit. Rech [41] nghién ctru dic tinh héa hoc cua 16p
phu TiN va N+MoS2 trén dung cu cat khi gia cong kho cao tc thép hop kim.
Nghién ctru cho thay, cac 16p phu c6 tac dung giam tiép xtic cua dung cu, giam

d6 day ctia ving cat thir cdp va giam nhiét khi gia cong.

Nhiét cit (d6)

Nhiét cat (36)

0.068
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Téc &6 chay d
(Yfl[lg)"phl:lt} (IJ.I.IJ.I.} o.os T B.00 oc do chay dao

(mm/phit)
Hinh 1. 14. Anh huréng ciia cdc thong sé cong nghé téi nhiét cdt [99]
Igbal [99] nghién ctru anh hudng cta cac thong s6 cong nghé téi nhiét cat khi

phay cao tdc vat lidu SiC (vat liéu Ceramics) bang dao phii kim cuong (hinh
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1.14). Két qua chi ra, tat ca cac thong s6 cong nghé déu anh hudng toi nhiét cit.
Khi tang tdc do cit véi do siu cat 1on thi nhiét tang. Chiéu sau cét nho hon thi
nhiét giam. Tang téc do chay dao thi lam ting nhiét cit & moi trudng hop. Két
hop céc diéu kién thi nghién ctru chi ra, tang tbc do ct, giam déng thoi tée do
chay dao va chiéu sau ct thi nhiét cit giam.

¢. Rung dong

Rung dong 12 mot hién tuwong rat phd bién trong gia cong cat got. Hién
tuong ndy anh hudng 16n dén chat lugng san pham (d6 chinh xac kich thudc,
d6 nham bé mat) va hiéu qua kinh té. Van dé nay dic biét nghiém trong trong
gia cong cao tdc bai nd han ché rat nhiéu hiéu qua von 12 wu diém cia loai hinh
gia cong ndy. Pa c6 rat nhidu nghién ctru chi tiét ca vé 1y thuyét va thuc nghiém
vé van dé nay trong qua trinh gia cong cao tdc, dién hinh nhu [31], [59], [101],
[108], [115].

Inspeger [31] thyc hién phan tich va thir nghi€ém rung dong trong qua trinh
phay. Mot s6 tan s6 duoc xac dinh do qué trinh tryc chinh quay khong 6n dinh.
Céc biéu do 6n dinh ctia mé hinh co hoc phay cao téc ciing duoc xdy dung va
thir nghiém. Dijk [59] dé xudt giai phap kiém soat chién luoc gia cong nham
diéu chinh tbc do cit va tbc do chay dao dé han ché anh hudng ctia rung dong.
Tat nhién, tac gia cling phat trién thuat toan nhan biét anh hudng cua rung dong
dira trén danh gia bé mat gia cong truc tuyén (hinh 1.15). Krishnakumar [101]
theo ddi va phan tich rung dong trong qué trinh gia cong cao toc hop kim cling
Ti6Al4V nham danh gia tinh trang cua dung cu cit dya trén thuat toan hoc may
(Machine Learning) va mang no tron (ANN). Sekar [115] xay dung phuong
trinh vi phan mo ta yéu t6 rung dong trong qua trinh phay cao tdc dua trén phan
mém MATLAB trong thoi gian thuc. Két qua nghién ctru cho phép nghién ctru
mo hinh héa rung dong véi cac hiéu ung phi tuyén tinh mot cach dé dang vai

hai di€u kién cét 6n dinh va khong 6n dinh.
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Hinh 1. 15. Mat do phé cong sudt tai 6 do truc chinh [59]
d. Mon dung cu cdt va tuéi bén dung cu cat
Dy doan va kiém soat mon dung cu cat 1a mot trong nhiing van dé rat quan
trong ctia nha san xuat trong gia cong cat got. Tudi bén dao ludn bi gii han boi
mot loat cac yéu t mon dung cu. Tudi bén cia mot dung cu cit c¢6 thé duoc
x4c dinh tir khi bat ddu duoc st dung gia cong cat got cho dén khi dung cu do
khong con dam bao yéu cau cat got dé ra. Mot sd cong trinh da dé cip va nghién
ctru dén van dé nay [21], [29], [51], [58], [60], [63], [71], [77], [83].

Mafoudi [51] nghién ctru hao mon dung cu cat khi gia cong cao toc hop
kim ctmg bang dao phtt PCBN (hinh 1.16). Tac gia dé xuét phuong an thay d6i
hinh dang hinh hoc ctia dao dé giam hién twong mon khéc liét trén dudng cong
mon. Senthikumar [60] nghién clru thuc nghiém vé nham bé mit va hién tuong
mon dao khi gia cong tién cao tdc Inconel 718. Két qua cho thay tdc do cit va
chiéu sau cit anh huong 16n dén mon dao. Pé xac dinh tudi bén cia dao
Honghua [71] va cic cong su di nghién ctru tudi bén dao lam tir vat liéu
PCD/PCBN khi phay cao toc Titan TA15. Két qua cho thay tudi bén cta dao

PCD dai hon tudi bén ciia dao PCBN & cung diéu kién cat. Nghién ctru ciing
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chi ra mai mon dung cu cat & toc do cao la do khuéch tdn mot phan vat liéu
phoi trén mat trude cua dao. Qua trinh oxy hda mon xay ra trong vung ti€p xUc

cua dao va phoi.
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Hinh 1. 16. Panh gid mon dao theo vin tdc cdt va thoi gian gia cong [51]
Mot nghién ctru khac vé tudi bén va co ché mai mon khi gia cong cao téc hop
kim Ti-6Al1-4V bang dung cy PCD dudi ap suat cia dung dich lam mat cua tac
gia Silva [77] va cac cong su. Nghién ctru két luan ring ap suét lam mat cao
pht hop véi tée d6 cit thap, con khi gia cong cao tdc thi khong cé sy khac biét
nhiéu xay ra. Mili dao 14 noi bi mai mon chinh khi gia cong Ti-6Al1-4V voi dao
PCD sir dung 1am mat thong thuong va lam mat p suét cao. Lyc cat va co ché
mai mon dung cuy cat duge nhom tac gid Tian [83] nghién ctu cho vat licu
Inconel 718 véi vat liéu dao 1am bang gbm Sialon. Nghién ctru chi ra co ché
pha hay ciia dao ciing thay d6i theo toc do cat. Vi toe do cat cao trén 1000
m/phut thi dung cu céat bang gdm Sialon khong phi hop, sy mai mon lam chat
luong bé mit xau di va giam tudi bén dung cu. Cac tac gia cling két luan rang
voi diéu kién cit kho, ma sat cét 1a rat 16n va dung cu cit béng gém s€ b1 mon
nhanh diéu nay khong that sy phu hop khi phay cao téc v6i Iconel 718.

e. Sw hinh thanh phoi cdt
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Gia cong cat got 1a qua trinh cit bo mot luong vat li¢u nhét dinh dé tao hinh
thanh chi tiét theo yéu cau. Luong vat liéu cét di duoc goi 1a phoi. Phoi c¢6 cac
dang chil yéu nhu phoi vun, phoi day tily thudc vao vt liéu cit va thong sé cit.
Nghién ctru su hinh thanh phoi cho phép du doan duoc qué trinh cat got, do
bén, d6 nham bé mat, mon dao, tudi bén va nang luong cit got. Mot ) cong
trinh nghién ctru vé phoi khi gia cong cao tdc hop kim cimg c6 thé xem xét
dudi day [21], [27], [95], [88].

Barry [27] nghién ctru co ché tao phoi khi gia cong cao tc thép cimg (40-
65HRC) (hinh 1.17).

Hinh 1. 17. Kich thudc va huong co rut phoi dang rang cua [27]
Nghién ctru cho thiy viéc chuyén tir phoi day sang phoi phan doan xay ra tir tir
va giam lién tuc ty 1 chiéu day trung binh cua phoi (twong dwong véi su gia
tang chiéu dai cta phoi). Nghién ctru ciing dd xac dinh hé sb co rut phoi (ty 18
d6 day phoi) duoc dinh nghia 12 bang chiéu rong ctia phoi chia cho chiéu rong
16p kim loai chwra cat. Wang [95] nghién ctru co ché hinh thanh phoi va sy thay
d6i hinh théi ctia phoi trong qua trinh phay cao toc thép SKD11 ¢6 do cimg cao
(51-62HRC) (hinh 1.18).

Nghién ctru cho thay rang gia cong cac vat liéu c6 do cung khac nhau cé thé

xéc dinh dugc vung hinh thanh phoi day thong qua viéc t6i wu tde do cit, luong
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chay dao va chiéu sau cat. Cui [88] cung cac cong sy di nghién ctru vé qua
trinh hinh thanh phoi va d6 nham bé mat khi phay mat phang thép AISI H13,
nghién ctru chi ra khi toc d6 cit vuot qua 1400 m/phut lic nay phoi hinh thanh
c6 dang timg dai ngan va mau ctia phoi chuyén sang mau vang, ciing & téc do
cit nay d§ nham bé mat s& tré nén xau hon vi & toc do cit cao toc 30 mon cla
dung cu ciing ting nhanh; diéu d6 1am anh huong xau dén chat lugng cua chi

tiét gia cong.
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Hinh 1. 18. Méi quan hé giita dg day phoi véi nhiét cdt va van téc cdt [95]
. B6 nham bé mat
Do nham bé mat 1a mot trong nhitng yéu to quan trong nhat dé danh gia
chat lugng gia cong boi né 1 két qua thé hién rd nhat anh hudng cia cac yéu
td vé luc cat, nhiét cét, rung dong, mon dung cu cat. Hon thé nira, 30 nham bé
madt lién quan tryuc tiép dén diéu kién lam viéc, do bén, do chéng mai mon, an
mon héa hoc, bién cung bé mat, ... Chinh vi vay, d0 nham bé mit 1a yéu td
dugc quan tim trong hau hét cac cong trinh nghién ctru vé gia cong cao toc [7],
[8], [9], [14], [15], [19], [21], [24], [25], [35], [38], [45], [81], [98], [106].

Nghién ctru vé d6 nhdm bé mit trong gia cong cao toc hgp kim cirng thi dién
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hinh c6 mot s cong trinh nhu [37], [48], [50], [51], [57], [58], [60], [66], [71],
[83], [88].

Ozel [37] nghién ctru luc cit két hop v6i d6 nham bé mit khi gia cong tinh
cao tdc ddi vai thép hop kim AISI H13 (50-55 HRC). P clig phoi, hinh dang
hinh hoc dung cu cat, toc do cat va toc do chay dao anh huong truc tiép dén do
nham bé mat. Lawani [50] thuc nghiém gia cong tinh cao tc thép hop kim
MDN 250 (50HRC) thi cho két qua rang, toc do chay dao anh hudng nhiéu dén
d6 nham bé mit theo mot mo hinh phi tuyén bac 2. Yéu t6 véan tdc cat anh
huong dén do nham bé mat it hon téc do chay dao. Mafoudi [51] nghién ctu
hao mon dung cu cat va do nham bé mit khi gia cong cao toc hop kim cing
AISI 4140 (50HRC) biang dao pht PCBN. Két qua thuc nghiém cho thdy do
nham bé mit tot nhat khi tdc do cat & vao 300-400 (m/phut), toc do chay dao
0.05 (mm/vong), bé rong cat 0.5 (mm), tac gia khong dé cap dén chiéu sau cat.
Aouici [58] nghién ctru gia cong cao tc thép hop kim AISI H11 (50HRC) véi
dung cu cat phu CBN thi khéng dinh toc do cat anh huong nhiéu nhét dén d6
nham bé mit. Senthikumar [60] nghién ctru thyc nghiém vé nham bé mit va
hién tuong mon dao khi gia cong tién cao toc Inconel 718. Tdc do cat 1a yéu td
anh huong 16n nhat dén d6 nham bé mit. Padawe [66] sir dung phuong phap
thue nghiém Taguchi dé nghién ctru anh hudng cua cac thong sb cong nghé toi
luc cat va d6 nham bé mit khi gia cong cao tc hop kim Inconel 718. Két qua
ctia nghién ctru chi ra rang, toc do chay dao c6 anh hudng manh mé nhat téi do
nham bé mat. Tian [83] nghién clru luc cit, mai mon va d6 nham khi gia cong
cao toc cho vit liéu Inconel 718 vai vat liéu dao lam bang gém Sialon. Nghién
ctru khang dinh phay thuan cho do nham bé mit cao hon khi phay nghich (hinh
1.19). Cui [88] cung cac cong sy di nghién ciru vé& qua trinh hinh thanh phoi va

d6 nham bé mat khi phay mat phang thép AISI H13, nghién ciru chi ra khi tbc
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do cét vuot qué 1400 m/phut thi §6 nham bé mit ban dau sé tré nén kém di sau
d6 ting dan cing véi su ting cua téc do cit.
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Hinh 1. 19. Gid tri 36 nhdm va vén toc cdt [83]
g. Bo chinh xac kich thuoc

D0 chinh xac kich thudc 1a mot chi tiéu chinh trong dd chinh xéac gia cong
va 1a co s& danh gia chat lugng san pham. Yéu t6 nay lién quan truc tiép dén
kha ning lap ghép trong hé théng va anh hudng ti dicu kién 1am viéc toan hé.
Tuy nhién, rat it cong trinh nghién ctru dé cap dén van dé nay, chi c6 mot so
nghién ctru dién hinh nhu [12], [28], [32], [42], [44], [61], [113], [117] nhung
Cac nghién ctru nay khong phai gia cong cao toc.

Shouckry [12] nghién ctru anh hudng cua cac thong sb cong nghé t6i do
chinh xac kich thudc khi gia cong tién vat liéu nhom thong qua thyc nghiém.
Két qua cho thay khi ting toc do cit va giam téc do chay dao hodc nguoc lai
thi d6 chinh x4c kich thuéc dam béo. Do chinh xéc kich thudc cao nhét khi tdc
d6 cat cao, chiéu sdu cat 16n va téc do chay dao nho. Dhar [28], [44] nghién
ctru van dé mon dao, do nham bé mit va do chinh xac kich thudce khi gia cong

hop kim AISI 4140 sir dung dung dich 1am mat nhiét do thap (hinh 1.20). Két
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qua cho thdy, dung dich 1am mat dang lanh gitip mon dao giam, tudi bén ting,
giam dang ké sai 1éch kich thudc. Risbood [32] nghién ctru phuong phap do va
phan tich luc cét, rung dong trong qua trinh tién hop kim thép dé xac dinh do
nham bé mit va sai 1éch kich thudc dua trén thuét toan No ron. Schmitz [42]
nghién ctru cac nguyén nhan gay ra sai 1éch kich thudc gdm c6 sai s6 hinh hoc
may, nhiét cat, hé diéu khién va luc cat. Nghién ctru két luan luc cit anh huong
nhiéu nhat dén sai léch kich thudc. Shahabi [61] xay dung m6 hinh du doan do
nham hinh hoc va dg chinh xéc kich thudc thong qua cong nghé chup anh trong
qua trinh gia cong cat got. Cac thong sb c6 duge do chup anh dugc dua vao moi
truong mo phong, két hop cac thong sé cong nghé, tac gia co thé du doan dugc
d6 nham va d6 chinh xac kich thude. Thuc nghiém kiém ching cho mot sb

truong hop khang dinh tinh kha thi cua phuong phap.
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Hinh 1. 20. Sai léch kich thuéc véi cdc kiéu lam mat khdc nhau [44]
Dadgari [113] nghién ctru chién luoc chay dao tdi vu dé dam bao d6 chinh xac

kich thudc khi gia cong phay cao tdc cac chi tiét rat nho (vi gia cong). Yousefi
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[117] nghién ctru anh huong ciia cac thong sé cong nghé téi do chinh xac kich
thude khi gia cong tién kho thép climg AISI 4340. Tac gia két luan, téc do cat
va ban kinh mili dao tién phu CBN anh huong nhiéu nhat t6i do chinh xéac kich
thudce.

C6 thé thay rang, van dé nghién ctru anh hudng cua cac théng s cong nghé
t6i @ chinh xac kich thudc khi gia cong phay tinh cao toc hop kim cirng chua
¢6 nhiéu cong trinh nghién ciru dugc cong bd. Vi vay, van dé nay van can phai
dugc quan tim giai quyét.

h. Nang lvong gia cong

Theo bao c4o lugng khi thai CO2 nam 2014 cua co quan nang lugng My
[90] thi 90% nang luong tiéu ton nam & san xuat cong nghiép. Do d6, cac nganh
cong nghiép néi chung va linh vuc gia cong san xuat co khi noi riéng can cé
trach nhiém trong viéc giam tdi da viéc tiéu thy ning luong. Nhiéu nghién ciu
chi ra néu téi wu hoa duge quy trinh cong nghé trong cac giai doan san xuat thi
c6 thé giam tiéu ton ning luong tir 6% dén 40% so véi hién tai [55]. Trén thuc
té, nang luong hao phi chu yéu nam ¢ budc gia cong tho, su can bang giita ning
sudt gia cong va nang luong tiéu tén can dugce xem xét. O bude gia cong tinh,
chat luong san pham 1a van dé cot 16i. Mot s6 cong trinh nghién ciru vé ning
luong tiéu tén trong qua trinh gia cong duoc dé cap dudi day [22], [47], [53],
[64], [75], [76], [103], [105], [107]. Céc cong trinh nay chwa dé cap dén van
dé gia cong cao toc.

Draganescu [22] thuc nghiém théng ké ning luong tiéu thu cua may gia
cong. Mo hinh thong ké co gia tri danh gia hiéu qua ciia qua trinh gia cong.
Aggarwal [47] nghién ctru mdi quan hé giita cac thong sd cong nghé, moi
truong cit got va nang luong hao phi khi gia cong hop kim thép AISI P20 (hinh
1.21).
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Hinh 1.21. Anh hwdng ciia cdc thong sé cong nghé téi cong sudt tiéu hao khi
gia cong tién [47]

Két qua nghién ctru thuc nghiém thong ké cho thay, méi trudng cat got ¢ anh
huong 16n nhat dén ning lugng hao phi, sau d6 1a toc d6 cat va chiéu sau cat.
Hon nita, hai k¥ thuét thuc nghiém théng ké duogc so sanh 1a ky thuat phan tmg
bé mat (RSM) va Taguchi. Anirban [53] danh gia anh huéng ciia cac thong sd
cong nghé téi d6 nham bé mat va nang luong tidu thu khi gia cong thép hop
kim AISI 1045 dua vao ky thuat Taguchi va ANOVA. Diaz [64] nghién ctu
muc do ti€u thu nang lugng gitra cac loai vat liéu khac nhau. Bhushan [75]
nghién ctru x4c dinh cac thong s cong nghé trong viéc giam thiéu ning luong
hao phi va tang tudi bén dung cu cit khi gia cong hop kim Al va SiC. Calvanese
[76] va Ampara [86] nghién ctru vé murc tiéu thu ning luong khi gia cong phay
hop kim do ctmg thap, co ké dén anh hudng cua chién luge chay dao. Sealy
[103] nghién ctru vé ning lugng tiéu thy khi gia cong phay hop kim ctémg. He
2016 [105] thuc nghi¢m danh gid nang lugng hao phi cua cd qua trinh gia cong
cat got dudi sy anh hudng cta cac thong s6 cong nghé. Franco [107] phan tich
mot md hinh tham sb vé niang luong tiéu thu khi gia cong khoan vi mé.

V& co ban, cac cong trinh nghién ctru vé ning luong tiéu thu trong qua

trinh cat got néu trén c6 ddi tuong gia cong 1a vat liéu co dd cing thap, phuong
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phap gia cong tién, phay, khoan thong thuong. Mién gia céng cao tdc chua
dugc dé cap nhiéu, dic biét 1a gia cong cao tdc vt lidu c6 do cimg cao.
1.2.3. ,Bdi todn toi wu trong gia c()‘l?g cao té'c, ‘

T61 vu hda qua trinh gia cong cat got 1a van dé luén dugc dat ra khi da xay
dung dugc cac mo hinh toan hoc thé hién mdi quan hé giira cac thong sb cong
nghé vai cac yéu td xuat hién trong qua trinh gia cong nhu luc cat, mon dao,
nhiét cit, nang luong hao phi, rung dong hodc cac yéu té nhim danh gia chat
lugng san phém truc tiép nhu d6 nham bé mit, do chinh xac kich thudc hodc
tudi bén dao, thoi gian gia cong.

Rat nhiéu nghién ctru vé van dé t6i uu trong qua trinh cat got dé toi uu cac
yéu t6 ké trén nhung chwa phai gia cong cao tdc nhu ti vu luc cit [66], [84];
t6i wu d6 nham bé mat [7], [66], [69], [72], [73], [79], [80], [81], [84], [87],
[102], [106], [116]; ti uu ning luong hao phi [47], [65], [69], [72], [73], [74],
[75], [84], [87], [104], [110], [112], [114], [118]; ti wu vé mon dung cu cat
[75]; t6i wu vé téc do loai bo vat lidu [87], [102]. Cac phuong phép gia cong
dién hinh trong bai toan toi wu ch yéu gém phay [73], [74], [80], [81], [82],
[84], [87],[102], [104], [106], [112], [116], [118] va tién [47], [65], [69], [72],
[74], [75], [79], [110].

V& phuong phap thuc nghiém trong bai toan tbi wu, da sé tng dung phuong
phap Taguchi [68], [69], [73],[79], [81], [82],[102], [106], [114]; phuong phap
RSM [75], [104], [110], [116]; két hop Taguchi va RMS [47], [73], [114]; thuat
toan di truyén (GA) [72], [87], [118]; thuét toan No ron (NN) [80]; thuat toan
Cuckoo [84]; thuat toan bay dan (PSO) [112].

