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LOI CAM DOAN
Téi xin cam doan céac két qua trinh bay trong luan an 13 cong trinh nghién
ctru ctia toi. Céc sd liéu, két qua trinh bay trong luan 4n 1 hoan toan trung thuc
va chua dugc cong bd trong bit ky cong trinh nao trudc ddy. Cac két qua st
dung tham khao déu dugc trich dan day du va theo dung quy dinh.
Ha N¢i, ngay thang 11 nam 2022

Tac gia

Nguyén Tai Hoai Thanh



LOI CAM ON

Trong qua trinh hoc tap va nghién ctru tai Hoc vién Ky thuat Quan su, dé
hoan thanh luan 4n nay, tac gia di nhan duoc nhiéu su gitp d& va dong gop quy
bau cua cac thay cd, cac nha khoa hoc, cac nha quan 1y va cac dong nghiép.

Dau tién, tac gia xin bay to 10ng cam on siu sic toi thdy gido huéng dan
TS Hb Viét Hai di tan tinh hudng dan va gitp dd tac gia trong qua trinh hoc
tap va nghién ctru.

Tac gid xin chan thanh cam on Phong Sau Pai hoc, b0 mon Ché tao may,
khoa Co khi - Hoc vién Ky thuat Quan su da tao diéu kién thuan loi dé tac gia
hoan thanh nhiém vu.

Cubi cung, tac gia xin bay té long cam on dén gia dinh, ban be, cac dong
nghiép da luén dong vién, gitp d& tac gia vuot qua kho khan trong sudt qua
trinh lam luan an.

Xin tran trong cdm on!
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DANH MUC CAC CHU VIET TAT VA KY HIEU

1. Chix viét tit:

STT | Ky hiéu Y nghia

1 | ACB Active Cutting Belt - Dai cét lam viéc

2 | ACES Active Cutting-Edge Shift — Dich doan ludi cat 1am viéc

3 | ACS Active Cutting Segment — Poan ludi cat 1am viéc

4 | AE Acoustic Emission — Phan tich tin hiéu phat xa &m thanh

5 | Al Artificial Intelligent — Tri tué nhan tao

6 | ANN Acrtificial Neural Network — Mang no-ron nhan tao

7 | ANOVA | Analys Of Variation — Phan tich phuong sai

8 |BP Back Propagation — Lan truyén nguoc

9 | BNNM Backpropagation Neural Network Method — Phuong phap
mang no-ron lan truyén nguoc

10 | BUE Built Up Edge — Hién tugng l¢o dao

11 | CBN Cubic Boron Nitride — Nitrit-Bo l1ap phuong

12 | CC Cutter Contact — Diém tiép xtic dao

13 |CL Cutter Location — Vi tri dao

14 | CL-Data Cutter Location Data — Dir liéu vi tri dao

15 | CLS Cutter Location Source — Ngudn dir liéu vi tri dao

16 |CNC Computer Numerical Control — May diéu khién s bang may
tinh

17 | CWE Cutter-Workpiece Engagement — Ving tiép xtic dao-phoi

18 | DOE Design Of Experiments — Thiét ké thi nghiém

19 |FD Factorial Design — Thiét ké dang thira sd

20 |FF Feed Forward — Truyén thang

21 | FFBP Feed Forward BackPropagation — Truyén thang lan truyén
ngugc

22 | FFD Full Factorial Design — Thiét ké dang thira s6 day di

23 | ISO International Organization for Standardization — Té chuc
Tiéu chuan héa Quoc té

24 | MACL Maximally Allowed Cutting Length — Chiéu dai cat cho phép
16n nhat

25 | MAPE Mean Absolute Percentage Error — Sai s6 phan trim tuyét dbi
trung binh

26 | MRR Material Removal Rate — Téc d9 boc tach vat liéu

27 | MSD Mean Square Deviation — Trung binh binh phuong

28 | NC Numerical Control — Piéu khién s6




viii

29 |PR Process Robustness — Xir Iy bén viing
30 |RB Radial Basis — Co s¢ ban kinh
31 |RPD Robust Parameter Design — Thiét ké tham sé bén viing
32 |RSM Response Surface Methodology — Phuong phép bé mat dap
ung
33 |S/N Signal to Noise ratio — Ty s tin hiéu trén nhiu
34 | TCM Tool condition monitoring — Giam sat tinh trang dung cu
35 | TIAIN Titanium Aluminium Nitride — L&p phtl Titan nhom Nitrit
36 | TiN Titanium Nitride — Lép phu Titan Nitrit
2. Ky higu:
Ky hiéu Don vi Y nghia
¢ Chiéu dich dao ngang
Des mm Puong kinh cat hiéu dung
F Chiéu tién dao gia cong
R? Hé s6 hdi quy (regression coefficient)
R, pHm Sai léch profin trung binh
Ref mm Bén kinh cat hiéu dung
V. m/phut Van tdc cat
Veer m/pht | Van toc cit hiéu dung
Ae mm Khoang dich dao ngang
ap mm Chiéu sau cat
f, mm/ring | Luong tién dao ring
O¢ do Goc tiép dan/goc dan (Lead angle)
0, do Géc phap dan/goc 14t (Titl angle)
f mm/phlt | Téc do tién dao
h mm Chiéu cao gd noi
KT mm Luong mon mat trudc
R mm Ban kinh dao phay cau
VB mm Luong mon mat sau
VB1 mm Lugng mon dong dang mit sau
VB2 mm Lugng mon bat thuong trén mat sau
VB3 mm Luong mon cuc b mat sau
VBy mm Lugng mon dang vét khia mit sau
n vong/phit | Toc do vong quay truc chinh
0 do Goc nghiéng truc dao
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MO DAU

1. Tinh cap thiét cia dé tai

Ngay nay viéc stir dung cac trung tam gia cong phay CNC trong gia cong
cit got tro' nén pho bién do kha ning cong nghé ctia may, dic biét cac may CNC
nhiéu truc (4, 5 truc). Ung dung cong nghé CAD/CAM trong viéc tao ra cac
chuong trinh gia cong trén may CNC da khong con tré ngai va diéu khién chay
dao khi gia cong cac bé mit phirc tap da tré nén dé dang hon. Khi gia cong tinh
nhimg chi tiét c6 bé mat phic tap trén may CNC nhiéu truc thi dao phay cau
thuong hay duogc sir dung, nhung do dic diém ludi cat ¢ dang cung tron nén
ving tiép xtic truc tiép giira ludi cat va bé mat phoi gia cong chi xay ra tai mot
phan cung cat hitu dung, nén mon dao chi xdy ra cuc bo tai ving tiép xuc. CO
mot giai phap dich chuyén doan ludi cit 1am viéc trén dao phay cau da dugc
nghién ctru cho két qua cai thién dugc tudi bén dang ké [56]. Thuc chat cua giai
phép nay 1a sir dung cac doan ludi cat khac nhau dé cit cac phan bé mit cua
phdi va chu dong dich chuyén sang doan ludi cat khac khi dat chiéu dai cat cho
phép 16n nhat. Tuy nhién, viéc trién khai tng dung giai phap nay trong thuc té
san xuat s& gap nhiéu kho khan: can phan tich duoc chuong trinh gia cong NC
dé tinh chiéu dai ct cia mdi doan ludi cit, du doan duge chiéu dai cét cho
phép 16n nhit ctia mdi doan ludi cat tmg véi ché do cit khac nhau, xay dung
chuong trinh gia cong NC méi c6 kha niang dich chuyén doan ludi cat lam viéc
nham ting tudi bén.

Ngay nay véi su phat trién ctia khoa hoc may tinh cho phép g dung tri
tué nhan tao giup cho thuc hién nhitng bai toan du doan chinh xac hon, cung
v6i sy ra doi cac phan mém CAD/CAM hién dai gilp cho viéc nghién ciru vé
giai phap ning cao tudi bén dao phay cau bang phuong phéap dich doan ludi cét
lam viéc ¢ tinh kha thi cao. Tu nhiing phan tich trén lam co sé cho tac gia
chon dé tai “Nghién ciru gidi phdp ndng cao tudi bén cia dao phay cdu khi gia
cong trén may phay CNC 5 #ruc” 1a rat can thiét va phu hop véi yéu cau thuc

tién san xuat tai Viét Nam.



2. Muc dich ciia dé tai
- Ly thuyét va thyc nghiém chimg minh tinh kha thi ctia phuong phap
dich doan ludi cat 1am viéc ddi v6i dao phay cau.
- Nghién ctru cac cong cu dé thuc hién giai phap nang cao tudi bén
trong thuc té gia cong bang phuong phéap dich doan ludi cat 1am viéc.
3. P6i twong va pham vi nghién ciru
Déi twong nghién ctru:
- Qua trinh gia cong bang dao phay cau trén may CNC 5 truc;
- Céc cong cu dung dé quy hoach thuc nghiém, du doan va phan tich
chuong trinh gia cong NC.

Pham vi nghién ctru:

- Gia cong phay bang dao phay cau trén may CNC 5 truc;
- Vat li¢u gia cong la thép hop kim sau nhiét luyén.

4. Phuong phap nghién ciru

Xuat phat tir muc tiéu, d6i twong va pham vi nghién ctru, xac dinh phuong
phap nghién ctru ctia lun an 1a su két hop hai phuong phép sau day:

Nghién ctru Iy thuyét: Nhitng van dé lién quan dén gia cong bang dao phay
cau, mOn va tudi bén dung cu, cac phuong phap du doan va téi wu trong gia
cong co khi. Dé xuit mot giai phap nang cao tudi bén cho dao phay ciu bang
phuong phap dich doan ludi cit lam viéc.

Nghién ctru thuc nghiém: St dung phuong phap quy hoach thuc nghiém
Taguchi va phan tich phuong sai ANOVA dé tim mirc d6 anh huong ctia cac
yéu t6 cong nghé dén tudi bén dung cu; tao mo hinh du doan biang mang no-
ron nhén tao; thi nghiém chtig minh tinh dung dan cia giai phap duoc dé ra.

5. 'Y nghia khoa hoc va tinh thyec tién ciia dé tai

Y nghia khoa hoc: bd sung mdt giai phap nang cao tudi bén ctia dao phay
cau bang phuong phap “dich doan ludi cit lam viéc” cing véi ing dung tri tué

nhan tao lam phong phi thém co s& 1y thuyét trong cac bai toan du doan. CO



thé 14p trinh tao ra phan mém tmg dung may tinh hd tro tich cuc cho qua trinh
gia cong co khi tai Viét Nam.

Y nghia thuc tién: Dé tai c6 ¥ nghia thuc tién cao khi tao ra mot giai phap
nang cao tudi bén bang phuong phap dich doan ludi cat 1am viée trong khi van
dam bao chat luong bé mit va ning suét gia cong, khong can thay doi trang bi
cong nghé trong diéu kién hién tai. Két qua nghién ctru c6 ¥ nghia thiét thuc
trong san XUAt, nghién ctru va dao tao tai nha truong.

6. Nhirng két qua dat dwoc va diém méi ciia dé tai

Pé tai nghién ciru di hoan thanh va c6 dong gop mot so két qua veé ly
thuyét va thuc tién nhu sau:

Bang nghién ctru 1y thuyét: Nghién ctru cac yéu to cong nghé anh hudng
va cac phuong phap nang cao tudi bén dung cu. Tir dic diém gia cong cua dao
phay cau da dé xuat mot giai phap ning cao tudi bén c6 tinh kha thi 1a phuong
phap “dich doan ludi cit 1am viéc”.

Bang thuc nghiém: D3 xdy dung dugc méi quan hé thuc nghiém gitra cac
thong sd ché d6 cit (van tdc cit, luong tién dao, chiéu sau cit va goc nghiéng
truc dao) dén tudi bén dung cu bang phuong phap Taguchi va phan tich phuong
sai ANOVA. Xay dung duoc bo du doan bﬁng mang no-ron nhan tao dat dugc
d6 chinh xac du doan trong pham vi cho phép. Thuc hién cac thi nghiém gia
cong kiém chimg da chtimg minh giai phap dich chuyén doan ludi cit c6 tinh
kha thi trong thuc tién.

Pi xay dung dugc phan mém tich hop cac chic ning: quy hoach thuc
nghiém, dy doan bang mang no-ron nhan tao va phan tich chuwong trinh gia
cong NC. Phan mém di dugc kiém chimg dam bao do chinh xac tinh toan theo

yéu cau md ra hudng rng dung maoi trong linh vuc gia cong co khi.
7. Cau truc cua luan an

Cau truc luan an bao gom: phan m¢ dau, bon chuong ndi dung, két luan

kién nghi, tai liéu tham khao va phu lyc.



Phian m¢& dau: Trinh bay ndi dung vé: tinh cap thiét cta dé tai, muc dich
nghién ctru, d6i trong va pham vi nghién ctu, ¥ nghia khoa hoc, két qua dat
dugc va diém méi cua dé tai nghién ctru, cAu trac cia luan an.

Chuong 1: Gidi thiéu vé dic diém ché do cat ciia dao phay cau va cac yéu
t6 anh huong dén tudi bén khi gia cong trén may CNC. Céc nghién citu trong
va ngoai nudc vé van dé lién quan tir d6 dé ra hudng nghién ctru cua lun an.

Chuong 2: Quy hoach thuc nghiém Taguchi va cac phuong phap du doan
trong linh vuc gia cong co khi, g dung mang no-ron nhan tao. Két qua nghién
ctru cua chuong lam co s& dé t6i uu hoa thuc nghiém va tao cong cu du doan
cho phuong phép dich chuyén doan ludi cat lam viéc duoc nghién ctru sau nay.

Chuong 3: Giai phap dich chuyén doan ludi cit 1am viéc nhim nang cao
tudi bén dao phay cau trén may phay CNC 5 truc. Noi dung chuong di phan
tich dic diém gia cong cta dao phay cau, tir d6 dé xuat giai phap nang cao tudi
bén dao phay cau dua trén nguyén 1y dich doan ludi cat lam viéc. Xay dung
phan mém hd trg cho giai phap nang cao tudi bén duoc dé xuat.

Chuong 4: Thuc nghiém khao sat anh hudéng cia cac thong sd ché do cat
d6i voi cac thong sd cong nghé va kiém chimg giai phap nang cao tudi bén
dung cu. X4y dung mbi quan hé thue nghiém, danh gia mirc do anh huong cua
cac yéu td ché do cat dén tudi bén dung cy. Tién hanh cac thi nghiém gia cong
dé danh gia tinh hiéu qua cua giai phap dich chuyén doan ludi cét 1am viéc
nham ning cao tudi bén dao phay cau.

Két luan chung va hudng phat trién tiép theo cta dé tai.



Chwong 1
TONG QUAN VE CAC YEU TO ANH HUONG DPEN TUOI BEN
DAO PHAY CAU KHI GIA CONG TREN MAY CNC

1.1. Pic diém hinh hoc va ché dd cit ciia dao phay cau

1.1.1. Pic diém hinh hoc dao phay cau

Trong nganh ché tao may néi chung, nganh co khi chinh xac va nganh
cong nghiép khudén mau néi riéng thi ¢ rat nhiéu chi tiét c6 bé mat phirc tap
voi vat liéu kho gia cong nhu thép hop kim ¢6 do bén cao, thép chiu nhiét, thép
khong gi, thép da qua nhiét luyén... Khi thuc hién gia cong lan cudi nhiing chi
tiét trén thuong st dung mot sé phuong phap nhu gia cong bang dién hoa, bang
siéu am, bang tia lra dién hodc pho bién nhat 14 gia cong phay trén may CNC.

Trong hoat dong gia cong tinh thi dao phay cau (nhat & nhitng loai ludi
cat duoc phu cac vat liéu CBN, TiAIN, TiN...) dugc dung rong rai, cho phép
gia cong cac bé mit phire tap dat ning suit gia cong cao hon so véi cac phuong
phap gia cong phi truyén théng. Dao phay cau c6 hai dang phd bién: loai lién
khéi va loai ghép manh. Ddi véi loai dao ghép manh, thong thuong st dung
cho dao c6 duong kinh 16n, c6 manh ghép ludi cit bang hop kim c6 do cing
cao nén thudng dugc str dung trong gia cong thd va ban tinh. Dao phay cau su
dung trong gia cong tinh thi da phan c6 dudng kinh nho (<10 mm) va thuong
duogc ché tao dang lién khéi. Vi vay dé phu hop voi ndi dung nghién ctru vé gia
cong tinh trén may phay CNC nhiéu truc, khi khao sat dic diém hinh hoc cia
dao phay cau chi cin xét loai dao dugc ché tao lién khdi, duong kinh phan dau
cau ding bang duong kinh than dao va goc xodn ludi cét 1a khong doi.

Thong s6 hinh hoc dao phay cau thé hién nhu trén hinh 1.1, hé toa do
Oxyz c6 gbc O ngay tai dinh dao va truc 0z hudng 1én theo duong truc dao,
tir 46 c6 thé dé& dang biéu dién cac thong sb hinh hoc bang cac biéu thirc toan
hoc. Hinh bao cua dao phay cau c6 thé duoc coi 1 tao thanh béi bé mat hinh
try va mot bé mat chom cau c¢6 cung ban kinh R,. Ludi cat duoc coi la dang

xodn ¢ vdi goc xoan khong doi duge biéu thi 14 i, [52] [58].



/hiéu ua
truc chin
(b)

Hinh 1.1 Théng s¢ hinh hoc cua dao phay cau, (a)- hinh hoc tong the,
(b)- hinh chieu Ién mat phang 0XY
Xét mot diém P nam trén ludi cat thir j ¢6 cao d6 z so véi goc O theo
phuong thing dung, cdng thic tinh ban kinh cat hiéu dung R (z) trén mit phang
Pa (mit phang di qua diém P va song song mit phang 0XY) nhu (1.1):

R(Z):\/Rg_(RO_Z)Z ,'TléUZSRO (1 1)

R(z) = R, ; néuz > R,

Cong thtc trén cho thay tai phan chom cau, ban kinh cét hiéu dung R(z)
thay doi tir gia tri 0 cho dén gia tri R,. Tai dinh dao z = 0 thi R(z) = 0 vi vay
qua trinh cét khong x4y ra tai dinh dao cau.

Xét trén mit phang Pa, néu dao phay cau quay di mot goc 1a @ thi diém P
duoc xac dinh theo géc Y (6, z) so vai truc Oy theo cong thire (1.2):

21
YO =0+~ Dy— 0@ (1.2)

trong d6: N, 1a s6 luong ludi cit cua dao; ¢(z) 1a goc xoan ludi cit tai
diém P so v&i dinh dao (hinh 1.1). G6c xo0an ¢(z) tinh theo cong thuc (1.3):

ztani, ztani(z)

= = 1.
¢(2) Rg R (1.3)
Nhu vay 1a goc xoan cuc bo i(z) dugc viét theo cong thire (1.4):
. R(z) .
tani(z) = tani, (1.4)

0



1.1.2. Pinh huéng dao phay cau

Do dic diém cau tao dic biét cua dao phay cau, su dinh hudng truc dao
(tool orientation) anh hudng 16n dén gia tri van toc cit V. cua dao. Trong khi
d6, van toc cat lai 1a théng s6 c6 anh hudng rat quan trong khong chi dén chat
lwong bé mit ma con dén qua trinh mon va tudi bén dung cu. Theo hinh 1.2,
goc 6 tao bai truc dao (véc to Z) va phéap tuyén bé mat chi tiét gia cong (véc to
ﬁ) c6 thé phan tich thanh hai thanh phan: a) doc theo hudng tién dao (véc to F))
goi 1a goc tiép dan 6 (hay 1a goc dan — Lead angle) va b) vudng goc voi hudng

tién dao (véc to E) goi 12 goc phap dan 0,, (hay 1a goc 1at — Tilt angle) [62].

(@) (b)

Hinh 1.2 Dinh huréng dao phay cau trén bé mdt gia cong, (a)- nghiéng
theo huwong tien dao, (b)- nghiéng vuong goc hwong tien dao

Sy thay d6i gia trj cta goc tiép dan O, va goc phap dan 0, s& €6 cac trudng
hop dinh hudng dac bi¢t nhu sau:
- Tryc dao vudng goc bé mat gia cong: 0 =0vabd, =0
- Truc dao nghiéng theo hudng tién dao: 0 #0vab, =0
- Truc dao nghiéng vudng goc huéng tién dao: 0 =0vabd, #0
- Truc dao nghiéng hdn hop: O #0vab, 0
Trong thyc té, trudng hop truc dao nghiéng hdn hop 14 phd bién vi bé mit
chi tiét gia cong bang dao phay cau phan 16n ¢ bé mit tu do phirc tap.



1.1.3. Vén toc cit ddi véi dao phay cau

Trong cac thong s6 ché dd cit thi van toc cét 1a thong s6 chiu anh huong
bdi dic trung hinh hoc ctia dao phay cau nhiéu nhat nén duoc vu tién phén tich.
Khi gia cong, thuong it khi phan ludi cat twong ung véi dudng kinh 16n nhat
ctia dao tham gia vao qua trinh cit got ma chi c6 mot doan ngan cia ludi cat
tham gia cét tai ban kinh cét hiéu dung R, s (effective cutting radius). Khi vi tri
tuong dbi cua ludi dao cit véi ving tiép xuc trén chi tiét gia cong thay doi lién
tuc, thi vat liéu bi cit bo voi nhiing van tdc cat khac nhau, hon nita, khi chi tiét
gia cong duoc cat bai doan ludi cat gan voi dinh chom cau, van tde cat co gia
tri gﬁn b.%mg “khong” dan dén mon dao va giam chét lugng bé mat. Do do, viée
xay dung mé hinh tinh van tdc cat ctia dao phay cau 1a rat can thiét cho du doan

kha ning gia cong va lua chon ché do cat hop 1y.

Bé mit t

Hinh 1.3 Qua trinh gia cong bé mat ty do bang dao phay cau
Khi gia cdng phay trén may CNC, duong chay dao (Toolpath) duoc tao ra

boi phan mém CAM la quy dao cac diém tai tAm hinh cau ctia dao cau va dugc
goi 1a duong vi tri dao CL (CL - Cutter Location), con dudng tiép xtic dao CC
(CC - Cutter Contact) 1a quy dao cac diém tiép xuc CC giira ludi dao cau va bé
mit chi tiét gia cong. Vi ludi cat dao phay cau phan b trén bé mat hinh chom
cau nén duong xuc dao cach xa so véi dudng vi tri dao mot khoang dung bang
ban kinh dao. Pé don gian hoa, co thé coi nhu lan mét qua boéng trén bé mit tu
do theo dudng CL, nhu trén hinh 1.3 cho thy vi tri diém CC thay d6i lién tuc

nén van tdc cit tirc thoi ciing thay doi lién tuc khi gia cong bang dao phay cau.



Viéc tinh toan van tdc cat ctia dao phay cau khi gia cong bé mit tu do
khong don gian nhu ddi voi dao phay tru vi vi tri diém cét trén ludi cit cong
ctia dao ludn thay d6i doc theo bé mit gia cong. Do dé, tuy thudc vao timg
truong hop dinh huéng dao (theo muc 1.1.2) ma xac dinh duong kinh cét hiéu
dung dé tinh toan vén tdc cit cho dao phay cau.

1.1.3.1. Truwdng hop truc dao vudng géc bé mit gia cong

Truong hop truc dao vudng goc voi bé mit gia cong, khi dao cét chay theo
nhimg dudng song song sé& tao ra cac dudng go (phan vat lidu khong bi cit) trén
bé mit gia cong. Luc nay dinh dao tham gia vao qué trinh cit va van toc cat 1on
nhat dugc xac dinh bang ban kinh cat hiéu dung R, s (hinh 1.4).

Hinh 1.4 M6 hinh cat tryc giao cua dao phay cau
Dao phay ciu c6 ban kinh phan cau 1a R thi ban kinh cat hiéu dung R.s
phu thudc vao chiéu sau cat a, (theo cong thirc (1.1)). Khi gia cong tdc do truc
chinh khong di thi van toc cit hiéu dung (effective cutting speed) V.r phu
thudc ban kinh cét hiéu dung R, va dugc tinh theo cong thirc (1.5) nhu sau:

— 2
Voo 2.T.N. Ry _ 2.m.n.\/R.a, —a; (m/phiit) (1.5)
e/ = 771000 1000 P
trong do: ap la chiéu sau cit,

n 1a tdc d6 quay truc chinh.
1.1.3.2. Trwong hop truc dao nghiéng theo hwéng tién dao
Khi truc dao nghiéng theo hudng tién dao (hinh 1.5-a) thi phan tiép xuc

dao voi bé mat gia cong xa dinh dao, con khi truc dao nghiéng nguoc hudng
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tién dao (hinh 1.5-b) thi phan d6 gan dinh dao. Ludi cat tiép xtc vdi phoi gia
cong chi gii han trén doan ludi cat 1am viée (Active Cutting Segment — ACS),
doan nay dugc hinh thanh bdi chiéu siu cit ap. Xac dinh ban kinh cit hiéu
dung dé tinh toan dugc van tdc cat hiéu dung theo cong thirc (1.6):
Rer1 = R.sinty
{RefZ = R.sin (ief — acos (R_Rap)) (1.6)

trong d6: R,¢; 1a ban kinh cit hiéu dung trén bé mat di gia cong; R.s la ban

kinh cat hiéu dung trén bé mat dang gia cong. Dau “+” trong cong thic tmg véi

truong hop gia tri goc tiép dan 8¢ cung chiéu tién dao, nguoc lai dau “-” Gmg

vGi goc 0 nguoce chi€u tién dao.

Hinh 1.5 M6 hinh cat dao phay cau nghiéng theo gdc ddn, (a)- nghiéng
theo huréng tién dao, (b)- nghiéng nguroc hwdng tién dao

Theo cong thire (1.6), gia tri ban kinh cit hiéu dung R, £1 trén bé mat da
gia cong khong phu thudc vao hudng tién dao. Nhu vay d6i voi gia tri goc tiép
dan ¢ la &m hay duong thi gia tri R,r; khong thay d6i. Sau khi xac dinh ban
kinh cit hiéu dung, gia tri van tdc cit hidu dung d6i voi dao phay cau khi
nghiéng theo goc tiép dan 0¢ dugc tinh nhu cong thirc (1.7) sau day:

Vees = 2.m.n.R.sinby
1000
2.m.1n.R.sin (ief — acos (R_Rap»

Veerz = 1000

(1.7)
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Theo cong thirc (1.7), voi ciing gia tri goc nghiéng ctia goc tiép dan 6y,
nghiéng theo cung chiéu tién dao F (hinh 1.5-a) thi van téc cit hiéu dung c6 gia
tri 1én hon trudng hop nghiéng nguoc chiéu tién dao F. D6 1a co s lya chon
huéng nghiéng truc dao sao cho gia tri van toc cit hiéu dung hop 1y.
1.1.3.3. Truwong hop truc dao nghiéng vudng géc huéng tién dao

Nghiéng truc dao vudng goc hudng tién dao (hay nghiéng truc dao theo
goc phap dan 6,,) thi gia tri ban kinh cat hiéu dung R, £1 Va R.¢, lai phu thudce
vao chiéu dich chuyén dao ngang a, (véc to C hinh 1.6). Trong gia cong tinh,
gia tri a, dugc chon rat nhd, nén cé thé bo qua anh huong cua chiéu cao nhiing
duong go ndi con lai giira hai dudng chay dao. Nhimg go ndi nay anh hudng

truc tiép dén d6 nham bé mit gia cong va s€ dugc phan tich cu thé & phﬁn sau.

Hinh 1.6 M6 hinh cdt cua dao phay cdu nghiéng theo goc phap dan, (a)-
cung huong dich dao ngang, (b)- nguoc huwong dich dao ngang

Hudng nghiéng truc dao 8,, va chiéu dich dao ngang a, dan dén hai truong
hop tinh toan van tdc cat hiéu dung nhu sau:

Trwong hop 1: nghiéng theo hudng dich dao ngang a, (hinh 1.6-a), van
tdc cat hiéu dung Vs, (Vi gid tri R, £2 lon nhat) dugc tinh theo cong thirc (1.8):

2.m.n.R.sin [Hn + asin (;—;)]

v =
cerz 1000 (1.8)

R—ap <0 <7r
oo (252) <03
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Trwong hop 2: nghiéng nguoc hudng dich dao ngang a, (hinh 1.6-b), van
toc cat hiéu dung Veery (Vi gid tri Rof, 16n nhat) duge theo (1.9):

( 2.m.1n.R.sin [Hn + aCOS( _Rap)]

! Vcefl = 1000 (1.9)
| a i R —a,

(asin (5 7) < 0n < 3~ acos (=)

Hai truong hop hudng nghiéng truc dao 6,, khac nhau cho hai gia tri tinh
toan van toc cat hiéu dung khac nhau. Cung gia tri goc nghiéng, truong hop 1
(hinh 1.6-a) cho thay xu huéng doan ludi cit 1am viéc dich xa dinh dao hon,

van tbc cét hiéu dung s& 16n hon nhung tranh dugc hién tuong ct tai dinh dao.
1.1.4. Chat lrong bé mit gia cong

Bé mit gia cong hinh thanh tir cic duong chay dao tao bdi phan mém
CAM théng thuong 1 nhimng duong chay dao song song va cach déu nhau mot
khoang dich dao ngang a, (dé cap trong muc 1.1.3.3). Dao phay cau c6 ciu tao
dic biét, ludi cat b tri trén mat ban cau nén sau khi hoan thanh cac duong chay
dao s& xuat hién nhimng go ndi hinh vo so (scallop) [70] trén bé mat da gia cong.
Trong qua trinh cat, chuyén dong cia mdi phan tir trén ludi cat 1a tong hop
chuyén dong tinh tién cua dao va chuyén dong quay nhanh quanh tryc. S6 luong
ludi cat 1a hiru han nén khi gia cong dao quay duoc mét vong sé ¢ nhiing vi
tri ma ludi cit khong cat hét s& tao thanh cac g0 ndi loai I va hoat dong dich
dao ngang sé& dé lai cac go ndi loai II (hinh 1.7).

Hinh 1.7 Si hinh thanh go néi sau khi phay bang dao phay cau
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Tinh toan chiéu cao g ndi loai I rat phirc tap vi lién quan dén cac thong
$6: luong tién dao f, ban kinh dao cau va s6 ludi cét. Thyc té g0 ndi loai I xuét
hién doc theo chiéu tién dao, vi dinh dao phay cau khong thay di vi tri khi gia
cong nén ludn tao duong ranh dinh cau ctia dao. Do do, go ndi loai I chi 1a
nhimg van nhap nhé do chuyén dong quay cua ludi cat tao thanh nén do 16n
ctia nd khong dang ké, c6 thé bé qua anh hudng cta nd dén nham bé mat.

Theo [70], tinh chiéu cao h ctia gd ndi loai 2 trén co s phuong trinh dudng
tron trong hé toa do Descartes (D& Céac) nhu cong thic (1.10) sau:

2 _ 2

h=R—T (mm)

7 ‘ Durong muc
frung binh

4, \ A,

\\ h
S
- ! _ * A X
/

Hinh 1.8 Profin tinh todn dé nham bé mdt gia céng bdi dao phay cau
Trén hinh 1.8 thé hién profin tinh toan d6 nham bé mit chi tiét sau gia
cong bang dao phay cau trong diéu kién 1y tudng (phdi va dao khong bién
dang), truc dao phay cu trung véi tryc Z, chiéu dich dao ngang theo truc X.
Can x4c dinh dugc dudng mire trung binh (mean line) tir d6 c6 thé tinh toan gia
tri nham trung binh R, theo 1y thuyét. Trén hinh 1.8 thé hién céac thong sb: a la
chiéu cao muc trung binh, 4, 13 dién tich tiét dién dudi mic trung binh, 4, 1a
dién tich tiét dién trén muc trung binh va gia tri f = a,/2, d6 nham theo chi
tiéu sai léch trung binh R, dugc tinh theo cong thire (1.11) sau:
R, = A, + A,
f
trong d6: A, =(f —D(R —a) — i—z [(2y; + sin2y;) — 2y, + sin2y)]

(um) (1.11)

2
Ay, =(a—-R)l+ R:(Zyl + sin 2y;)
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a=R —Z—;(ny + sin ny)

| =V2.R.a—a?
Yr = asin (i)
y; = asin (é)

Néu khai trién cong thie (1.11) theo cac thong so trung gian nhu: a, f, [,
¥1 Va y; thay rang chung déu phu thuoc vao hai thong so 1a ban kinh dao R va
luong dich dao ngang a,. Do d6 c6 thé két luan, gi tri nham bé mit phu thuoc
chinh vao théng s R va a,, véi gia tri gidi han 16n nhat a, = 2R ma khdng

phu thudc vao chiéu sau cit ap.
1.1.5. Ning suit gia cong

Nang suat gia cong khi phay dugc thé hién bang thé tich kim loai (hay
khoi luong kim loai) boc tach ra khoi chi tiét gia cong duoc trong mdt don vi
thoi gian. Pon vi tinh thuong hay st dung 1a tbc do boc tach vat liéu (Material
Removal Rate - MRR), duoc hiéu 1a thé tich cua phoi bi boc tach ra trong mot
don vi thoi gian 1a Q (mm3/phut) [3]. Nang sudt cit 1a mot chi tiéu kinh té dic
trung cho qua trinh cit. Cac phuong phap gia cong déu nhim dam bao ning
sudt ct cao nhit trong diéu kién cong nghé cu thé.

- s

D

(L
. . T
~——7—  Tiét dién cat
|
|
I

| |
{ <

i !
a, X 49
I

A o ]\ e
(@ (®)

Hinh 1.9 Tiét dién cat dao phay tru va dao phay cdu
Péi voi dao phay cau, viée thiét 1ap cong thic tinh toc dd boc tach vat lidu

i
Y

1a kho khan hon d6i v6i dao phay tru do bién dang cong cta ludi cat (hinh 1.9)
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va la mot ham phu thudc MRR(ae, ap,f,R); trong do chiéu sau cit a, theo
mm, khoang dich dao a, theo mm, téc d¢ tién dao f theo mm/phdit.

Theo [70], cong thirc tinh MRR cua dao phay cau nhu sau:

2

MRR = f |a.a, — | a..R —% R? — (az) — R2.asin (zaR) (1.12)

Gia tri nho nhat cua chiéu sau cat ap phu thudc vao ty sO %, nho nhat
bang chiéu cao go ndi h (cong thirc (1.10)) néu khong sé& trd thanh phay rinh
(slotting milling). Gi4 trj 16n nhét cta a,, = R mg véi chiéu cao h go ni 1én
nhat c6 thé. Vay khoang gia tri chiéu sau cat a, trong (1.12) la: h < a,, <R.

Khi chiéu sau cit a, = h, két hop cong thie (1.10) va cong thirc (1.12),

tinh gidi han nho nhat ctia toe dd boc tach vat 1iéu MRR

MRR i = f [RZ asm( ) w/4R2 —a, ] (1.13)

Khi chiéu siu cét a, =R, thu:c hién nhu: trén tinh gidi han 16n nhét cua

tbc do boc tach vat liéu MRR,,,,

MRRyx = f [R?.asin (zaR) + Zw/4R2 —a.7| (1.14)

Truong hop dac biét khi a, = R, tir hai cong thuc (1.13) va (1.14) cho
thy MRR,,;,, = MRR,, = f [RZ.%]. Khi d6 téc do boc tach vat lisu MRR
bang tich cua téc do tién dao f véi % dién tich hinh tron ban kinh R.

Theo muc 1.1.4, thong s6 chiéu sau cat a, khong anh huong nhiéu dén gia
tri nham bé mit nén co thé ting a, dé dat nang suat gia cong cao hon ma khong
anh huong dén chat luong bé mat (theo cong thuc ly thuyét). Toc do boc tach
vat liégu MRR 13 yéu to rat ddng quan tdm trong qua trinh gia cong va viéc kiém
soat tbe do boc tach vat liéu rat quan trong khi 1ap ké hoach san xuét. Tu d6
hinh thanh ¥ tudng vé viéc diéu khién tu dong téc do boc tach vat liéu thdng
qua kiém soat luong chay dao va/hodc chiéu sau cit trong hé théng diéu khién

trén cac trung tam gia cong CNC hién dai, nham nang cao nang suat gia cong.
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1.2. Tudi bén dung cu va cac yéu t6 anh hwéng
1.2.1. Sw mon dung cu

1.2.1.1. Cac dang mon dién hinh ciia dung cu
Céac dang mon va tudi bén cta dung cu di dugce tiéu chuan hoa theo T6
chirc Tiéu chuan hda Quéc té 1SO hodc duge cu thé hoa b:?mg TCVN: Té chuc
Tiéu chuan hoa Quéc té ISO quy dinh tiéu chuan kiém tra tudi bén dyung cu 1a
ISO 8688-2/1989 ddi voi dao phay [30] [80]. Tiéu chuan Viét Nam quy dinh
TCVN 11258:2015 “Thir nghiém tudi bén dao tién mot ludi cat” hoan toan
tuong duong ISO 3685:1993 [1]. Theo d6 cac dang mon chinh va phan b vi
tri mon trén ludi cit dao phay tru cu thé nhu sau:
- Mon mit sau (flank wear — VB): su mat di cac phan tir doc theo ludi
cit trong vung giao tuyén giira mit trudc va mit sau cua ludi cat, 6
thé quan sat va do dugc trén mit sau ciia ludi cat, phan thanh ba dang
khac nhau (hinh 1.10):

+ Mon dong dang mat sau (VB1): Gia tri mon trung binh doc theo
chiéu sau cit.

+ Mon khong dong dang mat sau (VB2): mon bét thudng trén mot
vai vi tri trén ludi cét.

+ Mon cyc bé mit sau (VB3): kiéu mon nay thuong xuét hién trén

vai diém xac dinh.

I T

< VBI - mon
dong dang

1
1
]
1
]
)
'
)
1
'
)
1
1
\ 1
)
'
VB2 - mon !
khong dong dang!
'

'

'

|

'

1

!

(@) (b) (©)

Hinh 1.10 Mon mgt sau trén /w61 dao phay tru theo ISO 8688-2/1989,
(a)-dao phay tru, (b)- mat cat A-A, (c)- mat cat B-B
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- Mon mat truoc (KT): xay ra tai vi tri mat trong cua dao phay. Pa
phan 1a dang mon dang hd (KT1) (hinh 1.11-c), mot qua trinh phat

trién cua ho theo hudng song song voi ludi cat.

Hinh 1.11 Céc dgng mon khac nhau #rén luéi dao phay tru, (a)- vo dong
dang, (b)- vo khéng dong dang, (c)-mon mat truéc, (d)-pha huy

- V& ludi cat (CH): bong troc bat thudng cua ludi cat, tai nhitng diém
ngau nhién. Rat kho dé do va ngin ngira. bao gom nhitng manh v
nho doc theo ludi cat do sy va cham co hoc va tng suat nhiét dot
ngdt do su tang nhiét va l1am lanh theo chu ky ctia hoat dong gia cong.
+ V& ddng dang (CH1): phan ludi cat nho bi v& véi kich thude tuong
duong doc theo ludi cit giao tiép véi vat liéu (hinh 1.11-a).
+ V& khéng dong dang (CH2): v& ngau nhién trén mot vai diém cta
ludi cat (hinh 1.11-b).
- Bong tréc (FL): mét di cac mang vat liéu trén ludi cit, trong trudng
hop dung cu duoc phii 1 d& quan sat nhat.
- Pha hay khéc liét (CF) (hinh 1.11-d): kha ning cit ciia dung cu bi
suy giam voi toc dd nhanh va dan dén giy ludi cat.
1.2.1.2. Co' ché mon va mé hinh héa
Su mon dung cu 1 sy két hop giita qua trinh vat Iy va hoa hoc lam mat di
nhimg phan nho vat liéu cua ludi cat [30] [53]. Theo tiéu chuan DIN 50320,
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mon dao cat duoc dinh nghia 1a “gidm cudng birc phan vit liéu dung cu cdt do
sw tiép xiic gitka lwdi cdt voi phdn dwoc cdt va chuyén déng twong doi giita
dung cu cdt va chi tiét gia cong...” [45]. Mon dung cu anh hudng truc tiép dén
do chinh x4c gia cong, chit luong bé mat va toan bo khia canh kinh té cia qua
trinh gia cdng. Trong phan 16n cac trudng hop, dung cu bi mon dan va qua trinh
gia cong tréd nén kém hiéu qua, chéng han nhu: do nham bé mit ¢ gia tri1 16n,
lwc cdt ting dan dan dén cac bién dang va rung dong vugt qua muc cho phép,
tbc 40 mon cua dao ting 1én dén murc khong thé dam bao do chinh xéc gia cong.

Vo
Phoi -

Mon khuéch tan
Mon do 6xy hoa

w4
Mon khuéch tan

Mon —p

Mon do bam dinh = Modn bam dinh

P 4 o e
L—w Phoi gia cong Ko Gxihiia
Nhiét cét got —

(Van téc cit, luong tién dao...)

Hinh 1.12 Cdc co ché mon trong cat got kim logi
C6 thé wdc lugng gan dung cac co ché gay ra mon dao 1a: khoang 50% do
mai mon, khoang 20% do bam dinh, khoang 10% do phan ing hoa hoc va 20%
con lai do céc co ché khac gay nén (dic biét 1a mon do khuéch tan). Thiét lap
ngudng lwong moOn gidi han 1 rat quan trong, bai vi ngudng nay két qua gia
cong s& khong duoc chap nhan. Mon ¢d anh hudng tiéu cuc d6i véi dung cu va

phu thudc vao cac yéu to sau:

Su két hop vat liéu dung cu va chi tiét gia cong;

Ché d6 cit (toc do cat, luong tién dao, chiéu sdu cit...);

Dung dich lam tron nguoi;

Nhiét sinh ra tai viing cit.
Nhiéu nha nghién ctru di cb ging phén tich co ché mon x4y ra trong khi
cat got kim loai dé tim cach hop 1y 1am giam di qua trinh mon [53] [65]. Nguoi
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ta thdy rang mon dung cu khong duoc hinh thanh bai ting co ché mon riéng
biét ma 1a két hop mot s6 co ché mon khac nhau. Trén hinh 1.12 thé hién cac
co ché mon xuét hién phu thudc vao nhiét cit got va nhitng vi tri xuét hién trén
ludi cat dung cu. Cu thé dic diém cac co ché mon duoc phan tich dudi day:

- Mai mon: Mot phan vt liéu ciia dung cu bi loai bo bai hoat dong co
hoc cta nhiing hat tap chat ctimg trong ving tiép xtc trén mit dung
cu. Nhiing hat tap chat cting ndy c6 thé & trong vt liéu phoi, 12 nhimg
manh v& ludi cit bi troc ra hodc xay ra bién cimg nhitg manh v
ctia leo dao khong on dinh.

- Mon bam dinh: Khi c6 su trugt xay ra, vat liéu ¢ vung nay bi truot
(bién dang déo) dinh sang bé mit ddi tiép hodc tao thanh cac manh
mon roi, mot s6 manh mon con duoge sinh ra do qua trinh mon do
moi & dinh cac nhap nhd. Cac ving dinh bi truot cat va tai tao lién
tuc theo chu ky tham chi trong khoang thoi gian cit ngan, hién tuong
mon ¢6 thé goi 1a dinh méi.

- Mon khuéch tan: XAy ra khi cac phan tir té vi dich chuyén tir vat liéu
dao cat sang vt liéu phoi boi ¢ su chénh 1éch ndng d6 (dao hop kim
ctrng chtra nhiéu cacbon hon so véi phoi). Toéc do khuéch tan ting
theo ham miti theo muc tang cua nhiét dg.

- Mon do oxy hoa: Lop oxit trén mit dung cu rat hitu dung cho viéc
giam thiéu mon vi 1am giam sy bam dinh va khuéch tan boi cach ly
dao cit va phoi. Khi ¢ nhiét do cao 16p 6xit nay bj mém, bién dang
nhanh chong va sai d6 troc ra boi phoi va vat liéu gia cong.

Mon dung cu trong qua trinh gia cong lién quan dén cac co ché mon phirc
tap nén cac nha nghién ctru ludn c6 gang tim mdi lién hé tryc tiép gitra tudi bén
V61 cac thong s6 gia cong duogc ap dung (téc dd cét, toc do tién dao.. ). Nhiéu
mo hinh da dugc phat trién dé mo ta mon theo luong (quantity) va thé hién moi
quan hé giira tudi bén va cac thong sé gia cong, vi du nhu cong thirc Taylor cho

thay moi quan h¢ theo ham mii gitra tudi bén va toc do cat.
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1.2.1.3. Qua trinh phit trién ciia lwgng mon miit sau

Luong mon trung binh mit sau VB thudng duoc sir dung 1am diéu kién
xéc dinh tudi bén dao, boi vi mit sau 1a tic nhan chinh lam thay ddi kich thuée
gia cong, tirc 12 anh hudng truc tiép dén d6 chinh xac gia cong [10]. Mdi quan
hé giita lwrong mon mit sau va thoi gian gia cong (hodc chiéu dai cét ciia dudng
chay dao) duoc thé hién bang dudng cong mon (wear curve) trén do thi trén
hinh 1.13. Quan sat dudng cong mon thay phan biét rd rang ba doan c6 d6 cong
dac biét chia lam ba vung dac trung I, I va III [17] nhu sau:

- Vung |: mon so cip hay mon ban dau cd toc d6 mon tuong ddi cao
vi nguyén nhan cac 16p dung cu bi ton hai trong qua trinh ché tao
hoac duoc mai lai.

- Vung II: mon on dinh, vung hoat dong binh thuong cua dung cu.

- \Vang I11: modn manh liét nguyén nhan boi luc cit 16n, nhiét hodc rung
dong cua dao cat. Thong thuong dao cat khong nén tiép tuc sir dung
néu luong mon trong ving nay (VBgc 1a gidi han cho phép luong

mon), gia tri mon VB, 1a gi61 han cudi cung.

—
§ VBlllaX

S—

ACQ

§ VBgc =

= "

S L

< ~

§ yd o

50

1/

=

~ __I e Vi e 17

Chiéu dai cdt (m)
Hinh 1.13 Puwong cong Lrong mon mat sau VB theo chiéu dai cat
Trong thyc té, van tdc cit 1a mdi quan tAm hang dau khi xem xét mon dung
cu. Do do, cac duong cong mon dao dugc xay dung cho cac van tdc cat khac
nhau trong khi giit gia tri cac thong sé gia cong khac khong do6i. Khi khao sat
v6i gia tri van toc cat khac nhau, biéu dién cac dudng cong mon do trén cing

mot do thi s& thay rd su anh hudng cta van tdc cit 18n su tién trién lugng mon



21

dao (van tdc cit V;, V, va Vs trén hinh 1.14). Van toc cit Vs c6 gia tri 16n nhat
nén no s& twong ing voi duong cong mon co tbe dd mon nhanh nhat. Néu luong
mon dat dén gia tri giéi han cho phép VBg thi dung cu duge xem 1a d3 mon
dén gi6i han. Trong truong hop chét luong bé mit gia cong khong yéu cau cao
thi nén st dung dudng cong mon 16n nhat thay cho dudng nam ngang VBge,
lGc d6 su chénh 16ch gia trj tudi bén khi van tdc cit 16n nhét V, va nho nhét V;
tré nén gan nhau hon dang ké, két qua 1am ting ning suit gia cong, dic biét

quan trong khi gia cong cao toc trén may CNC.

<<
w

2 B Vs V<V, <V,

g

=

Z Duong cong mon

3.

=

g

'g VBg,

.

<]

—

O 2 b
0 T3 T2 T1 Tuo1 bén (phﬁt)

Hinh 1.14 Sy phét trién lirong mon ing véi van téc cat khac nhau

1.2.2. Tudi bén dung cu
1.2.2.1. Dinh nghia vé tudi bén dung cu

Theo tiéu chuan DIN 6583 — 1981, viéc xac dinh tudi bén 1a phép do luong
mon trén bé mit ludi cit cia dung cu va co thé duoc do truc tiép hodc gian tiép
theo nhiéu phuong phap khac nhau [46]. Tiéu chuin Qudc gia “TCVN
11258:2015 ISO 3685:1993 Thir nghiém tudi tho dao tién mot ludi cit” dinh
nghia tu6i bén nhu sau: “Tudi bén dung cu T (phit) la thoi gian lam viéc lién
tuc cia dung cu gita hai lan mai sdc. Nghia la thoi gian lam viéce tir lic bt
dau dén lic dung cu mon dén luong mon cho phép. Lwong mon cho phép khi
xdc dinh tuéi bén ciia dung cu thuwong la livong mon cho phép theo mdt sau (hs)

va phu thuéc chii yéu vao phirong phdp gia céng thé hodc tinh” [1].
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Tuy nhién trong thuc té, theo [30] thi tudi bén dung cu c6 thé tinh theo cac
loai don vi khac nhau tiy diéu kién tinh toan cu thé nhu sau:

- Pon vj thoi gian, khi cc thong sb gia cong da 6n dinh dugce st dung
trong qué trinh san xuat hodc so sanh giira cac hing san xuat;

- Thé tich vat liéu bi boc tach (dung cho gia cong tho);

- Chiéu dai duong chay dao gia cong (dung cho gia cong tinh).

Ba loai don vi do trén déu c6 mbi quan hé vé mit toan hoc va co thé quy
d6i thong qua cac tham sb gia cong. Dbi v6i gia cong khoan va phay, nguoi ta
thuong dung tudi bén theo chiéu dai cit hon, tudi bén dugc tinh bang tong chiéu
sau khoan hoc tong chiéu dai cat dugc khi phay giira cac 1an mai lai.
1.2.2.2. C4c chi tiéu xac dinh tudi bén dung cu [26]

Chi tiéu x4c dinh tudi bén cta dao phay da duoc tiéu chuan héa theo 1SO
8688-2/1989 “Kiém tra tudi bén khi phay - dao phay #ru” [90] [103]. Theo d6
tudi bén cua dung cu dugc xac dinh theo mot trong cac diéu kién sau:

- Dung cu cat bi hu hong hodc gy bat ngo;

- Luwong mon mat sau dbi dao thép gi6 va gébm: VB, = 0.3 mm néu
la mon dong dang, VB .x = 0.8 mm néu 1a mon bat thuong, vét xudce
hozc manh v&. Di véi dao cacbit: VB, = 0.3 mm néu 1a mon dong
dang, VB,,.x = 0.5 mm néu 1a mon bat thuong;

- Lwong mon mit trude KT = 0.1mm 1 tiéu chuan ddi véi dao cacbit,
thép gid va KT = 0.09mm dbi véi dao vat liéu gém [90].

Mon madt sau la chi ti€éu thong dung duoc st dung dé danh gia tudi bén
dung cu, 12 dang pht hop nhat ciia mon va dé dang do ludng. Mon mit sau khi
dat dén 0.3 mm thi quy luat phat trién mon trd nén bat thuong va kho dé tiép
tuc gia cong. Luong mon mat sau cho phép trong khoang 0.3 + 0.5 mm; véi gia
tr1 nguong dudi 0.3mm phu hop trong gia cong tinh va gid tri ngudng trén
0.5mm phu hop vai gia cong tho.

Mon mit trudce it anh hudng dén chat lugng bé mit va do chinh xac gia
cdng cho nén it dugc chon lam chi tiéu danh gia tudi bén. Tuy nhién trong mot
s6 truong hop khong yéu cau cao (cht lugng bé mit va do chinh xac gia cong)
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6 thé léy chiéu sdu mon mit trude KT khoang ttr 0.05 + 0.1mm, hodc c0 vét
sttt mé 16n hon 0.5 mm lam chi tiéu tudi bén dung cu. Nhitng loai dung cu Iam
tir vat liéu hop kim tinh gia cong kém c6 thé xuat hién dong thoi nhiéu dang
mon, ting gap bdi anh huong xau ctia mon.
1.2.2.3. Cong thirc Taylor xac dinh tudi bén dung cu

Tubi bén phu thudc vao dung cu cét (vat liéu, hinh hoc, 16p phu, ...), phdi
gia cong (d6 cimg, d6 bén, thanh phan hoa hoc, ...), ché do cit (tbc do cit,
luong tién dao, chiéu sau cit, .. .) va cac yéu t6 khéc thi viéc tao ra mot bod cong
cu xéac dinh tudi bén tong quat rat kho kha thi. Tuy nhién lai c6 kha nang tao ra
mot cong thire tinh toan tudi bén néu ché do cit va may gia cong duoc gidi han
va mon dao don gian bai mot co ché don. Cubi thé ky XIX, Taylor [87] d3 thuc
hién s6 lugng 16n thi nghiém nham thu thap dir lidu tudi bén dung cu dé xay
dung hé théng quan 1y dung cu dau tién trén thé giéi. Mic du nhimng dit liéu
tudi bén do6 da tré nén 16i thoi (ngay nay dung cu cit va may gia cong thay doi
khac nhiéu hon trudc) nhung cong thirc tinh tudi bén dung cu (cong thirc
Taylor) van duoc st dung rong rai dén ngay nay.

Cong thirc Taylor xac dinh tudi bén dao T duoc tinh theo cong thirc (1.15):

n
%: (%) N (1.15)
trong do V.. téc do cat (m/phat),
V. van tdc cit ing v6i tudi bén T, da biét trude (m/phat),
n: héng sb phu thudc vao cap déi dung cu - vat liéu.

Cong thire (1.15) cho thay chi van tdc cit anh hudng dén tudi bén, nhung
thue té toc d6 tién dao va chiéu sdu cat ciing 1a théng sé anh hudng. Vi vay
cong thirc Taylor mo rong 6 xét dén mot s6 thong sé gia cong anh hudng dén
tudi bén theo cong thic (1.16) nhu sau:

T.V*.fY.a} = Cr (1.16)
trong do f: téc d6 tién dao (mm/phut),

ap: chi€u sdu cat (mm),

Cr, X, Y Va z: hang s, phu thudc vao dung cu - vat lidu.
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Cong thtc Taylor (1.15) hodc Taylor mo rong (1.16) cho thdy mdi quan
hé ham mil gitta tudi bén va vén tdc cit (hinh 1.15-a), tudi bén giam manh khi
van tdc cat taing. Néu biéu dién trén d6 thi ludi Log-Log thi dudng cong quan
hé van tdc cit - tudi bén tré thanh duong thang, goi 1a duong T-V (hinh 1.15-
b). Tir dudng T-V tinh duoc tudi bén twong Gng tir gia tri toc do cit, vi tri va
goc nghiéng a (hinh 1.15-b) ctia dudng T-V thay d6i nhu mot ham cia cac thong
s6 anh hudng da trinh bay trong cong thirc Taylor mo rong (1.16).

g 3
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g |V cl|

b o _~ o ViTs
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= 1VC3 2 t VeT2
: @

g [Ver - ViT
] *

Nie] —
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Tudi bén T (phut) Log (T)

Hinh 1.15 Mdi quan hé vdn tac cdt va tusi bén dung cu

Ap dung cong thirc Taylor trong tinh toan tudi bén dung cu gap nhimg kho
khan nhét dinh vi ché d6 cit thuc té khong c6 sin c4c hing sb thuc nghiém cia
cong thirc Taylor mé rong img véi cac cdp doi dung cu - vat liéu gia cong hién
tai [57]. Cac ché do cat thuong khong duoc duy tri on dinh ma ludn thay doi
thudng xuyén trong qua trinh cat. Diéu d6 s& dan dén hu hai trén dung cu luén
som hon so véi tudi bén duoc tinh toan. Mot van dé khac nay sinh 1a do nhiing
thay d6i vé thong s cat nay trong qua trinh gia céng s& khong c6 quy trinh nao
dé tinh toan phan tudi bén con lai ctia dao. Do d6 dd co6 mot s dé xuit xay dung
hé théng dua trén tri thong minh nhan tao dé xac dinh tudi bén dung cu cho bat

ky ché @6 cit nao khi gia cong hodc phan tudi bén con lai sau khi gia cong.
1.2.3. Céc yéu t6 anh hwéng dén tudi bén dung cu
1.2.3.1. Cac thong so ché dd cit chinh

Van toc cat: Cong thuc Taylor da thé hién ro rang sy anh hudng cta van

toc cat dén tudi bén dung cu, d6 1a moi quan hé ham mii va tudi bén giam manh
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khi tang van toc cat (hinh 1.16). Tang van tdc cat (gitt nguyén luong tién dao)
lam cho tan suat mdi ludi cat di vao trong phdi tang lén va dong thoi ting ma
st gitta dung cu-phdi, dung cu-phoi. Tir d6 lam phat sinh nhiéu nhiét cit, giam
do cung ctua dung cu va tao diéu kién cho hién tuong mai mon, khuéch tan xay
ra, dic biét 1a khi gia cong toc do cao [43]. Quan sat ludi cit trén kinh hién vi
cho théy xuét hién nhirng vét v& nbi trdi hon qua trinh mai mon, do su anh
huong cua chan dong (shock) mdi khi ludi cat di vao phoi quan trong hon luc
ma sat dén tudi bén dung cu [43]. Khi van tdc cat qua thap, cac vét nit co hoc
1a nguyén nhén chinh gay ra hong hoc dung cu béi vi luc cat 16n hon va nhiét
d6 cét thap hon. Vén tc cat thap con 1a nguyén nhan giy ra hién tuong leo dao
(built up edge — BUE). Nhiét do bi truyén ra cac thanh phan xung quanh nén
giam dot ngot khién cho vét liéu bi dong clng, tu to1 cing bam chdt vao mat
trude ctia dao cat. Khi leo dao xay ra lam giam d6 sic cta ludi cat, vi thé dan

dén lam gidm d) nhan bé mat gia cong hoac dan dén mat kha nang cat got cua

dung cu.
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Hinh 1.16 Do thj anh hwong cua van téc cat dén tuai beén [43].

Luong tién dao: Pay 1a thong sé ¢6 muc d6 anh hudng nho dén tudi bén
dung cu nén c6 rat it nghién ctru anh hudéng doc lap cua luong tién dao. Khi
tang luong tién dao mot cach hop 1y thi co thé giam mon mat sau, Iy do chinh
1a do thoi gian tiép xuc giita dao va phoi bi rat ngin khi luong tién dao ting cao

[99]. Ung vé&i mdi gia tri toe do cét, su anh huong cua luong tién dao dén tudi
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bén dung cu cting khac nhau, khi van tdc cat 16n, thi sy anh huodng cua lugng
tién dao dén tudi bén cang manh.

Chiéu siu cat: Theo [43], van tdc cit c6 anh huong nhat dén tudi bén dung
cu, sau do 1a lugng tién dao va nhé nhét 1a chiéu siu cit. Khi chiéu sau cét tang
(khi luwong tién dao khong doi) thi ty sé bién ddi chiéu day phoi (chip
compression ratio) va nhiét cat trung binh khong thay doi, dan dén su thay doi
tbc d6 mon dao khong dang ké khi gia cong & ché do cat toi wu [16]. Trén hinh
1.17 thé hién d thi anh hudng chiéu siu cat dén tudi bén (trong diéu kién tdc
do quay truc chinh giéng nhau) ddi vai cac loai vat lidu dung cu cat khéac nhau.
Khuynh huéng cac dudng d6 thi cho thiy khi chiéu sau cét tang s& lam tudi bén
giam. Nhung chiéu sau cat ting dén gia tri nao d6 (khoang hon 10 lan luong
tién dao f, [72]) thi hau nhu khong anh hudng dén tudi bén dung cu, vi du vt

liéu dung cu bang cacbit DNMG va cacbit Wonfram (hinh 1.17).
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Hinh 1.17 Bé thi dnh hwong cia chiéu su cat dén tusi bén [82]
1.2.3.2. Pinh huwéng chuyén dong dao phay ciu
Dao phay cau ¢6 dic diém 1a ludi cit bd tri trén mit cAu nén khi thay d6i
goc nghiéng truc dao s& khong anh huong dén kich thudc gia cong. Khi khao
sat anh huong huéng chuyén dong dao phay cau dén tudi bén, chi xét dén hai
truong hop: nghiéng theo hudng tién dao 6 # 0 va 8,, = 0; nghiéng vubng gdoc
huéng tién dao 8¢ = 0 va 8,, # 0 nhu hinh 1.18.
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L Diém xuat phat — Chiéu tién dao
2 Chiéu quay tryc chinh @  --+ Chiéu dich dao ngang

Hinh 1.18 Cdc huéng chuyén déng dao phay cau khi gia cong [84]

Cach goi tén cho cac hudng chuyén dong chay dao chua c6 cach goi théng
nhat trong cac tai liéu tham khao trong nudc, nén co thé goi tén theo sy két hop
tu thé nghiéng va chiéu tién dao [69] [84] nhu sau:

a) nghiéng dung - di 1én (46¢) (vertical - upward);
b) nghiéng ding - di xudng (—65) (vertical - downward);
c) nghiéng ngang - di 1én (+6,) (horizontal - upward);

d) nghiéng ngang - di xudng (—6,,) (horizontal - downward).

Trong mét nghién ctru cua tac gia Tan [84] thuc hién khao sat ca bon tu
thé nghiéng voi goc nghiéng khong thay d6i (hinh 1.18), cho thiy: nghiéng
dung - di xudng va nghiéng ngang - di 1én c6 thé quan sat rd rang ba giai doan
trén duodng cong mon, trong khi nghiéng ding - di 1én va nghiéng ngang - di
xudng c6 tudi bén thap hon va giai doan mon so cap (giai doan I theo 1.2.1.3)
rat ndi troi. Pinh hudng nghiéng ngang - di 1én cho két qua tudi bén thap nhat,
trong khi nghiéng dung - di xudng cho tudi bén cao nhat. Theo muyc 1.1.3.2,
van toc cit & tu thé nghiéng ngang - di 18n 1a 16n nhat, két hop véi luc cit cao
va rung dong manh dan dén tudi bén thap nhat. Trong khi d6 theo muc 1.1.3.3,
van tdc cit cua tu thé nghiéng dimg - di xudng 1a nho nhat boi vi ban kinh cit
hiéu dung giam khi diém cat dich chuyén gan vé dinh cau cua dao nén két qua
tudi bén dat 16n nhat. Néu wu tién vé chat luong bé mat, dinh huéng nghiéng

ngang - di 1én 13 hai hoa giita tudi bén va chat luong bé mit tot nhat.
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Tac gia E-G Ng [59] da thi nghiém gia cong hop kim ctrng Inconel 718,
thdy rang dinh huéng nghiéng ngang - di xudng (—8,,) dat chiéu dai cit cho
phép 16n nhat va d6 nham bé mit tét nhat. Thong qua phan tich luc cat va phan
tich phé tir tin hiéu do luc thé hién kiéu dinh huoéng —06,, tao it rung dong nhat.
Nhiéu nghién ctru khi gia cong cao tdc hop kim cimg déu uu tién lya chon
huéng tién dao di xudng (—6; hoac —6,,) dat duoc tudi bén cao hon va chét
lwgng bé mit tét. Tac gia Layegh [51] da chimg minh trong cung diéu kién gia
cong, phay theo mo hinh dao di xudng tudi bén 16n hon mé hinh dao di 1én it
nhat khoang 33.33%. Anh hudng ciia van tc cat kha rd rang, mic du dinh dao
tham gia vao cit nhung van tdc cit hiéu dung nho nén tudi bén 16n hon.

Tom lai, dinh huong duong chay dao tdt nhat cho tudi bén 1a huong tién
dao di xudng, ty muc dich gia cong can chi tiéu tudi bén hay chét lugng bé
mit ma lya chon nghiéng hudng ding hay nim ngang. Trong thuc té, dinh
huéng nghiéng ngang - di xudng duoc sir dung phd bién nhat, vi né phu hop
vo1 cac chu trinh phay hién tai cua cadc chuong trinh NC.
1.2.3.3. Goc nghiéng truc dao phay cau

Gia cong nhitng bé mit tu do trén may CNC thi dudng chay dao ludn phai
bam theo do cong cua bé mat, d6 doc cta cac bé mat gia cong co thé thay doi
trong khoang tir 0° + 90°. Khi gia cong tinh trén may CNC, dao phay cau dugc
stt dung vi hinh hoc dao cat phu hop nhét véi bé mat tu do. Trong do, goc
nghiéng truc dao so véi bé mit phoi 1a yéu to quyét dinh dén chit luong bé mat,
d6 chinh x4c gia cong va tudi bén cia dung cu. Nhung ludi cit tai dinh chom
cau tré nén kém cung virng va hoat dong cat khong xay ra tai d6 do van tdc cat
bang “khong”. Tai day, khong gian tao phoi hiéu dung rat nhé va bé mit sau
gia cong thuong xuét hién nhiing dinh nhap nho hinh vo so, do dé viéc tao goc
nghiéng t6i thiéu gitta truc dao va phoi gia cong rat can thiét dé tranh cit tai
dinh. Nguoc lai néu goc nghiéng qua 16n thi c6 thé 1am giam chét lugng bé mit
do dao cit bi bién dang vi luc cit 16m hodc qua nhiét do van tde cat qua 16n.

Tac gia Schulz [75] d4 nghién ciru van dé phay cao téc cac san pham

khuon miu bang dao phay cau, dao phay dugc nghiéng theo goc phap dan 6,
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nham tranh cat tai dinh dao. Khi goc phap dan 0,,>15°, tai tap trung trén ludi
cit tang va lwong mon 16n nhét tai diém tap trung tai cao nhat. Nguoc lai, khi
0,<15° thi ludi cét bi hu hai chu yéu 1a bi v& tap trung tai gan dinh dao. Goc
nghiéng nho thi do bién thién van tdc cit doc theo ludi cit rat 16n: tai dinh dao
c6 van tdc cit nhod giy ra hién tugng nghién va ma sat 1a ndi troi, trong khi do
tai vi tri cao nhat ctia diém cét thi diéu kién cit gﬁn voi khoang t6i wu. Tudi bén
dao t6t nhat khi gia cong theo dinh huéng nghiéng dimg - di 1én tét nhét trong
khoang goc nghiéng 10° + 20°, gia tri t6i wu 14 15°.

Khao sat gia trj goc nghiéng trong khoang thay doi 16n, Kang [47] da tién
hanh thi nghiém véi ba gia tri goc nghiéng (15°, 30° va 45°), mdi gia tri goc
thuc hién b6 dinh hudng dao nhu hinh 1.18. Két thuc thi nghiém cho thay hai
kiéu dinh huéng nghiéng ngang - di 1én voi goc 8,, = 15° va nghiéng ngang -
di xudng voi goc 8,, = —45° 13 hiéu qua khi lui cit bi mon ddng dang. Pinh
hudng dao nghiéng dung - di xudng véi gia tri O = —15° cho tudi bén thap
nhat, boi vi xdy ra cit tai dinh dao gy rung dong qua mirc ddn dén meé dao va
tang cudng mon mat sau. Pinh hudng véi goc tiép dan 6; = 45° gdy rung dong
doc truc va tao ung suat tap trung trén dao, do la yéu t6 c6 anh huong x4u dén
nhiét cét va tudi bén dao.

Adilson José [31] cho rang anh hudng cia goc nghiéng tac dong dén tudi
bén rd rang hon 13 thong s6 luong tién dao va chiéu siu cat. Tudi bén giam khi
goc nghiéng tang do van tdc cit hiéu dung ting theo duong kinh cit hiéu dung.
Thoi diém khi dung cu hét tudi bén, v6i goc nghiéng 6 = 45° s& xuét hién nhiéu
vét sirt nho va sé it bam dinh vat liéu gia cong; v6i goc nghiéng 0, = 75° thi
phan 16n 1 bam dinh va chi c6 it vét sit nho.

1.2.4. Cac phwong phap xac dinh tudi bén dung cu
1.2.4.1. Cac phwong phap xac dinh true tiép

Hau hét cac phuong phép xac dinh luong mon déu sir dung cac hé théng
quang hoc do lugng mon ludi cat mat sau hodc mit trude dé xac dinh tudi bén

dung cu. Tham chi mot sb nha san xuét dung cu cat da pha mot 16p dic biét 6
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mau sic phan bi¢t trén ludi cat nham muc dich d& do va phat hién mon, vi du
16p phu mau vang cia TiN hodc mau xam ctia TiCN. Phuong phap do luong
mon don gian nhét 13 st dung kinh hién vi dién ti, thuc hién do dinh ky trong
qua trinh gia cong bang cach dimg may gia cong, 1y va dit dung cu cit vao dd
g4 trén kinh hién vi dién tir. Wojciechowski [95] str dung kinh hién vi lap thé
Carl Zeiss do lugng mon mit sau VB sau mdi hanh trinh cta 50 duong chay
dao ngang (khoang 16 mét). Ngoai ra, sau mdi hanh trinh cia 5 duong chay
dao ngang thuc hién chup anh so bd (khong do mon) hinh anh ludi cit nham
phét hién truong hop dao cat bi hu hong hodc giy bat ngo. T. Pfeifer [68] da
thue hién mot sb cai tién nham ning cao chét lugng do ludng bang cach: dit
vat do gan may chup anh, sir dung k¥ thuat chiéu sang thich tmg véi anh sang
moi trudng xung quanh nham dat duoc anh chup t6i vu nhat cho nhiéu ching
loai dao cat khac nhau.

Giam sat tinh trang dung cu (Tool Condition Monitoring - TCM) la mét
hé thong rat quan trong trong moi truong gia cong khong ngudi giam sat. Tir
nhitng nam 1990 dén nay, cac nha nghién ctru da tién hanh nghién ctru vé TCM
st dung k¥ thuat xur Iy anh nhu mot cong cu truc tiép do Iuong mon mat sau va
mit trude ludi dao. C6 hai nguyén 1y duoc thiét ké 1a: thoi gian-thuc (real-time)
va trong-qua trinh (in-process). Mdi nguyén 1y ¢6 wu diém va nhuge diém khac
nhau, duoc trinh bay chi tiét nhu sau:

Nguyén Iy trong qué trinh: thuc hién do va gidm sat mon truc tuyén can
phai dimg hoat dong may cong cu. Hé théng do va giam sat dit ngay trong ving
gia cong, khi thyc hién do thi dung cu cit van nam trén truc chinh, qua trinh
dua dung cu dén vi tri do luong bang chwong trinh NC lap trinh san. Trong
nghiéng ctru ctia Zhang [102] da thiét 1ap hé thong chup anh ludi cat dao phay
cau bang cach thiét 1ap chuong trinh NC cho truc chinh méy cong cu di chuyén
dén trudce 6ng kinh may anh. Dung cu cit duoc dinh vi, phan do va diéu chinh
cuong do ngudn sang (diéu chinh dugc bang may tinh) thich hop dé chyp anh
mat sau cua dung cu. Phoi bam dinh trén ving mon cta ludi cat duoc lam sach

bang voi phun khi nén dam bao hinh anh ctia mon dung cu t6t nhét.
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Nguyén 1y thoi gian-thyc: thue hién do va giam sat tryc tuyén ngay trong
khi gia cong ma khong phai dimg méy cong cu. Giusti, F. [38] d4 phat trién hé
théng chup anh truc tuyén dong thoi mit trude va mit sau cia manh cat hop
kim trén may tién. Bing cach bd tri hé théng thiu kinh quang hoc dé truyén
hinh anh ludi cat dén may anh dit ngoai ving gia cong nhim loai bo rung dong
hoic anh hudng khong gian ving gia cong. W. Wang [93] da str dung hé théng
may anh chup tdc d6 cao, hé thdng chiéu sang diém bang soi quang va hé théng
kich hoat chup anh bang tia laser. Vi hé thong kich hoat chup bang tia laser
cho phép chup timg ludi cat ngay trong khi truc chinh dang quay. Hinh anh
chup mat sau dung cu duoc khoanh vung gidi han, ving mon va khong mon
dugc phan biét dua vao mirc d§ xdm cua anh chup dé lam giam thoi gian tinh
toan cua may tinh. Cling trong mdt nghién ctru khac, W. Wang [92] &p dung
phuong phap ngudng doc lap trén co s¢ hé théng quang hoc duge dé xuat dé
do lugng mon mit sau cua dung cu cat. Pau tién 1a khoanh ving gidi han cua
anh chup dé giam sb luong xu 1y, sau d6 do tim duong tham chiéu, cudi cing
tang d6 nét ciia dudng bién anh dung dé do lvgng mon mit sau sir dung phuong
phéap do tim canh theo ngudng doc 1ap. Qua trinh xtr Iy anh dong trong khi truc
chinh mang dao dang quay s& tao ra mot hé thong cé trién vong cho nhiing tng
dung tu dong do lugng mon mat sau trong qua trinh gia cong.
1.2.4.2. Cac phwong phap xac dinh gian tiép

Trong thyc té co6 rat nhiéu phuong phép gian tiép dé xac dinh tudi bén
dung cu nhu: phan tich tin hiéu phat xa am thanh (Acoustic Emission - AE)
[48][61], do luc cét [9], do md men xodn cua truc chinh [68], gia tri nham bé
mat [8][90].,... Mdi phuong phap ¢ vu - nhuge diém, kha ning trién khai, trang
bi cong nghé va do chinh x&c rat khac nhau.