Vé vat liéu sir dung trong cac bai todn thuc nghiém va tdi wu, hop kim thép
dugc st dung nhiéu hon ca [65], [69], [72], [74], [79], [87], [104], [106], [112],
[118]; hop kim nhom [75], [81], [82], [102], [116]; AISI [47], [110], [114];
Inconel [68].
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Tuy nhién, con rat it cong trinh céng bd vé bai toan toi wu hoa vé gia cong
cao toc [66], [81], didc biét vé gia cong cao téc hop kim cung.
1.2.4. Viin @é gia céng cao téc vit liéu cieng va thép hop kim SKD11
Qua nghién ctru cic cong trinh da cong bd vé gia cong cao tdc cho vat liéu cling
nhu luc cét [37], [50], [62], [78], nhiét cat [26], [33], [39], [41], [49], [99], rung
dong [31],[59],[101], [108], [115], mon dung cu cat [21], [29], [51], [58], [60],
[63], [71], [77], [83], qua trinh hinh thanh phoi cét [21], [27], [95], [88], nham
bé mat [37], [48], [50], [51], [57], [58], [60], [66], [71], [83], [88], ta c6 thé dua
ra mot s6 nhan dinh nhu sau:

Trong nghién ciu thuc nghiém vé gia cong cao tdc, phuong phap
Taguchi va phan tich ANOVA 1a nhimg cong cu rat hiéu qua dé danh gia vé
luc cat, d6 mon cua dung cu va do nham bé mit.

Céc nghién ctru vé luc cat cho thay, luc cat khong chi chiu anh hudng
ctia cac thong sb cit ma chiu anh hudng cta hinh dang hinh hoc dung cu cit.

Tbc do chay dao va chiéu sau cat 1a nhitng yéu t6 anh hudng nhiéu nhat
dén tng suat du khi cat. Cling nhu toc d6 chay dao, téc do cat va chiéu sau cit
thi do ctrng cua vat li¢u cling la yéu td anh huéng manh dén do nham bé mat.

Toc d6 cat la yéu t6 anh hudéng nhiéu nhat dén nhiét cit, dic biét 1a trong
pham vi tde d6 cét cao.

D6 mon canh va rinh cua dung cu cat 1a yéu té chi phdi chinh cta do
mon dung cu. Khi tbc do cat tang thi tudi tho ctia dao giam. Dung cu cat
CBN/TIC ¢6 tudi tho dai hon cac loai dung cu cat khac.

Céc phoi rang cua ludén dugc hinh thanh trong qué trinh gia cong thép
ctrng. D6 mon cua dung cu cét va lyc cit 1 nhitng yéu t6 anh huong 16n dén
hinh thai phoi.

Céc hién tuong phirc tap lién quan dén gia cong toc do cao c6 thé dugc

nghién ctru thong qua md phong va mé hinh héa biang cac ki thuat nhu FEM,
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ANN, v.v. va két qua ctia md hinh c6 thé duoc xac nhan bang cac két qua thuc
nghiém.

Thong tin vé cac danh gid ndy c6 ¥ nghia quan trong trong qué trinh gia
cong cao tbc vat liéu cing nodi chung va thép hop kim ctng néi riéng.

Hién nay trén thi truong co rat nhidu cac loai méac thép khac nhau va
phuc vu cho muc dich céng viéc khac nhau. Thép SKD11 ciing 1a mot trong s
d6. Tuy nhién, loai thép thuc su tré nén phé bién boi nhirng tinh chit ndi bat

cuano [119].

Hinh 1.22. Khuén mau dwoc ché tao tir théep SKDI1
Thép SKD11 1a mac thép dugc san xuit theo tiéu chuan JIS cua Nhat

Ban. Loai thép nay c6 mot s tén goi khac tiy thudce vao tiéu chuan cua timg
don vi nhu DC11 ctia hang DAIDO — Nhat, SLD cta hang HITACHI-Nhat, D2
theo AISI-My, 2379 theo DIN-Dtrc. Thép SKD11 c6 ham lugng Cac bon cao
nén do bén kéo rat tdt, co kha nang chiu an mon do oxi héa, d0 mai mon cao,
do thadm toi tot, co su can br?mg gitra do cung va do déo, bé mit gia cong cat got
thuong min, it bién dang khi gia cong, c6 kha nang kéo dai tudi tho cho san

pham. Pay 1a mot trong s rat it loai thép co thé dat dén do cimg 58-60HRC
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sau nhiét luyén. Chinh vi vay, thép SKD11 dugc str dung cha yéu trong nganh
ché tao khudén mau (hinh 1.22), dac biét 1a khudn dap.

Chinh nhiing dic tinh trén ciling nhu tng dung pho bién cia loai thép nay ma
n6 duoc chon 1am d6i twong nghién ctru trong ludn 4n nay.

1.3. Mot s6 danh gia va xac dinh van dé nghién ctru ciia luin 4n

Nhu vay, vé co ban khi nghién ctru tong quan cac cong trinh nghién ctru da
cong bd vé gia cong cao tde ndi chung va gia cong cao téc hop kim cimg noi
riéng, ta c6 mot s nhan dinh nhu sau:

Nghién ciru vé gia cong cao toc vat liéu co dd clmng thap thi da co rat nhidu
cong trinh trong va ngoai nude. Tuy nhién, nghién ctru gia cong cao tdc cho vt
lidu co dd cirng cao thi con kha han ché. Noi dung gia cong cao tdc vat liéu c6
do cimg cao chu yéu tap trung vao anh hudng ciia cac thong sé cong nghé téi
luc cat [37], [50], [62], [78]; nhiét cat [26], [33], [39], [41], [49], [99]; rung
dong [31], [59], [101], [108], [115]; mon va tudi bén dao [29], [51], [60], [63],
[71], [77], [83]; hinh thai phoi [27], [95], [88]; d6 nham bé mat [37], [48], [50],
[51], [57], [58], [60], [66], [71], [83], [88]; bai toan t6i wu khi gia cong cao toc
vat liéu do cling thép [66], [81]. Bai toan nang luong ti€u tdn vé qua trinh gia
cong thong thuong thi ¢ rat nhiéu nhung vé gia cong cao tc, dic biét gia cong
cao toc hop kim cimg hau nhu chua thiy cong trinh nao (theo tim hiéu cua
nghién ctru sinh).

Vit liéu hop kim cimg trong cc cong trinh nghién ctru da cong bd chu yéu
1a hop kim Ti, Inconel va AISI loai ¢6 do cung cao.

Vé phuong phap giai bai toan thyc nghiém trong hau hét cac cong trinh c6
thue nghiém déu tap trung vao cac phuong phap thuc nghiém Taguchi, RSM,
ANOVA, va thuit toan GA.

Nhu vay, muc tiéu ludn an dat ra 1a nghién cuu t6i wu hoa céc thong sb cong

nghé nham giam ning luong tiéu tbn, ting d6 chinh xac gia cong va tang do
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nham bé mit khi phay cao toc thép hop kim SKD11 hodc thép C45 sau nhiét
luyén (>35HRC) va c6 thé coi 1a méi va pht hop voi diéu kién san xuét ¢ Viét
Nam, pht hop voi xu thé phat trién trong tuong lai.
Két luan chwong 1

Nhu vay, chuong dau tién da giai quyét dugc cac van dé co tinh dinh huong,
tién tGi xac dinh cac nodi dung cua luan an. Cu thé nhu sau:
+ Trinh bay nhitng vin dé co ban vé gia cong cao tdc ndi chung va gia cong
cao toc hop kim cimg néi riéng nhu: khai niém HSM, dic trung gia cong cao
tdc, ing dung, uu diém va han ché ctia phuong phap gia cong nay.
+ Panh gia va phan tich duoc két qua nghién ctru ciia mot s6 cong trinh da cong
b lién quan dén anh hudng cua cc thong sb cong nghé téi cac yéu té nhu: luc
cat, nhiét ct, rung dong, mon va tudi bén dao, do nham bé mit, do chinh xac
gia cong, nang luong gia cong va cac bai toan tdi uu.
+ Xac dinh cac van dé nghién ctru chinh ciia luan an. Khang dinh tinh phi hop

v€ muc ti€u va doi tuong nghién ctru cta luan an.
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CHUONG 2.COSO LY TH}JYET KHI PHAY CAO TOC VA
PHUONG PHAP THUC NGHIEM

Chuong ndy tap trung nghién ctru co s& 1y thuyét khi phay cao téc cho mot
s6 van dé co ban ma luan an quan tim. Do 1a mo hinh tinh toan ning luong tiéu
thu, vin dé vé do nham bé mit va do chinh xéac kich thudc khi gia cong phay
trén may CNC. Tur do6 danh gia tinh kha thi cho viéc ap dung cac mé hinh tinh
toan va lya chon phuwong an nghién ciru thyc nghiém nham xay dung mé hinh
toan hoc mo ta moi quan hé cua cac thong sd cong nghé t6i ning luong tiéu
thuy, d§ chinh xac gia cong va do nham bé mit khi phay cao tdc hop kim cung.
Ngoai ra, co s& 1y thuyét cho cac phuong phap thuc nghiém va quy hoach thuc
nghiém ciling dugc xem xét.

2.1. Mo hinh tinh toan niang lwgng tiéu thu khi gia cong phay trén may
CNC

2.1.1. M6 hinh tinh todn téong qudt
Qua khao sét cac cong trinh nghién ctru da cong bd, c6 thé chia bai toan vé

nang lugng gia cong theo ba hudng co ban. Thir nhét, cac cong trinh tap trung
vao mo hinh héa vé mit 1y thuyét nhu cau sir dung ning luong khi gia cong
trén may CNC. Huéng thtr hai bao gdm cac cong trinh nghién ctru theo hudng
tinh toan hiéu qua nang luong stir dung. Huéng cudi cung bao gdm céc nghién
ctru nham cai thién hiéu qua str dung nang lugng dua trén cdc mo hinh da dugce
xay dyung theo hudng tht nhét hodc thir hai.

Theo d6, mé hinh tinh toan ning luong tiéu thy 1y thuyét duoc xay dung
trén co sO phan chia cac giai doan hoat dong cia may CNC thanh céc phan:
khéi dong may (khoi dong may, mach di¢én, hé diéu khién, man hinh, .. .), trang
thai cho (thiét 1ap chuong trinh, hé thong lam mat, hé thdng khi, anh sang, hé
théng tai phoi, quat, hé thong boi tron ...), ting/giam tdc d6 (thiét 1ap théng sd
tdc do cat, cac thong sb khac), chuyén dong chay khong c6 mang dung cu cat

dén vi tri gia cong, trang thai cit got vat liéu. Hinh 2.1 [120] mo ta co ban cac
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giai doan nay. Moi giai doan déu c6 sy tiéu thu nang luong nhét dinh. Tinh toan
nang luong theo mo hinh nay thi c¢6 rat nhiéu cong trinh cong bd nhu [64], [76],

[96], [104], [121], [122], [123], [124], [125], ....

Cong
A L .
;;::}1 Tang toc truc chinh r
Giam tdc truc chinh
Gia cing
8000 Chay khéng tai Gia cing
6000

4000 4 Trang thii
cho . - ..

Ning lwong co bin

i i |
0 ' 500 1000 1500 Théi gian (s)

2000 4

=
- il

Thoi gian chyy khong Théi g;i:lm cit  Théi gian chay khéng
Hinh 2. 1. Cdc giai dogn cua qud trinh gia cong trén may CNC [120]

Mori [125] d& xuat mo hinh tinh ning lugng can thiét trong qua trinh gia cong
CNC nhu phuong trinh (2.1):

E.=E +E,+FE, (2.1)
Trong do, E, 1a nang lugng co ban, E, la ndng luong chay khong va E, 1a nang
luong cit got.
Diaz [64] d& xut nhu phuong trinh (2.2):

E=E,  +E, (2.2)

Trong d6, E 1a nang luong can thiét truc tiép, E_, lanang luong cit va E, la
nang luong khi khong cat.
He [122] @ xu4t mé hinh tinh nhu phwong trinh (2.3):
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ETotul = ESpindle + Efeed + Etool + Ecool + Eﬁx (23)

Trong d6, E, , 14 tong ning lugng can thiét. E spinaie 18 NANg luong quay truc

chinh gdm ning luong ting, giam téc truc chinh va ning luong cit.

E. . E . E_ lanluotla ning lugng cho dong co di chuyén cac truc, thay dao,

feed > tool >~ cool
1am mét va nang luong ¢b dinh £ 4w - Tac gid cling phan tich moi quan hé gitra
nang luong tiéu thu véi cac ma diéu khién va gia cong trong chuong trinh NC.
Xay dung duoc quy trinh udc tinh mic ning luong sé tiéu thu. Két qua duoc
kiém chung cho thay c6 do tin cay va hiéu qua cua phuong phap.

Calvanese [76] dé xuat mo hinh tinh nang luong nhu biéu thirc (2.4):

E = Eﬁxed + Eaxes + Eaxis—chillers + Espindle + ESpindle—chiller (2 4)
+E Chip—conveyor + E tool—changer + E pallet—clamp

Trong cong trinh nay, ngoai ning luong cb dinh E e » NANG lurgng truc chinh

E

pinaie> NANE luong céc truc £, nang lugng thay dao E, thi co thém

ool—changer

nang luong lam lanh céc truc E

axis—chillers >

ESpindle—chiller , nang lugng tai phoi

E

Chip—conveyor va nang luqng ga kep E

pallet—clamp *

Qua khdo st cac cong trinh mo hinh héa vé ning luong tiéu thu khi gia
cong trén may CNC, mo hinh tong quat c6 thé dugce xem xét nhu cia Li [126]
va thém mot vai thanh phan khac. Tong nang luong tiéu thy khi gia cong trén

may CNC co thé duoc xac dinh nhu sau:

E=E,+E, +E.+E, +E ,+E, +E, (2.5)
hay:
E =P, + B, + Bt +Fytye + Biglyr + Bt + Fty (2.6)
Trong do,

E (J)la téng ning luong tiéu thu khi gia céng trén may CNC.
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E,=P,t, (J)laning lwong tiéu thy co ban ing véi cong suét tidu thy co ban
P, (W) trong thot gian ¢, ().

E, =P, (J)1aning luong tiéu thy do 1am mat g véi cong suét tiéu thy khi

Im
lam mat P, (W) trong thoi gian ¢,, ().

E, =P, (J)lanang lugng tiéu thy khi truc chinh quay, tdng va giam tdc tng
v6i cong suit truc chinh P, (W) trong thoi gian ¢, (i)

E,.=P,.t, (J)laning luong tiéu thy khi chay khong tai tir vi tri chuan bi
gia cong toi1 vi tri cat vat liéu véi toe do chay dao (Feed rate) cua ché dd cat got,
ting voi cong suat P, (W) va thoi gian 7, (s).

E,. =Pt (J)ning lugng tiéu thy khi chay khong (Rapid) véi toc do rat
cao di chuyén dén cac vi tri chuan bi gia cong tmg voi cong suat tidu thy P, (
W), thoi gian ¢, ().

E., =PF,t., (J)lanang lugng tiéu thu khi cat got ng voi cong suat cat got P,

(W) va thoi gian cat got 7, ().

E, =P, (J)laning lugng tiéu thy khi thay dao ing véi cong suat thay dao

‘
P, (W) va thoi gian thay dao ¢, (s).

2.1.2. Tinh toan nang luwong tiéu thu khong tdi

a. Tinh nang lwong tiéu thu co ban E , va lam mat E,

Nang luong tiéu thu co ban bao gdm ning lugng tiéu thu boi cac thiét bi
nhu may tinh, hé diéu khién, quat, dén chiéu sang, trang thai chd cia hé théng
boi tron, thuy luc, thuy khi, [am mat... Vé co ban, phﬁn nang lugng tiéu thy
nay c6 dinh, khong phu thudc vao sy thay dbi ctia cc thong sé gia cong. Nang
luong tiéu thu co ban co thé ude tinh xp xi bang tong ning luong tiéu thu cua
ting thiét bi:

Ecb = Emayt[nh + Equat + Eboitron + Ethuyluc + Eservo + Eden (27)
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E E

Trong d6, E,, in»E uar> Epoinron 180 1ot 12 nang Iuong ti€u thy cho hé diéu khién

(mach vi diéu khién, man hinh hién thi), quat (Iam mat hé thng diéu khién) va
hé théng boi tron (khoi dong dong co boi tron cac hé truyén dong dai, banh

rang, hé théng dan huéng, ...); E E_..E,, lan luot 1a nang luong ti€u thu

thuyluc > servo »
& trang thai chd cho hé théng thuy luc, thuy khi (chuyén ning luong thiy luc,
thuy khi thanh co ning cho hé thay dao, thdi phoi, tai phoi), cac dong co cac
truc va chiéu sang khu vuc gia cong.

Nang luong tiéu thu cho h¢ théng lam mat E, vé co ban ludn dugc xéc
dinh truéc dua trén cong suat dinh murc cua dong co bom thuy lyc hay thuy khi
P, tur khi thiét ké may. Cac thong sb nay la cac thong sb ky thuat cia may:

E, =1bB.t, (2.8)
Trong d6, ¢, 1a thoi gian lam mat va dugc diéu khién theo mi lénh trong
chuong trinh gia cong NC.
b. Tinh nang luong tiéu thu E ,, va E .

Chuyén dong chay dao khi phay dugc thyc hién boi cac truc X, Y, Z va
dugc dan dong doc lap boi cac dong co céc truc twong ung. Chuyén dong chay
dao gitip xac dinh vi tri caa phoi va dung cu cit. Po chinh xac chuyén dong
chay dao quyét dinh t6i do chinh xac kich thudc, chét luong bé mit va nang
suit gia cong.

Chuyén dong chay dao khong tai c6 hai loai:

Thir nhat, chay dao nhanh (rapid) 1a dang chay dao dung trong dich chuyén
tir vi tri hién tai dén vi tri thay dao, tir vi tri hién tai dén diém bét dau chuong
trinh gia cong hodc chuyén dong rat dao nhanh khéi vi tri gia cong nay chuyén
sang vi tri gia cong khéc.

Thir hai, chay dao theo téc do chay dao (feed rate) 1a kiéu chay dao ding

trong khi di chuyén tir vi tri bat dau chuong trinh gia cong dén vi tri bat dau gia
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cong, chuyén dong dua dao xudng ving gia cong, chuyén tiép gitra hai duong
chay dao.

Hinh 2.2 mo ta cac dang duong chay dao va cac diém quy udc.

—=

e
| Pwing chay dao nhanh
khéng tai (rapid) - Dwong chay dao cé tai
Pwong chay dao nhanh

j Kkhéng tai (rapid)

7

Diém bit diu
chwong trinh

Diém bit diu gia cong

Pwéong chay dao khéng tai
(feed rate)

I, —
T Pwing chay dao khong tai .
Phéi gia céng (feed rate) Piém bt diu gia cong

Hinh 2. 2. Cdc kiéu dwong chay dao
Ung véi kiéu chay dao nhanh c6 ning luong tiéu thu E . va thanh phan con
lai tmg vo1 E .. Nang lugng ti€u thu khi chay dao khong tai co thé duge xéac
dinh nhu sau:

m tend

E,=Y | pdt 2.9)

i:1 tStaVT

Trong do, E, (J) la nang lugng tiéu thu dai dién cho hai loai nang luong ké
trén. P(W) la cong sudt tiéu thy trén truc chay dao thir i va m 1a s6 lugng truc
chay dao (m =3,4,5) tuong trng 1a may phay CNC 3 truc, 4 truc va 5 truc). Con

lai, ¢,,,..t,,(s) lan lugt 13 thoi gian bat dau va két thic chuyén dong chay dao.

Kiéu chay dao nhanh (rapid) thuong c6 téc d6 chay dao Srapia (m/phit)
cac truc gidng nhau va duoc dit trude (thuong tir 20.000 dén 40.000 mm/phut).
Gia sir dung cu cat dich chuyén twong doi tir diém A(x,,y,,z,) dén diém

B(x,,v,,2,) (su thay d6i nay do chuyén dong cuia ban may thyc hién, truc

chinh mang dung cu cit chi c¢6 dich chuyén 1én xudng theo truc Z thang dtng
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va chuyén dong quay). Nang luong tiéu thy khi chay khong tir A dén B duogc

xac dinh:
Iy Lpy tp.
E, = jP)p’t+ ijdH Igdt (2.10)
Ly Lyy Iy
Hay ta co:
E n =Pty —1,)+ Py(tgy - tAy) +P (15, —1,.) (2.11)

Trong do, t,, —1,..t5, —1,,,t5. —t,. la khoang thoi gian dich chuyén tir A dén B

Y
tuong mg va4i tung truc X, Y, Z va duoc xac dinh:

_Xp Xy, _y _yB_yA.t _y _“Zp T2y

th _tAx - stBy T tay T Bz Az —
f;fapid ﬁapid f;’apid

Viéc tinh nang lugng tiéu thy £ . g véi toc d6 chay dao f Jeea (Mm/phit)

(2.12)

cling dugc thyuc hién tuong tu. Van dé ndm & day la vi¢c tinh cong suét tiéu thu

cua cac truc P,P,P.(W).

x>ty
Truyén dong chuyén dong chay dao c6 thé duoc thuc hién boi dong co tuyén

tinh hodc dong co servo véi bd truyén Vit me - dai d¢ bi [127].

' L ]
Nguén dién Pong co
servo

Truyén déng co khi

1y

= e B

|
Dieu khién dong Diéu khién vin thc i

Piéu khién vi tri Lip trinh quy dao

|
|
|
|
|
i
|
H

Hinh 2. 3. Mé hinh hé truyén déng chay dao trén mdy phay CNC [127]
Hinh 2.3 mo ta hé thdng co khi va diéu khién chuyén dong chay dao cua 1 truc

trén may phay CNC. Hé thong truyén dong co khi bao gom dong co servo
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(thuong 1a dong co déng bd dang cam wng), bo truyén banh rang hoac dai, bd
truyén vit me — dai dc bi, mang truot va ban may.