Theo 1SO 8688-2/1989, gi4 tri nham bé mit sau gia cong hoan thién bai
nhiing loai dung cu cat khac nhau 1a rat khac nhau, R, = 7.5um ddi véi dung
cu cacbit, R; = 6.0pum ddi voi dung cu thép gio, R; = 3.0um ddi vai dung cu

gbm. Bhuiyan [21] di khao sat sy thay ddi ctia luong mon mit sau VB clng do
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nham bé mat R, (chi tiét gia cong) theo tudi bén cta dung cu tng v6i didu kién
gia cong nhét dinh. Gia tri nham bé mat va lrong mon mat sau cung dugc do
cling thoi diém (diém do A, B, C, D va E trén hinh 1.19). Hinh 1.19-b thé hién
khuynh hudng cia dudng cong nham bé mit xuat hién giéng nhu cta luong
mon mat sau theo ba giai doan. Nhu vay, mac du khong c6 mot ngudng gia tri
cu thé cua gia tri nham bé mat dé xac dinh tudi bén, nhung can cu theo tde do
thay doi gia tri nham theo thoi gian gia cong ciing 1a can ctt dé xac dinh thoi

diém hét tudi bén cta dung cu [8].
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Hinh 1.19 Lurong mon VB va nham bé mat thay doi theo thoi gian [21]

Phuong phap phéan tich tin hi¢u phat xa am thanh (Acoustic Emission-AE)
13 mot trong nhitng phuong phap giam sat mon dung cu hiéu qua nhat. Phuong
phap nay thuong duoc st dung trong nhitng hé thong giam sat tinh trang dung
cu TCM “trong-qua trinh” (in-proccess). Tin hiéu phat xa AE 1a mot séng am
hodc séng tmg suét lan truyén trong vat liéu khi nang luong bién dang duoc
giai phong tirc thoi. Tan sé s6ng &m phat xa (= 100 kHz) 16n hon nhiéu lan tan
s6 rung dong may va do 6n ctia moi truong nén khong anh hudng dén két qua
do luong. Sir dung phuong phéap phan tich AE két hop voi mang no-ron nhan
tao c6 thé du doan chinh xac nhimg bién doi phi tuyén cua lugng mon dung cu
[61]. Linh vuc Gng dung rong rdi nhat ciia phuong phap nay la trong gia cong
cao toc, doi hoi qua trinh thu thap va xu Iy dir liéu mon dao véi tée do nhanh

dé kip thoi diéu khién chinh xac may gia cong.
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Cac nghién ctru vé mdi quan hé gitra lyc cit va tudi bén dung cu cho thiy
rang lyc cit 1a tong hop cta cac luc do hinh thanh phoi va co xat do mon mat
sau. Khi dung cu cit bi mon mit sau, luc ma sat tai vung phan giéi dung cu -
phéi va dién tich tiép xuc cua ving mon ting, két qua lam ting dang ké gia tri

luc cat trong khi gia cong.
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Hinh 1.20 D6 th; quan hé luc cat theo thei gian gia cong [81]

Db thi quan hé lyc cit theo thoi gian gia cdng [81] trén hinh 1.20 cho thay
khuynh hudng thay d6i luc cat tong hop theo thoi gian cat ciing rat giéng quy
luat thay d6i lwong mon mit sau, rat twong dong véi két qua nghién ciru cua tac
gia [9]. Khi gan dén thoi diém hét tudi bén dung cu thi dudng cong luc cit theo
thoi gian cat cang doc, d6 chinh 1a ddu hiéu dé giam sat tinh trang mon hodc hu
hai bat ngo ciia dung cu cat. Mo ra huéng xay dung hé thong giam sat tinh trang
dung cu TCM thong qua luc cat, nham hiéu chinh cac thong s6 cat kip thoi dé
nang cao tudi bén dao cit va chat luong bé mat.

1.3. Cac nghién ctru trong va ngoai nuwéc

Bai toan toi uu vé tudi bén dung cu trong hoat dong gia cong phay trén
may CNC ludn 13 dé tai duoc quan tim nghién ctru trudce day, co thé bang cach
lwa chon thong s6 ché do cat hop 1y, chién lugc trong chuong trinh gia cong
hodc ap dung cac phuong phap tdi wu méi nhu tri tué nhén tao.

Nang cao tudi bén dung cu bang cach lya chon hop 1y théng sd ché do cit

1a pho bién va kinh té nhét do su don gian va dé dang trién khai trong diéu kién
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gia cong san co. Mot nghién ciru trong nude cia tac gia Nguyén Qubc Tuan
[12] d4 xem xét vé mdi quan hé gitta ché do cat va tudi bén dao phay cau trong
gia cong thép hop kim qua t6i. Nghién ctru cho thiy dao phay cau 1ép phu
TiAIN c6 kha ning gia cong duoc thép qua toi va di xac dinh diéu kién tranh
gia cong tai dinh dao, tuy nhién nghién ctru nay khong dua ra giai phép cai thién
tudi bén cu thé. C4c nghién ctru ngoai nude vé van dé nay thi da dang giai phap
hon. Tac gia Ishan B Shah [77] ap dung quy hoach thuc nghiém dé xem xét
muc d§ anh hudéng cua cac thong s6 ché do cat dén tudi bén dung cu, két qua
cho thdy vén tdc ct va chiéu sau cat 13 hai thong s6 anh hudng chinh dén tudi
bén, khi giam van tdc cat, chiéu sau cat va ting luong tién dao s& dat tudi bén
dung cu cao hon. Tac gia S.V Kadam [45] ciing da dé cap nhiéu giai phap nang
cao tudi bén dung cu lién quan dén: vat liéu ché tao dung cuy, dang hinh hoc
dung cuy, thong sb ché do cat, vat liéu 16p phu...

Pic diém hinh hoc dao phay cau c6 ciu tao rat dic biét, ngoai nhiing
phuong phap kéo dai tudi bén da dé cap nhu trén con c6 cac giai phap khac rat
dic trung d6i voi dao phay cau. Ludi cat dao phay cau duoc bb tri trén bé mit
chom cau nén ving tiép xtc dao-phdi co su phan bd khac nhau, phu thudc chinh
vao goc nghiéng truc dao va bé mit gia cong. Tac gia Chen [25] dd nghién ctru
van tdc cat tai ving tiép xuc cta dao-phdi véi cac goc nghiéng truc dao khac
nhau, thiy ring goc nghiéng khong chi anh huong 16n dén nham va topography
bé mit gia cong, ma con anh hudng dén mon dung cu. Tac gia Kang [47] da
nghién ctru rat chi tiét vé sy thay déi diém tiép xtic dao-phoi khi gia cong bé
mit tu do, khi gia cong dao phay cau voéi su thay doi ciia dudng chay dao (tool
path) thi viing tiép xtic dao-phéi ciing thay doi. Su thay doi nay anh huong dén
dac tinh gia cong, dac biét 1a van tdc cat do ban kinh cit hiu dung khac nhau
nén can c6 bién phap diéu chinh thong s6 ché do cat phu hop dé kéo dai tudi
bén dung cu. Cac nghién ctru trén 1am co sé tng dung mot phuong phap ting

tudi bén la ap dung dich chuyén doan ludi cat lam viéc. Hién tai trong nudc van



35

chua c6 nghién ctru nao dé cap dén phwong phép ndy, nudc ngoai ciing c6 mot
s6 nghién ctru lién quan nhung chua dua ra mot giai phap cu thé nao.

Hién nay trong nudc cling c6 nhitng nghién ciru vé tmg dung tri tué nhan
tao trong toi wu qué trinh gia céng co khi, nhu: Téi vu hoa ché do cit va goc
nghiéng dao phay cau sir dung giai phap trf tué nhan tao va giai thuat PSO [14],
t6i vu hoa da muc tiéu khi phay cao toc str dung thuat toan PSO [2], hodc mot
nghién ctu khai quat nhét hién trang rng dung cong cu tin hoc voi cac thuat
toan kiém téi wu cho phép giai cac bai toan phirc tap hon, tin cay hon [5]. Tuy
nhién, img dung tri tu¢ nhan tao trong linh vuc t6i wu tudi bén & trong nudc van
con rat han ché, chua dugc quan tdm va phat trién, nhung tai cac nudc phat
trién lai dugc nghién ctru rong rai. Nhim danh gia vé d6 chinh xac du doan, tac
gia Palanisamy [64] da tién hanh thi nghiém va du doan luong mon dao bang
hai mé hinh: hdi quy va mang no-ron nhan tao. Két qua mang no-ron nhan tao
cho du doan chinh xac hon so v6i mé hinh hdi quy va duoc dé xuat lam mot
phuong phap dy doan mon dé biét rang dung cu cat c6 kha ning gia cong bao
1au khi diéu chinh ché do cét bi rang budc bai diéu kién gia cong cu thé. Nghién
clru ndy rat c6 ¥ nghia khi xay dung hé thdng giam sat dung cu trong xay dung
hé thong gia cong tr dong ning suit cao trong tuong lai.

Tac gia Chao [23] da sir dung md hinh mang no-ron lan truyén nguoc
(Backpropagation Neural Network Method - BNNM) trong dy doan tudi bén
dung cu cho gia tri du doan chinh xac, kha ning giai quyét nhitng bai toan k¥
thuat phirc tap. Tac gia Zhang [104] du doan tudi bén dung cu bang BNNM da
duoc tdi wu boi thuat toan di truyén, két qua tang dg chinh xac dy doan khoang
5% so voi BNNM tiéu chuan. Qua nhimg nghién ctru trén cho thiy céch tiép
can st dung mang no-ron nhan tao trong thiét 1ap mbi quan h¢ thuc nghi¢m s&
cho két qua du doan cao hon cac phuong phap dy doan truyén thong. Theo lich
su phat trién ctia cdc md hinh du doan thi mang no-ron nhan tao cé thé xem la
cong cu du doan phé bién nhét hién nay, néu két hop véi cac mo6 hinh khac tao

thanh mo6 hinh du doan lai (Hybrid model) sé cang cai thién d6 chinh xac.
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Qua tim hiéu cac nghién ctru trong va ngoai nudc thdy rang nghién ciru vé
cac giai phap nang cao tudi bén dao phay cau ciing rat duoc quan tam, tuy nhién
huéng nghién ctru vé ing dung phuong phap dich chuyén doan ludi cat lam
viée it duoc nghién ctru. Vi vAy muc tiéu ctia luan an 12 mong mudn giai quyét
bai toan tdi uu tudi bén cua dao phay cau trong diéu kién gia cong trén may
phay CNC 5 truc theo hudng tmg dung phuong phap tdi wu quy hoach thuc
nghiém Taguchi va str dung mang no-ron nhan tao tang do chinh xac du doan
hd tro cho giai phap nang cao tudi bén bang dich chuyén doan ludi cat lam viéc.
Hudng t6i ty phat trién mot phan mém hd tro giai phap 1am cong cu tién ich

phuc vu cho thuc té san xut trong twong lai tai Viét Nam.

KET LUAN CHUONG 1

- Dao phay cdu c6 thé dinh huéng chuyén dong theo nhiéu cach khéc
nhau, tir 36 1am co s& tinh toan van tdc cit hiéu dung — mot thong )
anh huong chinh dén tu6i bén. Ngoai cac thong s6 ché do cat chinh
con ¢d thong sé dinh hudng chuyén dong va goc nghiéng anh hudng
dén tudi bén dao phay cau.

- C6 nhiéu chi tiéu dé xac dinh tudi bén dung cuy, trong do lugng mon
mit sau duoc sir dung pho bién va cho d6 chinh xac cao. Tudi bén cé
thé duoc xac dinh bang phuong phap truc tiép hodc gian tiép.

- Céc nghién ciru trong va ngoai nude cO rat it nghién ctiru vé phuong
phap dich doan 1udi cit lam viéc dé nang cao tudi bén dao phay cau,

lam co s& cho nghién clru cua luan an ti€p can phuong phéap nay.
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Chwong 2
QUY HOACH THUC NGHIEM TAGUCHI VA PHUONG PHAP
DU DPOAN BANG MANG NO-RON NHAN TAO
2.1. Quy hoach thuc nghiém Taguchi va phan tich phuwong sai ANOVA
2.1.1. Quy hoach thue nghiém Taguchi

Quy hoach thuc nghiém Taguchi 1a mot phuong phap tdi wu hoa thuc
nghiém dugc phat trién boi ki su - nha théng ké Genichi Taguchi ngudi Nhat
Ban. Phuong phap ki thuat chat luong (the Quality Engineering Method) do
Taguchi dé xuat ra duoc goi 1a “phuong phap Taguchi”, phuong phép nay 1a
mot chién luoc thi nghiém mai boi vi ong st dung mot dang quy hoach thuc
nghiém duoc hiéu chinh va tiéu chuan héa. Taguchi d tiéu chuan héa va tao ra
cac mang truc giao dic biét, mdi loai s& ing véi mot sd trudng hop thi nghiém.
Taguchi ciing da giéi thiéu mot phuong phap mdi dé phan tich két qua, do 1a
thong qua ty so tin hiéu/nhiéu (Signal to Noise Ratio — S/N) hay goi 12 “d¢ sach
tin hiéu” dé phan tich cac két qua 1ap lai gitip cho cac thi nghiém loai trir anh
huong cta cac yéu té khong diéu khién dugc. Phuong phap Taguchi 1a mot
dang ctia quy hoach thuc nghiém, nhung da duogc cai tién nham don gian hoa
cac quy trinh sit dung. Phuong phap nay st dung cac mang tryc giao dugc tiéu
chuan hoa, sb luong céac thi nghiém duogc rat gon rat dang ké so véi nguyén ban
1a thiét ké nhan t6 dy du (Full Factorial Design - FFD).

Tam diém ciia phuong phap Taguchi 1a da dinh nghia dugc khai niém kha
mo ho va khé nidm bit, d6 1a “chét luong”, ding nhu cau no61 kinh dién cua ong:
“Chat lwong la s tranh ton that tai chinh sau khi san phdam dwoc xudt xuong”
(Quality is the avoidance of financial loss after the product is shipped out). Ton
that duoc do bang don vi tién té va co lién quan dén dic tinh san pham co thé
dinh luong. Ham ton that 1a mot ham bac hai, duge dinh nghia nhu sau:

L(y) = k(y —yo)? (2.1)
trong do: L: ton that tinh theo don vi tién té,

Vo: gia tri mong mudn cua dac tinh,
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y: gia tri thuc té cta dic tinh,
k: hang s6 phu thudc.
Ttr cong thrc (2.1) trén rat ra duoc két ludn sau:
- Khi dic tinh ctia san pham cang xa gid tri muc tiéu thi cang 1am t6n
that nhiéu hon, vé "0" khi dic tinh san pham tién ti gia tri muc tiéu.
- T6n that 1a mot ham lién tuc chir khong dut gdy dot ngdt nhu ham
ton that truyén théng. Mot san pham nam trong gi6i han tiéu chuan

khong c6 nghia 1a san pham d6 c6 chat luong tot.

Ton that trung binh trén mot don vi san phém duoc biéu dién nhu sau:

1
Ly) = n [k(y; —yo)? + k(y, — yo)? + -+ + k(yn — yo)?] (2.2)
trong d6: ¥y, ..., ¥,,: gid tri thuc cua dic tinh san phamtha 1, ..., n
n: s6 luong san pham lay mau
Ttr cong thic (2.2) ¢6 thé duoc biéu dién rat gon nhu cong thirc (2.2):
1
L) = k[ (0n = y0)? + -+ Ga =y = kMSD) (29
trong d6: MSD la d¢ 1éch trung binh binh phuwong (mean square deviation).
Phuong phap Taguchi khong stir dung gia tri trung binh y,;, cho céc tinh
toan nhu phuong phap phan tich phuong sai (ANOVA) ma thay vao do la tinh
theo gié tri ty s6 S/N. Cong thtic tinh toan ty sé S/N (don vi dé-xi-Ben - dB)

duoc thiét 1ap twong Gng véi ba dic tinh nhu sau:

S/N = —10log(MSD) (dB) (2.4)

1) P6i v&i muc tiéu "danh nghia 13 tt nhat":

n
1
MSD = =" (3; = o) 25)
i=1
2) Béi véi muc tiéu "nho hon thi tot hon" tirc gia tri ¥ = 0:

1 n
MSD = 32 y2 (2.6)
i=1
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3) P6i v6i muc tiéu "1én hon thi tét hon":
n

1 1
MSD == H )
=l

Trong phan tich Taguchi sir dung ty s6 S/N thay cho gié tri trung binh dé

(2.7)

qua trinh danh gia két qua chinh xac hon:

- Sirdung ty s6 S/N sé& giup lwa chon duoc bo théng sd tdi wu dya trén
co s& do phan tan it nhat ctia cic gia tri xung quanh gia tri mong
mudn va gia tri trung binh gan nhat véi gia tri mong mudn.

- Sirdung ty s& S/N gitp S0 sanh ca hai thong tin vé gia trj trung binh
gan nhat voi gia tri mong mudén va do l1éch cia cac gia tri quanh gia
tri mong muon.

St dung ty s6 S/N sé& gitip Iya chon dugc bo thong sé ti vu dua trén co
so do phan tan it nhat quanh gia tri mong mudn va gia tri trung binh gan gia tri
mong mudn nhét. Theo dic tinh cua ty sé S/N, néu nhidu cang it thi gid trj ty
s6 S/N cang 16n va nguoc lai, nén c6 thé dung gia tri ty s6 S/N danh gia muc
d6 anh hudng cua cac yéu té khong diéu khién duoc.

Hién nay, phuong phap Taguchi dugc st dung rong réi trong thiét ké cong
nghiép. CAc thi nghiém dugc thuc hién theo cac bang truc giao duoc dua ra trén
nguyén tac la cip trang thai cua cac yéu t6 diéu khién trong hai cot bat ki co
xé4c suat xuat hién nhu nhau. Mt khéc, thong qua ty sé S/N giup nhiing nha
cong nghé biét xu hudng va mic do anh huong cia ting thong s6 cong nghé
dén két qua dau ra. Tlr d6 nhanh chong tim ra cac thong sé cong nghé va pham
vi can tac dong dé nhan duoc hiéu qua dau ra tdt nhat. Trén co s danh gid anh
hudng riéng 1¢ cac thong so co thé tim ra dugc to hop cac thong s6 cong nghé

t6i wu cho két qua cua dic tinh dau ra mong mudn [6].
2.1.2. Phan tich phuwong sai ANOVA

Phuong phap phan tich phuong sai (Analysis of Variance - ANOVA) la
mot k¥ thuat thong ké cho phép dinh lugng anh hudng tuong ddi ciia cac yéu

t0 va tam quan trong cia chung td1 ham muc tiéu, n6é dugc st dung d€ phan tich
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murc d6 anh hudng cua timg yéu to dén ham muc tiéu. Phan tich phuong sai
d3 1a mot cong cu phan tich duoc st dung trong thong ké phan tach bién thién
quan sat tong hop duoc tim thiy bén trong mot tap dit liéu duoc chia thanh hai
phan: cac yéu té hé thong va cac yéu t6 ngiu nhién. Str dung phuong phap phan
tich phuong sai ANOVA dé xac dinh anh hudng cia cac bién doc 1ap d6i voi

bién phu thudc trong nghién ctru hdi quy.
2.1.2.1. Bac tu do

Bac ty do 1a thudc do lugng thong tin cua timg phan tir don trong tap hop
dir liéu. Gia sit mot yéu td A c6 4 mirc, Al ¢6 thé so sanh duoc véi A2, A3 va
A4 ma khong thé so sanh duoc v6i chinh nd. Nhu vay mot yéu té 4 muc sé& co
bac tu do bang 3. Bac ty do c6 thé ma rong ra cho toan bo thi nghiém, thi
nghiém c6 n phép thir va r 1an 1ap lai trong mot phép thir, nhu vay can tién

hanh N thi nghiém, véi N = n.r. Cong thirc tinh toan s bac tu do nhu sau:

fT:N—1
fe = fr — Xf;

trong do: fr: Tong s6 bac ty do; N: sb thi nghiém;
f;: Bac tu do cua yéu t0 i; k;: 6 muc cta yéu to i;
f,: Bac tu do cua sai sd.
2.1.2.2. Tong binh phuwong sai léch
Trong phan tich di liéu théng ké, tong toan bo binh phuong dai luong xuat
hién nhu mot phan cua phuong thirc chinh tic trong viéc thé hién két qua cua
phan tich d6. N6 dugc dinh nghia la téng, cua toan bd cac quan trac, cua binh

phuong d9 sai léch ciia mdi quan tric so v&i gia tri trung binh chung.

n
St =) (i =) 29)
i=1
trong do: y;: gia tri thi nghi¢ém thir 1,

y: gia tri trung binh céac thi nghiém
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Tong binh phuong sai 1éch tir gia tri muc tiéu y, dugc tinh theo (2.10):

Sr= ) (v =) + 07 - yo)? (2.10)

2.1.2.3. Phuong sai ciia mét yéu to
La phép do muc chénh 1éch giita cac s lieu cia mot tap dit liéu trong
thng ké. N6 do khoang cach gitta mdi s6 1iéu véi nhau va dén gia tri trung binh
cua tap dir liéu. Phuong sai tong quat dugc tinh nhu sau:
Tong binh phwong sailéch St
B Bac tw do fr
Phuong sai cua timg yéu td ciing dugc tinh bang tong binh phuong sai léch

T (2.11)

cua thi nghiém c6 mat yéu t6 do, chia cho bac tu do cua yéu to:

S S S
fa fg fn
Phuong sai cua sai s6
Str—(Sa+ Sg++ S S
v, = T — (Sa B N) _ e (2.13)
fT_(fA+ fB++ fN) fe

2.1.2.4. Mitrc @9 anh hwéng cia yéu to

Mdi yéu té dau vao déu anh hudng tac dong dén yéu td dau ra thé hién
murc d6 anh hudng cua yéu to 1am thay doi gia tri dau ra, mic d6 anh huong
ctia nhiéu 1am sai 1éch dau ra. Mirc @6 anh hudng cua yéu t6 tinh theo (2.14):

S;
P, = — x 100(%) (2.14)
St

trong do: P; 1a 4nh hudng cua yéu t6 i déu yéu t6 dau ra
S; 1a tong binh phuong sai léch ciia yéu td i.
Anh huoéng cua yéu té nhiéu cling c6 thé dugc tinh theo (2.15):

S
P, = 2= * 100(%) (2.15)
T

Mirc d6 anh hudng cta yéu td co y nghia 1on dén quyét dinh gia tri cua

cac yéu to diéu khién. Theo cong thic (2.14) thi mic d6 anh huéng duoc thé
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hién theo phan trdm, gia tri phan traim phan bo anh hudéng 16n thé hién muc do
anh huong 16n cia yéu t6 dén dau ra. Nguoc lai néu phan trim phan bd nho
(<2%) thi 6 thé coi yéu t6 d6 1a mot tic dong ctia nhiéu dén dau ra, viéc diéu
khién yéu té nay khong c6 hiéu qua. Sau khi phén tich, néu gia tri phan trim
anh huong ciia yéu to nhidu qua 16n thi cin xem xét lai qué trinh thi nghiém c6
bi anh huong bai yéu t6 khong diéu khién khac chua dugc nhan biét hay khdng,
tir d6 c6 bién phap khac phuc hop 1y.

2.2. Cac phwong phap du doan dung trong linh vuc gia cong co khi

2.2.1. Céc loai mo hinh dw doan

Mo hinh dy doén (prediction modeling) 1a mot k¥ thuat thong ké thuong
duogc sir dung dé du doan hanh vi trong tuong lai. Giai phap mé hinh dy doan
1a mot dang cong nghé khai thac dit liéu hoat dong (data mining) bang cach
phan tich dir liéu quéa khir va hién tai, dong thoi tao ra mot mé hinh dé gitp dy
doan két qua trong tuwong lai. Nhin chung, cac mé hinh dugc phan thanh ba loai:
mo hinh thyc nghiém (experimental models), moé hinh phén tich (analytical
models) va mo hinh co s& Tri tué nhan tao (Artificial Intelligent - Al). Ca&c mo
hinh phan tich va thuc nghiém c6 thé dugc phat trién bang cach sir dung céc
phuong phéap tiép can thong thuong nhu ky thuat héi quy (regression
technique). Trong khi, cac mé hinh dua trén Al duoc phat trién bang cach st
dung cac phuong phap tiép can phi truyén thong nhu mang no-ron nhan tao
(Artificial Neural Network - ANN) [101].

Phén tich hoi quy: 1a mot phan tich thong ké dé xac dinh xem cac bién doc
1ap (bién thuyét minh) quy dinh cac bién phu thudc (bién duoc thuyét minh)
nhu thé ndo. Pay 1a mot phuong phap thong ké ma gia tri ky vong clia mot hay
nhiéu bién ngﬁu nhién duoc dy doan dya vao diéu kién cua cac bién ngﬁu nhién
(d3 tinh toan) khac. Cu thé, ¢ hdi qui tuyén tinh, hdi qui 16gic, hoi qui Poisson
va hoc c6 giam sat. Trong cac bai toan lién quan dén gia cong co khi, k§ thuat
héi quy thudng hay duoc sir dung dé ude luong gia tri ciia bién phu thudc véi
gia tri da cho cua bién doc lap, kiém dinh gia thiét vé ban cht sy phu thoc hodc

du doan gia tri trung binh cta bién phu thudc khi biét gia tri bién doc lap. K§
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thuat phan tich hoi quy ¢6 vu diém 1a sir dung s6 liéu trong quéa khtr nghién ctru
dé xac dinh va khoang ving pham vi nghién ctru va dat do chinh xac cao néu
c6 nhiéu mau nghién ctiru dé phén tich. Hién nay, nhiéu céng cu hd tro tinh toan
phan tich hdi quy trén phin mém Matlab®, MiniTab® hoic SPSS®.

Hoc may (Machine Learning): hiéu don gian 1a tp hop cac phuong phap,
cac giai thuat khién cho may tinh co thé tu “hoc”, tu “suy nghi” va dua ra cac
quyét dinh gidng nhu con ngudi. Chinh vi 1y do d6 nguoi ta xép Machine
Learning thudc vao pham vi cua linh vuc “Tri tué nhan tao”. Mang no-ron nhan
tao ANN la mét trong nhitng mo hinh tinh toan manh mé nhat, duoc kiém ching
qua nhiéu cong trinh nghién ctru ciia nhiéu linh vuc khac nhau, ding dé mo
hinh hoéa cic mbi quan hé phirc tap khong thé biéu dién bang mé hinh vat 1y.
Lua chon sb luong no-ron, ) 16p an, ham truyén hodc thuét toan huin luyén la
rat quan trong dé thu duoc két qua tbt.

Sy khac biét giita mo hinh hdi quy va mo hinh ANN chi yéu ndm & céc
vung phi tuyén. M6 hinh ANN c¢6 thé duogc st dung nhu mot phuong phéap hiéu
qua va thay thé cho cac nghién ciru thyce nghiém ma mo hinh toan hoc (nhu mo
hinh hoi quy) khong thé giai quyét duoc.

2.2.2. Dw doan tudi bén dung cu

Trong hoat dong gia cong cit got, viéc phat hién dugc dién bién ctia mon
dao ct trudc khi bi pha hiy 1a rat quan trong, vi khi xay ra vét gy cua dung
cu cat s& anh huong dén do chinh xac ciia chi tiét gia cong va thoi gian gia cong,
giam thoi gian dimg khong ctia may. Trude day, mot phuong phap du doan tudi
bén dao phay cau thong qua nhiét d cit bang tinh toan theo 1y thuyét dugc
thuc hién boi Arsecularatne [15] vao nam 1996, khi ma cac ky thuat du doan
chua c6 nhiéu. Thong thudng dé xac dinh tudi bén dung cu thi phai 1én ké hoach
thuc hién timg thi nghiém gia cong cho dén khi hét tudi bén dung cu bang cach
xac dinh gid tri mon mat sau. Tuy nhién, do han ché vé thoi gian va vat liéu thi
nghiém, nguoi ta quyét dinh ap dung phuong phép kiém tra tudi bén dung cu

nhanh dugc phat trién boi Taylor, cho phép xac dinh tudi bén cila dao bang ki
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thuat hoi quy tuyén tinh. Sau d6 dung céac gia tri mon mit sau VB tir thi nghiém
dé tinh toan duong T-V, lam cong cu du doan tudi bén cho céc thi nghiém khac.

St dung cac cong cu dy doan bang tri tué nhén tao, Shafiq [76] dé xuat
mot sd cdu trac ctia mang noron lan truyén ngugce mot 16p va nhiéu 16p dé du
doéan sy phat trién mon cua dung cu. Tuy nhién rat khé dé xac dinh ciu tric
mang no-ron nao cho gié tri du doan tbt nhat, vi thé str dung phan tich hoi quy
va sai s& phan tram tuyét ddi trung binh (Mean Absolute Percentage Error -
MAPE) dé danh gia hiéu suat du doan ctia cau trac ANN. Céu tric ANN (1a s6
luong cac no-ron trong 1op an) ndo cd gia trji hé sé hdi quy (regression
coefficient) R? ~ 1 hoic gia tri MAPE nho nhat sé dugc chon 1a cau triic tot
nhét cho dy doan mon dung cu.

Mot hé thong giam sat thong minh dugce Haber [40] dé xuat trén co s& mo
hinh ANN dung uéc luong lugng mon dung cu truc tuyén. Pé du doan d6 mon
ctia dung cu, sai s6 du (residual errors) dugc sir dung 1am co s¢ cho thuit toan
ra quyét dinh. Quy trinh lién tuc kiém tra xem mot chi s6 nhét dinh (diéu kién
cong cy) co vuot qua ngudng téi han hay khong, chi s6 vuot ngudng duogc hiéu
1a chi ra dd mon dung cu khong thé chép nhéan duoc can phai thay thé dung cu
ngay lap tirc. M6 hinh da 1am viéc tot va chimg minh tinh hiéu qua trong qua
trinh phay thuc té. Cting mo hinh giam sat truc tuyén, Chen [24] ciing dé xuat
hé théng du doéan lugng mon dung cu st dung mo hinh mang truyén théng lan
truyén nguoc (Feed Forward BackPropagation — FFBP). Sir dung phuong phap
nay, hé théng co thé du doan luong mon voi sai sé nhé nhit (khoang
+0.037mm) so véi gia tri mon thuc té.

Tac gia Zuperl [106] da tich hop mot bo ti wu toc do tién dao ngoai tuyén
va hé thong diéu khién thich nghi luc cat vao qua trinh phay trén may CNC. Hé
thong van dam bao téc do boc tach vt liu cao trong khi van giir qua trinh cat
trong diéu kién mong mudn. Hé thdng da thay tdc do tién dao cho phu hop voi
tdc do truc chinh va ding gia cong khi luc cit ting qua cao, dam bao tdi thiéu

luong mon dung cu trong khi van dam bao chat lugng bé mat.
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Palanisamy [64] két hop hai m6 hinh khac nhau: hdi quy toan hoc va mé
hinh ANN dé uée lugng mon dung cu. Thi nghiém dugc tién hanh dé do lugng
mon dung cu khi phay thép AISI 1020 véi dao phay cacbit. Két qua thi nghiém
dugc phan tich bang phan mém 6-Sigma dé tim cac hé s6 cho mé hinh hdi quy
va dung huén luyén mang no-ron nhan tao. C4 hai mé hinh déu duoc dung du
doan luong mon dung cu va théy rﬁng mo hinh ANN dat do chinh xac va hiéu
qua hon so v6i mo hinh hdi quy.

2.2.3. Dw doan chat lwgng bé mit gia cong

Chét luong bé mat chi tiét 1a mot chi tiéu rat quan trong d6i voi qua trinh
gia cong, nhét 14 & giai doan gia cong tinh. Vi vay rat nhiéu nghién ctru dé cap
dén xay dung mo6 hinh du doan do nham bé mit sir dung k¥ thuat mang no-ron
nhan tao, dat do chinh xac dy doan ngay cang hoan thién. Cac moé hinh dy doan
duoc xdy dung kha da dang v&i nhiéu théng s6 dau vao khac nhau nham danh
gia anh hudong dén thong sd dau ra 13 d6 nham bé mit.

Tsai [88] xdy dung mot hé théng dy doan tryc tuyén st dung mang no-ron
lan truyén nguoc voi bon thong sb: tbe do quay truc chinh, tdc do tién dao,
chiéu siu cat va do rung dong trung binh trong mot vong quay (Vibration
Average Per Revolution (VAPR)) cho dau vao va gid trj nham bé miat R, cho
dau ra cua mang. Két qua cho thiy mo hinh ANN dé xuét dat do chinh xac cao
(tr 96 dén 99%) cho du doan do nham cua cac bo dau vao két hop cua nhiéu
thong so cat khac nhau. Hé théng nay ciing tiét kiém, hiéu qua va co thé duoc
thue hién muyc tiéu du doan d6 nham bé mit ngay trong qua trinh (in-process)
bang cach truy xuat cac trong sd (dugc tao ra tir qué trinh huan luyén va thir
nghiém boi mang noron nhan tao), dua ra phan hoi cho ngudi van hanh khi can
thue hién hanh dong can thiét.

Thong thuong, k¥ thuat do d6 nham truc tiép bang tay, ngoai tuyén duoc
st dung dé danh gia do nham bé mat va chét luong chi tiét, diéu nay dugc cho
1a rat ton thoi gian va chi phi. Vi 1y do d6, hé thong do nham bé mit co sé mang
no-ron Pokayoke (Neural Network - Based Surface Roughness Pokayoke NN-

SRPo) duoc phat trién dé duy tri @ nham bé mit trong mot gia tri mong muébn
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ngay trong qua trinh gia cong. Huang [41] da xay dung hé thong du doan truc
tuyén dé thich nghi voi thay d6i d6 nham bé mit nho diéu chinh luong tién dao
khi d0 nham bé mat hién tai Ién hon gia tri mong mubn trong luc gia cong. Mat
mang no-ron lan truyén nguoc dugce ap dung voi cAu trac 5-8-7-1 dat duoc do
chinh x4c khoang 90%. Khé khan hién tai ctia nghién ctru nay 1a tich hop phan
mém vao bo diéu khién may CNC va tuong lai phat trién thanh cong s& giam
thoi gian du dodn d6 nham va thich nghi viéc diéu chinh thong sd cit truc tuyén.

Benardos [20] sir dung mang no-ron lan truyén nguoc BP dugc huan luyén
voi1 thuat toan Levenberg-Marquard, voi ) luong dau vao 16n: chiéu sau cit,
luong tién dao, téc do cat, mon dung cu, diéu kién tron ngudi va ba luc cat
thanh phan. Nghién ctru da cho két qua du doan véi sai sé trung binh binh
phuong khoang 1.86%. Pé khang dinh stc manh cia ANN, Erdurumlu [35] da
thue hién so sanh két qua du doan d6 nham bé mit bang phuong phap bé mit
dap g (Response Surface Methodology — RSM) va mang no-ron truyén thang
lan truyén nguoc FFBP, két qua 1a FFBP cho dy doan chinh xac hon nhiéu so
v6i md hinh RSM trong cung diéu kién gia cong. Ngoai ra, trong nghién ctru
ctia Zain [100], Rashid [71] ciing tién hanh so sanh hoi quy da bién va ANN
trong du doan d6 nham bé mit da két luan mo hinh ANN chinh x4c hon nhiéu
so v6i hoi quy da bién.

Mang no-ron nhan tao ciing dugc két hop véi thuat toan di truyén GA dé
t61 wu hoa cac diéu kién gia cong va du doan d6 nham bé mat, ciing véi hdi quy
da bién va phan tich phuong sai dé nghién ctru anh hudng cta diéu kién gia
cong dén do nham bé mit [60]. Két hop phuong phap GA va mang no-ron nhan
tao lan truyén nguoc BP-ANN di giam thiéu 20% thoi gian gia cong va sai sb
két qua dyu doan so véi két qua thi nghiém kiém chimg 14 3.27%. Tir nhitng két
qué ndy, c6 thé d& dang nhan ra rang nghién ctru dugc phat trién 1a dang tin cay
va phu hop dé giai quyét cac van dé khac gip phai trong cac hoat dong cit kim

loai, 12 &6 nham bé mit trong hoat dong gia cong.
2.2.4. Dw doan lwc cit khi phay

Muc tiéu trong hoat dong gia cong san xudt 13 tao ra nhitng san pham chat

lwgng cao véi chi phi gia cong thap. Nhung néu khong kiém soat luc cit, luc
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cit ting trong qué trinh gia cong s& lam tiéu tén nhidu céng sudt mdy va anh
huong chat luong bé mit, do d6 chi phi gia cong ciing ting cao. Vi vay di nhiéu
m6 hinh du doan luc cit sir dung ANN ciing duoc ap dung rong rai. M6 hinh
mang no-ron st dung mo hinh mang FEBP phd bién trong du doan luc cit,
nhu: V. Tandon [85] x4y dung mé hinh du doan luc cit tir tdm bién dau vao
cho qua trinh phay bang dao phay tru, két qua du doan dat 6 chinh x4c cao so
v6i két qua do luc thi nghiém; Briceno [22] két hop ANN va DOE (Design Of
Experiments — DOE) dé tang hiéu qua trong hé thong bdi giam sb thi nghiém
can thiét cho hudn luyén. Phuong phdp t6i wu bay dan (particle swarm
optimization - PSO) sir dung két qua du doan tir ANN nham téi vu cac diéu
kién gia cong, két qua thoi gian gia cong giam dén 36% [86]. M6 hinh ANN
cho dy doan lyc cat dugc El-Mounayri [33] xdy dung ddi voi qua trinh phay
b::ing dao cau, st dung mo6 hinh co s¢ ban kinh nham tin dung uu diém vé toc
d6 hoi ty, tac gia da 4p dung mo hinh truc tuyén qua trinh phay va cho két qua
t6t voi sai s6 chi 3%. Ngoai ra, cac bo diéu khién lyc cat dung trong diéu khién
thich nghi ciing str dung mang no-ron nhén tao va luong tién dao s& dugc hiéu
chinh tryc tuyén nham giam thiéu mon dao, trong khi van dong thoi duy tri
duoc van tdc cit bo vat lidu. Qua trinh cat duoc toi wu thong qua bd doi: bo
diéu khién thich nghi va bo diéu khién NC.