Can cht y rang, gia st toc do chay dao khi cit dwoc 1ap trinh ban dau 1a f
(mm/phut) thi gia tr ndy ciing chinh 13 gia tri tc d6 chay dao tng véi ting truc
may CNC. Cong suat tiéu thu cho truc X khi chay khong tai véi tdc do f duoc
xac [128]:

P =To, +ko (2.13)
Trong d6, T.(Nm) la tong mé men tuong duong ctia hé truyén dong truc X
(bao gdbm md men sinh ra do trong lugng ban may, trong luong phdi, cac 6 dd,
masat, ...), k 1a hé s6 ma sat truot tuong duong ciia hé truyén dong, _(rad]s)

1a van toc goc cua dong co truyén dong truc X va dugce xac dinh nhu sau:

27 ffeed
a = ——- 2. 14
Y 60h, .19
V61 h (mm) 1a bude ren cua vit me — dai b¢ bi truc X.
Thay (2.14) vao (2.13) ta ¢ cong suat tiéu thu truyén dong truc X la:
2
27T 2r 5
P = N f+k| — 2.15

D& nhén thdy trong (2.15), cong sudt tiéu thu truyén dong truc X phu thudc
ch yéu vao gid tri ctia toc d6 chay dao f. Céc thong sb khac trong (2.15) déu
c6 thé duogc xac dinh trude. Tuy nhién, trén thuc té viéc do ludng va tinh toan
cac thong s6 nay kha phirc tap. Bai toan thuc nghiém xac dinh cong suét tiéu
thu cho chuyén dong cac truc s€ kha thi va hi¢u qua hon. Cong thuc thuc
nghiém x4c dinh nhu sau:

P=C, f+Cp. [ (2.16)
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Trong do, C,, lah¢ s6 anh hudng ciia moé men xoan tuong duong cta hé truyén
dong truc X, C,,, la hé sd anh hudéng ctua ma sat twong duong cua hé thong

truyén dong truc X.

D@ thay, cong thirc (2.16) xac 1ap mbi quan hé giita nang luong tiéu thy cho
chuyén dong chay dao voi gia tri tbc 6 chay dao (feed rate) theo ham bac 2
thong qua phan tich céu trac hé thong chay dao.

Khong mat tinh tong quét, cong thire (2.16) c6 thé dugc st dung cho viée
xac dinh cong suat tiéu thy khi chay khong tai voi tdc do chay dao f cho céc
truc Y va Z. Cong suat tiéu thu khi chay khong tai tong ca 3 tryc la:

Pip =B AL +F, (2.17)
c. Tinh toan nang lwong tiéu thu khi thay dao E,,

Nang luong tiéu thu khi thay dao E,, bao gém nang luong tiéu thu cho
dong co xoay hé thong thay dao dén vi tri can thay va ning luong tiéu thu cho
vi¢c thay dao khéac vao vi tri bau cap truc chinh. O mdi loai may CNC khac
nhau thi nang lugng ti€u thu khi thay dao sé khac nhau. Qua trinh thay dao duoc
xéc 1ap v6i mi 1énh tuwong (g trong chwong trinh NC. Vé co ban, ning luong
tiéu thu duoc xac dinh nhu sau:

E, =Bty (2.18)
Trong do, P, la cong suét tiéu thu cta dong co thay dao, co6 gia tri ¢ dinh va
biét trude, ¢, 1a thoi gian thay dao.

Thoi gian thay dao dugc xac dinh nhu sau [129]:

_ pposO - pposC

(2.19)

tzd

num,, n,,
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Trong do, p,,,, la s6 vi tri mic dinh trén hé thong thay dao, p osc 12 5O Vi tri
dung cu cét can thay, num pos 12 sO lwong 6 dao trén hé thong thay dao va n, la
tbc dd quay cua hé thdng thay dao tu dong.

2.1.3. Tinh todn céng sudt quay truc chinh
a. Xdc dinh c¢ong sudt quay truc chinh theo tinh todn 1y thuyét

Cong suit tiéu thu dam bao truc chinh quay véi téc d6 cho trude n
(vong/phiit) bao gdm hai thanh phan chinh: ning luong ting téc dén téc do yéu
cau va ning luong duy tri téc do 6n dinh. Thong thudng, ning luong ting tde
ludn cao hon nang lugng duy tri toc do. Cong suat can thiét dé truc chinh quay
voi toe do n (vong/phut) dugce xac dinh nhu sau:

F.=Fn+F, (2.20)

Trong 4o, P, (W) lacong suat duy tri, duoc xac dinh theo cong suit dinh mirc
ctia truc chinh, gia tri nay c6 dinh va biét trudc.
P, 1a cong suat can thiét dé tang toc va dugc tinh nhu sau [130]:

F, =T,0, (2.21)
Trong do, 7, ( Nm) la mo men tang tdc tuong duong cua hé thong dan dong tir
truc chinh t&i truc dong co truyén dong, w, (rad/s)lavan tdc goc ctia dong
co truyén dong tryc chinh.
Gia tri m6 men twong duong duoc xac dinh [131]:

T,=J,q, (2.22)
Trong d6, J,, (kg.m”) 1a md men quan tinh cua hé théng dan dong tir truc chinh
t6i truc dong co truyén dong, a,(rad /s*) 1a gia tdc goc clia dong co truyén
dong truc chinh.
Gia thiét rang, tryc chinh ting toc d6 quay tur n, (vong/phut) sang n,

(vong/phut), thoi gian tang toc do la:
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27(n, —n,)
= —6(2)0( ! (2.23)
Trong do, ¢, () la khoang thoi gian tang toc d0, a (rad/s*) 1a gia toc goc
cua tryc chinh. Truong hop khé1 dong truc chinh thi n, =0.

Luc nay, nang luong ti€u thu cho truc chinh quay dugc xac dinh:
ltl ttt
E, = | Pdt={(Pn+ P, (2.24)
0 0

Chu y rang, toc dd quay 7 (vong/phut) cta truc chinh va van tdc goc @ . (rad]s)
cua dong co truc chinh duogc diéu khién béng bo bién tan truc chinh. bay la cac
gia tri thay d6i phu thudc vao yéu cau gia cong thuc té. Cac gia tri moé men quéan
tinh J, (kg.m”) va gia toc goc o, (rad /s?) ctia truc dong co truyén dong truc
chinh hoan toan c6 thé xac dinh dugc dua vao cau tric duoc thiét ké cua truc
chinh.
Got n,, (vong/phut) la tdc do quay cta dong co truyén dong truc chinh. Gia tri
nay duoc diéu khién bang tan s6 bo bién tan dong co theo cong thirc:

Ny = %(1 —) (2.25)

p

Trong 46, f,. (Hz)la tan s6 diéu khién dong co, p la $6 cadp cuc cua dong co,
s 14 hé s6 truot cia dong co (gia tri ciia s thuong nam trong khoang tir 0.01
dén 0.05 va phu thudc vao kha ning tai ciia dong co) [131], [132]. Khi dong co
tang tbc ma chua co tai thi thudng gia tri ctia s thudng rat nhd nén co thé coi
1—s ~1. Nhu viy, cong thiic (2.25) ¢ thé viét lai nhu sau:

60
Mg = 80/ (2.26)
p

Tbc d6 quay cua truc chinh n (vong/phut) duoc xac dinh boi tée d6 quay cua

dong co truyén dong truc chinh va ti sb truyén dong u,
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n= utsndc (227)
Hay ta co:
60u, 1.
n= 00 e (2.28)
p

Ti s6 truyén u, 1a tich cac ti s6 truyén dong tir truc dong co truyén dong dén
truc chinh ctia mdy gia cong (c6 thé bao gdm cac bd truyén banh dai, banh ring,
...). Trong qua trinh tang tdc truc chinh, tan sé diéu khién du ra cua bién tan
c6 thé coi 13 ting tuyén tinh. Téc d6 tang cua tan sé dau ra duoc xac dinh dua
trén khoang thoi gian duoc thiét 1ap sén sao cho tan sd ting tir 0(Hz)dén tan

s 16n nhat £,  (Hz):

k — »f\d(} max
S t

setup

(2.29)

Trong do, k, (Hz/s) 1a tbc do tang tan so, ¢, (s) 1a thoi gian thiét 1ap trudc.

setup
Nhu vdy, tan s6 diéu khién dong co ting tdc tai thoi diém ¢ bat ki dugc xac
dinh:

Jae =S+t (2.30)

I4 n N LA X DY 4 N . X A ,
Trong do, f, = P la tan so di€u khién dong co ¢ toc do quay truc chinh #,.
g 1= %0 g quay I

ts

Tu (2.29) va (2.30) suy ra:

f;c — nlp + f;icmax t

60uts txetup (2 3 1)
Thay (2.31) vao (2.28), ta co:
60utsf cmax
n=n, +—todmy (2.32)
ptsetup

Cong thirc (2.32) thé hién mdi quan hé gitra toc d6 quay cua truc chinh véi cac

thong s6 thiét ké may cia hé thong truc chinh.
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Van tdc g0c w(rad/s) cua tryc chinh co thé duoc xac dinh:

a):z_ﬂ.n :2_7Z.n + 27[ulsf;lcmax t
1

60" 60 Pl (2.33)

Thay (2.32) vao (2.27), ta c¢6 tbc dd quay cua truc dong co truyén dong truc
chinh:

n n  60f,
Mg =—=—-+—dmy (2.34)
uts uts p tsetup

Nhu vay, van tdc g6c cua truc dong co truyén dong truc chinh ¢ (2.21) dugc
xac dinh:

2r 2r n, 2r1f,
a)d — ___l+ »f;icmaxt

L =—n, =
c 60 dc 60 uts ptsemp (235)

Ttr (2.35), ta suy ra dugc gia toc goc ctia truc dong co truyén dong truc chinh &
(2.22):
— da)dc _ 27z-fdcmax

! dt p tsetup

(2.36)

Tir (2.33), ta thiét 1ap dugc cong thic tinh gia tbe goc a(rad/s*) cia tryc chinh
& (2.23) nham tinh duoc thoi gian ting téc do:

o= da) — 27z-uts‘fdcmax

i Pl (2.37)
Thay (2.37) vao (2.23) ta co:
ptsetup
t,=n,—n)—— 2.
t ( ’ 1) 60utxfdcmax ( 38)

Thay (2.35) va (2.36) vao (2.22) ta xac dinh dugc md men xo0dn cua truc dong
co truyén dong truc chinh:

T =] 2ﬂf;10max (2ﬂ-ﬂ+ 27;fdcmax f}

t i
p tsetup 60 uts p tselup

(2.39)
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hay,

7)) M f e
];l = Jl‘l‘ e + Jtl‘
60 u, pt

setup

L—z”fdcmax ) t (2.40)

Dl
M6 men quan tinh cta hé théng truyén dong tir truc chinh t6i truc ctia dong co
dan dong duoc xac dinh [131], [133]:

J,=J . +J (2.41)

rotor ms

Trong @6, J, (kg.m*) 12 md men quan tinh dong co truyén dong va gid tri nay

rotor
biét truoe, J (kg.m®) 1a mdé men quan tinh twong duong cua hé thong dan
dong tir truc chinh té1 truc dong co truyén dong va dugc xac dinh nhu sau [133],

[134]:
S =D ulJ, (2.42)
=2

Trong do, u, 1a ti s6 truyén cua bd truyén dong tht i tinh tir truc déng co truyén
dong, J.(kg.m®) 1a tong md men quan tinh cta tat ca cac thanh phan trong bo
truyén dong thir i twong Gmg.
Tir (2.35), (2.36), (2.38), (2.40) va (2.42) ta co thé xac dinh dugc ning luong
ti€u thu khi tryc chinh quay theo (2.24).
b. Xdc dinh céng sudt quay truc chinh bang thuwc nghiém

Nhu d4 trinh bay ¢ phan trén, viéc tinh toan cong suat quay truc chinh bang
Iy thuyét s& can phai xac dinh rat nhiéu thong sé khac nhau va nam chac thong
tin thiét ké may cong cu. Véi diéu kién thyc té, nhiéu co so san xuét sir dung
may khong thé thu thap dugc diy du thong sb can thiét. Mat khac, viée tinh
toan van can phai dugc kiém ching bang thuc nghiém.

Mot cach tiép can khac dé xac dinh cong suit quay cua truc chinh ma rat
nhiéu nghién ctru sir dung 13 thong qua thyc nghiém. Co sé dé xay dung mo

hinh thoéng qua thuc nghiém 14 dya trén danh gia cbt 16i rang cong suat quay
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truc chinh cha yéu phu thudc vao tde d6 quay yéu cau. Cac cong trinh nghién
ctru dién hinh vé van dé nay 1a cua [74] va [135] cong suat quay truc chinh thuc
nghiém duoc mo ta bang biéu thirc:

F.=C.n+C,, (2.43)
Trong d6, C,, 1a hé s6 anh huéng ctia toc do quay truc chinh, C,, 14 hang sb.

Trong khudn khé luan 4n, hé thong may duoc sir dung 1a may phay cao tdc
hiang DMG thé hé méi (Phu luc 1) nén phuong phéap thuc nghiém sé& dugc ap
dung dé xac dinh cong suat quay truc chinh.

2.1.4. Tinh todn céng sudt cit got

Theo Avram [130], cong suat cat got £, gom hai thanh phén: cong suat

quay truc chinh P, va cong suét cit vat liéu P,
F,=F.+F, (2.44)
Cong suat quay truc chinh P. duoc x4c dinh vo1 mO men xodn twong duong
ctia hé truyén dong 7., va van toc goc o = 27zn(rad/s):
B =T,0 (2.45)
Cong suét cat vat lidu duge xac dinh [129], [130]:
R,=Fy, (2.46)
Trong d6, F.(N) la luc cat va v_(m/s) 1a van toc cit.

Tuy nhién, cong thuc tinh cong suat cat got (2.44) chua ké dén ton that dién
nang trong qua trinh gia cong. Cong trinh nghién cuu [135] danh gia, gia tri
cong suit tiéu thy du doan theo (2.44) mai chi bang 50% gia tri cong suét tiéu
thu thyc té. Mot s6 nghién ciru 1y thuyét kha ti mi dé tinh cong suét cat nhung
kho thuc hién do tinh phirc tap cua ching v6i nhimg tham sd khé xac dinh
[136].

Trén thuc té, phuong phéap thuc nghiém van wu tién duge str dung trong cac

nghién ctru boi do tin cdy cao. Hau hét cac cong trinh déu 14y ham sb mii [75],
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[135] dé mb ta mdi quan hé cuia cong sudt cat got véi cac thong sé anh hudng
trong qua trinh cit. Theo do, cong suat tiéu thu khi cét got duoc xac dinh [135]:

P, =Cv"f a"a (2.47)

cg’c

Trong d6, v,(m/ phut), f (mm/ phut),a,(mm),a,(mm) lan luot 13 van tde cat,

toc do chay dao, chiéu sau cat va bé rong cat; C x,, lan lugt 1a hé

o> Xur X s X

ap?
sO cat got, h¢ s6 anh huong ctia van toc cat, toc d§ chay dao, chiéu sau cat va
bé rong cat.

2.1.5. Tinh todn thoi gian di chuyén khéng tdi
Xem x¢&t hinh 2.4 nhu sau:

M B C L//
rvA/'D C /

Hinh 2. 4. M6 hinh tinh todn khi phay cao téc
Goi L, (mm) la tong chiéu dai 1 dudng cat don MN (bao gém chiéu dai doan
chay khong cat MD, CN va doan ¢6 ciat DC véi tbe do f mm/phat), duong
kinh dao phay la D, (mm), chiéu dai phdi can gia cong 1a l., (mm), chiéu rong
phéi can gia cong 1a b, (mm), téng chiéu cao can gia cong cua phdi la A (mm),
chiéu siu cit a ,(mm) va budc dao ngang a,(mm). Thé tich phéi dugc cét sau
1 duong chay dao doc theo chiéu dai phéi duge xac dinh 1a lcgapae(mm3) . Vay
sb duong chay dao can thuyc hién dé cit hét toan bd thé tich phoi

ABCDA'B'C'D' la:
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N=— (2.48)

t, =—L (2.49)

Tong thoi gian chay N duong cat chinh 14 thoi gian thuc hién dich chuyén theo

téc do chay dao khong tai 7,,.:

tf:tckF:thi Ll (2.50)

2.1.6. Tinh todn thoi gian cit got
Thoi gian gia cong dugc xac dinh dya trén thé tich toan bo phén vat liéu gia

cong V,(mm’)va tdc dd boc tach vat liéu MRR (mm?/phit) [137]:

Vo
! =
“  MRR
Téc do boc tach vat lieu dugce xac dinh thong qua tdc do chay dao f (mm/phtt),

2.51)

chiéu sdu cit a,(mm) va budc dao ngang a,(mm) [52], [103]:

MRR = faa, (2.52)
Thong thudng, toc dd boc tach vat liéu lién quan nhiéu dén s ring cat cia dung
cu cit va duoc tinh b'fmg tdc do chay dao rang qua lién h¢:
f=nfz (2.53)
Trong do, f. (mm/rang) la tbc do chay dao ring, z 13 sd ring cit ctua dung cu
cit. Mt khéc, tbc dd quay cua truc chinh 7 (vong/phut) lién hé v6i dudng kinh
dao D,(mm) va van tc cat v, (m/phut) qua cong thtrc:

1000v,
n=
7D,

(2.54)

Thay (2.52), (2.53), (2.54) vao (2.51) ta c6 thoi gian cét got cu thé:
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t — ﬂDI‘VO
“ 1000v,f.za a,

(2.55)

2.1.7. Cdc diéu l,ci,én trong bai todl‘l thuc nghi.ém ’

Trong thuc t€ cac nghién ctru déu cho thay, £, c6 gid tri rat nho, phu thude
vao dudng chay dao va khéng tbi vu dugc bang cach chon cac thong sb cong
nghé nén co thé bo qua [122].

Pé don gian hoéa qua trinh tinh toan, gia thiét rang nguyén cong phay tho
khong thay dao, nguyén cong phay tinh khong thay dao, so 1an thay dao gitra
hai budc phay tho va phay tinh khong qua 2 1an, thoi gian thay dao rat ngin
nén co thé bo qua.

t

Im °

tckF

Mt khéc, trén thuc té cac gia tri thot gian ¢, nam trong cac giai
doan khong tham gia cat got. Gia tri t., phu thudc vao ky thuit vién dirng may,
gia tri ¢, cling co thé gia thiét xap xi t, . Do vay, dé don gian hon nira viéc
tinh todn, ta c6 thé gia thiét 7, =¢, =1, .

Nhu vy, cong thic (2.6) c6 thé viét lai nhu sau:

E =(R,+B ), + Pty + Bt + Pt (2.56)

ichie T Legleg
2.1.8. Xdc dinh bai todn vé ning lwong tiéu thu

Can cur vao co so ly thuyét ¢ trén, dé xac dinh nang lugng tiéu thu khi gia
cong trén may CNC khi phay cao tdc thép sau nhiét luyén (cong thic (2.6)) thi
can thyuc hién céc bai toan thuc nghiém cu thé nhu sau:

Thire nghiém xdy dwng mé hinh todn hoc mé ta dnh hwong cia cdc thong sé
cong nghé téi cong sudt tiéu thy khi quay truc chinh P. (cong thirc (2.43))

Thiee nghiém xdy dwng mé hinh todn hoc mé ta anh hiedng cia cdc théng sé
cong nghé tGi cong sudt tiéu thu khi di chuyén khéng tdi theo toc do chay dao
P, (cong thirc (2.17))
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Thiee nghiém xdy dwng mé hinh todn hoc mé ta anh hidng ciia cdc théng sé

cong nghé téi cong sudt tiéu thy khi cdt got P, (cong thitc (2.47)).

Tuy nhién, van dé dit ra & day la diéu kién thuc té co s& vat chét phuc vu
cho cac thuc nghiém tai don vi nghién ctru va hau hét cac don vi khéc khong
dap tng dugc cho day du cac bai toan thyc nghiém ndy. Qua mdt thoi gian
dai tim hiéu, nghién ciru va thue hién so b cac van dé gia cong, do dac,
NCS thu dwge bd dir liéu khong diy di va dd tin cdy chua cao do thiéu
thiét bi do chuyén dung va chwa dam bao cac diéu kién thwc nghiém cu
thé.

Do d6, trong khudn kho luan 4n nay, nang lugng tiéu thu ciia may CNC trong
qua trinh gia cong dugc do bang thuc nghiém thong qua phép do dién ap hiéu
dung tong, cuong do dong dién hiéu dung tong ciia may gia cong va thoi gian
gia cong thuc té. Theo d6, cong suit cua timg thiét bi thanh phan duogc ké dén
trong gia tri cong sudt tong ctia may, ta s& bot duoc viée do ludong cong suat
ting thiét bi cu thé, khic phuc duogc su han ché cua co sé vat chat.

2.2. Viin dé vé nham bé mdt khi gia céng phay trén mday CNC

Chat lugng bé mat chi ti€t gia cong 1a tdp hgp nhiu tinh chat quan trong
cua lép bé mat, cu thé 1a: hinh dang té vi 16p bé mat, tinh chat co, 1y hoa cua
16p bé mat. Hinh dang té vi ciia 16p bé mit gia cong c6 anh hudng rat nhiéu dén
tinh chat lam viéc cua chi tiét may. Co so 1y thuyét nghién ctru vé d6 nham bé
mit d3 duoc dé cap rat chi tiét trong cong trinh [7], [9].

Nhu di trinh bay & Chuong 1, 46 nham bé mat 1a yéu té dugc quan tdm
trong hau hét cac cong trinh nghién ctru vé gia cong cao toc [7], [8], [9], [14],
[15], [19], [21], [24], [25], [35], [38], [45], [81], [98], [106]. Nghién ctru vé do
nham bé mat trong gia cong cao téc hgp kim cing thi dién hinh c6 mot s cong

trinh nhu [37], [48], [50], [51], [57], [58], [60], [66], [71], [83], [88].
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Qua d9, c6 thé thay chat lugng bé mit chi tiét gia cong phu thudc
vao rat nhiéu yéu td va diéu kién gia cong nhu: vat liéu gia cong, phuong
phap gia cong, d6 cimg vimg ctia hé thong cong nghé, dung cu cit, ché
dd cét, ché dd boi tron, cac hién tuong vat ly khi cat, v.v. Vé co ban, ¢
thé chia cac yéu t6 anh hudng ké trén thanh cac nhom:

Nhom 1: nhom céc yéu td anh hudng mang tinh chat in dap hinh hoc (ché
do cét, hinh dang dung cu, ...) 1én bé mat gia cong.

Nhém 2: nhom céc yéu té anh huong do bién dang (ché d6 cit, luc cat,
nhiét cit, ...).

Nhém 3: nhom cac yéu td anh huéng do rung dong cta hé thdng cong
nghé (do cimg vimg cta hé thong cong nghé, ché do cit, ...).