2.3. Mang no-ron nhan tao trong bai toan du doan

2.3.1. Mang no-ron nhén tao

Y tudong xay dung cac md hinh mang no-ron nhan tao bat ngudn tlr viée
kham ph4 ra cic co ché hoat dong don gian ciia mang no-ron sinh hoc
(biological neural network). Trong hé thong than kinh sinh hoc, no-ron té bao
song va con 1a don vi luu trit co ban trong bo ndo ctia con nguodi. BO ndo con
nguoi co khoang 100 ty cac té bao nay, dugc goi 1a no-ron than kinh. Mdi no-
ron c6 thé két ndi véi hon 200.000 no-ron than kinh khac (hinh 2.1). Sitc manh
ctia tu duy con ngudi dén tir sé luong tuyét ddi nhitng thanh phan co ban va

nhimg mbi lién két giita chung, d6 1a dén tir 1ap trinh di truyén va hoc tap.
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Khdp than kinh

Nhanh t& bao
than kinh
r

Khdp than kinh
Day than kinh

Khép than kinh

Hinh 2.1 Cdu trdc cia no-ron va lién két giiza ching

Céc nha nghién ctru da tim cach chuyén doi nhitng hi€u biét vé cach thirc

hoat dong cua cac té bao than kinh sinh hoc thanh cac mé hinh mang no-ron

nhan tao c6 thé hoat dong dugc trén may tinh. Hinh 2.2 thé hién mo hinh cta

mot no-ron don 1€, dugc xem nhu don vi xtr 1y thong tin co ban cia mot mang

no-ron. Cé ba thanh phan co ban cia mot mang no-ron:

1.

Mot tap hop cac khép than kinh (synapse) dung dé két néi cac no-
ron v6i nhau. M&i khdp than kinh duoc dic trung bai cuong d6 lién
két cia n6 - 1a trong s6 wjy, (no-ron ¢6 nhan j sang no-ron nhan k).
Mot bo cong (adder) dung dé tong hop cac tin hiéu dau vao tai mdi
no-ron va giri két qua di tiép.

Mot ham kich hoat (activation function) dung dé dua céac tin hiéu
dau ra ctia no-ron vao mot mién gia tri nhét dinh hodc vao mot tap
hop céc gia tri ¢b dinh.

Phan cuc
D,

I Ham kich hoat
v, Pau ra
o(*) f—> y k

Tin hiéu
dau vao

X H
~

Trong so

Hinh 2.2 M6 hinh m¢t no-ron nhéan tqo
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M5 ta hoat dong clia no-ron bang cac phuong trinh toan hoc (2.16) sau:

m
(
Uy, = z Wk]x]
j=1

(2.16)
ka = Uy + bk
Vi = @)
trong do: X1, X2,..., Xy 12 gia tri céc tin hi¢u dau vao,

W1, Wias. .., Wi 13 cdc trong sb tuong tng,

Uy 12 bo t6 hop tuyén tinh dau ra,

by 1a d6 1éch, hay phan cuc,

@(.) 1a ham kich hoat va yy 1 tin hiéu dau ra no-ron.

Ham kich hoat don gian dau tién duge McCulloch va Pitts dé xuat 1 ham
muc (hay 13 ham ngudng), tirc dau ra chi c6 hai mutc "0" va "1" [39]. Sau nay,
nguoi ta nhan thay st dung ham truyén cho dau ra co gia tri lién tuc thi tinh
linh hoat va phu hop véi cac bai toan phi tuyén hon [29], vi du nhu ham

Sigmoid, ham Tang, ham Gaussian, ham co sé& ban kinh,...
2.3.2. Mang no-ron truyén thing da 16p

Mo hinh mang no-ron truyén thang (feed-forward neural network) duoc
gidi thiéu vao nam 1986 boi Rumelhart cho thay su dot pha vé kha ning to chirc
va hudn luyén mang da 16p phtrc tap. Trong mé hinh nay, cic no-ron dugc to
chtrc theo 16p, khong c6 két ndi gitta cac no-ron cung 16p va két ndi chi ton tai
gira hai 16p lién tiép (hinh 2.3). Mang truyén thang da 16p c6 thé duoc céu trac
véi don vi no-ron la McCulloch-Pitts (Perceptron), ham kich hoat thuong duoc
ding 1a ham Sigmoid. Pic tinh ctia ham Sigmoid rat giéng cac mdi quan hé
vao/ra ctia no-ron sinh hoc va rat duoc danh gia cao vi dao ham cua n6 rat dé

tinh toan va hitu ich cho céac thuét toan huin luyén.

Ham kich hoat Sigmoid duoc biéu dién theo cong thirc (2.17) nhu sau:

1
fx) = 1t+e i (2.17)

trong d6 hang s6 A > 0 xac dinh d6 ddc cta dudng cong Sigmoid.
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D61 voi mang truyén thang moét 16p don, b véc to dau vao (gia st co J
dau vao) X = (Xl, e Xj) ...,X]) va véc to dau ra (gid st c6 K dau ra) y =

(V1) eoe» Vir o> Vi) Gid tri ctia mdi dau ra k duoc tinh theo cong thire (2.18).

J
yie = flnet) = £{ D wig, 218)
j=1

Lép dau vao Lép an Lép daura

(trong 56)

Hinh 2.3 Md hinh mang truyén thang da 16p
Diat y; = —1 va wy; = 0y la ngudng cho k = 1, ...,K no-ron dau ra. Vi
gia tri dau ramong muén d = (dy, ..., dy, ..., d) thi ham sai s6 duoc dinh nghia
theo cong thirc (2.19). Qua trinh huan luyén thyc chat 13 qua trinh tim kiém gia

tri trong so sao cho sai s6 E, la nho nhat.

K
1 2
By =35 ) (dye = Vi) (2.19)
k=1
trong d6: p 14 chi s6 huan luyén, Ep 1a tong binh phuong sai s6 dau ra.

2.3.3. Huén luyén mang no-ron nhén tao

Huén luyén mang noron 1a qua trinh di tim gia tri cac trong s6 két noi cho
cac lién két ciia moi noron, qua trinh nay goi 1a huan luyén mang. C6 nhiéu

thuat toan huan luyén lan truyén nguoc nhu phuong phap xudng doc (gradient
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descent), thuat toan truyén nguoc co gidn (resilient backpropagation) hoic thuat
toan Levenberg-Marquardt.

Lua chon s no-ron trong 16p 4n ciing kha quan trong vi thdi gian huén
luyén phu thudc rat nhiéu vao ciu tric ctia mang. Néu s6 luong no-ron qua nho,
mo hinh tré nén qua cing nhic (sai 1éch 16n) va khong du thich tng, két qua
huén luyén s& it thay d6i. Néu sé lugng no-ron 16p an qué 16n s& 1am cho mo
hinh thém phuec tap, dir li€u cu thé s& dugc nodi suy chinh x4c nhung sy thay ddi
ctia mo hinh véi nhimng mau huan luyén khac nhau trong ciing mot qua trinh sé
rat 16n. Do d6, can phai tién hanh thiét 1ap nhiéu cu tric mang véi sé luong
no-ron 16p an khac nhau. Sau d6 st dung tiéu chi danh gia su hiéu qua cia cau
tric mang bang phan tich hdi quy (Regression analysis) hodc sai s6 phan trim
tuong dbi trung binh MAPE.

Dit liéu dung cho huan luyén thuong dugc chia thanh ba nhém (hinh 2.4):

- Nhom huan luyén (training) s& cung cip cho mang no-ron nhén tao
thong tin xtr 1y can thiét dé hoc tir qua trinh:

- Nhom xé4c nhan hay tham dinh (validation) phuc vu nhu mdt ngudi
danh gia mo hinh. O mét s6 mo hinh huén luyén, nhom tham dinh c6
thé khong c6, ma sir dung chinh dir liéu huin luyén dé tham dinh;

- Nhoém kiém tra (test) 1a nhitng dit liéu b6 sung ding kiém tra tinh

ding dan cuoi cung cia mo hinh.

Dir liéu huan luyén Dir liéu kiém tra
Training data Test data
Dir liéu huan luyén Dir liéu thim dinh | Dit liéu kiém tra
Training data Validation data Test data

Hinh 2.4 Phan chia bg dir liéu cho hudn luyén mang no-ron
Céch phan chia bo dir liéu thuc nghiém c6 thé dung nhiéu phwong phap
khac nhau, dién hinh 13 hai phuong phap Hold-out va phuong phap Cross
Validation. Phuong phap Hold-out phan chia tap dir li€u thanh hai tap doc l1ap:
tap huan luyén (training set) khoang 2/3, tap kiém tra (testing set) khoang 1/3.
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Phuong phap nay thich hop cho céc tap dir liéu nho, nhung cic miu c6 thé
khong dai dién cho toan bo dit liéu (thiéu 16p trong tap thir nghiém). Vi thé co
thé cai tién phuong phap 1y miu sao cho mdi 16p duoc phan bd déu trong ca 2
tap dit liéu hudn luyén va thir nghiém. Phuong phap Cross validation phan chia
dit liéu thanh k (thudng k = 10) tap con cé cung kich thudc. Tai mdi vong lap
st dung mot tap con la tap thir nghiém va cac tap con con lai 1a tap huin luyén.
Néu tap dir liéu nho thi k bang sé miu trong dit liéu. Néu tap dir liéu 16n thi
dung phuong phap 1dy mau phan ting dé cac 19p trong ting tap con phan bd

nhu trén toan bo dir liéu.
2.3.4. CAc thuat toan huan luyén mang no-ron nhan tao

C6 nhiéu thuét toan khac nhau ding dé huan luyén cho mang no-ron nhan
tao da dugc nghién ciu va ing dyng rong rai nhu:

Thuat toan hoc perceptron: 1a thuat toan hoc cho mang no-ron dau tién (tu
nam 1957). Thuat toan st dung v&i mot 16p mang hoat dong, & day mdi no-ron
c6 ham kich hoat 1a ham ngudng (thresthold). Pham vi trng dung ctia thuat toan
nay nhé hon va cha yéu phu hop véi bai toan phan nhom c6 loai dit liéu kha
phan tach tuyén tinh (linearly separable).

Thuat toan hoc luat Delta: thuat toan nay la budc phat trién tiép theo cua
hoc perceptron. Chi stt dung trong mang don 16p, vdi cac no-ron c6 ham kich
hoat 14 ham lién tuc thay cho ham ngudng. Phé bién nhét 12 ham Sigma don
cuc (unipolar) va ludng cuc (bipolar). Boi vi thuat toan chi ap dung duoc cho
mang don 16p nén chu yéu sir dung trong céc bai toan phdn nhém va nhan dang.

Thuat toan hoc lan truyén nguoc: 1a thuat toan hoc phé bién nhét cho mang
da 16p, ra doi tir nam 1974 dugc sir dung rong rii dén ngay nay. Béi vi thuat
toan c6 kha ning huan luyén cho mang da 16p nén pham vi tmg dung ctia né rat
16n nhu: bai toan Xép xi, du doédn, nhan dang...

Thuat toan hoc SOM: duoc phat trién boi Kohonen va duogc xem 1a loai
phd bién nhét trong cac thuat toan hoc khong giam sat. Mang no-ron cé dang
ban d6 2D céc diém nit, mdi diém nat biéu dién mot 16p phan tach, nén thich

hop cho céc bai toan tim mdi lién hé hodc twong tu trong khoi dir liéu.
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Thuat toan hoc mang mém (Elastic Network Learning): twong tu nhu thuat
toan hoc SOM, chi khéc 1a mang khong t6 chirc nhu ban dd 2D céc diém nut
ma t6 chtrc dang vong. Ung dung pho bién nhat cta thuat toan hoc nay 1a trong
“Bai toan nguoi di du lich” (Traveling Salesman Problem).

Nghién ctru cac thuat toan hoc mang trén lam co s& cho lya chon thuat
toan hoc hop 1y cho bai toan du doan ma ludn an dang dé cap. Bai su phd bién
va tmg dung rdng rii cua thuat toan hoc lan truyén nguoc dbi véi mang no-ron
da 16p, 1a co s& cho tac gia lya chon thuat toan nay trong xay dung cong cu du
doan phuc vu giai quyét bai toan toi uu tudi bén dung cu.

2.3.5. Ung dung mang no-ron nhin tao trong bai toan du doan

C6 nhiéu phuong phap dy doan di duoc nghién ciru nhu trén dua trén
nhiéu mé hinh khéac nhau: mé hinh thuc nghiém, mo hinh phan tich va mé6 hinh
co s¢ tri tu¢ nhan tao. Hai mo hinh thyc nghiém va mé hinh phan tich cling da
dat dugc mot sb thanh cong nhét dinh dang ghi nhan. Tuy nhién mdt phuong
phéap du doan du tot va dap ung dugc cac yéu cau thuc té giai quyét bai toan
trong gia cong co khi hién nay lai 1a mé hinh co so tri tué nhan tao, cu thé 1a
mang no-ron nhan tao. Néu xét vé mat 1y thuyét, mang no-ron nhan tao tuong
d6i doc 1ap v6i ban chat cia cac qua trinh vat Iy can phan loai va dy doan. Khi
giai bai todn bang mang no-ron nhan tao déu phai thuc hién cac budc: thu thap
dir liéu mAu, tién xtr 1y dir liéu, xac dinh thong s6 mang va huan luyén, do d6
dé dang tong quat hoa va xay dung phan mém tinh toan.

Trong s6 cac nghién ciru lién quan dén mang no-ron nhan tao, phan 16n
déu s dung mang no-ron truyén thang va thuat toan huan luyén lan truyén
ngugc. Mo hinh duoc sir dung rong ri vi c6 kha ning giai duoc nhiéu dang bai
toan & cac linh vuc khac nhau nhu: dy doan, phan loai, mé hinh hoéa. Thich hop
nhat 1a bai toan thé hién mdi quan hé gitra mot tdp hop dau vao va dau ra biét
truée, d6 1a co s dé xay dyng bd cong cu du doan phuc vu cho qué trinh du

doan tudi bén dung cu twong tmg voi mot bo thong sb ché do cat bat ky.
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KET LUAN CHUONG 2

Phuong phap quy hoach thuc nghiém Taguchi va phan tich phuong
sai ANOVA duoc str dung dé xéac dinh murc do anh huong cua thong
s6 ché do cét dén cac yéu td dau ra, 1am co s& lua chon bo thong $6
ché do cit tdi wu nham dat gia tri myc tiéu tdt nhat.

Phuong phap du doan trong bai toan k¥ thuat chia thanh hai loai: ky
thuat hdi quy va tri tué nhan tao. Mang no-ron nhén tao 14 mot mo
hinh tri tu¢ nhan tao dugc st dung phé bién cho bai toan du doan,
dat do chinh x4c va hiéu qua hon so véi cac mo hinh truyén théng.
Mot phuong phap du doan di tot va dap tmg duoc cac yéu cau thyc
té giai quyét bai toan trong gia cong co khi hién nay 1a mé hinh co
s& tri tué nhén tao, cu thé 1a mang no-ron nhan tao. Puogc lua chon
nghién ctru dé 1am co sé x4y dung bo du doan cho giai phap dich

chuyén doan ludi cat lam vi¢c nham nang cao tudi bén dao phay cau.
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Chuong 3
GIAI PHAP DICH POAN LUOI CAT LAM VIEC NHAM NANG
CAO TUOI BEN DAO PHAY CAU GIA CONG TREN MAY
PHAY CNC NHIEU TRUC

3.1. Pic diém gia cong dao phay cau trén may CNC nhiéu truc

3.1.1. H¢ théng may CNC nhiéu truc

Su phat trién ciia cong nghé CNC bat dau tir nhitng nam 1950 cua thé ky
20, nhirg may tir thoi ky dau tién chi ¢6 kha nang lam viéc véi 3 truc. Cho dén
nam 1980, hé thong CAM dau tién ra doi va ¢6 kha nang tao ra chuong trinh
gia cong bé mit phiic tap v6i nang suat cao. Tur ban dau véi hé théng may 3
truc, hé thong CAM da dan phat trién 1én 3+2 truc va 5 truc dong thoi. Nhu cau
vé ty dong hoéa ngay cang cao doi hoi hé théng CAM phai phat trién tuong
xtng, dic biét dbi voi gia cong trén may 5 truc. Mbi lién hé giira hé thong
CAM, dong hoc ctia may va bo diéu khién ngay cang gan nhau hon. May CNC
5 truc ¢ kha ning dap ung t6t viée gia cong cac bé mat phire tap, ngoai ra co
thé giai quyét nhiing van dé ton tai ddi véi gia cong 3 truc hodc 3+2 truc, d6 la:
chiéu dai ciia dung cu cat 16n 1am giam d6 ctmg viing, tao nhiéu goc nghiéng
khac nhau s& phai phat sinh nhiéu dudng chay dao, ché do cat khong lién tuc
anh huong dén chat luong bé mat (hinh 3.1).

(a)
Hinh 3.1 Tuw thé dung cu trén may CNC a) 3 Truc; b) 3+2 Truc; ¢) 5 Truc
May phay CNC nhiéu truc ¢ thém nhiéu bac tu do cho phép linh hoat tao

nhiéu tu thé dung cu khéc nhau trén cing mot duong chay dao (chit yéu doi voi
dao phay cau) ma van phai dam bao diéu kién khong va cham dung cu (hinh

3.1-c). May phay CNC nhiéu truc (5 truc) cho phép thay doi vi tri cat trén ludi
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cit cta dao phay ciu ma van dam bao cac thong sb cong nghé, ché do cat yéu
cau. Cét & cac vi tri khac nhau bﬁng cach dich chuyén doan ludi cét lam viéc s&
lién quan dén tu thé, trang thai ddi voi bé mat gia cong, anh huong dén cac
thong s6 cong nghé nhu van tdc cat, chiéu sdu cit, goc nghiéng... Do d6 can
thiét phai nghién ctru dic diém gia céng dao phay ciu trén may CNC nhiéu truc

dé 1am co s& cho giai phap dich doan ludi cit lam viée da duogc dé xuit & trén.
3.1.2. Vung tiép xic dao-phdi ciia dao phay ciu

Trong qué trinh gia cong trén may CNC, khi dung cu chuyén dong theo
duong chay dao 1ap trinh thi dung cy cat (dung hon 13 ludi cat) sé& tiép xtc véi
vat lidu gia cong trén mot vung goi 1a vung tiép xac dao-phdi (Cutter-
Workpiece Engagement - CWE) nhu thé hién trén hinh 3.2. Ving tiép xuc dao-
phoi lién quan t6i phan hinh ciu ciia dao phay cau, d6 1a bé mat tiép xac tic
thoi boi hinh hoc ciia phoi trong giai doan gia cong thay doi lién tuc do @6 hinh
hoc cua ving tiép xuc nay ciing thay d6i lién tuc. Vung tiép xtic dao-phdi dong
vai trd quan trong trong mo phong qua trinh gia cong va anh hudng truc tiép
dén du doan luc cit va md men cat. Viée xac dinh ving tiép xtic dao-phdi trong
qua trinh gia cong rat kho khin va phurc tap, nhat 12 gia cong trén may nhiéu
truc. Thuc té c6 nhiéu phuong phéap xac dinh nhu: khoang cach truong quét thé
tich [34], m6 hinh ludi tam giac [97] hodc cat 14t song song [37]. Cac phuong
phap trén c6 vu diém 1a dé s6 hoa va tinh toan trén may tinh.

Viing tiép xiic dao-phéi

Poan ludi cdt hoat dong
ACS

Bé mat Sffp gia cong

Bé mdt da gia cong

Hinh 3.2 Viing tiép xtc dao-phdi va doan i cat 1am viéc trén dao phay cau
Néu chi xem xét trén mot ludi cat ciia dao phay cau, trong mot thoi diém

phan ludi cat (trén mot ludi cit) di vao trong ving tiép xtc dao-phdi goi 1a doan

ludi cat 1am viée (Active Cutting Segment - ACS). Khi gia cong, dung cu quay
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quanh tryuc cta no thi doan ludi cit 1am viéc s& quét thanh hinh dai duoc goi la
dai cit 1am viéc (Active Cutting Belt - ACB) nhu hinh 3.2. Tét ca cac phan ludi
cit ciia dao ndm trong dai cit 1am viée s& tré thanh doan ludi cat 1am viéce. Vung
tiép xtic dao-phdi c6 vai tro rit quan trong trong nghién ctru vé dong hoc va
dong luc hoc qua trinh phay nhu: xac dinh luc cit, mod men, cong suét, bién
dang dung cu va rung dong. Bén canh do, tir vi¢c x4ac dinh mo hinh hinh hoc
ctia viing tiép xac dao-phdi thi ¢6 thé xac dinh duoc cac thong sb ché do cat
nhu: chiéu sau cit, luong tién dao hodc chon thong s6 hinh hoc ctua dung cu cit
dé giam thiéu sai s6 khi gia cong, dic biét can thiét trong gia cong nhimng bé

mat phuec tap trén may phay CNC 5 truc.

Hinh 3.3 Vi #{ cdc diém tiép xtc khi cat nghiéng truc dao phay cdu

Trong linh vuc CAD/CAM thudng biét dén khai niém diém tiép xuc dao
cit (Cutter Contact - CC), d6 1a mot diém nam trén ludi cat ma phap tuyén bé
mit gia cong di qua diém tdm mat cau ddi v6i dao phay cau, c6 cao do z chiéu
1én truc dao nhu trén hinh 3.3. Ngoai ra ciing xac dinh duoc z;, 1a cao do diém
tiép xuc gii han dudi khi dao cit di xudng va zy 1a cao d6 diém tiép xtc gidi
han trén khi dao cat di 1én. Khi truc dao nghiéng so v&i phap tuyén bé mit gia
cong mot goc O thi cao do cac diém tiép xtc dao cit c6 thé tinh toan dé dang

bang phép tinh luong giac theo cong thirc (3.1):

Zy =R — [(R —a,)cosf — /Z.R.ap - apzsiné?]

R — ap (3-1)
_ _ _ f — a2 ej

550 ((R ap) tan @ 2.R.ap—a, >sm 9]

zZc = R(1 —cos 6)

ZL=R_




58

Khi da biét gia tri goc nghiéng 8 va chiéu sau cit ap, doan ludi cat lam
viéc ACS c6 thé dugc xac dinh boi gidi han gitta diém z¢ va zy di véi chiéu
tién dao 1én hodc z¢ va z;, ddi véi chiéu tién dao xubng. Tir cong thirc (3.1) két
hop st dung phin mém Microsoft Excel® tinh toan cac gia tri zy, zc Va z;, Gng
véi cac gia tri goc nghiéng O thay d6i tir 0° dén 90°. Gia sir véi cac thong so:
chiéu sau cit 0.2 mm va ban kinh dao cau R = 5mm, véi trudong hop chiéu tién
dao I8n c6 thé v& duge dd thi thé hién chiéu cao hinh chiéu doan ludi cit 1am

viéc ACS, 1a doan thang gidi han boi hai diém zc va zy nhu hinh 3.4:

6
5 Gioi han phd‘n than tru dao cdt T T L

l .

T \III i
aplll I

10 15 20 25 30 35 40 45 50 55 60 65 /70 /75 80 85 90

Cao do theo truc 7 (mm)
[9%)

Diém tiép xiic dudi Z
/

Goc nghiéng tric dao (d9)
Hinh 3.4 Hinh chiéu cdc dai cat 1am viéc trén tryc dao phay cau

Quan sat kich thudc doan ludi cit lam viéc trén hinh 3.4, khi géc nghiéng
truc dao thay d6i thi chiéu cao doan ludi cit lam viéc ciing thay doi twong Gmg
tir dinh dén phan than tru cta dao ciu. Nghién ctru ving tiép xtc dao-phdi c6
nhiéu loi ich: phuc vu tinh toan luc cit hodc 1én biéu d6 toc do tién dao cho
hoat dong phay. Mdi doan ludi cat lam viéc (hinh 3.4) s& ¢ tudi bén nhat dinh
dugc tinh theo “chiéu dai cat cho phép 16n nhat” (Maximally Allowed Cutting
Length - MACL). Néu nghién ctru viéc phan bd vi tri ctia doan ludi cit 1am
viéc dé khai thac kha nang cat trén toan bd ludi cit cua dao phay cau thi c6 thé
tan dung hoan toan ludi cat dung cy, mo ra hudng ting tudi bén dung cu bang

phuong phéap diéu chinh géc nghiéng truc dao trong qua trinh gia cong.
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3.1.3. Piéu kién cit ciia mbi dai cit 1am viée

Viéc nghién ctru su phan b dai cat 1am viéc cung véi nghién ciru tudi bén
dung cu (qua trinh mon cua ludi cat) 13 ndi dung chinh cua giai phap ning cao
tudi bén dao cau khi phay trén may CNC nhiéu truc. Véi chiéu siu cat a,, géc
nghiéng dao 6 cho trudc va diém tiép xtic dao CC, c¢o thé xac dinh dugc ving
tiép xuc dao-phdi ciing nhu dai ct 1am viéc. Theo muc 1.2.3.2 ¢6 rit nhiéu
phuong an nghiéng truc dao, dé don gian ta chi xét mot truong hop dao phay
cau ¢ dinh huéng nghiéng ngang - di 1én (hinh 1.18-c).

Pai cat lam viéc dugc gidi han gitta hai diém z, VA z, trén mit ban cu
khi dao phay cau dinh hudng nghiéng ngang - di 1én. Bdi véi phuong phap dich
chuyén doan ludi cit lam viéc thi c4c dai cat 1am viéc nay khong duoc chong
ln nhau khi thay doi gia tri goc nghiéng 6 khac nhau. Ap dung cong thirc (3.1)
dé tinh toan cac dai cat lam viéc lién tiép khong chong 1an nhau va dong thoi
dé tranh hién tuong cat tai dinh dao thi phai dam bao goéc nghiéng truc dao
khong nho hon 15° (theo Ozturk [62]).

Néu goi chiéu dai cat cho phép 16n nhat (MACL) ctia mdi dai cat lam viéc
13 Ly (vOi j 14 thir tu dai cdt lam viéc) thi tong chiéu dai cat cho phép Lyqx
(hinh 3.5) ctia toan bo ludi cat dugc tinh theo cong thire (3.2):

Nace

Lipax = z lmaxj (3.2)
=1

trong d6: nycp 1a tong s dai cat lam viéc c6 thé chia duogc trén toan bd
chiéu dai ludi cét trén mat ban ciu cua dao.

Mat khéc, trong qua trinh gia cong trén may CNC, dung cu cat duoc diéu
khién di chuyén theo dudng chay dao dang theo chuong trinh NC, tong chiéu
dai chay dao L4 cta chuong trinh NC dugc xac dinh bang cong thirc (3.3):

Nace

Lea = ) lea; (3.3)
j=1

trong do: 1.4 la chiéu dai chay dao d6i voi doan ludi cat lam viéc thu .
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Céac dudng chay dao khi gia cong cac bé mat ti do khong phai 13 nhiing
duong thang do d6 tinh toan chiéu dai duong chay dao rat kho khin. Do do,
bang cach phan chia phan dudng chay dao [4 ; thanh cac doan nho, téng chiéu
dai dudng chay dao tmg véi mdi doan ludi cat lam viée thir j 12 1.4 jco thé duoc
tinh gin dung bang cach cong don cac doan ndi hai diém tiép xuc dao cit CC
lan can nhau (hinh 3.5). Néu cac diém tiép xtc cat lién tiép 1an can nhau 13

Ci—1, Cx VA Cy1... thi chibu dai cat duoc tinh theo cong thuc (3.4):

leaj = Z CkCrs1 (3.4)
k=1
trong d6 C; Cy, la chiéu dai doan chia nho thir k, n 1a tong so diém tiép
xuc dao cat.
Bé mdt gia cong
| Ludi cot Duong chay dao
‘ (toolpath)
1 ACS
ACB ’
\‘///////’//’/////{/:// ///’/:/ ////// /Jl \l(,i(#h/,
X 0050000, -
NIRRT /4 > deagy -

2 s

]m(r\ 2 = \'i"\{"Q"IJ/ =

'LIH(I.\'

] maxi

Hinh 3.5 Xdc dinh chiéu dai chay dao cia méi dai cat 1am viéc

Néu xét trén mot dai cat 1am viéc thi chiéu dai cat cho phép 16n nhat 1,4,
g v6i mot gia tri goc nghiéng dao 0 nhat dinh va diéu kién dé doan ludi cat
d6 c6 thé 1am viée tiép 1a 1oq < lyay. Sau khi gia cong xong toan bd bé mit chi
tiét ma chiéu dai chay dao l 4 cua dai cit d6 chua dat dén 1., cta no thi co thé
tiép tuc cat got cho chi tiét tiép theo. Trong qua trinh gia cong néu chiéu dai
duong chay dao 1.4 dat dén gidi han 1,4 tirc 1a dat dén ngudng chiéu dai cat
cho phép cua dai cit 1am viéc hién tai thi phai chuyén sang dai cit 1am viéc
khac con cho phép. Néu tat ca cac dai cat 1am viéc da dat dén ngudng cho phép

ctia chung thi can thiét phai thay dao cit méi.
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Tong chiéu dai cit cho phép L., cua dao cit dugc xac dinh dua trén
MACL cua timg doan ludi cit 1am viéc L, ; theo cong thic (3.2), va chiéu

. L
dai duong chay dao gia cong L.4 theo cong thire (3.3). Ty so T cd

duoc thé
max

hién dang db thi nhu trén hinh 3.6 dugc chia 1am hai ving:
1) Khi L4 < %Lmax thi dung cu cat chac chian duoc sir dung dé gia
cong chi tiét tiép theo.
2) Khi %Lmax < Leg < Ly thi co thé tiép tuc gia cong dén khi dat

chiéu dai cit L, ., roi thay dao méi hodc thay luén dao méi néu khéng

cho phép thay dao trong qué trinh gia cong.

A

L max e

Ir
max
: H——

Tong chiéu dai cat

Thoi gian
Hinh 3.6 Ty sé chiéu dai cat chay dao va chiéu dai cat cho phép lon nhat
Nhu véy, néu khai thac hét tong chiéu dai cit cho phép L,,,, bang viéc
dich céc dai cat 1am viéc thi sb lugng chi tiét N, duoc gia cong bang mot dao
phay cau tinh theo cong thirc (3.5):

L
N, = Z“‘x (3.5)
cd

3.1.4. Dich chuyén doan ludi cit Iam viéc ciia dao phay ciu
Dao phay cau duogc str dung rong rii trong gia cong ban tinh va tinh nhimg

bé mat tu do bdi ludi cat duoc bo tri trén mat cau nén cho phép dao co thé
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nghiéng theo mot s6 goc nhat dinh khi gia cong nham tranh va cham. Nho kha
ning d6 cho phép thyc hién phan bd lai cic dai cat 1am viéc, hay goi 1a dich
doan ludi cat 1am viéc theo chiéu dai ludi cit nham khai thac triét dé kha ning
lam viéc ctia dao phay cAu nham cai thién tudi bén cia dung cu.

Chién lugc chay dao thong dung trong thyc té gia cong nhirng bé mit dang
tu do trén may CNC nhiéu tryc luén duy tri goc nghiéng truc dao so véi phoi
khoéng doi bai vi chuyén dong ctia dao ém muot va do cing vimg gia cong cao
hon. Trong truong hop nay ving tiép xtic dao-phdi trén ludi cat ¢ thé khong
doi trong mot thoi gian dai s& dan dén mon cuc bo trén ludi cat va tudi bén dung
cu bi han ché ma khong tan dung hét kha nang cat cuia dung cu. Néu chu dong
thay d6i goc nghiéng truc dao phay cau thi viing tiép xtic dao-phdi ciing s& phan
b6 trén céc vi tri khac nhau theo chiéu dai ludi cét, dan téi mdi diém trén ludi
cit tham gia cat v4i thoi gian it hon nén tbc do mon cuc bd s& duoc giam thiéu.
Tuy nhién phuong phap dinh huéng goc nghiéng dao ¢ dinh van duoc sir dung
nhiéu do thuan loi trong 1ap trinh chuong trinh NC, dé c¢6 dugc thay d6i goc
nghiéng dao mot cach chu dong can thye hién hau xu 1y cac chuong trinh CAM.

Theo m6 hinh cat nghiéng truc dao nhu trén hinh 3.3, khi thay d6i hudng
nghiéng dao nhung khong lam thay d6i duong cong tiép xtuc CC (quy dao diém
CC trén bé mit gia cong), tdc dd tién dao va tdc dd truc chinh khong thay ddi.
Khi d6, mon tai mot s6 diém dic biét trén ludi cat dao duoc xem 1a mot ham
tang don diéu doi véi chiéu dai cit 1 - 1a chidu dai ciia quy dao diém tiép xuc
CC quét doc theo duong chay dao.

Theo muc 1.2.3.1, lugng mon dao chiu anh hudng chinh boi van toc cat
nén nhiing diém trén ludi cat c6 clng van tdc cat thi ¢d tée d6 mon giéng nhau.
Dit w(z, 1) 1a ham lwgng mon dao phu thudc theo cao do z va chiéu dai cat [;
Winay 13 lugng mon 16n nhat cho phép (0.3mm theo muc 1.2.2.2). Khi Iy ham
nguoc cua ham w(z, 1) s& xac dinh dugc chiéu dai cit cho phép 16n nhat
Lmax(2) clia dai cit lam viéc tai cao do z theo cong thuc (3.6):

(Z; lmax(z)) = W_l(Wmax) (3.6)
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Can luu ¥ rang gid tri [,,,5,(z) cho chiéu dai cat 16n nhat cho phép MACL
trong cong thirc (3.6) chi xac dinh cho diém c6 cao d6 z, nhitng diém cao d6 z
khac s& c6 gia tri L., kh&c twong img mic du ngudng w,,,, c6 thé nhu nhau.

Pai cit lam viéc duoc phan bd tir dinh dao cho dén phan than tru dao theo
tirng doan lién tiép nhau nhu trén hinh 3.7-a. Mdi dai cit lam viéc ing véi cao
d6 z nhat dinh (mét gia tri goc nghiéng dao nhat dinh) va ¢ gidi han ngudng
chiéu dai cit cho phép 16n nhat 12 1,4, (z). Khi chiéu dai cit gia cong tai diém
d6 dat dén ngudng l,,,4,(2) thi thay doi goc nghiéng dé chuyén sang dai cat
1am viéc khac nham tranh hién tuong qua luong mon cho phép giy ra sai sb gia
cong. Qua trinh nay ct tiép dién cho dén khi toan bd ludi cat cia dao duoc
tham gia cit hodc toan bo dudng chay gia cong di hoan thanh.

Vi duy trén hinh 3.7-b c¢6 bon dai cat 1am viéc 1, 2, 3 va 4 phan bb tir dinh
dén than tru ctia dao, chiéu cao mdi dai cat lam viéc phu thudc vao chiéu sau
cit nén sé quyét dinh sb luong dai cat 1am viéc dugc phan chia. Tuy nhién,
trong thuc té gia cong, chuyén doi gitta cac dai cat 1am viéc c6 thé khong theo
tht ty lién tuc tir dinh dén phan than try dao ma thay doi bat ky phu thudc vao
chuong trinh gia céng NC tao ra boi phan mém CAM.

(b)

Hinh 3.7 Phan bé dai cat 1am viéc trén lui cat dao phay cau
Phuong phéap diéu khién dich chuyén cac doan ludi cat 1am viéc trong qua
trinh phay goi 1a phuong phap “dich chuyén doan ludi cat lam viéc” - 1a phuong
phap dugc dé cap trong mot sé nghién ciru [56][79] di chimg minh tinh hiéu
qua uu viét. Dich doan ludi cit 1am viéc can tranh vi tri cat tai dinh dao, vi van

tdc cat tai dinh dao 1a rat thép s€ lam tang luc cat va gia tri nham bé mat.
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Vén dé kho khin ¢ day khong phai 12 cach phan b doan 1udi cat 1am viéc,
ma 1a viéc xéac dinh gia tri chiéu dai cat cho phép 16n nhét 1., (z) ctia mdi dai
cat 1am viéc. Co thé tinh toan bang cong thic Taylor (1.15) hodc (1.16) néu biét
gia tri cac hang sb phu thudc nhung cé thé khéng co sén dbi véi cip vat lidu
dao-phdi, dic biét trong giai doan hién nay. Cho nén dé xuat mot phuwong phap
du doan lugng mon 13 rat can thiét trong bai toan ning cao tudi bén. C6 nhiéu
phuong phap du doan da duogc ap dung, trong do st dung tri tué€ nhan tao da va
dang duoc ap dung rat rong rai. Chi tiét vé 1y thuyét va tmg dung tri tué nhan
tao trong bai toan du doan da duoc trinh bay trong muc 2.2 cua luén an nay.

3.2. Dir li€u vi tri dao trong chwong trinh gia cong CNC

3.2.1. Qua trinh tao mot chwong trinh gia cong NC
May phay CNC 5 truc duoc str dung rong rai dé gia cong cac chi tiét co
bién dang phuc tap, bé mit tu do nhu canh tudc bin, canh bom, chan vit tau
thuy... Nhitng chi tiét c6 bé mat phtic tap nhung kich thudc 16n thuong sir dung
dao phay mat ddu nham dat ning suét cao, trong khi cac chi tiét kich thudc nho
hon thuong str dung dao phay tru hodc dao phay cau. Trong phay bién dang
trén may CNC 5 truc, dao phay thuong dugce danh nghiéng theo chiéu tién dao,
ky thuat nay goi la k¥ thuat phay Sturz [27].
Mot qua trinh phay bién dang (Contour milling) trén may CNC 5 truc
thong thuong s& qua bon budc xt 1y thong tin (hinh 3.8) nhu sau:
1. Céac duong tiép xtic dao cét (cutter contact paths) dugc tao tir dit
liéu bé mit (surface data) nhap vao.
2. Dit liéu vi tri dao (CL-Data) thu duoc tir dit liéu tiép xuc dao (CC-
Data), sau d6 dugc chuyén doi thanh cac gia tri lién két (Joint
values) cua may CNC.
3. Lap duong lién két sai léch bién (Bounded-deviation joint path
planning [27]) néu can thiét @& dam bao cac quy dao duong thang.
4. Cubi cung, cac gia tri lién két duge hau xir ly dé chuyén thanh ma

NC — ma chuong trinh ma cac mady CNC cé thé doc duoc.
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Dit ligu bé mit
(Surface data)

Phét sinh dudng quy dao
cac diem tiep xuc dao cat Cac gia tri lién ket

Dit liéu tiép xuc dao cit
(CC-Data)

Hau xtr 1y Post processing

Y
Téi wu hoa dit liéu tiép xtic dao cit CL-Data

Chuong trinh NC

1. Chuyén CC-Data thanh CL-Data
2. Chuyeén CL-Data thanh cac gia tri lién ket

Hinh 3.8 Qua trinh xuz ly thdng tin cho gia cong 5 truc [27]

Mot s6 phan mém CAD/CAM tao chuong trinh gia cong cho may CNC
thuong mai déu ¢ hd tro cho kha ning gia cong 5 truc, nhung co rat it cong bd
thong tin vé hiéu suat gia cong, bai 1& do hai van dé chinh trong phay 5 truc:

- Céach dé tao ra cac duong tiép xuc dao cit nham tdi thiéu thoi gian
gia cong (hodc dat ning suit cao nhét);

- Céch dé tao ra dix liéu vi tri dao (CL-Data) tir cac cac dudng tiép xtic
dao cit di tao ra, sao cho chiéu cao cac dinh nhép nho nho nht.

Khi sir dung hé théng CAD/CAM dé tao chuong trinh gia cong thi can
phai c6 mot bo hau xtr Iy post-processing turong tng véi md may CNC dé dam
bao chuyén doi dir liéu vi tri dao CL-Data thanh chuong trinh NC. Dit liéu vi
tri dao CL-Data la d4u ra ctia hé théng CAM va hau xit Iy post-processing phan
lién két gitta hé thong CAM va hé thong may NC, c6 nhiém vu chuyén doi dir
liéu duong chay dao thanh ma may phu hop dé hé théng NC c6 thé doc va phan
tich duoc [89]. Hau xur Iy post-processing c6 thé 1a mot chuwong trinh ddc 1ap,
c6 chtrc nang chinh 1a tao ra chuong trinh NC trén co s¢ xu ly dit liéu cua tép

tin CL-Data. Trong tép tin CL-Data, ngoai dir li¢u vé hé toa do, dung cu cat,
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toa do duong chay dao, con bao gém cac thong tin vé dao gia cong, luong tién

dao, toc do truc chinh, diéu khién tron ngudi, loai ndi suy...

[ Véc to huong truc dao
(i.j.k)

A o,
e — o I---!:;%(_ﬁgb
s A

<

Phdp tuyén
bé mdt gia cong

Diéem CL
(Xp:Yo,20)

= ity

Hinh 3.9 Piém CC va diém CL déi véi dao phay cau

Tham khéo tai liéu truc tuyén “Creo Parametric 5.0.6.0” thi tép tin CL-
Data dugc phat sinh tir cdc dudong chay dao xac dinh véi céc chu trinh NC khac
nhau, mdi chu trinh NC s& 1a mot tép tin CL-Data riéng biét. Trong tép tin CL-
Data khong chtra thong tin cu thé cau trdc cia may CNC vi vay két cau may
khac nhau c6 thé dung chung mét tép tin CL-Data. Theo dinh dang tiéu chuan
ISO, dit liéu CL-Data dwoc biéu didn boi (x, y, z, i, j, k) trong d6 (x,y, z) la toa
d6 vi tri dao va (i, j, k) 1a véc to hudng truc dao (hinh 3.9). Pong thoi trén hinh
3.9 cling cho théy, toa do vi tri dao 13 mot diém & dinh (hodc tam ban cﬁu) dao
chtr khong phai tai ving tiép xuc dao cét v6i bé mit gia cong.
3.2.2. Dir liéu vi tri dao ciia phan mém NX CAM

Phian mém NX, mot san phdm cua hing Siemens, 1a giai phap tong thé
CAD/CAM/CAE linh hoat, tdi vu va c6 tinh déng bo cao. Phan mém NX duoc
dung cho cac myc dich: Thiét ké theo tham sé va cho tao hinh mat/khdi truc
tiép; phan tich ki thuat va dung trong cac mé dun gia cong. Tép tin CLS (Cutter
Location Source - CLS) dugc tao ra sau khi phat sinh duong quy dao chay dao
(tool path) trén phan mém NX, dung dinh dang ky tu tiéu chuan ASCII theo
tiéu chuan 1SO-4343 nim 1978. T dir liéu duong chay dao trong tép tin CLS,
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thong qua bo hau x1r Iy trung gian s€ tao ra chuong trinh NC ma mot ma may
CNC cu thé c6 thé doc va chay duogc chuong trinh [105].

Ngoai ra, thém tép tin dir liéu may MDF (Machine Data File) bao gém cac
md ta chi tiét vé may cong cu va hé diéu khién cta no. Tép tin MDF duoc tao
ra bdi bo phat sinh dac bi¢t MDFG (Machine Data File Generator), chira cac
danh myc tong hop hau xur 1y riéng cho timg ma may CNC cu thé, lam cin ctr
phat sinh chuong trinh gia cong CNC phu hop véi may. Dir liéu trong tép tin
MDF rat quan trong dé mo ta nhirng dac diém cua may CNC, dac biét 1a cac
may nhiéu truc v6i nhiéu két cau khac nhau.

Dit liéu vi tri dao tir tép tin CLS chua thong tin vé duong quy dao chay
dao (tool path) va véc to hudng truc dao, 1am co sé dé xac dinh cac dai cat lam
vigc trong chuong trinh gia cong hién tai, tor d6 tinh toan chiéu dai chay dao
ctia timg dai cat trong chuong trinh gia cong cua dao phay cau.

3.3. Pé xuat mot giai phap ning cao tudi bén dao phay cau

Theo nhimg co s& 1y thuyét d duge nghién ctru trong ludn 4n, dé xay dung
dugc mot giai phap nang cao tudi bén cua dao phay cau khi gia cong tinh bang
may phay CNC 5 truc theo phuong phap dich doan ludi cat 1am viéc da duoc
lua chon & trén, can tién hanh cac budc sau:

1. Xay dung co so dir liéu (CSDL) tir s6 tay tra ctru cong nghé, thong
s6 cong bd cua nha san xuat, hoic tir thi nghiém tudi bén dung cu
theo cac thong sd cong nghé trong diéu kién gia cong cu thé. Tudi
bén dung cu dugc xac dinh thong qua chiéu dai cét cho phép 16n
nhat 1,,,,, tai cac diém thuc nghiém roi rac trén ludi cét.

2. Xay dung bd cong cu du doan chiéu dai cit cho phép 16n nhat [,
(13 tudi bén tinh theo don vi chiéu dai cit) tai diém bat ky trén ludi
cit tmg voi théng s gia cong cu thé bang mang no-ron nhén tao.

3. Phan mém CAM phai c6 ddy du tinh nang diéu khién dinh hudéng
goc nghiéng truc dao (phin mém NX c6 thé dap tmg duogc). Tur dix
liéu CL-Data, phan tich va xac dinh dai cat lam viéc. Str dung bo du

doan (bang mang no-ron nhan tao) dé¢ du doan chiéu dai cat cho
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phép 16n nhét L,,, ., tinh toan diéu kién I,y < L, cho cho timg dai
cat lam viéc. Néu khong théa méan diéu kién trén thi can thay doi
dinh huéng dao phay cau trén phan mém CAM dé tao chuong trinh
gia cong mai, 1ap lai qué trinh tinh toan sao cho théa man diéu kién
leg < Lnax cUa timg dai cat lam viéc. Néu toan bo cac dai cat lam
viéc cta dao phay cidu ma khong théa méan I,y < L4, thi can thiét
phai thay thé dung cu cit méi.

4. Tinh tong chiéu dai cat cho phép 16n nhat L,,,, va tong chiéu dai

la

duong chay dao gia cong L4 cta toan bd ludi cit, ty sd
max

diéu kién xem xét dao cat hién tai co thé tiép tuc gia cong hay phai
thay thé dao cat moi.

Cac budc thyc hién giai phap nang cao tudi bén dao phay cau bén trén
dugc mo ta chi tiét trén hinh 3.10, giai thich chirc ning cua cac khdi chinh trong
so d6 va trinh tu hoat dong cua qua trinh nhu sau:

Co s& dir liéu (CSDL): 12 cac thong s6 dau vao (thong sb dao phay cau,
thong s6 ché do cat) va gia tri dau ra (tudi bén). Dit liéu duoc 1ay tir cac so tay
tra ctru cong nghé, tai liéu cong bd ciia nha san xuat dung cu hodc can phai thi
nghiém gia cong dé thu thap néu dir liéu khong c6 san [67]. CSDL 1a mot thanh
phan quan trong trong tién trinh thuc hién giai phép, 1 dit liéu dau vao huan
luyén mang no-ron nhan tao dé tao ra bd du doan. Mdi loai dao phay cau co
thong s6 hinh hoc khac nhau thi s& ¢6 mot bd CSDL dung lam dit liéu huan
luyén mang no-ron nhan tao khac nhau twong tng. Mit khac c6 thé bd sung

thém dir liéu nham cai thién do chinh x4c du doan trong tuong lai.

Mang no-ron nhan tao: phai duoc huén luyén tur trude dé tao kha nang du
doén, thong ) mang (gia tri cac trong sé) dugc luu trir phuc vu cho viéc du
doan sau nay ma khong can thiét phai huan luyén lai. Pau vao du doan 14 cac
thong s6 ché do cit phan tich tir chuong trinh gia cong NC. Mang no-ron nhan
tao co thé du doan ra gia tri dau ra 1a chiéu dai cit cho phép 1on nhat ung véi

gia tri dau vao bat ky trong khoang gidi han gia tri hun luyén ctia mang.
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PN Thoéng s6 ban dﬁu‘
“Ki hC gl S(,y d‘lir heuh(CSDL) - Kich thu’(’rc d;m phgy cau, M6 hinh 3D
\on faugc dao phay - Thong s6 ché do cat (gia tri ciia chi tiét gia cong

- Tbc do catV,
- Chiéu sdu cat a,
- Luong tién dao f; 1

ti wru theo Taguchi)

- Géc nghiéng dao 0
- Tudi bén Phan mém CAM <
\/\ - Tao cac duong chay dao gia cong
- Xuét tp tin dit liéu CL-Data <
Dir liéu
hudn luyén + v
. Phan tich dir li¢u CL-Data Dich doan lu&i cét lam viée
Mang n(‘)r-ron nhan'tao n - Xac dinh cac diém tiép xuc dao - Chuyén sang dai cét 1am viéc
- Hoc ma,ng tu'.,CS].DL ;[hl n%’h‘m?“ cit CC, x4c dinh cac dai cit lam moi (chua st dung).
) .Du fioan:A gla’ trj dm vao xdc viéc ACB - Thay dbi goc nghiéng dao ¢
dinh tir phan tich CL-Data, cho - Tinh todn chidu dai chay dao log | | dé dich doan ludi cét lam viéc.
ra chiéu dai cat 16n nhat ciia moi ) AR A ca - Tinh ton lai tdc d6 quay truc
. Zos ol ung véi dai cat lam viéc ACB thu | nh toan fa1 toc do quay tr
dai cat 1am viéc lmaxj chinh khi toc do cat hiéu dung
‘/ v thay dbi.
Pau vao | | Lapkiém tra timg dai cdt lam viéc
du doan j=1—>n A
Chiéu dai cdt Chiéu dai chay dao chj
cho phép lon nhat lnax j
chj < Imaxj Sal
Dung

: : Sir dung hét
- Tinh tong chiéu dai chay dao gia dai cit 1am viéc
cdng Leg

- Tinh tdng chiéu dai cét cho phép

16n nhét Lyey

Sai [ Khéng du gia cong hét chuong

Lea < Lmax trinh NC, phéi thay dung cu méi

Duing

»i
«

A 4

- Hau xu ly (post-processor) dit li¢u CL-
Data thanh chuong trinh gia cong NC
- Cho thyc hién gia cong chi tiet

Hinh 3.10 So dé khdi cdc burdc thuc hién gidi phap nang cao tuai bén
Phan mém CAM: tao ra cac duong quy dao chay dao (tool path) tuong

g v6i bé mat chi tiét gia cong, déng thdi ¢ kha ning xudt tép tin dir liéu CL-

Data 1am co s phan tich thanh cac dai cat lam viéc. Phan mém CAM con thuc
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hién chtc ning hau xur 1y (post-processing) dé chuyén ddi quy dao chay dao
thanh chuong trinh gia cong NC twong tmg voi md may CNC cu thé.

Phan tich dit liéu CL-Data: mdi dai cét lam viéc dugc xac dinh chiéu dai
chay dao 1.4 twong Gng. Dbi véi mdi dai cit 1am viéc, chiu dai cat cho phép
16n nhat 1., (du doan tir mang no-ron nhan tao) dugc so sanh véi chiu dai
chay dao 1.4 (tinh toan tir phan mém CAM). Néu l.q > 1,5 nghia 1 dai cat
lam viéc d6 khong du dé chay dao gia cong hét chiéu dai gia cong trong chuong
trinh hién tai, can phai thay bang doan ludi cat lam viéc méi c6 1., thoa man.

Pbi véi truong hop gia cong nhitng bé mit phang hodc phang gay khic
thi viéc thuc hién giai phap dich doan ludi cit 1am viéc s& don gian hon va dé
dang kiém soét van dé va cham trong gia cong. Dich doan ludi cat lam viéc s&
thuc hién 1an luot theo thtr tu cac dai cit 1am viéc, khi dai cat lam viéc nay da
sir dung hét s& chuyén sang dai cat mai ké tiép. Tuy nhién, trudng hop gia cong
nhiing bé mit phirc tap s& gap nhiéu tré ngai: Dich doan ludi cat 1am viéc khong
thé thyc hién bang cach thay doi goc nghiéng cua dao trong mot chwong trinh
gia cong nén c6 thé phai phan tach nhidu chuong trinh gia cong khac nhau; Cac
doan ludi cit lam viéc khong duoc dich theo thi tu 1an lugt ma c6 thé phai
ngau nhién. Do d6 can phai lam rd tinh kha thi ciia phuong phap bang ching
minh thyc nghiém danh gid hiéu qua cua phuong phap.

3.4. Xay dung phin mém hd tro giai phap ning cao tudi bén dung cu

3.4.1. Ngon ngir 1ap trinh cho phin mém

Nhu d3 phan tich chi tiét trong muyc 3.2, tién trinh thuc hién giai phap nang
cao tudi bén dao phay cau khi gia céng trén may CNC 5 truc can thyc hién theo
cac budc nhu trong so d6 khdi trén hinh 3.10. Tién trinh trén c6 lién quan dén
nhiéu van dé can xu 1y: thue hién quy hoach thuc nghiém, phén tich mtrc d6
anh huong cac thong sb ché do cét dén cac thong sd dau ra, xdy dung bd du
doan chiéu dai cit cho phép 16n nhét cua timg doan ludi cat 1am viée bat ky...
nén rat can mot phén mém quan Iy mot bo dir ligu théng nhat phuc vu cho nhiéu

hoat dong phan tich khac nhau. Ngoai ra, viéc tao ra mot phan mém phuc vu
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cho qua trinh nghién ctru dao tao tai nha truong cling nhu cac nghién ctru md
rong trong tuong lai 1a rat hitu ich. Phan mém duoc thiét ké véi giao dién than
thién, dé& sir dung va hd trg tinh toan nhiéu vé céng nghé gia cong co khi.

Tir & xuét giai phép trinh bay trong muc 3.3, phan mém can dugc thiét ké

v6i muc dich hd trg cho giai phap gdm cac mé dun chinh nhu hinh 3.11 sau:

Quan ly dir liéu
- Dt liéu thuc nghiém Taguchi
- Dit ligu dimg cho huén luyén ANN
- Chiéu dai da st dung cua dai cht
- MACL du doéan tir ANN
- Chiéu dai chay dao timg dai cit

11
¢' Y ¢'

Quy hoach thuc nghiém Mang no- ron nhén tao Phan tich dir liéu CL-Data
- Tao bang thi nghiém tryc giao - Huén luyén mang tao kha nang dy - Phén tich cdc dai ct lam viée
- Tim mirc t6i wu cia thong s6 dau doan cia mang ANN - Phén tich chiéu dai chay dao cua
vao (Taguchi) - Dy dodn tubi bén tir céc thong s& | [®] dai cét lam vide
- Phan tich mic ¢ anh hudng cia dAu vao bat ky - Tinh to4n diéu kién dich chuyén
timg thong sd diu vao (ANOVA) doan Iudi cat lam viéc
Y Y Y
Diu ra Diu ra Déu ra
-Pd thity s6 SN - Chiéu dai cat cho phép - Céc dai cat 1am viée
- Miic t6i wu ctia théng s6 16n nhét tmg dai cét lam trong chuong trinh NC
- Mittc d6 anh huong (%) viée va théng s ché do - Chiéu dai chay dao ciia
cua ting thong ) cét hién tai dai cét lam viée

Hinh 3.11 Cdc khéi mé dun chirc ning ciia phan mém
Phan mém tich hop cac chtic ning doc 1ap nhu: quy hoach thuc nghiém

(dﬁu vao la cac thong s6 ché do cat, dau ra 1a tudi bén, nham bé mit hodc tdc
do boc tach vat liéu), mang no-ron nhan tao (dﬁu vao du doan 1a gia tri thong
s6 ché do cat, dau ra 1a tudi bén theo chiéu dai cat), phan tich dit liéu tép tin
CLS (tép tin xuét tir phan mém NX — theo muc 3.2.2) dé xac dinh dai cit lam
viéc va chiéu dai chay dao twong tmg. Phan mém dugc dit tén 12 CTMSoft,
ngon ngit 1ap trinh phan mém 1a Microsoft Visual C# cho phép dé dang tao giao
dién lam viéc va manh mé trong tinh toan sé hoc. Giao dién phan mém dugc
thiét ké voi tiéu chi la: rd rang, truc quan, dé str dung d6i v6i nguoi dung voi

nhiéu moé dun chirc niang khac nhau nhu trén hinh 3.12.
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[® Phan mem hé trd gii phép nang cao tuBi bén ctia dung eu - CTMSoft[CA\Users\thanh\Documents\CTMSoft.tla]

Téptin  Quy hoach thuc nghiém  Mang nd ron nhan tao  Tay chon  Trd gidp

ow M N%

1. Quan Iy di liéu thi nghiém

£1-2. Quy hoach thuc nghiém

S6 yéu t6 dau vao: 4

Yéu t6 1: Van tdc cat, m/ph

Yéu t6 2: Ludng tién dao, mm

Yéu td 3: Chidu sau cat, mm
--Yéu 16 4: Goc nghiéng, do
--DAu ra 1: Chigu dai cat, m
--D3u ra 2: Tudi bén, phit
--D8u ra 3: MRR, mm"3/phit

DAu ra 4: Sai l&ch trung binh Ra, um

S6 muic: 4

S6 thi nghiém: 16

L&n lap 1 thi nghiém: 4

Mang trdc giao: L16 (4"4)

Téng bac td do: 15
3. Mang nd ron nhan tao
4. Phan tich dii liéu CL-Data

Hinh 3.12 B¢ tri giao dién chinh cia phan mém CTMSoft
3.4.2. X4y dung cac khéi chirc niing phin mém

Phan mém duoc du dinh t6 chire thanh bén mé dun chuc nang co mébi lién
h¢ dit liéu nhu so d trén hinh 3.11, cu thé la:

1. Quan ly dir liéu: Chirc ning nay quan Iy tit ca cac dir liéu lién quan
dén xir 1y ctia phan mém nhu: quy hoach thyc nghiém, dit liéu hoc mang no-
ron nhan tao va dir liéu vi tri dao tir tép tin CLS. Giao dién quan 1y dir liéu duoc
thiét ké theo dang bang tinh, cho phép nguoi ding phan mém dé dang nhép liéu
bang tay hodc tir tép tin dir liéu (dinh dang Excel, CSV) hodc dan tir bo nhé
dém (clipboard) (hinh 3.13). Khi dit liéu dugc quan Iy théng nhat, viéc cap nhat
hoac lién két gitra cac khdi chire nang duoc thyc hién dé dang, tranh sai sot.

[® Quan Iy dit liéu du &n

Hinh 3.13 Giao di¢n chizc nang nhap va quan ly diz liéu
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C4u hinh thiét k& thi nghiém Taguchi

~a

I Thiét ké thi nghiém Taguchi

1. Thiét k& thi nghiém 2 Phudng phap phan tich 3 Mang tric giao (L16 (4°4))

Cac yéu 6 (Factors)

Sémde (Levels): 4 L Y&uis | Micl | Mic2 | Mic3 | Micd

S6 yéu 16 (Factors): 4 Van téc cat, m/ph 90 120 150 180
Ludng tién dao, mm 0.05 0.1 0.15 0.2

Mang truc giao: L16 (4°4) Chiéu sau cat, mm 0.05 0.1 0.15 0.2

Goc nghiéng, do 15 30 45 60

Hinh 3.14 Lwa chon thdng s6 guy hoach thzc nghiém Taguchi
2. Quy hoach thuc nghiém (hay goi 13 Thiét ké thi nghiém): Puogc to

chirc trong muc “Quy hoach thuc nghiém” nhu trén giao dién hinh 3.12. Co s¢
1y thuyét sir dung cho 1ap trinh tinh toan theo phwong phap Taguchi va phan
tich phuong sai ANOVA da trinh bay tai muc 2.1 va tham khao thém tir cac tai
lidu [50][54][55][73][74]. Tai giao dién ctra s6 “CAu hinh thiét ké Taguchi”
(hinh 3.14) cho phép Iya chon sb lwong yéu té dau vao, sb lugng mirc cta cac
yéu td, sb luong yéu td dau ra, dic tinh dau ra hodc gia tri muc ti€u dau ra (néu

1a ddc tinh “danh nghia t6t nhat”).

EI Quan ly dil liéu Quy hoach thuc nghiém :'g * Mang nd-ron nhan tao [ANN] @ Phan tich di liéu CL-Data

3% Cauhinh 4 Nnhap dirlieu B2 Tinh toan Dif liéu vao i Taguchi €3 ANOVA [asl DB thi
g nen Vén téc cat, Lugng tién Chigu sau Goc nghiéng, | Chiéu dai cat, N s
Thi nghiém e | . | <50 a6 m Trung binh, Y Ty s6 S/N, n
90 0.05 452.1 452.100000 | 53.104690
2 90 01 0.1 30 383.9 383.900000 51.684362
3 90 0.15 0.15 45 311.3 311.300000 49.863582
4 90 0.2 0.2 60 194.7 194.700000 45.787319
5 120 0.05 0.1 45 289.3 289.300000 49.226969
6 120 01 0.05 60 262.9 262.900000 48.395812
Ty 56 S/N cdec thi nghiém
54 53.10469
52
49863582
50 49 226969
48395812
5
0y 46311011
o 46 5387513 45437776
[ 44 690346
44} 43407393 106721 6
41 965951
42 42 372053
40 290411 T %657
40
TNT  TN2 TN TN4 TN5 TG TN10 TNIT  TNI2 TN13 N4 TNID TN16
ﬁwryhn_am

Hinh 3.15 Giao dién chirc nang quy hoach thuc nghiém
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Trong mé dun quy hoach thuc nghiém, tir nhitng yéu cau dau vao sé& chon
bang truc giao hop 1y nhat phuc vu cho 18n ké hoach t6 chirc thyc nghiém. Sau
khi c6 day du dir liéu thi nghiém, phan mém c6 thé thyc hién céc tinh toan va
cho két qua day du theo cac chi tiéu di néu tai muc 2.1. M6 dun nay duoc thiét
ké cho phép nguoi dung tiy ¥ cau hinh dé stir dung doc 1ap ma khong nhat thiét
phai rang budc theo cdu hinh cua luin an. Ngoai sd liéu tinh toan, phdn mém
con c6 chirc nang thé hién d6 thi cac ty sd S/N, murc toi uvu hay mic do anh
huong (vi du dd thi két qua ty sé S/N theo Taguchi trén hinh 3.15).

3. Mang no-ron nhén tao: Co so 1y thuyét xdy dung chic nang nay da
trinh bay tai muc 2.3 va tham khao thém cac tai liéu [29][24][39]. Phan mém
6 str dung thu vién ma nguén mo Aforge.NET, 1a mot framework C# dugc
thiét ké cho cac nha phat trién nghién ctru trong cac linh vuc Computer Vision,
mang no-ron, thuat toan di truyén, logic mo, ... M6 dun mang no-ron nhan tao
s& dung thu vién con Aforge.Neuro trong goi Aforge.NET dé xay dung bo cong
cu du doan. Thu vién hd tro cac ham kich hoat: ThresholdFunction (ham
nguong), SigmoidFunction (ham Xich-ma), va BipolarSigmoidFunction (ham
Xich-ma ludng cuc). Thuat toan huan luyén hién c6 rat nhiéu loai khac nhau,
theo phan tich lua chon tai muc 2.3.4, tac gia da chon thuat toan huin luyén
mang BackPropagationLearning (hoc lan truyén nguoc).

4. Phan tich dir liéu vi tri dao (CL-Data) tir tép tin CLS: Theo trinh ty
duogc dé xuat & muc 3.2, tir dit liéu trong tép tin CLS (bao gdm dif liéu vi tri dao
CL-Data va dir liéu diém tiép xtic dao CC-Data) ciing dugc xuat ra tir phan
mém CAM khi 1ap trinh gia cong, phén tich phan bd cia cac dai cat lam viéc
sau d6 xac dinh chiéu dai chay dao cua timg dai cat lam viéc, két hop voi md
dun du doan bang mang no-ron nhan tao dé tinh diéu kién l,g < l,,,4, cia mdi
dai cat lam viéc. Khi diéu kién trén khong thda man chung té dung cu cat khong
thé gia cong dén hét chuong trinh NC hién tai, vi vdy c6 hai cach tién hanh dé
xem xét viéc gia ting thém kha ning cat cta dung cu cat nhu sau:

Céch 1: Quay trd lai phan mém CAM dang ding dé tao chuong trinh gia
cong, thay doi dinh huéng dao phay cau (vi du ding chiic nang “Tilt Tool Axis”

cua phﬁn mém NX CAM) dé tao duong chay dao maoi nham tao su phan bb
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diém tiép xtic CC va diém vi tri CL khac nhau (hinh 3.9). Ban chét cach 1am
nay la thuc hién dich doan ludi cit 1am viéc mot cach bi dong, tic thay doi ngau
nhién dinh hudng dao phay dé thuc hién dich doan ludi cat lam viéc. Cach nay
khong dat hiéu qua khai thac kha ning cit cua ludi cit cao, nhung dé thyc hién
nho nhiéu chirc nang tién tién ciia phan mém CAM da co san.

Céach 2: Tur dir liéu vi tri dao CL-Data chira quy dao cac diém CC va CL
thu dugc, tao thém chirc ning ciia phdn mém CTMSoft thuc hién hau xt 1y
post-processing tao ra duong chay dao mai chu dong duge dich doan ludi cit
lam viéc dé khai thac kha nang cat cta toan bo ludi cat. Cach nay dat hiéu qua
cao, nhung rat kho khan trong xay dung chirc ning hau xir Iy post-processing
trong thuat toan va k¥ thuat 1ap trinh khi xy dung phan mém nay.

KET LUAN CHUONG 3

- Tu dic diém gia cong dao phay cau cho thdy c6 thé thyc hién dich
doan ludi cat lam viéc bang cach thay doi goc nghiéng dao.

- Dit liéu vi tri dao CL-Data tir phdn mém CAM 1 co s tinh chiéu dai
chay dao cua dai cat lam viéc trong mot chuong trinh gia cong NC.
Chiéu dai cit cho phép 16n nhét cua dai cét 1am viéc duoc du doan
bang mang no-ron nhan tao.

- Phan b lai dai cit lam viéc bang phuong an dich doan ludi cit 1am
viéc dé thoa man chiéu dai chay dao khong vuot quéa chiéu dai cat
cho phép 16n nhét cua dai cit 1am viée, s& lam luong mon duoc phan
bb déu trén ludi cat, ndng cao tudi bén cla dao phay cau.

- Phan mém CTMSoft hd tro giai phap nang cao tudi bén dung cu duoc
viét bang ngdn ngit 1ap trinh Visual C# véi cac md dun chire ning

cho phép giai quyét cac bai toan dit ra cta luan an.
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Chuwong 4

THU'C NGHIEM KHAO SAT ANH HUONG CUA CHE PQ CAT
VOI CAC THONG SO CONG NGHE VA KIEM CHUNG GIAI

PHAP NANG CAO TUOI BEN DUNG CU

4.1. Khio sat anh hwong ciia ché dd cit déi voi cac thong so6 cong nghé

4.1.1. Xay dwng mo hinh thi nghiém

Qua trinh tdi wu theo phuong phap Taguchi trén co s tam budc (8-steps)

dé 1én ké hoach, thuc hién va danh gia két qua ctia ma tran thuc nghiém nham

xéac dinh muc tot nhat ciia cac yéu to diéu khién [18][49]. TAm budc tién hanh

s€ thuc hién theo trinh tu nhu sau:

1.
2.
3.

Xéc dinh cac thong s6 dau vao va thong sb dau ra.

Xéc dinh s6 luong mire cua ting thong sb kiém tra.

Lua chon bang tryc giao phu hop, gan timg gia tri cua tung thong
s6 dau vao kiém tra vao trong bang.

Thuc hién thi nghiém theo tht tu ngau nhién trén co sé sap xép cua

mang truc giao.

5. Do luong va thu thap dir liéu.
6.
7
8

Tinh toan ty s6 S/N cho mdi sy két hop cua cac thong sé kiém tra.

. Tim muc t61 vu cho moi thong so6 ki€ém tra.

. Thuc hién cac thi nghiém kiém chimg murc t61 uu.

4.1.1.1. C4c thong s6 dau vao

Theo nhitng phan tich trong muyc 1.2.3, thay rang co rat nhiéu thong sé anh

huong dén tudi bén dao phay cau, ¢ thé chia thanh hai loai:

1.

2.

Céc thong s6 diéu khién duoc nhu téc d6 cét, chiéu sau cit, lugng
tién dao, goc nghiéng dao, ché do tron ngudi. ..

Céc thong s6 khong diéu khién xuat hién ngau nhién (goi 1a thong
s6 nhiu) nhu rung dong may, rung dong phoi gia cong, diéu kién

moi trudng, nhiét cat, k§ nang van hanh...
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Trong cac thong sd néu trén thi cac thong sé diéu khién dugc ¢ anh hudng
manh nhét t6i két qua qua trinh phay nén uu tién chon chiing 1am cac dai luong
dau vao. Nhung cling chi c6 thé lya chon mot sb thong s6 chinh dé tién hanh
thue nghiém, boi néu ting sd yéu td dau vao s& 1am ting sd luong thi nghiém
d6ng nghia véi tang chi phi (do can gia cong dén hét tudi bén cua dung cuy).

Sau khi tham khao cac nghién ctru [42][91][94][96] v6i1 md hinh thi
nghiém twong duong da c6 cin ctr chon cac thong s dau vao thi nghiém 1a: toc
do cat, lugng tién dao, chiéu sau cat va goc nghiéng truc dao. Khoang gié tri
ctia cac thong s gia cong duoc chon dua trén co sé tham khao cac tai liéu nhu
sO tay tra ctru ché do cat, bang khuyén nghi ctia hing san xuat dung cy va tham
khao tai méot sd nha may co khi trong quan doi. Cac dai gia tri cu thé d6 duoc
lwra chon nhu sau:

1. Téc do cat: hang san xuat khuyén nghi dai van tdc cat véi dao lién
than khi gia cong vat liéu thép hop kim la 150 + 250 m/phdt.

2. Chiéu sau cat: d6i voi gia cong tinh, a, < 0.3mm [94].

3. Luong tién dao: d6i voi gia cong tinh, £, = 0.05 <+ 0.2mm.

4. Géc nghiéng tryc dao: gia cong trén may CNC gbc nghiéng thay doi
tr 0% + 75° [98].

Van tbc cat tinh theo dudng kinh cat hiéu dung (theo muc 1.1.3) do d6 khi
gia cong thi nghiém phai diéu khién toc d6 quay truc chinh n (vong/phdt) sao

cho goc nghiéng truc dao va van tdc cit 13 hai thong s6 doc lap véi nhau.

4.1.1.2. Cac thong s6 dau ra

Céc thong sd dau ra cua thi nghiém khi phay bang dao phay cau trén may
CNC dugc lya chon bao gom:

1. Tudi bén dao phay cau dugc danh gia thong qua luong mon mit sau

VB véi lugng mon tdi da 12 0.3mm khi gia cong tinh (theo 1.2.2.2).

2. Chét luong bé mit dugce danh gia thong qua chi tiéu sai 1éch trung

binh s6 hoc cua profin nham bé mat R, phuong do vudng goc véi

duong tién dao (theo 1.1.4).



78

3. Ning suit gia cong dugc danh gia bang téng khoi lugng kim loai
boc tach dugc trong qué trinh phay hodc theo téc d6 boc tach vat
liéu MRR (theo 1.1.5).

4.1.1.3. Céc thong s6 ¢ dinh

La nhimng dai luong khong thay dbi, lién quan dén diéu kién thi nghiém
trong khi gia cong nhu: thiét bi gia cong (may phay CNC va trang bi cong
ngh¢), vat liéu phdi, dung cu cat, dung dich tron ngudi, chuong trinh NC...
4.1.2. Cac diéu kién thi nghiém
4.1.2.1. May phay gia cong

Cac thi nghiém s& duoc gia cong trén may phay CNC 5 truc SPINNER
U5-620 tai phong thi nghiém bd mon Ché tao may — khoa Co khi — HVKTQS.
Céc thong s6 k¥ thuat ctia may gia cong duoc trinh bay theo quy dinh ISO
8688-2/1989, chi tiét nhu trong bang 4.1:

Bdng 4.1 Ddc tinh ky thudt may phay SPINNER U5-620

Pac tinh k¥ thuat Gia tri
Hanh trinh lam viéc truc X (mm) 620
Hanh trinh lam viéc truc Y (mm) 520
Hanh trinh lam viéc truc Z (mm) 460
Goc quay 16n nhat truc B/C (d9) (—90° + +90°)/360°
Khéi luong phoi 16n nhat (kg) 320
Tbc do tién dao 16n nhat khong tai (m/phut) 40
Tbc do quay ban may 16n nhat (vong/phdt) 250
Téc dd truc chinh 16n nhat (vong/phut) 12,000
Cong suit truc chinh (kW) 15
Xuat xtr Cong hoa lién bang Buc

4.1.2.2. MAu gia cong thi nghi¢m

Tiéu chuan I1SO 8688-2/1989 quy dinh phéi dung trong thi nghiém phai
c6 mat cat ngang hinh chit nhat, véi chiéu rong c6 kich thude toi thiéu bang hai
lan duong kinh dao, chiéu dai c6 kich thudc téi thiéu bang mudi 1an dudng kinh
dao. Phoi ciing duoc Iira chon phu hop v6i khong gian 1am viée ciia may va d6

ga € t0, nén duoc chon kich thudc 1a 220x160x30 mm.
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Vit liéu cua mau gia cong la thép hop kim co6 mac 40Cr, dat d6 cimg cao
sau nhiét luyén, c6 do dai va dap va chéng bién dang tdt. Thanh phﬁn hoa hoc
va dac tinh co 1y dugc cho trong bang 4.2 va bang 4.3. Phéi dugc nhiét luyén
bang phuong phap t6i thé tich trong bé mubi néng chay nham dat 6 cing dong
déu va d6 thAm toi sdu. Sau khi nhiét luyén, bé mit trén va dudi duoc mai phéng
nhim tao chuan ga dit dam bao goéc nghiéng khi gia cong. PO cling bé mit
dugc do tai ndm diém cach déu nhau trén bé mat va lay gia tri d6 cing trung
binh, sai 1éch gié tri do d6 cting tai moi diém do khong vuot qué £5%.