D@ thdy, cac yéu té anh huong ¢ nhom 2 va nhom 3 1a khé phire tap va
kho danh gia. Tuy nhién, yéu t6 ché do cat xuat hién & hau hét cac nhoém yéu to
anh huong. Piéu nay cho thiy rang, anh hudng cta ché do cat 1a rat 16n téi do
nham bé mit, can dugc quan tim va danh gia chi tiét. Mic du da co nhiéu
nghién ctru vé d6 nham bé mit trong gia cong cao téc nhung véi phay cao tdc
hop kim ctng sau nhiét luyén van con rat han ché. Do d6, anh huéng ctia ché
d6 cat toi do nham bé mit khi phay cao téc hop kim ctng van 1a mot ndi dung
chinh trong luan an.

Mic du da c6 nhiéu cong trinh nghién ctru cong bd vé anh hudng cia cac
thong s6 cong nghé téi d6 nham bé mit khi gia cong cao cho céac loai vat lidu
khac nhau nhung ddi voi vat liéu hop kim ctng cu thé nhu SKD11 hodc thép
C45 thi van dé nay van can phai giai quyét. Duya trén cac két qua da cong b,
luan 4n str dung phuong phap thuc nghiém nham danh gia anh hudng cua cac
thong sd cong nghé t6i d6 nham bé mat thong qua cong thire thuc nghiém sau

(81, [91, [10]:
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Y =By +bX, + oo+ BX, + DX, X, + o+ By XX HbX] by (2.57)
Trong do, b,,b,,...,b,, lan luot 13 cac hé sd anh hudng cua cac thong sb cong
nghé (x,,x,,...,x, ) t6i @ nham bé mit.

2.3. Van dé vé d6 chinh xac kich thwéc khi gia cong

Khi gia cong, vi¢c ddm bao dugc cac y€u cau k¥ thuat cta chi tiét dugc ghi
trén ban v& 1a rat can thiét. Thyc té 1a giita cac chi tiét dugc gia cong véi cac
chi tiét Iy tuong trén ban v& co nhiing sai 1éch khac nhau va céc sai léch d6
duoc goi 14 sai 86 gia cong. Do vay, do chinh x4c gia cong duoc dinh nghia nhu
sau: “Po chinh x4c gia cong cua chi tiét may 1a mac do giéng nhau vé kich
thude, hinh dang va vi tri twong quan giira cac chi tiét gia cong trén may va cac
chi tiét 1y tudng trén ban vé& thiét ké”. Do chinh x4c cta chi tiét dugc danh gia
theo céc yéu tb sau day:

Do chinh xac vé kich thudc: 1a ¢ chinh xac vé kich thudc thang hoic kich
thudc goc. Po chinh xac kich thude duoc danh gia bang sai s cua kich thude
thuc so vo1 kich thudce 1y tudng duoc ghi trén ban vé.

D0 chinh xac hinh dang hinh hoc: 1a mtrc d¢ phu hop gitra hinh ddng hinh
hoc va hinh dang ly tudng cuia chi tiét nhu d6 con, 6van, d6 da canh, do phinh
tang trong, d6 phang, ...

Do chinh xac vi tri twong quan: P9 chinh xac nay thyuc chat 1a sy xoay di
mot goc nao d6 ctia bé mit nay so voi bé mit kia (dung lam chuan). D6 chinh
xac vi tri trong quan thuong dugc ghi thanh mat diéu kién ky thuat trén ban vé
thiét ké. Vi du: d6 song song, d§ vuong goc, do I¢ch tam, do ddi xung...

Do chinh xac gia cong bao gdm hai khai niém: d6 chinh xac ctia mot chi
tiét va do chinh xac cta loat chi tiét (hinh 2.5).

N6i chung, d6 chinh x4c gia cong 1a chi tiéu khé dat nhat va giy tén kém
nhat ké ca trong qua trinh thiét ké ciing nhu trong qua trinh ché tao. Trong thuc

té khong thé ché tao duoc cac chi tiét may tuyét doi chinh xéac, do vay ngudi ta
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dung gia tri sai 1éch cia nd dé danh gia do chinh xac gia cong cua chi tiét may,
gia tri sai 1éch d6 cang 16n thi do chinh xac gia céng cang thip. Trong khuon
kho luan an nay, mo hinh toan hoc mo ta mbi quan h¢ gitra ché d6 cit va do
chinh xéac kich thudc duoc quy doi thanh mébi quan hé giita ché d6 cat va sai s6

kich thudc gia cong.

D¢ chinh xdc gia cong

D¢ chinh xac ciia mot chi tict D¢ chinh x4c cua loat chi tiét
' |
I |
Sai léch kich thudc Sai 1éch bé mat chi tiét Tong sai sO
| | ' L]
[ [ [ |
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Hinh 2. 5. Do chinh xac gia cong

Khi gia cong mot loat chi tiét trong cung mot diéu kién x4c dinh mic du
nhitng nguyén nhan gy ra timg sai s6 ctia mdi chi tiét 1a giong nhau nhung sai
sb téng cong trén tirng chi tiét lai khac nhau. S& di ¢6 hién tuong nhu vay 1a do
tinh chat khac nhau cia céc sai s6 thanh phan. Mot sai s6 xuat hién trén timg
chi tiét ctia ca loat déu co gid tri khong ddi theo mot quy ludt nao d6. Nhitng
sai sO nay goi la sai s6 hé théng ¢ dinh hodc hé théng thay doi. C6 mot sai sd
khac ma gi4 tri ciia chung xuat hién trén mdi chi tiét khong theo mot quy luat
nao ca va nhiing sai so nay goi la sai s6 ngau nhién.

Céc nguyén nhan gy ra sai s6 hé thong cb dinh: sai s6 1y thuyét ciia phuong
phap cit, sai s6 ché tao cua may, dao, do ga va sai s6 do bién dang nhiét cua

chi tiét gia cong.



61

Céac nguyén nhan gy ra sai s6 hé thong thay doi (theo thoi gian gia cong)
gdm: dung cu bj hao mon theo thdi gian gia cong, bién dang nhiét cua may, dao
va do ga

Céc nguyén nhan giy ra sai s6 ngiu nhién: do ctimg cta vat liéu khong dong
déu, luong du gia cong khong ddng déu, vi tri cua phoi trong dd ga thay doi
(dan dén sai sd ga dat), thay doi cua Gng suat du, thay doi nhidu may dé gia
cong mot loat chi tiét, dao dong nhiét ctia qua trinh cit, rung dong trong qua
trinh cit, ...

Céc yéu td anh hudng téi d6 chinh xac gia cong bao gdm: bién dang dan
hoi ctia hé théng cong nghé (d ctng vitng cua hé thong, bién dang cia chi tiét
gia cong, dung cu cat, dd ga, may gia cong), do chinh xac ctia may, dd g4, dung
cu cit, bién dang nhiét ciia h¢ théng, rung dong trong qua trinh cat, ...

Pé dat d6 chinh xac gia cong ngudi ta thudng dung cac phuong phap sau
day: phuong phap cét thir timg chi tiét riéng biét, phuong phép tu dong dat kich
thudc, phuong phap diéu khién thich nghi.

Hién nay, viéc gia cong bang phwong phap cat got bang dung cu cit co ludi
cit cd dinh van chiém mot ty 1¢ 16n trong qua trinh gia cong ché tao cac san
pham co khi. D6 1a cac phuong phap gia cong nhu Tién, Phay, Bao, Khoan,
Khét, Doa... Mdi phuong phap gia cong cho mot do chinh xac khac nhau nhung
n6i chung 13 do chinh xac gia cong ctia cic phuong phap nay van thap, dat do
chinh x4c cao nhat khoang cip 7, do cac yéu tb sau: téc do gia cong thap nén
chat lugng bé mit chi tiét chua cao, do chiéu siu cit t&i han 16m, thuong gia
cong cac vat lidu chua qua nhiét luyén nén chat luong bé mit gia cong thap. Do
do, trong cac qué trinh gia cong doi héi do chinh xac cao thi cac qua trinh trén
van chua dap tng dugc cac yéu cau ki thudt di dé ra ma chi dong vai tro 1a cac
nguyén cong gia cong tho hodc gia cong trude nhiét luyén, chuan bi cho qua

trinh gia cong c6 d6 chinh x4c cao hon nhu Mai, Nghién, Khon...Chinh nhiing
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nghién ctu trude ddy mang tinh co s trong gia cong thong thuong voi hop kim
c6 d6 cung thap ma phuong phap gia cong cao tée 6 tiém ning phat trién manh
nhu hién nay. Nhitng van dé cu thé vé co so 1y thuyét di v6i do chinh xac gia
cong da duoc dé cap chi tiét trong [1], [3].

Nhu dd xem xét & Chuong 1, c6 rét it cong trinh dé cap dén anh hudng cia
cac thong s6 cong nghé téi d6 chinh xéc kich thudc khi phay cao tdc noi chung,
phay cao tc thép hop kim cimg ndi riéng, chi c6 mét s nghién ctru dién hinh
nhu [12], [28], [32], [42], [44], [61], [113], [117] nhung Cac nghién ciru nay
khong phai gia cong cao toc. Do vay, trong khudn kho luan an, vin dé nay sé
duogc giai quyét trén co so nghién ciru thuc nghiém qua trinh phay cao toc thép
hop kim ctrng SKD11.

2.4. Bai toan t6i wu don muc tiéu va da muc tiéu

Dé thay, viéc tinh toan don thuan mtc ti€u thu nang luong trong qua trinh
gia cong cat got khong dap tmg dugc muc tiéu tiét kiém nang luong. Tim giai
phap giam hodc toi uu hda ning luong tiéu thu méi 1a dich dén cudi cung. Trong
d6, toi uu hoa cac thong sb cong nghé 13 mot trong nhirng lua chon hang dau.

Duya trén mé hinh toan hoc thuc nghiém duoc xay dung tir cong sudt tiéu
thu khi gia cong, thoi gian gia cong, ta xac dinh dugc ham mé ta toan hoc vé
quan hé giira ning luong tiéu thu va cac théng sé cong nghé cua ca qua trinh
gia cong. Ham muc ti€u cho bai toan tdi wu nang luong tiéu thu duoc xac dinh:

Y =S (x,%5,%5) (2.58)
Cac thong s6 toi wru can xéac dinh 1a cac gia tri ctia ché do cong nghé x,,x,, x,
dam bao gia tri ham muc tiéu y,, 1a nho nhat. Cac diéu kién bién can duoc xac
dinh cu thé:
Fon SESF Gt SUStoong,snsn, sV SV.SV L (2.59)
Cac bude dan téi bai toan tdi wu dugce xac dinh nhu sau:

Budce 1: Lap ké hoach thuc nghi¢ém va thuc nghiém
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Buéc 2: Po luong két qua thuc nghiém, thu thap va xt 1y dit lidu
Buwéc 3: Xay dung phuong trinh hdi quy va danh gia anh hudng cua cac thong
s6 cong nghé. Co thé sir dung cong cu phan tich nhu phan tich phuong sai
(ANOVA).
Budc 4. Xay dung thuat toan t8i vu don muyc tiéu va da muc tiéu nhu thuét toan
di truyén, thuat toan béy dan, thuat todn mang No tron dé tim bd thong s6 toi
wu. Van dé chon lya thuat toan toi wu s& duoc dé cap cu thé tai chuong 4 cua
Luan an.
2.5. Bai toan thwe nghiém

Thuc nghiém 1a mdt qué trinh hodc mot nghién ctru ma két qua 1a thu
duogc céc s6 liéu, thong tin. Cac két qua nay trudc d6 chua biét. Thudng vé mit
théng ké, cac thuc nghiém duoc tién hanh trong cac diéu kién ma nha nghién
ctru ¢6 thé quan 1y va kiém soat dugc cac yéu to khong lién quan dén muyc tiéu
nghién ctru.

Hién nay, mbi quan h¢ thuc nghiém duoc xac dinh phé bién béng 2
phuong phap: binh phuong cuc tiéu va quy hoach thuc nghiém
2.5.1. Phwong phdp binh phwong cuc tiéu

Str dung phuong phap nay dé xac dinh mdi quan hé toan hoc ciia nhiing
dai luong co mbi quan h¢ v&i nhau & mot dang nao d6 da biét qui luat: tuyén
tinh, tudn hoan, ham mi, ham logarit...cac dang ham nay déu chua biét cac gia
tri cu thé ctia cac tham sd, dé xac dinh cac tham s6 do st dung thi nghiém, do
dac...cac cdp gia tri tuong tng va chon mot md hinh toan hoc cu thé dé tinh
toan tong gia tri sai léch binh phuong cac diém. Tong sai 1éch nay 1a ham cia
cac gia tri hé s6 can xac dinh. Céc hé sb phu hop vé1 mo hinh 1a gia tri cua
nghiém dé gia tri ham sai 1éch nho nhat.

Uu diém
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Phuong phép nay c6 kha nang xtr Iy v&1 moi bo dir liéu (kich thude va
tinh chat bo dir liéu 1a tuy y) nén két qua dua ra phu hop véi thuc nghiém. -
Trong qua trinh tinh toan, do thuc hién phép tong cac gia tri thuc nghiém bac
1¢ nén c6 thé gian céac sai s6 ngau nhién trong qua trinh thi nghiém ma khong
quan ly duoc.

Phuong phap binh phuong cuc tiéu, do ban chat cta né 13 ndi suy mot
duong (mit) dé dat mot chi tiéu nao d6, nén c6 sai sd phuong phap.

Nhueoc diém

Nhuoc diém 16n nhat cta phwong phap nay (Iam cho né khong thong
dung trudc day) 1a doi hoi mot luong 16n cac phép tinh toan (diéu niy cang
dung khi bo sb thi nghiém cang nhiéu va c6 nhiéu dai lvong dau vao). Néu thuc
hién tinh toan bang tay thi phuong phap ndy con gay ra sai so tinh toan.

Do dic trung cong thic tinh toan c6 téng binh phuong nén co thé gay
nén cac sai sd tich liy trong cong thirc tinh toan cudi cling.

2.5.2. Phwong phap quy hoach thuc nghiém
a. Khdi niém chung

Quy hoach thuc nghiém 1a mot qua trinh hoach dinh nghién ctru dat cac
muc ti€u xac dinh. Hoach dinh ding rat quan trong nham dam bao duang loai dir
liéu, kich thuéc mau du 1on dé tra 16 duoce cac cau hoi lién quan cang rd rang,
cang hiéu qua cang tt.

Muc dich ctia quy hoach thyc nghiém 1a xay dung mo6 hinh toén hoc
(phuong trinh hdi quy) biéu thi mdi quan hé gitta thong sb dau ra va cac thong
s6 dau vao. Phuong phap ndy can phai thuc hién kiém tra tinh dong nhat cua
cac thi nghiém, néu chu dong dugc thi nghiém thi co thé st dung qui hoach
thuc nghiém truc giao.

Uu diém
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Nguyén tic co ban ctia quy hoach thuc nghiém 1a ton it thoi gian nhat dé
nhan thong tin nhiéu nhat. Do viy c6 thé nhan thdy rang phuong phap quy
hoach thuc nghiém 1a phuong phap don gian va doi hoi it sb liéu thi nghiém va
it xir Iy toan hoc phirc tap (Chang han chi c¢6 hai yéu t6 dau vao thi chi can thi
nghiém 4 mau). Do sir dung it tinh toan nén phuong phap nay hau nhu loai bo
duoc sai sd tinh toan.

Tuy st dung it thi nghiém nhung & mot gi6i han thi két qua 1a chdp nhan
duoc néu d3 biét trude ham phu thudc.

Phuong phdp quy hoach thuc nghiém st dung chinh xac dit li¢u thi
nghiém vao trong céng thirc mong mudn, nén phuong phap nay sé& tranh dugc
sai s6 phuong phap
Nhuroe diém

Tuy doi hoi it dit li€u thi nghiém nhung phuong phap nay cling doi hoi
tién hanh mot lugng khong nho thi nghiém dé kiém tra tinh ddng nhét cia né,
sau khi tién hanh nhiéu thi nghiém nhu vay nhiing két qua nay lai khong dua
vao trong cong thirc cudi cing can dat duoc. Nhur vy vira mat cong ma lai lam
giam tinh chinh xac ctia phuong phap. Chang han chi v6i 4 thi nghiém véi 4 bo
s6 liéu d két luan mot cong thirc ¢6 hai bién phu thudc nhu vay sé& kho dat do
chinh xac du doan.

Do chi tién hanh mot s6 thi nghiém, nén khong thé tim ra nhiing diém
khac biét nhimg van dé mdi ma mot qua trinh thi nghiém doi hoi. Vi véi mot
thong s6 dau vao thi chi thi nghiém véi hai s6 liéu twong tmg voi (-1) va (+1),
khong thyc hién nhiéu thi nghiém thi khong thé tim ra mét quy luat da dung
trong mot gio1 han hep dit li¢u dau vao.

Phuong phap quy hoach thuc nghiém nén ap dung véi dit liéu cach déu

nhau.
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b. Muc tiéu quy hoach thuc nghiém

Giam thiéu dang ké s6 lugng thuc nghiém can thiét, giam thoi gian va
phi ton tién hanh thyc nghiém, thu thap dugc nhiéu thong tin hi€u qua va ro
rang hon khi dénh gia duoc tuwong tac giita cac yéu té va anh hudng cia chiung
dén dap tmg.

Xay dung dugc mé hinh toan hoc théng ké thuc nghiém; danh gia dugc
sai s6 trong tong thé bdi canh thue nghiém; danh gia anh hudng cua cac yéu td
v6i mire do tin ciy can thiét.

Cho phép xac dinh duoc diéu kién tdi wu cta d6i twong nghién ctru kha
chinh x4c bang cac cong cu toan hoc thay cho cach giai gan dung; tim dugc toi
uu cuc bo.

c. Phan loai quy hoach thyc nghiém
Céc bai toan quy hoach thyc nghi¢m:

Thiee nghiém sang loc: ¢6 nhiém vu xac dinh cac yéu té quan trong ddi
v6i hé théng thuc nghiém.

Thyrc nghiém mé phong: lién quan dén viéc xay dung mé hinh toan hoc
dién ta sy van hanh cta hé théng.

Thire nghiém toi wu: c6 thé xem day 1a budc phat trién cta thyc nghiém
mo phong. Nhiém vu cua loai thuc nghiém nay 1a xac dinh duogc diém tdi vu
ctia hé thong.

Vé phuong phép, c6 thé phan loai quy hoach thuc nghiém nhu sau:
Phwong phap thw tim sai (trial and error).

Phuong phéap dua vao kinh nghié¢m.

C6 thé cho két qua nhanh chong.

Khong giai thich duge két qua.

Khoé dat duoc tdi wu.

C6 thé st dung nhu giai phap tam thoi.
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Pay la phuong phap “mo”. Khong hiéu ban chat van dé.

Phuwong phdp thay doi lan luot timg yéu to.
Tién hanh véi yéu t thi nhat. Quan sat két qua. Chon gia tri cho yéu tb
thir nhat, xong chuyén qua yéu td tiép theo.
Phai thyc tién hanh nhiéu thi nghiém.
Khong mé hinh héa duge anh hudng cia cac yéu to.
Khéng danh gia duoc twong tac gitta cac yéu td. Do d6 két qua chua tbi
wu cho tong thé cac yéu tb.

Phwong phdp quy hoach yéu té toan phan hodc ban toan phan.
Cho phép danh gia duoc anh hudng cua cac yéu td va tuong tic cla
ching.
Céc hoach dinh yéu té ban phan gitp giam thiéu sé luong thi nghiém,
nhung anh huéng ciia cac yéu td ¢ thé 1an vao nhau.
Trong trudng hop nay khong co dinh hudng hoach dinh thuc nghiém dé
1am rd anh huéng ciia cac yéu té quan trong.
Phuong phap doi hoi hiéu biét nhiéu vé thong ke.

d. Nguyén tic co bin

Nguyén tic khéng ldy toan b dau vao
Lay bién sd roi rac.
Chon murc bién dbi thich hop.
Su lua chon can ¢ co sé toan hoc; gén lién voi ham mé phong dang bé
mat dap tng.
Dang ham mo phong thuong 1a bac mot hodc hai, do d6 muc bién doi
thuong 14 hai hodc ba.

Nguyén tdc phirc tap dan mé hinh todn hoc

Quan diém thuc nghiém co trinh ty.
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Khi chua c6 day du thong tin thi sir dung mo hinh don gian dé giam thiéu

tho1 gian va chi phi.

Viéc kiém tra tinh twong thich ciia mé hinh 1a can thiét dé quyét dinh tién

hanh mo6 hinh phuec tap hon.
Nguyén tac doi chimg véi sai s6

D6 chinh xac cia mo hinh phai twong xtng véi d6 16n cia sai sd. Sai sd
cang nho thi mé hinh cang phai phuc tap. Sai s cang 16n thi nén xay dung mo
hinh x4y dung don gian hon.

Nguyén tic ngdau nhién héa

Thé hién & cach tién hanh thuc nghiém cho phép ngau nhién héa cac yéu
tb tac dong 1én d6i tuong nghién ciru mot cach c6 hé thdng, nhung khong thé
hozc khé kiém tra dugc dé tir 46 coi chung nhu nhitng dai luong ngiu nhién va
xtr 1y theo phuong phap thong ké.

Nham loai bé anh hudng cua cac yéu t6 khong kiém soat duge duoc thuc
hién bang cach tién hanh céc thuc nghiém trong qui hoach theo nguyén tic ngiu
nhién hoa.

Nguyén tdc téi wu héa qui hoach thuc nghiém

Ké hoach thyc nghiém phai c6 nhiing tinh chat t6i wu nao d6 theo quan
diém cta mot hay nhom tiéu chuén toi wu da x4c dinh trude cua loai ké hoach
nay.

Dang cu thé cua tiéu chuan tbi wu phu thudc vao loai nhiém vu thuc
nghiém, ¥ nghia, cong cu cta ké hoach Xu huéng “tién hanh it thuc nghiém
hon - thu thap nhiéu thong tin hon - chat luong két qua cao hon”.

e. Cdac buoc thuc hién quy hoach
Thu thap thong tin tién nghiém.
Chon d4p ung va yéu té khao sat.

Chon m6 hinh thuc nghiém. Xac dinh vung khao sat.
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Thiét 1ap phuong an giam thiéu sai so.

Chon d¢ 16n qui hoach.

Xay dung qui hoach thuc nghiém.

Tién hanh thuc nghiém, thu thap thong tin.

Phan tich s liéu.

Danh gié su twong thich cua moé hinh thuc nghiém.

2.5.3. Phuwong phdp thwe nghiém quy hoach truc giao cip I1

Luan 4n nay nghién cru anh hudng cia it nhat 3 yéu t6 cong nghé téi
nang luong tiéu thy, do chinh xac kich thudc va d6 nham bé mat. Cac thong sd
nay khong riéng biét ma co su twong tac 1an nhau trong anh hudng téi cac muc
tiéu can xem xét. Do d6, luan 4n str dung phuong phap thuc nghiém quy hoach
truc giao cap 2.

Pay 1a phuong phap quy hoach phi tuyén, cau tric c6 tim, sé yéu to anh
huéng la 3 yéu td (chiéu sdu cat, toc do chay dao va toc do truc chinh), thong
s6 budc dao ngang duoc ¢b dinh. Goi k 13 s yéu t6 anh huong. N 13 tong sd
thi nghiém can thuc hién. Pai luong o la khodng cach tir tam cAu trac thuc
nghiém dén vi tri cac diém trén truc toa do ciia cau trac [4] va n, 14 so thi
nghiém & tdm phuong an truc giao cap 2. Quy udc cac yéu td anh huong theo
cac bién nhu sau: chiéu sau cat r(mm) 1a X5 téc do chay dao F(mm/ ph) 1a X,
, van toc cat v_(m/ ph) 14 x,.

a. Xay dung ma trin thuc nghiém va lay dir liéu thwe nghiém

S thi nghiém can c6 cho phuong an truc giao cép Il tng véi k=3 yéu
t6 1a N =15 [4]. Pa thtc bac hai mé6 ta mbi quan hé gitra cac dai lugng va yéu
t6 anh hudng c6 dang nhu sau:

2 2
Y=b+bx +..+bx, +b,xx,+...+ b(k—l)kx(k—l)xk +bhx; +..+bux;  (2.60)
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S6 hé sb b,b;_1yi»by,»i =1,...k trong da thue bac hai dugc xac dinh theo cong

i’

thuc: L

k+1)(k+2 . A :
_ ( )2( ) =10. Ma tran thyc nghiém cho cau tric cé tam véi 3

yéu t6 anh huong dugc thé hién trong bang 3.2 (4p dung cho ca Bai toan 1 va
Bai toan 2). Trong d6, Y,.,Y, .Y, lan luot 1a cac cot gia trj thuc nghiém

tuong ung can dién cua duong kinh, d0 nhdm va nang lugng.

Bang 2. 1. Ma trdn thuc nghiém

TN X | X | X | x5 | 6%, | XX | XX | X x22 % | Yor > Yipams Yau
1 |+ + | + | + + + + |+ |+ |+
2 | + - + + - - + + | + | +
3|+ + - + - + - + |+ | +
4 | + | - - + + - - + | + | +
510+ + | + | - + - -+ |+ |+
6 | + - + - - + - + | + | +
7+ + | - - - - + |+ |+ |+
8 | + | - - - + + + + |+ | +
9+ a | 0|0 0 0 0 || 0] 0

10|+ |-a| 0 | 0 0 0 0 |a&°| 0] 0
1+, 0|a| 0] 00| 0|00
12|+ 0 |—-a| O 0 0 0 |0 |a*]| 0
13/+1 0] 0| a | 0 0 0 | 0] 0|
4+ 0] 0 |-a| O 0 0 | 0] 0|
1I5/+] 000 0 0 O 0] 0O
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bé dam bao tinh tryc giao cia ma tran thuc nghiém, tién hanh doi bién ¢ cdt co

gid tri x) thanh x| v6i j=1,..,k [4]. Ta co:

k 2
/ %_ﬂzxj—o.n 2.61)

Ma tran thuc nghiém vé&i bién méi duoc thé hién trong Bang 3.3.

Bang 2. 2. Ma tran thuc nghiém sau khi doi bién

Yok s Yoam»
TN | X, X, X, X5 X)Xy | XX | XX X X5 X5
Yy

1 1 1 1 1 1 1 1 027 | 027 | 027

2 1 -1 1 1 -1 -1 1 027 | 027 | 027

3 1 1 -1 1 -1 1 -1 027 | 027 | 027

4 1 -1 -1 1 1 -1 -1 027 | 027 | 027

5 1 1 1 -1 1 -1 -1 027 | 027 | 027

6 1 -1 1 -1 -1 1 -1 027 | 027 | 027

7 1 1 -1 -1 -1 -1 1 027 | 027 | 027

8 1 -1 -1 -1 1 1 1 027 | 027 | 027

9 1| 1215 0 0 0 0 0 | 0.746 | -0.73 | -0.73

10 1| -1.215 0 0 0 0 0 | 0.746 | -0.73 | -0.73

11 1 0 1.215 0 0 0 0 | -0.73 | 0.746 | -0.73

12 1 0 -1.215 0 0 0 0 | -0.73 | 0.746 | -0.73

13 1 0 0 1.215 0 0 0 | -0.73 | -0.73 | 0.746

14 1 0 0 -1.215 0 0 0 | -0.73 | -0.73 | 0.746

15 1 0 0 0 0 0 0 | -073 | -0.73 | -0.73

Tién hanh thuc nghiém va ghi két qua ham muc tiéu vao cac cot Y.
b. Tinh toan cac hé ) phwong trinh hoi quy
Phuong trinh hdi quy sau khi ddi bién c6 dang:
Y =by+ b, + ot B, + B30, ot By XX b X et byX, (2.62)

Céc hé sd cua phuong trinh hdi quy duge xac dinh nhu sau:
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N
" 1 i , Mzz;yu'xluxju
ozﬁu_ YoXou j1:N—2
N " Z(xjuxlu)
Zyuxju ]:vl ; j=1L.,ku=1.,N (2.63)
b, = u% ; Zyux;u
X5, b, = 4l -
u=l1 Z(x;u)

Sf
S? —S—’i S”zﬂ X h 2
b N Zl(xjx,)u
g2 A\ S s j=L.,ku=1.,N (2.64)
bj - N SZ _ Sth
sz.u by N / \2
u=l1 Z;(xju)

Trong d6, S, la phuong sai tai hién dugc tinh theo m 1an 13p cta thi nghiém &

tam:
2 1 —\’
Sn = EZ}(y =) (2.65)

c. Kiém tra y nghia ciia cac hé s6 trong phwong trinh hoi quy

Ma tran thuc nghiém sau khi ddi bién 1a ma tran truc giao nén cac hé )
b trong phuong trinh hoi quy (PTHQ) dugc kiém tra theo chuan Student [138].
Tinh hé s thuc nghiém 7, .

b

t, = S—f (2.66)
b;

Tra bang chuan tim chi tiéu Student t,(1-p, f). Trong 46, p la xac suat tin
cdy (thuong chon p=0.95+0.98), f 1a s6 mirc do tu do cho m 1an thi nghiém

O tam:
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f=m-1 (2.67)
Saudo,sosanh ¢, var. (1- p, f) dé tim ra cac hé sé ¢6 nghia va viét lai phuong
trinh hoi qui.
d. Kiém tra tinh twong thich ciia phwong trinh hdi quy véi thwe nghiém

Tinh tuong thich ctia phuong trinh hdi quy dugc kiém tra theo tiéu chuin

Fisher [138]. Pau tién, chi tiéu Fisher (F, ) dugc x4c dinh:

S2
=t (2.68)
S
Phuong sai twong thich dugc tinh:
i(y i )_}z )2
2 _ o (2.69)
Y ON-N

Trong d6, N 1a s6 hé sd c6 nghia trong phuong trinh hoi qui, y, 1a gia tri do
duogc trong thuc nghiém ¢ thi nghiém tha 7,i =1,..,m va y, 1a gia tri tinh toan
theo phuong trinh hdi quy ¢ thi nghiém thir 7, =1,..,m. Tinh s6 muc d6 tu do
cua phan tdn l6n f,=N-g—-1 voi g la sO hé sb c6 nghia ctia phuong trinh
hodi quy, khong ké hé sb tu do by va tinh s6 mirc d6 tu do ctia phan tan nho
f, =m—1. Trabang Fisher [138] cho chi ti€u F_,(f, f,) va so sanh véi gia tri
F, dékét luan tinh twong thich ctia phuong trinh héi quy. Néu F, < F,_ (15 12)
thi phuong trinh hdi quy twong thich, c6 nghia mé hinh toan hoc dugc dung
hoan toan miéu ta dugc ban chat qua trinh. Nguogc lai thi PTHQ khong tuong
thich.

K¢ét luan chwong 2
Nhu vay, dua trén nhitng nghién ctru tong quan tir Chuong 1, mdt s6 van

dé mang tinh chat co so 1y thuyét phuc vu cho giai quyét cac bai toan cua luén

an da dugc trinh bay trong chuong nay. Cu thé:
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+ Van dé vé ning luong tiéu thu va phuong phap tinh toan loai ning luong nay
trén may CNC di duoc xem xét giai quyét. Tir ¢6 nhan dinh duoc phuong an
xac dinh nang luong ti€u thu phu hop vl diéu kién cu thé cua luan 4n. Do 1a
st dung phuong phéap thuc nghiém.

+ VAan dé vé do nham bé mit duge xem xét theo trinh tu: vi tri, vai tro cia yéu
t6 nay trong danh gia chat luong san pham, phan nhom céc yéu té anh hudng
va cac cong trinh nghién ctru lién quan.

+ Van dé vé sai s6 kich thudc trong gia cong duoc trinh bay dua trén vi tri cta
n6 trong hé thdng céac sai sb gia cong, ¥ nghia ctia yéu td nay trong gia cong
cao toc, cac yéu to anh huong va kha ning dat dugc. Mot s cong trinh nghién
ctru di cong bd cling dugce nhic dén.

+ Bai toan t6i wu don muc tiéu va da muc tiéu dugc mo ta nhu 1a mot phuong
an tot nhat dé chon lya duoc cac bo thong sd cong nghé phi hop nhét dap tng
cac yéu cau gia cong dit ra tir trude. Cac budce thuc hién bai toan cling dugc
thé hién day du.

+ Cubi cung, bai toan thyc nghiém va phuong phap xay dung phuong trinh hoi
quy duoc trinh bay ddy di nham chuan bi ddy di cac budc tién hanh mang tinh

logic va khoa hoc cho cac ndi dung chuong sau.
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CHUONG 3. THU'C NGHIEM PHAY CAO TOC THEP HQOP KIM SAU
NHIET LUYEN

Chuong nay tap trung giai quyét cac van dé:

Xay dung bai toan thyc nghiém theo moé hinh thyc nghiém Box-Wilson
va phuong phap quy hoach thyc nghiém truc giao cip 2 voi cac trang thiét bi
thuc nghiém va do luong theo diéu kién thyuc té hién co.

Xay dyng mé hinh todn hoc mo ta mdi quan hé cua cac thong sb cong
ngh¢ té1 nang luong ti€u thy, do chinh xac gia cong va 6 nham bé mat.

St dung modul Phan tich phuwong sai (ANOVA) trén phan mém
DESIGN EXPERT 12 dé kiém tra cac két qua tinh toan tir phuwong phap quy
hoach truc giao cip 2.

Panh gia so bo anh hudng cua cac thong sé cong nghé tdi cac dai luong.
3.1. Bai toan thwe nghiém phay cao toc thép sau nhiét luyén
3.1.1. Muc tiéu va bai todan thwc thuc nghiém

Muc tiéu thuc nghiém phay cao toc thép sau nhiét luyén nham thu thap
dir liéu cac thong sb6 dau vao (ché do cong nghé va cac yéu td khac) va cac
thong s6 dau ra (ning luong tiéu thy trong qua trinh gia cong, d6 nham bé mat
va do chinh xéc kich thudc) nham xac dinh mdi quan hé gifta cac yéu t6 dau
vao, dau ra ké trén thong qua cac ham toan hoc.

Bai toan thuc nghiém duogc xac dinh nhu sau:
a. Pau vao bai toan thuc nghiém

Loai hinh gia cong cit got: phay cao tdc trén trung tim gia cong phay
chuyén dung DMG-DMC1450V.

Két cu gia cong: phay cao toc hdc tron, 16 khong thong.

Vit liéu phoi: thép hop kim SKDI11 [119]

Do cting phoi sau nhiét luyén: 55 HRC

Do ga gia cong: Eto di kém thiét bi gia cong
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Dung cu cit: dao phay cao tbc chuyén dung YG SGN090SOH.

Thiét bj do ludng: thiét bi do nang luong, thiét bi do d6 nham va dung
cu do kich thudec.

Thong sb6 ché do cong nghé¢: chiéu siu cit t (mm), tbc do chay dao F
(m/phiit), tbe d6 truc chinh n (vong/phut) hay vén tdc cat Ve (m/phut) va luong
chay dao ngang (a, mm). Trong d6, luong chay dao ngang 14 thong sb cb dinh,
chua dugc xem xét trong luan an nay.

Bai thuc nghiém sb 1: danh gid anh huong ciia cac thong sd cong nghé
t6i nang luong tiéu thu khi phay tho cao toc hdc tron tir D16mm dén D21.8mm.

Bai thuc nghiém sb 2: danh gid anh huong ciia cac thong sd cong nghé
t6i d6 chinh x4c duong kinh va d6 nham thanh cua hdc tron khi phay tinh cao
tbc hoc tir D21.8mm dén D22mm.

b. Piu ra bai toan thwe nghiém

Can xac dinh ba yéu t6:

Mot 13, ning luong tiéu thu khi phay tho cao tdc trén trung tim CNC.

Hai 14 d6 chinh xéc kich thuéc duong kinh hdc tron (phay tinh cao toc)

Ba 13, 6 nham bé mat thanh hdc tron (phay tinh cao tdc).

3 ,

Phéi SKD11
55 HRC

iy
Pl

Hinh 3. 1. M6 hinh phay thuc nghiém
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Chu y réng, do chinh xé4c kich thudc c6 thé duoc dai dién thong qua xac dinh
sai s6 ché tao so voi kich thuéc danh nghia.

Can cu vao két qua thyc nghiém, xay dung cac ham toan hoc mo ta mbi
quan h¢ gitra cac thong sb ché do cat (chiéu sau cat, toc do chay dao, tdc do
truc chinh) véi niang luong tiéu thu trong qua trinh gia céng, do nham bé mat
thanh héc tron va d6 chinh xac kich thuéc duong kinh hdc. Hinh 3.1 thé hién
cu thé mo hinh thyc nghiém. Hinh 3.2 mé ta chu trinh gia cong phay héc tron

cao toc.

Hinh 3. 2. Chién lwoc phay hoc tron trén Unigraphic (NX)

3.1.2. M6 hinh thwc nghiém
a. So do thwe nghiém

Qua trinh thyc nghiém dugc mo ta nhu so dd hinh 3.3. Can x4c dinh
rang, bai toan thuc nghiém cang c6 nhiéu dau vao thi két qua nghién ciru cang
gan véi thue té gia cong. Tuy nhién, viéc ting sb luong dau vao s& xuat hién
nhiéu trd ngai nhu kiém soat, do luong cac thong sb, hé théng thiét bi phu tro
di kém tré nén phurc tap. Do do, dua trén nhiéu két qué nghién ctru dugc cong
bd trude do, kinh nghiém san xuét thyc tién thi chi chon céc thong s dau vao
gy anh hudng chinh t6i cc muyc tiéu dau ra can xem xét. Khong nhimng thé,
cac yéu td du vao nay co thé duoc do dac, kiém soét va diéu chinh duge. Sau

khi da xac dinh dugc méi quan hé gitra cac yéu to dau vao co ban voi cac dau



78

ra, ta c6 thé mo rong nghién ctru dé xem xét anh hudng cua cac yeu to dau vao

khac.

Cic dgi lugng co dinh
- May gia cong, d6 ga
- Vat liéu phoi
- Vat liéu dung cu cat
- Dung dich lam mat
- Chueong trinh gia cong

Dau vao l

- Chiéu sau cat Qud tfrinh phay cao
- Téc d6 chay dao [Wep|  toc thép hop kim
- Van toc cat sau nhiét luyén

- Budce dao ngang "‘

Péura
p - Nang lwong tiéu thu
- P06 chinh xac kich thudc
- D0 nham bé mat

Cic dai lwvong nga;"u
nhién
- Pong nhat vat liéu phoi
- Rung dong

Hinh 3. 3. So do phay thuc nghiém
b. Phoéi gia cong
Phoi gia cong dang hinh hdp chit nhat, kich thudc (Dai x Rong x Cao)
300mm x 250mm x 25mm (Hinh 3.4).

Hinh 3. 4. Phoi thép hop kim SKD11 sau nhiét luyén
Vit li¢u phoi thuc nghiém 1a thép hop kim sau nhiét luyén SKD11 (Tiéu
chuan Nhat JIS G4404) thuong duoc sir dung trong gia cong khuon mau boi do
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ctmg cao (55HRC), d0 bén nén cao, do dai va dap va chéng bién dang tot [119].
Phoi thép tiéu chuan SKD11 duogc cung cip boi Cong ty Thép Pic biét Quang
Minh (Bén Thanh, Q1, TPHCM). Thanh phéan héa hoc ctia phoi thép hop kim
sau nhiét luyén SKD11 dugc thé hién trong Bang 3.1.

Bang 3. 1. Thanh phan héa hoc ciia phéi thép hop kim SKD11

Ky hié C (%) | Si(%) Mo Cr (%) Mo V(%) | P (%)
1eu % 1 (% r (% % %
T %) %)

SKD11 | 1.4-1.6 | <0.6 <0.6 11-13 | 0.7-1.2 | <1.1 <0.03

Phoi dugc nhiét luyén tai Cong ty cd phan FELIX Viét Nam (Khu Cong nghé
cao, Hoa Lac, Ha Noi) voi thiét bj Turbo-IPSEN/ Dire (Hinh 3.5) va do d6 cting
trén thiét bi FR-1E/Hard Machine (Hinh 3.6). Két qua do do cimg v&i gia tri
trung binh cta phoi thép hgp kim SKD11 sau nhié¢t luyén dat 55 HRC.

Hinh 3. 5. Thiét bi nhiét luyén Turbo-IPSEN/Puic
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Hinh 3. 6. May do do cung FR-1E/Hard Machine
c. Trung tam gia cong phay DMG-DMCI1450V

Qua trinh phay thuc nghiém dugc thuc hién trén trung tdm gia cong phay
DMG-DMC1450V (Hinh 3.7) tai Xuong Ché thtr Co khi, Trung tdm Cong
ngh¢, HVKTQS.

Trung tam gia cong phay CNC model DMC1450V do hang DMG MORI
san xuit nam 2018 tai Dic. May c¢6 hanh trinh cac truc X = 1450mm, Y =
700mm, Z = 550mm, khodng cach tir mat truc chinh t61 ban lam vi¢c ttr 150mm
tgi 700mm, kich thudc ban lam viéc 1760mm x 750mm, tai trong phoi toi da
2000kg. Toc do chay dao tdi da theo X, Y, Z dat 42.000 mm/phut, téc do truc
chinh dat tdi dai 20.000 vong/phut, cong suat truc chinh dat 35 kW, luc tai trén
cac truc toi da X, Y, Z dat 6.5 kN. Do chinh xac vi tri toi da dat 6um (Theo tiéu
chuan VDI/DGQ 3441), hé thong thao dao tu dong véi 20 vi tri thay dao SK40,
duong kinh dao tdi da 80 mm (dat 130 mm néu khong c6 dao bén canh). H¢
théng 1am mat bang dung dich, ngudn dién yéu cau 400 V/50 Hz/3-phase/ N/
PE. Dao dong ngudn dién cho phép 10%.
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Hinh 3. 7. Trung tam gia cong DMG-DMCI1450V

d. Dung cu cit
Thuc nghiém sir dung dao phay hop kim cao tdc chuyén dung cua hang
YG. Mi ky hiéu dung cu cit NX5070 SGNF09080H, duong kinh phan cit

D;=8mm, duong kinh chudi dao D,=8mm, chiéu dai phén cat L;=20mm, chiéu

dai tong ctia dao L,=65mm, 4 rang cét (Hinh 3.8).
e e = |

Hinh 3. 8. Dao phay cao toc YG SGN0O90SOH [139]
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Hinh 3.9 thé hién cac thong sb cat tham khao theo hudng dan cta nha
san xuAt dung cu cit. Theo do, véi thép SKD11 sau nhiét luyén dat do cting tir
50 HRC dén 55 HRC, duong kinh phan cit cia dung cu 1a D, =8mm thi nén
chon ché d6 cit véi chiu sdu cit 16n nhat = 1D, tbc d6 truc chinh
n=5200(vg/ ph), tbc do chay dao F = 900(mm/ ph). Cac thong sO nay ciing

1a mot trong nhiing co sé chinh dé chon lya mién ché do cit cho bai toan thyc

*A
nghiém.
B Thep trwse nhigt Tuyén SN I Thép sau nhiét luyén I
PREHARDENED STEELS HARDENED STEELS
[NAK, CENA, KP4] [SKD, SKT, STAVAX]
D6 ciing HRc 30 ~ HRc 40 HRc 40 ~ HRc 50 | HRc 50 ~ HRc 55 |
Puong kinh dao RPM FEED RPM FEED RPM FEED
1.0 48000 1480 38000 1050 25500 710
2.0 33300 1750 26000 1250 17500 840
3.0 21800 1750 17300 1250 11500 840
4.0 16700 1800 13200 1300 8800 880
5.0 15700 2000 12500 1500 8300 1000
6.0 13100 1950 10350 1400 6900 950
| 8.0 9880 1880 7800 1350 5200 900 |
10.0 7800 1750 6150 1260 4100 840
12.0 6650 1750 5250 1260 3500 840

Hinh 3. 9. Ché d¢ cdt tham khdo theo Nha sdan xudt YG [139]
e. Do gd

Phéi thuc nghiém c6 dang hinh hop nén d6 ga dinh vi va ket chat co thé
dung ETO di kem theo may gia cong (Hinh 3.1).

f. Thiét bi do ning lwong tiéu thu

Nang lugng tiéu thu cia may CNC trong qua trinh gia cong dugc xac
dinh gian tiép thong qua cong suét tiéu thu clia may theo thoi gian.