Bang 4.2 Thanh phan vit liéu thép 40Cr (GOST 4543-71)

Thanh phin C Mn P S Si Cr
(%) 0.36+0.44 0.5+0.8 0.035 0.035 0.17+0.37 | 0.8+1.1
Bang 4.3 Co tinh thép 40Cr, vit liéu mdu gia cong thi nghiém
Re, MPa Rm, MPa A5, % HRC
293 572 28.6 45-50

4.1.2.3. Dung cu cit

Do phéi thi nghiém di dugc toi thé tich dam bao do tham t6i va mai phang
nén chi thuc hién phay ban tinh nham tao mit phang nghiéng chuan (loai bo sai
s6 do ga dit). Phay ban tinh st dung dao phay cAu gan manh hop kim loai mot
manh c6 hai ludi cat nham tang ning suat cat. S6 hiéu manh cat BNR-16MM-
CB duong kinh 16mm, vt liéu 16p phu 1a TiAIN (hinh 4.1-a).

Dao phay ciu chinh dugc dung dé thi nghiém phay tinh 13 loai dao lién
than ma hiéu QBLMx1010-R5-75-10 véi hai ludi cit co goc xoan 30° va dugc

pht TiAIN (hinh 4.1-b).
=

(b)

Hinh 4.1 Dao phay cdu si dung cho gia cong thi nghiém, (a)- dao ding
phay ban tinh, (b)- dao dung phay tinh
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4.1.2.4. Kinh hién vi dién tir do lwong mon ludi cit

Trong qua trinh gia céng thi nghiém can phai thyc hién giam sat trang thai
va do lwong mon mit sau cua ludi cat ngay trong-qua trinh (in-process) nén da
sir dung kinh hién vi s6 AD7013MT. Pay l4 loai thiét bi c6 kich thudc nhé gon,
dé& dang bd tri ngay trong khu vuc gia cong va két ndi dé dang véi phan mém
may tinh. B4 tri kinh hién vi do trong-qua trinh nhu trén hinh 4.2-a, tham khao
theo phuong phap trinh bay tai muc 1.2.3 [102]. Sau khi dirng thi nghiém khi
luong mon dat dén gidi han, can chup anh ludi cat véi do chi tiét va do phong
dai cao bang cach sir dung kinh hién vi dién tor AXIO-A2M cua hing Zeiss

Hinh 4.2 Kinh hién vi do lirong mon mat sau, (a)- kinh hién vi do trong-
qua trinh, (b)- kinh hién vi do xdc nhan

4.1.2.5. May do d¢ nham

DPo do nham béng may do d§ nham SJ-301 tai Trung tam do luong — Vién
Cong Nghé - Tong cuc Cong nghiép Qudc phong. Thiét bi cho phép do dugc
gidi do rong theo tiéu chuan do nham: EN ISO, JIS, ANSI cung bo loc k¥ thuat
s6 Gauss, 2CR75 va PC75 cho két qua do tin cdy véi do chinh xac cao. Piac
tinh k¥ thuat cia may do d§ nham SJ-301 dugc cho trong bang 4.4.



81

Bang 4.4 Dac tinh ky thudt may do do nham SJ-301

Dac tinh ky thuat Gia tri
Dai do 0.005 + 16um (R4, R,)
Hé don vi mét, inch
Do phan giai 0.001pm

4.1.3. Xay dung quy hoach thuc nghiém
4.1.3.1. Xay dung bang thi nghiém trwe giao Taguchi
Str dung phuong phap phan tich Taguchi dé phan tich mitc do anh hudng

ctia cac théng s6 dau vao dén cac dau ra. Do d6 cac ché do cat cho thi nghiém
theo phwong phap Taguchi phai dugc sap xép theo bang ma tran truc giao, bang
nay c6 sb luong thi nghiém it nhat nhung dat duoc lugng thong tin nhiéu nhat.
Tuy nhién, du dinh stt dung mang no-ron nhan tao ANN lam cong cu du doan
thi cin dam bao s lugng dir liéu phuc vu huin luyén. Khong c6 gidi han cu thé
s6 luong dir liéu dung huan luyén ANN, néu s6 luong qua it s& khong tim ra
mbi quan hé cia mang dugc chinh xac, nguoc lai néu tién hanh nhiéu thi
nghiém s€ tang thém chi phi. Trong mot nghién ctru cia tac gia Briceno [22]
cling chi sir dung 35 thi nghiém ké thira tir bang thi nghiém truc giao dé ding
cho huén luyén ANN nhung van dat d6 chinh x4c can thiét. Mang no-ron nhan
tao sau khi xay dung xong c6 kha ning bd sung dit liéu huan luyén trong twong
lai dé cai thién d6 chinh xac du doan. Vi vay, sau khi khéng dinh duoc két qua
nghién ctru 1a tich cuc thi co thé tiép tuc mo rong thi nghiém dé hoan thién
mang no-ron nhan tao cho két qua du doan t6t hon.

S6 lugng mirc ciia yéu t6 dau vao co anh hudng dén mirc d6 quan hé gitra
cac yéu to dau vao va dap tmg (dau ra) va xac dinh yéu t6 ndo anh hudng nhat
dén dap ung cta qua trinh. Lya chon sd lwong mirc tiy thudc vao loai anh
hudng cac cac yéu to nay dén dap tng. Néu anh hudng la tuyén tinh thi s6 muc
nén chon 13 hai muc, néu anh huéng 13 phi tuyén thi sé muc cua cac yéu td nay
c6 1a ba hodc bdn (tuy thudc mdi quan hé 13 bac hai hodc bac ba). Tham khao
cac nghién ctru lién quan va ban than tic gia cling da thuc hién cac thi nghiém
khao sat trude d6 [8][9], cho thdy s luong mirc duoc lya chon hop 1y nhat 1a
bbén murc. Két hop lya chon dai gia tri cac yéu to dau vao (muc 4.1.1.1), gié tri

murc cua ting yéu td duoc liét ké trong bang 4.5 sau day:
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Bang 4.5 Gia tri cdc murc cua cdc yéu to dau vao

STT Yéu t6 dau vao 1 G1a2tr1 cac ;nu’c 4 Don vi do
1 | Van tbe cét (Vo) 90 | 120 | 150 | 180 | m/phut
2 | Luong tién dao (f,) 0.05 | 0.10 | 0.15 | 0.20 | mm/ring
3 | Chiéu sau cat (ap) 0.05 | 0.10 | 0.15 | 0.20 mm
4 | Goc nghiéng (0) 15 30 45 60 do

Theo lua chon ¢6 bon yéu to dau vao, moi yéu to dugc chon bon mure gia

tri, do vAy chon bang truc giao Taguchi L;4(4%) voi 16 thi nghiém 1a phu hop

[83]. Sir dung phan mém thdng ké Minitab® cho ra bang truc giao véi cic muc

ctia tirng yéu t6 duge ma hoa (1, 2, 3 va 4) thé hién trong phu luc 1 (trang 132),

thay gia tri muc cta ting yéu to trong bang 4.5 vao bang truc giao L, (4%) c6

duoc dir li¢u thuc nghiém nhu trong bang 4.6.

Badng 4.6 Ché dé cdt ciia cdc thi nghiém theo bdng truc giao Lis(4%)

Thong sb dau vao diéu khién
Thinghiém | Véntdccit | Luong tién dao | Chicusaucit | Géc nghiéng
V. (m/ph) f, (mm) a, (mm) 0 (d9)
1 90 0.05 0.05 15
2 90 0.10 0.10 30
3 90 0.15 0.15 45
4 90 0.20 0.20 60
5 120 0.05 0.10 45
6 120 0.10 0.05 60
7 120 0.15 0.20 15
8 120 0.20 0.15 30
9 150 0.05 0.15 60
10 150 0.10 0.20 45
11 150 0.15 0.05 30
12 150 0.20 0.10 15
13 180 0.05 0.20 30
14 180 0.10 0.15 15
15 180 0.15 0.10 60
16 180 0.20 0.05 45
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4.1.3.2. C4c thi nghiém b6 sung dir liéu huén luyén

Str dung phuong phap mang no-ron nhan tao trong hdi qui ham thuc
nghiém thi sd thi nghiém cang nhiéu s& cho du doan cang chinh xac nén khong
c6 gidi han nao vé s6 luong 16n nhat cac thi nghiém. Can ctr vao s6 luong thong
s6 dau vao va sd luong muc thi bd ché do cat day da can phai thuc hién 1a 256
thi nghiém. Tuy nhién, cac thi nghiém vé tudi bén dao khong thé thyc hién bo
thi nghiém day du vi rat ton kém vé chi phi va thoi gian. Trong khuén kho cua
mot ludn an nghién ctru hudng g dung cua tri tu¢ nhan tao, nén chi thuc hién
thém mot vai thi nghiém bo sung nham chimg minh cho sy ding din ctia mo
hinh mang no-ron nhan tao. Sau khi di khang dinh cach tiép can la dung din
s€ cO co s¢ thuc hi¢n md rong trong tuong lai. Ché d cit cua thi nghiém bo
sung duoc chon trong bo thi nghiém dau du, ngoai 16 thi nghiém ban dau (bang
4.6) s& bd sung thém 12 thi nghiém va dugc phan rai ra toan bo khong gian thiét
ké. Gia tri mirc dugc ma hoa cho trong phu luc 1 (trang 132). Tht tu cua thi
nghiém bo sung danh sd tiép tuc tir 17 dén 28 nhu bang 4.7.

Bang 4.7 Ché dé cdt ciia cdc thi nghiém bé sung

Thong s dau vao diéu khién
Thi nghiém | Van téc ct Luong tién | Chiéu sau cat | Géc nghiéng
V. (m/ph) dao f, (mm) ap (mm) 0 (do)
17 90 0.05 0.05 60
18 90 0.15 0.10 30
19 90 0.20 0.20 15
20 120 0.05 0.05 60
21 120 0.10 0.15 45
22 120 0.20 0.20 15
23 150 0.05 0.05 60
24 150 0.10 0.15 30
25 150 0.20 0.20 15
26 180 0.05 0.05 60
27 180 0.15 0.10 45
28 180 0.20 0.20 15
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4.1.4. Tién hanh thi nghiém va thu thap dix liéu
4.1.4.1. Chuan bi gia cong thi nghiém

Phéi cit thir nghiém dugc ga trén € t6 thuy luc, canh dai cia phoi nam doc
theo truc Y ctia may nham giam hanh trinh chay khong, goc nghiéng truc dao
duogc thiét 14p qua goc quay cua truc B ciia may CNC 5 truc. T4t ca céac thi
nghiém trén duoc thuc hién lién tuc véi diéu kién gia céng hoan toan nhu nhau
(dao, phoi...) nham tranh anh huéng cua cac yéu té nhidu dén két qua thi
nghiém. Giam sat trang thai ludi dao va do lugng mon ludi dao phay trén co so
chup anh truc tuyén dugc thiét 1ap gibng mo hinh cta Chen Zhang [102]. Kinh
hién vi chup anh truc tuyén ngay trong qua trinh gia cong duoc ga dit tai mot
vi tri ¢6 dinh trén ban may va két nbi v6i may tinh bén ngoai chup anh hién
trang ludi cat (hinh 4.3).

May tinh thu thdp
danh chup lirong mon

Hinh 4.3 B4 tri cac thiét bj do lwong trén may phay CNC 5 truc
M&i mau thtr duoc ga trén é t6 tir lic bit dau cho dén khi dao phay hét tudi

bén. Trude khi xay dung chuong trinh NC cho qua trinh gia cong thi nghiém,
str dung chirc ning diéu khién tay JOG di chuyén dao phay dé xac dinh vi tri
dinh dao ciing nhu goc quay dao cho anh tét nhét (hinh 4.4). Poan ma 1énh dé
di chuyén tryc chinh dén kinh hién vi chén bang tay vao chwong trinh NC.
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\Phoi gia cong

Phuong dirng

Kinh hién vi
dién tir

Hinh 4.4 V; tri thuc hién chup dnh mon lwéi cat khi cat thi nghiém

Theo phan tich trong muc 1.2.3.2, chon dinh huéng dao nghiéng ngang -
di lén trong xay dung chuong trinh gia cong NC c6 thé dat duoc tudi bén cao
trong khi vin dam bao chat lugng bé mat t6t nhat. Puong kinh cét hiéu dung
can phai dugc xac dinh trudc dé tinh toan tbc do quay truc chinh cia may phay
CNC, 14 thong s6 dau vao quan trong cho 1ap chuong trinh NC. Trén hinh 4.5
thé hién bdn tu thé dinh hudng cta dao d6i voi bé mat phoi gia cong trong cac
thi nghiém, mdi tu thé thé hién gia tri duong kinh hiéu dung d.g khéc nhau, tir
d6 dé dang tinh toan téc do vong quay truc chinh cho chwong trinh gia cong
NC (gia tri tinh toan tc d6 vong quay truc chinh trong phu luc 2 trang 133).

Chuong trinh gia cong thi nghiém dugc tao bang phan mém Siemens NX
(trude day co tén goi 1a Unigraphics NX) ctia hang Siemens. Uu diém cua phan
mém nay 14 c6 thé tao va t6i wu hoa chién luge chay dao, cho phép cai thién
chét luong bé mit va giam thiéu thoi gian gia cong. Voi giao dién gia cong
CAM md, ngudi ding co thé dé dang tuy bién tao thu vién ché do cong nghé
gia cong t6i wu, tao thu vién dao cuy, thu vién chwong trinh gia cong mau
(template), hoac thém cac thanh cong cu do nguodi dung dinh nghia gitp rat

ngan thoi gian 1ap trinh gia cong.
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Hinh 4.5 Duong kinh cdt hiéu dung tai goc nghiéng truc dao khac nhau
Tham khao cac budc tién hanh thi nghiém ctua Wojciechowski [95], chon

chiéu dai ct cho mdi 1an chyp anh do luong mon 1a 10 dudng chay dao ngang
(khoang 2.2m). Mdi thi nghiém c6 gia tri goc nghiéng truc dao so v6i phoi khac
nhau nén can xac dinh vi tri dao so véi kinh hién vi khac nhau. St dung ché do
van hanh tay (JOG) dé hiéu chinh vi tri dao sao cho quan sat ludi cat trén kinh
hién vi 13 rd nét nhat, léy toa do diém chup, sau do viét doan Macro chu trinh
dich chuyén dao cit dén vi tri chyp anh (hinh 4.6). Dao phay dugc do luong
mon trén ca hai ludi cat, néu lwong mon mat sau cia mot trong hai ludi cat dat
gia tri VB > 0.3mm (khi mon dong dang) hoic VB > 0.5mm (khi mon bét
ddng dang) thi d6 1a thoi diém dao da hét tudi bén. Pon vi tudi bén dung cu co
thé 1a don vi chiéu dai cat hodc don vi thoi gian. Trong mdi thi nghiém, gié tri
luong tién dao f, khong thay doi nén co thé dém sb duong chay dao dé quy ddi

ra chiéu dai cit (don vi mét) hodc thoi gian cit (don vi phut) twong tng.
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Vi tri chup anh
mon dao

Hinh 4.6 Puong chay dao d@én v; tri chup dnh mon luéi dao
4.1.4.2. Thyuc hi€n gia cong va giam sat lwgng mon ludi dao

Dinh ky sau khi cit dugc 2.2 m chiéu dai sé thuc hién di chuyén dao cit
dén vi tri kinh hién vi do luong mon mat sau, cd hai ludi cat duoc chup anh
bang cach lap chu trinh quay dao 180° theo truc SP (ky hiéu SP 1a gbc quay truc
chinh trén bo diéu khién Siemens 840D). Theo 1ap trinh, thoi gian mdi ludi cat
dung tai vi tri chup anh la 10 gidy (Iénh “G4 F10), da thoi gian lam sach ludi
cit bang khi nén va chup anh ludi cat. T4t ca cac tép tin anh chup ca hai ludi
cat duogc luu trit trong bd nhé trén may tinh.

Trong qua trinh giam sat tinh trang ludi cat truc tuyén (online), phai ding
gia cdng ngay khi quan sat thdy xuat hién luong mon bat thuong (do yéu tb
nhidu tac dong). Vi du khi thuc hién thi nghiém sé 1, tai 1an chup anh th 16
(chiéu dai cdt 35.2 m) quan sat dugc luong mon tai ludi cit s6 1 xuat hién lugng
mon bat thuong (hinh 4.7). Nguyén nhén co thé do phoi ga dat khong dam bao
goc d6 dan dén chiéu sau cit qué 1on trong 1at cit du tién, chat luong dung cu
cit khong déng déu hodc ga kep dao cit khong dam bao dong truc gy nén mé
ludi cat bat thuong. Tét ca cac truong hop xdy ra cac vét mon bat thuong nhu
trén duoc giam sat truc tuyén ngay trong khi gia cong va loai bé ngay nham

tranh anh huong sai s6 qué 10n dén két qua thi nghiém.
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Hinh 4.7 Anh chup léi cat xudt hién vét mon bat thurong

4.1.4.3. Xac dinh gia tri tudi bén dung cu qua lweng mon mit sau

Sau khi tién hanh thi nghiém cat va thu thap cac anh chup mon ludi dao
duoc luu thanh céc tép tin anh trong mdi thu muc riéng cia mdi bo thi nghiém
trén may tinh. Sir dung phan mém chuyén dung (kém theo kinh hién vi sd
AD7013MT) tién hanh hiéu chuan thudc do va thuc hién do vét mon trén ludi
cat. Dit liéu anh chup thé hién chi tiét vé vét mon cia tat ca c4c thi nghiém duoc
trinh bay trong phu luc 3, trang 134. Hinh 4.8 thé hién vét mon 1udi cat dat dén

gidi han tudi bén (0.3 mm) ctia dao phay cau trong mot sb thi nghiém dién hinh.

TNO3

TNO7 TNI10 INI2 TNI15

Hinh 4.8 Mgt sé hinh anh mon dién hinh trong cac thi nghiém
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Chiéu dai cit giita cac lan chup 13 2.2 m, mdi 1an thu duoc hai anh cia
ludi cat nén dua vao thir ty anh chup ¢6 thé tinh ra chiéu dai cat tuong ing. Goi
k 1a s0 thtr ty cia anh chup c6 lugng mon dat gidi han tudi bén, vai dao cat ¢co

hai ludi cit (z = 2) thi chiéu dai cit duoc tinh nhu cong thuc (4.1).

Lese = — — =11k (m) (4.1)

Don vi tudi bén néu tinh theo thdi gian gia cdng bang pht thi can ctr vao
dai lugng tc do tién dao f (mm/phut), quy d6i theo cong thuc (4.2):

L.s: * 1000 L.s: * 500
=2.fn=——— t=——— 4.2
f=2fm="0— — 42)
trong d6 n: toc do truc chinh, duoc tinh theo cong thirc (4.3) sau:
V. %1000 . )
n=——— (vong/phut) (4.3)
TT. Def

Theo cong thie (4.2) c6 thé tinh toan thoi gian cat khi cac dai luong da
biét trude 1a: lugng chay dao f;, toe do truc chinh n. Tir d6 chiéu dai cat L,
dugc tinh thong qua cong thirc (4.1). Toan bo két qua tinh toan tudi bén theo

chiéu dai cat va thoi gian cat duoc trinh bay trong bang 4.8.

Bang 4.8 Gia tri tuéi bén dung cu duoc xdc dinh tw cdac thi nghiém

STT | Vantoc | Luongtién | Chiusdu | Géc | Thtw | Chieu | Thoi gian
catV, | daorang f, cat a, nghiéng 6 anh dai cat cat

(m/phat) | (mm/rang) (mm) (do) chup (m) (phat)
1 90 0.05 0.05 15 411 |452.1 618.6
2 90 0.10 0.1 30 349 |383.9 443.5
3 90 0.15 0.15 45 283 3113 310.8
4 90 0.20 0.2 60 177 |194.7 165.0
S 120 0.05 0.1 45 263 |289.3 631.6
6 120 0.10 0.05 60 | 239 |262.9 319.3
7 120 0.15 0.2 15 171 188.1 85.2
8 120 0.20 0.15 30 156 | 171.6 78.2
9 150 0.05 0.15 60 151 1166.1 334.6
10 150 0.10 0.2 45 114 11254 115.2
11 150 0.15 0.05 30 188 |206.8 89.1
12 150 0.20 0.1 15 130 |143.0 334
13 180 0.05 0.2 30 128 |140.8 177.4
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14 180 0.10 0.15 15 138 | 151.8 64.4
15 180 0.15 0.1 60 94 1103.4 57.0
16 180 0.20 0.05 45 102 | 112.2 39.2
17 90 0.05 0.05 60 374 4114 | 13326
18 90 0.15 0.1 30 316 | 347.6 267.7
19 90 0.20 0.2 15 225 | 2475 112.1
20 120 0.05 0.05 60 276 |303.6 737.6
21 120 0.10 0.15 45 210 |231.0 259.4
22 120 0.20 0.2 15 119 |130.9 44.5
23 150 0.05 0.05 60 202 | 2222 431.9
24 150 0.10 0.15 30 149 |163.9 119.5
25 150 0.20 0.2 15 70 77.0 20.9
26 180 0.05 0.05 60 180 |198.0 320.7
27 180 0.15 0.1 45 118 |129.8 63.0
28 180 0.20 0.2 15 52 57.2 13.0

Két qua sau tinh toan trén bang 4.8 cho thay, néu xét tudi bén theo thoi
gian gia cong thi c6 chénh léch gia tri thoi gian cat gitra cac thi nghiém 1a rat
dang ké. Thi nghiém s6 28 cd thoi gian cat rat thap 1a 13.0 phat, trong khi thi
nghiém s6 17 dat thoi gian cat 1332.6 phat. Ly giai cho diéu nay 12 toc do tién
dao f khéc nhau giira hai thi nghiém do su khac nhau gia tri ban kinh cat hiéu
dung. Thi nghiém s6 17 c6 gia tri f = 308.7 (mm/ph(t) va thi nghiém s6 28 c6
giatri f = 4416.0 (mm/pht) theo phu luc 2 trang 133. Vi vdy, dé so sanh danh
gia tudi bén dung cu khi cling gia cong mot bé mit gia cong nén str dung chiéu
dai cat lam thudc do tudi bén dung cu. Lua chon nay ciing rat hop 1y vi lién

quan tryc ti€p dén tinh todn nang suat cat ctia dao phay cau.

4.1.4.4. Thu thap gi4 tri nham bé mit va niing suit gia cong

Déi voi hoat dong gia cong tinh thi nham bé mit 1a thong s6 quan trong,
anh huong 16n dén tinh chat 1am viéc caa chi tiét may: tinh chéng mon, chong
moi, chéng an mon héa hoc va 6n dinh mdi lap ghép. Do d6 trong thi nghiém
can phai tién hanh thu thap gia tri nham bé mit sau gia cong dé danh gia tinh

hiéu qua cta phuong phép t6i wu. Thuec ra, thu thap gia tri nham bé mit va ning
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suat gia cong trong mo hinh thi nghiém nay khéng gap trd ngai, khong doi hoi
b tri thém nhiéu thiét bi do va dic biét 1a khong anh hudng dén gia tri muc
tiéu chinh cua thi nghiém 1a tudi bén vat lidu. Vi vay can thiét thu thap gia tri
ctia hai théng s6 nay nham phuc vu cho danh gia tinh hiéu qua thém chinh xac.

Xéc dinh gia tri nhdm bé mat: Qua trinh thuc hién gia cong thi nghiém
duogc thue hién lién tuc, phdi gia cong phai duge kep cb dinh tir ban dau cho
dén lac hét tudi bén dé dam bao chuan dinh vi nén khong thé thuc hién do do
nham trong khi gia cong ma duoc do trén mat cat cudi cung khi dao phay hét
tudi bén [28]. Phuong do d6 nham vudng goc dudng tién dao gia cong, boi vi
dinh nhap nho cua duong go loai 2 ¢ dnh hudng ndi troi (theo 1.1.4). Mau do
va thiét bj do duoc dit trén do ga chuyén dung dam bao ga dit chic chin, mdi

mau dugc do ba lan va ldy gia tri trung binh nhu trong bang 4.9 sau day:

Bang 4.9 Gia tri sai léch trung binh Ra cua cdc thi nghiém

Thi nghiém Sai 1éch trung binh Thi nghiém Sai 1éch trung binh
Ra (um) Ra (pm)
1 0.71 15 0.71
2 0.94 16 0.68
3 1.35 17 1.01
4 1.58 18 1.00
5 0.81 19 1.39
6 0.74 20 0.83
7 1.16 21 1.02
8 1.14 22 1.13
9 0.88 23 0.58
10 1.11 24 0.68
11 0.63 25 1.13
12 0.71 26 0.54
13 0.94 27 0.71
14 0.55 28 1.13

Gia tri sai léch trung binh s6 hoc Ra thay dbi trong khoang 0.54 pm dén
1.58 pm tuong dwong cip d6 nham 6 dén cAp d6 nham 8 (chét luong bén tinh
va tinh). Gia tri nham bé mat phu thudc nhiéu vao phuong do vudng goéc voi

dudng tién dao nén no s€ b1 anh hudng nhiéu boi budce dich dao ngang a.
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Phuong phap pho bién va chinh xac nhat dé xac dinh ning suat gia cong
1a can khéi luong phéi trude gia cong va khéi luong tai thoi diém xac dinh,
khoang chénh léch vé khdi lugng chinh 1a khdi lwong kim loai cat bo. Tuy nhién
khi phéi da ga dat cd dinh trén may gia cong va tranh gay nhidu cac théng s
do luong thi 4p dung phuong phap xac dinh ning suit bang cong thic (1.13).
Téc d6 tién dao f (mm/pht) c6 mdi lién hé vai lugng tién dao ring f, theo cong
thire (4.2). Tir gia tri thong s6 dau vao trong bang 4.6 két hop véi cong thirc
(1.12), véi dao cau R = Smm, khoang dich dao ngang c6 dinh a,=0.3mm, tinh
dugc tbe do boc tach vat liéu MRR nhu trong bang 4.10.

Bang 4.10 Gid tri toc dé boc tach vit lidu cia cdc thi nghiém

Thi nghiém MRR Thi nghiém MRR
(mm?/phat) (mm3/phat)
1 11.30 15 48.25
2 23.58 16 42.33
3 47.82 17 4.50
4 69.22 18 40.88
5 15.00 19 147.66
6 11.56 20 6.36
7 136.60 21 42.71
8 108.98 22 196.87
9 19.89 23 7.74
10 57.20 24 60.21
11 31.64 25 242.79
12 137.23 26 8.78
13 48.09 27 67.35
14 94.75 28 284.75

Theo cong thirc (1.12), tdc do boc tach vt lidu MRR chi phu thude vao
tdc do tién dao f, chiéu sau cat ap va lugng dich dao ngang a, (¢ dinh). Trong
bang 4.10, thi nghiém s6 17 cd gia tri MRR thap nhat do chiéu sdu cat va tdc
dd tién dao nho nhat. Nguoc lai thi nghiém s6 28 ¢ gia tri MRR 16n nhét do

c6 su két hop chiéu sdu cit va téc do tién dao 16n nhat.
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4.2. Phan tich anh huéng ciia ché dd cit dén cac thong sé cong nghé
4.2.1. Anh hwéng cia ché d cit dén tudi bén

Phuong phap phan tich Taguchi da dugc chon tir bude xay dung quy hoach
thue nghiém (muc 4.1.3) dung dé phan tich anh hudng cua cac ché do cat dén
cac muc tiéu dau ra. Phuong phap Taguchi co thé tinh toan bang cach tu viét
phan mém c6 sir dung cac cong thic tinh trong muc 2.1.1. Tuy nhién dé dam
bao d¢ tin cy thi can ddi chimg véi cac phan mém thuong mai nhu Minitab®
hodc SPSS® rat pho bién trong sir dung thuc té [4].

Phuong phap Taguchi cho phép danh gia muc d6 tac dong doc l1ap hoac
tac dong 1an nhau gitta cac yéu t6 chinh, yéu t6 khong diéu khién duoc (yéu to
nhiéu). Ty s6 tin hiéu trén nhidu S/N (Signal to Noise) duoc sir dung dé phan
tich, nham danh gia két qua qué trinh dam bao chinh xac hon. Tin hiéu (signal)
thé hién cho gia tri mong mudbn va nhiéu (noise) thé hién gia tri khong mong
mudn. Nhiing thong s qua trinh véi ty s6 tin hiéu trén nhidu S/N cao nhat luén
cho chét luong t6t nhat véi phuong sai toi thiéu. Ty s6 S/N ctia mdi mirc thong
s6 dugc tinh toan bang cach tim gia tri trung binh trong mdi muic tuong mg.
Dit liéu tinh toan theo phuong phap Taguchi trén phan mém Minitab® [ 16 thi
nghiém theo bang truc giao L16 tir bang 4.8 (thi nghiém s6 1 dén s6 16). Két
qua tinh toan ty sd S/N cua tudi bén (don vi chiéu dai cat) theo danh gia “1on

hon thi t6t hon” thu dugc tir nhitng mirc ctia thong s thé hién trén hinh 4.9.

Response Table for Signal to Noise Ratios

Larger is better

Level V¢ fz ap Theta
1 50.11 47.43 47.20 46.33
2 46.95 46.42 46.08 46.41
3 43.95 45,49 45.65 45.51
4 41.97 43.65 44.05 44.772
Delta 814 378 315 1.69
Rank 1 2 3 4

Hinh 4.9 Bang ddp 1mg ty sé SIN cua tuéi bén dung cu trén Minitab®
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Sy phan hang (Rank) can ctt vao gia tri théng ké Delta (hinh 4.9) dung thé
hién d6 16n sy anh hudng cua yéu td d6. Tri sb thdng ké Delta bang gia tri ty
s6 S/N 16n nhét trir di gia tri ty sé S/N nho nhét ctia cac mic gia tri, gia tri
chénh 1éch cang 16n thi anh huéng nhiéu hon trong gop phan anh hudng cua
tham sd. Hang 1 biéu thi yéu td d6 c6 mirc d6 anh huong 16n nhét va hang 4
biéu thi mirc d6 anh hudng nho nhit. Két qua thyc nghiém trén hinh 4.9 cho
thay van tdc cat c6 mirc anh hudng 16n nhat V,, tiép theo 1 luong tién dao £,

chiéu sau cdt a, va it anh huéng nhat la géc nghiéng truc dao 6.

Main Effects Plot for SN ratios

Data Means

Ve fz ap Theta

&

Mean of SN ratios
~
=~

e
e

e
/1

& %
-
*

42

T T T
1 2 3 4 1 2 3 4 1 2 3 4 1 2 3 4

Signal-to-noise: Larger is better

Hinh 4.10 D6 thj dnh hwong chinh cho ty sé S/N cia tusi bén trén Minitab®
Muc tiéu mong mudn 1a dat duoc tudi bén 16n nhit twong Gmg véi mic

ctia yéu t6 o ty sd S/N 13 16n nhat. Quan sat trén hinh 4.10 cho thay gia tri 16n
nhat cta ty s6 S/N dat dugc khi: van toc cit V. voi mie 1 (90 m/phit); luong
tién dao ring f, v6i mic 1 (0.05 mm/ring); chiu sau cat a, voi muc 1
(0.05mm) va goc nghiéng truc dao 6 véi muc 1 (15°). Po doc cua duong do
thi thé hién mirc d6 anh hudng thong sé 1a khac nhau, d6 doc cang 16n thi sy
thay d6i mirc s& anh huong 16n dén gia tri dau ra. Van toc cat anh hudng 16n
nhat dén tudi bén, tiép theo 1a luong tién dao, chiu siu cit va goc nghiéng truc
dao anh huong nho nhat dén tudi bén dung cu.

Phan tich Taguchi ciing duoc thyuc hién trén phan mém CTMSoft v6i muc
dich ddi chimg, két qua tinh toan ciing twong ty so v&i phan mém Minitab® vé

gia tri ty s6 S/N, su phan hang va muc tdi wu cua ting yéu té (hinh 4.11).
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Quy hoach thuc nghiém :'E * Mang nd-ron nhan tao [ANN] @ Phan tich di liéu CL-Data :j _ Cong cu tinh toan

3# Cauhinh % Nhap dtlieu @2 Tinhtoan | [f5 Dat lieu vao Taguchi €3 ANOVA |l D5 thi

I Mic 1 | Muic 2

A Van t6c cat m/ph 50109988 | 46.950226  43.947769 | 41971930 8138049 | 1 Al |

1
B | Ludng tién dao, mm | 47.427776 |46.417890 | 45.488195 |43.646061 3.781716 2
C| Chiéu su cat, mm | 47.202843 |46.077116 |45.646689 |44.053275  3.149568 3 C1
D| Goc nghiéng, do 46.331156 |46.414443 | 45.514000 |44.720234 1.694209 4

Phan tich Taguchi - Ty sd S/N toi uu

02
50.10%988

o0

an

fi

47.427776 47202843
46.950226 :
\ #. 45.41789 & 46077116 46.414443
4551409
6 T 45.488195 ~e___ —

o ~dc
43947769 45, 646689 46.331156

réng p
&

44720234
43.646061 LIS

Ty sé

42
41.97193%
40
A A2 A3 A4 Bl B2 B3 B4 C1 C2 C3 C4 D1 D2 D3 D4

Yeu to va muc

Hinh 4.11 Phan tich Taguchi véi tuéi bén bang phan mém CTMSoft

Budc tiép theo 14 danh gia mirc d6 anh huong cta cac yéu td can phai tinh
gia tri phuong sai hay goi la phan tich phuong sai. Phan tich phuong sai la
phuong phap thong ké dé phan tich tong quy mé bién thién cua bién sé phu
thudc thanh nhiéu phan va mdi phan dugc quy cho sy bién thién cua mot bién
giai thich c4 biét hay mot nhém céc bién giai thich. Phan con lai khong thé quy
cho bién nao duoc goi 14 su bién thién khong giai thich dugc hay phan du.
Phuong phép nay dugc dung dé kiém dinh gia thuyét nhim xac dinh xem cic
mau thu duoc co duge rat ra tur cung mat téng thé khong. Két qua kiém dinh
cho biét cac mau thu dugc cé twong quan véi nhau hay khong va sir dung
phuong phap nay dé danh gia luong anh hudéng (theo %) cua ting yéu t6 dau
vao dén dau ra ctia cac thi nghiém da tién hanh.

Str dung Mo hinh tuyén tinh tong quat (General Linear Model - GLM),
mot mo dun phan tich phuong sai ANOVA trong phan mém Minitab®, trong
d6 cac phép tinh duoc thuc hién bang cach str dung phuong phap hdi quy binh
phuong nhé nhat dé mo ta mdi quan hé théng ké giita mot hodc nhiéu yéu t6
du doan va mot bién phan hoi lién tuc. Md hinh nay hitu dung vi c6 thé xu 1y

thang do quang va dinh danh trong mo hinh.
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Két qua sau khi thuc hién phan tich phuong sai trén phan mém Minitab®
thé hién trén hinh 4.12. Ky hiéu trén bang két qua bao gébm: DF 14 s6 bac tu do,
Adj_SS 1a tong binh phuong hiéu chinh, Adj_MS 1a trung binh binh phuong
hiéu chinh, F-value & kiém dinh F va P-value 1a sai sb cho phép. Kiém dinh F
13 ty 18 bién thién giira cac s trung binh mau va su bién thién trong ndi bd cac
mau. P-value 1a viét tit cua tir probability value, 1a mot con sb xé4c suét va duoc
goi la tri s6 P. Tri sO P cang nho thi dg tin cay cua két luan cang cao va gia tri
anh hudng ctia n6 cang 16n.