Cong suét cua may dugc xac dinh dua trén do gia tr1 dién ap hi€u dung
va cuong do dong di¢n hi€u dung cia may CNC. Vi vay, thiét bi do nang luong
dugc dung 13 hé thong do MAVOWATT 230 [140] (hinh 3.10) va céc thiét bi
do dién ap Kaise, cuong do dong dién hiéu dung Extech [141] (hinh 3.11).
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Hinh 3. 11. Thiét bi do dién dp va dong tong hiéu dung [141]
g. Thiét bi do dé nham
St dung thiét bi do do nham cta hang Mitutoyo SJ-201 [142]. Két qua
duoc hién thi trén man hinh LCD, bd phan do c6 thé tach roi bd hién thi, cho

phép do cac loai hinh chi tiét co két ciu phuc tap; Dai do rong 350pum (-200pum
dén + 150pm); Cac thong s6 vé do6 nham dap tng céc tiéu chuan ISO, DIN,
ANSI va JIS; Phan tich dugc 19 tham sd, trong d6 dam bao do Ra, Rq, Rz va
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Ry co ban; Ty dong hiéu chuan dé diéu chinh d6 loi don gian khi do; C6 thé
truyén dit liéu do sang may tinh va céc thiét bi ngoai vi khac; Ngudn AC hoic
Pin (hinh 3.12).
h. Thiét bi do kich thuéc

May do CMM Contura G2 — Pirc [143]. May c¢6 thé quét chu dong va
cam bién da diém. S6 diém quét 1én dén 200 points/s. Luc do bién ddi (50-
1000 mN). Chiéu dai kim do max = 500 mm, Khéi luong kim do max= 500g
bao gébm dé gan kim do; duong kinh kim do nhé nhat = 0.5 mm. Gi6i han do
X, Y, Z trong tmg 700-1000mm, 1200 — 2000mm va 600mm. Sai sb tuyén tinh
theo chiéu dai do MPE theo ISO 10360 -2: 2009 dat 1.8 um véi chiéu dai do
L=300mm, sai s0 lap lai dat 1.4 um (hinh 3.12).

Hinh 3. 12. Thiét bi do d¢ nham [142] va may do CMM [143]

3.1.2. Cdc buwéc tién hanh thwe nghiém
a. Gia cong thiwr

Muc dich: danh gia kha ning gia cong cta hé thong cong nghé ddi véi
phéi thép hop kim SKD11 da qua nhiét luyén dat d6 cing 55HRC va ché do

cong nghé v4i mirc cao. Cu thé, gia cong phay cao tdc thd hdc tron tir phoi dic
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dat duong kinh D=15.6 mm. Phay tinh cao tdc tir duong kinh tir D=15.6mm dat
D=16mm.

Ché d6 cong nghé khi phay thd: t=0.2 mm, F=800 mm/phut, Vc=130
m/phut, n=5200 vong/phut, budc dao ngang ap=0.2mm.

Ché do cong nghé khi phay tinh: t=10 mm, F=800 mm/phat, Vc=130
m/phut, n=5200 vong/phut.

Két qua gia cong thir:

Khi gia cong tho: ban dau hé thong may chay ém, rung dong nho, tiéng
gia cong déu, luc cit hién thi theo 2 truc X va Y dat 1én nhit 15% luc cét tdi
da, luc cét theo truc Z dat tdi da 23% luc cit tdi da. Tuy nhién, sau 16 thir 3, hé
théng bt dau co hién tuong on, rung dong tang, luc cit tang theo cac truc trén
25%. Dung may, kiém tra va nhan théy dung cu cit mon nhanh, céc rang cét
khong dam bao hinh dang hinh hoc ban d¢au. Khong con kha ning cét got thong
thuong. Po kich thude duong kinh cac 18 gia cong dau tién bang thude cip hién
thi s6 Mitutoyo (dung sai cho phép 0.01 mm), két qua cho thay, sai 1éch kich

thudc cac 16 khong vuot qua 0.05mm.

Hinh 3. 13. Vi tri cdc 16 gia cong

Tién hanh giam tdc do truc chinh xudng n=4000 vong/phut va toc do
chay dao giam xudng F=500 mm/phut, hé théng cong nghé chay ém hon, gia

cong duoc 8 16 thi bat dau xuat hién tiéng 6n va rung dong tang. Ding may,
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kiém tra va nhan thdy dung cu cat mon. Po duong kinh cac 16 dot 2, dung sai
kich thudc cac 16 khong vuot qua 0.05mm. Khi gia cong tinh, hé thong may
chay ém, rung nhe, déu. Luc cét theo 2 truc X va Y 16n nhit dat 8%, luc cit
theo truc Z dat 16n nhéat 13%. Sb luong 18 gia cong tinh thir nghiém tdi da 20
16, sai 1éch kich thudc duong kinh khong vuot qua 0.05mm (hinh 3.13).

Két luan:

Nhu vy, budc gia cong thir 3 cho phép danh gia kha ning ctia hé thong
cong nghé cling nhu ctia ché d6 cat thir nghiém theo khuyén cao ctia hing ché
tao dung cu cat ung vaéi vat liéu dugc gia cong.

Gia cong phay tho cao toc hdc tron tir phdi dic khong cho thay su kha
thi vé hiéu qua gia cong do tén kém chi phi vé dung cu ct. Nguyén nhan nam
& nhitng thoi diém dau khi gia cong, dung cu cat phai chiu lyc cat rat 16n do
toan bd mat dau dao cu (phﬁn mit dau rang cét) tiép xUc voi bé mat phoi 16n,
dan dén mat dau dung cu cit mon nhanh, lugng tiép xUc cua cac rang cit bén
thanh dao tham gia cat got khong nhiéu ¢ giai doan dau nén khong xuat hién
dang hong ¢ than dao.

Giai phap: tién hanh khoan mdi tit ca cac 16 thuc nghiém dat dén kich
thugc D=16mm. Sau d6, tién hanh phay thd cao toc tr D=16mm dén
D=21.8mm.

V& phan phay tinh cao tc thir, hé théng lam viéc 6n dinh, c6 thé ap dung
cac ché do cat trong gidi han khuyén cdo ciia nha san xuat.

b. Luwa chon mién thong s6 va xét mirc co ban ciia thue nghiém

Trén co s& nghién ctru cac cong bd trude ddy vé gia cong cao tde cac loai
vat liéu khac nhau, d¢ cung khéac nhau, danh gia vé kha nang gia cong cua vat
litu SKD11 véi HRC55, kha ning gia cong ciia may CNC, mién thong sd cit
khuyén c4o ciia nha san xuat dung cu cat va két qua gia cong thtr, mién gi6i han

cac thong sb cat thue nghi¢m duoc lya chon cu thé nhu sau:
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Bai thuc nghiém sé 1: danh gia anh huong cua cac thong s cong nghé toi
nang luong tiéu thu khi phay thé cao toc hdc tron tir D16mm dén D21.8mm.

Xét chiéu sau ct ¢(mm): muc thap ¢ = lmm, mic co ban t, =3mm vamuc cao
t =5mm . Vi khoang bién thién Az = 2mm . Trong khong gian mo rong ctia quy
hoach truc giao bac 2 véi bai toan thuc nghiém 3 yéu té (k =3) thi gia tri

a =1.215 [4]. Lic nay, tinh cac gia tri gidi han mo rong nhu sau:

o = —max —a = min ; 31
At At G-

Suy ra: ¢ =5.43mm;t

> “min

=0.57mm . V61 duong kinh dao phay D =8mm, ta
chuyén gia tri van toc cat V.(m/ phut)tuong Ung voi tbc d6 truc chinh

n(vg / phut) dé thuan loi cho viéc mo ta cac gia tri thyc té.

Tinh toan tuong tu, toc d6 chay dao F(mm/ph), muc thap F =400(mm/ ph),
muc co ban F =500(mm/ph) va mic cao F =600(mm/ph), khoang bién
thién AF =100(mm/ ph).

Toéc dd truc chinh n(vg/ph), mic thiap n=2400(vg/ph), mic co ban
n=3200(vg/ph) va mic cao n=4000(vg/ph), khoing bién thién
An =800(vg / phut) , cac thong sd duoc thé hién cu thé trong Bang 3.2.

Badng 3. 2. Mién gidi han théng so cong nghé cho Bai toan thyrc nghiém sé 1

. . Cic bién
Thong so Gioi han | Mikc thap | Mirc co | Mire cao | Gidi han
twon
cong nghé | dudi (— ) (-1) ban (0) (+1) trén () , 8
ung
t(mm) 0.57 1 3 5 5.43 X,
mm
F(—) 378.5 400 500 600 621.5 X,
ph
m
v.(—) 55 60.3 80.4 100.5 105 X,
ph
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Bang 3.2. Mién gidi han théng sé cong nghé cho Bdi todn thwc nghiém sé 1
(tiep)

) ] Cic bién
Thong so Gidéi han | Mikrc thap | Mirc co | Mire cao | Gidi han
twong
cong nghé | dudi (—« ) (-1) ban (0) (+1) trén ()
ung
V8
n(—- 2188 2400 3200 4000 4181
ph
a, (mm) 0.2 0.2 0.2 0.2 0.2

Bai thuc nghiém sb 2: danh gia anh hudng cia cac thong sé cong nghé téi do
chinh xac duong kinh va do nham thanh caa hdc tron khi phay tinh cao téc hic
tir D21.8mm dén D22mm.

Véi chiéu sau cét t(mm): muic thap ¢ =3mm, mtc co ban t, =6mm va
murc cao ¢ =9mm , khoang bién thién A¢ =3mm.

Véi téc do chay dao F(mm/ph), mtc thap F = 600(mm/ ph), mic co
ban F =700(mm/ph) va muc cao F =800(mm/ph), khoang bién thién
AF =100(mm/ ph).

Véi téc d6 truc chinh n(vg/ph), mtc thip n=4000(vg/ph), mic co
ban n=4800(vg/ph) va muc cao n=5600(vg/ph), khoang bién thién
An =800(mm / phut) . Céc thong sd duoc thé hién cy thé trong Bang 3.3.

Bang 3. 3. Mién gidi han thong sé cdt thuc nghiém cho bai todn 2

. . Cic bién
Thong so Gioi han | Mic thap | Miuc co | Mire cao | Gidi han
tuong
cong nghé | dudi (—) (-1) ban (0) (+1) trén () )
ung

t(mm) 2.25 3 6 9 9.75 X,
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Bdng 3.3. Mién giGi han théng sé cat thie nghiém cho bai toan 2 (tiép)

Thong s6 | Giéihan | Mirc thip | Mirc co' | Mirc cao | Giéi han Cac bien
cong nghé | duéi (—) -1) ban (0) (+1) trén (@) tlf(mg
rng
F(@) 575 600 700 800 825 X,
ph
v, (ﬂ) 95.5 100.5 120.6 140.7 145.7 X,
ph
n(%) 3800 4000 4800 5600 5800 X,
c. Tién hanh gia cong thwc nghiém
Tién hanh thyc hién gia cong cac 16 theo 2 bai toan da néu & trén.
Bdng 3. 4. Théng sé cong nghé khi phay thé
TT | t(mm) | F (mm/ph) | V (vg/ph) | Yn. (KWh)
1 5 600 4000
2 1 600 4000
3 5 400 4000
4 1 400 4000
5 5 600 2400
6 1 600 2400
7 5 400 2400
8 1 400 2400
9 5.43 500 3200
10 0.57 500 3200
11 3 621.5 3200
12 3 378.5 3200
13 3 500 4181
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Bdng 3.4. Théng s6 cong nghé khi phay thé (tiép)

TT | t(mm) | F (mm/ph) | V (vg/ph) | Yn. (KWh)
14 3 500 2188
15 3 500 3200
16 3 500 3200
17 3 500 3200
18 3 500 3200
19 3 500 3200

Ché d6 cong nghé duogc xac dinh tuong tng véi cac mirc nhu d x4c dinh
¢ bang ma tran thuc nghiém. Cu thé duoc thé hién nhu & bang 3.4 va bang 3.5.
Chu ¥ rang, cac thi nghiém tir 16 s6 16 dén 16 s6 19 1a cac thi nghiém & tam,
nham muc dich tinh phurong sai tai hién S, .

Bdng 3. 5. Théng sé cong nghé khi phay tinh

TT | t(mm) | F (mm/ph) | V (vg/ph) Yss, Ynham
1 9 800 5600
2 3 800 5600
3 9 600 5600
4 3 600 5600
5 9 800 4000
6 3 800 4000
7 9 600 4000
8 3 600 4000
9 9.75 700 4800
10 2.25 700 4800
11 6 825 4800
12 6 575 4800
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Bdng 3.5. Thong s6 cong nghé khi phay tinh (tiép)

TT | t(mm) | F (mm/ph) | V (vg/ph) Yss, Ynham
13 6 500 5800
14 6 500 3800
15 6 500 3200
16 6 500 3200
17 6 500 3200
18 6 500 3200
19 6 500 3200

3.1.3. Thu thip két qud thuc nghiém
Gia tri nang luong ti€éu hao dugc do ngay trong giai doan gia cong tho.

Két qua do nang luong dugc trinh bay cu thé trong phan phu luc.

Chi tiét sau gia cong tinh duoc dua 1én may do CMM dé tién hanh do
kich thudc dudng kinh. Mdi 16 duge do dudng kinh 3 1an & ba vi tri cach nhau
120° trén 2 vi tri cach miéng 16 3mm va 6mm. Gia tri dudong kinh mdi 16 thu
duogc 1a két qua tinh trung binh cua céc lan do.

Do nham trén thanh cta cac 16 duoc do & 3 vi tri khac nhau theo chiéu
dai tiéu chuan cua thiét bi do. Két qua do d6 nham duoc 1ay 1a gia tri trung binh
cac lan do.

Két qua thuc nghiém thé hién trong Bang 3.6. Theo do, sai s6 dudng kinh
16 duoc xac dinh 1a Y, =Y,, —Y,. Trong d6, Y,, 1a gia tri duong kinh thuc
nghiém, ¥, =22mm la gia tr1 duong kinh danh nghia.

Bang 3. 6. Két qua thuwc nghiém

TN YNL (KWh) YDK (mm) Y;s (mm) YNham (u’m)

1 0.065700 21.999996 -0.000004 | 0.540000
2 0.314000 21.952938 -0.047062 | 0.470000




92

Bang 3.6. Két qua thuc nghiém (tiép)

TN | Yy, (Kwh) Yy (mm) Y, (mm) | Y, (um)
3 0.104900 22.037531 0.037531 | 0.480000
4 0.484600 21.953934 -0.046066 | 0.600000
5 0.072500 22.034254 0.034254 | 0.700000
6 0.300900 22.047239 0.047239 | 0.770000
7 0.099000 22.048250 0.048250 | 0.845000
8 0.509600 21.950125 -0.049875 | 0.900000
9 0.066000 22.040890 0.040890 | 0.735000
10 0.679600 21.951627 -0.048373 | 0.830000
11 0.113100 22.018668 0.018668 | 0.395000
12 0.204300 22.020412 0.020412 | 0.495000
13 0.166300 22.026044 0.026044 | 0.575000
14 0.158400 22.025781 0.025781 | 0.645000
15 0.147500 22.029272 0.029272 | 0.640000
16 0.151900 22.023660 0.023660 | 0.640000
17 0.147300 22.027631 0.027631 | 0.820000
18 0.145800 22.019332 0.019332 | 0.735000
19 0.146400 22.019336 0.019336 | 0.760000

3.2. Xir Iy két qua thue nghiém

3.2.1. Phwong trinh hoi quy ieng véi ning luwong tiéu thu khi gia cong tho
Can ctr vao 1y thuyét quy hoach thuc nghiém truc giao cap 2 [4] va két

qua thuc nghiém & Bang 3.6, ta xac dinh dugc cac thong s6 co ban cho viéc xay
dung phuong trinh h6i quy nhu sau:
S6 thi nghi¢m & tam: m =4 (gié tri cac thyc nghiém ¢ tdm thé hién tir 1

s6 16 dén 16 s6 19).
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S6 mirc do tu do ing v6i s thi nghiém o tim: f=m—1=3

Xéc sudt tin cdy: 95%

Chi tiéu phan bd Student [138]: #(0.05,3) =3.182446.

Tinh toan céac hé s cua PTHQ, d6 léch chuin cta cac hé sb nay va so
sanh véi chi tiéu Student thi thu dugce phuong trinh toan hoc mé ta mdi quan
hé gitra cac thong sé cong nghé véi nang luong tiéu thu khi phay tho cao toc
héc tron voi thép hop kim SKD11 sau nhiét luyén:

Y,, =0.18743-0.18375x, —0.050742x, + 0.0392x,x, +

+0.1162x —0.02873x; —0.02626x; (3-2)

Pé danh gia d6 tin ciy cta phuong trinh hdi quy, ta xét: gia tri phuong

sai tuong thich 1a S =0.0029, gia tri phuong sai tai hién 1a S, =0.00008, chi
tiéu Fisher tinh toan 1a F =1.0467, gia tri nay nho hon rat nhiéu so véi gia tri
tiéu chuan ung v6i mic do tin cay 95% la F, (8;3)=17.007. Do d6 PTHQ

(3.2) dam bao tin cay.

Re 1A A s A £ A " t—t F—-F n—n ,
Poi bién vé cac thong so cong nghé x, =—2;x, = Lix, = 0 taco:
At AF An
F-F F-F
Y, =0.18743—0.18375=10) 0 050742 =10) 300 =0 = F)
At AF AF
(3.3)

+0.1 162[0_—%)j2 —0.02873[(F O)j 0.02626(01_—,10)}2
At AF An
Trong d6, ¢, =3;At =2;F, =500;AF =100;n, =3200;An =800 va cac gia tri
gidi han: 0.57<t<5.43;378.5<F <621.5;2188<n<418l.
Can dé y rang, hién nay ciing c6 nhiéu céng cu phan mém hién dai nhu
ANOVA (phan tich phuong sai) dé danh gia anh huéng cua cac thong sé cong
nghé trong PTHQ. Tuy nhién, viéc st dung phuong phéap nao dé danh gia ciing

can dam bao tinh khoa hoc, viéc xay dung ma tran thuc nghiém va mtc do
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thanh thao cta c nhan thyc hién d6i véi phuong phap d¢6 ma chon loc sir dung
cho phu hop.

Cu thé, sir dung phan mém chuyén dung DESIGN EXPERT 12 dé kiém
tra phwong trinh héi quy (3.2) nhu sau:

Hinh 3.14 md ta céac thiét 1ap cho ma tran thyc nghi¢m theo mé hinh Box-
Wilson (CCD) trong phuong phap dap tmg bé mat (RSM) véi 3 yéu td, 1 thi
nghiém & tAm, tong s6 thi nghiém 1a 15 (hinh 3.15). M6 hinh toan hoc 13 dang
da thuc véi su tac dong qua lai gifra cac bién cho phuong trinh hoi quy duogc
chon nhu trén hinh 3.16. Hinh 3.17 mé ta két qua phan tich ban dau vé sai 1éch
chuan, chi s6 quan hé twong quan giira cac yéu to (R’ =0 la ly tudng), gia tri
rang budc phi tuyén giita cac bién (chi s6 VIF 16n hon 10 13 mo hinh khong du
tin cdy), chi ) dap ung bé mat (Power) cua mod hinh va sb bac tu do ctia mo

hinh.
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Hinh 3.18 va hinh 3.19 mo ta phan b sai 1éch chuan cua mo hinh dang 2D, 3D
duéi tac dong cua 2 yéu tb dai dién x, va x, . Céac cap yéu t6 khéc ciing cho mo
hinh twong tu. Phin bd nhu trén cac hinh cho thay sy can bang vé mit dap tmg
bé mat. Hinh 3.20 mé ta két qua phan tich ANOVA va hinh 3.21 thé hién cac
hé s ctia phuong trinh hdi quy. Cac hé sé c¢6 gia tri p —value 16n hon 0.5¢d
thé loai bo bai tac dong khong 16n va gan nhu khong c6 anh hudng t6i gia tri
ctia phuong trinh hdi quy. Cac hé s6 loai trir 13 ciia cac biéu thirc x;,x,x;,X,x;.
Két qua phan tich mé hinh trén phan mém hoan toan phu hop véi cac tinh toan

theo phuong phap Quy hoach tryc giao cap 2.
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Hinh 3. 20. Két quda phan tich Hinh 3. 21. Cac hé s6 ciia phwong
ANOVA trinh hoi quy
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3.2.2. Phuwong trinh héi quy veng véi dwong kinh 16
Pé danh gia do chinh xac ctia duong kinh 18 khi phay tinh cao tdc hdc

tron, ta xdy dung phuong trinh hdi quy sai sé duong kinh 13 so véi duong kinh
16 danh nghia. Tuong tu cac budc nhu xay dung PTHQ cho ning lugng tiéu
thu, ta c6 phuong trinh toan hoc mé ta méi quan hé gitta cac thong sb cong
nghé véi sai sé duong kinh 16 nhu sau:

Y, =0.02365+0.02961x, —0.01234x, — 0.018456x,x, —

2 3.4)
—0.01521x,x, —0.01989x,
s . - F—-F _
Do1 bien vé cac thong so cong nghé x, = ﬂ; X, = 0y, = n—n, ta co:
At AF An
Y. =0.02365+0.020617=1) _ g 912341 =m) _
2 .
—0.0184560_—%)w—0-01521 (F-F)(n—ny) _0,01989(0 —to)j
At AF AF An At

Trong do, 1, =6;Atr =3;F, =700;AF =100;n, =4800;An =800 va cac gia tri
gioi han: 2.247 <t <9.753;575 < F <825;3800 <71 <5800.
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nghiém Box-Wilson (CCD) hinh thyc nghiém

St dung phan mém chuyén dung DESIGN EXPERT 12 dé kiém tra
phuong trinh hdi quy (3.4) tuong ty nhu véi phuong trinh (3.2), ta ¢6 mot sd
két qua nhu hinh 3.22 dén 3.25. Cac hé sb bi loai trir 12 cta cac biéu thuc

X,,%,%,,%5,%; (hinh 3.25). Két qua phan tich mé hinh cho dang phuong trinh
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hoéi quy giéng nhu phuong trinh thu duoc tir cac tinh toan theo phuong phép
quy hoach tryc giao bac 2.

YA Tansform & Fitsummary fyx Model [l ANOVA [ Disgnostic (3 Coefficients = Coded Equation = Actual Equation
A Analysis of Variance  + . . ]
Final Equation in Terms of Actual Factors
ANOVA for Quadratic model

Response 1: Yss

:
Source SS::;rzfs df ;;ﬁ::‘e F-value | p-value +0.026529
0.0181| 9 0.0020  6.17 0.0295|significant +0.029605 *x1
A-A 0.0096 1 0.0096 29.53 0.0029 +0.003878 * x2
B-8 0.0002 1 0.0002 05065 0.5085
c-C 0.0017| 1 0.0017 513 0.0729 -0.012340 *x3
AB 0.0027 1 0.0027 838 0.0340 -0.018456 * x1*x2
AC 0.0003| 1 0.0003 0.7966  0.4130 - P
BC 0.0018| 1 0.0018 569 0.0627 +0.0056891 “ x1 * x3
A* 0.0017| 1 0.0017| 531 0.0694 -0.015206 *x2 " x3
B 0.0001| 1 0.0001 02282 0.6530 -0.019896 * x1*
c 1.611€-07 1 1.611E-07 0.0005 0.9831 ~ .
Residual 00016 5  0.0003 -0.004125 * x2°
Cor Total 0.0197 14 +0.000192 *x3*
) A ” A ’ 0 ’ A A,
Hinh 3. 24. Két qua phan tich Hinh 3. 25. Cac hé so cua phuong
\ A . Aqs ’
ANOVA trinh hoi quy sai so kich thuoc

3.2.3. Phwong trinh hoi quy ieng véi dp nham thanh 16
Tuong tu nhu voi gia tri dudng kinh 15 hay sai sb kich thuéc, phuong
trinh toan hoc mo ta mdi quan hé cia cac thong sé cong nghé va do nham bé

mat thanh 16 duoc xac dinh nhu sau:

Yy = 0.6097 —0.11048x, +0.1359x — 0.0926x; (3.6)
Poi bién vé céc thong $6 cong nghé x, = ﬂ;x2 = ﬂ;x3 _I T , ta co:
At AF An
Yy = 0.6097 0.1 104811 0.1359(w] - 0.0926(Mj (3.7)
An At AF

Trong do, ¢, =6;At=3;F, =700;,AF =100;n, =4800;An =800 va cac gia tri
gidi han: 2.247<¢<9.753;575 < F <825;3800 <n <5800.
St dung phan mém chuyén dung DESIGN EXPERT 12 dé kiém tra phuong
trinh hdi quy (3.6) twong ty nhu v6i phuong trinh (3.2), ta c6 mot s két qua
nhu hinh 3.26 dén hinh 3.29.

Mic du cac két qua phan tich cho thy cac hé s6 1a chap nhan dugc trong

phuong trinh hdi quy nhung do gia tri d6 nham 14 kha nho, ta c6 thé bo qua cac
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hé s6 x,,x, (hinh 3.29). Do d6, ta thu duoc phuong trinh hdi quy giéng nhu cac

tinh toan tir phwong phap quy hoach truc giao cap 2.
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Hinh 3. 26. Thiét ldp ma trgn thyc ~ Hinh 3. 27. Thong tin co ban vé mé
nghiem Box-Wilson (CCD) hinh thyc nghiém

[l C:\Users\Admin\ DesktopiHam_Nham.dxpx* - Design-Expert 12

File Edit View DisplayOptions DesignTools Help BCceﬁicients = Coded Equation = Actual Equation =
7 & =@ 5 ODs8BOo®

] YA Tonsform [ FitSummary fy Model [} ANOVA [ Diagnostics H : :

T g et e v fx E: O Final Equation in Terms of Actual Factors
Information of Variance  +

ANOVA for Reduced Quadratic model

mw‘” on Response 1: Roughness Roughness | =

715 00254 +0.135597 *x1?
-0.093027 | * x2*

B 0.0377
Residual | 0.0475
Cor Total | 03266 1

0.0053

.’ R1:Roughness (Analyze: -
o o +
<} Optimization source | SUMOf | 4| Mean | el pevalue 0.610250
+ Numerical Squares Square _
. ; *y1
Graphical 02791 5| 00558 1058 0.0015 significant 0.026517 | *x
~ Post Analysis Ax1 00077 1 00077 146 02579 N c *
2 Point Prediction B-x2 00199 1 376 0.0843 0042593 *x2
@ Confirmation 3 01337 1 2533 0.0007 -0.110482 | * x3
I Cosflicients Table » aoeaz| 1 1519 00036 .
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Hinh 3. 28. Két qua phan tich Hinh 3. 29. Cac h¢ s6 clia phwong
ANOVA trinh hoi quy do nham bé mat

3.3. Panh gia so by anh hwéng cia cac thong sé cong nghé

Dé danh gia co ban anh hudng cua timg yéu t6 cong nghé tdi cac chi tiéu
gia cong (nang lugng, sai s6 kich thudc va do nham), ta sir dung cac phuong
trinh hoi quy véi viéc cd dinh gia tri ctia 2 thong sb va ting dan gia tri cua thong
s6 con lai. R3 rang, két qua danh gia chi mang tinh chit twong ddi va xu huéng
bdi ban chat, cac thong sd cong nghé co quan hé mat thiét voi nhau va c6 anh
huong dan xen dén cac chi tiéu gia cong.
Anh hwong cia chiéu sdu cat:

cho —1.215<x1<1.215 va x2=x3=-1.215. Két qua thé hién trén hinh 3.30.
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Anh hwong cia toc @ chay dao:
cho —1.215<x2<1.215 va x1 =x3=-1.215. Két qua thé hién trén hinh 3.31.
Anh hwong ciia toc 4 truc chinh (van toc cdt):
cho —1.215<x3<1.215 va x1=x2=-1.215. Két qua thé hién trén hinh 3.32.
Danh gia so bo:

Khi gia cong tho, chiéu sau cit ting, tbc dd chay dao ting thi ning luong
tiéu thu c6 xu hudng giam. Khi van tdc cit ting, ning luong tiéu thy ban dau

tang, sau d6 giam dan.
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Khi gia cong tinh, gia tri sai s6 kich thudc c¢6 chiéu hudng ting theo xu
huéng dung sai duong. Khi van tdc cit ting, gia tri d6 nham giam. Khi chiéu
sdu cat tang thi do nham ban dau giam, sau d6 ting dan. Khi tbc d6 chay dao
tang thi ban dau d6 nham ting, sau d6 giam dan.

Can nhic lai rang, nhimg danh gia trén day chi mang tinh so b, thé hién
xu huéng chir chua danh gia ding ban chit boi cac thong sé cong nghé c6 moi
quan hé 1an nhau.

Két luin Chuong 3
Nhu vay, chuong nay da hoan thanh viéc xay dung mo hinh thyc nghiém

va cac kich ban thuc nghiém nham xac dinh mdi quan hé gitra cac dai lugng
nhu ning luong (3.2), sai s6 kich thudce (3.4) va ¢6 nham bé mit (3.6) véi cac
thong sb cong nghé thong qua cac phuong trinh toan hoc. Cac thi nghiém thir
thong s6 dugc thuc hién trude cac thi nghiém chinh thirc cho phép danh gia cac
phuong an gia cong va phuong hudng thyc hién cac thuc nghiém kha thi.
+ Céac phuong trinh toan hoi quy dugc xac dinh trén co so 1y thuyét quy hoach
thuc nghiém truc giao cdp 2. Cu thé:
Phuong trinh hdi quy mé ta méi quan hé giira nang luong tiéu thu va cac

thong s6 cong nghé khi phay tho cao toc:

Y,, =0.18743 -0.18375x, —0.050742x, + 0.0392x,x, +

+0.1162x, —0.02873x; —0.02626x;

Phuong trinh hdi quy mo ta mdi quan hé giira sai s6 kich thudc va cac
thong s6 cong nghé khi phay tinh cao tdc:
Y =0.02365+0.02961x, —0.01234x, — 0.018456x,x, —
~0.01521x,x, —0.01989x;
Phuong trinh hdi quy mé ta méi quan hé giita @ nham bé mat thanh 15
va cac thong s6 cong nghé khi phay tinh cao tdc:

Y,,., =0.6097 —0.11048x, +0.1359x> — 0.0926x>
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+ Phuong phap phan tich phuong sai ANOVA duogc ap dung dya trén phan
mém DESIGN EXPERT 12 dé kiém tra lai cac két qua tinh toan. Vi¢c kiém tra
cho thay, khong c6 su sai khac giita viéc thuc hién tinh toan theo 1y thuyét va
str dung phan mém mé phong. Cac phuong trinh hdi quy giita hai phwong phap
hoan toan trung khop.
+ Anh hudng so bo cua timg thong sé cat dén xu hudng thay doi ctia ning luong
tiéu thu khi phay tho va tinh cao téc dd dugc xem xét. Tuy nhién, két qua chi
mang tinh chat tham khao boi cac thong sé cat co anh huong 1an nhau va anh
huong dong thoi dén cac muc tiéu. Chuong tiép theo sé& tip trung vao van dé
t61 uvu hoa don va da muc tiéu cac thong sd cong nghé.

Céc két qua nghién ctru cua chuwong nay duoc sir dung dé giai quyét bai
toan toi wu don muc tiéu va da myc tiéu ing véi cac bd thong sé cong nghé phu

hop nhat & chuong sau.
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CHUONG 4. TOI UU HOA CAC THONG SO CONG NGHE KHI
PHAY CAO TOC THEP HQP KIM SAU NHIET LUYEN

Chuong nay tip trung vao cc van dé sau:

Xay dyng thuat toan t6i wu hoa céc thong s6 cong nghé don muc tiéu
gém nang lugng ti€u thy, sai s6 kich thudc va do nham bé mat thanh 16.

Xay dyung thuat toan t6i uu hoa cac thong s cong nghé da muc tiéu gdm
sai sO kich thuéc va d6 nham bé mat dua trén viéc tim nghiém Pareto.

Thuat toan di truyén va thuat todn bay dan dugc xem xét st dung dé giai
céc bai toan i uu.

Dua trén cac két qua tdi wu don muc tiéu, anh huong kép cua cac thong
s6 cong nghé cling dugc xem xét va danh gia.

Pé xuit phuong an st dung mang tri tu¢ nhan tao trong du doan cac
thong sd cong nghé theo yéu cau do chinh xéac kich thudc mong mudn dua trén
phuong trinh hoi quy.

4.1. Cac phwong phap tdi wu héa

Tbi uu héa c6 thé dugc dinh nghia 1a qua trinh tim kiém cac gia tri bién
t8i wu cho mot hodc nhidéu ham muc tiéu, dam bao mot hay nhiéu ham muc tiéu
dat gia tri nho nhat hodc 16n nhat mong mudn trong khi van dap tng cac diéu
kién ban dau.

Bai toan t6i wu don muc tiéu: Tim gia tri nhd nhat/lon nhat ciia ham
f(x,%y0x ;neN VoI X = {x eR" :h(x)<0;g(x)= O} . Trong do, f(x)la
ham muyc tiéu, x = [xl,xz,...,xn]lé véc to bién trong ham muc tiéu, 7€ N1 s6
lugng bién x trong cdc ham muc tiéu, X 1a mién gid1 han cua céac bién x va
cac diéu kién rang budc, A(x),g(x) 1a cac ham rang budc dang bat phuong trinh

hoac phuong trinh.
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Bai toan tbi vu da muc tiéu: tim gia tri 16n nhat/nho nhét cua ham muc
tiéu  f)=[ (), LG o [0 ] X ={xeR" :h(x)<0:g(x)=0}.
Trong do, f,(x), f,(x),..., f,(x) la cac ham muc ti€u thanh phan.

pé gidi cac bai toan tdi uu, cac nha khoa hoc da phat trién rat nhiéu
phuong phap khac nhau nhu: phwong phap don hinh, phuong phap leo d6i lip
ngau nhién, phuong phap Gradient (chiéu), phuong phap tong trong sd, phuong
phép x4p xi, phuong phap nhan tir Lagrange hodc céc thuat toan hién dai nhu:
thuat toan di truyén (Genetic Algorithm — GA), thuét toan bay dan (Particle
Swarm Optimization — PSO), thuat todn mang no ron (Neutral Network — NN),
...Trong d6, thuat toan GA va PSO dugc st dung nhiéu hon ca bdi tinh phu
hop va hién dai ctia chiing d6i véi cac bai toan tdi uu.
4.1.1. Thudt todn di truyén (GA)

Thuat toan di truyén phong theo cac qua trinh tién hoa ty thich nghi cia cac
quén thé sinh hoc dé tdi wu hoa cac ham muc tiéu. Thuat toan nay lan dau tién
dugc phat trién boi John Holland [144] va da duoc 4p dung rat thanh cong trong
nhiéu linh vuc kinh té va k¥ thuat. Céc cé thé trai qua mot qué trinh phaét trién
va sinh san dé tao ra nhiing c4 thé mdi cho thé hé tiép theo. Trong qua trinh
tang trudng va phat trién, nhitng ca thé xau (theo mot tiéu chuan nao d6 hay co
d6 phu hop thap (trong méi truong) sé& bi ddo thai. Nguoc lai, nhitng ca thé tot
s€ duoc gitr lai (chon loc) va duoc lai ghép (lai tao) dé tao ra nhiing ca thé mai
cho thé hé sau. Nhing ca thé méi dugc sinh ra mang nhitng tinh trang cta ca
thé cha-me (con goi 1a hién tuwong di truyén). Nhitng ca thé duogc gitr lai c6 do
thich nghi khac nhau va qua trinh lai ghép dugc thyc hién hoan toan ngau nhién
giita cac c4 thé trong quan thé. Cac ca thé dugc tao ra trong qua trinh lai ghép
6 thé s& xay ra hién tuong dot bién va tao ra nhirng cé thé khac véi cé thé cha-
me. C4 thé nay cé thé tt hon hodc xau hon ca thé cha-me. Di truyén va dot

bién 14 hai co ché c6 vai trd nhu nhau trong qué trinh tién héa, mac du hién
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tuong dot bién xay ra voi xac suét nho hon nhiéu so véi xac suét cua hién tuong
di truyén. Va qua trinh chon loc va lai tao 1a hai qua trinh co ban xuyén sudt
qua trinh tién héa ty nhién.

Hinh 4.1 mo ta cac budc thuc hién thuat toan di truyén. Diém quan trong
nhat dé dam bao tinh hoi tu cta thuat toan (tic 1a tinh kha thi dé tim duoc giai
phap ti wu) 1a viéc xay dung ham thich nghi (hay con goi 1a ham muc tiéu).
Ham muc ti€u 1a ham dung dé danh gid do t6t ctia mot 1o gidi hodc ca thé. Ham
muc tiéu nhan vao tham sd ctia mdi ca thé va tra ra mot gia tri thuc. Tuy theo
gia tri cua sb thuc nay ma ta biét do tot cua ca thé d6 so voi muc tiéu dit ra
(chang han véi bai toan tim cuc dai thi gia trj tra ra cang 16n thi ca thé cang tot,

va nguoc lai, véi bai toan tim cuc ti€u thi gia tri tra ra cang nho thi ca thé cang

tt).
Thoa
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@ “'T tao ql:ﬁn = Ham myc titu | Xac t‘lu'h d? '":I’f-;h (.a];‘nc;c thé
thé ban dau nghi caa ca thé p op
Khéng .

thoa Y PRy -
man Xuat ket qua

PR i

1 I

" Chon lgc I

1

I

I Tao * I

quin . 1

: thé Lai tao |

moi
1 - :
1 Pt bién "
|
I 1

Hinh 4. 1. So d6 thudt todn di truyén

4.1.2. Thudt todn bay dan (PSO)
Phuong phap toi uu bay dan 1a mot dang cua cac thuat toan tién hoa quan

thé da duoc biét dén trude ddy nhu thuat giai di truyén (Genetic algorithm),
Thuat toan dan kién (Ant colony algorithm). Tuy vay, PSO khac v&i GA & chd
n6 thién vé str dung su twong tac giita cac c4 thé trong mot quan thé dé kham

pha khong gian tim kiém. T6i wu hoa bay dan, viét tat 1a PSO, dua trén hanh vi
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ctia mot nhom hodc bay dan ciia loai con tring, chang han nhu kién, mbi, ong
va mot dan chim. Mot ca thé, mot chim trong mot dan goi 1a hat trong mat quén
thé, mdi mot hat st dung tri thong minh riéng ctiia minh va tri tu¢ qu?m thé hodc
nhom cua béy dan dé thyc hién muc tiéu tim kiém. Thuét toan ra doi vao nim
1995 tai mét hoi nghi cua IEEE boi James Kennedy va Russell Eberhart [ 145].
Thuat toan c6 nhiéu img dung quan trong trong tat ca cac linh viuc ma ¢ d6 doi
hoi phai giai cac bai toan vé tbi wu hoa.

Trong bdi canh tdi wu héa da bién, PSO duoc gia dinh 1a cac quy dinh
hoic kich thuéc ¢b dinh voi mdi ca thé dat ban dau tai cac dia diém ngau nhién
trong khong gian nhiéu chiéu. Mdi c4 thé c6 hai dic diém: vi tri va van toc. Mdi
c4 thé 1y ngiu nhién khong gian dang xét va nhé vi tri tét nhat (vé ngudn thirc
an hodc gia tri ham muyc tiéu) ma no da phat hién ra. Cac ca thé truyén dat thong
tin hodc cac vi tri tét v&i nhau va diéu chinh vi tri ca nhan va van téc cua nd
dua trén cac thong tin nhan duoc tai vi tri tdt nhat. Vi du, xem xét cac hanh vi
cuia cac con chim trong mot dan. Mic di moi con chim c¢6 mot tri thong minh
han ché nhung ching kiém soat dugc hanh vi theo ba nguyén tac [146] co ban
la: Banh gia (evalution) - gia tri ham muc tiéu dugc xac dinh cho céac ca thé va
kha ning nhé gia trj toi vu cuc bo cia mdi ca thé riéng 1é; So sanh (comparison)
- vi tri thuc hién tt nhit cuc bd cia mdi ca thé duge so sanh véi nhau dé tim
ra gia tri kha di nhét, goi la tdi wu toan cuc; Bit chude (imitation) - cac ca thé
trong quan thé bat chudc hanh dong ctia cac ca thé tot hon nham sém tiép can
gia tri muyc tiéu. Vi vay, cac mo hinh PSO dugc xay dung mo phong nhu mdt
tim kiém ngau nhién cac gia tri t6i da ciia ham muc tiéu trong khong gian thiét
ké cho truée. Nhu vay, dan dan qua nhiéu 1an 13p lai, gia tri t6i wu s& duge tim
ra. Cu thé, md hinh toan hoc duoc xay dung nhu sau:

Xét bai toan toi vu cia ham f(x) trong khong gian n chiéu. Mdi vi tri

trong khong gian 1a mdt diém toa d6 n chiéu. Ham f(x) goi la ham muc tiéu
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xéc dinh trong khong gian n chiéu va nhén gia tri thuc. Muyc dich 1a tim ra diém
cuc tiéu ciia ham f(x) trong mién x4c dinh nao do6. Ta bat dau xem xét su lién
hé gitra bai toan tim thirc an véi bai toan tim cuc tiéu cta ham theo cach nhu
sau. Gia su r.:ng ) luong thirc an tai mot vi tri ti 1€ nghich vaoi gia tri cia ham
£(x) tai vi tri d6. Co nghia 12 & mot vi tri ma gia tri ham f(x) cang nho thi s6
luong thirc an cang 16n. Viée tim ving chira thirc an nhiéu nhéat twong tu nhu
viéc tim ra vung chtra diém cuc tiéu ciia ham f(x) trén khong gian tim kiém.
Cac budc thuc hién nhu sau:
Buwéc 1. Khoi tao quan thé ban dau
Bude 2. Khai tao vi tri va van toc ban dau ngau nhién cho cac ca thé
Buwéc 3. Tinh gia tri ham muc tiéu ban dau

Tinh gia tri ham muyc tiéu Gmg vi mdi c4 thé trong dan va tim gia tri tot
nhat ban dau ciia timg ca thé p,,.,, gid tri t6t nhat ban dau cua ca dan g, .
Budc 4. Cap nhat vi tri va van tbc cla cac thé, cap nhat gia tr1 ham muc tiéu

Tao vong lap tim kiém, tinh gia tri ham muyc tiéu cho timg c4 thé trong
cac vong lap, cap nhat lai gia tri ham muc tiéu tdt nhét cla tung ca thé va cua
ca dan trong tung vong lap.
Budrc 5. Kiém tra diéu kién ham muc tiéu.

Néu diéu kién chua théa mén thi quay lai budc 2. Néu thoa man thi
chuyén Budc 6.
Budérc 6. Ding tim kiém.