Analysis of Variance

Source DF Adj 55 Adj MS F-Value P-Value
We 3101568 33856.3 332441 0.000
iz 3 24660 82200 80714  0.000
ap 3 20380 &7%3.2 867.04  0.000
Theta 3 6321 21071 20690  0.001

Error 3 31 10.2

Total 15152961

Hinh 4.12 Phdn tich phirong sai ANOVA bang phan mém Minitab®
S6 bac ty do cua cac yeu to: fy, = ff, = fap = fg = 3 (bang sO muc trur
1) va sb béc tu do tong 13 fr = 15 (bang s thi nghiém trir 1). Nhu vay bac tur
do ctia nhidu sé 13 fz = fr — (fvc +fr, o, + fg) = 3.
Tong binh phuong chung: SSt = 152961
Tong binh phuong céc yéu t thanh phan nhu sau:
SSy, =101569; SS; = 24660;
§Sq, = 20380;  SSp = 6321

SSp =SSy — (SSVC + 587, + SSq, + 559) =31

Panh gia mac d6 anh hudng (theo %) cua cac yéu td chinh va nhiéu:

_ SSy,
¢SSt

Sa
= 66.40%; P, = £ =16.12%; P, =-2=1333%;

P
v St St

Py = 22 = 4.13%, phan con lai cita nhidu 1 Py = 0.02%
T
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Tir nhiing két qua tinh toan nhu trén, néu khong ké dén tac dong 1an nhau
cua cac yéu td diéu khién thi 4nh huong cua van tdc cit 1 16n nhat, dén 66.40%,
tiép theo 1a chiéu sau cit 16.12%, luong tién dao ring 13.33% va cubi cing 13
goc nghiéng truc dao 4.13%, trong khi nhidu 1a 0.02%. Két qua phan tich
phuong sai trén phan mém CTMSoft hoan toan tring khép véi két qua tinh trén

phan mém Minitab®, chi tiét nhu trén hinh 4.13:

77| Quany duiéu Quy hoach thiic nghiém 2% + Mang nd-ron nhan tao [ANN] & Phan tich dif iéu CL-Data

3% Cauhinh 4 Nhap dirlieu @® Tinhtoan | EE D lieuvao 4 Taguchi €3 ANOVA ul DB thi
I Bac t do . Cont(ruf)utlon
| VantScodtmph | 3 101568.9125. | 33856.304167 | 3324405041  101538.360.. | 66401993 |
Ludng tién dao, mm 3 24660.102500 | 8220.034167 | 807.138614 | 24629.550000 16.121862
Chidu su cat, mm 3 20379.727500 | 6793.242500 | 667.039604 |20349.175000 13.323511
Goc nghiéng, dé 3 6321.342500 | 2107.114167 | 206.900990 | 6290.790000 4132660
Sai s6 3 30.552500 10.184167 1.000000 | 152.762500 0.019974
SSt 15 152960.6375... | 10197.375833 152960.637... | 100.000000
Trung binh 1 212.712500
Téng SS 16 876906.3600...

Hinh 4.13 Phdn tich phwong sai ANOVA bang phan mém CTMSoft

Nhu vay anh hudng ctia van tdc cat 1a 16n nhat va ndi trdi nhat véi mirc
d6 anh huong gan nhu gip 4 1an mirc anh hudng cia yéu t6 tht hai 1a luong
tién dao, diéu nay rat phu hop voi cong thirc Taylor da phan tich & muc 1.2.2.3.
Véi muc do anh hudng 16n cua toc do cat, trong thuc té gia cong can tap trung
diéu khién yéu té van tdc cét trong giai cat da 1ap s& dem lai hiéu qua rat cao.
Trong két qua tinh todn con xuét hién yéu té nhiéu, d6 1a nhimg tac dong bén
ngoai, rung dong, bién dang dan hoi ciia hé théng cong nghé, sai s6 do do lugng
mon dao. Mirc d6 anh hudng cta yéu t6 nhidu 1a nho 0.02%, tuy nhién trong
thuc té gia cong cling can phai dugc quan tam. Trong thuc nghiém nay do sd
luong cac thi nghiém khong nhiéu, dong thoi trong qua trinh thi nghiém da loai
b6 nhitng két qua bat thuong (muc 4.1.4.2) do d6 mirc d6 anh hudng cia yéu
t6 nhiu dén két qua dau ra 1a khong cao.

Ngoai ra, thong s6 P-value (Probability value) cho biét xac sut cua dir

liéu, hodc co thé goi 13 sai sb cho phép. Tri sd P cang nho thi do tin cay cua két
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luan cang cao va gia tri anh hudng ctia né cang 16n. Khi P-value nhé hon mirc
¥y nghia (thuong 13 0.05) thi nén tip trung danh gia vao cac thong sb do. Trong
két qua trén hinh 4.12, thay rang tit ca cac thong s6 dau vao déu c6 gia tri do
tin cdy (p <5%) can duoc vu tién xem xét danh gia.

Céc phuong phap tdi uu tudi bén dung cy truyén théng bang cach diéu
chinh céc théng sd ché do cat dd dugc rat nhidu nghién ctru trong qua khir khai
thac dén gidi han cta su toi uu, nén sé rat kho khan dé tiép tuc hudng phat trién
theo cach tiép can nay. Tuy nhién, qua phan tich nhiing ndi dung ctia chuong
3, lién quan dén goc nghiéng truc dao di goi mé mot giai phap nang cao tudi
bén kha thi nhat phuong phap dich doan ludi cat 1am viéc. Van dé nay s& dugc
tiép tuc nghién ctru va chimg minh bang thi nghiém kiém ching s& dé cap o
phan sau ctia luan an. Ngoai tudi bén dung cu thi can phai danh gia thém anh
huong cac thong s6 ché do cat dén chat luong bé mit thong qua gia trj nham bé
mit, 14 mot chi tiéu quan trong ddi véi san pham khi gia cdng tinh. Nang suat
gia cong ciing 13 mot yéu td dang quan tdm, lién quan dén van dé loi ich kinh

té, thoi gian chay may, tinh canh tranh trong hoat dong san XUAt.

4.2.2. Anh hwéng ché do cit dén chit lwong bé mit va ning suit gia cong

Cac budc phan tich dugc thuc hién tuwong tu nhu trinh bay tai muc 4.2.1
“Anh hudng cta ché do cat d¢én tudi bén”, nén sé& khong dién giai chi tiét cac
buéc tinh trung gian ma chi néu két qua phan tich cudi cung.

Gi4 tri nham bé mat nho thi tot hon nén chon danh gia “cang nho cang tot”
cho phan tich Taguchi. Trén hinh 4.14 thé hién bang dap tng ty s S/N cua gia
tri nham bé mét, xép hang cho thay yéu to chicu sdu cét a,, c6 mirc dnh hudng
16n nhét, tiép theo 1a van tdc cit V., goc nghiéng truc dao 6 va cudi cung la
luong tién dao f, it anh hudng nhat. T gié tri ty s6 S/N riéng timg yéu to ciing
thé hién mutrc d6 anh hudng c6 loi nhat dén gia tri nham bé mat 1a: van tdc cat
V. tai mac 4 (180 m/phut); luong tién dao ring f, tai mic 2 (0.1 mm/ring);

chiéu sau ct ay, tai mire 1 (0.05mm) va goéc nghiéng truc dao 6 tai mire 1 (159).
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Response Table for Signal to Noise Ratios

Smaller is better

Level Ve fz ap Theta
1 -0.7669 1.6132 3.2383 2.4633
2 0.5046 1.8598 2.0794 0.9875
3 1.7980 0.7730 0.6396 0.4167
4 3.0127 0.2024 -1.4078 0.6819
Delta 3.7806 1.5564 4.6461 2.0466
Rank 2 4 1 3

Hinh 4.14 Bdng ddp ing ty sé S/N cua gia tri nham bé mat
G6c nghiéng truc dao, cling nhu luong tién dao va chiéu sau cét 1a cac
thong s anh huong ngugc chidu dén chat luong bé mit gia cong. Goc nghiéng
trong khoang toi uu 1 15° + 25° d¢ tranh cit tai dinh ma van dam bao do ciing
viing cuia dung cy, gia tri goc nghiéng 16n thi anh hudng cta lyc hudng kinh
16n 1am dung cy mat 6n dinh va d& bién dang [13]. Van téc cét thi c6 anh hudng
nguoc lai 1a cung chiéu: van toc cét 16n thi cang cai thién chét luong bé mat vi
lam giam gia tri sai 1éch trung binh (dinh nhap nho) ctia bé mit sau gia cong.
Phuong phap phan tich phuong sai ANOVA sé phan tich mic d6 anh
huong ciia cac yéu td dén gia tri nham bé mat chi tiét sau gia cong nhu sau:
Tong binh phuong chung: SSt = 1.22
Téng binh phuong cac thanh phan:
SSy, = 0.3999; S§¢ = 0.1109;
SSa, = 0.5987; 5S¢ = 0.1069

SSg =SSt — (SSy, + SS¢, + SS,, + SSg) = 0.0036

Danh gia mic d§ anh hudng (theo %) ctia cac yéu to chinh va nhicu:

Sa
P, =Y =3277%:; P =-2=0909%: P, =-2=49.07%:
c SSt Z St p St
Py = 22 = 8.80%, con lai 1a Py = 0.27%
T

Mirc ¢ anh huong ciia chidu siu cat lai ndi troi nhat (khoang 49.07%) va
tiép theo 1a van tc cat (khoang 32.77%). Cac yéu tb con lai ciing c6 anh hudng
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dén nham bé mit nhung khong dang ké, rd rang két qua phan tich ciing rat dung
v6i cong b trong nghién ctru ctia Quintana [70].

Niang suit dugc danh gia qua dai luong toe d6 boc tach vat liéu MRR, vi
vay lwa chon danh gid “cang 16n cang tot” cho phén tich Taguchi. Phdn mém
Minitab® tinh toan ty s6 S/N va xép hang mirc d6 anh hudng cia cac thong sd
dugc thé hién trong hinh 4.15. Luong tién dao rang f, 1a dai luong c6 anh hudng
16n nhét, sau d6 1a chiéu sau cit ap, goc nghiéng dao 6 va van toc cat V. 1a

nhitng yéu t6 anh hudng it nhat dén tdc do boc tach vat lidu [66].

Response Table for Signal to Noise Ratios

Larger is better

Level Vc fz ap Theta
1 29.73 26.05 26.21 36.51
2 32.06 30.85 31.85 32.96
3 33.47 34.99 34,96 31.20
4 34.84 38.21 37.08 2943
Delta 5.12 1216 10.866 7.09
Rank 4 1 2 3

Hinh 4.15 Bdng ddp 1ing ty sé SIN cua toc dg boc tach vt liéu

Quy luét chung ctia ba thong sé V,, f, va ap, la: gid tri ctia ba thong sd cang
16n thi cang co loi cho tdc dd boc tach vat liéu MRR. Diéu nay ciing rat phu
hop vé6i cong thire (1.12) x4c dinh tdc d6 boc tach vat liéu MRR theo 1y thuyét.
Cong thtc (1.12) cho thiy tbc do boc tach vat lidu MRR phu thudc vao dai
luong chiéu sau cat ap va tdc do tién dao f, trong khi f lai phu thudc vao véan
tdc cat V. va luong tién dao rang f, (theo (4.2)). Goc nghiéng truc dao 6 khong
xudt hién trong cong thirc (1.12) nén c6 thé néi su anh huong cua goc nghiéng
d6i véi toe do boc tach vat lisu MRR 1a khong dang ke.

Phuong phap ANOVA phan tich mirc d6 anh hudng cia cac yéu té dén
tdc d6 boc tach vat liéu nhu sau:

Tong binh phuong chung: SSt = 26554.7

Téng binh phuong cac thanh phan:

SSy, = 2017.5;  SS¢ = 9423.1;
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SS, =6499.3; SSg = 8464.9;

ap
SSg =SSt — (SSy, + SS¢, + SS,, + SSg ) = 149.9

Danh gid mrc d¢ anh hudng (theo %) cta cac yéu to chinh va nhiéu:

_ SSy,
¢SSy

Sa
=7.60%; B, =% =35.48%; P, =-2=2447%;

- St St

Py

P, = :—9 = 31.88%, con lai 14 Pz = 0.57%

T

Két qua phan tich phuong sai lam sang to hon vé murc d6 anh hudng cua
luong tién dao rang f, dén toc do boc tach vat lidu MRR 1a 16n nhét 35.48%.
Két qua phan tich trén rat pht hop véi hoat dong gia cong tinh trén may CNC,
gia trj chiéu sau cat ap thuong ludn duy tri on dinh, khi tang luong tién dao thi
thoi gian di hét cac duong chay dao gia cong duoc rat ngin. Diéu khién cac ché
dd cat nham dat nang suét cao nhat 1a can thiét, nhung phai xem xét sy anh
huéng dén cac yéu té dau ra khac nhu nham bé mat, tudi bén dung cu... dé dam
bao yéu cau k¥ thuat.

4.2.3. Du doan tudi bén dung cu sir dung mang no-ron nhén tao

Hién nay, ing dung tri tué nhan tao dang 13 van dé rat duoc quan tam dic
biét trong cudc cach mang cong nghi¢p 4.0. Tri tu¢ nhan tao duoc st dung trong
nhiéu linh vuc nhu: kinh doanh, y hoc, van tai, san xuét, dich vu, gido duc... va
trong linh vuc ki thuat phd bién nhat 1 bai toan vé dy doan.

Thuc té d3 c6 cic bd thu vién ma nguén mo cung cép cac thuat toan, thu
vién lap trinh API, cac bo cong cu phat trién va tai liéu hudng dan cho nhiing
nguoi khong chuyén c6 thé sir dung duoc dé dang. Tuy nhién dé dam bao tinh
khach quan va tin cay cho két qua du doan, can st dung cac phan mém chuyén
dung duoc thuwong mai hdéa nhu Matlab® [11], Visual Gene Developer,
WinNN32... Phan mém Visual Gene Developer (goi tat 1 Visual Gene) duogc
giao su Hofacker tai University of Vienna khoi dau va sau nay Sang Kyu Jung
[44] phat trién va cung cdp mién phi cho cong ddng 1am nghién ctru khoa hoc.

Phan mém khéng chi chuyén vé linh vuc thiét ké di truyén, phan tich va t6i uu
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hoéa ma con thém cong cu du doan mRNA va dg doan mang no-ron nhan tao

v6i giao dién than thién va dé tiép can st dung (hinh 4.16).

122 Neural Network Configuration
(27 Open Network [ Save )J Training Set )J Validation J.J Prediction = 1 Normalize /" Regression |3 Network sa® Prediction map
Topology setting Training setting
Parameter Value Parameter Value
Number of input variables 2 Learning rate 0.01
Number of output variables 1 Momentum coefficient 0.1
Number of hidden layer 1 Transfer function Hyperbolic tangent
Node # of 1st hidden layer 10 Maximum # of training cycle 10000
Node # of 2nd hidden layer | Not available Target Error 0.00001
Node & of 3rd hidden layer Not available Initialization method of threshold Random
Node # of 4th hidden layer Not available Initialization method of weight factor Random
Node # of 5th hidden layer Not available Analysis update interval (cycles) 500

Training status

Parameter Value

Sum of error
Avg error per output per dataset
Started on

Processing time (Sec)

b Starttraining | b Conitnue training | | 3 Recall and Validate ‘ #x  Predict

Hinh 4.16 Giao dién mang no-ron cia phan mém Visual Gene Developer

Céc thong s6 diéu khién trong cac thi nghiém (toc do cit, luong tién dao,
chiéu sdu cit va goc nghiéng truc dao) 1am cac yéu té dau vao, tudi bén dung
cu |a dau ra cuia mang no-ron. S6 luong dit lidu cho viéc huan luyén mang no-
ron nhan tao khong gi6i han sb lugng, cang nhiéu bo dit liéu huan luyén thi kha
ning du doan ciia mang cang sat voi ham truyén thyc té. Tuy nhién khong thé
thuc hién nhiéu thi nghiém xéac dinh tudi bén dung cu Vi rat ton kém kinh phi
va thoi gian. Mit khac, myc tiéu nghién ctru 1 mudn ching minh mot cach tiép
can mdi su dung phuong phéap dich doan ludi cat lam viéc trén dao phay cau,
nén sau khi khang dinh duoc hudng tiép can 1a dung din thi c6 thé bd sung dir
liéu huan luyén trong tuong lai.

Phan chia céc tap dit liéu cho huan luyén (training), tham dinh (validation)
va kiém tra (test) bang nhiéu phuong phap: Hold-out, Train-Validation-Test
Split hodc Cross Validation [24] [29] [39]. Néu luong dit liéu 16n, co thé chon

cach phén chia dit liéu: 60% dung huan luyén (training), 20% st dung x4ac nhan
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(validation) va 20% con lai ding kiém tra (test) [76]. Néu s6 luong dir liéu it
thi st dung phuong phap Hold-out phan chia dir li¢u thanh hai tap ddc 1ap: tap
huin luyén va tap kiém tra. Hién tai, vi 28 thi nghiém da duogc thuc hién co
thé phan chia: 85% (24 thi nghiém) dung huén luyén (training) va 15% con lai
(4 thi nghiém) dung tham dinh (validation) [7]. Viéc phan chia nhu trén dam
bao “qua trinh huin luyén va danh gia hoan toan doc 14p voi nhau va dit licu
dugce dung dé kiém thir mé hinh phai khéng dugc nhin thiy lic huan luyén”,
diéu nay bao chimg cong bang cho qua trinh danh gia mot cach khach quan.

Huén luyén mang vé ban chat chinh 1a qua trinh hiéu chinh trong s lién
két gitta cac noron, sao cho gia tri ham 15i 1 nho nhat. Budc dau tién can phai
xéc dinh cau tric mang gom: s 16p an, s6 no-ron trong 16p an, loai ham truyén
va céac chi s6 ctia ham truyén. Viéc chon cau tric mang toi wu khong don gian
ma phai thuc hién chon thir nhiéu 1an dé c6 cu tric mang tot nhat. Panh gia
thong qua gia tri cao nhat ctia hé s6 hoi quy R? hoic sai s6 phan trdm tuyét doi
trung binh (MAPE) nho nhat.

Ao —am- T

Qam~0-ae-T1

7 Neural network - Regression analysis @ 2 Neural network - Regression analysis @
Category Variable Regr coeff (r°2) Slope y-intercept Category Variable Regr coeff (r"2) Slope y-intercept
09986982 09952485 | 0005405381 Training | Out1 09386082 09952485 | 0005405381
Validation | Out 1 0.9868343 1.085882 |-0.02550695 0.9868343 1.085882 |-0.02550695
1 =3 Copytable 1 =3 Copy table
43 Copyimage 23 Copyimage

-1 Actual 1 -1 Actual 1

Hinh 4.17 Cura 6 gidm sét tién trinh hudn luyén phan mém Visual Gene
Hinh 4.17 thé hién cira s6 kiém tra hé sé hdi quy R? sau khoang 150,000
1an 1ap hudn luyén mang trén phan mém Visual Gene. Trén cira s6 thé hién hai

gia tri hé s6 hoi quy R? cho tap dit liéu hudn luyén 13 0.9986982 va cho tap dit
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liéu kiém tra 12 0.9868343. D4 thi thé hién nhitng diém phan bd cang gan duong
chéo y = x thi gia tri du doan rat gan voi gia tri thuc té. Trong khi huén luyén,
can phai gidm st hai gia tri R? nay sao cho ludn dong bién va tiém can dén 1.
Ly tudng nhat 1a khi R?=1, ttrc dau ra du doan dung bang dau ra thyc té.
Tuong tu, trén phin mém CTMSoft ciing thuc hién qué trinh huan luyén
mang no-ron nhan tao véi bo thong s6 huin luyén va kiém tra cling giéng nhu
trén phan mém Visual Gene, hinh 4.18 thé hién ctra s6 tién trinh huan luyén
mang trén phan mém CTMSoft. Do sir dung thuat toan huan luyén khac nhau
nén giao dién ctra s6 ciing khac so voi phan mém Visual Gene. Diéu kién dimg
huan luyén 13 gi6i han s6 lan ldp hodc gi6i han sai s6 huan luyén tuy diéu kién
nao dén trude. Sau hon 38.000 lan lip trong huan luyén di dat dugc sai s6 huan
luyén <107 d3 théa min diéu kién gi61 han. Trén cura ) giam sat tién trinh, c6
thé quan sat duoc cac gia tri téng sai s6 huan luyén, sai ) tuyét ddi trung binh

va sai sO binh phuong trung binh, dung dé dénh gia chat lugng huan luyén.

S6 noron déu vao
S6 noron Idp &n #1
S6 noron Idp &n #2
S6 noron Idp &n #3
Learning rate (0.00001 - 1.0) 0.01
Momentum (0.0 - 0.5)
Sigmoid's Alpha (0.001 -
S6& mau huan luyén

N w e
S6 mau kiém tra

Gidi han [an lap 10000
Gidi han sai s6 hudn luyén 1E-0
S6 lap hién tai 38415
Sai s6 huén luyén 0.00001

Sai s6 kiém tra 327168
Sai s6 du doan 0.00000

I Traine

(%] < —
allellallo G| S AN o ||~

Hinh 4.18 Cura 6 gidm sét tién trinh hudn luyén phan mém CTMSoft
Sau khi huan luyén két thuc, gia tri sai léch cua bo dit liéu huan luyén
(training) va kiém tra (test) ctia phan mém Visual Gene trinh bay trong phu luc

5 trang 138, cua phan mém CTMSoft trinh bay trong phu luc 6 trang 139. Theo
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[63], ba tiéu chi danh gia tinh cua chinh x4c cong cu du doan 1a: sai s6 tuyét ddi
trung binh — MAE, sai sb toan phuong trung binh — MSE va sai s phan tram tuyét
d6i trung binh - MAPE. C4 ba tiéu chi MAE, MSE va MAPE c6 dic tinh va cong
nang nhu nhau va thudng cho cung két qua khi déanh gia. Tuy nhién khi cac gia
tri sai sb gén déu nhau thi nén chon tiéu chi MSE dé danh gia. Nguoc lai néu
gia tri sai s6 qua khac biét thi nén chon tiéu chi MAE. Tiéu chi MAPE gilp
danh gia sai s6 mot cach twong dbi, nén khi danh gia sai s6 du bao vé6i nhimg
b6 s6 liéu khac nhau thi nén st dung tiéu chi MAPE.

Bang 4.11 DBdnh gid sai sé dw dodn ciia phan mém Visual Gene va CTMSoft

i g .z , Phan mém Phan mém

Ti€u chi danh gia sai s0 du doan Visual Gene CTMSoft
Sai s6 tuyét ddi trung binh - MAE 4.9538 5.1425
Sai s6 toan phuong trung binh - MSE 64.0491 193.8924
Sai s6 phan tram tuyét ddi trung binh - MAPE 0.0260 0.0266

Tir bang 4.11, theo tiéu chi MAE thi sai s6 tuyét d6i trung binh dy doan
cia phan mém Visual Gene l1a 4.9538 gan véi gia tri 5.1425 ctia phan mém
CTMSoft. Khi tinh sai s6 tuyét ddi trung binh khong tinh trong sb ctia cac quan
sat va cho cac quan sat mot trong s6 nhur nhau. Con theo tiéu chi MSE cac sai
s6 16m thi co trong s6 16n (trong sb chinh 12 gia tri sai s6), sai s6 nho thi co trong
s6 nho vi thé c6 sy khac nhau ciia hai gia tri MSE giira hai phan mém. Visual
Gene cho két qua du doan c6 sai 1éch nho va phan bb déu, trong khi phan mém
CTMSoft c6 sai léch gié tri trong bd huan luyén rat nho, nhung bo kiém tra thi
lai c6 sai 1éch 16n. Nguyén nhan do c6 su khéac nhau trong ciu trac mang, loai
ham truyén ciing nhu thuat toan hudn luyén.

Mang no-ron nhan tao sau huén luyén c6 thé lwu trit va c6 kha nang phuc
hdi tinh toan vé sau. Thong tin luu trir gdm cAu tric mang va gid tri trong sd
ctia tlrng no-ron, ¢ thé sir dung cho cac 1an du doan tiép theo. Trong tuong lai,
ngudi sir dung c6 thé tiép tuc bo sung dit liéu dé huan luyén tiép tuc cho mang

ma khong can phai thuc hién huén luyén lai tu dau.
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4.3. Kiém chirng giai phap ning cao tudi bén dao phay ciu
4.3.1. Dich doan lu®i cit lam viéc khi gia cong cic mit phang nghiéng
4.3.1.1. Lwa chon mé hinh gia céng kiém ching

Sau khi thuc hién mot loat thi nghiém nghién ctru anh hudng ctia cac théng
s6 cong nghé dén tudi bén dao phay ciu, sir dung phuong phap phan tich
Taguchi két hop phan tich phuong sai dé xac dinh mic t6i vu va mac d6 anh
hudng ctia mdi tham s6 dén tudi bén. Xay dyng cong cu dua trén nén tang tri
tu€ nhan tao 1a mang no-ron nhan tao nham du doan gia tri tudi bén ung voi bo
ché d6 cat bat ky. Tuy nhién muc tiéu cudi cuing 13 tng dung phuong phap dich
doan ludi cat lam viéc (tai muc 3.2) dé khai thac triét dé hiéu qua lam vi¢c cua
toan bo ludi cit dao phay cau. Chting minh tinh dung dn 1y thuyét thi can phai

thuc hién thi nghiém gia cong trén mau that dé két luan mot cach khach guan.

(c) (d)

Hinh 4.19 Cac m6 hinh gia cdng trén mgt nghiéng khac nhau
Dic diém cua dao phay cau 1a c6 thé gia cong cac bé mit c6 dd nghiéng
khac nhau (c6 thé tir 0° dén 90°) nén c6 rat nhiéu mé hinh gia céng phi hop

cho kiém chimg. Tac gia Wojciechowski [95] dua ra mo hinh gia cong véi ba
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mitc goc nghiéng dao khac nhau trén may CNC 3 truc, nhung vi han ché s6 bac
tu do mdy gia cong nén phdi duoc thiét ké véi 3 muc 46 goc nghiéng truc dao
khac nhau (hinh 4.19-a). T4c gia Shajari Shaghayegh [78] da thiét ké va phan
tich cac thi nghiém bang phuong phap Taguchi va phan tich phuong sai dé khao
sat anh hudng ctuia duong chay dao ddi véi lue cat, 30 nham bé mit va nang
suit gia cong nham tim ra khoang gia tri toi wu. Bién dang mau gia cong c6 bé
mit cong 16i, vat liéu bang thép khong gi 1.4903 (hinh 4.19-b). Téac gia Azeem
[19] dé xuat chi tiét gia cong bao gdm 4 bac nghiéng khac nhau (£10° va +40°)
theo hai kiéu tién dao di 1én (upward) va di xudng (downward) (hinh 4.19-c).
Mirc d6 goc nghiéng thay doi trong mé hinh rat rong tir 0° dén 70° véi nhiéu
kiéu dinh hudng nghiéng truc dao. Tac gia Fan [36] thyc hién thi nghiém gia
cong bang dao cau trén bé mit tu do dé khao sat anh hudng van tdc cat d6i voi
chat lwong bé mit trén trung tdm gia cong CNC ba truc Hermle C600U (hinh
4.19-d). Bé mit thiét ké 1a bé mit song tao bdi cac manh Bezier, duoc hinh
thanh trén phép truot cia duong cong Bezier. Bé mit nay co tinh tong quat nhat

boi vi bé mat day du mat 161, mat 10m va cac vi tri chuyén ti€p dudng cong.

T

Hinh 4.20 Hinh dgang chi tiét dung cho gia céng kiém ching
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M3 hinh cét trong hinh 4.19-a dugc tham khao dé 1én phwong an gia cong
kiém chimg vi: don gian trong chuan bi thi nghiém, chi tiét gia céng c6 do cliing
vitng cao tranh anh huéng cac yéu t6 nhiéu dén két qua thi nghiém va dé dang
lap goc nghiéng thay doi trén may trén may CNC 5 truc. Cac thi nghiém da
thuc hién tai muc 4.1 chi méi khéo sat cac doan ludi cit lam viéc riéng biét,
nhung thuc té trong gia cong thi cac doan ludi cat lam viée c6 thé chong lan
nhau do bién dang phuc tap ctia bé mat gia cong (thudng 13 mat tu do) va sd
bac tu do han ché trén may CNC ba truc. Vi vay trong thi nghiém kiém chirng
nay can lua chon chi tiét c6 hinh dang gan gidng thuc té vdi cac mat nghiéng
c6 goc khong cach déu nhau.

Chi tiét gia cong kiém ching dugc dé xuat nhu hinh 4.20, voi 4 goc
nghiéng khong cach déu, tao vi mit phang ngang goc nghiéng 15.0°, 20.0°,
50.0° va 60.0°. Pham vi goc nghiéng thay do6i tir 15° dén 60° voi ché do cat
cling trong murc gi¢i han nhu c&c thi nghiém da tién hanh trong muc 4.1. Ly do
C4C gid tri cac thong s6 thi nghiém khong qua mirc gidi han dir liéu huan luyén
clia mang no-ron nhan tao, s€ khong dam bao chic chin do chinh xac du doan
cia mang. Voi muc tiéu dat tudi bén 16n nhat, theo 4.2.1 thi gia tri cua thong
sb ché do cét cang nho s€ dat tudi bén dung cu cang lén. Do do, ché do cat dé

xuat cho gia cong thi nghiém kiém chimg dugc Iya chon nhu sau:

- Van tbc cit: V. = 90 m/pht,

- Luong tién dao rang: f, = 0.05 mm/ring,

- Chiéu sau cit: a, = 0.2 mm.

- Go6c nghiéng: 15.0°, 20.0°, 50.0° va 60.0°

4.3.1.2. Xay dung chwong trinh gia cong kiém chirng

Nhiém vu cuta thi nghiém kiém chimg s& so sanh gia tri tudi bén giira hai
phuong phap gia cdng: Gia cdng theo phuwong phép truyén théng trén may CNC
3 truc va ap dung phuong phap dich doan ludi cat lam viéc trén may CNC 5

tryc. T cong thie tinh (3.1), hinh chiéu cac dai cat lam viéc trén truc Z cia
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dao duoc tinh va biéu dién trén d6 thi nhu hinh 4.21. Khi gia cong theo phuong
phap truyén théng trén may CNC ba truc, dao phay cau khong thay ddi dugc
g6c nghiéng nén céac doan ludi cat lam viée (mau xanh) c6 su chong 1an nhau
(hai mat nghiéng lién ké 15.0° va 20.0°, 50.0°va 60.0°), hodc c6 doan ludi cit
khong tham gia cit. Nguoc lai, khi tinh toan va phan bd lai cac doan ludi cat
lam viéc tai goc nghiéng lan lugt 14 15.0°, 31.3°, 47.5%a 64° thi gan nhu toan

b ludi cit trén phan chom cau cua dao phay cau tham gia cat.

Cao do theo truc Z (mm)

0O 5 10 15 20 25 30 35 40 45 50 55 60 65 70
Goc nghieng truc dao (do)
Hinh 4.21 Phan bé dai cat 1am viéc ACB trong thi nghiém kiém chiing
Dua trén biéu do phéan bo dai cat lam viéc ACB chiéu trén truc dao phay
(hinh 4.21) x4y dung hai chuong trinh gia cdng NC cho thi nghiém kiém chimg:
M@ hinh gia cdng 1: Cac thong sb ché d6 cit nhu da chon (muc 4.3.1.1)
va hudng truc dao ludn hudng 1én trén (song song vdi truc Z). Pay la phuong
phap gia cong pho bién Vi rat thuan tién trong lap trinh chuong trinh NC va phu
hop v&i cac may CNC 3 truc phd bién. Chuong trinh gia cong NC dugce tao
bang phan mém NX hoic bat ky phan mém CAM khac bsi vi khong can sir
dung chirc ning dic biét. Hinh 4.22 thé hién dudng quy dao chay dao, véi dinh

huéng nghiéng ngang — di 1én giéng thi nghiém di tién hanh & muc 4.1.4.
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Hinh 4.22 Puwong chay dao gia cong khi géc nghiéng dao khéng doi

Mb hinh gia cong 2: Bé dam bao cac doan ludi cit 1am viéc khong chong
14n thi gia tri cac goc nghiéng lan luot 14 15.0°, 31.3°, 47.5%4 64°. St dung
chtrc nang “Tilt Tool Axis” trén phﬁn mém NX, ¢ thé chu dong dat goc truc
dao so v6i bé mit gia cong véi gia tri goc dan (lead angle) va goc lat (tilt angle)
bat ky so v6i mot véc to chuan. Chirc ning nay rét hitu ich trong viéc diéu chinh
goc truc dao dé tranh va cham bau kep (tool holder) khi gia cong nhiing chi tiét
c6 nhiéu bé mit thang ding thuong gip trong khudén mau. Bang cach cha dong
dat goc nghiéng truc dao theo cac murc da chon, duong chay dao ciia mé hinh

gia cong s6 2 duoc thé hién nhu trén hinh 4.23.

YT

==ETIS
_Z=Z2225%

iy i
.
e

Hinh 4.23 Puwong chay dao ding phuwong phdp dich doan luéi cdt 1am viéc
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Hai thi nghiém gia cong kiém chimg dugc thuc hién voi clng diéu kién
thi nghiém nhu da tién hanh trong muc 4.1.4. Chup anh lugng mon mat sau
duogc thyc hién sau mdi 10 dudng chay dao ngang (twong tmg 1.6m). Piéu kién
dirng gia cong khi kiém tra anh chup vét mon ¢ lugng mon mit sau 16n hon
gidi han 0.3mm. Hinh 4.24 thé hién anh chup vét mon ludi cat trong hai thi
nghiém kiém chimg. Hinh anh vét mon ludi cat trong hai mé hinh gia cong c6
su phan bd mon gidng su phan bd cia dai cit lam viéc nhu trén hinh 4.21.

Hinh 4.24 Vét mon trén lusi cat trong hai mo hinh thi nghiém kiém ching

Dbi v6i mo hinh gia cong sb 1: dang theo quy luat, khi cac ludi cat lam
viéc ¢co su chéng 14n s& gdy mon cuc bo tai vi tri d6 dan dén tudi bén cua dao
thi nghiém chi dat chiéu dai cat 920.8m. Mon khoc liét nhét tai vi tri Gmg voi
g6c nghiéng 60° boi vi gia tri van tdc cat tai day 1on nhat (dudng kinh cét hiéu
dung 16n nhat). i véi mé hinh gia cong sb 2: sy phan bd vét mon tuwong d6i
ddng déu trén ludi cit, tudi bén ctia dao thi nghiém da duoc cai thién dang ké
va dat chiéu dai cit 1356.8m, vét mon phéan b dong déu hon trén ludi cat.

Tur luong dich dao ngang a, = 0.3mm Va chiéu rong phoi gia cong la
160mm, dé gia cong hét mot 16p mat phoi 1a 85.3m. Vay sb 16p mit phoi duoc
gia cdng trong mo hinh gia céng 1 la:

920.8
Ny = —— = 10. 4.4
@ =53 ~10F (4.4)
S6 16p mit phoi dugce gia cong trong md hinh gia cong 2 la:
1356.8

N(z) = 35 3 ~ 15.9 (45)
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Két qua tinh todn sd 16p mit phoi duoc gia cong tir cong thirc (4.4) va
(4.5), bang cach ap dung phuong phap dich doan ludi cat 1am viéc cho thay tudi
bén ctia mo hinh gia céng 2 cai thién mot cach rd rang, chiéu dai cit cua dao
phay cau ting 1356.8/920.8 ~ 1.5 lan so v6i md hinh gia cong 1.

Gia tri sai 1éch trung binh Ra ctia bé mit sau gia cong tng voi mit nghiéng
khac nhau dugc cho trong bang 4.12 dudi day:

Bdng 4.12 Gid tri sai léch trung binh tai mdt phang nghiéng khac nhau

STT Mat nghiéng Sai 1€ch trung binh Ra (um)
(do) M0 hinh gia cong 1 MO0 hinh gia cbng 2
1 159 1.45 1.41
2 20° 1.49 1.43
3 50° 1.57 1.52
4 60° 1.66 1.63

Trong hai thi nghiém trén chi thong sd goc nghiéng truc dao thay d6i nén
1a thong s6 anh hudng duy nhat dén nham bé mit. Luong thay d6i sai léch trung
binh Ra trong mdi thi nghiém chi khoang 0.2 um, cho thay su anh hudng cia
g6c nghiéng dén nham bé mat 1a khdng 16n, diéu nay kha phu hop v6i phén tich
trén co s& 1y thuyét nhu trinh bay tai muc 4.2.2 (trang 98).

Nhu vay, bang cach ap dung phuong phap dich chuyén ludi cit lam viéc
c6 thé tang tudi bén dung cu nhung van duy tri chat luong bé mit gia céng dam
bao theo yéu cau. Viéc ap dung phuong phap méi nay khong can thay doi trang
bi cong nghé ma chi can thay d6i chuong trinh gia cong NC, cho thdy huéng
tiép can ndy hoan toan c6 tuong lai 4p dung trong thuc té san xuat.
4.3.1.3. Du do4n chiéu dai cit 16n nhét bing mang no-ron nhin tao

Cong cu dy doan bang mang no-ron nhén tao d tao & muc 4.2.3 cho phép
du doan gia tri tudi bén ing vaéi ché do cat bat ky, khong nhat thiét phai triung
v6i ché d6 cat da thi nghiém va phai nam trong khong gian gia tri thi nghiém.
Sai s6 du doan danh gia boi 3 tiéu chi dugc thé hién trong bang 4.11 (trang 105)
cho thdy bo cong cu dy doan van ¢ sai s6 dang ké. Nguyén nhan 1a do dir liéu
huén luyén hién tai c6 s6 luong con it, nhung c6 thé cai thién kha nang du doan

bang cach bd sung thém dir liéu huan luyén véi cau trac mang dugc luu trit.
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Trong mo hinh gia cong 2, mac du da ap dung phuong phap dich doan
ludi cit lam viée dé nang cao tudi bén, nhung khi lugng mon mat sau dat gia
tri gigi han VB = 0.3mm thi con dai cat 1am viéc khac van chua dat chiéu dai
cit cho phép 16n nhat (MACL), tirc 13 vi tri ludi cit d6 chua hét tudi bén. Tuy
nhién, khong thé xac dinh chiéu dai cit cho phép 16n nhat cta tat ca cac dai cit
lam viéc trén ludi dao. Do d6, sir dung céng cu du doan da tao & muc 4.2.3 cé
thé dy doan chiéu dai cat cho phép 16n nhét voi bat ky ché do cat nao (két qua
du doan trinh bay trong phu luc 7, trang 140). Bang 4.13 thé hién céc gia tri du
doan chiéu dai cit cho phép 16n nhat tmg v6i thong sé ché do cat cua thi nghiém

kiém chung ctia md hinh gia cong 2.

Bang 4.13 Chiéu dai cdt cho phép 16n nhat MACL duoc di dodn bang ANN

Poan ludi cat lam viéc ACS Goc 0 (do) MACL (m)
1 15.0° 386.1
2 31.3° 373.2
3 47 .5° 352.9
4 64.0° 327.9
Tong chiéu dai cit cho phép 16n nhat (m) 1440.1

Theo bang 4.13, tong gia tri chiéu dai cat cho phép 16n nhat MACL cia
bdn gia tri goc nghiéng duoc du doan bang mang no-ron nhan tao 1a 1440.1 m,
tirc da st dung triét dé kha nang cit ctia bon doan ludi cit 1am viéc cho dén hét
tudi bén, trong khi gia tri tudi bén thuc té tir thi nghiém la 1356.8 m. Bai vi gia
cong thi nghiém s& cat 1an luot cac goc nghiéng va dimg gia cong khi luong
mon mit sau ludi cit dat gi61 han tai vi tri nao do, trong cac doan ludi cat con
lai van chua hét tudi bén. Nhu vay néu st dung mang no-ron nhan tao dy doan
chiéu dai cat cho phép 16n nhét nham st dung luo1 cat lam viéc dén gi61 han
mon cho phép thi chiéu dai cat ting thém 83.3m.

Bang cach phan b dai cat lam viéc déu trén toan bo ludi cat ciia dao phay
cau thi tudi bén s& dugc nang cao mot cach triét dé. Nhung thuc té khong don
gian ap dung cach thire trén, bai vi bé mit gia cong ludn 1a dang tu do khong
phai dang phang 1y tuong nhu trong thi nghiém kiém chtmg. Diéu d6 lam cho
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viéc ap dung phuong phép dich doan ludi cat lam viéc tré nén khé khan. Tuy
nhién, ngay nay nho cac phan mém CAD-CAM manh mé va linh hoat trong tao
cac chuong trinh gia cdng NC, nhitng kho khin trén c6 thé dé dang duoc xir 1.
4.3.2. Dich doan ludi cit 1am viéc khi gia cong bé mit tw do
4.3.2.1. Xay dung md hinh bé miit gia cong thir nghi¢m

Trong mot nghién ctru cia tac gia Diciuc [32] thuc hién thi nghiém gia
cong st dung dao phay cau lubn duy tri mot goc nghiéng truc dao c¢d dinh, da
dat sy cai thién dang ké vé chat lugng bé mit gia cong, tiét dién (profile) ciing
nhu nham bé mit dugc nang cao. Pbi voi nhitng bé mit tuw do, hdng SIEMENS
bd sung chirc ning méi trong phan mém NX 11 d c6 thé kha ning kiém soat
truc dao phay ddi véi bé mit gia cong, tly chon duy tri goc nghiéng c¢b dinh
hoic goc nghiéng thay d6i theo mot quy luat bién thién nao d6 (hinh 4.25).

SIEMENS

Hinh 4.25 Chirc nang diéu chinh truc dao phay trén phan mém NX
Chi voi muc dich xdy dung mo hinh chi tiét gia cong c6 dang bé mit ty

do cho thi nghiém kiém chimg thi ¢6 rat nhiéu mé hinh dién hinh c6 thé tham
khao tir cac thu vién chia sé tryc tuyén. Vi sy hd tro ciia phan mém NX, md
hinh bé mit tu do da dugc x4y dung ciing véi cac thong so kich thude nhu hinh
4.26. Chi v6i muc dich kiém ching va khong 1am phtic tap van dé, mat cong
duoc hinh thanh trén co s& duong cong Bézier bac ba c6 dd cong vira phai,
khoang céach dinh-dinh 1a 30mm, nham tranh va cham (collision) dao hoac bau

kep vai phoi gia cong khi goc nghiéng truc dao 16m.
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Hinh 4.26 M hinh bé mat tu do tgo bang phan mém NX

4.3.2.2. Chwong trinh gia cong NC cho bé mit twr do

Thong s6 dao phay cau trong 1ap chuong trinh gia cong van sir dung loai
d3 dung trong thi nghiém trudc: 1a dao phay cau lién than, duong kinh dau cau
D=10mm. Thong s6 gia cong lién quan dén hinh hoc cua dao 1a chiéu siu cat
va luong dich dao ngang dugc gilt nguyén nhu trong thi nghiém ¢ muc 4.3.1.1.
Trén phan mém NX, sau khi tao chwong trinh phay “Variable contour” trong
nhom “Mill_multi_axis” voi cac thong sé gia cong da chon, phan mém tao
duong chay dao cing véi thong tin trong tép tin CLS ctia phan mém NX chira
dit liéu vé&: hé toa do, dung cu cét, toa do vi tri dao CL-Data va toa do diém tiép
xuc dao CC-Data (hinh 4.27).

R P REREE
~
Information listing created by thanh
Date 23-Aug-2021 10:30:30
Node name thanh-nguyen
TOOL PATH/FIXED_CONTOUR, TOOL,D16_BALL_HILL
TLDATA/MILL, 10.5009,5 6000, 75 . 0020, 0 . 9066, 0.0080
MSYS/@.0008,0.80800,50. 0000, 1. 6600000, 0. 6802000, 0. 0080060, 0. 000
0009, 0. 0000000, 1. 0000000
$3 centerline and contact point
PAINT/PATH
PAINT/SPEED, 10
PAINT/COLOR, 186
RAPID
G0TO/147.1117,-55.0003,45.0945,0.0000000, 0. 0000000, 1. 0000000
PAINT/COLOR, 211 AARRAAS
iy hptetevenes
60T0/147.1117, -55.6063,29. 0518
PAINT/COLOR,42
FEDRAT/MIPH, 250, 0600
6070/147.1117, -54.9842,28.1063
60T0/147.1117,-54.6197,27.1683
6070/147.1117, -54.1576,26. 3839
60T0/147.1117, -53.5358,25.5462
6OTO/147.1117,-52.7781,24.9244
GOTO/147.1117,-51.9137,24.4624 AN
6070/147.1117,-50,9757,24.1778 RS
GOTO/147.1117,-50.0003,24.0618 $§ 149.9539,-50.0000,24.9681 PO
PAINT/COLOR, 31
6070/147.1117,-49.8503,24.0818 §5 149.9539, -49.8503,24.9681
60T0/147.1117,-49.7883,24.8818 $$ 149.9539,-49.7863,24.9681
6OTO/147.1117,-49.4663,24.0818 $$ 149.9539,-49.4803,24.9681
6OTO/147.1117, -49.2503,24. 0818 $5 149.9539,-49,2503,24,9681
6070/147.1117,-49.1063,24.0618 55 149.9539,-43.1003, 24,9681
GOTO/147.1117, -48.8603,24. 0618 $§ 149.9539,-45.8603,24.9681
GOTO/147.1117,-48.5003,24.9818 §§ 149.9539,-48.5003,24.9681
6OTO/147.1117, -48.20083,24.0818 $3 149.9539, -48.2003,24.9681
60TO/147.1117,-47.9863,24.0818 §§ 149.9539,-47.9883,24.9681 b

Hinh 4.27 Cdc duwong chay dao va diz liu vi tri dao CL-Data
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Dit liéu tir tép tin CLS 1a co s¢ dé phan mém CTMSoft phén tich su phan
bd dai cdt 1am viéc va chiéu dai cit ctia duong chay dao tuong tng véi dai cit
lam viéc. Dir liéu vé toa do vi tri dinh dao phay cau trong cau 1énh “GOTO/”

(1344

lan luot 1a gia tri truc X, Y va Z phan cach voi nhau boi dau «,”, thong tin vé
toa do diém tiép xuc s& co dau hiéu “$$” trong cau 1énh dé nhan dién (hinh
4.27). Nhu vay tir ba diém: diém vj tri dinh dao, diém tiép xuc dao va diém tam
ban cau cua dao phay cau, hoan toan co6 thé xac dinh dugc dai cat 1am viéc

thong qua goc B (md hinh tinh nhu hinh 3.9) bang phan tich hinh hoc.
4.3.2.3. Lwa chon giai phap t0i wu tudi bén dung cu

Str dung tinh ning “Tilt tool axis” ding diéu khién goc nghiéng truc dao
theo huéng tién dao dé tranh cat tai dinh cta dao phay cau. Thiét 1ap hai md
hinh gia céng véi gia tri goc nghiéng khéac nhau, mot 1a: goc nghiéng khong doi
8, = 30° va hai la thay d6i tuyén tinh 6, = 15° — 60°. Tép tin dir liéu CLS
xuat tir phan mém NX CAM s& dugc tinh toan chiéu dai chay dao L.4; cling
voi chiéu dai cdt cho phép 16n nhat L., Gmg véi timg dai cat lam viée j st
dung phan mém CTMSoft.

g T R — R \Ima.\y T —— \@7—\_‘/
o’ 0 =2 e e ————— B e |
Rt ~
\)8
F e
= R S [ AR e S
r-(Q i [ — i1 e ———
=
]
Goc cua dai cat lam viéc (d6) Goc cua dai cat lam viéc (d0)

(a) (b)

Hinh 4.28 Thi nghiém gia céng bé mqt ti do, () goc nghiéng co dinh,
(b) géc nghiéng thay doi tuyén tinh

Trén hinh 4.28 biéu dién dd thi chiéu dai chay dao L4 ; dugc tich toan tir
chuong trinh NC tai dai cat 1am viéc j khac nhau. Pdng thoi chiéu dai cit cho
phép 16n nhat MACL tng véi timg dai cat 1am viéc cling duoc tinh toan dua
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vao mang no-ron nhan tao cho gia tri L4, twong tmg. Hinh 4.28 thé hién dd
thi truc quan ddi v6i chuong trinh gia cong ciing nhu gia tri tinh toan, tir d6 dé
dang nhan biét duoc vi tri nao cta ludi cat tham gia gia cong theo chuong trinh
va ¢ nam trong gidi han 1am viéc hay khong. D6 thi bén tréai cho thay rd rang
phan bé dai cit 1am viéc chi tap trung tai mot khoang (30° + 45°), dao phay
c6 thé gia cong hét chuong trinh NC ma chwa hét tudi bén, nhung khong thé
tiép tuc gia cdng chi tiét tiép theo vi tai vi tri ludi cit B = 40° d3 gan hét tudi
bén. Véi phuong phap dich chuyén doan ludi cét lam viéc (bén phai - hinh 4.28)
thi su phan bd doan ludi cat lam viéc dong déu hon (15° <+ 60°), dao phay c6
thé tiép tuc gia cong thém mot chi tiét tiép theo mai hét tudi bén.

Nhu vay véi mo hinh gia cdng nhitng chi tiét ¢ bé mat tu do bang viéc
str dung phan mém CAM hién dai thi c6 thé kiém soat goc nghiéng truc dao tdt
nhu gia cong trén mat phang. Piéu d6 ching to giai phap nang cao tudi bén
bang phuong phéap dich chuyén doan ludi cat lam viéc c6 thé kha thi trong thuc
té san xuat. Vi sy hd trg cta cong cu du doan bang mang no-ron nhén tao ta
hoan toan co thé xac dinh duoc chiéu dai cit cho phép cua tirng doan ludi cit,
tir d6 c6 ké hoach diéu khién goc nghiéng truc dao sao cho khai thac nhiéu nhat
kha ning cit cta ludi cit dao phay cau.

Nhitng thi nghiém trén chi méi ap dung cho dang bé mit don gian (mit
phang giy khiic nhu hinh 4.20 va bé mat duong cong Bézier bac ba nhu hinh
4.26), day chua phai dic trung cho cac dang bé mit thudng duoc gia cong trén
may phay CNC 5 truc. Khi gia cong cac bé mit tu do s& kho khin xac dinh
chiéu dai chay dao hodc gidi han goc dé tranh va cham dao nén thuc hién dich
doan ludi cat lam viée khi gia cong cac bé mat nay s& kho khan hon. Lic nay
can c6 giai phap phan chia bé mit chi tiét gia cong thanh cac ving khac nhau,
ap dung dich chuyén doan ludi cit cho nhitng viing bé mat kha dung. Con lai
nhitng bé mit phuc tap khong kha dung thi phai gia cong theo cach thong
thuong, nhung chiéu dai cét da st dung cua céc dai cat lam viéc duoc luu trix
lai nham phuc vu cho 1an gia cong tiép theo. Nhu vay, két qua nghién ctru ctia
luan 4n nay chua du kha ning nang cao tudi bén dao phay cau mot cach toan

dién vi 1y do: chua ty viét phan mém hau xtr Iy dé thiét ké duong chay dao, cac
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bé mit cong trong gia cong kiém chtng (hinh 4.26) chi 13 bé mit cong don
diéu. Nhung véi tinh toan hop 1y va két hop voi phat trién phan mém hd tro thi
giai phap ndy van co thé ap dung véi nhiéu loai bé mit cong khong don diéu.
Tuong lai phat trién nganh gia cong ché tao sé& ra doi cac phan mém CAM c6
nhiéu tinh ning hién dai clng cac trung tdm gia cong CNC nhiéu truc co6 thé
khac phuc dugc nhimg han ché néu trén va gilp hoan thién hon giai phap nang

cao tuoi bén dao phay cau da dugc dé xuat.

KET LUAN CHUONG 4

- Thuc hién céc thi nghiém danh gid mtc do anh hudng cua cac ché
d6 cat dén cac thong s6 cong nghé, cho thdy mirc do anh hudng cua
van tdc cat dén tudi bén 16n nhat, lam cin ct lua chon thong s6 ché
do cét dé t6i vu tudi bén.

- Goc nghiéng c6 mirc 46 anh hudng nho nhat dén cac thong s dau ra
nén ap dung dich doan ludi cat 1am viéc dé cai thién tudi bén ma
khong anh hudng nhiéu dén cac thong sb khac.

- Mang no-ron nhan tao trén phan mém CTMSoft ¢ chirc ning tuong
duong phan mém Visual Gene Developer s& lam cong cu dy doan hd
trg cho giai phap nang cao tudi bén dung cu dang nghién ciru.

- Bang cac thi nghiém kiém chung da chimg minh cho tinh dung dan
ctia phuong phap dich doan ludi cat lam viée. D61 voi bé mat chi tiét
c6 goc nghiéng giy khuc va bé mit cong don diéu thi dé dang tmg
dung phuong phap, nhimg bé mat phtic tap hon vin c6 kha ning tmg

dung néu c6 phan mém hd tro tinh toan hop 1y.
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KET LUAN VA HUONG PHAT TRIEN
KET LUAN

Luan an da hoan thanh cac muc ti€u dé ra va giai quyét dugc cac van dé

can nghién ctru vé gidi phap nang cao tudi bén cua dao phay cau. Cac két qua

ctia luan 4n nay co thé 1a tai liéu bo sung 1y thuyét xir 1y s6 liéu thuc nghiém,

tao cong cu hd tro gidi quyet cac bai ton toi wu trong linh vuc gia cong co khi.

Sau day 1a mot s6 két luan cha yéu nhu sau:

1.

C6 nhiéu yéu té anh hudng dén tudi bén dao phay cau: ngoai ché do ct
con ¢ dinh hudng dao va goc nghiéng dao. Xac dinh tudi bén thong qua
do lugng mon mit sau duoc sir dung phd bién, dé thuc hién va chinh xac.
Phuong phap Taguchi va phan tich phuong sai ANOVA ding dé ti uu
quy hoach thuc nghiém va xac dinh dugc mic do anh huéng ché do cat
dén muc tiéu dau ra.

Mang no-ron nhan tao dé sir dung, c6 kha ning du doan chinh xac, mé ra
huéng tmg dung tri tué nhan tao trong linh vuc san xuat co khi tién tién.
Pua ra giai phap dich doan ludi cat 1am viéc nhdm nang cao tudi bén dao
phay cau, mot giai phap c6 ¥ nghia thuc tién khi cic phuong phap t6i uu
thong s6 cong nghé da duoc thuc hién.

Xay dung phan mém CTMSoft vdi cac chic ning: quy hoach thuc
nghiém, du doan bﬁng mang no-ron nhan tao va phan tich dit liéu vi tri
dao hd trg cho giai phap dich doan ludi cat 1am viéc.

Béng thuc nghiém da thiét lap duoc mbi quan h¢ thyc nghiém ché do cat
va tudi bén lam co s& chon lua ché do cét tdi v, déng thot khéng dinh
tinh kha thi tng dung phuong phap dich doan ludi cat lam viéc voi nhing
bé mit gia cong thuyc té.

HUONG PHAT TRIEN

Dé tai “Nghién ctru giai phap ning cao tudi bén dao phay cau khi gia cong

trén may CNC 5 truc” ¢0 tinh kha thi cao khi duoc chirng minh bang 1y thuyét

va thye nghiém. Nhimg két qua dat duoc cua dé tai 1am nén tang dé phat trién

nhing nghién ctru tiép theo:
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1. Tiép tuc nghién ctru phat trién thém tinh ning phan mém CTMSoft, bo
sung dit liéu hudn luyén mang no-ron nhén tao véi: kich thuéc dao phay
cau, vat liéu gia cong, két cAu dong hoc may phay CNC... Nhim tao mot
phan mém hoan thién phuc vu cho muc dich nghién ctru va tmg dung vao
san xuét thyc té. Nghién ctru giai phap phan ving bé mit gia cong phirc
tap mot cach t8i wu hon dé thuc hién hiéu qua dich doan Iudi lam viéc.

2. Phuong phép tiép can va cac két qua nghién ctru trong luan 4n co thé phat
trién hé théng giam sat tinh trang dung cu (Tool Condition Monitoring -
TCM) ngay trong-qué trinh (in-processing) gia cong co chi phi thap, dé

dang trang bj trong thyc té san xuat tai Viét Nam.
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PHU LUC

Phu luc 1. Bang thi nghiém truc giao Lis(4%) va c4c thi nghiém bo sung

Van toc cat Luong tién Chi€u sau | Goc nghién L
STT ' " dao régng £ At a, dag 0 9| Ghicha
1 1 1 1 1 Truc giao
2 1 2 2 2 Tryuc giao
3 1 3 3 3 Truc giao
4 1 4 4 4 Tryuc giao
5 2 1 2 3 Truc giao
6 2 2 1 4 Truc giao
7 2 3 4 1 Truc giao
8 2 4 3 2 Truc giao
9 3 1 3 4 Truc giao
10 3 2 4 3 Truc giao
11 3 3 1 2 Truc giao
12 3 4 2 1 Truc giao
13 4 1 4 2 Truc giao
14 4 2 3 1 Tryc giao
15 4 3 2 4 Truc giao
16 4 4 1 3 Truc giao
17 1 1 1 4 B6 sung
18 1 3 2 2 B6 sung
19 1 4 4 1 B6 sung
20 2 1 1 4 B6 sung
21 2 2 3 3 B6 sung
22 2 4 4 1 B6 sung
23 3 1 1 4 B6 sung
24 3 2 3 2 B sung
25 3 4 4 1 B6 sung
26 4 1 1 4 B sung
27 4 3 2 3 B6 sung
28 4 4 4 1 BO sung
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Phu luc 2. Gia tri tinh toan dwong kinh cit hi¢u dung, toc d truc chinh

va toc do tien dao

(Tinh toan tdc do quay truc chinh n va tc do tién dao f 1a cac thong sd
diéu khién nhap vao phan mém CAM khi 1ap trinh chuong trinh NC)

Ve f, a, Dt Tdc fi(f) truc | Tdc do tién
STT (miph) | (mm/rang) | (mm) (mm) chinh n dao f
(vong/phat) | (mm/phat)
1 90 0.05 0.05 3.92 7,308 730.8
2 90 0.1 0.1 6.62 4,328 865.5
3 90 0.15 0.15 8.58 3,339 1001.7
4 90 0.2 0.2 9.71 2,950 1180.2
5 120 0.05 0.10 8.34 4,580 458.0
6 120 0.10 0.05 9.28 4,116 823.2
7 120 0.15 0.20 5.19 7,360 2,208.0
8 120 0.20 0.15 6.96 5,488 2,195.3
9 150 0.05 0.15 9.62 4,963 496.3
10 150 0.10 0.20 8.77 5,444 1,088.9
11 150 0.15 0.05 6.17 7,739 2,321.6
12 150 0.20 0.10 4.46 10,706 4,282.3
13 180 0.05 0.20 7.22 7,936 793.6
14 180 0.10 0.15 4.86 11,790 2,357.9
15 180 0.15 0.10 9.48 6,044 1,813.2
16 180 0.20 0.05 8.00 7,162 2,864.9
17 90 0.05 0.05 9.28 3,087 308.7
18 90 0.15 0.10 6.62 4,328 1,298.3
19 90 0.20 0.20 5.19 5,520 2,208.0
20 120 0.05 0.05 9.28 4,116 411.6
21 120 0.10 0.15 8.58 4,452 890.4
22 120 0.20 0.20 5.19 7,360 2,944.0
23 150 0.05 0.05 9.28 5,145 514.5
24 150 0.10 0.15 6.96 6,860 1,372.1
25 150 0.20 0.20 5.19 9,200 3,680.0
26 180 0.05 0.05 9.28 6,174 617.4
27 180 0.15 0.10 8.34 6,870 2,061.1
28 180 0.20 0.20 5.19 11,040 4,416.0
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Phu luc 3. Hinh anh phét trién vét mon trén ludi cit & cac thi nghiém

/'®

Ve:90fz:0.05 ap:0,05 beta:15 Ve:90=:6.05 ap:0.05 beta:15
Thinghiém 1 - 15° Thi nghiém 1 - 15° Thi nghiém 1 - 15° Thi nghiém 1 - 15°
leg: 2.2m lo4¢: 165.0m lege: 331.1m lose: 452.1m

Thi ngiém 2-30°
|

Thi nghiém 2 - 30°
.40 271.7m

Thi nghiém 2 - 30°
l.s: 136.4m

Thi nghiém 2 - 30°
.40 2.2m

Thi nghiém 3 - 45°  Thi nghiém 3 - 45°
lsc: 237.6m ls: 311.3m

Thi nghiém 3 - 45° Thi nghiém 3 - 45°
lse: 2.2 lse: 113.3

Thi nghiém 4 - 60° Thi nghiém 4 - 60° Thi nghiém 4 - 60° Thi nghiém 4 - 60°
140 2.2m 150 74.8m l.5: 158.4m 1.4 194.7m

Thi nghiém 5 - 30° Thi nghiém 5 - 30° Thi nghiém 5 - 30° Thi nghiém 5 - 30°
Lese: 2.2M lse: 136.4m lose: 202.4m ls.: 289.3m

Thi nghiém 6 - 15°  Thi nghiém 6 - 15° Thi nghiém 6 - 15°  Thi nghiém 6 - 15°
lege: 2.2m lege: 138.6m lese: 182.6m lege: 262.9m
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Thi nghiém 7 - 60°
l.s: 188.1m

Thi nghiém 7 - 60° Thi nghiém 7 - 60° Thi nghiém 7 - 60°

140 2.2m ls.: 61.6M ls.: 124.3m

Thi nghiém 8 - 45° Thi nghiém 8 - 45° Thi nghiém 8 - 45° Thi nghiém 8 - 45°
lege: 2.2 m lose: 56.1 m leges 113.3 m lege: 171.6 m

Thi nghiém 9 - 45°
lse: 2.2

Thi nghiém 9 - 45°
lo4¢: 55.0 m

Thi nghiém 9 - 45°
lse: 116.6 M

Thi nghiém 9 - 45°
lse 166.1m

s Ve:120£2:0.15 api0.2betai60”
Thi nghiém 10 - 60°  Thi nghiém 10 - 60° Thi nghiém 10 - 60°  Thi nghiém 10 - 60°
ls: 2.2 m .50 41.8 m l.s: 82.5m .50 125.4m

Thi nhiém 11-15°  Thi nghiém 11 - 15° Thi nghiém 11 -15°  Thi nghiém 11 - 15°
lse: 2.2 M Iz 68.2 M s 136.4 m los:: 206.8 M

Thi nghiém 12 - 30°  Thi nghiém 12 - 30°  Thinghiém 12 -30°  Thi nghiém 12 - 30°
lese: 2.2 m lese: 47.3 m lege: 94.6 M lege: 143.0m
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Ve 180 1:0.05 ap:0.2beta:60

Thi nghiém 13 - 60°  Thi nghiém 13 - 60° Thi nghiém 13 -60°  Thi nghiém 13 - 60°

los: 2.2 m l.g:46.2m s 92.4m 1.4 140.8m

Thi nghiém 14 - 45°  Thi nghiém 14 - 45° Thi nghiém 14 - 45°  Thi nghiém 14 - 45°
leg: 2.2 m lo4¢: 50.6 m lo4: 100.1m - l4:151.8m

e

.

Thi nghiém 15 - 30°
1.5 103.4m

Thi nghiém 15 - 30°
l.g: 2.2m

Thi nghiém 15 - 30°
150 34.1m

Thi nghiém 15 - 30°
1.4 68.2m

Thi nghiém 16 - 15°  Thi nghiém 16 - 15° Thi nghiém 16 - 15°  Thi nghiém 16 - 15°
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Phu luc 4. Gia tri cac yéu to diu ra trong cac thi nghiém

? V. £ 2y 0 Chii}llt dai Th(‘::ié%ian M|§R SaiT gach
1 | (m/ph) | (mm) | (mm) | (d0) (m) (phit) (mm=/ph) (um)

1 90 | 0.05 | 0.05 | 15 452.1 618.6 11.30 0.71
2 90 0.1 01| 30 383.9 443.5 23.58 0.94
3 90 | 0.15 | 0.15 | 45 311.3 310.8 47.82 1.35
4 90 0.2 0.2 | 60 194.7 165.0 69.22 1.58
5 120 | 0.05 0.1 | 45 289.3 631.6 15.00 0.81
6 120 01| 005 | 60 262.9 319.3 11.56 0.74
7 120 | 0.15 02| 15 188.1 85.2 136.60 1.16
8 120 02| 015 | 30 171.6 78.2 108.98 1.14
9 150 | 0.05 | 0.15 | 60 166.1 334.6 19.89 0.88
10 150 0.1 0.2 | 45 125.4 115.2 57.20 1.11
11 150 | 0.15 | 0.05 | 30 206.8 89.1 31.64 0.63
12 150 0.2 01| 15 143.0 33.4 137.23 0.71
13 180 | 0.05 0.2 | 30 140.8 177.4 48.09 0.94
14 180 01| 015 | 15 151.8 64.4 94.75 0.55
15 180 | 0.15 01| 60 103.4 57.0 48.25 0.71
16 180 0.2 | 005 | 45 112.2 39.2 42.33 0.68
17 90 | 0.05 | 0.05| 60 411.4 1332.6 4.50 1.01
18 90 | 0.15 01| 30 347.6 267.7 40.88 1.00
19 90 0.2 0.2 | 15 247.5 112.1 147.66 1.39
20 120 | 0.05 | 0.05 | 60 303.6 737.6 6.36 0.83
21 120 01| 0.15 | 45 231.0 259.4 42.71 1.02
22 120 0.2 0.2 | 15 130.9 44.5 196.87 1.13
23 150 | 0.05 | 0.05 | 60 222.2 431.9 7.74 0.58
24 150 01| 015 | 30 163.9 119.5 60.21 0.68
25 150 0.2 0.2 | 15 77.0 20.9 242.79 1.13
26 180 | 0.05 | 0.05 | 60 198.0 320.7 8.78 0.54
27 180 | 0.15 0.1 | 45 129.8 63.0 67.35 0.71
28 180 0.2 0.2 | 15 57.2 13.0 284.75 1.13
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Phu luc 5. Bing két qua du dodn tudi bén bing phan mém Visual Gene

Thi Tudibén | Tudibén > - Y, — Y,
nghiém tllll?g:cbtz dl;,’od(?éen [Ye = ¥y (Y - Yt)z %
1 452.1 452.0 0.1 0.0 | 0.0003
2 383.9 402.5 18.6 344.3 | 0.0483
3 311.3 312.4 1.1 1.2 | 0.0035
4 194.7 198.2 3.5 126 | 0.0182
5 289.3 293.6 4.3 18.7 | 0.0149
6 262.9 268.1 5.2 26.9 | 0.0197
7 188.1 186.9 1.2 1.5 | 0.0066
8 171.6 168.5 3.1 9.9 | 0.0183
9 166.1 167.9 1.8 3.4 | 00111
10 125.4 137.2 11.8 139.6 | 0.0942
11 206.8 208.6 1.8 3.2 | 0.0087
12 143.0 145.9 2.9 8.2 | 0.0200
13 140.8 141.3 0.5 0.3 | 0.0036
14 151.8 150.5 1.3 1.8 | 0.0088
15 103.4 107.1 3.7 134 | 0.0353
16 112.2 114.3 2.1 4.4 | 0.0187
17 411.4 412.3 0.9 0.8 | 0.0022
18 347.6 373.5 25.9 668.8 | 0.0744
19 247.5 251.5 4.0 15.8 | 0.0161
20 303.6 302.0 1.6 25 | 0.0052
21 231.0 229.1 1.9 3.6 | 0.0083
22 130.9 132.9 2.0 3.8 | 0.0149
23 222.2 222.0 0.2 0.0 | 0.0008
24 163.9 178.1 14.2 202.7 | 0.0869
25 77.0 81.7 4.7 22.1 | 0.0610
26 198.0 181.4 16.6 277.2 | 0.0841
27 129.8 127.8 2.0 41 | 0.0156
28 57.2 58.8 1.6 25 | 0.0279
Tong 138.7 1793.4 | 0.7000

(S6 liéu in ddm la dir liéu ding tham dinh trong hudn luyén mang no-ron nhén tao)

Sai s6 tuyét dbi trung binh:

MAE =

T Ye-Ye|

= 4.950
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_ Z?(Yt—ﬁ)z
- n

Sai s6 binh phwong trung binh: MSE = 64.05

n)Ye=Y|

Sai s6 phan tram tuyét d6i trung binh: MAPE = - nYt = 0.026

Phu luc 6. Bing két qua dy doan tudi bén bing phin mém CTMSoft

‘ X1 A X1 A _ ~ Y. — V.
i | T ity g | gyt | Do
1 452.1 452.2 0.1 0.0 0.0002
2 383.9 401.5 17.6 3114 0.0460
3 311.3 311.3 0.0 0.0 0.0001
4 194.7 194.7 0.0 0.0 0.0001
5 289.3 289.2 01 0.0 0.0002
6 262.9 262.9 0.0 0.0 0.0000
7 188.1 188.1 0.0 0.0 0.0002
8 171.6 171.6 0.0 0.0 0.0000
9 166.1 165.9 0.2 0.1 0.0015
10 125.4 172.6 47.2 2223.5 0.3760
11 206.8 206.8 0.0 0.0 0.0001
12 143.0 143.0 0.0 0.0 0.0002
13 140.8 140.9 0.1 0.0 0.0004
14 151.8 151.6 0.2 0.0 0.0013
15 1034 103.4 0.0 0.0 0.0001
16 112.2 112.2 0.0 0.0 0.0003
17 411.4 411.3 01 0.0 0.0003
18 347.6 387.9 40.3 1625.7 0.1160
19 2475 247 .4 0.1 0.0 0.0003
20 303.6 303.7 01 0.0 0.0005
21 231.0 231.0 0.0 0.0 0.0001
22 130.9 131.2 0.3 0.1 0.0020
23 222.2 222.0 0.2 0.0 0.0008
24 163.9 164.5 0.6 0.3 0.0034
25 77.0 76.5 05 0.3 0.0068
26 198.0 162.4 35.6 1267.4 0.1798
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Thi Tudibén | Tudibén dy o 2 | Y- Y
nghiém thuc té doan [Ye=%l | (v -%) Y,
27 129.8 129.7 0.1 0.0 0.0009
28 57.2 57.6 0.4 0.2 0.0074
Tong s6 144.0 5429.0 0.7000
(Sé lieu in dam la dir liéu dung tham dinh trong hudn luyén mang no-ron nhan tao)
Sai sb tuyét d6i trung binh: MAE = 1|Yrtl Y _ 51425
TR 1. Z?(Yt—ﬁ)z
Sai s binh phuong trung binh: MSE - = 193.8924
nlYt_Ytl
Sai s0 phan tram tuyét doi trung binh: MAPE = nYt = 0.0266

Phu luc 7. Dy do4n diu ra cho thong s6 thi nghiém kiém chirng
V. = 90 m/phdt,

Luong tién dao rang: f, = 0.05 mm/ring,

Van toc cat:

- Chiéu sau cat: a, = 0.2 mm,
- Gobc nghiéng: 0 = 15° = 60°.
G6c nghiéng Phan mém Visual Gene Phian mém CTMSoft

(d9) Tudi bén (m) Ra (um) Tudi bén (m) Ra (pum)
15 386.1 1.403 378.1 1.433
16 385.6 1.410 394.6 1.320
17 385.0 1.416 393.0 1.336
18 384.4 1.422 378.4 1.332
19 383.8 1.428 383.8 1.408
20 383.1 1.434 390.1 1.514
21 382.4 1.440 380.4 1.510
22 381.6 1.446 380.6 1.356
23 380.8 1.452 382.8 1.432
24 380.0 1.457 370.0 1.527
25 379.1 1.463 369.1 1.523
26 378.2 1.468 387.2 1.468
27 377.3 1.473 368.3 1.393
28 376.3 1.478 371.3 1.578
29 375.3 1.484 379.3 1.414
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GAc nghiéng Phan mém Visual Gene Phan mém CTMSoft
(dd) Tubi bén (m) Ra (um) Tubi bén (m) Ra (um)
30 374.3 1.489 380.3 1.549
31 373.2 1.493 376.2 1.533
32 372.1 1.498 381.1 1.548
33 371.0 1.503 374.0 1.523
34 369.9 1.507 365.9 1.437
35 368.7 1.512 372.7 1.552
36 367.5 1.516 361.5 1.596
37 366.3 1.521 369.3 1.461
38 365.0 1.525 359.0 1.465
39 363.7 1.529 356.7 1.529
40 362.5 1.533 367.5 1.623
41 361.1 1.537 364.1 1.517
42 359.8 1.541 357.8 1.601
43 358.5 1.544 351.5 1.594
44 357.1 1.548 360.1 1.468
45 355.7 1.552 352.7 1.532
46 354.3 1.555 346.3 1.505
47 352.9 1.559 357.9 1.489
48 351.5 1.562 352.5 1.492
49 350.1 1.565 340.1 1.525
50 348.6 1.568 358.6 1.568
51 347.2 1.571 349.2 1.481
52 345.7 1.574 346.7 1.494
53 344.2 1.577 336.2 1.647
54 342.8 1.580 345.8 1.680
55 341.3 1.583 351.3 1.683
56 339.8 1.586 344.8 1.566
57 338.3 1.588 347.3 1.668
58 336.8 1.591 342.8 1.591
59 335.3 1.593 334.3 1.533
60 333.8 1.596 324.8 1.566
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