Céc thuat toan GA va PSO duogc danh gia do tin cdy va so sanh mutc dg
hiéu qua thong qua két qua nghién ctru cta cong trinh [114]. Theo d6, thuat
todn PSO c6 kha nang cho gia tri t6i wu 6n dinh hon thuat toan GA. Ta chon

thuat toan PSO cho bai toan ndy. So d6 thuat toan dugc mé ta chi tiét trong [7].
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4.2. T6i wu héa don muc tiéu
4.2.1. Téi wu héa ning lwong tiéu thu khi phay thé cao téc
a. Ham muc tiéu

Ham muc tiéu chinh 13 phuong trinh toan hoc thé hién mdi quan hé gitra
cac thong s6 cong nghé véi ning luong tiéu thu tong thé trén may CNC khi
phay cao tdc thép hop kim sau nhiét luyén. Phuong trinh nay da duoc xay dung
¢ Chuong 3:

Y,; =0.18743-0.18375x, —0.050742x, + 0.0392x,x, +
+0.1162x7 —0.02873x3 —0.02626x; 1)

Muc tiéu: can tim cac thong s6 cong nghé t6i vu dam bao ning lugng
tiéu thy trong qué trinh gia cong 1a nho nhat, véi cac diéu kién gidi han cho
phép tmg véi kha ning gia cong cia may CNC va dung cu cit.

b. Piéu kién bién

Thuat toan duogc xdy dung trén co sO& cac diéu kién nhu sau:
-1.215< x,,x,,x, <1.215, twong tng gi61 han cac thong sO cong nghé:

Toc d6 cit: 55<¥, <105(m/ ph), toc d6 truc chinh: 2188 <n <4181(vg/ ph)
Téc do chay dao: 375.5 < F <621.5(mm/ ph)

Chiéu sau cat: 0.57 <t <5.43(mm)

c. Cdc thong so thudt todn bdy dan (PSO)

Bang 4. 1. Théng sé thudt toan PSO

TT Théng sb Ky hi¢u Gia tri
1 | S6 vong lap tim kiém MaxIt 100
2 | Kich thudc quan thé bay dan npop 100
3 | Hé sd quan tinh W 1
4 | Hé sb gia tdc ting ca thé Cl 2
5 | Hé so gia toc ca quan thé C2 2
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d. Két qua téi wu

Chuong trinh tinh toan dwgc xdy dung trén phan mém MATLAB va
dugc trinh bay trong Phuy luc. Két qua tinh toan tdi vu nhu sau:
Gia tri toi wu dugc tim thay sau vong lap tha 7 va gia tri ning luong nho nhét

dat dugc sau co thé dat dugc 1a Y, . =0.005(Kwh) (hinh 4.2), tai

NImin
x, =0.5857,x, =1.215,x, =—1.215. Céc gia tri t6i uvu nay twong Gmg véi cac
thong s6 cong nghé: ¢=4.17(mm),F = 621.5(mm/ ph),n =2213(vg/ph) va

V. =55.6(m/ ph).

0.035

S
(=]
[

e
o
R
[

tri nang luong toi uu (Kwh)
[=]
[=]
ma

0.015
0.01

0.005 \
L
o

0 . . . .
0 20 40 60 80 100
Sovong lap

Hinh 4. 2. Gid tri ndng heong t6i wu trong thudt todn PSO

Ning lugng tiéu thu nho nhat dat 0.005(Kwh) khong cé nghia 14 cong
suét tiéu thu nho vi mutrc ning luong ndy con phu thudc vao thoi gian gia cong.
Néu thoi gian gia cong nho thi ning luong cling nho. Chiéu siu cat
t =4.17(mm) voi chiéu sau tong 1a 10mm thi chi mét 3 luot dua dao xudng,
v6i toe do chay dao 16n nhat 7 = 621.5(mm / phut), thot gian gia cong sé rat
nho, do d6 ning luong s& nho. O day, cong suit cit c6 thé rat 16n nhung do thoi
gian gia cong rat nho nén nang luong tiéu thy tong nho.
e. Phan tich két qud toi wu

Panh gid anh huong ciia chiéu sdu cat (t) va toc do chay dao (F)
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Ung véi gia tri toi wu van toc cat x, = —1.215 hay n = 2188(vong/ phut) thi
phuong trinh hdi quy nang luong tiéu thu phan anh anh hudng ciia chiéu sau

cat va toc do chay dao c6 dang:

Y,, =0.148753 - 0.18375x, — 0.050742x, +0.0392x,x, +

42
+0.1162x7 —0.02873x] (42)

Tir hinh 4.3 nhan thay, nang luong tiéu thu cang 16n khi chiéu sau cit va tdc
do chay dao cang nho. Nguoc lai, chiéu sau cét va toc do chay dao cang 16n thi
nang luong tiéu thu nhé. Khi tdc d6 chay dao cao nhat ma chiéu siu cit nho thi
van tiéu hao niang lugng 16n. Khi ¢d dinh van toc truc chinh, chiéu sau cat co
anh huong té1 nang luong tiéu thu nhiéu hon téc d6 chay dao. Chiéu siu cét
nho s€ budc dung cu ct phai cit nhiéu 16p vat ligu theo chiéu sau hdc tron. Moi
16p cat gdm nhiéu duong chay dao ngang. Vé co ban, thoi gian gia cong tang
1én rat cao. Ning luong dugc xac dinh khi gia cong thd, nghia 1a chay dao tir

phéi dic, luc cat 16n nén gia tri nang luong tiéu thu ciing 1on.
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Hinh 4. 3. Anh huéng ciia chiéu sdu cdt va toc dé chay dao
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Pdnh gid anh hwong cia chiéu sdu cdt (t) va vdn toc cat ( V)

Ung voi gié tri t6i uu x, =1.215 thi phuong trinh hdi quy ning luong tiéu

thu phan 4nh anh hudng cua chi€u sau cat va van toc cat co6 dang:

Y,, =0.083367—0.1361x, +0.1162x, — 0.02626x; (4.3)
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Hinh 4. 4. Anh huéng ciia chiéu sdu cdt va toc dg cdt

D@ nhan thiy sy twong tu giita hinh 4.3 va hinh 4.4, gia tri ctia chiéu sau
cat anh hudng rat 1on dén nang luogng tiéu thu, tbe do cat co6 anh huong nhung
khong dang ké. Viéc ting téc do cat khong lam tiéu hao nhiéu ning luong.
Piém nay c6 thé duoc 1y giai nhu sau: nhu phan chuong 2 da dé cap, ning
luong ban dau dé khoi dong chuyén dong cia truc chinh thuong rat 1on. Tuy
nhién, khi truc chinh d chuyén dong quay 6n dinh & 1 tbc d6 nao do, viéc ting
tdc do truc chinh 1én cao hon khong giy ton that nhiéu nang luong nhd quan
tinh cta truc. Trong trudng hop ndy, giit toc do chay dao & 1 gia tri ¢d dinh
nhung chiéu su cét cang nho thi sb 16p cét cang 16m, s 16p cat 16n dan t6i thoi

gian gia cong tang. Thoi gian gia cong 16n thi ndng lugng ti€éu hao cang 16n.
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Khéng nhimng thé, nang luong tiéu thy c6 dau hiéu giam khi tiép tuc ting toc
do cét.
Padnh gia anh hieong cia toc do chay dao (F) va vin toc cdt ( V)

Ung véi gia tri toi uu x, =0.5857 thi phuong trinh hdi quy ning lugng tiéu

thu phan 4nh anh hudng cua chi€u sau cat va van toc cat co6 dang:

Y,, =0.11967 —0.02774x, —0.02873x> — 0.02626x> (4.4)
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Hinh 4. 5. Anh hwong cua téc dé chay dao va toc do cat
Tir hinh 4.5, d& nhén thay, khi c6 dinh chiéu sau cit ¢ 1 gia tri ¢ dinh,
s6 16p cit cb dinh hay thoi gian gia cong lac nay chi con phu thude vao tée do
chay dao. Theo hinh 4.5, nang luong ti€u thu s€ nho nhat khi téc do chay dao
16n nhat va tdc do cat 16n nhat. Khi toc do cat nho nhét cling cho phép ning
luong giam. D& nhan ra, viéc ting hodc giam téc do cat khong lam anh hudng
nhiéu dén niang luong tiéu thu nhu 1a khi ting hay giam toc do chay dao. Néu

tdc do chay dao va tdc do cat & mic do trung binh (murc 0 trong thuc nghié¢m)
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s& lam nang luong tiéu hao rat 16n. Bdi véi gia cong cao tde, tdc do truc chinh
thuong rat 16n, nhu vay xu hudng lap trinh gia cong nhim giam ning luong
tiéu thu s& 1a cb gang ddy cao gid tri tc d6 chay dao.

4.2.2. Ning cao d chinh xdc kich thwéc khi phay tinh cao téc
a. Ham muc tiéu

Ham muc tiéu chinh 13 phuong trinh todn hoc thé hién mdi quan hé gitra
cac thong sd cong nghé véi gia tri sai s khi phay tinh cao tdc thép hop kim sau
nhiét luyén:

Y., =0.02365+0.02961x, —0.01234x, —0.018456x,x, —

) (4.5)
~0.01521x,x, —0.01989x;

Muc tiéu: can tim cac thong s6 cong nghé dam bao sai s6 kich thudc gia
cong 1a nho nhat.
b. Diéu ki¢n bién

Thuat todn dugc xdy dung trén co s& cac diéu kién nhu sau:
-1.215<x,,x,,x; <1.215, twong Ung gi61 han cac thong s6 cong nghé: toc do
cat 1a 95.5<V. <145.7(m/ ph), toc do truc chinh 1a 3800 < 1 < 5800(vg/ ph),
tdc d6 chay dao: 575 < F <825(mm/ ph), chiéu siu cat: 2.25 <t <9.75(mm).

Piém can luu ¥, do ddy 1a ham muc tiéu vé d6 chinh xé4c kich thudc ma
kich thudc gia cong luén c6 dung sai. Ta can dat diéu kién cho gia tri ham muc
tiéu sao cho viéc tim gia tri nho nhat phai nam trong khoang dung sai kich thuéc
cho phép. Gia su, trong truong hop nay, ta dat dung sai kich thuéc duong kinh
16 tron 1a D =22+0.02. Diéu nay nghia 13, gia tri ham muc tiéu sai sb phai dat
diéu kién: —0.02<Y <0.02. Tuy nhién, do thuat toan PSO hay GA dugc thiét
ké dé tim gi4 tri nho nhat, nén diéu kién —0.02 <Y <0.02 di mic dinh gia tri
nho nhat Y . =-0.02 (néu xét vé mat toan hoc. V& mit cong nghé, gid tri sai

sO nho nhat khi n6 tién dan vé 0). Do do, bai toan da dua vé dang: tim
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-1.215<x,,x,,x, <1.215 sao cho Y, =-0.02. Ham muyc ti€u c6 dang phi
tuyén va c6 diéu kién ham, nén trong trudng hop nay, thuat toan GA duoc str
dung.

c. Cdc thong sé thudt todn di truyén (GA)

Céc thong s thuat todn duoc mo ta nhu trong bang 4.2.

Bdng 4. 2. Théng sé thudt todn GA

TT Théng sb Ky hiéu Gia tri
1| S6 thé h¢ tién hoa MaxGen 50
2 | Kich thuéc quan thé ban dau npop 100
3 | Tilé chon loc ngau nhién Se 0.5
4 | Xéc suat dt bién Mu 0.05

d. Két qua ddp irng yéu ciu Y . =-0.02(mm)

Gié trj nho nhat Y, = —0.02(mm) tng véi x, =—0.772, x, =—0.4172 va
x, =0.6671. Cac gia tri toi wu nay tuong ung voi cac thong sd cong nghé:
t =3.68(mm), F = 658.3(mm/ ph),n =5534(vg/ph) va V, =139(m/ ph).
e. Phén tich két qua

Can chu v r'fmg, do chinh xac kich thude va do nham bé mit dugc danh
gia & nguyén cong phay tinh, nghia 1 ltc ndy hdc tron d3 dugc hinh thanh voi
luong du hai bén thanh hdc tron con lai rat nho, khoang 0.1mm. Chién luoc
chay dao lic nay duoc lya chon theo kiéu chay dao Profile (phay tinh thanh
héc), & mdi chiéu sau cit, dung cu cat chi can di chuyén hét 1 vong dudng kinh
héc, khong c6 budce chay dao ngang nhu khi phay thé tir phoi dic. Do d6, du 1a
vat li€éu c6 do clirng cao nhung luc cit cling nho hon rat nhiéu so voi khi phay

thoi, day cling 1a diu kién dé tang gia tri chiéu sau cdt 1én rat cao.
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Pdnh gid anh hwong ciia chiéu sau cdt (t) va toc do chay dao (F)
Ung voi gia tri x; =0.6671 thi phuong trinh sai sd kich thudc phan anh anh
hudng ctua chiéu siu cit va tde do chay dao c6 dang:
Y, =0.015418+0.02961x, — 0.018456x,x, —0.01014x, —0.01989x7  (4.6)
Theo hinh 4.6, gi4 tri sai sd ting dan theo chiéu 4m khi giam dan chiéu sau
cat (boi sai 86 tién dan vé 0 méi 1a tot nhat, tuy nhién s& khong bao gid dat dén
0 Iy twong). Gid tri sai s6 tién vé 0 khi gitr nguyén tdc do chay dao va ting dan
chiéu sau cat nhung chi ting dén mot mac do vira phai (1an can mirc 0), néu
tiép tuc tang thong sd ndy s& 1am ting sai sb. Viéce ting téc d6 chay dao khong

anh hudng nhiéu dén sai so kich thudce.

Gia tri sai so kich thuoc (mm)
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Chieu sau cat(mm) Toc do chay dao (mm/ph)

Hinh 4. 6. Anh huéng ciia chiéu sdu cdt va toc dé chay dao
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Pdnh gid anh hwong cia chiéu sdu cdt (t) va van toc cat ( V)
Ung véi gid tri x, =—0.4172 thi phuong trinh sai s6 kich thudc phan anh

anh hudng cta chiéu sau cat va van toc cat c6 dang:

Y., =0.02365+0.03731x, —0.006x, —0.01989x; 4.7)
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Hinh 4. 7. Anh huéng ciia chiéu sdu cdt va toc dg cdt
Can cu vao hinh 4.7, su thay doi toc do cat khong anh hudng nhiéu dén
sai s6. Chiéu sdu cit anh hudng rat 1on. Tuong ty nhu hinh 4.6, sai s6 giam dan
khi ting vira phai gia tri chiéu sau cat, nhung tiép tuc ting thi sai sb ciing ting
tré lai.
Pdnh gid anh hwong ciia toc dé chay dao (F) va vin téc cdt ( V)
Ung véi gia tri x, = —0.772 thi phuong trinh sai s6 kich thuéc phan dnh anh

hudng cua chiéu sau cdt va van toc cat co dang:

Y, =-0.01107+0.01425x, —0.01234x; — 0.01521x,x, (4.8)
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Hinh 4. 8. Anh hwong cua t6c do chay dao va toc do cat
Hinh 4.8 cho thdy, téc do chay dao va toc d6 cit tién vé murc trung binh
thi sai sb ciing tién dan vé 0. Toc d cit nho nhat hay 16n nhat va toc do chay
dao 16n nhét tao ra sai sd 16n nhét.

4.2.3. Téi wu héa dp nhdam bé mdt khi phay tinh cao toc
a. Ham muc tiéu

Ham muc tiéu gia tri 6 nham bé mat thanh 15 khi phay tinh cao tdc thép
hop kim sau nhiét luyén dugc xac dinh:
Yym =0.6097 —0.11048x, +0.1359x7 — 0.0926x; (4.9)
Muc tiéu: cin tim cac thong s6 cong nghé t6i vu dam bao d6 nham bé
mit thanh 13 1a nho nhat.
b. Piéu kién bién
Thuat toan duogc xay dung trén co s& cac diéu kién cu thé nhu sau:

-1.215< x,,x,,x, <1.215, tuong trng gi61 han cac thong s6 cong nghé: toc do
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cat 1a 95.5<V. <145.7(m/ ph), toc d9 truc chinh 1a 3800 < 1 < 5800(vg/ ph),
tdc do chay dao: 575 < F <825(mm/ ph), chiéu sau cat: 2.25 <t <9.75(mm).
c. Cdc thong sé thudt todn bay dan (PSO)

Bang 4. 3. Thong sb thuat toan PSO

TT Théng sb Ky hiéu Gia tri
1 | S6 vong lap tim kiém MaxIt 100
2 | Kich thudc quan thé bay dan npop 100
3 | Hé s6 quan tinh w 1
4 | Hé sb gia tdc ting ca thé Cl 2
5 | Hé sd gia toc ca quan thé C2 2

d. Két qua t6i wu

Gia trj toi vu duoc tim thdy sau vong lap thr 4 va gia tri d6 nham bé mat
nhé nhat c6 thé dat dugc 1a Y, =034(um) (hinh 4.9), tai
x,=0,x,=—1.215,x, =1.215. Cac gia tr1 t61 wu nay twong Gmg v4i cac thong

s cong nghé&:  1=6(mm),F =578.5(mm/ ph),n=5772(vg/ph)  va

V. =145(m/ ph).
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Hinh 4. 9. Gid tri dj nhém t6i wu
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e. Phan tich két qud toi wu
Padnh gid anh hiong cia chiéu sdu cdt (t) va toc dé chay dao (F)
Ung véi gia tri toi uu x, =1.215 thi phuong trinh do nham bé mit phan 4nh

anh huong cua chiéu sau cat va toc do chay dao c6 dang:

Yy, = 0.4755+0.1359x> —0.0926x (4.10)
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Hinh 4. 10. Anh hieéng cia chiéu sdu cdt va toc dé chay dao
Chiéu sdu cét ting dan hay giam dan cung véi toc do chay dao s& 1am ting
gia tri @6 nham bé mat. O mirc 0 cta thong sb chiéu sau cat ing voi tbe do chay
dao thap nhat hodc cao nhat s& cho gia tri d6 nham thap. Gia tri nay s& ting dan
khi ting téc d6 chay dao. Tuy nhién néu tiép tuc ting toc d6 chay dao cao hon
nira ung voi chiéu sau cét cb dinh thi gia tri do nham giam dan. T d6 cong
cam quan ctia dd thi 4.10, ta thay chiéu sdu cit c6 xu huéng lam thay ddi gia

tri 0 nhdm nhi€u hon so véi toc do chay dao.
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Pdnh gid anh hwong cia chiéu sdu cdt (t) va van toc cat ( V)
Ung véi gia tri ti uu x, =—1.215 thi phuong trinh hdi d6 nham bé mat

phan anh anh hudng ctia chi€u sau cat va van toc cat co6 dang:

Yy, =0.5603 —0.11048x, +0.1359x (4.11)
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Hinh 4. 11. Anh hieong ciia chiéu séu cdt va toc dg cat
Hinh 4.11 mé ta kha rd anh hudng phirc tap cta thong sd chiéu siu cit
t61 gia tri @6 nham 16n hon so vai toc d6 cit. Toe do cat cang tang thi gia tri do
nham cang giam, nghia la chét luong bé mit cang cao va nguoc lai. Chét luong
bé mit s& rat thap néu giam dan toc do cat, dong thoi ting dan hay giam dan
chiéu sau cat.
Bdnh gid dnh hwong cia toc dé chay dao (F ) va van téc cdt ( V)
Ung voi gia tri toi vu x, =0 thi phuong trinh d6 nham bé mit phan anh anh

huong cua chi€u sau cat va van toc cat c6 dang:

Y, =0.6097 —0.11048x, — 0.0926x (4.12)



120

Hinh 4.12 thé hién rd toc do cat tang cao va toc do chay dao nho s€ lam
tang chét lugng bé mit khi phay tinh. Néu giit nguyén tdc do cit va ting toc do
chay dao s& lam gidm dan chat luong bé mit, ung voi vig¢e tang dan gia tri do

nham.
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Hinh 4. 12. Anh hwong cua téc dé chay dao va téc dé cat

4.3. T6i wu héa da muc tiéu

4.3.1. Phwong phdp t6i wu héa da muc tiéu
Tbi vu hoa nhiéu muc tiéu c6 nghia 1a tim phuong an t6t nhat theo mot

nghia nhét dinh nao dé dé dat dugc (cuc dai hay cuc tiéu) nhiéu muc tiéu cung
mot luc.

Mot phuong an thoa man dugc nhidu muc tiéu thi ta goi d6 1a phuong an
1y tuong. Tuy nhién, thuc té trong mot bai toan t6i uu nhidu myc tiéu, thudng
cac muc tiéu xung dot voi nhau nén viée cb gang lam tang gia tri cuc dai hay
cuc tiéu cuia muc tiéu nay co thé 1am giam gia tri cuc tiéu hay cuc dai ciia muc
tiéu khac. Vi vay, dé tim duoc gia trj ti vu cung théa man cac yéu cau cla cac

ham muc tiéu 1a rat khé khin va hiém gap. Cach t6t nhat 1a tim mot phuong an
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nham thoéa man tat ca cdc muc tiéu dat ra trong mot mure do chap nhan dugc va

phuong an nhu thé goi 1a phuong 4n thoa hiép cia cac ham muc tiéu.

x| fil

e

(f( Py}éfz( P))

= by
Hinh 4. 13. M6 hinh nghiém 16i wu da muc tiéu

Hinh 4.13 md ta mo hinh tim nghiém ti vu da muc tiéu voi hai khong
gian gia tri khac nhau (khong gian bién va khong gian ham).

Vé phuong phap tim nghiém cho bai toan t6i vu da myc tiéu, c6 thé ké
dén cac phuong phap:
a. Phirong phdp téng trong sé

Vé mat 1y thuyét, dé giai bai toan toi uvu da muc tiéu thi ta chuyén bai
toan nay vé bai toan tdi wu mot muc tiéu bang cach vé huéng hoa cac ham muc
tiéu. C6 nhiéu cach vo huéng hoa ma tmg voi mdi cach s& cho két qua nghiém
t6i uvu khac nhau. Phuong phap v6 hudng hoa co ban thudng duogc sir dung 1a
phuong phép tong trong sb [147]. Bai toan dit ra, tim gia tri nho nhat cho cac
ham myc tiéu f,(x), f,(x),..., f,(x):

Min o f(0)=[ i), £, e [,0)]; »
Xz{xeR”:h(x)SO;g(x):()} (4.13)

Trong do:

p: s6 ham muc tiéu

n: sO luong bién x trong cac ham muc tiéu
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X : mién gio1 han cua cac bién x va cac dieu kién rang budc
x : cac bién trong ham muc tiéu
h(x),g(x): cac ham rang budc dang bat phuong trinh hoac phuong trinh.

Ham muc tiéu tong theo phuong phap tong trong s6 duge xdy dung nhu sau:
p

EROEDINAC) (4.14)
i=1

Trong do:
w,: trong s6 danh gia mic d6 anh huéng ciua ham f;(x) trong ham muc tiéu
téng d(x,w) vo1 iwi =1vaw, e[O,l];i:I,..,p.
i=1

Tuy nhién, phuong phap tong trong s6 c6 mot sd han ché nhur:

Céc nghiém tdi uu phan b6 khong déu trén mién gidi han.

Sd lugng nghiém tdi wu duge tim 